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A series of mononuclear iron(ll) and zinc(ll) complexes of the new chiral Py(ProMe), ligand (Py(ProMe), = 2,6-
bis[[(S)-2-(methyloxycarbonyl)-1-pyrrolidinyllmethyl]pyridine) have been prepared. The molecular geometry in the
solid state (X-ray crystal structures) of the complexes [FeCl,(Py(ProMe),)] (1), [ZnCly(Py(ProMe) )] (2), [Fe(OTf),-
(Py(ProMe)>)] (3), [Fe(Py(ProMe),)(OH,),](OTf), (4), and [Zn(OTf)(Py(ProMe),)](OTf) (5) are reported. They all
show a meridional NN'N coordination of the Py(ProMe), ligand. The bis-chloride derivatives 1 and 2 represent
neutral isostructural five-coordinated complexes with a distorted geometry around the metal center. Unusual seven-
coordinate iron(ll) complexes 3 and 4 having a pentagonal bipyramidal geometry were obtained using weakly
coordinating triflate anions. The reaction of Zn(OTf), with the Py(ProMe) ; ligand afforded complex 5 with a distorted
octahedral geometry around the zinc center. All complexes were formed as single diasterecisomers. In the case
of complexes 3-5, the oxygen atoms of both carbonyl groups of the ligand are also coordinated to the metal. The
stereochemistry of the coordinated tertiary amine donors in complexes 3-5 is of opposite configuration as in complexes
1 and 2 as a result of the planar penta-coordination of the ligand Py(ProMe),. Complexes 1, 2, and 5 have an
overall A-configuration at their metal center, while the Fe(ll) ion in complexes 3 and 4 has the opposite A-configuration
(crystal structures and CD measurements). The magnetic moments of iron complexes 1, 3, and 4 correspond to
that of high-spin d® Fe(ll) complexes. The solution structures of complexes 1-5 were characterized by means of
UV-vis, IR, conductivity, and CD measurements and their electrochemical behavior. These studies showed that
the coordination environment of 1 and 2 observed in the solid state is maintained in solution. In coordinating
solvents, the triflate anion (3, 5) or water (4) co-ligands of complexes 35 are replaced by solvent molecules with
retention of the original pentagonal bipyramidal and octahedral geometry, respectively.

Introduction the design of new catalysts for such transformations.

Extensive research efforts are currently devoted to the
synthesis of models for the active sites of metalloenzymes
that are able to activate dioxygen to oxidize exogenous
substrate4? Various non-heme iron complexes based on

polydentate nitrogen donor ligands have been reported for
*To whom correspondence should be addressed. E-mail: the oxidation of organic substrates using a variety of oxidants

The selective oxidation of unfunctionalized hydrocarbons,
using environmentally friendly oxidants such asadd HO,
still represents a major challenge in synthetic chemistry.
Biological systems play an important inspirational role in
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these complexes include pentadentdii-bis(2-pyridylm-
ethyl)N-bis(2-pyridyl)methylamine (N4Py), tetradentate
tris(2-pyridylmethyl)amine (TPAY, N,N'-bis-(2-pyridylm-
ethyl)-N,N'-dimethyl-1,2-ethylenediamine (BPMEN&9
derivatives of 1,4,8,11-tetraazacyclotetradecane (cy&lzana)
(R,R)-N,N'-bis-(2-pyridylmethyl)N,N'-dimethyl-1,2-cyclo-
hexanediamine (BPMCN),and tridentate 1,4,7-triazacy-
clononane (TACN}? Except for the cyclam ligand, these
multidentate nitrogen ligands facially cap the metal center,
which contains one or two additional labile co-ligands, L
(Figure 1). Interesting results were obtained with these
systems in alkene and/or alkane oxidation withOK as
oxidant yielding products formed via a metal-based mech-
anism rather than via an unselective radical chain autoxida-
tion mechanism (Fenton chemistif)2

Metal complexes of tridentate nitrogen donor ligands have
received much less attention in non-heme iron chemistry.
Only recently were the synthesis and catalytic properties
reported of a series of metal complexes containing either
2,6-bis(benzimidazol-2-yl)pyridin®,2,6-bis(imino)pyridine,
or 2,6-bis(amino)pyriding ligands (Figure 1). Whereas the

(4) For reviews, see: (a) Costas, M.; Chen, K.; Que, LCdord. Chem.
Rev. 2000 200—-202, 517—-544. (b) Costas, M.; Mehn, M. P.; Jensen,
M. P.; Que, L., JrChem. Re. 2004 104, 939-986. (c) Kryatov, S.
V.; Rybak-Akimova, E. V.; Schindler, SChem. Re. 2005 105
2175-2226.

(5) (a) Lubben, M.; Meetsma, A.; Wilkinson, E. C.; Feringa, B. L.; Que,
L., Jr.Angew. Chem., Int. Ed. Endl995 34, 1512-1514. (b) Roelfes,
G.; Lubben, M.; Leppard, S. W.; Schudde, E. P.; Hermant, R. M.;
Hage, R.; Wilkinson, E. C.; Que, L., Jr.; Feringa, B.JLMol. Catal.

A: Chem.1997 117, 223-227. (c) Roelfes, G.; Lubben, M.; Hage,
R.; Que, L., Jr.; Feringa, B. LChem. Eur. J200Q 6, 12, 2152~
2159. (d) Roelfes, G.; Vrajmasu, V.; Chen, K.; Ho, R. Y. N.; Rohde,
J.-U.; Zondervan, Ch.; la Crois, R. M.; Schudde, E. P.; Lutz, M.; Spek,
A. L.; Hage, R.; Feringa, B. L.; Munck, E.; Que, L., dnorg. Chem.
2003 42, 2639-2653. (e) van den Berg, T. A.; de Boer, J. W.; Browne,
W. R.; Roelfes, G.; Feringa, B. IChem. Commur2004 2550-2551.

(6) (a) Dong, Y.; Fujii, H.; Hendrich, M. P.; Leising, R. A.; Pan, G.;
Randall, C. R.; Wilkinson, E. C.; Zang, Y.; Que, L., Jr.; Fox, B. G;
Kauffmann, K.; Minck, E.J. Am. Chem. So4995 117, 2778-2792.

(b) Zang, Y.; Kim, J.; Dong, Y.; Wilkinson, E. C.; Appelman, E. H,;
Que, L., JrJ. Am. Chem. S0d 997 119 4197-4205. (c) Kim, C;
Chen, K.; Kim, J.; Que, L., Jd. Am. Chem. S0d.997, 119 5964~
5965. (d) Chen, K.; Que, L., J3. Am. Chem. So2001, 123 6327
6337. (e) Chen, K.; Costas, M.; Kim, J.; Tipton, A.; Que, L., dr.
Am. Chem. So@002 124, 3026-3035. (f) Ryu, J. Y.; Kim, J.; Costas,
M.; Chen, K.; Nam, W.; Que, L., JChem. Commur2003 1288-
1289.

(7) (a) Toflund, H.; Pedersen, E.; Yde-AndersenABta Chem. Scand.
A 1984 38, 693-697. (b) White, M. C.; Doyle, A. G.; Jacobsen, E.
N. J. Am. Chem. So@001, 123 7194-7195. (c) Balland, V.; Banse,
F.; Anxolabéere-Mallart, E.; Nierlich, M.; Girerd, J.-Eur. J. Inorg.
Chem.2003 2529-2535. For recent example of tetradentate ligands,
see: (d) Mekmouche, Y.; Me@ge, S.; Peaut, J.; Lebrun, C.; Reilly,
L.; Schuenemann, V.; Trautwein, A.; Fontecave, Eur. J. Inorg.
Chem 2004 3163-3171. (e) Britovsek, G. J. P.; England, J.; White,
A. J. P Inorg. Chem 2005 44, 8125-8134.

(8) (a) Nam, W.; Ho, R.; Valentine, J. 8. Am. Chem. S0d.99], 113
7052-7054. (b) Rohde, J. U.; In, J.-H.; Lim, M. H.; Brennessel, W.
W.; Bukowski, M. R.; Stubna, A.; Muock, E.; Nam, W.; Que, L., Jr.
Science2003 299, 10371039.

(9) Costas, M.; Tipton, A. K.; Chen, K.; Jo, D.-W.; Que, L., JrAm.
Chem. Soc2001, 123 6722-6723.

(10) (a) Wieghardt, K.; Pohl, K.; Gebert, Wngew. Chem., Int. Ed. Engl.
1983 22, 727. (b) Shul'pin, G. B.; Nizova, G. V.; Kozlov, Y. N;
Gonzales Cuervo, L.; '$8-Fink, G.Adv. Synth. Catal 2004 346,
317-332.

(11) Parallel screening of various ligands: Klopstra, M.; Hage, R.; Kellogg,
R. M.; Feringa, B. L.Tetrahedron Lett2003 44, 4581-4584.

(12) Some other interesting examples include: (a) Francis, M. B.; Jacobsen,
E. N. Angew. Chem., Int. EdL999 38, 937-941. (b) Dubois, G.;
Murphy, A.; Stack, T. D. POrg. Lett 2003 5, 2569-2472.
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Figure 1. Examples of polydentate nitrogen ligands and their binding mode
in non-heme iron complexes.

other ligands facially bind to a metal center, these ligands
bind the metal ion in a meridional fashion. One aspect of
the oxidation chemistry of metalloenzymes is the fact that
most biological systems are intrinsically chiral. However,
the use of chiral ligands to achieve oxidative transformations
in an enantioselective manner has been largely overshadowed
by the search for chemoselective catalysts. One notable
exception is theR,R)-BPMCN ligand, see Figure 4.

To examine the use of a chird|N',N-tridentate coordinat-
ing ligand with a meridional ligation mode on the stereose-
lectivity of oxidation reactions, we have set out to investigate
the coordination chemistry of 2,6-bisf2-(methyloxycar-
bonyl)-1-pyrrolidinyllmethyl]pyridinePy(ProMe), (Scheme
1). Next to one pyridyl nitrogen and two proline-derived
aliphatic nitrogen donors, this ligand comprises two prolinate
ester moieties for which we envisioned an additional
coordinating and activating rofé.Moreover, this ligand is
chiral through the presence of the two methyprolinate
substituents. The stereochemical information of commercially
available prolinate esters, enantiomerically pure building
blocks of great utility, can be retained by choosing appropri-
ate reaction conditions during both synthesis and purification
of their metal complexes. Here, we describe a study of the
coordination behavior of they(ProMe), ligand toward zinc-
(1) and iron(ll) salts and of the influence of the coordination
ability of counteranions on the geometry of the resulting
metal complexes. The structures in the solid state and in
solution of these complexes are presented, as well as their
stereochemistry and physical properties. The numbering used

(13) Wang, X.; Wang, S.; Li, L.; Sundberg, B.; Gacho, Glrférg. Chem
2003 42, 7799-7808.

(14) Britovsek, G. J. P.; England, J.; Spitzmesser, S. K.; White, A. J. P;
Williams, D. J.Dalton Trans 2005 945-955.

(15) For an early example, see: Van de Kuil, L.; Veldhuizen, Y. S. J,;
Grove, D.; Zwikker, J. W.; Jenneskens, J. W.; Drenth, W.; Smeets,
W. J. J.; Spek, A. L.; van Koten, ®Recl. Tra.. Chim. Pays-Ba$994
113 267-277.
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Scheme 1. Synthesis of LigandPy(ProMe), and the Corresponding Metal Complexies5
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for the complexes discussed in this paper is shown in ChartChemistry, Gorlaeous Laboratories) using Pascal’s constants for
1. diamagnetic corrections. Cyclic voltammetry (CV) was performed
using an EG&G potentiostat/galvanostat model 263A in freshly
Chart 1 distilled acetonitrile containing 0.1 Mn{BuN)PF (Fluka) as
LO:Me supporting electrolyte at scanning rates of 50 and 100'ms
N(j (potential window—2.5 to +2 V) and a Ag/AgNQ reference
electrode. The potentials were referenced to Ft/Fc

Wa COMe 2,6-Bis[[(S)-2-(methyloxycarbonyl)-1-pyrrolidinylJmethyl]py-
,D z ridine (Py(ProMe),). A solution of 2,6-bis(chloromethyl)pyridine
Py(ProMe),

(0.020 mol, 3.6 g) in MeOH (30 mL) was added to a solution of
methyl+-prolinate (0.1 mol, 13 g) dissolved in MeOH (50 mL).

1 =[FeClo(Py(ProMe), )] To the reaction mixture was added dropwise a solution of NaOH

2 = [ZnCly(Py(ProMe),)]

3= [Fe(OTR,(Py(ProMe),)] (0.12 mol, 4.9 g) in MeOH (50 mL), and the mixture was heated
4= [Fe(Py(ProMe),)(OH,),] (OTf), under reflux for 16 h. Subsequently, a white precipitate was filtered
5 = [Zn(OTf)(Py(ProMe),)] (OTf) off and the filtrate was concentrated in vacuo. The remaining crude
. . oil was purified via column chromatography (Si@thyl acetate/
Experimental Section MeOH = 9:1 (v/v)). A yellow oil was obtained in 90% yield (6.57

Materials. Reactions with metal salts were carried out using 9)- Anal. Calcd for GeHzN3O4: C 63.14, H 7.53, N 11.63. Found:
standard Schlenk techniques. Solvents were dried and freshlyC 62:95, H 271'58’ N 11.72. ESI-M8/z 362.33 ((M+ H)", calcd
distilled prior to use. Methyl-prolinate® 2,6-bis(chloromethyl)-  362:21); bdg —65.07 deg ch g™t dm™ (c 1.0, CHCh); IR
pyridinel” and Fe(OTf)}-2MeCNE® were prepared according to (€M % solid) v 2951(m), 2818 (w), 1731 (s), 1590 (w), 1576 (w),
previously published procedures. 1456 (m), 1435 (m), 1359 (w), 1276 (w), 1196 (s), 1169 (s), 1036

Instrumentation. H (300.1 MHz) and®C{!H} (75.5 MHz) (W), 994 (w), 764 (w);*H NMR (CDCl) 6 1.81-1.85 (m, 2H,
NMR spectra were recorded on a Varian Inova 300 spectrometer. CHz1ing, y to CO), 1.88-1.98 (m, 4H, CHring, i andy to CO),
Optical rotations (]2) were measured with a Perkin polarimeter 2-11-2.16 (m, 2H, CHring, /i to CO), 2.56-2.53 (m, 2H, NCH
241. Elemental microanalyses were carried out by Microanalytischesing), 3.08-3.13 (m, 2H, NCH ring), 3.37-3.44 (m, 2H, C*H),
Laboratorium Dornis und Kolbe, Mulheim a.d. Ruhr, Germany. ESI- 3.65 (s, 6H, 2Ch), 3.76 (d, AB, 2H,%) = 13.8 Hz, ArGHN),

MS spectra were recorded on a Micromass LS-TOF mass spec-4-01 (d, AB, 2H,2) = 13.8 Hz, ArGH:N), 7.32 (t, 1H,%) = 7.5
trometer at the Bijvoet Institute, Biomolecular Mass Spectrometry, Hz), 7_-60 (d,%) = 7.8 Hz, ZH)?_BC{ 'H} NMR (CDCly) 6 23.24
Utrecht University. Infrared spectra were recorded on a Perkin- (CH21ing y to CO), 29.29 €H; ring f to CO), 51.61 (Ch), 53.32
Elmer Spectrum One FT-IR instrument. Solution IR spectra were (NCH2 ring), 58.38 (ACH,N), 65.14 €*), 121.46 (PyrC(3,9)),
recorded with a Mettler Toledo ReactIR 1000 spectrometer with a 13676 (PyrC (4)), 157.96 (PyrC (2,6)), 174.53 CO); UV—vis
SiComp probe which was fitted in a reaction vessel undgr N (MECN) [Amax nm (€, M™% cm™4)] 214 (5495), 264 (4103).
atmosphere. Solvent spectra were abstracted as a background. UV [FeClx(Py(ProMe),)] (1). A colorless solution of anhydrous
vis spectra were recorded on a Carry 50 Varian spectrometer. CDFeCk (2.8 mmol, 350 mg) in dry MeOH (10 mL) was added to a
spectra were recorded on a Jasco J810 instrument (Radboudslightly orange solution oPy(ProMe), (2.8 mmol, 1 g) dissolved
University at Nijmegen). Magnetic moments of powdered samples in dry MeOH (10 mL). Immediately after addition, a color change
at room temperature were measured using a Johnston Matthey Alfaof the reaction mixture to bright yellow was observed. The reaction
products Mk1 magnetic susceptibility balance (Leiden Institute of mixture was stirred fol h atambient temperature followed by
evaporation of the solvent in vacuo. The remaining orange oil was

(16) Suter, G.; Stoykova, S. A.; Linden, A.; Heimgartner,H¢lv. Chim. dissolved in a minimum amount of dry MeOH and after addition

an é‘gg‘lﬁggqgc’_’v éggﬁ;rzgg“b - Benetollo, F.. Seragh, R.; Bombieri, 6, ©F "y E€O (60 mL); the product precipitated as a yellow solid in
3. Organbmét. Cheni991 412 327-342. T "7 92% vyield (1.23 g). Crystals suitable for X-ray diffraction were

(18) Hagen, K. SInorg. Chem 200Q 39, 5867-5860. obtained within a few hours after addition of an excess of dspEt
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to a saturated metanolic solution of the complex. Anal. Calcd for
CigH27Cl,FeNsO4: C 46.75, H 5.57, N 8.61. Found: C 46.86, H
5.49, N 8.53. ESI-MSwz 452 (M — Cly*, calcd 452.1); ¢]3"
—48 deg crig~t dm (c 0.83, MeCN); IR (cm?, solid) v 2951
(m), 2876 (m), 1731 (s), 1606 (m), 1579 (w), 1454 (w), 1434 (m),
1349 (w), 1213 (m), 1199 (m), 1174 (m), 1131 (m), 1109 (m),
1083 (m), 1028 (w), 984 (w), 984 (w), 791 (w); UWis (MeCN)
[Amax NM €, M~ cm™1)] 215 (10 591), 266 (6892), 343 (2646);
CV (MeCN vs Fc/F¢) —0.099 V AE = 98 mV).

[ZnCl (Py(ProMe),)] (2). A colorless solution of anhydrous
ZnCl, (0.56 mmol, 76 mg) in dry MeOH (6 mL) was added to a
slightly orange solution oPy(ProMe), (0.56 mmol, 200 mg) in
dry MeOH (5 mL). The reaction mixture was stirredr fb h at
ambient temperature during which a white precipitate formed. The
solid was collected by filtration and washed with MeOH. The
product was isolated in 75% yield (203 mg). Slow cooling of a hot
metanolic solution of the solid yielded colorless crystals suitable
for X-ray diffraction. Anal. Calcd for GH»7Cl,ZnN;O4: C 45.85,

H 5.47, N 8.44. Found: C 45.95, H 5.61, N 8.38. ESI-Mfx
460.05 ((M— Cly*, calcd 460.1p [a]3' —6.3 deg crdg™ dm?

(c 1.025, MeCN); IR (cm?, solid) » 2951 (m), 2873 (m), 1731
(s), 1609 (m), 1582 (w), 1467 (w), 1457 (w), 1434 (m), 1375 (w),
1349 (w), 1213 (m), 1199 (m), 1175 (m), 1139 (m), 1115 (m),
1086 (m), 1030 (w), 984 (w), 870 (w), 793 (m), 713 (Wt NMR
(CDCls) 6 1.91-1.99 (m, 4H, CHring, y andf to CO), 2.22-
2.27 (m, 2H, CHring, y to CO), 2.55-2.63 (m, 2H, CHring,

to CO), 2.74 (g, 2H3J = 9 Hz, NCH, ring), 3.09 (dt, 2H3J = 3.9
and 9 Hz, NCH ring), 3.72 (s, 6H, 2Ch), 4.10 (d, AB, 2H2J =
14.7 Hz, ArCH,N), 4.30 (d, AB, 2H2) = 14.7 Hz, Ar(H;N), 4.69

(d, 2H,23 = 7.8 Hz, C*H), 7.31 (d, 2H3) = 7.5 Hz), 7.91 (t3J

= 7.8 Hz, 1H);13C{1H} NMR (CDCl;) 6 22.80 CH, ring y to
CO), 29.29 CH, ring 5 to CO), 51.61 (CH), 51.99 (NCH; ring),
55.61 (AICH;N), 65.03 C*), 122.97 (PyrC (3,5)), 141.49 (PyiC
(4)), 156.73 (PyrC (2,6)), 173.70 CO). UV—vis (MeCN) Amax
nm (e, M1 cm™1)] 215 (4281), 266 (5133).

[Fe(OTf)(Py(ProMe),)] (3). A colorless solution of Fe(OTH)
2MeCN (1.1 mmol, 483 mg) in MeCN (15 mL) was added to a
slightly orange solution of Py(ProMg)(1.1 mmol, 490 mg)
dissolved in MeCN (15 mL). Immediately after addition, a color

(30 mL). The product was isolated as an orange solid in 77% yield
(90 mg). The solid was dissolved in warm @H,, and slow
evaporation of the solvent afforded crystals suitable for X-ray crystal
structure determination. Anal. Calcd for forE31FsFEN:O12S,:
C 33.57, H 4.16, N 5.59. Found: C 33.55, H 4.29, N 5.47. ESI-
MS m/z 565.9 (M — 2H,O — OTf)*, calcd 566.1), 208.5 ((M-
2H,0 — 20Tf)?*, calcd 208.5); §]5" —25 deg crd g~ dm (c
0.6, MeCN); IR (cm'?, solid) v 3367 (br), 2962 (w), 1695 (s), 1608
(w), 1578 (w), 1448 (m), 1383 (w), 1353 (w), 1315 (sh), 1262 (sh),
1239 (s), 1226 (s), 1169 (s), 1100 (w), 1085 (w), 1052 (w), 1027
(s), 943 (w), 923 (w), 875 (w), 842 (w), 799 (w); UWis (MeCN)
[Amax M €, M~ cm™1)] 215 (5603), 265 (4192), 351 (951).
[Zn(OTf)(Py(ProMe) »)](OTf) (5). A colorless solution of
anhydrous Zn(OT$) (5.26 mmol, 190 mg) in dry MeOH (8 mL)
was added to a slightly orange solutionRyf(ProMe), (5.26 mmol,
190 mg) dissolved in dry MeOH (7 mL). The reaction mixture was
stirred fa 1 h at ambient temperature, and the solvent was
evaporated in vacuo. The remaining pinkish oil was redissolved in
a minimal amount of ChCl,, and the product was precipitated with
Et,O (50 mL). The product was isolated in 60% yield (224 mg) as
a white solid. Crystals suitable for X-ray diffraction were obtained
by slow diffusion of E$O into a methanolic solution of the solid.
Anal. Calcd for GiH27FsS:ZnN3zOy5: C 34.79, H 3.75, N 5.80.
Found: C 34.64, H 3.86, N 5.68. ESI-M8z573.9 (M— OTf)™,
caled 574.1); §]3" —25 deg cm gt dmt (c 0.84, MeCN); IR
(cm™1, solid) v 2966 (w), 2881 (w), 1676 (s), 1609 (w), 1589 (w),
1474 (w), 1449 (m), 1375 (m), 1319 (m), 1262 (s), 1244 (s), 1223
(s), 1153 (s), 1102 (m), 1076 (m), 948 (w), 876 (w), 792 (ity;
NMR (CDsCN) 6 2.00-2.17 (m, 4H, CHring, y andf to CO),
2.20-2.25 (m, 2H, CHring, y to CO), 2.45-2.55 (m, 2H, CH
ring, § to CO), 3.13 (q, 2H3J = 6.6 and 10.8 Hz, NCHlring),
3.67 (quintet, 2H2J = 5.4 Hz, NCH ring), 3.74-3.79 (m, 2H,
C*H), 3.81 (s, 6H, 2CH), 4.17 (d, AB, 4H2J = 16 Hz, ArCH;N),
4.25 (d, AB, 4H2J = 16 Hz, ArCH,N), 7.42 (d, 2H3J = 7.8 Hz),
8.02 (t,3) = 7.5 Hz, 1H);13C{1H} NMR (CDsCN) 6 25.80 CH,
ring y to CO), 30.88 CH, ring 3 to CO), 56.20 (NCH, ring), 58.35
(ArCHN), 61.59 (CH), 68.95 C*), 123.81 (PyrC (3,5)), 142.90
(Pyr C (4)), 153.08 (PyIC (2,6)), 182.74 CO); UV—vis (MeCN)
[Amax M €, M~ cm™1)] 215 (4763), 266 (5391).

change of the reaction mixture to dark green was observed. The Conductivity Measurements. The conductivity measurements

reaction mixture was stirred fd h atambient temperature followed
by evaporation of the solvent in vacuo. The remaining brown oil
was dissolved in a minimal amount of dry MeCN and precipitated
by addition of dry E2O (60 mL) as a green-yellow solid in 68%
yield (540 mg). Crystals suitable for X-ray diffraction were obtained
within a few hours after the addition of an excess ofCEto a
saturated MeCN solution of the solid. Anal. Calcd for fortsFs-
FeN;O4,S,: C 35.26, H 3.80, N 5.87. Found: C 35.08, H 3.86, N
5.78. ESI-MSm/z 566 (M — OTf)*, calcd 566.1); ¢]3" —26 deg
cm? g~ dm (c 0.9, MeCN); IR (cn?, solid) v 2964 (w), 2886
(w), 1693 (s), 1609 (w), 1579 (w), 1449 (m), 1384 (m), 1355 (m),
1310 (w), 1278 (m), 1258 (m), 1236 (s), 1225 (s), 1159 (s), 1087
(w), 1056 (m), 1028 (s), 1028 (s), 945 (w), 926 (w), 876 (w), 846
(W), 796 (w), 760 (w); UV-vis (MeCN) lmax, NM €, M~ cm )]
215 (6487), 265 (5150), 351 (574).
[Fe(Py(ProMe)(OH,),](OTf) » (4). Complex3 (0.156 mmol,
112 mg) was dissolved in G, (10 mL) followed by addition
of water (1 mL), resulting in the formation of an orange precipitate.

were performed using a Consort C832 multimeter analyzer at
ambient temperature. The measurements for compolinds4,
and 5 was carried out under nitrogen. The conductometer was
calibrated using aqueous potassium chloride solutions. Procedure
followed: first, the relative conductivity(in S cnm?) of the solvent
was measured(= 10 mL), and then the relative conductivity of
the samples with a concentration ofL mM (V = 10 mL) was
measured. The conductivity of the compound is obtained by
subtraction of the blank conductivity from the conductivity of the
sample. Molar conductivities\(yy in S cn? mol~t) were calculated
using the following equation Ay = 1000¢/c).t°

X-ray Crystal Structure Determinations. Crystals of com-
pounds 1-5 suitable for X-ray crystallographic analysis were
obtained as described (vide supra). X-ray intensities were measured
on a Nonius Kappa CCD diffractometer with rotating anode
(graphite monochromatoi, = 0.710 73 A). The structures were
solved with automated Patterson metif8d¢sompoundsl, 2, and

The reaction mixture was stirred vigorously at ambient temperature (19) Atkins, P. W.Physical Chemistry5th ed.; Oxford University Press:

for 1 h. The upper water layer was removed by pipet and the organic
layer containing the precipitate was evaporated in vacuo. The

remaining orange solid was washed twice with CH (10 mL)
and recrystallized from an acetonitrile (5 mL) solution with@t

Oxford, 1994; pp 834841.

(20) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; Garcia-
Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla;T&e DIRDIF99
program systemiTrechnical Report of the Crystallography Laboratory,
University of Nijmegen: Nijmegen, The Netherlands, 1999.
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Table 1. Crystallographic Data for Compounds-5
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compound 1 2 3 4 5
formula Q9H27C|2F9N304 C19H27C|2N3O4Zn Co1Ho7FsFEeNsO10S, C1gH31FeNsOgs2CR03S CooHo7F3N30;SZn CR0sS
fw 488.19 497.71 715.43 751.46 724.95
cryst color yellow colorless yellow red colorless
cryst size [mnf] 0.48x 0.36x 0.27 0.30x 0.18x 0.12  0.54x 0.09x 0.09 0.36x 0.33x 0.12 0.30x 0.10x 0.10
temp [K] 150 210 150 150 150
cryst syst orthorhombic orthorhombic orthorhombic monoclinic monoclinic
space group P2,212; (No. 19) P2,2:2; (No. 19) P2,2:2; (No. 19) P2, (No. 4) P2; (No. 4)

a[A] 11.9312(1) 11.805(5) 9.0393(6) 9.6431(7) 9.7266(4)

b[A] 13.6044(1) 13.723(3) 13.0683(13) 13.9031(12) 11.7644(5)

c[A] 14.1521(1) 14.181(7) 24.218(3) 11.4677(12) 12.5504(6)

f [deg] 90 90 90 99.851(9) 92.7912(17)
VI[A3] 2297.12(3) 2297.2(16) 2860.8(5) 1514.8(2) 1434.41(11)

z 4 4 4 2

Dy [g/cm?] 1.412 1.439 1.661 1.648 1.678

w [mm~1] 0.918 1.330 0.770 0.736 1.098

abs. corr. range 0.790.88 0.64-0.85 0.66-0.93 0.86-0.92 0.806-0.90

reflns collected/unique 42 597/5260 30 196/4261 35 955/5315 23 587/6883 12 718/3492
(sin 0/ max[A 1 0.65 0.61 0.61 0.65 0.53
params/restraints 265/0 265/0 390/0 424/1 444/121
R1/WR2 | >20(1)] 0.0231/0.0537 0.0286/0.0609 0.0342/0.0657 0.0260/0.0638 0.0503/0.1153
R1/wR2 [all reflns] 0.0266/0.0554 0.0360/0.0646 0.0577/0.0732 0.0313/0.0655 0.0598/0.1225
S 1.025 1.061 1.044 1.044 1.046

Flack x paramete® —0.007(9) —0.016(10) —0.017(15) 0.025(8) —0.01(2)

omin/max [€/A%] —0.23/0.24 —0.30/0.29 —0.30/0.60 —0.24/0.35 —0.57/0.63

3) or Direct Methods (SHELXS-%72for 4 and SIR-97 for 5)
and refined with SHELXL-97:¢ against2 of all reflections. Non-

this procedure to the weakly coordinating triflate resulted in

the formation of iron comple® [Fe(OTf,(Py(ProMe),)]

hydrogen atoms were refined with anisotropic displacement pa- (green-yellow) and zinc compleéx[Zn(OTf)(Py(ProMe),)]-

rameters. Hydrogen atoms were located in the difference Fourier(OTf) (white),
map (compounds, 3, and4) or introduced in calculated positions
(compound® and5). Hydrogen atoms were refined as rigid groups
with the exception of the water hydrogensdinvhich were refined
freely with isotropic displacement parameters.linthe methyl
group at C(20) was rotationally disorderedSrone of the proline

respectively. These complexes were also
obtained upon reaction &fy(ProMe), with FeC} or ZnCh,
respectively, followed by the addition of 2 equiv of Ag(OTf)
and removal of insoluble AgCI(s) by filtration. Addition of
water to a CHCI, solution of 3 resulted in the immediate

rings had puckering disorder and the coordinated triflate showed precipitation of 4 [Fe(Py(ProMe))(OH,),](OTf). as an
positional disorder. Drawings, geometry calculations, and checking orange-colored powder. Except tf&is moisture sensitive,
the other complexes appeared to be relatively stable toward

for higher symmetry was performed with the PLAT&Nrogram.

Further details are given in Table 1.

Results

Synthesis. The Py(ProMe), ligand was synthesized in

O, and moisture, but the iron complex&s3, and4 were
kept under nitrogen atmosphere when stored for longer
periods. Typically, these complexes were isolated ir-60

90% vyield after recrystallization. Complexes-5 were

enantiomerically pure form using a one step procedure characterized by a variety of techniques including single-

(Scheme 1). Reaction of 5 equiv of methyprolinate with
2,6-bis(chloromethyl)pyridine in hot methanol under basic
conditions for 16 h afforded the target ligand in 90% yield
after purification by column chromatography. A 5-fold excess
of methyl+-prolinate was used to obtain the ligand in a
higher yield at the expense of monosubstituted byproduct.
When 2.5 equiv of methyl-prolinate were used, the yield
dropped to 47%.

Metal complexesl—5 were synthesized by mixing an
equimolar amount dPy(ProMe), and a divalent iron or zinc
salt in methanol or acetonitrile. Reaction of anhydrous iron
or zinc dichloride withPy(ProMe), afforded the isostruc-
tural, neutral complexes[FeCh(Py(ProMe),)] (yellow) and
2 [ZnCly(Py(ProMe),)] (white). Changing the counterion in

(21) (a) Sheldrick, G. M.SHELXS-97, Program for crystal structure
solutiony University of Gdtingen: Gitingen, Germany, 1997. (b)
Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G. L.; Giaco-
vazzo, C.; Guagliardi, A.; Moliterni, A. G. G.; Polidori, G.; Spagna,
R. J. Appl. Crystallogr.1999 32, 115-119. (c) Sheldrick, G. M.
SHELXL-97, Program for crystal structure refinemedniversity of
Gottingen: Gitingen, Germany, 1997.

(22) Spek, A. L.J. Appl. Crystallogr.2003 36, 7—13.

(23) Flack, H. D.Acta Crystallogr.1983 A39, 876-881.
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crystal X-ray structural determination, U\Wis spectroscopy,
CD measurements, magnetic susceptibility, elemental analy-
sis, and ESI-MS.

Structural Features of Fe and Zn Complexes 15 in
the Solid State (X-ray Crystal Structures).Crystals suitable
for X-ray diffraction were obtained for each of the five
complexes, which allowed the full characterization of their
structure in the solid state (for details see Experimental
Section). It is important to note that complexes5 were
formed as single diastereoisomers of which the configuration
will be discussed (vide infra). Relevant crystallographic data
are presented in Table 1, and selected bond distances and
angles are listed in Table 2.

[FeCly(Py(ProMe),)] (1) and [ZnCl,(Py(ProMe),)] (2).
The molecular structure of neutral[FeCh(Py(ProMe),)]
in the crystal is shown in Figure 2 together with a quaternion
overlay plot of its molecular structure with that of zinc(ll)
complex2.

This overlay nicely shows the perfect isostructural nature
of these complexes in the solid state. The metal ions in these
complexes are five coordinate by two chloride anions and



Fe(ll) and Zn(ll) Complexes of a Methyle-prolinate Ligand

Table 2. Selected Distances (A) and Angles (deg) for Compleke§

1(M=Fe) 2(M=2Zn) 3 (M =Fe) 4 (M =Fe) 5(M =12Zn)
Bond Length (A)
M—N(1) 2.0752(12) 2.0414(19) 2.142(2) 2.1783(16) 2.050(6)
M—N(2) 2.4274(12) 2.450(2) 2.498(3) 2.3344(14) 2.226(7)
M—N(3) 2.4109(12) 2.435(2) 2.332(2) 2.3527(17) 2.206(8)
M—CI(1)/O(1) 2.2754(5) 2.2177(11) 2.1125(19) 2.2676(14) 2.092(6)
M—CI(2)/0(3) 2.2833(4) 2.2264(9) 2.241(2) 2.2434(13) 2.148(6)
M—0(5) 2.145(2) 2.1111(15) 2.041(5)
M—0(8)/0(6) 2.204(2) 2.1101(15)
Bond Angles (deg)

N(1)—M—N(2) 74.99(5) 75.19(8) 71.55(9) 72.33(5) 76.8(3)
N(1)—M—N(3) 74.84(5) 75.01(8) 74.09(9) 71.61(6) 77.9(3)
N(2)—-M—N(3) 149.77(4) 150.13(7) 145.51(9) 143.88(5) 154.4(3)
Cl(1)/0(1)-M—ClI(2)/0(3) 126.004(19) 122.63(3) 74.34(8) 74.07(5) 174.6(2)
N(1)-M—CI(1)/0(1) 119.46(3) 120.82(6) 95.5(2)
N(2)—M—CI(1)/O(1) 93.68(3) 94.44(6) 71.07(8) 70.63(5) 81.3(3)
N(3)—M—CI(1)/0(1) 99.33(3) 98.93(6) 97.5(3)
N(1)—M—CI(2)/0(3) 114.53(4) 116.55(6) 88.8(2)
N(2)—M—CI(2)/O(3) 99.98(3) 99.70(5) 103.0(3)
N(3)—M—CI(2)/0(3) 94.23(3) 95.36(5) 70.48(8) 71.48(5) 80.2(3)
O(5)-M—0(8)/0(6) 178.98(9) 170.21(7)
N(1)—M—-0(5) 171.8(3)
O(1)-M—-0(5) 89.3(2)
O(3)-M—0(5) 86.8(2)
N(2)—M—0(5) 97.4(3)
N(3)—M—0(5) 108.2(3)

by the mer 5%-bonded Py(ProMe), ligand through the methyl prolinate rings irl and2 have an envelope confor-
pyridine nitrogen and the two methyl prolinate nitrogen donor mation with the stereogenic carbon atom bearing the ester
atoms. The complexes have an irregular coordination ge-moiety out of the plane defined by the remaining ring atoms.
ometry, which is not on the Berry-pseudorotation path  [Fe(OTf),(Py(ProMe),)] (3). The reaction oPy(ProMe),
between trigonal bipyramid and square pyradfidhis is with Fe(OTf)-2MeCN yields comple® which has a rather
due to the bis-ortho chelate bonding of the tridentaye unusual seven-coordinated iron(ll) center. This compound
(ProMe); ligand having one (central) MN bond in com- crystallizes as discrete molecules [Fe(Q(Ry(ProMe),)].
mon. The methyl ester groupings of the prolinate rings are The coordination geometry around the iron center can be
pointing away from the metal center and are positioned abovebest described as distorted pentagonal bipyramidal (pbp,
and below the plane defined by the metal and the three nitro- Figure 3). The equatorial plane of the bipyramid is occupied
gen donor atoms. This orientation complements the noncrys-by the three nitrogen atoms of the ligand, as well as by the
tallographic overallC, symmetry of the complexes around two oxygens of the carbonyl groups of the ester moieties,
an axis passing along the-MN(1)---C(4) vector. In both giving rise to four joined five-membered chelate rings. The
complexes, the MN(pyr) distance is significantly shorter two axial positions are occupied by the monodentate)
than the M-N(pro) distances; FeN(pyr) = 2.0752(12) A bonded triflate anions. The distortion of the pbp geometry
and Zn-N(pyr) = 2.0414(19) A, compared to FéN(pro) in 3 is reflected in small deviations of all six atoms from
= 2.4274(12), 2.4109(12) A and ZN(pro) = 2.450(2), the least-squares plane defined by the¢ NRIOFe atoms (Fe-
2.435(2) A, respectively. The central plane of the complexes (1) = 0.0580(4) A, N(1)= —0.159(2) A, N(2)= 0.177(2)
comprises the metal atom, the pyridine nitrogen, and the two A, N(3) = —0.046(2) A, O(1)= —0.243(2) A and O(3F
chlorine atoms with N(pyrrM—CI angles of 114.53(4) 0.159(2) A). The FeN distances significantly differ from
126.004(19) in 1 and 116.55(6)122.63(3) in 2. The each other, reflecting the different chemical nature of the
transoidangle between the prolinate nitrogens is not linear, nitrogen donor atoms. The F&l(pro) distances are distinctly
but amounts to 149.77(@)n 1 and 150.13(7)in 2. The longer (Fe-N(3) = 2.332(2) A and FeN(2) = 2.498(3)
methylene groups joining the pyridine and prolinate rings A) than the Fe-N(pyr) distance (FeN(1) = 2.142(3) A).
cause a torsional twisting of the pyridyl ring from the plane The Fe-N(2) distance is much longer than the-Fé(3)
defined by the metal and the three nitrogen donor atoms by distance and is in fact on the edge of what may be considered
15.78(7Y for 1 and 16.36(1X)for 2. The two five-membered  an Fe-N(sp®) coordination bond lengtf. The free electron
chelate rings have a puckered conformation. The stereogenigair on N(2) is pointing toward the metal center, and its
nitrogen centers (because of-Ml coordination) have a8y bonding most likely seems to be a consequence of the in-
configuration (see Discussion section), while the complexes plane coordination of the other donor atoms of the ligand.
are formed stereoselectively as single diastereofi@sth The short Fe-O distance, i.e., that between iron and carbonyl

(24) Addison, A. W.; Rao, T. N.; Reedijk, J.; van Rijn, J.; Verschoor, G. (26) Orpen, A. G.; Brammer, L.; Allen, F. H.; Watson, D. G.; Taylor, R.
C.J. Chem. Soc., Dalton Tran$984 1345-1349. International Tables for Crystallography, Vol. C, Mathematical,

(25) TheSconfiguration of the C-stereogenic center present on the prolinate Physical and Chemical TableSrd ed.; Prince, E., Ed.; Kluwer:
ring maintains during synthesis. Dordrecht, 2004.
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Figure 2. Top: Displacement ellipsoid plot (50% probability) of complishydrogen atoms are omitted for clarity. Bottom: Quaternion fit of the isostructural
complexesl and2 (1 drawn in gray,2 in black).

F1 O(5)—-Fe—0(8) angle (178.98(9) is very close to the ideal
value of 180. The torsional twisting of the pyridyl ring with
respect to the pentagonal NWO, plane is 15.67(12) The
distortion of 3 from an ideal pbp geometry is furthermore
reflected in the different conformations of the five-membered
chelate rings. The chelate ring FefX)(3)—C(19)>C(18)-
N(3) has a half-chair conformation twisted around the N(3)
Fe(1) bond, while the Fe(£N(1)—C(6)—C(14)-N(3) che-
late ring appears in an envelope conformation with N(3) out
of the plane. Finally, both prolinate rings have an envelope
conformation. In the ring containing N(2), C(9) is out of
plane, whereas in the other ring the nitrogen atom N(3)
appears to be out of the plane. As a result of these structural
perturbations, the overall structure 8fis devoid of any
element of symmetry.

[Fe(Py(ProMe),)(OH,),](OTf)  (4). The coordination of
triflate anions in3 is very labile. Upon exposure & to
moisture, the dicationic complekis formed in which the
Figure 3. Displacement ellipsoid plot (50% probability) 8f [Fe(OTf)- coordinated triflate anions have been replaced by two water
(Py(ProMe),)]; hydrogen atoms are omitted for clarity. molecules while the two triflate anions appear as noncoor-

dinating anions (Figure 4). The formal oxidation state of iron
oxygen O(1) (2.1125(19) A), seems to be the reason thatdoes not change in this process, nor does the overall
N(2) is in the coordination sphere although at a long-Fe coordination geometry around iron. The pentagonal bipyra-
N(2) distance. The distance between iron and the secondmidal geometry is actually less distorted4rthan it is in3.
carbonyl oxygen amounts to FO(3) = 2.241(2) A, and  The NNNOO donor atoms and the iron center are essentially
the Fe-O distances of the axiajl-bonded triflate oxygen ~ coplanar with a maximum deviation of 0.0597(14) A
atoms are FeO(5) = 2.145(2) A and FeO(8) = 2.204(2) observed for atom O(1). Selected distances and anglés of
A, respectively. The five angles subtended at iron by adjacentare summarized in Table 2. The change in coordination
equatorial donor atoms of the four five-membered chelate environment results in the elongation of the-f&(1) bond
rings deviate from the ideal value of 72having slightly and subsequent shortening of thefR&2) bond length. Now,
smaller (71.55(9) 70.48(8), and 71.07(8) or higher the Fe-N(pro) distances i@ are almost equal, which is in
(74.09(9y and 74.34(8) values. However, the interaxial sharp contrast to the large differences see® ifihe Fe-N

c17
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Figure 4. Displacement ellipsoid plot (50% probability) of cation 4f [Fe(Py(ProMe),)(H20),](OTf),; ligand hydrogen atoms and counteranions are
omitted for clarity.

Figure 6. Displacement ellipsoid plot (50% probability) 6f [Zn(OTf)-
(Py(ProMe),)](OTf); hydrogen atoms and the noncoordinated triflate are
omitted for clarity. Only the major conformations of the disordered prolinate

Figure 5. Packing of4 in the crystallographic unit cell. View along the
a axis. Dashed lines indicate hydrogen bonds between the water molecules’.

as donors and the triflate anions as acceptors ring at C16 and of the disordered triflate are shown.

Table 3. Selected Hydrogen Bond Lengths (A) and Angles (deg) of . . .
Complex4 conformation twisted around the N(22(8) bond, while the

donorH---acceptor DH He oA DA D_H-A qther r'ing containing N(3) appears in an envel'ope' conforma-
0G)-H(10y-0(9) 0772)  1.96(@) 271202 1672) tion with C(17_) out of _the plane. The coqrdlnatlng water
O(G)-H(20y--0(11) 0.85(3) 1.91(3) 2.752(2) 175(3) molecules are involved in a hydrogen-bonding network. Each
O(6)-H(30)--O(12)  0.73(2) 2.02(3)  2.745(2) 175(2) triflate anion is bridging between two complexes, and every
O(6)-H(40y-O(8) ~ 0.80(5  1.94(4) 2.690(3)  155(4) water molecule is involved in hydrogen bonding with two
triflate anions (Figure 5, Table 3).
distances in this complex also differ less than those observed The prolinate nitrogen stereogenic center8 and4 have
in the other complexes, FeN(1) = 2.1783(16) A, FeN(2) anRy configuration which is opposite to tt#y configuration
= 2.3344(14) A, and FeN(3) = 2.3527(17) A, respectively.  found in the iron dichloride complef. The presence of
The angles subtended around iron made up by the five strongly coordinated chloride anions Inand?2 forces the
adjacent equatorial atoms4rare close to the ideal value of  formation of complexes where the ester moieties are bend
72° (72.33(5), 71.61(6Y, 71.48(5), and 70.63(5), with away to minimize the steric interaction with chloride anions.
the exception of the O(1)Fe—O(3) angle having a higher  This results in theSy configuration at the N-centers. The
value of 74.07(5). The interaxial angle (O(5)Fe—0O(6) = presence of weakly coordinating anions3id, and5 (vide
170.21(7}) deviates from the ideal value of 180The infra) results in stabilization of the metal center by coordina-
torsional twisting of the pyridyl ring with respect to the tion of the oxygen (carbonyl) atoms. This is only possible
equatorial plane has a slightly increased value of 17.83(8) when the configuration of the nitrogen centeRg regard-
The two prolinate rings appear in different conformations less of the geometry and coordination number around the
in 4; the prolinate ring containing N(2) has an half-chair metal ion.
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Table 4. Selected Properties df-5 in the Solid State and in Acetonitrile Solution
complex UV —vis? magnetic »(COY type of
L = Py(ProMe), (Amax M) momen# (cm™) electrolyté configuration

[FeChL] 1 214 (2646), 5.21ug 1731 neutral SIS
266 (6892),
343 (2646)

[ZnCloL] 2 215 (4281), - 1731 neutral SIS
266 (5133)

[Fe(OTfpL] 3 215 (6487), 4.91us 1693 2:1 RuRNS S
265 (5160),
351 (574)

[FeL (OH,)2)(OTf). 4 215 (8410), 4.93us 1695 2:1 RuRNS S
265 (6291),
351 (951)

[Zn(OTfL](OTH) 5 215 (4763), - 1676 2:1 RuRNS S
265 (5391),

aMeasured in MeCN. Extinction coefficients are given in parenthésesthe solid state.

[Zn(OTH)(Py(ProMe) »)](OTf) (5). Selected bond dis-
tances and angles describing the molecular structuberof

a high-spin electron configuration for thé& idon(Il) center
in these complexes (Table 4).

the solid state, see Figure 6, are summarized in Table 2. Due Structural Features of the Iron and Zinc Complexes

to the disorder of the coordinated triflate anion, the overall
C, symmetry of the complex is lost in the solid state. The

1-5in Solution. To study the structural features -5 in
solution, ESI-MS, IR, conductivity, and UWis measure-

equatorial plane of the distorted octahedron involves the threements on acetonitrile and/or dichloromethane solutions of

nitrogen atoms of th@y(ProMe), ligand and the;*-bound
oxygen atom of a monodentate bonded triflate anion. The
NN'NO donor atoms and the zinc center are essentially
coplanar with a maximum deviation of 0.094(6) A for the
pyridine nitrogen. The two axial positions are occupied by
the oxygen atoms of the carbonyl groups of both ester

these complexes were carried out. The analysié obuld
only be performed in acetonitrile, a is insoluble in
dichloromethane. Complexés-5 remain mononuclear also
in solution, as revealed by ESI-MS analysis of acetonitrile
or dichloromethane solutions &f-5, showing the prominent
cations [MPy(ProMe),)X]* as the highest-molecular-weight

moieties. The second triflate anion appears as a noncoordi-species. Cyclic voltammetric measurements were also per-

nating counterion. The difference in ZN distances irb is

formed for the iron complexek 3, and4 in MeCN solutions.

much smaller than has been observed for these bonds in th&€omplex1 exhibits a (quasi) reversible one-electron wave

neutral, five-coordinate zinc dichloride complgxXZn—N(1)

= 2.050(6) A, Zn-N(2) = 2.226(7) A, and ZrN(3) =
2.206(8) A, respectively. The triflate-oxygeminc bond
(Zn—0O(5) = 2.041(5) A) is shorter than the zinc distances
to the (carbonyl) oxygen atoms in axial positions;ZD(1)

= 2.092(6) A and Zr-O(3) = 2.148(6) A. The distortion
of the octahedral geometry & is reflected by the cisoid
(76.8(3)-108.2(3Y) and transoid (154.4(3)171.8(3}, and
174.6(2)) angles around the zinc atom. The torsional twist
of the pyridyl ring from the equatorial plane of the metal
with NN'NO donor atoms is 15.6(%4) The five-membered
chelate rings again appear in different conformations; the
chelate formed by Zn(H)N(1)—C(6)—C(14)-N(3) has a
half-chair conformation twisted around the C(E4)(3)
bond, while the Zn(LyN(1)—C(2)—C(7)-N(2) chelate
appears in an envelope conformation with N(2) out of the
plane. Both prolinate rings have an envelope conformation.
In the ring containing N(2), C(9) is out of plane, and in the
other ring containing N(3), both C(16A) and C(16B) are
appearing out of the plane. The flexibility of the prolinate
ring is observed in the prolinate ring with the N(3) atom in
a puckering disorder of the C(16).

Finally, the magnetic moments of paramagnetic iron
complexesl, 3, and 4 (Table 4) were determined on a
magnetic susceptibility balance at ambient temperature. Five-
coordinatel and the two seven-coordinate comple8esnd
4 showed magnetic moment values which are consistent with
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(AEp = 98 mV) with a half-wave potential value 6f0.099

V vs Fc/Fc for the Fe(Il)/Fe(lll) oxidation. Unfortunately,

no diagnostic oxidative/reductive response was detected for
complexes3 and4, even though both complexes react with
oxidants such as ROOH.Complexes2 and 5 were also
analyzed by*H and'3C{*H} NMR spectroscopy.

Solid-State and Solution IR.The structural differences
and coordination modes of the ligand in the iron and zinc
complexes1—5 are clearly reflected by their solid-state
infrared spectra. The(C=0) of the five-coordinate com-
plexesl and2 (noncoordinated €0 in the solid state, Table
4) are identical with that of the parent ligaRy(ProMe),,

i.e., 1731 cm™. In contrasty(C=0) of the complexes, 4,
and5 (coordinated &0 in the solid state) are shifted to
lower frequencies (1693, 1695, and 1676 émespectively,
Table 4).

The IR experiments in solution were carried out-eh5
mM samples of the respective complexes using ReactIR
equipment at ambient temperature and under an inert nitrogen
atmosphere using dry solvents (MeCN or &H). The
acetonitrile and dichloromethane solutions of the complexes
1 and 2 show v(C=0)’s as were observed in their solid-
state spectra. Comparison of the solution and solid-state IR
data of the complexe®—5 revealed some interesting solution
behavior depending on the coordinating ability of the solvent.

(27) Gosiewska, S.; van Koten, G.; Klein Gebbink, R. J. M. Manuscript in
preparation.
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Figure 7. Solution IR spectra of compleXin (a) MeCN and (b) CkCl.. SO; mode is now doubly degenerate, which can be assigned

to two components resulting from triflate anion coordina-
tion.2° Also, both vibrations for the GFgroup shift to higher
wavenumbers with respect of gkibrations observed in
acetonitrile solution; 1174/4sCFs) and 1275 cm! (vs CF),
respectively. These data support the view that, in,CliH
solution, 3 retains its structural features found in the solid

In the solution IR spectra @3, the »(C=0) slightly shifts
from 1694 cm! in CH.Cl, solution to 1687 cm! in MeCN
solution. These data indicate that the coordination of the
carbonyl groupsy = 1693 cn?!) as observed in the solid

state for3 is re;[aingd in both solvents.. However, in the state, i.e., the anionic triflate ligands remairO coordinated.
1.030_.1310 e region where symmetric and asymm'et'nc In the solid-state IR spectrum @ vibrations at 1027
vibrations of the CFand SQ groups appear, the acetonitrile SOy), 1169 (asCFs), 1226 s CFs), and 1239 cm? (v, SOy)

and ldichII:(_)romet;aneTsr(])Iution IR spectfra(f%aiifferhsignifi-_ | with two shoulders at 1262 and 1315 chappear because
cantly (Figure 7a). € presence of four sharp SINGIE .o «frae” triflate anions have fixed positions due to the

vibrations at 127016550;), 1224 :CFs), 1156 ¢LCF), and hydrogen bonds with coordinated water molecules and,

h ) B ) .
.1032 e (#S0;) in acetonitrile s_olut|on (_Flgure ’a) therefore, show similar vibrations as for coordinated triflate
indicates the presence of noncoordinated triflate am®ns, anions

i.e., of solvent-separated ion pairs (see Eigur_e 10, vide infra). The MeCN and ChCl, IR spectra of the six-coordinate
Supported by the appearance of a new vibration at 2254 cm zinc complex5 showed similar features as observed for

E#?EN),{O]‘.?IO rdin?tedlace;onitrile)Iwe (;Iag I'?hd te'ild ::onc!udg complex 3 (Figure 8). They(CO) of the carbonyl group
nat acetonitrie mo'eciies nave replaced ot trifiate anionic appears at 1677 cmiin CH,ClI; solution, at 1679 cm' in
ligands in3, which thus appear as noncoordinated counter- MeCN solution. and at 1676 crhin the solid state

anlonsl.RT he MeCN_ sg_lutlc_)ns (i;]fan(:)4 ?]ave eslsentlaILy the h indicating that both carbonyl groups remain coordinated to
same IR spectra, indicating that both complexes have the ;. i, solution, as observed for the molecular structure of

same coordination environment in a coordinating solvent like 5in the solid state. The spectrum®fn acetonitrile showed

acetonitrile. In the noncoordinating solvent dichlomethane - B
. . ' sharp single vibrations at 1272,50;), 1224 ¢CFs), 1156
the IR spectrum of a solution &resembled the solid-state (VaSCﬁ)Zg) agd 1032 cmt (1SOy), ir(iiic;ting thg/tsbotg] triflate

spec.trum qu'ite vyell. In.dichlpromethane solution, the sym- anions are noncoordinating. Appearance of a vibration at
metric SQ vibration shifts slightly to lower wavenumbers 2249 cm* suggests coordination of an acetonitrile molecule

I . :
(1030 cn t)s with re(sjpec'\tll ththeﬁSQ) ogser\ged dm to zinc, i.e., substitution of thg*-O coordinated triflate by
spectrum (;Z?r,r;eas(ljjrlesllg eF_ » W '7E tv:_'zﬁs( 0;) ban S acetonitrile occurred. The IR spectrum of a solutiorba
appear at an chr(Figure 7b). The asymmetric dichloromethane resembled the solid-state IR, however,

. . . 1
(28) (a) Aresta, M.; Quaranta, E.; Albinati, @rganometallics1993 12, showing better resolution of bands in the 163310 cnt
2032-2043. (b) Aresta, M.; Dibenedetto, A.; Amodio, E.; Papai, |.;
Schubert, Glnorg. Chem 2002 41, 6550-6552. (29) Bergstion, P.-A_; Frech, RJ. Phys. Cheml995 99, 12603-12611.
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Figure 9. Selected part of théH NMR spectra of zinc complexe (top) and5 (bottom) in CR3CN with assignment of the most relevant protons.
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Figure 10. Summary of solution structures of complex@s5. SSIP=
solvent sepatated ion pair, CHP contact ion pair.

region. Theve,n(SQ;) appears at the same wavenumber (1032
cmY) but thev,{SO;) splits into two bands at 1240 and
1315 cmt as a result of the coordination of one triflate anion
to the zinc center. Both vibrations for the £droup shift to
higher wavenumbers, 1166,(CF;) and 1277 cm* (v.CF3).
The broad feature of,{CF;) together with the presence of
vibrations at 1214 and 1255 cthwhich can be assigned to
v4(CFR3) andv,{SG;) of a noncoordinated triflate anion, show
that in CHCI, one triflate is coordinated to zinc, while one
remained noncoordinated as observed in the solid state.
Conductivity Measurements. The molar conductivities
of 1-5 measured in acetonitrile, dichloromethane, and/or
methanol at 1 mM concentrations (Table 5) support the

assignments of the solution structures (vide supra). Very low

molar conductivities of 47.1 and 6.1 S ¢mol~* were found
for complexesl and 2, respectively, in MeCN, which
supports the neutral nature of these [M@l(ProMe),)]

complexes. The slightly higher values for iron complex

can be compared to those reported for similar neutral dichloro

iron complexes with nitrogen-based ligands, with molar

4224 Inorganic Chemistry, Vol. 45, No. 10, 2006

Table 5. Molar Conductivities ofl—5 Measured at Ambient
Temperature

molar conductivity (S crimol—1)2

complex
L = Py(ProMe), MeCN CHCl,
[FeChL] 1 47(1.02)
[znCl,L] 2 6(1.03)
[Fe(OTfLL] 3 226(1.09) 4(1.1)
[FeL (OH,)2](OTH)2 4 258(1.13)
[Zn(OTHL](OTH) 5 255(1.08) 11(1.1)

2The molar concentrations (mM) are given in parentheses after each
feature.

conductivities between 30 and 62 S Tmol1.3%31 Com-
plexes 3—5 gave high values of molar conductivities in
acetonitrile, indicating a 2:1 electrolyte behavidin contrast

to this ionic behavior in MeCN, in a noncoordinating solvent
like CH,Cl,, the molar conductivity oB is well below the
characteristic range for 1:1 electrolytes {22 S cni
mol~1),%2 indicating the presence of a neutral complex. The
molar conductivity of5 in dichloromethane lies closer to
the literature value for 1:1 electrolytes, which means that
the structure in solution is essentially the same as the one
found in the solid state.

UV—Vis Measurements. The UV—vis spectra of all
complexes in MeCN show strong ligand-based absorptions
around 215 and 265 nm (Table 4). These are the only
absorption features present in the spectra of zinc complexes
2 and 5. The iron complexes exhibit additional metal-to-
ligand charge transfer (MLCT) bands at 343 nem— 2646
M~tcm?) for 1 and at 351 nmg = 574 Mt cm™* ande
= 951 M cm™) for 3 and4, respectively.

NMR Analysis of 2 and 5.The IR and UV-vis analyses
indicate the presence of a single species in solution for
complexesl—5. The'H and*3C{H} NMR spectra of zinc
complexe® and5 at room temperature showed the presence
of a single species with an overdl, symmetry for each
complex. Variable-temperature NMR measurements2on

(30) Hubin, T. J.; McCormick, J. M.; Collinson, S. R.; Buchalova, M.;
Perkins, C. M.; Alcock, N. W.; Kahol, P. K.; Raghunatan, A.; Busch,
D. H. J. Am. Chem. So@00Q 122 2512-2522.

(31) Mandon, D.; Machkour, A.; Goetz, S.; Welter,IRorg. Chem2002
41, 5364-5372.

(32) (a) Uguagliatti, P.; Deganelo, G.; Busetto, L.; Bellucolrdrg. Chem
1969 8, 1625-1630. (b) Geary, W. JCoord. Chem. Re 1971, 7,
81-122.
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(CDCls, temperature range 6f60 to+60 °C) and5 (CDs- water molecules, forming complet As the d° zinc(ll)
CN, temperature range of45 to +75 °C) showed no cation is not sensitive toward ligand field stabilization, a more
significant changes of the single resonance pattern. Thiscommon octahedral coordination geometry is adopted for
indicates that also on the NMR time scale both zinc with the three nitrogen donor atoms in the plane with the
complexes exist as single diastereoisomers in solitihe  carbonyl groups now coordinating in the axial positions. The
'H NMR resonance patterns @fand5 in CDsCN solution  remaining sixth site is occupied by a monodentate binding
showed distinct differences (Figure 9). To fully assign the triflate anion. The coordination chemistry of tRg(ProMe),
?pectral features, 2D experimentsi¢-*H COSY andH— ligand as outlined here is summarized in Figure 10.
“C HETCOR,) were performed. The stereogenic hydrogens A number of iron and zinc metal complexes with general
(Hs) and the methylene hydrogens (Ha and Hb) next to the]c , - -

. . -, ormula [MCELNN'N], containing a central pyridine (N
prolinate nitrogen are the most sensitive ones to reveal _ . . .

. moiety have been reported in the literatéteut of these
geometry differences of these two complexes. The stereo—Com lexes, only three iron(A and two zinc(lIf® X-ra
genic hydrogens i point toward the ZnGlfragment and P ' y . . y

structures have been reported that contain twamipogen-

have been shifted to lower field (= 4.49) with respect to q bstituent t o th idi ety C

the free ligand. However, as a consequence of the@n onor substituents next o the pyrdin€ moiety. ~ommon

coordination in5, the stereogenic hydrogens are pointing features of these f|ve—cqord|nate com_plexes are the signifi-
gantly shorter M-N(pyridyl) bond with respect to the

away from the metal plane and their resonance appears a ) )
higher field ¢ = 3.75). Different multiplicities were observed M —N(sP) bonds, thereby reflecting the different nature of

for these protons i and5, which could be a consequence the nitrogen atoms. The much longer#(pro) distances

of the different envelope of the prolinate ring leading to N the isostructural complexesand 2 than those observed
different coupling constants with neighboring €protons  for the previously reported [M@NN'N] complexes can be
(Ju-n). The Hs multiplet observed in spectra of the parent explained by the increased basicity of the prolinate nitrogen
ligand Py(ProMe), and 5 changed into a doublet in the compared to the dimethylamino nitrogen cerfeasd to the
spectrum of2. The hydrogens of the prolinate methylene bulkiness of thePy(ProMe), ligand. The latter factor,
group next to the nitrogen for both complexes appear as twotogether with the chelate coordination of the ligand, is
separated resonances with different multiplicities, reflecting
thg di_astereotopici_ty of these_: hydrogen atoms. The hydrogens(33) ggseer‘\)/:e?g;l?lea r?émcg?ar}erswtecéit?ggiz)eoisg;:gr\;aisnthsglcu;isc;nfovrv?;geze
pomtmg toward zinc, (Ha) ir2 and (Hb) in5, are shifted square planar NCN-pincerl_JpaIIadiungyt')ro_mi‘de complexes already at
downfield compared to the other geminal hydrogens, (Hb) ambient temperature. Gosiewska, S.; Huis in’t Veld, M.; de Pater, J.
in 2 and (Ha)5. The different geometries (five-coordinate %Ie'\iﬂr{?GirgngCé JP-“% e/?rar']-:;zror':/'gp;'?n Q@B&Jﬁ‘%?ﬁi@f*

in 2 vs octahedral irb) of these complexes cause different  (34) For [FeCINN'N] complexes, see: (a) Symall, B. L. Brookhart, M.;
relative orientations of the methylene group with respect to Bennet, A. M. A.J. Am. Chem. Socl99§ 120, 4049-4050. (b)

the metal (see Figures 2 and 6), which apparently results in m%’sgﬁg 5’_'; JS'SISA?SE‘B’T‘AY'V\%}IS'?F’?T'S{'\E,'i”isé%'\s"‘ag%%xe'n':_' I

downfield shift of both resonances (6 = 3.62 and 3.13) Commun 1998 849-850. (c) Small, B. L.; Brookhart, MJ. Am.

i — Chem. Soc1998 120 7143-7144. (d) Britovsek, G. J. P.; Bruce,
compared to those i@ (0 2.74 and 3.09). M.; Gibson, V. C.; Kimberley, B. S.; Maddox, P. J.; Mastroianni, S.;

McTavish, S. J.; Redshaw, C.; Solan, G. A.; &therg, S.; White,

Discussion A. J. P.; Williams, D. J.J. Am. Chem. S0d999 121, 8728-8740.
. . . (e) Britovsek, G. P. J.; Mastroianni, S.; Solan, G. A.; Baugh, S. P.D.;
Structural Considerations. Depending on the nature of Redshaw, C.: Gibson, V. C.; White, A. J. P.; Williams, D. J.: Elsegood,
the co-ligands, Ci, OTf~, H,O, or MeCN, the novel chiral I\D/I- F; J.CQQE. Eur.FJ'ZOOQ 62 2|221—|(223;¢1- ® Sg;l_r, DA E;séco%g,
H H B H .; Stoeckli-Evans, H.; von Zelews Y, ANOrg. im. Act
Py(Pr'oMe)z ligand shows:. a high degree'of flexibility in 341 17-24. For [ZnCANN'N] complexes, see (g) Viasse, M. Rojo,
adopting different geometries and coordination modes K\N T.; Beltran-Porter, D.Acta Crystallogr., Sect. C: Cryst. Struct.

' indi i 0 Commun1983 C39 560-563. (h) Birker, P. J. M. W. L.; Schierbeek,
NN NOZ) when blndlng to ?'th?r (dFe(“) or & Zn(_“)'. In A. J.; Verschoor, G. C.; Reedijk, J. Chem. SocChem. Commun
the case of strongly coordinating and nucleophilic ligands, 1981, 1124-1125. (i) Nicholson, G. A.; Petersen, J. L.; McCormick,
i.e., chloride anionsPy(ProMe), binds as a tridentate g- J-|n0f9-t(ﬁhiTg-gl)ZSfSZingZfoggfi?k)(J/lbplfenlov HABE/“?\’ D.

T . - . - . rganometalliic 3 . urarang, A.; vanren-
meridional ligand, yielding the five-coordinate neutral com- Kamp, H. Inorg. Chem.1995 34, 2207-2216. (I) Hazell, A.
plexes1 and 2. In presence of weakly coordinating and McKenzie, C. J.; Nielsen, L. Rl. Chem. Soc., Dalton Tran$99§

P T ; 1751-1756. (m) Graf, M.; Greaves, B.; Stoeckli-Evans, IHorg.
nonnucleophilic ligands, i.e., OTior H;O, thePy(ProMe), Chim. Actal993 204, 239-246. (n) Amadei, E.; Carcelli, M.; lanelli,

ligand binds the metal centers in a pentadentate fashion. s Cozzini, P.; Pelagatti, P.; Pelizzi, &.Chem. So¢Dalton Trans

Besides the NNN atoms of the ligand, the iron(ll) center is 199§ 1205-1212. (o) Vance, A. L.; Alcock, N. W.; Heppert, J. A.;
bilized by th di . fth b | fth Busch, D. H.Inorg. Chem.1998 37, 6912-6920. (p) Smith, H. W.
stabilized by the coordination of the carbonyl groups of the Acta Crystallogr, Sect. B: Struct. Cryst. Chert975 B31, 2701~

ester moieties forming essentially a planar pentagori i) 2703. (q) Wirbser, J.; Vahrenkamp, . Naturforsch. B: Chem. Sci.

around the metal ion with twg!-O bonded triflate anions ﬁ%?czro‘xaMgiz._ggg' T(r)PJJ'D%r;ghe'\S%ng%'gfrgg'zslglgri%rz’ C. A

in the axial positions of a pentagonal bipyramid as in (35) (a) Britovsek, G. J. P.; Gibson, V. C.; Mastroianni, S.; Oakes, D. C.
ial li i H.; Redshaw, C.; Solan, G. A.; White, A. J. P.; Williams, DEir.

cpm_plex3. Whereas-the eq.uatonal I.|gan.ds experle.nce- strong J. Inorg. Chem2001, 431-437. (b) Day, M. W.; Ward, B. D.; Grubbs,

binding beca}use of ligand field St§b|l|zat|0nv. the 3-)_('3-! ||Qands R. H. Private Communication to the Cambridge Structural Database,

are very labile and can be substituted easily. This is indeed 2001, C%DC-133691|- éC)dO’Rzealcl)y, 53 K29 Zelbggg,sv. C.; White, A.

observed for comple®. In the presence of moisture, the (35 fjeﬁ)'#zxv'|.l-aemoss’sggzoBFlz.eA.-r??anné s Lﬁz M. Spek, A L.: van

two coordinated triflate anions are readily replaced by two Koten, G.Can. J. Chem200Q 78, 1620-1626.
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responsible for the irregular geometry around the metal for the pentadentate ligand (2,6-{i@yrid-2-ylmethyl)-
centers inl and 2. amino]methy} pyridine), was reported by Darbre et “l.
Heptacoordinate Fe(ll) complexes are rather unusual. It However, for planar rigid pentadentate/heptadentate ligands
has been observed for pentadentate ligands comprising fivelacking this flexibility, the formation of zinc(ll) complexes
donor atoms which are predisposed to provide planar with pbp geometry as found for the iron complexdand4
pentadentate coordination and two nonnucleophilic co- was reported, e.g., for 2,6-diacetylpyridine imine deriva-
ligands binding the axial position of a pentagonal bipyramidal tives*?
(pbp) geometry’ Most of these Fe(ll) complexes with pbp Stereochemistry of the ComplexesBinding of thePy-
geometry are 2,6-diacetylpyridine diimine macrocyclic (ProMe), ligand to either zinc or iron creates a new
derivatived’®¢ or crown ether derivative¥'9 The X-ray stereogenic center on each prolinate nitrogen atom as a result
structures of Fe(ll) complexes with dipicolinic acid revealed of rather strong metalprolinate nitrogen coordination. In
the pbp geometry around the metal center, but the unit cell principle, two enantiomeric pairs of diastereoisomer with
also contained mono-, di-, and trinuclear Fe(ll) complé®es. RuvSWSyRy and RyRW/SySy configurations (at the prolinate
The Fe(ll) complexes of 1,3,5-triazine-2,4,6-tricarboxylate nitrogens) can form, resulting in a total of four unique
derivatives consist of one-dimensional chains composed ofdiastereoisomers due to the presence of thestéreogenic
Fe(ll) ions (with pbp geometry) and the triazine ligand in a centers (with a chosen and fixe®lconfiguration) on the
1:1 ratio®® Recently, Seitz et al. reported chiral, pentagonal methyl+-prolinate rings. However, a single diastereoisomer
bipyramidal Fe(ll) complexes with a pentadentate binding was found in the solid state for complex&s5 of which
bisoxazoline ligand® 7—x stacking of the two phenyl isostructurall and2 have theSySySS configuration and
moieties of the oxazoline substituents was the driving force the complexes8, 4, andS have theRyRySS: configuration.
for the formation of a P-helical structure. Among the reported The configuration of the prolinate nitrogens is determined
complexes with pbp structures, only three complexes haveby the coordination mode of the ligand. To minimize steric
an NNNOO donor set comprising imine nitrogen donor hindrance in the five-coordinate complexésand 2, both
atoms and with Cl, H,O, or CN™ axial ligands’’2%¢The ester moieties are pointing away from the metal center,
small deviations from the basal MNNOO plane observed  resulting in anSy configuration. The formation of diastere-
in 3 and 4 are comparable with those found in the pbp oisomers with the opposit& configuration is a consequence
complexes reported in the literature. Due to the presence ofof the coordination of the carbonyl groups to the metal in
benzylic methylene bridges a torsional twist of-467° for complexes3, 4, and 5. The relatively high coordination
the pyridine ring from the MNRNOO plane is observed. number of the metal centers in-5 (>4) seems to have a
The Fe-N bond lengths abas 2 A present in the iron  greatinfluence on the preferential formation of the complexes
complexesl (five-coordinate)3, and4 (seven-coordinate) —as single diastereoisomers. This is apparent from the
point to the high-spin @Fe(ll) electron configurations of  observation that structurally related NCN palladium halide
these complexes. This was confirmed by magnetic momentcomplexes, in which the nitrogen donors of the tridentate
values of 4.9%5.21u which are comparable with the values NCN are also part of a methyl prolinate group, form all
found for structurally related five- or seven-coordinate iron- possible diastereoisomers in an equal rétBesides the new
(1) complexes34e37de stereogenic centers at the nitrogen atoms, also helical chirality
The presence of the benzylic methylene bridges, the sp at the metal center is generated upon formation of the metal
prolinate nitrogen atoms, and the nonplanar prolinate moietiesPy(ProMe), complexes. The configuration created at the
seems to offer a high overall coordination flexibility to the metal is defined by the nature of the coordination mode of
Py(ProMe), ligand. One consequence of this flexibility is (41) Darbre, T.; Dubs, C.; Rusanov, E.; Stoeckli-EvansEHt. J. Inorg.
the formation of a six-coordinate Zn compl&xvith a more Chem 2002 3284-3291.
common octahedral geometry around the Zn(ll) ion. Similar (42) §3)—V7vse.s<t§)"v'3ésfe?,'88ff(‘piie"n'nf%e.mm Osrgc(éﬂi”r;l%‘;’é“’fgr%gg?
ligand flexibility in the formation of various zinc complexes 761. (c) Haque, Z. P.; Liles, D. C.; McPartlin, M.; Tasker, Pldorg.
with different coordination numbers, and hence geometries

Chim. Actal977 23, L21-L22. (d) Liles, D. C.; McPartlin, M;
Tasker, P. AJ. Chem. Soc.Dalton Trans.1987 1631-1636. (e)
Adam, K. R.; Donnelly, S.; Leong, A. J.; Lindoy, L. F.; McCool, B.
J.; Bashall, A.; Dent, M. R.; Murphy, B. P.; McPartlin, M.; Fenton,
D. E.; Tasker, P. AJ. Chem. SocDalton Trans.199Q 1635-1643.
(f) lanelli, S.; Minardi, G.; Pelizzi, C.; Pelizzi, G.; Reverberi, L.;
Solinas, C.; Tarasconi, B. Chem. So¢Dalton Trans.1991, 2113-
2120. (g) Bino, A.; Cohen, Nlnorg. Chim. Actal993 210, 11-16.
(h) Rodriguez-Argelles, M. C.; Bellicchi Ferrari, M.; Gasparri Fava,

(37) (a) Palenik, G. J.; Wester, D. WWhorg. Chem 1978 17, 864—870.
(b) Bishop, M. M.; Lewis, J.; O’ Donoghue, T. D.; Raithby, P. R.;
Ramsden, J. NJ. Chem. Sa¢Dalton Trans.198Q 1390-1396. (c)
Dessy, G.; Fares, VActa Cryst, Sect. C Cryst. Struct. Commun
1981 10, 1025-1028. (d) Bonardi, A.; Carini, C.; Merlo, C.; Pelizzi,
C.; Pelizzi, G.; Tarasconi, P.; Vitali, F.; Cavatotra,J-Chem. Sa¢

Dalton Trans.199Q 2771-2777. (e) Hayami, S.; Gu, Z.-Z.; Einagi,
Y.; Kobayasi, Y.; Ishikawa, Y.; Yamada, Y.; Fujishima, A.; Sato, O.
Inorg. Chem 2001, 40, 3240-3242. (f) Larson, S. B.; Simonsen, S.
H.; Ramsden, J. N.; Lagowski, J. Acta Crystallogr.1990 C46,
1930-1932. (g) Atwood, J. L.; Junk, P. ®olyhedron200Q 19, 85~
91.

(38) Laing P.; Gourdon, A.; Launay, J.-P.; Tuchagues, JnBrg. Chem.
1995 34, 5150-5155.

(39) Gala-Mascafs, J.-R.; Clemente-Juan, J.-M.; Dunbar, KJRChem.
Soc, Dalton Trans.2002 2710-2713.

(40) Seitz, M.; Kaiser, A.; Stempfhuber, S.; Zabel, M.; Reiser]rorg.
Chem 2005 44, 4630-4636.
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G.; Pelizzi, C.; Tarasconi, P.; Albertini, R.; Dall'Aglio, P. P.; Lunghi,
P.; Pinelli, SJ. Inorg. Biochem1995 58, 157-175. (i) de Souza, G.
F.; Deflon, V. M. Transition Met. Chen2003 28, 74—78. (j) Keypour,

H.; Khanmohammadi, H.; Wainwright, K. P.; Taylor, M. Rorg.
Chim. Acta2003 355 286-291. (k) Kasuga, N. C.; Sekino, K.;
Ishikawa, M.; Honda, A.; Yokoyama, M.; Nakano, S.; Shimada, N.;
Koumo, C.; Nomiya, KJ. Inorg. Biochem2003 96, 298-310. (I)
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Fe(ll) and Zn(ll) Complexes of a Methyle-prolinate Ligand

N(3) prolinate rings are positioned in an opposite manner
with respect to the NNNM plane as compared to complex
5 (Figures 3 and 4), a\-configuration was assigned to
complexes3 and4. Apparently, the configuration of thecC
stereogenic centers and the overall geometry around the metal
dictates the configuration at the metal centers. Since the
complexes have different geometries and coordination num-
bers, their opposite diastereocisomers would be obtained only
from thep-proline-derived ligands.
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Conclusions

-3
a The structural analysis of a series of iron(ll) and zinc(ll)
230 280 330 380 430 complexes of the novel chir&y(ProMe), ligand demon-
wavelength (nm) strates the intrinsic flexibility of this ligand to adopt different
geometries depending on the metal and the coordination
) N ability of counteranions. Thg3-NN'N meridional coordina-
the _Ilgand .(NNN vs NN'NOO) and the positions of the  ion of the Py(ProMe), ligand can be accompanied by
prolinate rings with respect to the NNM plane. The  gqgitional coordination of the carbonyl-O donor atoms of
assignment of the metal configuration in complekeSwas  he |igand to form robust metal complexes with defined
rationalized on the basis of their solid-state structures, thegeometries in the solid state and in solution. The straight-
sector rules folC,-symmetric pyridine complexes reported  t5nyard and feasible synthesis of the ligand in an enantio-
by Palmer and co-workeféand by comparison of their CD  erically pure form and the structural integrity of its single
spectra with those of structurally related complexes reported yiastereomeric metal complexes in solution make it an
in the literature®® For this reason, the solution CD spectra atractive and promising building block for the development
of complexesl—5 were recorded in MeCN in the range of ¢ stereoselective catalysts. The essentially planar pentaden-
230-400 nm (Figure 11). The simplest case is the octahedral i5¢e coordination of the ligand around an iron center leaving
complex5, showing a positive Cotton effect around 250 nm. - e two axial positions available for substrates and/or reagents
From the soI.|d—state structure (F|gure 6)/,\a:oryﬁgurauon ~ as was observed in complex8sand 4 is reminiscent of
can be assigned; the prolinate ring containing N(2) is porphyrin-, salen-, and cyclam-type ligation modes. Studies
positioned above the NNM plane and the N(3) prolinate  op, the oxidation reactivity of the iron complexes described

Figure 11. CD spectra in MeCN of complexels-5.

ring below the plane. - herein are currently ongoing in our laboratory.
The five-coordinate complexdsand?2 also gave positive . i
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