Inorg. Chem. 2004, 43, 1545-1550

Inorganic:Chemistry

* Article

Easy Preparation of the Tris(2-fluoro-6-pyridylmethyl)amine Ligand and
Instantaneous Reaction of the Corresponding Dichloroferrous Complex
with Molecular Dioxygen: New Access to Dinuclear Species

Ahmed Machkour,™* Dominique Mandon,*" Mohamed Lachkar,* and Richard Welter®

Laboratoire de Chimie Biomihtigue des M&ux de Transition, UMR CNRS 7513, Weisite

Louis Pasteur, Institut Le Bel, 4 Rue Blaise Pascal, F-67070 Strasbourg Cedex, France,
Département de Chimie, Facull@es Sciences Dhar Mehraz, Warsite Sidi Mohamed Ben

Abddellah, 1796-Atlas, 3000 FES, Morocco, and Laboratoire DECMET, UMR CNRS 7513,
Universite Louis Pasteur, Institut Le Bel, 4 Rue Blaise Pascal, F-67070 Strasbourg Cedex, France

Received May 9, 2003

The tris(2-fluoro-6-pyridylmethyl)amine ligand, FsTPA, can easily be prepared by reaction of 2-fluoro-6-
bromomethylpyridine with NH,Cl in the presence of NaOH. Complexation to FeCl, affords the high-spin FsTPAFe(-
Cl, complex, the X-ray structure of which is reported. The three fluorine substituents provide enough steric hindrance
to force the tripod to coordinate in the tridentate mode, affording a trigonal bipyramidal iron center. This complex
is thermally stable, and it reacts instantaneously with molecular dioxygen to afford the unsymmetrical x-oxo dimer
FsTPAFe("CIOFe™Cl; as the major product, together with small amounts of the mixed salt [FsTPAFe(CI],, [Fe(",-
OClg). These two complexes have been isolated and characterized by X-ray diffraction analysis. A mechanism by
which they are obtained is suggested and seems to parallel the well-known process of autoxidation of ferrous
porphyrins.

Introduction which already reduced forms of dioxygen, (hydro)peroxides,
react with ferric or ferrous states, whereas in the oxygen

T'zel cherr]nilstry .Of iran co_lr_r;rjal\exhes witt:j ligands O]f tris(2-_ dependent process, nature uses molecular dioxygen together
pyridylmethyl)amine type (TPA) has undergone a fantastic | i ferrous sited:1° Recent reports indicate that the field

](caxp?]r)&_on :urlng theTF;i:t decal_dé_ne of thel malnr:easo;s of dioxygen ligation and activation by di-iron TPA com-
ortdls ISt a;]tn.ﬂany | —contfalr?lng comp exes]: ave been plexes is rapidly expanding. However, studies of the
used as synthetic analogues of the active sites of Some MoNOg, o iclear species still need more development. With

or td |mt<_etall_|c pon—lhegg retallo?r:otelnzlfor W_Z'Cth d|0>:ytgen mononuclear systems, some work has been reported in which
a]? va |ofn IS Involve b. . m?n?h es at € oxiaa |c;n ? a ?hs catecholate oro-keto)carboxylate bound ferrous derivatives
ot iron, Terrous 1s obviously the most appropriate 1or e 5, o Tpa series react quickly with dioxygen: these

study of oxygen I|gat.|on .at the'mol'ecular level. In fact, most particular complexes thus qualify as models for catechol
of the catalytic studies involving iron TPA complexes are

dominated by the use of the so-called “shunt reaction”, for
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dioxygenases an-ketoglutarate-dependent dioxygenase¥.
Rapid reaction of dioxygen with thiolate bound complexes
has also been describ&dln fact, in the absence of bound
reactive ligand, coordination of {@enerally occurs at much
lower rates.

With respect to catalysis in oxidation, it appears that the
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Evaporation of the solvent yielded 1.95 g (23%) of a pale yellow
oil. Anal. GgHsNBrF Calcd %: C, 37.89; H, 2.63. Found %: C,
37.60; H, 2.21H NMR, 9, ppm, CDC}: 7.78, 1H, dd3J"H
8.05 Hz,3J"F = 7.05 Hz; 7.30, 1H, dd3JHH= 7.32 Hz,5JHF
2.20 Hz; 6.85, 1H, dd3J"H= 8.23 Hz,*JHF = 2.74 Hz; 4.44, 2H,
s. 1%F NMR, ¢, ppm, CDC}: —66.88,3JFH = 7.05 Hz.
Preparation of F3TPA. 2-Fluoro-6-bromomethyl pyridine (1.3

most extensively studied complexes are those with the parentg 6.84 mmol) was suspended with M (130 mg, 2.43 mmol)
TPA ligand or its methylated or acylated analogues in 5 or i 4 mixture THF/HO 90:10 (150 mL). The pH was adjusted to

6 position. We followed the riae idea that the introduction
of halogens as electron withdrawing groups might increase
the oxidative power of the catalysts when high-valent metal

10 by addition of aqueous NaOH. The resulting medium was stirred
4 days at room temperature in a tightly closed flask. The reaction
mixture was then poured into GHI, and the organic phase

0X0 species are involved. We thus investigated the prepara-separated, washed with water, and then dried by Mg8@dition

tion of some fluorinated tripods, with a special emphasis on
the o-fluorinated tris(2-fluoro-6-pyridylmethyl)amine £
TPA), the synthesis of which to our knowledge had not been
reported in the literature. Indeed, we found that its preparation
is surprisingly simple and straightforward. We then noticed
that the corresponding dichloroferrous monomeric complex
1, RTPAFE"CI,, reacts instantaneously with molecular
dioxygen in the absence of any bound substrate to afford
the unsymmetricali-oxo dimmer2 F;TPAF€") CIOF€" -

Cls, together with small amounts of the mixed salfFs-
TPAF€"Cl],, [FE" ,OClg]. In this article, we have two goals.
The first is to report the easy preparation of the ligard F
TPA, together with the X-ray crystal structure of its
dichloroferrous complex; the second is to demonstrate that
within the thoroughly investigated chemistry of the iren
TPA complexes, the very important classiebxo dimers
can be easily accessed, simply from ferrous derivatives and
dry molecular dioxygen. All complexes mentioned in this
article are structurally characterized.

Experimental Section

IH NMR data were recorded in CECN (CDCE for the ligand
and precursor) at ambient temperature on a Bruker AC 300
spectrometer at 300.1300 MHz using the residual signal of-CD
HCN (CHCh) as a reference for calibratio®’= NMR data were
recorded on the same spectrometer in;CN at 282.4045 MHz
using the signal of CFGlas reference for calibration.

The UV—vis spectrawere recorded on a Varian Cary 05 E bV
vis—NIR spectrophotometer.

Conductivity measurementswere carried out under argon at
20°C with a CDM 210 Radiometer Copenhagen conductivity meter,
using a Tacussel CDC745-9 electrode.

Elemental analyseswere carried out by the Service Central
d’Analyses du CNRS in Vernaison, France.

2-Fluoro-6-bromomethyl Pyridine. A 5 g (45 mmol) portion
of the commercially available 2-fluoro-6-methyl pyridine was
dissolved in 200 mL of CGl A 9 g (51 mmol) portion of NBS
was added, and the medium was refluxed6ch in thepresence
of 300 mg of benzoyl peroxide. The solvent was then evaporated
and the solid extracted with toluene. The concentrated toluene

solution was chromatographed on silica gel using toluene as eluent

and the desired compound collected as the second fraction.

(12) Jo, D. H.; Chiou, Y.-M.; Que, L., Jinorg. Chem 2001, 40, 3181~
3190.

(13) Chiou, Y.-M.; Que, L., JJ. Am. Chem. Sod995 117, 3999-4013.

(14) Mehn, M. P.; Fujisawa, K.; Hegg, E. L.; Que, L., JrrAm. Chem.
S0c.2003 125 7828-7842.

(15) Zang, Y.; Que, L., Jinorg. Chem.1995 34, 1030-1035.
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of cold n-hexane to the cold concentrated solution afforded white
crystals of RTPA, which were dried under vacuum. A 940 mg
(40%) yield of microcrystalline material could thus be recovered.
The crystallization mother solution only contained the starting
2-fluoro-6-bromomethyl pyridine, which can be recovered by rotary
evaporation and used in another cycle. AnajgHzsN4F3 Calcd

%: C, 62.79; H, 4.36. Found %: C, 62.91; H, 4.28. NMR, 9,
ppm, CDCk: 7.69, 3H, dd3J3HH = 7.31 Hz,33HF = 8.25 Hz; 7.39,
3H, dd,3J"H= 8.05 Hz,5JHF = 2.60 Hz; 6.72, 3H, dd’JH"= 7.32

Hz, 4J"F = 2.10 Hz; 3.78, 6H, $°%F NMR, 0, ppm, CDC}: —67.93,
8JFH = 8.25 Hz. (Further information abolff~—H couplings can

be found in J. B. Rowbotham et &an. J. Chem1971, 49, 1799,
and ref 1 quoted by these authors).

Metalation of F;TPA was carried out according to the already
published procedur¥. Analytical data forl follow. Anal. CigH1s
ClFsFeN, Calcd %: C, 45.86; H, 3.18. Found %: C, 45.61; H,
2.92. MSES: m/z=435.2 @ — CI").

Oxygenation of 1.Crystals of2 and3 were grown by layering
the oxygenated acetonitrile solutions bivith dry and degassed
diethyl ether in stopped or sealed crystallization tubes. Mainly
brown crystals of2 were obtained, together with some orange
crystals of3. Preparative scale: 100 mg of 1 were dissolved in ca.
150 mL of degassed GEN, and dry dioxygen was bubbled for 5
s. The orange-brown solution was immediately concentrated to half
volume, and upon bulk addition of diethyl ether, a brown solid
was obtained. It was washed with diethyl ether (or THF) to remove
the free ligand released, which was identified'ByNMR. Further
workup yielded two fractions containingand 2.

(i) Extraction of the solid with acetonitrile followed by ether (or
THF) precipitation allowed us to obtain small amounts of compound
3 as a dark solid. The amount of solid was just enough to allow
characterization by elemental analysis (C and H), NMR, and MS.
Analytical data follow. Anal. GeH3cClgFsFesNgO Calcd %: C,
35.64; H, 2.47. Found: C, 35.24; H, 2.05. MSESho molecular
ion signal, detection ofl(— CI~) atm/z = 435.2 as result of the
dissociation of the dication. Compour®dwas also characterized
by its 'H NMR and UV-vis spectra, both given as Supporting
Information. After data collection, the NMR tubes were layered
with diethyl ether. Sinc@ crystallizes easily, single crystals were
thus obtained which displayed the same parameters as those
obtained from crystallization experiments.

(i) The CH;CN low solubility fraction yielded 50 mg o2,
obtained as a dark brown powder (77% with respectljo

(16) Chuang, C. L.; Dos Santos, O.; Xu, X.; Canary, J.Iiérg. Chem.
1997 36, 1967-1972.

(17) We also found that the Br3TPA ligand, whose synthesis is described
in ref 16, can attractively be prepared in this manner. However,
attempts to prepare the parent TPA ligand by this method were
unsuccessful.

(18) Mandon, D.; Machkour, A.; Goetz, S.; Welter,IRorg. Chem2002
41, 5363-5372.
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Compound 2 was characterized by elemental analysis, mass

spectroscopy, and UWis spectroscopyH NMR spectroscopy 3 \
displayed weak signals within the 20 ppm range2: CigHis 3% N NeOH, THF, R.T. FeCly, THF, RT.
ClFsFeN4O. Anal. Calcd %: C, 35.18; H, 2.44; N, 9.12. Found . 4 days F‘C{ » 4 hours
%: C, 35.10; H, 2.11; N, 8.65. MSES m/z = 578.1 @ — CI"), NH,CI (D
m/z=542.9 ¢ — 2CI").

X-ray Analysis. Single crystals ofl, 2, and3 were mounted on FoTPA
a Nonius Kappa-CCD area detector diffractometer (Mo K= . i/ -
0.71073 A). Quantitative data were obtained at 173 Kifand3 P j‘ _a
and 183 K for2. The complete conditions of data collection (Denzo ~ P le"""CI
software) and structure refinements are given in the Supporting N F
Information section. The cell parameters were determined from kU
reflections taken from one set of 10 frames ¢Is@eps ing angle), F.TPAFe"Cl,
each at 20 s exposure. The structures were solved using direct 1
methods (SIR97) and refined agairfst using the SHELXL97 Figure 1. Preparation of §TPA and the corresponding dichloroferrous
software Kappa CCD Operation ManualNonius B. V.: Delft, complex1.

The Netherlands, 1997. Sheldrick, G. BHELXL97, Program for
the refinement of crystal structure®niversity of Gottingen:
Germany, 1997). The absorption was not corrected. All non-

hydrogen atoms were refined anisotropically. Hydrogen atoms were
generated according to stereochemistry and refined using a riding

model in SHELXL97.

Crystal data fod: yellow crystals, monoclinic, space groBg,/
c,a=8.7940(10) Ab=12.8111(10) Ac = 17.2910(10) Ap =
94.9660(10), V = 1940.7(3) AR, Deac = 1.612 gcm 3, Z = 4.
For 8505 unique, observed reflections with> 20(l) and 253
parameters, the discrepancy indicesRre 0.046 andR, = 0.113.

Crystal data foR2: brown crystals, monoclinic, space groBg,/
n,a=10.641(5) Ab=18.559(5) Ac=11.676(5) A8 = 95.097-
(5)°, V = 2296.7(16) A, Deacg= 1.769 gcm3, Z = 4. For 6699
unique, observed reflections with> 2¢(l) and 289 parameters,
the discrepancy indices afe= 0.046 andR, = 0.137.

Crystal data for3: orange crystals, triclinic, space groBp, a
=0.343(5) A b =9.569(5) A,c = 13.696(5) Ao = 102.621(5),

B = 93.289(5}, y = 105.610(5), V = 1142.0(10) & Dcacq =
1.762 gcm3, Z = 2. For 5172 unique, observed reflections with
| > 20(l) and 286 parameters, the discrepancy indicesRare
0.083 andR, = 0.129.

Results and Discussion

The preparation of the tke bromo substituted TPA has
already been reporté&dand involves, from the starting
2-bromo-6-bromomethylpyridine, three steps including sev-
eral separations with an overall yield of 36%. Although this
procedure might certainly be applicable to the fluorinated
derivative, we tried the direct condensation of 2-fluoro-6-
bromomethylpyridine with NECI in a 3:1 stoichiometric
ratio in the presence of NaOH and obtainedTFA as a
microcrystalline powder with a yield of 40% of analytically
pure compound! without any need for chromatographic
separation. Although this is a moderate yield, the reaction
is clean and requires only one step as displayed in Figure 1
The convenience of the preparation together with the fact

that the only side product recovered is the unreacted 2-fluoro-

6-bromomethyl pyridine makes this procedure quite attrac-
tive. Metalation of GTPA was achieved by standard meth-
ods®and yielded the dichloroferrous complextiPAFE" Cl,

1in semiquantitative yield as a yellow thermally stable solid.

Figure 2. ORTEP diagram of compountishowing a partial numbering
scheme. The hydrogen atoms are omitted. Selected bond distances (A) and
angles (deg): FeCll = 2.306(1), Fe-Cl2 = 2.311(1), Fe-N1 = 2.186-

(1), Fe-N2=2.267(1), Fe-N3 = 2.234(1), CI2-Fe—CI1 = 130.9(1), N2-

Fe-N3 = 152.3(1), N2-Fe—N1 = 75.6(1), N3-Fe—N1 = 77.0(1).

The ORTEP diagram of, shown in Figure 2, reveals a
distorted trigonal bipyramidal geometry around the metal,
with one fluoropyridine arm remote from the coordination
site. This structure is very similar to those that we already
reported in some dichloroferrous complexes withdisub-
stituted TPA ligand$® A tridentate coordination mode of
the ligand to FeGlis indeed known to result from ligand
disubstitution with bulky groups (Br or phenyl substituents).
In the present case, the same effect is induced by trisubsti-
tution, which compensates for the fact that the fluorines are
smaller than other halides. Indeed, short distances of 3.36
and 3.58 A are found between CI2 and the fluorine atoms
of the ligand. Tetradentate coordination would certainly
afford a less stable species. The ligand to metal distances
are indicative of a high spin state of the metal in this
complex®20 with values forde.—y all above 2.1 A. The
distortion from the ideal bipyramidal geometry confirms the
flexibility of the ligand [IN2—Fe—N1 = 76.95(7}, OON3—
Fe—N1 = 75.59(7y, and ON2—Fe—N3 = 152.28(7}, for
instance]. Ther index is in the present case equalsrte
0.36, i.e., indicative of a noticeable distortion with respect
to the ideal TBP geometry il.?! The question of the
conservation of the structure in solution for related complexes

(19) Diebold, A.; Hagen, K. Sinorg. Chem.1998 37, 215-223.

Slow diffusion of dry and degassed diethyl ether in anaerobic (20) Zang, Y.; Kim, J.; Dong, Y.; Wilkinson, E. C.; Appelman, E.; Que,

acetonitrile solution ol afforded crystals suitable for X-ray
diffraction analysis.

L., Jr.J. Am. Chem. Sod 997, 119, 41974205.
(21) Addison, A. W.; Nageswara R.; Reedijk, J.; van Rijn, J.; Verschoor,
G. C.J. Chem. Soc., Dalton Tran$984 1349-1355.
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has already been addressed by using various spectroscopic
techniques: indeed, a careful examination of the—tiis,
molecular conductivity, antH NMR data yields in general
useful information'® The UV—vis spectrum ofl is domi-
nated by a strong ligand-centered transitioid at 261 nm

(e = 8.05, 16 mmolkcn?), the lack of any other noticeable
absorption supporting a tridentate coordination mode of the
tripod. In acetonitrile,1 displays a molecular electric
conductivity valuey = 41 Scr?-mol~?, which indicates that

the complex remains neutral in solution. This observation
rules out any possibility of ironchloride dissociation. The

IH NMR spectrum displays broad resonances within the 70

30 ppm range and looks qualitatively similar to that obtained Figure 3. ORTEP diagram of compourishowing a partial numbering
from dichloroferrous complexes with the TBP geoméfry.  scheme. The hydrogen atoms are omitted. Selected bond distances (A) and

19F NMR of 1 is of great help in the present case. Two signals ?3“)9"35 Eﬁg)i ':2812%2(; 2':-3}:0l\(113): eri%l( ;) 1'-:75!,(\122' Fgfzﬁ(l)g)z-g%
_ _ -  FeE-N2=2,  FexN3 =2 ,FetN4=2, ,Fe
are observed ab = 45.2 ppm Qwi, = 961 Hz), i€,  51'=71754(2), Fe2Cl1 = 2.239(1), Fe2 CI3 = 2.261(L), Fe2Cl4 =

paramagnetically shifted and strongly broadened, @ 2.248(1), FetFe2= 3.464(2), N2-Fel-N3 = 149.3(1), N+ Fel-CI2
—70.3 ppm Qvy, = 92 Hz), in the diamagnetic region and = 164.4(1), N4 Fel-O1= 173.7(1), Fet O1-Fe2= 161.3(1).
significantly broadened. The first corresponds to the fluorine
atoms of the bound pyridines, strongly affected since they
are located i position of the coordinated nitrogen. Within

the diamagnetic region and with a significant broadening,
the second is assigned to the fluorine atom from the dangling
arm. Thus taken together, these observations demonstrate that
the structure of the complex as seen in the solid state is
retained in solution.

Upon exposure to analytical grade dry dioxygen, the
yellow CH;CN solution ofl immediately changed to brown.
The UV—vis spectrum of the medium indicated the presence
of new absorptions at = 312 and 358 nm, which were
further assigned to the formation of compou8d Slow
diffusion of dry diethyl ether to this solution afforded crystals
of two distinguishable types. Brown crystals af were
obtained as the main material, together with orange crystals
of compound3 obtained in minor amounts. Both types of 2
crystals could be studied by X-ray diffraction, and their Figure 4. ORTEP diagram of compourgishowing a partial numbering
structures are reported. Alternatively, addition of a large scheme. The hydrogen atoms are omitted. Selected bond distances (A) and

; ; angles (deg): FeiCI1 = 2.350(1), FetClla = 2.553(1), FetN1 =
excess of diethyl ether to the oxygenated medium allowed 2.104(4), FeiN2 — 2.222(d) FedN3 — 2.221(4), FeLNA = 2.245(4),

precipitation of a brown powder, consisting Bfmainly, Fel-Fel = 3.547(4), Fe+Cl1—Fel = 92.6(1), Clt-Fel-CIL' = 87.5-
together with traces amounts &fOn the basis of solubility =~ (1), N1-Fel-CI1' = 166.5(1), N2-Fe1l-CI1 = 174.5(1), N3-Fe1l-N4

properties, separation & from the medium was possible. = 151.3()-
Compound2, whose ORTEP diagram is displayed in
Figure 3, is the unsymmetricatoxo dinuclear complexd-
TPAFE'")CIOF€" Cls. In this compound, the presence of
only one chloride bound to the metal in the iron-tripod
fragment decreases the steric hindrance around the metal
the shortest fluorinechloride distance being nodF1—CI2
= 4.43 A. Thus, tetradentate coordination ofTPA is
allowed, with a distorted octahedral geometry around Fel.
The Fe:-N as well as the Fe1Cl distances all lie in the
expected range for high-spin ferric derivativés On the
other hand, Fe2 is tetrahedrally coordinated and bound to
Fel by a bridging oxygen atom. Unlike in previously
described structures of unsymmetrical irproxo com-

plexes?>?*the metal oxo distances are equivalent vifie 1—

01 = 1.757(2) A anddFe2-01 = 1.754(2) A, and no
specific elongation of the N4Fel bond trans to the oxo
ligand is observed. The distortion from linearity, expressed
by the[OFel-O—Fe2 angle of 161.23(1%5)s moderate, and
the Fel-Fe2 distance of 3.464(2) A lies in the expected
range. Finally, noteworthy is the fact that all three fluoride
atoms are in close contact with the bridging oxo group, with
an average £O1 distance of 2.90 A.

Compound3 is the mixed salt [fTPAF€"Cl],, [Fe' -
OClg]. Its ORTEP diagram is displayed in Figure 4. The
dication [RTPAFENCI],*" displays the well-known bigf
halo)di-iron core structure that has already been reported with
the tris(3,5-dimethyl-1-pyrazolylmethyl)amine, tris(6-methyl-

(22) Wang, J.; Mashuta, M. S.; Sun, Z.; Richardson, J. F.; Hendrickson,
D. N.; Buchanan, R. Minorg. Chem 1996 35, 6642-6643.

(23) Mandon, D.; Nopper, A.; Litrol, T.; Goetz, $horg. Chem 2001, 40, (24) Gomez-Romero, P.; Witte, E. H.; Reiff, W. M.; Backes, G.; Sanders-
4803-4806. Loehr, J.; Jameson, G. B. Am. Chem. S0d989 111, 9039-9047.

1548 Inorganic Chemistry, Vol. 43, No. 4, 2004



Tris(2-fluoro-6-pyridylmethyl)amine Ligand

2-pyridyl)amine, and TPA ligand8.The cation in compound

in solution at room temperature for several weeks without

3 has an inversion center, and the two bridging chlorides alteration, in a tightly closed vessel. Howeveis sensitive
bind to each iron unsymmetrically. The tripod acts as a to dioxygen and reacts within a fraction of second to yield
tetradentate ligand, and each iron adopts a distorted octahe2 together with minor amounts & The geometry around

dral environment. Again, the metal-to-ligand distances sup-

port a high spin state for each iron in the complex. The Fe

the metal inl is probably one of the reasons for such a
sensitivity, although it might not be the only cau8e.

Fe separation is 3.547(4) A and can be compared with the Generation ofu-oxo derivatives by action of molecular

3.494(3) A value found in [TPARBCI],2*.25 Also, the
OFeClFe= 92.59(3} angle is slightly higher than the value
of 90.67(3y found in [TPAF&"CI],*", and this small
difference certainly reflects the steric effect @ftrisubsti-
tution of the tripode by a fluorine atom. Furthermore, the
FeCl, core imposes the angléCIFeCl= 87.41(3}, i.e.,
more acute than theCIFeCl in1, and a slight lateral shift

of the ligand becomes possible without breaking the molec-

ular structure, allowing tetradentate coordination IFFFA.
Indeed, one chloride only is facing the cavity defined by

dioxygen on ferrous compounds, the so-called “autoxidation
mechanism”, is well-known in the chemistry of porphyrifs.

A similar pathway has been invoked to explain the final
formation of a thiolate bound ferric derivative with thiolate
bound TPA ferrous complexé%.In our case, we have no
substrate likely to bind nor activate the metal, and the
standard “autoxidation” pathway is very likely to be the only
possible route tq:-oxo derivatives from @and a mono-
nuclear complex. In the already reported unsymmetrical
derivatives, the values for the F&e separation are 3.456-

the fluorine atoms of the tripod. The corresponding average (2) and 3.411(1) &224In TPAFE" CIOF&")CITPA, dis-

distance isIF—CI1 = 3.1(2) A, whereas the shortest distance
to the other chloride isF—Clla= 4.566(2) A. Thus, steric
hindrance is not too severe & Finally, in the counteranion
FeClsO?", the metal is tetrahedral with a linear FeOFe
segment, and unlike in the reported pyridinium $alit
exhibits a staggered conformation.

The poor solubility o2 made it difficult to obtaifH NMR
spectra with a good signal-to-noise ratio. We could only

tances of 3.581(2) and 3.565(2) A have been repdri&d.
Considering that our starting material contains ligands
somehow hindered by fluorine atoms and thaixo forma-
tion is the driving force, the conservation of the-Re—Fe
segment may simply require decoordination of one of the
two tripods, leading to the unsymmetrical derivatRavith

a short distance of 3.464(2) A. The mechanism by which
minor amounts of3 are formed is more speculative. We

notice that all detectable signals appeared within the compactbelieve that within the reaction conditions (some decomposi-

20—0 ppm range; the U¥vis spectrum of exhibited one
ligand centered absorption at= 262 nm ¢ = 8.93, 16
mmol-cn?) together with absorptions dt= 312 and 358
nm (€ = 1.45 and 1.05 10mmolcn?, respectively) typical
for u-oxo species. By contras,is more soluble and displays
paramagnetically shifted signals betwekr= 40 andd =

60 ppm. A single broad resonance is observed itfiR&NMR
spectrum ath = —69.8 ppm Avy, = 530 Hz), confirming
that all fluorine atoms are equivalent in solution. The "V
vis spectrum of3 consists of three absorptions/at= 262,
308, and 356 nme(= 5.58, 2.50, and 1.6% 10° mmok
cn?, respectively). All traces are given as Supporting
Information. We thus believe that the propertie2a&nd3

in solution are very likely to be similar to those of the related
u-0xo0 or bis-fi-halo) complexes for which antiferromagnetic

or ferromagnetic exchange interaction between the iron

atoms, respectively, has been reporett:?
u-Oxo dinuclear ferric complexes are well-known in the
chemistry of TPA” and are generally obtained from water

solvated ferric salts and ligands in the presence of polar
solvents. Unsymmetrical derivatives are more unusual, and

except for one complex briefly mentioned in a recent article
with a tetradentate ligand, they are all obtained from ferric
salts?2242829CompoundlL is perfectly stable and can be kept

(25) Zang, Y.; Ho, G. J.; Chiou, Y.-M.; Hendrich, M. P.; Que, L.,ldorg.
Chim. Actal993 213 41-48.

(26) Drew, M. G. B.; McKee, V.; Nelson, S. Ml. Chem. Soc., Dalton
Trans 1978 80-84.

(27) Hazell, A.; Jensen, K. B.; McKenzie, K. J.; Toftlund, IHorg. Chem
1994 33, 3127-3134.

(28) Raffard, N.; Balland, V.; Simaan, J.; Letard, S.; Nierlich, M.; Miki,
K.; Banse, F.; Anxolabehere-Mallart, E.; Girerd, JCJR. Chim2002
5, 99-109.

tion and polar medium obtained under these conditions), the
chloride ions inl dissociate and combine with inorganic
fragments to yieldB as the mixed salt.

Considering the cation fFPAF&" CI],2* from a structural
point of view, due to a slightly longer metal to metal distance
in the FeCl, core than in2, and because the bulkiness of
the fluorine substituents remains modest, decoordination of
one of the ligand would simply be not necessary to afford a
stable complex.

A general tentative mechanism is shown in Schenig 1.

In conclusion, we have reported a very convenient
preparation of the tris(2-fluoro-6-pyridylmethyl)amine ligand
FsTPA, which was unknown. The small fluorine atoms
provide enough steric hindrance to restrain coordination of
the tripod to FeGlto the tridentate mode and to decoordinate

(29) Raffard-Pons, Y.; Moll, N.; Banse, F.; Miki, K.; Nierlich, M.; Girerd,
J.-J.Eur. J. Inorg. Chem2002 1941-1944.

(30) The ferrous complex BRPAFe(Il)Ck exhibits the same geometry
(see ref 18) but is by far less sensitive te. @npublished results
from this laboratory.

(31) Chin, D. H.; Del Gaudio, J.; La Mar, G.; Balch, &.Am. Chem. Soc
1977, 99, 5486-5488.

(32) Kojima, T.; Leising, R. A.; Yan, S.; Que, L., Ji. Am. Chem. Soc
1993 115 11328-11335.

(33) This mechanism is corroborated by the fact that only 25% molar
equivalent of Q with respect tol is necessary to observe complete
disappearance dfby 'NMR. Details: 100 mg ofl (0.21 mmol) was
dissolved in ca. 150 mL of degassed 4CHN and stirred under strict
argon atmosphere. A 1.2 mL (0.05 mmol) portion of dry dioxygen
was introduced to the medium via a gastight syringe. The medium
was kept under strict argon atmosphernelfdr and the solvent removed
under vacuum. ThéH NMR spectrum of the resulting brown solid,
sampled under strict anaerobic conditions, showed complete disap-
pearance ofl. The spectrum showed evidence of the presenc® of
and small amounts oB, together with trace amounts of extra
paramagnetic signals.
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Scheme 1. Adaptation of the Autoxidation Mechanisrto the
Chemistry of @-Sensitive Ferrous TPA Complexes, Showing a Putative
Reaction Pathway Leading to the Formation2cdind 3

(o2 LFe(")CIZ amny Cl 2+
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aSee ref 31. The dashed frame and line indicate that only small amounts

of 3 are obtained.

one metal in theu-oxo derivative. However, this steric

Machkour et al.

of mononuclear iron TPA complexes. We thus provide an
example of simple access to the very important clags@fo
diferric derivatives, the structure of one unsymmetrical
complex being described. Our results strongly suggest that
the autoxidation mechanism, postulated in chemistry of
porphyrins 25 years ago, is also valid for more simple
derivatives. Understanding the parameters that govern the
sensitivity to dioxygen requires insights into electrochemical
properties and geometrical considerations within a series of
related complexes. Together with the study of the conditions
which might allow trapping and identification of the postu-
lated intermediates, these points are under investigation in
our laboratory.
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Supporting Information Available: H NMR and°F NMR
traces for 2-fluoro-6-bromomethyl pyridines FPA free ligand, and
compoundsl and 3. UV—vis traces for compounds, 2, and 3.

hindrance is not as important as breaking of the symmetry UV —vis trace of a solution of recorded 30 s after oxygenation.

in dinuclear systems containing the,E®& core. Also, we

For the three reported structures, crystallographic files in CIF

have shown that the dichloroferrous complex reacts im- format. This material is available free of charge via the Internet at

mediately with dioxygen in the absence of exogenous
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biomimetic ligands. This is unprecedented in the chemistry 1C034485E
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