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Electrochemical or chemical reduction of the Mn(OESPz)(F)

complex restores the original manganese(ll) species and affords

the F ion, suggesting an application of manganese (alkylsul-

fanyl)tetraazaporphyrins as defluorination catalysts. The reaction

is proposed to involve oxidative addition of anrkdical to the
Mn'' center and release of an organic radical.

The considerable interest in the oxidative addition of orga-
nohalides to titanium, iron?2 nickel? and especially cobalt
porphyring and to corrins and phthalocyanifiesems from its
relevance to the understanding of the mode of action of
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the Mn(ll) state® Both the fast reactivity with organochlorides
and the facile accessibility of the () state make this complex
a suitable candidate for the reductive dehalogenation of orga-
nohalides. As a matter of fact, it is known that the catalytic
activity of the nickel, iron, and cobalt tetrapyrrole complexes

dehalogenase enzymes possessed by methanogenic bﬁcteriajn the reductive dehalogenation of organohalides is hampered,

the development of new synthetic routes to organic compotnds,
and the catalytic detection and destruction of organohalide
pollutantst—>

The porphyrin-like M (salpn)C} (salprf~ = N,N'-salycili-
dene-1,3-propanediaminato dianion) complex is known to
halogenate alkenes, and Mtetrapyrroles are, in turn, useful
catalysts for the oxidative degradation of aromatic organoha-
lides® However, to the best of our knowledge, there are only
rare examples, if any, of oxidative addition of organohalides
and, in particular, of organofluorides to Mietrapyrroles.

We recently showed that, in the M{OESPz) complex (see
Chart 1), an unusually powerful nucleophile which undergoes
a very rapid Clradical oxidative addition upon treatment with
Cy-chlorinated hydrocarbons, the MfMIn" redox couple is
~400 mV anodic with respect to Mn(OEP) (OEP= octaeth-
ylporphyrinato dianion) due to the larger electronic stabi-
lizing effects of the OESPz ring, in comparison with OEP, on
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In part, by the rather negative potentials required to generate
the coordinated metal in its (I) state, which are-ef V (vs
SCE) or more. Redox tuning via chemical alteration of the ring
may be effective, but more positive redox potentials imply, in
general, lessened reaction ratdherefore, we were encouraged
to check for the response of the Mn(OESPz) complex in
activating carborrhalogen bonds other than the-Cl bonds

in chlorinated hydrocarbons, including even the scarcely reactive
C—F bonds. The preliminary results of this investigation concern
the use of Mn(OESPz) in the chemical and electrochemical
reductive defluorination of perfluorodecalin and 1,2-difluo-
robenzene (hereafter denotednd2, respectively,; see Scheme
1), taken as prototypes of saturated and aromatic fluorinated
organic compounds, respectively, and are the subject of this
paper.

The complex Mn(OESPz) shows a remarkable reactivity
toward perfluorodecalir, a well-studied fluorinated saturated
substraté! leading to the Mn(OESPz)(F) derivative and to
defluorinated organics. Reaction of MNn(OESPz) (0.024 mmol)
with a large molar excess Gf(0.45 mmol) in THF (3.0 mL) at
20.0+ 0.1°C results, for instance, in the quantitative conversion
(~95%) of the title complex in the fluoromanganese(lll)
porphyrazine and in the production of two partially defluorinated
compounds, @Fi14 and GoFi3, in nearly equal amounts, as
quantified by GC and GC/MS. The formation of partially
defluorinated and, hence, unsaturatetérivatives was deduced
from the UV spectrum of the reaction mixture showing intense
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absorptions, typical of unsaturated hydrocarbons, at 260 and
285 nm!!

Voltammetric experiments showed that the'MKIn'' couple
exhibits catalytic behavior with respect to the reductive deflu-
orination of 1. Significant results of these experiments are
depicted in Figure 1. In the absence Iofthe voltammogram
exhibits in the ranget+400 to —300 mV (vs Ag/AgCl) a
wave featuring the MH/Mn" couple. This is chemically and
electrochemically reversibleg;, being 0.115 V, in 0.15 M
(TBA)CIO4/DMF. Upon addition ofl (whose first, irreversible
reduction wave is located, as shown by our independent
measurements, at0.97 V in 0.15 M (TBA)CIQ/DMF), the
Mn'"/Mn" cathodic wave increases with the amount of added
1 and loses reversibility. Very similar behavior is observed in
(TBA)CIO4/THF. These results indicate that the YOESPz)
species, once restored by the one-electron reduction of
Mn(OESPz)(F), is reoxidized by, still present in the reaction
mixture and, hence, that a catalytic sequence of reactions is
operative at the MH/Mn'" couple. This was supported by
spectroelectrochemical experiments and preparative-scal
electrolysis. U\~vis spectra obtained upon electrolysis at
—0.3 V (vs Ag/AgCI) on a platinum grid electrode of a 0.1 M
(TBA)CIO4/THF solution containing ~1.0 x 104 M
Mn(OESPz)(F) were indicative of a complete MOESPz)(F)

— Mn'"(OESPz)(F) conversion. The depletion of the
Mn""(OESPz)(F) species (red-violet) and the concomitant
formation of the MH(OESPz) species (dark blue) were indicated
indeed by the decrease of the intensity of the Q bands at 711
and 530 nm typical of the Mk porphyrazine and by the onset
of a Q band at 590 nm diagnostic for the Mspecies. Upon
addition of an excess df, the features of the optical spectrum
of the fluorinated complex, Mh(OESPz)(F), were restored.
Bulk, controlled-potential electrolysis at0.3 V of an Mn-
(OESPz)/THF solution in the presencelofsee Experimental
Section in the Supporting Information) led to a rather compli-
cated distribution of fluorinated compounds from which we were
able to isolate and characterize by GC/MS aff NMR
spectroscopy octafluoronaphthaleB8gin a~17% yield, based

on 1. From this result we calculated that more than 700 fluorine
atoms were abstracted per Mporphyrazine unit. Interestingly,
the catalytic, reductive defluorinating capability of the system
could be equally realized if electrons for the WMn— Mn"
conversion were provided by a chemical source, such as
activated Al or Mg. For instance, stirring a mixture bfand
Mn(OESPZz) in THF in the presence of Mg turnings and HgCl
resulted in the formation @, heptafluoronaphthalend)( and
hexafluoronaphthalenés) in 11.0%, 3.0%, and 1.0% vyields
(based on perfluorodecalin), respectively, as quantified by GC/
MS and!°F NMR spectroscopy (thé°F NMR spectra were
assigned on the basis of refs 12a,b). Using Al in the place of

Inorganic Chemistry, Vol. 39, No. 7, 2000619

7.0 H

5.0

3.0

-5.0

T |

200 6 ' 200
E (mV, vs SCE)

Figure 1. Cyclic voltammograms at a Pt electrode at 0.2 V' &

0.15 M (TBA)CIO/DMF: (solid line) 0.5 mM Mn(OESPz); (dashed

line) 0.5 mM Mn(OESPz} 0.175 M perfluorodecalin. (CV scans are

the first scans beginning &t0.4 V on freshly polished electrodes.)

400

Mg, the Mn(OESPz) complex still reductively defluorinated
to give3—5. The reaction was significantly slower, but the yields
were very similar: 12.7%, 2.5%, and 1.5% f8+5, respec-
tively. In both cases, we calculated that more than 600 F atoms
were removed per Mhunit and a turnover 60 was obtained.
Notably, the catalyst only slightly deteriorated, as it could be
recovered from the reaction mixture (as Mn(OESPz)(F)) in a
~65% vyield.

That this chemistry is due to the catalytic role played by the

clitle complex, rather than to the defluorinating capability of the

activated metals used, is in line with literature datand
confirmed by our control experiments.

While it is known in fact that activated Mg does not show
any reactivity with3 under mild conditions, it has been found
that it may react at room temperature with saturated fluorohy-
drocarbons containing tertiary-& bonds such a%.** Control
experiments performed by us in the absence of Mn(OESPz)
showed that activated Mg started however to induce formation
of detectable amounts o after 3 h of stirring at room
temperature. Sincg—5 formed in considerable amounts, in the
presence of Mn(OESPz), in the time regime in which the
catalytic activity attributable to activated magnesium was not
operative (the reaction in the presence of Mn(OESPz) was
stopped afte2 h of stirring; see the Supporting Information),
the independent catalytic activity of the Mn(OESPz) complex
is clearly demonstrated.

As for the possible, and concurrent, contribution of activated
aluminum to the defluorination reaction, we found, in agreement
with previous experimentefd that activated aluminum did not
react at all withl or 3 at room temperature. In all, these findings
indicate unambiguously that Mn(OESPZz) catalytically mediates
the reductive defluorination of perfluorodecalin.

We note that significant similarities can be found between
the reductive defluorinating action of the Mn(OESPz)(F)/Mn-
(OESPz) system and reductive defluorination and mild hydro-
genation of aromatic carberfluoride bonds mediated by
nascent low-valent metallocene species, theZ@pl, + Mg/
HgCl, system being a working exampleThe hydrogens in
compounds4 and 5 obtained by the reductive defluorinating
action of the Mn(OESPz)(F)/Mn(OESPz) system should result,
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as found in the case of the metallocene systems, from H atom Summarizing, we have shown that the Mn(OESPz)/Mn-
abstraction from the THF solveht. (OESPz)(F) system is capable of reductive defluorination of
The neat reaction of Mn(OESPz) with resulted in the saturated and aromatic fluoroorganics. Our results indicate that
quantitative formation of MN(OESPz)(F)-93%, based on the  the system can exploit an electrochemical or chemical source
Mn'' complex) and a very interesting distribution of organic of electrons to catalyze the reductive defluorination of fluori-
products. As can be inferred from the gas chromatogram of the nated substrates. We have shown that the chemical route is
reaction mixture (see the Supporting Information), three chro- somewhat more efficient and selective than the electrochemical
matographic peaks, wittk values of 10.47, 10.55, and 10.59 one. It was found that the neat reaction of Mn(OESPz) with
min, respectively, together with that of unreacdith tgr = 1,2-difluorobenzene may represent, de facto, a radical-trapping
2.85 min, account for the major reaction products. By MS reaction where the radical trap is provided by the reactant itself.
analysis, the chromatographic peak with= 10.47 min showed  This suggests a possible use of the complex in organic syntheses.
a molecular peak atVe = 190. The remaining two peaks with  Studies on these and related topics, which include the reaction
tr = 10.55 and 10.59 min showed a single molecular peak at of the title complex and other metalloporphyrazines with
m/e = 208 but two different fragmentation patterns. In all, GC haloorganics, are in progress in our laboratgry.
and MS data seemed to be consistent with the formation of
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proposed in Scheme 1). The generation of these compoundssupport and Prof. A. Degl'lnnocenti (University of Florence,
can be rationalized by considering that fluorine atom abstraction Italy) for the 1% NMR measurements and for valuable discus-
from 2 implies the formation of the §14F radical, which may sions. Financial support provided by the Advanced Materials
in turn recombine (to givé&) or react with2 (to give 6 and7) Laboratory (LaMI) under the auspices of the European Union
and an Mradical. The observed larger abundance of the heavierand Regione Basilicata and by the Ministero della Ricerca
isomers6 and 7 relative to8 correlates with the considerably  Scientifica e Tecnologica (MURST) is gratefully acknowledged.
larger availability of2 compared to the §H4F radical in the

reacting system. Supporting Information Available: Text giving experimental
procedures and details, spectroscopic data for known organic products,
(12) (a) Bolton, R.; Sandell, J. P. B. Chem. SogPerkin Trans. 21978 and characterization data for the Mn(OESPz)(F) complex and a figure
746. (b) Bailey, W. 1.; Kotz, A. L.; McDaniel, P. L.; Parees, D. M.;  showing GC/MS spectra for compourts8. This material is available
?ggweighardt, F. K.; Yue, H. J.; Anklin, G\nal. Chem.1993 65, free of charge via the Internet at http:/pubs.acs.org.

(13) Ricciardi, G.; Belviso, S.; Lelj, F. Manuscript in preparation. 1C981120Z





