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Chemical and Electrochemical Preparation of Low Oxidation State
Niobium Porphyrinates

By R GuiLarp,* P RicHARD, M EL Boral, and E LAVIRON

[Laboratoire de Synthése et d’Electrosynthése Ovganométallique associé au C N R S, (LA 33), 6, Bd Gabriel, 21000
Dyon, France]

Summary Zmc amalgam or electrochemical reduction of
porphyninatoniobium(v) oxide acetates leads to porphyri-
natoniobium(1v) oxides, which are characterized by their
esr,1r, and u v -vis spectra

WE have reported 1n previous papers!»? the synthesis of
porphyrnnatoniobium(v) oxide acetates, PorNbOAcO [Por =
octaethylporphyrin (OEP), tetraphenylporphyrin (TPP),
and tetra-p-tolylporphyrin (TpMePP)] (1) Trihalogeno-
derivatives of niobium(v) tetraphenylporphyrins were pre-
pared more recently by Green ef al* We describe here the
preparation of niobium(1v) porphyrins

Reduction of the porphyrins (1) (0 35 mmol) 1n tetra-
hydrofuran (THF) (100 ml) by Zn(Hg) (1 g) leads to the
niobium(rv) porphyrinates, PorNbO (2), which are 1solated
i good yield Theesr spectra of compounds (2) show the

TaBLE 1
Esr Vmax
’ A- v (Nb=0)
g a/G /em~?
(1a) 900
(2a) 1 9645 179 1020
(3a) 1-9416 144
(1b) 890
(2b) 1-9657 178 1020
(3b) 1-9380 144
(Lc) 900
(2¢) 1 9657 1020
(3¢c) 1-9428 144

a Too 1nsoluble to be measured

0
/ L
\ THF
0—C—Me r
(4))] (2)
a, Por = OEP
b, Por = TPP

¢, Por = TpMePP

10 Iines which are to be expected for niobrum(1v) complexes

The Nb=O1r vibration of compounds (2) 1satca 1000 cm™1,
which 1s comparable with that for Ti=O 1n titanylporphy-
rins, which are also pentaco-ordinated For compounds (1)
the band appears near 900 cm=! A shift of the Soret band
of << 7nm 1s observed when passing from (1) to (2) The

Spectroscopic data for (1)—(3)

Amax/nm (e X 10-4)

410 (14 0), 520 (0 6), 540 (1 0), 565 (1-7), 585 (1-1)
403 (10 0), 455 (0 7), 538 (1-0), 577 (1-4)

425 (30 0), 534 (1 0), 555 (1 5), 601 (0-1)
a

428 (27 2), 535
428 (19 5), 462
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analyses and the mass spectra of (2) agree with the proposed
structure, but they do not provide unambiguous informa-
tion: the elemental analysis is not different enough from that
of the oxidation products, (PorNb),0;, and the molecular
peak PorNbO+*. of (2) appears at the same m /e value as that
observed for the main fragment of (PorNb),0;. The e.s.r,,
i.r., and u.v.—vis. characteristics are summarized in Table 1.

The i~E curves (rotating Pt electrode) of compounds (1)
in THF [TBA+ CIO,~ or TBA* PF;~ as supporting electro-
lyte (TBA+ = tetrabutylammonium)] show 3 reduction
(A,, B,, and C,) and either one ill-defined oxidation (D,) or
no oxidation waves (Table 2). As shown by cyclic voltam-
metry (Figure), wave A, is irreversible and corresponds to
the cleavage of the acetate ligand with formation of (2);
waves B, and C,, which are reversible and whose half-wave
potentials obey Furhop’s relationship (AE,, ca. 0-4 V)2
are the waves of the porphyrin ring. Wave D,, which is
irreversible, probably corresponds to the oxidation of the
ring. An example of i—E curves for the reduction is given
in the Figure.

We have carried out controlled potential electrolyses at the
potential of wave A (using a platinum grid). The results
depend on the supporting electrolyte and on whether the
anodic and the cathodic compartments are separated.
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FiGure. (a) i—-E curves (rotating Pt electrode); (b) cyclic
voltammogramms (static Pt electrode). , (1a); - - - -, (2a);
------- , (3a).
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TasLE 2. Electrochemical data for (1)—(3).
E,jpox.)/ Ve —E,j3(red.)/V®
?Vave D WaveE hWave A WaveB WaveC ?
(1a) 11 (i)v 110 () 128 (r) 166 (1)
(2a) 0-55 (i)® 120 (1)  1-60 (1)
(3a) 0-96 (i) 148 (@) 0985 (1) 170 (1)
(1b) 1-24 (i)® 092 (i) 103 ()  1-45 (1)
(2b) 096 (r)  1-44 (1)
(3b) 114 (i) 069 (r) 118 (1)
(1e) 1-38 (i)* 0-90 (i) 101 (1) 148 (1)
(2¢) 0-28 (i)® 091 (r) 142 ()
(3¢) 1-09 (i) 071 (i)  1:20 (r)

8 i = irreversible; r = reversible. P Ill defined.

If TBA+ ClO,~ is used, (2) is obtained after consumption of
1 F, with or without separation of the compartments. The
i—E curve of (2) consists of 2 reduction (B, and C,) and two
oxidation (D,, E,) one-electron waves which correspond to
the reduction and oxidation of the porphyrin ring (Table 2
and Figure). When TBA+ PF;~ is used without separation
of the half-cells, (2) is again obtained after consumption of
1 F, but it is slowly transformed (several hours) to give new
compounds (3). Compounds (3) give rise to 10-line e.s.r.
spectra, which are different from those of compounds (2)
(Table 1), implying Nb!V derivatives. They give rise to
3 (or 2) reduction waves (B,, A; and C,) and one one-electron
oxidation wave (Table 2 and Figure). Wave A,, irreversible,
probably corresponds to the reduction of the metal. Waves
B, and C, are reversible; they can be ascribed to the reduc-
tion of the ring. If the electrolysis is carried out in a

Nb\-—O Nb<
0—C—Me F
(l) (4)
(2) (2)
+ +

MeCO,~ F-

.

F—Nb =—0

(3)

SCHEME
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separated cell, (2) 1s formed and 1s not transformed, however,
compound (3) appears slowly after the anolyte 1s mixed with
the catholyte. Compound (3) 1s also obtained by electroly-
sis of OEPNbLOF (4)® with TBA+ClO,~ as supporting elec-
trolyte, (2) 1s obtaimned as an intermediate and slowly
changesnto (3) These results can be rationalized as shown
mn the Scheme The fluoride 10ns are either generated on
the anode by electrolysis of the hexafluorophosphate (1), or
by reductive cleavage of (4) The conversion of (4) into (3)
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can be explained by the 1onic character of the Nb-F bond
(¢f structure of the acetate)? which would result 1n a pre-
dissociation yielding the fluoride ion, or by a rebonding
of the fluorine atom to give a different type of co-ordi-
nation (Scheme)

We thank Mr J M Barbe for his technical assistance
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