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The anion of cobalt tetrasulfophthalocyanine is reduced by a variety of materials to a diamagnetic species

that is most reasonably considered to be a derivative of the spin-paired cobalt(I) ion.
show that the alternate formulation as a hydride of cobalt(III) is wrong.

P.m.r. measurements
These results are used to infer that

the probable state of the cobalt atom in the so-called hydridocobalamin is also not a hydride of cobalt(III),

but a derivative of the highly nucleophilic cobalt(I) ion.

Introduction

Considerable interest has been shown in recent years
concerning the lower oxidation states exhibited by co-
balt in complicated chelate compounds.!=* This is
particularly true of those containing cobalt in square-
planar or five-coordinate structures. We have ob-
served the chemically reversible reduction of cobalt(II)
tetrasulfophthalocyanine at room temperature in
aqueous solution to a species that is most simply charac-
terized as a derivative of spin-paired cobalt(I). This
result is particularly significant in view of the difficul-
ties that have attended the establishing of the relation-
ships relating to the oxidation states and electronic
structures of the cobalt atom in the reduced derivatives
of vitamin B.5=% Although the symmetries of the
principal ligands in B, and tetrasulfophthalocyanine
are distinctly different, it is to be expected that the
four strong “‘in-plane” donor atoms will have somewhat
similar effects on the electronic structures and thermo-
dynamic properties of the central atom. Consequently,
the species reported here provides a useful model rel-
evant to the formulation suggested for the so-called
hydridocobalamin® and vitamin B, coenzyme.

Results and Discussion

Magnetic studies on aqueous solutions of cobalt(II)
tetrasulfophthalocyanine have provided the most direct
evidence for the existence of the reduced species
(Table I). The action of either sulfide ion or hydrazine
on cobalt(II) tetrasulfophthalocyanine in the absence
of air results in the formation of yellow-green solutions
for which only small residual paramagnetisms are de-
tected (0.6 to 0.8 B.M.). These small values corre-
spond to those commonly encountered in spin-paired d®
or d® systems.® The solutions reduced in this manner
are readily oxidized back to paramagnetic states by
atmospheric oxygen. The values obtained for the mag-
netic moments on reoxidation of the reduced systems
(1.59 £ 0.04 B.M.) are substantially lower than that of
the parent compound, which displays a moment of
1.88 B.M. under comparable conditions. The visible
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TABLE I
MOLAR SUSCEPTIBILITIES AND MAGNETIC MOMENTS OF
AQUEOUS SoLUTIONS OF COBALT(I) TETRASULFOPHTHALOCYANINE
(Co(I) SPc) 1N THE PRESENCE OF REDUCING AGENTS®

Diamag-
netism, xm X 108 Heff,
System xcorr X 10% (complex) B.M.
Co(1I) SPc +550 +940 1.88 +0.05
Co(I) SPc + 2Na,8 +618 —344 0.80 = 0.09
Co(II) SPc + 2Na,S + air* 4618 +368 1.53 £0.01
Co(II) SPc 4+ 1Na,S + air® 4584 + 528 1.62 +£0.05
Co(I) SPc + 2N:H/ +569  —405  0.62£0.01
Co(II) SPc + 2N:H; + air® 4569 +514 1.60 = 0.05

@ All measurements were on 0.025 M Co SPc in water at 20°.
b Co(II) SPc and reducing agent are pipetted into the sample
tube and are mixed after the tube is tightly capped. ¢ Samples
air-oxidized to constant ue¢s value.

spectrum of the solution of the cobalt(II) complex,
after reoxidation of the reduced form, is only slightly
changed from that of the starting material. These
complicating factors may be attributed to the forma-
tion of dimers.!'!'2 This and a number of related
phenomena, including the sensitivity of the complex
toward oxidation to cobalt(III) derivatives, constitute
the subject of another report. 1313

The spectrum of the reduced species was obtained
after electrolytic reduction in an 0.022 M phosphate
buffer at pH 6.9. Solutions obtained in this way are
yellow-green in color as are those produced by chemical
reduction. A single broad, weak band was observed
with a maximum at 643 mu. The spectrum of cobalt-
(IT) tetrasulfophthalocyanine exhibits strong bands at
626 and 313 mu.!®

It has been established that two equivalent reduc-
tions occur with cyanocobalamin producing a species
that has been formulated as a hydride of cobalt(IIT)-By,
and named hydridocobalamin®® The spin-paired
reduced species formed in the experiments reported
above presumably contains cobalt in a closely related
electromnic state, and one might therefore expect hydri-
docobalamin to contain cobalt in a spin-paired condi-
tion.

The very significant question concerning whether the
reduced form of cobalt tetrasulfophthalocyanine con-
tains cobalt(I) or a hydride of cobalt(III) merits atten-
tion. Recent synthetic work on the cobalamin co-
enzymes has shown that hydridocobalamin is a valuable
intermediate in the synthesis of compounds containing
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cobalt-carbon bonds.®!* It has been logical to assume
that the precursor contains the analogous cobalt-
hydrogen bond; however, direct evidence for the pres-
ence of the hydride is lacking, although the existence of
[Co{(CN);H]*~ has provided a precedent for the as-
sumption. 1518

Two well-established physical techniques!” offer
routes to the detection of the Co-H linkage. Inter-
ferences in the region of interest in the infrared spec-
trum combined with the marginal stability of the re-
duced species have made the p.m.r. technique especially
valuable in the present instance. The p.m.r. spectra
have been studied on a Varian HR-60 spectrometer.
The twelve hydrogen atoms on the benzene rings of the
compound provide an internal means of determining the
intensity to be expected for the single hydrogen reso-
nance being sought and a check on the diamagnetism
of the complex. Thus, a method is at hand for detect-
ing oxidation with its accompanying production of
paramagnetic species. Owing to the aromatic charac-
ter of the phthalocyanine ring, the twelve benzene
hydrogens occur 4.4 p.p.m. downfield from the water
resonance. Spectra were obtained in H,O and D,O
solutions in the presence of reducing agents in both
acidic and basic media. In view of the conditions and
relationships stated, the absence of the Co-H resonance
in the region from 10 p.p.m. downfield to 30 p.p.m. up-
field from the water resonance provides conclusive evi-
dence against the existence of the reduced compound
as a hydride of cobalt(III).

The precursor relationship of the so-called hydrido-
cobalamin to vitamin B;, coenzyme suggests similar
states of combination in the two. Although conflict-
ing reports appear to indicate that the question as to
whether the coenzyme contains spin-paired or spin-free
cobalt is undecided,®® 1% the results presented here sug-
gest that the cobalt should be spin-paired in these
highly reduced systems.

Finally, as regards the possible mode of action of the
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coenzyme, it has been indicated that the attachment
of the cobalt to the four nitrogen atoms of the ring, a
carbon atom, and the benzimidazole group so hinders
the central atom that it is not likely to bind to a sub-
strate.!® Others have shown,? and we have observed,!?
that hindered imidazoles, including benzimidazole,
suffer greatly impaired coordinating ability as com-
pared to imidazole itself. Further, alkyl groups are
well known to exhibits trong frans effects. Conse-
quently, the coenzyme is rather well designed to un-
dergo substitution at the position normally occupied
by the benzimidazole group. Thus, it need not be
presumed that bonding to the cobalt atom during reac-
tion is out of the question. In fact, the results re-
ported here support the kind of mechanism proposed
by Whitlock,?! for this requires a reduced, spin-paired
state for the cobalt atom.

Experimental

Materials.—Cobalt(II) tetrasulfophthalocyanine was pre-
pared as reported elsewhere,??

Measurements.—Magnetic measurements were made at field
strengths of 19 kgauss by the Gouy method. Details concerning
the apparatus, calibration, the design of solutions, and the cal-
culation of susceptibilities of solutes are reported elsewhere,??
Solutions for the measurements reported here were prepared by
pipetting 5.00 ml. of 0.05 M cobalt(II) tetrasulfophthalocyanine
solution and 5.00 ml. of 0.100 M reducing agent solution into the
Gouy tube. The tube was tightly stoppered and the solution
was mixed by repeatedly inverting the tube. The contents
were mixed in this manner between successive Aw determinations
until constant values were obtained. Oxygen was not excluded
prior to closing the sample tube. Samples for p.m.r. measure-
ments were handled similarly. A Varian Model HR-60 was used.

The visible spectrum of the reduced cobalt complex was ob-
tained with a Cary Model 14 recording spectrophotometer,
after electrolytic reduction for 15 min. at 2.5 v. (»s. s.c.e.).2?
The cell used for the reduction® and the closed spectrophotom-
eter cell?* have been reported by other investigators.
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