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Upon contact with dioxygen colorless solutions
of Mn(PR;3)X, begin to color as the complex Mn-
(PR3)X,+0, forms [1, 2]. The formation of the lat-
ter is a function of the partial pressure of dioxygen
and since this can be followed spectrophotometrically
it is possible to construct dioxygen-binding curves
or ‘isotherms’ for solution dioxygenation. That these
Mn(PR;)X, complexes do bind dioxygen in solution
is shown in Fig. 1, a plot of dioxygen absorbed
(measured by gas burette) against complex concen-
tration. The slope of almost exactly 1 indicates a
1:1 stoichiometry Mn(PR3)X,- O, in solution and
the value of the intercept 7.8 X 10™% mole dioxygen
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Fig. 1. Plot of dioxygen absorption as a function of complex
concentration in 100 cm® THF. Slope = 1.02; intercept =
7.8 X 104 mole 0.
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for 100 cm?® tetrahydrofuran corresponds almost
exactly to that obtained for a 100 cm® THF blank
(8.05 X 10 * mole O,). In all experiments described
here light-scattering measurements were also carried
out to ensure that we dealt with real solutions in all
cases.

The equilibrium constant for binding of dioxygen

k
Mn(PR3)X; + 0, === Mn(PR,)X,-0,

can be calculated from this isotherm and by the use
of the Hill equation [3—8], Fig. 2:
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where Y is the fraction of the dioxygenated sites,
Ko, is the equilibrium constant for the reaction,
P2 is the partial pressure at half oxygenation
(i.e. Po,at which 50% of the sites are dioxygenated).
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Fig. 2. Hill plots for Mn(PBu})Br, (computer assisted).

We report here equilibrium constants at 20 °C
for dioxygenation of the complexes Mn(PR;)Br,
(R3 = Me,Ph, Pr3, Bu3) and Mn(PPr5)Cl, in a number
of solvents, Table I. From the isotherms for Mn-

TABLE I. Equilibrium Data for Dioxygen Uptake by Mn(PR3)X at 20 °C.

Complex Solvent log K o, P?fz Hill Coeff.
(torr 1) (torr 1) (torr) n
Mn(PBu})Br, THF -1.320 0.479 x 107" 20.9 1.12
toluene ~0.429 372 x 107! 2.7 0.68
1,2-C,HaCl, 0429 3.82 x 107! 2.6 0.94
Mn(PPr})Br, THF ~1.073 0.85 x 107! 11.8 0.86
toluene ~0.251 561 x 107! 1.8 0.54
Mn(PPr})Cl, THF ~2.707 0.20 x 1072 509 1.35
toluene ~1.565 272 x 1072 37 1.02
Mn(PPhMe,)Br, toluene ~1.320 0.479 x 107 20.9 1.12
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(PBuj)Br, it is readily seen that the shape and posi-
tion of the curve is solvent dependent, Fig. 3. In non-
coordinating solvents such as toluene or 1,2-dichloro-
ethane the curves are strikingly reminiscent of the
hyperbolic curve of myoglobin [8], whereas the
shape of isotherm for tetrahydrofuran solution in-
dicates a more complex interaction, presumably
involving solvent participation.

The values of Kq,, Table I, vary between 0.5 X
10-% and 2.8 X 107, and P{3 varies between 3.55
and 200 torr. These variations show the dependence
of the affinity of dioxygen for these Mn(PR3)X,
complexes on (z) the solvent employed, () the R
group on the phosphine, and (c) the halide, and
from Table I it may be deduced that affinity for
dioxygenation binding is solvent-dependent in the
order 1,2-C,H4Cl, > toluene > THF, and on chang-
ing the phosphine varies PPr§ > PBuj > PPhMe,.

In Table II is listed some Kg, and Py, values for
both natural and synthetic binders of dioxygen.
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Fig. 3. Dioxygen binding curves for Mn(PBu3)Br;.

TABLE II. Comparison of Dioxygen Affinities of Natural and Synthetic Binders.

Compound Solvent Ko, P?f; Temp. Ref.
(torr 1) (torr) c0)

Mb Water 1.54 0.65 20 7,8
CoMb 1.85x 1072 54 20 5
Co(TpivPP)(N-Melm) Toluene 7.14 x 1071 140 20 6
Mn(TPP)PBu} Toluene 3.02x 10°° 331 x 107° -78 3,7
Mn(PPr})Br, Toluene 5.16 x 107! 1.8 20 this work
Mn(PBul)Br, 1,2-C,HsCly 3.82x 107} 2.6 20 this work

From this and the Fig. 3 it can be seen that Mn-
(PBu})Br, in 1,2-dichloroethane is a remarkably close
analogue of myoglobin.
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