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Abstract 

Formation constants (Kf) for the coordination of 
Lewis base ligands to 0x0(5,10,15,20-tetraphenyl- 
porphyrinato)chromium(IV) [Cr(IV)O(TPP)] have 
been determined for 11 Lewis bases with nitrogen 
donor, oxygen donor and sulfur donor. The coor- 
dinating ability of those Lewis bases to Cr(IV)O(TPP) 
was found to follow the sequence in decreasing order; 
oxygen donor > nitrogen donor > sulfur donor. It was 
also found that steric constraints influence the ligand 
binding affinity of Lewis bases to Cr(IV)O(TPP). 

Introduction 

It is known that transition-metal 0x0 complexes 
are useful reagents for the oxidation of organic mole- 
cules [ 11. However oxo-metalloporphyrin complexes 
of titanium(IV) [2], vanadium(IV) [3], molybdenum- 
(IV) [4], molybdenum(V) [5] and chromium(IV) 
[6] have not been shown to be effective oxidizing 
agents. On the other hand, oxoiron(IV) porphyrin 
complexes are extremely reactive species and have 
only been detected spectroscopically in solution at 
low temperature when iron(I1) porphyrin reacts with 
oxygen in the presence of a Lewis base [7]. Similarly, 
the coordination of N-methylimidazole was a 
necessary requirement in stabilizing an Fe(IV)O(P) 
(P: porphyrin) complex at low temperatures [7]. 
Recently, related to the coordination of Lewis bases 
to oxoiron(IV), the coordination of Lewis bases to 
oxo-metalloporphyrins has been studied for V(IV)O- 
(TPP) [8, 91 (TPP: meso-tetraphenylporphyrin)* and 
Mo(V)O(TPP)X (X = F, Cl, Br, NCS) [lo]. However, 

*Abbreviations used here: TPP, meso-tetraphenylpor- 
phyrin; TMP, tetrakis@-methoxyphenyl)porphyrin; TFMP, 
tetrakis[@-trifluoromethyl)phenyl]porphyrin; Cr(II1) (TPP)- 
Cl, chloro-meso-tetraphenylporphyrinatochromium(III); Cr- 

(IV)O(TPP), oxo(meso-tetraphenylporphyrinato)chromium- 
(IV); V(IV)O(TPP), oxo(meso-tetraphenylporphyrinato)- 
vanadium(IV); P, porphyrin; B, Lewis base; UV, ultraviolet; 
CH&&, dichloromethane; py, pyridine; DMSO, dimethyl 
sulfoxide; EtOH, ethyl alcohol; THT, tetrahydrothiophen; 
DMF, dimethyl formamide; Im, imidazole; pip, piperidine. 

0020-I 693/87/$3.50 

there have been no reports concerning the coordina- 
tion of oxochromium(IV) porphyrins, although 
recently it has been briefly reported that a large 
excess of pyridine (py) can react with several Cr(IV)- 
O(P) complexes to form labile monopyridine adducts, 
Cr(IV)O(P)(py) [ll]. However, in this reaction the 
formation constant was not determined. Therefore, 
we have examined the interaction of Cr(IV)O(TPP) 
with many kinds of Lewis bases. 

In this paper we first report on the relative 
affinities of a large number of Lewis bases to oxo- 
(meso-tetraphenylporphyrinato)chromium(IV) [Cr- 
(IV)O(TPP)] and briefly discuss the difference of the 
affinities to Lewis bases between Cr(IV)O(TPP) and 
other oxo-metalloporphyrins such as V(IV)O(TPP). 

Experimental 

Materials 
meso-Tetraphenylporphyrin (TPP) was synthesized 

as described previously [ 121. Chlorine impurities 
were removed by refluxing the free base with 2,3- 
dichloro-5,6-dicyanoquinone (DDQ) in benzene 
following the procedure of Smith et al. [ 131. Chloro- 
meso-tetraphenylporphyrinatochromium(II1) [Cr(IIIj- 
(TPP)Cl] was synthesized and purified as previously 
described [14-171. Cr(IV)O(TPP) was synthesized 
by the oxidation of Cr(III)(TPP)Cl with iodosyl- 
benzene or sodium hypochlorite according to the 
method described by Groves ET al. [6]. 

All reagents and solvents were of analytically high 
grade or spectroscopic grade. Lewis bases (except 
imidazole) were distilled and dried over 4 A molecular 
sieves. Dichloromethane (CH,Cl,) was distilled and 
passed through a neutral alumina column prior to use. 

Methods 
Using a microsyringe, aliquots of ligand solutions 

(neat or dissolved in CH2C12) were successively added 
to 2 ml of CHzClz solution of Cr(IV)O(TPP) (- 10m6 
M) in a capped quartz cell with a light path of 10 
mm, as mentioned previously [18, 191. UV-Vis 
absorption spectra were measured with a Union 
Giken SM-401 spectrometer at 25 “C. 
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Determination of Formation Constant 
Formation constant (Kf) presented in eqn. (1) was 

calculated from spectrophotometric data by use of a 

bases with the oxo(meso-tetraphenylporphyrinato)- 
vanadium(W) [V(IV)O(TPP)] [9]. This modified 
method is very useful for evaluating the formation 
constant for the 1: 1 adducts of the metalloporphyrins 
with some Lewis bases. Thus, we used this modified 
method to calculate the formation constant for the 
adducts, Cr(IV)O(TPP)(B). 

(1) 

modified Drago’s method [20, 211. In this method, 
the following approximate eqn. (2) was used. 

AT/AA = [l/KfAe X l/B,] + I/Ae (2) 

where Kf= the formation constant of the adduct, 
Ae = the extinction coefficient difference between 
metalloporphyrin and the adducts, A,4 = the ab- 
sorbance difference between metalloporphyrin and 
the adducts, A, = the initial concentration of metallo- 
porphyrin and BT = the initial concentration of base. 
From eqn. (2), a linear least square fit to the experi- 
mental data for A,/AA versus l/B, was obtained. Ae 
and Kr were then calculated from the intercept of the 
ordinate and slope, respectively, of a straight line. 

Results and Discussion 

Recently, Bencosme et al. modified Drago’s 
method in order to calculate the formation constant 
for the 1: 1 adducts by interaction of different Lewis 

TABLE I. Visible Spectra of Cr(IV)O(TPP)(B) in CH.$lz 

Dichloromethane solutions of pure Cr(IV)O(TPP) 
were bright red and showed absorption bands at 380 
(log E = 4.5 l), 430 (log E = 5.26) and 547 nm (log E = 
4.24) as shown in Fig. 1. Upon addition of Lewis 
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Fig. 1. Visible spectrum of Cr(IV)O(TPP) in CH2C12. Por- 

phyrin concentration is 6.50 X lo@ M. 

Cr(IV) Complexes 

Cr(IV)O(TPP) 

Cr(IV)O(TPP)(DMSO) 

Cr(IV)O(TPP)(EtOH) 

Cr(IV)O(TPP)(THT) 

Cr(IV)O(TPP)(DMF) 

Cr(IV)O(TPP)(Im) 

Cr(IV)O(TPP)(pip) 

Cr(IV)O(TPP)(aniline) 

Cr(IV)O(TPP)(n-butylamine) 

Cr(IV)O(TPP)(t-butylamine) 

Cr(IV)O(TPP)(diethylamine) 

Cr(IV)O(TPP)(triethylamine) 

A,,, (nm) (log e) 

381(4.51) 

364(4.44) 

565(3.99) 

364(4.44) 

566(4.02) 

366(4.35) 

572(3.94) 

393(4.49) 

603(3.66) 

366(4.52) 

573(3.94) 

366(4.52) 
572(3.94) 

400(4.47) 

607(3.95) 

364(4.52) 

572(3.97) 

365(4.43) 

572(3.96) 

361(4.42) 

572(3.97) 

397(4.37) 

610(3.88) 

430(5.26) 

397(4.58) 

603(3.87) 

397(4.58) 

603(3.89) 

401(4.62) 
610(3.99) 

443(5.32) 

406(4.72) 

6 13(4.00) 

401(4.66) 
609(4.00) 

440(5.19) 

402(4.65) 

610(4.03) 

400(4.62) 
610(3.99) 

400(4.61) 

612(4.07) 

446(5.00) 

547(4.24) 

445(5.38) 

448(5.38) 

454(5.27) 

565(3.99) 

456(5.39) 

454(5.36) 

570(3.94) 

454(5.37) 

451(5.32) 

451(5.34) 

570(3.84) 
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Fig. 2. Visible spectral changes occurring upon titration of a 

Cr(IV)O(TPP) solution with n-butylamine. Porphyrin con- 

centration is 6.50 x lo-’ M. Spectrum recorded at 25 “C with 

CH+Zla as the solvent. 20 pl of neat n-butylamine was suc- 

cessively added to 2 ml solution of Cr(IV)O(TPP). 

I I 

Fig. 3. Plot of A,/&4 us. ~/ET for the coordination of 

diethylamine to Cr(IV)O(TPP). 

bases to Cr(IV)O(TPP), a red shift (i.e. to higher 
wavelength) is seen for all bands in the electron ab- 
sorption spectrum, accompanied by the appearance 
of the beta (-568 nm) and the alpha (-600 nm) 
bands (Table I). In general, the spectral pattern 
observed upon axial coordination is the same regard- 
less of the nature of the donor atom in the base 
(Table I). That is, the Soret band of Cr(IV)O(TPP) is 
red-shifted. The peak at 547 nm also undergoes a red 
shift to 565-573 nm, and a new band appears around 
607 nm. These red shifts are also observed for the 
coordination of Lewis bases to oxovanadium 
porphyrin [8, 91. A typical example is shown in 
Fig. 2 where the spectral changes following the step- 
wise addition of n-butylamine to a solution of Cr(IV)- 
O(TPP) in CHzClz, which is often used as a non- 
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TABLE II. Formation Constants (Kf) for the Reaction 

Cr(IV)O(TPP) + B = Cr(IV)O(TPP)(B) and Kf for the Coor- 

dination of Lewis Bases to V(IV)O(TPP) [ 91 for Comparison 

Lewis base Kf (M-l) 

Cr(IV)O(TPP) V(IV)O(TPP) 

n-butylamine 12.2 1.24 

t-butylamine 7.50 0.07 

diethylamine 1.10 a 

triethylamine 1.10 b 

imidazole 90.9 1.33 

piperidine 37.3 0.75 

aniline 3.00 0.186 

pyrrole B a 

pyridine c 0.148 

DMF 16.4 d 

DMSO 51.8 0.051 

ethyl alcohol 56.5 d 

n-butyl alcohol d B 

t-butyl alcohol b d 

acetone b b 

acetonitrile b b 

thiophene d b 

tetrahydrothiophene 1.80 d 

THF a b 

aWeak coordination. b No coordination. CDifferent 

spectral change from others. dNot measured. 

coordinating solvent [lo], are displayed. Distinct 
isosbestic points were observed during the formation 
of all Cr(IV)O(TPP)(B) complexes reported in this 
study. 

A typical plot of AT/AA versus l/BT is shown in 
Fig. 3 for the coordination of diethylamine to 
Cr(IV)O(TPP). Table II contains Kf values calculated 
from eqn. (2) for Cr(IV)O(TPP)(B), along with the 
Kf values for the coordination of Lewis bases to 
V(IV)O(TPP) for comparison. The Kf values range 
from 1 .lO M-’ (low affinity) to 90.9 M-r (moderate 
affinity). Pyrrole and tetrahydrofuran weakly coor- 
dinate to Cr(IV)O(TPP). They bring small shifts on 
the visible spectra but not enough to calculate Kf 
from spectrophotometric data. Acetonitrile, acetone 
and t-butanol do not coordinate to Cr(IV)O(TPP). 
Pyridine showed different spectral changes from 
those shown in Fig. 2. This may be caused by the 
formation of a labile intermediate, monopyridine 
adduct Cr(IV)O(TPP)(py) which had a half-life of 
15 min [ 111, Therefore, the formation constant was 
not calculated. 

The coordinating ability of Lewis bases to Cr(IV)- 
O(TPP) was found to follow the sequence in 
decreasing order; oxygen donor > nitrogen donor > 
sulfur donor. It was also observed that axial ligation 
is sensitive to steric bulkiness of the ligand, i.e. 

n-butylamine > tert-butylamine > diethylamine = tri- 
ethylamine. This order of sensitivity can be under- 
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stood from the results of X-ray structural studies of 
Cr(IV)O(TPP). Since the oxochromium ion in Cr(IV)- 
O(TPP) is displaced 0.469 A above the mean plane of 
the four pyrrole nitrogens [ 111, a ligand has to enter 
a small cavity in order to effect coordination while 
hindered nucleophiles cannot reach the metal. 
Bonnett et al. have qualitatively observed a similar 
trend in the interactions of several nitrogenated 
solvents with vanadyl octaethylporphyrin [22]. Kf 
values for Cr(IV)O(TPP)(B) are larger than those for 
V(IV)O(TPP)(B) [9], as shown in Table II. This 
result may reflect the difference of the distance 
between the metal and the plane formed by the nitro- 
gen group of the porphyrin macrocycle. That is, the 
distances are 0.469 A for Cr(IV)O(TPP) and 0.53 A 
for V(IV)O(TPP) [23], respectively. 

In conclusion, we have presented the first exten- 
sive equilibrium study of the interactions of Cr(IV)- 
O(TPP) with Lewis bases. We have established 
spectrophotometrically that there is coordination of 
Lewis bases to the chromium atom. It can also be 
shown that axial interactions of Lewis bases with the 
chromium are weak, but are stronger than those with 
the vanadium and the bulkiness of the ligands affects 
the coordination to Cr(IV)O(TPP). 
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