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ABSTRACT

Optical sbsorption and laser photolysis studies reveal a similarity in the nature
and reactivity in the peroxo dioxygen metalloporphyrin compiexes of Ti, and Mo. This
reactivity is compared with that observed for the superoxo dioxygen Co(il}

tetraphenylporphyria complex.
A.INTRODUCTION

The reversible fixation and the activation of dioxygen by metal complexes have
aftracted considerable attention as systems to model biological oxygen transport and
oxidase function as well as to develop homopeneons analogs of the heterogensouts
oxidation catalysis. In & number of systems dioxygen metal complexes have been
implicated as intermediates in these processes (1,2). The structures of dioxygen
complexes with one metal center are roughly divided into two types; the peroxo and
superoxo type complexes (3,4). Titanium{IV) and molybdenem(VI) porphyrins form the
peroxo complexes in which the central metal binds to both of the two oxygen atoms (5).
Cobalt(il) porphyrins are known to form the superoxo form in which the meta! binds to
only one of the oxygen atoms (6). In particular, the photochemistry of metalioporphyrin-
dioxygen complexes has been used extensively to aid in the understanding of the
mechanisms of storage and transportation of oxygen by hemoproteins (7).
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Previous studies indicated that metalloporphyrin dioxygen complexes
preferentially undergo the photodissociation of dioxygen. The present paper presepts the
photocleavage of the oxygen-oxygen bond in peroxotitianium(IV) tetraphenylporphyrin,
OzTiw(I'PP). and the paratolylporphyrin derivative O2TilY(TTP) in which the
photoproducts were identified as oxotitanium{IV)porphyrin N-oxide, O=TITPP}O (8).
The photochemistry of bisperoxomolybdenum(VDitetraphenyiporphyriz, O4MoViTPP
exbkibits similar reactivity. The photochemistry of the dioxygen adduct of
Co(H)tetraphenylporphyrin was investigated for compagson.

B. EXPERTMENTAL

All reagents were purchased with the highest purity possible from Wako
Chemicais and used as received. Oxygen gas was purchased from Nibon Sanso and nsed as
received. Steady state photolyses were conducted using & high pressure mercury lamp (250
W USH250D) and a cutoff filter (A »320nm). N-Methyidiphenylamine was used as the
actinometer,

The peroxotitisnium(TV)tetraphenyiporphyrin, OsTi IV(’I‘ PP), cobait(Ii}teira-
phenylporphyrin, and bisperoxo-molybdepum{VIjtetraphenylporphysiz, O4MoY \TPP
were synthesized and purified according to literature methods {4,5¢).

Laser photolysis was conducted using the second and third harmonics of 2 Nd-
YAG laser with & detection system previously described (). Low temperature
measurements were done using a cryostat (Oxford Instruments Model DN 10200).

C. RESULTS AND DISCUSSION

The shsorption spectrumn of OzTiw(TPP} in benzene exhibits absorption peaks
at 423 (6= 3.3 x 105 M~} cm™}) and 547 nm (e= 1.8 x 10¢ M1 em~1). Upon photolysis,
the spectrum graduaily changes with pew peaks at 438, 566, and 606 nm and an isosbestic
point at 557 nm. The photoiysis of 02TiW(TPP) in both aerated and deaerated benzene
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yields the photoproduct. This indicates that atmospheric oxygen is not invoived in the
photoreaction. Irradiation of OzTiw(TPP} in toluepe at 77 K gave the same
photoproduct. The photereaction seems to be unimolecular since diffusion is suppressed
at 77 K.

The preparative photolysis of OzTiW(TPP) in benzene or in chloroform afforded
0‘-'TiW(TPP}0 with ca. 80% vield. It was found that solutions of the photoproduct
stowly photodecomposed to yield O=Ti ¥ (TPP) and an unidentified brown polymer.

The quantum yields, &, for the formation of the photoproduct from
OzTiW(TPP) in benzene were found to be ®< 1073 at 545 nm and $=0.095 + 0.005 at
425, 320 and 310 pm. This result indicates that excitation of the Soret and other short
wavelength bands gives rise to the formation of the photoproduct. A benzene solution of
OzTiN(TPP) was subjected to laser pulises (20ns in duration) at 355nm. The transient
spectrum observed at 50 ns after a pulse did not decay over a few ms. Since the transient
spectrum and the difference spectrum, obtained by subtracting the spectrum of
02TiN(I'PP) from that of the photoproduct, are in good agreement, the photoreaction of
OzTiN(T PP} is concluded to occur within 50 ns after the pulse.

A solution of photoproduct, 0=TiIV(T PPYO, i beuzene was reacted with
triphenylphosphine. The photoproduct in benzene was found to react with triphenyl-
phosphine to quantitatively form oxotitantum({TV)tetraphenyiporphyrin, O=T iW(TPP),
and triphenylphosphine oxide. When 6.6 X 10"2M triphenylphosphine is added into the
solution of the photoproduct the spectrum gradually changed to that of O=Ti!¥ (TPP} with
isosbestic poiats (Figure 1}. The pseudo first order rate constant for the reactton was
obtained to be 9.2 x 1074 -1 at room temperature. This finding suggests that the
photoproduct has an oxygen atom which is abstracted by triphenyiphosphine.

The IR spectrim of 02Tiw(TPP) shows a vg, at 900 em! in KBr. However
tae photoproduct displays 1o vo.q in the region of 900 cmm™}. This observation indicates
that the oxygen-oxygen bond of OzTiW(TPP) is photodissociated in the photoproduct.
The }H NMR spectrum of the photoproduct showed a strong temperature dependence.
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Figure 1. U.V./ Visible spectra of O=TiN(TPP)O (4.0x 107 M) with added tripheny!
phosphine (6.6 X104 M) in benzene. Spectra taken at =0 (1) 1 (2), 2.5 (3) and 12 b (4)

This bebavior can be ratiopalized by 2 structure in which the porphyriz N-oxide 1s formed.
The formation of porpbyrin N-oxide would cause ope of the pyrrols rings to bend out of
plane and allow rotation of the phenyl rings. The photoproduet is therefore identified to be
oxotitaninmtetrapbenylporpbyrin N-oxide (Figare 2(10)}). The initial photochemical event
of O:Tiw(I'PP) 1s supposed to be the fission of either the Ti-O or the O-C bopd. The
cleavage of 2 Ti-0 bond leads to the formation of the superoxo complex. According to an
carlier study of the superoxo complex of titanium(ITEjtetrapbenylporphyrin, the superoxo
compiex readily changes to OzTiW(TPP) (11). ltis, therefore, suggested that the
photochemical fission of the Ti-O bond does not give O=Ti! ¥ (TPP)O.
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Figure 2 Schematic representation of the 02 Ti{TV)porphyrin pbotoproduct.

The photochemistry for the formation of the photoproduct, O—JTiN('I"PP)O, is described
below {Scheme 1).
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Scheme

The oxygen-oxygen hond in OzTiW(T‘PP) is imitially photodissociated, followed by
intramolecular oxyges atom transfer to yield O=T: iw(TPP)O. Since, 0=Tiw(1'PP)0 has
an oxygen bound to the pymole nitrogen; an oxygen atom car then be readily abstracted by
triphenyphosphine leading to the formation of Oﬁriw{I'PP) and toiphenylphosphine
oxide.

it has been reported that O4Mo YITPP in both aerated and degassed benzene
undergoes photoreaction o give OzMoWTPP and dioxygen (11). The quantum yields for
the photodissociation of dioxygen were determined to be 0.054 * 0.005 at excitation
wavelengths sborter than 450 nm (Figure 3). No photoreaction was observed upon
excitation of the Q-band, as was the case of OzTiIV(TPF}. No photopraducts were

observed that could be assigned to ap intramolecular oxygen transfer product. As in the
case of 02Tiw (TPP), the initial pbotockemical event is presumed to be the fission of one
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of the oxygen-oxygen bonds in 04MOVITPP leading to the facile dissociation of dioxyger
(Scheme 2).
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Figure 3. Absorption spectrum of 04MOVITPP and the quantum yield (P) for the
formation of the pbotopreduct, OzMo Y ITPP, in benzene solution.

Cobalt(Il}tetraphenylporphyrin, COH(T PP), forms a superoxe dioxygen adduct,
Oz-Con(TPP), ia 2-methyhtetrabydrofuran at 77 X (7). Low temperature laser flash
photelysis studies were cerried out in oxygen saturated solutions. The transient spectrum,
obtained with excitation at both 355 and 5§32 nm, is in good agreement with the difference
spectrum, obtained by subtracting the spectrum of 02-COH(TPP) from Con('I'PP). This
result implies that the 02-COH(TPP) photodissociates Oz upon laser imadiation with
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either the second, 532 nm or the third, 355 nm, harmornic of a Nd-YAG laser. This

observation indicates that dioxygen dissociation occurs as a wavelength independent

process.

D. CONCLUSION

Peroxotitanium(TV)tetraphenylporphyrin has been shown to preferentiaily cieave
the oxygen-oxygen upon irradiation fo yield & porphyrin N-oxide product. Both Ti(IV) and
Mo(¥V)etraphenylporphyrin dioxygen complexes exhibited wavelength dependent
photochemistry. Though the Mo complex does not form the N-oxeporphyrin preduct,
the photoproduct can be rationalized by a reaction scheme in which the oxygen-oxygen
bond is cleaved. In comparison, the cobalt{Ijtetraphenylporphyrin dioxygen complex
releases dioxygen upon irradiation. From these resnits, we believe that the primary
photochemical process in these metalioperoxoporphyrins is to activate the coordinated
dioxygen.

E. REFERENCES

i a} R. S.. Drago, B. B, Corden, Acc. Chem. Res., 13 (1980}, 353
b} L. Vasks, Acc. Chem. Res., 9 {1976} 9, 175; ¢) A. E.
Martell, Acc. Chem. Res., 15 (1982) 155; d) G. Henrici-Olive,
S, Ohive, Ang. Chem. Internat. Edit. Eng., 13 (1974) 29

2 &) J. P. Coliman, J. I. Brauman, B. L. Iverson, J. L. Sessler, R.
M. Morris, Q. H. Gibson, I. Amer. Chem. Soc., 105 (1983) 3052
b} E.C. Niederhoff, J. H. Timmons, A. E. Martell, Chem. Rev.,
84 (1984} 137 c¢) R. R. Jacobson, Z. Tyeklar, A. Faroeg, K. D.
Karlin, S. Liu, J. Zubieta, J. Amer. Chem. Soc., 110 (1988)
3690 d) J. E. Linard, P. E. Ellis, J. R. Budge, R. D. Jones, F.
Basolo, J. Amer. Chem. Soc., 102 (1980) 1896 e) J. K. Chang,
T. G. Traylor, Proc. Natl. Acad. Sci. USA, 72 (1975) 1160

3 B. R. James, D. Dolphin Ed. The Porphyrins , Academic
Press, New York, 5 (1978) 207

4, B. B. Wayland, J. V. Minkiewicz, M. E. Abd Elmageed, J.
Amer. Chem. Soc., 96 (1974) 2795



242

11.

12.

g) J. -M. Latour, B. Gallend, J. -C. Marchon, J. Chem. Soc.,
Chem. Comm., 1979, 570 b) J. R. Guilard, M. Fontesse, P,
Fournar, J. Chem. Soc., Chem. Comm., (1976)161-162 <¢) R.
Guilard, J. -M. Latour, C. Lecomte, J. -C, Marchon, Inorg.
Chem., 17 {1978) 1228 d} Y. Ellinger, R. Subra, Inorg.
Chem., 17 (1978) 2024 e} B. Chevrier, T. Diebold, R. Weiss,
Inorg. Chim. Acta, 19 (1976) L57

M. Hoshino, Chem. Phys. Lett., 1985, 120, 50

a} D. A. Chernoff, R. M. Hochstrasser, A. W, Steele, Proc.
Natl. Acad. Sci. USA, 77 (1980) 5606 b) J. P. Collman, R. R.
Gagne, C. A. Reed, T. R. Halbert, G. Lang, W. T. Robinson, I.

Amer. Chem. Scc., 97 (1975) 1427 c¢) I. W. Petrich, C. Poyart,
. L. Martin, Biochemistry, 27 (1988) 4049

M. Hoshino, K. Yamameoto, J. P. Lillis, T. Chijimatsu, J. Uzawa,
Inorg. Chem., In Press

M. Hoshino, H. Seki, H. Shizuka, J. Phys, Chem., 89 (1985} 45
H. Ledon, M. Bonnet, }. Chem. Soc., Chem. Comm., (1979) 702

J. -M. Latour, C. Lecomte, J. -C. Marchon, M. Nakzjima, J.
Amer. Chem. Soc., 101 (1979) 3974

Ackpnowledgment

The Dr. 1. P. Lillis wonld like to thank the Science and Technology

Agency of Jepan and the Netional Science Foundation for support

through a2 postdoctoral fellowship at RIKEN,



