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Protonated Pteridine and Flavin Analogues acting as Efficient and Substrate-selective
Photocatalysts in the Oxidation of Benzyl Alcohol Derivatives by Oxygen

Shunichi Fukuzumi,* Kumiko Tanii, and Toshio Tanaka

Department of Applied Chemistry, Faculty of Engineering, Osaka University, Suita, Osaka 565, Japan

Protonated aminopterin, lumazine, and riboflavin-tetra-acetate efficiently catalyse the substrate-selective
photo-oxidation of benzyl alcohol derivatives by oxygen in the presence of perchloric acid in acetonitrile at 298 K.

Flavin coenzymes which contain a tricylic isoalloxazine ring as
well as pterin coenzymes such as folic acid (pteroylglutamic
acid) and biopterin which contain a dicyclic pteridine ring (a
part of the skeleton of flavins) are known to play versatile
roles in biological redox reactions.! Both flavins and pteridine
analogues can absorb visible light and thus, flavin photo-
chemistry has been the subject of intense research for a long
time.2 In contrast with flavin photochemistry, little is known

of the excited-state chemistry of pteridine analogues.? In
addition, pteridine analogues as well as flavins are known to
undergo photo-degradation and thus, cannot be used as
efficient photocatalysts by themselves.4-> We have previously
reported that flavin analogues can be used as photocatalysts
for the oxidation of p-methylbenzyl alcohol when they are
complexed with metal ions.¢ In this study, we report that
protonated pteridine derivatives, aminopterin (4-aminofolic
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acid) and lumazine (pteridine-2,4-diol), as well as a proto-
nated flavin analogue (riboflavin-tetra-acetate) can be used as
much more efficient and more stable photocatalysts for the
substrate-selective oxidation of benzyl alcohol derivatives
with oxygen than the flavin-metal ion complex. Thus, the
present study provides a unique opportunity to compare the
photo-catalytic activity of pteridine analogues of biologically
important redox coenzymes, folic acid and biopterin, with that
of a structurally related flavin coenzyme analogue.

No appreciable photo-oxidation of benzyl alcohol by
oxygen occurred when aminopterin (AP), lumazine (Lu), or
riboflavin-tetra-acetate (RF1) was used as a photocatalyst in
the absence of acid in acetonitrile (MeCN). When perchloric
acid was added to this system, the flavin and pteridine
derivatives were protonated (Amax. 334, 350, and 392 nm for
APH*, LuH*, and RF1H*, respectively).”— Each proto-
nated species (catH*) acted as an efficient photocatalyst for
the oxidation of benzyl alcohol derivatives (X-C¢H,;CH,OH)
with oxygen [equation (1)] when the photochemical reactions
were carried out using a xenon lamp with a filter transmitting
light of 220 nm < A < 440 nm. The formation of X-C¢H,CHO
was identified by 'H n.m.r. and electronic spectra, and that of
hydrogen peroxide was confirmed by titration with iodide ion
as described elsewhere.® No appreciable photo-degradation of
the catalysts was observed during the photocatalytic oxidation
in the presence of HCIO,4 in MeCN.

h
X-C¢H,CH,OH + O, —t—;ll_) X-C¢H,CHO + H,0, (1)
catH+

The quantum yields (¢) of the photocatalytic oxidation
were determined using a ferrioxalate actinometer with the
difference in light absorption between the catalyst and the
actinometer appropriately accounted for according to the
literature.19 The ¢ value increased with increase in the HCIO,
concentration to reach a constant value (>1.0 X 10-2 mol
dm-3) when all photocatalyst molecules are protonated. The
¢ values at a constant X-C¢H,CH,OH concentration (2.9 X
10-2 mol dm~3) as well as the limiting quantum yields ¢ in
the presence of HCIO, (1.4 X 10-2 mol dm~—3) are listed in
Table 1. The ¢ value (0.30) for RFIH* at 2.9 X 10-2 mol
dm—3 p-MeCsH,CH,CH,OH is 13-fold larger than the repor-
ted ¢ value for a flavin-Mg2+ complex.® Such large ¢ values
are obtained for each photocatalyst when the substituents (X)
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are moderately electron-donating or electron-withdrawing (X
= 0-Br, p-Cl, H, p-Me, p-Pri). Thus, protonated flavin and
pteridine analogues act as much more efficient and more
stable photocatalysts than the flavin-metal ion complex
reported previously.® However, no appreciable photo-oxid-
ation of X-C;H,CH,OH by oxygen was observed with
strongly electron-donating (X = p-OH, p-MeO) or -with-
drawing (X = p-NO,) substituents. Such substrate selectivities
and the magnitude of quantum yields are similar among the
photocatalysts irrespective of them being dicyclic pteridine
analogues (APH* and LuH+) or a tricyclic flavin (RF1H*) as
shown in Table 1. The similar photo-catalytic activities may be
ascribed to the cancellation of the difference in the ground
state oxidizing ability, which is in the order RF1H*+ > LuH+ >
PH+*,8by that in the excitation energy, which is in the opposite
order RFIH+ < LuH+ < PH~*.

h
ORFIH* + X-CoH,CH,OH — 2RF1H,+" + X-C,H,CHO (2)

In the absence of oxygen, RF1IH* can be reduced by
X-C¢H4CH,OH by irradiation of the absorption band due to
RF1H* (Apax 392 nm) to yield the dihydroflavin radical cation
RF1H;** (Amax 416 nm) and X-CeH4,CHO, equation (2).1!
The limiting quantum yields ¢ for the formation of RF1H,**
were determined and the ¢.. values are also listed in Table 1.
The ¢.. values in the absence of oxygen agree well with those
of the RF1H*-catalysed photo-oxidation of X-C¢H,CH,OH
by oxygen (Table 1). Such an agreement of the ¢.. values in
the absence and in the presence of oxygen was also confirmed
in the case of LuH+ (Table 1). In addition, the reduced flavin
and pteridine analogues are known to be readily oxidized to
yield hydrogen peroxide.8-12 Thus, the photocatalytic oxida-
tion of X-C4H,CH,OH by oxygen may proceed via the
photo-reduction of the catalyst (catH;*), followed by the

X—CgH,CH,0H catH* H,0,

X—-CgH,CHO catHy* 0,

Table 1. Quantum yields (¢) of photocatalytic oxidation of benzyl
alcohol derivatives (X-CsH,CH,OH) with oxygen, catalysed by
APH*, LuH+, and RFIH* in the presence of HCIO, (1.4 x 10-2 mol
dm~3) in MeCN at 298 K.

(LuH*) (RF1H+)

X-C¢H,CH.OH (APH+)

X N R ¢0<
p-NO, a d d a e (0.18)
o0-Br 0.084 0.020 0.10 0.089 0.17 (0.17)
p-Cl 0.16 0.088 0.17 022 028 (0.28)
H 0.15 0.17 0.38 0.094 023 (0.25)
p-Me 0.13 018 030 021 029 (0.30)
p-Pri 017 018 023 019 028 (0.31)
p-MeO 0.020 ¢ d d ¢ (0.0016)
p_HO d d d d d d

2 [X-CeH4CH,OH] 2.9 x 10-2 mol dm~3. b Limiting quantum yields
(¢~) were obtained from the intercepts of the linear plots between
¢! and [X-CcH4,CH,OH] . ¢ The values in parentheses are those
for the formation of RF1H,** in the absence of oxygen. d Value <1 x
10-3. ¢ Value could not be determined accurately. f The ¢.. value in
the absence of oxygen is 0.40.
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thermal oxidation of the reduced catalyst (catH;*) by oxygen
to yield H,O,, accompanied by the regeneration of catH+, as
shown in Scheme 1.

Received, 24th January 1989; Com. 9/003811

References

1 L. Stryer, ‘Biochemistry,’ 3rd edn., Freeman, New York, 1988.

2 G.R. Penzer and G. K. Radda, Quart. Rev. Chem. Soc., 1967, 21,
43; P. F. Heelis, Chem. Soc. Rev., 1982, 11, 15; S. Fukuzumi and
T. Tanaka, ‘Photoinduced Electron Transfer,” eds. M. A. Fox and
M. Chanon, Elsevier, Amsterdam, 1988, ch. 4—11.

J. CHEM. SOC., CHEM. COMMUN., 1989

3 C.Chahidi, M. Aubailly, A. Momzikoff, M. Bazin, and R. Santus,
Photochem. Photobiol., 1981, 33, 641.

4 R. Mengel, W. Pfleiderer, and W.-R. Knappe, Tetrahedron Lett.,
1977, 2817.

5 B. Holmstréom and G. Oster, J. Am. Chem. Soc., 1961, 83, 1867,
P. Hemmerich, Fortschr. Chem. Org. Naturst., 1976, 33, 451.

6 S. Fukuzumi, S. Kuroda, and T. Tanaka, J. Am. Chem. Soc.,
1985, 107, 3020.

7 S. Fukuzumi, S. Kuroda, T. Goto, K. Ishikawa, and T. Tanaka,
J. Chem. Soc., Perkin Trans. 2, 1989, in the press.

8 S. Fukuzumi, T. Goto, K. Ishikawa, and T. Tanaka, Chem. Lett.,
1988, 1923.

9 P. N. Moorthy and E. Hayon, J. Phys. Chem., 1975, 79, 1059.

10 S. Fukuzumi, K. Hironaka, and T. Tanaka, J. Am. Chem. Soc.,
1983, 105, 4722.

11 S. Fukuzumi, XK. Tanii, and T. Tanaka, Chem. Lett., 1989, 35.

12 T. C. Bruice, Acc. Chem. Res., 1980, 13, 256.






