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9 H-Xanthene-2,7-diols as Antioxidant for Autoxidation of Tetralin
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Synopsis. The antioxidant activities of 9H-xanthene-2,
7-diols were evaluated by means of an oxygen-absorption
method at 60 °C for tetralin. Very good activities were
observed for 1,3,4,5,6,8-hexamethyl-9 H-xanthene-2,7-diol
and 1,3,4,5,6,8,9-heptamethyl-9 H-xanthene-2,7-diol.

a-Tocopherol (1), the major component of vitamin
E, is an important natural phenolic antioxidant, and
is believed to play an essential role in minimizing the
autoxidation of lipids in biological membranes.—* The
structural characteristics of a-tocopherol is that it has
a long phytyl side chain, a chroman ring and a phenolic
hydroxyl group. The phytyl side chain has long been of
particular interest due to both its effect and role; it is
known that the phytyl side chain is required for the
incorporation and retainment of a-tocopherol within
membranes.®) That is, 2,2,5,7,8-pentamethyl-6-chro-
manol (2), which is structurally related with 1, showed
similar antioxidant activities for the peroxyl radical.®)

On this basis, we expected that 9 H-xanthene-2,7-diols
would be a better antioxidant compared with 1, since
it has two active phenolic moieties to the para-posi-
tions on the xanthene skeleton. One universal approach
regarding the synthesis of hydroxylated xanthenes in-
volves an acid-catalyzed reaction of the dihydric phenols
with salicylaldehyde, followed by reduction of the pre-
cipitated xanthenium salt with triethylsilane® or pal-
ladium-catalyzed hydrogenation.” Herein, we wish to
report on a conceptually similar one-step synthesis and
the antioxidant activities of xanthenes 4a—e (Chart 1).

Results and Discussion

The xanthenes 4a—e listed in Table 1 were prepared
by the acid-catalyzed reaction of 2,3,5-trimethylhydro-
quinone with aldehydes. Although this reaction was
carried out in a mixture of benzene and nitromethane
or benzene, higher yields were obtained in a mixed sol-
vent. The increased effectiveness of the mixed solvent
over benzene as the solvent can be attributed to the sol-
ubility of the product. In general, reactions of phenols
with aldehydes in the presence of acid give bisphenol

1,R=C;¢Hs; 3 4a , R=H 4d , R=CH(CH,),
2, R=CH,4 4b ,R=CH; d4e,R=C¢H;
4c ,R=C,H;
Chart 1.

Table 1. Preparations of 9H-Xanthene-2,7-diols and
IP Values

Compd Yield Reaction Mp Method of IP
No. % time/h 6 /°C purification min
4a 79 0.2  230(decomp) a 985
4b 51 16 209—211 a 957
4c 36 20 190—192 b+a 741
4d 23 20 193—195 b 738
4e 60 16 203—205 a 788
1 345
3 12
Control 13

a) recrystallization,
ica gel.

b) column chromatography on sil-

derivatives. Since the bisphenols are not intermediate
in this reaction, the reaction probably proceeds through
the quinone intermediate.®

Figure 1 shows the results of the oxidation of tetralin
initiated with azobis(isobutyronitrile) (AIBN) in the
presence of xanthenes 4a—e along with commercially
available a-tocopherol and xanthene (3). The control
line shows the oxygen uptake in the absence of an an-
tioxidant. The presence of xanthene (3) did not delay
oxidation, and a constant rate of oxygen uptake was ob-
served without any appreciable induction period (IP).
On the other hand, when xanthenes 4a—e were added
to tetralin, the rate of oxidation was markedly sup-
pressed and showed a clear IP. The last column of Ta-
ble 1 shows the IP values of 1, 3, and 4. The IP values
decreased in the order 4a, 4b>4e, 4c, 4d>1>3. In par-
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Fig. 1. Inhibitation of oxidation of tetralin by xan-
thenes and tocopherol.
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ticular, xanthenes 4a and 4b exhibited a much longer
IP compared with those of other xanthenes, and oxygen
absorption was entirely suppressed during the IP. Al-
though an antioxidant of catechol or amine derivatives
during and after the IP turn to a yellow or deep-red
solution, it is noteworthy that the color of xanthenes 4
after the IP was a slightly yellow solution.

Further studies concerning the toxicity of 4 are in
progress, together with the antioxidant activities for
other substrates.

Experimental

Determination of Antioxidant Activities. Mea-
surements of the oxygen-absorption rates were performed
with an isobaric gas-absorption apparatus under a closed-
flow system (2.0+£0.1 L oxygen/h) provided with an an-
tioxidant (0.001 moldm~3) and AIBN as the initiator
(0.01 moldm™3). The oxidation temperature was kept at
60+£0.1°C and oxygen absorption was periodically measured
in a constant-pressure closed system.

The IP and the oxidation rates were determined both dur-
ing and after the induction period in the usual way.?10

General Methods.  All of the melting points are un-
corrected. The *H and '3C NMR spectra were recorded on a
JEOL GSX-400 spectrometer, using (CH3)4Si as an internal
standard. Gas chromatography was performed on a Hewlet—
Packard (5890A) instrument fitted with an OV-73 capillary
column. The mass spectra were recorded with a Perkin—
Elmer Model 910 gas-chromatographic mass spectrometer
at 70 eV.

Conversion of 2,3,5-Trimethylhydroquinone into
1, 3, 4, 5, 6, 8- Hexamethyl- 9 H- xanthene- 2, 7- diols
(General Procedure). A suspension of 2,3,5-trimeth-
ylhydroquinone (66 mmol) in 50 ml of benzene/nitrometh-
ane mixture (1:1) in the presence of concentrated HCl (6
ml) was heated under reflux. To the resulting yellow solu-
tion was added aldehyde (34 mmol). The yellow solution
changed to purple and then turned dark brown. After being
stirred for 0.2—20 h at 70 °C, the mixture was poured into
water, and extracted with ethyl acetate. The organic layer
was washed with water, dried over anhydrous Na2SOg4, and
concentrated. Purification of the residue by recrystallization
or column chromatography gave 1,3,4,5,6,8-hexamethyl-9H-
xanthene-2,7-diols 4a—e. The reaction time, product yield,
melting point, and purification methods, along with the IP
values, are given in Table 1. The "HNMR, *CNMR, MS,
and analytical data are as follows.

1,3,4,5,6,8-Hexamethyl-9 H-xanthene-2,7-diol (4a):
'HNMR (DMSO-ds) §=2.11 (s, 6H), 2.13 (s, 6H), 2.19 (s,
6H), 3.69 (s, 2H), and 7.72 (s, 2H); **CNMR 6=11.7, 11.8,
12.6, 24.6, 115.3, 120.2, 122.8, 142.6, and 147.1; MS m/z (rel
intensity) 299 (15), 298 (M*; 85), 297 (100), 284 (9), 283
(56), and 253 (5). Anal. Calcd for C19H2203: C, 76.48; H,
7.43%. Found: C, 76.12; H, 7.54%.

1,3,4,5,6,8,9- Heptamethyl-9 H-xanthene-2,7-diol
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(4b):  'HNMR (CD3;0OD) 6=1.16 (d, J=6.6 Hz, 3H),
2.18 (s, 6H), 2.27 (s, 6H), 2.30 (s, 6H), and 4.23 (q, J=6.6
Hz); 3CNMR 6=11.4, 12.4, 12.8, 22.9, 30.6, 120.6, 122.5,
124.2, 125.2, 146.3, and 148.8; MS m/z (rel intensity) 312
(M™; 20), 298 (17), 297 (100), 267 (5), 253 (6), 149 (5), and
148 (5). Anal. Calced for C2oH2403: C, 76.89; H, 7.74%.
Found: C, 76.62; H, 7.70%.

9-Ethyl-1,3,4,5,6,8-hexamethyl-9 H-xanthene-2,7-
diol (4c): 'HNMR (CDCls) 6=0.71 (t, J=17.5 Hz, 3H),
1.62 (m, 1H), 2.20 (s, 6H), 2.28 (s, 6H), 2.19 (s, 6H), 4.24
(t, J=6.1 Hz, 2H), and 4.39 (s, 2H); *CNMR §=10.3, 11.4,
12.2, 29.7, 35.3, 117.3, 120.7, 121.9, 123.1, 146.0, and 147.1;
MS m/z (rel intensity) 326 (M™; 10), 298 (24), 297 (100),
267 (5), and 253 (6). Anal. Calcd for C21H2603: C, 77.27;
H, 8.03%. Found: C, 76.88; H, 7.97%.

1,3,4,5,6,8-Hexamethyl-9-isopropyl-9 H-xanthene-
2,7-diol (4d): 'HNMR (CD3;OD) §=0.75 (d, J=7.0 Hz,
6H), 1.74 (m, 1H), 2.19 (s, 6H), 2.26 (s, 6H), 2.32 (s, 6H),
and 4.07 (d, J=7.0 Hz); *C NMR 6=12.4, 12.8, 12.9, 20.5,
37.2, 41.9, 121.5, 122.4, 125.0, 147.9, and 148.9; MS m/z
(rel intensity) 340 (M™T; 2), 298 (23), 297 (100), and 253 (5).
Anal. Calcd for Ca2H25O3: C, 77.61; H, 8.29%. Found: C,
77.55; H, 8.26%:

1,3,4,5,6,8-Hexamethyl-7-phenyl-9 H-xanthene-2,
7-diol (4e): 'HNMR (CDCl;) §=2.18 (s, 3H), 2.27 (s,
3H), 2.38 (s, 3H), 4.36 (s, 2H), 5.29 (s, 1H), and 7.04—7.26
(m, 5H); ®*CNMR 6=11.6, 12.3, 12.4, 40.9, 117.9, 121.6,
122.5, 123.0, 126.1, 127.9, 128.5, 144.6, 144.9, and 147.1;
MS m/z (rel intensity) 375 (5), 374 (M*; 24), 373 (5), 298
(25), 297 (100), 267 (4), 253 (6), and 77 (12). Anal. Calcd
for C25H2603: C, 80.18; H, 7.00%. Found: C, 79.93; H,
6.95%.
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