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Highly efficient Nafion—Ce(lV) or Nafion-Cr(lll)-
catalysed oxidation of polycondensed aromatic
hydrocarbons with co-oxidant'

Takehiko Yamato* Naoki Shinoda and Tomomi Kanakogi

Department of Applied Chemistry, Faculty of Science and Engineering, Saga University,
Honjo-machi 1, Saga-shi, Saga 840-8502, Japan

A Ce(lV) or Cr(lll) impregnated Nafion-K catalyst was found to be effective in promoting the dehydrogenative oxi-
dation of polycondensed aromatic hydrocarbon with NaBrO3 as a co-oxidant.

Polycyclic aromatic hydrocarbons can be oxidised to quinonesanthraguinon@ were obtained by the oxidation bivith 30%
by a number of reagents, however, the operation is frequentlid,O,/MeCN-H,0, tert-BuOOH/ GH, or m-CPBA/ CH,CI, in
tedious and reaction conditions are generally quite criticalspite of using a large excess of co-oxidant. These results sug-
Quinones have been prepared in moderate yields from chromigested that these systems dramatically reduce the catalytic
acid oxidation of polycyclic aromatic hydrocarbons, e.g., 1,4-activity of the Nafion—Ce(IV) reagent and regeneration of the
naphthoquinone (18-22% yieldand 9,10-phenanthrene- Nafion—Ce(lV) by oxidation with co-oxidants in the reaction
quinone (44-48% vyiel®® The reaction requires either system did not work well. In contrast, higher yields were
prolonged periods of standing or elevated temperatures for itsbtained in the oxidation of anthracehwith Nafion-Cr(lll)
completion. On the other hand, the formation of gummy precip-in the presence of various co-oxidants, in particular oxidation
itate and troublesome workup are serious problems arising frorof 1 with tert-BuOOH as a co-oxidant in refluxing benzene
using chromium(VI) reagents for the oxidation of alcohols. Infurnished complete oxidation within 6h to afford
order to overcome these difficulties, polymer reagents such aanthraquinon& in quantitative yield. These findings strongly
poly(vinylpyridinium chlorochromaté)pr poly(vinylpyridinium suggest that the Nafion—Cr(lll) oxidation system is much
dichromate) have been introduced. Although the purification of stronger than the Nafion—Ce(lIV) system. Consequently,
the final product is easy, the exchange capacity of the polymealthough the yields of oxidation products are low, oxidation of
oxidants is usually low. Furthermore, recycling of reagentsanthracene with Ce(IV) or Cr(lll) impregnated Nafion—K cat-
requires troublesome steps of workup. alysts was found to be effective in promoting the
An amazing oxidising power of ceric ammonium nitrate dehydrogenative oxidation of polycondensed aromatic hydro-
[(NH,),Ce(NQ),; CAN] has been demonstrated by a series ofcarbons with NaBrQas a co-oxidant.
oxidation reactions of organic compounds. For example,
polynuclear aromatic hydrocarbons are also oxidized to
quinones: . Catalyst
On the other hand, Nozaki et al reported teatbutylhy- OOO
droperoxide oxidizes alcohols into the corresponding carbony Co-oxidant
compounds (71-98%) effectively under a Cr(lll) or Ce(IV)
impregnated Nafion-K catalyst, which is reusable after simple
washing’ Recently, we have found that a Nafion-H catalyst, a
perfluorinated sulfonic acid resfns effective in a wide range
of liquid and gas phase reactions, including electrophilic
substitutions on aromatic nuclei, transalkylations, condensa

\

Table 1 Oxidation of anthracene with Nafion-Ce(lV) and
Nafion-Cr(lll) / Co-oxidant?

tions and so of. Run Catalyst Co-oxidant  Solvent Yield of
Now we report an efficient and convenient procedure for quinone®/%

ox!dation qf polycondensed qromatic hydrocgrbons to, Nafion-Ce(IV) NaBro, MeCN/H,0 14
quinones with a Cr(lll) or Ce(IV) impregnated Nafion-K cat- 3 Nafion-Ce(IV) 30%-H,0,  MeCN/H,0 0
alyst using various co-oxidants, which are able to proceed  Nafion-Ce(lV) t-BuOOH CgHq 15
quite readily, giving good to moderate yields. 4  Nafion—-Ce(lV) m-CPBA CH,CI, 18
5 Nafion-Cr(lll) NaBrO, MeCN/H,0 20
. . 6  Nafion-Cr(lll) 30%-H,0, MeCN/H,0 20
Results and Discussion 7 Nafion-Cr(lll) +BuOOH  CgH, 100
Oxidation of anthracene with a Ce(1V) or Cr(lll) impregnated 8  Nafion-Cr(lll) m-CPBABI  CH,CI, 63

Nafion-K catalyst was carried out in the presence of variougReaction conditions: [Oxidant]/[Anthracenel= 4:1; Nafion-
co-oxidants. The results are compiled in Table 1. TheCe(Ig/): Cr(lll): 10 wt %; Beaction temp.: refl_ux; Reaction time:
attempted oxidation of anthracefienith a Ce(IV) impreg- ~ ©hi "Yields were determined by GLC analysis.

nated Nafion-K catalyst using NaBy@s a co-oxidant under .
MeCN refluxing for 6h gave the oxidation product, When the recovered Nafion-Ce(IV) was used under the same

anthraquinone in 14% yield, with recovery of the starting "€&ction conditions, no oxidation products were obtained. This
compound. Prolonging the reaction time for 24h increased th&esult indicates that the catalytic system which reduced Ce(lll)
yield of 2 from 14% to 63%. Similar low yields of could not regenerate Ce(lV) by NaBr@n the system. A
remarkable deactivation of catalyst was observed because
. . ._regeneration of catalyst could not be achieved to the original
* To receive any correspondence. E-mail: yamatot@cc.saga-u.ac.jp
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Table 2 Oxidation of arenes with Nafion-Ce(IV)/NaBrO,?
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reagents for oxidation of polycondensed aromatic hydrocar-

bons. Furthermore, the present oxidation method provides
excellent yields, easy isolation of products, and ready regenera-
tion of the catalyst without the loss of catalytic activity because

the essential oxidaton reagent is NaBa® a co-oxidant.
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Experimental

IH NMR spectra were recorded at 270 MHz on a Nippon
Denshi JEOL FT-270 NMR spectrometer in deuteriochloro-
form with Me,Si as an internal reference. IR spectra were
measured as KBr pellets on a Nippon Denshi JIR-AQ20M
CH,0OH O spectrometer. Mass spectra were obtained on a Nippon Denshi
‘O JMS-01SA-2 spectrometer at 75 eV using a direct-inlet sys-
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95 tem. GLC analysis were carried out by Shimadzu gas chro-
matograph, GC-14A (conditions: Silicone OV-1, 2 m;
¢ programmed temperature rise, 12°C/min; carrier gas nitrogen,
25 cn®/min.).
aNafion-Ce(IV), 10wt%; [NaBrO,l/Substratel=4:1; Solvent, Materials The Nafion-H catalyst was prepared from com-
MeCN: 1N HNO,=7:3 v/v; Reflux for 1h. Plsolated yields were mercially available (Du Pont) Nafion—-K resin, as previous
shown. described:® Preparation of Nafion—Ce(IV) or Nafion—Cr(lll)
was carried out following the reported proceduréfion-

the acidic media the Nafion-Ce(IV) reagent could be regenerCe(lV) was prepared as follows. Nafion—K (1.1 g) was stirred
ated in the present oxidation system. In fact, when the oxidawith a solution of (NE),Ce(NQ), (1.75 g) in deionized water
tion of anthracend with Nafion-Ce(IV) in the presence of (30 cn) for 36 h at 25°C. The catalyst was filtered, washed
NaBroO, under 1 N nitric acid was carried out in refluxing with water (10 crdix 5) and dried to constant weight.
MeCN/H,O, the yield of the desired anthraquinoe General procedure for Nafion-Ce(1V)- or Nafion-Cr(lll)-cat-
increased from 14% to 95%. In the case of Nafion—Cr(lll) alyzed oxidation of poly- condensed aromatic hydrocarbons
reflux, it takes only 1h to complete the reaction to afford with co-oxidant Typical procedure. — A mixture of anthracene
anthraquinone2 in quantitative yield. Nafion—Ce(IV) or 1 (178 mg, 1 mmol) and 20 mg (10 wt %) of Nafion-Ce(IV),
Nafion-Cr(lll) were recovered simply by filtering the hot reac- and NaBrQ (604 mg, 4 mmol) in a mixture of acetonitrile and
tion mixture to give ready regeneration of the catalyst withoutl N nitric acid (7:3 v/v) (10 cB was refluxed until completion
the loss of catalytic activity. The reaction was very clean. Theof the reaction as monitored by GLC analysis. The solid resin
amount of catalyst required, as a function of the amount ofyas filtered off and the filtrate was extracted with ,CH
anthracena, was between_ 5 and. 10 wt%. Optimum yields of (10 cn# x 2), washed with water (5 ¢ 2), dried (NgSo,)
anthraquinone were obtained with 10 wt% of catalyst. The and condensed under reduced pressure to give anthragRinone
use of 5 wt% of catalyst gave lower yields. It was also found(198 mg, 95%) as a colourless solid.
that the addition of 10 wt % of Nafion—H to the dual oxidation
system, e.g. Nafion—-Ce(IV)-NaB;©r Nafion-Cr(lll)-NaBrQ  Received 10 August 2000; accepted 5 November 2000
instead of nitric acid also increased the yield of anthraquinonaper 00/453
2 and shortened the reaction time.

The presently-developed oxidation systems were furtheg forences
applied to other polycondensed aromatic hydrocarbons suc
as naphthalene and phenanthrepe to afford l,A.f-naphtho-1 E:A\\/.VeBrl"lgtjadnedaanndej.Sl_'allz()al’\llvd;’?”%yi)tll’?fhé O(ﬁ?iléjé%éiéﬁ?&
quinone and 9,10-phenanthrenequinone. As shown in Table 25 5 MuzartChem. Rey1992,92 113.
the present method provides good yields, easy isolation of thes jm.J. Fréchet, J. Warnock, and M J. FardalQrg. Chem.1978,
products, and no concomitant isomeric quinones such as 1,4- 43, 2613.
phenanthrenequinone was observed under the reaction condis (a) J.M.J. Fréchet, P. Darling, and M.J. Far&llOrg. Chem.
tions different from the direct oxidation of phenanthrene with ~ 1981,46, 1728; (b) G. Cardillo, M. Orend, and S. Sandri, J. Am.
excess of CAN2 However, oxidation of 9-hydroxymethyl- Chem. Soc., 197&8, 6737. _
anthracene to afford 9-formylanthracene failed. Only 9,10- 6 I(_a)HLc; g?hzﬁ\éﬁigz%aggf' M. Wongynthesis1973 206; (b)
anthraguinone was obt_alned in 95% yle_Id. . 7 S. K:':memoto, H. Saimoto, K. Oshima, and H. Nozaki,
The Cr(lll) or Ce(IV) impregnated Nafion-K catalyst oxida- Tetrahedron Let.1984.25, 3317.
tion method succeeded in overcoming the formation of gJummy g G A. Olah, P.S. Iyer, and G.K.S. PrakaSkinthesis1986, 513.
precipitate and troublesome workup which are serious problemsy T. Yamato,J. Synth. Org. Chem. Jpri995,53, 487 and refer-
arising from using chromium(VI) reagents for stoichiometric  ences therein.
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