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Hypervalent Iodine Oxidation of p-Alkoxy- and Related
Phenols: A Facile and Efficient Synthesis of p-Quinones

Yasumitsu Tamura, Takayuki Yakura, Hirofumi Tohma, Kazumi Ki-
kuchi, Yasuyuki Kita*

Faculty of Pharmaceutical Sciences, Osaka University, 1-6, Yama-
daoka, Suita, Osaka 565, Japan

(Ditrifluoroacetoxyiodo)benzene oxidizes p-alkoxy- and related phenols
to the corresponding p-quinones in excellent vyields under mild
conditions.

The synthesis of p-quinones and p-quinone derivatives is an
important synthetic aspect in organic chemistry, because they
are not only useful intermediates, but also many are pharmaco-
logically active compounds.! Although there are many oxi-
dation methods for the preparation of p-quinones from phenol
derivatives such as, metal oxidants,®> Fremy's salt,® silver
oxide,*  2,3-dichloro-5,6-dicyano-1,4-benzoquinone(DDQ).*
ammonium cerium(IV) nitrate,® they have some limitations
especially in the case of phenol derivatives with an acid-
sensitive group. For certain reagents, the acidic conditions used
resulted in decomposition or hydrolysis of the acid-sensitive
group. Thus, attempted oxidation of 4-methoxy-2-(tetrahydro-
pyranyloxy)methylphenol (1a) with DDQ in methanol gave a
complex mixture, and oxidation with Fremy’s salt in potassium
dihydrogen phosphate solution did not give the p-quinone but
the o-quinone derivative 2 selectively. Oxidation of 1a with
ammonium cerium(IV) nitrate in acctonitrile/water gave hy-
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In continuation of our study on the hypervalent iodine com-
pounds,” we recently described a general synthetic method for p-
benzoquinone monoacetals frorm p-alkoxyphenols by the hyper-
valent iodine reagent, (ditrifluoroacetoxyiodo)benzene,® and
now found that oxidation of la with (ditrifluoroacetoxy-
iodo)benzene in acetonitrile/water in the presence of potassium
carbonate gave 3a in excellent yield. Similar results were
obtained in the oxidation of 4-methoxy-2-(methoxymethyl)oxy-
methylphenol (1b). The present hypervalent iodine oxidation
using (ditrifluoroacetoxyiodo)benzene was found to be quite
useful not only for the preparation of acid-sensitive p-quinones,

Product  Yield® mp (°C)* Molecular Formula® IR (KC1)¢ *H-NMR (CDCl,/TMS)®
(%) (solvent) or Lit. mp (°C) v{em ™) 0. J(Hz)
3a 86 67-69 Cy,H,,0, 3050; 2925; 1.45-2.1 (m, 61f); 3.45-4.1 (m, 2H); 4.53 (m,
(r-hexane) (222.2) 2850; 1655; 2H); 4.75-4.9 (m, 1H); 6.8-7.1 (m, 3H)
1645; 1600
3b 99 yellow oil CoH,,0, 2950; 2875; 3.36 (s, 3H): 4.43 (d, 2H, J = 2); 4.69 (s. 2H);
(182.2) 1660; 1600° 6.7-6.9 (m, 3H)
3¢ 1002 115116 115-116"! 1660; 1640; 6.76 (s, 4H)
93h (C¢Hg/n-hexane) 1630; 1585
3d 86 140-142 1402 1675; 1645; 3.82 (s, 3H): 5.9-6.0 (m, 1H); 6.65-6.75 (m, 2H)
(CeHy) 1620; 1590
3e 100 250252 250-252"" 1690; 1640; 3.82 (s, 6H); 5.83 (s, 2H)
(CeHe) 1620; 1590
3f 94 76-77 74-75" 3500--3100; 2.57 (br s, 1H); 4.56 (d, 2H, J = 2); 6.7-6.9 (m,
(CH,Cl,/n-hexane) 75-76'* 1655; 1640; 3H)
1590
3 98 123125 C,oHyF3NO, 3375; 1710; 269 (t, 2H, J=7); 3.55 (dd, 2H, J=13, 6);
(CH,Cy/n-hexane) (247.2) 1655; 1600; 6.55-6.9 (m, 3H)
1550; 1540
3h 9% 90-93 C,oHgO5 1700; 1655; 2.05-2.3 (m, 2H); 2.5-2.9 (m, 4H); 6.66 (d, 1H,
(CH,Cl,/n-hexane) (176.2) 1645; 1585 J=10); 6.82 (d, 1H. J = 10)
Sa 100 182-185 180-18513 1655; 1615; 4.00 (s, 2H): 6.82 (s, 2H); 7.2-7.8 (m, 3H)
(CoHg/n-hexane) 1580
5b 96 153155 154-155%° 1670; 1645; 4.01 (s, 3H); 7.15 7.7 (m, 4H)

(CH,Ci,/n-hexane)

1635; 1610;
1595; 1580

“ Yield of isolated products. R, R?, and R?® correspond to R', R2, ¢

and R in 1a-h. The products were identified by comparison of their
physical data with the literature data and by their spectral data.
Uncorrected, measurcd with a Yanagimoto micro melting point

¥

apparatus.

«

N

Recorded on a JASCO HPIR-1(2 IR spectrophotometer.

¢ Obtained on a Hitachi R-22 (90 MHz) spectrometer.

Measured in CHCl; solution.

¥ Obtained from le¢.

b Obtained from Ii.

The microanalyses or high-resolution MS data were in satisfactory

agreement with the calculated values: C +0.22, H £0.30, N 4:0.29;
mjz = 0.0017 (M*).
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but also for other p-quinones 3¢~i and 1,4-naphthoquinones
5a, b from the corresponding p-alkoxyphenols 1¢—i and 1,4-
atkoxynaphthols 4a, b, respectively.
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The oxidation reaction can be carried out under mild conditions.
Thus, treatment of 1a or 1b with (ditrifluoroacetoxy-
iodo)benzene in acetonitrile/water in the presence of an
equimolar amount of potassium carbonate at room temperature
for 10 minutes gave p-benzoquinone 3a or 3b in 86% or 99 %
yield, respectively. Oxidation of other p-alkoxyphenols 1¢—i and
1,4-alkoxynaphthols 4a, b proceeded rapidly under similar con-
ditions, except for the absence of potassium carbonate, to give
the corresponding p-quinones 3¢—h and 1.4-naphthoquinones
Sa, b, respectively, in excellent yields. Hydroquinone 6a and p-
trifluoroacetylaminophenol (6b) were also oxidized with
(ditrifluoroacetoxyiodo)benzene to 3¢ in 91% and 80 % vield.
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respectively. All known products were identified by comparison
with authentic samples and new compounds were characterized
by microanalyses and IR and 'H-NMR spectral data. The
results are summarized in the Table.

p-Quinones 3 and 1,4-Naphthoquinones 5; General Procedure:

To a solution of the phenol 1, 4,0r 6 (0.5 mmol) in CHCN/H,0 (2: 1,
1.5 mL) is added a solution of (ditrifluoroacetoxyiodolbenzene (215 mg,
0.5mmol) in CH,CN/H,0O (2:1, 1.5mL). The mixture is stirred at
room temperature for 10 min. neutralized with ag. NaHCO, solution,
and extracted with CH,C1, (2 x 15 mL}). The combined organic layer is
washed with brine, dried (MgSOy), and evaporated 10 give the quinone
3 or 5. Pure samples are obtained by recrystallizat:on from the solvent
indicated in the Table, except for the quinone 3b. The crude sample
of 3b is purificd by column chromatography on silica gel (EtOAc:
n-hexane, 1:1). For the oxidation of p-alkoxyphenols 1a, b having
acid-sensitive  groups such as tetrahydropyranyloxy (THPO) and
(methoxymethyl)oxy in the molecule, K,COj; (0.5 mmol) is added to the
reaction mixture.

Received: 27 May 1988; revised: 6 September 1988

(1) Thomson, R.H. Naturally Occurring Quinones, Academic Press.
London. 1971, p.367.
fouben-Weyl, Vol. VII/3a, Part 1, Georg Thieme Verlag. Stuttgart.
1977.
Finley, K.T., in: The Chemistry of Quinonoid Compounds, Patai. S,
(ed.), John Wiley & Sons, London, 1974, pp. 8771144,
(2) McKillop, A., Swann, B.P. Tetrahedron 1970, 26, 4031.
Cason, J. Org. React. 1948, 4, 305.
Shin Jikkenkagaku Koza, Mukai, T. (ed.), Marazen. 1977, Vol. 14,
p. 876, Tokyo (Syntheses and Reactions of Organic Compounds.
Part 11, in Japanese).
Deya, P.M., Dopico, M., Raso, A.G., Morev. L, Saa, J.M.
Tetrahedron 1987, 43, 3523, and references cited therein.
Snyder, C.D., Rapoport. H. J. Am. Chem. Soi. 1972, 94, 227.
Snyder, C.D., Rapoport, H. J. Am. Chem. Soc. 1974, 96, 8046.
Syper, L., Kloe, K.. Mlochowski, J., Szulc, Z. Svnthesis 1979, 521.
Lucy, J.R., Rapopaort, H. J. Org. Chem. 1981, 46, 2745.
Boldt, P. Chem. Ber. 1965, 100, 1270.
(5) Becker, H-D. J. Org. Chem. 1968, 30, 982,
(6) Jacob, P, II1, Callery, P.S., Shulgin, A.T.. Castangnoli, N., Jr. J.
Org. Chem. 1976, 41. 3627.

(3

(4

—

(7) Tamura. Y., Chun, M.-W.,, [noue, K., Minanikawa. J. Svathesis
1978, 822.
Tamura. Y., Yakura. T., Shirouchi, Y.. Haruta. J. Chem. Pharm.
Bull. 1985, 33, 1097.
Tamura, Y., Yakura. T.. Haruta, J., Kita, . Tetrahedron Lett.
1985, 26, 3837.
Tamura, Y., Yakura. T.. Shirouchi, Y.. Haruts. J. Chem. Pharm.
Bull. 1986, 34, 1061.
Tamura, Y., Yakura, T, Terashi, H., Haruta. J.. Kita. Y. Chem.
Pharm. Bull. 1987, 35, 570.

(8) Tamura, Y., Yakura, T, Haruta, 1., Kita, Y. J. Org. Chem. 1987,

52, 3927.
Concurrent with this work, Lewis® and Pelter' independently
reported a similar phenolic oxidation with idiacetoxyiodoyben-
zene.
(9) Lewis, N., Wallbank, P. Synthesis 1987. 1103

(10) Pelter, A., Elgendy, S. Tetrahedron Lett. 1988. 29. 677.

(11) Saa, J.M,, Llobera, A., Deya. P.M. Chem. Leir. 1987, 771.

{(12) Beilsteins Handbuch, Band VIII. 1925, 234,

{13} Bruce, Y. M., Knowles, P. /. Chemn. Soc. C 1966, 1627,

(14) Engel, B.G., Brzeski, W. Helv. Chim. Acta 1947, 30, 1472,

(15) Hannan, R.L., Barber, R.B., Rapoport, H. ./ Org. Chem. 1979,
44. 2153.

Downloaded by: UC Santa Barbara. Copyrighted material.



