Reductive Acetylation of Some Naphthoquinones
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9-Acetylaminonaphtho([1,2-b6:4,3-b']bis[1,4]oxathiin-2,7-dione and 4,9-diacetoxy-8-acetylamino-2,3-
dihydronaphtho[2,3-b]furan-2-one were synthesized by reductive acetylation reaction of the newly
prepared compounds. 2-Methyl-8-nitro-2,3-dihydronaphtho(2,3- b]furan-3,4,9-trione was prepared via
reaction of O-(5-nitro-1,4-naphthoquinon-2-yl)glycolic acid with polyphosphoric acid.

Many reactions of 1,4-naphthoquinones have been
studied [1—4]. An important class of reactions is the
1,4-addition of nucleophilic reagents [5—10]. In this
communication we report on some addition-oxidation
reactions of the 5-nitro-1,4-naphthoquinone derivative
(/) with some sulfur and oxygen nucleophiles. Addi-
tionally, the reductive acetylation was applied onto the
produced new quinonoid structures with a view to syn-
thesize new interesting heterocyclic ring systems.

Reaction of 5-nitro-1,4-naphthoquinone (/) with thio-
glycolic acid in ethanol gave 2,3-bis(2-carboxymethyl-
thio)-5-nitro-1,4-naphthoquinone (//) (Scheme 1). The
mechanistic pathway for the formation of this product
involves the addition of thioglycolic acid to the a,-un-
saturated carbonyl compound (/) followed by oxida-
tion of the resulting intermediate to the corresponding
final isolable product /[ The oxidizing agent is, most
probably, the starting naphthogquinone molecule itself.
The IR and 'H NMR spectral data were found to be in
complete agreement with the assigned structure. Re-
fluxing compound // with a mixture of zinc, glacial ace-
tic acid, and acetic anhydride afforded 9-acetylamino-
naphtho[1,2-b:4,3-b']bis[1,4]oxathiin-2,7-dione (///) as
an unusual product. The pathway for this product was
assumed to occur through the usual reductive acetyla-
tion process, followed by anintramolecular cyclodehy-
dration reactions. The structure of /// was assigned on
the basis of its spectral data.

In an attempt to prepare analogous heterocyclic
systems, compound / was allowed to react with gly-
colic acid in ethanol at the reflux temperature. The struc-
ture of the produced compound (/Va) was deduced on
the basis of analytical and spectral data. The prefer-
able formation of the bis product // may be due to the
relatively higher nucleophilicity of thioglycolic acid with
respect to its oxygen analogue. Reaction of /Va with
zinc, glacial acetic acid, and acetic anhydride under
similar reaction conditions gave the hitherto unknown
4,9-diacetoxy-8-acetylamino-2,3-dihydronaphtho[2,3-
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blfuran-2-one (V). Structure of this product was con-
firmed on the basis of '"H NMR and IR spectral data
(cf. Experimental). The formation of furan derivative
(V) instead of the expected compound V/ might be
ascribed to the prior intramolecular cyclodehydration
followed by reductive acetylation.

In continuation of this work, lactic acid was reacted
with compound / in ethanol. Attempts for cyclization of
the produced compound /Vb, using the same reaction
condition that was used for preparation of V, were un-
successful. Conversion of this alkyloxy derivative /Vb
to the corresponding furan derivative (V) was affected
successfully by treatment with polyphosphoric acid at
100 °C. Structural assignment of V// was based on its
spectral analysis.

EXPERIMENTAL

Melting points are uncorrected. IR spectra were
recorded on a Perkin—Elmer 157 infracord (KBr). 'H
NMR spectra were run on a 90 MHz Perkin—Elmer R-
32 instrument using TMS as an internal standard.
Chemical shifts are given in 4. Microanalytical data are
measured at Microanalytical unit, Cairo University,

Egypt.

2,3-Bis(2-carboxymethylthio)-5-nitro-1,4-naphtho-
quinone (//)

Thioglycolic acid (0.9 g; 0.01 mol) was added to a
solution of / (2.0 g; 0.01 mol) in absolute ethanol (50
cm®) and the reaction mixture was stirred for 6 h. Con-
centration of the resulting brown coloured solution af-
forded a sticky brownish yellow mass. Crystallization
of the so formed product from benzene yielded orange
crystals of m.p. = 190°C, yield = 63 %. IR spectrum, v/
cm™: 3460, 2900, 1680, 1535, and 1290. 'H NMR spec-
trum, : 2.98, 3.11 (s, s, 2 x 2H, CH, protons), 12.52,
12.61 (s, s, 2 x 1H, COOH, exchangeable with D,0),
7.91—8.31 (m, 3H, H_ ). For C,,HNO.S, (M, =
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ACETYLATION OF NAPHTHOQUINONES

383.36) wcalc.): 43.85 % C, 2.37 % H, 3.65 % N;
w(found): 43.73 % C, 2.51 % H, 3.55 % N.

9-Acetylaminonaphtho[1,2-b:4,3-b ]bis[1,4]oxathiin-
2,7-dione (/1)

To a solution of // (3.8 g; 0.01 mol) in excess of
glacial acetic acid, acetic anhydride (10 cm®) and zinc
dust (0.01 mol) were added and the reaction mixture
was refluxed for about 5 h and concentrated. Addition
of diethyl ether afforded a brown solid precipitate which
was filtered off and recrystallized from chloroform/hex-
ane mixture as brown crystals of m.p. = 270 °C,
yield = 45 %. IR spectrum, 7/cm™": 3300, 2850, 1770,
1710, and 1210. 'H NMR spectrum (CDCl,),6:2.13 (s,
3H, COCH, ), 3.31,3.52 (s, s, 4H, 2 x CH, at C-3 and
C-6), 7.63—7.96 (m, 3H, H_ ), 9.11 (s, 1H, NHCO).
For C H,,O,S,N (M.= 361.39) w(calc.): 53.17 % C,
3.07 % H, 3.88 % N; w(found): 53.41 % C, 3.39 % H,
3.72 % N.

O-(5-Nitro-1,4-naphthoquinon-2-yl)glycolic (/Va)
and -lactic acid (/Vb)

Compound /(0.01 mol) in absolute ethanol (30 cm®)
was treated with the corresponding hydroxy acid (0.01
mol in each case) and the reaction mixture was reflux-
ed for 3 h where brilliant orange crystals were separat-
ed out. Recrystallization from benzene afforded the
product as orange crystals.

IVa: M.p. = 210 °C, yield = 60 %. IR spectrum, v/
cm™': 3450, 2860, 1700, 1680, 1500, and 1220. 'H NMR
spectrum (CDCl, ), d: 12.81 (s, 1H, COOH, exchange-
able with D,0), 3.42 (s, 2H, CH,), 6.71 (s, 1H, CH=C),
7.68—7.91 (m, 3H,H_ ). ForC,,H.O.N (M, =277.19)
w(calc.): 51.99 % C, 2.55 % H, 5.05 % N; w(found):
52.09 % C, 2.46 % H, 5.13 % N.

IVb: M.p. = 230 °C, yield = 50 %. IR spectrum,
v/em™: 3410, 2900, 1690, 1680, and 1530. 'H NMR
spectrum (DMSO), 6: 1.46 (d, 3H, CH,), 12.91 (s, 1H,
COOH, exchangeable with D,0), 3.21 (g, 1H, CH), 6.42
(s, 1H, CH==C), 7.61—7.92 (m, 3H, H__ ). For
C,;H,O,N (M =291.21) w(calc.): 53.62 % C, 3.11 % H,
4.81 % N; w(found): 53.77 % C, 3.32 % H, 5.01 % N.
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4,9-Diacetoxy-8-acetylamino-2,3-dihydronaph-
tho[2,3-b]furan-2-one (V)

This product was prepared adopting the same pro-
cedure that was used in preparation of compound ///
starting from /Va. The pure product (m.p. = 180 °C)
was obtained in 70 % yield. IR spectrum, 7/cm™: 3210,
1695, 1690, 1685, and 1510. 'H NMR spectrum
(DMSOQ), ¢: 1.82 (s, 3H, NCOCH,), 2.31, 2.49 (s, s,
6H, 2 x OCOCH,), 4.11 (s, 2H, CH,), 7.63—7.89 (m,
3H,H,,.)- ForC,H,.O.N (M =357.31) w/calc.): 60.50
% C, 4.23 % H, 3.91 % N; w(found): 60.69 % C, 4.34
% H, 4.01 % N.

2-Methyl-8-nitro-2,3-dihydronaphtho[2,3-b]furan-
3,4,9-trione (VII)

To compound /Vb (0.2 g) excess polyphosphoric
acid (20 g) was added and the mixture was stirred on
an oil bath at 170 °C for 2 h and cooled. The reaction
mixture was poured on ice-cold water and the precipi-
tated brown product was filtered off and recrystallized
from ethanol in 80 % yield of m.p. = 220 °C; IR spec-
trum, #/cm™: 2700, 1690, 1680, 1530, and 1220. 'H
NMR spectrum (CDCl,), é: 1.46 (d, 3H, CH,), 4.56
(9,1H, CH), 7.98—8.21 (m, 3H, H__ ). For C, ,H.ON
(M. =273.19) w(calc.): 57.15 % C, 2.58 % H, 5.13 %
N; w(found): 57.41 % C, 2.63 % H, 5.32 % N.
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