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Abstract - The title compounds can be decxygenated under very
mild conditions by hexachlorodisilane, icdotrimethylsilane,
trifluorocacetic anhydride-sodium iodide, and titanium tetra-

chloride-zinc dust.

Deoxygenation of hetercaromatic N-oxides may be effected by a variety of
long-established methods such as catalytic hydrogenation, complex metal hydrides,
electrolysis, dissolving metals, trivalent phosphorus compounds, and various

1’2’3. A number of new deoxygenating reagents have

sulfur-containing compounds
been introduced recently, including sulfoxide4, titanium trichlorides, chromous
Chlorides, titanium tetrachloride-sodium borohydrideT, molybdenum (III) speciesg,
di-n-propyl sulfoxylateg, and sulfur monoxide generated in situlo. However, not
all these reagents are suitable for deoxygenating gquinoxaline 1},4-dioxides (QNO's)
to the corresponding quincoxalines, owing to the tendency of the substrates to
undergc under-reduction to monoxides or over-reduction to dihydro {or tetrahydro)
quincxalines, In a previous paperll we reported the deoxygenation of 2,3-di-
substituted QNO's by phosphorus trichloride and by sodium dithionite. More

12 3 have been introduced,

recently, titanium trichloride and trimethyl phosphite1
the former for dideoxygenations and the latter for selective mencdecxygenations.

We now report the deoxygenation, under very mild conditions, of 2,3-disubstituted
QNO's to the corresponding guinoxalines by hexachleorodisilane, icdotrimethyl-
silane, trifluorcacetic anhydride-sodium iodide, and titanium tetrachloride-zinc
dust (Table). These reagents have recently found important applications: hexachlo-

14

rodisilane in the deoxygenation of phosphine oxides™ ", aliphatic amine oxidesl4,

azoxyalkanesls, and nitronesls; iodotrimethylsilane in the deoxygenation cf sulfo-
xideslj, oxiranesls, and aC-ketolslg; trifluorocacetic anhydride-sodium iodide20 as

well as titanium tetrachloride-zinc dust21 in the deoxygenation of sulfoxides.
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0 I S
A CH,Ph Ph
B COPh Ph
C cochy cH,
D CO,Et CH,
E Ph CH,
F CHy CH,
% vieldl
Product M.p. Lit. SiZClG MeasiJ (CF3CO) 2O,/Na.:l' TiClq/Zn
2a 96-97° 979 57 69 509 -3
2B 150-151 150-151% 75 67 86 67
2¢ g5-86°  87-88% 489 56 639 549
2D 72-73° 73-74% 74 85 74 47
2E 53-54  53-54° asP 769 74 -3
2F 102-104% 104-106° 80 72 499 53
8 For the preparation of these starting materials see reference 22.
b Recrystallized from methanol.
© Recrystallized from methanol/water.
a Reference 23.
® Reference 24.
£

rReference 25.

9 purified by thick-layer chromatography on silica gel, using benzene-petroleum

ether as developing solvent.

ether.

J Intractable mixture.

—412—

Purified by column chromatography on alumina {grade II}; eluted by petroleum

Yields refer to isolated and chromatographically pure compounds.
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Deoxygenations of 2,3-disubstituted QNO's with hexachlorodisilane are carried
out at room temperature in chloroform solution and are complete within a few
hours. By comparison, deoxygenations with iodeotrimethylsilane (CHC13) are slower,
whereas those with trifluorcacetic anhydride-scdium iodide (acetone) are faster.
0Of the four reagents, the combination of titanium tetrachloride-zinc dust is the
least convenient in practice and, in some cases, leads to intractable mixtures;
the silanes, on the other hand, are particularly convenient and, therefore,
highly recommended for deoxygenations. <Characterization of the products (Table)
is based on comparison with authentic samples (mixture m.p., IR, TLC). In general,

11,12,

yields are as good or better than those obtained by earlier methods further-

more conditions are considerably milder than those empleyed with phosphorus

trichloride or sodium dithionitell.

In view of the importance of reductive
removal of the N-oxide oxygen in synthetic heterocyclic chemistry, the reagents
described here offer an attractive alternative to earlier methods.

EXPERIMENTAL

Hexachlorodisilane - The QNO (2.5 mmol) was dissolved in chloroform (7 ml).

Hexachlorodisilane (6 mmol) was added dropwise to the solution, which was kept at
0-5° in a stoppered flask. When the addition was complete, the ice-bath was
removed and the reaction mixture was stirred for 3 to 4 hr in a water bath at

room temperature. The reaction mixture was then cooled in an ice-bath and an
excess of 20% aquecus sodium hydroxide was added with rapid stirring. The organic
phase was washed with saturated sodium chloride solution and dried over magnesium
sulfate. The solvent was then removed under reduced pressure and the product was
collected and purified (Table}.

Iodotrimethylsilane - The QNO (2 mmocl) was dissolved in chloroform (7 ml) in

a stoppered flask. Iodotrimethylsilane (10 mmol) was added dropwise by means of
a syringe, and the mixture was allowed tc stand at room temperature for 48 hr,
after which it was quenched with 10% agqueous sodium thiosulfate and extracted
with chloroform. The organic phase was washed first with 5% agqueous sodium
thiosulfate and then with water. The dried extract (magnesium sulfate)} was
evaporated to dryness and the product collected and purified (Table}.

Trifluoroacetic anhydride-sodium iodide - The QNO (1.25 mmol) and sodium

iodide (6 mmol) were magnetically stirred with acetone (5-7 ml) in a round-

bottomed flask. An acetone solution of trifluorcacetic anhydride (6.5 mmol) was
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slowly added with stirring. The extremely rapid reaction was followed by TLC and,
when complete, the acetone was evaporated under reduced pressure and water was
added. The mixture was then extracted with ether and the organic phase was washed
first with 5% agqueous sodium thiosulfate and then with water. The ether was
removed from the dried {(magnesium sulfate) extract and the product collected and
purified (Table).

Titanium tetrachloride-zinc dust - The QNO (1 mmol) was dissolved in ether

in a round-bottomed flask immersed in a water bath kept at room temperature.
Titanium{IV) chloride (4 mmol) was added rapidly to the magnetically stirred
solution, followed by zinc dust (8 mmol) in small portions. After one hr water
{50 ml) was added and the organic phase was separated. The aqueous layer was
extracted with ether and the combined ether layers were washed with water and
dried over magnesium sulfate. The solvent was then removed and the product

collected and purified (Table).
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