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RESEARCHES ON ALLO- AND ISOALLOXAZINES

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

XVII. Hydroxyethylation of 7-Aminoallo- and Isoalloxazines *
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The reaction of 7-aminoallo- and isoalloxazines with ethylene

oxide is investigated, and its optimum conditions are found. Addition
of ethylene oxide to 7-aminoisoalloxazine involves only the cyclic
amino group at position 3, while addition to 7-aminoalloxazine
involves the cyclic imino group at position 3 and the amino group

at position 7.

As a continuation of work done in this laboratory on
the synthesis of various amino derivatives of allo- and
isoalloxazines [2], and in studying their reactivities,
the present work made a study of the reaction of 7~
aminoallo- and 7-aminoisoalloxazines with ethylene
oxide. The reaction of slightly basic amines, among
which may be numbered aminoallo- and aminoisoallo-
azines, with ethylene oxide usually takes place under
drastic conditions, that is, under pressure and at
160°[3]. Hydroxyethylation of 7-aminoallo- and 7-
aminoisoalloxazoles under such conditions in a hetero-
geneous phase (due to low solubility) gave a mixture,
separable with difficulty, of starting amine and its
hydroxyethylation products. Fractional crystallization
from ethanol led to the isolation of a small yield of a
product of di-hydroxyethylation of 7-aminoalloxazine.

The amines investigated did not hydroxyethylate in
pyridine or acetic acid solution, while with 1.5% alka-
li solution there was great difficulty in separating the
reaction products, due to ethylene oxide polymeriza-
tion. The optimum conditions for effecting hydroxy-
ethylation have now been found, viz. passing ethylene
oxide into heated aqueous solutions of 7-aminoallo-
and 7-aminoisoalloxazines. Hydroxyethylation of
6-methyl-7-aminoalloxazine (I) and 7-aminoalloxazine
(II) gave 3-(B-hydroxyethyl)-6-methyl-7-(5~hydroxy-
ethyl)aminoalloxazine (III) and 3-(8 -hydroxyethyl)-7-
(8 -hydroxyethyl)aminoalloxazine (IV) respectively.
Unlike 7-aminoalloxazine [4], compounds III and IV
do not diazotize, indicating the absence of a primary
amine group.

The alkaline degradation reaction of alloxazines
[5] was used to confirm the structures of compounds
OI and IV. In the case of compound IV it gave 2-hy-
droxy-7-(B -hydroxyethyl)aminoquinoxaline-3-car-
boxylic acid (VI), while the starting 7-aminoalloxa-
zine (II) gave 2-hydroxy-7-aminoquinoxaline-3-carbox-
ylic acid (V).

That hydroxyethylation of 7-aminoalloxazines does
not proceed simultaneously at positions 1 and 3, is
confirmed by the preparation of 3-(8-hydroxyethyl)-7-

*For Part XVI see [1].

H
cit o

@\ \ 20 ClmtL HoCH CHAK 2 (\\f

H o P ¢

|\/ S ch, N AR
1

m (r

u
NH, N Cch —CH, N
‘ /() T HOCH CH w\/\j\/ N \ 0
NH v\/ ,\(H CH,OH

o0

1 |

N HOCH 1) \H\/\\/ oy O
!
1 i

NN CO0H XA coom
v Vi

dimethylaminoalloxazine (VIII) by hydroxyethylation of
7-dimethylaminoalloxazine (VII).
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The occurrence of hydroxyethylation at the ring
imino group at position 3 (and not at position 1) is ob-
viously due to the position 3 imino group between two
carbonyls being more acidic and more mobile than
the position 1 imino group, and capable of splitting
off a proton to give a strongly nucleophilic center,
which reacts with the electrophilic carbon atom of the
ethylene oxide.

The presence of a dialkylamino group at position
7 in the alloxazine molecule causes, in comparison
with an unsubstituted amino group, a bathochromic
shift (by 35 mp) of the long wave band of the absorption
spectrum. The absorption spectra of the hydroxyethyl
derivatives of 7-aminoalloxazine and 7-dimethylamino-
alloxazine resemble the spectra of the starting amines.
This confirms the fact that compounds III and IV do not
have the structure of a 7-di(8 -hydroxyethyl)amino-
alloxazine (Fig, 1).

It should be mentioned that in 70% sulfuric acid
solution compound IV readily undergoes dealkylation
to the starting 7-aminoalloxazine (O), which is diazo-
tized by sodium nitrite, and then undergoes diazo
coupling with S-naphthol to give 7-(8'-naphthyl-1'-azo)
alloxazine (IX). This was proved by paper chromato-
graphy of the reaction products using the appropriate
markers (Fig. 2).

Hydroxyethylation of 7-amino(desmethyl)lumiflavin
X) having two active centers, a ring imino group and
a primary amino group at positions 3 and 7 respect-
ively, gave 3-(B-hydroxyethyl)-7-amino(desmethyl)-
lumiflavin (XI).
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Fig. 1. Absorption spectra (in ethanol):
1) 3-(8-hydroxyethyl)-6-methyl-7- (8~
hydroxyethyl) aminoalloxazine (III);
2) 3-(B -hydroxyethyl)~7-(5 ~hydroxyethyl)
aminoalloxazine (IV); 3) 7-aminoallox-
azine (I); 4) 3-(8-hydroxyethyl)-7-
dimethylaminoalloxazine (VIII);

5) 7-dimethylaminoalloxazine (VII).
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Compound XI does not form a sodium salt, unlike
isoalloxazines with a free ring imino group at position
3. It is not identical with 7-(B-hydroxyethyl)amino
(desmethyl)lumiflavin (XII), unequivocally prepared by
condensing 7-chloro(desmethyl)lumiflavin with mono-
ethanolamine [6] (table).

That compound XI contains a free amino group is
confirmed by the fact that it undergoes diazotization,
then diazo coupling with 8-naphthol to give 3-(8-hy-
droxyethyl)~6-methyl-7- (8 "-naphthyl-1'-azo)-9-meth-
ylisoalloxazine (XIII). Moreover, the azo dye molecule
is deprived of the fluorescent properties inherent in
the isoalloxazine. The occurrence of hydroxyethyla-
tion of 7-amino(desmethyl)lumiflavin at the position 3
ring nitrogen atom of the isoalloxazine molecule, is
in agreement with known facts regarding the alkylation
of 7T-amino(desmethyl)lumiflavin by methyl iodide in
alkaline solution, to 3-methyl-7-amino(desmethyl)-
lumiflavin [7].

The table gives fluorescence colors, Rf values,
absorption spectra, and elementary analyses of the
compounds prepared.

EXPERIMENTAL

3-(8-Hydroxyethyl)-6 -methyl-7-(8-hydroxyeth ylyaminoalloxazine
(TiI). A suspension of 2.0 g Na salt of 6-methyl-7-aminocalloxazine
was prepared from 2.2 g 6-methyl-7-aminoalloxazine (1), using 40
ml 0,1 N NaOH in 600 ml water. It was heated to 100°and, with
stirring, gaseous ethylene oxide passed into the solution for 6 hr. The
progress of the reaction was checked by chromatographing (until the
starting amine disappeared). The solution was vacuum concentrated
to 200 m!, and after 72 hr, 0.85 g (25.1%) Il was separated off. It
was purified by two recrystallizations from water, washed with MeOH
(16 ml), yellow needles, which did not melt up to 300°,

3-(8-Hydroxyethyl)-7-(8-hydroxyethyl)aminoalioxazine (IV). a)
Ethylene oxide was passed into suspension of 1.0 g Na_ salt of 7-amino-
alloxazine {lI) prepared from 1.1 g 7-aminoalloxazine and 15 ml
0.1 N NaOH as when synthesizing compound III, to give 0.45 g
(43%) alloxazine IV, purified similarly to Ill. Yellow plates, which
did not melt up to 300°,

b) 2.29 g (0.01 mole) II and 1 ml (0.02 mole) ethylene oxide were
heated together for 7 hr in a sealed tube at 150°. Chromatography
showed the products to contain 7-aminoalloxazine and two new com-
pounds. Fractional crystallization from EtOH, followed by recrystal-
lization gave 0.03 g IV, as yellow crystals, which did not melt up
10 300°.

2-Hydroxy-7-aminoquinoxaoline-3-carboxylic acid (V). 0.5 g 1
in 30 ml 2 N NaOH was heated for 24 hr at 150° in a sealed tube.
When the tube was opened, there was a marked smell of ammonia.
After filtering, the solution was acidified with dilute HCI1. At pH 7-8,
silicic acid, extracted from the glass by the alkali, precipitated and
was separated off. In acid solution 0.12 g (27%) acid V came down,
and was purified by recrystallizing from absolute EtOH, brownish-
yellow precipitate, subliming at 292°.

2-Hydroxy-7-(B-hydroxyethyl)aminoquinoxaﬁne-a-cuboxylic
acid (VI). 0.5 g IV was heated with 30 ml1 2 N NaOH for 24 hr at
150°, and the products worked up as for compound V, to give 0.1 ¢
(25.5%) VI, recrystallized from EtOH, yellow crystals, mp 151° (de-
comp).

3-{8-Hydroxyethyl)-7-dimethylaminoalloxazine (VII). 1.0 g Na
salt of 7-dimethylaminoalloxazine, obtained by reacting VIl with
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0.1 N NaOH, was prepared in 200 ml water, 20 ml 0.1 N NaOH
added, the solution stirred and held at 100° for 8 hr, while ethylene
oxide was passed in. The products were vacuum evaporated to 40 ml,
when 0.52 ml (48.1%) VIII separated, purified by recrystallizing
twice from water, then from MeOH, orange yellow plates which did
not melt at 300°.

]

Fig. 2. Paper chromatography (in sys-
tem 1: n-BuOH—water—AcOH, 4:5:1)
1) 3(8 -hydroxyethyl)-7-(8 -hydroyethyl)-
aminoalloxazine (IV), Rf 0.51 (yellow-
ish-green fluorescence); 2) compound
IV in 70% H,S0,, Rf 0.20 (yellowish-
green fluorescence); 3) T-aminoalloxa-
zine (II), Ry 0.20 (yellowish-green fluo-
rescence); 4) compound IV in 70% H,
S0,, after diazotizing and coupling with
B-naphthol (red nonfluorescing spot); 5)
7-(B'-naphthyl-1'-azo)alloxazine (IX),
Rf 0.30 (red nonfluorescing spot).

7-(8'-Naphthyl-1-azojalloxazine (IX). 0.1 g 1V was dissolved in
3 ml 70% H,S04, and paper chromatography gave a spot fluorescing
in UV light with Rf 0.56 (system 2, cf. Fig. 2), and 0.42 {system 3),
identical with the marker 7-aminoalloxazine, having Ry 0.56 (system
2) and R, 0.42 (system 3). After cooling to 0°, it was diazotized with
1 ml 10% NaNOj, solution. After half an hour the products were di-
luted with water (5 ml), then filtered, and 2 solution of 0.12 g -
naphtol in 30 ml 15% NaOH was added to the filtrate; it turned an
intense raspberry red. After leaving for half an hour, the solution
was neutralized to pH 4-5, with AcOH. The black precipitate of
azo dye was filtered off (0.09 g), R 0.30 (system 1) and 0.69 (system
9}, red nonfluorescent spot. It was Chromatographically identical with
7-(8"-naphthyl-1-azo)alloxazine, prepared from 7-aminoalloxazine
as described in [4]. Rf 0.3 (system 1) and 0.69 (system 2), red non-
fluorescent spot.

3-(B-Hydroxyethyl)-7-amino(desmethyl)lumiﬂavin (XI). 0.5 gX
was suspended in 500 ml water, 50 ml 0.1 N NaOH added, and ethy-
lene oxide passed into the solution at 100° for 8 hr. The resultant
red solution was cooled, acidified to pH 6, and after 24 hr, 0.4 g
(67.8%) XI separated. Red needles ex water or 50% MeOH, which
did not melt at 300°,

3-(8-Hydroxyethyl)-6 -methyl-7 -(8' -naphthyl-1'-az0)~9-methyl-
isoalloxazine (XIII). A suspension of 0.08 g XI in 8 ml 6 N HCI was
cooled to 0°and diazotized with 1 ml 5% aqueous NaNO,. After
stirring for an hour at 18-20°, 2 solution of 0,05 g 8-paphthol in 15
m1 NaOH was added. Half an hour later, the solution was neutralized
to pH4-5 with ACOH. 0.09 g azo dye XIII was filtered off, dark cherry,
which did not melt at 300°, Rf 0.36 (system 1) and 0.70 (system 2),
red nonfluorescent spot.
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