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ABSTRACT

Condensation of 3-(p-ervthro-2,3,4-trihydroxy-1-oxobutyl)-2-quinoxalinone and
its 6-chloro derivative (obtained by the reaction of D-erythro-2,3-hexodiulosono-1,4-
lactone with ortho-diamines) with aryl- or aroyl-hydrazines gave 3-[1-(phenyl-
hydrazono)-p-erythro-2,3,4-trihydroxybutyl]-2-quinoxalinone (5) and relatives.
Whereas boiling acetic anhydride causes the loss of two molecules of water per
molecule of such hydrazones, affording the 3-[5-(acetoxymethyl)-1-arylpyrazol-3-yl}-
2-quinoxalinones, identical with those obtained from the L-t/ireo isomer, alkali causes
the loss of only one molecule, affording the corresponding flavazoles. Periodate
oxidation of 5 gave 3-[1-(phenylhydrazono)glyoxal-1-yl]-2-quinoxalinone, which
afforded the corresponding mixed bis(hydrazones). A similar sequence of reactions
was conducted with the aryl analogs, 4-phenyl-2,3-dioxobutano-1,4-lactone and its
p-chlorophenyl derivative, whereby the 3-[2-aryl-1-(arylhydiazono)-2-hydroxyethyl]-
2-quinoxalinones, were prepared; these were transformed into 3-(z-hydroxybenzyl)-
flavazoles that gave monoacetyl derivatives.

INTRODUCTION

In a program in this laboratory devoted to the synthesis of heterocyclic
compounds in the carbohydrate series, hydrazines'~® and diamines®~*® have been
used to produce such heterocycles (or functional groups capable of heterocyclization).
L-Ascorbic acid is one of these carbohydrate precursors, and one of the approaches
entailed the use of its mono- and bis-arylhydrazones, whereas, in the other. o-
phenylenediamine was employed. In this way, excellent intermediates for the
synthesis of various heterocycles® ! were prepared. The generality of the latter
reactions using various ortho-diamines!? and arylhydrazines® was described in
previous reports. In the present work, we have extended these reactions to D-erythorbic
acid and its phenyl analog, in order to ascertain the effect of changing the hydroxy-
propyl side-chain to an isomeric analog or replacing it with an aromatic residue.

*Heterocycles from Carbohydrate Precursors, Part XIII. For Part XII, see E. S. H. El Ashry, Y. El
Kilany, and F. Singab, Carbohydr. Res., 67 (1978) 415422,
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DISCUSSION AND RESULTS

Unimolecular condensation of dehydro-p-erythorbic acid (p-erythro-2,3-
hexodiulosono-1,4-lactone; 1) with o-phenylenediamine was first studied by Erlbach
and Ohle'*, who isolated 3-(p-erythro-2,3,4-trihydroxy-1-oxobutyl)-2-quinoxalinone
(3); this gave the monophenylhydrazone 5. When D-erythorbic acid was oxidized in
aqueous solution with p-quinone, and without isolation, was allowed to react with
4-chloro-o-phenylenediamine, it afforded a yellow, crystalline product identified as
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6-chloro-3-(D-erythro-2,3,4-trihydroxy-1-oxobutyl)-2-quinoxalinone (4), the structure
of which was deduced from its similar method of preparation to that of 3, as well as
by its giving a red product on condensation with phenylhydrazine. The infrared (i.r.)
spectra of 3 and 4 showed a band in the carbonyl frequency region at 1675 and
1665 cm ™ !, respectively, due to CO and OCN groups which overlap. The selectivity
of the reaction of 4-chloro-o-phenylenediamine with 1, which is present in equilibrium
with acid 2, could be explained as due to the difference in reactivity of the amino
groups, as previously noted for its reaction with the L-rhireo epimer, and this was
confirmed by the isolation of only one isomer, which was chromatographically
homogeneous. During our studies with the L-tiireo epimer, no attempt was made to
isolate such an intermediate, but it was transformed directly, in solution, intc the
corresponding hydrazone; however. its formation was presumed®. The phenyl-
hydrazone of 3 was isolated as a red-orange product, and, similarly, the reaction with
p-bromo-, p-iodo-, and p-nitro-phenylhydrazines afforded the corresponding 3-[1-
(arylhydrazono)-p-erythro-2,3,4-trihydroxybutyl}-2-quinoxalinones (5-8), having the
characteristic, red-orange color. Similarly, reaction of 4 with phenylhydrazine
afforded 9, the 6-chloro isomer of 5. When aroylhydrazines were used in the condensa-
tion with 3, the products (10 and 11) were vellow. The i.r. spectra of 5-11 showed
bands at 1665-1640 cm™ ' due to the OCN groups, in addition to bands at 1630-
1625 cm™ ! due to C=N. Such characteristic bands appeared in the i.r. spectra of
similar compounds prepared from the L-threo epimer, which was taken as an argu-
ment® (in addition to the results of periodate oxidation'®. and mass spectrometric'?*
studies) for the presence of these groups in the acyclic structures. Periodate oxidation
of 5 afforded a product identical with that obtained from the L-t/ireo epimer, namely,
3-(1-phenylhydrazono-glyoxal-1-yl)-2-quinoxalinone (12), a compound of interest as
a glyoxalyl derivative suitable for further use in heterocyclic synthesis. Reaction of
12 with aroylhydrazines gave the corresponding mixed bis(hydrazones) 13-21.

Boiling the L-t/ireo analogs of 5-9 with acetic anhydride had been reported® to
be an effective method for inducing them to undergo the loss of two molecules of
water per molecule, to give pyrazole derivatives. It was of interest to ascertain the
effect on such reactions of varying the stereochemistry. Thus, the hydrazone 5 was
boiled with acetic anhydride, whereby a colorless product was isolated that was
identical with 3-[5-(acetoxymethyl)-1-phenylpyrazol-3-yl]-2-quinoxalinone (22) that
had been obtained from the L-t/ireo analog. Whereas acidic reagents cause the elimina-
tion of two molecules of water, involving the sugar residue, alkali causes 6 and 7 to
undergo the elimination of only one molecule of water, from the C-2 quinoxalinone
ring and the imino proton of the hydrazone residue, to afford the corresponding
pyrazoloquinoxalines (flavazoles), 23 and 24, respectively. Such derivatives could be
prepared from p-glucose and D-allose, and their epimers, D-mannose and p-altrose.
Flavazoles are important derivatives for the identification of sugars, as well as for use
of their mass spectra in studying oligosaccharide sequencing®-!13~!5. The n.m.r.
spectra of 24 showed the methylene protons at 5 4.8, H-2 at § 5.6, and H-1 at § 6.2,
in addition to the aromatic protons as a multiplet in the region ¢ 7.6-8.5.
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Reaction of the phenyl analog. 4-phenyl-2,3-dioxobutano-1.4-lactone (25) with
o-phenylenediamine was studied by Dahn and co-workers'?. In the piesent study, the
foregoing sequence of reactions used for the D-ervt/iro analog was extended to the
phenyl and p-chlorophenyvl analogs of r-ascorbic acid. Thus, 4-phenyl-2,3-dioxo-
butano-1.4-lactone reacted with o-phenylenediamine and arylhydrazines. affording
red products identified as 3-[2-aryl-2-hydroxy-1-(phenylhydrazono)-ethylj-2-
quinoxalinone (27-29). Similarly, 4-( p-chlorophenyl)-2,3-dioxobutano-1 4-lactone (26)
gave 30, which is a chloro deiivative of 27. Their i.r. spectra showed the OCN bands
at 1660 cm™ '. When the hydrazones 27-29 were subjected to the action of alkali, they
lost one molecule of water per molecule, affording yellow products formulated as
t-aryl-3-(z-hydroxybenzyl)flavazoles (31-33). The presence of the hydroxyl groups in
these compounds was confirmed by the acetylation of 31, whereby 3-(x-acetoxybenzyl)-
I-phenyifiavazole (34) was obtained; its i.r. spectrum showed the presence of an acetyl
band (at 1740 cm™ '), and that hydroxyl group originated in these compounds on
opening of the lactone ring. The n.m.r. spectrum of 31 showed a one-proton singlet,
at 0 3.64. of a CH. and a multiplet (aromatic protons) at & 7.2-7.8.

EXPERIMENTAL

General methods. — Melting points were determined with a Kofler-block
apparatus and are uncorrected. L.r. spectra were recorded with a Unicam SP200
spectrometer, and n.m.r. spectra (for solutions in pyridine-ds), with a Jeol-100
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spectrometer, with tetramethylsilane as the standard. Chemical shifts are given on the
o scale. Microanalyses were performed in the Chemistry Department, Faculty of
Science, Cairo University, Cairo, Egypt.

3-(p-erythro-2,3,4-Triliydroxy-1-oxobutyl)-2-quinoxalinone (3). — A solution of
p-erythorbic acid (1.8 g) in water (15 mL) was stirred with benzoquinone (1.08 g) for
3h at 20°, and the mixture was then treated with o-phenylenediamine (1.08 g),
whereby the product separated out within 24 h. It was filtered off, washed with
ethanol, and dried; m.p. 124° (lit.'* 125°); vYuiel 3400 (OH) and 1675 cm ™! (CO and
OCN).

6-Chloro-3-(p-erythro-2,3,4-triliydroxy-1-oxobutyl)-2-quinoxalinone (4). — A
solution of p-erythorbic acid (1.8 g) in water (15 mL) was stirred with benzoquinone
(1.08 g) for 3 h at 20° then treated with 4-chloro-o-phenylenediamine (1.4 g), and
kept overnight at room temperature, whereby the product separated out. It was
filtered off, washed with ethanol, and dried (yield 62%). The product was recrystal-
lized from ethanol, giving pale-vellow needles, m.p. 165-167°; vyuie! 3400 (OH).
3250 (NH), and 1665 cm™ ' (CO and OCN).

Anal. Calc. for C,H,,CIN,O;: C. 48.3; H. 3.7; Cl, 11.9; N, 9.4. Found:
C,48.5; H, 3.6; C1, 11.9; N, 9.2.

3-[1-(Aryihvdrazono)-p-ervthro-2.3 4-rrifiydroxyburyll-2-quinoxalinones (5-8). —
A hot solution of compound 3 (0.0l mol) in ethanol (10 mL) was treated with the
respective arylhydrazine (0.01 mol), and the mixture was left to cool. whereby the
respective hydrazone separated out. They were recrystallized from ethanol in red-
orange needles (see Table I). ’

6-Chloro-3-[p-erythro-2.3.4-trifivdroxy-1-( phenylhydrazono)butyl]-2-quinoxali-
none (9). — A solution of compound 4 (0.2 g) in ethanol (10 mL) was treated, while
hot, with phenylhyvdrazine (0.1 mL), and the mixture was left to cool, whereby the
hydrazone separated out. It was filtered off, washed. and recrystallized from ethanol,
giving orange needles, m.p. 180-182°; viui°! 3445 (OH) and 1665 cm™"' (OCN).

Anal. Cale. for C,;gH,;CIN,O,: C, 55.6; H, 4.4; Ci. 9.1; N, 13.8. Found:
C.55.8:H,4.0;Cl,9.0: N, 13.5.

3-1-(Arovihvdrazono)-o[-erythro-2.3 4-triltvdroxyburyi]-2-quinoxalinones (10, 11).
— A solution of compound 3 (0.01 mol) in ethanol (10 mL) was treated, while hot,
with the respective aroylhydrazine (0.01 mol), and the reaction mixture was left to
cool, whereupon the product that had separated out was filtered off. and washed with
ethanol. It was recrystallized from ethanol, to give yellow needles (see Table 11).

3-[1-(Phenvihvdrazono)glvoxal-1-yl]-2-quinoxalinone (12). — To a stirred
solution of sodium metaperiodate {0.3 ¢) in distilled water (10 mL) was added
compound 5 (0.2 ¢). and the mixture was kept overnight in the dark at room
temperature. The suspension was filtered, and the solid product was recrystallized
from 1-butanol, giving orange needles, m.p. 242° (1it.?° m.p. 244°).

3-[2-(Aroylhydrazono)-1-(phenylhydrazono)glyoxal-1-y1]-2 -quinoxalinones (13-
21). — A solution of compound 12 (2 mmol) in i-butanol (10 mL) was treated, while



E. S. H. EL ASHRY, M. M. A. RAHMAN, N. RASHED, A. AMER

428

SLOT 6991 ‘sH91 0'91 t'y L'Es ¥'91 0y v'es LOSNATHOD 6Ll 68 TON I
0991 ‘0491 81 L'y S'6S L'yl L'y L6s FO"™N"'H'D sel 98 H 01
N H 0 N H 2D
(s0243ap) (%) ON
(- 12) (oingt (%) punoy (%) paunpuopp)  pntdof wwnsajopy ‘A Pl Y punoduio)

(17 ANV () SINONITVXONIND-Z-[1A1NHAXQUUAHIN -4 E - 0dy)C4a-Gi-(ONOZ VEUAIFIAOUY)- [ J¢ HOJ VLY TVHTOLIS ANV TTYIILATVNVOUOII

11 4714v.L

S£07 "d'w W,

0S€€ ‘SPo1 8Ll S IS s'Ll Ty Its POSNETHE'D 8¢T £8  TON 8

0s€€ ‘'s991 oer 19t e sy L 9ot 9t O'sp TOYNILHE'D Lie 06 l L

00¥¢ ‘s91 't 081 £y 96 6Tl 18I 0y 66 TOYNIEE TR 1414 L8 | 9

0S€E ‘0991 50T £6 I s
N X I 2 N X I 2

(, ~t2) (va2.480p) (%) ON

rorn’! (%) pinesy (0,) poapnain) WRULIOS dopmasjo g Ay PIOIA Y punodiio)

(§~9) SINONIIVXONIND-Z-[TA INYAXOUAAHD Lep' £ T4l 1049-C-(ONOZYUAAIITAUV)- [ ]-€ WO T VLVC IVHLITIS ANV TTVILLATYNVOUITN

1 3718VL



4329

REACTION OF DEHYDRO-D-ERYTHORBIC ACID WITH 0-DIAMINES

otee 0 'e 69 i £e 89 TONIPTHA'D U 9L i 124

8TE€ Tel ve  0cs s'el 9t I'TS FOMNIEETHE'D s6l 8 g €T
N H 0 N H 2

(; —tuo) (saa482p) (24) ‘ON

sofant (%) ptnoyy (%) paiomotnsy DI f apnaajo Ly ‘dyy Mt b punoduto)

(pT ANV €7) STTOZVAVTH[TA- [<TOWIDATO-0L1CI-T)-C-TAUV= | UOL VLV “IVHID LIS ANV TVIILATYNVOUDIN

Al 319VL

§991's¥91  IT oy §09  §IT 8t L09 FOENETHITED 79t 96 d-TONYHD 1T

SSOTSY9l LSl 9%T §'¢ 9IS LS LT TE §'IS YONIHHYD t9¢ L8 0-1* %D 07

SSOL'OVII 891 T91 §'¢ T9S 'Ll €91 §'€ §'96 TOINIEHTHERD 0Lt 06 d-1gr %0 61

S99L'0b91  £'61 Sy TSY 16l 9P P65y FOONPTHYED §ST 6 d- OOV %D 81

(Us) 0991 ‘91 1'0%7 9y T89 86! L'y 619 TOINEHYYO 99¢ L6 d-aN*HOD LY

09910591  9'61 L'y 99 g6l L'y 69 TONCTHYYD 75¢ $6 u-0NTHD 91

SLOL'sy9l 861 TY L9 L6l £y 89 TOONPFIHEDD 76T 68 d-HOH?O St

$¢91 561 €v SY9 L6l £y 849 COONFTHED 89¢ 06 a-HOYHD 1

0991 ‘s¥91 20T Sy 5L9 S0 'y €LY TOONPTHED €17 6 Ud £1
N X H o) N X H o) -

{saa48ap) (%) ‘0N

(OO} I e (%) prnoy (%) parpnan2 DRIIOL aDOdJ0 N W P Y punoduio)

(IZ- 1) SAINONITVXONINO-Z-[TA- | “1VXOATD(ONOZVUCAHTAN HHd - | <(ONOZVAUAHTAOUV)-T]-§ UOJ VLYC IVALILAS ANV TVILLATYNYOUDIW

1 4749v.aL



E. S. H. EL ASHRY, M. M. A. RAHMAN, N. RASHED, A. AMER

430

0zze 6°L1 e 899 9Ll gt 599 COSNSTHERD 607-L0T SL ON £€

0ste 0'¢l [ (474 el I't (A4 OFNIFTHP?D TET-0ET 68 [ €

00te 91 8y LS 091 9'y 0'SL O"NY'H**D OLI-LLT 78 H [£%
N H D N H )

(; -wuo) (s9043ap) (%) ON

rorat (%) punoyy (%) patopny DML f anpnaato N ' P b plnodio)

(EE~1E) STTOZVAVLICIAZNITAXOUCAH-0)-£~TAUV-] Y04 VLVA IVULOTAS ANV TVILI ATYNVOUIIN

IA 97TdVL

0991 (42 9'vy 9'¢9 8¢l (44 £'¢Y TOUNIDETHERD 0£¢ 68 1D H 0€

0991 'Ll (A Y 691 v 9¢9 YOSNLTHEED % L6 H ?ON (14

§991 L' 8't §'sS L1 9't 4% TO'NILTHP®D X4 $6 H 1 8T

0991 €5l 6y SIL 1's1 6y £1L TOYNHIHED $61 06 H H Lz

N H 2 N " D
(; -tu2) (sa0482p) (%) ON
_eﬂ,ﬂ; (%) punoy (%) paropapny pieof Jopnasfopy ‘d'w Ploig ¥ 4 printodia)

(0£~LT) SINONITVXONINDZ-[TAHLIAXOUUAH-7-(ONOZVHAA HTANY)- [“TAUV-Z]-€ A0d VLV TVALIIS ANV TVIILATYNVOUDIN

A 3749V.L



REACTION OF DEHYDRO-D-ERYTHORBIC ACID WITH 0-DIAMINES 431

hot, with the respective aroylhydrazine (2 mmol) in ethanol (3 mL), whereby the
mixed bis(hydrazones) readily separated out in yellow needles (see Table IIT).

3-[5-(Acetoxymethyl)-1-phenylpyrazol-3-yI1-2-quinoxalinone (22). — A solution
of compound 5 (0.5 g) in acetic anhydride (5 mL) was boiled under reflux for 15 min,
and the mixture was cooled, and poured onto crushed ice. The product was recrystal-
lized from ethanol, giving colorless needles, m.p. 249-250° (lit.2! m.p. 244°; lit.°
m.p. 249-250°).

1-Aryl-3-(D-erythro-glycerol-1-yI)flavazoles (23, 24). — A suspension of com-
pound 6 or 7 (5 mmol) in 0.0lM sodium hydroxide (60 mL), 1-butanol (6 mL), and
methanol (10 mL) was boiled under reflux for 2 h, and then cooled, whereupon the
respective flavazole derivative separated out. They were recrystallized from ethanol—
1,4-dioxane, giving yellow needles (see Table V).

3-[2- Aryl-1-(arylhydrazono)-2-hydroxyethyll-2-quinoxalinones (27-30). — A solu-
tion of compound 25 or 26 (0.0! mole) in methanol (10 mL) was treated with a
solution of o-phenylenediamine (0.01 mol) in a mixture of methanol (10 mL) and
water (60 mL), the mixture was boiled for 2 min, and the respective arylhydrazine
(0.01 mol) was then added. The mixture was boiled under reflux for 10 min, and the
respective product that separated was recrystallized from ethanol, giving red needles
(see Table V).

1-Aryl-3-(u-hydroxybenzyl)flavazoles (31-33). — A suspension of each of
compounds 27-29 (3 mmol) in 0.01M sodium hydroxide solution (60 mL) and I-
butanol (2 mL) was boiled under reflux for | h. The mixture was then filtered, and
the vellow product washed with water, and recrystallized from ethanol (see Table VI).

3-(z-Aceroxybenzyl)-1-phenylflavcazole (34). — A solution of compound 31
(0.1 g2) in dry pyridine (3 mL) was treated with acetic anhydride (1 mL), and the
mixture was kept overnight at room temperature. It was then poured onto crushed
ice, and the acetate that separated was filtered off, and washed with water. It was
recrystallized from chloroform-ethanol. giving orange needles, m.p. [92%; yhujol
1740 cm™ ! (OAc).

Anal. Calc. for C,,H,gN,0,: C, 73.1: H, 5.2: N. 14.6. Found: C, 73.5; H, 4.7;

N, 14.3.
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