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ABSTRACT 

Condensation of 3-(D-er~~thro-2,3,4-trihydroxy-l-oxobut41)-2-quinoxalinone and 
its 6-chloro derivative (obtained by the reaction of o-erJV/rro-2,3-hexodiulosono-I ,4- 

lactone with arrlro-diamines) with aryl- or aroyl-hydrazines gave 3-r 1-( phenyl- 
hydrazono)-D-er_rVhro-2,3,4- trihydroxybutyll-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-l acetoxymethyl)- 1 -arylpyrazol-3-yl]- 
2-quinoxalinones, identical with those obtained from the L-three isomer, alkali causes 

the loss of only one molecule, affording the corresponding flavazoles. Periodate 

oxidation of 5 gave 3-[1-(phenylhydrazono)glyoxal-l-yl]-2-quinoxalinone, which 
afforded the corresponding mixed bis(hydrazones). A similar sequence of reactions 
was conducted with the aryl analogs, Pphenyl-2,3-dioxobutano-1,4-lactone and its 

p-chlorophenyl derivative, whereby the 3-[2-aryl- 1 -(arylhydr azono)-2-hydroxyethyll- 
Z-quinoxalinones, were prepared; these were transformed into 3-(a-hydx oxybenzyl)- 

flavazoles that gave monoacetyl derivatives. 

INTRODUCTIOS 

In a program in this laboratory devoted to the synthesis of heterocyclic 
compounds in the carbohydrate series, hydrazines 1-S and diaminesY-’ 3 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 heterocyclesg-‘3 were prepared. The generality of the latter 
reactions using various or_tlro-diamines ’ 3 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, Curbohydr. Res., 67 (1975) 415322. 
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DISCUSSION AND RESULTS 

Unimolecular condensation of dehydro-D-erythorbic acid (D-eryfhro-2,3- 
hexodiulosono-l+lactone; 1) with o-phenylenediamine was first studied by Erlbach 
and Ohle' S, who isolated 3-(D-erythro- 2,3,4-trihydroxy-I-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 
Pchloro-o-phenylenediamine, it afforded a yellow, crystalline product identified as 
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6-chloro-3-(D-erytizuo-2,3,4-trihydroxy-l-oxobutyl)-2-quinoxalinone (4), the structure 
of which was deduced from its similar method of preparation to that of3, 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- r , 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-three epimer, and this was 
confirmed by the isolation of only one isomer, which was chromatographically 
homogeneous. During our studies with the L-tlznzo epimer, no attempt was made to 
isolate such an intermediate, but it was transformed directly, in solution, intc the 
corresponding hydrazone; ho\vever. its formation was presumed’. The phenyl- 
hydrazone of 3 was isolated as a red-orange product, and, similarly, the reaction ivith 
p-bromo-, p-iodo-, and p-nitro-phenylhydrazines afforded the corresponding 3-[ I- 
(arylhydrazono)-D-er3it/zl-o-2,3,4-trihydroxybutyl]-‘-quinoxalinones (5-S), having the 
characteristic, red-orange color_ Similarly, reaction of 4 \vith phenylhydrazine 
afforded 9, the 6-chloro isomer of 5. When aroylhydrazines were used in the condensa- 
tion with 3, the products (LO and 11) were yellow. 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 r-tlweo epimer, which teas 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 xvith that obtained from the L-thee epimer, namely, 
3-(l-phenylhydrazono-glyoxal-l-yl)-2-quinoxa~inone (12), a compound of interest as 
a glyoxalvl derivative suitable for further use in heterocyclic synthesis. Reaction of 
12 with aroylhydrazines gave the corresponding mixed bis(hydrazones) 13-21. 

Boiling the r_-r/r/-eo analogs of 5-9 w+th acetic anhydride had been reported’ to 
be an effective method for inducing them to undergo the loss of two molecules of 
\vater per molecule, to give pyrazole derivatives. It was of interest to ascertain the 
effect on such reactions of varyin, (I the stereochemistry. Thus, the hydrazone 5 was 
boiled with acetic anhydride, whereby a colorless product was isolated that was 
identical with 3-[5-(acetoxymethyl)-l-phen~~~ipyrazo1-3-yl]-2-quinoxa~inone (22) that 
had been obtained from the t_-t/zreo analog. Whereas acidic reagents cause the ehmina- 
tion of two molecules of water, involving the sugar residue, alkali causes 6 and 7 to 
undergo the elimmation of only one molecule of water, from the C-2 quinosalinone 
ring and the imino proton of the hydrazone residue, to afford the corresponding 
pyrazoloquinoxahnes (flavazoles), 23 and 24, respectively. Such derivatives could be 
prepared from D-glucose and D-allose, and their epimers, D-mannose and D-ahrose. 
Flavazoles are important derivatives for the identification of sugars, as well ss for use 
of their mass spectra in studying oligosaccharide sequencin, m9** 5-1s. The n.m.r. 
spectra of 24 showed the methylene protons at S 4.5, H-2 at 6 5.6, and H-1 at 0‘ 6-2, 
in addition to the aromatic protons as a multiplet in the region 6 7.6~S.5. 
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Reaction of the phenyl analog. 4-phenyl-2,3-diosobutano- 1.4-lactone (25) with 
o-phenylenediamine was studied by Dahn and co-workers”. In the present study, the 
foregoing sequence of reactions used for the D-er_vthro analog ~‘as estended to the 
phenyl and p-chlorophenyl analogs of r-ascorbic acid. Thus, Pphenyl-2,3-dioxo- 
butano- 1 A-lactone reacted with o-phenylenediamine and arylhydmzines. affording 

red products identified as 3-[I-aryl- 3-hvdroxy- 1 -(phenylhydrazono)-ethyl]-2- 

quinoxalinone (.27-29). Similarly, 4-(p-chloro&enyl)- 2,3-dioxobutano- I ,4-Iactone (26) 

save 30, which is a chloro derivative 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 moiecule of water per molecule, affording yellow products formulated as 

I-aryl-3-C-/.-hydroxybenzyl)flavazoles (31-33). The presence of the hydroxyl groups in 

these compounds was confirmed by the acetylation of 31, whereby 3-(+acetoxybenzyl)- 
I-phenyltlavazole (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 5 3.64. of a CH. and a mu!tiplet (aromatic protons) at d 7.2-7.8. 

EXPERIhIFiNTAL 

GelreraZ nretkis. - Melting points were determined with a Kofler-block 
apparatus and are uncorrected_ 1-r. spectra were recorded with a Unicam SP200 
spectrometer, and n.m.r. spectra (for solutions in pyridine-d,), with a Jeol-100 
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spectrometer, with tetramethy!silane as the standard. Chemic’al shifts are given on the 
6 scale. Microanalyses were performed in the Chen&t~ Department, Faculty of 

Science, Cairo University, Cairo, Egypt. 

3-(D-erythro-2,3,4-Tri/z~~ros~-I-osobzrt~l)-2-qzzirlostrliizzozz~ (3). - A solution of 

u-erythorbic acid (I.8 8) in water (15 mL) was stirred with benzoquinone (1.0s g) for 
3 h at 2O”, 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. ’ a 125”); $,y$’ 3400 (OH) and 1675 cm- ’ (CO and 
OCN). 

6-Cfz~oro-3-(D-erythro-2,3,4-triiz~~ro_~~-I-o_robzzt~l)-~-qzzizzo_~aIizzozz~ (4). - ,4 

solution of D-erythorbic acid (1 .S 8) in water (15 mL) was stirred with benzoquinone 

(1 .OS g) for 3 h at 20”, then treated with Pchloro-o-phenylenediarnine (1.4 @, and 

kept overni,oht at room temperature, whereby the product separated out. It was 
filtered off, washed lvith ethanol, and dried (yield 62%). The product was recrystal- 
lized from ethanol, giving pale-yellow needles, m-p. 165-167’; \I$!“’ 3400 (OH). 
3250 (NH), and 1665 cm-’ (CO and OCN). 

.-lnal. Calc. for C,lH,,CIN,OS: C. 4S.3; H. 3.7; Cl, 11.9; N, 9.4. Found: 

C, 4S.5; H, 3.6; Cl, 11.9; N, 9.2. 

3-[1-(rIr~i~z~~~/r~z~ozzo~-D-erythro-~.3,4-rri~z~~~iro~~ybzzt~l]-~-qzzizzo_~~lizzotze~ (5-S). - 

A hot solution of compound 3 (0.01 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-Ci~ioro-3-[~-er~tl~ro-2,3.4-tr~lz~~~ir~_~-y-l-(pi~~~t~~ll~~~~ra~or~o~bz~t~i~-~-q~~~t~o_~-~ii- 
/zofze (9). - A solution of compound 4 (0.3 g) in ethanol (10 mL) was treated, while 

hot, with phenylhydrazine (0.1 mL), and the mixture was left to cool, whereby the 
h_vdrazone separated out. It was filtered off, washed. and recrystallized from ethanol, 
givin,o orange needles, m.p. ISO-lS2’; v~YC”’ 3445 (OH) and 1665 cm- I (OCN). 

end. Calc. for C,sH,,ClN,O,: C, 55.6; H, 4.4; Cl. 9.1; N, 13-S. Found: 

C. 55.S: H, 4.0; Cl, 9.0: N, 13.5. 

- A solution of compound 3 (0.01 mol) in ethanol (10 mL) was treated, while hot, 
\vith the respective aroylhydrazine (0.01 mol), and the reaction mixture WLS left to 

cool, whereupon the product that had separated out was filtered off. and washed wit11 
ethanol. It was recrystallized from ethanol, to give yellow needles (see Table II). 

3-[~-(~~z~~z~~~/z~v~ra_-ono)~~~~o.~a~-I-~~I]-,3-qzzizzo_~ali/zorz~ (12). - TO in stirred 

solution of sodium metaperiodate (0.3 g) in distilled water (10 mL) was added 

compound 5 (0.2 g). and the misture was kept overnight in the dark at room 
temperature. The suspension was filtered, and the solid product was recrystallized 

from I-butanol, &ving orange needles, n1.p. 242” (lit.” m.p. 244’)- 
3-[_7-(Aro~~/zy~ra=ozzo)-I-(phetz~’iiz~’~~r~=ozzo~~l~o_~a~-l-~’I]-~-qzzizzo-~~z~itzozz~‘s (Is-- 

21). - A solution ofcompound 12 (3 mmol) in I-butanol (10 mL) was treated, while 
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hor, with the respective aroylhydrazine (2 mmol) in ethanol (3 mL), whereby the 

mixed bis(hydrazones) readily separated out in yellow needles (see Table III). 
3-[5-(ACetoX~nZefhyl)-l-phe~~f~~~~~~Z-3-~~]-2-q~f~~~_~~~i~~~e (22). - A solution 

of compound 5 (0.5 g) in acetic anhydride (5 mL) was boiled under reflux for I 5 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” (lit2’ m-p. 24.4”; Iit.g 
m-p. 249-250”). 

I-ArJ?I-3-(D-erythro-g~Yce~o&I-~l)fiacazoles (23, 24). - A suspension of com- 

pound 6 or 7 (5 mmol) in 0.0 I M sodium hydroxide (60 mL), I-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 fro& ethanol- 
I ,Cdioxane, giving yellow needIes (see Table IV). 

3-[2- Ar~Z-l-(ar_v//z~~~ra~o~zo)-2-l~~~ro_~~~et/z_vI]-~-qz~i~zox~fi~zo~zes (27-30). - A solu- 

tion of compound 25 or 26 (0.01 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 boiIed under reflux for 10 min, and the 

respective product that separated was recrystallized from ethanol, giving red needles 

(see Table V). 
Z-Ar~~I-3-(a-l~~~r/ro_~~benz~~I)~acai-oles (31-33). - A suspension of each of 

compounds 27-29 (3 mmol) in 0.01~ sodium hydroxide solution (60 mL) and I- 
butanol (2 mL) was boiled under reflux for 1 II. The mixture was then filtered, and 

the yellow product washed with water, and recrystallized from ethanol (see Table VI). 

3-(r-Acero~~~~~be~zz~~/)-I-phetz~~/flacazo/e (34). - A solution of compound 31 
(0.1 g) 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. 192”; Yang’ 

I740 cm- ’ (OAc). 
And. Calc. for C,,H,,N,OZ 

N, 14.3. 

: c: 73.1 : H, 5.2: N. 14.6. Found: C, 73.5; H, 4.7; 
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