
Curfmhp’rute Research, 105 (1982) 307-314 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

Note 

Synthesis of 4-rZ-(pbromophenyI)triazoI~yll-2-hydroxytetronimide and 
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Many analogs of L-ascorbic acid and related tetronic acid derivatives have been 
found to show effective biological activities as antineoplastic’, antibacterial’, hypno- 
tic3, and analgesic3 agents. A (bromophenyl)triazolyl analog of dehydro-L-ascorbic 
acid was synthesized, and its reactions were studied. 

In continuation of our previous work on aryl analogs of imino-L-ascorbic 
acid’- ‘, 4-[2-(p-bromophenyl)tri;wol-4-ylf-2-hydrox~etronimide (7) was prepared 
by the reaction of 2-(p-bromophenylf-4-formyl- 1,2,3-triazofe (4) with glyoxal sodium 
bisulfite monohydrate (1.5 mol) and potassium cyanide (2.6 mol) in alkaline solution 
under a nitrogen atmosphere, followed by acidification. Such conditions were found 
to be most favorable for the formation of many of the tetronimide derivatives pre- 
pared, but not for ring enlargement*- lo. A mechanism similar to that reported” 
may be suggested, wherein acyloin condensation occurs between the (bromophenyl)- 
formyitriazok 4 with glyoxal in the presence of cyanide ion, giving the intermediate 
5, which then reacts with the cyanide, affordin g the cyanohydrin 6 that undergoes 
cyclization to the tetronimide derivative 7. 

Compound 7 possesses strong reducing properties, and gives the color reactions 
characteristic of the tetronimide nucleus”*“‘. 2-Formyl- 1 -naphthol gave unsuccessful 
resuits, and this may be attributed to the high electron-donating ability of the hydroxyl 
group, which tends to decrease the partial, positive charge on the carbonyl of the 
aldehydic group. The infrared (i.r.) absorption spectrum of the tetronimide 7 showed 
a broad, medium band at 3350 cm-’ (NH), a broad, strong band at 3090 cm-’ 
characteristic of the OH group, a carbonyl band at 1’710 cm”‘, a medium band at 
1640 cm- ’ indicative of the -C = C-C = N group, a broad medium band at 1550 cm- * 
due to the NH deformation mode that coupled with the lower frequency of the C-N 
stretching mode, i.cr., NH, C-N coupling, and a strong -C-O-C- group absorption 
band in the region of 1190 cm-‘. Its p-m-r. spectrum showed the imino proton as a 
singlet at 6 9.6, and the aromatic protons as a multiplet at 6 7.05-8.25. 

Acylation of the new tetronimide 7 afforded the corresponding 2-acyloxy-3- 
oxob~~~i~iffo~acto~es (23). Their i-r. spectra had a strong band in the region of 
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3480-3300 cm-’ (NH), a broad, medium band characteristic of&H, at 3120-2960 
cm-l, a small carbonyl-group absorption band in the region of 1720-1700 cm-l, 
characteristic of the carbonyl of the ketone form of compound 7, a strong carbonyl 
band at 1760-1735 cm-’ for the O-acyl group, a medium band at 1640 cm-’ (C =N), 
a medium band at 1580 cm-’ due to coupled hrH, C-N, i.e., due to the NH de- 
formation mode that coupled with the lower frequency of the C-N stretching mode, 
and a strong band at 1235-1220 cm-’ indicative of a -C-O-C- group. 

Oxidation of the 2-hydroxytetronimide 7 with nitrous acid afforded 4-[2-(p- 
bromophenyl)triazol4yl]-2,3-d ioxobutano-1,Uactone (12), the corresponding ana- 
log of dehydro-L-ascorbic acid. Its i.r. spectrum had a carbonyl (lactone) band at 
1715 cm-‘, and two other carbonyl bands, one weak (in the region of 1700 cm-‘), 
and the other strong, at 1775 cm-‘. 

Compound 7 reacted readily with phenylhydrazine in aqueous acetic acid, 
giving the orange, deoxygenated analog of the pyrazolone 14, namely, [Z-p-(bromo- 
phenyl)-l.2,3-triazol4yl]-~l-phenyl-4-(phenylhydr~ono)-2-pyrazolin-5-one-3-yl]- 
methane (111, that differs from the red bis(phenylhydrazone) (13, R = H) and from 
its more stable derivative (14, R = H). The i-r. spectrum of compound II showed a 
band in the region of 1660 cm - 1 (OCN), but neither a carbonyl nor a hydroxyl group 
band. Furthermore, product 11 failed to give acyl derivatives under conditions similar 
to those utilized for the preparation of the acyl derivatives 8. The p.m.r. spectrum of 
11 had the methylene protons as a singiet at S 4.2, the imino proton at 6 10.93, and 
the aromatic protons as a multiplet at d 7.1-7.9. 

The formation of 11 may be explained by a mechanism similar to that reported 
for the aryl analogsr3, where hydrolysis followed by deoxygenation takes place first 
for the tetronimide 7, giving a diketo intermediate (9) that combines with phenyl- 
hydrazine, yielding the corresponding bis(phenylhydrazone) derivative 10, that 
undergoes nucleophilic attack (by the nitrogen atom of the C-3 phenylhydrazone 
residue) on the carbonyl group, and cyclization, giving 11. 

These results are in agreement with those for the aryl analogs that indicated 
that deoxygenation cannot take place during the conversion of the red bis(arylhydra- 
zone)s 13 into the more stable pyrazolone derivatives (14). [4-(p-Bromophenyl)tri- 
azol-4-yl]-2,3-dioxobutano-1,4-lactone (12), the aryl analog of dehydro-L-ascorbic 
acid, reacted readily with arylhydrazines, as well as with (2,4_dinitrophenyl)hydrazine, 
giving the corresponding, red bisarylhydrazones (13), similar to the bis(arylhydra- 
zone)s of dehydro-L-ascorbic acid. The i-r. spectrum of these bis(hydrazone)s (13) 
showed a carbonyl lactone band in the region of 1740-1710 cm-l, at a lower fre- 
quency than that of the 1,4-lactones. This low frequency had been observed14*15 
for other analogs, and was attributed to the hydrogen bonding of the lactone carbonyl 
with the imino proton of the hydrazone residue on C-2. Furthermore, the NH group 
was observed as a weak absorption band in the region of 3415-3215 cm-‘, whereas the 
band for the -C-O-C- group appeared at 1250 cm- ‘. In addition to these bands, 
the bis(sulfamylhydrazone)s showed bands in the region of 1305 and 1120 cm-l, 
indicative of the SOzN c group, whereas, the nitro derivatives gave bands at 1350 and 
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850 cm-‘, characteristic of the NO Z group. The p.m.r. spectrum of the bis(phenyl- 
hydrazone) contained signals for two chelated, imino protons, at 6 10.98 and 11.97, 

whereas the corresponding dehydro-L-ascorbic acid derivative showed’s the imino 

protons at 6 IO.87 and 11.93. The slight difference is probably due to deshielding 
by the (bromophenyl)triazole ring in the bis(phenylhydrazone) derivative_ 

On treatment with sodium hydroxide, the bis(arylhydrazone)s 13 underwent 
lactone-ring opening, followed by nucleophilic attack on the carbonyl group by the 
nitrogen atom of the hydrazone residue attached to C-3. This resulted in the formation 
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of the (more stable) pyrazolones 14, which are analogs of the corresponding dehydro- 
L-ascorbic acid derivatives. The i.r. spectrum of compounds 14 showed an absorption 
band at 1662 cm- lZ indicative of the OCN group, and a broad band in the region of 
341 O-3300 cm- l for hydroxyl group. 

When 4-(p-bromophenyl)triazolyl-2,3-dioxobutano-l,4-lactone (12) was treated 
with acylhydrazines, ir gave the corresponding bis(acylhydrazone)s (15), whereas 
equimolar proportions of o-phenylenediamine and Iactone 12 afforded the quinoxaline 
derivative 16. The i.r. spectra of the bis(acylhydrazone)s contained a broad, strong 
band at 3260 cm- ’ (NH), a broad, strong carbonyl absorption band in the region 
of 1750-1700 cm-‘, and a medium band at 1260 cm-’ indicative of the -C-O-C- 
group. The quinoxaline derivative 16 showed a carbonyl band at 1655 cm-‘. Ati of 
the compounds prepared exhibited characteristic, aromatic absorption bands in the 
region of 1600-1460 cm-‘. 

ESPERIME?!TAL 

Grzzez-al. - All melting points were determined in open, glass capillary tubes, 
and are uncorrected_ Microanalyses were performed at the Microanalytical Labora- 
tory, Facult:y of Science, Cairo University. Infrared absorption spectra were recorded 
with a Pye Unicam SP 2000 infrared spectrophotometer, using potassium bromide 
pellets, and p.m.r. spectra were recorded with a Varian HA 100 instrument. 

D-arabino-Heso.%? (p-Bronzophezz~l)oso?~~~~o~e (3). - A suspension of D- 
urabino-hexose phenylosotriazole (2; 4 g), prepared from 1 in cold water (400 mL), 
was treated with bromine (3 mL), and the mixture was kept overnight at room 
temperature, with occasional shakin,o. The (bromophenyl)osotriazoIe that separated 
out was filtered off, washed several times with water, and recrystallized from ethanol; 
m-p. 196” (lit-l6 m-p. 204’). 

2-(p-l3rozzzophrzz~I)-4-fortzz~I-l,2,3-triarole (4) - A suspension of D-arabizzo- 

hexose (p-bromophenyl)osotriazole (3; 1 mmol) in water (60 mL) was shaken at 
room temperature with aqueous sodium metaperiodate (3 mmol) for 24 h. The 
crystalline shape of the solid quickly changed, and the product obtained after filtra- 
tion was recrystallized from diiute ethanol; yield 65 %; m-p. 106” (lit-l7 m-p. 114”). 
It was soluble in ethanol or methanol, and insoluble in water. The same triazol- 
aldehyde 4 was obtained by bromination of 4-formyl-2-phenyl-1,2,3-triazole in 
aqueous medium; m-p. and mixed m-p. 106”. 

4-~2-@-Bromophenyl)tiia~ol-4-yl]-~-izydro~ytetrozzi~zide (7). - Glyoxal SO- 
dium hydrogensulfite (15 mmol) was added in one portion to a cold, well stirred 
solution of potassium cyanide (26 mmol) in 2h1 sodium carbonate solution (40 mL) 
under a nitrogen atmosphere. The resulting solution was treated in one portion with 
a solution of the formyl derivative 4 (0.01 mol) in 1,4-dioxane (25 mL). A precipitate 
appeared after 20 min, and stirring was continued for an extra 45 min. The fiow of 
nitrogen was discontinued, and the mixture was acidified with glacial acetic acid. 
Stirring was continued for another 3 h, after which, the tetronimide 7 that had 
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separated out was washed with water, and recrystallized from ethanol, giving color- 
less needles; yield 65 %; m-p. 18 1 O. 

Anal. Calc. for C12H,BrN,0,: C, 42.7; H, 2.7; Br, 23.7; N, 16.6. Found: 
C, 43.0; H, 3.1; Br, 24.0; N, 16.3. 

2-Aceto~y-[4-(2-p-bronzop/renyl)tria~o~-4-yI]-3-o_~ob~~ta~zi~~zi~~olacto~ze (8, R = 

AC.). - This derivative was prepared by heating a mixture of the tetronimide 7 

(2 mmol) with acetic anhydride (2 mL) on a steam bath for 1Z min, and keeping 
for 2 h at room temperature. The mixture was then poured onto ice-cold, saturated 
sodium hydrogencarbonate solution, and the solid that separated out was filtered off, 
washed Lvith water, dried, and recrystallized from benzene; colorless needles, yield 

70%; m.p. 247”. 
AnaL Calc. for CISH,,BrN,O,: C, 44.3; H, 2.9; Br, 21.2; N, 14.S. Found: 

C, 44.5; H, 3.0; Br, 20.9; N, 14.6. 
2-BenzoyCosy-[4-(2-p-b ro~nopAe~~yl)tria~o~-4-~I]-2-oso-buta~~bt~i~~oIactor2e (8, 

R = P/z). - A solution of compound 7 (2 mmol) in pyridine (6 mt) was gently 
warmed with benzoyl chloride (2 mmol) for 10 min, and then kept for 5 h at room 

temperature. The mixture was poured into ice-cold, 2ar sulfuric acid (25 mL), and 
the crude product was treated with saturated sodium hydrogencarbonate solution 

(25 mL), filtered off, washed with water, and recrystallized from benzene; colorless 

needles, yield 70%; m-p. 238”. 
Anal. Calc. for C,,H13BrN,0,: C, 51.7; H, 3.0; Br, lS.1; N, 12.7. Found: 

C, 51.7; H, 3.1; Br, 18.3; N, 12.6. 
[2-(p-Bromophenyl)triazoI- 4-~l]-~I-plret~yI-4-(phet~yIl~~dra~ono)- 2-pyrazolin-5- 

one-3-J-Z]nzet/zane (11). - A mixture of compound 7 (1 g) with 1 : 1 water-acetic 

acid (100 mL) was boiled under reflux for SO min. To the resulting solution was 
added phenylhydrazine (5 mL), and boilin g was continued for 90 min. On cooling, 

the orange product that separated out was filtered off, washed with alcohol, and 

recrystallized from ethanol; orange needles, yield 60 %; m-p. 206 ‘. 
Anal. Calc. for C,,H,,BrN,O: C, 57.6; H, 3.6; Br, 16.0; N, 19.6. Found: 

C, 57.5; H, 3.5; Br, 15.8; N, 20.1. 
4-[2-(p-BromopJre~~yl)triazol-4-yl]-2,3-diosobrrtano-l,4-Iactone (12). - A sus- 

pension of tetronimide 7 (3 mmol) in acetone (5 mL) and 2~ sulfuric acid (8 mL) 
was cooled to lo”, and treated dropwise with 10% sodium nitrite solution (5 mL). 

The mixture was warmed to expel the nitrogen gas, and then allowed to cool. The 
product that separated was filtered off, washed with water, and recrystallized from 
methanol; colorless needles, yield 40 %; m-p. 146”. 

Anal. Calc. for C,,H,BrN,Oa: C, 42.9; H, 1.8; Br, 23.8; N, 12.5. Found: 
C, 43.1; H, 2.1; Br, 24.0; N, 12.2. 

4-~2-(p-Bromophenyl)tria~ot-4-y~]-2,3-dio~obrttanoIactone bis(aryJJzydrazone)s 
(13). - A solution of ccmpound 12 (1 mmol) in 1: 1 water-ethanol (25 mL) containing 

a few drops of glacial acetic acid was heated with the chosen arylhydrazine (2 mmol) 
on a steam bath for 2 h. The red bis(arylhydrazone) that separated out was atered 
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off, washed with water, and recrystallized from ethanol or chloroform; red needles, 
yield 35-50x (see Table I)_ 

I-Arj+[2-@-b rot~op/len~~J)ti-4-~!~-3-Jl~?dro_~yo~erJ~yJp~?ta~oJe- 4,5-dione 4- 

aryl!z&zzone.s (14). - These derivatives were obtained by heating the red bis(hy- 

drazone)s 13 (1 g) with 20% aqueous sodium hydroxide solution (40 mL) on a 

boiling-water bath for 15 min. On cooling, and acidifying with glacial acetic acid, the 
desired products separated out, and were purified by recrystallization from dilute 
ethanol; orange needles, yield 3035 % (see Tabie II). 

4-[2-( p-Bromoplteny!) friazol- 4-y/j--3,3-diaxobutatzolactone 2,3-bis(acyllydra- 

=otze)s (15). - These compounds were prepared by heating a solution of lactone 12 
(1 mmol) in I : 1 water-ethanol (30 mL) containin g a few drops of glacial acetic acid 
with an ethanolic solution of the chcsen acylhydrazine (2 mmol) on a steam bath 

for 2 h. On concentration, cooling, and dilution with water, the title compounds 
separated out; they were recrystallized from methanol or chloroform-methanol; 
reddish-brown needles, yield 30-40% (see Table III). 

Qninosahze derivative (16). - An alcoholic solution of 4-[2-(p-bromophenyl)- 
triazol4yl~-2,3-dioxobutano-I,4-Iactone (12; 1 mmol) and o-phenylenediamine 
(1 mmol) in ethanol (10 mL) was boiled under reflux for 1 h; a precipitate appeared 
after heating for 5 min. The mixture was allowed to cool, and the solid was filtered 

off, and recrystallized from ethanol; red needles, yield 40%; m.p. 244”. 
Atza!. Calc_ for C,8H,0BrNs02: C, 52.9; H, 2.5; Br, 19.6; N, 17.2. Found: 

C, 52.9; H, 2-4; Br, 19.8; N, 16.9. 
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