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ABSTRACT 

Partial protection of the glycerolyl side-chain in 3-(L-threo-glycerol-l-yl)-l- 
phenyl-4,5-pyrazoledione 4-(phenylhydrazone) (2) was achieved via its acetonation; 
p-toluenesulfonylation then gave 3-(2,~-O-isopropylidene-l-O-p-tolylsulfonyl-~-~/z~e~- 
glycerol-1-yl)-1-phenyl-4,5-pyrazoledione 4-(phenylhydrazone). Benzoylation of the 
2,3-isopropylidene acetal of 2 gave 3-(1-0-benzoyl-2,3-0-isopropylidene-L-tltreo- 
glycerol-I-yl)-I-phenyl4,5-pyrazoledione 4-(phenylhydrazone) that, upon deacetala- 
tion, gave3-(1-O-benzoyl-~-threo-glycerol-I-yl)-l-phenyl-4,5-pyrazoledione4-(phenyl- 
hydrazone), benzoylated to 1-phenyl-3-(1,2,3-tri-O-benzoyl-~-tltreo-glycerol-l-yl)- 
4,5-pyrazoledione C(phenylhydrazone). Debenzoylation followed by periodate 
oxidation gave the same aldehyde, 3-formyl-1-phenyl-4,5_pyrazoledione 4-(phenyl- 
hydrazone), as was obtained on similar treatment of 2. Bromination of 2 afforded 
l-(p-bromophenyl)-3-(~-threo-glycerol-l-yl)4,5-pyrazoledione 4-(p-bromophenyl)- 
hydrazone, and that gave a monoisopropylidene acetal. The structures of these com- 
pounds were confirmed by i.r. spectroscopy. 

INTRODUCTION 

During our investigations on the synthesis of C-(polyhydroxyalkyl) nitrogen- 
heterocyclic compounds2-5, we have been interested, as previously reported from 
our laboratory6-15, in the synthesis of those having a pyrazoledione residue as the 
nitrogen-heterocyclic ring. The synthesis of such compounds has thus far been 
limited to the rearrangement of the bis(arylhydrazones) of L-rhreo-2,3-hexodiulosono- 
l&lactone (and its analogs) to I-aryl-(L-rhreo-glycerol-I-yl)4,5-pyrazoledione 4- 
(arylhydrazones) (and their analogs). During such a rearrangement, three possible 
substituents on the heterocyclic ring could be changed; these are on N-l, C-3, and 
C-4. Thus, the aryl groups on N-l and on the 4-hydrazone residue can be either 
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similar or different, depending on the type of bis(hydrazone) precursor, where the 
hydrazone residues are either similar or different; the first type was prepared from 
the react&n of L-three-2,fhexodiulosono-l&lactone (1) (or its analogs) with an 
excess of the requisite arylhydrazine. On the other hand, the second type was pre- 
pared 8-10~13~14 by the condensation of L-three-2,3-hexodiulosono-l&lactone 2- 
(arylhydrazone) (or its analogs) with a molar proportion of an arylhydrazine having 
the required aryl group on N-l of the heterocyclic ring. 

The third variation possible was achieved on C-3; pyrazolediones having 
glycerol-l-y1 side-chains of the D-erythro, D-rhreo, and L-three conf&rrations, as 
well as those having tehitol-l-y1 side-chains of the marabino and L-xylo configura- 
tions, were prepared from the corresponding derivatives of L-ascorbic acid and its 
analogs, of which the only ones commercially available are L-ascorbic acid and its 
D-erythr0 analog, the others having to be prepared from the corresponding glyco- 
suloses. Continuing our efforts towards the synthesis and modification of these 
[(polyhydroxy)alkyl]pyrazolediones, we now report the partial protection of the 
side chain, as well as bromination of their phenyl rings. 

RESULTS AND DISCUSSIONS 

The starting material used in this investigation was the readily available16 
3-(~-rhreo-glycerol-l-yl)-l-phenyl-4,5-pyrazoledione 4-(phenylhydrazone) (2), which, 
on protection with acetone in the presence of sulfuric acid, afforded 3-(2,3-O-iso- 
propylidene-L-three-glycerol-1-yl)-1 -phenyM,Spyrazoledione C(phenylhydrazone) 
(3) Treatment of 3 with p-toluenesulfonyl chloride in pyridine afforded 3-(2,3-0- 
isopropylidene-l-O-p-tolylsuLfonyl-~-f~reo-~ycerol-l-yl)- 1 -phenyl-4,5-pyrazoledione 
4-(phenylhydrazone) (4). Benzoylation of 3 gave 3-(1-0-benzoyl-2,ZO-isopropylidene- 
r_.-threo-glycerol-l-yl)-l-phenyl-4,5-pyrazoledione C(phenylhydrazone) (7). 

Deacetalation of compound 7 with aqueous acetic acid afforded the mono- 
benzoyl derivative, 3 -(l-O-benzoyl-~-threo-glycerol-l-yl)-l-phenyl-4,5-pyrazoledi- 
one C@henylhydrazone) (6), that, on benzoylation, gave the per-0-bgnzoyl deriva- 
tive, l-phenyl-(1,2,3-tri-O-benzoyl-~-t~eo-glycerol-1-yl)-4,5-pyrazoledione 4-(phe- 
nylhydrazone) (8). Both 6 and 7 showed, in their i.r. spectra, an absorption band at 
1720 cm-’ due to the 0-benzoyl group, in addition to a band at 1660 cm-l for the 
OCN group. Debenzoylation of 6 and 8 with sodium hydroxide gave 3-(L-threo- 

glycerol-1-yl)-1-phenyl-4,5-pyrazoledione C@henylhydrazone) (2), whose i.r. 
spectrum did not show a band for the 0-benzoyl group (that appeared in the spectra 
of their precursors), and its periodate oxidation afforded 3-formyl-1-phenyl-4,5- 
pyrazoledione C@henylhydrazone) (5), identical with that obtained by similar 
treatment of 2. The partially protected derivatives just described are suitable precursors 
for the synthesis of other analogs of these pyrazolediones. 

Bromination of sugar osazones has been studied extensively by El Khadem 
et al.’ 7, and it constitutes an efficient method for the preparation of the correspon&ng 

p-bromo-osotriazoles. When the bis(phenylhydra.zone) 11 of dehydro-L-ascorbic 
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acid was subjected to bromination, bromination of the phenyl groups occurred with 
the loss of two hydrogen atoms, affording 3,6-anhydro-3-Cp-bromophenylazo)-L- 
xylo(Zyxo)-2-hexulosono-1,4-lactone 2-(p-bromophenylhydrazone)1 ‘. 

We have found that bromination of 2 afforded a product whose elemental 
analysis agreed with that calculated for C1sHi6Br2N404, indicating substitution by 
two bromine atoms. Moreover, the product was identical with 1-(p-bromophenyl)- 
3-(L-three-glycerol-1-yl)-4,5pyrazoledione 4-@-bromophenyl)hydrazone (9), ob- 
tamed by the rearrangement of the bis(p-bromophenyl)hydrazone 12. This indicates 
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that the two bromine atoms are in thepara positions of the phenyl rings. Acetonation 

of 9 afforded l-(p-bromophenyl)-3-(2,3-O-isopropylidene-~-~~z~e~-glycerol-l-yl)~,5- 
pyrazoledione 4-@-bromophenyl)hydrazone (10). Both 9 and 10 showed in their 
i.r. spectra the expected OCN band. 

EXPERIMENTAL 

General methods. - Melting points were determined on a Kofler-block appara- 

tus. 1.r. spectra were recorded with a Unicam SP-200 spectrophotometer. Micro- 
analyses were performed in the Chemistry Department, Faculty of Science, Cairo 
University, Cairo, Egypt. 

3-(2,3-O-Isopropylidene-L-threo-gi~~cerol-I-yl)-~-phenyZ-4,5-pyrazoledione 4- 
(phenylhydrazone) (3). - A suspension of compound 2 (6 g) in dry acetone (50 mL) 
containing concentrated sulfuric acid (3 mL) was stirred for 2 h at room temperature 
and then kept overnight. The resulting mixture was made neutral by addition of 
solid anhydrous sodium carbonate, filtered, the solid washed with dry acetone, and 

the combined filtrate evaporated in vacua. The resulting, viscous syrup crystallized 

from ethanol in orange needles (yield 79 %); m-p. 174-176” (lit-l6 m.p. 170-171”); 

vNujo* 1660 cm-’ (OCN). 
3-(2,3-0-IsopropyIidene-I-O-p-toZyZs~~nyZ-~-~eo-glyceroZ-I-yZ)-~-pheny~-4,5- 

pyrazoZedione 4-(phenylhydrazone) (4). - A solution of compound 3 (4 g) in dry 
pyridine (30 mL) was treated with tosyl chloride (4 g) and kept for 2 days at room 
temperature. The mixture was then poured onto crushed ice, and the solid product 
was filtered off, repeatedly washed successively with water and ethanol, and dried 
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(yield SO %). It was recrystallized from ethanol, to give orange needles; m-p. 167-169 O; 
YNujol 1660 cm- IIKU 1 (OCN). 

Anal. Calc. for CZ8H2sN40&: C, 61.3; H, 5.1. Found: C, 61.7; H, 5.3. 
3-(I-O-BenzoyI-2,3-O-isopropylidene-~-threo-gZyceroZ-I-yl)-I-phenyI-4,5-pyrazo- 

Iedione CCphenyZhydrazone) (7). - A solution of compound 3 (0.5 g) in dry pyridine 
(5 mI.,) was treated with benzoyl chloride (2 mL) and kept overnight atroomtemper- 
ature. The mixture was processed as usual and the product @ield 79%) was re- 
crystallized from ethanol-benzene, to give orange needles; m.p. 155-157”; [ali 
-13 o (c 0.6, pyridine); vpz’ 1720 (OBz), 1660 (OCN), and 1600 cm-l (C=N). 

Anal. Calc. for C,,H,,N,Os: C, 67.5; H, 5.3; N, 11.2. Found: C, 67.3; H, 5.0; 
N, 11.5. 

3-(I-O-Benzoyl-~-threo-gZycerol-l-yl)-I-phenyZ-4,5-pyrazoZedione (4-phenylhy- 
drazone) (6). - Compound 7 (0.1 g) was dissolved at 50 o in 75 % aqueous acetic 
acid (2 mL); the solution was kept overnight at rdom temperature, diluted with 
water, and the product (yield 75 %) recrystallized from ethanol, to give orange needles; 
m-p. 164-166”- vN”jO’ 1720 (OBz) and 1660 cm-l (OCN). 

Anal. Caic_?% C,,H,,N,O,: C, 65.5; H, 4.8; N, 12.2. Found: C, 65.4; H, 5.1; 
N, 12.3. 

I-PhenyZ-3-(Z,2,3-tri-O-benzoyZ-L-threo-gZyceroZ-~-yZ)-4,S-pyrazoZedione C(phe- 
nylhydrazone) (8). - A solution of compbund 6 (0.1 g) in dry pyridine (5 mL) was 
treated with benzoyl chloride (0.5 mL) and kept overnight at room temperature. 
The mixture was poured onto crushed ice, and the solid product was washed repeated- 
ly with water, and dried (yield 75 “/,). It was recrystallized from ethanol, to give orange 
needles; m.p. 154-156” (lit.” m.p. 153-155”); it was identical in all respects with the 
product obtained by per-O-benzoylation of 2. 

3-(L-threo-GlyceroZ-I-yZ)-I-phenyZ-4,5-pyrazoZedione 4- (phenylhydrazone) (2). 
- A suspension of compound 6 (0.1 g) in water (5 mL) was heated with 2M sodium 
hydroxide solution (3 mL) until dissolution occurred. The base was neutralized with 
glacial acetic acid, and the product that separated was filtered off, washed several 
times with water, and dried. It was recrystallized from ethanol-water, to give orange 
needles identical with an authentic sample of 2. 

Periodate oxidation of 2. - When a suspension of 2 in water was subjected 
to periodate oxidation, a product was formed that was identified as 3-formyl-l-phenyl- 
4,5-pyrazoledione Q(phenylhydrazone) (5). 

I-@-BromopIzenyZ)-3-(L-threo-gZycerol-I_)-4,5-pyrazoZedione k(p-bromophe- 
nyZ)hydrazone (9). - A suspension of 2 (2 g) in water (20 mL) was treated dropwise 
with bromine (2 mL), with occasional shaking. The mixture was kept overnight at 
room temperature and the product was atered off, washed repeatedly with water 
and ethanol (yield 83%), and recrystallized from ethanol, giving orange needles; 
m-p. 228-230” (Mm6 m-p. 229-231”); $$“’ 3450 (OH) and 1660 cm- 1 (OCN). 

Anal. Calc. for C,8H,6Br,N,0,: C, 42.2; H, 3.2; N, 10.9. Found: C, 42.3; 
H, 3.5; N, 11.3. 

I-@-BromophenyZ)-3-(2,3-O-isopropyZidene-L-threo-gZycerol-I-yZ) - 4,5-pyrazoZe- 
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dione 4-(p-bromophenyl)hydrazone (10). - A suspension of compound 9 (0.5 g) 
in dry acetone (20 mL) and concentrated sulfuric acid (0.5 mL) was stirred for 2 h 
at room temperature and then kept overnight. The resulting mixture was made 
neutral by the addition of solid anhydrous sodium carbonate, and Sltered, and the 
inorganic salts were washed with acetone. The filtrate was evaporated in vacua, and 
the resulting syrup crystallized from ethanol as orange needles; m-p. 188-190”; 
ez 1660 cm-’ (OCN). 

Anal. Calc. for CtlH20Br2N404: C, 45.7; H, 3.7; N, 10.1. Found: C, 45.7; 
H, 3.3; N, 10.5. 
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