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Abstract - The reaction of Perythro-23-hexodiulosono-l,4-lactone 

with 1,2-diaminobenzene followed by 3-fluorophenylhydrazine and the 

reaction of the  product with dimethyl sulfate, sodium metaperiodate 

and acetic anhydride in pyridine have been investigated. The mop- 

ropylidenation of 3-[l-(3-f1uorophenylhydrazono)-D-erythro-2,3,4- 

trihydroxybutyllquinoxalin-2(1H)-one under thermodynamic controll- 

ed conditions has been studied. Compounds 3-[l-(3-fluorophenyl- 

hydrazonobEerythro-2,3,4-trihydmxybutyllquoxal- 2(1H)-one and 

i ts  N-methyl derivative undergo dehydrative cyclisation in boiling 

acetic anhydride to the  corresponding pyrazolylquinoxalinones. 

Organic compounds containing fluorine atoms a r e  attractive compounds from the biological point 

of view.' The hypnotic activity of a number of 6-fluoroalkylquinoxaline-2,3-diones has been 

3 patented.' and the quinoxalinedione was reported to have hypotensive activity in dogs. The 

4 insecticidal properties of compounds containing fluorine a s  well a s  6-nitroquinoxaline-2,3- 

5 dione have been reported. The carbon frame for constructing the  quinoxalin-2-one ring could 

be dehydro-Eerythorblc acid (Derythr-2,3-hexodiulosono-l,4-lactone (2). The reaction of 

6 2 with 1,Z-dlaminobenzene was f i rs t  studied by Erlbach and Ohle, who isolated 3-(Derythro- 

2,3,4-trihydroxy-I-oxobutyl)quinoxalin-2-one (3). The s t ructure  (3) was recently reinvesti- 
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gated.'' This compound is  a n  excellent precursor  for  constructing heterocycles containing the  

quinoxaline ring.  Having t h e  above aspects  in  mind, we have investigated t h e  synthes is  of 

t h e  quinoxaline a n d  pyrazole containing fluorine atoms. The s tar t ing material 3-[ I-(3-fluorophe- 

nylhydrazono)-D-er.vthr~2,3,4-trihydroxybutyllquinoxalin-2(1H~-one (4) was prepared from 

dehydro-Eisoascorbic acid (2) by i t s  sequential reactions with a molar equivalent of 1 2  

diaminobenzene followed by 3-fluorophenylhydrazine. Both C-1 and C-2 of 2 were utilized in 

10 constructing t h e  quinoxalinone ring. The C-3 carbonyl in 3A participates in  t h e  formation 

of the  cyclic hemiacetals (3b) and (3C) a s  a consequence of its interaction with t h e  terminal 

hydroxy group.  Although, t h e  solution of 3 contams 3A a s  a minor species. ~t readily reacted 

with 3-fluorophenylhydrazine t o  give the  hydrazone (4). Its ir spectrum showed t h e  presence 

of band a t  15fi5 r m ?  due  t o  the  amtde group. 

When hgdrazone (4) was subjected to t h e  action of sodium periodate, it gave 3-(1-(3-fluoroph- 

rnylhydrazono)gl) .oual-I-yllquinoxalin-H-one (5). Such reaction provides a simple route 

lo  glyoxalylquinoxalin-2lH)-one; a potential precursor  to other heterocyclic compounds. 
9 

Reaction of t h e  aldehyde (5) with benzoylhydrazine gave t h e  corresponding mixed bishydrazo- 

n e , 3 - ~ 2 - ( b e n z o y l h y d r a z o n o ) - l - ~ 3 - f l u o r o p h e n y l h y d r a z o n o ~ g l y o x a l - l - y l l q u i n ~ - o n e ~ 6 ~ ,  

which lacked t h e  aldehydic band (1715 cm-') in i t s  ir spectrum tha t  present in  i t s  precursor 

( 5 ) .  The reaction of 3-[1-ary1hydrazon0-D-erythre2,3,4-trihydroxybuty11quin0xalin-21H)-one 

with a boiling sodium hydroxide solution was repor ted t o  give I-aryl-3-(Eerythro-glycerol-1- 

yllpyrazolo[3,4-blquinonaline.11 The reaction presumably proceeds via the  formation of the  

sodium salt. On t h e  other  hand, when t h e  sodium sa l t  was treated a t  room temperature wlth 

dimethyl sulfate t h e  isolated product w a s  assigned t h e  respective N-methyl derivative. Thus, 

3-[1-(3-fluorophenylhydrazono)-Derythre2,3,4-trihydroxybutyl1-l-methy lquinoxalin-2-one 

(7) was prepared.  Its elemental analysis agreed with the  molecular formula CISHISN,04F, 

indicating t h a t  monometbylation had taken place. The i r  spectrum of 7 showed two bands a t  

1640 (OCN) a n d  3470 cm-l (OH). Acetylation of 7 with acetic anhydride and pyridine afforded 

3-[1-(3-fluorophenylhydrazom)-~~ythro-2,3,4-triacetoxybutyl1-l-methylquin~alin-2-one (9), 

I whose s t r u c t u r e  was deduced from i r  and  H-nmr spectra .  The i r  spectrum showed bands at 

I 1665 (OCN), 1750 cm-I (OAc group).  I t s  H-nmr spectrum showed three  singlets a t  6 1.90, 1.93 

and  1.97 d u e  t o  t h r e e  acetyl groups, in addition t o  a singlet  a t  6 3.6 (due to N-Me). Although, 
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that  signals confirmed the  presence of the substituents, i t  did not confirm their assigned 

positions. However, the  downfield location of the  protons of the  butyl side chain upon 

acetylation did confirm that  the  acetyl groups were introduced on the  hydroxyl groups and 

consequently, the methyl group was introduced on the nitrogen of t he  heterocyclic ring. Thus, 

the  doublet of H-2 appeared a t  6 6.1, the  multiplet of A-3 a t  6 5.6 and the multiplet of H-4, 

4' a t  8 4.3. Periodate oxidation of 7 afforded 3- [I-(3-fluorophenylhydrazono)glyoxal-1-yll-1- 

methylquinoxalin-2-one (8) .  The i r  spectrum of the  aldehyde (8 )  showed a band at 1680 cm-I 

(due to the CHO group) in addition to another band a t  1655 cm-I (due to OCN group). Its I H -  

nmr spectrum showed a singlet at 6 3.6 (due to N-Me), a multiplet a t  5 6.7-7.9 (due t o  

aromatic protons), a singlet a t  8 9.5 (due to formyl proton) and singlet a t  b 11.1 (due to NH 

proton). The presence of the formyl group was also confirmed by i ts  reaction with benzoylhy- 

d ranne  to give 3-[2-(benzoylhydrazom)-l-(3-fluorophenylhydmzono)glyoxal-l-yll-l-methylqul- 

noxalin-2-one (10). The i r  spectrum of 10 showed the  absence of an formyl band. This 

sequence of reactions fur ther  confirmed the location of the methyl group in 7. Isopropyhdena- 

tion of 3-[1-(3-fluorophenylhydrazono)-D-erythro-2,3,4-trihydroxybutyllquinoxalin-2~1H)-one 

(4) with acetone and a catalytic amount of sulfurlc acid gave a product (11) possessing a 

terminal 1,3-dioxolane ring. Acetylation of 11 afforded the  corresponding mono-eacetyl 

derivative (12). The 'H-nmr spectrum of 12 showed a downfield shift of the  doublet of the  

glycerolyl H-2 upon acetylation of 11 [from 8 5.1 to 6.61, whereas the  locations of H-4, 4' ( 8  

4.2) and H-3 (6 4.5) were not affected by acetylation. This indicated that  the acetylation 

occurred on position-2 and the  isopropylidene ring occupied positions 3 and 4. When 4 and 

7 were boiled with acetic anhydride they afforded 3-[5-(acetoxymethyl)-l-(3-fluorophenyl)pyr- 

azok3-yllquino~lin-2(JH)-one (13) and 3-[5<acetoxymet~1)-1-(3-flusrophenyl)pyrazo1-3-yl1-1- 

I methylquinoxalin-2-one (141, respectively. Their s t ructures  were confirmed by ir and H-nmr 

spectra. The ir showed two bands at 1660 (OCN) and 1735 cm-I (OAc group). Their 'H-nmr 

spectra showed a singlet a t  6 2.0-2.1 (due to one OAc), a singlet a t  6 5.2 due to a methylene 

protons whose downfield location indicated its attachment to a n  acetoxy group. The aromatic 

protons appeared a t  8 7.4-8.0, and the amide proton a t  8 12.0 in case of 13, whereas 14 did 

not show such a singlet but showed a singlet a t  b 3.7 (due to N-methyl group). 

EXPERIMENTAL 

General methods: Melting points were determined with a Meltemp apparatus with a 76 m m  

immersion thermometer, and a r e  uncorrected. I r  spectra were recorded with a Unicam SP 1025 
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spectrophotometer. I H - N ~ ~  spectra were measured with an EM-390 spectrometer using tetrame- 

thylsilane (Me,Si) a s  a reference. The spectra a r e  reported with chemical shits (6) downfield 

from Met%. Microanalyses were performed in the  Unit of Microanalysis, Cairo University, Cairo, 

Egypt. 

3-Il-(3-Fluoro~hen~lhydrawno)-D-er~thro -2,3,4-trihydroxybut~l]quinourl~-2~1~)ane (4). A 

suspension of D-isoascorbic acid (1) (17.6 g: 0.1 mol) and p-benzoquinone (10.8 g; 0.1 moll 

in ethanol (150 ml) was s t i r red for 90 min a t  room temperature. The resulting homogeneous 

dark yellow solution w a s  treated with a solution of 1,2-diaminobenzene (10.8 g; 0.1 moll in 

ethanol (100 01) and water (500 01) and then heated until boiling for 5 min. The reaction 

mixture was then treated with a solution of 3-fluorophenylhydrazine hydrochloride (16.3 g: 

0.1 001) in ethanol (150 ml) and sodium acetate (8.2; 0.1 mol) in water (100 ml), and the mixture 

w a s  boiled for 5-10 min, whereby red crystalline product separated out. It was recrystallized 

from ethanol to give red crystals (24.3 g, 65%); mp 220DC; vm, (KHr): 1610 (C=N), 1665 (OCN), 

3450 cm-I (OH): I~-nmr  (DMSO-dB): 6 3.8-4.0, 4.1-4.7, 4.9-5.3, 5.8-6.1 (40, 7 H, glycerolyl 

protons), 6.4-7.9 ( 0 ,  8H, aromatic protons), 10.3, 10.5 (Zs, 1 H ,  3:1, NH), 12.5 (brs ,  1 H, NH). 

Anal. Calcd for Cl8HI7N,O4F: C. 58.2; H, 4.6; N ,  15.0. Found: C, 58.4: H, 4.4; N, 14.7. 

3 - I l - ( 3 - F l u o r o p h e n ~ l h y d r a z o n o ~ l ~ o x a l - l - y l l ~ u o l - 2 l E n e  (5). A suspension of 4 (0.3 

g; 0.8 mmol) in distilled water (20 ml) was treated with a solution of sodium metaperiodate (0.43 

g;  1.6 mmol) in distilled water (20 ml). The mixture was stirred for 1 h and then left overnight 

in the dark at room temperature. The product was filtered off and recrystallized from ethanol 

in orange crystals (0.2 g ,  80%): mp 260PC; v,,,(KBr): 1615 (C=N), 1665 (OCN), 1715 (CHO), 3130 

cm? (NH); 'H-nmr (DMSO-dg): 6 6.7-7.9 (m, 8 H, aromatic protons), 9.6 (s, 1 H ,  formyl proton), 

11.3 (s,  1 H, NB) and 12.7 (s ,  I H,  NH). Anal. Calcd for CIgHI,Nt02F: C. 62.1: H ,  3.6; N ,  18.0. 

Found: C, 62.0: H, 3.6: N ,  17.8. 

3-[2-(Benzoylh~drazono)- l - (3- f luoro~hen~lhydronolyol - l -y l l~uinol in-2lEne (6). A 

solution of 5 (1.6 g :  5.1 mmol) in N,N-dimethylformarnide (10 ml) and ethanol (10 ml) was treated 

with benzoylhydrazine (0.7 g: 5.1 mmol) and then heated for 5 min. The product that  separated 

out was filtered off, washed with ethanol. The product was recrystallized from ethanol and 

N,N-dimethylformamide in yellow crystals (1.5 g ,  68%): mp 240'C; v,,,(KBr): 1610 (C=N), 1670 

(OCN), 3140, 3260 cm-' (NH); 'H-nor (DMS0)-dg): 6 6.6-6.1 (m, 14H, aromatic and methine 

protons), 8.2, 8.8 (2% 2H, 2NH) and 10.4 (brs,  lH, NH). Anal. Calcd for C23H,lN602F: C. 64.6; H, 

4.0; N, 19.6. Found: C, 64.5; H, 4.1: N, 19.4. 
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3-1 1-(3-Fluoror, hen~lhydrazono)-&eruthr~2,3.4-trihydroxybut~ll-l-meth~lquino~lh-2wne 

(7). A suspension of 4 (5.0 g ;  13.4 mmol) in  a solution of sodium hydroxide (3.0 g;  75.0 mmol) 

in  40% aqueous ethanol (375 ml) was heated on a water-bath till dissolution. Dimethyl sulfate 

(5 ml; 52.7 mmol) was then  added and the  mixture was left  a t  room temperature for  10 h with 

occasional shaking. The product tha t  separated ou t  was filtered off, washed with water and  

then recrystallized from ethanol in orange crys ta ls  (3.0 g ,  59%): mp 178*C: v,,(KBr): 1615 

(C=N), 1640 (OCN), 3470 cm-I (OH); 'H-nmr (DMSO-dg): 8 3.4 (s, 3 H, N-Me), 3.9-4.1, 4.3-4.7, 5.1- 

5.4, 6.0-6.2 (4m, 7 H ,  glycerolyl protons), 6.5-8.0 (m, 8 H ,  aromatic protons), 10.0 ( s ,  1 H ,  NH). 

Anal. Calcd f o r  CIgHIgN404F: C, 59.2; H, 4.9: N ,  14.5. Found: C, 58.8; H,  5.0; N, 14.7. 

3-11-~3-F1uoro~hen~lh~drazono)-&erythr~2.3,4-triacetoxybuty11-1 -methylquinoxalin-2ane 

(9). A cold solution of 7 (0.3 g: 0.8 mmol) in  d r y  pyridine (5 ml; 16.8 mmol) was treated with 

acetic anhydr ide  (5 ml; 53.0 rnmol). The reaction mixture w a s  kept overnight a t  room tempera- 

tu re  and t h e n  poured onto crushed ice and  the  product  tha t  separated out  was filtered off, 

washed with a dilute solution of 10% sodium bicarbonate, water and  ethanol. The product was 

crystallized from ethanol in orange crystasls (3.0 g ,  77%): mp 143'C; v,,, (KBr): 1615 (C=N), 

1665 (OCN), 1750 (OAc): 'H-nmr (DMSO-dg): a 1.90, 1.93, 1.97 (3% 9 H, 3 OAc), 3.6 (s,  3 H, N-Me), 

4.3 (m, 2 H, H-4, 49,  5.6 (m, 1 H ,  H-3). 6.1 (d ,  JIv2  6 Hz, 1 A, H-21, 6.6-7.9 (m, 8 H,  aromatic 

protons) and  10.4 (s,  1 H, NH). Anal. Calcd for  Cz5HZSN4O1F: C, 58.7: H, 4.9: N ,  10.9. Found: C, 

58.8; H,  4.7; N ,  10.7. 

3-[l-(3-Fluoro~hen~lh~drazono)dLy0xal-l-yll-1-methylquinoxalh-2~ne (8). A suspension of 7 

(0.6 d ;  1.5 mmol) in distilled water (40 ml) was t rea ted with a solution of sodium metaperiodate 

(0.6 g: 3.0 mmol) in  distilled water (40 ml). The mixture was s t i r red  for 1 h and  then left  

overnight in  t h e  dark  at room temperature. The product  was filtered off, and recrystallized 

from ethanol in  orange crys ta ls  (0.4 g ,  80%); mp 165OC; v,,,(KBr): 1615 (C=N), 1655 (OCN), 1680 

(CHO), 3320 cm-' (NH); 'a-nmr (DMSO-dB): a 3.6 (s ,  3 H, N-Me), 6.7-7.9 (m, 8 H, aromatic 

protons), 9.5 (s ,  1 H,  formyl proton) and 11.1 ( s ,  1 H, NH). Anal. Calcd for Cl7Hl3N4O2F: C, 63.1; 

H, 4.0: N, 17.2. Found: C, 63.0; H ,  3.7; N, 17.1. 

3-~2-(Benw~lh~drazono)-l-(3-iluoroohenylhydrazono~~1yoxaL-1-~11-1-meth~luinoxalin-2ane 

(10). A solution of 8 (0.3 g ;  0.9 mmol) in  ethanol (30 ml) was treated with a solUti0n of 

benzoylhydrazine (0.1 g :  0.9 mmol) in ethanol (20 ml) and then heated for 15 min. The product 

that  separated ou t  was filtered off, washed with ethanol. The product was recrystallized from 

ethanol in yellow crys ta ls  (0.3 g,  73%); mp 265OC; v,,(KBr): 1595 (C=N), 1670 (OCN), 3280 cm-I 
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I (NH); H-nmr (DMSO-dg): 6 3.8 (s ,  3 H ,  N-Me), 6.6-8.8 (m, 14 H, aromatic and methine protons), 

10.5 (s ,  1 H, NH) and 11.8 (s;  1 H, NH). Anal. Calcd for CZ4HISN60ZF: C, 65.3; H, 4.3; N, 18.9. 

Found: C, 65.3; H, 4.1; N, 17.2. 

3-[ 3,4-~Iso~ro~ylidenel-(3-fluorophenylhydrazono)-Iter~hm2~3~4-trih~drox~but~llauin- 

oxalin-Z(l8hne (11). A suspension of 4 (1.0 g; 2.7 mmol) in d ry  acetone (40 ml) was stirred 

vigorously for 1 h and few drops of sulfuric acid were added till dissolution. The reaction 

mixture was neutrallized with solid anhydrous sodium carbonate and filtered. The inorganic 

salt was washed with acetone. The combined washing and filtrate were evaporated. The product 

was recrystallized from ethanol in orange crystals (0.8 g,  73%): mp 190-192°C: v,,(KB~): 1660 

(OCN) and 3500 cm-I (OH); 'H-nmr (CDCI?): a 1.3, 1.4 (2% 6 H, 2 Me), 3.6 (t ,  J 7.5 Hz, 1 H, OH), 

4.2 (m, 2 H, H-4, 49, 4.5 (m, 1 H,  H-3), 5.1 (d, JZs3 6 Hz, 1 H, H-2), 6.5-7.9 (m, 8 H ,  aromatic 

protons). Anal. Calcd for CZIHZIN,O,F: C, 61.3; H, 5.1: N, 13.5. Found: C, 61.4: H ,  5.4; N, 13.8. 

3~2-0-A~ty~3,4-0-iso~m~~li&ne1<3-f1wro~hen~1h~dr~~0no~-D-erythm2,3~4-trihydroxybIlt- 

yllauinoxalin-2(1E)-one (12). A cold solution of 11 (0.1 g ;  0.24 mmol) in pyridine (5 ml: 61.8 

mmol) was treated with acetic anhydride (2 ml; 21.2 mmol). The reaction mixture was left 

overnight a t  room temperature. The reaction mixture w a s  poured onto crushed ice. The product 

that  separated was filtered off, washed repeatedly with water and dried. The product was 

recrystallized from ethanol in orange crystals (0.08 g; 73%); u p  14O0C; v,,,(KBr): 1660 (OCN) 

and 1730 cm'l (OAc); ' ~ -nmr  (CDC13): 6 1.3, 1.4 (28, 6 H, 2 Me), 2.1 (s ,  3 H, OAc), 4.2 (m, 2 H, 

H-4, 4'), 4.8 (m, 1 H, H-3), 6.6 (d, J 9 Hz, I H, A-21, 6.6-7.8 (m, 8 H, aromatic protons). Anal. 
2,3 

Calcd for C23H23N105F: C. 60.9: H, 5.1; N, 12.3. Found: C,  61.1; H,  4.8; N ,  12.5. 

3-[F(Acetox~meth~l)-I-(3-fluoro~hen~l)~~r~ol-3-yllaubo~in-2~1Hhne (13). A solution of 

4 (0.9 g; 2.4 mmol) in acetic anhydride (12 ml :  127.2 mmol) was heated under reflux for 15 min. 

The mixture was cooled, diluted with ice cold water and the product that  separated out was 

filtered off,  washed with water, and dried. It was crystallized from ethanol in colorless needles 

(0.6 g: 66%): mp 226*C: vma,(KHr): 1615 (C=N), 1660 (OCN), 1735 (OAc), 3430 cmml (NH): 'H-nmr 

(CDC13): 6 2.1 (s, 3 H, OAc), 5.2 (s, 2 H,  CH2), 7.4-8.0 (2m, 9 H ,  aromatic and pyrazolyl protons) 

and 12.0 (brs,  I H ,  NH). Anal. Calcd for Cz0H,5N,03F: C. 63.6: H, 4.0; N ,  14.8. Found: C, 63.6: H, 

4.1; N, 15.0. 

3-[5-(Ac~xymeth~l)-I-(3-fluoro~hen~l)~y~ol-3-~l~-l-meth~laubo~~-2~ne(14). Asolution 

of 7 (0.5 g; 1.3 mmol) in acetic anhydride (6 ml; 63.6 mmol) was heated under reflux for  15 

min. The mixture was cooled and poured onto crushed ice. The product that  separated out 
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was filtered off, washed with water, and dried. It was crystallized from ethanol in  colorless 

needles (0.4 g ,  79%): mp 183-C; v,,(KBr): 1600 (C=N), 1645 (OCN), 1735 cm-' (OAc); 'H-nmr 

(CDCI3): 6 2.2 (s, 3 H, OAc), 3.7 ( s ,  3 H, N-Me), 5.2 ( s ,  2 H, CH2), 7.2-7.8 (m, 9 H, aromatic and 

pyrazolyl protons). Anal. Calcd for  CZ,HI1N4O3F: C,  64.4; H, 4.4; N, 14.2. Found: C,  64.2; H, 4.2: 

N ,  14.0. 
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