
Tetrahedron Vol. 43. No. 3, pp. 607 to 616, 1987 

Pnnti I" Great Bntam. 
WO-l020/87 f3.00+ .OO 

C 1987 Rrgamon Journals Ltd 

A DIRECT PRBPARATI~ Op 2-ABYL-4-~0=~O@=L-3- 

PYRihSOLIt+5-OHBS PRM ARYL HyDRAgIBEs 

Andrew W. Taylor* and Richard T. Cook 

Beechaa Pharmaceuticals Reeearch Division. 

Brockhaa Park, Betchworth. Surrey, RH3 7AJ, England. 

(Receiwd in UK 5 December 1986) 

Abetractr Aryl hydrazines (1) possessing an electron-withdrawing substituent on 

the phenyl ring, on treatment with diethyl (ethoxymethylene)malonate in 

ethanolic sodium ethoxide solution, have directly afforded 2-aryl-l-ethoxy- 

carbonyl-3-pyrazolin-5-ones (4). Spectroscopic evidence is presented to 

differentiate these compounds (4) from their 1-aryl isomers (3). 

In the course of our work on the preparation of novel E-acyl derivatives of 

ampicillin,l we have synthesised pyrazolinone esters of two general structural 

types, viz. 1-aryl-4-(ethoxycarbonyl)pyrazolinonea (3) and their 2-aryl isomers 

(4). We herein report a novel direct preparation of certain I-aryl 

pyrazolinonea (4) from the corresponding free aryl hydraeinea (1) and diethyl 

(ethoxymethylene)malonate (8). 

The preparation of 1-aryl pyraeolinone eaters (3) from the corresponding 

hydrazinea (1) and diethyl (ethoxymethylene)malonate (8) is well established. 

For example, Claiaen and Haaae2t3 obtained the acyclic product (2a) on 

treatment of phenylhydrazine (la) with diethyl (ethoxymethylene)malonate; the 

dieater (?a) was then cycliaed to pyrazolinone (3a) on heating to 17S". More 

conveniently, (3a) has been obtained almost quantitatively from (la) on heating 

the latter in refluxing aqueous potassium carbonate eolution.4 The gross 

structure of pyrazolinone (3a) was established by chemical degradation.2 More 

recently, Newman and Pauwella5r6 have carried out a detailed spectroscopic 

study of this and other Wraeolin-5-ones. They concluded that rl-ethoxy- 

carbonyl-1-phenylpyrazolin-5-one (3a) can exist in both this NH +pyrazolin-5- 

one form and the tautomeric hydroxypyraeole form (6a). Structural aaaignments 

for the compounds prepared during the course of our work are discussed below: 

meanwhile we will use the 3-pyraeolin-5-one tautomeric forma (3) and (4) to 

refer to the 1 and 2-aryl heterocyclic isomers respectively. 

2-Aryl pyrazolinones (4) are leas well documented than their 1-aryl isomers 

(3). The only preparation known to us of a 2-aryl isomer involves the reaction 

of phenyl acetyl hydrazide (7) with diethyl (ethoxymethylene)malonate (8) in 

phosphorus oxychloride3r7. The parent 2-phenyl pyraeolinone (4a) is obtained 

after aqueous work-up. We have repeated this procedure in up to forty percent 

yield. In this case the amino group a to the phenyl ring of hydrazide (7) is 

rendered more nucleophilic than the acetylated b-amino group. Presumably the 

latter function iS first converted to an imino phoephoryl group during treatment 

with phosphorus oxychloride and is subsequently liberated ae the protonated 

nitrogen of the pyrazolinone (4a) on aqueous hydrolysis. 

Alternatively we sought a simpler method of preparing a range of 2-aryl 

PYraxolinonea (4). Preferably directly from the unmasked parent hydrazines (1) 
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and diethyl (ethoxymethylene)malonate (8). Such a preparation would involve 

reversing the relative nucleophilicity of the -0 amino groups normally 

dieplayed by 1-aryl hydraxines (1). The B-amino group of phenylhydrazine 

(la) and other aryl substituted analogues preferentially reacts with the ethoxy- 

methylene group of malonate (8) under neutral conditions (see above3r8). We 

have also eho,#n that hydraeinee (1% d, e) react in the same way with diethyl 

(ethoxymethylene)malonate under mildly acidic conditions in refluxing ethanol to 

give the b-condensation products (2c, d, e). Moreover, we have ehmn that 

hydrazinee (la-e) react with malonate (8) and potassium carbonate in refluxing 

ethanol or water to give directly the 1-aryl pyrazolinonee (3re). However, we 

hoped that if we used a sufficiently strong base, the greater acidity of the 

proton on the nitrogen a to the phenyl ring would render this a-nitrogen the 

more nucleophilic. Thus we hoped to prepare 2-aryl pyrazolinonee (4) via the 

intermediacy of (9). There is precedent for reversing the relative 

nucleophilicitiee of the nitrogens of phenylhydrazine in this way in the work of 

Ege and Franz.g 

When ethoxymethylene malonate (8) was added to phenylhydrazine (la) in 

either ethanolic sodium ethoxide or tert-butanol containing potassium tert- 

butoxide, the desired 2-phenyl pyrazolinone (4a) was detectable in the reaction 

product. At beet, however, the isolated yield of (4a) was poor and the acyclic 

b-condensation product (2a) was also obtained. Hcmever, we found that by 

choosing a suitable electronrithdrawing group on the aryl ring of the hydrazine 

(1). we could improve the yield of the desired pyrazolinone (4) to [in the case 

of the m-nitrophenyl pyrazolinone (4e)] almost quantitative. Table 1 ehme the 

yields of 2-aryl pyrazolinonee (4b-f) isolated from the reaction of 

ethoxymethylene malonate (8) with the respective hydrazine (lb-f) in ethanolic 

sodium ethoxide. Presumably the m-nitro group of hydrazine (le) assists 

deprotonation of the amino group u to the aryl ring because of its strong 

electron-withdrawing effect: however. the anion cannot be stabilieed in the 

manner available to that of the p-nitro isomer (If), where the charge is 

presumably so delocalised that the b-amino group remains the more nucleophilic. 

Thus in this last case, the 1-aryl isomer (3f) was still obtained using ethoxide 

catalysis. 

STRUCTURAL ASSIGWENTS 

l- Aryl Pyrazolinooee (3). The parent phenyl (3a) and E-bromophenyl 

(3b) analoguee have already been reported: pyrazolinone (3a) in particular has 

been extensively etudied.5a6 In addition to being obtained directly from the 

parent hydrazine, the novel l-aryl pyrazolinonee (3c-e) were prepared from the 

isolated intermediates (2c-e), which can readily be characterieed by their 

proton n.m.r. spectra as being the b-adducte shown. In each of these compounds 

the (<H-NH-) group appears as an AX quartet (J 11 Hz). On D20 treatment the 

higher field (CH) doublet slowly collapses to a singlet as the lower field (NH) 

signal exchanges. As in the reported preparation of analoguee (3a) and (3b), 

cyclisation of (Ic-e) to the l-aryl isomers (3c3e) is the obvious reaction 

pathway. The 1-phenyl pyraeolinone (3a) has been aeeigned5.6 to exist as this 

NH tautomer in chlorinated hydrocarbons, and predominantly as the hydroxy- 

pyrazole (6a) in a polar solvent (dimethyleulphoxide), mineral oil dispersion 

and the solid state. Key infra-red bands used to underpin these structural 

assignments for (3ar6a) were also displayed by our analoguee (3b-fr6b-f). ThUS 

the pyrazolinone forms (Ja-f) found in chlorinated hydrocarbons exhibited two 

carbonyl bands, viz. at 1720-1730 cm-l (ester carbonyl; weak due to its 
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adopting the s-cis configuration to the ring C=C5) and at about 1665 cm-l 

(pyrazolinone carbonyl). In nujol mull, however, only one carbonyl band was 

observed. In analogues (6a-c) this band has a frequency of about 1710 cm-l, and 

is assigned as the ester carbonyl,5 while a fairly weak but distinct band at 

3150-3170 cm-l is also observed, characterised as a CH stretch arising from the 

ring -NIGH-G-C component.6 In analogues (6d-f), hydrogen bonding may lower 

the single carbonyl frequency in nujol mull to the observed value of 

1670-80 cm-l, or alternatively the molecules may exist as pyrazolinones with the 

ester group enolised;5 structures (6d-f) may predominate in dimethyl- 

sulphoxide, where all three exhibit a single broad carbonyl frequency at 

1700 cm-l. 

2- Aryl Pyrazolinonee (4). The physical properties of pyrazolinones (4a-f) 

confirm that they are isomeric with pyrazolinones (3a-f). Structures of type 

(10) are discounted not only on spectroscopic grounds, but also chemically. 

Esters of (4a-f) have been converted by us via their derivative acids and acid 

chlorides to penicillins of general structure (11) . Spectroscopic comparison 

of (4a-f) with the 1-aryl isomers (3a-f) is again complicated by tautomerism, 

but we have assigned the pyraeolinone tautomeric forms (4a-f) as existing in 

chlorinated hydrocarbons, while the hydroxypyrazole forms (Sa-f) may predominate 

in nujol mull and dimethylsulphoxide. Thus the pyrazolinone forms (4a-f) found 

in chlorinated hydrocarbons again exhibited two infra-red carbonyl bands in a 

manner analogous to the l-aryl series. The weak band at 1720-1725 cm-l has 

again been assigned to the ester carbonyl s-cis to the ring C=C, and the strong 

band at about 1680 cm-l assigned to the ring pyrazolinone carbonyl. The proton 

n.m.r. spectra of analogues (4a) and (4b) in deuteriochloroform show that the 

singlet assigned to the 3-pyrazolinone proton occurs at approximately 0.5 ppm 

lower field than the corresponding signal of the 1-aryl isomers (3a) and (3b), 

indicating deshielding by the adjacent 2-aryl ring in the former series. 

In nujol mull, only one infra-red carbonyl band was again observed in the 

2-aryl series, indicating tautomerism to the hydroxypyrazole form (Sa-f). This 

normally occurred between 1680-1690 cm-l, which may indicate some degree of 

hydrogen bonding associated with the ester carbonyl to which this frequency is 

assigned. Typical broad hydrogen bonded hydroxyl stretch absorption8 were 

observed for compounds (Sa-c; e-f) at 3200-2600 cm-l. A single broad carbonyl 

frequency for (5a) at 1700 cm-l in dimethylsulphoxide may, as in the isomeric 

series (6), indicate that the hydroxypyrazole form again predominates, with the 

hydrogen bonding lessened compared to the corresponding nujol mull (single 

carbonyl frequency, 1685 cm-l). The proton n.m.r. spectra of analogues 

(SC-f) in deuteriodimethylsulphoxide show that the singlet assigned to the 

pyrazole CH proton occurs at approximately 1.0 ppm lower field than the 

corresponding signal of the isomers (6c-f), again indicating deshielding by the 

adjacent phenyl ring in the former series. 

The ultraviolet spectra of all the 2-aryl pyrazolinone series showed that 

every analogue exhibited a maximum absorption at 30-50 nm longer wavelength 

than its corresponding 1-aryl isomer. 

Finally, because of the discovery that the pnitrophenyl hydraxine (If) 

uniquely gave the 1-aryl pyrazolinone (3f) on treatment with diethyl (ethoxy- 

methylene)malonate and ethanolic sodium ethoxide, the assignment given to this 

1-aryl isomer was underpinned by unambiguous synthesis of the distinct 2-aryl 

isomer (4f). which was prepared by nitration of the parent 2-phenyl pyrazolinone 

(4a). 
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Table 1 

0 Yield of 2-Axyl Pyrawlinonee (4) fro Bydrazines (1) 

and Xthoxymsthylene Malonats (a) in Ethanolic &dim Ethoxide 

liydrazine Fyrazolinone % Yield 

la 4a 10 Cal 

lb 4b 15 

lc 4c 29 

Id 4d 74 

le 4e 97 

If 4f 0 (42)CbI 

[a] KOBuf/ButoH used rather than NaOEt/EtOH 

[b] Yield of l-aryl pyrazolinone isomer (3f) given 

in brackets. 

Melting points ware determined on a Buchi melting point apparatus and are mcorrectad. 

Infra-red spectra ware recorded on a Perkin Elmer 197 apectroaeter. Nuclear Magnetic Resonance 

spectra were recorded on a Varian EM 360 6CMHz spectrometer (tetramethylsilane as internal 

reference). Ultraviolet spectra were recorded on a Perkin Elmer 554 spectrophotometer. 

Diethyl (ethoxymethylenejnalonate (30.6 ml, 132 mmol) was edded to 2-acetyl-1-phenylhydrasine 

(20.0 8, 132 mol) in phosphorus oxychloride (240 ml) and the mixture stirred at 70°C for 3 hours 

under nitrogen. The solution was cooled and then carefully poured into water (1 litre) to give a 

solution which was subsequently cooled to 10°C by the addition of ice. The resultant precipitate 

was filtered, washed with water and dried under vacuum. Recrystallisation gave the title compound 

(10.8 8, 36%). m.p. 149O (from aqueous ethanol); i.r. (CRC13): u max 1725 (weak), 1680, 1600, 

1585, 1505 cm-l; (Nujol): v max 3200-2600, 3110, 1685, 1605, 1590, 1540, 1510 cm-l; [(CH~)~SO]: 

" max 1700 cm-l; U.". (lItOH): A max 281 nm (log E 4.16); lH n.m.r. (CDC13): 61.38 (3H, t, 

CH3-C, J - 7 Hz), 4.35 (2H, q, Q120, J = 7 Hz), 7.45 (58, m, aryl protons), 8.05 (lH, s, 

pyrazolinone 3-proton). (Found: C, 61.82; H, 5.39; N. 11.85. Calc. for Cl2H12N203: C, 62.06; W, 

5.21; N, 12.14%). 

To potassium carbonate (1.38 8, 10.0 ~1) and phenylhydraztne (1.08 ml, 10.0 m-1) in water 

(50 ml) was edded diethyl (ethoxymethylene)malonate (2.16 ml, 10.0 mmol) and the mixture stirred at 

reflux for tvo hours under nitrogen. The whole was cooled, washed with ethyl acetate and then 

acidified to pH 2 (5N hydrochloric acid). The resultant precipitate was filtered, washed with 

water and dried under vacuum. Recrystallisation gave the title c-pound (2.05 8, 89%). m.p. 113O 

(from aqueous ethanol) (lit.4 113O); 1-r. (CECl3): v max 1725 (weak), 1665. 1660, 1580; 1500 cm-l; 

(Nujol): v max 3170, 3200-2600, 1715, 1620, 1595, 1530, 1500 a-'; U.V. (EtOB): A sax 229 na 

(log E 4.16); 'H nnr (CDC13): 61.37 (3H. t, (X3-C. J = 7 Em), 4.32 (28, q, -C&20-, J - 7 Hz), 7.50 

(6~. complex, aryl protons and pyrazolinone 3-proton). 9.10 (la, br.a, NH, exchangeable D20). 
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Direct preparation of 4--ctho~urbonyl-2-p~yl-3-~~o~~~~ (4a) fra tbe pment bydrazlae 

Phenylhydrazine (0.11 ml, 1.0 mmol) was dissolved in dry t-butanol (10 ml) and treated 

sequentially with a 0.251 solution of Potassium t-butoxide in t-butanol (6.80 ml) and diethyl 

(ethoxymethylene)malonate (0.22 ml, 1.0 mmol). The mfxture was etirred under nitrogen at room 

temperature for 4.5 hours. The reaction mixture was diluted vith water (IO ml) and the pH lowered 

to 2.5 (5N hydrochloric acid). The contents were concentrated by evaporation and the residue 

partitioned between water and ethyl acetate. The organic layer was dried (magnesium sulphate) and 

evaporated to yield an oil (0.21 8). This was partitioned between potassium carbonate solution and 

ethyl acetate, and the aqueous layer then separated and acidified to pH 2 (5N hydrochloric acid). 

Ethyl acetate extraction gave after dryiog (magnesium sulphate), avaporation and recrystallisation 

(aqueous ethanol) the &sired 4-ethoxycarbonyl-2-phenyl-3-pyraxolin-S-one (22 mg, 10X), identical 

to the material prepared above (mixed m.p. undepressed). 

The ethyl acetate layer containing the material insoluble in potassium carbonate vas dried 

(magnesium sulphate), evaporated and the rwidue chromatographed on silica (hexane:ethyl acetate 

(4:l)) to give 2-[2,2-bis(ethoxycarbonyl)ethenyl]-l-phenylhydrasine (2a) (50 mg, 18%). 

EBrcmophenylhydrazine (2.24 g, 12.0 mmol) [previously liberated from the hydrochloride] was 

dissolved in dry ethanol (50 ml) and treated sequentially with an ethanolic solution of 1M sodium 

ethoxide (26.3 ml, 26.3 mmol) and diethyl (ethoxymethylene)malonate (2.6 ml, 12.0 mmol), and the 

whole stirred at room temperature under nitrogen for 3 hours. The reaction mixture was 

concentrated by evaporation and the residue partitioned between water and ethyl acetate. The pH 

was then lowered to 2.5 (5N hydrochloric acid) and the organic layer shaken, separated, dried 

(magnesium sulphate) and evaporated to yield an oil (4.47 g). This, on partitioning between 

aqueous potassium carbonate solution and ethyl acetate, produced a precipitate of the potassium 

salt of the title product. The precipitate was filtered, suspended in water and the suspension 

then acidified to pH 2.5 (5N hydrochloric acid). Ethyl acetate extraction of the resultant mixture 

save. after drying (magnesium sulphate) and evaporation, the title product (0.43 8). The potassium 

carbonate layer from above was acidified to pH 2.5 (5N hydrochloric acid) and extracted with ethyl 

acetate to give, on drying (magnesium sulphate) and evaporation, a further portion of the title 

product (0.10 g; combined yield, 15X), m.p. 138O (from aqueous ethanol); f.r. (CH2C12): v max 

1725 (weak), 1685. 1595, 1585, 1520, 1500 cm-l; (Nujol): v max 3200-2600, 3120, 1690, 1615, 

1580, 1550, 1505 cm-l; U.V. @toll): A max 287 nm (log E 4.32); +I nmr (CDCl3): 61.38 (3H. t, 

CH3-C-, J - 7 Hz), 4.38 (2H, q, -CH2-0-, J - 7 He), 7.55 (4H, s, aryl protons), 8.10 (lH, 8, 

pyrssolinone 3-proton). (Found: C, 46.29; H, 3.57; N. 8.96; Br, 25.76. Calc. for C12HllBrN203: 

C, 46.32; H, 3.56; N, 9.01; Br, 25.68%). 

l-~Broropbenyl-4-etbo~carbemyl-3-pyrasolim-5-ome (3b) 

e-Bromophenylhydraeine (0.84 g, 4.5 mmol) [previously liberated from the hydrochloride] and 

potassium carbonate (0.62 8, 4.5 mmol) in water (25 ml) were treated with diethyl (ethoxymethylene) 

malonate (0.95 ml, 4.5 mmol) and the whole stirred under nitrogen at reflux for 2.5 hours. The 

reaction mixture was cooled, washed with ethyl acetate and then acidified to pH 2.5 (5N 

hydrochloric acid). Acidification produced a precipitate which was filtered, washed with vater and 

dried in vacuum to give the title compound (0.40 8, 28%). m.p. 153-4O (from ethanol) (lit.8 154~); 

i.r. @X13): ” max 1720 (weak), 1660, 1590. 1570 cm-l; (Nujol): ” max 3200-2600. 3160. 1710, 

1620, 1585. 1550, 1510 cm-1; U.V. (EtOH): A max 250 nm (log r 4.48); ‘H nmr (CDCl3); 61.41 (38, 

t, QI3C-, J - 7 as), 4.38 (2H, q, -(X20-, J - 7 Hz). 7.52 (4H, cwplex, aryl protons), 7.63 (1H. s, 

pyraeolinone 3-proton), 9.37 (la, br.6, NH, exchangeable D20). 
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m-Bromophenylhydraxine hydrochloride (0.22 B, 1.0 mmol) in a 0.3513 solution of sodium ethoxide 

in ethanol (8 ml) was treated at room tsaperature with diethyl (ethoxynethylene)malonste (0.22 ml, 

1.0 mmol) in ethanol (2 ml). and the mixture stirred for 1 hour. The solution was then acidified 

to pH 2.3 with 5N hydrochloric acid and concentrated by evaporation. The resulting solid uas 

filtered, washed with water and hexane , aad dried to give a residue vhich was partitioned between 

ethyl acetate and saturated squeous potassium carbonate eolution. The aqueous layer was separated, 

acidified to pH 2.5 (SN hydrochloric acid) and extracted with ethyl acetate. Drying (sodium 

sulphate) and evaporation gave the title product (0.09 B, 29%). m.p. 156O (from methanol); 1.r. 

(CH2Cl2): ” max 3370, 1720 (weak), 1680, 1590, 1580, 1510 cm-l; (Nujol): v msx 3200-2600, 3120. 

1690, 1600, 1590, 1540 cm-l; U-Y. (EtOH): A max 285 nm (log E 4.25); ‘B nmr [(cD~)~SO]: 61.27 

(3H. t. -CH3. J - 7 Hz), 4.20 (2H, q, +.X20-, J - 7 Hz), 7.45 (28, complex, aryl protons), 7.82 

(lH, d of t, 4-phenyl proton, J - 8, 2 Hz), 8.05 (lH, I, 2-phenyl proton), 8.85 (1H. 8. 

pyrasolinone 3-proton). (Found: C. 46.36; H, 3.58; N. 8.89. Cslc. for C12H11BrN203: C, 46.32; 

H, 3.56; N, 9.01%). 

l_iBrmpheoyl-4-etboxycsrbonyl-3-pyrasolln-S-one (3~) (direct preparstfw) 

EBromophenylhydraxine hydrochloride (0.22 g, 1.0 mmol) and potassium carbonate (0.28 g, 

2.0 mmol) uere suspended in dry ethanol (10 ml) and treated with diethyl (ethoxymethylene)malonate 

(0.22 ml, 1.0 mmol), and the mixture then stirred at reflux under nitrogen for 3 hours. The 

mixture was cooled, concentrated by evaporation and the residue suspended in water. The pH was 

lowered to 2.5 (5N hydrochloric acid) and the egueous layer extracted with ethyl acetate to give, 

after drying (magnesium sulphate) and evaporation, the title product (0.25 g, 79%). q .p. 133’ (from 

ethanol); i.r. (CHC13): v max 1720 (weak), 1660, 1590, 1575 cm-l; (Nujol): Y max 3150, 

3100-2600, 1705, 1605, 1575, 1550, 1510 cm-l; U.V. (EtOH): ), psx 245 nm (log E 4.35); 1~ nmr 

(CDC13): 61.38 (3H.t. (X3-C-, J - 7 Hz). 4.30 (2H. q, -CB20, J - 7 Hz), 7.64 (SH, complex. sryl 

protons and pyrazolinone 3-proton), 8.7 (lH, br.s, -NH-, exchangeable D20); [(CD3)2SO]: 61.30 (3H, 

t, (X3-c-. J - 7 Hz), 4.21 (2H, q, +X20-. J - 7 Hz), 6.5 (lH, br. -OH [pyratole form]), 7.47 (4H, 

complex, aryl protons), 7.77 (lH, 8, pyraxolinone 3-proton). (Found: C, 46.57; H, 3.61; N. 8.86; 

Br. 25.51. Calc. for C12H11BrN203: C, 46.32; H, 3.56; N, 9.01; Br 25.68%). 

l-m-Braaophcnyl4-ethoxycarbonyl-3-pyrssolfn-~-ow (3~) (Preparation da isolation d intermdiate - 

2-[2,2-bis(etboxyurbonyl)etbenyl]-l_rbrmpheylhydradne (2~)) 

rBronophenylhydrazine hydrochloride (0.22 g, 1.0 omol) wss suspended in dry ethanol (10 ml) 

and treated with diethyl (ethoxymethylene)malonate (0.22 ml, 1.0 mmol) and the mixture stirred at 

reflux for 2.5 hours. The reaction mixture was cooled, concentrated by evaporation and the residue 

partitioned between potassium carbonate solution and ethyl acetate. The organic layer wss 

separated, dried (magnesium sulphate) and evaporated to give a mixture (0.27 g) from which the 

intermediate (2~) was isolated after chrmatography on silica [hexane:ethyl acetate (4:1)] and 

recrystallisation (0.10 g, 31%). m.p. 105-6O (from chloroform:hexane); i.r. (CHCl3): v max 1690. 

1650. 1600 cm-l; u.v. (EtOH): A max 279 nm (log E 4.33); ‘H nmr (CDC13): 1.27, 1.34 (2 x 3H, 2t, 

(CH3-C-)2, J _ 7, 7 Hz), 4.10, 4.20 (2 x 2H. 2q, (-(X20)2, J - 7, 7 Hz), 6.92 (4H, complex. sryl 

protons), 8.04 (lH, d, C-CH-N, J - 11 Hz, collapses to s uith CD30D). 9.75 (lH, d. C-C-NH, J - 11 

Hz, exchanges with CD3OD). (Found: C, 47.20; 8, 4.93; N, 7.81. Calc. for C14B17BrN204: C, 47.07; 

H, 4.80; N, 7.84%). 

2-[2.2-Bis(ethoxycarbonyl)ethenyl]-1-Bbromopine (2~) (45 (18, 0.126 -1) was 

dissolved in dry ethanol (2 ml) and treated with potassium carbonate (18 mg, 0.126 mmol). and the 

mixture stirred under nitrogen at reflux for 0.75 hours. The mixture was then cooled, diluted with 

water and acidif ied to pH 2.5 (5N hydrochloric acid). Ethyl acetate extraction gave after drying 

(magnesium sulphste) and evaporation the title product (39 mu, 99% frown intermediate (2~)). 

identical to the material prepared directly from rbromo-pbenylhydraxine. 



614 A. W. TAYLOR and R. T. Coon 

~(Methylsulphonyl)phenylhydrariae (0.37 g, 2.0 mmol) in a 0.25M solution of q odfum ethoxide 

In ethanol (16 ml) was treated at rocm temperature with diethyl (ethoxymethylene)malonate (0.43 ml, 

2.0 mmol) in ethanol (fl ml), and the mixture etirred for 2 hours. The solution was then 

neutralised with dilute hydrochloric acid (SN), concentrated by evaporation and the residue 

partitioned between ethyl acetate and saturated aqueous potassium carbonate solution. The aqueous 

layer was separated, acidified to pH 2 (5N hydrochloric acid) and extracted with ethyl acetate. 

Drying (sodium sulphate) and evaporation gave the title product (0.46 g, 74%), m.p. 22%6O (from 

methanol); i.r. (cH2C12): ” max 1720 (weak), 1685, 1590, 1580, 1500, 1320, 1150 cm-l; (Nujol): 

v max 3340, 3110, 1695, 1595, 1580. 1530, 1300, 1145 cm-l; U.V. (BtOH): ,I max 300 M (log E 

4.41); ‘B nmr [(CD3)2SO): 61.27 (38, t, W3-C, J 0 7 HZ), 3.20 (3H, 8, CH3SO2-), 4.17 (2H, q, 

-Cti20- ) J - 7 Rx). 7.91 (4R, s, aryl protons), 8.83 (lH, 8. pyrazolinone 3-proton). (pound: 

C, 50.31; Ii, 4.56; N, 0.99. Calc. for C13814N205S: C, 50.31; H, 4.55; N, 9.03X). 

R-(Nethylsulphonyl)phenylhydrasine (0.19 g, 1.0 mmol) in dry ethanol (10 ml) was treated with 

potassium carbonate (0.14 g, 1.0 mmol) and diethyl (ethoxymethylene)malonate (0.22 ml, 1.0 mmol), 

and the mixture stirred at reflux for two hours. The mixture was then cooled, concentrated by 

evaporation, and the residue partitioned between ethyl acetate and eaturated potassium carbonate 

aolutfon. The aqueous layer was separated, acidified to pH 2 (5N hydrochlortc acid) and extracted 

with ethyl acetate. Drying (sodium sulphate) and evaporation gave the title product (0.27 g, 87X), 

m.p. 181-2O (from methanol); i.r. (CB2Cl2): v msx 1720 (weak), 1660, 1585, 1575, 1320, 1150 cm-l; 

(Nujol): v max 3330, 3110, 1680, 1595, 1575, 1500, 1300, 1145 cm-l; u.v. (EtOR): i max 261 nm 

(log c 4.40); 1H nmr [(CD3)2SO]: 6 1.33 (3B, t, Q13-C, J - 7 He), 3.29 (38, s, M3SO2-), 4.28 (2B, 

4. -CH20-, J - 7 Hz), 7.92 (lH, 8, pyrasolinone 3-proton), 8.06 (4H, 8, aryl protons). (Found: C, 

50.15; H, 4.66; N, 8.91; S, 10.18. cd.?. for C13H1&,%jS: c, 50.31; B, 4.55; N, 9.03; B, 10.33%). 

4-Ut~~r~yl-l-~-(~thy~alp~nyl)phnyl-3-pJrraao~iPS-o~ (3d) (preparacfw via fslattoa of 

intermediate 2-f2,2-bis(ctba~~rbonyl)ethen~~]-l-~(rthylsulp~nyl)p~y~drariat (2d)) 

~(Methylsulphonyl)phenylhydrasine (0.19 g, 1.0 mmol) and diethyl (ethoxymsthylene)malonate 

(0.22 ml, 1.0 mmol) with 3 drops 5N hydrochloric acid were heated in ethanol:tetrahydrofuran (l:l, 

10 ml) at reflux for 1 hour. The solvent was evaporated and the residue partitioned between 

saturated aqueous potaaaium carbonate solution and ethyl acetate. The organic layer was 

shaken, separated, dried (sodium sulphate) and evaporated to give crude 2-[2,2-bis(ethoxy- 

carbonyl)ethenyl~-l-~-(methylsulp~nyl)phenylhydrazine (2d) which was cbromatographed on silica 

(hexane:ethyl acetate [l:l]) (0.16 g, 45%). This gum was converted to the title product wfthout 

further purif icatfoo. It possessed 1.r. (CB2c12): v max 3300 (br), 1700, 1660, 1600 cm-l; u.v. 

(&OH): A max 283 nm; 1H nmr (cDCl3): 61.28, 1.34 (2 x 3H, 2t, (CX3*C)2, J - 7, 7 Hz), 2.98 (3P, 

8, CB3SO2-), 4.12, 4.22 (2 x 2H, 2q, (-CH20), J - 7, 7 Hz), 6.77 (2H. d, aryl protons, J - 8.5 HZ), 

7.50 (lH, 8, -NHPh, exchanges with D20), 7.60 (LH, d, aryl protons, J 0 8.5 HE), 7.97 (lH, d, 

%X-N-, J = 12 He, collapses to s with D20), 9.87 (LH, d, -NH-C-C-, J = 12 Hz, exchanges with D20). 

2-[2,2-Bis(ethoxycarbonyl)ethenyl)-l-~-(methylsulphonyl)phenylhydrazine (2d) (0.135 g, 0.38 

mmol) and potassium carbonate (0.055 g, 0.40 mmol) were added to dry ethanol (5 ml) and the mixture 

heated under reflux for 2 hours. After cooling the solution was concentrated and the residue 

partitioned between ethyl acetate and water. The aqueous layer was shaken, separated and acidified 

to pH 2 with dilute hydrochloric acid (5N). Extraction with ethyl acetate gave after drying 

(sodium aulphate) and evaporation, the title product (0.09 g, 77% from (2d)). identical to the 

material prepared as above directly from ~(methylsulphonyl)phenylhydrasine. 
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FNitrophenylhydraaiue hydrochloride (2.0 8, 10.5 mmol) was converted to the free hydrazine. 

This waa dissolved in dry ethanol (50 ml) and sequentially treated with an ethanolic solution of 1M 

sodium ethoxide (22.2 ml) and diethyl (ethoxymathylene)malonate (2.18 ml, 10.1 mmol). The solution 

was stirred at room temperature under nitrogen for 3 hours, and then neutralised (5N hydrochloric 

acid) and concentrated by evaporation. The residue was diluted with water (100 ml) and the pH 

lowered to 2.5 (5N hydrochloric acid) whereupon a precipitate was produced. This mixture was 

extracted into ethyl acetate to give , after drying (magnesium sulphate) and evaporation, the title 

product (2.73 9, 97X), m.p. 175’ (frw ethyl acetate); i.r. (CHC13): v max 1725 (weak), 1685, 

1600, 1585, 1535. 1515. 1355 cm-l; (Nujol): v max 3120, 3200-2400, 1680, 1605, 1585. 1530, 1355 

-1 cm ; U.V. (EtOH): i max 283 w (log E 4.28); ‘H nmr [(CD3)2CO + drop (CD3)290]: 6 1.34 (3H, t, 

CH3C-, .J - 7 Hz), 4.27 (2H. q, -CH20-, J - 7 Hz), 7.70 (lH, t, 5-phenyl proton, .I - 8 Hz), 8.15 

(2H, complex, aryl protons), 8.60 (lH, t, 2-phenyl proton, J = 2 Hz), 8.82 (lH, 8, pyrazolinone 

3-proton). (Found: C, 52.32; H, 3.89; N, 15.03. Calc. for Cl2HllN305: C, 51.99; H, 4.00; N, 

15.16%). 

4-Ethoxycarbooyl-l~itroplteoyl-3-pyrezolln-5-m (k) (direct preparation) 

To a solution of potassium carbonate (0.28 8, 2.0 mmol) and Fnitrophenylhydrazine (0.31 9, 

2.0 mmol) (previouely liberated from the hydrochloride) in water (20 ml) was added diethyl 

(ethoxymethylene)malonate (0.43 ml, 2.0 mmol), and the mixture stirred at reflux for 1.5 h. The 

mixture was cooled, washed with ethyl acetate and acidified to pH 2.5 (5N hydrochloric acid). The 

precipitate was extracted into ethyl acetate to give, after drying (magnesium sulphate) and 

evaporation, the title product (0.37 9, 67X), m.p. 154-5’ (from ethyl acetate); i.r. (CHC13): 

v max 1730 (weak), 1665, 1600, 1585, 1540, 1515, 1355 cm-l; (Nujol): v max 3230, 3140, 1670, 

1660, 1590, 1535, 1350 cm-l; [(CD3)2SO]: v max 1700 cm-l; u.v. (EtOH): 1 max 247 nm (log E 4.55); 

lH nmr [(CD3)29C]: 6 1.42 (3H, t, CH3C-, J - 7 Hz), 4.30 (2H, q, -(X20-, J - 7 Hz). 7.61 (lH, t, 

5-phenyl proton, J - 8 Hz), 7.88 (lH, B, pyrazolinone 3-proton), 8.10 (2H, complex, aryl protons). 

8.68 (lH, t, 2-phenyl proton, J - 2 Hz). (Found: C, 52.07; H, 3.84; N, 15.17. Calc. for 

C12H11N305: C, 51.99; H, 4.00; N, 15.16%). 

4-Etlmxycarbooyl-l-itrophenyl-3-pyraxolio+-one (k) (preparation via leolation of iotermediate 

2-[2.2-bia(etboxyurbooyl)etbeoyl]-~nitropheoylhydrazioe (2~)) 

ZNitrophenylhydrazine hydrochloride (0.19 9, 1.0 mmol) was suspended in dry ethanol (10 ml) 

and treated with diethyl (ethoxymethylene)malonate (0.22 9, 1.0 mmol) and the mixture stirred at 

reflux under nitrogen for 3 hours. The reaction mixture wao cooled, concentrated by evaporation 

and the residue partitioned between potassium carbonate solution and ethyl acetate. The organic 

layer was dried (magnesium sulphate) and evaporated to give a mixture (0.29 9) from which the 

intermediate (2e) was isolated after chromatography on silica (hexane:ethyl acetate (3:1)), 

(0.20 9, 63%). m.p. 120° (frax chloroform:hexane); i.r. (CHC13): v max 1690. 1650. 1615, 1530, 

1355 cm-l; (Nujol): v max 3250, 1670, 1645, 1630, 1525, 1355 cm-l; u.v. (EtOH): i max 278 nm 

(108 E 4.38); ‘H nmr (CDC13): 6 1.28, 1.33 (2 x 3H, 2t, ((X3-C)2, J - 7, 7 Hz), 4.13, 4.21 (2 x 2H, 

2q. (-(-X20-)2, J - 7, 7 Hz), 7.54 (SH, complex, aryl protons and aryl NH-), 8.05 (lH, d, =CH-N-, 

J = 11 Hz, collapses to 8 vith D20), 9.87 (lH, d. -NH-C-, J - 11 Hz, exchanges with D2C). (Found: 

C, 51.99; H, 5.28; N, 12.78. Calc. for Cl4Hl7h306: C. 52.01; H, 5.30; N, 13.00). 

The intermediate (2e) (80 mg, 0.25 ml) was dissolved in dry ethanol (5 ml) and treated with 

potassium carbonate (35 mg, 0.25 mmol). The mixture wa8 stirred under nitrogen at reflux for 1 

hour, cooled and water (10 ml) added. The solution was concentrated by evaporation, acidified to 

pH 2.5 (5N hydrochloric acid) and extracted with ethyl acetate to give, after drying (magnesium 

sulphate) and evaporation, the title product (65 mg, 93% frav (2e)). identical to the material 

prepared directly from rnitrophenylhydrazine. 
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4-Ethoxyc~rbooyl-2-p_nitroph~yl-3-p~~o~~5-0~ (4f) 

4-Etboxycarbonyl-2-phenyl-3-pyrazolin-5-one (4a) (3.78 g, 16.3 mmol) in concentrated sulphuric 

acid (16 ml) was treated at O" with nitric acid (d 1.42. 0.95 ml. 16.3 mmol) in concentrated 

sulphuric acid (16 ml). The mixture was stirred 1 hour at 0' and then added to an ice-water slurry 

(100 ml). The precipitate was filtered, washed vith water and dried under vacuum. 

Recryatallisation gave the title compound (3.05 g, 67%). m.p. 190' (from ethanol); i-r. (CXC13): 

v lnax 3350, 1720 (weak), 1685, 1585, 1520, 1340 cm-l; (Nujol): v ,xax 3300-2500, 3140, 1685, 

1590, 1525, 1505, 1345 cm-l; U.V. (EtOH): A max 331 nm (log 8 4.33); 'H nmr [(CD3)28O]: 41.32 

(3H, t. CX3C-, J - 7 Hz), 4.27 (ZH, q, -CH20, J - 7 Hz), 8.09 (2H, d, aryl protons. J - 9.5 Hz), 

8.40 (2H. d, aryl protons, J - 9.5 Hz), 9.06 (lH, 8. pyrazolinone 3-proton). (Found: C, 52.23; 

H, 4.02; N, 14.87. Calc. for C12HllN305: C, 51.98; H, 4.00; N, 15.15.X). 

4-BtbDxycarbooyl-lTnitropbeoyl-3-pyrazolIo-S-o= (3f) 

p_Nitrophenylhydrazine (0.15 g, 1.0 mmol) and diethyl (ethoxymethylene)malonate (0.22 ml, 

1.0 mmol) were dissolved in dry ethanol (10 ml) and the solution cooled to 0'. An ethanolic 

solution of sodium ethoxide (1M. 2.2 ml) was added and the mixture stirred under nitrogen at rosa 

temperature for 0.7 hours. The solution was diluted with water (30 ml) and acidified to pH 2.5 (5N 

hydrochloric acid). The resultant precipitate was filtered off, vashed with water and dried under 

vacuum to give the title product (0.115 8, 42X), m.p. 198-go (from ethyl acetate); i-r. (CHC13): 

v ~Bx 1730 (weak), 1670, 1610, 1585, 1520, 1345 cm-l; [(al3)2S0]: v q a 1700 cm-l; (Nuj01): 

u max 3300-2500, 3125, 1670, 1600, 1580, 1515, 1340 cm-l; U.V. (EtOH): 1 max 301 nm (log E 4.17); 

lH nmr [((X3)280]: 61.35 (3H, t, ClI3C-, J - 7 Hz), 4.30 (2H, 9, -CH20-, J- 7 Hz). 7.90 (1H. 6, 

pyratolinone 3-proton), 8.01 (2H, d, aryl protons, J - 9 Hz), 8.33 (2H, d, aryl protons, J - 9 

Hz). (Found: C, 52.23; H, 4.00; N, 14.87. Calc. for c12HllN305: C, 51.98; H 4.00; N, 15.15%). 
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