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ABSTRACT

Concise and efficient methods for the preparation of 3-substi-
tuted 4-ethoxycarbonylpyrazolin-5-ones are described. The
synthetic strategies involve carbon-acylation in the presence
of base, followed by ring cyclization with hydrazine or hydra-
zine monohydrochloride.

Key Words: Pyrazolin-5-ones; Cyclocondensation; Acyl Di-
ethylmalonates

Derivatives of pyrazolin-5-one posses important pharmacological
properties including analgesic, antipyretic, and antiinflammatory proper-
ties.[1] They are also useful intermediates for many industrial products,
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e.g., color photography[2] and liquid crystals.[3] Several syntheses of these
compounds, based on 1,3-diketone ring cyclization with hydrazine, have
been reported in the literature.[4–6] Unfortunately, most of these methods
require tedious isolation and give only poor to moderate yields. During our
study on cycloaddition reaction of azo dienophiles, we realized that a more
efficient method of preparing derivatives of pyrazolin-5-ones was needed.
In this paper, we present simple and improved methods for the preparation
of a-acylated diethylamalonates and 4-ethoxy-carbonylpyrazolin-5-ones.

Our synthesis of substituted pyrazolin-5-ones required suitably substi-
tuted acyl malonates. We chose to prepare these acyl malonates from diethyl
malonate and the corresponding acyl chloride by treatment with a suitable
base (Sch. 1). To determine the best method for preparing the desired acyl
malonates, the reaction was performed in the presence of various bases.
The bases used included n-BuLi, NaH, NaOEt, Mg(OEt)2, and t-BuOK.
The results are shown in Table 1.

Magnesium ethoxide proved to be the superior base and consistently
gave 10–25% higher yields than the other bases studied, even when sterically
hindered acyl chlorides were used (Table 1, Entry 9). It seems probable
that the effectiveness of magnesium ethoixde can be explained in part by a
magnesium(II) chelation effect.[7]

Having determined the optimum reaction conditions, the remaining
acyl malonates were synthesized in excellent yields (Table 2). This method
proved effective for both short and long chain, as well as aryl, acyl chlorides.

With the acyl malonates in hand, we turned our attention to formation
of the desired pyrazolin-5-ones. Cyclization of a-acylated diethylmalonates
2a–j was achieved by treatment with hydrazine solution (pH 7), hydrazine
monohydrochloride or hydrazine (55%) in acetic acid to give 4-ethoxycarbo-
nyl pyrazolin-5-ones in 80–90% yield with varying substitution in the 3-posi-
tion (Sch. 1). The results of the cyclization reactions are shown in Table 3.

Similarly, we found that ethyl 3-amino-2-ethoxycarbonyl-2-butenoate
(4)[8] or ethyl 3-amino-2-phenylaminocarbonyl-2-butyrate (5)[9] underwent

(a) 1) Mg, EtOH, CCl4/toluene, ii) RCOCl; (b) Method A: H2NNH2 (pH¼ 7),
EtOH/H2O; Method B: H2NNH2HCl/EtOH; Method C: H2NNH2 (55%)/HOAc.

Scheme 1.
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ring cyclization with hydrazine monohydrochloride or hydrazine (55%) in
acetic acid to give 3-methyl-4-ethoxycarbonylpyrazolin-5-one (3a) in 86%
and 91% yields, respectively (Sch. 2).

Cyclization was achieved in all cases where steric hindrance was not
present. In the case of 2c, 2d, 2g, and 2h the bulkiness of the substituents

Table 1. Acylation of Diethyl Malonate with Acyl Chlorides Using Various Bases

Entry R Base/Solvent Time (h) Yielda (%) Product

1 n-BuLi/THF 2 74
2 NaOEt/EtOH 3 50

3 Me NaH/THF 3 66 2a

4 Mg(OEt)2/toluene 1 82
5 t-BuOK/THF 3 54

6 n-BuLi/THF 2 70

7 NaOEt/EtOH 3 61
8 t-Bu NaH/THF 3 66 2c

9 Mg(OEt)2/toluene 1 88

10 t-BuOK/THF 3 65

11 n-BuLi/THF 2 59
12 NaOEt/EtOH 3 56
13 Ph NaH/THF 3 71 2g

14 Mg(OEt)2/toluene 1 89
15 t-BuOK/THF 3 65

16 n-BuLi/THF 2 52
17 NaOEt/EtOH 3 60
18 4-MeOC6H4 NaH/THF 3 73 2h

19 Mg(OEt)2/toluene 1 86
20 t-BuOK/THF 3 75

aIsolated yields.

Table 2. Synthesis of Acyl Malonates from Diethyl Malonate and Acyl Chlorides

Entry R Yielda (%) Product

1 Et 88 2b

2 c-C5H9 87 2d

3 (CH2)4CH3 87 2e

4 (CH2)8CH3 89 2f

5 Bz 90 2i

6 CH2-Bz 84 2j

aIsolated yield.
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prohibited ring closure. Cyclization failed when R was a phenyl group
(Entry 7, Table 3) but was successful when R was a benzyl group (Entry 9,
Table 3). The addition of a methylene undoubtedly allows clearance for the
hydrazine to add and for cyclization to take place.

Unfortunately, when diethyl acetylmalonate (2a) was treated with
hydrazine (98%) in ethanol, a mixture of diethyl malonate (1) and malo-
nyldihydrazide (6), due to b-carbon cleavage, was isolated in 24% and 45%
yields, respectively. Furthermore, the b-enamino carbonyl compounds 4 and
5 were converted to malonanilic acid ethyl ester (7a), malonanilic acid
hydrazide (7b), ethoxycarbonylacetohydrazide (8), and diethyl malonate (1),

(a) Method A: H2NNH2 (pH¼ 7), EtOH/H2O; Method B: H2NNH2HCl/EtOH;
Method C: H2NNH2 (55%)/HOAc.

Scheme 2.

Table 3. Cyclization of Acyl Malonates

Entry R Method
Yielda

(%) Product

1 Me A 85 (86)b (91)c 3a

2 Et C 81 3b

3 t-Bu B, C NRd –
4 c-C5H9 B, C NRd –

5 (CH2)4CH3 B 80 3c

6 (CH2)8CH3 C 86 3d

7 Ph B, C NRd –

8 4-OMe-Ph B, C NRd –
9 Bz C 81 3e

10 CH2-Bz B 80 3f

aIsolated pure yield.
bMethod B.
cMethod C.
dNo reaction.
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as b-carbon cleavage products, upon treatment with hydrazine (80%) in
ethanol (Sch. 3).

In conclusion, we report the efficient synthesis of a-acylated diethyl
malonates and 4-ethoxycarbonylpyrazolin-5-ones in high yield. The opera-
tional simplicity, inexpensive and readily available materials make this
procedure a useful alternative to the currently available methods.

EXPERIMENTAL

Reactions requiring anhydrous conditions were performed with the
usual precautions for rigorous exclusion of air and moisture. Tetrahydro-
furan was distilled from sodium bezophenone ketyl prior to use. Thin layer
chromatography (TLC) was performed on precoated silica gel 60 F254

plates from EM reagents and visualized with a 254-nm UV light. Flash
chromatography was carried out on silica gel 60 (E.M. Merck, particle size
0.040–0.063 mm, 230–400 mesh ASTM). 1H NMR and 13C NMR spectra
were recorded on a Bruker DPX 300 at 300 MHz and 76 MHz, respec-
tively. The chemical shifts were reported in parts per million (ppm) down-
field from tetramethylsilane, and J-values were in Hz. IR spectra were
obtained on an ATI Mattson FT/IR spectrometer. Mass spectra were
recorded on a Bruker BioApex FTMS system. All m.p.s were uncorrected.

(a) H2NNH2 (80%)/EtOH.

Scheme 3.
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When necessary, chemicals were purified according to the reported
procedures.[10]

General Procedure for the Preparation of a-Acylated Diethyl

Malonates (2a–f ) with Magnesium Ethoxide

A mixture of diethyl malonate (1, 10.0 mmol), magnesium
(10.0 mmol), ehtanol (33.0 mmol), CCl4 (0.25 mL) and anhydrous toluene
(22 mL) was stirred under argon at room temperature for 30 min. The
mixture was refluxed for 1 h and then cooled to 0–5�C. The acylating
reagent (10.0 mmol) was added dropwise to the solution at 0–5�C for
30 min, and the reaction mixture was stirred at room temperature for
1 h. The resulting mixture was recooled to 0–5�C and washed with cold
5% aq. HCl solution (20 mL), sat’d NaHCO3 solution (20 mL) and brine
(20 mL). The organic layer was dried over anhydrous MgSO4 and concen-
trated under reduced pressure to give pale yellow liquids. The product was
purified by column chromatography (10% ethyl acetate : hexane) to give a
colorless oil.

General Procedure for the Preparation of a-Acylated Diethyl

Malonates (2a, c, g, h) with Various Bases

To a stirred suspension o diethyl malonate (1, 12.0 mmol) and base
(12.0 mmol) in anhydrous solvents, the acylating agent (12.0 mmol) was
added dropwise at 0–10�C for 30 min. The reaction mixture was stirred
for 1–3 h. After removal of the solvent, the residue was treated with ethyl
acetate (20 mL) and washed with cold 5% aq. HCl solution (20 mL), sat’d
NaHCO3 solution (20 mL) and brine (20 mL). The organic layer was dried
over anhydrous MgSO4 and concentrated to give pale yellow liquids.

Diethyl acetylmalonate (2a): Rf ¼ 0.45 (20% ethyl acetate in hexanes);
IR (neat, NaCl) 2984, 1729, 1650, 1469, 1090 cm�1; 1H NMR[11a] (CDCl3)
� 13.45, 4.38 (br s, br s, total 1H), 4.23–4.13 (m, 4H), 2.27, 2.13 (s, s, total
3H), 1.27–1.19 (m, 6H); 13C NMR (CDCl3) � 197.04, 171.55, 166.41, 100.19,
62.19, 61.40, 21.01, 14.39, 14.30; MS (ESI) (m/z) 203 [MþH]þ, 179, 157
(base peak); 225 [MþNa]þ.

Diethyl propionylmalonate (2b): Rf¼ 0.55 (20% ethyl acetate in
hexanes); IR (neat, NaCl) 3443, 2984, 1734, 1604, 1034 cm�1; 1H NMR[11b]

(CDCl3) � 13.31, 4.37 (br s, br s, total 1H), 4.17–4.07 (m, 4H), 2.53 (q,
J¼ 7.13, 1H), 2.35 (q, J¼ 7.13, 1H), 1.21–1.15 (m, 6H), 1.08 (t, J¼ 7.13,
1.5H), 0.98 (t, J¼ 7.13, 1.5 H); 13C NMR (CDCl3) � 199.80, 171.52, 164.98,
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99.49, 62.45, 61.33, 27.57, 14.27, 14.17, 7.79; MS (ESI) (m/z) 217 [MþH]þ,
161, 133, 104 (base peak); 239 [MþNa]þ.

Diethyl pivaloylmalonate (2c): Rf ¼ 0.50 (10% ethyl acetate in
hexanes); IR (neat, NaCl) 3654, 2978, 1736, 1478, 1038 cm�1; 1H NMR[11c]

(CDCl3) � 4.83 (br s, 1H), 4.15 (q, J¼ 7.12, 4H), 1.19 (q, J¼ 7.12, 6H), 1.10
(s, 9H); 13C NMR (CDCl3) � 203.88, 165.01, 62.47, 60.05, 45.82, 26.13,
14.22; MS (m/z) 245 [MþH]þ, 161, 84 (base peak); 267 [MþNa]þ.

Diethyl cyclopentanecarbonylmalonate (2d): Rf ¼ 0.60 (15% ethyl ace-
tate in hexanes); IR (neat, NaCl) 3583, 2963, 1730, 1601, 1241, 1035 cm�1;
1H NMR[11d] (CDCl3) � 13.28, 4.52 (br s, br s, total 1H), 4.22–4.23 (m, 4H),
3.05–2.90 (m, 1H), 1.78–1.52 (m, 8H), 1.27–1.18 (m, 6H); 13C NMR (CDCl3)
� 202.13, 171.43, 165.00, 99.54, 62.49, 61.48, 43.09, 31.34, 29.90, 26.74,
26.32, 14.56, 14.28; MS (ESI) (m/z) 257 [MþH]þ, 202, 115, 96. 55 (base
peak); 279 [MþNa]þ.

Diethyl caproylmalonate (2e): Rf ¼ 0.50 (10% ethyl acetate in hexanes);
IR (neat, NaCl) 3584, 2959, 1734, 1602, 1243, 1040 cm�1; 1H NMR (CDCl3)
� 13.36, 4.43 (br s, br s, total 1H), 4.26–4.19 (m, 4H), 2.58 (t, J¼ 7.30, 1H),
2.40 (t, J¼ 7.30, 1H), 1.64–1.57 (m, 2H), 1.30–1.22 (m, 10H), 0.86 (t,
J¼ 6.76, 3H); 13C NMR (CDCl3) � 199.37, 171.56, 165.04, 100.08, 62.59,
61.60, 34.11, 31.77, 26.83, 22.69, 14.45, 14.34, 14.21; MS (ESI) (m/z) 259
[MþH]þ, 180, 135 (base peak); 281 [MþNa]þ.

Diethyl decanoylmalonate (2f ): Rf ¼ 0.30 (15% ethyl acetate in
hexanes); IR (neat, NaCl) 2927, 1735, 1602, 1243, 1037 cm�1; 1H NMR
(CDCl3) � 13.36, 4.43 (br s, br s, total 1H), 4.28–4.19 (m, 4H), 2.59 (t,
J¼ 7.29, 1H), 2.41 (t, J¼ 7.29, 1H), 1.64–1.57 (m, 2H), 1.31–1.21 (m, 18H),
0.86 (t, J¼ 6.87, 3H); 13C NMR (CDCl3) � 199.39, 171.58, 165.05, 100.08,
62.61, 61.45, 34.19, 32.22, 29.77, 29.63, 27.17, 25.36, 23.76, 23.02, 14.61,
14.43, 14.33; MS (ESI) (m/z) 315 [MþH]þ, 202, 161 (base peak); 104; 337
[MþNa]þ.

Diethyl benzoylmalonate (2g): Rf¼ 0.45 (20% ethyl acetate in hexanes);
IR (neat, NaCl) 3463, 3063, 1734, 1692, 1294, 1037 cm�1; 1H NMR[11a]

(CDCl3) � 13.41, 5.28 (br s, br s, total 1H), 7.89–7.42 (m, 5H), 4.23 (q,
J¼ 7.13, 4H), 1.23 (t, J¼ 7.13, 6H); 13C NMR (CDCl3) � 189.36, 165.26,
135.80, 134.41, 129.07, 128.69, 62.75, 61.94, 14.40, 14.03; MS (ESI) (m/z)
265 [MþH]þ, 219, 104 (base peak); 287 [MþNa]þ.

Diethyl 4-methoxybenzoylmalonate (2h): Rf ¼ 0.50 (20% ethyl acetate
in hexanes); IR (neat, NaCl) 3651, 2983, 1735, 1600, 1028 cm�1; 1H
1H NMR (CDCl3) � 13.35, 5.23 (br s, br s, total 1H), 7.83 (d, J¼ 8.92,
2H), 6.88 (d, J¼ 8.92, 2H), 4.20 (q, J¼ 7.08, 4H), 3.78 (s, 3H), 1.19 (t,
J¼ 7.08, 6H); 13C NMR (CDCl3) � 187.78, 165.43, 164.64, 134.33, 131.26,
125.65, 114.50, 62.58, 61.95, 55.90, 14.26; MS (ESI) (m/z) 295 [MþH]þ, 249,
135 (base peak); 317 [MþNa]þ.
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Diethyl 3-phenylpropionylmalonate (2i): Rf ¼ 0.50 (33% ethyl acetate
in hexanes); IR (neat, NaCl) 3584, 3031, 1731, 1650, 1243, 1037 cm�1;
1H NMR[11c] (CDCl3) � 13.40, 4.58 (br s, br s, total 1H), 7.34–7.19 (m,
5H), 4.29–4.21 (m, 4H), 3.94, 3.80 (s, s, total 2H), 1.34–1.25 (m, 6H);
13C NMR (CDCl3) � 197.08, 171.53, 164.91, 135.90, 130.16, 129.51,
129.05, 128.62, 127.64, 100.78, 63.77, 61.70, 39.97, 14.50, 14.37; MS (ESI)
(m/z) 279 [MþH]þ, 202, 161 (base peak); 104, 90; 301 [MþNa]þ.

Diethyl hydrocinnamoylmalonate (2j): Rf ¼ 0.50 (20% ethyl acetate in
hexanes); IR (neat, NaCl) 3449, 3063, 1733, 1604, 1245, 1039 cm�1;
1H NMR (CDCl3) � 13.50, 4.44 (br s, br s, total 1H), 7.31–7.17 (m, 5H),
4.28–4.17 (m, 4H), 2.99–2.59 (m, 4H), 1.33–1.21 (m, 6H); 13C NMR (CDCl3)
� 198.45, 171.64, 164.93, 140.99, 140.90, 140.79, 128.89, 128.72, 126.66,
100.42, 62.72, 61.36, 36.34, 31.38, 14.59, 14.33; MS (ESI) (m/z) 293
[MþH]þ, 247, 161 (base peak); 104; 315 [MþNa]þ.

Malonyldihydrazide (6): To a stirred solution of diethyl acetylmalonate
(3a, 5.0 g, 24.7 mmol) in ethanol, hydrazine (98%, 1.2 g, 36.7 mmol) was
added dropwise at room temperature. The reaction mixture was heated at
reflux for 3 h. After cooling, the solvent was evaporated, and the residue was
treated with diethyl ether (36 mL). The resulting solid was filtered and
washed with diethyl ether and then recrystallized from ethanol in diethyl
ether (v/v: 1/10) to give white crystals (1.5 g, 45%). Rf ¼ 0.25 (10% metha-
nol in dichlorohexane); m.p. 153�C (lit.[12] m.p. 154�C); IR (Nujol, NaCl)
3305, 2923, 1681, 1461, 1052 cm�1; 1H NMR (DMSO-d6) � 9.04 (br s, 2H),
4.22 (br s, 4H), 2.88 (s, 2H); 13C NMR (CDCl3) � 166.91, 39.68; MS (ESI)
(m/z) 133 [MþH]þ, 100 (base peak); 155 [MþNa]þ, also isolated was diethyl
malonate (1, 0.95 g, 24%).

General Procedure for the Preparation of

4-Ethoxycarbonylpyrazolin-5-one Derivatives (3a–f )

Method A: To a stirred solution of a-acylated diethyl malonate (2,
20.0 mmol) in ethanol was added dropwise aqueous hydrazine solution
(pH¼ 7, 30.0 mmol), [prepared by neutralizing hydrazine (55% aq. solution)
with 1 N HCl], at room temperature. The reaction mixture was heated at
reflux for 3–16 h. After cooling, the solvent was evaporated, and the residue
was treated with diethyl ether (35 mL). The resulting solid was filtered and
washed with diethyl ether and recrytallized from ethanol in diethyl ether
(v/v; 1/10) to give white crystals.

Method B: To a stirred solution of a-acylated diethyl malonates
(2, 20.0 mmol) in ethanol, hydrazine monohydrochloride (30.0 mmol) was
added portionwise at room temperature. The reaction mixture was heated
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at reflux for 3–16 h. After cooling, the solvent was evaporated, and the
residue was treated with diethyl ether (35 mL). The resulting solid was
filtered and washed with a small amount of water and diethyl ether and
then recrystallized from ethanol in diethyl ether (v/v; 1/10) to give white
crystals.

Method C: To a stirred solution of a-acylated diethyl malonates (2,
30.0 mmol) in acetic acid (16 mL), hydrazine (55%, 45.0 mmol) was added
dropwise at 10�C. The reaction mixture was heated at reflux for 3 h. After
cooling, the solvent was evaporated, and the residue was treated with diethyl
ether (50 mL). The resulting solid was filtered and washed with diethyl ether
and then recrystallized from ethanol in diethyl ether (v/v; 1/10) to give white
crystals.

4-Ethoxycarbonyl-3-methylpyrazolin-5-one (3a): Rf ¼ 0.12 (5% metha-
nol in dichloromethane); m.p. 202�C (lit.[6] 206–207�C); IR (Nujol, NaCl)
3256, 2923, 1682, 1538, 1456, 1131 cm�1; 1H NMR (DMSO-d6) � 11.03 (br s,
2H), 4.12 (q, J¼ 7.05, 2H), 2.28 (s, 3H), 1.21 (t, J¼ 7.05, 3H); 13C NMR
(DMSO-d6) � 164.43, 161.91, 144.93, 95.65, 59.59, 15.19, 12.96; MS (ESI)
(m/z) 171 [MþH]þ, (base peak), 157, 143, 125.

4-Ethoxycarbonyl-3-ethylpyrazolin-5-one (3b): Rf ¼ 0.10 (5% methanol
in dichloromethane); m.p. 152�C; IR (Nujol, NaCl) 3244, 2923, 1683, 1462,
1130 cm�1; 1H NMR (DMSO-d6) � 11.84 (br s, 2H), 4.13 (q, J¼ 6.85, 2H),
2.70 (q, J¼ 7.22, 2H), 1.20 (t, J¼ 6.85, 3H), 1.11 (t, J¼ 7.22, 3H);
13C NMR (DMSO-d6) � 163.38, 161.98, 150.42, 94.72, 59.63, 20.37, 15.12,
13.76; MS (ESI) (m/z) 185 [MþH]þ, 171, 157, 139 (base peak), 104; 207
[MþNa]þ.

4-Ethoxycarbonyl-3-pentylpyrazolin-5-one (3c): Rf ¼ 0.12 (10% metha-
nol in dichloromethane); m.p. 115–116�C; IR (Nujol, NaCl) 3208, 2924,
1690, 1461, 1106 cm�1; 1H NMR (DMSO-d6) � 7.00 (br s, 2H), 4.12 (q,
J¼ 7.10, 2H), 2.69 (t, J¼ 7.56, 2H), 1.53 (t, J¼ 6.77, 2H), 1.23–1.18 (m,
7H), 0.83 (t, J¼ 2.50, 3H); 13C NMR (DMSO-d6) � 164.14, 161.55, 149.48,
95.13, 59.74, 31.70, 28.77, 26.64, 22.58, 15.11, 14.66; MS (ESI) (m/z) 227
[MþH]þ, (base peak), 181, 135; 249 [MþNa]þ.

4-Ethoxycarbonyl-3-nonylpyrazolin-5-one (3d): Rf ¼ 0.10 (5% metha-
nol in dichloromethane); m.p. 136�C; IR (Nujol, NaCl) 3287, 2942, 1688,
1460, 1103 cm�1; 1H NMR (DMSO-d6) � 6.52 (br s, 2H), 4.13 (q, J¼ 7.07,
2H), 2.68 (t, J¼ 7.79, 2H), 1.53 (d, J¼ 6.36, 2H), 1.23� 1.19 (m, 15H), 0.82
(t, J¼ 6.75, 3H); 13C NMR (DMSO-d6) � 164.32, 161.89, 149.17, 95.02,
59.64, 32.12, 29.74, 29.49, 29.13, 26.72, 22.93, 15.12, 14.76; MS (ESI)
(m/z) 283 [MþH]þ, (base peak), 255, 161, 104; 305 [MþNa]þ.

4-Ethoxycarbonyl-3-benzylpyrazolin-5-one (3e): Rf ¼ 0.16 (10% metha-
nol in dichloromethane); m.p. 146�C; IR (Nujol, NaCl) 3203, 3062, 1725,
1685, 1461, 1107 cm�1; 1H NMR (DMSO-d6) � 8.87 (br s, 2H), 7.20–7.15 (m,
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5H), 4.09 (q, J¼ 7.10, 2H), 4.06 (s, 2H), 1.14 (t, J¼ 7.10, 3H); 13C NMR
(DMSO-d6) � 163.80, 161.02, 147.93, 138.98, 129.15, 127.16, 95.37, 59.90,
32.23, 15.08; MS (ESI) (m/z) 247 [MþH]þ, 201, 133 (base peak), 89; 269
[MþNa]þ.

4-Ethoxycarbonyl-3-methylbenzylpyrazolin-5-one (3f ): Rf ¼ 0.11 (5%
methanol in dichloromethane); m.p. 131–132�C; IR (Nujol, NaCl) 3329,
2923, 1686, 1456, 1102 cm�1; 1H NMR (DMSO-d6) � 7.28–7.13 (m, 5H),
6.96 (br s, 2H), 4.15 (q, J¼ 7.07, 2H), 2.99 (dd, J¼ 6.77, J¼ 4.89, 2H),
2.85 (dd, J¼ 5.28, J¼ 6.57, 2H), 1.21 (t, J¼ 7.07, 3H); 13C NMR (DMSO-
d6) � 164.07, 162.73, 161.27, 148.79, 141.63, 129.19, 129.02, 126.90, 95.28,
59.86, 35.11, 28.82, 15.20; MS (ESI) (m/z) 261 [MþH]þ, (base peak), 215,
161, 133; 283 [MþNa]þ.

Malonanilic acid ethyl ester (7a) and malonanilic acid hydrazide (7b): To
a stirred solution of ethyl 3-amino-2-phenylaminocarbonyl-2-butyrate (8,
1.7 g, 6.9 mmol) in ethanol was added dropwise hydrazine (80%, 0.4 g,
10.0 mmol) at room temperature. The reaction mixture was heated at reflux
for 3 h. After cooling, the solvent was evaporated, and the mixture was
separated by column chromatography on silica gel using 5% methanol in
dichloromethane to afford malonanilic acid ethyl ester (7a, 0.31 g, 22%)
and malonanilic acid hydrazide (7b, 0.83 g, 63%), respectively. Compound
7a: Rf ¼ 0.55 (3% methanol in dichloromethane); m.p. 38�C (lit.[13] m.p.
38–39�C); IR (Nujol, NaCl) 3286, 2951, 1640, 1461, 1376 cm�1; 1H NMR
(CDCl3) � 9.38 (s, 1H), 7.51–7.03 (m, 5H), 4.10 (q, J¼ 7.12, 2H), 3.42
(s, 2H), 1.17 (t, J¼ 7.12, 3H); 13C NMR (CDCl6) � 164.47, 159.97, 133.37,
124.50, 120.20, 115.97, 57.28, 38.41, 9.63. Compound 7b: m.p. 184�C (lit.[14]

m.p. 183�C); Rf¼ 0.32 (5% methanol in dichloromethane); IR (Nujol,
NaCl) 3290, 2923, 1640, 1462, 1376, 1004 cm�1; 1H NMR (DMSO-d6)
� 10.07 (br s, 1H), 9.18 (br s, 1H), 7.57–7.00 (m, 5H), 4.38 (s, 2H), 3.17
(s, 2H); 13C NMR (CDCl6) � 166.83, 166.30, 139.80, 129.60, 124.20,
119.91, 43.82.

Ethoxycarbonylacetohydrazide (8): To a stirred solution of ethyl
3-amino-2-ethoxycarbonyl-2-butyrate (5, 2.0 g, 10.0 mmol) in ethanol,
hydrazine (80%, 0.6 g, 15.0 mmol) was added dropwise at room tempera-
ture. The reaction mixture was heated at reflux for 3 h. After cooling, the
solvent was evaporated, and the mixture was separated by column chroma-
tography on silica gel using 2% methanol in dichloromethane to give a pale
yellow solid (0.45 g, 31%). Rf¼ 0.33 (5% methanol in dichloromethane);
m.p. 70�C (lit.[15] m.p. 68–69�C); IR (Nujol, NaCl) 3299, 3044, 1731,
1462, 1004 cm�1; 1H NMR (CDCl3) � 8.20 (br s, 1H), 4.18 (q, J¼ 7.11,
2H), 3.69 (br s, 2H), 3.31 (br s, 2H), 1.27 (t, J¼ 7.11, 3H); 13C NMR
(CDCl3) � 169.90, 166.35, 62.16, 40.62, 14.41, also isolated was diethyl
malonate (1, 0.22 g, 14%).
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