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Summary. A series of 1,5-disubstituted 3-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-2-pyrazolines

were synthesized by the reaction of �,�-unsaturated ketones derived from dehydroacetic acid and

hydrazine in hot acetic acid or propionic acid. The structures of all new compounds were elucidated by

microanalyses, 1H and 13C NMR, IR, and mass spectroscopic measurements.
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Introduction

3-Acetyl-4-hydroxy-6-methyl-2-oxo-2H-pyran (dehydroacetic acid) is a versatile
starting material for the synthesis of a wide variety of heterocyclic ring systems [1].
Its reactions providing heterocyclic compounds can be divided into two major
categories. In one case the pyrone moiety of the molecule is retained [2], whereas
in the other group the pyrone ring is also involved in the reaction [3]. In some
cases, the involvement of the pyrone unit in the reaction can be controlled by
the reaction conditions [1]. Various derivatives of dehydroacetic acid are also use-
ful substances for synthetic purposes. Among others, �,�-unsaturated ketones
derived from dehydroacetic acid [4] are especially convenient intermediates for
the preparation of heterocyclic compounds with different ring sizes. The most
frequent representatives comprise 2-pyrazolines [4c–f, 5], 2-aryl-7-methylpyr-
ano[4,3-b]pyran-4H,5H-diones (flavone analogues) [6], benzothiazepines [7], and
benzodiazepines [8].
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Pyrazolines have been found to possess important bioactivities, e.g. antibacteri-
al [9], antiviral [10], antifungal [11], molluscicidal [12], etc. activities. Recently,
1-acetyl-3,5-diaryl-2-pyrazolines have been shown to inhibit the monoamine oxi-
dases [13]. All their known pharmaceutical activities rendered them important
compounds in drug research. In particular, the 2-pyrazolines proved to be useful
pyrazoline type compounds and various methods have been developed for their
synthesis [14].

We have been engaged in the synthesis of pyrazolines by the reaction of �,�-
unsaturated ketones with diazomethane [15] or hydrazines [16] and prepared
numerous 1-pyrazolines and 2-pyrazolines in this way. As a continuation of pre-
vious studies, the aim of our present work was to investigate the preparation of
2-pyrazolines bearing a pyrone moiety by the reaction of �,�-unsaturated ketones
derived from dehydroacetic acid and hydrazine.

Results and Discussion

1,5-Diphenyl-3-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-2-pyrazolines were
obtained by the reaction of 3-cinnamoyl-4-hydroxy-6-methyl-2-oxo-2H-pyrans
and arylhydrazines in a mixture of hot ethanol and acetic acid [4c–f, 5]. The
pyrone moiety of the starting materials was not involved in the reaction under
these conditions. To our knowledge, the reaction of such �,�-unsaturated ketones
and hydrazine has not hitherto been investigated. For this reason, we have synthe-
sized the related 2-pyrazolines by reaction of 3-cinnamoyl-4-hydroxy-6-methyl-2-
oxo-2H-pyrans 1–12 with hydrazine. Since the hydrazine may split the pyrone ring
[3], we were looking for reaction conditions leaving the pyrone moiety intact.
Formation of 2-pyrazolines by the reaction of �,�-unsaturated ketones and hydra-
zines may take place under various reaction conditions using ethanol [17], acetic
acid [18], or pyridine [16d, e] as solvent. According to our preliminary experiments,
acetic acid and propionic acid proved to be convenient solvents for this purpose.

3-Cinnamoyl-4-hydroxy-6-methyl-2-oxo-2H-pyrans 1–12 were allowed to
react with hydrazine hydrate in hot acetic acid or propionic acid to yield 2-pyr-

Scheme 1
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azolines 13–24 in good yields (72–83%) (Scheme 1). It is worth mentioning that
under these reaction conditions only one product viz. the 1-acylated-2-pyrazoline
could be detected by thin layer chromatography. The substitution pattern of the
aromatic ring was without influence on the course of the reaction and on the yields
of the isolated products.

The structures of all new compounds were elucidated by elemental analyses
and combined spectroscopic techniques. The EI 70 eV mass spectra of compounds
13–24 are characterized by intense molecular ions. The most important fragmen-
tation process is the loss of MeCO (13–18) or EtCO (19–24) from the molecular
ion. This is followed by loss of the Ph-R unit resulting in the formation of the
m=z¼ 193 ion, which is the base peak in each case. In their IR spectra, a char-
acteristic lactone carbonyl band at around ���¼ 1720 cm�1 proves that the pyrone
moiety was retained in the course of the reaction. The presence of an amide
carbonyl band at about ���¼ 1660 cm�1 refers to an N-acyl group. A C¼N band
between ���¼ 1570 and 1580 cm�1 is in harmony with the 2-pyrazoline skeleton. In
the 1H NMR spectra of 13–24 the protons attached to the C-40 and C-50 carbon
atoms of the 2-pyrazoline unit (Scheme 1) gave an ABX spin system. Chemical
shifts and the coupling constant values (cf. Experimental) unambiguously prove the
2-pyrazoline structure. In the 1H NMR spectra of 13–18 a singlet signal between
�¼ 2.3 and 2.4 ppm indicates the presence of an N-acetyl group. On the other hand,
a triplet (around 1.2 ppm) and a doublet–doublet (approx. 2.7 ppm), signals belong-
ing to an N-propionyl unit, were assigned in the 1H NMR spectra of 19–24. In their
13C NMR spectra the chemical shifts of carbon atoms C-30 (156–157 ppm), C-40

(about 45 ppm), and C-50 (57–59 ppm) corroborate the 2-pyrazoline structure de-
duced from the 1H NMR data. 13C NMR chemical shifts of the carbon atoms of
the pyrone unit and the N-acetyl or N-propionyl groups have also been observed
in the 13C NMR spectra of 13–24 (cf. Experimental). All these methods unequivo-
cally prove the formation of 2-pyrazolines in which the pyrone moiety of the
starting material is retained.

Conclusions

We synthesized a series of new 1,5-disubstituted 3-(4-hydroxy-6-methyl-2-oxo-
2H-pyran-3-yl)-2-pyrazolines by the reaction of 3-cinnamoyl-4-hydroxy-6-methyl-
2-oxo-2H-pyrans with hydrazine under simple and convenient reaction conditions.
These conditions made possible to retain the pyrone moiety of these �,�-unsatu-
rated ketones, which was an aim of our present study. These new 2-pyrazolines are
stable compounds which may be benefiacially utilized in drug research.

Experimental

Melting points were determined on a Kofler hot-stage apparatus and are uncorrected. 1H and 13C NMR

spectra were measured with a Varian Gemini 200 spectrometer at 200=50 MHz in CDCl3 (internal

standard TMS, �¼ 0.0 ppm) at ambient temperature. The IR spectra were obtained with a Perkin-Elmer

16 PC instrument. Mass spectra were recorded on a VG Trio-2 apparatus. Elemental analyses (C, H, N)

were measured in-house with a Carlo Erba 1106 EA instrument and were in good agreement

(�0.2%) with the calculated values. TLC was performed on Kieselgel 60 F254 (Merck) layer using
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n-hexane:acetone (7:3, v=v) or toluene: ethyl acetate (4:1, v=v) as eluents. Starting materials 1–12 were

synthesized according to known procedures [4].

General Method for the Preparation of 2-Pyrazolines 13–24

A mixture of �,�-unsaturated ketone (1–12, 5.0 mmol), hydrazine hydrate (10.0 mmol), and acetic acid

(30 cm3, in the case of 2-pyrazolines 13–18) or propionic acid (30 cm3, in the case of 2-pyrazolines

19–24) was refluxed for 3 h, then poured into H2O. The precipitate was separated by filtration, washed

with H2O, and crystallized from methanol to afford the 2-pyrazolines 13–24 (Scheme 1).

3-(1-Acetyl-5-phenyl-4,5-dihydro-1H-pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one

(13, C17H16N2O4)

Yield 80%; mp 183–184�C; 1H NMR (200 MHz, CDCl3): �¼ 2.24 (s, Me), 2.37 (s, Me), 3.67 (dd,

J¼ 4.7, 19.6 Hz, 40-Htrans), 4.01 (dd, J¼ 11.8, 19.6 Hz, 40-Hcis), 5.54 (dd, J¼ 4.7, 11.8 Hz, 50-H), 6.04

(s, 5-H), 7.19–7.40 (m, 5 arom H), 12.80 (s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 20.3, 22.0,

45.2, 58.1, 94.1, 100.8, 125.5, 127.8, 128.9, 141.0, 156.5, 161.9, 165.0, 167.1, 171.9 ppm; IR (KBr):

���¼ 1722, 1669, 1573, 1448, 1425, 1386, 1295, 1232, 1151, 1033, 989, 959, 830, 768, 703 cm�1; MS

(EI 70 eV): m=z (%)¼ 312 (Mþ, 28), 269 (23), 235 (20), 193 (100).

3-[1-Acetyl-5-(3-methoxyphenyl)-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-6-methyl-

2H-pyran-2-one (14, C18H18N2O5)

Yield 78%; mp 137–138�C; 1H NMR (200 MHz, CDCl3): �¼ 2.29 (s, Me), 2.34 (s, Me), 3.61 (dd,

J¼ 4.8, 19.6 Hz, 40-Htrans), 3.80 (s, MeO), 4.01 (dd, J¼ 11.7, 19.6 Hz, 40-Hcis), 5.51 (dd, J¼ 4.8,

11.7 Hz, 50-H), 6.04 (s, 5-H), 6.80–7.27 (m, 4 arom H), 12.74 (s, OH) ppm; 13C NMR (50 MHz,

CDCl3): �¼ 20.2, 21.9, 45.2, 55.2, 57.9, 94.0, 100.8, 111.5, 112.7, 117.6, 129.9, 142.6, 156.5, 159.9,

161.8, 165.0, 167.0, 171.9 ppm; IR (KBr): ���¼ 1718, 1672, 1575, 1491, 1451, 1428, 1383, 1343, 1297,

1272, 1234, 1041, 991, 862, 818, 779, 695 cm�1; MS (EI 70 eV): m=z (%)¼ 342 (Mþ, 25), 299 (19),

235 (19), 193 (100).

3-[1-Acetyl-5-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-6-methyl-

2H-pyran-2-one (15, C18H18N2O5)

Yield 72%, mp 149–150�C; 1H NMR (200 MHz, CDCl3): �¼ 2.24 (s, Me), 2.36 (s, Me), 3.61 (dd,

J¼ 4.8, 19.6 Hz, 40-Htrans), 3.80 (s, MeO), 3.98 (dd, J¼ 11.6, 19.6 Hz, 40-Hcis), 5.50 (dd, J¼ 4.8,

11.6 Hz, 50-H), 6.02 (s, 5-H), 6.86–7.19 (m, 4 arom H), 12.80 (s, OH) ppm; 13C NMR (50 MHz,

CDCl3): �¼ 20.3, 22.0, 45.0, 55.3, 57.6, 94.1, 100.8, 114.2, 126.9, 133.2, 156.5, 159.1, 164.9, 167.0,

171.9 ppm; IR (KBr): ���¼ 1723, 1664, 1584, 1451, 1422, 1385, 1295, 1251, 1031, 992, 847, 811 cm�1;

MS (EI 70 eV): m=z (%)¼ 342 (Mþ, 26), 299 (43), 235 (17), 193 (100).

3-[1-Acetyl-5-(3-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-6-methyl-

2H-pyran-2-one (16, C17H15ClN2O4)

Yield 81%, mp 161–162�C; 1H NMR (200 MHz, CDCl3): �¼ 2.26 (s, Me), 2.37 (s, Me), 3.59 (dd,

J¼ 4.9, 19.6 Hz, 40-Htrans), 4.01 (dd, J¼ 11.9, 19.6 Hz, 40-Hcis), 5.41 (dd, J¼ 4.9, 11.9 Hz, 50-H), 6.08

(s, 5-H), 7.09–7.20 (m, 4 arom H), 12.69 (s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 20.2, 21.9,

45.1, 57.6, 93.9, 100.8, 123.9, 125.6, 128.0, 130.2, 134.7, 143.0, 156.3, 161.8, 165.2, 167.1, 171.9 ppm;

IR (KBr): ���¼ 1723, 1667, 1575, 1450, 1421, 1384, 1344, 1297, 1230, 991, 951, 814, 696 cm�1; MS

(EI 70 eV): m=z (%)¼ 346 (Mþ, 19), 303 (13), 235 (20), 193 (100).

3-[1-Acetyl-5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-6-methyl-

2H-pyran-2-one (17, C17H15ClN2O4)

Yield 76%; mp 176–177�C; 1H NMR (200 MHz, CDCl3): �¼ 2.30 (s, Me), 2.38 (s, Me), 3.62 (dd,

J¼ 4.9, 19.6 Hz, 40-Htrans), 4.01 (dd, J¼ 11.8, 19.6 Hz, 40-Hcis), 5.52 (dd, J¼ 4.9, 11.8 Hz, 50-H), 6.09

(s, 5-H), 7.12–7.38 (m, 4 arom H), 12.70 (s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 20.3, 21.9,
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45.0, 57.5, 93.9, 100.8, 127.1, 129.1, 133.6, 139.5, 156.4, 161.9, 165.2, 167.0, 172.0 ppm; IR (KBr):

���¼ 1724, 1661, 1578, 1493, 1454, 1421, 1385, 1347, 1297, 1232, 1089, 1038, 990, 960, 830,

696 cm�1; MS (EI 70 eV): m=z (%)¼ 346 (Mþ, 26), 303 (25), 235 (22), 193 (100).

3-[1-Acetyl-5-(4-bromophenyl)-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-6-methyl-

2H-pyran-2-one (18, C17H15BrN2O4)

Yield 83%; mp 197–198�C; 1H NMR (200 MHz, CDCl3): �¼ 2.28 (s, Me), 2.32 (s, Me), 3.59 (dd,

J¼ 4.9, 19.6 Hz, 40-Htrans), 4.00 (dd, J¼ 11.8, 19.6 Hz, 40-Hcis), 5.48 (dd, J¼ 4.9, 11.8 Hz, 50-H), 6.02

(s, 5-H), 7.10–7.50 (m, 4 arom H), 12.70 (s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 20.3, 21.9,

44.9, 57.6, 93.9, 100.8, 121.7, 127.4, 132.0, 140.0, 156.4, 161.9, 165.2, 167.2, 172.0 ppm; IR (KBr):

���¼ 1724, 1662, 1578, 1455, 1420, 1385, 1346, 1297, 1232, 1038, 989, 960, 827, 530 cm�1; MS (EI

70 eV): m=z (%)¼ 390=392 (Mþ, 15=15), 347=349 (8=8), 235 (22), 193 (100).

4-Hydroxy-6-methyl-3-(5-phenyl-1-propionyl-4,5-dihydro-1H-pyrazol-3-yl)-

2H-pyran-2-one (19, C18H18N2O4)

Yield 73%; mp 143–144�C; 1H NMR (200 MHz, CDCl3): �¼ 1.24 (t, J¼ 7.5 Hz, CH2CH3), 2.22

(s, Me), 2.70 (dd, J¼ 7.5, 14.9 Hz, CH2CH3), 3.62 (dd, J¼ 4.9, 19.5 Hz, 40-Htrans), 4.01 (dd, J¼ 11.8,

19.5 Hz, 40-Hcis), 5.50 (dd, J¼ 4.9, 11.8 Hz, 50-H), 6.06 (s, 5-H), 7.20–7.41 (m, 5 arom H), 12.81

(s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 8.5, 20.3, 27.5, 44.9, 58.3, 94.1, 100.8, 125.5, 127.8,

128.9, 141.2, 156.2, 161.9, 164.9, 170.2, 171.9 ppm; IR (KBr): ���¼ 1720, 1673, 1580, 1452, 1382,

1291, 1230, 1041, 991, 883, 822, 767, 704 cm�1; MS (EI 70 eV): m=z (%)¼ 326 (Mþ, 23), 269 (29),

249 (9), 193 (100).

4-Hydroxy-3-[5-(3-methoxyphenyl)-1-propionyl-4,5-dihydro-1H-pyrazol-3-yl]-

6-methyl-2H-pyran-2-one (20, C19H20N2O5)

Yield 78%; mp 126–127�C; 1H NMR (200 MHz, CDCl3): �¼ 1.26 (t, J¼ 7.5 Hz, CH2CH3), 2.26

(s, Me), 2.69 (dd, J¼ 7.5, 14.9 Hz, CH2CH3), 3.60 (dd, J¼ 4.8, 19.5 Hz, 40-Htrans), 3.79 (s, MeO), 3.99

(dd, J¼ 11.7, 19.5 Hz, 40-Hcis), 5.49 (dd, J¼ 4.8, 11.7 Hz, 50-H), 6.04 (s, 5-H), 6.70–7.28 (m, 4 arom

H), 12.80 (s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 8.5, 20.2, 27.5, 44.9, 55.2, 58.1, 94.1, 100.8,

111.5, 112.7, 117.6, 130.0, 142.8, 156.2, 159.9, 161.9, 164.9, 170.5, 171.9 ppm; IR (KBr): ���¼ 1718,

1671, 1575, 1488, 1448, 1272, 1229, 1137, 1043, 992, 862, 807, 779, 699 cm�1; MS (EI 70 eV):

m=z (%)¼ 356 (Mþ, 22), 299 (23), 249 (9), 193 (100).

4-Hydroxy-3-[5-(4-methoxyphenyl)-1-propionyl-4,5-dihydro-1H-pyrazol-3-yl]-

6-methyl-2H-pyran-2-one (21, C19H20N2O5)

Yield 82%; mp 173–174�C; 1H NMR (200 MHz, CDCl3): �¼ 1.20 (t, J¼ 7.5 Hz, CH2CH3), 2.30

(s, Me), 2.70 (dd, J¼ 7.5, 14.9 Hz, CH2CH3), 3.61 (dd, J¼ 4.8, 19.5 Hz, 40-Htrans), 3.70 (s, MeO), 4.01

(dd, J¼ 11.4, 19.5 Hz, 40-Hcis), 5.49 (dd, J¼ 4.8, 11.4 Hz, 50-H), 6.07 (s, 5-H), 6.89–7.20 (m, 4 arom

H), 12.82 (s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 8.5, 20.3, 27.5, 44.8, 55.2, 57.8, 94.1, 100.9,

126.9, 133.4, 156.3, 159.1, 161.9, 164.9, 170.4, 171.9 ppm; IR (KBr): ���¼ 1718, 1665, 1575, 1514,

1452, 1285, 1243, 1183, 1034, 992, 851, 805 cm�1; MS (EI 70 eV): m=z (%)¼ 356 (Mþ, 18), 299 (44),

249 (6), 193 (100).

3-[5-(3-Chlorophenyl-1-propionyl-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-

6-methyl-2H-pyran-2-one (22, C18H17ClN2O4)

Yield 81%; mp 161–162�C; 1H NMR (200 MHz, CDCl3): �¼ 1.22 (t, J¼ 7.5 Hz, CH2CH3), 2.28 (s,

Me), 2.71 (dd, J¼ 7.5, 15.1 Hz, CH2CH3), 3.60 (dd, J¼ 5.0, 19.6 Hz, 40-Htrans), 4.01 (dd, J¼ 11.9,

19.6 Hz, 40-Hcis), 5.47 (dd, J¼ 5.0, 11.9 Hz, 50-H), 6.07 (s, 5-H), 7.09-7.20 (m, 4 arom H), 11.79 (s,

OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 8.5, 20.3, 27.5, 44.9, 57.8, 94.0, 100.9, 123.9, 125.6, 128.0,

130.2, 134.8, 143.3, 156.1, 161.9, 165.1, 170.6, 172.0 ppm; IR (KBr): ���¼ 1722, 1665, 1576, 1447,
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1290, 1229, 1201, 1077, 991, 881, 793, 693 cm�1; MS (EI 70 eV): m=z (%)¼ 360 (Mþ, 12), 303 (18),

249 (6), 193 (100).

3-[5-(4-Chlorophenyl)-1-propionyl-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-6-methyl-

2H-pyran-2-one (23, C18H17ClN2O4)

Yield 74%; mp 190–191�C; 1H NMR (200 MHz, CDCl3): �¼ 1.20 (t, J¼ 7.5 Hz, CH2CH3), 2.30

(s, Me), 2.69 (dd, J¼ 7.5, 14.9 Hz, CH2CH3), 3.59 (dd, J¼ 5.1, 19.6 Hz, 40-Htrans), 4.01 (dd, J¼ 11.9,

19.6 Hz, 40-Hcis), 5.58 (dd, J¼ 5.1, 11.9 Hz, 50-H), 6.09 (s, 5-H), 7.06–7.38 (m, 4 arom H), 12.69

(s, OH) ppm; 13C NMR (50 MHz, CDCl3): �¼ 8.4, 20.3, 27.5, 44.8, 57.7, 93.9, 100.8, 127.0, 129.0,

133.5, 139.7, 156.1, 161.9, 165.1, 170.6, 171.9 ppm; IR (KBr): ���¼ 1721, 1664, 1577, 1556, 1446,

1377, 1292, 1230, 1087, 1040, 991, 832, 802, 693 cm�1; MS (EI 70 eV): m=z (%)¼ 360 (Mþ, 15), 303

(23), 249 (6), 193 (100).

3-[5-(4-Bromophenyl)-1-propionyl-4,5-dihydro-1H-pyrazol-3-yl]-4-hydroxy-6-methyl-

2H-pyran-2-one (24, C18H17BrN2O4)

Yield 79%; mp 186–187�C, 1H NMR (200 MHz, CDCl3): �¼ 1.21 (t, J¼ 7.5 Hz, CH2CH3), 2.30

(s, Me), 2.68 (dd, J¼ 7.5, 14.9 Hz, CH2CH3), 3.58 (dd, J¼ 5.1, 19.6 Hz, 40-Htrans), 3.99 (dd, J¼ 11.9,

19.6 Hz, 40-Hcis), 5.42 (dd, J¼ 5.1, 11.9 Hz, 50-H), 6.09 (s, 5-H), 7.10–7.49 (m, 4 arom H), 12.71

(s, OH) ppm; 13H NMR (50 MHz, CDCl3): �¼ 8.5, 20.3, 27.5, 44.7, 57.8, 94.0, 100.8, 121.7, 127.4,

132.0, 140.3, 156.1, 161.9, 165.1, 170.6, 171.9 ppm; IR (KBr): ���¼ 1721, 1662, 1579, 1448, 1291,

1229, 1072, 1041, 991, 828, 529 cm�1; MS (EI 70 eV): m=z (%)¼ 404=406 (Mþ, 7=7), 347=349

(12=12), 249 (8), 193 (100).
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