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Abstract - A new and rapid synthesis of 5-pyrazolylmethylene-2(5H)furanones by
the reactien of 2Z-nitro-5-furancarbaldehyde (l) with different substituted py-

razoles (ITa-f) 1n acetic acid-acetic anhydride is described.

In the last years much interest has been focused on the synthesis of meolecules conteining the
butenolide morety, which are synthons of pharmacologically 1mp0rtantrl—mcthy]ene—ﬁ-lactonesl’2
In this paper we report a new 1interesting reaction of 35-nitro-2-furancarbaldehyde (l) which
leads directly te the synthesis of y-ylidene-a,f-butenclides. Moreover we found an casy way for
linking a heterecyclic ring (e.g. pyrazole) to the W-position of these unsaturated systems,

The reaction of T and methyl substituted heterocveles in acidic medium 1s very well known to
vield 5-n1rrn—2—v1ny1furan53through the expected aldel like condensatien hetween the formyl and
the Tactovated methyl groups'.

To our surprise however when I and 1,2,3-trimethylpyrazole (1}2) were heated to reflux in a so-
lutron of glacial acetic acid-acetic anhydrade we did not obtain any condensation products. A yel
low crystalline solid could be lisolated in 20% yl.eld4 after work up eof the dense black poelymeric
reaction mixture and was identified as 5-(1',3',5'-trimethyl-4’—pyrazalylmethylene)}-2(5H)-furano
ne (IITa). Thus the elemental analysis and the mass spectrum m/z 204(M+) indicated the molecular
formula CIIH12N202 which 1s censistent with the formal loss of HN()2 from the reactants. The IR
spectrum of TITa revealed bands at 1820 and 1770 Cm—1 assignable to the unsaturated y-lactone
ring and a C=C absorption band at 1658 cm_l.

The PMR spectrum of Iila in CD013 showed signals of three methyl groups at §2.30 and 2.38(C-Me)
and §3.72 (N-Me) in addition to three olefinic protons signals at 45.88 (d, J _(’<1Hz, H5),36.06

]
(44, J _afIHz, {1—5:5‘3 Hz, H,) and 47.56 (d, {I_ﬁzj.S Hz, Hﬁ)' These findings and the absence of

the p;iazole H4 singlet in the PMR of IIla confirmed that all the methyl groups on the hetero-
cyclic ring had remained untcuched during the reaction and that a butenclide morety had been lin-
ked throusgh a -CH= group, to the 04 position of the pyrazole ring. As expected, on hydrogenation
with two moles of hydrogen over 5% Pd-C catalyst in EtOH, IIIa was converted into the saturated

y-butyrolactone derivative IVa,whose structure was fully supported by its spectrescopic data (see

experimental section).
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This reaction of (1) was then extended to other 3-methylpyrazoles(ITb-f)and was shown to be ge-
neral, yielding in all cases 5-{4'-pyrazolylmethylene)-2{5H)-furanones (lllg—f) through an aroma-
tic substitution reaction.

The structures of these products accounted for their elemental analysis and spectroscopic and
chemical properties. In particular IR and PMR spectral data, which were very similar to those di-
scussed for 1[Ta, clearly indicated the presence of the butenolide systems on C4 (IR and PMR spe-

ctra are reported in the Table).
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Hydrogenation of II1b over §% Pd-C in EtOH yiclded the saturated y-lactone IVb, 1n accordance
with 1ts structure as 5-{3',3'-dimethyl-1'-phenyl-4'-pyrazolylmethylene)}-2{5H)—furanone.

The reaction of Ilc with I occurred with partial acetylation of the free 5-amino group on the py-
razole ring. Two crystalline products were 1sclated from the reaction mixture and were 1dentified
as 5-(5'-acetylamine-3'-methyl-1'-phenyl-4'-pyrazolylmethylene)~2(5H)-furanone [l}}cl: §2.05 (34,
s, QEJCONH—) and §8.08 (1H, broad, CH3CO§§ﬂ and 5‘(5"dlﬂcetylam1“°-3'—mEthyl—]‘—pheny1g4'7pyr§
zolylmethylene)~2{5H) furanene [lllcz: §2.25 (BH, s, _N(COCHB)Zﬂ respectively.

0On treatment with acetic anhydride and pyridine lllcl was readily converted into the N-diacetyl
derivative lllcz. Furthermorc oxidation of lllcl with KMnO4 in acetone at room temperature gave
the expected 5-acetylamino-3-methyl-1-phenylpyrazol-4-carboxylic acid which upon expesure to an

ethereal diazometane solution yirelded the corresponding methyl ester. Thus the IR spectrum of the
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latter compound showed carbonyl bands for the carbemethoxy {1715 cm_l) and the acetylamino (1685
cm_l) groups which in the PMR spectrum gave signals at §3.9C (2H, s, CHJO) and at §2.50 (2H, s,
CH3CO) and §8.2 (1H, br s, NH) respectively.

Particularly interssting results were finally cbtained from the reaction of I with l-unsubstitu
ted pyrazoles (Ile-f).In these cases the reactive site of the pyrazole ring was not only the 'ner
mal' Cd—positlon but, surprisingly, even the N]—positlon. This led to the formation of compounds
with the butenolide system linked to both the sites,i.e. IITe from 3,5-dimethylpyrazole (ITe) and
IIIf from 3-methylpyrazele (TIf). From the latter reaction the 1-N-monosubstituted pyrazole {v)
could also be isolated in fair yield.

In accordance with these structures the PMR and iR spectra of 1lie-f and V were devoid of amino
signals, thus excluding the presence of free pyrazole NH. Moreover, due to the electron-withdraw
ing effect of the heterocatom, the N-CH= signal was readily identifiable as 1t was shifted down-

field apart (§6.8-7.3), farther than the corresponding C-CH- doublet (§5.8-6.3).

CH,
7N\ A\
N
N\T \T CH;,
CH CH
o\ 0\
0 @]
v VI

In principle two isomeric structures either V or VI could be attributed te the i-N-menosubstitu
ted pyrazele obtained from 1If, but VI was promptly discarded considering the PMR spectrum, partl
cularly the chemical shift of the methyl group (§2.30) and the pyrazole protons (§6.30 and §8.28
respectively, Jvic: 2.7 Hz). These data were in good agreement with those reported in the litera-
ture5 for 3-methyl-l-substituted pyrazoles like V, whereas in §-methylpyrazoles like VI the CH3
signal should occur at §2.4-2.7 and the H3 doublet at §7.3-7.5 (J374: 1.5-1.8 Hz).

As far as the stereochemistry of the exocyclic double bond in the butenolide system is concern-
ed all the compounds we could 1sclate showed a Z configuration (see IR and PMR data).ﬁ

However at least in one case {(i.e. from Ile) an isomeric product with the opposite stereochemi-
stry was formed in traces, but was not completely characterized.

At this stage of our studies the mechanism of this reaction of I with pyrazoles has not been
yet clarified.However we believe that the reacticon involves an ionic process since the presence
of the acid (not only in a catalytic amount) seems to be essential for yielding the products{IIL,
V), as was shown by running the reaction in different conditions.Probably the acetic acid 1s 1n-
volved by enhancing the electrophylicity of the aldehyde group and therefore promoting the attack
of 1 to the pyrazole ring.Finally the displacement of the nitro group (abundant red fumes of ni-

trous oxides were always observed during the refiux of the reactants) allows to transform the fu-
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ran ring into a y-lactone.

We suggest that the acetic acid can add across the conjugated diene system of the furan rang
forming an intermediate like VII whach eventually rearranges to the butenolide ring.

Studies aimed to the application of the reaction of I towards other substrates are actively pur

sued 1n our laboratory and will be reported in due time.

Pyr—CH

(&) LO;COCH,
it

EXPERIMENTAL

Melting points were determined on a hot plate Fisher—Johns apparatus and are uncorrected,

IR spectra were recorded as nujol mulls on a Perkin Elmer 257 spectrophotometer and UV spectra
on a Perkin Elmer 137 UV spectrophotometer. PMR spectra were recorded on a Perkin Elmer R-12 A-00
MHz spectrometer. Mass spectra were obtained on a Du Pont 21-492/B 1nstrument at 75 e¥. Microana-
lysis were performed for all new compounds and were 1n agreement with the proposed structures.TLO
was carried out on Silica Gel GF254 plates, 0.2 mm layer thickness. Spots were visualized by expo
sure to 1odine vapours. Merck 0.063-0.2 mm Kieselgel 60 and dry column Woelm Silica Gel were used
for column chromatography.

§-Nitro-2-furancarbaldehyde (I} has been prepared7 from commercial S5-nmitrofurfuryliden acetate
(Merck-Schuchardt). 5-Amino-3-methyl-l-phenylpyrazole has been purchased from Pfaltz and Bauer
(Stamford CT,U.S.A.)}, 3 {(or 5)-methylpyrazole from J.T. Baker Chemical CO. and J-methyl-1-phenyl
pyrazole from P.C.R. Inc. (Gainesville FLA, U.S5.A.).

1,3,5—Tr1methylpyrazoles, 3,5-d1methyl—1-phenylpyrazoleg and 3,5—d1merhy1pyrazolelo were synthe
tized by reaction of acetylacetone with methylhydrazine, phemylhydrazine and hydrazine hydrate re
spectively.

General procedures for the reaction of I with IT1 (a-f).

A solution of 0.072 moles of I in 20 ml of acetic acid was added te a solution of 0.072 moles
of pyrazele in 20 ml of acetic anhydride and the mixture was refluxed for 24 h. The reaction
mixture was then poured onto ice and extracted exhaustively with chloroform.The organic layer was
washed with 5% sodium bicarbonate sclution, dried (Mg504) and evaporated under vacuum yielding a
black residue. Pure compounds were obtained by column chromatography (eluent: mixtures of CHCI -

3

-CH_CO CHC1 - H) .
3 OCZHS or 3 CH30 )

5-(1',3", 5 —Trimethyl-4' ~pyrazolylmethylene)-2(5H)—furanone{1ila).

It was obtained in 20% yield as yellow needles, m.p. §9-90°C, after crystallization from isopre
pyl ether. EIMS (m/z, %): 204(100), 189(26), 176(25), 175(24), 161{15), 150(27), 148(37),147(75),
1460173, 134€15), 133040}, 132(16}, 123(13), 122(45), 121(11), 107(13), 106{19), 105(10),102(12},
g2(14), 81(19), 80{14), 79(13), 77(17), 75(13), 67(10), 66{(44), 65(13}, 63(11), 56{36), 55(14),
54(24), 53(21), 52016}, 51{21), 50(i1), 43(11), 42(20).
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5—(3i15'—Dimethyl—l'—phenyl—4'—pyrazolylmethylene)AZ(SH)ffuranone (lllb).

It was obtained in 59% yield and crystallized as orange-yellow needles from isopropyl ether:
m.p. 125°C. EIMS (m/z, %): 2066(100), 251(5}, 238(5), 237(5), 212(3), 209(32), 195(12), 184{6),
183(7), 172(4), 128(10), 118(10), 77(29).
5—-(5'-Acetylamino-3'-methyl-1'-phenyl-4'-pyrazolylmethylene)-2{5H)-furanone (liicl).

It was obtained in 10% yield and crystallized from benzene as yellow needles: m.p. 205°C. EIMS
(m/z, %): 309(37), 308(60), 267(65, m§097267=230.7), 206(44), 265(20), 237(11), 226(20), 211(18),
210(30), 163(13), 185(32), 184(27), 169(15), 154(17), 143(15), 119(12), 118(12), (17{12),104(11},
93{31), 92030}, 9122}, 78(36), 77(51), 65(33), 64(20), 54(22), 51(31), 50(21), 43{100), 42{17).

5-{5'-Diacetyiamino-3'-methyl-1'-phenyl—4'-pyrazolylmethylene }-2(5H)-furanone (Ezlcz).

It was obtained in 9% yield and crystallized as yellow needles from benzene: m.p. 160-162°C.
EIMS (m/z, %): 351(28), 310(13}, 306(60, m§517309
(12), 92(12), 77€35), 51(18), 43(100).
5-(3'-methyl-1'-phenyl-4'-pyrazolylmethylene}-2(5H}-furancne (1I{d).

m.p. 165°C (CHSCN). EIMS (m/z, %): 2520100), 196(10%, 195(31), 169{14), 154(17), 120(16), 128
(1Y), 77(41), s51{24).
3,5-Damethyl-1,4-d1(a B-butenolide-§-ylidenyl)pyrazole {11le).

309-267:230'7)’ 210

=272.0), 268(12), 267(61, m

m.p. 205°C (CHECN). EIMS (m/z, %)}: 284(100), 257(10), 203(11}, 82(15}, 78010), 54{17), 52(25),

51(13}).
3-Methyl-1,4-di{a,f-butenolide-g~ylidenyl ipyrazole (IIIf).

Yellow needles from CH CN, m.p. Z52-253°C. EIMS (m/z, %): 2700100), 189(12), 133(10}, 92{11),
82(26), 65(18), 64(18), 33(11), 54(18).
5-(3'-Methyl-1'-pyrazolylmethylene;}-2{5H)-furanone (V).

Yellow needles from 02H50H, m.p. 125-126°C, Yield 20%. EIMS (m/z, %):176(100), 120(17),110(72),
$5¢19), 94(58), 82015), 80(74), 79{13), 67(23), 66(11), 54(27}, 53(21), 52(24}.

Bydrogenation of Illa: LVa.

A solution of 0.6 g of [lla 1n CZHSDH was hydrogenated over 3% Pd-C at room temperature and at-
mospheric pressure. After the theoretical amount of hydrogen had been absorbed, the catalyst was
filtered off and the product purified by column chromatography (eluent: CHCl3 with increasing per
centages of AcQEt). IR: 1780, 1190 cm_1 (saturated y-lactone CO). '

PMR (CDClB, TM5=0,8): 2.i5 (CH, s, 2 CH3), 1.8-2.5 (4H, m, CHZ—CHZ), 2.68 (2H,d,J=6.0 Hz,Ar—gﬂz—
-CHO-), 3,64 (3H, s, N—CHS), 4.66 (1H, m, CH-0).
Hydrogenation of ITTb: TVb,

0.5 g of Il1b was hydrogenated to TVb as described fer ITTa. TR: 3070 {aromatic CH}, 1770 (satg
rated y-lactone GO), 185, 1600, 1510, 765, 698 (monosubstituted phenyl) cm_l. PMR (CDCL3,TMS=0,5):
2.23 (3H, s, CH3},2.26 (3H, =. CH3), 1.7-2.6 (4H, m, CHz_CHz)’ 2.78 {2H, d,J= 6.0 Hz, —gﬂz—CHO-}
4.62 (1M, m, CH-0), 7.4 (5H, s, phenyl protens).EIMS {m/z, %}: 270(10), 186(17), 185(100),77(18).

Oxidation of }llc[ with KMN04' 5-acetylamine-3-methyl-t-phenylpyrazel-4-carboxylic acid.

0.5 g of Liicl dissolved 1n acetoue (15 ml) was oxidized with KMnO4 (1.1 g) at r.t.. After the

usual work-up,83.5 mg of S-acetylamino-3-methyl-1-phenylpyrazol-4-carboxylic acid,m.p. 234-236°C,
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was obtained. IR: 3238 and 3190 (NH), 2700-2400 (chelated OH), 1675 (COOH and CONH), 1600, 768,
695 {monosubstituted phenyl), 930 (0O-H out of plane tending) cmv1

PMR (CDSOD, TMS=0,8): 1.98 (3H, s, CH3), 2.47 (3H, s, CH3CO)J 7.45 (5H, s, CGHS)’ B.15{(1H,br =
NH). On treatment with an ethereal diazomethane solution the corresponding methyl ester was ob-
tained. IR: 3270 (NH), 1715, 1250, 1095 (ester), 1685 (CONH), 160C, 763, 693 {mcnosubstituted
phenyl) cm_l.

PMR (6[3013, TMS=0,8): 2.05 (3H, s, CHS), 2.50 (3H, s, CH3CO), 3.90 (3H, s, CH30), 7.50 (5H, s,

COHS)’ 8.2 (1H, br s, NHJ).
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