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Abstract—A novel one-pot synthesis of pyrazoles has been accomplished by the reaction of p-formyl enamides with hydroxylamine
hydrochloride catalysed by potassium dihydrogenphosphate in acid medium.
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The synthesis of pyrazoles has received considerable
attention because of their applications in pharmaceuti-
cal and agrochemical industries being due to their anti-
pyretic, anti-inflammatory, herbicidal, insecticidal and
fungicidal properties.! More recently, extensive studies
have focused on aryl pyrazoles for exhibiting cyclooxy-
genase-2 (COX-2) and non-nucleoside HIV-1 reverse
transcriptase inhibitory properties.>?> Among several
methods available for the preparation of pyrazoles, the
condensation of hydrazine with 1,3-dicarbonyl com-
pounds* and the nitrene insertion reaction® are widely
employed strategies. However, the generality of these
reactions is vitiated by the severe reaction conditions
or multi-step sequences usually required to access the
starting materials.® As a result, efforts have been and
are still being made to find and develop more general
and versatile synthetic methodologies for pyrazoles.”
The biological activities of heterosteroids®® make
them important targets for synthetic chemists. Research

efforts in our laboratory towards the synthesis of newer
heterosteroids afforded B-formyl enamides as organic
synthons.!” In continuation of our interest in the use
of B-formyl enamides in organic synthesis, we report
herein a novel, simple and high yielding one-pot synthe-
sis of pyrazoles from the reaction of B-formyl enamides
with hydroxylamine hydrochloride catalysed by potas-
sium dihydrogenphosphate in acid medium.

In a typical reaction, 3B-acetoxy-17-acetamido-16-form-
yl-androst-5,16-diene 1a'' and hydroxylamine hydro-
chloride were mixed with potassium dihydrogen-
phosphate in ethanol and the mixture stirred at room
temperature for 1 h. Work-up of the reaction did not
yield the expected aldoxime 2a, rather it afforded
a cyclised pyrazolo-androsteroid 3a in 94% yield
(Scheme 1). The product was characterised by spectral
and analytical analysis.'"> The '"H NMR spectrum of
3a exhibited a characteristic singlet proton signal at
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0 =8.38 for the aromatic pyrazole proton. The ESI
mass spectra showed a molecular ion peak at m/z 419
(M*+Na). Examination of Table 1 shows that the reac-
tion occurred in good yields in all cases examined,
varying from 79-94% and affording pyrazoles as sole
products. It is noteworthy that steroidal, alicyclic, ali-
phatic and aromatic B-formyl enamides 1b—i all gave rise
to the corresponding pyrazoles 3b-i in high yields (Table

).

The reaction of B-formyl enamide la with hydroxyl-
amine hydrochloride was similarly catalysed by dipotas-
sium hydrogenphosphate or sodium acetate to afford 3a
in excellent yield. However, replacement of KH,PO,4
with pyridine or sodium methoxide led to the corre-
sponding aldoxime 2a, exclusively, without formation
of 3a. The use of pyrrolidine or morpholine gave 3a as
a minor product. On the other hand, the reaction of
1a with hydroxylamine hydrochloride without base led
to a mixture of products 2a and 3a. However, when
the oximation of B-formyl enamide 1a was carried with
a 50% aqueous solution of hydroxylamine or a mixture
of equimolar equivalents of NH,OH-HCI-Et;N, it

afforded the corresponding aldoxime 2a without forma-
tion of pyrazole 3a.'3

A KH,PO,-mediated treatment of aldoxime 2a was con-
ducted successively in acidic, neutral and basic condi-
tions. It was observed that in acidic medium (pH 6),
the cyclised product 3a was obtained in excellent yield
(92%), whereas, reaction attempted at pH 7 or pH 8
failed to afford 3a.

A possible mechanism for pyrazole formation is shown
in Scheme 2. Under acidic conditions, aldoxime 2a
undergoes protonation to form intermediate A, abstrac-
tion of the amide NH proton being facilitated by the
conjugate base H,PO,. Intramolecular attack of the
nucleophilic nitrogen onto the electron-deficient imine
nitrogen followed by loss of water led to cyclised prod-
uct 3a. The failure of aldoxime 2a to react with potas-
sium dihydrogenphosphate under neutral conditions
supports the requirement for acid mediation.

In conclusion, we have developed an efficient synthesis
of pyrazoles from B-formyl enamides employing a con-

Table 1. Reaction of B-formyl enamides with hydroxylamine hydrochloride®

Entry B-Formyl enamide Time (h) Product Yield®
Ac
1 NHAc 1a, R = Ac 2 L 3a 94
CHO \ N
2 1b, R =Bz 2 3b 86
RO RO
OHC 4
3 1c 2 N 3¢ 85
|
AcNH Ac
4 1d 2 3d 84
AcNH Ac—N N
CHO I\
HAc A~
5 &/ CHO le 2 $ 3e 87
HAc Ac NN
6 CHO 1f 3 f\ » 3f 81
Ph
I NHAc Ph N/ Ac
7 H CHO 1g 2 \“/\//N 3g 93
NHAc Ac
8 N-N
CHO 1h, X=H 2 p 3h 79
9 1i, X =Cl 2 3i 82
X X

#Reactions were carried using potassium dihydrogenphosphate as catalyst.

®Isolated yields.
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Scheme 2.

jugate base catalysed intramolecular cyclisation reaction
in acidic medium. We have demonstrated that the
incorporation of an acetamido group adjacent to an
aldoxime moiety facilitated the cyclisation to afford
the pyrazole in a one-pot reaction. The methodology
reported herein represents a new preparation of pyra-
zoles and is expected to be a general route for one-pot
combinatorial synthesis of a wide range of annelated
pyrazoles.
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Steroidal Dp-ring and cyclic B-formyl enamides were
prepared by Vilsmeier reaction of the corresponding
conjugated oximes following a reported procedure: Bor-
uah, R. C.; Ahmed, S.; Sharma, U.; Sandhu, J. S. Ind. J.
Chem. 1999, 38B, 274-282; Steroidal A-ring and acyclic
B-formyl enamides were prepared by Vilsmeier reactions
of the corresponding enamides in turn accessible from 3-
ketocholestanone and acetophenone, respectively, fol-
lowing a reported procedure: Boar, R. B.; McGhie, J. F.;
Robinson, M.; Barton, D. H. R.; Horwell, D. C.; Stick,
R. V. J. Chem. Soc., Perkin Trans. 1 1975, 1237-1241.
Illustrative experimental procedure. Pyrazolo-androster-
oid 3a: To a solution of 3B-acetoxy-17-acetamido-16-
formyl-androst-5,16-diene (1a, 0.327 g, 0.82 mmol) in
ethanol (40 ml) was added hydroxylamine hydrochloride
(0.112 g, 1.62 mmol) and potassium dihydrogenphosphate
(0.220 g, 1.62 mmol) and the reaction mixture was stirred
at room temperature for 2 h. The solvent was removed
under reduced pressure and the residue was poured into
ice-cold water (50 ml), neutralised with aqueous NaHCO;
solution, extracted with dichloromethane (2 x 25 ml), the
extract washed with water and dried over anhydrous
sodium sulfate. Removal of the solvent and column
chromatography of the residue over silica gel using ethyl
acetate/hexane (8/2) as eluant afforded pyrazolo-andros-
teroid 3a, yield 0.305 g (94%), mp 206-207 °C; IR (CHCl,)
v 1734 cm™!; 'TH NMR (300 MHz, CDCls) 6 8.38 (1H, s),
5.42 (1H, br s), 4.61 (1H, m), 2.71 (3H, s), 2.04 (3H, s),
1.10 (3H, s), 1.00 (3H, s), 2.92-1.02 (17H, m); '*C NMR
(CDCly) 6 170.96, 170.40, 158.15, 141.91, 140.58, 133.65,
121.96, 74.05, 56.27, 50.56, 45.73, 38.44, 37.20, 33.17,
31.50, 31.11, 30.07, 28.56, 28.04, 21.81, 20.74, 20.32, 19.70,
17.26; Mass spectra: m/z 419 (M*+Na), 397 (M"+1);
Anal Calcd for C,4H3,N,03: C, 72.70; H, 8.13; N, 7.06%.
Found: C, 72.60; H, 8.28; N, 6.96%.
3B-Acetoxy-17-acetamido-androst-5,16-dieno-16-aldoxime
2a, mp 167-169 °C; IR (CHCIl3) v 3405, 2940, 1730,
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1625 cm™'; "TH NMR (300 MHz, CDCl5) § 7.80 (1H, 5), 7.48
(1H, br s), 5.35 (1H, brs), 4.60 (1H, m), 2.15 (3H, s), 2.06
(3H, s), 1.12 (3H, s), 1.04 (3H, s), 2.75-0.95 (17H, m); '*C
NMR (CDCl;) 6§ 172.45, 171.90, 153.53, 144.82, 141.35,
136.55, 120.43, 75.10, 57.20, 50.88, 44.32, 39.74, 38.52,

34.08, 31.90, 31.37, 31.22, 28.97, 27.67, 21.76, 20.21, 20.13,
19.55, 17.86; Mass spectra: mfz 413 (M'—1), 395
[(MT—1)—18], 353, 335, 293; Anal. Caled for
Co4HyuN,O4: C, 69.54; H, 8.27; N, 6.76%. Found: C,
69.85; H, 8.12; N, 6.96%.
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