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ABSTRACT

A novel and efficient reaction of vinyl azides with Bestmann-Ohira reagent for the regioselective
synthesis of phosphonylpyrazoles is presented. Reaction proceeds through 1, 3 dipolar cycloaddition
with an excellent yield in short period of time under mild reaction conditions. Moreover, no column

purification is involved for the isolation of products.

Keywords: Phosphonylpyrazoles, Vinylazides, 1,3-dipolar cycloaddition,
Regioselectivity, Bestmann-Ohira reagent.

INTRODUCTION

The Bestmann—Ohira reagent (BOR,
dialkyl a-diazo-a-oxopropylphosphonate) a modified
version of Seyferth-Gillbert reagent, is well known
and an efficient reagent for the homologation of
aldehydes to terminal alkynes under gentle basic
conditions.? It is readily prepared by commercially
available sources.®Recently, the BOR has found new
applications in organic chemistry for the synthesis of
several phosphonylated heterocycles* using range
of dipolarophiles through 1, 3 dipolar cycloaddition
reaction. Due to their structural complexity and high
biological activity, synthesis of several heterocycles

compounds such as phosphonyloxazoles and
pyrazoles® have been reported in the literature
using the Bestmann—Ohira reagent (BOR) as the
cycloaddition partner.6 The heterocyclic compounds
play a vital role in pharmaceutical chemistry. Among
them pyrazoles have indispensable role over the
past due to their good biologically activity and
their properties in heterocycles. Pyrazoles occupy
a central stage due to their wide applications in
the pharmaceutical industry, agrochemicals and
biological agents, and also play a central role in
coordination chemistry.”® Few biologically active
molecules containing pyrazole scaffold, such as
Withasomnine, Acomplia, Celecoxib, Lonazolac,
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Diphenamizole (Analgesic), Doramapimod and
Viagra show evidence of important therapeutic
potential. In addition, agrochemical active ingredients
such as Penthiopyrad (Fungicide) and Fipronil
(Insecticide) etc. also contain pyrazole scaffold and
few of them are shown in (Fig-1).

Literature survey reveals the presence of
variety of methods for the synthesis of pyrazoles and
its derivatives. Traditional approaches are based on
either condensation of hydrazine with 1, 3-dicarbonyl
compounds for the formation of two C-N bonds or
the cycloaddition reaction of 1,3-dipoles to triple
bonds.®1°

Recently, phosphonylpyrazoles have

shown significant role in medicinal chemistry due
to their structural intricacy and high biological
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activities. Various methods for the synthesis of
phosphonylpyrazoles have been reported in literature
using BOR.™

A methodology using BOR as cycloaddition
partner with various nitro alkenes for the
regioselective synthesis of phosphonylpyrazoles
under mild reaction condition was first reported by
Namboothiri et al. in 2007.>' Later, Mohanan and
co-workers'*developed a novel convergent multi
component reaction using BOR. Based on a domino
Knoevenagel condensation of formal 1,3-dipolar
cycloaddition reaction, the three-component reaction
of aldehydes, BOR and cyanoacetic derivatives
generates 5-phosphonylpyrazole scaffolds through
the formation of two C-C and C-N bonds. Martin and
co-workers' further broaden the emerging role of
the BOR as 1,3-dipolar precursor by developing a
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Fig. 1: Biologically active molecules containing pyrazole scaffold
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more general and straight forward procedure for the
regioselective preparation of 3-carbo-5-phosphonyl
pyrazoles. Authors reported an unprecedented
Claisen—Schmidt/1,3-dipolar cycloaddition/oxidation
sequence for an aldehyde, methyl ketone and the
BOR in one-pot reaction step afford good yields of
phosphonylpyrazoles. There are plenty of options
for the development of new methodologies where
BOR will find application for the construction of
other unexplored heterocyclic scaffolds found in
a numerous useful natural products and synthetic
compounds.

Vinyl azides are classified as organic azides,
which are valuable reactants in organic synthesis.
Nitrogen containing heterocyclic compounds are
having key role in pharmaceutically active drug

Table 1: Optimization of the reaction conditions
for the synthesis of phosphonylpyrazoles
by 1,3-dipolar cycloaddition reactions of
vinylazides (1a) with Bestmann-Ohira
reagent (2)
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+ OMe
-N

1a 2

Entry Base Solvent Time  Yield (%)
1 — MeOH 24 h n.r.
2 NaOH MeOH 30 min 41%
3 KOH MeOH 10 min 86%
4 LiOH MeOH 1h 63%
5 NaOMe MeOH 1h 51%
6 K,CO, MeOH 12h 35%
7 Cs,CO, MeOH 12h 18%
8 DIPEA MeOH 12h Traces
9 DBU MeOH 12h 46%
10 KOH EtOH 30 min 64%
11 KOH THF 12h 21%
12 KOH DMSO 12h n.r.
13 KOH ACN 12h n.r.

aGeneral reaction performed conditions: 1a (1.0
mmol),2 (2.5 m mol), base (2.5 m mol), solvent 10
ml and temperature at 25°C. ® Isolated yield after
crystallization with MTBE
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molecules and natural products. Recently, vinyl
azides have been used as a pivotal three-atom
synthon for the formation of diverse nitrogen
based heterocycles.® The unique properties of the
azide group connected to an alkene moiety permit
this functional group to act as an electrophile, a
nucleophile, or a radical acceptor, and have turned
these compounds into indispensable building blocks
for organic synthesis. One of the intriguing chemical
features of vinyl azides is the ability to undergo
thermolysis or photolysis to give highly strained
three-membered 2H-azirines which can be regarded
as equivalents of vinyl nitrenes. In this context, we
envisaged the formation of phosphonyl pyrazoles
from the reaction of vinyl azide and BOR. Thus, we
present here the development of a novel synthetic
methodology for the synthesis of phosphonylpyrazole
by using base mediated 1, 3-dipolar cycloaddition
reaction of vinyl azides'” with the Bestmann—Ohira
reagent. The new synthetic approaches using BOR
have been developed with the aim of increasing
yields, regioselectivities, and operational simplicity.
However, with best of our knowledge, base mediated
1, 3—dipolar cycloaddition reaction of vinyl azides

Table 2: Substrate scope for the synthesis of
phosphonylpyrazoles (3)

\_OMe Re \\F(

R{ R, P\OMe KOH Q \ OMe

N * N t, MeOH d N/N

NH

1 2 3
Entry Comp R, R, Yield (%)
1 3a Ph- Ph 86
2 3b Ph- 4-OCH,-Ph- 79
3 3c Ph- 4-F-Ph- 67
4 3d Ph- 3-Indole- 71
5 3e  4-CH,-Ph- Ph- 76
6 3f  4-CHj-Ph- 4-OCH,-Ph- 72
7 39  4-CH,-Ph- 4-F-Ph- 63
8 3h  4-CH,-Ph- 3-Indole- 74
9 3i 4-CI-Ph- Ph- 79
10 3j 4-CI-Ph-  4-OCH_,-Ph- 77
11 3k 4-Cl-Ph- 4-F-Ph- 69
12 3l 4-Cl-Ph- 3-Indole- 62

@ General reaction performed conditions: 1a (1.0
mmol), 2 (2.5 m mol), KOH (2.5 m mol), Methanol
(10 ml) and temperature at 25-30°C.
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Fig. 2: Proposed mechanism of the reaction

with the Bestmann—Ohira reagent has not been
documented in the literature during the study.

RESULT AND DISCUSSION

We have initiated synthesis of proposed
phosphonylpyrazoles with simple vinyl azide (1a)
and BOR (2).The optimization of this synthetic
strategy was planned in the presence of various
organic and inorganic bases and several protic
and aprotic solvents at room temperature and the
corresponding results are tabulated in the Table 1.
It was observed that no phosphonylpyrazole was
produced in absence of base even after carrying
out the reaction for long period of time in dry
methanol (Table-1, entry-1). However, the similar
reactionof1iawith BOR (2) in presence of inorganic
base NaOH at room temperature in an open air,
produced the desired product (3a) in 30 min. with
41% yield (Table-1, entry-2). The reaction was highly
regioselective. The desired product was further
confirmed by Mass, 'HNMR and '*CNMR analysis.
Since the result was slightly encouraging, we
attempted the use of several other inorganic bases
such as KOH, LiOH, NaOMe, K,CO, and Cs,CO,in
methanol as a solvent of choice at room temperature
in an open air to obtain the product with average to
excellent yields (Table-1, entry 3-7). Among all the
bases examined, KOH given the highest yield of
86% in shorter reaction time with single regioisomer
(Table 1, entry 3), whereas organic bases such as

DBU & Diisopropylethylamine (DIPEA) in methanol
at room temperature produced very low to moderate
yields; After 12 hrs of reaction 46% with DBU and
observed traces of product after 12 hrs of reaction
with DIPEA (Table-1, entry 8 & 9). Several protic and
aprotic solvents were also used for the optimization
of reaction using KOH as a base. It was observed
that, only 64% and 21% product was formed using
ethanol and THF as solvents respectively (Table-1,
entry 10 & 11). In addition, no product was formed
in the reactions of DMSO and ACN as solvents even
after 12 hrs of reaction (Table-1, entry 12 & 13). After
all these optimization studies, it was decided to carry
out the synthesis of phosphonylpyrazole derivatives
by reacting 1 (1 mmol) and 2 (2.5 mmol)using KOH
(2.5 mmol) as base in methanol (10 mL) at room
temperature as optimized reaction conditions.

After successfully optimizing the reaction
conditions, various phosphonylpyrazole derivatives
were synthesized in very short period of time (10
to 20 minutes) with good yields. The reaction of 1a
and BOR under the optimized reaction condition
completed in just 10 min. to obtain the desired
product Dimethyl [5-Benzoyl-4-phenyl-1H-pyrazol-
3-yllphosphonate (3a) in 86% vyield. The scope of
the reacting substrates were analysed by using
vinyl azide derivatives with several functional
groups. Accordingly, the vinyl azide derivatives1b,
1e and 1f, with electron donating groups such as
methoxy, methyl groups were reacted with BOR
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to obtain the corresponding pyrazole derivatives
3b, 3e and 3f in 10 minutes, and in 79%, 76%, and
72% yields respectively. In addition, the pyrazole
derivatives 3i and 3j with chlorine substituent were
also produced from 1i and 1j in just 10-15 min. with
the yields of 79% and 77% respectively. Interestingly,
the phosphonylpyrazole derivatives with fluorine
atoms 3c and 3g were obtained in 10 min. while
3k was obtained in 15 min. with the yields of 67%,
63% and 69% respectively. Similarly, indole derived
vinylazide substrates 1d, 1h and 1l were successfully
reacted to BOR to furnish the corresponding pyrazole
derivatives 3d, 3h and 3l in 15-20 min. in good yields
of 71%, 74% and 62% respectively.

On the basis of these results, a
tentative mechanism for the formation of novel
phosphonylpyrazoles is proposed and is illustrated in
Figure-2. The initial step involves the methanolysis of
BOR which would generate diazomethyl phosphonate
anion (A). The vinylazide (1) would then be attacked
by diazomethyl phosphonate anion (A) followed
by cyclization via B leads to cyclic system C. The
elimination of hydrazoic acid (N,H) from C results
in to the formation of cyclic system D which then
rearranges via proton transfer to a more stable
aromatic pyrazole derivative 3.

Experimental section

General information: All the reactions were
conducted in oven dried glass ware. The reagents
were all analytically pure. All solvents were purified
dried by standard methods in advance.'H NMR
spectra were recorded on a VARIAN Mercury-Plus
400MHz spectrometer in CDCI, or DMSO-d, with
TMS as the internal reference. *C NMR spectra
were recorded in CDCI, or DMSO-d, on a Varian
Mercury-Plus (100/150 MHz) spectrometer and
chemical shifts (8) are given in ppm. Unless otherwise
specified, all reactions were carried out under an
air atmosphere in oven dried RB flasks. Dimethyl-
2-oxopropylphosphonate was purchased from
commercial sources for the synthesis of Bestmann-
Ohira reagent and synthesised vinyl azides . The
reactions were monitored by TLC and visualized
by UV ., nm. MS spectra were determined using a
Trace MS 2000 organic mass spectrometry, and the
signals were given in m/z. Melting points were taken
on a Buchi B-545 melting point apparatus and were
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uncorrected. All the commercially available reagents
were used as received.

General procedure for the synthesis of phosphonyl
pyrazoles using Bestmann-Ohirareagent (3a-l)

To an oven-dried round bottom flask was
added vinyl azides 1a-l (1.0 mmol) dissolved in 10
mL of MeOH. Subsequently, a solution of Bestmann-
Ohira reagent (2.5 mmol) in 5 mL of MeOH was
added to the reaction mixture and was kept stirring.
After the addition of KOH (2.5 mmol), the reaction
mixture was stirred at room temperature for a
specified time. After the completion of reaction, as
indicated by TLC, the solvent was evaporated and the
crude reaction mixture was extracted by using ethyl
acetate. The organic layer was dried over Na,SO,
and evaporated under reduced pressure. The residue
was purified by using ter-butyl methyl ether to get the
desired products 3a-I.

Dimethyl [5-Benzoyl-4-phenyl-1H-pyrazol-3-yl]
phosphonate(3a)

Yield: 86%;0ff-white solid; mp: 152-154 °C;
1H NMR (400 MHz, DMSO-d6) &: 3.58 (d, J =11.6
Hz, 6H), 7.29 (s, 5H), 7.45 (br s, 3H), 7.59 (br s, 1H),
7.86 (brs, 1H), 14.49 (br s, 1H); 13C NMR (100 MHz,
DMSO-d6) &: 53.4 (d, Jc-p = 5.4 Hz, CH3), 127.8,
127.9,128.0,128.7, 130.3, 131.1, 133.6; MS [M+H]+
356.8

Dimethyl [5-Benzoyl-4-(4-methoxyphenyl)-1H-
pyrazol-3-yl]phosphonate(3b)

Yield: 79%; Off-white solid; mp: 187-189°C;
1H NMR (400 MHz, DMSO-d6) 6: 3.58 (d, J=11.2
Hz, 6H), 3.73 (s, 3H), 6.85 (d, J= 8.4 Hz, 2H), 7.23
(d, J=8.8 Hz, 2H), 7.45 (m, 2H), 7.60 (t, J=7.2 Hz,
1H), 7.81 (s, 2H), 14.41 (br s, 1H); 13C NMR (100
MHz, DMSO-d6) &: 53.4 (d, Jc-p = 5.4 Hz, CH3),
55.4,113.5,123.1,128.7,130.3, 131.5, 133.5, 137.3,
159.1, 188.4; MS [M+H]+ 386.8.

Dimethyl [5-Benzoyl-4-(4-fluorophenyl)-1H-
pyrazol-3-yl]Jphosphonate (3c)

Yield: 67%; Off-white solid; mp: 182-184
°C; 1HNMR (400 MHz, CDCl,) 8: 3.69 (d, J= 11.6
Hz, 6H), 7.01 (t, J= 8.4 Hz, 2H), 7.33-7.39 (m, 4H),
7.52 (t, J=7.6 Hz, 1H), 7.92 (br s, 2H); 13C NMR
(100 MHz, CDCl,) 8: 53.4 (d, Jc-p = 5.4 Hz) 114.8,
115.0, 126.2, 126.3, 128.1, 130.3, 131.7, 131.7,
133.1, 136.7, 161.3, 163.7; MS [M+H]+ 374.8.



MADUGULA et al., Orient. J. Chem., Vol. 32(5), 2533-2541 (2016)

Dimethyl [5-Benzoyl-4-(Indole-3-yl)-1H-pyrazol-
3-yl]Jphosphonate(3d)

Yield: 71%; Off-white solid; mp: 228-230 °C;
1H NMR (400 MHz, DMSO-d6) é: 3.55 (d, J=11.2
Hz, 6H), 6.84 (s, 1H), 7.02-7.08 (m, 2H), 7.34-7.54
(m, 5H), 7.84 (brs, 2H), 11.17 (s, 1H), 14.40 (s, 1H);
13C NMR (100 MHz, DMSO-d6) é: 53.3 (d, Je-p =
6.2 Hz), 104.7, 111.8, 119.2, 121.3, 125.7, 127.1,
128.5,128.6, 130.1, 130.3, 133.4, 136.2; MS [M+H]+
396.0

Dimethyl [5-(4-methylbenzoyl)-4-phenyl-1H-
pyrazol-3-yl]phosphonate (3e)

Yield: 76%; Off-white solid; mp: 148-150°C;
1H NMR (400 MHz, DMSO-d6) &: 2.35 (s, 3H), 3.57
(d, J=11.6 Hz, 6H), 7.29-7.31 (m, 8H), 7.74 (br s,
2H), 14.44 (br s, 1H); 13C NMR (100 MHz, DMSO-
deé) &: 53.4 (d, Je-p = 6.2 Hz), 127.8 128.0, 129.3,
130.2, 130.5, 131.2, 144.2; MS [M+H]+ 370.8.

Dimethyl [5-(4-methylbenzoyl)-4-(4-
methoxyphenyl)-1H-pyrazol-3-yl]Jphosphonate
(3f)

Yield: 72%; Off-white solid; mp: 185-187°C;
1HNMR (400 MHz, CDCl,) 5:2.36 (s, 3H), 3.68 (d, J
=11.6 Hz, 6H), 3.80 (s, 3H), 6.84 (d, J=8.4,2),7.16
(d, J=7.6 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H), 7.84
(d, J=7.6 Hz, 2H) ); 13C NMR (100 MHz, DMSO-d6)
8:53.3(d, Jc-p=6.2 Hz), 55.4,113.5, 123.2, 129.1,
129.3,130.4,131.4,134.7,144.1,159.0, 188.0; MS
[M+H]+ 400.8.

Dimethyl [5-(4-methylbenzoyl)-4-(4-fluorophenyl)-
1H-pyrazol-3-yl]phosphonate (3g)

Yield: 63%; Off-white solid; mp: 159-161°C;
1HNMR (400 MHz, CDCl,) &: 2.38 (s, 3H), 3.69 (d,
J=11.6 Hz, 6H), 7.01 (t, 8.4 Hz, 2H), 7.17 (d, J=
6.8 Hz, 2H), 7.36 (q, 5.6 Hz, 2H), 7.86 (s, 2H); 13C
NMR (100 MHz, DMSO-d6) 6: 51.1 (d, Jc-p = 5.4
Hz), 114.0,114.3,124.4,124.5,129.1, 129.8, 129.9,
130.6, 132.4, 132.4, 135.7, 141.0, 143.4, 160.1,
162.5, 189.7; MS [M+H]+ 389.0.

Dimethyl [5-(4-methylbenzoyl)-4-(Indole-3-yl)-1H-
pyrazol-3-yl]phosphonate (3h)

Yield: 74%; Off-white solid; mp:211-213 °C;
1H NMR (400 MHz, DMSO-d6) &: 2.32 (s, 3H), 3.54
(d, J=11.2 Hz, 6H), 6.82 (t, J= 7.6 Hz, 1H), 6.98-
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7.06 (m, 2H), 7.21 (br s, 2H), 7.34 (d, J = 8 Hz, 1H),
7.42 (s, 1H) 7.75 (br s, 2H), 11.29 (s, 1H), 14.36 (br
s, 1H); 13C NMR (100 MHz, DMSO-d6) &: 53.3(d,
Je-p = 5.5 Hz), 104.7, 111.9, 119.0, 119.1, 121.2,
125.7,127.2,129.2, 130.3, 134.7, 136.2, 143.9; MS
[M+H]+ 410.0.

Dimethyl [5-(4-chlorobenzoyl)-4-phenyl-1H-
pyrazol-3-yl] phosphonate (3i)

Yield: 79%; Off-white solid; mp: 155-
157°C; 1THNMR (400 MHz, CDCIl,) &: 3.66 (d,
J=11.6 Hz, 6H ), 3.68 (s, 3H), 7.34 (m, 7H),
7.91 (m, 2H); 13C NMR (100 MHz, CDCI3)
8:53.4 (d, Je-p=5.5Hz),127.9,128.1, 128.4, 129.8,
130.4, 130.3, 130.6, 130.8, 131.8, 131.9, 135.2,
139.4, 186.9; MS [M+H]+ 388.9.

Dimethyl [5-(4-chlorobenzoyl)-4-(4-
methoxyphenyl)-1H-pyrazol-3-yl]Jphosphonate
(37)

Yield: 77%; Off-white solid; mp: 196-198°C;
1HNMR (400 MHz, CDCI,) §; 3.68 (d, J=11.6 Hz,
6H), 3.81 (s, 3H), 6.87 (d, J= 8.8 Hz, 2H), 7.29-7.35
(m, 4H), 7.92 (br s, 2H); 13C NMR (100 MHz, CDCl,)
8:53.4 (d, Je-p=6.2 Hz), 55.1,113.4, 122.3, 128.3,
131.1,131.8,135.3,139.3, 159.4, 187.1; MS [M+H]+
420.7.

Dimethyl [5-(4-chlorobenzoyl)-4-(4-fluorophenyl)-
1H-pyrazol-3-yl]phosphonate (3k)

Yield: 69%; Off-white solid; mp: 185-187 °C;
1HNMR (400 MHz, CDCl,) §;3.68 (d, J=11.2Hz, 6H),
7.04 (t, J= 8.8 Hz, 2H), 7.34-7.37 (m, 4H), 7.95 (br
s, 2H), 13.34 (brs, 1H); 13C NMR (100 MHz, CDCl,)
8:53.4 (d, Je-p=5.4Hz),114.8,115.0, 126.3, 126.3,
128.4, 129.6, 129.8, 131.6, 131.5, 131.8, 135.2,
139.5, 161.3, 163.7, 186.9; MS [M+H]+ 409.0

Dimethyl [5-(4-chlorobenzoyl)-4-(Indole-3-yl)-1H-
pyrazol-3-yl]Jphosphonate (3I)

Yield: 62%; Off-white solid; mp: 226-228 °C;
1H NMR (400 MHz, DMSO-d6) &: 3.54 (d, J=11.2
Hz, 6H), 6.84 (t, J = 7.6 Hz, 1H), 7.0-7.05 (m, 2H),
7.21 (brs, 2H), 7.34 (d, J=8 Hz, 1H), 7.42-7.45 (m,
3H) 7.85 (br s, 2H), 11.23 (s, 1H), 14.46 (br s, 1H);
13C NMR (100 MHz, DMSO-d6) 4:53.3 (d, Jc-p=5.4
Hz), 104.6,111.9,119.1,119.2,121.4,122.9,123.1,
125.6, 125.7, 125.8, 127.1, 128.6, 129.3, 131.9,
136.0, 136.2, 138.2, 187.1; MS [M+H]+ 430.0.
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CONCLUSIONS

We have successfully developed an
efficient, straight forward method for the synthesis
of phosphonylpyrazole derivatives by base mediated
1,3-dipolar cyclo addition reaction between vinyl
azides and Bestmann-Ohira reagent. Salient features
of this methodology are short reaction time, mild
reaction conditions, simple workup, column free
purification and high yield. Further, the investigation
of applications of BOR as cycloaddition partner for
the synthesis of other new heterocycles is underway
in our research group.
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