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A mild and efficient reaction of Bestmann-Ohira reagent with N-unprotected isatin-derived olefins has been developed for 

the selective synthesis of spiro-pyrazoline-oxindoles and tricyclic pyrazoles. The reaction features an attractive product-

selectivity depending on the substituent on isatin-derived olefin. Treatment of 3-aryl/alkylideneoxindoles with BOR 

afforded spiropyrazoline-oxindoles, whereas 3-phenacylideneoxindoles furnished pyrazoloquinazolinones via a unique ring 

expansion reaction. 

 

Introduction 

Organophosphorus compounds have drawn much attention 

due to their extensive applications in agrochemical and 

pharmaceutical industries.
1
 Among various organophosphorus 

compounds, phosphonylated azaheterocycles in general and 

phosphonylpyrazoles in particular, are well-known for their 

remarkable bioactivity profile, and thus have received 

considerable attention over the years.
2
 Consequently, a 

number of strategies have been developed for the synthesis of 

this scaffold. The most common methods include the 

condensation reactions involving hydrazines and cycloaddition 

reactions of diazocompounds to vinylphosphonates.
3
 More 

recently, an attractive strategy has been developed for the 

synthesis of phosphonylpyrazoles by employing the Bestmann-

Ohira reagent (BOR) as a 1,3-dipolar species in cycloaddition 

reaction with nitroalkenes.
4
 Subsequently, the utility of BOR, a 

reagent better known for its ability to homologate aldehydes 

to alkynes under mild conditions,
5
 has been well established as 

a versatile 1,3-dipole for the synthesis of several 

phosphonylated pyrazoles and pyrazolines (Scheme 1, eq 1). 

The research groups of Namboothiri and Smietana 

independently developed very efficient strategies for the 

synthesis of densely functionalized pyrazoles from various 

activated olefins such as dicyanostyrenes, vinylsulfones, 

chalcones and alkynones.
6,7 

Furthermore, the strategy was 

successfully employed for the diasteroselective synthesis of 

spiropyrazolines by choosing substituted chalcones as 

dipolarophiles.
6e

  

 

 
Scheme 1. Reaction of BOR with Activated Olefins 

Recently, we have reported the synthesis of vinyl pyrazoles using 

BOR and α,β-unsaturated aldehydes, and the reaction proceeds via 

a domino 1,3-dipolar cycloaddition/homologation reaction 

sequence.
8
 In view of our continued interest in the chemistry of 

BOR, we envisioned that if the reaction of dimethyl 

diazomethylphosphonate (DAMP) anion generated in situ from BOR 

is conducted with N-unprotected ylideneoxindoles, it may undergo 

a formal 1,3-dipolar reaction to afford spiro-pyrazoline-oxindoles, a 

privileged scaffold having very interesting physical, structural and 

biological properties.
9-11

 To realize our goal, we first tested the 

reaction of BOR with arylidene oxindole as the electrophilic 

component for the anticipated 1,3-dipolar cycloaddition reaction 

and to our delight, the reaction afforded the spiro-

phosphonylpyrazoline-oxindole in good yields and reasonable 

diastereoselectivity. Surprisingly, in an attempt to expand the scope 

of the reaction by employing phenacylideneoxindoles as the 

coupling partner for BOR under identical conditions, we observed 

an unprecedented rearrangement furnishing 

pyrazoloquinazolinones (Scheme 1, eq 2). Herein, we report this 
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unique observation on substrate-controlled product-selectivity 

resulting in a simple, efficient, and straightforward approach to the 

synthesis of densely functionalized spiro-pyrazoline-oxindoles and 

pyrazoloquinazolinones. Notably, the selectivity depends on the 

electronic nature of the substituent at the β-position of the isatin-

derived olefin and N-protection at the isatin-derived olefin was not 

needed for the reactivity.  

     The envisioned reaction was investigated using 3-

benzylideneoxindole as a model substrate and delightfully, the 

reaction of 1a with BOR 2 and K2CO3 proceeded smoothly to afford 

the corresponding spiro-pyrazoline-oxindole 3a in 85% yield. In 

order to improve the efficiency of the conversion, a brief survey of 

reaction conditions was conducted using different bases and by 

varying stoichiometry of the reagents. Though no significant 

difference in yield was observed on employing different bases for 

the reaction, we found that 1.5 equiv of BOR and 2.0 equiv of KOH 

gave the best yield of 95% for the present reaction (eq 3).

O

P

N2

OMe

O
OMe

+

2 (1.5 equiv)

N
H

O
KOH (2 equiv)

Ph

MeOH, 25 °C, 1.5 h
95% yield, 5:1 dr

N
H

NH

N

P
OMeO

OMe

Ph

O

1a 3a

(3)

 

 With the reaction conditions established, we next turned our 

attention to evaluate the scope and limitations of our reaction with 

different type of arylideneoxindoles. Generally, the reaction 

displayed excellent functional group tolerance and good 

diastereoselectivity as shown in Table 1.  It was pleasing to find that 

besides arylidenes, heteroaryl and aliphatic substitutions can also 

be employed in the reaction. Arylideneoxindoles with electron-rich 

and electron-deficient substitutions at 4-position of aryl group 

provided their corresponding spiro-pyrazoline-oxindoles in good to 

excellent yields (3b-h). For instance, 4-methoxybenzylideneoxindole 

underwent the reaction to afford the spirooxindole 3b in 92% yield 

and the structure of the product was confirmed using X-ray 

crystallographic analysis.
12

 More interestingly, 4-nitrile substituted 

benzylideneoxindole and arylideneoxindole derived from 4-

formylphenylboronic acid were compatible under the reaction 

conditions and the products, worthy of further synthetic 

transformations, were obtained in modest to excellent isolated 

yields (3h,i). Additionally, arylidenes having electron-rich and 

electron-poor substitutions at the ortho- and meta- positions such 

as methoxy- and halo- groups proved effective in this 

transformation and yielded the corresponding products in excellent 

yield and good diastereoselectivity (3j-n). Heteroaryl substitutions 

like thiophenyl and furyl were also found to be suitable for the 

present cycloaddition reactions and the products were isolated in 

excellent yields (3p,q). We next investigated the use of aliphatic 

groups and gratifyingly, the treatment of 3-isobutylideneoxindole 

with BOR under basic reaction condition resulted in the formation 

of the product 3r in 61% yield. 

     The success of this strategy for the synthesis of a new class of 

densely functionalized spiro-pyrazoline-oxindoles prompted us to 

extend this reaction to other electrophilic olefins derived from 

isatins. To explore the possibilities toward this end, in a pilot 

experiment, phenacylideneoxindole 4a was exposed to BOR under 

identical conditions to the one shown in Table 1. Interestingly, the 

anticipated formal 1,3-dipolar cycloaddition was followed by an 

unprecedented rearrangement allowing selective access to a novel 

class of pyrazoloquinazolinones (eq 4). In this context, it is worthy 

to note that functionalized pyrazoloquinazolinones have shown a 

broad spectrum of biological activities including AMPA, Gly/NMDA, 

KA antagonist, benzodiazepine receptor binding agonist, 

phosphodiesterase 10 A and vaccinia virus inhibitors.
13

 Although 

many methods for the synthesis of pyrazoloquinazolinones are 

available in the literature, most of them generally require harsh 

reaction conditions restricting functional group tolerance and 

usually involve multistep synthetic sequences.
14

 A brief 

optimization of reaction conditions revealed KOH/MeOH as the 

most effective reaction condition. 

Table 1. Substrate Scope for the Synthesis of Spiro-phosphonylpyrazoline 

oxindoles
a 

 
a 

General conditions: 1 (0.30 mmol), 2 (0.45 mmol), KOH (0.60 mmol), MeOH (5.0 

mL) and 25 °C. Isolated yield after column chromatographic purification; dr was 

determined by 
1
H-NMR analysis of crude product and the diastereomers were 

separated using column chromatography. 
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Having optimized the reaction conditions, we set out to examine 

the scope of the reaction by varying the substitution patterns at 

both isatin as well as phenacylidene portions. The electron-

withdrawing or electron-donating substitutions at oxindole moiety 

had little impact on the efficiency of the reaction. Notably, 

structurally and biologically relevant phenacylidene-5-

fluorooxindole afforded the product 5f in 74% yield and the 

structure was confirmed by X-ray analysis.
12

 Oxindoles bearing 

various heteroatoms at the 5-position were found to be equally 

amenable for the transformation and substrates with electron-

neutral substituents also worked well (5b -g). In the next stage of 

scope evaluation, we investigated the reactivity of substrates 

having substitutions at phenacylidene moiety and as seen in Table 

2, substrates bearing electron-rich and electron-withdrawing 

substituents were competent for this reaction and provided the 

corresponding pyrazoloquinazolinones in excellent yields (5h-l). A 

wide range of 5-substituted and 5,7-disubstituted oxindoles 

smoothly underwent the reaction and provided the corresponding 

pyrazoloquinazolinones in good to excellent yields (5v-z). Next, we 

examined the scope of aliphatic acyl moiety in the reaction and 

pleasingly, the reaction afforded the corresponding 

pyrazoloquinazolinones in moderate yields (5ab-ad). 

Table 2. Synthesis of Pyrazoloquinazolinones
a
 

O

P
OMe

O
OMe

N2
25 °C, 1 h

KOH , MeOH

N
H

N

O

N

P

O

OMe

OMeO

N
H

O
+

R2

R1R1

N
H

N

O

N

P

O

OMe
OMeO

N
H

N

O

N

P

O

OMe
OMeO

N
H

N

O

N

P

O

OMe
OMeO

OR2

R

4 2 5

R

R

Cl

5p, R = 4-OMe, 69%
5q, R = 4-Me, 78%
5r, R = 4-Br, 66%
5s, R = 4-F, 71%

N
H

N

O

N

P

O

OMe
OMeO

R

Br

5m, R = 4-OMe, 76%
5n, R = 4-Br, 72%
5o, R = 4-Cl, 66%

N
H

N

O

N

P

O

OMe
OMeO

R

MeO

5t, R = OMe, 55%
5u, R = Br, 51%

N
H

N

O

N

P

O

OMe
OMeO

5y, R = H, 58%
5z, R = Me, 66%

N
H

N

O

N

P

O

OMe
OMeO

5aa, 56%

N
H

N

O

N

P

O

OMe
OMeO

R

5v, R = Me, 53%
5w, R = F, 78%
5x, R = OMe, 60%

R

5a, R = H, 80%
5b, R = OMe, 62%
5c, R = Me,75%
5d, R = Br, 86%
5e, R = Cl, 87%
5f, R = F, 74%
5g, R = NO2, 69%

5h, R = 4-OMe, 71%
5i, R = 4-Me, 81%
5j, R = Phenyl, 49%
5k, R = 4-Br, 62%
5l, R = F, 74%

X-ray of 5f

N
H

N

O

N

P

O

OMe
OMeO

R

5ab, R = H, 44%
5ac, R = Br, 45%
5ad, R = Me, 52%

 

a 
General conditions: 4 (0.30 mmol), 2 (0.45 mmol), KOH (0.60 mmol), MeOH (5.0 

mL) and 25 °C.
 
Isolated yield after column chromatographic purification.  

 To further illustrate the synthetic potential of this strategy, we 

explored a one-pot cycloaddition/click reaction sequence using N-

propargyl-3-phenacylideneoxindole 6 as the substrate. Gratifyingly, 

the reaction gave the corresponding pyrazoloquinazolinone bearing 

triazole 7 in 71% yield (eq 5) showing the potential of this strategy 

in constructing densely functionalized molecules in an organized 

manner.  

 

     A plausible mechanism based on literature precedent for the 

formation of spiro-pyrazoline-oxindole is depicted in Scheme 2. The 

reaction is believed to proceed via a formal 1,3-dipolar 

cycloaddition reaction of DAMP anion, generated in situ through 

methanolysis, with isatylidenes and a subsequent 1,3-H-shift would 

afford the spirooxindole 3. A tentative pathway for the formation of 

pyrazoloquinazolinone 5 based on the outcome of the reaction is 

shown here. Initially, the reaction proceeds through the pathway 

described for spiropyrazoline formation and subsequently, a 

spontaneous air-oxidation would result in a strained spiropyrazole-

oxindole II, which may further undergo a methanol-mediated 

rearrangement to deliver stable pyrazoloquinazolinone 5. 

Spontaneous air-oxidation is presumably an outcome of the 

extensive conjugation to the benzoyl moiety present at the pyrazole 

scaffold.  

O

P

N2

OMe

O
OMe

N
H

O

R

3

N
H

NH

N

P
OMeO

OMe

R

O

MeOH

P

N2

OMe

O
OMe

P

N

OMe

O
OMe

N

[O] Solvolysis

I

N
H

N

N

P
OMeO

OMe

O

II
MeOH

O

N
H

N

N

P
OMeO

OMe

O

O

OMe

N
H

N
N

O
P

O OMe

OMe

O

III 5

3

N
H

NH

N

P
OMeO

OMe

R

O

R = COAr  
Scheme 2. Tentative Mechanism of the Reaction  

 

 

Scheme 3. Mechanistic experiment  

  To gain more insight into the mechanism of proposed 

transformation of spiropyrazoline-oxindole to 

pyrazoloquinazolinones via oxidative rearrangement, an experiment 

was performed under nitrogen atmosphere to check the role of 

oxygen in the process. Interestingly, the reaction of substrate 4l 

with BOR under nitrogen atmosphere afforded spiro-pyrazoline-
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oxindole 8 in 46% yield along with 26% of the final compound 5l 

(Scheme 3). The formation of spiro-pyrazoline-oxindole 8 from 4l 

under inert atmosphere clearly indicates that 

pyrazoloquinazolinones 5 are formed through the oxidative 

rearrangement of spiropyrazoline oxindoles. 

Conclusions 

In conclusion, an attractive strategy has been achieved for the 

selective synthesis of spiro-phosphonylpyrazoline-oxindoles and 

phosphonylpyrazoloquinazolinones from N-unprotected isatin-

derived olefins employing BOR. The reaction features a substrate-

controlled product-selectivity to afford either spiropyrazoline-

oxindoles or pyrazoloquinazolinones depending on the electronic 

nature of the substituent at the isatylidene moiety. Broad 

functional group tolerance, step economy, short reaction time and 

high efficiency make this strategy synthetically useful. Further 

investigation on mechanism and study on similar reactivity are 

currently in progress in our laboratory.  

Experimental Section 

General experimental information 

Unless otherwise specified, all reactions were carried out under air 

atmosphere in oven-dried round-bottom flasks. Dimethyl 2-

oxopropylphosphonate was purchased from Acros and was used 

without further purification. The reactions were monitored by TLC 

visualized by UV (254 nm) and/or with iodine. Flash 

chromatography was performed on 100-200 mesh silica gel using 

the gradient system acetone-dicholoromethane (0-40%). NMR data 

were recorded at Bruker AV 400 MHz in DMSO-d6/CDCl3/CF3CO2D 

using as internal standards the residual DMSO signal for 
1
H NMR (δ 

= 2.50 ppm), CHCl3 (δ = 7.26 ppm) and CF3CO2H (δ = 11.50 ppm) 

respectively.  The coresponding deuterated solvent signal for 
13

C 

NMR were assigned as DMSO (δ = 39.51 ppm), CDCl3 (δ = 77.16) and 

CF3CO2D (δ = 116.0). Coupling constants are given in Hertz (Hz) and 

the classical abbreviations are used to describe the signal 

multiplicities. Melting points were measured with a Büchi B-540 

apparatus and are uncorrected. High resolution mass spectra were 

obtained using Q-TOF mass spectrometer. All commercially 

available reagents were used as received.  

General procedure for the synthesis of 

spirophosphonylpyrazoline-oxindoles 3 

To an oven-dried round bottom flask was added 3-

benzylideneoxindole 1a (50 mg, 0.22 mmol) and dissolved in 3 mL 

of MeOH. Subsequently, a solution of Bestmann-Ohira reagent (65 

mg, 0.33 mmol) in 2 mL of MeOH was added to the reaction 

mixture and kept stirring. After addition of potassium hydroxide (25 

mg, 0.44 mmol), the reaction mixture was further stirred at 25 °C 

for 1.5 h. After the completion of reaction, as indicated by TLC, 

solvent was evaporated off and extracted using ethyl acetate. The 

organic layer was dried over Na2SO4 and evaporated under reduced 

pressure. The residue was purified using column chromatography 

(100-200 mesh silica gel) using acetone/dichloromethane as the 

eluent to afford the corresponding spiropyrazoline-oxindole 3a as a 

white solid (78 mg) in 95% yield (5:1 dr). Rf 

(Acetone/Dichloromethane : 3/7) = 0.45. Mp 178-180 °C. 
13

C NMR 

(100 MHz, δ ppm/ DMSO-d6): 178.0 (C), 142.3 (C), 141.6 (d, JC-P = 

227.2 Hz, C), 134.1 (C), 129.1 (C), 128.9 (CH), 128.9 (CH), 128.1 (CH), 

128.1 (CH),  127.7 (CH), 125.6 (CH), 125.1 (CH), 120.9 (CH), 109.5 

(CH), 73.8 (d, JC-P = 4.7 Hz, C), 60.4 (d, JC-P = 21.7 Hz, CH), 52.8 (d, JC-P 

= 5.8 Hz, CH3), 52.6 (d, JC-P = 5.6 Hz, CH3). 
1
H NMR (400 MHz, δ 

ppm/DMSO-d6): 10.38 (s, 1H), 9.00 (s, 1H), 7.24 (d, J = 6.4 Hz, 3H), 

7.06-6.98 (m, 3H), 6.71 (d, J = 7.6 Hz, 1H), 6.54 (t, J = 7.4 Hz, 1H), 

6.23 (d, J = 7.2 Hz, 1H), 4.54 (s, 1H), 3.66 (d, J = 11.2 Hz, 3H), 3.58 (d, 

J = 11.2 Hz, 3H) .
 31

P NMR (161.9 MHz, DMSO-d6): 10.83. HRMS for 

C18H19N3O4P
+
: calcd. [M+H]

+
: 372.1108, found: 372.1111.  

General procedure for the synthesis of phosphonylpyrazolo-

quinazolinones 5 

To an oven-dried round bottom flask was added 3-

phenacylideneoxindole 4a (50 mg, 0.20 mmol) and dissolved in 3 

mL of MeOH. Subsequently, a solution of Bestmann-Ohira reagent 

(58 mg, 0.30 mmol) in 2 mL of MeOH was added to the reaction 

mixture and kept stirring. After addition of potassium hydroxide (23 

mg, 0.40 mmol), the reaction mixture was further stirred at 25 °C 

for 1 h. After the completion of reaction, as indicated by TLC, 

solvent was evaporated off and extracted using ethyl acetate. The 

organic layer was dried over Na2SO4 and evaporated under reduced 

pressure. The residue was purified using column chromatography 

(100-200 mesh silica gel) using acetone/dichloromethane as the 

eluent to afford phosphonylpyrazoloquinazolinone 5a as a white 

solid (63 mg) in 80 yield. Rf (Acetone/Dichloromethane: 3/7) = 0.38. 

Mp 226-228 
°
C. 

13
C NMR (100 MHz, δ ppm/DMSO-d6): 191.0 (C), 

143.7 (C), 143.5 (d, JC-P = 224.6 Hz, C), 138.7 (d, JC-P = 9.0 Hz, C), 

136.9 (C), 135.2 (C), 134.3 (C), 131.1 (CH), 129.6 (CH), 129.6 (CH), 

128.9 (CH), 128.9 (CH), 123.5 (CH), 123.3 (CH), 120.0 (d, JC-P = 24.4 

Hz, C), 116.3 (CH), 111.2 (CH), 53.2 (d, JC-P = 5.7 Hz, CH3), 53.1 (d, JC-P 

= 5.7 Hz, CH3). 
1
H NMR (400 MHz, δ ppm/DMSO-d6): 12.31 (s, 1H), 

7.90 (d, J = 7.6 Hz, 2H), 7.70 (t, J = 7.2, 1H), 7.53 (d, J = 7.6 Hz, 3H), 

7.40 (d, J = 8.4 Hz, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.10 (t, J = 7.6, 1H), 

3.62 (d, J = 11.2 Hz, 6H). 
31

P NMR (161.9 MHz, DMSO-d6): 8.75. 

HRMS for C19H17N3O5P
+
: calcd. [M+H]

+
: 398.0900, found: 398.0899. 
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