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1,3-Dipolar cycloadditions are an important group of 
reactions in organic synthesis for building five- membered 
heterocycles especially substituted pyrrolidine, pyrrolizine, 
and pyrrolothiazole derivatives.1–5 The cycloadditions of 
azomethine ylides which represent one of the most reactive and 
versatile classes of 1,3-dipoles are trapped readily by a range 
of dipolarophiles, either intra- or intermolecularly. The use of 
exocyclic olefins enables the construction of functionalised 
five-membered spiro heterocycles.5–11 N-Arylpyrazoles are 
a very exciting class of heterocyclic compounds that have 
potent pharmacological activities in many medical fields 
such as hypoglycemic,12 antibacterial, antifungal,13 anti-
tumor,14 anti-thromboembolic disorders, antiangiogenic15 
and anti-inflammatory effects.16,17 Pyrrolidine, pyrrolizine, 
and pyrrolothiazole derivatives are important bioactive 
heterocyclic compounds which have antimicrobial, antiviral, 
anti-inflammatory, antitubercular, anticancer, and antidiabetic 
activities.18–21 In the present paper, we extend our previous 
studies on the synthesis of bioactive spiroheterocycles,22–26 
and now report a 1,3-dipolar cycloaddition reaction 
involving the exocyclic olefinic linkage derived from 
1-phenylpyrazolidine-3,5-dione 2a–e5 to synthesise a series 
of novel dispiro[pyrazolidine-4,3'-pyrrolizine-2',3''-indoline]-
2'',3,5-triones 5a–j regioselectively in good to excellent yields 
through 1,3-dipolar cycloaddition reaction of azomethine ylides 
produced in situ via decarboxylative condensation of L-proline 
3 and isatins 4a and 4b (Scheme 2). 

Results and discussion
1-Phenylpyrazolidine-3,5-dione 1 was prepared according 
to the cyclocondensation reaction of malonic acid and 

phenylhydrazine in the presence of phosphorus oxychloride; the 
different substituted (Z)-4-arylidene-1-phenylpyrazolidine-3,5-
dione derivatives 2a–e27 were prepared in accordance with the 
previously reported procedure (Scheme 1).5,28 

Effect of solvents

To study the effect of the solvent, the reaction of (Z)-4-(4-
methoxybenzylidene)-1-phenylpyrazolidine-3,5-dione 2a, 
L-proline 3 and isatin 4a was designated as the model reaction. 
To promote the cycloaddition, various solvents such as, 
ethanol, methanol, 2-propanol, acetonitrile, 1,4-dioxane, and 
tetrahydrofuran were examined under reflux conditions and 
were shown to have a considerable impact on the yield of the 
reaction. The cycloaddition adduct was obtained in good yields, 
76% and 83%, when the reaction was performed in ethanol 
and methanol, respectively (Table 1, entries 1 and 2). Moderate 
yields were obtained when 2-propanol (71%) and acetonitrile 
(69%) were used as solvent and the reaction time was extended 
(Table 1, entries 3 and 4). The yield decreased and a further 
increase in reaction time was required to drive the reaction 
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Scheme 1 Synthesis of 1-phenylpyrazolidine-3,5-dione (1) and 4-arylidene-1-phenylpyrazolidine-3,5-dione derivatives 2a–e: (a) POCl
3
, CHCl

3
, reflux, 

2 h; (b) aromatic aldehydes, dioxane, reflux, 0.5 h.

Table 1 Effect of the reaction medium on the synthesis of compound 5a

Entry Solvent Time (h) Yield (%)a,b

1 Ethanol 10 76
2 Methanol 10 83
3 2-propanol 15 71
4 Acetonitrile 15 69
5 Dioxane 20 52
6 Tetrahydrofuran 20 60

aReaction conditions: 4-(p-methoxyphenyl)-1-phenylpyrazolidine-3,5-dione (2a) (1 mmol), 
L-proline (3) (1 mmol) and isatin (4a) (1 mmol); bIsolated yield.
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forward when 1,4-dioxane (52%) and tetrahydrofuran (60%) 
were used as solvents (Table 1, entries 5 snd 6). This effect is 
related to the increased stability of the polar transition states 
and/or intermediates involved in this reaction by increasing 
the polarity of the solvent (methanol > ethanol > 2-propanol > 
acetonitrile > tetrahydrofuran >1,4-dioxane).

Consequently, the best results with high yields of the 
product were obtained by refluxing the reaction mixture 
in methanol as solvent which provided the maximum yield 
within a reasonable time. The cycloaddition reaction of (Z)-
4-(p-methoxyphenyl)-1-phenylpyrazolidine-3,5-dione 2a as 
dipolarophile, L-proline 3, and isatin 4a was carried out to 
afford the spirocycle 5a as a single regioisomer, as indicated 
by TLC, in a highly regioselective manner. To assess the 
feasibility of the reaction, the azomethine ylides generated by 
decarboxylative condensation of L-proline 3 and isatins 4a and 
4b were treated with various dipolarophiles (Z)-4-arylidene-1-
phenylpyrazolidine-3,5-dione derivatives 2a–e (Scheme 2).

Under optimised conditions, the reaction proceeded easily 
to afford a series of novel 4'-(aryl)-dispiro[pyrazolidine-
4,3'-pyrrolizine-2',3''-indoline]-2'',3,5-triones 5a–j in good to 
excellent yields (70–93%). The results are given in Table 2.

As shown in Scheme 3, the reaction proceeds through the 
generation of an azomethine ylide via the decarboxylative 
condensation of isatins 4a–b with L-proline 3. This cycloaddition 
is regioselective with the electron-rich carbon of the dipole 
adding to the β-carbon of the α,β-unsaturated moiety of 2a–e. 

 
HN

N

O

O

Ph

NH

COOH

N

O

O

R

N

HN N
N

HAr
Ph

O

O O
R

CH3OH
reflux

2a−e 3 4a−b

5a−j 6a−j

Ar

N
HN

N
H

Ar

O

O
N

O R
Ph

H

Scheme 2 Synthesis of dispiro[pyrazolidine-4,3'-pyrrolizine-2',3''-
indoline]-2'',3,5-triones 5a–j.

Table 2 Synthesis of dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-
indoline]-2'',3,5-triones (5a–j)

Entry Product R Ar Time (h) Yield (%)
1 5a H 4-MeOC

6
H

4
10 83

2 5b H 4-HOC
6
H

4
12 81

3 5c H 4-(CH
3
)

2
NC

6
H

4
13 71

4 5d H 4-ClC
6
H

4
9 86

5 5e H 4-O
2
NC

6
H

4
7 93

6 5f CH
3

4-MeOC
6
H

4
12 80

7 5g CH
3

4-HOC
6
H

4
12 79

8 5h CH
3

4-(CH
3
)

2
NC

6
H

4
14 70

9 5i CH
3

4-ClC
6
H

4
10 84

10 5j CH
3

4-O
2
NC

6
H

4
9 91
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The regioselectivity in the product formation can be explained 
by considering secondary interactions of the orbitals of the C

5
-

carbonyl group of (Z)-4-arylidene-1-phenylpyrazolidine-3,5-
diones 2a–e with those of the azomethine ylide as shown in 
Scheme 4. Accordingly, the observed regioisomer 5a–j through 
path A is more favourable than 6a–j due to the secondary 
orbital interaction (SOI)29 which is not possible in path B. 
Hence, only one regioisomer 5a–j was formed as established by 
NMR analysis.

The structures of the isolated products were confirmed to be 
dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-
triones 5a–j rather than the other regioisomer dispiro[pyrazolidine-
4,4'-pyrrolizidine-2',3''-indoline]-2'',3,5-triones 6a–j based on 
spectroscopic (1H, 13C NMR) data.

The 1H NMR spectrum of 5a, as a representative example, 
revealed the presence of three multiplet signals in the regions 
1.80–1.95, 2.00–2.18, and 2.58–2.65 ppm for 6'-CH

2
, 5'-

CH
2
, and 7'-CH

2
 protons respectively. A singlet at 3.68 ppm, 

corresponds to the methoxy group protons. The 4'a-CH proton 
exhibited a multiplet in the region 4.53–4.63 ppm. The methine 
proton (4'-CH) exhibited a doublet signal at 3.88 ppm (J = 15 
Hz) on the basis of its multiplicity, excluding the formation of 
the other regioisomeric form 6a–j.

If the other isomers 6a–j were formed, one would expect a 
singlet rather than a doublet for the pyrrolizidinyl methine proton.

The 13C NMR spectrum added conclusive support to 
proposed structure of the spirocycloadduct 5a. The two spiro 

Scheme 3 Mechanistic representation for formation of azomethine ylide.
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carbons resonated at 67.87 and 75.72 ppm. The carbonyl carbon 
resonated at 176.32 ppm, respectively. The signals at 30.49, 
31.30, 47.02, 51.08, 55.43, and 56.24 ppm are assigned to 6'-CH

2
, 

5'-CH
2
, 7'-CH

2
, 4'-CH, CH

3
, and 4'a-CH carbons, respectively.

Theoretical studies based on DFT reactivity indices

Recent studies have shown that, different chemical reactivity 
descriptors have been developed to understand and predict 
chemical reactivity. Some reactivity indexes can be defined 
within the DFT theory which are very useful for predicting 
the feasibility of 1,3-dipolar cycloaddition and Diels–Alder 
reactions.30–36 These include the global electrophilicity index, ω, 
introduced by Parr and defined by Eqn (1)37–39 In this equation, 
the electronic chemical potential μ and the chemical hardness η 
of a substrate are two parameters which were evaluated in terms 
of the one-electron energies of the frontier molecular orbitals 
(FMOs) i.e. the highest occupied molecular orbital (HOMO) 
and the lowest unoccupied molecular orbital (LUMO) at the 
ground state of the molecules: μ = ½(e

H 
+ e

L
); η = (e

L
 – e

H
).36–38 

Another informative index used by Domingo et al. is called 
DN

max
 parameter, defined by Eqn (2), which is a measure of 

the maximum amount of electronic charge that the electrophilic 
partner can accept.37 Calculated values ω, μ, η, and DN

max
 of 

relevance for the study are collected in Table 3.

ω  = μ2/2η	 (1)

DN
max

 = – μ/η	 (2)

From the values of electrophilicity indices (ω) respresented in 
Table 1, the (Z)-dipolarophile, in comparison with azomethine 
ylide and (E)-dipolarophile, acts as an electrophile due to 
the larger value of its ω. On the other hand, 1,3-dipolar 
cycloadditions are HOMO–LUMO controlled reactions 
where the reactivity depends on the nature of the dipole 
and dipolarophile and the energy gap between the HOMO 
and LUMO orbitals. 1,3-Dipolar cycloaddition reactions 
for azomethine ylide substrates are typical of 1,3-dipolar 
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Scheme 4 Mode of approach of azomethine ylide.

cycloadditions of type I.40–44 In type I, 1,3-dipolar cycloaddition 
reactions the predominant frontier molecular orbital (FMO) 
interaction is that of HOMO

dipole
 with the LUMO

dipolarophile
.45 As 

shown in scheme 5, the (Z)-dipolarophile has a lower energy 
gap (ΔE = E

LUMO 
–E

HOMO
 = 7.706 eV) than the energy gap of the 

corresponding (E)-form (ΔE = 7.736 eV), thus, HOMO
dipole

–
LUMO

(Z)-dipolarophile
 interaction is favourable based on the lowest 

energy gap (ΔE = E
LUMO-(Z)-dipolarophile 

– E
HOMO-dipole

 = 6.215 eV).

Recent investigations have used the ω values to classify 
dipole and dipolarophiles on a unique scale.30–39 According 
to this model, the polar character of a dipole-dipolarophile 
interaction can be assessed from the difference, Dω, in the 
global electrophilicities of the two reagents as well as the DN

max
 

values for the system at hand. Thus, it can be safely anticipated 

Table 3 Frontier molecular orbitals energy e
H 
and e

L
, electronic chemical 

potential μ, chemical hardness η, global electrophilicity ω, and DN
max

 
parameter for dipoles and dipolarophiles (compound 2a is given as an 
example)a

e
H 

b e
L
 b μ η ω DN

max

Di
po

le

–0.2753 –0.0156 –0.1455 0.2596 1.109 0.56

Di
po

la
ro

ph
ile

(Z) form

–0.3301 –0.0469 –0.1885 0.2832 1.707 0.67

(E) form

–0.3293 –0.0450 –0.1871 0.2842 1.675 0.65

aFrontier molecular orbitals energy e
H 

and e
L
, electronic chemical potential μ and 

chemical hardness η in atomic units; global electrophilicities ω in eV as defined by Eqn 1; 
DN

max
 in electron units; bAll computations were carried out with the Gaussian 03 suite of 

programs.46 Calculations based on the method of DFT were performed using the B3LYP 
exchange correlation functional, together with the standard 6-31G basis set.
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that reactions involving a dipole and a dipolarophile located at 
the ends of the ω scale will proceed with an especially strong 
polar character. 30–39 In turn, reactions associated with small 
Dω values should be prototypes of non-polar processes. It is 
clear that, the 1,3-dipolar cycloaddition of azomethine ylide 
with (Z)-4-arylidene-1-phenylpyrazolidine-3,5-diones as 
dipolarophiles (Dω = 0.6 << 4.5 eV) is a reaction governed by 
a concerted mechanism. Also, the stereo-configuration of the 
cycloadduct is confirmed by some theoretical studies on all 16 
possible stereoisomers (see the supplementary infomation) of 
the selected compound 5a. The calculated heat of formation 
(ΔH) and total energy of 5a showed that the most stable form 
(the lowest heat of formation with lowest total energy) is 
2’R,3’R,4’R,4’aS (ΔH = 42.392 kcal mol–1 with total energy = 
33.686 kcal mol–1).

Conclusions
In conclusion, we have synthesised a series of novel 
dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-
triones through 1,3-dipolar cycloaddition of azomethine 
ylides generated in situ via decarboxylative condensation of 
isatin derivatives and L-proline with various (Z)-4-arylidene-
1-phenylpyrazolidine-3,5-dione derivatives dipolarophiles 
in methanol as suitable reaction medium. This method has 
the advantages of operational simplicity, easy workup, mild 
reaction conditions, high atom economy, and good to excellent 
yields. The reactions proceed in a regio- and stereoselective 
manner.

Experimental
All melting points were uncorrected and measured on Stuart (SMP3) 
melting point apparatus. FTIR spectra were recorded on Shimadzu 
IR-3600 spectrometer. Elemental analyses (C, H, N, and Cl) were 
performed on an Elementar GmbH VarioEL V2:3 instrument; the 
results were found to be in good agreement with the calculated values. 
NMR was recorded on a Bruker Avance 500 MHz with DMSO–d

6
 

as solvent. All the reagents and solvents used were of high grade and 
purchased from Sigma-Aldrich.

Synthesis of dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-
2'',3,5-triones (5a–j); general procedure

A mixture of the appropriate dipolarophile 2 (0.294 g, 1 mmol), isatin 
4a (0.147 g, 1 mmol) and L-proline (0.115 g, 1 mmol) was refluxed in 

Scheme 5 Typical 1,3-dipolar cycloaddition reactions on the basis of the FMOs: HOMO
dipole

-LUMO
dipolarophile

 interaction.

methanol (15 mL) for 10 h, (Table 2). Upon completion (monitored by 
TLC), the reaction mixture was allowed to cool to room temperature. The 
solvent was concentrated under reduced pressure and the solid product was 
filtered off and crystallised from methanol to afford the pure compound 5.

(2 'R*,3 'R*,4 'R*,4 'aS*) - 4 ' - (p - Methox yphenyl ) -1-phenyl -
dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-
trione (5a): Orange crystals; m.p. 160-161 °C (MeOH); FTIR 
(ν

max
/cm–1) KBr: 3210 (NH), 3067 (C–H

arom
), 2958 (C–H

aliph
), 1701 

(C=O); 1H NMR (500 MHz, DMSO-d
6
) δ 1.80–1.95 (2H, m, 6'-

CH
2
), 2.00–2.18 (2H, m, 5'-CH

2
), 2.58–2.65 (2H, m, 7'-CH

2
), 3.68 

(3H, s, CH
3
), 3.88 (1H, d, 4'-CH, J = 15.0 Hz), 4.53–4.63 (1H, m, 4'a-

CH), 6.60–7.85 (13H, m, ArH), 10.47 (1H, s, NH), 10.53 (1H, s, NH); 
13C NMR (125 MHz, DMSO-d

6
) δ 30.49 (CH

2
), 31.30 (CH

2
), 47.02 

(CH
2
), 51.08 (CH), 55.43 (CH

3
), 56.24 (CH), 67.87 (spiro-C), 75.72 

(spiro-C), 109.90, 114.34, 114.95, 118.77, 121.88, 126.06, 127.77, 
129.23, 129.43, 129.78, 130.13, 137.71, 142.54, 142.73, 159.04, 176.32 
(C=O), 191.31 (C=O); Anal. calcd for C

29
H

26
N

4
O

4
: C, 70.43; H, 5.30; 

N, 11.33; found: C, 70.53; H, 5.09; N, 11.20%. 
(2 'R*,3 'R*,4 'R*,4 'aS*) - 4 ' - (p - Hydrox yphenyl ) -1-phenyl -

dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-
trione (5b): Pale red crystals; m.p. 174–175 °C (MeOH); FTIR (ν

max
/

cm–1) KBr: 3350–2810 (br, NH, OH), 1700 (C=O); 1H NMR (500 
MHz, DMSO-d

6
) δ

 
1.35–1.70 (2H, m, 6'-CH

2
), 1.75–2.00 (2H, m, 5'-

CH
2
), 2.15–2.45 (2H, m, 7'-CH

2
), 3.85–4.60 (2H, m, 4'-CH, 4'a-CH), 

6.50–7.30 (4H, m, ArH), 7.50–8.70 (9H, m, ArH), 9.58 (1H, s, OH), 
10.25–10.26 (2H, m, 2 × NH); 13C NMR (125 MHz, DMSO-d

6
) δ 

27.71 (CH
2
), 30.43 (CH

2
), 47.45(CH

2
), 52.06 (CH), 65.65 (CH), 72.46 

(spiro-C), 73.11 (spiro-C), 110.36, 123.59, 123.95, 124.19, 126.67, 
127.67, 129.79, 130.10, 130.24, 130.31, 142.41, 146.94, 148.95, 178.97 
(C=O), 199.82 (C=O); Anal. calcd for C

28
H

24
N

4
O

4
: C, 69.99; H, 5.03; 

N, 11.66; found: C, 69.70; H, 4.90; N, 11.45%.
(2'R*,3'R*,4'R*,4'aS*) -4'- (p-Dimethylaminophenyl) -1-phenyl-

dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-trione 
(5c): Pale red crystals; m.p. 181–182 °C (MeOH/n-hexane, 5:1); FTIR 
(ν

max
/cm–1) KBr: 3189 (NH), 3030 (C–H

arom
), 2960 (C–H

aliph
), 1698 

(C=O); 1H NMR (500 MHz, DMSO-d
6
) δ 1.43–1.66 (2H, m, 6'-CH

2
), 

1.74–1.92 (2H, m, 5'-CH
2
), 2.83–3.01 (2H, m, 7'-CH

2
), 3.10–3.19 (2H, 

m, 4'a-CH), 3.36 (6H, s, 2 × CH
3
), 3.75 (1H, d, 4'-CH, J = 10.0 Hz), 

6.58–7.83 (8H, m, ArH), 8.09–8.60 (7H, m, ArH, 2 × NH); 13C NMR 
(125 MHz, DMSO-d

6
) δ 25.23 (CH

2
), 27.35 (CH

2
), 30.68 (CH

2
), 51.34 

(CH
3
), 55.48 (CH), 58.94 (CH), 68.46 (spiro-C), 72.94 (spiro-C), 108.15, 

109.05, 113.84, 114.50, 121.80, 129.28, 129.94, 132.53, 134.06, 143.41, 
143.88, 158.56, 173.93, 177.31 (C=O), 199.65 (C=O), 202.98 (C=O); 
Anal. calcd for C

30
H

29
N

5
O

3
: C, 70.99; H, 5.76; N, 13.80; found: C, 70.70; 

H, 5.60; N, 13.52%.
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(2 ' R*, 3 ' R*,4 ' R*,4 'a S*) - 4 ' - (p - C h l oro p h e ny l ) -1- p h e ny l -
dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-
trione (5d): Pale brown crystals; m.p. 170–171 °C (MeOH); FTIR 
(ν

max
/cm–1): 3161 (NH), 3025 (C–H

arom
), 2980 (C–H

aliph
), 1690 (C=O); 

1H NMR (500 MHz, DMSO-d
6
) δ

 
1.82–2.19 (4H, m, 5'-CH

2
, 6'-CH

2
), 

2.53–2.58 (2H, m, 7'-CH
2
), 3.05–3.18 (1H, m, 4'a-CH), 3.64 (1H, d, 4'-

CH, J = 10.0 Hz), 6.83–7.53 (13H, m, ArH), 7.87 (1H, s, NH), 7.89 (1H, 
s, NH); 13C NMR (125 MHz, DMSO-d

6
) δ 26.43 (CH

2
), 30.51 (CH

2
), 

31.29 (CH
2
), 51.27 (CH), 55.43 (CH), 70.84 (spiro-C), 75.23 (spiro-C), 

108.67, 114.37, 114.99, 122.58, 122.69, 125.72, 129.75, 130.35, 
132.31, 144.06, 159.04, 174.85 (C=O), 191.83 (C=O); Anal. calcd for 
C

28
H

23
ClN

4
O

3
: C, 67.40; H, 4.65; Cl, 7.11; N, 11.23; found: C, 67.16; H, 

4.40; Cl, 7.00; N, 11.00%.
( 2 ' R*, 3 ' R*, 4 ' R*, 4 ' a S*) - 4 ' - ( p - N i t r o p h e n y l ) -1- p h e n y l -

dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-trione 
(5e): Pale brown crystals; m.p. 190–191 °C (MeOH); FTIR (ν

max
/cm–1): 

3200 (NH), 3041 (C–H
arom

), 2990 (C–H
aliph

), 1700 (C=O); 1H NMR 
(500 MHz, DMSO-d

6
) δ 1.86–2.02 (4H, m, 2 × CH

2
), 2.20–2.60 (2H, 

m, 7'-CH
2
), 4.69–4.74 (1H, m, 4'a-CH), 4.79 (1H, d, 4'-CH, J = 10.0 

Hz), 6.69–7.47 (9H, m, ArH), 7.58 (2H, d, ArH, J = 10.0 Hz), 8.17 (2H, 
d, ArH, J = 10.0 Hz), 10.58 (1H, s, NH), 10.65 (1H, s, NH); 13C NMR 
(125 MHz, DMSO-d

6
) δ 30.56 (CH

2
), 31.31 (CH

2
), 47.01 (CH

2
), 50.92 

(CH), 67.54 (CH), 70.29 (spiro-C), 75.85 (spiro-C), 109.93, 120.00, 
124.16, 126.01, 129.33, 130.02, 130.39, 141.14, 142.79, 147.37, 176.13, 
176.29 (C=O), 191.62 (C=O); Anal. calcd for C

28
H

23
N

5
O

5
: C, 66.00; H, 

4.55; N, 13.75; found: C, 65.73; H, 4.31; N, 13.54%.
(2'R*,3'R*,4'R*,4'aS*)-4'- (p-Methoxyphenyl)-1''-methyl-1-phenyl-

dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-trione 
(5f): Orange crystals; m.p. 151–152 °C (MeOH); FTIR (ν

max
/cm–1): 

3100 (NH), 3050 (C–H
arom

), 2941 (C–H
aliph

), 1696 (C=O); 1H NMR 
(500 MHz, DMSO-d

6
) δ 1.70–1.85 (2H, m, 6'-CH

2
), 1.95–2.20 (2H, 

m, 5'-CH
2
), 2.56–2.68 (2H, m, 7'-CH

2
), 3.61 (3H, s, CH

3
), 3.75–3.89 

(4H, m, CH
3
, 4'-CH), 4.14–4.28 (1H, m, 4'a-CH), 6.67–7.89 (13H, 

m, ArH), 9.87 (1H, s, NH); 13C NMR (125 MHz, DMSO-d
6
) δ 27.63 

(CH
2
), 31.32 (CH

2
), 47.02 (CH

2
), 51.08 (CH), 55.41 (CH

3
), 56.31 (CH), 

67.89 (spiro-C), 75.72 (spiro-C), 109.90, 114.35, 114.95, 118.70, 122.50, 
127.03, 127.97, 129.23, 129.43, 129.78, 130.13, 137.71, 142.54, 143.70, 
159.04, 176.32 (C=O), 195.63 (C=O); Anal. calcd for C

30
H

28
N

4
O

4
: C, 

70.85; H, 5.55; N, 11.02; found: C, 70.58; H, 5.32; N, 10.80%.
(2'R*,3'R*,4'R*,4'aS*)-4'- (p-Hydroxyphenyl)-1''-methyl-1-phenyl-

dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-trione 
(5g): Orange crystals; m.p. 166–167 °C (MeOH); FTIR (ν

max
/cm–1): 

3250–3105 (br, NH, OH), 3035 (C–H
arom

), 2940 (C-H
aliph

), 1700 (C=O); 

1H NMR (500 MHz, DMSO-d
6
) δ

 
1.82–1.90 (2H, m, 6'-CH

2
), 2.15–2.45 

(4H, m, 5'-CH
2
, 7'-CH

2
), 3.45 (3H, s, CH

3
), 3.86–4.61 (2H, m, 4'-CH, 4'a-

CH), 6.63–7.82 (13H, m, ArH), 9.68 (1H, s, OH); 13C NMR (125 MHz, 
DMSO-d

6
) δ 26.45 (CH

2
), 30.51 (CH

2
), 31.29 (CH

2
), 47.02 (CH), 51.47 

(CH
3
), 67.93 (CH), 70.87 (spiro-C), 75.15 (spiro-C), 108.76, 115.70, 116.51, 

119.65, 122.58, 125.70, 129.29, 129.66, 130.33, 132.62, 138.29, 144.03, 
157.14, 174.89 (C=O), 191.56 (C=O); Anal. calcd for C

29
H

26
N

4
O

4
: C, 

70.43; H, 5.30; N, 11.33; found: C, 70.28; H, 5.11; N, 11.05%.
(2'R*,3'R*,4'R*,4'aS*)-4'- (p-Dimethylaminophenyl)-1''-methyl-1-

phenyl-dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-
trione (5h): Pale brown crystals; m.p. 173–174 °C (MeOH/n-hexane, 
3:1); FTIR (ν

max
/cm–1): 3170 (NH), 3073 (C–H

arom
), 2911 (C–H

aliph
), 1700 

(C=O); 1H NMR (500 MHz, DMSO-d
6
) δ 1.80–2.51 (6H, m, 3 × CH

2
), 

3.03 (1H, d, 4'-CH, J = 10.0 Hz), 3.14 (3H, s, CH
3
), 3.57 (6H, s, 2 × CH

3
), 

4.00–4.05 (1H, m, 4'a-CH), 6.80 (2H, d, ArH, J = 10.0 Hz), 7.15–7.18 
(2H, m, ArH), 7.37–7.44 (3H, m, ArH), 7.68–7.71 (4H, m, ArH), 7.74 (2H, 
d, ArH, J = 10.0 Hz), 8.58 (1H, s, NH); 13C NMR (125 MHz, DMSO-d

6
) 

δ 27.16 (CH
2
), 30.49 (CH

2
), 35.82 (CH

2
), 41.33 (CH

3
), 51.08 (CH), 55.43 

(CH
3
), 56.04 (CH), 67.87 (spiro-C), 75.80 (spiro-C), 110.17, 111.30, 

112.80, 118.77, 121.88, 126.06, 128.23, 129.23, 129.43, 129.78, 129.97, 
138.73, 142.54, 142.73, 170.95, 176.32 (C=O), 191.63 (C=O); Anal. calcd 
for C

31
H

31
N

5
O

3
: C, 71.38; H, 5.99; N, 13.43; found: C, 71.19; H, 5.67; N, 

13.10%.
(2'R*,3'R*,4'R*,4'aS*)-4'-(p-Chlorophenyl)-1''-methyl-1-phenyl-

dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-trione 

(5i): Grey crystals; m.p. 159–160 °C (MeOH); FTIR (ν
max

/cm–1): 3100 
(NH), 3070 (C–H

arom
), 2939 (C–H

aliph
), 1690 (C=O); 1H NMR (500 MHz, 

DMSO-d
6
) δ

 
1.71–1.88 (4H, m, 5'-CH

2
, 6'-CH

2
), 2.42–2.50 (2H, m, 7'-

CH
2
), 3.05–3.20 (1H, m, 4'a-CH), 3.41 (3H, s, CH

3
), 3.60 (1H, d, 4'-CH, 

J = 10.0 Hz), 6.80–7.55 (13H, m, ArH), 9.09 (1H, s, NH); 13C NMR (125 
MHz, DMSO-d

6
) δ 27.34 (CH

2
), 30.52 (CH

2
), 47.04 (CH

2
), 51.27 (CH), 

54.41 (CH
3
), 67.92 (CH), 70.88 (spiro-C), 75.23 (spiro-C), 108.67, 113.52, 

114.99, 122.58, 122.69, 125.72, 129.75, 130.35, 133.31, 144.06, 159.04, 
174.85 (C=O), 191.96 (C=O); Anal. calcd for C

29
H

25
ClN

4
O

3
: C, 67.90; H, 

4.91; Cl, 6.91; N, 10.92; found: C, 67.59; H, 4.70; Cl, 6.60; N, 10.68%.
(2'R,3'R,4'R,4'aS) -1' '-Methyl- 4'- (p-nitrophenyl) -1-phenyl-

dispiro[pyrazolidine-4,3'-pyrrolizidine-2',3''-indoline]-2'',3,5-trione 
(5j): Pale brown crystals; m.p. 178–179 °C (MeOH); FTIR (ν

max
/cm–1): 

3202 (NH), 3053 (C–H
arom

), 2932 (C–H
aliph

), 1700 (C=O); 1H NMR 
(500 MHz, DMSO-d

6
) δ 1.85–2.00 (4H, m, 2CH

2
), 2.20–2.55 (2H, 

m, 7'-CH
2
), 4.40–4.63 (4H, m, CH

3
, 4'a-CH), 4.71 (1H, d, 4'-CH, J = 

10.0 Hz), 6.67-7.46 (9H, m, ArH), 7.55 (2H, d, ArH, J = 10.0 Hz), 8.17 
(2H, d, ArH, J = 10.0 Hz), 10.02 (1H, s, NH); 13C NMR (125 MHz, 
DMSO-d

6
) δ 27.51 (CH

2
), 33.05 (CH

2
), 47.02 (CH

2
), 51.63 (CH), 52.91 

(CH
3
), 67.54 (CH), 71.25 (spiro-C), 75.89 (spiro-C), 108.90, 120.53, 

125.05, 126.73, 129.45, 130.02, 131.35, 141.14, 142.88, 147.37, 176.32, 
176.29 (C=O), 191.92 (C=O); Anal. calcd for C

29
H

25
N

5
O

5
: C, 66.53; H, 

4.81; N, 13.38; found: C, 66.44; H, 4.52; N, 13.08%.
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