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Table 1. One-pot synthesis of spiro[indeno[1,2-b]quinoxaline-11,3'- 
pyrrolizidine 5a-f

5a,b R1 R2 R3 Yieldc

a H H H 75
b Me H H 80
c Me Me H 77
d H F H 75
e Me H F 80
f Me F F 82

aNinhydrin:diamine:proline:chalcone (1 mmol:1 mmol:1 mmol:1 mmol); 
bThe structure of products 5a-f were fully characterized by nmr and mass 
spectroscopy; cAll referred to isolated pure products.
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Scheme 1. One-pot four-component stereoslective synthesis of spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizidine]

Pyrrolizine and indolizine skeletons, partially or totally 
saturated, are present in a large array of alkaloids and related 
unnatural compounds. Such compounds exhibit potent biolo-
gical activities, particularly as glycosidase inhibitors.1 The 
cycloaddition of azomethine ylides to alkenes is an important 
way to synthesize heterocycles containing pyrrolidine substruc-
tures with high stereoselectivity. The stereoselectivity of 
these cycloaddition reactions is greatly enhanced if the 
azomethine ylide functionality is part of an N-heterocycle, 
thus providing a rather rigid ring template those results in a 
better diastereofacial approach between dipolar and dipolaro-
phile.2 Cyclic azomethine ylides, in which the central nitrogen 
atom is part of a pyrrolidine ring, are of particular importance, 
since they can be directly transformed into pyrrolizidine rings 
through a cycloaddition reaction with alkenes in a highly 
stereoselective way.3 

In recent years, multicomponent reactions (MCRs) have 
been extensively studied due to their efficiency, atom economy 
and convenience in construction of multiple new bonds in one 
pot processes, which played as powerful roles in approach to 
complex structures and promoted the “green chemistry”.4 In 
continuing our interest in synthesis of nitrogen containing 
heterocycles5 and as a part of our ongoing programs on 
ninhydrin-based multi-component reactions,6 and due to the 
resultant pharmacological interest in pyrrolizidine  alkaloids, 
here we report a novel one-pot reaction which affords alkyl 
spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizidine]  5 via the 
four-component condensation of ninhydrin 1, phenylene-
diamine 2, proline 3, and chalcone 4 in ethanol in very good 
yields (Scheme 1). 

The one-pot four-component reaction proceeds fast and 
very cleanly at reflux temperature and no undesirable side 
reactions were observed. The results are shown in Table 1. 

The isolated spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]- 
2'-carboxylates 5 were characterized on the basis of IR, 1H 
and 13C NMR spectroscopy and elemental analysis. The IR 
spectrum of 5a shows absorption at 1695 cm-1 indicating the 
presence of carbonyl functionality. The 1H NMR spectrum of 
5a exhibited characteristic multiplets of pyrrolizidine ring at δ 
1.92 - 2.72. Additionally, 1H NMR spectra of 5a shown 
characteristic triplet at δ 4.24, doublet of triplet at δ 4.51 and 
doublets at δ 5.47 for protons H1', H7'a and H2' respectively. It 
is noticible, if the signal at 4.24 was irradiated, peaks of H7'a 
and H2' change to triplet and singlet, respectively. In the 13C 
NMR spectrum of 5a, the spiro carbon and ester’s carbonyl 
are resonated at δ 75.8 and 198.2 respectively and the signals 
for all other 27 carbons are located at appropriate chemical 
shifts in agreement with the proposed structure. 

The formation of the spiro[indeno[1,2-b]quinoxaline-11, 
3'-pyrrolizine]  scaffold probably involves a complex multistep 
sequence of events. On the basis of the well known chemistry 
of ninhydrin and indenoquinoxaline,7 mechanistically, it is 
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Scheme 2. The proposed mechanism for the one-pot four-component stereoslective preparation of spiro[indeno[1,2-b]quinoxaline-11,3'- 
pyrrolizidine]

reasonable to assume that initial condensation of the phenyl-
enediamine 2 and the ninhydrin 1 gives indenoquinoxline-11- 
one intermediate 6, which condensed with proline 3 to produce 
1,3-dipolar azomethine ylides 8.8 The formed 1,3-dipolar 
species 8 subsequently undergoes cycloaddition reaction with 
chalcone 4, to produce stereoselectively the new adduct 5 
(Scheme 2).

According to the presence of carbonyl group as a spacer, R3 
substituted phenyl ring can get sufficiently away from the 
indenoquinoxaline structure, therefore TS1 has lower strike 
hindrance compared to TS2, in which the R2 substituted 
phenyl ring is substantially close to proline moiety. Con-
sequently, the reaction proceeds via TS1. In practice, almost 
stereoisomer 5 was obtained, without obtaining any stereo-
isomer 5′. 

High diastereomeric excess of reaction was deduced on the 
basis of 1H NMR spectra through which no other diastereo-
mers could be detected. It is noteworthy that adducts 5 have 
three or four (concerning nitrogen) chiral centers, but their 
synthesis affords only one diastereomer, due to the fixed 
configuration of dipole 8 and the structure of transition state 1 
(TS1), that has been mentioned by Grigg and his co-workers 
later, in their extensive studies.9 Stereochemical assignments 
of the cycloadducts 5a are made on the basis of  N.O.E. difference 
spectroscopy and comparison with previously reported relative 
systems.7 The possibility of the formation of other isomer, via 
TS2, was ruled out by 1H NOESY studies. For example irradia-

tion of H1' at δ = 4.24 caused no considerable enhancement of 
H2' and H7'a at δ = 4.51 and 5.47, respectively, supporting the 
mutual trans arrangement of H7'a and H1'. 

However, the products can be achieved by a two-step pro-
cedure: first, the indenoquinoxaline 6 was synthesized and 
purified from the reaction of ninhydrin 1 and aromatic diamine 
2, and then the final product 5 was prepared via a three-com-
ponent reaction between indenoquinoxaline 6, proline 3 and 
chalcone 4. Using this two step procedure the overall yield for 
preparation of 2'-benzoyl-1',2',5',6',7',7'a-hexahydro-1'-phenyl-
spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] 5a is about 
67%, which much less than the one-pot four-component pro-
cedure. Moreover, many times and solvents were saved using 
the one-pot four-component procedure. 

In summary, our study introduced a new interesting ninhydrin 
based one-pot four-component reaction which provides a 
simple and direct entry into a number of some new spiro 
[indeno[1,2-b]quinoxaline-11,3'-pyrrolizidine]  derivatives that 
may be of value in biological interest.

Experimental Section

Synthesis of 2'-benzoyl-1',2',5',6',7',7'a-hexahydro-1'-phenyl-
spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] (5a) as a typi-
cal procedure. Proline 3 (0.115 g, 1 mmol) and chalcone 4a 
(0.21 g, 1 mmol) were added to a solution of ninhydrin 1 
(0.178 g, 1 mmol) and 1,2-phenylenediamine 2a (0.108 g, 1 
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mmol) in ethanol (5 mL) and the mixture was refluxed for 2 h. 
Progress of the reaction was monitored by T.L.C. using n-hexane/ 
ethyl acetate (10/5) mixture as eluent. The reaction mixture 
was cooled to 0 oC, the resulting solid was filtered off and 
washed with 3 ml cooled ethanol (70%) to give pure 5a in 85% 
yield. Cream solid; mp 167-169 oC; IR (KBr): V 1695 cm-1. 1H 
NMR (500 MHz, CDCl3): δ 1.92-2.21 (m, 4H, pyrrolizine), 
2.56 (m, 1H, pyrrolizine), 2.72 (m, 1H, pyrrolizine), 4.24 (t, J = 
10 Hz, 1H, H1'), 4.51 (dt, J = 9.6, 6.7 Hz, 1H, H7'a), 5.47 (d, J = 
10 Hz, H2'), 6.60-8.42 (m, 18H, arom). 13C NMR (125 MHz, 
CDCl3): δ 28.4, 31.9, 48.3, 52.9, 66.5, 73.1, 75.8, 122.5, 127.3, 
127.6, 127.9, 128.4, 128.6, 129.1, 129.2, 129.3, 130.0, 130.2, 
131.3, 132.5, 137.3, 138.0, 140.9, 142.7, 143.1, 144.0, 153.1, 
164.9, 198.2. MS: (m/z) 493 (M+), 285, 256, 218. Anal. Calcd. 
for C34H27N3O: C, 82.73; H, 5.51; N, 8.51. Found: C, 82.80; H, 
5.42; N, 8.41. NOE (%): irradiation of H1' caused no considerable 
enhancement of H2' and H7'a. More purified products can be 
achieved by column chromatography on silica gel. 

Selected physical and spectroscopic data for isolated pro-
ducts. 2'-Benzoyl-7,8-dimethyl-1',2',5',6',7',7'a-hexahydro-1'- 
phenylspiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] (5b). 
Light yellow solid; mp 202-203 oC (dec.); IR (KBr): V  1697 cm-1. 
1H NMR (500 MHz, CDCl3): δ 1.82-2.17 (m, 4H, pyrrolizine), 
2.48 (m, 1H, pyrrolizine), 2.52 (s, 3H, CH3), 2.57 (s, 3H, CH3), 
2.67 (m, 1H, pyrrolizine), 4.18 (t, J = 10.2 Hz, 1H, H1'), 4.50 
(dt, J = 9.4, 6.7 Hz, 1H, H7'a), 5.40 (d, J = 11.4 Hz, H2'), 6.56-8.15 
(m, 16H, arom). 13C NMR (125 MHz, CDCl3): δ 20.3, 20.4, 
27.8, 31.4, 48.0, 52.5, 65.9, 72.6, 75.2, 121.8, 126.9, 127.2, 
127.5, 127.8, 128.2, 128.3, 128.7, 129.1, 129.5, 130.4, 132.1, 
136.8, 138.0, 139.2, 139.9, 140.5, 141.1, 141.5, 143.3, 151.7, 
197.8. MS: (m/z) 521 (M+), 256, 83. Anal. Calcd. for C36H31N3O: 
C, 82.89; H, 5.99; N, 8.06. Found: C, 82.96; H, 6.09; N, 8.18. 
NOE (%): irradiation of H1' caused enhancement of H2' (0.5%) 
and H7'a (0.6%).

2'-Benzoyl-7,8-dimethyl-1',2',5',6',7',7'a-hexahydro-1'-(4-
methylphenyl)spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] 
(5c). Cream solid; mp 193-195 oC; IR (KBr): V  1695 cm-1. 1H 
NMR (500 MHz, CDCl3): δ 1.89-2.19 (m, 4H, pyrrolizine), 
2.36 (s, 3H, CH3), 2.52 (m, 1H, pyrrolizine), 2.55 (s, 3H, CH3), 
2.61 (s, 3H, CH3), 2.68 (m, 1H, pyrrolizine), 4.19 (t, J = 6.6 
Hz, 1H, H1'), 4.53 (ddd, J = 16.5, 6.6, 6.6, 1H, H7'a), 5.42 (d, J = 
11.5 Hz, H2'), 6.61-8.17 (m, 15H, arom). 13C NMR (125 MHz, 
CDCl3): δ 20.7, 20.8, 21.5, 28.3, 31.8, 48.3, 52.6, 66.4, 73.0, 
75.7, 122.1, 127.6, 127.9, 128.3, 128.5, 128.6, 129.5, 129.7, 
129.8, 130.8, 132.4, 136.8, 137.3, 137.9, 138.3, 139.5, 140.2, 
141.5, 143.8, 152.2, 163.9, 198.3. MS: (m/z) 535 (M+), 284, 
246. Anal. Calcd. for C37H33N3O: C, 82.96; H, 6.21; N, 7.84. 
Found: C, 83.06; H, 6.10; N, 7.99. NOE (%): irradiation of H1' 
caused no considerable enhancement of H2' and H7'a. 

2'-Benzoyl-1'-(4-fluorophenyl)-1',2',5',6',7',7'a-hexahydro-
spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] (5d). Cream 
solid; mp 218-219 oC; IR (KBr): V  1692 cm-1. 1H NMR (500 
MHz, CDCl3): δ 1.89-2.19 (m, 4H, pyrrolizine), 2.36 (s, 3H, 
CH3), 2.52 (m, 1H, pyrrolizine), 2.55 (s, 3H, CH3), 2.61 (s, 
3H, CH3), 2.68 (m, 1H, pyrrolizine), 4.19 (t, J = 6.6 Hz, 1H, 
H1'), 4.53 (ddd, J = 16.5, 6.6, 6.6 Hz, 1H, H7'a), 5.42 (d, J = 
11.5 Hz, H2'), 6.61-8.17 (m, 15H, arom). 13C NMR (125 MHz, 
CDCl3): δ 13.8, 20.6, 20.7, 29.5, 33.0, 34.1, 47.2, 57.2, 60.2, 

65.3, 75.1, 122.4, 127.7, 128.9, 129.2, 130.4, 131.6, 138.8, 
140.2, 140.4, 141.2, 141.7, 145.3, 154.1, 165.0, 170.4. MS: 
(m/z) 511 (M+), 285, 218; Anal. Calcd. for C34H26FN3O: C, 
79.82; H, 5.12; N, 8.21. Found: C, 79.69; H, 5.25; N, 8.29. 
NOE (%): irradiation of H1' caused enhancement of H2' (1.5%) 
and H7'a (1.2%). 

7,8-Dimethyl-2'-(4-fluorobenzoyl)-1',2',5',6',7',7'a-hexa-
hydro-1'-phenylspiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] 
(5e). Light yellow solid; mp 164-165 oC (dec.); IR (KBr): V  
1698 cm-1. 1H NMR (500 MHz, CDCl3): δ 1.90, 2.01, 2.16 (m, 
4H, pyrrolizine), 2.53 (s, 3H, CH3), 2.54 (m, 1H, pyrrolizine), 
2.57 (s, 3H, CH3), 2.65 (m, 1H, pyrrolizine), 4.19 (m, 1H, H1'), 
4.51 (m, 1H, H7'a), 5.36 (d, J = 9 Hz, H2'), 6.27-8.13 (m, 15H, 
arom). 13C NMR (125 MHz, CDCl3): δ 19.8,19.9, 27.4, 30.8, 
47.4, 52.0, 65.4, 72.1, 74.7, 121.3, 126.5, 127.4, 127.7, 128.2, 
128.5, 129.0, 129.6, 129.7, 130.0, 132.7, 134.3, 136.7, 136.8, 
137.4, 137.8, 138.9, 139.4, 140.5, 141.0, 145.5, 154.4, 163.5, 
195.6. MS: (m/z) 511 (M+), 285 (100), 256 (70), 83 (90). Anal. 
Calcd. for C36H30FN3O: C, 80.12; H, 5.60; N, 7.79; Found: C, 
80.22; H, 5.52, N, 7.70. NOE (%): irradiation of H1' caused 
enhancement of H2' (1.2%) and H7'a (1.1%).

7,8-Dimethyl-2'-(4-fluorobenzoyl)-1'-(4-fluorophenyl)-1',
2',5',6',7',7'a-hexahydrospiro[indeno[1,2-b]quinoxaline-11,3'-
pyrrolizine] (5f). Light yellow solid; mp 167-169 oC (dec.); IR 
(KBr): V  1746 cm-1. 1H NMR (500 MHz, CDCl3): δ 1.48-2.15 
(m, 4H, pyrrolizine), 2.53 (s, 3H, CH3), 2.54 (m, 1H, pyrrolizine), 
2.58 (s, 3H, CH3), 2.65 (m, 1H, pyrrolizine), 4.17 (t, J = 9.7 
Hz, 1H, H1'), 4.48 (m, 1H, H7'a), 5.36 (d, J = 10.2 Hz, H2'), 
6.27-8.13 (m, 14H, arom). 13C NMR (125 MHz, CDCl3): δ 
17.9, 19.8, 27.3, 30.7, 47.3, 51.3, 65.5, 72.0, 74.6, 113.8, 
114.1, 114.9, 115.2, 121.4, 127.3, 127.8, 128.4, 129.1, 129.2, 
129.5, 129.6, 130.0, 132.6, 135.5, 137.4, 139.0, 139.7, 140.5, 
141.0, 159.7, 163.0, 195.6. MS: (m/z) 557 (M+). Anal. Calcd. 
for C36H29F2N3O: C, 77.54; H, 5.24; N, 7.54. Found: C, 77.55; 
H, 5.32; N, 7.66. NOE (%): irradiation of H1' caused no con-
siderable enhancement of H2' and H7'a. 
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