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Abstract

A novel series of multi-component reactions (MCRs) has been devised for the synthesis of spiro-quinoxaline
pyrrolizine compounds using ninhydrin, o-phenylenediamine, proline, and propiolate esters via a [3+2]
cycloaddition process. This efficient one-pot sequential four-component synthesis demonstrates high
performance in acetonitrile, yielding spiro-quinoxaline pyrrolizine derivatives with remarkable efficiency.
Spiro-quinoxaline pyrrolizine structures represent versatile molecular frameworks with potential applications
in drug discovery, showcasing intriguing features for scaffold diversification.
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Introduction

The discovery of spiro-compounds has garnered significant interest owing to their presence in numerous
bioactive molecules with diverse properties, including antibacterial,’ anti-convulsant,*> anti-tuberculosis,®
anti-microbial,” anti-Alzheimer’s,® anti-dermatitis,” and pain relief agents.!® The effective utilization of N-
heterocycles as foundational structures extends across various pharmacological domains, ranging from
vitamins and herbicides to anti-cancer agents.!! The continuous advancement of synthetic methodologies
remains a focal point of research efforts.'?® Recently, there has been notable attention towards spiro-
guinoxaline pyrrolizine and their derivatives due to their distinctive core structures and significant biological
activities, particularly their acetylcholinesterase (AChE) inhibitory properties.*®

Pyrrolizine alkaloids?® have been subjected to clinical trials for their potential antitumor activities.?!23 In recent
years, ninhydrin-based multi-component reactions have had increased attention due to their rapid and
systematic generation of novel scaffolds. Typically, the condensation of reactive ninhydrin, o-
phenylenediamine, and proline yields azomethine ylides, which are subsequently reacted with various 1,2-
dipoles to yield densely functionalized heterocycles. In the realm of multi-component synthesis of spiro
molecules, Trivedi and colleagues have described a domino approach for synthesizing spiro polycyclic
compounds via [3+2]-cycloaddition between (2)-1-(11H-indeno[1,2-b]quinoxalin-11-ylidene)pyrrolidin-1-ium-
2-ide and nitro styrene.Therefore, the azomethine ylide, which is formed in situ from ninhydrin and proline
[Scheme 1, equation (1)],*° was utilized by our research group in a multi-component reaction to synthesize
pyrrolizine derivatives through a [3+2]-cycloaddition between the azomethine ylide and maleimide [Scheme 1,
equation (2) 1.24%7
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Figure 1. Some examples of bioactive spirocyclic compounds.

Soon after M. S. Reddy et al. reported the synthesis of a spiro compound from azomethine ylide and
substituted alkenes [(Scheme 1, egn (3)]%, significant advancements have been made in this area.

Page 2 of 13 ©AUTHOR(S)



Arkivoc 2024 (8) 202412282 Shinde, S. S. et al.

Previous work:

> NO,
O
N
_R EtOH ~\\
[6) reflux (or) MW - R
| N T e M
OH NH, '
. L
OH N COOH —— 0]
NH, H
o

0 ~ HN
OH NH, N;O/\\I/\/Ph MeOH NN 0-N
\ —_— ‘\ R
OH (I Lt + CHj,
NH, NO, reflux 3 h @ _
o H;C N

Herein, we present a mild and efficient approach for the synthesis of spiro-quinoxalines via [3+2]-
cycloaddition reactions between alkynes and previously prepared azomethine ylides. Importantly, this
method enables the synthesis of fused spiro-quinoxalines pyrrolizine carbohydrates through [3+2]-
cycloaddition reactions between alkynes and azomethine ylides, which are generated in situ from
proline and ninhydrin [Scheme 1, eqn (4)]
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CO,Et
2 O CO,Et
0
NH; I CH,CN Nl
OH , @[ . D\ + 3 Ny
oH NH, N~ ~COOH 50°C, 2h P
H N
o)
5a

------- @

@ Transition metal, reagent and additive free conditions

@ Under air atmosphere

@ Inssitu generation of precedented azomethine ylide

@ Formation of three new C-N bonds two C-C bonds in a single pot
@ Formation of three new rings

Scheme 1. [3+2]-cycloaddition between alkynes and in situ generated azomethine ylide from ninhydrin, o-

phenylenediamine and proline

Results and Discussion

In order to determine the optimal conditions, hydrated ninhydrin (1a), o-phenylenediamine (2a), L-proline
(3a), and ethyl phenylpropiolate (4a) were initially selected as model substrates. It was discovered that the
reaction, which produced the new product (5a) in very low yield, was successful when hydrated ninhydrin (1a),
o-phenylenediamine (2a), proline (3a), and ethyl phenylpropiolate (4a) were treated in acetonitrile solvent at
room temperature under air, for half an hour (Table 1, entry 1).
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Table 1. Optimization of reaction conditions.®

o CO,Et
@E%<OH @[NH2+ QCOOH It Solvents L@

on * N, H + temparature @[ I@

Do) time

la 2a 3a 4a

Entry Solvent Temp (°C) Time (h)  Yield® (%)
1 CH3CN rt 1/2 22
2 CH3CN rt 1 40
3 CH3CN 35 1 70
4 CH3CN 50 2 90
5 methanol 50 4 50
6 Ethanol 50 1 62
7 DCM 40 4 trace
8 DCE 50 4 trace
9 DMF 50 4 trace
10 DMSO 50 4 trace
11 toluene 50 4 NR
12 1,4-dioxane 50 4 NR
13 THF 50 4 NR
14 water 50 4 NR

“Reaction conditions: Ninhydrin (1a, 1.0 mmol), o- phenylenedlamme (2a, 1.0 mmol), L-proline (3a, 1.0 mmol),
and ethyl phenylpropiolate (4a, 1.0 mmol) in Solvent (5.0 mL) in air. ®Yields of the isolated product.

Table 1 provides a summary of the main findings. At room temperature the reaction duration was increased
from 30 minutes (Table 1, entry 1) to one hour in an effort to increase the yield of the intended product (5a)
(Table 1, entry 2). Subsequently, the reaction temperature was raised to 35 °C to increase the yield of (5a),
(Table 1, entry 3). Gratifyingly, when the reaction was performed at 50 °C for a duration of two hours, an
excellent yield (90%) of the desired product (5a) was achieved (Table 1, entry 4). The impact of various other
solvents on the product yield—including methanol, ethanol, dichloromethane, dichloroethane, N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), toluene, 1,4-dioxane, tetrahydrofuran (THF), and
water were examined (Table 1, entries 5-14). Moderate yields of the product (5a) were obtained in protic
solvents like methanol and ethanol (Table 1, entries 5 and 6). Furthermore, even with longer reaction
duration, the intended product was only formed in trace amounts in the chlorinated solvents, such as
dichloromethane and dichloroethane (Table 1, entries 7 and 8), and in the polar solvents, such as DMF and
DMSO (Table 1, entries 9 and 10). Solvents including toluene, 1, 4-dioxane, THF and water failed to produce
the product 5a (Table 1, entries 11-14). Hence, in terms of product yield, it was found that acetonitrile is the
ideal solvent and the optimal condition for the synthesis of desired product (5a) were finalized at 50 °C
temperature for two-hour reaction duration using acetonitrile as the solvent and in air (Table 1, entry 4).

To explore the scope of the methodology, after determining the optimal reaction conditions (Table 1, entry 4),
we evaluated the substrate scope of the current methodology for various substituted alkynes and terminal
alkynes (Table 2). Various derivatives of ethyl phenylpropiolates such as ring substituted with functional
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groups such as nitro, tert-butyl, fluoro, chloro, bromo and cyano, tolerated the reaction conditions well and
produced the desired products with good to excellent yields and selectivity (Table 2, products 5b-5g).
Substituted Methyl phenylpropiolates containing different functional groups such as bromo, nitro, trifluoro
methane and tertiary butyl groups furnished densely functionalized pyrrolizine derivatives with good to
excellent yields (Table 2, products 5h-5k). Phenylacetylene and substituted phenylacetylenes underwent the
[3+2]-cycloaddition reaction with efficiency as the desired pyrrolizine derivatives were obtained in moderate
to good yields (Table 2, products 5I-5n).

Table 2. Investigation of substrate scope
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@Reaction conditions: Ninhydrin (1a, 1.0 mmol), o-phenylenediamine (2a, 1.0 mmol), L-proline (3a, 1.0 mmol),
and ethyl 3-phenylpropiolate (4a-4m, 1.0 mmol) in CH3CN (5.0 mL) under air atmosphere.

The structures and regiochemistry of all the spiro adducts (Table 2) were verified using spectroscopic data. In
the *H NMR spectrum of 5c¢, a triplet at 0.97 ppm (0.97 t, J 7.1 Hz, 3H) indicates the ester CH3 protons. A
singlet at 1.06 ppm (1.06 s, 9H) confirms the presence of a tert-butyl group. A doublet of doublet at 5.11 ppm
(dd, J 9.3, 6.3 Hz, 1H) was observed which resulted from the coupling of neighbouring N atom of pyrrolidine.
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The ester ethyl CH2 protons appeared at 4.05 ppm (q, J 7.1 Hz, 2H), corroborating the regiochemistry of 5c.
Additionally, 12 protons from the indenoquinoxaline ring (8 protons) and the 4-tert-butylphenyl ring (4
protons) were identified.

In the 3C NMR spectrum, the spiro carbon of 5c¢ resonated at 84.30 ppm, with other carbons showing
appropriate chemical shifts consistent with the proposed structure. The high-resolution mass spectrometry
(HRMS) confirmed the product with an observed mass of m/z 516.1237 (found: 516.1234 [M+H]+). The
molecular structure of 5¢ was further confirmed by single-crystal X-ray diffraction (Figure 3). Crystals were
grown by the slow diffusion of hexane into a saturated dichloromethane solution, and were found to be
orthorhombic.

X-ray crystallography:
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Figure 3. X-ray ORTEP diagram of compound (5e).

Based on our findings and relevant literature reports,?® we propose a plausible reaction mechanism for
the multicomponent reaction. First, ninhydrin 1a reacts with o-phenylenediamine 2a to form intermediate B.
In the next step, nitrogen lone pair of L-proline 3a attacks the carbonyl carbon of intermediate B to produce
imine. Subsequently, carboxylic acid of 3a attack on the carbon atom of the imine resulting in the formation of
intermediate C. The intermediate C, subsequently undergoes decarboxylation to form the intermediate D. The
negative charge on intermediate D can be stabilized by the adjacent nitrogen of pyrrolidine. The intermediate
D then participates in a [3+2]-cycloaddition reaction with alkynes 4, yielding the product 5a (Scheme 2).
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Scheme 2. Plausible mechanistic pathway.

Conclusions

In summary, we have demonstrated an efficient one-pot tandem protocol for broadening the synthesis scope
of various spiro-quinoxaline pyrrolizine derivatives in acetonitrile. The reactive intermediate, an azomethine
ylide, undergoes a [3+2]-cycloaddition with both activated and inactivated alkynes, facilitating the synthesis of
densely functionalized pyrrolizine derivatives. This multicomponent reaction facilitated the formation of three
new C-N and two C-C bonds in a single operation. Detailed mechanistic studies are currently ongoing in our
laboratory, and we look forward to sharing our findings in due course.

Experimental Section

General. All substrates and reagents were readily and commercially available. TLC analysis was performed
using pre-coated glass plates. Column chromatography was conducted using silica gel (60-120 mesh). All H
and 3C NMR spectra were recorded in deuterated chloroform (CDCl3) on Advance 300 or 400 or Avance 500
MHz spectrometers. Chemical shifts (§) are reported in parts per million (ppm) relative to residual CHCl3 (*H: 6
7.26 (ppm), 13C: & 77.00 (ppm) as an internal reference. Coupling constants (J) are reported in (Hz). Peak
multiplicities are indicated as: s-singlet, t-triplet, g-quartet, m-multiplate and dd-doublet of doublet. Mass
spectra were recorded by using 70 Ev spectrometer. High resolution mass spectra (HRMS) were recorded
using Applied Bio-sciences HRMS spectrometer at the national center for mass spectroscopy. Ninhydrin, o-
phenylenediamine, L-proline, and ethyl 3-phenyl propiolate and substituted ethyl 3-phenyl propiolate were
purchased from Sigma-Aldrich and used as such. Acetonitrile and other solvents were purchased from local
sources and dried before use.

Synthesis of spiro-quinoxaline pyrrolizine compounds. Ninhydrin (1a, 1.0 mmol), o-phenylenediamine (2a, 1.0
mmol), L-proline (3a, 1.0 mmol), and ethyl phenylpropiolate (4a, 1.0 mmol) were placed in a round bottom
flask containing acetonitrile solvent (5.0 mL) under air and stirred for 2 h at 50 °C. The excess acetonitrile was
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removed through rotary evaporator in vacuo. The reaction mixture was purified by column chromatography
with hexane : ethyl acetate (7:3) mixture to obtain the desired product 5a as a solid.

Ethyl 2'-phenyl-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-carboxylate (5a).
Compound was purified by column chromatography with hexane : ethyl acetate (7:3), white solid *H NMR (500
MHz, CDCl3) & 8.28 —8.24 (m, 1H), 8.05 (d, J 7.6 Hz, 1H), 7.73 — 7.69 (m, 2H), 7.59 — 7.48 (m, 4H), 6.92 (d, J 7.4
Hz, 1H), 6.82 (t, J 7.6 Hz, 2H), 6.52 (d, J 7.3 Hz, 2H), 5.15 (dd, J 9.2, 6.4 Hz, 1H), 4.07 (dt, J 10.9, 3.7 Hz, 2H), 2.84
—2.70 (m, 2H), 2.53 — 2.44 (m, 1H), 2.09 — 1.97 (m, 2H), 1.91 — 1.84 (m, 1H), 1.02 (t, J 7.1 Hz, 3H). 13C NMR (101
MHz, CDCls) 6 176.05, 153.18, 143.72, 142.70, 142.36, 138.25, 134.84, 133.42, 130.90, 130.12, 130.02, 129.70,
128.97, 128.88, 128.42, 127.86, 127.78, 127.51, 127.15, 122.75, 84.43, 73.03, 60.29, 48.41, 32.92, 27.85,
14.15, 13.79.

Ethyl 2'-(2-nitrophenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5b). Yield 74% (373 mg) purified by column chromatography with hexane : ethyl acetate (6:4)
White solid. mp: 185-187 °C; *H NMR (500 MHz, CDCls) § 8.21 (dd, J 8.0, 1.5 Hz, 1H), 8.12 (dd, J 8.1, 1.5 Hz,
1H), 8.07 — 8.04 (m, 1H), 7.83 (dd, J 8.2, 1.0 Hz, 1H), 7.79 — 7.72 (m, 3H), 7.48 — 7.40 (m, 2H), 7.17 — 7.12 (m,
1H), 6.96 (td, J 7.7, 1.1 Hz, 1H), 6.26 (dd, J 7.8, 1.2 Hz, 1H), 5.29 (t, J 7.3 Hz, 1H), 4.14 — 4.03 (m, 2H), 3.32 (td, J
9.7, 5.5 Hz, 1H), 2.78 — 2.73 (m, 1H), 2.48 (dt, J 12.5, 7.5 Hz, 1H), 2.09 — 2.00 (m, 2H), 1.91 (ddd, J 17.1, 12.0,
5.1 Hz, 1H), 1.05 (t, J 7.1 Hz, 3H). 3C NMR (101 MHz, CDCls) & 163.49, 163.37, 153.09, 148.22, 146.20, 142.98,
142.25, 142.00, 138.47, 138.16, 132.42, 131.27, 130.19, 130.11, 129.97, 129.71, 129.09, 129.09, 128.95,
128.45, 128.41, 124.47, 122.40, 83.55, 71.34, 60.64, 50.47, 31.21, 26.43, 13.73. HRMS: (ESI) m/z for
C30H24N404 [M+H] *: calcd: 505.1394, found: 505.1385.

Ethyl 2'-(4-(tert-butyl)phenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5c). Yield 90% (464 mg) purified by column chromatography with hexane : ethyl acetate (7:3)
White solid. mp: 166-168 °C; *H NMR (500 MHz, CDCl3) § 8.05 — 8.00 (m, 2H), 7.81 (s, 1H), 7.54 — 7.47 (m, 3H),
6.85— 6.81 (m, 2H), 6.47 — 6.43 (m, 2H), 5.11 (dd, J 9.3, 6.3 Hz, 1H), 4.10 — 4.00 (m, 2H), 2.72 (ddt, J 13.4, 10.5,
6.5 Hz, 2H), 2.48 (t, 3H), 2.08 — 1.82 (m, 3H), 1.06 (s, 9H), 0.97 (t, J 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) &
164.19, 164.09, 153.32, 152.80, 150.33, 144.01, 142.69, 142.42, 138.29, 134.88, 130.93, 130.30, 130.20,
129.98, 129.67, 128.89, 128.83, 128.36, 127.80, 127.58, 124.90, 124.09, 122.72, 84.30, 72.96, 60.20, 48.41,
34.30, 32.88, 31.07, 29.73, 27.77, 22.72, 13.68. HRMS: (ESI) m/z for C34H23N302 [M+H] *: calcd: 516.1237,
found: 516.1234.

Ethyl 2'-(4-fluorophenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5d). Yield 83% (396 mg) purified by column chromatography with hexane : ethyl acetate (7:3)
White solid. mp: 134-136 °C; *H NMR (500 MHz, CDCls3) & 8.28 — 8.22 (m, 1H), 8.11 — 8.05 (m, 2H), 7.75 - 7.69
(m, 2H), 7.54 (ddd, J 10.1, 7.9, 5.4 Hz, 3H), 6.56 — 6.48 (m, 4H), 4.09 (dddd, J 18.0, 14.2, 7.1, 3.8 Hz, 2H), 3.48
(9,/ 7.0 Hz, 1H), 2.84 — 2.78 (m, 1H), 2.72 (ddd, J 10.6, 8.0, 3.0 Hz, 1H), 2.52 — 2.45 (m, 1H), 2.12 — 1.98 (m, 2H),
1.85 (ddd, J 19.0, 6.6, 4.1 Hz, 1H), 1.06 (t, J 7.1 Hz, 3H). *3C NMR (126 MHz, CDCl3) § 163.68, 163.07, 161.11,
153.09, 152.00, 143.58, 142.74, 142.34, 138.27, 135.25, 130.99, 130.07, 129.83, 129.74, 129.67, 129.03,
128.99, 127.64, 122.86, 114.40, 114.22, 84.41, 73.03, 65.88, 60.41, 48.34, 32.92, 27.87, 15.30, 13.86 . HRMS:
(ESI) m/z for CoHa4 FN3O, [M+H] *: calcd: 478.2169, found: 478.2160.

Ethyl 2'-(4-chlorophenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5e). Yield 82% (405 mg) purified by column chromatography with hexane : ethyl acetate (7:3)
White solid. mp: 174-177 °C; *H NMR (400 MHz, CDCl3) 6 8.27 — 8.23 (m, 1H), 8.10 — 8.04 (m, 2H), 7.75 - 7.70
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(m, 2H), 7.60 — 7.50 (m, 3H), 6.84 — 6.79 (m, 2H), 6.49 — 6.44 (m, 2H), 5.13 (dd, J 9.5, 6.3 Hz, 1H), 4.09 (dddd, J
18.0, 10.9, 7.1, 3.7 Hz, 2H), 2.79 (dd, J 9.0, 7.4 Hz, 1H), 2.74 — 2.68 (m, 1H), 2.52 — 2.45 (m, 1H), 2.13 — 1.98 (m,
2H), 1.90 — 1.80 (m, 1H), 1.07 (t, J 7.1 Hz, 3H). 13C NMR (101 MHz, CDCls) & 163.58, 153.06, 151.86, 143.43,
142.74, 142.31, 138.23, 135.33, 133.62, 131.88, 131.04, 130.23, 130.07, 129.89, 129.27, 129.04, 127.64,
127.53, 127.61, 127.60, 127.62, 122.92, 122.93, 84.34, 73.08, 60.50, 48.33, 32.94, 27.91, 13.89. HRMS: (ESI)
m/z for CzoH24 CIN3O2 [M+H] *: calcd: 494.1649, found: 494.1640.

Ethyl 2'-(2-bromophenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5f). Yield 78% (419 mg) purified by column chromatography with hexane : ethyl acetate (7:3)
White solid. mp: 189-192 °C; 'H NMR (400 MHz, CDCls) 6 8.28 — 8.22 (m, 1H), 8.07 (ddd, J 10.0, 4.2, 1.8 Hz,
2H), 7.76 — 7.69 (m, 2H), 7.61 — 7.47 (m, 4H), 7.00 — 6.94 (m, 2H), 6.45 — 6.37 (m, 2H), 5.13 (dd, J 9.5, 6.3 Hz,
1H), 4.09 (dddd, J 18.0, 10.9, 7.1, 3.7 Hz, 2H), 2.84 — 2.68 (m, 2H), 2.53 — 2.44 (m, 1H), 2.13 — 1.97 (m, 2H), 1.90
— 1.81 (m, 1H), 1.08 (t, 3H). 3C NMR (126 MHz, CDCl3) & 164.04, 163.55, 153.03, 152.16, 143.37, 142.76,
142.31, 138.27, 134.96, 132.18, 131.31, 131.03, 130.54, 130.25, 130.05, 129.88, 129.47, 129.05, 128.82,
127.60, 126.48, 122.94, 122.09, 84.23, 73.01, 51.63, 48.37, 32.87, 29.72, 27.82. HRMS: (ESI) m/z for CszoH24
BrNsO; [M+H] *: calcd: 538.1394, found: 538.1385.

Ethyl 2'-(2-cyanophenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5g). Yield 75% (363 mg) purified by column chromatography with hexane : ethyl acetate (6:4)
White solid. mp: 180-185 °C; *H NMR (400 MHz, CDCls) & 8.32 — 8.26 (m, 1H), 8.15 — 8.10 (m, 1H), 8.01 (d, J
7.5 Hz, 1H), 7.83 - 7.74 (m, 3H), 7.54 (t, J 7.3 Hz, 1H), 7.49 — 7.38 (m, 2H), 7.07 (t, / 7.6 Hz, 1H), 6.93 (t, / 7.6 Hz,
1H), 6.22 (d, J 7.8 Hz, 1H), 5.20 (t, J 7.4 Hz, 1H), 4.22 — 4.11 (m, 2H), 3.03 — 2.94 (m, 1H), 2.77 — 2.70 (m, 1H),
2.54 (dt, J 10.3, 7.1 Hz, 1H), 2.14 — 1.96 (m, 3H), 1.10 (t, J 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl3) & 163.66,
162.86, 153.37, 147.21, 142.98, 142.34, 142.29, 138.90, 137.73, 137.36, 132.22, 131.79, 131.25, 130.25,
130.16, 130.09, 129.16, 129.12, 128.74, 127.96, 126.77, 122.49, 118.41, 113.53, 84.33, 72.68, 60.81, 49.38,
32.69, 27.22, 13.80. HRMS: (ESI) m/z for C31H24 N4O2 [M+H] *: calcd: 485.1394, found: 485.1385.

Methyl 2'-(4-bromophenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5h). Yield 82%, (429 mg) purified by column chromatography with hexane : ethyl acetate (7:3)
White solid, mp: 154-156°C; *H NMR (500 MHz, CDCl3) & 8.26 — 8.21 (m, 1H), 8.10 — 8.05 (m, 2H), 7.75 — 7.69
(m, 2H), 7.61 — 7.47 (m, 4H), 6.99 — 6.96 (m, 2H), 6.42 — 6.39 (m, 2H), 5.13 (dd, J 9.5, 6.3 Hz, 1H), 3.65 (s, 3H),
2.84 — 2.77 (m, 1H), 2.73 — 2.68 (m, 1H), 2.51 — 2.43 (m, 1H), 2.14 — 2.05 (m, 1H), 2.04 — 1.97 (m, 1H), 1.89 —
1.80 (m, 1H). 3C NMR (126 MHz, CDCl3) & 164.04, 163.55, 153.03, 152.17, 143.36, 142.76, 142.31, 138.27,
134.95, 132.18, 131.04, 130.54, 130.26, 130.05, 129.89, 129.48, 129.06, 127.61, 122.95, 122.10, 84.23, 73.02,
51.64, 48.38, 32.88, 27.82. HRMS: (ESI) m/z for Ca9H22 BrN3O; [M+H] *: calcd: 524.1494, found: 524.1485.
Methyl 2'-(4-tert-butylphenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5i). Yield 85% (426 mg) purified by column chromatography with hexane:ethyl acetate (7:3)
White solid. mp: 170-174 °C; 'H NMR (500 MHz, CDCls) & 8.07 — 7.99 (m, 2H), 7.81 (s, 1H), 7.55 — 7.47 (m, 3H),
6.84 — 6.81 (m, 2H), 6.47 — 6.43 (m, 2H), 5.11 (dd, J 9.3, 6.3 Hz, 1H), 4.09 — 4.01 (m, 1H), 2.78 — 2.74 (m, 1H),
2.71 - 2.65 (m, 1H), 2.49 (g, 3H), 2.48 (s, 2H), 2.08 — 1.96 (m, 1H), 1.86 — 1.81 (m, 1H), 1.06 (s, 9H). 13C NMR
(101 MHz, CDCls) 6 164.13, 163.18, 153.11, 152.42, 150.21, 143.74, 141.45, 141.26, 140.01, 139.18, 138.60,
134.70, 130.44, 129.83, 129.46, 128.16, 127.69, 127.57, 127.57, 124.02, 124.02, 122.39, 84.30, 72.93, 60.15,
48.36, 34.28, 32.91, 31.08, 27.78, 20.32, 20.28, 13.68. HRMS: (ESI) m/z for Cs3H32N302 [M+H] *: calcd:
502.1294, found: 502.1285.

Methyl 2'-(4-nitrophenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-1'-
carboxylate (5j). Yield 75% (368 mg) purified by column chromatography with hexane : ethyl acetate (6:4)
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White solid. mp: 203-206 °C; 'H NMR (400 MHz, CDCls) 6 8.28 — 8.23 (m, 1H), 8.10 — 8.04 (m, 2H), 7.76 — 7.70
(m, 4H), 7.63 — 7.52 (m, 3H), 6.75 — 6.70 (m, 2H), 3.65 (d, J 5.0 Hz, 3H), 3.48 (q, J 7.0 Hz, 1H), 2.87 — 2.80 (m,
1H), 2.73 (ddd, J 10.6, 7.9, 3.1 Hz, 1H), 2.50 (ddd, J 8.9, 6.6, 3.4 Hz, 1H), 2.08 (dddd, J 15.7, 10.8, 5.8, 2.6 Hz,
2H), 1.88 (ddd, J 14.8, 10.8, 5.5 Hz, 1H). 3C NMR (126 MHz, CDCl3) § 163.62, 163.02, 152.80, 151.22, 147.13,
142.83, 142.28, 140.37, 138.24, 135.96, 131.18, 130.54, 130.13, 130.00, 130.10, 129.28, 129.13, 128.97,
128.97, 127.54, 123.09, 123.09, 122.58, 84.24, 73.12, 51.82, 48.38, 32.85, 27.88. HRMS: (ESI) m/z for Ca9H23
N4O4 [M+H] *: calcd: 491.1260, found: 491.1250.
Methyl 2’-(4-(trifluoromethyl)phenyl)-5’,6’,7’,7a’-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3’-
pyrrolizine]-1’-carboxylate(5k). Yield 70% (359 mg) purified by column chromatography with hexane : ethyl
acetate (7:3) White solid. mp: 190-194 °C; *H NMR (500 MHz, CDCl3) 6 8.27 — 8.23 (m, 1H), 8.07 (ddd, J 8.7,
5.5, 3.2 Hz, 2H), 7.72 (ddd, J 8.6, 5.0, 2.2 Hz, 2H), 7.60 — 7.52 (m, 3H), 7.11 (d, J 8.3 Hz, 2H), 6.67 (d, J 8.1 Hz,
2H), 5.16 (dd, J 9.5, 6.3 Hz, 1H), 3.64 (s, 3H), 2.84 — 2.78 (m, 1H), 2.72 (ddd, J 10.6, 8.0, 3.0 Hz, 1H), 2.52 — 2.46
(m, 1H), 2.14 — 2.07 (m, 1H), 2.03 — 1.98 (m, 1H), 1.91 — 1.83 (m, 1H). 13C NMR (101 MHz) & 163.87, 163.37,
152.98, 151.90, 143.16, 142.79, 142.32, 138.25, 137.08, 135.48, 131.06, 130.35, 130.06, 129.96, 129.78,
129.46, 129.11, 129.08, 128.27, 127.59, 124.29, 124.26, 122.98, 84.27, 73.03, 51.69, 48.37, 32.87, 27.84,
14.22. 130.6 (1C, g, J13C-1F =3.9 Hz) HRMS: (ESI) m/z for CaoHaz O:NsFs [M+H] *: calcd: 514.1748, found:
514.1736.
2'-phenyl-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] (51). Yield 79% (383 mg)
purified by column chromatography with hexane : ethyl acetate (8:2) White solid. mp: 145-150 °C; 'H NMR
(400 MHz, CDCls) 6 8.23 (d, J 7.3 Hz, 1H), 8.13 (ddd, J 11.5, 8.0, 1.0 Hz, 2H), 7.68 (ddt, J 8.2, 6.9, 5.4 Hz, 2H),
7.55 —7.45 (m, 2H), 7.36 (d, J 7.5 Hz, 1H), 6.95 — 6.89 (m, 2H), 6.75 (d, J 2.0 Hz, 1H), 6.71 — 6.67 (m, 2H), 4.90 (t,
J7.0 Hz, 1H), 2.72 (dd, J 8.7, 7.0 Hz, 1H), 2.62 — 2.56 (m, 1H), 2.21 (ddd, J 14.4, 7.0, 3.5 Hz, 1H), 1.97 — 1.88 (m,
2H), 1.83 — 1.69 (m, 2H). 33C NMR (126 MHz, CDCl3) 6 165.21, 153.32, 145.38, 142.75, 142.45, 141.56, 138.15,
133.62, 132.84, 131.16, 130.17, 129.81, 129.46, 128.91, 128.74, 128.07, 128.07, 127.58, 127.33, 126.43,
126.43, 122.79, 80.83, 71.62, 49.00, 32.00, 27.49. HRMS: (ESI) m/z for Ca7H21 N3 [M+H] *: calcd: 388.1394,
found: 388.1385.
2'-(p-tolyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] (5m). Yield 80% (321 mg)
purified by column chromatography with hexane:ethyl acetate (8:2) White solid. mp: 160-164 °C; *H NMR (300
MHz, CDCls) & 8.23 (d, J 7.1 Hz, 1H), 8.13 (td, J 8.2, 1.1 Hz, 2H), 7.73 — 7.62 (m, 2H), 7.50 (dtd, J 20.7, 7.3, 1.1
Hz, 2H), 7.36 (d, J 7.3 Hz, 1H), 6.73 — 6.69 (m, 2H), 6.58 (d, J 8.2 Hz, 2H), 4.88 (t, J 6.9 Hz, 1H), 2.71 (dd, J 16.4,
9.3 Hz, 1H), 2.58 (ddd, J 10.5, 7.1, 3.7 Hz, 1H), 2.27 — 2.15 (m, 1H), 2.08 (s, 3H), 1.93 (ddd, J 18.4, 11.0, 6.0 Hz,
2H), 1.70 (dd, J 20.5, 9.2 Hz, 2H). 3C NMR (101 MHz, CDCl3) 6 165.35, 153.35, 145.58, 142.74, 142.48, 141.41,
138.14, 137.11, 131.91, 131.17, 130.70, 130.20, 129.77, 129.42, 128.89, 128.80, 128.80, 128.70, 127.58,
126.29, 126.29, 122.76, 80.84, 71.65, 48.95, 32.10, 27.54, 20.95. HRMS: (ESI) m/z for CagH23 N3 [M+H] *: calcd:
402.1394, found: 402.1385.
2'-(4-ethylphenyl)-5',6',7',7a'-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizine] (5n). Yield 81%
(336 mg) purified by column chromatography with hexane :ethyl acetate (8:2) White solid. mp: 137-140 °C; H
NMR (400 MHz, CDCls) & 8.24 (d, J 7.5 Hz, 1H), 8.15 —8.11 (m, 2H), 7.67 (ddd, J 7.8, 7.1, 1.0 Hz, 2H), 7.55 — 7.51
(m, 1H), 7.49 — 7.45 (m, 1H), 7.37 (d, J 7.5 Hz, 1H), 6.72 (d, J 2.1 Hz, 2H), 6.61 (d, J 8.3 Hz, 2H), 4.97 — 4.86 (m,
1H), 2.72 (dd, J 16.5, 9.3 Hz, 1H), 2.63 — 2.56 (m, 1H), 2.41 — 2.34 (m, 2H), 2.20 (ddd, J 14.5, 7.0, 3.5 Hz, 1H),
1.99 — 1.85 (m, 2H), 1.72 (dt, J 17.7, 8.0 Hz, 1H), 1.20 (d, J 7.6 Hz, 1H), 1.02 (t, J 7.6 Hz, 3H). 13C NMR (126 MHz,
CDCl3) 6 153.33, 145.55, 144.23, 143.41, 142.74, 142.46, 141.31, 138.17, 136.70, 131.91, 131.19, 130.20,
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129.82, 129.45, 128.90, 128.72, 127.60, 127.60, 126.31, 126.31, 122.81, 80.78, 71.59, 48.99, 32.05, 29.73,
28.28, 15.08. HRMS: (ESI) m/z for CagH2s N3 [M+H] *: calcd: 416.1394, found: 416.1385.

X-ray crystallography study. X-ray data for the compound was collected at room temperature on a Bruker D8
QUEST instrument with an IuS Mo microsource (A = 0.7107 A) and a PHOTON-100 detector. The raw data
frames of 5h were reduced and corrected for absorption effects using the Bruker Apex 3 software suite
programs [1]. The structure was solved using intrinsic phasing method [2] and further refined with the SHELXL
[2] program and expanded using Fourier techniques. Anisotropic displacement parameters were included for
all non-hydrogen atoms. All C bound H atoms of were positioned geometrically and treated as riding on their
parent C atoms [C-H = 0.93-0.97 A, and Uiso(H) = 1.5Ueq(C) for methyl H or 1.2Ueq(C) for other H atoms].

Crystal structure determination of 5e. Crystal Data for C3oH24N30.Cl (M =493.97 g/mol): monoclinic, space
group P21/c (no. 14), a = 19.6937(15) A, b = 13.4393(9) A, ¢ = 9.6001(7) A, 8 = 98.102(2)°, V = 2515.5(3) A3, 7=
4, T=1294.15 K, u(MoKa) = 0.185 mm™, Dcalc = 1.304 g/cm?3, 33466 reflections measured (5.162° < 20 < 50°),
4432 unique (Rint = 0.0678, Rsigma = 0.0412) which were used in all calculations. The final R1 was 0.0604 (I >
20(l)) and wR> was 0.1693 (all data). CCDC 2049616 contains supplementary Crystallographic data for the
structure. These data can be obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from
the Cambridge Crystallographic Data Centre (CCDC), 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44(0) 1223
336 033; email: deposit@ccdc.cam.ac.uk ].
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