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Abstract The reaction of azomethine ylide generated
in situ from ninhydrin and sarcosine/thiaproline with flu-
orinated cyclopent[b]indole dipolarophiles in refluxing
dioxane and methanol afforded a novel class of fluorinated
cyclopent[b]indole dispiroheterocycles via 1,3-dipolar cyclo-
addition. The crystal structures of 4'-[4-(trifluoromethyl)-
phenyl]-1’,5-dimethyl-2,3-dihydrodispiro[cyclopent[b]-
indol-2,3’-pyrrolidine-2’,2"-indene]-1,1"”,3"-trione  and
4'-(4-fluorophenyl)-5-methyl-2,3-dihydrodispiro[cyclopent
[blindol-2,3’-pyrrolizidine-2',2”-indene]-1,1"”,3”-trione are
reported. New compounds are investigated theoretically
via DFT calculations utilizing M062X hybrid function with
6-311++G(d,p) basis sets in vacuum. Results from in vitro
cytotoxicity screening are compared with those of standard
drugs.
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Introduction

A large number of indole alkaloids from cyclopent[b]in-
dole ring systems include structurally complex tremorgenic
mycotoxins [1] such as paxilline, paspaline, lolitrems,
janthitrems, and yuehchukenes [2]. From the review of
literature, we realized that many alkaloids containing
cyclopent[b]indole unit in their architecture have displayed
a broad spectrum of pharmacological properties [3-6]. A
significant reaction mechanism for constructing pyrrolidine
and pyrrolizidine spiroheterocycles takes advantage of the
azomethine ylide generated via 1,3-dipolar cycloaddition
[7]. Some naturally occurring substances with highly pro-
nounced biological properties are prolific for the
production of spiro compounds [8]. Here, functionalized
pyrrolidine, pyrrolizidine, and oxindole alkaloids represent
a novel class of compounds with remarkable biological
activities. The spirooxindole structure has been utilized in
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numerous pharmacological agents and natural alkaloids
[9, 10]. Fluoroorganics play a vital role in the development
of many useful compounds in the agrochemical, pharma-
ceutical and material science avenue. Fluorination of
heterocycles helps in tuning the course of the reaction
besides influencing the biological/pharmacological activ-
ity. Incorporation of a trifluoromethyl substituent has been
shown to increase the phytotoxicity along with selectivity
and arenes bearing a trifluoromethyl substituent comprise
the largest subgroup of commercially promising pesticides
and herbicides [11-15].

The synthesis of dispiro compounds containing indole
and quinolines was reported by our group recently [16—18].
Herein we report the synthesis of novel fluorinated
dispiroheterocycles from the reaction of azomethine ylide
generated in situ from ninhydrin and sarcosine/thiaproline
with fluorinated cyclopent[b]indole dipolarophiles [19-21]
in refluxing dioxane and methanol to afford via 1,3-dipolar
cycloaddition. The stereochemistry and stability of the
fluorinated compounds are well documented through single
crystal XRD studies as well as DFT calculations. Quantum
calculation studies of molecular properties have been pro-
ven useful [22-26] and are here performed at the M062X/
6-3114+4+G(d,p) level of theory in vacuum. Optimized
structural parameters, vibration frequencies, contour dia-
gram of frontier molecular orbitals (FMOs), molecular
electrostatic potential (MEP) maps, MEP contours, and
non-linear optical (NLO) properties of compounds 4'-[4-
(triffuoromethyl)phenyl]-1’,5-dimethyl-2,3-dihydrodispiro-
[cyclopent[b]indol-2,3’-pyrrolidine-2’,2"-indene]-1,1",3"-
trione (3) and 4'-(4-fluorophenyl)-5-methyl-2,3-dihydro-
dispiro[cyclopent[b]indol-2,3’-pyrrolizidine-2’,2"-indene]-
1,1”,3"-trione (4) are calculated with Gaussian09 [27]. In
evaluating the cytotoxicity of the newly synthesized
compounds, two different cancer cell lines were utilized
such as Hel a (cervix adenocarcinoma), and MCF-7 (breast
cancer).

Results and discussion
Chemistry

The 1,3-dipolar cycloaddition reaction of azomethine ylide,
generated in situ via decarboxylative condensation of sar-
cosine  with  ninhydrin (2) to  5-methyl-2-[4-
(trifluoromethyl)phenylmethylene]-1,2,3,8-tetrahydrocyclo-
pent[b]indol-1-one (la) in dioxane and methanol under
reflux condition afforded a new class of regioselective
dispiro substituted 1-oxo-cyclopent[b]indole compound 3
(Scheme 1). The FT-IR spectrum of the compound 3
showed strong bands at 3279, 1709, and 1646 cm_l, which
were due to the presence of NH, ninhydrin C=0, and
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cyclopent[blindole C=O groups, respectively. The 'H NMR
spectrum of 3 showed one proton singlet at 6 = 11.29 ppm
for cyclopent[b]indole NH proton. In particular, a triplet at
4.65 ppm with J = 9.2 Hz was due to pyrrolidine ring C4—
H proton, which confirmed the product. The methylene
protons of pyrrolidine ring appeared as a two doublets at
3.88 (J=9.2Hz) and 3.48 (J=9.2 Hz) ppm. These
results also confirmed the regiochemistry of the cycload-
duct. Further, two doublets at 3.68 (J = 17.6 Hz), and 2.76
(J = 17.6 Hz) ppm were due to methylene protons of the
cyclopent[b]indole ring and two three proton singlets at
2.30 and 2.28 ppm were due to two methyl group protons
(Fig. 1). Its '*C NMR spectrum showed the presence of 30
carbons including the three carbonyl carbons at 6 = 200.12,
197.15, and 188.99 ppm for two carbonyl groups of nin-
hydrin and one carbonyl group of cyclopent[b]indole ring
system and two peaks at 81.82 and 71.91 ppm due to two
spiro carbons. The elemental analysis was found to be
C51H,3F3N,0,4 and its HR mass was further supported by
the appearance of the peak at m/z = 551.1601 (M*+Na)
and also in good agreement with the proposed structure.
Based on the above spectral evidence and elemental
analysis data supported the structure as 4'-[4-(trifluo-
romethyl)phenyl]-1’,5-dimethyl-2,3-dihydrodispiro[cyclo-
pent[b] indol-2,3'-pyrrolidine-2’,2”-indene]-1,1”,3"-trione
(3). The structure of the compound 3 was confirmed via
single crystal X-ray diffraction studies (Fig. 2). Further,
IR, NMR spectra, and geometrical parameters of molecule
3 was calculated at the M062X/6-3114++G(d,p) level of
theory in the gas phase. Good agreement was found
between experimental and calculated results in the Sup-
plementary Material (Tables S3—S7 and Figures S1-S6).

The formation of regioisomer 3 could be explained
by in view of the secondary orbital interaction of the
orbital of the carbonyl group of dipolarophile 1a with
those of the azomethine ylide (2a, generated from the
decarboxylative condensation of ninhydrin with sar-
cosine) via endo selectivity. Therefore, the observed
regioisomer 3 via path A is more favorable because of
the secondary orbital interaction [28-30] which is not
possible in path B for getting other isomer 3’ as shown
in Scheme 2.

Similarly, the 1,3-dipolar cycloaddition of azomethine
ylide generated in situ from the reaction of ninhydrin and
thiaproline to  5-methyl-2-(4-fluorophenylmethylene)-
1,2,3,8-tetrahydrocyclopent[b]indol-1-one (1b) in dioxane
and methanol under reflux condition afforded dispirothia-
pyrrolizidine 4 in good yields in a regioselective manner
(Scheme 3). The compound 4 was unambiguously char-
acterized by means of FT-IR, 'H and '3C NMR spectral,
and elemental analysis data. The structure of compound 4
was further confirmed via single crystal X-ray diffraction
studies (Fig. 3).
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Fig. 2 X-ray crystal structure of 3 with thermal ellipsoids at the 50%
probability level

Frontier molecular orbitals, molecular electrostatic
potential maps and contours

Frontier molecular orbitals which are highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular
orbitals (LUMO) play an important role in chemical
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interaction, reaction, etc. Selected parts of molecular orbital
energy diagram of molecules 3 and 4 are represented in
Fig. S7. Inthese diagrams, degeneracy tolerance is determined
as 0.005 a.u. Contour map diagrams of investigated com-
pounds 3 and 4 of HOMO and LUMO are represented in
Figs. S8 and S9, respectively. There are red and green lobes in
these contour plots. These regions are active in interaction
with appropriate molecules. If molecule gives electrons, red
and green lobes are active in interaction. However, there is no
electron in LUMO. If molecule accepts electrons, these
electrons will localize on red and green regions on structures.
Molecular electrostatic potential (MEP) maps are related
to electron mobility and density on molecule surface.
These maps can be used to predict the active sites on
molecules. MEP map and contour of investigated mole-
cules 3 and 4 are calculated at same level of theory and
represented in Fig. S10 and S11. The colors between red
and green in MEP maps are related to electrophilic reac-
tivity. Additionally, the colors between green and blue in
MEP maps are related to nucleophilic reactivity. According
to MEP maps in Fig. S11, electrophilic active regions are in
the vicinity of oxygen atoms while the environment of
nitrogen atoms is appropriate for nucleophilic attack.

Non-linear optical (NLO) properties

Calculated quantum chemical descriptors, including the
total static dipole moment (i), the average linear
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It can be observed from Table S8, mentioned parameters
of studied compounds 3 and 4 are calculated at the same
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Fig. 3 X-ray crystal structure of 4 with thermal ellipsoids at the 50%
probability level

level of theory. NLO properties can be affected from
polarizability, anisotropy of the polarizability and
hyperpolarizability. NLO properties increase with
increasing these parameters. Numerical values of related
parameters for urea and compounds 3 and 4 are plotted the
column graphs and these are represented in Figs. S12 and
S13, respectively. Related parameters are important in
determination of NLO activation, urea is used as reference
substance [31-34]. Therefore, urea is optimized at the same
level of theory. The activity ranking is given as follow:
compound 4 > compound 3 > urea (in g, o, Aa, and f).
According to Figs. S12, S13 and Table S8, investigated
compounds 3 and 4 are more suitable for NLO applications
compared to standard reference urea.

In vitro cytotoxicity

The in vitro cytotoxicity of 4’-[4-(trifluoromethyl)phenyl]-
l',5-dimethyl-2,3-dihydrodispiro[cyclopent[b]indol-2,3’-

pyrrolidine-2/,2"-indene]-1,1”,3"-trione  and  4'-(4-fluo-
rophenyl)-5-methyl-2,3-dihydrodispiro[cyclopent[b]indol-
2,3’-pyrrolizidine-2’,2"-indene]-1,1”,3"-trione  was evalu-
ated by the MTT method [35] against a pair of selected
human breast cancer cell line (MCF-7) and cervix adeno-
carcinoma cell line (HeLa) by means of a colorimetric
assay (MTT assay). This assay method measures mito-
chondrial dehydrogenase activity as an indication of cell
viability after an exposure period of 24 h in the respective
concentration range of 5-100 pM. Upon increasing the
concentration of the compound, the results of MTT assay
revealed a better growth inhibitory effect in a dose-de-
pendent manner against HeLa and MCF-7 cells with ICsy

Table 1 In vitro cytotoxicity ICsq values

Compounds MCF-7 HeLa (cervix
(breast adenocarcinoma)
cancer)

3 116.07 94.67

4 27.35 68.49

5-Fluorouracil 181 287

Cisplatin - 30

Methotrexate 190 -

values generally in the micromolar concentrations. Hence,
compound 3 exhibits cytotoxicity in human breast cancer
cells (MCF-7) 116.07 uM compared to cervix adenocar-
cinoma cells (HeLa) 94.67 uM. But compound 4 exhibits
higher cytotoxicity in human breast cancer cells (MCF-7)
27.35 uM  compared to cervix adenocarcinoma cells
(HeLa) 68.49 uM. These results disclose that the newly
synthesized compounds 3 and 4 have significantly lower
ICso values when compared to the conventional
chemotherapeutic drug 5-fluorouracil. Further comparing
with the ICs, values of other drugs such as cisplatin and
methotrexate under similar conditions show that the ICs
values for the synthesized compounds are significantly
lower than their conventional counter parts, suggesting
enhanced cytotoxic efficacy of these compounds (Table 1).
Among the newly synthesized dispiroheterocyclic com-
pounds, compound 4 showed stronger cytotoxic activity
against HeLLa and MCF-7 cell lines compared to compound
3 and standard drugs. This might be due to the presence of
pyrrolizidine ring and the ninhydrin, oxindole groups,
which enhanced the cytotoxic activity.

Conclusion

The 1,3-dipolar cycloaddition reaction of azomethine ylide
generated in situ from ninhydrin and sarcosine/thiaproline
with fluorinated cyclopent[b]indole dipolarophiles in
refluxing dioxane and methanol afforded a novel class of
fluorinated cyclopent[b]indole dispiroheterocycles. The
crystal structures of 4'-[4-(trifluoromethyl)phenyl]-1’,5-
dimethyl-2,3-dihydrodispiro[cyclopent[b]indol-2,3’-pyrro-

lidine-2',2"-indene]-1,1",3"-trione and 4’-(4-fluorophenyl)-
5-methyl-2,3-dihydrodispiro[cyclopent[b]indol-2,3'-pyrro-

lizidine-2’,2"-indene]-1,1”,3”-trione were obtained. The
NMR and IR frequencies were calculated and the scaled
values have been compared with experimental FT-NMR
and FT-IR spectra. The geometrical parameters compared
well with experimental XRD values and the corresponding
correlation coefficient values. The molecular electrostatic
potential (MEP) analysis and electronic properties, such as
HOMO and LUMO energies were obtained using the
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MO062X method with 6-3114-G(d,p) basis sets in vacuum,
showing an excellent agreement between the experimental
and calculated values. Calculated high NLO properties of
compounds 3 and 4 indicate suitability for NLO applica-
tions. Compounds 3 and 4 have significantly lower ICsq
values than the conventional chemotherapeutic drug
5-fluorouracil. Further comparison with the ICsy values of
other drugs such as cisplatin and methotrexate under sim-
ilar conditions shows again that the ICsq values for the
synthesized compounds are significantly lower than their
conventional counter parts, suggesting enhanced cytotoxic
efficacy of these compounds.

Experimental

Melting points were determined on a Mettler FP 51 appa-
ratus (Mettler Instruments, Switzerland). A Nicolet Avatar
Model FT-IR spectrophotometer was used to record the IR
spectra (4000-400 cm™"). 'H NMR and 'C NMR spectra
were recorded on Bruker AV 400 [400 MHz (IH) and
100 MHz ('*C)] spectrometers using tetramethylsilane
(TMS) as an internal reference. The chemical shifts are
expressed in parts per million (ppm). Coupling constants
(J) are reported in hertz (Hz). The terms J, and J,,, refer to
ortho-coupling constant and meta-coupling constant. The
terms s, d, t, dd refer to singlet, doublet, triplet and doublet
of doublet, respectively, b s refers to a broad singlet.
Microanalyses were performed on a Vario EL III model
CHNS analyzer (Vario, Germany) at the Department of
Chemistry, Bharathiar University. X-ray diffraction mea-
surements were performed on a Bruker-Nonius FR590
Kappa CCD diffractometer at 130 K and a Bruker APEX II
at 100 K, using monochromatic Mo Ka radiation. CIF files
for compounds 3 and 4 have been deposited with the
Cambridge Crystallographic Data Centre as CCDC number
1472338 and 1472337. Copies of the data can be obtained,
free of charge, on application to CCDC, 12 Union Road,
Cambridge, CB2 1EZ, UK. [Fax: +44 (0) 1223 336033 or
e-mail: deposit@ccdc.cam.ac.uk. The purity of the prod-
ucts was tested by TLC with plates coated with silica gel-G
using petroleum ether and ethyl acetate in the ratio of 1:1
as developing solvents.

4'-[4-(Trifluoromethyl)phenyl]-1',5-dimethyl-2,3-dihy-
drodispiro[cyclopent[b]indol-2,3'-pyrrolidine-2',2"-in-
dene]-],]”,j’”—trione (3, C31H23F3N204)

A  mixture of 5-methyl-2-[4-(trifluoromethyl)phenyl-
methylene]-1,2,3,8-tetrahydrocyclopent[b]indol-1-one 1a
(1.0 mmol), sarcosine (1.0 mmol), and ninhydrin 2
(1.0 mmol) was refluxed in 30 cm” dioxane:methanol
(1:1) for 5 h. Completion of the reaction was evidenced
by TLC analysis. The solvent was removed in vacuo and

3
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crude product was subjected to silica gel column chro-
matography using petroleum ether:ethylacetate (90:10) as
an eluant to yield the corresponding product 3. Yellow
solid; yield: 369 mg (70%); m.p.: 226-228 °C; 1646; 'H
NMR (400 MHz, DMSO-dg): 6 = 2.28 (s, 3H, N,/-CH3),
2.30 (s, 3H, Cs—CH3), 2.76 (d, 1H, C3,-H, J = 18.00 Hz),
348 (d, 1H, Cs,’-H, J = 9.20 Hz), 3.68 (d, 1H, C3,-H,
J = 18.00 Hz), 3.88 (d, 1H, Cs,/'-H, J = 9.20 Hz), 4.65 (d,
IH, C4/-H, J = 9.20 Hz), 6.97-7.11 (m, 4H, C,”"—, C3"-,
Cs”—, C¢”-H), 7.16-7.20 (m, 2H, C¢—, C;-H), 7.33 (s, 1H,
C,-H), 7.58 (d, 1H, Cs"-H, J = 7.60 Hz), 7.77-7.81 (m,
1H, C¢"-H), 7.96-7.97 (m, 2H, C,"-, C;"-H), 11.29 (s, 1H,
Cg-NH) ppm; '*C NMR (100 MHz, DMSO-dy):
0 =20.77, 24.18, 35.54, 47.27, 55.03, 71.91, 81.82,
113.32, 115.02, 115.23, 120.80, 122.23, 122.50, 122.60,
129.24, 129.59, 130.01, 132.53, 132.56, 136.08, 137.25,
137.87, 140.36, 140.40, 142.72, 143.77, 159.81, 162.23,
188.99, 197.45, 200.12 ppm; FT-IR (KBr): v = 3279,
1709 cm™'; HRMS: 529.1797 (M), 551.1601 (M +Na).

4'-(4-Fluorophenyl)-5-methyl-2,3-dihydrodispiro[cy-
clopent[b]indol-2,3 -pyrrolizidine-2',2"-indene]-1,1",3" -
trione (4, C31H23FN203S)

A  mixture of 5-methyl-2-(4-fluorophenylmethylene)-
1,2,3,8-tetrahydrocyclopent[b]indol-1-one 1b (1.0 mmol),
1,3-thiazolan-4-carboxylic acid (1.0 mmol), and ninhydrin
2 (1.0 mmol) was refluxed in 30 cm® dioxane: methanol
(1:1) for 5 h. Completion of the reaction was evidenced by
TLC analysis. The solvent was removed in vacuo and crude
product was subjected to silica gel column chromatography
using petroleum ether: ethylacetate (90:10) as an eluant to
yield the corresponding product 4. Yellow solid; yield:
365 mg (70%); m.p.: 212-214 °C; 'H NMR (400 MHz,
DMSO-dg): 6 = 2.31 (s, 3H, Cs—CH3), 2.91 (d, 1H, C5,—H,
J = 18.00 Hz), 3.09-3.15 (m, 2H, Cg'-H,), 3.64 (d, 1H,
Ce/—H, J = 8.00 Hz), 3.76 (d, 1H, C3,—H, J = 18.00 Hz),
3.87 (d, 1H, Cg,/-H, J = 8.00 Hz), 4.25 (d, 1H, C/-H,
J = 8.00 Hz), 4.67-4.72 (m, 1H, Cs'-H), 6.99-7.13 (m,
4H, C,"—, C3”"—, C5s"—, C¢”-H), 7.25-7.29 (m, 2H, C¢-,
C,-H), 7.35 (s, 1H, C4-H), 7.56 (d, 1H, Cs"-H,
J =17.60 Hz), 7.77-7.81 (m, 1H, C4¢"-H), 7.96-7.99 (m,
2H, C,"—, C;"-H), 11.29 (s, 1H, Cs~NH) ppm; '*C NMR
(100 MHz, DMSO-dg): 6 = 20.76, 24.21, 35.32, 49.83,
51.46,70.34,76.54, 81.11, 113.31, 115.15, 115.35, 120.81,
122.10, 122.59, 129.31, 129.74, 130.16, 130.24, 131.15,
136.26, 137.10, 137.50, 139.72, 140.66, 142.82, 143.40,
159.97, 187.37, 196.71, 199.60 ppm; FT-IR (KBr):
v = 3264, 1710, 1634 cm ™.
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