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dodecylbenzenesulphonic acid as a Brgnsted acid-surfactant-

Prasun Mukherjee, Sanjay Paul, Asish R. Das*

An efficient, three-component, one-pot synthesis of highly functionalized tricyclic 4-spiro pyrano(2,3-c]pyrazoles,

incorporating medicinally privileged heterocyclic moieties, has been developed that involves the tandem

Knoevenagel/Michael addition reaction followed by dehydrative cyclization of pyrazolone derivatives, cyclic 1,3-diketones

and cyclic ketones, catalyzed by dodecylbenzenesulphonic acid (DBSA) as a Brgnsted acid-surfactant-combined catalyst in

aqueous media. The catalyst has found to be highly competent in accelerating this reaction that results in a considerable

short reaction time, alleviating the need of high thermal energy. Wide substrate scope, high to excellent product yield,

operational simplicity, absence of any hazardous organic solvent, mild reaction condition, simple work up procedure and

easily available starting materials are the salient features of this protocol.

Introduction

Combination of diverse pharmacophores into a single
molecular scaffold has revealed as a key strategy in design and
synthesis of new drugs.! Accordingly development of synthetic
protocols able to furnish molecular diversity and complexity
from easily available and inexpensive starting materials has
become one of the main goals for organic chemists. The knack
of rapid introduction and expansion of molecular diversity by
assembling three or more different reactants in a single
chemical transformation makes multicomponent reactions
(MCRs) a powerful tool to achieve this goal.? Over the past
decades, several MCRs have been developed in order to
synthesize pyran molecular scaffold and its spiro analogue
since these classes of heterocyclic compounds are the key
structural motif of various natural products possessing wide
range of biological activities.> In addition, spirocyclic
compounds are valuable precursors for the easy access of
several cyclic molecules as they can undergo various
rearrangement reactions due to the steric strain at quaternary
carbon atom.*

The biological activity of a diversified spiro pyran molecular
scaffold is greatly influenced due to the presence of other
potent heterocyclic moieties within the same molecule.®
Presence of multiple bioactive heterocyclic fragments in a
single entity may increase the pharmacological activities
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because it might possess the properties of all moieties. Several
methodology have been developed in order to construct
diversified pyran molecular scaffolds and its spiro analogues,
employing suitable active methylene compounds with various
aldehydes and ketones.® Pyrazolone derivatives have been
recognized as significant active methylene compounds since
pyrazolone scaffold occurs in many drugs and synthetic
products (e.g., phenazone, propyphenazone, ampyrone and
metamizole) (Fig. 1a) which exhibit numerous biological
activities.” In addition, pyrazole is a potent heterocycle which
plays an important role in pharmaceutical and agrochemical
industries.?®. On the other hand ninhydrin as well as isatin
derivatives are major starting materials to form spiro
functionality in different molecules since indan-1,3-dione
moiety can be found as the core structure of medicinal scaffolds
which displays hypolipidemic® and anti-inflammatory®®
activities. Moreover, many natural products (e.g., Uncarine,
Isomitraphylline, Mitraphylline, Rynchophylline) (Fig. 1b)
have the skeletal structure of oxindole and some synthetic
compounds having oxindole unit possess several potent
bioactivities.!*

However, methods in order to synthesize polycyclic 4-spiro
pyrano[2,3-c]pyrazoles are still limited.®*>  Although,
heterocycles with tricyclic pyran moieties have been
acknowledged for their potent bioactivity as inhibitor of
acetylcholinesterase,'® y-secretase,* anti-angiogenic activity
against human umbilical vein endothelial cells.®® In this
context, it should be interesting to construct a diversified
tricyclic spiropyran scaffold, possessing pyrazole, pyran and
spiro functionality in single molecular entity, by utilizing a mild
and environmentally benign protocol.
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MCRs in aqueous media have always greeted as water is eco-
friendly®® and in particular it has unique physical and chemical
properties which may extend certain reactivity and selectivity
normally unattainable by other commonly used organic
solvents.'” However, one major drawback of using water as a
solvent is slower reaction rate of organic reactions due to the
poor solubility of most organic substrates in water medium.®
To overcome this problem surfactants are frequently used, as
they can solubilize organic molecules or form colloidal
dispersion with them by forming micelles in aqueous medium

NaO3S\\‘k

Phenazone Propyphenazone Ampyrone Edaravone Metamizole Sodium

Uncarine

Rynchophyline Isomitraphylline Mitraphylline

Fig. 1 (a) Some biologically active pyrazolone compounds, (b) Some natural products
containing oxindole moiety

thereby diminishing the need of an organic co-solvent.’® In
recent years Brgnsted acid-surfactant-combined catalyst
(BASC), such as dodecylbenzenesulphonic acid (DBSA), has
been found to be effective to catalyze various types of organic
reactions in water medium.?° The unique feature of BASC is, it
can not only supply proton as an acid to activate the reactants
but also solubilizes them by forming micelle or form a stable
colloidal dispersion with them as a surfactant, resulting in an
overall enhancement of the reaction rate.

In view of these important points and continuing our efforts on
the development of new MCRs involving green
methodologies,21 herein we wish to report an efficient, one-pot,
three component process for the synthesis of functionalized
tricyclic 4-spiro pyrano[2,3-c]pyrazoles from the reaction
between pyrazolone derivatives, cyclic 1,3-dicarbonyls and
cyclic ketones (ninhydrin, isatin and 9,10-phenanthroquinone)
in water medium at 90 °C in presence of DBSA as a Brgnsted
acid- surfactant-combined catalyst (scheme 1).

"‘\fo O ~P°
|
DBSA 10 mol% N

0o o 3 7
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Ny

RNHNH, * j
MOEt H,0 3ml \ 90 °C NN
1 2 R, Ry

Scheme 1: Synthesis of tricyclic spiropyran derivatives
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Result and discussion

Reaction conditions

In order to construct functionalized pyran structural motif
several protocols can be found in literature where one of the
active methylene compound is always acyclic.?? However
reactions where active methylene compounds are both cyclic,
generally require harsh reaction conditions.?® In the course of
our studies, we were interested to utilize the surfactant as well
as the Bronsted acid property of DBSA in exploration of a
milder reaction protocol to afford tricyclic 4-spiro pyrano[2,3-
c]pyrazoles. To begin with, hydrazine hydrate, ethyl
acetoacetate, ninhydrin and dimedone were chosen as the
model substrates for the proposed reaction. Initially hydrazine
hydrate (1 mmol) and ethyl acetoacetate (1 mmol) were reacted
in presence of DBSA (10 mol%) in water (3 ml) for 5 min then
to it ninhydrin (1 mmol) and dimedone (1 mmol) were added
subsequently and the reaction mixture was heated to 100 °C.
The complete conversion of the starting materials was observed
within 3 h as indicated by TLC (50% ethyl acetate in petroleum
ether) and the product was isolated as a pale yellow solid in
80% vyield (Table 1, entry 1). The structure of the product
spiropyran (6a) was characterized by spectroscopic analysis (*H
NMR, BC NMR, IR). In addition, the single X-ray
crystallographic analysis of the product also confirmed the
identity of the desired tricyclic spiropyran structural motif
(Figure 2a).

Based on this promising result, we have then investigated the
effect on product yield by changing various experimental
parameters in order to optimize the reaction conditions. The
yield of the product was increased to 96% when the reaction
was performed at 90 °C temperature (Table 1, entry 2). Use of
20 mol% of DBSA at 90 °C did not afford any further increase
in the product yield, while use of 5 mol% of DBSA results in a
decrease in the product yield (Table 1, entries 3 and 4). When
10 mol% of DBSA was employed at 80 °C the product was
obtained in 55% yield (Table 1, entry 5). Curiously, when the
reaction was performed in absence of any catalyst either in
aqueous or organic solvent medium, no product was obtained
even after allowing the reaction to proceed for a prolonged time
(Table 1, entries 6-8), thereby indicating the essence of a
catalyst for this typical reaction. In search of a more able
reaction condition, the reaction was further carried out in
presence of different catalysts. VVarious acid catalysts like acetic
acid (AcOH), p-toluenesulfonic acid (PTSA), (d,)-
camphorsulphonic acid (d,I-CSA), and a polymer supported
acid catalyst PEG-SO3H were employed in agueous medium as
well as in organic solvent. AcOH, PEG-SO3H and PTSA were
failed to generate any considerable amount of product in
aqueous medium (Table 1, entries 9-11). (d,l)-CSA was found
to be inefficient catalyst for this reaction in ethanol, water and
PEG-H,0 medium (Table 1, entries 12-14). The most efficient
catalytic system was found to be the DBSA-water combination
for this three-component reaction and the optimized reaction
condition thus obtained carrying out the reaction at 90 °C using
10 mol% of DBSA as the catalyst in 3 ml of water (Table 1,
entry 2).

This journal is © The Royal Society of Chemistry 20xx
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Table 1 Optimization of reaction conditions

NH,NH, -H,0

o
o, o
S0
o o Catalyst
+ y: Y>:0

oEt Solvent N Temperature
Entry Catalysts Solvent Condition Time (h) Yield**(%)

1 DBSA (10 mol%) H,O 100 °C 3 80
2 DBSA (10 mol%) H,O 90°C 3 96
3 DBSA (20 mol%) H,0O 90°C 3 94
4 DBSA(5mol%) H,0 90°C 6 70
5 DBSA (10 mol%) H,O 80°C 8 55
6 - H,O reflux 24 C
7 - Peg-400 100 °C 24 c
8 - EtOH reflux 24 C
9  ACOH((05ml)  H0 reflux 18 10
10 PEG-SO;H H,O 100 °C 8 20
11 PTSA (10 mol%) H,O 100 °C 24 15
12 (dI)-CSA(10  EtOH  reflux 15 25

mol%)
13 (d,))-CSA (10 H,0 reflux 18 30

mol%)
14  (dN)-CSA(10  H,0- 100°C 8 50

mol%) PEG-400

(2:1)

2 all reactions are carried out with hydrazine hydrate (1 mmol), ethylacetoacetate
(1 mmol), ninhydrin (1 mmol) and dimedone (1 mmol); b yield of isolated product;
€ the reaction failed to afford the desired product.

Substrate scope

With this optimized condition in hand, we then investigated the
scope and limitation of this reaction. Dimedone, cyclohexan-
1,3-dione and cyclopentan-1,3-dione  were employed
successfully as the cyclic 1,3-dicarbonyls. A good range of
hydrazine derivatives were reacted with ethyl acetoacetate to
generate the corresponding pyrazolone derivatives in-situ. The
protocol was found to be facile to produce a library of tricyclic
indeno-4-spiro  pyrano[2,3-c]pyrazoles (6a-6j) in good to
excellent yields (Table 2). When isatin, 5-bromoisatin and 9,10-
phenanthraquinone were employed in place of ninhydrin the
reaction proceeded with the same efficiency and corresponding
4-spiro pyrano[2,3-c]pyrazoles (7a-71 and 8a-8c) are obtained
in good to excellent yields (Table 2). Careful observation of the
reaction indicates that initially the reaction between ethyl
acetoacetate and hydrazine derivatives in presence of DBSA in

This journal is © The Royal Society of Chemistry 20xx
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water medium afforded the pyrazolone derivatives which
precipitated from the reaction medium, but after the addition of
cyclic ketones and cyclic-1,3-dicarbonyls to the same medium
followed by heating the reaction mixture at 90 °C, the initially
developed turbidity of the reaction mixture became a colloidal
dispersion as expected and ultimately get solubilized by
forming micelle in aqueous medium or forming colloidal
dispersion with them. From Table 2 it can be seen that the yield
of the product is excellent in case of unsubstituted pyrazolone.
Introduction of aromatic substituent on hydrazine part resulted
in decrease of the product yield which may be due to the
decrease in solubility of the initially formed pyrazolone
derivatives in DBSA-water medium. In case of 9,10-
phenanthraquinone, the desired 4-spiro pyrano[2,3-c]pyrazoles
are obtained when the pyrazolone was unsubstituted. The
completion of the reaction was monitored by TLC (50% ethyl
acetate in petroleum ether). Crystallization of the crude product
afforded the pure desired product while column
chromatography of the crude product was performed in some
cases.

The structures of the products were fully characterized by
spectral analysis (*HNMR, *CNMR, IR and HRMS). The
structural motif of the compounds was fully established by
means of single X-ray crystallographic analysis of the
compounds 6a, 6f, 6i, 7h and 8c (Fig. 2).

J. Name., 2013, 00, 1-3 | 3
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(c) Ortep diagram of single crystal of compound 6i CCDC:1031972

(e) Ortep diagram of single crystal of compound 8c CCDC 1410076

Fig. 2: Ortep diagrams of compounds 6a, 6f, 6i, 7h and 8c

Reaction mechanism

Based on the above results, a plausible reaction mechanism?*

for this multicomponent reaction is depicted in scheme 2.
Initially hydrazine derivative (1) reacted with ethyl acetoacetate
(2) to form pyrazolone derivative (1) in presence of DBSA in
water. Pyrazolone derivative can exist in tautomeric
equilibrium with its enol form (la) which being inherently
nucleophilic then undergoes Knoevenagel condensation with
the cyclic ketone (3) (activated by getting proton from DBSA)
to form the intermediate Il. The intermediate Il is an o,B-
unsaturated ketone and further activation of it by proton causes
a rapid reaction between Il and the tautomeric form of the
cyclic 1,3-dicarbonyls 4a and results the formation of the
intermediate 111 which then undergoes dehydrative cyclization
facilitated by DBSA to generate the desired spiropyran product
(1V). If initially 4a undergoes Knoevenagel condensation with
3 then the intermediate V should be formed that should undergo

Michael addition reaction with la to form I11. 111 then follows
the dehydrative cyclization pathway in order to generate the
product 1V.

We have tried to isolate intermediate Il from the two-
component reaction between pyrazolone (1) and isatin in
presence of DBSA in water, and found that bis-pyrazolone (Fig.
3a) was formed. We also attempted a reaction between

4| J. Name., 2012, 00, 1-3

cyclohexan-1,3-dione and isatin, where tetraketone (Fig. 3b)
was formed instead of intermediate V. These results revealed
that intermediates 11 and V were both very reactive towards the
subsequent reaction with pyrazolone and cyclohexan-1,3-dione
respectively. Hence information on the relative rates of
formation, as well as further reactions of Il and V with
cyclohexan-1,3-dione or pyrazolone respectively, could not be
obtained and evaluated. Therefore, information on whether the
multicomponent reactions proceeded through intermediate 11 or
V could not be established in the current study.

We have taken the optical image of the reaction mixture (Fig.
4), that clearly shows the formation of micelle promoted by
DBSA. The formation of micellar medium is attributed to the
surfactant property of DBSA which make the reaction to occur
inside the hydrophobhic interior and force the water molecules,
produced as by products in several steps, to exit from the
micelle. The rate of this three component reaction thereby
highly assisted by the formation of the micellar medium.

)
(o o ® ;
] < R
Met "o GecH -EtOH N HE2 N
2 —_— l\_ﬂ _ | _— N
DBSA <~ N =N L,
3. f N~ °R
HZN\N’Rl in water H 1 (0] /(la)
N ,,"’\
1 ' (¢]
\ \_/'_@ -Hzo
73 DBSA
o o in water
TN “on
Intramolecular ST
/ 4a
dehydrative 4 J’S o‘) R
_ cyclisation TN AN
W | ychisation - =
Il Il T oesa DBSA . =N
Il?\‘ o - in water in water e
1 (]
H
20 Intramolecular
'DBSA dehydrative Ry
in water cyclisation HoY N‘N
\ _(oH

DBSA
in water

Scheme 2. A plausible reaction mechanism for the formation of tricyclic spiropyran
compounds

Fig. 3:(a) bis-pyrazolone (b) tetraketone
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Table 2 Substrate scope for the synthesis of tricyclic 4-spiro pyrano[2,3-c]pyrazoles® 6, 7 and 8 (reaction time and yields of pure isolated products).

O
2
‘N
@ 0,

6a, 3 h, 96% 6b, 7 h, 87% 6¢c,9h, 82%

6e, 3 h, 95%

Br

Ol
Ol 7f,9h, 78%

7c, 8 h, 80%

[e71
7i,8h, 82%

0,
71,9 h, 79%

7k, 8 h, 86% 8a, 5 h, 78% 8b, 5 h, 75%
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8c, 6 h, 76%

? Reaction conditions: ethyl acetoacetate (1 mmol), hydrazines (1 mmol), cyclic ketones (1 mmol) and cyclic 1,3-diketones (1 mmol) were reacted in

presence of 10 mol% DBSA and 3 ml of water at 90 °C.

Fig. 4: Optical micrograph of the reaction mixture

Conclusion

In summary, dodecylbenzenesulphonic acid has been
successfully used in the present study as an efficient Brgnsted-
acid surfactant combined catalyst for the synthesis of a series of
tricyclic 4-spiro pyrano[2,3-c]pyrazole through one pot three-
component reaction employing pyrazolone derivatives, cyclic
ketones and cyclic 1,3-dicarbonyls in an aqueous medium at
ambient temperature. This synthetic methodology is found to be
mild, operationally simple, economical and environmentally
benign and affords the target products in good yields.

Experimental procedure

To a mixture of 10 mol% of DBSA and 3 ml water taken in a
25 ml r.b. flask, hydrazine 1 (1 mmol) and ethyl acetoacetate 2
(1 mmol) were added and stirred under magnetic stirring for 5
min at rt. Then to this reaction mixture cyclic ketone 3 (Immol)
and cyclic 1,3-dicarbonyl 4 (1 mmol) were added and the whole
mixture was then stirred at 90 °C for 3-9 h. After completion of
the reaction (monitored by TLC), the mixture was cooled and
poured into a mixture of 5 ml of cold saturated sodium
bicarbonate solution containing 15 ml of cold brine. The
resulting precipitate was filtered and washed with water (3x5
ml) and the precipitate was then crystallized from ethyl acetate-
methanol (4:1) mixture to obtain the spiropyran in pure form. In
case of substituted pyrazolone the precipitate was subjected to
column chromatography (15-50% ethyl acetate in petroleum
ether) to obtain the pure product. The isolated compounds were
completely characterized by IR, 'HNMR, *CNMR, HRMS and
single X-ray crystallographic study.

6 | J. Name., 2012, 00, 1-3

Acknowledgment

We gratefully acknowledge the financial support from U.G.C.
and University of Calcutta. P. M. thanks U.G.C, New Delhi,
India for the grant of his Junior Research fellowship.
Crystallography was performed at the DST-FIST, India-funded
Single Crystal Diffractometer Facility at the Department of
Chemistry, University of Calcutta.

References

1T. Z.- Tzitzikas and A. Ddmling, Org. Chem. Front., 2014, 1, 834-837.

2 (a) Multicomponent Reaction, ed. J. Zhu and H. Bienayme, Wiley-VCH,
Weinheim, 2005; (b) M. Li, A. Taheri, M. Liu, S. Sun and Y. Gu, Adv.
Synth. Catal., 2014, 356, 537-556, (c) A. Mondal and C. Mukhopadhyay,
ACS Comb. Sci., 2015, 17, 404-408. (d) A. Démling, W. Wang and K.
Wang, Chem. Rev., 2012, 112, 3083-3135; (e) E. Ruijter, R. Scheffelaar
and R. V. A. Orru, Angew. Chem. Int. Ed. 2011, 50, 6234 — 6246; (f) A.
K. Gupta, M. Mukherjee and W. D. Wulff, Org. Lett., 2011, 13, 5866-
5869.

3 (a) N. Deppermann, H. Thomanek , A. H. G. P. Prenzel and W. Maison, J.
Org. Chem., 2010, 75, 5994-6000. (b) C. V. Galliford and K. A. Scheidt,
Angew. Chem. Int. Ed. 2007, 46, 8748 — 8758. (c) B. L. Bourdonnec, R.
T. Windh, L. K. Leister, Q. J. Zhou, C. W. Ajello, M. Gu, G. H. Chu, P.
A. Tuthill, W. M. Barker, M. Koblish, D. D. Wiant, T. M. Graczyk, S.
Belanger, J. A. Cassel, M. S. Feschenko, B. L. Brogdon, S. A. Smith, M.
J. Derelanko, S. Kutz, P. J. Little, R. N. DeHaven, D. L. H. DeHaven, R.
E. Dolle, J. Med. Chem., 2009, 52, 5685-5702; (d) B. Schaudel, C.
Guermeur, C. Sanchez, K. Nakatani, J. A. Delaire, J. Mater. Chem.,
1997, 7, 61-65; (e) G. Berkovic, V. Krongauz and V. Weiss, Chem. Rev.
2000, 100, 1741-1753. (f) G. Feuer, Progress in Medicinal Chemistry;
G. P. Ellis, , West, G. P., Eds.; North-Holland Publishing Company:
New York, 1974; Vol 10, pp 85-158. (g) F. M. Dean, Naturally
Occurring Oxygen Ring Compounds; Butterworth-Heinemann: London,
1963;, pp 176-220, (h) A. Goel, V. J. Ram, Tetrahedron, 2009, 65,
7865-7913.

4 (a) G. Rousseau, F. Robert, K. Schenk, Y. Landais, Org. Lett., 2008, 10,
4441- 4444; (b) F. Zhao, C. Wang, L. Liu, W.-X. Zhanga, Z. Xi, Chem.
Commun., 2009, 6569-6571; (c) K. Murai, H. Komatsu, R. Nagao, H.
Fujioka, Org. Lett., 2012, 14, 772-775; (d) K. Bogdanowicz-Szwed, A.
Budzowski, R. Gil, P. Serda, Monatsh. Chem. 2010, 141, 63-74.

5 A. F. M. M. Rahman, S.-E. Park, A. A. Kadi and and Y. Kwon, J. Med.
Chem., 2014, 57, 9139-9151.

6 (a) S. Gogoi, C.-G. Zhao, Tetrahedron Lett., 2009, 50, 2252-2255; (b) M.
Saeedi, M. M. Heravi, Y. S. Beheshtiha, H. A. Oskooie, Tetrahedron,
2010, 66, 5345-5348; (c) H. Mecadon, Md. R. Rohman, M. Rajbangshi,
B. Myrboh, Tetrahedron Lett., 2011, 52, 2523-2525; (d) S. Pal, Md. N.
Khan, S.Karamthulla, L. H. Choudhury, Tetrahedron Lett., 2015, 56,
359-364; (e) R. H. Nia, M. Mamaghani, K. Tabatabaeian, F. Shirini, M.
Rassa, Acta Chim. Slov. 60, 2013, 889-895; (g) S.-B. Guo, S.-X. Wang,
J.-T. Li, Synth. Commun., 2007, 37, 2111-2120; (h) M. N. Elinson, A. S.
Dorofeev, F. M. Miloserdov, G. I. Nikishin, Mol. Divers., 2009, 13, 47—
52; (i) R. Sheldon, Chem. Commun., 2001, 2399-2407; (j) T. Welton,
Chem. Rev., 1999, 99, 2071-2083; (k) J.-F. Zhou, S.-J. Tu, H.-Q. Zhu,
S.-J. Zhi, Synth. Commun., 2002, 32, 3363-3366; (I) M. Kidwai, A.
Jahan, N. K. Mishra, Applied Catalysis A: General 425- 426, 2012, 35—

This journal is © The Royal Society of Chemistry 20xx



Page 7 of 8

43; (m) M. Daraie, Y. S. Beheshtiha, M. M. Heravi, Monatsh Chem.,
2015, 146,191-198; (n) R.-Y. Guo, Z.-M. An, L.-P. Mo, S.-T. Yang, H.-
X. Liu, S.-X. Wang, Z.-H. Zhang, Tetrahedron, 2013, 69, 9931-9938.

7 (a) A. Gursoy, S. Demirayak, G. Capan, K. Erol, K. Vural, Eur. J. Med.
Chem., 2000, 35, 359; (b) P. Gunasekaran , S. Perumal , P. Yogeeswari ,
D. Sriram , Eur. J. Med. Chem.,2011, 46, 4530-4536; (c) F. Moreau, N.
Desroy, J. M. Genevard, V. Vongsouthi, V. Gerusz, G. Le Fralliec, C.
Oliveira, S. Flogquet, A. Denis, S. Escaich, K. Wolf, M. Busemann and
A. Aschenbsenner, Bioorg. Med. Chem. Lett., 2008, 18, 4022-4026; (d)
E. A. M. Badawey and I. M. EI-Ashmawey, Eur. J. Med. Chem., 1998,
33, 349-362; (e) D. M. Bailey, P. E. Hansen, A. G. Hlavac, E. R.
Baizman, J. Pearl, A. F. Defelice and M. E. Feigenson, J. Med. Chem.,
1985, 28, 256-260; (f) P. M. S. Chauhan, S. Singh and R. K. Chatterjee,
Indian J. Chem., Sect. B: Org. Chem. Incl. Med. Chem., 1993, 32, 858—
861; (g) F. A. Pasha, M. Muddassar, M. M. Neaz and S. J. Cho, J. Mol.
Graphics Modell., 2009, 28, 54-61; (h) T. Watanabe, S. Yuki, M. Egawa
and H. Nishi, J. Pharmacol. Exp. Ther., 1994, 268, 1597-1604; (i) H.
Kawai, H. Nakai, M. Suga, S. Yuki, T. Watanabe and K. I. Saito, J.
Pharmacol. Exp. Ther., 1997, 281, 921-927; (j) T. W. Wu, L. H. Zeng, J.
Wu and K. P. Fung, Life Sci., 2002, 71, 2249- 2255.

8 (a) C. H. Jin, M. Krishnaiah, D. Sreenu, V. B. Subrahmanyam, H. J. Park,
S. J. Park, Y. Y. Sheen and D. K. Kim, Bioorg. Med. Chem., 2014, 22,
2724-2732; (b) S. Mert, R. Kasimogullari, T. Ica, F. Colak, A. Altun and
S. Ok, Eur. J. Med. Chem., 2014, 78, 86-96; (c) M. K. Purohit, S. K.
Chakka, 1. Scovell, A. Neschadim, A. M. Bello, N. Salum, Y. Katsman,
M. C. Bareau, D. R. Branch and L. P. Kotra, Bioorg. Med. Chem., 2014,
22, 2739-2752; (d) C. B. Sangani, J. A. Makawana, X. Zhang, S. B.
Teraiya, L. Lin and H. L. Zhu, Eur. J. Med. Chem., 2014, 76, 549-557;
(e) Shaveta, A. Singh, M. Kaur, S. Sharma, R. Bhatti and P. Singh, Eur.
J. Med. Chem., 2014, 77, 185-192.

9 A. R. Murthy, S. D. Wyrick, and I. H. Hall, J. Med. Chem., 1985, 28, 1591-
1596.

10 J. G. Lombardino and E. H. Wiseman, J. Med. Chem., 1968, 11, 342-347.

11 (a) T. Tokunaga, W. E. Hume, T. Umezome, K. Okazaki, Y. Ueki, K.
Kumagai, S. Hourai, J. Nagamine, H. Seki, M. Taiji, H. Noguchi, and R.
Nagata, J. Med. Chem., 2001, 44, 4641-4649; (b)R. P. Robinson, L. A.
Reiter, W. E. Barth, A. M. Campeta, K. Cooper, B. J. Cronin, R. Destito,
K. M. Donahue, F. C. Falkner, E. F. Fiese, D. L. Johnson, A. V.
Kuperman, T. E. Liston, D. Malloy, J. J. Martin, D. Y. Mitchell, F. W.
Rusek, S. L. Shamblin, and C. F. Wright, J. Med. Chem., 1996, 39, 10-
18; (c) A. Natarajan, Y. Guo, F. Harbinski, Y.-H. Fan, H. Chen, L. Luus,
J. Diercks, H. Aktas, M.Chorev, and J. A. Halperin, J. Med. Chem.,
2004, 47, 4979-4982; (d) B. Volk, J. Barkdczy, E. Hegedus, S. Udvari, .
Gacsalyi, T. Mezei, K. Pallagi, H. Kompagne, G. Lévay, A. Egyed, L. G.
Harsing, Jr., M. Spedding, and G. Simig, J. Med. Chem., 2008, 51,
2522-2532.

12 R. Ghahremanzadeh, F. Fereshtehnejad, Z. Yasaei, T. Amanpour, A.
Bazgir, J. Het. Chem., 47, 2010, 967.

13 T. Sunazuka, M. Handa, K. Nagai, T. Shirahata, Y. Harigaya, K. Otoguro,
I. Kuwajima, and S. Omura, Org. Let., 2002, 4, 367-369.

14 W.-L. Wu, T. Asberom, T. Bara, C. Bennett, D. A. Burnett, J. Clader, M.
Domalski, W. J. Greenlee, H. Josien, M. McBriar, M. Rajagopalan, M.
Vicarel, R. Xu, L. A. Hyde, R. A. Del Vecchio, M. E. Cohen-Williams,
L. Song, J. Lee, G. Terracina, Q. Zhang, A. Nomeir, E. M. Parker, L.
Zhang, Bioorg. Med. Chem. Lett., 2013, 23, 844-849.

15 A. Hayashi, M. Arai, M. Fujita, and M. Kobayashi., Biol. Pharm. Bull.,
2009, 32, 1261-1265.

16 (@) M. C. Pirrung and K. D. Sarma, J. Am. Chem. Soc., 2004, 126, 444-
445; (b) C.-J. Li, Chem. Rev., 1993, 93, 2023-2035; (c) C.-J. Li, Chem.
Rev., 2005, 105, 3095-3165; (d) K. Tanaka and F. Toda, Chem. Rev.,
2000, 100, 1025—-1074; (e) C. Capello, U. Fischer and K. Hungerbiihler,
Green Chem., 2007, 9, 927-934; (f) P. G. Jessop, Green Chem., 2011,
13, 1391-1398; (g) Y. Gu, Green Chem., 2012, 14, 2091.

17 (a) D. C. Rideout, R. Breslow, J. Am. Chem. Soc. 1980, 102, 7816-7817;
(b) R. Breslow, Acc. Chem. Res. 1991, 24, 159-164; (c) J. B. F. N.
Engberts and M. J. Blandamer, Chem. Commun., 2001, 1701-1708; (d)
A. Chanda and V. V. Fokin, Chem. Rev., 2009, 109, 725-748.

18 A. Nagaraju, B. J. Ramulu, G. Shukla, A. Srivastava, G. K. Verma, K.
Raghuvanshi and M. S. Singh, Green Chem., 2015, 17, 950-958.

19 (a) P. Bhattacharyya, S. Paul and A. R. Das, RSC Adv., 2013, 3, 3203-
3208; (b) K. Pradhan, S. Paul, A. R. Das, Tetrahedron Lett., 2013, 54,
3105-3110; (c) P. P. Ghosh, P. Mukherjee and A. R. Das, RSC Adv.,

This journal is © The Royal Society of Chemistry 20xx

New Journal of Chemistry

2013, 3, 8220-8226; (d) G. Pal, S. Paul, P. P. Ghosh, A. R. Das, RSC
Adv., 2014, 4, 8300-8307.

20 (a) K. Manabe, S. limura, X. -M. Sun, and S. Kobayashi, J. Am. Chem.
Soc., 2002, 124, 11971-11978; (b) D. Dong, Y. Ouyang, H. Yu, Q. Liu,
J. Liu, M. Wang, and J. Zhu, J. Org. Chem., 2005, 70, 4535-4537; (c) K.
Manabe, X. -M. Sun, and S. Kobayashi, J. Am. Chem. Soc., 2001, 123,
10101-10102; (d) S. Shirakawa and S. Kobayashi, Org. Lett., 2007, 9,
311-314; (e) K. Manabe and S. Kobayashi, Org. Lett., 1999, 1, 1965-
1967; (f) L. Gang, L. Xinzongab and W. Elia, New J. Chem., 2007, 31,
348-351; (g) K. Manabe, Y. Mori and S. Kobayashi, Tetrahedron, 2001,
57, 2537-2544; (h) K. Manabe , Y. Mori, S. Kobayashi, Synlett, 1999,
1401-1402; (i) S. Kobayashi, S. limura, K. Manabe, Chem. Lett., 2002,
10 - 11; (j) D. Prasad, A. Preetam and M. Nath, RSC Advances, 2012, 2,
3133-3140; (k) W. Yang, Z. Yang, L. Xu, L. Zhang, X. Xu, M. Miao,
and H. Ren, Angew. Chem. Int. Ed., 2013, 52, 14135 -14139.

21 (a) P. P. Ghosh and A. R. Das, J. Org. Chem. 2013, 78, 6170-6181; (b) S.
Paul, A. R. Das, Tetrahedron Lett.,, 2012, 53, 2206-2210; (c) P. P.
Ghosh, A. R. Das, Tetrahedron Lett., 2012, 53, 3140-3143; (d) P.
Bhattacharyya, K. Pradhan, S. Paul, A. R. Das, Tetrahedron Lett., 2012,
53, 4687-4691; (e) K. Pradhan, P. Bhattacharyya, S. Paul, A. R. Das,
Tetrahedron Lett., 2012, 53, 5840-5844; (f) P. P. Ghosh, S. Paul, A. R.
Das, Tetrahedron Lett., 2013, 54, 138-142; (g) S. Paul, A. R. Das,
Tetrahedron Lett., 2013, 54, 1149-1154; (h) S. Paul and A. R. Das,
Catal. Sci. Technol., 2012, 2, 1130-1135; (i) P. P. Ghosh, G. Pal, S. Paul
and A. R. Das, Green Chem., 2012, 14, 2691-2698; (j) G. Pal, S. Paul
and A. R. Das, New J. Chem., 2014, 38, 2787-2791; (k) K. Pradhan, S.
Paul and A. R. Das, Catal. Sci. Technol., 2014, 4, 822-831; (1) S. Paul,
P. Bhattacharyya, A. R. Das, Tetrahedron Lett., 2011, 52, 4636-4641.

22 (a) M. Dabiri, M. Bahramnejad, M. Baghbanzadeh, Tetrahedron, 2009,
65, 9443-9447; (b) Md. N. Khan, S. Pal, S. Karamthulla, L. H.
Choudhury, RSC Adv., 2014, 4, 3732-3741.

23 (a) A. Bazgir, Z. N. Tisseh and P. Mirzaei, Tetrahedron Lett., 2008, 49,
5165-5168; (b) A. Rahmati, K. Vakili, Helvetica Chimica Acta, 2012,
95, 1126-1135.

24 (a) R.-Y. Guo, P. Wang, G.-D. Wang, L.-P. Mo and Z.-H. Zhang,
Tetrahedron, 2013, 69, 2056-2061; (b) N. G. Khaligh, Catal. Sci.
Technol., 2012, 2, 2211-2215.

J. Name., 2013, 00, 1-3 | 7



New Journal of Chemistry Page 8 of 8

An eco-friendly multicomponent strategy has been developed to access a single tricyclic molecular
scaffold possessing pyran, pyrazole and spiro functionalities.
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