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Abstract: In this paper, a new application of a Keplerate-typegiant-ball nanoporous
isopolyoxomolybdate formulated as (NHj)s[Mo"72Mo" 600372(CH3COO)30(H20)72] and
denoted as ({Mo;3,}), was discovered in the one-pot synthesis of several 2-amino-4-aryl-7-
hydroxy-4H-chromenes by cyclocondensation of resorcinol, aromatic aldehydes, and ethyl
cyanoacetate or malononitrile.The reactions were done under solvent-free condition giving
the corresponding products in high yields within short reaction times. Other beneficial
features of this protocol include ecofriendly catalyst, simple purification procedure, and the
recyclability and reusability of the catalyst for up to four consecutive runs.
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Introduction

Six membered oxygen-containing heterocycles are of great interest because of diverse
biological activities. Among them, chromene derivatives have received considerable
attention over the past years due to their wide range of various pharmacological properties

such as antitumor™", antiviral", antifungal’, anti-inflammatory"’,

antimalarial'" antibacterial ™", anticonvulsant”™,analgesic*,and antiproliferative".A number of
compounds with chromene moiety are known as potential inhibitors of TNF-o™ tumour
maker AKR1B10™", NF-kB™", human rhinovirus capsid-binding™, hMAO™, AChE™, and
aldose reductase™" . Furthermore, some drugs containing the chromene motif also found in
pigments, cosmetics,and agrochemicals™. Certain derivatives of 4H-chromenewas able to
induce apoptosis in several cancer cell lines™*.
e Because of important properties of chromenes, much attention has been focused on
the development of environmentally friendly methodologies for the synthesis of
chromene scaffold. Several procedures have been reported for the synthesis of 2-
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amino-4/-chromene including stepwise condensation of salicylaldehydes with 3
equiv of malononitrile™", reaction of malononitrile with in situ generated ortho-
quinonemethides from 2-(arylsulfonyl)alkyl phenols™", reaction of resorcinols
with benzylidenemalononitriles in the presence of a base as catalyst™" ™", or by
stepwise reaction of an aromatic aldehyde and ethyl cyanoacetate followed by
cyclization with activated phenols or resorcinol in the presence of piperidine as
catalyst after refluxing for several hours in ethanol™*".Synthesis of these
compounds by one-pot reaction of salicylaldehyde, malononitrile, and nitroalkanes
catalyzed by DBU has been also reported™"".A perusal of literature reveals that
there is an improved method for the synthesis of 2-amino-4-aryl-4H-chromenes via
a one-pot three-component reaction of resorcinol, an aromatic aldehyde, and
malononitrile or ethyl cyanoacetate in the presence of a few catalysts including,
potassium phthalimide-N-oxyl™",Fe;O4nanoparticles™, CuO-
CeOsnanocomposite™™, glucose™ " ,potassium  phthalimide™™",  tungstic  acid
functionalized mesoporous SBA-15""2,2 2-trifluoroethanol™",amino-appended
p-cyclodextrins™"', and Na,CO;"".In addition, they can be accessed using
ultrasound irradiation in the presence of Fe;O4-chitosan nanoparticles™ ", or by
electrolysis in the presence of NaBr as an electrolyte™"". Though each of these
methods has its own advantage and provide an improvement in the synthesis of the
above mentioned compounds, many suffer disadvantages such as lengthy reaction
times, unsatisfactory yields, the use of relatively expensive catalysts, use of organic
solvents, and required special conditions using ultrasound irradiation or electrolysis
for accelerated synthesis. Hence, there is still a demand for the discovery of new
methodologies using new efficient reusable catalysts to overcome these problems.

Recently, (NH4)42[MOVI72MOV600372(CH3COO)30(H20)72], a Keplerate—typegiant—ball
nanoporous isopolyoxomolybdate, which is denoted as {Moj3;},was used in our group as a
catalyst for a series of organic transformations™ ™. This nanoporous compound was firstly
synthesized and characterized by Miiller and co—workersXIV.The theoretically calculated
diameter of this giant-ball nanoporous is 2.9 nm*™", which is in accord with those
experimentally obtained using TEM image byPolarz et al.*"",

Inspired by these facts and also in extension of our previous works on the development of
new methodologies in the synthesis of organic compounds using reusable catalysts™" i
we report here another application of {Mo;3,} as catalyst in the synthesis of2-amino-4-aryl-7-
hydroxy-4H-chromenes 4a-kby one-pot three-component cyclocondensation of resorcinoll,
aromatic aldehydes2, and ethyl cyanoacetateor malononitrile3 (Scheme 1).

Ar
O , H Ar
X {Mo432} X
Q. L g
HO OH CN Solvent-free HO (0] NH,
140 °C
1 3 4a-k

Scheme 1.Synthesis of 2-amino-4-aryl-7-hydroxy-4H-chromenes catalyzed by {Mos,}

Experimental

All chemicals were purchased from Merck and Aldrich and used without purification.
Melting points were measured on a Stuart SMP3 melting point apparatus. The 'H spectra
were measured in DMSO-dson a Bruker 300 FT spectrometer using TMS as the internal
standard.
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Synthesis of the Keplerate {Mo;3,}. To a solution of (NH4)¢M070,4.4H,0O (5.6 g, 4.5
mmol) and CH;COONH,4 (12.5 g, 162.2 mmol) in H,O (250 ml), N,H4.H,SO4 (0.8 g, 6.1
mmol) was added. The mixture was stirred for 10 min (color change to blue-green) and 50%
CH;COOH (83 ml) subsequently added. The reaction solution, now green, was stored in an
open 500-mL Erlenmeyer flask at 20 °C without further stirring (color change to dark-
brown). After 4 days the precipitated red-brown crystals were filtered off, washed with
absolute ethanol and diethyl ether, respectively, and finally dried in air*".

General procedure for the synthesis of 2-amino-4-aryl-7-hydroxy-4H-chromenes 4a-k
catalyzed by {Mo13;}. A mixture of resorcinoll (1 mmol), an aromatic aldehyde 2 (1 mmol),
ethyl cyanoacetate or malononitrile3(1 mmol) and {Mo;3,} (0.11 g) was heated in an oil bath
at 140 °C for 7-15 min. The reaction was monitored by TLC. Upon completion of the
transformation, the reaction mixture was cooled to room temperature and hot ethanol was
added. The catalyst was collected by filtration and then washed with a small portion of hot
ethanol. The combined filtrates were concentrated and allowed to stand at room temperature
until precipitation occurred. The precipitate was recrystallized from ethanol to give
compounds 4a-k in high yields. All the products were known and characterized by IR and 'H
NMR (for some cases) spectra and comparison of their melting points with those of authentic
samples.

Ethyl 2-amino-7-hydroxy-4-phenyl-4H-chromene-3-carboxylate (4a):1.05 (t,3H, J = 6.9
Hz, CH3), 3.95 (q,2H, J = 6.9 Hz, OCH,), 4.80 (s,1H, CH), 6.43-6.52 (m,2H, arom-H), 6.98
(d,1H, J = 8.4 Hz, arom-H), 7.06-7.26 (m,5H,arom-H), 7.61 (br. s,2H, NH>), 9.70 (br. s,1H,
OH).

2-Amino-7-hydroxy-4-phenyl-4H-chromene-3-carbonitrile (4e). 4.63 (s,IH, CH), 6.43
(d,1H, J = 2.4 Hz, arom-H), 6.50 (dd,1H, J,= 8.4, J, = 2.1 Hz, arom-H), 6.82 (d,1H, J = 8.4,
arom-H), 6.89 (br. s,2H, NH;), 7.16-7.35 (m,5H,arom-H), 9.74 (br. s,1H, OH).

2-Amino-7-hydroxy-4-(3-nitrophenyl)-4 H-chromene-3-carbonitrile (4h). 4.92 (s,1H, CH),
6.46 (d,1H, J = 2.4 Hz, arom-H), 6.52 (dd,1H, J,= 8.4, J, = 2.4 Hz, arom-H), 6.85 (d,1H, J =
8.4, arom-H), 7.06 (br. s,2H, NH;), 7.60-7.70 (m,2H,arom-H), 8.04 (t,1H, J = 2.1 Hz, arom-
H), 8.10 (dt,1H, J,= 7.8, J> = 2.1 Hz, arom-H), 9.84 (br,1H, OH).

2-Amino-7-hydroxy-4-(4-methoxyphenyl)-4 H-chromene-3-carbonitrile (4i). 3.72 (s, 3H,
OCH;), 4.57 (s,1H, CH), 6.41 (d,1H, J = 2.4 Hz, arom-H), 6.49 (dd,1H, J,= 8.3, J>, = 2.4 Hz,
arom-H), 6.79 (d,1H, J = 8.4, arom-H), 6.84 (br. s,2H, NH,), 6.87 (d,2H, J = 8.7 Hz, arom-
H), 7.09 (d,2H, J = 8.7 Hz, arom-H), 9.73 (br,1H, OH).

2-Amino-7-hydroxy-4-(4-methylphenyl)-4 H-chromene-3-carbonitrile  (4j). 2.26 (s,3H,
CH3), 4.57 (s,1H, CH), 6.40 (d,1H, J = 2.4 Hz, arom-H), 6.47 (dd,1H, J,= 8.4, J> = 2.4 Hz,
arom-H), 6.77 (d,1H, J = 8.4, arom-H), 6.84 (br. s,2H, NH,), 7.05 (d,2H, J = 8.1 Hz, arom-
H), 7.11 (d,2H, J = 8.1 Hz, arom-H), 9.65 (br,1H, OH).

Results and discussion

In our initial study on the applicability of the {Moi3,} in the synthesis of 2-amino-4-aryl-7-
hydroxy-4H-chromenes, the reaction between resorcinol, 4-chlorobenzaldehyde, and ethyl
cyanoacetate for the synthesis of compound 4b was selected as the test reaction, to optimize
the reaction conditions. Because of several advantages of solvent-free conditions such as
simpler work-ups, being environmentally friendly, higher yields,reduction of by-products,
and faster reactions, we tested the model reaction under solvent-free conditions.The results
are summarized in Table 1. A blank reaction without catalyst gave only low yield of the
product (entry 1).We were pleased to see that the reaction was efficiently catalyzed by
{Mo3;}under solvent-free conditions. Among different temperatures and using different
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amounts of the catalyst, the reaction was performed well at 140°C in the presence of 0.11 g of
the catalyst giving high yield of the product 4b over short reaction time (entry 10). No
significant improvement in the time of the reaction and yield was observed using higher
amount of the catalyst and temperature.

Table 1

Optimization of reaction conditions for synthesis of compound4bcatalyzed by {Mo;3,}*
Entry Catalyst (g) Solvent T (°C) Time (min) Isolated Yield (%)
1 e e 110 120 30
2 005 - 80 75 34
3 005 - 110 35 67
4 005 - 140 30 82
5 008 e 80 30 65
6 008 - 110 30 73
7 008 e 140 25 89
8 o1l e 80 25 73
9 o1t e 110 25 75
10 01 - 140 15 92
11 015 - 140 20 92
12 011 - 150 20 91
13 0.11 EtOH Reflux 105 66
14 0.11 MeOH Reflux 105 50
15 0.11 H,0 Reflux 120 43
16 0.11 CH;CN Reflux 180 40

“Reaction conditions: resorcinol(1mmol), 4-chlorobenzaldehyde(l mmol), and ethyl cyanoacetate(I mmol).
*[solated yields.

In order to establish the generality and effectiveness of the method, a range of 2-amino-4-
aryl-7-hydroxy-4H-chromenes were prepared by reaction of resorcinol with aromatic
aldehydes, and ethyl cyanoacetate or malononitrile under the optimized reaction conditions,
and the results are summarizedin Table 2. As shown,all the products were isolated in high
yields within short reaction time.This method is effective with a variety of aromatic
aldehydes with electron-donating or withdrawing substituents. Under the same conditions,
however, the reaction did not proceed when aliphatic aldehydes such as propionaldehyde or
isobutyraldehyde were used. All the products were characterized by comparison of their
melting points with those of authentic samples and for some cases using 'H NMR spectral
data. For example, the '"H NMR spectrum of compound 4a in DMSO-dgshowed atriplet at § =
1.05 ppm (J = 6.9 Hz) for methyl group, a quartet at 5 = 3.95 ppm (J = 6.9 Hz) for methylene
group, a singlet at 8 = 4.80 ppm for methine group, the characteristic signals at & = 6.40-7.30
ppm for aromatic protons as well as two single broad bands at 6 = 7.61 ppm and 6 = 9.70
ppm for the NH, and OH groups, respectively.

The reusability of the catalyst was also checked in the model reaction. For this purpose,
after completion of the reaction, the catalyst was recovered according to the procedure
outlined in the Experimental section. The separated catalyst was dried at 60 °C under vacuum
for 1 h before being reused in a similar reaction. The catalyst could be used at least four times
without any significant loss of its activity (92, 91, 91, 89 % yields in first to fourth use,
respectively).

Though, we did not investigate details of the reaction mechanism, the formation of
compounds 4a-k can be explained by the plausible mechanism presented in Scheme 2. On the
basis of our previous reports™ il we believe that several accessible Mo sites and NHy
groups in {Mo;3;} can act as Lewis acid and Bronsted acid centers, respectively, and
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therefore promote the necessary reactions. The reaction occurs via an initial formation of the
olefins I from the condensation of aryl aldehydes 2 and ethyl cyanoacetateor malononitrile3,
which suffers nucleophilic attack by resorcinol 1 to give the intermediate II. Cyclization of
this intermediate followed by tautomerization gave the finalproducts 4a-kvia the intermediate
II1.

Table 2
Synthesis of 2-amino-4-aryl-7-hydroxy-4H-chromenes4a-k using {Mo;3, }ascatalyst*
Product

Entry Ar X Time (min) Isolated Yield (%)
1 CeHs CO,Et 4a 14 85
2 4-CIC¢H, CO,Et 4b 15 92
3 4-FCeHy CO,Et 4c 13 87
4 4-MeOCgH, CO,Et 4d 15 80
5 C¢Hs CN 4e 10 82
6 2-CIC¢H,4 CN 4f 8 91
8 3-O,NC¢H, CN 4h 7 94
9 4-MeOC¢H4 CN 4i 8 91
10 4-MeCgH,4 CN 4j 9 90
11 4-HOC¢H,4 CN 4k 8 96

“Reaction conditions: resorcinol 1 (I mmol), aromatic aldehydes 2 (1 mmol), and ethyl cyanoacetateor
malononitrile3(1 mmol), {Mo;3,}(0.11 g), 140 °C, solvent-free.

Ar, X {Moyz} Ar, « X
>:o + < e 51:<
H CN -H0

1 CN Ar

2 3 H X
{Mo132}
AN
HO ~poe N
|
LY H
HO 4\_/OH

1

A
Ar Ar 4 | X
X X
00— O — N
HO 0" 'NH; HO O QNH HO OH >
I

4a-k

{Mo32}

11

Scheme 2.Plausible mechanism for the synthesis of 2-amino-4-aryl-7-hydroxy-4H-
chromenes4a-kin the presence of {Mo3,} as catalyst

Conclusion

In summary, we have reported another application of {Mo;3,}, a Keplerate-type giant
nanoporouslsopolyoxomolybdate, as catalyst in the synthesis of 2-amino-4-aryl-7-hydroxy-
4H-chromenes by cyclocondensation of resorcinol, aromatic aldehydes, and ethyl
cyanoacetateor malononitrile.Our method has severaladvantages including high yields, short
reaction times, inexpensive catalyst, and simple work-up. In addition, thereaction was
environmentally friendly because it was solvent-free and the catalyst was recyclable and
reusablefor severalcycles with consistent activity.

271



A. Davoodnia et al. / Heterocyclic Letters Vol. 7| No.2|267-273|Feb-April| 2017

Acknowledgement
This work was supported by Islamic Azad University, Mashhad Branch, Iran.

References

1.

il.
1il.

iv.
V.

V1.

Vil.

Vviii.

1X.

x1.

Xil.

xiii.

X1v.

XV.
XVI.

XVil.

XViil.

XiX.

XX.

XX1.

XXil.

272

Ashok, D.;Lakshmi, B.V.;Ganesh, A.;Ravi, S.;Adam, S.; Murthy, S.D.S.Russ. J. Gen.
Chem.2014, 84, 2234.

Fouda, A. M.Med. Chem. Res.2016, 25, 1229.

Kandeel, M.M.;Kamal, A.M.;Abdelall, E.K.A.;Elshemy, H.AH.Eur. J Med.
Chem.2013, 59, 183.

Mori, J.;Iwashima, M.;Takeuchi, M.;Saito, H.Chem. Pharm. Bull.2006, 54, 391.
El-Sayed Ali, T.;Abdel-Aghfaar Abdel-Aziz, S.;Metwali El-Shaaer, H.;Ismail Hanafy,
F.;Zaky El-Fauomy, A.Turk.Journal of Chem.2008, 32, 365.

Chung, S.-T.;Huang, W.-H.;Huang, C.-K.Liu, F.-C.;Huang, R.-Y.;Wu, C.-C.;Lee,
A.-R.Res. Chem. Intermed.2016, 42, 1195.

Parthiban, A.; Muthukumaran, J.;Manhas, A.; Srivastava, K.; Krishna, R.;Rao,
H.S.P.Bioorg. Med. Chem. Lett.2015,25, 4657.

Gholipour, S.;Davoodnia, A.;Nakhaei-Moghaddam, M. Chem. Heterocycl.
Compd.,2015, 51, 808.

Angelova, V.T.; Andreeva-Gateva, P.A.; Vassilev, N.G.; Tafradjiiska-Hadjiolova,
R.; Surcheva, S.; Tchekalarova, J.C. R. Acad. Bulg. Sci.2016, 69, 513.

Pavlova, A.; Mikhalchenko, O.; Rogachev, A.;Il'lna, I.;Korchagina, D.; Gatilov,
Y.; Tolstikova, T.; Volcho, K.;Salakhutdinov, N.Med. Chem. Res.2015,24, 3821.
Parthiban, A.; Kumaravel, M.; Muthukumaran, J.; Rukkumani, R.; Krishna, R.; Rao,
H.S.P.Med. Chem. Res.2016,25, 1308.

Cheng, J.-F.;Ishikawa, A.;Ono, Y.;Arrhenius, T.;Nadzan, A.Bioorg. Med. Chem.
Lett.2003, 13, 3647.

Endo, S.;Matsunaga, T.;Kuwata, K.;Zhao, H.-T.;El-Kabbani, O.;Kitade, Y.;Hara,
A.Bioorg. Med. Chem.2010, 18, 2485.

Choi, M.;Hwang, Y.-S.;Kumar, A.S.;Jo, H.;Jeong, Y.; Oh, Y.;Lee, J.;Yun, J.; Kim,
Y.;Han, S.-B.;Jung, J.-K.;Cho, J.;Lee, H.Bioorg. Med. Chem. Lett.2014, 24, 2404.
Conti, C.;Proietti Monaco, L.;Desideri, N.Bioorg. Med. Chem.2011, 19,7357.

Pan, Z.-X.;He, X.; Chen, Y.-Y.; Tang, W.-J.; Shi, J.-B.; Tang, Y.-L.; Song, B.-A.; Li,
J.; Liu, X.-H.Eur. J. Med. Chem.2014,80,278.

Shaik, J.B.;Palaka, B.K.;Penumala, M.; Eadlapalli, S.; Darla Mark, M.; Ampasala,
D.R.; Vadde, R.; AmooruGangaiah, D.Chem. Biol. Drug Des.2016, 88, 43.

Gopinath, G.;Sankeshi, V.;Perugu, S.;Alaparthi, M.D.;Bandaru, S.;Pasala,
V.K.;Chittineni, P.R.;Krupadanam, G.L.D.;Sagurthi, S.R.Eur. J = Med.
Chem.2016,124, 750.

Hafez, E.A.A.;Elnagdi, M.H.;Ali Elagamey, A.G.; El-Taweel, F.M.AA.
Heterocycles1987,26,903.

Kemnitzer, W.;Drewe, J.; Jiang, S.; Zhang, H.;Crogan-Grundy, C.;Labreque,
D.;Bubenick, M.;Attardo, G.; Denis, R.;Lamothe, S.;Gourdeau, H.; Tseng,
B.;Kasibhatla, S.;Cai, S. X. J. Med. Chem. 2008,51,417.

Saffari, Z.;Aryapour, H.;Akbarzadeh, A.;Foroumadi, A.;Jafari, N.;FarahnakZarabi,
M.;Farhangi, A.Tumor Biol.2014,35, 5845.

Anderson, D.R.;Hegde, S.;Reinhard, E.; Gomez, L.;Vernier, W.F.; Lee, L.; Liu,
S.;Sambandam, A.; Snider, P.A.;Masih, L. Bioorg. Med. Chem. Lett.2005,15,1587.



A. Davoodnia et al. / Heterocyclic Letters Vol. 7| No.2|267-273|Feb-April| 2017

xxiil. Caruana, L.;Mondatori, M.;Corti, V.; Morales, S.;Mazzanti, A.;Fochi, M.;Bernardi, L.
Chem.-Eur. J.2015,21,6037.

xxiv. Mohammed, F.K.;Soliman, A.Y.;Ssawy, A.;Badre, M.G. J. Chem. Pharm.
Res.2009,1,213.

xxv. Kolla, S.R.; Lee, Y.R. Tetrahedron2011,67,8271.

xxvi. Al-Mousawi, S.M.;Elkholy, Y.M.; Mohammad, M.A.;Elnagdi, M.H. Org. Prep.
Proced.Int.1999,31,305.

xxvii. Radwan, S.M.;Bakhite, E.A.; Kamal El-Dean, A.M. Phosphorus, Sulfur Silicon Relat.
Elem.1995,101,207.

xxviil. Zonouzi, A.;Mirzazadeh, R.;Safavi, M.;Ardestani, S.K.;Emami, S.;Foroumadi, A.
Iranian J. Pharm. Res. 2013,12,679.

xxix. Dekamin, M.G.;Eslami, M.;Maleki, A. Tetrahedron2013,69,1074.

xxx. Safari, J.;Zarnegar, Z.;Heydarian, M. Bull. Chem. Soc. Jpn.2012,85,1332.

xxxi. Albadi, J.;Razeghi, A.;Mansournezhad,A.;Azarian, Z. J. Nanostruct. Chem.2013,3,85.

xxxii. Habibi-Khorassani, S.M.;Hazeri, N.;Shahraki, M.;Abbasi, M.;Karima, M.; Ali, M.
Iran. J. Org. Chem. 2013,5,1163.

xxxiil. Dekamin, M.G.;Eslami, M. Green Chem.2014,16,4914.

xxxiv. Kundu, S. K.;Mondal, J.;Bhaumik, A. Dalton Trans.2013,42,10515.

xxxv. Khaksar, S.;Rouhollahpour, A.;Talesh, S.M.J. Fluorine Chem.2012,141,11.

xxxvi. Ren, Y.;Yang,B.;Liao, X. Catal. Sci. Technol.2016,6,4283.

xxxvii. Safari,J.;Javadian, L. Ultrason.Sonochem.2015, 22, 341.

xxxviii.Makarem, S.;Mohammadi, A.A.;Fakhari, A.R. Tetrahedron Lett.2008,49,7194.

xxxix. Nakhaei, A.;Davoodnia, A. Chin. J. Catal.2014,35,1761.

xI. Nakhaei, A.;Davoodnia, A.;Morsali, A. Res. Chem. Intermed.2015,41,7815.

xli.  Davoodnia,  A.;Nakhaei, @A.  Synth.  React.  Inorg.Met.-Org.  Nano-
Met.Chem.2016,46,1073.

xlii.  Rohaniyan, M.;Davoodnia, A.;Nakhaei, A. Appl. Organometal. Chem.2016, 30, 626.

xliii. Davoodnia, A.;Nakhaei,A.;Tavakoli-Hoseini, N. Z. Naturforsch. B.2016,71,219.

xliv.  Nakhaei, A.;Davoodnia, A.;Yadegarian, S. Heterocycl.Lett.2017,7, 35.

xlv.  Miiller, A.;Krickemeyer, E.;Bogge, H.;Schmidtmann, M.;Peters, F. Angew. Chem. Int.
Ed 1998, 37,3359.

xlvi.  Zhang, L.;Xiong, T.;Zhou, Y.;Zhang, L. Chem. Asian J.2010, 5,1984.

xlvii. Polarz, S.;Smarsly, B.;G6ltner, C.;Antonietti, M. Adv. Mater.2000, 12,1503.

xlviii. Seifi, N.;Zahedi-Niaki, M.H.;Barzegari, M.R.;Davoodnia, A.;Zhiani, R.;AghaeiKaju,
A. J. Mol. Catal. A Chem. 2006, 260, 77.

xlix. Davoodnia, A.;Zare-Bidaki, A.;Behmadi, H. Chin. J. Catal.2012,33,1797.

xlx.  Khashi, M.;Davoodnia, A.;PrasadaRao Lingam, V. S. Res. Chem. Intermed.2015, 41,
5731.

xIxi. Dehghan, M.;Davoodnia, A.;Bozorgmehr, M.R.;Bamoharram, F.F. Russ. J.
Gen.Chem.2017, 87, 311.

xlIxii. Dehghan, M.;Davoodnia, A.;Bozorgmehr, M.R.;Bamoharram, F.F. Heterocycl.
Lett.2016, 6, 251.

xIxiii. Ahmadi, T.;Davoodnia, A.;Pordel, M.;Fattahi, M.;Ebrahimi, M.; Tavakoli-Hoseini,
N.;Nakhaei, A.Heterocycl.Lett.2017, 7,27.

Received on April 2017.

273



