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Abstract

A simple and efficient procedure for the synthesis of novel 4-aryl pyrazolo[3,4-c]pyrazol-3(2H)-ones via a one-
pot, three-component reaction between 2-cyano-N-methylacetamide, aryl aldehydes, and hydrazine hydrate
in the presence of EtsN in DMF is reported. Products are obtained in good yields and their structures are
supported by their spectroscopic data and combustion analysis.
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Introduction

Pyrazoles are five-membered heterocycles that contain nitrogen-nitrogen (N-N) bonds. Pyrazoles are relatively
rare in the nature but can be found widely in the pharmaceutical and biochemical industries.”> Also,
monocyclic pyrazoles are useful scaffolds for the synthesis of larger fused heterocyclic systems. Among them,
we can mention pyrazolo-fused pyrimidines,® quinolines,* pyridines,® thiazoles,® isoquinolines,” imidazoles,?
diazepines,® and triazines.'° Fused pyrazoles are important classes of heterocycles with effective biological
activity such as antitumor,!! antioxidant,? antimicrobial,'? antiviral,'* and as immunostimulatory agents.'*
Moreover, some of these bicyclic heterocycles are used for treatment of autoimmune/inflammatory diseases,*
useful for treatment of esophageal and gastrointestinal mucosa injury,* and potent inhibitors of hGSK-3a.!>

Among the fused pyrazoles are pyrazolo[3,4-c]pyrazoles, which are important owing to their various
pharmacological and biological activities such as adenosine mimics (A),® antibiotics (B),!” and anticancer (C),*®
which have inhibitory activity against liver cancer (HepG2) Cell Category (D) *° (Figure 1).
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Figure 1. Selected examples of bioactive pyrazolo[3,4-c]pyrazoles.

Several successful methods for the synthesis of pyrazolo[3,4-c]pyrazoles have been reported by diverse
procedures, such as from the: (a) intermolecular cyclization of hydrazono-2,4-dixobutanoic acids,?® and
arylidene pyrazolinone with hydrazine hydrate;?! (b) condensation of 2-isonicotinoyl-pyrazol-3-one in the
presence of hydrazine hydrate;'® (c) reaction of 5-chloropyrazole-4-carbaldehydes with hydrazine hydrate or
phenyl hydrazine;?? and, (d) the three-component reaction of 2,4-dihydro-3H-pyrazol-3-ones, aryl aldehydes,
and hydrazine hydrate.?3?* Also for some of these synthesis the use of catalysts are reported.?>2®

This encouraged us to focus on the synthesis of this potential biologically active core as part of our ongoing
efforts to develop multicomponent reactions for the synthesis of nitrogen-containing heterocycles.?’? Herein,
we describe a new and efficient strategy for the synthesis of 4-arylpyrazolo[3,4-c]pyrazol-3(2H)-ones via a
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one-pot, three-component reaction of 2-cyano-N-methylacrylamide, aryl aldehyde, and hydrazine hydrate in

the presence of EtsN in DMF heated at reflux.

Results and Discussion

Our study began with reaction of ethyl 2-caynoacetate 1 and methylamine 2 to give 2-cyano-N-

methylacetamide 3 following a literature procedure (Scheme 1).2°

0 EtONa/EtOH o
NC\)J\OEt +  CHsNH, r.t. NC\)J\N,CH3
H
1 2 3

Scheme 1. Synthesis of 2-cyano-N-methylacetamide.

To find the optimized conditions, we studied the synthesis of 4-(p-tolyl)pyrazolo[3,4-c]pyrazol-3(2H)-one 6a
via the three-component reaction of 2-cyano-N-methylacetamide 3, 4-methylbenzaldehyde 4a, and hydrazine

hydrate 5 under a variety of conditions (Table 1).

Table 1. Optimization of the reaction conditions in the synthesis of4-(p-tolyl)pyrazolo[3,4-c]pyrazol-3(2H)-one

CHs

6a
O
e} EtsN
NC\)J\N,CH3 + dH + NH,NH,H,0 DMF Reflux

H HsC

3 4a 5 6a
Entry Solvent Temp.? mmol of 3:4a:5 Yield (%)°
1 DMF r.t. 1:1:2 25
2 MeOH r.t. 1:1:2 N.R.
3 THF r.t. 1:1:2 N.R.
4 EtOH r.t. 1:1:2 N.R.
5 CHsCN r.t. 1:1:2 N.R.
6 DMF Reflux 1:1:2 40
7 DMF Reflux 1:1:2.5 40
8 DMF Reflux 1:1.5:3 45
9 DMF Reflux 1:1:3 49
10 DMF Reflux 1.5:1:3 55
11 DMF Reflux 1:1:5 78
12 DMF Reflux® 1:1:5 78

@ Reaction conditions: solvent was 5 mL, with 0.27 mL (2.0 mmol) Et3N, reaction

time was 3 h. P Isolated yields. ¢ Reaction time was 12 h.
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The optimization of the reaction conditions, including the reaction solvent, the reaction temperature, and
the equivalents of starting materials were investigated. First, various solvents were examined (Table 1, entries
1-5), and DMF was shown to be the preeminent solvent for this reaction. Then, we examined the influence of
different temperatures on this reaction. The product yield at room temperature for 5 h was 25% and in the
reflux conditions during the same time was 40% (Table 1, entries 1 and 6). Finally, we observed that the molar
ration of reactants also have important influence on the reaction (Table 1, entries 7-11). More molar
equivalents of hydrazine hydrate 5 (for example, 5.0 mmol) in DMF at reflux conditions led to a higher vyield,
78% (Table 1, entry 11). Also, increasing the reaction time in DMF under reflux conditions did not improve the
yield (Table 1, entry 12). This series of experiments reveal that the optimal results were obtained when the
reaction of 2-cyano-N-methylacetamide 3 (0.09 g, 1.0 mmol) was conducted with 4-methylbenzaldehyde 4a
(0.12 mL, 1.0 mmol), in the presence of EtsN (0.27 mL, 2.0 mmol) and hydrazine hydrate 5 (0.20 mL, 5.0 mmol)
in DMF (5 mL) under reflux conditions. These optimized reaction conditions (Table 1, entry 11) were then used
to synthesize and explore the scope of this novel transformation with various aryl aldehydes to give one series
4-arylpyrazolo[3,4-c]pyrazol-3(2H)-ones 6a-k (Table 2) in good yields. As can be seen from Table 2, the nature
of the aryl aldehyde was important: aryl aldehydes bearing electron-withdrawing groups gave higher yields.

Table 2. Synthesis of 4-arylpyrazolo[3,4-c]pyrazol-3(2H)-ones

o) o] EtsN NN

HN N

NchN,CHg, . Ar)LH b NHNH, H,0 DMF Reflux_ %
H

0] Ar

3 4 5 6a-k

Entry Product Ar Yield (%)?
1 6a 4-Tol 78
2 6b 3-Tol 75
3 6¢ 4-ClCgH4 88
4 6d 4-MeOCeH4 70
5 6e 4-BrCsH4 80
6 6f 3-FCsH4 90
7 6g 4-MeaNCsHs 65
8 6h 2-Tol 74
9 6i 2-CIC¢H4 85
10 6j 2-MeOCgHas 68
11 6k Ph 62

2 |solated yield.

To the best of our knowledge, all the synthesized compounds were new and their structures were
supported by 'H and 3C NMR, IR, and CHN analysis. For instance, the 'H NMR spectrum of the compound 6a
consisted of one singlet at &4 2.35 for the three hydrogens of the methyl group. Also, two doublet signals at én
7.34 and 7.55 with coupling constant of 8.0 Hz for the aromatic protons of the phenyl ring and a broad singlet
signal at &u 8.65 for the proton of the NH were also observed. The 3C NMR spectrum of compound 6a
exhibited 9 distinct signals in agreement with the proposed structure.
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A proposed mechanism for the synthesis of 4-arylpyrazolo([3,4-c]pyrazol-3(2H)-ones is illustrated in Scheme
2. Firstly, intermediates | are formed by means of a Knoevenagel condensation between 2-cyano-N-
methylacetamide 3 and aryl aldehydes 4 in presence of EtsN. Then, the Michael addition of hydrazine hydrate
5 to intermediates | afforded intermediates Il, which subsequently undergo an intramolecular cyclization
reaction and loss of one molecule of H, and CHsNH; to form intermediates Ill. Then, the nucleophilic addition
of another equivalent of hydrazine hydrate 5 to intermediates Ill afforded intermediates IV, which
subsequently undergo an intramolecular cyclization reaction to form intermediates V. In the last step, 4-
arylpyrazolo([3,4-c]pyrazol-3(2H)-ones 6 are formed by hydrolysis of intermediates V in DMF under reflux
conditions.

O 0
0 NC .CHs NH,NHyH,0  nc. M7
o) EtsN | N 2 52 2 KNHCH3
U T .. N s
NHCH; Ar” "H  Knoevenagel Ar Michael A SN V2
condensation addition H
-H,O
3 4 | ]
-CH3NH, | Intramolecular
-H, cyclization
Intramolecular N® 0
N N, H,O NN cycllzatlon 2 2 27 NC
HN ‘N =<—— HN N | N
= Hydrolysis = -HZO Nucleoph|I|c Ar N
0] Ar HN Ar addition
6 Vv v ]|

Scheme 2. The proposed mechanism for the synthesis of 4-arylpyrazolo[3,4-c]pyrazol-3(2H)-ones.

Conclusions

In conclusion, 4-arylpyrazolo[3,4-c]pyrazol-3(2H)-ones can be synthesized from the reaction of 2-cyano-N-
methylacetamide, aryl aldehydes, and hydrazine hydrate in the presence of EtsN in DMF under reflux
conditions. The mild reaction conditions, low cost of the starting materials, operational simplicity and good
yields are the advantages of the protocol.

Experimental Section

General. All commercially available reagents and other solvents were purchased and used without further
purification. Melting points were obtained on a Bamslead Electrothermal 9200 melting point apparatus and
are uncorrected. IR spectra were acquired on a Bruker FT-IR Equinax-55 spectrometer. Peaks are reported in
wavenumbers (cm™). All of the NMR spectra were recorded on a Varian model UNITY Inova 500 MHz (*H: 500,
13C: 125 MHz) NMR spectrometer. Chemical shifts of 'H and *3C NMR are reported in § or parts per million
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(ppm) from tetramethylsilane (TMS) as an internal standard in DMSO-ds as solvents. Elemental analyses were
performed using a Carlo Erba EA 1108 instrument. All products were characterized by their spectral and
physical data.

General procedure for the preparation of compounds 6a—k. A mixture of 2-cyano-N-methylacetamide 3 (0.09
g, 1.0 mmol), aryl aldehyde 4 (1.0 mmol), in the presence of EtsN (0.27 mL, 2.0 mmol) was stirred in DMF (5
mL) for 2 h at reflux conditions to give 2-cyano-N-methylacrylamide I. Then, hydrazine hydrate 5 (0.2 mL, 5.0
mmol) was added, and obtained mixture was stirred for more 3 h at reflux conditions. After completion of the
reaction determined by TLC, the reaction product was extracted with ethyl acetate (3 x 5 mL), the solvent was
removed under reduced pressure and the isolated compounds 6a—-k (62—90%) were purified by plate
chromatography (20 x 20 cm) (SiO3, eluent n-hexane/EtOAc, 25:75).

4-(4-Tolyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6a). Colorless powder; mp 171-173 °C. IR v/cm™ (KBr): 3420,
1630 cm™. *H NMR (500 MHz, DMSO-ds): &1 2.35 (s, 3H, CHs), 7.34 (d, J 8.0 Hz, 2H, ArH), 7.75 (d, J 8.0 Hz, 2H,
ArH), 8.65 (s, 1H, NH). 3C NMR (125 MHz, DMSO-de): 6¢ 21.1, 119.6, 128.4, 129.5, 153.0, 155.6, 160.5, 170.1,
174.4. Anal. Calcd for C11HsN4O (212.21): C, 62.26; H, 3.80; N, 26.40. Found: C, 62.41; H, 3.84; N, 26.32%.
4-(3-Tolyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6b). Colorless powder; mp 167-169 °C. IR v/cm™ (KBr): 3308,
1625 cmL. IH NMR (500 MHz, DMSO-ds): & 2.36 (s, 3H, CH3), 7.34-7.43 (m, 4H, ArH), 8.12 (s, 1H, NH). 133C NMR
(125 MHz, DMSO-ds): 6¢ 21.25,124.5, 127.5, 129.0, 130.9, 134.3, 138.4, 145.6, 148.2, 157.5, 165.2. Anal. Calcd
for C11HsN4O (212.21): C, 62.26; H, 3.80; N, 26.40. Found: C, 62.09; H, 3.82; N, 26.51%.
4-(4-Chlorophenyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6c). Colorless powder; mp 111-113 °C. IR v/cm™ (KBr):
3448, 1639 cm™™. 'H NMR (500 MHz, DMSO-ds): 6 7.51 (d, J 8.0 Hz, 2H, ArH), 7.75 (d, J 8.0 Hz, 2H, ArH), 8.30 (s,
1H, NH). 3C NMR (125 MHz, DMSO-ds): 6¢ 129.3, 130.0, 130.4, 133.7, 135.6, 156.6, 167.3, 174.9. Anal. Calcd
for C10H5CIN4O (232.63): C, 51.63; H, 2.17; N, 24.08. Found: C, 51.87; H, 2.21; N, 24.15%.
4-(4-Methoxyphenyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6d). Colorless powder; mp 183-185 °C. IR v/cm’*
(KBr): 3430, 1621 cm™. H NMR (500 MHz, DMSO-ds): & 3.81 (s, 3H, OCHs), 7.02 (d, J 8.5 Hz, 2H, ArH), 7.79 (d, J
8.5 Hz, 2H, ArH), 8.59 (s, 1H, NH). 13C NMR (125 MHz, DMSO-ds): 6c 55.7, 114.7, 115.6, 127.0, 129.2, 160.9,
162.1, 167.4, 170.8. Anal. Calcd for C11HsN4O2 (228.21): C, 57.89; H, 3.53; N, 24.55. Found: C, 58.04; H, 3.59; N,
24.47%.
4-(4-Bromophenyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6e). Colorless powder; mp 216-218 °C. IR v/cm™ (KBr):
3423, 1625 cm™™. 'H NMR (500 MHz, DMSO-ds): 6 7.71 (d, J 8.0 Hz, 2H, ArH), 7.82 (d, J 8.0 Hz, 2H, ArH), 8.68 (s,
1H, NH). 3C NMR (125 MHz, DMSO-ds): 6¢ 123.7, 125.0, 130.6, 132.5, 160.3, 161.0, 163.0, 173.2. Anal. Calcd
for C10HsBrN4O (277.08): C, 43.35; H, 1.82; N, 20.22. Found: C, 43.54; H, 1.84; N, 20.17%.
4-(3-Fluorophenyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6f). Colorless powder; mp 180-182 °C. IR v/cm™ (KBr):
3413, 1626 cmL. H NMR (500 MHz, DMSO-de): & 7.45-7.52 (m, 3H, ArH), 8.05 (s, 1H, ArH), 8.68 (s, 1H, NH). 13C
NMR (125 MHz, DMSO-ds): 6¢c 114.7, 114.8, 118.6, 118.8, 125.2, 125.7, 131.5, 160.6, 163.7, 168.1. Anal. Calcd
for C10HsFN4O (216.18): C, 55.56; H, 2.33; N, 25.92. Found: C, 55.69; H, 2.38; N, 26.03%.
4-(4-(Dimethylamino)phenyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6g). Colorless powder; mp 168-170 °C. IR
v/cm™? (KBr): 3410, 1619 cm™. *H NMR (500 MHz, DMSO-ds): 6 2.98 (s, 6H, N(CHs)2), 6.76 (d, J 8.5 Hz, 2H, ArH),
7.63 (d, J 8.5 Hz, 2H, ArH), 8.48 (s, 1H, NH). 13C NMR (125 MHz, DMSO-ds): &c 50.3, 54.4, 112.1, 122.1, 129.9,
151.9, 154.3, 160.1, 170.6, 172.2. Anal. Calcd for C12H11NsO (241.25): C, 59.74; H, 4.60; N, 29.03. Found: C,
59.62; H, 4.58; N, 29.11%.
4-(2-Tolyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6h). Colorless powder; mp 165-167 °C. IR v/cm™ (KBr): 3422,
1632 cmL. 'H NMR (500 MHz, DMSO-ds): 61 2.30 (s, 3H, CHs), 7.19-7.42 (m, 4H, ArH), 8.65 (s, 1H, NH). 13C NMR
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(125 MHz, DMSO-de): 6¢ 21.6, 124.5, 127.9, 129.1, 131.4, 133.9, 138.5, 145.7, 148.3, 157.5, 166.2. Anal. Calcd
for C11HsN4O (212.21): C, 62.26; H, 3.80; N, 26.40. Found: C, 62.50; H, 3.83; N, 26.34%.
4-(2-Chlorophenyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6i). Colorless powder; mp 122-124 °C. IR v/cm™ (KBr):
3435, 1632 cm™. 'H NMR (500 MHz, DMSO-ds): 6n 7.39 (t, 1H, ArH), 7.42 (t, 1H, ArH), 7.50 (d, J 8.0 Hz, 1H,
ArH), 7.90 (d, J 8.0 Hz, 1H, ArH), 8.69 (s, 1H, NH). 13C NMR (125 MHz, DMSO-ds): 6¢c 126.9, 128.0, 130.3, 131.6,
131.8, 133.4, 134.7, 141.5, 157.7, 166.0. Anal. Calcd for CioHsCIN4O (232.63): C, 51.63; H, 2.17; N, 24.08.
Found: C, 51.79; H, 2.24; N, 23.97%.

4-(2-Methoxyphenyl)pyrazolo[3,4-c]pyrazol-3(2H)-one (6j). Colorless powder; mp 145-147 °C. IR v/cm™ (KBr):
3424, 1615 cm™. *H NMR (500 MHz, DMSO-dg): 61 3.87 (s, 3H, OCHs), 7.03 (t,J 8.0 Hz, 1H, ArH), 7.14 (d, J 8.5
Hz, 1H, ArH), 7.50 (t,J 7.5 Hz, 1H, ArH), 7.96 (d, J 8.5 Hz, 1H, ArH), 8.94 (s, 1H, NH). 23C NMR (125 MHz, DMSO-
de): 6c 57.3, 114.7, 114.9, 127.0, 130.4, 148.6, 157.5, 160.9, 162.1, 166.2, 170.9. Anal. Calcd for C11HgN4O>
(228.21): C,57.89; H, 3.53; N, 24.55. Found: C, 57.68; H, 3.57; N, 24.47%.
4-Phenylpyrazolo[3,4-c]pyrazol-3(2H)-one (6k). Yellow powder; mp 175-177 °C. IR v/cm™ (KBr): 3450, 1663
cmL. IH NMR (500 MHz, DMSO-ds): 81 7.20-7.75 (m, 5H, ArH), 8.12 (s, 1H, NH). 13C NMR (125 MHz, DMSO-ds):
6c 127.1, 127.6, 129.2, 130.3, 134.3, 145.5, 157.5, 165.3. Anal. Calcd for C10HsN4O (198.19): C, 60.60; H, 3.05;
N, 28.27. Found: C, 60.47; H, 3.02; N, 28.34%.

Supplementary Material

'H and '3C NMR spectra of compounds 6a-6k are available in the Supplementary Material.

References

1. Knouse, K. W.; Ator, L. E.; Beausoleil, L. E.; Hauseman, Z. J.; Casaubon, R. L.; Ott, G. R. Tetrahedron Lett.
2017, 58, 202.
https://doi.org/10.1016/j.tetlet.2016.11.092

2. Padmaja, A.; Payani, T.; Reddy, G. D.; Padmavathi, V. Eur. J. Med. Chem. 2009, 44, 4557.
https://doi.org/ 10.1016/j.eijmech.2009.06.024

3. Chang, C. H.; Tsai, H. J.; Huang, Y. Y.; Lin, H. Y., Wang, L. Y.; Wu, T. S.; Wong, F. F. Tetrahedron 2013, 69,
1378.
https://doi.org/10.1016/j.tet.2012.11.002

4. Ezzati, M.; Khalafy, J.; Marjani, A. P.; Prager, R. H. Tetrahedron 2017, 73, 6587.
https://doi.org/10.1016/j.tet.2017.10.004

5. Abdel-Latif, E.; Abdel-Fattah, S.; Gaffer, H. E.; Etman, H. A. Egypt. J. Basic Appl. Sci. 2016, 3, 118.
https://doi.org/10.1016/j.ejbas.2015.11.001

6. Koyioni, M.; Manoli, M.; Manolis, M. J.; Koutentis, P. A. J. Org. Chem. 2014, 79, 4025.
https://doi.org/10.1021/j0500509¢e

7. Dyachenko, V. D.; Sukach, S. M. Russ. J. Gen. Chem. 2012, 82, 305.
https://doi.org/ 10.1134/51070363212020211

8. Bondock, S.; Tarhoni, A. E. G.; Fadda, A. A. J. Heterocycl. Chem. 2015, 52, 346.
https://doi.org/10.1002/jhet.2041

9. Mohammed, K. S.; Elbeily, E. E.; EI-Taweel, F. M.; Fadda, A. A. J. Heterocycl. Chem. 2019, 56, 493.

Page 244 ©AUTHOR(S)



https://doi.org/10.1016/j.tetlet.2016.11.092

Arkivoc 2020, vi, 238-246 Asadi, S. et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

23.

24.

25.

26.

27.

28.

https://doi.org/10.1002/jhet.3425

Nie, Z.; Perretta, C.; Erickson, P.; Margosiak, S.; Almassy, R.; Lu, J.; Chu, S. Bioorg. Med. Chem. Lett. 2007,
17,4191.

https://doi.org/10.1016/j.bmcl.2007.05.041

Yarie, M.; Zolfigol, M. A.; Babaee, S.; Baghery, S.; Alonso, D. A.; Khoshnood, A. Res. Chem. Intermed. 2018,
44, 2839.

https://doi.org/10.1007/s11164-018-3264-9

Atta-Allah, S. R.; Abou-Elmagd, W. S.; Kandeel, K. A., Hemdan, M. M.; Haneen, D. S.; Youssef, A. S. J. Chem.
Research. 2017, 41, 617.

https://doi.org/10.3184/174751917X15065183733150

Ramadan, S. K.; Sallam, H. A. J. Heterocycl. Chem. 2018, 55, 1942.

https://doi.org/10.1002/jhet.3232

Paul, S.; Gupta, M.; Gupta, R.; Loupy, A. Tetrahedron Lett. 2001, 42, 3827.
https://doi.org/10.1016/S0040-4039(01)00505-6

Witherington, J.; Bordas, V.; Garland, S. L.; Hickey, D. M.; Ife, R. J.; Liddle, J.; Ward, R. W. Bioorg. Med.
Chem. Lett. 2003, 13, 1577.

https://doi.org/10.1016/S0960-894X(03)00134-3

Berry, D. A.; Wotring, L. L.; Drach, J. C.; Townsend, L. B. Nucleosides Nucleotides 1994, 13, 405.
https://doi.org/ 10.1080/15257779408013250

Mallikarjuna Rao, R.; Sreeramulu, J.; Ravindranath, L. K.; Nagaraja Reddy, G.; Hanumanthurayudu, K.;
Nageswara Reddy, G., Madhusudhan, P. J. Chem. Pharm. Res. 2012, 4, 272.

Ojha, S.; Bapna, A.; Talesara, G. L. ARKIVOC. 2008, xi, 112.

https://doi.org/10.3998/ark.5550190.0009.b11

Gomha, S. M.; Abdel-aziz, H. M.; EI-Reedy, A. A. J. Heterocycl. Chem. 2018, 55, 1960.
https://doi.org/10.1002/jhet.3235

Pimenova, E. V.; Khamatgaleev, R. A.; Voronina, E. V.; Andreichikov, Y. S. Pharm. Chem. J. 1998, 32, 425.
https://doi.org/10.1007/BF02465773

. Othman, E. S. Acta. Chim. Slov. 2003, 50, 15.
22.

Paul, S.; Gupta, M.; Gupta, R.; Loupy, A. Tetrahedron Lett. 2001, 42, 3827.
https://doi.org/10.1016/S0040-4039(01)00505-6

Koraiem, A. I. J. Chem. Tech. Biotechnol. 1984, 34, 43.
https://doi.org/10.1002/jctb.5040340202

Varvounis, G.; Fiamegos, Y.; Pilidis, G. Adv. Heterocycl. Chem. 2007, 95, 27.
https://doi.org/10.1016/S0065-2725(07)95002-3

Kadam, S. S.; Maier, L.; Kostakis, I.; Pouli, N.; Tousek, J.; Necas, M.; Marek, R. Eur. J. Org. Chem. 2013, 2013,
6811.

https://doi.org/10.1002/ejoc.201300606

Ege, G.; Gilbert, K.; Heck, R. Chem. Ber. 1984, 117, 1726.
https://doi.org/10.1002/cber.19841170508

Alizadeh-Bami, F.; Mehrabi, H.; Ranjbar-Karimi, R. ARKIVOC 2019, vi, 228.
https://doi.org/10.24820/ark.5550190.p011.045

Mehrabi, H.; Alizadeh-Bami, F.; Ranjbar-Karimi, R. Tetrahedron Lett. 2018, 59, 1924.
https://doi.org/10.1016/j.tetlet.2018.03.093

Page 245 ©AUTHOR(S)



Arkivoc 2020, vi, 238-246 Asadi, S. et al.

29. Cheikh, N.; Bar, N., Choukchou-Braham, N.; Mostefa-Kara, B.; Lohier, J. F.; Sopkova, J.; Villemin, D.
Tetrahedron 2011, 67, 1540.

https://doi.org/ 10.1016/j.tet.2010.12.062

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/)

Page 246 ©AUTHOR(S)


http://creativecommons.org/licenses/by/4.0/

