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Abstract

A synthesis of novel bis(1,4-dihydropyrano(2,3-c]pyrazole-5-carbonitriles), bis(4H-chromene-3-carbonitriles)
and bis(dihydropyrano[3,2-clchromenes), which are linked to aliphatic spacers via amide linkages was
achieved via multicomponent reactions (MCR) of the appropriate bis-aldehyde with two equivalents of both of
malononitrile and 3-methylpyrazol-5-one, dimedone or 4-hydroxycoumarin in a basic solution.

o o <CN
O\)J\N,X\NJK/O cN
OHC-©/ H H \©‘CH0

X = (CHy)z, (CHy)3, (CH2)4

Keywords: Bis(pyrano[2,3-c]pyrazole), bis(chromene), bis(pyrano[3,2-clchromene), amide linkages

DOI: https://doi.org/10.24820/ark.5550190.p011.071 Page 306 ©AUTHOR(S)



https://doi.org/10.24820/ark.5550190.p011.071
mailto:aelwahy@hotmail.com
mailto:ismail%20shafy@yahoo.com

Arkivoc 2019, vi, 306-324 Abdella, A. M. et al.

Introduction
The amide group is one of the most popular and reliable functionalities in organic chemistry. Amides are a
core structural unit in the skeleton of proteins and frequently occur in a wide variety of molecules, such as

natural products and biologically active compounds including pharmaceuticals (e.g., the marketed drugs
Atorvastatin 1, Lisinopril 2 and Valsartan 3 (Figure 1).
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Figure 1. Chemical structures of some amidic marketed drugs.

The favorable properties of amide groups, such as high polarity, stability and conformational diversity
stimulated authors to search for improved methods for the synthesis of novel amide-based molecules.*™” The
Michael addition reaction represents a powerful synthetic approach in the area of synthetic heterocyclic
chemistry. Its applications in pharmaceutical research and drug discovery have been the subject of many
publications in the last decades.®'' On the other hand, MCRs are efficient synthetic tools for one-pot
syntheses of complex organic molecules. MCRs have the advantages of being eco-friendly and intrinsically
atom-economical reaction.'>7'* This has inspired many advances in the design and implementation for the
construction of diverse heterocyclic scaffolds.’>~® Pyrans constitute an important class of biologically active
natural and synthetic products. Pyrans and their fused analogues especially, pyrano[2,3-c]pyrazole, chromene
and pyrano(3,2-c]Jchromenes play a fundamental role in bioorganic chemistry due to their diverse biological
applications including anticancer, antiviral and anti-inflammatory activities.®22 Furthermore, the presence of
more than one active moiety in the molecule is believed to alter positively the activity for the intended
application. In the last decade, we reported extensively on the Michael addition reaction?*2® as well as the
chemistry of bis-(heterocycles) whose heterocyclic moieties were linked via different aliphatic and aromatic
spacers.82426-33 |n continuation of the aforementioned effort, we report herein, the synthesis of new bis(1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile), bis(4H-chromene-3-carbonitrile) and bis(dihydropyrano(3,2-
cJchromene) containing molecules which are linked to aliphatic spacers by amide linkages via a MCR
procedure aiming at increased biocompatibility for the application as bioactive agents.

Results and Discussion

Our first approach to synthesize the bis(fused dihydropyrans) 8-10 included first the synthesis of
dihydropyrano(2,3-c]pyrazole 5, tetrahydro-4H-chromene 6 and dihydropyrano[3,2-cJchromene 7, each
bearing a 2-hydroxylphenyl group at the position 4.3*37 These compounds can then undergo simple bis-
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alkylation reaction with bis(2-chloroacetamide) 4a in basic medium to give the target molecules 8-10. The TLC
of the reaction mixtures indicates the presence of a mixture of products which could unfortunately not be
separated or identified (Scheme 1).

N0 _NH,
N
CN
Mé
OH Y
N (0] NH,
Nl
5 CN O H
- Me o N
N 0 Me
a) KOH/ EtOH H 0 NC
b) DMF, reflux 1 h | |l N

a) KOH/ EtOH
b) DMF, reflux 1 h

a) KOH/ EtOH
b) DMF, reflux 1 h

Scheme 1. Attempted bis-alkylation of 4-(2-hydroxyphenyl)-substituted dihydropyrano([2,3-c]pyrazole 5,
tetrahydro-4H-chromene 6 and dihydropyrano[3,2-c]Jchromene 7 with bis(2-chloroacetamide) 4.

In the second approach, the bis-aldehyde 12a containing an amide linkage was prepared following the
reported methods described by our group®38*! vig the reaction of the potassium salt of the salicylaldehyde 11
with the corresponding bis(2-chloroacetamide) 4a in boiling DMF (Scheme 2).
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Scheme 2. Synthesis of bis-aldehyde 12a.
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A subsequent MCR of 12a with two equivalents of both of malononitrile 13 and 5-methyl-2,4-dihydro-3H-
pyrazol-3-one 14 or dimedone 15 in ethanol heated at reflux in the presence of piperidine gave bis(1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile) 8a and bis(4H-chromene-3-carbonitrile) 9a in 82 and 65% vyields,
respectively. Similarly, the MCR of compound 12a with malononitrile and 4-hydroxycoumarin 16 in pyridine
heated at reflux gave bis(dihydropyrano[3,2-clchromene) 10a in 90% yield (Scheme 3).

N o
N>\j

Me 14 H O NH;
> NIl
Ethanol/Pip., Reflux e CN O H
© N o) Me
H O NC
R
8a (82%) H,N" "0 H

o
o OHCJQ (CN lq

H (e}

CN 15 H.N

O\)J\N/\/ N W/\O _ 2
H o Z

o (0}
CHO 13 Ethanol/Pip., %
Reflux
12a 9a (65%)
(o]
OH

Pyridine, Reflux

10a (90%)

Scheme 3. Synthesis of bis(1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile) 8a, bis(4H-chromene-3-
carbonitrile) 9a and bis(dihydropyrano(3,2-c]Jchromene) 10a.

The structure of compounds 8a-10a were supported by their elemental analysis and spectral data. Thus, IR
spectrum of compound 8a indicated the presence of primary amino groups at v 3348 and 3310 cm™, and a
cyano group at v 2191 cm™. The carbonyl group appeared as a broad band at v 1668 cm™. The 'H NMR
spectrum indicated the presence of the pyran-H4 as singlet signal at éu 5.25. Moreover, the pyrazole methyl,
and the methylene groups, OCH; and NCH,, were featured as three signals at 6u 1.79, 4.47 and 3.29,
respectively.

The IR spectra of compound 9a revealed the presence of primary amino groups by absorptions at v 3487
and 3410 cm™ in addition to the cyano and the carbonyl groups at v 2175 and 1674 cm?, respectively. The *H
NMR spectrum of compound 9a showed the presence of two singlets integrated by 12 protons at 64 0.97 and
1.01 assigned to four CHs groups. In addition, it showed a singlet signal at 4.76 ppm assigned to the pyran-H4.
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The IR spectrum of compound 10a showed the presence of primary amino groups by absorptions at v
3325 and 3279 cm™. In addition, it revealed the cyano band at v 2184 cm™. The carbonyl groups showed a
broad band at 1671 cm™. The 'H NMR spectrum of 10a showed the presence of the pyran-H4 as a singlet
signal at &u 5.02. It is worthy to note that compounds 9a and 10a featured the methylene ether linkage OCH
as a multiplet signal at én 4.44-4.59, although their precursor 12a exhibits a singlet for these protons at &u
4.63. This may be attributed to the generation of stereogenic centers (in the dihydropyran rings) in the
products, which are close enough to the diastereotopic CH; protons. All other protons were seen at the
expected chemical shifts and integral values (see Experimental Section and Supporting Information).

To extend the scope of these MCRs, a series of bis-aldehydes 12a-h containing amide linkages have been
prepared by the reaction of the potassium salt of appropriate hydroxybenzaldehydes 1la-c with the
corresponding bis(2-chloroacetamides) 4a-d in boiling DMF (Table 1).

A novel series of bis(dihydropyrano[3,2-clchromenes) 10a-g were successfully prepared in 87-93% vyields
by MCRs of the appropriate aldehydes 12a-g with malononitrile 13 and 4-hydroxycoumarin 16 in pyridine
heated at reflux (Table 2).

Table 1. Synthesis of bis-aldehydes 12a-h containing amide linkages
OH

] 0]
2 .3 x A
@] X O
EtOH/DMF S
C|\)J\N/X~N)J\/C| + @CHO - OHC‘©/ H H GCHO
H H
4a, X = (CH,), 11a, o-isomer 12a-h
b, X = (CH5)3 b, m-isomer
c, X =(CHy), c, p-isomer
Entry X CHO Yield 12
(0-, m-, p-) (%)
1 (CHz)z (0] 12a (80)
2 (CH2)2 m 12b (70)
3 (CH2)s o 12c (75)
4 (CH2)3 m 12d (74)
5 (CH2)3 p 12e (76)
6 (CH2)a o 12f (83)
7 (CH2)4 m 12g (74)
8 (CH2)a p 12h (79)
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Table 2. Synthesis of bis(dihydropyrano[3,2-c]chromenes) 10a-g

o o} OH
oHe o M _x_ N _o__~gcHo CN
NN X Pyridine
W Puss,
CN o o
13 16

12a-g

Abdella, A. M. et al.

10a-g X = (CHy), o, m-isomer
X=(CHy); o, m, p-isomer
X =(CH,)4 o0, m-isomer

Entry X Isomer Yields 10
(0-, m-, p-) (%)
1 (CH3)2 o 10a (90)
2 (CH2): m 10b (73)
3 (CH2)s3 o 10c (87)
4 (CH2)s m 10d (89)
5 (CH2)3 p 10e (91)
6 (CH2)a 0 10f (93)
7 (CH2)a m 10g (87)

Bis(1,4-dihydropyrano(2,3-c]pyrazole-5-carbonitriles) 8b and 8c could be obtained in 75 and 70% yields,
respectively, by MCRs of bisaldehydes 12f and 12h with two equivalents of both of malononitrile and 5-
methyl-2,4-dihydro-3H-pyrazol-3-one in ethanol heated at reflux in the presence of piperidine. Also, the
bis(4H-chromene-3-carbonitrile) 9b was obtained in 82% yield from the reaction of bisaldehyde 12f with two

equivalents of both of malononitrile 13 and dimedone 15 (Scheme 4).
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Scheme 4. Bis(1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitriles) 8b and 8c as well as bis(4H-chromene-3-

carbonitrile) 9b.
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Our study was extended to include the synthesis of bis(dihydropyrano[3,2-c]Jchromenes) 18a,b which are
linked to aliphatic spacers via both of amide and ester linkages. Thus, a MCR of 17a,b with two equivalents of
both of malononitrile and of 4-hydroxycoumarin in pyridine heated at reflux afforded 18a and 18b in 87 and
85% yields, respectively (Scheme 5).
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Scheme 5. Synthesis of bis(dihydropyrano[3,2-c]Jchromenes) 18a,b.

On the other hand, attempts to synthesize bis(4H-chromene-3-carbonitriles) 19a,b by a MCR of each of
17a and 17b with two equivalents of both of malononitrile 13 and dimedone 15 in ethanol in the presence of
piperidine heated at reflux were unsuccessful. Instead, the reactions gave in both cases ethyl 4-(2-amino-3-
cyano-7,7-dimethyl-5-o0x0-5,6,7,8-tetrahydro-4H-chromen-4-yl)benzoate 20 in 85 and 82% yields, respectively
(Scheme 6). It is suggested that compound 19a and 19b formed initially and then underwent
transesterification under the reaction conditions.
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Scheme 6. Unexpected formation of ethyl 4-(2-amino-3-cyano-7,7-dimethyl-5-ox0-5,6,7,8-tetrahydro-4H-
chromen-4-yl)benzoate 20 (82-85%).

The synthesis of compounds 8, 9 and 10 proceeded via initial condensation of the bis(aldehydes) 12 with
two moles of malononitrile 13 to yield bis(arylidenemalononitrile) derivatives | which then react with two moles
of active methylene compounds 14, 15, or 16 to yield the intermediate Michael adduct Il. The intermediate Il
underwent tautomerization to lll and subsequent cyclization to give the cyclic intermediates IV. Tautomerization
of the latter intermediate IV led to the formation of compounds 8, 9, and 10, respectively. (Scheme 7).

14,15, 16
cN

0 o <CN NC ) (0] 0] < CN o= \‘; L J=o
OHC, CHO — —
0\/)kN/X\N/l\/O 13 NC O\VJLNrX\N)L\/O oN NG o 0 N
N I N S o L x A _o
NC H H CN
12 I I

#%& »pgx — %u M{jﬁfw% %M oo ‘c

8,9,0r10
Scheme 7. A proposed mechanism for the synthesis of compounds 8, 9 and 10.

The structure of compound 20 was confirmed by spectral as well as elemental analyses. The IR spectrum
of 20 showed absorption bands at v 3325, 3387 and 2191 cm™ due to NH; and cyano groups, respectively.
Also, its mass spectrum revealed the expected molecular ion peaks at m/z 366. Moreover, the *H NMR spectra
of 20 showed a singlet signal at 6n 4.33 attributed to pyran-H4 in addition to triplet and quartet signals at 6n
1.28-1.32 and 6n 4.27-4.31 characteristic for the ethoxy group. All other protons appeared at the expected
chemical shifts and integral values.

Page 313 ©AUTHOR(S)



Arkivoc 2019, vi, 306-324 Abdella, A. M. et al.

The bis-aldehydes 17a and 17b containing amide-ester linkages were prepared by the reaction of the
potassium salt of appropriate 4-formylbenzoic acid 21 with the corresponding bis(2-chloroacetamides) 4a and
4c in boiling DMF (Scheme 8).

CO,H

o o i) KOH/EtOH OHC o o CHO
ii) DMF, reflux 10 min
Cl X Cl + X
Koo WQYVLN N NJVOYQ
H H I H H I
CHO
4a, X = (CH,), 21 17a, X = (CH,), (78%)
4c. X = (CH,), 17b, X = (CH,); (73%)

Scheme 8. Synthesis of bisaldehydes 17 a, b.

HMBC characterization

The chemical structures of compounds 8a, 9b and 10f as representative examples were supported by their
HMBC spectra. The HMBC spectra revealed correlation peaks in accordance with their proposed structures
and thus the possibility of the other regioisomers [8a (ll), 9b (1) and 10f (ll)] (Figure 2) were excluded.

H

8a (Il) 9b (Il) 10f (Il)
Figure 2. Structures of the possible regioisomers 8a (l1), 9b (ll) and 10f ().

The full HMBC spectrum of compound 8a (Figure 3) showed that H4 correlates with each of C3 (6¢c 135.8
[F]), CN (6¢c 121.6 [C]), C6 (6c 161.7 [H]), C7a (6c 155.6 [G]), and C3"' (6¢c 129.4 [D]) in addition to three 3J-
coupling with each of C5 (6¢ 57.5 [A]), C3a (6¢ 98.2 [B]) and C2"" (6¢ 132.9 [E]).
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Figure 3. HMBC spectrum of compound 8a.

The full HMBC spectrum of compound 9b (Figure 4) revealed characteristic long-range %J-correlations
between H4 (6u 4.77) and each of ketonic CO (C5, 6c 196.9 [l]), CN (6c 120.6 [1]), C2 (6¢ 159.2 [G]), C8a (6¢
163.8 [H]), C1"" (6c 154.5 [F]) and C3"' (6c 128.9 [C]) in addition to three 3J-coupling with each of C3 (6c 58.3
[A]), C4a (6c 113.2 [B]) and C2"' (6¢ 133.6 [E]).
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Figure 4. HMBC spectrum of compound 9b.

Finally, the HMBC spectrum of compound 10f (Figure 5) showed distinct long-range coupling (*/-coupling)
between H4 (64 4.96) and each of CO ester (C5 6¢ 160.4 [1]), CN (6¢ 120.2 [C]), C2 (6¢ 155.1 [G]), C10b (6c 158.8
[H]), C1" (&¢c 154.5 [F]) and C3"' (8¢ 129.7 [D]) besides three 3J-coupling between H4 (64 4.95) and each of C3
(6¢ 57.7 [A]), C4a (6¢c 104.2 [B]) and C2"" (6¢ 132.0 [E]).
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Figure 5. HMBC spectrum of 10f.

Conclusions

We developed an efficient approach for the synthesis of new bis(1,4-dihydropyrano[2,3-c]pyrazole-5-
carbonitrile), bis(4H-chromene-3-carbonitrile) and bis(dihydropyrano[3,2-clchromene) compounds which are
linked to aliphatic spacers via amide linkages. Structural assignments for these products were supported by
the spectral data and elemental analyses. The mild reaction conditions, good yields and easily accessible
starting material are the advantages of this reaction which can then be considered a useful methodology to
new bis-heterocycles.

Experimental Section

General. Melting points were measured with a Stuart melting point apparatus and are uncorrected. The IR
spectra were recorded using a FTIR Bruker—vector 22 spectrophotometer as KBr pellets. The *H and *3C NMR
spectra were recorded in DMSO—ds as solvent on Varian Gemini NMR spectrometer at 300 and 75 MHz,
respectively, using TMS as an internal standard. Chemical shifts were reported as 6 values (ppm) while
couplings constants (J) are measured in hertz (Hz). Mass spectra were recorded with a Shimadzu GCMS—QP-
1000 EX mass spectrometer in El (70 eV) model. The elemental analyses were performed at the Micro
analytical center, Cairo University.
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General method for synthesis of compounds 10a—g, 18a and 18b

A mixture of the appropriate bis-aldehydes (12a-g, 17a or 17b) (1 mmol), malononitrile 13 (2 mmol), and 4-
hydroxy-2H-chromen-2-one 16 (2 mmol) in pyridine (10 mL) was heated at reflux for 2 h. The crude solid was
collected by filtration and recrystallized from the appropriate solvent.

N,N'-(Ethane-1,2-diyl)bis{2-[2-(2-amino-3-cyano-5-0x0-4,5-dihydropyrano([3,2-c]Jchromen-4-yl)phenoxy]-
acetamide} (10a). Pale yellow powder (723 mg, 90%), Mp 245-248 °C (dioxane/EtOH), IR (KBr): v 3325, 3279
(NH2), 2184 (CN), 1671 (CO) cm. IH NMR (300 MHz, DMSO-ds): &x 3.27 (br, 4H, CH2N), 4.44-4.59 (m, 4H,
OCH2), 5.02 (s, 2H, Pyran H-4), 6.86-7.85 (m, 22H, Ar-H+ 2NH+2NHCO). 3C NMR (75 MHz, DMSO-ds): 6¢ 30.5,
38.4, 57.8, 67.9, 104.1, 112.6, 113.3, 116.9, 120.0, 122.2, 122.7, 125.1, 128.8, 129.4, 132.3, 133.2, 152.5,
154.5, 155.2, 158.5, 160.3, 168.4. MS (El, 70 eV): m/z (%) 804 [M*]. Anal. Calcd for CasH32N6O10: C, 65.67; H,
4.01; N, 10.44 found C, 65.90; H, 4.28; N, 10.74.
N,N'-(Ethane-1,2-diyl)bis{2-[3-(2-amino-3-cyano-5-ox0-4,5-dihydropyrano[3,2-c]Jchromen-4-yl)phenoxy]-
acetamide} (10b). Pale yellow powder (589 mg, 73%), Mp 195-198 °C (EtOH/dioxane), IR (KBr): v 3325, 3266
(NH2), 2159 (CN), 1674 (CO) cm. *H NMR (300 MHz, DMSO-de): 61 3.2 (br, 4H, CH2N), 4.38 (s, 4H, OCH,), 4.43
(s, 2H, Pyran H-4), 6.82-7.91 (m, 20H, Ar-H+ 2NH,), 8.15 (br, 2H, NHCO). 13C NMR (75 MHz, DMSO-ds): &c 38.6,
39.5, 58.3, 67.4, 104.2, 113.1, 113.4, 115.2, 117.0, 119.6, 121.3, 122.9, 125.2, 130.0, 133.5, 145.4, 152.6,
153.9, 158.3, 158.4, 160.0, 168.3. MS (El, 70 eV): m/z (%) 804 [M+]. Anal. Calcd for CasaH32NsO10: C, 65.67; H,
4.01; N, 10.44 found C, 65.88; H, 4.24; N, 10.23.
N,N'-(Propane-1,3-diyl)bis{2-[2-(2-amino-3-cyano-5-0x0-4,5-dihydropyrano[3,2-c]Jchromen-4-yl)phenoxy]-
acetamide} (10c). Pale yellow powder (711 mg, 87%), Mp 252-255 °C (dioxane/EtOH), IR (KBr): v 3363, 3325
(NH2), 2198 (CN), 1674 (CO) cm™. *H NMR (300 MHz, DMSO-ds): &1 1.40-1.53 (m, 2H, CH2), 2.97-3.01 (m, 4H,
CH:2N), 4.45-4.56 (m, 4H, OCH.), 4.98 (s, 2H, Pyran H-4), 6.91-7.89 (m, 22H, Ar-H+2NH2+2NHCO). 3C NMR (75
MHz, DMSO-ds): 6¢ 28.9, 30.6, 35.9, 57.3, 67.7, 103.6, 112.3, 112.9, 116.4, 119.4, 121.6, 122.3, 124.4, 128.3,
129.0, 131.5, 132.6, 152.0, 153.9, 154.9, 158.2, 159.7, 167.4. MS (El, 70 eV): m/z (%) 818 [M*]. Anal. Calcd for
Cs5H34N6010: C, 66.01; H, 4.19; N, 10.26 found C, 66.27; H, 4.47; N, 10.45.
N,N'-(Propane-1,3-diyl)bis{2-[3-(2-amino-3-cyano-5-o0x0-4,5-dihydropyrano[3,2-c]Jchromen-4-yl)phenoxy]-
acetamide} (10d). Pale yellow powder (728 mg, 89%), Mp 190-193 °C (EtOH), IR (KBr): 3325, 3179 (NH3), 2191
(CN), 1674 (CO) cmL.IH NMR (300 MHz, DMSO-ds): &1 1.49-1.54 (m, 2H, CH,), 2.99-3.01 (m, 4H, CHN), 4.39 (s,
4H, OCH3), 4.43 (s, 2H, Pyran H-4), 6.84-8.07 (m, 20H, Ar-H+2NH,), 8.10 (br, 2H, NHCO). 13C NMR (75 MHz,
DMSO-ds): 6¢ 29.1, 35.7, 36.9, 57.9, 67.0, 103.8, 112.8, 112.9, 114.7, 116.5, 119.1, 120.8, 122.5, 124.7, 129.6,
132.9, 1449, 152.1, 153.5, 157.8, 157.9, 159.5, 167.5. MS (El, 70 eV): m/z (%) 818 [M*]. Anal. Calcd for
CasH34N6010: C, 66.01; H, 4.19; N, 10.26 found C, 65.75; H, 4.41; N, 10.53.
N,N'-(Propane-1,3-diyl)bis{2-[4-(2-amino-3-cyano-5-0x0-4,5-dihydropyrano[3,2-c]Jchromen-4-yl)phenoxy]-
acetamide} (10e). Pale yellow powder (744 mg, 91%), Mp 180-182 °C (MeOH), IR (KBr): 3432, 3367 (NH,),
2199 (CN), 1674 (CO) cm™*. H NMR (300 MHz, DMSO-dg): 61 1.47-1.52 (m, 2H, CH2), 2.98-3.12 (m, 4H, CH2N),
4.40 (s, 4H, OCHa), 4.42 (s, 2H, Pyran H-4), 6.90 (d, 4H, Ar-H, J 8.7 Hz), 7.20 (d, 4H, Ar-H, J 8.7 Hz), 7.33 (s, 4H,
2NH,), 7.43-7.91 (m, 8H, Ar-H), 8.01 (br, 2H, NHCO). (**3C NMR data could not be collected owing to solubility
issues in hot DMSO-d6).MS (EI, 70 eV): m/z (%) 818 [M*]. Anal. Calcd for CssH3aNeO10: C, 66.01; H, 4.19; N,
10.26 found C, 66.29; H, 4.43; N, 10.05.
N,N'-(Butane-1,4-diyl)bis{2-[2-(2-amino-3-cyano-5-0x0-4,5-dihydropyrano[3,2-c]Jchromen-4-yl)phenoxy]-
acetamide} (10f). Pale yellow powder (774 mg, 93%), Mp 266-269 °C (dioxane/EtOH), IR (KBr): v 3371, 3317
(NH2), 2191 (CN), 1667 (CO) cm*. IH NMR (300 MHz, DMSO-ds): 61 1.25 (br, 4H, CH,), 3.03 (br, 4H, CH2N),
4.46-4.53 (m, 4H, OCHa), 4.95 (s, 2H, Pyran H-4), 6.88-7.90 (m, 22H, Ar-H+2NH2+2NHCO). 13C NMR (75 MHz,
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DMSO-de): éc 26.6, 30.9, 38.3, 57.6, 67.9, 104.2, 112.6, 113.5, 117.0, 120.1, 122.2, 122.9, 125.2, 128.9, 129.7,
131.9, 133.3, 152.6, 154.5, 155.4, 158.7, 160.4, 167.9. MS (El, 70 eV): m/z (%) 832 [M*]. Anal. Calcd for
Ca6H36N6010: C, 66.34; H, 4.36; N, 10.09 found C, 66.57; H, 4.17; N, 9.89.
N,N'-(Butane-1,4-diyl)bis{2-[3-(2-amino-3-cyano-5-ox0-4,5-dihydropyrano[3,2-c]Jchromen-4-yl)phenoxy]-
acetamide) (10g). Pale yellow powder (724 mg, 87%), Mp 185-188 °C (EtOH), IR (KBr): v 3163, 3071 (NH,),
2191 (CN), 1674 (CO) cm™L. 'H NMR (300 MHz, DMSO-ds): 61 1.40 (br, 4H, CH3), 3.10 (br, 4H, CH2N), 4.43 (s, 4H,
OCHa), 4.44 (s, 2H, Pyran H-4), 6.82-7.92 (m, 20H, Ar-H+2NH>), 8.04 (br, 2H, NHCO). 13C NMR (75 MHz, DMSO-
ds): 6c 26.4, 36.8, 37.9, 57.8, 66.9, 103.7, 112.6, 112.8, 114.5, 116.4, 119.0, 120.6, 122.4, 124.5, 129.4, 132.8,
144.8, 152.0, 153.4, 157.7, 157.8, 159.4, 167.2. MS (EI, 70 eV): m/z (%) 832 [M*]. Anal. Calcd for CasH35NsO10:
C, 66.34; H, 4.36; N, 10.09 found C, 66.55; H, 4.11; N, 9.90.
[Ethane-1,2-diylbis(azanediyl)]bis(2-oxoethane-2,1-diyl)bis[4-(2-amino-3-cyano-5-0x0-4,5-dihydropyrano-
[3,2-c]chromen-4-yl)benzoate] (18a). Pale yellow powder (748 mg, 87%), Mp 266-269 °C (EtOH), IR (KBr): v
3441, 3359 (NH2), 2199 (CN), 1671 (CO), 1641 (CO) cmt. *H NMR (300 MHz, DMSO-ds): 61 3.20 (br, 4H, CH2N),
4.44 (s, 4H, OCH,), 4.70 (s, 2H, Pyran H-4), 7.24-8.0 (m, 20H, Ar-H+2NH2), 8.12 (br, 2H, NHCO). 13C NMR (75
MHz, DMSO-de): éc 36.9, 38.5, 57.3, 62.8, 103.1, 112.7, 116.4, 118.8, 120.4, 122.5, 124.6, 127.9, 129.7, 132.9,
148.7, 152.1, 153.6, 157.9, 159.4, 164.9, 166.8. MS (El, 70 eV): m/z (%) 860 [M*]. Anal. Calcd for CasH32NsO12:
C,64.19; H, 3.75; N, 9.76 found C, 64.45; H, 3.54; N, 9.99.
[Butane-1,4-diylbis(azanediyl)]bis(2-oxoethane-2,1-diyl)bis[4-(2-amino-3-cyano-5-ox0-4,5-dihydropyrano-
[3,2-c]chromen-4-yl)benzoate] (18b). Pale yellow powder (755 mg, 85%), Mp 205-208 °C (EtOH), IR (KBr): v
3449, 3332 (NH,), 2191 (CN), 1628 (CO), 1674 (CO) cm™. 'H NMR (300 MHz, DMSO-de): &1 1.43 (br, 4H, CH,),
3.15 (br, 4H, CH2N), 4.60 (s, 4H, OCH,), 4.70 (s, 2H, Pyran H-4), 7.33-8.01 (m, 22H, Ar-H+2NH2+2NHCO). 13C
NMR (75 MHz, DMSO-ds): 6c 26.4, 36.9, 38.1, 57.3, 62.9, 103.2, 112.8, 116.5, 118.8, 122.5, 124.6, 127.9, 128.1,
129.7, 130.9, 148.7, 152.2, 153.7, 157.9, 159.4, 164.9, 166.3. MS (EI, 70 eV): m/z (%) 888 [M*]. Anal. Calcd for
CagH36N6012: C, 64.86; H, 4.08; N, 9.46 found C, 64.58; H, 3.87; N, 9.76.
General method for the synthesis of compounds 8a, 8b and 8c. To a mixture of bisaldehyde 12a, 12f or 12h (1
mmol), malononitrile 13 (0.15 g, 2.2 mmol) and pyrazolone 14 (0.31 g, 2.2 mmol) in absolute ethanol (15 mL)
was added piperidine (0.2 mL) and the mixture was heated at reflux for 3 h. The crude solid was isolated by
filtration and recrystallized from the appropriate solvent.
N,N'-(Ethane-1,2-diyl)bis{2-[2-(6-amino-5-cyano-3-methyl-1,4-dihydropyrano[2,3-c]pyrazol-4-
yl)phenoxylacetamide} (8a). Pale yellow powder (554.3 mg, 82%), Mp >300 °C (EtOH), IR (KBr): v 3348, 3310
(NH3), 2191 (CN), 1668 (CO) cm™.*H NMR (300 MHz, DMSO-ds): 61 1.79 (s, 6H, 2CHs), 3.29 (br, 4H, CH3N), 4.47
(s, 4H, OCH3), 5.25 (s, 2H, Pyran H-4), 6.77 (s, 4H, 2NH,), 6.92-7.20 (m, 8H, Ar-H), 7.87 (br, 2H, NHCO), 12.02 (s,
2H, NH). 3C NMR (75 MHz, DMSO-ds): 6c 10.2, 19.8, 38.7, 67.2, 68.0, 98.2, 112.9, 121.6, 122.2, 128.4, 129.4,
132.9, 135.8, 155.1, 155.6, 161.7, 168.3. MS (El, 70 eV): m/z (%) 676 [M*]. Anal. Calcd for CssH32N1006: C,
60.35; H, 4.77; N, 20.70 found C, 60.10, H, 4.56; N, 20.99.
N,N'-(Butane-1,4-diyl)bis{2-[2-(6-amino-5-cyano-3-methyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)phenoxy]-
acetamide} (8b). Pale yellow powder (528 mg, 75%), Mp 205-208 °C (EtOH), IR (KBr): v 3387, 3317 (NH3), 2191
(CN), 1651 (CO) cm. 1H NMR (300 MHz, DMSO-ds): 61 1.43 (br, 4H, CH,), 1.79 (s, 6H, 2CHs), 3.16 (br,4H, CH2N)
4.48 (s, 4H, OCH3), 5.19 (s, 2H, Pyran H-4), 6.80 (s, 4H, 2NH3), 6.92-7.20 (m, 8H, Ar-H), 7.64 (br, 2H, NHCOQ),
12.03 (s, 2H, NH). (33C NMR data could not be collected owing to solubility issues in hot DMSO-d).
MS (El, 70 eV): m/z (%) 704[M*]. Anal. Calcd for CsgH3sN100s: C, 61.35; H, 5.15; N, 19.88 found C, 61.65; H,
5.37; N, 20.17.
N,N’-(Butane-1,4-diyl)bis{2-[4-(6-amino-5-cyano-3-methyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)phenoxy]-
acetamide} (8c). Pale yellow powder (493 mg, 70%), Mp >300 °C (EtOH), IR (KBr): v 3290, 3208 (NH_), 2183
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(CN), 1673 (CO) cm. IH NMR (300 MHz, DMSO-ds): 81 1.46 (br, 4H, CHa), 1.79 (s, 6H, 2CHs), 3.18 (br, 4H,
CH2N), 4.67 (s, 4H, OCH3), 5.73 (s, 2H, Pyran H-4), 6.93 (s, 4H, NH2), 7.36 (d, 4H, Ar-H, J 8.4), 8.0 (d, 4H, Ar-H, J
8.4), 8.16 (br, 2H, NHCO), 12.18 (s, 2H, NH). 13C NMR (75 MHz, DMSO-ds): 8¢ 10.2, 25.7, 27.0, 38.5, 65.9, 63.3,
97.4, 121.0, 128.3, 128.5, 130.3, 139.5, 150.5, 161.4, 165.6, 168.9. MS (El, 70 eV): m/z (%) 704 [M*]. Anal.
Calcd for C3gH36N1006: C, 61.35; H, 5.15; N, 19.88 found C, 61.10; H, 5.36; N, 19.64.
General methods for synthesis of compounds 9a, 9b and 20
To a mixture of bisaldehydes 12a, 12f or 17a-b (1 mmol), malononitrile 13 (2.2 mmol), and dimedone 15 (2.2
mmol) in absolute ethanol (15 mL), piperidine (0.2 mL) was added, and the reaction mixture was heated at
reflux for3 h. The crude solid was isolated by filtration and recrystallized from the appropriate solvent.
N,N’-(Ethane-1,2-diyl)bis{2-[2-(2-amino-3-cyano-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromen-4-
yl)phenoxylacetamide} (9a). Pale yellow powder (494 mg, 65%), Mp 200-203 °C (EtOH), IR (KBr): v 3487, 3410
(NH2), 2175 (CN), 1674 (CO) cm. *H NMR (300 MHz, DMSO-ds): &1 0.97 (s, 6H, 2CHs), 1.01 (s, 6H, 2CH3), 2.12
(d, 2H, H8, J 16.2), 2.25 (d, 2H, H8, J 16.2), 2.50 (s, 4H, H6), 3.21 (br, 4H, CH2N), 4.46-4.59 (m, 4H, OCH,), 4.76
(s, 2H, Pyran H-4), 6.87-7.15 (m, 12H, Ar-H+2NH;), 7.85 (br, 2H, NHCO). 3C NMR (75 MHz, DMSO-ds): &¢ 27.2,
29.1, 32.2, 38.5, 39.4, 50.4, 58.4, 67.7, 112.3, 113.2, 120.5, 120.6, 122.1, 128.3, 128.7, 133.7, 154.6, 159.0,
168.5, 196.9. MS (EI, 70 eV): m/z (%) 760 [M™]. Anal. Calcd for Ca2HaaN6Os: C, 66.30; H, 5.83; N, 11.05 found C,
66.53; H, 6.10; N, 11.29.
N,N'-(Butane-1,4-diyl)bis{2-[2-(2-amino-3-cyano-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromen-4-
yl)phenoxylacetamide} (9b). Pale yellow powder (646 mg, 82%), Mp 212-215 °C (EtOH), IR (KBr): v 3363, 3330
(NH2), 2191 (CN), 1651 (CO) cmL. H NMR (300 MHz, DMSO-ds): 81 0.97 (s, 6H, 2CHs), 1.01 (s, 6H, 2CHs), 1.22
(br, 4H, CHa), 2.14 (d, 2H, H8, J 16.2), 2.29 (d, 2H, HS8, J 16.2), 2.50 (s, 4H, H6), 3.06 (br, 4H, CHN), 4.50-4.62
(m, 4H, OCH,), 4.76 (s, 2H, Pyran H-4), 6.83-7.15 (m, 12H, Ar-H+2NH,), 7.85 (br, 2H, NHCO). 13C NMR (75 MHz,
DMSO-de): 6¢c 26.8, 27.9, 28.3, 31.8, 38.7, 38.9, 50.0, 57.8, 67.2, 111.6, 112.7, 120.0, 121.5, 127.7, 128.4, 133.1,
154.1, 158.6, 163.3, 167.6, 196.4. MS (El, 70 eV): m/z (%) 788 [M*]. Anal. Calcd for CasHasNsOs: C, 66.99; H,
6.13; N, 10.65 found C, 66.71; H, 6.37; N, 10.43.
2-Amino-4-(4-ethoxyphenyl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (20). Pale
yellow powder (311 mg, 85%), Mp 252-255 °C (EtOH), IR (KBr): v 3367, 3325 (NH>), 2191 (CN), 1712 (CO) cm™™.
'H NMR (300 MHz, DMSO-ds): 6n 0.95 (s, 3H, CHs), 1.03 (s, 3H, CH3), 1.28-1.32 (t, 3H, CH3), 2.12 (d, 2H, HS, J
16.2), 2.29 (d, 2H, H8, J 16.2), 2.50 (s, 4H, H6), 4.27-4.31 (q, 2H, OCH.), 4.33 (s, 1H, Pyran H-4), 7.06 (s, 2H,
NH2), 7.31 (d, 2H, Ar-H, J 8.4), 7.89 (d, 2H, Ar-H, J 8.4). 13C NMR (75 MHz, DMSO-de): 8¢ 14.6, 27.2, 38.8, 32.3,
36.2, 50.4, 57.9, 61.0, 112.6, 119.9, 128.1, 128.7, 129.8, 150.5, 158.9, 163.3, 165.9, 196.1. MS (El, 70 eV): m/z
(%) 366 [M*]. Anal. Calcd for C21H22N204: C, 68.84; H, 6.05; N, 7.65 found C, 69.07; H, 6.23; N, 7.89.
General procedure for the synthesis of compounds 12a-h, 17a and 17b. A solution of the potassium salt of
salicylaldehyde, m-hydroxybenzaldehyde or p-formylbenzoic acid (10 mmol) (prepared by dissolving aldehydes
11a-c or p-formylbenzoic acid 21 (10 mmol) in absolute EtOH (5 mL) containing KOH (0.56 g, 10 mmol) and
evaporating the ethanol under reduced pressure) and the appropriate dichloro compounds 4a-d (5 mmol) in
DMF (10 mL) was heated at reflux for 5 min. The potassium chloride was separated by filtration, the solvent
was then removed in vacuo and the remaining residue was washed with water and purified by recrystallization
from the appropriate solvent to give the corresponding compounds 12a-h, 17a and 17b.
N,N'-(Ethane-1,2-diyl)bis[2-(2-formylphenoxy)acetamide] (12a). Pale yellow plates (307 mg, 80%), Mp 182-
184 °C (EtOH) (lit. Mp 188-190 °C).*2 IH NMR (CDCl3) 81 3.64 (d, 4H, CH2NH), 4.58 (s, 4H, J 5.80, CH20Ar), 6.90-
7.73 (m, 10H, ArH’s, NH), 8.05 (br, 2H, NH), 10.11 (s, 2H, CHO).
N,N'-(Ethane-1,2-diyl)bis[2-(3-formylphenoxy)acetamide] (12b). Colorless plates (289 mg, 70%), ,Mp 188-190
°C (H20), IR (KBr): v 3363 (NH), 1693 (CO) cm™*. *H NMR (300 MHz, DMSO-ds): 1 3.26 (br, 4 H, CH2N), 4.55 (s, 4
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H, OCH.), 7.29-7.54 (m, 8 H, Ar-H), 8.24 (br, 2 H, NH), 9.97 (s, 2 H, CHO). (}3C NMR data could not be collected
owing to solubility issues in hot DMSO-dg). MS (El, 70 eV): m/z 384 [M*]. Anal. Calcd for Cy0H20N206: C, 62.49;
H, 5.24; N, 7.29 found C, 62.70; H, 55; N, 7.48.

N,N'-(Propane-1,3-diyl)bis[2-(2-formylphenoxy)acetamide] (12c). Colorless powder (298.5 mg, 75%), Mp 164-
166 °C (EtOH) (lit Mp 164-165 °C).*2 1H NMR (CDCl3) &1 1.83 (t, 2H, J 6.0, CH2CH2NH), 3.42 (g, 4H, J 6.0, CH2NH),
4.57 (s, 4H, OCH.), 6.90-8.00 (m, 10H, ArH’s, NH), 10.28 (s, 2H, CHO).
N,N'-(Propane-1,3-diyl)bis[2-(3-formylphenoxy)acetamide] (12d). Colorless powder (294.5 mg, 74%), Mp
122-124 °C (EtOH), IR (KBr): v 3348 (NH), 1697 (CO). *H NMR (300 MHz, DMSO-ds): &1 1.57-1.61 (m, 2H, CH2),
3.10-3.17 (m, 2H, CH3N), 4.57 (s, 4 H, OCHa), 7.29-7.55 (m, 8H, Ar-H), 8.16 (br, 2H, NH), 9.97 (s, 2H, CHO). (}3C
NMR data could not be collected owing to solubility issues in hot DMSO-ds). MS (El, 70 eV): m/z (%) 398 [M*].
Anal. Calcd for C21H22N206: C, 63.31; H, 5.57; N, 7.03 found C, 63.09; H, 5.26; N, 7.24.
N,N'-(Propane-1,3-diyl)bis[2-(4-formylphenoxy)acetamide] (12e). Colorless powder (278.6 mg, 70%), Mp 90-
92 °C (H20), IR (KBr): v 3340 (NH), 1687 (CO). *H NMR (300 MHz, DMSO-de): &1 1.58-1.64 (m, 2H, CH2), 3.12-
3.16 (m, 2H, CH2N), 4.61 (s, 4H, OCH,), 7.15 (d, 4H, Ar-H, J 8.7), 7.90 (d, 4H, Ar-H, J 8.7), 8.21 (br, 2H, NH), 9.90
(s, 2H, CHO). (*3C NMR data could not be collected owing to solubility issues in hot DMSO-dg). MS (El, 70 eV):
m/z (%) 398 [M*]. Anal. Calcd for C21H22N206: C, 63.31; H, 5.57; N, 7.03 found C, 63.52; H, 5.39; N, 7.30.
N,N'-(Butane-1,4-diyl)bis[2-(2-formylphenoxy)acetamide] (12f). Colorless powder (342 mg, 83%), Mp 180-
182 °C (EtOH) (lit Mp 178 °C).*? *H NMR (CDCls) 6 1.73 (br, 4H, CH2CH2NH), 3.40 (q, 4H, J 5.8, CH2NH), 4.58 (s,
4H, OCH3), 6.90-7.79 (m, 10H, ArH’s, NH), 10.16 (s, 2H, CHO).
N,N'-(Butane-1,4-diyl)bis[2-(3-formylphenoxy)acetamide] (12g). Colorless powder (305 mg, 74%), Mp 210-
212 °C (EtOH), IR (KBr): v 3309 (NH), 1693 (CO). *H NMR (300 MHz, DMSO-de): 1.41 (br, 4H, CH,), 3.13 (br, 4H,
CH2N), 4.56 (s, 4H, OCH,), 7.31-7.55 (m, 8H, Ar-H), 8.12 (br, 2H, NH), 9.97 (s, 2H, CHO). (}3C NMR data could
not be collected owing to solubility issues in hot DMSO-db).

MS (El, 70 eV): m/z (%) 412 [M*]. Anal. Calcd for C22H24N206: C, 64.07; H, 5.87; N, 6.79 found C, 64.34; H, 6.09;
N, 6.93.

N,N'-(Butane-1,4-diyl)bis[2-(4-formylphenoxy)acetamide] (12h). Colorless powder (325.5 mg, 79%), Mp 208-
210 °C (EtOH), IR (KBr): v 3282 (NH), 1689 (CO). *H NMR (300 MHz, DMSO-ds): 61 1.42 (br, 4H, CH,), 3.11 (br,
4H, CH3N), 4.60 (s, 4H, OCHa), 7.12-7.15 (d, J 8.1, 4H, Ar-H), 7.85-7.88 (d, J 8.1, 4H, Ar-H), 8.24 (br, 2H, NH),
9.87 (s, 2H, CHO). (*3C NMR data could not be collected owing to solubility issues in hot DMSO-dg). MS (EI, 70
eV): m/z (%) 412 [M*]. Anal. Calcd for C22H24N206: C, 64.07; H, 5.87; N, 6.79 found C, 64.37; H, 6.12; N, 6.90.
[Ethane-1,2-diylbis(azanediyl)]bis(2-oxoethane-2,1-diyl)bis(4-formylbenzoate) (17a). Colorless powder (343
mg, 78%), Mp 232-234 °C (EtOH/AcOH), IR (KBr): v 3325 (NH), 1662 (CO). *H NMR (300 MHz, DMSO-ds): &1
3.23 (br, 4H, CH2N), 4.75 (s, 4H, OCH,), 8.01-8.04 (d, J 8.7, 4H, Ar-H), 8.20-8.23 (m, 6H, Ar-H +NH), 10.11 (s, 2H,
CHO). (*3C NMR data could not be collected owing to solubility issues in hot DMSO-ds). MS (El, 70 eV): m/z (%)
440.12 [M*]. Anal. Calcd for C22H20N20s: C, 60.00; H, 4.58; N, 6.36 found C, 59.85; H, 4.79; N, 6.52.
[Butane-1,4-diylbis(azanediyl)]bis(2-oxoethane-2,1-diyl)bis(4-formylbenzoate) (17b). Colorless powder (342
mg, 73%), Mp 238-240 °C (EtOH/AcOH), IR (KBr): v 3302 (NH), 1658 (CO). *H NMR (300 MHz, DMSO-dg): &
1.44 (br, 4H, CH,), 3.13 (br, 4H, CH;N), 4.74 (s, 4H, OCH,), 8.05-8.07 (d, J 8.1, 4H, Ar-H), 8.13 (br, 2H, NH), 8.20-
8.23 (d, J 8.1, 4H, Ar-H), 10.12 (s, 2H, CHO). (*3C NMR data could not be collected owing to solubility issues in
hot DMSO-dg). MS (El, 70 eV): m/z (%) 468 [M*]. Anal. Calcd for C24H24N20s: C, 61.53; H, 5.16; N, 5.98 found C,
61.87; H, 5.49; N, 5.76.
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Supplementary material related to this article, including Nuclear Magnetic Resonance (*H and 3C NMR) figures
for compounds 8a, 8b; 8c; 9a, 9b, 10a, 10b, 10c, 10d, 10e, 10f, 10g, 18a, 20 and HMBC spectra for compounds
8a, 9b and 10f are available in the online version of the text.

Acknowledgement

The authors thank the Alexander von Humboldt Foundation for postdoctoral fellowship. The authors also
thank Hannover University for NMR access facilities.

References

1. Wuy,J.; Wang, J.; Hu, D.; He, M.; Jin, L.; Song, B. Chem. Cent. J. 2012, 6, 432-437.

2. Wu, R;; Zhu, C.; Du, X.-J.; Xiong, L.-X.; Yu, S.-J.; Liu, X.-H.; Li, Z.-M.; Zhao, W.-G. Chem. Cent. J. 2012, 6, 398—
403.

3. Wuy, J,; Yang, S.; Song, B.-A.; Bhadury, P. S.; Hu, D.-Y.; Zeng, S.; Xie, H.-P. J. Heterocycl. Chem. 2011, 48, 901—
906.

4. Chhikara, B. S.; St. Jean, N.; Mandal, D.; Kumar, A.; Parang, K. Eur. J. Med. Chem. 2011, 46, 2037-2042.

5. Xiao, Y.; Yang, X.; Li, B.; Yuan, H.; Wan, S.; Xu, Y.; Qin, Z.; Xiao, Y.; Yang, X.; Li, B.; Yuan, H.; Wan, S.; Xu, Y.;
Qin, Z. Molecules 2011, 16, 8945-8957.

6. Karolyi, B. I.; BGsze, S.; Orban, E.; Sohar, P.; Drahos, L.; Gal, E.; Csampai, A.; Karolyi, B. |.; B6sze, S.; Orban,
E.; Sohar, P.; Drahos, L.; Gal, E.; Csdmpai, A. Molecules 2012, 17, 2316—-2329.

7. Liu, X.-H.; Pan, L.; Ma, Y.; Weng, J.-Q.; Tan, C.-X; Li, Y.-H.; Shi, Y.-X.; Li, B.-J.; Li, Z.-M.; Zhang, Y.-G. Chem.
Biol. Drug Des. 2011, 78, 689-694.

8. Salama, S. K.; Darweesh, A. F.; Abdelhamid, I. A.; Elwahy, A. H. M. J. Heterocycl. Chem. 2017, 54, 305—-312.
9. Rostamnia, S.; Nuri, A.; Xin, H.; Pourjavadi, A.; Hosseini, S. H. Tetrahedron Lett. 2013, 54, 3344—-3347.

10. Abdelhamid, I. A.; Mohamed, M. H.; Abdelmoniem, A. M.; Ghozlan, S. A. S. Tetrahedron 2009, 65, 10069—
10073.

11. Al-Matar, H. M.; Khalil, K. D.; Meier, H.; Kolshorn, H.; ElInagdi, M. H. ARKIVOC 2008, (xvi), 288—301.

12. Shiri, M. Chem. Rev. 2012, 112, 3508—3549.
Page 322 ©AUTHOR(S)



Arkivoc 2019, vi, 306-324 Abdella, A. M. et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

https://doi.org/10.1021/cr2003954.

Domling, A.; Wang, W.; Wang, K. Chem. Rev. 2012, 112, 3083—-3135.
https://doi.org/10.1021/cr100233r.

Brauch, S.; van Berkel, S. S.; Westermann, B. Chem. Soc. Rev. 2013, 42, 4948-4962.
https://doi.org/10.1039/c3cs35505e.

Shaaban, M.; Elwahy, A. H. Curr. Org. Synth. 2014, 11, 471-525.
https://doi.org/10.2174/15701794113106660076.

Shaaban, M. R.; Elwahy, A. H. M. Curr. Org. Synth. 2013, 10, 425-466.
https://doi.org/10.2174/1570179411310030007.

Dommaraju, Y.; Bora, S.; Prajapati, D. Org. Biomol. Chem. 2015, 13, 9181-9185.
https://doi.org/10.1039/c50b01484k.

Gore, R. P.; Rajput, A. P. Drug Invent. Today 2013, 5, 148-152.
https://doi.org/10.1016/J.DIT.2013.05.010.

Abdelrazek, F. M.; Metz, P.; Metwally, N. H.; EI-Mahrouky, S. F. Arch. Pharm. (Weinheim). 2006, 339, 456—
460.

https://doi.org/10.1002/ardp.200600057.

Zaki, M. E. A.; Soliman, H. A.; Hiekal, O. A.; Rashad, A. E. Z. Naturforsch., C: J. Biosci. 2006, 61, 1-5.
https://doi.org/10.1515/znc-2006-1-201.

Sangani, C. B.; Mungra, D. C.; Patel, M. P.; Patel, R. G. Cent. Eur. J. Chem. 2011, 9, 635-647.
https://doi.org/10.2478/s11532-011-0041-7.

Sangani, C. B.; Shah, N. M.; Patel, M. P.; Patel, R. G. J. Serb. Chem. Soc. 2012, 77, 1129-1155.
https://doi.org/10.2298/JSC120704083V.

Abdelhamid, I. A.; Darwish, E. S.; Nasra, M. A.; Abdel-Gallil, F. M.; Fleita, D. H. Synthesis 2010, 1107-1112.
https://doi.org/10.1055/s-0029-1219235.

Salama, S. K.; Mohamed, M. F.; Darweesh, A. F.; Elwahy, A. H. M.; Abdelhamid, I. A. Bioorg. Chem. 2017,
71, 19-29.

https://doi.org/10.1016/j.bioorg.2017.01.009.

Abdelmoniem, A. M.; Ghozlan, S. A. S.; Abdelmoniem, D. M.; Elwahy, A. H. M.; Abdelhamid, I. A. J.
Heterocycl. Chem. 2017, 54, 2844-2849.

https://doi.org/10.1002/jhet.2890.

Abdella, A. M.; Elwahy, A. H. M.; Abdelhamid, I. A. Curr. Org. Synth. 2016, 13, 601-610.
https://doi.org/10.2174/1570179413999151211115100.

Abdella, A. M.; Moatasim, Y.; Ali, M. A.; Elwahy, A. H. M.; Abdelhamid, I. A. J. Heterocycl. Chem. 2017, 54,
1854-1862.

https://doi.org/10.1002/jhet.2776.

Abdella, A. M.; Mohamed, M. F.; Mohamed, A. F.; Elwahy, A. H. M.; Abdelhamid, I. A. J. Heterocycl. Chem
2017, 55, 498-507.

https://doi.org/10.1002/jhet.3072.

Salem, M. E.; Darweesh, A. F.; Mekky, A. E. M.; Ahmad M. Farag, A.; Elwahy, A. H. M. J. Heterocycl. Chem.
2017, 54, 226-234.

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

El-Fatah, N. A. A.; Darweesh, A. F.; Mohamed, A. A.; Abdelhamid, I. A.; Elwahy, A. H. M. Monatsh. Chem.
2017, 148, 2107-2122.

https://doi.org/10.1007/s00706-017-2040-7.

Page 323 ©AUTHOR(S)



Arkivoc 2019, vi, 306-324 Abdella, A. M. et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Abd El-Fatah, N. A.; Darweesh, A. F.; Mohamed, A. A.; Abdelhamid, I. A.; Elwahy, A. H. M. Tetrahedron
2017, 73, 1436-1450.

https://doi.org/10.1016/j.tet.2017.01.047.

Diab, H. M.; Abdelhamid, I. A.; Elwahy, A. H. M. Synlett 2018, 29, 1627-1633.
https://doi.org/10.1055/s-0037-1609967.

Mohamed, M. F.; Darweesh, A. F.; Elwahy, A. H. M.; Abdelhamid, I. A. RSC Adv. 2016, 6, 40900-40910.
https://doi.org/10.1039/C6RA04974E.

Waghmare, A. S.; Pandit, S. S. J. Saudi Chem. Soc. 2017, 21, 286—290.
https://doi.org/10.1016/j.jscs.2015.06.010.

Qareaghaj, O. H.; Mashkouri, S.; Naimi-Jamal, M. R.; Kaupp, G. RSC Adv. 2014, 4, 48191-48201.
https://doi.org/10.1039/C4RA06603K.

Abdel-Rahman, N. M.; El-Kateb, A. A.; Mady, M. F. Synth. Commun. 2007, 37, 3961-3970.
https://doi.org/10.1080/00397910701572696.

Shaterian, H. R.; Honarmand, M. Synth. Commun. 2011, 41, 3573—-3581.
https://doi.org/10.1080/00397911.2010.519594.

Elwahy, A. H. M. Tetrahedron 2000, 56, 897-907.

https://doi.org/10.1016/S0040-4020(99)01072-8.

Sayed, O. M.; Mekky, A. E. M.; Farag, A. M.; Elwahy, A. H. M. J. Sulfur Chem. 2014, 36, 124-134.
https://doi.org/10.1080/17415993.2014.975131.

Muathen, H. A.; Aloweiny, N. A. M.; Elwahy, A. H. M. J. Heterocycl. Chem. 2009, 46, 656—663.
https://doi.org/10.1002/jhet.129.

Lindoy, L. F.; Mahendran, S.; Krakowiak, K. E.; An, H.; Bradshaw, J. S. J. Heterocycl. Chem. 1992, 29, 141—
144.

https://doi.org/10.1002/jhet.5570290125.

Elwahy, A. H. M.; Abbas, A. A.; Kassab, R. M. Heteroat. Chem. 2003, 14, 551-559.
https://doi.org/10.1002/hc.10191.

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 324 ©AUTHOR(S)


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

