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Abstract

The following new compounds have been produced: iminopyran, dihydropyridine, thiophene, tetrahydrobenzo[b]thiophene, and
dihydrothiazole. The specific compound structures were verified by elemental analysis, spectral approaches, and the production mechanisms
were explored. The newly synthesized compounds showed encouraging inhibitory efficacy against bacteria and fungi, according to the data
that were reported. Two bacterial species that are gram-positive (Staphylococcus aureus and Bacillus subtilis) and two bacterial species that are
gram-negative (Escherichia coli and Pseudomonas aeuroginosa) were used in the test of the synthesized compounds' anti-microbial activities.
The compounds were evaluated for their antifungal properties against two fungi, Aspergillus flavus and Candida albicans, in order to ascertain
their minimum inhibitory concentration (MIC). Generally, the newly synthesized substances had strong antibacterial action against the
microorganisms listed before.
Keywords: Cyanoacetanilide, Heterocyclic compounds, Biological evaluation

1. Introduction

In recent years, our research programs have aimed to create unique procedures for the production of various unique
heterocyclic rings with biological assessment by using cyanoacetic acid hydrazides as raw precursors, a lot of heterocyclic rings
were synthesized through cyanoacetic acid hydrazides like benzothiazoles, thiazoles, thiophenes, pyrazoles, pyridines, pyrans
and other rings. According to a literature review, we found that the biological effects of heterocyclic compounds, specifically
benzothiazoles, thiazoles, thiophenes, pyrazoles, pyridines, and pyrans, play a crucial role in organic and medicinal chemistry.
Derivatives of benzothiazole represent a significant class of heterocycles when searching for novel medications .They work
well in the clinic as anticancer [1-3], antidiabetic agent [4], antiviral [5,6], anti-microbial [7,8], anti-inflammatory [9],
anticonvulsant [10], antitumor [11]. Thiazole derivatives have been created in medicinal chemistry for a variety of uses,
including antimicrobial [12-15], anticancer [16,17], antioxidant [18,19], anti-diabetes [20], antiviral [21], thiophenes exhibit a
wide range of pharmacological actions, including antimicrobial [22,23], anti-inflammatory [24,25], neuraminidase [26],
anticancer [27-29], anti-proliferative [30], antioxidant [31]. Multiple compounds with pyrazole nucleus have been
commercialized as anti-inflammatory [32-34], antimicrobial [35-37], antiviral [38], anticancer [39,40], antitumor [41].
Pyridines have drawn a lot of attention because many of these substances have proven essential in the study of medicinal
chemistry, including as antibacterial [42,43], antiviral [44], anticancer [45]. The biological properties of pyrans are described in
numerous articles as being anti-Alzheimer disease [46], antioxidant [47]. This prompted us to prepare a series of novel structural
analogues of these heterocycles.
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Fig. (1): Examples of biologically active cyanoacetamide derivatives.

2. Result and discussion

2-cyano-N-(2,5-dioxopyrrolidin-1-yl) acetamide 1 is a particularly active substrate because it contains electrophilic sites
that are represented in cyano and carbonyl function clusters. Furthermore, nucleophilic sites are represented in the nitrogen atom
and the acidic hydrogen at position two as shown in figure 2. These function groups allow this substrate to impact different
condensation and substitution reactions, making it an important building block in the synthesis of unique heterocycles. As a
result, we reacted succinic anhydride with cyanoacetic acid hydrazide in ethanol in the presence of acetic acid, which resulted
in the formation of 2-cyano-N-(2,5-dioxopyrrolidin-1-yl) acetamide 1. The structure of the product was provided using the
spectral data. IR of compound 1 exhibited absorption bands atv 3215, 2966-2931, 2264, and 1696-1607 cm, attributed to NH,
CH-sp3, cyano, and carbonyl functional groups. The 3C-NMR spectrum showed signals for methylene, cyano, and carbonyl
moieties at § 26.32, 116.05, 170.63, and 174.03 ppm, respectively. The *H-NMR spectrum of Compound 1 indicated the
presence of an NH proton at § 10.2 ppm and a significant singlet integration of two protons at 6 3.72 ppm.

Fig.2. Active sites of 2-cyano-N-(2,dioxopyrrolidin-1-yl) acetamide 1

The important precursor 2-cyano-N-(2,5-dioxopyrrolidin-1-yl) acetamide 1 was employed to produce novel heterocyclic
compounds. Thus, the reaction of cyanoacetanilide 1 with cyclohexanone and elemental sulfur in boiling ethyl alcohol in the
presence of a catalytic quantity of morpholine yields the appropriate fused thiophene derivative 6 [48]. Formation of 6 is
considered as an extension of the Gewald process for synthesizing thiophene and fused thiophene 6. The spectral and analytical
results support the suggested structure. For example the infrared spectrum of compound 6 showed no absorption band that could
be assigned to a cyano group and absorption bands for amino groups at 3417-3400 cm and carbonyl groups at 17001627 cm
L. The *H-NMR spectrum of the same compound revealed a multiplet signal at § 1.21-3.80 ppm corresponding to SP2 protons,
a signal at 8 7.47 ppm corresponding to amino protons, and a signal at 6 8.97 ppm corresponding to NH function group. In
addition to this, the disappearance of a signal characteristic to active methylene protons in the starting material 1. The mass
spectrum of the same compound showed a molecular ion peak at m/z 293 (M*), confirming the existence of the molecular
formula C13H1sN3OsS. Similarly, compound 6 reacts with elemental sulfur and malononitrile in refluxing ethanol, producing
thiophene derivative 10. The *H-NMR spectrum of compound 10 showed two signals corresponding to two amino groups at &
6.52 and 6.98 ppm. The mass spectrum of the same product confirms the proposed structure.
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In conjunction to Gewald approach a mixture of 1, elemental sulphur and phenyl isothiocyanate is allowed to react in
refluxing ethanol to afford thiazole derivative 14. Establishing structure of thiazole 14 was based on elemental and spectroscopic
analyses. For example, the IR spectrum of 14 revealed the absence of the peak corresponding to cyano group and emergence of
new peaks at 3217, 3118 cm-isupporting the proposed reaction mechanism.

(o)
i
H —
N—N —C\/C:N
1
o
lSs / Base
(o SH
. A
N—N —ﬁ C=N
o
0 2
Cyclohexanone CH,(CN), PAN=C=S
3 7 11
l EtOH / Morpholine lEtOH / Morpholine EtOH / Morpholinel
~ o - - -
o OH 0o o o Ph
H _ [
1] S O SH C=N oS NH
N—N-C H U | 0
H N—N—-C H,C—CN N—INI-CJ\ J
-C '///C "
° NZN_/ Y N7 C
o
4 8 12
o “ o u u S
n s o on ~ 2 s/z< M
N—N-C NeN—C S NH H N
H ! H
° = NN~
o) HN u 0 HN CN 0] ( NH
L 5 J L 9 H . o 13 .
- HzOl 1,5-Dipolarcyclization 1,5-Dipolarcyclization l
o o] S
o
o] o] )k _Ph
S H I S N
N—N N—N-C_~S NH,
H H \—/
l | | l N—N —I(I: NH,
H,N H,N CN o
6 10 o 14
Scheme 1

The *H-NMR spectrum of the same product revealed the presence of a signal at & 11.05 ppm for the NH group and another
new signal at § 6.99 ppm. The structure of compound 14 was confirmed further by combination of both 3C-NMR and mass
spectroscopic analyses [49-50] scheme(1).

As a part of the present study, the utility of 2-Cyano-N-(2,5-dioxopyrrolidine-1-yl)acetamide 1 as a nucleophile was also
investigated. Thus, when cyanoacetamide derivative 1 is stirred with KOH/DMF solution followed by adding phenyl
isothiocyanate with continuous stirring then adding equimolar amount of ethyl chloroacetate and finally the solution mixture is
allowed to boil under reflux for about 6 hrs., afforded the phenyl thiazolidine derivative 16 in a quantitative yield. Compound
16 is believed to be formed from 1 via initial creation of carbanion using KOH followed by nucleophilic attack to phenyl
isothiocyanate to afford the non-isolable intermediate potassium salt 15. The potassium salt 15 reacts readily with ethyl
chloroacetate in the same reaction condition to afford 16 through elimination of ethanol and hydrogen chloride as demonstrated
in scheme (2).
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Establishing compound 16 was based on its elemental analysis and spectral data. The IR spectrum revealed the presence of
peaks corresponding to carbonyl and nitrile functions at 2200 cm™ and at 1750 cm™* respectively, both of them support the
proposed reaction mechanism. The *H-NMR of the same compound revealed an intense signal at § 4.17 ppm corresponding to
5H-thiazole. Further confirmation of the structure of phenyl thiazolidine derivative 16 based on chemical evidence, which can
be summarized in treatment of the mixture which contains the potassium salt 15 with dilute HCI acid and left overnight at room
temperature with continuous stirring to produce cyanothioxopropanamide derivative 17 further treatment of 17 with ethyl
chloroacetate and chloroacetylchloride, a new product is formed in refluxing DMF that is exactly the same as compound 16
based on melting and mixed melting point of compound 16 and its authentic sample. Establishing structure of compound 17
was based on its spectral analyses in parallel with its synthetic potentiality for preparation of some thiazole and benzothiazole
derivatives 18 and 20. Thus, benzo[d]thiazole derivative 18 can be synthesized from 17 by treatment of 17 with bromine solution
in acetic acid at 0-5°C [51]. Establishing structure 18 was based on its spectral data. Similarly, thiazole derivative 20 is obtained
from 17 by treating it with phenacylbromide 19 in refluxing DMF containing TEA as a catalyst. The reaction is believed most
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likely to proceed by nucleophilic substitution of halogen to produce S-alkylated accompanying by losing water to produce
thiazole 20. Establishing of structure 20 was based on spectroscopic analyses [52-55].

The reactivity of active methylene in cyanoacetanilide 1 towards a variety of diazonium salts was also investigated. Thus,
when 1 is coupled with aryl diazonium salt 21 in pyridine afforded the coupled product 22. The suggested structure is fully
supported by the IR, H-NMR, and mass spectroscopy as well. Similarly, arylhydrazone derivatives 25a-c are produced by
coupling cyanoacetanilide 1 with aryl diazonium chlorides 24a-c in ethyl alcohol and sodium acetate at 0-5° C. The data from
the infrared spectrum, *H-NMR, and mass spectroscopy supported the proposed structures. The behaviour of compounds 25
towards some active methylene reagents was also investigated. Thus, when compound 25 is allowed to fuse with malononitrile
in the presence of ammonium acetate afforded the dihydropyridines 26a-c. Structures of 26a-c could be confirmed by
incorporated their spectral data. For instance, the IR spectrum of 26a revealed the presence of many peaks at 3313-3185 cm
Icoresponding to amino functions and a peak at 2197 cmcoresponding to cyano function. The *H-NMR and mass spectra of
the same product further support the proposed structure. Similarly, 25a-c react with bi-nucleophilic reagent  (i-e hydrazine
hydrate) to produce the pyrazole derivatives 27a,b.
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Establishing structure 27 was based on its spectral data and the authentic sample prepared from the reaction of
cyanoacetamide derivative 1 with hydrazine hydrate in refluxing ethanol to give aminopyrazole derivative 23 [56] and further
treatment of 23 by aryl diazonium salt 24 in pyridine. Confirmation structure 23 was based on elemental analyses and spectral
data [57]
scheme (3).

The novel heterocycles obtained from 1 prompted us to investigate further the reactivity of cyano function toward enaminone
and its analogues. Thus, compound 1 was treated with 3-(dimethylamino)-1-phenylprop-2-en-1-one 28 in DMF with TEA acting
as a catalyst afforded 1-(2,5-dioxopyrrolidin-1-yl)-2-oxo-6-phenyl-1,2-dihydropyridine-3-carbonitrile 30. The identity of
structure 30 was based on the infrared spectrum which shows absorption band at 2222 cm-* assignable for CN group, absorption
bands at 1731, 1669, 1639(C=0). cm* assignable for carbonyl groups and in addition to the disappearance of the NH function
group. On the other hand, in dimethylformamide containing TEA at reflux temperature, cyanoacetanilide 1 and 2-
(ethoxymethylene) malononitrile 31 were reacted to furnish 6-((2,5-dioxopyrrolidin-1-yl) amino)-2-imino-2H-pyran-3,5-
dicarbonitrile 34.
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Formation of final product 34 involving Michael addition to afford intermediate 32 followed by intermolecular cyclization
of enol form 33 to give the final product 34. The structure of 34 was clarified using spectral and analytical data. (see experimental
section) [57,58] scheme(4).

A novel and straightforward method for synthesis of pyrrole derivative is represented by the reaction of the cyanoacetanilide
moiety with phenacylbromide. Triethylamine acts as a catalyst in the reaction between compound 1 and phenacyl bromide,
which results in the production of the pyrrole derivative 35. The structure of the later product was confirmed using analytical
and spectral information. Its infrared emission spectrum showed carbonyl groups at 1705 and 1666 cm™* and the nitrile specific
absorbance band at 2214 cm™. The methylene of the pyrrole ring was responsible for the singlet signal seen in the 'H-NMR
spectrum at 8 5.50 ppm. Additionally, because of the molecular formula C1sH11N3Os3, the mass spectrum showed the molecular
ion peak at m/z 281 (M*). The pyridine derivative 36 was produced by allowing the cyanoacetanilide 1 to interact with
malononitrile in dimethylformamide containing triethylamine under reflux. The suggested structure for compound 36 was
supported by all of the spectral data. The *H-NMR spectrum showed that the pyridine 5-H proton was responsible for the signals
at 8 7.50 ppm and amino protons at 8 6.97 and 7.09 ppm. A common peak at m/z 247 (M*) in its mass spectrum was found to
match the molecular ion peak. The reactivity of cyanoacetanilide 1 towards 1,3-diketone was also investigated. Thus, treatment
of cyanoacetanilide 1 with acetylacetone in dry dimethylformamide catalyzed with two drops of TEA as a catalyst produced
pyridinone derivative 37. The structure of 37 was confirmed using spectral and analytical data. Three absorption bands for CH-
aliphatic, cyano, and carbonyl groups were visible in the infrared spectrum at 2996-2932, 2220, and 1692, 1666 cm,
respectively, *H-NMR exhibited three singlet signals at § 2.19, 2.22 and 6.14 ppm corresponding to two methyl groups beside
CH-pyridine. Similar to this, a new pyridine derivative 38 was created when cyanoacetanilide 1 was treated with ethyl
cyanoacetate in dimethylformamide containing triethylamine. The analyses and spectroscopic data of compound 38 support the
proposed structure [59-61] scheme(5).
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The reaction of cyanoacetanilide 1 with (DMF-DMA) in refluxing dioxane, 2-Cyano-3-(dimethylamino)-N-(2,5-
dioxopyrrolidin-1-yl) acrylamide 39 was produced. Enaminonitrile 39 was converted into the new 2-cyano-2-cyclohexylidene-
N-(2,5-dioxopyrrolidin-1-yl) acetamide 40 when hydrazine hydrate was added in refluxing ethanol. Based on its spectral data,
the resulting yield's structure was identified as chemical 40. For instance, the IR spectra revealed three absorbance bands for
amino, CH-aliphatic, and carbonyl groups at 3232-3213, 2962-2931, and 1650 cmrespectively. Thus, the chemical reactivity
of cyanoacetanilide 1 towards cyclohexanone has been investigated, cyanoacetanilide 1 was treated with cyclohexanone under
reflux in ethyl alcohol catalyzed with two drops of piperidine to produce compound 41. The typical bands for NH, cyano, and
carbonyl groups are visible in the infrared spectra of the reaction result at 3303 cm™, 2182 cm™, and 1730, 1666 cm?,
respectively. The H-NMR spectra of compound 41, which show up-field signals at § 1.57-2.30 ppm for SP? protons, were
primarily responsible for clarifying its structure. Furthermore, the anticipated singlet at 6 9.49 ppm for the NH group was
present.. The new pyrazolone derivative 42 was produced by the reaction between enaminonitrile 41 and a binucleophilic reagent
like hydrazine hydrate in refluxing ethanol. Based on its spectral data, this product's structure was determined. IR spectrum of
compound 42 was free of cyano group and showed the absorption band for NH2and NH in the range 3350-3201 cm™. The 'H-
NMR spectrum provided the most insight into its structure, revealing a novel singlet signal at § 5.93 ppm for NH? and & 10.00
ppm attributed to the NH group [62] scheme(6).

The antimicrobial activity
General Procedure for Antimicrobial Testing:

The antimicrobial activity of the synthesized compounds was evaluated against two gram-positive bacteria (Staphylococcus
aureus and Bacillus subtilis) and two gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa). The antifungal
activity was tested against Candida albicans and Aspergillus flavus. Each compound was dissolved in DMSO to create solutions
with a concentration of 1 mg/mL. Sterilized paper discs (Whatman filter paper, 5 cm) were soaked in these solutions and placed
in petri dishes with nutrient agar media (20 g agar, 3 g beef extract, 5 g peptone) seeded with the test microorganisms. The petri
dishes were incubated at 36° C, and inhibition zones were recorded after 24 hours [63-65].
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Each treatment was replicated three times [66,67]. Ampicillin and Clotrimazole were used as standards for antibacterial and
antifungal activities, respectively.

The inhibition zones for the synthesized compounds were measured, and the % activity index was calculated using the
formula:

Zomne of inhibition by test compound (diametre) %100

Zone of inhibition by standard (diametre)

Table 1 details the inhibition zones and activity indices for these compounds against six different microorganisms: E. coli,
Pseudomonas aeruginosa, S. aureus, Bacillus subtilis, C. albicans, and A. flavus. The diameter of the inhibition zone (in
millimeters) measures the clear area where bacteria or fungi cannot grow around each compound. The % Activity Index
represents the relative effectiveness of each compound compared to standards like Ampicillin and Colitrimazole, with larger
inhibition zones and higher % Activity Indices indicating more effective compounds. Notably, Ampicillin and Colitrimazole
show 100% activity index, serving as benchmarks for comparison.

For example, compound 6 has a 10 mm inhibition zone and a 40% activity index against E. coli, indicating low effectiveness
compared to Ampicillin's 25 mm inhibition zone and 100% activity index. Conversely, compound 18 shows a 25 mm inhibition
zone with a 92.6% activity index against C. albicans, suggesting high effectiveness close to the standard.

Table 2 presents the minimum inhibitory concentration (MIC) measurements, the lowest concentration required to inhibit
visible microbial growth. Lower MIC values signify higher effectiveness. Each compound's MIC values are listed against the
same six microorganisms. For instance, compound 10 has an MIC of 2 pg/mL against E. coli, indicating high efficacy at low
concentrations, while compound 18 has an MIC of 1 pg/mL against S. aureus, showing it is very effective against this bacterium.
Compounds with MIC values ">100" are deemed ineffective at the highest tested concentration.

The antimicrobial activity of the synthesized compounds was evaluated to establish a structure-activity relationship (SAR).
The analysis indicates the following key observations regarding the relationship between chemical structure and antimicrobial
efficacy:

% Activity Index =

e Aromatic Substituents and Heterocyclic Rings:
Compounds with aromatic substituents, such as benzene and thiophene rings, generally exhibited enhanced antimicrobial
activity. For example, compound 18, containing a benzothiazole moiety, showed significant activity against all tested
microorganisms, likely due to the high stability and planar nature of the aromatic system, which can interact effectively
with microbial targets.

e Electron-Withdrawing Groups:
The presence of electron-withdrawing groups, such as cyano (-CN) and carbonyl (C=0) groups, increases antimicrobial
activity. These groups can enhance the interaction between the compounds and microbial enzymes or proteins, leading to
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inhibition of microbial growth. For instance, compound 10, which contains both cyano and carbonyl groups, demonstrated
strong antimicrobial activity.

e Amino and Imino Groups:
Compounds with amino (-NH2) and imino (-NH-) groups showed notable antimicrobial activity. These functional groups
can form hydrogen bonds with microbial cell components, disrupting cell function. Compounds 10 and 14, containing
amino groups, displayed significant activity against both bacteria and fungi.

e Cyclization and Fusion:
Compounds with fused heterocyclic systems, such as thiophene and thiazole derivatives, exhibited higher activity
compared to non-fused systems. The rigidity and three-dimensional structure of fused rings can better fit into microbial
enzyme active sites. For example, compound 6, with a fused thiophene ring, exhibited moderate to high antimicrobial

activity.
Table 1: Inhibition Zones and % Activity Index
E. coli Pseudartmnas S. aureus . o C. Albicans A. flavus
aeuroginosa Bacillus subtilis
Comp. Diameter of Diameter Diameter Diameter Diameter Diameter
inhibition e e % N % C % i % e %
. Activity inhibitio Activity inhibition Activity inhibition Activity inhibition Activity inhibition Activity
(mm) index n zone index zone index zone index zone index zone index
(mm) (mm) (mm) (mm) (mm)
6 10 40.0 14 60.9 12 50.0 11 47.8 16 59.2 12 48.0
10 13 52.0 15 65.2 18 75.0 14 60.9 22 81.5 17 68.0
14 10 40 9 39.1 9 375 8 34.8 13 481 1 44
16 3 12.0 8 348 7 292 6 26.1 9 333 6 24.0
17 11 44.0 14 60.9 17 70.8 12 522 20 74.1 16 64.0
18 14 56.0 17 73.9 20 833 16 69.6 25 92.6 19 76.0
20 7 28.0 10 435 12 50.0 9 39.1 14 51.8 11 44.0
22 3 12 5 21.7 5 20.8 NA 8 29.6 7 28
23 NA NA NA NA 4 14.8 NA
25a 5 20 7 304 6 25 4 174 7 25.9 5 20
25b 5 20.0 9 39.1 8 333 8 34.8 12 444 7 28.0
2S¢ 3 12.0 6 26.1 5 20.8 5 21.7 8 29.6 6 24.0
26a 7 28 8 348 7 29.2 6 26.1 10 37 9 36
26b 8 32.0 12 52.2 13 54.2 11 47.8 16 59.2 13 52.0
26¢ 4 16.0 9 39.1 7 29.2 7 30.4 10 37.0 6 24.0
27a 8 32 9 39.1 7 292 7 30.4 11 407 10 40
27b 8 32.0 11 478 15 62.5 10 435 17 63.0 15 60.0
30 13 52 16 69.6 15 62.5 16 69.6 18 66.7 16 64
34 NA NA 4 16.7 3 13.0 6 222 5 20.0
35 NA NA NA NA NA NA
36 NA 3 13.0 10 417 4 69.6 13 48.1 9 36.0
37 NA NA 3 12.5 NA 5 18.5 3 12.0
38 m 44 13 56.5 12 50 14 60.9 14 518 13 52
39 NA 4 17.4 3 12.5 NA 6 22 NA
4 10 40 10 435 11 45.8 11 47.8 16 59.2 14 56
Amp. 25 100 23 100 24 100 23 100 NA NA
Col. NA NA NA NA 27 100 25 100

NA — No Activity.
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Table 2: Minimum Inhibitory Concentration (MIC) Measurement

Compound Pseudomonas Bacillus

E. coli . S. aureus L. C. Albicans A.flavus
aeuroginosa subtilis
6 4 8 4 16 4 16
10 2 4 2 4 2 4
14
16 8 32 32 4 8
16 64 64 32 64 32 64
17 4 8 2 8 4 4
18 2 4 1 2 2 2
20 16 32 8 32 8 16
22
>100 64 64 >100 32 32
23
>100 >100 >100 >100 64 >100
25a
64 64 64 >100 64 64
25b 32 64 16 32 8 32
25¢ >100 64 64 64 32 64
26 a
32 32 32 64 16 32
26b 8 16 4 16 4 8
26 ¢ 64 32 32 32 16 32
27a
32 16 32 64 8 16
27b 8 16 4 16 4 8
30 4 2 4 8 2 4
34 >100 >100 64 >100 64 64
35
>100 >100 >100 >100 >100 >100
36 >100 >100 16 64 8 16
37 >100 >100 >100 >100 64 >100
38
8 4 8 16 4 8
39
>100 64 >100 >100 64 >100
41
8 8 16 32 4 4
Ampicillin 0.5 2 1 4 - -
Colitrimazole -—-- ---- ---- - 2 1
NA — No Activity

3. Experimental

The melting points were obtained using the Akofler Block instrument and are uncorrected. IR spectra (KBr) were obtained
on an FTIR 5300 spectrometer (v, cm™). The *H-NMR spectra were acquired on a Varian Gemini spectrometer. The *H-NMR
spectra were performed at 400 MHz, and the 13C-NMR spectra were run at 100 MHz in DMSO-ds as solvents. Chemical shifts
are represented in parts per million (ppm) by utilizing TMS as reference. 1000 EX mass spectrometer at 70 eV. Monitoring the
reactions and verifying the purity of the compounds were performed by TLC on silica gel-precoated aluminum sheets (Type 60,
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F 254, Merck, Darmstadt, Germany) with eluent of n-hexane/ethyl acetate, and the spots were observed by exposure to a UV
lamp at 2254 nanometer. The nomenclature of the produced compounds is according to the [IUPAC system. The estimated
yields are based upon materials that have been completely separated. Solvents were dried or purified according to ordinary
approaches.

Synthesis of 2-cyano-N-(2,5-dioxopyrrolidin-1-yl) acetamide (1): For 13 hours, the solution consisting of succinic anhydride
(0.1 mmol) and 2-cyanoacetohydrazide (0.1 mmol) was stirred at ambient temperatures with the addition of pure ethanol (30
mL) and glacial acetic acid (2 mL). Following this period, a white solid formed out of the product of the reaction mixture, which
was filtered out, cleaned with ethanol, and dried. Pure compound 1 was produced as white crystals by recrystallizing the crude
product from ethanol; (yield,72%); m.p.160-162° C. IR spectrum (KBr, cm™): 3215 (NH), 2966-2931 (CH-aliphatic), 2264
(CN), 1696, 1607 (2C=0).H-NMR (400 MHz, DMSO-ds) & (ppm): 2.36-2.47 (m, 4H, 2CH?2), 3.72 (s, 2H, CH2), 10.21 (s, 1H,
NH). 13C NMR (101 MHz, DMSO-ds) & 26.32, 29.09, 29.09, 116.05, 170.63, 174.03, 174.03. MS (m/z): 181 (M*). Anal. Calcd.
for C7H7N30s3 (181): C, 46.41; H, 3.90; N, 23.20. Found: C, 46.45; H, 3.93; N, 23.22%.

Preparation of thiophene and thiazole derivatives (6, 10) and (14): Equimolar amounts (0.01 mol) of elemental sulfur, (0.01
mol) of cyclohexanone, as well as (0.01 mol) of malononitrile or (0.01 mol) of phenyl isothiocyanate, were reacted with (0.01
mol) of cyanoacetamide 1 in EtOH (25 mL) containing morpholine (1 mL). The reaction mixture was refluxed over a 12-hour,
chilled out, and neutralized by pouring over ice cold water acidified with a few drops of HCI. The formed solid crystals were
aggregated by filtration and crystallized with dioxane to afford 6, 10 and 14 respectively.

3-Amino-N-(2,5-dioxopyrrolidin-1-yl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide (6): Brown crystals of 6 were
obtained; (yield,77%); m.p.172-174°C. IR spectrum (KBr, cm™!) 3417-3400 (NH2/NH), 2962-2935 (C-H aliphatic), 1700, 1627
(2 C=0). 'H-NMR (400 MHz, DMSO-ds) & (ppm): 1.21-1.77 (m, 4H, 2CH>), 2.42-2.86 (m, 4H, 2CH>), 3.39-3.80 (m, 4H,
2CH2), 7.47 (s, 2H, NH2), 8.97 (s.br, 1H, NH). 3C-NMR (101 MHz, DMSO-dgs) 8 22.10, 22.81, 22.81, 24.91, 29.30, 29.30,
124.80, 130.06, 133.35, 148.80, 160.06, 174.07, 174.07. MS (m/z): 293 (M*). Anal. Calcd. for C13H1sN30sS (293): C, 53.23;
H, 5.15; N, 14.32. Found: C, 53.27; H, 5.18; N, 14.34%.

3,5-Diamino-4-cyano-N-(2,5-dioxopyrrolidin-1-yl) thiophene-2-carboxamide (10): Brown crystals of 10 were obtained;
(yield, 71%); m.p.150-152° C. IR spectrum (KBr, cm™') 3325-3207 (NH2/NH), 2976 (C-H aliphatic), 2211 (CN), 1720, 1631
(2C=0).H-NMR (400 MHz, DMSO-ds) & (ppm): 2.82-2.99 (m, 4H, 2CH?2), 6.52 (s, 2H, NH2), 6.98 (s, 2H, NHz2), 11.69 (s, 1H,
NH). MS (m/z): 281 (M*+2). Anal. Calcd. for C10HoNsOsS (279): C, 43.01; H, 3.25; N, 25.08. Found: C, 43.05; H, 3.28; N,
25.10%.

4-Amino-N-(2,5-dioxopyrrolidin-1-yl)-3-phenyl-2-thioxo-2,3-dihydrothiazole-5-carboxamide (14): Pale brown crystals of
14 were obtained; (yield, 89%); m.p.145-147° C. IR spectrum (KBr, cm™) 3217-3118 (NH2/NH), 3050 (C-H aromatic), 2983
(C-H aliphatic), 1724, 1661 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.66-2.99 (m, 4H, 2CH>), 6.99 (s, 2H, NHz)
7.14-7.64 (m, 5H, CH-aromatic), 11.05 (s, 1H, NH). *3C-NMR (101 MHz, DMSO-ds) & 29.70, 29.70, 67.66, 123.46, 125.07,
125.07, 129.23, 129.23, 139.01, 158.01, 165.00, 174.90, 174.90, 188.31. MS (m/z): 348 (M*). Anal. Calcd. for C14H12N4O3S:
(348): C, 48.27; H, 3.47; N, 16.08. Found: C, 48.31; H, 3.50; N, 16.10%.

Synthesis of 2-cyano-N-(2,5-dioxopyrrolidin-1-yl)-2-(4-oxo-3-phenylthiazolidin-2-ylidene) acetamide (16): Method (A):
Cyanoacetamide 1 (0.01 mol) was added to a stirred mixture of potassium hydroxide (0.01 mol) in DMF (20 mL). (0.01 mol)
of phenyl isothiocyanate was added to the solution after it had been shaken for 30 minutes. (0.01 mol) of ethyl chloroacetate
was added after 6 hours of stirring at ambient temperature, then the reaction continued for an additional 6 hours of stirring.
Cold-diluted HCI was used to neutralize the reaction solution. 16 was obtained from ethanol after the isolated material was
filtered out, rinsed various times in cold water, and recrystallized from benzene.

Method (B): With droplets of TEA, an equimolar amount (0.01 mol) of compound 17 was refluxed for 24 hours with either
(0.01 mol) of ethyl chloroacetate or (0.01 mol) of chloro acetyl chloride. The created solid was added to an ice/water solution
that also contained droplets of diluted HCI. Following filtering, the solid was recrystallized with ethanol to produce brown
crystals of 16 ; (yield, 85%); m.p.130-132° C. IR spectrum (KBr, cm™') 3432 (NH), 3047 (C-H aromatic), 2987, 2947 (C-H
aliphatic), 2200 (CN), 1725, 1636 (2C=0). 'H-NMR (400 MHz, DMSO-ds) & (ppm): 2.66-2.99 (m, 4H, 2CH?2), 4.17 (s, 2H,
CH>-thiazole), 6.87-7.54 (m, 6H, CH-aromatic/NH). *3C-NMR (101 MHz, DMSO-ds) & 33.33, 33.33, 34.62, 63.10, 121.13,
128.93, 129.46, 129.46, 129.71, 129.71, 135.76, 156.36, 165.76, 172.12, 172.12, 178.70. MS (m/z): 356 (M*). Anal. Calcd. for
C16H12N404S (356): C, 53.93; H, 3.39; N, 15.72. Found: C, 53.97; H, 3.42; N, 15.74%.
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Synthesis of 2-cyano-N-(2,5-dioxopyrrolidin-1-yl)-3-(phenylamino)-3-thioxopropanamide (17): For 30 minutes, KOH,
Cyanoacetamide 1 then phenyl isothiocyanate (0.01 mol) were mixed together in (20 mL) of dry DMF. The solution was agitated
at room temperature overnight to produce an intermediate. Diluted HCI was used to acidify the product. The resulting precipitate
was filtered off, desiccated, and recrystallized with ethanol to produce yellow crystals of compound 17 as; (yield, 80%);
m.p.130-132° C. IR spectrum (KBr, cm™!) 3205 (NH), 3032 (C-H aromatic), 2950 (C-H aliphatic), 2187 (CN), 1723, 1673
(2C=0). H-NMR (400 MHz, DMSO-ds) & (ppm): 2.82-2.97 (m, 4H, 2CHy), 3.60 (s, 1H, CH), 7.11-7.50 (m, 6H, CH-
aromatic/NH), 9.78 (s, 1H, NH). 3C-NMR (101 MHz, DMSO-ds) & 31.56, 31.56, 57.40, 116.09, 124.21, 124.21, 127.09, 128.93,
128.93, 139.86, 161.71, 170.83, 170.83, 180.14. Anal. Calcd. for C14H12N4O3S (316): C, 53.16; H, 3.82; N, 17.71. Found: C,
53.20; H, 3.85; N, 17.73%.

Synthesis of 2-(benzo[d]thiazol-2(3H)-ylidene)-2-cyano-N-(2,5-dioxopyrrolidin-1-yl) acetamide (18):

A solution of bromine (0.01 mol) and (10 mL) of glacial acetic acid was poured dropwise over a duration of 10 minutes while
being stirred to compound 17 (0.01 mol) and glacial acetic acid (20 mL) solution that had been cool at 0-5°C. The stirring went
on for 16 hours. After adding ice-cold water, the resulting substance was filtered out, desiccated, and crystallized from benzene
to yield yellow crystals of 18; (yield, 79%); m.p.130-132° C. IR spectrum (KBr, cm™') 3178 (NH), 3055 (C-H aromatic), 2974
(C-H aliphatic), 2214 (CN), 1720, 1631 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.63-2.99 (m, 4H, 2CH>), 6.96-7.57
(m, 4H, CH-aromatic), 8.82 (s, 1H, NH), 10.59 (s, 1H, NH). MS (m/z): 316 (M*+2). Anal. Calcd. for C14H10N4O3S (314): C,
53.50; H, 3.21; N, 17.83. Found: C, 53.54; H, 3.24; N, 17.85%.

Synthesis of 2-cyano-N-(2,5-dioxopyrrolidin-1-yl)-2-(3,4-diphenylthiazol-2(3H)-ylidene) acetamide (20): With drops of
TEA, a suspension of reactant 17 (0.01 mol) in DMF (20 mL) and (0.01 mol) of phenacyl bromide were heated below reflux
for 24 hours. Drops of diluted HCI were introduced to the generated solid before it was put into ice and water mixture. The
resulting solid was then separated by filtering and crystallized with benzene to yield pale brown crystals of 20; (yield, 83%);
m.p.135-137° C. IR spectrum (KBr, cm™) 3198 (NH), 3059 (C-H aromatic), 2928 (C-H aliphatic), 2214 (CN). *H-NMR (400
MHz, DMSO-ds) & (ppm): 2.82-2.83 (m, 4H, 2CH?2), 6.90 (s, 1H, CH-thiazole), 6.92-8.27 (m, 10H, CH-aromatic), 10.27 (s, 1H,
NH). 13C-NMR (101 MHz, DMSO-ds) & 29.90, 29.90, 83.20, 106.70, 117.28, 121.45, 126.13, 128.02, 128.02, 128.61, 128.61,
129.27,129.27, 129.48, 129.48, 129.99, 133.30, 143.01, 163.54, 171.09, 174.30, 174.30. MS (m/z): 416 (M*). Anal. Calcd. for
C22H16N4O3S (416): C, 63.45; H, 3.87; N, 13.45. Found: C, 63.49; H, 3.90; N, 13.47%.

Synthesis of N-(4-(2-(1-cyano-2-((2,5-dioxopyrrolidin-1-yl) amino)-2-oxoethylidene) hydrazineyl) phenyl)-2-((2,5-
dioxopyrrolidin-1-yl) amino)-2-oxoacetohydrazonoyl cyanide (22):  The required amount (0.01 mol) of aryenediazonium
chloride 21 was poured portion by portion over 30 minutes at 0-5°C to a stirred cold mixture of cyanoacetamide 1 (0.01 mol)
and (10 mL) of pyridine. The reaction solution underwent stirring at 0 to 5 °C for 3 hours after the addition was completed. The
resultant was collected, rinsed with water, desiccated, and finally crystallized with DMF/EtOH to afford the corresponding
compound 22 as brown crystals; (yield, 75%); m.p.295-297° C. IR spectrum (KBr, cm—1) 3374 (NH), 3050 (C-H aromatic),
2950 (C-H aliphatic), 2213 (CN), 1720, 1620 (2C=0). 'H-NMR (400 MHz, DMSO-ds) 3 (ppm): 2.78-3.10 (m, 8H, 4CH>), 6.70-
7.80 (m, 8H, CH-aromatic+4NH). MS (m/z): 492 (M*). Anal. Calcd. for C20H16N100¢ (492): C, 48.78; H, 3.28; N, 28.45. Found:
C, 48.82; H, 3.31; N, 28.47%.

Synthesis of 1-((5-amino-4H-pyrazol-3-yl) amino) pyrrolidine-2,5-dione (23): Hydrazine hydrate (10 mL) and
cyanoacetamide 1 (0.5 g) were added to (20 mL) of EtOH. The solution was heated for 12 hours at reflux before cooling. The
precipitated was purified, rinsed with EtOH, desiccated, and crystallized with EtOH to yield brown crystals of 23; (yield, 70%);
m.p.210-212° C. IR spectrum (KBr, cm™') 3350-3201 (NH2/NH), 1662 (C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.58-
2.90 (m, 4H, 2CHy), 4.28 (s, 2H, CHz-pyrazole), 5.89 (s, 2H, NH2), 9.99 (s, 1H, NH). MS (m/z): 195 (M*). Anal. Calcd. for
C7HsNsO2 (195): C, 43.08; H, 4.65; N, 35.88. Found: C, 43.12; H, 4.68; N, 35.90%.

Preparation of oxoacetohydrazonoyl cyanide derivatives (25a-c): A stirred mixture of (0.01 mol) of cyanoacetamide 1 in
ethyl alcohol (30 mL) was added to one gram of sodium acetate. Following fifteen minutes of stirring, the mixture was cooled
to room temperature and treated with a cold diazonium salt 24a-c solution. This solution was (made by (treating (0.01 mol) of
substituted aniline and 3 mL of HCI with 0.3 g of sodium nitrite solution in 1 mL of water). After adding the diazonium salt and
stirring at 0 to 5 degrees Celsius for a further two hours, the mixture was placed in an ice bath for eight hours. The resulting
solid was filtered out and collected before being carefully cleaned with water and dried. Hydrazines 25a—c were produced by
crystallizing the raw product from ethanol.
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2-((2,5-Dioxopyrrolidin-1-yl) amino)-2-oxo-N-(p-tolyl) acetohydrazonoyl cyanide (25a): Orange crystals of 25a were
obtained; (yield, 88%); m.p.160-162° C. IR spectrum (KBr, cm™') 3300, 3252 (2NH), 3044 (C-H aromatic), 2966- 2861 (C-H
aliphatic), 2208 (CN), 1693, 1654 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.28 (s, 3H, CH3), 2.43-2.48 (m, 4H,
2CHy), 7.16-7.62 (m, 4H, CH-aromatic), 10.05 (s, 1H, NH), 11.84 (s, 1H, NH). 3C-NMR (101 MHz, DMSO-ds) & 20.90, 29.24,
29.24,105.77, 111.65, 116.59, 116.59, 130.01, 130.01, 134.00, 140.23, 160.91, 173.99, 173.99. MS (m/z): 300 (M*+1). Anal.
Calcd. for C14H13Ns03(299): C, 56.18; H, 4.38; N, 23.40. Found: C, 56.22; H, 4.41; N, 23.42%.

2-((2,5-Dioxopyrrolidin-1-yl) amino)-N-(4-methoxyphenyl)-2-oxoacetohydrazonoyl cyanide (25b): Orange crystals of 25b
were obtained; (yield, 86%); m.p.245-247° C. IR spectrum (KBr, cm™!) 3407, 3261 (2NH), 3009 (C-H aromatic), 2949-2845
(C-H aliphatic), 2237 (CN), 1680, 1638 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.40-2.48 (m, 4H, 2CH2), 3.76 (s,
3H, OCHj3), 6.96-7.50 (m, 4H, CH-aromatic), 10.46 (s, 1H, NH), 13.00 (hump, 1H, NH). 3C-NMR (101 MHz, DMSO-ds) &
29.37, 29.37, 55.75, 114.69, 115.13, 117.98, 117.98, 118.52, 118.52, 138.84, 156.73, 162.26, 174.08, 174.08. Anal. Calcd. for
C14H13Ns04 (315): C, 53.33; H, 4.16; N, 22.21. Found: C, 53.37; H, 4.19; N, 22.23%.

N-(4-chlorophenyl)-2-((2,5-dioxopyrrolidin-1-yl) amino)-2-oxoacetohydrazonoyl cyanide (25c): Orange crystals of 25c¢
were obtained; (yield, 80%); m.p.230-232°C. IR spectrum (KBr, cm™') 3239 (NH), 3098 (C-H aromatic), 2985 (C-H aliphatic),
2220 (CN), 1705, 1653 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.42-2.48 (m, 4H, 2CH>), 7.40-7.85 (m, 4H, CH-
aromatic), 10.44 (s, 1H, NH), 11.96 (s, 1H, NH). 3C-NMR (101 MHz, DMSO-ds) & 29.22, 29.22, 107.20, 111.39, 118.25,
118.25, 128.55, 129.44, 129.44, 141,53, 160.59, 175.78, 175.78. MS (m/z): 321 (M*+2). Anal. Calcd. for C13H10CINsO3 (319):
C, 48.84; H, 3.15; N, 21.91. Found: C, 48.88; H, 3.18; N, 21.93%.

Synthesis of pyridine derivatives (26a-c): Ammonium acetate (1g) was fused for thirty minutes with a mixture of compound
25a-c (0.01 mol) and (0.01 mol) malononitrile, and then (10 mL) of ethanol was added. A solution of ice and water with droplets
of diluted HCI was placed in the solution. The solid was filtered out, and 26a-c was produced by recrystallizing it from EtOH.

2,4-Diamino-1-(2,5-dioxopyrrolidin-1-yl)-6-o0xo-5-(p-tolyldiazenyl)-1,6-dihydropyridine-3-carbonitrile (26a): Reddish-
brown crystals of 26a were obtained; (yield, 68%); m.p.229-231° C. IR spectrum (KBr, cm™!) 3313-3185 (2NH2), 3046 (C-H
aromatic), 2923-2860 (C-H aliphatic), 2197 (CN), 1690, 1633 (2C=0). 'H-NMR (400 MHz, DMSO-de) & (ppm): 2.29 (s, 3H,
CHs), 2.63-2.90 (m, 4H, 2CH>), 5.50 (s, 2H, NH2), 5.78 (s, 2H, NH2), 7.18-7.43 (m, 4H, CH-aromatic). 3C-NMR (101 MHz,
DMSO-ds) 6 20.89, 29.27, 29.27, 74.70, 93.10, 115.54, 129.00, 129.00, 130.32, 130.32, 134.14, 139.89, 159.26, 160.06, 161.00,
174.43, 174.43. MS (m/z): 365 (M*). Anal. Calcd. for C17H1sN703 (365): C, 55.89; H, 4.14; N, 26.84. Found: C, 55.93; H, 4.17;
N, 26.86%.

2,4-Diamino-1-(2,5-dioxopyrrolidin-1-yl)-5-((4-methoxyphenyl) diazenyl)-6-oxo0-1,6-dihydropyridine-3-carbonitrile
(26b): Reddish-brown crystals of 26b were obtained; (yield, 78%); m.p.215-217° C. IR spectrum (KBr, cm™!) 3320-3217
(2NH2), 3080 (C-H aromatic), 2835 (C-H aliphatic), 2194 (CN), 1669, 1630 (2C=0). 'H-NMR (400 MHz, DMSO-ds) 5 (ppm):
2.76-2.96 (m, 4H, 2CH2), 3.78 (s, 3H, OCH3), 5.52 (s, 2H, NH2), 5.78 (s, 2H, NH2), 6.96-7.50 (m, 4H, CH-aromatic). *C-NMR
(101 MHz, DMSO-ds) & 29.20, 29.20, 55.78, 78.43, 84.38, 115.11, 117.18, 117.18, 122.10, 122.10, 137.72, 157.07, 159.52,
160.85, 164.72, 171.10, 171.10. Anal. Calcd. for C17H1sN704 (381): C, 53.54; H, 3.96; N, 25.71. Found: C, 53.59; H, 3.99; N,
25.73%.

2,4-Diamino-5-((4-chlorophenyl) diazenyl)-1-(2,5-dioxopyrrolidin-1-yl)-6-oxo-1,6-dihydropyridine-3-carbonitrile (26c):
Reddish-brown crystals of 26¢ were obtained; (yield, 78%); m.p.243-245°C. IR spectrum (KBr, cm™') 3328-3181 (2NH2), 3080
(C-H aromatic), 2860 (C-H aliphatic), 2194 (CN), 1674, 1639 (2C=0). *H-NMR (400 MHz, DMSO-ds) § (ppm): 2.74-2.98 (m,
4H, 2CH?2), 5.50 (s, 2H, NH2), 5.87 (s, 2H, NH2), 7.41-7.59 (m, 4H, CH-aromatic). *C-NMR (101 MHz, DMSO-ds) § 30.10,
30.10, 74.70, 94.10, 112.27, 128.27, 128.27, 130.73, 130.73, 133.00, 141.52, 150.34, 151.84, 161.79, 170.00, 170.00. Anal.
Calcd. for C16H12CIN70O3 (385): C, 49.82; H, 3.14; N, 25.42. Found: C, 49.86; H, 3.17; N, 25.44%.

Preparation of 4-arylazopyrazole derivatives (27a,b):

Method A: Hydrazine hydrate (10 mL) was mixed with the necessary amount of hydrazone 25a,b (0.5g). After 3 hours of
refluxing the mixture, ethanol was added and then cooled. To obtain corresponding 27a and 27b, the solid was assembled, rinsed
with EtOH, desiccated, and then recrystallized with EtOH.

Method B: The necessary amount (0.01 mol) of arenediazonium chloride 24 was added over 30 minutes at 0-5°C to a stirred
solution of the substituted pyrazole 23 (0.01 mol) in 10 mL of pyridine. The solution was stirred for 3 hours at 0-5°C after the
addition was accomplished. The product was assembled, cleaned with water, and desiccated to produce 27a,b.
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1-((5-Amino-4-((p-tolyl) diazenyl)-1H-pyrazol-3-yl) amino) pyrrolidine-2,5-dione (27a): Reddish-brown crystals of 27a
were obtained; (yield, 78%); m.p.260-262° C. IR spectrum (KBr, cm™') 3417- 3366, 3309 (NH2/NH), 3036 (C-H aromatic),
2919-2862 (C-H aliphatic), 1720, 1629 (2C=0). 'H-NMR (400 MHz, DMSO-ds) & (ppm): 2.29 (s, 3H, CHs3), 2.65-2.90 (m, 4H,
2CH>), 5.78 (s, 2H, NH2), 7.18-7.43 (m, 4H, CH-aromatic), 10.51 (s, 1H, NH), 12.95 (hump, 1H, NH). 2*C-NMR (101 MHz,
DMSO-ds) § 20.91, 29.21, 29.21, 115.52, 123.31, 129.01, 129.01, 130.30, 130.30, 140.02, 150.40, 151.50, 170.00, 170.00. MS
(m/z): 313 (M*). Anal. Calcd. for C14H1sN702 (313): C, 53.67; H, 4.83; N, 31.29. Found: C, 53.71; H, 4.86; N, 31.31%.

1-((5-Amino-4-((4-methoxy phenyl) diazenyl)-1H-pyrazol-3-yl) amino) pyrrolidine-2,5-dione (27b):

Reddish-brown crystals of 27b were obtained; (yield, 78%); m.p.250-252° C. IR spectrum (KBr, cm™!) 3441-3421, 3340
(NH2/NH), 3017 (C-H aromatic), 2971-2932 (C-H aliphatic), 1666 (C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.77-2.96
(m, 4H, 2CH?>), 3.76 (s, 3H, OCHBa), 5.74 (s, 2H, NHz), 6.96-7.50 (m, 4H, CH-aromatic), 10.47 (s, 1H, NH), 12.99 (hump, 1H,
NH). $3C-NMR (101 MHz, DMSO-ds) & 29.30, 29.30, 55.81, 115.13, 116.80, 116.80, 122.58, 129.90, 129.90, 150.42, 156.96,
159.37, 171.13, 171.13. Anal. Calcd. for C14H1sN703(329): C, 51.06; H, 4.59; N, 29.77. Found: C, 51.10; H, 4.62; N, 29.79%.

Preparation of iminopyrane derivatives 30, 34: Cyanoacetamide 1 and 28 or 31 were mixed in 20 mL of DMF with a few
drops of trimethylamine, then refluxed for 24 hours. After cooling down, a solid formed, which was filtered, washed with
ethanol, and crystallized with dioxane to yield 30, 34.

1-(2,5-dioxopyrrolidin-1-yl)-2-0xo0-6-phenyl-1,2-dihydropyridine-3-carbonitrile (30): Pale brown crystals of 30 were
obtained; (yield, 67%); m.p.120-122°C. IR spectrum (KBr, cm™!') 3059 (C-H aromatic), 2924 (C-H aliphatic), 2222 (CN), 1731,
1669, 1639 (C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.99-3.02 (m, 4H, 2CHz), 6.01-7.95 (m, 7H, CH-aromatic). 1*C-
NMR (101 MHz, DMSO-ds) 6 35.36, 35.36, 102.38, 104.11, 112.94, 127.87, 128.50, 128.50, 129.14, 129.14, 131.08, 136.47,
156.67, 156.99, 168.33, 168.33. Anal. Calcd. for C16H1:N303 (293): C, 65.53; H, 3.78; N, 14.33. Found: C, 65.80; H, 3.80; N,
14.35%.

6-((2,5-dioxopyrrolidin-1-yl) amino)-2-imino-2H-pyran-3,5-dicarbonitrile (34): Black crystals of 34 were obtained; (yield,
67%); m.p.296-298° C. IR spectrum (KBr, cm™') 3305, 3194 (2NH), 3062 (C-H aromatic), 2981 (C-H aliphatic), 2214 (CN),
1700 (C=0). 'H-NMR (400 MHz, DMSO-ds) & (ppm): 2.85-2.96 (m, 4H, 2CH2), 7.35 (s, 1H, CH-pyrane), 8.13 (s, 1H,
NH),12.00 (hump, 1H, NH). MS (m/z): 257 (M*). Anal. Calcd. for C11H7NsOs (257): C, 51.37; H, 2.74; N, 27.23. Found: C,
51.41; H, 2.77; N, 27.25%.

Preparation of pyrrole derivatives 35, 36, 37 and 38: A solution of cyanoacetamide 1 (0.01 mol) and equimolar amount of
the phenacyl bromide (0.01 mol) or malononitrile (0.01 mol) or acetylacetone (0.01 mol) and ethyl cyanoacetate (0.01 mol)
respectively, with DMF (20 mL) including a few droplets of TEA was boiled over reflux for 24 hours. The reaction solution
was placed onto ice and water; the resultant precipitate was filtered out, desiccated, and crystallized with ethanol to produce
compounds 35, 36, 37, and 38 correspondingly.

1-(2,5-Dioxopyrrolidin-1-yl)-2-oxo-4-phenyl-2,5-dihydro-1H-pyrrole-3-carbonitrile (35): Brown crystals of 35 were
obtained; (yield, 82%); m.p.230-232°C. IR spectrum (KBr, cm™!') 3059 (C-H aromatic), 2935 (C-H aliphatic), 2214 (CN), 1705,
1668 (2C=0). *H-NMR (400 MHz, DMSO-de) & (ppm): 2.43-2.76 (m, 4H, 2CH?2), 5.50 (s, 2H, CH2-pyrrole), 7.19-8.33 (m, 5H,
CH-aromatic). MS (m/z): 281 (M*). Anal. Calcd. for C1sH1:N3O3 (281): C, 64.05; H, 3.94; N, 14.94. Found: C, 64.09; H, 3.97;
N, 14.96%.

4,6-Diamino-1-(2,5-dioxopyrrolidin-1-yl)-2-oxo-1,2-dihydropyridine-3-carbonitrile (36): Brown crystals of 36 were
obtained; (yield, 82%); m.p.295-297°C. IR spectrum (KBr, cm™') 3321- 3190 (NH2), 2210 (CN), 1720, 1624 (2C=0).'H-NMR
(400 MHz, DMSO-ds) & (ppm): 2.66-2.90 (m, 4H, 2CHz), 6.97 (s, 2H, NH2), 7.09 (s, 2H, NH2), 7.50 (s, 1H, CH-pyridine). 3C-
NMR (101 MHz, DMSO-ds) 6 31.00, 31.00, 70.20, 99.59, 115.60, 158.65, 162.00, 171.10, 171.10, 180.00. MS (m/z): 247 (M*).
Anal. Calcd. for C10H9NsOs3 (247): C, 48.59; H, 3.67; N, 28.33. Found: C, 48.63; H, 3.70; N, 28.35%.

1-(2,5-Dioxopyrrolidin-1-yl)-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (37): Brown crystals of 37 were
obtained; (yield, 87%); m.p.135-137°C. IR spectrum (KBr, cm™') 3068 (C-H aromatic), 2996-2932 (C-H aliphatic), 2220 (CN),
1692, 1666 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.19 (s, 3H, CH3), 2.22 (s, 3H, CHs), 2.70-3.08 (m, 4H, 2CH>),
6.14 (s, 1H, CH-pyridine). *C-NMR (101 MHz, DMSO-ds) & 19.69, 20.65, 29.27, 29.27, 97.18, 108.27, 116.50, 151.88, 155.54,
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158.98, 174.10, 174.10. MS (m/z): 245 (M"). Anal. Calcd. for C12H1:NsOs (245): C, 58.77; H, 4.52; N, 17.13. Found: C, 58.81;
H, 4.55; N, 17.15%.

4-amino-1-(2,5-dioxopyrrolidin-1-yl)-6-hydroxy-2-oxo-1,2-dihydropyridine-3-carbonitrile (38): Black crystals of 38 were
obtained; (yield, 78%); m.p.135-137°C. IR spectrum (KBr, cm™') 3205 (OH), 3051(C-H aromatic), 2966, 2927 (C-H aliphatic),
2214 (CN), 1700, 1631 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.58-2.99 (m, 4H, 2CH>), 5.28 (s, 2H, NH2), 7.87 (s,
1H, CH-pyridine), 9.77 (s, 1H, OH). MS (m/z): 248 (M*). Anal. Calcd. for C10HsN4O4 (248): C, 48.39; H, 3.25; N, 22.57. Found:
C, 48.43; H, 3.28; N, 22.59%.

Synthesis of 2-cyano-3-(dimethylamino)-N-(2,5-dioxopyrrolidin-1-yl) acrylamide (39):  Cyanoacetamide 1 and
dimethylformamide-dimethylacetal were combined in an equimolar proportion and refluxed in (20 mL) of dioxane for 12 hours.
After cooling, the product was filtered out, cleaned with ethanol, and crystallized with dioxane to yield brown crystals of 39;
(yield, 75%); m.p.200-202° C. IR spectrum (KBr, cm!) 3453 (NH), 2923 (C-H aliphatic), 2238 (CN), 1725, 1622 (2C=0). 'H-
NMR (400 MHz, DMSO-ds) 6 (ppm): 2.42-2.97 (m, 4H, 2CH>), 3.58 (s, 6H, N(CH3)z2), 8.11 (s, 1H, CH-Oleffinic), 11.92 (hump,
1H, NH). 3.C-NMR (101 MHz, DMSO-ds) & 29.24, 29.24, 34.86, 34.86, 76.27, 114.80, 136.60, 162.65, 174.12, 174.12. MS
(m/z): 236 (M*). Anal. Calcd. for C10H12N4O3 (236): C, 50.84; H, 5.12; N, 23.72. Found: C, 50.88; H, 5.15; N, 23.74%.

Synthesis of 3-amino-N-(2,5-dioxopyrrolidin-1-yl)-1H-pyrazole-4-carboxamide (40): A combination of compound 39 (0.5
g) and hydrazine hydrate (10 mL). The mixture that reacted underwent refluxing for 12 hours before being cooled and
neutralized by dropping it into an ice/water solution containing several drops of HCI. The solid material was obtained by
filtration and crystallized with benzene to yield brown crystals of 40; (yield, 74%); m.p.150-152° C. IR spectrum (KBr, cm™!)
3232-3213 (NH2/NH), 2962-2931 (C-H aliphatic), 1650 (2C=0). *H-NMR (400 MHz, DMSO-ds) & (ppm): 2.80-2.93 (m, 4H,
2CHy), 6.00 (s, 2H, NHz), 7.96 (s, 1H, CH-pyrazole), 9.10 (s, H, NH). ), 10.00 (s, H, NH). Anal. Calcd. for CsHsNsOs (223): C,
43.05; H, 4.06; N, 31.38; Found: ): C, 43.11; H, 4.11; N, 31.41%.

Synthesis of 2-cyano-2-cyclohexylidene-N-(2,5-dioxopyrrolidin-1-yl) acetamide (41): A 25-mL solution of cyanoacetamide
1 (0.01 mol) in ethanol with a few droplets of piperidine and cyclohexanone 3 (0.01 mol). The resulting solution was heated
over reflux for 12 hours before being cooled and neutralized by dumping it into an ice/water combination containing HCI drops.
The solid substance was produced by filtration and crystallized with benzene, yielding pale brown crystals of 41; (yield, 70%);
m.p.110-112° C. IR spectrum (KBr, cm™') 3303 (NH), 2932-2856 (C-H aliphatic), 2182 (CN), 1730, 1666 (2C=0). H-NMR
(400 MHz, DMSO-ds) 6 (ppm):0.88-2.30 (m, 10H, cyclohexene), 2.73-2.87 (m, 4H, 2CH>), 9.49 (s, 1H, NH). MS (m/z): 261
(M*). Anal. Calcd. for C13H1sNsOs (261): C, 59.76; H, 5.79; N, 16.08. Found: C, 59.80; H, 5.82; N, 16.10%.

Synthesis of 1-((5-amino-4-cyclohexylidene-4H-pyrazol-3-yl)amino)pyrrolidine-2,5-dione (42): compound 41 and 0.5 g of
hydrazine hydrate were combined then the mixture was heated over a 12-hour reflux period, cooled, and neutralized by being
poured over ice and water solution that had been diluted with a few droplets of HCI. Each time, the solid was extracted by
filtering and crystallized with n-hexane to produce brown crystals of 42; (yield, 74%); m.p.150-152° C. IR spectrum (KBr,
cm™') 3350-3201 (NH2/NH), 2935 (C-H aliphatic), 1654 (C=0). 'H-NMR (400 MHz, DMSO-ds) & (ppm): 1.23-2.20 (m, 10H,
cyclohexene), 2.72-2.87 (m, 4H, 2CH?2), 5.93(s, 2H, NHz, 10.00 (s, 1H, NH). **C-NMR (101 MHz, DMSO-ds) § 22.70, 28.20,
28.20, 29.80, 29.80, 33.01, 33.01, 104.83, 134.71, 134.71, 171.08, 171.08, 172.00. Anal. Calcd. for C13H17Ns02 (275): C, 56.71;
H, 6.22; N, 25.44. Found: C, 56.75; H, 6.25; N, 25.46%.

4. Conclusion

The research study reveals the effective synthesis and antimicrobial activity of novel tetrahydrobenzo[b]thiophene,
dihydropyridine, dihydrothiazole, thiophene, and iminopyrane derivatives. The chemical structure of the generated substances
was confirmed by elemental analysis. The antimicrobial activity investigation demonstrated that all the investigated substances
exhibited moderate to excellent antibacterial and antifungal properties against pathogenic organisms.
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