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INTRODUCTION

Recent data projects 9.7 million deaths and 20 million
new cancer cases in 2022. In 5 years after obtaining a cancer
diagnosis, an estimated 53.5 million people were still alive.
During their lifetime, one in five individuals may develop cancer
and one in nine men and one in twelve women will succumb to
the disease. The data from the International Agency for Research
on Cancer (IARC), which is part of the WHO, highlight the
critical need for novel anticancer drugs [1]. Radiation therapy
[2], chemotherapy [3] and surgery [4] are only a few of the
treatment modalities that have advanced in recent years, but
many cancers still do not respond to these methods and some
even develop resistance. As such, there is a pressing need for
novel treatments that can minimize side effects on healthy
organs while efficiently and specifically targeting cancer cells.
Researchers are exploring heterocyclic scaffolds, specifically
pyrrolo[2,3-d]pyrimidines, in their search for novel anticancer
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drugs, as these scaffolds have demonstrated promising pharma-
cological properties. The pyrrolo[2,3-d]pyrimidine nucleus
presents numerous benefits in the field of drug development,
such as its structural variety and its capacity to participate in a
wide range of molecular interactions, which are essential for
biological activity. It is worth mentioning that a small number
of anticancer medications, specifically ribociclib (used for
breast cancer) [5,6], ruxolitinib (used for myelofibrosis) [7]
and pemetrexed (used for pleural mesothelioma of non-small
cell lung cancer (NSCLC)) [8], which contain pyrrolo[2,3-d]-
pyrimidine nucleus, have shown clinical effectiveness.

This emphasizes the importance of this structure in cancer
treatment. Many research groups have reported the anticancer
activity of various organic compounds containing a pyrrolo-
[2,3-d]pyrimidine nucleus. These compounds demonstrate a
range of molecular mechanisms that contribute to their anti-
cancer effects. Specifically, they inhibit Janus Kinases (JAK1,
JAK2 and JAK3) [9-11], which are critical for cytokine signa-
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ling and immune function. Additionally, they target cyclin-
dependent kinases [12-15], essential regulators of cell cycle pro-
gression. These compounds also inhibit c-Met kinases [16-18],
which are involved in cell growth, motility and differentiation
and Bruton’s tyrosine kinase (BTK) [19,20], important for B-
cell development. Furthermore, they affect EGFR [21-23], a
key player in cell growth and survival signaling pathways and
VEGFR [24-27], which is crucial for angiogenesis and the
formation of new blood vessels. By targeting these diverse path-
ways, pyrrolo[2,3-d]pyrimidine-based compounds offer prom-
ising potential for the development of new anticancer therapies.
The success of ribociclib, ruxolitinib and pemetrexed (Fig. 1)
in cancer treatment underscores the therapeutic potential of
pyrrolo[2,3-d]pyrimidine-based compounds. This success serves
as an incentive for additional investigation of this scaffold in
order to develop innovative anticancer drugs with enhanced
safety and efficacy profiles.

In this study, we present the synthesis, characterization
and evaluation of a series of novel pyrrolo[2,3-d]pyrimidine
based compounds bearing amide functionality. Their anticancer
activity against different cancer cell lines is being thoroughly
investigated in the present study to provide light on their devel-
opment. Additionally, molecular docking studies are conducted
to provide insights into the binding modes and interactions of
these compounds with key biological targets implicated in cancer
progression. By employing a multidisciplinary approach that
integrates synthetic chemistry, biological assays and computat-
ional modelling, this research seeks to contribute to the advance-
ment of anticancer drug discovery. The findings presented
herein not only expand the chemical diversity of pyrrolo[2,3-d]-
pyrimidine analogues but also offer valuable insights into their
potential as therapeutic agents for combating cancer.

EXPERIMENTAL

No further purification procedures were employed after
employing the laboratory grade chemicals and solvents that
were purchased from Sigma-Aldrich, India. Merck-precoated
aluminium TLC plates coated with silica gel 60 F254 were emp-
loyed for the purpose of reaction monitoring. The melting points
were determined using Remi electronic melting point apparatus
and are uncorrected. The chemical shift values in ppm, were
relative to the internal standard, tetramethyl silane and were
taken using a VARIAN-INOVA (500 MHz) instrument to acquire
the 1H and 13C NMR spectra. The HRMS spectra were obtained
by utilizing a Waters Xevo Q-Tof Mass spectrometer in their

collection. The cell lines (ATCC) for the anticancer activity
were obtained from HiMedia Laboratories Pvt. Ltd., India.

Synthesis of methyl(2-amino-6-chloro-5-formyl-
pyrimidin-4-yl)glycinate (3): To a 50 mL round-bottom flask,
2-amino-4,6-dichloropyrimidine-5-carbaldehyde (1, 2.0 mmol)
and 10 mL of ethanol were mixed. Triethylamine (2.2 mmol)
and methyl glycinate (2, 2.0 mmol) were sequentially added
while stirring. The mixture was stirred at room temperature for
3 h. The precipitate was collected by vacuum filtration, washed
with water (3 × 5 mL) and 1 mL of methanol, then dried. The
dried solid was dissolved in hot 2-propanol, cooled slowly to
room temperature and then cooled in an ice bath. The recryst-
allized product was collected by vacuum filtration, washed with
cold 2-propanol and dried under reduced pressure, yielding
compound 3 [28].

Synthesis of methyl 2-amino-4-chloro-7H-pyrrolo[2,3-d]-
pyrimidine-6-carboxylate (4): A suspension of compound 3
(1.1 mmol) in ethanol (10 mL) and triethylamine (1.1 mmol)
was refluxed for 12 h. After cooling to room temperature, the
precipitate was collected by filtration, washed with water (3 ×
5 mL) and methanol (1 mL) and then dried. The crude product
was recrystallized from a DMF-water mixture to yield methyl
2-amino-4-chloro-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylate
(4).

Synthesis of 2-amino-4-chloro-7H-pyrrolo[2,3-d]-
pyrimidine-6-carbaldehyde (5): Compound 4 (30 mmol) was
dissolved in hexane (25 mL) and cooled to -78 ºC. In a separate
flask, diisobutylaluminum hydride (DIBAL-H, 1.0 M in hexane,
31 mmol) was also cooled to -78 ºC. The DIBAL-H solution
was transferred via cannula over 20-25 min and stirred at -78
ºC for 1 h. The reaction mixture was quenched by adding
methanol (10 mL) and stirred at -78 ºC for 15 min. The cold
solution was then transferred to a 1 L flask containing saturated
Rochelle salt solution (60 mL) and stirred for 3.5 h. The aqueous
phase was separated and further extracted with hexane (20 mL).
The combined organic layers were washed with brine (20 mL),
dried over MgSO4, filtered and concentrated to yield 2-amino-
4-chloro-7H-pyrrolo[2,3-d]-pyrimidine-6-carbaldehyde (5)
[29,30].

Synthesis of 4-chloro-6-methyl-7H-pyrrolo[2,3-d]-
pyrimidin-2-amine (6): A mixture of compound 5 (7.5 mmol)
and hydrazine hydrate (37 mmol) was heated to 80 ºC. To the
resulting suspension, KOH (5 mmol) was added and the mixture
was stirred at 80 ºC. Three additional portions of KOH (5 mmol
each) were added at 20 min intervals and the temperature was
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Fig. 1. Anticancer drugs containing pyrrolo[2,3-d]pyrimidine pharmacophore
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then raised to 110 ºC. After stirring overnight, the reaction
mixture was acidified with cold concentrated aqueous HCl. The
product was extracted with MTBE (2 × 15 mL). The combined
organic layers were washed with water (2 × 15 mL) and brine
(25 mL), then concentrated in vacuo until solids began to
crystallize. The solids were filtered to yield 4-chloro-6-methyl-
7H-pyrrolo[2,3-d]pyrimidin-2-amine (6).

Synthesis of pyrrolo-pyrimidine derivatives (7a-r): The
carboxylic acid (a-r) (1.0 mmol, 1.0 equiv.) was dissolved in
dry DCM (10 mL/1 mmol of carboxylic acid) in a reaction flask
equipped with a magnetic stir bar. To this solution, N,N′-
dicyclohexylcarbodiimide (DCC) (1.2 equiv.) was added while
stirring in an ice bath and the mixture was stirred for 15-30
min. Subsequently, 4-dimethylaminopyridine (DMAP) (0.1
equiv.) was added to the reaction mixture. The primary amine
6 (1.0 equiv) was then added slowly while maintaining stirring
in the ice bath. The reaction mixture was allowed to gradually
warm to room temperature and stirred for 18 h, with the progress
monitored by thin-layer chromatography (TLC). Upon comp-
letion, the reaction was quenched by adding water (10 mL) and
the mixture was extracted with DCM (3 × 20 mL). The combined
organic layers were washed with saturated Na2CO3 solution
(2 × 20 mL) and brine (20 mL) and then dried over anhydrous
MgSO4 (Scheme-I). After filtration, the solvent was removed
under reduced pressure using a rotary evaporator. The crude
product was purified by column chromatography on silica gel
using hexane:ethyl acetate (8:2 v/v) as eluent.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)benzamide (7a): Pale yellow solid, yield: 78%, m.p.: 244-
245 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.73-10.69
(s, 1H), 9.67-9.63 (s, 1H), 8.01-7.95 (dd, J = 7.8, 1.4 Hz, 2H),
7.54-7.47 (m, 1H), 7.45-7.40 (t, J = 7.7 Hz, 2H), 6.40-6.36 (s,
1H), 2.27-2.23 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm:
168.30, 155.79, 152.23, 150.78, 134.14, 133.84, 132.02, 128.53,
128.10, 114.07, 103.16, 14.53. HRMS for C14H11ClN4O: m/z
([M + H]+): 288.0536, found 288.0524.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-4-methoxybenzamide (7b): Pale yellow solid, yield: 74%,
m.p.: 229-230 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.77-
10.73 (s, 1H), 9.68-9.65 (s, 1H), 7.88-7.83 (d, J = 8.3 Hz, 2H),
7.01-6.96 (d, J = 8.5 Hz, 2H), 6.40-6.36 (s, 1H), 3.77-3.73 (s,
3H), 2.30-2.26 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm:
167.69, 161.75, 154.87, 152.23, 150.78, 133.92, 130.03, 127.68,
115.16, 113.84, 101.08, 55.77, 14.31; HRMS for C15H13ClN4O2:
m/z ([M + H]+): 318.0629, found 318.0625.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-4-hydroxybenzamide (7c): Pale yellow solid, yield: 77%,
m.p.: 252-253 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.86-
10.83 (s, 1H), 9.77-9.74 (s, 1H), 8.30-8.27 (s, 1H), 7.87-7.82
(d, J = 8.8 Hz, 2H), 6.98-6.93 (d, J = 8.8 Hz, 2H), 6.52-6.48
(s, 1H), 2.44-2.40 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ
ppm: 167.69, 160.22, 155.73, 152.23, 150.78, 134.85, 130.26,
126.60, 117.32, 115.16, 102.52, 14.02; HRMS for C14H11ClN4O2:
m/z ([M + H]+) 304.0489, found 304.0486.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-3-hydroxybenzamide (7d): Pale yellow solid, yield: 74%,
m.p.: 259-260 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.54-
10.51 (s, 1H), 9.70-9.66 (s, 1H), 8.76-8.72 (s, 1H), 7.59-7.53
(m, 1H), 7.37-7.30 (t, J = 8.2 Hz, 1H), 7.30-7.26 (t, J = 2.2
Hz, 1H), 6.99-6.93 (dt, J = 8.5, 1.6 Hz, 1H), 6.42-6.39 (s,
1H), 2.42-2.39 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm:
129.99, 120.53, 119.65, 114.22, 102.09, 13.67; HRMS for
C14H11ClN4O2: m/z ([M + H]+) 304.0512, found 305.0512.

4-Amino-N-(4-chloro-6-methyl-7H-pyrrolo[2,3-d]-
pyrimidin-2-yl)benzamide (7e): Pale yellow solid, yield: 71%,
m.p.: 234-235 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.84-
10.80 (s, 1H), 9.63-9.60 (s, 1H), 7.82-7.77 (d, J = 8.1 Hz, 2H),
6.62-6.56 (d, J = 8.1 Hz, 2H), 6.51-6.47 (s, 1H), 4.51-4.47 (s,
2H), 2.36-2.32 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm:
166.96, 154.87, 153.05, 152.24, 150.78, 133.92, 130.28, 125.19,
115.16, 113.57, 102.09, 13.67; HRMS for C14H12ClN5O: m/z
([M + H]+) 303.0865, found 303.0862.
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N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-3-methylbenzamide (7f): Pale yellow solid, yield: 80%,
m.p.: 228-229 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.65-
10.61 (s, 1H), 9.68-9.65 (s, 1H), 7.85-7.78 (dq, J = 8.1, 2.0 Hz,
2H), 7.47-7.38 (m, 2H), 6.41-6.37 (s, 1H), 2.39-2.35 (s, 3H),
2.30-2.26 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm: 130.84,
128.73, 128.06, 125.86, 100.79, 20.25, 14.31; HRMS for
C15H13ClN4O: m/z ([M + H]+) 302.0721, found 302.0717.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-4-methylbenzamide (7g): Pale yellow solid, yield: 75%,
m.p.: 223-224 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.83-
10.79 (s, 1H), 9.76-9.72 (s, 1H), 7.78-7.73 (d, J = 8.1 Hz, 2H),
7.34-7.29 (d, J = 8.0 Hz, 2H), 6.38-6.35 (s, 1H), 2.33-2.29 (s,
3H), 2.27-2.23 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm:
166.19, 155.73, 152.23, 149.79, 139.85, 133.92, 130.44, 129.29,
128.38, 114.48, 100.57, 22.21, 14.53; HRMS for C15H13ClN4O
([M + H]+): 302.0719, found 302.0716.

4-Chloro-N-(4-chloro-6-methyl-7H-pyrrolo[2,3-d]-
pyrimidin-2-yl)benzamide (7h): Pale yellow solid, yield: 79%,
m.p.: 261-262 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.77-
10.73 (s, 1H), 9.67-9.63 (s, 1H), 7.90-7.85 (d, J = 8.3 Hz, 2H),
7.55-7.50 (d, J = 8.3 Hz, 2H), 6.51-6.47 (s, 1H), 2.39-2.35 (s,
3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm: 167.71, 156.53,
153.26, 151.31, 137.61, 134.85, 130.87, 129.70, 129.05, 116.73,
103.32, 14.31; HRMS for C14H10Cl2N4O: m/z ([M + H]+)
322.0215, found 322.0213.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-4-nitrobenzamide (7i): Pale yellow solid, yield: 70%, m.p.:
216-217 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.83-10.79
(s, 1H), 9.77-9.74 (s, 1H), 8.29-8.24 (d, J = 8.6 Hz, 2H), 8.09-
8.04 (d, J = 8.6 Hz, 2H), 6.46-6.42 (s, 1H), 2.35-2.31 (s, 3H);
13C NMR (125 MHz, CDCl3-d6) δ ppm: 165.44, 155.22, 152.23,
150.78, 148.78, 136.73, 133.92, 128.62, 122.96, 113.76, 100.79,
13.30. HRMS for C14H10ClN5O3: m/z ([M + H]+) 333.0476, found
333.0476.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-3-nitrobenzamide (7j): Pale yellow solid, yield: 71%, m.p.:
209-210 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.88-10.84
(s, 1H), 9.77-9.74 (s, 1H), 8.84-8.80 (t, J = 2.2 Hz, 1H), 8.48-
8.42 (m, 1H), 8.29-8.24 (m, 1H), 7.86-7.79 (t, J = 8.5 Hz, 1H),
6.51-6.47 (s, 1H), 2.35-2.31 (s, 3H); 13C NMR (125 MHz,
CDCl3-d6) δ ppm: 133.04, 130.56, 126.15, 123.88, 102.09, 13.67;
HRMS for C14H10ClN5O3: m/z ([M + H]+) 333.0476, found
333.0473.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-3,4-dimethylbenzamide (7k): Pale yellow solid, yield:
69%, m.p.: 204-205 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm:
10.68-10.64 (s, 1H), 9.62-9.58 (s, 1H), 7.66-7.60 (d, J = 7.8 Hz,
2H), 7.17-7.12 (m, 1H), 6.38-6.35 (s, 1H), 2.33-2.29 (s, 3H),
2.28-2.24 (s, 3H), 2.24-2.20 (s, 3H); 13C NMR (125 MHz,
CDCl3-d6) δ ppm: 129.20, 127.89, 126.16, 101.29, 20.76, 19.85,
13.30. HRMS for C16H15ClN4O: m/z ([M + H]+) 316.0943, found
316.0941.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)-3,4-dimethoxybenzamide (7l): Pale yellow solid, yield:
72%, m.p.: 215-216 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm:
10.48-10.44 (s, 1H), 9.65-9.61 (s, 1H), 7.53-7.47 (dd, J = 8.5,

2.1 Hz, 1H), 7.44-7.40 (d, J = 2.1 Hz, 1H), 7.00-6.95 (d, J = 8.5
Hz, 1H), 6.42-6.39 (s, 1H), 3.89-3.86 (s, 3H), 3.85-3.81 (s,
3H), 2.40-2.37 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm:
125.37, 111.64, 110.64, 101.08, 56.58, 55.56, 13.95. HRMS:
for C16H15ClN4O3: m/z ([M + H]+) 348.0781, found 348.0779.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)piperidine-4-carboxamide (7m): Pale yellow solid, yield:
81%, m.p.: 197-198 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm:
9.65-9.61 (s, 1H), 9.34-9.31 (s, 1H), 6.38-6.35 (s, 1H), 3.12-3.05
(s, J = 4.0 Hz, 1H), 3.03-2.94 (dddd, J = 13.7, 5.5, 3.9, 2.7 Hz,
2H), 2.85-2.76 (dddd, J = 13.7, 5.5, 4.0, 2.6 Hz, 2H), 2.72-
2.64 (s, J = 5.7 Hz, 1H), 2.28-2.24 (s, 3H), 2.12-2.03 (dtd, J =
14.0, 5.6, 2.8 Hz, 2H), 1.84-1.76 (dtd, J = 14.1, 5.6, 2.7 Hz,
2H); 13C NMR (125 MHz, CDCl3-d6) δ ppm: 14.02, 27.93, 42.22,
45.15, 102.96, 115.93, 135.22, 149.35, 152.67, 156.45, 174.60;
HRMS for C12H16ClN5O: m/z ([M + H]+) 295.1023, found
295.1023.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)pyrrolidine-3-carboxamide (7n): Pale yellow solid, yield:
74%, m.p.: 189-190 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm:
9.72-9.68 (s, 1H), 9.52-9.48 (s, 1H), 6.46-6.42 (s, 1H), 3.20-
3.12 (ddd, J = 13.3, 4.1, 2.8 Hz, 1H), 3.10-3.02 (m, 1H), 3.02-
2.97 (tt, J = 4.8, 2.6 Hz, 1H), 2.97-2.90 (m, 1H), 2.90-2.82
(ddd, J = 13.3, 4.1, 2.8 Hz, 1H), 2.68-2.62 (m, 1H), 2.37-2.33
(s, 3H), 2.25-2.16 (dtd, J = 13.9, 4.2, 2.0 Hz, 1H), 2.10-2.02
(dtd, J = 14.0, 4.2, 2.1 Hz, 1H); 13C NMR (125 MHz, CDCl3-d6)
δ ppm: 14.46, 29.75, 43.41, 48.16, 53.52, 102.96, 115.93, 135.43,
151.45, 154.06, 156.16, 174.30; HRMS for C12H14ClN5O:
m/z ([M + H]+): 281.0888, found 281.0883.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)pyrrolidine-2-carboxamide (7o): Pale yellow solid, yield:
71%, m.p.: 184-185 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm:
9.76-9.72 (s, 1H), 9.69-9.65 (s, 1H), 6.46-6.42 (s, 1H), 3.93-
3.88 (dt, J = 5.0, 3.2 Hz, 1H), 3.64-3.58 (dt, J = 5.2, 2.6 Hz,
1H), 3.16-3.08 (ddt, J = 13.3, 4.7, 2.5 Hz, 1H), 3.03-2.95 (ddt,
J = 13.3, 4.7, 2.5 Hz, 1H), 2.28-2.24 (s, 3H), 2.17-2.07 (dddd,
J = 14.2, 7.1, 5.5, 3.2 Hz, 1H), 2.06-1.97 (dddd, J = 14.1, 8.6,
5.5, 3.2 Hz, 1H), 1.96-1.77 (m, 2H); 13C NMR (125 MHz, CDCl3-
d6) δ ppm: 13.51, 25.55, 29.74, 47.87, 60.63, 101.58, 114.48,
132.90, 151.24, 153.34, 156.67, 171.97; HRMS for C12H14ClN5O:
m/z ([M + H]+): 281.0892, found 281.0890.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)furan-2-carboxamide (7p): Pale yellow solid, yield: 78%,
m.p.: 245-246 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 9.85-
9.82 (s, 1H), 9.67-9.64 (s, 1H), 7.96-7.92 (t, J = 1.7 Hz, 1H),
7.34-7.29 (dd, J = 5.2, 1.7 Hz, 1H), 6.70-6.65 (dd, J = 5.0, 1.6
Hz, 1H), 6.38-6.35 (s, 1H), 2.33-2.29 (s, 3H); 13C NMR (125
MHz, CDCl3-d6) δ ppm: 14.02, 101.36, 112.72, 115.21, 117.82,
133.55, 146.30, 148.39, 150.68, 152.30, 155.00, 162.04. HRMS
for C12H9ClN4O2: m/z ([M + H]+) 278.0457, found 278.0457.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)thiophene-2-carboxamide (7q): Pale yellow solid, yield:
81%, m.p.: 272-273 ºC; 1H NMR (500 MHz, CHCl3-d6) δ ppm:
10.71-10.68 (s, 1H), 9.69-9.65 (s, 1H), 8.12-8.07 (dd, J = 5.4,
1.7 Hz, 1H), 7.71-7.66 (dd, J = 6.4, 1.6 Hz, 1H), 7.20-7.14 (dd,
J = 6.4, 5.2 Hz, 1H), 6.54-6.51 (s, 1H), 2.39-2.36 (s, 3H); 13C
NMR (125 MHz, CDCl3-d6) δ ppm: 13.08, 101.58, 114.27, 128.36,
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129.89, 132.37, 133.11, 137.83, 150.08, 152.27, 155.95, 165.37;
HRMS for C12H9ClN4OS: m/z ([M + H]+): 294.0186, found
294.0181.

N-(4-Chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-2-
yl)nicotinamide (7r): Pale yellow solid, yield: 77%, m.p.: 231-
233 ºC; 1H NMR (500 MHz, CDCl3-d6) δ ppm: 10.89-10.85
(s, 1H), 9.64-9.60 (s, 1H), 9.18-9.14 (t, J = 1.8 Hz, 1H), 8.73-
8.68 (ddd, J = 4.6, 2.7, 1.6 Hz, 1H), 8.25-8.19 (dt, J = 8.0, 2.3
Hz, 1H), 7.45-7.39 (dd, J = 8.0, 4.8 Hz, 1H), 6.40-6.36 (s,
1H), 2.43-2.39 (s, 3H); 13C NMR (125 MHz, CDCl3-d6) δ ppm:
14.24, 102.09, 114.48, 123.26, 129.34, 133.92, 136.16, 148.92,
150.54, 151.24, 153.12, 155.73, 166.75. HRMS for C13H10ClN5O:
m/z ([M + H]+): 289.0473, found 289.0469.

Molecular docking: The Protein Data Bank provided
JAK1 (5E1E) and JAK2 (7RN6), CDK 4 (7SJ3) X-ray crystal
structures. The Protein Preparation Wizard feature in Schrödinger
software added hydrogen atoms and allocated bond orders in
the 3D structure of protein. The LigPrep module in Schrödinger
software prepared chiral ligands and optimized their 3D struc-
tures using the OPLS 2005 force field software. The SITEMAP
ANALYSIS TOOL of Maestro 11.8 was used to analyze rece-
ptor sites for 5E1E, 7RN6 and 7SJ3 followed by Schrödinger
suite’s grid creation tool. The SP Glide score was derived using
binding interaction energy, van der Waals energy, electrostatic
potential energy and strain energy assessments during the
molecular docking using Glide’s standard precision docking
modes (Glide XP). The Schrödinger Maestro interface was
used to study ligand binding to EGFR and CDK-4 active sites
[31].

MTT assay: To evaluate the anticancer activity of pyrrolo-
pyrimidine derivatives (7a-r), an MTT assay was conducted
using the HCT-116 (colon cancer), MCF-7 (breast cancer),
SET-2 (chronic myeloid leukemia) and HEK-293 (normal human
embryonic kidney) cell lines. The cell lines were cultured in
RPMI-1640 or DMEM medium, supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin-streptomycin, at 37 ºC
in a 5% CO2 incubator. Upon reaching 70-80% confluence,
the adherent cells (MCF-7, HCT-116 and HEK-293) were tryp-
sinized using trypsin-EDTA, while SET-2 cells were gently
suspended by pipetting. Approximately 5,000-10,000 cells per
well were seeded in 100 µL of complete medium in 96-well
plates and allowed to attach and stabilize for 24 h.

Serial dilutions of the synthesized derivatives (5a-r) were
prepared in complete medium to achieve concentrations ranging
from 0.1 µM to 100 µM. The medium in each well was replaced
with 100 µL of these compound dilutions, with a control group
treated with an equivalent volume of DMSO (vehicle control).
The plates were incubated for 48 h. Following treatment, 10
µL of MTT reagent (5 mg/mL in PBS) was added to each well
and the plates were incubated for an additional 4 h at 37 ºC to
allow for the formation of formazan crystals. The medium con-
taining the MTT reagent was then carefully removed and 100
µL of DMSO was added to each well to dissolve the formazan
crystals. The plates were gently shaken for 10-15 min to ensure
the complete dissolution.

The absorbance was measured at 570 nm using a micro-
plate reader, with a reference wavelength of 630 nm to correct

for background absorbance. The IC50 values, representing the
concentration of compound required to inhibit cell growth by
50%, were determined for each derivative by plotting cell via-
bility against the concentration. All the procedures were per-
formed under sterile conditions to prevent contamination and
multiple replicates (n = 3) were included for each concentration
to ensure data reliability [32].

RESULTS AND DISCUSSION

The synthesis of the title compounds initiated with 2-amino-
4,6-dichloropyrimidine-5-carbaldehyde (1), which undergoes
a reaction with methyl glycinate (2) in the presence of ethanol
and triethylamine at room temperature, yielding the ester inter-
mediate methyl (2-amino-6-chloro-5-formylpyrimidin-4-yl)-
glycinate (3).

Prolonged heating of intermediate 3 in ethanol with triethyl-
amine induces a cyclization reaction, forming methyl 2-amino-
4-chloro-7H-pyrrolo[2,3-d]pyrimidine-6-carboxylate (4). The
methyl ester 4 was then selectively reduced to the aldehydic
intermediate, 2-amino-4-chloro-7H-pyrrolo[2,3-d]pyrimidine-
6-carbaldehyde (5), using DIBAL-H under controlled condi-
tions at -78 ºC. Subsequently, the aldehyde group in compound
5 is reduced to a methyl group via the Wolff-Kishner reduction,
employing hydrazine and KOH, resulting in 4-chloro-6-methyl-
7H-pyrrolo[2,3-d]pyrimidin-2-amine (6). In the final step, comp-
ound 6 was condensed with various substituted aryl/heteroaryl
carboxylic acids in a coupling reaction facilitated by DCC
and DMAP, producing a series of amide-linked pyrrolo[2,3-d]-
pyrimidine derivatives (7a-r).

All synthesized compounds were obtained in moderate
to good yields, ranging from 69% to 81%. In the proton NMR
spectra, the major N-H peak of the pyrrole ring, indicative of
cyclization, appeared as a singlet in the region of 9.5 to 9.8
ppm. Another significant N-H peak, corresponding to the form-
ation of the amide bond between the R-COOH group and the
amine of the pyrrolo[2,3-d]pyrimidine ring, was observed in
the region of 10.6 to 10.9 ppm. All aromatic protons exhibited
peaks in the respective regions between 6.0 to 8.0 ppm. In the
13C NMR spectra, the carbonyl carbon peaks of the final comp-
ounds appeared in the region of 160 to 175 ppm. The carbon
of the pyrrole ring were observed around 100 to 110 ppm, while
the carbons bonded to nitrogen were detected in the range of
130 to 140 ppm. The HRMS confirmed the molecular weight
of the final compounds, with all synthesized compounds prod-
ucing the respective (M+H)+ peaks, consistent with the expected
molecular masses.

Molecular docking studies: The docking investigations
of synthesized pyrrolo-pyrimidine derivatives (7a-r) against
three specific target molecules viz. JAK1 kinase (5E1E), JAK2
kinase domain (7RN6) and CDK4 (7SJ3) have provided valu-
able insights into their binding affinities and possible thera-
peutic effectiveness. The docking scores, which represent the
binding free energy, suggest significant interactions, with greater
negative values indicating superior binding. The docking scores
of the designed derivative are listed in Table-1.

For the JAK1 kinase target, the docking scores of the deri-
vatives range from -5.675 to -6.915. Among these, compound
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7k (3,4-dimethyl benzene) stands out with the highest binding
affinity, scoring -6.915, closely followed by compound 7f
(3-methyl benzene) at -6.72 (Fig. 2) and compound 7g (4-methyl
benzoic acid) at -6.68. These compounds show substantial
potential for binding to JAK1 kinase. While compounds like
7h (4-chloro benzene), 7b (4-methoxy benzene) and 7r (pyridine)
have slightly lower affinities, they still exhibit notable binding
capabilities. The reference ligand for JAK1 kinase demons-

trates a strong binding affinity with a score of -11.301, setting
a high benchmark that some derivatives come close to achieving.

In case of the JAK2 kinase domain, the docking scores
span from -7.371 to -8.94. Compound 7l (3,4-dimethoxy
benzene) exhibits the highest binding affinity with a score of
-8.94, followed closely by compound 7k (3,4-dimethyl benzene)
at -8.914 (Fig. 3) and compound 7g (4-methyl benzene) at
-8.762. These results highlighted the strong binding potential

TABLE-1 
DOCKING SCORES OF DESIGNED PYRROLO-PYRIMIDINE DERIVATIVES (7a-r) 

Docking score 
Compound R-group 

JAK1 Kinase (5E1E) JAK2 Kinase domain (7RN6) CDK4 (7SJ3) 
7a Benzene -6.44 -8.267 -6.464 
7b 4-Methoxy benzene -5.717 -8.702 -6.33 
7c 4-Hydroxy benzene -6.401 -8.362 -6.328 
7d 3-Hydroxy benzene -6.435 -8.258 -7.306 
7e 4-Amino benzene -5.708 -8.347 -5.884 
7f 3-Methyl benzene -6.72 -8.624 -6.74 
7g 4-Methyl benzene -6.68 -8.762 -6.657 
7h 4-Chloro benzene -5.675 -8.469 -6.703 
7i 4-Nitro benzene -6.103 -7.379 -6.058 
7j 3-Nitro benzene -6.233 -8.468 -7.079 
7k 3,4-Dimethyl benzene -6.915 -8.914 -6.876 
7l 3,4-Dimethoxy benzene -6.05 -8.94 -6.338 

7m Piperidine -6.468 -7.371 -6.058 
7n Pyrrolidine -6.33 -7.561 -6.564 
7o Proline -6.485 -7.455 -6.934 
7p Furan -6.008 -7.577 -5.657 
7q Thiophene -6.2 -7.958 -5.519 
7r Pyridine -5.684 -8.091 -5.895 

5E1E Ligand – -11.301 – – 
7RN6 Ligand – – -10.643 – 
7SJ3 Ligand – – – -7.541 
Doxorubicin – -8.969 -7.238 -8.434 

 

7k 7f

Fig. 2. Interactions of compounds 7k and 7f at the active site of JAK1
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of these derivatives with JAK2 kinase domain. Even the lower-
scoring compounds, such as compounds 7i (4-nitro benzene)
and 7m (piperidine), still show significant binding with scores
of -7.379 and -7.371, respectively. The reference ligand for
JAK2 kinase domain shows a binding affinity score of -10.643,
with several derivatives demonstrating close affinity, exhibiting
their therapeutic potential.

For CDK4 target, the docking scores range from -5.519
to -7.306. Compound 7d (3-hydroxy benzene) displays the
highest binding affinity with a score of -7.306, followed by
compound 7j (3-nitro benzene) at -7.079 (Fig. 4) and compound
7o (proline) at -6.934. These compounds exhibit considerable
potential for binding to CDK4. Even the compounds with lower
scores, such as compounds 7q (thiophene) and 7p (furan),
still demonstrate meaningful binding affinities with scores of
-5.519 and -5.657, respectively. The reference ligand for CDK4
shows a binding affinity of -7.541 and several derivatives appro-
ach this high affinity, indicating their potential for optimization.

Doxorubicin, used as a control in these studies, shows high
binding affinities across all targets: -8.969 for JAK1 kinase,
-7.238 for JAK2 kinase domain and -8.434 for CDK4. This compa-
rison highlights that the pyrrolo-pyrimidine derivatives are compe-
titive, with many showing strong binding affinities that approach
those of doxorubicin, especially with JAK1 kinase and CDK4.

Pyrrolo-pyrimidine derivatives (7a-r) exhibit a range of
strong binding affinities across the three target molecules.
Compounds 7k (3,4-dimethyl benzene) and 7l (3,4-dimethoxy
benzene) consistently demonstrate impressive binding, parti-
cularly with JAK2 kinase domain. A significant portion of the
derivatives have binding affinities that are nearly equivalent
to those of the reference ligands, suggesting significant potential
for further optimization. These docking studies offer valuable
insights that can be used to guide the development of deriva-
tives with even more potent properties and improved binding
characteristics, thereby facilitating the development of novel
therapeutic agents that target these kinases.

7l 7k
Fig. 3. Interactions of compounds 7l and 7k at the active site of JAK2

7d 7j

Fig. 4. Interactions of compounds 7 and 7j at the active site of JAK2
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Anticancer activity: The results of the cytotoxicity studies
of the synthesized pyrrolo-pyrimidine derivative (7a-r) against
the selected cell lines were enumerated in terms of IC50 and
selectivity index in Table-2. Human Embryonic Kidney (HEK-
293) cells were utilized in this investigation to evaluate the cyto-
toxic effects of synthesized compounds on normal cells. The
IC50 values of these compounds were used to calculate selectivity
indices across all tested cancer cell lines.

Breast cancer cells (MCF-7): The MTT assay results high-
light the potential of compounds 7a-r as anticancer agents
against MCF-7 breast cancer cells. Among the derivatives
tested, several demonstrated significant cytotoxicity, with some
showing efficacy comparable to that of the standard chemo-
therapy drug doxorubicin (IC50 = 2.39 ± 0.75 µM). The IC50

values for the compounds range from 5.66 µM to 18.5 µM.
The most potent compounds are compound 7k (3,4-

dimethyl benzene) with an IC50 of 5.66 µM, compound 7f
(3-methyl benzene) with an IC50 of 5.78 µM, compound 7g (4-
methyl benzoic acid) with an IC50 of 8.12 µM and 7o (proline)
with an IC50 of 8.95 µM. These compounds show the highest
potency among the tested derivatives, suggesting that methyl
substitutions on the benzene ring and the presence of the proline
ring enhance anticancer activity. Moderately potent compounds
include compound 7c (4-hydroxy benzene) with an IC50 of
10.03 µM, compound 7d (3-hydroxy benzene) with an IC50 of
12.0 µM, compound 7m (piperidine) with an IC50 of 10.97
µM and compound 7n (pyrrolidine) with an IC50 of 11.38 µM.
These compounds also exhibit significant potency, indicating
that the presence of hydroxyl groups and cyclic amines can
contribute positively to anticancer activity. The least potent
compounds are 7l (3,4-dimethoxy benzene) with an IC50 of 18.5
µM, 7i (4-nitro benzene) with an IC50 of 18.29 µM, 7h (4-chloro
benzene) with an IC50 of 16.39 µM and 7q (thiophene) with an

IC50 of 15.68 µM. The compounds with nitro, chloro and methoxy
substitutions are less potent, suggesting that these groups might
not favour the interaction with the cancer cells as effectively
as other substituents.

A higher value for the selectivity index indicates that the
substance is more selective in its targeting of cancer cells compa-
red to normal cells. The SI values for the compounds range from
1.52 to 5.55, while doxorubicin, the reference standard, has an
SI of 2.02. The most selective compounds are 7k (3,4-dimethyl
benzene) with an SI of 5.55, 7f (3-methyl benzene) with an SI of
5.2 and 7g (4-methyl benzene) with an SI of 3.68. These high SI
values suggest that these compounds are more selective for MCF-
7 cancer cells, likely due to the methyl substitutions.

Moderately selective compounds include 7c (4-hydroxy
benzene) with an SI of 3.09, 7o (proline) with an SI of 3.1, 7n
(pyrrolidine) with an SI of 2.85 and 7j (3-nitro benzene) with
an SI of 2.67. These compounds show good selectivity,
benefiting from hydroxyl, proline and pyrrolidine groups. The
least selective compounds are 7l (3,4-dimethoxy benzene) with
an SI of 1.52, 7e (4-amino benzene) with an SI of 1.77, 7h (4-
chloro benzene) with an SI of 1.95, 7i (4-nitro benzene) with
an SI of 1.92 and 7q (thiophene) with an SI of 1.9. These low
SI values suggest less favourable selectivity for cancer cells.

Certain pyrrolo-pyrimidine derivatives, particularly those
with methyl, hydroxyl, proline and pyrrolidine groups, exhibit
higher selectivity indices than doxorubicin, indicating potential
as more selective anticancer agents. Conversely, compounds
with methoxy, amino, chloro, nitro and thiophene groups show
lower selectivity, indicating a need for further optimization.

Chronic myeloid leukemia cells (SET-2): The IC50 values
of pyrrolo pyrimidine derivatives (7a-r) against SET-2 cells
range from 8.61 ± 1.02 to 18.79 ± 0.92 µM. Doxorubicin, the
standard drug, has an IC50 value of 3.54 ± 0.56 µM. Among

TABLE-2 
THE MTT ASSAY DATA OF PYRROLO-PYRIMIDINE DERIVATIVES (7a-r) 

IC50 (µM) Selectivity Index 

Breast cancer 
Chronic myeloid 

leukemia 
Colon cancer 

Human embryonic 
kidney cell 

Breast 
cancer 

Chronic myeloid 
leukemia 

Colon 
cancer 

Compound 

(MCF-7) (SET-2) (HCT-116) (HEK-293) (MCF-7) (SET-2) (HCT-116) 
7a 15.16 ± 0.97 16.26 ± 1.77 10.91 ± 1.44 35.32 ± 0.97 2.33 2.17 3.24 
7b 15.44 ± 2.24 13.65 ± 1.53 12.90 ± 2.55 32.67 ± 1.47 2.12 2.40 2.53 
7c 10.03 ± 0.79 11.54 ± 1.11 14.62 ± 1.59 31.02 ± 4.11 3.09 2.69 2.12 
7d 12.0 ± 1.82 13.58 ± 1.10 16.25 ± 0.92 29.50 ± 1.83 2.46 2.17 1.82 
7e 14.38 ± 1.26 13.78 ± 1.28 19.05 ± 1.28 25.48 ± 4.11 1.77 1.85 1.34 
7f 5.78 ± 0.91 9.23 ± 1.81 9.20 ± 0.97 30.06 ± 2.22 5.20 3.26 3.27 
7g 8.12 ± 0.96 12.12 ± 1.02 7.50 ± 2.33 29.84 ± 1.14 3.68 2.46 3.98 
7h 16.39 ± 2.91 13.58 ± 1.10 9.88 ± 0.91 31.99 ± 1.03 1.95 2.36 3.24 
7i 18.29 ± 1.96 12.90 ± 3.49 13.14 ± 1.77 35.05 ± 1.43 1.92 2.72 2.67 
7j 13.26 ± 0.97 13.41 ± 1.77 12.97 ± 1.76 35.32 ± 0.83 2.67 2.63 2.72 
7k 5.66 ± 0.97 9.92 ± 2.75 6.04 ± 1.22 31.38 ± 1.43 5.55 3.16 5.19 
7l 18.5 ± 0.96 15.44 ± 1.02 6.72 ± 1.44 28.01 ± 2.93 1.52 1.81 4.17 

7m 10.33 ± 0.9 8.61 ± 1.02 18.71 ± 2.33 24.97 ± 2.77 2.42 2.90 1.33 
7n 11.38 ± 1.77 10.33 ± 1.48 13.77 ± 2.26 32.42 ± 1.20 2.85 3.14 2.35 
7o 8.95 ± 0.96 9.44 ± 1.53 16.01 ± 1.11 27.67 ± 1.20 3.10 2.93 1.73 
7p 14.72 ± 1.28 16.52 ± 1.59 15.30 ± 0.92 30.06 ± 2.22 2.04 1.82 1.96 
7q 15.68 ± 1.61 18.15 ± 1.87 14.38 ± 1.26 29.84 ± 1.14 1.90 1.64 2.08 
7r 15.28 ± 0.91 18.79 ± 0.92 15.25 ± 1.77 31.99 ± 1.03 2.09 1.70 2.10 

Doxorubicin 2.39 ± 0.75 3.54 ± 0.56 3.10 ± 0.81 4.83 ± 1.12 2.02 1.36 1.55 
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the most potent compounds are 7k (3,4-dimethyl benzene), 7f
(3-methyl benzene) and 7m (piperidine), which exhibited IC50

values ranging from 8.61 ± 1.02 to 9.92 ± 2.75 µM. These
compounds demonstrate strong cytotoxic effects, requiring
lower concentrations to inhibit 50% of cell growth compared
to others tested. In the moderately potent category, compounds
like 7g (4-methyl benzene), 7i (4-nitro benzene) and 7h (4-chloro
benzene) showed IC50 values between 12.12 ± 1.02 and 13.58
± 3.49 µM, indicating effective inhibition but not as potent as
the top-tier compounds. Conversely, the least potent compounds
included 7r (pyridine), 7q (thiophene) and 7p (furan), with IC50

values ranging from 16.52 ± 1.59 to 18.79 ± 0.92 µM, sugg-
esting they have weaker cytotoxic effects.

The SI values of synthesized pyrrolo-pyrimidine derivatives
(7a-r) ranging from 1.64 to 3.26 indicate varying degrees of
selectivity for cancer cells over normal cells. Compounds with
SI values above 2, such as 7f (3-methyl benzene), 7k (3,4-
dimethyl benzene), 7l (3,4-dimethoxy benzene), 7n (pyrro-
lidine) and 7o (proline), demonstrate promising selectivity
profiles. These compounds exhibit both low IC50 values, indica-
ting potent cytotoxic effects against cancer cells and high SI
values, suggesting reduced toxicity to normal cells.

The impact of benzene ring substituents on the cyto-
toxicity of pyrrolo-pyrimidine derivatives against chronic
myeloid leukemia cells is emphasized by the structure-activity
relationship (SAR) study. Compounds with these substitutions
show variable IC50 values, indicating their potency is strongly
influenced by the type and position of substituents. In contrast,
derivatives containing heterocyclic rings like furan (7p), thio-
phene (7q) and pyridine (7r) generally exhibit higher IC50 values
than benzene derivatives, suggesting potentially lower cyto-
toxicity in this assay. Compounds such as 7f, 7k, 7l, 7n and 7o
emerge as notable candidates due to their favourable combi-
nation of potent cytotoxicity and high selectivity.

Colon cancer cells (HCT-116): The assessment of pyrrolo-
pyrimidine derivatives (7a-r) against colon cancer cells (HCT-
116) has unveiled a spectrum of cytotoxic profiles and
selectivity indices (SI). Doxorubicin, utilized as the standard,
demonstrated an IC50 value of 3.10 ± 0.81 µM. Among the
derivatives, those displaying the lowest IC50 values were identi-
fied as the most potent in inhibiting cell growth. Specifically,
compounds such as 7k (3,4-dimethyl benzene), 7l (3,4-dimethoxy
benzene), 7g (4-methyl benzene) and 7f (3-methyl benzene)
exhibited IC50 values ranging from 6.04 ± 1.22 to 9.20 ± 0.97
µM. Moderately potent compounds, including 7h (4-chloro
benzene), 7a (benzene), 7i (4-nitro benzene) and 7j (3-nitro
benzene), demonstrated intermediate efficacy with IC50 values
ranging from 9.88 ± 0.91 to 13.14 ± 1.77 µM. Conversely, comp-
ounds with higher IC50 values, such as 7e (4-amino benzene),
7m (piperidine), 7n (pyrrolidine), 7o (proline), 7p (furan), 7q
(thiophene) and 7r (pyridine), were identified as the least potent,
indicating diminished efficacy in inhibiting colon cancer cell
growth under the tested conditions, with IC50 values ranging
from 13.77 ± 2.26 to 19.05 ± 1.28 µM.

The SI values of these compounds ranged from 1.33 to
5.19, underscoring their varying degrees of selectivity for
cancerous cells over normal ones. Compounds 7k, 7l, 7g and

7f exhibited noteworthy SI values ranging from 3.27 to 5.19,
suggesting significant cytotoxic effects against HCT-116 cells
while demonstrating relative sparing of normal cells. Structural
analysis (SAR) highlighted the critical role of substituents in
modulating potency against colon cancer cells, with methyl
substitutions in compounds like 7g, 7f, 7k and 7l correlating
with lower IC50 values and heightened efficacy in inhibiting
cancer cell growth. Furthermore, the presence of electron-
donating or withdrawing groups such as methyl, methoxy,
hydroxy and nitro influenced both potency and selectivity
profiles across these derivatives.

In contrast, heterocyclic compounds exhibited distinct
cytotoxic profiles against HCT-116 cells. Derivatives like 7m
(piperidine), 7n (pyrrolidine), 7o (proline), 7p (furan), 7q (thio-
phene) and 7r (pyridine) generally demonstrated moderate to
high IC50 values, indicating varying degrees of potency comp-
ared to their benzene counterparts. Their SI values suggested
potential differences in mechanisms of action, implicating
complex interactions within cancer cells. These findings under-
score the intricate relationship between chemical structure,
cytotoxic efficacy and selectivity in the development of pyrrolo-
pyrimidine derivatives as potential therapies for colon cancer.

The correlation between the anticancer activity of pyrrolo-
pyrimidine derivatives (7a-r) and their molecular docking
results reveals compelling insights into their therapeutic
potential. In breast cancer cell line MCF-7, compounds like
7k (3,4-dimethyl benzene), 7f (3-methyl benzene) and 7g (4-
methyl benzoic acid) demonstrate potent cytotoxicity with IC50

values ranging from 5.66 µM to 8.12 µM. These results align
closely with their strong binding affinities observed in mole-
cular docking studies, where compounds such as compound 7k
exhibit high scores against JAK1 kinase (-6.915). This correla-
tion suggests that the potent cytotoxic effects observed in MCF-7
cells may be attributed to their effective inhibition of JAK1
kinase, highlighting a potential therapeutic mechanism. Simi-
larly, in chronic myeloid leukemia cell line SET-2, compounds
7k, 7f and 7m (piperidine) display significant cytotoxicity with
IC50 values between 8.61 µM and 9.92 µM, paralleled by strong
binding affinities to targets such as JAK2 kinase domain (e.g.
7k with a docking score of -8.914). This suggests that inhibition
of JAK2 kinase could contribute to their efficacy against chronic
myeloid leukemia. In colon cancer cell line HCT-116, comp-
ounds 7k, 7l, 7g and 7f exhibit potent cytotoxicity (IC50 values
from 6.04 µM to 9.20 µM) and demonstrate robust binding
interactions with targets like JAK2 kinase domain (-8.94 for
7l). This correlation underscores the role of specific kinase
inhibition, including CDK4, in mediating their anticancer
activity. Overall, the strong alignment between cytotoxic potency
and binding affinities across different cancer cell lines under-
scores the promise of pyrrolo-pyrimidine derivatives as targeted
therapeutic agents, guided by their specific interactions with
key oncogenic proteins identified through molecular docking
studies.

Conclusion

Through a systematic synthesis approach, diverse pyrrolo-
pyrimidine derivatives (7a-r) were successfully prepared and
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characterized. Computational docking studies against JAK1,
JAK2 and CDK4 revealed promising binding affinities, sugges-
ting their efficacy against these key kinase targets implicated
in cancer. In vitro MTT assays across MCF-7, SET-2 and HCT-
116 cell lines demonstrated varied but potent cytotoxicity
profiles for several derivatives. Compounds 7k, 7f and 7g
showed significant activity against MCF-7 and SET-2 cells,
while 7k, 7l, 7g and 7f exhibited strong effects against HCT-
116 cells. Moreover, high selectivity indices against cancer
cells compared to normal HEK-293 cells underscored their
potential as selective anticancer agents. The structure-activity
relationship (SAR) analysis highlighted the impact of specific
substituents, such as methyl and hydroxyl groups, on enhancing
cytotoxic potency. The findings of this position in this pyrrolo-
pyrimidine derivatives (7a-r) as promising candidates for further
development as potential anticancer agents.
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