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INTRODUCTION

Numerous ferrocene derivatives have been synthesized since
then they are discovered to possess a multitude of vital uses across
numerous domains and most importantly in medicinal chemistry
[1]. Due to their unusual metabolism and diverse membrane
penetration properties, ferrocene-functionalized organic compo-
unds often demonstrate a wide range of biological activities [2-4].
Ferrocene is favoured for new drug creation due to its ease of
substitution, ring stability and significant changes in the biological
activities. Ferrocene heterocycles have emerged as a key route
for bioactive chemicals since the ferrocenyl moiety when com-
bined with the heterocyclic structure may boost their biological
activities or provide novel therapeutic benefits [5-10].

Ferrocenyl pyrimidine derivatives also has wide applica-
tions in medical field and has emerged with analgesic, anti-
inflammatory [11], antibacterial [12,13], antifungal [14-16],
antiplasmodial [17], anticancer [18], antimalarial [19], anti-
tubercular [20-22], antiproliferative [23], anti-amoebic [24]
properties. In this work, a series of novel 2-amino-6-ferrocenyl-
4-phenylpyrimidine (AFPP) derivatives (6a-j) have been synthe-
sized by coupling with thioglycolic acid and various substituted
benzaldehydes (5a-j). The structures of compounds were
confirmed using spectroscopic techniques and evaluated for
the antifungal activity.
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EXPERIMENTAL

The AR grade chemicals and solvents in this work were
procured from the various commercial sources and used with-
out further purification. The characterization of the compounds
for its physical parameters and spectral analysis was recorded
for IR on Perkin-Elmer FTIR spectrophotometer, 1H NMR on
Bruker 300 MHz NMR spectrophotometer and & 13C NMR
on Bruker AVANCE NEO 500 MHz NMR spectrophotometer
was used. The mass spectra was measured on Thermo Finnigan-
TSQ Quarter Ultra (Triple Quad) instrument. The melting points
were measured in an open capillary and are uncorrected.

General procedure of synthesis: Aqueous NaOH (1.2
mol) was gradually added at 5-10 ºC to a solution of acetyl
ferrocene (1 mol) and benzaldehyde in 100 mL of ethanol and
at room temperature, while stirring the solution for 4-6 h. The
progress of reaction was monitored using TLC using petroleum
ether and ethyl acetate as mobile phase. Dilute HCl was used
to neutralize the reaction mixture. The resultant solid was washed
several times with water after filtration, dried and recrystallized
with methanol yielding a red solid compound 3.

Product 3 obtained in stage 1 (1 mol) was dissolved in
ethanol and then added gradually in a solution containing
Na2CO3 (1.2 mol)  and guanidine hydrochloride (1.2 mol) at
25-30 ºC and stirred for 4-6 h at 50-60 ºC. Using ethyl acetate
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and petroleum ether as mobile phase, the progress of the reaction
was monitored using TLC. After the solid formation, the mixture
was added on ice and the solid produced was filtered, washed
with water, dried and purified with 10% hexane/ethyl acetate
via column chromatography to obtain red solid compound 4.

Finally, dicyclohexylcarbodiimide (DCC) (1 mol) was
mixed in ice-cold solution of compound 4 (1 mol) in dry DCM
with substituted aldehydes 5a-j (1 mol). After 5 min, 1 mol of
thioglycolic acid was added at 0 ºC while stirring the solution
continuously for 24-48 h. TLC was used to monitor the progress
the reaction. Drying of the reaction mixture was carried out
using anhydrous Na2SO4 after the completion of product form-
ation then being washed with 10% NaHCO3, brine solution,
5% citric acid and water. The final compounds were obtained
by chromatography column packed with silica gel and eluted
using methyl acetate-petroleum ether, the excess of solvent
was removed under reduced pressure and the obtained mass
was further solidified after being treated with petroleum ether
to yield the final compounds 6a-j (Scheme-I).

Compound 3: Yield: 78%, m.p.: 111-113 ºC. IR (KBr,
νmax, cm–1): 2946 (Ar-H), 1708 (C=O), 1594 (C=C); 1H NMR
(CDCl3/DMSO, 400 MHz, δ ppm): 7.80 (d, J = 15.6 Hz, 1H),
7.64-7.67 (m, 2H), 7.40-7.46 (m, 3H), 7.13 (d, J = 16.0 Hz,
1H), 4.91 (dd, J = 1.6 & 2.4 Hz, 2H), 4.59 (t, J = 2.0 Hz, 2H),
4.21 (s, 5H); 13C NMR (DMSO-d6, 100 MHz, δ ppm): 169.7,
130.6, 128.5, 128.3, 126.8, 124.2, 123.6, 79.4, 70.5, 69.6, 67.8.
MS (APCI): m/z 317.2.

Compound 4: Yield: 73%, m.p.: 142-144 ºC. IR (KBr, νmax,
cm–1): 3453, 3288 (-NH2), 2958 (Ar-H), 1598 (C=N), 1572
(C=C), 1384 (C-N), ; 1H NMR (CDCl3/DMSO, 400 MHz, δ ppm):
8.01-8.04 (m, 2H), 7.49-7.51 (m, 3H), 7.13 (s, 1H), 5.12 (s, 2H),

4.98 (t, J = 2.0 Hz, 3H), 4.47 (t, J = 2.0 Hz, 3H), 4.11 (s, 3H);
13C NMR (DMSO-d6, 100 MHz, δ ppm): 130.6, 128.5, 128.2,
126.8, 124.2, 123.6, 113.0, 112.6, 79.4, 70.5, 69.6, 67.9. MS
(APCI): m/z 356.1.

2-Phenyl-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-phenylpyrimidinyl)-
thiazolidin-4-one (6a): Colour: Light brown solid, Yield: 72%,
m.p.: 210-212 ºC. IR (KBr, νmax, cm–1): 2927 (Ar-H), 1735
(C=O), 1577 (C=N), 1534 (C=C), 1372 (C-N); 1H NMR (CDCl3/
DMSO, 400 MHz, δ ppm): 8.25-8.28 (m, 2H), 7.89 (s, 1H),
7.49-7.57 (m, 5H), 7.34 (t, J = 10.1 Hz, 2H), 7.24 (d, J = 9.7
Hz, 1H), 6.85 (s, 1H), 5.21 (d, J = 1.6 Hz, 1H), 5.10 (d, J =
1.6 Hz, 1H), 4.55 (d, J = 3.0 Hz, 2H), 4.14 (s, 1H), 3.96 (s,
1H), 3.85 (s, 5H). 13C NMR (DMSO-d6, 100 MHz, δ ppm):
169.9, 169.5, 163.3, 156.7, 153.1, 142.9, 135.9, 131.1, 128.8,
127.3, 110.7, 108.3, 106.8, 79.7, 71.3, 69.8, 68.3, 56.1, 33.1.
MS (APCI): m/z 518.

2-(2″″″″″-Methoxyphenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-phenyl-
pyrimidinyl)thiazolidin-4-one (6b): Colour: dark brown solid,
yield: 76%, m.p.: 95-97 ºC. IR (KBr, νmax, cm–1): 2928 (Ar-H),
1716 (C=O), 1577 (C=N), 1530 (C=C), 1370 (C-N), 1245 (C-O);
1H NMR (CDCl3/DMSO, 400 MHz, δ ppm): 8.13-8.16 (m,
2H), 7.52 (t, J = 4.2 Hz, 3H), 7.40 (s, 2H), 7.24-7.33 (m, 2H),
7.12 (s, 2H), 6.87-7.00 (m, 3H), 4.87 (t, J = 2.4 Hz, 3H), 4.47 (s,
3H), 3.93-4.12 (m, 2H), 3.85-3.91 (m, 3H); 13C NMR (DMSO-
d6, 100 MHz, δ ppm): 170.2, 169.7, 156.8, 137.4, 136.4, 136.0,
131.1, 130.1, 129.4, 128.9, 128.5, 126.8, 120.6, 79.6, 71.3,
70.3, 69.6, 68.2, 67.8, 62.9, 57.1, 33.0. MS (APCI): m/z 548.5.

2-(3″″″″″-Methoxyphenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-phenyl-
pyrimidinyl)thiazolidin-4-one (6c): Colour: dark brown solid,
yield: 78%, m.p.: 92-94 ºC. IR (KBr, νmax, cm–1): 2930 (Ar-H),
1720 (C=O), 1635 (C=N), 1577 (C=C), 1371 (C-N), 1244
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(C-O); 1H NMR (CDCl3/DMSO, 400 MHz, δ ppm): 8.13-8.16
(m, 2H), 7.52 (t, J = 4.4 Hz, 3H), 7.40 (s, 3H), 7.13 (s, 3H),
6.89-7.00 (m, 2H), 4.86-4.89 (m, 3H), 4.47 (s, 1H), 4.12 (s,
3H), 3.96-4.07 (m, 2H), 3.79-3.89 (m, 3H); 13C NMR (DMSO-
d6, 100 MHz, δ ppm): 170.2, 169.9, 156.8, 156.0, 136.4, 136.0,
131.1, 129.3, 128.9, 128.5, 126.8, 124.7, 120.4, 79.6, 71.3,
70.2, 69.6, 68.2, 67.8, 61.1, 55.8, 33.0. MS (APCI): m/z 548.5.

2-(4″″″″″-Methoxyphenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-phenyl-
pyrimidinyl)thiazolidin-4-one (6d): Colour: dark brown
solid, yield: 68%, m.p.: 96-98 ºC. IR (KBr, νmax, cm–1): 2929
(Ar-H), 1707 (C=O), 1627 (C=N), 1578 (C=C), 1363 (C-N),
1244 (C-O); 1H NMR (CDCl3/DMSO, 400 MHz, δ ppm): 8.27
(d, J = 5.3 Hz, 2H), 7.89 (s, 1H), 7.57 (s, 3H), 7.44 (d, J = 11.0
Hz, 2H), 6.87 (d, J = 11.2 Hz, 2H), 6.78 (s, 1H), 5.59 (d, J =
10.3 Hz, 2H), 5.23 (s, 2H), 5.12 (s, 1H), 4.56 (s, 3H), 4.08
(dd, J = 8.5 & 12.6 Hz, 3H), 3.95 (s, 3H); 13C NMR (DMSO-
d6, 100 MHz, δ ppm): 170.2, 169.7, 157.9, 142.8, 137.6, 136.0,
130.2, 128.5, 126.7, 121.7, 116.4, 79.5, 71.3, 70.3, 69.6, 68.2,
67.8, 62.4, 57.5, 33.3. MS (APCI): m/z 548.6.

2-(2″″″″″-Trifluoromethoxyphenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-
phenylpyrimidinyl)thiazolidin-4-one (6e): Colour: reddish
brown solid, yield: 78%, m.p.: 115-117 ºC. IR (KBr, νmax, cm–1):
2935 (Ar-H), 1713 (C=O).1632 (C=N), 1583 (C=C), 1352
(C-N), 1120 (C-F);  1H NMR (CDCl3/DMSO, 400 MHz, δ
ppm): 8.09-8.14 (m, 2H), 7.77 (d, J = 9.9 Hz, 1H), 7.65 (d, J
= 10.9 Hz, 1H), 7.49-7.54 (m, 4H), 7.40 (dd, J = 9.0 & 10.1
Hz, 2H), 7.12 (s, 1H), 4.89-4.92 (m, 2H), 4.49 (t, J = 2.5 Hz,
2H), 4.03 (d, J = 1.4 Hz, 1H), 3.91 (s, 1H), 3.86 (s, 5H); 13C
NMR (DMSO-d6, 100 MHz, δ ppm): 170.4, 169.8, 163.0,
156.6, 135.9, 131.2, 130.1, 128.8, 128.5, 127.3, 126.8, 126.4,
125.7, 108.3, 102.0, 79.5, 71.4, 70.3, 69.7, 68.2, 61.6, 33.0.
MS (APCI): m/z 586.4.

2-(3″″″″″-Trifluoromethoxyphenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-
phenylpyrimidinyl)thiazolidin-4-one (6f): Colour: reddish
brown solid, yield: 80%, m.p.: 96-98 ºC. IR (KBr, νmax, cm–1):
2928 (Ar-H), 1717 (C=O), 1632 (C=N), 1577 (C=C), 1404
(C-N), 1117 (C-F); 1H NMR (CDCl3/DMSO, 400 MHz, δ
ppm): 8.25 (dd, J = 4.1 & 6.2 Hz, 2H), 7.92 (s, 1H), 7.83 (d,
J = 10.8 Hz, 1H), 7.61-7.69 (m, 2H), 7.47-7.57 (m, 3H), 7.00
(s, 1H), 5.18 (s, 1H), 4.99 (s, 1H), 4.55 (s, 2H), 4.38 (s, 1H),
4.11 (s, 1H), 3.99 (d, J = 14.4 Hz, 1H), 3.81 (s, 5H); 13C NMR
(DMSO-d6, 100 MHz, δ ppm): 170.0, 169.6, 163.0, 156.9,
133.7, 131.2, 129.5, 129.0, 128.8, 128.1, 127.1, 126.8, 126.0,
125.4, 123.0, 121.3, 79.5, 71.1, 69.3, 68.0, 64.6, 33.5. MS
(APCI): m/z 586.5.

2-(4″″″″″-Trifluoromethoxyphenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-
phenylpyrimidinyl)thiazolidin-4-one (6g): Colour: reddish
brown solid, yield: 78%, m.p.: 116-118 ºC. IR (KBr, νmax, cm–1):
2930 (Ar-H), 1711 (C=O), 1605 (C=N), 1588 (C=C), 1351
(C-N), 1128 (C-F); 1H NMR (CDCl3/DMSO, 400 MHz, δ
ppm): 8.07-8.10 (m, 2H), 7.60-7.66 (m, 2H), 7.53 (dd, J = 3.4
& 5.0 Hz, 4H), 7.42 (s, 1H), 6.82 (s, 1H), 4.90 (d, J = 1.5 Hz,
1H), 4.84 (d, J = 1.6 Hz, 1H), 4.51 (dd, J = 1.8 & 3.4 Hz, 2H),
4.25 (s, 1H), 4.06 (s, 1H), 3.90 (s, 1H), 3.70 (s, 5H); 13C NMR
(DMSO-d6, 100 MHz, δ ppm): 170.5, 169.6, 148.2, 147.7,
141.6, 137.1, 134.9, 130.9, 128.5, 124.0, 123.1, 122.1, 79.5,
71.3. 70.3, 69.8, 68.2, 67.8, 62.4, 34.1. MS (APCI): m/z 586.4.

2-(2″″″″″-Chlorophenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-phenyl-
pyrimidinyl)thiazolidin-4-one (6h): Colour: orange red solid,
yield: 72%, m.p.: 56-58 ºC. IR (KBr, νmax, cm–1): 2927 (Ar-H),
1577 (C=N), 1536 (C=C), 1735 (C=O), 1372 (C-N), 831
(C-Cl). 1H NMR (CDCl3/DMSO, 400 MHz, δ ppm): 8.17 (s,
2H), 7.54 (s, 2H), 7.41 (s, 3H), 7.20-7.25 (m, 3H), 4.94 (s,
3H), 4.85 (s, 1H), 4.49 (s, 2H), 4.06 (s, 1H), 3.88 (s, 5H). 13C
NMR (DMSO-d6, 100 MHz, δ ppm): 170.2, 169.9, 163.4,
156.9, 136.4, 131.1, 129.3, 128.9, 128.5, 127.2, 126.3 124.5,
120.2, 79.8, 71.3, 70.3, 69.3, 68.1, 67.8, 61.3, 33.0. MS
(APCI): m/z 552.9.

2-(3″″″″″-Chlorophenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-phenyl-
pyrimidinyl)thiazolidin-4-one (6i): Colour: orange red solid,
yield: 74%, m.p.: 114-116 ºC. IR (KBr, νmax, cm–1): 2928 (Ar-
H), 1715 (C=O), 1575 (C=N), 1537 (C=C), 1366 (C-N), 832
(C-Cl); 1H NMR (CDCl3/DMSO, 400 MHz, δ ppm): 8.28 (s,
2H), 7.91 (s, 1H), 7.59 (d, J = 16.0 Hz, 2H), 7.32-7.45 (m,
2H), 6.85 (s, 1H), 5.21 (s, 1H), 5.09 (s, 1H), 4.56 (s, 2H), 4.37
(s, 1H), 4.11 (s, 3H), 3.95 (s, 1H), 3.86 (s, 5H); 13C NMR
(DMSO-d6, 100 MHz, δ ppm): 170.0, 169.8, 163.4, 156.7,
153.3, 143.0, 136.0, 131.3, 128.7, 127.2, 121.6, 120.3, 118.2,
108.1, 79.8, 71.3, 69.8, 68.3, 68.2, 62.0, 33.1. MS (APCI):
m/z 552.8.

2-(4″″″″″-Chlorophenyl)-3-(2′′′′′-(4′′′′′-ferrocenyl-6′′′′′-phenyl-
pyrimidinyl)thiazolidin-4-one (6j): Colour: orange red solid,
yield: 76%, m.p.: 134-136 ºC. IR (KBr, νmax, cm–1): 2930 (Ar-
H), 1711 (C=O), 1632 (C=N), 1584 (C=C), 1362 (C-N), 816
(C-Cl); 1H NMR (CDCl3/DMSO, 400 MHz, δ ppm): 8.28 (d,
J = 5.0 Hz, 2H), 7.91 (s, 1H), 7.55 (dd, J = 4.8 & 11.1 Hz,
5H), 7.42 (d, J = 11.1 Hz, 2H), 6.85 (s, 1H), 5.21 (s, 1H), 5.07
(s, 1H), 4.56 (s, 2H), 4.09 (s, 1H), 3.96 (s, 1H), 3.86 (s, 5H).
13C NMR (DMSO-d6, 100 MHz, δ ppm): 170.1, 169.8, 163.3,
156.7, 140.7, 135.9, 132.9, 132.4, 131.1, 128.8, 127.8, 127.3,
108.4, 79.5, 71.4, 69.8, 68.2, 61.7, 33.1. MS (APCI): m/z 552.7.

Antifungal activity: Candida albicans MTCC 183 cultures
were passed on three sterile nutrient agar slants followed by
incubation at 37 ºC at 24 h. On incubation, in each slant 5 mL
sterile saline (0.85% NaCl solution) was added and entire
culture suspension was pooled in sterile side arm flask. Using
sterile saline and spectrophotometer (540 nm), the optical
density of each culture was adjusted 0.1 (approximately 106

cells/mL) and used for antimicrobial susceptibility test (AST).
The concentration of compound under study was adjusted

to 25 µg/mL using DMSO. Agar well diffusion method was
used for AST. Sterile melted Muller-Hinton agar (20 mL) was
filled with 1 mL of each culture and the mixture was carefully
stirred to prevent bubbles from forming. After thoroughly mix-
ing, it was transferred onto sterile petri dishes with a diameter
of 10 cm and left to solidify. Agar wells were made on solidified
Muller-Hinton agar plates using ethanol and flame sterilized
cork borer (8 mm diameter) and loaded with 100 µL DMSO
solution containing compounds under study (25 µg/mL) follo-
wed by their incubation at 37 ºC for 24 h. Amphotericin B at a
concentration of 25 µg/mL was employed as positive control,
while dimethyl sulfoxide (DMSO) served as negative control
in the experiment. Diameter of well borer was 8 mm. After incub-
ation, the zones of inhibition (ZOI) (mm) were measured. The
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experiments was performed in triplicates and mean ZOI value
has been reported.

RESULTS AND DISCUSSION

The synthesis route of ferrocene heterocyclic derivatives
(6a-j) is outlined in Scheme-I. As it is reported, the synthesis of
compounds (6a-j) was synthesized with acetyl ferrocene and
subsituted benzaldehyde with the help of guanidine hydro-
chloride, DCC, thioglycolic acid in dry MDC at 0 ºC. All the
synthesized compounds provided satisfactory IR, 1H, 13C NMR
and MS spectral data with the assigned structures.

The results of antifungal activities of synthesized ferrocene
heterocyclic derivatives (6a-j) are summarized in Table-1. It
is observed that all the compounds displayed excellent anti-
fungal against Candida albicans MTCC 183 as compared to
the standard Amphotericin B.

TABLE-1 
MEAN ZOI VALUES (mm) OF COMPOUNDS 6a-j AND 

STANDARD AGAINST FUNGI Candida albicans MTCC 183 

Compd. 
No. 

Mean zone of 
inhibition (mm) 

Compd.  
No. 

Mean zone of 
inhibition (mm) 

6a 9 6g 19 
6b 10 6h 18 
6c 11 6i 13 
6d 11 6j 12 
6e 18 Amphotericin B 21 
6f 19 DMSO 24 

 

Conclusion

A series of novel 2-amino-6-ferrocenyl-4-phenylpyri-
midine (AFPP) derivatives (6a-j) was synthesized by coupling
with thioglycolic acid and various substituted benzaldehydes
(5a-j). The structures of compounds were confirmed using
spectroscopic techniques. The antifungal activities of the novel
structures were evaluated and compounds 6d-j showed good
to moderate antifungal activity.
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