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A novel series of ferrocene tagged multi-functionalized 1,4-dihydropyrimidines is synthesized by base
catalyzed cyclocondensation between ferrocenyl chalcones and amidines. The structures of synthesized
compounds were established on the basis of 1H NMR, 13C NMR, FTIR spectroscopy as well as by mass
spectrometry. The compounds were evaluated for in vitro anticancer activity. The most active compounds
from the series displayed GI50 value equal to doxorubicin against the strain of human breast cancer cell
line MDA-MB-435.

� 2013 Elsevier Masson SAS. All rights reserved.
1. Introduction

The advent of ferrocene through the serependitious discovery
by Pauson and Kealy in 1951 has sparked off a significant inter-
disciplinary research activity [1]. The unique structure with Feþ2

ion sandwiched between two pentahapto cyclopentadienyl ligands
and three dimensional aromatic system has made ferrocene a
versatile scaffold for covalent functionalization. Owing to its unique
geometry, tunable redox properties and the high reactivity, ferro-
cenyl compounds find wide applications in diverse areas such as
catalysis [2], materials science [3], analytical sensors [4], non linear
optics [5], bio-organometallic and biological chemistry [6], organic
synthesis [7] and in electrochemistry [8]. The relative stability of
ferrocene in biological media and low levels of in vivo toxicity of its
derivatives has spurred considerable interest in the development of
ferrocene based compounds for cancer therapeutics. The inclusion
of ferrocene in anticancer drug design strategies received a decisive
impetus as Jaouen and co-workers [9] reported on ferrocenyl an-
alogs of tamoxifen viz ferrocifen (1, Fig. 1) and hydroxyferrocifen (2,
Fig. 1). In vitro cytotoxicity assays have revealed that ferrocifen is
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more effective than tamoxifen against both estrogen-dependent
and -independent breast cancer. These findings have stimulated
enormous interest in design and synthesis of new lead structures
based on ferrocenyl moiety in drug discovery programs aimed at
the development of potential anticancer agents [10]. It is believed
that ferrocene tagged organic frameworks can provide new
impetus for building structures with unprecedented attributes to
probe and modulate anticancer activities.

The 1,4-dihydropyrimidine (1,4-DHPM) core is ubiquitous in both
naturally occurring and synthetic biologically active molecules and
manyof its derivatives display interesting anti-viral, anti-tumor, anti-
bacterial, and anti-inflammatory activities [11,12]. In addition, they
are also regarded as calcium channel blockers [13], a-adrenergic an-
tagonists as well as HIV gp-120-CD4 inhibitors [14]. Recently, two
prototype members of 1,4-DHPM family viz Bay 41-4109 [methyl-4-
(2-chloro-4-fluorophenyl)-2-(3,5-difluoro-2-pyridinyl)-6-methyl-1,
4-dihdro pyrimidine-5-carboxylate] (3, Fig. 1) and Bay 39-5493
[methyl-4-(2-chloro-4-fluorophenyl)-2-(-2-thiazyl)-6-methyl-1,4-di
hdro-pyrimidine-5-carboxylate] (4, Fig. 1) have displayed prominent
anti-hepatitis B replication activity [15]. Moreover, 1,4-DHPM de-
rivatives such as 5 and 6 (Fig.1) have been proved as selective ROCK1
inhibitors. ROCK1 is a potential therapeutic target in the treatment of
cardiovascular diseases [16]. The anticancer potential of 1,4-DHPMs
has been explored recently [17]. These compounds owe their anti-
cancer activity to their ability to inhibit human kinesin Eg5 activity.
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Fig. 1. Pharmacologically important ferrocene and 1,4-DHPM based compounds.
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Human Eg5 has been an interesting drug target for the development
of cancer chemotherapeutics as it plays a vital role in mitosis by
establishing the bipolar spindle, the inhibition of which leads to
mitotic arrest and cell death. Because of interesting biological prop-
erties and several degrees of structural diversity, development of
novel methods for synthesis of 1,4-DHPMs as well as new analogs is
an intensively investigated field of utmost importance.

Based on these precedents, we sought to construct hybrid mo-
lecular architectures by combining ferrocene and pyrimidine
pharmocophores. We envisioned that resultant conjugates by vir-
tue of the presence of critical structural features might serve as a
prototype for new drugs that could be used in anticancer research.
In continuation of research work related to applications of ferro-
cene [18], we report herein synthesis and in vitro anti breast cancer
activity of novel ferrocene tagged multi-functionalized 1,4-
dihydropyrimidines.
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Scheme 1. Retrosynthetic analysis of ferrocene tagged multi-functionalized 1,4-
DHPMs.
2. Results and discussion

The initially planned retrosynthesis of ferrocene tagged multi-
functionalized 1,4-DHPMs is depicted in Scheme 1 and is based on
cyclocondensation between chalcones and amidine. This conver-
gent route was envisaged to be highly significant due to easy
accessibility of large number of structurally diverse ferrocenyl
chalconeswhich can be easily prepared by reacting acetyl ferrocene
with large variety of commercially available aryl aldehydes under
basic conditions [19]. In addition, we hypothesized that use of
substituted benzamidines that have already displayed promising
biological activities [20] will offer a valuable addendum in biolog-
ical profile.

To test the validity of our disconnection approach, a preliminary
survey of reaction conditions was conducted using 1-ferrrocenyl-3-
phenyl-2-propen-1-one (a prototype ferrocenyl chalcone) and N-o-
tolylpicolinamidine (Table 1). Our initial studies focused on scrutiny
of bases required for cyclocondensation. A series of experiments
were conducted using various bases in different solvents. The use of
sodiummetal in isopropanolwas found to bemost efficient catalytic
system as it afforded the desired 6-ferrocenyl-4-phenyl-2-pyridin-
2-yl-1-o-tolyl-1,4-dihydropyrimidine in 80% yield within 3 h under
reflux conditions (Table 1, entry 1). The use of inorganic bases such
as NaOH and KOH showed remarkably poor catalytic activity as the
corresponding productwas obtained in a scarce yield alongwith the
formation of undesired tarry material after prolonged reaction time
(Table 1, entries 2e5). On the other hand, the use of Na in ethanol
furnished the anticipated product in moderate yield (Table 1, entry
5). Thus, use of sodium in IPAunder refluxconditionswas selected as
optimal reaction conditions for further studies.

After the optimization of reaction conditions, we evaluated the
scope of the protocol by reacting structurally diverse ferrocenyl
chalcones with different amidines (Scheme 2). The results are
summarized in Table 2. In general, the corresponding ferrocene
tagged multi-functionalized 1,4-DHPMs were obtained in good to
excellent yields in all the investigated cases. No significant elec-
tronic effects were observed for the electron donating as well as
electron withdrawing substituents on phenyl ring in ferrocenyl
chalcones. It was interesting to observe that Na/IPA catalytic system
is tolerant to a halogen substitution on the phenyl ring thus
providing a handle for additional synthetic manipulation via cross
coupling chemistry.



Table 1
Optimization of reaction conditions.a

Fe

O

N
NH

NH

N

N
N

Fe
+ base

solvent

Entry Base Temp (�C) Solvent Time (h) Yieldb (%)

1 Na 80 Isopropanol 3 80
2 NaOH 80 Ethanol 10 30
3 NaOH 60 Methanol 7 25
4 KOH 80 Ethanol 10 35
5 KOH 80 DMF 10 40
6 Na 80 Ethanol 5 58

a All products were characterized by IR, 1H and 13C NMR spectroscopy as well as by mass spectrometry.
b Isolated yields after chromatography.
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The structures of all the ferrocene tagged multi-functionalized
1,4-DHPMs were elucidated on the basis of 1H NMR and 13C NMR
spectroscopy as well as by FTIR and mass spectrometry. The spec-
tral data is in agreement with the proposed structures. All the
synthesized compounds are air and moisture stable for several
weeks without any decomposition and are soluble in normal
organic solvents.

The UVevis absorption spectra of all the synthesized com-
pounds were measured in methanol (Fig. 2) and the optical char-
acteristics are summarized in Table 3. The studies revealed that the
absorption peaks of ferrocene tagged multi-functionalized 1,4-
DHPMs were different from precursor ferrocenyl chalcones as the
former display peaks in the range 270e318 nm due to pep* tran-
sitions of the ferrocene chromophore while latter exhibit the same
in the range 487e517 nm [21]. The hypsochromic shift observed
may be attributed to the disturbance in enone system of ferrocenyl
chalcones during the cyclo-condensation with amidines. In addi-
tion, the less intensity absorption peaks in the region 450e550 nm
were also observed. These peaks may be assigned to the metal to
ligand charge transfer (MLCT) transitions from Fe to either anti-
bonding or nonbonding orbitals of Cp rings.

A tentative mechanism for the formation of ferrocene tagged
multi-functionalized 1,4-DHPMs is depicted in Scheme 3. The
reaction is likely to proceed via sodium isopropoxide induced 1,4-
nuclepohilic addition of amidine on ferrocenyl chalcone. An
intramolecular displacement leads to nucleophilic addition
furnishing cyclized intermediate. Under experimental reaction
conditions, the cyclized intermediate loses water forming the
final product.
N
NH

NH

R'

O

R

Fe
+

1                                                    2                 

Scheme 2. Na/IPA catalyzed cyclocondensatio
All the synthesized ferrocene tagged multifunctionalized 1,4-
DHPMs (3aej) were evaluated for their in vitro cytotoxicity in hu-
man breast cancer cell line MDA-MB-435 by employing the sulfo-
rhodamine B (SRB) assay method [22]. The results are described in
Table 4. It is worthy of note that all the compounds except 3hej
were significantly cytotoxic against MDA-MB-435 compared to the
standard drug tested, i.e. Doxorubicin, with the concentration of
the drug that produced 50% inhibition of cell growth (GI50) ranging
from 17.4 to 152.9 mM.With regard to anticancer activity, 3b and 3c
turned out to be the most attractive since they demonstrated the
lowest GI50 values of 18 and 17.4 mM respectively in the cell line
examined which was almost equal to the standard anticancer agent
Doxorubicin (18.4 mM).

3. Conclusion

In summary, we have developed a reliable and generally
applicable approach for the synthesis of a novel series of ferrocene
tagged multi-functionalized 1,4-DHPMs from easily accessible
ferrocenyl chalcones and amidines. The structures of all the
compounds were established on the basis of analytical and spec-
tral data. The synthesized compounds were evaluated for their
in vitro anticancer activities against the strain of human breast
cancer cell line MDA-MB-435. The compounds 3b and 3c with a
GI50 values 18 and 17.4 mM respectively were found to be the most
active. We believe that reported protocol offers scope for exten-
sion to variety of other substrates to form products that might
serve as an interesting alternative in endemic area of anticancer
research.
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n of ferrocenyl chalcones with amidines.



Table 2
Synthesis of ferrocene tagged multi-functionalized 1,4-DHPMs.a

Entry Ferrocenyl chalcone (1) Amidine (2) Product (3) Yieldb (%)

a
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(continued on next page)
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Table 2 (continued )

Entry Ferrocenyl chalcone (1) Amidine (2) Product (3) Yieldb (%)

g
Fe

O

Fe

N
NH

NH
N

N

N

Fe

Fe

75

h
Fe

O

Fe

Cl
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Cl
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N

N
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j
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O

NHN

NH Fe

N
N

N

76

a All products were characterized by IR, 1H and 13C NMR spectroscopy as well as by mass spectrometry.
b Isolated yields after chromatography.
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4. Experimental part

4.1. General

1H NMR and 13C NMR spectra were recorded on a Brucker AC
(300MHz for 1H NMR and 75MHz for 13C NMR) spectrometer using
CDCl3 as solvent and tetramethylsilane (TMS) as an internal stan-
dard. Infrared spectra were recorded on a PerkineElmer FTIR
spectrometer. The samples were examined as KBr discsw5% w/w.
Mass spectra were recorded on a Perkin Elmer Flexar SQ 300 LCMS.
Elemental analyses were performed on EURO EA3000 vectro
model. Melting points were determined on MEL-TEMP capillary
melting point apparatus and are uncorrected. Precoated aluminum
sheets (silicagel 60 F254, Merck Germany) were used for thin-layer
chromatography (TLC) and spots were visualized under UV light. All
the ferrocenyl chalcones [19] and benzamidines [20] were
synthesized following the literature procedure. All other chemical
were obtained from local chemical; suppliers and were used
without further purification.

4.2. General procedure for the synthesis of ferrocene tagged multi-
functionalized 1,4-dihydropyrimidines (3aej)

A mixture of sodium metal (69 mg, 3 mmol) in isopropanol
(25 ml) was refluxed for 30 min. Amidine (1 mmol) and ferrocenyl
chalcone (1 mmol) were sequentially charged into reaction flask at
intervals of 30 min. The reaction mixture was heated under reflux
conditions for 3e5 h. After completion of the reaction as monitored
by thin layer chromatography (TLC), the reaction mixture was
poured into ice-water and extracted with ethyl acetate (3 � 25 ml).
The combined organic layers were washed with brine, dried over
anhydrous Na2SO4 and concentrated under reduced pressure to
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Table 4
In vitro cytotoxicities of ferrocene tagged multi-functionalized 1,4-DHPMs against
human breast cancer cell line MDA-MB-435.a

Compound LC50
b TGIc GI50d

3a >157.1 138.8 63.2
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Fig. 2. UVevis absorption spectra of 1,4 DHPMs in methanol.
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give crude residue which was purified by column chromatography
over silica gel using hexane/ethyl acetate (4:1 v/v) to afford the
pure compound.

4.2.1. 6-Ferrocenyl-4-phenyl-1-pyridin-2-yl-2-o-tolyl-1,4-dihydro-
pyrimidine (3a)

Reddish brown solid; m.p: 144e146 �C; Anal. calc. for
C32H27FeN3: C 75.44, H 5.34; N 8.24%. Found: C 75.56, H 5.77, N
8.93%; 1H NMR (300MHz, CDCl3): d 8.6 (d, 2H, J¼ 4 Hz, Py-H), 7.91e
7.84 (m, 4H, AreH), 7.79 (m, 3H, AreH), 7.67 (m, 2H, AreH), 7.28 (m,
3H, AreH), 7.13 (d,1H, J¼ 6.3 Hz, AreH), 4.93 (s, 2H, ferrocene), 4.60
(s, 2H, ferrocene), 4.23 (s, 5H, ferrocene), 2.24 (s, 3H, methyl-H); 13C
NMR (75 MHz, CDCl3): d 159.0, 145.9, 139.4, 138.0, 135.9, 134.7,
133.7, 129.9, 129.4, 129.2, 127.9, 125.7, 123.4, 121.0, 119.1(AreC),
80.45, 72.9, 70.14, 69.7 (ferrocene-C), 15.3 (methyl-C); IR (KBr, thin
film): y ¼ 3052 (AreH), 2951 (CeH), 1532 (C]N), 1456 (C]C), 1244
(CeN); MS (EI): m/z ¼ 509.

4.2.2. 4-(3-Nitro-phenyl)-6-ferrocenyl-1-pyridin-2-yl-2-o-tolyl-
1,4-dihydro-pyrimidine (3b)

Reddish brown solid; m.p: 85e87 �C; Anal. calc. for
C32H26FeN4O2: C 69.32, H 4.72; N 10.10%. Found: 69.35, H 4.75; N
10.13%; 1H NMR (300 MHz, CDCl3): d 8.51 (s, 1H, Py-H), 8.34 (s, 1H,
AreH), 8.26 (d, 1H, J ¼ 7.8 Hz, AreH), 7.92 (d, 1H, J ¼ 6.9 Hz, AreH),
7.83 (d, 1H, AreH), 7.64e7.58 (t, 2H, J ¼ 7.5 Hz, AreH), 7.4 (s, 1H,
AreH), 7.2e7.13 (m, 5H), 6.97e6.95 (d, 1H, pyrimidine-H), 4.94 (s,
2H, ferrocene), 4.65 (s, 2H, ferrocene), 4.24 (s, 5H, ferrocene), 2.2
(s, 3H, methyl-H); 13C NMR (75 MHz, CDCl3): d 162.1, 161.2145.8,
137.8, 137.5, 135.5, 134.2, 130.8, 129.9, 129.3, 127.7, 125.9, 125.6,
124.16, 121.9, 121.6, 118.1 (AreC), 84.2, 80.3, 73.1, 70.1, 69.8
(ferrocene-C), 19.7 (methyl-C); IR (KBr, thin film): y ¼ 3054 (Are
H), 2959 (CeH), 1587 (N]O), 1487 (C]C), 1243 (CeN); MS (EI): m/
z ¼ 554.
Table 3
The maximum wavelength of absorption spectra of ferrocene tagged multi-
functionalized 1,4-DHPMs in methanol.

Compound lmax for pep* transition (nm) lmax for MLCT (nm)

3a 290 506
3b 270 515
3c 280 515
3d 276 510
3e 288 516
3f 308 506
3g 310 512
3h 310 514
3i 312 510
3j 318 506
4.2.3. 4-(3-Nitro-phenyl)-6-ferrocenyl-1-pyridin-2-yl-2-(2-
chlorophenyl)-1,4-dihydropyrimidine (3c)

Reddish brown solid; m.p: 130e132 �C; Anal. calc. for
C31H23FeN4O2Cl: C 64.77, H 4.02; N 9.74%. Found: C 64.83, H 4.09; N
9.84%; 1H NMR (300 MHz, CDCl3): d 8.33 (s, 1H, PyeH), 8.26e8.23
(m, 1H, AreH), 7.96e7.92 (m, 1H, AreH), 7.89e7.83 (d, 2H, AreH),
7.78e7.70 (m, 2H, AreH), 7.68–7.58 (m, 2H, AreH), 7.41e7.38 (m,
3H, AreH), 7.26e7.23 (m, 1H, AreH), 6.76e6.74 (d, 1H, pyrimidine-
H), 4.95 (s, 2H, ferrocene), 4.66 (s, 2H, ferrocene), 4.23 (d, 5H,
ferrocene); 13C NMR (75 MHz, CDCl3): d 161.1, 158.0, 137.8, 134.2,
130.9, 129.8, 129.4, 129.2, 127.6, 125.3, 123.4, 121.9, 118.6 (AreC),
80.5, 72.9, 70.1, 69.7 (ferrocene-C); IR (KBr, thin film): y¼ 3078 (Are
3b >144.4 85.3 <18.0
3c 116.5 61.6 <17.4
3d >147.3 143.0 52.3
3e >147.3 99.2 40.6
3f >129.6 125.4 16.85
3g >129.6 98.5 30.4
3h >125.5 >125.5 >125.5
3i >125.5 >125.5 >125.5
3j >152.9 >152.9 >152.9
Doxorubicin 73.2 <18.4 <18.4

a Concentrations in mM.
b Concentration of drug resulting in a 50% reduction in the measured protein at

the end of the drug treatment as compared to that at the beginning) calculated from
[(Ti � Tz)/Tz] � 100 ¼ �50.

c Drug concentration resulting in total growth inhibition (TGI) will calculated
from Ti ¼ Tz.

d Growth inhibition of 50% (GI50) calculated from [(Ti � Tz)/(C � Tz)] � 100 ¼ 50.
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H), 2953 (CeH), 1597 (N]O), 1456 (C]C), 1248 (CeN); MS (EI): m/
z ¼ 574.

4.2.4. 4-(4-Chloro-phenyl)-6-ferrocenyl-2-pyridin-2-yl-1-o-tolyl-
1,4-dihydro-pyrimidine (3d)

Reddish brown solid; m.p: 124e126 �C; Anal. calc. for
C32H26FeN3Cl: C 70.66, H 4.81; N 7.74%. Found: C 70.71, H 4.87; N
7.84%; 1H NMR (300 MHz, CDCl3): d 8.60e8.59 (d, 2H, Py-H), 7.88e
7.83 (t, 1H, AreH), 7.77e7.66 (d, 1H, J ¼ 6.8 Hz, AreH), 7.59e7.57 (m,
2H, AreH), 7.41e7.39 (m, 3H, AreH), 7.26e7.24 (m, 2H, AreH), 7.11 (s,
1H, AreH), 7.06e7.04 (d, 1H, AreH), 6.96e6.94 (d, 1H, J ¼ 6.4 Hz,
pyrimidine-H), 4.91 (s, 2H, ferrocene), 4.61 (s, 2H, ferrocene), 4.22 (s,
5H, ferrocene), 2.2 (s, 3H, methyl-H); 13C NMR (75 MHz, CDCl3):
d 161.5,145.9,139.3,137.6,135.9,135.6,133.7,130.8,129.4,129.3,129.1,
127.7,125.8,123.4,121.4,118.2 (AreC), 80.5, 72.7, 70.0, 69.7 (ferrocene-
C), 19.6 (methyl-C); IR (KBr, thin film): y¼ 3089 (AreH), 2934 (CeH),
1566 (C]N), 1455 (C]C), 1292 (CeN); MS (EI):m/z ¼ 543.

4.2.5. 4-(4-Chloro-phenyl)-6-ferrocenyl-1-pyridin-2-yl-2-o-tolyl-
1,4-dihydro-pyrimidine (3e)

Reddish brown solid; m.p: 134e136 �C; Anal. calc. for
C32H26FeN3Cl: C 70.66, H 4.81; N 7.74%. Found: C 70.69, H 4.81; N
7.80%; 1H NMR (300MHz, CDCl3): d 8.38 (s, 1H, Py-H), 7.75e7.70 (m,
4H, AreH), 7.58e7.56 (m, 2H, AreH), 7.41 (s, 2H, AreH), 7.28e7.24
(m, 2H, AreH), 7.10e7.05 (m, 2H, AreH), 6.97 (d, 1H, J ¼ 6.4 Hz,
pyrimidine-H), 4.90 (s, 2H, ferrocene), 4.59 (s, 2H, ferrocene), 4.21
(s, 5H, ferrocene), 2.5 (s, 3H, methyl-H); 13C NMR (75 MHz, CDCl3):
d 147.7, 139.4, 136.8, 135.8, 133.7, 130.9, 129.4, 129.4, 129.1, 126.9,
125.1,123.4,121.0,114. (AreC), 77.4, 77.0, 76.6, 70.0, 69.7 (ferrocene-
C), 19.7 (methyl-C); IR (KBr, thin film): y ¼ 3076 (AreH), 2945 (Ce
H), 1555 (C]N), 1436 (C]C), 1262 (CeN); MS (EI): m/z ¼ 543.

4.2.6. 4,6-Diferrocenyl-1-pyridin-2-yl-2-o-tolyl-1,4-dihydro-
pyrimidine (3f)

Reddish brown solid; m.p: 146 �C; Anal. calc. for C36H31Fe2N3: C
70.03, H 5.06; N 6.80%. Found: C 70.10, H 5.00; N 6.89%; 1H NMR
(300 MHz, CDCl3): d 8.3 (d, 1H, J ¼ 3.4 Hz, py-H), 7.72e7.70 (d, 2H,
J¼ 6.5 Hz, AreH), 7.47 (s,1H, AreH), 7.30e7.25 (m, 4H, AreH), 6.98 (t,
1H, AreH), 6.77e6.75 (d, 1H, J ¼ 6.4 Hz, pyrimidine-H), 4.87 (s, 2H,
ferrocene), 4.59e4.55 (d, 4H, ferrocene), 4.46 (s, 2H, ferrocene), 4.2e
4.18 (d, 10H, ferrocene), 2.5 (s, 3H, methyl-H); 13C NMR (75 MHz,
CDCl3): d 145.9, 142.1, 138.2, 135.9, 134.7, 130.9, 130.2, 128.0, 125.9,
120.2, 120.0, 119.3 (AreC), 80.8, 79.5, 72.5, 71.0, 70.1,69.7, 69.6, 68.7
(ferrocene-C), 19.8 (methyl-C); IR (KBr, thin film): y ¼ 3056 (AreH),
2976 (CeH),1535 (C]N),1425 (C]C),1237 (CeN);MS (EI):m/z¼617.

4.2.7. 4,6-Diferrocenyl-2-pyridin-2-yl-1-o-tolyl-1,4-dihydro-
pyrimidine (3g)

Reddish brown solid; m.p: 146 �C; Anal. calc. for C36H31Fe2N3: C
70.03, H 5.06; N 6.80%. Found: C 70.08, H 5.09; N 6.77%; 1H NMR
(300MHz, CDCl3): d 8.6 (d,1H, J¼ 4.2 Hz, py-H), 8.5 (d,1H, J¼ 7.2 Hz,
AreH), 7.8 (t, 1H, AreH), 7.7 (d, 1H, AreH), 7.43e7.40 (t, 1H, AreH),
7.26e7.21 (m, 2H, AreH), 7.0 (t, 1H, AreH), 6.9 (d, 1H, AreH), 6.77e
6.75 (d, 1H, J ¼ 6.4 Hz, pyrimidine-H), 4.8 (s, 2H, ferrocene), 4.6 (d,
2H, ferrocene), 4.5 (s, 2H, ferrocene), 4.47 (s, 2H, ferrocene), 4.2e4.18
(d,10H, ferrocene), 2.2 (s, 3H, methyl-H); 13C NMR (75MHz, CDCl3):
d 147.9, 142.0, 136.9, 130.8, 126.9, 125.3, 121.9, 120.3, (AreC), 80.8,
79.5, 72.4, 70.9, 70.0,69.7, 69.6, 68.7 (ferrocene-C), 17.6 (methyl-C);
IR (KBr, thin film): y ¼ 3074 (AreH), 2985 (CeH), 1542 (C]N), 1446
(C]C), 1259 (CeN); MS (EI): m/z ¼ 617.

4.2.8. 2-(2-Chloro-phenyl)-4,6-diferrocenyl-1-pyridin-2-yl-1,4-
dihydro-pyrimidine (3h)

Dark brown solid; m.p: 160e162 �C; Anal. calc. for
C35H28Fe2N3Cl: C 65.91, H 4.42; N 6.58%. Found: C 65.89, H 4.38; N
6.53%; 1H NMR (300 MHz, CDCl3): d 8.36 (s, 1H, py-H), 7.98 (s, 1H,
AreH), 7.84 (s, 1H, AreH), 7.74e7.72 (d, 2H, J¼ 6.6 Hz, AreH), 7.48e
7.42 (m, 3H, AreH), 7.0 (s, 1H, AreH), 6.77e6.75 (d, 1H, J ¼ 6.3 Hz,
pyrimidine-H), 4.8 (s, 2H, ferrocene), 4.6e4.5 (d, 4H, ferrocene), 4.4
(s, 2H, ferrocene), 4.2e4.18 (d, 10H, ferrocene); 13C NMR (75 MHz,
CDCl3): d 145.9, 142.1, 138, 134.6, 131.3, 129.9, 127.7, 125.6, 121.3,
120.2, 118.9 (AreC), 80.7, 79.5, 72.5, 71.0, 70.1,69.7, 69.6, 68.7
(ferrocene-C); IR (KBr, thin film): y ¼ 3076 (AreH), 2965 (CeH),
1537 (C]N), 1432 (C]C), 1268 (CeN); MS (EI): m/z ¼ 637.

4.2.9. 2-(3-Chloro-phenyl)-4,6-diferrocenyl-1-pyridin-2-yl-1,4-
dihydro-pyrimidine (3i)

Reddish brown solid; m.p: 170e172 �C; Anal. calc. for
C35H28Fe2N3Cl: C 65.91, H 4.42; N 6.58%. Found: C 65.93, H 4.46; N
6.62%; 1H NMR (300 MHz, CDCl3): d 8.36 (s, 1H, py-H), 7.98 (s, 1H,
AreH), 7.83 (s, 1H, AreH), 7.74e7.71 (d, 2H, J ¼ 6.6 Hz, AreH), 7.44
(m, 3H,AreH), 7.0 (s, 1H, AreH), 6.76e6.74 (d, 1H, J ¼ 6.3 Hz,
pyrimidine-H), 4.8 (s, 2H, ferrocene), 4.6e4.5 (d, 4H, ferrocene), 4.4
(s, 2H, ferrocene), 4.2e4.19 (d, 10H, ferrocene); 13C NMR (75 MHz,
CDCl3): d 145.9, 142.1, 137.9, 134.7, 131.2, 129.9, 127.7, 125.5,
121.5,12.3, 118.85, (AreC), 80.7, 79.5, 72.5, 71.0, 70.1, 69.7, 69.6, 68.8
(ferrocene-C); IR (KBr, thin film): y ¼ 3052 (AreH), 2960 (CeH),
1553 (C]N), 1490 (C]C), 1242 (CeN); MS (EI): m/z ¼ 637.

4.2.10. 6-Ferrocenyl-1-pyridin-2-yl-2-o-tolyl-4-p-tolyl-1,4-
dihydro-pyrimidin (3j)

Reddish brown solid; m.p: 154e156 �C; Anal. calc. for
C33H29FeN3: C 75.71, H 5.58; N 8.02%. Found: C 75.70, H 5.52; N
8.00%; 1H NMR (300 MHz, CDCl3): d 8.53 (d, 2H, J ¼ 4.2 Hz, py-H),
8.51e8.49 (d, 1H, J ¼ 7.5 Hz, AreH), 7.85e7.75 (m, 2H, AreH), 7.56
(d, 2H, J ¼ 7.8 Hz, AreH), 7.42e7.38 (t, 1H, AreH), 7.28e7.17 (m, 3H,
AreH), 7.11e7.09 (d, 1H, J ¼ 7.8 Hz, AreH), 7.02e6.97 (t, 1H, AreH),
6.92e6.90 (d, 1H, J ¼ 6.6 Hz, pyrimidine-H), 4.91 (s, 2H, ferrocene),
4.56 (s, 2H, ferrocene), 4.21 (s, 5H, ferrocene), 2.41 (s, 3H,methyl-H),
2.20 (s, 3H, methyl-H); 13C NMR (75 MHz, CDCl3): d 151.4, 147.8,
140.9, 140.3, 136.6, 132.5, 130.8, 129.6, 128.3, 126.8, 125.0, 123.2,
121.9, 121.7, 120.7 (AreC), 80.7, 72.5, 70.0,69.7, 69.7(ferrocene-C),
21.5, 17.7 (methyl-C); IR (KBr, thin film): y ¼ 3057 (AreH), 2949 (Ce
H), 1542 (C]N), 1451 (C]C), 1249 (CeN); MS (EI): m/z ¼ 523.

4.3. Procedure of the SRB-assay

Tumor cells (human breast cancer cell line MDA-MB-435) were
grown in tissue culture flasks in growth medium (RPMI-1640 with
2 mM glutamine, pH 7.4, 10% fetal calf serum, 100 mg/mL strepto-
mycin, and 100 units/mL penicillin) at 37 �C under the atmosphere
of 5% CO2 and 95% relative humidity employing a CO2 incubator.
The cells at subconfluent stage were harvested from the flask by
treatment with trypsin (0.05% trypsin in PBS containing 0.02%
EDTA) and placed in growth medium. The cells with more than
97% viability (trypan blue exclusion) were used for cytotoxicity
studies. An aliquot of 100 mL of cells were transferred to a well of
96-well tissue culture plate. The cells were allowed to grow for one
day at 37 �C in a CO2 incubator as mentioned above. The test
materials at different concentrations were then added to the wells
and cells were further allowed to grow for another 48 h. Suitable
blanks and positive controls were also included. Each test was
performed in triplicate. The cell growth was stopped by gently
layering of 50 mL of 50% trichloroacetic acid. The plates were
incubated at 4 �C for an hour to fix the cells attached to the bottom
of the wells. Liquids of all the wells were gently pipette out and
discarded. The plates were washed five times with doubly distilled
water to remove TCA, growth medium, etc and were air-dried.
100 mL of SRB solution (0.4% in 1% acetic acid) was added to
each well and the plates were incubated at ambient temperature
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for half an hour. The unbound SRB was quickly removed by
washing the wells five times with 1% acetic acid. Plates were air
dried, tris-buffer (100 mL of 0.01 M, pH 10.4) was added to all the
wells and plates were gently stirred for 5 min on a mechanical
stirrer. The optical density was measured on ELISA reader at
540 nm. The cell growth at absence of any test material was
considered 100% and in turn growth inhibition was calculated. GI50
values were determined by regression analysis.
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