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Synthesis of fluorinated ferrocene derivatives for their thermal behavior and their 
in silico studies in designing of potential breast cancer inhibitors 
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The docking studies of the different fluorinated ferrocene derivatives have been carried out against estrogen receptor 
enzymes. The docking results are very much comparable with standard drug tamoxifen. The designed fluorinated ferrocene 
derivatives show similarity in binding as tamoxifen exhibits estrogen receptor enzymes in silico. Docking studies reveal that 
designed fluorinated ferrocene derivatives have potential against breast cancer in silico. The ADME properties of some of 
the designed compounds are indicative of the drug likeness of compounds. All the designed fluorinated derivatives have 
been synthesized and have been evaluated for their thermal behavior. 
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Bio organometallic chemistry has gained great 
importance1 in the last two decades due to the 
significance of organometallic compounds in the field 
of biology2, chemical3, pharmaceuticals4 and materials 
chemistry5. Organometallic compounds give advantage 
to the organic compounds for additional properties of 
the metals including polarizability, color, magnetic, 
optical and electrical as compared to the normal 
organic compounds6. 

The popular family of organometallic compounds 
that comprises ferrocene illustrates exceptional 
thermal stability, aromaticity and a reactivity similar 
to that of other aromatic species, that allowed 
introduction of a huge number of substituents7. 

Large number of ferrocene derivatives are used in the 
field of electro analytical chemistry8, hydrometallurgy9, 
biology and medicine10. 

Ferrocene derivatives also exhibit antitumor 
properties. Ferrocene derivatives can also show 
antimalarial activity1. 

In addition to possessing a unique structure and 
exceptional redox properties, ferrocene is nontoxic1. 
An established drug's biological activity improves and 
its broad spectrum is generally enhanced, through the 
inclusion of a ferrocenyl moiety1. 

Low polarizability, high ionization potential and 
small Van der Waals radius of fluorine, very high 
electronegativity of fluorine11 is also vital. 

In biological substances12, pharmaceuticals13, 
agrochemicals14, liquid crystals15, dyes16 and 
polymers17 fluorine-containing functional groups 
constitute an invaluable component. Its introduction 
often remains a synthetic challenge. 

The physico-chemical characteristics of an organic 
molecule are drastically changed once fluorine atoms 
become embedded in the structure of the molecule18. 
The aforementioned special qualities of fluorinated 
compounds have progressively strengthened the use 
of these compounds in a variety of industrial 
applications. 

Fluorine functions, such as -RF, -F, -CF3, -OCF3 
provide molecules with valuable drug-like 
physiological features that enhance receptor binding 
selectivity, improve lipophilicity and improve 
metabolic stability19. An important scientific 
endeavour is the practical synthesis of molecules that 
are composed of organofluorine. 

In nature, amines and amides are abundant. They 
are essential components of proteins and enzymes, 
nucleic acids, and alkaloid drugs20. 
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Docking 
As stated by WHO reports every year millions of 

people are diagnosed with cancer21. Damage in the 
DNA results in mutation22 which results in the 
improper functioning of cells, synthesis of proteins, 
enzymes which leads to cancer. Various cancers23 
such as prostate, pancreatic, breast and ovarian are 
caused due to genes like CHEK2 ATM and PALB2, 
BRCA1 and BRCA2. 

Main reason for breast cancer in women are the 
mutations in BRCA1 and BRCA2 genes24. Estrogen 
and progesterone receptors play a vital role in breast 
cancer7. 

Estrogen and progesterone receptors are found in 
breast cancer25. Reducing the level of both of these 
receptors with the help of drugs will result in curing 
cancer patients. Cancer disease can be kept away by 
blocking these receptors26 with the help of treatment of 
drugs. Tamoxifen27, Toremifene28 are the prominent 
drugs approved for the treatment of breast cancer. Thus 
blocking of estrogen receptors will be considered as an 
active site region against breast cancer in silico29,30. 

Several reports claim in the literature that ferrocene 
derivatives are docked for anticancer agents and can 

be used for anticancer31-40. Nowadays, docking41-46 is 
an expeditious technique to identify the lead as well 
as target molecule against enzymes. 
 

Hence we designed fluorinated ferrocene derivatives 
to treat breast cancer in silico using CB dock-a web 
based server. In present study, we are docking 
fluorinated ferrocene derivatives. 
 

Due to the wide range of applications, it would be 
desirable to produce new derivatives based on 
fluorocarbon ferrocenes. 

Taking into consideration the literature's comments, 
our interest is for new synthesis of new fluorinated 
ferrocene derivatives as potential candidates against 
estrogen receptors. We now report the docking and 
synthesis of novel fluorinated ferrocene derivatives as 
delineated in Scheme 1, Scheme 2 and Scheme 3. 

Results and Discussion 
Standard anticancer drug Tamoxifen is docked 

against estrogen receptors 29 using PDB ID 1A52. The 
dock score of tamoxifen is observed to be -9.1 which is 
comparable with fluorinated ferrocene derivatives. All 
the newly synthesized ferrocene drivatives have a dock 

Scheme 1 — Synthesis of compounds 4, 7, 10 and 13 
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score in range -7.3 to -9.1 The binding interaction of 
tamoxifen with amino acids Met343, Leu346, Thr347, 
Leu349, Ala350, Asp351, Glu353, Leu354, Trp383, 
Leu384, Leu387, Met388, Leu391, Arg394, Phe404, 
Met421, Ile424, Leu428, Gly521, Met522, His524, 
Leu525, Lys529 is observed. These amino acids are 
found in the binding pocket of estrogen receptors. All 
the newly synthesized fluorinated ferrocene drivatives 
bind commonly with amino acids in the active site of 
estrogen receptors which are similar to that of 
tamoxifen. This indicates fluorinated ferrocene 
derivatives have potential breast cancer characteristics 
in silico. (Supporting information contains docking 
images and ADME properties). 

Docking studies 
CB-Dock web server were used for the docking 

studies of Fluorinated ferrocene derivatives and 
estrogen receptor enzymes. Estrogen receptors were 
downloaded from www.rcsb.org PDB ID 1A52 47. 
Docking studies of newly designed and synthesized 
compounds are shown in Table 1. 

Ligands Preparation 
ChemDraw software was used for the drawing of 

Fluorinated ferrocene derivatives. The structures 

drawn were saved in .sdf file format. SWISS ADME 
web based server was used for the evaluation and 
prediction of ADME properties48. ADME properties 
of newly designed and synthesized compounds are 
shown in Table 2. 

Thermal Behaviour of Fluorinated ferrocene 
derivatives 

With the aid of a differential scanning calorimetry 
DSC, all recently synthesized fluorinated ferrocene 
derivatives have also been assessed for their thermal 
behavior. Thermal studies confirm that all the 
synthesized compounds show remarkable thermal 
stability but none of them exhibited liquid crystalline 
behavior. 

Experimental Section 
Preparation of 4- ferrocenylnitrobenzene, 2 (Ref. 49) 

Synthesis of compound 2 was carried out by using 
the reported procedure49. 

Preparation of 4- ferrocenylaniline, 3 (Ref. 50, 51) 
Synthesis of compound 3 was carried out by using 

the reported procedure50,51. 
Synthesis of compounds (5, 6, 8, 9, 11, 12) was 

carried out by using the same procedure as explained 

Scheme 2 — Synthesis of compounds 16, 20, 24 
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in synthesis of 2 and 3 23,49,50. Synthesis of compounds 
(21, 25, 26, 28, 29, 30) was carried out by using the 
reported procedure49. Synthesis of compounds 18, 19 
was carried out by using the same procedure as 
explained for the synthesis of other derivatives49. 
Synthesis of compound 15 was carried out by using the 

reported procedure49. Synthesis of compounds 22 and 
23 were carried out by using the reported procedure51. 

General procedure for the synthesis of compounds 
(4, 7, 10, 13, 16, 20, 24, 27, 31) 

In a round bottom flask amines (0.0036 mol) was 
dissolved in 25 mL of dichloromethane. After cooling 
the reaction mixture at 0°C, trifluoroacetic anhydride 
(0.0036 mol) was slowly added, maintaining the 
temperature of the reaction below 0°C (entire addition 
takes place in 15 min.) After the complete addition 
the reaction was kept for stirring at RT for 2 h. After 
completion of the reaction the reaction mixture was 
concentrated under reduced pressure to afford the 
desired products 4, 7, 10, 13, 16, 20, 24, 27, 31. 

Physical and spectral data of synthesized compounds 
4: Yield 95%. m.p.231-233C. IR: 3290.61 

(–CONH–), 3133.64 (C-H), 1698.24 (C=O of amide), 

Scheme 3 — Synthesis of compounds 27 and 31 

Table 1 — Dock score of designed fluorinated ferrocene derivatives 

S. No. Compd Dock Score 

1 4 –7.3
2 7 –8.1
3 10 –8.5
4 13 –9.1
5 16 –8.0
6 20 –8.0
7 24 –8.6
8 27 –9.1
9 31 –9.1

10 Tamoxifen –9.1
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1602.30 (C=C), 1497.52 (C=C of ferrocene), 1198.97 
(C-F), 835.91 (of 1,4 disubstituted benzene), 514.09 
cm–1 (Fe-cyclopentadiene stretching of ferrocene); 
1H NMR (CDCl3): δ 8.149 (d, J = 6.9 Hz, 2H, Ar-H), 
7.547 (d, J = 6.3 Hz, 2H, Ar-H), 4.803 (s, 2H, C5H4 
of ferrocene), 4.529 (s, 2H, C5H4 of ferrocene), 4.112 
(s, 5H, C5H5 of ferrocene), 2.310 (bs, 1H, -NH 

proton), MS: m/z 372.75. 
 

7: Yield 95%. m.p. 139-141C. IR: 3263.94 (–
CONH–), 3094.54 (C-H), 1707.35 (C=O of amide), 
1609.56(C=C), 1505.82 (C=C of ferrocene), 
1195.50(C-F), 787.91 (of 1,3 disubstituted benzene), 
506.02 cm–1 (Fe-cyclopentadiene stretching of 
ferrocene); 1H NMR (CDCl3): δ 7.945 (s, 1H, Ar-H), 
7.651 (s, 1H, Ar-H), 7.323 (d, J = 9.6 Hz, 2H, Ar-H), 
4.738 (s, 2H, C5H4 of ferrocene), 4.429 (s, 2H, C5H4 
of ferrocene), 4.132 (s, 5H, C5H5 of ferrocene), 2.310 
(bs, 1H, -NH proton), MS: m/z 372.78. 
 

10: Yield 95%. m.p. 73-75C. IR: 3338.01 (–
CONH–), 3098.59 (C-H), 1723.92 (C=O of amide), 
1605.82(C=C), 1492.08 (C=C of ferrocene), 
1187.03(C-F), 732.37 (of 1,2 disubstituted benzene), 
591.00 cm–1 (Fe-cyclopentadiene stretching of 
ferrocene); 1H NMR (CDCl3): δ 9.195 (bs, 1H, -NH 

proton), 8.185 (s, 1H, Ar-H), 7.548 (s,1H, Ar-H), 
7.335(d, 2H, Ar-H), 4.522 (s, 2H, C5H4 of ferrocene), 
4.496 (s, 2H, C5H4 of ferrocene), 4.252 (s, 5H, C5H5 
of ferrocene), MS: m/z 372.74. 
 

13: Yield 90%. m.p. 160-162C. IR: 3263.94 (–
CONH–), 3100.96 (C-H), 1731.86 and 1708.25 (C=O 
of amide), 1615.88(C=C), 1552.93 (C=C of 
ferrocene), 1180.14(C-F), 681.16, 793.92 and 830.48 
(of 1,2 and 1,3 and 1,4 disubstituted benzene), 592.57 
cm–1 (Fe-cyclopentadiene stretching of ferrocene); 
1H NMR (acetone): δ 10.434 (bs, 1H, -NH proton), 
9.787 (bs, 1H, -NH proton), 8.202 (s, 1H, Ar-H), 

7.601 (s, J = 7.5 Hz, 2H, Ar-H), 7.462(d, J = 7.8 Hz, 
2H, Ar-H), 4.877 (s, 2H, C5H4 of ferrocene), 4.663 (s, 
2H, C5H4 of ferrocene), 4.446 (s, 5H, C5H5 of 
ferrocene), MS: m/z 483.62. 
 

16: Yield95%. m.p. 122-124C. IR: 3355.55 (–
CONH–), 3087.90 (C-H), 1688.41 (C=O of amide), 
1595.72(C=C), 1495.98 (C=C of ferrocene), 
1200.49(C-F), 480.84 cm–1 (Fe-cyclopentadiene 
stretching of ferrocene); 1H NMR (CDCl3): δ 7.382-
6.997 (m, 5H, Ar-H), 4.667 (s, 2H, CH2-N), 4.218 (s, 
2H, C5H4 of ferrocene), 4.114 (s, 2H, C5H4 of 
ferrocene), 4.071(s, 5H, C5H5 of ferrocene), MS: m/z 
386.70. 
 

20: Yield93%. m.p. 156-158C. IR: 3308.18 (–
CONH–), 3106.78 (C-H), 1713.17 (C=O of ester), 
1615.91 (C=O of amide), 1558.56(C=C), 1509.19 
(C=C of ferrocene), 1198.50 cm–1 (C-F); 1H NMR 
(CDCl3): δ 7.535-7.506 (d, 2H, Ar-H), 7.117-7.088 (d, 
2H, Ar-H), 2.189 (s, 1H, -NH), 4.967 (s, 2H, C5H4 of 
ferrocene), 4.547 (s, 2H, C5H4 of ferrocene), 4.321(s, 
5H, C5H5 of ferrocene), MS: m/z 416.48. 
 

24: Yield 95%), m.p. 158-160C. IR: 3395.14 and 
3348.19 (–CONH–), 3104.9 (C-H), 1719.12 (C=O), 
1608.08 (C=C), 1452.77 (C=C of ferrocene), 1251.67 
(C-F of ), 851.25 (of 1, 4 disubstituted benzene), 
503.40 cm–1 (Fe-cyclopentadiene stretching of 
ferrocene); 1H NMR (CDCl3): δ 8.048 (bs, 1H, NH-), 
7.514 (d, J = 6.0 Hz, 2H, Ar-H), 7.367 (d, J = 6.9 Hz, 
2H, Ar-H), 7.087 (d, 2H, Ar-H), 7.010 (d, J = 6.9 Hz, 
2H, Ar-H), 5.161 (s, 2H, C5H4 of ferrocene), 4.842 (s, 
2H, C5H4 of ferrocene), 4.467 (s, 5H, C5H5 of 
ferrocene), MS: m/z 464.54. 
 

27: Yield 90%. m.p. 170-172C. 1H NMR (CDCl3): 
δ 8.222 (d, J = 7.2 Hz, 2H, Ar-H), 8.095(d, J = 7.8 
Hz, 2H, Ar-H), 7.969(d, J = 6.3 Hz, 2H, Ar-H), 
7.741(d, J = 6.9 Hz, 2H, Ar-H), 5.233 (bs, 1H, NH), 

Table 2 — ADME properties of fluorinated ferrocene derivatives 

S. No. Compd H-bond Acceptor H-bond donor Consensus Log P ESOL Log S GI Absorption BBB Log Kp Lipinski 

1 4 4 1 3.53 –5.53 High Yes –4.68 0 
2 7 4 1 3.53 –5.53 High Yes –4.68 0 
3 10 4 1 3.53 –5.53 High Yes –4.68 0 
4 13 8 2 3.88 –6.17 Low No –5.14 0 
5 16 4 0 3.62 –5.69 High No –4.61 0 
6 20 6 1 3.17 –5.45 High Yes –5.18 0 
7 24 5 1 4.57 –7.04 Low No –4.15 1 
8 27 6 1 4.44 –7.06 Low No –4.4 1 
9 31 6 1 4.44 –7.06 Low No –4.4 1 
10 Tamoxifen 2 0 5.77 –6.59 Low No –3.5 1 
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4.858 (s, 2H, C5H4 of ferrocene), 4.538 (s, 5H, C5H5 
of ferrocene), 4.426 (t, 2H, C5H4of ferrocene). 
 

31: Yield 90%. m.p. < 210C. 1H NMR (CDCl3): δ 
8.121 (d, J = 8.4 Hz, 2H, Ar-H), 7.591 (d, J = 8.4 Hz, 
2H, Ar-H), 7.035 (dd, J = 6.6 and 6.9 Hz, 2H, Ar-H), 
6.748 (m, 2H, Ar-H and NH proton), 4.760 (t, 2H, 
C5H4 of ferrocene), 4.431 (t, 2H, C5H4 of ferrocene), 
4.426 (s, 5H, C5H5 of ferrocene). 
 
Conclusion 

In conclusion, readily available and cheap 
chemicals were used to synthesize new fluorine 
substitutes based on ferrocene derivatives at good 
yields. 

The dock score of tamoxifen is comparable with 
newly designed and synthesized fluorinated ferrocene 
derivatives. From docking studies it can be concluded 
that the binding of tamoxifen and fluorinated 
ferrocene derivatives with amino acid residues at the 
active site of the bonding pocket of estrogen receptors 
are the same. This indicates fluorinated ferrocene 
derivatives have potential breast cancer characteristics 
in silico. It can be concluded that fluorinated 
ferrocene analogs have potential anti-cancer activities 
in silico. 

Blind docking helps in identifying potential target 
molecules for their activity against breast cancer. CB 
dock program helps in predicting the potential 
anticancer agents from dock score in less time. 
 
Supplementary Information 

Supplementary information is available in the website 
http://nopr.niscpr.res.in/handle/123456789/58776. 
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