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Abstract 

Ferrocene is an orthodox organometallic complex.  This “sandwich compound” was found to have great flexibility in chemical 

reactions. The use of ferrocenyl derivatives branches into various interesting fields especially for biological applications. 

Derivatives of ferrocenylamides are of great interest in the field of medicine and biology researches, due to their ability to bind 

with various biomolecules, i.e. DNA. Thus, a simple yet effective method in the formation of ferrocenylamide derivatives is 

desirable. Ferrocene is stable in both aqueous and aerobic media, it also has a certain degree of resistance to thermal degradation, 

and hence the synthesis of ferrocenyl derivatives via carbodiimide coupling is possible. In this work, N-analineferrocenylamide 

was synthesised from 3-(ethyliminomethyleneamino)-N,N-dimethylpropan-1-amine (EDC) coupling of ferrocenecarboxylic acid 

and p-phenylenediamine. This synthesis approach is a simple and easy one-pot reaction without the need of tedious conditions 

and has a good product yield. 
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Abstrak 

Ferosena merupakan kompleks organologam yang ortordoks. “Sebatian sandwich” ini didapati mempunyai pelbagai kebolehan 

di dalam tindakbalas kimia. Pengunaan terbitan-terbitan ferosena terjangkau di dalam pelbagai bidang yang menarik terutamanya 

dalam aplikasi biologi. Terbitan-terbitan ferosenilamida telah menarik minat yang mendalam dalam kajian bidang perubatan dan 

biologi, berdasarkan keupayaannya untuk terikat dengan pelbagai biomolekul seperti DNA. Justeru itu, kaedah yang ringkas dan 

efektif dalam pembentukan terbitan-terbitan ferosenilamida telah menjadi keutamaan. Ferosena adalah stabil di dalam kedua-dua 

media akues dan aerobik, ia juga mempunyai darjah keupayaan rintangan yang tertentu terhadap penguraian terma, yang telah 

memungkinkan sintesis terbitan-terbitan ferosena melalui gandingan silang karbodiimida. Di dalam kajian ini, N-

analinaferosenilamida telah disintesiskan daripada gandingan silang 3-(etiliminometilenaamino)-N,N-dimetilpropan-1-amina 

(EDC) terhadap asid karboksilikferosena dan p-fenilenadiamina. Pendekatan sintesis adalah tindakbalas satu pot yang ringkas 

dan mudah tanpa memerlukan keadaan yang remeh dan berjaya menghasilkan hasilan yang baik. 

 

Kata kunci:  ferosena, amida, gantian silang EDC 

 

 

Introduction 

To date, the research on ferrocene and ferrocenyl derivatives are still advancing. Recent years, ferrocenyl 

derivatives are widely used in biological applications [1-10], material science [11] and catalysis [12-13]. Ferrocenyl 

amides were synthesised with various synthetic approaches in the previous occasions [14-19]. To the continuous 
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effort of creating simpler approach to ferrocenyl amide synthesis, this work involves a simple approach with 

carbodiimide coupling. The selected coupling method requires the use of only one reacting vessel, with minimal 

agitation and at room temperature. 

 

This project uses ferrocenecarboxylic acid and p-phenylenediamine as starting materials, leading to the final product 

by a modification of the very successful Steglich esterification. Steglich esterification was reported as very 

successful for bimolecular esterification at rather high dilutions [20], with the use of 3~10% mol of 4-N,N-

dimethylaminopyridine (DMAP) as homogenous organocatalyst. DMAP was used as “activator” for the coupling 

[21], to form a stable intermediate O-acylisourea [22] which resonates into a reactive species that significantly 

catalyse the coupling reaction.  

 

Materials and Methods 

All chemicals and solvents used in this study were obtained from standard commercial suppliers and used as 

received without further purification nor had treatment been carried out prior experimental works. Chemicals 

namely ethyl acetate (EA) and dichloromethane (DCM) were purchased from Fisher Scientific. In addition, 

chemicals namely N,N’-dicyclohexylcarbodiimide (DCC), 3-(ethyliminomethyleneamino)-N,N-dimethylpropan-1-

amine (EDC), ferrocenecarboxylic acid, 4-(dimethylamino)pyridine and dimethyl sulfoxide-d6 (DMSO-d6) were 

supplied by Sigma-Aldrich. While, chemicals namely anhydrous magnesium sulphate, silica gel 60 and ethanol 

were obtained from Merck. The FT-IR spectra were recorded using Perkin Elmer Spectrum 100 FT-IR Spectrometer 

100 in the range of 4000-400cm
-1

 using potassium bromide (KBr) pellets. 
1
H NMR were recorded in DMSO-d6 

using Bruker Avance III 700 MHz at room temperature in the range between δH 0-15ppm. DFT calculations were 

performed with Gaussian 09 (version B.01) package [23]. 

 

Synthesis of N-analineferrocenylamide through DCC coupling 
Synthesis approach for this compound was a modified method from an esterification reported by Srinivas et al. [24]. 

N-analineferrocenylamide was prepared by esterification between 4.35mmol of ferrocenecarboxylic acid and 

6.53mmol of p-phenylenediamine (excess reagent), catalysed by 10% (0.44mmol) DMAP. N,N'-

dicyclohexylcarbodiimide (DCC) of ratio 1:1 to the reagents was employed as the coupling agent. 1.0M DCC 

solution in methylene chloride was mixed in to a septum secured nitrogen purged round bottom flask, with the two 

solid reagents and a magnetic stir bar already mixed in. The DCC solution is kept as dry and clean as possible by 

transferring with a steel syringe needle. 50mL of anhydrous dichloromethane was then transferred into the flask by 

cannula transfer at 4
o
C with the help of ice bath. The solution matrix was then immediately mixed using a magnetic 

stirrer for 6h at a temperature ideally kept below 10
o
C, then another 72h at room temperature. Reaction mixture was 

filtered after the 72h, the crude deep orange filtrate was purified by silica gel (SiO2) column (ethyl acetate: 

dichloromethane = 1:9), to yield a bright orange precipitate. 

 

Synthesis of N-analineferrocenylamide through EDC coupling 
The synthesis setup and steps were completely identical to that of DCC coupling described above, except for 

replacing the liquid DCC with solid EDC•HCl, the EDC•HCl crystals was directly mixed in together with 4.35mmol 

of ferrocenecarboxylic acid and 6.53mmol of p-phenylenediamine. The reaction matrix was directly fed into a silica 

gel (SiO2) column (ethyl acetate: dichloromethane = 1:9), to yield a bright orange precipitate. 

 

DFT optimisation and frequency calculation 
The DFT calculation was performed by using B3LYP as hybrid functional. GEN was used as keyword to specify 

basis sets 6-31G(d,p) on the atoms C, H, O and N; DGaussDZVP [25] on the atom Fe.  

 

Results and Discussion 

Spectroscopic data of N-analineferrocenylamide 
1
H NMR (700MHz, DMSO-d6): δ 4.21(s, 5H, C5H5); 4.39 (t, 

3
JHH  = 4Hz,

 
2H, β-C5H4); 4.88 (s, 2H, NH); 4.94 (t, 

3
JHH = 4Hz, 2H, α-C5H4); 6.54 (p-d, 

2
JHH  = 8Hz, 2H, Ar); 7.27 (p-d, 

2
JHH  = 8Hz, 2H, Ar), 9.10 (s, 1H, NH). IR 

(KBr): ν(N-H, secondary) 3422 cm
-1

; ν(N-H, secondary) 3445 cm
-1

; ν(N-H, primary) 3373 cm
-1

; ν(C=C, Ar) 1647 

cm
-1

, 1544 cm
-1

; ν(C=O, amide) 1606 cm
-1

, 1544 cm
-1

, ν(C-N, secondary) 1404 cm
-1

, 1313 cm
-1

. From the 
1
H NMR 

of N-analineferrocenylamide, protons of the primary amine (H7) appear as a singlet at δH 4.88 ppm, the deshielding 
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effect can be accounted to the diamagnetic anisotropy generated from circulating π-electrons of neighbouring 

phenyl ring [26]. The para-disubstituted benzene (H5 and H6) shows a typical AA’BB’ pattern when expanded, due 

to the protons on the opposite sides of the ring are not magnetically equivalent, portraying a second order splitting. 

Both resonance and negativity effect of oxygen depletes the electron density on the proton H4, leading to a 

deshielding effect, explains the very downfield H4 compare to H7 despite both being a proton attaching to a nitrogen 

atom. Furthermore, H4 is highly possible to participate in hydrogen bonding, which further deshields the proton, 

much downfield compare to the typical 5.0-8.0ppm region of amides. H4 appears as singlet at δH 9.10 ppm, a 

ferrocenylamide was reported previously to show a signal at δH 8.44 ppm, while phenylamide appeared at δH 9.07 

ppm [27]. Meanwhile, Fc-Hα, Fc-Hβ and Fc-C5H5 show a typical A2B2 splitting pattern in their NMR profiles, the 

cyclopentadienyl of some ferrocenyl amides also reported to have the same chemical shift region of 4.01 ppm to 

4.70 ppm [29]. 

 

In the IR spectrum of N-analineferrocenylamide, the bands at 3422 cm
-1

, 3445 cm
-1

 and 1544 cm
-1

 correspond to 

stretching and bending of N-H bonding present in the molecule. Some ferrocenyl derivatives have shown a NH 

bending at frequency of 3100 cm
-1

 to 3300 cm
-1 

[30]. Both secondary and primary amine stretching were observed 

in the spectrum in bands of medium intensity, in well agreement with the proposed structure. The typical bands for 

aromatic C=C is observed as a couple of 1605 cm
-1

 and 1544 cm
-1

. A strong absorption at 1647 cm
-1

 shows the 

presence of C=O, highly possible from an amide. A few reported ferrocenyl amides had shown a C=O stretching at 

around 1600 cm
-1 

[15, 31-33]. At the fingerprint region, a couple of C-H and N-H out-of-plane (oop) bending is 

observed at 824 cm
-1

 and 747 cm
-1

 respectively, further supports the presence of para-substituted aromatic C-H 

[34,35] and NH groups [36] in the molecule. 

 

DFT calculations 

The DFT calculations do not involve any geometry constraint, no solvent optimisation, in gas phase. Table 1 shows 

the selected geometric parameters obtained. The data obtained are in good agreement compared to a published 

crystallography data of similarly structured ferrocenyl amide, namely (4-Ferrocenylphenyl)benzamide [37]. Bond 

lengths of the centre Fe atom to different carbon atoms from the substituted cyclopentadienyl ring are reported to be 

2.034Å, 2.030Å, 2.028Å, 2.039Å and 2.059Å respectively, with the greatest bond length among the five being the 

one attached to a substituent group. However, in the DFT calculations, the C4 that attaches to a substituent group 

has a shortest bond length of 2.075Å to Fe. This might be due to the substituent group in the reported molecule is an 

electron donating benzene group, but the substituent of N-analineferrocenylamide at C4 is an electron withdrawing 

carbonyl group. The bond angles reported are in similar trend to the calculated bond angles, being 40.81
o
, 68.11

o
 

and 68.32
o
 for one, two, three adjacent carbon spacing. 

 

Table 1.  Selected parameters from results obtained in DFT optimisation 

Corresponding Atoms Bond Length (Å) Bond Angle (
o
) 

C1-Fe 2.086 - 

C2-Fe 2.086 - 

C3-Fe 2.076 - 

C4-Fe 2.075 - 

C5-Fe 2.078 - 

C1-Fe-C2 - 40.11 

C1-Fe-C3 - 67.44 

C1-Fe-C4 - 67.47 

C1-Fe-C13 - 112.8 
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Synthesis approach 

The yields from DCC and EDC coupling are 56% and 63% respectively. The primary difference of product matrix 

in the two different couplings are DCC coupling produces a large amount of precipitate, while EDC coupling 

produces little to no precipitate. The precipitate is a typical by-product of DMAP catalysed DCC coupling, N,N’-

dicyclohexylurea (DCU) [38]. DCU is insoluble in most solvents including DCM and EA, which enables it to be 

separated through filtration. 

 

On the other hand, EDC coupling produces a soluble urea, 3-(3-ethylureido)-N.N-dimethyl-1-propanaminium 

chloride as by-product. Separation of desired ferrocenyl amide from the two different coupling methods does not 

have much different, only filtering prior to column chromatography is required for DCC coupling. Thus, the slight 

difference in yield could be accounted to the multiple filtering attempt in removing DCU before the column 

chromatography. Furthermore, spikes of DCU were constantly observed in the NMR profile of N-

analineferrocenylamide in the range of 1-2ppm. Ultimately, the synthesis was repeated by replacing DCC with 

EDC•HCl, which is known to be a water-soluble good alternative for carbodiimide coupling [39]. The product 

separation after EDC coupling is straight forward, effective and much lesser solvent consumption. 

 

A mechanism was proposed for this synthesis referring to a few studies done previously [22,40,41]. After the 

nucleophilic attack from DMAP and expel of the urea leaving group shown in Scheme 1 and Scheme 2, a reactive 

intermediate O-acylisourea is formed. This intermediate is resonance stabilised, which enables it to exist for enough 

time to undergo nucleophilic attack, while reactive enough to be fully converted into end products [40, 43, 44].
 
The 

intermediate undergoes further nucleophilic attack from p-phenylenediamine to form the desired amide, as shown in 

Scheme 3. 

 

 

Scheme 1.  Proposed mechanism of by-product formation in DCC coupling 
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Scheme 2.  Proposed mechanism of by-product formation in EDC coupling 

 

 

Scheme 3.  Formation of N-analineferrocenylamide from O-acylisourea 
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Overall, carbodiimide coupling is very effective, simple and adequate for the synthesis of ferrocenyl amide, i.e. N-

analineferrocenylamide. A good yield of 63% was observed via EDC coupling. 

 

Conclusion 

At current stage of the study, we have demonstrated an efficient EDC coupling for the synthesis of ferrocenyl 

amide. Advantages of this synthesis are simple separation, one-pot reaction and relatively less tedious conditions. 

We anticipate that the same synthesis method could be used for the synthesis of other larger or more complex 

ferrocenyl amides. 
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