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The reaction of [(η5-C5H5)Fe(CO)2]+, with the aminopyridine ligands lead to formation of cationic organometallic complexes of the 

general formula [(η5-C5H5)Fe(CO)2L]+ (where L = 2-Apy, 3-Apy, 4-Apy and Apy = aminopyridine). These ligands have the ability to 

coordinate to a metal center in monodentate fashion via the pyridine ring or amine nitrogen atoms, can form chelate complexes with one 

metal center or bridge two metal ions. Spectroscopic data (FTIR, 1H and 13C NMR and elemental analysis) collected for the five metal 

complexes is consistent with monodenate coordination mode through the pyridyl nitrogen in complexes 2, 3 and 4 atoms and amine 

nitrogen in complexes 1 and 4. 
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INTRODUCTION 

 Among the N-containing ligands, aminopyridine (Apy) 

has drawn attention because of their potentially ambidentate 

nature and pharmacological properties [1-7]. They have also 

demonstrated remarkable electronic and steric tunability, 

characterised by -donor and -acceptor abilities [8,9]. These 

ligands bind to metal ions and organometallic fragments in a 

variety of coordinating modes such as monodentate as well 

as bidentate ligands [10-17].  

 Metal complexes derived from aminopyridine (Apy) 

ligands have attracted considerable attention due to their versa-

tile coordination behaviour and broad applicability in catalysis 

and medicinal chemistry [10-24]. Notably, chiral manganese 

complexes such as [Mn(2,6-Me2Ap)2] have been reported as 

efficient oxidation catalysts, capable of activating inert alip-

hatic C–H bonds. In the presence of hydrogen peroxide, these 

systems selectively oxidize substrates like cyclohexane and 

cumene to afford the corresponding alcohols, cyclohexanol 

and 2-phenyl-2-propanol, as well as ketonic products includ-

ing cyclohexanone and acetophenone [22]. Similarly, titanium 

based aminopyridine complexes, e.g. [Ti(2,6-Me2Ap)Cl2], have 

demonstrated promising performance in olefin polymerisation 

processes. These complexes effectively catalyse the polymer-

isation of ethylene and styrene, yielding polyethylene and 

polystyrene, respectively, highlighting their potential in 
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polymer chemistry [23]. In addition to the catalytic applica-

tions, Apy-containing metal complexes have shown note-

worthy biological activity. The tetranuclear silver complex 

[Ag4(3-aminopyridine)4(NO3)4] has exhibited pronounced anti-

bacterial effects against Escherichia coli and Shigella sonnei 

[21]. Furthermore, cobalt(II) complexes incorporating 2-amino-

pyridine ligands, such as bis(2-aminopyridine)--bis(dicyan-

amido)cobaltate(II), have demonstrated antimicrobial efficacy 

against Candida albicans, Salmonella typhi and Escherichia 

coli [24]. These findings collectively underscore the struct-

ural versatility and functional relevance of aminopyridine-

based metal complexes across catalytic and biological domains. 

 Till now, there has been little exploration on Apy as ligands 

in half-sandwich organometallic compounds, in which it acts 

as either a monodentate ligand or a bridging ligand. Reports 

of half-sandwich organometallic complexes incorporating Apy 

include; [(5-C5H5)Ru(L)(CH3CN)2]PF6 (where L = 2-Apy) 

[18], [(p-cymene)RuCl2L]: (L = 2-aminopyridine and 4-amino-

pyridine) [19] and [Ru(6-arene)LCl]+ (L = 2-Apy) [20], 

[Cp*MCl2(L)] (where M = Rh, Ir and L= 2-Apy) [11]. Given 

the well-established nature of half-sandwich complexes espe-

cially those of cyclopentadienyliron dicarbonyl [25-29], it is 

rather unexpected that compounds featuring simple Lewis’s 

acid, [(5-C5H5)Fe(CO)2]+ with Apy ligands remain unknown. 

In the present contribution, we report synthesis of cationic 
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iron half-sandwich organometallic complexes of the form, 

[(5-C5H5)(CO)2FeL]+, (L= 2-Apy, 3-Apy and 4-Apy). 

EXPERIMENTAL 

 All reactions and handling procedures were performed 

under a nitrogen atmosphere using Schlenk line methodology. 

All solvents used were dried using standard methods. Starting 

materials were procured from Sigma Aldrich and used without 

further purification. Starting material [(5-C5H5)Fe(CO)2I] 

was prepared following the method described in the literature 

[30]. Solid state IR spectra were recorded on a Shimadzu IR 

Tracer-100 spectrophotometer in the range of 4000 and 400 

cm–1. Elemental analyses were performed using server 112 

series elemental analyser. 1H and 13C spectra were recorded 

on Bruker topspin 400 and 600 MHz spectrometers at probe 

temperature using commercially available deuterated solvents. 
1H and 13C NMR chemical shifts were recorded in parts per 

million (ppm) downfield from internal standard Me4Si. 

 Complex 1: A solution of [5-C5H5)Fe(CO)2I], (1.00 g, 

3.290 mmol) in CH2Cl2 (15 mL) and AgNO3 (0. 6285 g, 3.700 

mmol) in a Schlenk tube was refluxed under inert atmosphere 

for 1.5 h. The resultant mixture was cooled to room tempera-

ture and filtered through a canula. 2-Aminopyridine (0.3106 g, 

3.300 mmol) was added to the filtrate and the mixture refluxed 

for 6 h. A brown solution was formed. The solvent was 

removed at reduced pressure to yield 0.82 g (82%) of a brown 

solid. IR (solid state): as(NH2) 3339 cm–1 and s(NH2) 3183 

cm–1, as(C≡O) 2033 cm–1 and s(C≡O) 1986 cm–1, as(NO3) 

1380 cm–1, ring breath 989 cm–1 and (C=N) 1600 cm–1. 

Elemental analysis calcd. (found) %: C, 43.30 (43.20); H, 

3.30 (3.20), N, 12.60 (12.40). 

 Complexes 2 and 3: Complex 2 was obtained by follow-

ing the same reaction procedure as described above for 

2-aminopyridine with the following quantities of the reagents: 

[5-C5H5)Fe(CO)2I] (1.00 g, 3.290 mmol), AgNO3 (0. 6285 g, 

3.700 mmol) and 3-aminopyridine (0.3106 g, 3.300 mmol). 

A dark brown solid (complex 2) was obtained, 0.86 g (86%). 

Solution of complex 2, (1 g, 3.00 mmol) and 1 g (2.922 

mmol) of sodium tetra-phenylborate in in CH2Cl2 (15 mL) 

refluxed for 1 h. The mixture was allowed to cool to room 

temperature; diethyl ether was added and the mixture allowed 

to stand for 20 min when a yellow precipitate formed. Mixture 

filtered via canula and precipitate washed with portions of 

diethyl ether to obtain 0.7 g (70% yield) of yellow solid com-

plex 3. IR (solid state) of complex 2: as(NH2) 3461 cm–1 and 

s(NH2) 3369 cm–1, as(C≡O) 2057 cm–1 and s(C≡O) 2007 

cm–1, as(NO3) 1320 cm–1, ring breath 1028 cm–1 and (C=N) 

1597 cm–1; 1H NMR (62.73 MHz, (CD3)2SO,  ppm): 4.33 (s, 

br, 5Hcp), 5.35 (s, br, 2He), 6.99 (d, Hd), 7.49 (d, Hc), 7.84 (d, 

Hb), 8.20 (d, Ha); 13C NMR (400 MHz, (CD3)2SO,  ppm): 

210 (CO); 148 (C1); 129 (C2); 128 (C3); 127 (C4); 126 (C5); 

88 (5-C5H5). Elemental analysis calcd. (found) %: C, 43.3 

(43.0); H, 3.3 (3.4); N, 12.6 (12.1); IR (solid state) of complex 

3: as(NH2) 3461 cm–1 and s(NH2) 3421 cm–1, as(C≡O) 2043 

cm–1 and s(C≡O) 1992 cm–1, i.p.s Ph (C-C) 1479, 1426 cm–1, 

ring breath 1026 cm–1 and (C=N) 1600 cm–1. Elemental analysis 

calcd. (found) %: C, 73.2 (73.5); H, 5.2 (5.1); N, 4.7 (4.4). 

 Complexes 4 and 5: The reaction was carried out through 

a procedure analogous to that described above for [(5-(C5H5)-

Fe(CO)2(2-Apy)]NO3 (1) with the following quantities of 

reagents: [(5-C5H5)Fe(CO)2I] (1.00 g, 3.290 mmol), AgNO3 

(0.6285 g, 3.700 mmol) and 4-aminopyridine (0.3106 g, 3.300 

mmol). Upon cooling the reaction mixture to room temperature, 

a brown solid precipitated, which was collected by filtration 

to afford a brown residue and a yellow filtrate. The residue 

was washed with several portions of DCM and dried to give 

0.53 g of a brown solid-complex 4. The solvent was removed 

from filtrate at reduced pressure to obtain 0.28 g of a yellow 

residue complex 5. IR (solid state) complex 3: as(NH2) 3388 

cm–1 and s(NH2) 3216 cm–1, as(C≡O) 2047 cm–1 and s(C≡O) 

1989 cm–1, as(NO3) 1326 cm–1, ring breath 1018 cm–1 and 

(C=N) 1620 cm–1
. Complex 4: as(NH2) 3343 cm–1 and 

s(NH2) 3216 cm–1, as(C≡O) 2058 cm–1 and s(C≡O) 2007 

cm–1, as(NO3) 1336 cm–1, ring breath 993 cm–1 and (C=N) 

1601 cm–1; 1H NMR (62.73 MHz, (CD3)2SO,  ppm): 5.38 (s, 

5Hcp), 6.41 (s, br, 2Hc), 6.70 (d, 2Hb), 7.78 (d, 2Ha); 13C NMR 

(400 MHz, (CD3)2SO,  ppm): 212(CO); 157 (C1); 140 (C2); 

109; 88 (5-C5H5); Elemental analysis calcd. (found) %: C, 

43.3 (43.2); H, 3.3 (3.1); N, 12.6 (12.2). For complex 5: 1H 

NMR (62.73 MHz (CD3)2SO,  ppm): 5.27 (s, br, 5Hcp), 6.73 

(s, br, 2Hc), 6.81 (d, 2Hb), 7.89 (d, 2Ha); 13C NMR (400 MHz, 

(CD3)2SO,  ppm): 212 (CO); 160 (C1); 156 (C2); 112; 88 

(5-C5H5); Elemental analysis calcd. (found) %: C, 43.3 (43.3); 

H, 3.3 (3.3); N, 12.6 (12.5). 

RESULTS AND DISCUSSION 

 The novel cationic iron half-sandwich complexes of Apy 

have been synthesised from the reaction of [5-C5H5Fe(CO)2]+ 

with 1:1 molar equivalent of aminopyridine ligands in dichloro-

methane (Scheme-I). These complexes were isolated in good 

yields. The synthesized complexes were obtained as yellow 

to brown solids and exhibited stability under ambient atmos-

pheric conditions. Complexes 1, 2, 3 and 5 are soluble in 

DMSO, DCM, acetone, acetonitrile and chloroform. In contrast, 

complex 4 is readily soluble in DMSO and sparingly soluble 

in DCM, acetone, acetonitrile and chloroform. All these com-

plexes were characterised by FT-IR, 1H & 13C NMR spectro-

scopy and elemental analysis. Our efforts to obtain the crystals 

by exchanging the nitrate counter ion with bulky tetraphenyl 

borate counter ion was unsuccessful (yielded yellow powder 

upon precipitation by diethyl ether).  

 Spectral studies: In the solid state, the FT-IR spectral 

data (Table-1) show the expected absorptions corresponding 

to the Apy ligands, in addition to distinct bands arising from 

the cyclopentadienyl and carbonyl moieties, which serve as 

diagnostic features. Bands characteristic of the cyclopenta-

dienyl ligand in all the complexes observed in the range 3112 

-3095 cm–1. This observation agrees with a previous publi-

shed study by Phiri [25], who found cyclopentadienyl C-H 

stretching frequency within the same range. Two terminal 

carbonyls on the iron center were evident in all the complexes 

by the presence of two very strong bands in the range 2058-

1976 cm–1. This is consistent with spectral data reported for 

cationic iron half sandwich complexes [26,27]. The presence  
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of nitrate counter ion, was confirmed by observation of a 

bands in range at 1380-1320 cm–1 assignable for as(NO3), 

which agrees with reports by Sall et al. [31] and Mihaylov et 

al. [32]. The BPh4 counter ion was also confirmed present in 

complex 3 by observation of bands at 1479 cm–1 and 1446 

cm–1 assignable to the in-plane skeletal C-C stretching modes 

of the phenyl ring in BPh4 [33]. The bands at 3339 and 3183 

cm–1 (1), 3461 and 3369 cm–1 (2), 3461 and 3421 cm–1 (3), 

3337 cm–1 and 3214 cm–1 (4) and 3343 and 3216 cm–1 (5) are 

assignable to asymmetric and symmetric N–H stretching 

modes of the amino group. The data is consistent with those 

reported by M’thiruaine et al. [27]. The absorption band at 

1600 cm–1 and 989 cm–1 (1), 1597 cm–1 and 1028 cm–1 (2), 

1600 cm–1 and 1026 cm–1 (3), 1620 cm–1 and 1018 cm–1 (4), 

1601 cm–1 and 993 cm–1 (5) were assigned to the C=N stretch 

and the ring breathing mode of the pyridine ring which is in 

agreement with research by Yenikaya et al. [34] and 

Büyükmurat et al. [35].  

 Relative to the free ligand the N–H stretching frequen-

cies (s(NH2), as(NH2)) of the coordinated 2-aminopyridine 

and 4-aminopyridine are shifted to lower wavenumbers by 

104 and 100 cm–1 (1), -86 and -96 cm–1 (4) and -84 and -90 

cm–1 (5), respectively, suggesting that the nitrogen of amino 

group (-NH2) is involved in coordination to the organometallic 

 
Scheme-I: Synthesis of cationic iron half-sandwich complexes of aminopyridines [(η5-C5H5)Fe(CO)2L]+ 

 
TABLE-1 

FT-IR SPECTRA DATA (cm–1) 

Band 

assignment 

Complexes 

1 Δ 2 Δ 3 Δ 4 Δ 5 Δ 

Cp (C–H) 3110  3102  3095  3095  3112  

as(CO) 2033  2057  2043  2047  2058  

s(CO) 1986  2007  1992  1989  2008  

δ(NH2) 1668 +45 1633 +6 1620 -7 1651 +5 1652 +7 

s(NH2) 3183 -100 3369 +68 3421 +120 3216 -84 3216 -84 

as(NH2) 3339 -104 3461 +88 3461 +88 3388 -96 3343 -90 

(C=N) 1600 +5 1597 +12 1600 +15 1620 +22 1601 +3 

Ring breath 989 +4 1028 +14 1026 +12 1018 +30 993 +5 

as(NO3) 1380  1320  –  1326  1336  

i.p.s Ph (C-C) –  –  1479, 1426  –  –  

 = stretching, δ = scissoring, as = asymemetric and s = symmetric, Cp = cyclopentadienyl, i.p.s Ph = in-plane skeletal C-C stretching modes of 

the phenyl ring in BPh4, Δ = differences between the wavenumbers of the coordinated and free aminopyridine. Coordination sensitive wave-

numbers are marked as bold. 1 = [(η5-C5H5)Fe(CO)2(2-Apy)]NO3, 2 = [(η5-C5H5)Fe(CO)2(3-Apy)]NO3, 3 = [(η5-C5H5)Fe(CO)2(3-Apy)]BPh4, 4 

= [(η5-C5H5)Fe(CO)2(4-Apy)]NO3 (A), 5 = [(η5-C5H5)Fe(CO)2(4-Apy)]NO3 (B). 
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fragment [26-28] or loss of intramolecular hydrogen bonding 

Gokhale et al. [36]. Upon coordination, the N–H bond is 

weakened and the N–H stretching frequencies are lowered. 

The stronger the metal-nitrogen bond, the weaker is the N–H 

bond and the lower are the nitrogen-hydrogen stretching 

frequencies [37]. Further, a blue shift of N–H scissoring 

wavenumbers by ≈ 45 cm–1 upon coordination of 2-Apy in 

complex 1 indicate that amino group maybe involved in 

coordination to organometallic fragment [28]. On the other 

hand, C=N stretch and ring breath vibration modes are very 

sensitive to coordination of the pyridine ring from the endo-

cyclic nitrogen lone pair of electrons. If coordination takes 

place through the ring nitrogen lone pair of electrons increase 

in wave number is expected [17,38,39]. Slight blue shift of 5 

and 4 cm–1 (1), of 3 cm–1 and 5 cm–1 (5), respectively indicates 

that the pyridine ring nitrogen is not directly involved in 

coordination whereas blue shifts by 12 and 14 cm–1 (2), 12 

cm–1 and 15 cm–1 (3), 22 and 30 cm–1 (4), respectively the 

C=N stretch ring breathing vibration frequencies of the 

coordinated ligand relative to the free ligand indicates that 

the ring nitrogen was involved in coordination [17,20,39].  

 The chemical shift at  5.35 ppm (2), 5.38 ppm (4) and 5.27 

ppm (5) were assigned to five equivalent cyclopentadienyl 

ring protons, which agrees with literature [27,40]. The chemical 

shift at  4.33 ppm (2), 6.41 ppm (4) and 6.73 ppm (5) were 

assigned to amino group protons. The chemical shifts for the 

pyridine protons were observed at  6.99-8.20 ppm [38] in 

complex 2. The doublets at  7.78 and 6.70 ppm in complex 4 

and  7.89 and 6.81 ppm in complex 5 are assigned to the ortho- 

and meta-pyridine ring protons, respectively, in agreement 

with what has been reported in the literature [41]. In comp-

lexes 2 and 4 the ortho-protons were generally shielded rela-

tive to the meta-protons. When nitrogen of the pyridine ring 

system is involved in coordination, the ortho-protons are 

shielded while meta-protons are deshielded [42]. Thus, these 

results indicate that the nitrogen of the ring system was 

involved in coordination to the metal centre. Further, the 

chemical shifts observed for the pyridine ring protons in 

complexes 2 and 4 are very close to those of the free ligand 

revealing that the deshielding expected upon -coordination 

of 3-aminopyridine and 4-aminopyridine is compensated for 

by the shielding due to -back electronic flow to the coordi-

nated 3-aminopyridine molecule. This agrees with literature 

reports by Dhaveethu et al. [38] and Côrte-Real et al. [43]. 

The observed amino group protons downfield shift by 0.69 

ppm (6.04 ppm in free 4-aminopyridine versus 6.73 ppm in 

complex 5) suggests that coordination of the central metal 

atom in Fp to the 4-Apy molecule took place at the amino 

group nitrogen (Table-2), which agrees with a literature report 

by M’thiruaine et al. [27]. Thus, this shift can be attributed to 

the deshielding of the amino group proton as nitrogen donates 

its lone pair to the metal. This observation corroborates the 

FTIR results and the results from the 13C NMR chemical shift 

data. 

 Chemical shifts at  212.2 ppm (4 and 5) and 210.1 ppm (2) 

is assignable to terminal carbonyl carbon atoms. The chemical 

shift due to the equilibrated carbon atoms of the cyclopenta-

dienyl ring was observed at  88.0 ppm (4 and 5) and 88.4 ppm  

TABLE-2 
1H NMR DATA OF 2, 4 AND 5. THE VALUES IN BRACKETS 

REPRESENT THE DIFFERENCES OF CHEMICAL SHIFT  

ON PROTONS BETWEEN THE COORDINATED AND  

THE FREE AMINOPYRIDINE LIGANDS 

Complex 
Assign-

ment 
1H δ (In (CD3)2SO) Ligand structure 

2 

Ha 8.20 (+0.12) 

 

Hb 7.84 (-0.15) 

Hc 7.49 (+0.46) 

Hd 6.99 (+0.02) 

He 4.33 (+0.44) 

HCp 5.35 

4 

Ha 7.78(d, 2H) (-0.20) 

 

Hb 6.70 (d, 2H) (+0.23) 

Hc 6.41 (s, 2H) (+0.37) 

HCp 5.38 (s, 5H) 

5 

Ha 7.89 (d, 2H) (-0.09) 

Hb 6.81 (d, 2H) (+0.24) 

Hc 6.73 (s, 2H) (+0.69) 

HCp 5.27 (s, 5H) 

Hcp = protons of the cyclopentadienyl ring. 

 

(2) (Table-3) and is consistent with established literature report 

[29]. In complexes 2 and 4 the carbon atom on ortho-position 

greatly shielded due to π-back-bonding from two orthogonal 

metal orbitals to the π*-orbitals of the 3-apy and 4-Apy moiety 

increasing electron density at these sites while carbon atoms 

on the meta-position are deshielded. This indicates that pyri-

dine ring nitrogen is involved in coordination. This is consis-

tent with established literature [34,44]. In complex 5, carbon 

atom C(1) bearing amine group, is greatly deshielded by 6.0 

ppm (152.2 ppm in free ligand relative to 160.2 ppm in 

complex salt) which can be attributed to nitrogen of the amine 

group donating its lone pair of electrons to the cationic metal 

fragment. 

 
TABLE-3 

13C NMR DATA OF 2, 4 AND 5. THE VALUES IN BRACKETS 

REPRESENT THE DIFFERENCES OF CHEMICAL SHIFT  

ON CARBON ATOMS BETWEEN THE COORDINATED  

AND THE FREE AMINOPYRIDINE LIGANDS 

Complex Assignment 
13C δ (In 

(CD3)2SO) 
Ligand structure 

2 

C(1) 148.3 (+5.8) 

 

C(2) 129.2 (-10.2) 

C(3) 128.1 (-9.2) 

C(4) 127.5 (+3.9) 

C(5) 126.9 (+5.6) 

Ccp 88.0 

CO 210.1 

4 

C(1) 157.5 (+4.3) 

 

C(2) 140.6 (-8.8) 

C(3) 109.3 (+0.5) 

Cp 88.0 

CO 212.2 

5 

C(1) 160.2 (+6.0) 

C(2) 156.5 (+7.1) 

C(3) 112.2 (+2.4) 

Cp 88.0 

CO 212.2 

Ccp = Carbon atoms of the cyclopentadienyl ring.  

CO = Carbonyl carbon atoms of organometallic fragment. 
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Conclusion 

 Lewis acid, [(5-C5H5)Fe(CO)2]+ have been shown to 

react with aminopyridine ligands to form mononuclear comp-

lexes of the form, [(5-C5H5)Fe(CO)2L]+ (where L = 2-amino-

pyridine, 3-aminopyridne and 4-aminopyridine). All the 

complexes were characterised by the usual spectroscopic 

techniques (FTIR and NMR). The NMR and FTIR spectral 

data of the salt complexes show that Apy ligands exhibited 

unique coordination properties, as they are expected to coordi-

nate to the metal fragment through the pyridine ring nitrogen. 

However, unexpected donor-site preferences were shown by 

the Lewis acid [(5-C5H5)Fe(CO)2]+ across the Apy series. 

Moreover, 2-Apy coordinates via the amino group nitrogen 

probably due to the steric reasons, 3-Apy binds exclusively 

through the pyridine ring nitrogen and uniquely 4-Apy affords 

two isolable isomers featuring each donor site independently, 

structural feature not previously reported in this class of  

iron complexes. The formation of both isomers is rationalised 

mechanically: the cationic [(5-C5H5)Fe(CO)2]+ fragment can 

coordinate either donor site. Minimal steric difference between 

the para-positions enable both amino and pyridine ring 

donors energetically accessible. This diversity is both unique 

and previously underexplored for the cyclopentadienyliron 

dicarbonyl metal fragment.  
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