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An expedient approach to synthesize fluorescent
3-substituted 4H-quinolizin-4-ones via
(η4-vinylketene)-Fe(CO)3 complexes†

Alfredo Rosas-Sánchez,a Rubén A. Toscano,b José G. López-Cortésb and
M. Carmen Ortega-Alfaro*a

An efficient and practical methodology for the synthesis of 3-substituted 4H-quinolizin-4-ones using (η4-
vinylketene)-Fe(CO)3 complexes as key intermediates has been developed. The advantage of this trans-

formation lies in the use of simple and readily available starting materials and mild carbonylation con-

ditions. The fluorescent properties of these compounds were determined and the quantum yield was

obtained, ranging from 0.04 to 0.36 depending on the substituent.

Introduction

Heterocyclic systems with a ring-junction nitrogen atom are of
great interest due to the broad range of important biological
and pharmaceutical applications that many of these deriva-
tives exhibit.1 Within this huge family of compounds, bicyclic
systems such as 4H-quinolizin-4-one have shown antimicro-
bial,2 antibacterial,3 antiallergic4 and HIV-integrase inhibitory5

activities, and other compounds exhibit interesting appli-
cations such as Mg2+-selective fluorescent indicators for
intracellular 3D imaging.6 However, despite the potential
applications of 4H-quinolizin-4-one derivatives, according to
the literature only limited and non-general synthetic routes are
known, and in some cases these require the use of drastic reac-
tion conditions, multistep synthesis for obtaining appropriate
starting materials or the use of highly expensive metals (i.e.,
Pd or Rh), and include the disadvantage of poor global yields.
Reported methods (Scheme 1) involve: (method A)7 intramole-
cular cyclization by thermolysis of α-substituted pyridine-N-
oxides; (method B)8 acid-catalyzed annulation of quinoline-1-
oxide with suitable substituted ylidenmalonodinitriles;
(method C)9 thermal ring closure of the α-substituted pico-
lines/β,β-dichloroacrolein condensation product; (method D)10

nucleophilic addition of active methine compounds to cyclic

alkynylpyridine; (method E)11 a multicomponent reaction/
N-allylation/intramolecular Heck reaction sequence; (method
F)12 a Rh(III)-catalyzed double C–H activation and an oxidative
coupling between primary benzamides and two alkyne units;
and (method G)13 thermal rearrangement of 4-(2-pyridyl)-2-
cyclobutenones.

Remarkably, transformations in methods A and G are
thought to occur via intramolecular cyclization of the transient
vinylketenes generated during the process; however spectro-
scopic evidence could not be obtained.

Since vinylketenes are usually unstable and highly reactive,
the use of transition metals constitutes a powerful technique
to stabilize this kind of intermediate, allowing to perform a
large number of interesting transformations.14 In this context,
isolable η4-vinylketene iron complexes can be obtained from
vinylketone iron(0) complexes and used as precursors in
different synthetic applications.15

Recently, we reported the synthesis of an elusive ferrocenyl-
vinylketene as a stable Fe(0) complex by means of the reaction
of an [η2-(1-ferrocenyl-3-(2-pyridyl)-2E-propen-1-one)]-Fe(CO)4
complex with MeLi under mild carbonylation conditions. The
reactivity of this (η4-ferrocenylvinylketene)-Fe(CO)3 complex,
under thermal conditions, led to the formation of a 3-ferro-
cenyl-4H-quinolizin-4-one and the mechanism of this trans-
formation was studied computationally within the DFT
framework.16 As a logical extension of that work, we decided to
replace the ferrocenyl fragment by different substituents
including aryl and heterocyclic groups. Thereby, in this paper
we report an efficient and concise alternative route to obtain
3-substituted 4H–quinolizin-4-ones from simple and readily
available starting materials, using isolable and stable
η4–(vinylketene)iron(0) complexes as key intermediates (Fig. 1).
Interestingly, these new compounds 4 exhibit fluorescent
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properties, making them potential precursors for optical
applications.

Results and discussion
Synthesis of (η4-vinylketene)-Fe(CO)3 complexes 3

(η4-Vinylketene)-Fe(CO)3 complexes 3 were obtained following
the methodology described in Scheme 2. The starting
materials 1-substituted 3-(2-pyridyl)-2E-propen-1-ones 1 were
prepared through a base-catalyzed aldol-type condensation
reaction between 2-pyridinecarboxaldehyde and the corres-
ponding ketone, in the presence of LiOH·H2O under catalytic
conditions.17 Satisfactory IR, NMR [1H, 13C{1H}] and mass
spectra were obtained for each synthesized compound. Sub-
sequently, the α,β-unsaturated ketones 1a–l were coordinated
to Fe(0) in the presence of Fe2(CO)9

18 at room temperature,
affording the corresponding (η2-PyCHCHCOR)-Fe(CO)4 com-
plexes 2. Additionally, in some cases it was possible to observe

the formation of (η4-PyCHCHCOR)-Fe(CO)3 complexes as
byproducts and the separation of both complexes could be
achieved by flash column chromatography; however, this is
unnecessary because the mixture of both complexes works
well in the next transformation.

For the purpose of an unambiguous characterization, we
undertook the isolation and purification of complexes 2,
obtained as orange solids in moderate to good yields (Table 1),
with the exception of 2k which readily decoordinates during
the workup of the reaction. The formation of (η2-PyCHCH-
COR)-Fe(CO)4 complexes 2a–l was corroborated by 1H-NMR,
where the chemical shifts of the coordinated olefinic protons
attached to Cα and Cβ are shifted upfield as two doublet
signals at around 5.5 ppm and 5.0 ppm ( J ≈ 10.2 Hz) com-
pared with the chemical shift of the same protons in the free
ligands. In 13C{1H}-NMR, the chemical shift of the ketone still
occurs around 190 ppm, while in IR spectroscopy it is possible
to observe the ν(CvO) band around 1680 cm−1, thus indicating

Scheme 1 Rn in the quinolizinone system is H if it is not specified in the method. Yields shown in the scheme correspond to the last step. Reagents
and conditions. Method A: (i) R1–C≡C–CO–R2, LDA, THF; (ii) MCPBA, CHCl3; (iii) 380 °C. Method B: (iv) Ac2O, Et3N, 3 h; (v) H3O

+ reflux, 2 h. Method
C: (vi) 1. CH3COOH, 0 °C; 2. H2O, 25 °C, 16 h; (vii) dioxane: H2O (1 : 1) reflux, 6 h. Method D: (viii) NaH, Diglyme, 150 °C, 8–22 h. Method E: (ix) nBuLi,
THF, −78 °C to rt; (x) NaH, allylbromide, THF, 50 °C; (xi) Pd(OAc)2 5%, Et3N, DMF, 120 °C, 16 h. Method F: (xii) [Cp*RhCl2]2 4%, Ag2CO3, CH3CN,
115 °C, 12 h. Method G: (xiii) 1. THF, −78 °C, 2. Ac2O, 1.5 h, 3. NaHCO3(ac.); (xiv) 85 °C–100 °C.

Fig. 1 Retrosynthetic strategy to 3-substituted 4H–quinolizin-4-ones.

Scheme 2 Synthesis of tricarbonyl(η4-vinylketene)iron(0) complexes 3.
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that the CvO bond in the ligand is not coordinated to the
metallic fragment. The structures of 2a (Fig. 2) and 2h (see
ESI†) were confirmed by X-ray single crystal diffraction. As
noticed in 1H and 13C{1H}-NMR, the molecular structures
reveal the coordination of the metal fragment only to the
carbon–carbon double bond, with a slightly–distorted trigonal
bipyramidal geometry around the iron atom and the CvC
occupying an equatorial position, which is consistent with the
results observed in other η2-(α,β-unsaturated ketones)-Fe(CO)4
complexes.19

With complexes 2 in hand, we next undertook the synthesis
of (η4-vinylketene)-Fe(CO)3 complexes 3 under mild carbonyla-

tion conditions.16 Complexes 3 were obtained as air and moist-
ure stable compounds in moderate to good yields (Table 1). It
is noteworthy that, in the case of [η2-(α,β-unsaturated
ketones)]-Fe(CO)4 complexes containing bromine and iodine
as substituents, the possible halogen exchange promoted by
MeLi was not observed. On the other hand, for ketenes con-
taining heterocyclic substituents 3j–k (Table 1, entries 10 and
11), the corresponding complexes were not isolated due to the
degradation of the product during the workup of the reaction
and the mixture was used in the next transformation without
purification.

As expected, the IR spectra of (η4-vinylketene)-Fe(CO)3 com-
plexes show a middle-intensity absorption band around
1740 cm−1 assigned to the vibrational frequency of the ketene
group, while in 13C{1H}-NMR spectroscopy, the chemical shift
for the carbonyl carbon of the ketene (CvC̲vO) occurs down-
field, at around 230 ppm. In 1H-NMR, two doublet signals at
around 7.40 ppm and 3.20 ppm as a coupled system with J ≈
8.4 Hz are assigned to the hydrogens attached to Cα and Cβ,
respectively.

Additionally, the structure of 3g was also confirmed by
single crystal X-ray diffraction (Fig. 3).

The crystal structure of 3g shows a distorted trigonal bipyra-
midal geometry around the iron atom due to the coordination
to three CO ligands and a η4-coordination to the vinylketene
through the four carbon atoms in the system. According to the
gathered data, no significant differences in the geometry and
bond distances around the ketene moiety can be seen with
regard to other (η4-vinylketene)-Fe(CO)3 complexes containing
different substituents.15c,16,20

Table 1 Synthesis of complexes 2a and complexes 3b

Entry 1 R

Yieldc (%)

2 3

1 1a Ph 79 (2a)d 82 (3a)
2 1b 4-MeC6H4 89 (2b) 76 (3b)
3 1c 4-BrC6H4 87 (2c) 78 (3c)
4 1d 4-IC6H4 83 (2d) 90 (3d)
5 1e 4-CF3C6H4 94 (2e) 47 (3e)
6 1f 4-MeOC6H4 85 (2f) 80 (3f)
7 1g 4-PhC6H4 82 (2g)d 77 (3g)
8 1h 2-Napthyl 86 (2h) 83 (3h)
9 1i 2-(N-methylpyrrolyl) 85 (2i) 78 (3i)
10 1j 2-Furyl 86 (2j) n.d. (3j)e

11 1k 2-Thienyl n.d. (2k)e n.d. (3k)e

12 f 1l Ph 87 (2l) 73 (3l)

a Conditions: 1 (1.0 mmol), Fe2(CO)9 (1.5 mmol). b Conditions: 2
(0.5 mmol), MeLi (1.1 equiv.), DCM (20 mL). c Isolated yields of
complexes after purification. dCombined yield of η2 and η4 complexes
(η2/η4 ratio ∼2 : 1 determined by 1H-NMR). eNot determined (the
complex decomposes readily so it was used in the next step without
further purification). f 2-Quinolinecarboxaldehyde was used instead of
2-pyridinecarboxaldehyde.

Fig. 2 ORTEP view of 2a with thermal ellipsoids at 30% probability
level. Selected bond lengths (Å) and angles (°): Fe(1)–C(18) 1.804(2);
Fe(1)–C(19) 1.807(2); Fe(1)–C(16) 1.825(2); Fe(1)–C(17) 1.829(2); Fe(1)–
C(2) 2.110(2); Fe(1)–C(3) 2.124(2); O(1)–C(1) 1.220(2); C(2)–C(3) 1.412(2);
C(18)–Fe(1)–C(19) 116.34(10); C(18)–Fe(1)–C(16) 87.77(8); C(19)–Fe(1)–
C(16) 90.18(9); C(18)–Fe(1)–C(17) 89.79(9); C(19)–Fe(1)–C(17) 89.15(9);
C(16)–Fe(1)–C(17) 176.87(8); C(18)–Fe(1)–C(2) 108.18(8); C(19)–Fe(1)–
C(2) 135.36(9); C(16)–Fe(1)–C(2) 88.37(7); C(17)–Fe(1)–C(2) 94.26(8);
C(18)–Fe(1)–C(3) 146.79(9); C(19)–Fe(1)–C(3) 96.81(9); C(16)–Fe(1)–C(3)
94.37(7); C(17)–Fe(1)–C(3) 88.75(8); C(2)–Fe(1)–C(3) 38.97(6); C(3)–
C(2)–Fe(1) 71.04(10); C(2)–C(3)–Fe(1) 69.99(10).

Fig. 3 ORTEP view of 3g with thermal ellipsoids at 50% probability
level. Selected bond lengths (Å) and angles (°): Fe(1)–C(24) 1.792(2); Fe(1)–
C(23) 1.801(2); Fe(1)–C(22) 1.858(2); Fe(1)–C(1) 1.931(2); Fe(1)–C(2)
2.1522(18); Fe(1)–C(3) 2.1037(19); Fe(1)–C(4) 2.1612(19); C(1)–C(2)
1.474(3); C(2)–C(3) 1.412(2); C(3)–C(4) 1.415(3); C(2)–C(5) 1.481(3); C(4)–
C(17) 1.481(3); C(24)–Fe(1)–C(23) 100.30(10); C(22)–Fe(1)–C(3) 93.83(8);
C(23)–Fe(1)–C(4) 166.10(8); C(24)–Fe(1)–C(22) 98.51(9); C(1)–Fe(1)–C(3)
72.15(8); C(22)–Fe(1)–C(4) 93.82(8); C(23)–Fe(1)–C(22) 92.28(9); C(24)–
Fe(1)–C(2) 134.92(9); C(1)-Fe(1)–C(4) 80.45(8); C(24)–Fe(1)–C(1)
96.80(9); C(23)–Fe(1)–C(2) 97.44(8); C(3)–Fe(1)–C(4) 38.73(7); C(23)–
Fe(1)–C(1) 90.30(9); C(22)–Fe(1)–C(2) 121.86(8); C(2)–Fe(1)–C(4) 68.76
(7); C(22)–Fe(1)–C(1) 163.75(8); C(1)–Fe(1)–C(2) 41.89(8); C(24)–Fe(1)–
C(3) 129.16(9); C(23)–Fe(1)–C(3) 128.36(8); C(2)–C(1)–Fe(1) 77.10(11);
C(3)–C(2)–Fe(1) 68.78(10); C(1)–C(2)–Fe(1) 61.01(10); C(3)–Fe(1)–C(2)
38.73(7); C(24)–Fe(1)–C(4) 91.14(9); C(2)–C(3)–Fe(1) 72.49(11); C(4)–
C(3)–Fe(1) 72.83(11); C(3)–C(4)–Fe(1) 68.44(10).
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Thermal cyclization of complexes 3

Finally, complexes 3 were refluxed in anhydrous benzene to
promote intramolecular ring closure, affording the exclusive
formation of 3-substituted 4H-quinolizin-4-ones 4 (Scheme 3).
Good yields (72%–82%) were obtained for compounds 4a–h
bearing an electron-rich or an electron-deficient aryl group at
the 3-position of the quinolizinone system, proving that no
electronic effect disturbs this ring closure process. In the case
of compounds with heterocyclic substituents, as mentioned
above, decomposition of the corresponding (η4-vinylketene)-
Fe(CO)3 complexes was observed during the workup of the
reaction and the synthesis of quinolizinones 4j and 4k was
performed without the purification of these intermediate com-
plexes. Thus, the results obtained for 4j and 4k are described
as global yield based on the corresponding α,β-unsaturated
ketone.

The molecular structures of 4a, 4d (see ESI†) and 4e (Fig. 4)
were confirmed by X-ray diffraction analysis of suitable single
crystals.

The crystal structures show a two-ring fused system with a
bridge-head nitrogen atom essentially sp2 hybridized, display-
ing a trigonal planar molecular geometry (sum of angles ≈
360°); hence the lone pair in the pure p orbital on the nitrogen

is delocalized to contribute to the aromaticity in the
molecule.21

As we have previously established by DFT calculations and
experimental data,16 the [Fe(CO)3] moiety not only stabilizes
the vinylketene, but also helps in the E/Z isomerization of the
vinyl fragment and serves as a coordination template, which
explains the regiochemistry of this cyclic reaction.

Optical properties of 4H-quinolizin-4-ones 4

Although 4H-quinolizin-4-ones are of medical and pharma-
ceutical importance, we were interested in exploring their
optical properties. Compounds 4 are yellow coloured and
display bright yellow/green fluorescence in solution.

We acquired the absorption and emission spectra for com-
pounds 4 (Fig. 5) observing that all compounds displayed
maximum absorption in the visible region at λabs from 406 nm
to 428 nm, with reasonable extinction coefficients (ε ≈ 2 × 104

M−1 cm−1), and broad maximum emission bands in the range
of 480–530 nm at an excitation wavelength of 365 nm.

As can be seen from the Hammett plot22 in Fig. 6, there is a
linear fit with a negative slope between the Hammett para-
meter for the para–substituent on the phenyl ring (σp

+)23 and
the Stokes shift observed in compounds 4a–g. Substituents
with net electron-withdrawing properties on the phenyl ring
result in a shorter Stokes shift whereas net electron donating
substituents result in larger values. On the other hand, com-
pounds 4k, 4i and 4h show Stokes shifts of 3284 cm−1,
3721 cm−1 and 4029 cm−1 respectively, while compound 4l,
which has an additional ring fused to the quinolizinone
system, exhibits the largest Stokes shift of 4876 cm−1 (Table 2,
entries 8–11). Regarding the emission intensity of 4H-quinoli-
zin-4-ones, there is also a notable effect caused by the substi-
tution patterns in the molecule. Compounds 4e and 4g
containing –CF3 and –Ph show the highest photoluminescence
with quantum yields Φ = 0.36 and 0.32, respectively (Table 2,
entries 5 and 7). In contrast, compound 4l shows the lowest
emission intensity (Φ = 0.04) in comparison with the ana-
logous compound 4a (Φ = 0.25) (Table 2, entries 1 and 11).

Scheme 3 Scope of the 4H-quinolizin-4-one synthesis. Conditions: 3
(0.5 mmol), anhydrous benzene, reflux, 4 h. bIsolated yields. cGlobal
yield from α,β-unsaturated ketone. dComplex 3l contains a 2-quinolyl
group as a substituent instead of a 2-pyridyl group.

Fig. 4 ORTEP view of 4e with thermal ellipsoids at 50% probability
level. Selected bond lengths (Å) and angles (°): O(1)–C(4) 1.229(2); C(3)–
C(4) 1.424(3); C(4)–N(10) 1.436(3); C(5)–N(10) 1.388(3); C(9)–N(10)
1.389(3); O(1)–C(4)–C(3) 127.2(2); O(1)–C(4)–N(10) 117.34(19); C(3)–
C(4)–N(10) 115.48(18); C(5)–N(10)–C(9) 119.80(19); C(5)–N(10)–C(4)
116.76(18); C(9)–N(10)–C(4) 123.42(18).
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Further studies on the photophysics of these compounds are
in progress and will be published in due course.

Conclusions

In summary, we have developed an efficient and practical
methodology for the synthesis of 3-substituted 4H-quinolizin-
4–ones in only four steps from simple and readily available
starting materials. This methodology is based on a thermal
intramolecular cyclization of (η4-vinylketene)-Fe(CO)3 com-
plexes, where the [Fe(CO)3] fragment plays an important role
in stabilizing the highly reactive ketene group. Furthermore,
this synthetic approach tolerates different kinds of aromatic
rings, thus illustrating the scope of the reaction that, in prin-
ciple, can be carried out with a vast number of α,β-unsaturated
ketones containing a pyridine fragment. Moreover, this proto-
col has the additional advantage of requiring only mild reac-
tion conditions, thus avoiding the use of cumbersome
apparatus and highly expensive metal complexes.

Finally, this methodology provides a useful and alternative
synthetic approach to interesting photoluminescent com-
pounds that can be applied to a range of π-conjugated linear
and cyclic structures and that could be used to design new
assemblies of interest for organic light emitting diodes
(OLEDs) and other electronic applications.

Experimental details
General considerations

All reagents and solvents were obtained from commercial sup-
pliers and used without further purification. Fe2(CO)9 was pre-
pared using published methods.24 Column chromatography
was performed using 70–230 mesh silica gel. Yields are based
on the pure products isolated. All the compounds were charac-
terized by IR spectra recorded on a Perkin-Elmer Spectrum 100

Fig. 6 Plot of the Hammett parameter vs. Stokes shift for compounds
4a–g. (σp

+ for H = 0.0; Me = −0.31; Br = 0.15; I = 0.14; CF3 = 0.61; OMe
= −0.78; Ph = −0.18.)23 Stokes shift = −336.33σp+ + 3876.3, R2 = 0.9461.

Table 2 Electronic absorption and photoluminescence of compounds 4a

Entry 4
λabs

b

[nm]
εc × 104

[M−1 cm−1]
λem

d

[nm]
νabs − νem

e

[cm−1] Φ f

1 4a 406 2.72 483 3927 0.25
2 4b 407 1.66 486 3994 0.25
3 4c 409 1.92 485 3831 0.23
4 4d 410 1.68 485 3772 0.10
5 4e 410 1.79 483 3686 0.36
6 4f 408 2.52 491 4143 0.23
7 4g 412 2.41 491 3905 0.32
8 4h 412 2.05 494 4029 0.29
9 4i 418 1.06 495 3721 0.19
10 4k 428 2.67 498 3284 0.26
11 4l 418 0.99 525 4876 0.04

a Compound 4j decomposes in solution. b Absorption maxima in
CHCl3 at c = 7 × 10−4 M. cMolar extinction coefficient at absorption
maxima. d Emission maxima in CHCl3 at c = 1 × 10−4 M; λex = 365 nm.
e Stokes shift. fQuantum yields for emission in solution referred to
quinine sulfate in 0.1 M H2SO4 (Φ = 0.546).

Fig. 5 UV–Vis absorption (left) and normalized emission (right) spectra of 4H-quinolizin-4-ones 4 in CHCl3. Absorbance at c = 7 × 10−4 M; emission
at c = 1 × 10−4 M (λex = 365 nm).
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FT–IR equipped with ATR accessory, and all data are expressed
in wave numbers (cm−1). Melting points were obtained on a
Melt–Temp II apparatus and are uncorrected. NMR spectra
were recorded with a Bruker Avance III, at 300 MHz using
CDCl3 as a solvent. Chemical shifts are in ppm (δ) relative to
TMS. The following abbreviations are used: s = singlet, d =
doublet, t = triplet, dd = double doublet, and m = multiplet.
MS–EI spectra were obtained with a JEOL JMSAX505-HA using
70 eV as the ionization energy and, for MS-FAB, a JEOL
JMS-SX102A using nitrobenzyl alcohol and ethylene glycol as a
matrix.

Structure determination by X-ray crystallography

Suitable X-ray-quality crystals of 2a, 2h, 3g, 4a, 4d and 4e were
grown by slow evaporation of a chloroform–benzene solvent
mixture at −5 °C. Single crystals of compounds 2a, 2h, 3g, 4a,
4d and 4e were mounted on a glass fiber at room temperature.
The crystals were then placed on a Bruker SMART APEX CCD
diffractometer equipped with Mo-Kα radiation; decay was neg-
ligible in all cases. Details of the crystallographic data col-
lected on compounds 2a, 2h, 3g, 4a, 4d and 4e are provided in
Table 3. Systematic absences and intensity statistics were used
in space group determinations. The structure was solved using
direct methods.25 Anisotropic structure refinements were
achieved using full-matrix least-squares techniques on all non-
hydrogen atoms. All hydrogen atoms were placed in idealized
positions, on the basis of hybridization, with isotropic thermal
parameters fixed at 1.2 times the value of the attached atom.
Structure solutions and refinements were performed using
SHELXTL v6.10.26 Crystallographic data for 2a, 2h, 3g, 4a, 4d
and 4e are available in CIF format in the ESI.†

UV-Vis absorption, photoluminescence (PL) spectroscopy and
PL quantum yield (Φ) determination

CHCl3 (spectrophotometric grade) was purchased from Sigma–
Aldrich Co. and used without further purification. Absorption
measurements were carried out at 298 K using a Varian Cary
100 UV-Vis spectrometer. Photoluminescence spectra were
recorded at room temperature on a PerkinElmer LS-55 fluo-
rescence spectrophotometer. The gradient method27 was
employed to estimate the photoluminescence quantum yield
(Φ) of the samples using quinine sulfate in 0.1 M sulfuric acid
at room-temperature as the reference fluorescent dye (Φ =
0.546),28 and by exciting all the samples at 365 nm, where the
maximum intensity of emission was detected. Briefly, chloro-
form solutions at different concentrations of the samples were
prepared, and their absorption and fluorescence spectra were
recorded using a 10 mm optical path fluorescence cuvette. The
concentration range of these solutions was such that their
optical densities at the excitation wavelength (365 nm) were
less than 0.1 to avoid self-absorption effects in the photo-
luminescence spectra.29 The quantum yield for each sample
was calculated using the following equation:

ΦX ¼ ΦREF
mX

mREF

� �
nX
nREF

� �2

where the subscripts X and REF denote the sample and the
reference respectively, Φ is the photoluminescence quantum
yield, n is the refractive index of the solvent, and m is the
slope from the plot of integrated fluorescence intensity vs.
absorbance.

Table 3 X-ray data collection and structure refinement details for compounds 2a, 2h, 3g, 4a, 4d and 4e

2a 2h 3g 4a 4d 4e

Formula C18H11FeNO5 C22H13FeNO5 C24H15FeNO4 C15H11NO C15H10INO C16H10F3NO
MW (g−1 mol−1) 377.13 427.18 437.22 221.25 347.14 289.25
Crystal size (mm3) 0.312 × 0.296 ×

0.282
0.430 × 0.326 ×
0.140

0.458 × 0.292 ×
0.108

0.442 × 0.403 ×
0.156

0.478 × 0.232 ×
0.174

0.486 × 0.264 ×
0.236

Crystal system Triclinic Monoclinic Triclinic Orthorhombic Monoclinic Monoclinic
Space group P1̄ P21/c P1̄ Pca21 P21/n P21/c
Cell parameters
a (Å) 7.136(1) 10.5432(4) 9.1323(6) 15.2083(8) 6.492(4) 13.9430(15)
b (Å) 10.037(1) 15.2269(5) 10.4497(7) 6.5450(3) 21.091(13) 12.7966(14)
c (Å) 12.659(2) 12.0419(4) 11.6044(8) 21.7516(12) 9.629(6) 7.3613(8)
α (°) 92.570(2) 90 87.700(1) 90 90 90
β (°) 104.792(2) 91.721(1) 82.514(1) 90 102.311(10) 98.394(8)
γ (°) 105.483(2) 90 69.343(1) 90 90 90
V (Å3) 838.51(18) 1932.34(12) 1027.36(12) 2165.12(19) 1288.1(14) 1299.4(4)
Z 2 4 2 8 4 4
dc (Mg m−3) 1.494 1.468 1.413 1.357 1.790 1.479
Reflections collected 9209 11 033 8848 13 809 10 484 10 269
Independent
reflections, R(int)

3065, 0.0206 35 440.0290 3736, 0.0436 4802, 0.0442 2368, 0.0629 2388, 0.0650

Data/parameters 3065/226 3544/262 3736/271 4802/307 2368/163 2388/247
Final R1, wR2 [I > 2σ(I)] 0.0308, 0.0800 0.0349, 0.0868 0.0330, 0.0698 0.0563, 0.1249 0.0415, 0.0973 0.0534, 0.1072
R1, wR2 (all data) 0.0332, 0.0818 0.0448, 0.0934 0.0414, 0.0737 0.0808, 0.1431 0.0548, 0.1033 0.0926, 0.1219
GoF on F2 1.062 1.016 0.945 1.024 1.063 1.034
CCDC number 1026201 1026202 1026203 1026204 1026205 1026206
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General procedure for the synthesis of α,β-unsaturated
ketones 1a–l

The following procedure has been improved by modifying the
methodology previously described in the literature:17 in a
50 mL round-bottomed flask, the corresponding methylketone
(5.0 mmol) and 2-pyridinecarboxaldehyde (5.5 mmol) were dis-
solved in a solution of ethyl ether–EtOH (30 mL; ratio of ethyl
ether–EtOH of 10 : 1, v/v) and treated with LiOH·H2O (10%
mol) under constant magnetic stirring at room temperature
(∼20–25 °C) until the starting material was consumed. In most
cases, the reaction mixture turned yellow and the formation of
a white precipitate was observed during reaction. After the
completion of the reaction (3–4 h), the mixture was filtered
through a neutral alumina/celite column (about 5 cm per
phase) and the solvent was evaporated under reduced pressure
using a rotary evaporator. The residue obtained was purified
by column chromatography over silica gel using a hexane–
ethyl acetate system (95 : 5, v/v) as an eluent to afford pure
α,β-unsaturated ketones 1a–l.

(E)-1-Phenyl-3-(pyridin-2-yl)prop-2-en-1-one (1a). Light yellow
solid (92%). m.p. 59–60 °C (Lit. 60–61 °C).30 ATR–FTIR
ν (cm−1): 1663 (CvO), 1576 (CvC), 755, 688. 1H-NMR
(300 MHz, CDCl3) δ (ppm): 8.64 (d, J = 4.7 Hz, 1H), 8.08 (d, J =
15.3 Hz, 1H), 8.05 (m, 2H), 7.73 (d, J = 15.3 Hz, 1H), 7.67
(m, 1H), 7.56–7.41 (m, 4H), 7.23 (m, 1H). 13C-NMR (75 MHz,
CDCl3) δ (ppm): 190.4, 153.2, 150.2, 142.8, 137.8, 136.9, 133.1,
128.8, 128.7, 125.5, 125.4, 124.5. MS (EI, 70 eV) m/z (%):
209 (64) [M]+•, 180 (100) [M − HCO]+, 132 (41) [C8H6NO]

+,
105 (22) [C7H5O]

+, 104 (24) [C7H6N]
+, 77 (30) [C6H5]

+. HR-MS
(FAB+) m/z for C14H12NO [M + H]+: calculated 210.0919, found
210.0924.

(E)-1-(4-Methylphenyl)-3-(pyridin-2-yl)prop-2-en-1-one (1b). Light
yellow solid (85%). m.p. 61–62 °C (Lit. 67–68 °C).31 ATR–FTIR ν

(cm−1): 1658 (CvO), 1581 (CvC), 773. 1H-NMR (300 MHz,
CDCl3) δ (ppm): 8.65 (d, J = 4.2 Hz, 1H), 8.09 (d, J = 15.3 Hz,
1H), 7.99 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 15.2 Hz, 1H), 7.69
(m, 1H), 7.44 (d, J = 7.8 Hz, 1H), 7.30–7.20 (m, 3H), 2.39
(s, 3H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 189.9, 153.4,
150.2, 144.0, 142.4, 136.9, 135.4, 129.4, 129.0, 125.6, 125.4,
124.4, 21.8. MS (EI, 70 eV) m/z (%): 223 (78) [M]+•, 194 (100)
[M − HCO]+, 132 (23) [C8H6NO]

+, 119 (28) [C8H7O]
+, 104 (17)

[C7H6N]
+, 91 (21) [C7H7]

+, 78 (9) [C5H4N]
+. HR-MS (FAB+) m/z

for C15H14NO [M + H]+: calculated 224.1075, found 224.1068.
(E)-1-(4-Bromophenyl)-3-(pyridin-2-yl)prop-2-en-1-one (1c). Light

yellow solid (95%). m.p. 82–83 °C. ATR–FTIR ν (cm−1): 1660
(CvO), 1581 (CvC), 766, 738. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.64 (d, 1H), 8.08 (d, J = 15.3 Hz, 1H), 8.06 (m, 2H),
7.74 (d, J = 15.3 Hz, 1H), 7.69 (m, 1H), 7.55–7.42 (m, 3H), 7.24
(m, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 190.5, 153.2,
150.2, 142.9, 137.9, 136.9, 133.1, 128.8, 128.7, 125.6, 125.4,
124.5. MS (EI, 70 eV) m/z (%): 289, 287 (65) [M]+•, 260,
258 (100) [M − HCO]+, 132(53) [C8H6NO]

+, 185, 183 (20)
[C7H4OBr]

+, 104 (41) [C7H6N]
+, 90 (18) [C7H7]

+, 78 (21)
[C5H4N]

+. HR-MS (FAB+) m/z for C14H11BrNO [M + H]+: calcu-
lated 288.0024, found 288.0017.

(E)-1-(4-Iodophenyl)-3-(pyridin-2-yl)prop-2-en-1-one (1d). Light
yellow solid (88%). m.p. 101–102 °C. ATR–FTIR ν (cm−1): 1661
(CvO), 1578 (CvC), 775, 740. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.70 (d, J = 4.5 Hz, 1H), 8.08 (d, J = 15.3 Hz, 1H),
7.93–7.72 (m, 6H), 7.48 (d, J = 7.8 Hz, 1H), 7.38–7.29 (m, 1H).
13C-NMR (75 MHz, CDCl3) δ (ppm): 189.5, 153.0, 150.2, 143.3,
138.0, 137.1, 137.0, 130.1, 125.7, 124.8, 124.6, 101.2. MS (EI,
70 eV) m/z (%): 335 (77) [M]+•, 306 (100) [M − HCO]+, 231 (24)
[C7H4IO]

+, 203 (18) [C6H4I]
+, 132 (33) [C8H6NO]

+, 104 (28)
[C7H6N]

+, 76 (23) [C6H4]
+. HR-MS (FAB+) m/z for C14H11INO

[M + H]+: calculated 335.9885, found 335.9881.
(E)-3-(Pyridin-2-yl)-1-(4-(trifluoromethyl)phenyl)prop-2-en-

1-one (1e). Light yellow solid (88%). m.p. 93–94 °C. IR (KBr) ν
(cm−1): 1662 (CvO), 1603 (CvC), 1111, 1062, 779. 1H-NMR
(300 MHz, CDCl3) δ (ppm): 8.70 (d, J = 4.2 Hz, 1H), 8.19 (d, J =
8.1 Hz, 2H), 8.10 (d, J = 15.3 Hz, 1H), 7.83–7.74 (m, 4H), 7.49
(d, J = 7.8 Hz, 1H), 7.35–7.30 (m, 1H). 13C-NMR (75 MHz,
CDCl3) δ (ppm): 190.6, 152.9, 150.4, 144.0, 141.7, 137.1, 134.3
(q, J = 32.25 Hz, C̲CF3), 129.1, 125.8, 125.7 (q, J = 3.75 Hz,
C̲HCCF3), 125.0, 124.9, 123.8 (q, J = 270.69, C ̲F3). MS (EI,
70 eV) m/z (%): 277 (34) [M]+•, 248 (100) [M − HCO]+, 173 (12)
[C8H4F3O]

+, 145 (27) [C7H4F3]
+, 132 (34) [C8H6NO]

+, 104 (23)
[C7H6N]

+, 78 (13) [C5H4N]
+. HR-MS (FAB+) m/z for C15H11F3NO

[M + H]+: calculated 278.0793, found 278.0795.
(E)-1-(4-Methoxyphenyl)-3-( pyridin-2-yl)prop-2-en-1-one

(1f ). Light yellow solid (82%). m.p. 67–68 °C (Lit. 71–72 °C).31

ATR–FTIR ν (cm−1): 1659 (CvO), 1584 (CvC), 774, 742.
1H-NMR (300 MHz, CDCl3) δ (ppm): 8.69 (d, J = 4.6 Hz, 1H),
8.16–8.10 (m, 3H), 7.77 (d, J = 15.7 Hz, 1H), 7.73 (t, J = 7.7 Hz,
1H), 7.47 (d, J = 7.8 Hz, 1H), 7.29 (t, J = 6.1 Hz, 1H), 6.98 (d, J =
8.6 Hz, 2H), 3.88 (s, 3H). 13C-NMR (75 MHz, CDCl3) δ (ppm):
188.7, 163.7, 153.4, 150.2, 142.0, 137.0, 131.2, 130.9, 125.5,
125.5, 124.4, 113.9, 55.6. MS (EI, 70 eV) m/z (%): 239 (74) [M]+•,
210 (100) [M − HCO]+, 135 (76) [C9H7O2]

+, 132 (13) [C8H6NO]
+,

104 (18) [C7H6N]
+, 77 (21) [C6H5]

+. HR-MS (FAB+) m/z for
C15H14NO2 [M + H]+: calculated 240.1025, found 240.1026.

(E)-1-([1,1′-Biphenyl]-4-yl)-3-( pyridin-2-yl)prop-2-en-1-one
(1g). Light yellow solid (88%). m.p. 139–140 °C. ATR–FTIR ν

(cm−1): 1660 (CvO), 1577 (CvC), 761, 688. 1H-NMR
(300 MHz, CDCl3) δ (ppm): 8.69 (d, 1H), 8.18 (d, 2H), 8.17 (d,
J = 15.3 Hz, 1H), 7.81 (d, J = 15.3 Hz, 1H), 7.75–7.62 (m, 5H),
7.46–7.38 (m, 4H), 7.28 (m, 1H). 13C-NMR (75 MHz, CDCl3)
δ (ppm): 190.0, 153.3, 150.3, 145.9, 142.8, 140.0, 137.0, 136.6,
129.5, 129.1, 128.4, 127.4, 125.6, 125.5, 124.6. MS (EI, 70 eV)
m/z (%): 285 (60) [M]+•, 256 (100) [M − HCO]+, 181 (18)
[C13H9O]

+, 152 (24) [C12H8]
+, 132 (14) [C8H6NO]

+, 104 (13)
[C7H6N]

+, 78 (8) [C5H4N]
+. HR-MS (FAB+) m/z for C20H16NO

[M + H]+: calculated 286.1232, found 286.1232.
(E)-1-(Naphthalen-2-yl)-3-(pyridin-2-yl)prop-2-en-1-one (1h). Light

yellow solid (90%). m.p. 96–97 °C. IR (KBr) ν (cm−1): 1658
(CvO), 1603 (CvC), 1322, 993, 782. 1H-NMR (300 MHz,
CDCl3) δ (ppm): 8.70 (d, J = 4.2 Hz, 1H), 8.63 (s, 1H), 8.28 (d,
J = 15.2 Hz, 1H), 8.15 (dd, J = 8.6, 1.5 Hz, 1H), 7.97 (d, J =
7.7 Hz, 1H), 7.91 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 7.5 Hz, 2H),
7.83 (d, J = 15.2 Hz, 2H), 7.71 (td, J = 7.7, 1.6 Hz, 1H), 7.63–7.49
(m, 2H), 7.46 (d, J = 7.7 Hz, 1H), 7.27 (dd, J = 6.8, 5.5 Hz, 1H).
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13C-NMR (75 MHz, CDCl3) δ (ppm): 190.1, 153.2, 150.2, 142.6,
137.0, 135.7, 135.2, 132.6, 130.6, 129.7, 128.6, 128.6, 127.8,
126.8, 125.6, 125.4, 124.5, 124.5. MS (EI, 70 eV) m/z (%): 259
(43) [M]+•, 230 (87) [M − HCO]+, 155 (45) [C11H7O]

+, 132 (54)
[C8H6NO]

+, 127 (100) [C11H7]
+, 104 (41) [C7H6N]

+, 78 (35)
[C5H4N]

+. HR-MS (FAB+) m/z for C18H14NO [M + H]+: calculated
260.1075, found 260.1069.

(E)-1-(1-Methyl-1H-pyrrol-2-yl)-3-(pyridin-2-yl)prop-2-en-1-one
(1i). In a round-bottomed flask, 1.0335 g (25.84 mmol) of
NaOH were dissolved in 25 mL of a mixture of EtOH–H2O
(1 : 1, v/v). Subsequently, a solution of 2-acetyl-1-methylpyrrole
(0.5 mL, 4.31 mmol) and 2-pyridinecarboxaldehyde (0.6 mL,
6.28 mmol) in 5 mL of ethanol was added dropwise at 0 °C
and the reaction mixture was stirred for 24 h at room tempera-
ture (∼20–25 °C). Later on, the ethanol was evaporated under
reduced pressure using a rotary evaporator and the crude of
the reaction was extracted with 30 mL of CH2Cl2. The organic
phase was washed with 250 mL of distilled water and dried
with anhydrous Na2SO4. Finally, the solvent was evaporated
under reduced pressure using a rotary evaporator. The product
was purified by column chromatography over silica gel using a
hexane–ethyl acetate system (95 : 5, v/v) as an eluent. 3i was
obtained as a light yellow solid in 89% yield. m.p. 92–93 °C.
ATR–FTIR ν (cm−1): 1645 (CvO), 1599, 1578, 1468, 1403, 970,
730. 1H-NMR (300 MHz, CDCl3) δ (ppm): 8.66 (d, J = 4.4 Hz,
1H), 7.95 (d, J = 15.2 Hz, 1H), 7.76–7.63 (m, 2H), 7.43 (d, J =
7.7 Hz, 1H), 7.24 (m, 2H), 6.88 (s, 1H), 6.19 (m, 1H), 4.03
(s, 3H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 179.5, 153.6,
150.1, 139.8, 136.8, 132.1, 132.0, 127.4, 125.0, 124.0, 120.3,
108.5, 37.8. MS (EI, 70 eV) m/z (%): 212 (65) [M]+•, 183 (100)
[M − HCO]+, 134 (45) [C8H8NO]

+, 132 (13) [C8H6NO]
+, 108 (28)

[C6H6NO]
+, 104 (23) [C7H6N]

+. HR-MS (FAB+) m/z for
C13H13N2O [M + H]+: calculated 213.1028, found 213.1029.

(E)-1-(Furan-2-yl)-3-(pyridin-2-yl)prop-2-en-1-one (1j).32 Light
yellow solid (79%). m.p. 70–72 °C. ATR–FTIR ν (cm−1): 1657
(CvO), 1611, 1577, 1464, 988, 766. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.69 (d, J = 4.5 Hz, 1H), 7.96 (d, J = 15.4 Hz, 1H), 7.83
(d, J = 15.4 Hz, 1H), 7.74 (td, J = 7.7, 1.8 Hz, 1H), 7.70–7.66
(m, 1H), 7.48 (d, J = 7.7 Hz, 1H), 7.42 (d, J = 3.6 Hz, 1H),
7.33–7.26 (m, 1H), 6.61 (dd, J = 3.6, 1.7 Hz, 1H). 13C-NMR
(75 MHz, CDCl3) δ (ppm): 177.9, 153.5, 152.9, 150.2, 147.1,
142.0, 136.9, 125.5, 124.9, 124.5, 118.4, 112.6. MS (EI, 70 eV)
m/z (%): 200 (97) [M + 1]+•, 170 (100) [M − H2CO]

+, 132 (31)
[C8H6NO]

+, 117 (86) [C8H7N]
+, 104 (30) [C7H6N]

+, 95 (22)
[C5H3O2]

+, 78 (16) [C5H4N]
+. HR-MS (FAB+) m/z for C12H10NO2

[M + H]+: calculated 200.0712, found 200.0718.
(E)-3-(Pyridin-2-yl)-1-(thiophen-2-yl)prop-2-en-1-one (1k). Light

yellow solid (83%). m.p. 78–79 °C. ATR–FTIR ν (cm−1): 1646
(CvO), 1597, 1514, 1408, 1326, 978, 736. 1H-NMR (300 MHz,
CDCl3) δ (ppm): 8.69 (d, J = 4.3 Hz, 1H), 8.00 (d, J = 15.4 Hz,
1H), 7.96 (d, J = 4.3 Hz, 1H), 7.80 (d, J = 15.3 Hz, 1H), 7.75–7.68
(m, 2H), 7.47 (d, J = 7.7 Hz, 1H), 7.30 (m, 1H), 7.18 (t, J =
4.3 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 182.3, 153.0,
150.2, 145.6, 142.1, 137.0, 134.5, 132.6, 128.4, 125.7, 125.3,
124.6. MS (EI, 70 eV) m/z (%): 215 (28) [M]+•, 186 (100)
[M − HCO]+, 132 (13) [C8H6NO]

+, 111 (50) [C5H3OS]
+, 104 (28)

[C7H6N]
+, 78 (13) [C5H4N]

+. HR-MS (FAB+) m/z for C12H10NOS
[M + H]+: calculated, 216.0483 found 216.0490.

(E)-1-Phenyl-3-(quinolin-2-yl)prop-2-en-1-one (1l). Light
yellow solid (89%). m.p. 118–119 °C. IR (KBr) ν (cm−1): 1658
(CvO), 1595 (CvC), 1250, 772, 696. 1H-NMR (300 MHz,
CDCl3) δ (ppm): 8.26–8.07 (m, 5H), 7.95 (d, J = 15.6 Hz, 1H),
7.81 (d, J = 8.1 Hz, 1H), 7.74 (t, J = 7.9 Hz, 1H), 7.65 (d, J = 8.2
Hz, 1H), 7.62–7.48 (m, 4H). 13C-NMR (75 MHz, CDCl3)
δ (ppm): 190.7, 153.5, 148.4, 143.7, 137.9, 136.9, 133.2, 130.2,
129.9, 128.9, 128.7, 128.3, 127.7, 127.4, 127.1, 121.5. MS (EI,
70 eV) m/z (%): 259 (39) [M]+•, 230 (100) [M − HCO]+, 182 (41)
[C12H8O]

+, 154 (21) [C11H8N]
+, 105 (15) [C7H5O]

+, 77 (18)
[C6H5]

+. HR-MS (FAB+) m/z for C18H14NO [M + H]+: calculated
260.1075, found 260.1084.

General procedure for the synthesis of [η2-(α,β-unsaturated
ketones)]-Fe(CO)4 complexes 2a–l

In a 50 mL dried round-bottomed flask, a solution of 1
(1 mmol) in anhydrous ethyl ether (20 mL per mmol) was
treated with Fe2(CO)9 (1.5 mmol) under an inert atmosphere
and magnetic stirring at room temperature (∼20–25 °C). After
4 h, the reaction mixture was filtered through a neutral
alumina/celite column (about 5 cm per phase) and the solvent
was evaporated under reduced pressure using a rotary evapor-
ator. The reaction mixture without purification was then used
for the next transformation. However, with the purpose of an
unambiguous identification, some of the η2-[Fe(CO)4] com-
plexes were purified by silica gel column chromatography (CC)
using hexane–ethyl acetate (7 : 3, v/v) as an eluent.

η2-[(E)-1-Phenyl-3-(pyridin-2-yl)-2-propen-1-one] tetracarbonyl-
iron(0) (2a). Orange-red solid (79%). m.p. (dec.) 75–80 °C.
ATR–FTIR ν (cm−1): 2090, 2067, 2009, 1976 (M–C≡O), 1684
(CvO). 1H-NMR (300 MHz, CDCl3) δ (ppm): 8.34 (s, 1H), 8.17
(s, 2H), 7.52 (s, 4H), 7.40 (s, 1H), 6.98 (s, 1H), 5.48 (s, 1H), 4.95
(s, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 206.5, 196.4,
161.4, 149.1, 137.6, 136.7, 132.6, 128.6, 128.0, 123.3, 121.4,
57.1, 49.9. MS (FAB+) m/z (%): 378 (31) [M + 1]+•, 349 (10)
[M − CO]+, 321 (29) [M − 2CO]+, 393 (67) [M − 3CO]+, 265 (70)
[M − 4CO]+, 210 (45) [M + 1-Fe(CO)4]

+, 180 (55) [M − H2CO]
+.

HR-MS (FAB+) m/z for C18H12FeNO5 [M + H]+: calculated
378.0065, found 378.0066.

η2-[(E)-1-(4-Methylphenyl)-3-(pyridin-2-yl)-2-propen-1-one]-
tetracarbonyliron(0) (2b). Orange-red solid (89%). m.p. (dec.)
80–85 °C. ATR–FTIR ν (cm−1): 2065, 2089, 2010, 1980 (M–

C≡O), 1681 (CvO), 770, 738, 827. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.34 (s, 1H), 8.07 (s, 2H), 7.54 (s, 1H), 7.38 (s, 1H),
7.28 (s, 2H), 6.98 (s, 1H), 5.46 (s, 1H), 4.94 (s, 1H), 2.40 (s, 3H).
13C-NMR (75 MHz, CDCl3) δ (ppm): 206.5, 195.9, 161.5, 149.0,
143.4, 136.6, 134.9, 129.3, 128.2, 123.2, 121.3, 57.1, 50.0, 21.7.
MS (FAB+) m/z (%): 392 (53) [M + 1]+•, 363 (14) [M − CO]+,
335 (32) [M − 2CO]+, 307 (96) [M − 3CO]+, 279 (86) [M − 4CO]+,
224 (57) [M + 1-Fe(CO)4]

+. HR-MS (FAB+) m/z for C19H14FeNO5

[M + H]+: calculated 392.0221, found 392.0215.
η2-[(E)-1-(4-Bromophenyl)-3-(pyridin-2-yl)-2-propen-1-one]-

tetracarbonyliron(0) (2c). Orange-red solid (87%). m.p. (dec.)
80–85 °C. ATR–FTIR ν (cm−1): 2091, 2066, 2010, 1985 (M–C≡O),

Paper Dalton Transactions

Dalton Trans. This journal is © The Royal Society of Chemistry 2014

Pu
bl

is
he

d 
on

 2
4 

O
ct

ob
er

 2
01

4.
 D

ow
nl

oa
de

d 
by

 R
ic

e 
U

ni
ve

rs
ity

 o
n 

12
/1

1/
20

14
 1

3:
45

:2
4.

 
View Article Online

http://dx.doi.org/10.1039/c4dt03021d


1685 (CvO), 779, 741. 1H-NMR (300 MHz, CDCl3) δ (ppm):
8.37 (s, 1H), 8.06 (s, 2H), 7.61–7.67 (m, 3H), 7.44 (s, 1H), 7.04
(s, 1H), 5.42 (d, J = 10.2 Hz, 1H), 4.95 (d, J = 10.2 Hz, 1H).
13C-NMR (75 MHz, CDCl3) δ (ppm): 206.2, 195.2, 161.2, 149.1,
136.8, 136.2, 132.0, 129.6, 127.7, 123.3, 121.5, 56.9, 49.5. MS
(FAB+) m/z (%): 458, 456 (12) [M + 1]+•, 373, 371 (43)
[M − 3CO]+, 345, 343 (60) [M − 4CO]+, 290, 288 (325) [M + 1-Fe-
(CO)4]

+. HR-MS (FAB+) m/z for C18H11BrFeNO5 [M + H]+: calcu-
lated 455.9170, found 455.9174.

η2-[(E)-1-(4-Iodophenyl)-3-(pyridin-2-yl)-2-propen-1-one]tetra-
carbonyliron(0) (2d). Orange-red solid (83%). m.p. (dec.)
75–80 °C. ATR–FTIR ν (cm−1): 2091, 2066, 2010, 1982
(M–C≡O), 1686 (CvO), 778, 738. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.37 (d, 1H), 7.89–7.80 (m, 4H), 7.60 (s, 1H), 7.43
(d, 1H), 7.03 (t, 1H), 5.41 (d, J = 10.2 Hz, 1H), 4.95 (d, J = 10.2
Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 206.2, 195.5,
161.2, 149.1, 138.0, 136.8, 129.6, 123.4, 121.6, 100.5, 56.9, 49.5.
MS (FAB+) m/z (%): 504 (12) [M + 1]+•, 475 (7) [M − CO]+, 448
(17) [M + 1-2CO]+, 419 (33) [M − 3CO]+, 391 (57) [M − 4CO]+,
336 (21) [M + 1-Fe(CO)4]

+. HR-MS (FAB+) m/z for C18H11IFeNO5

[M + H]+: calculated 503.9031, found 503.9031.
η2-[(E)-3-(Pyridin-2-yl)-1-(4-(trifluoromethyl)phenyl)prop-2-en-

1-one]tetracarbonyliron(0) (2e). Orange-red solid (94%). m.p.
(dec.) 90–95 °C. ATR–FTIR ν (cm−1): 2095, 2072, 2016, 1987
(M–C≡O), 1664 (CvO), 1635, 1316, 1109, 1065, 780. 1H-NMR
(300 MHz, CDCl3) δ (ppm): 8.38 (d, J = 4.2 Hz, 1H), 8.30 (d, J =
8.1 Hz, 2H), 7.79 (d, J = 8.2 Hz, 2H), 7.61 (td, J = 7.7, 1.7 Hz,
1H), 7.45 (d, J = 7.8 Hz, 1H), 7.10–6.98 (m, 1H), 5.46 (d, J =
10.4 Hz, 1H), 4.97 (d, J = 10.4 Hz, 1H). 13C-NMR (75 MHz,
CDCl3) δ (ppm): 206.0, 195.2, 161.1, 149.1, 140.5, 136.8, 134.0
(q, J = 32.3 Hz, C̲CF3), 128.4, 125.8 (q, J = 3.7 Hz, C̲HCCF3),
123.9 (q, J = 270.8 Hz, C ̲F3), 123.4, 121.6, 56.9, 49.7. MS (FAB+)
m/z (%): 446 (25) [M + 1]+•, 418 (18) [M + 1-CO]+, 390 (30)
[M + 1-2CO]+, 362 (55) [M + 1-3CO]+, 333 (100) [M − 4CO]+, 278
(55) [M + 1-Fe(CO)4]

+. HR-MS (FAB+) m/z for C19H11F3FeNO5

[M + H]+: calculated 445.9939, found 445.9946.
η2-[(E)-1-(4-Methoxyphenyl)-3-(pyridin-2-yl)-2-propen-1-one]-

tetracarbonyliron(0) (2f ). Orange-red solid (85%). m.p. (dec.)
85–90 °C. ATR–FTIR ν (cm−1): 2091, 2064, 2012, 1980
(M–C≡O), 1661 (CvO), 843. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.37 (s, 1H), 8.20 (d, J = 8.2 Hz, 2H), 7.59 (m, 1H),
7.42 (d, J = 7.4 Hz, 1H), 7.00 (d, J = 7.7 Hz, 3H), 5.50 (d, J =
10.4 Hz, 1H), 4.97 (d, J = 10.4 Hz, 1H), 3.89 (s, 3H). 13C-NMR
(75 MHz, CDCl3) δ (ppm): 206.7, 195.0, 163.3, 161.6, 149.0,
136.7, 130.4, 130.3, 123.3, 121.3, 113.9, 57.2, 55.6, 49.9. MS
(FAB+) m/z (%): 408 (29) [M + 1]+•, 380 (8) [M − CO]+, 352 (36)
[M − 2CO]+, 323 (100) [M − 3CO]+, 295 (92) [M − 4CO]+, 240
(44) [M + 1-Fe(CO)4]

+. HR-MS (FAB+) m/z for C19H14FeNO6

[M + H]+: calculated 408.0171, found 408.0171.
η2-[(E)-1-((1,1′-Biphenyl)-4-yl)-3-(pyridin-2-yl)-2-propen-1-one]-

tetracarbonyliron(0) (2g). Orange-red solid (82%). m.p. (dec.)
65–70 °C. ATR–FTIR ν (cm−1): 2089, 2068, 2010, 1983
(M–C≡O), 1626 (CvO). 1H-NMR (300 MHz, CDCl3) δ (ppm):
8.38 (d, 1H), 8.28 (d, 2H), 7.77–7.64 (m, 5H), 7.48–7.43
(m, 4H), 7.03 (m, 1H), 5.55 (d, J = 10.5 Hz, 1H), 4.99 (d, J =
10.4 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 206.4, 195.8,

161.4, 149.0, 145.3, 140.1, 138.8, 136.2, 129.0, 128.6, 128.2,
127.3, 127.2, 123.2, 121.4, 57.0, 49.9. MS (FAB+) m/z (%): 454
(10) [M + 1]+•, 426 (4) [M − CO]+, 398 (10) [M − 2CO]+, 370 (28)
[M − 3CO]+, 342 (52) [M − 4CO]+, 286 (34) [M + 1-Fe(CO)4]

+.
HR-MS for C24H16FeNO5 [M + H]+: calculated 454.0378, found
454.0371.

η2-[(E)-1-(Naphthalen-2-yl)-3-(pyridin-2-yl)prop-2-en-1-one]-
tetracarbonyliron(0) (2h). Orange-red solid (86%). m.p. (dec.)
115–120 °C. IR (KBr) ν (cm−1): 2094, 2064, 2037, 1983
(M–C≡O), 1631 (CvO), 1582, 1466, 750, 613. 1H-NMR
(300 MHz, CDCl3) δ (ppm): 8.77 (s, 1H), 8.41 (s, 1H), 8.24
(s, 1H), 8.03–7.89 (m, 3H), 7.58–7.46 (m, 4H), 7.02 (s, 1H), 5.67
(d, J = 9.5 Hz, 1H), 5.05 (d, J = 9.5 Hz, 1H). 13C-NMR (75 MHz,
CDCl3) δ (ppm): 206.5, 196.2, 161.5, 149.1, 136.8, 135.6, 134.8,
132.9, 129.7, 129.3, 128.5, 128.3, 127.9, 126.8, 124.4, 123.4,
121.5, 57.2, 50.2. MS (FAB+) m/z (%): 428 (27) [M + 1]+•,
372 (32) [M + 1-2CO]+, 343 (47) [M − 3CO]+, 316 (100) [M + 1-
4CO]+, 260 (33) [M + 1-Fe(CO)4]

+. HR-MS (FAB+) m/z for
C22H14FeNO5 [M + H]+: calculated 428.0221, found 428.0216.

η2-[(E)-1-(1-Methyl-1H-pyrrol-2-yl)-3-(pyridin-2-yl)prop-2-en-1-
one]tetracarbonyliron(0) (2i). Orange-red solid (85%). m.p.
(dec.) 100–105 °C. ATR–FTIR ν (cm−1): 2090, 2016, 1964
(M–C≡O), 1652 (CvO), 1616, 1585, 1470, 1403, 735. 1H-NMR
(300 MHz, CDCl3) δ (ppm): 8.36 (s, 1H), 7.54 (d, J = 7.1 Hz,
1H), 7.38 (s, 2H), 6.98 (s, 1H), 6.82 (s, 1H), 6.21 (s, 1H), 5.46
(d, J = 10.5 Hz, 1H), 4.88 (d, J = 10.5 Hz, 1H), 3.95 (s, 3H).
13C-NMR (75 MHz, CDCl3) δ (ppm): 207.2, 187.6, 161.8, 149.0,
136.6, 130.8, 130.7, 123.0, 121.1, 118.2, 108.2, 57.0, 52.1, 37.8.
MS (FAB+) m/z (%): 381 (15) [M + 1]+•, 352 (6) [M − CO]+,
324 (15) [M − 2CO]+, 296 (58) [M − 3CO]+, 268 (39) [M − 4CO]+,
213 (26) [M + 1-Fe(CO)4]

+. HR-MS (FAB+) m/z for C17H13FeN2O5

[M + H]+: calculated 381.0174, found 381.0179.
η2-[(E)-1-(Furan-2-yl)-3-(pyridin-2-yl)prop-2-en-1-one]tetra-

carbonyliron(0) (2j). Orange-red solid (86%). m.p. (dec.).
95–100 °C. ATR–FTIR ν (cm−1): 2088, 2006, 1977, 1950
(M–C≡O), 1622 (CvO), 1566, 1465, 1319, 1012, 757. 1H-NMR
(300 MHz, CDCl3) δ (ppm): 8.38 (s, 1H), 7.66 (s, 1H), 7.58
(s, 1H), 7.40 (d, J = 7.1 Hz, 1H), 7.35 (s, 1H), 7.02 (s, 1H), 6.59
(s, 1H), 5.46 (d, J = 10.4 Hz, 1H), 4.94 (d, J = 10.3 Hz, 1H).
13C-NMR (75 MHz, CDCl3) δ (ppm): 206.4, 185.4, 161.3, 152.95,
149.1, 145.9, 136.7, 123.1, 121.4, 116.2, 112.5, 56.1, 49.8. MS
(FAB+) m/z (%): 368 (45) [M + 1]+•, 339 (18) [M − CO]+, 311 (49)
[M − 2CO]+, 283 (85) [M − 3CO]+, 255 (70) [M − 4CO]+, 200 (53)
[M + 1-Fe(CO)4]

+. HR-MS (FAB+) m/z for C16H10FeNO6 [M + H]+:
calculated 367.9858, found 367.9858.

η2-[(E)-1-Phenyl-3-(quinolin-2-yl)prop-2-en-1-one]tetracarbo-
nyliron(0) (2l). Orange-red solid (87%). m.p. (dec.)
100–105 °C. IR (KBr) ν (cm−1): 2094, 2067, 2017, 1984
(M–C≡O), 1632 (CvO), 1291, 591. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.27 (d, J = 7.1 Hz, 2H), 8.06 (d, J = 8.5 Hz, 1H), 7.86
(d, J = 8.4 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.68–7.48 (m, 5H),
7.47–7.35 (m, 1H), 5.78 (d, J = 10.4 Hz, 1H), 5.04 (d, J =
10.4 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 206.1, 196.5,
162.0, 147.7, 137.6, 136.6, 132.8, 129.8, 128.8, 128.4, 128.2,
127.8, 127.1, 125.9, 122.1, 56.9, 50.1. MS (FAB+) m/z (%):
428 (23) [M + 1]+•, 372 (30) [M + 1-2CO]+, 344 (47) [M + 1-3CO]+,
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315 (100) [M − 4CO]+, 260 (40) [M + 1-Fe(CO)4]
+. HR-MS (FAB+)

m/z for C22H14FeNO5 [M + H]+: calculated 428.0221, found
428.0223.

General procedure for the synthesis of (η4-vinylketene)-Fe(CO)3
complexes 3a–l

In a 50 mL dried round-bottomed flask, MeLi (1.1 equiv.,
1.6 M) was added dropwise to a solution of 2 (0.5 mmol) in
anhydrous dichloromethane (20 mL) at −78 °C under an inert
atmosphere. The reaction mixture was stirred for 30 min
before proceeding to exchange the inert atmosphere for CO at
atmospheric pressure. The mixture was stirred for another
30 min at −78 °C and, after that, the temperature was allowed
to rise slowly to room temperature until 4 h had elapsed. After
the reaction was complete, the crude product was filtered
through a celite column (5 cm), and the solvent was evaporated
under reduced pressure using a rotary evaporator. The reaction
mixture was chromatographed on a flash column over silica
gel using hexane–dichloromethane (6 : 4, v/v) as an eluent.

η4-[(E)-2-Phenyl-4-(pyridin-2-yl)-1,3-butadien-1-one]tricarbo-
nyliron(0) (3a). Orange solid (82%). m.p. (dec.) 116–117 °C.
ATR–FTIR ν (cm−1): 2058, 1991, 1961 (CvO)metallic, 1730
(CvO)ketene.

1H-NMR (300 MHz, CDCl3) δ (ppm): 8.62 (d, J =
3.9 Hz, 1H), 7.63 (dd, J = 18.4, 7.4 Hz, 3H), 7.50–7.29 (m, 4H),
7.24 (d, J = 8.4 Hz, 1H), 7.20–7.09 (m, 1H), 3.28 (d, J = 8.4 Hz,
1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 233.5, 157.4, 150.0,
136.9, 131.1, 129.4, 129.4, 127.6, 123.1, 122.0, 94.2, 57.9, 50.9.
MS (FAB+) m/z (%): 362 (5) [M + 1]+•, 334 (6) [M + 1-CO]+, 306
(5) [M + 1-2CO]+, 277 (45) [M − 3CO]+, 249 (35) [M − 4CO]+,
193 (100) [M − Fe(CO)4]

+. HR-MS (FAB+) m/z for C15H11FeNO
[M − 3CO]+: calculated 277.0190, found 277.0194.

η4-[(E)-4-(Pyridin-2-yl)-2-(p-tolyl)-1,3-butadien-1-one]tricarb-
onyliron(0) (3b). Orange solid (76%). m.p. (dec.) 120–122 °C.
ATR–FTIR ν (cm−1): 2063, 2005, 1981 (CvO)metallic, 1742
(CvO)ketene.

1H-NMR (300 MHz, CDCl3) δ (ppm): 8.62 (d, J =
4.2 Hz, 1H), 7.65–7.56 (m, 2H), 7.55 (s, 1H), 7.42 (d, J = 8.4 Hz,
1H), 7.25 (d, J = 4.6 Hz, 1H), 7.21 (d, J = 7.8 Hz, 2H), 7.15
(m, 1H), 3.25 (d, J = 8.4 Hz, 1H), 2.36 (s, 3H). 13C-NMR
(75 MHz, CDCl3) δ (ppm): 234.1, 157.6, 150.0, 139.3, 136.9,
130.1, 127.7, 127.5, 123.1, 121.9, 93.9, 57.6, 51.3, 21.5. MS
(FAB+) m/z (%): 376 (6) [M + 1]+•, 348 (5) [M + 1-CO]+, 320 (6)
[M + 1-2CO]+, 291 (46) [M − 3CO]+, 263 (45) [M − 4CO]+,
207 (100) [M − Fe(CO)4]

+. HR-MS (FAB+) m/z for C16H13FeNO
[M − 3CO]+: calculated 291.0347, found 291.0341.

η4-[(E)-2-(4-Bromophenyl)-4-(pyridin-2-yl)-1,3-butadien-1-one]-
tricarbonyliron(0) (3c). Orange solid (78%). m.p. (dec.)
108–109 °C. ATR–FTIR ν (cm−1): 2064, 2012, 1982 (CvO)metallic,
1729 (CvO)ketene.

1H-NMR (300 MHz, CDCl3) δ (ppm): 8.61 (d,
J = 4.6 Hz, 1H), 7.66–7.45 (m, 5H), 7.41 (d, J = 8.2 Hz, 1H), 7.23
(d, J = 7.7 Hz, 1H), 7.19–7.09 (m, 1H), 3.28 (d, J = 8.2 Hz, 1H).
13C-NMR (75 MHz, CDCl3) δ (ppm): 233.0, 157.2, 150.0, 137.0,
132.6, 130.4, 129.0, 123.2, 122.1, 94.1, 58.1, 49.7. MS (FAB+)
m/z (%): 442, 440 (4) [M + 1]+•, 414, 412 (6) [M + 1-CO]+, 357,
355 (35) [M − 3CO]+, 329, 327 (63) [M − 4CO]+, 273, 271 (20)
[M − Fe(CO)4]

+. HR-MS (FAB+) m/z for C15H10BrFeNO [M − 3CO]+:
calculated 354.9295, found 354.9291.

η4-[(E)-2-(4-Iodophenyl)-4-(pyridin-2-yl)-1,3-butadien-1-one]-
tricarbonyliron(0) (3d). Orange solid (59%). m.p. (dec.)
124–126 °C. ATR–FTIR ν (cm−1): 2060, 2005, 1986 (CvO)metallic,
1736 (CvO)ketene.

1H-NMR (300 MHz, CDCl3) δ (ppm): 8.62
(d, J = 3.9 Hz, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.62 (t, J = 7.6 Hz,
1H), 7.65–7.59 (m, 3H), 7.25 (m, 1H), 7.21–7.12 (m, 1H), 3.29
(d, J = 8.4 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 233.0,
157.1, 150.0, 138.5, 137.0, 131.0, 129.1, 123.2, 122.1, 94.8,
94.0, 58.2, 49.9. MS (FAB+) m/z (%): 488 (4) [M + 1]+•, 403 (15)
[M − 3CO]+, 375 (42) [M − 4CO]+, 319 (12) [M − Fe(CO)4]

+.
HR-MS (FAB+) m/z for C15H10IFeNO [M − 3CO]+: calculated
402.9157, found 402.9157.

η4-[(E)-4-(Pyridin-2-yl)-2-(4-(trifluoromethyl)phenyl)buta-1,3-
dien-1-one]tricarbonyliron(0) (3e). Orange solid (47%). m.p.
(dec.) 83–87 °C. ATR–FTIR ν (cm−1): 2069, 2003, 1985
(CvO)metallic, 1745 (CvO)ketene, 1321, 1113, 1067, 838.
1H-NMR (300 MHz, CDCl3) δ (ppm): 8.64 (d, J = 2.4 Hz, 1H),
7.78–7.63 (m, 5H), 7.48 (d, J = 8.3 Hz, 1H), 7.27–7.18 (m, 2H),
3.35 (d, J = 8.3 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm):
232.3, 156.9, 150.1, 137.0, 136.0, 130.7 (q, J = 32.9 Hz, C̲CF3),
127.8, 126.3 (q, J = 3.7 Hz, C ̲HCCF3), 124.0 (q, J = 272.2 Hz,
C̲F3), 123.2, 122.3, 94.5, 58.7, 48.8. MS (FAB+) m/z (%): 430 (5)
[M + 1]+•, 402 (4) [M + 1-CO]+, 374 (7) [M + 1-2CO]+, 345 (87)
[M − 3CO]+, 317 (75) [M − 4CO]+, 262 (100) [M − Fe(CO)4]+.
HR-MS (FAB+) m/z for C16H10F3FeNO [M − 3CO]+: calculated
345.0064, found 345.0064.

η4-[(E)-2-(4-Methoxyphenyl)-4-(pyridin-2-yl)-1,3-butadien-1-
one]tricarbonyliron(0) (3f ). Orange solid (80%). m.p. (dec.)
116–118 °C. ATR–FTIR ν (cm−1): 2091, 2060, 2005, 1981
(CvO)metallic, 1741 (CvO)ketene.

1H-NMR (300 MHz, CDCl3)
δ (ppm): 8.62 (d, J = 3.7 Hz, 1H), 7.63–7.56 (m, 3H), 7.30 (d, J =
8.3 Hz, 1H), 7.23 (d, J = 7.7 Hz, 1H), 7.37 (m, 1H), 6.93 (d, J =
8.6 Hz, 2H), 3.84 (s, 3H), 3.24 (d, J = 8.3 Hz, 1H). 13C-NMR
(75 MHz, CDCl3) δ (ppm): 234.8, 160.4, 157.8, 149.9, 136.9,
129.0, 123.1, 122.0, 121.9, 115.0, 93.5, 57.4, 55.5, 51.9.
MS (FAB+) m/z (%): 392 (6) [M + 1]+•, 364 (4) [M + 1-CO]+,
335 (7) [M + 1–2CO]+, 307 (78) [M − 3CO]+, 279 (63)
[M − 4CO]+, 223 (84) [M − Fe(CO)4]

+. HR-MS (FAB+) m/z for
C16H13FeNO2 [M − 3CO]+: calculated 307.0296, found
307.0298.

η4-[(E)-2-([1,1′-Biphenyl]-4-yl)-4-(pyridin-2-yl)-1,3-butadien-1-
one]tricarbonyliron(0) (3g). Orange solid (77%). m.p. (dec.)
123–125 °C. ATR–FTIR ν (cm−1): 2058, 2004, 1989 (CvO)metallic,
1746 (CvO)ketene.

1H-NMR (300 MHz, CDCl3) δ (ppm): 8.64
(s, 1H), 7.75–7.37 (m, 10H), 7.25 (m, 1H), 7.17 (s, 1H), 3.31 (d,
J = 8.2 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 233.8,
157.4, 150.0, 141.8, 140.2, 136.9, 129.9, 129.0, 128.0, 127.9,
127.1, 123.2, 122.0, 94.0, 77.6, 77.2, 76.7, 58.0, 51.0. MS (FAB+)
m/z (%): 438 (6) [M + 1]+•, 410 (6) [M + 1-CO]+, 353 (28)
[M − 3CO]+, 325 (30) [M − 4CO]+, 269 (68) [M–Fe(CO)4]

+.
HR-MS (FAB+) m/z for C21H15FeNO [M − 3CO]+: calculated
353.0503, found 353.0508.

η4-[(E)-2-(Naphthalen-2-yl)-4-(pyridin-2-yl)buta-1,3-dien-1-one]-
tricarbonyliron(0) (3h). Orange solid (83%). m.p. (dec.)
124–126 °C. ATR–FTIR ν (cm−1): 2058, 2004, 1989 (CvO)metallic,
1746 (CvO)ketene.

1H-NMR (300 MHz, CDCl3) δ (ppm): 8.64
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(d, J = 4.3 Hz, 1H), 8.20 (s, 1H), 7.95–7.76 (m, 3H), 7.70 (dd, J =
8.6, 1.7 Hz, 1H), 7.61 (td, J = 7.7, 1.7 Hz, 1H), 7.55 (d, J =
8.4 Hz, 1H), 7.50 (m, 2H), 7.31–7.19 (m, 1H), 7.15 (dd, J = 7.0,
5.2 Hz, 1H), 3.33 (d, J = 8.4 Hz, 1H). 13C-NMR (75 MHz, CDCl3)
δ (ppm): 233.8, 157.5, 150.0, 136.9, 133.5, 133.3, 129.4, 128.2,
127.9, 127.4, 127.1, 127.0, 124.2, 123.2, 122.0, 94.1, 58.0, 50.9.
MS (FAB+) m/z (%): 412 (5) [M + 1]+•, 384 (4) [M + 1-CO]+,
327 (44) [M − 3CO]+, 299 (50) [M − 4CO]+, 243 (100) [M − Fe
(CO)4]

+. HR-MS (FAB+) m/z for C19H13FeNO [M − 3CO]+: calcu-
lated 327.0347, found 327.0345.

η4-[(E)-2-(1-Methyl-1H-pyrrol-2-yl)-4-(pyridin-2-yl)buta-1,3-
dien-1-one]tricarbonyliron(0) (3i). Orange solid (78%). m.p.
(dec.) 102–107 °C. ATR–FTIR ν (cm−1): 2057, 2004, 1979
(CvO)metallic, 1770 (CvO)ketene, 1474, 732.

1H-NMR (300 MHz,
CDCl3) δ (ppm): 8.60 (s, 1H), 7.58 (s, 1H), 7.34–7.04 (m, 3H),
6.70 (s, 1H), 6.48 (s, 1H), 6.15 (s, 1H), 3.80 (s, 3H), 3.09 (d, J =
7.3 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 233.0, 157.7,
149.9, 136.8, 126.6, 123.1, 121.8, 120.8, 113.6, 109.0, 94.4,
56.5, 48.2, 36.0. MS (FAB+) m/z (%): 365(5) [M + 1]+•, 337 (3)
[M + 1-CO]+, 308 (8) [M − 2CO]+, 280 (48) [M − 3CO]+, 252 (50)
[M − 4CO]+, 196 (20) [M − Fe(CO)4]

+. HR-MS (FAB+) m/z
for C14H12FeN2O [M − 3CO]+: calculated 280.0299, found
280.0290.

η4-[(E)-2-Phenyl-4-(quinolin-2-yl)buta-1,3-dien-1-one]tricarb-
onyliron(0) (3l). Orange solid (73%). m.p. (dec.) 100–105 °C.
IR (KBr) ν (cm−1): 2058, 1983 (CvO)metallic, 1746 (CvO)ketene.
1H-NMR (300 MHz, CDCl3) δ (ppm): 8.07 (m, 2H), 7.78 (d, J =
8.1 Hz, 1H), 7.69 (m, 4H), 7.50 (m, 1H), 7.41 (m, 3H), 7.32 (d,
J = 8.5 Hz, 1H), 3.33 (d, J = 8.3 Hz, 1H). 13C-NMR (75 MHz,
CDCl3) δ (ppm): 233.5, 157.9, 148.4, 136.8, 131.1, 130.1, 129.4,
129.1, 128.9, 127.9, 127.8, 127.1, 126.5, 121.4, 94.6, 57.5, 51.4.
MS (FAB+) m/z (%): 412 (5) [M + 1]+•, 327 (45) [M + 1-3CO]+, 299
(100) [M − 4CO]+, 243 (95) [M − Fe(CO)4]

+. HR-MS (FAB+) m/z
for C19H13FeNO [M − 3CO]+: calculated 327.0347, found
327.0351.

General procedure for the synthesis of 3-substituted
4H-quinolizin-4-ones 4a–l

In a 25 mL round-bottomed flask, a solution of 3 (0.5 mmol)
in 10 mL of benzene was refluxed for 4 h. In most cases, the
reaction mixture turned dark brown and the formation of a
dark precipitate was observed during the reaction. After the
reaction was complete, the crude product was filtered off
through a celite column (5 cm) and the solvent was evaporated
under reduced pressure using a rotary evaporator. The reaction
mixture was chromatographed on a silica gel column using
hexane–dichloromethane (9 : 1, v/v) as an eluent.

3-Phenyl-4H-quinolizin-4-one (4a). Yellow solid (77%).
m.p. 131–132 °C. ATR–FTIR ν (cm−1): 1648 (CvO), 1620(CvC).
1H-NMR (300 MHz, CDCl3) δ (ppm): 9.25 (d, J = 7.4 Hz, 1H),
7.89–7.83 (m, 3H), 7.48–7.41 (m, 3H), 7.34–7.25 (m, 2H), 7.01
(t, J = 7.0 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H). 13C-NMR (75 MHz,
CDCl3) δ (ppm): 157.3, 142.0, 137.9, 137.0, 129.2, 128.8, 128.3,
127.8, 127.1, 125.4, 120.2, 115.4, 103.4. MS (EI, 70 eV) m/z (%):
221 (86) [M]+•, 193 (100) [M − CO]+. HR-MS (FAB+) m/z for
C15H12NO [M + H]+: calculated 222.0919, found 222.0927.

3-(4-Methylphenyl)-4H-quinolizin-4-one (4b). Yellow solid
(75%). m.p. 126–127 °C. ATR–FTIR ν (cm−1): 1648 (CvO),
1621 (CvC). 1H-NMR (300 MHz, CDCl3) δ (ppm): 9.22 (d, J =
7.4 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.1 Hz,
2H), 7.43 (d, J = 8.7 Hz, 1H), 7.29–723 (m, 3H), 6.98 (t, J = 6.8
Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 2.38 (s, 3H). 13C-NMR
(75 MHz, CDCl3) δ (ppm): 157.2, 141.7, 136.8, 136.6, 135.0,
129.0, 128.9, 128.6, 127.6, 125.4, 120.2, 115.3, 103.4, 21.3. MS
(EI, 70 eV) m/z (%): 235 (100) [M]+•, 207 (82) [M − CO]+. HR-MS
(FAB+) m/z for C16H14NO [M + H]+: calculated 236.1075, found
236.1072.

3-(4-Bromophenyl)-4H-quinolizin-4-one (4c). Yellow solid
(72%). m.p. 133–134 °C. ATR–FTIR ν (cm−1): 1650 (CvO), 1618
(CvC), 1491, 1067, 791. 1H-NMR (300 MHz, CDCl3) δ (ppm):
9.24 (d, J = 7.3 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.74 (d, J = 8.5
Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.48 (d, J = 8.8 Hz, 1H),
7.44–7.30 (m, 1H), 7.04 (t, J = 6.5 Hz, 1H), 6.74 (d, J = 8.0 Hz,
1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 157.0, 142.2, 136.8,
136.6, 131.4, 130.4, 129.6, 127.8, 125.5, 121.0, 118.6, 115.7,
103.5. MS (EI, 70 eV) m/z (%): 299, 301 (100) [M]+•, 271, 273
(63) [M − CO]+. HR-MS (FAB+) m/z for C15H11BrNO [M + H]+:
calculated 300.0024, found 300.0031.

3-(4-Iodophenyl)-4H-quinolizin-4-one (4d). Yellow solid
(81%). m.p. 158–159 °C. ATR–FTIR ν (cm−1): 1648 (CvO), 1620
(CvC), 1494, 1071, 793. 1H-NMR (300 MHz, CDCl3) δ (ppm):
9.24 (d, J = 7.4 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.75 (d, J =
8.4 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.7 Hz, 1H),
7.43–7.30 (m, 1H), 7.05 (t, J = 6.6 Hz, 1H), 6.74 (d, J = 8.0 Hz,
1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 157.0, 142.2, 137.5,
137.4, 136.6, 130.6, 129.6, 127.8, 125.5, 118.7, 115.7, 103.5,
92.7. MS (EI, 70 eV) m/z (%): 347 (100) [M]+•, 319 (30)
[M − CO]+. HR-MS (FAB+) m/z for C15H10INO [M]+: calculated
346.9807, found 346.9806.

3-(4-(Trifluoromethyl)phenyl)-4H-quinolizin-4-one (4e). Yellow
solid (77%). m.p. 164–166 °C. ATR–FTIR ν (cm−1): 1649 (CvO),
1625 (CvC), 1488, 1325, 1106, 1072, 799. 1H-NMR (300 MHz,
CDCl3) δ (ppm): 9.26 (d, J = 7.1 Hz, 1H), 7.98 (d, J = 7.7 Hz,
2H), 7.89 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 7.8 Hz, 2H), 7.51 (d, J =
8.6 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.07 (t, J = 6.5 Hz, 1H), 6.76
(d, J = 7.9 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 157.0,
142.6, 141.6, 137.1, 130.1, 128.9, 128.8 (q, J = 32.6 Hz, C̲CF3),
127.9, 125.5, 125.2 (q, J = 3.7 Hz, C̲HCCF3), 124.5 (q, J = 270.0
Hz, C̲F3), 118.1, 115.9, 103.6. MS (EI, 70 eV) m/z (%): 289 (74)
[M]+•, 261 (100) [M − CO]+. HR-MS (FAB+) m/z for C16H10F3NO
[M]+: calculated 289.0714, found 289.0714.

3-(4-Methoxyphenyl)-4H-quinolizin-4-one (4f). Yellow solid
(81%). m.p. 141–142 °C. ATR–FTIR ν (cm−1): 1643 (CvO), 1619
(CvC), 1273, 1027, 809. 1H-NMR (300 MHz, CDCl3) δ (ppm):
9.22 (d, J = 7.4 Hz, 1H), 7.85–7.79 (m, 3H), 7.44 (d, J = 8.8 Hz,
1H), 7.27 (t, J = 7.7 Hz, 1H), 7.00–6.96 (m, 3H), 6.72 (d, J =
8.0 Hz, 1H), 3.84 (s, 3H). 13C-NMR (75 MHz, CDCl3) δ (ppm):
158.8, 157.2, 141.4, 136.2, 130.3, 129.9, 128.7, 127.5, 125.4,
120.0, 115.3, 113.8, 103.5, 55.4. MS (EI, 70 eV) m/z (%): 251
(100) [M]+•, 236 (20) [M − CH3]+, 223 (30) [M − CO]+, 208 (68)
[M − CH3CO]

+. HR-MS (FAB+) m/z for C16H14NO2 [M + H]+:
calculated 251.1025, found 251.1029.
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3-([1,1′-Biphenyl]-4-yl)-4H-quinolizin-4-one (4g). Yellow solid
(78%). m.p. 187–188 °C. ATR–FTIR ν (cm−1): 1647 (CvO), 1622
(CvC), 1071, 772, 690. 1H-NMR (300 MHz, CDCl3) δ (ppm):
9.27 (d, J = 7.3 Hz, 1H), 7.96–7.91 (m, 3H), 7.69–7.63 (m, 4H),
7.47–742 (m, 3H), 7.36–7.28 (m, 2H), 7.02 (t, J = 6.5 Hz, 1H),
6.75 (d, J = 8.0 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm):
157.3, 142.0, 141.1, 139.8, 137.0, 136.7, 129.3, 129.2, 128.9,
127.8, 127.3, 127.2, 127.1, 125.5, 119.6, 115.5, 103.5. MS (EI, 70
eV) m/z (%): 297 (100) [M]+•, 269 (80) [M − CO]+. HR-MS (FAB+)
m/z for C21H15NO [M]+: calculated 297.1154, found 297.1146.

3-(Naphthalen-2-yl)-4H-quinolizin-4-one (4h). Yellow solid
(79%). m.p. 220–221 °C. ATR–FTIR ν (cm−1): 1653 (CvO), 1618
(CvC), 1484, 1288, 790, 745. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 9.23 (s, 1H), 8.30 (s, 1H), 7.99–7.67 (m, 5H), 7.41
(s, 3H), 7.28 (s, 1H), 6.98 (s, 1H), 6.74 (s, 1H). 13C-NMR
(75 MHz, CDCl3) δ (ppm): 157.4, 142.1, 137.2, 135.4, 133.7,
132.7, 129.4, 128.4, 127.8, 127.7, 127.7, 127.6, 127.0, 126.0,
125.9, 125.5, 120.0, 115.6, 103.6. MS (EI, 70 eV) m/z (%):
271 (100) [M]+•, 243 (78) [M − CO]+. HR-MS (FAB+) m/z for
C19H13NO [M]+: calculated 271.0997, found 271.0997.

3-(1-Methyl-1H-pyrrol-2-yl)-4H-quinolizin-4-one (4i). Yellow
solid (79%). m.p. 129–130 °C. ATR–FTIR ν (cm−1): 1643 (CvO),
1622 (CvC), 1529, 1491, 1300, 1073, 696. 1H-NMR (300 MHz,
CDCl3) δ (ppm): 9.20 (d, J = 7.4 Hz, 1H), 7.74 (d, J = 7.9 Hz,
1H), 7.48 (d, J = 8.8 Hz, 1H), 7.38–7.29 (m, 1H), 7.01 (t, J =
6.9 Hz, 1H), 6.76 (s, 1H), 6.70 (d, J = 7.9 Hz, 1H), 6.27–6.14
(m, 2H), 3.65 (s, 3H). 13C-NMR (75 MHz, CDCl3) δ (ppm):
157.0, 142.1, 139.0, 131.0, 129.2, 127.5, 125.5, 123.5, 115.4,
113.9, 110.0, 107.8, 103.1, 35.3. MS (EI, 70 eV) m/z (%): 224
(100) [M]+•, 196 (13) [M − CO]+, 181 (18) [M − CH3CO]

+. HR-MS
(FAB+) m/z for C14H12N2O [M]+: calculated 225.1028, found
225.1034.

3-(Furan-2-yl)-4H-quinolizin-4-one (4j). Yellow solid (83%).
m.p. 115–117 °C. IR (KBr) ν (cm−1): 1660 (CvO), 1626 (CvC),
1476, 1313, 740. 1H-NMR (300 MHz, CDCl3) δ (ppm): 9.22 (d,
J = 6.9 Hz, 1H), 8.23 (d, J = 8.1 Hz, 1H), 7.48 (s, 2H), 7.42 (d, J =
9.9 Hz, 1H), 7.28 (m, 1H), 7.02 (m, 1H), 6.75 (d, J = 8.1 Hz, 1H),
6.56 (s, 1H). 13C-NMR (75 MHz, CDCl3) δ (ppm): 154.6, 150.6,
141.5, 140.8, 131.9, 128.8, 127.4, 125.6, 115.7, 112.3, 111.5,
109.7, 103.8. MS (EI, 70 eV) m/z (%): 211 (100) [M]+•, 183 (20)
[M − CO]+, 154 (88) [C11H8N]+. HR-MS (FAB+) m/z for
C13H10NO2 [M + H]+: calculated 212.0712, found 212.0705.

3-(Thiophen-2-yl)-4H-quinolizin-4-one (4k). Yellow solid
(76%). m.p. 108–110 °C. ATR–FTIR ν (cm−1): 1643 (CvO), 1619
(CvC), 1482, 1072, 786, 728. 1H-NMR (300 MHz, CDCl3)
δ (ppm): 9.24 (d, J = 6.7 Hz, 1H), 8.15 (d, J = 7.9 Hz, 1H), 7.67
(s, 1H), 7.45 (d, J = 8.3 Hz, 1H), 7.36 (s, 1H), 7.30 (m, 1H), 7.12
(s, 1H), 7.04 (m, 1H), 6.74 (d, J = 7.8 Hz, 1H). 13C-NMR
(75 MHz, CDCl3) δ (ppm): 155.4, 140.8, 139.2, 132.8, 129.0,
127.7, 126.6, 126.0, 125.5, 123.1, 116.0, 114.4, 103.9. MS (EI, 70
eV) m/z (%): 27 (100) [M]+•, 199 (74) [M − CO]+, 154 (20)
[C11H8N]

+. HR-MS (FAB+) m/z for C13H10NOS [M + H]+: calcu-
lated 228.0483, found 22.0486.

2-Phenyl-1H-pyrido[1,2-a]quinolin-1-one (4l). Yellow solid
(83%). m.p. 194–195 °C. IR (KBr) ν (cm−1): 1646 (CvO), 1618
(CvC), 1534, 833, 696. 1H-NMR (300 MHz, CDCl3) δ (ppm):

9.90 (d, J = 8.6 Hz, 1H), 7.77 (d, J = 7.6 Hz, 2H), 7.64 (d, J =
7.4 Hz, 1H), 7.58–7.29 (m, 6H), 7.25 (d, J = 9.1 Hz, 1H), 7.01
(d, J = 9.2 Hz, 1H), 6.53 (d, J = 7.4 Hz, 1H). 13C-NMR (75 MHz,
CDCl3) δ (ppm): 163.4, 141.3, 138.0, 136.2, 135.9, 129.5, 129.1,
128.3, 128.2, 127.9, 127.7, 127.5, 126.5, 126.5, 123.9, 122.6,
105.8. MS (EI, 70 eV) m/z (%): 271 (86) [M]+•, 243 (100)
[M – CO]+, 121 (24) [C12H8O]

+. HR-MS (FAB+) m/z for C19H13NO [M]+:
calculated 271.0997, found 271.0997.
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