
Bioorganic & Medicinal Chemistry 15 (2007) 6510–6516
Metallocene-based antimalarials: An exploration into the influence
of the ferrocenyl moiety on in vitro antimalarial activity

in chloroquine-sensitive and chloroquine-resistant
strains of Plasmodium falciparum

Margaret A. L. Blackie,a Paul Beagley,a Simon L. Croft,b

Howard Kendrick,b John R. Mossa and Kelly Chibalea,c,*

aDepartment of Chemistry, University of Cape Town, Rondebosch 7701, South Africa
bDepartment of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, Keppel Street,

London WC1E 7HT, UK
cInstitute of Infectious Disease and Molecular Medicine, University of Cape Town, Rondebosch 7701, South Africa

Received 10 April 2007; revised 6 July 2007; accepted 12 July 2007

Available online 1 August 2007
Abstract—To establish the role of the ferrocenyl moiety in the antiplasmodial activity of ferroquine, compounds in which this moi-
ety is replaced by the corresponding ruthenium-based moieties were synthesized and evaluated. In both the sensitive (D10) and resis-
tant (K1) strains of Plasmodium falciparum, ruthenoquine analogues showed comparable potency to ferroquine. This suggests that a
probable role of the ferrocenyl fragment is to serve simply as a hydrophobic spacer group. In addition, ferroquine analogues with
different aromatic substituents were synthesized and evaluated. Unexpectedly high activity for quinoline compounds lacking the 7-
chloro substituent suggests the ferrocenyl moiety may have an additive and/or synergistic effect.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Chloroquine (1) (Fig. 1) has been an effective antimalar-
ial agent since the late 1940s. Unfortunately, in most af-
fected areas the principal causative agent, Plasmodium
falciparum, has developed resistance to 1 and other re-
lated quinoline antimalarials.1 Since malaria affects be-
tween 300 and 500 million people each year and is
responsible for 1.5–2.7 million fatalities,2 the emergence
of quinoline drug resistance is a major problem. To cir-
cumvent resistance, numerous aminoquinolines and
aminoquinoline metal complexes3 have been screened
against resistant strains of P. falciparum. Of these com-
plexes, ferroquine 2a4 shows the greatest promise, and
clinical trials are currently in progress with this drug.

Numerous papers have been published exploring the
efficacy of a variety of ferroquine analogues. The posi-
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tion of the ferrocenyl moiety has been altered;5 the nat-
ure of the alkyl groups attached to the terminal tertiary
amine has been explored;4,6 the addition of a reactive
secondary amine centre and the functionalisation of that
centre have been carried out.7 From all of this research it
seems, in general, that the presence of a ferrocenyl moi-
ety in the alkyl side chain of chloroquine analogues has
a positive effect on the efficacy of these compounds in
chloroquine resistant strains of P. falciparum. The pri-
mary mechanism of ferroquine has been reported to be
similar to that of chloroquine,8 in as far as binding to
haem and preventing the formation of haemozoin are
concerned. However, studies of ruthenoquine 2b show
accumulation of this compound in the parasitic mem-
brane.5 As yet, such accumulation has not been demon-
strated to occur with chloroquine.9

In view of earlier structure–activity relationship studies
in chloroquine and related 4-aminoquinolines,10 and in
order to differentiate between any toxicity associated
with the ferrocenyl moiety, we have synthesized a series
of organometallic chloroquine analogues containing the
ferrocenyl6,7 and ruthenocenyl11,12 moieties. We have
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Figure 1. Chemical structures of chloroquine, ferroquine, ruthenoquine and related derivatives.
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also screened the synthetic intermediates in this endeav-
our. It is not the intention of this preliminary study to
re-examine features necessary for the antimalarial activ-
ity of 4-aminoquinolines which have already been iden-
tified from previous studies8,10 but rather to complement
these and previous studies on ferrocenyl and ruthenoce-
nyl compounds.4,13 From this study we hoped to ascer-
tain whether the ferrocenyl moiety affords some
synergistic or other beneficial effect. In addition, we
wished to confirm that there is little difference in efficacy
between ferrocenyl and ruthenocenyl analogues.11,12 It
has been observed that there is a significant difference
in efficacy between ferrocifen and its ruthenocenyl ana-
logue.14 This has been attributed to the difference in sta-
bility of the ferrocenium and ruthenocenium ions. The
relatively stable ferrocenium ion affords a significant
change in the chemical reactivity of the highly conju-
gated ferrocifen molecule.
2. Synthesis

Ferroquine 2a and ruthenoquine 2b were prepared using
established literature procedures.4a,11 The final step of
this synthetic strategy is shown in Scheme 1.

The ferroquine and ruthenoquine analogues 4a and 4b
lacking the chlorine on the 4-aminoquinoline were syn-
thesized in a similar manner using 4-chloroquinoline as
a starting material in the place of 4,7-dichloroquinoline.
The compounds bearing the reactive secondary amine
centre were synthesized using the strategy we have previ-
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Scheme 1. Reagents: (i) 5 equiv of 4-chloroquinoline or 4,7-dichloroquinolin
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ously reported7,11 from the appropriate metallocene car-
boxaldehyde, Scheme 2.

The aromatic 1,2-diamines were synthesized using the
method described for the synthesis of N-(7-chloro-quin-
olin-4-yl)-ethane-1,2-diamine.15 The urea derivatives 8–
10 were then synthesized from the secondary amine,
Scheme 3, by the addition of 1.2 equiv of phenyl isocy-
anate in dichloromethane as previously reported.7
3. Results and discussion

To establish the role of the ferrocenyl moiety in ferroq-
uine, a series of ruthenocene analogues were synthe-
sized. To differentiate between effects consistent with
structure–activity relationships previously reported for
4-aminoquinolines, and any secondary effects associated
with the ferrocenyl moiety, a series of analogues
including quinoline and pyridine complexes were also
synthesized and screened for antiplasmodial activity.
The results are presented in Tables 1 and 2.

The synthetic intermediates of the ferrocene series were
also screened but these showed little or no antimalarial
activity. These compounds may not accumulate at the
presumed site of action, the food vacuole, and some of
the intermediates exhibited significantly lower stability
than ferroquine. To overcome this problem, we at-
tempted to make a series of compounds that retained
the features necessary for accumulation in the parasite
food vacuole but not necessarily for high antiplasmodial
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Table 1. Comparative results of in vitro antiplasmodial testing of

ferrocene and ruthenocene analogues conducted on chloroquine-

sensitive (D10) and chloroquine-resistant (K1) strains of P. falciparum

Compound

No.

Compound R IC50 (nM)

D10 K1

1 Chloroquine — 22.9 352.3

2a M = Fe

NCl

17.7 13.5

3a M = Fe

NCl

HN

33.2 37.1

4a M = Fe

N

13.5 75.9

2b M = Ru

NCl

18.6 12.7

3b M = Ru

NCl

HN

20.3 19.5

4b M = Ru

N

11.6 50.5

Table 2. Comparative results from in vitro antimalarial testing of

ferrocene analogues conducted on chloroquine sensitive (3D7) and

resistant (K1) strains of P. falciparum

Compound Structure ED50 (nM)
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Scheme 3. Reagents: phenylisocyanate, dichloromethane.
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activity [Tables 1 (4a and 4b) and 2 (5, 6, 9 and 10)]. The
ferrocene analogues without the 7-chloro group retain
the 4-aminoquinoline moiety which is the minimum
requirement for association with haematin, but alone
is insufficient to facilitate antiplasmodial activity.10b

The pyridine complexes possess the amine functional-
ities required for accumulation in the food vacuole of
the parasite but do not associate with the haem.

It is evident from Tables 1 and 2 that no significant dif-
ference in antimalarial activity was observed between
the ferrocene and ruthenocene analogues (Table 1).
The steric bulk of ferrocene and ruthenocene is almost
identical; both complexes have very similar properties,
although they differ in their chemical reactivity and re-
dox chemistry. This single comparison of course does lit-
tle to establish the role of the metal in ferroquine, but it
does seem to suggest that the physical characteristics of
the metallocene moiety are more significant than the
chemical reactivity. It is noteworthy that this is contrary
to results of the ruthenocene analogue of ferrocifen.14 In
that case, the metallocene moiety is part of a highly con-
jugated molecule and it is postulated that the difference
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in redox chemistry facilitates a difference in chemical
reactivity at different sites in the molecule. This is facil-
itated by the relatively high stability of the ferrocenium
cation in comparison with the unstable ruthenocenium
cation. In ferroquine, ruthenoquine and the analogues
discussed here no such conjugation exists in the mole-
cule. Previous investigations have shown that there is
no observed correlation between the redox potential of
ferroquine analogues and antiplasmodial activity.3g,7

The pyridine analogue of ferroquine was found to be
significantly less active compared to the 4-aminoquino-
line counterparts. However, the ferroquine and ruthe-
noquine analogues lacking the 7-chloro substituent
exhibited high activity in the chloroquine sensitive D10
strain of the malaria parasite. Lower activity has been
observed for chloroquine10c analogues lacking the
7-chloro group. Since the ferroquine analogue lacking
the 7-chloro group does not inhibit the formation of
b-haematin16 the metallocene in the side chain may have
an additive and/or synergistic effect. The absence of the
7-chloro group in all derivatives resulted in decreased
antiplasmodial activity in the chloroquine resistant K1
strain (Table 1, 4a and 4b). Given that ferroquine and
ruthenoquine analogues lacking the 7-chloro group dis-
play higher activity against the sensitive D10 strain of
malarial parasite but not for the resistant strain, this
may suggest that inhibition of b-haematin formation is
not the primary mechanism in the aforementioned ana-
logues. This is in view of the fact that previous studies
have shown that 7-chloro group in chloroquine is crucial
in determining the ability of 4-aminoquinolines to inhi-
bit b-haematin formation.10c It is also noteworthy that
correlation between antimalarial activity in vitro and
inhibition of b-haematin formation should only be con-
sidered in chloroquine-sensitive strains due to other fac-
tors at play in chloroquine-resistant strains that disallow
an accurate comparison. Substitution with the acridine
moiety of quinacrine leads to a more potent derivative
(Table 2, 7). This may be due to multiple mechanisms
often associated with acridine moieties17 including inter-
calation with the parasite DNA,18 inhibition of the
enzyme topoisomerase II19 and inhibition of
b-haematin.20 We observed loose correlation (in some
cases lack of correlation) between the antimalarial
ED50 of the compounds and their ability to inhibit
b-haematin formation. Nevertheless this correlation
may be improved by normalising for cellular accumula-
tion.10b The importance of cellular accumulation in the
antimalarial activity of 4-aminoquinoline antimalarials
has previously been highlighted.21
4. Conclusions

The ferrocene and ruthenocene analogues of ferroqu-
ine reported in this paper exhibit high antiplasmodial
activity against a resistant strain of the P. falciparum.
This observation is consistent with the hypothesis that
the mechanism for drug resistance in the Plasmodium
parasites is compound specific. It has been suggested
that ferroquine has reduced affinity for the P. falcipa-
rum chloroquine resistance transporter (PfCRT).8 This
has previously been attributed to the lipophilicity of
the ferrocenyl moiety.8 The fact that there was no sig-
nificant difference in efficacy between analogous ferr-
ocenyl and ruthenocenyl compounds suggests that
the difference in chemical behaviour of these moieties
is insignificant. However, the lipophilicity and size of
these moieties may be important. The increased lipo-
philicity may aid passage through membranes and lead
to a greater affinity for haematin. However, it is noted
that any correlation between the inhibition of haem-
azoin formation and efficacy is only relevant in chloro-
quine-sensitive strains of the parasite. In chloroquine-
resistant strains other factors play a significant role
thereby preventing accurate correlation. Whether the
ferrocenyl moiety has a secondary function is not
clear; nevertheless some of the results included in this
paper indicate that there is an inherent antiplasmodial
toxicity associated with the metallocene fragment. Fur-
ther study into these compounds and their analogues
may yield a greater understanding of the effect of
the metallocene moiety on antiplasmodial activity.
However, more detailed studies are required to con-
firm that the ferrocene functions as a hydrophobic
group, and to establish the scope and limitations of
this strategy.
5. Experimental

The syntheses were performed using standard Schlenk
techniques; ferroquine 2a,4 compounds 3a,7 2b11 and
3b11 were prepared according to literature methods.
Diethyl ether and THF were distilled from Na/benzo-
phenone, methanol was distilled from magnesium acti-
vated by iodine, 1-methylpyrrolidinone was purified by
an azeotropic distillation from toluene and DMF was
distilled from CaSO4 (76 �C/39 mm Hg). The concentra-
tion of alkyl lithium reagents was determined by the
Gilman double titration method prior to use.22 All
other chemicals were used as supplied by Aldrich. 1H
and 13C NMR spectra were recorded at room temper-
ature on Varian EM 400 or 300 MHz spectrometers.
1H NMR spectra were recorded in CDCl3 and refer-
enced internally using the residual protons in the deu-
terated solvent (d 7.27) and are reported relative to
tetramethylsilane (d 0.00). 13C NMR spectra were ref-
erenced internally to the solvent resonance (d 77.0)
and are reported relative to tetramethylsilane (d 0.0).
Infrared spectra were recorded on a Perkin-Elmer Par-
agon 1000 FT-IR spectrometer. Melting points were
performed on a Kofler hot-stage microscope (Reic-
hert-Thermovar). Mass spectra were determined by
Dr. P. Boshoff of the mass spectrometry unit at the
Cape Technikon. Elemental analyses were performed
using a Carlo Erba EA1108 elemental analyser in the
microanalytical laboratory of the University of Cape
Town. For results included in Table 1 the parasite via-
bility was determined using the parasite lactate dehy-
drogenase assay according to Makler and Hinrichs.23

For results included in Table 2 the whole cell growth
inhibition assay of P. falciparum growth in human
red blood cells was carried out in a 48 h [3H]-hypo-
xanthinine incorporation assay.24,25
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5.1. (2-Dimethylaminomethyl-ferrocenyl)-quinolin-4-yl-
amine (4a)

Compound prepared in the manner described for 2a4a

using appropriate starting materials.

Deep orange crystals, 70%; mp 148–150 �C; Rf (silica/
ethyl acetate:hexane:Et3N, 45:50:5) 0.11; 1H NMR
(400 MHz; CDCl3) d: 8.56 (d, 3JHH 5, 1H), 7.94 (dd,
4JHH 1 and 3JHH 8, 1H), 7.70 (dd, 4JHH 1 and 3JHH 8,
1H), 7.58 (m,1H), 7.33 (m, 1H), 6.48 (d, 3JHH 5, 1H),
4.38 (d, 2JHH 13, 1H), 4.27 (m, 1H), 4.20–4.14 (m,
2H), 4.13 (s, 5H), 4.07 (t, 3JHHH 3, 1H), 3.79 (d, 2JHH

13, 1H), 2.89 (d, 2JHH 13, 1H), 2.22 (s, 6H); 13C
(100.6 MHz; CDCl3) d: 151.2, 150.4 (IVC), 148.8 (IVC),
129.7, 128.9, 124.2, 120.7, 119.6 (IVC), 98.7, 84.4 (IVC),
84.2 (IVC), 71.5, 70.6, 69.3 (5C), 66.0, 58.2, 45.1 (2C),
42.5; IR (KBr) mmax 3185br m, 1617m, 1572vs, 1540s,
1467s, 1117s, 1103m, 1005m, 838m, 822s, 497m, 480s;
HRMS (EI) m/z 399.14058 (M+ requires C23H25N3Fe,
399.13979), 354.1, 255.1, 121.0, 91.1, 58.1; found: C,
69.18; H, 6.17; N, 10.10 (calcd for C23H24N3ClFe: C,
69.18; H, 6.31; N, 10.52%.).

5.2. (Quinolin-4-yl)-(2-dimethylaminomethyl-ruthenocen-
1-ylmethyl)-amine (4b)

Analogous procedure to 2b.11

White crystals, 52%; mp 153–154 �C (recryst from aceto-
nitrile and diethyl ether); dH (400 MHz; CDCl3) 8.54 (d
3JHH 5, 1H), 7.94 (d, 3JHH 8, 1H), 7.71 (d, 3JHH 8, 1H),
7.58 (t, 3JHH 8, 1H), 7.35 (t, 3JHH 8 Hz, 1H), 7.31 (t br,
NH 3JHH 7, 1H), 6.43 (d, 3JHH 5, 1H), 4.07 (m, 1H), 4.60
(m, 1H) 4.55 (s, 5H), 4.44 (m, 1H), 4.00–4.16 (m, 2H),
3.55 (d, 2JHH 13, 1H), 2.77 (d, 2JHH 13, 1H), 2.56 (s,
6H); dC (100 MHz; CDCl3) 151.2, 150.1, 148.7 (CIV),
129.7, 128.7, 124.1, 120.3, 119.4 (CIV), 98.7, 88.4, 87.9
(CIV), 73.7, 72.8 (5C), 68.6, 57.9, 44.9 (2C), 41.8; m/z
(FAB) 446 (M + H), 401 (72), 302 (27), 286 (14), 245
(26), 167 (28), 145 (24); found C, 62.04; H, 5.67; N,
9.63 (calcd for RuC23H24N3: C, 62.14; H, 5.67; N,
9.45%).

5.3. N-(2-Dimethylaminomethyl-ferrocenyl)-N-quinolin-
4-yl-ethane-1,2-diamine (5)

Compound prepared in the manner described for 3a7

using appropriate starting materials. Yellow crystals,
60%; mp 128–129 �C; Rf (silica/CH2Cl2:MeOH:Et3N,
80:20:1) 0.22; dH (400 MHz; CDCl3) 8.46 (d, 3JHH 5,
1H), 7.90 (d, 3JHH 8, 1H), 7.79 (d, 3JHH 8, 1H), 7.52
(t, 3JHHH 7, 1H), 7.30 (t, 3JHH 8, 1H), 6.29 (d, 3JHH 5,
1H), 6.14 (s, 1H), 4.05 (m, 1H), 4.00 (m, 1H), 3.94 (s,
6H), 3.75 (d, 2JHH 13, 1H), 3.57 (d, 2JHH 12, 1H), 3.31
(d, 2JHH 13, 1H), 3.26–3.12 (m, 2H), 2.87–2.77 (m,
2H), 2.69 (d, 2JHH 12, 1H), 1.93 (s, 6H); dC

(100.6 MHz; CDCl3) 151.1, 150.1 (IVC), 148.6 (IVC),
129.7, 128.9, 124.5, 120.3, 119.2 (IVC), 98.8, 85.7 (IVC),
83.9 (IVC), 71.1, 70.1, 69.0 (5C), 66.0, 58.2, 47.4, 46.6,
45.0 (2C), 42.2 (5 0); IR (KBr) mmax 3235br m, 1619m,
1577vs, 1550s, 1460s, 1104s, 1000m, 828m, 807s, 490m;
HRMS (EI) m/z 442.18181 (M+ C25H30N4Fe requires
442.18199), 255.0, 240.0, 91.0, 58.1; found: C, 69.19;
H, 6.84; N, 12.33 (calcd for C23H24N3ClFe, C, 67.88;
H, 6.84; N, 12.66%).

5.4. N-(2-Dimethylaminomethyl-ferrocenyl)-N-pyridin-4-
yl-ethane-1,2-diamine (6)

The compound was prepared in the same manner de-
scribed for 3a7 using appropriate starting materials.
An additional 1 mol equiv of triethylamine was added
as 4-chloropyridine hydrochloride was used. Deep red
oil; Yield: 515 mg (60%); Rf (silica/CH2Cl2:MeO-
H:Et3N, 80:20:1) 0.22; dH (400 MHz; CDCl3) 8.10 (d,
3JHH 5, 2H), 6.40 (d, 3JHH 6, 2H), 4.12 (m, 1H),
4.07 (m, 1H), 4.00 (s, 5H), 3.98 (m, 1H), 3.86 (d,
2JHH 13, 1H), 3.66 (d, 2JHH 12, 1H), 3.37 (d, 2JHH

13, 1H), 3.24–3.10 (m, 2H), 2.79–2.72 (m, 3H), 2.04
(s, 6H); dC (100.6 MHz; CDCl3) 153.6 (IVC), 149.9
(2C),107.6 (2C), 84.1 (IVC), 83.8 (IVC), 71.3, 70.4,
69.2 (5C), 66.2, 58.2, 47.3, 46.6, 44.6 (2C), 41.5 (4 0);
IR (thin film) mmax 3251br m, 1605vs, 1466m, 1104m
(ferrocene), 811s (ferrocene); HRMS (EI) m/z
392.16500 (M+requires C21H28N4Fe, 392.16634),
255.1, 240.0, 163.0, 121.0, 91.0, 58.1; found: C,
64.10; H, 7.20; N, 14.23 (calcd for C21H28N4Fe, C,
64.29; H, 7.19; N, 14.28%).

5.5. N-(6-Chloro-2-methoxy-acridine-9-yl)-N 0-[2-(N00,N00-
dimethylaminomethyl)ferrocenylmethyl]-ethane-1,2-dia-
mine (7)

Prepared in the same manner as that described for 3a7

using appropriate starting materials.

Deep orange crystals, 74%; mp 158–159 �C; Rf (silica/
CH2Cl2:MeOH:Et3N, 80:20:1) 0.25; dH (400 MHz;
CDCl3) 8.14 (d, 3JHH 9, 1H), 8.05 (d, 4JHH 2, 1H),
7.99 (d, 3JHH 10, 1H), 7.41–7.37 (m, 2H), 7.28 (dd,
4JHH 2 and 3JHH 9, 1H), 4.13–4.12 (m, 2H), 4.05 (s,
5H), 4.04–4.03 (m, 1H), 3.91 (d, 2JHH 13, 1H), 3.90 (s,
3H), 3.79–3.67 (m, 2H), 3.73 (d, 2JHH 12, 1H), 3.42 (d,
2JHH 13, 1H), 2.87–2.84 (m, 2H), 2.83 (d, 2JHH 12,
1H), 2.11 (s, 6H); dC (100.6 MHz; CDCl3) 131.4,
128.3, 124.9, 124.6, 124.3, 99.8, 71.3, 70.1, 69.1 (5C),
66.0, 58.4, 55.7, 48.9, 48.4, 47.3, 46.4 (2C); IR (KBr)
mmax 3304br m, 1631s, 1606m, 1561s, 1519m, 1467s,
1104m, 1030m, 1001m, 488m; HRMS (EI) m/z
556.1685 (M+ C30H33N4OClFe requires 556.4647),
511.1, 446.1, 255.1, 240.0, 121.0, 91.1, 58.1, 55.9; found:
C, 64.10; H, 7.20; N, 14.23 (calcd for C21H28N4Fe, C,
64.29; H, 7.19; N, 14.28%).

5.6. 3-Benzyl-1-[2-(7-chloro-quinolin-4-ylamino)-ethyl]-1-
[2-(N00,N00-dimethylaminomethyl)-ferrocenylmethyl]urea
(8)

Compound 3a (1 equiv) was dissolved in anhydrous
dichloromethane (10 mL). The phenyl isocyanate
(1.2 equiv) was added and reaction vessel placed on a
shaker at 200 rpm for 3 h at 25 �C. The product was
then purified by silica gel chromatography eluting with
10% methanol in dichloromethane. The product 8 was
isolated as a yellow crystalline solid. Yellow crystals,
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90%; mp 95–96 �C; Rf (silica/CH2Cl2:MeOH, 80:20)
0.51; dH (400 MHz; CDCl3) 8.45 (d, 3JHH 6, 1H), 8.12
(t, 3JHH 6, 1H), 7.96 (d, 4JHH 2, 1H), 7.75 (d, 3JHH 9,
1H), 7.15 (dd, 4JHH 2 and 3JHH 9, 1H), 7.13–7.07 (m,
5H), 6.32 (d, 3JHH 6, 1H), 4.24–4.16 (m, 7H), 4.08 (s,
5H), 3.82 (d, 2JHH 13, 1H), 3.73–3.68 (m, 2H), 3.58–
3.40 (m, 2H), 2.82 (d, 2JHH 13, 1H), 1.98 (s, 6H); dC

(100.6 MHz; CDCl3) 160.4 (IVC), 151.7 (IVC), 149.7,
146.7 (IVC), 140.2 (IVC), 135.7 (IVC), 128.2 (2C), 126.6,
126.5 (2C), 126.2, 125.7, 123.1, 116.9 (IVC), 97.5, 83.9
(IVC), 70.6, 69.5 (5C), 69.0, 67.7, 57.8, 47.0, 45.6, 44.6,
44.4 (2C), 43.7 (5’); IR (KBr) mmax 3268br w (NH),
1611s, 1582vs, 1539s, 1452m, 1332m, 1105m, 1005m,
842m, 808m, 487m; HRMS (FAB) m/z 610.2030
(M+H C33H36N5ClOFe requires 610.2034), 565.1,
432.2, 409.1, 255.1, 191.0, 154.0, 134.1,91.1; found: C,
65.01; H, 5.83; N, 11.50. (calcd for C23H24N3ClFe, C,
64.98; H, 5.95; N, 11.48%).

5.7. 3-Benzyl-1-(2-dimethylaminomethyl-ferrocenyl)-1-[2-
(quinolin-4-ylamino)-ethyl]-urea (9)

Compound prepared in the manner described for 87

using appropriate starting materials. Bright yellow crys-
tal, 80%; mp 88–89 �C; Rf (silica/CH2Cl2:MeOH, 80:20)
0.47; dH (300 MHz; CDCl3) 8.52 (d, 3JHH 5, 1H), 8.03 (t,
3JHH 5, 1H), 7.96 (d, 3JHH 8, 1H), 7.82 (d, 3JHH 8, 1H),
7.63–7.52 (m, 1H), 7.27 (t, 3JHHH 7, 1H), 7.14–7.09 (m,
5H), 6.34 (d, 3JHH 5, 1H), 4.49–4.16 (m, 7H), 4.12 (t,
3JHH 2, 1H), 4.06 (s, 5H), 4.05–4.03 (m, 1H), 3.76 (d,
2JHH 13, 1H), 3.71–3.63 (m, 2H), 3.58–3.37 (m, 2H),
2.74 (d, 2JHH 13, 1H), 1.94 (s, 6H); dC (75.5 MHz;
CDCl3) 160.3 (IVC), 150.9 (IVC), 150.2, 147.6 (IVC),
140.3 (IVC), 129.0, 128.6, 128.2 (2C), 126.6 (2C), 126.5,
124.7, 121.1, 118.8 (IVC), 97.4, 84.0 (IVC), 82.0 (IVC),
70.4, 69.4 (5C), 68.8, 67.4, 57.9, 47.0, 45.4, 44.7 (2C),
44.6, 43.6 (5 0); IR (KBr) mmax 3280br m, 1618s, 1584vs,
1538s, 1456m, 1004m, 810m, 487w; HRMS (EI) m/z
575.23467 (M+ C33H37N5OFe requires 575.23467),
255.1, 240.0, 121.0, 91.0, 58.1; found: C, 69.01; H,
6.50; N, 12.04 (calcd for C33H37N5OFe, C, 68.86; H,
6.48; N, 12.16%).

5.8. 3-Benzyl-1-(2-dimethylaminomethyl-ferrocenyl)-1-[2-
(pyridine-4-ylamino)-ethyl]-urea (10)

Prepared in the same manner described for87 using
appropriate starting materials. Bright yellow crystals,
71%; mp 70–72 �C; Rf (silica/CH2Cl2:MeOH, 80:20)
0.05; dH (300 MHz; CDCl3) 8.13 (d, 3JHH 6, 2H), 7.68
(br s, 1H), 7.25–7.08 (m, 5H), 6.40 (d, 3JHH 6, 2H),
6.28 (br s, 1H), 4.43 (d, 2JHH 16, 1H), 4.35–4.32 (m,
1H), 4.23 (d, 2JHH 16, 1H), 4.23–4.25 (m, 1H), 4.13 (t,
3JHH 3, 1H), 4.06 (s, 5H), 4.00–3.89 (m, 2H), 3.78 (d,
2JHH 13, 1H), 3.60–3.50 (m, 2H), 3.40–3.20 (m, 2H),
2.76 (d, 2JHH 13, 1H), 1.96 (s, 6H); dC (75.5 MHz;
CDCl3) 159.7 (IVC), 154.2 (IVC), 148.3 (2C), 140.4
(IVC), 128.3 (2C), 126.7 (2C), 126.6, 107.2, 84.2 (IVC),
82.1 (IVC), 70.5, 69.4 (5C), 69.0, 67.4, 57.9, 47.2, 45.6,
44.7 (2C), 44.6, 42.6; IR (KBr) mmax 3263m, 1604vs,
1455m, 1105m, 813m, 487m; HRMS (EI) m/z
525.21853 (M+ requires C29H35N5OFe, 525.21910),
255.1, 240.0, 91.1, 58.1.
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