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Abstract

The ferrocenyl analogue of clotrimazole, in whitle tmetallocene fragment replaces one of the
phenyl rings in the triphenylmethane system, anelated isomer were prepared through the direct
substitution of a methoxygroup in tleeposition to ferrocene with imidazole in the kegst The
obtained ferrocenyl derivatives were spectroscdiyicharacterized and in a preliminary assay for
bioactivity their cell growth inhibitory activity ro two different human cancer cell lines was
evaluated. In comparison with the parent drug #reotene analogues displayed about two-fold
increase of cytotoxicity on HT29 colorectal canamlls, whereas comparable activity was

displayed against MCF-7 breast cancer cell line.

1. Introduction

Since the discovery of the anticancer activity datipum(ll) complexes, metal-containing
compounds have attracted growing interest as damglidates due to their peculiar physico-
chemical properties and structural diversityzollowing the observations that the use of cispla
and its derivatives in cancer therapy is associaitiisevere drawbacKsthe search for alternative
coordination complexésand organometallic compourfdwith different metals was increasingly
stimulated and several highly cytotoxic compounasemisclosed, many of which also showed
innovative and metal-specific modes of actiofihe potential of organometallic compounds for
enzyme-inhibitor and non-cancer therapeutics has been also expldestling to promising
results in the field of anti-malaridtugs®

In this context, ferrocene, the prototype of metadhes, provides an useful platform in bio-
organometallic chemistry for the synthesis of agdawvariety of derivatives with medicinal
applications and conjugates with biomolecut®slue to its stability in aqueous aerobic media,-non
toxicity, redox activity and chemical versatilitiyor its aromatic character and metabolism related

to benzené! the ferrocene can be considered a “bio-isostéragjment in replacement of a phenyl



ring in known drugs. On the basis of this approable Jaouen’s group developed a series of
ferrocenyl analogues (the “ferrocifen” family) @fmoxifen? a chemotherapeutic agent for patients
with hormone-dependent breast cancer, and some hei tnot only displayed higher
antiproliferative effects with respect to the pardrug, but were also active on tumor cell lines
lacking the overexpression of estrogen receptor laence not susceptible to treatment with
tamoxifen. A specific mechanism whereby redox atton induces anticancer activity in ferrocifen
has been proposEd and it seems that the redox properties of irothin ferrocene moiety also
plays a role in ferroquine, an antimalarial drughdidate at clinical stage Il derived by the

incorporation of the metallocene fragment in thdewle of chloroquine (Scheme'f).
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Scheme 1. Ferrocenyl analogues of active drugs

Other established drugs, as the antiandrogen mild&> anticancer paclitaxéf antimalarial
artemisinint’ have been modified by using ferrocene as a substitn their core structure, and the
biologically activity is usually retained or enhauaic

Clotrimazole is a broad-spectrum antimycotic drugntaining an imidazole ring linked to a
triphenylmethyl group, a structural motif that hasently considered as pharmacophore in the
design of novel antimalarial agerfs.Clotrimazole also displays antiproliferative effecon
different cancer cells, related with its activitg potent inhibitor of glycolysi§ Coordination
compounds of clotrimazole with different mefdland ruthenium(ll) organometallic derivatiZes
are reported, many of them with increased bioldgictvity with respect to the original drug.
Although ferrocenylphenylimidazdie and some ferrocenyl(alkyl)azoles have been preparel
evaluated for their antitumor activity,ferrocenyl derivatives of clotrimazole have nogyiously
considered.



Here we describe the synthesis of two ferrocenglagues of clotrimazolda and1b (Scheme 2),

in which the metallocene fragment replaces on@®fohenyl rings in the triphenylmethane system,
and the evaluation of their cell growth inhibitaffect on two different human cancer cell lines.
Although the inspiring molecule of clotrimazole tains an atom of chlorine in position 2, the
isomeric compoundlb was also prepared in order to detect possiblectsffen the biological

activity related with the position of the chlorine.
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Scheme 2. Ferrocenyl analogues of clotrimazole

2. Results and discussion

In the synthesis of clotrimazole and related derres the introduction of the heteroaromatic ring
on the quaternary carbon center is usually accamgdi by reaction of a suitable triphenylchloride
with imidazole in the presence of a base and, dowgrto this route, the ferrocenyl carbin@b
were then identified as key intermediate in thetlsgsis of the target compountisb. Among the
different pathways deduced from retrosynthetic gsial(Scheme 3), we firstly resorted in&) &s a
more convenient way to the tertiary alcoh@&b for the commercial availability of the starting

benzophenones.
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Scheme 3. Retrosynthetic analysis for ferrocenyl analogueslatrimazole



Metalation of ferrocene withert-BuLi in THF followed by reaction with 2-chloro- o#4-
chlorobenzophenone for 12 h gave the expected @kga-b in moderate yield (55-60%), that did
not increase changing the reaction solvent or gagent stoichiometry. In spite of the additional
step required for the preparation of the startiagoicenylketones (by Friedel-Crafts acylation of
ferrocené®), the alternative reaction of 2- or 4-chloroberifmyocene with a phenyl anion source
(route p) in Scheme 1) was also evaluated. The use of hin@gyesium bromide was not
effective, but the reaction in the presence of ghiémum proceeded smoothly resulting in good
yield (72-78%) of target alcohols (Scheme 4).

Ferrocenyl alcohol@a-b were characterized by their spectroscopic progsatid in the'H-NMR
spectra the metallocenic moiety was easily idesdifirom the usual pattern for monosubstituted
ferrocenes, with a singlet accounting for five preg on the unsubstituted cyclopentadienyl ring and
distinct narrow multiplets for the protons on ttibey ring, in the typical region between 4.0 artl 4.
ppm. In CDC} the resonances of phenyl protons appeared as esmplltiplets for2a while only
two singlets were observed f@b, indicating a magnetic near equivalence for bbth substituted
and unsubstituted rings in the diarylmethane maxétye molecule. However, when the spectrum
of 2b was registered in (GBSO the expected pattern for para-disubstituted benzene was

observed, partially overlapped to the resonancéseobther aromatic protons.
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Scheme 4. Synthesis of the ferrocenyl analogues of clotrala



The conversion of alcohoRa-b into the ferrocenyl analogues of clotrimazaéeb was attempted
by treatment with SOGIollowed byin situ reaction with imidazole according a procedure regub
for triphenylmethane derivativé8put extensive degradation of the starting alcohals observed.
Alternative ferrocene substrates for direct reactioth imidazole were then considered since it is
well known that a-ferrocenylalkylderivatives with suitable leavingogps easily undergo the
displacement of such groups by a broad varietyuofaophiles with retention of configuration and
in mild conditions. This peculiar reactivity, onmgilly demonstrated fora-ferrocenylalkyl
trimethylammonium salts and-ferrocenylacetates, has been also reported forferrocenyl
alcohols with phosphinésand somec- andN-nucleophiles!

The reaction of2a or 2b with imidazole in water at 100 *® or in the presence of acid
catalysi$®?"2did not gave any product and the use of carboimyidazole as alternative source of
the nitrogen ringf was also unsuccessful.

The conversion oRa or 2b into the corresponding acetates was then triethowt success, in
standard conditions using acetic anhydride in coatimn with different bases (pyridine, 3§t
Ets;N/DMAP) and reactions of esterification in the mese of Lewis acid® with microwave
irradiation or in solvent-free conditiofiswere also carried out, but the formation of thpested
products was not detected in any case.

These discouraging results, otherwise in agreemétht the reported unreactivity of sterically
hindered tertiary ferrocenyalcohd$;*® prompted us to look for different derivatives and,
pleasantly, we were able to obtain the methyl stBaand3b in nearly quantitative yield by simple
treatment oRa or 2b with a mixture of acetic acid and methanol.

In spite of the exchange reaction of ferrocamyhethoxy substituent by nucleophiles is limited, at
the best of our knowledge, to just two examPt&on ferrocenes bearing the ether functionality on
a secondary carbon, we succeeded into the syntbédise target compoundsa and 1b by
treatment of ether8a and3b with imidazole under acid catalysis. Although midec medium the
protonation of théN-basic center of imidazole involves the use ofdaggcess of this reagent, the
acid catalysis was found strictly necessary. Attismtp decrease the reaction time using high-
boiling solvents led to degradation of the substralcohols2a or 2b in about 18-20 % yield were
detected in the reaction mixture unless dryChlis used, so confirming the reported sensitivity of
a-methoxyferrocenes to hydrolysis, further increaseder acid catalyss.

The described synthesis of the ferrocenyl analogfietotrimazole, though moderately efficient in
the last step (44% yield), provides an additionahneple in the short list of nucleophilic
substitutions on fullya-substituted ferrocenes. The presence of the inidaring in the target

compoundsla and1b was associated to three additional resonancdseimromatic region of the



'H-NMR spectrum and to a sensible upfield shifttfee *C-NMR signal of the quaternary carbon
with respect to the oxygenated parent compoundshdnESI-MS spectra dfa and 1b the base
peak derived from the preferential loss of the samle fragment from the molecule and molecular
ion was hardly detected (<1%). Acquisition of M®sfpa in SIM mode allowed us to better detect
the molecular ion, so confirming the identity oéthroducts.

A careful inspection of the reaction mixture 3# or 3b with imidazole revealed the presence of
side products identified as previously unreportgghenylfulvene derivative®a or 5b, resulting
from Nesmeyanov fragmentatiSrof ferrocenyl carbenium ior&a-b, whose formation is favoured
by the acidic medium (Scheme 5). The identificatidrba an5b was mainly based on theitH-
NMR spectra that displayed characteristic resoramath a compleXAA’XX’ coupling patterrior

protons in the cyclopentadiene rifg.
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Scheme 5. Fulvenes from ferrocenyl derivatives

Ferrocenyl analogues of clotrimazolea and 1b were preliminarly assayed for their cell growth
inhibition activity on two different human cancegliclines in comparison with clotrimazole. The
cell models were chosen on the basis of the repamgiproliferative effects of clotrimazdfeon
breast cancer and colon cancer cell likss.shown in Table 1 clotrimazole was more active in
breast cancer cell MCF-7 than in colon cancerlowl HT29, although its activity (GJ 21.44uM)
was lower than a classical anticancer chemotheti&pdrug, such as 5-fluorouracil (5-FU, 4l
2.98uM).

The growth inhibitory effect of clotrimazole on MGHis in agreement with reported difand the
present result on HT29 is comparable with that nkeskin murine colon adenocarcinoma céifs.
Compoundsla and1b were active on MCF-7 cell line with a potency danito that of the parent
drug. Conversely, G4 values more than halved compared to clotrimazdlable 1) were
determined for ferrocenyl derivativelka and 1b on HT29 cancer cell line and no significant
difference related with the isomeric position af tthlorine atom in the molecules was observed.
The structural modification with ferrocene resultedhe enhancement of cytotoxic activity of the

organometallic analogues in comparison with theepiadrug in HT29 cells. This effect might be



related with the redox properties of iron in therrbcene moiety** and its ability to generate
cytotoxic reactive oxygen species (ROS) in praygdiular conditions.

Indeed, it has been suggested that cancer cellmare vulnerable to treatment with agents that
generate ROS due to altered metabolism and mitathbrfunctions®> Colon cancer cell lines
accumulate high level of redox cycling metals ahdvs high level of endogenous oxidative
stress’® Further studies are necessary to evaluate the ablexidative stress in induction of
cytotoxicity by ferrocene derivatives.

Table 1. Growth inhibition assay on different cancer cigie€

Glso (uM)®°
Compound HT29 (HTB-38)  MCE-7(HTB-22)
Clotrimazole 64.19 21.44
1a 27.51 23.84
1b 28.13 20.44
5-FU* 5.71 2.98

8Growth inhibition was measured with colorimetric MTassay (see
experimental) "Values are reported as 4glthe concentration of the
compound required to cause 50% inhibition of celovgh.
‘Concentration-response curves are reported in eopmpital
material’s-Fluorouracil.

3. Conclusion

Two ferrocenyl analogues of clotrimazole, in whtble metallocene unit replaces one of the phenyl
ring in the triaryImethane system, were preparatlthair growth inhibitory activity assayed on two
different human cancer cell lines MCF-7 and HT29.spite of some chemical inertness of the
intermediate tertiary ferrocenylalcohol, the cop@sding ferrocenyl methyl ether was identified as
a suitable substrate for the direct nucleophilibsstution with imidazole. In comparison with the
parent drug the ferrocene derivatives displayeduabgo-fold increase of cytotoxicity on HT29
colorectal cancer cells, whereas comparable agtwds displayed against MCF-7 breast cancer
cell line and further studies are in progress tocielate the molecular basis of the observed

selectivity.

4. Experimental

4.1. General
'H- and *C-NMR spectra were recorded on Bruker Avdicd00 spectrometer at 400.13 and
100.62 MHz, respectively. Chemical shifty @re given as ppm relative to the residual solvent

peak and coupling constant§ ére in Hz. In the NMR assignment Cp and Cp’ iefersubstituted



and unsubstituted cyclopentadienyl ring, respeltivEerrocene, 2-chlorobenzophenone and 4-
chlorobenzophenone were purchased from Aldrich.u@al chromatography was performed on
silica gel 60 (Merck, 40-68m) using the specified eluents. High resolution srgsectra (HR-MS)
were obtained on a Thermofisher Orbitrap QExadingtrument with ESI ionization mode, using
3.2V cone voltage and 300 °C source temperatureltiid point are uncorrected. Curve-fitting and
Glsp analysis was performed with the GraphPad Prisftware (San Diego, California, USA).

4.2. Friedel-Craft acylation of ferrocene

To a suspension of Algl(413 mg, 3.1 mmol) and ferrocene (500 mg, 2.7 mnmICHCI, (10
mL) at O °C, 2-chlorobenzoylchloride (3p&, 2.8 mmol) or 4-chlorobenzoylchloride (3%Q, 2.7
mmol) in CHCI, (3 mL) was added dropwise within 20 min. The migtwas warmed to room
temperature and stirred overnight. After quenctah@ °C by dropwise addition of ice-cold water
(5 mL, Caution: gas evolution), the reaction mixture was diluteiih CH,CIl, (100 mL) and
washed with satd. NaHGQ2 x 50 mL) and brine (50 mL). The organic layesswdried over
NaSO, and taken to dryness to give a residue which wadigd by column chromatography on
silica gel @-hexane:AcOEt 90:10 v/v)2-Chlorobenzoylferrocene(715 mg, 2.2 mmol, 82%
yield),red crystals (fromn-hexane), mp 111-112 °GH-NMR (CDCh): & 4.28 (s, 5H, Cp’H), 4.60
(t, J=2.0, 2H, CpH), 4.75 (1 = 2.0, 2H, CpH), 7.35-7.40 (m, 2H, ArH), 7.46 (dd; 8.0 and 1.2,
1H, ArH), 7.51 (ddJ = 7.4 and 1.6, 1H, ArH)*C-NMR (CDCk): & 70.13 (Cp’H), 71.10 (CpH),
72.89 (CpH), 78.54 (Cp), 126.20 (ArH), 128.64 (ArH30.28 (ArH), 130.70 (ArH), 131.05 (Ar),
139.51 (Ar), 198.66 (CO). HRMS calcd fog#&l14,CIFeO [M+H] 325.00826, found 325.00791.
4-Chlorobenzoylferroceng¢702 mg, 2.2 mmol, 80% vyieldded crystals (fromn-hexane), mp 119-
120 °C,’H-NMR (CDCL): & 4.21 (s, 5H, Cp’H), 4.62 (1] = 1.6, 2H, CpH), 4.89 (] = 1.6, 2H,
CpH), 7.46 (dJ = 8.4, 2H, ArH), 7.87 (dJ = 8.4, 2H, ArH);"*C-NMR (CDCEk): & 70.34 (Cp'H),
71.51 (CpH), 72.80 (CpH), 78.42 (Cp), 128.59 (Ark29.58 (ArH), 137.81 (Ar), 138.11 (Ar),
197.81 (CO). HRMS calcd for,gH14CIFeO [M+H] 325.00826, found 325.00848.

4.3. Synthesisof 1-[(2-chlorophenyl)]-1-phenyl-1-hydr oxymethylferrocene, 2a

Procedure A: Ferrocene (500 mg, 2.68 mmol) was dissolved in drdys THF (10 mL) under
argon atmosphere and 1.7 M pentane solutionBafLi (1.6 ml, 2.68 mmol) was slowly added at
0°C under stirring. After 1 h 2-chlorobenzophendbb0 mg, 2.54 mmol) was added and the
reaction mixture left to stand overnight at roommperature under stirring. The reaction was then
guenched with bD and extracted with ACOEt (10 mL x 3). The orgalaiger was washed with
brine, dried over N&O, and taken to dryness under vacuum. The residuepwd®ed by column
chromatography on silica geh-bexane-AcOEt 97:3 v/v) to givea (565 mg, 1.40 mmol, 55%
yield) as a yellow solid, mp = 129-130 *{-NMR (CDCk): & 3.78 (bs, 1H, CpH), 4.00 (s, 1H, -



OH), 4.19 (s, 5H, Cp’H), 4.26 (s, 1H, CpH), 4.332kl, CpH), 7.16-7.20 (m, 3H, ArH), 7.27-7.38
(m, 3H, ArH); *C-NMR (CDC}): & 67.78 (CpH), 68.05 (CpH), 68.64 (CpH), 68.90 (Cp'F0.30
(CpH), 78.54 (C-q), 98.12 (Cp), 125.96 (ArH), 125 @&rH), 127.02 (ArH), 127.27 (ArH), 128.82
(ArH), 130.36 (ArH), 131.28 (ArH), 133.29 (Ar), 1428 (Ar), 145.06 (Ar). HRMS calcd for
Co3H1oCIFeO 402.04738, found 402.04758.

Procedure B: To a solution of 2-chlorobenzoylferrocene (200 g2 mmol) in 10 mL of
anhydrous THF, PhLi (350 ul of 1.8M solution in@f 0.63 mmol) was added at —78 °C and the
mixture was allowed to stir for 2 h at this tempere. The reaction was quenched witfOHand
extracted with AcOEt (6 mL x 3). The organic layarsre pooled, washed with brine and dried
over NaSQ,. Evaporation of the solvent gave a residue that wasified by column
chromatography on silica gel-hexane-AcOEt 97:3 v/v) to give pua (180 mg, 0.45 mmol, 72%
yield).

4.4. Synthesisof 1-[(4-chlorophenyl)]-1-phenyl-1-hydr oxy-methylferrocene, 2b

Reaction of ferrocene (500 mg, 2.68 mmol) and #wlenzophenone (550 mg, 2.54 mmol)
according procedure A described above gave tittepound2b as a yellow solid (543 mg, 1.35
mmol, 53%yield), mp = 115-116 °C*H-NMR (ds-DMSO): & 3.99 (s, 1H, CpH), 4.01 (s, 5H,
Cp'H), 4.05 (s, 1H, CpH), 4.21 (s, 2H, CpH), 5.891H, -OH), 7.19-7.28 (m, 7H, ArH), 7.33 (,

= 8.4, 2H, ArH);**C-NMR (ds-DMSO): & 67.96 (CpH), 67.99 (CpH), 69.00 (Cp’H), 77.03 (5-q
97.63 (Cp), 127.03 (ArH), 127.46 (ArH), 127.56 (ArH.29.38 (ArH), 131.50 (Ar), 147.84 (Ar),
148.52 (Ar). HRMS calcd for £H1oCIFeO 402.04738, found 402.04746.

4.5. Synthesisof 1-[(2-chlorophenyl)]-1-phenyl-1-methoxy-methylferrocene, 3a

A sample of2a (200 mg, 0.50 mmol) was dissolved in 20 mL of Mé®tOH 8:1 v/v mixture and
heated at 80°C until complete conversion of thessabe was obtained (2-3 h). The reaction
mixture was taken to dryness to gi8a as a yellow solid (184 mg 0.44 mmol, 88% vyieldgdis
without further purification. Mp = 121-122 °CGH-NMR (CDCL): 8 3.38 (s, 3H, -OMe), 3.76 (bs,
1H, CpH), 4.16 (s, 5H, Cp’H), 4.17-4.20 (m, 2H, QpK.24-4.26 (m, 1H, CpH), 7.22-7.24 (m, 2H,
ArH), 7.26-7.34 (m, 6H, ArH), 7.58 (m, 1H, ArH}*C-NMR (CDCk): d 52.68 (-OMe), 66.97
(CpH), 67.98 (CpH), 69.12 (CpH), 69.23 (Cp’'H), A..ICpH), 84.18 (C-q), 94.87 (Cp), 125.66
(ArH), 126.75 (ArH), 127.07 (ArH), 127.81 (ArH), 889 (ArH), 131.65 (ArH), 132.21 (ArH),
134.42 (Ar), 141.43 (Ar), 144.33 (Ar). HRMS calaat C4H2:CIFeO 416.06303, found 416.06280.
4.6. Synthesis of 1-[(4-chlorophenyl)]-1-phenyl-1-methoxy-methylferrocene, 3b

Treatment oRb with MeOH/AcOH mixture as described above gave tbmpoundb in 90% as

a yellow solid, mp = 111-112 °CH-NMR (CDCk): & 3.21 (s, 3H, -OMe), 3.91 (bs, 2H, CpH),
4.08 (s, 5H, Cp’H), 4.21 (bs, 2H, CpH), 7.26-7.44, OH, ArH); **C-NMR (CDCk): & 52.19 (-



OMe), 67.69 (CpH), 67.83 (CpH), 69.23 (Cp’'H), 69.63H), 69.64 (CpH), 83.75 (C-q), 93.38
(Cp), 127.19 (ArH), 127.43 (ArH), 128.60 (ArH), 180 (ArH), 132.78 (Ar), 143.79 (Ar), 144.39
(Ar). HRMS calcd for G4H2:CIFeO 416.06303, found 416.06083.

4.7. Synthesis of 1-[(2-chlorophenyl) -1-phenyl-1-ferr ocenylmethyl]-1H-imidazole, 1a

To a solution of3a (180 mg, 0.43 mmol) in anhydrous &E, (20 mL) imidazole (290 mg, 4.26
mmol) and glacial acetic acid (400 pl) were added the mixture was stirred under reflux for 5
days. The reaction mixture was diluted witfCHand extracted with Gi€l, (5 mL x 3). Collected
organic layers were dried on MO, filtered off and concentrated in a rotary evaparéo give a
residue that was purified by column chromatographysilica gel. Elution of the column witt:
hexane gavé-phenyl-6’-(2-chlorophenyl)fulven®&a (16 mg, 0.06 mmol, 14% vyields a pale
orange oil'H-NMR (CDCk): §5.95 (bdt, 1H), 6.47 (bdt, 1H), 6.52 (bdt, 1H),3(®dt, 1H), 7.33-
7.40 (m, 9H).

Further elution of the column witirhexane-AcOEt 60:40 v/v afforded puta (85 mg, 0.19 mmol,
44% yield) as yellow solid, mp = 139-140°#{-NMR (CDCL): & 3.87 (bs, 1H, CpH), 4.04 (s, 6H,
Cp’H and CpH), 4.25 (bs, 1H, CpH), 4.35 (bs, 1idH}, 6.44 (dd,J = 1.2 and 8.0, 1H, ArH), 7.13
(m, 2H, ArH and Im-H), 7.23 (bs, 1H, Im-H), 7.26d(d = 1.2 and 8.0, 1H, ArH), 7.31 (ddi= 1.6
and 8.4, 1H, ArH), 7.40-7.42 (m, 3H, ArH), 7.49-F @n, 2H, ArH), 7.89 (s, 1H, Im-H}’C-NMR
(CDCl): 667.22 (CpH), 68.91 (CpH), 69.74 (Cp’H), 70.14 (QpHL.28 (C-q), 72.64 (CpH), 95.25
(Cp), 121.38 (Im-H), 126.72 (ArH), 127.27 (Im-H)27.83 (ArH), 128.30 (ArH), 128.79 (Ar-H),
129.59 (ArH), 130.47 (ArH), 131.83 (Ar-H), 134.94r}, 139.10 (Im-H), 140.18 (Ar), 142.24 (Ar).
HRMS calcd for GzH1sCIFe [M-Im]* (100%relative intensity 385.04464, found 385.03906; calcd
for CoeHo1CIFEN: [M]* (SIM mode) 452.07426, found 452.07370.

4.8. Synthesis of 1-[(4-chlorophenyl)-1-phenyl-1-ferrocenylmethyl]-1H-imidazole, 1b

A solution of3b (200 mg, 0.48 mmol) in anhydrous &, (20 mL) was reacted with imidazole
(325 mg, 4.78 mmol) and acetic acid (480 ul) fadeys and the reaction mixture worked up as
above to give a residue that was purified by colwwhromatography on silica gel. Elution of the
column with n-hexane gaves-phenyl-6’-(4-chlorophenyl)fulvenéb (20 mg, 0.08 mmol, 16%
yield) as a pale orange offtH-NMR (CDCL): 6.25-6.28 (m, 2H), 6.60-6.62 (m, 2H), 7.25-7.31
(m, 4H), 7.35-7.40 (m, 5H).

Further elution of the column witithexane-AcOEt 60:40 v/v afforded pulle (95 mg,0.21 mmol,
44% vyield) as a yellow solid, mp = 135-136%6:NMR (CDCkL): 5 3.96 (bs, 1H, CpH), 3.98 (bs,
1H, CpH), 4.00 (s, 5H, Cp’H), 4.32 (bs, 2H, CpHA)0-7.03 (m, 3H, 2 x ArH and 1 x Im-H), 7.09
(dd,J = 2.0 and 8.0, 2H, ArH), 7.11 (s, 1H, Im-H), 7@0J = 8.4, 2H, ArH), 7.33-7.35 (m, 3H,
ArH), 7.59 (s, 1H, Im-H);*C-NMR (CDC}): 5 68.51 (CpH), 68.68 (CpH), 69.62 (Cp’H), 70.53



(CpH), 70.72 (C-q), 70.77 (CpH), 94.19 (Cp), 121(M-H), 127.86 (ArH), 127.96 (ArH), 127.98
(ArH), 128.34 (ArH), 128.48 (ArH), 129.95 (ArH), 438 (Ar), 138.77 (Im-H), 142.62 (Ar),
143.42 (Ar). HRMS calcd for £GH1gCIFe [M-Im]" (100% relative intensity 385.04464, found
385.03898; calcd for £H2:CIFeN; [M]™ (SIM mode) 452.07426, found 452.07371.

4.9. Human Cell Cultures

Human colorectal adenocarcinoma cell line HT29 (ATQumber: HTB-38), and human
mammary adenocarcinoma MCF-7 (ATCC number:. HTB2ZXrew cultured as previously
reported?’

4.10. Céll growth inhibition assay

Stock solutions of compounds, 1b and 5-fluorouracil (5-FU, positive control) wereepared in
9:1 dimethylsulfoxide (DMSO)/ Dulbecco Modified HagMedium (DMEM). Cancer cell lines
(2.5-3.0 x 16 cells/0.33crf) were plated in 96 well plates "Nunclon TM MicrdW&M" (Nunc),
and incubated at 37 °C in the culture medium (DMENIO% fetal bovine serum). After 24 h, 10
pl of a solution ofla, 1b or 5-FU at the suitable concentration were addedaith culture well
containing 90ul of culture medium, so that the final concentmatiof DMSO was 1%.
Concentrations of in the range 0.01 - @PD(0.01, 0.1, 1.0, 10 and 1Q0J) were tested.

Cells treated with 1% of DMSO were used as negativatrol. Microplates were incubated at
37 °C in humidified atmosphere of 5% &®5% air for 3 days, and cytotoxicity was measured
with colorimetric assay based on the use of tetnaxosalt 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT}. Optical densities were read on a multiwell scagnin
spectrophotometer (PlateReader AF2200, EppendaldnMtaly), using a wavelength of 570 nm.
Each value was the average of 6-8 wells. Thg @lue was calculated according to Rhus,
Glsg is the concentration of test compound when 10D xTp)/(C - To) = 50 (where T is the optical
density of the test well after a 72 h period of@yre to test compoundy 16 the optical density at
time zero, C is the DMSO control optical densifif)e cytotoxicity effect was calculated according
to NCI when the optical density of treated cellssvi@awer than the qrvalue using the following
formula: 100 x (T-5) /To.
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The ferrocenyl analogue of clotrimazole and an isomeric compound were synthesized
The ferrocenyl derivatives were spectroscopically characterized
The key synthetic step involves nucleophilic substitution of atertiary alcohol

Compounds were tested on two cancer cell lines for antiproliferative activity



