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Abstract

A series of lalkyl-1 -N-para, N-meta and N-ortho-(ferrocenyl) benzoyl dipeptide
esters and N-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-(ferrocenyl) ethyny}2-
naphthoyl} andN-{5-(ferrocenyl)ethynyl2-furanoyl} amino aa anddipeptide esters
were prepared. The novigrrocenyl based bioconjugategre prepared by couplirly
alkyl-1 -0N-para, N-meta and N-ortho-(ferrocenyl) benzoic acid andN-{para
(ferrocenyl) ethynyl benzoyl}, N-{6-(ferrocenyl) ethynyl2-naphthoyl} and N-{5-
(ferrocenyl) ethynyt2-furanoyl} benzoic acid toU-amino acid ethyl esters and
dipeptide ethyl estersusing the conventionalN-(3-dimethylaminopropyhNéG
ethylcarbodiimidehydrochloride (EDC);Hydroxybenzotriazole (HOBt) protocolrhe
new classe®f compoundsvere characterized by a combination'ldfNMR, *C NMR,
DEPT-135 and’H-*C COSY (HMQC) spectroscopy, electrospray ionization mass
spectrometry (ESMS). Biological evaluation of thé-alkyl-1 -&N-para, N-metaandN-
ortho-(ferrocenyl) benzoyl dipeptide estengere carried out in thé11299 norsmall
cell lung cancer (NSCLC) cells

The most active derivatives tfe 1-alkyl-1 -N-para, N-metaandN-ortho-(ferrocenyl)
benzoyl dipeptide esterare thel-methyll -0N-{ para-(ferrocenyl) benzoyl} glycine
glycine ethyl ester with an 1G value of 2.8 + 1.23 uM, the tethyl1l idN-{ para-
(ferrocenyl) benzoyl} glycinglycine ethyl esterwith an 1G; value of 3.5+ 0.82uM
andthe Xmethyll -N-{ meta(ferrocenyl)benzgl} glycine glycine ethyl estewith an
ICs0 Of 2.6 £ 0.62 UM and these derivativeare morecytotoxic in vitro than the
clinically employed antcancer drug carboplatin. In additiohgse compounds gy
improved bioactivity in comparison to the corresponding most active benzoyl
analogus which were he N-{meta-(ferrocenyl) benzoyl} glycind_-alanne ethyl ester
and N-{para-(ferrocenyl) benzoyllglycine L-alanine ethyl ester which display&@s
values of 4.0 uM and 6.6 UM respectively

The biological evaluation dfl-{ para-(ferrocenyl) ethynyl benzoyl}N-{6-(ferrocenyl)
ethynyl2-naphthoyl} and N-{5-(ferrocenyl) ethynyR-furanoyl} amino acid and
dipeptide estersvere also carried out in thel1299 nomrsmall cell lung cancer
(NSCLC) cells The most active derivatives dhe N-{para-(ferrocenyl) ethynyl
benzoyl}, N-{6-(ferrocenyl) ethynyR-naphthoyl} and N-{5-(ferrocenyl) ethynyP-

\Y,



furanoyl} amino acid and dipeptide estease the N-{para-(ferrocenyl) ethynyl
benzoyl} glycineL-alanine ethyl estewith anlCsg value of 3.8+ 1.92nM and theN-
{6-(ferrocenyl) ethyny2-naphthoy} sarcosind.-alanine ethl esterwith anlCsg value
of 3.2 + 2.8l M. These compounds are more active than carboplatim an ICsg
value of 10+ 1.60 mM but are lesseffective than cisplatinvith an ICs value of 1.5+
0.10nM which are clinically employed antiancer drugg-dowever, the presence of the
ethynyl moiety had a negative effect of aotoliferative effect compared to analogous
compounds prepared previously lacking the ethynyl group. For examp-{tbr
(ferrocenyl) ethyny-naphthoy} a2-aminobutyric acid ethyl estthe ICso value is 7.2
+ 1.51 M whereas forN-(6-ferrocenyt2-naphthoy) s-aminobutyric acid ethyl ester
the ICso value was 0.62 + 0.03M
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Chapter 1
1.1 Cancer

Cancer is aset of diseass in which the affected cells digy the following
abnormalities(i) uncontrolled growth and division beyond what is norr(iglinvasion

and destruction oheighbouringcells and (iii) metastasiamay occur, that is #
spreading of the diseasedther locatios™ The biochemistry of cancer is enormously
complex, bubne cause thditas been generally accepisdhat reactive oxygen species,
(ROS) play many important roles, in carcinogenesis thedprogression ofumour.
Examples of these reactive oxygen species produced in cells of living organisms
include (i) superoxide anion radical ¢, (i) hydrogen peroxide (}D.) and (iii)
hydroxyl radical (-OHJ? Typically these ROS are generatefliring continuous
exposure to irradiatio by X-ray or gamma raysare presenfas pollutants in the
atmosphere care byproducts of mitochondriaatalyzed electron transport reactidfls.

In biological systems, these reactive oxygen species are well kiooplay a dual role,

they caneither be harmful or beneficial to living systelfisThe beneficial effects of
ROS involve physiological roles in theltular response to noxia, as for example in
defenceagainst infectious agents and in the function of a number of cediglaalling
systems. In living organisms, normally the harmful effects of the ROS are regulated by
the detoxifying action of a varietof cell protective enzymes such as superoxide
dismutase, catalase and heme oxidase. However, high accumulation of ROS can be
catastrophicto cells because they trigger chemical chain reactions such as lipid
peroxidation, or they can cause the oxidatibrDblA which causes DNAmutations
which may result in the development céncer In many cancer cells it has been
observed tht there is an elevated concentration of ROS and a strongly reduced activity
of the ROS regulating enzymes compared to normalells

The most frequent types of cancer which cause the most deaths include lung, stomach,
liver, colon and breast cancer. Acding to reports from the World Health
Organization (WHO), cancer accounts for 7.9 million deaths and around 13 % for all
deaths in 200% Lung cancer is the most common cancer in the world and

approximately 1.35 million new cases of lung @anoccur wrldwide every yeal’!

1
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Lung cancer is divided into two major types based on histological appearance: small
cell lung cancer (SCLC) and na@mall cell lung cancer (NSCLC). Approximately 20%

of all lung cancers are SCLC, which is a very aggressive fornarafer due to early
metastasi&! Chemotherapy is the most common treatment for SCLC because of early
metastatic spread. However, even with treatment,-teng survival remains poor. The
remaining 80% of all lung cancers are NSCl@ich comprise ofiden@arcinomas,
squamous cell and large cell carcinoffaSurgery is generally regarded as the best
treatment option for NSCLC. However, 75% of NSCLC tumours are inoperable at the
time of diagnosi§’ A further 20% of patients with locally advanced disegeeeive
radiotherapy. In these cases, chemotherapy following standard treatment has been
shown to help patients live long&.

Consequently, the research within this project is focussed on the syrtadisit1 -IN-

para, N-meta and N-ortho-(ferrocenyl) kenzoyl dipeptide esters andl-{para-
(ferrocenyl) ethynyl benzoyl},N-{6-(ferrocenyl) ethynyl2-naphthoyl} and N-{5-
(ferrocenyl) ethynyl2-furanoyl} amino acid andlipeptide estersna their biological
evaluation as potential chemotherapeutic agemtshetreatment of norsmall cell lung
cancer (NSCLC).

1.1.2Cancer treatment

Cancer can be treated by surgery, immuno therapy, radiation therapy andharapyo

or a combination of thendepending on the location and stage of the diséase.
Chemotherapy ighe treatment of cancer using drugs. Traditionally, the drugs that have
been used in cancer chemotherapy have been predolyioaganic compounds which
have been synthesized loave been isolated from natursburcesThese onventional
chemotherapeutidrugs elicit cancer cell death by interfering with the cell replication
process. This can be accomplished by disrupting the function of DNA, either by acting
directly on DNA (alkylating agentsor by inhibiting the enzymes involved in DNA

synthesis using antimetabolits®

Alternatively, chemotherapeuticmay act by
interfering with the mechanics of cell divisiéor examplepy binding to

microtubuled?®



Dacarbazinel (figure 11) is an alkylating agent prodrugurrently used in the
treatmentof metasatic melanoma canc&t. Dacarbazine undergoes activation via
cytochrome P450 in the liver to form a reactive compound, methyltriazenoimidazole
carboxamide (MTICY (figure 11).!°! This reactive compound spontaneously degrades
to form diazomethane, a potealkylating agent. Alkylating agents in cancer treatment
are highly electrophilic compounds that attach alkyl groups to DNA by reacting at the
nucleophilic sites present in the DNA baS88sThe main nucleophilic sites are thelN

and N3 of adenine, N8B of cytosine and in particular, the-WNof guanine. Thus,
alkylation prevents DNA replication and RNA transcriptiwhich results in cell death

of affected cells

HN

/Xy
NH, NH,
N=N N=N
HyC—N 0 H—N 0

CH, CH,

1 2
Figure 1.1: Structure ofdacarbazin€l) and its active form MTIG2).

Antimetabolite drugs were among the first effective chemotherapeutic agents
discovered and are currently still being used in cancer treattHe@enerally,
antimetabolies induce cell death during the S phase of cell growtmwierporated

into RNA and DNA Gemcitabine3 (figure 1.2) is a pyrimidine antimetabolite which

has shown good clinical activity imapcreatic, breast, ovarian, non sneall lung, and
bladder cacer? Gemcitabinejis a fluorinated analogue of the natlyabccurring

DNA building block 2deoxycytidine 4 (figure 1.2). The mode of actionof
gemcitabineoccurs as a result of intracellular conversion of the prodrug into two active
metabolites, genitabine diphosphat and gemcitabine triphosph&td.Gemcitabine
diphosphate inhibits the enzyme responsible for catalyzing synthesis of
deoxynucleoside triphosphates required for DNA synthesis, and gemcitabine



triphosphate competes with endogenoaexynucleoside triphosphatesquired in the
synthesis of DNA™ Thus, thegemcitabine bhosphate induced reduction of the
intracellular concentrations of deoxynucleoside triphosphates results in increased
incorporation of gemcitabine triphosphate idA and, consequentlyesultingin
inhibition of DNA synthesis.

NH, NH,
| \\\ N | \\\ N
HO N/J\O HO N/KO
O O
H F H
H H H H
OH F OH
3 4

Figure 1.2: Structure ofgemcitabine3 and2-deoxycytidine4.

Etopside 5 (figure 1.3) is a semisynthetic derivative of the natlly occurring
podophyllotoxin and exerts its am@ncer activity by inhibiting the DNA-
topoisomerase Il enzynf® The DNA topoisomerase Il enzyme éssetial for the
separation of entangled daughstrands during replicatiot Failure to separate these

strands as a result of inhibition of the eneyl@ads to cell death

OH

e]

HO O

Figure 1.3: Structure oktopsideb.



Antimicrotubule agents prevent cell mitosis by interfering with the formation of the
mitotic spindle required for cell divisidh® The main cellular target ofhese
compounds is the structural protein tubulin. During mitosis, tubulin undergoes
polymerisation to form the mitotic spiredl The vinca alkaloidffigure 1.4), vinblastine

(6) andvincristine ) bind to tubulin and prevent polymerisation from occugrinus
resulting in cell deathThese compounds are frequently used in combination therapies
for the treatment of lung cancer and melandtha

OH

il ColH,

H,CO

6, R=CH;; 7,R = CHO

Figure 1.4: Structure of vinblastine 6) andvincristine 7).

The selectivity of the® drugs ardased primarily on the fact that cancer cells divide
more rapidly than normal cel! Unfortunately, there are also cells in the bone
marrow, digestive tract and hair follicles that divide rapidly under normal
circumstances. Most cytotoxicgents also act on these cells and for this reason
myelosuppression (decreased production of blood cells), mucositis (inflammation of
lining of the digestive tract) and hair loss are all common side effects.

The appearance of cancer cells resists also a serious problem in cancer
chemotherapy. There are two main types of cancer resistandetrinsic drug
resistance is present at the time of diagnosis in tumours that fail to respondlioefirst
chemotherapy. In contrast, acquired drug resistancer®@ tumours that can often be

highly responsive to itial treatment, but displagtrong resistance to the original



treatment upon tumour ceurrencé'® In such cases, the tumour becomesstast to
previously used drug# large number of metal ctaining compounds with antitumour
propeties havebeen reported in the literatyreomeof which are in clinical use and

others still being evaluated as potential anticancer af&nts.

1.1.3Bioorganometallic chemistry

The discovery of cisplatin a coordition metal complex by Rosenberg in 1965 marked
the genesis of bioorganometallic chemistry due to the success of cisgatista
various types of canc€f! Despite the success of cisplatin as a clinical anticamcer d

over the past decades, sidifects accompany its use in the treatment of cancer, for
instance it causes the formation of lung adenomas, also repeating cancer cell lines
develop resistance during long term therapy. As a result of the drawbacks associated
with the administration of cispi@, this has prompted the search for alternative
anticancer drugs which are non toxic whilst retaining therapeutic efficacy. To date,
bioorganometallic chemistry is a rapidly growing area of science that is being
conducted at the interface between orgagtattic chemistry and biology and it has
provided significant structural and molecular recognition advancement in the
exploration of new innovative solutions to the emerging existing problems encountered
in biomedical applications. Metallocenes in the nécgears has come to play a pre
eminent part in research in a widenge of biological applicatidh” Amongst the
numerous examples, ferrocene has in recent years gained increasing interest as the
building block in the development of a number of prongsiferrocene based
biomedical therapeutic agents. The biomedical application of ferrocene based prodrugs
is currently an active field of research with many reports showing its adtivitivo

andin vitro as a potential therapeutic in cancer, malamihfungal infection

treatments™® Taking this into consideration the stability of ferrocenyl groups in
aerobic media and its vast potential for derivatizatiand its favourable
electrochemical properties have made it an excellent candidate in the sywathesis

anticancer therapeutics thimategoal of this reseah %



1.2 Examples of biomedical application of organometallic compounds

1.2.1 Anticancer therapeutics

1.2.11 Platinum complexes as anticancer agents

Cisplatin8 (figure 1.5) was the fist potent and effective methhsed complex used in
cancer treatme®t® It was discovered serendipitously by Rosentetrgl. in 1965 and
it was later approved for clinicaluse in 198/ 1983 ci spl atin was t he

selling antitumor drug

H,N_ Cl
Pt
H,N" Cl

Figure 1.5: Structure ofisplatin8.

Its importance as a chemotherapeutic agent is largely derived from its ability to confer
complete remission in patients with advancgtitelar cancer and also is effective
against ovarian, bladder and neck cancers.

Despite its success, the clinical use of cisplatin coincides with marked toxic effects due
to its lack of selectivity tdumourtissues and as a result, this has lead to severe side
effects such as neurotoxicity, nephrotoxicity and in addition there reempsity for
tumoursto develop resistance during long term thefdByAs a result the toxic effects

of cisplatin limit the dose and frequency with which the drag be administered to
patients?® However the effectiveness of cisplatin against a evichnge ofhuman
tumourshas spawned the preparation and evaluation of new organometallic complexes
as potential anticancer therapeutics. Three other hatsd complexes of platinum are
now used in cancer treatment namely carbop@tiaxaliplatin 10 and nedaplatinll1

(figure 1.6) and they all appeaothave similar modes of actié.



Figure 1.6: Structure of carboplatin9, oxaliplatin10 and nedalatin 11.

Carboplatin was the first secompgtneration analogue of cisplatin to be synthesized,
which showed less toxic side effects associated with its administration compared to
cisplatin and also it was effectiagainst a wide range @imours whilst oxaliplatin is

the only platinum based complex that displays activity against colorectal é&hcer.

Thein vivo anticancer activity of cisplatin and its analogues is due to the replacement
of the chloride ligands by neutral water ligands to give reagingtively charged
spedes (scheme.1).™? This process is facilitated within the cell by the relatively low
cellular concentration of chloride iof¥ The platinum atom of these positively
charged species binds strongly to DNA, forming covalent burittisthe N7 positions

of guanine basem DNA of infected cancer cells thus, preventing replication and/or

transcription, thereby halting cancer cell proliferatjscheme 1.1f2

ot

Guaning NT position of DNA strand \\wéﬁ\
-
?ﬁ%,,l !
. \ = Repiication inhibition
A 18 N0 N \;f;\_ Transcription inhibition
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' y d U |~ Cell death
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Intrastrand crosslink

Scheme 1.1Mode of action of cisplatin



Despite the success of cigph and its analogues as clinical antitumor drugs marked
side effects still accompany its administration, to circumvent the side effects novel
thioplatin12 and picoplatinl3 (figure 1.7), third generation platinum compounds have
been developed and grow interest in other metal complexes are being

investigated®*?4

a

S/ 5L
. s / =l
o—_i Pt >O Xy
/ \S/ Ng \CH
H,C 3
¢ A CH;
12 13

Figure 1.7: Structures othioplatin 12 and picoplatin.3.

The picoplatin analogue is under clinical trials, because it exhibits eddeactivity
towards biomolecules and a lowsusceptibility to become activated allows oral
administration of this drug which is effective against non small cell lung cancer.
Clinically the patinum agerg are widely useds a first line treatment for $C, either
as a single agent or in combination with etdp®$, whilst for NSCLC, the platinum

agent are used tombinatim with a second agent, usuagjgmcitabines [
1.2.1.2Titanium derivatives as anticancer agents

Since the mode of action of platm complexes involved ais coordination to DNA,
initial research has focused on a variety of transition metals complexes beiaring
ligands. Amongst the metals studied, two families of titanium complexes, the
titanocene dichloride and derivatives, dndlotitane and analogues showed interesting
activity towards a number of tumour cells, including those resistant to cisplatin and
furthermore they showed reduced toxicity compared to cispléteppler et al.
succeeded in synthesizing the first non platinnetal based complex to undeguase

1 clinical trials.”@ Budotitanel4 (figure 1.8), which consisted of a titanium (IV) metal



centre surrounded by twb-diketone ligands and two good leaving ligands either
halides or alkoxide was shown to be effective against Ehrlich ascites tumour cells and it
was observed that its asymmetry was considered essentiahtitumor activity.*”

Other metal complexes with-diketone ligands complex structures as in budotitane
were studied with metals such as hafnium and zirconium, but their anticancer activities

were not as active as the titanium (IV) metal complex.

CHy

Figure 1.8: Structure of hdotitanel4.

However, de to poor water solubility and rapid hydrolysis of first the OR ligands,
followed by the more inert ones the tviediketone, resulted in budotitane being
removed from clinical trials due to the drawbacks associated with its use. Another
reason that held bk any further promising development of budotitane and its
analogues as a potential anticancer drug was the discovery of titanocene dichloride.
Whilst Kopf-Maier et al. were screening the metallocene dichlorides of vanadium,
niobium, molybdenium and titamin for anticancer activity in 1979; they discovered
that titanocene dichloridel15 (figure 1.9), exhibited the most promising

chemotherapeutic activif§”

1C
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Figure 1.9: Structure otitanocene dichloridé5.

Kopf-Maier et al. showed that titanocendichloride was effective against a wide
range of cancer tumors which included B16 melanoma, Ehrlich ascites tumors,
colon B adenocarcinoma and sarcoma 189. In phase | clinical trials, titanocene
dichloride showed no toxic effects on the kidney as oppasedsplatin, however,
clinical trials for this compound were stopped in pha&&llt was shown that upon
dissolution in water, the chloride ligands of titanocene dichloride rapidly
hydrolyzed which lead to the formation of an insoluble titanium complexh

was biologiclly inactive and showed no attmor activity. To circumvent this
problem of lack of hydrolytic stability, modification of the ligand or encapsulation

is an active area of reseafth.
1.2.1.3Ruthenium derivatives as anticancer drugs

Apart from cisplatin derivatives and titanium complexes that have been widely studied,
the antineoplastic potential of ruthenium has been well known for more thecades.
Despite exhibitinglower cytotoxic activity than cisplatin they are better taledin

vivo and ruthenium complexes also offer a number of advantageous charactienistics
their use as potential anticancer agenish agi) ruthenium complexes have the ability

to mimic iron in binding to biomolecules such as transferrin and humamsehich
makes them remarkably less toxic than the clinically used cisplatin and its analogues,
(i) rutheniun" complexes maintain their metal oxidation state until they reach the
cancer tumor where the low oxygen levels in the cancer turmors pehmits t
reduction to their active state ruthenim(iii) their greatest interest is their

characteristic inhibition of angiogenesis and matrix metalloproteinaseshande
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metastasisn vivo?® The most interesting rutheniubased drug candidates thatvie
entered clinical trials include the followin@gure 1.10) KP1019,indazolium [trans
tetrachlorobis(1Hndazole) ruthenate (Il)16 and (i) NAMI-A, imidazole [trans
tetrachloro(dimethylsulfoxide)midazoleruthenate (Il1)]17 NAMI-A was the first
ruthenium agent to enter clinical trials and was developed by Alessa.”® whilst

KP1019 was developed by Keppkral.*
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Figure 1.10: Structures ofKP1019; indazolium [trantetrachlorobs( 1Hindazole)
ruthenate (lll) 16 and NAMI-A; imidazole [trangetrachloro(dimethylsulfoxide)

imidazoleruthenate (I11)17.

In vitro tests of KP1019 have shown inhibition effects on cultured cancer cells in
contrast to NAMIA which was shown to hava marginly cytotoxic effect;however

in vivo, NAMI-A lowered the growth of lung metastasisrmce bearing mammary
carcinomd®” Despite NAMFA not being cyotoxic to primary tumors, it is potentially
useful because although great progress has been made ingtyga@mary cancers
secondary metastases represents a major clinical challenge and the incorporation of

NAMI-A may enhance cancer treatment usihg available cancer treatmefits.
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Although the mode of action of NAMA is not fully understood, it has ee reported

that NAMI-A seems to act as an aaftigiogenic, has the ability to scavenge NO
produced by epithelial cells in tumour cells and also it acts as amaasive agent
which resultsin its interaction with extracellular or external cell membrageptor
proteins which may resuln its antimetastastiproperties®” Whilst KP1019 is a
cytotoxin, which is ative against primary tumors, isithought to cause cancer cell
apoptosis via the mitochondrial pathway however the mode twdnacs not tlly
understood®® With the success of these two ruthenium complexes that have entered
clinical trials, more recently, two new classes of ruthenium compounds have been

developed.

Ru
R CI f Pyl
H N ] ¢ l

Cl
K/NHZ

18 19

Figure 1.11: Structures of \atersoluble ruthenium comple¥8 and ruthenium arene 1,
3, 5triaza7-phosphaadamantane (RAPTES.

Sadleret al. have reported the synthesis of a new stable veatieible ruthenium
complex 18 (figure 1.11), which was shown to be as potent as cisplatin and its
analogues in some primary cell lines anbreovey they exhibit a wide spectrum

of activity and are also active against some tumors which have become resistant to
cisplatin®¥ The modeof action is thought to be similar to that of cisplatin, and it
may involve coordinatiorio the N7 of guanine bases in DNAesulting in cell
death The second class of the new ruthenium complexes was developed by
Dysonet al. the ruthenium arene 1, 3-triaza7-phosphaadamantane (RAPTR9

(figure 1.11). Like NAMI-A, RAPTA was found to be inactive against primary
tumors but was found in vivo to ha activity against metastas&8.Although less

potent than NAMIA, RAPTA is less toxic and thus can hdministered in higher
doses. As a result of these promising results there is ongoing research in the use of

ruthenium complexes as potential anticancer ag&hts.
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1.2.1.4lron derivatives as anticancer drugs

In the last two decades, a range of both gbdrand neutral ferrocene derivatives have
been shown to exhibit antitumour activity. The first iron complexes to exhibit
antitumour activity were reported by Kopfaier et al. in 1984 and these include the
salts of ferricenium picrat0 and ferriceniumrichloroacetate1 (figure 1.12).*%

The ferricenium salts reported by Keldiaier et al. showed inhibition in the growth of
Ehlrich ascites tumours, B16 melanoma, colon 38 carcinoma and furthermore the cure

rate of 100% was obtained in mice bearing Ehlascites tumour&”

?_r C|3cj\o‘
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Figure 1.12: Structures ofdrricenium picrat0 and ferricenium trichloroaceta®d.

These observation of antitumour activity of ferricenium salts prompted further
investigation onthe use of these salts as potential anticancer agents. @tealla
reported the synthesis of decamethylferriceniumtetrafluorobdatdfigure 1.13)
another example of a ferricenium salt that showed anticancer activity agains? MCF

breast cancer cellsith an Gy value of 35 pM>®!

Fe T BF - ?—r
2@ =

22 23
Figure 1.13 Structures oDecamethylferriceniumtetrafluorobordt@ and

ferriceniumtetrachloroferrata3.
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Osellaet al proposed that the antitumour activity of ferricenium salts was due to the
generation ofOH radicals under physiological conditions which resulted in oxidative
DNA damage to cancer cells. The use of ferricenium salts has been a growing area of
research. Halton etal. have also reported the synthesis of ferriceniumtetrachloroferrate
23 (figure 1.13) which showed anticancer activity against CH 1 human ovarian
carcinoma cells with an Kgvalue of 10 uM3" Despite the enormous research in the
use of ferrcenium salts in cancer chemotherapy, it has emerged that neutral ferrocene
derivatives alsoexhibit antitumour activity. It has been knowhat ferrocene on its own
exhibites no antitumour activityhowever neutral ferrocene derivatives have been
reportedto show anticancer activity or enhance anticancer activity when incorporated
into existing therapeutidd” The mechanism of action of tkeferrocene derivatives in

the treatment of cancer has been studied by several groups and they have reported that
the ferrocene moiety undergoes metabolism in cancer cells resulting in the formation of
ferricenium ions with induces oxidative cleava§8.

Romaoet al. have reported the synthesis oRdisubstituted ferrocene derivatives that
have shown antitumouactivity in vitro against Ehrlich ascites tumor cells whilst
neither ferrocene nomM N-dimethylaminomethylferrocene showed any anticancer
activity. With the 1, 2disubstituted ferrocene derivativess¢@alues ranging from 71.2

MM for 2-(N,N-dimethylaminanethyl)ferrocene?4 (figure 1.14) to 376.6 uM for 2;
diformylferrocene25 (figure 1.14)where observeli”

@é\iT/ ©\T/

Fe Fe

N <>

24 25
Figure 1.14 Structures oR-(N,N-dimethylaminomethiyferrocene24 and
1, 2- diformylferrocene25.

Ling Ming Gao et al have reported the preparation of a series of ferrocenyl ester
derivatives and the cytotoxicities of the derivatives were tested against colon cancer
15



cells HT-29 and breast cancer ME&F cdls and the ferrocenyl ester derivative
Fe(GH4CO,CH,CH=CH,), 26 (figure 1.15) showed the highest anticancer activity
with an 1Gy value of 180 pM for HT29 and190 uM for MCF7 cell linesi*®

26
Figure 1.15: Structure ofFe(GH4CO,CH,CH=CH,), 26.

The incorporation of a € bond is a recognized strategy often employed in the
development of pharmaceuticals and this is evident by the success of a large number of
fluorinated drugs approved kikle FDA which are being used as anticancer, antiviral
and antidepressant agents. Kemtl. have reported the preparation of a seriebl-of
(ferrocenylmethyl) fluorobenzene carboxamide derivatives which combine the
ferrocene moiety with a sulisient conaining one or moreC-F bonds and the
cytotoxicities of these derivatives were screemeditro against MDAMB-435S-F

breast cancer cell lines. The most active derivative foundNadsrrocenylmethyl) 4
fluorobenzenearboxamide27 (figure 1.16)with anICsg value in the range of 114

uM_[41]

HN

@—/ o)
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=

27

Figure 1.16: Structure oiN-(ferrocenylmethyl@-fluorobenzenecarboxamide?.
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Kennyet al. have also reported the synthesis of ferrocene derivatives in which various
amino acid and dipeptides have been calipte the ferrocene moiety via a benzoyl
spacer moiety. In particularN-para, N-meta and N-ortho-(ferrocenyl) benzoyl
dipeptide esters have been found to possess good anticancer activity against carboplatin
resistant variant H1299 lung cancer cells andntiost active derivative was-{ meta
(ferrocenyl) benzoyl} glycind_-alanine ethyl este28 (figure 1.17)with an IGg value

of 4.0+ 0.71uM.12-4

28
Figure 1.17: Structure oiN-{ meta(ferrocenyl)benzoyl} glycineL-alanine ethyl ester
28.

The N-(ferrocenyl) benzoyl dipeptide esters consist of three key compor{gntise
electroactive core, the ferrocene moiety; (i) a conjugated linker that lowers the
oxidation potential and (iii) a peptide derivative that can interact with other
biomoleculesvia secondary interactions, such as hydrogen bonding. Ketradyhave
reported that the possible mode of action for the anticancer activity oN+the
(ferrocenyl) benzoyl dipeptide esters is possibly due to their low redox potentials and
their ability toform reactive oxygenated species (ROS) under physiological
conditions!*?~*! It is envisaged that the peptide chain of these derivatives may have a
secondary mode of action. The role of the dipeptide is not clear, hqwasegrausible

that the ipophilic ferrocenyl benzoyl moiety anchors to the cell membrane of the

17



cancer cell and the peptide chain blocks the opening of the channels in the cell
membrane, leading to cell dedtf.

In order to improve the cytotoxicity of thi-(ferrocenyl) benzoydipeptide esters,
Kenny et al. have reported the synthesis dpara, N-metaand N-ortho-(ferrocenyl)
benzoyl tri and tetrapeptide esters. They showed that extending the peptide chain had a
negative effect on cytotoxicity as the-t@nd tetrapeptide deatives had 1G, values

>50 uM for instanceN-{ ortho-(ferrocenyl) benzoyl} glycyl glycyblycine ethyl ester

an G value of 63t 1.11uM.*®

Kenny et al. have shown that the cytotoxicity of tiN(ferrocenyl) benzoyl dipeptide
esters can be enhancedhem the benzoyl conjugate is replaced by a polyaromatic
conjugate and they have reported a series-{ferrocenyl)naphthoyl dipeptide ethyl
esters with 1§, values against H1299 lung cancer cells ranging froni BD pM. e

The N-(6-ferrocenyt2-naphhoyl) glycine L-alanine ethyl este29 (figure 1.18)was

found to be the most active deative of the naphthoyl seriés date displaying an Gy

value of 1.3 = 0.2 uM and this value is slightly lower than that found for the clinically
used cisplatin wich has an Ig value of 1.5 + 0.1 yM against the H1299 lung cancer

cell line.

HN
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29
Figure 1.18 Structure oiN-(6-ferrocenyt2-naphthoyl) glycind.-alanine ethyl ester
29,
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To date, the biological evaluation df-(ferrocenyl) benzoyl andN-(ferrocenyl)
naphthoyl derivatives has focussed on determining theupaoiiferative effect in the

non small cell lung canceNSCLQ) cell line, H1299 This is due to the fact that lung
cancer is the leading cause of cancer mortality worldwide with approximdiedp %o

of all lung cancer cases beingSNLC™" European national cancer registries have
shown a rising incidence of melana during the past two decad®sMost localised
melanoma can be effectively treated early by wide localised excision; howevenipat

with advanced stage of the disease have a poor prognosis, with a 1 year survival rate of
less than 5%. The poor prognosis is due to the resistant of metastatic melanoma to
cytotoxic chemotherap§® More efficacious novel chemotherapeutic drugs are
urgently required to improve the prognosis foalignant melanoma patients. Thus,
Kennyetal. have reported the synthesis, characterisation and biological evaluation of a
series ofN-(ferrocenyl) naphthoyl amino acid esters, which have been scraenite

for anti-proliferative effect againdfiISCLC cell line, H1299 and SkVel-28 malignant
melanoma cell lin€? The N-(6-ferrocenyt2-naphthoyl)a -aminobutyric acid ethyl
ester30 (figure 1.19) was found to be the most active derivative of the naphthoyl
amino acid series displayiray high activity in both the H1299 cell line with ans§C

value of 0.62+ 0.06 uMand in theSk-Mel-28 cell line ariCsp 1.41+ 0.04 uM .

)

30
Figure 1.19 Structure oiN-(6-ferrocenyl2-naphthoyl)o-aminobutyric acid ethyl ester
30.
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From futher SAR studiesf the N-(6-ferrocenyt2-naphthoyl) derivativesyy replacing
the alanine amino ethyl ester of compous@d(figure 1.19)with glycine, Kennyet al.
have recently reported threefold improvement in antiproldrative effect in the non
small cell lung cancer (NSCLC) cell lineH1299 with the N-{6-(ferrocenyl}2-
napthoyl} glycineglycine ethyl esteBl (figure 1.20)showing an 1@, value of

0.13+ 0.01 uMPH

' o
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31
Figure 1.20: Structure oiN-{6-(ferrocenyl}2-napthoyl} glycineglycine ethyl esteBl.

Kondopiet al. have reported the preparation of several ferrocene derivatives and found
out that thiomorpholideardemethylferrocene82 (figure 1.21) showed the highest
antiproliferative activity against colo 205 colon adenocarcinoma compared to the other

derivatives prepared with igan value of 50 pM*?
s —\
> 0
Fe

32

Figure 1.21 Structure of hiomorpholideamidemethylfercene32.
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Kondopi et al. also suggested that the mode of action was as a result of a competitive
binding between ATP to the catalytic enzyme topoisomerase Il which resulted in its
inhibition. Topoisomerase Il is an enzyme responsible for maintaining tbh&gypof

DNA and it is well known thatin cancer cellsthere is an increased topoisomertse
activity, hene, the inhibition of topoisomerasdll results in antiproliferative

activity.>®! In addition to the reported ferrocene derivatives that hawersianticancer
activity, the incorporation of ferrocene into large bioactive molecules have been
explored as promising strategy against cancer activitye incorporation of a
metallocene into compounds with medicinal applications was rare prior to ths. 198
To date there has been several reported successes of increased efficaocefyierr
analogues of known drugdaoueret al. reported that the incorporation of a ferrocene
moiety in tamoxifen showed antitumour activity in both hormdapendent and
homoneindependent breast cané¥t.Breast cancer is the most common cancer in
women and it affects one in every eight women in the wadrlg classified into two
types, which ee distinguishedy the presence or absence of estrogen rece{i®s
ER(+) is used to distinguish breast cancer that is dependent on the gerexfetine
estrogen receptpwhich account for twahirds of breast cancewhilst ER¢) is used to
distinguish breast cancer which is independent of the estrogeptaed amoxifen33
(figure 1.22)is widely prescribed to patients diagnosed ViafR(+) breast cancer. The
antiproliferative effect arises from the competitive binding of hydroxytamogdgthe
active form of tamoxifenjo the estrogen receptor instead of estra8ioffigure 1.22)

which results in the repression of the estrchediated DNA transcriptiofi’!
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33: R=H; 34: R=0OH 35

Figure 1.22 Tamoxifen33 andhydroxytamoxifer84 andestradiol35.

Although the administration of tamoxifen is well tolerated, unfortunately some
drawbacks are asciated with its use, for instance long term use of tai@oxncreases

the risk of uterie cancer and blood clotting in the lungs. Overtismme cancer cells
develop resistance to tamoxifen administration, aodhermore tamoxifen is not
effective agmst the ER{) breast cancer form. In trying to find better alternatives to
tamoxifen, Jaoueet al. investigatedferrocifen 36 (figure 1.23),a tamoxifen analogs

that contained an organometallic moiety. Whilst they were studying the effects of
hydroxyferiocifen (active form of ferrocifenpn the proliferation of the ER(+) and

ER() breast cancer cell lines they observed the following. In ER(+) MQElls,
hydroxyferrocifen showed an antiestrogenic effect simidER() MDA-MB-231 cell

lines, the hydroyferrocifen showed antiproliferative activity with ansiralue in the
order of 0.5 pM, whereas, there was no anticancer activity observed when
hydroxytamoxifen34 (figure 1.23 was used. The hydroxyferrocif&7 (figure 1.23)
which is the ferrocenyl aogue of hydroxytamoxifen synthesized by Jaoetal. was

the first moleculghat have been shown to be to be active in both horrdependent

and hormonéndependent breast azer tumours and furthermorghowed a wide

therapeutic window against kidnegrecer, ovarian and prostate cancer.
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Figure 1.23 Structure of ferrocifei36 andhydroxyferrocifen37.

Jaoueret alhave also reported the incorporation of ferrocene to a polyplesysliem
yielding compound8 (figure 1.24)which also showed antiproliferation effects in both
hormonedependent and hormoiredependent tumours in ER(+) ME&Fcells and in
ER() MDA-MB-231 cell lines. The antiproliferative effect observed was stronger th
that observed for hydroxytamoxifen. This high effect may lead to the geneoéteon

potent cytotoxic compountd?

OH

OH
38

Figure 1.24: Structure of ferrocenydolyphenolic38.
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1.22 Antimalarial organometallic therapeutics

For many years, malarfzas continued to be a major cause of death in many developing

countries. According to reports from the World Health Organization (WHO),
approxi mately 40 % o dtriskdf malavieonfectidfld s popul at i on
To date, chloroquin89, and quinined0 and mefloquinetl (figure 1.25)have been the

most effectiveantimalarialagents used against the four known malaria parasites namely
Plasmodium falciparm, P. vixax, P. ovale and P. malarjad whichP. falcipaumis

the most dangerouand accounts f090% of all deaths from malariaecause it is

becoming more resiant to existing therapeutitg. As a result of the increased

resistance by the malaria parasites, some novel organometallic antimalarial drugs have

been synthesized.
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Figure 1.25: Structures othloroquine39, quinine40 and mefloquinell.

Brocardetal. discovered that the insertion of a ferrocenyl group to chloroquine resulted
in the chemotherapeutic actiyibf chloroquine being alterddf! They showed that for
ferroquine 42 (figure 1.26) an analogue of chloroquine, the incorporation of a
ferroceny moiety as an integral part of the side chain of chloroquine between the two N
atoms had superior efficacy to other analogues in which the moiety was terminal on the
side chain or bonded to the quinolihe.vitro assays showed that ferroquine was more

potent than chloroquine in the inhibition of the growtHPoffalciparium.
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Figure 1.26: Structure offerroquine42.

To date, the use of ferroquine as a potential antimalagieht has made it possible to
avoid the relapse in the long term which is associated with conventional antimalaria
therapeutics and as a result ferroquine is in phase 1 clinical trialsetBabtrecently
demonstrated that the mode of action of ferrogugsimilar to that of chloroquine, in

that ferroquine forms complexes with haematin found in infected red blood cells and
ferroquine is an e shaeméndormatom than chloioquiné® bi t or o f
When chloroquine is administered to chlorowuiresistant malaria parasites, the
chloroquine is expelled rapidly from red blood cells and this is catalyzed Py a
falciparum transmembrane protein.oMever when ferroquine is administst Biot et

al. reported that ferroquine may block the falcipaium transmembrane protein
through its lipophilic propeies, acting like a resistanceversing agenthence this

could be the reason wherfoquine is effective againshloroquineresistant malaria.

Biot et al also have shown the preparation of a sewé ferrocenyl mefloquine
analoguest3 and 44 (figure 1.27). When tested of®. falciparium strains, the results
showed that the ferrocenyl analogue compounds exhibited a lower antimalarial activity
than existing meflquine and quinine therapeutié8.



43 44

Figure 1.27: Structures oferrocenyl mefloquine analogud8 and44.

Go et al. prepared a series of ferrocenyl chalcones an example of which is compound
45 (figure 1.28) These atimalarial ferrocene derivatives did not involve any
incorporation of any of the existing conventionalréipeutics previously discuss&d.

In vitro assays again$§tlasmodium falcipariunshowed that the most active compound
was Zerrocenyt3-(4-nitrophenyl)prop-2-en-1-one and the location of the ferrocene
moiety and the polarity of the carbonyl linkage influenced the ease of oxidatioA*of Fe

in ferrocene which enhanced the antiplasmodial activity

-
(X ‘
Fe
- NO,
45

Figure 1.28 Structure ofl-ferrocenyt3-(4-nitrophenyl)prop2-en-1-one45.

Go et alalso reported that the incorporation of ferrocene may enhance the antimalarial
activity through the generation of free radicals from the redox cyclingeoferrocene
moiety which may contribute to the antiplasmodial activity observed with ferrocenyl
chalcones. However, the extent to which this property is manifested is also influenced
by other physicochemical properties such as polarity, planarity anghlliwity of the

compound€®?
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1.2.3 Antibacterial therapeutics

Antibiotics have been critical in the fight against infectious diseases caused by bacteria;
however bacterial resistance to existing antibiotics continues to develop and poses a
significart threat. For instan¢ediseases such as gonorrhoea and tuberculosis have
become hard to treat with current antibiotfésAntibacterial resistance over the years
has developed as a result of the natural consequence of the ability of the bacteoial cell t
adapt as a result of the prolonged usage of the existing antibioticsormplicate
matters there has been a decline in antibacterial research by many large pharmaceutical
companies and this has led to a shortfall in the development of new and better
anibacterial agents to fight the present threat of drug resistRecdcillin VV 46 (figure

1.29) historically was the first antibacterial drug that was effective against many
previously serious diseases such as syphilis and staphylococcus infectiondlirP¥nici

is still widely used today, although many types of bacteria are now resistant to its

administratiorsuch as€Eschericia. colf®*%
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Figure 1.29 Structure ofPenicillinV 46.

Resistance to penicilliv in Eschericia. coliwas first reported Yo Abrahamet al. in

1940 andlater on in 1952Lederberget al. reported the ability for bacterial to transfer
genetic information on antibiotic resistze to other bacterial specié&™

Despite the years of exhaustive medicinal chemical studies eemtdification of

known antibacterial scaffolds, it is becoming increasingly difficult to deliver new leads

on this approach. The recent focus on antibacterial research has, therefore, moved to the
identification of novel therapeutics. The use of organathetcompounds as potential

antibacterial agents is now an active area of research. The first reported antibiotic that
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contained an organometallic moiety was ferrocenyl penidifirtfigure 1.30) In 1975
Edwardet al reported the syhesis of ferrocenypenicillin *® They reported that when
a ferrocenyl moiety is incorporated into penicillin, the antibacterial properties of the

penicillin V derivative increased significantly
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47
Figure 1.30: Structure offerrocenyl penicillind7.

The observed incesed antibacterial activity of ferrocenyl penicillin as a result of the
incorporation of a ferrocene metal complex and the successful organometallic
therapeutics that are in clinical use in cancer treatment has prompted the exploration of
organometallics | antibacterial ants’®”? Dyson et al. have recently reported the

synthesis of a series of water soluble ruthenium (ll) arene complexes, which were
screened for antibacterial SGpecymene)i(t,35 The r
triaza7-phosphatriglo[3.3.1.1]decane)} 48 (figure 1.31) showed the highest

antibacterial activity againdBacillus subtilis compared to the othewater soluble

ruthenium (1l) arene complexes.

48
Figure 1.31 Structure of{ R u’{p-dymene)}(1,3,5triaza7-phosphatricylo[3.3.1.1]
decane)48.
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Kabbaniet al. have also reported the synthesisopper and cobalt complexes with 4
chloro-3-nitrobenzoate (CINBz) and the nitrogen ligands-dig@ninopropane (1;3
DAP) or o-phenylerdiamine ¢-PDA) and they have shown that the copper complex
[Cu(CINBz)(0-PDA)]CI 49 (figure 1.32) showed the highest antibactériactivity
compared to thether complexes studied as indicated by its ability to inhibit the growth

of Staphylococcus aureasd Enterococcus faecalfe?

QM

49
Figure 1.32 Structure ofCu(CINBz)(0-PDA)]CI 49.
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1.3 Summary

Despite the years of exhaustive medicinal chemistry studies on the modification
of known therapeutic scaffolds, it is becomiingreasingly difficult to deliver

new leads on this approach and as a rethdt use of organometallics in
biomedical applications has become an active area of reselrehuse of
organometallics as potential therapeutics commenced théhdiscovery of
cisplatin by Rosenberg in 196#ich marked thgenesis of bioorganometallic
chemistry due to the success of cisplatin against various types of cancer.
Furthermore the incorporation of organometallics into compounds with
medicinal applications has resultein increased efficacy of existing
therapeutics, for example ferrocifen, the ferrocenyl analogue of tamoxifen, has
shown antiproliferative effects in both hormemependent and hormone
independent tumours which was not shown by tamoxifen an established
chemotherapeutic. Furthermore the use of ferroquine, the ferrocenyl analogue of
chloroquine as a potential antimalarial agent has made it possible to avoid the
relapse in the long term which is associated with conventional antimalarial

therapeutics.
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Chapter 2: Synthesis and structural characterisation of dalkyl-1 -N-para, N-meta
and N-ortho-(ferrocenyl) benzoyl dipeptide esters

2.1 Introduction

Organometallic compounds containing transition metals, such as cobalt, copper, iron
and platinum are known tcakie antiproliferativeiQ vitro) and antineoplastidar( vivo)
activities!! Platinum coordination compounds, such as cisplatin and carboplatin are
currently being used in the treatment of a variety of tumdutsowever, problems

with toxicity, harsh sid effects during administration, together with acquired drug
resistance, has leamb increasedresearch, to find alternatives to cisplatin and its
analogues.

Ferrocene is a particularly useful organometallic compound for biological applications
due toits electrochemical properties, its stability and its aromatic nature which allows
for derivatization. As a result of these factofstrocene research has received an
increased level of interest over the past de€aderricenium salts are known to inhibit
tumour growth through the formation of hydroxyl radicals under physiological
conditions, leading to the oxidative damage of DRATherefore, ferrocenyl
derivatives that possess redox potentials which fall within the range of biologically
accessible pottdials, offer a desirable aralternativemethod to target and kill cancer
cells The aim of this research is to develop novel ferrocenyl dipeptide bioconjugates
for use as potential anticancer agents.

Previous studies within the group have been carrigdoauthenon small cell lung
caner NSCLQ) cell line, H1299t0 evaluate then vitro activity of novel ferrocenyl
benzoyl aminacid and dipeptide ester$he effect of these compounds on H1299 cell
growth was expressed assyCralues. The Ig value is he concentration of a drug
required for 50% inhibition of cell growth.N-{ortho-(ferrocenyl) benzoyl} glycine
ethyl ester was initially tested for iis vitro antiproliferative activity against H1299
lung cancer cells. This compound was found to betoyic and had an g value of

48 + 1.01 uM, whereas the starting materiatho-ferrocenyl ethyl benzoate, was
completely hactive against the cell lin&herefore, other derivatives were prepared and
evaluated for their anticancer activity against HL29ng cancer cells. The dipeptide
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derivative N-{ ortho-(ferrocenyl) benzoyl} glycine glycine ethyl ester was shown to
have an IG, value of approximately 2& 1.72 puM, while N-{ortho-(ferrocenyl)
benzoyl} glycine l-alanine ethyl ester had ansfCralue of5.3 £ 1.23 uM. The N-
{meta(ferrocenyl) benzoyl} glycine lalanine ethyl este28 and N-{para-(ferrocenyl}
benzoyl} glycine L-alanine ethyl ester were also tested and gave results af GL.TL

UM and 6.6+ 1.03puM respectively® "

As an extension of th study we now report the synthesis and structural
characterization of novel-alkyl-1 -&-para, N-metaand N-ortho-(ferrocenyl) benzoyl

dipeptide esters. These compoulffigure 2.1)consist of four key moieties:

(1) A redox active centre

(i) A conjugate linker

(i) A alkyl chain (further lowers the oxidation potential of the ferrocene
moiety)

(iv) A dipeptide chain

These novelderivatives differ from theN-para, N-meta and N-ortho-(ferrocenyl)
benzoyl dipeptide esters by having an alkyl moiety on the previously uigteabt
cyclopentadiene ring (figure 2.I)he primary objective of this research is to explore a
structureactivity relationship (SAR) study of the incorporation of alkyl chains moieties
on the unsubstituted ring of thd-para, N-meta and N-ortho-(ferroceryl) benzoyl
dipeptide esterd:”! The dipeptides employed in this investigation wer6lycine
Glycine (Gly Gly), Glycine EAlanine (Gly L-Ala), Glycine L-Leucine (Gly L:Leu)

and Glycine LPhenylalanine (Gly {Phe) ethyl estsr A tripeptide ortetrapeptide
chainwas shown to hava negative effect on biological activify.Thus, a series of
novel talkyl-1 -0N-para, N-metaandN-ortho-(ferrocenyl) benzoyl dipeptide estdddi

99 (figure 2.1) were prepared by coupling alkyl ferrocenyl benzoic acids to the
dipeptide ethyl esters using the conventionbl(3-dimethylaminopropybNG
ethylcarbodiimide hydrochloride (EDC) andhydroxybenzotriazole (HOBt) coupling
protocol. All the compounds were fully characterized using a combination of nuclear
magnetic resonandechniques’f, *°C & DEPT-135),'H-*C COSY and electrospray
ionization mass spectrometry (EMIS).
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Figure 2.1General sucture of thel-alkyl-1 -tN-para, N-metaandN-ortho-(ferrocenyl)
benzoyl dipeptide este6li 99.

2.2 The synthesis of the alkylferrocene derivatives

For the synthesis of the alkylferrocenes, three synthetic pathways were considered as
shown in scheme 2. The most direct approach for the preparation of alkylferrocenes
involves the Friedel Crafts alkylation of ferrocene (scheme 2.1a). However, these
reactions proceed with a low degree of regiocontrol and invariably produce mixtures of
mono and polyalkylated derivatives in low yield¥. The reason for such undesired
polyalkylationis that the introduction of one alkyl group to the ferrocene results in the
alkylferrocene ring being more activated than the ferrocene starting material resulting
in further dkylation, leading to the almost inevitable second alkylation asmté, its

use as a synthetic pathway was not investigated.
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The synthesis of alkylferrocene utilising catalytic palladium cross coupling using
ferrocene boronic acid and alkylhalides (Sckefilb) offered a potential synthetic
pathway which was evaluated in this stifiynitial work involved the optimisation of

the experimental protocol and it was observed that reflux of reactants’@tfén 144

hr resulted in the synthesis of alkylfeceme, however, the yields for these reactions
varied from 1520%. The reflux period wagime consuming and the yields were
relatively low, hence, other feasible synthetic pathways were considétexl Friedel
Crafts acylation reaction of ferrocene andstfikir formylation are well established
methods and furnish good yield$ mone and diacylated ferrocenes (scheme 2.1c)
with a remarkable degree of regioselectivity compared to the dipmbach for the
preparation of alkylferrocenes via Friedel Craftkylations!*®*!! Accordingly, a twe

step protocol involving regioselective acylation followed by hydrogenation of the
acylated ferrocene constituted a method of choice for the preparation of the
alkylferrocenes. The hitherto reported general methodstHer deoxygenation of
acylferrocenes include Clemmensen reduction and reductive deoxygenation using

lithium aluminium hydride in the presence oihgdrous aluminium trichloridé?**
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Scheme 2.1Synthesis of alkylferrocene via three pathwéa)s (b) and(c).

These methods were both evaluated as potential synthetic pathways for the formation of
the alkylferrocenes. It was observed that the deoxygenation of acylferrocenes using
lithium aluminium hydride in the presence of anhydrous aluminium idelaesulted in

the formation of alkylferrocenes atige yields for these reactions varied from988%6

whilst the Clemmensen reduction protocol was not successful on initial evaluation,

hence, it was not investigated further

2.2.1 The synthesis of alkyérrocene derivatives viapalladium catalysed cross

coupling.

The preparation of the alkylferrocene derivatives yalladium catalysed cross
couplinginvolved the refluxing of ferrocene boronic acid in dimethoxyethane (DME)
in the presence of 1-fdis-(diphenylphosphino)ferrocene dichloropalladium(ll) catalyst,

3M NaOH solution and iodoethane yielded ethylferrocene as shown in schelffie 2.2.
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DME, NaOH lodoethane

Scheme 2.2The synthesis of ethylferrocene ydalladium catalysed cross coupling.

The catalytic cycle for the formation of alkylferrocene derivatives via palladium cross
coupling proceedsia three steps, (i) oxidative addition of a cartledectrophile to the
zero valent palladium followed by (ii) the transmetallation of a nucleophilic carbon
from boron to the palladium complex. Which is then followed by (iii) the rapid
reductive elimination of the cross coupled product to regenerate tioe vatent

palladium, Pd(0) as shown in scheme!®3.
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Fc-Pd(I1)-CH,CH,4 CH,CH,-Pd(ll)-
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Scheme 2.3Palladium catalysed cross coupling mechanism for the synthesis of ethyl
ferrocene.

2.2.2 The synthesis of alkylferrocene derivatives via reductive deoxygenation of

acylferrocenes derivatives

2.2.2.1 The synthesis of the acylferrocene derivatives

For the synthesis of acylferrocene derivatives two synthetic protocols reported in the
literature were used. For the preparation of ferrocene carboxyaldehyde, Vilsmeir

formylation was ged*” For the synthesis of acetylferrocene and propionyl ferrocene

Friedel Crafts acylation was the method of chéile.
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2.2.2.1.1 Synthesis of ferrocene carboxaldehyde

0]

Fe —_— Fe
(i)
48

(i) POCk, DMF; (ii) NaOH, HO
Scheme 2.4 Synthesis of ferrocene carboxaldehy@e

In the mechanism for the formation of ferrocene carboxaldehyde the initial step is the
formation of theVilsmeir reagentt! Today it is well established that the reaction
proceeds via the formation @f chloromethylene iminium cation from the reaction
between the DMF and phosphorus oxychloride as shown in scheme 2.5

0]
Il
0 o /P‘Tm
. Hr/z—\_‘ 0 Cl } Cl ™| POZClZ
—_—
(o o N
[ R MY H ri“’

Scheme 2.5Formation of choloromethylene iminium cation

choloromethylene iminium cation

The chloromethylene iminium cation in the presence of an electron rich speties

case ferrocene undergoes iminoalkylation which is essentially an electrophilic
substitution reaction. Hydrolysis of the iminoalkylation product is carried out using
NaOH and water. This is a particularly useful method as it removes any acidiforme
and results in the formation of ferrocene carboxyaldehyde as shown in scheme 2.6
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Scheme 2.6iminoalkylation (i) ad base induced hydrolysis (ii).

In the synthesis of ferrocene carboxaldehyde via Vilsmeir formylation, low percentage
yields of 11% wee obtained. These low percentage yields were due to the fact the
formylation is not substrate specific. -Rirmylated ferrocene was formed in the
reaction and unreacted ferrocene was recovered which showed that the reaction
conditions employed did not nd$ in the reaction going to completion. As a result of
these limitations large scale synthesis was employed in order to get sufficient amounts
of ferrocene carboxylaldehyde required for the reductive deoxygenation reaction to

obtain methylferrocene.



2.2.2.1.2 Synthesis of acetylferrocene

& L 4

4*_
Fe H,PO, " Fe

49

Scheme 2.7Synthesis of acetylferroced®.

Friedel Crafts acylation is a well known effective synthesithgray of introducing new
carboncarbon bonds into aromatic compoufids.The most common catalyst for
acylation of an aromatic ring is aluminum trichloridduminium trichloride is a strong
Lewis acid, and it is used in Friedel Crafts acylation. Itfisroassociated with a few
limitations, for example aluminum trichloride gives off HCI gas upon contact with
moist air and is required in greater than stoichiometric amounts. This leads to the
generation of considerable quantities of acidic and aluminustewgor the Friedel
Crafts acylation of ferrocene when aluminium trichloride is used, the activation of the
ferrocene ring, leads to a large amount of disubstitution product being f8ffned.
Therefore for the synthesis of acetyl ferrocert#enign catalgt, phosphoric acid, was
used instead to catalyze the Friedel Crafts acylation reaction in the presemetiof
anhydride. This acylation reaction affords a higher yield of primarily the mono
substituted product, acetylferrocene. From numerous Frie@éisGicylation reactions
carried out, it was observed that slow addition of phosphoric acid over 30 min resulted
in the generation of high yields of acetylferrocene, greater than 80%, as opposed to
spontaneous addition of the catalyst which resulted inylelds being obtained. The
mechanism for the synthesis of acetylferrocene involves the generation of an acylium
ion electrophile by protonation of the acetic anhydride by phosphoric acid (scheme
2.8)14
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Scheme 2.8Formation of acylium ion.

Thep electrons on the cyclopentadiene ring of ferrocene act as a nucleophile, attacking
the positively charge acylium carbon. This step destroys the aromaticity giving rise to a
ferrocenyl cation intermediatRemoval of the proton from the carbon atom beptire

acyl group reforms the aromatic system, generating HCI and regenerating the active

catalyst (scheme 2.9).
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Scheme 2.9Fridel crafts acylation mechanism for synthesis of acetyl ferrocene

2.2.2.1.3 Synthesis of propionyl ferrocene

H,PO,

o

80 °C

QS Ji o4
< =

50
Scheme 2.10Synthesis of propionyl ferrocer®®.

The mechanism for the synthesis of propionyl ferrocene is similar to that used for the

synthesis of acelferrocene (scheme 2.8 and 2'9).The only difference is that

45



propionic anhydride is used instead of acetic anhydride. The percentage yield of
propionyl ferrocene was greater than 50%. These percentage yields were lower than
those obtained for the acetylferrocene; the reason for the low yield was a result of steric
hindrance associated with the size of acylium ion electrophile formed in the Friedel

Crafts acylation reaction.

2.2.2.1.4 Reductive deoxygenation of acylferrocenes derivatives

clLe
= =

(i) LIAIH 4, AICIs, diethyl ether

48. R0 49 H;R 05=50RH GH,CH;
51 RGHy, 56. R0 6 =CHz 0. R0 6 =,CHzCGH;3

Scheme 2.11Reductive deoxygenation of acylferrocenes derivatives.

The reductive deoxygenation of acylferrocenes to the corresponding hydrocarbons via
the combined action of lithium aluminium hydride and @ise of the strong Lewis acid
aluminium trichloride in diethyl ether, as shown in scheme 2.11 yielded the desired

alkylated ferrocene derivatives with percentgigdds varying between 785%
2.3 Synthesis of dalkyl-1 {para, metaand ortho-(ferrocenyl) benzoic acids

Following already established protocols for the synthesiparg-(ferrocenyl) benzoic
acid, the synthesis of-dlkyl-1 fpara, meta and ortho-(ferrocenyl) benzoic acids
involved the diazonium coupling of the alkylferrocene to 2,-8f{/lamino benzoate
followed by hydrolysis to vield the desired productshésne 2.128" However, the

percentage yields were less than 8%. When &ABifho benzoic acids were used

4€



instead of 2,3 4thylamino benzoates, yields greater than 15% were obtainduef 1

alkyl-1 para, metaandortho-(ferrocenyl)benzoic acids (scheme 2.13).

+ HZNW L ke — ot L o — OH

OEt

51. 52. 53.
(i) NaNO,, HCI, (i) NaOH, MeOH, HCl

Scheme 2.12The synthesis of-inethyl1 para-ferrocenylbenzoic acid via a two step

reaction scheme.

0 OH

&S &
 Fe + - on 9
Y - <

(i) NaNOs, HCI

51: R=CH; 56: R = CHCH3.60: R = CHCH,CH3
53, 54, 55:R = CH;; 57, 58, 59:R = CHCHs, 61, 62, 63R = CHCH,CH;3

Scheme 2.13:The synthesis of -alkyl-1 ara, metaand ortho-(ferrocenyl) benzoic
acids.

The mechanism for the diazonium coupling using 2a8mMno benzoic acids is shown

is shown in scheme 2.1%
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R = CHs;; CHxCHs; CHCHoCHs

Scheme 2.14The mecharsm for the diazonium coupling reaction.

2.4 The synthesis of -hlkyl-1 -&-para, N-meta and N-ortho-(ferrocenyl) benzoyl

dipeptide esters

The synthesis of-alkyl-1 -iN-para, N-metaandN-ortho-(ferrocenyl) benzoyl dipeptide
esters64i 99 involved the copling of the dipeptide ethyl ester hydrochloride salts of
Gly Gly, Gly L-Ala, Gly L-Leu and Gly LPhe to 1alkyl-1 para, metaand ortho-
(ferrocenyl) benzoic acids using N-(3-dimethylaminopropybNé
ethylcarbodiimidehydrochloride  (EDC), 1-hydroxybenzotriaole (HOBt) and
triethylamine (TEA) in dichloromethane shown in scheme 2:45The 1-alkyl-1 &
derivatives were isolated following the coupling procedure and purified by column
chromatography, using &1 mixture of hexane and ethyl acetate as the elliaetpurel-
alkyl-1 -0N-para, N-metaand N-ortho-(ferrocenyl) benzoyl dipeptide estegdi 99 was
furnished as either an orange solid or a red oil, with yield2&f8% All compounds gave

spectroscopic and analytical data in accordance with their proptrsetures.
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(1) EDC, HOBt, Triethylamine and dipeptides ethyl ester§ (R

R? R? R® Compound no.
Gly Gly(OEY) 64
4 @% Gly L-Ala(OEY) 65
Gly L-Leu(OEt) 66
Gly L-Phe(OEt) 67
-CHs N Gly Gly(OEt) 68
Gly L-Ala(OE®) 69
—§© Gly L-Leu(OEt) 70
Gly L-Phe(OEt) 71
@, Gly Gly(OEt) 72
Gly L-Ala(OEt) 73
%@ Gly L-Leu(OEt) 74
Gly L-Phe(OEt) 75
Gly Gly(OEt) 76
_% 4@7%_ Gly L-Ala(OEt) 77
Gly L-Leu(OEt) 78
Gly L-Phe(OE) 79
N Gly Gly(OEt) 80
Gly L-Ala(OEt) 81
-CHCHs _EQ Gly L-Leu(OEt) 82
Gly L-Phe(OEt) 83
“f Gly Gly(OEt) 84
Gly L-Ala(OE®) 85
%@ Gly L-Leu(OEt) 86
Gly L-Phe(OEt) 87
Gly Gly(OEY) 88
—E @% Gly L-Ala(OEt) 89
Gly L-Leu(OEt) 90
Gly L-Phe(OEt) 91
S Gly Gly(OEt) 92
Gly L-Ala(OEt) 93
-CH,CH,CHs _§© Gly L-Leu(OEt) 94
Gly L-Phe(OEt) 95
> Gly Gly(OEY) 96
Gly L-Ala(OEY) 97
%@ Gly L-Leu(OEY) 98
Gly L-Phe(OEt) 99

Scheme 2.15:The synthesis of -alkyl-1 -&N-para, N-meta and N-ortho-(ferrocenyl)
benzoyl dipeptide esteli 99.
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Of the compounds synthesizethe ortho derivatives 72-75, 8487, 9699) and meta
derivatives §8-71, 8083, 9295) gave the lowest yieldsvhile theparaderivatives

(64-67, 7679, 8891) gave the highest yields. The difference in percentage yield can be
rationalized by considering the respective orientations obtth® and metaferrocenyl
benzoic acidsThe alkyl-1 -6 meta and ortho-(ferrocenyl) benzoic acidsare more
sterically hindered than thealkyl-1 -ppara-(ferrocenyl) benzoicacid starting material
which give arise to the low yieldsThis is consistent with previously reported
observationsy Corry et al. for the N-(ferrocenyl) benzoyl dipeptide derivativég!

The side c¢hai naminomatis anchtte alkykechaintincorpgrated can also
have an influence on the overall yield. Yields are lower in cases where both the side
c hai n -anfino aickdand Blkyl group are large enough to exert stemdrance

This is clearly observed fat-methyl and ipropyt1 i@N-{ para-(ferrocenyl) benzoyl}
glycine L-phenylalanine ethyl esters. The increase of the alkyl chain length from a
methyl ©7) to a propyl 91) resulted in a drop of the percentage yield from 16% to 14%
respectively.

In the standard coupling protocol (EDC/HOBY), the first step towards the amide bond
formation involves the addition of the carboxyl group to the carbodiimide to gi@ an
acylisouea ester intermediate. This intermediate is highly reactive and is prone to
intramolecular acyl transfer to form ddacylurea byproduct (scheme 2.16). The
formation of this byproduct contributes to the low yields observed for compo6dds

99. Previousy reported in he literature, it has been shownat the addition of HOBt
stabilizes theO-acylisourea ester intermediatey converting it to an amiresactive
HOBLt ester. This reduces intramolecular acyl transfeOfcylisourea to formN-
acylured” In comparison to the previously reportedferrocenyl) benzoyl
dipeptideesterd® " the yields of the compounds synthesized are I@sea result of the
presences of the alkyl groupfor instancethe 1-methytl idN-{ meta(ferrocenyl)
benzoyl} glycineL-alanine ethyl §9) had apercentage yield of 22, whilst the N-
{meta(ferrocenyl) benzoylglycine L-alanine ethyl este2g) had a yield of 4294
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Scheme 2.16Intramolecular acyl transfer @-acylisourea to fornN-acylurea.

As depicted irscheme2.17, the EDC/HOBt mediated coupling of thealkyl-1 -{ara,
meta and ortho-(ferrocenyl) benzoic acids (i) with the dipeptide ethyl ester
hydrochloride salts of Gly Gly, Gly-lAla, Gly L-Leu and Gly Phe (vi) progresses
through aformaion of an unstalel intermediatean OGacylisourea ester (iii). This
compound is formed by the reaction of the EDC (ii) with thakyl-1 fpara, metaand
ortho-(ferroceryl) benzoic acids (i). Due to the instability of this intermediatas
prone to intamolecular acylransfer. he addition of HOBt (iv) stabilizes the the O
acylisourea intermediate by converting it to an anngective HOBLt ester (yvhich is

a much more stable compound ammains reactive with the amine moiety of the
dipeptide ethyl ester hydrochloadsalts. Upon addition of the dipeptide ethyl ester
hydrochloride salts of Gly Gly, Gly-Ala, Gly L-Leu and Gly LPhe (vi), the HOBt is
displaced resulting in the formation ofalkyl-1 -N-para, Nmeta and Northo-
(ferrocenyl) benzoyl dipeptide estef{99)."
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Scheme 2.17Mechanism of the synthesis ofalkyl-1 -tN-para, N-metaand N-ortho-
(ferrocenyl) benzoyl dipeptide este&4 99 using EDC and HOBt

52



2.5 '"H NMR spectroscopic studies of lalkyl-1 &-para, N-meta and N-ortho-

(ferrocenyl) benzoyl dipeptide esters

All the '"H NMR experiments were performed in DMS@as the 1alkyl-1 -d-para,
N-metaand N-ortho-(ferrocenyl) benzoyl dipeptide esters showed limited solubility in
other deuterated solvents. In DMS#the two amide protons appear betweéen 8 . 8 0
and Ufig&e 220Thg appearance of these signalsh@downfield region of th

'H NMR spectrum is due to hydrogen bond interactions between the amide proton and
the S=0O bond of DMS@i. If CDCI; was used to obtain the spectra, the amide protons
would most likely appear more upfield since CB@des not possess the same ability to
form hydrogen bond$. The splitting pattern of the hydrogens on the benzoyl linker
and the cyclopentadiene rings do not follow first order (n+1) splitting pattéhes.
splitting pattern of the benzoyl linker of tlealkyl-1 @erivativesin the literatue is
shown to followsecond order splitting patteft This is due to the extended coupling of
magnetically inequivalerttydrogens on the benzoyl linkér These signals are reported in
table 2.1.

Table 2.1 Splitting pattern of the aromatic tigpgens ornhe benzyol linker.

Orientation of benzoyl | Splitting pattern for the four aromatic hydrogens

linker

para-disubstituted 2 signals observed (apparent doublets peaks)

derivatives

metadisubstituted 3 signals observed (apparent sggmultiplet and double

derivatives peaks)
Ortho-disubstituted 4 signals observed (apparent doublet, triplet, triplet a
derivatives doublet peaks)

v

In generalthe protons orthe benzoyl linkeappear betweed 8. 15 and 4 7.

disubstituted ferrocene arety, three splitting patterns are observed. For the
cyclopentadiene ring attached to the benzoyl linkéfsH.-benzoyl) the protons

appear as either apparent singlet or triplet signats t he r egi on of a
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This complexity is due to foysrotons being magnetically inequivalent, thus, following the
second order splitting patterithe protons on the alkylated cyclopentadiene (irny
CsHgs-alkyl) overlap with the signals of the methylene groups of the glycine moiety,
resulting inamultiplebei ng obser v e-B.7%Tad ypiclehemidal shifts 0 5
of the 1-alkyl-1 -N-para, N-metaandN-ortho-(ferrocenyl) benzoyl dipeptide estahst
follow the (n+1) rule, includehe methylene protons of the ethyl estadQH,CHs)
which appear as augar t et i n t h-e8.96 vehidgt thee methyl (protdns-@ 0
OCH,CHg) appear as atripletn t he r elgOd.on u 1. 26

7

/\3
P O O
2 3 H
() v
N 6
H/\I_( o
_ 3 5 o R

Fe
! Proton location Proton source & (DMISO- o)
! ©_R 1 mP_C.H,-R 4.05 - 3.79
1 1 2.3 T]5—CSH4—benzoy1 429 420
4 Aromatic H 3.15-7.10
8.5 MH 280 —-3.20
7 -OCH TH, 4.20 - 296
g -OCH,CH; 1.26 - 1.04

Figure 2.2: Typical chemical shifts observed for thetkyl-1 -\N-para, N-metaandN-
ortho-(ferrocenyl) benzoyl dipeptide esté4 99.
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2.5.1'H NMR spectroscopic study of1-propyl-1 &-{para-(ferrocenyl) benzoyl}
glycine L-phenylalanine ethyl ester 91

91

The 'H NMR spectrum of the -propyt1 -&N-{ para-(ferrocenyl) benzoyl} glycine L
phenylalanine ethyl est€é®1)is shavn in figure 2.3 The two amide protons appear as
atripletatt 8. 56 and as a doublet at O 8.27 with
Hz respectivelyThe f our aromatic protons present b e
observed as two apparent doublet sigmath coupling constant of 8.0 Hespectively
The protonso f the phenyl ring appea-r7.l2awwhicha mul ti p
integrates for 5 protons. Thertho and meta protons on the cyclopentadiene ring
( WsHs-benzoylat t ached to the benzoyl spacer moiet
4 . 74 an dhe ineththe ®up {-CH(CH,Ph)lappears as a multiplet
4.40- 4.38. The methylene protons of the ethyl est&CH,CHs) appear as a quartet
at u 3.96 with a <coupling <constant of 7. .
cyclopentadiene ring ¥sHs-alkyl) overlap with the protons of the methylene groups
of ((NHCH,CO) resulting in a multi p3d78§whichei ng obs
has an overall integration of six. The protons of the methylene gr@u(€H,Ph)} is
observed as a multiplet betwegn 2 - 2983. For the propyl chain attached to the
cyclopentadiene ring, the protons of the methylene gro@id,CH,CHs) appear as a
triplet at 0 1. 90 and29ahilsnthd protomslorethe methyt we e n 0
group (CH,CH,CHg) appearasar i pl et at u 0. 66. The met hyl
(OCH.CHg) is observed as a triplet at G 1.04.
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2.6 H-H* COSY ectroscopic studies of dalkyl-1 -\N-para, N-metaand N-ortho-

(ferrocenyl) benzoyl dipeptide esters

The COSY experiment (Correlation Spectroscopy) is a standard technique that provides
a means of identifying mutually coupled protons in the structurecoihgound. The
experiment presents a tvaimensional contour map, with each dimension representing
proton chemical shifts and the contours representing signal intensity. In the spectrum
the diagonal running bottom left to top right shows peaks that corréspith those in

the usual 1D spectrum. The peaks of interest are the crosspeaks which represent the
coupling between the protons tlaae correlated to each otH&?.

2.6.1 H-H'COSY spectrum of Zethyl-1 -d&-{para-(ferrocenyl) benzoyl} glycine
glycine ghyl ester 76

In the H-H! COSY spectrum (figure 2.4) ofdthyt1 -&-{ para-(ferrocenyl) benzoyl}
glycineglycine ethyl este(76) the two amide protons@&d10 (-NHCH,CO-) correlate
with the adjacent methylene protonsa@d 11 (-NHCH,CO-) of the glycineglycine
ethyl ester.Correlation is also present between the protons opéra disubstituted
benzoyl spacel and 7.Theortho protons 5 andnetaprotons 4 on the cyclopentadiene
ring ( ¥sH4-benzoyl)attached to the benzoyl spaceorrelate. The metfiene of the
ethyl ester {OCH,CH3) 12 correlate to the methyl protons 13These correlations
observed for this derivative is consistevith previously reported observations for the
N-(ferrocenyl) benzoyl dipeptide derivativég!

For the protons onhe alkylated cyclopentadiene rifgisHs-alkyl), the methylene
protons 2 correlate to the methyl protonsThis correlation is not observed in the
(ferrocenyl) benzoyl dipeptide derivativdsecause the derivatives do not have an

alkylated cyclopentadiene ring
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Figure 2.4:H-H' COSY spectrum of-kthy+1 -\N-{ para-(ferrocenyl) benzoyl}
glycine glycine ethyl estef6.
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2.7 °C NMR and DEPT-135 spectroscopic studies of-alkyl-1 &-para, N-meta
and N-ortho-(ferrocenyl) benzoyl dipeptide esters

13%c and DEPT135 NMR spectroscopicstudies were carried out on afif the

compounds synthesized. In tH€ NMR spectra of ‘alkyl-1 -N-para, N-metaand N-

ortho-(ferrocenyl) benzoyl dipeptide esters, the typical peaks observed include the
appearance of threea bony | Si gnal ¥6.M0O(#Fyureva5e mhe aronfatic 3 . 0

region of the spectrum in the-alkyl-1 -&N-para, N-meta and N-ortho-(ferrocenyl)

benzoyl dipeptide esters is dependent on whether the ferrocenyl moiety and the

dipeptide chain are in thertho, metaor para positions.Ortho and metaderivatives

give rise to six peaks due to the six ramuivalent carbon atoms on the aromatic ring.

Whilst the para derivatives have four peaks representing four unique carbons.

Typically the carbon atoms on thenzoyl linker appeds et ween U0 145 and U
t wo quaternary carbon atoms present on the [
135. These quaternary carbons can be easily identified by their absence in the DEPT

135 spectrum.

For the Zalkyl-1 6 der i vat i voarbon signalsx are uobserged dor the

disubstituted ferrocene moiety with twjaso carbons being present. Thso carbon
(YCsHssbenzoyl ) appear 80.0bwhistviteipso c air b8d@sH3( d

alkyl) appeardetween 95.31 88.0.

The signals ofortho carbons on the substituted cyclopentadiene rings appear more

downfield compared to thmetacarbons due to deshielding by the benzoyl linker and

the alkyl chain attached. The methylene carbon of the ethyl e©@H{CHs) appears

bet weeno6Od 6h.i0st the met hylld0.mraPBPil3sappear s
spectrum, methine and methyl carbons appear as positive peaks, whereas methylene

carbons appear as negative peakdelow the resonance linQuaternary carbons are

absent in a DERL35spectrum.
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Figure 2.5: Typical chemical shifts observed for theatkyl-1 -N-para, N-metaandN-
ortho-(ferrocenyl) benzoyl dipeptide est&4 99.
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2.7.1 *C NMR and DEPT-135 spectroscopic studies ofl-methyl-1 -&N-{para-

(ferrocenyl) benzoy} glycine L-leucine ethyl ester 66
O O
[4H
;O
HM
_/ .

66

04

The *C NMR spectrum of 4nethytl -\N-{ para-(ferrocenyl) benzoyl} glycine L

leucine ethyl estedisplays three ar bony | carbon signals betwee
(figure 2.6). These are absent in the DEESb spectrum. The aromatic region shows 4

uni que signals between U 142.4 and U 125. 2.
142. 2 and U 130.pacerfmoietyncan be easily elentfiedybly thesr

absence in the DERT35 spectrum. Thépsoc ar b on  a¥CeHmalkg)rring( d
appears at ipso®®.>-gsdreinlzoty I[)he i ng appears at
absent in the DERT35 spectrum. The renméng carbon atoms on the cyclopentadiene

rings are pr ese@6mtThemethyeereceaamd méthylrcArboth atoms of the

ethyl ester{OCH,CH;) appear at O 60.4 and U0 14.0 res|
carbon atoms from-fHCH,CO-) and {CH,CH(CHs),} appear at a 42.0
respectively and display negative resonances in the BEIBBTspectrum. The two

methine carbon atoms frorNHCHCO-) and {CH,CH(CHj3),} of the glycine leucine

v

et hyl ester appear at a4 5 Ghyl®arbamatomgiof 24 . 2 r e

the glycine leucinee t h y | ester appear at ad 22.7 and U
methyl group{CH;) attached to the cyclopentadiene ri
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2.8 HMQC spectroscopic studies of Zalkyl-1 -tN-para, N-meta and N-ortho-

(ferrocenyl) benzoyl dipeptide esters

HMQC (Heteronuclear Multiple Quantum Coherence) is a 2D NMR technique that
correlates eaclearbon atom to the proton to which it is directly attadidrhus,
HMQC allows the assignmerf proton and carbon spectwghich aids in structure
elucidation. This correlation is achieved by using a pulse sequence with a delay time set
at half the vale of the G H coupling constant, usually in the region of 20200 Hz.

This results in a correlation between the carbon atom and the proton to which it is
attached. In the HMQC spectrum (figure 2.7) okthyll -&N-{ para-(ferrocenyl)
benzoyl} glycire glycine ethyl ester(76), the following GH correlations were

observed

(1) Aromatic GH correlations

(i)  Cyclopentadieneing C-H correlationgor ( HCsHs-alkyl) and( YCsHq-
benzoyl)

(i)  C-H correlations of methylene groups aneHCcorrelations of the methyl
groups on the ethyl alkyl chain moiety and on the ethyl ester

(iv)  C-H correlation of methylene groups on the glycine glycine moiety

The positions ofthe GH correlation are listed ir{table 2.2. The aromatic &
correlations, @H correlations of the methylene groups on the glycine moiety and the
C-H correlations on thé YCsHa4-benzoyl)are consistent to those observed for Khe

{ para-(ferrocenyl) bazoyl} glycineglycine ethyl estef”

However, for the alkylated cyclopentadiene ringiCsHa-alkyl) two C-H correlations
are observed for the two uniqueHCbonds in theortho and metapositions. For the
unsubstituted ring HCsHs) for theN-(ferroceryl) benzoyl derivativespne

C-H correlation signal is observed because thd Bonds are equivalent giving rise to

one GH correction signaf’



s

P eNMR

.4

i#. 1)

3.1

=

.1

FO® EaAD

(X0

10 i (]

=10
- 20
30
= 40
a0
i &0
= 70
- 80
= &b
- 100
= 110
- 120
- 130
= 140
r 150
160

= 170
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Table 2.2: C-H correlation data from HMQC spectrum dfethyll -\N-{ para-
(ferrocenyl) benzoyl} glycine glycine ethyl estés.

Site H NMR 5C NMR
1* 1.02 14.0
2% 2.12 20.8
3* 91.3
(4 and 7)* 4.057 3.90 68.5
(5 and 6)* 4.057 3.90 68.8
(8 and 11)* 4.89 66.9
9 and 10)* 4.42 69.9
(
12 83.0
13 130.8
(14 and 18)* 7.65 125.2
15 and 17)* 7.87 127.5
(
16 142.6
19 169.8
20 8.80
21* 4.057 3.90 42.4
22 169.7
23 8.38
24* 4.057 3.90 40.7
25 166.3
26* 4.15 60.4
27* 1.23 14.5

* C-H correlation site



2.9 UV-Vis spectroscopic studies of the -alkyl-1 -tN-para, N-meta and N-ortho-
(ferrocenyl) benzoyl dipeptide esters

In organic molecules the absorption of ultraviolet and visible radiation is restricted to
certain functional groupsckiromophores that contain valence electrons of low
excitation energ{?” These transitions are usually between a bonding or a lone pair
orbital and an unfilled nebonding or antbonding orbital. From a molecular orbital
diagram the possible electronicansition that occ, givesrise to absorption bands for
selective chrmophoresshown in figure 2.&% The spectrum of a molecule containing
many chromophores can be limited as dominant absorption bands can overlap with
weak absorption bands and asesult the use of UV in determination of functional

groups present is restrict&d.

o — o= alkanes
c —* w carbonyls

T — T unsaturated compounds

Energy
n —» o ON, S, halogens

n - carbonyls

o

Figure 2.8 Electronic transition that occur that give rise to absorption bands for

selective chromophores.

In this UV-Vis study, the spectra of all compounds webbéamed at a concentration of
4 x 10* M in ethanol. In the UV spectra of thealkyl-1 -&-para, N-metaandN-ortho-
(ferrocenyl) benzoyl dipeptide este84i 99, low energy bandsbserved in the visible
region from approximate\890 to 545nm with a distirc t nax@&lue can be assigned as

metal to ligand charge transfer (MLCT) band transitions arising from the ferrocene

moi ety. The high energy band hgvluesa@m 310

duet o t-h*® { r aaifthda benzaylmsiety (tabl2.3).
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In the literature it is welknow that the addition o& conjugate system to ferrocene

causes themnax value of ferroceng400 nm)to shift toward the red region as a result of
extendectonjugation®

In the UMVis spectra othe synthesised cqmunds64-99, all the derivatives cause the

ferrocene to undergo a red shift to lower energgeshown for selected compounds in

table 2.3 In general lhe para derivatives give rise to lower energy bands compared to

the metaandortho derivatives. This iglue to the benzoyl linker being coplanar to the

disubsttuted cyclopentadiene ringshus, imposing extended conjugation. These
observations are in accordance with the observations made fax-{fegroceny)
benzoyldipeptide derivative§."

For themet and ortho derivativessteric hindrancecontributed by the position of the

dipeptide derivativedorces the atoms in these derivatives to adopt a strained conformation

resulting ina loss of ceplanarity of the conjugating groufis’

From the UWVis data for selectedl-methyll -N-para, N-meta and N-ortho
(ferrocenyl)benzoyl} glycineglycine ethyl esters shown in figure 2.9 and table 2.3 the

following observations were observethe para derivatives have maxima at
approximately 360 nmand 450 ppor espondi g toanbkbeéetion of t he
moiety and the metal to ligand charge transfer (MLCT) of the ferrocene moiety (figure

2.9) respectively. For thertho and metaderivatives theamax values(table 2.3)are

lower due to the loss of eplanarty between the ferrocenyl moiety and the benzoyl

linker. Thus, theortho derivatives havesma at 325 nm and 445 nmwvhile the meta

deri vat ingat830 hm and 443nm. From the WNs spectra (figure 2)dit

can be seen that the substitution patiafrthe benzoylinker on the ferrocene induces

the’-" * transition to under ¢compadto thedthoartdi ft t o |
metaderivatives (figure 2.9).

Extinction coefficient (U)-Lzmbeets waewe Aakcl
where A is absorbance, C is concentration in mol/L and | is the path length of the cell in

centimetres’)

67



Table 2.3 UV-Vis data for selected -thethyll -iN-para, N-meta and N-ortho

(ferrocenyl) benzoyl} glycinglycine ethyl esters

Absorbance

Chromophore

Compound Ferrocene moiety Aromatic linker

Bmax (NM) U L ol cm™) amax (M) U L hol™ cm™?)

64 451 (0 107 360 (U 325
68 447 (U 101 333 (U 175
72 445 (0 675 330 (U 106
0.15-
0.10- — &
68
—_ T2
0.05
|
090 0 350 400 450 500 550

Wavelenght (nm)

Figure 2.9: UV-Vis data for selected -thethytl -tN-para, N-meta and N-ortho
(ferrocenyl) benzoyl} glycinglycine ethyl ester64, 68and72.
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2.10 Mass spectrometric studiesf 1-alkyl-1 -N-para, N-metaand N-ortho-

(ferrocenyl) benzoyl dipeptide esters

Mass spectrometry enables the determination of the relative molecular mass of many
different types of compounds. The mass spectrometer is composed of three distinct
parts, namely the ion soutcthe analyser and the detector. The sample is introduced
into the ion source and this allows ionisation to occur. These ions are then extracted
into the analyser, where they are separated according to their mjats ¢harge %)

ratios (/2. The separad ions are detected and displayed as a mass spectrum.
Electrospray ionization mass spectrometry (&) was employed in the analysis of
l-alkyl-1 dN-para, N-meta and N-ortho-(ferrocenyl) benzoyl dipeptide esters.
Examination of the mass spectra reveatbd presence of sodium ion adducts,
[M+Na]®. In the mass spectra, sequence speéifigment ions were not observed,
therefore tandem mass spectrometry was employed to determine the fragmentation
pattern of Imethytl -N- { para-(ferrocenyl) benzoylglycine glycine ethyl ested4,

1-ethyt1l -WN-{ para-(ferrocenyl) benzoyl} glycine glycine ethyl estéé and tpropyk

1 -&N-{ para-(ferrocenyl) benzoyl} glycine glycine ethyl es&s.

In the MS/MS spectrum of compouré#l, the sequence specific fragment ions are
present ain/z275,m/z303,m/z331 andm/z359 (figure 2.10). The product ionsratz

275 andm/z 303 correspond to th&-methytl -N-{ para-(ferrocenyl) benzyland 1-
methytl -IN-{ para-(ferrocenyl) benzoybkubunits respectively. However, the expected

a; and h product ions aim/z332 andm/z360 were not observed, insteadlaand k-1
product ions were observedratz331 andm/z359 respectively. fle formation ofg-1

andb;i 1 ions in the mass spectrumNf para-(ferrocenyl) benzoyl} glycine {alanine

ethyl estewas investigated previously within the group by tandem mass spectrometry
and deuterium labelling studieShe results showed thai-1 product ionsarise fran

the |l oss of a hydrogen atom at-«abomawm t o
of the glycine residué? The fragment ion an/z434 is due to a loss of,8, from the

ethyl ester group bgMcLafferty rearrangement (scheme 2.8).
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R =1-methyl-1 -&N- { para-(ferrocenyl) benzoyl}glycine glycine
Scheme 2.18McLafferty rearrangement resulting in th#z434 fragment ion.

The £quence specific fragment ions are also observed for deriva@tveasd 88 which
differ by 14 mass units respectivedg shown in figure 2.112.12.For compound’6
the sequence specific fragment ions are observed 14 mass units higiie2&®, m/z
317, m/z 345 andm/z 373 (figure 2.11).The product ions am/z 289 andm/z 317
correspond to thel-ethyll -N-{ para-(ferrocenyl) benzyland 1-ethyll -&N-{ para
(ferrocenyl) benzoylsubunits respectively whilst the product ioplaand k-1 are
observed am/z345 andm/z373 respectivelyThe fragment ion amn/z448 is due to a
loss of GH,4 from the ethyl ester group by Mctfarty rearrangementrhe sequence
specific fragment ions foB8 are present ain/z 303, m/z 331, m/z 359 andm/z 387
(figure 2.12). The product ions \/z303 andm/z331 correspond to thepropytl 6
N-{ para-(ferrocenyl) benzyland 1-propytl -&N-{ para-(ferrocenyl) benzoylsubunits
respectively. The product iom-& and k-1 are observed an/z 359 andm/z 387
respectively. The fragment ion ain/z462 is due to a loss of,8,4 from the ethyl ester

group by McLafferty rearrangement.
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Figure 2.10.Product ions observed in the MS/MS spectrurti-ofethytl éN- {para-
(ferrocenyl}benzoyl} glycine glycine ethyl esté.
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Figure 2.11.Product ions observed in the MS/MS spectrurti-ethyl1 éN- { para-
(ferrocenyl}benzoyl} glycine glycine ethyéster76.
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Figure 2.12.Product ions observed in the MS/MS spectrurti-pfopytl éN- { para-
(ferrocenyl) benzoyl} glycine glycine ethyl es&8.

2.11 A comparative study oiN-para, N-metaand N-ortho-(ferrocenyl) benzoyl
dipeptide esters ad the novel talkyl-1 6 der i vati ves

2.11.1 Introduction

The synthesisand structural characterization of biologically actiieferrocenyl
benzoyl dipeptide estetgs been previously report€d! In an extension of that study

we now report the synteis and structural characterization of novlllyl-1 -AN-para,
N-metaandN-ortho-(ferrocenyl) benzoyl dipeptide esters

641 99 (figure 2.13).In the literaturéncorporation ofelectrondonating groups is a well
know strategy to lower oxidation potentialf ferrocene moieties® Thus, the
incorporation of the various alkyl chain groups (electron donating groups) to the
unsubstitutedcyclopentadiene ring of thdl-para, N-meta and N-ortho-(ferrocenyl)
benzoyl dipeptide esters should improve the cytotoxict these derivatives. In
addition, the alkyl chain should also increase the lipophilicity of the reported

derivatived®”
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Figure 2.13General struetres of theN-para, N-metaandN-ortho-(ferrocenyl) benzoyl

dipeptide esterand the novel-alkyl-1 6 der.i vati ves
2.11.2 Synthetic route comparison

For the synthesis oN-para, N-meta and N-ortho-(ferrocenyl) benzoic acid the
synthetic protocol involved the aionium coupling of ferrocene to 2,&thylamino

benzoate followed by a base hydroly&i€.However, when this protocol was employed

in the synthesis of-alkyl-1 6 benzoic acid derivatives, yi e
obtained.To improve the selectity for the synthesis of monoarylferroceitewas

observed that when 2,3@minobenzoic acids were used, yields greater than 15% were
obtained For the synthesis of-dlkyl-1 6 di pept i d6di99) the yieldat i ves
obtained were lower than thBl-para, N-meta and N-ortho -ferrocenyl benzoyl

dipeptide esters previously report€d! The low yields obtainedvere due to steric
hindrance fronthe incorporation of the alkyl chains and the competing reaction in the
EDC/HOBLt coupling protocol (section 2.4)



2.11.3'H NMR, *C NMR and DEPT-135 spectroscopicstudies ofN-para, N-meta
and N-ortho-(ferrocenyl) benzoyl dipeptide esters and theiralkyl-1 6 der i vati ves.

For the'H NMR spectra of both classes of compounds (figure 2.14) the two amide

protons ofthedipept i de chain appear between U 8.89
protons on the benzyol i nker occur bet weer
compounds.The splitting pattern of the benzoyl spacer for both clagsésvs the

second order spting pattern,due to extended coupling afiagnetically inequivalent

hydrogens on the benzoyl link€t. Thus, they are reported as apparent sigress

shown in table 2 in section 2.5. These typical proton signals do not show any significant
difference inthe chemical shift between the two classes of compounds (figure 2.14).

The protons on the monosubstituted ferrocene ring iNtpara, N-metaandN-ortho-

(ferroc enyl ) benzoyl di peptide esters occur as
4.00. For the Aalkyl-1 6 d e r | 64899)ithe pratons(on the disubstituted ferrocene
moietyappeartr as three signals between U 4.89
splitting patterns are observEd’ The cyclopentadiene ring attached to the benzoyl

linker ( ¥sHs-benzoyl)appears as either apparent singlets or triplets for both classes.

This complexity has alreadpeen discussed in Section 2Bhe protons on the
unsubstuted cyclopentadiene ring ofhe N-para, N-meta and N-ortho-(ferrocenyl)

benzoyl dipeptide esters appearaasinglet due to the hydrogens being magnetically
equivalent. However the protons on the alkylated cyclopentadiené fi@sH4-alky!)

which arenot magnetically equivalent overlap with the signals of the methylene groups

of the glycine moiety, resulting in a multiplet being observed. The overlapping of the
cyclopentadiene proton signals is not observed in the monosubstituted ferrocene
derivatives Forboth classes of compountte methylene protons of the ethyl ester

((OCH,CH;) appear b-e3t96eas aquartgivhikt.th2 Methyl protons

((OCHCHs;) appear beltOdasatiplei 1. 30

The differencebetween the two classes of compounds are the presence of the methyl,

ethyl or propyl groups on the cyclopentadietng for the lalkyl-1 6 der 64 at i ves (
99). For the methyl{CHjs) group, the proton signals are present betweenl - 14®

as a singletThe methylene and methyl protons of the ethyl group appear as a quartet
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bet we e n 1.96 aftl asla3ripletbewe e n

- 0.70Xespediively. For the propyl
group the protons on the methylene groug$4CH,CHs)
2.08-1. 88
group ¢CH,CH,CHs) appear as a tiipe t

appear as a triplet
mu { 1125 pHilstthe pioterts aretieemetityl 1 . 4 5

bet w®&66n U 0. 76

and as a

] ] Proton location | Protonsource | & DMSO-4,) 1 R Proton location | Protonsource | 8 (DMSO- d;)
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36 M 839-314 56 NE B20-820
7 OCHCH, 415 -400 7 OCHCH, 420-3%
8 OCHCH, 130-110 8 OCHLH, 126-1.04
64i 99

Figure 2.14: Typical chemical shifts observed fd¥-para, N-meta and N-ortho-
(ferrocenyl) benzoyl dipepted estersand the talkyl-1 -&N-para, N-metaand N-ortho-
(ferrocenyl) benzoyl dipeptide este61{99).



In the'*C NMR spectra oN-para, N-metaandN-ortho-(ferrocenyl) benzoyl dipeptide

estersand their lalkyl-1 6 d e r i64/98)tthe typical cdrbon signaldigure 2.15)

observed include the presence of carbonyl carbons betiveed 72 . 7 and 0 166 . (
carbon atoms on the benzyol linkggpear bet ween Ubothdassesand U 12
The methylene and methyl carbon atoms of the ethyl e€2§&H,CHs) present in both

classes of c¢ompoun d-60.0awhistehe methpl earbeneappearsit 6 4 . 0
bet we en - 14.0. THese5typical carbon signals do not show any significant

difference in the chemical shift between the two classes of compounds.

However, for theN-(ferrocenyl) benzoyl derivatives, four unique carbon signads ar

observed for a monosubstituted cyclopentadiene ring. ipke c a r b 6-@sHa-( d
benzoyl ) appe ar88.0 anctheweenaimng threeBuAiqué carbon signals

on the monosubstituted®d85 i ng appear between
For the Zalkyl-1 6 d e r isix auniquer easbon signals are observed for the
disubstituted ferrocene moiety; twipso carbons are present, which can be easily

identified as a difference between the two classes of compoundipsBear bdn  ( d
CHsbenzoyl) appe a+t890, Whilst thedpsorc a i b BGH,-Rlkyl)

appear s b e+8&@ €he remainddfouBunique carbons on the disubstituted
cyclopentadiene rin@gpd. appear between U 72.0
The main difference between the two classes of compounds is the presthecalkyl

moieties attached on the cyclopentadiene rifigese alkyl moieties give rise to distinct

carbon signals which can be easily identified from i@ and DEPT135 spectra of
compounds64-99, which are absenin the N-para, N-meta and N-ortho-(ferrocenyl)

benzoyl dipeptide estels’!

The carbon atom of the methyl grouCHs) appearsb et we e n - 13.2. The. O

methylene carbon atoms of the ethyl groupH,CH3) gp pear bet w2&6n U 24. 0
whilst the methyl carbon atomsQH,CHjs) appear betl3BeEBatwal 14. 0
methylene carbon atoms of the propyl grosPH,CH,CH3) appear betwen U - 3 6. 8

30. 0 and b e 20eespectively. Zne méthyl group of the propyl group (

CH.CH,CH;) appears bEBOween 0 14.0

7€



)9
s 0 0
H g
7 N
6 N
H/\[r o
0 R

2 3
@T
3
Fe
1
DMS0)
(=4
1 1
Carbon Carbon source 8, (dy-DMS0)
location
1 mE-CgHy ) 70.0 - 66.0
2.3 n9-CgH 4 benzoyl B3.5-66.3
4 Ipso (nB- CeHy benzoyl || 84.3 - 80.0
5 Aromatic carbons 1426-1256
67,8 C=0 173.0-166.0
9 —O%ZCH3 64.0-60.0
10 - OCH,CH, 145-140

10

¥

11
7 0] o}
4 5 H
9 N 10
8 N o)
R o] R
Fe
2 1
"
3 2
Carbon Carbon source 3, (dg-DMS0)
location
1 Ipso (mo-CeH,- R 95.3-88.0
23 18 -CeHy- R 72.0-66.0
4,5 7%-CgH - benzowl 720-66.0
& Ipso (n®-CgHy benzoyl )| 84.3 -80.0
7 Aromatic carbons 142.6-1256
390 =0 173.0-166.0
1 - OCH,CH, 54.0-60.0
12 —OCHzﬁg 14.5-14.0
641 99

Figure 2.16: Typical chemical shifts observed fd¥-para, N-meta and N-ortho-

(ferrocenyl) benzoyl dipeptide esters and thalkyl-1 -N-para, N-metaand N-ortho-

(ferrocenyl) benzoyl dipeptide esté4i 99.

2.12 Conclusion

A series of lalkyl-1 -dN-para, N-meta and N-ortho-(ferrocenyl) benzoyl dipeptide

esters64i 99 were prepared and structurally characterized. Each novel compound

contains an electroactive alkylated ferrocene core, a conjugated aromatic linker and a

dipeptide chain These novel compounds were chaizedeby a combination ofH
NMR, *C NMR, DEPF135 and'H-*C COSY (HMQC) spectroscopy, electrospray

ionization mass spectrometry (EMIS).
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Chapter 3: Biological evaluation of Z%alkyl-1 -&N-para, N-meta and N-ortho-

(ferrocenyl) benzoyl dipeptide esters
3.1 Introduction

Chemotherapy plays a significant role in the control of metastatic cancers thaitcan
be cured by surgery. Howeveancer is associated with poor prognosis amihicreas

in drugresistance to existing cimtherapy treatmentd.Hence, there is an urgent need
for new anticancer therapieshe development ofhe resistance to a particular or a
combination of unrelated cancer drugs is a major impediment in the treatment of
cancef? This multiple drug resistance (MDR) is a result of a variety of changes in the
cell which result in the increased activity of drug pumps likglyeoprotein (Pgp)
which expel thechemotherapeuticsut of the cancer cell8.In cancer cells the is a
accumulation of high conceations of hydrogen peroxiddue to the over expression

of superoxide dismutase (SOD) that transforms superoxide ions into hydrogen
peroxide”™ Ferrocene based compounds reportedhimliterature are well know to
expladt the overproduction of hydrogen peroxide in cancer cells to produce hydroxyl
radi c a which ¢ads® dkidativBNA damage.

In previous studies carried out to evaluateitheitro anticancer activity oN-para, N-
metaand N-ortho-(ferrocenyl) benzoyHipeptide esterg¢figure 3.1)in non small cell

lung carcer cell line, H1299the general trend in cytotoxicity wpara < ortho < meta

The dipeptide derivativ&-{ortho-(ferrocenyl) benzoyl} glycine talanine ethylester

was shown to have an J@valueof 5.3+ 1.23uM. The N-{para-(ferrocenyl) benzoyl}
glycine L-alanine ethyl ester and tie{meta(ferrocenyl) benzoyl} glycine lalanine
ethyl ester had 1§ values of 6.6 1.03uM and 4.0+ 0.71 pM respectively®”

In a further SAR study aeries 6 1-alkyl-1 -N-para, N-metaand N-ortho-(ferrocenyl)
benzoyldipeptide estersvere synthesised, structurally characterised biologically
evaluated. In total, 36 compounds were tested for theipanliferative effect on the

non small cell lung canceell line, H1299. These novel derivatives differ from Mie
para, N-metaand N-ortho-(ferrocenyl) benzoyl dipeptide esters by having an alkyl

moiety on the previously unsubstituted ferrocene ring.
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Figure 3.1 General structure of thé-para, N-metaandN-ortho-(ferrocenyl) benzoyl
dipeptide esterand thel-alkyl-1 -N-para, N-metaand N-ortho-(ferrocenyl) benzoyl

dipeptide esters.

3.2 In vitro anti-cancer activity of l-alkyl-1 -&N-para, N-meta and N-ortho-

(ferrocenyl) benzoyl dipeptide esters

The in vitro cytotoxicity of the lalkyl-1 6 d e r B49 twerey evaluatedby

performing a comprehensive screen of every compound at a singld doge ¢ M) in the
H1299 cell lineand the endpot of the growth inhibition waevaluated by the acid

phosphatase assgﬁlThe screeningf the compounds was performiedcdlaboration with

Dr . Nor ma and Dame® Warphy of the National Institute for Cellular
Biotechnology (NICB), mblin City University. The comprehensive screen was performed

in triplicate bytreating individual wells of a 9@ell plate containing H1299 cells with a

10 €M solution of each t estrenceaonipoN-maetad pr epar e
(ferrocenyl) benzoyglycine L-alanine ethyl estegf28), a DMSO control and a control

for normal (untreated) cell growth were includedtl® assaysThe cells were then

incubated for 5 days, until cell confluency was reached. At this point, cell survival was
established through determination of the acid phosphatase activity of surviving cells.

In the acid phosphatase assay, a solutiorhefptnitrophenyl phosphate substrate is

added at the enpoint of the assay. This substrate is dephosphorylated by the acid

phosphatase enzyme, which is located in the lysosomes of cells, to yield
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p-nitrophenol® In the presence of strong alkali, thaitrophenol chromophore can be

guantified by measuring the absorbance at 405 nm (figure 3.2).

(0]

% \
e/\
Lo le
X0 eo/%o e/%()

Figure 3.2 Acid phosphatase efgbint assay: (i) Phosphatase catalysed reaction (in

water); (i) Colour reaction in strong base (NaOH).

This colorimetric engpoint assay is an indirect measure of cytotoxicity which evaluates
the enzyme activity of cells after a given treatment peribde results of the
comprehensive screens are expressed as the percentage growth inhibition + standard
deviation (relative to #ta DMSO controls). Standard deviations have been calculated using
data obtained from three independent experimehkee results for the preliminary screen

of compound$4i 99 are depicted in figures 3.35.
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64 65 66 67 68 69 70 71 72 73 74 75

DMSO
Compound no. control
Alkyl Benzyl Dipeptide ethyl Compound % growth
ester No. inhibition at 10 uM
Gly Gly(OEt) 64 83+4.35
—§ % Gly L-Ala(OEt) 65 83 +0.97
Gly L-Leu(OEt) 66 28 + 1.57
Gly L-Phe(OEt) 67 20 +2.86
CH, S Gly Gly(OEt) 68 84 + 3.80
Gly L-Ala(OEt) 69 84 +1.26
_g Gly L-Leu(OEt) 70 41+1.01
Gly L-Phe(OEt) 71 20 +2.92
“f Gly Gly(OEt) 72 38 +2.40
Gly L-Ala(OEt) 73 48 + 1.48
% Gly L-Leu(OEY) 74 28 £ 2.61
Gly L-Phe(OEY) 75 20 + 3.68
No alkyl chain w{:b
incorpaation 3 @ Gly L-Ala(OEt) g 83+0.87

Note:28* Originally prepared bylan Corry!”

Figure 3.3: % Growth inhibition at 10 uM on H1299 lung cancer cdtis 1-methy}
1 -&N-para, N-meta and N-ortho-(ferrocenyl) lenzoyl dipeptide ester$4i 75 and

reference compourzB.
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76 77 78 79 80 81 82 83 84 85 86 87 DMSO
Compound no. control
Alkyl Benzoyl Dipeptide ethyl Compound % growth
ester no. inhibition at
10 uM

Gly Gly(OEt) 76 83 +1.48

—§ g_ Gly L-Ala(OEt) 77 84 +2.32

Gly L-Leu(OEt) 78 34 +1.55

Gly L-Phe(OEt) 79 19 + 3.62

S Gly Gly(OEt) 80 70 + 2.61

Gly L-Ala(OEt) 81 73 +1.65

-CHCH, _g Gly L-Leu(OEt) 82 43+0.76
Gly L-Phe(OEtY) 83 30+2.42

@, Gly Gly(OEt) 84 34+1.94

Gly L-Ala(OEt) 85 46+ 1.79

% Gly L-Leu(OEY) 86 20 + 2.47

Gly L-Phe(OEt) 87 17 +1.33

No alkyl chain w{b

incorporation %G Gly L-Ala(OEt) 28* 83 +0.87

Note:28* Originally prepared by Alan Coyt”

Figure 3.4: % Growth inhibition at 10 uM on HA99 lung cancer cell®r 1-ethyll 6

28

N-para, N-metaandN-ortho-(ferrocenyl) benzoyl dipeptide estef§-87 and reference

compound?8.
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Compound no. control
Alkyl Benzoy Dipeptide ethyl Compound % growth
ester No. inhibition at
10 uMm
Gly Gly(OEt) 88 76 £ 3.42
_g % Gly L-Ala(OEt) 89 80 +4.50
Gly L-Leu(OEt) 90 55+1.91
Gly L-Phe(OEtY) 91 34 +2.50
S Gly Gly(OEt) 92 76 +3.12
Gly L-Ala(OEt) 93 80 + 4.07
-CHCH,CH;, _g Gly L-Leu(OEt) 94 55 +0.91
Gly L-Phe(OEtY) 95 28 +2.32
1 Gly Gly(OEt) 96 32+1.56
Gly L-Ala(OEt) 97 38 £ 0.58
% Gly L-Leu(OEY) 98 20 £ 2.57
Gly L-Phe(OEt) 99 14 + 3.43
No alkyl chain w{b
incorporation _g@ Gly L-Ala(OEt) 2g* 83 £0.87

Note:28* Originally prepared by Alan Coyt”

Figure 3.5: % Growth inhibition at 10 uM on H1299 lung cancer cétls 1-propytl 6
N-para, N-metaandN-ortho-(ferrocenyl) benzoyl dipeptide esteé38-99 and reference

compound?8.



From the preliminary seen at 1& Ma general trend can be observed, thakyl-1 6

N-ortho- derivatives exhibited lowepercentagegrowth inhibition values compared to

the meta and para derivatives for the dipeptides employed in the SAR study. For
instancethe 1-methyt1 -dN-{ ortho-(ferrocenyl)benzoyl} glycine glycine ethyl est&i2

showed a percentaggowth inhibition value of38 + 2.40 whilst thel-methyt1 -0N-

para and meta(ferrocenyl) benzoyl} glycine glycine ethyl esté84 and 68) showed
percentaggrowth inhibition values 084 + 4.35 and 83 + 2.86 respectivelyhe ortho

derivatives were not investigated further

A general trend was also observed in these compounds, that is, the GEsyand

Gly L-Ala (OEt) derivatives are more active than the Glizdu and Gly EPhe ethy

esters which display percentaggjg owt h i nhi biti on values O 55 ¢
1-ethyt1l -WN-{ para-(ferrocenyl) benzoyl} glycine glycine ethyl estand glycinelL-

alanine ethyl ester displayed percentggmvth inhibition values 083 % + 1.48 and 84

% + 2.32 respectively whilst the Gly L-Leu(OEt) and Gly EPhe(OEt)displayed
percentaggrowth inhibition values 084 % + 1.55 and 196 + 3.62 respectively. Thus

the Gly L-Leu and Gly LPhe ethyl ester derivatives were not investigated further. As a

reult,i t can be concl u-dnand actdd veith bulyhsielen chaink are a | U
used as the second amino acid in the dipeptide moiety a loss giraii@rative

activity is observed.

For the Zalkyl-1 -N-para, N-meta(ferrocenyl) benzoyl dipeptide esters? lead

compoung were dentified which showed percentageo wt h i nhi bi ti on wvalu

and thereforglCso values were determined for these compounds.

3.3 ICsp value determination

To determine the 1§ values of the 12 target compounds, individuaiv@sl plates

containing H1299 cells were treated with the test compounds at concentrations ranging
from 0.1 €M to 100 ¢ M. The-6 dagd, unsl celer e t he
confluency was reached. Cell survival was determined by performing the acid
phaosphatase assay. Thes¢(value for each compound was calculated using Calcusyn

software, and standard deviations have been calculated using data obtained from three
independent experiments. The values obtained are listed in table 3.1 and figure 3.6.
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Table 3.1.1C5 values for selected compounds, carboplatin and cisplatin against human

lung carcinoma cell line H1299.

Compound Name

Cisplatin

Carboplatin

N- { meta(ferrocenyl}benzoyl} GlyL-Ala(OEt)

1-methyt 1 &N- { para-(ferrocenyl}benzoyl} Gly Qy(OEt)
1-methytl ©N- {para-(ferrocenyl}benzgl} Gly L-Ala(OEt)
1-methytl ©N- {meta(ferrocenyl}benzoyl} Gly Qy(OEt)
1-methyt 1 &N- { meta(ferrocenyl}benzoyl} Gly L-Ala(OEt)
1-ethyl 1 &N- {para-(ferrocenyl}benzoyl} Gly Qy(OEt)
1-ethyll ®N- {para-(ferrocenyl}benzoyl} Gly L-Ala(OEt)
1-ethyl 1 &N- { meta(ferrocenyl}benzoyl} Gly Qy(OEt)
1-ethyl 1 éN- { meta(ferrocenyl}benzoyl} Gly L-Ala(OEt)
1-propytl ©N- {para-(ferocenyl}benzoyl} Ay Gly(OEt)
1-propyt 1 éN- { para-(ferrocenyl}benzoyl}Gly L-Ala(OEt)
1-propyt 1 éN- {meta(ferrocenyl}benzoyl} Gly Qy(OEt)

1-propyt 1 éN- { meta(ferrocenyl}benzoyl} Qy L-Ala(OEt)

No.

28*

64

65

68

69

76

77

80

81

88

89

92

93

|C50

1.5+0.10
10+ 1.60

40+0.71
28+1.23
4.5+0.40
2.6 +£0.62
6.7+0.31
3.5+0.82

5.6 £1.63

6.1+1.09
13.3+1.10
54121

6.6 +£2.10
11.3+2.10

20.1+2.46
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Figure 3.6:1Cs plot for selected compounds in the H1299 cell line.

From the IG, values (Table 3.1) of the-dlkyl-1 -&N-para, N-meta -(ferrocenyl)
benzoyl Gly Gly ad Gly L-Ala ethyl ester$4, 65, 68, 69, 76, 77, 881, 88, 89, 92
and93, it can be seen that the cytotoxicity of the derivatidesreases with the increase
of the size of the alkyl moiety incorporated (propyl < ethyl < methyl). Indeed, all the
methyl and ethyl derivatives displays{alues that areolver than 14 uM. The vitro
cytotoxicity of the platinum (II) based actincer drug carboplatin was also evaddat
against the H1299 cell linend was found to have ansivalue of 10.0 + 1.60 pM
(Table 3.1). Thus, compounéd, 65, 68, 69, 76, 77, 888 and89 are morecytotoxic

in vitro than the clinically employed awtincer drug carboplatinn addition, thel-
methytl -N-{ para-(ferrocenyl) benzoyl} glycineglycine ethyl este64 displays an
ICso value of2.8 £ 1.23 uM, the tethyll iGN-{para-(ferrocenyl) benzoyl} glycine
glycine ethyl ester6 displays an Ig value of 3.5t 0.82uM andthe methyt 1 éN-
{meta(ferrocenyl}benzoyl} glycineglycine ethyl este68 shows an 1g valueof 2.6 £
0.62 uM. These compounds iy improved bioactivityin comparison to the most
active ferrocenyl benzoyl analoguebge tN-{meta-(ferrocenyl) benzoyl} glycine L
alanine ethyl este28 which displayed an 1§ values of 4.t 0.71pM. !
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From these results incorporation of methyl and ethyl alkyl groups resulen
improved cytotoxicity of thepara derivatives of the glycinglycine ethyl esteyand an
improved cytotoxicity of the methyhetaglycine glycine derivativeHowever, when
the size of the chain length increased to ethyl, treghgl1l -0N-{meta(ferrocenyl)
benzoyl} glycine L-alanine ethyl ester displayed ansd®©f 13.3+ 1.10uM. This ICsq
value wasca. threetimes higher than thensubstitutedanalogué® Thus, the increase
in alkyl chain length resulted in a drastic decrease ircyt@oxicity of the Talkyl-1 -0
N-para, N-meta and N-ortho-(ferrocenyl) benzoyl dipeptide estersAlthough
compounds$4 and68 are the most active derivatives of thalkyl-1 -&N-para, N-meta
and N-ortho-(ferrocenyl) benzoyl dipeptide estetbey are less active comparéanl
cisplatin which displays an kg value of 1.5 = 0.1QuM against human H1299 lung
cancercells.

It was previously shown that the-(6-ferrocenyt2-naphthoyl) glycine glycine ethyl
ester31, induced DNA damage through the generatioRdD Iradicab via a Fenton
type reactio’ In the Fentortype reaction, the ferrocene moiety of tfegrocenyl
bioconjugates is oxidised a higher oxidised state, by donating an electron to a hydrogen
peroxide species, which results in the formation of a hydroxyl raditdla hydroxyl ion
(scheme 3.1%"

C o
) 0
Fe
Fe @

e o + HO®" + -HO

HN

o]

31
Scheme 3.1Fenton reaction generation 6fH radical species.

The hydroxyl radical HO/S) generated oxidises guanib@ oxo-8-guanine (scheme 3.2),
thus altering the base pairing sequetaeAdenine which results in DNA damage

leading to cell apoptosi¥.,
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Guanine -8-guwamine

Scheme 3.20xidation of guanine to ox8-guanine.
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3.4 Conclusions

Cytotoxicity of the l-alkyl-1 -dN-para, N-meta and N-ortho-(ferrocenyl) benzoyl
dipeptide esters, decreases with the increase of the size of the alkyl group incorporated
(propyl < ethyl < methyl) on the ferrocene moiety. thié methyl and ethyl derivatives

have 1Go values that are lower than 14 uM. The order of the amino acids in the
dipeptide chain is crucial factivity, the trend being GIgly > Gly L-Ala > Gly L-Leu

> Gly L-Phe. The most active derivatives of thallyl-1 -N-para, N-meta and N-
ortho-(ferrocenyl) benzoyl dipeptide esters are flamethytl -N-{ para-(ferrocenyl)
benzoyl} glycine glycine ethyl este64 and the imethytl -N-{ meta(ferrocenyl)
benzoyl} glycine glycine ethyl est&8 which displaylCs, values 0f2.8+ 1.23uM and

2.6 0.62 UM respectively. These compounds are more active than carboplaainebut

less effective against cisplatin whiare clinically employed actincer drugs.
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Chapter 4: Synthesis and structural characterisation of N-{para-(ferrocenyl)
ethynyl benzoyl}, N-{6-(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl)
ethynyl-2-furanoyl} amino acid and dipeptide esters

4.1 Introduction

To date we have shownahthe replacement of the conjugated linkeNefferrocenyl)
benzoyl dipeptide estersvith a naphthoyl linker leads t@n improvement in
antiproliferative effect in the noamall cell lung cancer (NSCLC) cell linkl1299*-3
From theseries ofN-(ferrocenyl) naphthoyl amino acid and dipeptide ethyl esters
reported, theN-{6-(ferrocenyl}2-napthoyl} glycine glycine ethyl est&1 displayed an
ICso value of 0.13+ 0.01pM in the H1299 lung cancer celine !

From the promising results obtained from flalkyl-1 -N-para, N-metaand N-ortho-
(ferrocenyl) benzoyl dipeptide estedi 99. It has been clearly demonstrated in the
SAR study of the -alkyl-1 6 d e sthat aemploying the incorporation of a methyl
derivative to the unsubstituted cyclopentadigitey enhances the astroliferative
effect of the ferrocenyl dipeptide bioconjugates relative toN#{&errocenyl) benzoyl
dipeptide derivativein the H1299 lung canceell line!*® The most active derivative
was the ETmethytl -N-{ meta(ferrocenyl) benzoyl} glycine glycine ethyl este68
which displayedn|Csg values of2.6 £ 0.62uM.

In a continuation to this SAR studly search for novel compounds with increased-anti
proliferative effect, a new library of ferrocenyl based bioconjugats138 which

consist of four key moietiggigure 4.1)

(1) An electroactive core
(i) An ethynyl moiety
(i)  Three diffeent aromatic linkers

(iv) A series of amino acid and dipeptide esters

This SAR study involves the biological evaluation of the incorporation of an dthyny
moiety between the ferrocene moiety and the conjugate linker. Furthermore, the

incorporation of Lleucine and kphenylalanineinto the dipeptide chainkave been
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shownin the preliminary screeof the talkyl-1 6 d e r i64/68) {(sectioa 8.2)tp

dispay low percentagegrowth inhibitionvaluesin H1299 lung cancecell line. The

dipeptides and the amino acidemployed wereGlycine Glycine Gly Gly), Glycine L-

Alanine Gly L-Ala), Glycine D-Alanine Gly D-Ala), Sarcosine GlycineSar Gly),

Sarcosine tAlanine Gar L-Ala), L-Proline L-Alanine (-Pro L-Ala), L-Proline
Glycine (L-Pro Gly), Glycine L-Leucine Gly L-Leu) and Glycine L-Phenylalanine
(Gly L-Phg ando-aminobutyric aciqGABA).

Ethynyl
linker

- Amino acid
@ Aromaticlinker — Dipeptide ester M =L Aromaticlinker - ""or
Dipeptide ester
Fe

Fe

-

Redox-active
centre

Redox-active
centre

Figure 4.1: General structure of theN-(ferrocenyl) benzoyl and naphthoyl
bioconjugates an-{ para-(ferrocenyl) ethynyl benzoyliN-{6-(ferrocenyl) etlgnyl-2-
naphthoyl} and\-{5-(ferrocenyl) ethynyR-furanoyl} amino acid and dipeptide esters.

The synthesis of the new ferrocenyl conjugates involved Sonogashira coupling of an
ethynyl ferrocene to three bromo acylated acids to genpeaite(ferrocenyl) éhynyl
benzoic acid, naphthoic acid anduanoic acid. A series of amino acid and dipeptide
esters were coupled to thé-(ferrocenyl) ethynyl acids generating new classes of
compounds, which were characterized by a combinatidH &MR, °C NMR,

DEPT-135, *H-13C COSYspectroscopy anelectrospray ionization mass spectrometry
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4.2 Synthesis of ethynyl ferrocene 101

A DpMF /CHO @c——CH
e 1M NaOH
3

POCI e Fe
Dioxane

@ < =

49 100 101
Scheme 4.1Syntlesis of ethynyl ferrocene.

The synthesis of ethynyl ferrocene islixdocument in the literatuf&® Despite being
commercially available, it is expensive to purchase for use on a large scale. Rosenblum
et al. have reported the synthesis of ethynylrdeene which was prepared via
formation of (2formyl-1-chlorovinyl) ferrocene from acetyl ferrocene usihgN-
dimethylformamide and phosphorus oxychlofife Dehalogenation of (ormyl-1-
chlorovinyl) ferrocene using 1M sodium hydroxide yields ethyngloigene as shown

in scheme 4.1The yields obtained from this synthetic protocol are high, but it requires
aggressive reagents like P@Chowever, this was the protocol chosen to synthesis

ethynyl ferrocene.

4.2.1 Synthesis of (Rormyl -I-chlorovinyl) ferrocene intermediate

Ct

0 ‘ | H
©_/< _ /CHO @—c_c/
CH —“’ H
. Fe 3 POCI Fe
@ @ @ (1-chlorovinyl) ferrocene
byproduct
49 100

Scheme 4.2Synthesis of (2ormyl-I-chlorovinyl) ferrocene intermediate.

The treatment of a ketone with Vilsmeir reagent leads generally to the formation of
halovinyl aldelydes and it is referred to as a Vilsmeir haloformylation. For a Vilsmeir
haloformylation to occur it requires a ketone that can undergo enolisation that is
(scheme 4.3).



o HO A
)J\ - - CH,

R=

&
=

Scheme 4.3Enolisation & ketone.

The treatment adcetylferrocenavith a Vilsmeir reagent, preparég the reaction of
phosphorus oxychlorid@ N,N-dimethylformamideas reported byrRosenblumet al.,
leads to the formation of a mixture @formyl-1-chlorovinyl) ferrocenend a
unwanted unstabl@-chlorovinyl)ferrocene (scheme 4.k continuation of this work,
Polin et al. have shown Hat the formation of (thlorovinyl) ferrocene&an be
suppressed by using excess phosphorus oxychldtitiedimethylformamide and solid
sodium acetatB”! From numerous reactions carried out, it was observed that if the
Vilsmeir reagent was added ovehRas opposed to 30 min as reported by Petiial.,

it favoured the formation of2-formyl-I-chlorovinyl) ferrocene. In the mechanism for
the formation of (ZXormyl-I-chlorovinyl) ferrocene the initial step is the formation of
the Vilsmeir reagenti) in scheme 4.40nce the Vilsmeir reagefi) is formed it reacts
with the enolised keton@i) to form a b N-N- dimethylaminovinyl ketoniii)
(scheme 4.4).

i
Cl N— R

¥ |

PO

Scheme 4.4Formation ofb i N-N- dimethylaminovinyl ketonéiii).
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T h el NBN- dimethylaminovnyl ketone(iii) further reacts with a Vilsmeir reagent to
give rise to a bisiminium chlorid@v). This intermediate is liable and undergoes
nucleophillic substitution with a chloride ion to give rise to the iminium intermediate
(v). Base hydrolysis ofhie intermediatév) with sodium acetate gives rise tof(@myl-
I-chlorovinyl)(vi) as outlined in scheme 4%

[=

Hydrolysis Nucleophilic substitution

Scheme 4.5Formation of (Zormyl-I-chlorovinyl) ferrocene.

In the synthesis of (®rmyl-I-chlorovinyl) ferrocene vid/ilsmeier halofomylation
the spectral data obtained for the isolatedofiyl-I-chlorovinyl) ferrocene was in
agreement with that reported previously for this compoamnd a yield greater than

60% wasobtained!!!
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4.2.2 Dehalogenation of (@ormyl-I-chlorovinyl) ferrocene to obtain

ethynylferrocene

Ct

Cl —c CHO @— —cCH
/
@ ~ t-BuOK C=C
—_—

Fe
Fe THF

= \

100 101
Scheme 4.6Dehalogenation of ¢Bormyl-lI-chlorovinyl) ferrocene to obtain

ethynylferrocene.

In the base induced dehalogenation offdi2nyl-I-chlorovinyl) ferocene to obtain
ethynylferrocene according tolin et al., initial attempts were not successful as the
reaction required anhydrous conditions which could not have been attained. As a result
an alternative pathway had to be established which did notreegdverse anhydrous
conditions. By using potassiutart-butoxide as an alternative base in dry THF &0
resulted in the dehalogenation of -f@myl-I-chlorovinyl) ferrocene to

ethynylferrocene with yields greater than 45%.

4.3 Synthesis ofpara-(ferrocenyl) ethynyl benzoic acid, gferrocenyl) ethynyl-2-
naphthoic acid and 5(ferrocenyl) ethynyl-2-furanoic acid via Sonogashira cross
coupling reaction

— . + R—Br (i) @%R
O
=4

() TEA, PPh, Bis(triphenylphosphine)palladium(ll) dichloride, THF, Cu(l)

Scheme 4.7Synthesis opara-(ferrocenyl) ethynyl benzoic acitD2, 6-(ferrocenyl)
ethynyt2-naphthoic acid 03and 5(ferrocenyl) ethynyR-furanoic acidlO4via

Sonogashira cross coupling reaction.
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The Sonogashira cross coupling reactisratransition metakatalysed crossoupling
reaction ued inorganic synthesi® form carborcarbon bond&® The coupling
reaction involves the use of a palladium catalyst, a copper (I) iodicatatyst and an
amine base to form a carbi@arbon bond between a termimdtyneand an arlyhalide.
Sonogashira crosoupling of an ethynyl ferrocene to the three bromo acylated acids
was employed to generapara-(ferrocenyl) ethynyl benzoic aciti02, 6-(ferrocenyl)
ethynyt2-naphthoic acidl03 and 5(ferrocenyl) ethynyR-furanoic acid104 in yields
greater than 6@. These high yields are largely due to the fact that the Sonogashira
cross coupling reaction is a substrate specific reaction betareatkyne and an aryl
halides.The mechanism for the Sonogashira cross coupling consist of talytica
cycles namely aalladium cycle and a copper cyckshown irscheme 4.8%

To enhance # formation of activation ofbis(triphenylphosphine)palladium(ll)
dichloride, anhydrous conditions are required. It was observed that the incorporation of
triphenylphosphine enhances Sonogashira reaction because it is oxidised by any oxygen
in the reaction vessel to triphenylphosphine oxide which enhances the reduction of the
Pd (lI) catalyst to its active fm Pd (0):*

In the palladium catalytic cycle treetive palladium catalyst Pd (0) reacts with aing
bromide in an oxidative addition to form a Pd {hermediate complex (i). The
generated complex (i) reacts in a transmetallation reaction with the capgtgtide

which is produced in the copper catalytic cycle to give rise to complex (ii). In complex
(i) both organic ligands ardransoriented. The ligands undergo #anscis
isomerisation to produce complex (iii). In the firs¢p of the catalytic cycle complex

(iif) undergoes reductive elimination to produce the required compounds (iv) with
regeneration of the palladium catal{st.

In the copper catalytic cycle the ethynylferrocene reacts with the copper (I) iodine in
the pesence of triethylamine torgduce a copper (l) acetylide, which acts as an
activated species for the coupling reactions hence the copper (I) iodine acts-as a co

catalyst to increase the rate of the Sonogashira-camgsing reaction.
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(iv)

Fc ——R

PdLy(o)

reductive Rer
elimination

oxidative additon

L
Fo—=—4-L R-Pdt—r (i)

trans - meta lation ;
R
trans/ cis N{CHg,HBr 1102 H

Fc= .

@ isomerizalion
Fe

10a '/ o

Scheme 4.8Catdytic cycles in the Sonogashira coupling reaction.

4.4 Synthesis ofN-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-(ferrocenyl) ethynyl-
2-naphthoyl}, N-{5-ferrocenyl ethynyl-2-furanoyl} amino acid and dipeptide esters

The synthesis oN-{ para-(ferrocenyl) ethynyl benzoyl},N-{6-(ferrocenyl) ethyny}2-
naphthoyl} N-{5-ferrocenyl ethynyR-furanoyl} amino acid and dipeptide esters was
carried by coupling of the dipeptide ethyl and methyl ester hydrochloride salts of

Gly Gly, Gly L-Ala, Gly D-Ala, Gly L-Leu and Gly L-Phe, Sar Gly, Sar-RAla, L-Pro
L-Ala, L-Pro Gly and the amino acid GABA, tbpara(ferrocenyl) ethynyl benzoic
acid, N-6-(ferrocenyl) ethynyR-naphthoic acid andN-5-(ferrocenyl) ethynyR-
furanoic acid using thil-(3-dimethylaminopropybNéethylcarbodiimidehydrochloride
(EDC), ZXhydroxybenzotriazole (HOBt) protocol as shown in scheme 4.9. The
synthesised pure ethynyl derivats/£05-138was furnished as either an orange solid or
a red oil with yields of 88% All compounds gave spectroscopied analytical data in

accordance with their proposed structures.
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0
= R14/< : ©%R1—{
|
’ or?
Fe

OH

- -

) EDC, HOBt, triethylamine, dipeptide ethyl esters and dee r mi n

Amino butyric acid esters

R? R? Compound no.
Gly Gly(OMe) 105
GlyGly(OEtY) 106
Gly L-Ala(OMe) 107
Gly L-Ala(OEt) 108
Gly D-Ala(OMe) 109
- Gly D-Ala(OEt) 110
GABA(OMe) 111
GABA(OEY) 112
Gly L-Phe(OEY) 113
Gly L-Leu(OEt) 114
Sar Gly(OEt) 115
Sar Gly(OMe) 116
Sar L-Ala(OEt) 117
L-Pro Gly(OEt) 118
L-Pro L-Ala(Oet) 119
Gly Gly(OEt) 120
Gly L-Ala(OEt) 121
Sar L-Ala(OEt) 122
L-Pro Gly(OEt) 123
- GABA(OEY) 124
L-Pro L-Ala(Oet) 125
Gly L-Leu(OEt) 126
Sar Gly(OEt) 127
Gly L-Phe(OEY) 128
Gly Gly(OEt) 129
Gly L-Ala(OEt) 130
0 Gly D-Ala(OEt) 131
%— Gly L-Phe(OEY) 132
\ X Gly L-Leu(OEt) 133
Sar Gly(OEt) 134
L-ProGly(OEt) 135
L-Pro L-ala(OEt) 136
Sar L-ala(OEt) 137
GABA(OEY) 138

Scheme 4.9Synthesis oN-{ para-(ferrocenyl) ethynyl benzoylhmino acid and
dipeptide ester$05-138.
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The carbodiimidanediated coupling reaction follows the mechanism depicted
inscheme 22 for the synthesis of -alkyl-1 derivatives The yields for the 34
compounds prepared varied from38%. The reasons for the low vyields for the
compoundd 05138aresimilar to thoseutlined insection 2.4The low yieldscan also

be rationalized by cordering the respective orientations of the terminal amine moiety
on the dipeptide amino acid and ethyl esters. Generalpnines are more reactive
than 2 amines and more reactive thaht8rtiary. Thus in the EDC/HOBt coupling
reactions when “lamine dpeptide amino acid and ethyl esters {GABA(OEBly
Gly(OEt) and Gly L-Ala(OEt)} are used, the yields argenerally higher thathe 2
amines dipeptide ethyl estdiSar Gly(OEt) Sar L-Ala(OEt), L-Pro Gly(OEt)andL-Pro
L-Ala(OEt)]. For instances thBl-{6-(ferrocenyl) ethynyR-naphthoy} glycine glycine
ethyl ester(120) displayed a percentage yield of 32% whilst thg6-(ferrocenyl)
ethynyt2-naphthoy} sarcosine glycine ethyl est@r27) had a percentage yield of 13%
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4.5H NMR spectroscopic studies oN-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-
(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}
amino acid and dipeptide esters

451 'H NMR spectroscopic studies ofN-{para-(ferrocenyl) ethynyl benzoyl}

amino acid and dipeptide esters

In CDCl;, typical chemical shifts observed for thé-{para-(ferrocenyl) ethynyl
benzoyl} amino acid and dipeptide estéigure 4.2) include the appeance of amide
protons andour aromatic hgrogens on the benzoyl spatetweend 8. 90 and U 6.
In theH NMR spectra ofhe Sar Gly, Sak-Ala, L-Pro Gly and_-Pro L-Ala dipeptide
derivatives,the amide protons and the aromatic hydrogenstioa benzoylspacer
overlap, resulting in multiplets beirgpservecdbetweeri 8 . 90 Oand U 6. 5
For theGly Gly, Gly L-Ala and Gly L-Leu derivativesthe splitting pattern of the
hydrogens on the benzoyl linkésllows the second order splitting pattenvhich is
consistent withthe alkyl derivativesdescribedn section 2.5 and do not overlapthvi

the amide proton signals.

The protons on the monosubstituted ferrocene ring ilNthpara-(ferrocenyl) ethynyl
benzoylderivatives, are expected ¢@cur asthree i gnal s between U 4. 70
However, these signals usually overlap with the hydrogen signals of either the
methylene groups or the methineogps that may be present in thmino acid and
dipeptide esterdn the GlyL-Ala derivative(108) no ovetapping is observedence,

the ortho and metaprotons on the cyclopentadiene ring attached to the ethynylrspace
(>-CsHa-C [ ¢ appear as two apparettiplet signals This complexity of the
appearance of thapparent singlet or triplesignalshas alreag been discussed in
section 2.5. The protons on the unsubstitdgtlopentadiene ring appearasinglet as

all the hydrogens are magnetically equivalent. The methyl prot@QGH,CHs) of the

ethyl ester derivatives appess a tripleb et we en U 1 Thefethgl protons

[l
w

(-OCHy) of the methyl derivatives appeas asingleb et ween U 3. 70 and

10¢
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0

O—Ri
1 1 Proton location Proton source & (CDCl;)
1, 2.3 (M CsHa-C=C-). (n°-Cas) 470400
4,5,6 Aromatic H, NH 8.90 - 6.50
Riii (-OCH:) 3.70 - 3.60
Riii (-OCHzCH-) 1.30-1.15

Figure 4.2: Typical chemical shifts observed for tié{para-(ferrocenyl) ethynyl
benzoyl} amino acid and dipeptide est&05-119.
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45.1.1'"H NMR spectroscopicstudies of N-{para-(ferrocenyl) ethynyl benzoyl}
glycine D-alanine methyl ester 109

Q O
MNH

>
>

8]

/

Fe

-

109

The 'H NMR spectrum of compoundi09 is shown infigure 4.3. The four aromatic

protons present appear as twb.agpsht daublet sighalenh a4 6

coupling constant of 8.4 Hz. The two amide proto®®ONH-) present at O 7. 2
7.07 are observed as a triplet and a doublet with constants of 5.6 Hz and 6.8 Hz
respectively. The methine groupH(CHs) appears as a multiple bet ween U 4. 55 ¢
4.50. Theortho protons(d>-CsH4-C [ ¢ on the cyclopentadiene ring attached to the (

Clgd spacer moiety appears as aataptpnzarent tr

(P-CsHsCT ¢ overlap with the prbdGH)mrag then t he ur

methylene protons of\\HCH,CO-) resulting in a multiplet a
and U0 4.14 with an overal/l intergration of
OCHs) I's present as a si ng CéEH;) art the alanBie 6 8 . The

moi ety appears as a doublet at 0 1.38 with a
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Figure 4.3: '"H NMR spectrum ofN-{ para-(ferrocenyl) ethynyl benzoyl} glycine B
alanine methyl ester09.
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452 'H NMR spectroscopic studies ofN-{6-(ferrocenyl) ethynyl-2-naphthoyl}
amino acid and dipeptide esters

The tpical chemical shifts observed for tiN{6-(ferrocenyl) ethyny2-naphthoyl}

amino acid and dipeptide estars CDCk include the appearance of amide protons
Thesesignalsoverlapwith the six protons on the naphthoyl spagesup betweenl

8. 30 and 0 6The/pbotorfsion tigeumorelsstiduted!f¢rrocene ringverlap

with the hydrogen signals of either the methylene groups or the methine groups that
may be present in thamino acid and dipeptide estetdence the expected three
signals for a monosubstitudederivative are not observed. For théro Gly derivative

(123), theortho protons( YCsH4-C [ -G on the cyclopentadiene ring attached to the

-C [ Cspacer moietys observed as an apparent singighal, whilstthe metaprotons
overlap with theprotons on the unsubstituted®(CsHs) ring resulting in a multiplet
being observed betwean4.21 - 4.18 which hasan overall integration of seveiihe

methyl protonsOCH,CH;) of t he et hyl ester derdi vati ves
1.00. Due to the overlapping of signalgther spectroscopic techniqgueene used to
provide a more complete picture of the molecular structure of these derivatinese
included *C NMR, DEPF135 and 'H-C COSY (HMQC) spectroscopy and

electrospray inization mass spectrometry (ESIS).



Proton location Proton source & (CDCly)
1,23 (M2CeHe-CZCH). (19CeHe) 470-4.00
4,56,1,89,10 Aromatic H, NH 830-6.70
11 (-OCH;CH) 1.30-1.00

Figure 4.4: Typical chemical shifts observed for tié{6-(ferrocenyl) ethynyP-
naphthoyl} amino acid and dipeptide est&p§-128.
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4.5.2.1"H NMR spectroscopic studies ofN-{6-(ferrocenyl) ethynyl-2-naphthoyl}
glycine glycine ethyl ester 120

Sy

Fe

(-

MH

r
-
:

0

120

The’H NMR spectrum of compount?0is shown irfigure 4.5. The six protons on the

naphthoyl spacer group overlap with the amide protons resulting in a multiplet between

U 8.13 and U 7.48 wit hThaarthoandmatagrbténs(idnt egr at i
CsHs-C [ ¢ on the cyclopentadiene ring attachexd the -C [ Cspacer moiety are

observed as apparettiplet signalsa t a 4. 61 Taenpglotons oM the3 O .
unsubstituted i °>-CsHs) ring overlap with the signals of the methylene groups-of (

NHCH,CO-), (-OCH,CHg) resulting in a multiplet appearing besvea 0 - 4151 9

with an overall integration of eleven. The methyl group of the ethyl e€%&H,CHs)

~

i's present as a triplet at 0 1. 23.
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Figure 4.5: '"H NMR spectrum ofN-{6-(ferrocenyl) ethynyR-naphthoyl} glycine
glycine ethyl estet20.
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4.5.3'"H NMR spectroscopic studies oN-{5-(ferrocenyl) ethynyl-2-furanoyl}
amino acid and dipeptide esters

In CDCl; the typical chemical shifts observed for tie{5-(ferrocenyl) ethyny-

furanoyl} dipeptide esters include the overlap the signalamide protons and the

aromatic hydrogens of the furanoyl ring spacer group which appear beiwveéh. 35 and

Ud 6. 50 ( Howeyerrbethe8ar Gly derivativ134), thetwo aromatic protons

on the furanoyl linker appeamas two doubletsand do not overlap with the amide

protons The splitting pattern of the furanoyl linker for this derivatfelows the n+1

splitting patternwhich isnot observed with the benzoyl andphthoyllinkers For the

ferrocene moiety, the expected three splitting pattern sipnels ween U 4. 60 and
are usually not seenh@&se signals usually overlap with the lpgkn signals of either

the methylene groups or methine groups that may be present My{&h¢ferrocenyl)
ethynyt2-furanoyl} amino acid and dipeptide esters.

For the Gly L-Phe derivative(132), the ortho protons ( YCsHs-C I ¢ on the
cyclopentadiene ringttached to theC [ Cspacer moiety is observed as an apparent

singlet whilst the metaprotons overlap with th@rotons on the unsubstitutetl {-

CsHs). This resuls in a multiplet with an overall integration of seven. The apparent

singlet for theortho protons( YCsH4-C [ ¢ follows the second order splitting pattern

as described in section 2.9he methyl protons-OCH,CHjs) of the ethyl estein this

derivatvea ppear between U0 1.30 and O Iothet9. Due
spectroscopic témiques vere used to provide a more complete picture of the

molecular structure of these derivativwessdescribed in section 4.5.2
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Fe
Fj ]
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7

1 1 Proton location Proton source & (CDCls)
1,23 (MECeH-C=C). (NP CHe) 4.60-410

4,56 Aromatic H, NH 7.35 - 6.50

i (-OCH;CH3) 1.30-1.19

Figure 4.6: Typical chemical shifts observed for tié{5-(ferrocenyl) ethynyP-
furanoyl} amino acid and dipeptide est129-138
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4.5.3.2'H NMR spectroscopic studies oN-{5-(ferrocenyl) ethynyl-2-furanoyl} L -
proline glycine ethyl ester 135

135

The 'H NMR spectrum of compounti35 is shown infigure 4.7. The amide proton

appearsali 7. 34 as a triplet wi Thh aramatic pegionng con s |
confirms the presence of two protons which &
6.56. The methine protoAN(CH.CH,CH,;)CHCO-) on the proline moiety is present as

a broad peaka t U -4.78 Orheortho pr ot 0’CgHsC( § on the

cycl opentadiene ring appe,awhilstéheme@mprotoaspp ar ent
(>-CsHa-C [ ¢ overlap with the protons on thansubstituted H °-CsHs) ring,

methylene protons of-QCH,CHs), (-NHCH,CO-) and ¢(N(CH,CH,CH,;)CHCO)

resul ting 1 n a mu-l3195 whiclke has dnevterale iategration off . 1 4
thirteen. The remaining two methylene protons signal(GH,CH,CH,)CHCO)

overlap with each otherresulting in amultiplet beingobseved bet wé8n 0 2. 36
which has an overall integration of foufrhe methyl group of the ethyl ester (

OCHCH;) appears as a triplet at 0 1.23 with a
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Figure 4.7: '"H NMR spectrum ofN-{5-(ferrocenyl) ethynyl-furanoyl} L-proline
glycine ethyl estet 35.
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4.6 H-H' COSY spectroscopic studies di-{para-(ferrocenyl) ethynyl benzoyl}, N-
{6-(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}

amino acid and dipeptide esters

In the H-H' COSY spectra ofN-{para(ferrocenyl) ethynyl benzoyl},N-{6-
(ferrocenyl) ethynyR-naphthoyl} andN-{5-(ferrocenyl) ethynyR-furanoyl} amino

acid and dipeptide esters, the typical protons that correlate include

(1 Correlation between the aromatic fmos.
(i) Correlation between the amide protons adjacent methylene protons
(i)  Correlation betweethe ortho protons andnetaprotonson the cyclopentadiene

ring attached to theC [ Gspacer moiety.

The correlations observed for the ethynyl derivatives issistentwith previously
reportedcorrelationsfor the N-(ferrocenyl) benzoyl dipeptide derivativés the Gly
Gly, Gly L-Ala, Gly L-Leu and Gl\L-Phe dipeptide ethyl esters derivatiVe$

In the H-H' COSY spectrum (figure 4.8) dfi-{5-(ferrocenyl) ethynyt2-furanoyl}
glycine glycine ethyl estet29the two amide protons 6 and-&HCH,CO-) correlate
with the adjacent methylene protonand9 (-NHCH,CO-) of the glycine glycine ethyl
ester.Correlation is also present between the protons of thedurapacer4 and 5.
The ortho protons 3 andnetaprotons 2 on the cyclopentadiene ring attached te the
C [ Cspacer moietycorrelate. The methylene of the ethyl estedGH,CHsz) 10
correlate to the methyl protogOCH,CHs) 11.

11¢



£
[+]

129

'I""I""I""I""I""I""I""I""I""I'"'I""I""I'"'I""I"':
&% 80 ¥5 TO 65 6O 55 50 435 40 35 310 253 20 15 ppm

Figure 4.8: H-H' COSY spectrum of-{5-(ferrocenyl) ethyny-furanoyl} glycine
glycine ethyl estet29.
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4.7.*C NMR and DEPT-135 spectroscopic studies df-{para-(ferrocenyl) ethynyl
benzoyl}, N-{6-(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-
furanoyl} amino acid and dipeptide esters

4.7.1 ®*C NMR and DEPT-135 spectroscopic studies ofN-{para-(ferrocenyl)

ethynyl benzoyl} amino acid and dipeptide esters

In the *C NMR spectra ofN-{para-(ferrocenyl) ethynyl benzoyl} amino acid and
dipeptideestersl05119, the typical peaks observed include the appearance of carbonyl
signal s bet 066.e fiigurg 4.9. 1n5theamino acid derivatives only two

carbonyl signals are observed whilst for the dipeptide derivatives three carbonyl signals

are observed. These carbon signals are absent in the -DEFPBpectrum. In the
aromatic region of the spectrum four wunique
140.0- 120.0. The two quaternary carbon atoms present on the benzoyl spacer moiety

can be eagyl identified by their absence in the DER3E5 spectrum and these signals

appearmore downfield than the other aromatic carbposs ual | 'y bel3sween 0 1
Thecarbonsonthe€l Q i nker appearf9 0b.elt WrbkE [QJGn® 6 . 0

bet ween8d. 8 7P-CBl#4Cl G dThese two quaternary carbons can be easily

identified by their absence in the DERB5 spectrum.

Theipsocar bon on t he ¢ y<€HpPplefatahbd ®theClCi ng ( d
appear s beitod.@anadis abset B th@EPT-135 spectrum. The remaining

three unique carbons on the monosubstituted
72.0- 66.0. The ortho carbons or( YCsH4-C [ ¢ attached to thépso carbons, appear

more downfield than thenetacarbong YCsHs-C [ onthe substituted cyclopentadiene

ring andthe unsubstituted ring carbon sign@his indicates that these carbons have

become deshielded by the ethynyl moiety attached to the cyclopentadiendl hiagsve

carbon atoms on the unsubstituted ring give riserte unique carbon signal because

the carbons are equivalent. The methylene carbon of the ethyl-€xt#t,CH;) appear

bet ween6@G. 64wbi |l st the met R330.Indler bon appears

DEPT-135 spectra methylene carbons appear as a negative resonance



Carbon

Location Carbon source 8, (CDCly)
1 n°-CsHs 705-680
2 n°-CsHy -C=C- 705-680
3 n.CcHg-czc- | 720-705
4 ipso(n°-CsHa-C=C-) | 680-640
5 19.CeHs -C=C- 87.0-84.0
8 n°-CsHy -CzC- 96.0-90.0
7 Aromatic carbons 140.0 - 120.0
8,9 =0 175.0- 160.0
Ri OCH, 52.0-470
Ry -OCH_CH, 64.0-60.0
i “OCH_CH, 150-130

Figure 4.9: Typical chemical shifts observed for tié{para-(ferrocenyl) ethynyl

benzoyl}amino acid and dipeptide estd@5-119.
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4.7.1.1C NMR and DEPT-135 spectroscopic studies oN-{para(ferrocenyl)
et hynyl daminmobuyyiclagid nzethyl ester 111

=

Fe

(-

MH

0

\

111
The *C NMR spectrum oN-{ para-(ferrocenyl)ethynyl benzoyl}o-aminobutyric acid
met hyl ester displays two carbonyl carbon a
absent in the DERTI35 spectrum. The aromatic region shows 4 unique signals between
¢4 133.0 and 0 126.9. The two paeetmoietyary car |
at d 133.0 and U 131.4 can be ea<d35ly ident
spectrum. The carbon atomsontfel d i nker appeatCHa-€ICHi 91. 0 f
and at U°@H-CI06). fTeipsof drrocenyl|l %CgH-Glo@® atom (c
appears at U 64. 6 an-d35 spectrumoThe renrai@isgecarlion i n t he
atoms on the cycC-LCsblgpCd it aadni@eHa(ade présengbstweery

v

U 7-169.8. The methyl carbon atom of the methyl est@CHs) appear s at

a4
(62}

The three methylene carbon atom8lIHCH,CH,CH,-) o f -aritoleutyric acid

~

appear at 0 39.8, 0 31.8 and U 24.3 and di sp
DEPT-135 spectrum.
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Figure 4.10: C NMR and DEPT135 spectra ofN-{para(ferroceny) ethynyl
b e n z camindbutyric acid methyl estéd 1.
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4.7.2%3C NMR and DEPT-135 spectroscopic studies dfi-{6-(ferrocenyl) ethynyl-

2-naphthoyl} amino acid and dipeptide esters

In the 3C NMR spectra oN-{ para-(ferrocenyl) ethynyR-naphthoyl} aminoacid and

dipeptide esters, the typical peaks observed include the appearance of carbonyl signals

bet we e n-180.0]figie 40L1). In the amino acid derivatives only two carbonyl

signals are observed whilst for the dipeptide derivatives three carbmmdls are

observed. In the aromatic region of the spectrum of these derivatives, ten unique carbon
signals are observed wRG00cThe taggpateenary careon we en U
atoms present on the naphthoyl moiety can be easily identified inyatisence in the

DEPT-135 spectrum.

The two quaternary carbonson @l d i nker appear8 D.ed wWeem @Ud 92
CsHsCIC) and bet we ed4 . ud-C8figclr (), cah be easily identified

by their absence in the DEFIB5 spectrum. Thigso carbon on the cyclopentadiene

r i nyCsHe-@l ¢ attached totheCl Cappears bet6g®ahmilstithe 68 . 0
other carbons on th@&CsHi@k§ o paenisth(dabpeare r i ngs
bet ween - 68.0 Wih. theortho ¢ a r b 0°*CgH,-C(I d} apearing more

downfield than all the carbon atoms present on the cyclopentadiene ringgsohe

carbon is easily identified by its absence in the DEBY spectrum. The methylene

carbons of the ethyl estetQCH,CH;) appear b e60.&/ehishthemnethgl2 . O
carbon appear s 13Welh tvee RERTL3G spdcBa. ntethylene carbons

appear as a negative resonance.
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E{?ggggn Carbonsource | 9, (CDCL)
1 T -Cehe 705-680
: T-CeHy-czc- | 105-680
: P.CeHy-gzc- | 725-705
& | ipso(r-CsHe-c2C-) | 880-830
5 1P -CcHy -C2C- 86.0-640
G T-CsHe-czc- | 920-890
1 1 1 Aromatic carbons 1400-1200
89 0=0 75.0-1600
10 OCH CH, 620-600
1 OCH CH, 160-130

Figure 4.11: Typical chemical shifts observed for ti{6-(ferrocenyl) ethynyl-
naphthoyl} amino acid and dipeptide est&p§-128.
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4.7.2.1%°C NMR and DEPT-135 spectroscopic studies oi-{6-(ferrocenyl) ethynyl-
2-naphthoyl} glycine L-leucine ethyl ester 126

MH

- -

HM
oh
o

126

The *C NMR spectrum ofN-{6-(ferrocenyl) ethynyP-naphthoyl} glycine Lleucine

ethyl ester displays tare car bony | carbon atoms between U

are absent in the DEPI35 spectrum. The aromatic region shows 10 unique carbon

signals between U0 135.0 and U0 120. 8. The f

napht hoyl spacer InB3.elt,y Uat1300.IT734an8d W 130. .

identified by their absence in the DERB5 spectrum. The carbon atoms on4Bd C

linker appeadCHACIG) 9@nd & to P&sKACS C6Thdipsa ( d

ferrocenyl *CGH,6b@appearmm @d 67.3 and is not p

DEPT 135 spectrum. The remaining carbon ato

CHsCl ¢ an@Hs{ dare pr esent69.D &e metlylene darbahl . 1

atom of the ethyl ester@CH,CHs) i s 0bs er whisttheantethylicarifoth . 4

atom appears at 4 14. 2. TheNHEW@O)emd ¢ hy |l ene ¢

CH,CH(CHg),} of the glycine LI euci ne et hyl ester are obseryv

The two methine carbon atoms fromNHCHCO-) and {CH,CH(CHj3),} of the glycine

L leucinee t hy | ester appear at ad 51.2 and U 24.

atoms {CH,CH(CHs),) of theglycineL-leucineet hy| ester appear at U
12z
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Figure 4.12: ®C NMR and DEPT135 spectra ofN-{6-(ferrocenyl) ethynyk2-

naphthoyl} glycine Lleucine ethyl estet26.
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4.7.3C NMR and DEPT-135 spectroscopic studies of theN-{5-(ferrocenyl)
ethynyl-2-furanoyl} amino acid and dipeptide esters

In the **C NMR spectra ofN-{5-(ferrocenyl) ethynyP-furanoy} amino acid and

dipeptide esterghe typical peaks observed include the appearance of carbonyl signals

bet we e n - Ib50Iwhiéh.a® absent in the DERAB5 spectrum. In the amino

acid derivatives only two carbonyl signals are obserwedilst for the dipeptide

derivatives three carbonyl signals are observed. In the aromatic region of the spectrum

four unigue carbons signals are observed ande s e si gnal s 14d@P-pear bet
115.0. The twayuaternary carbon atoms present onftlranoyl moiety can be easily

identified by their absence in the DERB5 spectrum. The carbons on tkel dinker

appealbh et ween-9W . 95CHIFCIA)d and bet wede.n0 &f oré . (0q
CsHs-Cl ©). Theipsoc ar bon on t he c y-€HeCHd efrattachddite ne r i ng
the -CI Cappears b et weéz20nwhigt thé &thd carbons on the

cycl opent adCsHsCd §r ianmgdsHs\(ddappear bétdeen U 72
Theipso carbon( YCsH4-C IC-) and the twoquaternary carbons on th€ [ Cinker

can be easily identified by their absence in the DEBJ spectrum. The methylene

carbon of the ethyl estefGCH,CH3) appear s b e0tQwhilst the rieth@ 2 . 0
carbon appear s13.0. dhe wmetkylene GarbdnSappéars more downfield

than the methyl group due to the deshielding effect experienced by the methylene

carbon attached to the oxygen atom.
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Carbon

Locaton Carbonsowce | 8, (GDGly)
1 1 -Cehe 105680
2 PCse-czC- | T05-680
3 PCeHy-gzc- | T20-T05
& | ipso(n"-CsHe-C2C-) | 68D-620
; P-Cfy-c2C- | TB0-T30
6 PColi-02c- | %50-900
I Aromatic carbons 1470-1120
89 0=0 {750-155.0
f0 0CH CH, £20-600
f OCH.CH, 150- 130

Figure 4.13: Typical chemical shifts observed for ti{5-(ferrocenyl) ethynyl-

furanoyl} amino acid and dipeptide esté9-138.
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4.7.3.1*°C NMR and DEPT-135 spectroscopic studies di-{5-(ferrocenyl) ethynyl-
2-furanoyl} L -proline L -alanine ethyl ester 136

136
The **C NMR spectrum oN-{5-(ferrocenyl) ethynyR-furanoyl} L-proline L-alanine

ethyl ester displays three carbomylar bon si gnal s between 0 173.
are absent in the DEPI35 spectrum. The aromatic region shows 4 unique carbon

atoms present between U 147.4 and U0 115. 7. -
furanoyl spacer moli9ean ge easily idantifidddby thelr absemeak G 140
in the DEPTF135 spectrum. The carbon atomson4d Q i nker appear at U

( YCsH4-CIC) and at >-GsHLhb € 7Theipsoferrocenyl carbon atom

(YCsHsCI ¢ appears at @sernt 8 th® DERD3H specsum.nThe pr
remaining carbon atoms Oo&Hs,Ch€ ay@Hg(pent adi e
are present -16%5 The methylene carban atom of the ethyl ester (

OCH,CHg) appears at U0 61.4 whppesar & hat met hgl 2.
methine carbon atoms on the proline moiety(CH,CH,CH,)CHCO-) and CHCHy)

on the alanine moiety appear at ia 49.8 and
carbon atoms-N(CH,CH,CH,)CHCO) of proline moiet¥, ale obs
27.7 and a 2 5-135 .spectrum the Hheee mRe&k® Appear as negative

resonances. The methylcarbon @) on t he al anine moiety is
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Figure 4.14:°C NMR and DEPT135 spectra studies &f{5-(ferrocenyl) ethynyp-
furanoyl} L-proline L-alanine ethyl estek36.
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4.8 HMQC spectroscopicstudies of N-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-
(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}

amino acid and dipeptide esters

In the HMQC speca of theN-{ para-(ferrocenyl) ethynyl benzoyl}N-{6-(ferrocenyl)
ethynyt2-naphthoyl} and N-{5-(ferrocenyl) ethynyP-furanoyl} amino acid and
dipeptide esters, the typical carbon to proton that correlate include (i) correlation
between the aromatic camb and protons, (ii) correlation between methylene carbon
and protons and (iii) correlation betweethe carbon and protons on the
cyclopentadiene ringsThe correlations observed for the ethynyl derivatives are
consistent with previously reportedcorrelatims for the N-(ferrocenyl) benzoyl
dipeptide derivative$or the Gly Gly, GlyL-Ala, Gly L-Leu and GlyL-Phe dipeptide
ethyl esters derivative®

In the HMQC spectrum (figure 4.156f N-{ para-(ferrocenyl) ethynyl benzoyl} glycine
D-alanine ethyl estek10the following GH correlations were observed

()  Cyclopentadieneing C-H correlationdor ( HCsHs) and( HCsH4-C [ ¢

(i) Aromatic GH correlations

(i)  C-H correlations of methylene grpsi and GH correlations of the ethyl groups
on the ethyl ester

(iv)  C-H corrdation of methylee groups on the glycine-alaninemoiety

The positions of the € correlation are listed iftable 4.1). The €H correlations are
consistent to those observed for tRe para-(ferrocenyl) benzoyl} glycineglycine

ethyl estef”
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Figure 4.15: HMQC spectrum ofN-{ para-(ferrocenyl) ethynyl benzoyl} glycine D
alanine ethyl ester10.
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Table 4.1:C-H correlation data from HMQC spectrum¢f{ para-(ferrocenyl) ethynyl
benzoyl} glycine Dalanine ethyl ester10.

Site H NMR ¥C NMR
(1-5)* 4.207 4.18 70.0
(6 and 9)* 4.42 71.6
(7 and 8)* 4.207 4.18 69.1
10 68.5
11 85.1
12 91.6
13 131.4
(14 and 18)* 7.45 126.5
(15 and 17)* 7.72 127.7
16
19 172.7
20 7.30
21* 4.157 4.10 43.5
22 168.7
23 7.05
24* 4.53 48.4
25 167.1
26* 4.157 4.10 61.6
27* 1.20 18.2
28* 1.37 14.1

*C-H correlation site
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4.9 UV-Vis spectroscopic studies oN-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-
(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}

amino acid and dipeptide esters

All the UV-Vis spectra werebtained at a concentration of 4 X1l in ethanol. In the

UV spectra of the\-{ para-(ferrocenyl) ethynyl benzoyliN-{6-(ferrocenyl) ethynyl-
naphthoyl} andN-{5-(ferrocenyl) ethynyPR-furanoy} amino acid and dipeptide esters
105138 metal to ligand charge transfer (MLCBpand transitions arising from the
ferrocene moietyare observed at low energy banostween 30 to 560nm, with
distinct amax values.The high energy band between 340 andd56, wi t hpxdi st i nct
values are due o t-h & t r aof aromatic dinkes (table 2.3). Theresence of

the” -~ * t r aandthetML®Tbasdtransitionsareconstistent to those seen in the
alkyl derivatives (section 2.9) and the previously repoNegderrocenyl) benzoyand
naphthoyl derivative®

In the literature it is know that the presences of a ethynyl moiety on a ferrocene moiety
cause t h gax od-ferrocene to shift toward ¢hred region as a result of extendend
conjugatiort”’

In the UV-Vis spectra of the synthesised compouh@5-138 all the derivatives cause

the ferrocenemoiety to undergo a red shift to lower energies due to the presence of
both ethynyl moiety and the @natic linkers.The ethynyl naphthoyl derivatives gave
rise to lower energy bands compared todtig/nyl benzoyl and ethynyl furanoyl. This

is due to the ethynyl naphthoyl linker being more conjugated than the other aromatic
linkers.

For selectedN-{ para-(ferrocenyl) ethynyl benzoyl},N-{6-(ferrocenyl) ethynyl-
naphthoyl} andN-{5-(ferrocenyl) ethynyR-furanoyl} glycine glycine ethyl esters the

omax Values and theie x t i ncti on walees,tbrciespbndildig to th

transition and MLCThandtransition are shown in table 4.2
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Absorbance

— 106
— 120
129

-

0 T T T T
300 350 400 450 500 550

Wavelenght (nm)

Table 4.2: Selected UWis spectroscopic data foN-{para-(ferrocenyl) ethynyl
benzoyl}, N-{6-(ferrocenyl) ethynyPR-naphthoyl} and N-{5-(ferroceny) ethyny}2-
furanoyl} glycineglycine ethyl ester$06, 120and 129

Chromophore

Compound Ferrocene moiety Aromatic linker

Amax (NM) U L thol™ cm™) amax (NM) U L hol™ cm™)

106 490 (U 155¢ 385 (U 2500
120 500 (U 1o02¢ 400 (U 2550
129 476 (U )525 370 ( 0025

Figure 4.16: The UV-Vis spectra of selected compourid¥6, 120 andL29.
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4.10 Mass spectrometric studie®f N-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-
(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}
amino acid ard dipeptide esters 105138.

Electrospray ionization (ESI) mass spectrometry of compoa08<138 revealed the
presence of sodium adducts, [M+Rajhilst tandem mass spectrometry was employed
to determine the fragmentation pattern of compounds.

In the MSMS spectrum of compouni06, the sequence specific fragment ions are
present atn/z285,m/z313,m/z341 andm/z369 (figure 4.16a). The product ions at
m/z285 andm/z313 correspond to the-para-(ferrocenyl) ethynyl benzyl and-para-
(ferrocenyl) ethyyl benzoyl subunits respectively. Thelaand -1 product ions were
observed am/z341 andm/z369 respectivelyThe fragment ion amn/z444 is due to a
loss of GH4 from the ethyl ester group by McLafferty rearrangement as already
described in sean 2.10 in scheme 2.11.

In the MS/MS spectrum df20the sequence specific fragment ions are presanizat
335,m/z363,m/z391 andm/z419 (figure 4.16b). The product ionsmatz335 andm/z
363 correspond to theN-6-(ferrocenyl) ethynyR-naphthyl ad N-6-(ferrocenyl)
ethynyt2-naphthoyl subunits respectively. The-la and k-1 product ions were
observed am/z391 andm/z419 respectivelyThe fragment ion amn/z494 is due to a
loss of GH,4 from the ethyl ester group hilye McLafferty rearrangement.

For compoundl29 the sequence specific fragment ions are observedz275, m/z
303, m/z331 andm/z 359 (figure 4.16c). The product ionsrafz 275 andm/z 303
correspond to th&-5-(ferrocenyl) ethynyR-furanyl andN-5-(ferrocenyl) ethynyP-
furanoy subunits respectively. Tha-& and k-1 product ions are observedmiz 331
and m/z 359 respectively. For compourd®9 a unique product ion is observednatz
397, corresponding t o >CkHe ring.orkisprodutt ion ik e
not observed in the ethynyl benzoyl or ethyByhaphthoyl analogueShe fragment
ion atm/z434 is due to a loss of,84 from the ethyl ester group e McLafferty

rearrangement.
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Figure 4.16.MS/MS spectra of (a)\-{ para-(ferrocenyl) ethynyl benzoyl} glycine
glycine ethyl estet06 (b)N-{6-(ferrocenyl) ethynyR-naphthoyl} glycine glycine
ethyl ested20and(c) N-{5-(ferroceryl) ethynyl2-furanoyl} glycine glycine ethyl
esterl29.
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4.11 A comparative study oiN-para, N-metaand N-ortho-(ferrocenyl) benzoyl

dipeptide esters and the novel ethynyl analogues 1Q38.
4.11.1 Introduction

In a further extension toefrocenyl benzoyand naphthoylbioconjugates reported, a

new library of ferrocenyl based bioconjugate85-138 which consist of four key
moieties (i) an electroactive core (ii)-& [ Cmoiety (iii) three different aromatic
linkers and (iv) and a serie$ amino acidand dipeptide esters anew reportechere.

The incorporation of theC [ Omoiety between the ferrocene moiety and the aromatic
spacer and the use of three different aromatic rings are attempts to further improve the
cytotoxicity of the previasly preparedN-para, N-meta and N-ortho-(ferrocenyl)

benzoyl dipeptide esters.

— L Amino acid
@ Aromaticlinker || Dipeptide ester 4: :} — | Aromatic linker | — N to(ri t
ipeptide ester

Fe Fe

= =

Figure 4.17: General structure of theN-(ferrocenyl) benzoyland naphthoyl
bioconjugates and theN-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-(ferrocenyl)
ethynyl2-naphthoyl} and N-{5-(ferrocenyl) ethynyR-furanoyl} amino acid and

dipeptide esters.
4.11.2 Synthetic pathways employed

For the synthesis opara, meta and ortho-(ferrocenyl) benzoic acidhe gnthetic
protocol involved the diazonium coupling of ferrocene to 2,-8t{hglamino benzoate
followed by basic hydrolysi$® The use of the diazonium coupling reaction in the
preparation of the monoarylferrocenes derivatives proceeds with a low defgree
regiocontrol and produces intractable mixtures of raode and polyarylferrocene

derivatives with low yields of less than 8% for the desired monoarylferrocene

137



derivatives. For the synthesis of the ethynyl analod@&sl38,the synthetic protocol
involved the use of Sonogashira cross coupling of ethynyl ferrocene to three bromo
acylated acids to generateara-(ferrocenyl) ethynyl benzoic acid,-(@rrocenyl)
ethynyt2-naphthoic acid, and-8errocenyl) ethynyPR-furanoic acids. In this coupling
reacton, yields greater than 60% were obtained. These high yields are largely due to
the fact that Sonogashira cross coupling is a substrate specific reaction between an
alkyne and an aryl halides employed in the coupling reaction which involves the use of

palladium catalyst and copper iodine catalyst.

4.11.3'H NMR, *C NMR and DEPT-135 studies ofN-para, N-metaand N-ortho-
(ferrocenyl) benzoyl dipeptide esters and the novel ethynyl analogues 1038.

In the'H NMR, **C NMR and DEPT135 studies of th&l-para, N-metaand N-ortho-
(ferrocenyl) benzoyl dipeptide esteend the novelN-{para-(ferrocenyl) ethynyl
benzoyl}, N-{6-(ferrocenyl) ethynyPR-naphthoyl} and N-{5-(ferrocenyl) ethynyP-
furanoyl} amino acid and dipeptide esters, clear similarities affdreinces can be
identified. Typical signals observed in tHél NMR spectra in both classes of

compounds include the appearance of amide protons of the peptide chain which appear

between U 8.89 and U 8.14, wher easnd hle ar om

7.00. The protons on the monosubstituted
4.00. However with the ethynyl analoguegerlapping of the proton signals occurs

with these derivatives, which makes the assignment of the proton chemical shift a
challenge. For instance the amide proton and aromatic proton overlap resulting in
mutiplets being observed which is not observed with inNkgara, N-metaand N-
ortho-(ferrocenyl) benzoyl dipeptide estéf€ Furthermore he protons on the
monosubstitued ferrocene ring of thethynyl analogues tend to overlap with each other

or with other signals fronmethylene groups anthe methine groups that may be
present in theamino acid and dipeptidesters. Hence, the expected tlsigaals for a
monosubstitied derivative are not observed. Due to this limited scope of information
observed from the proton chemical shifts, other spectroscopic techniques where used to

provide a more complete picture of the molecular structure of these derivatives which
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included *C NMR, DEPF135 and 'H-*C COSY (HMQC) spectroscopy and

electrospray ionization mass spectrometry (HS).

The presence of theC [ Cunit in the new ethynyl ferrocenyl bioconjugates can be

identified in the™>C NMR spectra. The carbons on th@ [ Clinker for the benzoyl
derivatives app%ar0 bebs@Eedh ahdo9ded®-BREN U 87.
f o r-CsHsCI ©). For he naphthoyl derivatives th€ [ 4 i nker s appear bet\
90.0-89 . 0 *€HiCIQ)d and bet-Bele ® *EHB8F .Cahilst for

the furanoyl derivati v-e9s0.i0t *fCaip@(Epdand bet weer
bet ween7 8. G 6-€H4CI ©dThe typical carbon signals present in the two

classes of compounds include the presence o0
and 0 155.0. The ar omat i Xl50 Bhe tadbonsatonesc cur be
on the ferrocenyl ringappeato et ween U 71. 5 anXB35dgpectudh. 0. Il n 1

the presence of the methylene carbon atoms in both classes can be easily identified as

they appear as negative resonances.
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4.12 Conclusions

A series of N-{para-(ferrocenyl) etynyl benzoyl}, N-{6-(ferrocenyl) ethynyP-
naphthoyl} andN-{5-(ferrocenyl) ethynyR-furanoyl} amino acid and dipeptide esters
were prepared and structurally characterized. Each novel compound incorporated an
electroactive ferrocene core,-& [ C a conugated aromatic linker and a dipeptide
chain with each part exerting a specific effect on biological activity. The ferrocene
moiety is required for the possible production of hydroxyl radicals,-@he Cand
conjugated aromatic linkers facilitates this ¢ggss by lowering the redox potential of

the ferrocene and the peptide fragment can interact with other mols@@girogen
bonding. These novel compounds were characterized by a combinatidtNMR, :°C

NMR, DEPT-135 and'H-*C COSY (HMQC) spectroscgp electrospray ionization

mass spectrometry (E8S).
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Chapter 5: The biological evaluation ofN-{para-(ferrocenyl) ethynyl benzoyl}, N-
{6-(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}
amino acid and dipeptide esters

5.1 Introduction

This research group has reported the-pruliferative effects of ferrocenyl benzoyl

and ferrocenyl naphthoylbioconjugateqfigure 5.1)in the H1299 lung cancer cell
line*® In an effort to further improve the cytotoxicity of these derivatives, a series of
N-{ para-(ferrocenyl) ethynyl benzoyl}N-{6-(ferrocenyl) ethynyP-naphthoyl} and\-
{5-(ferrocenyl) ethynyR-furanoyl} amino acid and dipeptide estelf85138 (figure

5.1) were synthesised, structurally characterised and biologically evaluated. In total 34
compounds were tested for their gobliferative effects on the nesmall cell lung
cancer cell line, H1299. These novel derivatives differ from the ferrocenyl benzoyl and
ferrocenyl naphthoyl bioconjugates by having an ethynyl linker between the ferrocene
moiety and the aromatic linkers (benzayhd naphthoyl) and furthermgra new

aromatic linker furanoyl has been incorporated.

— L Amino acid
@ Aromaticlinker — Dipeptide ester @ = Aromaficinker | — Di tocri t
Ipeptiae ester

Fe Fe

= &

Figure 5.1: General structure of theN-(ferrocenyl) benzoyl and naphthoyl
bioconjugates andthe N-{para-(ferrocenyl) ethynyl benzoyl}, N-{6-(ferrocenyl)
ethynyl2-naphthoyl} and N-{5-(ferrocenyl) ethynyR-furanoyl} amino acid and

dipeptide esters.
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% Growth inhibition

5.2 Preliminary biological evaluation ofN-{para-(ferrocenyl) ethynyl benzoyl}, N-
{6-(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}

amino acid and dipeptide esters

5.2.1 Preliminary biological evaluation of the N-{para-(ferrocenyl) ethynyl
benzoyl} amino acid and dipeptide esters

Thein vitro cytotoxicity of the derivatived05119against thé41299 lung cancer cells
was evaluated bye acid phosphatase assay as previously describectionsg.1. The
results for the percentageowth inhibition of the derivatives are depicted in figure 5.2
and table 5.1.

100 -

90 -

70 A —

50 ~
40 ~
30 A
20 +

10 4

0 T T T T T T T T T T T T T T \'_‘I
105 106 107 108 10¢ 110 111 112 113 114 115 116 117 118 119 DMSO 28*

control

compound no.
Figure 5.2: % Growth inhibition at 10 uM on H1299 lung cancer cdtis N-{para

(ferrocenyl) ethynyl benzoyl} amino acid and dipeptide esi€®s119 and reference

compound?8.
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Table 5.1: % Growth inhibition at 10 uM on H1299 lung cancer cdiis N-{ para-
(ferrocenyl) ethynyl benzoyl} amino acid and dipeptide es1€¥5119 andreference

compound28.
Ferrocenyl bioconjugate R Compound no. | % growth inhibition at 10
UM

Gly Gly(OMe) 105 34 +2.49

Gly Gly(OEt) 106 70 +2.84

Gly L-Ala(OMe) 107 22 +5.47

Gly L-Ala(OEt) 108 95 + 1.62

@ o Q e Gly D-Ala(OMe) 109 23 +4.89

= Gly D-Ala(OEt) 110 72 +2.01

Fe GABA(OMe) 111 55+ 3.35

@ GABA(OEY) 112 85 +1.07

Gly L-Phe(OEt) 113 28 +1.74

Gly L-Leu(OEt) 114 53+3.17

Sar Gly(OEt) 115 47 £ 4.03

Sar Gly(OMe) 116 25+4.10

Sar L-Ala(OEt) 117 82 +4.75

L-Pro Gly(OEt) 118 62 +5.06

L-Pro L-Ala(OEt) 119 87 +1.12

R
() O Gly-L-Ala(OEY) 28* 84 +0.33
Fe

Note: 28+ Originally prepared by Alan Coy 1

From the preliminary screen at £0Ma general trend can be observit@ methyl ester
derivatves exhibited lowepercentaggrowth inhibition values betweet? % + 5.47 to
55 % + 3.35compared to the ethyl ester derivatives whaghibitedpercentaggrowth
inhibition values betweed7 % + 4.03 to 95% + 1.62. Generally, the lower the
percentaggrowth valuethe lower theanti-proliferativeactivity. Thus the methyl ester
derivatives were not investigated further

A general trend was also observed in these derivatives, that is, thel@ly and Gly
L-Phe ethyl esters ditay percentaggrowthi nhi bi ti on val uette O 53
N-{ para-(ferrocenyl) ethynyl benzoyl} glycine Jphenylalanine ethyl estefil3
displayed% growth inhibition value o8 % + 1.74 whilst theN-{para-(ferrocenyl)
ethynyl benzoyl} glycine Heucine ethyl ested14 displayed apercentagegrowth
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inhibition values of 53% £ 3.17. Thusthe Gly L-Leu and Gly LPhe ethyl ester

derivatives were not investigated further. As a resuktan be concluded that when

¢ h i ramino atids with bulky side chains are used ass#w®nd amino acid in the

dipeptide moietya loss of antproliferative activity is observed. Compounti3s, 108,

110, 112, 117, 11&nd 119 showed percentaggro wt h i nhi bi ti on val ue:

Therefore ICs values were determined for these compounds.

5.2.2 Preliminary biological evaluation of the N-{6-(ferrocenyl) ethynyl-2-

naphthoyl} amino acid and dipeptide esters

The in vitro antiproliferative effect of compoundsl20-128 were studied at a
concentration of 10rM in the H1299 lung cancer cellShe esults of this biological

study are shown in figure 5.3 and table 5.2. From the preliminary screen a general trend

was observed, the Gly-Leu and GlyL-Phe ethyl esters displayed percentggavth

inhibition valuesO 3 4  %.the GI¥ bLewsand Gly -Phe ethyl ester derivatives

were not investigated further. Compounti80, 121, 122, 123, 124, 12&nd 127

showed percentaggro wt h i nhi bi t i o nherefosellGsevaluesOweré 8  %. T

determined for these compounds.
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Figure 5.3: Percentag&rowth inhbition at 10 uM on H1299 lung cancer celts N-
{para-(ferrocenyl) ethynyl naphthoyl} amino acid and dipeptide es1&®128 and

reference compourzB.

Table 5.2: Percentag&rowth inhibition at 10 uM on H1299 lung cancer cdtis N-
{para-(ferroceny) ethynyl naphthoyl} amino acid and dipeptide est&?§-128 and

reference compourzB.

Ferrocenyl bioconjugate R Compound no. | % growth inhibition
at 10 pM
Gly Gly(OEt) 114 89 +1.23
@ = Q Gly L-Ala(OEt) 115 84 +5.33
) Q iR [ Sar LAla(OED) 116 94 £ 1.02
E L-ProGly(OEt) 117 82 +1.92
@ GABA(OEY) 118 68 + 5.81
L-Pro L-Ala(Oet) 119 94 +0.61
Gly L-Leu(OEt) 120 33+4.72
Sar Gly(OEt) 121 90 +1.40
Gly L-Phe(OEt) 122 29+ 2.53
R
84 +0.33
() O Gly L-Ala(OEt) o8

Note 28* Originally prepared by Alan Coyt”!
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5.2.3 Preliminary biological evaluation of the N-{5-(ferrocenyl) ethynyl-2-
furanoyl} amino acid and dipeptide esters

Thein vitro cytotoxicity of the derivative429138 against the human lung carcinoma
cell line H1299 was evaluated by the acid phosphatase assay and the % growth

inhibition of the derivatives are depicted in figure 5.4 and table 5.2.
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Figure 5.4: Percentag&rowth inhibition at 10 uM on H1299 lung cancer cells Xor
{ para-(ferrocenyl) furangl naphthoyl} amino acid and dipeptide est&9-138 and
reference compourzB.



Table 5.2: Percentag&rowth inhibition at 10 uM on H1299 lung cancer cells ifbr
{para-(ferrocenyl) furanoyl naphthoyl} amino acid and dipeptide est@%138 and
reference compourizB.

Ferrocenyl bioconjugate R Compound no. % growth
inhibition at 10 uM
Gly Gly(OEt) 129 38 £2.62

Gly L-Ala(OEt) 130 13 +3.41
| i, | GlyDARGEY 131 13+ 4.37

Gly L-Phe(OEt) 132 9 +3.30
Gly L-Leu(OEt) 133 11 +3.70
Sar Gly(OEt) 134 18 £5.43
L-Pro Gly(OEt) 135 17 +2.33
L-Pro L-ala(Oet) 136 22 +2.60

GABA(OEY) 138 13 +1.38

|

B ®)
Fe
Sar L-ala(OEt) 137 17 + 150
R
Gly L-Ala(OEt) 28+ 84 +0.33

Note: 28* Originally prepared  Alan Corry !

From the preliminary screen at HOM all derivatives exhibited lowepercentage
growth inhibition values betweeh% + 3.30 to 38% + 2.62. In the case of tHé¢-{5-
(ferrocenyl) ethynyR-furanoyl} glycine glycine ethyl esteélr29,it exhibited the highest
percentaggrowth inhibition value oB8 % + 2.62 and thusan 1G; value for129was

determined. For compound80-138no furtherinvestigation were carried out.
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Cell Survival %

5.3 ICs5o value determination of N-{para(ferrocenyl) ethynyl benzgl}, N-{6-
(ferrocenyl) ethynyl-2-naphthoyl} and N-{5-(ferrocenyl) ethynyl-2-furanoyl}
amino acid and dipeptide esters

5.3.1 IG5, value determination of N-{para-(ferrocenyl) ethynyl benzoyl} amino acid
and dipeptide esters

Further studies were conductad described in Chapter 3 (Section 3.2), to determine
ICso values for in the H1299 cell line. i G, value for each compound was
calculatedusing Calcusyn software, and standard deviations have been calculated using
data obtained from three independerperiments. The values obtained are listed in
figure 5.5 and table 5.3.
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Figure 5.5: ICsq plot for selected compounds in the H1299 cell line.
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Table 5.3: ICsq values for selected compounds, reference compa8nchrboplatin

and cisplatin against huan lung carcinoma cell line H1299.

Compound Name No. ICs

Cisplatin 8 1.5+0.10
Carboplatin 9 10+ 1.60
N- { meta(ferrocenyl}benzoyl} Qy L-Ala(OEt) 28* 4.0+0.71
N-{ para-(ferrocenyl)ethynyl benzoyl} Gly Gy(OEt) 106 6.9+214
N-{ para-(ferrocenyl) ethynyl benzoyl} Gly {Ala(OEt) 108 3.8+1.92
N-{ para-(ferrocenyl) ethynyl benzoyl} Gly EAla(OEt) 110 6.1+£3.41
N-{ para-(ferrocenyl)ethynyl benzoyl} GABAOEt) 112 49+4.12
N-{ para-(ferrocenyl) ethynyl benzoyl} Sar-Ala(OEt) 117 7.1+2.46
N-{ para-(ferrocenyl) ethynyl benzoyl} {Pro Qy(OEt) 118 8.3+3.10
N-{ para-(ferrocenyl) ethynyl benzoyl} {Pro L-Ala(OEt) 119 57+291

From the IGy values of compound$06, 108 110, 112, 117, 118nd 119 all exert a
cytotoxic effect on thé11299lung cancer cell lineAll seven derivatives have andC
value that is lower than 9 uM and margotoxicin vitro than the clinially employed
anticancer drug carboplatin. In addition, the most active compound Nafgsara-
(ferrocenyl) ethynyl benzoyl} glycine-alanine ethyl estek08 which had anCs value
of 3.8 + 1.92mM. This compound daysa slight improvementn biological activity
in comparison to the most active ferrocenyl benzoyl anal@puehich displayed an
ICso value 0f4.0 + 0.71uM.!

Thein vitro cytotoxicity of the platinum (ll) based anéincer drug cisplatin was also
evaluaed against the H1299 cell limad was found to have an igvalue of 1.5 + 0.10
mM. Thus, compound$06, 108, 110, 112, 117, 1&8d119are less cytotoxim vitro

than the clinically employed actincer drug cisplatin.
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Previously, in vitro cytotoxic effects have shown thB-(ferrocenyl) naphthoyl
derivatives to be more active thtre N-(ferrocenyl) benzoyl derivativesith the most
active derivativeN-{6-(ferrocenyl}2-napthoyl} glycine glycine ethyl ester displaying
an 1G value of 0.13+ 0.01 uM.[® For the N-{ para-(ferrocenyl) ethynyl benzgl}
glycine glycine ethyl estegn ICso value of 6.9 £ 5.141M was obtained. Thus, it can
be concluded that the presence of the ethynyl moiety did not result in any marginal
increase in the cytoxicity of the-{ para-(ferrocenyl) ethynyl benzoyl} amino acid and
dipeptide estersvhen comparetb theN-(ferrocenyl)benzoylandnaphthoyl analogues
previously reporteét® A potential mechanism by which these compounds induce
DNA damage is by the catalytic generatiorH@Aradical as described in section 3.2 in
schemes.1.

5.3.2 IG5 value deaermination of N-{6-(ferrocenyl) ethynyl-2-naphthoyl} amino

acid and dipeptide esters
The 1G values for derivative$20-128were determined by the acid phosphatase assay

as previously described in section 3.3. The Malues for derivative$20-128

cisplatin and carboplatin are depicted in figure 5.6 and table 5.4.
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Figure 5.6:1Csq plot for selected compounds in the H1299 cell line.
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Table 5.4: I1Cso values for selected compounds, reference comp@&naarboplatin

and cisplatin agast human lung carcinoma cell line H1299.

Compound Name No. ICsg
Cisplatin 8 1.5+0.10
Carboplatin 9 10 + 1.60
N- { meta(ferrocenyl}benzoyl} Gly L-Ala(OEt) 28* 40x0.71
N-{6-(ferrocenyl) ethynyl2-naphthoyl} Gly Gy(OEt) 120 50+4.12
N-{6-(ferrocenyl) ethpyl-2-naphthoyl} Gly L-Ala(OEt) 121 50+£3.61
N-{6-(ferrocenyl) ethyny2-naphthoyl} Sar EAla(OEt) 122 3.2+2.64
N-{6-(ferrocenyl) ethyyl-2-naphthoyl} L-Pro Qy(OEt) 123 51+1.35
N-{6-(ferrocenyl) ethynyR-naphthoyl} GABAOE) 124 7.2+151
N-{6-(ferrocenyl) ethyny2-naphthoyl} L-Pro L-Ala(OEt) 125 3.8+2.02
N-{6-(ferrocenyl) ethyny2-naphthoyl} Sar G/(OEt) 127 4.7 +3.71

From the 1G, values of theN-{6-(ferrocenyl) ethynyR-naphthoy} amino acid and
dipeptide ethyl esters20, 121, 122, 123, 124, 125d127,all exert a cytotoxic effect
on theH1299 lung cancer cell lineAll seven derivatives have ans{value that is
lower than 7.2 uM and moreytotoxicin vitro than the clinically employed actncer
drug carboplatin. The most active compound wag6-(ferrocenyl) ethynyR-
naphthoy} sarcosine talanine ethyl estet22 which had anCsg value of 3.2 + B4
mM. However for compoundsl20, 121, 124and 127 the presence of the ethynyl
moiety had a negative effect of aptioliferative effect compared to analogous
compounds prepared previously lacking the ethynyl gfs8g=or example foiN-{6-
(ferrocenyl)ethynyt2-naphthoy} o-aminobutyric acid ethyl estdr24 the 1G, value is
7.2 £ 1.51nM, whereas forN-(6-ferrocenyt2-naphthoy) a2-aminobutyric acid ethyl
esterthe IGo value was 0.62 0.17 nM. Thein vitro cytotoxicity of the platinum (11)

based amcancer drug cisplatin was also evaluated against the H1299 cell line, and was
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found to have an I§ value of 1.5 = 0.10rM (Table 4). Thus, compound20-128are
less cytotoxicin vitro than the clinically employed awtncer drug cisplatin. A
potentialmechanism by which these novel organometallic anticancer compounds may
induce DNA damage is by the catalytic generationrR@IS. This is possiblevia a
Fentontype reaction, in whichHO” radicals are generated from the superoxide
dismutation product, hydgen peroxide (kD). It was shown that the generation of 8
oxoGua by a compound prepared in a previous SAR sthH{6-ferrocenyi2-
naphthoyl) glycine glycine ethyl estethat theoxidation was occurring by Fenton
chemistry and thatN-(6-ferrocenyi2-naphthoyl) glycine glycine ethyl esteis
generating oxidative damage via a R@8diated mechanisnilherefore guanine
oxidation studies confirmed thad-(6-ferrocenyi2-naphthoyl) glycine glycine ethyl
ester was capable of causing oxidative damage to guaamtk,t does so by the
generation ofHO radicals from H;0,.®! However the introduction of the ethynyl
group reduces the kgvalue from 0.13t 0.01nM for N-(6-ferrocenyt2-naphthoyl) gly
gly(OEt) to 5.0 = 4.12mM for N-{6-(ferrocenyl) ethynyR-naphthoy}gly gly(OEt).
Therefore it is possible that some other feature of these derivatives may play an
important role, such as the ability to interacthMi@NA in other ways. It is plausible
that these polyaromatic derivatives could intercalate with DNA, as observed for many
polyaromatic drugs including the anthracycline class of chemotherapeutics. The
hydrogen bond donor and acceptor atoms present inefiiel@ side chain, could then
interact with the nucleotide bases positioned in the centre of the helix. Although the
bul ky ferrocene substituent (10.5 U) is too
(depth = 8.5 U), t h e oivatives suppodsnthe pasdibdity t i al s o0
that the ferrocene moiety in its oxidized®*Fetate, could interact with the negatively
charge phosphate backbone positioned on the outside of the helix. Hofaetes N-
{6-(ferrocenyl) ethynyR-naphthoy} amino acid and dipeptide ethyl esters the
presence of the ethynyl group could disrupt this interaction. Thus, it is possible for the
naphthoyl ferrocenyl bioconjugates to possess two distinct modes of action: the ability
to cause oxidative damage to DNA through R@®duction and the ability to
intercalate with DNA, both of which would result in the disruption of cancer cell
replication. A general trend can be seen betweenNti@-(ferrocenyl) ethynyl-
naphthoyl} and\-{ para-(ferrocenyl) ethynyl benzoyl} amino acahd dipeptide esters.
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The Gly Gly, Sar EAla, L-Pro Qy, L-Pro L-Ala ethyl esters of th&l-{6-(ferrocenyl)
ethynyt2-naphthoyl} derivatives are more active than thépara-(ferrocenyl) ethynyl
benzoyl}derivatives whilst the Gly-lAla and GABA esters ohie N-{ para-(ferrocenyl)
ethynyl benzoyl}derivatives are more active than ti€6-(ferrocenyl) ethyny-

naphthoyl}derivatives.

5.3.3 1G5 value determination of N-{5-(ferrocenyl) ethynyl-2-furanoyl}-glycine-
glycine ethyl ester 129.

The 1Gq value forN-{5-(ferrocenyl) ethynyR-furanoyl} glycine glycine ethyl ester
129was the only derivative evaluated by the acid phosphatase assay sdJ W@ u€ for

the derivative, cisplatin and carboplatin are depicted in figure 5.7 and table 5.5.
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Figure 5.7:1Csp plot for compound.29in the H1299 cell line.
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Table 5.5: ICso values for selected compounds, reference comp@&8naarboplatin

and cisplatin against human lung carcinoma cell line H1299.

Compound Name No. IC 50

Cisplatin 8 1.5+0.10
Carboplatin 9 10+ 1.60
N- { meta(ferrocenyl}benzoyl} Gly L-Ala(OEt) 28* 4.0+0.71
N-{5-(ferrocenyl) ethynyP-furanoyl} Gly Gy(OEt) 129 23+5.14

From the reults obtained, compouri®9displayed an Ig value of 23 + 5.14nM and

was less cytotoxit vitro than the clinically employed cisplatin and carboplatin which
had 1G, values of 1.50 + 0.16M and 10 + 1.60vM respectively. In addition, when
comparedd theN-{ para-(ferrocenyl) ethynyl benzoyl} anl-{6-(ferrocenyl) ethyny
2-naphthoyl} glycine glycine ethyl esters withgalues of 6.9 + 2.14M and 5.0 =
4.12 M respectively, compountl29 was also lessytotoxic than the two derivatives.
As a resultit can be concluded that the furanoyl ring is not a bioactive aromatic

conjugate linker that promotes aptioliferative effect in H129%ung cancefine.
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5.4 Conclusion

The biological evaluation dfi-{ para-(ferrocenyl) ethynyl benzoyl}N-{ 6-(ferrocenyl)
ethynyt2-naphthoyl} and N-{5-(ferrocenyl) ethynyR-furanoyl} amino acid and
dipeptide esters was carriedit in the H1299 lung canced! line. The most active
derivative N-{6-(ferrocenyl) ethynyP-naphthoy} sarcosine talanine ethyl gsr 122
displayedan ICso value of 3.2 £ 2.647M. This compound isnore active tharthe
clinically usedcarboplatin buts less effectie than cisplatinA general trend can be
seen between theé\N-{para(ferrocenyl) ethynyl benzoyl} andN-{6-(ferrocenyl)
ethynyl-2-naphthoyl} amino acid and dipeptide@&s. The Gly Gly, Sar-Ala,

L-Pro Gly, L-Pro L-Ala ethyl esters of thé\-{6-(ferrocenyl) ethynyR-naphthoyl}
derivatives are more active than tRg para-(ferrocenyl) ethynyl benzoyl}derivatives
whilst the Gly L-Ala and GABA esters of thdl-{ para-(ferrocenyl) ethynyl benzoyl}
derivatives are more active than the-{6-(ferrocenyl) ethynyl2-naphthoyl}
derivatives.

From the SAR studies carried atthas been clearly demonstrated that the presence of
the ethyryl moiety does not result in any significant enhancement of the anti
proliferative effect of theN-(ferroceryl) benzoyland naphthoyldipeptidederivatives
However the incorporation of a methyl derivative to the unsubstituted cyclopentadiene
ring of theN-(ferroceryl) benzoyl dipeptide derivativeshowed an enhancement of the
anti-proliferative effect.Thus, the incorporation of a methyl group to the most adtive
{6-(ferrocenyl}2-napthoyl} glycine glycine ethyl est&1 with an 1Gg value of 0.13

0.01 nM could result in the formulation of a potent novel bioorganometallic anticancer

agent.
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Chapter 6: Experimental data

Experimental note

Chemicals used were purchased from Sigktthich and TCIl. Commercial grade

reagents were used without further purification and where necessary solvents were

dried over magnesium khate (MgSQ) prior to use. Nuclear magnetic resonance

spectra (NMR) were obtained using a Bruker AC 400 NMR spectrometer operating at
400 MHz for'H NMR and 100 MHz for®c  NMR. Chemi cal shifts are
values (ppm) relative to trimethylsilané@ ( = 0. 00 ppm) and Jal | coupl
are in Hertz. Melting points were determined using a Griffin melting point apparatus

and are uncorrected. Infrared spectra were recorded on a Nicolet 40B FT
spectrometer and melting points were determinechgus Griffin melting point

apparatus. The IR spectra for solids were obtained in a potassium bromide matrix,

spectra for liquids were obtained from thin films between NaCl discs. Column
chromatography was performed on silica gel (40 mesh, 60A, FisherVit/Were

recorded on a HewleRackard 8452A diode array UVis spectrophotometer.

Electrospray ionization mass spectra were performed on a Micromass LCT mass
spectrometer or a Bruker Daltonics Esqtlife ion trap mass spectrometer. Tandem

mass spectra werobtained on a Micromass Quattngicro ™. LC-MS/MS triple

guadrupole mass spectrometer.
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General procedure for the synthesis of the starting materials
Ferrocene carboxyaldehyde48) !

Ferrocene (50 ¢268.76 mmal wasdissolved with drydichloromethane (150 ml) at O

°C under nitrogenN,N-dimethylformamide (38 ml) was added slowly over 10 min.
Phosphorus oxychloride (138 ml) was added slowly over 3 hr and the reaction mixture
was allowed to reflux at 40 °C for 48 hr under nitrogen. Tdection mixture was
poured onto ice and neutralised with conc. sodium hydroxide solution. The resulting
solution was extracted with diethyl ether. The solvent was evaporated to yield the crude
product which was purified by column chromatography (eluenth@dane: diethyl
ether) yielding the title compound as deep purple crysiadsg, 42%), mp. 120121

°C (lit. * 120- 122 °C);

'H NMR (400 MHz) U (DMSO- dg): 9.88 (1H, s-CHO), 4.73 (2H, sprtho on d°-
CsH4-CHO), 4.54 (2H, smetaon d°-CsHa-CHO), 4.21 (5H, si®-CsHs);

*C NMR (100 MHz)l (DMSO- dg): 193.5 (C=0), 71.4 (0 d*-CsHs-CHO), 69.9
(Crmetad>CsHa-CHO), 69.7 (Girtno °-CsH4-CHO), 678 (d>-CsHs).

Acetylferrocene @9) 2!

Ferrocene (50 g, 268.76 mmol) was dissolved in acetic anhydride (180 ml) and the
reaction mixture was allowed to stir for 10 min. Phosphoric acid (50 ml) was added
slowly to the reaction mixture over 30 min. Reactiixture was refluxed at 70 °C for

15 min. The reaction mixture was poured onto ice and neutralised with conc. sodium
hydroxide solution. The resulting solution was extracted with diethyl ether. The solvent
was evaporated to yield the crude product whislas purified by column
chromatography (eluent 9:1 hexane: diethyl ether) yielding the title compound as a red
solid. (50 g, 82%), mp. 8283 °C (lit.?81- 83 °C);

'H NMR (400 MHz)ti (DMSO- dg): 4.78 (2H, tJ =1.2Hz, ortho on d>-CsH4-COCHg),

4.57 (2H, t,J =1.2 Hz, metaon d>-CsH4-COCHs), 4.21 (5H, s@>-CsHs), 2.35 (3H, s;
COCHy);

%C NMR (100 MHz)li (DMSO- dg): 200.1 (C=0), 71.8 ({0 d°-CsH4-COCHg), 70.1

(Crmeta *-CsHs-COCH), 68.7 (Gyrino >-CsHa-COCHs), 63.5 (-CsHs), 27.7 (-CsHa-
COCHy).

16C



Propionyl ferrocene (0)

Ferrocene (50 g, 268.76 mmol) was dissolved with propionic anhydride (150 ml) and
reaction mixture was allowed to stir for 10 min. Phosphoric acid ( 38 ml) wiedad
slowly to the reaction mixture over 30 min. Reaction mixture was refluxed at 80 °C for
15 min. The reaction mixture was poured onto ice and neutralised with conc. sodium
hydroxide solution. The resulting solution was extracted with with ethyl acdtate.
solvent was evaporated to yield the crude product which was purified by column
chromatography (eluent 9:1 hexane: diethyl ether) yielding the title compound as a dark
brown oil.(34 g, 52%),

'H NMR (400 MHz)li (DMSO- dg): 4.71 (2H, sprtho on d>-CsHs-COCH,CHs), 4.50

(2H, s,metaon d>-CsHs-COCH,CHs), 4.19 (5H, sd>-CsHs), 2.78 (2H, qJ = 7.2 Hz,-
COCH,CHj), 1.27 (3H, tJ= 7.2 Hz,-COCH,CHj3);

*C NMR (100 MHz)l (DMSO- dg): 200.1 (C=0), 71.8 (0 4>-CsHs-COCH,CH),

70.1 (Gheta I-CsHs-COCH,CHs), 68.4 (Grino d°-CsHs-COCH,CHs), 65.5 @°-CsHs),

60.6 (COCH,CHjs, -ve DEPT), 17.7-COCH,CHs).

Methylferrocene (51)

Lithium aluminum hydride (1.42 g, 37.38 mmol) was dissolved in dry diethyl ether
(100 ml) undenitrogen at @C. Ferrocene carboxyaldehyde (4.00 g, 18.69 mmol) was
then added slowly followed by anhydrous aluminum chloride (4.98 g, 37.38 mmol).
The reaction mixture was than allowed to reflux afGSor 12 h. The reaction mixture
was then quenchenh ice. The ether layer was washed with water and dried over
MgSQO,. The solvent was removed vacuoto yield the crude producivhich was
purified by column chromatography {eluent 3:2 hexane: diethyl ether} yielding the title
product as a red oil (3.20 §0%),

'H NMR (400 MHz)U ( DMSO- dg): 4.12 (5H, sd>-CsHs), 4.09 (2H, smetaon d°-
CsHgs-alkyl), 4.02 (2H, sorthoond>-CsHs-alkyl), 1.95 ( 3H, s;CHa);

*C NMR (100 MHz)l (DMSO- ds): 89.5 (Gpso d°-CsHa-alkyl), 67.1 (Greta d*-CsHa-
CHa), 65.1 (Grino d-CsHa-alkyl), 65.8(d>-CsHs), 14.0 (CH).
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1-methyl-1 {ara-ferrocenyl ethyl benzoate 52)

Ethyl-4-aminobenzoate (4.13 g, 25.00 mmol) was dissolved in deionised water (30 ml)
at 0°C followed by addition of concentrated HCI (7 ml). Sodium mit(it.72 g, 25.00
mmol) was dissolved in deionised water (20 ml) &COand was then added to the
ethyk4-aminobenzoate solution with stirring at a temperature less thd. The
resulting pale yellow diazonium salt was then added to a solution of negtbgkéne
(5.00 g, 25.00 mmol) in dry diethyl ether (100 ml) and the reaction mixture was
allowed to stir at room temperature for 48 h. The reaction mixture was then washed
with water and brine and the organic layer was dried over Mg3@e solvent was
removedin vacuoto yield the crude productThe crude product was purified by column
chromatography {eluent 3:2 hexane: diethyl ether} yielding the title product as a red oil
(1.45 g, 16%),

'H NMR (400 MHd))7.81(2H, @M I.OHz, AH), 7.62(2H, d,J = 7.4

Hz, ArH), 4.82 (2H, s,ortho o n >-CgHs-benzoyl), 4.38 (2H, smetao n >-CgHa-
benzoyl), 4.32 (2H, q) = 6.8 Hz,-OCH,CHz) , 3. 9 0 >-GsHy-Hlkyl), #.6D ,(3H.d

s, -CHs), 1.19 (3H, t,J = 6.8 Hz,-OCH,CHy);

“C NMR (100 MHz: 169.0 (CEONSL@.3 (§, 128.3 (G), 127.0,
125.4, 90.0 (Gso A*-CsHs-alkyl), 85.7 (Goso A*-CsHa-benzoyl), 71.1 (Geta *-CsHa-
benzoyl), 69.8 (Gewa d™-CsHa-alkyl), 68.5 (Grino A™-CsHa-alkyl), 67.0 (Grino d>CsHa-
benzoyl), 61.3{OCH,CHjs, -ve DEPT), 14.4 (OCH,CHs), 13.9 (CHs).

1-methyl-1 {ara-ferrocenyl benzoic acid 63)

1-methytl para-ferrocenyl ethyl benzoate(1.45 g, 4.00 mmolwas dissolved in
methanol (50 ml) and a 10% v/v sodium hydroxide solution (50 ml) was then added.
The reactiommixture was then allowed to reflux at 8D for 12 h. The reaction mixture
was then cooled to @ and conc. HCI was added until the solution reached pH 2. The
product was isolated by filtration and recrystallisation from chloroform furnished the
desired poduct as an orange solid (0.60 g, 47%),

'H NMR (400 MHz) i (DMSO- dg): 12.85 (1H, s;COCH), 7.89 (2H, dJ = 7.2 Hz,

ArH), 7.68 (2H, tJ = 7.2 Hz, AH), 4.89 (2H, sprtho on d>-CsHs-benzoyl) , 4.41 (2H,

s, metaon d>-CsHs-benzoyl), 3.95 (4H, dd{*-CsH.-alkyl), 1.62 (3H, s;CHs);
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%C NMR (100 MHz) i (DMSO- dg): 169.9 (C=0), 140.3 (§, 128.4 (G), 127.1,
125.4, 92.6 (§so A*-CsHa-alkyl), 82.7 (Gpso A*-CsHa-benzoyl), 71.0 (Geta d>-CsHa-
benzoyl), 68.1 (Geta d*-CsHa-alkyl), 68.6 (Grtno d*-CsHa-alkyl), 67.2 (Gitno d*-CsHa-
benzoyl), 14.0-CHj3).

1-methyl-1 @ara-ferrocenyl benzoic acid b3) via diazonium coupling using 4
amino benzoic acid

4-Aminobenzoic acid (3.43 g, 25.00 mmol) was dissolved in deionised water (30 ml) at
0 °C followed by the ddition of concentrated HCI (7 ml). Sodium nitrite (1.72 g, 25.00
mmol) was dissolved in deionised water (20 ml) &COand was then added to the
ethyl4-aminobenzoic solution with stirring at a temperature less tha€.5The
resulting pale yellow diazamm salt was then added to a solution of methylferrocene
(5.00 g, 25.00 mmol) in dry diethyl ether (100 ml) and the reaction mixture was
allowed to stir at room temperature for 48 h. The reaction mixture was then washed
with water and brine and the orgam&yer was dried over MgSQO The solvent was
removedn vacuoto yield the crude productThe crude product was purified by column
chromatography {eluent 1:1 hexane: ethyl acetate} yielding the title product as a red oll
(1.65 g, 21%),

'H NMR (400 MHz)ti (DMSO- dg): 12.80 (1H, s;COCH), 7.79 (2H, dJ = 7.2 Hz,

ArH), 7.67 (2H, d,J) = 7.2 Hz, AH), 4.89 (2H, sprtho on d>-CsH4-benzoyl), 4.41 (2H,

s, metaon d°>-CsHs-benzoyl), 3.90 (4H, dd>-CsH.-alkyl), 1.62 (3H, s;CHs);

%C NMR (100 MHz) i (DMSO- dg): 174.3 (C=0), 140.1 (§, 132.4 (G), 126.5,
123.9, 91.6 (Gso A*-CsHs-alkyl), 80.7 (Goso A*-CsHa-benzoyl), 73.2 (Geta *-CsHa-
benzoyl), 69.8(Geta d-CsHa-alkyl), 68.0 (Guno d-CsHa-alkyl), 67.5 (Grino d>CsHa-
benzoyl), 13.1{CH3).

1-methyl-1 dnetaferrocenyl benzoic acid b4)

3-Aminobenzoic acid (3.43 g, 25.00 mmol) and methylferrocene (5.00 g, 25.00 mmol)
was used as starting materials. The title product was isolated by filtration and
recrystallisation from chloroform furnished the desipedduct as an orange solid (1.46

g, 18%),
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'H NMR (400 MHz)ti (DMSO- dg): 12.85 (1H, s;COCH), 8.00 (1H, s, ArH), 7.69
(2H, m, AH), 7.36 (1H, tJ = 7.2 Hz, AH), 4.87 (2H, sprtho on d°-CsH4-benzoyl),
4.41 (2H, smetaon d°-CsHs-benzoyl), 3.96 (4H, ddy>-CsHa-alkyl), 1.62 ( 3H, s;

CHg);

%C NMR (100 MHz) i (DMSO- dg): 170.3 (C=0), 136.5 (§, 135.8 (G), 129.4,
128.2, 127.3, 125.1, 90.0 & d>-CsHs-alkyl), 83.2 (Gyso d-CsHs-benzoyl), 72.2
(Creta 0*-CsHa-benzoyl), 68.8 (Geta d™-CsHa-alkyl), 68.0 (Grno d™-CsHa-alkyl), 67.3
(Cortno A°-CsH4-benzoyl), 13.9 ¢CHs).

1-methyl-1 @rtho-ferrocenyl benzoic acid b5)

2-Aminobenzoic acid (3.43 g, 25.00 mmol) and methylferrocene (5.00 g, 25.00 mmol)
was used as starting materials. The title product was isolated by filtration and
recrystallisation from chlorofon furnished the desired product as an orange solid (1.26
g, 16%),

'H NMR (400 MHz)ti (DMSO- dg): 12.85 (1H, s;COCH), 7.95 (1H, dJ = 7.6 Hz,
ArH), 7.77 (1H, tJ = 7.2 Hz, AH), 7.65 (1H, tJ = 6.4 Hz, AH), 7.40 (1H, dJ) = 7.6

Hz, ArH), 4.89 (2H, s,ortho on d>-CsHs-benzoyl), 4.41 (2H, smetaon d>-CsHa-
benzoyl), 3.95 (4H, ddi>-CsHs-alkyl), 1.62 ( 3H, s;CH>);

¥C NMR (100 MHz) i (DMSO- dg): 171.3 (C=0), 140.3 (§, 137.5 (G), 130.4,
128.7, 126.3, 125.9, 92.6 & d>-CsHs-alkyl), 80.7 (Gyso d-CsHs-benzoyl), 73.9
(Cineta 4>-CsHa-benzoyl), 68.2 (Gewa °-CsHa-alkyl), 67.9 (Gino d°-CsHa-alkyl), 67.0
(Cortno d™-CsHa-benzoyl), 13.5-CHy).

Ethylferrocene (56)

For compound6 acetyl ferrocene (4.00 g, 17.54 mmol) was used as a starting material.
The crude product was purified by column chromatography {eluent 3:2 hexane: diethyl
ether} yielding the titled product as a red oil (3.12 g, 83%),

'H NMR (400 MHHZ) : U 4 DMBOH:)54H0 (2 1,J =d..6 Hz,
metao n >-CgHs-alkyl), 4.09 (2H, tJ =1.6H z >-Csks-alkyl), 2.31 (2H, g, =7.6 Hz,
-CH,CHj), 1.14 (3H, tJ = 7.6 Hz,-CH,CHy);
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“C NMR (100 MHd)) 905 (GosMSHR-alkyl), 68.1 (Guetad™CsHa-
alkyl), 67.1 (Grno d°-CsHs-alkyl), 66.8( YCsHs), 21.7 ¢(CH,CHs, -ve DEPT), 14.5
CH.CHb).

Ethylferrocene (56) via Suzuki cross coupling

Ferrocerboronic acid (0.50 g, 2.17 mmol), iodoethane (0.34 g, 2.17 mmol),
{1,1-bis(diphenylphosphino) ferrocene}dichloropalladium(ll) (0.08 g) was dissolved
in dimethoxyethane (40 ml) and 5 ml of 3M NaOH was added. The reaction was
refluxed for 72 h. Water (30nl) was added and the reaction was extracted with
chloroform (150 ml). The combined organic layers were then washed with water (150
ml) and dried over MgS© The solvent was removed vacuoto yield the crude
product The crude product was purified bgolumn chromatography {elum 3:2
hexane: diethyl ether} yielding the titled product as a red oil (0.10 g, 20%)

1-ethyl-1 para-ferrocenyl benzoic acid 67)

4-Aminobenzoic acid (3.20 g, 23.36 mmol) was dissolved in deionised water (30 ml) at
0 °C followed by the addition of concentrated HCI (7 ml). Sodium nitrite (1.61 g, 23.36
mmol) was dissolved in deionised water (20 ml) &COand was then added to the
ethyF4-aminobenzoic solution with stirring at a temperature less tha€.5The
resulting pale yébw diazonium salt was then added to a solution of ethylferrocene
(5.00 g, 23.36 mmol) in dry diethyl ether (100 ml) and the reaction mixture was
allowed to stir at room temperature for 48 h. The reaction mixture was then washed
with water and brine and ehorganic layer was dried over MgsQOThe solvent was
removedn vacuoto yield the crude producthe title product was isolated by filtration

and recrystallisation from chloroform furnished the desired product as an orange solid
(1.80 g, 23%),

'HNMR @00 MHz) -t 12BISH) s;COCH), 7.86 (2H, dJ = 7.6 Hz,

ArH), 7.62 (2H, d,J = 7.6 Hz, AH), 4.82 (2H, t,J =1.6 Hz, ortho 0 n >-CgHa-
benzoyl), 4.31 (2H, t) =1.6 Hz, metao n>-CgHsbenz oyl ), 3PCHEt (4 H, dd
alkyl), 2.04 (2H, qJ = 7.2 Hz,-CH,CH), 0.97 (3H, tJ = 7.2 Hz,-CH,CHsy);
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“C NMR (100 MHzy: 167.3 (CEONSL®L.3 (§, 129.4 (G), 127.5,
125.4, 91.6 (Gso A*-CsHs-alkyl), 81.3 (Goso A*-CsHa-benzoyl), 70.2 (Geta *-CsHa-
benzoyl), 68.8 (Geta d*-CsHa-alkyl), 68.6 (Corno d™-CsHa-alkyl), 67.0 (Grno d™-CsHa-
benzoyl), 20.7CH,CHjs, -ve DEPT), 14.4-CH,CHj3).

1-ethyl-1 -@netaferrocenyl benzoic acid b8)

3-Aminobenzoic acid (3.20 g, 23.36 mmol) and ethylferrocene (5.00 g, 23.36 mmol)
was used as starting materialBhe title product was isolated by filtration and
recrystallisation from chloroform furnished the desired product as an orange solid (1.48
g, 19%),

'H NMR (400 MHdg) 12.85 (XHDSM®CH), 8.05 (1H, s,ArH), 7.70-

7.66 (2H, m, AH), 7.39 (1Ht,J = 7.2 Hz, AH), 4.89 (2H, tJ =1.6 Hz, orthoo n>- d
CsHa-benzoyl), 4.41 (2H, t) =1.6 Hz, metao n>-CgHsbenz oyl ), 3% 95 (4 H,
CsHg-alkyl), 2.31 (2H, qJ =7.6 Hz, -CH,CHj3), 1.14 (3H, tJ = 7.6 Hz,-CH,CHsy);

“C NMR (100 MHzy: 169.3 (CEOY 8.5 (¢, 135.8 (G), 132.4,
128.7, 127.7, 125.9, 91.6 & d>-CsHs-alkyl), 81.7 (Gyso d-CsHs-benzoyl), 71.2
(Crmeta *-CsHa-benzoyl), 68.8 (Geta d*-CsHa-alkyl), 68.6 (Grino d*-CsHa-alkyl), 66.9

(Cortho d>-CsH4-benzoyl), 23.0-CH,CHs,-ve DEPT), 13.5-CH,CHs).

1-ethyl-1 -@rtho-ferrocenyl benzoic acid 69)

2-Aminobenzoic acid (3.20 g, 23.36 mmol) and ethylferrocene (5.00 g, 23.36 mmol)
was used as starting materials. The title product was isolated by filtration and
recrystallisatiorfrom chloroform furnished the desired product as an orange solid (1.29
g, 17%),

'H NMR (400MHz ) U -(ddp ¥28B (1H, s;COCH), 7.97 (1H, dJ = 7.6 Hz,
ArH), 7.74 (1H, tJ = 7.2 Hz, AH), 7.62 (1H, tJ = 6.4 Hz, AH), 7.44 (1H,dJ = 7.6

Hz, ArH), 4.89 (2H, tJ =1.6 Hz, ortho o n >-CgHs-benzoyl), 4.41 (2H, t) =1.6 Hz,
metao n >-CgHsbenz oy | ), 3%CHFalk(l)42B2 (2H, d,) =76 Hz, -
CH,CHjg), 1.13 (3H, tJ = 7.6 Hz,-CH,CHy);

¥C NMR (100 MHdg))169.3 (CE@),MBA (F, 135.8 (G), 131.4, 127.2,
126.3, 125.1, 89.6 (o d*-CsHs-alkyl), 80.7 (Gyso d°-CsHa-benzoyl), 70.2 (Gieta o
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CsHa-benzoyl), 68.8 (Gewa d°-CsHa-alkyl), 68.6 (Grno d°-CsHa-alkyl), 67.0 (Grino o
Q5H4-benzoyl), 22.7-@2CH3, -ve DEPT), 140-@"'2%3)

Propylferrocene 60)

For compound60 propionyl ferrocene (4.00 g, 16.53 mmol) was ussda starting
material. The crude product was purified by column chromatography {eluent 3:2
hexane: diethyl ether} yielding the titled product as a red oil (3.16 g, 84%),

'H NMR (400 MHHZ): 0 4 DMEGH)54H9 (2 smetdo n > d
CsHs-alkyl), 4.05 (2H, s,ortho o n >-CgHs-alkyl), 2.31 (2H, t,J = 7.6 Hz, -
CH,CH,CH3), 1.54 - 1.45 (2H, m,-CH,CH,CHgz), 0.92 (3H, t,J = 7.2 Hz, -
CH,CH,CHy);

“C NMR (100 MHd) 9UE (GsidMSHR-alkyl), 69.1 (Greta °-CsHa-
alkyl), 68.1 (Grno d°-CsHs-alkyl), 66.8 ( YCsHs), 30.3 (CH,CH;CHs, -ve DEPT),

22.7 (CH,CH,CHs, -ve DEPT), 14.4-CH,CH,CHs).

1-propyl-1 para-ferrocenyl benzoic acid(61)

4-Aminobenzoic acid (3.01 g, 21.93 mmol) was dissolved in deionised water (30 ml) at
0 °C followed by the addition of concentrated HCI (7 ml). Sodium nitrite (1.51 g, 21.93
mmol) was dissolved in deionised water (20 ml) &COand was then added to the
ethyF4-aminobenzoic solution with stirring at a temperature less tha€.5The
resulting paleyellow diazonium salt was then added to a solution of propyl ferrocene
(5.00 g, 21.93 mmol) in dry diethyl ether (100 ml) and the reaction mixture was
allowed to stir at room temperature for 48 h. The reaction mixture was then washed
with water and brinerad the organic layer was dried over MgSQhe solvent was
removedn vacuoto yield the crude producthe title product was isolated by filtration

and recrystallisation from chloroform furnished the desired product as an orange solid
(1.61 g, 21%),

'H NMR (400MHz ) U -(ddp ¥28B (1H, s;COCH), 7.86 (2H, dJ = 7.4 Hz,

ArH), 7.62 (2H, dJ = 7.4 Hz, AH), 4.82 (2H, sprthoo n >-CgHs-benzoyl), 4.38 (2H,
s,metao n>-CgHsbenzoyl ), P-CHraky),4194 (2H] td = 7.6|Hz, -



CH,CH,CHs), 1.40 - 1.27 (2H, m,-CH,CH,CHs), 0.75 (3H, t,J = 7.6 Hz, -
CH,CH2CHa);

“C NMR (100 DM&Bzd)): 167.3((C=0), 144.3 (§ 129.3 (G), 127.5,
125.4, 89.3 (Gso *-CsHs-alkyl), 81.7 (Guso ™-CsHs-benzoyl), 70.1 (Geta *-CsHa-
benzoyl), 68.8 (Geta d-CsHa-alkyl), 68.5 (Grino A*-CsHa-alkyl), 67.0 (Grino d*-CsHa-
benzoyl), 32.3 CH,CH,CHs, -ve DEPT), 22.0 CH,CH,CHs, -ve DEPT), 14.4 |
CH,CH,CHj).

1-propyl-1 @netaferrocenyl benzoic acid 62)

3-Aminobenzoic acid (3.01 g, 21.93 mmol) and propyldeene (5.00 g, 21.93 mmol)

was used as starting materials. The title product was isolated by filtration and
recrystallisation from chloroform furnished the desired product as an orange solid (1.48
g, 19%),

'H NMR ( 4 0 0DM86 zis): 12i85 (1H, s;COOH), 8.00 (1H, s,ArH), 7.65

(2H, m, AH), 7.30 (1H, tJ = 7.2 Hz, AH), 4.89 (2H, sprthoo n >-CgH.-benzoyl),

4.41 (2H, smetao n>-CgHsb enz oy | ), 3 CsBlEalky),281 CHdtd = d
7.6 Hz, -CH,CH,CHs), 1.54- 1.45 (2H, m,-CH,CH,CHs), 0.92 (3H, tJ = 7.2 Hz, -
CH,CH,CHy);

“C NMR (100 MHzy: 168.3 (CBOYSIED.5 (f, 136.8 (G), 132.4,
128.9, 127.5, 125.7, 89.6 & d*-CsHs-alkyl), 82.7 (Guso d-CsHs-benzoyl), 72.2
(Crmeta d™-CsHa-benzoyl), 68.9 (Geta d>-CsHa-alkyl), 686 (Cortno d™-CsHa-alkyl), 67.0
(Cortho d°-CsH4-benzoyl), 31.3 CH,CH,CHs, -ve DEPT), 22.7 -CH,CH,CHs, -ve
DEPT), 14.4 {CH,CH,CHs).

1-propyl-1 -@rtho-ferrocenyl benzoic acid 63)

2-Aminobenzoic acid (3.01 g, 21.93 mmol) and propyl ferrocene (5.20.93 mmol)

was used as starting materials. The title product was isolated by filtration and
recrystallisation from chloroform furnished the desired product as an orange solid (1.26
g, 17%),

'H NMR (400 MHd) 1285 (IHDIVSOOH), 7.95 (1H, dJ = 7.6 Hz,

ArH), 7.77 (1H, tJ = 7.2 Hz, AH), 7.65 (1H, tJ = 6.4 Hz, AH), 7.40 (1H,dJ = 7.6
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Hz, ArH), 4.89 (2H, s,ortho o n >-CgHs-benzoyl), 4.41 (2H, smetao n >-CgHa-
benzoyl ), 3-CshSalky]), 281 (2Hdtd = 7.6Hz, -CH,CH,CHs), 1.54-
1.45 (2H, m;CH,CH,CHs), 0.92 (3H, tJ = 7.2Hz, -CH,CH,CHj);

“C NMR (100 MHzy: 169.3 (CBQYSI8B.5 (f, 135.8 (G), 130.4,
128.2, 126.3, 124.1, 90.6 & d>-CsHs-alkyl), 82.7 (Gso d°-CsHs-benzoyl), 71.2
(Cineta 4>-CsHa-benoyl), 68.7 (Gneta °-CsHa-alkyl), 68.2 (Grno d°>-CsHa-alkyl), 67.1
(Cortho d>-CsHa-benzoyl), 34.3 {CH,CH,CHs, -ve DEPT), 22.0 -CH,CH,CHs, -ve
DEPT), 14.0 {CH,CH,CHs).

General procedure for the synthesis of-methyl-1 -dN-ferrocenylbenzoyl dipeptide
ethyl esters

1-methyl-1 -0N-{para -(ferrocenyl) benzoyl} glycine glycine ethyl esterG4)

1-methytl -N-para ferrocenyl benzoicacid (0.25 g, 0.78 mmol) was dissolved in
dichloromethane (100 ml) at . N-(3-dimethylaminopropyPNé-ethylcarbodiimide
hydrodloride (0.15 g, 0.78 mmol) -Aydroxybenotriazole (0.11 g, 0.78 mmol), glycine
glycine ethyl ester hydrochloride (0.13 g, 0.78 mmol) and triethylamine (3 ml) were
added and the reaction mixture was allowed to stir €& @or 45 min. The reaction
mixture was then allowed to stir at room temperature for 48 h. The reaction mixture
was then washed with water and brine. The organic layer was then dried oves.MgSO
The solvent was removed vacuoto yield the crude producihe crude product was
purified by cdumn chromatography {eluent 1:1 hexane: ethyl acetate} yielding the
titled product as an orange solid (0.10 g, 28%), m.p77/5°C;

Mass spectrum: [M+Na]found: 485.1289

Co4H26N204FeNa requires: 485.1291

.R. gmax(KBr): 3300 (NH), 174qC=0este), 1630(C=Chmiad, 1608(C=Oumigd CM*;

UV-ViSs &max EtOH: 360, 451m:;

'H NMR (400 MHz)ti (DMSO- dg): 8.76 (1H, tJ = 6.0 Hz, -CONH-), 8.35 (1H, tJ =

6 Hz, -CONH-), 7.82 (2H, dJ = 8.4 Hz, AH), 7.60 (2H, dJ = 8.4 Hz, AH), 4.80

(2H, s,ortho on d°>-CsH4-benzoyl), 4.35 (2H, snetaon d°>-CsHa-benzoyl), 4.09 (2H, q,

J = 7.2 Hz,-OCH,CHs3), 3.90- 3.80 {8H, m, >-CsHs-alkyl), (NHCH,CHO-), (-
NHCH,CHO-)}, 1.58 (3H, s-CHs), 1.19 (3H, tJ = 7.2 Hz,-OCH,CHz);
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3C NMR (100 MHz)ti (DMSO- dg ): 171.5 (C=0), 168.2 (C=0), 166.5 (C=0), 142.3
(Cg), 130.8 (@), 127.4, 125.2, 92.3 (g d*-CsHs-alkyl), 82.0 (Gpso d*-CsHa-benzoyl),
70.4 (Greta °-CsHa-benzoyl), 69.1 (Gew d°-CsHa-alkyl), 68.4 (Grino d°-CsHa-alkyl),
66.2 (Cortho d°-CsHa-benzoyl), 61.5OCH,CHs, -ve DEPT), 42.6 {NHCH,CHO-, -ve
DEPT), 40.7 {NHCH,CHO-, -ve DEPT), 14.5-O0CH,CHs), 14.2 (CHz).

1-methyl-1 -IN-{para-(ferrocenyl) benzoyl} glycine L-alanine ethyl ester ¢5)

Glycine L-alanine ethyl ester hydebloride (0.14 g, 0.78 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.08 g, 22%),
[Jp2°=-10°(c 0.1, EtOH);

Mass spectrumM-+Na]” found: 499.1394

CasH2sN204FeNa requires: 499.1396

.R. Omax (KBr): 3295 (NH), 1743C=0cste), 1636(C=Cumiad, 1608(C=Chmigd CM *;

UV-Vis amax EtOH: 360, 451 nm;

'H NMR (400 MHz)l (DMSO- dg): 8.67 (1H, tJ = 6.4 Hz, -CONH-), 8.41 (1H, d)

= 7.0 Hz, -CONH-), 7.80 (2H, dJ = 8.4 Hz, AH), 7.61 (2H, dJ = 8.4 Hz, AH),
4.81 (2H, sprtho on d>-CsHa-benzoyl), 4.36 (2H, snetaon d>-CsHa-benzoyl), 4.31
4.24 ( 1H, m-CHCHjg), 4.05 (2H, gJ = 6.8 Hz,-OCH,CHg3) , 3.96- 3.85 {6H, m,
(d°-CsHs-alkyl), (-NHCH,CO-)}, 1.60 (3H, s,-CHs), 1.31 (3H, tJ = 6.2 Hz,-CHCHj),

1.18 (3H, tJ = 6.8 Hz,-OCH,CHjy);

3C NMR (100 MHz)ti (DMSO- dg): 172.5 (C=0), 169.0 (C=0), 166.5 (C=0), 142.5
(Cg), 130.8 (@), 127.4, 125.2, B3 (Gpso I*-CsH4-alkyl), 82.0 (Gpso A*-CsHa-benzoyl),
71.0 (Greta I>-CsHa-benzoyl), 69.8 (Gewn d°-CsHa-alkyl), 68.5 (Grino d°-CsHa-alkyl),
66.9 (Grno d°-CsHa-benzoyl), 60.9 OCH,CHs, -ve DEPT), 47.6 CHCHs), 42.0 ¢
NHCH,CHO-, -ve DEPT), 17.0-CHCH3), 14.5 ¢(OCH,CHj3), 14.0 ¢CHj).

1-methyl-1 -N-{para-(ferrocenyl) benzoyl} glycine L-leucine ethyl ester §6)

Glycine L-leucine ethyl ester hydrochloride (0.17 g, 0.78 mmol) was used as a starting
material. The crude product was purified by columnoofatography {eluent 1:1
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hexane: ethyl acetate} and recrystallisation from hexane: ethyl acetate yield the desired
product as an orange solid (0.07 g, 17%), m.p-144°C;

[Up2°=-17°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 541.1884

CogH34N204FeNa requires: 541.1888

.R. Gmax(KBr): 3267 (NH), 174ZC=0este), 1640(C=Oamidad, 1610(C=Oamiad CM ;
UV-Vis amax EtOH: 358, 450 nm;

'H NMR (400 MHz) i (DMSO- dg): 8.65 (1H, tJ = 6.0 Hz, -CONH-), 8.33 (1H, dJ
= 7.6 Hz, -CONH-), 7.80 (2H, dJ = 8.0 Hz, AH), 7.60 (2H, dJ = 8.0 Hz, AH),
4.82 (2H, s,ortho on d>-CsHs-benzoyl), 4.37- 4.29 {3H, m, (neta on d>-CsHy-
benzoyl), (-CH(CH,CH(CH3),)}, 4.08 (2H, q,J = 7.2 Hz,-OCH,CHjs), 3.96- 3.85
{6H, m, (q5-C5ﬂ4-alkyI), (-NHCH,CO-)}, 1.63 - 140 {6H, m, (CHs), (-
CH(CH,CH(CHg))}, 1.18 (3H, t,J = 7.2 Hz, -OCH,CHs), 0.9t 0.89 {6H, m, -
CH(CH,CH(CHg)2};

3C NMR (100 MHz)ti (DMSO- dg): 172.5 (GO), 169.2 (C=0), 166.2 (C=0), 142.2
(Cg), 130.8 (@), 127.4, 125.2, 90.4 (§a d*-CsHs-alkyl), 84.2 (Gpso A*-CsHa-benzoyl),
70.1 (Greta d-CsHa-benzoyl), 70.0 (Gewa -CsHa-alkyl), 68.4 (Guno d-CsHa-alkyl),
66.9 (Guo d-CsHs-benzoyl), 60.4 -OCH,CH;, -ve DEPT), 50.3 {
CH(CH,CH(CHs)2}, 42.0 (NHCH,CHO-, -ve DEPT), 39.4 {CH(CH,CH(CHk),), -ve
DEPT}, 24.2 {CH(CH.CH(CH3)}, 22.7 (CH(CH.CH(CHy),}, 214 ({-
CH(CH,CH(CHs)2}, 14.0 (OCH,CHs), 13.2 {CHs).

1-methyl-1 -IN-{para-(ferrocenyl) benzoyl} glycire L-phenylalanine ethyl ester §7)

Glycine L-phenylalanine ethyl ester hydrochloride (0.20 g, 0.78 mmol) was used as a
starting material. The crude product was purified by column chromatography {eluent
1:1 hexane: ethyl acetate} and recrystallisation fioexane: ethyl acetate yield the
desired product as an orange solid (0.07 g, 16%), m-[882C;

[Up?° = +6°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 575.1794

Cs1H32N204FeNa requires: 575.1796

.R. Omax (KBr): 3263(NH), 1735(C=0este), 1663(C=Canmiad, 1609(C=Omiad cnmi’;
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UV-Vis amax EtOH: 358, 448 nm;

'H NMR (400 MHz)U (DMSO- dg): 8.68 (1H, tJ = 6.4 Hz, -CONH-), 8.34 (1H, d)
= 7.6 Hz, -CONH-), 7.81 (2H, dJ = 8.4 Hz, AH), 7.60 (2H, dJ = 8.4 Hz, AH),
7.27- 7.21 {5H, m,-CH(CH,Ph)}, 4.80 (2H, s,ortho on d°>-CsHa-benzoyl), 4.47 4.45
{1H, m, -CH(CH,Ph)}, 4.35 (2H, smetaon d>-CsHs-benzoyl), 4.04 (2H, q] = 7.2 Hz,
-OCH,CHs), 3.96- 3.85 {6H, m, ([>-CsHa-alkyl), (NHCH,CO-)}, 3.06 - 2.93 {2H, m,
-CH(CH.Ph)}, 1.57 (3H, s,-CHg), 1.12 ( 3H, tJ = 7.2 Hz,-OCH,CHj);

3C NMR (100 MHz)ti (DMSO- dg): 172.4 (C=0), 169.2 (C=0), 166.3 (C=0), 142.0
(Cy) 136.9 (G), 130.7 (), 129.1, 128.0, 127.4, 126.0, 125.2, 90.2,s{Q>-CsHa-
alkyl), 82.0 (Gpso *-CsHa-benzoyl), 71.4 (Getad>-CsHa-benzoyl), 71.0 (Getad>-CsHa-
alkyl), 68.0 (Grtno d>-CsHa-alkyl), 66.4 (Grno *-CsHs-benzoyl), 61.4-OCH,CHs, -ve
DEPT), 53.6 {CH(CH,Ph)}, 42.9 (NHCH,CHO-, -ve DEPT), 36.7 {CH(CH.Ph),-ve
DEPT}, 14.0 {OCH,CHs), 132 (-CHs).

1-methyl-1 -N-{meta(ferrocenyl) benzoyl} glycine glycine ethyl esterg8)

Glycine glycine ethyl ester hydrochloride (0.13 g, 0.78 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane ethyl acetate} yielding the titled product as a red oil (0.09 g, 25%),

Mass spectrum: [M+Na]found: 499.1286

Co4H26N204FeNa requires: 485.1291

.R. Omax (KBr): 3350(NH), 1751(C=0este), 1627(C=Oamiad, 1602(C=0amiad CM;

UV-Vis amax EtOH: 333, 44hm;

'H NMR (400 MHz)ti (DMSO- dg): 8.65 (1H, tJ = 6.0 Hz, -CONH-), 8.30 (1H, tJ =

7.6 Hz, -CONH-), 8.00 (1H, s,ArH), 7.69- 7.67 (2H, m, AH), 7.39 (1H, tJ = 7.2

Hz, ArH), 4.80 (2H, s,ortho on d>-CsHs-benzoyl), 4.31 (2H, smeta on d>-CsHa-
benzoyl), 4.10 (2H, q] = 7.2 Hz,-OCH,CHs) , 3.91- 3.82 {8H, m, (-CsHs-alkyl), (-
NHCH,CHO"), (-NHCH,CHO-)}, 1.61 (3H, s,-CHs), 1.18 (3H, tJ = 7.2 Hz, -
OCH,CHg);

3C NMR (100 MHz)ti (DMSO- dg): 170.5 (C=0), 167.2 (C=0), 166.5 (C=0), 136.5
(Cy), 135.8 (G), 129.4, 128.2, 127.3, 125.1, 92.3,(5d>-CsHs-alkyl), 82.0 (Gpso -
CsHa-benzoyl), 70.4 (Geta I°-CsHa-benzoyl), 69.1 (Geta I>-CsHa-alkyl), 68.4 (Grino
d>-CsHa-alkyl), 66.2 (Grno d°-CsHs-benzoyl), 61.5 OCH,CHs, -ve DEPT), 42.6

172



NHCH,CHO-, -ve DEPT), 40.7-NHCH,CHO-, -ve DEPT), 14.50CH,CHj), 14.2
CHjy).

1-methyl-1 -IN-{meta-(ferrocenyl) benzoyl} glycine L-alanine ethyl ester §9)

Glycine L-alanine ethyl ester hydrochloride (0.14 g, 0.78 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.08 g, 22%),

[Up2°= -13°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 499.1391

CosH2gN20O4FeNa requires: 499.1396

.R. gmax (KBr): 3311 (NH), 175 C=0kste), 1620(C=Camigd, 1601(C=Oumiad cm’*;

UV-Vis amax EtOH: 333, 447 nm;

'H NMR (400 MHz) Ui (DMSO- dg): 8.65 (1H, tJ = 6.0 Hz, -CONH-), 8.30 (1H, d,

= 7.6 Hz, -CONH-), 8.05 (1H, s,ArH), 7.70- 7.69 (2H, m, AH), 7.39 (1H,tJ=7.2

Hz, ArH), 4.81 (2H, s,ortho on d>-CsHs-benzoyl), 4.34 (2H, smeta on d>-CsHa-
benzoyl), 4.36 4.24(1H, m,-CHCHj3), 4.00 (2H, qJ = 6.6 Hz,-OCH,CH3) , 3.92-

3.84 {6H, m, (>-CsHas-alkyl), (NHCH,CO-)}, 1.59 (3H, s, -CHs), 1.31 (3H, tJ = 6.2
Hz,-CHCH,), 1.15 (3H, tJ = 6.6 Hz,-OCH,CHy);

¥C NMR (100 MHz)ti (DMSO- dg): 170.5 (C=0), 167.0 (C=0},66.9 (C=0), 136.5
(Cy), 135.8 (G), 129.0, 128.2, 126.3, 125.1, 90.3,65d>-CsHs-alkyl), 81.0 (Gso -
CsHa-benzoyl), 70.9 (Geta °-CsHa-benzoyl), 68.4 (Gewa I>-CsHa-alkyl), 67.5 (Grino
d>-CsHa-alkyl), 66.4 (Grno d>-CsHa-benzoyl), 60.8 OCH,CHs, -ve DEPT), 48.5
CHCHsy), 42.2 (NHCH,CHO-, -ve DEPT), 17.0-CHCHj3), 14.9 (OCH,CHs), 14.5 ¢

CHb).

1-methyl-1 -IN-{meta(ferrocenyl) benzoyl} glycine L-leucine ethyl ester 70)

For compoundb?2 glycine L-leucine ethyl ester hydrochloride (0.17 g, 0.78 afjrwvas

used as a starting material. The crude product was purified by column chromatography
{eluent 1:1 hexane: ethyl acetate} yielding the titled product as a red oil (0.07 g, 17%),
[Up%° =-19(c 0.1, EtOH);

Mass spectrum: [M+N4&]found: 541.1883
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CogH34N204FeNa requires: 541.1888

.R. max(KBr): 3287 (NH), 174ZC=0este), 1649(C=Oamidd, 1610(C=Oamiad CM ;
UV-Vis amax EtOH: 330, 445 nm;

'H NMR (400 MHz) i (DMSO- dg): 8.65 (1H, t,J = 6.0 Hz, -CONH-), 8.30 (1H, d,)
= 7.6 Hz, -CONH-), 8.00 (1H, s,ArH), 7.69- 7.66 (2H, m, AH), 7.39 (1H,tJ =7.0
Hz, ArH) 4.83 (2H, s,ortho on d>-CsHs-benzoyl), 4.36 (2H, smetaon d>-CsHa-
benzoyl), 4.35- 4.27 {1H, m, -CH(CH,CH(CHs),)}, 4.15 (2H, q,J = 7.2 Hz,-
OCH,CHs) , 3.92- 3.86 {6H, m, (>-CsHa-alkyl), ((NHCH,CO-)}, 1.69- 1.45 {6H, m,
( -CHs), (-CH(CH,CH(CHs),)}, 1.15 (3H, t,J = 7.2 Hz,-OCH,CHjz), 0.90- 0.85 {6H,
m, -CH(CH,CH(CHs)2};

3¢ NMR (100 MHz) Ui (DMSO- dg): 171.7 (C=0), 169.2 (C=0), 166.8 (C=0), 136.5
(Cy), 135.8 (G), 129.4, 128.2, 127.3, 126.1, 86.4p(cd>-CsHs-alkyl), 82.1 (Gpso -
CsHa-benzoyl), 71.4 (Gea I™-CsHa-benzoyl), 70.1 (Geta d™-CsHa-alkyl), 68.1 (Gino
d>-CsHa-alkyl), 66.5 (Grino d°-CsHa-benzoyl), 61.040CH,CHs, -ve DEPT), 51.0
{-CH(CH,CH(CH),)}, 42.7 (NHCH,CHO-, -ve DEPT), 39.5 {CH(CH,CH(CHs)»), -
ve DEPT}, 25.0{CH(CH,CH(CHs).)}, 22.7 {-CH(CH,CH(CHs),)}, 21.4 {-
CH(CH;CH(CHz)2)}, 14.9 ((OCH,CHs), 13.0 (CHs).

1-methyl-1 -dN-{meta(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester {1)

Glycine L-phenyalanine ethyl ester hydrochloride (0.20 g, 0.78 mmol) was used as a
starting material. The crude product was purified by column chromatography {eluent
1:1 hkexane: ethyl acetate} yielding the titled product as a red oil (0.06 g, 14 %),

[Up®° = +8°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 575.1774

Cs1H32N204FeNa requires: 575.1766

.R. Omax (KBr): 3273 (NH), 1729C=0este), 1653(C=Canmiad, 1599(C=Oamiad cmi’;

UV-Vis amax EtOH: 333, 449 nm;

'H NMR (400 MHz) i (DMSO- dg): 8.68 (1H, t,J = 6.0 Hz, -CONH-), 8.32 (1H, d,)

= 7.6 Hz, -CONH-), 7.99 (1H, s,ArH), 7.71- 7.69 (2H, m, AH), 7.40 (1H,tJ=7.0

Hz, ArH), 7.20- 7.17 {5H, m,-CH(CH,Ph)}, 4.83 (2H, s,ortho on d°-CsHs-benzoyl),

4.45- 440 {1H, m,-CH(CH,Ph)}, 4.35 (2H, smetaon d>-CsHs-benzoyl), 4.04 (2H, q,
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J= 7.2 Hz,-OCH,CHs) , 3.95-3.87 {6H, m, (>-CsHs-alkyl), (-(NHCH,CO-)}, 3.06 -
2.93 {2H, m,-CH(CH,Ph)}, 1.55 (3H, s,-CHz), 1.12 ( 3H, tJ = 7.2 Hz,-OCH,CHb);

13C NMR (100MHz) U (DMSO- dg): 170.4 (C=0), 169.2 (C=0), 166.3 (C=0), 137.2
(Cy), 134.9 (G), 130.3 (@), 129.1, 128.4, 127.3,126.1, 125.5, 124.1, 122.7, 91,2 (C
d*-CsHa-alkyl), 80.0 (Guso I™-CsHa-benzoyl), 70.4 (Geta d*-CsHa-benzoyl), 70.0 (Geta
d>-CsHa-alkyl), 68.4 (Grno d>-CsHa-alkyl), 67.9 (Guno d*-CsHa-benzoyl), 60.8
OCH,CHs, -ve DEPT), 53.0 {CH(CH,Ph)}, 42.7 {(NHCH,CHO-, -ve DEPT), 37.7 {
CH(CH,Ph),-ve DEPT}, 14.1 {OCH,CHs), 13.0 (CHj).

1-methyl-1 -N-{ortho-(ferrocenyl) benzoyl} glycine glyine ethyl ester 72)

Glycine glycine ethyl ester hydrochloride (0.13 g, 0.78 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (Q.28%),

Mass spectrum: [M+Na]found: 485.1289

Co4H26N204FeNa requires: 499.1291

.R. gmax (KBr): 3310 (NH), 174(C=Ceste), 1627(C=Chmiad, 1618(C=Cumiad CM *;

UV-Vis amax EtOH: 330, 445 1m;

'H NMR (400 MHz)ii (ds DMSO): 8.74 (1H, tJ = 6.0 Hz, -CONH-), 8.33 (1H, tJ =

6 Hz, -CONH-), 7.99 (1H, dJ = 7.0 Hz, AH), 7.80 (1H, tJ = 7.2 Hz, AH), 7.69

(1H, t,J = 6.4 Hz, AH), 7.40 (1H, d,J = 7.6 Hz, AH), 4.83 (2H, sprtho on d°-CsH.-
benzoyl), 4.36 (2H, snetaon d>-CsHs-benzoyl), 4.11 (2H, ) = 7.2 Hz,-OCH,CHs),

3.96- 3.85 {8H, m, (>-CsHa-alkyl), ((NHCH,CHO-), ((NHCH,CHO-)}, 1.60 (3H, s, -

CHs), 1.19 (3H,t]J =7.2 Hz,-OCH,CHy);

13C NMR (100 MHz)li (ds DMSO): 170.5 (C=0), 169.0 (C=0), 168.3 (C=0), 137.5
(Cy), 135.8 (G), 130.4, 128.2, 127.3, 126.1, 93.3,(5d>-CsHs-alkyl), 83.6 (Gpso -
CsHa-benzoyl), 71.7 (Geta d-CsHa-benzoyl), 70.5 (Geta I™-CsHa-alkyl), 68.9 (Grno
d>-CsHa-alkyl), 66.2 (Grno d°-CsHs-benzoyl), 61.5 OCH,CHs, -ve DEPT), 43.5
NHCH,CHO-, -ve DEPT), 40.7-NHCH,CHO-, -ve DEPT), 14.6-OCH,CHs), 14.0 ¢

CHb).
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1-methyl-1 -!N-{ortho-(ferrocenyl) benzoyl} glycine L-alanine ethyl ester {3)

Glycine L-alanine ethyl ester hydrochloride (0.14 g, 0.78 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titlebguct as a red oil (0.07 g, 19%),
[Jp%°=-15°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 499.1395

CosH2sN20O4FeNa requires: 499.1396

.R. Gmax (KBr): 3300 (NH), 1743C=0este), 1630(C=Oamidgd, 1600(C=Oamiad CM *;
UV-Vis amax EtOH: 324, 448 nm;

'H NMR (400 MHz) i (DMSO- dg): 8.74 (1H, tJ = 6.0 Hz, -CONH-), 8.33 (1H, d))

= 6 Hz, -CONH-), 7.99 (1H, dJ = 7.2 Hz, AH), 7.81 (1H, tJ = 7.0 Hz, AH), 7.69
(1H, t,J = 6.4 Hz, AH), 7.40 (1H, d,J = 7.6 Hz, AH), 4.80 (2H, sprtho on d°>-CsH.-
benzoyl),4.35 (2H, smetaon d>-CsHs-benzoyl), 4.314.24 (1H, m-CHCHz), 4.11
(2H, q,J = 6.8 Hz,-OCH,CHs), 3.93- 3.84 {6H, m, (-CsHs-alkyl), ((NHCH,CO-)},
1.58 (3H, s,-CHs), 1.30 (3H, t,J = 6.2 Hz,-CHCHg3), 1.17 (3H, t,J = 6.8 Hz, -
OCH,CHy);

13C NMR (100 MHz) i (DMSO- dg): 171.9 (C=0), 169.0 (C=0), 168.2 (C=0), 137.5
(Cy), 136.8 (G), 130.4, 128.2, 127.3, 126.1, 92.6,(d>-CsHs-alkyl), 84.0 (Gpso -
CsHa-benzoyl), 71.0 (Geta d-CsHa-benzoyl), 68.3 (Gewa I-CsHa-alkyl), 68.0 (Grno
d>-CsHa-alkyl), 66.1 (Guno d°-CsHs-benzoyl), 62.4 OCH,CHs, -ve DEPT), 47.3 {
CHCHs), 42.0 {NHCH,CHO-, -ve DEPT), 17.1CHCHs), 14.9 (OCH,CHs), 13.4 ¢
CH).

1-methyl-1 -dN-{ortho-(ferrocenyl) benzoyl} glycine L:-leucine ethyl ester 14)

Glycine L-leucine ethyl eer hydrochloride (0.17 g, 0.78 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.06 g, 15%),

[ @ =-21°(c0.1, EtOH);

| . Ra(KBy): 3260 (NH), 174C=0este), 1639(C=Chmiad, 1611(C=Oumigd CM *;

UV-Vis amax EtOH: 322, 449 nm;
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'H NMR (400 MHz)Ui (DMSO- dg): 8.43 (1H, tJ = 7.6 Hz, -CONH-), 8.23 (1H, d,J
= 7.6 Hz, -CONH-), 7.83 (1H, d,J = 7.2 Hz, AH), 7.50 (1H, tJ = 6.8 Hz, AH),
7.27 (1H, t,J = 6.8 Hz, AH), 7.15 (1H, dJ = 7.2 Hz, AH), 4.82 (2H, sprthoond’-
CsHs-benzoyl), 4.37 4.20 {3H, m, Mmetaon d°-CsH4-benzoyl), {CH(CH,CH(CH),)},
4.07 (2H, q,J = 7.0 Hz, -OCH,CHs), 3.96 - 3.85 {6H, m, (°-CsHs-alkyl), (-
NHCH,CO-)}, 1.63- 1.49 {6H, m, (CHs), (-CH(CH,CH(CHs),)}, 1.18 (3H, t,J = 7.0
Hz,-OCH,CHs), 0.91- 0.89 {6H, m,-CH(CH,CH(CHs)2)};

3C NMR (100 MHz)ti (DMSO- dg ): 172.9 (C=0), 169.4 (C=0), 167.8 (C=0), 136.2
(Cy), 134.8 (G), 133.1, 128.8, 124, 126.8, 90.1 (o d-CsHs-alkyl), 85.6 (Gyso -
CsHa-benzoyl), 71.1 (Geta I-CsHa-benzoyl), 70.0 (Gewa I>-CsHa-alkyl), 69.8 (Grino
d>-CsHa-alkyl), 67.3 (Grno d°>-CsHa-benzoyl), 61.4 OCH,CHs, -ve DEPT), 51.2 {
CH(CH,CH(CHs),)}, 43.8 (NHCH,CHO-, -ve DEPT), 41.2 {CH(CH,CH(CHs).), -ve
DEPT}, 24.9 {CH(CH,CH(CHs)2)}, 22.9 {-CH(CH,CH(CHz)2)}, 21.9
{-CH(CH,CH(CHs)2)}, 14.2 (OCH,CHs), 13.1 (CHb).

1-methyl-1 -0N-{ortho-(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester

(79

Glycine L-phenyhlanine ethyl ester hydrochloride (0.20 g, 0.78 mmol) was used as a
starting material. The crude product was purified by column chromatography {eluent
1:1 hexane: ethyl acetate} yielding the titled product as a red oil (0.05 g, 12%),

[U3%° = +10 (c 0.1, EtOH);

| . Ruax (KBr): 3253 (NH), 1755C=0kste), 1663(C=Cuniad, 1601(C=Oumiad cmi’;

UV-Vis amax EtOH: 323, 449 nm;

'H NMR (400 MHz)ti (DMSO- d): 8.58 (1H, tJ = 6.0 Hz,-CONH-), 8.32 (1H, d,J =

7.6 Hz, -CONH-), 8.07 (1H, dJ = 7.0 Hz, AH), 7.81 (1H, tJ = 7.2 Hz, AH),

7.35 (1H, tJ = 7.0 Hz, AH ), 7.21- 7.18 {5H, m,-CH(CH,Ph)}, 4.83 (2H, s,ortho

on d°>-CsHs-benzoyl), 4.45 4.43 {1H, m,-CH(CH,Ph)}, 4.35 (2H, smetaon d°-CsHa-
benzoyl), 4.00 (2H, q] = 7.2 Hz,-OCH,CHs), 3.97- 3.85 {6H, m, (>-CsHs-alkyl), (-
NHCH,CO-) }, 3.01- 2.93 {2H, m,-CH(CH,Ph)}, 1.54 (3H, s;CHs), 1.10 (3H,t] =

7.2 Hz,-OCH,CHy);

3¢ NMR (100 MHz)li (DMSO- dg): 172.1 (C=0), 169.2 (C=0), 167.3 (C=0), 137.0
(Cy), 131.0 (G), 129.7 (G), 128.7, 128.0, 127.4, 126.4, 125.9, 124.7, 123.7, 93,2 (C
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d*-CsHa-alkyl), 83.9 (Guso d™-CsHa-benzoyl), 70.4 (Geta d*-CsHa-benzoyl), 70.0 (Geta
d>-CsHa-alkyl), 68.3 (Grno d°-CsHa-benzoyl), 67.9 (Gno d°-CsHa-alkyl), 62.4 ¢
OCH,CHs, -ve DEPT), 8.6 {-CH(CH,Ph)}, 42.7 {(NHCH,CHO-, -ve DEPT), 35.7 {
CH(CH,Ph),-ve DEPT}, 13.9 {OCH,CHs), 13.0 (CHj).

General procedure for the synthesis of -ethyl-1 -N-ferrocenyl benzoyl dipeptide
ethyl esters

1-ethyl-1 -0N-{para-(ferrocenyl) benzoyl} glycine gycine ethyl ester {6)

Glycine glycine ethyl ester hydrochloride (0.12 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as an orange(8dli2l g, 34%), m.p
108- 110°C;

Mass spectrum: [M+Na]found: 499.1290

CasH2gN20O4FeNa requires: 499.1296

.R. gmax (KBr): 3301 (NH), 174QC=Ceste), 1622(C=Chmiad, 1602(C=Chmiad CM *;

UV-Vis amax EtOH: 360, 450 nm;

'H NMR (400 MHz)li (DMSO- dg): 8.80 (1H, tJ = 6.4 Hz, -CONH-), 8.38 (1H, tJ =

6.4 Hz, -CONH-), 7.87 (2H, dJ = 5.6 Hz, AH), 7.65 (2H, dJ = 5.6 Hz, AH), 4.89

(2H, t,J = 1.2 Hz,ortho on d>-CsHs-benzoyl), 4.42 (2H, t) = 1.2 Hz, metaon d°-
CsH4-benzoyl), 4.15 (2H, qJ = 6.8 Hz,-OCH,CHs), 4.05- 3.90 {8H, m, ([-CsHa-
alkyl), (NHCH,CO"), (-NHCH,CO-)}, 2.12 (2H, q,J = 7.6 Hz, -CH,CHs), 1.23 (3H,

t,J = 6.8 Hz,-OCH,CHj3), 1.02 (3H, tJ = 7.6 Hz,-CH,CHy);

3¢ NMR (100 MHz)li (DMSO- d): 169.8(C=0), 169.7 (C=0), 166.3 (C=0), 142.6
(Cg), 130.8 (@), 127.5, 125.2, 91.3 (£ d*-CsHgs-alkyl), 83.0 (Gpso d*-CsHa-benzoyl),

69.9 (Greta d-CsHa-benzoyl), 68.8 (Gewa -CsHa-alkyl), 68.5 (Guno d-CsHa-alkyl),

66.9 (Grino A°-CsHa-benzoyl), 60.4 {OCH,CHs, -ve DEPT), 42.4-NHCH,CHO-, -ve
DEPT), 40.7 {NHCH,CHO-, -ve DEPT), 20.8 -CH,CHs;, -ve DEPT), 14.5 |
OCH,CHs), 14.0 (CH,CHj).
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1-ethyl-1 -N- {para-(ferrocenyl) benzoyl} glycine L-alanine ethyl ester {7)

Glycine L-alanine ethyl ester hydrochlde (0.13 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.09 g, 25%),
[Up%°=-16°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 513.1454

CoeH3oN204FeNa requires: 513.1453

.R. Gmax (KBr): 3290 (NH), 1753C=0este), 1626(C=Oamidd, 1608(C=Oamiad CM *;
UV-Vis amax EtOH: 359, 449 nm;

'H NMR (400 MHz)ti (DMSO- de): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.40 (1H, tJ

= 7.2 Hz, -CONH-), 7.81 (2H, d,J = 7.8 Hz, AH), 7.60 (2H, dJ = 7.8 Hz, AH),
4.82 (2H, tJ = 1.6 Hz,ortho on d°>-CsH4-benzoyl), 4.37 (2H, t) = 1.6 Hz,metaon d°-
CsHs-bendyl), 4.28- 4.25 (1H, m,-CHCHz), 4.15 (2H, q,J = 6.8 Hz,-OCH,CHj),
3.90 - 3.85 {6H, m, (>-CsHs-alkyl), (NHCH,CO-)}, 2.10 (2H, q,J = 7.6 Hz, -
CH,CHg), 1.31 (3H, tJ =6.4 Hz,-CHCHj3), 1.18 (3H, tJ = 6.8 Hz,-OCH,CHz), 0.98
(3H, t,J = 7.6 Hz,-CH,CHj);

¥C NMR (100 MHz)ti (DMSO- dg): 171.7 (C=0), 168.7 (C=0), 167.2 (C=0), 142.5
(Cy), 130.8 (GQ), 127.4, 125.2, 92.3 (g0 d>-CsHa-alkyl), 82.0 (Gyso >-CsHa-benzoyl),
71.0 (Greta d-CsHa-benzoyl), 69.8 (Gea -CsHa-alkyl), 68.7 (Guno d-CsHa-alkyl),
66.0 (Grno d°-CsHs-benzoyl), 61.4 OCH,CHs, -ve DEPT), 48.0 {CHCHs), 43.0 ¢
NHCH,CHO-, -ve DEPT), 22.8 {CH,CHs, -ve DEPT), 18.0 -CHCHs), 14.5 ¢
OCH,CHj), 13.9 (CH,CHb).

1-ethyl-1 -dN-{para-(ferrocenyl) benzoyl} glycine L-leucine ethyl ester 78)

Glycine L-leucine ethyl ester hydrochloride (0.16 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} and recrystallisation from hexane: ethyl acetate yield tieel desi
product as an orange solid (0.07 g, 18%), m.p9&°C;

[Up%°=-12°(c 0.1, EtOH);

Mass spectrum: [M+N4&]found: 555.1919

CooH3eN2O4FeNa requires: 555.1922
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.R. Omax (KBr): 3280 (NH), 174qC=Ckste), 1641(C=Canmiad, 1615(C=Oumiad cmi’;
UV-Vis amax EtOH: 357, 446 nm;

'H NMR (400 MHz) Ui (DMSO- dg): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.34 (1H, d,J
= 7.6 Hz, -CONH-), 7.82 (2H, dJ = 8.2 Hz, AH), 7.61 (2H, dJ = 8.2 Hz, AH),
4.81 (2H, tJ = 1.6 Hz,ortho on d°>-CsH4-benzoyl), 4.36 (2H, t) = 1.6 Hz,metaon d°-
CsH4-benzgl), 4.30- 4.25 {1H, m,-CH(CH,CH(CHs),)}, 4.15 (2H, q,Jd = 7.2 Hz,-
OCH,CHs) , 3.97- 3.87 {6H, m, ([-CsHa-alkyl), (NHCH,CO-)}, 2.00 (2H, q,J = 7.2
Hz, -CH,CHs), 1.69- 1.50 {3H, m,-CH(CH,CH(CHs)2)}, 1.15 (3H, t,J = 7.2 Hz,-
OCH,CH3), 0.90- 0.85 {6H, m, -CH(CH,CH(CHz)2)}, 0.76 (3H, t,J = 7.2 Hz, -
CH,CHy);

¥C NMR (100 MHz)ti (DMSO- dg): 173.4 (C=0), 170.0 (C=0), 166.9 (C=0), 140.1
(Cy), 130.8 (GQ), 127.4, 125.2, 92.1 (g0 d>-CsHa-alkyl), 83.1 (Gyso >-CsHa-benzoyl),
71.0 (Greta -CsHa-benzoy), 69.9 (Gueta d*-CsHa-alkyl), 68.1 (Grino d™-CsHa-alkyl),
67.2 (Gmo d>-CsHsbenzoyl), 61.4 {OCH.,CHs;, -ve DEPT), 51.3 {
CH(CH,CH(CHs),)}, 42.6 (NHCH,CHO-, -ve DEPT), 39.3 {CH(CH,CH(CHs),), -ve
DEPT}, 28.1 {CH(CH.CH(CHs);)}, 23.4 (CH,CHs;, -ve DEPT) 229 ¢{
CH(CH;CH(CHz)2)}, 21.0 {-CH(CH,CH(CHz)2)}, 15.1 (OCH,CHs), 13.0 (CH,CHs).

1-ethyl-1 -N- {para-(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester 79)

Glycine L-phenylalanine ethyl ester hydrochloride (0.19 g, 0.75 mmol) was used as a
starting material. The crude product was purified by column chromatography {eluent
1:1 hexane: ethyl acetate} and recrystallisation from hexane: ethyl acetate yield the
desired product as an orange solid (0.07 g, 17%), m:992C;

[Jp%° = +12(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 589.1770

Cs2H34N2O4FeNa requires: 589.1769

.R. Omax (KBr): 3303 (NH), 1742C=0este), 1629(C=Cariad, 1608(C=Oamiad cmi’;

UV-Vis amax EtOH: 356, 450 nm;

'H NMR (400 MHz) i (DMSO- dg): 8.60 (1H, t,J = 6.0 Hz, -CONH-), 8.37 (1H, d))

= 7.6 Hz, -CONH-), 7.85 (2H, dJ = 7.4 Hz, AH), 7.63 (2H, dJ = 7.4 Hz, AH),
7.27-7.21 {5H, m,-CH(CH,Ph)}, 4.83 (2H, t,J = 1.6 Hz,ortho on d>-CsH.-benzoyl),
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4.48- 4.46 {IH, m, -CH(CH,Ph)}, 4.37 (2H, tJ = 1.6 Hz,metaon d>-CsH4-benzoyl),
4.00 (2H, g,J = 6.8 Hz,- OCH,CHs), 3.90 - 3.83 {6H, m, (>-CsHs-alkyl), (-
NHCH,CO-)}, 3.06 - 2.93 {2H, m,-CH(CH,Ph)}, 2.08 (2H, g, = 7.6 Hz, -CH,CH),
1.12 (3H, tJ = 6.8 Hz,-OCH,CHs), 0.98 (3H, tJ = 7.6 Hz,-CH,CHy);

3C NMR (100 MHz)ti (DMSO- dg): 170.8 (C=0), 168.2 (C=0), 166.7 (C=0), 137.0
(Cy), 132.7 (GQ), 130.1 (G), 128.9, 127.2, 126.9, 124.0, 120.2, 93.%s(@-CsHa-
alkyl), 84.0 (Gpso d*-CsHa-benzoyl), 71.4 (Getad>-CsHs-benzoyl), 68.4 (Getad>-CsHa-
alkyl), 67.5 (Grtno d°-CsHa-alkyl), 66.4 (Grino d>-CsHa-benzoyl), 61.2-OCH,CHs, -ve
DEPT), 51.6 {CH(CH,Ph)), 43.0 (NHCH,CHO-, -ve DEPT), 38.0 {CH(CH.Ph),-ve
DEPT}, 24.5 (CH,CHs, -ve DEPT), 13.3{OCH,CHs), 130 (-CH,CHs).

1-ethyl-1 -0N- {meta(ferrocenyl)-benzoyl}-glycine-glycine ethyl ester 80)

Glycine glycine ethyl ester hydrochloride (0.12 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.09 g, 25%),

Mass spectrum: [M+Na]found: 499.1287

CasH2gN20O4FeNa requires: 499.1296

.R. Omax (KBr): 3311 (NH), 174(C=0este), 1622(C=Cumiad, 1601(C=Chmigd CM *;

UV-Vis amax EtOH: 332, 440 nm;

'H NMR (400 MHZz)li (DMSO- dg): 8.49 (1H, tJ = 6.0 Hz, -CONH-), 8.23 (1H, tJ =

6 Hz, -CONH-), 7.87 (1H, s,ArH), 7.67- 7.63 (2H, m, AH), 7.36 (1H, tJ =7.2 Hz,
ArH), 4.58 (2H, tJ = 1.6 Hz,ortho on d>-CsHs-benzoyl), 4.20 (2H, tJ = 1.6 Hz,meta

on d>-CsHs-benzoyl), 4.11 (2H, ¢ = 7.2 Hz,- OCH,CHs), 3.98- 3.87 {8H, m, (-
CsHgs-alkyl), ((NHCH,CO-), (-NHCH,CO-)}, 1.96 (2H, q,J = 7.6 Hz, -CH,CHj3), 1.26

(3H, t,J =7.2 Hz,-OCH,CHs), 1.03 (3H, tJ = 7.6 Hz,-CH,CHy);

3C NMR (100 MHz)ti (DMSO- dg): 169.8 (C=0), 168.7 (C=0), 166.3 (C=0), 139.6
(Cy), 134.1 (G), 128.8, 128.5, 124.2, 124.1, 91.2,(8d>-CsHs-alkyl), 83.1 (Goso I
CsHa-benzoyl), 70.0 (Geta I*-CsHa-benzoyl), 68.8 (Geta d>-CsHa-alkyl), 68.5 (Grino
d>-CsHs-alkyl), 66.2 (Grno d>-CsHa-benzoyl), 60.3 OCH,CHs, -ve DEPT), 42.4
NHCH,CHO-, -ve DEPT), 40.6 -NHCH,CHO-, -ve DEPT), 20.8 CH,CHs, -ve
DEPT), 14.4 {OCH,CHs), 14.0 (CH,CHj).
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1-ethyl-1 -N-{meta(ferrocenyl) benzoyl} glycine L-alanine ethyl ester 81)

Glycine L-alanine ethyl ester hydrochloride (0.13 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {éldeh
hexane: ethyl acetate} yielding the titled product as a red oil (0.08 g, 22%),
[Jp%°=-18°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 513.1458

CosH2sN20O4FeNa requires: 513.1453

.R. Gmax (KBr): 3290 (NH), 1734C=0este), 1635(C=0umigd, 1605(C=Chmigd CM' ;
UV-Vis amax EtOH: 333,444 nm;

'H NMR (400 MHz)li (DMSO- dg): 8.60 (1H, tJ = 6.0 Hz, -CONH-), 8.40 (1H, d))
= 7.0 Hz, -CONH-), 8.00 (1H, s,ArH), 7.68- 7.64 (2H, m, AH), 7.40 (1H,t) =7.2
Hz, ArH), 4.68 (2H, tJ = 1.6 Hz,ortho on d>-CsH4-benzoyl), 4.34 (2H, t) = 1.6 Hz,
metaon d°-CsHa-benzoyl), 4.30- 4.24 (1H, m,- CHCHz), 4.00 (2H, qJ = 6.8 Hz,-
OCH,CHs), 3.96- 3.82 {6H, m, ([>-CsHs-alkyl), (NHCH,CO-)}, 2.05 (2H, q,J = 7.6
Hz, -CH,CHs), 1.28 (3H, tJ = 6.4 Hz,-CHCHs), 1.20 (3H, tJ = 6.8 Hz,-OCH,CHy),
0.96 (3H,t, J = 7.6 Hz,-CH,CHy);

3¢ NMR (100 MHz)li (DMSO- dg): 172.5 (C=0), 169.0 (C=0), 166.2 (C=0), 137.5
(Cy), 135.8 (G), 130.4, 129.2, 127.0, 125.2, 91.0,(5d>-CsHs-alkyl), 84.0 (Gpso -
CsHa-benzoyl), 71.5 (Geta d-CsHa-benzoyl), 69.3 (Gewa I-CsHa-alkyl), 68.1 (Grno
d>-CsHa-alkyl), 66.5 (Grno d>-CsHa-benzoyl), 62.4 OCH,CHs, -ve DEPT), 47.6
(CHCH3), 42.8 (NHCH,CHO-, -ve DEPT), 21.8 CH,CHs, -ve DEPT), 19.0
CHCHg), 14.1 (OCH,CHs), 13.5 (CH,CHy).

1-ethyl-1 -™N-{meta(ferrocenyl) benzoyl} glycine L-leucine ethyl ester 82)

Glycine L-leucine ethyl ester hydrochloride (0.16 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product asdaail (0.07 g, 18%),

[Up%°=-13°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 555.1933

CooH3eN2O4FeNa requires: 555.1922

.R. Omax (KBr): 3260 (NH), 1737C=Ceste), 1643(C=Cumiad, 1615(C=Chmiad CM *;
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UV-Vis amax EtOH: 333, 445 nm;

'H NMR (400 MHz) i (DMSO- dg): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.34 (1H, d.
= 6.8 Hz, -CONH-), 8.01 (1H, s,ArH), 7.65- 7.62 (2H, m, AH), 7.45 (1H,tJ =7.0
Hz, ArH), 4.78 (2H, tJ = 1.6 Hz,ortho on d>-CsHs-benzoyl), 4.30 (2H, t) = 1.6 Hz,
metaon d°-CsH4-benzoyl), 4.34 4.26 {1H, m,-CH(CH,CH(CH),)}, 4.09 (2H, q,J =
7.0 Hz,-OCH,CHs), 3.97- 3.86 {6H, m, ([-CsHa-alkyl), (NHCH,CO-)}, 2.04 (2H, q,
J = 7.2 Hz, -CH,CHs), 1.60- 1.40 {3H, m,-CH(CH,CH(CHs),)}, 1.10 (3H, t,J = 7.0
Hz, -OCH,CHs), 0.88- 0.84 {6H, m,-CH(CH,CH(CHs),)}, 0.74 (3H, t,J = 7.2 Hz,-
CHCHb);

3¢ NMR (100 MHz)li (DMSO- dg): 170.9 (C=0), 168.9 (C=0), 166.4 (C=0), 138.5
(Cy), 135.8 (@), 130.1, 128.2, 127.3, 125.1, 89.9,65d>-CsHs-alkyl), 83.1 (Gso I
CsHa-benzoy), 71.9 (Guewa I>-CsHa-benzoyl), 69.3 (Geta A°-CsHa-alkyl), 68.0 (Grino
d>-CsHa-alkyl), 66.5 (Grino d°-CsHa-benzoyl), 62.540CH,CHs, -ve DEPT), 50.3
{-CH(CH,CH(CH)2)}, 43.0 (NHCH,CHO-, -ve DEPT), 39.9 {CH(CH,CH(CHs),), -
ve DEPT}, 24.4 {CH,CHs;, -ve DEPT), 26.5 {CH(CH,CH(CHs),)}, 23.0 {-
CH(CH;CH(CH3)2)}, 22.4 {-CH(CH,CH(CHs)2)}, 14.4 (OCH,CHs), 13.7 (CH,CHy).

1-ethyl-1 -WN-{meta(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester 83)

Glycine L-phenylalanine ethyl ester hydrochloride (0d4,9.75 mmol) was used as a
starting material. The crude product was purified by column chromatography {eluent
1:1 hexane: ethyl acetate} yielding the titled product as a red oil (0.07 g, 18%),
[Jp%° = +16°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 589.1768

Cs2H34N204FeNa requires: 589.1769

.R. Omax (KBr): 3300 (NH), 1739C=0kste), 1633(C=Chmiad, 1601(C=Cumiad CM *;
UV-ViSs amax EtOH: 332, 444 nm;

'H NMR (400 MHz)l (DMSO- dg): 8.54 (1H, tJ = 6.0 Hz, -CONH-), 8.30 (1H, d,J

= 7.4 Hz, -CONH-), 8.07 (1H, s,ArH), 7.69- 7.67 (2H, m, AH), 7.35 (1H,tJ=7.0
Hz, AH), 7.22- 7.19 {5H, m,-CH(CH,Ph}, 4.83 (2H, t,J = 1.6 Hz,ortho on d°-
CsHa-benzoyl), 4.43 4.40 {1H, m,-CH(CH,Ph)}, 4.37 (2H, tJ = 1.6 Hz,metaon d°-
CsH4-benzoyl), 4.08 (2H, q) = 7.2 Hz,- OCH,CHs), 3.95- 3.88 {6H, m, (>-CsH.-
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alkyl), ((NHCH,CO-)}, 3.00 - 2.90 {2H, m,-CH(CH,Ph)}, 2.05 (2H, qJ = 7.6 Hz, -
CH,CHg), 1.10 (3H, tJ = 7.2 Hz,-OCH,CH), 0.90 (3H, tJ = 7.6 Hz,-CH,CHj);

13C NMR (100 MHz)Uti (DMSO- dg): 172.4 (C=0), 169.7 (C=0), 167.0 (C=0), 135.0
(Cy), 131.7 (G), 130.7 (@), 129.7, 128.2, 127.4,126.0, 124.2, 123.2, 122.7, 8% (C
d*-CsHa-alkyl), 83.0 (Guso d™-CsHa-benzoyl), 73.2 (Geta d*-CsHa-benzoyl), 69.9 (Geta
d*-CsHa-alkyl), 67.7 (Grno d*-CsHa-alkyl), 66.1 (Gro d-CsHa-benzoyl), 60.1
OCH,CHjs, -ve DEPT), 52.8 {CH(CH,Ph)}, 42.9 (NHCH,CHO-, -ve DEPT), 37.8(
CH(CH,Ph), -ve DEPT), 24.0 CH,CH;, -ve DEPT), 14.9 OCH,CHs), 14.2 ¢
CH,CHg).

1-ethyl-1 -!N-{ortho-(ferrocenyl) benzoyl} glycine glycine ethyl ester84)

Glycine glycine ethyl ester hydrochloride (0.12 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yieldinbd titled product as a red oil (0.08 g, 22%),

Mass spectrum: [M+Na]found: 499.1292

CosH2sN20O4FeNa requires: 499.1296

.R. Omax (KBr): 3310 (NH), 1739C=0este), 1631(C=Chmiad, 1617(C=Cumigd CM *;

UV-Vis amax EtOH: 325, 444 nm;

'H NMR (400 MHz)li (DMSO- dg): 8.72 (1H, tJ = 6.0 Hz, -CONH-), 8.34 (1H, tJ =

6 Hz, -CONH-), 8.00 (1H, dJ = 7.4 Hz, AH), 7.81 (1H, tJ = 7.2 Hz, AH), 7.70

(QH, t,J = 6.4 Hz, AH), 7.40 (1H, dJ = 7.6 Hz, AH), 4.82 (2H, tJ = 1.6 Hz, ortho
ond>-CsHa-benzoyl), 4.31 (2H, t) = 2 Hz, metaon d>-CsHa-benzoyl), 4.10 (2H, g] =

6.8 Hz, - OCH,CHs), 3.97 - 3.85 {8H, m, ([-CsHs-alkyl), (-NHCH,CO-), (-
NHCH,CO)}, 2.07 (2H, gq,J = 7.6 Hz, -CH,CH3), 1.18 (3H, t,J = 6.8 Hz, -
OCH,CHj3), 098 (3H, t,J = 7.6 Hz,-CH,CHy);

3C NMR (100 MHz)ti (DMSO- dg): 169.8 (C=0), 168.3 (C=0), 165.2 (C=0), 135.6
(Cy), 133.8 (G), 128.5, 127.2, 126.0, 124.0, 92.3,680>-CsHa-alkyl), 81.0 (Gpso 4
CsHa-benzoyl), 71.0 (Geta *-CsHa-benzoyl), 68.7 (Geta d>-CsHa-alkyl), 68.0 (Grino
d>-CsHs-alkyl), 66.1 (Grno d>-CsHa-benzoyl), 62.4 OCH,CHs, -ve DEPT), 43.4
NHCH,CHO-, -ve DEPT), 41.7 NHCH,CHO-, -ve DEPT), 22.8 CH,CHs, -ve
DEPT), 14.2 {OCH,CHs), 13.0 (CH,CHj).
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1-ethyl- 1 -\N-{ortho-(ferrocenyl) benzoyl} glycine L-alanine ethyl ester 85)

Glycine L-alanine ethyl ester hydrochloride (0.13 g, 0.75 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled guct as a red oil (0.07 g, 19%),
[Up2°=-19°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 513.1447

CosH2sN20O4FeNa requires: 513.1453

l.R. gmax (KBr): 3289 (NH), 174qC=Ceste), 1632(C=0umigd, 1608(C=0Oamigd cm’;
UV-Vis amax EtOH: 325, 443 nm;

'H NMR (400 MHz)li (DMSO- dg): 8.48 (1H, tJ = 6.0 Hz, -CONH-), 8.34 (1H, d)

= 7.2 Hz, -CONH-), 8.01 (1H, dJ = 6.8 Hz, AH), 7.81 (1H, tJ = 7.2 Hz, AH), 7.70
(AH, t,J = 6.4 Hz, AH), 7.41 (1H, dJ = 7.4 Hz, AH), 4.72 (2H, t,J = 1.6 Hz,ortho

on d>-CsH4-benzoyl), 4.38 (2H, t) = 1.6 Hz,metaon d>-CsH.-benzoyl), 4.30 4.26 (
1H, m,- CHCHj), 4.10 (2H, q,J = 6.8 Hz,- OCH,CHs), 3.92- 3.80 {6H, m, (>-CsH.-
alkyl), (-NHCH,CO-)}, 2.00 (2H, g,J = 7.6 Hz, -CH,CH3), 1.30 (3H, t,J = 6.4 Hz,-
CHCHg), 1.15 (3H, tJ = 6.8 Hz,-OCH,CHj3), 0.90 (3H, tJ = 7.6 Hz,-CH,CHj);

3¢ NMR (100 MHz)li (DMSO- dg): 172.5 (C=0), 168.0 (C=0), 167.2 (C=0), 138.5
(Cy), 134.0 (GQ), 129.0, 128.8, 127.5, 124.1, 92.7p68d>-CsHs-alkyl), 81.2 (Gyso -
CsHa-benzoyl), 70.9 (Gewa I>-CsHa-benzoyl), 69.8 (Geta A°-CsHa-alkyl), 68.5 (Grino
d>-CsHa-alkyl), 66.2 (Grno d>-CsHa-benzoyl), 60.8 OCH,CHs, -ve DEPT), 49.6
CHCHs), 42.2 (NHCH,CHO-, -ve DEPT), 25.8 CH,CHs, -ve DEPT), 17.6 |
CHCH), 14.8 (OCH,CHs), 14.0 ¢{CH,CH).

1-ethyl-1 -!N-{ortho-(ferrocenyl) benzoyl} glycine leucine ethyl ester86)

Glycine L-leucine ethyl ester hydrochloride (0.16 g, 0.75 mmol) was used as a starting
material. The crude product was purified by colummoofatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.06 g, 15%),

[ @ =-11°(c0.1, EtOH);

| . Rux (KBr): 3275 (NH), 1747C=0este), 1649(C=Oumiad, 1614(C=Oamiad CM *;

UV-Vis amax EtOH: 360, 451 nm;
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'H NMR (400 MHz) i(DMSO- dg): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.34 (1H, d,J =
7.6 Hz, -CONH-), 8.11 (1H, dJ = 6.6 Hz, AH), 7.80 (1H, tJ = 7.2 Hz, AH), 7.70
(1H, t,J = 6.4 Hz, AH), 7.40 (1H, dJ = 7.6 Hz, AH), 4.83 (2H, tJ = 1.6 Hz,ortho
on d°-CsHa-benzoyl), 4.33 (2H, tJ = 1.6 Hz, metaon d°>-CsHs-benzoyl), 4.32 4.28
{1H, m, -CH(CH,CH(CHs))}, 4.20 (2H, g,J = 7.0 Hz,- OCH,CH), 3.96- 3.87 {6H
m, (@-CsHs-alkyl), (NHCH,CO-)}, 2.02 (2H, q,J = 7.2 Hz, -CH,CHs), 1.65- 1.40
{3H, m, -CH(CH,CH(CH3),)}, 1.07 (3H, t,J = 7.0 Hz,-OCH,CHs), 0.92- 0.88 {6H,
m, -CH(CH,CH(CHs),)}, 0.70 (3H, t,J = 7.2 Hz,- CH,CHy);

3C NMR (100 MHz)ti (DMSO- dg): 170.4 (C=0), 169.6 (C=0), 166.4 (C=0), 136.6
(Cy), 135.8 (GQ), 131.4, 128.2, 127.7, 124.1, 92.4,(8d>-CsHs-alkyl), 82.1 (Gyso I
CsHa-benzoyl), 71.0 (Geta °-CsHa-benzoyl), 70.4 (Gewa I>-CsHa-alkyl), 68.5 (Grino
d>-CsHs-alkyl), 66.9 (Grno d°-CsHa-benzoyl), 61.4 OCH,CHs, -ve DEPT), 52.3 {
CH(CH,CH(CHs),)}, 43.1 (NHCH,CHO-, -ve DEPT), 40.1 {CH(CH,CH(CHs).), -ve
DEPT}, 27.9 {CH(CH,CH(CHs))}, 24.4 (-CH,CHs, -ve DEPT), 21.7
{-CH(CH:CH(CH3)2)}, 20.4 {-CH(CH,CH(CHs),)}, 14.7 (OCH,CHs), 13.0 ¢
CH,CHp).

1-ethyl-1 -N- {ortho-(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester 87)

Glycine L-phenylalanine ethyl ester hydrochloride (0.19 g, 0.75 mmol) was used as a
starting material. The crude product was purified by column chromatography {eluent
1:1 hexane: ethyl acetate} yielding the titled product as a red oil (0.06 g, 14%),

[ @ =+14(c0.1, EtOH);

| . Rux (KBr): 3303 (NH), 1744C=0cste), 1629(C=Cumiad, 1608(C=Chmigd CM *;

UV-Vis amax EtOH: 325, 444 nm;

'H NMR (400 MHz)ti (DMSO- dg): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.32 (1H, d,)

= 7.6 Hz, -CONH-), 8.03 (1H, dJ = 7.0 Hz, AH), 7.81 (1H, tJ = 7.2 Hz, AH), 7.79

(1H, t,J =6.4 Hz, AH), 7.38 (1H, dJ = 6.8 Hz, AH), 7.23-7.19 (5H, m,

-CH(CH,PH), 4.83 (2H, tJ = 1.6 Hz,ortho on d°>-CsHs-benzoyl), 4.49 4.47 {1H, m,
-CH(CH,Ph)}, 4.37 (2H, tJ = 1.6 Hz,metaon d>-CsH.-benzoyl), 4.04 (2H, o = 6.4

Hz, -OCH,CHs), 3.89- 3.80 {6H, m, (>-CsHs-alkyl), (-NHCH,CO-)}, 3.08 - 2.95
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{2H, m, -CH(CH,Ph)}, 2.02 {2H, q,J = 7.6 Hz, -CH,CHs), 1.16 (3H, tJ = 6.4 Hz,-
OCH,CHj), 0.94 (3H, tJ = 7.6 Hz,-CH,CHj);

13C NMR (100 MH3 U (DMSO- dg): 171.5 (C=0), 169.1 (C=0), 168.2 (C=0), 139.0
(Cg), 130.9 (G), 129.1 (G), 128.5, 128.4, 127.1, 126.6, 125.2, 124.2, 121.7, 92,4 (C
d*-CsHa-alkyl), 81.1 (Guso d™-CsHa-benzoyl), 71.4 (Geta d-CsHa-benzoyl), 69.9 (Geta
d>-CsHa-alkyl), 68.9 (Grno d>-CsHa-alkyl), 67.9 (Guno d*-CsHa-benzoyl), 62.8
OCH,CHs, -ve DEPT), 53.6 {CH(CH.,Ph)}, 42.2 (NHCH,CHO-, -ve DEPT), 39.8 {
CH(CH,Ph), -ve DEPT}, 23.0 {CH,CHs, -ve DEPT), 15.0 -OCH,CHs), 14.1 ¢
CH,CHg).

General procedure for the symhesis of1-propyl-1 -iN-ferrocenylbenzoyl dipeptide
ethyl esters

1-propyl-1 -dN-{para-(ferrocenyl) benzoyl} glycine glycine ethyl esterg8)

Glycine glycine ethyl ester (0.12 g, 0.72 mmol) was used as a starting material. The
crude product was purifiethy column chromatography {eluent 1:1 hexane: ethyl
acetate} and recrystallisation from hexane: ethyl acetate yield the desired product as an
orange solid (0.09 g, 26%), m.p 11820°C;

Mass spectrum: [M+Na]found: 513.1464

CoeH3oN204FeNa requires: 513.1453

.R. Omax (KBr): 3389 (NH), 1735C=0este), 1626(C=Cumiad, 1609(C=Cumiad CM *;

UV-Vis amax EtOH: 361, 450 nm;

'H NMR (400 MHz)li (DMSO- dg): 8.76 (1H, tJ = 5.6 Hz, -CONH-), 8.40 (1H, tJ =

5.6 Hz,-CONH-), 7.& (2H, d,J = 8.0 Hz, AH), 7.60 (2H, dJ = 8.0 Hz, AH), 4.85

(2H, s,ortho on d°>-CsH.-benzoyl), 4.38 (2H, snetaon d°>-CsH.-benzoyl), 4.11 (2H, q,

J = 6.8 Hz, -OCH,CHs), 3.90 - 3.80 {8H, m, ([>-CsHs-alkyl), (NHCH,CO"), (-
NHCH,CO-)}, 2.07 (2H, t,J = 7.6 Hz, -CH,CH,CH), 1.38 - 1.28 (2H, m,-
CH,CH,CHs), 1.18 (3H, t,J = 6.8 Hz, -OCH,CH3), 0.76 (3H, t,J = 7.2 Hz, -
CH,CH,CHy);

3¢ NMR (100 MHz)li (DMSO- dg): 169.8 (C=0), 168.3 (C=0), 166.9 (C=0), 142.5
(Cg), 130.8 (@), 127.5, 125.2, 90.1 (£ d>-CsHs-alkyl), 83.0 (Gpso d*-CsHa-benzoyl),

71.7 (Greta 0-CsHa-benzoyl), 69.8 (Gea -CsHa-alkyl), 68.5 (Guno d-CsHa-alkyl),
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66.7 (Grino d°-CsHa-benzoyl), 62.4OCH,CHs, -ve DEPT), 42.8-NHCH,CHO-, -ve
DEPT), 41.9 {NHCH,CHO-, -ve DEPT), 32.8 CH,CH,CHs, -ve DEPT), 25.0(
CH,CH,CHs, -ve DEPT), 14.5-DCH,CHs), 14.0 (CH,CH,CHs).

1-propyl-1 -i&N- {para-(ferrocenyl) benzoyl} glycine L-alanine ethyl ester 89)

Glycine L-alanine ethyl ester hydrochloride (0.13 g, 0.72 mmol) was used as a starting
materid. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.08 g, 22%),

[Jp%° =-14°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 527.1632

CoeH3oN204FeNa requires: 527.1609

.R. Omax (KBr): 3295 (NH), 1743C=0kste), 1636(C=Camigd, 1608(C=Oumiad cm’*;
UV-Vis amax EtOH: 360, 451 nm;

'H NMR (400 MHz)l (DMSO- dg): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.41 (1H, d)

= 7.0 Hz, -CONH-), 7.78 (2H d,J = 7.4 Hz, AH), 7.64 (2H, dJ = 7.4 Hz, AH),
4.82 (2H, sortho on d>-CsHa-benzoyl), 4.37 (2H, snetaon d>-CsH.-benzoyl), 4.30
4.25 (1H, m; CHCHs), 4.08 (2H, q,J = 6.8 Hz,- OCH,CHz), 3.95- 3.88 {6H, m, {°-
CsHg-alkyl), ((NHCH,CO)}, 2.07 (2H, t,J = 7.6 Hz, -CH,CH,CHs), 1.40- 1.27 {5H,

m, (-CH,CH,CHg), (-CHCHj3)}, 1.18 (3H, t,J = 6.8 Hz,-OCH,CHs), 0.74 (3H, tJ =
7.2 Hz,- CH,CH,CHy);

3C NMR (100 MHz)ti (DMSO- dg): 171.0 (C=0), 169.2 (C=0), 168.6 (C=0), 141.5
(Cy), 132.8 (@), 128.4,124.2, 90.3 (Gso I*-CsHs-alkyl), 83.0 (Gpso A*-CsHa-benzoyl),
71.5 (Greta I>-CsHa-benzoyl), 68.7 (Gew d°-CsHa-alkyl), 68.2 (Grino d°-CsHa-alkyl),
67.9 (Guno °-CsHa-benzoyl), 62.4 {OCH,CHs, -ve DEPT), 49.6 CHCHj), 43.0 ¢
NHCH,CHO-, -ve DEPT), 2.0 (CH,CH,CHjs, -ve DEPT), 22.8-CH,CH,CHjs, -ve
DEPT), 17.6 {CHCHs), 14.8 (OCH,CHs), 13.9 (CH,CH,CHy).
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1-propyl-1 -N-{para-(ferrocenyl) benzoyl} glycine L-leucine ethyl ester 90)

Glycine L-leucine ethyl ester hydrochloride (0.16 g, 0.72 mmaas used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} and recrystallisation from hexane: ethyl acetate yield the desired
product as an orange solid (0.06 g, 15%), m.p 78°C;

[Jp% =-15°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 569.2197

CsoH3sN204FeNa requires: 569.2181

.R. Omax (KBr): 3275 (NH), 1749C=0cste), 1629(C=Cumiad, 1613(C=Chmiad CM *;
UV-Vis amax EtOH: 360, 451 nm;

'H NMR (40 MHz) Ui (DMSO- dg): 8.67 (1H, tJ = 6.0 Hz, -CONH-), 8.33 (1H, d,J

= 7.6 Hz, -CONH-), 7.85 (2H, dJ = 7.6 Hz, AH), 7.66 (2H, dJ = 7.6 Hz, AH),
4.88 (2H, sprtho on d°>-CsHa-benzoyl), 4.37 (2H, snetaon d>-CsHa-benzoyl), 4.33
4.27 {1H, m,-CH(CH,CH(CHs))}, 4.14 (2H, q,J = 7.2 Hz,- OCH,CHs), 3.97- 3.86
{6H m, (d*-CsHa-alkyl), (NHCH,CO-)}, 2.00 (2H, t,J = 7.6 Hz, -CH,CH,CHs), 1.69-
1.45 {3H, m,-CH(CH,CH(CHs)2)}, 1.40- 1.27 (2H, m-CH,CH,CHs), 1.15 (3H, tJ =
7.2 Hz,-OCH,CHs), 0.91- 0.83 {6H, m,-CH(CH,CH(CHz),)}, 0.72 (3H, t,J = 7.2 Hz,

- CH,CH,CHb);

¥C NMR (100 MHz)ti (DMSO- dg): 171.4 (C=0), 169.4 (C=0), 168.1 (C=0), 140.1
(Cg), 131.8 (@), 129.4, 126.2, 89.8 (§a d*-CsHs-alkyl), 84.1 (Gpso A*-CsHa-benzoyl),
71.2 (Greta >-CsHa-benzoyl), 69.9 (Gew d°-CsHa-alkyl), 68.5 (Grino d°-CsHa-alkyl),
67.9 (Grtho >-CsHa-benzoyl), 62.84OCH,CHs, -ve DEPT), 52.1

{-CH(CH,CH(CHa),)}, 42.5 (NHCH,CHO-, -ve DEPT), 40.0 {CH(CH,CH(CHs)), -

ve DEPT}, 32.0 {CH,CH,CHs, -ve DEPT), 26.4 {CH(CH,CH(CHs)2)}, 23.5 (
CH,CH,CHs, -ve DEPT), 23.7 {CH(CH,CH(CHs)2)}, 22.4 {-CH(CH;CH(CHs),)},
14.9 (OCH,CHs), 14.0 (CH,CH,CHb).

1-propyl-1 -dN-{para-(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester 91)

Glycine L-phenyalanine ethyl ester hydtdoride (0.18 g, 0.72 mmol) was used as a

starting materialThe crude product was purified by column chromatography {eluent
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1:1 hexane: ethyl acetate} and recrystallisation from hexane: ethyl acetate yield the
desired product as an orange solid (0.064§5), m.p 74 75°C;

[Up2°= +11°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 603.2046

Cs3H3eN204FeNa requires: 603.2034

.R. Gmax (KBr): 3292 (NH), 1737C=0este), 1630(C=Oamidg, 1609(C=Oamiad CM *;
UV-Vis amax EtOH: 360, 452 nm;

'H NMR (400 MHz)ti (DMSO- dg): 8.56 (1H, t,J = 6.0 Hz, -CONH-), 8.27 (1H, d)
= 7.6 Hz, -CONH-), 7.71 (2H, dJ = 8.0 Hz, AH), 7.51 (2H, dJ = 8.0 Hz, AH),
7.18- 7.12 {5H, m,-CH(CH,Ph)}, 4.74 (2H, s,ortho on d°>-CsHs-benzoyl), 4.8 - 4.38
{1H, m, -CH(CH,Ph)}, 4.27 (2H, smetaon d°>-CsH4-benzoyl), 3.96 (2H, q] = 7.2 Hz,
- OCH,CHs), 3.84- 3.79 {6H, m, (>-CsHs-alkyl), ((NHCH,CO-)}, 2.92 - 2.85 {2H,
m, -CH(CH,Ph)}, 1.90 (2H, t,J = 7.6 Hz, -CH,CH,CHs), 1.30- 1.29 (2H, m,-
CH,CH,CHs), 1.04 (3H, t,J = 7.2 Hz, -OCH,CH3), 0.66 (3H, t,J = 7.2 Hz, -
CH,CH,CHp);

3¢ NMR (100 MHz)li (DMSO- dg): 169.8 (C=0), 168.7 (C=0), 166.3 (C=0), 140.6
(Cy), 137.0 (Q), 134.1 (GQ), 128.8, 128.5, 126.2, 124.2, 124.1, 91.5(Q>-CsHy-
alkyl), 83.1(Cipso d™-CsHa-benzoyl), 70.0 (Getad™-CsHa-benzoyl), 68.8 (Getad>-CsHa-
alkyl), 68.0 (Grtno d°-CsHa-alkyl), 66.2 (Grno *-CsHs-benzoyl), 60.1-OCH,CHs, -ve
DEPT), 52.8 {CH(CHzPh), 42.8 (NHCH,CHO-, -ve DEPT), 36.4 {CH(CH.Ph), -ve
DEPT}, 31.0 ¢(CH,CH,CHs, -ve DEPT), 20.6 CH,CH,CH3, -ve DEPT), 14.4 |
OCH,CHj3), 14.0 ¢(CH,CH,CHs).

1-propyl-1 -dN-{meta(ferrocenyl) benzoyl} glycine glycine ethyl esterq2)

Glycine glycine ethyl ester hydrochloride (0.12 g, 0.72 mmol) was used as a starting
material The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.08 g, 23 %),

Mass spectrum: [M+N4&]found: 513.1454

CoeH3oN204FeNa requires: 513.1453

.R. Gmax (KBr): 3295 (NH), 1737C=0este), 1631(C=Oamiad, 1609(C=Oamiad CM *;

UV-VIS &max EtOH: 334, 445 nm;
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'H NMR (400 MHz)li (DMSO- dg): 8.74 (1H, tJ = 6.0 Hz, -CONH-), 8.30 (1H, tJ =
6 Hz, -CONH-), 8.08 (1H, s,ArH), 7.69- 7.66 (2H, m,ArH), 7.40 (1H, tJ = 7.0 Hz,
ArH), 4.80 (2H, sprtho on d°>-CsHa-benzoyl), 4.34 (2H, snetaon d>-CsHa-benzoyl),
4.01 (2H, q,J = 6.8 Hz, -OCH,CHs), 3.95 - 3.85 {8H, m, (°>-CsHs-alkyl), (-
NHCH,CO-), ((NHCH,CO-)}, 2.00 (2H, t,J = 7.6 Hz, -CH,CH,CHs), 1.40- 1.30 (2H,
m, -CH2CH,CHs), 1.12 (3H, t,J = 7.2 Hz,-OCH,CHs), 0.70 (3H, t,J = 7.2 Hz,-
CH>CHyCHa);

3C NMR (100 MHz)ti (DMSO- dg): 170.8 (C=0), 169.1 (C=0), 165.5 (C=0), 138.5
(Cy), 135.8 (@), 128.2, 127.9, 127.0, 123.2, 92.5,(8d>-CsHs-alkyl), 83.0 (Gso I
CsHa-benzoyl), 71.7 (Geta I-CsHa-benzoyl), 69.8 (Gewa d>-CsHa-alkyl), 68.4 (Grino
d>-CsHa-alkyl), 66.7 (Guno d°-CsHs-benzoyl), 62.4 OCH,CHs, -ve DEPT), 42.8
NHCH,CHO-, -ve DEPT), 41.9 -NHCH,CHO-, -ve DEPT), 32.8-CH,CH,CHs, -ve
DEPT), 25.0{CH,CH,CHjs, -ve DEPT), 14.5OCH,CHjz), 14.0 (CH,CH,CHs).

1-propyl-1 -dN-{meta(ferrocenyl) benzoyl} glycine L-alanine ethyl ester 93)

Glycine L-alanine ethyl ester hydrochloride (0.13 g, 0.72 mmol) was used as a starting
material. The arde product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.08 g, 22%),
[Up%°=-16°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 527.1621

C,7H32N20O4FeNa requires: 5289

.R. Omax (KBr): 3290 (NH), 1739C=0este), 1635(C=Chmiad, 1605(C=Cumiad CM *;

UV-Vis amax EtOH: 330, 449 nm;

'H NMR (400 MHz)li (DMSO- dg): 8.65 (1H, tJ = 6.0 Hz, -CONH-), 8.41 (1H, d)

= 7.2 Hz, -CONH-), 8.10 (1H, s,ArH), 7.71- 7.69 (2H, m, AH), 7.42 (1H,tJ=7.0

Hz, ArH), 4.80 (2H, s,ortho on d>-CsHs-benzoyl), 4.35 (2H, smeta on d>-CsHa-
benzoyl), 4.30 4.25 (1H, m-CHCHj3), 4.10 (2H, qJ = 6.8 Hz,-OCH,CH3), 3.97-
3.85 {6H, m, (I-CsHa-alkyl), (NHCH,CO-)}, 2.00 (2H, t,J = 7.6 Hz, -CH,CH,CHj),
1.35- 1.25 {5H, m, ¢CH,CH,CHs), (-CHCH,)}, 1.10 (3H, t,J = 6.8 Hz,-OCH,CHy),
0.72 (3H, tJ = 7.2 Hz,-CH,CH,CHj3);
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3C NMR (100 MHz)ti (DMSO- dg ): 170.0 (C=0), 169.5 (C=0), 168.2 (C=0), 135.5
(Cy), 132.8 (G), 130.4, 129.2, 126.4, 123.9, 92.346d>-CsHa-alkyl), 82.6 (Gpso 4™
CsHa-benzoyl), 71.6 (Geta °-CsHa-benzoyl), 68.9 (Gewa I>-CsHa-alkyl), 68.4 (Grino
d>-CsHa-alkyl), 67.9 (Guno d°-CsHs-benzoyl), 61.4 OCH,CHs, -ve DEPT), 48.6
CHCHs), 41.0 (NHCH,CHO-, -ve DEPT), 31.9 -CH,CH,CHjz, -ve DEPT), 21.0-(
CH,CH,CHj, -ve DEPT), 18.0-CHCHs), 14.2 (OCH,CHs), 13.9 (CH,CH,CHs).

1-propyl- 1 -N-{meta(ferrocenyl) benzoyl} glycine L:-leucine ethyl ester 94)

Glycine L-leucine ethyl ester hydrochloride 16.g, 0.72 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.07 g, 18%),
[Up%°=-18°(c 0.1, EtOH);

Mass spectrum: [M+Na]found 569.2193

CsoH3sN204FeNa requires: 569.2181

.R. Omax (KBr): 3260 (NH), 1736C=Ceste), 1643(C=Chmiad, 1612(C=Cumiad CM *;
UV-Vis amax EtOH: 331, 448 nm;

'H NMR (400 MHz)l (DMSO- dg): 8.65 (1H, tJ = 6.0 Hz, -CONH-), 8.30 (1H, d,

= 7.6 Hz, -CONH-), 8.00 (1H, s,ArH), 7.72- 7.70 (2H, m, AH), 7.39 (1H, tJ = 7.0
Hz, ArH), 4.83 (2H, sprtho on d>-CsH4-benzoyl), 4.35 (2H, t) = 1.6 Hz,metaon d-
CsHs-benzoyl), 4.30- 4.28 {1H, m,-CH(CH,CH(CHs),)}, 4.19 (2H,q, J = 7.2 Hz,-
OCH,CHs) , 3.95- 3.88 {6H, m, ([>-CsHas-alkyl), (NHCH,CO-)}, 2.08 (2H, t,J = 7.6
Hz, -CH,CH,CHs), 1.69- 1.45 {3H, m,-CH(CH,CH(CHs),)}, 1.35 - 1.25 (2H, m,-
CH,CH,CH3), 1.19 (3H, t,J = 7.2 Hz, -OCH,CHs), 0.89 - 0.83 {6H, m, -
CH(CH,CH(CH3)2)}, 0.70 (3H, tJ = 7.2 Hz,- CH;CH,CHj);

3¢ NMR (100 MHz)li (DMSO- dg): 171.9 (C=0), 169.6 (C=0), 166.1 (C=0), 139.1
(Cy), 137.8 (G), 132.4, 129.7, 127.2, 125.7, 89.4,(5d>-CsHs-alkyl), 83.3 (Gso -
CsHa-benzoyl), 71.0 (Geta °-CsHa-benzoy), 70.4 (Greta I>-CsHa-alkyl), 68.4 (Grino
d>-CsHa-alkyl), 66.1 (Guno d°-CsHs-benzoyl), 61.4 OCH,CHs, -ve DEPT), 51.3 {
CH(CH,CH(CHs),), 42.9 (NHCH,CHO-, -ve DEPT), 40.0 {CH(CH,CH(CHy),), -ve
DEPT}, 31.0 (CH,CH,CHs, -ve DEPT), 27.4 -CH(CH.CH(CHs),) 24.7 ¢
CH,CH,CHj, -ve DEPT), 23.2 {CH(CH,CH(CHs),)}, 22.4 -CH(CH,CH(CHs)), 14.6
(-OCH,CHj), 13.6 (CH,CH,CHz).
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1-propyl-1 -™N-{meta(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester (9)

Glycine L-phenylalanine ethyl ester hydrochloride (0¢,80.72 mmol) was used as a
starting materialThe crude product was purified by column chromatography {eluent
1:1 hexane: ethyl acetate} yielding the titled product as a red oil (0.07 g, 17%),
[Up%°=-13°(c 0.1, EtOH);

Mass spectrum: [M+N&] found: 603.2032

Cs3H3eN204FeNa requires: 603.2034

.R. Gmax (KBr): 3300 (NH), 1745C=0este), 1633(C=Oamidd, 1612(C=Oamiad CM *;
UV-Vis amax EtOH: 330, 447 nm;

'H NMR (400 MHz)ii ( DMSO- ds): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.30 (1H, d,)

= 7.6 Hz, -CONH-), 8.00 (1H, s,ArH), 7.69- 7.68 (2H, m, AH), 7.40 (1H,t,J=7.6
Hz, ArH), 7.25- 7.21 (5H, m,-CH(CH,Ph)}, 4.80 (2H, s,ortho on d°>-CsH4-benzoyl),
4.49- 4.47 {1H, m,-CH(CH,Ph)}, 4.29 (2H, smetaon d>-CsH4-benoyl), 4.00 (2H, q,

J = 7.2 Hz,-OCH,CHz), 3.95- 3.83 {6H, m, (>-CsHa-alkyl), ((NHCH,CO-)}, 3.06 -
2.90 {2H, m,-CH(CH,Ph)}, 1.99 (2H, tJ = 7.6 Hz, -CH,CH,CHj), 1.40- 1.27 (2H, m,
-CH,CH,CHy), 1.11 (3H, t,J = 7.2 Hz, -OCH,CHy), 0.70 (3H, t,J = 7.2 Hz, -
CH,CH,CHp);

3¢ NMR (100 MHz)li (DMSO- dg): 171.9 (C=0), 169.2 (C=0), 166.9 (C=0), 137.0
(Cy), 132.7 (G), 130.1 (G), 128.7, 127.2, 126.8, 126.1, 125.2, 124.9, 123.7, 8% (C
d>-CsHg-alkyl), 84.0 (Goso d*-CsHa-benzoyl), 71.4 (Geta d>-CsHa-benoyl), 69.4 (Gueta
d>-CsHs-alkyl), 67.5 (Guno *-CsHs-alkyl), 66.3 (Grno d*-CsHa-benzoyl), 62.4 |
OCH,CHjs, -ve DEPT), 53.7-CH(CH,Ph)), 43.2 {NHCH,CHO-, -ve DEPT), 39.2 {
CH(CH,Ph), -ve DEPT}, 33.8 {CH,CH,CHs, -ve DEPT), 20.6 -CH,CH,CHs, -ve
DEPT),14.9 (OCH,CH), 13.1 ¢CH,CH,CHz).

1-propyl- 1 -!N- {ortho-(ferrocenyl) benzoyl} glycine glycine ethyl ester96)
Glycine-glycine ethyl ester hydrochloride (0.12 g, 0.72 mmol) was used as a starting

material. The crude product was purified by columnootatography {eluent 1:1

hexane: ethyl acetate} yielding the titled product as a red oil (0.08 g, 23%),
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Mass spectrum: [M+Na]found: 513.1464

CaeH3oN204FeNa requires: 513.1453

.R. Gmax (KBr): 3387 (NH), 173§C=0este), 1629(C=Oamidg, 1609(C=Oamiad CM *;
UV-Vis amax EtOH: 325, 443 nm;

'H NMR (400 MHz)t( DMSO- dg): 8.76 (1H, tJ = 5.6 Hz, -CONH-), 8.34 (1H, tJ =
5.6 Hz,-CONH-), 7.98 (1H, dJ = 7.4 Hz, AH), 7.86 (1H, tJ = 7.2 Hz, AH), 7.70
(1H, t,J = 6.8 Hz, ArH), 7.39 (1H, d,) = 7.6 Hz, AH), 4.83 (2H, sprtho on d°>-CsHa-
benzoyl), 4.36 (2H, snetaon d’-CsH4-benzoyl), 4.12 (2H, ] = 6.8 Hz,- OCH,CHs)
, 3.96- 3.85 {8H, m, (>-CsHs-alkyl), ((NHCH,CO-), (NHCH,CO-)}, 2.05 (2H, t,J =
7.6 Hz, -CH,CH,CHjz), 1.35- 1.27 (2H, m,-CH,CH,CHz), 1.10 (3H, tJ = 6.8 Hz,-
OCH,CHs), 0.72 (3H, tJ = 7.2 Hz,- CH,CH,CHy);

3C NMR (100 MHz)ti (DMSO- dg): 168.8 (C=0), 168.3 (C=0), 167.9 (C=0), 142.5
(Cy), 137.8 (G), 130.2, 129.5, 128.9, 126.7, 91.8,(5d>-CsHs-alkyl), 81.9 (Gpso -
CsHa-benzoyl), 71.7 (Geta d-CsHa-benzoyl), 69.1 (Geta d™-CsHa-alkyl), 67.0 (Grno
d>-CsHa-alkyl), 66.2 (Guno d°-CsHs-benzoyl), 61.9 OCH,CHs, -ve DEPT), 44.4 |
NHCH,CHO-, -ve DEPT), 42.8-NHCH,CHO-, -ve DEPT), 32.8-CH,CH;CHs, -ve
DEPT), 24.5{CH,CH,CHjs, -ve DEPT), 14.3-OCH,CHs), 13.1 (CH,CH,CHs).

1-propyl- 1 -dN-{ortho-(ferrocenyl) benzoyl} glycine L-alanine ethyl ester 97)

Glycine L-alanine ethyl ester hydrochloride (0.13 g, 0.72 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.07 g, 19%),

[Up%° =-19°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 527.1617

C.7H32N204FeNa requires: 527.1609

.R. gmax (KBr): 3291 (NH), 174qC=0kste), 1639(C=Cumigd, 1618(C=Oumiad cm’*;

UV-Vis amax EtOH: 325, 446 nm;

'H NMR (400 MHz)ti (DMSO- dg): 8.68 (1H, tJ = 6.0 Hz, -CONH-), 8.41 (1H, d)

= 7.0 Hz, -CONH-), 8.01 (1Hd,J = 7.6 Hz, AH), 7.80 (1H, tJ = 7.2 Hz, AH), 7.79

(1H, t,J = 6.0 Hz, AH), 7.38 (1H, d,J = 7.6 Hz, AH), 4.85 (2H, sprtho on d°>-CsHa-
benzoyl), 4.37 (2H, snetaon d°>-CsHas-benzoyl), 4.33 4.28 (1H, m- CHCHs), 4.11

(2H, q,J = 6.4 Hz,- OCH,CHs) , 3.92- 3.85 {6H, m, (-CsHa-alkyl), (-NHCH,CO-)},
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2.05 (2H, t,J = 7.6 Hz, -CH,CH,CHs), 1.38 - 1.29 {5H, m, (CH,CH,CHs), (-
CHCHy)}, 1.14 (3H, t,J = 6.4 Hz, -OCH,CHz), 0.70 (3H, t,J = 7.2 Hz, -
CH>CHyCHa);

3C NMR (100 MHz)ti (DMSO- dg): 172.9 €=0), 169.0 (C=0), 166.2 (C=0), 137.2
(Cy), 135.8 (G), 130.4, 128.6, 127.4, 124.8, 91.3,(00>-CsHa-alkyl), 81.2 (Gpso 4
CsHa-benzoyl), 72.0 (Geta I°-CsHa-benzoyl), 68.8 (Gewa d>-CsHa-alkyl), 68.5 (Grino
d>-CsHa-alkyl), 67.9 (Guno d°-CsHs-benzagl), 60.4 (OCH,CHs, -ve DEPT), 47.6
CHCHs), 42.0 (NHCH,CHO-, -ve DEPT), 31.0 -CH,CH,CHjs, -ve DEPT), 22.8(
CH,CH,CHs, -ve DEPT), 17.4-CHCH;), 15.0 (OCH,CHs), 14.0 (CH,CH,CHb).

1-propyl- 1 -!N-{ortho-(ferrocenyl) benzoyl} glycine L-leucine ethyl ester (98)

Glycine L-leucine ethyl ester hydrochloride (0.12 g, 0.72 mmol) was used as a starting
material. The crude product was purified by column chromatography {eluent 1:1
hexane: ethyl acetate} yielding the titled product as a red oil (0.05 g, 14%),

[ @f=-17°(c0.1, EtOH);

| . Ruax (KBN): 3272 (NH), 175(C=0cgte), 1633(C=Ounmigd, 1610(C=Oumigd CMI";
UV-Vis amax EtOH: 324, 446 nm;

'H NMR (400 MHz)U( DMSO- dg): 8.67 (1H, tJ = 6.0 Hz, -CONH-), 8.33 (1H, dJ

= 7.6 Hz, -CONH-), 8.03 (1Hd,J = 7.2 Hz, AH), 7.81 (1H, tJ = 7.0 Hz, AH), 7.79
(1H, t,J = 6.4 Hz, AH), 7.31 (1H, d,J = 7.6 Hz, AH), 4.79 (2H, sprtho on d°-CsH.-
benzoyl), 4.35 (2H, s,meta on d>-CsHs-benzoyl), 4.30- 4.27 {1H, m, -
CH(CH,CH(CHs),)}, 4.17 (2H, q,J = 7.2 Hz,- OCH,CHz), 3.95- 3.84 {6H, m, (-
CsHg-alkyl), ((NHCH,CO)}, 2.07 (2H, t,J = 7.6 Hz, -CH,CH,CHjs), 1.69- 1.45 {3H,

m, -CH(CH,CH(CH3))}, 1.38 - 1.23 (2H, m-CH,CH,CHs), 1.17 (3H, tJ = 7.2 Hz,-
OCH,CHj3), 0.90- 0.85 {6H, m,-CH(CH,CH(CHs),)}, 0.74 (H, t, J = 7.2 Hz,-
CH,CH,CHy);

3¢ NMR (100 MHz)li (DMSO- dg): 170.9 (C=0), 168.5 (C=0), 167.1 (C=0), 139.5
(Cy), 135.8 (G), 129.4, 127.9, 125.2, 124.9, 91.4,(00>-CsHa-alkyl), 82.9 (Gpso 4™
CsHa-benzoyl), 71.0 (Geta d-CsHa-benzoyl), 70.4 (Gewa I™-CsHa-alkyl), 69.2 (Grno
d>-CsHas-alkyl), 66.8 (Grno d°-CsHa-benzoyl), 61.4 OCH,CHs, -ve DEPT), 51.3 {
CH(CH,CH(CHs),)}, 43.9 (NHCH,CHO-, -ve DEPT), 41.0 {CH(CH,CH(CHs),), -ve
DEPT}, 31.0 (CH,CH,CHs, -ve DEPT), 27.7 {CH(CH,CH(CHs).)}, 24.4 (-
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CH,CH,CHs, -ve DEPT), 22.7 {CH(CH,CH(CH))}, 21.4 {-CH(CH.CH(CHy),)},
14.6 (LOCH,CH), 13.6 (CH,CH,CHs).

1-propyl-1 -™N-{ortho-(ferrocenyl) benzoyl} glycine L-phenylalanine ethyl ester 99)

Glycine L-phenylalanine ethyl ester hydrochloride (0.18 g, Gr#fol) was used as a
starting material. The crude product was purified by column chromatography {eluent
1:1 hexane: ethyl acetate} yielding the titled product as a red oil (0.06 g, 13%),

[ §f=+17(c0.1, EtOH);

| . Ruax (KBr): 3288 (NH), 173qC=0¢se), 1629(C=Cumiad, 1615(C=Chmigd CM *;
UV-Vis amax EtOH: 324, 445 nm;

'H NMR (400 MHz)l( DMSO- dg): 8.50 (1H, tJ = 6.0 Hz, -CONH-), 8.26 (1H, d)

= 7.0 Hz, -CONH-), 7.91 (1H, dJ = 7.0 Hz, AH), 7.78 (3H, tJ = 7.2 Hz, AH), 7.49
(1H, t,J = 7.2 Hz, AH), 7.30 (1H, d,J = 7.0 Hz, AH) 7.16- 7.10 {5H, m,
-CH(CH,Ph)}, 4.73 (2H, s, ortho on d>-CsHa-benzoyl), 4.40- 4.38 {1H, m, -
CH(CH,Ph)}, 4.27 (2H, s,metaon d>-CsHs-benzoyl), 3.96 (2H, gJ = 7.2 Hz,-
OCH,CHs), 3.83-3.79 {6H, m, (>-CsHs-alkyl), ((NHCH,CO-)}, 2.84 - 2.80 {3H, m,
-CH(CH,Ph)}, 1.88 (2H, t,J = 7.6 Hz, -CH,CH,CH3), 1.39 - 1.33 (2H, m,-
CH,CH,CHs), 1.14 (3H, t,J = 7.2 Hz, -OCH,CH3), 0.76 (3H, t,J = 7.2 Hz, -
CH,CH,CHy);

3¢ NMR (100 MHz)li (DMSO- d): 169.6 (C=0), 168.6G=0), 166.3 (C=0), 136.0
(Cy), 134.1 (Q), 128.8 (@), 128.5, 126.2, 125.1, 124.2,123.1, 122.2, 120.8, 93,2 (C
d>-CsHa-alkyl), 83.1 (Goso d*-CsHa-benzoyl), 69.9 (Getad>-CsHa-benzoyl), 68.8 (Geta
d™-CsHa-alkyl), 68.5 (Grno d-CsHa-alkyl), 66.2 Comno d-CsHa-benzoyl), 60.3 {
OCH,CHs, -ve DEPT), 50.0 {CH(CH,Ph)}, 42.4 (NHCH,CHO-, -ve DEPT), 36.2
CH(CH,Ph), -ve DEPT), 31.1 CH,CH,CHjs, -ve DEPT), 20.8 CH,CH,CHjs, -ve
DEPT), 14.3{OCH,CHz), 14.1 ¢CH,CH,CHs).
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General procedure for the peparation of starting materials for ethynyl ferrocenyl

dipeptide derivatives

(2-Formyl-1-chlorovinyl) ferrocene (100) ™!

Acetylferrocene (22.8 g, 99.96 mmol) wdssolved inN, N-dimethylformamide (25

ml) at O °C under nitrogen. Phosphorus oxychlorig25 ml) was added to
dimethylformamide (25 ml) at @C under nitrogen and stirred for 25 min resulting in a
viscous red complex. The viscous complex was added to the acetylferrocene mixture
over 2 hr and further stirred for 3 hr at 0 °C. Diethyl ethem{®0 sodium acetate (116

g, mmol) and deionised water (20 ml) were added to reaction mixture. The reaction
mixture was stirrecait room temperature for 12 hnd thenconc. sodium bicarbonate
solution was added. The resulting solution was extracted witth &tetate. The solvent
was evaporated to yield the crude product which was pdirifity column
chromatography (eluent 9:1 hexauéethyl ether) yielding the title compound deep
purple crystals. (17 g, &), mp. 76- 77 °C (lit.> 76 - 77 °C);

'HNMR(@ 00 MHz) -&): (0DBA$H)d,) = 7.2 Hz,-CHO), 6.32 {1H, dJ =

7 . 2 HgHs,-C=€H(CI)-}. 4.68 {2H, t,J = 2.0 Hz,ortho 0 n >-CgH4s-C=CH(CI}},

4.49 {2H, t,J = 2.0 Hz,metao n>-CgH4-C=CH(CI}} , 4. 1 P-CHH:H, s, d
BC NMR (100 MHd): Ul qODMS ( CGHRFLSCH(CIE)51204 ( d
( YCsHa-C=CH(CI)), 80.1 (Grino I™-CsHa-C=CH(CI}) ,  7°sH)), 7Q.1(Grera ™
CsH4-C=CH(CI}), 68.9 (Gpso d*-CsHa-C=CH(CI}).

Ethynyl ferrocene (102)

Potassiuntert-butoxide (10.24 g, 925 mmol) was added to dtgtrahydrofurar{100

ml) at0 °C under nitrogen and stirred for 25 mfB-Formyl-1-chlorovinyl) ferrocene

(5 g, 18.25 mmol) was added slowly over 10 min and the reaction mixture was stirred
at0°C for 30 min and refluxed at 8C for 4 hr. The reaction mixture was poured into

ice then neutralised with conc. hydrochloric acid. The resulting solution was extracted
with hexane and the solvent was evaporated to yield the crude product which was
purified by column chromatography (eft 9:1 hexane: diethyl ether) yielding the title
compaind as a red solid. (1.87 g,%9m.p 52-53 °C, (lit.* 52- 53 °C);



'H NMR (400 MHd) 4.68 (20, DIMR.0OHz,0rthoo n>-CgHs,-CI CH) ,
4.25- 4.15 {7H, m, (netao n>-CgH4-C [ C H )°>-CsHsf},@.74

( 1 H,>CgHsCldB);

% NMR (100 MHZ) : U 82CEHMSIOH]) , 7°TsHHCI Cd)

71.8 (Grtho I-CsHa-C [ CH) , °-T:sBls), 8.7 (Gtad™CsHa-CI CH) , n6®B-. 5 ( C
CsHsi-CT CH) .

para-(ferrocenyl) ethynyl benzoic acid 102

Ethynyl ferrocene (2.00 g, 9.52 mmol) andhdmobenzoic acid (1.91 g, 9.52 mmol)

were mixed together and dissolved in 50 ml of a 1:1 mixture of dry triethylamine and
tetrahydrofurarunder nitrogen for 10 minTriphenylphosphine (0.20 g, 0.76 mmol),
bis(triphenylphosphine)palladium(ll) dichloride (0.28 g, 0.38 mmol) and copper(l)
iodide (0.07 g, 0.38 mmol) were mixed together and added to the reaction mixture. The
reaction mixture was stirred for 10 min arefluxed at 80°C for 12 hr. The reaction
mixture was vacuum filtered. The solvent was remowed/acuoto yield the crude
product The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) yielding the title cauapd as a red solid (2.53 g,%8), mp 147

- 149°C;

'H NMR (400 MHz) &i (DMSO- dg): 12.83 (1H, s;COCH), 7.90 (2H, d,J = 9.2 Hz,
ArH), 7.58 (2H, dJ = 9.2 Hz,ArH), 4.61 (2H, tJ = 2.0 Hz,ortho on d>-CsHs-C [ 4,

4.38 (2H, tJ = 2.0 Hz,metaond>-CsH4-C [ G, 4.29 (5H, s>-CsHs);

*C NMR (100 MHz)li (DMSO- dg): 171.0 (C=0), 138.2 (§, 136.1(G), 133.0, 131.0,
96.4 @°-CsH4-C [C-), 87.0 (>-CsHs-Cl ©), 71.4 (Guno -CsHa-C [ G, 70.1 €-
CsHs), 69.7 (Gretad™CsHa-C [ G, 64.0 (Goso -CsH4-C [ G.

6-(Ferrocenyl) ethynyl-2-naphthoic acid (L03

Ethynyl ferroene (2.00 g, 9.52 mmol) andbBomao2-naphthoic acid (2.39 g, 9.52
mmol) were used as starting materials. The crude product was purified by column
chromatography (eluent 1:1 hexane: ethyl acetate) to yield the desiredtipasd red
solid. (2.34 g, 646), mp 167 169°C;

19¢



'H NMR (400 MHz)li (DMSO- dg): 12.87 (1H, s;COCH), 8.13 (1H, s, AH), 7.95-
7.48 (5H, m, (AH), 4.60 (2H, tJ = 2.0 Hz, orthoon q5-C5ﬂ4-C [ ¢ 4.27 (2H, tJ=
2.0 Hzmetaon d°>-CsH4-C [ G, 4.19 (5H, sd>-CsHs);

%C NMR (100 MHz)ti (DMSO- dg): 172.7 (C=0), 134.9 (§, 134.6 (G), 134.0 (Q),
132.2 (G), 131.6, 130.3, 128.1, 128.0, 127.8, 120.8, 9€°3C6H,-C IC-), 85.7 (|-
CsHs-Cl ©), 71.4 (Grno A-CsHa-C [ G, 69.9 (>-CsHs), 68.7 (Greta A>-CsHa-C [ G,
65.8 (Gosod™CsHa-C [ .

5-(Ferrocenyl) ethynyl-2-furanoic acid (104)

Ethynyl ferrocene (2.00 g, 9.52 mmol) aneéb®mo2-furanoic acid (1.82 g, 9.52
mmol) was used as starting materials. The crude product was purified by column
chromatography (eluent 1:1 hexane: ethyl acetatg)eld the desiredrpduct as a red

oil (2.10 g, 690);

'H NMR (400 MHz) Ui (DMSO- dg): 11.5 (1H, s, CO@8), 7.06 (1H, dJ = 3.6 Hz,

ArH), 6.56 (1H, dJ = 3.6 Hz, AH), 4.48 (2H, sprthoond>-CsHs-C [ ¢, 4.24 (2H, s,
metaon d>-CsHa-C [ §, 4.16 (5H s, d>-CsHs);

%C NMR (100 MHz)u (DMSO- de): 167.9 (C=0), 146.5 (§, 139.3 (G), 116.1,
116.0, 94.5 >-CsH4-C IC-), 75.0 (P-CsHa-Cl ©), 71.7 (Grino I>-CsHs-C [ ¢, 70.2
(d°-CsHs), 69.5 (Gretad>-CsHa-C [ G, 65.1 (Goso0>-CsH4-C [ 4.



General procedure for the preparation of N-{para-(ferrocenyl) ethynyl benzoyl}
amino acids anddipeptide esters

N-{para-(ferrocenyl) ethynyl benzoyl} glycine glycine methyl esterl(05

N-para-(ferrocenyl) ethynyl benzoiacid (1.00 g, 3.03 mmol) was dissed in
dichloromethane (100 ml) at . N-(3-dimethylaminopropyPNé-ethylcarbodiimide
hydrochloride (0.58 g, 3.03 mmol),-Hydroxybenzotriazole (0.35 g, 3.03 mmol),
glycine glycine methyl ester hydrochloride (0.44 g, 3.03 mmol) and triethylamine (6
ml) were added and the reaction mixture was allowed to stir°@tfor 45 min. The
reaction mixture was then allowed to stir at room temperature for, 48chwashed
with water and brine. The organic layer was dried over MgS®e solvent was
removed in vacuo to yield the crude product, that was purified by column
chromatography (eluent 1:1 hexane: ethyl acetate) yielding the title compsuand
orange solid (0.35 g, 26), m.p 169 171°C;

Mass spectrum: [M+Na] found: 481.0814

Co4H2oN204FeNa requires: 481.0827
I.R. gmax (KBr): 3261 (NH), 2204 C[ ¢, 1736 (C=Qste), 1658 (C=Qmig9, 1603
(C=Oumigd CM’™;

UV-Vis amax EtOH: 385, 4901m;

'H NMR (400 MHz)ti (DMSO- dg): 8.91 (1H, tJ = 6.0 Hz, -CONH-), 8.40 (1H, tJ =
6.0Hz, -CONH-), 7.90 (2H, dJ = 8.0 Hz,ArH), 7.58 (2H, dJ = 8.0 Hz,ArH), 4.60
(2H, s,ortho on >-CsHas-C [ G, 4.37 (2H, smetaon >-CsHs-C [ G, 4.29 (5H, sd’-
CsHs), 3.93 ( 2H, dJ = 5.6 Hz,-NHCH,CO-), 3.86 (2H, d,J = 5.6 Hz,-NHCH,CO"),
3.63 (3H s,- OCHy);

13C NMR (100 MHz)li (DMSO- dg): 170.2 (C=0), 168.9 (C=0), 167.8 (C=0), 131.9
(Cg), 130.0 (@), 127.7, 126.0, 91.2{-CsH4-C IC-), 84.1 ([-CsHs-Cl G), 71.8 (Grtho
A>-CsHa-C [ G, 69.8 (-CsHs), 68.2 (Gretad™-CsHs-C [ G, 64.9 (Gsod>-CsHs-C [ C

), 51.7 (OCHs), 48.7, (NHCH,CO-, -ve DEPT), 40.5-NHCH,CO-, -ve DEPT).

N-{para-(ferrocenyl) ethynyl benzoyl} glycine glycine ethyl esterl(06)

Glycine glycine ethyl ester hydrochloride (0.48 g, 3.03 mmol) was used as a starting

material. The de product was purified by column chromatography (eluent 1:1
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hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired prduct as a red solid (0.32 g,%2, m.p 178 180°C;
Mass spectrum: [M+Na]found: 495.0972

CosH24N204FeNa requires: 495.0983
I.R. gmax (KBr): 3261(NH), 2204 {C[ ¢, 1736 (C=Qst), 1658 (C=Qmigd, 1603
(C=Qumiad cMi™;

UV-Vis amax EtOH: 385, 490hm;

'H NMR (400 MHz)li (DMSO- dg): 8.89 (1H, tJ = 6.4 Hz, -CONH-), 836 (1H, t,J =
6.4 Hz, -CONH-), 7.90 (2H, dJ = 9.2 Hz,ArH), 7.58 (2H, dJ = 9.2 Hz,ArH), 4.61
(2H, t,J = 2.0 Hz,ortho on d>-CsHs-C [ G, 4.38 (2H, tJ = 2.0 Hz,metaon d°-CsHa-
Cl @, 4.29 (5H, sf>-CsHs), 4.10 (2H, g, = 7.2 Hz,-OCH,CHs), 3.91(2H, d,J = 6.0
Hz, -NHCH,CO), 3.84 (2H, dJ = 6.0 Hz,-NHCH,CO-), 1.19 (3H, tJ = 7.2 Hz,-
OCH,CHp);

3C NMR (100 MHz)ti (DMSO- dg): 170.0 (C=0), 169.3 (C=0), 168.2 (C=0), 132.2
(Cg), 130.7 (@), 127.7, 126.0, 90.9)¢-CsH4-C IC-), 84.3 ([-CsHs-Cl G), 72.0 (Gortho
d>-CsHs-C [ G, 70.5 (>-CsHs), 69.1 (Gretad>-CsHa-C [ G, 67.6 (Goso >-CsHa-C [ G,
62.0 (OCH,CHs, -ve DEPT), 49.6-{NHCH,CO-, -ve DEPT), 42.3,-NHCH,CO-, -ve
DEPT), 13.9 {OCH,CHs).

N-{para-(ferrocenyl) ethynyl benzoyl} glycine L-alanine methyl ester (L07)

Glycine L-alanine methyl ester hydrochloride (0.48 g, 3.03 mmol) was used as a
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethgteagetlded the
desired product as a red solid (0.25 g, 17%), m.p-112°C;

[Jp2°=-25°(c 0.1, EtOH);

Mass spectrum: [M+N4&]found: 495.0965

CosH24N204FeNa requires: 495.0983
I.R. gmax (KBr): 3336 (NH), 2205 C [ ¢, 1734 (C=Qst), 1660 (C=Qmigd, 1604
(C=Oamiad CM™;

UV-ViS amax EtOH: 391 488nm:;
'H NMR (400 MHz)t (CDCl): 7.73 (2H, dJ = 8.4 Hz, AH), 7.48 (1H, tJ = 6.8 Hz,
-CONH-), 7.45 ( 2H, dJ = 8.4 Hz, AH), 7.33 (1H, dJ = 7.2 Hz,-CONH-), 4.55 (H,
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quin,J = 7.2 Hz,-CHCHs), 4.44 (2H, tJ = 2 Hz,orthoond>-CsHs-C [ G, 4.21- 4.13
{9H, m, (metaon d>-CsHs-C [ ¢, (d>-CsHs), (NHCH,CO-)}, 3.66 (3H, s,-OCHy),
1.36 (3H, d,J = 7.2 Hz,-CHCHy);

%C NMR (100 MHz)ii (CDCls): 173.2 (C=0), 168.6 (C=0167.2 (C=0), 132.0 (g,
131.4 (G), 127.8, 127.2, 91.7{-CsH4-C IC-), 85.1 (>-CsHa-Cl ©), 70.7 (Guno -
CsHa-C 1 G, 69.2 (-CsHs), 68.2 (Gueta d-CsHa-C [ G, 66.5 (Gpso d-CsHa-C [ G,
52.4 (OCHg), 48.3 (CHCHs), 43.5 (NHCH,CO-, -ve DEPT), 18.1-CHCHs).

N-{para-(ferrocenyl) ethynyl benzoyl} glycine L-alanine ethyl ester (18)

Glycine L-alanine ethyl ester hydrochloride (0.52 g, 3.03 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.30 g, 20%), m.p- 115 °C;

[(Jp2°=-23°(c 0.1, EtOH);

Mass spectrum: [M+N&] found: 509.1127

CoeH26N204FeNa requires: 50940
I.R. gmax (KBr): 3275 (NH), 2204 C I ¢, 1739 (C=Qst), 1652 (C=Qmig¢d, 1604
(C=Oamiad CM™;

UV-Vis amax EtOH: 389 489nm;

'H NMR (400 MHz)ti (CDCl): 7.81 (2H, dJ = 8.0 Hz, AH ), 7.54- 7.51 {3H, m,
(ArH), ((CONH-)} 7.33 (1H, t,J = 7.2 Hz, -CONH-), 4.54 (1H, quinJ = 6.8 Hz,-
CHCHs), 4.53 (2H, tJ = 1.6 Hz,ortho on d>-CsHs-C [ G, 4.28 (2H, t,J = 1.6 Hz,
metaon d>-CsHs-C [ G, 4.26 (5H, sd>-CsHs), 4.23- 4.10 {4H, m, (OCH,CHy), (-
NHCH,CO-)}, 1.44 (3H, d,J = 7.2 Hz,-CHCH), 1.28 8H, t,J = 7.2 Hz,-OCH,CHb);
*C NMR (100 MHz)ii (CDCls): 172.8 (C=0), 168.9 (C=0), 165.2 (C=0), 132.Q)(C
130.4 (G), 127.5, 126.9, 91.0q{-CsH4-C [C-), 84.9 (>-CsHs-Cl ©), 71.6 (Grno d-
CsHs-C [ G, 70.1 @-CsHs), 69.2 (Greta 4>-CsHa-C [ G, 66.0 (Goso -CsHs-C [ G,
61.6 (OCH,CHs, -ve DEPT), 48.4-CHCHs), 42.0 (NHCH,CO-, -ve DEPT), 18.7
CHCHg), 14.2 (OCH,CHb).
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N-{para-(ferrocenyl) ethynyl benzoyl} glycine Dalanine methyl ester 109

Glycine Dalanine methyl ester hydrochloride (0.48 g03.mmol) was used as a
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.21 g, 15%), m.p- 134 °C;

[(p% = +25°(c 0.1, EtOH);

Mass spectrum: [M+Na]found: 495.0978

CosH24N204FeNa requires: 495.0983
l.R. gmax (KBr): 3354 (NH), 2207 LC I ¢, 1735 (C=Qst), 1621 (C=Qmiggd, 1604
(C=Ouamiad cM™;

UV-Vis amax EtOH: 387, 92 nm;

'H NMR (400 MHz)U (CDCls): 7.73 (2H, dJ = 8.4 Hz, AH ), 7.45 ( 2H, dJ = 8.4
Hz, ArH), 7.25 (1H, tJ = 5.6 Hz,-CONH-), 7.07 (1H, d,J = 6.8 Hz,-CONH-), 4.55-
4.50 (1H, m-CHCHs), 4.45 (2H, tJ = 1.6 Hz,orthoon >-CsHs-C [ ¢, 4.21- 4.14
{9H, m, (metaon d>-CsHs-C I G, (>-CsHs), (NHCH,CO-)}, 3.68 (3H, s,-OCHk),
1.38 ( 3H, d,J = 7.2 Hz,-CHCHb);

%C NMR (100 MHz)ii (CDCl): 173.2 (C=0), 168.6 (C=0), 167.2 (C=0), 132.Q)(C
131.4 (Q), 127.8, 127.2, 90.7q{-CsH,-C [C-), 84.2 (-CsHs-Cl ©), 70.9 (Grtno d-
CsHs-C [ G, 69.2 @-CsHs), 68.0 (Greta 4>-CsHa-C [ G, 65.9 (Goso -CsHs-C [ G,
52.0 (OCH), 47.9 (CHCHs), 42.9 (NHCH,CO-, -ve DEPT), 18.9-CHCH;).

N-{para-(ferrocenyl) ethynyl benzoyl} glycine Dalanine ethyl ester {10

Glycine Dalanine ethyl ester hydrochloride (0.52 g, 3.03 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desiredproduct as a red solid (0.27 g, 18%), m.p 89 °C;

[(p2° = +23°(c 0.1, EtOH);

Mass spectrum: [M+N4&] found: 509.1154

CoeH26N20O4FeNa requires: 509.1140

l.R. gmax (KBr): 3307 (NH), 2205 C [ ¢, 1734 (C=Qse), 1651 (C=Qmiqd, 1604
(C=Oumigd CM’;
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UV-Vis amax EtOH: 387, 494 m;

'H NMR (400 MHz)li (CDCl): 7.72 (2H, d,J = 8.0 Hz, AH), 7.45 (2H, d,J = 8.0 Hz,
ArH), 7.30 (1H, tJ = 7.2 Hz, -CONH-), 7.05 (1H, d,J = 6.8 Hz, -CONH-), 4.53 (1H,
quin,J = 6.8 Hz,-CHCHs ), 4.42 (2Ht,J = 1.6 Hz,orthoon d>-CsH4-C [ G, 4.20-
4.18 {5H, m, (metaon >-CsHa-C [ G, (>-CsHs)}, 4.15 - 4.10 {4H, m, (OCH,CHs),
(-NHCH,CO-)}, 1.37 ( 3H, d,J = 7.2 Hz, -CHCHs), 1.20 (3H, t,J = 7.2 Hz, -
OCH,CHb);

*C NMR (100 MHz)ii (CDCl): 172.7 (C=0)168.2 (C=0), 167.9 (C=0), 132.14C
130.4 (G), 127.0, 126.5, 91.04{-CsH,-C IC-), 84.7 (>-CsHa-Cl ©), 71.6 (Guno -
CsHa-C I G, 70.5 (-CsHs), 69.1 (Greta I-CsHa-C [, 66.7 (Goso -CsHs-C [ G,
61.6 (OCH,CHs, -ve DEPT), 48.4-CHCHjs), 42.0 (ve DEPT), 18.2 {CHCH;), 14.1
(-OCH,CHb).

N-{para-(ferrocenyl) ethynyl benzoyl}o-aminobutyric acid methyl ester (L11)

2-Amino butyric acidmethyl estethydrochloride (0.35 g, 3.03 mmol) was used as a
starting material. The crude product was purified blumn chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.41 g, 32%), m.pBEEC;

Mass spectrum: [M+N&] found: 452.0937

Co4H23NOsFeNa requires: 452.0925

|.R. gmax(KBr): 3343 (NH), 2207C [ G, 1731 (C=Qste), 1606 (C=Qmiqd CM'*;

UV-Vis amax EtOH: 385, 485nm:;

'H NMR (400 MHz)ti (CDCls): 7.76 (2H, dJ = 8.4 Hz, AH ), 7.55 (2H, d,J = 8.4

Hz, ArH ), 6.65 (1H, tJ = 4.2 Hz, -CONH-), 4.53 (2H, t,J = 2.0 Hz,ortho on d°-
CsHa-C [ G, 4.29- 4.27 {7TH, m, fetaon d>-CsHs-C [ G, (>-CsHs)}, 3.70 (3H, s,-
OCHs), 3.54 {2H, q,J = 6.4 Hz, (NHCH,CH,CH,-)}, 2.49 {2H, t, J = 6.8 Hz, (
NHCH,CH,CH,-)}, 2.00 {2H, quin,J = 6.4 Hz, {NHCH,CH,CH,-)};

*C NMR (100 MHz)ui (CDCly): 174.4 (C=0), 166.9 (C=0), 133.0{C131.4 (G),
127.3, 126.9, 91.0d¢-CsH4-C [C-), 85.1 (>-CsHs-Cl ©), 71.6 (Grino A°-CsHa-C [ G,
70.0 (~CsHs), 69.1 (Gretad*-CsHa-C [ G, 64.8 (Goso ™-CsHa-C [ G, 51.9 (OCHy),
39.8 (NHCH,CH,CH,-, -ve DEPT), 31.8 NHCH,CH,CH,-, -ve DEPT), 24.3
NHCH,CH,CH,-, -ve DEPT).
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N-{para-(ferrocenyl) ethynyl benzoyl}o-aminobutyric acid ethyl ester (L12)

2-Amino butyric acid ethyl estelnydrochloride (0.40 g, 3.03 mmol) was used aa
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.51 g, 38%), m.p6a4'C;

Mass spectrum: [M+h]" found: 466.1101

CosH2sNOsFeNa requires: 466.1082

I.R. Omax (KBr): 3283 (NH), 22054C [ ¢, 1726 (C=Qste), 1605 (C=Qmiqd CM’*;

UV-Vis amax EtOH: 3&, 490nm;

'H NMR (400 MHz)U (CDCly): 7.73- 7.67 (4H, m, AH), 6.65 (1H, tJ = 4.4 Hz, -
CONH-), 4.55 (2H, t,J = 3.2 Hz,ortho on d°>-CsHs-C [ G, 4.28 (2H, t,J = 3.2 Hz,
metaon d>-CsHs-C [ ¢, 4.16 (5H, sd>-CsHs), 4.07 (2H, qJ = 7.2 Hz, -OCH,CHs),
3.45{2H, q,d = 6.4 Hz,-NHCH,CH,CH,-), 2.38 (2H, tJ = 6.8 Hz,-NHCH,CH,CH,-),

1.91 (2H, quin,) = 6.4 Hz,-NHCH,CH,CH,-), 1.19 ( 3H, tJ= 7.2 Hz, -OCH,CHs);

*C NMR (100 MHz)ui (CDCly): 173.0 (C=0), 167.0 (C=0), 132.7 {C131.8 (G),
127.2, 126.9, 90.8d¢-CsH4-C [C-), 85.4 (-CsHs-Cl ©), 70.5 (Grino A°-CsHa-C [ G,

68.8 (-CsHs), 68.2 (Gien d™-CsHasC I G, 67.1 (Goso I*-CsHa-CT G, 60.7 ¢
OCH,CHs, -ve DEPT), 39.8-NHCH,CH,CH;,-, -ve DEPT), 32.1{NHCH,CH,CH,-, -

ve DEPT), 24.3-NHCH,CH,CH,-, -ve DEPT), 14.8-OCH,CHb).

N-{para-(ferrocenyl) ethynyl benzoyl} glycine L-phenylalanine ethyl ester {13

Glycine L-phenylalanine ethyl ester hydrochloride (0.76 g, 3.03 mmol) was used as a
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from rexethyl acetate yielded the
desired product as a red solid (0.20 g, 12%), m.p- 128 °C;

[(p2°=-17°(c 0.1, EtOH);

Mass spectrum: [M+Na] found: 585.1442

Cs2H3oN2O4FeNa requires: 585.1453
I.R. Omax (KBr): 3359 (NH), 2205 C [ ¢, 1743 (C=Qste), 1631 (C=Qmig9, 1605
(C=Qumiad cm’™;

UV-ViS 8max EtOH: 390, 492nm;
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'H NMR (400 MHz)ti (CDCly): 7.81 (2H, d,J = 8.0 Hz, AH), 7.54 (2H, d,) = 8.0 Hz,
ArH), 7.25-7.19 {6H, m, (CONH-), (-(CHCH,Ph)}, 6.87 (2H, d,J = 8.0 Hz,-CONH-
), 486-4.84 (1H, m-CHCH,Ph), 4.54 (2H, tJ = 1.6 Hz,ortho on d>-CsHs-C [ G,
4.30- 4.29 {7H, m, metaon d>-CsHs-C I ¢, (d*>-CsHs)}, 4.18 (2H, q,d = 7.2 Hz,-
OCH,CHs), 4.23 (2H, dJ = 4.8 Hz,-NHCH,CO-), 3.20- 3.08 ( 2H, m-CHCH,Ph),
1.26 (3H, tJ = 7.2 Hz,-OCH,CHj);

*C NMR (100 MHz)ii (CDCk):171.2 (C=0), 168.1(C=0), 167.0 (C=0), 133.7)(C
132.0 (G), 130.1, 129.3, 128.6, 127.8, 127.2, 126.1, 9&7CkH,-C IC-), 84.9 (-
CsHa-Cl ©), 71.1 (Grtno >-CsHa-C [ G, 70.4 ([>-CsHs), 69.2 (Greta A°-CsH4-C [ G,
67.5 (Goso A°-CsHa-C [ §, 62.7 (OCH,CHs, -ve DEPT), 53.0 CHCH,Ph), 42.6 {
NHCH,CO-, -ve DEPT), 38.0-CHCH,Ph,-ve DEPT), 13.7-OCH,CHs).

N-{para-(ferrocenyl) ethynyl benzoyl} glycine L-leucine ethyl ester {14

Glycine L-leucine ethyl égr hydrochloride (0.65 g, 3.03 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid1(® g, 12%), m.p 132134°C;

[(Jp2°=-18°(c 0.1, EtOH);

Mass spectrum: [M+N&] found: 551.1617

CogH32N204FeNa requires: 551.1609
I.R. gmax (KBr): 3275 (NH), 2206 LC [ ¢, 1727 (C=Qst), 1640 (C=Qmiq¢9, 1605
(C=Oamiad CM™;

UV-Vis amax EtOH: 3%, 489nm;

'H NMR (400 MHz)l (CDCls): 7.72 (2H, dJ = 8.4 Hz, AH), 7.45 {2H, d, J = 8.4
Hz, ArH), 7.30 (1H, tJ = 5.2 Hz,-CONH-) 7.00 (1H, d,.J = 8.0 Hz, -CONH-), 4.57-
4.51 {1H, m,-CHCH,CH(CH),)}, 4.45 (2H, t,J = 2.0 Hz, ortho on >-CsHs-C [ G,
4.20- 4.15 { 9H, m, (etaon >-CsH4-C [ G, ((NHCH,CO), (d>-CsHs)}, 4.13 (2H, q,
J = 7.2 Hz,-OCH,CHs), 1.57- 1.45 {3H, m,-CHCH,CH(CHs),)}, 1.18 (3H, t,J=7.2
Hz,-OCH,CHs ), 0.88- 0.86 ( 6H, m;:CHCH,CH(CHz)>);

*C NMR (100MHz) i (CDCl): 171.8 (C=0), 168.9 (C=0), 167.1(C=0), 132.Q)(C
131.7 (), 127.3, 126.8, 90.%{-CsH4-C [C-), 84.1 ([-CsHa4-Cl ©), 71.7 (Grino d>-
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CsH4-C [ G, 70.5 (-CsHs), 68.2 (Gretad™-CsHa-C [, 66.1 (Goso -CsHs-C [ G,
61.0 (OCH,CHs, -ve DEPT), 50.1 (CHCH,CH(CHs),), 42.9 (NHCH,CO-, -ve
DEPT), 41.3 {CHCH,CH(CHj),, -ve DEPT), 25.8-CHCH,CH(CHb),), 22.0 ¢
CHCH,CH(CHs)2), 21.9 (CHCH,CH(CHs),), 14.0 (OCH,CHs).

N-{para-(ferrocenyl) ethynyl benzoyl}sarcosine glycineethyl ester (119

Sarcofe glycine ethyl ester hydrochloride (0.53 g, 3.03 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1

hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired prodet as a red solid (0.23 g, 16%), m.p-72L °C;

Mass spectrum: [M+N&] found: 509.1152

CoeH26N204FeNa requires: 509.1140
I.R. gmax (KBr): 3284 (NH), 2205 C [ ¢, 1744 (C=Qs), 1676 (C=Qmigd, 1620
(C=Oumiad CM™;

UV-Vis amax EtOH: 389, 495nm;

'H NMR (400 MHz) Ui (CDCl): 7.65- 7.35 {5H, m, (CONH-), (ArH)}, 4.43 (2H, s,
ortho on >-CsHs-C [ G, 4.30- 3.85 {13H, m, fnetaon d°>-CsH4s-C [ G, (@°-CsHs), (-
N(CHz)CH,CO), (-NHCH,CO-) (-OCH,CHz)}, 3.15 (38H, s,-N(CH3)CH,CO-), 1.17
(3H, t,J=7.2 Hz,-OCH,CHy);

*C NMR (100 MHz)ii (CDCl): 173.1 (C=0), 169.3 (C=0), 168.2 (C=0), 132.3)(C
130.7 (@), 127.1, 125.9, 90.9q{-CsH,-C [C-), 85.7 (-CsHs-Cl ©), 72.0 (Grtno d-
CsHs-C [ G, 70.1 @-CsHs), 69.1 (Geta 4>-CsHa-C [ §, 67.6 Cipso -CsHs-C [ G,
62.0 (OCH,CHs, -ve DEPT), 49.6-N(CH3)CH,CO-, -ve DEPT), 42.3-NHCH,CO-, -
ve DEPT), 38.5-N(CH3)CH,CO-), 14.3 {OCH,CHj).



N-{para-(ferrocenyl) ethynyl benzoyl}sarcosine glycineamethyl ester (L16)

Sarcosine glycine methyster hydrochloride (0.49 g, 3.03 mmol) was used as a
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solii23 g, 16%), m.p 124126°C;

Mass spectrum: [M+Na] found: 495.1297

CosH24N204FeNa requires: 495.0983
I.R. gmax (KBr): 3286 (NH), 2206 LC [ ¢, 1746 (C=Qst), 1674 (C=Qmig¢d, 1620
(C=Oamiad cNM™;

UV-Vis amax EtOH: 397, 486nm:;

'H NMR (400 MHz)U (CDCly): 7.45- 7.35 {5H, m, (CONH-), (ArH)}, 4.44 (2H, s,
orthoond>-CsHs-C [ G, 4.30- 3.85 {11H, m, tnetaon d>-CsH4-C [ G, (d°-CsHs),
(-N(CH3)CH,CO), (-NHCH,CO)}, 3.70 (3H, s, -OCH3), 3.04 (3H, s, -
N(CHs)CH,CO-);

“C NMR (100 VHz ) U 3)(172200@Q=0), 168.9 (C=0), 167.2 (C=0), 131.%)(C
1300 (§) , 126. 9, °>CRMBCIF) , 98ACHL-Ql (@ 71.8 (Guno d-
CsHaoCl G, 6 9CsHR), 68.2 (Geta A*-CsHa-C [ G, 65.9 (Gpso d-CsHa-C [ G,
51.7 (OCH), 46.2 ({N(CH3)CH,CO-, -ve DEPT), 41.2-NHCH,CO-, -ve DEPT), 38.1
(-N(CH)CHCO).

N-{para-(ferrocenyl) ethynyl benzoyl} sarcosine Lalanine ethyl ester (L17)

Sarcosine talanine ethyl ester hydrochloride (0.57 g, 3.03 mmol) was used as a
starting material. The cde product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.21 g, 14%), m.p19d °C;

[(p2°=-22°(c 0.1, EtOH);

Mass spectrum: [MNa]" found: 523.1292

Co7H2sN20O4FeNa requires: 523.1296
(C=Ohmigd CM™;

UV-ViS amax EtOH: 389 486nm:;
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'H NMR (400 MHz)li (CDCls): 7.60- 7.35 {5H, m, (CONH-), (ArH)}, 4.51- 4.40

{3H, m, (ortho on d>-CsHs-C [ §, (-(CHCHs)}, 4.19 - 3.90 {11H, m, (netaon d>-
CsHaCl G, (d-CeHs), (N(CHgCH,CO), (-OCH,CHz)}, 3.01 (3H, s, -
N(CH3)CH,CO"), 1.36 (2H, d,J = 7.2 Hz,-CHCHs), 1.21 (3H, t,J = 7.2 Hz,-
OCH,CHp);

C NMR (100 MHz)ii (CDCl): 172.7 (C=0), 169.0 (C=0), 168.2 (C=0), 133.8)(C
132.0 (G), 128.3, 127.4, 90.6q{-CsH,-C IC-), 85.0 (-CsHa-Cl ©), 71.5 (Guno -
CsH4-C 1 G, 70.0 (-CsHs), 69.1 (Greta I-CsHa-C [ G, 64.6 (Goso -CsHs-C [ G,
61.6 (OCH,CHs, -ve DEPT), 48.2-CHCH;), 40.1(N(CH3)CH,CO-, -ve DEPT), 38.3
(-N(CH3)CH2CO), 18.3 (CHCHy), 14.2 (OCH,CHs).

N-{para-(ferrocenyl) ethynyl benzoyl} L-proline glycine ethyl ester (18

L-Proline glycine ethyl ester hydrochloride (0.613¢)3 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.27 g, 17%), m.p@EC; J°817°;

Mass spectrum: [M+N&] found: 535.1282

CogH2sN20O4FeNa requires: 535.1296
I.R. gmax (KBr): 3313 (NH), 2205 €C [ ¢, 1735 (C=Qst), 1652 (C=Qmigd, 1604
(C=Qumiad cm’™;

UV-Vis amax EtOH: 395, 499nm;

'H NMR (400 MHz)li (CDCl): 7.50- 7.36 {5H, m, ({CONH-), (ArH)}, 4.74 (1 H,t, J
= 5.2 Hz, -N(CH,CH,CH,)CHCO-), 4.45 (2H, sprtho on d°>-CsHs-C [ G, 4.19- 4.10
{9H, m, (metaon >-CsH4-C [ G, (>-CsHs), (-OCH,CH3)}, 3.95 (2H, d,J = 4.0 Hz,-
NHCH,CO-), 3.51- 3.40 (2H,m, -N(CH,CH,CH,)CHCO"), 2.40- 1.70 ( 4H, m,-
N(CH,CH,CH,)CHCO"), 1.20 (3H, tJ = 7.2 Hz,-OCH,CHj);

%C NMR (100 MHz)ii (CDCl): 171.5 (C=0), 170.6 (C=0), 169.7 (C=0), 133.8)(C
131.2 (), 127.4, 126.0, 90.7df-CsH4-C IC-), 84.9 (P-CsHa-Cl ©), 71.9 (Cortno o
CsH4-C 1 G, 70.4 (°-CsHs), 68.1 (Greta I-CsHa-C [ G, 65.9 (Goso -CsHs-C [ G,
62.4 (OCH,CHs, -ve DEPT), 59.8 -N(CH,CH,CH,)CHCO-), 50.4
(-N(CH,CH,CH,)CHCO,-ve DEPT), 41.5NHCH,CO-, -ve DEPT),
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27.5 (N(CH,CH,CH,)CHCO-, -ve DEPT), 25.4-N(CH,CH,CH,)CHCO-, -ve DEPT),
13.7 (OCH,CHg).

N-{para-(ferrocenyl) ethynyl benzoyl} L-proline L -alanine ethyl ester (L19)

L-Proline L-alanine ethyl ester hydrochloride (0.65 g, 3.03 mmol) was used as a
starting material. The crude product was purifizdcolumn chromatography (eluent

1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.21 g, 13%), m.p=BLC;

[Up2°=-69°(c 0.1, EtOH);

Mass spectrum: [M+N&] found: 549.1467

CogH3oN204FeNa requires: 549.1453
I.R. gmax (KBr): 3285 (NH), 2202 €C[ ¢, 1736 (C=Qste), 1672 (C=Qmig9, 1608
(C=Oumigd CM’™;

UV-Vis amax EtOH: 392 493nm;

'H NMR (400 MHz)li (CDCly): 7.69- 7.48 {5H, m, (AH), (-CONH-)}, 4.68 (1H, t,J
= 6.4 Hz,-N(CH,CH,CH,)CHCO-), 4.57 (2H, sportho on d>-CsHs-C [ G, 4.46 (1H,
quin, J = 6.8 Hz,-CHCHs), 4.28 (2H, smetaon d>-CsHs-C [ ¢, 4.16- 4.12 {7H, m,
(d>-CsHs), ((OCH,CHs)}, 3.60 - 3.40 (2H, m, {N(CH,CH,CH,)CHCO"), 2.40- 1.56
(4H, m, (N(CH,CH,CH,)CHCO)}, 1.36 (3H, d,J = 6.4 Hz,-CHCHs), 1.21 (3H, tJ
= 6.8 Hz,-OCH,CHy);

*C NMR (100 MHz)ii (CDCl): 173.8 (C=0), 171.9 (C=0), 169.1 (C=0), 133.Q)(C
131.2 (), 128.9, 127.9, 90.7q{-CsH,-C [C-), 84.4 (>-CsHs-Cl ©), 72.0 (Grtno d-
CsHs-C [ G, 70.2 @-CsHs), 68.7 (Geta 4-CsHa-C [ §, 67.3 (Goso -CsHs-C [ G,
62.4 (QCH,CHs, -ve DEPT), 60.1 -N(CH,CH.,CH,)CHCO-), 50.6 ¢
N(CH,CH,CH,)CHCO-, -ve DEPT), 48.4-CHCH;), 27.8 {N(CH,CH,CH,)CHCO-, -
ve DEPT), 25.6 -N(CH,CH,CH,)CHCO-, -ve DEPT), 18.9 CHCHs), 13.9 ¢
OCH,CHg).

21C



General procedure for the preparation of N-{6-(ferrocenyl) ethynyl-2-naphthoyl}
amino acid anddipeptide ethyl esters

N-{6-(ferrocenyl) ethynyl-2-naphthoyl} glycine glycine ethyl ester 120)

Glycine glycire ethyl ester hydrochloride (0.42 g, 2.63 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as adeolid (0.38 g, 28%), m.p 128.30°C;

Mass spectrum: [M+Na]found: 545.1130

CogH26N204FeNa requires: 545.1140
I.R. gmax (KBr): 3261 (NH), 2204 C[ ¢, 1736 (C=Qs), 1658 (C=Qmigd, 1603
(C=Qumidd cm’™;

UV-Vis amax EtOH: 400, 5000m;

'H NMR (400 MHz) U (CDCl): 8.13 (1H, s, AH), 7.95- 7.48 {7H, m, (AH), (-
CONH-), ((CONH-)}, 4.61 (2H, t,J = 2.0 Hz, ortho on d>-CsH4-C [ G, 4.30 (2H, tJ
= 2.0 Hz,metaon d>-CsH4-C [ G, 4.19- 4.15 {11H, m, (>-CsHs), (NHCH,CO), (-
NHCH,CO-), ((OCH,CH3)}, 1.23 (3H, t,J = 7.2 Hz, -OCH,CHs);

%C NMR (100 MHz)ii (CDCly): 172.7 (C=0), 170.9 (C=0), 169.6 (C=0), 133.9)(C
132.6 (G), 131.0 (G), 130.2 (G), 129.6, 129.3, 128.9, 128.1, 127.8, 125.8, 9673 (
CsHa-C [C-), 84.7 (P-CsHa-Cl ©), 72.1 (Gitno >-CsHa-C [ G, 70.0 (-CsHs), 69.7
(Cretad>CsHa-C [, 67.8 (Goso A>-CsH4-C [ G, 61.6 (OCH,CHj, -ve DEPT), 42.3
NHCH,CO-, -ve DEPT), 40.1-NHCH,CO-, -ve DEPT), 14.8-OCH,CHj).

N-{6-(ferrocenyl) ethynyl-2-naphthoyl} glycine L-alanine ethyl ester (121)

Glycine L-alanine ethyl ester hydrochloride (0.46 g, 2.63 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate iedéled
desired product as a red solid (0.23 g, 16%), m.p&&EC;

[Up2°=-14°(c 0.1, EtOH);

Mass spectrum: [M+Nafound: 559.1305

CsoH28N20O4FeNa requires: 559.1398
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I.R. Omax (KBr): 3287 (NH), 2204 C [ G, 1734 (C=Qsw), 1658 (C=Qnicd), 1625
(C=Oumiad CM™;

UV-Vis amax EtOH: 381, 51m;

'H NMR (400 MHz) U (CDCly): 8.21 (1H, s, AH), 7.87- 7.51 {7TH, m, (AH), (-
CONH-), ((CONH-)}, 4.48 - 4.47 {3H, m, {CHCHz), (orthoond>-CsHs-C I G}, 4.19

- 4.07 {11H, m, (hetaon d>-CsHs-C [ G, (d>-CsHs), ((OCH,CHs), (-NHCH,CO-)},
1.36 (3H, d,J = 7.2 Hz,-CHCHs), 1.28 (3H, tJ = 6.8 Hz,-OCH,CHy);

%C NMR (100 MHz)ii (CDCls): 171.8 (C=0), 169.1 (C=0), 167.9 (C=0), 134.5)(C
131.5 (G), 130.8 (G), 130.4 (G), 129.3, 128.9, 128.0, 127.7, 124123.4, 90.4d/-
CsH4-C [C-), 84.9 (-CsHa-Cl ©), 71.3 (Grno >-CsHs-C [ ¢, 70.1 (-CsHs), 69.5
(Crneta®®-CsHa-C [, 65.9 (Goso A>-CsH4-C [ G, 60.3 (OCH,CHs, -ve DEPT), 48.9+
CHCHs), 43.1 {NHCH,CO-, -ve DEPT), 17.2-CHCHj), 13.7 (OCH,CHb).

N-{6-(ferrocenyl) ethynyl-2-naphthoyl} sarcosine L-alanine ethyl ester (122

Sarcosine talanine ethyl ester hydrochloride (0.50 g, 2.63 mmol) was used as a
starting materialThe crude product was purified by column chromatography (eluent
1:1 hexane: el acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.19 g, 13%), m.p&IC;

[(p2° = -23°(c 0.1, EtOH);

Mass spectrum: [M+N&]found: 573.1879

Cs1H30N204FeNa requires: 573.1555
I.R. gmax (KBr): 3308 (NH), 2206 LC[ ¢, 1732 (C=Qs), 1625 (C=Qmigd, 1538
(C=Qumiad cm’™;

UV-Vis amax EtOH: 405, 506 nm;

'H NMR (400 MHz)li (CDCls): 7.93- 7.50 {7H, m, {CONH-), (ArH)}, 4.53 - 4.40

{3H, m, (orthoond>-CsHs-C [ G, (-CHCHs)}, 4.20- 4.10 {11H, m, (netaon d°-CsHa-
CIl g, (d™CsHs), ((N(CHg)CH,CO-), (-OCH,CHs)}, 3.07 (3H, s,-N(CH3)CH,CO),
1.38 (2H, dJ = 7.2 Hz,-CHCHjz), 1.21 (3H, tJ = 7.2 Hz,-OCH,CHj);

%C NMR (100 MHz)ii (CDCl): 172.0 (C=0), 170.2 (C=0), 169.1 (C=0), 13434)(
132.7 (G), 131.6 (G), 130.6 (G), 129.4, 128.5, 128.0, 127.3, 125.0, 123.9, 9433 (
CsHs-C [C-), 84.7 (-CsHa-Cl ©), 71.1 (Grno -CsHs-C [ G, 69.7 ([>-CsHs), 68.2
(Crnetad®-CsHa-C [ G, 66.2 (Goso A°-CsHa-C [ G, 61.9 (OCH,CHs, -ve DEPT), 49.7
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CHCHG), 45.1 (N(CH3)CH,CO-, -ve DEPT), 38.2-N(CH3)CH,CO-), 19.0 (CHCHs),
13.8. (OCH,CHy).

N-{6-(ferrocenyl) ethynyl-2-naphthoyl} L -proline glycine ethyl ester (23

L-Proline glycine ethyl ester hydrochloride (0.53 g, 2.63 mmol) was used asirggstart
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.22 g, 15%), m.pF3C;

[Up2°=27°(c 0.1, EtOH)

Mass spectrum: [M+N&]found:  585.1467

Cs2H3oN204FeNa requires: 585.1555
l.R. gmax (KBr): 3313 (NH), 2205 C [ ¢, 1735 (C=Qst), 1652 (C=Qmigg, 1604
(C=Ouamiad cM™;

UV-Vis amax EtOH: 400, 513nm;

'H NMR (400 MHz)l (CDCly): 7.96- 7.38 {7H, m, (AH), (-CONH-)}, 4.82 (1H, t,J
= 5.2 Hz,-N(CH,CH,CH,)CHCO-), 4.47 (2H, sprthoond>-CsHs-C [ ¢, 4.21- 4.18 {
7H, m, (etaon d>-CsH4-C [ G, (°-CsHs)}, 4.16 (2H, q,J = 7.2 Hz,-OCH,CHz), 4.00
(2H, d,J = 5.6 Hz,-NHCH,CO-), 361 - 3.50 ( 2H, m;N(CH,CH,CH,)CHCO"), 2.40-
1.70 ( 4H, m;N(CH,CH,CH,)CHCO"), 1.21 (3H, tJ = 7.2 Hz,-OCH,CHj);

%C NMR (100 MHz)ii (CDCls):171.7 (C=0), 171.0 (C=0), 169.2 (C=0), 133.%)(C
131.5 (G), 130.6 (G), 129.4 (G), 128.1, 127.9, 127.0, 122, 124.9, 123.0, 90.4¥
CsH4-C [C-), 84.8 (>-CsHa-Cl ©), 71.0 (Grino A°-CsHa-C [ G, 70.1 (°-CsHs), 69.1
(Cmeta -CsHa-C [ G, 64.9 (Goso °>-CsH4-C [ G, 61.4 (OCH,CHs, -ve DEPT), 50.8
(-N(CH,CH,CH)CHCO-), 47.6 {N(CH,CH,CH,)CHCO-, -ve DEPT), 42.5-
NHCH,CO-, -ve DEPT), 27.4-N(CH,CH,CH,)CHCO-, -ve DEPT), 25.0(
N(CH,CH,CH,)CHCO-, -ve DEPT), 13.2-OCH,CHb).
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N-{6-(ferrocenyl) ethynyl-2-naphthoyl} 2-aminobutyric acid ethyl ester (L24)

o-Amino butyric acid ethyl estelnydrochloride (0.34 g2.63 mmol) was used as a
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.42 g, 32%), m.p78IC;

Mass spectrum: found: [M+N&a] 516.1255

CogH27NOsFeNa requires: 516.1340

l.R. Omax (KBr): 3283 (NH), 2205-C [ ¢, 1726 (C=Qste), 1605 (C=Qmiqd M’

UV-Vis amax EtOH: 407 504nm;

'H NMR (400 MHz)ii (CDCly): 8.18 (1H, s, AH), 781{1H, s, AH), 7.75- 7.49 {5H,

m, (CONH-), (ArH)}, 4.47 (2H, t,J = 1.6 Hz, ortho on d>-CsH4-C [ G, 4.19- 4.18

{7H, m, (metaon d>-CsH4-C [ ¢, (d*-CsHs)}, 4.04 (2H, g,J = 7.2 Hz, -OCH,CHy),

3.46 ( 2H, qJ = 5.6 Hz,-NHCH,CH,CH,-), 2.37 (2H, tJ = 6.8 Hz,-NHCH,CH,CH,-

), 1.87 (2H, quinJ = 6.4 Hz,-NHCH,CH,CH,-), 1.15 (3H, tJ = 7.2 Hz, -OCH,CHy);

%C NMR (100 MHz)ti (CDCly): 171.5 (C=0), 167.4 (C=0), 131.5{C130.1 (G),

129.1 (G), 128.9 (G), 128.2, 127.6, 127.7, 126.0, 125.1, 123.0, 8€22%H.-C IC-),

85.0 (>-CsHas-Cl ©), 71.9 (Grtno *-CsHa-C [ §, 69.2 (°>-CsHs), 68.4 (Greta 0 -CsHa-

Cl ¢ 638 (Gs d-CsHsCl ¢, 60.0 (OCH,CHs, -ve DEPT), 39.0 A
NHCH,CH,CH,-, -ve DEPT), 31.2 -NHCH,CH,CH,-, -ve DEPT), 23.3
NHCH,CH,CH,-, -ve DEPT),13.1 (OCH,CHj).

N-{6-(ferrocenyl) ethynyl-2-naphthoyl} L -proline L -alanine ethyl ester (L25

L-Proline L-alanine ethyl ester hydrochloride (0.56 g, 2.63 mmol) was used as a
starting materialThe crude product was purified by column chromatographyeilu

1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.17 g, 11%), mpE6°C;

[Up2°=-67°(c 0.1, EtOH);

Mass spectrum: found: [M+N3] 599.1639

Cs3H32N204FeNa requires 599.1711

I.R. gmax (KBr): 3285 (NH), 2202 C [ ¢, 1736 (C=Qse), 1672 (C=Qmisd, 1608
(C=Oumigd CM™;
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UV-Vis amax EtOH: 409, 50Hm;

'H NMR (400 MHz) &i (CDCL): 8.12 (1H, s, AH), 7.96- 7.54 {6H, m, (AH), (-
CONH-)}, 4.72 - 4.65{3H, m, (-N(CH,CH,CH)CHCO-), (ortho on d>-CsH4-C [ G},
4.55- 4.45 (1H, m-CHCH;), 4.33 (2H, smetaon d°>-CsHs-C [ G, 4.33- 4.12 {7H, m,
(d°-CsHs), (-OCH,CHs)}, 3.61- 3.49 (2H, m-N(CH,CH,CH,)CHCO"),

2.40- 1.70 (4H, m-N(CH,CH,CH,)CHCO"), 1.38 (H, d,J = 4.4 Hz,-CHCHs), 1.17
(3H, t,J=7.2 Hz,-OCH,CHy);

%C NMR (100 MHz)ii (CDCls): 172.1 (C=0), 169.7 (C=0), 168.2 (C=0), 134.5)(C
133.5 (G), 132.8 (G), 131.6 (G), 130.1, 128.4, 128.0, 127.1, 124.7, 121.0, 9674 (
CsH4-C IC-), 85.8 (-CsHas-Cl ©), 71.9 (Grtno I*-CsHs-C [ G, 70.2 ([>-CsHs), 69.4
(Creta®®-CsHa-C [ G, 67.6 (Goso >-CsH4-C [ G, 61.9 (OCH,CHs, -ve DEPT), 60.1
N(CH,CH,CH,)CHCO-), 50.7 ¢(N(CH,CH,CH,)CHCO-, -ve DEPT), 48.5-CHCHb),
27.2 (N(CH,CH,CH,)CHCO, -ve DEPT), 25.0-(N(CH,CH,CH,)CHCO-, -ve DEPT),
19.2 (CHCHs), 14.0 (OCH,CHb).

N-{6-(ferrocenyl) ethynyl-2-naphthoyl} glycine L-leucine ethyl ester {26)

Glycine L-leucine ethyl ester hydrochloride (0.57 g, 2.63 mmol) was used as a starting
material. The crude product wepurified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.16 g, 11%), m.p488°C;

[Jp2°=-10°(c 0.1, EtOH);

Mass spectrum: found: [M+N&] 601.1871

Cs3H34N204FeNa requires: 601.1868
I.R. gmax (KBr): 3275 (NH), 2206 €C [ ¢, 1727 (C=Qst), 1640 (C=Qmig9, 1605
(C=Qumiad cm’™;

UV-Vis amax EtOH: 408, 503 1m:;

'H NMR (400 MHz)li (CDCL): 8.22 (1H, s, Ai), 8.08 (LH, s, AH), 7.78- 7.74 {6H,
m, (ArH), (-(CONH-),(-CONH-)}, 4.65 - 4.50 (3H, m,-CHCH,CH(CHs),), (ortho on
d>-CsHs-C [ G}, 4.30 - 4.00 {11H, m, fneta on d>-CsHs-C I G, (>-CsHs), (-
NHCH,CO-), (-OCH,CHg)}, 1.67 - 1.55 {3H, m,-CHCH,CH(CHs),}, 1.17 (3H, t,J =
7.2 Hz- OCH,CHs), 0.86- 0.84 ( 6H, m;CHCH,CH(CHs));
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*C NMR (100 MHz)ii (CDCly): 172.9 (C=0), 169.4 (C=0), 167.8 (C=0), 135.9)(C
133.1 (G), 130.7 (G), 130.2 (G), 128.8, 128.0, 127.8, 127.4, 124.0 120.8, 97 (
CsH4-C IC-), 85.6 (°-CsHa-Cl ©), 71.0 (Grino A°-CsHa-C [ G, 69.7 (°-CsHs), 68.4
(Crmetad™CsHs-C [ G, 67.3 (Goso -CsHa-C [ 4§, 61.4 (OCH,CHs, -ve DEPT), 51.2+(
CHCH,CH(CHg),), 43.8 (NHCH,CO-, -ve DEPT), 41.2-CHCH,CH(CHs)s, -ve
DEPT), 24.9 {CHCH,CH(CHs),), 22.8 (CHCH,CH(CHs)), 21.9 ¢
CHCH,CH(CHs)y), 14.2. {OCH,CHy).

N-{6-(ferrocenyl) ethynyl-2-naphthoyl} sarcosine glycinesthyl ester (127

Sarcosine glycine ethyl ester hydrochloride (0.46 g, 2.63 mmol) was used as a starting
material. The crude product was purified by aoln chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.19 g, 13%), m.pRLC;

Mass spectrum: found: [M+N&] 559.1307

CsoH28N204FeNa requires: 559.1398
I.R. gmax (KBr): 3284 (NH), 2205 €C [ ¢, 1744 (C=Qst), 1676 (C=Qmigd, 1605
(C=Qumiad cm’™;

UV-Vis amax EtOH: 391 509nm;

'H NMR (400 MHz)U (CDCly): 7.92- 7.49 {7H, m, (CONH-), (ArH)}, 4.48 (2H, s,
ortho on *>-CsHs-C [ G, 4.30- 3.90 {13H, m, metaon d>-CsHs-C [ G, (d>-CsHs), (-
N(CH3)CH,CO-), (-NHCH,CO-) (-OCH,CHs)}, 3.10 (3H, s,-N(CH3)CH,CO-), 1.19
(3H, t,J = 7.2 Hz,-OCH,CHy);

%C NMR (100 MHz)ii (CDCl): 172.7 (C=0), 170.4 (C=0), 167.2 (C=0), 133.6)(C
132.7 (G), 131.9 (G), 130.8 (G), 129.5, 128.5, 128.1, 127.3, 125.0, 122.9, 9671 (
CsHs-C [C-), 85.9 (-CsHas-Cl ©), 71.8 (Grno I>-CsHs-C [ ¢, 70.5 (-CsHs), 69.5
(Crnetad>-CsHa-C [ G, 65.4 (Goso -CsH4-C [ G, 61.7 (OCH,CHs, -ve DEPT), 48.2
N(CH3)CH,CO-, -ve DEPT),41.2 (NHCH,CO-, -ve DEPT), 38.4-N(CH3)CH,CO-),
14.2 (OCH,CHb).
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N-{6-(ferrocenyl) ethynyl-2-naphthoyl} glycine-L -phenylalanine ethyl ester {28

Glycine L-phenylalanine ethyl ester hydrochloride (0.66 g, 2.63 mmol) was used as a
starting materialThe crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired poduct as a red solid (0.14 @9, m.p 48 50°C;

[Up2°=-15°(c 0.1, EtOH);

Mass spectm: found: [M+Na]  635.1639

CseH32N204FeNa requires: 635.1711
I.R. gmax (KBr): 3359 (NH), 2205 C [ ¢, 1743 (C=Qst), 1631 (C=Qmigd, 1605
(C=Qumidd cm’™;

UV-Vis amax EtOH: 408, 5051m;

'H NMR (400 MHz)ti (CDCly): 8.15 (1H, s, AH), 8.00 (1H, s, Af), 7.80- 7.70 {6H,
m, (ArH), (-CONH-),(-CONH-) },7.16 - 7.00 (5H, m,-CHCH,Ph), 4.87- 4.85 (1H, m,
-CH(CH,Ph)), 4.58 (2H, sortho on d>-CsHs-C [ G, 4.26 (2H, smetaon d>-CsHa-
C [ §, 4.20- 3.95 {9H, m, (>-CsHs), ((OCH,CHs), ((NHCH,CO-)}, 3.15 - 2.95 (2H,
m, -CHCH,Ph), 1.15 (3H, t) = 7.2 Hz,-OCH,CHy);

*C NMR (100 MHz)ii (CDCl): 171.4 (C=0), 168.0 (C=0), 167.6 (C=0), 135.8)(C
134.5 (@), 130.9 (G), 130.6 (G), 130.2, 129.3, 128.6, 128.0, 127.8, 127.1, 126.7,
124.2, 123.4, 121, 91.7 °-CsH4-C [C-), 85.0 (>-CsHs-Cl ©), 71.6 (Grino d*-CsHa-
CI g, 70.1 (*-CsHs), 69.5 (Greta 0™-CsHa-C [ G, 65.8 (Goso I™-CsHa-C 1 G, 61.3 ¢
OCH,CHs, -ve DEPT), 53.6 CHCH,Ph), 43.0 {(NHCH,CO-, -ve DEPT), 38.5
CHCH,Ph,-ve DEPT), 14.9-OCH,CHj).

General procedure for the preparation of N-{5-(ferrocenyl) ethynyl-2-furanoyl}
amino acid and dipeptide ethyl esters
N-{5-(ferrocenyl) ethynyl-2-furanoyl} glycine glycine ethyl ester(129)

Glycine glycine ethyl ester hydrochloride (0.50 g, 3.12af)rwvas used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red solid (0.55 g, 38%), m.p%4'C;
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Massspectrum: found: [M+Nd] 485.0752

Ca3H2oN20OsFeNa requires: 485.0776
I.R. gmax (KBr): 3276 (NH), 2206 C[ ¢, 1739 (C=Qste), 1631 (C=Qmigd, 1610
(C=Oamiad CM-;

UV-Vis amax EtOH: 370, 4761m;

'H NMR (400 MHz)ti (CDCls): 7.28 (1H, tJ = 4.8 Hz,-CONH-), 7.08- 7.07 {2H, m,
(-CONH-), (ArH)}, 6.53 (1H, d,J = 3.6 Hz, AH), 4.47 (2H, sprthoon d>-CsHa-C T C
), 4.23 - 4.12 {11H, m, tneta on >-CsHs-C [ G, (-CsHs), (-NHCH,CO-), (-
OCH,CHs)}, 4.00 (2H, d,J = 5.2 Hz,-NHCH,CO-), 1.20 (3H, t,J = 7.2 Hz,-
OCH,CHb);

*C NMR (100 MHz)ii (CDCls):168.7 (C=0), 167.9 (C=0), 157.1 (C=0), 145.4)(C
138.2 (), 115.1, 115.0, 93.9q{-CsH,-C [C-), 74.0 ¢>-CsHs-Cl ©), 70.6 (Grtno d-
CsHiC [ G, 69.2 (-CsHs), 68.5 (Greta 4>-CsHa-C [ §, 62.7 (Goso -CsHs-C [ G,
60.6 (OCH,CHs, -ve DEPT), 41.7 NHCH,CO-, -ve DEPT), 40.4-NHCH,CO-, -ve
DEPT), 13.1{OCH,CHy).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} glycine L-alanine ethyl ester (B0)

Glycine L-alanine ethlyester hydrochloride (0.54 g, 3.12 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired product as a red (.28 g, 19%),

[Jp2°=-20°(c0.1, EtOH );

Mass spectrum: found: [M+N&] 499.0919

Co4H24N20OsFeNa requires: 499.0932

l.R. gmax (KBr): 3287 (NH), 2206 C[ ¢, 1734 (C=Qse), 1646 (C=Qmigd, 1612
(C=Oamiad CMi*

UV-VIS &max EtOH: 374, 475 1m:;

'H NMR (400 MHz)Ui (CDCl;): 7.06 (1H, dJ = 3.6 Hz, AH), 7.02 (1H, tJ = 5.6 Hz,
-CONH-), 6.59- 6.54 {2H, m, (AH), (-CONH-)}, 4.56 - 4.47 {3H, m, (CHCHs),
(orthoon d>-CsHs-C [ ¢}, 4.24 - 4.21 {7H, m, (metaon *>-CsH4-C [ G, (d*>-CsHs)},
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4.17- 4.07 (4H, m, (NHCH,CO-), (-OCH,CHa)}, 1.38 (3H, d,J = 7.2 Hz,-CHCHj),
1.21 (3H, tJ = 7.2 Hz,-OCH,CHj);

%C NMR (100 MHz)ii (CDCl): 172.7 (C=0), 167.2 (C=0), 158.0 (C=0), 146.5)(C
139.3 (G), 116.1, 16.0, 94.5 *-CsH,-C IC-), 75.0 (°-CsHa-Cl ©), 71.7 (Gutno -
CsH4-C 1 G, 70.2 (-CsHs), 69.5 (Greta I-CsHa-C [ G, 62.8 (Goso -CsHs-C [ G,
61.7 (OCH,CHs, -ve DEPT), 48.4-CHCHj), 42.8 (NHCH,CO-, -ve DEPT), 18.3
CHCHy), 14.1 (OCH,CHs).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} glycine D-alanine ethyl ester {31)

Glycine Dalanine ethyl ester hydrochloride (0.54 g, 3.12 mmol) was used as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetateggnd recrystallisation from hexane: ethyl acetate yielded the
desired prduct as a red solid (0.23 g,%%, m.p 132 134°C;

[(Jp2° = +20°(c 0.1, EtOH);

Mass spectrum: found: [M+N&] 499.0917

Co4H24N20sFeNa requires: 499.0932

I.R. gmax (KBr): 3287 (NH), 2208 C [ ¢, 1739 (C=Qs), 1642 (C=Qmigd, 1617
(C=Oumiad CM™;

UV-Vis amax EtOH: 373 471nm;

'H NMR (400 MHz)Ui (CDCl;): 7.08 (1H, dJ = 3.6 Hz, AH), 7.00 (1H, tJ = 5.6 Hz,
-CONH-), 6.61 - 6.58 {2H, m, (AH), (-CONH-)}, 4.54 - 4.45 {3H, m, (CHCHy),
(ortho on *-CsHa-C [ G}, 4.27 - 4.25 {7TH, m, netaon d>-CsHs-C [ G, (d>-CsHs)},
4.10-4.04 (4H, m, {NHCH,CO-), (-OCH,CHs)} 1.40 (3H, d,J = 7.2 Hz,-CHCHjy),
1.25 (3H, tJ = 7.2 Hz,-OCH,CHj);

*C NMR (100 MHz)ii (CDCls): 173.7 (C=0), 163.9 (C=0), 158.6 (C=0), 140.5)(C
137.3 (@), 117.1, 116.9, 94.0q{-CsH4-C [C-), 74.0 (>-CsHs-Cl ©), 71.2 (Grno d-
CsHs-C [ G, 70.5 @-CsHs), 65.5 (Greta 4>-CsHa-C [ G, 64.0 (Goso -CsH4-C [ G,
61.1 (-OCH,CHs, -ve DEPT), 49.4-CHCHs), 42.8 (NHCH,CO-, -ve DEPT), 19.3
CHCHy), 15.0 (OCH,CHs).



N-{5-(ferrocenyl) ethynyl-2-furanoyl} glycine L-phenylalanine ethyl ester {32

Glycine L-phenylalanine ethyl ester hydrochloride (0.78 g, 3.12 mmo$) usd as a
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired prodct as a red solid (0.18 g, %), m.p 85- 86 °C;

[(p% = +16°(c 0.1, EtOH);

Mass spectrum: found: [M+N&] 575.1365

CsoH2sN20sFeNa requires: 575.1348

.R. gmax (KBr): 3278 (NH), 2207 C 1 §, 1739 (C=Qse), 1642 (C=Qmiad, 1620
(C=Oamiad Ci*

UV-Vis amax EtOH: 375,478 nm;

'H NMR (400 MHz)ti (CDCly): 7.35- 7.12 {8H, m, (AH), (-CONH-), (-CONH-), (-
CHCH,Ph)}, 6.87 (1H, d,J = 3.6 Hz, AH), 4.91- 4.86 (1H, m,-CHCH,Ph), 4.58
(2H, s,ortho on d>-CsHs-C [ G, 4.30- 4.29 {7H, m, (metaon d°>-CsHs-C [ G, (d>-
CsHs)}, 4.12 (2H, g,J = 7.0 Hz-OCH,CHz), 4.11 (2H, dJ = 6.8 Hz,-NHCH,CO"),
3.17-3.10 (2H, m-CHCH,Ph), 1.31 (3H, t) = 7.0 Hz,-OCH,CHb);

*C NMR (100 MHz)ii (CDCls):171.2 (C=0), 168.0 (C=0), 157.9 (C=0), 146.5)(C
139.3 (G), 135.6, 129.3, 128.6, 127.2, 116.1, 116.0, 94°9C(H,-C IC-), 75.0 €>-
CsHa-Cl @), 71.7 (Grno -CsHa-C [ §, 70.2 (>-CsHs), 69.5 (Greta I>-CsHa-C [ G,
62.9 (Goso 4>-CsHa-C [ ¢, 61.7 (OCH,CHs, -ve DEPT), 53.3CHCH,Ph), 42.8 {
NHCH,CO-, -ve DEPT), 37.9-CHCH,Ph,-ve DEPT), 14.2-OCH,CHb).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} glycine L-leucine ethyl ester {33

Glycine L-leucine ethyl ester hydrochloride (0.68 g, 3.12 mmol) was used as a starting
material. The crude product was pfied by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired poduct as a red oil (0.20 g, 4;

[(p2°=-14°(c 0.1, EtOH);

Mass spectrum: found: [M+N&] 5411385

Co7H3oN20sFeNa requires: 541.1402
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I.R. gmax (KBF): 3285 (NH), 2205 C [ G, 1735 (C=Qst), 1674 (C=Qmiqd, 1612
(C=Oamigd cmi™*

UV-Vis amax EtOH: 373, 474m:;

'H NMR (400 MHz)l (CDCls): 7.11- 7.05 {2H, m, (AH), (-CONH-)}, 6.65 - 6.60
{2H, m, (ArH), (CONH-)}, 4.60 - 4.54 {1H, m,-CHCH,CH(CH)2}, 4.48 (2H, t,J =
2.0 Hz,ortho on >-CsHs-C [ 4§, 4.25- 4.05 {11H, m, tnetaon d>-CsH4-C [ G, (-
NHCH,CO-), (d’-CsHs), (-OCH,CHa)}, 1.66 - 1.47 {3H, m,-CHCH,CH(CHs),}, 1.21
(3H, t,J = 7.0 Hz- OCH,CHs), 0.88- 0.86 { 6H, m,-CHCH,CH(CH)y};

%C NMR (100 MHz)ii (CDCls): 172.7 (C=0), 168.2 (C=0), 158.0 (C=0), 147.Q)(C
139.3 (G), 116.0, 115.9, 94.94{-CsH,-C IC-), 75.0 (>-CsHa-Cl ©), 71.7 (Gortho -
CsHa-C I G, 70.3 (°-CsHs), 69.5 (Greta I-CsHa-C [ G, 63.1 (Goso -CsHs-C [ G,
61.9 (OCH,CHs, -ve DEPT), 51.3 CHCH,CH(CHs),), 42.8 ¢(NHCH,CO-, -ve
DEPT), 41.4 {CHCH,CH(CHs),, -ve DEPT), 25.0 CHCH,CH(CHs),), 22.4 ¢
CHCH,CH(CHys)y), 21.9 (CHCH,CH(CHs),), 14.7 (OCH,CHb).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} sarcosine glycineethyl ester (134

Sarcosine glycine ethyl ester hydrochloride (0.54 g, 3.12 mmol) was used as a starting
material. The crude product was purified by columnootatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired poduct as a red solid (0.13 9, m.p 136 138°C;

Mass spectrum: found: [M+N&] 499.0918

C.4H24N20sFeNa requires: 499.0932

l.R. gmax (KBr): 3311 (NH), 2208 C [ @, 1742 (C=Qse), 1681 (C=Qmigd, 1620
(C=Oumigd CM’™;

UV-Vis amax EtOH: 374478nm;

'H NMR (400 MHz)U (CDCly): 7.05 {(1H, d,J = 3.2 Hz, ArH), 6.8 (1H, bs-CONH-
), 6.55 (1H, d,J = 3.2 Hz, AH), 4.46 (2H, sortho on d°>-CsHa-C [ G, 4.23- 3.99
{13H, m, (metaon >-CsHsC [ G, (d-CsHs), (-N(CH5)CH,CO-), (-NHCH,CO-), (-
OCH,CHs)}, 3.20 (3H, s-N(CH3)CH,CO-), 1.28 (3H, tJ = 6.8 Hz,-OCH,CHs);

%C NMR (100 MHz)ii (CDCls): 171.9 (C=0), 169.1 (C=0), 158.0 (C=0), 147.Q)(C
139.6 (G), 118.0, 117.5, 94.2f{-CsH,-C IC-), 75.0 (>-CsHa-Cl ©), 71.0 (Guno -
CsH4-C 1 G, 70.4 (°-CsHs), 69.7 (Greta I-CsHa-C [ G, 63.8 (Goso -CsHs-C [ G,
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61.0 ({OCH,CHs, -ve DEPT), 51.7-N(CH3)CH,CO-, -ve DEPT), 41.0-NHCH,CO-, -
ve DEPT), 38.7-N(CH3)CH,CO-), 13.5 (OCH,CH).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} L -proline glycine ethyl ester (35

L-Proline glycine ethyl ester hydrochloride (0.67 g, 3.12 mmol) wgasl as a starting
material. The crude product was purified by column chromatography (eluent 1:1
hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired prduct as a red solid (0.16 g,%), m.p 128 130°C;

[Jp2°=13°(c 0.1, EtOH);

Mass spectrum: found: [M+N&] 525.1078

CoeH26N20sFeNa requires: 525.1089

l.R. gmax (KBr): 3284 (NH), 2210 C[ ¢, 1742 (C=Qst), 1641 (C=Qmigd, 1610
(C=Oumigd CM™;

UV-Vis amax EtOH: 379, 47hm;

'H NMR (400 MHz)U (CDCly): 7.34 (1H, tJ = 5.2 Hz,-CONH-), 7.10 (1H, dJ = 3.6
Hz, ArH), 6.56 (1H, d,) = 3.6 Hz, AH), 4.80- 4.78 (1H, bs;N(CH,CH,CH,)CHCO),
4.47 (2H, sportho on d>-CsHs-C [ G, 4.14- 3.95 {13H, m, (netaon d>-CsH4-C [ G,
(d-CsHs), (-OCH,CHs), (-N(CH,CH,CHz)CHCO), (-NHCH,CO-)}, 2.36 - 1.88 (4H,
m, -N(CH2CH,CH,)CHCO"), 1.23 (3H, tJ = 6.8 Hz,-OCH,CHy);

*C NMR (100 MHz)ii (CDCly): 168.7 (C=0), 167.9 (C=0), 157.1 (C=0), 145.4)(C
138.2 (G), 117.6 115.7, 94.1d>-CsH,-C IC-), 75.7 (>-CsHs-Cl ©), 71.6 (Grtno d-
CsHs-C T G, 69.9 (-CsHs), 68.5 (Greta 4>-CsHa-C [ G, 64.8 (Gposo -CsHs-C [ G,
61.0 (OCH,CHs, -ve DEPT), 52.8-N(CH,CH,CH,)CHCO-),

48.4 (N(CH,CH,CH,)CHCO-, -ve DEPT), 41.4 N\HCH,CO-, -ve DEPT), 27.5 |
N(CH,CH,CH,)CHCO-, -ve DEPT), 24.9 {N(CH,CH,CH,)CHCO-, -ve DEPT), 13.0
(-OCH,CHb).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} L -proline L -alanine ethyl ester (L36)

L-Proline L-alanine ethyl ester hydrochloride (0.71 g, 3.12 mmol) was asead

starting material. The crude product was purified by column chromatography (eluent
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1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired poduct as a red solid (0.14 9, m.p 34- 36 °C;

[Up2°=-45°(c 0.1, EtOH);

Mass spectrum: found: [M+N8]  539.1249

Co7H2eN20sFeNa requires: 539.1245
I.R. gmax (KBr): 3289 (NH), 2206 C[ ¢, 1736 (C=Qste), 1674 (C=Qmigd, 1630
(C=Qumiad cMi™;

UV-Vis amax EtOH: 376479nm;

'H NMR (400 MHz)ii (CDCl): 7.30 (1H, tJ = 5.2 Hz,-CONH-), 7.09 (1H, dJ = 3.6
Hz, ArH), 6.56 (1H, d,J = 3.6 Hz, AH), 447 (1H, t,J = 7.0 Hz, -
N(CH,CH,CH,)CHCO-), 4.46- 4.43 {3H, m, brtho on d>-CsHs-C [ ¢, (-CHCH)},
4.23- 4.19 {7H, m,(metaon d>-CsHs-C [ G, (d>-CsHs)}, 4.12 (2H, g,J = 7.2 Hz,-
OCH,CHs), 3.73 - 3.56 (2H, m,-N(CH,CH,CH,)CHCO), 2.50 - 1.80 (4H, m,-
N(CH,CH,CH,)CHCO), 1.34 (3H, dJ = 7.2 Hz,-CHCHjz) 1.20 (3H, tJ = 7.2 Hz,-
OCHCHg);

%C NMR (100 MHz)ii (CDCl): 1734 (C=0), 170.9 (C=0), 158.5 (C=0), 147.4,)C
140.7 (), 118.5, 115.7, 94.7q{-CsH,-C [C-), 75.1 €>-CsHs-Cl ©), 71.7 (Grtno d-
CsHs-C [ G, 70.2 @-CsHs), 69.5 (Greta 4>-CsHa-C [ G, 63.0 (Goso -CsHs-C [ G,
61.4 (OCH,CHs, -ve DEPT), 49.3-N(CH,CH,CH)CHCO-),

48.1 (N(CH,CH;CH,)CHCO-, -ve DEPT ), 46.8-CHCHb),

27.0 (N(CH,CH,CH,)CHCO-, -ve DEPT), 25.6-{(CH,CH,CH,)CHCO-, -ve DEPT),
18.2 (CHCHs), 14.2 (OCH,CHb).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} sarcosine L-alanine ethyl ester (L37)

Sarcose L-alanine ethyl ester hydrochloride (0.59 g, 3.12 mmol) was used as a
starting material. The crude product was purified by column chromatography (eluent
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desiral praduct as a red oil (0.12 g98;

[(p2°=-19°(c 0.1, EtOH);

Mass spectrum: found: [M+N3] 513.1080

CosH26N2OsFeNa requires: 513.1089
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I.R. gmax (KBF): 3317 (NH), 2206 C [ G, 1745 (C=Qse), 1671 (C=Qmicd, 16D
(C=Oumiad CM™;

UV-Vis amax EtOH: 375 474nm;

'H NMR (400 MHz)ii (CDCly): 7.05 (1H, dJ = 3.2 Hz, AH), 6.85- 6.86 (1H, bs;
CONH-), 6.55 (1H, d,J = 3.2 Hz, AH), 4.48- 4.45 {3H, m, prthoon d>-CsHs-C [ G,
(-CHCHs)}, 4.19 - 3.90 {11H, m, fneta on >-CsHsCl ¢, (>-CsHs), (-
N(CH3)CH,CO-), (-OCH,CHs)}, 3.00 (3H, s,-N(CH3)CH,CO-), 1.35 (2H, dJ = 7.2
Hz,-CHCHj), 1.23 (3H, tJ = 6.8 Hz,-OCH,CHy);

%C NMR (100 MHz)ii (CDCls): 173.7 (C=0), 168.6 (C=0), 159.0 (C=0), 145.Q)(C
138.6 (G), 118.0, 16.5, 93.9 ¢*-CsH,-C IC-), 76.0 (>-CsHa-Cl ©), 71.9 (Guno -
CsH4-C I G, 70.8 (-CsHs), 67.7 (Greta I-CsHa-C [ G, 63.9 (Goso -CsHs-C [ G,
61.3 (OCH,CHs, -ve DEPT), 47.2-CHCHs), 40.1 (N(CHs)CH,CO-, -ve DEPT), 38.5
(-N(CH3)CH,CO-), 18.5 (CHCHs), 14.2 (OCH,CHj).

N-{5-(ferrocenyl) ethynyl-2-furanoyl} o-aminobutyric acid ethyl ester (L38)

o-Amino butyric acid ethyl estehydrochloride (0.41 g, 3.12 mmol) was used as a
starting material. The crude product was purified by column chromatograptentel
1:1 hexane: ethyl acetate) and recrystallisation from hexane: ethyl acetate yielded the
desired poduct as a red oil (0.34 g, &b;

Mass spectrum: found: [M+Na]  456.0854

Ca3H23NO4FeNa requires: 456748

I.R. gmax (KBr): 3287 (NH), 2206-C [ <, 1735 (C=Qste), 1640 (C=Qmigd cm*

UV-Vis amax EtOH: 372 484nm;

'H NMR (400 MHz)li (CDCl): 7.06 (1H, dJ = 3.5 Hz, AH), 7.02 (1H, tJ = 5.6 Hz,
-CONH-), 6.65 {1H, d,J = 3.5 Hz,ArH), 4.56 (2H, tJ = 2.0 Hz, ortho on d°-CsH4-

Cl @, 4.27 (2H, tJ = 2.0 Hz,metaon d>-CsHs-C [ G, 4.16 (5H, sd>-CsHs), 4.04
(2H, g,J = 7.2 Hz,-OCH,CH), 3.43 {2H, q,J = 6.4 Hz, {(NHCH,CH,CH,-)}, 2.38
(2H, t,J = 6.8 Hz,-NHCH,CH,CH,-), 1.90 {2H quin,J = 6.4 Hz,-NHCH,CH,CH;-),
1.17 (3H, tJ= 7.2 Hz, -OCH,CHj);

%C NMR (100 MHz)ii (CDCly): 173.4 (C=0), 170.9 (C=0), 147.04C141.0 (G),

117.3, 115.7, 94.2f¢-CsH4-C [C-), 75.7 (°-CsHas-Cl ©), 71.2 (Grino °-CsHa-C [ G,

70.9 @>-CsHs), 69.0(Cetad™CsHa-C [ G, 63.7 (Goso I>-CsHa-C [ G, 60.4 ¢
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OCH,CHjs, -ve DEPT), 39.8-NHCH,CH,CH,-, -ve DEPT), 34.0-NHCH,CH,CH,-,
-ve DEPT), 25.3-NHCH,CH,CH,-, -ve DEPT), 13.5-OCH,CHj).
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absorlance
attenuated total reflection
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bromine

broad singlepectroscopy)
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carbon; concentration
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F
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Fe
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Ga
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H.O
HCI

dichloromethane

Dublin City University
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electron
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electron spin resonance

estrogen receptor
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estrogen receptor negative cells
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iron
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Fourier transform

gallium
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water

hydrochloric acid
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MeOH
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mp
MS
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{phenyalanine
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metg mass
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metal; mitosis phase
methanol
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NICB National Institute for CellulaBiotechnology
NMR nuclear magnetic resonance
NaOH sodium hydroxide
NHS N-hydroxysuccinimide
NSCLC nonsmall cell lung carcinoma
0]
0 ortho
O oxygen
OH hydroxy
P
para
P phosphorous
Pt platnium
ppm parts per million
POCk phosphorus oxychloride
PPh triphenylphosphine
Pd palladim
Q
q quartet
R
Rh rhodium
Ru ruthenium
RNA ribonucleic acid
RSD relative standard deviation
ROS reactive oxygenated species
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SARS
SERM
SCLC

Sar

TEA

TMS

TFA

Ti

THF
t-BuOK

uv

Vis

WHO

Units

cm

cm

hr

singlet

structure activity relationship

selective estrogen receptor modulator
small cell lung carcinoma

sarcosine

triethylamine
tetramethylsilane
trifluoroacetic acid
titanium
tetrahydrofuran

potassiurtert-butoxide

ultraviolet

vanadium
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World Health Organisation

centimetre
wavenumber / per centimetre
gram

hour
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molar
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N-{6-(Ferrocenyl) ethynyl-2-naphthoyl} amino acid and dipeptide ethyl esters 2—8 were prepared by
coupling 6-(ferrocenyl) ethynyl-2-naphthoic acid 1 to the amino acid ethyl ester GABA(OEt) and the
dipeptide ethyl esters GlyGly(OEt), GlyAla(OEt), SarGly(OEt), SarAla(OEt), ProGly(OEt) and ProAla(OEt)
using the standard N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC), 1-
hydroxybenzotriazole (HOBt) protocol. All the compounds were fully characterized using a combina-
tion of 'H NMR, '3C NMR, DEPT-135 and 'H-'3C COSY (HMQC) spectroscopy, electrospray ionization
mass spectrometry (ESI-MS) and cyclic voltammetry (CV). Compounds, 2—8 showed micromolar activity
in the H1299 NSCLC cell line, with ICsq values in the range of 3.2—7.2 uM.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Ferrocene is a particularly attractive candidate for incorporation
into biomolecules and biologically active compounds due to its
aromatic character, redox properties and low toxicity [1-3]. The
redox properties of ferrocene have often been implicated in its
cytotoxicity [4]. Ferricenium salts that are known to inhibit tumour
growth have been shown to produce hydroxyl (HO*) radicals under
physiological conditions, leading to oxidatively damaged DNA [5].
The catalytic generation of intracellular reactive oxygen species
(ROS) such as the HO- radical offers an attractive and alternative
method to target and kill cancer cells [6].

The medicinal application of ferrocene derivatives is currently
an active area of research, with countless reports showing their
activity in vitro and in vivo against several diseases including fungal
and bacterial infections, human immunodeficiency virus (HIV),

e Civrresponding author. School of Chemical Sciences, Dublin City University,
Dublin 9, Ireland. Tel.: +353 1 7005689; fax: +353 1 7005503.
E-mail address: peter.kenny@dcu.ie (P.T.M. Kenny).

0022-328X/$ — see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/jjorganchem.2012.11.041

malaria and cancer [7]. Perhaps the most popular and well-
researched application of ferrocene and its derivatives is in the
area of cancer research [8]. Over the past decade Jaouen and co-
workers have comprehensively investigated the in vitro anti-
cancer activity of ferrocifen, a ferrocenyl analogue of tamoxifen,
and various related derivatives [9]. Their most promising drug
candidates contain a [3]-ferrocenophane motif and have a potent
in vitro anti-proliferative effect in breast and prostate cancer cell
lines [10—12]. This research group has reported the anti-
proliferative effects of ferrocenyl benzoyl and ferrocenyl naph-
thoyl bioconjugates in the H1299 lung cancer cell line [13-19].
These N-(ferrocenyl)benzoyl and naphthoyl dipeptide esters
consist of three components, namely: (i) an electroactive core, (ii)
a conjugated linker that lowers the oxidation potential of the
ferrocene moiety and (iii) an amino acid or peptide derivative that
can interact with other biomolecules via secondary interactions
such as hydrogen bonding. In an effort to improve the cytotoxicity
of these derivatives, we are currently modifying the conjugated
linker moiety and conducting variations of the peptide chain. The
compounds prepared in this study have an ethynyl group linked to
the ferrocene and the naphthoyl spacer group.
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Herein, we report the synthesis and structural characterization
of novel N-{6-(ferrocenyl) ethynyl-2-naphthoyl} amino acid and
dipeptide ethyl esters. The dipeptide ethyl esters GlyGly(OEt),
SarGly(OEt) and GlyAla(OEt) were employed in this investigation as
they were shown to have ICsg values of 0.13, 0.14 and 1.3 pM
respectively, in the H1299 lung cancer cell line. The dipeptide ethyl
esters SarAla(OEt), ProGly(OEt) and ProAla(OEt) were selected as
they are closely related analogues of the most active compounds.

The synthesis of the new ferrocenyl bioconjugates involved
Sonogashira coupling of ethynyl ferrocene to generate 6-(ferro-
cenyl) ethynyl-2-naphthoic acid [20]. A series of dipeptide esters
were coupled to the 6-(ferrocenyl) ethynyl-2-naphthoic acid to
generate the new class of compounds which were characterized by
a combination of '"H NMR, '3C NMR, DEPT-135, 'H-'3C cosy
spectroscopy, cyclic voltammetry and mass spectrometry. In addi-
tion, we present the in vitro anti-cancer activity of compounds 2—8
against the human lung carcinoma cell line H1299.

2. Results and discussion
2.1. Synthesis

2.1.1. Synthesis of N-{6-(ferrocenyl) ethynyl-2-naphthoyl} amino
acid and dipeptide ethyl esters 2—8

6-(Ferrocenyl) ethynyl-2-naphthoic acid 1 was prepared by
coupling ethynyl ferrocene to 6-bromo-2-naphthoic acid via the
Sonogashira reaction [20]. The 'H NMR spectrum showed signals for
the aromatic ring protons at é 8.13 (1H, s) and between § 7.95—7.48
(5H, m) for the 2,6-disubstituted naphthalene ring system. The
carboxylic acid proton was present at § 12.87. The ferrocenyl ortho
and meta protons on the (n5-C5§4) ring were observed at § 4.27 and
4 4.19, respectively, and an intense signal was present at 4 4.19 for the
(nS—Cs_ljs) ring. The free N-terminal amino acid GABA(OEt) and the
free N-terminal dipeptide ethyl esters GlyGly(OEt), GlyAla(OEt),
SarGly(OEt), SarAla(OEt), ProGly(OEt) and ProAla(OEt) were coupled
to 6-(ferrocenyl) ethynyl-2-naphthoic acid 1 using EDC and HOBt in
the presence of excess triethylamine in dichloromethane (Scheme
1). EDC was used in preference to the less expensive coupling
reagent N,N’-dicyclohexylcarbodiimide (DCC) as its reaction by-
products are easier to remove compared to those of DCC, namely
dicyclohexylurea (DCU). Purification by column chromatography
furnished the pure products in yields of 11—32% and all compounds
gave spectroscopic data in accordance with the proposed structures.
The relatively low yields of products obtained are partly due to the

coupling procedure. The first step in amide bond formation in the
coupling protocol is formation of the O-acylisourea ester interme-
diate. This intermediate is highly reactive and thus, side-reactions
can pose a serious problem and can result in extensive race-
misation resulting in low yields. The addition of HOBt stabilizes the
O-acylisourea ester intermediate thus suppressing side reactions,
however the addition does not result in 100% suppression. As the
reaction proceeds upon addition of the amino acid and dipeptide
ethyl esters the HOBt is displaced resulting in the formation of
compounds 2—8. As a result of the complexity of the reaction which
is associated with the competing reactions, low yields for
compounds 2—8 were obtained. Also in the EDC/HOBt coupling
reaction when primary amine amino acid and dipeptide ethyl esters,
namely, GABA(OEt), GlyGly(OEt) and GlyAla(OEt)} are used, the
yields are generally higher than that of the secondary amine
dipeptide ethyl esters SarGly(OEt), SarAla(OEt), ProGly(OEt) and
ProAla(OEt). For example the percentage yield of N-{6-(ferrocenyl)
ethynyl-2-naphthoyl}-glycine-glycine ethyl ester 3 obtained was
28% whereas the percentage yield of N-{6-(ferrocenyl) ethynyl-2-
naphthoyl}-sarcosine-glycine ethyl ester 5 was only 13%.

The N-{6-(ferrocenyl) ethynyl-2-naphthoyl} amino acid and
dipeptide ethyl esters 2—8 were characterized by a combination of
IR, UV—Vis, '"H NMR, '3C NMR, DEPT-135 and 'H—13C COSY (HMQC)
spectroscopy and cyclic voltammetry (CV). Electrospray ionization
(ESI) mass spectrometry in conjunction with tandem mass spec-
trometry (MS/MS) was also employed in the analysis.

2.2. 'H and 3C spectroscopic analysis

All the proton and carbon chemical shifts for compounds 2—8
were unambiguously assigned by a combination of DEPT-135
and 'H-'3C COSY (HMQC). The 'H and '¥C NMR spectra for
compounds 2—8 showed peaks in the ferrocene region charac-
teristic of a monosubstituted ferrocene moiety [21—25]. The ortho
protons on the cyclopentadiene ring attached to the (—C=C-—)
spacer moiety appear in the region 6 4.4 to 6 4.72, the meta
protons occur in the range 6 4.33 to J 3.9 and usually overlap with
the unsubstituted (ns—Csﬂs) ring which also appears between
6 4.33 and 6 3.90.

The '>C NMR spectra of compounds 2—8 show signals in the
region 6 63.6 to 4 74.2 indicative of a monosubstituted ferrocene unit.
The ipso carbon of the (ns—g5H4) ring appears in the range of 6 63.6 to
0 67.8. This signal is absent in the DEPT-135 spectra. The carbon atoms
of the ethynyl group appear in the range of § 85.0 to § 91.4 and are also

Scheme 1. Synthesis of N-{6-(ferrocenyl) ethynyl-2-naphthoyl} amino acid and dipeptide ethyl esters 2—8, (i) TEA, PPh3, Bis(triphenylphosphine)palladium(ll) dichloride, THF, Cu(l)
(ii) EDC, HOBt, triethylamine, amino acid and dipeptide ethyl esters, R = GABA(OEt) 2, GlyGly(OEt) 3, GlyAla(OEt) 4, SarGly(OEt) 5, SarAla(OEt) 6, ProGly(OEt) 7 and ProAla(OEt) 8.
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absent in the DEPT-135 spectra. The carbon atoms of the aromatic
naphthalene ring are non-equivalent and therefore ten signals are
visible in the region of 6 120.8 to 6 135.8 for compounds 2—8. The
quaternary carbon atoms of the aromatic ring and the methylene
carbon atoms of derivatives 2—8 were identified by DEPT-135.
Complete spectroscopic data for all the compounds is presented in
the experimental section.

2.3. Mass spectrometry

Soft ionization techniques such as electrospray ionization (ESI)
mass spectrometry permit the analysis of thermolabile and non-
volatile analytes [26]. Electrospray ionization (ESI) mass spec-
trometry was employed in the analysis of compounds 2—8 and
confirmed the correct relative molecular mass for all the
compounds.

Tandem mass spectrometry was used to determine the fragmen-
tation pattern of N-{6-(ferrocenyl) ethynyl-2-naphthoyl}-glycine-
glycine ethyl ester 3. In the MS/MS spectrum of N-{6-(ferrocenyl)
ethynyl-2-naphthoyl}-glycine-glycine ethyl ester 3 the sequence
specific fragment ions are present at m/z 335, m/z 363, m/z391 and m/
z 419 (Fig. 1). The product ions at m/z 335 and m/z 363 correspond to
the N-{6-(ferrocenyl) ethynyl-2-naphthyl and N-{6-(ferrocenyl)
ethynyl-2-naphthoyl} subunits respectively figure. However, the ex-
pected a; and by product ions at m/z 392 and m/z 420 were not
observed, instead a; — 1 and by — 1 product ions were observed at m/z
391 and mj/z 419 respectively. Obviously a hydrogen atom has also
been lost during the fragmentation process. This is unusual as these ap
and b, fragment ions are usually produced without loss of a hydrogen
atom [27]. The formation of a; — 1 and by — 1 ions in the mass spectra
of N-{para-(ferrocenyl)benzoyl}-glycine-i-alanine ethyl ester was
investigated by tandem mass spectrometry and deuterium labelling
studies. The results showed that b; — 1 product ions arise from the loss
of a hydrogen atom attached to the nitrogen and not to the a-carbon of
the glycine residue [28].

2.4. Electrochemistry

The CV curves for compounds 2—8 exhibit quasi-reversible
behaviour similar to the Fc/Fc* redox couple. The E*’ (oxidation
potential) values for the N-{6-(ferrocenyl) ethynyl-2-naphthoyl}
amino acid and dipeptide ethyl esters 2—8 showed values in the 119—
162 mV range (versus Fc/Fc*). The values for compounds 2—8 are
higher than those reported for the N-(6-ferrocenyl-2-naphthoyl)
derivatives (42—56 mV versus Fc/Fc*), but are lower than ferrocenyl

dipeptide ester derivatives [17,19]. For example, Fc-Ala-Ala-OMe, was
reported as E°' = 230 mV (vs Fc/Fc*) [29].

2.5. In vitro anti-cancer activity of 2—8

The N-{6-(ferrocenyl) ethynyl-2-naphthoyl} amino acid and
dipeptide ethyl esters 2—8 have been prepared as part of an
ongoing SAR study. The in vitro anti-proliferative effect of
compounds 2—8 was studied in the H1299 non-small cell lung
cancer (NSCLC) cell line. Proliferation was measured using the acid
phosphatase assay. Thus 1 x 10> cells per well were seeded in 96
well plates. The plates were incubated overnight at 37 °C followed
by addition of the compound at a concentration of 10 pM and
incubated for a further 5 days. The results of this biological study
are reported in Table 1 and are expressed as % cell growth inhi-
bition relative to the untreated controls. The % cell growth inhi-
bition was lowest for compound 2 at 68% and highest for
compounds 6 and 8 at 94% cell growth inhibition. The ICsg values
for derivatives 2—8 were then determined by the acid phosphatase
assay as previously described [30]. This colorimetric end-point
assay is an indirect measure of cytotoxicity which evaluates the
enzyme activity of cells after a given treatment period. Acid
phosphatase is an enzyme which dephosphorylates p-nitrophenyl
phosphate substrate converting it to p-nitrophenol which in the
presence of strong alkali can be quantified colorimetrically. The
cells were treated with the N-{6-(ferrocenyl) ethynyl-2-naphthoyl}
amino acid and dipeptide ethyl esters 2—8 at a range of concen-
trations (from 1 pM to 100 pM) and were incubated for 5 days
until cell confluency reached 80—90%. Cell survival was estab-
lished through determination of the acid phosphatase activity of
surviving cells and growth inhibition calculated relative to
controls (untreated cells). The results for compounds 2—8 are
depicted in Fig. 2 and Table 2 displays the ICsq values for deriva-
tives 2—8 and the control drug cisplatin.

It can be seen from Fig. 2 that the N-{6-(ferrocenyl) ethynyl-2-
naphthoyl} amino acid and dipeptide ethyl esters 2—8 all exert
a cytotoxic effect on the human lung carcinoma cell line H1299. All
seven derivatives have an ICsq value that is lower than 7.2 uM. The
most active compound was N-{6-(ferrocenyl) ethynyl-2-
naphthoyl}-sarcosine-r-alanine ethyl ester which had an ICso
value of 3.2 uM. It is interesting to note that this compound has the
lowest E°’ value of 119 mV. However for compounds 2—5 the
presence of the ethynyl moiety had a negative effect of anti-
proliferative  effect compared to analogous compounds
prepared previously lacking the ethynyl group [17—19]. For

522
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Fig. 1. MS/MS spectrum of N-{6-(ferrocenyl) ethynyl-2-naphthoyl}-glycine-glycine ethyl ester 3.
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Table 1 Table 2
% Growth inhibition values for P ds 2—8 i h lung carci cell ICsp values for compounds 2—8 and cisplatin against human lung carcinoma cell line
line H1299. H1299.
Compound name % Growth i C d ICsg value (pM)
N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 68 Cisplatin 1.5 + 0.1
y-aminobutyric acid ethyl ester 2 N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 72+£ 15
N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 89 y-aminobutyric acid ethyl ester 2
glycine-glycine ethyl ester 3 N-(6-(Ferrocenyl) ethynyl-2-naphthoyl}- 5.0 + 4.1
N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 84 glycine-glycine ethyl ester 3
glycine-i-alanine ethyl ester 4 N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 50+ 36
N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 90 glycine-i-alanine ethyl ester 4
sarcosine-glycine ethyl ester 5 N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 4.7 + 3.7
N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 94 sarcosine-glycine ethyl ester 5
sarcosine-i-alanine ethyl ester 6 N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 32+ 66
N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}-i- 82 sarcosine-i-alanine ethyl ester 6
proline-glycine ethyl ester 7 N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 5113
N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}-- 94 L-proline-glycine ethyl ester 7
proline-i-alanine ethyl ester 8 N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}- 3.8 +20

example for N-{6-(ferrocenyl) ethynyl-2-naphthoyl}-y-amino-
butyric acid ethyl ester the ICsp value is 7.2 uM whereas for N-(6-
ferrocenyl-2-naphthoyl)-y-aminobutyric acid ethyl ester the ICsg
value was 0.62 pM. The in vitro cytotoxicity of the platinum(ll)-
based anti-cancer drug cisplatin was also evaluated against the
H1299 cell line, and was found to have an ICsg value of 1.5 + 0.1 uM
(Table 2). Thus, compounds 2—8 are less cytotoxic in vitro than the
clinically employed anti-cancer drug cisplatin.

3. Conclusions

In conclusion, the novel N-{6-(ferrocenyl) ethynyl-2-naphthoyl}
amino acid and dipeptide ethyl esters 2—8 were synthesized and
fully characterized by a range of NMR spectroscopic techniques,
mass spectrometry and cyclic voltammetry. Compounds 2—8 were
tested in vitro against the human lung carcinoma cell line H1299.
Compounds 2—8 showed micromolar activity in the H1299 NSCLC
cell line, with ICso values in the range of 3.2—7.2 uM. However
insertion of the ethynyl group had a negative effect on the anti-
proliferative effect compared to analogous compounds prepared
previously lacking the ethynyl group.

4. Experimental
4.1. General procedures

All chemicals were purchased from Sigma—Aldrich, Lennox
Chemicals, Fluorochem Limited or Tokyo Chemical Industry UK

Cell Survival %

3 s 10 15 20
Concentration ( pM)

Fig. 2. Cytotoxicity of derivatives 2—8.

L-proline-t-alanine ethyl ester 8

Limited; and used as received. Commercial grade reagents were
used without further purification. When necessary, all solvents
were purified and dried prior to use. Riedel-Haén silica gel was
used for thin layer and column chromatography. Melting points
were determined using a Stuart melting point (SMP3) apparatus
and are uncorrected. Optical rotation measurements were made on
a Perkin—Elmer 343 Polarimeter and are quoted in units of
107! deg cm? g~. Infrared spectra were recorded on a Perkin—
Elmer Spectrum 100 FT-IR with ATR. UV—Vis spectra were recorded
on a Hewlett Packard 8452 A diode array UV—Vis spectrophotom-
eter. "H and '>C NMR spectra were recorded in deuterated solvents
on a Bruker Avance 400 NMR. The 'H and ¥C NMR chemical shifts
are reported in ppm (parts per million). Tetramethylsilane (TMS) or
the residual solvent peaks were used as an internal reference. All
coupling constants (J) are in Hertz. Electrospray ionisation mass
spectra were performed on a Micromass LCT mass spectrometer.
Tandem mass spectra were obtained on a Micromass Quattro
micro™ LC—MS/MS triple quadrupole mass spectrometer.

Cyclic voltammograms were recorded in anhydrous acetonitrile
(Sigma—Aldrich), with 0.1 M tetrabutylammonium hexa-
fluorophosphate (TBAPFs) as a supporting electrolyte, using a CH
Instruments 600a electrochemical analyzer (Pico-Amp Booster and
Faraday Cage). The experiments were carried out at room
temperature. A three-electrode cell consisting of a glassy carbon
working-electrode, a platinum wire counter-electrode and an
Ag|AgCl reference electrode was used. The glassy carbon electrode
was polished with 0.3 um alumina followed by 0.05 um alumina,
between each experiment to remove any surface contaminants. The
scan rate was 0.1 V s~ .. The concentration range of the ferrocene
compounds was 1.0 mM in acetonitrile. The E°’ values obtained for
the test samples were referenced relative to the ferrocene/ferrice-
nium redox couple.

4.2. General procedure for the synthesis of the starting
materials

4.2.1. 6-Ferrocenyl ethynyl-2-naphthoic acid 1

Ethynyl ferrocene (2.00 g, 9.52 mmol) and 6-bromo-2-
naphthoic acid (2.39 g, 9.52 mmol) were mixed together and
dissolved in 50 ml of a 1:1 mixture of dry triethylamine and
tetrahydrofuran under nitrogen for 10 min. Triphenylphosphine
(020 g, 0.76 mmol), bis(triphenylphosphine)palladium(il)
dichloride (0.28 g, 0.38 mmol) and copper(l) iodide (0.07 g,
0.38 mmol) were mixed together and added to the reaction
mixture. The reaction mixture was stirred for 10 min and
refluxed at 80 °C for 12 h. The reaction mixture was vacuum
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filtered. The solvent was removed in vacuo to yield the crude
product. The crude product was purified by column chroma-
tography (eluant 1:1 hexane:ethyl acetate) to yield the desired
product as a red solid (2.34 g, 64%), mp 167—169 °C.
TH NMR (400 MHz) 6 (DMSO- de): 12.87 (1H, s, —~COOH), 8.13 (1H
s, ArH), 7.95—7.48 (5H, m, (ArH)), 4.60 (2H, t, ] = 2.0 Hz, ortho on n°-
C5H4—C—C—) 4.27 (2H, t,J = 2.0 Hz meta on -C5H4—C—C—) 419
(5H, s, n°-CsHs).
13C NMR (100 MHz) 6 (DMSO-dg): 172.7 (C=0), 134.9 (Cq), 134.6
g) 134.0 (Cq), 132.2 (Cq). 1316 130.3,128.1,128.0,127.8, 1208 90.3
-C5H4—C_C—) 85.7 (1n°-CsHa4—C C—)- 714 (Cortho M°-CsHa—
C_C—) 69.9 (n° -CsHs), 68.7 (Giién n3-CsHy—C=C-), 65.8 (Cipso
'I‘| C5H4—C—C—)

4.3. General procedure for the synthesis of N-{6- -(ferrocenyl)
ethynyl-2-naphthoyl} amino acid and dipeptide ethyl esters

4.3.1. N-{6-(Ferrocenyl) ethynyl-2-naphthoy!}-y- aminobutyric acid
ethyl ester 2

6-(Ferrocenyl) ethynyl-2-naphthoic acid (1.00 g, 2.63 mmol)
was dissolved in dichloromethane (100 ml) at 0 °C. N- -(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(0.50 g, 2.63 mmol), 1-hydroxybenotriazole (0.36 g, 2.63 mmol), y-
aminobutyric acid ethyl ester hydrochloride (0.34 g, 2.63 mmol)
and triethylamine (6 ml) were added and the reaction mixture was
allowed to stir at 0 °C for 45 min. The reaction mixture was then
allowed to stir at room temperature for 48 h. The reaction mixture
was washed with water and brine. The organic layer was dried over
MgSOg4. The solvent was removed in vacuo to yield the crude
product. The crude product was purified by column chromatog-
raphy (eluant 1:1 hexane:ethyl acetate) and recrystallisation from
hexane:ethyl acetate yielded the desired product as a red solid
(0.42 g, 32%), m.p. 71—73 °C; E> = 131 mV (vs Fc/Fc™*).

Mass spectrum: found: [M + Na]* 516.1255.

C29H27NO3FeNa requires: 516.1340.

LR. Umax (KBr): 3283 (NH), 2205 (—C=C—), 1726 (C—O0ecster), 1605
(C=Oamide) cm™1.

UV—Vis Amax EtOH: 268 (¢ 308) nm.

"H NMR (400 MHz) 6 (CDCls): 8.18 (1H, s, ArH), 7.81{1H, s, ArH},
775—749 {5H, m, (—CONH—), (ArH)}, 4.47 (2H, t_]— 1.6 Hz, ortho on

-C5H4 —C=C-),4.19—4.18 (7H, m, (meta on n -C5H4—C—C—) (m>-
C5H5)} 4.04 (2H, q,] = 7.2 Hz, —OCH2CH3), 3.46 (2H, q,J = 5.6 Hz, —
NHCH>CH>CHz—), 2.37 (2H, t, ] = 6.8 Hz, —NHCH2CH>CH>—),
1.87 (2H, quin, J] = 6.4 Hz, —NHCH2CH,CH>—), 115 (3H, t,
J = 7.2 Hz, —OCH2CH3).

3C NMR (100 MHz) § (CDCl3): 171.5 (C=0), 167.4 (C=0), 131.5
(Cq), 1301 (Cq) 129.1 (Cq), 128.9 (Cq), 128.2, 127.6, 127.7, 126.0, 125.1,
123 0, 89.2 (1> -C5H4—C_C—) 85.0 (n° -C5H4—C_C ). 71.9 (Cortho
n -C5H4—C_C ). 69.2 (n°-CsHs), 68.4 (Crmea M 5-CsH4—C=C—), 63.8
(Cipso M°-CsH4—C=C—), 60.0 (—OCH2CH3, -ve DEPT), 39.0 (—
NHCH>CH>CHy—, -ve DEPT), 31.2 (—NHCH;CH>CH>—, -ve DEPT),
23.3 (—NHCH2CH>CH>—, -ve DEPT), 13.1 (—0CH2CH3)

4.3.2. N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}-glycine-glycine
ethyl ester 3

Glycine-glycine ethyl ester hydrochloride (0.42 g, 2.63 mmol)
was used as a starting material. The crude product was purified by
column chromatography (eluant 1:1 hexane:ethyl acetate) and
recrystallisation from hexane:ethyl acetate yielded the desired
product as a red solid (0.38 g, 28%), m.p. 128—130 °C; E°/ = 141 mV
(vs Fc/Fc™).

Mass spectrum: [M + Na]* found: 545.1130.

CagH26N204FeNa requires: 545.1140.

LR. Umax (KBr): 3261 (NH), 2204 (—C=C-), 1736 (C=0ester). 1658
(C=0amide). 1603 (C=0amide) cm™!

UV—Vis Amax EtOH: 278 (& 310) nm.

'H NMR (400 MHz) 4 (CDCl3): 8.13 (1H, s, ArH), 7.95-7.48 (7H,
m, (ArH), (—CONH-), (—CONH-)), 4.61 (2H, t, ] = 2.0 Hz, ortho on

1°-CsHa—C=C—), 4.30 {2H. .7 = 2.0 Hz, meta on n°-CsHs—C=C—),
419—415 (11H, m, (n°-CsHs), (—NHCH,CO—), (—NHCH,CO—), (—
OCH,CH3)}, 1.23 (3H, t, ] = 7.2 Hz, —OCH2CHs).

C NMR (100 MHz) é (CDCl3): 172.7 (C=0), 170.9 (C—0), 169.6
(C=0), 133.9 (Cg), 132.6 (Cy), 1310 (Cq). 1302 (Cy). 1296, 1293,
128.9, 128.1, 127.8, 1258, 90.3 (n3-CsHy— —C=C-). 847 (n>-CsHa—

:C—) 72.1 (Cortho M -C5H4—C-C —). 70.0 (n° -CsHs), 69.7 (Cmeta

1°-CsH4—C=C—), 67.8 (Cipso N°-CsH4—C=C—), 61.6 (—OCH,CHs, -ve
DEP’]‘) 42.3 (—NHCH,CO—, -ve DEPT), 40.1 (—NHCH,CO—, -ve
DEPT), 14.8 (—OCH,CH3).

4.3.3. N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}-glycine-.-alanine
ethyl ester 4

Glycine-i-alanine ethyl ester hydrochloride (0.46 g, 2.63 mmol)
was used as a starting material. The crude product was purified by
column chromatography (eluant 1:1 hexane:ethyl acetate) and
recrystallisation from hexane:ethyl acetate yielded the
desired product as a red solid (0.23 g, 16%), m.p. 58—60 °C;
E>’ = 139 mV (vs Fc/Fc*); [a]g® = —14° (c 0.1, EtOH).

Mass spectrum: [M + Na]* found: 559.1305.

C30H28N204FeNa requires: 559.1398.

LR. vmax (KBr): 3287 (NH), 2204( C=C—), 1734 (C=0ester), 1658
(C=0amide). 1625 (C—=0amide) cm™

UV—Vis Amax EtOH: 242 (e 316) nm.

"H NMR (400 MHz) é (CDCls): 8.21 (1H, s, ArH), 7.87—7.51 {7H,
m, (ArH), (—CONH ). (—CONH—)}, 4.48—4.47 {3H, m, (—CHCH3),
(ortho on n -C5H4—C_C—)} 4.19—4.07 {11H, m, (meta on n>-
CsH4—C=C-), (Tl -CsHs), (—0CH2CH3) (— NH_C_;CO—)], 1.36
(3H, d, ] = 7.2 Hz, —CHCH3s), 1.28 (3H, t, ] = 6.8 Hz, —OCH>CH3).

3C NMR (100 MHz) 6 (CDCl3): 171.8 (C=0), 169.1 (C=0), 167.9
(C=0),134.5(Cq), 131. 5(C.,) 130.8 (Cq), 130.4(Cq), 129.3,128.9,128.0,
127.7, 124.3, 1234 90.4 (1> -C5H4—C_C—) 84.9 (n° -C5H4—C_C—)
71.3 (Cortho M -C5H4—C—C—) 701 (n° -CsHs), 69.5 (Creta M -C5H4—

=C—), 65.9 (Cipso N°-CsHa—C=C—), 60.3 (— OCH>CH3s, -ve DEPT),
48.9 (—CHCH3), 43.1 (—NHCH,>CO—, -ve DEPT), 17.2 (— CHCH3), 13.7
(—OCH2CHs3).

4.3.4. N-{6-(Ferrocenyl) ethynyl-2-naphthoyl}-sarcosine-glycine
ethyl ester 5

Sarcosine-glycine ethyl ester hydrochloride (0.46 g, 2.63 mmol)
was used as a starting material. The crude product was purified by
column chromatography (eluant 1:1 hexane:ethyl acetate) and
recrystallisation from hexane:ethyl acetate yielded the desired
product as a red solid (0.19 g, 13%), m.p. 32—34 °C; E°’ = 162 mV (vs
Fc/Fc™).

Mass spectrum: found: [M + Na]* 559.1307.

C3pH28N204FeNa requires: 559.1398.

LR. vmax (KBr): 3284 (NH), 2205 (——CEC— ), 1744 (C=0ester), 1676
(C=0amide), 1605 (C=0gzmide) CM™

UV—Vis Amax EtOH: 252 (e 313) nm.

TH NMR (400 MHz) § (CDCl;) 7.92—7.49 {7H, m, (—CONH-),
(ArH)}, 4.48 (2H s, ortho on n —C5H4—C:C—) 4.30—3.90 {13H, m,
(meta on 1>-CsH4—C=C—), (n°-CsHs), (—N(CH3)CH,CO-), (—
NHCH>CO—) (—OCH>CH3)}, 3.10 (3H, s, —N(CH3)CH,CO-), 1.19
(3H, t, ] = 7.2 Hz, —OCH2CH3).

'3C NMR (100 MHz) 6 (CDCl3): 172.7 (C=0), 170.4 (C=0), 167.2

=0), 133.6 (Cq), 132.7 (Cq), 1319 (Cq), 130.8 (Cq), 1295 128.5,
1281 127.3, 125.0, 1229 90.1 (n° -C5H4—C_C ). 85.9 (n°-CsHg—
C—C—) 71.8 (Cortho M -C5H4—C—C—) 70.5 (n° -CsHs), 69.5 (Cmeta

1°-CsHy—C=C—), 65.4 (Cipso N°-CsHs4—C=C—), 61.7 (— OCH2CH3, -ve
DEPT) 48.2 (—N(CH3)CH,CO—, -ve DEPT), 41.2 (—NHCH,CO—,
-ve DEPT), 38.4 (—N(CH3)CH2CO—), 14.2 (—OCH>CH3).
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