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Abstract 

In this work synthesis, structural characterization and biological evaluation of the 

activity of organometallic compounds were conducted. Starting from the idea to 

tether a metal cluster to estrogen receptor ligands, thereby achieving a targeting 

of the ER and combining estrogenic/antiestrogenic and cytotoxic properties. Fur-

thermore, the choice of the metal enables us to expand their applications on oth-

er biological targets. 

Two series of compounds, analogues of diethylstilbestrol (3,4-

diarylalkenyne) and analogues of tamoxifen (1,1,2-triarylethylene) were investi-

gated (Fig.1). 

 

 

 

 

 

 

 

 

Figure 1. Chemical structures of lead compounds of the 3,4-diarylalkenyne 
(left) and 1,1,2-triarylalkene (right) series. 

 

Their scaffolds were obtained in three main steps, followed by addition of 

an appropriate metal cluster. Since the compounds can adopt a (Z-) or (E-) con-

figuration, they were characterized by 1H-NMR spectroscopy, especially with 1H-

NMR NOE experiments. The presence of the metal was detected by EI or ESI 

mass spectroscopy experiments. The cytotoxicity was investigated on hormone-

dependent MCF-7 cells and hormone-independent MDA-MB-231 cells. The co-

balt complexes of the 3,4-diarylalkenyne series showed strong antiproliferative 

properties (IC50 values less than 5 µM) on both cell lines and were tested in a 

time- and concentration-dependent cytotoxicity assay. However, these com-

pounds did not show any estrogenic potency on ERα and ERβ in an established 

luciferase assay, and no structure-activity relationship has been found. 
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The 1,1,2-triarylalkene compounds described in the second series are 

analogues of tamoxifen, in which the keya amino side-chain has been replaced by 

a lipophilic and stable organometallic entity. On the one hand, the introduction of 

a cobalt cluster to the structure via triple bond led to molecules which display es-

trogenic properties, but also a loss of antiproliferative activity. 

On the other hand, the compounds were successfully labeled by a double 

bond exchange with Zeise’s salt, which has been identified as a COX enzymes 

inhibitor in this group. The Zeise’s complexes present high inhibition activity. The 

high COX inhibition and the lack of ability to antagonize the effects of estradiol 

(E2) made an antiestrogenic mode of action unlikely.  

Investigations to gain insight into the enzyme inhibitory properties as well 

as an enlarged structure activity relationship should be conducted in the future 

and will give us the opportunity to explain the mode of action more precisely.  

 

 

  

                                                           
a
 It is deemed essential for the anti-estrogenic activity. 
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Zusammenfassung 

In der vorliegenden Arbeit wurden verschiedene Organometallverbindungen syn-

thetisiert, chemisch charakterisiert und auf ihre pharmakologischen Eigenschaf-

ten untersucht. Ausgehend von der Idee, durch die Verbindung einer metallorga-

nischen Gruppe mit  einen Estrogenrezeptorliganden ein sogenanntes drug tar-

geting zu erreichen, sollten Verbindungen mit sowohl cytotoxischen als auch est-

rogenen oder antiestrogenen Eigenschaften erhalten werden. Zusätzlich sollte 

durch die Verwendung unterschiedlicher Metalle untersucht werden, ob auch ei-

ne Aktivität an anderen biologischen Zielstrukturen erreicht werden kann. 

Im Rahmen dieser Arbeit wurden zwei verschiedene Verbindungsklassen 

untersucht, zum einen Analoga von Diethylstilbestrol (3,4-Diarylalkenyne) und 

zum anderen Analoga von Tamoxifen (1,1,2-Triarylethylene) (Abb. 1). 
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Abbildung 1. Strukturformeln der Leitstrukturen der 3,4-Diarylalkenyne (links) 
und 1,1,2-Triarylalkene (rechts) Serie. 

In drei Syntheseschritten wurde jeweils zunächst die Grundstruktur erhal-

ten und im darauffolgenden vierten Schritt die metallorganische Gruppe einge-

führt. Die auf diesem Weg synthetisierten Verbindungen in (Z)- oder (E)-

Konfiguration wurden durch 1H-NMR NOE Untersuchungen charakterisiert. Das 

erfolgreiche Einführen der Metallgruppe wurde durch EI oder ESI Massenspekt-

rometrie bestätigt.  

Die Cytotoxizität der synthetisierten Verbindungen wurde sowohl an hor-

monabhängigen MCF-7 als auch an hormonunabhängigen MDA-MB-231 Zellen 

untersucht. Die Cobaltkomplexe der 3,4-Diarylalkenyne zeigten dabei in beiden 

verwendeten Zell-Linien starke antiproliferative Effekte (IC50 Werte unterhalb von 

5 µM) und wurden daher zusätzlich in einem zeit- und konzentrationsabhängigen 
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Cytotoxizitätstest untersucht. Die Verbindungen zeigten jedoch weder an ERα 

noch an ERβ estrogene Effekte. Für diese Verbindungen konnten keine Struktur-

Wirkungsbeziehungen abgeleitet werden. 

Bei der zweiten untersuchten Strukturklasse, den 1,1,2-Triarylalkenen, 

wurde die basische Seitenketteb durch eine lipophile stabile organometallische 

Gruppe substituiert. Diese Funktionalisierung führte zu Verbindungen mit estro-

genen Eigenschaften, allerdings unter Verlust der antiproliferativen Aktivität. 

Desweiteren wurden die Verbindungen erfolgreich mit dem Zeisesalz sub-

stituiert, welches in dieser Arbeitsgruppe bereits als COX-Inhibitor identifiziert 

werden konnte. Die Zeisesalz-Komplexe der im Rahmen dieser Arbeit syntheti-

sierten Verbindungen zeigten ausgezeichnete COX-Inhibierung, welche in Ver-

bindung mit der fehlenden antiestrogenen Wirkung einen cytotoxischen Effekt 

über das Estrogenrezeptorsystem als sehr unwahrscheinlich erscheinen lassen. 

Die Frage, ob die Verbindungen über die COX-Hemmung cytotoxisch wir-

ken, sollte Gegenstand einer größeren Struktur-Wirkungsstudie sein. Durch diese 

Untersuchungen kann auch eine eventuelle Tumorselektivität näher erforscht 

werden. 

  

                                                           
b Diese wird als unerlässlich für die antiestrogene Wirkung angesehen 
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1 Introduction 

1.1 Cancer and Causes 

Cancer is a major public health problem in many parts of the world, which affects 

countries at various level of development. It can be defined as a group of diseas-

es which can attack any part of the body, characterized by uncontrolled growth 

and spread of abnormal cells (metastasis). It can form an encapsulated benign 

tumor, leading to invasion and destruction of adjacent tissues. On the other hand, 

non-encapsulated malignant tumors grow rapidly, and can spread to various re-

gions of the body and metastasize1. Metastasis is a secondary growth though 

originating from the original primary tumor and it is responsible for 90% of cancer 

deaths. In Germany each year approximately 210,000 people die of cancer. De-

termining the cause of cancer is complex, and in some cases even impossible, 

because most cancers have multiple possible origins2. Of course there are cer-

tain factors which increase the chances for a person to develop cancer, these 

are: 

 Physical risk factors -ultraviolet (uv) radiation, ionizing radiation 

 Biological risk factors -viruses, bacteria, certain hormones 

 Genetic -family history of cancer  

 Behavioural risk factor –alcohol, poor diet, lack of physical activity 

or being overweight 

 Environmental risk factor –tobacco, etc. 

 Chemicals 

The specific treatment of a cancer depends on its location, stage, type of 

cancer as well as the general state of the patients’ health (performance status). 

The most common treatment options include surgery, radiotherapy and chemo-

therapy3. 

1.2 Breast Cancer 

Among females breast cancer is the most frequent form of cancer and leading 

cause of cancer mortality (see Fig. 1.1), with approximately one out of ten being 
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affected over their lifetime4. Although very seldom, also men can suffer from 

breast cancer.  

 

Figure 1.1. The 20 most frequent causes of cancer deaths in Germany 2010
5
. 

Annually, more than 1.1 million women are diagnosed with breast cancer 

globally, causing approximately 410,000 deaths6. After increasing over the past 

30 years, since 1990s female breast cancer incidence rates decreased in many 

developed countries by an average of 2.0% per year. This decrease may reflect 

the utilization of the slight drop in mammography, a screening program, as well 

as the reduction in the use of estrogen combined with progestin in the menopau-

sal hormone therapy (MHT, known as hormone replacement therapy), which in-

creased the risk of coronary heart disease and breast cancer7. 

Breast cancer is frequently hormone-dependent, which means that hor-

mones stimulate the cancer cells to grow. Otherwise the growth of the cancer 

cells can be down regulated by the anti-hormones, substances that inhibit or pre-

vent the effects of a hormone. The relation between ovarian function and breast 

cancer progression was recognized more than a century ago. The identification of 

estrogenic hormones produced by the ovary provides the basis for the develop-

ment of a hormone therapy as a possible adjuvant treatment on breast cancer as 
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well as with metastases8. Depending on the presence or absence of the estrogen 

receptor in the cells, breast cancer is often treated by endocrine therapy (tamoxi-

fen) or chemotherapy, respectively. 

1.3 Treatments 

The treatment of the majority of cases of breast cancer involves the combination 

of surgical excision, chemotherapy, radiotherapy and, in some cases, hormone or 

biological therapies7. 

 Surgery means the removing of the main tumor from the breast and 

the lymph nodes. Some surgical procedures are followed by radia-

tion therapy, which uses high-energy radiation (X-rays or gamma-

rays) to kill remaining cancer cells by damaging their DNA. 

 Radiation can affect normal cells surrounding the cancer cells, 

causing the skin to become red, itchy or both. However, the side ef-

fects should be temporary for the normal healthy cells, unlike to the 

cancer cells, and the treatment does not involve drugs. Furthemore, 

it affects only the cells in the area being treated. 

 Biological therapy uses the body's immune system to fight cancer. 

 Chemotherapy uses drugs to destroy cancer cells. In estrogen re-

ceptor ER-negative breast cancer, a combination of drugs (Fig. 1.2) 

is used to killed cancer cells which could not be removed by other 

means. The molecules used are cytotoxic, considering that they af-

fect mainly fast-dividing cells of the body, such as blood cells and 

the cells lining the mouth, stomach, and intestines. This produce 

side-effects including hair loss, fatigue, nausea, depression of the 

immune sytem and nerve damage.  

 

http://en.wikipedia.org/wiki/Adverse_effect
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Figure 1.2. Examples for compounds used in chemotherapy in ER-negative 
breast cancer. 

 

On the contrary for ER-positive breast cancers used a hormone therapy, 

with antiestrogens 9,10 or with aromatase inhibitors11, which appears more safer. 

1.4  The Role of Estrogen Receptors in Breast 
Cancer 

In earlier studies, in which the ER was purified from tumors, it was suggested that 

breast cancer patients with ER-positive tumors might be more likely to respond to 

endocrine treatments than those with ER-negative tumors12. The therapeutic tar-

gets ERs (ERα and ERβ) are ligand-inducible transcription factors, which belong 

to the nuclear receptor super family and act as a dimeric species. ERα was the 

first estrogen receptor cloned and it was isolated from MCF-7 human breast can-

cer cells in the late 1980s13,14. Ten years later, a second receptor (ERβ) was 

cloned first from a rat prostate15. Afterwards the human ERβ (hERβ) was charac-

terized and cloned16.  

Both receptors have different  distributions patterns, including breast, uro-

genital tract, the central nervous system, the cardiovascular system17, the liver18 

and the bones19 (Fig. 1.3). Their influence to the target gene activity in the variety 

of responsive tissue is mediated by binding to the cognate estrogen response 
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elements (EREs) on the DNA20. The abundance and distribution of the receptors 

will, in part, determine whether a ligand will have a particular effect. 

Figure 1.3. Overall distribution of ERα and ERβ in the human body adapted 
from Gust

 21
. 

To apply subtype-specific drugs for therapeutic use accordingly it is nec-

essary to know where the affected tissues are located and the relative amounts 

of ERα and ERβ. In brief when normal breast tissues become tumorigenic, the 

amount of ERα increases whereas the amount of ERβ decreases22. Because es-

trogen is a growth stimulus through ERα, the use of ERα-specific antagonists to 

block this interaction or aromatase (which converts testosterone to estradiol) in-

hibitors may be ideal in clinical settings as anticancer agents. Furthermore, ERβ 

appears to play a protective role against the development of breast cancer. To 

support this hypothesis, an ER-negative breast cancer cell line (MDA-MB-231) 

was modified by genetic engineering to express functional Erα and ERβ. The re-

sult was that cells with ERα have the same rate of proliferation as naive cells in 

the absence of estrogens; on the contrary ERβ is able to inhibit the proliferation in 

a ligand-independent pathway and is also able to activate the transcription of syn-

thetic as well as natural endogenous promoters in a ligand-dependent manner. 

These results suggested that ERβ could effectively act as an inhibitor of breast 

cancer development23. Another explanation is that the presence of ERβ could 

simply antagonize the growth stimulatory effects mediated by ERα. This is sug-

gested by a study in which ERβ inhibited the agonistic activity of the ERα-
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tamoxifen complex. Further studies are required to explain the exact interaction 

between Erα and ERβ in cell growth control24. 

1.5 Structure and Gene Transcription 

ERα and ERβ, which are encoded by two different genes25, have similar (but not 

identical) structure26. The ERα consists of 595 amino acids and is located on 

chromosome 6 (molecular weight = 66 kDa)27. Whereas the ERβ, composed by 

530 amino acid residues is positioned on chromosome 14 (molecular weight = 59 

kDa)28. The sequence of both ERs has a multi-domain structure consisting of six 

functional regions, from the N-terminal A/B domain to the C-terminal F domain, 

which shows various degrees of sequence conservation (Fig. 1.4). The A/B do-

main has an 18% sequence identity between ERα and ERβ which is not well 

conserved. It contains the activation function 1 (AF-1) that contributes to the tran-

scriptional activity of the ER29. In the C domain, the most highly conserved re-

gion, the DNA-binding domain (DBD) is located.  

Figure 1.4. Domain-structure representation of human ERα and ERβ isoforms
30

 

This allows both receptors to bind to similar target sites, due to the fact that they 

share of the same response element. The hinge D domain can be considered as 

a linker peptide between the DBD and the LBD. It has a role in receptor dimeriza-

tion and in binding to chaperone heat-shock proteins (Hsp). Finally the E/F region 

presents a homology of only 47%31. This region encompasses the ligand binding 

domain (LBD) of the receptors, that harbor a co-regulator binding surface, the 

dimerization domain, a co-activator and the hormone-inducible activation function 

2 (AF-2). AF-1 and AF-2 are independently autonomous in their regions but they 
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can activate transcription also synergistically in a promoter- and cell-specific 

manner.  

The ER is a ligand-activated transcription factor, which means that ER be-

comes activated upon binding to a ligand. In the “classical” way (see Fig. 1.5) of 

nuclear-initiated estrogen signaling, this process involves the dissociation from 

proteins chaperones (such as heat-shock proteins 90 and 70), and a conforma-

tional change with consequently dimerization of the ER to either homodimers 

(ERα/ ERα and ERβ/ ERβ) or heterodimers (ERα/ ERβ)32. The dimer complex is 

translocated to the nucleus of the target cells and can bind to the estrogen re-

sponse elements (ERE) resulting in gene transcription. To promote the start of 

the transcription, the interaction between ER and ERE recruits the cooperation of 

co-regulators(c) in the TATA-box(d) and RNA-polymerase II.   

 

 

Figure 1.5. Above: Classical transcriptional regulation- AIB1, CBP/P300, PCAF 
are co-activator proteins. ERβ may antagonize the activity of ERα. Upstair: Non-
classical gene regulation: downregulation of gene expression by estrogen re-
sults from the recruitment of co-repressors to specific promoters25. 

In the “non-classical” transcriptional regulation (Fig. 1.5), the ERs can 

modulate gene expression at alternative promoter sites on DNA sequences such 

as specificity protein 1 (SP-1), activator protein 1 (AP-1) and upstream stimulato-

ry factor sites, as well as other poorly defined non-ERE sites33. Under this condi-

tion, ER is tethered to the specific promoter complex by its interaction with other 

DNA-bound transcription factors or with other co-activator proteins (it does not 

                                                           
(c) 

Co-regulators can be divided into co-activators, which facilitate ER transcription, and co-repressor, that 
promote transcriptional repression. 
(d)

 TATA-box is the core promoted sequence, located 25 base pairs upstream of the transcription site 

Gene expression 
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function as the major transcription factor). Consequently ERs can themselves 

function as co-activator proteins by stabilizing the DNA binding of the transcrip-

tion factor complex or by recruiting other co-activators to these complexes. The 

transcription of several genes, important in growth factor signal transduction 

pathways, is regulated in this way27,34. 

1.6 ER Ligands 

Estrogens play often a role in the growth and development of hormone depend-

ent breast cancers. Therefore their use in clinical settings can be a logical ap-

proach for the treatment of the hormone dependent breast cancer.  

The hormonal compounds can be categorized into three major pharmaco-

logical classes:  

 

Agonist 

OH

HO HO

OH

E2 DES  

 The most potent and dominant estrogen in humans is 17β-estradiol 

(E2), which plays a prominent role in mediating the maturation, pro-

liferation, differentiation, apoptosis, inflammation, metabolism, ho-

meostasis, brain function and influences the growth and develop-

ment of breast cancer35. 

 Asides from E2, there are many other synthetic estrogens, e.g. di-

ethylstilbestrol (DES), a synthetic non-steroidal estrogen which was 

widely used between the 1940s and the 1970s to prevent sponta-

neous abortion in women36. Now it is used as estrogen-replacement 

therapy for estrogen deficiency states as well as in the treatment of 

advanced breast cancer in postmenopausal women. 

 

http://en.wikipedia.org/wiki/Hormone_replacement_therapy_%28menopause%29
http://en.wikipedia.org/wiki/Hormone_replacement_therapy_%28menopause%29
http://en.wikipedia.org/wiki/Breast_cancer
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Selective estrogen receptor modulators 

HO

O

N

4OH

HO S

OH

O
N

O

RAL  

 Tamoxifen (TAM) is a selective estrogen modulator (SERM) wildly 

used in the therapy for all stages of breast cancer in pre- and post-

menopausal woman. It presents anti-estrogenic property, that are 

related to compete with E2 for binding sites in target tissues like 

breast tissue, but it also functions as an agonist in some tissues in-

cluding the bone, uterus, liver, and the cardiovascular system. TAM 

acts as a prodrug and is metabolized in vivo into 4-

hydroxytamoxifen (4OH), its active metabolite. The dimethylami-

noethoxy side chain interaction with Asp351 of the binding site of 

the ER is held responsible for the observed antiestrogenic effect of 

4OH. Because of this selectivity, up to now, tamoxifen has been 

used as standard therapy in adjuvant hormone treatment on breast 

cancer. However, about half of patients with advanced ER-positive 

disease immediately fail to respond to tamoxifen and in the re-

sponding patients the disease ultimately progresses to a resistant 

phenotype. The possible causes for intrinsic and acquired re-

sistance have been attributed to the pharmacology of tamoxifen, al-

terations in the structure and function of the ER, the interactions 

with the tumor environment and genetic alterations in the tumor 

cells37. 

 Raloxifene (RAL) is an estrogen antagonist in the breast and uterine 

tissues, but functions as an estrogen in the bone and cardiovascular 
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system. In vitro RAL is an inhibitor of cultured breast cancer cells 

and possesses antitumor activity in vivo30. 

Antagonist 

 ICI 164 384, ICI 182 780 (Fulvestrant) may perhaps prove to be 

more effective than tamoxifen in treating hormone-responsive 

breast cancer. This pure antiestrogen blocks ER nuclear localiza-

tion, since it induces a protein synthesis-dependent clustering of ER 

in the cytoplasm. It seemed that the long hydrophobic side-chain of 

these antiestrogens is responsible for the disruption of the ER pro-

tein structure. Besides the increasing risks of osteoporosis and cor-

onary heart disease, these molecules presented particular problems 

of bioavailability, since they are highly hydrophobic, and of the route 

of administration, thus excluding oral administration. 

HO

ICI 164 384

OH

N

O

OH

(CH2)9SO(CH2)3CF2CF3HO

Fulvestrant (ICI 182 780)

 

To develop selective compounds it is necessary to consider the structure 

of  the LBD, in fact upon binding different ligands, ER can adopt multiple confor-

mations38 resulting in expression of different genes-different physiological func-

tions. 

 The LBD is a globular and flexible domain, which contains 11 α-helices 

(H1, H3-H12) organized in a three layered sandwich structure with H4, H5, H6, 

H8, and H9 flanked on one side by H1 and H3, and on the other side by H7, H10, 

and H1139. After hormone binding, the ligand pocket is closed on one side by an 
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antiparallel β-sheet and on the other side by H12, which is known to be directly 

involved in the transactivation function AF-2 by mutagenesis studies40, for which 

several “agonist” or “antagonist” conformations have been evidenced.41
 

The LBDs pockets of ERα and ERβ is very similar. However, the two sub-

pockets seem to have somewhat different size and flexibility, and this seems to 

be a critical distinction that is useful in the development of subtype-selective lig-

ands. In general, ERβ selective ligands seem to be smaller and more polar than 

ERα-selective ligands42. 

The crystal analyses of 4OH-ERα LBD and DES-ERα LBD complexes 

(Fig. 1.6) show that 4OH is bound within the same pocket that recognizes DES. 

  

 

 

 

 

 

 

 

 

Figure 1.6. The interaction of OHT (left) and DES (right) with critical amino ac-
ids in the ERα LBD43. 

Next to the hydrogen bonds of its hydroxyl groups with Glu353, Arg394 

and water, 4OH stretches its side chain (a flexible dimethylaminoethyl group) be-

tween H3 and H6. This position is stabilized by van der Waals contacts with 

Thr347, Ala350, Trp383 and by a salt bridge between the dimethylamino group of 

the side chain and the β-carboxylate of Asp351. Further studies demonstrated 

that the dimethylaminoethyl side chain of 4-hydroxytamoxifen protrudes and dis-

places H12.  

DES builds H-bridges to Glu353, Arg394, and His524 as well as a water 

molecule and van der Waals contacts to aliphatic residues of amino acids in the 

LBD. A phenolic hydroxyl group at para-position of the phenyl ring appeared to 

be essential for its estrogenic activity. 
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1.7  Metal Complexes as Anticancer Drugs 

Usually, metals are often considered as toxic for living systems and the idea of 

using inorganic chemicals to treat cancer was rather uncommon. However, many 

metal-based proteins (e.g. cytocrome oxidase enzymes) or metals containing 

molecules (e.g. cobalt bearing Vitamin B12) are required in biological process. 

Historically, metals and metal complexes have played a key role in the develop-

ment of pharmacy and modern chemotherapy. In 1965 Rosenberg and co-

workers44 accidental found the anti-tumoral properties of cisplatin and since this 

discovery there has been a growing interest in the field of metal complex-based 

chemotherapy. 

Cispaltin has become one of the most effective antineoplastic agents in 

clinical use, and since up to now it still remains the most used agent against tes-

ticular cancer. Several other platinum complexes such as carboplatin and oxali-

platin (Fig. 1.7) are used in the treatment of a variety of tumors. Their clinical use 

is, however, severely limited by dose-limiting side-effects45 (such as neuro-, 

hepato- and nephrotoxicity) and by acquired resistance. 

 

 

 

 

 

 

Figure 1.7. Structures of platinum complexes. 

These limitations in platinum-based anti-cancer therapy have stimulated 

increased research efforts in the development of alternative strategies based on 

different metals and aiming to different target.  

The pool of these agents comprises classical inorganic compounds, com-

plexes with ionic organic ligands but also increasingly organometallic species46. 

Organometallic compounds (containing transition metals, such as Co, Cu, Fe, 

Ga, Ge, Mo, Pt, Sn, Rh, Ru and V), which are defined as metal complexes are 

emerging as promising anticancer drug candidates, since they present anti-
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proliferative (in vitro) and anti-neoplastic (in vivo) activities47. They offer mecha-

nism of drug action, which cannot be realized by organic agents. Furthermore, 

they are kinetic stable, usually uncharged, and relative lipophilic and their metal 

atom is in a low oxidation state48. The possibility of many different coordination 

geometries enables the synthesis of compounds with stereochemistry that are 

quite unique and not obtainable in the group of pure organic compounds 49. The 

determining factors for the biological activity of the metal complexes are the type 

of ligands and the oxidation state of the metal, which also dictates a particular 

coordination geometry50. 

Hence, promising non-platinum metal complexes with proven anti-

proliferative activity have been developed and some of them have already been 

evaluated in early-phase clinical trials research44. 

1.7.1 Cobalt Compounds 

Among the new non-platinum metal anticancer drugs, cobalt complexes have 

attracted much attention as anticancer agents. 

Cobalt is an essential trace element in humans, exhibiting many useful biological 

functions. It is required in the active center of coenzymes, the so called cobalamins 

(especially Vitamin B12 which regulates indirectly the synthesis of DNA). Moreo-

ver, there are at least eight cobalt-dependent proteins. 

Co

NH2

O
N

O

O
O

Cl

Cl

ClO4

[CoIIIL6]3+ [CoIIL6]2+ [CoII(H2O)6]2+ + 6L

O2 O2

N

Co

N

OO

O O

O
N

N
H

NH2

S

CoCl2
Co

B

B
B

B

Cl

 

b) Cobalt salene complex a. Co(III) complex containing a nitrogen mustard ligand 

c) Cobalt thiosemicarbazone complex d) Cobalt carboran complex 
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Figure 1.8. Structures of several cobalt complexes. 

The interest in cobalt(III) complexes of bidentate mustards (Fig. 1.8-a.) has 

arisen since the first reported studies on the biological activity of cobalt complex-

es in 195251. Ware and co-workers followed a new approach, which is based on 

the fact that many tumor tissues exhibit a hypoxic environment and develop re-

sistance to chemotherapeutic agents. Cobalt(III) complexes might be reduced 

under hypoxic conditions to Co(II) species, followed by loss of a neutral ligand (L) 

and can be used as prodrug that release the cytotoxic compound after bioreduc-

tive activation, exclusively in tumor cells. In particular nitrogen mustards ligands 

coordinated to Co(III) showed hypoxic selectivity against repair-proficient tumor 

cells52.  

Other important examples include Co(III)-based prodrugs which can re-

lease potent cytotoxins under activation by ionizing radiation53,54. The slightly 

acidic pH of tumor cells can also be used for activation of Co(III) species based 

on the generation of free radicals leading to DNA fragmentation. Cobalt salene 

complexes (Fig. 1.8-b.) represent a Schiff base species active as anti-tumor 

agents. The cytotoxicity of these agents depended on the configuration of the 

bridging -CH and on the kind of the substituents in the aromatic rings on the eth-

ylenediamine bridge. The change from d,l to meso configuration reduced the 

growth inhibitory properties of the complexes, which were equipotent to cisplatin. 

While hydroxyl substitution in place of methoxy derivatives led to inactive com-

pounds, as explained by cellular uptake studies. The oxidative damage of DNA 

seems unlikely as a mode of action for this class of compounds55.  

In following studies Hall and co-workers examined cobalt thiosemicarba-

zone (Fig. 1.8-c.) and cobalt carborane complexes (Fig. 1.8-d.) and showed them 

to be antitumor active56,57. These compounds showed higher activity in leukemia 

and lymphoma cell lines (ED50 <1 µg/ml) than in tissues derived from human solid 

tumors. The mechanism involved inhibition of DNA synthesis, but DNA itself is 

not the target58.  

1.7.2 Alkyne Hexacarbonyl Dicobalt Complexes 

In our research group this field was expanded including hexacarbonyl dicobalt 

complexes with alkyne ligands59,60. 
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These complexes derived from the reaction of dicobalt octacarbonyl with 

an appropriate alkyne. In synthetic chemistry, they are useful intermediates in the 

Nicholas reaction and the Pauson-Khand reaction61 (see Fig. 1.9)  
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R2
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Figure 1.9. Nicholas reaction (above) and Pauson-Khand reaction (below) 

In particular in the Nicholas reaction the Co2(CO)6 moiety has been used 

to stabilize carbocationic charge generated at the α-carbon to the alkyne moiety, 

prior to treatment with a variety of nucleophiles62. In the Pauson–Khand reaction 

the Co2(CO)6 unit enables the synthesis of cyclopentanone rings by cyclization of 

an alkene, an alkyne and a carbon monoxide (a [2 + 2 + 1] cycloaddition). 

Also in the field of medicinal chemistry cobalt-alkyne complexes have 

gained importance as labeling agents and a new class of cytostatic59. The cell 

growth inhibitory properties of these compounds were reported for the first time 

by Hyama et al., which noted activity against murine leukemia cells63. A succes-

sive study conducted by Jung and co-workers described a series of alkyne hexa-

carbonyl dicobalt derivatives with strong antiproliferative activity towards various 

cancer cell lines64. These properties led to more intensive efforts in the investiga-

tions of cobalt alkyne compounds as antitumor agents. A complex of the propar-

gylic ester of acetylsalicylic acid ligand (Co-ASS, see Fig. 1.10) was the most ac-

tive compound and emerged as a lead compound for the investigated series.  
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Figure 1.10. Hexacarbonyl dicobalt complexes 

Following studies on compounds based on the lead drug Co-ASS indicat-

ed the high cytotoxic activity in breast cancer cell lines, but less activity against 

leukemia and lymphoma cell lines. It was found that marginal structural modifica-

tions of Co-ASS (e.g. introduction of a methyl group on the terminal end of the 

alkyne group or a change of the position of the acetoxy group on the aromatic 

ring) led to significantly decreased antiproliferative effects. The results obtained 

about inactive complexes were used to deduce that alkyne hexacarbonyl dicobalt 

complexes are not necessarily cytotoxic and the activity is strongly dependent on 

the alkyne ligand structure65. The pharmacological properties of acetylsalicylic 

acid, which belongs to the class of nonsteroidal anti-inflammatory drugs 

(NSAIDs), have to be considered in the search for the mode of action. Co-ASS 

triggers its pharmacological effects and is able to inhibit isolated enzymes cy-

clooxygenase-1 (COX-1) and COX-2. Based on its good stability, it could be con-

cluded that the active species was indeed the intact organometallic complex. 

Cellular uptake of these complexes was shown to be dependent upon lip-

ophilicity, establishing a passive transport mechanism through cellular mem-

branes. However, lipophilicity did not correlate with cytotoxicity, hence cellular 

accumulation does not account for the cytotoxicity of the complexes64. 

Beside the benzoic acid derivatives, other alkyne ligand structures have 

been incorporated into alkyne hexacarbonyl dicobalt complexes and investigated 

for biological activity, namely nucleosides66, peptide derivatives67 and complexes 

with hormonally active ligands68,69 (Fig. 1.10). On the basis of the chemical struc-

Co-ASS 

Cobalt complex with ethynylestradiol ligand 

E2 Co2(CO)6 

Cobalt complex with nucleoside ligand 

 

Cobalt complex with peptide ligand 

 



1 Introduction 

 

18 

tures of these compounds, it is very likely that different biological structures are 

targeted, and that the COX system could not be confirmed to be involved in the 

mode of action of these derivatives. One might deduce that the Co2(CO)6 moiety 

modifies the interaction with those biomolecules46  

Hence, estradiol (E2) was derived with a 17α-alkynyl substituent to coordi-

nate with Co2(CO)6 giving the E2- Co2(CO)6 complex70 (see Fig 1.10). This com-

pound was originally developed as a marker of the estrogen receptor (ER). The 

most striking finding was that this derivative bind irreversibly to the ER, despite its 

voluminous Co2(CO)6 moiety and cause its partial inactivation, as a consequence 

of a covalent bond of the cobalt-alkyne complex71. These results suggested that 

for complexes with hormone-derived ligands the hormonal activity and the recep-

tor binding were retained. 

Besides the function as potential cytostatics, hexacarbonyl dicobalt com-

plexes offer interesting opportunities for medicinal and bioorganometallic chemi-

cal research. The mode of action of most of these complexes is not yet under-

stood and still under investigation. The derivatization of biologically active ligands 

or drugs as metal carbonyl complexes might represent the major drug develop-

ment strategy for these agents. 

1.7.3 Zeise’ s Salt 

 

The next advancement in combination of modern organometallic synthesis with 

biochemical studies could be Zeise’ s salt K[PtCl3(C2H4)]. This platinum-ethylene 

complex was one of the first organometallic compounds already reported in 1831 

by William Christopher Zeise. However, since up to now the fields about its pos-

sible biological properties still remain unknown. The discovery took place explor-

ing the reaction of ethyl alcohol with platinum tetrachloride (PtCl4). Interestingly, 

by dissolving PtCl4 in 10 parts by weight of ethyl alcohol and successive volume 

concentration by gentle heating to one-sixth of the original volume, a brown solu-

tion remained, usually containing some black powder. The evaporation of the 

concentrate gave a brown residue which contained yellow and black particles. By 

heating more strongly, this residue swelled, giving off an inflammable gas and 

gaseous HCl and eventually inflamed, leaving behind platinum sponge72. Initial, 

http://en.wikipedia.org/wiki/Organometallic_chemistry
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chemists did not imagine what the molecular structure of this grand molecule 

was. It was not until recently that it was determined to be a square planar com-

plex where the ethylene molecule coordinated to the platinum (the bond of the 

ethylene is coordinated) (Fig. 1.11). 

 

 

 

 

 

 

Figure 1.11. Molecular geometry of the Zeise anion, [(C2H4)-PtCl3]73 

The mode of coordination of an olefin to a transition metal is described by 

the Dewar-Chatt-Duncanson model and the bond between the metal and olefin is 

stabilized by the contribution of dπ-pπ* back donation74. In this model the olefin 

acts as a 2-electron ligand, which donates electron density into a metal d-orbital. 

The metal donates electrons backs. Both these effects tend to reduce the C-C 

bond order, leading to an elongated C-C distance and a lowering of its vibrational 

frequency. 

 

 

Figure 1.12. Description of the metal–alkene bond according to the Dewar-Chatt-
Duncanson model

75
. 

These findings gave the background for further investigations in organo-

metalic chemistry. Furthermore, platinum-olefin complexes with cytotoxic proper-

 

 

Pt

Cl

Cl

Cl

K

 



1 Introduction 

 

20 

ties on HeLa tumor cells have been reported76. More efforts in research to gain a 

deep insight into possible cellular targets and the molecular details of target in-

teractions of Zeise’ s salt are requested. 
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2 Objectives of the Research Project 

2.1 Background 

Despite the success of cisplatin and its derivatives as chemotherapeutic agents, 

these compounds still present some limitations (described in chapter 1.7). In ad-

dition, breast cancer is not sensitive to platinum agents. This generated the impe-

tus for the search for alternative anticancer agents.  

Hexacarbonyl dicobalt complexes, which display cytotoxic effects in vari-

ous tumor cell lines, especially in human breast cancer cells, stimulated our in-

terest in the development of novel organometallic drugs, combining the properties 

of cobalt cluster with the pharmacological profile of hormone receptor ligands. 

Affinities of the cobalt-based compounds for the ER were already observed by 

Vessières and co-workers, who developed derivatives of estradiol (E2)70
. Thus, 

the incorporation of Co2(CO)6 into the scaffold of an ER-affin molecule can be 

expected to enhance its biological properties. 

Diethylstilbestrol and tamoxifen are well known drugs for the therapy of 

hormone dependent tumors. Tamoxifen is the most common chemotherapeutic 

agent used to treat patients with ER-positive breast cancer. Unfortunately, some 

breast cancer cells become resistant during the therapy. Several analogues were 

synthesized and investigated in term of their antitumor effect. 

The idea to synthesize molecules with a strong antiproliferative effect as a step 

towards the discovery of antiestrogens with improved cytotoxic properties, was 

appealing. In this context, we focused our interest on the creation of organome-

tallic complexes.  

 

Diethylstilbestrol Derivatives Series 

A series of diethylstilbestrol derivatives, in which one of the ethyl groups has 

been replaced by a ferrocenyl substituent, was described by Tan and co-

workers77 (see Fig. 2.1). Cytotoxicity studies of these complexes on hormone-

independent breast cancer cell line MDA-MB-231 underline their potency. Two of 

the tested compounds, which were found to be most cytotoxic, were able to oxi-

dize to quinine species via the ferrocene group. This result suggested that the 
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oxidative activation could be the key to the biological activity of these types of 

molecules.  

RO

OR'

Fe

R,R' = H / OH / OCH3  

Figure 2.1. Chemical structure of ferrocene derivative of diethylstilbestrol. 

Tamoxifen Derivatives Series 

In analogy to the strategy used for diethylstilbestrol, tamoxifen has been system-

atically modified over the past years, including the incorporation of a metal frag-

ment into its structure (see Fig 2.2). A series of ferrocenyl derivatives of hydroxy-

tamoxifen was synthesized via a Mc-Murry coupling route by Jaouen and co-

workers78. These compounds display a new therapeutic spectrum consisting of 

anti-estrogenicity and cytotoxicity.  

O

Fe

N

OH

 

Figure 2.2. Chemical structure of ferrocene derivative of hydroxytamoxifen. 

In other studies, Graham and co-workers 79observed that the replacement 

of the aminoalkoxy group by non-basic groups leads to compounds which are 

more active than tamoxifen. 

Further possible targets for the design of drugs in cancer chemotherapy 

are the cyclooxygenase enzymes COX-1 and COX-2, as demonstrated in earlier 
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studies80. In our group, it was discovered that Zeise’s salt can inhibit COX-1 and 

COX-2. This interesting result lead us to the synthesis of Zeise’s compounds. 

The aim was to demonstrate that depending on the metal used, the organometal-

lic compound could have different modes of action, even though the scaffold re-

mains the same. 

2.2 Aim of the Thesis 

In the present work synthetic routes were investigated to obtain cobalt complexes 

of modified diethylstilbestrol (3,4-diarylalkenyne) and tamoxifen (1,1,2-

triarylethylene). These complexes were considered to be new agents for the 

treatment of breast cancer. Due to the fact that the modulation of the ER by ta-

moxifen depends on its basic aminoalkoxy group different attempts were made to 

alter this key side chain, mostly leading to less active compounds. In case the 

basic nitrogen in the side chain is modified in such way that it cannot form hydro-

gen bonds, antiestrogenic action was reduced. In contrast, in case the side chain 

is exchanged with a carboxylic acid group or with another non basic group, activi-

ty was increased. Thus, we wanted to explore the estrogen activity of non basic 

metal complexes compared to the activity of compounds which contain basic side 

chain. To our knowledge, previous to this work, the cobalt unit has not been in-

corporated into an antiestrogenic entity. Hence, we devised a drug targeting 

strategy using a vehicle (the antiestrogenic compound) to introduce a potentially 

cytotoxic substance (the cobalt complex) into estrogen-responsive tumors. 

Besides the synthesis and structural characterization of the different com-

plexes the research objectives also included pharmacological evaluation of all 

target compounds for cytotoxic activity as well as for estrogenic or antiestrogenic 

effects using an established luciferase assay. 

Finally, we investigated the inhibing effect of Zeise’s complexes on isolat-

ed COX-1 and COX-2 enzymes using ELISA.  
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3 Synthesis 

3.1 Overview of the Synthesized Compounds 

Two series of metal complexes have been synthesized. The first series are hexa-

carbonyl dicobalt (Co2(CO)6) complexes of (E-Z)-3,4-bis(4-methoxyphenyl)alken-

1-yne called 3,4-diarylalkenyne derivatives hereafter (Fig. 3.1). The second se-

ries are hexacarbonyl dicobalt and Zeise (PtCl3) complexes of the structures de-

picted in Fig. 3.2 termed 1,1,2-triarylalkene compounds in this work. 

The 3,4-diarylalkenyne derivatives (see Fig. 3.1) can adopt a (Z-) or (E-) 

configuration depending on the substitution pattern of the ethylene bridge. 

 

 

 

 

 

 

 

Figure 3.1. Chemical structure of the Z (left) and E (right) derivatives. 

The synthesized 3,4-diarylalkenyne compounds with their substitution pat-

tern and configuration are presented in Table 3.1.  
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Table 3.1. Substitution pattern of the 3,4-diarylalkenyne hexacarbonyl dicobalt 
complexes. 

Ligand R Configuratione Complex 

F1a 
CH3 Z 1a-Co 

CH3 E 1a ’-Co 

F1b 
C2H5 Z 1b-Co 

C2H5 E 1b ’-Co 

F1c 
C3H7 Z 1c-Co 

C3H7 E 1c ’-Co 

F1d 
CH(CH3)2 Z 1d-Co 

CH(CH3)2 E 1d ’-Co 

F1e 
C4H9 Z 1e-Co 

C4H9 E 1e’-Co 

 

The 1,1,2-triarylalkenes compounds (Fig. 3.2) can exist as (E)- or (Z)-

isomers, in respect to the relative positions of the two substituted phenyl groups 

at one carbon of the double bond. 

 

 

 

 

 

 

Figure 3.2. Chemical structure of the 1,1,2-triarylalkene derivatives. 

                                                           
e Upon the coordination of the ligand with cobalt the priority of the substituents at the double bond 

in the complex change. However to simplify the (E)- and (Z)- configurations were  attributed by 
referring the position of substituents in the ligand. - To assign the (E)- and (Z)- configurations we 
have referred to the configuration of the ligands. 

R

OR´  2a,d 
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The synthesized 1,1,2-triarylalkene compounds 2a-d with their substitution 

pattern and configuration are presented in Table 3.2. 

Table 3.2. Substitution pattern of the 1,1,2-triarylalkene compounds. 

Ligand R R ’ Configuration Complex 

2a H -CH2-C≡CH Z 2a-Co 

2b -OCH2-C≡CH -CH2-C≡CH  2b-Co 

2c H -CH2-CH=CH2 Z 2c-PtCl3 

2d -OCH2-CH=CH2 -CH2-CH=CH2  2d-PtCl3 
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3.2 Overview of the Synthetic Pathway of the 3,4-
diarylalkenyne Hexacarbonyl Dicobalt Com-
plexes 

Synthesis of the 3,4-diarylalkenyne hexacarbonyl dicobalt complexes is de-

scribed in Scheme 1. 
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3.2.1  Synthesis of 4-Methoxyphenylacetyl Chloride 

The 4-methoxyphenylacetyl chloride (A1) was synthesized in situ starting from 

the corresponding 4-methoxyphenylacetic acid (see Fig. 3.3). 

 

 

 

 
 
 
 

Figure 3.3. Synthesis of the 4-methoxyphenylacetyl chloride. 

Thionyl chloride was slowly added and the mixture was carefully heated to 

prevent side reactions, such as elimination or polymerization. After approximately 

1 hour, when no more gas production was observed, excess of SOCl2 was re-

moved by vacuum destillation. Because of the high reactivity, the crude product 

was directly used for the next reaction without further purification. 

3.2.2 Friedel-Crafts Acylation 

The desoxybenzoin (B1) was obtained by Friedel-Crafts acylation81 using 4-

methoxyphenylacetyl chloride (A1) and anisole82 (see Fig. 3.4). 

 

 

 

 

 

Figure 3.4. Synthesis of 1,2-bis(4-methoxyphenyl)ethanone (B1). 

To activate the electrophilic attack on the aromatic ring, the Lewis acid al-

uminium chloride (AlCl3) was used as catalyst in excess. The anisole was dis-

solved in dry dichloromethane with AlCl3 and cooled at 0 °C in an ice-bath. After-

wards the 2-arylacetyl chloride was slowly dropped to generate a complex with 

AlCl3 in equilibrium with its dissociated ions: the AlCl4- anion and the acylium cat-
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O

OCH3
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ion as the active electrophilic species. The anisole acts as a nucleophile, attack-

ing the electrophile with a pair of its π-electrons. 

The OCH3 group is an ortho/para director because intermediate carbo-

cations that result from electrophilic attack ortho or para to the OCH3 group can 

assume four resonance contributors, one of which has a complete octet on every 

atom. 

Under thermodynamic control it was possible to direct the attack at low 

temperature exclusively in para position. The mixture was heated to reflux for 30 

min and was successively stirred at room temperature for 1 hour, followed by ad-

dition of chopped ice and HCl 1 M in order to destroy the complex with AlCl3. Pol-

yacylation does not occur, because the acyl group deactivates the ring to further 

attacks. 

The crude product was purified by crystallization with ethanol/diethyl ether 

to afford the pure product as colorless crystalline solids in high yields. 

3.2.3 Deoxybenzoin ’s Alkylation 

In a second step the deoxybenzoin (B1) was alkylated with different alkyl halides 

(see Fig. 3.5): 

 

H3CO

O

H3CO

O

OCH3 OCH3

R

Base, RI

THF abs, -78 °C - r.t.

 

 

Compound C1a C1b C1c C1d C1e 

R CH3 CH2CH3 CH2CH2CH3 CH(CH3)2 CH2CH2CH2CH3 

Yield (%) 100 98 85 57 67 

Figure 3.5. Alkylation of the deoxybenzoin (B1). 

B1 C1a-e 
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Different bases were screened for this reaction. Potassium 

bis(trimethylsilyl)amide (KHMDS) gave better results than potassium tertbutoxide.  

Because of the electron-withdrawing effect of the carbonyl group, the pro-

tons bound to the α carbon in the deoxybenzoin were acidic and could be easily 

released under basic conditions.  

KHMDS is a strong base as a result of its anionic N stabilized with K+. Its 

effects is accentuated by the (+I)-effect from the methyl groups, which are also 

responsible for its activity only as base (Fig. 3.6).  

 

Me3Si
N

SiMe3

K

 

Figure 3.6.  Structure of potassium bis(trimethylsilyl)amide or (KHMDS). 

The reaction proceeded under argon adding 1.2 equivalents of KHMDS to 

a solution of B1 in dry THF, previously cooled to -78° C. It was necessary to use 

aprotic solvents so that solvent deprotonation does not compete with enolate 

formation83. The deoxybenzoin B1 gave a carbanion and could attack an electro-

phile to form the corresponding derivative. The reaction mixture was stirred at -

78° C for 1 hour. After then the corresponding alkyl halide dissolved in dry THF 

was added dropwise through a septum. The reaction, which became a suspen-

sion during the addition, was stirred at room temperature overnight. After the re-

action ended, water was added and the layers were separated. The aqueous 

phase was washed with ethyl acetate and the combined organic fractions were 

extracted with distilled water and brine. The organic extracts were dried over 

Na2SO4, filtered through a fritted funnel and the filtrate was evaporated to dry-

ness to obtain a colorless oil. The crude product was purified by column chroma-

tography on silica gel with diethyl ether/ligroin. The structures of C1a,e were con-

firmed by 1H-NMR and mass spectrometry. 

3.2.4 Synthesis of the 3,4-Diarylalkenyne Derivatives 

The preparation of the diarylalkenyne derivatives E1a-e from the 2-alkyl-

deoxybenzoins C1a-e was performed in three steps84 as shown in Fig. 3.7.  
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H3CO OCH3

R

Si(CH3)3

OHH

H3CO OCH3

R

Si(CH3)3

Li Si(CH3)3

THF abs, -78 °C - r.t.

SOCl2
Pyr abs, -10 °C- r.t.

H3CO OCH3

R O

 

Compound E1a E1b E1c E1d E1e 

R CH3 CH2CH3 CH2CH2CH3 CH(CH3)2 CH2CH2CH2CH3 

Yield (%) 56 57 33 66 84 

Figure 3.7. Nucleophilic addition get to 2-alkyl-deoxybenzoins. 

In the first step the acetylene had to be activated as nucleophile in order to 

be able to attack the carbonyl function in a procedure called “Favorskii reaction”. 

The metal acetylide could be generated in situ. The acetylene is mildly acidic 

(pKa = 25) and its treatment with a strong bases such hydroxide or an alkoxide 

gives the corresponding metal acetylides. The other acetylenic hydrogen was 

protected by the bulk of a silane. Trialkylsilyl acetylenes are often used as a con-

venient reagent to introduce an acetylene unit because they tend to be easily 

handled liquids or solids as opposed to gaseous acetylene85. Lithi-

um(trimethylsilyl)acetylide solution as a stable “free flowing liquid” is also be 

commercially available.  

Lithium(trimethylsilyl)acetylide solution 0.5 M in THF was cooled to -78° C 

and then reacted with the ketone (C1a-e) (SNi reaction) which was dissolved in 

dry THF yielding a tertiary alcohol. In the second step the tertiary alcohol was 

immediately converted to the E/Z-alkene E1a-e using thionyl chloride in dry pyri-

dine and dry diethyl ether at 0° C. Note that under these conditions the elimina-

tion reaction was favored (then nucleophilic substitution) and the selectivity Z 

versus E was 6:1. It was not possible to separate the residual E- isomer by col-

umn chromatography or crystallization. The structures of E1a-e were confirmed 

by 1H-NMR and mass spectrometry. 

D1a-e 

 

C1a-e 

 

E1a-e 
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3.2.5 Cleavage of Trimethylsilyl Group 

The trimethylsilyl group could be easily removed by a variety of synthetic meth-

ods4. 

 

 

 

 

 

Compound F1a F1b F1c F1d F1e 

R CH3 CH2CH3 CH2CH2CH3 CH(CH3)2 CH2CH2CH2CH3 

Yield (%) 91 100 100 100 100 

Figure 3.8. Elimination of the alkyne ’s protective group. 

In the synthesis we chose, the mixture of isomers E1a-e was dissolved in 

dry MeOH and cooled at 0° C. KOH, in a pellet formulation, was added in stoichi-

ometric amount and the reaction mixture was stirred at room temperature for 24 

hours. Under these basic conditions, the more electron-deficient silylalkyne can 

be cleaved faster. The 1H-NMR and mass spectrometry analyses confirmed the 

structures.  

3.2.6 Cleavage of the Methoxy Groups 

To obtain molecules that combine possible ER activity and cytotoxic properties, 

different methods for cleavage the methoxy group were explored. In order to 

cleave an aryl methyl ether to obtain an aryl alcohol (Fig. 3.9), a large number of 

reagents can be used (BBr3, EtSH, etc.). 

  

KOH, CH3OH

r.t.

H3CO OCH3

R

Si(CH3)3

H3CO OCH3

R

 
E1a-e 

 

F1a-e 
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H3CO OCH3

R

HO OH

R

 

Figure 3.9. Attempted ether cleavage of F1a-e derivatives. 

Boron tribromide is regarded as one of the preferred ether cleavages mol-

ecules: in addition to its high efficiency, it requires mild conditions (e.g. low tem-

peratures) and it cleaves without affecting a large number of functional groups, 

including double bonds86. For these reasons we decided to use it as first choice 

for our attempts. 

The methoxy-substituted molecule was dissolved in dry dichloromethane 

and cooled to -78° C. BBr3 was carefully added via a syringue under argon at-

mosphere and the reaction mixture was stirred at room temperature for approxi-

mately 2 hours. The reaction was monitored by thin layer chromatography (TLC). 

The mixture of products was hydrolyzed three times with dry methanol, dried by 

rotatory evaporation and purified by column chromatography on silica gel with 

dichloromethane/methanol as eluant. TLC products spots were very close or 

overlapping so that they were difficult to separate. At last the variety of isolated 

substances were analyzed by 1H-NMR and mass spectrometry, but the desired 

products G1a-e were not present in the reaction mixture. 

Various attempts were made to dealkylate the methyl ether by respectively 

changing the experimental conditions such as the number of the equivalent and 

the time of reaction (see Table. 3.3), but none of these reaction conditions was 

successful.   

G1a-e 

 

F1a-e 
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Table 3.3 Different parameters used for the experiments with BBr3. 

 

We assume the problem arises from the reactivity of triple bonds towards 

boron tribromide87. As a matter of fact, either boron tribromide or the late-formed 

hydrobromide react with a bond to give the compound depicted in Fig. 3.10. 

R

R

Br BBr2  

Figure 3.10. Addition of BBr3 was found to proceed in a Markovnikov manner to 
afford cis alkenes. 

As the attempts to prepare G1a-e were unsuccessful, other possibilities to 

cleave the ether were investigated, and a second try with ethanethiol was made.  

The compound F1a was dissolved in dichloromethane under argon atmos-

phere. After cooling to 0° C with an ice-bath, AlCl3 and ethanethiol were succes-

sively added. After stirring at 0° C for 30 min and an additional 30 min at room 

temperature, the reaction was stopped with chopped ice and a 5% NaHCO3 solu-

tion, extracted with CH2Cl2 and purified by column chromatography. Unfortunate-

ly, by analyzing 1H-NMR and mass spectra, we deduced that the starting material 

was still polymerized in the reaction. However, the seemingly trivial demethylation 

turned out to be troublesome. Despite attempts with various demethylation rea-

gents, we found it impossible to cleave the methyl group without destroying the 

diphenyalkyne moiety. 

Equivalent of BBr3 Reaction time (h) Temperature (° C) Yield (%) 

1.2 2 0 Complex mixture 

1.2 2 -20 Complex mixture 

1.2 1 -78 Complex mixture 

1 1 -78 Complex mixture 

0.8 1 -78 Complex mixture 

0.8 0.5 -78 Complex mixture 
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We were drawn to the idea of using trimethylsilyl iodide (TMSI) by the work 

of Jung and co-workers88, who showed in 1977 that methyl ethers also react with 

trimethylsilyl iodide to generate mixtures of alkyl iodide and trimethylsilyl ethers 

which can be easily converted into the alcohol upon simples hyldrolysis.  

One main drawback of the use of it is its inherent instability towards mois-

ture and light. However this reagent is more selective than BBr3
89. It does not af-

fect triple bonds and it could be synthesized in two steps from trimethylsilyl chlo-

ride or it is commercially available. 

A straightforward mechanism for this process is described in Fig. 3.11: 

 

R

O

R´
+ (CH3)3SiI

fast

1 2

R

O

R´

Si(CH3)3

I

slow
ROSi(CH3)3 + R´I

3  

Figure 3.11. The ether 1 reacts with trimethylsilyl iodide 2 in a fast and reversi-
ble step to produce the silylated oxonium iodide 3 which then reacts to the 
products in a slow, irreversible process by either an SN2 mechanism or SN1 
(SNi) mechanism.  

We started the reaction by dissolving F1a in CDCl3 in a NMR tube with a 

tighly scaled cap under nitrogen. To this solution containing 1 equivalent of the 

ether was added 1.3 equivalent of trimethylsilyl iodide via dry syringue. The reac-

tion was stirred at room temperature and monitored by 1H-NMR analysis every 2 

hours. After 72 hours, the signal of the methoxy group in the 1H-NMR remained 

unchanged, indicating that no reaction occurred.  

To achieve our aim we decided to turn to another protecting group for the 

para-hydroxy function, because of the instability of triple bond under acidic condi-

tions or high temperatures and the difficulty to cleave the methylether under mild 

conditions (without affecting the triple bond). 

3.2.7 Silyl Ethers as Protecting Groups 

Silyl ethers are frequently used to protect alcohol functions. Because of their re-

activity, both formation and cleavage can be easily modulated and they do not 

require extreme conditions. At first we tried using a trimethylsilyl group (TMS) 
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which combines stability under a wide range of conditions with susceptibility to 

easy removal by a highly specific reagent. 

We started from the C1a-e derivatives, described above in Fig. 3.5, which 

were subsequently demethylated by refluxing it for 18 hours in pyridine-HCl (see 

Fig. 3.13). Finally the reaction was stopped with distilled water and extracted with 

ethyl acetate. No purification was needed. The structures were confirmed by 1H-

NMR and mass spectrometry. 

 

 

 

 

Figure 3.12. Demethylation of the C1a-e compounds. 

The alcohols H1a-e were now re-protected90 using 1,1,1,3,3,3-

Hexamethyldisilazane (HMDS) and a catalytic amount of silica supported per-

chloric acid as a recyclable solid Brønsted acid catalyst. HMDS is a stable and 

cheap reagent for trimethylsilylation of hydrogen-labile substrates, which is com-

mercially available. On the one hand the handling of this reagent is easy but on 

the other hand it requires the use of a catalyst for its activation as a result to its 

low silylation power. A variety of catalyst can be used, for instance iodine, lithium 

perchlorate, Al(HSO4)3, etc. However all of these reagents are either too sensitive 

or expensive. Because of this, we preferred the use of silica supported perchloric 

acid, which provides high selectivity, low cost and simplicity in handling. This het-

erogeneous catalyst was prepared adding HClO4 (1.8 g, 12.5 mmol, as a 70% aq 

solution) to a suspension of SiO2 (230-400 mesh, 23.7 g) in dry Et2O (70 mL). 

The mixture was concentrated and the residue was heated at 100° C for 72 hours 

in vacuo to generate HClO4-SiO2 as a free-flowing powder91.  

The trimethylsilylation of the hydroxyl groups was easily carried out by 

adding the catalyst (0.05 g, equal to 0.025 mmol of H+) to a stirred solution of the 

compounds H1a-e (1 mmol) in n-hexane and HMDS (1.7 mmol) (Fig. 3.13). The 

mixture was stirred at room temperature for only 4 min and after the completion 

of the reaction, monitored by TLC (n-hexane/EtOAc, 9:1) the mixture was diluted 

Pyr HCl

180°C

H3CO

O

OCH3

R

HO

O

OH

R  
C1a-e H1a-e 
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with n-hexane and filtred trough a short pad of silica gel. Then, the pad column 

was washed with n-hexane (2 times 10 mL). The resulting solution was evapo-

rated under reduced pressure giving the pure product, characterized by 1H-NMR 

and mass spectrometry as well.  

 

 

 

 

Figure 3.13. Trimethylsilylation of H1a-e compounds. 

In the next step the compounds I1a-e reacted first with lithi-

um(trimethylsilyl)acetylide 0.5 M in THF, as illustrated in Fig. 3.7, and was directly 

dehydrated in situ by SOCl2 in diethyl ether/pyridine. The crude products were 

purified by column chromatography (diethyl ether/ligroin) and identified through 

1H-NMR and mass spectrometry. From the analyses emerged that lithi-

um(trimethylsilyl)acetylide did not react with the carbonyl function but with the 

protective group TMS to give the following compounds (Fig. 3.14): 

 

 

  

Figure 3.14. Isolated products from the SNi reaction. 

A possible explanation can be the instability of the protective group TMS. 

In general the stability of a silylated functional group is largely determinated by 

the combined steric bulk of the alkyl groups attached to silicon: as the steric bulk 

of the alkyl groups increases, the stability of silylated functional groups also in-

creases. For some of the more common silyl ethers (Fig. 3.15), the stability to-

wards acid increases in the order TMS (1) < TES (64) < TBDMS (20,000) < TIPS 

(700,000) < TBDPS (5,000,000), and the stability towards base increases in the 

order TMS (1) < TES (10-100) < TBDMS ~ TBDPS (20,000) < TIPS (100,000).  
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Figure 3.15. Structure of the most common silylating agents. 

We therefore decided to try the protection with another silylated functional 

group, more stable than the TMS group, that can in addition be removed under 

mild conditions. The greater steric bulk of the TIPS protective group increases its 

susceptibility toward basic hydrolysis more than other silyl ether groups to acidic 

and basic hydrolyisis92. 

TIPS was introduced93 by stirring H1-a (1 equivalent) with triisopropylsilyl 

chloride (TIPS-Cl) (1.3 equivalent) and imidazole (1.5 equivalent) in DMF at am-

bient temperature under argon atmosphere for 16 hours (see Fig 3.16). The mix-

ture was poured into 10% aqueous NaHCO3 solution and extracted with n-

hexane three times. The combined organic layers were washed with 0.5 M HCl 

and then with water, dried (sodium sulfate) and concentrated in vacuo.  The re-

sulting residue was purified by flash chromatography.  

 

TIPS-Cl, Imidazole

HO

O

OH TIPSO

O

OTIPS

 

Figure 3.16. Standard protection procedure with triisopropylsilyl chloride (TIPS-
Cl). 

Finally, L1a reacted with lithium(trimethylsilyl)acetylide 0.5 M in the well 

known reaction described above (Section 3.2.4), but the substitution (SNi) at the 

carbonyl group did not take place. The failure of the reaction may be attributed to 

steric hindrance of the TIPS group, while the lack of reactivity of the carbonyl with 

lithium(trimethylsilyl)acetylide can be explained  by the delocalization of the nega-

tive charge through the π-system. 
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All conditions explored (e.g., BBr3, EtSH, TMS, TIPS) for the cleavage of 

the methoxy groups were unsuccessful. They resulted in either polymerization or 

decomposition products and therefore were not investigated further. 

3.2.8 Synthesis and Chemistry of Hexacarbonyl Dicobalt Com-

plexes 

Investigations conducted by Greenfield and co-workers have shown that dicobalt 

octacarbonyl, contains two types of carbonyl groups, i.e., bridge and terminal 

carbonyl groups94 (see Fig. 3.19). 

The two bridge carbonyl groups can be replaced by alkynes in the reaction 

depicted in Fig. 3.17:  

 

R1 R2 R1 R2

Co2(CO)6

Co2(CO)8

-2CO

 

Figure 3.17. Displacement of the two bridge carbonyl groups of the dicobalt oc-
tacarbonyl and formation of the alkyne hexacarbonyl dicobalt complex (right). 

The coordination of the ligands F1a-e to obtain the corresponding cobalt-

alkyne complexes M1a-e and M1a ’-e ’ was easily performed by reaction with an 

excess of dicobalt octacarbonyl in dry dichloromethane95 (see Fig. 3.18). 
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Compound 
Form Z 

1a-Co 1b-Co 1c-Co 1d-Co 1e-Co 

Yield (%) 75 64 54 75 75 

R CH3 CH2CH3 CH2CH2CH3 CH(CH3)2 CH2CH2CH2CH3 

Compound 
Form E 

1a ’-Co 1b ’-Co 1c ’-Co 1d ’-Co 1e ’-Co 

Yield (%) 13 15 17 12 11 

Figure 3.18. Synthesis of alkyne hexacarbonyl dicobalt complexes. 

The reaction was stirred for approximately 1 hour: During this time dicobalt 

octacarbonyl lost its two bridging carbon monoxides, which could be seen by ef-

fervescence and an intense colouration (from red to brown) by formation of the 

complexes. The triple bond of the diphenyalkyne moiety with two perpendicularly 

oriented p-orbitals made the coordination to Co2(CO)8 possible accompanied by 

elimination of two CO ligands from their coordination places. 

The complexes consist of two covalently linked cobalt (0) atoms, each con-

taining three carbon monoxides. The alkyne bond is perpendicular to the Co-Co 

axis and the CO groups are usually eclipsed across the Co - CO bond as depict-

ed in the Newman projection (see Fig. 3.19). X-ray structural analysis showed the 

loss of the linearity of the alkyne upon the coordination, therefore its substituents 

are positioned at an angle of approximately 140 degrees in the complexes and 

the C-C distance was increased65. 

 

 

 

 

Figure 3.19. Dicobalt octacarbonyl structure(left). Convenient mode of repre-
sentation and structural model for alkyne-Co2(CO)6 complexes (right). 

The reaction was monitored by TLC. After 1 hour, the reaction had come 

to full conversion. The reaction mixture was then evaporated to dryness. As a 

result of the increased lipophilicity of the compounds upon coordination, it was 
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now possible to separate the two isomers by column chromatography. The fresh-

ly prepared complexes were readily soluble in organic solvents such as diethyl 

ether and dichloromethane.  

1(a-e)-Co and 1(a’-e’)-Co were stable in the solid form when kept under 

argon atmosphere, but decomposed slowly in solution to form a yellow solution. 

By 1H-NMR this solution showed broad peaks suggesting that CO has been oxi-

dized resulting in the loss of CO96.   
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3.3 Overview on the Preparation of the Triarylal-
kene Compounds 

The synthesis of the 2-ethyl-triarylalkenes compounds is presented in Scheme 2.  

Cl

O O O

R R

R

OHH

Anisole, AlCl3 KHMDS, EtI

HBr 47 %

0 °C- r.t.

CH2Cl2, 0 °C - reflux THF abs, -78 °C - r.t. Mg, THF abs.

OCH3

Br

OCH3

R

OCH3

BBr3

CH2Cl2, -78° C

R

OH

R´Br, NaH

DMF

R

OR´

Metal

R-Metal

OR´-Metal

R = H or -CH2CCH or -CH2CHCH2

R´= -CH2CCH or -CH2CHCH2

 

Scheme 2. 

To synthesize the 2-ethyl-1,1,2-triarylethene a successful method was 

used, which was developed by Dodds and co-workers97,2 and modified to ad-

vantage. The successive O-alkylation and preparation of the desired complexes 

is sequentially described in detail in the following sections. 

2a-d 2a-d-Metal 

A2 B2a,b C2a,b 

E2a,b F2a,b 
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3.3.1 Preparation of 1-(4-methoxyphenyl)-2-phenylethanone 

Similar to the procedure described in Section 1.2.2 the desired 1-(4-

methoxyphenyl)-2-phenylethanone B2b was obtained by Friedel-Crafts acylation 

from 2-phenylacetyl chloride A2 with anisole in presence of aluminium chloride. 

Cl

O O

R

Anisole, AlCl3

CH2Cl2, 0 °C - reflux

 

Compound B2a B2b 

R H OCH3 

Yield (%) n.a. 100 

Figure 3.20. Synthesis of the 1-(4-methoxyphenyl)-2-phenylethanone com-
pound. 

The crude product was recrystallized from diethyl ether/ethanol as de-

scribed above. 

3.3.2 Alkylation of the ethanone 

The commercially available 1,2-diphenylethanone B2a and the synthesized 1-(4-

methoxyphenyl)-2-phenylethanone B2b were both successfully alkylated with 

ethyliodide under basic conditions (see Fig. 3.21) according to the  procedure 

described in Section 1.2.3. 

  

A2 B2a-b 
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O O

R R

KHMDS, EtI

THF abs, -78 °C - r.t.

 

Compound C2a C2b 

R H OCH3 

Yield (%) 91 95 

Figure 3.21. Alkylation of 1,2-diphenylbutanone B2a and 1-(4-methoxyphenyl)-
2-phenylbutanone B2b with ethyl iodide. 

An excess of KHMDS was added at -78° C to a solution of the ketone. Af-

ter stirring for 1 hour at this temperature, the ethyl iodide dissolved in THF was 

added dropwise and the reaction was stirred at room temperature overnight. After 

work-up of the reaction mixture, the residues obtained were the pure products 

C2a and C2b, which could be used directly in the next step without further purifi-

cation. 

3.3.3 Grignard reaction 

The synthesis of 1-(4-methoxyphenyl)-1,2-diphenylbutene E2a and 1,1-bis(4-

methoxyphenyl)-2-phenylbutene E2b as depicted in Fig. 3.22 was performed by 

Grignard reaction in satisfactory yields: 

 

R

OHH
HBr 47 %

0 °C- r.t.

OCH3

R

OCH3

O

R

Mg, THF abs.

OCH3

Br

 

 

B2a-b C2a-b 

C2a-b D2a-b E2a-b 
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Compound E2a E2b 

R H OCH3 

Yield (%) 86 77 

Figure 3.22. Synthesis of the (E)- and (Z)-1-(4-methoxyphenyl)-1,2-
diphenylbuten E2a and 1,1-bis(4-methoxyphenyl)-2-phenylbuten E2b. 

The first step was to generate the Grignard reagent from 4-bromoanisole 

and magnesium in THF. To promote the reaction, iodine was used as a catalyst. 

The Grignard reagent was refluxed for approximately 1 hour. Once magnesium 

traces had completely disappeared, a solution of the corresponding ketone dis-

solved in THF was added, and it was converted into the corresponding carbinoxy 

magnesium bromide. After refluxing for 12 hours, the mixture was directly hydro-

lyzed by HCl 6 N, in order to dissolve precipitated Mg(OH)2. Due to its high reac-

tivity the carbinol was not isolated, but simultaneously dehydrated in situ to the 

desired 2-alkyl-1,1,2-triarylethylene product by using 47% hydrobromide acid or 

H3PO4. After dehydration, the compounds were extracted with dichloromethane, 

and the crude products were concentrated, isolated by suction filtration and puri-

fied by crystallisation from ligroin/diethyl ether. 

The compound 1-(4-methoxyphenyl)-1,2-diphenylbutene E2a was obtained 

as a mixture of (E)- and (Z)-isomers, whose separation was possible as a result 

of the poor solubility of the (Z)-isomer in diethyl ether. (Z)-E2a was precipitated 

from the solution of diethyl ether/ligroin (4-1) as pure colorless crystals, succes-

sively isolated by suction filtration and washed with diethyl ether. The filtrates 

containing the rest of (E)- and (Z)-form were accumulated and purified by column 

chromatography. The structures were confirmed by 1H-NMR and mass spec-

trometry analyses. 

In contrast to the method described in Section 1.2.4, in this procedure the (Z)-

configuration as result of the position of substituents at the double bond was 

favoured. Usually (E)-isomers correspond with the trans form and (Z)-isomers 

correspond with cis form. But in this case (Z)- corresponds to the trans formf.  

                                                           
f
 Because of steric effects the trans forms are more stable.  When two large groups are further away from 
each other (trans form), they can line up and fit together in a amore stable way than the cis form. 
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3.3.4 Ether cleavage  

In order to obtain hydroxylated triphenylalkenes derivatives, it was attempted to 

demethylate compounds E2a,b with boron tribromide: 

R

OCH3

BBr3

CH2Cl2, -78° C

R

OH  

Compound F2a F2b 

R H OH 

Yield (%) 79 89 

Figure 3.23. Ether cleavage of (Z)-E2a and E2b. 

Boron tribromide, diluited in dry CH2Cl2, was added via syringe to a solu-

tion of the appropriate methyl ether in dry dichloromethane at -60° C and stirred 

approximately 1 hour at this temperature. The ether cleavage occurred by in-

creasing  the temperature from -60° C to room temperature, in which one mole-

cule of BBr3 reacted with three molecules of ether (see Fig. 3.23), this resulted in 

a boron complex. Hence, the red solution was stirred at room temperature for an 

additional 24 hours. The demethylation reaction was monitored by thin layer 

chromathography. The excess of boron tribromide and the formed complex (Fig. 

3.24) were destroyed by the addition of MeOH to the cooled reaction mixture and 

the solvent was removed under reduced pressure98.  

 

OCH3 O
BBr3

- 3 CH3Br
B OH

3 CH3OH

-B(OCH3)3

3

3 3

 

Figure 3.24. Demethylation reaction mechanism. 

E2a,b F2a,b 
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The products were purified by column chromatography on silica gel 

(CH2Cl2/ MeOH), but F2b was obtained again as a mixture of (E)- and (Z)- iso-

mers, as a result of the cleavage which gave OH groups conjugated with the 

electron withdrawing double bond. Further attempts of separation99 were unsuc-

cessful. We also found that the use of different demethylating agents (e.g. Pyr-

HCl or ethanethiole as described above) produced the same isomers mixture100. 

It is important to keep in mind that also time reaction influences the isomers ratio, 

as will be discussed in the section below. The structures of F2a and F2b were 

confirmed by 1H-NMR and mass spectrometry.  

3.3.5 O-Alkylation 

The compounds 2a-d were obtained by treating the hydroxyl function with allyl- 

and propargyl-bromide, respectively (see Fig. 3.25). 

R

OH

R´Br, NaH

DMF

R

OR´  

 

Compound 2a  2b 2c  2d 

R H -OCH2-C≡CH H -OCH2-CH=CH2 

R ’ -CH2-C≡CH -CH2-C≡CH -OCH2-CH=CH2 -CH2-CH=CH2 

Yield (%) 79 75 80 57 

Figure 3.25. Generation of 1-(4-alkyloxyphenyl)-1,2-diphenylbut-2-ene 2a-2c 
and a bis-p-alkyloxyphenyl-2-phenylbut-2-ene 2b-2d by O-alkylation. 

The alkylation, such as the transfer of an alkyl group to the aromatic sub-

strates, proceeded by deprotonation first from the alcohol by a Brønsted base to 

F2a-b 

 

2a-d 
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furnish a phenoxide. The resulting phenolate anion was stabilized by the aroma-

ticity of the molecule that could delocalize the negative charge by resonance. In 

aprotic solvents such as DMSO, DMF and ethers only O-alkylation occurred be-

cause C-alkylation disrupted the aromatic conjugation.  

For this purpose a solution of the corresponding p-hydroxyphenyl molecule 

F2a,b  in DMF was added at room temperature to a stirred suspension of sodium 

hydride (1 g of a 50% dispersion in mineral oil from which the oil was removed by 

washing with n-hexane) in DMF under argon. After stirring for 30 min the al-

kylbromide was added and the mixture was stirred for an additional 30 min. Final-

ly, the reaction was poured into saturated aqueous ammonium solution and ex-

tracted three times with diethyl ether. The combined extracts were washed five 

times with water, dried and evaporated to dryness. The residue was crystallized 

from ethanol.  

3.3.6 Preparation of the alkyne hexacarbonyl dicobalt complexes 

Cobalt-alkyne complexes were prepared according to the literature procedure14 

previously reported (see chapter 3.2.8).  

 

R

O

Co2(CO)8, CH2Cl2

r.t.

R

O

Co2(CO)6

 

 

 

 

 

2(a-b)-Co 2a-b 
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Compound 2a-Co (Z) 2b-Co 

R H -OCH2-C≡CH-Co 

Yield (%) 79 87 

Figure 3.27. Formation of alkyne hexacarbonyl dicobalt complexes . 

The alkyne was dissolved in dry dichloromethane under an atmosphere of 

argon and dicobalt octacarbonyl was added in excess. The reaction occurred with 

all types of alkynes. When the alkyne was in stoichiometric amounts, especially 

2b which contained two triple bonds, each reacted with dicobalt octacarbonyl101.  

The reaction mixture was stirred for approximately 1 hour at room temper-

ature until no effervence was observed. The solution was directly evaporated to 

dryness. The deeply coloured complexes, which for their weak intermolecular 

forces of attraction possess high volatility and solubility, could be easily  purified 

by flash column chromatography on silica. 

The complexes 2a-Co and 2b-Co were conserved under argon in order to 

prevent the decomposition. 

3.3.7 Synthesis of Zeise complexes  

The preparation of the platinum complexes (Z)-2c-PtCl3 and 2d-PtCl3 was per-

formed by using the reactivity of the olefin 2c and 2d in presence of  Zeise ’s salt, 

previously prepared102 (see Fig 3.28). 

 

R

O

[(CH2=CH2)PtCl3]- , EtOH

50° C

R

O

PtCl3

K

 2c,d-PtCl3 2c,d 
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Compound (Z)-2c-PtCl3  2d-PtCl3 

R H -OCH2-CH=CH2-PtCl3 

Yield (%) 76 82 

Figure 3.28. Synthesis of Zeise complexes 2c-PtCl3 and 2d-PtCl3 with olefin 
ligands. 

Zeise’s salt can be described as ethylene platinum chloride (see Fig. 3.30), 

in which the carbon atoms of the ethylene ligand, whose C-C axis is perpendicu-

lar to the PtCl3 plane, are equidistant from the Pt atom72. 

Pt

Cl

Cl

Cl

R

R

Pt

Cl

Cl

Cl

+ +

 

Figure 3.30. Olefin displacement from complexes of platinum (II) is a rapid re-
action. Reaction occurs readily, the volatility of ethylene tending to drive it to 
completion. 

The reaction was performed under argon atmosphere using standard 

Schlenk techniques. The ethanol was dried over Mg and benzophenone, and dis-

tilled prior to use. A mixture of [(CH2=CH2)PtCl3]
-K+ (0.1 mmol) and the ligand 2c-

d (1.1 mmol) was stirred at 50° C for a minimum of 3 hours. At this temperature 

the displacement reaction is accelerated. Then the clear solution was concentrat-

ed in vacuo to 1 ml and the precipitate filtered off. To the clear yellow filtrate di-

ethyl ether (10 ml) was added dropwise, the precipitate was filtered, washed two 

times with diethyl ether (2 ml) and dried briefly in vacuo103. On longer exposure to 

air and light, the complexes became covered with a black crust, so that they were 

stored in dark in an dessicator.  
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4 Proton NMR and Mass Spectrome-
try Analyses 

In this work the purity of the ligands as well as the metal complexes was moni-

tored by thin layer chromatography and their corresponding structures were 

characterized using 1H-NMR spectroscopy, mass spectra and elemental anal-

yses. Data of 1H-NMR spectra are presented in ppm. Chemical shifts are report-

ed in the delta [δ] system of units relative to tetramethylsilane (TMS) as an inter-

nal standard. High resolution mass spectrometry was used to identify the compo-

sition and the purity of both ligands and complexes.  

4.1 3,4-Diarylalkenyne Ligands 

Double bonds do not exhibit free rotation at room temperature, giving rise to ste-

reoisomerismg (see Fig. 4.1).  

 

 

 

 

 

 

Figure 4.1. (Z)- indicates priority groups on the same side (right), while (E)- in-

dicates priority groups on opposite sides (left). 

In the case of the 3,4-diarylalkenyne ligands the 1H-NMR spectra showed super-

imposed signals. For example, the spectrum of compound F1b in CDCl3 solution 

(see Fig. 4.2) showed a triplet at 1.02 ppm (CH3 protons on the side chain), a 

quartet a 2.88 ppm (CH2 protons on the side chain) and showed the alkyne pro-

ton at 3.18 ppm as a singlet. The methoxy protons at 3.69 and 3.71 ppm gave 

rise to a singlet and the aromatic protons can be seen at 6.64-7.06 ppm as 

doublets (J=8.8 Hz and J=8.7 Hz). 

                                                           
g The stereodescriptors cis and trans can only be used to indicate the relative arrangement of 
similar groups. When an alkene possesses nonsimilar groups, usage of cis-trans terminology 
would be ambiguous and the stereodescriptors (E)- and (Z)- must be used. 
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δ [ppm] 

Figure 4.2. 
1
H-NMR spectrum of F1b. Remarked is the peak corresponding to the -OCH3 signal 

in both isomer. The isomers ratio was 6 to 1 as shown in the detail.  

It would be difficult to establish which of the isomers of F1e gives rise to the spec-

trum presented in Fig. 4.3 by inspection. The configuration of the olefins F1a,e 

was established performing-using NOE (Nuclear Overhauser Effect) NMR exper-

iments and determining which groups are closer together in space104. In the spec-

trum, key signals were irradiated one by one and the remaining resonances were 

observed to assess whether there was an observable enhancement.  

In the (E)-isomer, irradiation of the triplet CH2 protons (belonging to the propyl 

group) would be expected to provide a NOE enhancement of both aromatic dou-

blets H2-H6 and H2´-H6´ and the vicinal proton (multiplet). In the (Z)-isomer, the 

same irradiation would be expected to provide an enhancement of only one aro-

matic doublet, the alkyne singlet and the multiplet of the vicinal proton It was 

found that the major form present in the spectrum was the (Z)-configuration as 

shown in the Fig. 4.3 below.   

OCH3 
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CH 
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δ [ppm] 

Figure 4.3. 
1
H-NMR and NOE 

1
H-NMR spectra of F1e. The assignation of the 

signals of the two different isomers was supported by NOE experiments taken 
in CDCl3. A) By irradiating the HD at 2.87 ppm was measured a strong en-
hancement with the aromatic doublet at 6.94 ppm, with the CH poton of the al-
kyne group at 3.27 ppm and the vicinal proton (multiplet at 1.36 ppm). These 
confirm the (Z)-configuration. B) By irradiating the HD at 2.76 ppm was meas-
ured a strong enhancement with both aromatic doublets (at 7.27 and 7.48 ppm), 
and the vicinal proton (multiplet at 1.26 ppm). These confirm the (E)-
configuration. 

Other confirmations of the structures of the ligands were obtained by mass spec-

tra as well as elemental analyses CHN.  
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4.1.1 3,4-Diarylalkenyne Complexes with Dicobaltoctacarbonyl 

As already described by Ott and co-workers64, upon the coordination to cobalt the 

complete geometry of the alkyne was changed into a (Z)-alkene and this modifi-

cation was documented by 1H-NMR spectroscopy (see Fig. 4.4).  

 

 

 

 

 

δ [ppm] 

Figure 4.4. 
1
H-NMR spectra of the ligands F1a (above) and 1a-Co (below) in 

CDCl3. Remarked are the peaks corresponding to the terminal hydrogen of the 
triple bond in both cases. This proton in F1a showed a chemical shift δ [ppm] of 
3.29 against 6.41 in 1a-Co. 

It is noteworthy that a considerable downfield shift for the terminal hydrogen of 

the triple bond in the cobalt complexes could be observed. Furthermore, the 

metal cluster increased the lipophilicity of the molecules. Also the two aromatic 

doublets got closer-converged and appeared in the spectrum as a false triplet 

at 6.90 ppm. By thin layer chromatography (diethyl ether/ligroin 2:1) the separa-

tion of two spots corresponding to each isomer was visible. Other confirmations 

of the structures of the compounds were carried by EI (Electron Impact) mass 

experiments in which a very characteristic fragmentation consistent in a con-

secutive loss of CO (m/z = 28, see Fig 4.5.) was observed.  
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Figure 4.5. The mass spectrum of 1d-Co shows the base peak at m/e 591.9 
and the peaks relative to the consecutive loss of CO. 

 

Elemental analyses of all presented (E)- and (Z)-isomers were within 0.4% 

of the calculated values and documented the high purity. 

4.2 1,1,2-Triarylalkene Ligands 

The geometrical identity of the triarylakene ligands could be ascertained readily 

from 1H-NMR spectra.  

E2a, which was initially obtained as a mixture of (E)- and (Z)-isomer (Fig. 

4.6 (a)) was further purified to give the desired (Z)-E2a compound (Fig. 4.6 (b)). 

Thus, its spectrum in CDCl3 solution showed the CH3 protons on the side chain 

as a triplet at 0.92 ppm and the CH2 protons as a clean quartet at 2.44 ppm. As 

reported in the literature 105 the methoxy group at 3.67 ppm as well as the AA’BB’ 

pattern for the disubstituted aromatic ring of the (Z)-isomer (that was more lipo-

philic, Rf= 2.3 cm against Rf= 2.7 cm, by thin layer chromatography with diethyl 

ether/ligroin 4:1) is substantially upfield (0.3 ppm) relative to the corresponding 

resonance in the (E)-isomer (see Fig. 6). 
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δ [ppm] 

Figure 4.6. (a) The 
1
H-NMR spectrum of the crude compound E2a exhibits ar-

omatic protons as AA´BB´systems in the range of 6.54-6.78 ppm, in contrast 
with the (E)-configuration that shows the same signals at 6.87- 7.02 ppm. (b) 
1
H-NMR spectrum of the pure (Z)-E2a isomer. 

The major isomer (Z)-E2a was isolated after crystallization, while the oil still 

contained the mixture of both isomers. In the mass spectra of E2a and E2b the 

peaks of molecular ions were observed at m/z 314 (100%) and 344 (100%) re-

spectively. 

4.2.1 Hydroxy-Substituted 1,1,2-Triaryalkene Ligands 

The ether cleavage was complete and could be confirmed by the 1H-NMR-

spectra of F2a and F2b taken in DMSO. For example, compound F2a displayed 

a broad singlet at 4.15 ppm (-OH proton) with no absorption in the region at 

3.67 ppm corresponding to the methoxy protons of the starting material E2a. 

The aromatic protons and ethyl protons remain visible at normal fields.  

It is important to emphasize that the cleavage of the methoxy group by the pure 

(Z)-E2a, still led to a mixture of (E)- and (Z)-isomers, which could not be sepa-

rated from each other. The downfield chemical shift for the protons on the di-

substituted aromatic ring at 6.76 and 6.78 ppm was consistent with (Z)- stereo-

chemistry which placed the protons of the AA´BB´pattern relatively far from the 

region of positive shielding of the –OH group at 4.15 ppm.   
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Figure 4.7. (a) Portion of the 
1
H-NMR spectrum of the system AA´BB´ of F2a, 

which shows  after 24 hours a 3:1 (E)-/(Z)- ratio; (b) portion of the 
1
H-NMR 

spectrum of the system AA´BB´ of F2a between 24 and 48 hours; (c) portion of 
the 

1
H-NMR spectrum of the system AA´BB´ of F2a after 48 hours. 

By adjusting the conditions under which an isomers mixture is formed it was 

possible to establish kinetic control. The (E)-/(Z)-ratio depended on the reac-

tions times: after stirring 24 hours the crude compound F2a had a 6:1 (E)-/(Z)-

ratio; by stirring 48 hours the ratio became 1:1. Stirring for a longer period of 

time caused decomposition of the original molecule, probably by polymerization 

(not investigated further, see Fig. 4.7). In the mass spectrum of F2a and F2b, 

the base-parent peak was shown at m/z 300 and 316 respectively, while ele-

OH
HB
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HB´HA
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mental analyses were within 0.4% of the calculated values and documented the 

high purity of the compounds. 

4.2.2 1,1,2-Triaryalkene Complexes with Zeise’s Salt 

The exchange of ethylene on the Zeise’s salt by the olefin on the ring of 2c 

could be documented by 1H-NMR experiments (see Fig. 4.8). After the O-

alkylation there still was a mixture of the two isomers of 2c, which could not be 

separated. In its spectra the signals were strongly superimposed. Absorption of 

H3 was a multiplet centered at 5.99 ppm, while H1 and H2 showed double dou-

blets at 5.26-5.39 ppm. The coupling constant calculated for H1 (J= 10 Hz) indi-

cated that it was split cis by H3. On the other hand the constant of H2 (J= 17 Hz) 

characterized a trans arrangement, according to the literature106. In the spec-

trum of the complex 2c-PtCl3 the signals broadened and did not split but shift-

ed. In particular a chemical shift at upfield of H3 (5.20 ppm) was observed, 

which can be explained as a result of weakening the character of the double 

bond under metal coordination. H1 and H2 signal shifted at 4.43 ppm, whereas 

H4 and H5 were showed at 4.13 and 4.64 ppm.   
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Figure 4.8. (a) 
1
H-NMR spectrum taken in CDCl3 of the aliphatic chain on the 

disubstituted aromatic ring of 2c; (b) 
1
H-NMR spectrum taken in CD3OD of the 

aliphatic chain on the disubstituted aromatic ring of 2c-PtCl3 upon coordination 
of the olefin to Zeise’ s salt.  

To confirm the structure of the Zeise complexes, electrospray-ionization (ESI) in 

positive voltage mode was used. ESI is a mild ionization process and typically 

yields -quasi molecule ions- with little or no fragmentation. Characteristic for the 

complex 2c-PtCl3 were [M+K]+ = 718  in positive mode and [M-H]+ = 641 in nega-

tive mode.   
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Figure 4.9. ESI-MS spectrum of the complex 2c-PtCl3. The molecular structure 
of the complex is shown in the insert. 
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5 Pharmacological Evaluation  

The majority of breast cancer research is conducted using established breast 

cancer cell lines as in-vitro models, since they are easy to handle and represent 

an unlimited self-replicating source that can be grown in almost infinite quantities. 

In addition, they exhibit a relatively high degree of homogeneity and are easily 

replaced from frozen stocks if lost through contamination107. However, the prob-

lem with in the in-vitro testing is the marked genetic instability of tumor cells en-

tailing an extreme clonal variation, which increases with a growing number of 

passages108,109. Sets of instructions have to be followed to reduce errors occur-

ring during analytical procedures and ensure accurate evaluations.  

5.1 Cell Lines Used 

5.1.1 MCF-7 (hormone dependent cancer cell line) 

The human breast cancer cell line MCF-7 was derived at the Michigan Cancer 

Foundation (MCF) in the early 1970s from a pleural effusion of a 69-year-old 

woman with metastatic (infiltrating ductal carcinoma of the breast) breast can-

cer110. This cell line has retained several characteristics that are particular to 

mammary epithelium, including the ability to grow as a monolayer, forming 

domes and responding to hormones. MCF-7 cells are shown to be ER-positive 

(70 - 90 fmol/mg protein)111, in particular ERα represents the largely predominant 

form, while ERβ is not present at high concentration112,113. They further have a 

basal level of COX-1 and a barely detectable and transient COX-2 inducible ex-

pression114.  

5.1.2 MDA-MB-231 (hormone independent cancer cell line) 

MDA-MB-231 is a breast cancer cell line, derived from a metastatic carcinoma, 

obtained from a 51-year-old patient in 1973. Among other characteristics, this cell 

line is ER-negative and shows a low expression of COX-1, but a constitutive level 

of COX-2.  
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5.1.3 MCF-7-2a and U2-OS/ α, β 

The MCF-7-2a cell line was obtained from ER-positive MCF-7 cells stably trans-

fected with the EREwtcluc plasmid115. EREwtcluc, is a DNA sequence which con-

tains the ERE (estrogen response element) of the DNA as enhancer sequence 

and the reporter gene luc, which encodes for luciferase enzyme.  

Cell line U2-OS, formerly known as 2T cell line, was derived from a 15-year-old 

girl with a moderately differentiated osteogenic sarcoma of the tibia (shinbone). 

The cultures were started in 1964 from a non-necrotic intraosseous part of the 

tumor (2T) obtained at the time of amputation of the left leg. The patient died 8 

months after the operation of widespread metastases116. 

U2-OS/ α,β cells were transiently transfected with the plasmid pSG5-ERα (U2-

OS/α) or pSG5-ERβ FL (U2-OS/β) together with the reporter plasmid p(ERE)2-

luc+.  

5.2 In-Vitro Chemosensitivity Assay  

In accordance with established procedures117,118, the synthesized compounds 

and the antitumor drug cisplatin were evaluated for growth inhibition and antipro-

liferative effects on cultured breast cancer cell lines MCF-7 and MDA-MB-231.  

The in-vitro testing was carried out on exponentially dividing cells of the 

above mentioned lines. The technique enables the overall growth curves of cells 

by large scale spectrophotometric measurement and can be briefly described as 

follows: 

 The human cell lines were grown in monolayer culture (culture con-

ditions: culture medium, 37 °C, 5 % CO2, humidified atmosphere). 

 A cell suspension (at defined density) at 7700 cells/ml culture medi-

um (MCF-7) and at 3200 cells/ml (MDA-MB-231), respectively was 

transferred to 96-well microtiter plates (100 μl per well) and cultivat-

ed for 3 days. 

 Addition of a solution containing the test compounds in various con-

centrations (solvent: DMF). Sixteen wells were used for each test 

concentration and for the control, which contained the correspond-

ing amount of DMF.  
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 After the proper incubation time of 4 (plate representing t0 used for 

the determination of the initial cell biomass) to 7 days, the medium 

was removed and 100 μl of glutardialdehyde solution (0.5 ml of glu-

tardialdehyde +12.5 mL of phosphate-buffered saline (PBS), pH 

7.4) was added for fixation. The plates are stored at 4 °C under 

phosphate buffered saline (PBS) (180 μl).  

 Cells were stained with a 0.02 M solution of crystal violet (100 μl) for 

30 minutes.  To remove the excess stain, cells were washed sever-

al times with water.  

 Plates were incubated on a softly rocking rotary shaker with 180 μl 

of ethanol (70%) for 3 hours. A microplate autoreader (FLASHscan 

S12) at 590 nm was used to measure the optical density of each 

well.  

 The mean absorption of the initial cell biomass plate was subtracted 

from the mean absorption of each experiment and control. The cor-

rected control was set to 100%.  

The method is very simple and reproducible and provides in short time 

large sets of data about the activity of potential anticancer drugs. The effective-

ness of the compounds is expressed as corrected T/Ccorr (%) or τ (%) values ac-

cording to the following equations:  

 

Cytostatic effect:                                                                                                           Eq. 1 

 

 

Cytocidal effect:      τ (%)  =  [(T − C0)/C0]× 100                                                           Eq. 2 

 

where T (test) and C (control) are the optical densities values at 590 nm of the 

crystal violet extract of the cells in the wells (i.e. the chromatin bound crystal vio-

let extracted with ethanol 70%), measured at the time of test end, and C0 is the 

density of the cell extract immediately before treatment (at the time of compound 

(%) T 

Ccorr  
= 

T – C0 

C – C0 
× 100 
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addition)119. The solvent, employed in equal concentration to prepare all com-

pound solutions, is used as a control or blank.  

In case of a cytocidal effect, the density of cell extract in the test system is 

lower than in the control system and the effect has to be calculated directly from 

the density of cell extract at t = 0 (C0) (Eq. 2). 

The calculated T/Ccorr and τ values can be interpreted as follows: 

 

T/Ccorr  > 80% no antiproliferative effect 

80% > T/Ccorr  ≥ 20% antiproliferative effect 

20% > T/Ccorr  > 0% cytostatic effect 

T/Ccorr or τ  < 0% cytocidal effect 

 

In this work, every negative influence produced by a compound on the rate 

of growth of the cells is called “cytotoxic effect”. The T/Ccorr values usually repre-

sent the maximum inhibitory effects of the test compounds.  

5.2.1 Growth Inhibitory Effects on MCF-7 and MDA-MB-231 

The IC50 value is commonly used as a measure of the drug potency, which is the 

drug concentration (or dose) inducing a 50% decrease in the maximum effect 

(response, in this case inhibition of cell growth). 

The in-vitro chemosensitivity assay uses a concentration-effect model 

based on a Boltzmann fit (OriginPro 8), which simulates a sigmoidal curve. The 

IC50 value was determined by interpolation from the curve (in logarithmic scale) of 

the compounds, and it was represented by the inflection point on the curve. The 

mean and standard deviation for the replicate IC50 values were calculated for 

each determination (two or three independent experiments). The IC50 values for 

all ligands and complexes up to a concentration of 20 μM, after a period of drug 

exposure of 96 hours, were measured for a preliminary large-scale screening in a 

“two-concentrations” assay. Higher values of IC50 were expressed as IC50 > 20 

µM, assuming that the compound is not cytotoxic in the tested range of concen-

trations. Consequently, only for the substances that were cytotoxic in this test 

(IC50 ≤ 20 μM) a time- and concentration- dependent cytotoxicity assay was per-

formed to provide unambiguous information concerning differential sensitivity. For 
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each complex five times of incubation (48, 72, 96 120, and 144 hours) and five 

different concentrations (ranging from 10 to 1.25 μM) were tested.  

5.2.2 Determination of the Antiproliferative Activity 

IC50 values of all the synthesized compounds and cisplatin were determined after 

72 hours of incubation. Cisplatin, which was used as reference, characteristically 

reduced the cell growth of MCF-7 (IC50 = 2.6 ± 1.1 μM) and MDA-MB-231 (IC50 = 

5.4 ± 0.9 μM) cells. 

5.2.2.1 3,4-Diarylalkenyne Derivatives  

The IC50 values of the 3,4-diarylalkenyne hexacarbonyl dicobalt complexes 1(a-

e)-Co and 1(a´-e´)-Co are  shown in Table 5.1 and Table 5.2, respectively.  

R

H3CO OCH3

Co2(CO)6

 

  IC50 [μM][h] 
Nr R MCF-7 MDA-MB-231 

1a-Co CH3 6.9 ± 2.6 2.8 ± 0.7 

1b-Co C2H5 7.2 ± 1.1 4.1 ± 1.4 

1c-Co C3H7 7.9 ± 0.8 4.6 ± 0.2 

1d-Co CH(CH3)2 12.6 ± 2.4 6.2 ± 1.2 

1e-Co C4H9 24.6 ± 3.1 5.4 ± 1.6 

Table 5.1. (Z)-3,4-diarylalkenyne hexacarbonyl dicobalt complexes, IC50 in μM/l.   

                                                           
[h] 

Values represent the mean ± SD of two or three independent determinations. 
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The growth inhibitory effects depended on the presence of the metal clus-

ter (all the ligands were inactive with an IC50 > 50 μM). The five complexes re-

vealed an antiproliferative effect on both cell lines, which increased in the follow-

ing order 1e-Co < 1d-Co < 1c-Co < 1b-Co < 1a-Co. The difference in antitumor 

potency depended on the length of the alkyl chain. In the MDA-MB-231 cell line, 

the complexes 1(a-c)-Co were more active than cisplatin (IC50 < 5 μM), in particu-

lar 1a-Co possessed a strong inhibitory potency (IC50 = 2.8 μM). 1d-Co and 1e-

Co were somewhat less active (IC50 = 6.2 and 5.4 μM), but their activity still re-

mained similar to that of cisplatin. In MCF-7 cells 1(a-c)-Co caused only a weak 

inhibitory effect (IC50 = 6.9 μM, 7.2 μM, respectively), while 1d-Co and 1e-Co 

were only marginally active, indicating a selectivity for MDA-MB-231 cells. Their 

selectivity is linked to the presence of a long alkyl chain: compound 1e-Co, which 

is substituted with a butyl chain, increased the selectivity of about five fold. 

R

H3CO

OCH3

Co2(CO)6

 

  IC50 [μM][i] 
Nr R MCF-7 MDA-MB-231 

1a´-Co CH3 10.7 ± 1.9 13.1 ± 2.6 

1b´-Co C2H5 13.5 ± 1.3 4.5 ± 0.5 

1c´-Co C3H7 14.9 ± 1.6 5.9 ± 1.2 

1d´-Co CH(CH3)2 17.6 ± 1.0 7.2 ± 1.1 

1e´-Co C4H9 27.2 ± 2.8 8.4 ± 2.3 

Table 5.2. (E)-3,4-diarylalkenyne hexacarbonyl dicobalt complexes, IC50 in μM/l. 

                                                           
[i] 

Values represent the mean ± SD of two or three independent determinations. 
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The change of configuration of the complexes from (Z) to (E) decreased 

the growth inhibitory effects. At MCF-7 the IC50 values of 1a´-Co to 1d´-Co is 2 

fold higher than that determinate with the (Z)-configuration congeners. The cyto-

toxicity of 1b´-Co to 1d´-Co at MDA-MB-231 is comparable to 1b-Co to 1d-Co, 

while 1a´-Co is distinctly less active (IC50= 13.1 μM, IC50(1a-Co)= 2.8 μM). Never-

theless, it has to be mentioned that 1b´-Co and 1c´-Co reached the activity of 

cisplatin at MDA-MB-231 cells (IC50 = 4.5 μM, IC50 = 5.9 μM, respectively). 

A single-end-point determination like the IC50 determination does not give 

exact information about the differential sensitivity of the compounds. Thus, we 

performed time-dependent experiments at the two cell lines. As reference the 

time-dependent curves of cisplatin are shown in Fig. 5.1. 

 

 

 

 

 

 

Figure 5.1. Time-activity curves of the antiproliferative effect of cisplatin on hu-
man MCF-7 (left) and MDA-MB-231 (right) breast cancer cell lines, at concen-
trations ranging from 1.25 to 20 μM. 

Comparing the time-activity curves of the complexes 1c-Co, 1c´-Co and 

cisplatin, the onset of antiproliferative effect of 1c-Co in MDA-MB-231 cells was 

observed much earlier. After an incubation time of 48 hours, the complex showed 

cytocidal effect at 20 μM, whereas at 10 μM its antiproliferative effect is compara-

ble to cisplatin (see Fig. 5.2). The time over activity (T/Ccorr) correlation, indicated 

a minimal T/Ccorr (maximum of growth inhibition) which remained constant or in-

creased only slowly during the test period. On the contrary, cisplatin reached its 

maximum effect toward the end of the test (see Fig. 5.1). .   
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Figure 5.2. Time-activity curves of the antiproliferative effect on human MDA-
MB-231 breast cancer cell line of 1c-Co (left) and 1c´-Co (right), at concentra-
tions ranging from 1.25 to 20 μM. 

Exploring the time-response curves of these complexes at MCF-7 cells, 

they showed a cisplatin-like curve reaching the maximum effect towards the end 

of the test (see Fig. 5.3). By comparing the two curves we can also confirm the 

correlation between inhibitory potency and the configuration of the complex. 

Namely the (Z)-configuration of 1c-Co increased the activity against MCF-7 com-

pared to its (E)-configuration 1c´-Co. In MDA-MB-231 cells, the configuration of 

the compounds seemed to play the same role, yielding nearly identical results 

(data were shown in Fig. 5.2). 

 

 

 

 

 

 

 

Figure 5.3. Time-activity curves of the antiproliferative effect on human MCF-7 
breast cancer cell line of 1c-Co (left) and 1c´-Co (right), at concentrations rang-
ing from 1.25 to 20 μM. 

Another example of the time-response curve at MDA-MB-231 is shown in 

Fig. 5.4. 1a-Co showed a maximum of activity after 48 hours, which is held during 

the whole time of incubation. Notwithstanding, its isomer 1a´-Co showed an atyp-
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ical time-activity curve, in which a fast onset of proliferation after a rapid reduction 

of the cell growth was observed. We assume that the cell population recovers 

after the initial damage.  

 

 

 

 

 

 

 

 

Figure 5.4. Time-activity curves of the antiproliferative effect on human MDA-
MB-231 breast cancer cell line of 1a-Co (left) and 1a´-Co (right), at concentra-
tions ranging from 1.25 to 20 μM. 

The explication of the rising growth curve can be the development of drug 

resistance, in fact exponential cell growth is guaranteed for at least 250 hours of 

incubation. 

 

The time-response curves for all other complexes are presented in the Appendix.  
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5.2.2.2 1,1,2-Triarylalkene Derivatives  

In the group of the 1,1,2-triarylalkene derivatives (in Table 5.3), the ligands pos-

sessed only a weak growth inhibitory activity as shown in Fig. 5.5. 

 

Structure Ligand R R´ 

 2a H -CH2-C≡CH 

2b -OCH2-C≡CH -CH2-C≡CH 

2c H -CH2-CH=CH2 

2d -OCH2-CH=CH2 -CH2-CH=CH2 

Table 5.3. Main structure of the 1,1,2-triarylalkene compounds and substitution 
pattern of 2a, 2b, 2c and 2d. 

 

 

 

 

 

 

 

 

 

 

Figure 5.5. IC50 values of triphenylalkene ligands 2a, 2b, 2c and 2d at MCF-7 
(left) and MDA-MB-231, respectively. 

Only 2a and 2c showed a somewhat higher activity (IC50 = 13.2 μM, IC50 = 

17.4 μM, respectively) in MCF-7 cells, but weak activity in MDA-MB-231 (IC50 = 

 

R

OR´  
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28.2 μM, IC50 = 32.5 μM, respectively) indicating two-fold selectivity for MCF-7 

cells (Fig. 5.5). Thus, 2a reached its maximum inhibitory effect after 96 hours, 

while for 2c achieved its maximum within 48 hours. After a prolonged time of ex-

posure the growth inhibition did not show a recuperation of the tumor cells and 

remained constant (see Fig. 5.6).  

 

 

 

 

 

 

Figure 5.6. Time-activity curves of the antiproliferative effect of 2a (left) and 2c 
(right) on human MCF-7 breast cancer cell line, at concentrations ranging from 
1.25 to 20 μM. 

 

Further modifications, like additional alkyl groups at the phenyl moiety, led 

to compounds with any influence in the tumor cell growth. Hence, in 2b and 2d 

the inhibitory effect in both cell lines decreased drastically (IC50 > 20 μM). The 

complexes 2a-Co, 2b-Co, 2c-PtCl3 and 2d-PtCl3 did not present inhibitory effects 

on the growth of MCF-7 and MDA-MB-231 cells. IC50 values for these com-

pounds were not presented.   
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5.3 Luciferase Assay  

The in-vitro luciferase assay system in MCF-7-2a and U2-OS/ α,β cells can give a 

prediction over the possible estrogenic and antiestrogenic properties of the syn-

thesized compounds. In molecular biological studies, luciferase is one of the most 

commonyl used gene reporter, applied to study cellular gene expression and 

gene regulation. In particularly, the luciferase gene, cloned from the firefly Photi-

nus pyralis, is found to be a good biolumiscent reporter. This gene encodes for 

firefly luciferase, a monomeric enzyme (61 kD), that is commonly used because 

of its enzyme activity closely coupled to protein synthesis; when the expression of 

luciferase gene (luc) is promoted, the protein obtained (Luciferase) can be de-

tected in vitro (cellular extracts) by its produced light.  

The photon emission is achieved through oxidation of beetle luciferin in a 

multi-step reaction that requires ATP, Mg2+ and O2 (Fig. 5.7). In the first step, the 

activation of the protein produces a reactive mixed anhydride intermediate. In the 

subsequent step, the luciferyl-AMP intermediate reacts with oxygen to create a 

transient dioxetane, which breaks down to the oxidized product oxyluciferin. As a 

result, a flash of light is generated120 that rapidly decays over about 15 seconds 

after the addition of substrate to the enzyme.  

 

Luciferase + Luciferin + ATP + Mg2+ → Luciferase•Luciferyl-AMP + PPi 

Luciferase•Luciferyl-AMP + O2 → Luciferase + Oxyluciferin + AMP + CO2 + hν 

Figure 5.7. Two-step chemiluminescent reaction catalized by luciferase
120

 

Under conventional reaction conditions the enzyme turns over very slowly. 

A Promega kit that contains coenzyme A (CoA) is used to increase the turnover 

and yield maximal luminescence intensity that can be maintained for at least 60 

seconds121. 

The maximum of the luciferase expression with the stably transfected cells 

MCF-7-2a and U2-OS is reached after 48 hours of culture. Consequently after 50 

hours the cells are destroyed by a lysis buffer. The produced light is measured in 

relative light units (RLU) with a luminometer (390 - 520 nm) and it is performed 

for 10 seconds (sensitive range of the luminometer). The wavelength of the emit-
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ted light ranges from 490 to 630 nm122. Luciferase was assayed using the 

Promega luciferase assay reagent. 

An active substance exerts its effects by binding to the ligand binding do-

main (LBD) of the ER. As a consequence it induces a conformational change in 

the ER, which dimerizes as homodimers (ERα/ERα). The hormone-receptor 

complexes bind to the EREs present in the plasmid and lead to the expression of 

luciferase, which correlates well with the estrogenic potency of the active sub-

stance123,124.  

5.3.1  Estrogenic Activity 

The agonistic potency is estimated by determining whether and how much the 

stimulation of luciferase expression is induced by the test substances depending 

on their concentration. Therefore, the MCF-7/2a and U2-OS/α,β cell lines are in-

cubated with seven concentrations of each compound (range from 10-11 to 10-5 

M), as well as the pure solvent as background and estradiol (10-8 M) as positive 

control. The assay terminates by determining the luciferase activity (RLU). Final-

ly, the RLU-values are correlated with the quantity of protein (quantified accord-

ing to Bradford125) of each sample with the mass of luciferase. Estrogenic activity 

is expressed as percentage activation and was calculated in relation to luciferase 

expression of a 10-8 M estradiol control (100%) and based on pure solvent back-

ground (0%). In order to compare the potential agonistic effect of different com-

pounds, usually two values are used, including the relative activation value at the 

concentration of 10-6 M and the EC50 value, the compound concentration causing 

50% relative activation. 

5.3.2  Antiestrogenic Activity 

To evaluate the antagonistic activity, MCF-7/2a and U2-OS/α,β cells were incu-

bated with a constant concentration of estradiol (10-9 M) in combination with in-

creased concentrations of the test compounds (10-11 to 10-6 M). The concentra-

tion of the compound which is necessary to reduce the effect of estradiol of 50% 

is the IC50 value, which is taken from the concentration activation curve126. 
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5.3.2.1 3,4-Diarylalkenyne Derivatives 

All the 3,4-diarylalkenyne derivatives and their corresponding dicobalt complexes 

were tested for agonistic and antagonistic effects at concentrations ranging from 

10-11 to 10-6 M. All the compounds failed to evoke transcriptional activation of the 

luciferase gene. Based on the analyses of the crystal structure of the DES-ERα 

LBD complexes (see chapter 1.6, Fig. 1.6), it was found that a phenolic hydroxy 

group is a critical binding anchor of a ligand in the ER LBD. In contrast, methoxy 

groups drastically decreased the hormonal potency127. This is probably the rea-

son why 3,4-diarylalkenyne derivatives did not show transcriptional activity.  

These compounds exert a strong cytotoxic effect in MCF-7 cells. Hence, 

we concluded that their antiproliferative effects did not result from an interaction 

with the ER. 

5.3.2.2 1,1,2-Triarylalkene Derivatives 

The 1,1,2-triarylalkene compounds are analogues of tamoxifen (TAM), an ER 

ligand displaying antagonistic properties in breast tissue and agonistic properties 

in the skeleton, uterus, and cardiovascular system128. As prerequisite for this se-

lective modulation of the ER a basic side chain located in the 4-position of the 

C1-phenyl ring is necessary.  

Manipulation of the tamoxifen scaffold has been explored129,130, but very 

few researchers have attempted to change the key side-chain -O(CH2)2N(CH3)2. 

The importance of the nitrogen atom131 was discovered by experiments in which 

the substituents on the alkyl amine were modified. That led to a decrease of anti-

estrogenicity. In order to diminish the basicity of the amine substitutions were at-

tempted, e.g. replacing the alkylamino side-chain with N-oxides, quaternary salts, 

or by adding fluorinated to tethers. All of these modifications weakened antiestro-

genic potency. The cause is to search on the reduction of ability of the nitrogen 

atom to form hydrogen bonds. Only the substitution of the amino side-chain by a 

carboxylic acid entity, which may interact with Asp 351 of the ERα LBD, led to an 

increase of antiestrogenic activity132. 

In subsequent studies it was found that replacement of the aminoalkoxy 

group in TAM by a non-basic group, led to compounds more active than tamoxi-

fen133. On the basis of these facts, we introduced an alkyl group (propargyl group 
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= 2a; allyl group = 2c) in this position and in the 4-position of the C2-phenyl ring 

(propargyl group = 2b; allyl group = 2d) and evaluated the ER subtype (ERα or 

ERβ) selectivity on the molecular level in stably transfected MCF-7/2a and transi-

ently transfected U2-OS/α,β cells. Furthermore, we investigated the ability of co-

balt to influence estrogenic potency. 

All the triarylalkene ligands did not show agonistic or antagonistic proper-

ties. Because of the high activity of the 2a and 2c in the hormone-dependent 

MCF-7 cell lines and their lack of ability to antagonize the effects of estradiol 

(E2), an antiestrogenic mode of action seems rather improbable. 

In contrast, the complexes 2a-Co and 2b-Co were able to induce lucifer-

ase expression (see Fig. 5.8). The Co2(CO)6 unit appeared to be essential for the 

estrogenic activity. Others have also reported the importance of the hexacarbonyl 

dicobalt moiety for estrogenic action65 (see chapter 1.7.2). 

 

 

 

 

 

 

Figure 5.8. Activation-concentration curves of 1,1,2-triarnylalkene hexacarbonyl 
dicobalt complexes 2a-Co, 2b-Co and estradiol E2 at U2-OS/α (left) and U2-
OS/β cells (right). The curves are representative examples of a single determ i-
nation performed in quadruplicate. 

2a-Co and 2b-Co showed the highest potency in U2-OS/α (EC50 = 27 nM 

and EC50 = 1.2 nM, respectively) and in U2-OS/β (EC50 = 40 nM and EC50 = 2.5 

nM, respectively). Interestingly, in MCF-7/2a cells they were only marginally ac-

tive (data not shown).  

This data can be explained as a result of a greater sensitivity of the U2-OS 

cells to hormones compared to MCF-7 cells. In fact the transfection of the U2-OS 

with the ER expression plasmid leads to higher ER levels. On the contrary the 

stably transfected MCF-7 cells with the EREwtcluc reporter plasmid do not re-
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spond to ER stimulation despite ER binding and are therefore less sensitive to 

hormones. The observation that U2-OS cells are more sensitive than MCF-7 cells 

has been made before in our group134.  

 

 U2-OS/α U2-OS/β 

Compound IA[j] [%] EC50[nM] IA[3] [%] EC50[nM] 

E2 100 ± 7 0.004 100 ± 13 0.01 

2a-Co 105 ± 8 27 93 ± 14 40 

2b-Co 69 ± 11 1.2 34 ± 8 2.5 

Table 5.4. Values were calculated as the mean of three independent experi-
ments and SD < 20%. 

As shown in Table 5.4 2a-Co, with only one alkyl substituent at the phenyl 

ring, presented transactivation at both ERα and ERβ (full agonism). On the other 

hand, the introduction of a further substituent group at phenyl ring in 2b-Co, de-

creased the estrogenic activity in ERα and led to marginal activity at ERβ. Its low 

intrinsic activity (it did not reach the maximum effect) and its high potency (EC50 = 

1.2), suggested that 2b-Co is a partial agonist. Probably the higher lipophilicity is 

responsible for diminishing the intrinsic activity, however the mechanism has re-

mained elusive. The compounds did not display any anti-estrogenic activity. 

Agonistic / antagonistic estrogenic effect is only one of the possible phar-

macological evaluations. Further tests are necessary, in order to evaluate the 

pharmacological potential of these compounds.   

                                                           
[j]

 IA = intrinsic activity.  
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5.4 Binding to COX-1 and COX-2 

5.4.1  Cyclooxygenase Isoenzymes 

As demonstrated in earlier studies135,136 a further possible target in cancer 

chemotherapy are the cyclooxygenase enzymes (COX-1 /2), also known as pros-

taglandin H synthase (PGH synthase). Prostaglandin E2 (PGE2) is a primary 

product of arachidonic metabolism and is synthesized via the cyclooxygenase 

and prostaglandin synthase pathways. PGE2 production is a commonly used 

method for the detection of COX-1 and COX-2 modulation and prostaglandin syn-

thases. It was found that the COX-1 and COX-2 pathway, which convert arachi-

donic acid (hydrolytically liberated from membrane phospholipids) to PGH2 (the 

precursor of prostaglandins PGs, tromboxanes and prostacyclins) (see Fig. 5.9), 

is involved in the development and growth of several different neoplastic lesions 

and is frequently overexpressed in invasive and in situ breast cancers cells137. 
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Figure 5.9. Conversion of arachidonic acid to prostaglandin
138

. COX catalyzes 
the first step of their biosynthesis. 

 

The existence of an inducible isoform of COX was described by the group 

of Needleman139. The two isoforms, which are encoded by different genes, vary 
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in their tissue distributions and regulation of expression, although they present an 

amino acid sequence homology of approximately 60% in structural analyses.  

COX-1 is constitutively expressed in many cell types, including thrombo-

cytes and those present in kidney, stomach and vascular endothelium. It is syn-

thesized and regulated as a so-called 'housekeeping enzyme' involved in physio-

logical adaptation.  

In contrast COX-2 is inducible; the induction can occur during tissue dam-

age or inflammation in response to cytokines (tumour necrosis factor-α, interleu-

kin-1), mitogens and growth factors140. 

COX-3, identical in sequence to COX-1, is the third and most recently dis-

covered by Simmons and co-workers but is not functional in humans.  

It is difficult to generalize the physiological roles of individual prostaglan-

dins, in fact the same compound can sometimes exert even opposite effects on 

different types of target cell. At last prostaglandin effects are complex and de-

pend on the type of target cells, among other factors. They are important in the 

regulation of thrombocyte aggregation, inflammatory processes, pain and fever 

induction, the regulation of vessel perfusion, and many other processes140. 

5.4.2  COX Inhibitory Assay System 

We studied the influence of the Zeise’ s compounds on isolated ovine COX-1 and 

human recombinant COX-2 activity. Therefore, the level of the major COX me-

tabolite prostaglandin E2 (PGE2) in arachidonic acid-stimulated MDA-MB-231 

breast tumor cells is quantified by enzyme-linked immuno sorbent assay (ELISA) 

(COX Inhibitor Screening Assay; Cayman Chemical Company, Ann Arbor, MI) 141. 

The experiments were performed according to the manufacturer´s instructions142. 

Briefly described, there is a competition between PGs and a PG-

acetylcholinesterase (AChE) conjugate (PG tracer) for a limited amount of PG 

antiserum. 96-wells plates are used for the assay. Each plate contains the mouse 

monoclonal anti-rabbit IgG, which has been previously attached to the well. Each 

well contains the rabbit antiserum-PG (either free or tracer), the PG tracer and 

the sample PG, respectively. The concentration of the PG tracer is held constant, 

while the concentration of PG varies. The amount of the PG tracer, which is able 

to bind to the PG antiserum will be inversely proportioned to the concentration of 
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PG in the well during the incubation. To remove any unbound reagents, the plate 

is washed. Afterwards to the well is added Ellman´s Reagent (which contains the 

substrate to AChE), that catalyzes the reaction described in Fig. 5.10. The prod-

uct of this reaction (5-thio-2-nitrobenzoic acid) has a distinct yellow color and ab-

sorbs strongly at 415 nm ((FLASHscan S12Victor 2, Perkin Elmer). Results were 

calculated as the means of duplicate determinations143. 

 

 

 

 

 

 

 

 

Figure 5.10. Reaction catalyzed by acetylcholinesterase in COX inhibitor 
screening assay kit. 

5.4.2.1 1,1,2-Triarylalkenes Zeise’ s Complexes 

Both subtypes of the cyclooxygenase enzymes (COX-1 and COX-2) are the tar-

gets for the design of anti-inflammatory drugs as well as in cancer therapy144. 

Since Zeise’ s complexes gained interest as labeling agents of bioactive mole-

cules, because they possess the ability to inhibit cyclooxygenase, on the contrary 

to other platinum complexes, e. g. cisplatin or potassium tetrachlorplatinate, 

which did not show inhibitory property, indicating a specific mode of action of 

Zeise’ s salt.  

Thus, we investigated the inhibitory potency of the 1,1,2-triarylalkenes 

Zeise’ s complexes 2c-PtCl3 and 2d-PtCl3 in an ELISA using the isolated isoen-

zymes (Fig. 5.11).   
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Figure 5.11. Inhibition of COX-1 and COX-2 enzymatic activity by the Zeise’ s 
complexes 2c-PtCl3 and 2d-PtCl3 at concentration of 1 and 10 μM. 

A drug concentration of 1 μM and 10 μM was used for the experiments. At 

the concentration used 2c-PtCl3 showed a high inhibitory activity at COX-1 (61% 

at 1 μM and 100 % at 10 μM) and lower inhibition at COX-2 (41% at 10 μM). On 

the contrary 2d-PtCl3, which contains a further Zeise’ s unit, was much more ac-

tive at both isoenzymes (COX-1: 93% at 1 μM and 100 % at 10 μM; COX-2: 95 % 

at 10 μM). The COX inhibitory effects showed a clear structural dependence. The 

Zeise’ s unit was necessary for high inhibitory activity. Its specific mode of action 

was explained by studies of Meieranz101, by LC-MS experiments, in which COX-1 

was incubated with Zeise’s salt and enzymatically digested. It emerged that 

Tyr385, which is located in the active site of COX and represents the essential 

amino acid for the oxidation of arachidonic acid, was platinated. 

No correlation existed between growth inhibition of breast cancer cells and 

COX activity. 
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6 Conclusions 

In this work, two series of new non-steroidal organometallic compounds for the 

treatment of breast cancer were presented.  

In section 1 hormone therapy and development of novel bioactive mole-

cules were described focusing on the treatments and diagnosis techniques that 

were already available for breast cancer. The ability of agonistic compounds to 

promote cell proliferation was briefly presented as well as the mode of action of 

the antiestrogenic drug tamoxifen, which represents the most common agent 

concerning the treatment of ER-positive breast tumors. Unfortunately, in the 

course of this treatment tumors become resistant to tamoxifen. This drug re-

sistance has promoted more efforts in the synthesis of compounds with new 

therapeutic spectra. In particular, the use of metal-based compounds as potential 

therapeutic agents has become an interesting field in medical research. One ma-

jor advantage of organometallic compounds is the fact that they offer a high kinet-

ic stability, having bonds with a more covalent character. The evaluation of the 

biological properties of organometallic compounds, especially cobalt as well as 

Zeise’s salt derivatives, represent the principal topic of this work. 

In the first part, we have designed and synthesized a series of 3,4-

diarylalkenyne hexacarbonyl dicobalt complexes (1(a-e)-Co and 1(a´-e´)-Co). 

These compounds bear a cobalt alkyne chain instead of one of the two ethyl 

chains of diethylstilbestrol. Instead of the other ethyl chain these compounds bear 

a shorter or longer alkyl chain. The modified diethylstilbestrol derivatives (3,4-

diarylalkenyne) were synthesized in three main steps: 

 

 Synthesis of the 3,4-diarylalkenyne moiety 

 Deprotection of the methoxy groups 

 Incorporation of the cobalt into the alkenyne scaffold 

 

In the first step 3,4-diarylalkenyne moieties with various alkyl chain lengths were 

obtained by a SNi reaction. This reaction led to a mixture of (Z)- and (E)-isomers, 

which could not be separated. However, the assignment of the signals of the (Z)- 
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and (E)-isomers was achieved by 1H-NMR NOE experiments, which indicated the 

presence of the (E)- isomers as the major form (6:1 ratio). 

Regarding the deprotection step we explored different methods for the 

cleavage of the methoxy group with the purpose to obtain molecules which com-

bine cytotoxic properties and possible ER activity. This aim could not be reached 

due to the fact that the compounds bear an alkyne function, which is liable to 

degradation during the deprotection step. We decided to use a silyl ether function 

instead of the methoxy group as protecting group which allowed milder conditions 

for the deprotection step. Unfortunately, our attempts using first TMS and later 

TIPS failed. We decided not to investigate further, because all conditions ex-

plored (e.g., BBr3, EtSH) for the cleavage of the methoxy groups were unsuc-

cessful. The results of these reactions were either polymerization or decomposi-

tion of the used compounds.  

In the last step, the corresponding alkyne ligands (F1a-e) reacted with 

Co2(CO)8 in absolute dichloromethane resulting in the cobalt-alkyne complexes 

(1(a-e)-Co and 1(a´-e´)-Co). It is noteworthy that the metal moiety increases the 

lipophilicity of the molecules allowing the separation of both (Z)- and (E)-isomers 

by flash column chromatography. 

The antiproliferative activity of the synthesized compounds was investigat-

ed using two different breast cancer cell lines (hormone-dependent MCF-7 cells 

as well as on hormone-independent MDA-MB-231cells). The results of these bio-

logical investigations demonstrated that an attachment to Co2(CO)6 increases the 

inhibition of cell proliferation. Only marginal cytotoxicity was detected for the free 

ligands. Furthermore, antitumor potency depended on the length of the alkyl 

chain as well as the configuration. The short alkyl chain and (Z)-configuration of 

the complexes increased antiproliferative activity against in both MCF-7 and 

MDA-MB-231 cells. For all tested compounds, the observed inhibiting activity was 

stronger in MDA-MB-231 cells compared to MCF-7 cells. Further experiments 

such as cellular uptake and accumulation (using atomic absorption spectrosco-

py), could be useful to elucidate these effects.  

Aiming a more detailed exploration of their mode of action, we investigated 

whether ER is involved in this mechanism. Estrogenic and antiestrogenic activity 

was analyzed using MCF-7/2a, U2-OS/α, and U2-OS/β cancer cells. None of the 
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tested compounds did show any estrogenic or antiestrogenic activity on these cell 

lines. Therefore, an ER-mediated cytotoxicity can be excluded. One reason for 

the lack of estrogenic or antiestrogenic activity might be the fact that the methoxy 

group in these compounds prevents the binding of the ligand to the ER LBD129.  

In the second part of this thesis, a series of modified tamoxifen (1,1,2-

triarylalkene) derivatives have been developed combining the antiestrogenic 

properties of the tamoxifen scaffold with the cytotoxic properties derived from the 

addition of a cobalt cluster.  

The synthesis of these compounds was performed in accordance to the 

synthesis of the 3,4-diarylalkenyne derivatives mentioned before, followed by 

Grignard reaction. A mixture of (Z)- and (E)-isomers was obtained, whose sepa-

ration was possible as a result of the poor solubility of the (Z)-isomer in diethyl 

ether. The subsequent deprotection of the (Z)-isomer using BBr3 afforded again a 

mixture of both isomers. However the ratio of the two isomers could be adjusted 

by varying the reaction time. Derivatization of the alkyl side-chains introducing an 

alkyne or alkene functionality prior to the introduction of a metal moiety was suc-

cessful. The compounds of the 1,1,2-triarylalkene series were found to isomerize 

quite rapidly. Hence, (Z)- and (E)-isomers were not separated and the biological 

tests were performed using a mixture of both isomers.  

The compounds were first tested for their antiproliferative activities. Only 

the free ligands 2a and 2c presented some antiproliferative activities in MCF-7 

cells, and even weaker inhibiting effects in MDA-MB-231cells. The compounds 

with alkyl groups on the side-chain at the other phenyl moiety (2c and 2d) did not 

display any influence on tumor cell growth. 

The complexes with the Co2(CO)6 cluster incorporated into the alkyne function 

(2a-Co, 2b-Co) did not present inhibiting effects on the growth of MCF-7 and 

MDA-MB-231 cells.  

The free ligands as well as the complexes were further tested in an estab-

lished luciferase assay in order to understand the mode of action on the molecu-

lar level and to evaluate the ER subtype selectivity. The free ligands did not in-

duce any agonistic or antagonistic properties on ER. For that reason an estrogen-

ic-antiestrogenic mode of action seems rather unlikely for those compounds. In 

contrast, the complexes 2a-Co and 2b-Co were able to induce luciferase expres-
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sion. These results led us to the conclusion that the Co2(CO)6 unit plays an im-

portant role for the estrogenic activity. 

Differences were also observed on the estrogenic activity on both sub-

types. 2a-Co, with only one alkyl substituent at the phenyl ring, presented trans-

activation activity on both ERα and ERβ. 2b-Co, with a second alkyl substituent 

at the other phenyl ring, presented estrogenic activity in ERα and only a marginal 

activity in ERβ. A possible reason for this moderate intrinsic activity, might be the 

higher lipophilicity, caused by the second sustituent. By all means the mechanism 

has remained elusive and molecular modeling experiments would be of great in-

terest to explore how the cobalt-alkyne functionality can favor the binding to the 

LBD of ER. In the literature, a possible interaction with Asp 351 is described for 

similar compounds.  

Interestingly, 2a-Co and 2b-Co showed the highest estrogenic activity in 

U2-OS/α and in U2-OS/β cells, whereas in MCF-7/2a cells they were only mar-

ginally active. These results accented the higher sensitivity of U2-OS cells for 

hormones compared to MCF-7 cells. 

Finally the low cytotoxic effects compared to their remarkable estrogenic 

activity of the cobalt-alkyne complexes, make an ER-mediated cytotoxicity mode 

of action unlikely. Therefore, as the mechanism of action could not be elucidated 

in this work, future studies should be conducted on the subject. 

Moreover, in consideration of the fact that Zeise’ s salt is able to inhibit cy-

clooxygenase enzymes, we added it to the alkene function on the side-chain, by 

displacement of the olefin from platinum (II) binding via the double bond. The 

complexes 2c-PtCl3 and 2d-PtCl3 did not present antiproliferative activity in MCF-

7 and MDA-MB-231 cells. We investigated the COX-1 and COX-2 inhibitory ef-

fects at isolated isoenzymes. Due to this we used a PGE2 assay with MDA-MB-

231 cells, which show a constitutive COX-2 expression. 2c-PtCl3 and 2d-PtCl3 

were found to be potent inhibitors of COX-1 and COX-2. The COX inhibitory ef-

fects showed a clear structural dependence. Interestingly, 2c-PtCl3 showed a 

preference for COX-1, although 2d-PtCl3 strongly inhibited both isoenzymes with 

the same potency. A possible explanation is that the Zeise’ unit was necessary 

for high activity: 2d-PtCl3, which has two Zeise’ units in its structure, can highly 

increase the inhibition. As the free ligands did not show any COX-inhibition, we 
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suggest that the inhibitory properties derived from a specific mode of action of 

Zeise’s salt. 

Drawing any conclusion is difficult, because no correlation existed between 

growth inhibition of breast cancer cells and COX activity. Furthermore, the com-

pounds did not display any anti-estrogenic activity.  

 

 

This work offered a number of pharmacologically active compounds. It emerged 

that different metal clusters on the ligand’s scaffold can modulate biological prop-

erties like estrogenic or COX-inhibiting activity.  

Cellular accumulation experiments on 3,4-diarylalkenyne derivatives could 

be useful to elucidate their cytotoxic effects originated after drug exposure. Since 

their biological target still remains unknown, it is also possible that these com-

pounds could be used for the treatment of other diseases. For the synthesized 

1,1,2-triarylalkene derivatives apoptotic and DNA interaction studies could help to 

understand their antitumor mode of action.  
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7 Experimental section 

7.1 Synthesis and structural analysis 

7.1.1 General considerations  

7.1.1.1 Solvents and chemicals 

All chemicals, reagents and solvents were purchased – if not stated – from Sig-

ma-Aldrich, VWR, Merck, Acros or Alfa Aesar. The laboratory consumables were 

purchased from Braun, Nunc, Merck and Sarstedt. 

Dichloromethane was dried over molecular sieve 4A for 48 hours and then stirred 

with phosphor(V) oxide for 8 hours and distilled. THF and diethylether were fresh-

ly distilled under N2 gas and dried over potassium-sodium alloy. Pyridine was 

stirred with CaCl2 for 2 hours and distilled. 

7.1.1.2 Thin-layer chromatography (TLC) and column chromatography 

Reactions were all monitored by thin-layer chromatography (TLC), performed on 

precoated silica gel plates (Kieselgel 60 F254, Merck). Visualization on TLC was 

achieved by UV light at 254 and / or 366 nm. Column chromatography was per-

formed with silica gel 60 (0.063-0.200 mm, Merck). The silica gel were first bloat-

ed in the used eluent and then filled into the column. The sample was solved in a 

little of the corresponding eluent unless otherwise noted and loaded onto the col-

umn. 

7.1.1.3 Melting points 

Melting points are measured using a Büchi B-545 melting point apparatus (Flawil, 

Switzerland) and are uncorrected. 

7.1.1.4 Nuclear magnetic resonance 

The 1H-NMR spectra were performed on the Avance/DPX 400 spectrometer (by 

Bruker Analytische Messtechnik GmbH) at 400 MHz (for 1H) with TMS as internal 

standard. The used NMR solvents are detailed in each spectrum. Chemical shift 
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values are quoted in parts per million (ppm, δ) and coupling constants J are 

quoted in Hertz (Hz). Coupling constants (J) are quoted in Herz (Hz) with the fol-

lowing splitting abbreviations: s = singlet, d = doublet, t = triplet, m = multiplet, 

and dd = double doublet. 

7.1.1.5 Mass spectrometry 

FAB-MS-spectra were determined using a CH5DF/FAB(+) instrument. EI-MS-

spectra were recorded with a CH-7A-Varian MAT (70eV) instrument (Palo Alto, 

USA)  

7.1.1.6 Elemental analysis 

Elemental analyses were run with a Vario EL Elementaranalysator (Hanau, Ger-

many). 

7.1.2  Synthetic procedures and analytical data 

7.1.2.1 Synthesis of the acid chloride 

4-methoxyphenylacetylchloride (A1) 

4 methoxyphenylacetic acid (10g, 60 mmol) and thionyl chloride (7g, 60 mmol) 

were refluxed for 1 hour. After the gas deveolpment ended, the reaction was 

wakuum-destilled in order to destroy the excess of SOCl2. The crude product was 

directly-immediately used for the next reaction (without any purification)yielding a 

red liquid. 

Red liquid C9H9O2Cl 184.62 

Yield: 11g, 60 mmol, 100% 

Phenylacetyl chloride (A2) 

With the same method from phenylacetic acid (10g, 73 mmol) and thionyl chlo-

ride (8.7 g, 73 mmol). 

Red liquid C8H7OCl 154.59 

Yield: 11g, 73 mmol, 100% 
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7.1.2.2 General method to synthesize the ethanone 

The acetylchloride was added dropwise to a suspension of aluminium chloride 

and anisole in 20 mL dry dichloromethane under cooling at 0°C. The resulting 

reaction mixture was heated to reflux for half an hour and then was allowed to stir 

at room temperature for 1 hour. The reaction was then poured slowly into ca 50 

mL ice-water and the layers were separated. The aqueous phase was extracted 

with CH2Cl2 (1x50 mL). The combined organic layer was washed with H2O, 

NaOH 20%, dried over Na2SO4 and filtered. After removal of the solvent under 

reduced pressure, the crude product was recrystallized from diethylether/ethanol. 

1,2-bis(4-methoxyphenyl)ethanone (B1) 

4-Methoxyphenylacetylchloride A1 (10 g, 54 mmol) was added dropwise at 0°C 

to a suspension of aluminium chloride (8.6 g, 65 mmol) and anisole (5.9 mL, 54 

mmol) in 20 mL of dry dichloromethane. The purification of the product was ob-

tain with-through cristallization from ether/ethanol to afford the compound B1 as a 

colorless crystals (mp 110°C) 

C16H16O3 256,3 

Yield:12.4 g, 48 mmol (89.8%) 

1H NMR (400 MHz, CDCl3): δ = 3.77 (s, 3H, OCH3); 3,85 (s, 3H, OCH3); 4.16 (s, 

2H, CH2); 6.85 (AA´BB´3J = 8.6 Hz, 2H, ArH-3, ArH-5); 6.91 (AA´BB´3J = 8.9 Hz, 

2H, Ar´H-3, Ar´H-5); 7.17 (AA´BB´3J = 8.6 Hz, 2H, ArH-2, ArH-6); 7.98 (AA´BB´3J 

= 8.9 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) = 256 [M]+• (6.04), 135 [C8H7O2]+ (100), 121 

[C7H7OCH2]+ (9.68). 

1-(4-methoxyphenyl)-2-phenylethanone (B2b) 

Aluminium chloride (10.3 g, 70 mmol) and anisole (7 mL, 60 mmol) were sus-

pended in 20 mL dry CH2Cl2 and phenylacetylchloride A2 (10 g, 0.06 mol) was 

added under cooling. The crude product was recrystallized from diethyl 

ether/ethanol to yielding the compound B2b as a colorless crystals (mp 68-69° 

C). 

C15H14O2 226.28 

Yield: 12.1 g, 53 mmol, (89%) 
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1H NMR (400 MHz, CDCl3): δ = 3.86 (s, 3H, OCH3); 4.24 (s, 2H, CH2); 6.93 

(AA´BB´3J = 8.6 Hz, 2H, ArH-3, ArH-5); 7.29 (m, 5H, Ar´H); 8.00 (AA´BB´3J = 8.5 

Hz, 2H, ArH-2, ArH-6) 

MS (EI, 50°C): m/z (%) = 226 [M]+• (1,6), 135 [C8H7O2]⁺ (100). 

7.1.2.3 Alkylation of the ethanone - general method - 

1,2 Åq of KHMDS (Potassium bis(trimethylsilyl)amide solution 0.5 M in toluene) 

were carefully added to a solution of 1 in dry THF, which had been previously 

cooled to -78° C under a argon atmosphere. After 1 hour, the alkyl iodide dis-

solved in dry THF was added dropwise. The reaction was allowed to warm to 

room temperature overnight. After the reaction ended, water was added and the 

layers were separated. The aqueous phase was washed with ethylacetate and 

the organic fractions combined, extracted with distilled water and brine. The or-

ganic extracts were dried over Na2SO4, filtered through a fritted funnel and the 

filtrate was evaporated to dryness to obtain a colorless oil. The crude product 

was purified by column chromatography on silica gel with diethyl ether/ligroin only 

if necessary. 

1,2-bis(4-methoxyphenyl)propan-1-one (C1a) 

KHMDS (37.3 mL, 18.7 mmol) was added via a syringe to a solution of B1 (4 g, 

15.6 mmol) in 100 mL dry THF at -78° C. After 1hour methyl iodide (0.97 mL, 

15.6 mmol) dissolved in 40 mL dry THF was added and the reaction was warmed 

slowly to room temperature. Any purification was required. 

Yellow oil 

C17H18O3 270,32 

Yield: 4.2g, 15.6 mmol, 100% 

1H NMR (400 MHz, CDCl3): δ = 1.48 (d, 3H, CH3); 3.75 (s, 3H, OCH3); 3.81 (s, 

3H, OCH3); 4.59 (q, 1H, CH); 6.82 (AA´BB´3J = 8.6 Hz, 2H, ArH-3, ArH-5); 6.85 

(AA´BB´3J = 8.9 Hz, 2H, Ar´H-3, Ar´H-5); 7.19 (AA´BB´3J = 8.6 Hz, 2H, ArH-2, 

ArH-6); 7.93 (AA´BB´3J = 8.9 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) =270 [M]+• (6.2), 135 [C9H11O]+ und [C8H7O2]+ (100). 
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1,2-bis(4-methoxyphenyl)butan-1-one (C1b) 

To a solution of B1 (4 g, 15.6 mmol) in dry THF (100mL) was added KHMDS 

(37.4 mL, 18.7 mL) at -78° C and after 1 hour ethyl iodide (1.25 mL, 15.6 mmol) 

in 40 mL THF was added. The work-up afford a colorless oil. 

C18H20O3 284.35 

Yield: 4.3 g, 15.1 mmol, (98%) 

1H NMR (400 MHz, CDCl3): δ = 0.88 (t, 3H, CH3); 1.81 (m, 1H, CH2-ROC-

CHRCH2); 2.14 (m, 1H, CH2); 3.74 (s, 3H, OCH3); 3.81 (s, 3H, OCH3); 4.34 (t, 

1H, CH); 6.81 (AA´BB´3J = 8.7 Hz, 2H, ArH-3, ArH-5); 6.85 (AA´BB´3J = 8.9 Hz, 

2H, Ar´H-3, Ar´H-5); 7.21 (AA´BB´3J = 8.7 Hz, 2H, ArH-2, ArH-6); 7.95 (AA´BB´3J 

= 8.9 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) = 284 [M]+• (5.7), 149 [C10H13O]+ (26.6), 135 [C8H7O2]+ 

(100). 

1,2-bis(4-methoxyphenyl)pentan-1-one (C1c) 

A solution of B1 (4 g, 15.6 mmol) in dry THF (100 mL) was cooled to -78° C and 

KHMDS (37.4 mL, 18.7 mmol) was added. After 1hour was added a solution of 

propyl iodide (1.52 mL, 15.6 mmol) in 40 mL dry THF and the reaction was stirred 

to warm overnight. The crude product was purified by a column chromatography 

on silica gel with ligroin/diethyl ether 4+1 to give a colorless oil. 

C19H22O3 298.16 

Yield: 3.9 g, 13 mmol, 84.7% 

1H NMR (400 MHz, CDCl3): δ = 0.91 (t, 3H, CH3); 1.28 (m, 2H, CH2); 1.77 (m, 1H, 

CH2-ROC-CHRCH2); 2.10 (m, 1H, CH2); 3.74 (s, 3H, OCH3); 3.80 (s, 3H, OCH3); 

4.46 (t, 1H, CH); 6.81 (AA´BB´3J = 8.6 Hz, 2H, ArH-3, ArH-5); 6.85 (AA´BB´3J = 

8.9 Hz, 2H, Ar´H-3, Ar´H-5); 7.21 (AA´BB´3J = 8.6 Hz, 2H, ArH-2, ArH-6); 7.95 

(AA´BB´3J = 8.9 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 35°C): m/z (%) = 298.2 [M]+• (5.9), 163,2 [C11H15O]+ (21.8), 135 

[C8H7O2]+ (100), 121.2 [C8H9O]+ (46.3) 

1,2-bis(4-methoxyphenyl)-3-methylbutan-1-one (C1d) 

2-iodopropanone-isopropyl iodide (1.2 ml, 12 mmol) dissolved in 30 mL dry THF 

was added to a solution of B1 (3 g, 12 mmol) in 80 mL THF freshly distilled and 

KHMDS (28 mL, 14 mmol) at -78° C. After the work-up, the product was obtained 
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with a column chromatography on silica gel (ligroin/diethyl ether 4+1) as colorless 

oil. 

C19H22O3 298.16 

Yield: 2 g, 6.7 mmol, 57 % 

1H NMR (400 MHz, CDCl3): δ = 0.75 (d, 3H, CH3); 1.98 (d, 3H, CH3); 2.54 (m, 1H, 

CH); 3.75 (s, 3H, OCH3); 3.82 (s, 3H, OCH3); 4.10 (d, 1H, CH); 6.80 (AA´BB´3J = 

8.6 Hz, 2H, ArH-3, ArH-5); 6.87 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-3, Ar´H-5); 7.24 

(AA´BB´3J = 8.7 Hz, 2H, ArH-2, ArH-6); 7.97 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-2, 

Ar´H-6) 

MS (EI, 35°C): m/z (%) = 298.3 [M]+• (6.7), 163.2 [C11H15O]+ (36.9), 135 

[C8H7O2]+ (100), 121.2 [C8H9O]+ (18.5). 

1,2-bis(4-methoxyphenyl)hexan-1-one (C1e) 

B1 (3g, 12 mmol) in dry THF (80 mL), KHMDS (28 mL, 14 mmol) and 1-

iodobutane (1,3 mL, 12 mmol) in THF (30 mL) were stirred from -78° C to room 

temperature. A column chromatography (mobile phase: ligroin/diethyl ether 2+1) 

of the crude product produce a colorless oil. 

C20H24O3 312,17 

Yield: 2.4 g, 8 mmol, 66,6% 

1H NMR (400 MHz, CDCl3): δ = 0.85 (t, 3H, CH3); 1.28 (m, 4H, CH2CH2); 1.80 (m, 

1H, CH2); 2.14 (m, 1H, CH2); 3.69 (s, 3H, OCH3); 3.74 (s, 3H, OCH3); 4.45 (t, 1H, 

CH); 6.80 (AA´BB´3J = 8.6 Hz, 2H, ArH-3, ArH-5); 6.83 (AA´BB´3J = 8.9 Hz, 2H, 

Ar´H-3, Ar´H-5); 7.22 (AA´BB´3J = 8.6 Hz, 2H, ArH-2, ArH-6); 7.96 (AA´BB´3J = 

8.9 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 35°C): m/z (%) = 312.3 [M]+• (4.3), 177.3 [C12H17O]+ (18.5), 135 

[C8H7O2]+ (100), 121.2 [C8H9O]+ (47.7). 

7.1.2.4 Introduction of the alkyne unit 

To a dry round-bottom flask containing Lithium (trimethylsilyl) acetylide, at -78° C 

was added dropwise the compound C1a-e in freshly distilled THF. The reaction 

mixture was stirred for 12 hours under argon to room temperature. Then saturat-

ed ammonium chloride was slowly added to the reaction followed by distilled wa-

ter and the resulting solution extracted with diethyl ether (4 x 100 mL). The organ-

ic layers were combined, dried (Na2SO4) and filtered. After removal of the sol-
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vent, the resulting brown oil was dissolved under argon in dry pyridine and diethyl 

ether and cooled to 0°C. Thionyl chloride was carefully added dropwise and the 

reaction was allowed warm to room temperature overnight. The reaction mixture 

was hydrolyzed by adding chopped ice and HCl 1 M. The layers were separated 

whereupon the aqueous layer was extracted with ether (3 times) and the com-

bined organic fractions washed with HCl 1 M (3 times) and brine. After drying 

over Na2SO4 the solvent was evaporated and the remaining product was purified 

by column chromatography on silica gel with diethyl ether/ligroin. 

(E)-(Z)-(3,4-bis(4-methoxyphenyl)pent-3-en-1-ynyl)trimethylsilane E1a 

To a pre-cooled (-78° C) solution of lithium (trimethylsilyl) acetylide (37.4 mL, 

18.7 mmol) in THF was added 1Ca (4.22 g, 15.6 mmol) in dry THF (20 mL). The 

reaction was stirred to warm. After the work-up the crude product, was dissolved 

in diethyl ether abs. (10 mL) and pyridine abs. (8 mL), and cooled at 0° C. SOCl2 

(2.27 mL) was added very carefully and the reaction was allowed to stir over-

night, stopped with ice and HCl 1M and extracted with diethyl ether (3 times). The 

brown oil was purified by a column chromatography on silica gel with ligro-

in/diethyl ether (2+1). 

C22H26O2Si (350.5 g/mol) 

Yield: 3g, 8.5 mmol, 55.6 % yellow oil 

1H NMR (400 MHz, CDCl3): δ = 0.22 (s, 9H, CH3-Si); 1.01 (t, 3H, CH3); 2.85 (q, 

2H, CH2); 3.71 (s, 3H, OCH3); 3.73 (s, 3H, OCH3); 6.63 (AA´BB´3J = 8.8 Hz, 2H, 

ArH-3, ArH-5); 6.69 (AA´BB´3J = 8.7 Hz, 2H, Ar´H-3, Ar´H-5); 6.92 (AA´BB´3J = 

8.7 Hz, 2H, ArH-2, ArH-6); 7.03 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 50° C): m/z (%) =350 [M]+• (100), 335 [M+-CH3] (16.3), 320 [M+-2CH3] 

(17.0), 305 [M+-3CH3] (13.7), 277 [C19H17O2]+ (10.4). 

(E)-(Z)-(3,4-bis(4-methoxyphenyl)pent-3-en-1-ynyl)trimethylsilane E1b  

From lithium (trimethylsilyl) acetylide (27.9 mL, 13.9 mmol) and C1b (3.3 g, 11.6 

mmol) in dry THF (20 mL). The mixture was left to react further with SOCl2 (1.6 

mL) Column chromatography (ligroin/diethyl ether 2+1) afforded compound E1b 

as a yellow oil. 

C23H28O2Si 364,5 

Yield: 2,4 g, 6.6 mmol, (57%) 
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1H NMR (400 MHz, CDCl3): δ = 0.18 (s, 9H, CH3-Si); 2.39 (s, 3H, CH3); 3.69 (s, 

3H, OCH3); 3.70 (s, 3H, OCH3); 6.61 (AA´BB´3J = 8.8 Hz, 2H, ArH-3, ArH-5); 6.65 

(AA´BB´3J = 8.7 Hz, 2H, Ar´H-3, Ar´H-5); 6.91 (AA´BB´3J = 8,7 Hz, 2H, ArH-2, 

ArH-6); 7.01 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) =364 [M]+• (100), 349 [M+-CH3] (21.6), 334 [M+-2CH3] 

(8.4), 319 [M+-3CH3] (5.2), 291 [C20H19O2]+ (11.2). 

(E)-(Z)-(3,4-bis(4-methoxyphenyl)hept-3-en-1-ynyl)trimethylsilane E1c 

Starting from lithium (trimethylsilyl) acetylide (30.3 mL, 15.1 mmol) and C1c (3.77 

g, 12.6 mmol) in dry THF (20 mL). After the work-up the crude product dissolved 

in pyr abs. (8 mL) and diethyl ether abs. (10 mL), reacted with SOCl2 (1.8 mL, 

12.6 mmol). The product was purified by a column cromathography (ligroin / di-

ethyl ether 2+1) to give a yellow oil. 

C24H30O2Si 378.6 

Yield: 1.9 g, 5 mmol, (33.4%) 

1H NMR (400 MHz, CDCl3): δ = 0.22 (s, 9H, CH3-Si); 0.93 (t, 3H, CH3); 1.43 (m, 

2H, CH2); 2.84 (t, 2H, CH2); 3.64 (s, 3H, OCH3); 3.66 (s, 3H, OCH3); 6.60 

(AA´BB´3J = 8.8 Hz, 2H, ArH-3, ArH-5); 6.66 (AA´BB´3J = 8.7 Hz, 2H, Ar´H-3, 

Ar´H-5); 6.92 (AA´BB´3J = 8.7 Hz, 2H, ArH-2, ArH-6); 7.04 (AA´BB´3J = 8.7 Hz, 

2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) =378 [M]+• (81.2), 363 [M+-CH3] (34.9), 349 [M+-2CH3] 

(30.4), 334 [M+-3CH3] (6.2), 305 [C21H21O2]+ (4.7). 

(E)-(Z)-(3,4-bis(4-methoxyphenyl)-5-methylhex-3-en-1-ynyl)trimethylsilane 

E1d 

From lithium (trimethylsilyl) acetylide (11.3 mL, 5.6 mmol) and C1d (1,4 g, 4.7 

mmol) in dry THF (15 mL). The mixture was left to react further with SOCl2 (0.7 

mL, 4.7 mmol) Column chromatography (ligroin / diethyl ether 2+1) afforded 

compound E1d as a yellow oil.cambia testo 

C24H30O2Si 378.6 

Yield: 1.2 g, 3.2 mmol, (66%) 

 

1H NMR (400 MHz, CDCl3): δ = 0.23 (s, 9H, CH3-Si); 1.07 (d, 6H, CH3CH3); 3.66 

(m, 1H, CH); 3.70 (s, 3H, OCH3); 3.75 (s, 3H, OCH3); 6.59 (AA´BB´3J = 8.8 Hz, 
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2H, ArH-3, ArH-5); 6.72 (AA´BB´3J = 8.6 Hz, 2H, Ar´H-3, Ar´H-5); 6.85 (AA´BB´3J 

= 8.6 Hz, 2H, ArH-2, ArH-6); 7.01 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 90°C): m/z (%) =378 [M]+• (61.6), 363 [M+-CH3] (2.4), 348 [M+-2CH3] 

(13.7), 333 [M+-3CH3] (6.3), 305 [C21H21O2]+ (21.9). 

(E)-(Z)-(3,4-bis(4-methoxyphenyl)oct-3-en-1-ynyl)trimethylsilane E1e 

From lithium (trimethylsilyl) acetylide (5.9 mL, 2.9 mmol) and C1e (0.78 g, 2.5 

mmol) in dry THF (15 mL). SOCl2 (0.36 mL, 2.5 mmol) Column chromatography 

(ligroin / diethyl ether 2+1) gave compound E1e as a yellow oil. 

C25H32O2Si 392,6 

Yield: 0.82 g, 2,1 mmol, (83.7%) 

1H NMR (400 MHz, CDCl3): δ = 0.23 (s, 9H, CH3-Si); 0,90 (t, 3H, CH3); 1.37 (m, 

4H, CH2CH2); 2.85 (t, 2H, CH2); 3.73 (s, 3H, OCH3); 3.75 (s, 3H, OCH3); 6.64 

(AA´BB´3J = 8.7 Hz, 2H, ArH-3, ArH-5); 6.70 (AA´BB´3J = 8.6 Hz, 2H, Ar´H-3, 

Ar´H-5); 6.93 (AA´BB´3J = 8.6 Hz, 2H, ArH-2, ArH-6); 7.04 (AA´BB´3J = 8.7 Hz, 

2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) = 392 [M]+• (61.6), 377 [M+-CH3] (2.4), ), 362 [M+-2CH3] 

(13.7), 347 [M+-3CH3] (6.3), 319 [C22H23O2]+ (21.9). 

7.1.2.5 Cleavage of the trimethylsilyl group 

After dissolution of sililated compounds in abs. methanol, was added potassium 

hydroxide at room temperature and the reaction mixture was stirred under argon 

overnight. Subsequently, the mixture was poured into distilled water and extract-

ed with diethyl ether (3 times). The organic layers were pooled, dried over 

Na2SO4 and the solvent was removed by rotary evaporation leaving a yellow-

brown oil. 

(E)-(Z)-4,4'-(pent-2-en-4-yne-2,3-diyl)bis(methoxybenzene) F1a 

Starting from E1a (1 g, 2 mmol) in MeOH (15 mL) and KOH (0,13 g, 2.4 mmol) it 

was obtained a yellow oil. 

C19H18O2 278.3 

Yield: 0.5 g, 1.8 mmol, (91%)  

1H NMR (400 MHz, CDCl3): δ = 2.44 (s, 3H, CH3); 3.33 (s, 1H, C≡CH); 3.74 (s, 

3H, OCH3); 3.75 (s, 3H, OCH3); 6.67 (AA´BB´3J = 8.8 Hz, 2H, ArH-3, ArH-5); 6,70 
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(AA´BB´3J = 8.8 Hz, 2H, Ar´H-3, Ar´H-5); 6.97 (AA´BB´3J = 8.8 Hz, 2H, ArH-2, 

ArH-6); 7.06 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 50° C): m/z (%) = 278 [M]+• (100), 263 [C18H15O2]+ (28.8) 

(E)-(Z)-4,4'-(hex-3-en-1-yne-3,4-diyl)bis(methoxybenzene) F1b 

To a solution of E1b (0.5 g, 1,4 mmol) in dry MeOH (10 mL) was added KOH (95 

mg, 1.7 mmol). After the work-up was obtained a yellow oil. 

C20H20O2 292.4 

Yield: 0,4 g, 1.4 mmol, (100%) 

1H NMR (400 MHz, CDCl3): δ = 1.02 (t, 3H, CH3); 2.88 (q, 2H, CH2); 3.18 (s, 1H, 

C≡CH); 3.69 (s, 3H, OCH3); 3.71 (s, 3H, OCH3); 6.64 (AA´BB´3J = 8.8 Hz, 2H, 

ArH-3, ArH-5); 6.70 (AA´BB´3J = 8.7 Hz, 2H, Ar´H-3, Ar´H-5); 6.94 (AA´BB´3J = 

8,7 Hz, 2H, ArH-2, ArH-6); 7.06 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) = 292 [M]+• (100), 277 [C19H17O2]+ (32.1), 262 

[C18H14O2]++ (11,4), 246 [C18H14O]++ (13,8). 

(E)-(Z)-4,4'-(hept-3-en-1-yne-3,4-diyl)bis(methoxybenzene) F1c 

A solution of E1c (1 g, 2.6 mmol) and KOH (0.17 g, 3,1 mmol) in dry MeOH (15 

mL) was stirred at room temperature for 24 hours. The reaction mixture was 

stopped and extracted with ether to give a yellow oil. 

C21H22O2 306.4 

Yield: 0.8 g, 2.6 mmol, (100%)  

1H NMR (400 MHz, CDCl3): δ = 0.85 (t, 3H, CH3); 1,34 (m, 2H, CH2); 2.77 (t, 2H, 

CH2); 3.18 (s, 1H, C≡CH); 3.63 (s, 3H, OCH3); 3.65 (s, 3H, OCH3); 6.56 

(AA´BB´3J = 8.8 Hz, 2H, ArH-3, ArH-5); 6.61 (AA´BB´3J = 8.7 Hz, 2H, Ar´H-3, 

Ar´H-5); 6.86 (AA´BB´3J = 8.7 Hz, 2H, ArH-2, ArH-6); 6.97 (AA´BB´3J = 8.8 Hz, 

2H, Ar´H-2, Ar´H-6) 

MS (EI, 50°C): m/z (%) = 306 [M]+• (100), 291 [C20H19O2]+ (3.7), 277 

[C19H16O2]++ (55.1). 

(E)-(Z)-4,4'-(5-methylhex-3-en-1-yne-3,4-diyl)bis(methoxybenzene) F1d 

KOH (0.095 g, 1.7 mmol) was added to a solution of E1d (0.23 g, 0.62 mmol) in 

dry MeOH (10mL). The reaction was stirred at room temperature for one day. 

The product was obtained after the work-up as a yellow-green oil. 
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C21H22O2 320.4  

Yield: 0.2 g, 0.62 mmol, (100%) 

1H NMR (400 MHz, CDCl3): δ = 1.05 (d, 6H, R´CR(CH3)2); 3.30 (s, 1H, C≡CH); 

3.74 (m, 1H, CH(CR)2); 3,70 (s, 3H, OCH3); 3.75 (s, 3H, OCH3); 6.60 (AA´BB´3J = 

8,8 Hz, 2H, ArH-3, ArH-5); 6.72 (AA´BB´3J = 8.7 Hz, 2H, Ar´H-3, Ar´H-5); 6,86 

(AA´BB´3J = 8.7 Hz, 2H, ArH-2, ArH-6); 7.02 (AA´BB´3J = 8.8 Hz, 2H, Ar´H-2, 

Ar´H-6 

MS (EI, 50°C): m/z (%) = 320 [M]+• (61.6), 307 [C20H19O2]+ (72.3), 392 

[C19H16O2]++ (27.9). 

(E)-(Z)-4,4'-(oct-3-en-1-yne-3,4-diyl)bis(methoxybenzene) F1e 

To a solution of E1e (1.45 g, 3,7 mmo) in dry MeOH (25 mL), was added KOH 

(0.25g, 4.5 mmol). After stirring for one day, the reaction was stopped with des-

tilled water and extracted with diethyl ether. It was afford a yellow-green oil. 

C22H24O2 334.43 

Yield: 1,2 g, 3.7 mmol, (100%) 

1H NMR (400 MHz, CDCl3): δ = 0.88 (t, 3H, CH3); 1.37 (m, 4H, CH2CH2); 2.86 (t, 

2H, CH2); 3.26 (s, 1H, C≡CH); 3.70 (s, 3H, OCH3); 3.72 (s, 3H, OCH3); 6.63 

(AA´BB´3J = 8.7 Hz, 2H, ArH-3, ArH-5); 6.69 (AA´BB´3J = 8.7 Hz, 2H, Ar´H-3, 

Ar´H-5); 6.94 (AA´BB´3J = 8.7 Hz, 2H, ArH-2, ArH-6); 7.05 (AA´BB´3J = 8.7 Hz, 

2H, Ar´H-2, Ar´H-6 

MS EI, 50°C): m/z (%) = 334 [M]+• (100), 319 [C20H19O2]+ (81.2), 304 

[C19H16O2]++ (35.6). 

7.1.2.6 General Method for the Preparation of Cobalt-Alkyne Complex-
es 

The alkyne was dissolved in dry dichloromethane under argon at room tempera-

ture and dicobalt octacarbonyl was added in excess. The dark reaction was 

stirred for ca 1 h, until the bubbling has finished and the product has completely 

formed- the product formation was observed by thin layer chromatography. The 

solution was subsequently-directly evaporated to dryness and the crude product 

was purified by flash column chromatography on silica gel (mobile phase: diethyl 

ether-ligroin). 
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The complexes were conserved under argon in freezer in order to prevent the 

decomposition. 

1a-Co 

From E1a (0.2 g, 0.72 mmol) dissolved in CH2Cl2 (20 mL) and Co2(CO)8 (0.27 g, 

0.79 mmol). The crude product was purified by flash column chromatography with 

ligroin/diethyl ether (9+1) in order to obtain the separation of the two isomers as a 

red-brown oil. 

C25H18Co2O8 564.27 

(Z)-1a-Co 

Yield: 0.3 g, 5.3 mmol, (75%) 

MS (EI, 125°C): m/z (%) =564 [M]+• (0.8), 536 [M+-CO] (1.93), ), 508 [M+-2CO] 

(0.7), 480 [M+-3CO] (8.93), 452 [M+-4CO] (9.3), 424 [M+-5CO] (29.1), 396 [M+-

6CO] (11.2), 337 [M+-6COCo] (27.4), 278 [C19H18O2] (27.1). 

Calculated: C% 53.21 H% 3.22 

Found: C% 53.41 H% 3.49 

(E)-1a-Co 

Yield: 0.052 g, 0.92 mmol, (13%) 

MS (EI, 125°C): m/z (%) =564 [M]+• (1.6), 536 [M+-CO] (0.9), ), 508 [M+-2CO] 

(0.7), 480 [M+-3CO] (0.9), 452 [M+-4CO] (3.93), 424 [M+-5CO] (8.5), 396 [M+-

6CO] (13.4), 337 [M+-6COCo] (10.7), 278 [C19H18O2] (7.4). 

Calculated: C% 53.21 H% 3.22 

Found: C% 53.43 H% 3.50 

1b-Co 

From E1b (0,2 g, 0.68 mmol) dissolved in CH2Cl2 (20 mL) and Co2(CO)8 (0.26 g, 

0,75 mmol). The crude product was purified by flash column chromatography with 

ligroin/diethyl ether (9:1) in order to obtain the separation of the two isomers. 

C26H20Co2O8 578,30 

(Z)-1b-Co 

Yield: 0.25 g, 0.43 mmol, (64.1%) 
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MS (EI, 125°C): m/z (%) =578 [M]+• (0.8), 549 [M+-CO] (0.8), 522 [M+-2CO] 

(1.33), 494 [M+-3CO] (4.2), 466 [M+-4CO] (5.0), 438 [M+-5CO] (12.3), 410 [M+-

6CO] (4.2), 351 [M+-6COCo] (11.1), 292 [C19H20O2] (23.9). 

Calculated: C% 54.00 H% 3.49 

Found: C% 54.03 H% 3.75 

(E)-1b-Co 

Yield: 0.06 g, 0.10 mmol, (15.2%) 

MS (EI, 125°C): m/z (%) =578 [M]+• (0.7), 549 [M+-CO] (0.6), ), 522 [M+-2CO] 

(0.7), 494 [M+-3CO] (1.0), 466 [M+-4CO] (2.7), 438 [M+-5CO] (5.9), 410 [M+-6CO] 

(7.7), 351 [M+-6COCo] (7.4), 292 [C19H20O2] (20.7). 

Calculated: C% 54.00 H% 3.49 

Found: C% 54.02 H% 3.60 

1c-Co 

From E1c (0.2 g, 0.65 mmol) dissolved in CH2Cl2 (20 mL) and Co2(CO)8 (0,24 g, 

0,72 mmol). The crude product was purified by flash column chromatography with 

ligroin/diethyl ether (9:1) in order to obtain the separation of the two isomers. 

C27H22Co2O8 592,33 

(Z)-1c-Co 

Yield: 0.21 g, 0.35 mmol, (53.8%) 

MS (EI, 125°C): m/z (%) =592 [M]+• (0.6), 564 [M+-CO] (1.2), ), 536 [M+-2CO] 

(1.3), 508 [M+-3CO] (4.1), 480 [M+-4CO] (6.2), 452 [M+-5CO] (15.5), 424 [M+-

6CO] (2.3). 

Calculated: C% 54.75 H% 3.74 

Found: C% 54.88 H% 3.96 

(E)-1c-Co 

Yield: 0.04 g, 0.06 mmol, (17%) 

MS (EI, 125°C): m/z (%) =592 [M]+• (0.7), 564 [M+-CO] (1.9), ), 536 [M+-2CO] 

(1.6), 508 [M+-3CO] (2.8), 480 [M+-4CO] (4.5), 452 [M+-5CO] (9.3), 424 [M+-6CO] 

(2.6) 365 [M+-6COCo] (7.5), 306 [C21H22O2] (11.2). 

Calculated: C% 54.75 H% 3.74 

Found: C% 54.91 H% 3.95 
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1d-Co 

From E1d (0.15 g, 0,49 mmol) dissolved in CH2Cl2 (20 mL) and Co2(CO)8 (0,18 g, 

0,54 mmol). The crude product was purified by flash column chromatography with 

ligroin/diethyl ether (9:1) in order to obtain only the E-isomer as a red-brown oil. 

The Z-isomer was unfortunately obtained in a very small quantities. 

C27H22Co2O8 592.33 

(Z)-1d-Co 

Yield: 0.22 g, 0.37 mmol, (75%) 

MS (EI, 125°C): m/z (%) =592 [M]+• (0.6), 564 [M+-CO] (1.2), ), 536 [M+-2CO] 

(1.3), 508 [M+-3CO] (4.1), 480 [M+-4CO] (6.2), 452 [M+-5CO] (15.5), 424 [M+-

6CO] (2.3). 

Calculated: C% 54.75 H% 3.74  

Found: C% 55.41 H% 4.03 

(E)-1c-Co 

Yield: 0.03 g, 0.06 mmol, (12%) 

MS (EI, 125°C): m/z (%) =592 [M]+• (0.7), 564 [M+-CO] (1.9), ), 536 [M+-2CO] 

(1.6), 508 [M+-3CO] (2.8), 480 [M+-4CO] (4.5), 452 [M+-5CO] (9.3), 424 [M+-6CO] 

(2.6) 365 [M+-6COCo] (7.5), 306 [C21H22O2] (11.2). 

Calculated: C% 54.75 H% 3.74 

Found: C% 54.91 H% 3.95 

1e-Co 

From E1e (0.5 g, 1.56 mmol) dissolved in CH2Cl2 (50 mL) and Co2(CO)8 (0.59 g, 

1.72 mmol). The crude product was purified by flash column chromatography with 

ligroin/diethyl ether (9:1) in order to obtain only the E-isomer as a red-brown oil. 

C28H24Co2O8 606.36 

 

(Z)-1e-Co 

Yield: 0.71 g, 1.19 mmol, (75%) 

1H NMR (400 MHz, CDCl3): δ = 0,91 (t, 3H, CH3); 1,40 (m, 4H, CH2CH2); 2,78 (t, 

2H, CH2); 3,71 (s, 3H, OCH3); 3,72 (s, 3H, OCH3); 6.4 (s, 1H, C≡CH); 6,62 
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(AA´BB´3J = 8,7 Hz, 2H, ArH-3, ArH-5); 6,68 (AA´BB´3J = 8,7 Hz, 2H, Ar´H-3, 

Ar´H-5); 6,90 (m, 4H, ArH-2, ArH-6, Ar´H-2, Ar´H-6). 

MS (EI, 100°C): m/z (%) =606 [M]+• (0.8), 578 [M+-CO] (1.5), ), 550 [M+-2CO] 

(2.3), 522 [M+-3CO] (21.4), 494 [M+-4CO] (7.7), 466 [M+-5CO] (12.2), 438 [M+-

6CO] (2.6) 379 [M+-6COCo] (6.7), 320 [C21H22O2] (14.8). 

Calculated: C% 56.5 H% 5.01 with diethyl ether 

Found: C% 56.8 H% 4.59 

(E)-1e-Co 

Yield: 0.10 g, 0.17 mmol, (11%) 

MS (EI, 100°C): m/z (%) =606 [M]+• (0.8), 578 [M+-CO] (1.5), ), 550 [M+-2CO] 

(2.3), 522 [M+-3CO] (21.4), 494 [M+-4CO] (7.7), 466 [M+-5CO] (12.2), 438 [M+-

6CO] (2.6) 379 [M+-6COCo] (6.7), 320 [C21H22O2] (14.8). 

Calculated: C% 56.5 H% 5.01 with diethyl ether 

Found: C% 56.8 H% 4.59 

 

2a-Co 

From 2a (0.5 g, 1.47 mmol) dissolved in CH2Cl2 (50 mL) and Co2(CO)8 (0.61 g, 

1.77 mmol). The crude product was purified by flash column chromatography with 

ligroin/diethyl ether (9:1) in order to obtain only the E-isomer as a red-brown oil. 

C31H22Co2O7 624,37 

 

Yield: 0.72 g, 1.15 mmol, (79%) 

MS (EI, 100°C): m/z (%) =624 [M]+• (0.8), 596 [M+-CO] (1.5), ), 568 [M+-2CO] 

(2.3), 540 [M+-3CO] (21.4), 494 [M+-4CO] (7.7), 466 [M+-5CO] (12.2), 438 [M+-

6CO] (2.6) 379 [M+-6COCo] (6.7), 353 [C21H22O2] (14.8). 

Calculated: C% 59.63 H% 3.55  

Found: C% 56.8 H% 4.59 

2b-Co 

From 2b (0.5 g, 1.47 mmol) dissolved in CH2Cl2 (50 mL) and Co2(CO)8 (0.61 g, 

1.77 mmol). The crude product was purified by flash column chromatography with 

ligroin/diethyl ether (9:1) in order to obtain only the E-isomer as a red-brown oil. 

C40H24Co4O14 964.34 
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Yield: 1.23 g, 1.27 mmol, (87%) 

 

MS (EI, 100°C): m/z (%) =964 [M]+• (0.8), 936 [M+-CO] (1.5), ), 908 [M+-2CO] 

(2.3), 880 [M+-3CO] (21.4), 494 [M+-4CO] (7.7), 466 [M+-5CO] (12.2), 438 [M+-

6CO] (2.6) 379 [M+-6COCo] (6.7), 320 [C21H22O2] (14.8). 

Calculated: C% 49.82 H% 2.51 

Found: C% 56.8 H% 4.59 

7.1.2.7 Alkylation of the ethanone 

A solution of 1,2-diphenylethanone (B2a) in dry THF was cooled to -78° C. Under 

Argon 1.2 Åq of KHMDS were carefully added and the reaction was allowed at -

78°C for 1hour, after then ethyl iodide dissolved in dry THF was added dropwise. 

The mixture was warmed up to room temperature and was stirred for 12 hours. 

The reaction was decomposed with water and the layers were separated. 

The aqueous phase was washed with ethylacetate. The organic fractions were 

combined, extracted with distilled water, brine, dried over Na2SO4, filtered and the 

filtrate was evaporated to dryness to obtain a colorless oil. The crude product 

was only if necessary purified by column chromatography on silica gel with dieth-

yl ether/ligroin. 

1,2-diphenylbutan-1-one C2a  

From 1,2-diphenylethanone (3g, 15,3 mmol) in 80 mL THFabs., KHMDS 0,5M in 

toluol (36,7 mL, 18,4 mmol) and ethyl iodide (1,22 mL in 30 ML THFabs., 15,3 

mmol). Any purification was necessary. 

C16H16O 224,3 

Yield: 3,1 g, 13,8 mmol, 91,2% 

1H NMR (400 MHz, CDCl3): δ = 0,90 (s,3H, CH3);1,87 (m, 1H, CH2); 2,20 (m, 1H, 

CH2);4,44 (t, 1H, CH)  

1-(4-methoxyphenyl)-2-phenylbutan-1-one C2b 

From B2a (3 g, 13,2 mmol) in 80 mL THFabs., KHMDS 0,5M in toluol (31,8 mL, 

15,9 mmol) and ethyl iodide (1,1 mL in 30 ML THFabs., 13,2 mmol). Any purifica-

tion was necessary. 

C17H18O2 254,32 
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Yield: 3,2 g, 12,6 mmol, 95% 

1H NMR (400 MHz, CDCl3): δ = 0,89 (t, 3H, CH3); 1,84 (m, 1H, CH2); 2,19 (m, 1H, 

CH2); 3,81 (s,3H, OCH3); 4,39 (t, 1H, CH); 6, 86 (AA´BB´3J = 8,8 Hz, 2H, ArH-3, 

ArH-5); 7,25 (m, 5H, Ar´H); 7,96 (AA´BB´3J = 8,8 Hz, 2H, ArH-2, ArH-6) 

7.1.2.8 Grignard -general method- 

From Mg (mmol) and 4-bromoanisole (mmol) in dry THF was generated the Gri-

gnard´s reagent 4-methoxyphenylmagnesium bromide. To this suspension was 

added dropwise a solution of the corresponding ketone in THF abs and the mix-

ture was refluxed. After 12 hours the reaction was cooled to room temperature 

and decomposed with ice and HCl 6N in order to loose(dissolving) the magnesi-

umhydroxide´s precipitate. The two layers were separated and the remaining 

aqueous solution was extracted with diethyl ether. The organic layer were com-

bined, washed with satured NaHCO3 solution and water, dried over Na2SO4, fil-

tered and evaporated to dryness to obtain the carbinol. 

To complete the dehydration, HBr 47% was added dropwise to a solution 

of the crude product in THF abs. under cooling. The mixture was stirred for 2 h, 

poured onto ice, and extracted with dichloromethane. The organic layer was 

washed with NaHCO3 solution, water, dried with anhydrous sodium sulphate and 

concentrated. The residue was recrystallised from light petroleum-diethylether to 

give the compound. 

(Z)-(1-(4-methoxyphenyl)but-1-ene-1,2-diyl)dibenzene E2a 

The Grignards reagent was generated from Mg (0.4 g, 0,016 mol) and 4-

Bromoanisole (2.1 mL, 0.016 mol) in ca 10-15 mL dry THF. After 1 hour C2a (3.1 

g, 0.014 mol) was added and the mixture was refluxed for 12 hours. After the 

work up to the crude product was added H3PO4and a white solid was obtained. 

The crude product was purified by crystallization from ligroin-diethyl ether 

C23H22O 314.42 

Yield: 3.8 g, 0.012 mol, 85.7% 

1H NMR (400 MHz, CDCl3): δ = 0.92 (t, 3H, CH3); 2,45 (q, 2H, CH2); 3.67 (s,3H, 

OCH3); 6.54 (AA´BB´3J = 8,7 Hz, 2H, ArH-3, ArH-5); 6.78 (AA´BB´3J = 8.7 Hz, 

2H, ArH-2, ArH-6); 7.11-7,36 (m, 10H, Ar´H-Ar´´H) 



7 Experimental Section 

109 

1,1-Bis(4-methoxyphenyl)-2-phenylbut-1-ene E2b 

The Grignards reagent was generated from Mg (0,37 g, 15 mmol) and 4-

Bromoanisole (1,9 mL, 15 mmol) in ca 10-15 mL dry THF. After 1 hour C2b (3,2 

g, 12 mmol) was added and the mixture was refluxed for 12 hours. After the work 

up to the orange oil HBr 47% was added and a white solid was obtained. 

C24H24O2 344,45 

Yield: 3,3 g, 9,6 mmol, 77% 

1H NMR (400 MHz, CDCl3): δ = 0,93 (t, 3H, CH3); 2,48 (q, 2H, R2C=CR-CH2CH2); 

3,67 (s,3H, OCH3);3,82 (s, 3H, OCH3); 6, 54 (AA´BB´3J = 8,7 Hz, 2H, ArH-3, ArH-

5); 6,77 (AA´BB´3J = 8,7 Hz, 2H, ArH-2, ArH-6); 6, 88 (AA´BB´3J = 8,6 Hz, 2H, 

ArH-3, ArH-5); 7,07-7,18 (m, 7H, ArH-ArH) 

7.1.2.9 Ether Cleavage with BBr3 

After cooling to -60°C a solution of 1 equiv of the appropriate methylether in dry 

dichloromethane, Boron tribromide dissolved in CH2Cl2 was added via a syringe 

under Argon atmosphere. The red mixture was warmed to room temperature and 

stirred for one day. The excess reagent was destroyed by the addition of dry 

MeOH under cooling (three times) and the solvent was remuved under reduced 

pressure. 

(Z)-4-(1,2-diphenylbut-1-enyl)phenol F2a 

From E2a (0,4 g, 1,3 mmol) and BBr3 (0,18 mL, 1,9 mmol). The reaction was 

stirred for 22 hours and a brown oil was obtained. 

C22H22O 300,39 

Yield: 0,3 g, 1 mmol, 79% 

1H NMR (400 MHz, DMSO): δ = 0,86 (t, 3H, CH3); 2,43 (q, 2H, CH2); 4,15 (s,1H, 

OH); 6, 76 (AA´BB´3J = 8,4 Hz, 2H, ArH-3, ArH-5); 6,78 (AA´BB´3J = 8,4 Hz, 2H, 

ArH-2, ArH-6); 6,96-7,39 (m, 10H, Ar´H-Ar´´H) 

4,4'-(2-phenylbut-1-ene-1,1-diyl)diphenol F2b 

From E2b (1 g, 2,9 mmol) and BBr3 (0,18 mL, 8,7 mmol). The reaction was 

stirred for 22 hours and a brown oil was obtained. 

C22H20O2 316.39 

Yield: 0.82 g, 2,7 mmol, 89% 
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1H NMR (400 MHz, DMSO): δ = 0,92 (t, 3H, CH3); 2,47 (q, 2H, CH2); 6, 39 

(AA´BB´3J = 8,5 Hz, 2H, ArH-3, ArH-5); 6,65 (AA´BB´3J = 8,5 Hz, 2H, ArH-2, ArH-

6); ); 6, 76 (AA´BB´3J = 8,6 Hz, 2H, Ar´H-3, Ar´H-5); 7,01 (AA´BB´3J = 8,6 Hz, 2H, 

Ar´H-2, Ar´H-6);7,06-7,17 (m, 5H, (C2)ArH) 

7.1.2.10 O-Alkylation 

A solution of the corresponding hydroxyl compounds in N,N-dimethylformamide 

was added at laboratory temperature to a stirred suspension of sodium hydride (g 

of a 50% dispersionin mineral oil from which the oil had been removed by wash-

ing with n-hexane) inDMF under an atmosphere of argon. The mixture was stirred 

for 30 minutes, after then the alkylbromide was added. The reaction was stirred 

for a further 30 minutes and then poured into satured aqueousammoniumchloride 

solution. 

The mixture was extracted three times with diethyl ether and the combined 

extracts were washed five times with water, dried and evaporated to dryness. 

The residue was crystallized from ethanol. 

(Z)-(E)-(1-(4-(prop-2-ynyloxy)phenyl)but-1-ene-1,2-diyl)dibenzene 2a 

From F2a (0.3 g, 1 mmol) dissolved in 10 mL dry DMF, NaH 60% (0.06 g, 3 

mmol) and propargylbromide 80% (0.14 mL, 1.3 mmol). 

C25H22O 338.44 

Yield: 0.27 g, 0.8 mmol, 79% 

1H NMR (400 MHz, CDCl3): δ = 0,93 (t, 3H, CH3); 2,42-2,54 (m, 3H, R2C=CR-

CH2 und ORC≡CH);4,54 (d, 1H, OCH2CR); 4,71 (d, 1H, CH2CR);6, 61 (AA´BB´3J 

= 8,8 Hz, 1H, ArH-3); 6,79 (AA´BB´3J = 8,8 Hz, 2H, ArH-2); 6,68-7,36 (m, 12H, 

ArH) 

Calculated: C% 88.24 H% 6.79 with water 

Found: C% 88.02 H% 6.53 

Z)-(1-(4-(allyloxy)phenyl)but-1-ene-1,2-diyl)dibenzene 2b 

From F2a (1 g, 3.3 mmol) dissolved in 15 mL dry DMF, NaH 60% (0.2 g, 0.01 

mol) and allylbromide (0,38 mL, 4.3 mmol). 

C25H24O 340,46 

Yield: 0.86g, 2,5 mmol, 75% 
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1H NMR (400 MHz, CDCl3): δ = 0,92 (t, 3H, CH3); 2,48 (q, 2H, R2C=CR-

CH2);4,33 (d, 1H, OCH2CR); 4,50 (d, 1H, OCH2CR);5,16-5,42 (m, 2H, 

ORCR=CH2); 5,89-6,07 (m, 1H, ORCH=CR); 6, 54 (AA´BB´3J = 8,6 Hz, 1H, ArH-

3); 6,77 (AA´BB´3J = 8,8 Hz, 2H, ArH-2); 6,87-7,33 (m, 12H, ArH) 

Calculated: C% 88.20 H% 7.11 

Found: C% 87.91 H% 7.09 

4,4'-(2-phenylbut-1-ene-1,1-diyl)bis((prop-2-ynyloxy)benzene) 2c 

From F2b (1 g, 3,2 mmol) dissolved in 20 mL dry DMF, NaH 60% (0,46 g, 0,02 

mol) and propargylbromide 80% (0,9 mL, 8,2 mmol). 

C28H24O2 392,18 

Yield: 0,84g, 2,1 mmol, 70% 

1H NMR (400 MHz, CDCl3): δ = 0,92 (t, 3H, CH3); 2,44-2,55 (m, 4H, R2C=CR-

CH2 und ORC≡CH);4.55-4.71 (m, 4H, OCH2CCR); 6.59-7.35 (m, 13H, ArH) 

Calculated: C% 81.92 H% 6.38 with water 

Found: C% 88.7 H% 6.04 

4,4'-(2-phenylbut-1-ene-1,1-diyl)bis(allyloxybenzene) 2d 

From F2b (0.5 g, 1,6 mmol) dissolved in 15 mL dry DMF, NaH 60% (0.2 g, 0,01 

mol) and allylbromide (0.36 mL, 4.1 mmol). 

C28H28O2 396.52 

Yield: 0.36 g, 0.9 mmol, 57% 

1H NMR (400 MHz, CDCl3): δ = 0.92 (t, 3H, CH3); 2.47(q, 2H, R2C=CR-

CH2);4,38-4,56 (m, 4H, OCH2CR);5.21 (m, 4H, ORCR=CH2); 5.94-6.13 (m, 2H, 

ORCH=CR); 6.54-7.35 (m, 13H, ArH) 

Calculated: C% 81.13 H% 7.29 with water 

Found: C% 80.74 H% 7.12 
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8 Pharmacological Part 

8.1  Cell lines 

MCF-7: human, hormone dependent cancer cell line 

MDA-MB-231: Human, hormone independent cancer cell line 

U2-OS: osteogenic sarcoma cell line 

Plasmid: p(ERE)2-luc+ 

 pSG5-ERα 

 pSG5-ERβ 

8.2  Cell culture conditions 

8.2.1 Growth conditions 

Cell line banking and quality control are performed according to the seed stock 

concept reviewed by Hay145. MCF-7 and MDA-MB-231 cells are cultivated as a 

monolayer culture at 37° C in a humidified atmosphere (95% air, 5% CO2) in 25 

cm2 culture flasks (T-25) using DMEM (Dulbecco´s Modified Eadle Medium) sup-

plemented with FCS 5% (V/V) as growth medium. U2-OS cells were manteined 

as a monolayer culture at 37 °C under a humidified atmosphere (92.5% air, 7.5% 

CO2) in T-25 flasks. All manipulations of cells including seeding are performed in 

a laminar flow biohood and cell culture was conducted in a traditional cell culture 

incubator. The medium change is done every few days depending on growth 

curve of the cells. The MCF-7 and MDA-MB-231 cell lines are passaged weekly 

and medium is changed after 3-4 days of incubation. Whereas U2-OS are pas-

saged twice per week. When the cells are 70-90% confluent perform a second 

passage into a new flask. At this moment, the old medium is removed and the 

cells were washed with PBS. Trypsin solution is distributed over the surface of 

the flask to detach the cells and is afterwards removed. The flask is incorporated 

into the incubator for 2 min. At last the cells are resuspended in fresh medium 



8 Pharmacological Part 

 

114 

and an appropriate aliquot volume of cell suspension (approximately 1/10 dilu-

tion) is incorporated into new flasks with fresh medium. 

8.2.2 Determination of cell concentration 

The number of cells is determined with a new building telling chamber, which 

consist of eight large squares, with a volume of 1 µL each. The cell suspension is 

up-pipetted with laterally and sucks themselves through capillary strength into the 

chamber. Before the counting a glass cover panel is pushed with something 

pressure on the chamber in order to see the Newton´s rings. The counting takes 

place under the optical microscope.  During counting it is important that one does 

not count lying cells doubly on boundary lines. For this it is usually during the 

counting of a square only the cells on two boundary lines (e.g. to take in account 

above and left) and on other are appropriate for two lines not. Finally the mean 

value is multiply by 104 in order to obtain the cells number per mL. 

8.3 In-vitro chemosensitivity assays 

The in-vitro testing of the compounds is carried out on exponentially dividing can-

cer cells according to a previous published microtiter assay with some modifica-

tions(bio). Exponential cell growth is ensured during the complete time of incuba-

tion. 

8.3.1 Cell seeding 

At the beginning of the experiment, an amount of 100 µL of a cell suspension in 

culture medium at 7.500 cells/mL (MCF-7 and MDA-MB-231) is plated into each 

well of a 96-well microtiter plate, after determining the cell concentration in the 

initial cell suspension. The plates are incubated at 37 °C for 3 days in a humidi-

fied atmosphere at growing conditions. 

8.3.2 Addition of the substances 

After dissolving the test compounds in DMF to allow 10 mM stock solutions, they 

are diluted to the chosen concentrations. The substance solution (10 µL) or DMF 

are added to the growth medium (5 mL DMEM). Thus, the drug-containing medi-

http://wikipedia.qwika.com/de2en/Pipette
http://wikipedia.qwika.com/de2en/Kapillarkraft
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um (100 µL) are incorporated to the 96-well microtiter plate in order to obtain the 

final test concentrations. For each test concentration and for the control corre-

sponding to DMF, which are used for the preparation of the stock solutions, are 

used four wells per plate.  

 “Two-concentrations” test 

The substances are tested in the two higher concentrations (20 and 10 

µM). Only for the substances which are cytotoxic in this test (with a T/Ccorr value < 

50% at 20 µM and lower concentration) are performed further cytotoxicity meas-

urements. The substances are pipetted of the 96-wells microtiter plate following 

the scheme shown in Fig. 1.  

DMF   0.1% DMF   0.1% substance 4  10 

  0.31    0.2%    20 

   0.63 substance 1  10 substance 5  10 

   1.25    20    20 

cisplatin  2.5 substance 2  10 substance 6  10 

   5    20    20 

   10 substance 3  10 substance 7  10 

   20    20    20 

Figure 8.1. Pipetting scheme in the “two-concentrations” assay. Concentrations 
are given in µM. 

 Time- and concentration-dependent cytotoxicity and IC50 determination 

assays  

To determine the IC50 values, solutions of each compound are prepared by 

diluting the stock solutions to give five different concentrations (ranging from 1.25 

to 20 µM). The solutions are added to the 96-wells microtiter plate following the 

scheme in Fig. 2. If the initial tested concentrations produced strong tumour 

growth inhibition, even at the lowest concentrations, the test is repeated with less 

concentrated solutions. As negative control were used DMF 0.1 %, which are 
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pipetted to the wells (16 per plate). Cisplatin at various concentrations (ranging 

from 0.63 to 10 µM) is used in each test as a positive control. Finally one extra 

plate (without substance solution) on each test is seeded to determine the initial 

cell density (t0 plate). 

In the time- and concentration-dependent cytotoxicity assay, is used the 

same concentrations and pipetting scheme as in the IC50 determination test. The 

main difference is that each substance is added (with the same concentration 

pattern) in five different plates, in order to fix the cells at five different times. Cis-

platin at various concentrations (ranging from 0.63 to 10 µM) is used in each test 

as a positive control. One extra plate (without substance solution) on each test is 

seeded to determine the initial cell biomass (t0 plate). 

 

 

DMF 

 

 

Cisplatin 

DMF 

Substance 1 

0.63 1.25 2.5 5 10 1.25 2.5 5 10 20 

DMF 

Substance 2 

DMF 

Substance 3 

     

1.25 

 

2.5 5 10 20 1.25 2.5 5 10 20 

Figure 8.2. Pipetting scheme in the “time- and concentration-dependent cyto-
toxicity” and “IC50 determination” assays. Concentrations are given in µM. 

8.3.3 Cell fixation 

The initial cell density is determined by addition of glutaric dialdehyde (1% in 

PBS, 100µL per well). After the appropriated incubation time had been reached 

(4–7 days), the medium is removed and the cells are fixed with glutaric dialde-

hyde (1% in PBS, 100 µL per well). After 15 min of incubation, the solution is de-

canted and 180 µL of PBS per well was added. The plates are stored at 4° C until 

staining. 
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In the case of the “two-concentrations” and “IC50 determination” assays the 

incubation time is 72 (MDA-MB-231) or 96 (MCF-7) hours. In the “time- and con-

centration-dependent cytotoxicity” assay, the fixation of the cells is carried out 

after 48, 72, 96, 120 and 144 hours of incubation.  

8.3.4 Cell staining and evaluation 

The cell biomass is determined by crystal violet staining according to the follow-

ing procedure: the PBS (pH 7.4) is removed and replaced with 0.02% aqueous 

crystal violet solution (100 µL/well). All plates are incubated for 30 min at room 

temperature, washed three times with water, and incubated on a softly rocking 

rotary shaker with 70% ethanol (180 μL) for further 3−4 hours. For automatic es-

timation of the optical density of the crystal violet extract, the absorption at 590 

nm is measured using a microplate autoreader. The antiproliferative activity is 

expressed as corrected T/Ccorr (%) or τ (%) value according to Eq. .1 and .2 re-

spectively (see Section.2). The IC50 values are determined using OriginPro 8, by 

interpolation from the curve which is based on a Boltzmann fit.  

8.4 Luciferase assay: estrogenic and antiestro-
genic activity 

8.4.1 MCF-7-2a and U2-OS cells cultivation and transfection 

MCF-7-2a cells are growth in the same conditions like MCF-7 cells as described 

above in section 9.2.2.1. Four days before starting the experiment, MCF-7-2a 

cells are cultivated in DMEM supplemented with l-glutamine, antibiotics and dex-

tran/charcoal-treated FCS (ct-FCS, 50 mL/L). Cells from an 80% confluent mono-

layer are removed by trypsinization and suspended to approximately ~105 

cells/mL in the growth medium mentioned above. The cell suspension is then 

cultivated in six 96-well flat-bottomed plates (0.5 mL cell suspension and 2 mL 

medium per well) at growing conditions (see above).  

U2-OS cells are transferred to DMEM supplemented with ct-FCS, 24 hours 

before the experiment started. Cells from a nearly confluent monolayer are split 

and seeded in Petri dishes (ø = 10 cm) at a concentration of 1 x 106 cells per dish 

at least 24 hours prior to transfection. According to the manufacturer´s instruc-
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tions, after 6 hours is carried out a transient transfection of the cells with receptor 

plasmid pSG5-ERα or pSG5-ERβ (0.05 µg) and the reporter plasmid p(ERE)2-

luc+ using Fugene 6 (15 µL). After 18 hours the cells are washed with PBS and 

harvested by trypsinization and seeded with 96-wells plates at the concentration 

of 104 cells per well in 100 mL ct-DMEM. 

8.4.2 Addition of the substances 

8.4.2.1 Dilution from stock solutions 

After trasfection, different diluted solutions of the test compounds are added to a 

96-well plate. The dilution is obtained following the scheme in Fig. 3. First of all, 

PBS (90 µL) is pipetted in each well. In the A line, 10 µL of a stock solution of E2 

(10-5 M) and of the test compounds (10-2 M) was added. For each test concentra-

tion three wells are used. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 

A E2 10
-6 

Compound 1 10
-3

 Compound 2 10
-3

 Compound 3 10
-5

 

B   10
-7

   10
-4

   10
-4

   10
-4

 

C   10
-8 

  10
-5 

  10
-5 

  10
-5 

D   10
-9 

  10
-6

   10
-6

   10
-6

 

E   10
-10 

  10
-7 

  10
-7 

  10
-7 

F   10
-11 

  10
-8 

  10
-8 

  10
-8 

G   10
-12

   10
-9

   10
-9

   10
-9

 

H   10
-13

   10
-10

   10
-10

   10
-10

 

Figure 8.3. Dilution scheme of stock solutions in the Luciferase assay. 

To afford the chosen concentrations, 10 µL of each wells in the A line are 

transferred to each wells in the line B. This carrying method, which is used until 

the H line, corresponds to a 1:10 dilution. 

8.4.2.2 Transfer of the diluted solutions to the microtiter test plates 

For the estrogenic and antiestrogenic tests, the medium is removed and replaced 

with 90 µL of a new one. The test compounds are carried over from the first plate 

and diluted directly in the test plate to final concentrations ranging from 10−5 to 

10−11 M (estradiol, E2: 10-8 to 10-14 M) following the scheme in Fig. 4. The plates 

are incubated for 50 hours. 
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 1 2 3 4 5 6 7 8 9 10 11 12 

A DMSO 0.01% DMSO 0.01% DMSO 0.01% DMSO 0.01% 

B E2 10
-8

 Compound 1 10
-5

 Compound 2 10
-5

 Compound 3 10
-5

 

C  
 

10
-9 

  10
-6

   10
-6

   10
-6

 

D  
 

10
-10 

  10
-7 

  10
-7 

  10
-7 

E  
 

10
-11 

  10
-8

   10
-8

   10
-8

 

F  
 

10
-12 

  10
-9 

  10
-9 

  10
-9 

G   10
-13

   10
-10 

  10
-10 

  10
-10 

H   10
-14

   10
-11

   10
-11

   10
-11

 

Figure 4. Pipetting scheme in the Luciferase assay. 

8.4.2.3 Cells lysis and Luciferase activity 

After incubation and before harvesting, the cells are washed twice with PBS. The 

cell culture lysis reagent (50 μl) is added into each well. After 30 min of lysis at 

room temperature, the cells are transferred into reaction tubes and centrifuged. 

Luciferase is assayed using the Promega luciferase assay reagent. Fifty micro-

liters of each supernatant is mixed with 50 μl of substrate reagent. Luminescence 

(in relative light units (RLU)) is measured for 10 s using a luminometer. Meas-

urements are corrected by correlating the quantity of protein (quantified according 

to Bradford146) of each sample with the mass of luciferase. Estrogenic activity is 

expressed as percentage activation of a 10−8 M estradiol control (100%). 

To evaluate the antagonistic activity, the cells are incubated with a con-

stant concentration of E2 (3 x 10−11 M for ERα; 3 x 10−10 M for ERβ) and in com-

bination with increased concentrations (10−11 to 10−6 M) of inhibitor. The percent-

age activation is calculated in relation to the luciferase expression of E2 alone. 

The IC50 value is taken from the concentration activation curve. 

8.5 COX inhibitory activity 

The inhibition of isolated ovine COX-1 and human recombinant COX-2 of Zeise’ s 

complexes is determined using a “COX inhibitor screening assay kit”, which is 

ready supplied to use from Cayman Chemicals. Experiments are performed ac-

cording to the manufacturer’s instructions. 
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8.5.1 COX inhibitor screening assay  

The COX inhibitor screening assay directly measures PGF2α by SnCl2 reduction 

of COX-derived PGH2 produced in the COX reaction. The prostanoid product is 

quantified via enzyme immunoassay (EIA) using a broadly specific antiserum that 

binds to all the major PG compounds. 96-wells plate(s) are used for the assay. 

Each plate contains the mouse monoclonal anti-rabbit IgG that has been previ-

ously attached to the well. Each well contains the rabbit antiserum-PG (either free 

or tracer), the PG tracer and the sample PG, respectively. The concentration of 

the PG tracer is held constant, while the concentration of PG varies. The amount 

of the PG tracer which is able to bind to the PG antiserum will be inversely pro-

portioned to the concentration of PG in the well during the incubation. To remove 

any unbound reagents, the plate is washed. Afterward Ellman´s Reagent, which 

contains the substrate to AChE, is added to the well. The product of this reaction 

(5-thio-2-nitrobenzoic acid) has a distinct yellow color and absorbs strongly at 

415 nm. 

8.5.1.1 Procedure of the COX-inhibitor screening assay 

10 mmol/ L and 1 mmol/ L of the stock solutions (in DMF) are prepared for the 

test. The sample (20 µL), the inactive COX-1 or COX-2 (10 µL of each enzyme), 

and  Heme (10 µL)  are added to the test tubes (which contains 950 µL of reac-

tion buffer) and pre-incubated for 10 min at 37°C(k). After the substrate arachidon-

ic acid was added, the test tubes were incubated for 2 min at 37°C. To stop the 

enzyme catalysis HCl 1 M (50 µL) are added to each test tube. Test tubes are 

removed from the water bath and stannous chloride solution (100 µL) is added to 

each test tube and vortex in order to reduce PGH2 to PGF2. After incubation for 5 

min at room temperature, the reaction mixture became cloudy.  

8.5.1.2 Plate set up 

The sample is diluted with reaction buffer (950 µL), and pipetted to ELISA 96-

wells plate (50 µL per well) following the scheme in Fig. 4. Prostaglandin E2 

screening standard is prepared, obtaining 8 clean test tubes with different con-

                                                           
(k) 

The incubation of the enzymes with the inhibitor can be between 10 and 20 min without affecting en-
zyme stability, but the incubation must be the same for all the samples in an individual experiments. 
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centrations. 50 µL from each test tube are pipetted to the plate. PG screening 

AChE tracer is also added to each well (50 µL) except to the Total Activity (TA) 

and the Blank (BlK) wells. 

 

Blk K1 K1 BC1 BC1 S3  S11  S4  S12 

Blk K2 K2 BC2 BC2 S4  S12  S5   

NSB K3 K3 IA 1 IA 1 S5  S13  S6  S13 

NSB K4 K4 IA 1 IA 1 S6  S14  S7   

B0 K5 K5 IA 2 IA 2 S7  S15  S8  S14 

B0 K6 K6 IA 2 IA 2 S8  S1 COX-1 S9   

B0 K7 K7 S1 COX-2 S9  S2  S10  S15 

TA K8 K8 S2  S10  S3  S11   

Figure 8.4. Pipetting scheme of COX-inhibitor screening assay 

Blk              Blank, background absorbance caused by Ellman´s reagent 
TA              Total Activity of the AChE-linked tracer 
NSB            Non-Specific Binding of the tracer to the well. Even in absence 

of specific antibody a very small  amount of tracer still bounds to 
the well 

B0               Maximal Binding of the tracer that the antibody can bind in the 
absence of free analyte 

BC1            Background COX-1 
BC2            Background COX-2 
IA 1            100 % COX-1 activity 
IA2             100 % COX-2 activity 
S1-S15       Samples 

 

 

 

Each plate is covered with plastic film and incubated for 18 hours at room 

temperature. Finally the plate cover is removed and the Ellman´s reagent (200 

µL) is added to each well. Absorption was measured at 415 nm (Victor 2, Perkin 

Elmer). Results were calculated as the means of duplicate determinations. 

8.5.2 PGE2-assay 

The concentration of PGF2α was measured using the enzyme immunoassay 

(EIA) of the same kit. All samples are added as dimethyl sulfoxide (DMSO) solu-

tions to assay solutions, and all determinations were performed in triplicate (N = 

3). 
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A cell suspension of MDA-MB-231 (400 µL) was diluted with DMEM (40 

mL) supplemented with FCS and the resulting 500 µL of them were distributed in 

three 24-wells plates.  Plates were conserved for one week in cell culture incuba-

tor. When about 70 % confluency was reached the old medium was replaced with 

500 µL of a new one, which contains 0.1 % of the test compounds stock solution 

and DMSO. After 23 hours of incubation, arachidonic acid solution was diluted 

with DMEM to 1/1000 and added to the test plate (50 µL per well) in order to 

stimulate COX to convert the acid into PGE2. The reaction is stopped by transfer-

ring 200 µL of the medium, into the test tubes. The residual medium was re-

moved and cells were washed with PBS. For measuring the Prostaglandin the 

medium is thinned by the provided EIA-buffer in a relation of 1:25. For quantifica-

tion 50 µL of the diluted assay is pipetted on a 96-wells plate. The procedure fol-

low the same way as already described in the COX-assay  

8.6 Materials and reactants  

8.6.1 Instrumentation 

 Accurate weight: BP 211D, Sartorius AG (Göttingen, Germany) 

 Steam autoclave sterilizer: 2540 ELV, Systec GmbH (Wettenberg, 

Germany) 

 Incubator Drying Chamber:  B 5060 EK-CO2, Heraeus Instruments 

(Hanau, Germany) 

 Inverted microscope: Axiovert 25C, Carl Zeiss (Jena, Germany) 

 Inverted microscope: Axiovert 40CFL, Carl Zeiss (Jena, Germany) 

 Microplate reader: Flashscan S12, Analytik Jena AG (Jena, Germa-

ny) 

 Sterile laminar flow cabinet: Lamin Air HB 2448, Heraeus Instru-

ments (Hanau, Germany) 

 Counting chamber: Neubauer 0.100 depth, 0.0025 mm2, Carl Zeiss 

(Jena, Germany) 

 Centrifuge: Megafuge 1.0R, Heraeus Instruments (Hanau, Germa-

ny); Eppendorf centrifuge 5417R, Eppendorf AG (Hamburg, Ger-

many) 
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 Water bath: W26, Haake (Karlsruhe, Germany)  

 Ultraschall bath Bandelin Sonorex Super RK106 Bandelin 

 Eppendorf tube: Multipette® plus 

 Multichannel pipette Eppendorf 

 8-channel Absauger : Integra Bioscience 

 Magnet agitator : IKAMAG RCT IKA Labortechnik 

 Multilabel Counter 1420 microplate : Wallac Victro 2 / Perkin Elmer 

 1H-NMR spectrometer: Avance/DPX 400, Burker (Karlsruhe, Ger-

many) 

 UV-VIS Spectrometer: SPECORD 200, Analytikjena AG (Jena, 

Germany) 

 Mass spectrometer: Agilent 6210 ESI-TOF, Agilent Technologies 

(Santa Clara,  USA) 

8.6.2 Used materials 

 96 MicroWell™ Plates: Nunc Brand products 

 Single-use cannulas: B.Braun 

 Single-use syringes: B.Braun 

 Standard-Pasteur pipettes: Roth 

 Pipette tips: Sarstedt AG Nümbrecht 

 Parafilm: Peching Plastic Packaging, Menasha/USA 

 Serological sterile pipettes 2 mL, 5 mL, 10, 25 mL: Sarstedt AG 

Nümbrecht 

 25 cm2 cell culture flasks: Sarstedt AG Nümbrecht 

8.6.3 Reactants and solutions 

All chemicals, reagents and solvents were purchased – if not stated – from Sig-

ma-Aldrich, VWR, Merck, Acros or Alfa Aesar. The laboratory consumables were 

purchased from Braun, Nunc, Merck and Sarstedt. 

 Dulbecco's Modified Eagle Medium with phenol red and 4.5 g/L glu-

cose (DMEM): PAA Laboratories GmbH (Pasching, Austria) 

 Fetal calf serum (FCS): Biochrom AG (Berlin, Germany) 
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 Human serum albumin (HSA) 

 Bradford reagent: 250 mg Serva Blue G, 250 mL ethanol (95%), 

500 mL H3PO4 (86%) and 250 mL distilled H2O. To perform the 

assay 1:5 dilution of the Bradford reagent in distilled H2O 

 Phosphate buffered saline (PBS): 0.2 g KH2PO4, 8 g NaCl, 1,44 g 

Na2HPO4x2H2O, and 0,2 g KCl, dissolved in 1 L distilled H2O 

 Glutardialdehyde solution 1%: Glutardialdehyde 25% diluted in PBS 

 Trypsin solution: 0.05% trypsin (ICN, Eschwege, Germany) and 

0.02% EDTA in PBS. Sterile filtration of the solution using a 0.22 

µm filter 

 Hexamethylpararosaniline (crystal violet) solution 0.02% 

 dextran/charcoal-treated FCS (Ct-FCS): 5% Norit A, 0.05% Dextran 

60 in Tris-Buffer 200 mL (pH 7.5), centrifugation, stirring Pellet with 

500 mL FCS for 3 hours at 4° C, filter out 

 17β- Estradiol: Fluka 

 Luciferase assay reagents: Promega, Mannheim 

 COX Inhibitor Screening Assay Kit: Cayman Chemicals 
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9.2 MDA-MB-231 
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1H-NMR Hydrogen nuclear magnetic resonance 

abs. absolute 

Ax 

AlCl3 

BBr3 

Absorbance at x nm 

Aluminium chloride 

Boron tribromide 

d doublet 

Dd 

CDCl3  

double doublet 

Chloroform deutero 

DMF N,N-Dimethylformamide  

DMSO(d6) Dimethylsulfoxide (Hexadeutero) 

DNA Deoxyribonucleic acid 

ELISA enzyme-linked immune absorbant assay 

Eq. Equation 

ER Estrogen receptor 

ESI Electrospray-Ionization 

EtI Ethidium bromide 

EtOH 

EtSH 

Ethanol 

Ethenethiol 

FCS Fetal calf serum 

Fig. Figure 

h hour(s) 

H-bond 

HMDS 

Hydrogen-bond 

1,1,1,3,3,3-Hexamethyldisilazane 

HSA Human serum albumin 
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LBD 

Luc 

Coupling constants 

Potassium bis(trimethylsilyl)amide 

Ligand Binding Domain 

Luciferase 

m multiplet 

m/z Mass-to-charge ratio 

min minute(s) 

MS Mass spectrometry 

obs. observed 

PBS Phosphate buffered saline 

s singlet 

t triplet 

t-BuOK Potassium tertbutoxide 

TMS Tetramethylsilane 

UV Ultraviolet 

δ Chemical shift 

  

  

 

 


