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ABSTRACT

Progestins are synthetic substances that mimics some or all of the actions of
progesterone. The primary goal of the rescarch on new progestins was to design
orally active compounds depending on the progesterone metabolic pathways
knowledge. These progestins have been developed for regulation of the menstrual
cycle, prevention of endometrial hyperplasia, treatment of abnormal uterine

bleeding, hormonal replacement therapy and contraception.

It is noteworthy that steroidal molecules with a hetero atom (N, O or S) at steroidal
ring A and D showed a wide range of other biological activities such as
antimicrobial, anti-inflammatory, antitumor, hypocholesterolemic and diuretic
activities. As a result, a variety of heterocyclic units were introduced into the

steroidal backbone.

On the basis of the above observation, a novel series of norethindrone acetate
bearing substituted 1,2,3 triazole moiety at ring D was prepared using click
chemistry, through reaction of the 17 « cthynyl of norethindrone acetate with
different substituted phenyl azides selected according to the results of preliminary

docking studies against progesterone receptor.

The click reaction conditions were adapted for temperature, time, solvent and

copper catalyst to obtain good yield of the final target compounds (5a-f).
The following six azide intermediates were synthesized:

* 2-Azidobenzoic acid (2a).
* 3-Azidobenzoic acid (2b).
* 4-Azidobenzoic acid (2c¢).
e Methyl 2-azidobenzoate (3a).
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o Methyl 3-azidobenzoate (3b).
e Methyl 4-azidobenzoate (3¢).

Their structures were assigned by spectroscopic methods ( IR, 'H-NMR) and by

comparing their melting points by the reported one.

These azides were used for the click reaction with norethindrone acetate (4) for

the syn'thesis of the following target compounds:

o 2-(4-(17-Acetoxy-13-methyl-3-0x0-2,3,6,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro- 1H-cyclopenta[a]phenanthren-17-yl)-1H-1 ,2,3-triazol-1-
yl)benzoic acid (5a).

. 3-(4-(17-Acetoxy-13-methyl-3-oxo-2,3,6,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-17-y1)-1H-1 ,2,3-triazol-1-
yl)benzoic acid (Sb).

. 4-(4-(17—Acetoxy-l3-methyl-3-oxo-2,3,6,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-17-y1)-1H-1 ,2,3-triazol-1-
yl)benzoic acid (5¢).

o Methyl 2-(4-(17-acetoxy-1 3-methyl-3-0x0-2,3,6,7,8,9,10,11,1 2,13,
14,15,16,17-tetradecahydro-1 H-cyclopentala]phenanthren-1 7-y1)-1H-1,2,
3-triazol-1-yl) benzoate (5d).

e Methyl 3-(4-(17-acetoxy-1 3-methyl-3-0x0-2,3,6,7,8,9,10,11,1 2,13,

14, 15,16,17-tetradecahydro-1 H-cyclopenta[a]phenanthren-17-yl)-1H-1,2,

3-triazol-1-yl) benzoate (5¢).
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¢ Methyl 4-(4-(17-acetoxy-13-methyl-3-0x0-2,3,6,7,8,9,1 0,11,12,13,
14, 15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-17-y1)-1H-1,2,
3-triazol-1-yl)benzoate (5f).

These compounds were purified by column chromatography and their structures

were assigned by elemental analyses, IR, 'H-NMR, “C-NMR.

The evaluation of the progestational activity of the synthesized compounds
(5a-f) was carried out in vivo on rat uterus using norethindrone acetate as
reference drug. The histopathological study revealed that all the synthesized
compounds have in vivo progestational activity with enhanced potency due to
their induction of endometrial proliferation as compared to the control animals.
Compounds 5a, Sb, 5d and 5f showed progestational activity more than that
revealed by Norethindrone acetate while compounds 5¢ and Se showed lower

activity than Norethindrone acetate.

Moreover the synthesized compounds (5a-f) were evaluated for the
anticancer activity according to NCI (national cancer institute) in vitro
protocols, they were screened against a panel consisting of 60 human cancer
cell lines, derived from nine cancer cell types (Leukemia, Non small cell lung
cancer, Colon cancer, Central nervous system cancer, Melanoma, Ovarian
cancer, Renal cancer, Prostate cancer and Breast cancer). The tested compounds
showed variable activities against the different cell lines. All the active
compounds in this test proved to be non-selective with broad spectrum
anticancer activity. The esterified derivatives (5d-f) displayed higher activity
than their respective free acids (5a-c). Among the esterified derivatives
compound Se is the most active one showing broad spectrum anticancer
activity. It revealed about 50% growth inhibition of CNS cancer SNB-75 cell
line, 56% growth inhibition of renal cancer A498 cell line and 56.7% growth

inhibition of prostate cancer PC-3 cell line.
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Molecular modeling (docking) study was performed using MOE software
(V.10.2010) for in silico evaluation of the binding characters of the synthesized
compounds (Sa-f) in comparison to norethindrone acetate as reference ligand.
The docking study revealed a significant effect of the added moiety on the
binding of the tested compounds to the active site. Compound 5a, 5b and 5f
showed the highest scores due to their binding with the two essential amino
acids.GIn725and Arg766 in addition to other hydrogen bond interaction with
the active site Asn719. On the other hand compounds Se, 5d and Se showed
lower scores than the reference drug since they bind only with two essential
amino acids in the active site.The effect of the structural modification on the
physicochemical properties of the compounds was also studied and revealed
that the modification slightly diminished the predicted water solubility of the
target compounds but our design for introduction of the carboxyl group
provides a wide capability of salt formation with several bases that can enhance

water solubility.
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1. INTRODUCTION
1.1) Pharmacological aspects of progestational agents

Progesterone (P) (I) is a naturally occurring steroid hormone. In non-pregnant
women, the main sites of progesterone biosynthesis are the ovaries and the adrenal
cortices. Progesterone plays an important role in postovulatory regulation of the
menstrual cycle. Under the influence of luteinizing hormone (LH), the corpus
luteum secretes progesterone, which stimulates the endometrium to develop
secretory glands and dominate the secretory phase. The corpus luteum produces
progesterone for approximately 10 to 12 days of the cycle. If a fertilized ovum is
not implanted, female sex hormones levels decline sharply, resulting in tissue
breakdown and menstruation, Figure 1. If fertilization occurs, progesterone

supports implantation of the ovum and maintains the pregnancy."?

Progesterone (1)
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Figure (1): Steroid hormone levels across the human menstrual cycle and their
functional impact on endometrial tissue. P= progesteronc, E2= estradiol, A=

androgens, GC= glucocorticoids.
1.1.1) Physiologic Effects of progesterone

The primary physiologic site of action of progesterone is the uterus. It acts on
both the endometrium (inner mucous lining) and the myometrium (muscle mass) of
the uterus. The effect of progesterone on the endometrium, already primed by
estrogens, is to induce the secretory phase of the menstrual cycle. During this
phase, the endometrial glands grow and secrete large amounts of carbohydrates
that can be used by the fertilized ovum as an energy source. The primary function
of progesterone with respect to the myometrium is to stop spontaneous rhythmic

contractions of the uterus.3
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Progesterone often is referred to as the “hormone of pregnancy.” For the first
trimester, the corpus luteum serves as the primary source of progesterone, at which
point the developing placenta takes over as the major source of progesterone and
estrogen. The high level of progesterone that is produced during pregnancy sends a
signal to the hypothalamus via the negative feedback system to prevent release of

the FSH and LH necessary for the development of new ova.?

In general, the non reproductive effects of progesterone such as the increase in

sodium excretion and the temperature-raising effect are fairly insignificant.

1.1.2) Metabolism of progesterone

Progesterone is highly vulnerable to enzymatic reduction by reductases and
hydroxysteroid dehydrogenases during hepatic first pass metabolism scheme 1,
because its structure contains two ketone groups and a double bond, metabolic
degradation of progesterone was shown to involve primarily reduction of the 20-

keto group and the 4,5-double bond, followed by reduction of the 3-keto group.

As a result, the serious drawback of the natural hormone Progesterone was the
poor bioavailability on oral administration due to this rapid metabolism in the
liver: over 99% of the orally administered dose is metabolized in the liver before it
reaches the general circulation. Intramuscular injection (IM) assures reliable
absorption, but is related to low compliance. It is painful, can cause local irritation
and cold abscesses, and therefore must be administered by trained medical

1-6
personnel.
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5B-Pregnancdicl 6a-Hydrexyprogesterone 20- Hydroxyprogestcrone

Scheme (1): Metabolism of progesterone.3

Thus the primary goal of the research on new progestins was therefore to design
orally active compounds depending on the progesterone metabolic pathways
knowledge. This knowledge allowed the rational design of orally active analogues
of progesterone: the 20-keto group could be protected by additional substituents in
close proximity, e.g. at C-17 (acyl, alvl, and halogen), C-16 (alkyl, cycloalkyl)
and C-21 (OH, alkyl, halogen). Similarly reduction of double bond at ring A is
slowed down by substituents at C-6 (methyl, halogen) and by extending the enone

with an additional double bond. >
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1.2) Synthetic progestins

A variety of oral, injectable and implantable synthetic analogs, called
“progestins”, have been developed for regulation of the menstrual cycle,
prevention of endometrial hyperplasia, treatment of abnormal uterine bleeding ,

hormone replacement therapy and contraception.”’

1.2.1) Classification of progestins

The classification of progestins has caused confusion. The designation of first-,
second-or third-generation progestins is based on time since market introduction
and not on structural and physiologic differences or efficacy. Another classification
schemes were based on structural derivation and divides progestins into estranes,
gonanes and pregnanes.' Others classifying them as following” :
1.2.1.1) Progestins structurally related to progesterone

1.2.1.1.1) Pregnane derivatives:

a. O-acetylated derivatives:

For the progestogenic activity the C17 position is of key importance.
Progesterone loses its progestogenic activity with the introduction of a hydroxyl
group at position C17. Accordingly, 17-hydroxyprogesterone is hormonally
inactive but its acetate ester revealed weak progestogenic activity and also week
oral bioavailability, but, esterification with caproate leads to a highly active
progestin. On the other hand, methylation of 17-hydroxyprogesterone acetate ester
at carbon 6 produce Medroxyprogesterone acetate (MPA) (II) ® °. Chemical
manipulation of the MPA molecule by addition of a double bond between carbons
6 and 7 gives rise to megestrol acetate (MA) (III). Substitution of the methyl group
at carbon 6 of megestrol acetate with a chloro substituent gives rise to

chlormadinone acetate (CMA) (IV).
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Medrovy progesteronc acetare (L) Megestrel acetate (1)

" Attachment of carbons | and 2 of Chlormadinone acetate with a methylene
moiety gives rise to Cyproterone acetate (CPA) (V). These three derivatives of

: 10
Medroxyprogesterone acetate are more potent progestins .

a Cl
Chlormadinonce acetate {IV) Cyproterone acetate (V)

b. Non-acetylated derivatives:

A unique progestin that has a methyl group at carbon 10 but lack O-acetyl
moiety at C17 is dydrogesterone (VI) which is a retroprogesterone, a stereo-isomer
of progesterone, with an additional double bond between carbonr 6 and 7. The
progesterone molecule is almost “flat”, the retroprogesterone molecule is bent by a
change of the orientation of the methyl group at carbon 10 from the B to « position
and the hydrogen at C9 from the o to the B position. This retrostructure binds
almost exclusively to the progesterone receptor making dydrogesterone highly
selective progestin, and showing no affinity for androgenic, estrogenic,

. . .. 811
glucocorticoid or mineralocorticoid receptors™ .
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Furthermore, medrogestone (VII) which has an o methyl group at the C17, another
methyl moiety at C6 position in addition to a double bond between C6 and C7,

revealed rapid and about 100% bioavailability. *

Dydrogesterone (VI) Medrogestone (VII)

1.2.1.1.2) 19-Norpregnane derivatives

These derivatives are characterized by lacking a methyl group at carbon 10 and

subclassified to:
a. O-acetylated derivatives:

They are characterized by the presence of acetoxy moiety a- oriented at C17. They
include nomegestrol acetate (NOMAC) (VIII) and nestorone (IX). Nomegestrol
acetate characterized by the presence of a double bond between C6 and C7 which
creates a so-called “conjugated double-bond system” over rings A and B. This
conjugated system impaired a high stability and intrinsic potency in nomegestrol
acetate action on progesterone receptor, a weak anti-androgenic effect and showed
no binding to estrogen, glucocorticoid or mineralocorticoid receptors.l2 Nestorone
is only active when administered parenterally because of its rapid metabolism and
inactivation.” The 16-methylene substituent enhanced progestational activity far

more than either 160, or 16B-methy! substituents."
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Clly
Nomegestrol acetate (V1) Nestorone (IX)

b. Non-acetylated:

This group includes Demegestone (X), promegestone (XI), and its active
metabolite trimegestone (XI1). They characterized by the presence of an a methyl
group at carbon 17 instead of the acetoxy group and a further double bond
between C9 and C10.° "' Trimegestone, the most potent of the 19-
norprogesterones, contains an unusual C21 hydroxyl group. It has very high
affinity for the progesterone receptor but only weak affinity for the
mineralocorticoid receptor, and on the other hand displays no glucocorticoid,
androgenic, or antiandrogenic action. Trimegestone undergoes metabolic
hydroxylation to produce metabolites with substantial progestogenic action.’

v | v |

~cH,

TS CH,CHy

Demegestone (X) Promegestonc (XI)

Trimegestone (X1I)



Introduction

M

1.2.1.2) Progestins structurally related to testosterone
Using the testosterone (XIII) molecule as the starting point, we can show how

manipulation of its chemical structure alters its biologic activity dramatically.’

OH

Testosterone (X111}

1.2.1.2.1) Ethinylated progestins:

Addition of an ethynyl group to the molecule causes loss of androgenic activity
and enhances both the progestational activity and oral bioavailability e.g. 17a —

ethynyl testosterone, which was given the common name ethisterone X1V) Mo

CH
HO c//

Ethisterone (XIV)

Furthermore removal of the methyl group at carbon 10 of ethisterone increases
the progestational activity and enhances the oral bioavailability of the molecule
and virtually eliminates its androgenicity. The resulting product is norethindrone,
which is also called norethisterone (XV). It has 5 to 10 fold more progestin
activity. Replacement of the methyl group at carbon 13 of norethindrone by an
ethyl moiety yields a more active derivative, norgestrel (XVI), which consists of a
racemic mixture of D-(-)-norgestrel (levonorgestrel) and L-(+)-norgestrel

(dextronorgestrel) 390
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Norgestrel (XV1)
4 Dextronorgestrel

Norcthisterone (XV)

b Levonorgestrel
Ethinylated progestins are subclassified to:

a. Estranes:

They have 18 carbon atoms as the parent steroid, estrane. The norethindrone
family of progestins includes norethindrone acetate (NETA) (XVID), ethynodiol
diacetate (XVIII), norethynodrel (XI1X), and lynestrenol (XX). It was reported that
acetylation of the 17B-OH of norethindrone increases the duration of action of the
drug. Shift of the double bond between carbons 4 and 5 of norethindrone to
carbons 5 and 10 gave norethynodrel molecule which has approximately one-tenth

the progestational activity of norethindrone. "’

Lynestrenol differs from
norethindrone in structure by the absence of an oxygenated functional group at
carbon 3. Introduction of « methyl group at carbon 7 of norethynodrel produces

tibolone (XXI) which revealed increased hormonal activity.

It is generally considered that the progestins structurally related to norethindrone
ar~ prodrugs and their progestational activity is due to norethindrone. After oral
administration, norethindrone acetate and ethynodiol diacetate (an extremely
potent oral progestin) are rapidly converted to the parent compound by esterases
during hepatic first pass metabolism. Although little is known about the
biotransformation of lynestrenol (XX) and norethynodrel (XIX), it appears that
lynestrenol first undergoes hydroxylation at carbon 3 and then oxidation of the
hydroxy! group, forming norethindrone.'® The possibility that some norethynodrel

is metabolized by pathways not involving norethindrone as an intermediate has not

10
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been excluded, but there is no cvidence in its favor. Thus, it generally appears that
the pharmacokinctics of progestins structurally related to norethindrone s

. L . . g, 10,15
determined by the pharmacokinetics of norethindrone. ’

1]

j6

0

1,COO

Ehy nodin) diacetate (XY

Norethynodrel (X1X). Lynestrenol (XX)

Ho ///cu

“cH,

Tibolene (XX
b. 13-Ethylgonanes:

These compounds are often referred to "new" progestins because they were
marketed more recently compared with levonorgestrel (XV1), norethindrone (XV),
and progestins structurally related to norethindrone. They include desogestrel
(XX1I), norgestimate (XXIII), gestodene (XXIV) and etonogestrel {(XXVI). In
comparison to the chemical structure of levonorgestrel (XVI b), desogestrel is a
prodrug lacking oxygenated functional group at carbon 3 and has a methylene
group at carbon 11. It is rapidly metabolized in the intestinal mucosa and in liver
via first pass to its active metabolite, etonogestrel (XXVI). Whereas the

proprogestin norgestimate (XXIII) has an oxime group at carbon 3 and acetoxy
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group at carbon 7. Norgestimate rapidly undergoes a two-step metabolic
transformation to form two active products, norelgestromin (XXV) (levonorgestrel
3-oxime) and levonorgestrel (XVIb). Deacetylation of norgestimate occurs in the
atestine and liver, whercas conversion of the 3-oxime (0 the corresponding ketone
occurs primarily in the liver. Both desogestrel (XXI1) and norgestimate (XXIHI)
exhibit high selectivity for the progesterone receptor and have low androgenic
activity. In contrast, gestodene (XXIV) which is not a prodrug differs from
jevonorgestrel only in that 1t has a double bond between carbons 15 and 16
exhibiting nearly 100% oral bioavailability and excellent progesterone receptor
binding affinity. The synthetic progestin norelgestromin (XXV) which is 17-
deacetylnorgestimate (active metabolite of norgestimate) and etonogestrel (XXVI)
which is the active metabolite of the prodrug, desogestrel are newer derivatives of

: 3,910 170148
this group A

Noisenbiate - XN HE

N estres NN

Dtestined Fincesa wid Tova

Liver
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1.2.1.2.2) Non-ethinylated derivatives:

The non-cthinylated subgroup of progestins includes dienogest {(XXVID) and
drospirenone (XXVIID. Comparing with the chemical structure of norethindrone,
dicnogest (XXVII) contains the isosteric cyano group instead of an cthynyl moiety
at carbon 17, and a double bond between carbons 10 and I1. Dienogest is 10 times
more potent than the standard levonorgestrel. " Drospirenone (XXVIII) has the
basic chemical structure of the parent compound, androstane (19 carbons) and is an
analog of spironolactone. It is the only progestin with antimineralocorticoid
activity. Its affinity for the mineralocorticoid receptor is five fold greater than that
of aldosterone. Drospirenone has progestogenic action, but only 10% that of
levonorgestrel. It contains one methylene group attached to carbons 6 and 7,

another attached to carbons 15 and 16 and a y-carbolactone group at carbon17.> %'

o]

CH,

CH,
Dienogest (XX VII) Drospircnone (XX VII1)

1.2.2) Other Biological Activities of Progestogens

It is very difficult to deduct various biological actions and activities of steroids
with progestational activity from the chemical structure alone. One of the essential
requirements of any compound with such an activity is of course: being able to
bind to the progesterone-receptor but interaction with other steroid hormone
receptors as androgen receptor (AR), estrogen receptor (ER), glucocorticoid
receptor (GR) and mineralocorticoid receptor (MR) may occur. These interactions
add to the physiological effects of progestogens; variably, anti-estrogenic,
androgenic, anti-androgenic, and/or anti-mineralocorticoid activities Table 1. The
most controversial and confusing of these activities is the androgenicity of certain

13



I

Introduction

- PR
progestins. Adding to the confusion is the fact that there appears to be several
different forms of the progesterone receptors, usually called PR-A and PR-B, the
difference being a sequence of amino-acids in the B-form that is not found in PR-
A. Also biologically both forms have different specifications, interpreted by
authors as: the PR-B is the “normal” receptor, the intermediate in the agonistic
activity in several organs whereas the PR-B is capable of antagonising the effects
stimulated by an activated PR-A. Relatively little is known yet on the composition
of PR in different tissues during specific periods of development. Binding of the
steroids to both forms is expected not to show differences as the steroid binding

domain of both isoforms are identical. % '* 20

Progesterone derivative progestogens aré similar to progesterone in that they are
potent PR agonists, display weak affinity for the GR and have no detectable
affinity for the ER. They differ though with respect to MR and AR binding. While
progestogens of the 19-nortestosterone group show potent PR binding, only weak
binding to the GR and MR receptors, virtually no detectable affinity for the ER,
and have androgenic and anti-androgenic properties, The two most notable

androgenic progestins are levonorgestrel and norethindrone.'” %

The desired biologic effect of progestins used in oral contraception  (OC) is
progestational activity, causing the endometrium to change from the proliferative
to the secretory state. Undesired pharmacologic properties, such as androgenic
activity, are not necessary for contraception and increase the potential for adverse
effects (e. g., acne, hirsutism, weight gain, alterations in carbohydrate and
lipoprotein metabolism, and hypertension). Consequently, there has been interest
in synthesizing progestins that better mimic the natural hormone and attempts
have been made to alter the current progestins to reduce the relative

. . 21
androgemcnty."
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Table (1): Biological activities of natural progesterone and synthetic progestins.®

Anti- Anti-
Progesto- Anti- Estro- | Andro- Gluco-
Progestin ) . ) .| andro- ... | mineralo-
genic estrogenic | genic | genic . corticoid L
genic corticoid
Progesterone + + - - £ + +
Dydrogesterone + + - - £ 4 - t
Medrogestone + + - - * - -
Chlormadinone
+ + _ _ + + _
acetate

Cyproterone acetate + + - - ++ + -
Megestrol acetate + + - % + + -

Medroxyprogesterone
+ + _ + - + _

acetate

Nomegestrol acetate + + _ - % - -
Promegestone + + - - _ - -
Trimegestone + + _ _ * - %
Drospirenone + + - - + - +
Norethisterone + + + + - - -
Lynestrenol + + + + _ - -
Norethinodrel % * + + - - -
Levonorgestrel + + _ + _ - -
Norgestimate + + - + - - -
Etonogestrel + + - + _ - _
Gestoden + + - + _ + +
Dienogest + t t - + - -

(+) effective; (£) weakly effective; (—) not effective.
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A selective progestin has progestational effects at relatively low
concentrations or doses and androgenic effects at only relatively high
concentrations or doses. The degree to which progestational activity is maximized
and androgenic activity is minimized is a measure of a progestin's selectivity. The
ratio of its affinity for progesterone receptors to its affinity for androgen receptors
is the selectivity index. To minimize the androgenic side effects associated with the
older progestins, the doses used in OCs have been reduced over the years. These
dose reductions have decreased the potential for undesired androgenic effects but
also have negatively affected cycle control thus the need for synthesizing new

progestins with higher selectivity is an urgent need.”!

16



Introduction

— —

1.3) Chemical aspects of click reaction

1.3.1) Preface : 3223

In 2001, Kolb, Finn and Sharpless defined the very useful and “green”
concept of a “click” reaction, with the aim of binding two molecular
building blocks together in a facile, selective, high-yield reaction under

mild water-tolerant conditions with little or no by-products.

An examination of the azide-alkyne cycloaddition shows that it fulfills many of
the prerequisites. Unfortunately, the thermal Huisgen 1, 3-dipolar cycloaddition of
alkynes to azides requires elevated temperatures and often produces mixtures of
1,4 and 1,5-disubstituted products when using asymmetric alkynes Scheme 2. In

this respect, the classic 1, 3-dipolar cycloaddition fails as a true click reaction.

/\N
- Heat R\N
R—N; + == R! |\< _

Scheme (2): Huisgen 1,3-dipolar cycloaddition of alkynes to azides

A copper-catalyzed variant that follows a different mechanism can be
conducted under aqueous conditions, even at room temperature. Additionally,
whereas the classic Huisgen 1,3-dipolar cycloaddition often gives mixtures of
regioisomers, the copper-catalyzed reaction allows the synthesis of the 1.4-

disubstituted regioisomers specifically, Scheme 3.

R\N,N

. Cu(l) hN
—N; + =—FR! o

H,0 l\<

R1

Scheme (3): Cu (I) -catalyzed azide/alkyne cycloaddition (CuAAC).
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1.3.2) Mechanism of click reaction
The Cu (I)-catalyzed azide/alkyne cycloaddition (CuAAC) reaction proceeds via
the following steps: Scheme 4
1- Copper acetylide formation via coordination of Cu (I) to the alkyne which is
slightly endothermic in MeCN, but exothermic in water, which is in

agreement with observed rate acceleration in water instead.
2- The azide displaces another ligand and binds to the copper.
3- Formation of six-membered copper (III) metallacycle.

4- Ring contraction to a triazolyl-copper derivative is followed by protonolysis

that delivers the triazole product and closes the catalytic cycle.

Rt
H’ H’
R! Cul,.,

H R'——=———Cul4
A

N N==N—N
R
)
R'——— C{an_z
N—R
1 CuL,,_z ‘/
“~ | N
N NS

Scheme (4): Cu (I)-catalyzed azide/alkyne cycloaddition (CuAAC) mechanism
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1.4) Applications of click chemistry

Click chemistry is a modular synthetic approach towards the assembly of new
molecular entities. The wide scope of CuAAC is firmly demonstrated by its use in
different areas of life such as drug discovery, bioconjugation, polymer and

materials science and related areas including supramolecular chemistry.?*
1.4.1) Bioconjugation field

Bioconjugation refers to the covalent derivatization of biomolecules for several
applications in research laboratories, industrial facilities, and medical clinics.
Bioconjugation method should be highly site-specific and cause minimal
perturbation to the active form of the biomolecule because poor control over the
site of modification often results in loss of the biological function of the target
biomolecule”. Among the bioconjugation linkages, the click reaction is unique in
that the azide moiety is absent in almost all naturally existing compounds, lacks
reactivity with natural biomolecules, and consequently, only undergoes ligation
with a limited set of partners. This click reaction utilizes functional groups that are
mostly compatible with enzymes under physiologic conditions and can be readily

incorporated into diverse organic building blocks.?
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Two-step strategy was used for the preparation of C-terminally PEGylated hGH-
derivatives. In the first step, a CPY-catalyzed transpeptidation was performed on
hGH-Leu-Ala, introducing reaction handles, which were used in the second step
for the ligation of PEG-moieties. Copper (I) catalyzed [2+3]-cycloaddition
reactions were used for the attachment of PEG-moieties in order to increase its
plasma half-life Scheme 5. The biological data show a dependency of the potency
of the hGH-derivatives on both size as well as shape of the PEG-group.”’

0

HN’u‘@/\ N

NH,
hGH—Leu-NH

(a) CPY-catalyzed transpeptidation on hGH-Leu-Ala for introducing reaction
handles (azide moiety).

(b) ligation of PEG-moieties CuSO0, .7H,0, Ascorbic acid, 2% 2,6 Lutidine.
R =PEGs of different molecular weights

Scheme (5): Preparation of C-terminally PEGylated hGH-derivatives.
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A new method to detect DNA synthesis in proliferating cells, based on the
incorporation of 5-ethynyl-2-deoxyuridine (EdU) and its subsequent detection by a
fluorescent azide through a Cu(l)-catalyzed [3+2] cycloaddition reaction (click
chemistry) Scheme 6. Detection of the EdU label is highly sensitive and can be
accomplished in minutes. The small size of the fluorescent azides used for
detection results in a high degree of specimen penetration, allowing the staining of

whole-mount preparations of large tissue and organ explants.?®

A
N=N—N
) /
=
3+2) cycloaddmon N
H

C

+ H
N~~N/\/\/\g/N\/\o/\/o\/\u/'\“,m -

o]

SO |
SN e
SN n tetramethylthodamine

Vi

z_—z

Ny

Scheme (6): (A) Structure of 5-ethynyl-2-deoxyuridine. (B) Schematic of the click
reaction for detecting EdU incorporated into cellular DNA. (C) Structures of the

fluorescent azides.

The applicability of azide-alkyne [3+2] cycloaddition reactions (click
chemistry) for the immobilization of carbohydrates and proteins onto a solid
surface was demonstrated, Figure 2. A poly (ethylene glycol) (PEG) linker
carrying alkyne and cyclodiene terminal groups was synthesized and immobilized

onto a functionalized glass slide via an aqueous Diels-Alder reaction. In the
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process, an alkyne-terminated PEGylated surface was provided for the conjugation

of azide-containing biomolecules via click chemistry.”’
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Figure (2): Biomolecules immobilization onto solid surfaces via click chemistry.
1.4.2) Polymer field

During the last decades, great efforts have been devoted to design polymers for
reducing the toxicity, increasing the absorption, and improving the release profile
of drugs. Advantage has been also taken from the inherent multivalency of
polymers and dendrimers for the incorporation of diverse functional molecules of
interest in targeting and diagnosis. The introduction of the click concept by
Sharpless and coworkers in 2001 focusing the attention on modularity and
orthogonality has greatly benefited polymer synthesis, an area where reaction

efficiency and product purity are significantly challenged.m
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The first biologically relevant polymers (XXIX) prepared by CuAAC presented
by the group of Arora, in this work advantage was taken from the planar and
polarized structure of triazols to prepare oligomers with similar properties to

peptides but improved in vivo stability.’!

R
N
N
\ /
PGNH N\/coops
i n H
FEQ PG = protecting group %

R = amino acid side chain

(XXIX)

Synthesis of high molecular weight polymers (XXX) (up to 331 kDa) that
contain trehalose or cyclodextrin diazide monomers copolymerized with linear
oligopamine monomers was described. The presence of carbohydrates was
envisioned to grant biocompatibility, water solubility, and stability against
aggregation. The oligoamine monomers facilitated DNA complexation and
interaction with cell surfaces. Indeed, the carbohydrate-oligoamine copolymers
prepared by this way exhibited low cytotoxicity and facilitated a high cellular

uptake and gene expression in HeLa and H9¢2 (2-1) cells.?® 32

H
NG L HM“ N
N N/1-4

HO, 0,

Saccharide = 5;.25 oH
Ho §lerie> MO,
G
MO

X
. N

(XXX)
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The preparation of bifunctional dendrimers bearing up to 24 hydroxy! groups at

the periphery and 21 internal alkyne/azide groups distributed throughout the

dendrimer backbone was described. These dendrimers (XXXI) were amenable for

further functionalization by means of CuAAC.”

L
etes

(XXXI) HOHO \
N
Poly vinyl! alcohol (PVA) was modified either with azides or alkynes, producing

two different polymers (XXXII) that yielded transparent hydrogels upon mixing in

the presence of CuSO4/ascorbate. ****

WW

) OH
or \/‘{~o/\,|;g\/\,,3

and
N

. I ' \

(XXXII)
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1.4.3) Drug discovery field

The emerging field of click chemistry offers a unique approach to the synthesis
of 1,2,3-triazole-containing molecules. 1,2,3-Triazole moieties are attractive
connecting units because they are stable to metabolic degradation and capable of
hydrogen bonding, which can be favorable in the binding of biomolecular targets
and can improve the solubility. The basic heterocyclic rings present in the various
medicinal agents are mainly 1,2,3-triazole or 1,2,4-triazole. A large volume of
research has been carried out on triazole and their derivatives, which has proven

the pharmacological importance of this heterocyclic nucleus.

1.4.3.1) Antiproliferative activity

Many triazole derivatives of resveratrol (stilbenoid, natural phenol) were
synthesized by means of a paralle] combinatorial approach that used a typical click

reaction. Some of these compounds exhibited antiproliferative activity,” Scheme 7

H  Resveratrol R},R3.R3,R4,Rs.Rg = H,OH,0Me etc

Scheme (7): Triazole derivatization of resveratrol.

A series of triazole-containing novobiocin analogues has been designed,
synthesized and their inhibitory activity determined. These compounds contain a
triazole ring in lieu of the amide moiety present in the natural product. The antj-
proliferative effects of these compounds were evaluated against two breast cancer
cell lines (SKBr-3 and MCF-7), and manifested activity similar to their amide-

containing counterpart Scheme 8.¢
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Novobiocin

OH
R = different aryl groups

Scheme (8): Triazole derivatization of novobiocin.

Two classes of 1,4-disubstituted 1,2,3-triazoles(XXXIII) and (XXXIV) were

synthesized using a click chemistry approach. Some derivatives exhibited modest

Src kinase inhibitory activity. 23

0 NN
Ry Y/ Rz

(CHyn N
L)
/
n=12;m=0,1 N
R = alkyl chains R R};R; = Alkyl, Cycloalkyl or Aryl
m
(XXXIiI) (XXXIV)

A facile synthesis of 21-triazoly! derivatives of pregnenolone, Scheme 9 and
their potential antitumor activity is reported.38 The scheme involves the

transformation of the starting pregnenolone acetate into pregnenolone, which is
26
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converted to 21-bromo pregnenolone and finally the one-pot, two-step in situ
conversion of the bromo derivative to the 21-triazolyl pregnenolone using the
‘click chemistry’ approach. These derivatives were screened for their anticancer
activity against seven human cancer cell lines. Some of these derivatives exhibited

significant anticancer activity.

Methanolic KOH C uBrz
ot
CO
H3CO! HO
O
/

Pregnenolone acetate

q |
7 LR
s %
(o]
=
NaN, , 0
CuS0,,.5H,0
Na Ascorbate
tert. BuOH,H,0

R = p-CHO, p-CHj, p-CHCHCOCH;, H, p-COCHj, p-OCH;, m-Cl, 0-CH, m-CH,

Scheme (9): Synthesis of 21-triazolyl derivatives of pregnenolone

1.4.3.2) Antiviral activity

A novel series of potent human immunodeficiency virus type 1 protease (HIV-
1-Pr) inhibitors (XXXV) has been developed. The copper (I)-catalyzed azide-
alkyne cycloaddition (CuAAC) was used to unite a focused library of azide-
containing fragments with a diverse array of functionalized alkyne-containing
building blocks. In combination with direct screening of the crude reaction
products, this method led to the rapid identification of a lead structure and readily
enabled optimization of both azide and alkyne fragments and obtaining these
compounds exhibited high binding efficiency to human immunodeficiency virus

type-1 protease (HIV-1-Pr). Replacement of the triazole with a range of alternative
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linkers led to greatly reduced protease inhibition; however, further
functionalization of the triazoles at the 5-position gave a scries of compounds with

. - 39
increased activity.

-
X\x

X =0, NH,CH, CH2, ...ct¢

Ph\/z\/\
- Ph
S R = Alk. c-alkyl, Ar, het-Ar
N
N -
\\ / R'= c-alkyl, het-Ar, aly, ...ete
N
—R*
N \//"
(XXXV)

1.4.3.3) Antitubercular activity

Somu et al. reported the synthesis of a rationally designed nucleoside (XXXVI)
using click reaction. This compound was found to be inhibitor of Mycobacterium
tuberculosis that disrupts siderophore biosynthesis. The activity is due to inhibition

of the adenylate-forming enzyme MbtA, which is involved in biosynthesis of the

mycobactins. 2%
NH,
N
ey
OH [o] </ l )
N 7
/
N
N::J’ 0
OH OH

(XXXVI)

On the basis of promising results of the preliminary study, novel
mycobacterium tuberculosis H37Rv strain inhibitors with fluorine and 1.2,3-
triazole containing benzimidazoles for the treatment of tuberculosis were disclosed

by Gill et al.*! First a series of 4-(bromomethyl)-1-substituted-phenyl-1H-{1,2,3]-
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triazole was prepared and then condensed with 2-(3-fluorophenyl)-1H

benzimidazole, Scheme 10

R;
Ry R;
a b N R;
Bt —_— /\(\ ; 2
Hi =N R.
HaN R:  py R, © N—T !
Ry l €

R,

R, N==N O G

" R, '! / !)l\o

Y

los%e!

F

N,
o
N Ry, Ry, Ry = H, F, CH;, OCH,, CF,
R,
k‘é\” s
N%N/
Ry

Ry
(a) NaNO,, HCI, H,0, NaNjy; (b} propargyl alcohol, Cul, Acetonitrile; (¢)Mesyl chloride,
Triethylamine, dichloromethane; (d) LiBr, Acetone;(e) NaH. DMF, rt.

Scheme (10): Synthesis of 2-(3-fluorophenyl)-1-[1-(substituted phenyl)- 1H-
{1,2,3]-triazol-4-yl methyl)-1H-benzimidazole derivatives.

1.4.3.4) Antifungal activity

Novel fluconazole/bile acid conjugates were designed and their regioselective
synthesis was achieved in very high yield via Cu(l) catalyzed intermolecular 1,3-
dipolar cycloaddition, Scheme 11. These new molecules showed very good
antifungal activity against Candida species with MIC values ranging from 3.12 to
6.25 mg mL". In this conjugate, the bile acid part acts as a drug carrier and the
fluconazole part acts as an inhibitor of 14a-demethylase enzymes in the fungal

cell.®
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Scheme (11): Synthesis of fluconazole/bile acid conjugate.

Fluconazole based novel mimics containing 1,2,3-triazole (XXXVII) were
designed and synthesized as antifungal agents. Their antifungal activity was
evaluated in vitro by measuring the minimal inhibitory concentrations (MICs).
Some derivatives were found to be more potent against Candida fungal pathogens
than control drugs fluconazole and amphotericin B. Furthermore, these molecules
were evaluated in vivo against Candida albicans in Swiss mice and also their
antiproliferative activity was tested against human hepatocellular carcinoma
Hep3B and human epithelial carcinoma A431. It was found that these compounds
resulted in 97.4% reduction in fungal load in mice and did not show any profound

proliferative effect at lower dose (0.001 mg/ml) .*

,N=N

/N \
N\;b{ Ho F\/\:

R = H, Hexyl, Octyl, TMS, Bile acid

F
(XXXVI)

44

Chaudhary et al synthesized several novel 1,4-disubstituted-1,2,3-

triazolyluridine derivatives by means of a click chemistry approach, Scheme 12.
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Most of which showed significant antifungal activity. One of the compounds
showed potent antifungal activity against C. neoformans with a MIC of Smg/ml
(0.018mg/mL. for Fluconazole). Some other compounds in the series showed
antifungal activity with MIC values of 24-32mg/ml. (0.048-0.067mg,/ mlL. for
Nikkomycin) against C. albicans. These compounds were proposed as leads chitin
synthase inhibitors for further modifications. They also have potential for

applications in health care and in agriculture.

ArD w=N
0, - " F i 4
== =
1 M /\OA| O
b < ,
’\

g i - o

N0 N {7 OO( C H: \(\ /\L N/j\::u
’ 7 /

/( CH;CO0 ~~N )ﬂ““

Scheme (12): Novel 1,4-disubstituted-1,2,3-triazolyluridine derivatives tested as

antifungal agents.

Sumangala and co-workers” synthesized a series of 1,2,3-triazole-containing
quinoline (XXXVIII). They studied their antimicrobial and antifungal activity by
using cyclopiroxolamine as standard antifungal agent. Investigation of the structure
activity relationships revealed that the nature of the substituent on the 4-r~sition of
the triazole ring influences the antimicrobial activity. Most of the newly
synthesized compounds showed significant antimicrobial activity at a

concentration of 6.25ugml "’
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HN
/ \N Ar = CgHs, 4-

N §Hs, 4-(OCH;)CgHy, 3-(OCH3)CeHy, 3,4-(OCH3);CeHs, 2-(OH)CeHy,
4-(OH)CgHy, 2,3,4-(OH);CeHy, 2-(OH)-3-(OCH;)CgHy, 4-(NO2)CeHys
2-(NO,)-3 4-(OCH;),CeHy, 4-(CeH5)CeH., 6-(OCH;)-2-Naphthyl,

N/ CF3 3-Pyridyl, 3-Methylthien-2-yl.

CFs (XXXVIII)

1.4.3.5) Antibacterial activity

A series of 5-(4-methyl-1,2,3-triazol-1-yl)methyl oxazolidinones (XXXIX)
were synthesized by Phillips and co-workers.”® The synthesized compounds then
tested for their antibacterial activity against a panel of Gram-positive and Gram-
negative clinical isolates in comparison with linezolid and vancomycin. Most of
the compounds demonstrated strong to moderate in vifro antibacterial activity
against susceptible and resistant Gram-positive pathogenic bacteria. The observed
antibacterial activity varied with substitutions at the phenyl C4 position with bulky
alkylcarbonyl and alkoxycarbonyl substitutions on the piperazine N4. Whereas the
presence of the 4-methyl-1,2,3-triazole moiety in the acyl-piperazine containing
analogs resulted in increased protein binding, and decreased antibacterial activity

particularly against Streptococcus pneumonia strains.

— °>\\o _ oH
X\_/N‘Q'N\/K/ N/\/N//<N

X = 0; NH; NCHO; NCOCHj; NCOCF3; NCOOCH;CHjy;
NCO(CH,)nCHj; NCOPh; NCOCH=CHPh; NCO-cycloalkyl;

NCO-bicycloheptyl; etc

(XXXIX)

32



Introduction

Phillips and co-workers'’ also synthesized a series of 1H-1,2,3-triazolyl
piperazino oxazolidinone analogs (XXXX) with optionally varied glycinyl
substitutions. Their antibacterial activity was assessed against a panel of
susceptible and resistant Gram-positive and selected Gram-negative bacteria

including clinical isolates.

o -

[¢
R; = Alkyl, halogenated alkyl, cycloalkyi, phenyl, heteroaryl;

R, = H,CH,

(XXXX)
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2. SCOPE OF INVESTIGATION

Steroidal compounds are widely existent in natural world and display a
variety of biological activitics. Beside the naturally occurring substances,
the majority of steroidal drugs are semi-synthetic compounds. Increasing
the selectivity and minimizing the side effects are still the priority of the
medicinal chemists.™
In the past decade, an extensive focus of research was directed towards the
rational modifications of steroidal molecules. Steroidal molecules with  a
hetero atom (N, O or S) in ring A and D showed a wide range of
biological activities such as anti-microbial, anti-inflammatory, anti-tumor,
hypocholesterolemic and diuretic activities. As a result, variety of
heterocyclic units such as pyrazoles, pyrazolines, isoxazoles, isoxazolines,
thiazoles, and thiadiazoles were mntroduced into the steroidal backbone. ™™
49-53

The basicity and hydrophilicity of an azole in theory might alter the
biological function of a steroid. Moreover, the azole ring might interact
with some enzymes, e.g. cytochrome P450. In addition, steroidal azoles
have also been found to be potent inhibitors of 17a-Hydroxylase/C17,20
Lyase, the enzyme which catalyzes the conversion of progesterone and
pregnenolone into the androgens. Since androgens are implicated in the
etiology of number of androgen dependant diseases, e.g. prostate cancer,
inhibitors of such enzymes are useful for the treatment of these diseases.
Steroidal azoles have also been found to have strong inhibitory effect on
Sa-reductases which makes them promising agents against various types
of tumors.”* **

It was reported that nuclear receptors such as progesterone receptor

pockets can rearrange to accommodate different agonists.” Accordingly
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the PR potency & selectivity of synthetic steroid agonist can be enhanced

by even larger chemical moieties at 17a-position of steroid backbones.*®

Based on these finding, we were endeavored to design and synthesize
novel hybrid molecules through insertion of substituted 1,2,3- triazole
moiety at a strategic position of steroidal nucleus, 17a-position, and
biologically evaluate their activity in the aim that they will be new
candidates as progestational and anticancer agents. Click reaction will be

used for the synthesis of the target compounds (5a-f), Scheme 13.

COOH cool COOCH,
| X 1-H,580, ,NaNO, | Xy CH,0H, HS0, | S
. -
A% 2-NaN, \7 _
NH, N, Reflux,4h Ny
(1 a-¢) (2a-) (B a-c)

< C“SO4_5H20,
Sodium ascorbate
H,0/t-BuOH,, 1:1,
N,, RT,8H

@)

R =H (5a-c)
R = CH; (5d-f)

Gaf)

Scheme (13): Design of the novel steroidal azoles using click reaction.
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The objectives of the designed compounds S(a-f) are:

1- Enhancing the binding characters of the steroidal molecule such as
hydrogen bonding, ionic and lipophilic interactions through linking of
substituted 1,2,3-triazolc moiety at 17a of steroidal nucleus. 1,2,3-triazole
possess a strong dipole moment, an aromatic character and a good
hydrogen-bond-accepting ability. Furthermore, they are very stable to both
metabolic and chemical degradations, being rather inert to severe

. sy . o . 57
hydrolytic, oxidizing and reducing conditions, even at high temperatures.”

2- In addition, the added moiety plays a significant role to alter the
physicochemical properties of the steroid such as lipophilicity, solubility ,
topological polar surface area (TPSA) and molecular volume, which can
be studied with chemical computing software, that i turn affect the

biological characters of molecules.

3- Furthermore, insertion of carboxylic moiety at different positions of
phenyl nucleus is considered as water solubility enhancer of the highly
lipophilic steroidal molecule through salt formation with a suitable counter
base.

Our design strategy for selection of new scaffolds was based on
molecular docking study in which a large number of azides with different
substituents at different positions was suggested and the resulted triazoles
were in-silico examined against the progesterone receptor (PR) using
MOE software. Triazoles that showed a good binding with the essential
amino acids of the active site of the receptor were selected for laboratory

synthesis.

In vivo progestational activity study will be carried to evaluate the

progestational activity and potency of the novel compounds. In addition,
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in vitro anticancer activity study will be carried out to evaluate the

predicted anticancer activity.

Further, molecular docking study of the novel compounds will be
carried to PR to verify the biological evaluation results and show the
binding mode with the receptor.

Finally in silico computing of the physicochemical properties of the
novel compounds will be carried out to evaluate the alteration of these

Properties due to the structural modification.
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3) RESULTS AND DISCUSSION
3.1) CHEMISTRY
3.1.1) Synthesis of o-, m-, and p-azido benzoic acids
(2a-c):

Generally, organic azides may be prepared through five different

methods ™ | Figure 3:

a) Insertion of the azido group (N3) (substitution or addition).
b) Insertion of a diazo group (N,) (diazo transfer).

¢) Insertion of a nitrogen atom (diazotization).

d) Cleavage of triazines and analogous compounds.

e) Rearrangement of azides.

+
R—b: —N—=|—
b

a

Figure (3): General methods for preparation of azides

1- Aryl Azides from Diazonium Compounds

Aryl diazonium salts react directly without catalysts with azide
ons to form the corresponding aryl azides. Alkali azides or
trimethylsilyl azide act as source of the azido group. Unlike the
Sandmeyer reaction, this reaction does not take place with cleavage of
the C~ heteroatom bond but occurs through attack of the azide on the

diazonium ion with formation of the intermediate pentazenes and

38



Results & Discussion, Chemistry

pentazoles then  these intermediates  lose  nitrogen  and  the

59

. . . . 58, 3
corresponding azides are obtained at low reaction temperatures™

. : 2 1..00
¢.g. azido-thalidomide™ , Scheme 14 .

H M P A N P L

Scheme (14): Synthesis of azido-thalidomide
2-Nucleophilic Aromatic Substitution
Activated aromatic systems such as fluoro- and chloronitro arenes®'
and few heteroaromatic systcms(’2 can undergo nucleophilic
substitution by azide ions. They are generally sufficiently nucleophilic
to produce aryl azides in good yields. e.g. azidonitropyridines from

chloronitropyridines®”, Scheme 15.

C! Ns
N=— N—
( NO NaN; ( NO
R/ 2 > X 7 2

Scheme (15): Synthesis of azido.:itropyridines

3. Aryl Azides from Organometallic Reagents

Numerous methods for the preparation of aryl azides with
organometallic reagents have been developed. For example, tosyl
azide reacts with Grignard or lithium reagents to form novel aryl
azides™. Accordingly dimesityl phenyl azide was prepared via

reaction of 2,6-dimesitylphenyliodide with nBul.i at 0 °C in hexane
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and the resulting lithium salt was treated with p-toluenesulfonyl azide

to provide 2,6-dimesitylphenyl azide @ Scheme 16.

| N3

Mes Mes 1) nBuLi, 0 °¢ Mes Mes

2)TsN,
——-}

Mes = mesityl; T's = p-toluenesulfonyl

Scheme (16): Preparation of dimesity! phenyl azide

4- Aryl Azides by Diazo Transfer

Aryl and heteroaryl azides may be prepared by the reaction of
aromatic/heteroaromatic amines with triflyl azide. The mild reaction
conditions and very high yields, make these transformations the
method of choice for the preparation of numerous aromatic azides. e.g.

8-azidoquinoline from 8-aminoquinoline.” Scheme 17.

N
aq.CuS0y,Et3N =
CH,Cl,/MeOH
+ CF3SO2N3 —_—_— - N

Scheme (17): Preparation of 8-azidoquinoline

5- Aryl Azides trom Nitrosoarenes

The reaction of nitrosoarenes with hydrogen azide leads to
formation of aryl azides in good yields. However, the diazonium ions
must first be formed and then treated with azide ions as the second

step; thus, 2 equivalents of hydrogen azide are required. >*
6-Diazotization of Hydrazines

The reaction of hydrazines with nitrosyl ions or their precursors is a
well-established procedure that is equally suitable for the preparation
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of different classes of compounds such as aromatic and aliphatic
azides, acyl azides, and sulphonyl azides. Dinitrogen tetroxide,
mixtures of nitrogen oxide/oxygen, nitrosylsalts and sodium nitrite are

particularly suitable. Scheme 18.%%:66

/ N;0,, CH;CN
O,N NH » O,N \ / N;

Scheme (18): Conversion of p-nitrophenyl hydrazine into
corresponding azide.

7- Modification of Triazenes and Related Compounds

An older method for the preparation of azides is based on the
rearrangement of triazenes into azides. In particular, the base-induced
cleavage of triazene derivatives can be used for the preparation of

azides Scheme 19.%®

[o]
/U\ N
N~
H

R;
) h
/ N R1
N/ Nj
NO, NO,
NaOH , H,0

Y

Scheme (19): Synthesis of the aryl azide from the semicarbazone
derivatives
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In the present investigation benzoic acid azides (2a-c) were prepared
by diazotization of the corresponding commercially available
aminobenzoic acids(1a-c¢) with sodium nitrite in presence of sulphuric
acid at 0-5°C, followed by azidation of the resulting diazonium salts

with sodium azide as reported®’ Scheme 20.

COOH COOH
| X 1-H,80, , NaNO, | X Z ;:_
Az 2 - NaN, Az b
NH2 N3 P
(l a-C) (2 a-c)

Scheme (20): Synthesis of compounds (2a-c)

Assignment of the structures of compounds (2a-c) was confirmed by
comparing its physical and spectroscopic data (IR and 'H-NMR) with the

literature one.®®

The IR spectra of the prepared azido benzoic acids (2a-c) revealed
broad absorption bands respectively at 3670-3060, 3625-3380 and 3755-
3090 cm™ attributed to their OH groups. Strong absorption bands at 1684,
1647, 1668 cm™" are assigned to stretching vibrations of carbonyl groups,
The appearance of absorption bands at 2100, 2345, 2095 cm’' was
assigned to the asymmetric stretching vibrations of N=N'=N" (N;)

groups.

Comparing the 'H-NMR spectra of compounds (2a-¢) revealed the
absence of a broad hump at § 6.19- 5.13 ppm in the spectra of (la-c)
which indicated the transformation of NH, to azido group. Broad singlet

signals at 8 11.21, 9.16, 8.63 ppm exchangeable with D,0 were assigned
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for COOH protons. Furthcrmore the arematic protons appeared ¢ither as
multiplet signals at 7.42-7.09 ppm (H3,5), 7.81- 7.42 ppm (H4) and §.29-
8.03 ppm (H6 ) for compound 2a, or as one multiplet signal at 8.09-7.13
ppm integrated for 4 protons (112,4-6) for compound 2b or as a pair of
doublets at & 7.33 - 7.03 ppm (H3,5) and & 8.29 - 7.93 ppm (H2,6) for

compound 2¢, Figure 4

' ’r’“J COOH

!
i
L
! |
T ;
/ , ! |
:_,.,./ L\“i"“"/ A‘&\ - ’ . O w,_ud L
S —— — Lo FA R — A 3 2 - - 1 »

Figure (4): 'H-NMR spectrum of compound (2¢)

3.1.2) Synthesis of methyl azidobenzoates (3a-c):

Preparation of methyl azidobenzoates (3a-c) was achieved via
esterification of the corresponding acids {2a-c) by refluxing with absolute
methanol in presence of concentrated sulphuric acid, Scheme 21. The
yields of the products were 63%- 80%. Methyl o-azidobenzoate showed
the lowest yield (63%) whereas the p-isomer gave the highest yield
(80%). This may be attributed to the steric effect of azido moiety on the

neighboring carboxyl.
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COOH COOCH;,
' N CHLOIL 1,80, X
/\/ Reflux 4h | A\~
3 N3
(2 a-¢) (3 a-c)
2a=0,2b=m.,2c=p

Scheme (21): Synthesis of compounds (3a-¢)

Assignment of the structure of compounds (3a-¢) was confirmed by

comparing their physical and spectroscopic data (IR and 'H-NMR) with

69, 7
the reported ones.””

Comparison of the IR spectra of the prepared

methyl azidobenzoate

(3a-¢) with their precursor acids (2a-c), revealed the disappearance of the

broad absorption band at 3755-3060 cm™ attributed to carboxylic OH

group. Moreover, the absorption band of carbonyl group of the

azidobenzoate esters were shifted to 1715 - 1710 em’! compared with

their corresponding acids (1684-1647 cm’"), Figure 5.

00,0

se.n

ERY -

RV

Mot 8

Frun. 0 1390. 0

Figure (5): IR spectrum of compound (3¢)
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%

'H-NMR spectra of compounds (3a-c) revealed the disappearance of the
broad singlet signal of COOH protons in (2a-c) and appearance of singlet
signal at 8 3.89, 3.86 and 3.86 ppm integrated for 3 protons, assigned for
methyl protons. The aromatic protons appeared either as multiplets at 8
8.00- 6.93 and 7.73- 6.83 ppm for compound 3a and 3b respectively or as
pair of doublets at § 7.33- 7.00 and 8.06- 7.76 ppm for compound 3c.

3.1'.3) Synthesis of 17a-(1-substituted-1,2,3-triazol-4-
yl )-19-nortestosterone acetates (5a-f)

The target compounds (5a-f) were prepared using click reaction
through cycloaddition of norethindrone acetate (4) with the respective
azide (2a-¢ and 3a-c), Scheme 22. Copper catalyzed azide/alkyne
cycloaddition reaction has become very popular as a “click reaction”
since it facilitates stereoselective formation of 1, 4-disubstituted triazoles
and produces high yield under mild water tolcrant conditions with little or

no by products.

e
ey
(=]
Z

0 z O
COOR \( : j(
O
x CuS0;4.5H,0 (0.0073 mmol),
I + Sodiurn ascorbate (0.073 mmol)

/\;3 ’ H,0/t-BuOH (1:1)RT,Ny,8hr (5

2 (a-c), 3 (a-¢) (4) 5 (a-f)

R=H; 2(a-¢)

R= CHj; 3(a-c)

a=g- b=m- c=p-

Scheme (22).Synthesis of compounds (5a-f)

45



Results & Discussion, Chemistry

In our investigation several attempts were tried for optimization of the
conditions required to keep the catalytic capacity of Cu (I) in the reaction
for preparation of 1, 4 disubstituted isomer. Copper (I) chloride was first
used as a direct source of Cu (I), however air oxidation to Cu (II) and the
partial solubility of Copper (I) in water restricted its use. In-situ formation
of Cu (I) from copper sulphate pentahydrate together with a reducing
agent, sodium ascorbate, was also tried to inhibit the air oxidation to Cu
(II) or Cu’ compounds. Ten equivalents sodium ascorbate in a mixture of
water and t-BuOH according to Fokin and Sharpless procedures was
used. Furthermore, the reaction performed under nitrogen condition to

prevent air oxidation to Cu (II).

A variety of solvents was tried, for example water/ DMSO mixture
was used, but difficult separation of the product from this solvent
restricted its use. Also a water/ ethanol mixture was tried as an attempt
for yield improvement of some derivatives, however no significant
increase in the yield was observed. The use of water only as a solvent was
reported” for the CuAAC reaction, but in the present investigation it
was unsuitable because both the azides and norethindrone acetate were
highly water insoluble. The most commonly used mixture of solvents is
water/ t-BuOH (1:1) which solubilizd the substrate and retained favorable

aqueous media.

The Cu (I)-catalyzed azide-alkyne cycloadditions are normally
performed at room temperature but in some cases additional heating has
an accelerating effect. Similarly, microwave irradiation and sonication
can dramatically reduce the reaction times without affecting the yields or
the formation of undesired side reactions’'. In our work heating was used
to accelerate the synthesis of compound 5S¢ but a great decomposition of

the reaction constituent was observed as demonstrated by TLC
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monitoring. Sonication was also tried in the preparation of compound Sa;
this led to transformation of the azide 2a to the respective amine as
demonstrated by TLC monitoring. So stirring at room temperature with

increasing of the reaction time was adopted for preparation of our targets

(5a-f).

With regard to the reaction yields, it was reported that the reaction is
not‘signiﬁcantly affected by the steric and electronic properties of the
groups attached to the azide and alkyne centers. Electron-deficient,
electron-rich, aliphatic, aromatic, and heteroaromatic azides usually react
well with variously substituted terminal alkynes’”. The reaction proceeds
in many protic and aprotic solvents, including water, and is unaffected by
most organic and inorganic functional groups’>. On the other hand other
publications concluded that the fastest reactions were observed for

azides with electron-withdrawing and less sterically congested azides”.

Accordingly, in the present investigation aromatic azides with electron
withdrawing group at o, m and p position were selected. An obvious
variation in the product yields was observed. Triazoles 5a and 5d derived
from ortho azidobenzoic acids and its methyl ester showed the Jowest
yield (45-50%) comparing to their meta and para congeners. This may be

attributed to steric congestion due to ortho substitution.

Four equivalents of azides with one of the steroid were used to ensure
complete consumption of the highly expensive hormone during the
reaction time and to avoid its loss as much as possible. Column

chromatography was used to get rid of the excess azide.

The structures of the compounds (Sa-f) were confirmed by IR,'H -NMR,
and "*C-NMR for certain derivatives.
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The IR spectra of the prepared compounds (5a-c¢) Table 2 revealed
broad absorption bands at 2530-3695 em’' attributed to OH group .where
these bands not observed in their corresponding methy! esters (5d-f). The
appearance of absorption bands at 2915-2928cm’ was assigned to the

sp’C-H stretching vibrations in the prepared compounds (Sa-f).

Comparison between the published infrared spectra of norethindrone”™
and norethindrone acetate” indicated that the absorption band of the
acetyl carbonyl group appeared at higher wave number than that at C3
ketonic carbonyl. It is also reported that the absorption band of carboxylic
carbonyl group almost appears at a wave number lower than that of

ketones and esters.

The absorption bands of the acetyl carbonyl group of (5a-¢) appeared as
separate bands at 1714-1718 cm” whereas their corresponding esters (5d-
f) showed strong overlapped bands of both acetyl and ester carbonyl

groups at 1715-1722 cm’!

The absorption band of the C3 ketonic carbonyl group of the acid
derivatives (Sa,b) appeared as a broad band at 1651 cm’”’ overlapped with
carboxylic carbonyl group. Whereas the C3 ketonic carbonyl group of
compound 5S¢ appeared at 1645 cm’’ separated from carboxylic carbonyl
group which appeared at 1615 cm'. On the other hand the ketonic
carbonyl moiety of the ester derivatives (5d-f) appeared as separate bands

at 1655-1657 cm™.

Aromatic C-H out of plane bending is a characteristic feature in the IR
spectrum of disubstituted benzenes. Compounds 5a and 5d with ortho
disubstituted benzene ring showed a strong band at 758 and 760 cm’
respectively. While compounds 5b and Se with meta disubstituted

benzene ring showed three bands at (693,752,874 em’™') and (674,750,893
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cm’') respectively. Finally compounds S¢ and 5f with para disubstituted

benzene ring showed a strong band at 856 and 855 cm’™ respectively.

Table (2): IR absorption bands (cm™) of compounds (5a-f)

IR (KBr, u cm™)

Ar C-H out of 3

Ph-C=0 plane
Carboxyl/ester bending

Acid derivatives

693,752

,874

1615 856

Ester derivatives

1722 760

674,750

,893
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For the 'H-NMR spectra of compounds (5a-f) we focused on the
interpretation of the newly added moiety, in addition to the significant
protons of the steroid nucleus and not on the all steroidal protons because
of the need of additional techniques for their interpretation such as 'H-

C-COSY or NOESY.

The protons of norethindrone acetate are in the uptield range (6=0.54 -
3.75 ppm) and the most deshielded C4-H appeared at 6 5.75 ppm while

all the protons of the newly added i-phenyl-1,23-triazole moiety

appeared in the aromatic range.

In '"H-NMR spectra of compounds 5a and its esterified derivative 5d,
the steroidal C4-H appcared as singlet at & 5.81 and 5.77 ppm

respectively integrated for one proton.

The aromatic protons of compound 5a appeared as douplet at 5 8.03-8.01
ppm integrated for one proton assigned for Ar H6 multiplet at & 7.68-
7.64 ppm integrated for one proton assigned for Ar H4 and multiplet at &
7.58-7.52 ppm integrated for three protons assigned for Ar H3, 5 and H5

of triazole.

On the other hand the aromatic protons of compound 5d appeared as
multiplct at 6 7.98-7.94 ppin integrated for one proton assigned tor Ar H6
and multiplet at § 7.64-7.49 ppm integrated for four protons assigned for
Ar H3,4,5 and H5 of triazole .The O-CH; protons of compound Sd
appeared at 6 3.67-3.60 ppm as separate singlet signal integrated for three

protons.

'H-NMR spectra of compound S5b and its esterified derivative Se
showed the steroidal C4-11 as singlets at 6 5.82 and 5.67 ppm respectively

integrated for one proton.
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The aromatic protons of compound Sb appeared as singlet at 8 8.34 ppm
integrated for one proton assigned for Ar H2 . multiplet at o 8.14-8.12
ppm integrated for two protons assigned for Ar H4,6 and triplet at o
7.64-7.60 ppm integrated for one proton assigned for Ar H5. The triazole

H35 appeared as separate singlet proton at 0 7.84 ppm.

The aromatic protons of compound Se appeared as singlet integrated for
one proton at 6 8.84 ppm assigned for Ar H2, multiplet integrated for one
proton at 8 8.24-8.22 ppm assigned for Ar H6, douplet integrated for one
proton at & 8.06-8.02 ppm assigned for Ar H4 and multiplet integrated for
one proton at & 7.76-7.71 ppm assigned for Ar H5. The triazole H5 of
compound Se appeared as multiplet at & 8.44 ppm and integrated for one
proton. The O-CHj; protons of compound 5e appeared as separate singlet

signal integrated for three protons at 6 3.90 ppm.

'H-NMR spectra of compound 5S¢ and its esterified derivative 5 f
indicate the presence of steroidal C4-H as singlet integrated for one
proton at  5.81 and 5.63 ppm respectively. The aromatic protons of both
compounds appeared as pair of douplet which is a characteristic feature

of the para substituted benzene ring.

For compound 5e. Ar H2.6 appeared as douplet integrated for two protons
at & 8.23-8.21 ppm and Ar H3,5 appeared as douplet integrated for two
protons at & 7.89-7.86 ppm. The triazole HS proton of compound Sc

appeared as singlet integrated for one proton at 6 7.82 ppm Figure 6.

Ar H,, for compound 5f appeared as douplet integrated for two protons
at & 8.11-8.09 ppm and Ar H3,5 appeared as douplet integrated for two
protons at & 8.08-8.05 ppm. The triazole Hs proton of compound Sf

appeared as singlet signal integrated for one proton at 6 8.78 ppm.
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The O-CHy protons of compound Sf appeared as separate singlet

integrated for three protons at § 3.83 ppm.
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Figure (6): '"H-NMR spectra of compound Sc.

It is reported that the C5-H of 1,2,3 triazole can be included in
hydrogen bond and this leads to deshielding of the proton in 'H -NMR
depending on the strength of the hydrogen bond™ . We tried several
approaches to correlate the effect of the nature and position of the
aromatic substitution on the chemical shift of the triazole HS proton,
Partial charge calculations at the heavy atoms, linear distances and
dihedral .ngles determinations between the target centers was carried out,
however no definite results were obtained, this may be due to other
factors affecting the possible intra molecular hydrogen bonding between
C5-H and COOR group on the benzene ring. Anisotropic effect of the
carbonyl group and its conformation may affect the degree of shielding of

the proton.
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e Ve - .
Ihe ""C-NMR data of compound 5b and 5d Figure 7 are shown in

Table 3. Assignment of each signal to its corresponding carbon atom was

followed by comparison with the chemical shift of reported structurally

related compounds and was confirmed by DEPT expertments at 135707

9 1]
35 COO(H,CH3)

Figure (7): Numerical assignment of carbons of compound 5b and 5d

The C-NMR spectrum of compound 5b revealed 10 CH carbons, 4
resonated up field (8 40.72-48.65ppm) and 6 resonated downfield (3
119.39-130.11 ppm). The spectrum showed also two signals upfield
shifted at & 14.82 and 21.73 ppm corresponding to C18 and C20
respectively. All these signals are confirmed by their pointing up in the
DEPT spectrum. The spectrum revealed also 7 signals assigned to 8§ CH>
carbon atoms of the steroidal nucleus. It was observed that C1 and C12
are totally overlapped and appeared as one signal at d 36.33 ppm. These
carbon atoms are further confirmed by pointing down in the DEPT
spectrum. Additionally, the spectrum show 6 signals corresponding to 6
completely substituted carbon atoms which are easily identified by their
low intensity and not observed in DEPT spectrum. C13 of the steroidal
nucleus resonates at upfield region (8 47.61 ppm) while C17 is relatively
downfield shifted (5 88.11ppm). The remaining completely substituted

carbon atoms resonate in the downfield region.
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Finally the mostly downfield shifted signal at & 200.37 ppm assigned to
C3. C19 and €29 are totally overlapped and appeared as one signal at &

170.51ppm Figure 8.
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Figure (8): A) "C-NMR spectrum of compound 5b.
B) DEPT spectrum of compound 5b.
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The "C-NMR spectrum of compound 5d revealed 10 CH carbons, 4
resonated up field (0 40.75-48.91 ppm) and 6 resonate at the downfield
region (6 118.32-129.83 ppm). It was obscrved that C25 and C22 of the
triazole ring arc totally overlapped and appeared as one signal at 129.83
ppm. The spectrum showed also three signals upfield shifted at 6 14.52,
21.55 and & 52.53 ppm corresponding to C18, C20 and C30 respectively.
The spectrum revealed also 8 signals assigned to the 8 CH- carbons, all
are resonating at the up field region (8 24.07-36.44 ppm). Additionally,
the spectrum show 6 signals corresponding to 6 quaternary and carbonyl
carbon atoms, C13 of the steroidai nucleus resonated at upfield region (o
4891 ppm), C17 is relatively downfield shifted (6 88.07ppm). The
remaining completely substituted carbon atoms resonated in the
downfield region (131.27 — 166.46 ppm). Finally the most downfield
shifted signal at & 218.26 ppm was assigned to C3. C19 and C29

resonated at 195.03 and 166.45 ppm respectively.
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Table (3): "C-NMR chemical shifts of compounds 5b and 5d.

Carbon atom

5b(d ppm)

Sd(d ppm)

(C1,C2,C12) 36.33", 35.37 36.44,35.47, 32.77
G, 200.37 218.26
(C4,C27)" 125.33, 124.50 124.57,123.47
Cs 166.86 166.46
C6 30.70 29.45
(C7,C11,C15)" 26.37,25.91,24.07 26.57,24.07, 26.02
C8 40.72 40.75
9 48.65 48.91

Clo 42.71 42.45
Cl13 47.61 48.91
Cl4 46.36 46.13
Cl6 32.90 30.83
C17 88.11 88.07
C18 14.82 14.52
C20 21.73 21.55
C19, C29 170.51" 195.03, 166.45
C25 137.12 129.83"
C24 119.39 132.63
C23 150.58 150.95
C28 12115 118.32
C26,C22 (130.11, 130.02) * 126.02,129.83"°
C21 131.15 131.27
C30 - 52.53

a) It is difficult to assign each signal to its corresponding C-atom exactly,

since the difference in their chemical shift is < 2 ppm and needed other

techniques for their assignment e.g. 'H-"*C-COSY or NOESY

b) Totally overlapped signals.
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3.2) BIOLOGY

3.2.1) In vivo progestational activity:

The preliminary in vivo progestational activity of the synthesized
170-(1-substituted-1, 2, 3-triazol- 4-yl)-19-nortestosterone acetate (5a-f)
was evaluated using adult female Wistar rats showing at least two
consecutive 4-day estrous cycles. Norethindrone acetate (NETA) and its
synthesized derivatives were dissolved in DMSO at a concentration of
0.018 mg/ ml. Rats received 1 ml s.c. injections of tested compounds
daily, for 8 days. For all experiments the treatment was started when the
animals were in estrus phase. lnitial body weight before treatment and
final body weight at the time of sacrifice were recorded. Twenty-four
hours after the final dose, rats were killed, and their uteri were carefully
excised, trimmed of extraneous tissue, blotted filter paper to remove
excess fluid, weighed on electronic balance to calculate the uterus weight

as the following:
Relative organ weight (kg) = [organ weight (g)/body weight (g)] x 1000

Then it was fixed, and stained. Paraffin sections of fixed uteri were
evaluated for endometrial gland. The thickness of endometrium,
myometrium and the uterine epithelial cell heights were measured using
an objective lens of magnification 10, and eye lens 10 the total

magnification was 100.

Results of in vivo progestational activity of the tested compounds as well
as Norethindrone acetate (reference drug) in relation to the solvent as

control are shown in Table 4, Figure 9 and Figure 10.

57



Results & Discussion, Biology

Results showed that the compounds exhibited variable activities and

variable effects on both uterus weight and histology compared with

control and reference drug Norethindrone acetate.

Table (4): /n vivo progestational activity of 17a-(1-substituted-1,2,3-

triazol-4-yl)-19-nor-testosterone acetate (5a-f) at a daily dose level of

0.018 mg/ml.

9, increase Relative Endhometrial Myflmetrinl Epitheﬁlial cell
Compound in body Uterus thickness thickness height
weight weight (nm) (um) (um)
control 17.741.6 1.5:£0.03 154.47+1.19 122,40 £2.37 57.8040 .92
| NETA | 286411 1.740.05 302.35422% | 228.6042.86% | 68.22+0.71%
Sa 17.2£0.64%% 1.9+0.18 452412.67%% | 170.80+8 87*** | 43.5041.063%**
5b 18.6£1.63** 2.04.13 375.5413.99% %% | 76410 27%%% | 43.60£0.89***
S¢ 17.6£1.43%* | 3.9£0.35%%* | 277.5+10.42* [13.60£3.78%% | 39601274 %*
5d 16.541.1%* 1.3£0.1 343.7+£1.86% %% | 197.70+£7,92%%* 64.60+1.31*
Se 17.741.6%* 1.9+0.13 214.044221%%% | 319.80£7.91%* | 59,1040, 75%**
5f 34.5%3.1* 1.9+0.09 417.6£7.17%%* 221.80+2.56* 29.60+0.49% % *

Values represent the mean + SEM of six animals per group.

* Significantly different from control group at P <0.05.

** Significantly different from NETA group at P <0.05.
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B %, increase in body wejght

& Relalive wiorus woipht

% increase in B Wt, Relative uterus weight

Figure (9): Effect of compounds (5a-f) and NETA on body and uterus
weight.
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Figure (10): Effect of compounds (5a-f) and NETA on uterine thickness.
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3.2.1.1) Effect on body and uterus weight:

In all animals, there was an incrcase in the final body weight
compared to the initial body weight. Rats treated with tested compounds
showed no significant increasc in the body weight as compared 1o the
control rats except compound Sf which showed an increase in the body
weight compared to both control and Norethindrone acetate treated rats,

but the increase was significant compared to control rats.

All the tested compounds except 5d showed an increase in uterus weight
compared to both the control and Norethindrone acctate. This increase
was significant with compound Se¢, but the uterus was abnormally
edematous and filled with fluids and this was mainly the cause of

increased weight not the endometrial proliferation.

3.2.1.2) Effect on uterine histology:

An examination of the uterine histology of the rats treated with the
tested compounds showed a significant increase in both endometrial and
myometrial thickness compared to the control animals except compound
S¢ which showed myometrial atrophy. This increase in the lining
thickness of the uterus may be the cause of the increase in uterus wet
weight with most compounds. The increase in the endometrial thickness

was accompanied by appearance of endometrial glands Figure I1.

Compounds (5a,b,d,f) showed significant increase in endometrial
thickness as compared to Norethindrone acetate, while compounds 5¢ and
Se showed decrease in the endometrial thickness. With regard to the
myometrium, only compound 5e showed significant increase in the
thickness while all the other compounds showed decrease in the thickness

of the myometrium.
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Finally, all compounds showed a decrease in the epithelial cell height
as compared to the control and Norethindrone acetate except 5d and Se
which showed an increase in the epithelial cell height comparing to

control.

Figure (11): A light micrograph of the uterus of a rat treated with
compound 5b showing significant increase in endometrial thickness and
distributed endometrial glands.

Consequently, the results indicated that:

1- All the synthesized compounds nave in vivo progestational activity
due to their induction of endometrial proliferation as compared to
the control animals.

2- Compounds 5a, 5b, 5d and 5f showed progestational activity more
than that revealed by Norethindrone acetate while compounds 5S¢
and Se showed lower activity than Norethindrone acetate.

3- According to the effect on the endometrial thickness, the
progestational activity can be arranged in the following order:

54 > 5f > 5§b > Sd > S5c¢ > Se
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4- The esterified derivatives 5d and Se showed lower activity than
their corresponding acids 5a and Sb while the opposite was
observed with the ester 5f and its acid precursor Sc.

5- The ortho derivatives 5a and 5d displayed higher activity than the

meta isomers Sb and Se.
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3.2.2) Anticancer activity

Six newly synthesized compounds (5a-f) were screened for their
anticancer activity according to NCI in vitro protocols, against a panel
consisting of 60 human tumor cell lines. These cell lines are derived from
nine cancer types as follows : Leukemia (L) lines CCRF-CEM, HL-
60(TB), K-562, MOLT-4, RPMI-8226, SR; Non small cell lung cancer
(NSCLC) lines A549/ATCC, EKVX, HOP-62, HOP-92, NCI-H226,
NCI-H23, NCI-H322M, NCI-H460, NCI-H522; Colon cancer (CL) lines
COLO 205, HCC-2998, HCT-116, HCT-15, HT29, SW-620; Central
nervous system cancer (CNSC) lines SF-268, SF-295, SF-539, SNB-19,
SNB-75, U251; Melanoma (M) lines LOX IMVI, M14, SK-MEL-2, SK-
MEL-28, SK-MEL-5, UACC-257, UACC-62; Ovarian cancer (OC) lines
IGR-OVI(Restricted Use), OVCAR-3, OVCAR-S, OVCAR-8, SK-OV-
3: Renal cancer (RC) lines 786-0, A498, ACHN, CAKI-1, RXF 393
(Restricted Use), SN12C, TK- 10(Restricted Use), UO-31; Prostate cancer
(PC) line PC-3 and Breast cancer (BC) lines MCF7, NCI/ADR-RES,
MDA-MB-231/ATCC, HS 578T, MDA-MB-435, BT-549, T-47D . The
activity results of compounds (5a-f) against different cancer cell lines

except melanoma lines are listed in Table 5.

3.2.2.1) 60-Cell panel results and discussion

3.2.2.1.1) Leukemia (L) cell lines

Compound 5e showed antitumor activity against RPMI-8226 and SR
cell lines with 29.59 % and 27.58% growth inhibition respectively, while
compound 5d showed 23% growth inhibition of RPMI-8226
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Table (5): In vitro anticancer activity for compounds (5a-f)

Growth Percentage (%)

Cell line
S5a 5b 5¢ 5d Se \ 5f
Leukemia RPMIg226 | 9411 | 9160 | 8316 77.11 70.41
R 10231 | 10235 | 10361 | 9269 72.24
Nom-Small Cell | asas/atcc | 9555 9573 | 84.99 92.02 68.57
Lung cancer
NCI-H522 90.41 117.20 66.54 72.64 75.69
Colon cancer 102.06 | 11002 | 93.50 97.72 79.16
(HT29)
SNB-75 76.79 | 7211 | 6832 66.46 53.60 .
CNS Cancer SF-295 104.44 \ 103.90 | 92.85 89.47 . |
SNB-19 91.28 K 98.03 | 96.41 7893 | 8272 |
ovarian cancer 98.07 95.43 77.20 92.60 £9.60 78.59
(OVCAR-4) B
Ad98 o479 | 775 | 15659 4393 | 8276
| -
U0-31 82.69 ‘ 8060 | 8316 73.58 1
Renal cancer [\ 11 9374 | 9631 | 96.25 ‘ 86.45 9257 .
RXF393 10035 | 12263 | 10734 | 96.84 69.13
Prostate cancer 94.83 | 83.89 | 79.39 65.99 43.30 73.54
(PC-3) o
109.54 | 88.82 97.48 76.87 96.84
Breast cancer MCF7 ‘ —_—
MDA-MB-368 | 2548 ‘ 108.97 82.67 88.15
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3.2.2.1.2) Non Small Cell Lung Cancer (NSCLC) cell lines
Compound 5¢ showed 33.46 % of growth inhibition of NCI-H522 cell

line while compound 5d and Se revealed 27.36% and 24.31% of growth

inhibition respectively on the same cell line. Additionally compound Se

showed 31.43% percent of growth inhibition of A549/ATCC cell line.

3.2.2.1.3) Colon cancer (CL) cell lines

None of the tested compounds showed clear inhibition of growth with
any of the six colon cancer cell lines, except Compound 5e which showed

21.84% of growth inhibition of HT29 cell line.

3.2.2.1.4) Central Nervous System Cancer (CNSC) cell lines

The most prominent activity was on SNB-75 cell line. All compounds
revealed a prominant growth inhibition and the most active compound
was Se with about 46.40% inhibition of growth followed by 5d, 5S¢, Sb, 5f
and 5a with 33.54%, 31.68%, 27.89%, 26.12% and 23.21% inhibition of
growth respectively. Compound 5e showed also 25.06% inhibition of
growth of both SF-295 and SNB-19 cell lines.

3.2.2.1.5) Ovarian Cancer (OC) cell lines
Compound 5e showed 30.40% inhibition of growth of OVCAR-4 cell
line, while compounds 5S¢ and 5f showed 22.8% and 21.41% inhibition of

growth respectively on the same cell line.

3.2.2.1.6) Renal Cancer (RC) cell lines

The most prominent activity was on A498 cell line and the most active
compound was 5e with about 56.07% inhibition of growth followed by
5d and 5b, with 27.4% and 22.5 % inhibition of growth respectively. On
the other hand compounds 5d, Se and 5f showed additional activity
against UO-31 cell line causing 37.8%, 38% and 26.5% inhibition of
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growth respectively. Compound Se also showed 32.2% inhibition of
growth of CAKI-1 cell line and 30.87 % inhibition of growth of RXF 393

cell line.

3.2.2.1.7) Prostate Cancer (PC) cell line

The most prominent activity was on PC-3 cell line and the most active
compound was Se with about 56.7 % inhibition of growth followed by Sd
and Sf with 34 % and 26.5 % inhibition of growth respectively.

3.2.2.1.8) Breast Cancer (BC) cell lines:

Only compound Se showed growth inhibition of MDA-MB-468 and
MCF7 cell lines by 26.7% and 23.13% inhibition of growth respectively.

To summarize the results of the anticancer screening against the
challenged cell lines, the esterified derivatives (5d-f) displayed higher
activity than their respective free acids (5a-¢). Among the esterified
derivatives compound Se is the most active one showing broad spectrum
anticancer activity. It revealed about 50% growth inhibition of CNS
cancer SNB-75 cell line, 56% growth inhibition of renal cancer A498 cell
line and 56.7% growth inhibition of prostate cancer PC-3 cell line. No

effect for the position of the substituent (o, m and p) was observed.
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3.3) MOLECULAR MODELING, DOCKING SIMULATION
STUDIES AND PHYSICOCHEMICAL CALCULATIONS

3.3.1) Progesterone receptor structure

Progesterone receptor (PR) is one of the nuclear receptors (NRs) which
~are ligand-dependent transcription factors that regulate the expression of
a variety of important target genes involved in a wide spectrum of
developmental and physiological processes79. PR and Steroid hormone
receptors are multi-domain proteins composed of conserved well-
structured regions, such as ligand (LBD) and DNA binding domains
(DBD), plus other naturally unstructured regions including the amino-
terminal domain (NTD) and the hinge region between the LBD and DBD.
The hinge is more than just a flexible region between the DBD and LBD
and is capable of binding coregulatory proteins. PR is expressed as two
isoforms, PR-A and PR-B, which arise from the same gene by utilization
of two promoters. The two receptors are identical in the C-terminal ligand
binding domain (LBD) and DNA binding domain (DBD) and most of the
amino-terminal domain (NTD) except for an 164 amino acid extension of

the NTD unique to PR-B, Figure 12 R
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Figure (12): Schematic representation of the progesterone receptor PR-A
and PR-B proteins. The DNA-binding domain (DBD), the ligand-binding

domain (LBD) and activation function domains (AFs) are indicated.

The three-dimensional structure of progesterone receptor complexed

with Norethindrone is described (PDB Id: 1SQN) Figure 13.%¢

Figure (13): Ribbon representation of progesterone receptor.

Norethindrone depicted in black ball-and-stick representation with red

oxygen atoms.
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3.3.2) Progesterone receptor (PR) active site

Our understanding of how various progestin ligands interact at the
molecular level has been greatly enhanced by the elucidation of crystal
structures of these ligands bound to ligand-binding domain of the PR. To
date, ligand-bound PR structures have been solved for the natural ligand,
progesterone (P)S', other Cy; substituted steroids such as Metribolone,
Mbmetasone furoate, Norethindrone®® and the non-steroidal ligand
Tanaproget®. These structures reveal ligand-binding pockets that vary in
shape and size depending on the nature of the bound ligand and provide
interesting insights into receptor flexibility, which allow these ligands to
be accommodated. For example, when compared to P, which has a bound
molecular volume of 349 A’, tanaproget has a much smaller molecular
volume of 290 A’, yet both these ligands are potent PR agonistsg3.
Examination of the bindings between the different ligands and the
receptor revealed that the active site amino acids are Leu-715, Cys-891,
Thr-894, Tyr-890, Leu-797, Leu -887, Met-756, Met-801, Met-759, Phe-
778, Arg-766, GIn-725, Leu-721, Leu-718, Trp-755, Asn-719, Met-909
and Phe-905.

3.3.3) Norethindrone binding with progesterone

receptor

As observed in other PR/steroid complexes, a hydrogen bond was
observed between oxygen atom of C; carbonyl of the steroid A-ring of
norethindrone and the side chain of GIn725. This hydrogen bond between
a conserved glutamine and the A-ring oxygen has been observed in all
crystal structures of 3-keto steroid receptors. The side chain of a
conserved arginine, PR Arg766, formed the linchpin of a hydrogen bond

network centered on the A-ring C; carbonyl oxygen. This network also
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included a hydrogen bond between Arg766 and Phe778, which made
vander Waals contact with the steroid A-ring. Most of the remaining PR-
ligand interactions were hydrophobic, but some polar interactions
involving the D-ring may be responsible for molecular recognition and

increased affinity. *°

3.3.4) Docking simulation studies of target compounds
(5a-f) with progesterone receptor

Molecular docking simulation of the tested compounds (5a-f) was
performed to rationalize the obtained in vivo biological results.
Furthermore, molecular docking studies help in understanding the
binding mode and various interactions between the ligand and

progesterone receptor.

The tested compounds were constructed in a 3D model using MOE
molecule builder. The partial charges of the different models were
calculated using current forcefield calculations. The produced models
were subjected to systematic conformational search, and then a database
of different conformers for each model was saved to be used in the

docking study.

The X-ray crystallographic structures of PR (PDB Id: 1SQN) was
prepared for docking and the active sites were isolated using MOE site
finder tool. The docking simulations were performed by MOE dock
application using Triangle Matcher as placement scheme and London dG

as a scoring function.

Most of molecular docking programs are treating the ligand as a
flexible molecule while protein in a rigid manner. On the other hand,

realistic docking experiments need to account for molecular flexibility for
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both the protein and the ligand because there are many cases in which the
lock-and-key model does not work well and the induced-fit model is

more appropriate®.

LigX (Ligand Explorer) tool, a new tool added in (MOE V.10.2010),
was used in docking simulations in the present investigation. In LigX
calculations, the receptor atoms far from the ligand are held fixed
(constrained not to move) while receptor atoms near the ligand (in the
active site) are allowed to move but are subject to tether restraints that

discourage gross movement, Figure 14.

o fived

SRR receptor
. m“ﬁ\‘

. /"{ 2 /5' —
flexible \*/ ) flexible

, - |
lieand A
’ N receptor

Figure (14): Flexible ligand/active site docking simulation by LigX

tool.¥
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From the docking studies of the target compounds S5(a-f) and their
binding energy (AG) Fable 6, we can observe a rough correlation with
the in vivo progestational activity represented in the increase in the
endometrial thickness compared to that of the reference drug
norethindrone acetate. The results also revealed that the change in the
hydrophobic interactions due to the addition of the hydrophobic aromatic
moiety to the steroid C,7 has no significant effect on the binding with the

target in comparison to that of the hydrogen bond forming groups.

In comparison to the reference drug, norethindrone acetate Figure 15
compounds 5a, 5f and 5b showed lower binding energies (best docking
scores) respectively. While compounds 5d, Sc¢, and Se showed higher
binding energies respectively and this arrangement agree to a large extent

with the arrangement of the biological activity.

. 778
(P;Q\

Figure (15): Two-dimensional representation of the docking pose of

norethindrone acetate in the PR binding site.

D e SN
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Table (6): Interaction energies, ligand target interactions and in vivo

biological activities of reference drug NETA and target compounds.

Ligand binding groups
Comp. oxygen of | Oxygen of | Oxygen of
No. AG c carboxylic | carboxylic
(Kcal/mole) | carbonyl | carbonyl | hydroxyl | Others |Endometrial
Thickness
(A) (A) (A) (um)
GIn725(2.73) Hydrophobic
NETA -10.5131 - - interactions | 302.35 +2.2
Arg766(2.67) with 16 AA
GIn725(2.77) | Hydrophobic
5a -12.6971 Asn719(2.82) | Arg766(2.49) interactions | 452+ 12.67
Arg766(2.56) | with 19 AA
GIn725(2.72) | Hydrophobic
5b -11.1299 Asn719(2.69) | Arg766(2.72) interactions | 375.5+13.99
Arg766(2.41) | with 21 AA
Hydrophobic
5¢ -8.8336 Asn719(2.65) | Arg766(2.31) - interactions | 277.5+10.42
with 20AA
) GIn725(2.78) Hydrophobic
5d -9.7881 - - interactions | 343.7+1.86
6a Arg766(2.46) with 21 AA
Hydrophobic
5€¢ -8.0234 Asn719(2.43) | Arg766(2.31) - interactions | 214.04+2.21
6 b with 21AA
GIn725(2.52) Hydrophobic
5f -11.3694 Asn719{2.63) - interactions | 417.6+7.17
é . Arg766(3.24) with 19 AA
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Examination of the binding modes of the target compounds; we observed

that hydrogen bonding with certain amino acids and the orientation of the

ligand within the active site pocket corresponding to these amino acids

are the major factors affecting the ligand/target binding results.

Within compounds Sa, 5f and Sb which had more favorable binding

energy in comparison with the Norethindrone acetate, compound Sa and

5b showed four hydrogen bonds with Asn719, Arg766, Gln725 and

Arg766 (as in Table 6) with the oxygen of C3 carbonyl of the Steroid A-

ring directed toward Asn719 while the carboxylate group project toward

GIn725 and Arg766 Figure 16, 17 .

(E;T;\?
TZZ)

Figure (16): Two-dimensional reprecentation of the docking pose of

——

compound 5a in the PR binding site.
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Figure (17): Two-dimensional representation of the docking pose of

compound 5b in the PR binding site.

On the other hand compound 5f exhibited reversed orientation
within the receptor active site and showed three hydrogen bonds with
GIn725, Arg766 and Asn719 Figure 18.
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A

Figure (18): Ay Two-dimensional representation of the docking pose of
compound 5f in the PR binding site. B) 3D representation of the same

pose.
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Moreover, compounds 5d, 5¢ and Se revealed less favorable binding
energy comparing with Norethindrone acetate (table 4). Compound 5d
(Figure 19) exhibited the same orientation as the reference drug and
forming two hydrogen bonds between oxygen at Cs of steroid A-ring with
both GIn725 and Arg766. On the other hand, S¢ and Se showed an
opposite orientation and forming a hydrogen bond between oxygen at C;
of steroid A-ring and Asn719 and another between carbonyl of

carboxylate moiety (acid/ester) and Arg766 Figure 20&21.

Fae

{

S

Figure (19): Two-dimensional representation of the docking pose of

compound 5d in the PR binding site.
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Figure (20): Two-dimensional representation of the docking pose of

compound 5¢ in the PR binding site.

Figure (21): Two-dimensional representation of the docking pose of

compound Se in the PR binding site.
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On comparison between the ester derivatives (5d-f) and their acid
precursors (5a-¢), it was observed that the later oriented in a manner that
the carbonyl at C; of the steroid A-ring projected toward Asn719. On the
other hand the carboxylate group of these compounds projected toward
GIn725and Arg766 forming three hydrogen bonds (Sa and Sb) or only
one hydrogen bond (5¢). The opposite was observed with the cster
derivatives except compound Se which oriented in a manner similar to

acid derivatives.

With regard to the position of the substitution and its effect on the
binding with the receptor we observed that the ortho substituted
derivatives showed more favorable binding energies than the
corresponding meta isomers while the para substituted derivative showed
the least favorable score within the acid derivatives and the best one

within the ester derivatives.
From the docking simulation study, it was observed that:
1- Binding of the ligand with GIn725 a hydrogen bond 1s essential.

2- The newly added moieties at C17 provide important and very
effective sources of additional ligand/ target binding especially

hydrogen bonding.

3- The effect of the added moieties at Ci7 on the hydrophobic

interactions wasn't significant.

4- Compound 5a, Sb and 5f showed the highest scores due to their
binding with the two essential amino acids Gln725and Arg766 in
addition to other hydrogen bond interaction with the active site

Asn719. On the other hand compounds 5¢, 5d and Se showed
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lower scores than the reference drug since they bind only with two

essential amino acids n the active site.

5- The orientation of the ligands within the active site in such a
manner in which the carbonyl at C3 of the steroid A-ring bind with
GIn725 isn't essential for the binding to elicit the predicted

biological activity.
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3.3.5) Physicochemical calculations:

The term "physicochemical properties" refers to the influence of the
organic functional groups within a molecule on its acid-base properties,
water solubility, partition coefficient, crystal structure, stereochemistry,
and so on. All these properties influence the absorption, distribution,
metabolism, excretion, and toxicity of the molecule. To design better
medicinal agents, the medicinal chemist needs to understand the relative
contributions that each functional group makes to the overall
physicochemical properties of the molecule. Studies of this type involve
modification of the molecule in a systematic fashion and determination of
how these changes affect biological activity. Such studies are referred to
structure-activity relationships (SAR) that is, what structural features of
the molecule contributes to, or takes away from, the desired biological
activity of the molecule of interest.’

In the present investigation the effect of the structural modification on
the physicochemical properties of norethindrone acetate and consequently
on its biological activity was attempted. These properties were calculated
using Molecular Operating Environment (MOE®) version 10.2010% and
the molinspiration server, Table 7. 86

The first properties studied were that of Lipinski rule which states that
poor absorption or permeation is more likely when there are more than 5
H-bond donors, 10 H-bond acceptors, the molecular weight (Mwt) is
greater than 500 and the calculated Log P (CLogP) is greater than 5.*
The only slight violation observed was with the molecular weight which
was 503.5990 for the acid derivatives (Sa-c) and 517.6260 for the ester
derivatives (Sd-f). This violation can be neglected if we know that

molecular weight increase up to 550 D is permissible. ®
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Examination of the cLogP of the synthesized derivatives indicated that
a slight increase in lipophilic characters by the added phenyl triazole
moiety in the acid derivatives (Sa-c) and the ester derivatives (Sd-f) still
not exceed the allowed upper limit 5.
The added acid moiety provided the newly synthesized derivatives (Sa-c)
with a hydrogen bond donor capacity which eliminated by the
estérification process in (5d-f). The effect of the added moiety was very
significant since the hydrogen bond acceptor property was increased from
three in norethindrone acetate to eight due to the triazole three nitrogens
and the carboxyl/methyl carboxylate two oxygens.
Table (7): Calculated properties of the synthesized compounds (Sa-f) in

addition to Norethindrone acetate.

Compound M.wt. P (c é;‘il) :l:r; ::c- Volume TPSA LogS
NETA 340.4630 | 3.7070 0 3 333.749 | 43.376 | -5.4856
5a 503.5990 | 3.7990 1 8 458.363 | 111393 | -6.1313
5b 503.5990 | 3.8380 1 8 458.363 | 111.393 | -6.1313
5c 503.5990 | 3.8010 1 8 458.363 | 111.393 | -6.1313
5d 517.6260 | 4.0630 0 8 475.891 | 100.399 | -6.5436
Se 517.6260 | 4.1020 0 8 475.891 | 100.399 | -6.5436
5f 517.6260 | 4.0650 0 8 475.891 | 100.399 | -6.5436
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Because the solubility (logS) of organic molecules in water should be
considered in the design of drugs, due to its significant impact on many
ADME-concerned properties of drugs, such as uptake, distribution,
transport, and eventually bioavailability®”®, the effect of the structural
modification on the calculated log solubility in water LogS (calculated
from an atom contribution linear atom type model)® was also studied .
The results revealed that the added moiety diminished the value of water
solubility LogS from -5.4856 to -6.1313 in the acid derivatives (5a-¢) and
to -6.5436 in the ester derivatives(5d-f) and these results was in agree

with the increase of the log P values in the synthesized derivatives.

Another very helpful parameter for the prediction of absorption in drug
design is the topological polar surface area (TPSA) defined as the sum of
surfaces of polar atoms in a molecule. This parameter is easy to
understand and, most importantly, provides good correlation with
experimental transport data. It has been successfully applied for the
prediction of intestinal absorption, Caco-2 monolayers penetration, and
blood-brain barrier crossing.” It was reported that orally active drugs that
are transported passively by the transcellular route should not exceed a
polar surface area of about 120 A* and for brain penetration they can be
tailored by decreasing the polar surface to <60-70 A? . °®' Calculations
revealed that the structural modification of norethindrone acetate raised
the polar surface area significantly in both acid and ester derivatives from
43376 A’ to 111.393 A? and 100.399 A? respectively. This was predicted
due to the polarity of triazole nitrogens in addition to the carboxyl/methyl

carboxylate oxygens.

Finally because the volume is a fundamental physical property of
molecules that is important in understanding their structure, function, and

interactions’”, the effect of the structural modification of norethindrone
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acetate on the molecular volume was studied. As predicted the volume of

both acid (5a-c) and ester (5d-f) derivatives was increased to 458.363 A’

and 475891 A’ respectively in comparison to 333.749 A’ for

norethindrone acetate.

From these calculations we can conclude that:

-

The planned structural modification of norethindrone acetate had
slightly increased the Lipinski parameters to the extent not affect

the drugability of these targets.

The modification provided the target compounds with additional
hydrogen bond donors and acceptors within Lipinski's limitations
which had a significant effect on progesterone receptor binding as

docking studies revealed.

The modification slightly diminished the predicted water solubility
of the target compounds but our design for introduction of the
carboxyl group provides a wide capability of salt formation with

several bases that can enhance water solubility.

The increase of polar surface area of the target compounds due to
the modification was within the reported limit for orally active

drugs that are transported passively by the transcellular route.

The increase in the molecular volume of the target compounds
wasn't a problem due to the known flexibility of the progesterone
receptor active site that accommodate the ligands bulkiness and
this was confirmed by the docking and in vivo progestational

screening studies.
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4. EXPERIMENTAL

4.1 CHEMISTRY

Materials and Apparatus:

e Melting points were determined using electrothermal apparatus (Stuart

Scientific, England), and were uncorrected.

. ’Elemental analyses were performed on AnalysenSysteme GmbH-D-
63452-Hanau apparatus Germany, Microanalytical Center, Faculty of
Science, Assiut University, Assiut, Egypt, and Perkin Elmer 2400
CHN elemental analyzer, Microanalytical Center, Faculty of Science,
Cairo University, Cairo, Egypt as well as the Regional Center for

Mycology and Biotechnology, Al-Azhar University, Cairo, Egypt.

e Thin layer chromatography (TLC) was used for monitoring chemical
reactions and was carried out using silica gel 60 F,s4 precoated sheets
20 X 20 cm, layer thickness 0.2 mm (E. Merck, Germany), and spots
were visualized using UV-lamp at Amy 254 nm, Column
chromatography was carried out on Fluka silica gel 60 (particle size

0.063 - 0.02 mm.)

o IR-spectra were recorded as KBr disk using Shimadzu IR 400-91527
Spectrophotometer (Shimadzu Corp., Kyoto, Japan) at the Central
Laboratory, Faculty of Pharmacy, Assiut University Assiut, Egypt.

e 'H-NMR spectra were performed on Varian EM-360L NMR
Spectrophotometer (60 MHz) (USA), Faculty of Pharmacy, and JEO!-
JNM-LA400 FT-NMR Spectrometer (400 MHz) (Japan), Faculty of
Science, Asstut University. Chemical shifts are expressed in & values
(ppm) relative to tetramethy! silane (TMS) as an internal standard, and

coupling constants J were expressed in (Hz). CDCly (7.29ppm) and
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DMSO-d, (2.5 ppm.) were used as solvents. Deuterium oxide was used

for the detection of exchangeable protons.

BC.NMR spectra were performed on JEOI-INM-LA400 FT-NMR
Spectrometer (400 MHz) (Japan), Faculty of Science, Assiut
University, CDCl; (77ppm) was used as solvent.

o All the chemicals used for the synthesis of the target compounds were
of commercially available reagent grade and used without further

purification except the solvents, which were purified before use.
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4.1.1) General method for synthesis of azido benzoic
acids (2a-c)*

COOH

2 a-c)

In a 150 mL round-bottomed flask , a solution of sodium nitrite (1.06
g, 15.4 mmol) in cold water (5°C) (3 mL) was added portion wise to
a stirred cold mixture of the respective amino benzoic acid (la-c)
(2.0g, 14.5 mmol) , water (10 mL) and concentrated sulphuric acid (3
mL) . To the resultant clear mixture, a solution of sodium azide (1.20
g, 18.45 mol) in water (3 mL) was then added with vigorous stirring. A
white product was precipitated, the stirring was continued for further
10 min.The precipitate was washed thoroughly with water, filtered
under suction, crystallized from the proper solvents to afford the pure

products (2a-c) . Physical data are shown in Table (8).
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Table (8): Physical data of o-, m- and p-azidobenzoic acid (2a-c).

M.p. (OC) Yleld
No. (%) (Cryst. Solv.)
Found Reported”™ ™
2a| 141-143 °C 142-143 °C 83% Hexane
2b | 162-165°C 163-165 °C 89% Hexane
2¢| 188-190°C 188-191 °C 95% H-O / Ethanol \
SERE

Spectral data of o- , m- and p-Azidobenzoic acid (2a-¢).

o-Azidobenzoic acid (2a) IR (KBr, cm™): 3670-3060 (OH), 2100
(N3) ,1684 (C=0). 'H-NMR (60 MHz, CDCl;, 3 ppm. J Hz): 7.09-7.42
(m, 2H, H3.5); 7.42-7.81 (m, 1H, H4); 8.03-8.29 (d, 1H, J =9, H6);
11.21 (br.s,exchangable,1H, COOH).

m-Azidobenzoic acid (2b) IR (KBr, cem™) : 3625-3380 (OH), 2345
(N3), 1647 (C=O).1H—NMR (60 MHz, CDCl;, 8 ppm): 7.13-8.09 (m « 4H
, H2,4-6); 9.16 (s , exchangable ,1H,COOH) .

p-Azidobenzoic acid (2¢) IR (KBr, cm’') 1 3755-3090 (OH) , 2095
(N3), 1668 (C=0)."H-NMR (60 MHz, CDCl;, & ppm. J Hz): 7.03-7.33 (d,
2H, J =18, H35); 7.93- 829 (d,2H, /=8, H2,6); 8.63 (s, exchangable ,
1H, COOH) .
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4.1.2) General method for synthesis of methyl

azidobenzoates (3a-c) *°
COOCH,

AN

X
N;

(3a-¢)

A mixture of the respective Azidobenzoic acid (2a-¢) (2g, 0.0122
mol), absolute methanol (5ml, 0.125mol) and concentrated sulphuric
acid (0.36 g 0.2 mL) was refluxed for 4 hours. The solvent was
cvaporated under reduced pressure and allowed to cool. The product was
extracted with chloroform (2x50 mL) and the organic layer washed with
sodium bicarbonate solution (20%) until effervescence ceases, then with
water, and dried over anhydrous magnesium sulphate. The chloroform
was evaporated under vacuum and the product was collected. Compounds
3a and 3b are dark red oils, while compound 3¢ is reddish white powder
with m.p. 38°C as reported.” Yields were 63%, 75%, 80% respectively.
Spectral data for compounds {(3a-c) are shown below. The products were

used without further purification in the next reactions.

Methyl o-azidobenzoate (3a) IR (KBr, cm™'): 2955 ( -C-H ), 2095
(\3) ,1713 (C=0).'"H-NMR (6C MHz, CDCl;, & ppm): 3.89 (s, 3H,
CH;); 6.93-8.00 (m, 4H, H3-6) .

Methyl m-azidobenzoate (3b) IR (KBr, cm™); 2985 (-C-H ), 2090
(N3), 1715 (C=0) .'"H-NMR (60 MHz, CDCl;, 6 ppm): 3.86 (s, 3H,
CH;); 6.83-7.73 (m, 4H, H2,4-6) .

Methyl p-azidobenzoate (3¢) IR (KBr, cm™): 2100 (N3),1710 (C=0)
H-NMR (60 MHz, DMSO-d,, & ppm, J Hz): 3.86 (s, 3H, CH;); 7.00-
7.33 (d,2H,J=8.5, H3,5); 7.76-8.06 (d, 2H, /= 8.5, H2,6) .
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4.1.3) General method for synthesis of 17-a(1-
substituted-1,2,3-triazol-4-yl)-19-nortestosterone
acetate ( 5a-f)

5(a-f)

Norethindrone acetate (4) (250 mg, 0.73 mmol) and the respective
azide (2 a-c, 3 a-c) (2.92 mmol) were suspended in a mixture of water and
tert-butyl alcohol 1:1 (12 mL). An aqueous solution of sodium ascorbate
(14.5 mg , 0.073 mmol, water 300 uL) was added, followed by copper (1I)
sulphate pentahydrate solution (1.8 mg, 0.0073 mmol, in water 100 pL).
The heterogeneous mixture was stirred vigorously under nitrogen
overnight, at which point it cleared and TLC monitoring
(hexane/ethylacetate) indicated complete consumption of the steroid. The
reaction mixture was diluted with water (50 mL), extracted with ethyl
acetate (3x20mL) , dried via filtering over anhydrous magnesium
sulphate.The organic layer was evaporated under vacuum, and the
residues were purified by column chromatography using gradient elution
of (hexane/ethyl acetate) to afford the target products. Physical data are

shown in Table 9.
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Table (9): Physical data of compounds (Sa-f)
R

(o]
Elemental
N m.p. | Yield Mol. Analyses
0 R CC) | (%) Formula Calc. /Found
C% | H% | N%
CyoH13N3Os | 69.17 | 6.60 | 8.34
Sa 0-COOH 145-148 | 45%
(Mol.Wt.503.589) | 69.21 6.58 | 8.49
CyoH33N;0s | 69.17 | 6.60 | 8.34
5b m-COOH 151-153 | 70%
(Mol.Wt.503.589) 69.28 | 6.69 8.57
CyH33N;05 | 69.17 | 6.60 | 8.34
Sc p-COOH 184-186 | 55%
(Mol . Wt.503.589) 69.24 | 6.71 8.62
C30H3sN3Os | 69.61 | 6.82 | 8.12
8d | 0-COOCH; 93-56 50%
(MoL.Wts17.616y | 69.68 | 6.85 | 8.27
C30H35N305 69.61 6.82 8.12
Se | m-COOCH; 97-99 5%
(Mol.Wt517.616) | 69.70 | 6.88 | 8.32
C30H3sN3Os | 69.61 | 6.82 | 8.12
5f | p-COOCH; 119-122 | 60%
(Mol.WL517.616) | 69.57 | 6.95 | 8.33
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Spectral data of 17-o. (1-substituted 1, 2, 3-triazol-4-yl) - 19-
nortestosterone acetate (Sa-f):
Compound (5a) IR (KBr, em’'): 2590-3695 (OH), 1718 (C=0 acetyl),
1651 broad (C=0 ketonic overlapped with COOH carbonyl).'H-NMR
(400 MHz, CDCl;. 8 ppm, J Hz): 8.03-8.01(d, 1H, Ar H6); 7.68-7.64 (m,
IH, Ar H4); 7.58-7.52 (im, 3H, Ar H3,5, triazole H5); 5.81 (s,1H,steroidal
C4-H). 3.05-0.64 (unresolved multiplets of cycloaliphatic protons of the
steroidal nucleus in addition to acetyl and C 18 methyl protons).
Compound (5b) IR (KBr, cm™): 2530-3435(0OH), 1718 (C=0 acetyl).
1651 broad (C=0O ketonic and COOH carbonyl). 'H-NMR (400 MHz,
CDCls, & ppm, I Hz) : 8.34 (s,IH,Ar H2); 8.14-8.12 (m, 2H, Ar H4,6) ;
7.84 (s,1H, triazole H5); 7.64-7.60(t,1H, J=8, Ar H5);5.82 (s,1H,steroidal
C4-H) ; 3.13-0.66 (unresolved multiplets of cycloaliphatic protons of the
steroidal nucleus in addition to acetyl and C18 methyl protons).
BCNMR (400 MHz, CDCl) : & 14.82(C18), 21.73(0=C-CH,),
24.07(C11), 25.91(C15), 26.37(C7), 30.70(C6), 32.90(C16), 35.47(C2),
36.33(C1,C12), 40.72(C8), 42.41(C10), 46.36(C14), 47.61(C13),
48.65(C9), 88.11(C17), 119.39(ArC2), 121.15(ArC4), 124.50(A}C5),
125.33(C4), 130.02(triazole C5), 130.11(ArC6), 131.15(triazole C4),
137.12(ArC1), 150.58(ArC3), 166.86(C5), 170.51(OCOCH.. COOH).
200.37(C3).
Compound (5¢) IR (KBr, cm"): 2565-3455 (OH), 1714 (C=0 acetyl),
1645 (C=0 ketonic) , 1615 (C=0 carboxyl), 'H-NMR (400 MHz,
CDCls, 8 ppm, J Hz) : 8.23-8.21 (d, 2H, J = 8.8, Ar H2,6) ; 7.89-7.86 (d,
2H, J = 8.8, Ar H3,5) ; 7.82 (s, 1H, triazole H5) ; 5.81 (s, 1H, steroidal
C4-H);3.75-0.65 (unresolved multiplets of cycloaliphatic protons of the

steroidal nucleus in addition to acetyl and C18 methyl protons).
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Compound (5d) IR (KBr, cm'): 1722 strong (acetyl and ester carbonyl
group), 1656 (C=0 ketonic). 'H-NMR (400 MHz, CDCl;. & ppm. J Hz) :
7.98-7.94(m, | H,Ar H6); 7.64-7.49 (m, 4H, Ar H3,4,5+ triazole H5) ; 5.77
(s,1H,steroidal C4-H); 3.67-3.60 (s,1H,COOCH;);3.01-0,68 (unresolved
multiplets of cycloaliphatic protons of the steroidal nucleus in addition to
acetyl and C18 methyl protons). PC-NMR (400 MHz, CDCl;) : &
14.52(C18),21.55(0COCH;),24.07(C11), 26.02(C135), 26.57(CT),
29.45(C6), 30.83(C16), 32.77(C2), 35.47(C12), 36.44(Cl), 40.75(C3),
42.45(C10),46.13(C14),48.91(C9,C13),52.53(COOCH;),88.07(C 17),118.
32(ArC3),123.47(ArC1),124.57(C4),126.92(ArC6),129.83(ArC5, triazole
C5),131.27(triazoleC4),132.63(ArC4),150.95(ArC2),166.46(COOCH,),1
95.03 (OCOCH,), 218.26(C3).

Compound (5e¢) IR (KBr, em™): 1719 strong (acety) and ester carbonyl
group), 1657 (C=0 ketonic) ,.'H-NMR (400 MHz, DMSO-d,. & ppm. J
Hz) : 8.84 (s,1H,Ar H2); 8.44 (mm,1H, triazole HS) ; 8.24-8.22 (m,1H, Ar
H6) ; 8.03-8.02 (d, J =7.6 ,IH, Ar H4) ; 7.76-7.71 (m, 1H, Ar H5);
5.67(s, 1H, steroidal C4-H); 3.90 (s, 1H, COOCHj;); 3.40-0.54(unresolved
multiplets of cycloaliphatic protons of the steroidal nucleus in addition to
acetyl and C18 methyl protons).

Compound (5f) IR (KBr, cm’'): 1715 strong (acetyl and ester C=0
group), 1655 (C=0 ketonic). 'H-NMR (400 MHz, DMSO-d,. & ppm. J
Hz) : 8.11-8.09 (d, 2H, J = 8.8, Ar H2,6); 8.08-8.05 (d, 2H, / = 8.8, Ar
H3,5); 8.78(s,1H triazoleH5); 5.63(s, 1H, steroidalC4-H); 3.83 (s, 1H,
COOCH;) ;3.33-1.03(unresolved multiplets of cycloaliphatic protons of

the steroidal nucleus in addition to acetyl and C18 methyl protons).
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4.2) BIOLOGY
4.2.1) Progestational Screening:

General notes:

Animals: Adult female Wistar rats (weighing 200 -215g) were housed
into 8 groups 6 per cage at 20-22°C under controlled conditions of light,
with free access to rat chow and tap water. Rats showing regular estrous
c&cle length (4-5 days). The phases of estrous cycle were determined by
observing the vaginal smear in the morning according to Cooper, et al®
Only those rats showing at least two consecutive 4-days estrous cycles
were used. For all experiments the treatment was started when the
animals were in estrus phase. ”’

Reference standard: Norethindrone acetate was obtained as a gift from
Hi pharm pharmaceutical company, El Obour City, Egypt.
Morphometric measurements: were calculated using Lieca Qwin 500
Image Analyzer in Pathology Department, National Research Centre,
Cairo, Egypt.

All the in vivo investigational studies were carried out in Pharmacology

and Pathology Departments, National Research Centre, Cairo, Egypt.
4.2.1.1) Methodology

Initial body weight before treatment and final body weight at the time
of sacrifice were recorded. Then solution of the tested compounds 5(a-f)
or reference standard (Norethindrone acetate) in DMSO (0.018 mg/mL)
was injected subcutaneously daily for 8 days to rat groups, while the
control group received an equivalent amount of the vehicle. Twenty-four
hours after the final dose, rats were killed, and their uteri were carefully
excised, trimmed of extraneous tissue, blotted filter paper to remove

excess fluid, weighed to calculate the uterus weight as the following: »
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Relative organ weight (kg) = [organ weight (g)/body weight (2)] ~

1000

The uteri were fixed and stained, paraffin sections were evaluated for
histological changes. The thickness endometrium, myometrium and the
uterine epithelial cell heights were measured using an objective lens of
magnification 10, and eye lens 10, the total magnification was 100 times.

Ten fields were chosen in each specimen and the mean values were taken.

4.2.1.2) Statistical analysis:

The data were expressed as mean + SEM and analyzed using SPSS
statistical software. One way analysis of variance (ANOVA) was used to
assess the variation of the means among the treatments. If the variation
was greater than expected by chance alone, Tukey multiple comparison
tests were performed to compare cach treatment group with the control
and standard groups. Significance was established when the p value was
less than 0.05. In vivo progestational screening results of the tested
compounds 5(a-f) and reference drug in comparison to the control were

given in Table (4).
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4.2.2) Anticancer Screening:

All the in vitro investigational studies were carried out in National
Cancer Institute (NCI), Bethesda, Maryland, USA under the
Development Therapeutic Program (DTP) of NCI according to reported

9
procedure.9

4.2.2.1) In vitro anticancer screening

The human tumor cell lines of the cancer screening panel are grown in
RPMI 1640 medium containing 5% fetal bovine serum and 2 mM L-
glutamine. For a typical screening experiment, cells are inoculated into 96
well microtiter plates in 100 pL at plating densities ranging from 5,000 to
40,000 cells/well depending on the doubling time of individual cell lines.
After cell inoculation, the microtiter plates are incubated at 37° C, 5 %
CO,, 95 % air and 100 % relative humidity for 24 h prior to addition of
experimental drugs.

After 24 h, two plates of each cell line are fixed in situ with TCA, to
represent a measurement of the cell population for each cell line at the
time of compound addition (Tz). The 60 human cancer cell lines used in
the screen are Leukemia (L) lines CCRF-CEM, HL-60(TB), K-562,
MOLT-4, RPMI-8226, SR; Non small cell lung cancer (NSCLC) lines
A549/ATCC, HOP-62, NCI-H226, NCI-H23, NCI-H322M, NCI-H460,
NCI-H522; Colon cancer (CL) lines COLO 205, HCC-2998, HCT-116,
HCT-15, HT29, SW-620; Central nervous system cancer (CNSC) lines
SF-268, SF-295, SF-339, SNB-19, SNB-75, U251, Melanoma (M) lines
LOX IMVI, MALME-3M, M14, SK-MEL-2, SK-MEL-28, SK-MEL-5,
UACC-257, UACC-62; Ovarian cancer (OC) lines IGR-OV1, OVCAR-3,
OVCAR-4, OVCAR-5, OVCAR-8, NCI/ADR-RES, SK-OV-3; Renal
cancer (RC) lines 786-0, A498, ACHN, CAKI-1, RXF 393, SN12C, TK-
10, UO-31; Prostate cancer (PC) line PC-3, DU-145 and Breast cancer

96



Experimental, Biology

(BC) lines MCF7, NCI/JADR-RES, MDA-MB-231/ATCC, HS 578T,
MDA-MB-468, BT-549, T-47D .
4.2.2.2) Addition of experimental agents:

Experimental compounds (Sa-f) are solubilized in dimethylsulfoxide at
400-fold the desired final maximum test concentration and stored frozen
prior to use. At the time of compound addition, an aliquot of frozen
cancentrate is thawed and diluted to twice the desired final maximum test
concentration with complete medium containing 50 pg/ml gentamicin.
Additional four, 10-fold or ! log serial dilutions are made to provide a
total of five compound concentrations plus control. Aliquots of 100 ul of
these different compound dilutions are added to the appropriate microtiter
wells already containing 100 pl of medium, resulting in the required final
concentrations.
4.2.2.3) Endpoint measurement:

Following compound addition, the plates are incubated for an
additional 48 h at 37°C, 5 % CQO2, 95 % air, and 100 % relative humidity.
For adherent cells, the assay is terminated by the addition of cold TCA.
Cells are fixed in situ by the gentle addition of 50 pl of cold 50 % (w/v)
TCA (final concentration, 10 % TCA) and incubated for 60 minutes at
4°C. The supernatant is discarded, and the plates are washed five times
with tap water and air dried. Sulforhodamine B (SRB) solution (100 pl) at
0.4 % (w/v) in 1 % acetic acid is added to each well, and plates are
incubated for 10 minutes at room temperature. After staining, unbound
dye is removed by washing five times with 1 % acetic acid and the plates
are air dried. Bound stain is subsequently solubilized with 10 mM trizma
base, and the absorbance is read on an automated plate reader at a
wavelength of 515 nm. For suspension cells, the methodology is the same

except that the assay is terminated by fixing settled cells at the bottom of
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the wells by gently adding 50 pl of 80 % TCA (final concentration, 16 %
TCA).
4.2.2.4) Calculation of Percentage Growth (PG) inhibition
Using the seven absorbance measurements [time zero (Tz), control
growth, (C), and test growth in the presence of tested compound at the
five concentration levels (Ti)], the percentage growth is calculated at each
of .the compound concentrations levels. Compounds which exhibit
significant growth inhibition are evaluated against the 60 cell panel at
five concentration levels.
Percentage growth inhibition is calculated as:
[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which Ti>/=Tz
[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz.
4.2.2.5) Calculation of special concentration parameters:
Three dose response parameters are calculated for each experimental
agent. Growth inhibition of 50 % (GI50) is calculated from [(Ti-Tz)(C-
Tz)] x 100 = 50, which is the compound concentration resulting in a 50%
reduction in the net protein increase (as measured by SRB staining) in
control cells during the drug incubation. The compound concentration
resulting in total growth inhibition (TGI) is calculated from Ti = Tz The
LC50 (concentration of compound resulting in a 50% reduction in the
measured protein at the end of the compound treatment as compared to
that at the beginning) indicating a net loss of cells following treatment is
calculated from [(Ti-Tz)/Tz] x 100 = -50. Values are calculated for each
of these three parameters if the level of activity is reached; however, if
the effect is not reached or is exceeded, the value for that parameter is
expressed as greater or less than the maximum or minimum concentration

tested.
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4.3) MOLECULAR MODELING
Molecular modeling and docking simulation studies were carried out at
the Department of Medicinal Chemistry, Faculty of Pharmacy, Assiut
University, Assiut, Egypt.

Software and hardware:

All the molecular modeling calculations and docking simulation studies
wére performed using Molecular Operating Environment (MOE®) version
10.2010, Chemical Computing Group (CCG) Inc., Montreal, Canada.”
The computational software operated under “Windows XP” installed on
an Intel Pentium IV PC with a 1.6 GHz processor and 512 MB memory.
All the interaction energies and different calculations were automatically

calculated.

General methodology:

4.3.1) Target compounds optimization

The target compounds were constructed into a 3D model using the
builder interface of the MOE program. After checking their structures and
the formal charges on atoms by 2D depiction, the following steps were

carried out:

» The target compounds were subjected to a conformational search.

e All conformers were subjected to energy minimization, all the
minimizations were performed with MOE until a RMSD gradient of
0.01 Kcal/mole and RMS distance of 0.1 A with MMFF94X force-

field and the partial charges were automatically calculated.

. The obtained data base was then saved as MDB file to be used in

the docking calculations.
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4.3.2) Optimization of the enzymes active site
The X-ray crystallographic structures of progesterone receptor
comptexed with norcthindrone (PDB [d: 1SQN) was obtained from the

10056

Protein Data Bank through the iternet. The enzymes were prepared

for docking studics by:

The ligand molecules, norethindrone, was removed [rom progesterone

receptor active sites.

s Hydrogen atoms were added to the system with their standard
geometry.

e The atoms connection and type were checked for any errors with

automatic correction.

¢ Selection of the receptor and its atoms potential were fixed.

MOE Alpha Site Finder was used for the active site scarch in the
enzyme structure using all default items. Dummy atoms were created

from the obtained alpha Spheres.

4.3.3) Docking of the target molecules to the

progesterone receptor active sites

Docking of the conformation database of the target compounds was
done using MOE-Dock software. The following methodology was

generally applied:

e The enzymc active site file was loaded and the Dock tool was initiated.
The program specifications were adjusted to:
- Dummy atoms as the docking site.

- Triangle matcher as the placement methodology to be used.
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- London dG as Scoring methodology to be used and was adjusted to

its default values.

e The MDB file of the ligand to be docked was loaded and Dock

calculations were run automatically.

e The obtained poses were studied and the poses showed best ligand-

* enzyme interactions were selected and stored for energy calculations.

4.3.4) Exploring the binding mode and energy
calculations of the target molecules

The best pose for each ligand was explored using LigX tool. In LigX

calculations, the following steps were applied:
e The ligand is verified in the active site.

e Protonate 3D application was used to optimally place hydrogens

and partial charges on the receptor-ligand complex atoms.

e Applying tether and minimize tool to constrain the receptor atoms
far from the ligand (held fixed), while receptor atoms near the

ligand (in the active site) are allowed to move with restraints.

e Using properties and minimize tools, the properties of the ligand

and the energy calculations were calculated and displayed.

The 2D ligand interactions were obtained for each compound and
different stereo views of the ligands inside the active site were saved as

both MOE and photo files.
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