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ABSTRACT
The black seeds of Nigella sativa Lin. are universally accepted as a panacea. In
particular the black seed oil extract has been shown to have bronchodilatory,
antidiabetic, antibacterial, antifungal, analgesic, anti-inflammatory, and
immunopotentiang activities. Four principal alkaloids Nigellicine 1, Nigellimine-N-
oxide 2, Nigellimine 3 and Nigellidine 4 have been isolated from Nigella sativa Linn.
The isoquinoline alkaloids 2 and 3 have recently been synthesised in these
laboratories.
The aim of this research programme was to prepare the other two compounds, by two
alternate routes I and II, so that their pharmacological properties could be elucidated
subsequently. Route I represented a novel approach in which'four B-monoacylated
acid hydrazides 7a-d were prepared for cyclisation into indazoles 8a-d. Reaction of
phenylhydrazine with benzoyl chloride, 4-benzyloxy benzoyl chloride and 4-
nitrobenzoyl chloride gave hydrazides 7a-c¢ whilst reaction of and 2-ethylphenyl
hydrazine with 4-nitrobenzoyl chloride produced 7d. All the four acid hydrazides 7a-
d failed to cyclise to yield indazoles 8a-d in polyphosphoric acid (PPA),
polyphosphate ester and conc.sulphuric acid at a variety of reaction temperatures (60-
160°C). However, 4-nitrobenzoyl 2-ethylphenylhydrazide with tosic acid cyclised in
rc;ﬂuxing xylehe to give 7-ethyl-3-(4’-nitrophenyl)-/H-indazole 8¢ in 37.5% yield.
By route II the indazole 47 was prepared from 2,4,6-trimethoxyacetophenone and
hydrazine hydrate in PPA in only 6-16% yield (lit. 65% yield). The reaction of 2,4,6-
trimethoxyphenyl a-ketoester 65 and 2,4,6-trimethoxy phenyl a-ketoacid 66 with
hydrazine hydrate and benzylhydrazine dihydrobromide failed to produce indazole
products on heating in glacial acid, PPA, DMF and xylene.
Retrosynthesis of Nigellidine required trimethoxypheny! 4-benzyloxyphenyl ketone
53 as a starting material which failed by Friedel-Crafts acylation of 1,3,5- |
trimethoxybenzene with 4-benzyloxybenzoyl chloride. 2,4,6-Trimethoxy
benzaldehyde and 4-benzyloxyphenyl magnesium bromide reacted in THF to give the
alcohol 52 which resisted oxidation to ketone 53 by several methods. Oxidation of the
alcohol with TEMPO successfully gave the ketone 53 albeit in a low yield.
While it waé not possible to obtain Nigellicine 1 and Nigellidine 4 the present studies
have progressed understanding of the synthetic pathways. Some strategies are

proposed to enable future work to be undertaken to obtain these alkaloids.
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black seed oil extract has been examined and shown to have bronchodilatory*,
antidiabetic’, antibacterial®, antifungal7, analgesics, anti-inﬂammatoryg, and
immunopotentiang activities'’.

Apart from the mineral content (see Appendix) other constituents identified in the
black seed include fixed oils, saponins, volatile or essential oils, alkaloids and amino
acids®. The fixed oils, constitute 37% of the seed and may be subdivided into
triglycerides and sterols. Sterols are steroids containing 27 or more carbon atoms with
an OH [hydroxyl] group. A remarkable number of 23 sterols have been identified in
Nigella sativa seed.

The varied use of Nigella sativa in the folk medicine has encouraged many
investigators to isdlate the possible active components and to conduct ir vivo studies
in laboratory animals and on human beings as well as in vitro studies in order to
investigate their pharmacological properties. Among those reported to be due to some
of the components are immune stimulation, anti-inflammatory, anti-cancer, anti-
microbial, anti-parasitic, anti-oxidant,‘and hypoglycemic effects®.

Although the existence of alkaloids in Nigella sativa Linn. has been proposed since
the turn of the twentieth century, their isolation and structural elucidation has not been
achieved until very recently. Alkaloids are plant constituents which contain atoms of
nitrogen in their structure and are capable of affecting human physiology. Four
principal alkaloids have been isolated from Nigella sativa Linn. cultivated in Pakistan
and these have been identified as Nigellicine 1'! Nigellamine-N-oxide 2'%,
Nigellimine 3" and Nigellidine 4.

The compounds Nigellicine 1 and Nigellidine 4 are indazole alkaloids which are
extremely rare in nature because of the inability of micro organism to make an N-N
bond and these two compounds represent the only examples of indazole alkaloids in
nature. The other two alkaloid Nigellimine N-oxide 2 and Nigellimine 3 have already

been synthesised in these laboratories'® (Scheme 1).
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The aims of this research were firstly to investigate the chemical synthesis of the two
hitherto unknown indazole alkaloids Nigellicine 1 and Nigellidine 4 so that it will be
possible to determine their pharmacological activities in future.

Little is known about the individual therapeutic properties of the indazole alkaloids.
However, compounds containing the indazole nucleus have recently received
attention as antifertility '° and antiarthritic agents'®. A number of indazole analogues
have beeh syntheéised for their biological activity'”. On the other hand the alkaloid
Nigellamine-N-oxide, an Isoquinoline derivative, is structurally related to quinolone,
and could therefore exert the possible effects of this group which includes its use in

the treatment of malaria and for the prophylactic treatment of cardiac arhythmiasis.
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* Route I involves the intramolecular electrophilic aromatic substitution reaction to
form a carbon-carbon bond whilst route II involves intramolecular nucleophilic
aromatic substitution reaction to form a carbon-nitrogen bond. Route I to the best of
our knowledge represents a novel approach and will be discussed in Chapter 2 of this
thesis. Route II is the frequently used method reported in the literature for indazole

synthesis which will be discussed in greater detail in chapter 3.



Chapter 2
Synthesis of indazoles by electrophilic aromatic substitution

(cyclodehydration ) reactions of diaryl acid hydrazides

2.1 Introduction

Not much is reported in the literature regarding synthesis of / H-indazoles by the route

I intramolecular ring closure reactions. One example is the synthesis of 1-methyl-/H-

indazolone by an intramolecular ring closure reaction. Thus methyl phenyl carbamyl

azide on heating in xylene gave 1-methylindazole in 60% yield as shown in Scheme 3.

In this reaction the intermediate is believed to undergo a Curtius type of

rearrangementzo.

o
N/”\Na—>
&
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The parent molecule / H-indazole has been made by two classical syntheses*’ ?2. One

such synthesis is that shown in Scheme 4 in which anthranilic acid as a starting

material is transformed into indazole by four classical reactions involving

diazotization, reduction and cyclisation®'.
Scheme 4
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In the second classical synthesis /H-indazole has been prepared from cyclohexanone
in three steps as shown in Scheme 5 . The Aldol condensation product from ethyl

- formate and cyclohexanone underwent a condensation and ring closure reaction to
afford a tetrahydroindazole which was then oxidised with Pd-charcoal catalyst in

refluxing decalin to indazole®.

Scheme 5
e} o) OH
HCO,Et A
————
NaOEt
cyclohexanone
NH,NH,.H,0
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N e |
N/ Decalin N/
H A H
indazole tetrahydroindazole ’

In this section of the work we will discuss our attempted synthesis of indazoles by
intramolecular cyclisation of diaryl acid hydrazides 7a-d. We envisaged the synthesis
of the indazole alkaloids 1 and 4 through the route I carbon-carbon bond formation
strategy outlined earlier in scheme 2. In this strategy we proposed to synthesise the
diaryl acid hydrazides 7a-d by the reaction of appropriate acyl chlorides with
arylhydrazines in pyridine. Acid catalysed intramolecular cyclisation of the diaryl acid

hydrazides was expected to produce the required indazoles 8a-d (Scheme 6).
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2.2  Results and Discussion

The acid hydrazides 7a-d required the compounds Sa-c as starting materials of which
Sa was commercially unavailable and was prepared from the reaction of 4-hydroxy
benzoic acid with benzyl bromide in the presence of two molar equivalents of
potassium hydroxide in methanol as shown in scheme 7. The protecting group in 5a
was chosen as benzyl due to its ease of formation and deprotection under mild

conditions with hydrogen gas and Pd-C catalyst.

Scheme 7
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The reaction mixture was refluxed for 22h in which time the KOH being a strong base
reacted with both the phenolic group and the carboxylic acid to produce the double
salt 12. The phenoxide anion in 12 is more reactive towards the electrophile benzyl
bromide because it is the conjugate base of a weak acid (phenol) in contrast to the
carboxylate anion which is the conjugate base of a strong acid, the benzoic acid.
Nucleophilic substitution reaction of the phenoxide anion with benzyl bromide
furnished the intermediate ether 13 which on acidification with hydrochloric acid gave
the corresponding 4-benzyloxybenzoic acid 5a in 52 % yield. The IR spectrum of 5a
showed a broad hydrogen bonded OH peak between 2500-3300 cm™ whilst its 'H-
NMR spectrum displayed two doublets of an aromatic AB system at § 7.10 and 88.00
which along with the mass spectrum showing a molecular ion at m/z 228 that
characterised the molecule. The 4-benzyloxy carboxylic acid 5a was also synthesised
starting with ethyl 4-hydroxybenzoate as the starting material and after hydrolysing
the intermediate ester 15% to the acid using dilute sodium hydroxide solution ( 70 %

yield) as shown in scheme 9

Scheme 9
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Whilst precursors 6b and 6¢ were commercially available compounds, 6a was
prepared in the laboratory from 5a by chlorination with thionyl chloride. This was

achieved by refluxing a solution of Sa in excess thionyl chloride to afford the acid

10



chloride 6a*® in 90% yield after washing with petrol on the Buchner funnel and was
used as such for the next stage. That the crude acid chloride 6a was fairly pure was
evaluated from its melting point which showed a narrow range and from its '"H NMR
spectrum which showed clean peaks at & 5.20 for the benzylic protons and an AB
system of two doublets at § 7.05 and 8.10 for the para disubstituted aromatic ring.
Thionyl chloride is a good chlorinating agent because the by-products of the reaction
are all gaseous and the product is easily isolated from the excess thionyl chloride by
evaporation on the rotary evaporator. The IR spectrum of the acid chloride 6a
revealed the absence of the OH group in the 3100-4000cm™ and the presence of a
strong carbonyl peak at 1770 cm™ characteristic of acid chlorides and indicating
completion of the reaction. The proton magnetic resonance spectrum of 6a showed
two doublets of an AB system for the 1,4-disubstituted aromatic ring and a multiplet
for the aromatic ring of the benzyloxy group along with a singlet at 5 4.85 for the
benzylic protons. The mass spectrum showed a molecular ion peak at m/z 246.

The acid chlorides 6a-c were reacted with phenylhydrazine in pyridine to give the
acid hydrazides 7a-c (60-80 % yield). Reaction of 2-ethyphenylhydrazine with 4-
nitrobenzoy! chloride 6¢ yielded the acid hydrazide 7d in purified 80% yield.

It is worthy to note that the reaction of the acid chlorides with phenylhydrazine could
in principle produce two possible products. .'For example reaction of acid chloride 6a

with phenylhydrazine could yield the two hydrazides 7a and 14 as shown in scheme

8.
Scheme 8
o™ pn o en o en
+ PhNHNH, —_— +
B a a__Ph
(0] Cl (0] NHNH-Ph (0] N\
6a 7a 14 E’Hz



23-

Literature precedence®™>* suggests that acylation of monoalkylhydrazines usually

produce mixtures of o- and f-monoacyl derivatives whereas monoarylhydrazines
preferentially acylate in the B-position to give products of the desired type 7a.

All the hydrazides 7a-d were easily purified from small amounts of the undesired o~
isomer 14 by passing dry HCI gas through their solution in chloroform at ice
temperature for 1-2 hours which caused the hydrochlorides of the desired product to
precipitate out. The hydrochloride salts were washed with saturated sodium
bicarbonate solution to generate the neutral compounds which were further purified
by recrystallisation from chloroform and petroleum ether. The indicated structures of

23-24 and

the acid hydrazide 7a-d were supported by the literature precedence
illucidated by analysis of their IR spectra which confirmed the presence of an NH
absorption in the region 3200-3300 cm™ and a carbonyl peak in the region 1640-1650
cm™. "TH-NMR spectral analysis also revealed the correct structure and the mass
spectrum showed ions corresponding to the molecular ions. Thus the elctron impact
mass spectra of 7b-d showed molecular ions at m/z 212 (32%), 257 (43%) and 285
(13%) respectively whilst the electrospray mass spectrum of 7a showed an M+1 ion at
m/z 318. The degradation ions observed in the EI mass spectra of 7b-d

complemented the proposed structures. Noticeable features in the 'H-NMR spectra of
7a and 7c-d were the presence of two doublets corresponding to the para-disubstituted
aromatic rings.

The acid hydrazides 7a-d were heated with polyphosphoric acid (PPA) in order to
cause a cyclodehydration to form the indazoles 8a-d. At a variety of reaction
temperatures (60 -160°C) and reaction times (1-5 h) the cyclodehydration reaction
did not afford the desired indazole product 8. In these reactions using PPA product
isolation proved difficult and in most instances the starting material 7 was recovered
in each case albeit in low yield. The IR spectrum of the products from these reactions
had a prominent carbonyl peak at 1650 cm™.

The cyclodehydration reaction of the acid hydrazide 7b into the indazole 8d was
considered analogous to the Bischler-Napieralski reaction (shown below) in which a
variant of PPA called polyphosphate ester (PPE) has been quite successfully used.
However, the compound 7b upon refluxing in freshly prepared PPE for a variety of

reaction times did not show any conversion into the indazole 8d.

12
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