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Abstract

II. Abstract:

In this thesis (chapter 2), some multi-component reactions (MCRs) of aryl aldehydes
incorporating the azide functional group were investigated to produce heterocyclic and other
MCR products in order to investigate post-MCR azide cycloadditions. Although the MCRs
were often successful, post-MCR reactions did not occur and, occasionally, cycloaddition
occurred before the MCR.

In chapter 3, the synthesis of novel tetra- and triazolo-analogues of the
pyrrolobenzothiadiazepines and benzothiadiazepines are described. These compounds are of
great interest as synthetic targets due to their potential medicinal properties. The key
processes are the intramolecular 1,3-dipolar cycloaddition between the azide and the nitrile
present in precursors (I), or the azide and the alkyne present in precursors (1) to form the
novel final compounds of type (111), as shown below. The synthesis of these precursors from

readily available starting materials is discussed.

( N\
( N\ ( )
O O ( N\
% s’ AP
— \R _R\\
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In chapter 4 of this thesis, some azide chemistry of 2-azido aryl compounds is investigated. In
chapter 4.1, it was found that attempted N-alkylation of 2-azidobenzamide with alkyl halides

gave mixtures of benzotriazinones and quinazolinones, as shown below:

O
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R
NH N~ NH
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In chapter 4.2 of this thesis other functionalised 2-azido aryl compounds were studied in order
to produce 1,2,4-oxadiazoles as a potential new ligand system in supramolecular chemistry.
For example, 1,2,4-oxadiazoles were synthesised when an amidoxime reacted with an acid

chloride and then reaction of the azide moiety with an alkyne furnished 1,2,3-triazoles:

-
OH ~0 e
< N
N| | Jp—R! CO,R? | )R
O N N
NH2+ )J\ e + | | —
1 -N
R N N N
N5 3 2 N
CO,R —
R2
O2C CO,R?
J

In chapter 4.3 of this thesis, some simple heterocycles and some macrocycles were

synthesised by aza-Wittig reaction and Staudinger reaction of a further series of 2-azido aryl

compounds, for example:

In the final chapter of this thesis, the attempted synthesis of sulfur analogues of the
circumdatins and fuligocandins was attempted. These two pyrrolobenzodiazepine natural

products and their analogues have interesting biological activities.
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III. Abbreviations:
RT Room temperature m/z Mass-to-charge ratio
(COCQC), Oxalyl chloride MCRs Multicomponent reaction
Bc NMR Carbon nuclear magnetic Me Methyl
resonance
IH NMR Proton nuclear magnetic MeCN Acetonitrile
resonance
Ar Aromatic MeOH Methanol
Bu Butyl mg Milligram
BusP Tributylphosphine MgSO, Magnesium
CDCl; Deuterated chloroform mol Mole(s)
CH.Cl, or ) Na,CO3; | Sodium carbonate
bCM Dichloromethane
CHCI; Chloroform NaH Sodium hydride
d Doublet NaHCO; | Sodium bicarbonate
D Deuterium NaNs Sodium azide
DABCO Diazabicyclo[2.2.2]octane | NCS N-Chlorosuccinimide
DCC Dicyclohexylcarbodiimide | °C Degree Celsius
dd Doublet of doublets P(OMe);z | Trimethyl phosphite
DIBAC Dibenzoazocyclooctyne PBD Pyrrolobenzodiazepine
DIBAL-H | Diisobutylaluminium hydride | PBTDs Pyrrolobenzothiadiazepine
DMAC Dimethylacetamide PCC Pyridinium chlorochromate
DMAP Dimethylaminopyridine Ph Phenyl

W




Abbreviation

DMF N,N’-Dimethylformamide PIDA Phenyliodine diacetate
DMSO Dimethylsulfoxide POCl, Trichlorophosphate
DNA Deoxyribonucleic acid PPhs Triphenylphosphine
dt Doublet of triplets PPm Parts per million
N-Ethyl-N’-(3-
EDC dimethylaminopro-pyl) q Quatet
carbodiimide
eq. Equivalents Ref. Reflux
Et Ethyl Rf. Retention
Et;N Triethylamine S Singlet

EtOAC Ethyl acetate SOCl, Thionyl chloride
g Grams t Triplet
Hel Hydrochloric acid TBAHS Tetrabutylammonium hydrogen

sulfate.
Hz Hertz THF Tetrahydrofuran
Isocyanide-based )

IMCRs multicomponent reactions TLe Thinlayes chromatography
IR Infrared TPP Thiamine pyrophosphate
M Molarity TsOH p-Toluenesulfonic acid
J Coupling constant v Wavenumber = frequency
L Litre 5 Chemical shift (in ppm)
M Molarity c Sigma
m Multiplet

Vi
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1. Introduction

1.1. Multicomponent reactions (MCRsS).

1.1.1. General aspects of multicomponent reactions (MCRs).

The ideal synthesis should lead to the desired product in as few steps as possible!? (Figure
1.1), in good overall yield and by using environmentally acceptable reagents. The variables
that have to be optimized are overall yield, cost, time, environmental acceptability, simplicity
of performance and safety. Purification and isolation steps such as extraction, distillation,
crystallization or chromatography must also be considered.

Simple and
100 % yield

One step

Available
materials

Resource
efficient

Environmentally
acceptable

Figure 1.1: The ideal chemical synthesis

A good and efficient way of gaining the product is a one pot reaction of three or more starting
compounds, i.e. by using multicomponent reactions (MCRs). Multicomponent reactions
(MCRs) are one of the most valuable tools in making chemical structures. MCRs are methods

in which three or more starting materials are converted in one chemical step to form a specific
product® .
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Mechanistic study for a number of MCRs has shown three different types as shown in Figure
1.2. Type (1) MCRs are combinations of equilibria between all participating starting
materials, including the last step that forms the desired product. Type (2) MCRs are
collections of equilibria where just the final step which is irreversible and drives the process
towards the desired product. MCRs of type (3) create of a sequence of irreversible starting

materials that all proceed towards the main product.

( )

Type 1.  Starting materials —= [lntermediates <~—— Product

Type 2.  Starting materials ——= Ilntermediates ——» Product

Type 3.  Starting materials ————>» [Intermediates —>» Product

Figure 1.2: mechanistic study for a number of MCRs has shown three different types.

The result of an MCR is dependent on the nature of the starting materials in addition to the
reaction conditions®. For an MCR to be efficient and feasible, the compatibility of all the
possible pairs of reagents must be looked at during the planning stages.> Having in mind this
general principle, it is obvious that this task increases when the number of reagents increases,
as there will be more combinations. MCRs have emerged as a useful tool for the formation of
chemical libraries of drug-like compounds with high levels of molecular complexity and

diversity in drug discovery programs.
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1.1.2. The history of multicomponent reactions (MCRs).

The historical development of multicomponent reactions is outlined in Figure 1.3, and will be

discussed below.

( )
. . 1838
Benzoylazotide formation T
(Laurent and Gerhardt). 1850
———3 Strecker Reacion.
Hantzsch reaction. 4&
1891
—3 Biginelli Reaction.
. . 1912
Mannich Reaction. T

1921
——3 Passerini Reaction.

. . 1959
Ugi Reaction.

\

Figure 1.3: The brief history of MCRs

1.1.2.1. Reaction of Laurent and Gerhardt.

The first examples of MCRs appeared in the mid-19" century. The first was discovered by
Laurent and Gerhardt in 1838. In this, benzoylazotide was prepared from ammonia and bitter
almond 0il.>" In chemistry terms, this was a four component condensation of benzaldehyde
with hydrogen cyanide and ammonia to form an intermediate a—amino cyanide (1) which
underwent condensation with another benzaldehyde molecule to prepare a Schiff base

(benzoylazotide (2)) , as shown below:
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CN CHO CN
NH i
+NH3 + HCN —— 2+ — N/\©
(1) )

Scheme 1.1: The formation of benzoylazotide

Chaper 1

N

CHO

1.1.2.2. Multicomponent Strecker reaction.

1850 is the year that the chemistry of MCRs is considered to have officially started, with the
introduction by Strecker® of a methodology for producing a—amino acids (5) via the synthesis
of a—amino cyanides from aldehydes followed by a post MCR hydrolysis of the cyanide

functionality® ™. An example is given in Scheme 1.2.

CH; O ®
3 +CCNI> CH3 NH2 Hs0 CH3 NH2
H;C H N HsC CN H,C COOH
(3) (4) (5)

Scheme 1.2: Strecker synthesis of a-amino acid

a-Amino acids are a particularly important class because they have difunctional groups, and

are the building blocks from which proteins are constructed.*? They are widely utilized as

components of medicinally active molecules and as chiral catalysts.***’
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1.1.2.3.  Multicomponent Hantzsch reaction.

4 R2 N\
o 0 O EtO,C CO,Et
2 2
+ + NH
R1JJ\/U\OEt RZJJ\H ’ -
R” "N” "R
(6) H
Scheme1.3: Hantzsch dihydropyridine synthesis (7)

The Hantzsch dihydropyridine synthesis was introduced* in 1882. This is a four component
process involving ammonia, two molecules of an acetoacid ester (6) and an aldehyde to form
dihydropyridines (7) (see Scheme 1.3).28%

1,4-Dihydropyridines, the products of the Hantzch reaction, are an important class of
calcium channel blockers and have been commercialized in, for example, nifedipine®,

amlodipine? and nimodipine?.

1.1.2.4. Multicomponent Biginelli reaction.

In 1893 the Biginelli three component reaction was shown to yield 3,4-dihydropyrimidin-
2(1H)-ones (10), another medicinally interesting heterocycle®®. In this process benzaldehyde
condenses with an acetoacid ester (8) and urea (9) in the presence of HCI as catalyst. The

product usually precipitates out upon cooling making this method very useful and very

practical.

Me

CHO O O ﬁ\ N Xy COOE

+
©/ * EtO)J\/U\Me Ho,NT NH, > O)\N
H
(8) (9)

(10)

Scheme 1.4 : Biginelli 3,4-dihydropyrimidin-2(1H)-one synthesis.




Chaper 1 Introduction

The scope of this reaction has been extended by changes of the components used, allowing

25,26

access to a large number of functionalized dihydropyrimidinone analogues, a field of very

27-31

active research due to the important biological properties they show, including the first

enzymatic example.*

1.1.2.,5. Multicomponent Mannich reaction.

The next big advance after the Biginelli reaction, the Mannich reaction®® was discovered by
Mannich in 1912. This process is one of the most cited and used reactions in organic
synthesis®*. The Mannich reaction is a three compound condensation between an enolizable
CHe-acidic carbonyl compound (11), a non-enolizable aldehyde (often formaldehyde) and an

amine to produce a f-aminocarbonyl compound (12), as shown below:

(@) )O]\ O
R2 R?i /R4 R4
R1JJ\/ H H H ——» R N’
RZ2 RS
(11) (12)
Scheme 1.5: Mannich reaction

The mechanism™ for the Mannich reaction is shown below in Figure 1.4.

o< @
H\% O/H\‘ . {OH; @
= o> R L»R?iﬁ‘)\,_' — N7
|

HHA H "NT CH
l.._/A R4 R*

Figure 1.4
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Mannich reactions are widely used in medicinal chemistry, for example, in the synthesis of
fluoxetine (antidepressant), tolmetin (anti-inflammatory drug), rolitetracycline (Mannich base
of tetracycline), azacyclophanes and tramadol.***® The Mannich reaction is also employed in
the synthesis of natural compounds such as antibiotics, peptides, alkaloids (e.g. tropinone) and

nucleotides.’

1.1.2.6. Asinger synthesis of thiazolines.

In 1959, Asinger introduced an MCR process for thiazolines®. Two types of the reaction have
been discovered. The first one is a three component condensation between ammonia, sulfur
and an oxo compound while the second involves four components, namely sodium hydrogen
sulfide, an oxo compound, ammonia and an o-halo oxo compound®, as shown in Scheme
1.6 below:

o R! R2
O
g NH; S><N
R1T R? + NaSH + X RZ ————» \ /:
R4 R° R 3
4 R
(13) (14)
X: Halogen
Scheme 1.6: Asinger synthesis of thiazolines
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1.1.2.7. Multicomponent Bucherer-Bergs reaction.

The Bucherer-Bergs reaction, a method to make hydantoins was discovered**** in 1934 .

( )
N
O
JJ\ + KON + (NH.),CO H,0 _ O /V/O
R1 R2 4/2 3 R2 NH
R1
(15)
Scheme 1.7: Bucherer-Bergs hydantoin synthesis.
\. J/

This method used four components being concerned with the condensation between hydrogen
cyanide, a carbonyl compound, ammonia and carbon dioxide*?. The reaction is performed by
the use of KCN and (NH,4),CO3 (besides the carbonyl component) which in the course of the
reaction generates the NH; and CO; units in-situ that eventually get incorporated in the
hydantoin (15) skeleton.

The hydantoins have many applications. They are an important heterocyclic scaffolds in
biology and have pharmacological activity, for example, 5,5-diphenylhydantoin (also called

Dilantin). The also have useful applications in carbohydrate chemistry.***

1.1.2.8. Isocyanide-based multicomponent reactions (IMCRS).

1.1.2.8.1. Synthesis of isocyanides

Another class of MCRs began with the development of the chemistry of the isocyanides®®.
Isocyanides, also known as isonitriles, are compounds with an interesting functional group.
They are one of the few classes of organic compounds with a divalent carbon (C**) and their
chemical reactions change the divalent (C*) into the tetravalent carbon atom (C*").
Isocyanides have the ability to react with both nucleophiles and electrophiles at the same

position, the carbon atom leading to the so called a-adduct®®. Isocyanide chemistry started in

8
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1859 when allyl isocyanide (17) was prepared from allyl iodide (16) and silver cyanide
shown in Scheme 1.8.

o
!+ AgON_TOMBOC NG

(16) (17)

Scheme1.8 : Synthesis of isocyanide

50—53, as

Their wider use in synthesis was started after a more general method for the production of
isocyanides (19) by dehydration of formylamines (18) appeared in 1958 as shown in
Scheme 1.9 and 1.10 below. This eventually led to the development of the isocyanide-based

MCRs (IMCRs) which compose the most well-known and versatile class of MCRs*.

Ve

b) Using phosgene as a dehydrating agent

H
I oy @)
POCI ridine
N. O 3, PY - _N ol _N_
- ———» R C:
R™ 7 t-BuOK RN Cl/P\CI ‘Hopocl,, N C
(18) H (19)
Scheme 1.9
)
POCI,, pyridine N O_ ! N
N /O 3 s ~ / PARARN
-\ > \ —_— <c:
R _HCI RN CI/P\CI “hopocl, . ¢
(18) : (19)
a) Using POCI; as a dehydrating agent
)
COCl,, Et3N
N__O 2, El3 _N.__0O_ _Cl N
RN P [ R7T » R A .
R _HCI MR co,+Hcl R TC:
(18) H © (19)

Scheme 1.10: Synthesis of isocyanide by dehydration of formamides
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1.1.2.8.2. Multicomponent Passerini reaction.

The first IMCRs were developed by Passerini® in 1921 shortly after the reactivity of
isocyanides was recognized. The Passerini condensation is a three component reaction
between a carbonyl compound, an isocyanide (20) and a carboxylic acid to form o—

acyloxycarboxamides (21), as shown in Scheme 1.11 below:

o) O O R'R? H
Net, —
R1JJ\R2+ R3JJ\OH TROSC: R3JJ\O)<”/N\R4
(20) (21) ©

Scheme 1.11: The passerini reaction

A mechanism has been proposed>’, based on the large amount experimental data gained and
on the mechanistic studies performed. It concerns the formation of a hydrogen-bonded adduct
from the acid and the carbonyl component, thus activating both components, which
subsequently react with the isocyanide to form an o—adduct. This a-adduct is unstable, cannot

be isolated, and rearranges to the stable a-acyloxycarboxamide, as shown below (Figure 1.5):

10
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4 \
R'CHO + R2NC + R3CO,H
0 o~_R?
R? )k(o R® %l/
N .0
| H
H R' O 5
Passerini product H'/ \j
I
O H
R'CHO + R2NC + R3CO,H R¥ 0O
o%‘/R3
R! H/o
30 .
P o
o) © 5‘ 1OCR'
O H,Cs _R2
/7 CN”
XL/
4\ (é R3)\O ®
nitrilium
R3
Rearrangement
/\H\
\l// ) CHR1
DH,,_/C O
imidate
Figure 1.5: Mechanism of the Passerini Reaction 55-57
& J

The Passerini reaction has been used by the pharmaceutical industry for the synthesis of drug-
like compounds, and for the synthesis of heterocycles, polycyclics and the total synthesis of

natural products.®®*°

1.1.2.8.3. Multicomponent Ugi reaction.

In 1959, a major advance in MCRs was set by Ugi by using four compounds.®®®* In the Ugi
reaction a carbonyl component, isocyanide, a carboxylic acid and an amine are reacted to
form o—acylamido amides (22), as shown in the Scheme 1.12.

11
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R 0
0 0 s\f 0
L NH lJ\ — » N M
RI"SR2 TRy T2t + R SOH R3
R' R?
(22)
Scheme 1.12

The Ugi reaction is similar to the Passerini reaction but the fourth component (the amine)
adds one more point of diversity giving a higher number of molecules that can potentially be
synthesized®. The proposed mechanism® for the Ugi condensation concerns the production
of an imine from the carbonyl and the amine which in the presence of the isocyanide and the
carboxylic acid reacts in a similar fashion to the Passerini reaction, yielding the a-adduct

which then undergoes a rearrangement, yielding the final product.

( N\
o}
RSlJ\OH
R3 + R3 (
fj\ (NH NH
R SRz + gaNH2 1”\ — > R“’J s
R R2

Figure 1.6: Mechanism of the Ugi 4-component reaction

The use of bifunctional components can lead to cyclic structures through intramolecular

condensation. The number of Ugi-derived products can be developed even more by the

12
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incorporation of post-MCR modifications>®. Figure 1.7 gives a list of types of structures made
using Ugi-type MCRs.*

3

R' g2 R R' Rz R’ R' Rz R’ R Rz R

| 5 5 RS N

5 R> N. R2 N. ~ ~
R\N)S(N\R4 N)S( » N)S( 4 N)SI/ Ré

RE O R® S R® Se R® N g7
"Carbonamide" "Thiocarbonamides" "Selenoamides" "Amidines"

(23) (24) (25) (26)

R1
. R' R2 Rs Ra\N>$/N O R' g2R°
3\N>§WN\ ~ 'Ry [

B, Ny N RSJJ\N)SVN\R“

|
X Rs OH O
"Tetrazoles" X=0 "Hydantoin imides" "Hydroxylamino
(27) X=S "Thiohydantoin imides" carbonamides"
X=NR®6 "Iminoimides" (29)
(28)
O R' 2R®
IR O R!' Rz R’ R' Rz R’
RSN R4 L )S(N\ . R{N)S(N R6
sN._,O RN R ” bl
R R RC O R O O
"Hydrazine carbonamides" "Acylamides” "Diacylamides"
(30) (31) (32)
Figure 1.7: The basic types of the U-4CR scaffolds®*
& J

The Ugi reaction is used in pharmaceutical products such as Crixivan®, and for many of the
caine-type anesthetics including bupivacaine® and lidocaine.®’

13
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1.1.2.9. Multicomponent Gewald reaction.

In 1961 Gewald reported® the production of poly-substituted thiophenes (33) from the
reaction between a carbonyl compound (ketone, aldehyde or 1,3-dicarbonyl) with elemental

sulfur and activated nitriles in the presence of an amine base®.

JJ\/RZ + CN + S NEt3 \q

(33)

Ve

Scheme 1.13;: The Gewald reaction

1.1.2.10. Multicomponent Pauson and Khand.

In 1971 another well-known MCR was developed by Pauson and Khand®™. The
transformation yields cyclopentenones (34) and involves the [2+2+1] cycloaddition reaction
between an alkyne, an alkene and CO, in the presence of Co,(CQO)g as catalyst. It has found

application in producing prostaglandin analogues.

( 0
L
Co,(CO

| | N I/ + CO 02( ) R L
R

S S

(34)

Scheme 1.14: The Pauson-Khand reaction

14
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1.2. Quinazolinones:

1.2.1. An introduction to quinazolinones:

Later in this thesis an unexpected synthesis of quinazolinones will be discussed. A brief

introduction to these heterocycles is hence included here.

Quinazolinones are an important class of heterocycle with a wide range of pharmacological
and biological activities such as antiviral, anticancer, antidiabetes, antiobesity, anti-
inflammatory, anti-tubercular’®, antiulcer, insecticidal, anticonvulsant, hypolipidemic activity
and antimicrobial properties. They are also potent and selective ALKS5 inhibitors’.
Quinazolines also have tranquilizer, sedative, analgesic, diuretic, antihypertensive, anesthetic,
and muscle relaxant properties’*"®. Some examples, compounds (40-44), are shown in Figure
1.8.
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Chaper 1
( N
0] CHF F 7
3 H5;C.
N
N
N
Cl N NN o=
N=/ _
Albaconazole (40) Balaglitazone (41)
(Antifungal) (Antidiabetic and hypolipidimic)
O
N OH3C\/CH3
N:\ Ho
= N N N @)
N N/ |
N
HsC N NH H3C
GS1101(CAL101) (42) NH,
(Antithaematological cancer)
Ispinesib (43)
Yz (To treat solid tumors)
L
X 0
H,C
| I
N NH
H 2
Nolatrexed (44)
(Antisolid tumours)
g J

Figure 1.8: Pharmaceutical compounds containing the quinazolinone moiety”.

The quinazoline moiety is present in approximately 150 naturally occurring alkaloids isolated
to date from a number of families of the plant kingdom, animals and microorganisms.””#! An
example is febrifugine, from the Asian plant dichroa ferifuga® and the garden plant

Hydrangea®, used as a chinese herbal remedy effective against malaria (Fig. 1.9).
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Figure 1.9

1.2.2. Synthesis of quinazolinones.

2-Methyl-4(3H)-quinazolinone (48) was synthesized via the reaction of anthranilic acid with

various imidates in methanol (Scheme 1.15)%.

O @)
NH 0 :
OH MeOH, 25 °C, 30 min
¥ M OJ\M then 80 °C, 6h (42%)> /)N\H
NH, e e ’ N Me
(51) (47) (48)
Scheme 1.15

Quinazolinones (50) were efficiently synthesized in good to excellent yields via reaction of
aromatic benzoyl chlorides (49) with 2-aminobenzamide using SBA-Pr-SO3H as a nano solid

acid catalyst under solvent-free conditions® as shown in Scheme 1.16.

17
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( N
0] O 0]
NH, CI SBA-Pr-SOs;H NH

+ Solvent-free > N/

NH 130 °C X
(49)
X=2-Cl, 4-Cl, 2,4-(Cl),, 2-Me, (50)
4-NO,, 3,5-(NO,),, 3-NO,.
Scheme 1.16: Synthesis of Quinazolinones (50)

\ J

The quinazolin-4-ones (52) were synthesized in high to excellent yield (75-99 %) via the
reaction of anthranilic acid, amines, and esters (or formic acid) under solvent-free conditions

using Yb(OTf); as a catalyst®®, as shown in Scheme 1.17.

O o)
oH HCOH  R-NHy  vpOTf),, heat N VAT
+  or +  or >
under solvent-free /)
NH» HC(OR);  Ar-NH, conditions (75-99 %) N
(51) (52)
Sceme 1.17

Another approach describes a novel reaction to provide 3-substituted-4(3H)-quinazolinones
(53) or (54) in high vyield by the reaction of the Vilsmeier reagent with 5-substituted-2-
aminobenzoic acid derivatives (Scheme 1.18)%". The reaction was found to be temperature

dependent with compound (53) formed at room temperature and compound (54) formed at 90
0
C.
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( N
(@)
R
NH,
+
NI\/|62 0°C
H Cl
O
R
Cl
Route B O Route A
R AN
Cl H N|\/|62
1
NH, R'NH,
90 °C rt
R
R coacl
R COcCl \©: NHR
HN
A coc N” NMe,
N NMe, H
H
-HClI -HCI
R
O @)
R _R1
~ /‘ Y A
N Cl N~ (CNMe
N~ CiiMe; N (NMe,
HCI -NHMe,
R
@) O
R R _R'
J J
~ ~
N 9] NMe, N
(54) (53)
R=H, ClI, Br, Me R'= Ph, CgH,4Cl, CgHsMe, CgH,OMe
Scheme 1.18
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Finally, quinazolinones (56) can be made by reaction of aldehyde with 2-aminobenzamides
(55) via a p-toluene sulfonic acid catalysed cyclocondensation followed by oxidative
dehydrogenation mediated by phenyliodine diacetate (PIDA) as shown in Scheme 1.19.%

( )
O o)
N, R2 ) R2
R N+ R3CHO (i) p-TsOH, THF, r.t. > g N
(i) PIDA, r.t /)\
NH, T N R3
(55) (56)
R'=H and 4-F
R?= Me, Bu, and Ph
R3= Ph and Me
Scheme 1.19: Synthesis of 2,3-disubstituted quinazolin-4-one
. J
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1.3. Benzotriazinones.

1.3.1. An introduction to benzotriazinones.

Benzotriazinones will also feature later in this thesis (see discussion) and so are briefly

introduced here.

Benzotriazinones are an important class of heterocycle and have attracted attention in

medicinal and bioorganic chemistry®".

For example, benzotriazinones have been reported
having diuretic®?, sedative®, antiarthritic*, antitumor®, anesthetic®® and antitubercular

activities®’.

Traditionally®®**®, methyl anthranilate (60) (Scheme 1.20) was reacted with NaNO, and HCI
at 0 °C to form a diazonium (61) as an intermediate and then reaction between the diazonium

intermediate and aliphatic amines gave 3-substituted 1,2,3-benzotriazine-4-ones (63).

COOCH COOCH
©: *_HONO @[ 3 NHR
(o]
NH, HCI,0°C NGCI
(60) (61)
o)
COOCH,4 o
X — :
N=NNHR N~
(62) (63)
Scheme 1.20

Alternatively, the parent 1,2,3-benzotriazin-4-one (65) can be prepared as shown in Scheme

1.21'® and can then be substituted at the 3-position.
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O O
NH, NaNO,, HCI
2 2 > I}IH
0°C N
NH, N~
(65)
Scheme 1.21: Synthesis of 1,2,3-benzotriazine-4(3H)-ones

bis-1,2,3-Benzotriazin-4(3H)-ones (68), shown in Scheme 1.22, were prepared by reaction of
isotoic anhydride (66) with an alkanediamine in the presence of DMF at 50 °C under mild
conditions.'® The diazotization of the intermediate bis-[(2-aminobenzoyl-)amino]alkanes (67)

in agueous solution afforded good yields of the bis-1,2,3-benzotrizine-4-ones (68).

( )
@) O 0]
s X ~
0 HoN—X—NH, N N
A TDowmFsoc non
N~ O ’ NH, HoN
H
(66) (67)
O O (@) O
NN NaNO,, HCI, H,0 RV
H H 5 > N N
NHy,  HoN 0°C N N
(67) (68)
X= CH,CHa, CH,CH,CHy, (CHz)s, (CHy)s, (CHz)e, (CH2)7,
CH,CH(CHs), CH,CH(CHg)z, CH,CH(OH)CH,
Scheme 1.22: Synthesis of 1, x-bis-(4-ox0-3,4-dihydro-1,2,3-benzotrizin-3-yl) alkanes
. J

1.3.2. Reactivity of 1,2,3-benzotriazinones.

The 1,2,3-benzotrizin-4-ones (70) were alkylated at the N3 position with dibromoalkane in
the presence of K,CO3; as a weak base to afford 3-(3-bromoalkyl)-1,2,3,-benzotriazin-4(3H)-
ones (71)**, using 1,4-dibromobutane and 1,3-dibromopropane (Scheme 1.23).
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O O
o A [}jH Dibromoalkane, KZCO3> ol X l}l/\(v)n/\Br
2N acetone, reflux ", 2N
N N
(70) (71)
Scheme1.23: Synthesis of compound (71)

J

3-Benzyl-1,2,3-benzotriazin-4(3H)-ones'**'% (72) have been prepared by alkylation of the
1,2,3-benzotriazin-4(3H)-one (65) with benzyl halides in anhydrous DMF in the presence of
potassium carbonate. Compound (74) was prepared by alkylation of 1,2,3-benzotriazin-

4(3H)-one (65) with compound (73) under the same conditions, as shown in Scheme 1.24.

~

R. /CI

O
H
oLy ﬁj o, U3
- N B
N /

(65) (72)
R=H, C
X=H, 2-

Hs
-CHj, 2-Cl, 4-Cl, 4-CH50, 2,3-Cl,, 2,5-(CHs3),

(65) (73) (74)

X=H, CHs OCHj
Y= H, OCH3

Z=H, CH3, OCHj4
Scheme1.24; Synthesis of 3-substituted 1,2,3-benzotrizin-4(3H)-one

Another method for the preparation of 3-substituted 1,2,3-benzotriazin-4(3H)ones involves

the intermediate salt (76) which was reacted with haloalkanes to afford 3-substituted 1,2,3-

benzotriazin-4(3H)-ones (77)'% (Scheme 1.25).
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(75)

g

g

o) o)

Cl Cl
'}lH KOH
ﬁ

-N Acet <

N cetlone N

Cl Cl

z-z0

(76)

Scheme 1.25: Synthesis of 3-substituted 1,2,3-benzotriazin-4(3)-ones

O
©] Cl R
K X-R 'Tl
-N
N
Cl

(77)

J

3-aryl-1,2,3-benzotriazin-4(3H)-ones (78) were prepared from 1,2,3-benzotriazin-4(3)-one
(65) and aryl halides'® in the presence of 10 mol % of various copper catalysts (Cul, CuBr,

Cu,0, CuBr;, Cu) and K,CO3 (used to neutralize the released acid, HX) in DMF (Scheme

1.26).
O
O
NH
l{l + Ar-x _Copper catalyst N,Ar
NG K,COs, DMF _N
N
7
(65) (78)
Scheme 1.26: Synthesis of 3-phenyl-1,2,3-benzotriazin-4(3)-ones

1,2,3-Benzotriazin-4(3)-ones (63) react with alkynes such as diphenyl ethyne in the presence

of a nickel (0)/phosphine catalyst to give substituted 1(2H)-isoquinolones (79)'°(Scheme

1.27).

Ve

0
R R’ Q
N~ i R
v, Ni(0) N
N —<—
2 _ = R?
R N=N ]
(63) 79) R

R'= Ph, CH,OBn, Me, n-Pr
R?= Ph, CH,OBn, Me, p-MeOCgH,, CO,Et
Scheme 1.27: Reaction of 1,2,3-benzotrizin-4(3H)-one with alkynes.

.
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1.4.1. Pyrrolobenzodiazepines.

These heterocycles will also appear in the later discussion section. The pyrrolo[2-1-c][1,4]
benzodiazepine (PBD) group of natural products includes tomaymycin'® (90),
prothracarcin'’® (91), sibanomicin'* (92), sibiromycin'®*? (89), chicamycin'® A (96),
neothramycins'** A (93) and B (94), DC-81'"° (95), anthramycin*'® (86), mazethramycin®*’

118

(87) and porothramycin™" (88), as shown in Figure 1.10.

'd N\

9 11

8 N=\'H

11a 1

7
6 ° NS 2
3
\\OCH3 ) OR*

H \\OMe
Ny

HOI:QN]% Basic PBD skeleton (85)
H5CO N,
3 4 "OH N I~ O

R3
/ o N
Chicamycin A (96) . R2 ~R?

i Anthramycin (86) (R® = CH3, R* = R'=R2 = H)
Mazethramycin (87) (R® = R' = CH3 R*=R? = H)
Porothramycin B (88) (R® =H, R* = R! = R? = CH?)

Slide culture of a ' A OMe H OH
Streptmyces species HO N— H

HO N l
o) N A~
. N Me Me 5 CH3
H;CO ' R = H MeHN 0 o
(0] R* ‘R5 HO Sibiromycin (89)
Neothramycin A (93) (R* =H, R®=0H) R® N ~_R
Neothramycin B (94) (R* = OH, R® = H) 0o
DC- 81 (95) (R*=R®=H)
Tomaymycin (90) (R® = OCHg, R” = OH, R= CHj3)
Prothracarcin (91) (R® = R7, R= CHj)
Sibanomicin (92) (R” = H, R"=
sibirosaminepyranoside as in, R = Et )
Flgure 1.10: Naturally occurring PBDs
. J

The PBDs are of interest because of their biological activity. The minor groove of DNA is
the biological target, by interaction with an electrophilic carbinolamine or imine functionality
at N10-C11 of the PBD. The resulting DNA adduct inhibits DNA replication and gives the

PBDs potent antitumour antibiotic activity (see Figure 1.11)*82?,
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( N\
O
N
ﬁI>
NS
H,NT TN N\
H OH ;) -
HO N— HO '\Q DNA
10 11\ 4H -H,0 10 71\ 4H
11a ~iHO0 11a
MeO N ~._Me *H,0 MeO N ~_Me
o 0]
(97)
O
N
T
NS
H HN™ "N~ N
HO N \
H DNA
MeO N ~ _Me
(08) ©
Figure 1.11
|\ J

1.4.2. Preparation of pyrrolobenzodiazepines (PBDs).

Synthesise of compounds in the PBD class was involved: 1) seven membered cyclic dilactam
reduction;***?% 2) reductive cyclization of an acyclic nitro aldehyde;****" 3) cyclic
iminothioether reduction;*** 4) expansion of N-pentenylphthalimides by photochemical?!#
means; 5) amino acetal cyclization;*® 6) carbonylation of o-haloanilides catalyzed by

131-133

palladium, and 7) azide based routes.?

Azide based routes are relevant to the work in this thesis. In an azide based literature synthesis

(Scheme 1.28), reaction of 2-azidobenzoyl chloride™**

with L-prolinol gave the o-
azidobenzamide derivative (100). Oxidation of compound (100) with pyridinium
chlorochromate (PCC) at room temperature gave aldehyde (101) in 81% vyield. The
iminophosphorane (102a) was prepared via the reaction between triphenylphosphine and
compound (101) at 0 °C. Compound (102a) was converted to PBD (103) at room temperature

in 1 hour. The formation of the alternative iminophosphorane (102b) was also used as the
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more reactive tributylphosphine could be used at -10 °C with a short reaction time (30 min).

This resulted in a more efficient cyclisation to give PBD (103).%°

An alternative route for the preparation of compound (103) used L-proline. Reaction of o-
azidobenzoyl chloride and L-proline gave the azidobenzamide (104) in 82% vyield. The
compound (104) was esterified into the methyl ester drivative (105) by methanol in 96%
yield. Reaction of compound (105) with triphenylphosphine or tributylphosphine gave the
iminophosphoranes (106) at ambient temperature. Reduction to the aldehyde with DIBAL and
aza-Wittig cyclisation gave the PBD (103) in 57 % vyield'®. Alternatively, aza-Wittig
cyclisation of (106a or b) gave iminoether (107) which was hydrolysed to the lactam (108a)
[Scheme 1.28].'%°
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-
O CH,OH O  CcHO [ O  CHO]
N a N - b
@ aa ORVEd PRY;
N3 N3 hl
(100) (101) i PR3 i
102a: R= Ph
102b: R= n-Bu
C
(103)
f
O  COOH COOCH3 COOCHs
N d
N3
(104) (105) L R3 _
106a: R= Ph
106b: R=n-Bu
g
< @ﬁ '@
N \ \\
N o OCH3
(108a) (107)
Reagents and conditions: a) PCC, CH,Cl, r.t., b) TPP, Et,0, 0 °C (for 102a), or n-BusP, Et,0, -10 °C (for 102b)
c) Et,0, r.t., d) SOCI,, benzene, r.t., then CH30H r.t. ) TPP, CH,Cly, r.t., f) DIBAL, Et,0, -78 °C to r.t.,
g) toluene, 140 °C sealed tube, 24 h (106a) or toluene, reflux, 3h (for 106b), h) H,O, reflux, 30 min.
Scheme 1.28: Synthesis of benzodiazepines'?°
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1.4.3. The Circumdatins.

There is a large class of quinazolinobenzodiazepine natural products.**>*¥* Examples are
circumdatins F and C (110 and 111), benzomavin A (112) and sclerotigenin (113).
Circumdatins D-J (114-117) which have an additional tetrahydropyrrole ring as shown in

137,138

Figure 1.12 below , and are of great relevance to the pyrrolobenzodiazepine derivatives

targeted in this thesis.

( )\
O
R? ]
R3 N’ R
R1
-,
H
N7
N
O O —_—
MeO
110: R'= Me, R? =R3= H (circumdatin F) 114: R'= OMe, R? = OH (circumdatin D)
111: R'= Me, R? =R®= OH (circumdatin C) 115: R'= H, R? =OH (circumdatin E)
112: R'= Bn, R2 =R%= H (benzomavin A) 116: R'= H, R? = H (circumdatin H)
113: R'= R? =R3= H (sclerotigenin) 117: R'= OMe, R? = H (circumdatin J)
Figure 1.12: Structures of quinazolinobenzodiazepine alkaloids.

1.4.4. Synthesis of Circumdatins.

Circumdatin F (110)** was obtained by treating precursor (120) with Sc(OTf); in DMF.
Compound (120) was prepared by direct coupling of anthranilic acid with isatoic anhydride in
heated water to make (119) in 87 % vyield, which was converted to the methyl ester with a
high isolated yield (80 %) in hot acidic methanol. Coupling with a Cbz-L-amino acid in the
presence of EDC in DCM, and hydrogenation by catalytic Pd(OH), gave compound (120),

as shown in Scheme 1.29.
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4 )
O
— dLH COH 2.© 9
NH, NH,
(51) (119)
O
N NH
"
NH N
N
O;S/NHZ ©
R (120) (110)
a) isatoic anhydride, H50, reflux, 2 h; b) HoSO4/MeOH (1:25, v/v) reflux, 5 d; ¢) Cbz-L- amino acid,
EDC CH,Cly, rt, 2-6 h; d) Hy, Pd(OH),/C, rt, MeOH, 0.5 h; e) Sc(OTf)3, DMF, 10-15 min, 140 °C.
Scheme 1.29: Synthesis of Circumdatin F

In another route, shown in Scheme 1.30, reaction of the isatoic anhydride (66a) with L-
proline'*® in DMSO at 140 °C afforded the corresponding the PBD (108a) with a high yield of
91 %. The PBD (108a) was treated with acid chloride (123a)'** in DMAC in the presence of
DMAP and NEt; to give the desired 2-nitrobenzamide (124a) in a yield of 82 %. The 2-
nitrobenzamide (124a) was treated with excess acetic acid and zinc to give the desired
circumdatin®*? H (116) in high yield 72 %. The same approach was used to synthesise

circumdatin J (117), also shown in Scheme 1.30.
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( )
COCI NO,
R2
123a:R'=H
R! L prolme R! 123b: R' = OMe
>
/g DMSO NEt;, DMAP
140 °C DMAC, 0 °C
66a: R1 =H 108a: R' = H
66 b: R' = OMe 108b: R' = OMe
O o)
R! N R! N
1) Zn, AcOH
N 2) Cooling N7
o) N
O NO, O
RZ
R2
MeO MeO
1 2 _
124b: R' = OMe, R?= H & (Circumdatin J)
Scheme 1.30: Preparation of circumdatins H and J
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1.4.5. The Fuligocandins

Several new PBD compounds were isolated from the extract of the fruiting bodies of the
myxomycete Fuligocandida. These compounds were the known cycloanthranilylproline
(108a) and three unknown derivatives (126-128), which were named as fuligocandin A-C
(Figure 1.13).

s O 5 O
0P P o

(108a) 0 0
0
0
N OH
Fuligocandin C (126) NH
NN
0

Fuli din B (127
Fuligocandin A (128) uligocandin B (127)

Figure 1.13

Compound (126) was unstable and easily converted into compound (128). Compound (127)
(Fuligocandin B) was isolated as a yellow pigment, which was found to be derived from

condensation of an acetone and a cycloanthranilic acid and indole-3-carbaldehyde.

1.4.6. Synthesis of Fuligocandins

The synthesis of fuligocandins A and B has been reported, as shown in Schemes 1.31 and
1.32. Thus, 1,3-dichloroacetone was reacted**® with triphenylphosphine and the product
intermediate phosphonium salt was neutralized with a base to provide the desired ylidic
product (130). Indole-3-carbaldehyde was coupled with benzensulfonyl chloride to give
(132a) and with 4-nitrobenzenesulfonyl chloride to give (132b). The aldehydes (132a and

32



Chaper 1 Introduction

132b) were reacted with the phosphorus ylide via Wittig reaction to give indole derivatives
(133a and 133b), as shown in Scheme 1.31.

( )

0 | 0
a. N _c O o a J_renys

129 Ylide 130, (98 %)

—0
N 36a: (ii) _w
N 36b: (iii)
H

132a: R= SOzPh (89 %) 133a: R= SOzF’h (69 %)
132b: R=4-NO,SO,Ph (98 %)  133b: R=4-NO,SO,Ph (80 %)

131

i) PPhs, THF, Na,COs, H,O/MeOH, rt, 12 h, 98 %; i) PhSO,CI, NaOH,
TBAHS, rt, 10 h; iii) NsCI, Et;N, DMAP, rt, 12 h; iv) Ylide 130, MeOH, rt, 48h

Scheme 1.31

The synthesis continued as shown in Scheme 1.32. The reaction of isatoic anhydride with L-
proline in DMSO gave the pyrrolo-1,4-benzodiazepine derivative (108a). Compound (108a)
was selectively thionated using the P,Ss-Py, complex to provide the known monothione
(134). In the final reaction in this process, the monothione (134) was reacted with
chloroacetone to give Fuligocandin A (128) via episulfide contraction. Fuligocandin B (127)
was prepared by one—pot alkylation of the monothione with 133a or 133b and subsequent

sulfur extrusion and deprotection.
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Lo *@Qg @Qg

L-Proline
Isatoic anhydrlde (1 08a) (1 34)

l (iv: b) (IV 2)

O
N @ﬁ
NN
(@)

Fuligocandin A (128)

Chaper 1

NH

Fuligocandin B (127)

Scheme 1.32: Synthesis of fuligocandins A and B. Reagents and condition: (i) L-proline,
DMSO, 100 °C, 4h (95%); (ii) P2S5-Py,. 60 °C, 4h, (75%); (iii) NaH, DMSO, rt, 30 min; (iv)
a) chloroacetone, rt, 40 min and P(OMe)s, DABCO, 100 °C, 24 h, (60%); (b) 133a/133b, rt,
40 min and P(OMe)z, DABCO, 100 °C, 30 h, 20%.

In this final key step using sulfur extrusion, there is an episulfide contraction reaction driven
by alkylation. The process begins by alkylation of thioamide (A) (Figure 1.14) with the
enolizable halocarbonyl compound (B). Enolisation followed by electrocyclic closure of the
enolate thiocarbonyl ylide of (C) gave the episulfide, which was converted to vinylogous

amide (E), after desulfurisation with trimethyl phosphite.**
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Base

\N)ks ' C")\j\ —’\N/J\s/\foﬁ>
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N 44 H N
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S o
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Figure 1.14: General mechanism for the Episulfide contraction via alkylative precoupling
\L J
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1.5. Benzothiadiazepines.

1.5.1. An introduction to benzothiadiazepines.

Sultams of the benzothiadiazepines type are a key target in this thesis. The sultam moiety is
the backbone of many heterocyclic compounds of pharmaceutical and synthetic
importance.***** The sultam derivatives display potent activities such as antiblastic,

147151 and sulfonamides are well known in

apoptotic, antitumor and antihypertensive activities,
medicinal chemistry in general. This made us look at sulfonamide analogues of the
pyrrolobenzodiazepines as potential biologically active molecules, and a brief introduction

follows.

Pyrrolo[1,2,5]benzothiadiazepine (140) was prepared by Artico as a non-nucleoside reverse
transcriptase inhibitor, but did not display appreciable activity against HIV-1. Compound
(141), however, was a useful inhibitor of reverse transcriptase.*®?*>* The same research group
have reported that compounds (142) and (143) have shown activity that is of interest in the

potential treatment of chronic myelogenous leukemia.**>**®

\.

~ AN
SN O\\ /9
- )ﬁ
N —
0 L
: N
EtO
Pyrrolo-[1,2,5]benzothiadiazepine (140) (141)
o 0
O\\é/\N AN O\\ é/\N X
N
H O H o)
EtO HO
(142) (143)
Figure 1.15: Structure of Pyrrolo-[1,2,5]benzothiadiazepine derivatives

J/

Some typical published routes to these PBD thia analogues will now be reviewed as they are
of interest in this thesis. For example, precursor (144) was obtained by reacting an aryl

sulfonyl chloride with a pyrrolo ester analogue. Reduction of the nitro ester (144) with iron in
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acetic acid gave the corresponding amino ester (145). Compound (146) was synthesized by
intramolecular cyclisation of the amino ester in the presence of 2-hydroxypyridine as a
bifunctional catalyst. Alkylation of compound (146) in the presence of potassium carbonate’*?

(shown in Scheme 1.33) gave a wide range of pyrrolobenzothiadiazepines (147a).

( )

0
0  E0OG o

/
X S\CI X K B X S\N ~ Fe
t- —
:@: + HN %» :@( — "MeCOOH

(144)

o)
O
X PISTT O~ //O

N 2-hyd idi X SS-NT
-hydroxypyridine
Y COOEt
NH, v
(145)

N
R-hal )
-ha
K,COs | (146

0]
O~/
X SsLy
Y : jN
|
R (@)

(147a)

O
)

R= Me, Et, i-Pr, n-Bu, i-Bu, 2-propenyl, 2-butenyl, 3-Me-2-butenyl,
CH,COOMe, CH,COOEt, CH,COOBz, CH,OMe, CH,Ph.
X=Y=H, or X=H, Y=CI, or X=Cl, Y=H

Scheme 1.33

The benzyl and cyclopropyl analogues (151) (Scheme 1.34) were obtained by

intramolecular*®?

cyclization of the 1-(2-fluorobenzene-1-sulfonyl)-1H-pyrrole-2-(N-
cyclopropyl)carboxyamide (150) in the presence of sodium hydride (NaH) and cuprous
iodide. The amide compound (150) was prepared by treating the acid (149) with
cyclopropylamine in the presence of N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide
hydrochloride (EDC) and 4-dimethylaminopyridine (DMAP). Compound (149) in turn was

prepared by alkaline hydrolysis of ester (148), which was prepared by reacting 2-
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fluorobenzenesulfonyl chloride with 2-ethoxycarbonyl-1H-pyrrole (as shown in Scheme

1.34).

O\js? EtOOC O\\é(’)
~Cl X KO-t-Bu N7 KOH
+ HN — —_—
_—l 18-C-6 =
F F COOEt
(148)
o) O O 0
O\\é/‘N HoN-R O\\é/\N \\S//\N -
Ny _FRNR Ny NaH —
=/ EDC, DMAP =/ Cul
F COOH F CONHR g o)
(149) (150) (151)
150a, 151a: R=CH,Ph
150b, 151b: R=cyclopropy!
Scheme 1.34

In another route, pyrrolidino derivatives (147b) were synthesized™? from 2-ethoxycarbonyl-
1-(2-nitrobenzenesulfonyl) pyrrolidine (152), which was reduced to the amino ester (153)
with iron powder in glacial acetic acid. Intramolecular cyclization of compound (153) was
done by heating in the presence of 2-hydroxypyridine. Alkylation with alkyl halides in the

presence of potassium carbonate gave the saturated pyrrolidino derivatives (147b), as shown

in Scheme 1.35.
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N
O\\ //O O\\ //O | _
S\NQ Fe S~ N~ oH
o '
Ph,O
NO, COOEt NH, COOEt
(152) (153)
O
o\\é, NS
@ R_X
—>
N K,COs N
H O I
R O
(147b)
R=Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, CH,cyclopropyl
X=Cl, Br, |
Scheme 1.35

1.5.2. Tetracyclic (PBDs) and (PBTDs).

Another of the aims of this thesis is to make pyrrolobenzothiadiazepines with additional fused
rings™?***’. The analogous pyrrolobenzodiazepines have attracted interest in the literature as
potential antitumour compounds (see above), neurological agents and protease

inhibitors. 13718159

The specific targets in this thesis are those formed by intramolecular azide 1,3-cycloaddition
reaction, as shown in the Figure 1.16, and this work builds upon previous work in our

research group.*°%6

P
—>
N3 Y [l\l \\
N:N'Z
Y = -CCH, CN, -CH=CH,
X =CO or SO, Z=CH,, CH, N

Figure 1.16
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In the group previously™®, 2-azidobenzenesulfonic acid or 2-azidobenzoic acid was converted
to the corresponding acid chloride (as shown in Scheme 1.36) and coupled with L-prolinol to
give the alcohols (156a) and (100) in yields of 96 and 79 %, respectively. The alcohols were
oxidised into the aldehydes (157a, 157b) by Swern oxidation or Dess-Martin periodinane.
The conversion of the aldehydes (157a and 157b) into the alkynes (159a) and (159b) was

achieved using the Bestmann-Ohira reagent (158). The alkynes (159a and 159b) could not be
163

isolated, as they underwent cyclisation to form the triazoles (160a) and (160b)~°, as shown in
Scheme 1.36.
( A
OH 4 coci),.pcm COC' » DMSO
2-L-prolinal, K2C03 Et3N DCM, RT,

N3 DCM, RT, 79-96 % 65-75 % N3 X
155a, X = SO, 156a, X = 302 157a, X = SO,
155b, X = CO 100, X = CO 157b, X = CO

O O
MeO_l
MeO” P%Me
X~N X~N ©
A - N2
B SE— (158)
NN N3/ K,CO3, MeOH
N= N
160a, X = SO, 159a, X = 80O,
160b, X = CO 159b, X = CO
Scheme 1.36: Synthesis of Tetracyclic PBD analogues
. J

It is relevant to note that Broginni'®*'®

showed that the (S)-N-Boc protected proline
derivative was reduced in the presence of DIBAL-H to give alkene (161) which was coupled
to 2-nitrobenzoyl chloride to give the nitro compound (162). Reduction of the nitro (162)
with iron powder in acetic acid gave the corresponding amino compound (163). Diazotisation
with sodium nitrite and HCI followed by reaction with sodium azide afforded compound
(164). The azide (164) gave stable triazoline (165) in carbon tetrachloride or toluene at 80 °C,

as per Scheme 1.37.

One of the aims of this thesis (see figure 1.16 and also Chapter 3) was to attempt the synthesis
of the nitrile systems (Y = CN) and to explore the use of azide-nitrile reactions to make

tetrazolo-fuzed systems.
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e A
: jCOCI
NO |||
N ~COOMe —> 2 -
|
Boc Boc NO, |
(161) (162)
0]
Y w)
Ll —_— |\|\ —>
H U
NH, | N3 IIH
(163) (164) (165)
Scheme 1.37: Reagents and conditions: (i) a. DIBAL-H, dry toluene, N, atmosphere, -60 °C; b. PhsPMe™ I, t-BuOK, dry
THF, N, atmosphere, 0 °C; c. CF3COOH, N, atmosphere, 1h, 52 %,; (ii) K,COg, dry toluene, reflux, 4h, 60 %; (iii) Fe,
AcOH, EtOH, reflux, 2h, 80 %; (iv) a. NaNO,, HCI, Et,0, 0 °C, 30 m; b. NaNg, rt, 40 m, 75 %; (v) CCly, reflux, 5h, 68 %.
\ y,
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Chapter 2:

2. Results and Discussion: Multicomponent reactions (MCRs).

2.1. Introduction.

Multicomponent reactions (MCRs) are chemical methods in which three or more starting
materials are converted in one chemical step to form a specific product.*®® Nowadays MCRs
are considered as a powerful tool for making target molecules of biological relevance

efficiently, especially in drug discovery™’

. We decided to use o-azidobenzaldehyde (203) as a
starting material in multicomponent reactions. The azide product was available from 2-amino

benzyl alcohol.

The azide groups offers extra reactivity, as azides have a lot of chemistry open to them. We
looked to use 2-azidobenzaldehyde in MCR processes involving nitriles in the hope that, as

the group had seen previously*®

, some interesting post-MCR azide-nitrile reactions would
occur. The use of o-azidobenzaldehyde in multicomponent reactions has been explored by
Ying Zhong, where reaction of o-azidobenzaldehyde, amine, isocyanide and carboxylic acid
give the azide product (166) through the Ugi-four component condensation (Ugi-4CC).**°
Staudinger reaction and intramolecular aza-Wittig reaction gave 3,4-dihydroquinazolines

(168) via diphenylmethyliminophosphorane (167) (Scheme 2.1).
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CHO RHN.___O o
3.
N R™-NH, MeOH J,
203 ° * - NoR
rt R3
R2-COOH R-NC Na
(166)
R'HN__O o R'™HN__O

\
2-
Y
>\_

N N~ "R?
PPh,R
(167) (168)
L Scheme 2.1: preparation of dihydroquinazolines (168) )

The same group used 2-azidobenzaldehyde in a Ugi-three component reaction (U-3CR) with
aniline, tert-butyl isocyanide and silica gel to make a-amino amidine azides (169). The azides
could undergo an intramolecular cyclization with the secondary amine in which the a-amino

amidine azide was converted into an amidino substituted indazole (170) (Scheme 2.2).}"

~

R? 3
0 NH, @ R
N~_ NH
H + Silica gel R2
+ + R3—N=C >
N DCM, rt N
R1 3 R2 H

N
R! ’
(169)
€1, 1 €1,y
' N [
N NH R? Conditions N\—NH i
Catalyst B} —
N N
R’ ’ R’
(169) (170)

Scheme 2.2: preparation of a.-amino amidine azide and its cyclisation.
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2-Azidobenzaldehyde has also been used in the Passerini reaction'’* with isocyanides and
carboxylic acids by the same group to make a-acyloxy-carboxamide azides (171) as shown in
Scheme 2.3. Using the Staudinger and intermolecular aza-Wittig reaction, the azides were
reacted with triphenylphosphine to give 4H-1,3-benzoxazines (173) (Scheme 2.3).*"

Again using the Staudinger reaction, the de-acetylated product (174) was reacted with
triphenyl phosphine to give iminophosphorane (175). The iminophosphorane (175) was
reacted with isocyanate to give the diimide (176) which cyclised to give 2-amino-4-

aminocarbonyl substituted 4H-3,1-benzoxazines (177) (also shown in Scheme 2.3).

r

o R'HN oO
CHO
JJ\ N + MeOH
*  R2 SOH R'—N=C — 3 0~ "R?
N, rt
(203) N3
(171)
R'HN_ _O
RIHN.__O RTHN__O
L een j\ o
3
2 — e —
O R ThhMe O R pnp=0 N/)\RZ
Ng Reflux N=PPh,
(171) (172) (173)
RTHN oO R'HN_ _O R'HN_ _O
0" "R? oH  PPhs OH
—_—
N3 N, N=PPh,
171) (174) (175)
R3-NCO
-~ OH - 0
- PR
N=C=NR3 N~ “NHR3

(176) (77)

Scheme 2.3: Preparation of benzoxazines 167and 171.
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2-Azidobenzaldehyde has been also used in the Biginelli-three component reaction with ethyl
accetoacetate and urea (or thiourea) in the presence of trimethylsilyl chloride as catalyst to
make dihydropyrimidinone azide (178) (Scheme 2.4) which was reacted with
triphenylphosphine to give iminophosphorane (179) via Staudinger reaction which was then
treated with aromatic isocyanates or acid chlorides in the presence of K,CO3; or EtsN to

synthesise pyrimido[1,6-c]quinazolin-4-ones (180 and 181), via aza-Wittig reaction and
cyclisation."

CC
CHO :
M638|C| N3
+ >
PPh
EtOOC /’\J‘\\Hz CH3CN/DMF, rt Eto0C [ NH % .
L RiHN™ =X HaC N/g X
HsC”™ SO R’
(178)
N:PPh3 5 N
R“NCO, K,CO
EtOOC 2 EtOOC |
| /IJ\I: - | N)\NHRZ
H5;C ,Tl X H5C NAX
R4 R
(179) e (180)
<
&
S
X=0orS
R'=H, Me, Et or Ph N
R2= Ph, 4-Cl-CgHy, 4-F-CgH, Et00C A,
and 3-Me-CgH,4 | /l R
H5;C N X
R
(181)
Scheme 2.4: Preparation of pyrimidoquinazolinones 180 and 181.
_ J

In our work, we selected known MCRs incorporating a nitrile and benzaldehyde and looked to

replace benzaldehyde with o0-azidobenzaldehyde to look, for the first time, at post-MCR azide
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to nitrile cycloaddition. Some of the reactions investigated with o-azidobenzaldehyde gave the
desired MCR and a new product with an azide and a nitrile but the azide did not react with the
nitrile. Some of the attempted reactions resulted in the MCR stopping after one reaction
between just two of the components. These processes are discussed in detail below, as either 3

or 4 component MCRs.

2.2. The use of three component MCRs

2.2.1. Knoevenagel Condensation of Malononitrile with o-
Azidobenzaldehyde.

CN
~o0 /CN 1drop piperidine, ethanol - N
T HC Reflux, 1h N
N3 CN ' °N
(203) (205) (207) N—N

C1oHsNs
MW = 195.19 g/mol

CN

N

CN
N3

(206)
C1oHsNs
MW = 195.19 g/mol

Scheme 2.5

Compound (206) was needed as a precursor for another MCR reaction (see next section).

2-Azidobenzaldehyde (203) was condensed with malononitrile (205) in the presence of
piperidine as an organic base. The mixture was heated at reflux for 1 hour. Instead of the
desired product (206), the tetrazoloquinoline (207) was isolated in 68 % vyield.

The structure of product (207) was confirmed by IR spectroscopy, and by its *H NMR

spectrum, 3C NMR spectrum, mass spectrometry and melting point.
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The *H NMR spectrum indicated the absence of the aldehyde (CHO) proton at 10.37 ppm
with the appearance of the alkenyl (CH=C-CN) proton at 8.08 ppm.

The *C NMR spectrum showed the disappearance of the aldehyde carbon signal at 188.63
ppm with the presence of the nitrile (CN) carbon signal at 114.04 ppm and the alkenyl
(CH=C-CN) signal at 145.73 ppm. It was further determined that the compound contained a

CN group from the peak at Umax 2200.0 cm™ while IR also showed the absence of the azide
absorption peak at Umayx 2127.0 cm™, in addition to the disappearance of the aldehyde (CHO)

group at Umayx 1735.0 cm™. The correct measured mass of 196.0627 for the ion [M+H"] gave

further evidence for the structure. This is a known molecule, although it is formed by a

different route in the literature.!”

2.2.2. 3-(2-Morpholinoethylamino)-4-nitro-2,5-diphenylcyclopent-3-ene-1,1-
dicarbonitrile derivatives.

174

This MCR (Scheme 2.6) was based on a previous reaction by Knight™"* who had shown the

reaction to work with B-nitrostyrene (X=H)'"®, 2-morpholinoethyl isocyanide and a range of

easily synthesised benzylidenemalononitriles*’®*"".

( )

1
©\/\/ AN dry THF Nl\éC H
%
X + CN 1 48h . N—R?
N\
R2—NC @x NO,

Scheme 2.6
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182 | X R' R® Yield Notes

1 H H Cyclohexyl 0% No reaction

2 H H CH,CHa,-morpholino 45% Successful

3 H 0-Nj3 CH,CH,-morpholino 30% 0-N3-pre-cyclised
4 H p-ClI CH,CH,-morpholino 42% Successful

5 N3 H CH,CH,-morpholino 89% Successful

6 N3 p-ClI CH,CH,-morpholino 78% Successful

7 N3 p-NO, CH,CH,-morpholino 67% Successful

8 N3 p-OCH3; | CH,CH2-morpholino 20% Successful

Table 2.1: Synthesis of cyclopentene Derivative (182)

We repeated the Knight'™ reaction successfully with the morpholino system (entries 2 and 4
in Table 2.1) and then attempted it with the 0-azido derivative of B-nitrostyrene in the hope
that the product (182, X=N3)*** could undergo a post-MCR azide to nitrile 1,3-dipolar
cycloaddition and hence form some novel highly functionalied tetrazolo systems. The 2-azido

nitrostyrene was easily made from 2-azidobenzaldehyde and nitromethane as described

161 176,177

previously". Arylidene-malononitriles came from simple Knoevenagel condensation

The formation of the desired (X = N3) 3-component MCR products was successfully achieved
(see Table 2.1 entries 5-8) but none of the azido products (182) could be made to undergo
tetrazole formation. When the azido group was on the malononitrile component (R'=0-N3) the
system cyclised to give compound (207) before any MCR could occur as discussed above
(Scheme 2.5).

IR spectra, 'H NMR spectra, *C NMR spectra, mass spectrometry and physical
characteristics identified the new products (182, X = N3). In the IR-spectra, azido absorptions
showed at around 2123.0-2128.5 cm™ and strong nitro absorptions arose at around 1626.1-
1638.9 cm™, in addition to cyano absorptions at around 2190-2251.5 cm™, as well as the
absorption band at 3300 cm™ indicating the formation of the new NH group in the product. In
the 'H-NMR spectra, the proton on the NH group appeared in the region of 9.72-9.86 ppm as
a singlet and the protons of the cyclopentene ring appeared at around 4.76-5.76 ppm. As for
BC-NMR spectra, the most deshielded absorptions were observed for cyclopentene ring
alkene carbons at around 156.58-158.13 ppm. The compounds synthesised previously (entries
2 and 4 in Table 2.1) had data identical to that reported by Knight'”* and other compounds

gave fully consistent data (see experimental).
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2.2.3. 5-Amino-2,3,7,7a-tetrahydro-1,3-dioxo-7-phenyl-1H-pyrrolo[1,2-
e]limidazole-6-carbonitrile derivatives.

( N\
(@) 0 H -
H N>\\' ~o <CN H,O, piperidine -
. + +
NH 70 °C, 8h AN N/ CN
R CN >//
o) Rt o) NH,
(230) R=N, 231, R=H
232, R=N,
Scheme 2.7
\_ J

A. R=H (literature reaction)

Reaction of hydantoin, benzaldehyde and malononitrile in water gave a product which was
isolated from the reaction mixture by filtration and washed with PE/EtOAc (60 %). The
structure of the product (231, R=H) was confirmed by IR, *H-NMR spectroscopy, *C-NMR
spectroscopy, mass spectrometry and physical characteristics. With benzaldehyde (R=H) this

R 178

is a known literature 3-component MCR™"", and data was fully consistent with that reported

in the literature®’®.

B. R=Nj; (new reaction)

Reaction of hydantoin, 2-azidobenzaldehyde and malononitrile in water under the same
conditions gave a new product. After completion of the reaction which was monitored by
TLC at regular intervals, a different product was identified to that predicted from the model
reaction with benzaldehyde. Instead of the expected poly-substituted cyclopentene (232), the

tricyclic tetrazole (233) was isolated.
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Q H
o N3
CN H50, pngrldlne

< 70°6,8 h HN}//N VA
CN

O NH,
(208) (232)

C43HgN7O,

MW = 295.26 g/mol

O

NH,

(233)
MW = 213.20 g/mol

Scheme 2.8

In this case, it is assumed that reaction of o-azidobenzaldehyde and malononitrile formed a

product before any reaction involving the hydantoin could occur. Compound (233) was

formed in 34 % vyield.

XY “NH,

NN
N=N
(233)
MW =213.20 g/mol
Scheme 2.9

The structure of compound (233) was deduced from its IR spectrum, *H NMR spectrum, *C

NMR spectrum and mass spectrometry. IR spectroscopy showed the presence of a peak at
1703.0 cm™ (C=0) and an amide NH, at 3385.4 cm™. IR confirmed that both the azide and

the nitrile were not present. ‘HNMR spectroscopy also confirmed the structure of the product

(233). A broad singlet at 8.33-8.49 ppm showed the 2 protons of the NH, group and a
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multiplet at 8.67-7.89 ppm appeared for the 4 protons of the aryl group and at 8.96 ppm one
proton confirmed the alkene CH group. **C NMR spectroscopy also confirmed the structure
of the product (233) with the correct number of C, CH plus the carbonyl group at 162.44ppm.

The structure of the product (233) was confirmed by mass spectrometry.

Compound (233) did not react with hydantoin (confirmed by a test reaction) and hence the
reaction stopped at this point. The product forms due to condensation, 1,3-dipolar
cycloaddition [to give compound (207) again] and then hydrolysis of the remaining nitrile

under the aqueous reaction conditions.

It was thought that water as solvent had hydrolysed the nitrile to the amide. Thus, this reaction
also was attempted with dry ethanol and acetonitrile as solvents. This was successful and gave
the non-hydrolysed compound (207) this time in 76 % yield. The absence of water meant that
hydrolysis did not occur, allowing the nitrile to be isolated. The data for compound (207) was

identical to that in section 2.2.1, above.

- N\
O

H-N»\' . @O+ < Ethanol or acetonitrile> m

NH T
>// N CN piperidine NNy
o N=N
(230) (203) (205) NN
(207)
Scheme 2.10
L _/

Reaction of 2-azidobenzaldehyde and malononitrile in water also gave the hydrolysed product
(233), showing that the hydantoin is not required. The nitrile (207) underwent easy hydrolysis
to give the amide (233).
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2.2.4. 2-Phenyl-2-(phenylamino)acetonitrile derivative.

~
Ph_
NH Ph‘N
Oxone, TBAB, |
S0  ph
: 72 % CN NaHQO3
+ NH; Toluene/A,0=10:1
TMSCN (240) (241)
Scheme 2.11

CN

Three component reactions of benzaldehyde, amines and trimethylsilyl cyanide (TMSCN) in
the biphasic system (toluene/H,O = 10/1) tetrabutylammonium bromide (TBAB), sodium

bicarbonate and Oxone was claimed in the literature to allow oxidation of the aminonitrile to

the iminonitrile.1"

“Strecker” product-aminonitrile (240), a well-known product.*®

When these conditions were applied to 2-azidobenzaldehyde and aniline (Scheme 2.12), we

also isolated the “non-oxidised” aminonitrile (242).

( )
Q.
~o 56 % NH
+ + TMSCN ——>»
N3 CN
(203) (239) N
(242)
C44H44N5
MW =249.28 g/mol
Scheme 2.12
g J

In the IR spectrum, the nitrile group was seen at 2190.4 the azido group absorption band
appeared at 2121.9 cm™. The structure of the product (242) was confirmed by its *H NMR
spectrum, in which the NH group showed at 8.70 ppm and the CH was seen at 4.06 ppm. In

the *C NMR spectrum, the same non-aromatic CH group was seen at 45.99 ppm. The

52
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structure of the product was confirmed by mass spectrometry, in which the molecular mass of
the compound was equal to 250.1092 g/mol (M+H™).

When heated in toluene for 4 days at reflux, compound (242) was stable, but in xylene at
reflux for 4 days, the compound unexpectedly gave the known'® indazole (250) in 50 %

yield. Similar indazoles, formed by azides reacting with imines, were also reported by
170

Sagar~"" (see Scheme 2.2, above)
( N
Ph N~ H Ph. Ph
) )
CN heat heat 50% —
— — — _ N—Ph
Nj -HCN -N» . N
N3 N:
(242) (250)
Scheme 2.13
. J

As shown above in Scheme 2.13, this reaction might occur by loss of HCN, loss of N, and
then nitrene formation and then nitrene insertion into the imine and to give compound
(250)'81. As this reaction looked to be interesting two other precursors were synthesised as
shown below (Scheme 2.14 and Scheme 2.15):

( )

Q
AN 67 %
N3 CN

203 244
(203) (244) Ns
(245)
C14H47Ns
MW =255.33 g/mol
Scheme 2.14
\ Y,
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( )
NH,
o 57 %
+ + TMSCN ——>» NH
N; ©\/\CN
(203) (247) Ng
(248)
C4s5H43N5
MW =263.30 g/mol
Scheme 2.15

\ _J

The structure of these products was confirmed by IR spectroscopy, *H NMR spectroscopy,
13C NMR spectroscopy and mass spectrometry. The effects of heat on compounds (248) and
(245) were investigated but neither of them formed an indazole or any other recognisable

product.

2.2.5. 3,3-Dicyano-N-alkyl-2-arylpropanamide derivatives.

( )
0 NC CN
N
H CN
+ QNC LH()» o \O
R CN EtOH, 70 °C R
205 211
208, R=H (205) @) 252a,R=H
203, R=Nj 252b, R = N
Scheme 2.16
\ J

The Ugi reaction of isocyanide, aldehyde, acetic acid, and malononitrile gave 3,3-dicyano-N-
alkyl-2-arylpropanamide derivatives in good yield in ethanol as a solvent at 70°C. Two
carbon-carbon bonds and one amide group were formed by this reaction. In the literature'®?,
the role of the carboxylic acid in this reaction is to trap the nitrilium intermediate, and to
activate the aldehyde and intermediate alkene toward nucleophilic attack as shown in Figure

2.1. The literature reaction (R=H) was repeated to make sure that the chemistry worked before
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trying it with the azide (R=N3). Compound (252a) was successfully synthesised in 71 % vyield

with data identical to that reported in the literature.'®

H
2 CN 1 \AN\\ oY _o
C * —_— R/\< c
CN CHj,
EtOH
HNC CN Nc N
o) H o0
H3C_< H C
R € @ |
O \ R1 + CHs,
¢
e
“
NC_CN R?
N\
R1 R2
o)
Figure 2.1

This reaction was repeated with 2-azidobenzaldehyde but was unsuccessful. The reaction was
monitored by TLC at regular intervals and a different product (253) was identified, along with
the aldehyde condensation then cycloaddition product (207) (see Scheme 2.17).
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( )
(0] NC CN
H
H <CN AcOH, EtOH . N
+
e O %d O
N N3
(203) (205) (252b)
C47H1gNgO
4 MW =322.37 g/mol
C,
&
&
CN H
NCJ\/N N
H +
(253) N™ SN
C1oH13N3 N=N
MW =175.24 g/mol (207)
Scheme 2.17
|\ /

It was also found that compound (253) could be formed by leaving out the aldehyde. The
structure of compound (253) was deduced from its IR spectrum, *H NMR spectrum, 3C NMR
spectrum, and mass spectrometry. Molecular ion peak at 198.1008 g/mol (M+Na") was
displayed by the mass spectrum of this compound as expected. In the *H NMR spectrum,
there was a singlet for the alkene proton (7.41 ppm), a multiplet for the C-NH (6.99-7.05
ppm) and a multiplet for the cyclohexyl ring protons at around 1.13-1.95 ppm. In the **C
NMR spectrum, the most deshielded peak was observed for the alkene carbon at 158.88 ppm.
In the IR spectrum, the absorption band at 3277.2 cm™ indicated the formation of the new NH
group in the product and the CN group appeared at 2204.4 cm™. Product (253) can be formed
from attack of the anion of (205) on the isocyanide, protonation and then tautomerism to the

conjugated (253).
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2.2.6. Synthesis of 4-(cyclohexylamino)-2,5-diphenylcyclopentane-1,1,3,3-

tetracarbonitrile.

Ve

ve

+

5 <CN

CN

CHO

(208)

DABCO

Scheme 2.18

N

O o

(257)
Ca7H23N5
MW =417.52 g/mol

The three component reaction of benzaldehyde, isocyanocyclohexane and malononitrile with

DABCO as a catalyst proceeded as reported in the literature and gave the reported product

(257) in 56 % yield, with melting point, IR spectrum, *H NMR spectrum, **C NMR spectrum

and mass spectrometry all in agreement with that reported in the literature® and entirely

consistent with the structure.

We attempted the same reaction with 0-azidobenzadehyde. The desired product (258, Scheme

2.19) could not be identified, and no other products could be identified.

Ve

O, o 270
. "G
2 NC” CN
CN (203)
(205) (258)
Ca7H21N44
MW =499.54 g/mol
Scheme 2.19
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2.3. The use of four component MCRs

2.3.1. Dihydropyridine derivative.

The reaction of benzaldehyde (Scheme 2.20, R=H), aniline, dimethyl acetylene dicarboxylate

and malononitrile gave dimethyl-6-amino-5-cyano-1,4-diphenyl-1,4-dihydropyridine-2,3-

dicarboxylate in good yield. This was a literature reaction*®*

chemistry before it was attempted with o-azidobenzaldehyde (R=Nj3).

that was repeated to confirm the

~

NH, CO,CHj,4 H;CO,C CO,CH3
CN
N PEG-400 —
OCC (== O
R CN —
(208) (205 CO2CHs HoN- CNR
337
(337) (254, R =H, 51 %)
Scheme 2.20

When the reaction was attempted with 2-azidobenzaldehyde, it was unsuccessful. The

reaction was monitored by TLC at regular intervals and a new product was identified, but was

found (again) to be compound (207) which caused the reaction to stop before any MCR could

take place, a reaction observed several times already in this chapter.

~

NH, CO,CH;4 H;CO,C CO,CH;
Yo N PEG-400 =
; POl ESE e M
N CN CO,CH i ~
(203) (205) (3372) 3 HZN(zss)CN N3
Dg@\ C22H1gNgO,4
2N J0p MW =430.42 g/mol
COC
NN
_
=N
(207)
Scheme 2.21
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Compound (207) did not react with aniline and dimethylacetylene dicarboxylate, the other

components present in this reaction mixture.

2.4. Conclusions.

The formation of compound (207) proved to be a problem with respect to MCRs and this
along with other priorities brought this part of the work to an end. The fact that azide to cyano
cycloaddition to form (207) did occur was a good result, although other cyano-azides (when
the MCR did work) did not cyclise. The unexpected indazole formation is being explored
further. With these two exceptions, and despite having made some new azides using MCRs,
the chemistry explored in this chapter proved unsuccessful in terms of post-MCR azide to

nitrile cycloadditions.
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Chapter 3:

3. Results and Discussion: Triazolo and tetrazolobenzothiadiazepines and
benzodiazepines.

In this section of the research the aim was to synthesise triazolo- and tetrazolo- benzothiadia-
zepines. These compounds were of great interest as synthetic targets due to their potential
biological activity.

Our project investigated preparing triazolo and tetrazolo analogues via the intramolecular 1,3-

dipolar cycloaddition between an azide moiety and an alkyne or nitrile.

Schemes 3.1- 3.3 summarises the chemistry that will be presented in this chapter, with

Section 3.1.1 looking at triazoles and Section 3.1.2 at tetrazoles.

In Scheme 3.1, the aldehydes (184) are to be converted to alkynes (185) using the Bestmann —
Ohira reagent and then cyclised to the triazoles (186).

- I
O\\S/’O O‘\s”OR O‘\s” R
@: “OH (COCl),, ©: N Oxidise @: 3
H-R OH o
N, —\OH N N
(155a) (183) (184)

Bestmann Ohira reagent

O O
SRS
o — o
K2CO3, MeOH, rt N

L (185) - (gg) VN

Scheme 3.1

In Scheme 3.2, aldehydes (184) are to be converted into oximes (187) and then are to be
converted into nitrile compounds (188) via dehydration. 1,3-Dipolar cycloaddition of the

azide group and nitriles could then be explored.
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Chaper 3
(
O

\/,

% $LR
@[ OH  (COCI),, ©: N

H-R OH
N N\
3 OH N3
(155a) (183)
\//
S— W Dehydrate
ﬁ |
N;  “OH
(187)
(@)
Toluene R
Reflux - @[ "R
NN
(189) N=N
Scheme 3.2

The convertion of the alcohols (183) into tosylates and then into nitriles (191) by reaction
with sodium cyanide, allowing further azide to nitrile reactions, as shown in Scheme 3.3. will

also be discussed.

1% s s
©: OH (COCI),, ©: N _TsCl ©: N
—_—
OH OTs
N, HRT N, F Ny
OH
(155a) (183) (190)
\\S//—RW Q\s”?R
NaCN
©: OTs o ©: W
N3 N3 CN
(190) (191)
Scheme 3.3
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3.1. The synthesis of triazolobenzothiadiazepines.
3.1.1. Synthesis of triazolopyrrolobenzothiadiazepine.

3.1.1.1. (S)-[1-(2"-Azidobenzenesulfonyl)pyrrolidin-2-yl] methanol.

( \
O
1.0 0 o
s W
OH _1-(COC,, DCM, DMF__ S=N
2-K,COs3, L-Prolinol, DCM, rt.
Nj Ns
155 oH
(155a) (156a)
C11H14N4O3S
MW =282.32 g/mol
Scheme 3.5
(. J

This route started by the reaction of L-prolinol with the 2-azidobenzenesulfonyl chloride. The
sulfonic acid'® (155a) was synthesised and converted to the sulfonyl chloride by heating at
reflux with (COCI,) in DCM and DMF.*®® The sulfonyl chloride was coupled with prolinol in
an aqueous solution of potassium carbonate as the base giving the alcohol (156a) in good
yield (72 %).

The structure of the product (156a) was confirmed by its IR spectrum, *H NMR (400 MHz)
spectrum, C NMR (100 MHz) spectrum and mass spectrometry, and was identical to that
synthesised by this same route in the group previously.*® A sample of compound (156a) was
required in order to compare it to the same alcohol made by another (novel) route as discussed

in the next section.
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3.1.1.2. An Alternative Method for the Synthesis of Alcohol (298).

3.1.1.2.1. Synthesis of 2-azido-N-(pent-4-en-1-yl)benzenesulfon-amide.

\\S//O O\\S// _
~ B Pyridine, CH,CN SN NN
NH2+ rM y 3 > H
Reflux, 95 °C, 72 h
N3 N3
(301) (302) (303)
C11H14N4O5S
MW =266.32 g/mol
Scheme 3.6

The sulfonamide®®*

(301) was treated with 5-bromo-1-pentene in MeCN in the presence of
pyridine. The mixture was heated to reflux under a nitrogen atmosphere for 72 hours. The
desired product was isolated in a low 8 % vyield as a light yellow oil. Attempts to improve the

reaction yield were unsuccessful (MeCN, DMSO, Et;N, DMAP in many combinations).

The structure of the product (303) was confirmed by spectroscopic analysis. The *H NMR
spectrum showed the presence of the proton on the NH group in the compound at 4.88-4.96
ppm. The appearance of four downfield signals for four aromatic protons as a multiplet at
7.18-7.24 (2H) ppm, a triplet of doublets at 7.53 (1H) ppm and a doublet of doublets at 7.91
(1H) ppm indicated the presence of the aromatic ring. The six aliphatic protons were seen
upfield as a quintet at 1.52 (2H), a quartet at 2.00 (2H) and a quartet at 2.83 ppm (2H). The
alkene protons appeared downfield at 4.88-4.96 ppm for (=CH;) and 5.59-5.70 ppm for
(CH=).

The ¥C NMR (100 MHz) spectrum showed the three aliphatic CH, carbons at 28.66 (CH»,),
30.67 (CH,) and 42.79 (CHy) ppm. The appearance of five CH signals at 119.36, 124.91
130.76, 133.96 and 137.19 ppm and the sp? CH, carbon at 115.62 ppm confirmed the

structural assignment.

It was determined that the product contained the NH stretching absorption peak at vmax 3299.5
cm™ in the infrared spectrum and the presence of the absorption peak at vmax2133.4 cm™ for
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N3 group confirmed that the azide was still present. Mass spectrometry further supported the
structure of product with measured mass of 289.0730 for the ion [M+Na]" for required mass
of 289.0730.

3.1.1.2.2. Synthesis of {1-[(2-azidophenyl)sulfonyl]pyrrolidin-2-yI}methanol.

\// O\\/P
S\ W S\
©: N Oxone, TsSOH.H,0 (10 mol%) ©: N
H

N MeCN-H,O (1:1) Ns

(303) rac-(156a)
C11H14N4O3S
MW =282.32 g/mol
Scheme 3.7

The aim of this section was to investigate a new route to the alcohol (156a) using
intramolecular aminohydroxylation of the N-alkenylsulfonamide via an inorganic oxidant
under heavy metal-free conditions, a reaction that was reported in the recent literature with

non-azide compounds.*®

The N-alkenylsulfonamide was treated with Oxone (KHSOs) in a mixture of MeCN and H,0
in the presence of TSOH-H,0 as Brgnsted acid at room temperature. The desired product was

obtained in excellent yield (95 %) as a yellow oil.

The structure of the product was confirmed by its IR spectrum, *H NMR (400 MHz)
spectrum, **C NMR (100 MHz) spectrum and mass spectrometry, and the data was identical
to that obtained from L-prolinol in the section above. The L-prolinol derived sample above is

a single enantiomer. This sample is racemic.
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3.1.1.2.3. Synthesis of 2-azido-N-(but-3-en-1-yl)benzenesulfonamide.

\//

S
©: OH
N

3
(155a)

0. 0
\\S//
1-(COCl),, DMF, DCM, 80°C \I}l/\/\
2-3-Buten-1-amine N H
K,CO3, DCM 3
(304)
C10H12N40,8

MW =252.29 g/mol

Scheme 3.8

The reaction of 2-azidobenzenesulfonic acid with (COCI), in DCM in the presence of DMF

gave the sulfonyl chloride. The sulfonyl chloride was coupled with 3-buten-1-amine in a

mixed phase reaction using K,CO3 as the base. The desired product (304) was isolated in 78

% as a pale yellow oil. The structure of the product was deduced from its IR spectrum, *H

NMR spectrum, *3C NMR spectrum and mass spectrometry, which were fully consistent with

the assigned structure.

3.1.1.2.4. Attempted synthesis of {1-[(2-azidophenyl)sulfonyl]-azetidin-2-

yl}methanol.

0o 0

\//

(304)

S\ X Oxone, TSOH.Hy0 (10 mol%) S\N
H VAN >
N MeCRN-H,0 (1:1) N

Q.0

&

3
(305) OH

Scheme 2.9

The N-alkenylsulfonamide was treated with Oxone (KHSOs) in a mixture of MeCN and H,O

in the presence of TsSOH-H,O as Brgnsted acid at room temperature. The reaction was

unsuccessful and no significant or identifiable product was obtained.
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3.1.1.2.5. Synthesis of 2-azido-N-(pent-4-en-1-yl)benzamide.

O O
W
OH  1-(COCIl),, DCM, DMF> N
2-5-amino-1-pentene H
N3 K,COs, DCM, H,0 N3
(155b) (310)
Scheme 3.10

The reaction of 2-azidobenzenesulfonic acid with (COCI), in DCM in the presence of DMF
gave the acid chloride. The acid chloride was coupled with 5-amino-1-pentene® in a mixed
phase reaction using K,COj3 as the base. The desired product (310) was isolated in 72 % as a

yellow oil.

The structure of the product was deduced from its IR spectrum, *HNMR spectrum, *CNMR
spectrum and mass spectrometry. In the *H NMR spectrum, the four aromatic protons showed
as a doublet of doublets at 7.10 (1H) ppm, a triplet of doublets at 7.14 (1H) ppm and a triplet
of doublets at 7.40 (1H) ppm which confirmed the 1,2-disubstitution pattern on the benzene
ring system. The NH was found at 8.04 ppm. The six aliphatic protons appeared upfield as a
quintet at 1.66 (CH,), quartet at 2.09 (CH;) and a multiplet at 3.37-3.42 (2H). The alkene
protons were seen downfield at 4.92 ppm for (=CHH), 4.99 ppm for (=CHH) and 5.70-5.82
ppm for (CH=).

In the *C NMR (100 MHz) spectrum, the three aliphatic CH,s carbons showed at 28.64
(CHy), 31.25 (CHy) and 39.54 (CH_) ppm and showed the appearance of the carbonyl carbon
at 164.58 ppm. The appearance of five CH signals at 118.37 (CH), 125.17 (CH), 132.17 (CH),
132.19 (CH) and 137.79 (CH) ppm and the sp® CH, at 115.22 ppm completed the assignment.

It was determined that the product contained the NH stretching absorption peak at vmax 3293.9
cm™?, a peak at vmax 1712.4 cm™ for C=0 and a peak at vmax 2124.9 cm™ for the N3 group in
the IR spectrum. Mass spectrometry further supported the structure of product with a
measured mass of 231.1238 for the ion [M+H]" for a required mass of 231.1240.
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3.1.1.2.6. Attempted synthesis of (2-azidophenyl)(2-(hydroxymethyl)
pyrrolidin-1-yl)methanone.

O O
W o
N Oxone, TsOH.H,0 (10 m\@\lﬁyy> N
H 7
Ns MeCN-H,0 (1:1) N;
OH
(310) (100)
O
N/\/\(\P
" 0—%%0
Ns o)
(306b)
C12H14N4SO5
MW = 326.33 g/mol
Scheme 3.11

The N-alkenylcarbonamide (310) was treated with Oxone (KHSOs) in a mixture of MeCN

and H,O in the presence of TsOH-H,0 as Brgnsted acid at room temperature.

The reaction mixture was purified by using column chromatography. Instead of the desired
product (100), compound (306b) was isolated in reasonable yield (60 %) as a yellow oil. This

is the product of alkene reaction with oxone and not aminohydroxylation.

The structure of the product (306b) was implied by its IR spectrum, *H NMR spectrum, **C
NMR spectrum and mass spectrometry. The *H NMR spectrum showed the eight upfield
aliphatic CH, protons at 1.50-1.99 (4H) and 3.32-3.56 (4H) and the single CH at 3.76-3.83
ppm. The presence of the proton on NH was noted at 7.51 ppm. The aromatic protons were
downfield at 7.12 (1H), 7.16 (1H), 7.42 (1H) and 8.03 (1H) giving a pattern of d, dd, dd and d
consistent with a 1,2-disubstituted benzene ring system. The disappearance of the alkene

protons present in compound (310) was also noted.

The *C NMR spectrum showed the four (CH) aromatic carbons downfield at 118.42, 125.22,
132.17 and 132.37 ppm. The presence of four aliphatic CH, at 25.93, 32.12, 50.24 and 67.04
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(O-CHy) together with the CH at 58.24 ppm supported the structural assignment. The IR
spectrum showed a peak at vmax 2125.8 cm™ for Ns stretch. The NH stretching absorption
peak appeared at vmax 3360.0 cm™. The correct measured mass 326.0378 for the ion [M]*

gives further evidence for the structure.

It should be noted that a genuine sample of compound (100) was made from 2-azidobenzoyl
chloride and proline and this give very different spectroscopic data to that seen for compound
(306b)

3.1.1.3. (S)-[1-(2"-Azidobenzenesulfonyl)pyrrolidin-2yl]carbaldehyde.

Chambers*®*!®® had already converted enantiopure (156a) into (157a) and then into the alkyne
and triazole. We repeated this with the racemic sample in order that both were available for

biological testing.

( 2
Q.0 Q.0
S~N Oxalyl chloride, DCM - S~N
DMSO, -78 °C
N3 N3 \
(0]
(156a) OH (157a)
C41H12N4O3S
MW =280.30 g/mol
Scheme 3.12
~ J

The alkyl alcohol was converted to the aldehyde by oxidation reaction under nitrogen to yield
the aldehyde. This reaction worked in 96 % vyield.

This method was that of the Swern oxidation'® which uses (COCI), and DMSO, for which

the mechanism is given below.
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( 1
0 Cl
\ I~ |) Cl
cl 0=C |_>
ho -CO, -HCI
~ o —> Sl ST e,
Cl S Cl H,C CH,3
N\ é He” © e A\
fo] 3 3
H3C/®\CH3 H(S/\R
H, °
Hac\g/ CL\H HyC_g_~CHo o) s
| —— S " cH
(0] . | —_— + H3C 3
\ Base O~ _H R H
R R
Figure 3.1: Mechanism of Swern oxidation.
& J

The structure of compound (157a) was deduced from its IR spectrum, *H NMR (400 MHz)
spectrum, *C NMR (100 MHz) spectrum and mass spectrometry, and was identical to that

reported previously in the group by Chambers®°.

3.1.1.4. Pyrrolo[1,2-b][1,2,3]triazolo[5,1-d][1,2,5]benzothiadiazepine 8,8-
dioxide.

- )
Q.0 P %0
\S//\N Bestmann- S/\N S~N
@( Ohira reagent @( L @(
Ny K,CO3, MeOH, rt Nj \
\ 7 i
9] N\\N
(157a) (159a) rac-(160a)
C12H42N4O5S
MW =276.31 g/mol
Scheme 3.3
L _J

The next reaction in the synthesis was to convert the aldehyde (157a) into the triazole (160a).
This reaction was performed using the Bestmann-Ohira reagent which was prepared freshly in

two steps.
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To make the Bestmann-Ohira reagent tosyl chloride was reacted with sodium azide (forming
in-situ the sulfonyl azide) and then reacted with dimethyl (2-oxopropyl) phosphonate to give
the Bestmann-Ohira reagent as shown in Scheme 3.14. All spectroscopic data for this reagent

agreed with the literature®

SO,CI SO,N,4
O O
NaNs, M0 NaH, THF, 0°C H3CO~ 1)
Acetone, 0 °C O O HCO CH,
HsCO~H N2
CH, CHy  H,cO” P\)J\CHs (158)
(265) (266) (267) CsHgN,O,4P
MW =199.11 g/mol
Scheme 3.14

The reagent was reacted with the aldehyde and converted it into the alkyne by reaction in a

basic solution of potassium carbonate in methanol.

The proposed mechanism for the formation of the alkyne™®* moiety is shown in Figure 3.2.

( )

0 o)
(@)
v P.
HsCO CHg Hsco )J\ HaCO™~

N> N,

T o
;Ul

S o
HsCO /0 ol
> —= R

I Q Hﬁ/ae
P—0 H ® 7 _—
H,C0| R PONOCHy), NS = Ny 1 X
R N R

p=
/

H

Ny R

-

)

Figure 3.2: Mechanism for alkyne formation.

In our case, as with Chambers,****®® the alkyne product (159a) was not isolated. The alkyne
reacted with the azide and underwent a 1,3-dipolar cycloaddition to form the desired triazole

product (160a) in 70 % vyield.
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The structure of compound (160a) was deduced from its IR spectrum, *H NMR (400 MHz)
spectrum, *C NMR (100 MHz) spectrum and mass spectrometry, and was identical to that

reported by Chambers in the group previously.

Again, it is worth noting that the Chambers sample was derived from L-proline and was
enantiopure. Triazole (160a) here is racemic. The synthesis of this was useful for biological

testing and was useful as a test reaction before looking at some new molecules.

3.1.2. The synthesis of other triazolobenzothiadiazepines.
3.1.2.1. Coupling of the sulfonic acid with secondary amine alcohols.

Having successfully repeated Chambers’ work, the scope of the intramolecular azide — alkyne
1,3-dipolar cycloaddition was next explored. This started with some other secondary amino

alcohols. Chambers had only looked at other naturally occurring amino acid derived
160,163

systems.
O\\S//O O\\/,O
~OH 1. (COCl),, DMF, DCM, Reflux - S\N
2. 2-piperidinemethanol, K,CO3, DCM, rt
Nj N3
(155a) OH
(262)
C,,H16N,05S
MW =296.09 g/mol
Scheme 3.15

The reaction of 2-azidobenzenesulfonic acid (155a) with oxalyl chloride in DCM in the
presence of a drop of DMF gave a sulfonyl chloride which was coupled with the 2-piperidine
methanol in a mixed phase reaction using potassium carbonate as the base. The isolated
product was the alcohol (262) in 85 % yield.

The structure of compound (262) was deduced from its IR spectrum, *H NMR (400 MHz)

spectrum, *C NMR (100 MHz) spectrum and mass spectrometry.
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It was determined that the compound contained a hydroxyl group from the peak at vmax 3521.2
cm™ and a peak at vmax 2097.7 cm™ confirmed the azide group in the IR spectrum.

The 'H NMR spectrum showed a multiplet at 4.04-4.09 ppm for the hydroxyl group and the
alcohol methylene was found at 3.77-3.88 ppm. The four aromatic protons were downfield at
7.22 (1H), 7.29 (1H), 7.57 (1H) and 7.99 (1H) ppm giving a pattern of dd, d, dd and d
consistent with a 1,2-disubstituted benzene ring system. The eight aliphatic CH, protons were
upfield at 1.69-1.59 (5H), 1.69 (1H), 3.10 (1H) and 3.55-3.61 (1H) and the single CH was
seen at 2.41 ppm.

The *C NMR (100 MHz) spectrum showed the six aromatic carbons at 119.95 (CH), 124.63
(CH), 130.90 (qC), 131.48 (CH), 133.87 (CH) and 137.83 (qC) and the four CH; and single
CH in piperidine ring system were upfield at 18.95 (CH,), 24.91 (CHy), 25.29 (CH,), 41.30
(CHy) and 54.38 (CH).

The correct measured mass 297.1024 for the ion [M+H]" gives further proof for the structure.

The same strategy was next applied to other secondary amino alcohol derivatives, and the
structures and yields are summarised in Table 3.1 with spectroscopic data summarised in
Table 3.2.

Secondary )
No ) Products Appearance | %, Yield
amine alcohol
HO
NH O\\ N
1 OH S yellow oil 85
. O N
2-piperidinemethanol _N*
N (262)

, /\/H\/@ 0 brown solid, -
HO 5 Noon | (93-95%)
2-(benzylamino)ethanol ©: \ON" N
N~” (271)
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CH,
H O‘\ I{l\/\
3 HO™ > S\ OH yellow oil 90
2-(methylamino)ethanol /ON‘” N
N*" (275)
_N* N
Clt/\ gy
s
4 N orange oil 82
OH N 0
2-piperidineethanol
OH (279)
N +
\N‘\N'
/\N/\/\/OH [ :I S//O o
5 H & NN brown oil 75
4-(ethylamino)-1-butanol ) (284)
©\/H OH Q
6 ~ N \}S/N\/\/OH dark brown oil 86
\
s o
3-(benzylamino)-1-propanol N* N (289)
O/\OH
QAN
7 A N b il
] rown oi
OH ©i o8N 70
N 4
4-piperidinemethanol (293)

Table 3.1: Synthesis of sulfonamides with primary alcohol substituents.
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NMR (400 MHz, CDCl;, ppm)

. o IR (cm™)
No. Products H NMR CNMR HRMS
OH [ CH,OH | CH,OH N3 OH
HO 297.1024
o)
N 3.77- 3521.2 | [M+H]"
1 S\ 2.41 60.53 | 2097.7
@) N 3.88 (M) (bs) [Calc.=
N (262) 297.1016]
333.1016
@) +
N 2.22 3.49 3359.0 | [M+H
2 'S " 0H 60.74 | 2101.1 [M+H]
©: Y bs) | (brs) (bs) | [Calc.=
N
N/,N 333.1016]
(271)
CHj
o, | 257.0703
W ,N\/\
3\ OHI 519 [M+H]*
3 o N 3.71(t) | 60.43 | 2099.4 | 3516.1
N N* (br.s) [Calc.=
(275) 257.0703]
N
-N//NO\ @ 311.1167
oS 284 | 363 [M+H]*
4 N % 58.58 | 2097.4 | 3537.1
(br.s) | 3.73 (m) [Calc.=
OH 311.1172]
(279)
Nay o
N3y
@ o°N 299.1166
g OH | 2.23-
PINTNN 3.56- [M+H]"
5 Y ) 2.33 60.07 | 2098.4 | 3527.0
m) 3.58 (m) [Calc.=
m
(284) 299.1172]
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347.1166
o) 2.18 3.55- M+H]*
6 - N~ OH 58.75 | 2101.2 | 3542.4 M+
©: Y (bs) | 3.57 (m) [Calc.=
o @ 347.1172]
0 ,OA o 297.1026
S 2.68 [M+H]*

7 0 N 381(d) | 66.83 | 2127.6 |3517.0
N/’N+ (bs) [Calc.=
(293) 297.1016]

Table 3.2: Charateristic spectroscopic data for the primary alcohols.

3.1.2.2. Synthesis of the aldehydes.

()\\//O \ //
S. S<
©: N Dess-Martin periodinane ©: N
DCM 24h
N3 CM. 1t N3 [
262y O (263 O
C12H14N4O3S
MW =294.33 g/mol
Scheme 3.16

The alcohols in Tables 3.1 and 3.2 were converted into the aldehydes by oxidation reaction

under nitrogen. Although many oxidation methods are known, our attempts used the Dess-

192

Martin periodinane reagent™—“ and the Swern oxidation.

All oxidation reactions were successful and yields and key spectroscopic data are recorded in

Table 3.3 and 3.4, respectively. The mechanism'® of the Dess-Martin process is given in

Figure 3.3. The Swern mechanism was done above in Figure 3.1.
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by-products

0

A

R R

Aldehyde or Ketone

Figure 3.3
. . %,
No Starting material Products Appearance )
Yield
HO oo/
A _N N
1 S\\ S\\ Orange oil 76
7 N+ //N
N~ N (263)
White solid,
2 Q p=111-113 | 83
5 N~on O
\\ \\ OC)
_N* -N
N~ N (272)
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?H:g C|:H3
B N~ B N deep brown
3 2 OH & 0O . 76
N~* N® (276)
N
N /,N+
_N* :@ N” o
N” O \ .
.S Light yellow
) N’\\S\\ " g )'/I o
oi
@) o
OH
(280)
Non Nang
//o SN //o N 5
5 //S\N/\/\/OH ’/S\N/W _ _
O ) light yellow oil 76
) ) (285)
6 R N ~_OCH O N _0O | lightyellowoil | 77
S\\ S\\/ ~N\o
o O
N (290)
5 O/\OH X0
\\S/N ()\\ /N
7 ) ) N\ Yellow oil
ON+N 0N 92
N~ N~ (294)

Table 3.3: Yield and appearance of the aldehydes.
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NMR (400 MHz,
ppm) IR
No. Products T 7 HRMS
HNMR | ®CNMR
CHO |[CHO N CHO
o7 317.0680
O N
5N 9.66 (s) | 200.94 [M+H]
1 \ 2098.8 | 1731.8
O N (CDCly) (CDCly) [Calc.=
_N*
N (263 317.0679]
369.0420
o 9.34(s) | 197.87 [M+K]*
2 AN 2102.1 | 1715.6
s\\ ~No (CDCly) (CDCly) [Calc.=
©: ON+N' 369.0418]
N* (272)
. CHj 277.0373
W\ ,N\A +
9.61 197.73 M+Na
3 S\b - © ©) 21003 | 17311 | N
N* N (CDCly) | (CDCly) [Calc.=
N"" (276) 277.0366]
N 331.0832
‘N” 0o ,
N 9.62 () | 199.87 [M+Na]
4 .S 2099.4 | 1721.0
(\/NKE\ (CDCly) | (CDCly) [Calc.=
o (280) 331.0825]
N< 297.1009
[ :[ 0N 9.79 M+H]'
s 79(s) | 201.42 [M+H]
5 3 o) 2098.1 | 1720.1
& NN (CDCl3) | (CDCly) [Calc.=
) (285) 297.1016]
345.1012
200.12 .
6 QN o | %30 (DMSO- | 2100.0 | 1722.0 (M+H]
\ - . .
\Q: NN (CDCly) [Calc.=
O N d6)
_N* 345.1016]
N~ (290)
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(J
QAN
7 S

O N
©:N/’N+ (294)

9.58 (s)
(CDCls)

295.0856
202.44 [M+H]"
2098.6 | 1723.0
(CDCly) [Calc.=
295.0859]

Table 3.4: Spectroscopic data summary for the aldehydes.

3.1.2.3. Reaction of the aldehydes with Bestmann-Ohira reagent and

attempted triazole formation.

The next set of reactions conducted was to convert the aldehyde moiety into the triazole via

the alkyne. These reactions were performed using the Bestmann-Ohira reagent.

In the case of aldehyde (263), the alkyne product was not isolated as the intermediate alkyne

(269) underwent a spontaneous 1,3-dipolar cycloaddition to form the desired triazole product

(270) in 71 % yield.

Ve

Bestmann Ohira

(263)

\.

S<
N
reagent -
K2CO3, MGOH, rt
N3

Scheme 3.17

(270)
C1 3H14N4C)2s
MW =290.34 g/mol

The structure of compound (270) was deduced from its IR spectrum, *H NMR (400 MHz)
spectrum, *C NMR (100 MHz) spectrum and mass spectrometry.

The *H NMR spectrum showed the disappearance of the CHO proton at 9.66 ppm. The
piperidine ring CH, protons showed upfield at 1.33-1.45 (1H), 1.60-1.79 (2H), 1.87-1.92
(1H), 2.02-2.15 (2H), 3.73 (1H) and 3.86-3.89 (1H). The aromatic protons appeared as a
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triplet of doublets (td) at 7.58 (1H) ppm, a broad signal (br.s) at 7.68 (1H) ppm, a doublet of
doublets (dd) at 7.75 (1H) ppm and a doublet of doublets (dd) at 7.93 (1 H) ppm which
showed the 1,2-substitution pattern on the aromatic ring system. The appearance of a new
aromatic proton was seen downfield as a doublet (d) at 9.97 (1H) ppm and consistent with

triazole formation.

The **C NMR spectrum showed no carbon for the aldehyde carbonyl at 200.94 ppm. The
appearance of five aromatic CH signals confirmed an extra aromatic CH carbon from the
triazole formation with peaks at 125.02 (CH), 127.96 (CH), 129.70 (CH), 132.86 (CH) and
134.48 (CH) ppm. The four CH; and the CH of the piperidine ring system appeared upfield at
23.67 (CHy), 25.07 (CHy), 29.42 (CHy), 48.80 (CHy), 52.25 (CH) ppm. Infrared spectral data
proved that the azide was absent and also confirmed the disappearance of the carbonyl group
peak at umax 1731.8 cm™.

Further evidence for the structure was given by the HRMS for the measured ion [M+H]" was
consistent at 291.0910.

The reaction of aldehydes (272) and (276) with the Bestmann-Ohira reagent gave the alkynes
and again these reacted with the azide. The isolated products were the desired triazole
products (274) and (278) (Table 3.5, below) in good yields of 73 % and 68 %, respectively.
However, the reaction of aldehydes (280), (285) and (294) with Bestmann-Ohira reagent gave
the three alkynes (281), (286) and (295) showing in these cases that the alkynes did not react
with the azide to form the desired triazole product. The aldehyde (290) did not react with
Bestmann-Ohira reagent and did not give the alkyne. Table 3.5 summaries the syntheses of
triazolobenzothiadiazepines attempted in this thesis, and Table 3.6 summaries the
spectroscopic data for compound (270), (274) and (278).

No | Starting material Intermediate products Desired products %
1 X 0
o~ \\S//

O\\ _N O\\ _N N

% % g
N— -
N* _N* N NN
N™ " (263) N @70) N
(269)
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2 2
\//
S-N
. Noilo
\ _N W\ 73
\S\: WO \S\\ \/ N/\{
O N O N i~
©i /,N"N @[ //N"N (278) N3y
N 272) N (273)
3
. CHg - CHy P O\\S//O LCHs
=N
\\S,N\AO \\S/N 7
A\ \\ 68
O N O N-
_N* _N* N \
N (276) N” (277) [\Ij
(278) <N
4 N
/N+N //N+
N™ 0 N” 0
W\ \
.S .S
N \b N \b No 0
=
~o
(280) (281, 66 %)
5 N ~
N "ong
o N o N
g g
()// \N/\ /) \N/\
No 0
(285)
(286, 75 %)
|
5 Il
6
2 N A~EP
S No No 0
(B
-N*
(290)
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W _N

S
\
N*
N

(295, 64 %)

A

No 0

Table 3.5: Summary of Triazolobenzothisdiazepine reaction.

NMR (400 MHz, CDCl3, ppm)
Entry Desired Products "H NMR BC NMR HRMS
N-CH=C N-CH=C
O\\S/P 291.0909
: [M+H]*
1 7 7.68 (br.s) 136.53
['\] \ [C&'C.:
270) N3y 291.0910]
R /\Q 327.0905
=N
[M+H]
2 7 7.54 (m) 134.41
N\ [Calc.=
Ns
N (274 327.1091]
o) 251.0612
N7/ ,CHS
S=N [M+H]"
3 @[ 7 7.68 (3) 133.15 [Calc.=
NN 251.0597]
278) N3N

Table 3.6: Summary of Triazolobenzothiazepine data.

Table 3.7 summarises the data obtained for the alkynes (281), (286) and (295). It is interesting
that azide to alkyne cycloadditions only occurred in cases where 7-membered rings could
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result. Alkynes (281) and (286) would give 8- and 9-membered rings and (295) would give a
bridged 9-membered ring. It is possible that spontaneous 8- and 9- membered ring formation

is not as favoured as 7-membered ring formation.

NMR (400 MHz, CDCl; ppm) .
. - IR (cm™)
No Products H NMR CNMR HRMS
-CCH | -CCH | -CCH N; | -CCH
NQNE
0 N- 305.1062
s’ 3307. | [M+H]"
4 o/’ N 1.84 (bs) | 70.44 | 80.81 | 2099.6
AN 6 [Calc.=
305.1067]
(281)
N\‘ +
©i,,0 N 203.1064
S. .
& N7 3281. | [M+H]
5 1.87 (bs) | 68.98 | 83.18 | 2101.1
9 [Calc.=
(286)
293.1067]
N\‘ +
N3\
©i,/o N 291.0910
//S‘N 3270. | [M+H]"
7 O 2.03(bs) | 70.23 | 85.55 | 2099.1
S 0 [Calc.=
X
(295) 291.0910]

Table 3.7: Summary of spectroscopic data for compounds 281, 286 and 295.
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3.1.2.4. Attempted cyclization reaction with heating.

OO0 O /—CH3
\\S//\N/\CHs Osg-N
Chloroform, lux, 3 days

X s ssors o (N

N3 N
C \
H
(286)

(288) H

C13H1gN20,S
MW =266.36 g/mol

Scheme 3.18

In a further attempt to perform intramolecular cyclization of the alkynes (281), (286) and
(295), compound (286) was heated to reflux in anhydrous chloroform for 3 days under a
nitrogen atmosphere whilst being monitored by TLC which showed no change. The solvent
was replaced with dry toluene and heated to reflux for 3 days. A different product was
identified. Instead of the desired triazole product (287) the amine (288) (Scheme 3.18) was

isolated: this is the product of azide reduction.

The structure of compound (288) was deduced by its infrared spectrum, *H NMR (400 MHz)

spectrum, **C NMR spectrum and mass spectrometry.

The *H NMR spectrum showed the presence of the characteristic amine NH, proton signal as

a broad singlet at 4.95 ppm while the alkyne CH proton was seen at 1.87 ppm.

The *C NMR (100 NMR) spectrum showed the presence of the alkyne carbons at 68.97
(CCH) and 83.28 (CCH) ppm.
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The infrared spectrum showed the disappearance of the azide stretch at vma 2101.1 cm™ and
also showed the appearance of the NH, group at umax 3375.7-3485.8 cm™. The alkyne (CH)

absorption was present at vmax 2304.1 cm™.

Mass spectrometry further supported the structure of product with measured mass of
267.1167 for the ion [M+H]" for required mass of 267.1162.

Attempts to thermally cyclise alkynyl azides (281) and (295) were also attempted but were

unsuccessful.

3.1.2.5. Cyclisation reaction under “click” conditions.

O
V4 N
©i =N CuS0,4.5H,0, Sodium ascorbate @(
t-BuOH/H,0 (1:1), RT, 24 h
N3 2 (0 ) N
80 % NTY
7/ N
N
H
(282)
(281) C14H16N4O,S
MW =304.37 g/mol
Scheme 3.19

One final attempt was made to cyclise the alkynyl azides (281), (286) and (295).

In this attempt, the alkyne azides were treated with a solution of CuSO4.5H,0 in the biphasic
system t-BuOH/H,0 as a solvent in the presence of sodium ascorbate.*** This method is that
used for copper catalysed alkyne-azide cycloaddition (CUAAC) for which the mechanism®® is

given below. This reaction is the well-known azide-alkyne “click” process.
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Figure 3.4

The reaction was successful with compound (281) and gave the benzothiazocine (282) in 80
% vyield. Alkynylazides (286) and (295) did not react.

The structure of the product (282) was confirmed by IR spectroscopy, its *H NMR (400 MHz)
spectrum, and **C NMR (100MHz) spectrum and by mass spectrometry.

The 'H NMR (400 MHz) spectrum showed the disappearance of the alkyne proton at 1.84
ppm. The appearance of five aromatic protons confirmed an extra aromatic proton from the
triazole with peaks as a multiplet at 7.55-7.59 (2H), a doublet at 7.63 (1H), a triplet of
doublets at 7.68 (1H) and a doublet at 8.03 (1H) ppm. The piperidine ring CH, protons
showed upfield at 1.18-1.69 (6H, 3 x CH,), 3.51 (1H, NCHH) and 4.03-4.12 (1H, NCHH)
and the CH in the piperidine ring system appeared at 2.68-2.71 ppm. The remaining

(diazocine) CH, was seen as two signals at 1.87/2.28 ppm.
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The *C NMR (100 MHz) spectrum showed the disappearance of the two alkyne carbons at
70.44 (CCH) and 80.81 (CCH) ppm. The presence of five aromatic CH signals confirmed an
extra aromatic (CH) carbon from the triazole formation in the *C NMR spectrum with peaks
at 127.65 (CH), 130.01 (CH), 130.30 (CH), 131.70 (CH) and 133.87 (CH) ppm. The extra
aromatic quaternary carbon was seen at 133.93 ppm. The five CH; and the CH signal were
upfield at 18.32 (CHy,), 23.07 (CHy), 24.79 (CH,) 32.38 (CHy), 41.22 (CH,) and 54.68 (CH)
ppm. The infrared spectrum data proved that the azide absorption peak was absent and also

confirmed the disappearance of the alkyne group absorption.

Further evidence for the structure was given by the HRMS for the measured ion [M+H]" at
305.1063.
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3.2. The Synthesis of tetrazolobenzothiadiazepines.
3.2.1. Synthesis of tetrazolopyrrolobenzothiadiazepine.

3.2.1.1. (S)-Pyrrolobenzo[1,2-b]tetrazolo[5,1-d][1,2,5]thiadiazepine 9,9-

dioxide.

(‘)é//o O\\S//
~N Toluene ~N
y
N3 Reflux, 3 days
U 60 % NN
N N> /N
N
(337) (338)
C11H141N502S
MW =277.30 g/mol
Scheme 3.20

The nitrile'® (337) was synthesised as described by Chambers™® in the group previously and
was cyclised to give the tetrazole as also shown by Chambers. The synthesis and cyclisation
of compound (337) were repeated to establish the process before moving onto new systems.

Compound (338) was successfully formed in 60 % vyield.
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3.2.2. The synthesis of new tetrazolobenzothiadiazepines.

The nitriles were made by oxime dehydration where the oximes came, in turn, from the

aldehydes we had already synthesised, as discussed above.

3.2.2.1. Conversion of the aldehydes into the oximes.

RV Y
Ssy NH,OH.HCI, NaOAc N
EtOH, rt., 12 h > N
N3 3
N
X0 l}l
(263) OH
(314)
C12H45N503S
MW =309.34 g/mol
Scheme 3.21

Scheme 3.21 shows a typical example of this reaction. Oximes can exist as two stereo

isomers, syn (Z) and anti (E) as shown*® in Figure 3.5.

o 0
\\S//_R /H ()\\//() H
s
4 ~OH
N; HO N
anti syn
Figure 3.5

Scheme 3.21 shows a typical example of this reaction. The mechanism®’ is illustrated below
(Figure 3.6), and involves first addition of the aldehyde or ketone to hydroxylamine to form
an unstable intermediate'®. In the second step, the intermediate decomposes by loss of H,0

giving the oxime.

89



Results and Discussion

Chaper 3
( )
1 1 1
R NH,0H _ R’ oH Ho R
/C_ ‘——‘ Cl ‘ﬁ ! :N\
R R NHOH R OH
R N R' o HR
Stepl:  C=0 NH,OH \ O - O
R . AN + /N
R NH,OH -H R NHOH
R =< + 1t 1 + =
. '\ OH H  RCoH, Ho R H 4
Step2: /C\ —_— e C 2 ‘—2 /C N\+ _— :C:N\
R NHOH (_NHOH R OH R OH
Figure 3.6: Mechanism for formation oxime.
\ W,

The oximes synthesised in our work by reaction of aldehydes with hydroxylamine are

summarised in Table 3.8.

Yield
No Starting material Products Appearance/m.p o
(0]
N‘\Nt \"/
o N
1 6/S\N Light yellow oil 68
Ox
(263) (314)
S//O N o ©: N/\© White solid
~ =
2 7N N3 (Mp.=129-131 | 96
N °C)
(272) (317) HO
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@)
\/
Nont 'S _CH,
B, O
/ . .
3 /,S\N/\¢O N; ( Light yellow oil 78
)
(276) CHs N
(320) HO
N~ o Q\//
C o
S//
4 & N N Light yellow oil | 88
= /
O N\
(280) 323) OH
O\\//O S~
H
NI S~ M
o |G
5 s’ 0 3
& N light yellow oil 92
) (285) \
327 N
(2D ho
N AL
SN S~N
SO >
/
S<
6 d N N3 yellow oil 93
N\/
(290) (330) OH
Ns, \\S//
@E oSN ©: N White solid
//
7 O//S\N N, | (m.p.= 151-153 | 85
0]
0 (333) N\OH C)

Table 3.8: Oximes synthesis in this work
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The structures of all oxime products were confirmed by spectroscopic means. The 'H NMR
(400 NMR) spectrum of compound (314), for example, showed the absence of the
characteristic aldehyde CH proton signal. The presence of the broad signal OH proton
downfield at 9.01 ppm gave further evidence for the success of the conversion of the aldehyde
to the oxime and also seen was the appearance of the CH=N proton as a doublet at 6.84 ppm.
The appearance of four aromatic protons downfield as a doublet of doublets at 7.21(1H) ppm,
a doublet at 7.28 (1H) ppm, a doublet of doublet of doublets at 7.57 (1H) and doublet of
doublets at 7.96 (1H) ppm showed the expected pattern of a 1,2-disubstituted benzene ring
system. The eight upfield aliphatic CH, protons showed at 1.26 (1H), 1.36-1.42 (1H), 1.54-
1.62 (1H), 1.66-1.74 (3H), 2.12 (1H) and 3.16 (1H) ppm and the single CH proton in the ring
system appeared at 3.93 (1H) ppm.

The *C NMR spectrum confirmed that the carbonyl carbon had disappeared from 200.94
ppm and the new CHN signal appeared at 149.71 ppm. The presence of four aromatic CH
signals at 119.85, 124.57, 131.42 and 134.02 ppm confirmed the structural assignment.

The infrared spectrum showed the presence of the broad OH stretch at vmax 3244.5 cm™ and
showed the presence of the CH=N group at umax 1471.5 cm™. The azide was present at Umax
2100.3 cm™ and also noted was the disappearance of the carbonyl group peak at vmax 1731.8
cm™.
Further evidence for the structure was given by the HRMS for the measured ion [M+Na]*

which was consistent at 332.0788.

The data for the oximes produced is shown in Table 3.9 in summary form.
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NMR (400 MHz, ppm)

IR (cm™)
No Products 'H NMR BC NMR Mass
CH=N | OH CHN N OH
1 O\/O
g’ 332.0788
N 6.84 .
) 9.01 | 149.71 | 2100. | 32445 | [M+H]
N3 [ @, (bs) | (CDCly) 3 (br.) [Calc.=
N (CDCly)
| 332.0788]
(314) OH
2
\//
S\N 6.43 346.0970
147.42, .
(dd) | 11.1 2098. [M+H]
N (DMSO- 3213.7
\ (DMSO | 4 5 [Calc.=
N deé)
HO  (317) -d6) 346.0968]
3 o}
\s/’\ _CH, 270.0659
7.31 (1), 147.22 | 2129. [M+H]*
8.77 3427.0
N3 \ (CDCly) (CDCly) 7 [Calc.=
N 270.0655]
(320) HO
4 AP
S~N 324.1120
6.55 (1), 148.79 | 2098. [M+H]*
Nj 8.75 3247.6
(CDCly) (CDCly) 7 [Calc.=
N/ 324.0625]
\
(323) OH
5 \/,
\S/\N/\ CH3
©: 312.1124
7.34 (1), 150.30 | 2098. M+H1*
N3 O] g6 saaes | L
(CDCly) (CDCly) 5 [Calc.=
(327) }\1 312.1125]
HO
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6 \\S// —~
@[ N\ 360.1120
7.02 (1), 148.49 M+H]"
Na ® 9.41 3258.9 (M+H]
) (CDCly) (CDCls) [Calc.=
N 360.01125]
330 ©OH
7 O O
\//
S< 310.0967
N 7.27 +
153.69 | 2097. [M+H]
N (d), 9.58 3255.6
| (CDCly) [Calc.=
N, (CDCly)
(333) OH 310.0968]
Table 3.9: Summary of oxime spectroscopic data.
3.2.2.2. Conversion of the oximes into the nitriles.
\\S// O\\S//O
°N (COCI),, DBU, DCM, Reflux N
Diphenylcyclopropenone
N3 N3
NS
\ N
314 OH (315)
(314) C12H13N5028
MW =291.33 g/mol
Scheme 3.22

In the next reaction, nitriles were synthesised by the dehydration of the oximes. Many

reagents are available for this process and an example is the use of BOP in combination with
DBU 199,200

In our work,

the oxime was reacted with (COCI), in the DCM in the presence of 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU) as the base. The mixture was heated to reflux while

monitoring by TLC and the nitrile was isolated from the reaction by extraction with DCM.
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The reaction was performed using diphenylcyclopropenone as a catalyst, and is based on
interest in our group and others®® in the development of diphenylcyclopropenone as a reagent

and catalyst.

In this case, the nitriles (315), (318), (321), (324), (328), (331) and (334) were synthesised
with yields shown in Table 3.10.

Yield
No Starting material Products Appearance-m.p. %
0
\\// \\//
1 ©: ©i Dark brown oil 86
N3
(314) I (315)
\\S//\N ‘V’ Light yellow solid
(m.p.=107-109
2 84
N3 \ N3 OC)
N (318) N
317 Ho
O
\ 7/ O O
\/
3 N 2 ©: Yellow oil 71
3
\ Na,
N N/
/
(320) HO (321)
Q\// O
S\N \//
=
4 N3 ©:N Light yellow oil | 81
3
/
N\ N
OH (3249 N
(323)
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O\\//O S~ OO0
O | et
. N, N, light yellow oil
92
\ /
N (328)N/
/
327y HO
O O
e 0\\,9 ~
N S‘N
Bronze coloured
6 N3 solid 77
/ (m.p.=78-80 °C)
Nb , N (331)
(330)
\\// \\//
7 ©i @i O\ Light yellow oil
K8 ——
N_ (334)
(333) "OH

Table 3.10: Synthesis of nitriles from oximes.

All the nitriles gave consistent spectroscopic data. With compound (315), for example, the *H
NMR spectrum showed the absence of the characteristic oxime hydroxyl OH proton and the
disappearance of the CH=N proton. The eight upfield aliphatic CH, protons showed at 1.46-
1.59 (1H), 1.61-1.71 (2H), 1.78-1.87 (2H), 1.91-1.96 (1H), 2.91 (1H) and 3.77 (1H) ppm and
the single CH proton in the ring system appeared at 5.09 ppm. The presence of four aromatic
protons downfield as a doublet of doublet of doublets at 7.18 (1H) ppm, a doublet at 7.25
(1H) ppm, a doublet of doublet of doublets at 7.54 (1H) and a doublet at 7.87 (1H) ppm
confirmed that the 1,2-disubstituted benzene ring system was still present.

The *C NMR spectrum showed the presence of the (CN) as a new quaternary carbon at
116.35 ppm and confirmed that the CH=N signal had disappeared. The presence of four
aromatic CH signals at 120.05, 124.05, 131.55 and 134.70 ppm and four aliphatic CH,
carbons and the CH carbon at 20.01 (CH,), 24.93 (CHy), 29.63 (CH,), 43.49 (CH,) and 46.16

(CH) ppm confirmed the assignment.
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The infrared spectrum showed the disappearance of the broad OH stretch at vmayx 3244.5 cm™

and showed the absence of the CH=N group at vma 1471.5 cm™. The azide absorption was

present at umax 2100.4 cm™ and further proof came from a vmax Of 2257.0 cm™ for (CN).

Mass spectrometry further supported the structure of the product with a measured mass of
309.1140 for the ion [M+NH,4]" for required mass of 309.1128.

The IR spectra, *H NMR spectra, *C NMR spectra, and mass spectrometry identified the

other products, and the data obtained is summarised in Table 3.11.

C NMR
(400 MHz, IR (cm™)
No Products HRMS
CDCls, ppm)
CN N3 CN
0. O
Y 309.1140
N [M+NH,]"
1 116.35 2100.4 2257.0
N3 [Calc.=
Il
309.1128
315y N ]
0.0
N4 350.0685
N [M+Na]*
2 114.29 2104.9 2248.8
Ny [Calc.=
(318) N 350.0682]
\\// 2690812
S. _CH, .
N [M+NH,]
3 114.50 2125.2 2261.1
N [Calc.=
7/
N \ 323.1294
[M+NH4]+
4 117.34 2098.5 2253.7
Nj [Calc.=
N 323.1284]
(324) N
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AP
s~y” CHs 311.1286
5 Ng 119.21 2099.0 2246.5
[Calc.=
(328) 7 311.1285]
N
AP
S~N 364.0836
@[ [M+Ne]
6 N5 117.34 2102.2 2250.7
\ [Calc.=
(331) A N 364.0839]
QAP
S\N 292.0857
Cr
7 N ~ 120.58 2098.6 2254.0
3 NN [Calc.=
(334) 292.0863]

Table 3.11: Summary of spectroscopic data for nitriles.

3.2.2.3. Cycloaddition of the nitriles with azides.

The intramolecular azide to nitrile reaction is shown in the following example:

Ve

\//

Toluene S=N
>
Reflux, 65 h

68 % A
N\\N/

(316)

C12H13N505S

MW =291.33 g/mol

Scheme 3.23
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This method is one of the most important synthesis routes to tetrazoles, as shown in figure

3.7.

Z_ZI_
O-x

C

Figure 3.7: 1,3-dipolar cycloaddition between the azide and nitrile

The reaction mechanism is a straightforward [2+3] cycloaddition of nitrile to form a five

membered tetrazole ring.

With the azides (315), (318) and (321) expected benzothiazepine products (316, 319 and 322)
were isolated in 68 %, 78 % and 89 %, respectively. However, none of the desired products
could be identified and only starting material (324, 328, 331 and 334) could be identified in
the other reactions attempted, as summarised in Table 3.12.

No | Starting material Products Appearance/m.p. %
Q\//C) \\/
S. ‘N
N . .
White solid
1 68
N5 (m.p.= 179-181 °C)
l
(315) N (316) N\N
0
N
2 ©: //\© /2 Light yellow oil 78
N3//

N s / (319)
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\ 7/ \\// CH3
S.. _CHj3
N
3 / @( /2 Yellow oil 89
Ngy/
N
(321) (322) \
O\\//
S~N
4 ©: N No 0
N 0
N
(324) N
AP
sol
5 No No
N5 0
(328) /
N/
\\//
6 No No 0
(331)
\\S//?
N No
7 No 0
N N
3 \N
(334)

Table 3.12: Synthesis of Tetrazoles.

The structures of the products (316), (319) and (322) were confirmed through spectroscopic

analysis.

The *H NMR spectrum of compound (316), for example, showed the eight upfield CH,
protons at 1.43-1.50 (1H), 1.66-1.85 (3H), 2.24-2.32 (1H), 2.71-2.82 (2H) and 3.35-3.39 (1H)
ppm and the single CH proton in the thiadiazepine ring system at 5.23 (1H) ppm. The

100




Chaper 3 Results and Discussion

presence of four aromatic protons at 7.67 (1H) ppm, 7.84 (1H) ppm, 8.16 (1H) and 8.47 (1H)
ppm confirmed the 1,2-disubstituted benzene ring system.

The *C NMR spectrum showed the absence of the (CN) carbon at 116.35 ppm and the
appearance of seven aromatic carbon signals confirmed the extra sp? carbon of the tetrazole
ring with signals at 124.48 (CH), 129.46 (CH) 129.74 (CH), 130.37 (qC), 130.67 (qC), 134.64
(CH) and 154.24 (qC) ppm while the four aliphatic CH; carbon signals and CH carbon signal
of the piperidine ring system appeared at 20.62 (CHy), 24.27 (CH), 28.97 (CHy), 45.37 (CHy)
and 51.81 (CH) ppm.

The IR spectrum confirmed the loss of the azide group at vmax 2100.4 cm™ and the absence of

the nitrile group at vmax 2257.0 cm™.

Mass spectrometry further supported the structure of product with a measured mass of
292.0866 for the ion [M+H]" for a required mass of 292.0863.

The other structures were confirmed in the same manner with IR spectroscopy, *H NMR

spectra, >C NMR spectra and mass spectrometry all being consistent (Table 3.13).

BC NMR
No. Products (400 MHz, CDCl3, ppm) Mass
C=N
\\//
S—N
292.0866 [M+H]*
1 154.24
[Calc.= 292.0863]
(316)
\\// /‘@
@[ /2 328.0866 [M+H]"
2 151.75
[Calc.= 328.0863]
N S / (319)

101




Chaper 3 Results and Discussion

“0 CH3

@( 252.0555 [M+H]*
3 151.72

[Calc.= 252.0550]
N ~ /

(322)

Table 3.13: Summary of the Tetrazole Data.

All attempts to cyclise compound, (324), (328), (331) and (334) were unsuccessful, again
showing that the formation of 8- and 9-membered rings, this time using azide to nitrile
cycloadditon, is not favoured. Compound (324) gave the amine (326) when heated in xylene

for 3 days, but no other reactions gave any products.

\//

©(S\N

NH
N

(326)
C43H47N30,8
MW =279.10 g/mol

Figure 3.8
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3.2.3. Attempted synthesis of tetrazolobenzothiadiazepine analogues via

tosylates.

3.2.3.1. Tosylation of the alcohol.

OH
(262)

O O
\\//
TsCIl, DCM, 0°C S\N
>
EtzN, 5h
N3
OTs
(339)
C19H22N405S;
MW = 450.53 g/mol
Scheme 3.24

As well as making nitriles by oxime dehydration, we also made them by nucleophilic

substitution of tosyl by cyanide. The tosylates were made from the alcohols made above.

Thus the alcohols were converted into tosylates using p-toluenesulfonyl chloride and base.?%

The alcohol was treated with p-toluenesulfonyl chloride in the presence of EtsN as a base in

DCM and the mixture stirred for 5 hours at room temperature. The desired products (339,
350, 354, 357, 361, 364, 368 and 346) were synthesised with the yields and appearance shown

in Table 3.14.
Yield
No. Starting material Desired products Appearance o
0
\// \//
S<
S\N N
1 Yellow ol 98
N3 N3
OTs
(262) OH (339)
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o Light yellow
N _N ;
©: 0 Do (M.p.=92-94 °C)
N
5 (2n) N3 (350)
CH, CH,
QN QN
S~ 0H ’SC"0Ts
3 ©: \ @ N\ Yellow oil 88
@]
(275) (354)
B ¥
4 @[NS Ns Light yellow oil | 84
(279) HO (357) TsO
()\\// /\CH O
L | S
N X
5 3
Ns Deep brown oil 97
OH
(284) (361)  OTs
O\\//O OO0
S\N \\S//
I ™
6 N Brown oil 89
N3
HO
(289) TsO  (364)
OH OTs
O\\S _N O\\S _N
7 ) - Brown oil
O © 89
(368)
N3 N3
(293)
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& &
L | CLD o *
8 Light yellow oil
N, N3
(345) “OH 346) OTs

Table 3.14: Sythesis of tosylates.

The structures of the tosylates were confirmed by IR spectroscopy, *H NMR spectrum, *C

NMR spectrum and mass spectrometry.

The *H NMR spectrum of compound (339), for example, showed the three CH3 protons from
the tosylate group as a singlet at 2.34 (3H) ppm while the absence of the OH proton signal
gave further evidence for the success of the tosylation. The distinct signals of the p-tosyl

aromatic ring protons confirmed the tosylation.

The *C NMR spectrum showed the aromatic CH carbons downfield at 120.10, 124.44,
127.83, 129.97, 131.05 and 133.89 ppm and the four aliphatic CH, carbons and CH in the
piperidine ring system were found at 18.24 (CH,), 24.89 (CH,), 24.92 (CH,), 41.97 (CH,) and
50.58 (CH) ppm. The p-totyl methyl was seen at 21.63 ppm.

IR spectroscopy showed the azide group at vmax 2099.0 cm™ and the disappearance of the

broad peak at vmax 3359.0 cm™ for OH stretching.

Mass spectrometry further supported the structure of the product with a measured mass of
468.1365 for the ion [M+NH,4]" for a required mass of 468.1370.

The structures of the other tosylates were confirmed in the same manner with IR
spectroscopy, *H NMR spectra, *C NMR spectra, mass spectrometry and the key data is
shown in Table 3.15.
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NMR (400 MHz,

CDCls, ppm) IR (cm™)
No. Tosylate . - HRMS
HNMR | ®C NMR
CH3 CH3 N3 C-O
0. 0
W 468.1365
N [M+NH,]"
1 2.34(bs) | 21.63 2099.0 | 1159.2
Nj [Calc.=
OTs 468.1370]
(339)
0.0 509.0910
\\S//
N [M+Na]*
2 2.47 (bs) | 21.68 21295 1159.4
N [Calc.=
3
(350)  OTs 509.0924]
O\\S//\ o, 428.1063
N [M+NH,]*
3 2.42 (s) 21.65 2100.5 1157.7
N3 [Calc.=
OTs
(350) 428.1057]
R 465.1269
[M+H]"
4 N 2.36 (bs) | 21.65 2098.1 1157.0
[Calc.=
TsO 465.1261]
(357)
O\/O
N ~cr, 453.1264
I [MsH]
5 Ns 2.46 (bs) | 21.66 2129.0 | 11559
[Calc.=
453.1261]
(361) OTs
Y4 /\© 501.1266
\ [M+H]'
6 2.45 (s) 21.66 21280 | 1157.0
N3 [Calc.=
Tsg  (364) 501.1261]

106




Chaper 3 Results and Discussion
N\
S\N 451.1108
I
7 N3 2.35 (8) 21.64 2130.6 1173.8
OTs [Calc.=
(368) 451.1104]
C// 437.1237
8 N [M+Na]*
2.26 (bs) 21.46 2120.5 1147.4
N3 [Calc.=
(346) oTs 437.1254]

Table 3.15: Summary of spectroscopic Data for the Tosylates.

3.2.3.2. Reactivity of tosylate with sodium cyanide.

The next step was the displacement of the tosylate with cyanide anion. > The tosylates were

treated with NaCN in dry DMSO. The mixture was heated at 70 °C under a nitrogen

atmosphere for 12 h. Under these conditions, the expected nitriles were never isolated.

Instead a mixture of saturated 7, 8- and 9-membered rings were formed [product (1) in Table

3.16] together with some additional cyanide addition products [product (2) in Table 3.16].

Desired Product obtained | Product obtained
No. Tosylate
product (@) @)
@)
O N \ \y
Oy Ce T 7
' N3 N \ )
OTs Ns N H HN=Coy
(339) N o
(340) (341, 63 %) (342, 31 %)
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Ph
O
0 o P we [ oo PN
\// O.ll S\N \vy r
SR ~S—N S-N
N Ph 7
2 i 7)
!
H .
@3s0) OTS Nog ™ HNZC N
(351) (352, 84 %) (353, 9 %)
O\\ /(/) /CH3 (\)\//O CH3
Y2 S—N S\N/
S.. .CHj
N 8 7
3 None
N3 N7 \
(354) OTs \\N,N H
(355) (356, 87 %)
(@) O\\/(/) O\,,O
\// O\\”’N S_N \S—N
S~N S
X ; ;
9
4 N N N
/N Ili //C\
N HN” “CN
(357) T1sO - N (359, 61 %)
(358) (360, 29 %)
CH 0 CH
\ 7/ S~ 9] - 3 /_ 3
5 None
,N | /N
OTs N‘N,N H
(361) (363, 60 %)
(362)
Ph
O //
o) o o ~Pn Ph
\\S//\ N/\ Ph \\S’N O\\é/_ N// O\\ llO //
S—N
9 8 38
6 N3 N
A /N N
N /
TsO N- N H NC
(364) (366, 80 %)
(365) (367, 17 %)
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O
¥ Ol N e D#CN
L (X
7 N3 @( NH, None
OTs N
(368) N (370, 57 %)
369) ‘N-N
0
@) Q O\S//O N
/ N NH <0
C\N
X i :
8 \
N l\iN \N 0=5=0
T \\ 7
(346) OTs N H5;C
(347) (348, 31 %) | (349, 35 %)
HsC

Table 3.16: The results of attempted nitrile to azide cycloadditions.

The structures of these products were confirmed by their infrared spectra, ‘H NMR spectra,

13C NMR spectra, mass spectrometry and (in the case of (342)) by X-ray crystallography.

The *H NMR spectrum of compound (356), for example, showed the presence of the
secondary amine NH proton signal as a broad singlet at 4.38 ppm and the appearance of the
three CHj3 protons as a singlet at 2.82 (3H) ppm. The presence of four aromatic protons at
6.89 (1H) ppm, 7.01 (1H) ppm, 7.33 (1H) and 7.85 (1H) ppm confirmed the 1,2-disubstituted

benzene ring system.

The *C NMR spectrum showed the 2CH, carbons and the CH; carbon upfield at 35.73 (CHg),
42.64 (CHy) and 52.41 (CH,) ppm. The four aromatic CH signals were found at 120.97 (CH),
121.10 (CH), 130.33 (CH) and 133.35 (CH) ppm.

The IR spectrum showed the presence of the NH stretch at vma 3370.5 cm™. The azide
absorption peak had disappeared from vmax 2100.5 cm™ and the C-N stretch peak at Umax

1148.7 cm™ was also seen. No nitrile was present.

Further evidence for the structure was given by the HRMS for the measured ion [M+H]" was
which consistent at 213.0694.
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For the other cyclised examples (341, 352, 359, 363 and 366), the structures were confirmed
in the same manner with IR spectroscopy, ‘H NMR spectra, *C NMR spectra and mass

spectrometry. The data for these compounds is summarised in Table 3.17.

'H NMR (400 MHz, .
IR (cm™)
No. Product (1) CDCl3, ppm) HRMS
N-H N-H | C-N
QP
/
S~N 252.0931 [M]*
1 @[ 7 4.47 (bs) 3348.1 | 1153.2 [Calc.=
N 252.0932]
H (341)
0o 289.1007
4 [M+H]'
2 N 4.32 (bs) 3370.8 | 1152.8
7) [Calc.=
N 289.1005]
|
H (352
C\)g,o CH, 213.0694
N [M+H]"
3 7 4.38 (bs) 33705 | 1148.7 cal
alC.=
N
1 (s6) 213.0692]
o)
O\\éI—N 267.1167
[M+H]"
4 8 4.20 (bs) 3365.0 | 1150.0 cal
alC.=
N
H 267.1162
(359)
o) CH
o\\g_N/_ 3 255.1165
[M+H]"
5 9 4.79 (bs) 3409.9 | 1146.1 cal
alC.=
N
H (363) 255.1162]
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/< / 303.1157
O

“S—N [M+H]*
6 5.07 (bs) 3368.7 | 1150.1
8 [Calc.=
N 303.1162]
H  (366)

Table 3.17: Summary of spectroscopic data for products formed from amine
displacement of tosyl.

The structure of compound (342) was established by X-ray crystallography and also gave
fully consistent spectroscopic data. This allowed the structures of the other products (353, 360

and 367) to be confirmed with IR spectroscopy, *H NMR spectra, “*C NMR spectra and mass

spectrometry, as all showed similar features to those noted for compound (342), summarised
in Table 3.18.

Figure 3.9: Crystal structure of the compound (342)
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NMR (400 MHz, CDCl;,
ppm) IR (cm™)
No Product (2) " - HRMS
H NMR C NMR
NH C=N CN NH CN
QP
SN 304.0998
[M]*
1 N 8.22 (bs) | 141.06 | 110.36 | 3346.4 | 2252.6
! [Calc.=
HN=C~
CN 304.0994]
(342)
(ol'e) /@ 341.1065
\\//
2 8.20 (bs) | 146.20 | 110.37 | 3378.1 | 2248.7
[Calc.=
N (353)
c 341.1067]
HN” " "CN
N
S—N 319.1228
>
3 8.09 (bs) | 158.19 | 110.76 | 3314.0 | 2255.2
N [Calc.=
_C-
HN® " CN 319.1223]
(360)
//© 327.1040
O\\’/O +
S—N [M]
4 No No 114.73 No 2216.5
[Calc.=
N 327.1041]
NC (367)

Table 3.18: Summary of data for nitriles (342), (353), (360) and (367).

The mechanism for the reaction is proposed (Scheme 3.10, below) to be nitrene formation and

conversion of the nitrene to an amine or attack of the azide by cyanide?®?® followed by

nitrogen loss. The amine could then displace tosylate to give products (341), (352), (350),
(359), (363) and (366) [Table 3.17] or the cyano substituted amine anion could displace tosyl

and then be further attacked by more cyanide to form compounds (342), (353) and (360)
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[Table 3.18] or stop (no extra cyanide addition) to form compound (367) [Table 3.18].
Compound (370) [entry 7, Table 3.16] results from azide reduction and tosyl displacement by

cyanide.
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e 0 =R
O\\é/ R
OTs
W
N\
’Tle
CN
@)
N
OTs
171@
CN
( i O O )
O\\,(,) \\é/
S_R\ \R
@[./ - J
NH, 'Tj
&
g (192) N\ J
]
en
N )
O\\/l
) .
: U
O
H™H
4\ 'Tl
S C—-CN
OTs !
( ) N@;g
@)
N e N
S\R O\/(l)
>S
o 7
¥ -
(194) |
\_ J C\
(193) NC” "~ NH
g J
Figure 3.10: Shows the possible mechanism for the reaction of tosylate
L with cyanide )
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3.2.3.3. Reactivity of compound (346) with sodium cyanide.

OTs

NaCN, THF, DMSO

70°C,12h

(348)
C20H23NO,S
MW = 373.47 g/mol

(349)

MW = 269.36 g/mol

(347)

Scheme 3.25

As implied in Table 3.16, tosylate (346) behaved differently when reacted with NaCN in the
presence of dry DMSO. The mixture was heated at 70 °C under a nitrogen atmosphere for 12
h. Instead of the tetrazolo-product or other compounds just discussed above, products (348
and 349) were formed with yields of 31 % and 35 %, respectively. These unusual products
were only seen with this one amide example (those above are all sulfonamides).

Spectroscopic analysis implied of the formation of product (348). The *H NMR spectrum
showed the appearance of nine aromatic protons including the distinct tosyl doublets at 7.63
(2H) and 7.95 (2H) ppm. The eight upfield aliphatic CH, protons showed at 1.18-1.64 (6H),
3.73 (1H), and 4.22-4.29 (1H) ppm and the single CH proton in the ring system appeared at
3.05 (1H) ppm. The presence of three upfield CH3 protons on the toluene was seen as a singlet
at 2.28 (3H) ppm.

The C NMR spectrum showed the aromatic CH carbons downfield at 126.91 (2 x CH),
128.36 (2 x CH), 129.65 (2 x CH), 129.79 (2 x CH), and 133.07 ppm and the four aliphatic
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CH, carbons and CH in the piperidine ring system were found at 18.96 (CH,), 24.42 (CHy),
25.36 (CH,), 41.30 (CH,) and 51.11 (CH) ppm. There were three aromatic quaternary carbons
plus one carbonyl. IR spectroscopy showed the presence of the carbonyl group at vmax 1719.5
cm™ and the disappearance of the broad peak at vmax 2120.5 cm™ for azide stretching. Mass
spectrometry further supported the structure of the product with a measured mass of 396.1242
for the ion [M+Na]" for a required mass of 396.1240.

The structure of the product (349) was implied by its IR spectrum, *H NMR spectrum, *C
NMR spectrum and mass spectrometry. The *H NMR spectrum showed the eight aliphatic
CH, protons at 1.18-1.53 (6H), 2.17 (1H), and 3.02 (1H) ppm and the single CH in the
piperidine ring system was seen at 3.50 ppm. The four aromatic protons were downfield as a
doublet at 7.22 ppm (2H) and as a doublet at 7.67 ppm (2H).

The *CNMR spectrum showed the CH aromatic carbons downfield at 126.99 (2 x CH) and
129.79 (2 x CH) ppm and and the four aliphatic CH, carbons and CH in the piperidine ring
system were found at 19.15 (CHy), 24.19 (CHy,), 24.77 (CH,), 41.41 (CH,) and 54.68 (CH)
ppm. The CH3 carbon on the tosylate appeared as a singlet at 21.53 ppm.

IR spectroscopy showed the absence of the carbonyl group seen in compound (346) at vmax

1720.8 cm™ and the disappearance of the broad peak at vmax 2120.5 cm™ for azide stretching.

The correct measured mass 270.1164 for the ion [M+H]" gives further evidence for the

structure.

Compound (349) can be formed from cleavage of the amide bond present in starting material
(346). Compound (348) is more difficult to explain but would arise from the de-azideation of
the starting material (346)- a reaction never seen in our research group in many years of azide

chemistry, and for which precedent could not be found in the literature.
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Chapter 4.

4. Results and Discussion: 1. Reactivity of 2-azidobenzamide.

This short section brings together some results that were obtained as part of an investigation
into the reactivity of 2-azidobenzoic acid derivatives and of compounds derived from 2-

azidobenzaldehyde.

4.1. Reactivity of 2-azidobenzamide

4.1.1. Summary.

2-Aminobenzamide (376) was reacted with sodium nitrite and HCI at 0 °C to form the
diazonium salt as an intermediate. Reaction between the diazonium intermediate and sodium
azide by the displacement of nitrogen by the azide anion gave 2-azidobenzamide (377). The
2-azidobenzamide (377) was treated with alkyl bromides in the presence of sodium carbonate
as a base in anhydrous DMSO to give benzotriazinones (195) and quinazolinones (169) as
shown in Scheme 4.1. This investigation came about as a result of a wider investigation of the

attempted aminohydroxylation reactions discussed previously in this thesis.

0 0
NH2  NaNO,, HCl(aq), 0°C - NH,
NaN3, NaOAc, 0°C, H,0
NH2 3 2 N3
(376) (377)
O 0] O
NH, Na,CO,, DMSO N NH
+Br—R 0 > N PR
N3 95 C, 48 h N’/ N R1
(377) (195) (196)
Scheme 4.1
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4.1.2. Reactivity of 2-azidobenzamide.

4.1.2.1. Reactivity of 2-azidobenzamide with alkyl bromides.

0 @
©\)J\NH2 + BI‘M Na,CO3, DMSO ©\)J\ ©\)J\
N 95°C,48 h N N A

3

(377) (378) (379, 39 %) (380, 33 %)
C42H13N30 C12H12N20
MW =215.26 g/mol MW =200.24 g/mol
Scheme 4.2

The aim of this reaction was to alkylate the amide in order to provide a precursor for the

aminohydroxylation discussed in an earlier chapter.

Compound (377) was treated with 5-bromo-1-pentene (378) in the presence of sodium
carbonate as a base in anhydrous DMSO and heated at 95 °C for 48 hours under a nitrogen
atmosphere and the reaction mixture was purified by column chromatography in order to

investigate two new products.

It was immediately obvious that the expected product was not formed. Spectroscopic analysis
confirmed the identity of the first compound as compound (379) [see Scheme 4.2]. The 'H
NMR spectrum showed four aromatic protons with signals at 7.72 ppm as a doublet of
doublets, 7.86 ppm as a doublet of doublets, 8.07 ppm as a doublet and 8.27 ppm as a doublet.
The six CH, protons appeared as a triplet of doublets at 1.95 ppm, an apparent quintet at 2.12
ppm and a triplet at 4.41 ppm as well as the alkenic CH; protons and CH proton which
appeared at 4.92 (CHH), 5.00 (CHH) and 5.71-5.82 (CH) ppm, respectively. In the *C
NMR, the 3 alkyl CH.s appeared at 27.93, 30.74 and 49.40 ppm whilst the sp?> CH, signal
appeared at 115.58 ppm. The appearance of five sp? CH signals at 125.06, 128.22, 132.26,
134.72 and 137.14 as well as the C=0 signal confirmed the assignment.

It was further determined that the compound contained a carbonyl group from a peak at vmax
1679.5 cm™ in the infrared spectrum which also showed no peak for the azide group and also

the absence of the amide NH, absorption peak. Mass spectrometry further supported the
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structure of product with a measured mass of 215.1059 for the ion [M]" for a required mass of
215.1059.

The identity of the second product (380) was confirmed by IR spectroscopy, 'H NMR

spectrum, ¥C NMR spectrum and mass spectrometry.

The *H NMR spectrum showed a signal at 12.11 ppm indicating the NH group. Two signals at
2.59 and 2.84 ppm confirmed the presence of the four protons of the butenyl as well as the
three protons of the ethylene which showed at 4.97 ppm (CHH) as a doublet, at 5.08 ppm
(CHH) as a doublet of doublets and 5.82-5.92 ppm (CH) as a multiplet. The four aromatic
protons at 7.40, 7.63, 7.70, and 8.21 ppm with the multiplicity of dd, d, dd, d indicated the
1,2-disubstitution pattern of the benzene ring. The *C NMR spectrum showed the four
quaternary carbons at 120.53, 149.45, 156.07 and 164.39 ppm. The two upfield CH,s
appeared at 31.31 and 35.19 ppm whilst the presence of the four aromatic proton CH signals
was seen at 126.44, 127.26, 134.82 and 136.43 ppm in addition to the characteristic signals of
the alkene downfield at 116.29 ppm (CH=CH,) and 126.24 ppm (CH=CH,). Furthermore,
the IR spectrum displayed a broad NH absorption peak at vmax 3168.3 cm™ while no peak

appeared for the azide group. A sharp peak at vma 1673.1 cm™ showed the carbonyl group.

Mass spectrometry further supported the structure of the product with a measured mass of
201.1023 for the ion [M+H]" for a required mass of 201.1022.

This process was explored further by investigating the reaction of 4-bromo-1-butene, 1-
bromobutane,  1-bromopropane, 2-bromopropane, bromocyclohexane,  3-bromo-2-
methylpropene, benzyl bromide, 2-bromo-2-methylpropane, bromodiphenylmethane and

triphenylmethyl bromide with 2-azidobenzamide.

Each of 4-bromo-1-butene (391), 1-bromobutane (384) and 1-bromo propane (381) gave two
products whilst each of 2-bromopropane (395), bromocyclohexane (389), 3-bromo-2-
methylpropene (387), benzyl bromide (397) and 2-bromo-2-methylpropane (405) gave a
single product. In addition bromodiphenylmethane (399) and triphenylmethyl bromide (402)
did not react with 2-azidobenzamide but gave a benzophenone (401) and triphenylmethanol
(404), respectively. The yields and physical properties of the products are shown in the Table
4.1.
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Chaper 4 Results and Discussion
Starting Starting
No. material (1) material (2) Compound (1) Compound (2)
0 0]
o 7 NH
/\/\/
Y @M
NH2 BrM N//N N
1 (378) (379) (380)
N3
(377) Colour=dark orange oil Colour= light ye(!low
% =33%
0 0]
O N X NH
@&& CQ/A
NH, Bra_ ~.~ N
2 (391) 392 (393)
N3 (392) _ Colour= Yellow solid
(377) Colour= yellow oil m.p:148—150 °C
%=35% % =29 %
@) O
: CLr |G
-N =
NH, | B~~~ N N
3 (384) (385) (386)
N3 Colour=Light yellow oil | Colour=light yellow
(377) % =37 % oil
% = estimated 20 %
0] O
AN NH
@%m A
NH, Bra_ N
4 (381) (382) (383)
N3 Colour=Light yellow Colour=light yellow
(377) solid solid
m.p = 49-51°C m.p=209-211 °C
% =37% % =23%
0] J\
i O
Br -N
NH, N
5 (396)
N3 (395) Colour=Light yellow No
(377) solid
m.p = 47-49 °C
% =34%
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2 )
0 or dw
_N
5 NH, N
N (390) No
3 Colour=light yellow solid
(377) (389) m.p = 137-139 °C
% =30%
o)
N
o N
N
7 NH Brv& (388)
Ns (387) _ No
377 Colour=light yellow solid
(377) J A
m.p =69-71"°C
% =36 %
o)
N’/
g NH,
d: (398) No
3 Colour=yellow solid
(377) (397) m.p = 110-112 °C
% =33%
o)
Ll 3| O
NH _N
9 d 2 N No
Na (405) (388)
(377) Colour= light yellow oil
% =20%
o]
Br O
NH
10 2 Ph)\Ph Ph)J\Ph No
N3 (399) (401)
(377)
0 Br OH
N3
(377) (402) (404)
Table 4.1: Synthesis and Appearance of Benzotriazinones and Quinazolinones.
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The structures of the triazinone products were confirmed by IR spectroscopy, 'H NMR
spectra, "*C NMR spectra, mass spectrometry, and the results are summarised in Table 4.2.

Typically in these compounds, the *H NMR spectra showed the presence of four aromatic
protons downfield at around 7.00-8.00 ppm in a 1,2-disubstituted pattern with the alkyl
neighbouring the N-C=0 seen at around 4.37 — 5.65 ppm. All samples gave signals consistent

with their alkyl sidechain, and also showed the absence of the starting material amide protons.

All the 3C NMR spectra showed the presence of a carbonyl (C=0) upfield at around 155.09-
155.52 ppm and the appearance of four aromatic CH signals downfield at around 120.0 -130.0
ppm. All compounds gave other *C data that was fully consistent with the assigned

structures.

Further proof for the structures was given by the infrared spectra, with the presence of the
carbonyl (C=0) stretching peak at around vmax 1640.6-1683.8 cm™ and the loss of the azide

group and absence of the NH; group.

For all the examples, the correct accurate masses were observed by high resolution mass

spectrometry.

Two alkyl halides (387) and (405), gave the same triazinone product (378). In the second
case, the product might arise as a result of a free-radical mechanism. A suggested mechanism

for these reactions is discussed in full later.

122



Chaper 4

Results and Discussion

*C NMR (400 MHz,

1
No. Compound (1) CDCls, ppm) IR (cm™) HRMS
C=0 C=0
0
NN 215.1059 [M]",
1 N 155.52 1679.5
N’ [Calc.=215.1059]
(379)
)
202.0970
NT X [M+H]"
2 ! 155.50 1681.0 '
N” [Calc.=202.0975]
(392)
0
204.1127
N/\/\ [M+H]+
3 ! 155.50 1678.4 '
N” [Calc.=204.1131]
(385)
0
N~ 190.0973 [M+H]*
4 A 155.52 1640.6
NG [Calc.=190.0975]
(382)
0
J\ 190.0970
5 N 155.09 1676.5 [M+H],
_N
N~ [Calc.=190.0975]
(396)
O 230.1285
N [M+H]",
6 . 155.12 1681.1
N [Calc.=230.1288]
(390)
0
N 202.0975
7 N 155.43 1683.8 (MR
N [Calc.=202.0975]
(388)
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. 238.0977
8 ,{1/\© 155.39 1681.8 [M+HT",
N/

[Calc.=238.0975]

(398)
0
N 202.0982
9 N/Y 155.43 1683.8 [M+H],
N” [Calc.=202.0975]
(388)

Table 4.2: Characteristic spectroscopic data for the benzotriazinone derivatives.

The structures of the second series of products (380, 393, 386 and 383) were confirmed as the
quinazolinones by IR spectroscopy, *H NMR, **C NMR spectra and mass spectrometry, and

the data is summarised in Table 4.3.

The *H NMR spectra showed the disappearance of the two broad singlets for the amide proton
and the appearance of a new NH signal at around 11.12-12.17 ppm confirming the NH group
as well as the four aromatic protons at around 7.00 — 8.30 ppm characteristic of the 1,2-
disubstitution pattern of the benzene ring. The alkyls neighbouring the N=C were seen at
around 2.68-6.40 ppm.

The *C NMR spectra of these products showed the carbonyl signal at 164.12-164.57 ppm
with the appearance of the C=N signal at around 150.89-157.17 ppm as well as the presence
of four aromatic proton CH signals at 123.46-136.43 ppm.

The infrared spectra displayed a broad NH absorption peak at around vmax 3163.1- 3182.1 cm’
! while no peak was observed for the azide group. A sharp peak at vmax 1650.0-1674.3 cm™
showed the carbonyl group in addition to the disappearance of the NH; group at vmax 3362 cm’
! For all the examples, the correct accurate masses were observed by high resolution mass
spectrometry giving further proof for the structures, and all showed H and **C spectra
consistent with their particular side chain. Compound (393) presumably arises from the

rearrangement of the initial non-conjugated product into the more conjugated (393).
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NMR (400 MHz, .
CDCl3, ppm) IR (cm™)
No Compound (2) TINMR G NMR HRMS
NH C=0 | C=N | C=O | NH
0
NH 201.1023
164.3 | 156.0 [M+H]*
. W 12.11 9 2 | 1673.1 | 3168.3
(380) [Calc.=201.1022]
o)
NH 187.0860
)\/\ 1198 | 1641 | 1508 | 16n07 | 31821 [M+H]
AN = 2 9
N [Calc.=187.0793]
(393)
o)
189.1023
NH 164.2 | 157.1 [M+H]*
/)\/\ 11.12 . 7" | 1650.0 | 3173.6
N [Calc.=189.1022]
(386)
0
175.0869 [M+H]"
INH 12.17 16;1'5 1586'7 1674.3 | 3163.1
N/)\/ [Calc.=175.0866]
(383)

Table 4.3: Characteristic spectroscopic data for the quinazolinone derivatives.

The mechanism for the formation of the benzotriazinone and quinazolinones is not clear but
Figure (4.1) shows how the quinazolinones might form and Figure (4.2) attempts to account
for triazinones. Path A (Figure 4.1) gives the nitrene of 2-azidobenzamide which then picks
up the alkyl halide, loses hydrogen, cyclises and loses more hydrogen to give the
quinazolinone. Evidence for the nitrene comes from the presence of 2-aminobenzamide as a
product. The alternative (Path B, Figure 4.1) is less likely as the alkylation (first step) is not
known and no azide or amine intermediate could be detected. For the benzotriazinone (Figure
4.2) path B (initial alkylation) is unlikely so path C is proposed. Here, the azide reacts with a
nucleophile and then eliminates a single nitrogen (picked up by the nucleophile) to give a

diazonium which cyclises to the parent unsubstituted benzotriazinone which then alkylates. It
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is possible that the nucleophile could be dimethyl sulfide formed by interaction of DMSO
with the alkyl halide (see Figure 4.2)

o 0
NH Path B %H
2 -
+ BN —X—> KH/\/
N3 N3
heat | path A Path B1 $ NS
o)

O H
0 N’
CI, - )
. N
N' (:fj\ /\/m .
Path A, i Path A,
Cml ogm L M
l_H- PathAZa% o

0 o)
“ NH,
NH, o NH, - )Ni/\/
_ /

T S NH

A~

Figure 4.1
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0 0
Path B oH

NH, 4 Br/\/\/ -
N3

1. Nu
PathC | 2 RBr e.g. Nu = Me,S:

o) o)
H NHR/NH2
N /N\ R NHRH

N\N,R o NN
\ @ Br Me— S~ \
Nu Me Nu
_R/H l
- N
0 S.
H Me” "Me O
N~H o NHR
’/N N
N~ 2
® NHR/NH, N
_N
® £ ©)
) : o
0 ® o
NH RBr, -H NG
| > lil
-N -
N N
I + R/\Br —» Br /I@ — oé\R + Me” " Me
Me/<‘?>\|v|e Me” ~ "Me

Figure 4.2
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4.1.2.2. Reactivity of 2-azidobenzamide with 1-bromobutane.

4.1.2.2.1. Synthesis of 2-azido-N,N-dibutylbenzamide with 2-bromopropane.

N3

(377) (407)

NH2 + BI’\/\/

N

0]
KOH, TBAB
80 °C, 15 min. NI
o
70 % N3 i
(408)
C45H2oN,O
MW = 274.37 g/mol
Scheme 4.3

The reaction®®

of 2-azidobenzamide (377) with bromobutane (407) was used to produce the

N,N-dialkyl amide (408), with the idea of exploring the reactivity of this material.

2-Azido-N,N-dibutylbenzamide (408) was heated with sodium carbonate as a base in

anhydrous DMSO in the presence and absence of 2-bromopropane. The mixture was heated to

95 °C for 48 hours (no reaction) and then to 120 °C for 48 hours. After the completion of the

reaction, the mixture was purified by column chromatography. Compound (410) was isolated

in good yield as a yellow oil as shown in Scheme 4.4, below. In this reaction, the unsaturated

(C=N) compound was not seen.

(408)

Na,CO3, DMSO

0

Y

120 °C, 48 h
(395)

Scheme 4.4

5008

[
H

(410)
C45H22N0
MW = 246.35 g/mol
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The structure of compound (410) was confirmed IR spectroscopy, NMR spectra and mass
spectrometry. The *H NMR spectrum showed the signals of the alkyl chain CH,s and the
critical sp® CH at 1.15-1.24 (1H), 1.29-1.36 (3H), 1.50-1.59 (3H), 1.84 (1H), 2.72-2.79 (1H)
and 4.48-4.50 (2H) ppm. The NH was seen at 4.00-4.07 ppm.

( 3
O
a Cc
N/\b/\(j
(S
N)\f/g\
H h
(410)
Figure 4.3
\. J

The *C NMR spectrum showed the presence of the carbonyl signal at 164.34 ppm. The
terminal methyl signals (carbons d and h) appeared at 13.68 ppm and 13.89 ppm and the
signals of the alkyl chain sp® carbons appeared at 18.64 (CH,), 20.15 (CH,), 30.48 (CHy),
35.48 (CH,), 44.88 (CH,) and 69.25 (CH) ppm whilst the four aromatic CH signals were at
114.81, 118.41, 128.41 and 133.06 ppm.

Further proof for the structure was given by the infrared spectrum which displayed a broad
NH absorption peak at vma 3284.2 cm™ and showed a sharp peak at vmax 1610.1 cm™ for the
carbonyl group. There was no sharp peak at vma 2097.8 cm™ for the azide group. Mass
spectrometry further supported the structure of product with a measured mass of 247.1802 for
the ion [M+H]" for a required mass of 247.1805.
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4.1.3. Attempted reaction of 3-propylbenzo[d][1,2,3]triazin-4(3H)-one with
cyclopropenones.

o] ') o)
Ejj\N/\/ . Toluen E:fj\w/\/
| %
2N / % \ _N

(382) (412) O ph
(413)

Scheme 4.5

210

Following a literature report= that some triazines react with cyclopropenone, the reactivity of

triazines towards cyclopropenone (412) was investigated.

The reactivity of compound (382) was investigated by mixing with diphenylcyclopropenone.
Compound (382) was treated with diphenylcyclopropenone in toluene. The reaction mixture
was heated at 80 °C for 48 hours whilst being monitored by TLC which showed no reaction.
The reaction mixture also was heated to reflux for 3 days. None of the desired product (413)

could be identified and only starting material (382) could be isolated.

Attempted reaction of benzotriazinone (398) with diphenylcyclopropenone was also

unsuccessful.
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4.2. Reactivity of 2-azidobenzaldoxime and 2-azidobenzaldehyde.

In this section, some reactions of 2-azidobenzaldehyde, oxime (416), its amidoxime derivative
(421), and the 2-azidobenzonitrile (420) and alkyne (419) are explored. This work formed part
of a group-wide project looking at the synthesis and reactivity of bifunctional arylazides and
especially their use in the synthesis of potential ligands in organometallic chemistry, a

collaboration with an inorganic group.

4 A
H
X .OH
SO NH,0H. HCI N (COCI)p, DBU, DCM, Reflux CN
—_— .
NaOAc. EtOH Diphenylcyclopropenone
N3 88 % N3 87 % Ng
(416) (420)
Bestmann
Ohira reagent HONH,
N/OH
Z |
NH,
Ns N
(419) (421)
Scheme 4.6
\§ J
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4.2.1. Synthesis of 2-azidobenzonitrile.

( \
H
X _OH
N”""" (cocly,, DBU, DCM, Reflux - CN
Diphenylcyclopropenone
A Nj
(416) (420)
MW = 144.14 g/mol
Scheme 4.7
\. J

The oxime (416) was synthesised in our work by reaction of the aldehyde with
hydroxylamine. The reaction'’® proceeded easily and gave the product in 89 % vyield and was

identical to that reported previously in the group®'.

The oxime (416) was dehydrated to form a nitrile in the presence of diphenylcyclopropenone,
(COCI), and DBU, a reaction developed in our laboratories as part of another project on

201 A product was isolated from the reaction mixture by extraction

diphenylcyclopropenone.
with DCM and washed with water and purified by using silica column chromatography to
give the desired product as a yellow oil in 87% yield. This is a new route to this known
azide.?>?® The structure of the product (420) was confirmed by comparison to literature
data® and by spectroscopic analysis. IR spectroscopy showed the presence of a peak at vmax
2227.9 cm™ for the CN group and a sharp peak for azide group which displayed at vmax 2109.8
cm™. It was also seen that the peak for OH group was absent. The *H NMR spectrum also

indicated the absence of the hydroxyl proton.

The *C NMR spectrum also confirmed the structure with the correct number of carbons with
the nitrile signal appearing at 104.22 ppm. The absence of the oxime signal (CH=N),
previously seen at 146.15 ppm was also noted. In mass spectrometry, the molecular mass of
the nitrile (420) was equal to 233.0790 which was as expected for ion [2M-2Ny+H]".
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4.2.2. Reactivity of 2-azidobenzonitrile.

In an attempt to perform cycloaddition of the nitrile and the azide present in compound (420),

it was heated in a variety of solvents with no success. Compound (420) was also treated with

a solution of CuSO4.5H,0 in the biphasic system t-BuOH/H,0 as a solvent in the presence of

sodium ascorbate. Instead of the desired tetrazole dimer product (423), a compound assigned

as structure (424) was isolated in 10 % vyield as shown in Scheme 4.8, below.

Ve

/N\
N >N
\ !
CN , N
CuS0,4.5H,0, Sodium ascorbate -
t-BuOH/H,0 (1:1), RT, 24 h
(420) N < \N
\N/
(423)

N
|
©/\¢N

(424)
C14H10Ny
MW = 234.26 g/mol

Scheme 4.8

The proposed structure of the product (424) was suggested by IR spectroscopy, *H NMR

spectrum, C NMR spectrum and mass spectrometry.

The *H NMR spectrum showed the presence of ten CH signals at 6.29 (1H), 6.62 (1H), 6.69

(1H), 7.02 (1H), 7.22-7.41 (3H), 7.53-.7.55 (2H), and 7.67 (1H) ppm.

The IR spectrum showed the disappearance of the peaks vmax2227.9 cm™ and vpmax 2109.8 cm’

! for nitrile and azide, respectively.
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In the *C NMR spectrum for (424), the ten CH carbons from the aromatic ring appeared at
125.43, 126.71, 128.30, 128.36, 128.98, 129.09, 130.42, 130.52, 143.39 and 143.56 ppm. The

absence of the CN group previously seen at 104.22 ppm was also noted.

Further evidence for the structure was given by the HRMS for the measured ion [M]* which
was consistent at 234.0905.

4.2.3. Synthesis of (Z)-2-azido-N'-hydroxybenzimidamide.

.OH
N N
2 |
©\/ NH,OH.HClI NH,
’
N3 N82CO3 N3
(420) (425)
MW = 177.17 g/mol

Scheme 4.9

The nitrile (420) was converted into the amidoxime (425) in 67 % yield by reaction with
hydroxylamine hydrochloride in the presence of base.?* Amidoximes are useful precursors in
heterocyclic synthesis?*, as will be shown later.

The structure of compound (425) was deduced by its IR spectroscopy, NMR spectroscopy and

mass spectrometry.
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4.2.3.1. Synthesis of 3-(2"-azidophenyl)-1,2,4-oxadiazole.

We aimed to use the amidoxime in (425) to make a 1,2,4-oxadiazole and then use the azide to

make a 1,2,3-triazole, hence producing a potentially interesting ligand system.

p
OH
N” N’o
0]
| />~c “OCH,CH, N />~c OCH,CH
NH24 £vo ! ThE, THF, Reflux
o
N, C OCHZCH3
(427
(425) (426) C41HgN5O3 (428)
MW = 259.23 g/mol C,5H15N;0¢
MW = 333.30 g/mol
Scheme 4.10
J/

The synthesis of 1,2,4-oxadiazole (427) was achieved in 93 % yield by treating amidoxime
(425) with 2-chloro-2-oxoacetate in THF. A second product, compound (428) was isolated in
5 % vyield. A mechanism is shown in Figure 4.4, based upon the known reactivity of
amidoximes with acid chlorides.?> Once compound (427) is formed, reduction of the azide to
the amine and reaction of the amine with the acid chloride would form compound (428). Both

compounds gave fully consistent and very distinct spectroscopic data, including HRMS data.
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4.2.3.2. Synthesis of Ethyl 2-[(1H-indazol-3-yl)amino]-2-oxoacetate.

The azide (427) was reacted with triphenylphosphine in anhydrous toluene. At room
temperature, no reaction occurred. When the mixture was heated at reflux, a new product was
isolated and was found to be the unexpected indazole (430) in 61 % vyield, as shown in
Scheme 4.11, below:

O
IOEt
N-CQ 9 HN
|, )—C-OEt O
N 1. PPhs Toluene, rt N
- > o N
2. PPh; Toluene, reflux N’
N3 ’ H
(427) (430)
C11H11N303
MW = 233.27 g/mol
Scheme 4.11

Spectroscopic analysis confirmed the structure as compound (430). The infrared spectrum
confirmed the loss of the azide group from vma 2097.1 cm™ and the characteristic carbonyl
groups were found at vmax 1701.8 cm™ and vmax 1732.1 cm™ . The presence of two NH peaks

was seen at umax 3158.5 and 3376.7 cm™.

The *H NMR spectrum showed a triplet at 1.34 ppm and a quartet at 4.33 ppm that
correspond to the CHz and OCH;, of the ethoxy unit, respectively. The two NH protons in the
product appeared at 11.19 ppm and 12.94 ppm.

The °C NMR spectrum indicated the terminal methyl of the ethoxy group at 14.30 and the
methylene at 62.82 ppm. The two carbonyl signals appeared at 156.89 and 160.97 ppm while
the imine peak (C=N) appeared at 141.40 ppm. The four signals for the aromatic (CH)
carbons were seen at 110.81, 120.48, 121.72 and 127.01 ppm

The structure of the product (430) was further confirmed by HRMS analysis with an accurate
measured mass for [M]* of 233.0799 for a required of 233.0800.
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Figure 4.5 (above) shows a possible mechanism. The starting material forms either the nitrene
or the amine. N-O cleavage is then followed by N-N bond formation to give the indazole.
Protonation or H' abstraction and then tautomerisation gives the final product. Indazole
formation from a similar compound, 5-methyl-3-(2-aminophenyl)-1,2,4-oxadiazole- is known
in the literature®*®. The structure of compound (430) was confirmed by X-ray crystallography.
The crystal structure shows the methyl ester rather than the ethyl ester due to the solvent of

crystallisation being methanol and transesterification, as shown in Figure 4.6.

Figure 4.6: Crystal structure of the compound (430)
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4.2.3.3. Synthesis of dimethyl 1-{2-[5-(ethoxycarbonyl)-1,2,4-
oxadiazol-3-yl]phenyl}-1H-1,2,3-triazole-4,5-dicarboxylate.

( N
N-CQ 9 O . OCHj N-Q P
I />‘C—OCHZCH3 C ' />~c—oc:H2c:H3
N Toluene N
|l et
Reflux _N
N3 ¢ N™ N
0% " OCH,4 O~ )Q<
(427) ~C P
HsCO “OCHs
(431)
C17H45N505
MW = 401.34 g/mol
Scheme 4.12
& J

As mentioned above, this type of compound was of interest in a collaborative project that our
group has in order to find 1,2,4-oxadiazole ligands. The reaction of compound (427) with
DMAD was performed in toluene at reflux for 24 hours to give the desired product in 75 %
yield. The product (427) is substituted with an oxadiazole ring and a triazole ring. The triazole
was formed via [3+2] cycloaddition based upon the use of DMAD as an excellent

dipolarophile.?*’

The structure of the product (431) was confirmed by spectroscopic analysis. The *H NMR
spectrum was consistent with the presence the ethoxy methyl protons as a triplet at 1.43 ppm
and the methylene protons as a quartet at 4.50 ppm. The methyls of the two methyl esters
appeared as singlets at 3.76 ppm and 4.02 ppm. Three signals integrating to four protons were

seen in the aromatic region.

The *C NMR spectrum showed the presence of two oxadiazole C=N carbons at 153.62 and
158.16 ppm, two quaternary benzene ring carbons at 123.73 and 132.93 ppm, two quaternary
carbons at 134.00 and 139.31 ppm for the triazole ring as well as three signals at 160.30,
166.37 and 166.43 ppm for the three carbonyls. The four aromatic CHs appeared at 128.80,
130.72, 131.61 and 132.29 ppm whilst three signals at 13.90, 52.78 and 53.39 ppm appeared
for the three methyl carbons with a signal at 64.01 ppm for the methylene carbon.
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In the IR spectrum a strong absorption band at vma 1731. 8 cm™ was seen for the carbonyl
groups while the absence of the azide absorption band supported successful cycloaddition.
The correct measured mass of 402.0975 for the ion [M+H]" in the mass spectrum confirmed

that the reaction was successful.

4.2.3.4. Attempted Synthesis of 3,5-bis(2-azidophenyl)-1,2,4-oxadiazole.

_OH
N (@) NfO
I U P
NH, . ©: “Cl Toluene\ / N
Ng Ns pyridine, Re/\x
(425) (432)
Scheme 4.13

The amidoxime (425) was treated with 2-azidobenzoyl chloride in the presence of pyridine as
a base in THF at reflux. The mixture was heated for 3 days in toluene whilst monitored by
TLC which showed no product. Replacement of the toluene with THF similarly gave no
reaction. Product (432) could not be formed. However, after 24 hours in THF, it was noted

that the O-acyl-amidoxime (433) [or its N-acyl-equivalent (433a)] could be isolated.

_OH
O N3
N
H
433
(433) (433a)
Figure 4.7

The intermediate was isolated in 44 % vyield.
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Spectroscopic analysis confirmed the structure as compound (433). The infrared spectrum
confirmed the presence of the azide group at vmax2118.3 cm™and the characteristic carbonyl
group found at vmax 1721.8 cm™. The presence of the NH, peaks were at vmax 3341.7 and
3465.7 cm™.

The *H NMR spectrum showed the eight aromatic (CH) protons downfield at 7.15-7.22 (2H),
7.25 (2H), 7.47 (1H), 7.57 (1H), 7.77 (1H), 8.00 (1H) giving a pattern of m, dd, dd, dd, d and
d consistent with two 1,2-disubstituted benzene ring system. The primary amine protons
(NH,) were present at 5.90 (2H, bs), implying (433) and not (433a) had formed.

The *C NMR spectrum indicated the presence of the carbonyl signal at 163.26 whilst the
imine peak (C=N) was found at 156.49 ppm. The presence of eight signals for the aromatic
(CH) carbons at 118.71, 119.25, 124.91, 125.04, 131.21, 131.89, 132.77 and 133.45 ppm in
the 3C NMR spectrum, together with four quaternary carbons at 121.85, 122.11, 138.10 and
139.27 ppm confirmed the assignment.

The structure of the product (433) was further confirmed by HRMS analysis with an accurate
measured mass for [M+H]" of 323.0990 for a required of 323.0999.

It should be noted that O-acyl-amidoximes are well known intermediates in 1,2,4-oxadiazole

synthesis.?*8

4.2.3.5. Synthesis of 3,5-bis(2-azidophenyl)-1,2,4-oxadiazole.

N N-C,
4 I,
NHz N, TBAF, THF N
N
RT, 72 h 3
Ng N3
(433) (432)
Scheme 4.14
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In this reaction, the carbonyl group was reacted with the amine and converted to the 1,2,4-

219 yse of tetrabutylammonium fluoride as a mild and efficient

oxadiazole by the catalytic
catalyst in THF. The mixture was heated at reflux for 72 h. The reaction mixture was
monitored by TLC, which showed the disappearance of the starting material. A product was
isolated from the reaction mixture by purification with silica column chromatography to
afford the desired product (432) in 90 % yield.

The structure of the compound (432) was confirmed by its IR spectroscopy NMR

spectroscopy and mass spectrometry.

The mechanism for conversion of acylamidoximes to 1,2,4-oxadiazole and the role of

fluoride is shown in Figure 4.8, below.**

1 - R
R O. E o\

O\ —_
JCON RN H % N F |
@NJ\R 907<le HO(/N/IKR N\/<N
AN H/ R H‘\ R
L

H<H
Figure 4.8: Mechanism of oxadiazole synthesis
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4.2.3.6. Synthesis of tetramethyl 1,1'-[(1,2,4-oxadiazole-3,5-diyl)bis(2,1-
phenylene)]bis(1H-1,2,3-triazole-4,5-dicarboxylate).

MGOQC
N
\W\
MeO,C™ > N
Nfo
N-Q CO,Me |,
I, Toluene N
N * || Reflux
N3 N
N CO,Me —_
(432) MeOC oo Me
(434)
Scheme 4.15

The reaction of the 1,2,4-oxadiazole (432) with DMAD was performed in toluene at reflux for
24 hours. A product was purified from the reaction mixture by silica column chromatography
to give the desired product in 95 % yield. The product (434) is substituted with an oxadiazole

ring and two triazole rings.

The structure of the product (434) was confirmed by spectroscopic analysis. The *H NMR
spectrum was consistent with the methyls of the four methyl esters at 3.64 ppm (6H, bs), 3.94
ppm (3H, s) and 3.98 ppm (3H, s) as well seven signals integrating to eight protons in the

aromatic region.

The **C NMR spectrum showed the presence of two oxadiazole C=N carbons at 165.65 and
171.56 ppm, four quaternary aromatic benzene carbons at 121.14, 123.99, 139.22 and 139.57
ppm, four quaternary carbons at 132.74, 133.04, 133.71 and 134.11 ppm for the two triazole
rings as well as four signals at 157.88, 158.06, 160.38 and 160.44 ppm for the four carbonyls.
The eight aromatic CHs appeared at 128.60, 129.07, 130.40, 130.64, 131.56, 131.78, 131.85
and 133.58 ppm whilst four signals at 52.79, 52.95, 53.38 and 53.49 ppm appeared for the

four methyl carbons.

In the IR spectrum a strong absorption band at vmax 1731.5 cm™ was seen for the carbonyl

groups while the absence of the azide absorption band supported successful cycloaddition.
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The correct measured mass of 589.1422 for the ion [M+H]" in the mass spectrum confirmed

that the reaction was successful.

4.2.3.7. Attempted synthesis of bis-[3-(2-azidophenyl)-1,2,4-oxadiazole]
(436).

( )
-0 O~

N N
NH, CI)H(CI Pyridine, DCM >(:{\N NJ;@

N 0 RT N3 N3

(425) (435) (436)
Scheme 4.16

. _/

The amidoxime (425) was treated with oxalyl chloride (435) in the presence of pyridine as a
base in DCM. The mixture was stirred at room temperature for 24 hours whilst monitored by
TLC which showed the disappearance of the starting material. A product was obtained from
the reaction mixture by purification with silica column chromatography and identified as the
desired product (436), in 80 % yield. This same reaction failed when attempted in THF.

The structure of the compound (436) was confirmed by its IR spectrum, *HNMR spectrum,

13C NMR spectrum and mass spectrometry.

The *H NMR spectrum showed the presence of four signals integrating to eight aromatic
protons downfield at 7.14 (2H), 7.17-7.20 (2H), 7.53 (2H) and 7.93 (2H) ppm giving a pattern

of dd, m, ddd and dd consistent with the two 1,2-disubstituted benzene ring systems.

The *C NMR showed the presence of eight quaternary carbons at 138.93 (2 x qC), 143.37 (2
x qC), 164.28 (2 x qC(C-C)), and 165.76 (2 x qC (C=N)) ppm. The presence of eight signals
of the aromatic (CH) carbons appeared at 118.81 (2 x CH), 125.02 (2 x CH), 133.91 (2 x CH)
and 134.08 (2 x CH) ppm.

The infrared spectrum confirmed the presence of the azide group at umax 2111.7 cm™. The
absence of the OH previously seen at vmax 3371.0 cm™ as well as the absence of the NH,

peaks at Umax 3151.7 and 3483.3 cm™ was also noted.
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Mass spectrometry further supported the structure of the product (436) with a measured mass
of 395.0727 for ion [M+Na]" for a required mass of 395.0724.

4.2.4. Dimerisation of 2-azidobenzonitrile oxime.

A further diazide made was the dimer (418) resulting from the chlorination and
dehydrochlorination of the oxime (416) as show in Scheme 4.16. This reaction procedure
involves the formation of an intermediate nitrile oxide which forms when the o-
azidobenzaldoxime (416) was treated with N-chlorosuccinimide in anhydrous DCM in the
presence pyridine as a base. Compound (418) was isolated in 78 % yield and its chemistry
along with that of compound (436) is being explored by another member of the group.

4 _ )
H N~ °N
\N OH =
NCS, Pyridine -
\ CH,Cls, rt.
3 N3 N3
(416) (418)
C14HgNgO,

MW = 320.27 g/mol

Scheme 4.17

The proposed mechanism for the formation of the dimer (418) is shown in Figure 4.9, and is

based upon the known behaviour of nitrile oxides.?%?%
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The structure of the o0-azidobenzaldoxime dimer was confirmed by IR spectroscopy, *H NMR

spectrum, **C NMR spectrum and mass spectrometry.

The *H NMR spectrum showed the presence of eight signals of aromatic protons at 7.06 (1H),
7.09-7.14 (2H), 7.18 (1H), 7.27 (1H), 7.38-7.50 (3H) and the loss of the two (OH and CH)
oxime proton signals. The **C NMR spectrum indicated the presence of six quaternary
carbons at 113.61, 115.23, 118.79, 118.83, 138.54 and 139.28 ppm and the presence of eight
signals for the aromatic (CH) carbons at 118.90, 118.96, 125.21, 125.27, 130.88, 130.99,
132.12 and 132.30 ppm.

The IR spectrum showed the presence of the azide group at vmax 2091.3 cm™ while showing

no peak for the OH group of the oxime that previously appeared at vmax 3162.3 cm™.

The HRMS spectrum showed the theoretical mass for the [M-2N,+H]" ion to be 265.0720,

which compared well with the measured accurate mass of 265.0717.
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4.2.5. Synthesis of 1-azido-2-ethynylbenzene.

Having looked at some reactions of 2-azidobenzonitrile, we also made the alkyne (419). This
reaction (Scheme 4.18) was successful but lack of time meant that the chemistry of the alkyne

was not explored.

O
_~CH
H Bestmann Ohira reagent =
>
N3 K2C03, MeOH, It N3
(203) (419)
CgHsN;
MW = 143.15 g/mol
Scheme 4.18

The o-azidobenzaldehyde was treated with freshly prepared Bestmann-Ohira reagent in dry
methanol in the presence of potassium carbonate as a base. The mixture was stirred at room
temperature for 24 hours. A product was isolated from the reaction mixture by extraction into
dichloromethane and purified to give the desired product in 90 % yield as a brown oil.

The structure of compound (419) was confirmed from its IR spectrum, *H NMR spectrum,
13C NMR spectrum and mass spectrometry, and by comparison to the published data of this

d,223

known compoun which was previously made by a different route.

In the *H NMR spectrum, for example the terminal CH of the alkyne proton appeared at 3.30
ppm as a singlet whilst the absence of the aldehyde proton previously at 10.37 ppm was also
noted. The terminal CH signal of the alkyne was seen at 79.33 ppm and the presence of four
signals for the aromatic (CH) carbons was seen at 114.05, 124.62, 130.13 and 134.28 ppm in
the *C NMR spectrum.

It was confirmed in the infrared spectrum that the compound contained the alkyne group from
the peak at umax 3290.5 cm™ while the presence of the azide group was seen at vma 2102.8 cm’
! The loss of the broad peak at umax 1733.3 cm™ for the carbonyl provided further evidence.
The correct mass of 286.0958 for the measured ion [2M]" further supported the structural

assignment for the compound (419).
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4.3. Further azide reactions.

The final section of this chapter will explore reactions based around the following general

process:
4 N\
Yol HO Pyridine, DMF X0
+ >
DCM, Reflux
Y N5 Y N3
Y =NjzorH
X =80, or CO
Scheme 4.19
\§ J

The aim was to then conduct aza-Wittig reactions and Staudinger reactions and make some
simple heterocycles and some macrocycles as shown in the examples below. The diazide

could also be reacted to form triazoles as seen with other azides in this chapter, above.

( 2\
0
oo Y
Ny O
(479) (481)
1.PR,
0 o o 0

0 2.R1O)J\/U\OR1 - 0
Tolene, reflux

o '

R1O)\/kOR1

(485) (488)

Scheme 4.20: Aims of Section 4.3
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4.3.1. Synthesis of 2-azidobenzyl benzoate.

Cl + OH Pyridine, DMF, DCM
Reflux, 80 °C
N3

Scheme 4.21

>

O/D
N3
(479)

C14H41N30;
MW = 253.26 g/mol

The benzoyl chloride was coupled with o-azidobenzyl alcohol in anhydrous DCM in the
presence of pyridine and DMF giving the product (479) in good yield (77 %).

The structure of the product (479) was confirmed by its IR spectrum, *H NMR spectrum, *C

NMR spectrum and mass spectrometry.

4.3.2. Synthesis of 2-[(triphenyl-A>-phosphanylidene)amino]benzyl benzoate.

O
PPh,
O >
/D Toluene, rt
N3
(479)
Scheme 4.22

(480)

C3,H6NOLP
MW = 487.54 g/mol

pe

IIDI(Ph)3

The azide (479) was treated with triphenylphosphine in anhydrous toluene giving the desired

product of a successful Staudinger reaction in 75%.

The structure of the product (480) was confirmed by its IR spectrum, *H NMR spectrum, *C

NMR spectrum and mass spectrometry.
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In the *H NMR spectrum, the presence of the aliphatic CH, protons were seen as a singlet at
5.65 ppm. The twenty four aromatic downfield protons showed as a doublet at 6.39 (1H), a
triplet at 6.59 (1H), a triplet at 6.79 (1H), a multiplet at 7.24-7.33 (8H), a multiplet at 7.38-
7.45 (4H), a doublet at 7.65 (3H), a doublet at 7.67 (3H) and a doublet at 7.96 (3H) ppm.

In the 3C NMR spectrum, the aliphatic CH, signal appeared at 65.69 ppm. The twenty four
aromatic CHs appeared between 117.11-132.60 ppm and six quaternary carbons were seen at
128.60 (qC), 129.90 (3 x gC), 130.98 (qC) and149.80 (qC) ppm. The carbonyl signal was
found at 167.02 ppm.

Infrared spectrum showed the carbonyl absorption group at Umayx 1715.9 cm™ and the loss of

the azide absorption peak previously seen at Upay 2117.6 cm™,

Further evidence for the structure was given by the HRMS for the measured ion [M+Na]* was
consistent at 488.1777.

4.3.3. Synthesis of 2-phenyl-4H-benzo[d][1,3]oxazine.

O
Refl N|
eflux
@)
0 ~ o
N
P(Ph)s
(481)
(480) C14H14NO
MW = 209.25 g/mol
Scheme 4.23

The iminophosphorane (480) was heated to reflux in dry toluene for 24 hours under a nitrogen
atmosphere whilst being monitored by TLC which showed no product formation. The solvent
was replaced with anhydrous xylene and the mixture heated to reflux for 24 hours. The
mixture was purified by silica column chromatography giving the desired product (481) in an

excellent yield of 93 %.
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The structure of the product (481) was confirmed by its IR spectrum, *H NMR spectrum, *C
NMR spectrum and mass spectrometry, and comparison to known data. %%*

The azide (479) was also reacted with tributylphosphine in anhydrous toluene in order to
compare the reactivity of triphenyl and tributyl phosphine. The mixture was stirred at room
temperature for 12 hours. After completion of the reaction, the amine (483) was isolated in 60

% yield as a yellow oil.

(@)
"1
HoN
(483)
C14H13NO;
MW = 227.26 g/mol
Figure 4.10

The structure of the compound (483) was confirmed using spectroscopic analysis.

In the *H NMR spectrum, the protons of the NH, group appeared at 4.70 ppm as a singlet, and
the IR spectrum indicated the appearance of the NH, group with a signal at vpay 3376.9 cm™
and also showed the disappearance of the peak at vmax 2117.6 cm™ for azide group, in addition

to the presence of the (C=0) peak at uma 1705.1 cm™.

The reaction of azide (479) with PBus was repeated without attempting to isolate the
iminophosphorane. This formed the expected oxazine (481) in 69 % vyield togther with a
second product, compound (484), as shown in Scheme 4.24:
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4 1\

(0]

@om PBu, ©
N Toluene HN
O
(479)
(481) (484)
Cl4H11NO C21H7NO;
MW = 209.25 g/mol MW = 331.37 g/mol
Scheme 4.24

(& J

The structure of product (484) was deduced from its IR spectroscopy, *H NMR spectrum, *C

NMR spectrum and mass spectrometry.

The *H NMR spectrum confirmed the presence of fourteen aromatic protons which indicates
the presence of the three aryl groups. The proton of the NH group in the product was seen as a
broad singlet at 9.69 ppm. The methylene CH; protons were seen as a singlet at 5.31 ppm.

The *C NMR spectrum indicated the presence of fourteen CH peaks in the three aromatic
rings at 124.71 (CH), 125.24 (CH), 127.45 (2 x CH), 128.53 (2 x CH), 128.73 (2 x CH)
129.88 (2 x CH), 130.01 (CH), 131.75 (CH), 131.91 (CH) and 133.60 (CH) ppm whilst the
two carbonyl peaks were seen at 165.82 and 167.47 ppm with the methylene CH, peak found
at 66.12 ppm.

The infrared spectrum showed the disappearance of azide group. The NH peak was found at
Umax 3317.1 cm™ and the carbonyl group was seen at vmax 1696.1 cm™.

Mass spectrometry further supported the structure of product (484) with a measured mass of
331.1205 for the ion [M]" for a required mass of 331.1195.

Compound (484) could arise from the reaction of the arylamine (483) with the ester (479), a
process that should eliminate 2-azidobenzyl alcohol, which was not, however, seen in the

reaction mixture.
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4.3.4. Synthesis and reactivity of 2-azidobenzyl 2-azidobenzenesulfonate.

1- (COCI),, DMF, DCM

2- azidobenzyl alcohol

Scheme 4.25

Sson - :
X - -
Na oyridine, DMF, DCM

\\S//\
N3 N3

(475)
C43H1oNgO3S

The sulfonic acid was converted to the sulfonyl chloride by heating at reflux as a suspension

in 2M (COCIy) in DCM and DMF. The sulfonyl chloride was treated with o-azidobenzyl

alcohol in an aqueous solution of potassium carbonate as the base. The mixture was stirred at

room temperature and monitored by TLC which showed no product. The same reaction was

repeated using triethylamine and different amounts of DMF. All attempted reactions were

unsuccessful at room temperature. The reaction was repeated by heating at 80 °C for 72 hours.

A new product was formed. The mixture was purified to give the desired product (475) in

good yield (72%).

Compound (475) was reacted with triphenylphosphine (PPhg) in dry toluene. The mixture was

stirred at room temperature for 24 hours, after which time the azide had disappeared. The

desired product (476) was isolated in 71 % yield.

PPh3
Toluene
N3
(475)

Scheme 4.26
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The formation of compound (476) was implied from IR spectroscopy, *H NMR and *C NMR
spectroscopy.

The 'H NMR spectrum showed the presence of four signals integrating to thirty eight
aromatic protons in the aromatic range between 6.32-8.10 ppm and showed the methylene
(CH,) as a singlet at 5.15 ppm. The *C NMR spectrum showed the presence of ten quaternary
carbons and thirty eight aromatic (CH) carbons and the presence of the methylene (CH,) at
26.73 ppm. The infrared spectrum showed the disappearance of the azide stretch at vmax
2125.7 cm.™

The iminophosphorane (476) was treated with diethyl malonate in anhydrous toluene. The
mixture was heated to reflux for 24 hours. The desired product (477, Scheme 4.27) could not
be identified, and no other identifiable products were found.

Compound (476) also failed to undergo aza-Wittig reaction with benzaldehyde.

O O O
\l/ O /
S LN 4
H;CH,CO <, OCH,CH3 O
AN '
Toluene, reflux N N
Ph 3P Ph); | I
H30HQCO)\/kOCH2CH3
(476) (a77)
Scheme 4.27
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4.3.5. Synthesis and reactivity of 2-azidobenzyl 2-azidobenzoate.

O o)
on _1-(COCl),, DMF, DCM - o
2- azidobenzyl alcohol,
N3 pyridine, DMF, DCM N3 N3
(485)
C14H10N602
MW = 294.27 g/mol
Scheme 4.28

2-Azidobenzoic acid was converted into the 2-azidobenzoyl chloride by heating at reflux with
(COCI); in dichloromethane and DMF. The o-azidobenzoyl chloride was treated with o-
azidobenzoyl alcohol, triethylamine and DMF in DCM. The mixture was stirred at room
temperature for 72 hours whilst being monitored by TLC which showed no product. The
solvents were removed and replaced with pyridine and the mixture heated for 48 hours whilst
being monitored by TLC. A new product was observed and the desired product (485) was
isolated in good yield (74%), and its structure confirmed by spectroscopic analysis.

The diazido compound was treated with triphenylphosphine in toluene. A single new product
was isolated and was identified the arylamino iminophosphorane (487) rather that the di-
iminophosphorane (486), as shown in Scheme 4.29. Compound (487) was formed in 50 %

yield.
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o o)
o) P(Ph); 0O
—>
Toluene
N3 Ng N HoN
(485) P(Ph)3
(487)
C32H27N,0,P
MW = 502.18 g/mol
Ph)3
(486)
Scheme 4.29

The *H NMR spectrum of the product showed the presence of the methylene CH, protons and
the NH, group as a broad singlet at 5.72 ppm. The aromatic protons appeared as a doublet at
6.51 (1H), a triplet at 6.56 (1H), a doublet at 6.62 (1H), a triplet at 6.70 (1H), a triplet at 6.90
(1H), a triplet at 7.23 (1H), a doublet at 7.39 (1H), a multiplet at 7.44-7.47 (6H), a multiplet at
7.51-7.55 (3H), a multiplet at 7.76-7.80 (6H) and a doublet at 7.93 (1H) ppm, and confirmed
that only one PPh; had reacted.

The *C NMR spectra displayed the quaternary carbons at 111.76, 129.95, 130.17, 130.79,
131.78, 149.92 and 150.21 ppm whilst the expected number of aromatic CH carbons appeared
between 116.13 —133.67 ppm. The methylene CH, carbon appeared at 65.14 ppm and the
carbonyl carbon was seen at 168.52 ppm. The infrared spectrum showed that the azide was
absent and also showed the presence of the carbonyl group peak at vmax 1684.0 cm™ in
addition to the appearance of the amine absorption group at Umay 3369.8 and 3473.7 cm™.
Mass spectrometry further supported the structure of product with a measured mass of
503.1883 for ion [M+H]" for a required mass of 503.1884.
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The arylamino iminophosphorane (487) was treated at reflux with diethyl malonate in
anhydrous toluene giving the product (488) in 65 % vyield, the structure of which was deduced

from its IR spectroscopy, 'H NMR spectrum, B¢ NMR spectrum and mass spectrometry.

o] O O 0]
o/\/© H3CHZCO)J\/U\OCH20H3 o/\/©
»

N H,N Toluene, reflux N HN

I |

P(Ph)

3 EtOMO

(487) (488)

C49H1gN204
Scheme 4.30

The 'H NMR spectrum showed a triplet at 1.20 ppm and a quartet at 4.17 ppm that
correspond to the CHz and OCH;, of the ethoxy unit, respectively. The proton of the NH group
in the product appeared as a singlet at 13.27 ppm. The eight protons of the two aromatic rings
appeared as a doublet at 6.97 (1H), a doublet of doublets at 7.04 (1H), a multiplet at 7.14-7.22
(2H), a doublet of doublets at 7.27 (1H), a doublet of doublets at 7.41 (1H), a doublet at 7.95
(1H) and a doublet at 8.64 (1H) ppm. The methylene CH; protons between the ethoxy and
amide groups were seen at 3.50 ppm while the protons of the methylene (CH,) group of the

benzyl ester were seen at 5.34 ppm.

The °C NMR spectrum indicated the terminal methyl of the ethoxy group at 14.15 and the
methylene at 61.63 ppm. The two carbonyl signals appeared at 163.94 and 167.46 ppm while
the imine peak (C=N) appeared at 158.94 ppm. The eight signals for the aromatic (CH)
carbons were seen at 120.40, 122.74, 124.01, 124.12, 127.23, 128.94, 129.23 and 132.71 ppm.

In the infrared spectrum, it was determined that the product contained the NH stretching

absorption with a peak at vma 3161.4 cm™ and a carbonyl group at vmax 1737.5 cm™.

The HRMS spectrum showed the theoretical mass for the [M]" ion to be 338.1267, which

compared well with the measured accurate mass of 338.1278.
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4.4. Conclusion

This chapter has shown that a range of simple aryl azides are potentially useful building
blocks for the synthesis of benzotriazinones, quinazolines, ligand-like oxadiazolyl substituted
1,2,3-triazolyl benzenes, various diazides and one example of a 12-membered ring
macrocyclic oxadiazacyclododecine.
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Chapter 5:

5. Results and Discussion: Attempted Synthesis of circumdatin and
fuligocandin analogues.

5.1. Introduction and Aims.

Circumdatins D, E, H and J are examples of pyrrolobenzodiazepine alkaloids that were
extracted from a terrestrial strain of the fungus Aspergillus as reported by Rahbeak et al. in
1999, and shown in figure 5.1 below.

4 N\
O
R4 N
H
N
\ N
O P
Ro
MeO
114: R'= OMe, R? = OH (circumdatin D)
115: R'= H, R? =OH (circumdatin E)
116: R'= H, R2 = H (circumdatin H)
117: R'= OMe, R? = H (circumdatin J)
Figure 5.1: Structure of known circumdatins.

This chapter will deal with the attempted synthesis of sulfonamide analogues of these

circumdatins.

The circumdatins are targets because of the wide range of biological activities they process
such as inhibition of mitochondrial NADH oxidase, antifungal, antitumor and antibiotic

activity. 135,137,225-227
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This aims of this work are summarised below, and this chapter will look at the synthesis of
known'® compound (441) and its reactivity towards 2-azidobenzoyl chloride and 2-
azidobenzenesulfonyl chloride to give intermediates (450) and (453) as shown in Scheme 5.1.
Aza-Wittig reaction would then give the circumdatin analogues (451) and (454). This is
discussed in Section 5.2.

( )
O
\\’(') @ N
N N, N _PPhy
X= 302
N3
(441)
_ (451, X= CO)
450, X = CO
2453, X = SOZ) (454, X=S0,)
Scheme 5.1
|\ _J

Attempts were also made to convert known'®* compound (441) into fuligocandin analogues.
The fuligocandins are pyrrolobenzodiazepine natural products that have attracted interest due
to anti-leukemia, antitumor activity.**3???*0 The fuligocandins themselves have been

synthesised**?

(see introduction) and again, the aim of this section of the work was to produce
sulfonamide analogues based on this route. This is summarised in Scheme 5.2 and is

discussed in Section 5.3
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1. NaH, DMSO
O
Y 0~ 2o R
=N =N
_> O
C(N @( 3-P(OMe)s;, DABCO
H
(155a) (455)
\\éI\N
Eschenmoser
-
0]
R
Scheme 5.2

\\/I

S—N

O

R

460, R = CH3
or R = Indole

5.2. Attempted synthesis of Circumdatin analogues.

5.2.1. Methoxycarbonyl-1-(2'-azidobenzenesulfonyl)pyrrolidine.

The first step on the way to precursor (441) [see aims] was to couple 2-azidobenzenesulfonic

acid and L-proline as per Scheme 5.3:

Scheme 5.3

O O @)
\\é/ \\S/ N
~oH 1-Thionyl chloride, DCM, DMF - \\O
N 2-K,CO;, DCM, L-proline methyl ester N @]
3 3
C12H1aN4O,S

MW = 310.33 g/mol
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Thus, 2-azidobenzenesulfonic acid®*

was converted into the sulfonyl chloride by heating at
reflux in thionyl chloride and DMF. Coupling of the 2-azidobenzenesulfonyl chloride with L-
proline methyl ester was performed in a mixed phase process with aqueous potassium

carbonate as the base to give the desired product (440) in 58 % yield.

Evidence for the successful coupling was given by the *H NMR spectrum which showed the
three protons of the methyl ester at 3.59 ppm. The four aromatic protons were located at 7.16
(1H), 7.22 (1H), 7.51 (1H) and 7.93 ppm (1H) and the pyrrolidine ring CH; protons showed at
1.79-1.88 (1H), 1.99-2.04 (2H), 2.08-2.18 (1H), 3.34-3.40 (1H) and 3.56-3.61 (1H) ppm with
the CH of the pyrrolidine ring at 4.60-4.63 ppm. The *CNMR spectrum, infrared and mass
spectrum were fully consistent, and the data was identical to that for this compound produced

elsewhere in the group for another project*®.

5.2.2. Attempted synthesis of 10,10-dioxo-2,3,3a,5-tetrahydro-1H-
pyrrolo[1,2-b][1,2,5]benzothiadiazepin-4-one.

0 0
o) S”
N 1-PPhy, THF, 1t _ N
Y 2-THF, H,0, Reflux
o7 ~OCH; N
N3

(440)

(442)
C12H4gN20,4S
MW = 284.33 g/mol

Scheme 5.4

143

Following a procedure used by Bergman with the corresponding amide°, reaction of the

ester (440) and triphenylphosphine in dry THF was attempted at room temperature. After
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completion of the reaction by TLC, water was added. The mixture was heated at reflux
overnight. The mixture was purified by using column chromatography. Instead of the desired
product (441), the amine (442) was isolated (39 %), a compound that is known in the

literature.?*?

It was possible that triphenylphosphine was the wrong choice of phosphine in this reaction.

Thus, the reaction also was attempted with tributylphosphine (PBus).'*

After completion of
the reaction which was monitored by TLC at regular intervals, a mixture of products (442)
and (443) was isolated. Compound (442) was identical to that isolated before. The structure of

the compound (443) was confirmed by spectroscopic analysis.

( )

OCH3
(443, 54 %)
C12H14N205S
MW = 266.32 g/mol

Figure 5.2

The 'H NMR spectrum indicated the seven pyrrolidine protons at 1.62-1.71 (1H), 1.76-1.95
(2H), 2.21-2.30 (1H), 2.80-2.86 (1H), 3.27-3.32 (1H) and 4.50 (1H) ppm while the methyl
protons (CH3) appeared at 3.71 ppm. The four aromatic protons were observed as a doublet of
doublets at 7.02, a doublet at 7.12, a doublet of doublets at 7.39 and a doublet at 7.69 ppm.
The *C NMR spectrum indicated the three quaternary carbons at 131.69, 140.48 and 164.49
ppm while the methyl carbon appeared at 63.75 ppm.

Infrared spectral data confirmed the disappearance of the azide group and confirmed the
absence of the carbonyl group peak previously seen at vma 1736.7 cm™.

All attempts to convert azide (440), amine (442) or imine (443) into the desired compound

(441) were unsuccessful. Thus, other routes towards compound (441) were explored.
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5.2.3. 2-Methoxycarbonyl-1-(2'-nitrobenzenesulfonyl)pyrrolidine.

With the azide (440) proving to be an unsuccessful precursor, we looked instead at the

corresponding nitro compound (Scheme 5.5):

% _c AN
S\\ L-proline methyl ester S\\
@) O
K2C03, DCM, 1t 0] OCH3
NO, NO,
(444 (445)
C12H14N206S

MW = 314.31 g/mol

Scheme 5.5

In the first step, the sulfonyl chloride was coupled with L-proline methyl ester in an aqueous

solution of potassium carbonate?*! giving the product (445) in good 84% yield.

The structure of compound (445) was deduced from its IR spectrum, *H NMR (400 MHz)

spectrum, *3C NMR (100 MHz) spectrum and mass spectrometry, and is a known

compound.*®
4 A
@)
\\S/N ()\\S/N O\\é?
Y Fe, CH3COOH N "N
A T O /' ~0CH,
NO, ’ NH, N
(445) (442) H 0
C42H4gN20,4S (441)
MW = 284.33 g/mol
Scheme 5.6
J

The next step was reduction of the nitro ester to amino ester. The nitro ester was reacted with
iron powder in glacial acetic acid'® and afforded the amino ester (442), identical to that

formed above, in 74 % yield.
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We had hoped that the amino ester would cyclise under these conditions to give the desired
product (441). As this did not happen, it became critical to find a method to cyclise compound

(442). After many efforts, a method was found (next section).

5.2.4. Successful synthesis of 10,10-dioxo-2,3,3a,5-tetrahydro-1H-
pyrrolo[1,2-b][1,2,5]benzothiadiazepin-4-one.

233

The route chosen was a literature route®*” that had proven very difficult to repeat for a

previous worker in the group.'®*

g
@)
\\S/ N O\\é(l)
Do) OCH Diphenyl ether -~ ~N
o) 3" 2-hydroxy pyridine

NH
2 N
H O
(442)
C,.HN,0,S (441)
MW = 284.33 g/mol C11H12N2038
MW = 252.29 g/mol
Scheme 5.7
. J

The aminoester (442) and 2-hydroxy pyridine were mixed in diphenyl ether and heated under
reflux at 205 °C while monitoring via TLC overnight. A new product was identified. The
structure of compound (441) was confirmed by its IR spectrum, *H NMR spectrum, *C NMR

232,233

spectrum and mass spectrometry, and was identical to that in the literature , and to that

reported by Jodo from our research group.*®

Unfortunately, and as reported by Jodo, the reaction was low yielding, often did not work and
was not a reliable way of getting the quantity of compound (441) needed. Thus, another route
to (441) was investigated, as summarised in Scheme 5.8:
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-

O
Vg H O O\\S _N
v o, AN 3N NaOH S
OH —> O Z~oH
NO 0o
2 N02
(444) (347) (446)
Fe, AcOH
\\II\N O\\S/N
Couple 1\
o OH
@)
(DCC) NH,
Scheme 5.8
& /

Thus, 2-nitrobenzenesulfonyl chloride was coupled with L-proline in sodium hydroxide to

give the carboxylic acid (446) in excellent yield and purity.

37

Reduction®’ of the nitro carboxylic acid (446) to the amino carboxylic acid (448) was

achieved in 71 % yield with iron powder in glacial acetic acid.

The structure of the amino carboxylic acid (448) was confirmed from its IR spectrum and

from *H and **C NMR spectroscopy and mass spectrometry.

The amide bond forming reaction was achieved by the addition of N,N’-
dicyclohexylcarbodiimide (DCC) in DCM to the amino carboxylic acid (448)."*" The mixture
was stirred overnight, and a new product was isolated from the reaction mixture, and found to
be (441) in 63 % yield.

The structure of the product (441) was confirmed by IR spectroscopy, *H NMR spectrum, :*C
NMR spectroscopy and mass spectrometry, and was identical to that formed by the unreliable

methods discussed above.

This was found to be the most reliable procedure for the synthesis of known compound (441).
With a reliable route established, we could at last start to look at routes towards the

circumdatin analogues all based on Scheme 5.1 in the aims, above.
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5.2.5. Attempted Synthesis of Circumdatin Analogues from Compound
(441).

O\\ //O Q \\ //

S—
@[ N cl Et;N, DMAP
+ ?
Na THF

N

H o)
(441) (449)
(450)
benzene,
(n-Bu)3P

\

i :S\N

NN

Re

(451)

Q

Scheme 5.9

. J

This followed the method Bergman used for the actual circumdatins. The amide (441) was
treated with 2-azidobenzoyl chloride in the presence of EtsN and DMAP and the mixture
stirred for 2 hours at room temperature.®*” TLC showed starting material and a new product.
This was assumed to be intermediate (450). This crude reaction mixture was dissolved in dry
benzene and (n-Bu)sP was added. The mixture was heated for 1 hour at 60 °C. None of the
desired product (451) or intermediate (450) could be identified and only starting material
(441) could be identified, and was recovered in 75 % vyield. All attempts to isolate the

intermediate (450) were unsuccessful under a wide variety of conditions.
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This was a very disappointing results as we knew that Bergman had performed this reaction
with the amide analogue of (441) [ie C=0 in place of SO,].

5.2.6. Attempted synthesis the double sulfonamide.

o)
o)
N _0 O\\/(;)
N SN S—N
. @ EtN THF

N N DMAP, 24h at rt.

H o N o
(441) o=s=o0 ©

3
(452)
(453)
Scheme 5.10

This time, amide (441) was treated with DMAP, EtsN and 2-azidobenzenesulfonyl chloride.
No product was formed with only starting material being recovered. The conditions followed
were those that had previously been successful for Bergman®®’ for the synthesis of the

circumdatin diamide system. A wide variety of modified conditions also failed to give (453).

For completion, we also attempted to form compound (453) in-situ and react it with tri-n-
butyl phosphine. This was also unsuccessful. The difficulty we had in making compound
(441) and its failure to react was a major problem for the direction of this project, and we had
no choice but to stop investigation into the synthesis of sulfonamide analogues of

circumdatins.

Previous work in the group'®* had attempted to use the pyrrolobenzothiadiazepine (441) to
make fuligocandin analogues. This work had revealed several steps that needed to be
explored. The rest of this chapter explores the efforts made in this thesis towards completing

the group’s route to sulfonamide analogues of fuligocandin.
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5.3. The Attempted synthesis of Fuligocandin analogues.

Scheme 5.2, above, Summarised the aims of this section of the work.

5.3.1. Synthesis of 1,2,3,11a-tetrahydrobenzo[f]pyrrolo[1,2-
b][1,2,5]thiadiazepine-11(10H)-thione 5,5-dioxide.

\\S//O O\\//
@[ Lawesson's Reagent
’
N 60 °C, MeCN, 3h N
H O H S
(441) (455)
C11H12N20,S;
MW = 268.35 g/mol
Scheme 5.11

The amide (441) was reacted with Lawesson’s reagent' in MeCN. A product was isolated
from the reaction mixture by silica column chromatography and was identified as the desired
product in yielded (11 %).

161

Jodo had previously™" made compound (455) in 37 % yield. However, there were other steps

to investigate so we moved on with the fuligocandin analogue synthesis.

5.3.2. Synthesis of phosphorus ylide for the fuligocandin B analogue.

0 0
Cl c| _1-PPhg, THF, rt, 24h ol _PPh,
A 2-Na,COs, H,0. MeOH, 1t, 12h e
(129) (130)
C,4H,5CIOP
MW = 352.80 g/mol

Scheme 5.12

170



Chaper 5 Results and Discussion

This was prepared from 1,3-dichloroacetone and triphenylphosphine as per Scheme 5.12. The
mixture was refluxed for 24 hours, filtered and treated with Na,CO3/MeOH-H,0. The identify
of compound (130) was deduced from its melting point=179-182 °C (Lit. m.p.= 178-180

°C)** and it was formed in 60 % vield.

5.3.3. Synthesis of the Precursor for Fuligocandin B.

Before attempted to make fuligocandin analogues, the indole needed for fuligocandin needed
to be protected. In the literature Bergman*® used 2-nitrophenylsulfonyl chloride when the

actual fuligocandins were made.

Ny + ©i \b DCM, DMAP, Et3;N - N\
” NO, /N\Sﬁo
(131) (444) 0~ NO,
(467)
C45H1oN205S
MW = 330.31 g/mol
Scheme 5.13

Indole-3-carbaldehyde was successfully reacted with 2-nitrophenylsulfonyl chloride.

The structure of compound (467) was deduced from its IR spectrum, *H NMR spectroscopy,
3C NMR spectroscopy and mass spectrometry, and was identical to that synthesised in the
previously literature.!*® The 4-nitro analogue was successfully synthesised in the same
fashion, again as described previously*®**®. We also made the previously unreported 2-

azidophenylsulfonyl analogue of (467).

14
d3

All attempts to react the 2-nitro compound~" or its 4-nitro analogue with phosphorus ylide

(130) were unsuccessful. This is a well-established literature process and its failure is still

161

being explored in the group. It should be noted that Jodo™" succeeded with this step but failed

to react compound (468) with compound (455).
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0 Cl
—0 O —
CI A\ _PPh;
(130)
A\ PN - A\
MeOH, Reflux, 72 h
N . N
_Qq= _a=0
0= No, 0= NoO,
(467) (468)
Scheme 5.14

Due to being unable to make the indole needed for the fuligocandin B indole* based system

we completed this section of the work by attempting the synthesis of the more simple

fuligocandin A SO, analogue. Reaction of the compound (455) with chloroacetone under the

Eschenmoser conditions described by Bergman'®

with the corresponding amide was

unsuccessful. This confirmed the earlier findings of Jodo, and also implied, in conclusion to

this section, that this route to sulfonamide analogues of the fuligocandins was not viable.

O\\écl) O\\élo

N 1- NaH, DMSQ,tt, 30min N
/N

2- Chloroacetone, rt, 40 min. N=

NN 3- P(OMe);, DABCO S
(455) %O
(460)

Scheme 5.15

The routes explored towards the synthesis of sulfonamide analogues of the circumdatins and

fuligocandins were both unsuccessful and this concludes the discussion of this thesis.
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Experimental

General Techniques:

For all reactions conducted under anhydrous conditions, the glassware was oven dried and the

reaction was carried out under a nitrogen atmosphere, unless otherwise stated.

Solvents and Reagents:

Bulk solutions were evaporated under reduced pressure using a Biichi rotary evaporator.
Reagents and solvents used were obtained from commercial suppliers or purified according to
standard procedures. Pet ether refers to distilled light petroleum of fraction (40-60 °C).

THF was distilled over sodium wires (1-2%, w/v) with benzophenone as the indicator.
Dichloromethane and toluene were distilled over calcium hydride (5% w/v) for ~5 h. All other
anhydrous solvents and commercially available starting materials were purchased from the
following suppliers. Acros, Fisher Scientific and Sigma Aldrich. Deuterated solvents were
purchased from Goss Scientific.

All reactions monitored and analysed by thin layer chromatography (TLC) were done so
using Macherey-Nagel 0.2 mm pre-coated Alugram® N/UV254 silica gel or alumina gel
plates.

Column chromatography was conducted using 60 A, 70-230 mesh, 63-200 pm silica gel
supplied by Sigma-Aldrich. Where necessary, 60 A, 50-200 um, basic alumina gel was used

and was supplied by Acros.

NMR Spectroscopy:
'H NMR, *CNMR, DEPT, COSY and HSQC NMR spectra were recorded on Bruker DPX,
Bruker AVIII 400 MHz NMR and Bruker AV500 NMR spectrometers. Chemical shifts (dn)

are quoted in parts per million relative to the residual protiosolvent (6 (CHCI3) = 7.24 ppm)
against an internal deuterium lock. Coupling constants (J) are given in Hertz.

The 'H NMR spectra are reported as follows: 6 / ppm (number of protons, multiplicity,
coupling constants J /Hz, assignment). DEPT and two-dimensional NMR spectroscopy
(COSY, HSQC) were used where appropriate to assist the assignment of the signals in the *H
NMR and *C NMR spectra.

Mass Spectrometry:
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High resolution mass spectra (accurate mass) were recorded on a 6210-Time-of-Flight
LC/LM.

Melting Points:

Melting point determinations were recorded on a Stuart SMP 10 digital melting point
apparatus.

Infra-Red Spectroscopy:

Infrared spectra were recorded on a Nicolet 380 FT-IR instrument as a thin film for oils and

neat for solids.
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6. Chapter 6: Experimental for chapter 2: multicomponent reactions
(MCRs).

6.1. Synthesis of Tetrazolo[1,5-a] quinoline-4-carbonitrile.

e A
CN
\O /CN 1drop piperidine, ethanol - N
T HyC Reflux, 1h N
203 N3 CN N N
. (205) 207y N=N

C1oH5N5
MW =195.19 g/mol

\CN

CN
N3
(206)
C,oHsNs
MW = 195.19 g/mol

o0-Azidobenzaldehyde'®®

(2.00 g, 13.6 mmol), piperidine (1 drop), malononitrile (1.08 g,
16.31 mmol, 1.2 eq) and ethanol (20 mL) were heated at reflux for 1 hour. The solution was
then cooled to room temperature. The solvent was evaporated to yield the product as a brown

solid (1.1 g, yield = 68 %, m.p = 274-276 °C, lit. m.p = 276-278 °C*"®).

IR: vmax (cm™): 3061.2, 2980.0, 2236.5, 1614.8, 1600.6, 1579.9, 1533.1, 1235.3, 1221.2,
1153.1, 1041.5, 936.2, 776.6.

'H NMR: 84 (400 MHz, DMS0): 9.02-9.07 (1H, m, H-C=C), 8.80 (1H, d, J=7.8 Hz, H-Ar),
8.10-8.13 (2H, m, 2 x H-Ar), 7.88 (1H, dd, J'=7.8 Hz, J?= 1.5 Hz H-Ar).

3C NMR & (100 MHz, DMSO): 145.73 (qC), 143.37 (CH), 134.82 (CH), 131.41 (CH),
130.83 (CH), 128.93 (qC), 122.66 (qC), 116.53 (CH), 114.04 (CN), 97.18 (qC).

HRMS (m/z): [M + H] for C1oHgNs calculated = 196.0618, measured = 196.0627.
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6.2. Attempted synthesis of 2-(2-azidophenyl)-4-(cyclohexylamino)-3-nitro-
5-phenylcyclopent-3-ene-1,1-dicarbonitrile.

-

. _NO;
N + rt, 48h
(204) (211)
CN
AN
CN
212)
(209) C,5Hy3N;0,
MW =453.51 g/mol
g

A mixture of benzylidene malononitrile (77 mg, 0.5 mmol), cyclohexane isocyanide (54.5
mg, 0.5 mmol), and 2-azido nitrostyrene (95 mg, 0.5 mmol) was stirred in dry THF (15 mL)
for 24h at ambient temperature. TLC showed no reaction.

6.3. Synthesis of 3-(2-Morpholinoethylamino)-5-(2-azidophenyl)-4-nitro-2-
phenylcyclopent-3-ene-1,1-dicarbonitrile.

NO CN
TS
N * CN  THF dry

~

3 —_—
(204  /—\ (209) .48 h

o N

NIARNE

NC
(213)
(215)
C25H24Ng03

MW = 484.52 g/mol

A mixture of benzylidenemalononitrile’™ (77 mg, 0.5 mmol, 1.0 eq), 2-morpholinoethyl
isocyanide (70 mg, 0.5 mmol, 1.0 eq), and 2-azido-p-nitrostyrene”>*®? (95 mg, 0.5 mmol, 1.0
eq) was stirred in dry THF (15 mL) for 48h at ambient temperature. After completion of the
reaction, which was monitored by TLC, the solvent was evaporated and the residue was
dissolved in diethyl ether (15 mL). After 10 min., the product precipitated directly from the
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solution and was filtered and washed with diethyl ether (2 x 15 mL). Purification by silica gel
chromatography (petroleum ether/ ethyl acetate:1/2) yielded the pure product as a light yellow
powder (170 mg, 89 %, m.p.= 187 - 188 °C).

IR: Omax (cm™): 3196.4 (NH), 3050.0 (C=CH unsat), 2920.5 (CH 0.0.p.), 2877.6 (CH sat.)
2190.0 (CN), 2128.5 (N3), 1638.9 (NO,), 1600.9 (C=C), 1555.0 (C=Cring), 1231.0 (C-C),
1142.3 (C-N), 737.5.

'H NMR: 8 (400 MHz, CDCI3): 9.80 (1H, s, HN), 7.56 (2H, t, J=3.2 Hz, ArH), 7.24-7.51
(5H, m, ArH), 7.19 (1H, dd, J=7.3 Hz, ArH), 7.12 (1H, dd, J=7.3 Hz, ArH), 5.51 (1H, s, CH-
Ar), 4.76 (1H, s, CH-Ar), 3.77 (4H, t, J=4.5 Hz, CH,-O-CH,-), 2.88 (2H, t, J=7.6 Hz, CHo-
CHj), 2.51 (4H, t, J=4.5 Hz, CH-N-CH,-), 1.35 (2H, t, J=7.6 Hz, CH,-CHy).

¥C NMR 8 (100 MHz, CDCls): 157.79 (qC), 138.79 (qC), 133.35 (qC), 131.18 (CH),
130.50 (CH), 130.18 (2 x CH), 129.36 (2 x CH), 128.20 (CH), 126.59 (qC), 125.74 (CH),
125.52 (CH), 114.47 (qC), 113.99 (CN), 113.02 (CN), 66.61 (2 x CH,), 56.40 (CH,), 54.62
(CH), 53.30 (CH), 53.25 (2 x CH,), 44.63 (qC), 42.12 (CH,).

MS (m/z): [M + H'] for C,5H25NgO3 calculated = 485.2044, measured = 485.2055.

6.4. Synthesis of 3-(2-Morpholinoethylamino)-5-(2-azidophenyl)-2-(4-
chlorophenyl)-4-nitrophenylcyclopent-3-ene-1,1-dicarbonitrile.

NO N
m 2O N
THF dry
+
___/ e
Ng _\—NC r, 48 h \ N
(204) o N”
CN
S o,
CN N3 ©
Cl
(225)

C,5H.3CINGO;
MW =518.96 g/mol
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A mixture of 4-chloro benzylidenemalononitrile’™ (94.25 mg, 0.5 mmol, 1.0 eq), 2-
morpholinoethyl isocyanide (70 mg, 0.5 mmol, 1.0 eq) and 2-azidonitrostyrene (95 mg, 0.5
mmol, 1.0 eq) was stirred in dry THF (15 mL) for 48h at ambient temperature. After
completion of the reaction which was monitored by TLC, the solvent was evaporated and the
residue was dissolved in diethyl ether (15 mL). After 10 min., the product precipitated directly
from the solution and was filtered and washed with diethyl ether (2 x 15 mL). Purification by
silica gel chromatography (petroleum ether/ethyl acetate: 1/2, Rf=0.3) yielded the pure
product as a pale orange solid (160 mg, 0.218 mmol, 78 %, m.p.=148-150 °C).

IR: Omax (cm™): 3232.3 (NH), 3050.0 (C=CHunsat), 2923.2 (0.0.p.), 2819.5 (CH sat), 2195.2
(CN), 2125.4 (N3), 1626.6 (NO,), 1583.3 (C=C), 1550.0 (C=Cring), 1231.0 (C-C), 1182.2 (C-
N), 752.7 (C-Cl), 730.0 (CH).

'H NMR: 8y (400 MHz, DMSO): 9.85 (1H, s, HN), 7.63 (2H, d, J=8.5 Hz, 2 x ArH), 7.47-
7.58 (3H, m, 3 x ArH), 7.41 (1H, dd, J=7.3 Hz, ArH), 7.27 (1H, dd, J=7.3 Hz, ArH), 7.16
(1H, d, J=7.3 Hz, ArH), 5.35 (1H, s, CH-Ar), 5.25 (1H, s, CH-Ar), 3.57 (4H, t, J=3.0 Hz,
CH»-O-CHy-), 3.16 (2H, t, J=6.2 Hz, CH,-CH,), 3.01 (2H, t, J=6.2 Hz, N-CH,), 1.30-2.44
(4H, t, J=3.0 Hz, CHp-N-CH,-).

3C NMR & (100 MHz, DMSO): 157.26 (qC), 139.03 (qC), 135.31 (qC), 132.26 (qC),
131.61 (2 x CH), 130.92 (CH), 130.25 (CH), 129.72 (2 x CH), 125.72 (qC), 119.83 (CH),
119.52 (CH), 114.48 (qC), 113.38 (CN), 112.23 (CN), 66.68 (2 X CH,), 56.40 (CH,), 54.79
(CH), 53.89 (CH), 53.29 (2 x CH,), 44.44 (qC), 42.44 (CH,).

HRMS (m/z): [M+H"] for C2sH23NgO3Cl calculated = 519.1654, measured = 519.1657.
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6.5. Synthesis of 3-(2-Morpholinoethylamino)-5-(2-azidophenyl)-4-nitro-2-
(nitrophenyl)cyclopent-3-ene-1,1-dicarbonitrile.

NO
©\/\v i AN
THF dry
+
N \_/ _\——NC rt48h

(204)
N CN
CN
ON (226)
223
(223) C25H33NgO5
MW = 529.52 g/mol

L )

A mixture of of 4-nitrobenzylidenemalononitrile’’” (99.5 mg, 0.5 mmol, 1.0 eq), 2-
morpholinoethyl isocyanide (70 mg, 0.5 mmol, 1.0 eq) and 2-azidonitrostyrene (95 mg, 0.5
mmol, 1.0 eq) was stirred in dry THF (15 mL) for 48h at ambient temperature. After
completion of the reaction which was monitored by TLC, the solvent was evaporated and the
residue was dissolved in diethyl ether (15 mL). After 10 min., the product precipitated directly
from the solution and was filtered and washed with diethyl ether (2 x 15 mL). Purification by
silica gel chromatography (petroleum ether/ethylacetate: 1/2, R¢ = 0.3) yielded the pure
product as a brown solid (140 mg, 67 %, m.p.=115-117 °C).

IR: Umax (cm™): 3239.8 (NH), 3081.6 (C=CHstr.), 2950.0 (CH (Sat)), 2250.6 (CN), 2125.6
(N3), 1628.3 (NO,), 1600.0 (C=C), 1523.6.0 (C=Cring), 1231 (C-C), 1113.7 (C-N), 729.3 (C-
H).

'H NMR: & (400 MHz, DMSO): 9.72 (1H, s, HN), 8.11 (1H, d, J=8.5 Hz, ArH), 7.73 (2H,
d, J=8.5 Hz, 2 x ArH), 7.25-7.42 (3H, m, 3 x ArH), 7.14 (1H, dd, J=7.3 Hz, ArH), 7.03 (1H,
dd, J=7.3 Hz, ArH), 5.62 (1H, s, CH-ArNO,), 5.15 (1H, s, CH-ArN3), 3.43 (4H, t, J=3.0 Hz,
CH,-O-CH,-), 3.03 (2H, t, J=6.0 Hz, CH,-CH),), 2.81 (2H, t, J=6.0 Hz, CH,-CH}), 2.36 (4H,
t, J=3.0 Hz, CH-N-CH,-).

3C NMR &, (100 MHz, DMSO): 170.81 (qC), 156.58 (qC), 148.87 (qC), 148.49 (qC),
131.64 (2CH), 131.01 (CH), 128.28 (CH), 126.30 (CH), 125.76 (CH), 125.19 (2 x CH),
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124.62 (qC), 119.88 (qC), 113.89 (CN), 113.59 (CN), 66.67 (2 x CH,), 56.28 (CHy), 54.57
(CH), 53.83 (CH), 53.24 (2 x CH,)), 44.11 (qC), 42.62 (CH,).

HRMS (m/z): [M + H'] for C25H23NgOs calculated = 530.1895, measured = 530.1909.

6.6. Synthesis of 3-(2-Morpholinoethylamino)-5-(2-azidophenyl)-2-(4-ethoxy
phenyl)-4-nitrocyclopent-3-ene-1,1-dicarbonitrile.

- ~
NO
©\/\/ 2 o) N
THF dry
+
Ns ~— _\—NC i, 48 h
(204)
XN CN
CN
H4CO
C26H26N504
MW =514.55 g/mol
L )

A mixture of of 4-methoxybenzylidenemalononitrile!® (92 mg, 0.5 mmol, 1.0 eq), 2-
morpholinoethyl isocyanide (70 mg, 0.5 mmol, 1.0 eq) and 2-azidonitrostyrene (95 mg, 0.5
mmol, 1.0 eq) was stirred in dry THF (15 mL) for 48h at ambient temperature. After
completion of the reaction which was monitored by TLC, the solvent was evaporated and the
residue was dissolved in diethyl ether (15 mL). After 10 min., the product precipitated directly
from the solution and was filtered and washed with diethyl ether (2 x 15 mL). Purification by
silica gel chromatography (petroleum ether/ethyl acetate: 1/2, Rf=0.23) yielded pure product
as a light brown powder (50 mg, 20 %, m.p.=152 - 154 °C).

IR: Umax (cm™): 3188.2 (NH), 3050.0 (C=CHstr), 2934.0 (CH (Sat)), 2251.5 (CN), 2123.0
(N3), 1630.0 (NO,), 1611.5 (C=C), 1582.7 (C=C) ring, 1253.2(C-C), 1114.1(C-N), 752.3 (C-
H).

'H NMR: & (400 MHz, DMSO): 9.86 (1H, s, HN), 7.39-7.58 (3H, m, 3 x ArH), 7.27 (1H,
dd, J=7.0 Hz, ArH), 7.16 (1H, t, J=7.0 Hz, ArH), 7.09 (2H, d, J=8.65 Hz, 2 x ArH), 6.94
(1H, d, J=8.5 Hz, ArH), 5.76 (1H, s, CH), 5.31 (1H, s, CH), 3.56-3.57 (4H, m, CH,-O-CHj-),
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3.19 (2H, t, J=6.8 Hz, CH,-CH,), 2.95-3.04 (2H, t, J=6.8 Hz, CH,-CH),), 2.30 (4H, t, J=3.3
HZ, CHz-N-CHz-).

3C NMR & (100 MHz, DMSO): 160.70 (qC), 158.13 (qC), 139.01 (qC), 138.79 (qC),
131.20 (2 x CH), 130.82 (CH), 128.18 (CH), 126.66 (CH), 125.74 (CH), 125.54 (2 x CH),
124.21 (qC), 119.81 (qC), 114.97 (CN), 114.08 (CN), 66.69 (2 x CH,-), 56.49 (CH;), 55.73
(CH), 55.62 (CH), 54.13 (CHs), 53.30 (2 x CH,), 44.90 (qC), 42.21 (CH,).

HRMS (m/z): [M + H'] for C2sH26NgO;, calculated = 515.2149, measured = 515.2147.

6.7. Synthesis of tetrazolo[1,5-a]Jquinoline-4-carboxamide

( )
o) O H
>X\' CN H,O, piperidine Ns
AN 2Y,
N L @(\o+ < 70o€%n o AN | p—CN
>// N3 CN gf \H
0]
(230) (203) (205) (232)
C43HgN;O,
MW = 295.26 g/mol
(0]
Xr” “NH,
NN
\ /
N=N
(233)
MW = 213.20 g/mol
(. J

A mixture of of hydantoin (300 mg, 3.0 mmol), 2-azidobenzaldehyde (441 mg, 3 mmol),
malononitrile (198 mg, 3.0 mmol), piperidine (10 mmol %) and 25 mL of water were stirred
for 8h at 70 °C. After completion of the reaction, which was monitored by TLC, the solvent
was evaporated. The residue was purified by silica gel chromatography (petroleum ether/ethyl
acetate: 1/1, Rf=0.25) which yielded the pure product (233) as a light yellow soild (200 mg,
34 %, m.p.= 139 - 141 °C).
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IR: Umax (cm™): 3385.4, 3300.2, 3153.9, 3048.5, 2923.0, 2852.0, 1703.0, 1619.4, 1599.2,
1596.0, 1213.0, 1148.0, 763.7.

'H NMR: &4 (400 MHz, DMSO): 8.96 (1H, s, CH), 8.68 (1H, d, J=8.1 Hz, ArH), 8.33-8.49
(3H, m, (NH, + ArH)), 8.11 (1H, dd, J'=7.3 Hz, J*= 7.1 Hz, ArH) 7.89 (1H, dd, J'=7.2 Hz,
J*= 6.8 Hz, ArH).

3C NMR & (100 MHz, DMSO): 162.44 (C=0), 146.26 (qC), 137.19 (CH), 133.74 (CH),
131.52 (CH), 131.30 (qC), 129.03 (CH), 123.64 (qC), 118.60 (qC), 116.71 (CH).

HRMS (m/z): [M + H'] for C10H;NsO calculated = 236.0543, measured = 236.0552.

6.8. Synthesis tetrazolo[1,5-a]Jquinoline-4-carbonitrile.

( )
@)
O H N
N
H-N + \O+ c Ethanol, piperidine °
NH » HN ) —CN
>// N3 CN 80°C, 8h >fN
© (203) O NH,
(230)
(232)
C13HgN;0O,
MW =295.26 g/mol
oo
N™ N
\ /
N=N
(207)
. J

A mixture of hydantoin (300 mg, 3.0 mmol), benzaldehyde (441 mg, 3.0 mmol),
malononitrile (198 mg, 3.0 mmol), piperidine (10 mmol %) and 25 mL of ethanol was stirred
for 8h at 80 °C. After completion of the reaction which was monitored by TLC, solvent was
evaporated. The residue was purified by silica gel chromatography (petroleum ether/ethyl
acetate: 1/1, Rf=0.3) which yielded the pure product (207) as a light orange solid (150 mg, 26
%, m.p.= 275 - 277 °C, lit. m.p.= 276 - 278 °C'"),

Data as reported above.
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6.9. Synthesis of Tetrazolo[1,5-a]Jquinoline-4-carboxamide.

@)

N CN
©\/\O+ < H,0, piperidine N NH,
N CN 70 °C, 8h NN
\
(203) (205) N=N
(233)
MW =213.20 g/mol

A mixture of benzaldehyde (441 mg, 3.0 mmol), malononitrile (198 mg, 3.0 mmol),
piperidine (10 mmol %) and 25 mL of water were stirred for 8h at 70 °C. After completion of
the reaction which was monitored by TLC, the solvent was evaporated. The residue was
purified by silica gel chromatography (petroleum ether/ethyl acetate: 1/1, Rf=0.3) which
yielded the pure product as a light yellow solid (200 mg, 39 %, m.p.= 139 - 141 °C).

Data as reported above.

6.10. Synthesis of 2-Phenyl-2-(phenylamino)acetonitrile.

NH2 ©\ ©\
N NH o TBAB, NaHCO N
e} xone, JNa 3
©/\ ¥ @ *TMSCN —> A\)‘/ﬁbﬂ T l
CN Toluene/H,0=10: CN

(208) (239)
(240) (241)
Ci4H42N, C14H4oN>
MW =208.26 g/mol MW =206.25 g/mol
- J

Aniline (93.13 mg, 1.0 mmol, 1.0 eq.) was added to a stirring solution of benzaldehyde (106.1
mg, 1.0 mmol, 1.0 eq.) in toluene (13 mL) at room temperature, and the mixture stirred until
the disappearance of the starting materials. TMSCN (99 mg, 1.0 mmol, 1.0 eq.) was added.

The mixture was stirred for 5 min before the portionwise addition of H,O (10 % by volume),
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TBAB (322 mg, 1.0 mmol, 1.0 eq.), Oxone (307 mg, 1.0 mmole, 1.0 eq) and NaHCO3 (126
mg, 1.5 mmol, 1.5 eq) at 0 °C. The biphasic mixture was then stirred vigorously at room
temperature until the disappearance of the intermediate; the biphasic mixture was then
partitioned between EtOAc (20 mL) and sat. ag. NaHCO3 (20 mL). The aqueous phase was
extracted with EtOAc (2 x 20 mL) and the combined organic phases washed with brine, dried
(Na;SO4), and concentrated in vacuum. The residue was purified by silica gel
chromatography (petroleum ether/ethyl acetate: 10/1, Rf=0.24) which yielded the pure
product as a brown solid (150 mg, 72 %, m.p.= 73 - 75 °C, lit. m.p.= 73 - 74 °C)*®.

IR: Umax (cm™): 3335.3, 3034.4, 2960.0, 2880.0, 2180.0, 1680.0, 1598.0, 1514.5, 1279.7,
1242.1, 748.6.

'H NMR: 84 (100 MHz, DMSO): 8.38 (1H, s, HN), 7.52 (2H, d, J=6.0 Hz, 2 x ArH), 7.37-
7.44 (2H, m, 2 x ArH), 7.06-7.22 (3H, m, 3 x ArH), 6.82 (1H, t, J=7.5 Hz, ArH), 6.70 (2H, d,
J=7.5Hz, 2 x ArH) 3.97 (1H, s, CH).

3C NMR & (100 MHz, DMSO): 144.69 (qC), 134.47 (qC), 129.61 (2 x CH), 129.37 (2 X
CH), 127.29 (2 x CH), 120.30 (CH), 116.72 (CN), 115.12 (CH), 114.16 (2 x CH), 50.22
(CH).

HRMS (m/z): [M +H"] for C14H;1,N; calculated = 209.1072, measured = 209.1080.

6.11. Synthesis of 2-(2-Azidophenyl)-2-(phenylamino)acetonitrile .

( A
NH Oxone, TBAB, NaHCOj ©\N
+TMSCN— - |
CN Tquene/I—(b 10:1
CN
(208) 239
(239) (242) Nj
C14H11Ns (243)
MW =249.28 g/mol C14HoNs
MW =247.26 g/mol
/

Aniline (93.13 mg, 1.0 mmol, 1.0 eq.) was added to a stirring solution of 2-

azidobenzaldehyde (147.12 mg, 1.0 mmol, 1.0 eq.) in toluene (13 mL) at room temperature,
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and the mixture stirred until the disappearance of the starting materials. TMSCN (99 mg, 1.0
mmol, 1.0 eq.) was added. The mixture was stirred for 5 min before the portionwise addition
of H,0 (10 % by volume), TBAB (322 mg, 1.0 mmol, 1.0 eqg.), Oxone (307 mg, 1.0 mmole,
1.0 eq) and NaHCO;3 (126 mg,1.5 mmol, 1.5 eq) at 0 °C. The biphasic mixture was then
stirred vigorously at room temperature until the disappearance of the intermediate; the
biphasic mixture was then partitioned between EtOAc (20 mL) and sat. aq. NaHCO3 (20 mL).
The aqueous phase was extracted with EtOAc (2 x 20 mL) and the combined organic phases
washed with brine, dried (Na,SQ,), and concentrated in vacuum. The residue was purified by
silica gel chromatography (petroleum ether/ethyl acetate: 95/5, Rf=0.2) which yielded the
pure product as a dark orange solid (140 mg, 56 %, m.p.= 97 - 98 °C).

IR: Umax (cm™): 3350.6, 3026.3, 2970.0, 2880.0, 2190.4, 2121.9, 1599.5, 1587.4, 1240.0,
1159.8, 748.2.

'H NMR: 8y (400 MHz, DMSO): 8.70 (1H, s, HN), 7.52 (1H, d, J=7.5 Hz, ArH), 7.39 (1H,
dd, J=7.5 Hz, ArH), 7.12-7.20 (4H, m, 4 x ArH), 6.81 (2H, t, J=7.3 Hz, 2 x ArH), 6.70 (1H,
d, J=7.5 Hz, ArH), 4.06 (1H, s, CH).

3C NMR &, (100 MHz, DMSO): 144.62 (qC), 138.16 (qC), 131.10 (CH), 129.59 (2 x CH),
129.18 (CH), 128.09 (qC), 125.52 (CH), 120.40 (CH), 118.88 (CH), 118.08 (CN), 114.39 (2 x
CH), 45.99 (CH).

HRMS (m/z): [M +H"] for C14H11Ns calculated = 250.1087, measured = 250.1092.

6.12. Synthesis of 2-(2-Azidophenyl)-2-(cyclohexylamino)acetonitrile.

NH, O\ O\
X NH  Oxone, TBAB, NaHCO N
©\/\O+© + TMSCN—> : B‘)\lﬁ "> |
Ns cN Toluene/H,0=10:1
(203) (244) Ns N,

(246)
C14H15Ns

(245)
C14H47Ns
MW = 255.33 g/mol

CN

MW = 253.31 g/mol

J
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Cyclohexylamine (93.13 mg, 1.0 mmol, 1.0 eq.) was added to a stirring solution of 2-
azidobenzaldehyde (147.12 mg, 1.0 mmol, 1.0 eq.) in toluene (13 mL) at room temperature,
and the mixture stirred until the disappearance of the starting materials. TMSCN (99 mg, 1.0
mmol, 1.0 eq.) was added. The mixture was stirred for 5 min before the portionwise addition
of H,0O (10 % by volume), TBAB (322 mg, 1.0 mmol, 1.0 eq.), Oxone (307 mg, 1.0 mmole,
1.0 eq) and NaHCO; (126 mg, 1.5 mmol, 1.5 eq) at 0 °C. The biphasic mixture was then
stirred vigorously at room temperature until the disappearance of the intermediate; the
biphasic mixture was partitioned between EtOAc (20 mL) and sat. ag.NaHCO3 (20 mL). The
aqueous phase was extracted with EtOAc (2 x 20 mL) and the combined organic phases
washed with brine, dried (Na,SQO,), and concentrated in vacuum. The residue was purified by
silica gel chromatography (petroleum ether/ethyl acetate: 10/1, Rf=0.24) which yielded the
pure product as a yellow solid (170 mg, 67 %, m.p.= 69 - 71 °C).

IR: Umax (cm™): 3306.2, 3062.4, 2923.6, 2854.1, 2187.0, 2130.3, 1600.0, 1570.4, 1286.9,
1114.5, 739.4.

'"H NMR: 8y (400 MHz, CDCls): 8.53 (1H, s, HN), 7.43 (1H, d, J=7.7 Hz, ArH), 7.35 (2H,
dd, J=7.7 Hz, 2 x ArH), 7.06-7.22 (2H, m, 2 x ArH), 4.89 (1H, s, CH), 1.38-1.01 (11H, m,
cyclohexane).

3C NMR & (100 MHz, DMSO): 137.81 (qC), 130.50 (CH), 128.00 (qC), 125.39 (CH),
124.93 (CH), 118.77 (CH), 118.32 (CN), 55.11 (CH), 47.09 (CH), 33.75 (CH,), 31.97 (CH,),
25.89 (CH,), 24.79 (CH,), 24.39 (CH,).

HRMS (m/z): [M + H'] for C14H17Ns calculated = 256.1557, measured = 256.1555.
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6.13. Synthesis of 2-(2-Azidophenyl)-2-(benzylamino)acetonitrile.

( N\
NH,
S
o) NH Oxone, TBAB NaHCO4 N
+ + TMSCN —>» > |
N Toluene/ﬁ20=10:1
3 CN CN
(203) (247) Nj Ns
(248) (249)
Cq5Hq3Ns C14H44N5
MW =263.30 g/mol MW =261.29 g/mol
|\ J

Benzylamine (107.13 mg, 1.0 mmol, 1.0 eq.) was added to a stirring solution of 2-
azidobenzaldehyde (147.12 mg, 1.0 mmol, 1.0 eq.) in toluene (13 mL) at room temperature,
and the mixture stirred until the disappearance of the stating materials. TMSCN (99 mg, 1.0
mmol, 1.0 eq.) was added. The mixture was stirred for 5 min before the portionwise addition
of H,0 (10 % by volume), TBAB (322 mg, 1.0 mmol, 1.0 eqg.), Oxone (307 mg, 1.0 mmole,
1.0 eq) and NaHCO3 (126 mg, 1.5 mmol, 1.5 eq) at 0 °C. The biphasic mixture was then
stirred vigorously at room temperature until the disappearance of the intermediate; the
biphasic mixture was partitioned between EtOAc (20 mL) and sat. ag. NaHCO3 (20 mL). The
aqueous phase was extracted with EtOAc (2 x 20 mL) and the combined organic phases
washed with brine, dried (Na,SQO,), and concentrated in vacuum. The residue was purified by
silica gel chromatography (petroleum ether/ethyl acetate: 95/5, Rf=0.28) which yielded the
pure product as a brown oil (150 mg, 57 %).

IR: Umax (cm™): 3327.4, 3029.7, 2979.8, 2840.0, 2199.1, 2126.5, 1680.0, 1600.0, 1560.4,
1287.2, 1140.0, 750.2.

IH NMR: 84 (400 MHz, CDCI3): 8.62 (1H, s, HN), 7.10-7.40 (9H, m, 9 x ArH), 4.73 (1H, s,
CH), 1.12 (2H, s, CH»,).

¥C NMR & (100 MHz, DMSO): 138.00 (qC), 137.89 (qC), 130.63 (CH), 129.27 (CH),
128.62 (CH), 128.52 (2 x CH), 128.04 (qC), 127.71 (CH), 125.30 (CH), 118.79 (2 x CH),
118.40 (CN), 51.98 (CH,), 49.43 (CH).
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HRMS (m/z): [M+H"] for C1sH13Ns calculated = 264.1244, measured = 264.1255.

6.14. Synthesis of 2-(2-Azidophenyl)-2-(phenylamino)acetonitrile.

( )

Xo TBAB, NaHCO; NH
+ + TMSCN ——
Ns Toluene/H,0=10:1 CN

(203) Ns

(242)

Aniline (93.13 mg, 1.0 mmol, 1.0 eq.) was added to a stirring solution of 2-
azidobenzaldehyde (147.12 mg, 1.0 mmol, 1.0 eq.) in toluene (13 mL) at room temperature,
and the mixture stirred until the disappearance of the starting materials. TMSCN (99 mg, 1.0
mmol, 1.0 eq.) was added. The mixture was stirred for 5 min before the portionwise addition
of H,O (10 % by volume), TBAB (322 mg, 1.0 mmol, 1.0 eg.) and NaHCO3 (126 mg, 1.5
mmol, 1.5 eq) at 0 °C. The biphasic mixture was then stirred vigorously at room temperature
until the disappearance of the intermediate; the biphasic mixture was partitioned between
EtOAc (20 mL) and sat. ag. NaHCO3 (20 mL). The aqueous phase was extracted with EtOAc
(2 x 20 mL) and the combined organic phases washed with brine, dried (Na,SO,), and
concentrated in vacuum. The residue was purified by silica gel chromatography (petroleum
ether/ethyl acetate: 95/5, Rf=0.2) which yielded the pure product as a dark orange solid (150
mg, 60 %, m.p.= 97 - 98 °C).

IR: Omax (cM™): 3350.6, 3026.3, 2970.0, 2880.0, 2190.4, 2121.9, 1599.5, 1587.4, 1240.0,
1159.8, 748.2.

'H NMR: &4 (400 MHz, DMSO): 8.70 (1H, s, HN), 7.52 (1H, d, J=7.5 Hz, ArH), 7.39 (1H,
dd, J=7.5 Hz, ArH), 7.12-7.20 (4H, m, 4 x ArH), 6.81 (2H, t, J=7.3 Hz, 2 x ArH), 6.70 (1H,
d, J=7.5 Hz, ArH), 4.06 (1H, s, CH).

13C NMR & (100 MHz, DMSO): 144.62 (qC), 138.16 (qC), 131.10 (CH), 129.59 (2 x CH),
129.18 (CH), 128.09 (qC), 125.52 (CH), 120.40 (CH), 118.88 (CH), 118.08 (CN), 114.39 (2 X
CH), 45.99 (CH).
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HRMS (m/z): [M +H"] for C14H11N;s calculated = 250.1087, measured = 250.1092.

6.15. Synthesis of 2-phenyl-2H-indazole.

b e OO
ene, ays Ny
e

N3 (250)

(242) C13H10N2
MW =194.24 g/mol

[2-(2-Azidophenyl)-2-(phenylamino)acetonitrile] (50 mg) was heated to reflux temperature in
dry xylene (10 mL) under a nitrogen atmosphere for 120 hours. The solvent was removed in
vacuo and the crude product was purified by silica chromatography (petroleum ether/ethyl
acetate: 8/1, Rf = 0.28) to yield the pure product as a white solid (40 mg, 50 %, m.p.= 77 - 79
°C, lit. m.p.=84-85 °C'8%),

IR: Umax (cm™): 3057.2, 2979.9, 2890.0, 1630.0, 1610.8, 1519.3, 1199.0, 1150.0, 749.0.
IH NMR: 8y (400 MHz, DMSO): 8.37 (1H, s, HC=N), 7.19-7.85 (9H, m, 9 x ArH).

3C NMR & (100 MHz, DMSO): 129.93 (qC), 129.75 (2CH), 129.21 (qC), 127.91 (CH),
126.83 (CH), 123.87 (CH), 121.02 (2 x CH), 120.43 (CH), 120.37 (CH), 119.24 (qC), 117.94
(CH).

HRMS (m/z): [M + H] for C13H1oN calculated = 195.0917, measured = 195.0922.

The data is identical to the literature.®
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6.16. Synthesis of 2-[(Cyclohexylamino)methylene]malononitrile.

~

(203

O
H
+
N3
)

CN
CN

(205)

ACOH\gtOH
709C
(252b)
'qco C47H1gNgO
NN & MW =322.37 g/mol
0o /O
C N\

N
NC CN
@FYH
N
y o
N3

CN H
NCJ\(N
e
(253)

C1oH13N3
MW =175.24 g/mol

A solution of 2-azidobenzaldehyde (147 mg, 1.0 mmol, 1.0 eq), acetic acid (60 mg, 1.0 mmol,

1.0 eq) and malononitrile (66 mg, 1.0 mmol, 1.0 eq) in ethanol (10 mL) was stirred at 70 °C.

Cyclohexyl isocyanide (109 mg, 1.0 mmol, 1.0 eq) was added after 30 minutes and the

mixture stirred for 12 hours at 70 °C. After completion of the reaction*®? which was monitored

by TLC, the solvent was evaporated. The residue was purified by silica gel chromatography

(petroleum ether/ethyl acetate: 1/5, Rf=0.23) to yield the pure product as a light yellow solid
(100 mg, 57 %, m.p.= 133 - 135 °C).

IR: Umax (cm™): 3228.4 (NH), 3035.7 (CHunsat.), 2935.2 (CHsat.), 2854.6, 2204.4 (CN),
1644.0 (C=C), 1530.0, 1293.3 (C-C), 1183.8 (C-N), 755.4 (C-H).

'H NMR: &4 (400 MHz, CDCl3): 7.41 (1H, s, C=C-H), 6.99-7.06 (1H, m, HN), 3.17-3.25
(1H, m, CH-NH of cyclohexyl), 1.13- 1.95 (10H, m, 5 x CH)).

3C NMR §. (100 MHz, DMSO): 158.88 (CH), 115.96 (CN), 114.17 (CN), 59.96 (CH),
49.61 (qC), 33.39 (2CH,), 24.72 (CH,), 24.64 (2 x CHy).

HRMS (m/z): [M + Na'] for C10H13N5 calculated = 198.1002, measured = 198.1008.
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6.17. Synthesis of 2-[(Cyclohexylamino)methylene]malononitrile.

CN CN H
AcOH
G v (e = oA
CN EtOH, 70 °C H
(205) (253)
CioH43N3
MW =175.24 g/mol

A solution of malononitrile (66 mg, 1.0 mmol, 1.0 eq) and acetic acid (60 mg, 1.0 mmol, 1.0
eq) in ethanol (10 mL) was stirred at 70 °C. Cyclohexyl isocyanide (109 mg, 1.0 mmol, 1.0
eq) was added after 30 minutes and the mixture stirred for 12 hours at 70 °C. After completion
of the reaction which was monitored by TLC, the solvent was evaporated. The residue was
purified by silica gel chromatography (petroleum ether/ethyl acetate: 1/5, Rf=0.2) to yield the
pure product as a light yellow solid (110 mg, 63 %, m.p.= 133 - 135 °C).

IR: Omax (CM™): 3224.2 (NH), 3035.4 (CH unsat.), 2934.8 (CH sat.), 2854.8, 2205.5 (CN),
1634.0 (C=C), 1297.3 (C-C), 1183.9 (C-N), 757.9.

'H NMR: 84 (400 MHz, CDCl3): 7.33 (1H, s, C=C-H), 6.79-6.81 (1H, m, HN), 3.13-3.18
(1H, m, CH-NH of cyclohexyl), 1.07- 1.88 (10H, m, 5 x CHy).

¥C NMR §. (100 MHz, DMSO): 158.83 (CH), 115.91 (CN), 114.12 (CN), 59.18 (CH),
49.78 (qC), 33.42 (2 X CHy), 24.72 (CHy), 24.62 (2 X CHy).

HRMS (m/z): [M + Na'] for C1oH13N3 calculated = 198.1002, measured = 198.1010.
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6.18. Synthesis of Tetrazolo[1,5-a]quinoline-4-carbonitrile.

NH
2 CO,CHs HiC0,C_CO,CH
Yo N PEG-400
+ + (o
N CN
(203) 205y CO2CHs HoN NN3
(337) o (255)
£6. C22H15NgO,4
AN J0p MW =430.42 g/mol
COC
N"ON
N=N
(207)

A mixture of 2-azidobenzaldehyde (147 mg, 1.0 mmol, 1.0 eq), malononitrile (66 mg, 1.0
mmol, 1.0 eq) in 2.0 mL PEG-400 at room temperature was stirred for 30 minutes. A solution
of dimethyl acetylendicarboxylate (142 mg, 1.0 mmol, 1.0 eq) and aniline (93 mg, 1.0 mmol,
1.0 eq) in 2.0 mL PEG was then added to the mixture. The whole solution was stirred at room
temperature for 10 hours. After completion of the reaction which was monitored by TLC, the
reaction mixture was extracted with diethyl ether and PEG was separated from the products.
The combined organic layers were evaporated. The residue was purified by silica gel column
chromatography (petroleum ether/ethyl acetate: 1/1, Rf=0.3) to yield the pure product (207) as
a yellow solid (100 mg, 51 %, m.p.= 2273 - 275 °C, lit. m.p.= 276 - 278 °C'").

Data as reported above.
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Chapter 7:

7. Chapter 7: Experimental for chapter 3: Triazolo and Tetrazolo-

benzothiadiazepines and benzodiazepines.
7.1. The synthesis of Triazolobenzothiadiazepines.

7.1.1. Synthesis of 2-azidobenzenesulfonic acid.

(" )
O\\S,OH O\\S/OH
1. NaNO,, H,SO,, 0 °C \
\b alNUp, MpoUy » Do)
2. NaNs, 0 °C
NH, N3
(260) (155a)
CeHsN;0;S
MW =199.18 g/mol

To a suspension of aniline-2-sulfonic acid (5.79 g, 33.4 mmol, 1 eq) in water (22 mL) at 0 °C,
was added cooled conc. H,SO4 (7.5 mL) dropwise. A solution of NaNO; (3.0 g, 43.4 mmol,
1.3 eq) in water (15 mL) cooled to 0 °C was added to the suspension dropwise and the whole
stirred for 30 mins before a cooled solution of NaN3 (4.34 g, 66.8 mmol, 2.0 eq) in water (15
mL) was added dropwise and the reaction was allowed to warm to room temperature. The
resulting solution was crash cooled in an ice bath to afford the 2-azidobenzenesulfonic acid as
a precipitate which was collected by vacuum filtration and dried in the oven at 80-100 °C to
give the product as a pale grey solid (4.0 g, 60 %, m.p.=154-156 °C, lit. m.p.=153-155 °C'®).

IR: vmax (cm™): 749.8, 1024.4, 1085.8, 1133.6, 1147.5, 1200.00, 1261.9, 1292.4, 14441,
1471.6, 1574.2, 1584.9, 2122.7, 3477.1.

'H NMR: 8y (400 MHz, DMSO): 7.13 (1H, td, J'=7.6 Hz, J*=0.9 Hz ArH), 7.21 (1H, d,
J=7.3 Hz, ArH), 7.38 (1H, td, J'=7.6 Hz, J*=1.3 ArH), 7.76 (1H, dd, J'=7.5 Hz, J?=1.4 Hz,
ArH) ppm.

3C NMR §; (100 MHz, DMSO): 120.82 (CH), 124.64 (CH), 129.01 (CH), 130.72 (CH),
136.44 (2 qC) ppm.
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7.1.2. Coupling of the sulfonic acid with secondary amine alcohols.

General experimental :

QL SV A /,OR
~OH (COCI > B
OH ( )2 + HR— KaCOg3, HyO \|
DMF OH DCM OH
N3 N3 N3
(155a) (183)
H-R
OH = 2-piperidinemethanol, 2-(benzylamino)ethanol, 2-(methylamino)ethanol,
2-piperidineethanol, 4-(ethylamino)-1-butanol, 3-(benzylamino)-1-propanol,
4-piperidinemethanol and S-prolinolwere chosen

2-Azidobenzenesulfonic acid (437 mg, 2.2 mmol, 2.2 eq) was heated to reflux in a 2M
solution of (COCI), in dichloromethane (2.5 mL, 5.0 mmol, 5.0 eq) with a drop of DMF
under an inert atmosphere of nitrogen for 5 hours. The reaction was cooled to room
temperature before the crude acid chloride was concentrated and the residue was washed with

dichloromethane (2 x 20 mL) to give the crude sulfonyl chloride as an orange solid.

A solution of potassium carbonate (4.0 mmol, 4.0 eq) in water (10 mL) was added in one
portion to a stirring solution of the secondary amine alcohol (1.0 mmol, 1.0 eq) in
dichloromethane (10 mL). The sulfonyl chloride was dissolved in dichloromethane (5 mL)
and was added slowly to this solution. The reaction'® was allowed to stir at room temperature
for 18 hours before the organic layer was separated and the aqueous layer washed with
dichloromethane (2 x 20 mL). The combined organic phases were dried (MgSQ,), filtered,

concentrated and purified by silica column chromatography.
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7.1.2.1. Synthesis of {1-[(2-azidophenyl)sulfonyl]piperidin-2-yl}methanol.

4 N\

P
S<
L)
N3 p
OH

(262)
C42H16N,0;S
MW =296.09 g/mol

\L J

[Eluent: petroleum ether/ethyl acetate: 2/1, R¢= 0.22] to yield the product as a yellow oil (85
%).

IR: vmax (cm™): 7445, 9285, 1043.7, 1154.5, 1288.3, 1320.4, 1470.9, 1574.3, 2097.7,
2898.5, 2940.7, 3521.2.

'H NMR: 84 (400 MHz, CDCls): 1.22-1.59 (5H, m, CH,), 1.69 (1H, d, J=12.5 Hz, CHH),
2.41 (1H, br.s, OH), 3.10 (1H, td, J'=12.7 Hz, J*=1.9 Hz, CH), 3.55-3.61 (1H, m, NCHH),
3.77-3.88 (2H, m, HOCH,), 4.08-4.09 (1H, m, NCHH), 7.22 (1H, dd, J*=7.9 Hz, J*=7.6 Hz,
ArH), 7.29 (1H, d, J= 8.0 Hz, ArH), 7.57 (1H, dd, J'=7.9 Hz, J>=7.6 Hz, ArH), 7.99 (1H, d,
J=8.0 Hz, ArH) ppm.

B3C NMR 8§, (100 MHz, CDCl3): 18.95 (CHy), 24.91 (CH,), 25.29 (CH,), 41.30 (CH,), 54.38
(CH), 60.53 (CHy), 119.95 (CH), 124.63 (CH), 130.90 (qC), 131.48 (CH), 133.87 (CH),
137.83 (qC) ppm.

HRMS (ESI™): found 297.1024 [M+H]", C1,H17N,05S requires 297.1016.
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7.1.2.2. Synthesis of 2-azido-N-benzyl-N-(2-hydroxyethyl)benzenesulfonamide.

( )

N3
OH

(271)
C15H16N4O3S
MW =332.38 g/mol

[Eluent: petroleum ether/ethyl acetate: 2/1, Rs = 0.21] to yield the product as a brown solid
(88 %, m.p.= 93 - 95 °C).

IR: vmax (cm™): 762.0, 934.6, 993.0, 1052.4, 1155.4, 1336.4, 1468.8, 1571.9, 2101.1, 2939.6,
3359.0.

'H NMR: 8 (400 MHz, CDCls): 12.22 (1H, br.s, OH), 3.41 (2H, br.s, NCH,), 3.49 (2H,
br.s, HO-CHy,), 4.58 (2H, br.s, Ph-CH,), 7.22-7.36 (7H, m, 7 x ArH), 7.62 (1H, dd, J'= 7.9
Hz, J°=7.4 Hz, ArH), 8.05 (1H, d, J=7.8 Hz, ArH) ppm.

3C NMR &, (100 MHz, CDCls): 50.35 (CH,), 53.26 (CH,), 60.74 (CH,), 119.88 (CH),
124.77 (CH), 127.98 (CH), 128.21 (2 x CH), 128.76 (2 x CH), 130.43 (qC), 131.87 (CH),
134.09 (CH), 136.54 (qC), 138.18 (qC) ppm.

HRMS (ESI*): found 333.1016 [M+H]*, C1sH17N405S requires 333.1016.

7.1.2.3. Synthesis of 2-azido-N-(2-hydroxyethyl)-N-methylbenzenesulfonamide.

O
\\s/’\ _CHj
e
N3
(275)

MW =256.28 g/mol

OH
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[Eluent: petroleum ether/ethyl acetate: 2/1, R¢ = 0.2] to yield the product as a yellow oil (90
%).

IR: vmax (cm™): 759.7, 908.0, 975.4, 1059.1, 1143.6, 1265.0, 1287.5, 1323.9, 1442.0, 1470.9,
1574.2, 2099.4, 2929.2, 3516.1.

'H NMR: 8y (400 MHz, CDCls): 2.19 (1H, br.s, OH), 2.89 (1H, s, CH3), 3.34 (2H, t, J=5.2
Hz, N-CH,CH,-OH), 3.71 (2H, t, J=5.2 Hz, N-CH,CH,OH), 7.18 (1H, dd, J'=7.8 Hz, J’=7.5
Hz, ArH), 7.24 (1H, d, J= 8.0 Hz, ArH), 7.53 (1H, dd, J'=7.8 Hz, J=7.5 Hz, ArH), 7.92 (1H,
d, J=8.0 Hz, ArH) ppm.

3C NMR &, (100 MHz, CDCl3): 35.80 (CHs), 52.41 (CH,), 60.43 (CH,), 119.88 (CH),
124.71 (CH), 129.36 (qC), 132.04 (CH), 134.07 (CH), 138.18 (qC) ppm.

HRMS (ESI*): found 257.0703 [M+H]*, CsH13N4O5S requires 257.0703.

7.1.2.4. Synthesis of 2-{1-[(2-azidophenyl)sulfonyl]piperidin-2-yl}ethan-1-ol.

4 N\

\//
CiS\N
K
(279) HO
C413H1gN40O3S

MW =310.37 g/mol

\. J/

[Eluent: petroleum ether/ethyl acetate: 2/1, R¢ = 0.25] to yield the product as an orange oil (82
%).

IR: vmax (cm™): 759.9, 863.8, 949.6, 1073.4, 1154.7, 1288.7, 1320.5, 1442.9, 1470.9, 1574.4,
2097.4, 2867.0, 2941.0, 3537.1.

IH NMR: 84 (400 MHz, CDCI3): 1.11-1.22 (1H, m, CHH), 1.45 (5H, br.s, CHH + 2 x CHy),
1.49-1.56 (1H, m, HO-CH,CHH), 1.90-1.97 (1H, m, HO-CH,CHH), 2.84 (1H, bs, OH), 2.96
(1H, m, CH), 3.55-3.58 (1H, m, NCHH), 3.63-3.73 (2H, m, HOCH},), 4.25 (1H, m, NCHH),
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7.16 (1H, app. td, J'=8.3 Hz, J*=1.3 Hz, ArH), 7.24 (1H, app. td, J'= 8.3 Hz, J*=1.3 Hz,
ArH), 7.51 (1H, app. td, J'=8.3 Hz, J*=1.3 Hz, ArH), 7.92 (1H, dd, J'=8.0 Hz, J’=1.6 Hz,
ArH) ppm.

¥3C NMR & (100 MHz, CDCls): 18.40 (CH,), 24.86 (CH,), 28.63 (CH.), 32.52 (CH,),
40.75 (CH,), 49.55 (CH), 58.58 (CH,), 120.00 (CH), 124.68 (CH), 131.24 (CH), 131.35 (qC),
133.79 (CH), 137.63 (qC) ppm.

HRMS (ESI*): found 311.1167 [M+H]", C15H1sN4O5S requires 311.1172.

7.1.2.5. Synthesis of 2-azido-N-ethyl-N-(4-hydroxybutyl)benzenesulfonamide.

( )

O\/O
g7/ CH;

©E§

(284)
C12H1gN4O3S
MW =298.36 g/mol

\. J/

[Eluent: petroleum ether/ethyl acetate: 2/1, R¢= 0.24] to yield the product as a brown oil (75
%).

IR: vmax (cm™): 645.9, 818.5, 906.3, 1031.3, 1058.7, 1155.0, 1288.8, 1324.1, 1443.1, 1471.6,
1575.4, 2098.4, 2980.2, 3527.0.

'H NMR: &y (400 MHz, CDCls): 1.03-1.08 (3H, m, CHs), 1.51-1.62 (4H, m,
NCH,CH,CH,CH20H), 2.23-2.33 (1H, m, OH), 3.30-3.34 (4H, m, CH,NCH,), 3.56-3.58
(2H, m, OCH,), 7.19 (1H, app. td, J*=8.0 Hz, J=1.5 Hz, ArH), 7.25 (1H, d, J= 8.0 Hz, ArH),
7.53 (1H, app. td, J'=8.0 Hz, J?=1.5 Hz, ArH), 7.91-7.93 (1H, m, ArH) ppm.

3C NMR §. (100 MHz, CDCls): 13.98 (CHs), 25.11 (CH,), 29.51 (CH,), 42.25 (CHy),
47.17 (CHy), 60.07 (CH,), 119.85 (CH), 124.60 (CH), 131.22 (qC), 131.37 (CH), 133.70
(CH), 137.90 (qC) ppm.
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HRMS (ESI™): found 299.1166 [M+H]+, C12H19N405S requires 299.1172.

7.1.2.6. Synthesis of 2-azido-N-benzyl-N-(3-hydroxy propyl)benzenesulfonamide.

O O
\//
C:S\N/\Q
N

3

HO
(289)
C16H18N4O3S
MW =346.41 g/mol

\ J

[Eluent: petroleum ether/ethyl acetate: 2/1, Rs = 0.24] to yield the product as a dark brown oil
(86 %).

IR: vmax (cm™): 757.9, 819.4, 938.8, 1059.5, 1123.9, 1156.7, 1265.8, 1289.0, 1328.2, 1442.7,
1471.8, 1495.5, 1574.9, 2101.2, 2877.0, 2947.2, 3542 .4.

'H NMR: 84 (400 MHz, CDCls): 1.52 (2H, p, J=6.0 Hz, NCH,CH,), 2.18 (1H, br.s, OH),
3.45 (2H, t, J=6.6 Hz, NCH,CH,), 3.66 (2H, m, HO-CH,), 4.51 (2H, br.s, Ph-CH,), 7.23-
7.32 (TH, m, 7 x ArH), 7.61 (1H, td, J'=8.0 Hz, J>=1.4 Hz, ArH), 8.03 (1H, dd, J'=8.0 Hz,
J?=1.4 Hz, ArH) ppm.

¥C NMR & (100 MHz, CDCls): 30.73 (CH,), 44.96 (CH,), 52.50 (CH,), 58.75 (CHy),
119.82 (CH), 124.75 (CH), 127.92 (CH), 128.34 (2 x CH), 128.61 (2 x CH), 130.75 (qC),
131.73 (CH), 133.98 (CH), 136.64 (qC), 138.11 (qC) ppm.

HRMS (ESI™): found 347.1166 [M+H]", C16H19N4O3S requires 347.1172.
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7.1.2.7. Synthesis of {1-[(2-azidophenyl)sulfonyl]piperidin-4-yl}methanol.

( )

S<
N

CU ) o
N3

(293)
C12H46N4O3S
MW =296.35 g/mol

\. J/

[Eluent: petroleum ether/ethyl acetate: 1/1, Rf = 0.22] to yield the product as a brown oil (70
%).

IR: vmax (cm™): 654.9, 818.1, 934.5, 1035.3, 1087.6, 1157.8, 1266.4, 1307.9, 1328.2, 1443.1,
1471.6, 1574.1, 2127.6, 2854.5, 2922.0, 3517.0.

'H NMR: 8y (400 MHz, CDCls): 1.20 (2H, qd, J'=16.5 Hz, J?=4.1 Hz, CH,CHCH,), 1.42-
1.53 (1H, m, CH,CHCH,), 1.71 (2H, dd, J*=12.8 Hz, J*=1.8 Hz, CH,CHCH,), 2.58 (2H, td,
J'=12.3 Hz, J?=2.2 Hz, CH,NCH,), 2.68 (1H, br.s, OH), 3.38 (2H, d, J=6.4 Hz, CH,NCH)),
3.81 (2H, d, J=12.3 Hz, HOCHy), 7.18 (1H, ddd, J'=8.8 Hz, J°=7.8 Hz, J*=0.9 Hz, ArH), 7.25
(1H, d, J= 8.0 Hz, ArH), 7.53 (1H, ddd, J'=8.8 Hz, J*=7.8 Hz, J*=1.3 Hz, ArH), 7.83 (1H, dd,
J'=8.0 Hz, J°=1.4 Hz, ArH) ppm.

3C NMR &, (100 MHz, CDCl3): 28.54 (2 x CH,), 37.96 (CH), 45.95 (2 x CH,), 66.83
(CH,), 120.04 (CH), 124.67 (CH), 128.98 (qC), 131.57 (CH), 134.01 (CH), 138.19 (qC) ppm.

HRMS (ESI™): found 297.1026 [M+H]", C1,H17N405S requires 297.1016.
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7.1.3. Conversion of the alcohols into the aldehydes.

General experimental:

AL A2,
©: \l Dess-Martin periodinane - ©: \”
OH DCM, rt, 24h @]
N N3
(183) (184)

To solution of the alcohol (1.0 mmol, 1.0 eq) in anhydrous dichloromethane (10 mL), Dess-
Martin periodinane (466 mg, 1.1 mmol, 1.1 eq) was added at ambient temperature. The
solution was stirred at ambient temperature under an atmosphere of dry nitrogen for 5 hours.
The reaction mixture was then quenched with saturated aqueous solutions of NaHCO3; (15
mL) and Na,SOs3 (15 mL). The reaction mixture was filtered under vacuum through a pad of
celite. The combined organic phase was dried over anhydrous magnesium sulfate, filtered,

concentrated under reduced pressure and purified by silica chromatography.

7.1.3.1. Synthesis of 1-[(2-azidophenyl)sulfonyl]piperidine-2-carbaldehyde.

( N\

@)

\//

0
S<
L)
0

(263)
C12H14N4038
MW =294.33 g/mol

\. J

(Eluent: petroleum ether/ethylacetate: 3/1, Rf = 0.35) to yield the product as an orange oil (76
%).

IR: vmax (cm™): 732.4, 856.8, 963.7, 1070.3, 1184.3, 1334.6, 1471.0, 1574.3, 1731.8, 2098.8,
2859.1, 2944.5.
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'H NMR: 8 (400 MHz, CDCls): 1.21-1.31 (1H, m, CHH), 1.38-1.51 (1H, m, CHH), 1.56-
1.66 (1H, m, CHH), 1.66-1.76 (2H, m, CH,), 2.27 (1H, dd, J'=13.0 Hz, J*=1.9 Hz, CHH),
3.12 (1H, td, J*=13.0 Hz, J*=2.6 Hz, NCH), 3.86 (1H, d, J=13.5 Hz, NCHH), 4.66 (1H, d,
J=5.1 Hz, NCHH), 7.25 (1H, dd, J'=7.8 Hz, J’=7.6 Hz, ArH), 7.32 (1H, d, J=8.0 Hz, ArH),
7.60 (1H, app. td, J'=7.8 Hz, J°=1.3 Hz, ArH), 8.01 (1H, dd, J'=7.8 Hz, J*=1.3 Hz, ArH),
9.66 (1H, s, CHO).

3C NMR &, (100 MHz, CDCls): 20.53 (CHy), 24.12 (CHy,), 24.84 (CH,), 44.17 (CH,), 62.01
(CH), 119.95 (CH), 124.62 (CH), 130.76 (qC), 131.25 (CH), 134.00 (CH), 138.12 (qC),
200.94 (C=0).

HRMS (ESI™): found 317.0680 [M+Na]+, C1,H14N4O3SNa requires 317.0679.

7.1.3.2. Synthesis of 2-azido-N-benzyl-N-(2-oxoethyl)benzenesulfonamide.

(272)
C15H14N4O3S
MW = 330.36 g/mol

(Eluent: petroleum ether/ethylacetate: 2/1, Ry = 0.23) yielded the product as a white solid (83
%, m.p.=111-113 °C).

IR: vmax (cm™): 795.8, 873.6, 959.2, 1000.0, 1105.7, 1125.9, 1143.8, 1294.3, 1321.0, 1454.2,
1474.5,1585.9, 1715.6, 1748.4, 2102.1, 2898.5, 3030.3, 3075.5.

'H NMR: 84 (400 MHz, CDCls): 4.06 (2H, s, Ph-CH,), 4.54 (2H, s, NCH,), 7.25-7.35 (7H,
m, 7 x ArH), 7.64 (1H, td, J'= 8.0 Hz, J=1.4 Hz, ArH), 8.06 (1H, dd, J'=8.0 Hz, J°=1.4 Hz,
ArH), 9.34 (1H, s, CHO) ppm.
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3C NMR & (100 MHz, CDCls): 52.99 (CH,), 59.31 (CH,), 119.92 (CH), 124.78 (CH),
128.50 (CH), 128.83 (2CH), 128.95 (2CH), 130.18 (qC), 131.67 (CH), 134.32 (CH), 134.89
(qC), 138.33 (qC), 197.87 (CHO) ppm.

HRMS (ESI™): found 369.0420 [M+K]", C1,H14N403SK requires 369.0418.

7.1.3.3. Synthesis of 2-azido-N-methyl-N-(2-oxoethyl)benzenesulfonamide.

s_ _CH
LY
N

3&

O
(276)
CoH4oN,405S
MW =254.26 g/mol

\L J

(Eluent: petroleum ether/ethylacetate: 2/1, Rs = 0.3) yielded the product as a dark brown oil
(76 %).

IR: vmax (cm™): 727.7, 886.4, 978.1, 1059.2, 1155.7, 1287.8, 1331.1, 1442.6, 1471.0, 1574.6,
1731.1, 2100.3, 2945.1.

'H NMR: &y (400 MHz, CDCls): 2.88 (3H, s, CHs), 4.17 (2H, s, CHy), 7.20 (1H, ddd,
J'=8.5 Hz, J*=7.9 Hz, J*=1.2 Hz, ArH), 7.27 (1H, dd, J'= 8.0 Hz, J*=1.2 Hz, ArH), 7.57 (1H,
ddd, J'=8.5 Hz, J°=7.8 Hz, J*=1.5 Hz, ArH), 7.92 (1H, dd, J'=8.0 Hz, J*=1.2 Hz, ArH),
9.61(1H, s, CHO) ppm.

3C NMR &, (100 MHz, CDCls): 36.05 (CHs), 59.53 (CH,), 119.99 (CH), 124.71 (CH),
129.13 (qC), 131.69 (CH), 134.32 (CH), 138.18 (qC), 197.73 (CHO) ppm.

HRMS (ESI™): found 277.0373 [M+Na]*, CgH10N4O3SNa requires 277.0366.

203



Experimental

Ve

O

O

N

7.1.3.4. Synthesis of 2-{1-[(2-azidophenyl)sulfonyl]piperidin-2-yl}acetaldehyde.

\//

CiS\N
N

3

/
O

(280)
C43H1N4O3S
MW =308.36 g/mol

\. J/

(Eluent: petroleum ether/ethylacetate: 2/1, R = 0.28) yielded the product as a light yellow oil
(81 %).

IR: vmax (cm™): 759.5, 818.6, 932.4, 1071.2, 1122.1, 1157.1, 1288.5, 1326.4, 1443.6, 1471.2,
1574.7,1721.0, 2099.4, 2863.2, 2941.5.

'H NMR: 84 (400 MHz, CDCls): 1.14-1.76 (6H, m, 3 x CH,), 2.72-2.84 (2H, m, CH,-CHO),
3.02-3.09 (1H, m, CH), 3.89 (1H, dd, J'=13.5 Hz, J°=1.0 Hz, NCHH), 4.66 (1H, q, J=6.2 Hz,
NCHH), 7.25 (1H, ddd, J'=8.8 Hz, J*=7.8 Hz, J*=1.2 Hz, ArH), 7.31 (1H, dd, J'= 8.0 Hz,
J*=1.1 Hz, ArH), 7.60 (1H, ddd, J'=8.8 Hz, J°=7.8 Hz, J*=1.2 Hz, ArH), 8.02 (1H, dd, J'=8.0
Hz, J’=1.5 Hz, ArH), 9.62 (1H, t, J=2.0 Hz, CHO) ppm.

B3C NMR & (100 MHz, CDCl3): 18.39 (CH,), 25.17 (CH,), 28.62 (CH,), 41.40 (CH,),
44.49 (CHy), 47.76 (CH), 119.92 (CH), 124.58 (CH), 130.98 (qC), 131.36 (CH), 133.88 (CH),
138.02 (qC), 199.87 (CHO) ppm.

HRMS (ESI™): found 331.0832 [M+Na]", C13H16N4O3SNa requires 331.0835.
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7.1.3.5. Synthesis of 2-azido-N-ethyl-N-(4-oxobutyl)benzenesulfonamide.

O\\//
S /\CH3

L
N

3

(285)
C12H1gN4O3S
MW = 296.35 g/mol

\. J/

(Eluent: petroleum ether/ethylacetate: 3/2, R = 0.25) yielded the product as a light yellow oil
(76 %).

IR: vmax (cm™): 737.3, 818.2, 915.7, 998.2, 1060.1, 1145.3, 1154.8, 1288.5, 1326.5, 1442.6,
1471.1, 1574.5, 1720.1, 2098.1, 2936.5.

'H NMR: 84 (400 MHz, CDCls): 1.09 (3H, t, J=7.1 Hz, CH3), 1.89 (2H, app. p, J=7.1 Hz,
NCH,CH,), 2.57 (2H, t, J=7.1 Hz, CH,-CHO), 3.31-3.42 (4H, m, CH,NCHy,), 7.23 (1H, app.
td, J'=8.0 Hz, J*=1.0 Hz, ArH), 7.29 (1H, dd, J'= 7.9 Hz, J=1.2 Hz, ArH), 7.57 (1H, app. td,
J'=8.0 Hz, J>=1.4 Hz, ArH), 7.98 (1H, dd, J'=7.9 Hz, J?=1.2 Hz, ArH), 9.79 (1H, s, CHO)
ppm.

3C NMR & (100 MHz, CDCls): 13.89 (CHs), 21.08 (CH,), 40.69 (CH,), 42.43 (CHy),
49.65 (CH,), 119.79 (CH), 124.66 (CH), 131.11 (qC), 131.59 (CH), 133.76 (CH), 137.95 (qC)
201.42 (CHO) ppm.

HRMS (ESI™): found 297.1009 [M+H]+, C1,H17N403S requires 297.1016.
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7.1.3.6. Synthesis of 2-azido-N-benzyl-N-(3-oxopropyl) benzenesulfonamide.

AP
N

3
/
@)
(290)
C16H16N403S
MW =344.39 g/mol

\. J/

(Eluent: petroleum ether/ethylacetate: 2/1, Rs = 0.3) yielded the product as a light yellow oil
(77 %).

IR: vmax (cm™): 577.3, 699.5, 726.6, 819.0, 908.2, 1059.1, 1123.6, 1156.4, 1288.2, 1329.8,
1454.9, 1471.1, 1573.8, 1584.4, 1633.5, 1722.0, 1866.0, 2100.0, 2917.3.

'H NMR: 84 (400 MHz, CDCly): 2.56 (2H, ddd, J'=7.4 Hz, J*=7.0 Hz, J°=0.8 Hz,
NCH,CH,), 3.58 (2H, t, J=7.4 Hz, NCH,CH,), 4.53 (2H, s, Ph-CHy), 7.25-7.36 (7H, m, 7 x
ArH), 7.62 (1H, td, J'=8.0 Hz, J=1.4 Hz, ArH), 8.03 (1H, dd, J'=8.0 Hz, J*=1.4 Hz, ArH),
9.53 (1H, s, CHO) ppm.

¥C NMR §; (100 MHz, DMSO): 41.68 (CH,), 43.50 (CH,), 53.08 (CH,), 119.88 (CH),
124.75 (CH), 128.05 (CH), 128.31 (2 x CH), 128.77 (2 x CH), 130.43 (qC), 131.78 (CH),
134.12 (CH), 136.34 (qC), 138.21 (qC), 200.12 (CHO) ppm.

HRMS (ESI*): found 345.1012 [M+H]*, C1sH17N40sS requires 345.1016.
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7.1.3.7. Synthesis of 1-[(2-azidophenyl)sulfonyl]piperidine-4-carbaldehyde.

(294)
C12H14N4O3S
MW =294.33 g/mol

(Eluent: petroleum ether/ethylacetate: 1/1, Rf = 0.31) yielded the product as a yellow oil (92
%).

IR: vmax (cm™): 739.2, 818.4, 929.8, 1042.9, 1068.5, 1124.2, 1158.0, 1265.8, 1288.5, 1325.8,
1442.7,1471.3, 1573.6, 1723.0, 2098.6, 2856.3, 2926.8.

'H NMR: 8y (400 MHz, CDCls): 1.61-1.71 (2H, m, CH,CHCH,), 1.89-1.97 (2H, m,
CH,CHCH,), 2.30 (1H, septet, J=4.3 Hz, CH,CHCH,), 2.90 (2H, td, J'=13.0 Hz, J*=3.0 Hz,
CH,NCH,), 3.61-3.67 (2H, m, CH,NCH,), 7.17 (1H, ddd, J*=8.4 Hz, J?=7.9 Hz, J*=1.0 Hz,
ArH), 7.23 (1H, dd, J'= 8.0 Hz, J*=1.3 Hz, ArH), 7.51 (1H, ddd, J'=8.4 Hz, J*=7.9 Hz,
J?=1.5 Hz, ArH), 7.87 (1H, dd, J'=8.0 Hz, J*=1.3 Hz, ArH), 9.58 (1H, s, CHO) ppm.

3C NMR & (100 MHz, CDCls): 25.23 (2 x CH,), 44.98 (2 x CH,), 47.04 (CH), 119.95
(CH), 124.70 (CH), 129.22 (qC), 131.73 (CH), 134.02 (CH), 138.29 (qC), 202.44 (CHO)
ppm.

HRMS (ESI™): found 295.0856 [M+H]", C1,H15N405S requires 295.0859.
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7.1.4. Synthesis of 1,3,4,12a-tetrahydro-2H-benzo[f]pyrido[1,2-
b][1,2,5]thiadiazepin-12(11H)-one 6,6-dioxide.

o Y
N Toluene ~N
+ P(Ph); -
N rt.
3 ~ N
@] |_'| )
(263)
(264)
C12H14N205S
MW =266.32 g/mol
. J

To a solution of 2-azidobenzyl benzoate (294 mg, 1.0 mmol, 1.0 eq) in anhydrous toluene (10
mL) was added triphenylphosphine (314 mg, 1.2 mmol, 1.2 eq). The mixture was stirred for
12 hours at ambient temperature under a nitrogen atmosphere. After completion of the
reaction, monitored by TLC, the solvent was removed under vacuum. The residue was
purified by using silica column chromatography [petroleum ether/ethyl acetate: 4/1, Ry= 0.22]

to yield the product as a yellow- green oil (36 mg, 14 %).

IR: vmax (cm™): 580.7, 752.3, 882.3, 976.6, 1050.6, 1121.6, 1156.5, 1329.3, 1487.9, 1601.4,
1724.4, 2854.9, 2925.0, 3378.7.

'H NMR: 84 (400 MHz, CDCls): 1.38-1.43 (1H, m, CHH), 1.77-1.87 (1H, m, CH,), 2.02-
2.10 (1H, m, CHH), 2.41-2.48 (1H, m, CHH), 2.54-2.58 (1H, m, CHH), 3.12-3.19 (1H, m,
NCHH), 3.57-3.65 (1H, m, NCHH), 5.42 (1H, br.s, NCH), 5.66-5.67 (1H, m, NH), 6.70 (1H,
d, J=8.5 Hz, ArH), 6.76 (1H, app. td, J'=8.2 Hz, J*=1.1 Hz, ArH), 7.26 (1H, app. td, J'=8.2
Hz, J?=1.1 Hz, ArH), 7.57 (1H, dd, J'=8.5 Hz, J*=1.0 Hz, ArH) ppm.

13C NMR & (100 MHz, CDCls): 26.25 (CH;), 29.79 (CH,), 39.60 (CH,), 45.10 (CH5), 73.60
(CH), 115.81 (CH), 118.40 (CH), 119.93 (qC), 125.37 (CH), 133.83 (CH), 140.47 (qC),
204.82 (C=0) ppm.

HRMS (ESI™): found 266.0716 [M]", C12H14N,03S requires 266.0725.
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7.1.5. Synthesis of 3b,4,6,7-tetrahydro-5H-benzo[f]pyrido[1,2-
b][1,2,3]triazolo[5,1-d][1,2,5]thiadiazepine 9,9-dioxide.

Ve

O O \/ O\/
\\S//\ Bestmann \S/\ \S/\N
©: N Ohira reagent ©: N . @( 7
S It »
@]
Nz
(263) N
— H - (270)
C13H14N40,S
(269) MW =290.34 g/mol

J/

The aldehyde (80 mg, 1.07 mmol, 1.0 eq) was dissolved in dry methanol (5 mL); potassium
carbonate (75 mg, 0.54 mmol, 2.0 eq) and the Bestmann-Ohira reagent®*® (78 pL, 62 mg, 0.
33 mmol, 1.2 eq) were added and the whole was stirred for 22 hours under nitrogen. The
reaction was quenched with saturated aqueous ammonium chloride (10 mL), the organic
phase was separated and the aqueous phase was extracted with dichloromethane (3 x 20 mL).
The combined organic phases were dried (MgSO,), filtered and concentrated in vacuo to yield
an orange solid. Purification by silica chromatography (petroleum ether/ethyl acetate: 1/1, R¢

= 0.2) yielded the product as a pale yellow oil (56 mg, 71 %).

IR: vmax (cm™): 728.3, 907.4, 955.3, 1096.5, 1127.9, 1170.3, 1346.2, 1488.0, 1593.0, 2854.9,
2926.4.

'H NMR: 84 (400 MHz, CDCls): 1.33-1.45 (1H, m, CHH), 1.60-1.79 (2H, m, CH,), 1.87-
1.92 (1H, m, CHH), 2.02-2.15 (2H, m, CH,), 2.66 (1H, td, J'=11.8 Hz, J?=2.6 Hz, NCH),
3.73 (1H, dd, J'=9.7 Hz, J°=2.6 Hz, NCHH), 3.86-3.89 (1H, m, NCHH), 7.58 (1H, app. td,
J'=7.6 Hz, J*=0.7 Hz, ArH), 7.68 (1H, br.s, ArH), 7.75 (1H, dd, J'=7.8 Hz, J>=1.1 Hz, ArH),
7.93 (1H, dd, J'=7.8 Hz, J>=1.1 Hz, ArH), 9.97 (1H, d, J=7.6 Hz, ArH).

13C NMR & (100 MHz, CDCly): 23.67 (CHy), 25.07 (CHj), 29.42 (CH;), 48.80 (CHy), 52.25
(CH), 125.02 (CH), 127.96 (CH), 129.70 (CH), 130.92 (qC), 132.86 (CH), 133.54 (qC),
134.48 (CH), 136.53 (qC) ppm.

. Toun . + , C13H15N4025 requires . .
HRMS (ESI"): found 291.0909 [M+H]", C1sH1sN40,S requires 291.0910
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7.1.6. Synthesis of 5-benzyl-4,5-dihydrobenzo[f][1,2,3]triazolo[5,1-
d][1,2,5]thiadiazepine 6,6-dioxide.

( N\
0 0 0.0
Ph
" ,~pn Bestmann T ~ph v
N Ohira reagent N > 7
K2CO3, MeOH, rt
@] / N:N
L H i
(272) (274)
(273) C16H14N402S
MW =326.08 g/mol
(. J

The aldehyde (200 mg, 0.606 mmol, 1.0 eq) was dissolved in dry methanol (5 mL); potassium
carbonate (167 mg, 1.212 mmol, 2.0 eq) and the Bestmann-Ohira reagent (174 pL, 139 mg, 0.
727 mmol, 1.2 eq) were added and the whole was stirred for 22 hours under nitrogen. The
reaction was quenched with saturated aqueous ammonium chloride (10 mL), the organic
phase was separated and the aqueous phase was extracted with dichloromethane (3 x 20 mL).
The combined organic phases were dried (MgSO,), filtered and concentrated in vacuo to yield
an orange solid. Purification by silica chromatography (20 g) (petroleum ether/ethyl acetate:
1/1, R¢ = 0.22) yielded the product as a orange oil (145 mg, 73 %).

IR: vmax (cm™): 697.1, 797.7, 908.5, 1059.1, 1089.9, 1139.7, 1167.7, 1343.9, 1454.0, 1485.7,
1591.8, 1650.8, 2924.8.

'H NMR: 84 (400 MHz, CDCl3): 4.26 (4H, d, J=7.1 Hz, 2 x CH,), 7.18-7.29 (5H, m, 5 x
ArH), 7.54 (2H, m, 2 x ArH), 7.72 (1H, td, J*=8.2 Hz, J?=1.3 Hz, ArH), 8.03 (1H, dd, J'= 7.9
Hz, J°=1.5 Hz, ArH), 8.17 (1H, d, J=8.2 Hz, ArH) ppm.

3C NMR &, (100 MHz, CDCls): 41.14 (CH,), 54.12 (CH,), 125.03 (CH), 128.36 (CH),
128.57 (2CH), 128.61 (CH), 129.04 (2CH), 129.18 (CH), 131.63 (qC), 132.85 (qC), 133.05
(CH), 133.94 (qC), 134.02 (qC), 134.41 (CH) ppm.

HRMS (ESI™): found 327.0905 [M+H]", C16H1sN40,S requires 327.1091.
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7.1.7. Synthesis of 5-methyl-4,5-dihydrobenzo[f][1,2,3]triazolo[5,1-
d][1,2,5]thiadiazepine 6,6-dioxide.

O O O O O O
\\S//\ _CH, Bestmann & CcH \\S//\N’CHs
N Ohira reagent . SNTTR
K,CO3, MeOH, 1t ) 7
Na \ N3 N \
0 7 U
H N
(276) - N (278)
(277) C1oH10N40,S
MW =250.28 g/mol

The aldehyde (180 mg, 0.708 mmol, 1.0 eq) was dissolved in dry methanol (5 mL); potassium
carbonate (195 mg, 1.416 mmol, 2.0 eq) and the Bestmann-Ohira reagent (203 pL, 163 mg, 0.
850 mmol, 1.2 eq) were added and the whole was stirred for 22 hours under nitrogen. The
reaction was quenched with saturated aqueous ammonium chloride (10 mL), the organic
phase was separated and the aqueous phase was extracted with dichloromethane (3 x 20 mL).
The combined organic phases were dried (MgSQO,), filtered and concentrated in vacuo to yield
an orange solid. Purification by silica chromatography (petroleum ether/ethyl acetate: 1/2, R¢
= 0.24) yielded the product as a pale yellow solid (120 mg, 68 %, m.p.=106-108 °C).

IR: vmax (cm™): 727.9, 839.9, 910.8, 978.4, 1104.8, 1137.3, 1165.1, 1230.7, 1344.6, 1459.1,
1484.7, 1562.9, 2925.2.

'H NMR: 84 (400 MHz, CDCls): 2.79 (3H, s, CHs), 4.30 (2H, s, CH,), 7.55 (1H, app. td,
J'=7.8 Hz, J?= 1.0 Hz, ArH), 7.68 (1H, s, =CH), 7.73 (1H, app. td, J'= 7.8 Hz, J°=1.4 Hz,
ArH), 7.96 (1H, dd, J'=7.8 Hz, J>=1.4 Hz, ArH), 8.09 (1H, dd, J'=8.1 Hz, J*=0.9 Hz, ArH)
ppm.

3C NMR &, (100 MHz, CDCls): 38.03 (CHs), 43.94 (CH,), 125.04 (CH), 128.74 (CH),
129.38 (CH), 130.10 (qC), 132.60 (qC), 133.15 (qC), 134.04 (CH), 134.59 (CH) ppm.

HRMS (ESI™): found 251.0612 [M+H]", C10H11N40,S requires 251.0597.
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7.1.8. Attempted synthesis of 4,4a,5,6,7,8-hexahydrobenzo[g] pyrido[1,2-
b][1,2,3]triazolo[5,1-e][1,2,6]thiadiazocine 10,10-dioxide.

N

O O
\\S’/O Bestmann N O\\Sf/o
~N Ohira reagent > N N N
K,COs, MeOH, rt
N3 N3 NH2
/ N
8 N\
(280) (281) (283)
C14H4gN4O5S C14H4gN205S
MW =304.37 g/mol MW =278.37 g/mol

The aldehyde (123 mg, 0.4 mmol, 1.0 eq) was dissolved in dry methanol (5 mL); potassium
carbonate (110 mg, 0.8 mmol, 2.0 eq) and the Bestmann-Ohira reagent (115uL, 92 mg, 0.48
mmol, 1.2 eq) were added and the whole was stirred for 22 hours under nitrogen. The reaction
was quenched with saturated aqueous ammonium chloride (10 mL), the organic phase was
separated and the aqueous phase was extracted with dichloromethane (3 x 20 mL). The
combined organic phases were dried (MgSQ,), filtered and concentrated in vacuo to yield an

orange solid. Purification by silica chromatography to give two products:

First product (281): 1-[(2-azidophenyl)sulfonyl]-2-(prop-2-yn-1-yl)
piperidine.
(Petroleum ether/ethyl acetate: 1/1, Rf = 0.21) yielded the product as a light yellow oil

(80 mg, 66 %0).

IR: vmax (cm™): 576.3, 603.7, 647.2, 818.4, 867.8, 905.5, 964.9, 1071.6, 1124.9, 1156.5,
1265.8, 1327.1, 1444.2, 1471.9, 1575.5, 2099.6, 2125.8, 2943.5, 3307.6.

'H NMR: 8 (400 MHz, CDCls): 1.16-1.60 (6H, m, 3 x CH,), 1.84 (1H, br.s, CH,CCH),
1.88-1.93 (1H, m, HCC-CHH), 2.35 (1H, qd, J'=16.0 Hz, J?=2.6 Hz, HCCCHH), 2.95 (1H,
td, J'=13.8 Hz, J*=2.3 Hz, NCH), 3.76 (1H, dd, J'=13.9 Hz, J*=3.9 Hz, NCHH), 4.15 (H, t,
J=5.4 Hz, NCHH), 7.14 (1H, dd, J*=7.8 Hz, J*=7.5 Hz, ArH), 7.21 (1H, app. td, J=7.9 Hz,
ArH), 7.49 (1H, app. td, J'=7.8 Hz, J*=1.4 Hz, ArH), 7.91 (1H, dd, J'=7.9 Hz, J*=1.4 Hz,
ArH) ppm.
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3C NMR § (100 MHz, CDCl3): 18.11 (CH,), 20.05 (CH,), 25.23 (CH,), 26.74 (CH),
41.13 (CH,), 51.87 (CH), 70.44 (CH), 80.81 (qC), 119.84 (CH), 124.54 (CH), 131.24 (CH),
131.34 (qC), 133.68 (CH), 137.99 (qC) ppm.

HRMS (ES|+)Z found 305.1062 [M+H]+, C14H17N4O5S requires 305.1067.

Second product (283): 2-{[2-(prop-2-yn-1-yl)piperidin-1-yl]sulfonyl}aniline.

(Petroleum ether/ethyl acetate: 1/2, Rf = 0.21) yielded the product as a yellow oil (20 mg,
18 %).

IR: vmax (cm™): 839.0, 964.1, 1088.8, 1141.2, 1178.3, 1265.7, 1318.5, 1381.7, 1453.7,
1567.0, 1616.6, 2129.3, 2884.0, 2980.3, 3305.3, 3376.6, 3483.9.

'H NMR: &4 (400 MHz, CDCls): 1.14-1.61 (6H, m, 3 x CH,), 1.83-1.97 (1H, m, HCC-
CHH), 2.33.2.39 (1H, m, HCCCHH), 2.53-2.58 (1H, m, NCH), 2.85 (1H, td, J'=13.8 Hz,
J?=2.3 Hz, CCH), 3.63 (1H, dd, J*=13.9 Hz, J*=3.9 Hz, NCHH), 4.13 (H, t, J=5.4 Hz,
NCHH), 4.92 (2H, sb, NH,), 7.23 (2H, d, J=8.2 Hz, 2 x ArH), 7.74 (2H, d, J=8.2 Hz, 2 x
ArH) ppm.

3C NMR & (100 MHz, CDCls): 18.09 (CH,), 19.58 (CH,), 24.59 (CH,), 26.19 (CHy),
40.76 (CHj), 51.66 (CH), 70.51 (CH), 80.99 (qC), 117.35 (CH), 124.55 (CH), 129.90 (CH),
133.90 (CH), 138.01 (qC), 145.31 (qC) ppm.

HRMS (ESI™): found 278.1089 [M+H]", C14H1sN20,S requires 278.1089.
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7.1.9. Synthesis of 4,4a,5,6,7,8-hexahydrobenzo[g]pyrido[1,2-b][1,2,3]tria-
zolo[5,1-€][1,2,6]thiadiazocine-10,10-dioxide.

\\S// \S—N
©: N CuS0,.5H,0, Sodium ascorbate @( S
t-BuOH/H,0 (1:1), RT, 24 h
N3 2 ( ) N

\ N

H
(282)
(281) C14H16N4O2S
MW =304.37 g/mol

A solution of sodium ascorbate (5 mg, 0.025 mmol, 0.1 eq) and CuSO,4.5H,0 (1.22 mg,
0.0049 mmol, 0.02 eq) in water (2 mL) was added to a solution of 1-((2-
azidophenyl)sulfonyl)-2-(prop-2-yn-1-yl)piperidine (75 mg, 0.25 mmol, 1.0 eq) in t-BuOH (2
mL). The whole was stirred at ambient temperature under nitrogen atmosphere for 48 hours
and whilst being monitored by TLC. The reaction mixture was diluted with water (10 mL),
the organic layer was separated and the aqueous layer was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with water (10 mL) and brine (10 mL). The
organic phase was dried with anhydrous MgSQ,, filtered and the solvent removed in vacuo.
Purified by silica column chromatography [petroleum ether/ethyl acetate: 1/5, R = 0.24] to
yield the product as a light yellow oil (60 mg, 80 %).

IR: vmax (cm™): 772.7, 937.8, 1018.9, 1072.2, 1085.2, 1122.3, 1135.8, 1163.3, 1266.7,
1297.1, 1343.0, 1357.2, 1455.2, 1488.8, 1589.8, 2856.0, 2928.5.

'H NMR: 8y (400 MHz, CDCls): 1.18-1.69 (6H, m, 3 x CH,), 1.87-1.96 (1H, m, C=C-
CHH), 2.28 (1H, td, J'=12.0 Hz, J*=3.1 Hz, C=CCHH), 2.68-2.77 (1H, m, CH), 3.51 (1H, d,
J=10.3 Hz, NCHH), 4.03-4.12 (1H, m, NCHH), 7.55-7.59 (2H, m, C=CH + ArH), 7.63 (1H,
d, J=7.8 Hz, ArH), 7.68 (1H, ddd, J'=7.8 Hz, J*=7.5 Hz, J*=2.0 Hz, ArH), 8.03 (1H, d, J=7.8
Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 18.32 (CH,), 23.07 (CH,), 24.79 (CH,), 32.38 (CHy),
41.22 (CH,), 54.68 (CH), 127.65 (CH), 128.00 (qC), 130.01 (CH), 130.30 (CH), 131.70 (CH),
132.90 (qC), 133.87 (CH), 133.93 (qC) ppm.
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HRMS (ES|+)Z found 305.1063 [M+H]+, C14H17N4O5S requires 305.1067.

7.1.10. Attempted synthesis of 7-ethyl-4,5,6,7-tetrahydrobenzo[h][1,2,3]tri-
azolo[5,1-f][1,2,7]thiadiazonine 8,8-dioxide.

W\ //O

: :S\
N3

N/\CHS Bestmann
Ohira reagent

K2CO3, MeOH, rt

(286)
c13H16N4C)2S
MW =292.36 g/mol

The aldehyde (200 mg, 0.675 mmol, 1.0 eq) was dissolved in dry methanol (5 mL); potassium

carbonate (186 mg, 1.35 mmol, 2.0 eq) and the Bestmann-Ohira reagent (194 pL, 155 mg,

0.81 mmol, 1.2 eq) were added and the whole was stirred for 22 hours under nitrogen. The

reaction was quenched with saturated aqueous ammonium chloride (10 mL), the organic

phase was separated and the aqueous phase was extracted with dichloromethane (3 x 20 mL).

The combined organic phases were dried (MgSO,), filtered and concentrated in vacuo to yield

an orange solid. Purification by silica chromatography (25 g) (petroleum ether/ethyl acetate:
1/1, Rf = 0.24) yielded the product as a dark brown oil (137 mg, 70 %).

IR: vmax (cm™): 750.4, 818.3, 936.4, 1002.5, 1063.9, 1155.4, 1264.7, 1327.7, 1443.0, 1471.3,

1574.9, 2101.1, 2232.0, 2849.3, 2920.2, 3281.9.

'H NMR: 84 (400 MHz, CDCls): 1.03 (3H, t, J=7.1 Hz, CH3), 1.71 (2H, p, J=7.3 Hz,
NCH,CH,), 1.87 (1H, bs, C-H), 2.14 (2H, td, J'=6.9 Hz, J*=2.3 Hz, HCC-CHy), 3.29-3.37
(4H, m, CH,NCH,), 7.15 (1H, dd, J'=7.7 Hz, J>=7.6 Hz, ArH), 7.21 (1H, d, J= 7.6 Hz,
ArH), 7.49 (1H, dd, J'=7.6 Hz, J=7.5 Hz, ArH), 7.91 (1H, d, J'=7.7 Hz, ArH) ppm.
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3C NMR §. (100 MHz, CDCls): 14.01 (CHs), 15.81 (CH,), 27.71 (CH,), 42.67 (CHy),
46.36 (CHy), 68.98 (C-H), 83.18 (qC), 119.81 (CH), 124.61 (CH), 131.21 (qC), 131.57 (CH),
133.71 (CH), 137.98 (qC) ppm.

HRMS (ES|+): found 293.1064 [M+H]+, C13H17N4O5S requires 293.1067.

7.1.11. Attempted synthesis of 7-ethyl-4,5,6,7-tetrahydrobenzo[h]
[1,2,3]triazolo[5,1-f][1,2,7]thiadiazonine 8,8-dioxide.

( )\

0
g7/ "CHs Ss—N

O
S\N
Chlorofi
oroform, Reflux, 3 days » 9
N Toluene, Re‘rﬂb(, 3 days
3

Z

(286)

(288)
C13H4gN202S
MW =266.36 g/mol

2-Azido-N-ethyl-N-(pent-4-yn-1-yl)benzenesulfonamide (100 mg, 0.34 mmol) in dry
chloroform (10 mL) was heated at 80 °C under a nitrogen atmosphere for 3 days and
monitored by TLC which showed no product. The solvent was removed and the remaining
starting material was added to anhydrous toluene (10 mL). The reaction mixture was heated at
reflux temperature for 3 days under an atmosphere of dry nitrogen whilst being monitored by
TLC and concentrated. Purification by silica chromatography (petroleum ether/ ethyl acetate:
3/1, Ry = 0.23), yielded the product as a brown oil (91 mg, 75%).
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IR: vmax (cm™): 839.6, 909.1, 1086.3, 1139.8, 1319.2, 1453.5, 1483.4, 1616.9, 2156.4,
2979.9, 3304.1, 3375.7, 3485.8.

'H NMR: &4 (400 MHz, CDCls): 1.05 (3H, t, J=7.2 Hz, CHj), 1.66-1.73 (2H, m,
NCH,CH,), 1.87 (1H, t, J=2.6 Hz, C-H), 2.12 (2H, td, J'=7.0 Hz, J°=2.6 Hz, HCC-CH,),
3.19-3.24 (4H, m, CH,NCH,), 4.95 (2H, br.s, NH,), 6.63 (1H, d, J=8.0 Hz, ArH), 6.67 (1H,
d, J= 7.8 Hz, ArH), 7.19 (1H, app. td, J'=7.8 Hz, J°=1.3 Hz, ArH), 7.54 (1H, dd, J'=8.0 Hz,
J*=1.2 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 13.63 (CHs), 15.75 (CH,), 27.39 (CH,), 42.44 (CHy),
45.83 (CH,), 68.97 (C-H), 83.28 (qC), 117.32 (CH), 117.65 (CH), 121.36 (qC), 129.89 (CH),
133.87 (CH), 145.69 (qC) ppm.

HRMS (ESI*): found 267.1167 [M+H]", C15H1sN205S requires 267.1162.

7.1.12. Attempted synthesis of 5,6-dihydro-4H-4,7-ethanobenzo[h]
[1,2,3]triazolo[5,1-f][1,2,7]thiadiazonine 8,8-dioxide.

Ve

o 0 o 0
g Bestmann R s
N i > N
24t sqoteasy
, Me
N3 I 2 3 N3 \\ NH2 \\

(@)
(294) (295) (297)
MW =290.34 g/mol MW =264.34 g/mol

The aldehyde (200 mg, 0.68 mmol, 1.0 eq) was dissolved in dry methanol (5 mL); potassium
carbonate (187 mg, 1.36 mmol, 2.0 eq) and the Bestmann-Ohira reagent (195 uL, 156 mg, 0.
816 mmol, 1.2 eq) were added and the whole was stirred for 22 hours under nitrogen. The
reaction was quenched with saturated aqueous ammonium chloride (10 mL), the organic
phase was separated and the aqueous phase was extracted with dichloromethane (3 x 20 mL).
The combined organic phases were dried (MgSO,), filtered and concentrated in vacuo to yield

an orange solid. Purification by silica chromatography gave two products:
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First product (295): 1-[(2-azidophenyl)sulfonyl]-4-ethynylpiperidine.

(Petroleum ether/ethyl acetate: 1/2, Rf = 0.24) yielded the product as a light yellow oil
(125 mg, 64 %).

IR: vmax (cm™): 761.0, 817.6, 936.0, 1039.0, 1068.8, 1123.2, 1265.2, 1309.9, 1325.1, 1443.5,
1471.6, 1573.9, 1584.7, 2099.1, 2131.0, 2854.4, 2925.5, 3276.0.

'H NMR: 8y (400 MHz, CDCls): 1.61-1.69 (2H, m, CH,CHCH,), 1.79-1.86 (2H, m,
CH,CHCH,), 2.03 (1H, br.s, CCH), 2.49-2.54 (1H, m, CH,CHCH,), 3.08-3.14 (2H, m,
CH,NCH,), 3.41-3.47 (2H, m, CH,NCHy,), 7.16 (1H, dd, J'=8.0 Hz, J?=7.6 Hz, ArH), 7.23
(1H, d, J= 8.0 Hz, ArH), 7.51 (1H, app. td, J'=8.0 Hz, J*=1.0 Hz, ArH), 7.87 (1H, d, J=8.0
Hz, ArH) ppm.

3C NMR & (100 MHz, CDCl3): 29.00 (CH), 31.07 (2 X CH,), 44.06 (2 X CH,), 70.23
(CH), 85.55 (qC), 119.93 (CH), 124.65 (CH), 129.40 (qC), 131.72 (CH), 133.89 (CH), 138.29

(qC) ppm.

HRMS (ESI™): found 291.0910 [M+H]", C13H15N40,S requires 291.0910.

Second product (297): 2-[(4-ethynylpiperidin-1-yl)sulfonyl]aniline.

(Petroleum ether/ethyl acetate: 1/1, R¢ = 0.23) yielded the product as a yellow oil (25 mg,
14 %).

IR: vmax (cm™): 732.9, 839.7, 928.4, 1039.0, 1087.4, 1113.2, 1142.2, 1248.3, 1320.7, 1338.0,
1452.3, 1483.3, 1566.4, 1615.6, 2124.0, 2851.6, 2925.7, 3285.3, 3377.1, 3481.5.

'H NMR: 8y (400 MHz, CDCls): 1.59-1.68 (2H, m, CH,CHCH,), 1.78-1.84 (2H, m,
CH,CHCH,), 1.99 (1H, d, J=2.3 Hz, CCH), 2.37-2.42 (1H, m, CH,CHCH,), 2.87 (2H, td,
J'=11.7 Hz, J°=3.2 Hz, CH,NCH,), 3.32-3.37 (2H, m, CH,NCH,), 4.98 (2H, br.s, NH,), 6.65
(1H, d, J=7.9 Hz, ArH), 6.68(1H, d, J= 7.9 Hz, ArH), 7.22 (1H, dd, J'=7.9 Hz, J*=6.7 Hz,
ArH), 7.48 (1H, d, J=7.9 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCl3): 25.94 (CH), 30.66 (2 X CH,), 44.25 (2 X CH,), 70.06
(CH), 85.59 (qC), 117.20 (CH), 117.66 (CH), 118.00 (qC), 130.24 (CH), 134.17 (CH), 146.23

(9C) ppm.

. Toun . + , C13H17N2025 requires . .
HRMS (ESI"): found 265.1004 [M+H]", C1sH17N,0,S requires 265.1005
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7.1.13. Synthesis of (S)-[1-(2'-azidobenzenesulfonyl)pyrrolidin-2-yl]
methanol.

4 \
0]
120 Q0
W/,
“OH (COCI);, DCM, DMF S~N
N K,COg3, S-Prolinol, DCM, rt.
3 N3
(155a) (156a)
C11H14N4O3S
MW =282.32 g/mol

2-Azidobenzenesulfonic acid (1.475 g, 7.425 mmol, 2.5 eq) was heated at reflux in a 2M
solution of (COCI); in dichloromethane (7.4 mL, 14.8 mmol, 5.0 eq) with a drop of DMF
under an inert atmosphere of nitrogen for 5 hours. The reaction was cooled to room
temperature before the crude acid chloride was concentrated and the residue was washed with

dichloromethane (2 x 20 mL) to give the crude sulfonyl chloride as an orange solid.

A solution of potassium carbonate (1.65 g, 11.88 mmol, 4.0 eq) in water (10 mL) was added
in one portion to a stirring solution of S-prolinol (300 mg, 2.970 mmol, 1.0 eq) in
dichloromethane (10 mL). The sulfonyl chloride was dissolved in dichloromethane (5 mL)
and was added slowly to this solution. The reaction was allowed to stir at room temperature
for 18 hours before the organic layer was separated and the aqueous layer washed with
dichloromethane (2 x 20 mL). The combined organic phases were dried (MgSQ,), filtered,
concentrated and purified by silica column chromatography [petroleum ether/ethyl acetate:
1/10, Rf = 0.2] to yield the product as a yellow oil (600 mg, 72 %).

IR: vmax (cm™): 575.3, 600.1, 649.3, 728.2, 769.4, 820.5, 864.2, 897.4, 997.5, 1018.6, 1064.6,
1141.8, 1198.1, 1305.1, 1466.5, 1572.5, 1581.5, 2101.4, 2872.4, 2963.4, 3081.6, 3438.7.

'H NMR: 84 (400 MHz, CDCl3): 1.68-1.77 (1H, m, CHH), 1.79-1.88 (1H, m, CHH), 1.90-
2.00 (2H, m, CH,), 2.72 (1H, bs, CH,OH), 3.30-3.49 (1H, m, NCH), 3.52-3.59 (1H, m,
NCHH), 3.61-3.66 (1H, m, NCHH), 3.70-3.74 (1H, m, HOCHH), 4.02-4.08 (1H, m,
HOCHH), 7.28 (1H, dd, J'=8.1 Hz, J*=7.0 Hz, ArH), 7.33 (1H, dd, J= 8.0 Hz, ArH), 7.62
(1H, ddd, J'=8.1 Hz, J*=7.0 Hz, J*=1.1 Hz, ArH), 8.04 (1H, dd, J=8.0 Hz, J=1.1 Hz, ArH)
ppm.

219



Chaper 7

Experimental

3C NMR & (100 MHz, CDCls): 24.67 (CH,), 29.05 (CH,), 49.52 (CH,), 61.83 (CH), 65.48
(CH,), 119.91 (CH), 124.80 (CH), 129.04 (qC), 132.59 (CH), 134.21 (CH), 138.20 (qC) ppm.

HRMS (ESI*): found 283.0855 [M+H]", C11H1sNsOsS requires 283.0859.

7.1.14. Synthesis of 2-azidobenzenesulfonamide.

\//

(300)

\.

S~NH, HCl, NaNO,
_— e
0°C
NH,

\//

S<
NH,
®_
N=N

\//

SN
NaNs,, NaOAc>©: NH,
N

0°C

3
(301)
CgHgN,O,S
MW =198.20 g/mol

J/

To a solution of 2-aminobenzenesulfonamide®’ (5 g, 29 mmol, 1.0 eq) in concentrated HCI
(45 mL) and water (45 mL) at 0 °C, was added, with stirring, a solution of NaNO; (2.18 g,

31.97 mmol, 1.1 eq) in water (10 mL) cooled to 0 °C dropwise over 10 minutes and the whole

stirred for a further hour before a cooled solution of NaN3 (1.89 g, 29 mmol, 1.1 eq) and

sodium acetate (60 g) in water (100 mL) was added dropwise over an hour. The precipitate

formed was filtered by vacuum, washed thoroughly with water (60 mL) and dried in the oven
at 80-100 °C to give the product as a fawn coloured solid (4.7 g, 82 %). (m.p. =182-184 °C,

Lit. m.p.=176 °C*®),

IR: vmax (cm™): 767.3, 817.7, 884.2, 1064.1, 1080.8, 1155.0, 1282.6, 1331.4, 1446.6, 1555.9,

1577.9, 2095.6, 3252.7, 3354.1.

'H NMR: 84 (400 MHz, DMSO): 7.30-7.35 (3H, m, NH+ ArH), 7.54 (1H, d, J= 7.8 Hz,
ArH), 7.66 (1H, app. td, J'= 7.7 Hz, J*=1.4 Hz, ArH), 7.83 (1H, dd, J'= 7.8 Hz, J’= 1.4 Hz,

ArH) ppm.

3C NMR &, (100 MHz, DMSO): 121.20 (CH), 125.17 (CH), 128.45 (CH), 133.93 (CH),

134.23 (qC), 137.36 (qC) ppm.
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7.1.15. Synthesis of 2-azido-N-(pent-4-en-1-yl)benzenesulfonamide.

( )

0 0O

\// \//

S. 0 S< W
©i NH, 4 BIn -~ _Pyridine, CH;ON N
o
N, Reflux, 95 °C, 72 h Ns

(301) (302) (303)
C1 1 I'|14N4023
MW =266.32 g/mol

To a solution of 2-azidobenzenesulfonamide (198 mg, 1.0 mmol, 1.0 eq) in CH3CN (10 mL),
5-bromo-1-pentene (149 mg, 1.0 mmol, 1.0 eq) and pyridine (79 mg, 1.0 mmol, 1.0 eq) were
added. The mixture was heated at 95 °C for 72 hours under a nitrogen atmosphere whilst
being monitored by TLC. The reaction was diluted with water (10 mL) and the mixture was
extracted with DCM (3 x 15 mL). The combined organic layer was dried over with anhydrous
MgSQ,, filtered and concentrated. Purification by silica chromatography (eluent: petroleum
ether/ethyl acetate: 1/1, R¢ = 0.3) yielded the product as a light yellow oil (20 mg, 8 %).

IR: vmax (cm™): 731.0, 820.3, 914.7, 1067.1, 1125.3, 1161.5, 1290.8, 1329.0, 1415.2, 1471.4,
1575.0, 1640.5, 2133.4, 2854.3, 2926.5, 3073.9, 3299.5.

'H NMR: 84 (400 MHz, CDCls): 1.52 (2H, p, J=7.2 Hz, CH,), 2.00 (2H, g, J=7.0 Hz, CH,),
2.83 (2H, g, J=6.8 Hz, CH,), 4.88-4.96 (3H, m, N-H, =CH,), 5.59-5.70 (1H, m, =CH), 7.18-
7.24 (2H, m, 2 x ArH), 7.53 (1H, app. td, J'= 7.8 Hz, J>=1.3 Hz, ArH), 7.91 (1H, dd, J'= 7.8
Hz, J°=1.1 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 28.66 (CH,), 30.67 (CH,), 42.79 (CH,), 115.62 (CH,),
119.36 (CH), 124.91 (CH), 129.92 (qC), 130.76 (CH), 133.96 (CH), 137.19 (CH), 137.46
(C) ppm.

HRMS (ESI™): found 289.0730 [M+Na]", C11H14N4O,SNa requires 289.0730.
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7.1.16. Synthesis of 2-azido-N-(pent-4-en-1-yl)benzenesulfonamide.

( )

0 0

\\S//\ \\S// _
©i NH, + Br o~ Na,COs, DMF»@: \”/\/\/
Ns Reflux, 72 h Ns
(301) (302) (303)

C11H14N4O2S
MW =266.32 g/mol

To a solution of 2-azidobenzenesulfonamide (198 mg, 1.0 mmol, 1.0 eq) in DMF (10 mL)
cooled to 0 °C, 5-bromo-1-pentene (149 mg, 1.0 mmol, 1.0 eq) and Na,COs (212 mg, 2.0
mmol, 1.0 eq) were added. The mixture was heated at reflux temperature for 72 hours under a
nitrogen atmosphere whilst being monitored by TLC. The reaction was diluted with NaCl g
(20 mL) and the mixture was extracted with DCM (3 x 15 mL). The combined organic layer
was dried over with anhydrous MgSO,, filtered and concentrated. Purification by silica
chromatography (eluent: petroleum ether/ethyl acetate: 1/1, Rs = 0.3) yielded the product as a
light yellow oil (8 mg, 3 %), with data identical to that above.

7.1.17. Synthesis of {1-[(2-azidophenyl)sulfonyl]pyrrolidin-2-yl}methanol.

O O

\}S// _ \\S//

NN Oxone, TsOH.H,0 (10 mol%) N
H ?
N, MeCN-H,0 (1:1) N,
(303) OH
(156a)
C11H14N4O3S
MW =282.32 g/mol

To a solution of 2-azido-N-(pent-4-en-1-yl)benzenesulfonamide (20 mg, 0.075 mmol, 1.0 eq)
and Oxone (35 mg, 0.113 mmol, 1.5 eq) in a 1:1 mixture (5 mL) of acetonitrile and water
was added p-toluenesulfonic acid monohydrate (2.9 mg, 0.015 mmol, 0.2 eq). The whole was
heated at reflux temperature for 12 hours, whilst being monitored by TLC. To this solution,
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saturated aqueous NaHCOg solution (15 mL) was added and the product was extracted with
ethyl acetate (3 x 15 mL). The combined organic layer was washed with brine (15 mL), dried
over anhydrous MgSQO, and the solvent was removed under vacuum. Purification by silica
chromatography (eluent: petroleum ether/ethyl acetate: 1/10, Rs = 0.2) yielded the product as
a yellow oil (20 mg, 95 %).

IR: vmax (cm™): 732.2, 820.0, 1018.6, 1064.6, 1141.8, 1199.8, 1305.1, 1472.0, 1574.6,
1581.5, 2101.4, 2872.4, 2963.4, 3081.6, 3525.7.

'H NMR: 84 (400 MHz, CDCly): 1.61-1.68 (1H, m, CHH), 1.72-180 (1H, m, CHH), 1.81-
1.98 (2H, m, CH,), 2.70 (1H, bs, CH,OH), 3.28-3.34 (1H, m, NCH), 3.44-3.50 (1H, m,
NCHH), 3.53-3.60 (1H, m, NCHH), 3.62-3.66 (1H, m, HOCHH), 3.94-4.00 (1H, m,
HOCHH), 7.28 (1H, dd, J'=8.1 Hz, 3°=7.0 Hz, ArH), 7.33 (1H, dd, J= 8.0 Hz, ArH), 7.62
(1H, ddd, J'=8.1 Hz, J?=7.0 Hz, J*=1.1 Hz, ArH), 8.04 (1H, dd, J=8.0 Hz, J=1.1 Hz, ArH)
ppm.

3C NMR & (100 MHz, CDCls): 24.67 (CH,), 29.06 (CH,), 49.53 (CH,), 61.84 (CH), 65.49
(CH,), 119.90 (CH), 124.80 (CH), 129.08 (qC), 132.59 (CH), 134.20 (CH), 138.22 (qC) ppm.

HRMS (ESI™): found 305.0674 [M+Na]", C11H14Ns03SNa requires 305.0679.

7.1.18. Synthesis of 2-azido-N-(but-3-en-1-yl)benzenesulfonamide.

O O
\\é/ \\S//
“OH _(COCI), DMF, DCM, 80°C NN

!

3-Buten-1-amine, K,CO3, DCM H
N3 N3
(155a) (304)

C10H12N40,S
MW =252.29 g/mol

2-Azidobenzenesulfonic acid (2.462 g, 12.37 mmol, 2.2 eq) was heated at reflux in a 2M
solution of (COCI); in dichloromethane (14.06 mL, 28.12 mmol, 5.0 eq) with a drop of DMF

under an inert atmosphere of nitrogen for 5 hours. The reaction was allowed to reach room
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temperature before the crude acid chloride was concentrated and the residue was washed with

dichloromethane (2 x 20 mL) to give the crude sulfonyl chloride as an orange solid.

A solution of potassium carbonate (3.109 g, 22.50 mmol, 4.0 eq) in water (10 mL) was added

in one portion to a stirring solution of 4-amino-1-butene (400 mg, 5.624 mmol, 1.0 eq) in

dichloromethane (10 mL). The sulfonyl chloride was dissolved in dichloromethane (5 mL)

and was added slowly to this solution. The reaction was allowed to stir at room temperature

for 18 hours before the organic layer was separated and the aqueous layer washed with

dichloromethane (2 x 20 mL). The combined organic phases were dried (MgSQ,), filtered,

concentrated and purified by silica column chromatography [petroleum ether/ethyl acetate:

3/1, Ry = 0.25] to yield the product as a pale yellow oil (1.0 g, 78 %).

IR: vmax (cm™): 756.4, 819.0, 916.1, 1066.1, 1124.3, 1243.8, 1288.4, 1326.9, 1411.6, 1443.7,

1470.8, 1574.4, 1641.1, 2129.9, 2980.1, 3076.5, 3303.3.

'H NMR: 8y (400 MHz, CDCls): 2.25 (2H, app. g, J=6.6 Hz, CH,), 2.99 (2H, app. q, J=6.5
Hz, CH,), 5.00-5.14 (3H, m, NH, =CH,), 5.61-5.72 (1H, m, =CH), 7.28 (1H, d, J=7.7 Hz,
ArH), 7.32 (1H, d, J= 7.7 Hz, ArH), 7.63 (1H, ddd, J'= 7.7 Hz, J*=7.0 Hz, J*=1.3 Hz, ArH),

8.00 (1H, d, J= 7.7 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 33.52 (CH,), 42.39 (CH,), 118.04 (CH,), 119.38 (CH),
124.89 (CH), 129.85 (qC), 130.73 (CH), 133.99 (CH), 134.28 (CH), 137.51 (qC) ppm.

HRMS (ESI™): found 275.0574 [M+Na]®, C10H12N4O,SNa requires 275.0573.

7.1.19. Synthesis of (2-azidophenyl)(2-(hydroxymethyl)pyrrolidin-1-

yl)methanone.

Ve

O o)
OH (COCl),, DCM, DMF - N
K,CO4,, S-Prolinol, DCM, rt.
N3 2 3 N3
(155b) OH
(100)
C12H14N402
MW =246.27 g/mol

J/
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2-Azidobenzoic acid (358 mg, 2.2 mmol, 2.2 eq) was heated at reflux in a 2M solution of
(COCI); in dichloromethane (2.5 mL, 5.0 mmol, 5.0 eq) with a drop of DMF under an inert
atmosphere of nitrogen for 5 hours. The reaction was cooled to room temperature before the
crude acid chloride was concentrated and the residue was washed with dichloromethane (2 x

20 mL) to give the crude 2-azidobenzoyl chloride as a dark brown solid.

A solution of potassium carbonate ( 552 mg, 4.0 mmol, 4.0 eq) in water (10 mL) was added in
one portion to a stirring solution of S-prolinol (101 mg, 1.0 mmol, 1.0 eq) in dichloromethane
(10 mL). The 2-azidobenzoyl chloride was dissolved in dichloromethane (5 mL) and was
added slowly to this solution. The reaction was allowed to stir at room temperature for 18
hours before the organic layer was separated and the aqueous layer washed with
dichloromethane (2 x 20 mL). The combined organic phases were dried (MgSQ,), filtered,
concentrated and purified by silica column chromatography [petroleum ether/ethyl acetate:
1/2, Rf = 0.23] to yield the product as a light yellow solid (200 mg, 81 %, m.p.=100-101 °C,
lit. m.p.=98-100 °C*%).

IR: vmax (cm™): 769.2, 945.4, 1032.0, 1083.8, 1169.3, 1210.1, 1290.8, 1454.6, 1597.1,
2089.8, 2980.8, 3291.6.

'H NMR: 84 (400 MHz, CDCl5): 1.66-1.93 (3H, m, CH,+ CHH), 2.15-2.23 (1H, m, CHH),
3.23-3.34 (2H, m, N-CHy), 3.72-3.77 (1H, m, HO-CHH), 3.84-3.87 (1H, m, HO-CHH), 4.36
(1H, dg, J'=10.1 Hz, J=2.7 Hz, NCH), 3.83 (1H, bs, OH), 7.10-7.22 (2H, m, 2 x ArH), 7.32
(1H, dd, J*=8.1 Hz, J°=1.3 Hz, ArH), 7.45 (1H, app. dt, J’=8.1 Hz, J°=1.6 Hz, ArH) ppm.

B3C NMR &, (100 MHz, CDCls): 24.51 (CH,), 28.62 (CH,), 49.64 (CH,), 61.35 (CH), 66.63
(CH,0OH), 118.53 (CH), 125.27 (CH), 127.77 (CH), 129.32 (qC), 130.68 (CH), 136.07 (qC),
169.05 (C=0) ppm.

HRMS (ESI™): found 247.1185 [M+ H]", C12H1sN4O; requires 247.1190.
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7.1.20. Synthesis of 2-azido-N-(pent-4-en-1-yl)benzamide

O O
OH _ (COC), DCM, DMF ”/\/\/
5-amino-1-pentene
N3 K,COs, DCM, H,0 N3
(155b) (310)
C12H44N,O
MW =230.27 g/mol

2-Azidobenzenesulfonic acid (717mg, 4.4 mmol, 2.2 eq) was heated at reflux in a 2M solution
of (COCI); in dichloromethane (5.0 mL, 10.0 mmol, 5.0 eq) with a drop of DMF under an
inert atmosphere of nitrogen for 5 hours. The reaction was cooled to room temperature before
the crude acid chloride was concentrated and the residue was washed with dichloromethane (2
X 20 mL) to give the crude 2-azidobenzoyl chloride as a dark brown solid.

A solution of potassium carbonate (1.104 g, 8.0 mmol, 4.0 eq) in water (10 mL) was added in
one portion to a stirring solution of 5-amino-1-pentene’®® (170 mg, 2.0 mmol, 1.0 eq) in
dichloromethane (10 mL). The 2-azidobenzoyl chloride was dissolved in dichloromethane (5
mL) and was added slowly to this solution. The reaction was allowed to stir at room
temperature for 18 hours before the organic layer was separated and the aqueous layer washed
with dichloromethane (2 x 20 mL). The combined organic phases were dried (MgSQy,),
filtered, concentrated and purified by silica column chromatography [petroleum ether/ethyl
acetate: 1/4, Ry = 0.25] to yield the product as ayellow oil (330 mg, 72 %).

IR: vmax (cm™): 785.7, 943.8, 993.5, 1164.2, 1293.5, 1444.8, 1480.3, 1536.2, 1577.2 1638.5,
1712.4, 2124.9, 2863.6, 2930.4, 3075.9, 3293.9.

'H NMR: 84 (400 MHz, CDCls): 1.66 (2H, p, J=7.2 Hz, -CH,CH,CH,- ), 2.09 (2H, g, J=7.3
Hz, CH,CH=CH,), 3.37-3.42 (2H, m, NHCH,), 4.92 (1H, dd, J'=10.2 Hz, J*=1.6 Hz,
CH=CHH), 4.99 (1H, J*= 17.1 Hz, J*=1.6 Hz, CH=CHH), 5.70-5.82 (1H, m, CH=CH,), 7.10
(1H, dd, J'=7.8 Hz, J*=0.8 Hz, ArH), 7.14 (1H, ddd, J'=7.8 Hz, J°=7.4 Hz, J*=1.6 Hz, ArH),
7.40 (2H, ddd, J'=7.8 Hz, J*=7.4 Hz, J*=1.6 Hz, 2 x ArH), 8.04 (1H, dd, J'= 7.8 Hz, J*=1.6
Hz, NH) ppm.
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BC NMR §; (100 MHz, CDCls): 28.64 (CH,), 31.25 (CH,), 39.54 (CH,), 115.22 (=CH,),
118.37 (CH), 125.17 (CH), 125.26 (qC), 132.17 (CH), 132.19 (CH), 136.82 (qC), 137.79
(CH), 164.58 (C=0) ppm.

HRMS (ESI™): found 231.1238 [M+H]", C1,H15N4O requires 231.1240.

7.1.21. Attempted synthesis of (2-azidophenyl)(2-(hydroxymethyl)pyrrolid-
in-1-yl)methanone.

O
N "7 Oxone, TsOH. H,O (10 m |°/ ©\)J\
H
N, MeCN-H,0 (1:1) /\
(310) (100)
o)
N/\/\(\O
H /
O~
N 8
(306b)
C12H14N4SO5
MW = 326.33 g/mol

To a solution of 2-azido-N-(pent-4-en-1-yl)benzamide (100 mg, 0.434mmol, 1.0 eq) and
Oxone (200 mg, 0.652 mmol, 1.5 eq) in a 1:1 mixture (10 mL) of acetonitrile and water was
added p-toluenesulfonic acid monohydrate (17 mg, 0.087 mmol, 0.2 eq). The whole was
heated at reflux temperature for 12 hours, whilst being monitored by TLC. To this solution,
saturated aqueous NaHCOj solution (15 mL) was added and the product was extracted with
ethyl acetate (3 x 15 mL). The combined organic layer was washed with brine (15 mL), dried
over anhydrous MgSQO, and the solvent was removed under vacuum. The residue was purified
by using silica chromatography (eluent: petroleum ether/ethyl acetate: 1/2, R = 0.2) yielded
the product as a light yellow oil (64 mg, 60 %).
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IR: vmax (cm™): 752.7, 1090.0, 1164.4, 1291.6, 1444.5, 1480.2, 1537.4, 2597.2, 1632.6,
1712.4, 2125.8, 2928.3, 3360.0.

'H NMR: 8y (400 MHz, CDCl3): 1.50-1.99 (4H, m, 2 x CH,), 3.32-3.56 (4H, m, 2 x CH,),
3.76-3.83 (2H, m, O-CH), 7.12 (1H, d, J=7.7 Hz, ArH), 7.16 (1H, dd, J'= 7.7 Hz, J>=7.5 Hz,
ArH), 7.42 (1H, dd, J'=7.8 Hz, J*=1.1 Hz, ArH), 7.51 (1H, bs, NH), 8.03 (1H, d, J=7.8 Hz,
ArH) ppm.

¥3C NMR 8 (100 MHz, CDCl3): 25.93 (CH,), 32.12 (CH,), 50.20 (CH,), 58.24 (OCH),
67.04 (OCH,), 71.12 (CH), 118.42 (CH), 125.00 (qC), 125.22 (CH), 132.17 (CH), 132.37
(CH), 136.92 (qC), 164.94 (C=0) ppm.

HRMS (ESI™): found 326.0375 [M]", C1,H14N4OsS requires 326.0378.

7.1.22. Synthesis of [1-(2'-azidobenzenesulfonyl)pyrrolidin-2-yl]carbalde-
hyde.

- 2
0,0 Q.0
7 . S~
C(S\N Oxalyl chloride, DCM @( N
?
N, DMSO, -78 °C Ns
O
H
C11H12N4038
MW =280.30 g/mol
& J

A 2M solution of oxalyl chloride in dichloromethane (0.94 mL, 1.68 mmol, 1.2 eq) was
diluted with dichloromethane (5 mL) and cooled to -78 °C under nitrogen. DMSO (0.26 mL,
265 mg, 3.40 mmol, 2.4 eq) in dichloromethane (5 mL) and the alcohol (400 mg, 1.42 mmol,
1 eq) in dichloromethane (2.5 mL) were added respectively, each over 10 mins. The whole
was maintained at -78 °C for 30 minutes before dropwise addition of triethylamine (1.09 mL,
0.78 g, 7.09 mmol, 5 eq) and the whole was allowed to reach room temperature. The reaction
was quenched with a mixture of diethyl ether (5 mL) and water (5 mL). The organic layer was
separated and the aqueous phase was extracted with dichloromethane (3 x 10 mL). The

combined organics were dried (MgSQ,), filtrered, concentrated and purified on silica (20g)
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(petroleum ether/ethyl acetate: 3/2, Rf = 0.2) to yield the product as a white solid (383 mg, 96
%, m.p.=103 - 105 °C).

IR: vmax (cm™): 716.5, 771.1, 1079.4, 1150.6, 1323.1, 1434.8, 1468.9, 1572.3, 1731.7,
2122.2, 2887.6, 2976.8, 3100.5.

'H NMR: 84 (400 MHz, CDCls): 1.81-1.95 (2H, m, CH,), 2.00-2.09 (1H, m, CHH), 2.14-
2.23 (1H, m, CHH), 3.38-3.44 (1H, m, NCHH), 3.55-3.60 (1H, m, CHH), 4.46-4.49 (1H, m,
NCH), 7.28 (1H, ddd, J'=7.5 Hz, J°=7.1 Hz, J*=1.5 Hz, ArH), 7.34 (1H, d, J=8.0 Hz, ArH),
7.64 (1H, dd, J*=7.8 Hz, J>=7.5 Hz, ArH), 8.04 (1H, d, J=8.0 Hz, ArH), 9.7 (1H, s, CHO).

3C NMR 8. (100 MHz, DMSO): 24.99 (CH,), 27.70 (CH,), 48.80 (CH,), 67.08 (CH),
119.88 (CH), 124.86 (CH), 128.97 (qC), 132.50 (CH), 134.38 (CH), 138.24 (qC), 200.42
(CH).

HRMS (ESI*): found 281.0697 [M+H]+, C1:H1sN4O3S requires 281.0703.

7.1.23. Synthesis of (S)-pyrrolo[1,2-b][1,2,3]triazolo[5,1-d][1,2,5] benzothia-
diazepin 8,8-dioxide.

( )

Q0 0 N

\é//\N Bestman- \é//\N S-N
) s S O (L7

b e b
Na o N3/ NN
e} / N:N
(157a) (159a) (160a)
C42H42N40,S
MW =276.31 g/mol

\

v

The aldehyde (300 mg, 1.07 mmol, 1 eq) was dissolved in dry methanol (5 mL); potassium
carbonate (296 mg, 2.14 mmol, 2 eq) and the Bestmann-Ohira reagent (209 uL, 247 mg, 1.29
mmol, 1.2 eq) were added and the whole was stirred for 22 hours under nitrogen. The reaction
was quenched with saturated aqueous ammonium chloride (10 mL), the organic phase was
separated and the aqueous phase was extracted with dichloromethane (3 x 20 mL). The

combined organic phases were dried (MgSQ,), filtered and concentrated in vacuo to yield an
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orange solid. Purification by silica chromatography (20 g) (petroleum ether/ethyl acetate: 1/3,
Rf = 0.22) yielded the product as a yellow solid (207 mg, 70 %, m.p.= 208-210 °C).

IR: vmax (cm™): 745.8, 809.4, 998.4, 1050.2, 1195.3, 1242.7, 1336.2, 1482.9, 1592.3, 2870.1,
2991.8, 3108.4.

'H NMR: 84 (400 MHz, CDCls): 1.53-1.63 (1H, m, CHH), 1.77-1.85 (1H, m, CHH), 1.87-
1.98 (1H, m, CHH), 2.14-2.21 (1H, m, CHH), 2.98-3.04 (1H,m, CHH), 3.54-3.59 (1H, m,
CHH), 5.06-5.10 (1H, m, NCH), 7.51 (1H, dd, J'=7.8 Hz, J*=7.6 Hz, ArH), 7.67 (1H, s,
CHNN), 7.72 (1H, dd, J'=7.8 Hz, J?=7.6 Hz, ArH), 7.99 (1H, d, J=7.8 Hz, ArH), 8.05 (1H, d,
J=7.8 Hz, ArH) ppm.

¥C NMR 8 (100 MHz, DMSO): 24.42 (CH,), 35.45 (CH,), 49.96 (CH,), 55.09 (CH),
125.41 (CH), 128.61 (CH), 129.32 (CH), 130.94 (qC),133.54 (qC), 134.03 (CH), 134.37
(CH), 136.77 (qC) ppm.

HRMS (ESI™): found 277.0754 [M+H]", C12H13N40,S requires 277.0754.
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Chapter 7:

7-Experimental: Triazolo and Tetrazolobenzothiadiazepines and benzodia-

zepines.
7.2. The synthesis of Tetrazolobenzothiadiazepines.

7.2.1. Conversion of the aldehydes into the oximes.

General experimental:

O\\//SR O\\//OR
7 _NH,OH.HCI, NaOAc |
o EtOH, rt., 12 h N
N3 Ng OH
(184) (187)

To a mixture of hydroxylamine hydrochloride (278 mg, 4.0 mmol, 4.0 eq) and sodium acetate
(492 mg, 6.0 mmol, 6.0 eq) in ethanol (25 mL) was added, at room temperature with vigorous
stirring, the aldehyde (1.0 mmol, 1.0 eq). The reaction mixture was stirred for 5 hours, filtered
in vacuo to remove the precipitate and the solvent was evaporated off. The residue was
extracted with dichloromethane (2 x 15 mL), washed with water (2 x 5 mL) and the combined
organic layers were dried (MgSQO,), filtered in vacuo and the solvent evaporated off and

purified by silica chromatography.
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7.2.1.1. Synthesis of 1-[(2-azidophenyl)sulfonyl]piperidine-2-carbaldehyde oxime.

( )

O

\\S//(\)
O
h
OH

(314)
C12H15N503S
MW =314.34 g/mol

\. /

(Eluent: Petroleum ether/ethylacetate: 3/2, Rs = 0.2) yielded the product as a light yellow oil
(68 %).

IR: vmax (cm™): 753.3, 921.3, 945.1, 1070.3, 1158.1, 1289.9, 1334.2, 1471.5, 1575.0, 2100.3,
2860.0, 2941.9, 3021.4, 3244.5.

'H NMR: &4 (400 MHz, CDCl5): 1.26 (1H, t, J=7.2 Hz, CHH), 1.36-1.42 (1H, m, CHH),
1.54-1.61 (1H, m, CHH), 1.66-1.74 (3H, m, CHH + CH), 2.12 (1H, d, J=12.0 Hz, NCH),
3.16 (1H, td, J'=13.5 Hz, J?=2.3 Hz, NCHH), 3.93 (1H, d, J=13.5 Hz, NCHH), 6.84 (1H, d,
J=5.7 Hz, =CH), 7.21 (1H, dd, J'=7.8 Hz, J°=7.5 Hz, ArH), 7.28 (1H, d, J=7.8 Hz, ArH),
7.57 (1H, ddd, J*=8.0 Hz, J°=7.5 Hz, J*=1.4 Hz, ArH), 7.96 (1H, dd, J'=8.0 Hz, J*= 1.3 Hz,
ArH), 9.01 (1H, br.s, OH).

BC NMR 8§, (100 MHz, CDCls): 20.73 (CHy), 25.54 (CH,), 28.00 (CHy), 42.83 (CH,), 49.33
(CH), 119.85 (CH), 124.57 (CH), 130.40 (qC), 131.42 (CH), 134.02 (CH), 138.03 (qC),
149.71 (CH) ppm.

HRMS (ESI™): found 332.0788 [M+Na]", C1,H1sNs03SNa requires 332.0788.
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7.2.1.2. Synthesis of 2-azido-N-benzyl-N-[2-(hydroxyimino)ethyl]
benzenesulfonamide.

/
HO
(317)
C15H15N503S
MW =345.38 g/mol

(Eluent: Petroleum ether/ethylacetate: 2/1, R = 0.25) yielded the product as a white solid (96
%, m.p.=129-130 °C).

IR: vmax (cm™): 763.1, 911.6, 932.5, 1148.0, 1163.0, 1336.5, 1349.3, 1471.5, 2098.5, 3213.7.

'H NMR: 84 (400 MHz, DMSO): 4.05 (2H, d, J=2.4 Hz, N=CH-CH,), 4.54 (2H, br.s,
NCH,), 6.43 (1H, dd, J'=3.7 Hz, J*=1.1 Hz, N=CH), 7.22-7.38 (6H, m, 6 x ArH), 7.58 (1H,
d, J=8.3 Hz, ArH), 7.74 (1H, t, J= 7.7 Hz, ArH), 7.92 (1H, d, J=7.7 Hz, ArH), 11.14 (1H, d,
J=1.80 Hz, OH) ppm.

¥C NMR & (100 MHz, DMSO): 46.3 (CH,), 52.54 (CH,), 121.52 (CH), 125.44 (CH),
128.25 (CH), 128.71 (2CH), 129.06 (2CH), 130.46 (qC), 131.26 (CH), 135.12 (CH), 136.79
(qC), 138.20 (qC), 147.42 (CH) ppm.

HRMS (ESI*): found 346.0970 [M+H]*, C1sH1sNsOsS requires 346.0968.
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7.2.1.3. Synthesis of 2-azido-N-[2-(hydroxyimino)ethyl]-N-
methylbenzenesulfonamide.

\/
'S’ _CH;,
e
. g
N
/
HO

(320)
CoH41N505S
MW =269.28 g/mol

\. J/

(Eluent: Petroleum ether/ethylacetate: 2/1, Rf = 0.23) yielded the product as a light yellow oil
(78 %).

IR: vmax (cm™): 724.2, 906.9, 939.9, 1059.0, 1144.6, 1257.7, 1288.2, 1330.8, 1471.6, 1575.1,
2129.7, 3427.0.

'H NMR: 84 (400 MHz, CDCl3): 2.82 (3H, s, CHs), 4.17 (2H, d, J=4.4 Hz, CH,), 7.17 (1H,
app. td, J'=7.7 Hz, J*=1.0 Hz, ArH), 7.23 (1H, ddd, J'=8.0 Hz, J?=7.7 Hz, J*=2.2 Hz, ArH),
7.31 (1H, t, J= 6.0 Hz, =CH), 7.53 (1H, dd, J'=7.7 Hz, J*=1.6 Hz, ArH), 7.89 (1H, app. dt,
J'=8.0 Hz, J°=1.6 Hz, ArH), 8.77 (1H, br.s, OH) ppm.

3C NMR & (100 MHz, CDCls): 34.53 (CH3), 45.29 (CH,), 119.93 (CH), 124.74 (CH),
129.11 (qC), 131.82 (CH), 134.26 (CH), 138.24 (qC), 147.22 (CH) ppm.

HRMS (ESI*): found 270.0659 [M+H]", CoH1,NsO5S requires 270.0655.
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7.2.1.4. Synthesis of 2-{1-[(2-azidophenyl)sulfonyl]piperidin-2-yl}acetaldehyde
oxime.

N\
Cr
N3
/
N
\
OH
(323)
C13H17N503S
MW =323.37 g/mol

\. J/

(Eluent: Petroleum ether/ethylacetate: 1/1, R = 0.3) yielded the product as a light yellow oil
(88 %).

IR: vmax (cm™): 725.9, 817.1, 948.1, 1069.3, 1121.3, 1155.6, 1183.0, 1265.4, 1288.3, 1322.5,
1443.1, 1470.9, 1574.5, 2098.7, 2942.7, 3247.6.

'H NMR: 8y (400 MHz, CDCls): 1.16-1.66 (6H, m, 3 x CH,), 2.30-2.37 (1H, m, N=CH-
CHH), 2.50-2.62 (1H, m, N=CH-CHH), 3.02 (1H, p, J=12.8 Hz, CH), 3.75-3.81 (1H, m,
NCHH), 4.13-4.18 (1H, m, NCHH), 6.55 (1H, t, J=5.5 Hz, HO-N=CH), 7.14 (1H, ddd,
J'=8.3 Hz, J?=7.9 Hz, *=1.5 Hz, ArH), 7.21 (1H, d, J= 7.9 Hz, ArH), 7.41-7.51 (1H, m,
ArH), 7.90 (1H, app. qd, J'=7.9 Hz, J°=1.3 Hz, ArH), 8.75 (1H, br.s, OH) ppm.

3C NMR & (100 MHz, CDCls): 18.26 (CH,), 25.34 (CH,), 27.95 (CH,), 30.32 (CHy),
41.00 (CH,), 50.46 (CH), 120.00 (CH), 124.43 (CH), 131.04 (CH), 131.28 (qC), 133.71 (CH),
137.91 (qC), 148.79 (CH) ppm.

HRMS (ESI™): found 324.1120 [M+H]", C13H1gNs03S requires 324.1125.
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7.2.1.5. Synthesis of 2-azido-N-ethyl-N-[4-(hydroxyimino)butyl]
benzenesulfonamide.

\\S// /\CH3

HO
(327)
C12H47N503S
MW =311.36 g/mol

(Eluent: Petroleum ether/ethylacetate: 3/2, Ry = 0.2) yielded the product as a light yellow oil
(92 %).

IR: vmax (cm™): 682.1, 818.4, 907.9, 1005.4, 1060.2, 1144.8, 1155.4, 1288.4, 1329.0, 1443.0,
1471.4,1575.1, 2098.5, 2936.8, 3446.4.

'H NMR: 8y (400 MHz, CDCls): 1.03 (3H, p, J=7.0 Hz, CH3), 1.70 (2H, p, J=7.4 Hz,
NCH,CH,), 2.14 (1H, dd, J'=13.5 Hz, J°=7.4 Hz, NCH,CHH), 2.27-2.32 (1H, m,
NCH,CHH), 3.28 (4H, app. p, J=7.4 Hz, CH,NCH,), 7.15 (1H, dd, J'=7.8 Hz, J?=7.6 Hz,
ArH), 7.21 (1H, d, J= 7.9 Hz, ArH), 7.34 (1H, t, J=5.7 Hz, N=CH), 7.49 (1H, ddd, J'=7.9 Hz,
J*=75Hz, J*=1.4 Hz, ArH), 7.91 (1H, d, J=7.8 Hz, ArH), 8.26 (1H, bs, OH) ppm.

3C NMR & (100 MHz, CDCls): 14.00 (CHs), 22.27 (CH,), 25.60 (CH,), 42.51 (CHy),
46.64 (CH,), 119.82 (CH), 124.61 (CH), 131.15 (qC), 131.53 (CH), 133.74 (CH), 137.97
(gC), 150.30 (C=N) ppm.

HRMS (ESI™): found 312.1124 [M+H]+, C15H1gNs03S requires 312.1125.
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7.2.1.6. Synthesis of 2-azido-N-benzyl-N-[3-(hydroxyimino) propyl]benzene-
sulfonamide.

4 )

AP
i :S\N
N

3

N/

\
OH
(330)
C16H17N503S
MW =359.40 g/mol

(Eluent: Petroleum ether/ethylacetate: 3/2, Rs = 0.2) yielded the product as a yellow oil (93
%).

IR: vmax (cm™): 726.3, 819.2, 999.4, 1064.0, 1123.9, 1157.2, 1288.2, 1329.5, 1471.7, 14954,
1575.1, 2101.2, 2923.8, 3258.9.

'H NMR: 8 (400 MHz, CDCls): 2.47 (2H, app. q, J=6.4 Hz, NCH,CH,), 3.39-3.47 (2H, m,
NCH,CH,), 4.57 (2H, s, Ph-CH,), 7.02 (1H, t, J=5.9 Hz, N=CH), 7.20-7.33 (7H, m, 7 x
ArH), 7.58 (1H, td, J'=8.0 Hz, J*=1.5 Hz, ArH), 8.01 (1H, dqg, J'=8.0 Hz, J=1.5 Hz, ArH),
9.41 (1H, br.s, OH) ppm.

3C NMR &, (100 MHz, CDCls): 28.58 (CH,), 43.69 (CH,), 51.45 (CH,), 119.95 (CH),
124.62 (CH), 127.90 (CH), 128.28 (2 x CH), 128.68 (2 x CH), 130.66 (qC), 131.45 (CH),
134.02 (CH), 136.12 (qC), 138.16 (qC), 148.49 (CH=N) ppm.

HRMS (ESI™): found 360.1120 [M+H]", C16H1gN5s03S requires 360.1125.
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7.2.1.7. Synthesis of 1-[(2-azidophenyl)sulfonyl]piperidine-4-carbaldehyde oxime.

( )

\\S//\
L
N3

(333)
C12H45N503S8
MW =328.34 g/mol

OH

(Eluent: Petroleum ether/ethylacetate: 2/1, R¢ = 0.2) yielded the product as a white solid (85
%, m.p.=151-153 °C).

IR: vmax (cm™): 770.2, 923.2, 1043.0, 1074.0, 1122.4, 1146.4, 1247.2, 1308.6, 1334.0,
1437.4,1471.2, 1584.7, 2097.8, 2849.1, 2933.3, 3255.6.

'H NMR: 8y (400 MHz, CDCls): 1.43-159 (2H, m, CH,CHCH,), 1.76-1.81 (2H, m,
CH,CHCH,), 2.20-2.29 (1H, m, CH,CHCH,), 2.72 (2H, td, J'=12.4 Hz, J*=2.6 Hz
CH,NCH,), 3.77-3.82 (2H, m, CH,NCH,), 7.17 (1H, ddd, J*=8.0 Hz, J?=7.6 Hz, J*=1.0 Hz,
ArH), 7.23 (1H, dd, J*= 8.0 Hz, J?=0.7 Hz, ArH), 7.27 (1H, d, J=5.6 Hz, N=CH), 7.51 (1H,
ddd, J'=7.9 Hz, J*=7.6 Hz, J*=1.4 Hz, ArH), 7.87 (1H, dd, J'=7.9 Hz, J*=1.4 Hz, ArH), 9.58
(1H, s, OH) ppm.

2C NMR &, (100 MHz, CDCls): 29.12 (2 x CH,), 36.10 (CH), 45.38 (2 x CH,), 119.93
(CH), 124.67 (CH), 129.29 (qC), 131.77 (CH), 133.94 (CH), 138.32 (qC), 153.69 (CH) ppm.

HRMS (ESI™): found 310.0967 [M+H]", C1,H1sNsOsS requires 310.0968.
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7.2.2. Conversion of the oximes into the nitriles.

General experimental:

()\\/ER ()\\/PR
@[ N (COCI),, DBU, DCM, Reflux ©: AN
N Diphenylcycl
N, OH iphenylcyclopropenone N,
(187) (188)

To a stirred mixture of diphenylcyclopropenone (19 mg, 0.09 mmol, 5 mol%) and aldoxime
(289 mg, 0.935 mmol, 1.0 eq) in DCM (10 mL) was added a solution of (COCI), (118 mg,
0.935 mmol, 1.0 eq) in DCM (1.0 mL) by using a syringe pump over 1h and then to this was
added by slow addition DBU (426 mg, 2.8 mmol, 3.0 eq) in DCM (3 mL). The mixture was
heated at reflux whilst being monitored by TLC. The reaction mixture was diluted with DCM
and washed with water (3 x 25 mL). The organic phase was dried with anhydrous MgSOQO,,
filtered, concentrated under reduced pressure and purified by silica column chromatography.

7.2.2.1. Synthesis of 1-[(2-azidophenyl)sulfonyl]piperidine-2-carbonitrile.

( )

O\\ /7

o
S<
CL)
Mp
Il
N

(315)
C12H13N50,8
MW =291.33 g/mol

\. /

[Eluent: petroleum ether/ethyl acetate: 3/1, Rf = 0.3] to yield the product as a dark brown oil
(86 %).

IR: vmax (cm™): 746.7, 905.9, 1069.4, 1120.5, 1161.1, 1288.9, 1443.3, 1506.6, 1575.4,
2100.4, 2257.0, 2862.7, 2948.2.
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'H NMR: 84 (400 MHz, CDCls): 1.46-1.59 (1H, m, CHH), 1.61-1.71 (2H, m, CH,), 1.78-
1.87 (2H, m, CH,), 1.91-1.96 (1H, m, CHH), 2.91 (1H, td, J'=13.0 Hz, J°= 2.3 Hz, NCHH),
3.77 (1H, d, J=13.4 Hz, NCHH), 5.09 (1H, br.s, NCH), 7.18 (1H, ddd, J'=7.9 Hz, J?=7.6 Hz,
J=1.4 Hz, ArH), 7.25 (1H, d, J=8.0 Hz, ArH), 7.54 (1H, ddd, J'=8.0 Hz, J*=7.6 Hz, J*=1.3
Hz, ArH), 7.87 (1H, d, J=7.9 Hz, ArH).

3C NMR 8, (100 MHz, CDCls): 20.01 (CH,), 24.93 (CH,), 29.63 (CH,), 43.49 (CH,), 46.16
(CH), 116.35 (qC), 120.05 (CH), 124.71 (CH), 128.46 (qC), 131.55 (CH), 134.70 (CH),
138.65 (qC) ppm.

HRMS (ESI*): found 309.1140 [M+NH,]*, C1oH17NsO,S requires 309.1128.

7.2.2.2. Synthesis of 2-azido-N-benzyl-N-(cyanomethyl)benzenesulfonamide.

(318)
c1 5H13N502S
MW =327.36 g/mol

[Eluent: petroleum ether/ethyl acetate: 4/1, Rf = 0.23] to yield the product as a light yellow
solid (84 %, m.p.= 107-109 °C).

IR: vmax (cm™): 744.2, 893.2, 924.9, 1067.7, 1096.0, 1123.4, 1206.0, 1290.0, 1325.1, 1471.8,
1585.3, 2104.9, 2248.8, 2948.6, 2989.9.

'"H NMR: 84 (400 MHz, CDCls): 4.16 (2H, s, CN-CHy), 4.37 (2H, bs, N-CHy), 7.22 (1H, dd,
J'=8.0 Hz, J°=7.5 Hz, ArH), 7.26-7.31 (6H, m, 6 x ArH), 7.59 (1H, td, J'=8.0 Hz, J*=1.4 Hz,
ArH), 7.97 (1H, dd, J'=8.0 Hz, J>=1.4 Hz, ArH) ppm.

3C NMR 8¢ (100 MHz, CDCls): 34.88 (CH,), 51.02 (CH,), 114.29 (CN), 119.99 (CH),
124.87 (CH), 128.77 (3 x CH), 128.84 (qC), 129.11 (2 x CH), 131.80 (CH), 133.53 (qC),
134.91 (CH), 138.63 (qC) ppm.
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. Toun . +Na| , Ci15H13N5025Na requires . .
HRMS (ESI*): found 350.0685 [M+Na]", C1sH:sNsO,SNa requires 350.0682

7.2.2.3. Synthesis of 2-azido-N-(cyanomethyl)-N-methylbenzenesulfonamide.

4 N\
\\//
(321)
CgHgN50,S
MW =251.26 g/mol
. /

[Eluent: petroleum ether/ethyl acetate: 2/1, R¢= 0.3] to yield the product as a yellow oil (71
%).

IR: vmax (cm™): 729.4, 819.5, 921.6, 1005.7, 1058.5, 1122.0, 1222.4, 1265.7, 1287.3, 1308.9,
1333.5, 1442.3, 1471.1, 1574.5, 2125.2, 2261.1, 2927.6.

'H NMR: 84 (400 MHz, CDCls): 2.85 (3H, s, CH3), 3.37 (2H, s, CH,), 7.20 (1H, dd, J'=8.0
Hz, J>=7.7 Hz, ArH), 7.26 (1H, d, J= 8.0 Hz, ArH), 7.57 (1H, ddd, J'=8.0 Hz, J*=7.8 Hz,
J*=1.2 Hz, ArH), 7.90 (1H, dd, J'=8.0 Hz, J=1.2 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 34.61 (CHs), 38.71 (CH,), 114.50 (CN), 119.98 (CH),
124.81 (CH), 127.98 (qC), 131.93 (CH), 134.87 (CH), 138.56 (qC) ppm.

HRMS (ESI*): found 269.0812 [M+NH.]*, CsH1sNsO,S requires 269.0815.
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7.2.2.4. Synthesis of 2-{1-[(2-azidophenyl)sulfonyl]piperidin-2-yl}acetonitrile.

\\S//\ N
: N3
N
N
(324)
C43H15N50,S

MW =305.09 g/mol

. J

[Eluent: petroleum ether/ethyl acetate: 3/1, Ry= 0.29] to yield the product as a light yellow oil
(81 %).

IR: vmax (cm™): 818.0, 911.6, 962.1, 988.3, 1070.8, 1118.9, 1209.9, 1287.3, 1328.3, 1443.8,
1471.1, 1574.6, 2098.5, 2253.7, 2866.0, 2944.9.

'H NMR: &4 (400 MHz, CDCls): 1.18-1.65 (6H, m, 3 x CHJ), 2.59-2.77 (2H, m, CN-CH,),
2.94 (1H, t, J=13.2 Hz, N-CH), 3.73 (1H, d, J=13.8 Hz, NCHH), 4.34 (1H, bs, NCHH), 7.17
(1H, ddd, J'=7.9 Hz, J=7.4 Hz, 3°=0.6 Hz, ArH), 7.22-7.24 (1H, m, ArH), 7.53 (1H, ddd, J'=
7.8 Hz, J’=7.5, 3°=1.5 Hz, ArH), 7.90 (1H, d, J'=7.8 Hz, J*=1.4 Hz, ArH) ppm.

BC NMR & (100 MHz, CDCls): 17.94 (CH,), 19.32 (CH,), 24.78 (CH,), 27.27 (CHy),
41.97 (CHy), 49.49 (CH), 117.34 (CN), 120.07 (CH), 124.64 (CH), 130.31 (qC), 131.25 (CH),
134.19 (CH), 138.13 (qC) ppm.

HRMS (ESI™): found 323.1294 [M+NH,]", C13H19Ns0,S requires 323.1285.
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7.2.2.5. Synthesis of 2-azido-N-(3-cyanopropyl)-N-ethylbenzenesulfonamide.

O\\//
@ﬁ
N3
/
N/

(328)
C12H15N505S8
MW =293.35 g/mol

. /

[Eluent: petroleum ether/ethyl acetate: 2/1, R¢= 0.24] to yield the product as a yellow oil (81
%).

IR: vmax (cm™): 729.0, 818.8, 913.2, 934.2, 1001.5, 1145.9, 1155.4, 1288.2, 1327.9, 1442.8,
1471.1, 1574.5, 2099.0, 2246.5, 2937.5.

'H NMR: 84 (400 MHz, CDCls): 1.02 (3H, t, J=7.2 Hz, CH3), 1.89 (2H, app. p, J=7.1 Hz,
NCH,CH,), 2.37 (2H, t, J=7.1 Hz, CH,-CN), 3.25 (2H, q, J=7.2 Hz, NCH,CHj), 3.40 (2H, t,
J=6.9 Hz, NCH,CH,), 7.17 (1H, dd, J'=7.9 Hz, J*=7.5 Hz, ArH), 7.22 (1H, d, J= 8.0 Hz,
ArH), 7.52 (1H, ddd, J'=7.9 Hz, J*=7.5 Hz, J*=1.4 Hz, ArH), 7.91 (1H, dd, J'=8.0 Hz, J°=
1.3 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 13.92 (CHs), 14.56 (CH,), 25.24 (CH,), 42.96 (CHy),
46.48 (CH,), 119.21 (CN), 119.60 (CH), 124.77 (CH), 130.57 (qC), 131.65 (CH), 134.06
(CH), 137.96 (qC) ppm.

HRMS (ESI™): found 311.1286 [M+NH4]+, C12H19NgO,S requires 311.1285.
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7.2.2.6. Synthesis of 2-azido-N-benzyl-N-(2-cyanoethyl) benzenesulfonamide.

¥
\
\N

(331)
C16H15N502S
MW =341.39 g/mol

. /

[Eluent: petroleum ether/ethyl acetate: 2/1, Rf = 0.25] to yield the product as a bronze-
coloured solid (77 %, m.p. = 78 - 80 °C).

IR: vmax (cm™): 755.8, 820.1, 945.6, 981.7, 1099.4, 1123.7, 1147.4, 1266.0, 1289.1, 1334.3,
1471.9, 1495.7, 1584.1, 2102.2, 2250.7, 2929.5, 3031.2, 3066.7.

'H NMR: 84 (400 MHz, CDCl3): 2.30 (2H, t, J=7.3 Hz, NCH,CH,), 3.50 (2H, t, J=7.3 Hz,
NCH,CH,), 4.45 (2H, s, Ph-CH,), 7.17-7.27 (7TH, m, 7 x ArH), 7.55 (1H, td, J'=8.0 Hz,
J?=1.4 Hz, ArH), 7.95 (1H, dd, J'=8.0 Hz, J*=1.2 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCl3): 18.08 (CH,), 43.87 (CH,), 52.99 (CH,), 117.34 (CN),
119.97 (CH), 124.84 (CH), 128.41 (2 x CH), 128.44 (CH), 129.00 (2 x CH), 130.06 (qC),
131.79 (CH), 134.44 (CH), 135.54 (¢C), 138.39 (qC) ppm.

HRMS (ESI™): found 364.0836 [M+Na]", C1sH1sNs0,SNa requires 364.0839.
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7.2.2.7. Synthesis of 1-[(2-azidophenyl)sulfonyl]piperidine-4-carbo nitrile.

( )

(334)
C12H43N50,8
MW =291.33 g/mol

[Eluent: petroleum ether/ethyl acetate: 2/1, R¢ = 0.24] to yield the product as a light yellow oil
(85 %).

IR: vmax (cm™): 723.8, 908.7, 950.0, 1035.5, 1067.0, 1123.2, 1158.7, 1253.1, 1288.2, 1324.8,
1341.2, 1443.2, 1471.5, 1574.0, 2098.6, 2254.0, 2969.6.

'H NMR: 84 (400 MHz, CDCls): 1.81-1.96 (4H, m, CH,CHCH,), 2.77 (1H, septet, J=4.0
Hz, CH,CHCHy,), 3.28-3.38 (4H, m, CH,NCHS,), 7.17 (1H, dd, J'=7.9 Hz, J*=7.5 Hz, ArH),
7.24 (1H, d, J= 7.9 Hz, ArH), 7.53 (1H, ddd, J'=7.9 Hz, J*=7.7 Hz, J*=1.4 Hz, ArH), 7.86
(1H, d, J=7.9 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 25.63 (CH), 28.43 (2 x CH,), 43.74 (2 x CHy), 120.06
(CH), 120.58 (CN), 124.78 (CH), 128.84 (qC), 131.67 (CH), 134.28 (CH), 138.32 (qC) ppm.

HRMS (ESI™): found 292.0857 [M+H]", C12H14N50,S requires 292.0863.
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7.2.3. Synthesis of 12,13,14,14a-tetrahydro-11H-benzo[f]pyrido [1,2-
b]tetrazolo[5,1-d][1,2,5]thiadiazepine 9,9-dioxide.

O\V/O \\S//
S\N Toluene =N
Reflux, 65 h 7
N3 N7
|| N N
N N
(315) (316)
C12H43N50,8
MW =291.33 g/mol

\. /

1-[(2-Azidophenyl)sulfonyl]piperidine-2-carbonitrile (180 mg, 0.619 mmol) was heated at
reflux in dry toluene (10 mL) under a nitrogen atmosphere for 65 hours. The solvent was
removed in vacuo and the crude product was purified by silica chromatography (petroleum
ether/ ethyl acetate: 1/1, R = 0.24), to yield the product as a white solid (122 mg, 68 %, m.
p.= 179-181 °C).

IR: vmax (cm™): 649.0, 1039.2, 1097.0, 1170.0, 1351.3, 1442.5, 1477.4, 1590.8, 1979.9,
2953.6.

'H NMR: &y (400 MHz, CDCl3): 1.43-1.50 (1H, m, CHH), 1.66-1.85 (3H, m, CHH + CH,),
2.24-2.32 (1H, m, CHH), 2.71-2.82 (2H, m, CHH + NCHH), 3.35-3.39 (1H, m, NCHH), 5.23
(1H, br.s, NCH), 7.67 (1H, dd, J'=7.7 Hz, 3’=7.6 Hz, ArH), 7.84 (1H, ddd, J'=8.3 Hz, J?=8.0
Hz, 3*=0.5 Hz, ArH), 8.16 (1H, d, J=7.7 Hz, ArH), 8.47 (1H, d, J=8.3 Hz, ArH).

3C NMR &, (100 MHz, CDCls): 20.62 (CH,), 24.27 (CH,), 28.97 (CH,), 45.37 (CH,), 51.81
(CH), 124.48 (CH), 129.46 (CH), 129.74 (CH), 130.37 (qC), 130.67 (qC), 134.64 (CH),
154.24 (qC) ppm.

HRMS (ESI™): found 292.0866 [M+H]", C1,H14N50,S requires 292.0863.
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7.2.4. Synthesis of 5-benzyl-4,5-dihydrobenzo[f]tetrazolo[5,1-d]
[1,2,5]thiadiazepine 6,6-dioxide.

( \
Toluene
Reflux, 40 h /2
Na,
/
N N > /
(318) (31 9)
C15H13N5023
MW =327.36 g/mol

2-Azido-N-benzyl-N-(cyanomethyl) benzenesulfonamide (150 mg, 0.459 mmol) was heated
at reflux in dry toluene (10 mL) under a nitrogen atmosphere for 40 hours. The solvent was
removed in vacuo and the crude product was purified by silica chromatography (petroleum
ether/ ethyl acetate: 2/1, Ry = 0.24), to yield the product as a dark yellow (109 mg, 73 %,
m.p.= 150-152 °C).

IR: vmax (cm™): 728.2, 748.5, 905.9, 1066.9, 1093.9, 1138.6, 1171.6, 1356.5, 1448.1, 1480.0,
1587.6, 3032.2.

'H NMR: 8y (400 MHz, CDCls): 4.22 (2H, br.s, CHy), 4.99 (2H, br.s, CH,), 7.19-7.21 (2H,
m, 2 x ArH), 7.28-3.32 (3H, m, 3 x ArH), 7.68 (1H, ddd, J'=8.0 Hz, J*=7.7 Hz, J*=1.3 Hz,
ArH), 7.84 (1H, ddd, J'= 8.5 Hz, J*=8.0 Hz, J*=1.3 Hz, ArH), 8.22 (1H, dd, J'=8.0 Hz,
J?=1.3 Hz, ArH), 8.40 (1H, d, J=8.4 Hz, ArH) ppm.

3C NMR 8. (100 MHz, CDCls): 43.27 (CH,), 53.25 (CH,), 124.76 (CH), 128.51 (2 x CH),
128.91 (CH), 129.09 (2 x CH), 129.27 (CH), 129.52 (CH), 130.54 (qC), 131.86 (qC), 133.05
(qC), 134.71 (CH), 151.75 (qC) ppm.

HRMS (ESI™): found 328.0866 [M+H]", C15H14N50,S requires 328.0863.
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7.2.5. Synthesis of 5-methyl-4,5-dihydrobenzo[f]tetrazolo[5,1-
d][1,2,5]thiadiazepine 6,6-dioxide.

O\\//O CH \\// CH3
S\N/ 3 Toluene
\ / Reflux. 72h /2
V4
N N N ’
(321) (322)
MW =251.26 g/mol

2-Azido-N-(cyanomethyl)-N-methylbenzenesulfonamide (85 mg, 0.339 mmol) was heated at
reflux in dry toluene (10 mL) under a nitrogen atmosphere for 72 hours. The solvent was
removed in vacuo and the crude product was purified by silica chromatography (petroleum
ether/ ethyl acetate: 1/1, R = 0.28), to yield the product as a dark yellow oil (76 mg, 89 %).

IR: vmax (cm™): 758.7, 927.8, 1038.1, 1064.6, 1140.3, 1168.4, 1353.6, 1451.8, 1480.8,
1588.5, 2925.0, 2980.1.

'H NMR: 84 (400 MHz, CDCls): 2.77 (3H, s, CH3), 4.66 (2H, s, CH,), 7.59 (1H, ddd, J*=7.9
Hz, J°=7.6 Hz, J*=1.1 Hz, ArH), 7.78 (1H, ddd, J'= 8.3 Hz, J=7.9 Hz, J°=1.5 Hz, ArH), 8.07
(1H, dd, J'=7.9 Hz, J°=1.5 Hz, ArH), 8.34 (1H, dd, J'=8.3 Hz, J*=0.9 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 37.08 (CH3), 46.70 (CH,), 124.72 (CH), 129.67 (CH),
129.90 (CH), 130.19 (qC), 130.46 (qC), 134.86 (CH), 151.72 (qC) ppm.

HRMS (ESI*): found 252.0555 [M+H]", CoH1oNsO,S requires 252.0550.
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7.2.6. Attempted synthesis of 11,12,13,14,14a,15-hexahydrobenzo
[g]pyrido[1,2-b]tetrazolo[5,1-e][1,2,6]thiadiazocine 9,9-dioxide.

Vs

\//

CiS\N
N

3 N

1-Chloroform, 80 °C, 48 h
2-Toluene, 130 °C, 120 h
/N

(324)

(326)
C43H47N30,S
MW =279.10 g/mol

\ N«
\N \N

2-{1-[(2-Aminophenyl)sulfonyl]piperidin-2-yl}acetonitrile (100 mg, 0.33 mmol) in dry

chloroform (7 mL) was heated at 80 °C under a nitrogen atmosphere for 48 hours and

monitored by TLC which showed no product. The solvent was removed and to the remaining

starting material was added anhydrous toluene (7 mL). The reaction mixture was heated at

reflux temperature under a nitrogen atmosphere for 72 hours and monitored by TLC which

showed no product. The solvent removed and the remaining crude material had dry xylene (7

mL) added. The reaction mixture was heated at reflux temperature for 3 days under an

atmosphere of dry nitrogen whilst being monitored by TLC and concentrated. Purification by

silica chromatography (petroleum ether/ ethyl acetate: 2/1, Rs = 0.23), yielded compound

(326) as a yellow oil (62 mg, 68%).

IR: vmax (cm™): 867.9, 950.3, 1061.5, 1141.0, 1232.0, 1319.2, 1452.3, 1483.4, 1566.1,

1617.6, 2856.7, 2926.6, 3374.7, 3475.8.

'H NMR: &y (400 MHz, CDCls): 1.20-1.66 (6H, m, 3 X CHy), 2.54-2.73 (2H, m, CN-CH,),
2.81 (1H, td, 3'=15.3 Hz, J°=2.8 Hz, N-CH), 3.67 (1H, d, J=14.0 Hz, NCHH), 4.29-4.33 (1H,
m, NCHH), 4.89 (2H, bs, NH,), 6.66 (1H, d, J=8.3 Hz, ArH), 6.70 (1H, ddd, J'=8.0 Hz,
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J?=7.7 Hz, *=0.8 Hz, ArH), 7.24 (1H, ddd, J'=8.3 Hz, J=8.0 Hz, J°=1.4 Hz, ArH), 7.58 (1H,
dd, J'=8.0 Hz, J*=1.4 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 18.00 (CH,), 18.55 (CH,), 24.32 (CH,), 26.88 (CHy),
40.69 (CHy), 49.29 (CH), 117.43 (CN), 117.72 (CH), 117.83 (CH), 121.05 (qC), 129.93 (CH),
134.39 (CH), 145.36 (qC) ppm.

HRMS (ESI™): found 280.1109 [M+H]", C13H1sN30,S requires 280.1114.

7.2.7. Synthesis of 1-(2'-Azidobenzenesulfonyl)-2-prolin amide.

( )
Q\S/OH (\)\/,O
S 1-SOCI,+DCM, DMF, Reflux S=N
©  2K,C0.. S-prolinamide, DM 1L
N, -K,CO3, S-prolinamide, , rt. N;
H,N
(155a) 2 o
(336)
C11H13N503S
MW =295.32 g/mol
g J

To 2-azidobenzenesulfonic acid (1.80 g, 9.04 mmol, 2.6 eq) was added a 2M solution of
thionyl chloride in dichloromethane (12 mL, 24.00 mmol, 6.85 eq) followed by the addition
of DMF (100 puL). The resultant mixture was heated to reflux for 15 hours under nitrogen at
80 °C. The excess thionyl chloride was removed in vacuo and the residue was washed with
dichloromethane (2 x 20 mL) to give the crude sulfonyl chloride as an orange solid.

A solution of potassium carbonate (2.64 g, 19.14 mmol, 5.5 eq) in water (20 mL) was added
in one portion to S-prolinamide (400 mg, 3.50 mmol, 1 eq) in dichloromethane (20 mL). The
sulfonyl chloride was dissolved in dichloromethane (5 mL) and was added dropwise to this
solution. The reaction was allowed to stir at room temperature for 20 hours before the organic
layer was separated and the aqueous layer washed with DCM (2 x 20 mL). The combined
organic phases were dried over magnesium sulfate, filtered, concentrated and purified by
silica column chromatography [petroleum ether/ethyl acetate: 1/10, Rf = 0.2] to yield the
product as a yellow powder (764 mg, 74 %, m. p.= 139 - 141 °C).
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IR: vmax (cm™): 757.5 (m), 1154.3 (m), 1196.6 (), 1332.2 (M), 1473.2 (s), 1574.1 (m),
1668.5 (s), 2126.6 (N3), 2952.9 (m), 2977.3 (M), 3153.2 (M), 3447.6 (m).

'H NMR: 84 (400 MHz, CDCls): 1.71-1.99 (3H, m, CH,+CHH), 2.23-2.30 (1H, m, CHH),
3.21-3.28 (1H, m, NCHH), 3.38-3.43 (1H, m, NCHH), 4.56-4.59 (1H, m, NCH), 5.68 (1H,
bs, NHH), 6.83 (1H, bs, NHH), 7.23-7.28 (2H, m, 2 x ArH), 7.57 (1H, dd, J'’=7.7 Hz, J*=7.4
Hz, ArH), 7.96 (1H, dd, J'=8.0 Hz, J°= 8.0 Hz, ArH) ppm.

3C NMR &, (100 MHz, CDCls): 24.67 (CH,), 30.14 (CH,), 49.10 (CH,), 62.29 (CH), 119.97
(CH), 124.95 (CH), 127.74 (qC), 133.00 (CH), 134.74 (CH), 138.39 (qC), 174.26 (qC) ppm.

HRMS (ESI™): found 296.0818 [M+H]+, C11H14N505S requires 296.0812.

7.2.8. Synthesis of (S)-1-(2'-azidobenzenesulfonyl)pyrrolidine-2-
carbonitrile.

O o

\\/,

Ejm

H,N
(336)

IS

DCM, Pyridine

Tosyl chloride, Reflux

W,

S~N
- I
N3

U
N

(337)
C11H14N502S
MW =277.30 g/mol

/

To a solution of the (S)-N-(2-azidobenzenesulfonyl)-2-prolinamide (180 mg, 0.61 mmol) in
DCM (5 mL) at room temperature was added pyridine (371 mg, 378 pL, 4.69 mmol, 7.7 eq)
followed by neat tosyl chloride (755 mg, 3.69 mmol, 6.5 eq). The resultant mixture was
heated to reflux under a nitrogen atmosphere for 6 hours at 50 °C. The solvent was removed
in vacuo and the crude product purified by column chromatography (petroleum ether/ ethyl
acetate: 1/1, R¢=0.35) to yield the product as a brown oil (148 mg, 79 %).

IR: vmax (cm™): 770.2 (s), 1150.5 (m), 1260.8 (m), 1320.2 (m), 1434.8 (m), 1467.2 (m),
1571.9 (m), 2098.6 (M), 2250.2 (m), 2885.1 (s), 2980.4 (M), 3096.7 (S).
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'H NMR: 84 (400 MHz, CDCls): 2.03-2.36 (4H, m, 2 x CH,), 3.44-3.51 (1H, m, NCHH),
3.59-3.64 (1H, m, NCHH), 4.94-4.97 (1H, dd, NCH), 7.29 (H, dd, J'=7.8 Hz, J*=7.6 Hz,
ArH), 7.33-7.35 (1H, d, J=7.9 Hz, ArH), 7.66 (1H, dd, J'=7.8 Hz, J*=7.6 Hz, ArH), 8.04 (1H,
d, J=7.9 Hz, ArH) ppm.

3C NMR & (100 MHz, DMSO): 24.92 (CH,), 32.31 (CH,), 47.82 (CH,), 48.90 (CH),
118.29 (qC), 119.88 (CH), 124.79 (CH), 129.07 (qC), 131.80 (CH), 134.67 (CH), 138.55 (qC)

ppm.

HRMS (ESI™): found 278.0710 [M+H]", C11H1,N50,S requires 278.0706.

7.2.9.11,12,13,13a-tetrahydrobenzo[f]pyrrolo[1,2-b]tetrazolo]5,1-
d][1,2,5]thiadiazepine 9,9-dioxide

( )

O

O\\él O\\ //o
~N Toluene S-N

> 7

Reflux
N / N7
| N
N N\\N,
(337) (338)
C11H11N50,S
MW =277.30 g/mol

. J

(S)-N-(2-azidobenzenesulfonyl)-pyrrolidine-2-carbonitrile (100 mg, 0.361 mmol) was heated
at reflux in dry toluene (10 mL) under a nitrogen atmosphere for 72 hours. The solvent
removed in vacuo and the crude product was purified by silica chromatography (petroleum
ether/ ethyl acetate: 2/1, Rf = 0.3), to yield the product as a white solid (60 mg, 60 %, m. p.=
179-181 °C).

IR: vmax (cm™): 777.4, 829.7, 1175.2, 1359.9, 1455.8, 1485.8, 1588.7, 2878.5, 2980.8, 3080.

'H NMR: 84 (400 MHz, CDCls): 1.68-1.77 (1H, m, CHH), 1.84-1.93 (1H, m, CHH), 1.94-
2.06 (1H, m, CHH), 2.52-2.58 (1H, m, CHH), 2.93-3.00 (1H, m, CHH), 3.49-3.59 (1H, m,
CHH), 5.52 (1H, t, J=7.1 Hz, NCH), 7.57 (1H, dd, J'=7.8 Hz, J*=7.5 Hz, ArH), 7.76 (1H, dd,
J'=7.8 Hz, J°=7.5 Hz, ArH), 8.05 (1H, d, J=7.8 Hz, ArH), 8.09 (1H, d, J=7.8 Hz, ArH) ppm.
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3C NMR & (100 MHz, DMSO): 24.61 (CH,), 34.64 (CH,), 49.33 (CH,), 56.19 (CH),
125.20 (CH), 129.38 (CH), 129.75 (CH), 130.82 (qC), 131.16 (qC), 134.61 (CH), 155.50 (qC)
ppm.

HRMS (ES|+): found 278.0703 [M+H]+, C11H12N505S requires 278.0706.
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7.3. Attempted synthesis of Tetrazolobenzothiadiazepines and
Benzodiazepines.

7.3.1. Tosylation of the alcohol.

General experimental:

O\\//SR O\\//?R
\| TsCl, DCM, 0°C - \I
OH Et;N, 5h OTs
N3 N3
(183) (190)

To a stirred solution the alcohol (1.0 mmol, 1.0 eq) and p-toluenesulfonyl chloride (1.5 mmol,
1.5 eq) in dichloromethane (10 mL) at 0 °C, triethylamine (505 mg, 5.0 mmol, 5.0 eq) was
added dropwise. The mixture was stirred at room temperature over 5 h whilst being monitored
by TLC. The reaction mixture was diluted with water (10 mL), the organic layer was
separated and the aqueous layer was extracted with dichloromethene (3 x 10 mL). The
combined organic layers were washed with water (2 x 10 mL), with brine (2 x 10 mL). The
organic layer was dried with anhydrous magnesium sulfate, filtered and the solvent removed

in vacuo. Purification was by silica chromatography.

7.3.1.1. Synthesis of {1-[(2-azidophenyl)sulfonyl]piperidin-2-yl}methyl 4-
methylbenzenesulfonate.

4 \
AP
S<
Y
N3
OTs
(339)
C19H22N405S;
MW = 450.53 g/mol
\\ J
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(Eluent: petroleum ether/ethylacetate: 4/1, Rs = 0.23) yielded the product as a yellow oil (98
%).

IR: vmax (cm™): 725.6, 813.8, 973.7, 1159.2, 1175.8, 1327.2, 1360.5, 1471.4, 1597.5, 2099.0,
2945.5.

'H NMR: 8y (400 MHz, CDCls): 1.20-1.34 (2H, m, CH,), 1.47-1.52 (3H, m, CH,), 1.62-
1.69 (1H, m, CHH), 2.34 (3H, br.s, CHs), 2.86 (1H, td, J'=13.1 Hz, J*=2.1 Hz, NCH), 3.72
(1H, d, J=13.9 Hz, NCHH), 3.97 (1H, dd, J'’=9.5 Hz, J?=1.3 Hz, NCHH), 4.01-4.05 (1H, m,
CHH), 4.14 (1H, g, J=5.9 Hz, CHH), 7.10 (1H, td, J'=8.0 Hz, J*=0.8 Hz, ArH), 7.17 (1H, dd,
J'=8.0 Hz, J?= 0.5 Hz, ArH), 7.22-7.25 (2H, m, 2 x ArH), 7.47 (1H, ddd, J'=8.0 Hz, J*=7.7
Hz, 3°=1.4 Hz, ArH), 7.60 (2H, d, J= 8.3 Hz, 2 x ArH), 7.82 (1H, dd, J'=8.0 Hz, J*=1.4 Hz,
ArH) ppm.

13C NMR & (100 MHz, CDCly): 18.24 (CHy), 21.63 (CHs), 24.89 (CHj), 24.92 (CHy), 41.97
(CH,), 50.58 (CH), 67.09 (CH,), 120.10 (CH), 124.44 (CH), 127.83 (2 x CH), 129.97 (2 X
CH), 130.70 (qC), 131.05 (CH), 132.44 (qC), 133.89 (CH), 137.94 (qC) 145.12 (qC) ppm.

HRMS (ESI*): found 468.1365 [M+NH,]*, C1sH2sN5s0sS; requires 468.1370.

7.3.1.2. Synthesis of 2-[(2-azido-N-benzylphenyl)sulfonamido]ethyl 4-
methylbenzenesulfonate.

N3
OTs

(350)
C2oH22N405S,
MW = 373.47 g/mol

. /

(Eluent: petroleum ether/ethylacetate: 3/1, Ry = 0.22) yielded the product as a light yellow
solid (98 %, mp.=92-94 °C).
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IR: vmax (cm™): 756.4, 816.2, 976.2, 1095.9, 1159.4, 1337.0, 1171.6, 1356.5, 1448.1, 1480.0,
1587.6, 2129.5, 3032.2.

'H NMR: 8 (400 MHz, CDCls): 2.47 (3H, br.s, CH3), 3.49-3.54 (2H, m, NCH, CH,-0),
3.89 (2H, q, J=6.3 Hz, NCH,CH,0), 4.55 (2H, d, J=14.8 Hz, N-CH,), 7.20-7.34 (9H, m, 9 x
ArH), 7.57-7.70 (3H, m, 3 x ArH), 8.00 (1H, dd, J'=8.0 Hz, J=1.4 Hz, ArH) ppm.

B3C NMR §; (100 MHz, CDCl3): 21.68 (CHs), 45.54 (CH,), 52.65 (CH,), 67.59 (CH,),
119.99 (CH), 124.62 (CH), 127.88 (2 x CH), 128.45 (2 x CH), 128.76 (2 x CH), 129.92 (2 x
CH), 130.44 (qC), 131.53 (CH), 132.16 (CH), 132.41 (qC), 134.12 (CH), 135.78 (qC), 138.33
(qC), 145.06 (gC) ppm.

HRMS (ESI™): found 509.0910 [M+Na]", C2,H22N405S,Na requires 509.0924.

7.3.1.3. Synthesis of 2-[(2-azido-N-methylphenyl)sulfonamido]ethyl 4-
methylbenzenesulfonate.

\//

s’ .CH
LY
Ng

3
OTs
(354)
C16H18N405S;
MW = 410.46 g/mol

(Eluent: petroleum ether/ethylacetate: 3/2, Rs = 0.25) yielded the product as a yellow oil (88
%).

IR: vmax (cm™): 723.8, 815.5, 972.7, 1096.1, 1146.7, 1157.2, 1175.5, 1289.0, 1336.3, 1443.5,
1472.0, 1575.4, 2100.5, 2954.8.

'H NMR: 84 (400 MHz, CDCls): 2.42 (3H, bs, Ar-CHs), 2.84 (3H, s, N-CH3), 3.56 (2H, t,
J=5.5 Hz, NCH,CH,0), 4.14 (2H, t, J=5.5 Hz, NCH,CH.0), 7.19 (1H, dd, J'=7.9 Hz, J*=7.6
Hz, ArH), 7.26 (1H, d, J=8.0 Hz, ArH), 7.33 (2H, d, J= 8.2 Hz, 2 x ArH), 7.56 (1H, ddd,
J'=7.9 Hz, J’=7.6 Hz, J*=1.3 Hz, ArH), 7.73 (2H, d, J=8.2 Hz, 2 x ArH), 7.88 (1H, ddd,
J'=7.9 Hz, J?= 7.6 Hz, J*=1.1 Hz, ArH) ppm.
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B3C NMR §; (100 MHz, CDCl3): 21.65 (CHs), 36.07 (CHs), 49.14 (CH,), 68.82 (CHy),
119.99 (CH), 124.64 (CH), 127.87 (2 x CH), 129.19 (qC), 130.04 (2 x CH), 131.75 (CH),
132.42 (qC), 134.19 (CH), 138.09 (qC), 145.22 (qC) ppm.

HRMS (ES|+): found 428.1063 [M+NH4]+, C16H22N50582 requires 428.1057.

7.3.1.4. Synthesis of 2-{1-[(2-azidophenyl)sulfonyl]piperidin-2-yl}ethyl4-
methylbenzenesulfonate.

\ 7/
@ES\N
N3
TsO
(357)
C,oH24N,O;S,

MW = 464.56 g/mol

\. J/

(Eluent: petroleum ether/ethylacetate: 3/1, R = 0.24) yielded the product as a light yellow oil
(84 %).

IR: vmax (cm™): 759.3, 956.1, 1019.4, 1068.7, 1096.1, 1157.0, 1174.2, 1188.2, 1306.1,
1326.8, 1443.3, 1470.9, 1494.6, 1574.2, 1597.3, 2098.1, 2866.1, 2942.6.

'H NMR: 8y (400 MHz, CDCls): 1.17-1.55 (6H, m, 3 x CHy), 1.76 (1H, m, O-CH,CHH-),
1.96-2.08 (1H, m, O-CH,CHH-), 2.36 (3H, bs, CH3), 2.90 (1H, m, CH), 3.74 (1H, dd,
J'=14.2 Hz, J*=3.4 Hz, NCHH), 3.82-3.88 (1H, m, NCHH), 3.92-4.04 (2H, m, O-CH,CH,-),
7.12 (1H, ddd, J'=7.9 Hz, J°=7.5 Hz, J*=0.9 Hz, ArH), 7.19 (1H, dd, J'=7.9 Hz, J°=0.9 Hz,
ArH), 7.26 (2H, d, J=8.1 Hz, 2 x ArH), 7.49 (1H, ddd, J'=7.9 Hz, J*=7.5 Hz, J*=1.5 Hz,
ArH), 7.67 (2H, d, J=8.1, 2 x ArH ), 7.86 (1H, dd, J'=7.9 Hz, J=1.5 Hz, ArH) ppm.

BC NMR & (100 MHz, CDCl;): 18.34 (CH,), 21.65 (CHs), 25.06 (CH,), 28.26 (CH,),
29.52 (CHy,), 40.89 (CHy,), 49.76 (CH), 67.95 (CHy), 119.96 (CH), 124.63 (CH), 127.89 (2 x
CH), 129.88 (2 x CH), 131.20 (qC), 131.24 (CH), 132.90 (qC), 133.78 (CH), 137.75 (qC),
144.84 (qC) ppm.

257



Chaper 7 Experimental

HRMS (ESI™): found 465.1269 [M+H]", C2H25N40sS; requires 465.1261.

7.3.1.5. Synthesis of 4-[(2-azido-N-ethylphenyl)sulfonamido]butyl 4-
methylbenzenesulfonate.

@)
\\S// /\CHS

L
N

3

OTs

(361)
C19H24N405S;
MW = 452.54 g/mol

\. /

(Eluent: petroleum ether/ethylacetate: 2/1, R = 0.33) yielded the product as a dark brown oil
(97 %).

IR: vmax (cm™): 749.2, 816.1, 949.8, 1010.7, 1097.0, 1122.4, 1155.9, 1290.0, 1329.7, 1471.4,
1574.8, 1597.3, 2129.0, 2979.8.

'H NMR: 8y (400 MHz, CDCl3): 1.06 (3H, t, J=7.2 Hz, CH,CHs), 1.58-1.73 (4H, m,
NCH,CH,CH,), 2.46 (3H, br.s, Ph-CHs), 3.28-3.36 (4H, m, CH,-NCH-CH,), 4.04 (2H, t,
J=6.0 Hz, O-CH,), 7.23 (1H, ddd, J'=7.7 Hz, J*=7.4 Hz, J*=1.2 Hz, ArH), 7.28-7.30 (1H, m,
ArH), 7.36 (2H, d, J= 8.1 Hz, 2 x ArH), 7.57 (1H, ddd, J'=7.7 Hz, J?=7.4 Hz, J*=1.2 Hz,
ArH), 7.79 (2H, d, J=8.1 Hz, 2 x ArH), 7.97 (1H, dd, J'=8.0 Hz, J*=1.4 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 13.89 (CHs), 21.66 (CHs), 24.78 (CH,), 25.97 (CHy),
42.30 (CH,), 46.72 (CHj), 70.00 (CH,), 119.81 (CH), 124.63 (CH), 127.88 (2 x CH), 129.90
(2 x CH), 131.19 (qC), 131.52 (CH), 132.97 (qC), 133.73 (CH), 137.94 (qC), 144.84 (qC)

ppm.

HRMS (ESI™): found 453.1264 [M+H]*, C1sH2sN4OsS, requires 453.1261.
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7.3.1.6. Synthesis of 3-[(2-azido-N-benzylphenyl)sulfonamido]propyl 4-methyl-

benzenesulfonate.
QAL
CiS\N
N

3

TsO
(364)
C23H24N4O5S,
MW = 500.59 g/mol

(Eluent: petroleum ether/ethylacetate: 2/1, Rs = 0.33) yielded the product as a brown oil (89
%).

IR: vmax (cm™): 728.0, 814.7, 972.2, 1020.3, 1096.2, 1123.2, 1157.0, 1174.7, 1288.5, 1332.5,
1471.5, 1494.9, 1597.3, 2128.0, 2979.6.

'H NMR: 84 (400 MHz, CDCl3): 1.71 (2H, p, J=7.3 Hz, NCH,CH,), 2.45 (3H, s, CHs), 3.30
(2H, t, J=7.3 Hz, NCH,CH,), 3.87 (2H, t, J=6.2 Hz, O-CH,), 4.47 (2H, s, Ph-CH,), 7.21-7.33
(9H, m, 9 x ArH), 7.60 (1H, d, J=7.9 Hz, ArH), 7.70 (2H, d, J=8.3 Hz, 2 x ArH), 7.99 (1H,
dd, J'=7.9 Hz, J%=1.5 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 21.66 (CHs), 28.09 (CH,), 44.64 (CH,), 52.51 (CHy),
67.84 (CH,), 119.90 (CH), 124.77 (CH), 127.85 (2 x CH), 127.93 (CH), 128.27 (2 x CH),
128.68 (2 x CH), 129.90 (2 x CH), 130.62 (qC), 131.64 (CH), 132.73 (CH), 134.08 (CH),
136.29 (qC), 138.08 (qC), 144.92 (qC) ppm.

HRMS (ESI™): found 501.1266 [M+H]", C23H25N40sS; requires 501.1261.
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7.3.1.7. Synthesis of {1-[(2-azidophenyl)sulfonyl]piperidin-4-yI}methyl 4-
methylbenzenesulfonate.

\\S//\
I
N3
(368)

C19H22N405S;
MW = 450.53 g/mol

OTs

(Eluent: petroleum ether/ethylacetate: 2/1, Rs = 0.30) yielded the product as a brown oil (89
%).

IR: vmax (cm™): 725.7, 841.9, 909.1, 1065.9, 1173.8, 1188.6, 1287.5, 1308.8, 1353.7, 14435,
1471.4, 1574.0, 2130.6, 2980.0.

'H NMR: 8y (400 MHz, CDCls): 1.10-1.20 (2H, m, CH,CHCH,), 1.61-1.71 (3H, m,
CH,CHCHS,), 2.35 (3H, s, CH3), 2.54 (2H, td, J'=14.0 Hz, J*=1.6 Hz, CH,CHCH,), 3.11-3.15
(4H, m, CH,NCH,), 7.13 (1H, dd, J'=7.9 Hz, J°=7.4 Hz, ArH), 7.20 (1H, d, J=7.9 Hz, ArH),
7.26 (2H, d, J=8.2 Hz, 2 x ArH), 7.49 (1H, ddd, J*= 7.9 Hz, J*=7.5 Hz, J*=1.3 Hz, ArH), 7.66
(2H, d, J=8.2 Hz, 2 x ArH), 7.80 (1H, dd, J'=7.9 Hz, J=1.3 Hz, ArH) ppm.

3C NMR § (100 MHz, CDCl3): 21.64 (CHs), 28.13 (2 X CH,), 35.11 (CH), 45.46 (2 X
CHj), 73.61 (CHy), 120.04 (CH), 124.68 (CH), 127.81 (2 x CH), 129.05 (qC), 129.97 (2 X
CH), 131.59 (CH), 132.61 (CH), 134.05 (qC), 138.19 (qC), 145.05 (qC) ppm.

HRMS (ESI™): found 451.1108 [M+H]*, C1sH2sN4OsS, requires 451.1104.
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7.3.2. Attempted Synthesis of 11,12,13,14,14a,15-hexahydrobenzo[g]pyrido-
[1,2-b]tetrazolo[5,1-e][1,2,6]thiadiazocine 9,9-dioxide.

( )\
\/ /
\ / \\S\N
NaCN, DMSO
70°C,12h 7

N3

Ts HN=C~en

(339) (341) (342)
C12H46N20,S C44H41N40,S
MW = 252.33 g/mol MW =304.37 g/mol

To a stirred solution of the tosylate (450 mg, 1.0 mmol, 1.0 eq) in DMSO (10 mL) was added
sodium cyanide (98 mg, 2.0 mmol, 2.0 eq) in THF (5 mL). The resultant mixture was heated
at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC. The reaction
was left to cool to room temperature. The reaction was diluted with water (10 mL) and the
mixture was extracted with dichloromethane (3 x 20 mL). The combined organic layer was
dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by silica

chromatography gave two products:

Synthesis of 1,3,4,11,12,12a-hexahydro-2H-benzo[f]pyrido[1,2-b][1,2,5]thiadia-
zepine 6,6-dioxide (341).

[Eluent: petroleum ether/ethylacetate: 2/1, R; = 0.28) yielded the product as a light
yellow solid (159 mg, 63 %, m.p.=127-129°C)].

IR: vmax (cm™): 758.5, 910.7, 959.2, 1074.0, 1153.2, 1247.0, 1314.7, 1477.9, 1595.8, 2855.7,
2925.9, 2945.7, 3348.1.

'H NMR: 8 (400 MHz, CDCls): 1.23-1.33 (1H, m, CHH), 1.43-1.51 (1H, m, CHH), 1.52-
1.61 (2H, m, CHy), 1.62-1.69 (1H, m, CHH), 1.71-1.80 (1H,m, CHH), 2.75-2.79 (1H, m,
NCH), 3.05 (1H, d, J=14.1 Hz, HNCHH), 3.29-3.38 (2H, m, HNCHH + NCHH), 3.99-4.03
(1H, m, NCHH), 4.47 (1H, br.s, NH), 6.79 (1H, d, J=8.0 Hz, ArH), 6.86 (1H, ddd, J'=8.0 Hz,
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J?=7.8 Hz, 3°=0.8 Hz, ArH), 7.20 (1H, ddd, J'=8.0 Hz, J*=7.8 Hz, J°=1.5 Hz, ArH), 7.69 (1H,
dd, J'=8.0 Hz, J*=1.5, ArH) ppm.

3C NMR & (100 MHz, CDCl5): 19.88 (CH;), 25.04 (CH,), 28.87 (CH,), 41.77 (CHy), 45.29
(CHy), 55.76 (CH), 120.44(CH), 121.26(CH), 127.78 (qC), 129.51 (CH), 133.31 (CH), 146.44
(9C) ppm.

HRMS (ESI™): found 252.0931 [M]", C12H16N,05S requires 252.0932.

Synthesis of 1,2,3,4,12,12a-hexahydro-11H-benzo[f]pyrido [1,2-b][1,2,5]thiadia-
zepine-11-carbimidoyl cyanide 6,6-dioxide (342).

[Eluent: petroleum ether/ethylacetate: 2/1, R = 0.22)] yielded the product as a light
yellow solid (95 mg, 31 %, m.p.=167-169 °C).

IR: vmax (cm™): 647.8, 960.2, 1073.5, 1158.5, 1315.0, 1475.7, 1606.6, 2252.6 2857.9,
2946.8, 3346.4.

'H NMR: 8 (400 MHz, CDCls): 1.55-1.84 (6H, m, 3 x CH,), 2.24-2.29 (1H, m, N-CH),
3.31 (1H, br.s, N-CHH-CH), 3.44 (1H, d, J=10.7 Hz, N-CHH-CH), 4.29 (1H, d, J=12.4 Hz,
NCHH), 4.55 (1H, br.s, NCHH), 7.40 (1H, d, J=7.0 Hz, ArH), 7.50 (1H, dd, J'=7.2 Hz,
J?=6.6 Hz, ArH), 7.60 (1H, dd, J'=7.2 Hz, J*=6.6 Hz, ArH), 7.91 (1H, d, J=7.0 Hz, ArH),
8.22 (1H, br.s, NH) ppm.

B3C NMR 8§, (100 MHz, CDCls): 18.60 (CHy), 24.72 (CH,), 27.76 (CH,), 41.01 (CH,), 43.36
(CH), 50.68 (CH), 110.36 (CN), 129.74 (CH), 130.50 (CH), 130.71 (CH), 134.19 (CH),
138.12 (qC), 138.45 (qC) 141.06 (qC) ppm.

HRMS (ESI"): found 304.0998 [M]*, C1aH16N4O,S requires 304.0994
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7.3.3. Attempted synthesis of 6-benzyl-5,6-dihydro-4H-benzo[g]
tetrazolo[5,1-€][1,2,6]thiadiazocine 7,7-dioxide.

Ve

o) O
¥ %y ¢
N NaCN, DMSO> 7N 7 N

o i2h ) U
N3 N N

OTs H HNZE CeN
(350) (352) (353)

C15H16N202S C47H46N,0,S
MW = 373.47 g/mol  Mw = 340.40 g/mol

To a stirred solution of the tosylate (300 mg, 0.62 mmol, 1.0 eq) in DMSO (10 mL) was
added sodium cyanide (61 mg, 1.24 mmol, 2.0 eq) in THF (5 mL). The resultant mixture was
heated at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC. The
reaction was left to cool to room temperature. The reaction was diluted with water (10 mL)
and the mixture was extracted with dichloromethane (3 x 20 mL). The combined organic layer
was dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by silica

chromatography gave two products:
2-Benzyl-2,3,4,5-tetrahydrobenzo[f][1,2,5]thiadiazepine 1,1-dioxide (352).

(Eluent: petroleum ether/ethylacetate: 1/1, R; = 0.38) yielded the product as a brown oil
(150 mg, 84 %).

IR: vmax (cm™): 604.4, 697.5, 724.8, 907.4, 1152.8, 1325.7, 1352.9, 1477.4, 1594.0, 2979.8,
3370.8.

IH NMR: 8y (400 MHz, CDCly): 3.32 (4H, s, 2 x CHy), 4.19 (2H, 2, CH,), 4.32 (1H, br.s,
NH), 6.79 (1H, dd, J'=8.0 Hz, J’=1.0 Hz, ArH), 6.92 (1H, dd, J'= 7.8 Hz, J’=7.4 Hz, ArH),
7.18-7.28 (6H, m, 6 x ArH), 7.81 (1H, dd, J'=8.0 Hz, J?=1.0 Hz, ArH) ppm.

3C NMR &, (100 MHz, CDCls): 43.28 (CH,), 48.23 (CH,), 51.48 (CH,), 120.76 (CH),
120.87 (CH), 127.90 (CH), 128.36 (2 x CH), 128.71 (2 x CH), 128.82 (qC), 129.73 (CH),
133.26 (CH), 135.93 (qC), 146.10 (qC) ppm.
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HRMS (ESI™): found 289.1007 [M+H]", C15H17N20,S requires 289.1005.

2-Benzyl-3,4-dihydrobenzo[f][1,2,5]thiadiaze pine-5(2H)-carbimidoyl cyanide 1,1-
dioxide (353).

(Eluent: petroleum ether/ethylacetate: 1/1, Ry = 0.19) yielded the product as a light
yellow oil (18 mg, 9 %0).

IR: vmax (cm™): 724.6, 906.4, 1010.6, 1128.2, 1153.6, 1249.4, 1327.3, 1370.8, 1475.5,
1606.7, 2248.7, 2931.1, 3378.1.

'H NMR: 84 (400 MHz, CDCl3): 1.91 (1H, m, CHH), 3.29 (2H, m, CH,), 3.58 (1H, bs,
CHH), 4.57 (1H, m, CHH), 4.50 (1H, d, J=14.5 Hz, CHH), 7.17-7.26 (3H, m, 3 x ArH), 7.41
(1H, d, J=7.5 Hz, ArH), 7.50 (1H, dd, J'=7.5 Hz, J?=7.3 Hz, ArH), 7.59 (1H, dd, J'=7.5 Hz,
J=7.3 Hz, ArH), 7.78 (2H, d, J=7.5 Hz, 2 x ArH), 7.98 (1H, d, J=7.5 Hz, ArH), 8.20 (1H, sb,
NH) ppm.

13C NMR 8¢ (100 MHz, CDCl3): 28.44 (CH,), 50.58 (CH,), 51.46 (CH,), 110.37 (CN),
120.92 (qC), 127.90 (CH), 128.30 (2 x CH), 128.88 (2 x CH), 129.67 (CH), 129.77 (CH),
130.88 (CH), 134.18 (CH), 135.03 (qC), 140.87 (qC), 146.20 (qC) ppm.

HRMS (ESI™): found 341.1065 [M+H]", C17H17N40,S requires 341.1067.

7.3.4. Attempted synthesis of 6-methyl-5,6-dihydro-4H-benzo[g]
tetrazolo[5,1-¢e][1,2,6]thiadiazocine 7,7-dioxide.

Q\//O (\)\//O /CH3
S\ ,CH3 S\N
©: N NaCN,DMSO 8}
\ 2 70°C, 12 h )
3 N
OTs |1|
(354) (356)
CoH12N20,S
MW = 212.27 g/mol

\. J
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To a stirred solution of the tosylate (300 mg, 0.73 mmol, 1.0 eq) in DMSO (10 mL) was
added sodium cyanide (72 mg, 1.46 mmol, 2.0 eq) in THF (5 mL). The resultant mixture was
heated at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC. The
reaction was left to cool to room temperature. The reaction was diluted with water (10 mL)
and the mixture was extracted with dichloromethane (3 x 20 mL). The combined organic layer
was dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by silica
chromatography (eluent: petroleum ether/ethylacetate: 1/1, Rs = 0.28) yielded the product as a
pale yellow (135 mg, 87 %, m.p.=140-142 °C).

IR: vmax (cm™): 761.4, 883.8, 911.3, 1028.2, 1045.2, 1130.7, 1148.7, 1251.3, 1316.2, 1369.9,
1476.9, 1476.9, 1509.2, 1593.2, 2939.7, 3370.5.

'H NMR: &y (400 MHz, CDCls): 2.82 (3H, s, CH3), 3.35 (2H, t, J=4.5 Hz, NCH,CH,NH),
3.56-3.58 (2H, m, NCH,CH,NH), 4.38 (1H, br.s, NH), 6.89 (1H, d, J=8.0 Hz, ArH), 7.01
(1H, ddd, J*= 8.0 Hz, J°= 7.7 Hz, 3*=1.5 Hz, ArH), 7.33 (1H, ddd, J'=8.0 Hz, J°=7.7 Hz,
J*=1.5 Hz, ArH), 7.85 (1H, dd, J'=8.0 Hz, J>=1.5 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCl3): 35.73 (CHsg), 42.64 (CH,), 52.41 (CHy), 120.97 (CH),
121.10 (CH), 127.72 (qC), 130.33 (CH), 133.35 (CH), 146.02 (qC) ppm.

. Toun . + , Col13N2020 requires . .
HRMS (ESI™): found 213.0694 [M+H]", CoH13N»0,S ires 213.0692

7.3.5. Attempted synthesis of 10,10a,11,12,13,14-hexahydro-9H-benzo[h]-
pyrido[1,2-b]tetrazolo[5,1-f][1,2,7]thiadiazonine 16,16-dioxide.

\/ O\/(/) O\\/(l)
NaCN, DMSO S + @( 8
N 70°C, 12 h N
3 |}1 |
H HN/’C\CN
TsO
(357) (359) (360)
C13H1gN20,S C15H1gN40,S
MW = 266.36 g/mol MW = 318.40 g/mol
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To a stirred solution of the tosylate (250 mg, 0.538 mmol, 1.0 eq) in DMSO (10 mL) was
added sodium cyanide (53 mg, 1.076 mmol, 2.0 eq) in THF (5 mL). The resultant mixture
was heated at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC.
The reaction was left to cool to room temperature. The reaction was diluted with water (10
mL) and the mixture was extracted with dichloromethane (3 x 20 mL). The combined organic
layer was dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by

silica chromatography gave two products:

5,6,7,7a,8,9,10,11-Octahydrobenzo[g]pyrido[1,2-b][1,2,6]thiadiazocine 13,13-
dioxide (359).

(Eluent: petroleum ether/ethylacetate: 2/1, Ry = 0.32) yielded the product as a light
yellow oil (88 mg, 61 %0).

IR: vmax (cm™): 781.9, 854.3, 911.3, 1087.0, 1105.6, 1136.4, 1150.0, 1246.1, 1295.1, 1310.9,
1331.9, 1463.1, 1488.2, 1595.2, 2864.5, 2938.4, 3365.0.

'H NMR: 84 (400 MHz, CDCls): 1.15-1.33 (2H, m, CH,), 1.48-1.61 (4H, m, 2 x CH,), 1.76-
1.93 (2H, m, CHy), 2.24-2.31 (1H, m, CHH), 3.24-3.34 (1H, m, HNCHH), 3.23-3.34 (2H, m,
HNCHH+NCH), 3.40-3.43 (1H, m, NCHH), 4.20 (1H, bs, NCHH), 4.96 (1H, bs, NH), 6.97
(1H, dd, J'=7.9 Hz, J*=7.6 Hz, ArH), 7.06 (1H, d, J= 8.0 Hz, ArH), 7.34 (1H, ddd, J'=7.9 Hz,
J?=7.6 Hz, J*=1.0 Hz, ArH), 7.73 (1H, dd, J'=8.0 Hz, J°=0.9 Hz, ArH) ppm.

BC NMR & (100 MHz, CDCls): 18.64 (CH,), 25.33 (CHy), 29.00 (CH,), 32.89 (CH,),
40.31 (CHy), 50.06 (CHy), 52.95 (CH), 121.97 (CH), 125.65 (CH), 129.72 (CH), 132.36 (qC),
133.40 (CH), 147.08 (qC) ppm.

HRMS (ESI™): found 267.1167 [M+H]", C13H19N,0,S requires 267.1162.
7,7a,8,9,10,11-Hexahydrobenzo[g]pyrido[1,2-b][1,2,6]thiadiazocine-5(6H)-

carbimidoyl cyanide 13,13-dioxide (360).

(Eluent: petroleum ether/ethylacetate: 2/1, Rf = 0.2) yielded the product as a yellow oil
(50 mg, 29 %).

IR: vmax (cm™): 772.1, 872.4, 954.1, 1054.9, 1089.2, 1191.4, 1226.9, 1306.5, 1326.2, 1444.3,
1474.6, 1584.5, 1607.4, 2255.2, 2857.0, 2930.2, 3314.0.
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'H NMR: 84 (400 MHz, CDCls): 1.18-1.22 (1H, m, CHH), 1.41-1.66 (4H, m, 2 x CH,),
1.76-1.85 (1H, m, CHH), 1.90-1.99 (1H, m, CHH), 2.07 (1H, d, J=5.0 Hz, CHH), 2.48 (1H,
td, J'=12.9 Hz, J*=4.3 Hz, CHH), 2.91 (1H, bs, CHH), 3.61-3.65 (1H, m, CH), 4.31-4.43
(2H, m, NCHy), 7.25 (1H, d, J=7.7 Hz, ArH), 7.47 (1H, ddd, J*= 7.7 Hz, J°=7.5 Hz, *= 0.9
Hz, ArH), 7.56 (1H, ddd, J'=7.7 Hz, J°=7.5 Hz, J*=1.4 Hz, ArH), 7.99 (1H, dd, J'=7.7 Hz,
J?=1.4 Hz, ArH), 8.09 (1H, bs, NH) ppm.

¥C NMR 8 (100 MHz, CDCls): 18.78 (CH,), 25.66 (CH,), 26.10 (CH.), 30.19 (CH,),
40.72 (CH,), 49.51 (CH,), 50.57 (CH), 110.76 (CN), 129.60 (CH), 130.30 (CH), 130.84
(CH), 133.80 (CH), 140.51 (qC), 142.13 (qC), 158.19 (C=N) ppm.

HRMS (ESI*): found 319.1228 [M+H]", C15H1sN405S requires 319.1223.

7.3.6. Synthesis of 2-ethyl-2,3,4,5,6,7-hexahydrobenzo[h][1,2,7]thiadiazon-
ine 1,1-dioxide.

( N\

O\\//O O\\('?,N cH
¥/ CH, s
©: NaCN, DMSO @( \9)
>
N, 70°C. 12 h N
H/

(363)
OTs C412H1gN20,S
(361) MW = 252.35 g/mol

. J

To a stirred solution of the tosylate (250 mg, 0.553 mmol, 1.0 eq) in DMSO (10 mL) was
added sodium cyanide (54 mg, 1.11 mmol, 2.0 eq) in THF (5 mL). The resultant mixture was
heated at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC. The
reaction was left to cool to room temperature. The reaction was diluted with water (10 mL)
and the mixture was extracted with dichloromethane (3 x 20 mL). The combined organic layer
was dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by silica
chromatography (eluent: petroleum ether/ethylacetate: 2/1, Rs = 0.26) yielded the product as a
yellow oil (85 mg, 60 %).

IR: vmax (cm™): 759.4, 926.4, 978.8, 1020.6, 1085.1, 1146.1, 1187.7, 1266.9, 1322.5, 1376.6,
1463.6, 1576.0, 1595.1, 2852.2, 2920.7, 3409.9.
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'H NMR: 8 (400 MHz, CDCls): 1.07-1.18 (3H, m, CHs), 2.06-2.09 (1H, m, NCH,CH,),
2.24-2.35 (2H, m, HNCH,CH,), 2.88 (2H, g, J=7.0 Hz, HNCH,CH,), 3.36 (2H, t, J=4.6 Hz,
NCH,CH,), 3.76 (2H, t, J=6.2 Hz, NCH,CHj3), 4.79 (1H, bs, NH), 6.84 (1H, dd, J'=8.0 Hz,
J*=7.4 Hz, ArH), 7.00 (1H, d, J= 8.0 Hz, ArH), 7.32 (1H, dd, J'=8.0 Hz, J°=7.4 Hz, ArH),
7.71 (1H, d, J=8.0 Hz, ArH) ppm.

¥C NMR & (100 MHz, CDCls): 14.13 (CHs), 22.70 (CH,), 26.08 (CH,), 29.71 (CH,),
43.88 (CH,), 48.79 (CH,), 120.01 (CH), 122.12 (CH), 128.93 (CH), 131.80 (qC), 133.25
(CH), 147.04 (qC) ppm.

HRMS (ESI*): found 255.1165 [M+H]*, C1oH1sN205S requires 255.1162.

7.3.7. Attempted synthesis of 7-benzyl-4,5,6,7-tetrahydrobenzo
[h]tetrazolol5,1-f][1,2,7]thiadiazonine 8,8-dioxide.

( )\

O\\//O /@ O\\//O / : O\,,O //O
SN S-N SN
©: NaCN, DMSO g | + 8
Ng THF,70°C, 12 h
N N

H NC
TsO (366) (367)
(364) C16H18N202S C47H47N30,S
MW = 302.39 g/mol MW = 327.40 g/mol
. J

To a stirred solution of the tosylate (350 mg, 0.7 mmol, 1.0 eq) in DMSO (10 mL) was added
sodium cyanide (69 mg, 1.4 mmol, 2.0 eq) in THF (5 mL). The resultant mixture was heated
at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC. The reaction
was left to cool to room temperature. The reaction was diluted with water (10 mL) and the
mixture was extracted with dichloromethane (3 x 20 mL). The combined organic layer was
dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by silica

chromatography gave two products:
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2-Benzyl-3,4,5,6-tetrahydro-2H-benzo[g][1,2,6] thiadiazocine 1,1-dioxide (366).

(Eluent: petroleum ether/ethylacetate: 2/1, Rs = 0.3) yielded the product as a light yellow
oil (142 mg, 80 %).

IR: vmax (cm™): 724.5, 860.4, 905.1, 1025.1, 1122.0, 1150.1, 1239.4, 1326.4, 1463.1, 1487.6,
1595.1, 2934.4, 3368.7.

'H NMR: 84 (400 MHz, CDCls): 1.48 (2H, br.t, J=3.6 Hz, NCH,CH,), 3.26-3.31 (4H, m,
NCH, + HNCH,), 3.89 (2H, s, Ph-CH,), 5.07 (1H, br.s, NH), 6.97 (1H, t, J=7.6 Hz, ArH),
7.07 (1H, d, J=7.9 Hz, ArH), 7.16-7.23 (5H, m, 5 x ArH), 7.35 (1H, dd, J'=7.9 Hz, J*=7.4
Hz, ArH), 7.79 (1H, d, J=7.9 Hz, ArH) ppm

3C NMR & (100 MHz, CDCls): 25.07 (CH,), 43.58 (CH,), 48.99 (CH,), 49.96 (CHy),
121.91 (CH), 125.50 (CH), 127.93 (CH), 128.38 (2 x CH), 128.67 (2 x CH), 129.48 (CH),
132.44 (qC), 133.57 (CH), 135.58 (qC), 147.09 (qC) ppm.

HRMS (ESI*): found 303.1157 [M+H]", C1sH1sN205S requires 303.1162.

2-Benzyl-2,3,4,5-tetrahydro-6H-benzo[g][1,2,6] thiadiazocine-6-carbonitrile 1,1-
dioxide (367).

(Eluent: petroleum ether/ethylacetate: 2/1, R; = 0.2) yielded the product as a light yellow
oil (38 mg, 17 %).

IR: vmax (cm™): 793.4, 866.2, 924.1, 1075.8, 1153.6, 1332.7, 1473.7, 1494.9, 1585.0, 2216.5,
2929.3.

'H NMR: 84 (400 MHz, CDCls): 1.93 (2H, app. p, J=5.7 Hz, NCH,CH,), 3.60 (2H, t, J=5.6
Hz, NC-NCH,), 3.67 (2H, t, J=6.0 Hz, NCH,CHy), 4.22 (2H, s, Ph-CH,), 7.22-7.34 (6H, m, 6
x ArH), 7.39 (1H, ddd, J*=8.2 Hz, J*=7.9 Hz, 3*=1.3 Hz, ArH), 7.49 (1H, dd, J'=7.9 Hz,
J?=1.1 Hz, ArH), 7.54 (1H, ddd, J*=8.3 Hz, J°=7.9 Hz, J*=1.3 Hz, ArH) ppm

3C NMR §. (100 MHz, CDCls): 23.45 (CH,), 42.26 (CH,), 49.04 (CH,), 54.20 (CHy),
114.73 (CN), 126.45 (CH), 128.29 (CH), 128.34 (3 x CH), 128.87 (2 x CH), 131.10 (CH),
133.89 (CH), 134.87 (qC), 136.73 (qC), 138.26 (qC) ppm.

HRMS (ESI™): found 327.1040 [M]", C17H17N30,S requires 327.1041.
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7.3.8. Attempted synthesis of 4,5,6,7-tetrahydro-5,8-ethanobenzo
[i]tetrazolo[5,1-g][1,2,8]thiadiazecine 9,9-dioxide.

0 O 0
\V,
\\S//\N C SO S O‘/ -
NaCN, DM
’ -
©: 70°C, 12 h @[

N3 NH,

(368) OTs (370)
C43H47N30,S
MW = 279.36 g/mol

To a stirred solution of the tosylate (100 mg, 0.222 mmol, 1.0 eq) in DMSO (10 mL) was
added sodium cyanide (22 mg, 0.444 mmol, 2.0 eq) in THF (5 mL). The resultant mixture
was heated at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC.
The reaction was left to cool to room temperature. The reaction was diluted with water (10
mL) and the mixture was extracted with dichloromethane (3 x 20 mL). The combined organic
layer was dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by
silica chromatography (eluent: petroleum ether/ethylacetate: 1/1, Ry = 0.32) vyielded the
product as a yellow oil (38 mg, 57 %).

IR: vmax (cm™): 840.0, 886.0, 933.1, 1047.4, 1090.8, 1246.7, 13224.8, 1450.9, 1483.7,
1564.6, 1617.6, 2247.3, 2852.7, 2923.1, 3378.0, 3476.0.

'H NMR: 84 (400 MHz, CDCls): 1.35 (1H, qd, J'=12.3 Hz, J*=4.1 Hz, CH), 1.56-1.67 (2H,
m, NCH,CHy), 1.78 (2H, d, J=12.7 Hz, NCH,CH,), 2.21 (2H, d, J=6.9 Hz, CH,-CN), 2.44
(2H, td, J*=12.3 Hz, J?=2.4 Hz, NCH,CH,), 3.77 (2H, dd, J'=10.1 Hz, J?=2.1 Hz, NCH,CH,),
4.95-4.97 (2H, m, NH,), 6.64-6.70 (1H, m, ArH), 7.23 (1H, ddd, J*=8.3 Hz, J?=8.1 Hz,
J=1.4 Hz, ArH), 7.48 (1H, dd, J'=8.3 Hz, J*=1.4 Hz, ArH) ppm.

3C NMR &, (100 MHz, CDCls): 23.77 (CH,), 30.74 (2 x CH,), 32.63 (CH), 45.62 (2 x
CH,), 117.28 (CH), 117.70 (CH), 117.82 (qC), 117.85 (qC), 130.26 (CH), 134.31 (CH),
146.24 (qC) ppm.

HRMS (ESI™): found 279.1045 [M]", C13H17N30,S requires 279.1041.
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7.3.9. Synthesis of (2-azidophenyl)(2-(hydroxymethyl)piperidin-1-
yl)methanone.

O O
1/ 11
C< C<

OH (COCI),, DMF, DCM, Reflux . N

2-piperidinemethanol, K,CO3, DCM, rt
N3 N3
(155b) OH
(345)
c13H16N402
MW = 260.30 g/mol

2-Azidobenzoic acid*??* (1.075 g, 6.6 mmol, 2.2 eq) was heated at reflux in a 2M solution
of (COCI); in dichloromethane (7.5 mL, 15.0 mmol, 5.0 eq) with a drop of DMF under an
inert atmosphere of nitrogen for 5 hours. The reaction was allowed to reach room temperature
before the crude acid chloride was concentrated and the residue was washed with

dichloromethane (2 x 20 mL) to give the crude 2-azidobenzoyl chloride as a dark brown solid.

A solution of potassium carbonate (1.656 g, 12.0 mmol, 4.0 eq) in water (10 mL) was added
in one portion to a stirring solution of 2-piperidinemethanol (345 mg, 3.0 mmol, 1.0 eq) in
dichloromethane (10 mL). The 2-azidobenzoyl chloride was dissolved in dichloromethane (5
mL) and was added slowly to this solution. The reaction was allowed to stir at room
temperature for 18 hours before the organic layer was separated and the aqueous layer washed
with dichloromethane (2 x 20 mL). The combined organic phases were dried (MgSQy,),
filtered, concentrated and purified by silica column chromatography [petroleum ether/ethyl
acetate: 5/1, R = 0.2] to yield the product as a brown oil (780 mg, 81 %).

IR: vmax (cm™): 872.7, 953.7, 1013.8, 1048.2, 1282.2, 1372.3, 1433.9, 1489.2, 1595.8,
1607.5, 1715.8, 2124.5, 2869.4, 2938.1, 3053.4, 3377.2.

'H NMR: &4 (400 MHz, CDCls): 1.42-1.64 (5H, m, 2 x CH, +CHH), 2.67-2.73 (1H, m,
CHH), 3.13 (1H, d, J=13.2 Hz, HO-CHH), 3.61-3.72 (3H, m, HO-CHH + NCH + NCHH),
4.53 (1H, d, J=13.2 Hz, NCHH), 4.81 (1H, br.s, OH), 7.03-7.06 (1H, m, ArH), 7.08-7.11 (1H,
m, ArH), 7.16-7.22 (1H, m, ArH), 7.24-7.35 (1H, m, ArH) ppm.
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13C NMR & (100 MHz, CDCly): 19.33 (CHy), 24.68 (CHj), 37.27 (CHj), 43.29 (CH5), 55.98
(CH), 60.36 (CH,), 118.10 (CH), 125.09 (CH), 128.17 (CH), 128.83 (qC), 130.19 (CH),
135.93 (qC), 168.07 (C=0) ppm.

HRMS (ES|+): found 261.1346 [M+H]+, C13H17N4O5 requires 261.1335.

7.3.10. Synthesis of [1-(2-azidobenzoyl)piperidin-2-ylJmethyl 4-methylben-
zenesulfonate.

O o)
©\)J\N TsCl, DCM, O °C _ N
EtzN, 5 h
N 3 N
OH OTs
(345) (346)
C2oH22N,0,S
MW = 414.48 g/mol

To a stirred solution the alcohol (300 mg, 1.16 mmol, 1.0 eq) and p-toluenesulfonyl chloride
(331 mg, 1.74 mmol, 1.5 eq) in dichloromethane (10 mL) at 0 °C, triethylamine (586 mg, 5.8
mmol, 5.0 eq) was added dropwise. The mixture was stirred at room temperature over 5 h
whilst being monitored by TLC. The reaction mixture was diluted with water (10 mL), the
organic layer was separated and the aqueous layer was extracted with dichloromethane (3 x
10 mL). The combined organic layers were washed with water (2 x 10 mL), and brine (2 x 10
mL). The organic layer was dried with anhydrous magnesium sulfate, filtered and the solvent
removed in vacuo. Purification by silica chromatography (eluent: petroleum
ether/ethylacetate: 3/1, R = 0.23) yielded the product as a light yellow oil (445 mg, 94 %).

IR: vmax (cm™): 727.6, 908.3, 1076.5, 1147.4, 1124.7, 1247.6, 1293.5, 1445.8, 1486.9,
1597.0, 1720.8, 2120.5, 2867.2, 2942.7.

'H NMR: &y (400 MHz, CDCls): 1.16-1.22 (1H, m, CHH), 1.40-1.49 (4H, m, 2 x CHy),
1.60-1.65 (1H, m, CHH), 2.26 (3H, br.s, CH3), 3.04 (1H, td, J'=14.7 Hz, J*=2.2 Hz, NCHH),
3.71 (1H, dd, J'=14.2 Hz, J*=4.0 Hz, NCH), 4.21 (1H, app. q, J=5.4 Hz, NCHH), 4.36-4.46
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(2H, m, OCHy), 7.06-7.13 (4H, m, 2 x ArH), 7.43 (1H, ddd, J'=7.9 Hz, J*=7.7 Hz, J*=1.4 Hz,
ArH), 7.61 (2H, d, J=8.2 Hz, 2 x ArH), 7.83 (1H, dd, J'=7.9 Hz, J*=1.4 Hz, ArH) ppm.

BC NMR §; (100 MHz, CDCl5): 18.90 (CH,), 21.46 (CHs), 24.28 (CHy), 25.19 (CH,), 41.24
(CH,), 51.07 (CH), 62.01 (CH,), 119.79 (CH), 122.07 (qC), 124.54 (CH), 126.85 (2 x CH),
129.62 (2 x CH), 132.15 (CH), 133.37 (CH), 138.46 (qC), 140.14 (qC), 142.97 (qC), 164.72
(C=0) ppm.

HRMS (ESI™): found 437.1234 [M+Na]", C20H22N404SNa requires 437.1254.

7.3.11. Attempted synthesis of 11,12,13,14,14a,15-hexahydro-9H-benzo|[f]-
pyrido[1,2-a]tetrazolo[5,1-d][1,5]diazocin-9-one.

g
0
N NaCN, THF, DMSO \ _O
70°C, 12 h - S\\ + '
N ; o) 0=S=0
OTs

O
Zb
ZT

O

O
(346)
(348) (349)
MW = 373.47 g/mol MW = 269.36 g/mol
_ J

To a stirred solution of the tosylate (200 mg, 0.483 mmol, 1.0 eq) in DMSO (10 mL) was
added sodium cyanide (47 mg, 0.966 mmol, 2.0 eq) in THF (5 mL). The resultant mixture
was heated at 70 °C under a nitrogen atmosphere for 12 h whilst being monitored by TLC.
The reaction was left to cool to room temperature. The reaction was diluted with water (10
mL) and the mixture was extracted with dichloromethane (3 x 20 mL). The combined organic
layer was dried over anhydrous magnesium sulfate, filtered and concentrated. Purification by

silica chromatography gave two products:
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(1-Benzoylpiperidin-2-yl)methyl 4-methylbenzenesulfonate (348):

[(eluent: Hexane/ethylacetate: 3/1, Rf = 0.24) yielded the product as a light yellow oil (95
mg, 31 %).

IR: vmax (cm™): 814.5, 907.6, 991.3, 1093.1, 1113.8, 1148.4, 1160.6, 1272.6, 1327.6, 1450.5,
1600.0, 1719.5, 2854.7, 2925.1.

'H NMR: 8y (400 MHz, CDCl;): 1.18-1.64 (6H, m, 3 x CH,), 2.28 (3H, s, CH3), 3.05 (1H,
td, J'=13.0 Hz, J°=1.7 Hz, N-CH), 3.73 (1H, dd, J'=14.0 Hz, J°=3.5 Hz, N-CHH), 4.22-4.29
(1H, m, N-CHH), 4.43-4.51 (2H, m, O-CH,), 7.11 (2H, d, J=8.0 Hz, 2 x ArH), 7.36 (2H, t,
J=7.6 Hz, 2 x ArH), 7.48 (1H, t, J=7.6 Hz, ArH), 7.63 (2H, d, J=8.0 Hz, 2 x ArH), 7.95 (2H,
d, J=7.6 Hz, 2 x ArH) ppm.

3C NMR &, (100 MHz, CDCls): 18.96 (CH,), 21.48 (CHs), 24.42 (CH,), 25.36 (CH,), 41.30
(CH,), 51.11 (CH), 61.92 (CH,), 126.91 (2 x CH), 128.36 (2 x CH), 129.65 (2 x CH), 129.79
(2 x CH), 129.82 (qC), 133.07 (CH), 138.44 (qC), 142.99 (qC), 166.36 (C=0) ppm.

HRMS (ESI™): found 396.1242 [M+Na]+, C2oH23NO4SNa requires 396.1240.

Piperidin-2-ylmethyl 4-methyl benzenesulfonate (349).
(eluent: Hexane/ethylacetate: 2/1, R; =0.2) yielded the product as a orange oil (45 mg, 35
%).

IR: vmax (cm™): 725.0, 874.2, 987.9, 1092.5, 1153.5, 1186.1, 1303.9, 1325.2, 1446.2, 1597.5,
2942.1, 3517.9.

'H NMR: &y (400 MHz, CDCls): 1.18-1.53 (6H, m, 3 x CHy), 2.17 (1H, bs, NCHH), 2.35
(3H, s, CH3), 3.02 (1H, t, J=12.7 Hz, NCHH), 3.50 (1H, t, J=5.1 Hz, NCH), 3.70 (1H, bs,
NH), 7.22 (2H, d, J=7.8 Hz, 2 x ArH), 7.67 (2H, d, J=7.8 Hz, 2 x ArH) ppm.

13C NMR & (100 MHz, CDCly): 19.15 (CHy), 21.53 (CHs), 24.19 (CHj), 24.77 (CHy), 41.41
(CH,), 54.68 (CH), 60.66 (CH,), 126.99 (2 x CH), 129.79 (2 x CH), 138.10 (qC), 143.28 (qC)

ppm.
HRMS (ESI*): found 270.1164 [M+H]+, C13HxoNOsS requires 270.1158.
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Experimental

8. Chapter 8: Experimental for Chapter 4: Reactivity of 2-azidobenzamide.

8.1. Reactivity of 2-azidobenzamide.

8.1.1. Reactivity of 2-azidobenzamide with 5-bromo-1-pentene.

(377)

\\

N3

NH, 5-bromo-1-pentene

Na,CO3,DMSO
95°C,48 h

(379) (380)
C12H43N30 C12H12N0
MW =215.26 g/mol MW =200.24 g/mol

§
o o)
ANNF NH
N ©fﬁvv/
N N

To a solution of 2-azidobenzamide®®® (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate
(392 mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), 5-bromo-1-pentene (368 mg, 2.46

mmol, 2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen

atmosphere and after completion of the reaction, monitored by TLC, the resulting mixture was

diluted with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to

remove the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under

gravity and the solvent was removed under vacuum. The residue was purified by using

column chromatography to give two products:

3-(Pent-4-en-1-yl)benzo[d][1,2,3]triazin-4(3H)-one (379).

(Eluent: petroleum ether/ethyl acetate: 4/1, Rf = 0.2) yielded the product as a dark

orange oil (100 mg, 38 %).

IR: vmax (cm™): 559.1, 619.3, 645.5, 686.3, 775.1, 911.3, 968.9, 991.0, 1037.3, 1072.4,
1183.6, 1274.2, 1294.2, 1333.0, 1463.2, 1579.2, 1607.3, 1640.6, 1679.5, 2856.0, 2929.2,

3075.6.

'H NMR: 84 (400 MHz, CDCls): 1.95 (2H, td, J'=14.8 Hz, J?= 3.6 Hz CHy,), 2.12 (2H, q,
J=7.1 Hz, CH,), 4.41 (2H, t, J= 7.3 Hz, CH,), 4.92 (1H, d, J= 10.2 Hz, CHH), 5.00 (1H, dd,
J'=17.1 Hz, J?=0.8 Hz, CHH), 5.71-5.82 (H, m, CH), 7.72 (1H, dd, J'=7.7 Hz, J?=7.5 Hz,
ArH), 7.86 (1H, dd, J'=7.7 Hz, J?=7.3 Hz, ArH), 8.07 (1H, d, J=7.7 Hz, ArH), 8.27 (1H, d,
J=7.7 Hz, ArH) ppm.
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B3C NMR & (100 MHz, CDCls): 27.93 (CH,), 30.74 (CH,), 49.40 (CH.), 115.58 (CH,),
119.82 (qC), 125.06 (CH), 128.22 (CH), 132.26 (CH), 134.72 (CH), 137.14 (CH), 144.32
(qC), 155.52 (C=0) ppm.

HRMS (ES|+): found 215.1059 [M]+, C1oH13N3z0 requires 215.1059.

2-(But-3-en-1-yl)quinazolin-4(3H)-one (380).
(Eluent: petroleum ether/ethyl acetate: 1/1, R¢ = 0.3) yielded the product as a light yellow
solid (80 mg, 33 %, m.p.: 167-169 °C).

IR: vmax (cm™): 766.6, 897.1, 994.0, 1105.3, 1139.6, 1194.7, 1253.1, 1288.4, 1341.5, 1421.1,
1445.0, 1469.1, 1563.6, 1608.9, 1673.1, 2916.5, 2975.5, 3030.0, 3168.3.

'H NMR: 84 (400 MHz, CDCls): 2.59 (2H, q, J=7.3 Hz, CH,), 2.84 (2H, t, J= 7.3 Hz, CH,),
4.97 (1H, d, J=10.1 Hz, =CHH), 5.08 (1H, dd, J'= 17.1 Hz, J*=1.0 Hz, =CHH), 5.82-5.92
(1H, m, CH), 7.40 (1H, dd, J'=7.8 Hz, J*=7.2 Hz, ArH), 7.63 (1H, d, J=8.0 Hz, ArH), 7.70
(1H, dd, J'=8.0 Hz, J=7.1 Hz, ArH), 8.21 (1H, d, J=7.8 Hz, ArH), 12.11 (1H, s, NH) ppm.

BC NMR §; (100 MHz, CDCls): 31.31 (CH,), 35.19 (CH,), 116.29 (CH,), 120.53 (qC),
126.24 (CH), 126.44 (CH), 127.26 (CH), 134.82 (CH), 136.43 (CH), 149.45 (qC), 156.07
(9C), 164.39 (C=0) ppm.

HRMS (ESI™): found 201.1023 [M+H]", C1,H13N,0 requires 201.1022
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8.1.2. Reactivity of 2-azidobenzamide with 1-bromo propane.
4 O N\
Q o)
N2, Br Na,CO3, DMSO N "
95°C,48 h -N

N ’ - =

3 N N)\/
(377) (381) (382) (383)
C1oH11N30 C10H10N20
MW = 189.22 g/mol MW = 174.20 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), 1-bromo propane (304 mg, 2.47 mmol,
2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen atmosphere
and after completion of the reaction, monitored by TLC, the resulting mixture was diluted
with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to remove
the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under gravity
and the solvent was removed under vacuum. The residue was purified by using column

chromatography to give two products:
Synthesis of 3-propylbenzo[d][1,2,3]triazin-4(3H)-one (382).

(Eluent: petroleum ether/ethyl acetate: 4/1, R; = 0.21) yielded the product as a light
yellow solid (88 mg, 38 %, m.p.= 49 -51 °C).

IR: vmax (cm™): 735.6, 891.3, 976.9, 1015.2, 1024.4, 1142.8, 1174.6, 1226.2, 1281.0, 1293.5,
1320.3, 1333.6, 1458.0, 1496.7, 1577.7, 1605.6, 1640.6, 2878.9, 2963.5.

'"H NMR: 8y (400 MHz, CDCls): 0.95 (3H, t, J=7.4 Hz, CH3), 1.88 (2H, app. sextet, J= 7.4
Hz, CHy), 4.37 (2H, t, J= 7.4 Hz, CH,), 7.72 (1H, dd, J'=7.9 Hz, J?=7.3 Hz, ArH), 7.87 (1H,
dd, J'=8.1 Hz, J?=7.5 Hz, ArH), 8.07 (1H, d, J=8.1 Hz, ArH), 8.29 (1H, d, J=7.9 Hz, ArH)
ppm.

¥C NMR 8. (100 MHz, CDCls): 11.18 (CH3), 22.29 (CH,), 51.44 (CH,), 119.85 (qC),
125.08 (CH), 128.20 (CH), 132.21 (CH), 134.68 (CH), 144.33 (qC), 155.54 (C=0) ppm.

. Toun . + , C10H112N30 requires . .
HRMS (ESI"): found 190.0973 [M+H]", C1oH1,N5O requires 190.0975
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Synthesis of 2-ethylquinazolin-4(3H)-one (383).

(Eluent: petroleum ether/ethyl acetate: 1/1, R = 0.28) yielded the product as a light
yellow solid (50 mg, 23 %, m.p.=209-211 °C).

IR: vmax (cm™): 771.3, 905.6, 1139.1, 1201.4, 1251.2, 1341.3, 1372.8, 1467.0, 1504.3,
1607.9, 1619.1, 1674.3, 2852.5, 2922.0, 3043.8, 3163.1.

'H NMR: 84 (400 MHz, CDCl5): 1.17-1.38 (2H, m, CHa), 2.78 (2H, d, J= 6.9 Hz, CH,),
7.18 (1H, bs, ArH), 7.39 (1H, m, ArH), 7.64-7.68 (2H, m, 2 x ArH), 8.22 (1H, d, J=6.8 Hz,
ArH), 12.17 (1H, s, NH) ppm.

3C NMR & (100 MHz, CDCls): 11.57 (CHs), 29.71 (CH,), 120.50 (qC), 126.23 (CH),
126.33 (CH), 127.22 (CH), 134.78 (CH), 149.54 (qC), 156.78 (qC), 164.57 (C=0) ppm.

HRMS (ESI™): found 175.0869 [M+H]", C1oH1:N,O requires 175.0866.

8.1.3. Reactivity of 2-azidobenzamide with 1-bromobutane.

4 \

@) O
1-bromobutane,
NH, Na,CO; DMSO__ I}l/\/\ NH

N 95°C, 48 h A\ + /)\/\
3 N N
(377) (385) (386)

C41H43N30 C44H42N0
MW = 203.25 g/mol MW = 188.23 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), 1-bromobutane (338 mg, 2.47 mmol, 2.0
eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen atmosphere and
after completion of the reaction, monitored by TLC, the resulting mixture was diluted with
dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to remove the

DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under gravity and
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the solvent was removed under vacuum. The residue was purified by using column

chromatography to give two products:

Synthesis of 3-butylbenzo[d][1,2,3]triazin-4(3H)-one (385).

(Eluent: petroleum ether/ethyl acetate: 4/1, R = 0.2) yielded the product as a light
yellow oil (92 mg, 37 %).

IR: vmax (cm™): 775.8, 889.4, 966.6, 1032.1, 1163.5, 1293.9, 1319.9, 1379.7, 1428.8, 1463.3,
1607.1, 1678.4, 2872.9, 2959.5.

'H NMR: 84 (400 MHz, CDCls): 0.91 (3H, t, J=7.4 Hz, CH3), 1.37 (2H, app. sextet, J= 7.6
Hz, CHy), 1.86 (2H, app. pentet, J= 7.5 Hz, CH,), 4.40 (2H, t, J= 7.1 Hz, CH,), 7.71 (1H, dd,
J'=7.9 Hz, J?=7.5 Hz, HAr), 7.86 (1H, dd, J'=7.9 Hz, J*=7.5 Hz, HAr), 8.07 (1H, d, J=8.1
Hz, HAr), 8.28 (1H, d, J=8.1 Hz, HAr) ppm.

13C NMR 8§, (100 MHz, CDCl3): 13.66 (CHj3), 19.89 (CH,), 30.94 (CH,), 49.67 (CHy,),
119.83 (qC), 125.05 (CH), 128.18 (CH), 132.20 (CH), 134.66 (CH), 144.33 (qC), 155.50
(C=0) ppm.

HRMS (ESI™): found 204.1127 [M+H]", C11H14N30 requires 204.1131.

Synshesis of 2-propylquinazolin-4(3H)-one (386).

(Eluent: petroleum ether/ethyl acetate: 1/1, R = 0.22) yielded the product as a light

yellow (estimated 20 % ).

IR: vmax (cm™): 752.7, 867.9, 908.0, 1082.4, 1161.3, 1265.4, 1293.3, 1394.8, 1449.9, 1478.8,
1565.3, 1615.4, 1650.0, 2962.6, 3173.6.

'H NMR: 84 (400 MHz, CDCls): 0.98 (3H, t, J=7.5 Hz, CH3), 1.69 (2H, app. sextet, J= 7.4
Hz, CH,), 2.68 (2H, t, J= 7.8 Hz, CH,), 7.37 (1H, dd, J'=8.0 Hz, J?=7.0 Hz, HAr), 7.61 (1H,
d, J=8.0 Hz, HAr), 7.68 (1H, dd, J'=8.0 Hz, J°=7.0 Hz, HAr), 8.17 (1H, d, J=8.0 Hz, HA),
11.12 (1H, s, NH) ppm.
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BC NMR 8 (100 MHz, CDCly): 13.77 (CHs), 18.99 (CH,), 40.47 (CH,), 121.46 (qC),
122.46 (CH), 125.18 (CH), 127.35 (CH), 132.96 (CH), 149.47 (qC), 157.17 (qC), 164.25
(C=0) ppm.

HRMS (ESI™): found 189.1023 [M+H]", C1;H13N,0 requires 189.1022.

8.1.4. Reactivity of 2-azidobenzamide with 3-bromo-2-methylpropene.

0 o)
NH, Br\/g Na,COs, DMSO I}I/Y
95 °C,48 h N
N3
(377) (387) (388)
C11H41N30
MW = 201.23 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), 3-bromo-2-methylpropene (333 mg,
2.47 mmol, 2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen
atmosphere and after completion of the reaction, monitored by TLC, the resulting mixture was
diluted with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to
remove the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under
gravity and the solvent was removed under vacuum. The residue was purified by using
column chromatography (eluent: petroleum ether/ethyl acetate: 4/1, Rf = 0.21) to yield the
product as a light orange solid (90 mg, 36 %, m.p.= 69-71 °C).

IR: vmax (cm™): 777.9, 917.5, 1009.9, 1089.1, 1153.1, 1223.7, 1275.6, 1296.6, 1332.5,
1463.2, 1579.9, 1608.9, 1683.8, 2929.6, 2972.6, 3083.4.

'H NMR: 84 (400 MHz, CDCls): 1.84 (3H, sb, CHj), 4.85 (1H, s, =CHH), 5.00 (H, s,
=CHH), 5.03 (2H, s, CH,), 7.83 (1H, ddd, J'=8.1 Hz, J*=8.0 Hz, J*=1.1 Hz, HAr), 7.97 (1H,
ddd, J'=8.1 Hz, J*=8.0 Hz, J*=1.1 Hz, HAr), 8.18 (1H, d, J=8.1 Hz, HAr), 8.38 (1H, dd,
J'=8.1 Hz, J*=1.0 Hz, HAr) ppm.
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1B3C NMR 8. (100 MHz, CDClg): 20.45 (CH3), 54.77 (CH,), 113.54 (CH,), 119.88 (qC),
125.22 (CH), 128.33 (CH), 132.38 (CH), 134.84 (CH), 139.51 (qC), 144.29 (qC), 155.43
(C=0) ppm.

HRMS (ESI™): found 202.0975 [M+H]", C11H12N30 requires 202.0975.

8.1.5. Reactivity of 2-azidobenzamide with bromocyclohexane.

O Br 0 /O
NH, Na,CO,, DMSO
' 925 Oé 48 h - '}l
N3 ’ N’/N
(377) (389) (390)

C43H15N30
MW = 229.28 g/mol

Scheme 8.6

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), bromocyclohexane (403 mg, 2.47 mmol,
2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen atmosphere
and after completion of the reaction, monitored by TLC, the resulting mixture was diluted
with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to remove
the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under gravity
and the solvent was removed under vacuum. The residue was purified by using column
chromatography (eluent: petroleum ether/ethyl acetate: 4/1, R¢ = 0.23) to yield the product as
a light yellow solid (85 mg, 30 %, m.p.= 137-139 °C).

IR: vmax (cm™): 773.8, 808.5, 905.0, 1064.4, 1164.4, 1160.6, 1180.8, 1220.8, 1267.2, 1292.3,
1331.2, 1375.5, 1460.4, 1606.6, 1681.1, 2850.9, 2928.3, 3073.4.

'H NMR: 8y (400 MHz, CDCls): 1.17-1.30 (1H, m, CHH.), 1.39-1.50 (2H, m, CH,), 1.68-
2.72 (1H, m, CHH.), 1.86-2.01 (6H, m, 3 x CH,), 4.96 (1H, p, J=7.6 Hz, CH), 7.70 (1H, dd,
J'=8.0 Hz, J?=7.3 Hz, HAr), 7.85 (1H, ddd, J'=8.1 Hz, J°=8.0 Hz, J°=1.1 Hz, HAr), 8.06 (1H,
d, J=8.0 Hz, HAr), 8.28 (1H, d, J=8.1 Hz, HAX).
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BC NMR 8§, (100 MHz, CDCls): 25.31 (CH,), 25.80 (2 x CH,), 56.64 (2 x CH,), 119.60
(qC), 123.01 (gC), 125.27 (CH), 128.02 (CH), 132.00 (CH), 134.62 (CH), 143.88 (qC),
155.12 (C=0) ppm.

HRMS (ESI™): found 230.1285 [M+H]", C13H16NsO requires 230.1288.

8.1.6. Reactivity of 2-azidobenzamide with 4-bromo-1-butene.

O (@) @)
4-bromo-1-butene
NH2  Na,CO,, DMSO N NH
' o I +
N3 95 OC,48 h N”N N/)\%\CH3
(377) <4 (392) (393)
C11H11N30 C44H4oN2O
MW = 201.09 g/mol MW = 186.21 g/mol

O O
TS, N
NN N/)\/\
(392) (394)

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), 4-bromo-1-butene (333 mg, 2.47 mmol,
2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen atmosphere
and after completion of the reaction, monitored by TLC, the resulting mixture was diluted
with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to remove
the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under gravity
and the solvent was removed under vacuum. The residue was purified by using column

chromatography to give two products:
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Synthesis of 3-(but-3-en-1-yl)benzo[d][1,2,3] triazin-4(3H)-one (392).

(Eluent: petroleum ether/ethyl acetate: 4/1, Rs = 0.21) yielded the product as a yellow oil
(85 mg, 35 %).

IR: vmax (cm™): 777.1,921.5, 995.5, 1042.6, 1105.2, 1164.7, 1279.5, 1295.5, 1346.1, 1463.4,
1607.6, 1641.7, 1681.0, 2840.2, 2954.0, 3074.8.

'H NMR: 84 (400 MHz, CDCls): 2.61 (2H, q, J=7.0 Hz, CH,), 4.47 (2H, t, J= 7.2 Hz, CH,),
4.99 (2H, td, J'= 18.3 Hz, J*=2.7 Hz, =CH,), 5.71-5.84 (1H, m, =CH), 7.72 (1H, dd, J*=7.7
Hz, J*=7.4 Hz, HAr), 7.86 (1H, ddd, J'=8.1 Hz, J*=8.0 Hz, J*=0.9 Hz, HAr), 8.06 (1H, d,
J=8.1 Hz, HAr), 8.27 (1H, d, J=7.7 Hz, HAr) ppm.

C NMR & (100 MHz, CDCls): 33.15 (CH,), 49.03 (CH,), 117.78 (CH,), 119.77 (qC),
125.07 (CH), 128.24 (CH), 132.27 (CH), 133.97 (CH), 134.73 (CH), 144.27 (qC), 155.50
(C=0) ppm.

. Toun . + , C11H12N30 requires . .
HRMS (ESI"): found 202.0970 [M+H]", C11H1,N5O requires 202.0975

Synthesis of 2-allylquinazolin-4(3H)-one (393).
(Eluent: petroleum ether/ethyl acetate: 1/1, R¢ = 0.29) yielded the product as a yellow
solid (65 mg, 29 %, m.p.= 148-150 °C).

IR: vmax (cm™): 682.5, 704.9, 763.7, 813.9, 908.6, 1007.1, 1144.2, 1252.4, 1295.5, 1342.8,
1468.3, 1562.1, 1606.9, 1658.7, 2924.4, 3062.9, 3182.1.

'H NMR: 84 (400 MHz, CDCls): 2.08 (3H, dd, J'=6.8 Hz, J*=1.1 Hz, CHs), 6.40 (1H, dd,
J'=15.9 Hz, J*=1.3 Hz, =CH), 7.19-7.26 (1H, m, =CH), 7.47 (1H, dd, J'=7.6 Hz, J*=7.3 Hz,
ArH), 7.72 (1H, d, J=7.8 Hz, ArH), 7.78 (1H, dd, J'=7.8 Hz, J*=7.6 Hz, ArH), 8.30 (1H, d,
J=7.6 Hz, ArH), 11.98 (1H, s, NH) ppm.

13C NMR §, (100 MHz, CDCl3): 18.77 (CHg), 120.75 (gC), 125.32 (CH), 126.28 (CH),
126.36 (CH), 127.51 (CH), 134.83 (CH), 138.47 (CH), 149.67 (qC), 150.89 (qC), 164.12
(C=0) ppm.

HRMS (ESI™): found 187.0860 [M+H]", C1;H1:NsO requires 187.0793.
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8.1.7. Reactivity of 2-azidobenzamide with 2-bromopropane.

N

O O
Br J\
NH

2 + )\ Nach3, DMSO l}l
95°C, 48 h -N

N3 N

(377) (395) (396)
C10H11N30
MW = 189.22 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), 2-bromopropane (301 mg, 2.47 mmol,
2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen atmosphere
and after completion of the reaction, monitored by TLC, the resulting mixture was diluted
with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to remove
the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under gravity
and the solvent was removed under vacuum. The residue was purified by using column
chromatography (eluent: petroleum ether/ethyl acetate: 4/1, R = 0.23) to yield the product as
a light yellow solid (80 mg, 34 %, m.p.=47-49 °C).

IR: vmax (cm™): 776.9, 850.2, 900.5, 965.8, 1016.2, 1131.3, 1195.1, 1266.3, 1290.1, 1338.4,
1386.1, 1461.6, 1494.2, 1608.3, 1676.5, 2874.9, 2976.1.

'H NMR: &4 (400 MHz, CDCls): 1.60 (6H, d, J=6.8 Hz, 2 x CH3), 5.45 (1H, sp, J= 6.7 Hz,
CH), 7.79 (1H, dd, J'=7.8 Hz, J*=7.5 Hz, HAr), 7.94 (1H, dd, J'=7.8 Hz, J*=7.5 Hz, HAr),
8.15 (1H, d, J=8.1 Hz, HAr), 8.36 (1H, d, J=8.1 Hz, HAr) ppm.

3C NMR & (100 MHz, CDCls): 21.61 (2 x CHg), 49.53 (CH), 119.61 (qC), 125.20 (CH),
128.05 (CH), 132.07 (CH), 134.66 (CH), 144.00 (qC), 155.09 (C=0) ppm.

HRMS (ESI™): found 190.0970 [M+H]", C10H12N30 requires 190.0975.
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8.1.8. Reactivity of 2-azidobenzamide with benzyl bromide.

B
O r O
NH; Na,COs, DMSO r}/\©

°C, 48 h -N

N 95 °C, 48 N
(377) (397) (398)

C14H44N30
MW = 237.26 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), benzyl bromide (422 mg, 2.47 mmol,
2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen atmosphere
and after completion of the reaction, monitored by TLC, the resulting mixture was diluted
with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to remove
the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under gravity
and the solvent was removed under vacuum. The residue was purified by using column
chromatography (eluent: petroleum ether/ethyl acetate: 4/1, R = 0.2) to yield the product as a
yellow solid (95 mg, 33 %, m.p.= 110-112 °C).

IR: vmax (cm™): 777.7,910.3, 976.6, 1002.8, 1048.8, 1086.2, 1178.6, 1204.7, 1295.1, 1349.4,
1454.0, 1492.3, 1580.8, 1605.4, 1681.8, 3032.5, 3062.5.

'H NMR: 84 (400 MHz, CDCl3): 5.65 (2H, s, CH,), 7.29-7.38 (3H, m, 3 x HAr), 7.55 (2H,
d, J=6.9 Hz, 2 x HAr), 7.79 (1H, dd, J'=7.7 Hz, J*=7.3 Hz, HAr), 7.94 (1H, dd, J*=8.0 Hz,
J?=7.3 Hz, HAT), 8.16 (1H, d, J=8.0 Hz, HAr), 8.35 (1H, d, J=7.7 Hz, HAr) ppm.

3C NMR & (100 MHz, CDCls): 53.39 (CH,), 120.10 (qC), 125.18 (qC), 128.23 (CH),
128.33 (CH), 128.73 (2 x CH), 128.87 (2 x CH), 132.36 (CH), 134.82 (CH), 135.76 (qC),
144.34 (qC), 155.39 (C=0) ppm.

HRMS (ESI™): found 238.0977 [M+H]", C14H12N30 requires 238.0975.
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8.1.9. Reactivity of 2-azidobenzamide with bromodiphenylmethane.

Ve

O Br O O
©\)J\NH2+ Na,COs,, DIVI*QC/> ’}1 O
N, 95 °C, 48 "\ N

(377) (399)

(401)
C13H400
MW = 182.22 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), bromodiphenylmethane (610 mg, 2.47
mmol, 2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen
atmosphere and after completion of the reaction, monitored by TLC, the resulting mixture was
diluted with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to
remove the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under
gravity and the solvent was removed under vacuum. The residue was purified by using
column chromatography (eluent: petroleum ether/ethyl acetate: 4/1, Rf = 0.23) to yield the
product as a white solid (76 mg, 84 %, m.p.=49-51 °C, lit. m.p.=48-50 °C**}).

IR: vmax (cm™): 637.7, 648.0, 696.1, 726.7, 905.1, 1028.1, 1176.4, 1276.5, 1446.9, 1598.5,
1655.5, 3059.9.

'H NMR: 84 (400 MHz, CDCls): 7.50 (4H, dd, J'= 7.5 Hz, J*=7.4, 4 x ArH), 7.61 (2H, t,
J=7.5Hz, 2 x ArH), 7.83 (4H, dd, J*=7.5 Hz, J°=1.3 Hz, 4 x ArH) ppm.

3C NMR 8§, (100 MHz, CDClI3): 128.30 (4 x CH), 130.08 (4 x CH), 132.45 (2 x CH), 137.60
(2xqC), 196.79 (C=0) ppm.
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HRMS (ESI™): found 183.0803 [M+H]", C13H110 requires 183.0804.

8.1.10. Reactivity of 2-azidobenzamide with triphenylmethyl bromide.

o) o Ph
NH, Br N)<Ph
+ /|\ Na,CO3, DMSO\ |
N Ph™ L Ph 95 °C, 48 h > NN
3 Ph )
(377) (402) (403)

OH

Ph/I\Ph
Ph

(404)
C19H160
MW = 260.34 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), triphenylmethyl bromide (797 mg, 2.47
mmol, 2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen
atmosphere and after completion of the reaction, monitored by TLC, the resulting mixture was
diluted with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to
remove the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under
gravity and the solvent was removed under vacuum. The residue was purified by using
column chromatography (eluent: petroleum ether/ethyl acetate: 4/1, Ry = 0.24) to yield the
product as a white solid (561 mg, 88 %, m.p.=163-164 °C, lit. m.p.=48-50 °C?%).

IR: vmax (cm™): 637.3, 695.5, 756.2, 889.7, 910.2, 1008.9, 1156.3, 1328.1, 1444.2, 1596.7,
3060.0, 3462.3.

'H NMR: 84 (400 MHz, CDCl3): 2.73 (1H, s, OH), 7.15-7.24 (15 H, m, 15 x ArH) ppm.

3C NMR &, (100 MHz, CDCls): 82.06 (C-OH), 127.29 (3 x CH), 127.96 (12 x CH), 146.88
(3xqC) ppm.

HRMS (ESI™): found 242.1095 [M-H,0]", C1gH14 requires 242.1096.
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8.1.11. Reactivity of 2-azidobenzamide with 2-bromo-2-methylpropane.

O

0
Br J<
NH, /}\ Na,COs, Dl\/lsb\/> ©\)J\,}j
N, 95°C, 48 h/ \. N

(406)

(377) (405)

(388)
C41H141N30
MW = 201.23 g/mol

To a solution of 2-azidobenzamide (200 mg, 1.23 mmol, 1.0 eq) and sodium carbonate (392
mg, 3.70 mmol, 3.0 eq) in extra dry DMSO (10 mL), 2-bromo-2-methylpropane (338 mg,
2.47 mmol, 2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a nitrogen
atmosphere and after completion of the reaction, monitored by TLC, the resulting mixture was
diluted with dichloromethane (30 mL) and washed with 0.1M NaCl and water many times to
remove the DMSO. The mixture was dried with anhydrous magnesium sulfate, filtered under
gravity and the solvent was removed under vacuum. The residue was purified by using
column chromatography (eluent: petroleum ether/ethyl acetate: 4/1, R¢ = 0.21) to yield the
product as a light yellow oil (50 mg, 20 %).

IR: vmax (cm™): 776.5, 893.8, 917.9, 970.4, 1086.3, 1180.6, 1293.9, 1463.0, 1493.9, 1580.7,
1608.3, 1686.5, 2920.8, 3082.0.

'H NMR: &y (400 MHz, CDCI3): 2.26 (3H, s, CHs), 4.92 (1H, s, C=CHH), 4.94 (1H, s,
C=CHH), 5.41 (2H, s, NCH,), 7.74 (1H, dd, J'=7.0 Hz, J*=6.7 Hz, ArH), 7.86-7.91 (1H, m,
ArH), 8.10 (1H, d, J=8.0 Hz, ArH), 8.30 (1H, dd, J'=8.0 Hz, J?=2.4 Hz, ArH) ppm.
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B3C NMR §, (100 MHz, CDClIg): 20.45 (CHs), 52.92 (CHy), 113.54 (=CHy), 119.88 (qC),
125.22 (CH), 128.38 (CH), 132.39 (CH), 134.85 (CH), 139.51 (qC), 144.23 (qC), 155.11
(C=0) ppm.

HRMS (ESI™): found 202.0982 [M+H]", C11H12N30 requires 202.0975.

8.1.12. Reactivity of 2-azidobenzamide with 1-bromobutane.

(0] (0]
(:ﬁj\ NH,, 4 Bre~_- KOH _ (:fj\ N VN
N TBAB N i
(377) (407)
(408)
C45H22N4O

MW = 274.37 g/mol

2-Azidobenzamide (98 mg, 0.60 mmol, 1.0 eq), commercial KOH (50 mg, 0.90 mmol, 1.5 eq)
and TBAB (58 mg, 0.18 mmol, 0.3 eq) were mixed and stirred for 15 minutes at room
temperature and then 1-bromobutane (102 mg, 81 pL, 0.75 mmol, 1.25 eq) was added. The
mixture was heated at 80 °C in an oil bath for 15 minutes. The crude mixture was diluted with
water (10 mL), and then was extracted with dichloromethane (3 x 10 mL). The organic layer
was dried with anhydrous magnesium sulfate, filtered and the solvent removed in vacuo.
Purification by silica chromatography (eluent: petroleum ether/ethylacetate: 2/1, Rs = 0.25)
yielded the product as a yellow oil (115 mg, 70 %).

IR: vmax (cm™): 751.8, 940.2, 1081.2, 1117.5, 1200.7, 1288.8, 1424.6, 1443.7, 1577.3,
1598.2, 1632.8, 2091.1, 2872.6, 2931.6, 2957.3.

'H NMR: 84 (400 MHz, CDCls): 0.68 (3H, t, J=7.3 Hz, CH3), 0.90 (3H, t, J=7.3 Hz, CHa),
1.04 (2H, app. sextet, J=7.3 Hz, CH,), 1.29-1.38 (4H, m, 2 x CH,), 1.57 (2H, app. pentet,
J=7.6 Hz, CHy), 2.96-2.98 (2H, m, CHy), 3.29 (1H, br.s, CHH), 3.54 (1H, br.s, CHH), 7.06-
7.10 (2H, m, 2 x ArH), 7.14 (1H, dd, J'=7.5 Hz, J?=1.4 Hz, ArH), 7.31 (1H, ddd, J'=8.2 Hz,
J?=8.0 Hz, J*=1.4 Hz, ArH) ppm.
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3C NMR & (100 MHz, CDCl5): 13.56 (CHs), 13.93 (CHs), 19.70 (CH,), 20.25 (CHy), 29.51
(CH,), 30.55 (CH,), 44.22 (CH,), 48.18 (CH,), 118.41 (CH), 124.93 (CH), 127.87 (CH),
129.44 (qC), 129.95 (CH), 136.17 (qC), 168.19 (C=0) ppm.

HRMS (ESI™): found 275.1860 [M+H]", C15H,3N4O requires 275.1866.

8.1.13. Reactivity of 2-azido-N,N-dibutylbenzamide.

o)
0
N/\/\
Na,CO3, DMSO NN
N3 i Reflux, 120 °C, 48 h N)\/\
|
H
(410)
C1 5H22N20

MW = 246.35 g/mol

(408)

To a solution of 2-azido-N,N-dibutylbenzamide (98 mg, 0.358 mmol, 1.0 eq) and sodium
carbonate (114 mg, 1.07 mmol, 3.0 eq) in extra dry DMSO (8 mL), 2-bromopropane (88 mg,
67 L, 0.716 mmol, 2.0 eq) was added. The whole was heated at 95 °C for 48 hours under a
nitrogen atmosphere and after completion of the reaction, monitored by TLC which showed
no product. The reaction mixture was heated at 120 °C for 48 hours and after completion of
the reaction, monitored by TLC, the resulting mixture was diluted with dichloromethane (30
mL) and washed with 0.1M NaCl and water many times to remove the DMSO. The mixture
was dried with anhydrous magnesium sulfate, filtered under gravity and the solvent was
removed under vacuum. The residue was purified by using column chromatography (eluent:
petroleum ether/ethyl acetate: 2/1, Rs = 0.21) to yield the product as a yellow oil (55 mg, 63
%).

IR: vmax (cm™): 750.2, 908.5, 1027.9, 1153.0, 1169.0, 1321.9, 1463.6, 1509.3, 1579.7,
1610.1, 2871.6, 2929.9, 1956.7, 3284.2.

'H NMR: 84 (400 MHz, CDCly): 0.84 (6H, app. pentet, J=7.2 Hz, 2 x CHy), 1.15-1.24 (1H,
m, CHH), 1.29-1.36 (3H, m, CH, , CHH), 1.50-1.59 (3H, m, CH, + CHH), 1.74-1.84 (1H, m,
CHH), 2.72-2.79 (1H, m, CH), 4.00-4.07 (1H, m, NH), 4.48-4.50 (2H, m, CH,), 6.55 (1H, d,
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J=8.0 Hz, ArH), 6.75 (1H, ddd, J'=7.8 Hz, J*=7.6 Hz, J*=1.2 Hz, ArH), 7.16-7.20 (1H, m,
ArH), 7.81 (1H, dd, J'=7.8 Hz, J=1.2 Hz, ArH) ppm.

13C NMR & (100 MHz, CDCl5): 13.68 (CH3), 13.89 (CHs), 18.64 (CH,), 20.15 (CH,), 30.48
(CH,), 35.48 (CH,), 44.88 (CH,), 69.25 (CH), 114.81 (CH), 117.14 (qC), 118.41 (CH),
128.41 (CH), 133.06 (CH), 145.06 (qC), 162.34 (C=0) ppm.

HRMS (ESI™): found 247.1802 [M+H]", C13H16NsO requires 247.1805.

8.2. Reactivity of 0-Azidobenzaldoxime and 2-azidobenzaldehyde.

8.2.1. Synthesis of 3,4-bis(2-azidophenyl)-1,2,5-oxadiazole 2-oxide.

( _ N\
O.+.0
H N N
\N OH -
NCS, Pyridine »

N CH,Cl,, rt.
3 N3 N3

(416) (418)

C14HgNgO,
MW = 320.27 g/mol

(417)

. /

To a solution of N-chlorosuccinimide (403 mg, 3.03 mmol, 1.01 eq) in anhydrous DCM (15
mL) and pyridine (0.1 mL) was added o-azidobenzaldoxime (486 mg, 3 mmol, 1.0 eq). The
reaction mixture was stirred at room temperature for 48 hours. The solvent was removed in
vacuo and the crude product was purified by flash column chromatography (petroleum
ether/ethylacetate: 5/1, Ri=0.24) to yield the product (750 mg, 78 % vyield) as a deep brown

oil.
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IR: vmax (cm™): 748.2, 830.9, 961.7, 1080.7, 1130.6, 1291.6, 1417.7, 1499.1, 1575.5, 1592.8,
2091.3, 2980.3, 3063.8.

'H NMR: 8y (400 MHz, CDCls): 7.06 (1H, d, J=8.1 Hz, ArH), 7.09-7.14 (2H, m, 2 x ArH),
7.18 (1H, d, J=7.7 Hz, ArH), 7.27 (1H, dd, J'=7.7 Hz, J*=1.1 Hz, ArH), 7.38-7.50 (3H, m, 3
x ArH) ppm.

BC NMR & (100 MHz, CDCls): 113.61 (qC), 115.23 (qC), 118.79 (qC), 118.83 (qC),
118.90 (CH), 118.96 (CH), 125.21 (CH), 125.27 (CH), 130.88 (CH), 130.99 (CH), 132.12
(CH), 132.30 (CH), 138.54 (qC), 139.28 (qC) ppm.

HRMS (ESI™): found 265.0717 [M-2N2+H]", C14HgN4O requires 265.0720.

8.2.2. Synthesis of 1-azido-2-ethynylbenzene.

. Z
H Bestmann Ohira reagent
K2CO3, MeOH, rt

N3
(203) (419)
CgHsN3
MW = 143.15 g/mol

. /

The aldehyde (638 mg, 4.34 mmol, 1.0 eq) was dissolved in dry methanol (5 mL); potassium
carbonate (1.197 mg, 8.68 mmol, 2.0 eq) and the Bestmann-Ohira reagent (1.17 mL, 1.0 mg,
5.21 mmol, 1.2 eq) were added and the whole was stirred for 24 hours under nitrogen. The
reaction was quenched with saturated aqueous ammonium chloride (25 mL), the organic
phase was separated and the aqueous phase was extracted with dichloromethane (3 x 30 mL).
The combined organic phases were dried (MgSO,), filtered and concentrated in vacuo to yield
an orange solid. Purification by silica chromatography (petroleum ether/ethyl acetate: 1/50, R¢
= 0.2) yielded the product as a brown oil (559 mg, 90 %).

IR: vmax (cm™): 751.1, 823.2, 943.0, 1089.3, 1163.2, 1273.4, 1295.0, 1439.7, 1483.9, 1571.7,
1594.8, 2102.8, 2925.3, 3290.5.
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'H NMR: 8y (400 MHz, CDCls): 3.30 (1H, s, CH), 6.99-7.06 (2H, m, 2 x ArH), 7.29 (1H,
dd, J'=7.5 Hz, J*=7.4 Hz, ArH), 7.39 (1H, d, J=7.5 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 79.33 (CH), 82.88 (qC), 114.05 (CH), 118.50 (qC), 124.62
(CH), 130.13 (CH), 134.28 (CH), 141.71 (qC) ppm.

HRMS (ESI™): found 286.0958 [2M]", C1sH10Ns requires 286.0967.

The data is identical to that reported in the literature.??

8.2.3. Synthesis of 2-azidobenzonitrile.

H
X _OH CN
N (COCl),, bBU, DCM, Reflux -
Diphenylcyclopropenone
N3 N3
(416) (420)
MW = 144.14 g/mol

To a stirred mixture of diphenylcyclopropenone (62 mg, 0.3 mmol, 5 mol%) and aldoxime
(972 mg, 6.0 mmol, 1.0 eq) in DCM (10 mL) was added a solution of (COCI), (756 mg, 6.0
mmol, 1.0 eq) in DCM (1.0 mL) by using a syringe pump over 1h and then was added by
slow addition DBU (2.736 mg, 18.0 mmol, 3.0 eq) in DCM (3 mL). The mixture was heated
at reflux whilst being monitored by TLC. The reaction mixture was diluted with DCM and
washed by water (3 x 40 mL). The organic phase was dried with anhydrous MgSQ,, filtered,
concentrated under reduced pressure and purified by silica column chromatography
[petroleum ether/ethyl acetate: 10/1, R¢ = 0.24] to yield the product as a yellow solid (750 mg,
87 %, m.p. = 54 - 55 °C, lit. m.p. = 52 - 53 °C)*".

IR: vmax (cm™): 755.4, 823.6, 950.4, 1035.7, 1147.5, 1166.9, 1250.5, 1277.1, 1293.4, 1306.2,
1445.8, 1485.7, 1575.9, 1594.2, 2109.8, 2227.9, 3068.2.

'H NMR: 8y (400 MHz, CDCl5): 7.24 (1H, dd, J'=7.8 Hz, J?=7.6 Hz, ArH), 7.29 (1H, d, J=
8.8 Hz, ArH), 7.62-7.66 (2H, m, 2 x ArH) ppm.
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3C NMR & (100 MHz, CDCls): 104.22 (CN), 115.59 (qC), 118.80 (CH), 125.00 (CH),
133.95 (CH), 134.03 (CH), 143.44 (qC) ppm.

HRMS (ESI*): found 233.0790 [2M-2N,+H]*, C14HsN, requires 233.0822.

8.2.4. Synthesis of benzo[e]benzo[5,6][1,2,3]triazino[2,1-a][1,2,3]triazine.

/N\
N N
N
CN
CuS0Q,4.5H,0, Sodium asc;orba&/>
N t-BuOH/H,0 (1:1), RT, 24 h /
3 N
(420) N < \N
\N/
(423)

N
|
©/\¢N

(424)
C14H10Ny4
MW = 234.26 g/mol

A solution of sodium ascorbate (17.2 mg, 0.069 mmol, 0.1 eq) and CuSQO4.5H,0 (2.73 mg,
0.0123 mmol, 0.02 eq) in water (2 mL) was added to a solution of 2-azidobenzonitrile (100
mg, 0.69 mmol, 1.0 eq) in t-BuOH (2 mL). The whole was stirred at ambient temperature
under a nitrogen atmosphere for 48 hours. The reaction mixture was diluted with water (10
mL), the organic layer was separated and the aqueous layer was extracted with EtOAc (3 x 10
mL). The combined organic layers were washed with water (10 mL) and brine (10 mL). The
organic phase was dried with anhydrous MgSQ,, filtered and the solvent removed in vacuo.
The crude product was purified by silica column chromatography [petroleum ether/ethyl

acetate: 2/1]. The product was tentatively assigned as light yellow oil (17 mg, 10 %) .
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IR: vmax (cm™): 766.5, 980.5, 1093.3, 1190.2, 1338.4, 1448.7, 1494.4, 1575.3, 1616.7,
1650.9, 2855.6, 2923.6, 3024.4, 3057.9.

'H NMR: 84 (400 MHz, CDCls): 6.29 (1H, m, ArH), 6.62 (1H, d, J= 8.5.0 Hz, ArH), 6.69
(1H, d, J=7.5 Hz, ArH), 7.02 (1H, m, ArH), 7.22-7.41 (3H, m, 3 x ArH), 7.53-7.55 (2H, m, 2
x ArH), 7.67 (1H, d, J=7.5 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCly): 125.43 (CH), 126.71 (CH), 128.30 (CH), 128.36 (CH),
128.86 (qC), 128.88 (qC), 128.98 (CH), 129.09 (CH), 130.42 (CH), 130.52 (CH), 134.81
(qC), 135.46 (qC), 143.39 (CH), 143.56 (CH) ppm.

HRMS (ESI™): found 234.1045 [M]", C14H10N,4 requires 234.0905.

8.2.5. Synthesis of 2-azido-N'-hydroxybenzimidamide.

N,OH
N
72 I
NH,OH.HCI NH,
N, N
(420) (425)
MW = 177.17 g/mol

Sodium carbonate (599 mg, 5.65 mmol, 1.1 eq) in small portions was added to hydroxylamine
hydrochloride (393 mg, 5.65 mmol, 1.1 eq) in water (30 mL). To the solution 2-
azidobenzonitrile (740 mg, 5.14 mmol, 1.0 eq) in ethanol (30 mL) was added. The whole was
heated at reflux temperature for 24 hours. The reaction mixture was extracted with CH,ClI, (3
x 40 mL). The combined organic layer was dried over MgSQ,, filtered and concentrated
under reduced pressure. Purification by silica chromatography (eluent: petroleum
ether/ethylacetate: 1/1, Rf = 0.18) yielded the product as an orange solid (610 mg, 67 %,
m.p.=110-112 °C).

IR: vmax (cm™): 757.6, 834.3, 934.1, 1028.3, 1082.0, 1164.7, 1290.7, 1379.1, 1446.4, 1497.7,
1575.5, 1637.3, 2121.5, 2807.9, 3062.9, 3151.7, 3371.0, 3483.3.
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'H NMR: 84 (400 MHz, CDCls): 4.97 (1H, s, NHH), 5.22 (1H, s, NHH), 7.19 (1H, dd, J'=
7.8 Hz, J?=7.6 Hz, ArH), 7.36-7.46 (2H, m, 2 x ArH), 7.63 (1H, ddd, J*=7.2 Hz, J?=7.0 Hz,
J?=1.4 Hz, ArH), 9.40 (1H, br.s, OH) ppm.

BC NMR §; (100 MHz, CDCls): 118.81 (CH), 123.96 (qC), 125.65 (CH), 128.65 (CH),
130.44 (CH), 137.62 (qC), 151.23 (C=N) ppm.

HRMS (ESI™): found 178.0719 [M+H]", C;HgNsO requires 178.0723.

8.2.6. Synthesis of ethyl 3-(2-azidophenyl)-1,2,4-oxadiazole-5-carboxylate.

N’O

—C- OCHZCH3
(427)

c11H9 503 (428)
MW = 259.23 g/mol
9 C15H15N30¢

MW = 333.30 g/mol

(425) (426)

.
-OH
o)
| />‘C ~OCH,CHs I />~C “OCH,CH
NH Cl 2-M3
2+ EtO THF, Reflux
N3 o

N

To a solution of ethyl 2-chloro-2-oxoacetate (202 mg, 1.49 mmol, 1.2 eq) in THF (10 mL),
(2)-2-azido-N'-hydroxybenzimidamide (220 mg, 1.24 mmol, 1.0 eq) was added. The mixture
was heated at reflux temperature for 24 hours, whilst being monitored by TLC. The solvent
was distilled off under vacuum and the residue was purified by silica chromatography to give

two products:

Ethyl 3-(2-azidophenyl)-1,2,4-oxadiazole-5-carboxylate (427).

[(eluent: petroleum ether/ethyl acetate: 3/1, R = 0.25) yielded the product as a yellow oil
(300 mg, 93 %)].

IR: vmax (cm™): 748.2, 816.3, 909.3, 1018.9, 1165.0, 1186.7, 1262.3, 1372.7, 1429.4, 1478.7,
1588.1, 1748.0, 2097.1, 2987.0, 3065.3.

'H NMR: 84 (400 MHz, CDCl3): 1.50 (3H, t, J=7.1 Hz, CH3), 4.58 (2H, g, J=7.1 Hz, CH,),
7.29 (1H, ddd, J'=7.8 Hz, J°=7.6 Hz, J*=1.2 Hz, ArH), 7.35 (1H, d, J= 8.1 Hz, ArH), 7.59
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(1H, ddd, J'= 8.1 Hz, J*=7.9 Hz, J*=1.5 Hz, ArH), 8.04 (1H, dd, J'= 7.8 Hz, J*=1.2 Hz, ArH)
ppm.
BC NMR & (100 MHz, CDCls): 14.05 (CHs), 64.03 (CH,), 117.23 (qC), 119.96 (CH),

124.96 (CH), 131.80 (CH), 132.71 (CH), 139.19 (qC), 154.11 (C=N), 166.06 (C=N), 167.52
(C=0) ppm.

HRMS (ESI™): found 282.0600 [M+Na]", C11HoNsO3Na requires 282.0598.

Ethyl 3-(2-(2-ethoxy-2-oxoacetamido)phenyl)-1,2,4-oxadiazole-5-carboxylate
(428).
(Eluent: petroleum ether/ethyl acetate: 3/1, R¢ = 0.16) yielded the product as a yellow oil

(20 mg, 5 %).

IR: vmax (cm™): 753.6, 846.8, 938.1, 1018.9, 1177.0, 1204.1, 1278.9, 1369.5, 1433.6, 1504.0,
1546.8, 1583.0, 1597.0, 1610.7, 1711.5, 1753.7, 2993.0, 3253.1.

'H NMR: 84 (400 MHz, CDCly): 1.38 (3H, t, J=7.1 Hz, CH3), 1.43 (3H, t, J=7.1 Hz, CH3),
4.39 (2H, g, J=7.1 Hz, CH,), 4.52 (2H, g, J=7.1 Hz, CHj), 7.24 (1H, dd, J'=8.0 Hz, =75
Hz, ArH), 7.53 (1H, dd, J'= 8.2 Hz, J’=7.5 Hz, ArH), 8.23 (1H, dd, J*= 8.0 Hz, J?=0.9 Hz,
ArH), 8.68 (1H, d, J= 8.2 Hz, ArH), 11.51 (1H, s, NH) ppm.

3C NMR & (100 MHz, CDCls): 14.00 (CH3), 14.04 (CHs), 63.73 (CH,), 64.27 (CHy),
114.00 (qC), 121.18 (CH), 125.02 (CH), 130.09 (CH), 133.18 (CH), 136.34 (qC), 153.74
(C=0), 154.80 (C=N), 160.38 (C=0), 165.91 (qC), 168.33 (C=0) ppm.

HRMS (ESI™): found 356.0844 [M+Na]", C15H1sN3O¢Na requires 356.0853.
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8.2.7. Reactivity of ethyl 3-(2-azidophenyl)-1,2,4-oxadiazole-5-carboxylate.

@)
IOEt
N-CQ R HN
| ,)—C-OFEt O
N 1. PPhs Toluene, rt N
‘ > N
2. PPhg Toluene, reflux N’
N3 ’
(427) (430)

C41H11N30;
MW = 233.27 g/mol

To a solution of ethyl 3-(2-azidophenyl)-1,2,4-oxadiazole-5-carboxylate (180 mg, 0.695
mmol, 1.0 eq) in anhydrous toluene (10 mL) was added triphenylphosphine (218 mg, 0.834
mmol, 1.2 eq). The whole was stirred for 6 hours at ambient temperature under a nitrogen
atmosphere and after completion of the reaction, monitored by TLC, the mixture was heated
at reflux temperature for 24 hours under a nitrogen atmosphere. The solvent was removed
under vacuum and the residue was purified by using silica column chromatography
[petroleum ether/ethyl acetate: 1/1, R = 0.2] to yield the product as a light yellow solid (100
mg, 61 %, m.p=214-216 °C).

IR: vmax (cm™): 797.1, 832.5, 944.5, 1024.7, 1116.8, 1156.3, 1203.3, 1253.9, 1294.3, 1368.7,
1470.8, 1503.0, 1581.5, 1619.4, 1651.3, 1701.8, 1732.1, 2978.9, 3001.1, 3044.7, 3158.5,
3376.7.

'H NMR: 8y (400 MHz, DMSO): 1.34 (3H, t, J=7.0 Hz, OCH,CHSs), 4.33 (2H, g, J=7.0 Hz,
OCH,CHs), 7.10 (1H, m, ArH), 7.37 (1H, dd, J'=8.0 Hz, J*= 7.5 Hz, ArH), 7.50 (1H, d,
J=8.0 Hz, ArH), 7.69 (1H, d, J= 7.0 Hz, ArH), 11.19 (1H, s, NH), 12.94 (1H, s, NH) ppm.

¥C NMR §. (100 MHz, DMSO): 14.30 (CH3), 62.82 (CH,), 110.81 (CH), 116.91 (qC),
120.48 (CH), 121.72 (CH), 127.01 (CH), 138.64 (qC), 141.40 (qC), 156.89 (C=0), 160.97
(C=0) ppm.

HRMS (ES|+)Z found 233.0799 [M]+, C11H11N3z03 requires 233.0800.
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8.2.8. Synthesis of dimethyl 1-{2-[5-(ethoxycarbonyl)-1,2,4-oxadiazol-
3-yl]phenyl}-1H-1,2,3-triazole-4,5-dicarboxylate.

( N
N Os . OCHj N-Q R
I N/>~C—OCH2CH3 c oo ’ N/>‘C—OCHzCH3
ol Rew
Reflux _N
Ns _C TN
0% OCH, N 0
/ ~
(427) H,CO OCHs
(431)
C47H15N505
MW = 401.34 g/mol
. W,

To a solution of ethyl 3-(2-azidophenyl)-1,2,4-oxadiazole-5-carboxylate (150 mg, 0.58 mmol,
1.0 eq) in dry toluene (10 mL) was added dimethylacetylene dicarboxylate (791 mg, 0.637
mmol, 1.1 eq). The mixture was heated at reflux under nitrogen for 24 hours whilst being
monitored by TLC. The solvent was distilled of under vacuum and the mixture was purified
by using silica chromatography [petroleum ether/ethyl acetate: 1/1, R; = 0.22] to give the
product as a brown solid (175 mg, 75 %, m.p.=117-119 °C).

IR: vmax (cm™): 776.2, 826.0, 913.4, 1018.8, 1100.7, 1191.9, 1288.9, 1360.2, 1448.0, 1491.5,
1524.9, 1565.8, 1590.7, 1608.7, 1731.8, 2955.4, 2985.7.

'H NMR: 84 (400 MHz, CDCls): 1.43 (3H, t, J=7.1 Hz, OCH,CHs), 3.76 (3H, s, OCHy),
4.02 (3H, s, OCHs3), 4.50 (2H, q, J=7.1 Hz, OCH,CHs), 7.57 (1H, dd, J'=7.7 Hz, J*= 1.9 Hz,
ArH), 7.73-7.80 (2H, m, 2 x ArH), 8.36 (1H, dd, J*= 7.1 Hz, J?*=1.6 Hz, ArH) ppm.

3C NMR & (100 MHz, CDClg): 13.90 (CHs), 52.78 (CHs), 53.39 (CHs), 64.01 (CHy),
123.73 (qC), 128.80 (CH), 130.72 (CH), 131.61 (CH), 132.29 (CH), 132.93 (qC), 134.00
(qC), 139.31 (qC), 153.62 (qC), 158.16 (qC), 160.30 (qC), 166.37 (qC), 166.43 (qC) ppm.

HRMS (ESI™): found 402.0975 [M+H]", C17H16NsO7 requires 402.1044.

299



Chaper 8 Experimental

8.2.9. Attempted Synthesis of 3,5-bis(2-azidophenyl)-1,2,4-oxadiazole.

.OH
N O
| I
C<
NH, ©: cl __pyridine
N3 N3 THF Reﬂux (433)
C14H1oNgO,
(425) (449) MW = 242.2834 g/mol
N-O
I
N
N3
N3
(432)

To a solution of the acid chloride (150 mg, 0.84 mmol, 1.0 eq) in THF (10 mL), was added
(2)-2-azido-N'-hydroxybenzimidamide (168 mg, 0.93 mmol, 1.1 eq) followed by additon of
pyridine (150 pL, 1.86 mmol, 1.1 eq). The mixture was heated at reflux for 24 hours, whilst
being monitored by TLC. The solvent was distilled off under vacuum and the residue was
purified by using silica chromatography [petroleum ether/ethyl acetate: 1/2, R¢ = 0.20] to give
the product (433) as a brown oil (120 mg, 44 %).

IR: vmax (cm™): 748.2, 909.6, 1043.1, 1116.5, 1241.8, 1446.2, 1482.9, 1576.9, 1596.4,
1620.4, 1721.8, 2118.3, 2979.2, 3072.1, 3341.7, 3465.7.

'H NMR: 84 (400 MHz, CDCls): 5.90 (2H, bs, NHy), 7.15-7.22 (2H, m, 2 x ArH), 7.25 (2H,
dd, J'=8.0 Hz, J*=6.7 Hz, 2 x ArH), 7.47 (1H, dd, J3'=7.7 Hz, J*=7.5 Hz, ArH), 7.57 (1H, dd,
J'=7.7 Hz, J%*= 7.5 Hz, ArH), 7.77 (1H, d, J=7.5 Hz, ArH), 8.00 (1H, d, J= 7.5 Hz, ArH)
ppm.

C NMR & (100 MHz, CDCls): 118.71 (CH), 119.25 (CH), 121.85 (qC), 122.11 (qC),
124.91 (CH), 125.04 (CH), 131.21 (CH), 131.89 (CH), 132.77 (CH), 133.45 (CH), 138.10
(qC), 139.27 (qC), 156.49 (C=N), 163.26 (C=0) ppm.

HRMS (ES|+)Z found 323.0990 [M+H]+, C14H11NgO5 requires 323.0999.
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8.2.10. Synthesis of 3,5-bis(2-azidophenyl)-1,2,4-oxadiazole.

.0
N N-QO
NH, TBAF, THF N
N3 - N
N RT,72h N 3
3 3
(433) (432)
C,4HgNgO
MW = 401.34 g/mol

To a solution of ((benzoyloxy)amino)(phenyl)methanamine (80 mg, 0.248 mmol, 1.0 eq) in
THF (10 mL), tetrabutylammonium fluoride (1 M in THF, 248 pL, 0.248 mmol, 1.0 eq) was
added dropwise. The mixture was stirred at room temperature for 72 h whilst being monitored
by TLC. The reaction mixture was diluted with water, the organic layer was separated and the
aqueous layer was extracted with ethylacetate (3 x 10 mL). The combined organic layers were
washed with water and brine. The organic layer was dried with anhydrous (MgSQ,), filtered
and the solvent removed in vacuo. Purification by silica chromatography (eluent: petroleum
ether/ethylacetate: 3/2, R = 0.2) yielded the product as a light yellow oil (68 mg, 90 %).

IR: vmax (cm™): 710.0, 886.9, 1141.6, 1290.0, 1352.0, 1467.5, 1487.1, 1578.2, 1591.7,
2082.9, 3091.2.

'H NMR: 84 (400 MHz, CDCl3): 7.19-7.24 (2H, m, 2 x ArH), 7.27 (2H, m, 2 x ArH), 7.48
(1H, ddd, J'=8.4 Hz, J*=8.3 Hz, J*=1.3 Hz, ArH), 7.55 (1H, ddd, J'=8.4 Hz, J*= 8.3 Hz,
J*=1.2 Hz, ArH), 7.99 (1H, dd, J'=7.8 Hz, J>=1.2 Hz, ArH), 8.06 (1H, dd, J'= 7.8 Hz, J*=1.2
Hz, ArH) ppm.

3C NMR & (100 MHz, CDCl3): 115.78 (qC), 118.54 (qC), 119.36 (CH), 119.82 (CH),
124.95 (CH), 125.03 (CH), 131.75 (CH), 131.78 (CH), 132.12 (CH), 133.69 (CH), 138.98
(qC), 139.72 (4C), 166.83 (C=N), 173.38 (C=N) ppm.

HRMS (ESI*): found 305.0894 [M+H]", C14HsNsO requires 305.0894.
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8.2.11. Synthesis of tetramethyl 1,1'-[(1,2,4-oxadiazole-3,5-diyl)bis(2,1-
phenylene)]bis(1H-1,2,3-triazole-4,5-dicarboxylate).

MGOZC
N
\\
MeOZC
-0 COzMe
/ Toluene
Reflux
CO,Me
M
(432) 6020 CO,Me
(434)
Ca6H2oNgOg
MW = 401.34 g/mol

To a solution of 3,5-bis(2-azidophenyl)-1,2,4-oxadiazole (65 mg, 0.21 mmol, 1.0 eq) in dry
toluene (10 mL) was added dimethylacetylene dicarboxylate ( 66 mg, 0.47 mmol, 2.2 eq). The
mixture was heated at reflux under nitrogen for 24 hours and whilst being monitored by TLC.
The solvent was distilled under vacuum and the mixture was purified by using silica
chromatography [petroleum ether/ethyl acetate: 5/3, Rf = 0.22] to give the product as a yellow
oil (125 mg, 95 %).

IR: vmax (cm™): 724.0, 825.7, 907.9, 1004.0, 1079.7, 1204.3, 1290.4, 1349.0, 1491.5, 1562.1,
1592.8, 1608.7, 1731.5, 2955.1.

'H NMR: 8y (400 MHz, CDCls): 3.64 (6H, bs, 2 x CHs), 3.94 (3H, s, CHs), 3.98 (3H, s,
CHa), 7.42 (1H, d, J'=7.8 Hz, ArH), 7.53 (1H, d, J=7.2 Hz, ArH), 7.62 (1H, d, J'=7.8 Hz,
ArH), 7.68-7.75 (2H, m, 2 x ArH), 7.87 (1H, d, J=7.8 Hz, ArH), 8.12 (1H, d, J'= 7.2 Hz,
ArH) ppm.

3C NMR & (100 MHz, CDCly): 52.79 (CHs), 52.95 (CHs), 53.38 (CHs), 53.45 (CHy),
121.14 (qC), 123.99 (qC), 128.60 (CH), 129.07 (CH), 130.40 (CH), 130.64 (CH), 131.56
(CH), 131.78 (CH), 131.85 (CH), 132.74 (qC), 133.04 (qC), 133.58 (CH), 133.71 (qC),
134.11 (qC), 139.22 (qC), 139.57 (qC), 157.88 (C=0), 158.06 (C=0), 160.38 (C=0), 160.44
(C=0), 165.65 (C=N), 171.56 (C=N) ppm.
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HRMS (ESI™): found 589.1422 [M+H]", C26H,1NgOy requires 589.1426.

8.2.12. Synthesis of 3,3'-bis(2-azidophenyl)-5,5'-bi(1,2,4-oxadiazole).

( )
OH -0 O~
N~ N N
| 0 WY
NH L g )H(g DCM N N
H
RT
N3 o N3 N3
(425) (435) (436)
C16HgN1902
MW = 372.31 g/mol
g J

To a solution of oxalyl chloride (86 mg, 0.678 mmol, 1.2 eq) in DCM (10 mL), was added
(2)-2-azido-N'-hydroxybenzimidamide (100 mg, 0.565 mmol, 1.0 eq) followed by the
addition of pyridine (100 pL). The mixture was stirred at room temperature for 24 hours,
whilst being monitored by TLC. The solvent was distilled off under vacuum and the residue
was purified by silica chromatography [eluent: petroleum ether/ethyl acetate: 5/1, Rs = 0.2]
yielded the desired product (426) as a partially pure sample (light yellow oil, 168 mg, 80 %).

IR: vmax (cm™): 752.7, 1107.6, 1166.9, 1293.8, 1446.3, 1471.0, 1510.0, 1576.9, 1594.8,
2111.7.

'"H NMR: 84 (400 MHz, CDCly): 7.14 (2H, dd, J'=7.9 Hz, J*= 7.7 Hz, 2 x ArH), 7.17-7.20
(2H, m, 2 x ArH), 7.53 (2H, ddd, J'=7.7 Hz, J= 7.5 Hz, J*=1.5 Hz, 2 x ArH), 7.93 (2H, dd,
J'=7.7 Hz, J*=1.5 Hz, 2 x ArH) ppm.

13C NMR 8§ (100 MHz, CDCls): 118.81 (2 x CH), 125.02 (2 x CH), 133.91 (2 x CH), 134.08
(2 x CH), 138.93 (2 x qC), 143.37 (2 x qC), 164.28 (2 x qC (C-C)), 165.76 (2 x qC (C=N))
ppm.

HRMS (ESI™): found 395.0727 [M+Na]", C1sHgN1002Na requires 395.0724.
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8. Experimental: 3. Reactivity of 2-azidobenzenesulfonic acid and 2-
azidobenzoic acid.

8.3.1. Synthesis of 0-azido benzene sulfonyl chloride

O\}S//O O\\//O
“OH  (COCI), DMF S<¢j
»
Ns DCM, Reflux Ns
(155a) (452)
CeH4N5CIO,S
MW = 217.63 g/mol

2-Azidobenzene sulfonic acid (2.0 g, 10.054 mmol, 2.2 eq) was heated to reflux in a 2M
solution of (COCI), in dichloromethane (11.85 mL, 22.85 mmol, 5 eq) with a drop of DMF
under an inert atmosphere of nitrogen for 5 hours. The reaction was cooled to room
temperature before the crude acid chloride was concentrated and the residue was washed with
dichloromethane (2 x 20 mL) to give the crude sulfonyl chloride in as an orange solid (1.91 g,
87 % )_186,231

IR: Umax (cm'l): 728.4, 763.4, 1057.3, 1124.3, 1148.2, 1170.3, 1270.0, 1287.3, 1367.3,
1470.6, 1581.0, 2101.9, 2940.7, 3098.3.

'H NMR: &y (400 MHz, DMSO): 7.13 (1H, dd, J'=7.6 Hz, J°=7.4 Hz, ArH), 7.21 (1H,
d, J= 7.7 Hz, ArH), 7.39 (1H, ddd, J'=7.6 Hz, J°=7.5 Hz, J*=1.4 Hz, ArH), 7.76 (1H, dd,
J'=7.7 Hz, J*=1.4 Hz, ArH) ppm.

BC NMR &, (100 MHz, DMSO): 120.95 (CH), 124.68 (CH), 129.01 (CH), 130.84
(CH), 136.47 (qC), 138.93 (qC) ppm.
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8.3.2. Synthesis of 2-azidobenzyl 2-azidobenzenesulfonate.
Q. oH AP
S 1- (COCI),, DMF, DCM S~
‘0 > ©
2- azidobenzyl alcohol,
N pyridine, DMF, DCM N3 Nj
(475)
C13H1oNgO3S
MW = 330.32 g/mol

To 2-azidobenzene sulfonic acid (1.194 g, 6.0 mmol, 2.0 eq) was added a 2M solution of
oxalyl chloride in dichloromethane (7.5 mL, 15.0 mmol, 5.0 eq) followed by the addition of
DMF (100 pL). The whole was heated to reflux for 15 hours under nitrogen. The excess
oxalyl chloride was removed in vacuo and the residue was washed with dichloromethane (3 x

10 mL) to give the crude sulfonyl chloride as an orange solid.

Pyridine (241 pL, 237 mg, 3.0 mmol, 1.0 eq ) was added dropwise to a stirring solution of 2-
azidobenzyl alcohol (447 mg, 3.0 mmol, 1.0 eq) in DCM (10 mL). The sulfonyl chloride was
dissolved in dichloromethane (5 mL) and was added dropwise to this solution followed by
addition a drop of DMF. The mixture was heated to reflux under a nitrogen atmosphere for 48
hours whilst being monitored by TLC. The solvent was removed under vacuum and the
mixture was purified by using column chromatography (eluent: methanol/ethyl acetate: 1/2,
R¢ = 0.4) yielded the product as a deep brown solid (750 mg, 76 %, m.p.=168-170 °C).

IR: vmax (cm™): 762.3, 876.3, 978.8, 1025.1, 1088.6, 1105.0, 1195.2, 1280.7, 1438.6, 1472.4,
1493.7, 1575.7, 2125.7.

'H NMR: 84 (400 MHz, DMSO): 4.72 (2H, s, CH,), 7.12-7.21 (2H, m, 2 x ArH), 7.24 (1H,
dd, J'= 8.0 Hz, J?=1.0 Hz, ArH), 7.29 (1H, dd, J'=8.0 Hz, J*=1.0 Hz, ArH), 7.37-7.43 (3H,
m, 3 x ArH), 7.77 (1H, dd, J*=7.7 Hz, J°=1.6 Hz, ArH) ppm.

3C NMR & (100 MHz, DMSO): 63.28 (CH,), 118.75 (CH), 120.65 (CH), 124.66 (CH),
125.29 (CH), 128.99 (CH), 129.30 (qC), 129.41 (CH), 129.62 (CH), 130.91 (CH), 136.48
(qC), 137.24 (qC), 138.76 (qC) ppm.

HRMS (ESI™): found 353.0427 [M+Na]", C13H10NsO3SNa requires 353.0427.
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8.3.3. Synthesis of 2-[(triphenyl-2>-phosphanylidene)amino]benzyl 2-
[(triphenyl-A°>-phosphanylidene)amino]benzenesulfonate.

\\ // Oy é(/)
Ph)3 \O
Toluene
N3 Y

(Ph)P  P(Ph)

(475) (476)
Ca9H4oN203P,S
MW = 798.88 g/mol

To a solution of 2-azidobenzyl 2-azidobenzenesulfonate (330 mg, 1.0 mmol, 1.0 eq) in
anhydrous toluene (10 mL), triphenylphosphine (524 mg, 2.0 mmol, 2.0 eq) was added. The
mixture was stirred for 12 hours at ambient temperature under a nitrogen atmosphere. After
completion of the reaction, monitored by TLC, the solvent was removed under vacuum. The
residue was purified by using silica column chromatography with [methanol /ethyl acetate =
1/3, R= 0.23 as eluent] to give a brown solid as the product (570 mg, 71 %, m.p.=101-103
°C).

IR: vmax (cm™): 540.7, 691.8, 905.3, 1013.9, 1111.0, 1180.7, 1336.5, 1450.4, 1479.1, 1586.5,
3055.2.

'H NMR: 84 (400 MHz, CDCls): 5.15 (2H, bs, CH,), 6.32-6.43 (4H, m, 4 x ArH), 6.61-6.92
(5H, m, 5 x ArH), 7.33-7.10 (21H, m, 21 x ArH), 8.01-8.10 (8H, m, 8 x ArH) ppm.

3C NMR &, (100 MHz, CDCls): 26.73 (CH,) 119.27 (qC), 121.27 (CH), 128.53 (4 x CH),
128.60 (4 x CH), 128.65 (3 x CH), 128.80 (4 x CH), 128.92 (3 x CH), 129.33 (qC), 129.47
(CH), 129.99 (CH), 130.11 (CH), 130.33 (2 x qC), 130.81 (qC) 132.04 (3 x CH), 132.32
(CH), 132.42 (CH), 133.07 (qC), 133.66 (3 x CH), 133.85 (3 x CH), 134.02 (CH), 134.11 (3 x
CH), 134.86 (CH), 137.12 (2 x qC), 137.22 (qC), 150.90 (qC) ppm.
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8.3.4. Synthesis of 2-azidobenzoyl chloride*?

X

O o)
8 I
“OH  (COCI), DMF Cial
N DCM, Reflux Ns
(449)
C,H,N;CIO
MW = 181.58 g/mol

2-Azidobenzoic acide (1.63 g, 10.00 mmol, 1.0 eq) was heated to reflux in a 2M solution of
(COCI); in dichloromethane (10.35 mL, 20.70 mmol, 2.7 eq) with a drop of DMF under an

inert atmosphere of nitrogen for 5 hours. The reaction was cooled to room temperature before

the crude acid chloride was concentrated and the residue was washed with dichloromethane (2

x 20 mL) to give the crude sulfonyl chloride in as an orange solid (1.5 g, 82 %).

IR: vmax (cm™): 761.3, 866.8, 1190.6, 1277.2, 1311.0, 1446.3, 1475.3, 1572.1, 1777.7,

2123.2.

'H NMR: 8y (400 MHz, CDCls): 7.27-7.33 (2H, m, 2 x ArH), 7.66 (1H, ddd, J'=8.2 Hz,
J?=8.0 Hz, J*=1.2 Hz, ArH), 8.15 (1H, dd, J'=8.0 Hz, J°=0.9 Hz, ArH) ppm.

BC NMR §; (100 MHz, CDCls): 119.83 (CH), 124.70 (CH), 124.83 (qC), 134.42 (CH),
135.39 (CH), 140.73 (qC), 164.10 (C=0) ppm.

8.3.5. Synthesis of 2-azidobenzyl benzoate.

(462)

0
+©\/\OH Pyridine, DI:/IF, DCM O/D
Reflux, 80 °C
N3 erliux N3
(479)
C14H11N30;
MW = 253.26 g/mol
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To a stirring solution of 2-azidobenzyl alcohol (500 mg, 3.35 mmol, 2.0 eq) in DCM (10 mL)
was added pyridine (135 pL, 132 mg, 1.67 mmol, 1.0 eq ) dropwise. The benzoyl chloride
(235 mg, 1.677 mmol, 1.0 eq) was added dropwise to this solution followed by addition of a
drop of DMF. The mixture was heated to reflux under a nitrogen atmosphere for 48 hours
whilst being monitored by TLC. The solvent was removed under vacuum and the mixture was
purified by using column chromatography (eluent: petrolum ether/ethyl acetate: 2/1, R¢ =
0.23) tpyield the product as a yellow oil (650 mg, 77%).

IR: vmax (cm™): 748.5, 870.1, 990.7, 1041.3, 1122.1, 1173.7, 1269.9, 1372.7, 1450.2, 1584.2,
1719.5, 2117.6, 2980.1.

'H NMR: &4 (400 MHz, CDCls): 5.37 (2H, s, CHy), 7.19 (1H, t, J=7.6 Hz, ArH), 7.23 (1H,
d, J= 8.0 Hz, ArH), 7.40-7.50 (4H, m, 4 x ArH), 7.59 (1H, dd, J'=7.6 Hz, J?=7.3 Hz, ArH),
8.10 (2H, d, J=7.6 Hz, 2 x ArH), ppm.

3C NMR §&; (100 MHz, CDCls): 62.26 (CH,), 118.24 (CH), 124.48 (CH), 127.23 (qC),
128.41 (2 x CH), 129.69 (CH), 129.74 (2 x CH), 130.07 (qC), 130.19 (CH), 133.08 (CH),
138.57 (qC), 166.35 (C=0) ppm.

HRMS (ESI™): found 276.0742 [M+Na]", C14H11N30,Na requires 276.0743.

8.3.6. Synthesis of 2-[(triphenyl-A>-phosphanylidene)amino]benzyl benzoate.

O O
dO/D PPN d O/j@
Toluene, rt
N N
3 1]
P(Ph);

(479)

N

(480)
C3,H6NOLP
MW = 487.54 g/mol

To a solution of 2-azidobenzyl benzoate (200 mg, 0.790 mmol, 1.0 eq) in anhydrous toluene
(10 mL) was added triphenylphosphine (248 mg, 0.949 mmol, 1.2 eq). The mixture was

stirred for 12 hours at ambient temperature under a nitrogen atmosphere. After completion of
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the reaction, monitored by TLC, the solvent was removed under vacuum. The residue was
purified by using column chromatography [petroleum ether/ethyl acetate: 2/1, Rs = 0.19] to
yield the product as a pale yellow solid (290 mg, 75 %, m.p.=159-161 °C).

IR: vmax (cm™): 753.2, 925.2, 1022.4, 1104.9, 1298.6, 1345.0, 1439.4, 1454.0, 1480.8,
1595.3, 1650.4, 1696.8, 1715.9, 2941.3, 3064.1, 2980.1.

'H NMR: 8y (400 MHz, CDCls): 5.65 (2H, s, CH>), 6.39 (1H, d, J=7.9 Hz, ArH), 6.59 (1H,
t, J=7.6 Hz, ArH), 6.79 (1H, t, J=7.6 Hz, ArH), 7.24-7.33 (8H, m, 8 x ArH), 7.38-7.45 (4H,
m, 4 x ArH), 7.65 (3H, d, J=7.8 Hz, 3 x ArH), 7.67 (3H, d, J=7.8 Hz, 3 x ArH), 7.96 (2H, d,
J=7.9 Hz, 2 x ArH) ppm.

3C NMR &, (100 MHz, CDCl3): 65.69 (CH,), 117.11 (CH), 121.04 (CH), 128.18 (2 x CH),
128.35 (CH), 128.57 (3 x CH), 128.60 (qC), 128.69 (3 x CH), 129.00 (CH), 129.69 (2 x CH),
129.90 (3 x qC), 130.98 (qC), 131.69 (3 x CH), 132.50 (4 x CH), 132.60 (3 x CH), 149.80
(9C), 167.02 (C=0) ppm.

HRMS (ESI™): found 488.1777 [M+H]", C3,H,7NO,P requires 488.1774.

8.3.7. Synthesis of 2-phenyl-4H-benzo[d][1,3]oxazine.

( )

O
N\
Xylene
O y - o
Reflux
"
P(Ph);
(481)
(480) C14H44NO
MW = 209.25 g/mol

\ /

2-[(Triphenyl-A°>-phosphanylidene)amino]benzyl benzoate (100 mg, 0.205 mmol) was added
to dry xylene (10 mL). The mixture was heated at reflux temperature for 24 hours under a

nitrogen atmosphere, and monitored by TLC. The solvent was distilled under vacuum. The
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residue was purified by using column chromatography [petroleum ether/ethyl acetate: 4/1, R¢
= 0.22] to yield the product as a dark yellow oil (40 mg, 93 %).

IR: vmax (cm™): 771.3, 873.2, 930.4, 1000.3, 1109.6, 1227.6, 1246.4, 1315.8, 1379.8, 1490.1,
1567.8, 1593.9, 1612.5, 2868.0, 3039.5.

'H NMR: 8y (400 MHz, CDCls): 5.41 (2H, s, CHy), 7.04 (1H, d, J=7.4 Hz, ArH), 7.21 (1H,
td, J'=7.3 Hz, J°=2.1 Hz, ArH), 7.33 (2H, dd, J'=7.5 Hz, J?=6.7 Hz, 2 x ArH), 7.47 (2H, dd,
J'=7.8 Hz, J*=7.8 Hz, 2 x ArH), 7.52 (1H, t, J=7.2 Hz, ArH), 8.17 (2H, d, J=7.3 Hz, 2 x ArH)
ppm.

C NMR & (100 MHz, CDCls): 66.44 (CH,), 122.33 (qC), 123.75 (CH), 124.67 (CH),
126.48 (CH), 128.02 (2 x CH), 128.27 (2 x CH), 129.02 (CH), 131.46 (CH), 132.39 (qC),
139.72 (qC), 157.71 (C=N) ppm.

HRMS (ESI™): found 210.0916 [M+H]", C14H1,NO requires 210.0913.

8.3.8. Synthesis of 2-aminobenzyl benzoate.

@) (@)
0O PBU3 - O
Toluene, rt
N3 H2N

(479) (483)
C14H43NO,
MW = 227.26 g/mol

To a solution of 2-azidobenzyl benzoate (253 mg, 1 mmol, 1.0 eq) in anhydrous toluene (10
mL) was added tributylphosphine (244 mg, 1.2 mmol, 1.2 eq). The mixture was stirred for 12
hours at ambient temperature under a nitrogen atmosphere. After completion of the reaction,
monitored by TLC, the solvent was removed under vacuum. The residue was purified by
using column chromatography [petroleum ether/ethyl acetate: 3/1, R = 0.22] to yield the
product as a yellow oil (136 mg, 60 %).

IR: vmax (cm™): 782.1, 927.7, 996.8, 1025.3, 1068.9, 1105.9, 1266.0, 1314.0, 1451.1, 1496.1,
1584.0, 1602.7, 1705.1, 3063.5, 3376.9.
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'H NMR: 8y (400 MHz, CDCls): 4.70 (2H, bs, NH,), 5.38 (2H, s, CH,), 6.76 (1H, d, J=8.0
Hz, ArH), 6.82 (1H, dd, J'=7.8 Hz, J*=7.6 Hz, ArH), 7.21 (1H, dd, J'=7.8 Hz, J*=1.4 Hz,
ArH), 7.33 (1H, d, J=7.7 Hz, ArH), 7.45 (2H, dd, J'=7.7 Hz, J?=7.6 Hz, 2 x ArH), 7.58 (1H,
t, J=7.5 Hz, ArH), 7.94-8.15 (2H, m, 2 x ArH) ppm.

3C NMR 8. (100 MHz, CDCls): 64.86 (CH,), 116.28 (CH), 118.50 (CH), 120.27 (qC),
128.45 (2 x CH), 129.74 (2 x CH), 129.97 (qC), 130.19 (CH), 131.54 (CH), 133.19 (CH),
145.98 (gC), 166.86 (C=0) ppm.

The data is identical to that reported in the literature.?**

8.3.9. Reactivity of 2-azidobenzyl benzoate.

- 2

o) O

o) (@)
@ l :l Toluene, PBu3> +
N; Reflux N| HN
(@) @)
(479)
(481) (484)
C44H,14NO C21H17NO;
MW = 209.25 g/mol MW = 331.37 g/mol

L J

To a solution of 2-azidobenzyl benzoate (150 mg, 0.592 mmol, 1.0 eq) in anhydrous toluene
(10 mL) was added tributylphosphine (145 mg, 0.711 mmol, 1.2 eq). The whole was stirred
for 6 hours at ambient temperature under a nitrogen atmosphere and after completion of the
reaction, monitored by TLC, the mixture was heated at reflux temperature for 24 hours under
a nitrogen atmosphere. The solvent was removed under vacuum and the residue was purified

by using silica column chromatography to give two products:

2-Phenyl-4H-benzo[d][1,3]oxazine (481).

[Petroleum ether/ethyl acetate: 3/1, Rf = 0.3] to yield the product as a pale green oil (86

mg, 69 %), data as reported above.
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2-Benzamidobenzyl benzoate (484).

[Petroleum ether/ethyl acetate: 3/1, Ry=0.21] to yield the product as a light yellow (40
mg, 24 %, m.p.=128-130 °C).

IR: vmax (cm™): 606.6, 673.3, 753.1, 822.6, 934.3, 1070.8, 1110.9, 1243.9, 1379.3, 1448.9,
1514.8, 1585.8, 1600.9, 1667.7, 1696.1, 2980.6, 3060.7, 3317.1.

'H NMR: 84 (400 MHz, CDCls): 5.31 (2H, s, CH,), 7.13 (1H, t, J=7.5 Hz, ArH), 7.33-7.38
(3H, m, 3 x ArH), 7.40-7.44 (3H, m, 3 x ArH), 7.49 (2H, dd, J'=7.0 Hz, J*=6.4 Hz, 2 x ArH),
7.97-8.02 (5H, m, 5 x ArH), 9.69 (1H, bs, NH) ppm.

BC NMR §; (100 MHz, CDCls): 66.12 (CH,), 124.71 (CH), 125.24 (CH), 126.84 (qC),
127.45 (2 x CH), 128.53 (2 x CH), 128.73 (2 x CH), 129.39 (qC), 129.88 (2 x CH), 130.01
(CH), 131.75 (CH), 131.91 (CH), 133.60 (CH), 134.60 (qC), 136.86 (qC), 165.82 (C=0),
167.47 (C=0) ppm.

HRMS (ESI™): found 331.1205 [M]", C19H15N4O; requires 331.1195.

8.3.10. Synthesis of 2-azidobenzyl 2-azidobenzoate.

O O

OH _1-(COCI),, DMF,DCM O/D
N 2- azidobenzyl alcohol, Ny N

Pyridine , DMF, DCM 3

(485)
C14H10NgO2
MW = 294.27 g/mol

To 2-azidobenzoic acid (800 mg, 4.9 mmol, 2.0 eq) was added a 2M solution of oxalyl
chloride in dichloromethane (6.15 mL, 12.3 mmol, 5.0 eq) followed by the addition of DMF
(100 puL). The whole was heated to reflux for 15 hours under nitrogen. The excess oxalyl
chloride was removed in vacuo and the residue was washed with dichloromethane (3 x 10

mL) to give the crude sulfonyl chloride as an orange solid.
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Pyridine (198 pL, 194 mg, 2.46 mmol, 1.0 eq ) was added dropwise to a stirring solution of 2-
azidobenzyl alcohol (366 mg, 2.46 mmol, 1.0 eq) in DCM (10 mL). The sulfonyl chloride was
dissolved in dichloromethane (5 mL) and was added dropwise to this solution followed by the
addition of a drop of DMF. The mixture was heated to reflux under a nitrogen atmosphere for
48 hours whilst being monitored by TLC. The solvent was removed under vacuum and the
mixture was purified by using column chromatography (eluent: petroleum ether/ethyl acetate:
10/1, R¢ = 0.3) which yielded the product as a brown oil (536 mg, 74 %, m.p.=154-156 °C ).

IR: vmax (cm™): 886.7, 992.3, 1072.8, 1129.3, 1231.6, 1366.4, 1446.0, 1484.8, 1594.1,
1729.9, 2092.8, 2930.2, 3031.7.

'H NMR: 8y (400 MHz, CDCls): 5.35 (2H, s, CHy), 7.14-7.27 (4H, m, 4 x ArH), 7.41 (1H,
dd, J'= 7.8 Hz, J?=7.5 Hz, ArH), 7.51 (1H, d, J=8.7 Hz, ArH), 7.56 (1H, dd, J'=8.0 Hz,
J?=1.2 Hz, ArH), 7.91 (1H, d, J=7.8 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCls): 62.63 (CH,), 118.25 (CH), 119.85 (CH), 122.36 (qC),
124.48 (CH), 124.86 (CH), 126.91 (qC), 129.80 (CH), 130.47 (CH), 131.95 (CH), 133.35
(CH), 138.64 (qC), 140.25 (qC), 164.90 (C=0) ppm.

HRMS (ESI™): found 317.0764 [M+Na]", C14H10NsO2Na requires 317.0757.

8.3.11. Synthesis of 2-[(triphenyl-A>-phosphanylidene)amino]benzyl 2-
[(triphenyl-A>-phosphanylidene)amino]benzoate.

Ph)3 ')
Toluene

(485)

(487)
C32H27N,0,P
MW = 502.18 g/mol

To a solution of 2-azidobenzyl 2-azidobenzoate (100 mg, 0.34 mmol, 1.0 eq) in anhydrous
toluene (10 mL), triphenylphosphine (178 mg, 0.68 mmol, 2.0 eq) was added. The mixture
was stirred for 12 hours at ambient temperature under a nitrogen atmosphere. After
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completion of the reaction, monitored by TLC, the solvent was removed under vacuum. The
residue was purified by using column chromatography (eluent: petroleum ether/ethyl acetate:
2/1, Rg=0.21) yielded the product as a light yellow oil (130 mg, 50 %).

IR: vmax (cm™): 926.2, 1023.4, 1052.8, 1107.1, 1183.3, 1242.7, 1341.3, 1451.8, 1481.9,
1592.8, 1615.7, 1684.0, 2852.8, 2926.3, 3056.7, 3369.8, 3473.7.

'H NMR: 84 (400 MHz, CDCls): 5.72 (4H, bs, NH, + CH,), 6.51 (1H, d, J=7.9 Hz, ArH),
6.56 (1H, t, J=7.5 Hz, ArH), 6.62 (1H, d, J=8.0 Hz, ArH), 6.70 (1H, t, J=7.5 Hz, ArH) 6.90
(1H, t, J=7.5 Hz, ArH), 7.23 (1H, t, J=7.5 Hz, ArH), 7.39 (1H, d, J=7.2 Hz, ArH), 7.44-7.47
(6H, m, 6 x ArH), 7.51-7.55 (3H, m, 3 x ArH), 7.78 (6H, m, 6 x ArH), 7.93 (1H, d, J=8.0 Hz,
ArH) ppm.

3C NMR & (100 MHz, CDCls): 65.14 (CH,), 111.76 (qC), 116.13 (CH), 116.54 (CH),
117.03 (CH), 120.98 (CH), 124.34 (CH), 128.57 (3 x CH), 128.69 (3 x CH), 129.13 (CH),
129.95 (gC), 130.17 (q4C), 130.79 (qC), 131.66 (3 x CH), 131.73 (CH), 131.78 (q4C), 132.50 (3
x CH), 132.60 (3 x CH), 133.67 (CH), 149.92 (qC), 150.21 (qC), 168.52 (C=0) ppm.

HRMS (ESI™): found 503.1883 [M+H]", C14H10NsO,Na requires 503.1884.

8.3.12. Synthesis of (Z)-8-ethoxy-5,16-dihydro-6H-dibenzol[c,J][1]oxa
[5,9]diazacyclododecine-6,14(7H)-dione.

( )

O O O o
o/\/© H3CHZCO)J\/U\OCHZCH3 o/\/©
>
N H-N Tol , refl
3

EtOMO

(487) (438)
C19H1gN204
MW = 338.36 g/mol
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To a solution of 2-((triphenyl-A>-phosphanylidene)amino)benzyl  2-((triphenyl-A>-
phosphanylidene)amino)benzoate (105 mg, 0.138 mmol, 1.0 eq) in anhydrous toluene (10
mL) was added diethyl malonate (26 mg, 0.165 mmol, 1.2 eq). The whole was heated for 24
hours at reflux under a nitrogen atmosphere, whilst being monitored by TLC. The solvent was
removed under vacuum. The residue was purified by using column chromatography (eluent:
petroleum ether/ethyl acetate: 3/1, Rs = 0.25) which yielded the product as a light yellow oil
(30 mg, 65 %).

IR: vmax (cm™): 762.5, 950.8, 1030.9, 1072.7, 1162.1, 1237.9, 1262.0, 1378.9, 1446.2,
1460.9, 1574.1, 1600.7, 1650.5, 1692.5, 1737.6, 2927.8, 2979.8.

'H NMR: 84 (400 MHz, CDCls): 1.20 (3H, t, J=7.2 Hz, OCH,CHj3), 3.50 (2H, s, CH,-C=0),
4.17 (2H, q, J=7.2 Hz, OCH,CHg), 5.34 (2H, s, OCHy,), 6.97 (1H, d, J=7.4 Hz, ArH), 7.04
(1H, dd, J=7.6 Hz, J?=7.5 Hz, ArH), 7.14-7.22 (2H, m, 2 x ArH), 7.27 (1H, dd, J=7.4 Hz,
J*=7.3 Hz, ArH), 7.41 (1H, dd, J=7.6 Hz, J*=7.5 Hz, ArH), 7.95 (1H, d, J=7.6 Hz, ArH), 8.64
(1H, d, J=8.0 Hz, ArH), 13.27 (1H, bs, HN) ppm.

3C NMR & (100 MHz, CDCly): 14.15 (CH3), 45.74 (CH,), 61.63 (CH,), 66.48 (CHy),
116.82 (qC), 120.40 (CH), 121.72 (qC), 122.74 (CH), 124.01 (CH), 124.12 (CH), 127.23
(CH), 128.94 (CH), 129.23 (CH), 132.85 (CH), 137.85 (qC), 140.19 (qC), 158.17 (C=N),
163.94 (C=0), 167.46 (C=0) ppm.

HRMS (ESI™): found 338.1278 [M]", C19H1sN,04 requires 338.1267.
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8.3.13. Synthesis of 2-{[(3-(diphenylphosphoryl)propyl)diphenyl-A°>-phosph-
anylidene]amino}benzyl 2-aminobenzoate.

Ph\
N N Toluene /\/©
8 NH, N
(485) \/\/
Ph
(490)
C41H3gN,05P;
MW = 668.71 g/mol

To a solution of 2-azidobenzyl 2-azidobenzoate (100 mg, 0.34 mmol, 1.0 eq) in anhydrous
toluene (10 mL), 1,3-bis(diphenylphosphanyl)propane (280 mg, 0.34 mmol, 1.0 eq) was
added. The mixture was stirred for 12 hours at ambient temperature under a nitrogen
atmosphere. After completion of the reaction, monitored by TLC, the solvent was removed
under vacuum. The residue was purified by using slica column chromatography (eluent:
petroleum ether/ethyl acetate: 2/1, Rs = 0.23) which yielded the product as a pale yellow oil
(92 mg, 41 %).

IR: vmax (cm™): 729.3, 907.9, 1024.1, 1107.9, 1291.1, 1371.6, 1435.7, 1481.4, 1591.5,
1614.8, 1682.1, 2853.9, 2924.2, 3056.5, 3367.5, 3471.3.

'H NMR: 84 (400 MHz, CDCls): 1.93 (2H, t, J=7.3 Hz, O=PCH,CH,CH,), 2.08-2.24 (2H,
m, O=PCH,CH,CH;), 2.55-2.69 (2H, m, O=PCH,CH,CH,), 5.50 (2H, s, OCH,), 5.56 (2H,
bs, NH,), 6.26 (1H, t, J=7.0 Hz, ArH), 6.46 (1H, m, ArH), 6.53 (LH, t, J=7.9 Hz, ArH), 6.59
(1H, t, J=7.0 Hz, ArH), 6.81 (1H. bs, ArH), 7.12-7.21 (7H, m, 7 x ArH), 7.27-7.47 (11H, m,
11 x ArH), 7.63-7.67 (4H, m, 4 x ArH), 7.81 (1H, d, J=7.9 Hz, ArH) ppm.

3C NMR & (100 MHz, CDCly): 15.05 (CH,), 18.27 (CH,), 29.72 (CH,), 64.93 (CHy),
111.63 (qC), 116.58 (2 x CH), 116.71 (CH), 120.56 (CH), 128.37-129.07 (m, 11 x CH),
130.63 (2 x CH), 130.77 (2 x qC), 131.43 (2 x CH), 131.52 (3 x CH), 131.63 (2 X CH),
131.67 (CH), 132.11 (qC), 132.54 (CH), 132.73 (CH), 133.08 (qC), 133.65 (CH), 138.02 (2 x
qC), 150.23 (qC), 168.37 (C=0) ppm.
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HRMS (ESI™): found 652.2437 [M]", C41H3sN,O3P, requires 652.2409.

9. Chapter 9: Experimental for chapter 5: Attempted synthesis of
circumdatin and fuligocandin analogues.

9.1. Synthesis of the 10,10-dioxo-2,3,3a,5-tetrahydro-1H-pyrrolo[1,2-
b][1,2,5]benzothiadiazepin-4-one.

9.1.1. Synthesis of methoxycarbonyl-1-(2'- azidobenzenesulfonyl)

pyrrolidine.
( N\
0]
H;CO
0]
3 -OH A N
\\O Thionyl chloride, DCM, DMF S\\
' 0]
K,CO3, DCM, L-proline methyl ester
Nj Ns
(155a) (440)
C12H14N4O4S
MW = 310.33 g/mol
& J

2-Azidobenzenesulfonic acid (603 mg, 3.030 mmol, 2.5 eq) was heated at reflux at 80 °C in a
2M solution of thionyl chloride in dichloromethane (3.03 mL, 6.06 mmol, 5.0 eq) with a
drop of DMF under an inert atmosphere of nitrogen for 5 hours. The reaction was allowed to
reach room temperature before the crude acid chloride was concentrated and the residue was
washed with dichloromethane (2 x 10 mL) to give the crude sulfonyl chloride as an orange

solid.

A solution of potassium carbonate (919 mg, 6.66 mmol, 5.5 eq) in water (20 mL) was added
in one portion to L-proline methyl ester (200 mg, 1.212 mmol, 1.0 eq) in dichloromethane (20
mL). The sulfonyl chloride was dissolved in dichloromethane (5 mL) and was added dropwise
to this solution. The reaction was allowed to stir at room temperature for 20 hours before the
organic layer was separated and the aqueous layer washed with dichloromethane (2 x 10 mL).

The combined organic phases were dried (MgSO,), filtered, concentrated and purified by
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silica column chromatography [petroleum ether/ethyl acetate: 3/1, Rf= 0.23] to yield the
product as a yellow oil (300 mg, 58 %).

IR: vmax (cm™): 759.7, 1019.9, 1079.9, 1155.5, 1285.8, 1335.8, 1471.1, 1736.7, 2119.7,
2883.1, 2980.4.

'H NMR: 84 (400 MHz, CDCls): 1.79-1.88 (1H, m, CHH), 1.91-2.04 (2H, m, CH,), 2.08-
2.18 (1H, m, CHH), 3.34-3.40 (1H, m, CHH), 3.56-3.61 (4H, m, CHz+ CH), 4.62 (1H, dd,
J'=8.5 Hz, J*=3.0 Hz, NCH), 7.16 (H, dd, J'=7.6 Hz, J*=7.7 Hz, ArH), 7.21 (H, d, J=8.0 Hz,
ArH) 7.51 (1H, ddd, J'=7.7 Hz, J°=7.6 Hz, J*=1.3 Hz, ArH), 7.93 (1H, dd, J=8.0 Hz, J=1.8
Hz, ArH) ppm.

3C NMR & (100 MHz, DMSO): 24.70 (CH,), 31.02 (CH,), 48.35 (CH,), 52.33 (CH), 60.41
(CH), 119.70 (CH), 124.57 (CH), 130.23 (qC), 131.75 (CH), 133.19 (CH), 138.19 (qC),
172.65 (C=0) ppm.

HRMS (ESI™): found 333.0630 [M+Na]", C12H14N404S requires 333.0628.

9.1.2. 2-Methoxycarbonyl-1-(2'-aminobenzenesulfonyl)pyrrolidine.

( N
0] 0]
H5CO H3CO
O\\ _N O\\ _N
2 1-PPhg, THF, 1t S
o) > o)
2-THF, H,0O, Reflux
N3 NH2
(440) (442)
C12H1N204S
MW = 284.33 g/mol
\§ J

To a solution of the azido ester (426 mg, 1.37 mmol, 1.0 eq) in dry THF was added
triphenylphosphine (PPh3) (360 mg, 1.37 mmol, 1.0 eq) and the mixture was stirred for 24
hours at room temperature. After completion of the reaction, monitored by TLC, water (10

mL) was added. The mixture was heated at reflux overnight.

The solvent was distilled under vacuum and the mixture was purified by using silica column
chromatography (petroleum ether/ethylacetate: 2/1, Rf = 0.25) to give the product as a light
yellow in 390 mg and 64 % yield, m.p=121-122 °C (lit. m.p = 118-119 °C**).
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IR: vmax(cm™): 752.1, 997.2, 1086.8, 1137.3, 1276.9, 1433.7, 1486.2, 1620.7, 1724.1, 2900.5,

2951.9, 3370.4, 3474.2.

'H NMR: 84 (400 MHz, CDCls): 1.82-1.91 (1H, m, CHH), 1.93-2.07 (2H, m, CHy), 2.15-
2.24 (1H, m, CHH), 3.39 (2H, t, J=6.9 Hz, CH5,), 3.73 (3H, s, CH3), 4.52 (1H, dd, J*=8.7 Hz,
J?=4.3 Hz, NCH), 5.24 (2H, s, NH,), 6.74 (2H, dd, J'=8.5 Hz, J*=8.3 Hz, 2 x ArH), 7.31
(1H, ddd, J'=8.5 Hz, J*=8.3 Hz, J*=1.1 Hz, ArH), 7.71 (1H, dd, J*=8.5 Hz, J°=0.9 Hz, ArH)

ppm.

3C NMR & (100 MHz, DMSO): 24.86 (CH,), 31.02 (CH,), 48.60 (CH,), 52.51 (CH), 59.48
(CH), 116.89 (CH), 117.56 (CH), 119.11 (qC), 130.23 (CH), 134.50 (CH), 146.40 (qC),

173.03 (C=0) ppm.

HRMS (ESI*): found 285.0905 [M+H]*, C1oH17N,SO4 requires 285.0904.

9.1.3. 2-Methoxycarbonyl-1-(2'-aminobenzenesulfonyl)pyrrolidine.

2-THF, H,0, rt

.

1-PPhy, JHF, Ref.

(442)
C12H16N20,4S
MW = 284.33 g/mol

J/

To a solution of the azido ester (425) (426 mg, 1.37 mmol, 1.0 eq) in dry THF (10 mL) was
added triphenylphosphine (PPh3) (360 mg, 1.37 mmol, 1.0 eq) and the mixture was stirred for

319

Experimental



Chaper 9 Experimental

24 hours at room temperature. After completion of the reaction, monitored by TLC, water (10
mL) was added. The mixture was heated at reflux overnight.

The solvent was removed under vacuum and the mixture was purified by using silica column
chromatography (petroleum ether/ethyl acetate: 2/1, Rf = 0.2) to give the product which was
identical to that isolated above (100 mg, 25 %, m.p.=121-122 °C, lit. m.p = 118-119 °C*®).

9.1.4. 2-Methoxycarbonyl-1-(2'-aminobenzenesulfonyl)pyrrolidine.

MW = 284.33 g/mol

MW = 266.32 g/mol

( ~
O O
HyCO HCO .
(@) \//
O\\ _N \\S/N S N
S\ 1-PBus, THF, Reflux S
+
© 2-THF, H,0, rt " N=
Na 2 OCH,
(442) (443)
440
o C12H16N20,S C12H14N2038

/

To a solution of the azido ester (426 mg, 1.37 mmol, 1.0 eq) in dry THF (10 mL) was added
tributyl phosphine (279 mg, 1.37 mmol, 1.0 eq) and the mixture was stirred for 24 hours at
room temperature. After completion of the reaction, monitored by TLC, water (10 mL) was

added. The mixture was heated at reflux overnight.

The solvent was distilled under vacuum and the mixture was purified by using column

chromatography with (petroleum ether/ethyl acetate: 2/1, Rf = 0.2) to give two products.

Methyl[(2-aminophenyl)sulfonyl] prolinate (442).
[yellow solid (150 mg, 39 %)], data as reported above.

11-Methoxy-1,2,3,11a-tetrahydrobenzo[f]pyrrolo[1,2-b][1,2,5]thiadiazepine 5,5-
dioxide (443).
[white oil, 200 mg, 54 %]

IR: vmax (cm™): 761.0, 952.7, 1069.4, 1128.1, 1160,5, 1335.6, 1372.6, 1434.2, 1588.9,
1673.5, 2866.1, 2969.0, 3334.5.
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'H NMR: &y (400 MHz, CDCly): 1.62-1.71 (1H, m, CHH), 1.76-1.95 (1H, m, CH,), 2.21-
2.30 (1H, m, CHH), 2.80-2.86 (1H, m, CHH), 3.27-3.32 (1H, m, CHH), 3.71 (3H, s, CH3),
450 (1M, t, J=7.0 Hz, NCH), 7.02 (1H, dd, J'=7.7 Hz, J*=7.5 Hz, ArH), 7.12 (1H, d, J=7.9
Hz, ArH), 7.39 (1H, dd, J'=7.7 Hz, J*=7.5 Hz, ArH), 7.69 (1H, d, J=7.9 Hz, ArH) ppm.

3C NMR §; (100 MHz, DMSO): 24.53 (CH,), 31.85 (CH,), 48.88 (CH,), 53.80 (CH), 63.75
(CH3), 123.47 (CH), 128.13 (CH), 128.26 (CH), 131.69 (qCH), 133.73 (CH), 140.48 (qC),
164.49 (qC) ppm.

9.1.5. 2-Methoxycarbonyl-1-(2'-aminobenzenesulfonyl)pyrrolidine.

( N
O
o H;CO
\\S// ')
N W _N
Q THF, HO 1t X
O
N= NH
OCHj, 2
(443) (442)
C12""16N204s
MW = 284.33 g/mol

. /

To a solution of compound (428) (200 mg, 0.75 mmol, 1.0 eq) in THF (10 mL) was added
water (10 mL) and the solution was stirred at room temperature for 24 hours. After
completion of the reaction, monitored by TLC, the solvent was removed under vacuum and
the mixture was purified by using column chromatography with (petroleum ether/ethyl
acetate: 2/1, Rf = 0.2) which gave the product (190 mg, 90 %), identical in all respects to that
isolated above.
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9.1.6. Synthesis of 2-Methoxycarbonyl-1-(2'-nitrobenzenesulfonyl) pyrro-
lidine.

4 N\
O
HsCO
\\S//o O\\S/N
> L-proli thyl est \
@( Cl proline methyl ester ©: Y
K,CO3, DCM, rt
NO, 2CO; NO,
(444) (445)
c12H14NZOGS
MW = 314.31 g/mol
(. J

A solution of potassium carbonate (4.27 g, 31.00 mmol, 5.5 eq) in water (10 mL) was added
in one portion to a stirred solution of L-proline methyl ester (930 mg, 5.63 mmol, 1.0 eq) in
DCM (10 mL). The sulfonyl chloride (3.23 g, 14.65 mmol, 2.6 eq) dissolved in DCM (5 mL)
was added dropwise to this solution and the whole was stirred for 18 hours. The organic layer
was separated and the aqueous layer was extracted with DCM (3 x 10 mL). The combined
organic phases were dried (MgSO,), filtered, concentrated and purified by silica column
chromatography (ethyl acetate/ hexane: 1/2, Rf = 0.2) to give the product as a colorless oil
(1.800 g, 84 %, lit. m.p = 86-88 °C**)

IR: vmax (cm™): 741.8, 851.8, 1021.9, 1081.9, 1126.5, 1158.7, 1201.0, 1343.3, 1437.4,
1540.6, 1589.6, 1741.9, 2955.8, 3098.4.

'H NMR: &y (400 MHz, CDCl3): 1.95-2.18 (3H, m, CH, + CHH), 2.23-2.33 (1H, m, CHH),
3.53-3.59 (1H, m, CHH), 3.62-3.67 (1H, m, CHH), 3.68 (3H, s, CH3), 4.61 (1H, dd, J'=5.5
Hz, J*=3.0 Hz, NCH), 7.64-7.67 (1H, m, ArH), 7.71 (2H, m, 2 x ArH), 8.12 (1H, m, ArH)
ppm.

3C NMR & (100 MHz, DMSO): 24.55 (CH,), 30.96 (CH,), 48.51 (CH,), 52.45 (CH), 60.91
(CH), 124.06 (CH), 131.07 (CH), 131.66 (CH), 132.85 (qC), 133.56 (CH), 148.08 (qC),
172.31 (C=0) ppm.

HRMS (ESI™): found 315.0643 [M+H]", C1oH15N2SOg requires 315.0645.
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9.1.7. Synthesis of 2-Methoxycarbonyl-1-(2'-aminobenzenesulfonyl) pyrro-

lidine.

o) 0
H5CO H,CO
()\\ - N A\ _ N
S Fe, CH;COOH S
o) »> Y
I o 1
N02 NHZ
(445) (442)
C42H16N0,S
MW = 284.33 g/mol

J

To a solution of the nitroester (1.8 g, 5.73 mmol, 1.0 eq) in glacial acetic acid (25 mL), iron

powder (1.6 g, 28.662 mmol, 5.0 eq) was added over 30 minutes. The reaction mixture was

stirred and heated at 60 °C for 2 hours. Removal of the solvent gave a gummy residue which

was extracted with ethyl acetate (4 x 30 mL). The organic extracts were combined, washed

with sodium bicarbonate, brine and dried. Concentration in vacuo afforded the aminoester as a

yellow solid (1.19 g, 74 %), identical to that isolated previously.

9.1.8. Synthesis of 10,10-dioxo-2,3,3a,5-tetrahydro-1H-pyrrolo[1,2-b][1,2,5]-

benzothiadiazepin-4-one.

Diphenyl ether

S
ke
@[ 2-hydroxy pyridine
NH,
(442)
C12H1gN20,4S
MW = 284.33 g/mol

\§

(441)
C41H12N2058
MW = 252.29 g/mol

J

A mixture of the aminoester (177 mg, 0.58 mmol, 1.0 eq), 2-hydroxypyridine (56 mg, 0.58

mmol, 1.0 eq), and diphenyl ethyl ether (10 mL) was heated at 205 °C while monitoring via

TLC overnight. On cooling the crude reaction mixture was poured over n-hexane (10 mL) and

allowed to stand for 10 min. The clear supernatant was discarded and the solid was dissolved
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in CHCI3 and purified on a silica column to afford the cyclised compound as a brown solid
(100 mg, 63 %. m.p.= 291-292 °C, lit. m.p.=292-293 °C**),

IR: vmax (cm™): 755.4, 1007.2, 1078.4, 1191.5, 1341.8, 1384.2, 1478.5, 1583.2, 1661.4,
2891.7, 2933.1, 2985.4, 3063.3, 3204.1.

'H NMR: 8 (400 MHz, CDCls): 1.82-1.92 (1H, m, CHH), 1.95-2.07 (1H, m, CHH), 2.19-
2.27 (1H, m, CHH), 2.46-2.55 (1H, m, CHH), 3.00-3.06 (1H, m, CHH), 3.42-3.54 (1H, m,
CHH), 4.65 (1H, dd, J*=7.9 Hz, J?=5.9 Hz, NCH), 7.18 (1H, d, J=8.0 Hz, ArH), 7.22 (1H,
dd, J'=7.8 Hz, J°=7.6 Hz, ArH), 7.53 (1H, ddd, J'=7.8 Hz, J*=7.6 Hz, J°=1.4 Hz, ArH), 7.91
(1H, dd, J*=8.0 Hz, J°=1.3 Hz, ArH), 9.20 (1H, s, NH) ppm.

3C NMR 8 (100 MHz, DMSO): 24.64 (CH,), 32.47 (CH,), 58.47 (CH,), 63.65 (CH),
121.58 (CH), 123.78 (CH), 129.03 (CH), 129.39 (qC), 134.10 (CH), 134.54 (qC), 174.91
(C=0) ppm.

HRMS (ESI™): found 253.0639 [M+H]", C11H13N,SO3 requires 253.0641.

9.1.9. 1-(2-Nitrobenzenesulfonyl)pyrrolidine-2-carboxylic acid.

H-.CO
Q ¢ : %
S~
\\ 3N NaOH
L = > (T
NO /\

pyrrolidine N02
methyl ester 3
N 4/‘90
by

(444)

(446)
C11H42N,06S
MW = 300.29 g/mol

2-Azidobenzenesulfonyl chloride (2.0 g, 9.02 mmol, 1.0 eq) was added portionwise over a
period of 5 min to a well stirred and ice-cooled solution of pyrrolidine methyl ester (1.494 g,
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9.024 mmol, 1.0 eq) in 3N sodium hydroxide (7 mL). 30 mins of vigorous stirring resulted in
a clear yellow solution which was acidified with concentrated HCI dropwise and then
extracted into ethyl acetate (3 x 15 mL). The organic extracts were combined, dried and
evaporated to give as a pale yellow oil (2.066 g, 76 %) in excellent purity that was directly

carried forward without further purification.

IR: vmax (cm™): 568.5, 601.1, 726.4, 909.1, 1125.2, 1159.5, 1348.2, 1540.5, 1716.6, 2980.6,
3275.3.

'H NMR: 8y (400 MHz, CDCls): 1.89-1.97 (2H, m, CHy), 2.05-2.13 (1H, m, CHH), 2.18-
2.27 (1H, m, CHH), 3.44 (1H, app. q, J*=7.4 Hz, CHH), 3.55-3.60 (1H, m, CHH), 4.53 (1H,
dd, J'=8.6 Hz, J’=2.9, CH), 7.56-7.58 (1H, m, ArH), 7.62-7.67 (2H, m, 2 x ArH), 8.01 (1H,
dd, J'=8.7 Hz, J*=1.7 Hz ArH), 9.13 (1H, s, OH) ppm.

13C NMR 8, (100 MHz, DMSO): 24.48 (CH,), 30.96 (CHy), 48.47 (CH,), 60.69 (CH),
124.16 (CH), 131.0478 (CH), 131.83 (CH), 132.38 (qC), 133.84 (CH), 148.03 (qC), 177.40
(C=0) ppm.

The data is identical to that reported in the literature®*

9.1.10. 1-(2-Nitrobenzenesulfonyl)pyrrolidine-2-carboxylic acid.

0]
HO
\\S/ N
\\
O: MCCH?’ 3N NaOH ©: Y
NO,
(447) (446)
C11H12N206S
MW = 300.29 g/mol

2-Nitrobenzenesulfonyl chloride (2.00 g, 9.00 mmol, 1.0 eq) was added portionwise over a
period of 5 min to a well stirred and ice-cooled solution of pyrrolidine-2-carboxylic acid (1.04
g, 9.024 mmol, 1.0 eq) in 3N sodium hydroxide (7 mL). 30 min of vigorous stirring resulted
in a clear yellow solution which was acidified with conc. HCI dropwise and then extracted

into ethyl acetate (3 x 15 mL). The organic extracts were combined, dried and evaporated to
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give as a pale yellow oil (2.30 g) in 85 % yield and excellent purity which was directly carried
forward without any purification. The data obtained was identical to that obtained above.

9.1.11. 1-(2-Aminobenzenesulfonyl)pyrrolidine-2-carboxylic acid.

- N
O O
HO HO
\\S/ N Q\ _N
\
©: o Fe, CH3(O300H . ©: Y
2h,60°C
NO, NH,
(446) (448)
C11H12N,06S C11H14N20,S
MW = 300.29 g/mol MW = 270.30 g/mol
_ J

To a solution of the nitroester (2.0 g, 6.67 mmol, 1.0 eq) in glacial acetic acid (25 mL), iron
powder (1.86 g, 33.34 mmol, 5.0 eq) was added over 30 minutes. The reaction mixture was
stirred and heated at 60 °C for 2 hours. Removal of the solvent gave a gummy residue which
was extracted with ethyl acetate (4 x 30 mL). The organic extracts were combined, washed
with sodium bicarbonate, brine and dried. Concentration in vacuo afforded the amino acid as
a yellow oil (1.45 g, 76 %).

IR: vmax (cm™): 756.1, 1141.6, 1319.6, 1453.5, 1483.7, 1616.8, 1727.7, 2980.1, 3375.9,
3469.9.

'H NMR: 84 (400 MHz, CDCls): 1.75-1.93 (2H, m, CH,), 2.07-2.16 (2H, m, CH,), 3.31
(2H, dd, J'=7.6 Hz, J*=1.7 Hz, CH,), 3.55-3.60 (1H, m, CHH), 4.46 (1H, dd, J'=7.9 Hz,
J?=5.1 Hz, CH), 6.63-6.72 (2H, m, 2 x ArH), 7.12 (3H, bs, NH, + OH), 7.26 (1H, ddd, J'=8.0
Hz, J’=7.8 Hz, 3°=1.5 Hz ArH), 7.63 (1H, dd, J'=8.0 Hz, J*=1.5 Hz, ArH) ppm.

13C NMR 8, (100 MHz, DMSO): 24.85 (CH,), 30.92 (CHy), 48.83 (CH,), 59.69 (CH),
117.44 (CH), 117.95 (CH), 118.95 (qC), 130.38 (CH), 134.81 (CH), 146.31 (qC), 176.93
(C=0) ppm.

. Toun . + , C11H15N2004 requires . .
HRMS (ESI"): found 271.0753 [M+H]", C1H1sN,SO; requires 271.0747
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9.1.12. 10,10-Dioxo-2,3,3a,5-tetrahydro-1H-pyrrolo[1,2-b][1,2,5] benzothia-
diazepin-4-one.

- ~N
O
HO
> QP
NN DCC, DCM SN
A >
Ok
N
NH, H o
(441)
(448) C11H12N2038
MW = 252.29 g/mol
L y,

DCC (1.297 g, 0.629 mmol) dissolved in dichloromethane (3 mL) was added to a solution of
compound (433) (1.7 g, 0.629 mol, 1.0 eq) in dichloromethane (6 mL) at 0 °C, and the
mixture was stirred at ambient temperature overnight. After filtration through Celtite, the
organic phase was washed with 2 M HCI (10 mL), saturated aqueous NaHCO3 (10 mL), and
water (10 mL). The organic phase was dried (MgSO4) and concentrated under reduced
pressure to afford a solid residue, which was purified by flash silica chromatography
(petroleum ether/ethyl acetate: 1/1, Rf = 0.23) to give the title compound (1.00 g, 63 %, m.p.=
291-292 °C) as a white solid, lit. m.p.292-293 °C*®,

IR: vmax (cm™): 755.4, 1007.2, 1078.4, 1191.5, 1341.8, 1384.2, 1478.5, 1583.2, 1661.4,
2891.7, 2933.1, 2985.4, 3063.3, 3204.1.

'H NMR: 84 (400 MHz, CDCl3): 1.82-1.92 (1H, m, CHH), 1.95-2.07 (1H, m, CHH), 2.19-
2.27 (1H, m, CHH),2.46-2.55 (1H, m, CHH), 3.00-3.06 (1H, m, CHH), 3.49-3.54 (1H, m,
CHH), 4.65 (1H, dd, J'=7.9 Hz, J?=5.9 Hz, NCH), 7.18 (1H, d, J=8.0 Hz, ArH), 7.22 (1H,
dd, J'=7.8 Hz, J°=7.6 Hz, ArH), 7.53 (1H, ddd, J'=7.8 Hz, J*=7.6 Hz, J°=1.4 Hz, ArH), 7.91
(1H, dd, J'=8.0 Hz, J*=1.3 Hz, ArH), 9.20 (1H, s, NH) ppm.

¥C NMR 8. (100 MHz, DMSO): 24.64 (CH,), 32.47 (CH,), 58.47 (CH,), 63.65 (CH),
121.58 (CH), 123.78 (CH), 129.03 (CH), 129.39 (qC), 134.10 (CH), 134.54 (qC), 174.91
(C=0) ppm.

HRMS (ESI™): found 253.0639 [M+H]", C11H13N»SO3 requires 253.0641.
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9.2. Attempted Synthesis of fuligocandin Analogues.

9.2.1. 10,10-Dioxo-2,3,3a,5-tetrahydro-1H-pyrrolo[1,2-b][1,2,5] benzothia-
diazepine-4-thione.

( A
O\\I(I) O\\/Io
S=N . S~N
@[ Lawesson's Reagent
?
60 °C, MeCN, 3h
N N
H (0] H S
(441) (455)
C41H12N,0,S,
MW = 268.35 g/mol
& J

Lawesson's reagent (404 mg, 1.0 mmol, 0.5 eq) was added to a MeCN solution (25 mL) of
compound (441) (504 mg, 2.0 mmol, 1.0 eq) and the mixture was heated to reflux at 60 °C for
3h during which time a yellow precipitate was formed. The reaction mixture was allowed to
stand at room temperature overnight. The product was vacuum-filtered and washed with a
small amount of cold MeCN and purified by silica column chromatography [petroleum ether/
ethyl acetate: 2/1, Rf = 0.23] to yield the product as a yellow solid (50 mg, 9 %, m.p: 262-264
°C (lit. m.p: 268-270 °C**%)).

IR: vmax (cm™): 580.90, 697.40, 751.10, 1004.80, 1051.30, 1169.90, 1339.80, 1384.00,
1470.60, 1529.10, 1589.00, 2868.60, 2922.50, 2955.80, 3150.20.

'H NMR: 8 (400 MHz, CDCls): 1.70-2.19 (1H, m, CHH), 1.95-2.07 (1H, m, CHH), 2.30-
2.41 (1H, m, CHH), 2.50 (1H, s, CHH), 2.87-2.93 (1H, m, CHH), 3.32-3.47 (1H, m, CHH),
4.80 (1H, t, J=7.5 Hz, NCH), 7.39 (1H, dd, J'=7.6 Hz, J?=7.5 Hz, ArH), 7.44 (1H, d, J=7.9
Hz, ArH), 7.72 (1H, ddd, J'=7.6 Hz, J?=7.5 Hz, J*=1.2 Hz, ArH), 7.77 (1H, d, J=7.9 Hz,
ArH), 12.35 (1H, s, NH) ppm.

3C NMR 8§, (100 MHz, DMSO): 24.15 (CH,), 35.18 (CHy), 49.79 (CH,), 70.81 (CH),
124.00 (CH), 125.77 (CH), 128.27 (CH), 130.68 (qC), 134.94 (CH), 135.25 (qC), 206.32
(C=S) ppm.

HRMS (ESI*): found 269.0403 [M+H]", C11H130.N,S, requires 269.0413
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9.2.2. 10,10-Dioxo-2,3,3a,5-tetrahydro-1H-pyrrolo[1,2-b][1,2,5]-
benzothiadiazepine-4-thione.

s

N
O\\s//? O\\é/o
N Lawesson's Reagent> ~N
60 °C, THF, 3h
N N
H S

H O
(441) (455)
C11H12N2°282
MW = 268.35 g/mol
(. J

Lawesson's reagent (404 mg, 1.0 mmol, 0.5 eq) in one portion was added to a solution of
compound (441) (504 mg, 2.0 mmol, 1 eq) in a dry THF (30 mL) at room temperature, under
a nitrogen atmosphere, with stirring. The mixture was stirred 1hour at room temperature after
which time all solid had dissolved to give a clear for yellow solution. The reaction mixture
was heated at reflux for a further hour (monitored for completion by TLC). Upon cooling to
room temperature the solution was concentrated and purified using flash silica column
chromatography [Eluent: petroleum ether/ ethyl acetate: 2/1, Rf = 0.23] to yield the product as
a yellow solid (60 mg, 11%, m.p: 262-264 °C). The data was identical to that obtained above.

9.2.3. 10,10-Dioxo0-2,3,3a,5-tetrahydro-1H-pyrrolo[1,2-b][1,2,5]benzothia-
diazepine-4-thione.

4 A
O 0
Q 0
\\éI‘N Pentathiodiphosphorus(V)acid \\éI‘N
-P,P-bis(pyridinium betaine)
>
(o]
N MeCN, Reflux, 60 °C N
H O H S
(441) (455)
C11H12N20,8,
MW = 268.35 g/mol
\\§ J

The P,Ss-py, reagent (230 mg, 0.6 mmol) was added to a MeCN solution (25 mL) of
compound (426) (504 mg, 2.0 mmol) and the mixture was heated at reflux for 3h during
which time a yellow precipitate was formed.”*® The reaction mixture was left at room
temperature overnight in order to precipitate fully. The product was filtered and washed with
a small amount of cold MeCN and purified by silica column chromatography [petroleum
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ether/ ethyl acetate: 2/1, Rf = 0.23] to yield the product as a yellow solid (100 mg, 19 %, m.p:
262-264 °C), identical to that isolated above.

9.2.4. 10,10-Dioxo-2,3,3a,5-tetrahydro-1H-pyrrolo[1,2-b][1,2,5]benzothia-
diazepine-4-thione.

( A
\// O\\ //O
S~N S~N
Lawesson's Reagent»
N 60 °C, Toluene, 3h
H O H S
(441) (455)
C11H12N20,S,
MW = 268.35 g/mol

. J

To a toluene solution (25 mL) of compound (441) (504 mg, 2.0 mmol, 1.0 eq) was added
Lawesson’s Reagent (404 mg, 1.0 mmol, 0.5 eq) and the mixture was heated to 60 °C for 3h
during which time a yellow precipitate was formed. The reaction mixture was allowed to
stand at room temperature overnight in order to precipitate fully. The product was vacuum-
filtered and washed with a small amount of cold MeCN and purified by silica column
chromatography [petroleum ether/ ethyl acetate: 2/1, Rf = 0.23] to yield the product as a
yellow solid (60 mg, 11 %, m.p.= 262-264 °C) with data identical to that given above.

9.2.5. 1-(2-Nitrophenylsulfonyl)-indole-3-carbaldehyde.

N //

So
N, @[ Cl DCM, DMAP, Et3N N
>
N NO,

N
0=5=0

(131) ©/N02

(467)
C15H1oN205S
MW = 330.31 g/mol
\\ J
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A dichloromethane suspension (12 mL) of indole-3-carbaldehyde (0.9 g, 6.2 mmol, 1.0 eq),
DMAP (0.061 g, 0.5 mmol, 0.08 eq), and triethylamine (1.3 mL, 9.3 mmol, 1.5 eq) was
stirred for 10 min at room temperature, and then 2-nitrophenylsulfonyl chloride (1.5 g, 6.82
mmol, 1.1 eq) in 12 mL of dichloromethane was added dropwise over 10 min. The reaction
mixture was allowed to stir at room temperature overnight and thereafter quenched with 30
mL of ag. HCI (5 %). The organic phase was separated, and the aqueous phase was extracted
several times with dichloromethane. The combined dichloromethane phases were dried with
MgSQ, and flushed through a short silica plug. Evaporation of the yellow filtrate in vacuo
gave the product (2.0 g, 98 %, m.p.=132-134 °C) as a beige solid.

IR: vmax (cm™): 747.8, 778.5, 969.6, 1117.9, 1182.7, 1372.0, 1388.3, 1439.5, 1541.1, 1583.4,
1675.6, 2840.0, 2912.1, 3147.5.

'H NMR: 84 (400 MHz, CDCls): 7.43-7.53 (2H, m, 2 x ArH), 7.86 (1H, dd, J'=7.0 Hz,
J?=2.0 Hz, ArH), 7.96 (1H, ddd, J'=7.8 Hz, J*=1.2 Hz, ArH), 8.05 (1H, td, J'=7.7 Hz, J*=1.3
Hz, ArH), 8.17-8.22 (2H, m, ArH), 8.33 (1H, dd, J'=8.0 Hz, J*=1.3 Hz, ArH), 8.82 (1H, s,
HC=0) ppm.

3C NMR & (100 MHz, DMSO): 113.60 (CH), 121.82 (qC), 122.56 (CH), 125.98 (CH),
126.98 (qC), 126.13 (qC), 126.42 (CH), 127.01 (CH), 128.83 (qC), 131.54 (CH), 134.32 (CH)
134.76 (qC), 137.86 (CH), 139.68 (CH), 147.73 (CH), 187.65 (C=0) ppm.

HRMS (ESI™): found 329.0237 [M-H]", C15HgO3N4S requires 329.0231.
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9.2.6. 1-(2-Nitrophenylsulfonyl)-indole-3-carbaldehyde.

( 1
(0]
@] (PI H
0=S=0
N\ DCM, DMAP, Et;N \
+
N N
H 0=S=0
(131) NO,
(36b)
NO,
(132b)
C45H1oN205S
MW = 330.31 g/mol
g J

A dichloromethane suspension (12 mL) of indole-3-carbaldehyde (0.9 g, 6.2 mmol, 1.0 eq),
DMAP (0.061 g, 0.5 mmol, 0.08 eq), and triethylamine (1.3 mL, 9.3 mmol, 1.5 eq) was
stirred for 10 min at room temperature, and then 4-nitrophenylsulfonyl chloride (1.5 g, 6.82
mmol, 1.1 eq) in 12 mL of dichloromethane was added dropwise over 10 min. The reaction
mixture was allowed to stir at room temperature overnight and thereafter quenched with 30
mL of ag. HCI (5 %). The phases were separated, and the aqueous phase was extracted several
times with dichloromethane. The combined dichloromethane phases were dried with MgSO,
and flushed through a short silica plug. Evaporation of the light yellow filtrate in vacuo gave
the product as a beige solid (1.2 g, 59 %, m.p.= 159-161°C, lit. m.p=160 °C'*).

IR: vmax (cm™): 778.5, 969.6, 1117.9, 1182.7, 1372.0, 1388.3, 1439.5, 1541.1, 1583.4,
1675.6, 2840.0, 2912.1, 3147.5.

'H NMR: 84 (400 MHz, CDCls): 7.43-7.53 (2H, m, 2 x ArH), 7.86 (1H, dd, J'=7.0 Hz,
J=2.0 Hz, ArH), 7.96 (1H, ddd, J'=7.8 Hz, J*=7.7 Hz, J*=1.3 Hz, ArH), 8.05 (1H, ddd, J*=7.8
Hz, J?=7.7 Hz, J*=1.3 Hz, ArH), 8.17-8.22 (2H, m, 2 x ArH), 8.33 (1H, dd, J'=8.0 Hz, J*=1.3
Hz, ArH), 8.82 (1H, s, HC=0) ppm.

3C NMR &, (100 MHz, DMSO): 113.60 (CH), 121.82 (qC), 122.56 (CH), 125.98 (CH),
126.98 (qC), 126.13 (qC), 126.42 (CH), 127.01 (CH), 128.83 (qC), 131.54ppm. (CH), 134.32
(CH) 134.76 (qC), 137.86 (CH), 139.68 (CH), 147.73 (CH), 187.65 (C=0) ppm.

HRMS (ES|+)Z found 331.0381 [|V|+H]+, C15H1105N,S requires 331.0383.
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IV. Conclusions.

In conclusion for the first project (Chapter 2) of this PhD the aims have been partially
achieved. We have been successful in applying a series of multi-component reactions (MCR)
to aldehydes incorporating the azide functional group. Some of the reactions investigated with
0-azidobenzaldehyde gave the desired MCR and a new product with an azide but the azide did
not react with the nitrile. Some of the reactions resulted in the attempted MCR stopping after
one reaction between just two of the components. Some of these, however, had azides and
nitriles in them which did react to form tetrazoles, a previously unreported process with these

starting materials.

In conclusion for the second project (Chapter 3) of this thesis the aims have been achieved.
We have been successful in the preparation of tetra- and triazolo-analogues of the
pyrrolobenzothiadiazepines and benzothiadiazepines. However, some of the attempted
reactions resulted in products that did not react the azide moiety with the nitriles or alkynes,

and ring-size appeared to be an important factor.

In conclusion for the third project (Chapter 4.1) of this PhD the aims have been achieved. We
have been successful in making new products from azides. The 2-azidobenzamide with alkyl
bromides gave mixtures of benzotriazinones and quinazolinones. Some of the alkyl bromides
with 2-azidobenzamide gave just benzotriazinones and some of the alkyl bromides did not
react. The benzotriazinones did not react with diphenylcyclopropenone to produce new

compounds.

In conclusion for the fourth project (Chapter 4.2) of this thesis the aims have been achieved.
We have been successful in the preparation of 1,2,4-oxadiazole analogues. 1,3-Dipolar
cycloaddition of 2-azido-N'-hydroxybenzimidamide with the acid chlorides, ethyl 2-chloro-2-
oxoacetate and oxalyl chloride gave new 1,2,4-oxadazole analogues. The 1,2,4-oxadiazoles
reacted with dimethylacetylene dicarboxylate (DMAD) to produce new compounds. This

process should be more thoroughly investigated in future.

In conclusion for the fifth project (Chapter 4.3) of this thesis significant progress has been
made. We have been successful in the preparation of a 6H-1,3-oxazine. We have been
successful in synthesising diazides as starting materials but these did not react to form the

desired products, with the exception of the synthesis of one macrocycle.
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Conclusions

In conclusion for the final project (Chapter 5) of this thesis the aims have not been achieved.
We have not been successful in developing a synthetic route for sulfonamide analogues

circumdatin or fuligocandin, but we have shown that this appears not to be a valid route.
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V. Future work

1. N-((phenylcarbamoyl)(phenyl)methyl)-N-(2-acetylphenyl)-2-azidobenzamide
derivative.

In the future 2-azidobenzoic acid will be synthesized which will be useful for the future study
of azide-containing MCRs in which the azide can hopefully undergo post-MCR maodification.
It is hoped that 2-azidobenzoic acid will not undergo the condensation reaction that the 2-
azidobenzaldehyde underwent. It is clear from the MCR work that 2-azidobenzaldehyde /
nitrile reactions are a problem due to the cycloaddition occurring before the MCR and
stopping the MCR.

OH

N3

2-azidobenzoic acid

For example, 2-azidobenzoic acid will be studied for the reaction shown below, in which it
could be attempted to react the azide present in compound (480) after MCR in an aza-Wittig

reaction®*’.
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( 2 N\
R
o) Oo §
o) NH, O ‘R3
OH+ R2 NC MeOH N
r.t., 24h
N 0
R1 R1
N3
(480)
R1
R3
NH
@)
PPh, N o) R'= CI, Br, OMe,
2_
PhMe, r.t., 24h R Ph Me
R =C-C6H11,CH2Ph
N=
481) R?

1.  Synthesis of Sulfonamide Analogues of the Circumdatins.

All attempts to reacted the amide (441) with 2-azidobenzoyl chloride or 2-
azidobenzenesulfonyl chloride and provide precursors for circumdatin analogue synthesis
were not successful. However, it was thought that compound (482) might be prepared by

adapting a procedure in the literature®*®. The proposed reaction is shown below:

4 N
oso Q\é(?
-~ X -~
@( N @ “Cl i) KHMDS, THF, -78°C, 3 h @( N
+ >
N Ns ii) PBus, toluene, 60 °C, 2 h N
H /
X
(441) @
(482)
g J
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