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ABSTRACT

DEVELOPMENT OF NEW METHODOLOGIES FOR THE SYNTHESIS OF
THIENOPYRIDAZINONE AND FURO- AND THIENODIAZEPINEDIONE
DERIVATIVES

Ozer, Merve Sinem
M.Sc., Department of Chemistry

Supervisor: Prof. Dr. Metin Balci

July 2013, 166 pages

Some heterocycles are natural compounds and play a major part in biochemical processes.
They also have interesting biological activities and pharmacological properties. In this study,
new methodologies were developed to synthesize bicyclic heterocyclic compounds
consisting of thiophene and furan fused to six- and seven-membered rings, respectively. In
the first part, thienopyridazinone derivatives were synthesized. For this purpose, the starting
compound was chosen as methyl 2-(2-methoxy-2-oxoethyl)-3-thienoate, which was oxidized
with SeO; and then treated with hydrazine derivatives for cyclization. Later, they were
converted to isocyanate derivatives which were used to produce the corresponding urethane
and/or amine derivatives by treatment with methanol and aqueous HCI, respectively. In the
second part, a new synthetic methodology was developed for furo- or thienodiazepinedione
derivatives starting from methyl 2-(2-methoxy-2-oxoethyl)-3-furoate or-thionate. First, acyl
azides were synthesized. Application of Curtius rearrangement to acyl azides gave the
corresponding isocyantes, which was followed by cyclzation rection to produce the desired
compound.

Keywords: thienopyridazinone, furodiazepinedione, thienodiazepinedione, acyl azide,
isocynate.
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TIYENOPIRIDAZINON VE FURO- VE TIYENODIAZEPINDION TUREVLERININ
SENTEZI ICIN YENI SENTETiK YONTEMLERIN GELISTIRILMESI

Ozer, Merve Sinem
Yiiksek Lisans, Kimya Boliimii

Tez Yoneticisi: Prof. Dr. Metin Balci

Temmuz 2013, 166 sayfa

Heterosiklik bilesiklerin 6nemli bir kismu dogada bulunur ve biyokimyasal siireclerde rol
alirlar. Ayrica biyolojik aktiviteleri ve farmakolojik 6zellikleri de bulunmaktadir. Bu
caligmada tiyofen ve furan halkasina altili ve yedili heterosiklik halkalarin kenetlenmesi ile
bisiklik yapida olan organik molekiillerin sentezi icin yeni yontemler gelistirilmistir. Ilk
boliimde tiyenopiridazinon tiirevleri sentezlendi. Bunun igin ¢ikis maddesi olarak metil 2-(2-
metoksi-2-oksoetil)-3-tiyonat segilerek halka olusturmak igin hidrazin ile tiirevlendirildi.
Isosiyanata cevrildikten sonra sirastyla metanol ve/veya HCI ¢ozeltisi eklenerek iiretan ve
amin elde edildi. ikinci kisimda ise metil 2-(2-metoksi-2-oksoetil)-3-furanat ve/veya —
tiyonattan ¢ikarak furodiazepindione tiirevleri sentezi i¢in yeni bir yontem gelistirildi. Agil
azid tiirevleri elde edildikten sonra Curtius diizenlenmesi ile isosiyanat olustu ve daha sonra
istenen halka kapanma reaksiyonu gerceklestirildi.

Anahtar kelimeler: tiyenopiridazinon, furodiazepindion, tiyenodiazepindion, agil azid,
isosiynat.
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CHAPTER 1

INTRODUCTION

1.1 Furans and Thiophenes

Furan (1) and thiophene (2) are five-membered heterocyclic compounds and isoelectronic to
each other.

4 3 4 3

N, Y,
0 :

furan (1) thiophene (2)

With two lone pairs, one of them participates conjugation with double bonds and the other
stays on molecular plane in sp? hybrid orbital. Since oxygen is more electronegative than
sulfur, lone pair of furan has less tendency to be conjugated so it is less aromatic than
thiophene and would react like dienes.

As the resonance structures of furan or thiophene show, all carbon atoms have high electron
density especially pf-carbon atoms, while heteroatom holds partial positive charge (Scheme
1).
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Scheme 1 The resonance structures of furan or thiophene

In the *H NMR spectra, the resonance signals appearing at lower field belong to a-hydrogens
and resonance signals at higher field to B-hydrogens due to the decreased electron density
(Table 1).



Table 1 *H NMR Spectral Data for Furan and Thiophene (in CDCls)

Furan Thiophene
H-2 7.29 ppm 7.18 ppm
H-3 6.24 ppm 6.99 ppm
J23 1.75 Hz 4.90 Hz
J2a 0.85 Hz 1.04 Hz
J2s 1.40 Hz 2.84 Hz
J3a4 3.30 Hz 3.50 Hz

Furan skeleton is present in many natural compounds. For example, shinsonefuran (3) found
in the deep-sea sponge Stoeba extensa shows cytotoxicity against HeLa cells with an 1Cso of
16 mg*.2 The new furanocembranolide (4) was isolated from the octocorals Leptogorgia
alba and Leptogorgia ridida which were found on the Pacific coast of Panama.® A
furanoeremophilane compound 5 was identified during chemical and genetic study of
Ligularia tongolensis in the Hengduan Mountains of China.*

On the other hand, furan moiety is present in MacMillan’s imidazolidinone catalyst 6 used in
enantioselective alkylation of indole resulting in 84% ee.>® Some pharmaceuticals also
contain furan skeleton; for example, ranitidine (7) (Zantac®), a histamine H2-receptor
antagonist that inhibits gastric acid secretion.”

o Me
N NO,

9 . we
(@) Me MeZN\/@\/S\/\H ”

N
H

The thiophene moiety is known as toxicophore due to its oxidative bioactivation towards
electrophilic species. Tioconazole (8), lornoxicam (9), and rivaroxaban (10) are examples of
several drugs containing thiophene.® Tioconazole (8) is an antifungal mediation known under
the brand names Trosyd and Gyno-Trosyd by Pfizer. Lornoxicam (9) whose trade name is
Xefo is a non-steroidal anti-inflammatory drug. Rivaroxaban (10) is an oral anticoagulant
marketed by Bayer.


http://en.wikipedia.org/wiki/Non-steroidal_anti-inflammatory_drug
http://en.wikipedia.org/wiki/Route_of_administration
http://en.wikipedia.org/wiki/Anticoagulant
http://en.wikipedia.org/wiki/Bayer
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Rivaroxaban (10)

1.2 Pyridazinones

Pyridazinones (11) are six-membered heterocycles that contain two adjacent nitrogen atoms
and a carbonyl group.

0]

ITIH
_N

Pyridazinone (11)

Pyridazinones have gained importance in terms of biological, medicinal and agricultural
reasons. On the other hand, the reason for the low abundance in nature is the difficulty for
living organisms to form N-N bonds.® Moreover, it has been shown that pyridazinones have
prominent potentials as antidepressant,’® antihypertensive,'***  antithrombotic,*
anticonvulsant,® cardiotonic,*® antibacterial,'” diuretics,"® antiHIV,*® and anticancer
reagents.?

As a class of pyridazinone herbicides, credazine (12), pyridafol (13) and pyridate (14) are the
compounds in the Compendium of Pesticide Common Names.?!

R Y g

credazine (12) pyridafol (13) pyridate (14)

6-Aryl-tetrahydropyridazin-3-one derivatives are known as cardiotonic agents exhibiting
inotropic and vasodilator activities. Therefore, synthetic variation of this skeleton has been



examined to inhibit phosphodiesterase type 3 enzyme (PDE3) selectively and meribendan
(15) has been found to be the most promising derivative.??
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meribendan (15)

Moreover, thienopyridazinone core 16, also known as GW3430, is a drug functioning as
selective non-peptide antagonist the melanin concentrating hormone receptor MCH1R. This
antagonist is efficient for the treatment of obesity in rodents and dogs, anxiety and

depression.?
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GW3430 (16)

1.3 Diazepinedione

Diazepinedione is a seven membered heterocyclic compound having two nitrogen atoms and
two carbonyl functional groups. It has many isomers depending on the place of nitrogen
atoms and carbonyl group. 1,3-Diazepine-2,4-dione (17) is one of its constitutional isomers.

@)
NH
| =0
NH
1H-1,3-diazepine-2,4(3H,7H)-dione (17)
Compounds having 1,4-benzodiazepine-2,5-dione ring system such as 18 are well-known for
their biological utility. They have been studied as anxiolytic,* anticonvulsant,® antitumor,®
and anti-HIV agents.?” These benzodiazepinedione derivatives have been found to inhibit
platelet aggregation behaving like the arginine-glycine-aspartic acid (RGD) peptide

sequence® and as to disrupt the p53-Hdm2 protein-protein interaction inducing cell growth
arrest and apoptosis.?®3!

3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione (18)

4



On the other hand, diazepinone skeleton has also been found to have interesting activities.
Those compounds having pharmacological property attracted the attention in 1960s. Around
the same time, diazepam (19) was discovered and then used in psychotherapy. Later,

research concerning diazepinones showed that they have anticonvulsant, sedative and
antitumor properties.3234

Diazepam (19)

Although diazepinones are pharmacologically well-known heterocyclic compounds, there
are not many synthetic approaches described in the literature. Balci and his group developed
a methodology for the synthesis of 1,3-benzodiazepine-2-one derivatives (Scheme 2).%

(@) OR
CONg NH H\(O OR
ROH LIHMDS
—_— > _— N—<
reflux THF )
reflux
CON3 NH
20 0~ OR 22
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Scheme 2 The synthesis of 1,3-benzodiazepine-2-one derivatives

1.4 Thienopyridazinone and furodiazepinedione derivatives

It is known that many heterocycles play major roles in the areas regarding living things;
however, compounds in which thiophene fused to pyridazinone 23 and furan or thiophene
fused to diazepinedione 24 or 25 are not well-known in the literature in terms of their
synthesis and activities.
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thieno[2,3-d]pyridazin-4(5H)-one (23)



X

X =0 7,8-dihydro-4H-furo[2,3-€]
[1,3]diazepine-4,6(5H)-dione (24)

X =8 7,8-dihydro-4H-thieno[2,3-€]
[1,3]diazepine-4,6(5H)-dione (25)

NH
74 | >:O
NH

1.4.1 Synthesis of thienopyridazinone derivatives

COOH

Br 4. n-BuLi, -78 °C,
{/ \g 3-cyanopyridine H2NNH2, EtOH \ | '
S 2. n-BuLi, -5 °C, CO, et
3. HCl aq
26

NaH. 28 : R=H
EtBr 29 : R=Et

COOH /
/ | | '
R! COOH 1. 2 eq of LDA, -78 °C, 0
b/ \ 3-pyridinecarbaldehyde H2NNH2, EtOH
S 2.KMnOy, reflux

30 NaH,— 32:R=H
EtBr 33 : R=Et
Scheme 3 Synthesis of thienopyridazinone derivatives

Some thienopyridazinone derivatives are reported in the literature; furthermore, it has been
found that they show thromboxane A, (TXA;) synthetase-inhibitory and bronchodilatory
activities.*® For example, thienopyridazinone 29 was obtained in an overall yield of 7%
starting from 2-bromothiophene (26) whose reaction with one equivalent of n-BuL.i at -78 °C
followed by the reaction with 3-cyanopyride gave an intermediate. Subsequent reaction of
this intermediate with one equivalent of n-BuL.i at higher temperatures followed by reaction
with dry ice and then diluted HCI produced 3-(3-pyridinoyl)thiophene-3-carboxylic acid
(27). Later, hydrazine was added for cyclization to get the compound 28. Since the desired
product was obtained with such a low yield, the synthesis was started with thiophene-3-
carboxylic acid (30) (Scheme 3). Addition of two equivalents of LDA to 30 followed by
treatment of 3-pyridinecarbaldehyde and then oxidation gave compound 31 in 65% yield.
Similarly, the ring closure to get thienopridazinone 32 would be achieved by the addition of
hydrazine in the overall yield of 58%.

Another thiophene-fused pyridazinone derivative 40 was tested on obese rats and
demonstrated to be dose-dependent weight loss effect.?® The key compound 36 was prepared
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from dichloropyridazinone 34 and 2,5-dibromopyridine (38) (Scheme 4). In the first part,
pyridazinone 34 was protected as THP derivative. The selective substitution of one chlorine
atom was carried out in methanol with KOH to give 35, which was converted to 36 by
Sonogashira coupling with arylacetylenes. Later, thiophene-fused pyridazinone 37 was
obtained by the treatment with sodium sulfide. In the second part, the more reactive bromine
of 38 was replaced with 3-aminopyrolidines to give bromopyridine 39 which was coupled
with 37 to form final product 40.

Q  1.DHP, TsOH, THF, O
cl Ny __reflux, 87%  Cl N-THP 1.T,0, TEA, DCM  ©! N
| _N 2. KOH, MeOH, 83% | _N 2.arylacetylene, _N

Cl 3.KOH, H,0, HO TBALCul, Pd, Z
34 reflux, 75% 35 DCM, 82% Ar

Na,S, DMF, 70 °C J

91%
(0]
S : . O\N'R S NH
| 3-(alklyamino)pyrrolidine N Lt Ar \ | '
/N > N R‘ /N
Br TSOH, 110 °C N
28-88% Br
38 39 37
Cul
trans-1,2-diaminocyclohexane
Cs,CO;, dioxane, 110 °C
11-85% R
N N
O / I RI
N
S N X

Ar \ | /lll

40
Scheme 4 Synthesis of thienopyridazinone derivatives
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Scheme 5 Synthesis of thienopyridazinone derivatives

A different approach to synthesize thienopyridazinone derivatives was starting from ethyl 3-
oxohexanote (41) under neat reaction conditions (Scheme 5). Moreover, the help of
microwaves and ultrasound resulted in shorter reaction time and better yields.*” Hydrazone
42 were synthesized by the coupling of starting material 41 with diazonium salts. The
reaction of arylhydrazone 42 with ethyl cyanoacetate by heating of neat reagents led to
closure of the ring to give 43. Then, the pyridazinones were reacted with elemental sulphur
for the production of desired compound 44.

1.4.2 Furodiazepinedione derivatives

The synthesis of seven-membered diazepinedione fused to furan is not well-defined in
literature. Starting from chlorolactames 45,3 the synthesis of furodiazepinedione 49 was
reported in the literature.®® Addition of sodium azide to 45 in DMSO gave corresponding
imine 46 by nucleophilic substitution followed by elimination of nitrogen. Then, imine 46
was hydrolyzed to ketone 47 and the Cloke rearrangement was achieved to give
dihydrofuran 48 by heating in sublimation apparatus at 200 °C. Finally, the final product was
obtained by oxidation with DDQ at the boiling point of chloroform (Scheme 6).
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Scheme 6 Synthesis of furodiazepinedione derivatives
1.4.3 Synthesis of thienodiazepinedione derivatives
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Scheme 7 Synthesis of thienodiazepinedione derivatives

Treatment of thiaisatoic anhydride (50) with various aminoacids followed by addition of
acetic acid resulted in 3,4-dihydrothieno[3,2-e][1,4]diazepine-2,5-dione (52) in 41-75%
yields (Scheme 7).%°

1.5 Aim of the thesis

The aim was to synthesize heterocyclic compounds having bicyclic structure consisting of
thiophene- and furan-fused six or seven membered heterocycles

y COOCH; COOH
(SEQCOOCH3 (\/;(COOCHS _N _N

CON,4

53 54 55 56 X =-COCHj
57 X=-H

Scheme 8 Synthetic pathway for thienopyridazinone derivatives



In the first part of this work, we planned to synthesize the new heterocycles where thiophene
fused to pyridazinone skeleton. For this purpose, the diester 53 was chosen as the starting
material. Then, one of this ester groups should be converted first in the acid functionality to
give 54. After getting the desired intermediates, the ring closure reaction was planned to be
carried out with hydrazine to yield 55. Later, acyl azide functionality in 55 was utilized using
Curtius rearrangement as the main reaction. Finally, we degradate the carbonyl group to
corresponding amine, since the compounds having -NH or —NH; groups are more likely to
show biological activities (Scheme 8).
o o)

R

COOMe NH—R N
a coome  —— a — /7 o

X =058 X=059 X=0 61

X =853 X=S60 X =862

Scheme 9 Synthetic pathway for furo- and thienodiazepinedione derivetives

In the second part, the synthesis of furodiazepinediones 61 and 62 was planned. This
skeleton is not described in the literature. Acyl azides 59 and 60 will play here a dominating
role. Intramolecular cyclization of isocyanates, which will be generated from 59 and 60 with
—NH group in 59 and 60 should produce the desired target compound 61 and 62(Scheme 9).
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CHAPTER 2

RESULTS AND DISCUSSION

2.1 Synthesis of thienopyridazinone derivatives

2.1.1 Synthesis of the starting material

For the synthesis of the target compound thienopyridazinone derivatives, it was started with
methyl 2-(2-methoxy-2-oxoethyl)-3-thienoate (53) which was synthesized according to a
literature method.*! Dimethyl 1,3-acetonedicarboxylate (63) and 2,5-dihydroxy-1,4-dithiane
(64) were reacted in the presence of Lewis acid as LiBr in dioxane to give the starting
material 53 in 53% vyield beside the side product 65 which was also formed in 10% vyield
(Scheme 10).

O O O S. OH LiBr V. COOMe V. COOMe
IS S WG X8 X §
H,CO OCHj,4 dioxane S COOMe S
63 HO S reflux
64 53 (51%) 65 (10%)

Scheme 10 Synthesis of the starting material 53

The equivalency of dithiane 64 can be ranged from 0.5 to 1.0 with respect to dimethyl 1,3-
acetonedicarboxylate (63) since the dithiane 64 is a dimer of mercaptoacetaldehyde (66)
(Scheme 11).

HS
66
Scheme 11 Dithiane; a dimer of mercaptoacetaldehyde

[T = e
HO™ 'S
64

According to the mechanism that we proposed for this reaction, aldol-type reaction would
firstly take place between the compounds 63 and 66. Then, the cyclization would be
achieved with a nucleophilic attack of sulphur to the most reactive carbonyl group which is a
ketone. After elimination of water molecule whose driving force is aromatization, the
reaction would be completed (Scheme 12).
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Scheme 12 Proposed mechanism for the formation of 53

Since this thiophene derivative 53 contains the desired ester functionalities, it was chosen as
the starting material. Converting these ester groups to other functionalities are crucial for the
establishment of the target heterocyclic skeleton. Previously, Balci et al.*? utilized
thiophenediester 53 successfully for the synthesis of heterocyclic ring systems.

2.1.2 Oxidation with selenium dioxide

A methylene group neighbor to a carbonyl group in 67 can be oxidized to an a-diketone 68
in the presence of SeO; (Scheme 13). This oxidation reaction carried out with selenium
dioxide is known as Riley oxidation.*

o} 0
Se02 o
R —— R
R R
67 68

Scheme 13 Oxidation with SeO;

For this study, a methylene group between a thiophene ring and a carbonyl group in
compound 53 was successfully oxidized to a ketone 69. The reaction was first carried out in
dioxane as a solvent. However, we found that dioxane was not a suitable solvent for this case
since its boiling point was not sufficient for oxidation. Therefore, the solvent was changed to
xylene yet the xylene was also oxidized and the compound could not be purified
successfully. Also, the yield was low. Finally, we decided to use anisole as a solvent having
higher boiling point at 154 °C (Scheme 14).
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Scheme 14 Oxidation of methylene group to ketone with SeO,

2.1.3 Regioselective esterification

In order to obtain the key compound 54, the diester 69 firstly was hydrolyzed to diacid 70.
For this purpose, 2M KOH in methanol was used. Disappearance of peaks belonging to ester
protons at 3.85 and 3.80 ppm and also appearance of broad singlet belonging to acid peak at
13.50 ppm showed the formation of diacid 70. Then, regioselective esterification was
achieved in methanol/dichloromethane mixture and acidic environment. The fact that one of
the acid carbonyl group is in conjugation with aromatic thiophene ring and the other not
causes reactivity difference. Due to reactivity difference of two carbonyl groups, one of the
acid functional group was converted to ester selectively (Scheme 15).

o) o) o)
a OMe  koH a O Meorichycl, ¢ | on
s O  MeOH/THF/H,0 S © Hcla0°c 15n S ©

50°C, 4 h 66%
O™ “oMme 90% O™ “oH O™ “oMme
69 70 54

Scheme 15 Regioselective esterification

2.1.4 Cyclization reaction with hydrazine derivatives

Starting from compound 54, cyclization was achieved with a very facile way. The ketoester
54 was reacted first hydrazine derivatives to give the desired cyclization compound. For
derivatization, seven different hydrazine derivatives were used. THF or methanol was used
as a solvent depending on the hydrazine used. THF used for methyhydrazine and
phenylhaydrazine. On the other hand, methanol was used for the other derivatives due to
solubility problem since the hydrazine derivatives were in the form of salt like
HCI-NH2NHR. The hydrazides 71a-g formed were not isolated. The solvent was evaporated
and the acid functionalities were chlorinated with thionylchloride to make it a better leaving
group. Then, the lone pair of the nitrogen atom would attack the carbonyl group of the acyl
chloride and cyclization would be acquired (Scheme 16).
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Scheme 16 Generation of bicyclic system

Formation of the bicyclic compounds 73a-g was verified by *H and **C NMR analysis.
Moreover, X-ray analysis of the furan derivative of 73a was also in agreement with proposed

structure.**

Figure 1 ORTEP drawing of the furan derivative of molecule 73a
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Figure 3 *C NMR spectrum of compound 73g
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The *C NMR spectra of the fluorinated derivative were also in agreement with our
expectation. Since the spin quantum number (1) of *°F is %, °F will couple with *C and split
the 3C signals into doublet according to equation m=21+1. The coupling constant of $3C-1°F
over one bond (*Jc.f) is very large like around 250 Hz. As the distance between **C and *°F
increases, the coupling constant decreases. The coupling constant of **C-°F over two bonds
(ZJC.F) is 20-25 Hz.

The compound 73f contains one fluorine atom attached to the phenyl ring. Therefore, 1°F
coupled with *C atoms on the benzene ring as seen in the C NMR spectrum (Figure 2).
The largest coupling constant is the one with the carbon directly attached to fluorine which is
248.7 Hz. The coupling constants of fluorine with the carbon atoms in ortho-, meta- and
para-positions are 23.0, 8.7, and 3.4 Hz, respectively.

On the other hand, the compound 73g contains two fluorine atoms; therefore, all the carbons
are split into doublet of doublets (Figure 3). The carbons directly attached to fluorine have
the largest coupling constants (*J) around 251.7 and 257.0 Hz and also they show further
couplings of 11.1 and 13.0 Hz, respectively due to fluorine atom in the meta-position (3J).
Furthermore, the quaternary carbon attached to the nitrogen has coupling constant of 22.8
Hz due to fluorine atom in ortho-position. The fluorine in para couples it with 4J = 3.8 Hz.

2.1.5 Hydrolysis of ester functional groups in 73a-g

Thienopyridazinone skeletons having ester functional groups 73a-g were hydrolyzed under
basic conditions. After acidification of the reaction medium with ag. HCI, the acids 74a-g
were formed (Scheme 17). Since the acids 73a-g formed were not soluble either in organic
solvent or in water, they precipitated after filtration of the acids, they were analyzed by *H
and *C NMR. Peaks belonging to ester protons around 4 ppm in *H NMR and 53 ppm in *C
NMR spectra disappeared.

0 o)
_R
a N KOH / N—R
o L
ST CHCI/THF/  S™ N\¢
COOMe MeOH/HZO
50 °C COOH
Q70
73a-g 39-87% 74a-g

Scheme 17 Synthesis of acids 74a-g

2.1.6 Synthesis of acyl azides 55a-g

For the synthesis of acyl azides 55a-g starting from corresponding acid 74a-g, these acid
functionalities should be activated by converting them into the corresponding to acyl
chlorides. For this purpose, the acids were treated with oxalyl chloride and catalytic amount
of DMF. Later, solvents were evaporated and the acyl chlorides formed were treated without
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isolation with sodium azide in acetone to give the corresponding acyl azides 55a-g (Scheme
18).

The formation of acyl azides was established mainly by IR analysis. The wave number
around 2150 cm* typical for azides was observed in all cases. Moreover, disappearance of
acid proton around 14 ppm in the 'H NMR spectra also confirmed the consumption of the
acids 74a-g.

Azides are known to be unstable due to removal of nitrogen gas upon heating. They even
decompose when storing at room temperature. However, an interesting feature about these
acyl azides is that they are relatively stable due to the conjugation with pyridazine ring.

o (0]
R ~R
Vi ‘ N~ 1. (COCl),, DMF J | ITI
|
s—~N CHyCly _ s~ N
COOH 2. NaNj, acetone CONgy
31-86%
74a-g 55a-g

Scheme 18 Synthesis of acyl azides 55a-g

2.1.7 Synthesis of isocyanates via Curtius rearrangement

Heating of an acyl azide 75 forms corresponding isocyanate 78 with the removal of nitrogen
gas. First, nitrogen gas is released to form acyl nitrene 77 which is an electron deficient
intermediate and it rearranges to obey octet rule (Scheme 19). This reaction is called Curtius
rearrangement.”® To apply the Curtius rearrangement to our compounds, the azides 55a-g
were dissolved in an aprotic solvent and were heated.

0 o) A o)
S e
R)LN\\@ o - R)kN\'\C? — R)\E[\Vl: — O\\C\\ R
Nen N N
75 76 7 s

Scheme 19 Mechanism of Curtius rearrangement

In general, isocyanates are stable reactive intermediate. They can be isolated and stored; on
the other hand, they are quite reactive and can be trapped by nucleophiles because the carbon
atom of isocyanate is so electrophilic. In this study, benzene was chosen as the aprotic
solvent and the acyl azides 55a-g were heated at the reflux temperature of benzene.
Furthermore, we did not isolate the isocyanates which were directly used for the next step
(Scheme 20).
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Scheme 20 Synthesis of isocyanates 79a-g via Curtius rearrangement

2.1.8 Synthesis of urethanes 56a-g and amines 57a-g

Without isolation of isocyanates 79a-g, methanol or 8M HCI were used to trap the
isocyanates. Addition of methanol resulted in the formation of urethanes 56a-g and
hydrolysis in acidic environment gave the amine derivatives 57a-g (Scheme 21).

a N~ MeOH a ITI/R 1. 8M HCI J N
P — —_— | |
s> N 20-87% s—~N 2.2MNaOH s~ >N
NH-C-OCH, Neg. 44-60% NH,
0 So
56a-g 79a-g S7a-g

Scheme 21 Synthesis of urethanes 56a-g and amines 57a-g

The formation of urethanes 56a-g were shown easily by analysis both NMR and IR spectra.
The methyl proton resonances appearing around 3.7 ppm belonging to —OCHs groups and
broad singlets about 7 ppm are arising from —NH protons showing formation of urethane
derivatives. Also, no trace of characteristic wave number of isocyanate around 2250 cm™
was present indicating the quantitative consumption of isocyanates.

Hydrolysis of isocyanate was carried out in acidic medium to give corresponding amine
derivatives 57a-g in good yields. Otherwise, we would encounter the dimerized compounds
80 due to the attack of the lone pair of amine 57 to the carbonyl group of isocyante 79 since
the rate of reaction of amine 57 with isocyanate 79 (Scheme 22). By hydrolysis in acidic
media the amine formed initially is immediately trapped as the salts before reacting with
isocyanate.
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Scheme 22 Dimerization of isocyanates

Amines 57a-g were analyzed by IR and NMR spectra. Since the solubility of amines were
difficult, different solvents were examined for NMR analysis such as acetone-ds, DMSO-ds
and CDCls. Formation of amines 57a-g was confirmed by the broad singlet resonating
around 4.0-5.5 ppm in *H NMR. *C NMR spectra were also in agreement with the proposed
structure.

2.2 Synthesis of furo- and thienodiazepinedione derivatives
2.2.1 Synthesis of the starting materials

Furan diester 58 and thiophene diester 53 were chosen as the starting materials. The
synthesis of thiophene diester 53 was discussed in section 2.2.1. In this section, synthesis of
furan diester 58 will be discussed shortly.

COOMe COOMe
a a
0 COOMe S COOMe

58 53

For the synthesis of furan diester 58, Feist-Benary furan synthesis was utilized.***” As a
result of this reaction, substituted furan 83 was obtained (Scheme 23). According to the
mechanism, first a condensation reaction takes place and subsequent nucleophilic aliphatic
substitution gives the product.

o)
1
+ —_—
R R3 R4 ) / -\
HX R PR
X
81 82 83

Scheme 23 Feist-Benary furan synthesis
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For the synthesis of 58, the known procedure was applied.®® The reaction of
chloroacetaldehyde (84) and 1,3-acetone dicarboxylate (63) in pyridine gave the desired
starting compound 58 (Scheme 24).

o
O o0 o
T o ol I, 2 ("
H MeO OMe Pyridine O
80%
84 63 0~ "OMe
58

Scheme 24 Synthesis of the starting material 58

The reaction mechanism starts with the deprotonation of 1,3-acetone dicarboxylate (63). The
formed carbanion 85 attacks the carbonyl group of chloroacetaldehyde (84), an aldol reaction
takes place and then enolate 88 is formed. This enolate displaces the chloride and cyclization
occurs. Removal of water molecule results in the formation of furan diester 58 (Scheme 25).

O O O B O O O 9%
& + Cl
MeOWOMe @ MeOWOM H)k/

s 7

63 85 84
OMe OMe l
o) 0 0 0 © O O O
S
@O\. OMe - — 0 oMe 21 Meo%om
Cl |
v OH -BH C OH cl 0
&)
88 87 86
o
-Cl
OMe 0
OMe
0 0 OMe
O @) BH 4 |
—_— OMe + B —— » O
o OMe ® -H,0
\) OH ® (@) OMe
oH H> (OH, -BH
89 90 58

Scheme 25 Proposed mechanism for the formation of 58



2.2.2 Regioselective esterification

0 0 0
OMe KOH OH MeOH OH
7 _RoR 7 T, 7
(0] THF, MeOH O CH,Cl,, HCI 0]
70°C, 5 h 40°C, 13 h
07 “OMe 90% O” “OH 76% O™ “OMe
58 91 92

Scheme 26 Regioselective esterification for furan derivative

As discussed in part 2.1.3, regioselective esterification of 58 was planned in the same
manner as discussed in Scheme 26 and 27. First of all, the ester functionalities in diester 58
and 53 should be hydrolyzed. For furan diester 58, KOH was used for hydrolysis. However,
K2CO3 was successively used for the hydrolysis of thiophene diester 53.

Later, esterification was carried out in the presence of methanol and catalytic amount of acid
for both of the diacids 91 and 93 to give the corresponding monoesters 92 and 94,
respectively.

OMe k,co OH MeOH OH
7 2C0O3 7 a
S H,O/MeOH S CH,Cl,, HCI S
70°C,12h 40°C, 13 h
O™ “OoMe 92% O™ “OoH 78% O™ “oMe
53 93 94

Scheme 27 Regioselective esterification for thiophene derivative

2.2.3 Synthesis of amide derivatives 95a-e and 96a,b

Q 1. (COCIl),, DMF
OH rt, 90 min NH-R a R=-iPr
a - ¢ b R= -Et
0 2.NH,R,0°C,1h O ¢ R= -Me
87-95 % d R=-Ph
0™ “OMe O™ “oMme e R= -p-MeOPh
92 95a-e

Scheme 28 Synthesis of furan amides 95a-e
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For the synthesis of amide derivatives, we started from acid 92 and 94. Different approaches
were applied to furan and thiophene derivatives.

First of all, furan monoacid 92 was treated with oxalyl chloride in the presence of catalytic
amount of DMF for chlorination of acid functional group to make it a better living group.
Then, it was treated with several amine derivatives. For this purpose, both amines containing
an alkyl group such as isopropyl, ethyl, methyl and aromatic amines such as aniline and p-
anisidine were used for derivatization. The amides 95a-c were synthesized with pretty good
yields ranging from 87% to 95% (Scheme 28).

On the other hand, the methodology described for the synthesis of furan amides 95a-e did
not work for thiophene amide 96a,b synthesis because the carboxylic acid group in 95 could
not be chlorinated with oxalyl chloride. Later, thionyl chloride was examined yet it was also
not successful. Therefore, we turned our attention to another good leaving group like
synthesis of anhydride. This time, the proton of carboxylic acid of 94 was abstracted with
NEt; and then it was treated with ethylchloroformate. Without isolation of anhydride formed,
amine derivatives were introduced. Isopropyl amine and ethyl amine were used for the
synthesis of the corresponding amides 96a,b (Scheme 29).

0 0O
1. NEts, THF, 30 min NHoR @ R= iPr
a 2.CICO,Et, 30 min ¢ | b R= -Et
S 3NHR 1h O
0™ “oMe 83-88% O™ “oMe
94 96a,b

Scheme 29 Synthesis of thiophene amides 96a,b

2.2.4 Synthesis of hydrazide derivatives 97a-e and 98a,b

For the next step, we aimed to synthesize hydrazide derivatives 97a-e and 89a,b. A mixture
of hydrazinemonohydride and 95a-e or 96a,b was heated in methanol at 40 °C for 12 hours
(Scheme 30). Derivatives of hydrazide where —R group is isopropyl or ethyl were more
soluble compared to other derivatives because of the fact that they are branched making
them easily soluble. That is why their NMR spectra were recorded in CDCl; while the others
in DMSO-ds.
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Scheme 30 Synthesis of hydrazide derivatives 97a-e and 98a,b

2.2.5 Synthesis of acyl azide derivatives 59a-e and 60a,e

One of the synthetic methods for acyl azide is modified Sandmayer reaction known in the
literature.*® In this reaction, acyl azide 101 is formed starting from hydrazide 99 (Scheme

31).

NaNO, + HCI ———>» HONO + Na* + CI"

+ +
H*+ HONO —— OH,~NO —> :N=0
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-H20 )L

NH—NH—N:O] T2 » RTON,

0
P

99 100 101

o)
P

R NH-NH, + :N=O — > [R

Scheme 31 Synthetic steps for acyl azide

This approach was utilized to synthesize acyl azide derivatives 59a-e and 60a,b which were
the key compounds leading us to our target compound via Curtius rearrangement (Scheme

32).

o 0
/A NH-R M a NH-R 2 R=-ipr
X 0°c, : h X 25; Il\E/Ite
O NHNH, ook O™ N, i :E-l?\AeOPh
X=0 97a-e X=0 59a-e
X= S 98a,b X=$ 60a,b

Scheme 32 Synthesis of acyl azides 59a-e and 60a,e

The thiophene acyl azides 60a,b were more stable compared to the furan acyl azides 59a,b.
Still, all azide derivatives were stable enough to be analyzed by **C and *H NMR spectra
except 59b. The acyl azide 59b was fast decomposed to corresponding isocyanate. Right
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after the reaction, its IR spectrum was recorded. Both wave number of acyl azide 2137 cm™?
and that of isocyanate 2254 cm® were present in the spectrum. Due to this fast
decomposition, we could not get a clean *C and *H NMR spectra of compound 59b.
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Figure 4 IR spectrum of compound 59b

2.2.6 Ring closure reaction

Our idea about cyclization reaction was based on Curtius rearrangement. Starting from acyl
azide derivatives 59a-e and 60a,b, we aimed to synthesize isocyanates 102a-e and 103a,b by
heating in an aprotic solvent like toluene. Then, the lone pairs of nitrogen of amide group
would attack the carbonyl carbon of isocyanate in 102a-e and 103a,b and then ring closure
would take place (Scheme 33). However, this expectation failed. We did not observe a
cyclization yet we determined the presence of isocyanate at the end of the reaction by IR due
to typical absorption wave number of isocyanate around 2250 cm™,

0 Curtius 0
Rearrangement O
NH-R R
/ | NH-R toluene 74 | N
X reflux X 4 | O
X NH
07N “Co
3 \O
X=0 59a-c X=0 102a-c X=0 61a-c
X=S 60a,b X=S5103a,b X=S 62a,b

Scheme 33 Expected intramolecular cyclization
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Therefore, we turned our attention to use a non-nucleophilic base such as Lithium
hexamethyldisilazide (LiIHMDS) in the second step. Firstly, the acyl azides 59a-c and 60a,b
were heated at the reflux temperature of toluene for the conversion to isocyanate 102a-c and
103a,b which were not isolated and characterized. Later, LIHMDS was introduced to the
reaction medium to deprotonate the amide proton of isocyanate 102a-c and 103a,b to
increase the nucleophilicity of the amide nitrogen atoms. Then, the anion formed attacked
the carbonyl group and the bicyclic products were formed 61a-c and 62a,b.

O
O /R .

74 NH-R 1. toluene, reflux N a R=-iPr

| - - | >=O b R= -Et
O 2. LIHMDS ¢ R= -M

o NH = -Me
51-83 %

(@) N3

59a-c 61a-c

Scheme 34 Ring closure reaction for furan derivatives

For the furan derivatives, when the alkyl groups were attached to nucleophilic nitrogen atom
in acyl azides 59a-c, the expected products 6la-c were formed (Scheme 34). The
confirmation of the bicyclic products 61a-c was done with *H NMR and X-Ray analysis. In
'H NMR, the methylene protons were split into doublet with J = 4-6 Hz due to —NH proton
and the —NH proton as broad triplet (Figure 5).

J=5.8 Hz /T )=o

T T T T T
6.8 6.7 422 420 4.18

T T T
7.3 7.2 7.1 7.0 6.9
f1 (ppm) f1 (ppm)
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
72 70 68 66 64 62 6.0 58 56 54 52 50 48 46 4f“1‘( 4.2) 40 38 36 34 32 30 28 26 24 22 20 18 16 14
ppm

Figure 5 *HNMR spectrum of compound 61a
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Moreover, X-Ray analysis was carried out to characterize one of the representative structure.
The result of X-Ray analysis was in agreement with our expected product 61a (Figure 6).

O
NH-Ar 1. tol fi (i >:O dR=-Ph
7 | toluene, re ux e R= -p-MeOPh

o 2. LIHMDS
50-27 % 0 HN
07 "N, Ar\N
H —
o
59d,e ~
61d,e

Scheme 35 Formation of the unexpected dimerization
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\ 03
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\/\/\l
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Figure 6 X-Ray Structure of compound 61a

On the other hand, when an aryl group was attached to the amide nitrogen as in the case of
59c,d, different products, a kind of dimerized products 61d,e were formed (Scheme 35).
According to mechanism that we proposed, isocyanate 104 will be formed by Curtius
rearrangement. Then, the amide proton in 104 will be abstracted by LiIHMDS. We assume
that the anion 105 formed will be more stabilized due to delocalization over the aromatic
ring, making the anion 105 more stable. Now this stable anion can undergo cyclization
reaction to form the bicyclic compound 106. The base cannot abstract the proton on nitrogen
atom to produce 108, which will be stabilized due to the presence of an aromatic ring. This
anion can attack an isocyanate group present in the reaction media to form the dimeric
compounds 61d,e as shown in Scheme 36.
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Figure 7 *H NMR spectrum of compound 61d
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'H NMR spectrum of compound 61d demonstrated that neighboring —CH, and —NH protons
coupled each other with a coupling constant of 5.7 Hz (Figure 7).

(@)
(@] R
Y | NH-R 1. toluene, reflux Y N a R= -iPr
S 2.LIHMDS < | =0 bR=-Et
11-73 % NH
(@) Nj
60a,b 62a,b

Scheme 37 Ring closure reaction for thiophene derivatives

The cyclization method used for the synthesis furan derivatives 6la-c also worked for
thiophene derivatives 62a,b (Scheme 37).
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CHAPTER 3

CONCLUSION
(0] O
MeOH
Y. | OMe o 02 CH20|2 74 | OH
S Anisole MeOH/THF/H20 HC| 40 °C S o
O™ “oMe O™ “oMe
54
1. NH,NHR
2.SOCI,/THF,
(0]
R1 benzen . (COCl), R
7] _ reflux_ DMF < KOH
/N N
S 2 emHel SN 2NaN, /N mgﬁq_::g s /N
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Scheme 38 Synthetic steps for the synthesis of thienopyridazinone derivatives

Knowing that heterocycles are important in terms of pharmacy and biology, we aimed to
develop new and facile methodology for the synthesis of heterocyclic compounds skeleton
which are not present in the literature. In our study, we synthesized thienopyridazinone and
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furo- and thienodiazepinedione derivatives and these compounds have potential for
biological activities.

In the first part of the study, we synthesized thienopyridazinone 56a-g and 57a-g (Scheme
38). Firstly, methylene group in 53 was oxidized to ketone 69 with SeO,. Then, esterification
was carried out regioselectively to get compound 54. Cyclization was achieved with seven
different hydrazine derivatives. After hydrolysis of ester functionalities in 73a-g, acyl azides
55a-g were syntheized as the key compounds. Reaction of acyl azides 55a-g with methanol
at elevated temperature gave urethanes 56a-g, whereas treatment with 8M HCI furnished the
corresponding amino pyridazinones 57a-g. This part of the work was published in 2013.44

1. (COCI),
KOH 74 | OH MeOH / | OH DMF

58 91 92 95a-e
o NH,NH,. HZO
R
N
(0] N /
/V/O 1. toluene R he, HCI, NaNO, |
o HN 2. LIHMDS
R
) NHNH,
H - 0
S 59a-e 97a-e
61d,e
1. toluene
2. LIHMDS
o R
N
O NH
61a-c

Scheme 39 Synthetic steps for the synthesis of furodiazepinedione derivatives

In the second part of the study, the synthesis of furodiazepinedione 611a-c (Scheme 39) and
thienodiazepinedione 62a,b (Scheme 40) was achieved. Firstly, the starting compound 58
and 53 were hydrolyzed. While furan diester 58 was hydrolyzed with KOH, K,COs; was used
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for thiophene diester 53. Then, one of the carboxylic acid functional group was converted
into ester to give 92 and 94. Then, different procedures were applied to the synthesis of
amide derivaties 95a-c and 96a,b. Treatment of hydrazinemonohydride gave hydrazide
derivatives 97a-c and 98a,b which were later used for the synthesis of acyl azides 59a-e and
60a,b. Then, intramolecular cyclization was achieved by Curtius rearrangement to give
target compounds 6la-c and 62a,b. Also, intermolecular cyclization followed by
intermolecular addition brought about unexpected products 61d,e.

(@] (0]
S MeOH/H,O S CH2CI2 HCI 2. C|C02Et
3. NH,R
O™ “oMe O™ “oH

53 93 94 96a,b

NH5NH,.H,0

N/\ 1. toluene NH=R
reflux HCI, NaN02 /
|
2. LIHMDS
62a,b NHNH,

60a,b 98a,b

Scheme 40 Synthetic steps for the synthesis of thienodiazepinedione derivatives
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CHAPTER 4

EXPERIMENTAL

4.1 General

Nuclear magnetic resonance (*H NMR and *C NMR) spectra were recorded on a Bruker
Instrument Avance Series-Spectrospin DPX-400 Ultrashield instrument in DMSO-dsand
CDClI; with TMS as internal reference. Chemical shifts (3) were expressed in units parts per
million (ppm). Spin multiplicities were specified as singlet (s), doublet (d), doublet of
doublets (dd), triplet (t) and multiplet (m) and coupling constants (J) were reported in Hertz
(H2).

Infrared spectra were recorded on a Matson 1000 FT-IR spectrometer and Vertex 70 series
FT-IR spectrometer. Band positions were reported in reciprocal centimeters (cm™).

Mass spectra were recorded by Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC/MS
on Agilent 1200/6530.

Column chromatographic separations were performed by using Fluka Silica Gel 60 plates
with a particle size of 0.063-0.200 mm. Thin layer chromatography (TLC) was performed
by using 0.25 mm silica gel plates purchased from Fluka.

Compounds were named by using ChemDraw Ultra 11.0.

Solvents were purified as reported in the literature.>

4.2 Methyl 2-(2-methoxy-2-oxoacetyl)thiophene-3-carboxylate (69)

Se0; (2.6 g, 23.30 mmol) was added to a stirred solution of diester 53 (2.0 g, 9.3 mmol) in
anisole (50 mL) and heated at 125 °C for 18 h. The reaction was monitored on TLC. After
the completion of the reaction, the mixture was cooled, filtered and washed with ethyl
acetate (100 mL). The solvent was evaporated and the crude product was purified by column
chromatography (silica gel) eluting with hexane/ethyl acetate (2:1) to give oxidized diester
69 as a brown oil (1.25 g, 61%).
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1(1) IH NMR (400 MHz, CDCIs) 6 7.61 (d, J23=5.1 Hz, 1H, H-2), 7.43
3 , 5| (432751 Hz, TH, H-3), 3.85 (5, 3H, -OCHs), 380 (5, 3H, -OCHy);
460
2/ | s 13C NMR (100.6 MHz, CDCl3)6 179.6, 162.8, 162.1, 142.0, 136.7,
1S S 010 132.9, 129.9, 53.1, 52.5;
12
150 o~ 14 IR (ATR, cm‘1)3110, 2954, 1758, 1717, 1668, 1262, 1170, 1151
13

Anal. Calcd for CeHsOsS: C, 47.36; H, 3.53; S, 14.05 Found: C, 46.99; H, 3.54; S, 14.27.

4.3 2-(Carboxycarbonyl)-3-thienoic acid (70)

A solution of KOH (28.3 mL, 56.6 mmol, 2M) in methanol was added to a stirred solution of
oxidized diester 69 (4.0 g, 17.5 mmol) in THF (60 mL), MeOH (30 mL) and H2O (4 mL).
The mixture was stirred at 50 °C for 4 h and monitored on TLC. After the completion of the
reaction, the mixture was cooled on an ice bath and a solid precipitated. The precipitate was
filtered, washed with ethyl acetate and then dissolved in water (30 mL). The solution was
acidified with aq. HCI (1M) to pH = 2 and then extracted with ethyl acetate (3 x 400 mL).
The combined organic layers were dried over MgSO4 and the solvent was evaporated to give
diacid 70 as a white solid (3.1 g, 90%), mp 153-155 °C.

o IH NMR (400 MHz, DMSO-ds) & 13.50 (bs, 2H, -COOH), 8.07 (d,
; 3 on J54=5.0 Hz, 1H, H-5), 7.47 (d, J45=5.0 Hz, 1H, H-4);
° S | o 13C NMR (100.6 MHz, DMSO-ds) & 181.9, 163.8, 162.8, 140.8,
- 138.6, 134.2, 129.5;
0™ oH IR (ATR, cm) 3118, 1719, 1685, 1663, 1526, 1402, 1259, 12043;

Anal. Calcd for C;H40s5S: C, 42.00; H, 2.01; S, 16.02 Found: C, 42.04; H, 2.13; S, 16.02.

4.4 2-[Methoxy(oxo)acetyl]-3-thienoic acid (54)

Conc. HCI (20 drops) was added to a stirred solution of diacid 70 (3.1 g, 15.5 mmol) in
MeOH (20 mL) and CHCl, (40 mL) and the mixture was stirred at 40 °C for 15 h. The
solvents were evaporated and the residue was purified and separated by column
chromatography (silica gel) eluting with hexane/ethyl acetate (2:1) and then only with ethyl
acetate to give monoester 54 as a white solid (2.2 g, 66%), mp 98-100 °C.

IH NMR (400 MHz, CDCls) & 85 (bs, 1H, -COOH), 7.71(d, 1H,

\ 2 J54=5.1 Hz, H-5), 7.64 (d, Jss=5.1 Hz, 1H, H-4), 3.89 (s, 3H,
/ |3 OH OCHs);
5
50 15C NMR (100.6 MHz, CDCls) 5179.6, 166.6, 162.0, 142.5, 136.1,
1 133.7, 131.2, 53.3;
e IR (ATR, cm?)3117, 2960, 1723, 1690, 1664, 1518, 1403, 1312,

1290, 1274, 1172,

Anal. Calcd for CgHsOsS: C, 44.86; H, 2.82; S, 14.97 Found: C, 44.44; H, 2.76; S, 14.93.
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4.5 Methyl 5-methyl-4-oxo0-4,5-dihydrothieno[2,3-d]pyridazine-7-carboxylate (73a)

A solution of methyl hydrazine (0.37 mL, 7.07 mmol) in dry THF (5 mL) was added to a
stirred solution of the monoester 54 (1.4 g, 6.5 mmol) in dry THF (75 mL) and the mixture
was stirred at 50 °C for 2 h. Thionyl chloride (1.03 mL, 14.14 mmol) was added to the
reaction mixture and stirred at 50 °C for 16 h. The solvent was evaporated and the residue
was purified by column chromatography (silica gel) eluting with ethyl
acetate/chloroform/hexane (3:3:2) to give pyridazine 73a as a white solid (1.43 g, 91%), mp
200-202 °C.

0 IH NMR (400 MHz, CDCls) §7.69 (d, J,5=5.4 Hz, 1H, H-2), 7.68
3a L5 | (1H,d, J32=5.4 Hz, H-3), 4.00 (s, 3H, -OCHs), 3.92 (s, 3H, -NCH);

7_N6 13C NMR (100.6 MHz, CDCls) 6 163.2, 157.6, 138.5, 135.3, 133.9,
@ 131.5, 124.3, 53.3, 40.2;

0”0 IR (ATR, cm™) 3085, 3070, 2964, 1710, 1683, 1451, 1432, 1354,
| 1256, 1211, 1056

Anal. Calcd for CoHsN20sS: C, 48.21; H, 3.60; N, 12.49; S, 14.30 Found: C, 48.42; H,
3.59; N, 12.49; S, 14.68.

4.6 Methyl 4-oxo-5-phenyl-4,5-dihydrothieno[2,3-d]pyridazine-7-carboxylate (73b)

A solution of phenyl hydrazine (0.99 mL, 10.1 mmol) in dry THF (5 mL) was added to a
stirred solution of the monoester 70 (2.0 g, 6.3 mmol) in dry THF (40 mL) and dry benzene
(40 mL) and the mixture was stirred at 80 °C for 4 h. Thionyl chloride (1.5 mL, 20.2 mmol)
was added to the reaction mixture and stirred at 80 °C for 16 h. The solvents were
evaporated and the residue was purified by column chromatography (silica gel) eluting with
ethyl acetate/hexane (1:1) and then ethyl acetate/dichloromethane (1:1) to give pyridazine
73b as a white solid (2.1 g, 81%), mp 246248 °C.

IH NMR (400 MHz, CDCl3)8 7.74 (s, 2H, H-2 and H-3), 7.58-7.55
O /@ (m, 2H, arom.), 7.46-7.42 (m, 2H, arom.), 7.36 (it, J=7.4, 1.2, Hz,
j 38N 1H, arom.), 3.98 (s, 3H, -OCHs);
2
S 7' 7/r116 13C NMR (100.6 MHz, CDCls) §163.4, 157.0, 141.1, 138.1, 136.2,
1 134.2,132.2,129.0, 128.6, 126.0, 125.0, 53,4;
O ? IR (ATR, cm?) 3102, 3083, 1709, 1681, 1500, 1453, 1356, 1192,
1155, 1045;

Anal. Calcd for Ci4sH10N2O3S: C, 58.73; H, 3.52; N, 9.78; S, 11.20 Found: C, 58.90; H,
3.67; N, 9.82; S, 11.57.

4.7 General procedure for the synthesis of thienopyridazine derivatives (73c-g)

The monoester 70 (1.0 g, 4.67 mmol) and phenyl hydrazinium chloride derivatives (5.1
mmol) were dissolved in dry MeOH (50 mL) and the mixture was stirred at 50 °C for 2 h.
The solvent was evaporated and the residue was dissolved in dry benzene (50 mL). Thionyl
chloride (1.0 mL, 14.0 mmol) was added to the reaction mixture and stirred at 50 °C for 16 h.
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The solvent was evaporated and the residue was purified by column chromatography eluting
with ethyl acetate/dichloromethane (1:1) to give thienopyridazine derivatives 73c-g as a
white solid.

4.7.1 Methyl 5-(4-methylphenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-
carboxylate (73c): (1.33 g, 95%), mp 251-253 °C.

'H NMR (400 MHz, CDCls) 67.74 (d, J25=5.5 Hz, 1H, H-
2), 7.72 (d, J32=5.5 Hz, 1H, H-3), 7.45-7.42 (m, A-part of
AA’BB’ system, 2H, arom.), 7.25-7.22 (m, B-part of
AA’BB’system, 2H, arom.), 3.97 (s, 3H, -OCHs3), 2.35 (s,
3H, -CHj3);

3C NMR (100.6 MHz, CDCls) 6164.1, 157.7, 139.3, 139.2,
| 138.7, 136.8, 134.7, 132.7, 130.2, 126.4, 125.6, 53.9, 21.8;

IR (ATR, cm) 3102, 3083, 2959, 1746, 1710, 1679, 1487, 1453, 1442, 1405, 1356, 1270,
1145, 1111, 1086, 1046;

Anal. Calcd for Ci1sH12N203S: C, 59.99; H, 4.03; N, 9.33; S, 10.68 Found: C, 59.78; H,
4.11; N, 9.43; S, 10.82.

4.7.2 Methyl 5-(4-methoxyphenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-
carboxylate (73d): (1.26 g, 85%), mp 189-191 °C.

'H NMR (400 MHz, CDCl3s) §7.73 (d, J25=5.5 Hz, 1H, H-
2), 71.72 (d, J32=5.5 Hz, 1H, H-3), 7.50-7.46 (m, A-part of
AA’BB’system, 2H, arom.), 6.97-6.91 (m, B-part of
AA’BB’ system, 2H, arom.), 3.97 (s, 3H, -OCHg), 3.79 (s,
] 3H, -OCHy);

3C NMR (100.6 MHz, CDCls) §163.5, 159.6, 157.1, 138.1,
I 136.2, 134.1, 134.0, 132.0, 127.2, 125.0, 114.2, 55.6, 53.3;

IR (ATR, cm) 3075, 2954, 2839, 1720, 1671, 1511, 1454, 1437, 1358, 1234, 1175, 1147,
1047,

Anal. Calcd for CisH12N204S: C, 56.95; H, 3.82; N, 8.86; S, 10.14 Found: C, 56.65; H,
3.81; N, 8.81; S, 9.82.

4.7.3 Methyl 5-(4-chlorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-
carboxylate (73e): (1.47 g, 98%), mp 195-197 °C.

IH NMR (400 MHz, CDCl3) & 7.75 (d, J25=5.3 Hz, 1H, H-

Cl
1,
5
o)

2), 7.73 (d, J32,=5.3 Hz, 1H, H-3), 7.59-7.52 (m, A-part of
AA’BB’system, 2H, arom.), 7.44-7.38 (m, B-part of
AA’BB’ system, 2H, arom.), 3.98 (s, 3H, -OCHg);

3C NMR (100.6 MHz, CDCls) §163.2, 156.8, 139.5, 138.1,
136.1, 134.5, 134.3, 132.4, 129.1, 127.3, 125.0, 53.4;

IR (ATR, cm™) 3103, 3087, 2919, 2849, 1745, 1717, 1686,
1486, 1452, 1405, 1358, 1270, 1143, 1135, 1087, 1011,
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Anal. Calcd for C14HoCIN,OsS: C, 52.42; H, 2.83; N, 8.73; S, 10.00 Found: C, 52.39; H,
3.15; N, 8.44; S, 10.35.

4.7.4 Methyl 5-(4-fluorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-
carboxylate (73f): (1.26 g, 89%), mp 201-203 °C.

0 F 'H NMR (400 MHz, CDCl3) 8 7.75 (d, J,5=5.3 1H, Hz, H-
34 5 2), 7.73 (d, J32=5.3 Hz, 1H, H-3), 7.57 (m, A-part of
N/ | 4 ’}‘ AA’BB’system, 2H, arom. ), 7.55 (m, B-part of
S 73 N6 AA’BB’system, 2H, arom.), 3.98 (s, 3H, -OCHs);
1
13C NMR (100.6 MHz, CDCl3) & 163.3, 161.3 (d, J=248.7
o C|’ Hz), 157.0, 138.1, 137.1 (d, J=3.4 Hz), 136.2, 134.43, 132.3,

127.9 (d, J=8.7 Hz), 125.0, 115.9 (d, J=23.0 Hz), 53.41;
IR (ATR, cm) 3105, 3084, 2964, 1746, 1716, 1682, 1453, 1435, 1358, 1235, 1144, 1042;

Anal. Calcd for CisHoFN20sS: C, 55.26; H, 2.98; N, 9.21; S, 10.54 Found: C, 55.32; H,
3.04; N, 9.10; S, 11.02.

4.75 Methyl 5-(2,4-difluorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-car-
boxylate (73g): (1.46 g, 97%), mp 224-226 °C.

'H NMR (400 MHz, CDCl3) §7.77 (d, J25=5.3 Hz, 1H, H-

0 F F 2), 7.73 (d, J3.=5.3 Hz, 1H, H-3), 7.48-7.38 (m, 1H, arom.),

3 _ 3a p lfl 7.00-6.92 (m, 2H, arom.), 3.98 (s, 3H, -OCHg);
i | LNG 3C NMR (100.6 MHz, CDCls) 6 163.1, 163.0 (dd, J=251.7
13 7a and 11.1 Hz), 157.7 (dd, J=257.0 and 13.0 Hz), 156.5, 138.3,
oo 135.7, 134.7, 133.0, 129.9 (dd, J=10.3 and 1.4, Hz), 125.3
| (dd, J=13.0 and 4.2 Hz), 125.0, 112.0 (dd, J=22.8 and 3.8,

Hz), 105.2 (dd, J=26.5 and 23.5, Hz), 53.5;

IR (ATR, cm) 3104, 3085, 2963, 1746, 1717, 1687, 1485, 1452, 1435, 1359, 1271, 1143,
1110, 1087,

Anal. Calcd for C1sHgF2N.03S: C, 52.17: H, 2.50; N, 8.69; S, 9.95 Found: C, 52.17; H,
2.50; N, 8.66; S, 10.35.

4.8 General procedure for the hydrolysis of pyridazine derivatives (73a-g)

A solution of KOH (4.8-3.1 mL, 2 mol eq., 2M) in methanol was added to a stirred solution
of esters 73a-g (1.0 g, 4.8-3.1 mmol) in THF (60 mL), chloroform (80 mL) and H,O (0.5
mL). The mixture was stirred at 50 °C for 90 min and monitored on TLC. After the
completion of the reaction, the mixture was cooled, hexane (50 mL) added and a solid
precipitated. The precipitate was filtered, washed with ethyl acetate and then dissolved in
water (40 mL). The solution was acidified with aq. HCI (1M) to pH = 2 and a white solid
precipitated. The precipitate was filtered on filter paper and allowed to dry at ambient
temperature to give acids 74a-g as white solids.
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4.8.1 5-Methyl-4-0x0-4,5-dihydrothieno[2,3-d]pyridazine-7-carboxylic acid (74a): (0.
539, 57%), mp 276-278 °C.

5 IH NMR (400 MHz, DMSO-ds) & 13.90 (bs, 1H, -COOH), 8.15 (d,
2 Wl 3,4=5.3 Hz, 1H, H-2), 7.66 (d, J;2=5.3 Hz, 1H, H-3), 3.82 (s, 3H, -
2/ | 4 l}l5 NCH3),

S ZNe 13C NMR (100.6 MHz, DMSO-dg) & 163.9, 156.8, 138.1, 135.5,
134.6, 131.7, 123.5, 39.6;

IR (ATR, cm™)3073, 2957, 1705, 1619, 1456, 1396, 1189, 1033;

Anal. Calcd for CgHeN.O3S: C, 45.71; H, 2.88; N, 13.33; S, 15.25 Found: C, 45.39; H,
2.55; N, 12.97; S, 14.89.

O~ OH

4.8.2 4-Oxo0-5-phenyl-4,5-dihydrothieno[2,3-d]pyridazine-7-carboxylic acid (74b): (0.69
g, 73%), mp 245-247 °C.

IH NMR (400 MHz, DMSO-ds) & 14.20 (bs, 1H, -COOH), 8.22 (d,
. Q @ J25=5.3 Hz, 1H, H-2), 7.73 (d, J32=5.3 Hz, 1H, H-3), 7.63-7.47 (m,
7 |36 4 ,?15 5H, arom.);
o 7_Né 13C NMR (100.6 MHz, DMSO-ds) & 164.6, 157.0, 141.9, 138.5,
1 136.6, 136.1, 133.1, 129.3,129.0, 127.1, 124.7;
O OH IR (ATR, cm™?) 3109, 3076, 2959, 2834, 1714, 1536, 1456, 1401,

1393, 1153, 1126, 1036;

Anal. Calcd for Ci3HsN2O3S: C, 57.35; H, 2.96; N, 10.29; S, 11.78 Found: C, 57.07; H,
3.09; N, 10.63; S, 12.11.

4.8.3 5-(4-Methylphenyl)-4-oxo0-4,5-dihydrothieno[2,3-d]pyri- dazine-7-carboxylic acid
(74c): (0.83 g, 87%), mp 233-235 °C.

0 'H NMR (400 MHz, DMSO-dg) & 14.10 (bs, 1H, -COOH),

3 . 8.20 (d, J23=5.3 Hz, 1H, H-2), 7.72 (d, J3,=5.3 Hz, 1H, H-

2 | 4N’ 3), 7.48 (br d, J=8.3 Hz, 2H, arom.), 7.35 (bd, J=8.3 Hz, 2H,
S 7.Ns arom.), 2.40 (s, 3H, -CHs);

! 3C NMR (100.6 MHz, DMSO-ds) & 163.9, 156.4, 138.8,

O~ OH 137.9, 137.8, 135.8, 135.5, 132.4, 129.1, 126.2, 124.1, 20.7;

IR (ATR, cm) 3102, 2918, 1746, 1716, 1687, 1623, 1487, 1453, 1434, 1359, 1270, 1146,
1039;

Anal. Calcd for Ci4sH10N>O3S: C, 58.73; H, 3.52; N, 9.78; S, 11.20 Found: C, 58.41; H,
3.59: N, 9.53; S, 11.58.
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4.8.4 5-(4-Methoxyphenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyri-dazine-7-carboxylic acid
(74d): (0.83 g, 87%), mp 230-232 °C.

O 'H NMR (400 MHz, DMSO-dg) § 14.05 (bs, 1H, -COOH),

O /©/ 8.20 (d, J23=5.3 Hz, 1H, H-2), 7.71 (d, J;2=5.3 Hz, 1H, H-

® e N 3), 7.55-7.49 (m, A-part of AA’BB’ system, 2H, arom.),

2/ | 5 NS 7.11-7.06 (m, B-part of AA’BB’ system, 2H, arom.), 3.83
ST 6 (s, 3H, -OCHs):

0% “OH 3C NMR (100.6 MHz, DMSO-ds) 6 164.0, 158.9, 156.5,

137.8, 135.8, 135.4, 134.1, 132.2, 127.7, 124.1, 113.8, 55.5;

IR (ATR, cm) 3111, 3075, 2961, 2834, 1714, 1624, 1609, 1508, 1456, 1330, 1252, 1218,
1155, 1127, 1031;

Anal. Calcd for Ci4sH10N204S: C, 55.62; H, 3.33; N, 9.27; S, 10.61 Found: C, 55.28; H,
3.38; N, 9.30; S, 10.61.

4.8.5 5-(4-Chlorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyri-dazine-7-carboxylic acid
(74e): (0.67 g, 70%), mp 244-246 °C.

o Cl 'H NMR (400 MHz, DMSO-ds) 6 14.10 (bs, 1H, -COOH),
/©/ 8.22 (d, J23=5.3 Hz, 1H, H-2), 7.73 (d, J32=5.3 Hz,1H, H-3),
3/ 3NG 7.70-7.65 (m, A-part of AA’BB’ system, 2H, arom.), 7.65—
2 S | P N 5 7.60 (m, B-part of AA’BB’ system, 2H, arom.);
7
! 7 C NMR (100.6 MHz, DMSO-ds) 6 163.9, 156.3, 140.0,
O~ "OH 137.9, 136.1, 135.5, 132.8, 132.7, 128.7, 128.2, 124.1,
IR (ATR, cm™) 3074, 2956, 1714, 1626, 1492, 1394, 1309,
1217, 1155;

Anal. Calcd for C13H7CIN,OsS: C, 50.91; H, 2.30; N, 9.13; S, 10.45 Found: C, 50.71; H,
2.29: N, 8.85; S, 11.18.

4.8.6 5-(4-fluorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyri-dazine-7-carboxylic acid
(74f): (0.58 g, 61%), mp 255-257 °C.

o F IH NMR (400 MHz, DMSO-ds) & 14.10 (bs, 1H, -COOH),
3 3, 5 8.22 (d, J23=5.3 Hz, 1H, H-2), 7.73 (d, J3,=5.3 Hz, 1H, H-
4 | 4 '}‘ 3), 7.70-7.64 (m, A-part of AA’BB’ system 2H, arom.),

S 7.Né6 7.43-7.36 (m, B-part of AA’BB’ system, 2H, arom.);
1 13C NMR (100.6 MHz, DMSO-ds) & 163.9, 161.4 (d,
O~ OH J=245.4 Hz), 156.4, 137.9, 137.5 (d, J=3.1 Hz), 136.0,
135.5, 132.5, 128.7 (d, J=8.9 Hz), 124,1, 1155 (d, J=23.1

Hz);

IR (ATR, cm™) 3112, 3074, 2960, 1716, 1628, 1604, 1510, 1240, 1218, 1157;

Anal. Calcd for C13H/FN2OsS: C, 53.79; H, 2.43; N, 9.65; S, 11.05 Found: C, 53.27; H,
2.34; N, 9.61; S, 11.38.
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4.8.7 5-(2,4-Difluorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-carboxylic
acid (749): (0.65 g, 68%), mp 240-242 °C.

o F F 'H NMR (400 MHz, DMSO-dg) & 14.15 (bs, 1H, -COOH),

3 o jg/ 8.27 (d, J»3=5.3 Hz, 1H, H-2), 7.76 (d, J3,=5.3 Hz, 1H, H-

o/ 4 ITIE 3), 7.79-7.73 (m, 1H, arom.), 7.58 (ddd, J=10.4, 9.2, and 2.7
S 7Ng Hz, 1H, arom.), 7.37-7.30 (m, 1H, arom.);

1 ¥C NMR (100.6 MHz, DMSO-ds) ¢ 163.6, 162.3 (dd,

0~ "OH J=248.9 and 11.7, Hz), 157.0 (dd, J=252.9 and 13.3, H2),

156.0, 138.1, 136.6, 134.9, 133.5, 131.0 (d, J=10.3 Hz),
125.5 (dd, J=13.0 and 3.9, Hz), 123.9, 112.2 (dd, J=22.8 and
3.5, Hz), 104.9 (dd, J=27.1 and 24.1 Hz);

IR (ATR, cm™) 3079, 2930, 1725, 1639, 1534, 1404, 1278, 1163, 1149, 1134;

Anal. Calcd for C13HsF2N203S: C, 50.65; H, 1.96; N, 9.09; S, 10.49 Found: C, 50.42; H,
2.03; N, 9.37; S, 10.67.

4.9 General procedure for the synthesis of acyl azide derivatives (55a-g)

Oxalyl chloride (0.70 mL, 8.2 mmol) and then DMF (7 drops) were added to a stirred
suspension of the acids 74a-g (1.0 g, 3.25-4.76 mmol) in dichloromethane (120 mL) and the
mixture was stirred at rt for 2 h. The solvent and excess oxalyl chloride were evaporated.
The residue was dissolved in acetone (50 mL) and cooled to 2 °C. To this solution, a solution
of NaNs (0.25 g, 3.85 mmol) in H20 (3 mL) was added. Precipitation of inorganic salt was
immediately observed. The resulting mixture was stirred for 1 h. and then, H,O (80 mL) was
added. The mixture was extracted with ethyl acetate (2 x 150 mL), the combined organic
layers were dried over MgSO, and the solvent was evaporated. The crude product was
purified by  column  chromatography  (silica  gel) eluting with ethyl
acetate/dichloromethane/hexane (2:2:1) to give acyl azides 55a-g as white solids.

4.9.1 5-Methyl-4-o0x0-4,5-dihydrothieno[2,3-d]pyridazine-7-carbonyl azide (55a): (0.69
g, 62%), mp 137-139 °C.

0 'H NMR (400 MHz, CDCls) §7.72 (d, J25=5.3 Hz, 1H, H-2), 7.68
o s~ (d, 3253 Hz, 1H, H-3), 3.91 (s, 3H, -NCHG);
4
2| N 3C NMR (100.6 MHz, CDCls) 5169.3, 157.5, 137.6, 135.2, 134.3,
STray S 131.9, 124.2, 40.3;
07 N, IR (ATR, cm) 3117, 3099, 3073, 2155, 1672, 1659, 1349, 1186.
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4.9.2 4-Oxo-5-phenyl-4,5-dihydrothieno[2,3-d]pyridazine-7-carbonyl azide (55b): (0.83
g, 75%), mp 152154 °C.

'H NMR (400 MHz, CDCls) 6 7.77 (d, J25=5.3 Hz, 1H, H-
2), 7.75 (d, J32,=5.3 Hz, 1H, H-3), 7.58-7.54 (m, 2H, arom.),
7.49-7.43 (m, 2H, arom.), 7.39 (tt, J= 7.4 and 1.2 Hz, 1H,
arom.);

3C NMR (100.6 MHz, CDCls) 6169.6, 156.9, 140.9, 137.2,
136.2, 134.6, 132.6, 129.1, 128.8, 125.9, 125.0;

IR (ATR, cm®) 3098, 3082, 2155, 1694, 1668, 1347, 1165.

4.9.3 5-(4-Methylphenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-carbonyl

azide

(55¢): (0.71 g, 65%), mp 159-161 °C.

'H NMR (400 MHz, CDCl3) §7.76 (d, J23=5.3 Hz, 1H, H-
2), 7.74 (d, J3,=5.3 Hz, 1H, H-3), 7.45-7.41 (m, A-part of
AA’BB’ system, 2H, arom.), 7.26-7.24 (m, B-part of
AA’BB’ system, 2H, arom.), 2.36 (s, 3H, -CHs);

3C NMR (100.6 MHz, CDCls) §169.6, 157.0, 138.9, 138.4,
137.2,136.1, 134.4, 132.4, 129.7, 125.6, 125.0, 21.2;

IR (ATR, cm™) 3098, 3079, 2960, 2919, 2159, 1690, 1669, 1628, 1509, 1346, 1172.

4.9.4 5-(4-Methoxyphenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-carbonyl azide
(55d): (0.66 g, 61%), mp 119-121 °C.

Q

N

4.9.5 5-(4-Chlorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyri-dazine-7-carbonyl

'H NMR (400 MHz, CDCls)5 7.76 (d, J,5=5.3 Hz, 1H, H-
2), 7.74 (d, J32=5.3 Hz, 1H, H-3), 7.50-7.45 (m, A-part of
AA’BB’ system, 2H, arom.), 6.98-6.93 (m, B-part of
AA’BB’ system, 2H, arom.), 3.80 (s, 3H, -OCHz);

3C NMR (100.6 MHz, CDCls) §169.5, 159.7, 157.0, 137.1,
136.0, 134.4, 133.8, 132.3, 127.0, 124.9, 114.3, 55.6;

IR (ATR, cm™) 3083, 2921, 2835, 2151, 1668, 1507, 1349,
1250, 1166, 1105.

azide

(55€): (0.93 g, 86%), mp 128-130 °C.

3

1

3a

@)

)

4
2/| l}l5
S 7a

z

Q

N6

N3

Cl

'H NMR (400 MHz, CDCls) §7.79 (d, J25=5.3 Hz, 1H, H-
2), 7.74 (d, J3,=5.3 Hz, 1H, H-3), 7.57-7.52 (m, A-part of
AA’BB’ system, 2H, arom.), 7.46-7.40 (m, B-part of
AA’BB’ system, 2H, arom.);

3C NMR (100.6 MHz, CDCls) §169.4, 156.8, 139.3, 137.2,
136,1, 134.9, 134.6, 132.8, 129.2, 127.1, 125.0;

IR (ATR, cm) 3118, 3101, 2158, 1692, 1671, 1488, 1350, 1260.
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4.9.6 5-(4-Fluorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyri-dazine-7-carbonyl azide
(55f): (0.85 ¢, 79%), mp 137-239 °C.

3 3
4
2/| 7N5
s e
)
07 N,

'H NMR(400 MHz, CDCl3) 6 7.78 (d, J25=5.3 Hz, 1H, H-
2), 7.74 (d, J3,=5.3 Hz, 1H, H-3), 7.59-7.53 (m, A-part of
AA’BB’ system, 2H, arom.), 7.18-7.11 (m, B-part of
AA’BB’ system, 2H, arom.);

13C NMR (100.6 MHz, CDCls) & 169.4, 162.4 (d, J=248.9
Hz), 156.8, 137.2, 136.9 (d, J=3.0 Hz), 136.1, 134.8, 132.7,
127.8 (d, J=8.9 Hz), 125.0, 116.0 (d, J=23.1 Hz);

IR (ATR, cm™) 3125, 3109, 2155, 1682, 1671, 1506, 1353, 1247, 1160, 1151.

4.9.7 5-(2,4-Difluorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazine-7-carbonyl azide
(559): (0.83 g, 77%), mp 146-148 °C.

F F
. X7
3
3
2/| 4|Tls
1S7a7/N6
07 N,

!H NMR (400 MHz, CDCls) §7.81 (d, J23=5.3 Hz,1H, H-
2), 7.74 (d, J3,=5.3 Hz, 1H, H-3), 7.45-7.37 (m, 1H, arom.),
7.02-6.93 (m, 2H, arom.);

13C NMR (100.6 MHz, CDCl3) §169.3, 163.2 (dd, J=252.4
and 11.1 Hz), 157.6 (dd, J=256.1 and 12.6 Hz), 156.4, 137.3,
135.7, 135.1, 133.4, 129.7 (dd, J=10.3 and 1.0 Hz), 125.1 (d,
J=4.0 Hz), 124.9, 112.1 (dd, J=22.7 and 3.7 Hz), 105.3 (dd,
J=26.4 and 23.4 Hz);

IR (ATR, cm) 3107, 3083, 2960, 2163, 1698, 1680, 1613, 1510, 1485, 1173.

4.10 General procedure for the synthesis of urethane derivatives (56a-g)

The acyl azide derivatives 55a-g (0.20 g, 0.60-0.85 mmol) were dissolved in dry benzene
(40 mL) and heated at reflux temperature for 90 min. Dry MeOH (2 mL) was added and
stirred at for 6 h and 12 h. The solvent and excess MeOH were evaporated. The crude
product was purified by column chromatography (silica gel) eluting with hexane/ethyl
acetate/dichloromethane (2:1:1) to give urethane derivatives 56a-g as a white solid.

4.10.1 Methyl 5-methyl-4-ox0-4,5-dihydrothieno[2,3-d]pyridazin-7-ylcarbamate (56a):

(87 mg, 43%), mp 171-173 °C.

o 'H NMR (400 MHz, CDCls) §7.65 (d, J»3=5.3 Hz, 1H, H-2), 7.60
3 _3a NE (d, J32=5.3 Hz, 1H, H-3), 7.14 (bs, 1H, -NH), 3.76 (s, 3H, -OCHs),
2| ;‘ Nz 3.71 (s, 3H, -NCHa);
~
577 13C NMR (100.6 MHz, CDCls) 6157.2, 154.4, 137.3, 136.3, 135.3,
HNYO 132.2,124.9, 53.1, 38.9;
O IR (ATR, cm™) 3236, 3138, 2957, 2922, 2851, 1698, 1640, 1550,

1523, 1462, 1247, 1060;
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Anal. Calcd for CoHsN3OsS: C, 45.18; H, 3.79; N, 17.56; S, 13.40 Found: C, 45.11; H,

3.91; N, 17.24; S, 13.65.

4.10.2 Methyl 4-oxo-5-phenyl-4,5-dihydrothieno[2,3-d]pyridazin-7-ylcarbamate (56b):
(119 mg, 59%), mp 186-188 °C.

!H NMR (400 MHz, CDCls) 6 7.73 (d, J,3=5.3 Hz, 1H, H-2), 7.67
(d, J32=5.3 Hz, 1H, H-3), 7.57-7.53 (m, 2H, arom.), 7.42 (bt, J=7.4
Hz, 2H, arom.), 7.32 (it, J=7.4, 1.2 Hz, 1H, arom.), 6.97 (bs, 1H, -

3
7 4 N
o, Ne NH), 3.78 (s, 3H, -OCHb);
S ~
T T 13C NMR (100.6 MHz, CDCls) 5 156.6, 154.4, 141.1, 138.2, 136.0,
HN\(O 135.9, 132.6, 128.8, 128.0, 125.8, 125.5, 53.2:
O IR (ATR, cml) 3244, 3107, 2960, 2913, 1724, 1646, 1553, 1488,

1302, 1241, 1046;
Anal. Calcd for C14sH1:N3O3S: C, 55.80; H, 3.68; N, 13.95; S, 10.64 Found: C, 56.07; H,

3.99; N, 13.88; S, 11.02.

4103  Methyl

5-(4-methylphenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazin-7-

ylcarbamate (56c): (95 mg, 47%), mp 172-174 °C.

'H NMR (400 MHz, CDCls) 67.72 (d, J25=5.3 Hz, 1H, H-
2), 7.65 (d, J3.=5.3 Hz, 1H, H-3), 7.43-7.37 (m, A-part of
AA’BB’ system, 2H, arom.), 7.20-7.18 (m, B-part of
AA’BB’ system, 2H, arom.), 7.03 (bs, 1H, -NH), 3.77 (s,
3H, -OCHs), 2.33 (s, 3H, -CHy);

3C NMR (100.6 MHz, CDCls) §156.6, 154.5, 138.6, 138.2,
138.0, 135.9, 135.8, 132.4, 129.4, 125.5, 53.2, 21.1;

IR (ATR, cm‘l) 3246, 3107, 3087, 3031, 2959, 1725, 1653, 1552, 1481, 1240, 1135, 1044;
Anal. Calcd for CisH13N3O3S: C, 57.13; H, 4.16; N, 13.33; S, 10.17 Found: C, 56.78; H,

4.27: N, 13.05; S, 10.39.

5-(4-methoxyphenyl)-4-oxo-4,5-dihydrothieno-[2,3-d]pyridazin-7-

ylcarbamate (56d): (91 mg, 45%), mp 167-169 °C.

4,104 Methyl
0 /@O\
3
3
2 | ‘;Es
18 7 ‘- IN6
HNYO
O\

'H NMR (400 MHz, CDCls) §7.72 (d, J25=5.3 Hz, 1H, H-
2), 7.66 (d, Js2=5.3 Hz, 1H, H-3), 7.47-7.42 (m, A-part of
AA’BB’ system, 2H, arom.), 6.99 (bs, 1H, -NH), 6.94-6.89
(m, B-part of AA’BB’ system, 2H, arom.), 3.78 (s, 3H, -
OCHs), 3.77 (s, 3H, -OCHg);

3C NMR (100.6 MHz, CDCls) §156.8, 154.4, 152.2, 135.9,
133.6, 133.5, 131.8, 130.2, 124.7, 123.2, 111.7, 53.3, 50.9;

IR (ATR, cm™) 3327, 3105, 3089, 2922, 2850, 1735, 1657,
1560, 1512, 1484, 1456, 1098, 1019;

Anal. Calcd for CisH13N:O4S: C, 54.37; H, 3.95; N, 12.68; S, 9.68 Found: C, 54.25; H,

4.33; N, 12.31; S, 9.59.
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4.10.5 Methyl 5-(4-chlorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazin-7-
ylcarbamate (56e): (109 mg, 54%), mp 156-158 °C.

o IH NMR (400 MHz, CDCls) §7.71 (d, J,5=5.3 Hz, 1H, H-
0 2), 7.67 (d, J32,=5.3 Hz, 1H, H-3), 7.54-7.49 (m, A-part of
3 3a /©/ AA’BB’ system, 2H, arom.), 7.37-7.32 (m, B-part of
N AA’BB’ system, 2H, arom.), 7.14 (bs, 1H, -NH), 3.78 (s,
S 3H, -OCHg);
HN_ _O 13C NMR (100.6 MHz, CDCl3) §156.4, 154.3, 139.5, 138.0,
f 136.3, 135.9, 133.5, 132.8, 128.8, 126.9, 125.5, 53.3;
N

IR (ATR, cm™) 3208, 3103, 3085, 2955, 2922, 1729, 1682,
1556, 1536, 1486, 1262, 1244, 1126;

Anal. Calcd for C14H10CIN3OsS: C, 50.08; H, 3.00; N, 12.51; S, 9.55 Found: C, 50.36; H,
3.18; N, 12.48; S, 10.16.

4.10.6 Methyl 5-(4-fluorophenyl)-4-oxo-4,5-dihydrothieno[2,3-d]pyridazin-7-
ylcarbamate (56f): (176 mg, 87%), mp 145-147 °C.

o /©/F 'H NMR (400 MHz, CDCls) 67.71 (d, J25=5.3 Hz, 1H, H-
3a

2), 7.66 (d, Js,=5.3 Hz, 1H, H-3), 7.55-7.48 (m, A-part of

; 4 N7 AA’BB’ system, 2H, arom.), 7.16 (bs, 1H, -NH), 7.10-7.03
2 | 7/,116 (m, B-part of AA’BB’ system, 2H, arom.), 3.77 (s, 3H, -
S77a OCHy);
HN\(O 13C NMR (100.6 MHz, CDCls) & 161.8 (d, J=248.0 Hz),
0 156.5, 154.3, 138.0, 137.0 (d, J=3.3 Hz), 136.1, 136.0,
= 132.7, 127.5 (d, J=8.6 Hz), 1255, 115.6 (d, J=22.9 Hz),
53.2;

IR (ATR, cm) 3280, 3087, 1708, 1660, 1558, 1523, 1495, 1130;

Anal. Calcd for C14sH10FN3OsS: C, 52.66; H, 3.16; N, 13.16; S, 10.04 Found: C, 52.35; H,
3.32; N, 12.87; S, 10.50.

4.10.7 Methyl  5-(2,4-difluorophenyl)-4-oxo-4,5-dihydrothieno-[2,3-d]pyridazin-7-
ylcarbamate (569): (129 mg, 64%), mp 199-201 °C.

F F|  'H NMR (400 MHz, CDCls) §7.72 (d, J,5=5.3 Hz, 1H, H-

9 jg/ 2), 7.69 (d, J3,=5.3 Hz, 1H, H-3), 7.41-7.34 (m, 1H, arom.),

j %N 7.00 (bs, 1H, -NH), 6.97-6.88 (m, 2H, arom.), 3.77 (s, 3H, -

2 L, 0 OCH);

S 7a ~ N6

C NMR (100.6 MHz, CDCls) & 162.7 (dd, J=251.2 and

HNYO 11.3 Hz), 157.6 (dd, J=255.7 and 12.6 Hz), 156.3, 154.3,

5 137.5, 136.5, 136.4, 132.9, 129.8 (dd, J=10.2 and 1.8 Hz),

~ 125.5, 125.2 (dd, J=4.3 and 2.6 Hz), 111.8 (dd, J=22.6 and

3.7 Hz), 105.0 (dd, J=26.3 and 23.5 Hz), 53.7;
IR (ATR, cm) 3197, 3112, 3069, 2990, 2947, 1727, 1651, 1563, 1508, 1246, 1151;

Anal. Calcd for C1sHoF2N30sS: C, 49.85; H, 2.69; N, 12.46; S, 9.51 Found: C, 50.16; H,
2.74; N, 12.26; S, 9.57.
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4.11 General procedure for the synthesis of aminopyridazinone derivatives (57a-g)

The acyl azide derivatives 55a-g (0.3 g, 1.0-1.4 mmol) was dissolved in dry benzene (40
mL) and heated at reflux for 90 min. The solution was cooled to 40 °C and HCI (10 mL, 8M)
was added. The mixture was stirred at 40 °C for 10 min and then the pH value was adjusted
to pH=10 by addition of 10% NaOH solution at 10 °C. The mixture was extracted with ethyl
acetate (3 x 100 mL). The combined organic layers were dried over MgSO. and the solvent
was evaporated. The crude product was purified by column chromatography (silica gel)
eluting with ethyl acetate/dichloromethane (1:1) to give amine derivatives 57a-g as white
solids.

4.11.1 7-Amino-5-methylthieno[2,3-d]pyridazin-4(5H)-one (57a): (80 mg, 42%), mp 165—
167 °C.

0 'H NMR (400 MHz, CDCls) §7.67 (d, J,5=5.2 Hz, 1H, H-2), 7.52
3/ Y (d, J55=5.2 Hz, 1H, H-3), 4.13 (bs, 2H, -NHy), 3.65 (5, 3H, -NCHj);
5
2 17 N 13C NMR (100.6 MHz, CDCls) 5 156.6, 142.2, 137.2, 133.1, 129.6,
S 7a 126.1, 38.4;
NH IR (ATR, cm?) 3325, 3158, 3075, 1610, 1531, 1416, 1330, 1249,
1127, 1041;

Anal. Calcd for C;H;N3OS: C, 46.40; H, 3.89; N, 23.19; S, 17.69 Found: C, 46.01; H,
3.87; N, 22.98; S, 18.10.

4.11.2 7-Amino-5-phenylthieno[2,3-d]pyridazin-4(5H)-one (57b): (94 mg, 46%), mp 187—
189 °C.

IH NMR (400 MHz, CDCls) 6 7.75 (d, J,5=5.1 Hz, 1H, H-2), 7.57
O /@ (d, Js2=5.1 Hz, 1H, H-3), 7.58-7.55 (m, 2H, arom.), 7.43-7.37 (m,
3/ 32 NG 2H, arom.), 7.29 (tt, J=7.4 and 1.2 Hz, 1H, arom.), 4.21 (bs, 2H, -
2 7 Lo NH,);
S 7a =
1 15C NMR (100.6 MHz, CDCls) 5 156.2, 142.6, 141.7, 137.8, 133.4,
NH, 129.9, 128.7, 127.6, 126.7, 125.9:

IR (ATR, cm®) 3336, 3203, 3101, 1632, 1556, 1544, 1403, 1304, 1054;

Anal. Calcd for C1oHgN3OS: C, 59.24; H, 3.73; N, 17.27; S, 13.18 Found: C, 59.12; H,
3.85; N, 17.29; S, 13.61.

4.11.3 7-Amino-5-(4-methylphenyl)thieno[2,3-d]pyridazin-4(5H)-one (57c): (91 mg,
44%), mp 245-247 °C.

o 'H NMR (400 MHz, acetone-ds) & 7.82 (d, J23=5.2 Hz, 1H,
5 /©/ H-2), 7.54 (d, J3,=5.2 Hz, 1H, H-3), 7.46-7.41 (m, A-part of
Vi 33, N% AA’BB’ system, 2H, arom.), 7.13-7.11 (m, B-part of
2 | 7 ,{16 AA’BB’ system, 2H, arom.), 5.44 (bs, 2H, -NH>), 2.24 (s,
=
5774 3H, -CHy);
NH»>
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3C NMR (100.6 MHz, DMSO-dgs) & 155.0, 143.8, 139.5, 136.7, 136.1, 133.6, 132.1, 128.7,
125.8, 125.2, 20.6;

IR (ATR, cm™) 3351, 3200, 3082, 1629, 1541, 1401, 1324, 1259, 1088;

Anal. Calcd for C13H1:N3OS: C, 60.68; H, 4.31; N, 16.33; S, 12.46 Found: C, 60.31; H,
4.40; N, 15.98; S, 12.10.

4.11.4 7-Amino-5-(4-methoxyphenyl)thieno[2,3-d]pyridazin-4(5H)-one (57d): (100 mg,
48%), mp 208-210 °C.

0 'H NMR (400 MHz, acetone-ds) &7.81 (d, J23=5.1 Hz, 1H,

0 ~ H-2), 7.54 (d, J3.=5.1 Hz, 1H, H-3), 7.48-7.43 (m, A-part of

3 1, Q/ AA’BB’ system, 2H, arom.), 6.89-6.82 (m, B-part of

2/ | 4 'Tl5 AA’BB’ system, 2H, arom.), 5.43 (s, 2H, -NH>), 3.71 (s, 3H,
SN -OCHs);

NH, 3C NMR (100.6 MHz, DMSO-ds) 6 157.8, 155.0, 143.7,

136.9, 135.0, 133.5, 132.1, 127.2, 125.2, 113.4, 55.3,;
IR (ATR, cm®) 3326, 3184, 3078, 1630, 1606, 1506, 1325, 1030;

Anal. Calcd for Ci13H11N3O,S: C, 57.13; H, 4.06; N, 15.37; S, 11.73 Found: C, 56.81; H,
3.99; N, 15.29; S, 12.24.

4.11.5 7-Amino-5-(4-chlorophenyl)thieno[2,3-d]pyridazin-4(5H)-one (57¢): (119 mg,
57%), mp 230-232 °C.

al 'H NMR (400 MHz, acetone-ds) & 7.84 (d, J23=5.2 Hz, 1H,
o) /©/ H-2), 7.68-7.63 (m, A-part of AA’BB’ system, 2H, arom.),

3 . , J32=5. Z, , H-3), 7.38-7. m, B-part o
5 7.55 (d, J3,=5.2 Hz, 1H, H-3), 7.38-7.30 (m, B f
7/ 1 4 Ns AA’BB’ system, 2H, arom.), 5.55 (bs, 2H,-NH>);
2C M 7 ke
ST 7 13C NMR (100.6 MHz, DMSO-ds) & 155.0, 144.1, 140.7,
NH, 136.7, 133.8, 132.3, 130.9, 128.2, 127.5, 125.2;

IR (ATR, cmt) 3355, 3304, 3202, 3077, 1628, 1539, 1489, 1472, 1322, 1089;

Anal. Calcd for C12HsCIN3OS: C, 51.90; H, 2.90; N, 15.13; S, 11.55 Found: C, 52.27; H,
2.86; N, 15.13; S, 11.68.

4.11.6 7-Amino-5-(4-fluorophenyl)thieno[2,3-d]pyridazin-4(5H)-one (57f): (125 mg,
60%), mp 241-243 °C.

'H NMR (400 MHz, CDCls) § 7.74 (d, J25=5.2 Hz, 1H, H-

o F 2), 7.59 (d, J32=5.2 Hz, 1H, H-3), 7.57-7.50 (m, A-part of

3 s Q/ AA’BB’system, 2H, arom.), 7.11-7.04 (m, B-part of
AA’BB’ system, 2H, arom.), 4.21 (bs, 2H, -NH>);

s—~ENe 13C NMR (100.6 MHz, DMSO-ds) & 160.1 (d, J=243.8 Hz),
154.7, 143.7, 137.9 (d, J=2.8 Hz), 136.4, 133.4, 131.9, 127.7
(d, J=8.5 Hz), 124.8, 114.7 (d, J=22.6 Hz);

IR (ATR, cm?) 3339, 3192, 3095, 3083, 1632, 1541, 1501, 1319, 1216, 1057
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Anal. Calcd for C12HsFN3OS: C, 55.16; H, 3.09; N, 16.08; S, 12.27 Found: C, 55.01; H,
3.03; N, 15.94; S, 12.84.

4.11.7 7-Amino-5-(2,4-difluorophenyl)thieno[2,3-d]pyridazin-4(5H)-one (57g): (101 mg,
48%), mp 248-250 °C.

F = 'H NMR (400 MHz, acetone-dg) & 7.86 (d, J25=5.2 Hz, 1H,

0 H-2), 7.54 (d, J;2=5.2 Hz, 1H, H-3), 7.48 (dt, J=8.7 and 6.1

3, jg/ Hz, 1H, arom.), 7.10-6.98 (m, 2H, arom), 5.50 (bs, 2H, -
2/ N's NH,);

s N 13C NMR (100.6 MHz, DMSO-dg) & 161.5 (dd, J=247.3 and

NH, 11.6 Hz), 157.0 (dd, J=252.3 and 13.1 Hz), 154.9, 144.3,
136.0, 134.3, 132.5, 130.9 (dd, J=10.3 and 1.7 Hz), 126.4
(dd, J=12.9 and 3.9 Hz), 125.0, 111.7 (dd, J=22.5 and 3.4,
Hz), 104.6 (dd, J=26.8 and 24.4, Hz);

IR (ATR, cm®) 3337, 3187, 3082, 1639, 1611, 1546, 1504, 1336;

Anal. Calcd for Ci2H7F.N3OS: C, 51.61; H, 2.53; N, 15.05; S, 11.48 Found: C, 51.51; H,
2.73; N, 14.74, S, 11.21.

4.12 2-(Carboxymethyl)furan-3-carboxylic acid (91)

The diester 58 (10.0 g, 50.6 mmol) was dissolved in THF (100 mL), MeOH (50 mL) and
water (5 mL). Then, KOH in MeOH (76 mL) was added and the mixture was stirred at 70 °C
for 5 h. The reaction mixture was cooled to rt and the solvent was evaporated. The residue
was dissolved in water (50 mL) and the solution was acidified to pH = 2 with HCI. The acid
was extracted with EtOAc (400 mL). Later, aqueous layer was re-exracted with EtOACc (2 X
200 mL). The combined organic layers were dried over MgSO, and evaporated. The product
was washed with CHCI; to give white powder (7.7 g, 90%), mp 210-212 °C.

0 IH-NMR (400 MHz, DMSO-ds) 6: 12.63 (bs, 2H, -OH), 7.63 (d,
. J54=2.0 Hz, 1H, H-5), 6.66 (d, J15=1.9 Hz, 1H, H-4), 3.97 (s, 2H, -
J OH CHy);
° o | BC-NMR (100.6 MHz, DMSO-dg) J: 170.0, 164.5, 154.8, 142.3,
7 2 115.6, 110.9, 33.4.
0™ o IR (ATR, cm™) 3130, 3001, 2930, 2618, 1682, 1461, 1314, 1216,

893, 750;
Anal. Calcd. for C;HgOs: C, 49.42; H, 3.55 Found: C, 49.43; H, 3.59.

4.13 2-(2-Methoxy-2-oxoethyl)furan-3-carboxylic acid (92)

The diacid 91 (7.0 g, 41.2 mmol) was dissolved in 30 mL MeOH and 75 mL CH,Cl,. HCI
(10 drops) was added and the mixture was stirred at 40 °C for 13 h. The solvent was
evaporated and the residue was purified by column chromatography eluting with
hexane/EtOAcC (2:1, 1:1, 1:2). It was re-crystallized from ether/hexane (5:1) to give colorless
snowflake crystals (5.8 g, 76%), mp 81-83 °C.
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9] IH-NMR (400 MHz, CDCls) o: 10.37 (bs, 1H, -OH), 7.37 (d,

i s J54=1.9 Hz, 1H, H-5), 6.75 (d, J15=1.9 Hz, 1H, H-4), 4.11 (s, 2H, -

s/ OH CHy), 3.73 (s, 3H, -OCHs):
0

2 B3C-NMR (100.6 MHz, CDCls) 6: 169.3, 169.0, 155.6, 142.3, 115.3,
111.1, 52.6, 33.7;

(0] o~
IR (ATR, cm™) 3127, 2932, 2686, 2615, 1738, 1729, 1679, 1324, 1247, 753;
Anal. Calcd. for CgHgOs: C, 52.18; H, 4.38 Found: C, 52.41; H, 4.17.

4.14 General procedure for the synthesis of amide derivatives 95a-e

The acid 92 (3.0 g, 16.3 mmol) was dissolved in 40 mL CH.Cl, and oxalyl chloride (2.1 mL,
24.4 mmol) was added at rt. Then, 5 drops of DMF were added and the solution was stirred
for 90 min. The solvent and excess oxalyl chloride was evaporated. Later, residue was
dissolved in acetone and amine derivatives (48.9 mmol) was added at 0-5 °C and stirred for 1
h. The mixture was extracted with CH.Cl, (150 mL) and 1M HCI. The aqueous layer was re-
extracted with CH2Cl, (2 x 50 mL). The combined organic layers were dried over MgSO,
and evaporated.

4.14.1 Methyl [3-(propan-2-ylcarbamoyl)furan-2-yllacetate (95a): The product was re-
crystallized from hexane/EtOAc (1:3) to give colorless crystals (salt like) (3.4 g, 94%), mp
84-86 °C.

o) 8| H-NMR (400 MHz, CDCls) &: 7.31 (d, J54=2.0 Hz, 1H, H-5), 6.50
4 s NH% (d, J45=2.0 Hz, 1H, H-4), 6.15 (d, J =5.5 Hz, 1H, -NH), 4.20 (dg,
7 e J=13.3, 6.6 Hz, 1H, -CH), 4.06 (s, 2H, -CH,), 3.73 (s, 3H, -OCHs),
0 8| 1.21(d, J=6.5 Hz, 6H, -CHs);
1 13C-NMR (100.6 MHz, CDCl3) §: 170.1, 162.4, 150.8, 141.6, 118.8,
0 o~ 109.0, 52.5, 41.4, 33.3, 22.8;
IR (ATR, cm) 3383, 3112, 2965, 1726, 1644, 1620, 1519, 1210,
1176, 751;

Anal. Calcd. for C11H1sNO4: C, 58.66; H, 6.71; N, 6.22 Found: C, 58.02; H, 6.38; N, 6.17.

4.14.2 Methyl [3-(ethylcarbamoyl)furan-2-yl]acetate (95b): The product was re-
crystallized from hexane/EtOAc (1:3) to give colorless salt like crystals (3.2 g, 94%), mp
73-75°C.

o) 8| 'H-NMR (400 MHz, CDCls) &: 7.29 (d, Js4=2.0 Hz, 1H, H-5), 6.51
s M/ | (0 3is=2.0 Hz, 1H, H-4), 6.44 (bs, 1H, -NH), 4.08 (5, 2H), 3.71 s,
N g: )—OCHs), 3.41 — 332 (m, 2H, -CH,), 1.17 (t, J=7.3 Hz, 3H, -
3)s
02 13C-NMR (100.6 MHz, CDCls) &: 170.3, 163.2, 151.0, 141.8, 118.6,
0P o~ 109.0, 52.6, 34.4, 33.4, 14.9;
IR (ATR, cm) 3385, 3112, 2968, 1716, 1649, 1616, 1530, 1212,
1177, 755;
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Anal. Calcd. for C10H13NO4: C, 56.86; H, 6.20; N, 6.63 Found: C, 56.55; H, 6.10; N, 6.51.

4.14.3 Methyl [3-(methylcarbamoyl)furan-2-yl]acetate (95c): The product was re-
crystallized from hexane/EtOAc (1:3) to give colorless crystals (salt like) (3.2 g, 98%), mp
110- 112 °C.

0 IH-NMR (400 MHz, CDCls) 6: 7.31 — 7.28 (m, 1H, H-5), 6.49 (d,
“ J45=1.9 Hz, 1H, H-4), 6.45 (bs, 1H, -NH), 4.09 (s, 2H, -CHy), 3.73
Va NH=7" (s, 3H, -OCHs3), 2.88 (d, J = 2.6 Hz, 3H, -NCHs);

o2 13C-NMR (100.6 MHz, CDCls) 6: 170.4, 164.0, 151.1, 141.8, 118.5,
109.0, 52.6, 33.4, 26.3;

IR (ATR, cm?) 3385, 3109, 2954, 1720, 1650, 1540, 1210, 1179,
755;

Anal. Calcd. for CoH1:NO4: C, 54.82; H, 5.62; N, 7.10 Found: C, 54.57; H, 5.43; N, 7.06.

4.14.4 Methyl [3-(phenylcarbamoyl)furan-2-yl]acetate (95d): The product was re-
crystallized from hexane/EtOAc (1:3) to give colorless crystals (salt like) (4.0 g, 95%), mp
126- 128 °C.

0 IH-NMR (400 MHz, CDCls) &: 8.51 (bs, 1H, -NH), 7.61 (d,

4, J=8.1 Hz, 2H, arom.), 7.36 — 7.33 (m, 2H, arom.), 7.32 (s,
s NH 1H, H-5), 7.12 (t, J=7.4 Hz, 1H, arom.), 6.67 (d, J45=1.8 Hz,
o 1H, H-4), 4.09 (s, 2H, -CHy), 3.79 (s, 3H, -OCHs);

1
13C-NMR (100.6 MHz, CDCls) &: 170.7, 161.6, 151.1,

o™ o~ .
141.91, 138.1, 128.9, 124.4, 120.3, 119.4, 109.4, 52.8, 33.5;

IR (ATR, cm™) 3367, 1719, 1665, 1612, 1593, 1540, 1437,
1334, 1199, 131,

Anal. Calcd. for C14H1sNO4: C, 64.86; H, 5.05; N, 5.40 Found: C, 65.00; H, 4.62; N, 5.41.

4.14.5 Methyl {3-[(4-methoxyphenyl)carbamoyl]furan-2-yl}acetate (95e): The product
was re-crystallized from hexane/EtOAc (1:3) to give colorless crystals (salt like) (4.1 g,
87%), mp 148-150 °C.

5 IH-NMR (400 MHz, CDCl5) 6: 8.38 (bs, 1H, -NH), 7.51 (d,

4 /| J=8.9 Hz, 2H, arom.), 7.35 (d, J54=1.9 Hz, 1H, H-5), 6.90 —

s/ | NH@O 6.84 (m, 2H, arom.), 6.66 (bs, 1H, H-4), 4.09 (s, 2H, -CH>),
- 3.80 (s, 3H, -OCH3), 3.78 (s, 3H, -OCHs);

! BC-NMR (100.6 MHz, CDCls) &: 170.7, 161.4, 156.5,

@) o~ 150.7, 142.0, 131.2, 122.1, 119.6, 114.2, 109.5, 55.6, 52.83,

33.5;
IR (ATR, cm®) 3380, 3004, 1722, 1656, 1540, 1508, 1345, 1304, 830;

Anal. Calcd. for C1sH1sNOs: C, 62.28; H, 5.23; N, 4.84 Found: C, 62.35; H, 4.88; N,4.84.
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4.15 General procedure for the synthesis of hydrazone derivatives 97a-e

The ester 95a-e (2.7 g) was dissolved in 50 mL MeOH in which 2.5 equivalent
hydrazinemonohydrate was added and it was left to react at 40 °C over a night. Then, the
MeOH was evaporated. To remove excess hydrazine, it was washed with cold
hexane/EtOAc to give white solids.

4.15.1 2-(2-hydrazinyl-2-oxoethyl)-N-(propan-2-yl)furan-3-carboxamide (97a): (2.5 g,

92%), mp 135- 137 °C.

> 8

0O 8
4 3 <
NH—7
5/’ 6
(@]
1

O™ “NHNH,
9 10

IH-NMR (400 MHz, CDCls) 5: 8.81 (bs, 1H, H-9), 7.29 (d, J54=2.0
Hz, 1H, H-5), 6.47 (d, J15=2.0 Hz, 1H, H-4), 6.28 (d, J=0.6 Hz, 1H,
H-6), 4.26 — 4.15 (m, 1H, -CH), 3.84 (bs, 2H, -NH;), 3.82 (s, 2H, -
CH.,), 1.24 (d, J=6.6 Hz, 6H, -CHs);

B3C-NMR (100.6 MHz, CDCls) 6: 169.3, 163.1, 151.8, 141.6, 118.3,
109.2, 41.7, 34.4, 22.7,

IR (ATR, cm?) 3254, 3051, 1627, 1605, 1530, 1517, 1353, 1214,
1073, 723,;

Anal. Calcd. for C1oH1sN3O3: C, 53.32; H, 6.71; N, 18.66 Found: C, 52.93; H, 6.55; N,

18.54.

4.15.2 N-ethyl-2-(2-hydrazinyl-2-oxoethyl)furan-3-carboxamide (97b): (2.5 g, 91%), mp

141- 143 °C.

IH-NMR (400 MHz, CDCls) ¢ 8.82 (bs, 1H, H-9), 7.29 (d, J54=2.0
Hz, 1H, H-5), 6.50 (bs, 1H, H-6), 6.48 (d, Js5=2.0 Hz, 1H, H-4),
3.83 (s, 2H, -NHy), 3.67 (bs, 2H, -NH>), 3.47 — 3.38 (m, 2H, -CHy),
1.23 (t, J=7.3 Hz, 3H, -CHa);

B3C-NMR (100.6 MHz, CDCls) 6: 169.2, 164.0, 152.6, 141.9, 117.7,
108.8, 34.7, 34.7, 14.9;

IR (ATR, cm™) 3259, 3176, 3144, 3056, 2980, 1613, 1532, 1514,
1078, 751, 707;

Anal. Calcd. for CgH13N3O3: C, 51.18; H, 6.20; N, 19.89 Found: C, 50.96; H, 5.91; N,

19.70.

4.15.3 2-(2-Hydrazinyl-2-oxoethyl)-N-methylfuran-3-carboxamide (97c): (2.5 g, 92%),

mp 165- 167 °C.

0

4,3

NH— 7
5/| 6
0
1 2
O™ “NHNH,

8 9

IH-NMR (400 MHz, DMSO-ds) &: 9.23 (bs, 1H, H-8), 8.27 (d,
J=4.2 Hz, 1H, H-6), 7.57 — 7.55 (m, 1H, H-5), 6.80 (d, J45=1.9 Hz,
1H, H-4), 4.24 (s, 2H, -NH,), 3.80 (s, 2H, -CH), 2.72 (d, J=4.6 Hz,
3H, -CHy);

BC-NMR (100.6 MHz, DMSO-ds) J: 167.3, 163.1, 152.4, 141.5,
117.7, 109.3, 32.7, 25.6;

IR (ATR, cmt) 3282, 3194, 3064, 1683, 1618, 1586, 1552, 718;
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Anal. Calcd. for CgHuN3Os: C, 48.73; H, 5.62; N, 21.31 Found: C, 48.34; H, 5.31; N,
21.31.

4.15.4 2-(2-Hydrazinyl-2-oxoethyl)-N-phenylfuran-3-carboxamide (97d): (2.6 g, 96%),
mp 175- 177 °C.

0 'H-NMR (400 MHz, DMSO-ds) d: 10.49 (s, 1H, H-6), 9.46

4, (s, 1H, -NH-Ph), 7.71 (dd, J=8.5, 0.9 Hz, 2H, arom.), 7.66
s/ | NH@ (d, J54=2.0 Hz, 1H, H-5), 7.38 — 7.31 (m, 2H, arom.), 7.09
5 (t, J=7.4 Hz, 1H, arom.), 6.99 (d, J45=2.0 Hz, 1H, H-4), 4.37
i (s, 2H, -NH>), 3.86 (s, 2H, -CH>);
07 “NHNH, 13C-NMR (100.6 MHz, DMSO-de) 6: 167.5, 161.3, 152.6,
6 7 141.8, 139.0, 128.7, 123.6, 120.1, 118.8, 110.2, 32.9;

IR (ATR, cm™) 3324, 3272, 1619, 1594, 1525, 1512, 1326,
749, 687,

Anal. Calcd. for C13H13N3O3: C, 60.22; H, 5.05; N, 16.21 Found: C, 60.52; H, 4.80; N,
16.23.

4.15.5 2-(2-Hydrazinyl-2-oxoethyl)-N-(4-methoxyphenyl)furan-3-carboxamide
(97e):(2.4 g, 90%), mp 192-194 °C.

o) IH-NMR (400 MHz, DMSO-ds) 6: 10.29 (bs, 1H, H-6), 9.41
4 4 /| (bs, 1H, -NH-arom.), 7.64 (d, J5,=2.0 Hz, 1H, H-5), 7.62 —
s/ ] NHOO 7.57 (m, A-part of AA’BB’ system, 2H, arom.), 6.97 (d,
0 Js5=1.9 Hz, 1H, H-4), 6.94 — 6.89 (m,B-part of AA’BB’
1 system, 2H, arom.), 4.36 (bs, 2H,
o l\éHl\;Hz -NH.), 3.85 (s, 2H, -CH), 3.73 (s, 3H, -OCHs3);

BC-NMR (100.6 MHz, DMSO-ds) J: 167.4, 160.9, 155.5,
152.5, 141.7, 131.0, 121.7, 118.7, 113.79, 110.0, 55.2, 32.8;

IR (ATR, cm?) 3328, 3268, 1642, 1620, 1525, 1511, 1242, 825;

Anal. Calcd. For CisHisNsO4: C, 58.13; H, 5.23; N, 14.53 Found: C, 57.50; H, 4.79;
N,14.39.

4.16 General procedure for the synthesis of acyl azide derivatives 59a-e

To a stirred a solution of hydrazide 97a-e (1.5 g) in 1M HCI (40 mL) at 0 °C, a solution of
1.05 eq of NaNOs in 5 mL of water was added and stirred for 30 min. The mixture was
extracted with Et;O (2 x 60 mL). The combined organic layers were washed with sat. aq
Na,COs solution (40 mL), dried over MgSO4 and concentrated. Column chromatography
was done on silica gel (15 g) eluting with DCM/ Et,0 (1:1) to give white solids.
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4.16.1 [3-(Propan-2-ylcarbamoyl)furan-2-yllacetyl azide (59a): (1.5 g, 92%).

4
5
@]

1

(o) 8

3 NH4<7
| 6

8

N

)

N3

!H-NMR (400 MHz, CDCls) &: 7.35 (d, Js4=2.1 Hz, 1H, H-5), 6.47
(d, J45=2.0 Hz, 1H, H-4), 5.78 (bs, 1H, -NH), 4.21 (dg, J=13.2, 6.6
Hz, 1H, -CH), 4.12 (s, 2H, -CH,), 1.23 (d, J=6.6 Hz, 6H, -CHs);

B3C-NMR (100.6 MHz, CDCls) 4: 176.3, 162.2, 150.8, 142.2, 118.7,
108.6, 41.5, 35.7, 22.9;

IR (ATR, cm™) 3254, 2133, 1706, 1620, 1602, 1534, 1514, 1169,
746.

4.16.2 [3-(Ethylcarbamoyl)furan-2-yl]acetyl azide (59b): (1.4 g, 89%).

4

5
0]
1

@)
3

|
2

)

NH—/
6 7
N3

o]

!H-NMR (400 MHz, CDCl) §: 7.29 (d, Js.4 = 2.1 Hz, 1H, H-5), 6.42
(d, 345 = 2.0 Hz, 1H, H-4), 4.06 (s, 2H, -CHy), 3.35 (qd, J = 7.3, 5.7
Hz, 2H, -NCH,), 1.14 (t, J = 7.3 Hz, 3H, -CHy).

4.16.3 [3-(Methylcarbamoyl)furan-2-yl]acetyl azide (59c): (1.3 g, 82%).

1

0]

4 3
5/|

0™

o)

NH— 7
6

N3

IH-NMR (400 MHz, CDCls) &: 7.35 (d, J54=2.0 Hz, 1H, H-5), 6.47
(s, 1H, H-4), 6.04 (bs, 1H, -NH), 4.13 (s, 2H, -CH,), 2.92 (d, J=4.8
Hz, 3H, -CHa);

B3C-NMR (100.6 MHz, CDCls) 6: 176.5, 163.7, 150.9, 142.2, 118.4,
108.5, 35.6, 26.3;

IR (ATR, cm) 3298, 2137, 1706, 1627, 1606, 1544, 1136, 734.

4.16.4 [3-(Phenylcarbamoyl)furan-2-yl]acetyl azide (59d): (0.9 g, 59%).

1

4
s
0]

o)

N3

0]
|
2

'H-NMR (400 MHz, CDCl3) d: 7.98 (bs, 1H, -NH), 7.57
(dd, J =8.5, 0.9 Hz, 2H, arom.), 7.38 (d, Js4=2.1 Hz, 1H, H-
5), 7.37 —-7.30 (m, 2H, arom.), 7.13 (t, J=7.4 Hz, 1H, arom.),
6.64 (d, J25=1.8 Hz, 1H, H-4), 4.14 (s, 2H, -CH>);

3C-NMR (100.6 MHz, CDCls) 6: 176.7, 161.3, 151.2,
142.4,137.7,129.1, 124.7, 120.5, 119.3, 108.9, 35.7,

IR (ATR, cm®) 3370, 2141, 1730, 1647, 1610, 1598, 1531, 1491, 1442, 1327, 1061, 723.
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4.16.5 {3-[(4-Methoxyphenyl)carbamoyl]furan-2-yl}acetyl azide (59¢): (1.5 g, 96%).

0 'H-NMR (400 MHz, CDCls) ¢: 7.81 (bs, 1H, -NH), 7.47 (d,
43 NHOO/ 3=8.9 Hz, 2H, arom.), 7.40 (d, Js4=1.4 Hz, 1H, H-5), 6.91 —
s | 6.85 (m, 2H, arom.), 6.63 (d, J1s=1.3 Hz, 1H, H-4), 4.14 (s,
07, 2H, -CHy), 3.80 (5, 3H, -OCHs);
0y 13C-NMR (100.6 MHz, CDCl) o 176.6, 161.2, 156.8,
3 151.1, 142.4, 130.7, 122.4, 119.2, 114.3, 108.8, 55.6, 35.7;

IR (ATR, cm) 3287, 2152, 1708, 1643, 1621, 1508, 1240, 1185, 1035, 823.

4.17 Genaral procedure for the cyclization reaction 61a-e

Acylazide 59a-e (0.1 g) was heated to reflux temperature in dry toluene (4 mL) for 3 h under
N2 atmosphere. Then, it was allowed to cool to rt and 1.5 eq of LIHMDS was added. It was
left to react at rt for 15 min. When TLC showed that the reaction was completed, the organic
layer was extracted with aq NH4ClI solution (25 mL) and EtOAc (3 x 50 mL). The combined
organic layers were dried over MgSO, and evaporated. Flash column chromatography was
carried out on 10 g silica gel using DCM/EtOAc (2:1) for purification and re-crystallized
from hexane and chloroform (1:5) to give colorless needle like crystals for 61a-c. For 61d,e,
flash column chromatography was done hexane/EtOAc (1:1) and to give colorless solid
compounds.

4.17.1 5-(Propan-2-yl)-7,8-dihydro-4H-furo[2,3-e][1,3]diazepine-4,6(5H)-dione (61a):
(45 mg, 52%), mp 156-158 °C.

10 IH-NMR (400 MHz, CDCls) &: 7.27 (d, J25=1.9 Hz, 1H, H-2), 7.21
0 >9\ (bs, 1H, -NH), 6.77 (d, J32=1.9 Hz, 1H, H-3), 4.50 (h, J=6.7 Hz, 1H,
3 _sa s "%l _CH), 4.26 (d, , 2H, -CHy), 1.47 (d, J=6.8 Hz, 6H, -CHa);
2/ | 6=0 | BC-NMR (100.6 MHz, CDCls) J: 1615, 157.6, 157.2, 141.8, 118.4,
O%a~—NH 111.3,50.4, 37.2, 20.7;
8 7

IR (ATR, cm™) 3223, 3090, 2979, 2930, 1690, 1646, 1610, 1431,
1396, 1361, 1075, 752,

Anal. Calcd. for C10H12N.O3: C, 57.68; H, 5.81; N, 13.45 Found: C, 57.63; H, 5.68; N,

13.47.

4.17.2 5-Ethyl-7,8-dihydro-4H-furo[2,3-e][1,3]diazepine-4,6(5H)-dione (61b): (73 mg, 83

%), mp 159-161 °C.

'H-NMR (400 MHz, CDCls) d: 7.29 (d, J25=1.9 Hz, 1H, H-2), 6.81

, Sao Ngs 1 (d, 352=1.9 Hz, 1H, H-3), 6.71 (bs, 1H, -NH), 4.32 (d, J=5.3 Hz, 2H,
4 -CHy), 3.91 (g, J = 7.0 Hz, 2H, -CH>), 1.30 (t, J=7.0 Hz, 3H, -CH);
2 | 6>:O
O~ N&_NH 13C-NMR (100.6 MHz, CDCls) J: 161.3, 157.6, 156.4, 141.9, 118.4,
T 7 111.7, 41.0, 37.7, 14.1;

IR (ATR, cm®) 3240, 3119, 3083, 1663, 1610, 1473, 1437, 1369, 1079, 746;

53



Anal. Calcd. forCyH10N203: C, 55.67; H, 5.19; N, 14.43 Found: C, 55.20; H, 5.07; N,
14.36.

4.17.3 5-Methyl-7,8-dihydro-4H-furo[2,3-e][1,3]diazepine-4,6(5H)-dione (61c): (44 mg,
51 %), mp 174-176 °C.

IH-NMR (400 MHz, CDCls) &: 7.41 (bs, 1H, -NH), 7.29 (d, J»5=1.9
Hz, 1H, H-2), 6.81 (d, Js2=1.9 Hz, 1H, H-3), 4.33 (d, J=5.2 Hz, 2H,
32 4 -CHy), 3.22 (s, 3H, -CHa);

74
2 6Y—0
Os‘ 8 N>H: 13C-NMR (100.6 MHz, CDCls) J: 161.9, 158.2, 156.8, 141.9, 117.9,
1 2 111.4, 37.6, 33.2;

IR (ATR, cm™) 3165, 3141, 3066, 2941, 1674, 1617, 1465, 1445, 1368, 1088, 738;
Anal. Calcd. forCgHsN203: C, 53.33; H, 4.48; N, 15.55 Found: C, 52.66; H, 4.25; N, 15.35.

4.17.4 5-Phenyl-7,8-dihydro-4H-furo[2,3-e][1,3]diazepine-4,6(5H)-dione (61d): (45 mg,
50%), m.p. 105-107 °C.

!H-NMR (400 MHz, CDCls) 6: 9.97 (bs, 1H, H-11), 9.32 (t,
J=5.7 Hz, 1H, H-10), 7.78 (d, J=7.9 Hz, 2H, arom.), 7.51 —

7.42 (m, 3H, arom.), 7.41 (d, Js+=1.7 Hz, 1H, H-5"), 7.35

(dd, J=15.3, 7.3 Hz, 4H, arom.), 7.30 (d, J»5=1.9 Hz, 1H, H-

>:0 2), 7.13 (t, J=7.4 Hz, 1H, arom.), 6.82 (d, Js5=1.7 Hz, 1H,

o H-4"), 6.68 (d, Js2=1.5 Hz, 1H, H-3), 5.35 (s, 2H, -CHy),

HN 10 4.53 (d, J=5.8 Hz, 2H, -CHy);

BC-NMR (100.6 MHz, CDCls) §: 161.4, 160.4, 157.6,
N 156.2, 154.3, 149.9, 143.1, 1424, 138.7, 138.1, 129.6,
129.0, 128.9, 128.8, 124.1, 121.1, 120.0, 118.2, 110.9,
110.7, 38.5, 37.3;

IR (ATR, Cm'l) 3296, 3130, 3016, 1705, 1661, 1512, 1442, 1347, 1124, 749;
Calcd HRMS for C26H21N405+Z485.14611 Found: 485.15023.

4.17.5 5-(4-Methoxyphenyl)-7,8-dihydro-4H-furo[2,3-e][1,3]diazepine-4,6(5H)-dione
(61e): (24 mg, 27%), m.p. 88-90 °C.

!H-NMR (400 MHz, CDCls) 6: 9.88 (bs, 1H, H-11), 9.37 (t, J=5.8 Hz, 1H, H-9), 7.70 — 7.68
(m, A-part of AA’BB’ system, 2H, arom.), 7.41 (d, Js +=2.0 Hz, 1H, H-5"), 7.31 (d, J.3=1.8
Hz, 1H, H-2), 7.25 — 7.20 (m, C-part of CC’DD’ system, 2H, arom.), 7.00 — 6.95 (m, B-part
of AA’BB’ system,, 2H, arom.), 6.93 — 6.88 (m, D-part of CC’DD’ system, 2H, arom.), 6.83
(d, J»5=1.9 Hz, 1H, H-4"), 6.68 (d, J;.=1.7 Hz, 1H, H-3), 5.35 (s, 2H, -CH,), 4.55 (d, J=5.9
Hz, 2H, -CH>), 3.84 (s, 3H, -OCHjs), 3.82 (s, 3H, -OCHj3);

BC-NMR (100.6 MHz, CDCls) ¢: 161.2, 160.7, 159.8, 157. 7, 156.7, 156.4, 154.4, 149.7,
143.2, 142.6, 132.0, 130.7, 130.7, 121.7, 121.2, 118.4, 114.4, 114.2, 111.0, 110.9, 55.6, 55.6,
38. 6, 37.4,
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\O IR (ATR, cm™) 3296, 3128, 3011, 2933, 2836, 1705, 1659,
1507, 1232, 1125, 734,

Calcd HRMS for CuHxsN4Og*: 545.16724 Found:

3 4 N 545.16881.
2] >:O
10 836 N>§O

HN 9
11 o 10

HN N=
o

4
5

4.18 2-(Carboxymethyl)thiophene-3-carboxylic acid (93)

Diester 53 (15.0 g, 70.0 mmol) and K,CO; was dissolved in 100 mL MeOH and 100 mL
water and heated at reflux temperature for 12 h. After reaction was completed, MeOH was
evaporated and the reaction mixture was acidified to pH = 2. Then, it was exracted with
EtOAc (3 x 250 mL). The combined organic layers were evaporated and washed with
chloroform to give yellowish solid powder (13.0 g, 92%), mp 208-210 °C.

O 'H-NMR (400 MHz, DMSO-dg) ¢: 12.60 (s, 2H, -OH), 7.41 (d, J54=5.3 Hz,

4/ 3 Mo | 1H. H-5), 7.33 (d, J45=5.3 Hz, 1H, H-4), 4.14 (s, 2H, -CH);
° S | 13C-NMR (100.6 MHz, DMSO-ds) J: 171.2, 164.3, 144.5, 130.3, 128.9,
> 2 123.9, 34.1;

O "OH | IR (ATR, cm) 2627, 1662, 1536, 1447, 1395, 1283, 1215, 917, 717, 535;
Anal. Calcd for C9HsOsS: C, 45.16; H, 3.25; S, 17.22 Found: C, 44.84; H, 3.23; S 16.86.

4.19 2-(2-Methoxy-2-oxoethyl)thiophene-3-carboxylic acid (94)

The diacid 93 (7.0 g, 37.6 mmol) was dissolved in 30 mL MeOH and 75 mL CH,Cl.. HCI
(10 drops) was added and the mixture was stirred at 40 °C for 13 h. The solvent was
evaporated and the residue was purified by column chromatography on 280 g silica gel
eluting with hexane/EtOAc (2:1, 1:1). The product was re-crystallized from hexane/ether
(1:3) to give colorless needles (5.9 g, 78%), mp 111-113 °C.

O |*H-NMR (400 MHz, CDCls) 6: 11.24 (s, 1H, -OH), 7.51 (d, J54=5.4 Hz, 1H,
s H-5), 7.20 — 7.17 (m, 1H, H-4), 4.26 (s, 2H, -CH,), 3.75 (s, 3H, -OCHs).
J 3 ~SOH
" | 13C-NMR (100.6 MHz, CDCls) o: 170.5, 168.7, 145.9, 129.6, 129.1, 123.6,
P2 52.5, 34.5.
O™ "0 | IR (ATR, cm) 2547, 1740, 16633, 1533, 1445, 1348, 1287, 1179, 943, 736,

538
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Anal. Calcd for CeHsOsS: C, 47.99; H, 4.03; S, 16.02 Found:C, 47.73;H, 4.02; S15.96.

4.20 General procedure for the synthesis of amide derivatives 96a,b

The acid 94 (1.5 g, 16.3 mmol) was dissolved in 20 mL CH,Cl, at 0 °C and NEt; (1.6 mL,
11.2 mmol) was added and the resulting mixture was stirred for 30 min followed by the
addition of ethylchloroformate (1.6 mL, 17.2 mmol) and stirred for additional 30 min. Then,
2.5 equivalents of the amine derivatives were added to reaction medium. The progress of the
reaction was controlled by TLC and approximately 1h later, the reaction was completed.
After that, the solvent was evaporated. The mixture was extracted with EtOAc (100 mL) and
1M HCI. The aqueous layer was re-extracted with EtOAc(2 x 50 mL). The combined
organic layers were dried over MgSO4 and evaporated.

4.20.1 Methyl [3-(propan-2-ylcarbamoyl)thiophen-2-yl]lacetate (96a): For purification,
flash column chromatography was done on 60 g silica gel eluting with hexane/EtOAc (3/1)
to give reddish brown oil (1.6 g, 88%).

0 5] H-NMR (400 MHz, CDCls) &: 7.20 — 7.15 (m, 2H, H-5 and H-4),
4 s 6.53 (bs, 1H, -NH), 4.21 (td, J = 13.2, 6.6 Hz, 1H, -CH), 4.10 (s, 2H,
Y NGH{? -CHy), 3.75 (s, 3H, -OCHs), 1.23 (d, J = 6.6 Hz, 6H, -CHa);
ST °l BC.NMR (100.6 MHz, CDCI) 6: 171.60, 163.41, 137.35, 135.26,
P 127.14, 124.13, 52.62, 41.74, 34.02, 22.87;
(0]

IR (ATR, cm) 3264, 2976, 1738, 1622, 1558, 1522, 1145, 1002,
711,

Calcd HRMS for C11H16NO3S*: 242,08509 Found: 242,08632.

4.20.2 Methyl [3-(ethylcarbamoyl)thiophen-2-yl]acetate (96b): For purification, flash
column chromatography was done on 60 g silica gel eluting with hexane/EtOAc (2/1) to give
brownish oil (1.4 g, 83%).

o 5] 'H-NMR (400 MHz, CDCls) 6: 7.15 (d, Js4=5.4 Hz, 1H, H-5), 7.11
i /| (@ Jis=5.4 Hz, 1H, H-4), 6.77 (bs, 1H, -NH), 4.10 (s, 2H, -CH),
Va NGH 7| 3.70 (s, 3H, -OCHg), 3.37 (qd, J = 7.3, 5.6 Hz, 2H, H-7), 1.17 (t, J =
S 7.3 Hz, 3H, -CHs);
2
1 13C-NMR (100.6 MHz, CDCls) §: 171.4, 164.0, 138.1, 134.3, 126.8,
0™ ~o~ 123.7, 52.3, 34.4, 33.8, 14.6;

IR (ATR, cm) 3328, 2974, 2951, 1734, 1628, 1549, 1514, 1435, 1283, 1174, 1000, 728,
708;

Calcd HRMS for C1H13NNaOsS*: 250,05138 Found: 250,05322.
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4.21 General procedure for the synthesis of hydrazide derivatives 98a,b

The esters 96a,b (1.0 g) were dissolved in 20 mL MeOH in which 2.5 equivalent
hydrazinemonohydrate was added and it was left to react at 40 °C over a night. Then, the
solvent was evaporated.

4.21.1 2-(2-Hydrazinyl-2-oxoethyl)-N-(propan-2-yl)thiophene-3-carboxamide (98a): The
crude product was washed with cold EtOAc to give white powder (0.7 g, 95%), mp 151-153
°C.

0 8| 'H-NMR (400 MHz, CDCl3) J: 9.04 (s, 1H, -NNH), 7.14 — 7.10 (m,
4 s Myl | 2H H-5and H-4), 6.63 (d, J=6.0 Hz, 1H, -NH), 4.26 —4.16 (m, 1H,
7 e -CH), 3.92 (s, 2H, -CH,), 3.71 (bs, 2H, -NHy), 1.25 (d, J = 6.6 Hz,
s, 8|  6H, -CHa);

1
13C-NMR (100.6 MHz, CDCl3) §: 170.7, 164.0, 140.7, 133.6, 126.5,

0
NHNHz | 1942 421 35.1, 22.9:

9 10

IR (ATR, cm™) 3274, 2971, 1629, 1553, 1519, 1291, 1146, 992,
693, 556;

Calcd HRMS for C1oH16N302S*: 242,09632 Found: 242,09772.

4.21.2 N-ethyl-2-(2-hydrazinyl-2-oxoethyl)thiophene-3-carboxamide (98b): The crude
material was extracted with DCM (3 x 100 mL) to give balck crystals (0.3 g, 30%), mp 100-
102 °C.

o) 8| 'H-NMR (400 MHz, CDCls) §: 8.97 (s, 1H, -NNH), 7.16 (d, Js54=5.4
4 Hz, 1H, H-5), 7.11 (d, J45=5.4 Hz, 1H, H-4), 6.46 (bs, 1H, -NH),
>~ >NH
/ 7 | 3.95 (s, 2H, -CHy), 3.50 — 3.41 (m, 2H, H-7), 3.30 (bs, 2H, -NH>)
5¢ | 6
s 1.25 (t, J=7.3 Hz, 3H, -CHs);
1
07 “NHNH 13C-NMR (100.6 MHz, CDCls) 6: 170.7, 164.9, 140.6, 133.5, 126.6,
s 102 | 1242349 14.9;

IR (ATR, cm™) 3231, 3058, 2977, 1668, 1614, 1547, 1518, 1438,
1354, 1297, 992, 690;

Calcd HRMS for CgH13NsNaO.S*: 250,06262 Found: 250,06417.

4.22 General procedure for the synthesis of acyl azide derivatives 60a,b

To a stirred a solution of hydrazide 98a,b (0.5 g) in 1M HCI (20 mL) at 0 °C, a solution of
1.05 eq of NaNOs in 2 mL of water was added and stirred for 30 min. The mixture was
extracted with Et,O (2 x 60 mL). The combined organic layers washed with sat. ag Na;COs
solution (40 mL), dried over MgSQO, and concentrated. Column chromatography was done
on silica gel (10 g) eluting with Et,O to give corresponding acyl azides.
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4.22.1 [3-(Propan-2-ylcarbamoyl)thiophen-2-yl]acetyl azide. (60a): (0.4 mg, 67 %).

0 IH-NMR (400 MHz, CDCls) 6: 7.21 (dt, J54=5.3, 1.5 Hz, 1H, H-5),

4, NH{ 7.14 (d, J45=5.3 Hz, 1H, H-4), 6.03 (bs, 1H, -NH), 4.22 (tt, J = 12.3,

s/ ] 5.5 Hz, 1H, -CH), 4.17 (5, 2H, -CH,), 1.24 (d, J = 6.6 Hz, 6H, -CHs);

P2 13C-NMR (100.6 MHz, CDCl) &: 177.5, 163.1, 137.9, 134.4, 126.3,
0, 124.4, 41.6, 36.3, 22.8;

IR (ATR, cm?) 3294, 2975, 2145, 1700, 1626, 1549, 1519, 1154,
693.

4.22.2 [3-(Ethylcarbamoyl)thiophen-2-yl]acetyl azide (60b): (0.5 mg, 90 %).

0] !H-NMR (400 MHz, CDCls) é: 7.22 (d, Js54=5.4 Hz, 1H, H-5), 7.15
s 3 M y_/| (@ 35754 Hz, 1H, H-4), 6.18 (bs, 1H, -NH), 4.18 (s, 2H, -CHy),
s/ ] 3.44 (qd, J = 7.3, 5.6 Hz, 2H, -NCH,), 1.23 (t, J = 7.3 Hz, 3H, -
13 5 CH3);
(0] N,

B3C-NMR (100.6 MHz, CDCls) §: 181.9, 168.1, 142.4, 138.4, 130.4, 128.8, 40.6, 38.9, 19.2;
IR (ATR, cm®) 3316, 2974, 2934, 2136, 1711, 1625, 1550, 1514, 1289, 1146, 1062, 707.

4.23 Genaral procedure for the cyclization reaction 62a,b

A solution of acylazide 60a or 60b (0.1 g) in dry toluene (5 mL) was heated to reflux
temperature for 3h under N, atmosphere. Then, it was allowed to cool to rt and 1.5 eq of
LiHMDS was added. It was left to react at rt for 30 min. After completion of the reaction, the
organic layer was extracted with ag NH4ClI solution (25 mL) and EtOAc (3 x 50 mL). The
organic layers were dried over MgSO, and evaporated.

4.23.1 5-(Propan-2-yl)-7,8-dihydro-4H-thieno[2,3-e][1,3]diazepine-4,6(5H)-dione (62a):
For purification, flash column chromatography on 10 g silica gel eluting with hexane/EtOAc
(3/1) to give white snowflake crystals (10 mg, 11%), mp 175-177 °C.

10 IH NMR (400 MHz, CDCls) 67.46 (d, J25=5.2 Hz, 1H, H-2), 7.11
o >9\ (d, J3,=5.2 Hz, 1H, H-3), 6.38 (br s, 1H, -NH), 4.60 (septet, J=6.8
433 ~Nj Hz, 1H, -CH), 4.33 (d, J=6.4 Hz, 2H, -CH>), 1.50 (d, J=6.8 Hz, 6H, -
2{_I[ " 9=0| chy,
1S 8a S NH

3C NMR (100.6 MHz, CDCls) §161.4, 157.0, 144.6, 135.3, 130.3,
123.2,50.1, 37.9, 20.6.

IR (ATR, cm1)3344, 3080, 2972, 2925, 1691, 1630, 1439, 1362, 1105, 1022, 755, 722;
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4.23.2 5-Ethyl-7,8-dihydro-4H-thieno[2,3-e][1,3]diazepine-4,6(5H)-dione (62b):  The
crude product was re-crystallized in CHCIl; under petrolium ether atmosphere to give
brownish snowflake crystals (10 mg, 11%), mp 178-180 °C.

o0 o IH-NMR (400 MHz, CDCls) &: 7.46 (d, J,5=5.2 Hz, 1H, H-2), 7.11
3 g\ 10| (d 52552 Hz, 1H, H-3), 6.96 (bs, 1H, -NH), 4.35 (d, J=6.0 Hz, 2H,
4 - = - = - .
Va o H-8), 3.95 (q, J=7.0 Hz, 2H, H-9), 1.32 (t, J=7.0 Hz, 3H, -CH);
S8a NH 13C-NMR (100.6 MHz, CDCls) 6: 161.5, 157.7, 144.3, 135.0, 130.4,
1 8 123.2, 41.0, 37.9, 14.1:

IR (ATR, cm™) 3216, 3079, 1674, 1637, 1545, 1375, 1320, 1261, 1097, 1050, 771;

Anal. Calcd for CsH1oN20.S: C, 51.41; H, 4.79; N, 13.32; S, 15.25 Found:C, 51.22; H,
4.65; N,13.18; S,14.94.
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APPENDIX A

SPECTRAL DATA
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Figure A 1 'H NMR spectrum of compound 69
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Figure A 3 IR spectrum of compound 69

64




/ | OH
S (0]
O™ “oH

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0 4.5
f1 (ppm)

Figure A 4 'H NMR spectrum of compound 70

O
J | OH
S 0]
O™ “oH

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 5 *C NMR spectrum of compound 70

65




96 -

94! o
. ~
o
o
[fe
(=]
<
~
8
8
g
& . 8
I
w0
N
= g
(]
(2l
1 ~
80 - 2
. o 2 N
78: OH b % § g
I b & & N
. n © —
76 - g8
I} ~ o N
— — ©
- <
74 -
2] _ _ _ _ _ _ _ _ _ _ _ _
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)
Figure A 6 IR spectrum of compound 70
(0]
/| OH
S 0]
O™ “0oCH,
g W | L .
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

Figure A 7 'H NMR spectrum of compound 54

66




210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
f1 (ppm)
H 13,
Figure A 8 1*C NMR spectrum of compound 54
85 -
3
u
o]
o
u
n
5]
— 0
- ©
(o2} ©
[ee]
N
o <1
3 2 &
3 & ) N G
ﬁ < ™ —
[ - © ™
B3 © P ~
I = ©
I N} D <
*1 O” “oCH; |3 & 2 el
. t 3 Sc N g uz 2 © 8
01 ® o & N =
I = F — ~
I X o
351 =
4 o =3
I 0 =3
30 - © o 'm 3
: = m/4 & o @
i I - O bl
4 (] Qg ~ ©
251 & 8« ~
I ~ © <
] - « ©
20 ; 9 ©o lo
i N
1 o -
151 ® @
I} -
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 9 IR spectrum of compound 54

67



0]
.Me
74 | N
s~N
CO,CH,
N ,k
1(;.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 I;.O 2‘.5 2‘.0 1‘.5 1‘.0 d.S 0‘.0
f1 (ppm)
Figure A 10 *H NMR spectrum of compound73a
0]
.Me
/ | N
s~N
CO,CHj,
2‘10 2‘00 1;0 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 ‘ 9‘0 éU 7‘0 (;0 E';U “10 3‘0 2‘0 1‘0 ‘0 ‘10

100
f1 (ppm)

Figure A 11 C NMR spectrum of compound73a

68




G8'629
67,99 8T'€69

629€EL
\GT'692 !
19528 47188
55876
f 62'8€0T JT'9G0T
SYTTZT
— 929521 96'€821 90'S0ET
ySYSET
.
LY CEYT TrISHT
STIST
0T'€89T
T7OTLT
£TV962
7¥%'0L0E /T°'G808
2 T
=

\ O

Z-2Z N

_ O

1T'995€ o) N

9£'8Y9¢
£E'6E8E NG

1%

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 12 IR spectrum of compound 73a

CO,CH,

A

9.5 9.0 8.5 8.0 7.5 7.0 65 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.0

Figure A 13 *H NMR spectrum of compound73b

69



T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

100
f1 (ppm)

Figure A 14 *C NMR spectrum of compound 73b

%T

98!

96 -

o
~
[32]
&
N f\’l/
@
o
~
0 —
S
78+ a2
1 @ g t‘_'n
| 15} 9
76 - ©
I 1
74
72:
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 15 IR spectrum of compound 73b

70



100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

Figure A 16 *H NMR spectrum of compound73c

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 17 *C NMR spectrum of compound73c

71




eeszL .
6T VL .
LL
. 0oz 22608
Mﬂwmmm 62796

18TT0T -
52°980T
=———Q¢TITT ___05Ghil
1698TT
_— 8
— OV E0ET 2eveeT
- GE9GET
55071

L9THYT
viert—0 0051 g0y gt~ _£82GYT

f 86'8L9T

66'SYLT OT0T.T

©
=

CO,CHj

68'856¢

00€80E  gzzote

1T'99G€
Sv'8v9E
18veLe

1v'6€8¢

3000 2500 2000 1500 1000

3500

4000

Wavenumbers (cm-1)

Figure A 18 IR spectrum of compound 73c

OMe

CO,CH,

uil

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

5.5

9.5

10.0

f1 (ppm)

Figure A 19 *H NMR spectrum of compound73d

72



OMe

72 | N
s~z N
CO,CH,4
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10
f1 (ppm)
Figure A 20 *C NMR spectrum of compound 73d
95 -
w! 'L
©
©
<
(2]
o wn
© —
~ o
8 o ¥
< n
I <+ o ~
g 's & g N E
75+ @ 2l R 5 I &
= : = Is q 2 I
S B8 | o @
I OMe 5 37
70 - (0] £ 2 ¥
I = i
5 N
oy N © 5
65 - | I N I S
| _N 2
.S s
60 3 3lg
| C02CH3 ;< & ® o
4 %%y HS
I n o ™ ©
51 T 88 g
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 21 IR spectrum of compound 73d

73




Cl
? T
7 | N
s—~zN
CO,CH,
Y, 1
16.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 é.o 5‘.5 5‘.0 4‘.5 4‘.0 ?;.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 0‘.5 (;.0
f1 (ppm)
Figure A 22 *H NMR spectrum of compound73e
Cl
: T
72 | N
s—~zN
CO,CH,4
2‘10 2‘00 1;0 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 ‘ 9‘0 éU 7‘0 (;0 E';U “10 3‘0 2‘0 1‘0 ‘10

100
f1 (ppm)

Figure A 23 *C NMR spectrum of compound73e

74




G809 8/°'G29
S€LL9

v9'8TL
18892
T——=TFF V8 yovg
wm@omm 989Y6 96796
EYTION
—_— S9980T 120111 gugerr

68¢riT
VETECT o~
€6V8TT

0CS0vT

.I.Wam.mmmﬁ 2568ST

/m.wmv._”

16'S62T

ZSTEET

9'8GET
T2svT

N

96'6v8¢
126T6¢C

59'980€ sgzore O

£E'6€8¢

1%

YSSv.LT /How#a

TE8Y9E O

£'989T
LTLT

CO,CH,

199€0T

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 24 IR spectrum of compound 73e

CO,CH,

0.0

50 45 40 35 30 25 20 15 10 05
f1 (ppm)

5.5

9.5

10.0

Figure A 25 'H NMR spectrum of compound73f

75



CO,CH;

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

210

Figure A 26 *C NMR spectrum of compound73f

28'ves 2°0v8

6aTT0l 0.Tv0T .
G £5980T ¢CTITT
ouvrtT
€€'G8TT
Gc'sectl
c9'nIZT 6€962T
_—
S S ———— S6L5€T
£0SEYT TESOVT

682091 i 6,°98vT
v OoTST

;/M/wﬁdqmﬁ
///m €289T

TOTLT
gsrLT
89°€96C
w 0/°€80€ I8v0TE
[s2]
I
O .
z-Z N 6TSVSE  Toose
2\ O 0L°€T9E
© © 8lveLE Irevoe
— IS161€
9v'6£8€
N2

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 27 IR spectrum of compound 73f

76



100 95 9.0 85 80 7.5 70 65 6.0 5.5 50 45 40 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

Figure A 28 'H NMR spectrum of compound73g

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 29 *C NMR spectrum of compound73g

77




8rov8
¢6'0€6 T0'LV6 69796
29TT0T  gpeqr
¢69801T Y
BSOTTT (oer o .
ISTEeT ose
L1122 gogser
YITEET
—
CESOVT  gogept SL'8SET
052SYT
968ST _ T.'68ST 189841
ST'L89T
Y6 LT LeLst
62€96Z w

¥6'980¢€ Y9'E0TE

81T'99G€ (@] \

06'€T9E

6€'879¢
8L velE 6£0S/.€
0'6€8€E NS n
0 ° 0 o e TS P o e o
3 = © o ~ ~ © © ) I}

1%

1500

2000

2500

3000

3500

1000

4000

Wavenumbers (cm-1)

Figure A 30 IR spectrum of compound 73g

COOH

110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

11.5

125 120

13.0

Figure A 31 'H NMR spectrum of compound74a

78



90 80 70 60 50 40 30 20 10 0 -10

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

100
f1 (ppm)

Figure A 32 *C NMR spectrum of compound74a

%T

i
N~
ol
= I
S ©
M
po
n
B 4112
- | —
2 b g
L [} ©
[N
b = By
'
B 0
2 || S 8
- S © g © ©
) @ ) 0
N D
50 COOH N e S a0 @
q w @ ™ — o
I ~ 0 -
451 o o
1 3} ~ <t <
I vc =] )
I o & 1 3 S
40 S S ¥ 3
I S & « 2
I ~ o
35- = —
1 N onoWw <t O
{ w6 — - o o @
I ~ ~ <t o
30 - © o N
i =1 ~ > ~ O~
i < =]
I s S
| n
25+ <
' -
20
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 33 IR spectrum of compound 74a

79




74 | ’}‘
s—~zN
COOH
1 AJ\\JLI .
1‘5 1‘4 1‘3 1‘2 1‘1 1‘0 ‘9 8 7 3 ‘2 1 0
f1 (ppm)

Figure A 34 *H NMR spectrum of compound74b

M

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

100
f1 (ppm)

T T T T T T
40 30 20 10 0 -10

Figure A 35 *C NMR spectrum of compound 74b

80




14°K4:£]

1000

1500

2000

2500

3000

3500

e Ve oE9 16999 12589
ks 88'16L ¥T'00L
89 TC8 08Z¢E8 85082
. 0T'016
199€0T
£8'680T -
eriel eotsr ST
—_— £6'662T
9T'E6ET SSTOYT ¥Z'80€T
— ze0eyT
S 805T vrosvT
_— wmmmﬂ
Mf/\, YoeTLT Zv29T
W = e0vese
z-z w
¥1'6562
o N—0
99'5/08
ZT60TE
N2
No @ o g0 o®odco o6+ a0 oo o o
o o =] @ =e] [ee] [=e) ~ ~ ~ ~ ~ © © © © © n n n n n

1%

.JL_JM

Wavenumbers (cm-1)
f1 (ppm)

Figure A 36 IR spectrum of compound 74b
Me

Figure A 37 *H NMR spectrum of compound 74c

COOH

4000




Me

Wavenumbers (cm-1)

. . . . . . . . . . . . . . . . . . . . .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0  -10
f1 (ppm)
H 13
Figure A 38 *C NMR spectrum of compound 74c
95+
90 -
85 -
I 8
BO‘. d <@ <
g V] Ny
< » ® 9
J « ©
I ] = — © N
75 e 3 = < ~
< o o S
1 (3] ‘ N (32 o
n (o)) S o <
[32] © <t ,9 - @
e 2 3 /|4
B 70: g ] 7« - 8
n o o (2]
E <+ o @ X g
! o TSN @9 E
- © M
851 5 ey e Y5 9L 28 Lol
o ©Q @ o = 0 = = o ~os
N lo ® © © ~ © !
g ~ O ® © = <
o~ Q@ v oW —
60- & o @ O ™ N —
' D o~
Mm ™
/ | )
55: S _N
50 -
4000 3500 3000 2500 2000 1500 1000

Figure A 39 IR spectrum of compound 74c

82



OMe
2T
72 | N
s~ N
COOH
J . N
15 14 e 2 ¥ 10 : 5 7 6 5 4 5 2 1 0
f1 (ppm)
Figure A 40 *H NMR spectrum of compound 74d
OMe
e
/ | N
s~ N

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 41 C NMR spectrum of compound 74d

83




P 6T 18

12°€29 S0'6£9

90+

26'959
0S80/
IVUEL G615~ TS89
9T'TES 8E 67! 0T'6..
[97/8 .
TTE06 . 44906
96'800T 60TE0T
) £8'060T
TZTTT
QE'SSTT
08121
261521
—_— $Z00ET
00'TZET
9FEOPR— TE0EYT
 —

85
o,
7
7

MWHWNN.me”
7'80GT
8609T

TLT 9Yv29IT

o /H.w
=
O

zZ-Z
o \
0z vese NP2

16'196¢

COOH

L¥.0€ ETTTTE

6
6
55

50 -

1000

1500

2000

2500

3000

3500

4000

Wavenumbers (cm-1)

Figure A 42 IR spectrum of compound 74d

Cl

§

COOH

Figure A 43 *H NMR spectrum of compound 74e
84



L.

WL

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 10
f1 (ppm)
H 1
Figure A 44 *C NMR spectrum of compound 74e
98
971 m ﬂ o
I [
96 1 H
-
& N
9 o
3 ©
—
< <
SR 5
™ ] ] ~
i 3 1S © 2 2
91 ¥ 'g ~ <
i ~ 3 D ©
= 901 8 8 3
8 I 2 8 ~ - o
! @ = 3 P —
891 & S| 3 o b
I 3 A R ) ® &
881 Cl N 5 2
I O g
87 o -
I} © (o2}
- © © ~
861 J N 2 3 5
I | | - Q4 e ©
85 - N 3 :
I S = »< n
1 mn - -
84 - w ho lo -«
I 8 e 54
831 COOH — ﬂ g 8
I 0 < Q
. - -
82 -
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 45 IR spectrum of compound 74e

85



74 | |
s—~zN

COOH

_JL.J I
1‘5 1‘4 1‘3 1‘2 1‘1 1‘0 8 7 6 ‘5 4 ‘0
f1 (ppm)
Figure A 46 'H NMR spectrum of compound 74f
F

e
74 | N
s—~zN

COOH
2‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 9‘0 éO 7‘0 éO éo 4‘0 310 2‘0 1‘0 -‘10

100
f1 (ppm)

Figure A 47 3C NMR spectrum of compound 74f

86




J 189
eTve9 ¥9°'8€9

85'50L
CTCL
: 6L0€L
E=—=———0956. I6VV8  coesg
81206
L4 A—
221601 .
9'GCTT 00°2STT
£08TZT  vEOpeT .
€ 9BVIZT e
80E0VT  gpgzyT
— OTISVT  egorar
< 8T'09T €61291
S09TLT
SE0962
. L
VEVLOE  ororre
T
z-z O
N O
O O
N (7))
........ o e e e w e Tw e Ta s
o o =] e ~ ~ © © n n

09959

€EY89

1%

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 48 IR spectrum of compound 74f

il

COOH

Figure A 49 'H NMR spectrum of compound 74g

87



COOH

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20
f1 (ppm)

210

Figure A 50 *C NMR spectrum of compound 74g

19219 7’929 GZT'6E9 00859 60789

L 2G.

_ a3 S2T0L
ot
P — 1E8 TEETB /d//bumﬂ
TP ZS6 €T —— VSLT6
CLOPOT  zrosor  eessor
SIPETT
Iavan YT EVCT Mﬁm#aa
79EET -
nﬂﬂ\}\\\}\\\m«\Jv||v 8T YOVT TeoTt
88,21
£9'80€T
lnu,mmmwmuwﬂwmuﬁw@mnmwﬁ
6582 7T
% 015T
‘vEST
2191
66€9T
TG2LT
92°0£62
296.0€ L
L
Z-Z
e} \
N
«© o .6 .A.ﬁ ’ o .O. ’ ’ nm ’ ©o
0 © 0 © © ~ ~

1%

74t

COOH

1000

1500

2000

2500

3000

3500

4000

Wavenumbers (cm-1)

Figure A 51 IR spectrum of compound 74g

88



y .

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

Figure A 52 'H NMR spectrum of compound 55a

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 53 *C NMR spectrum of compound 55a

89




T———  8ev28  ggucs

€99vL

S0'798

28'G68

6T0.L6

09266 88°0TO0T

9€'8 62'8T0T

— DT OBTIS 6622TT

BSB6CT /Mo.wm:
eTLTT
—— S8 LvYT sezzt

9'88YT

JAASTAN
9'6VET 256991

\y9z20T

Vv el 2r'LL0T

S6vSTC

80€L0¢E

86'660¢€ 162TT€E
[5e]
I
C/
[sgd
z-z Z
2\ O
O O
NP
B S O S -
o © © ~ ~ © © wn n < < el

1%

1000

1500

2000

2500

3000

3500

4000

Wavenumbers (cm-1)

Figure A 54 IR spectrum of compound 55a

i U

CON,

(.

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0

10.0

f1 (ppm)

Figure A 55 'H NMR spectrum of compound 55b

90



-10

60 50 40 30 20 10

70

200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)
Figure A 56 *C NMR spectrum of compound 55b

210

JoblS

ov'se9 1
6809 09'899 ]
. €€.L0L
TI TV
GST g
— : 16/ 0£6LL 66058
CVoYT i
S95TO cv6ve 18216
= yve0l €1'080T
65/0TT 6T0ZTT
M{/wdm@:
Y6/.TCT
—_— 00'652T SZ'60ET 08 JpET
M@E:
v L 64T 6T'€2ST 2L0vST
= £6°€65T
€0'899T
18'SE8T 0v69T
62'GSTC
9622
™
z-z Z
R\ o
o &)
927962 L
12'280¢€ 9/°'860¢
2€'99G¢
£9'879¢€
LE0S/E V6 veLE
2/'6€8E
@ © FEE o e e < a o © ©
o o o o o © © @ e} © ~ ~

1%

1500 1000

2000

91

Wavenumbers (cm-1)

‘3000 ‘2500
Figure A 57 IR spectrum of compound 55b

3500

4000




Me
¢ LT
724 | N
s—~zN
CONj,4
J 1 L [ / L___

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

50 45
f1 (ppm)

Figure A 58 *H NMR spectrum of compound 55¢

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 59 *C NMR spectrum of compound 55¢

92




=" :
1129 62079

259
65589
—_— jAAANA .
86677 R
888  1e61s
cS8¥6  4g0s6 or'g9s
68'820T
1Z90TT
682LTT
SBOTZL o
_ 8v'OvET
T920VT
YSYPYT
¥6'605T
J%ﬁ .
85'699T
80691
8//9€8T
)
=
LV65TT
Zz-Z
o \
N
186782 X
ST6T6C
0967
96'6.0€
N\ 22608
6179
£7658¢
e T I Y
o © © © =] o) ~ ~ ~ ~ ~ © © © © © n

1%

56

CON,

2500

1000

1500

2000

3000

3500

4000

Wavenumbers (cm-1)

Figure A 60 IR spectrum of compound 55c¢

OMe

.

Ll

._AJL

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.0

Figure A 61 'H NMR spectrum of compound 55d
93



OMe

CON;

l

Figure A 62 *C NMR spectrum of compound 55d

|

s I

e

-20]

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

98 -

80'02L
85€.6
L1201 0€'€L0T -
vZ99TT ]
Lzoezt 190521
8067vET 60662T
e — A Tragyr—ST 7T
6€'L0ST
R —
056097 LEEVST

1v'se8e

v2'€80¢€

2'899T

SSTISTC

o
_ Z
060262 Z-Z o
o N—0
N2
0zSYSE .

ST'995€ 08'985E
. ES€TOE
SOVELE SCOSLE™ gegroe

956€8¢ er'e08e
o e x

© © @ ©

96 -
94
92-
90 -

1%

80 -

1500

2000

2500

3000

3500

1000

4000

Wavenumbers (cm-1)

Figure A 63 IR spectrum of compound 55d
94



10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

5.0
f1 (ppm)

Figure A 64 *H NMR spectrum of compound 55¢

Cl
g T
74 | N
s—~zN
CON,4
A l e T T

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 65 *C NMR spectrum of compound 55e

95




= [4=R:7AS]

95 -

£STz9 08759
T 09:Gis 666TL 96VEL
S — Sonon vZLLL
=——___ 95868 £9/ea ovves
B— 9£'€/8
=__ : ’
IETY6 19646
— 8€'8T0T
OELLOT ££'880T 00'60TT
99 0/TT
80°€ZTT
CeC'CQ2T -
eeooeT s SEESTT
¥S98TT
0L 8VTV1 67881 T 5522
: £092T
v TEST g68ST
29.0vT
M 9TL9T
02691
£7'85TC
(@]
retote Z6LTTE
[sel
z-z Z
R (@)
(@) (&)
NP
P 0 ° w o e o
o 0 @ ~ ~ © ©o [Te} n < <

1%

2000 1500

2500

Wavenumbers (cm-1)

Figure A 66 IR spectrum of compound 55e

0.0

0.5

1.0

4.0 3.5 3.0 2.5 2.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

Figure A 67 'H NMR spectrum of compound 55f

96



-10

100 9 8 70 60 50 40 30 20 10
f1 (ppm)

110

12

200 190 180 170 160 150 140 130

210

Figure A 68 *C NMR spectrum of compound 55f

UV 8Zla

S¥'029 86'0€9 .
06'299 28689 .
mN 6¢L
16218 c558L vm Y72
JZS.8 yE'S06 6,0€8
£0'6€8
— SEEI0T OTY.6
1L610T
15 PAZAN
" I8VCTT
68'162T gteseT S
8'TSTT
09TT
— 0T'Z09T

9
o.m T 0L8TVT

¢Ev88T

ocvsee

v160TE FAR-TAR

1%

€1°GST¢

2'90GT

9EEST

9TL9T
2891

2500 2000 1500 1000

3000

Wavenumbers (cm-1)

Figure A 69 IR spectrum of compound 55f

97



105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

Figure A 70 'H NMR spectrum of compound 55g

e | (| _ .

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 P 1(00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm

Figure A 71 *C NMR spectrum of compound 55¢

98




ﬂ 08TT9 ¥£'G29

W v9'8EL Y961

8556L
=618 6268
18798
—— 10696
970801 '
—— 182601 Lozt
gTESTT
Y213t

- = 6ELTT
_— wwn ~ZFSre 196521
TOLTT

W 9EETIT

€0SET
£268YT

5

TTE9TC

L

broTST //M

L Zz-z

9089T
T1869T

CON;

1000

1500

2500

2000

3000

3500

e \
191582
0£'€262 ! N
590962
numuuvr»\J\\Jn\\J TT'€80E ST 0TE
sT 888
e e e e e e e e e e e e

o [ee] @ ~ ~ © © n n < <

1%

4000

Wavenumbers (cm-1)

Figure A 72 IR spectrum of compound 55g

M

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

5.0
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

Figure A 73 'H NMR spectrum of compound 55a

99



/CH3

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

Figure A 74 *C NMR spectrum of compound 56a

100 :
95 :

20809
95299
05'1¢2L V6EL

—_—
TG4 JASK-YNA

LE9T6 06768

V2656 .
SL'SE0T :
0090T  gyogor

£SETT )
6T66TT .
SELVTT gzt

: “TOET
BOBLET gy pgpy O0T0E
Zr29vT

e ——— .
89641 GE'ECST
JI20SST

B — V /oo.oqﬁ

9'869T

22’1582

Sv'ee6e 167562

00'T60€
0o'8ETE

§9'9€Ce

901
851
801
751
701
65 <
so%
551
501
451
401
351
301

1%

251

2000

2500

3000

3500

1000

1500

4000

Wavenumbers (cm-1)

Figure A 75 IR spectrum of compound 56a

100



J“JUJ Ll I

T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00
f1 (ppm)

Figure A 76 'H NMR spectrum of compound 56b

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Figure A 77 *C NMR spectrum of compound 56b

101




= 66709 :
T eees9 700

- 8L769
8y 0Cl
12TLL
6658
19'256
L29v0T 26101 -
9.C8TT 9T'VETT
ov'TYeT
18'C0ET
GG28EeT 26'SOVT
ST'88YT
EVESTT~—__TL02ST
-
YEeVvZLT
A/
z-z WIO
o Nz
I
NP
L0'€262 YT0962
SZ'L0TE
607y CE
LLVELE
95'6€8€E
O O
o © © ~ ~ © © n n

Y9v6ST
8r'9v9T

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 78 IR spectrum of compound 56b

Me

4.5 4 3.5 3.0 2.5 2.0

5.0

5.5

6.0

6.5

7.0

7.5

9.5 9.0 8.5 8.0

10.0

f1 (ppm)

Figure A 79 *H NMR spectrum of compound 56¢

102



Me

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

Figure A 80 *C NMR spectrum of compound 56¢

0L'T09

990Y9  0rvs9
99'9G/ yoceL

.'656

69020T  ,,ppo1
Jqﬂ\[’ 68'860T !
= L0'SETT
99¢81TT
evoreT
£8'90€T
96'6LET 9T'E0VT
0E 18T
0Le8ST 18°60ST

ﬂ L2°02ST

= /yﬁ%m.mwﬁ
92T

Me

90'656¢
65800€

00/80E  y4)01e

1/6'TE0E

8c9vee

£6'829¢
TEE0LE  hggese
7¥'508€ o?mamﬁm
yTES8E
e &8 8 8 8 & & 8 3
S

1%

55

1500

2000

2500

3000

3500

1000

4000

Wavenumbers (cm-1)

Figure A 81 IR spectrum of compound 56¢

103



100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

Figure A 82 *H NMR spectrum of compound 56d

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Figure A 83 *C NMR spectrum of compound 56d

104




28'GE8

1000

1500

3000 2500 2000

3500

LT6TOT
99'e50T
9'580T
\860T
<eITEt 28LTT
. L'SECT
9T0ET
——a Ye ookt 8'801T
- 6'9G VT
WW M ZPeYT
o) 6vE.T YOZTST
81591
A/
z-z WIO
o) Nz
T
N2
2'0582
972262
L0680 gogoTE
Iv1zEe
B6ST0%  eqgzge
9z€0.€
yzesss
S S Y
m o o © © ~ ~ © © n

0.0

0.5

l

2.5

3.0

3.5

LA
50 45 40

Wavenumbers (cm-1)
f1 (ppm)
105

55

6.5 6.0

7.0

Figure A 84 IR spectrum of compound 56d
Cl

7.5

Figure A 85 'H NMR spectrum of compound 56e

8.0

4000
9.5 9.0 8.5

10.0




Cl

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

Figure A 86 *C NMR spectrum of compound 56e

)\HWHWWMMNHW%Qm#m 99'899

2£60L _
ST ——gyas Y9LSL  zgegs
2cl€8
nmmummmmwwumwﬁwm Z€010T oress
¥6'9£0T
z9CIT 709567 9/'980T
1v'88TT
20vveT
L7921

8098YT T9'G0ST

S¥'eg89T

e) \
NP
£7°0582
yreeee 1T'S562
90'G80€ PGE0TE
ST'802€
88'vELE
° 0 o o o T TS 0 ° w0 S
o © =5} ~ ~ © © n n < <

1%

2000

2500

3000

3500

1000

1500

4000

Wavenumbers (cm-1)

Figure A 87 IR spectrum of compound 56e

106



AV

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Figure A 88 'H NMR spectrum of compound 56f
F
el
74 | N
s—~zN
HN \(0
O\
HH MU , . o
2‘10 2‘00 1‘90 1‘80 1;0 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘0 8‘0 7‘0 (;0 510 ;0 I;O 2‘0 1‘0 6 -‘10 ‘20

f1 (ppm)

Figure A 89 *C NMR spectrum of compound 56f

107




—_—

1Tvel

%ﬁwmﬁ .
[AR%:] v9908

82'850T 082207 £€/60T
BT¢0TT //mm.wo:
e €O0ETT

—————R9Pget
8LL0VT

/ /m (pSTT
0212 62521
/MN.SNH

g

08821
I //“ 85T
/ 56T
" 0'ERST
£855T 90991
€801
A/
zZ-Z W!O
o Nz
T
N
ze 1808

1,08¢¢E

2€996¢

€9'879¢
£¥'0G/E 68veELE

€,°6£8¢
€9'€06¢E

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 90 IR spectrum of compound 56f

0.0

0.5

4.0 3.5 3.0 25 2.0 1.5 1.0

4.5

5.0
f1 (ppm)

5.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

Figure A 91 'H NMR spectrum of compound 56g

108



097785 :
coL09 196€9

G509

5891/ 69°L2L

J“/Jr
—————— V61 £T6T8

€.658 £7'698

ﬁ 81856 85'0.6

U 69'950T

69€60T

N

20

30

— V8EoTT 122ttt
J9EVTT
86 VEET
9 IGTT

40

50

LV TIVT V8'GEY

60

70

120 110 100 90 80
f1 (ppm)

130

160 150 140

Figure A 92 *C NMR spectrum of compound 56g

200 190 180 170

210

86 16728€ET
2L6SPT
=
| TY64T
€'805T
L £'€95T
L'YT9T
L1591
0'22LT
A/
L
Z-Z O
o) Nz
I
/S
9562 .
9T'066¢
28'690€ .
8€2TTE
£V L6TE
................... S T S
o oo 9~ 9~ v @ © mn . <

1500 1000

2000

109

Wavenumbers (cm-1)

-30(')0 ) -25('10 )
Figure A 93 IR spectrum of compound 56g

3500

4000




CH
- 3
74 | '}‘
s—~zN

NH»

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Figure A 94 'H NMR spectrum of compound 57a
0]
CH
- 3

74 | N
s—~zN

NH,

il

2‘10 2‘00 1;0 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 ‘ 9‘0 éU 7‘0 (;0 E';U “10 3‘0 2‘0 1‘0 ‘0 ‘10

100
f1 (ppm)

Figure A 95 *C NMR spectrum of compound 57a

110




95 -

90+

17237

85 -

80 -

751

%T
294327

1475.0

70

65 -

3075.32

60 -

3325.90
315846
165558
1610.8%
15310
1416.68\
1394.83

551

50 -

4000 3500 3000 2500 2000 1500

Wavenumbers (cm-1)

1330.69

1249.90

1041.33

112767

916.84

1000

71149

Figure A 96 IR spectrum of compound 57a

T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

0.0

Figure A 97 'H NMR spectrum of compound 57b

111




210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
H 13
Figure A 98 C NMR spectrum of compound 57b
941 | V‘ ‘
921
901
‘c"! o 2o
218 s |y
H Lo
T8 ° g o~
— ~
©
i s ° 8
781 < 3 i i
761 o b 5 &
' o
I / | | 8 2‘1 B g: ﬁ
741 N = 3 Fl | o
{ ©
X 1 — S = g ©
72 - © = |«
I I < o) @ < V)
71 g d |z 2 N
{ S © NH2 < ) 3 ) 2
' w|l'©o — e} 3
68 ; ® RS ] o
66 ; i ©
5 2 NEE- N 2
641 3 S S > 59
62: o < 28 o lo g @ E; g,'
1 — - n
| 2B =T
60 - < S
I - -
58 1
56
541
521
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 99 IR spectrum of compound 57b

112




s—~N
NH,
L) . | D J
18.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 5.5 ff‘.(o )4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 d.S d.o
ppm
Figure A 100 *H NMR spectrum of compound 57¢
Me
(0] /©/
72 | N
s~ N
NH,
L Ll
2‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 ‘ 9‘0 éO 7‘0 éO éO 4‘0 310 2‘0 1‘0 0 ‘10

100
f1 (ppm)

Figure A 101 *C NMR spectrum of compound 57¢

113




L0€T8 ;5628

1000

18'65¢T

¢6'GO0ET

— 09 TOVT 2EVTET

0L0LYT  9660GT

-_— N\yrIvst
N97909T /6291

1500

2000

2500

T2ess8e
68'GT6C
2¢8'196¢

3000

3500

[}
= STZ805  gpes0c
§2°002€
25'962€
65 TSEE
Z-Z N
I .
o) \ > £8'829¢
8T'€0.E
— 25TS.€
S0'€58E
NZ
S O S O
o o o © © ~ ~ © © n
S

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

f1 (ppm)

114

Wavenumbers (cm-1)

7.0 6.5 6.0 5.5

7.5

Figure A 102 IR spectrum of compound 57¢

OMe
NH,
9.5 9.0 8.5 8.0
Figure A 103 *H NMR spectrum of compound 57d

4000
10.0

10.5




OMe

NH,

il

Ll

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

210

Figure A 104 *C NMR spectrum of compound 57d

OMe

89699

¢y 0€Lz06€EL
18'G8L

£6/080Tyg-
98 S50T 6907

€L/c62

zZ-Z
N\ v¥'820€
£€600TE
— TY8TE
N2
T9Z6€E

wn (=] n o wn o
o o © © ~ ~

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 105 IR spectrum of compound 57d

115



s~ N
NH»
A . 1
18.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 f510( )4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 (;.5 d.O
ppm
Figure A 106 *H NMR spectrum of compound 57¢
Cl
8 T
/ | N
s—~zN
NH,
2‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 100 9‘0 éO 7‘0 éO éO 4‘0 310 2‘0 1‘0 6 —‘10
f1 (ppm)

Figure A 107 *3C NMR spectrum of compound 57e

116




S8TEL

ﬂ. —— - 06982
SHGTS T2€28 ETLE8
o v2'658
€8'¥TO0T .
€1'850T 08'680T
_ _ .
Y2 ZrTT
¥8T9ZT Y6221 609621
Y8 TOVT bezeel
16TLYT 0Z'687T
TETEST ~~LG6EST
v9'829T
o
Z-Z o
2\ I
@) Z
NP2
8€'/L0€ 9%'260E
96'202€
L¥'¥0EE
oT'sSEE
¥6'T09E 80'629¢
ccome 62'€0.€
YE'ES8E
P - S
=) @ © ~ 7 6 6 5

1%

50 -

2000

Wavenumbers (cm-1)

3000

1000

1500

2500

3500

4000

Figure A 108 IR spectrum of compound 57e

NH,

1.0 0.5 0.0 -0.5

1.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0

10.0

f1 (ppm)

Figure A 109 *H NMR spectrum of compound 57f

117



24 | ,
s—~zN
NH,
. . . . . . . . . . . . . . . . . . . . . . .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10 -2
f1 (ppm)
H 1
Figure A 110 *C NMR spectrum of compound 57f
90!
851
801 o
] ™
- )
o W1l g1l 2|l 2
1 =1 © < 2 8 o
75+ ® 3 F @ ®©
n H | 2 o 5 I~
| Q '8 O T | ©
™ > R - S
5 - 3 3 2
o 1 i~ — N o
01 S / N i o i o §
o] | | = al e ©
~ ~ [N b=l
© o N = 4| @ o
| ® @ S = E 3
65 - Q18 ~
l 318 23
o © <
© b= NH2 T S g
2 ] © o =1 ©
I J N [=} o =}
60 - @« Q © © < o~
| I P 5 =1 - S 8
» @ 0 — :
v} o % o — @«
@ Q o S @
| @ /—4 o :o'
55 a5 3 'y ©
] ~ — - o ©
32} ©
s 3
50 -
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 111 IR spectrum of compound 57f

118



T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0

T T
6.5 6.0

T
5.5

T T T T T T
4.5 4.0 3.5 3.0 2.5 2.0

T
1.5

T
1.0

T
0.5

T
0.0

5.0
f1 (ppm)
Figure A 112 *H NMR spectrum of compound 579
F F
p T
/ | N
s—~zN
NH,
l “ | ‘ 1 l | l | ) L. A
2‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 fll(ggm) 9‘0 éO 7‘0 éo éO 4‘0 310 2‘0 1‘0 6 —‘10

Figure A 113 *C NMR spectrum of compound 57g

119




0'6€9T
L
Z-Z N
N\ I
) z
N
82'0¢6¢C
92280  0g960E
11/8T¢€
00'LEEE
98T09E  ;4670¢
2€€0.LE
......... S
= =3 ® @ ~ ~ © © 0 )

¢0985  g7509 2,129

gwm.mmm ST6V8

08'GS0T

2¢Sv60T
LTGETT

2569¢T
V9'9€€T

e~ S E0TrL 99'STVT

Mﬁ —~_9TYEVT
4/%.%3

_( L'v0ST
TlovsT
w 8019t

1%

1000

1500

2000

2500

3000

3500

4000

Wavenumbers (cm-1)

Figure A 114 IR spectrum of compound 579

OH

0.0

0.5

9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

125 11.5 10.5 9.5

13.5

Figure A 115 'H NMR spectrum of compound 91

120



OH

190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200

Figure A 116 *C NMR spectrum of compound 91

02 =583 LTT09 ££0€9
€6',89
- ceoss 8€¢8L
£8918 98'9/8 ovEes
@am\o” 1/°990T
besett GE69TT
€96SCT 09'S8TT
S - 6291¢T
Jn.mmmﬁ T _1raser
€TCST SVoTvT
688651 80'T9VT
6'¢89T
T2'819¢
692892

o 0 [=}
= © @©

751

70 -

y¥'0e62
ST'T00€

TCcoeTe 6825TE

65 -
60 -
551
50

1%

3000 2500 2000 1500 1000

3500

Wavenumbers (cm-1)

Figure A 117 IR spectrum of compound 91

121



/ | OH
0]

O™ “oMe

w
1‘2.5 1‘1.5 16.5 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 (;.5 (;.O -(;.5
f1 (ppm)
Figure A 118 *H NMR spectrum of compound 92
0]

/ | OH
0]

O™ “oMe

200 190 180 170 160 150 140 130 120 110 100 _ 90
f1 (ppm)

Figure A 119 ¥C NMR spectrum of compound 92

122




81165 20209

cer9 9/°€0L

£9°€GL

zzzsL
“——00L08 5858 ]
0£'968 11976
LCE66 152001
6TISOI_____ T¥'S90T

SEEETT

12'89TT

VOETVT 29121

—_—

1818CT yovoct
/mmt\mﬁ

/@m.wwﬂ

¥2'8TST

/m#. orvT 89°€9VT

99'66ST
4‘/1“\\7&@@#9”

9/'9T9¢

L¥'ce6e

¥2'989¢

6¥'656¢

€9'/2T1¢

OMe

w Neoszst

V'8ELT

YevsTe

3000 2500 2000 1500

3500

=}
o
S}
=1

1%

Wavenumbers (cm-1)

Figure A 120 IR spectrum of compound 92

a NH~<

OMe

AL

40 35 30 25 20 15 10 05 0.0

4.5

5.0

5.5

95 90 85 80 75 70 65 6.0
f1 (ppm)

11.5 11.0 105 10.0

12.0

12.5

'H NMR spectrum of compound 95a

Figure A 121

123



Vi | NH4<

OMe

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
200

Figure A 122 *C NMR spectrum of compound 95a

95'80L

T6'TGL
\GT'Z26L 07’818
1698 €.'668
e 140447 G/'8G6
S6'966 .
S —— TT9v0T 282,01
§9'8¢TT X

96'SVTT 959/1T

T0962T £€9012T
TEIE FE6P2T—  /8TEET

60'8VET

LT 1981
_— _ /7 L2681

N\ eeorvr

LYSyT
€L97T
Z6TST
J\ S029T 677 9T
(0] .
T M T9Z.T
Z e}
o)
— o)
A (@)
0S'v.82
TS9€62 65962 aEva62
e
18¢CTTE
ol
!
‘ 20'€8Ee
T
[} o 0 0 ~ ~ © () n mn

1%

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 123 IR spectrum of compound 95a
124



T T T T T T T T T T T T T T T T T T T T T T T T
120 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

Figure A 124 *H NMR spectrum of compound 95b

T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

Figure A 125 *C NMR spectrum of compound 95b

125




90 T8

M‘a.o%
SEL0L )
: STSSL  9reys

0vv66 eeeror
—_— S¥9L0T €0¥S0T
98E0TT

1000

OTYTT I
ﬁ?ﬁg
SN ARAN I

761921 __
—_— Zv'8TIET

82 6YET 9T'9/€T
TeGGyT OV'8EVT

82°0€ST

f@ otet ¢L6v9T

_— @ S6'9TLT

[}

=

O

O

o
OZEESE  yepoez
STTOE
TTIE
zTvTe
s758EE

o o w o w o w o w e w e w e w o w
m m (=] (=2} © <] ~ ~ © © n n < < (3] (3] N

1%

3500 3000 2500 2000 1500

4000

Wavenumbers (cm-1)

Figure A 126IR spectrum of compound 95b

NH—

o,

OMe

0.0

65 60 55 50 45 40 35 30 25 20 15 1.0 05

f1 (ppm)

75 7.0

8.0

8.5

9.0

13.0 125 120 11.5 11.0 105 10.0 9.5

Figure A 127 *H NMR spectrum of compound 95¢
126



NH—

OMe

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

200

f1 (ppm)

Figure A 128 *C NMR spectrum of compound 95¢

€80T2T
STIZ |, oer
—_— .
T96VET
8GC6ET T8 GTVT Gg9e YT
= 90LTST  1,0pgT
Y191
A
—— v0'02LT

| o

L =

< o)

(@)
— (@)
A (@)
SLYS6T (e
e v6'60TE
ﬂ///;'»xrx;xxxrxxx\ 19'S8€€
...... S S O O - S

o o o © @ ~ ~ © © [Te) wn
S

19189
———sem 029
< 96'60L

8816, V2318

Zvr'v68
6V'LL6  51g6g
19'250T

292601
SYTYTT  goesTT

8L'GSL

1%

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 129 IR spectrum of compound 95¢

127



aeaY

O™ “OMe

] N e

T T T T T T T T T T
125 12.0 115 11.0 105 100 95 9.0 85 80

T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

Figure A 130 *H NMR spectrum of compound 95d

T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure A 131 **C NMR spectrum of compound 95d

128




957

6C76S

02689 .
EEVE9 61602 oriey

06957

E——=
Wm.mwn .
SL'TS8 g
feoL8 SG106

G5'966
1EEV0T €V'690T zeygoT

27T vL09TT o081t 60'66TT

1000

_—

L¢vel 0CELCT zgopzT

0ZVEET gyoveT

A
csset 8LLEVT

JTG67T 69'80ST

S8'0vST I
LOE€6ST 26CTIT

§8'G99T
—_— -
J96T.LT

1500

2000

Wavenumbers (cm-1)

2500

M ° |
I S l
O | s
P .

LOT2TIE sggp1e

©

N

©

o

Q

™
3000

T./9¢€€

3500

90 -
85 -
80 ;
75 -
70 -

1%

Figure A 132 IR spectrum of compound 95d

OMe

NH

A

T T T T T T T T T T T
11.5 10.5 9.0 8.0 7.0

12.5

40 35 30 25 20 15 1.0 05 0.0

4.5

.0

5.5

6.5 6.0

7.5

8.5

11.0 100 9.5

12.0

f1 (ppm)

Figure A 133 'H NMR spectrum of compound 95e

129



100
f1 (ppm)

110

Figure A 134 *C NMR spectrum of compound 95e

170

OMe
180

P

190

200

86789
8.°1€9
¢S'L0L

G206Z
9/'G/8 6168 89106

ﬁ 67266

199901

SLCEL 1ggg,
9'0es8

2L620T vy 1707
v6'60TT ¢GzyTT

206LTT
: Srevel  \OTL6TT
e 9€'682T_1ZHOET
£78e1 OLL0V1 L9SYET
TS6TVT o
= BIVY 91 1VT 1yggyt
e ———— 98051
G orST
6€ 2191
86'959T
AN\(J\\\r\\r\\J 1€22LT

<

OMe

NH
OMe

o

€9'TV8e
¢T'6E6¢C

— (@)
686862 1opooe N\ O

698TTE goepte

ST'00€E

Teo8ee
0 =3 0 =} 0 o 0 o 0 o ) o 0 =}
o > @ @ ~ ~ © © [} e} <~ < ™ ®

1%

1500 1000

2000

130

Wavenumbers (cm-1)

Figure A 135 IR spectrum of compound 95e

3500

251
4000




/] NH—<

O™ “NHNH,

) L l T

T T T T T T T T T T T T T T T T T T T T T T T T
125 120 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

Figure A 136 *H NMR spectrum of compound 97a

O
/ | NH‘<
@)

O™ “NHNH,

200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

Figure A 137 3C NMR spectrum of compound 97a

131




o 60'509
w ¥900L '
8e€zL vS YL

HMMWN\\\ V6L
90968
—
_

9.T66
90°'€L0T )
295 TE 96'S2TT
= yeyIeT ererzT
. 06'€62T
oot VLESET
QT T6ET i 65 LTVT
90LSYT o gr
80EST
S09T
62291
Z099T
[
I
Z
I
> I
P
o
— ®)
O
675282
181962

€9'/¢1¢

LEVSCE

1%

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 138 IR spectrum of compound 97a

I

A

NH—
NHNH,

|
ol

L

125 12,0 11.5 11.0 105 100 95

9.0

Figure A 139 *H NMR spectrum of compound 97b
132



NHJ

O™ “NHNH,

T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

Figure A 140 *C NMR spectrum of compound 97b

105 :w
l IS

100
951
90+

85 -

%T

80«:
75‘:
70«:
65«:

60 -
4000 3500 3000 2500 2000 1500
Wavenumbers (cm-1)

1358.61
127306

1305.81

120921

118556

1241.00

955.45
893.78

10077 O30T ————— |

1078.71 1059.61

1000

821.39

840.12

751.00

707.66

58783

Figure A 141 IR spectrum of compound 97b

133



o)

NH—

NHNH,

M

T T T T T
13.0 12,5 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15

f1 (ppm)

T T T
1.0 05 0.0

Figure A 142 *H NMR spectrum of compound 97¢

o)
NH—
/]
0
O™ “NHNH,
IR i
2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 ‘ ‘ ‘0 7‘0 éU ElO 4‘0 Z;O 2‘0 1‘0 6

100 90
f1 (ppm)

Figure A 143 ¥C NMR spectrum of compound 97¢

134




89'¥T10T
9¢'vS0T

LTEVTT
SLLIT 19612 g opgt
88'80€T

S9CreET
44114

T0TIST

€9°€89T

NH—
NHNH,

|
o

y'evee
690662

S2¥90€

96V6TE
19'¢8¢e

1%

1€¢SST

¥29851 _ 0Z8T9T -

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 144 IR spectrum of compound 97c

NH

NHNH,

@)

I

4 JL_JLLx

75 70 65 60 55
f1 (ppm)

8.0

10.5 95 9.0 85

11.5

12.5

'H NMR spectrum of compound 97d

Figure A 145

135



T T T T
90 80 70 60 50 40 30 20 10

200 190 180 170 160 150 140 130 120 110

100
f1 (ppm)

Figure A 146 *C NMR spectrum of compound 97d

90
85
o gl 's
gl e
N -
NH A=
= / | fes ] ™
B 9 > ©
o3 o N
O ] b S <
~ — = 3
o n P
@[, @ b 3
O™ “NHNH SEET- g
2 g9 S
g |, R
(\i n
N o
< 5 @
- 3 =)
<
Anl ~
! &
30 - — ‘— o ~
I 3 eag2
I N 238
25+ 2 © 0 1
4 —
201
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Figure A 147 IR spectrum of compound 97d

136




/ NHOOMe
(0]
O™ “NHNH,
1 2 | | ! J
1‘2.5 1‘1.5 16.5 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 é.S 6‘.0 ;.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 [;.5 (;.0 -(;.5
f1 (ppm)
Figure A 148 *H NMR spectrum of compound 97e
@]
/ NHOOMe
(0]
O™ “NHNH,

Ll llIlIl | An

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

Figure A 149 *C NMR spectrum of compound 97e

137




mvvﬁ%m :
90C2L ¢gzys

R 97528
11006
=

L7007 BUYZOT 909E0T gggqr

SSOvTIT
6€88TT zg866TT
95°2veT

90'S0YT GEVIVT YZEPHT

=" Z9T1ST
Ne5'525T

GG Z#9T

1000

1500

20297 -

2€'996¢2

80'6TTE
¥6'89¢¢€
1T82Ee

3000 2500 2000

3500

Wavenumbers (cm-1)

Figure A 150 IR spectrum of compound 97e

/] NH4<

N3

Y|

J Jl A l..A.lJ A

125 12,0 11.5 11.0 10.5 10.0

9.5

Figure A 151 *H NMR spectrum of compound 59a
138



190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200

Figure A 152 *C NMR spectrum of compound 59a

0L'€09
12189
199v7 —
12018 B5E06 2TS6L
ZrVPOT  gp001
£869TT
18€T2T
p— L600ET 28'TEET
S JQCT
29'€9¢eT
05 2THT
S pLAgrT
ts \evrest
862091
90291
28EETe
8v'v.82
vr'ze6e
£6'5262
£9790€
S/09TE
1S¥528
H o
< zZ
O
— O
N @]
................ O -
~ ©0 wn < [ N —

10065

< \0SI8

1%

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 153 IR spectrum of compound 59a

139



S

T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.0 125 120 11.5 11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

Figure A 154 *H NMR spectrum of compound 59¢

N3
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Figure A 155 *C NMR spectrum of compound 59¢

140




e - 2 {1

59'G.9
967EL
L0 1796, 6eats
___80ElB gopeg .
v6'6.6 °
. =]
68701 105,01 4z0s01 g
9E9ETT
=T TTiIE
1'29CT
8V6IET ,9zeeT
96SBET_ 1 60vT  7)8141 !
M 3 o
yoTTST 6211ST i
18'909T -
182291
R —— 6290LT 1,971 |
p :
-0
5]
Q
8T/ETZ i
9012z
I . 1S
@)
— O
692£62 P :
°
-o
S
(%)
19'/GTE |
87'862€
o
-0
n
&
|
|
I o 0 o 10 o 0 o 0 o 0 o 1 o Q
o o @ © ~ ~ © © wn 2] < < (vl (%]

Wavenumbers (cm-1)

Figure A 156 IR spectrum of compound 59c

NH

N3

l J.A_.JL

1.0 05 0.0

1.5

11.5 110 105 100 95 90 85 80 75 70 65 60 55 50 4 40 35 30 25 20
f1 (ppm)

12.0

13.0 125

Figure A 157 *H NMR spectrum of compound 59d

141



NH

N3

190 180 170 160 150 140 130 120 110 _ 100
f1 (ppm)

200

Figure A 158 *C NMR spectrum of compound 59d

TS
16599 04269

I879L

veeL

€E€'S6L 61258 .
¢ST.8 67906

I'6€0T .
Z¢V'190T 652801

TSEVIT gee9Tl 1g7grr
IVSECT 7915zt £8°86TT

_— 96'12€T
.F.\f[.@m.mwmﬁ
80ZvvT
— STT6YT |
- 6eTesT

09'865T

. SIVIT 0T0T9T
~———€9€80T SZ0ELT

eTTvee

NH
N3

9T'¢ec6e o
99'€L6¢C

0v'950€ | o [

9T TZIE A (@)

v.°0L€€

1000

1500

2500

3500

2000

3000

Wavenumbers (cm-1)

Figure A 159 IR spectrum of compound 59d

142



/ | NHOOMe
N3
A LJL .- I
13.5 12.5 11.5 10.5 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

Figure A 160 *H NMR spectrum of compound 59¢

(0]
Vi | NHOOMe
(0]
(0] N

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure A 161 *C NMR spectrum of compound 59e

143




Ivess vS909
260 991759

OVVeL gggyp,
£8008  ygees

07’068 (6506

80'SE0T 5501

T €8'G.0T
YSOPTT gggu1r T9'68TT
e ——— T4V 4 A 72021
0682T_C6E0ET  crgzer
£6'98ET ogeTvT .
ST Vel gziovt

=——————— """ zs80qT

S Z5129T 1y

—_ 98'80.T

=

951

901

1%

/825Te
[}
=
@)
LE0V8T
L9
% ervose I -
v'STOE Z p
6TETTE o o o
SvL82e O
O
B R S G S S S - S =
© © ~ ~ © © n n < < ™ ™ N ~N

15:

3500 3000 2500 2000 1500 1000

4000

Wavenumbers (cm-1)

Figure A 162 IR spectrum of compound 59

g

2.0

0.0 -0.5

0.5

1.0

85 80 75 70 65 60 55 50 45 40 35 3.0 25

9.0

13.0 12,5 120 11.5 11.0 105 10.0 9.5

f1 (ppm)

Figure A 163 *H NMR spectrum of compound 61a
144



10

20

30

40

50

60

70

100 90 80

f1 (ppm)

110

Figure A 164 *C NMR spectrum of compound 61a

200

— V865 )20
BE9Z9

¢5619

L652L  oezgy

0'G¢8

Y6'€68 6,416

9T'800T
T8SL0T o
S0E0TT gg6ert
QL6GTL 191811 1e102T
99°zE2T YSYLZT  p5.82T
SYT9ET
_—" 1 "
RGO6ET  LTTEVT o yqpr
ﬂ TSIV
080191 99°9v9T
GT069T
\F i
Mz
Z Z
(@)
O
vE0E62
§8'6162
T6'060€
osgeee
w o B o w o b o b o b o v o w
> & © ® N~ K © ® v 1L <+ <+ o ®

1%

1500 1000

2000

145

Wavenumbers (cm-1)
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