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1 Introduction

1.1 Preface

Thiosalicylic acid, which is the sulfur analoguesaflicylic acid, represents
an important building block in organic synthesisnwadl as in the search for
new bioactive substances.

It was synthesized for the first time in 1889 frantoluenesulfonamidd,
and has been used as a starting material for éiffeclasses of sulfur
containing heterocycles for industrial and medicpaposes ever since.
E.g., benzothiophened?®, benzothiazinonesll, benzothiazindiones
1l B¢ benzothiazepinones IVI"®  benzothiazepindiones V¥,
dibenzothiazepine®/I™ and many more examples of heterocytied
have been derived from cyclization reactions adghlicylic acid.

O @]
RZ
a N N/Rz
TR AT A
S S O
R4
T I 1l

| \ O /

Rl
SH

I

O @) R2
/R2 R2
N N/ N/
3
R* J R1 fo R "
S S S
\Y VI
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1.2 Bioactive Benzothiazepines and Benzothiophenes

As this thesis focuses on the synthesis of new comgs belonging to two
types of sulfur containing heterocycles, namely Zo&mazepine and
benzothiophene, some well known representativabasfie compounds will
be mentioned below.

1.2.1 Bioactive benzothiazepines

Benzothiazepines have gained considerable attentecause of their
diversity of biological activity.

As structural analogues of benzodiazepines, beiazaspine derivatives
represent a significant class of neurologicallyvacagents.

<8
R
R2 R2
@ j\ R3
N

S

1,4-benzothiazepines-3-ones of typél were described to possess
anticonvulsant properties and might be useful inuse therap¥®.

R
H

N
i ):O
(0),

R = halogen, methyl, methoxy
n=0,1,2

VI
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1,2,4-Triazolo-condensed 1,4-benzothiazepines gpe twlll  display
antipsychotic activity based on dopamine antagdhism

N _R?
- \ N>\(CH2)m

S
/l
(0), R! = H, halogen, methoxy
R2=H, aryl
m=0,1,2
n=0,1,2
VIl

1,4-Benzothiazepine-5-one derivatiyX prepared byMesaros in our
research grouphowed potent analgesic activity in the formalstt !

8-Amino-10,11-dibenzdy,€[1,4]thiazepin-11-ones X) and their 1,2,4-
triazolo condensed tetracyclic systemed were found to exhibit
antidepressant activify'.

& Administration of 5% formalin solution into the garimental animal’s hind paw evokes two spontaneous
responses: shaking and licking/biting of the irgelcpaw. Standardization of this test allows thduateon
of analgesicé”.

12



N\

O ~ N

; (o
- pes
S S

R = amino, mercapto, chloro
X Xl

And dibenzothiazepineXll , fitted with a basic tetrahydropyridinyl residue,
showed antipsychotic effe&s.

R2
N
N—
L )
S
R! = halogen
R? = H, methyl, ethyl
XII

Benzothiazepine derivatives can also affect thelicavascular system, as
demonstrated by the calcium channel blodB#tiazem which is used as an
antihypertensive drif.

O~ch,
S
@ O
N ;} CH3
H 0
~N
H.C™ e,
Diltiazem
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Derivatives of 4-cyclopentyl-[1,4]benzothiazeping-2lione KIIl ) were
found to inhibit ACE and are therefore of potential interest for
antihypertensive thera5y.

R = H, chloro, methoxy

Xl

JTV-519 a 1,4-benzothiazepine derivative, developeKhpeko et al,

has cardioprotectiV&, antiarrhythmi®” and anti-ischemi®®! properties.

O>\/\N
S JTV-519

Furthermore, some benzothiazepines were found toudeful for the
treatment of metabolism-related dysfunctions: e.g-acetyl-6-chloro-
2,3,4,5-tetrahydro-[1,4]benzothiazepinXI\{) was described as a very
potent antiobesity agefit.

@)

cl >\

N

W,

XV

® ACE: Angiotensin Converting Enzyme.
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Some derivatives of 5-phenyl-[1,4]benzothiazepiriedioxide V)
exhibited antihyperlipidemi®* and blood glucose lowerilg properties.

H

7/ \\
(ONN )

R, R2 = H, alkyl
XV

In addition, several benzo- and dibenzothiazepimgivdtives showed
insecticid€?, virucidé®, and antiparasit® properties.

1.2.2 Bioactive benzothiophenes

The benzothiophene motif represents another impoaaample of sulfur
containing heterocycles which generate a wide asfdpjological activities.
For example, benzothiophenes of tyg¢l , fitted with a piperazine moiety
in C2 or C3 inhibit serotonin reuptake and mightcdee useful as
antidepressarits.

R @~y R?
St ag e

R! = H, methyl, amino, nitro, halogen
R? = H, hydroxyl, methoxy, halogen

S

XVI
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2-Phenyl-3-disubstituted amino-benzothiopheneymd XVII demonstrated
lipid lowering propertigd’ !

Rl
\ R
I~ )~
S
X =H, chloro

RY, R? = alkyl, aralkyl

XVII

Derivatives of 2,3-dihydro-benzothiophen-1,1-diexidof type XVIII
displayed analgesic and antiinflammatory effét{§.

R3

)

R1, R?2 = H, methyl, chloro, NQ

R3 = alkyl, aralkyl
X =H, chloro

XVII

Benzothiophene derivatives belonging to typiX are potassium channel
blockers which reduce the intraocular pressure ardtherefore of interest
as potential agents for glaucoma thefdpy

16



O N\ RZ
R3
A\
S
o)
RL, R2 = alky

R3 = H, floro, methoxy

XIX

Raloxifeneis a selective estrogen receptor modulétoand is used in the
prevention of osteoporosis in postmenopausal wéhel also reduces the
incidence of breast cancer in high risk group afdes™.

Raloxifen:

Zileuton, a benzothiophene derivative with a hydroxyurea sidain is a
potent 5-lipoxygenase inhibitor and is used in msthherapy®.

HO NH,
\
—
DS
S
Zileutor
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Benzothienyl-hydroxamic acids, with various sulbb&rits in C5 or C6
position of the benzothiophene cobeX(), were described as potent histone
deacetylase inhibitors, potentially valuable astamior agent§®.

R = aromatic amine or amide

XX

3-Alkoxy(Aralkoxy)-benzothiophene-2-carboxylic acikrivatives of type
XXI are immunomodulators which could be helpful iratiey autoimmune
diseasd$’.

o— R?

D
R1
S

@)

R = H, chloro, nitro, methoxy

R2 = alkyl, aryl, aralkyl

XXI

3-Isopropoxy-5-methoxy-benzothiophene-2-carboxami@&Xll ) is an
inhibitor of neutrophil-endothelial cell adhesionnda has therefore
antiinflammatory propertié§4<!

XXII

18



Interestingly, attachment of a tetrazole ring te &mide group in compound
XXIl delivered the antihistaminic agel-959°%, which also exhibits

gastric cytoprotective propertles,
% H

O N—
H N
O N I
- —<\
S 0

Cl1-959

Antiinflammatory activity, based on inhibition oflfpoxygenase, was also
observed for 3-hydroxy-benzothiophene-2-carboxaasliof typexX1il P2,

" O
O
S @)

R = H, chloro, methoxy

XX

Compound L-652,343 shows a similar effect by acting as a dual
cyclooxygenase and 5-lipoxygenase inhitsitct.

¢ Hg(j
CF; N
m =
S o

L-652,343

19



From cyclic carbonylation of the before mentioneanpound,N-alkenyl-
benzothieno[2,3][1,3]oxazin-2,4-diones XXIV) were obtained. The
tricyclic compounds were found to act as prodrugs-652-343°!,

O
o~
NV\/\/A

S O

R, R? = alkyl, aryl
R3=H, halogen, trifluromethyl, methoxy

XXIV

Further benzothiophene derivatives demonstratedicidgé®, mollus-
cicidd®”!, endoparasiticid®! and antidiabetft” activities.

20



1.3 Aim of Thesis

The established pharmacological importance and wide diversity of
biological activities exhibited by both benzothipirees and benzothiophenes
prompted me to carry out the present research wahich focuses mainly
on the synthesis of novel 1,4-benzothiazepine davies of typeXXV, 3-
hydroxy-benzdjjthiophene-2-carboxamides of typeXXVI and the
corresponding tricyclic compounds of tyEXVIl . Some additional results
of the biological testing will also be discussed.

@] . OH H
R2 N/R :: \/<\ N— R1
J R? > 0
S
XXV XXVI
X
oA
N
R? S ©
XXVII
X=0,S
R2 = H, chloro

21



2 1,4-Benzothiazepine-5-ones

2.1 Litreature review

Various synthetic methods for 1,4-benzothiazephu®és were reported in
the literature and selected examples are discussed.

The reaction of thiosalicylic acid methyl est&X{IIl ) with aziridine in the

presence of sodium methoxide produced compoXi¥tX , as reported by
JakobandSchlack® (Scheme 2-1).

Scheme 2-Bynthesis of Tetrahydro-[1,4]benzothiazepine-5@GdX )

@) @)
P H
O HN NaOMe N
+ \7 > )
75%
SH S
XXVIII XXX

Jakob, F., Schlack, RChem. Ber(1963)96, 88.

In 1980 Levai synthesized 2-phenyl-[1,4]benzothiazepine-5-00€X] ) by
ring expansion of 2-phenyl thioflavanone with sadiwazide in acidic
medid®! (Scheme 2-2).

22



Scheme 2-&Bynthesis of 2-Phenyl-[1,4]benzothiazepine-5-06(€XI )

0 0
H
N
O NaN,, H,SO,, AcOH
XXX XXXI

Levai, A.,Acta Chim. Acad. Sci. Hun¢1980)104, 385

In 1988 Hoffman and Fischer synthesized the unsubstituted 1,4-
benzothiazepine-5-on€XXXIlIl ). The intramolecular cyclocondensation
of XXXII' was accomplished in refluxing toluene in the pmeseof catalytic
amount ofp-toluenesulfonic acid providing the targetXXIll in 77%

yield (Scheme 2-3).

Scheme 2-FBynthesis of 1,4-Benzothiazepine-5-00€XIll )

O o

NH, p-TSOH
S/\(O\/ 7% J
O\/
XXXII XXX

Hofmann, H., Fisher, HChem. Ber(1988)121, 2147.
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Mesaros reported the synthesis d-alkylated derivatives of compound
XXX 8 As outlined in scheme 2-4, the activation of 2,2°
dithiodibenzoic acid by thionyl chloride and subseat reaction with
different amines afforded the disulfanediylbis-temmes XXXV, which
upon reduction and alkylation with 2-bromo-1,1-dihexyethane, followed
by cyclocondensation of the intermediatéXXVI delivered the desired
heterocyclexXXXVII .

Scheme 2-4 Synthesis of N-Alkylated-[1,4]benzothiazepine-5sone

(XXXVII)
O O
_R
OH N
H
? 1. socl, ?
S 2. H,N-R S
H
HO R/N
O O
XXXIV XXXV
1. NaBH,/EtOH | 2. NaOH/
o] O
R
N~ R
J p-TsOH H
S toluene S
K(o\
XXXVII XXXVI o
~
Mesaros, R.Dissertation Hamburg2005).
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As some of the benzothiazepineXXVII prepared byesaroswere found
to exhibit pronounced analgesic activity, it wasimerest tosynthesizea

variety of differently substituted 1,4-benzothiamep5-ones, starting from
thiosalicylic acid, in order to get information albostructure-activity
relationship.

2.2 Modification of compound XXXIII

2.2.1 Preparation of 1.4-Benzothiazepine-5-oX¥&XIII)

Thiosalicylic acid was treated with an excess amafnthionyl chloride
under reflux. The resulting acid chloride was thdissolved in dry
tetrahydrofuran and added dropwise to a cooledsamtion of ammonia
(25%) to afford 2-mercapto-benzamid® @s light brown precipitate. The
benzamide wasSalkylated with 2-bromo-1,1-dimethoxyethane in dry
acetone to give 2-[(2,2-dimethoxyethyl)sulfanyllazamide 8) which
finally provided 1,4-benzothiazepine-5-onEXXIIl ) in 72% vyield upon
cyclic condensation in the presencegdbluenesulfonic acid (Scheme 2-5).

Scheme 2-%reparation of 1,4-Benzothiazepine-5-qexXXlll )

o) O
OH 1. S0Cl, NH,
SH 2. aqg. NH,OH - SH
1 2
—0
K,CO, / Aceton BrJ\O/
Q 0
N
J p-TsOH, toluene NH2
S - 72% S
XXX 3 o

25



The IR spectrum of compourXiXXIll is characterized by a strong (C=0)
absorption band at 1658 ¢nand a (N-H) band at 3210 ¢m(For ‘H-NMR
and’®*C-NMR spectral data ofXXIll see experimental part)

2.2.2 N-Alkylation of compoundXXXIlI

Alkylation of the lactam functionality may occur thie N- or (and) O-atom,
giving rise to the formation df-alkyllactams or (and) cyclic imido est&fs
65]

RegioselectiveN-alkylation has been well documented in the litemt®>
% For exampleHofmannandFischerreported a selectiie-methylation of
XXXIII  to afford 4-methyl-[1,4]benzothiazepine-5-0fEXXVIII ) in 96%
yield® (Scheme 2-6).

Scheme 2-&ynthesis of 4-Methyl-[1,4]benzothiazepine-5-GeXVIII )

0 0
H /
N N
) CH,l, NaH /| THF )
S / 96% S /
XXX XXXVIII

Hofmann, H., Fisher, HChem. Ber(1988)121, 2147.

Similarly, alkylation of XXIX with methyl iodide or benzyl chloride
furnished the correspondindXXIX in 49/ 78% yield, respectivély
(Scheme 2-7).

26



Scheme 2-Alkylation of CompounXIX

0 O
H R
N R N
S) NaNH, or NaH S)
XXX XXXIX

R = methyl, benzyl

Winsch, K. H., Ehlers, A., Beyer, Chem. Ber(1969)102, 1618.

In a similar fashionXXXIIl was converted as part of this thesis to the aimed
4-alkyl(aralkyl)-1,4-benzothiazepine-5-oned) (by treating an ice-cooled
mixture of XXXIII and sodium hydride in dry tetrahydrofuran with one
equivalent of the appropriate alkylating agent.eAfstirring the mixture for

18 h at ambient temperature, the heterocyclic camgs4a-d were isolated

as solid and stable substances in 43-77% yielde(8el2-8, Table 2-1).

Scheme 2-&ynthesis of 1,4-Benzothiazepine-5-qdgs

O O

H R
N N
R-X, NaH/THF
J 43-77% J
S S
XXXIII 4a-d
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Table 2-1Prepared 1,4-Benzothiazepine-5-o1iés

4 R Yield (%)
a CeHsCOCH, 43
b CeHsCO 66
c 4-CHyCoH,CO 68
d 4-CI-GgH,CO 77

The IR spectra oft are characterized by the presence of two strorgjC
bands at 1627-1676 ¢hand 1695-1717 cin(Fig. 2-1).

Fig. 2-1IR (KBr) Spectrum of 4-(4-Chloro-benzoyl)-[1,4]betirazepine-5-

one(4d)
60+
%
T 40
30- FARN
1717 1655
20 . - . : . .
3500 3000 2500 2000 1500 1000 500 -1

ctn

2.2.3 Preparation of 4-Acetyl-[1,4]benzothiazepine-5-¢be

Heating compoundXXXIIl with excess amount of acetic anhydride
provided compound. The product was obtained as a yellow solid after
simple work up in 85% yield (Scheme 2-9).

28



Scheme 2-&ynthesis of 4-Acetyl-[1,4]benzothiazepine-5-)e
0 0 \F
H o
N Ac,0, A N
J 85% J
S

S

XXX 5

The IR spectrum of compourtdshows two (C=0) absorption bands at 1676
and 1707 ci which are typical for an imide grofp.

2.3 Synthesis of 7-Chloro-[1,4]benzothiazepine-5-ones

After the successful synthesis Bfsubstituted benzothiazepin&s<XVII
reported byMesaros (Scheme 2-4)this procedure was extended to the
preparation of the 7-chloro analogs XKXVII starting from 5-chloro-
thiosalicyclic acid Q).

2.3.1 Synthesis of 5-Chlorothiosalicylic acid)(

5-Chlorothiosalicylic 7) acid was synthesized according to the procedure
described byKatz et a®. Diazotization of the corresponding anthranilic
acid @), subsequent reaction with potassium ethyl xanttaid final
hydrolysis with aq. sodium hydroxide (10%) producéds yellow fine
powder in 78% vyield (Scheme 2-10).

Scheme 2-1&ynthesis of 5-Chlorothiosalicylic aqid)

@) @)
Cl Cl
OH 1. NaNO, / HCl OH
NH, 2. KSCSOC,H, SH
3. Alkaline hydrolysis
6 aq. 10% NaOH 7
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2.3.2 Preparation of 5-Chloro-2-[(2,2-dimethoxyethy)su{l]-benzoic
acid @)

5-Chlorothiosalicylic acidq{) was dissolved in a 10% aq. solution of sodium
hydroxide and treated with 2-bromo-1,1-dimethoxgeth The reaction
mixture was heated to 70 °C and stirred for anoghlpurs. Upon cooling
and  acidification  with ag. HCI (10%), 5-chloro-22[2-
dimethoxyethyl)sulfanyl]-benzoic acid8) was obtained in 87% vyield
(Scheme 2-11).

Scheme 2-11 Synthesis of 5-Chloro-2-[(2,2-dimethoxyethyl)sufan
benzoic acid8)

O Br o O
o BTN cl
OH N OH
SH NaOH / H,0 3
H/o\
7 8 O\

2.3.3 Preparation of 5-Chloro-2-[(2,2-dimethoxyethyl)fanlyl]-benz-
amides 10)

Compoundd was converted to the corresponding azolide bytrireat with
1,1 -carbonyldiimidiazole (CDI) in dry tetrahydraéun. The formation of the
intermediate9 was confirmed by IR spectroscopy of the reactiartume
showing a strong (C=0) absorption at 1740'cBubsequent addition of the
respective benzylamine to the mixture afforded ¢beresponding amides
10a-cin 52-83% vyield (Scheme 2-12, Table 2-2).
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Scheme 2-12Synthesis of 5-Chloro-2-[(2,2-dimethoxyethyl)suffgbenz-

amides(10)
0 0
Cl Cl N
OH S
CDI
S > S
THF, 1/2 h
0 O
O O
8 9
H,N-R /
0 /
Cl N/R
H
S
H/o\
O\
10

Table 2-2 Prepared 5-Chloro-2-[(2,2-dimethoxyethyl)sulfanyl]-benzansde

(10
10 R Yield (%)
a C6H5CH2 85
b 4-F-GH4CH, 63
2,4-di-Cl-GH3CH, 52

CompoundslOa-cwere obtained as white stable solids, which dispiahe
IR spectra a strong (C=0) absorption band at 1686 and a broad (NH)
absorption band at 3275 ¢m
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The *H-NMR spectrum of compountiOa is characterized by a doublet at

3.11 ppm (S-CH), a singlet at 3.34 ppm (O-GH a doublet at 4.43 ppm
(Ph-CH,), a triplet at 4.48 (CH) and a triplet at 8.97 pfyi) (Fig. 2-2).

Fig. 2-2 '"H-NMR Spectrum of N-Benzyl-5-chloro-2-[(2,2-dimetfethyl)-
sulfanyl]-benzamid€10d)

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
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2.3.4 Cyclocondensation ofO0a-cto N-Substituted 7-chloro-[1,4]benzothi-
azepine-5-onesl()

A mixture of 10 and catalytic amounts @Ftoluenesulfonic acid in toluene
was refluxed for 18 hours. After cooling, the mipguwvas extracted with
saturated solution of NaHGQOthe organic phase was collected, dried over
magnesium sulfate and evaporated under reducesijees

Column chromatography of the crude products pralitee desired 4-
(arylmethyl)-[1,4]benzothiazepine-5-onesl§-0 as solid substanceis 30-
45% vyields (Scheme 2-13, Table 2-3).

Scheme 2-13ynthesis of 4-(Arylmethyl)-7-chloro-[1,4]benzott@pine-5-
ones(11)

O

Cl R R
H/ cl N/

p-TsOH, toluene, A\ )
S 30-45% S /
O\

10 9 11

Table 2-3 Prepared 4-(Arylmethyl)-7-chloro-[1,4]benzothiazepine-5-ones

(11)
11 R Yield (%)
a C6H5CH2 43
4-F-CeH,CH, 45
C 2,4-di-Cl-GH3CH, 30

 The 1,4-benzothiazepine-5-one derivatives (XXX\(R)= alkyl, aralkyl) prepared byiesaroswere
described as oily substances.
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2.3.5 Properties of 4-(Arylmethyl)-7-chloro-[1.,4]benzadaepine-5-ones
1y

The IR spectra of compoundkl are characterized by a sharp (C=0)
absorption band between 1625-1636'dffig. 2-3).

Fig. 2-3 IR (KBr) Spectrum of 7-Chloro-4-(4-flurobenzyl)4lhenzo-
thiazepine-5-onél1b)
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The 'H-NMR spectrum of compoundlb is characterized by a singlet at
4.90 ppm (aryl-CH) and two doublets at 6.35 and 6.79 ppm (S-CH=CH-N)
(Figure 2-4).
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Fig. 2-4 'H-NMR Spectrum of 7-Chloro-4-(4-flurobenzyl)-[1,8Hzothi-
azepine-5-oné¢l1b)
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Finally, the molecular structure dflb could be unambiguously proven by
X-ray crystallography (Figure 2-5).

Fig. 2-5 Molecular Structure of 7-Chloro-4-(4-flurobenzyl);f]benzothi-
azepine-5-oné€l1hb)

35



3 3-Hydroxy-benzolb]thiophene-2-carboxamides and
Heterocycles Thereof

The benzothiophene moiety represents an importamrnpacophore-
/toxophore in drug chemistry and agrochemi&ti.

As already mentioned before (s. page 20), the pteserk is focused on
structural modifications of 3-hydroxy-benbithiophene-2-carboxamides
(XXVI) as well as their heterocyclization to benzoth[@i®e€][1,3]oxazines
(XXVII') (Scheme 3-1).

Scheme 3-1

R1 = alkoxy or aralkoxy
alkenylamine
substituted amine
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3.1 Synthesis of N-Aminoalkenyl-3-hydroxy-benzolb]thio-
phene-2-carboxamides  and their  corresponding
condensed 1,3-oxazine derivatives

Methyl 3-hydroxy-benzdjjthiophene-2-carboxylatesl4) were anticipated

to undergo hydrazinolysis giving 3-hydroxy-bebpithiophene-2-
carbohydrazides 1), which upon successive condensation with various
ketones and aldehydes were expected to delveminoalkenyl-3-hydroxy-
benzop]thiophene-2-carboxamide& ). Finally, subsequent cyclization of
the hydrazone&8 was thought to produce 3-aminoalkenyl-benzothi2j3s[
€][1,3]oxazines 19) (Scheme 3-2).

Scheme 3-2
OH OH H
N\ O— H,NNH,.H,O N\ N~NH,
X S O X S O
14 17
RIR2C=0
/[<Y R2 ]
— OH
B i 5
m =
\ R? -< 2 \ v‘,N\T/Rz
(@) S
X S X O R1
19 18

Im = Imidazole
Y =0,S

4 Hydrazides and hydrazones may serve as pharma@sptomedicinal chemistry. E.g., isonicotinic acid
hydrazide Isoniazig is still used in tuberculosis therapy since 195%#hen its action against
Mycobacterium tuberculosis was first discovéf&dHydrazone derivatives d§oniazidwere also found to
exhibit comparable antimicrobial activifyl. Nifuroxazideis a benzohydrazide derivative, which used as an
antiseptic ageHf!. Further acylated hydrazones were reported to dstrate antihypertensive effeéts
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3.1.1 Synthesis of Methyl 3-hydroxy-bentdthiophene-2-carboxylates
(14

The first synthesis of4 was reported in 1907 byriedlaendel®. Starting
from thiosalicylic acid 1), he was able to prepare methyl 3-hydroxy-
benzop]thiophene-2-carboxylate 4 in a three step reaction sequence.
Later, a number of slightly modified proceduresénbeen published that are
summarized in a revie{.

In this work, the desired compounti$have been prepared by the following
routes A/B.

Procedure A

In this slightly modifiedFriedlaendets procedure, thiosalicylic acid was

Salkylated with chloroacetic acid in aqueous sodibgdroxide (10%).

After cooling and acidification of the reaction mre, 2-

carboxymethylsulfanyl-benzoic acidld) was obtained. The dicarboxylic
acid was dissolved in a mixture of methanol/sutf@cid (10%) and refluxed
for 18 hours to give methyl 2-[(2-methoxy-2-oxodjkgulfanyl]lbenzoate

(13) which was subsequently cyclized in the presencé,®fdiazabicyclo-

[5.4.0Jundec-7-ene (DBU) to furnish the desired gkt 3-hydroxy-

benzop]thiophene-2-carboxylated444d) in overall yield of 75% (Scheme 3-
3).
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Scheme 3-FBynthesis oMethyl 3-hydroxy-benzo[b]thiopene-2-carboxylate
(149); Procedure A

@] . @)
OH CI\)J\OH . NaOH / H,0, 70T OH
SH 0% S;\
1 12 67 >on
CH,OH, H,SO0,
75%
reflux, 18 h
Y
OH Q
©j\§\ﬂ/o DBU, toluene, RT o/
~ -
s 1 95% S
@) Oo—
1l4a 13

Procedure B

This procedure was described Bgckin 1973°: nucleophilic displacement
of the nitro group in methyb-nitrobenzoates1§) by methyl thioglycolate
anion (lithium salt) in DMF, followed by base cata¢d cyclization of the
intermediates 16, furnished the targeted methyl 3-hydroxy-
benzop]thiophene-2-carboxylated4a,b) in 60 or 75% vyield, respectively
(Scheme 3-4).
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Scheme 3-&ynthesis of Methyl 3-hydroxy-benzol[b]thiopene-ioaylates
(14); Procedure B

O O
- ~
O HscH,coocH,, LioH, DMF O
X NO, ol x SJ\
-
O @)
15 16
60-75%
OH
I~
X S0
1l4a: X=H
14b : X =ClI
14a,b

The methyl 3-hydroxy-benzbfthiophene-2-carboxylatesl4a,b), prepared
as part of my thesis, are stable solid compoundstheir IR spectra are
characterized by a strong (C=0) absorption bari$&®-1665 cri.

3.1.2 Synthesis of 3-Hydroxy-benzathiophene-2-carbohydrazides7

When a mixture of compoundst with hydrazine hydrate in methanol was
refluxed for 2 hours, the corresponding 3-hydroeydmop]thiophene-2-
carbohydrazidesl{a,b were obtained in 70-75% vyield as pale yellow l&tab
solids (Scheme 3-5).
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Scheme 3-5Synthesis of 3-Hydroxy-benzo[b]thiophene-2-carboizides

(17)
OH OH
H
A\ O— NH,NH,.H,O, MeOH, reflux A\ N\NHZ
X S0 70-75% X S0
14a,b 17a,b

17a: X=H
17b: X =CI

The IR spectra of compoundd display a sharp (C=0) absorption band at
1600 cni and two (NH) absorption bands at 3230 and 3316 @iy. 3-1).

Fig. 3-1 IR (KBr) Spectrum of 6-Chloro-3-hydroxy-benzo[bihinene-2-
carbohydrazid€17hb)
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The 'H-NMR spectrum of compoundi7b is shown in Fig3-2 and exhibits
three singlets at 7.43 ppm (MK8.04 ppm (NH) and 9.34 ppm (OH) besides
multiplets of the aromatic protons at 7.80-8.10 ppm
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Fig. 3-2 '"H-NMR Spectrum of 6-Chloro-3-hydroxy-benzo[b]thiepa-2-
carbohydrazid€17b)
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3.1.3 Condensation of 3-Hydroxy-bentithiophene-2-carbohydrazides
(17) with ketones and aldehydes

After having successfully prepared the carbohydiesl7, it was of interest
to study their behaviour towards ketones and aldefyWhen a mixture of
17 and ketone/aldehyde in a molar ratio of 1:2 wdlsixed in methanol for
1 h, theN-aminoalkenyl-3-hydroxy-benzbjthiophene-2-carboxamide4§)
were obtained as solid materials in 85-92% yielchéne 3-6, Table 3-1).

Scheme 3-@reparation of NAminoalkenyl-3-hydroxy-benzo[b]thiophene-
2-carboxamideg18)

OH i OH
H
H—NH Rl)J\RZ , MeOH, reflux N..
\ 2 > \ N\ R1
85-92%
X S o TX S 0 Y
R2

17a.k 18
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Table 3-1 Prepared N-Aminoalkenyl-3-hydroxy-benzo[b]thiophene-2-

carboxamidegl18)

18 X R R? Yield (%)
a H CH; CHs 87
b Cl CH; CH; 90
c H CHs C,Hs 85
d Cl CHs CHs 86
e H H CeHs 89
f Cl H CeHs 90
g H CH; CeHs 90
h Cl CHs CoHs 92

The IR spectra of compound8 display absorption bands at 1605-1635'cm
(C=0) and 3150-3185 ¢hNH) (Fig. 3-3).

Fig. 3-3 IR (KBr) Spectrum of 3-Hydroxy-N-(pentan-3-ylidem&ao)-
benzo[b]thiophene-2-carboxamid&8o
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The'H-NMR spectrum of compounti8h offers singlets at 2.41 ppm (GH
11.41 ppm (NH) and 13.20 ppm (OH) in addition te ignals of the arylic
protons between 7.51-8.15 ppm (Fig. 3-4).
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Fig. 3-4 'H-NMR Spectrum of 6-Chloro-3-hydroxy-N-(1-phenyjtitiene-
amino)-benzol[b]thiophene-2-carboxamis3h)
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3.1.4 Cyclic carbonylation (thiocarbonylation) of compas$nl8 to 3-
Aminoalkenyl-benzothieno[2,81,3]oxazines 19)

After the successful preparation of compouh8stheir cyclic carbonylation
to give benzothieno[2,8{1,3]oxazines of typd 9 became of interest to me.
The first examples of such fused heterocyclesre reported byBeckin
19758%" when methyl 3-hydroxy-benzdfhiophene-2-carboxylatel 4a) was
reacted with methyl isocyanate in the presenceaeathylamine to produce 3-
methyl-benzothieno[2,8}[1,3]oxazine-2,4-dione XLI) in 65% vyield
(Scheme 3-7).

© Oxazino anellated heterocycles are an interestisags ©f compounds from the perspective of medicinal
chemists. As an example, Pyrido[Z]Bt,3]-oxazine-2,4-dionesXL ) have a broad spectrum of biological
effects including analgesic, antipyretic, bactertis, fungistatic, and monoaminoxidase inhibitory

activity®>#l
0__0
N
CCx
Z N
N R
o)
XL
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Scheme 3-Bynthesis of 3-Methyl-benzothieno[2,3-e][1,3]oxazh4-dione
(XLI)

O
OH O/Z<
N/
N O—_ MeNCO, EtN, CH,CI, % N\
S 65% S o)
O
14a XLI

Beck, J. R.,). Heterocycl. Chenf1975)12, 1037.

Later, Marfat described the synthesis of 3-alkenyl-benzothie@e[2
€][1,3]oxazine-2,4-dionégXLIll ) from base catalyzed phosgenationNsf

alkenyl-3-hydroxy-benzdjthiophene-2-carboxamideXI(Il )** (Scheme 3-
8).

Scheme 3-8 Synthesis of 3-Alkenyl-benzothieno[2,3-e][1,3]oraz2,4-

diones(XLIII )
0
OH 0

H R? cocl, Et.N, CH,CI

\ Nwp— 2, EL3IN, Ay \ NWQ(RZ
X < R1 X

N S o) R1

XLl XLII

R1, R2 = alkyl, aryl, heterocycle
X =H, alkyl, haloalkyl

Marfat, A. EP 39173Zhem. Abstr(1991)114, 122390.

" CompoundsXLIll were described as cyclic prodrugs Mfalkenyl-3-hydroxy-benzdjthiophene-2-
carboxamides which exhibit cyclooxygenase and &xijgenase inhibitory activity? >°.
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As reported by Stos&? and Davidso®, treatment of 3-hydroxy-
benzop]thiophene-2-carboximidatesX(IV ) or 2-hydroxyN'-(propan-2-
ylidene)-benzohydrazideX{VI) with 1,1 -carbonyldiimidiazole (CDI) in
refluxing tetrahydrofuran provided the correspogdralkoxy-benzothieno-
[2,3-€][1,3]oxazine-2-onesALV ) and 3-(propan-2-ylideneamino)-benge[
[1,3]oxazine-2,4-dione XLVII ), respectively in moderate to good yields
(Scheme 3-9).

Scheme 3-9Synthesis of 4-Alkoxy-benzothieno[2,3-e][1,3]oxazones
(XLV) and 3-(Propan-2-ylideneamino)-benzo[e][1,3]oxazine
2,4-dione (XLVII )

OH 0’4

\ NH CDI, THF, reflux N \ / N
S 54-79% S OR

OR

XLIV XLV

Stoss, P.Chem. Ber(1978)111, 314.

0 0 )\
N7
H—N:< CDI, THF, reflux N
0,
OH 53%

XLVI XLVII

Davidson, J. SChem. Ind(1982)17, 660.

Y
O%

These reports prompted me to perform the cyclibaaylation analogously
by reacting18 with 1.1 equivalents of 1,1 -carbonyldiimidiazdl€DI) or

1,1 -thiocarbonyldiimidiazole (TCDI) in refluxingrg tetrahydrofuran for 1
hour. As a matter of fact, the formation of the idgb 3-aminoalkenyl-

benzothieno[2,3)[1,3]oxazines 19) was achieved in 65-83% yield (Scheme
3-10, Table 3-2).
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Scheme 3-1GBynthesis of 3-Aminoalkenyl-benzothieno[2,3-e][dx8kines

(19

Y

OH R1 0—4 R
H NWN:<
%NWN% CDI or TCDI, THF, reflux /@j\g/< 2
> R
% SIS R? 65-83% X s o)
18 19

Table 3-2Prepared3-Aminoalkenyl-benzothieno[2,3-e][1,3]oxazir(@9)

19 X Y R R* Yield (%)
a H 0 CH; CH; 75
b Cl 0 CH; CH; 70
c H S CH CHs 72
d Cl S CH; CH; 65
e H 0 CHs C,Hs 74
f Cl 0 GHs CHs 71
g H O H GHs 81
h Cl 0 H GHs 75
i H O CH; CeHs 83
j Cl 0 CH; CeHs 78

The IR spectra of compound8a,b,e,f,g,h,i,jare characterized by two sharp
(C=0) absorption bands at 1700-1710"camd at 1760-1770 ch{Fig. 3-5),
whereas the IR spectra of the corresponding thaetovatives19c,d show a
(C=0) absorption band at 1716 ¢rand a sharp (C=S) band at 1280"cm
(Fig.3-6).
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Fig. 3-5IR (KBr) Spectrum of 3-(1-Phenylethylideneamina)Zm¢hieno-
[2,3-€][1,3]oxazine-2,4-dion€l9i)
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Fig. 3-6 IR (KBr) Spectrum of 7-Chloro-3-(propan-2-ylideneaa)-2-
thioxo-benzothieno[2,3-e][1,3]oxazine-4-o(1Od)
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3.1.5 Preparation of 3-Amino-benzothieno[2B1,3]loxazines 20)

Cleavage of the hydrazono functionality in compaii®a-d could be
achieved smoothly by treatment with trifluoroacedimd in tetrahydrofuran

at ambient temperature furnishing the desired 3zarbenzothieno[2,3-
€][1,3]Joxazines 20) as solid substances in 66-78% vyield (Scheme 3-11,
Table 3-3).

Scheme 3-18ynthesis of 3-Amino-benzothieno[2,3-e][1,3]oxaz({2€)

Y Y
o o
A\ N\N§< TFA, THF, RT W\NHz
« S o 66-78% - « S o

19 20

Table 3-3Prepared 3-Amino benzothieno[2,3-e][1,3]oxaziri2s8)

20 X Y Yield (%)
a H o) 78
b Cl o) 73
c H S 70
d Cl S 66
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The IR spectra o020 are characterized by (NH) absorption bands at 3250
3260 cnt and 3330-3340 ctin addition to two sharp (C=0) bands in
compounds 20a,b (Fig. 3-7). For 3-amino-2-thioxo-benzothieno[2,3-
€][1,3]oxazine-4-ones20c,d), a characteristic (C=S) absorption bands are
found at 1254-1271 ¢

Fig. 3-7 IR (KBr) Spectrum of 3-Amino-7-chloro-benzothiend{g][1,3]-
oxazine-2,4-dion€20b)
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Additional structure prove fa20 was provided by thtH-NMR spectra. As
exemplified in Fig. 3-8, compouriZDa depicts a singlet at 5.45 ppm (NH
and multiplets at 7.62-8.20 ppm (aromatic protons).
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Fig. 3-8'H-NMR Spectrum of 3-Amino-benzothieno[2,3-e][1,3ire-2,4-
dione(209)
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3.2 Synthesis and Cyclization of N-Alkoxy(Aralkoxy)-3-
hydroxy-benzolb]thiophene-2-carboxamides and 3-
Hydroxy-benzol[b]thiophene-2-carbohydrazides

Having established an expedient synthetic routeatdsN-aminoalkenyl-3-
hydroxy-benzdjjthiophene-2-carboxamide&8) and their cyclic derivatives
19, | confidently expected an analogous formation tbé N-alkoxy-
(aralkoxy)-3-hydroxy-benzdjfthiophene-2-carboxamid&¥ and 3-hydroxy-
benzop]thiophene-2-carbohydrazid@8-30, according to literature:
Gorlitzer®® reported the preparation of 3-hydroxy-betmtiophene-2-
carboxamides XLIX ) according to Scheme 3-12 bySalkylation of
thiosalicylic acid methyl ester XXVIII ) with chloroacetamide or
chloroacetanilide and subsequent base catalyzedizatyon of the
intermediatexXLVIIl in 36-69% yield.

Scheme 3-12Synthesis of 3-Hydroxy-benzo[b]thiophene-2-carinaxias

(XLIX")
(@) 0 @)
cl _R
o~ VKH . NaOMe. MeOH‘ o~
SH 60-80% S y
N—R
XXVIII XLVIII
O
NaOMe
benzene, reflux
36-69%
OH H_R
©§—<
S O
XLIX R =H, Phenyl
Gorlitzer, K.,Arch. Pharm (1975)308 272.
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This method was also thought to provide an easgsacto the targeted 3-
hydroxy[b]benzothiophen-2-carbohydroxamat&y)(and 3-hydroxy-benzo-
[b]thiophene-2-carbohydrazide28-30 as outlined in Schemes 3-13, 3-15
and 3-16.

3.2.1 Synthesis of Methyl 2-carboxymethylsulfanyl-benzo@tl)

First, thiosalicylic acid X) was converted to its methyl esbeXVIIl with a
mixture of methanol/sulfuric acid (10%), followedy breaction with
chloroacetic acid in aqueous sodium bicarbonatetisol. Acidification of
the reaction mixture with aqueous HCI (10%) prodidenethyl 2-
carboxymethylsulfanyl-benzoat21) in 93% vyield as white solid (Scheme 3-
13).

Scheme 3-13ynthesis of Methyl 2-carboxymethylsulfanyl-berez(zai)

O O

OH CH,0H, H,SO,, reflux O/

SH SH

1 XXVIII

NaHCO,, H,0
70T

0]

93%
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3.2.2 Synthesis of the Open-chained Precur@826

Compound?1 could be easily converted to the correspondingazolide22
as an intermediate by treatment with one equivalait 1,1 -
carbonyldiimidiazole in dry tetrahydrofuran at ameti temperatufe
Subsequent in-situ addition of various alkoxy(asal®amines, di- and
monosubstituted hydrazines provided the desired hyhet2-[(2-
alkoxy(aralkoxy)amino-2-oxoethyl)sulfanyllbenzoaté23), methyl 2-[(2-
(2,2-disubstituted-hydrazinyl)-2-oxoethyl)sulfarpghzoates 24) and
methyl 2-[(2-(alkylhydrazinyl)-2-oxoethyl)sulfanydgnzoates 25, 26),
respectively, in 60-78% yield (Scheme 3-15).

9 As outlined in Scheme 3-14, a two step mechanisrstne assumed for the reaction of carboxylic acid
with CDI®”). The first step is a nucleophilic attack of thebeaylic acid on the carbonyl group of CDI
affording the transient anhydrid€LXI, which upon subsequent liberation of carbon dioxddds the
imidazolideXLXII.

Scheme 3-1&Reaction mechanism of a carboxylic acid with CDI

RCOOH

CDlI, -Im J\ J\ - CO, J\N/\\
./

XLX XLXI XLXII
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Scheme 3-1%ynthesis of Methyl 2-substituted-sulfanyl-benzj@@26)

O

H(OH

21

@)
CDI, THF ‘ -CO,, -Im

O
o
S léN
N
O
R? — —
/
HN—N 22 RI-O-NH,
R3
70-77% 68-77%
0 O
o~ HN-N-R* o~
S R?
H / H R
AN R?

O \ O
o4 o 60-71% o 23

o~ o~
R* S
[ S
N\ ~ —_—
e) O
25 26
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3.2.2.1 Synthesis of Methyl 2-[(2-alkoxy(aralkoxy)aminox®ethyl)
sulfanyl]benzoatef23)

By dropwise addition of a solution of alkoxy(arakydamine$ in
tetrahydrofuran to a freshly prepared suspensionthe appropriate
imidazolide 22 in tetrahydrofuran and stirring of the reaction tane at
ambient temperature, the desired methyl 2-[(2-atkavalkoxy)amino-2-
oxoethyl)sulfanyllbenzoate238) were obtained as white stable solids in 68-
77% yield (Scheme 3-15, Table 3-4).

Table 3-4 Prepared Methyl 2-[(2-alkoxy(aralkoxy)amino-2-oxoethyl)

sulfanyl]lbenzoatef23)

23 R Yield (%)
a CH; 74

b CH,CHCH;, 77

c CeHsCH, 75

d CeHsCH,CH; 72

e CeHsCH,CH,CH, 70

f 4-CHs-C¢H4CH, 71

g 4-Br-CsH,CH; 68

h C1oH7CH, 71

The IR spectra of the prepared methyl 2-[(2-alkaxgikoxy)amino-2-oxo-
ethyl)sulfanyl]benzoates28) exhibit two (C=0) bands at 1649-1668 tm
(hydroxamic acid), at 1705-1711 ¢n{ester) and a broad (NH) band at
3200-3220 cm (Fig. 3-9).

The 'H-NMR of compound23c displays four singlets at 3.60 ppm (S-gH
3.84 ppm (O-CH), 4.77 ppm (O-CkH and 11.38 ppm (NH), and a multiplet
for the aromatic protons at 7.25-7.90 ppm (Fig03-1

" Methoxyamine and allyloxyamine were used as hylmoirles, and were added portionwise to the
reaction mixture with equivalent amount of triethyline.
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Fig. 3-9 IR (KBr) Spectrum of Methyl 2-[(2-methoxyamino-2ethayl)-
sulfanyl]lbenzoat€23a)
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Fig. 3-10'H-NMR Spectrum of Methyl 2-[(2-benzyloxyamino-2etkypl)-
sulfanyl]lbenzoaté230
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3.2.2.2 Synthesis of Methyl 2-[(2-(2,2-disubstituted-hyaingl)-2-oxo-
ethyl)sulfanyl]benzoatg24)

Treatment of the imidazolid22 with equivalent amount dfl,N-disubstituted
hydrazines, dissolved in tetrahydrofuran, at rooemgerature realized
methyl  2-[(2-(2,2-disubstituted-hydrazinyl)-2-oxbgfsulfanyl]oenzoates
(24) as white stable solids in 70-77% yield (Scheniéb3Table 3-5).

Table 3-5PreparedMethyl 2-[(2-(2,2-disubstituted-hydrazinyl)-2-oxowg)-

sulfanyl]lbenzoatef4)
24 R R® Yield (%)
a CHs CHs 70
b -(CH,)s- 75
C -(CH,)-O-(CH,)-- 77
d -(CHy)>-N(CHjz)-(CHy),- 72

The IR spectra of the prepared methyl 2-[(2-(2 24dstituted-hydrazinyl)-2-
oxoethyl)sulfanyllbenzoate€4) show two (C=0) bands at 1650-1663tm
(carbohydrazide), 1702-1713 ¢m(carboxylic ester) and a (NH) band
between 3200-3220 c¢h(Fig. 3-11).

Fig. 3-11 IR (KBr) Spectrum of Methyl 2-[(2-(morpholinoamir@)pxo-
ethyl)sulfanyl]benzoaté&40
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3.2.2.3 Synthesis of Methyl 2-[(2-(alkylhydrazinyl)-2-oxodjsulfanyl]-
benzoate$25, 269

Depending on the size of the alkyl groupe reaction of the imidazolidz?
with alkylhydrazines led to the formation of either methyl 2-[(2-(1-
alkylhydrazinyl)-2-oxoethyl)sulfanyllbenzoate@5a,i R* = Me, Et) or
methyl 2-[(2-(2tert-butylhydrazinyl)-2-oxoethyl)sulfanyl]benzoat2& R =
t-Bu) (Scheme 3-15).

Compound=25a,band 26 were isolated as white stable crystalline solrds i
71, 62, 60% vyield and their structure was unamhuglyo proven by
microanalysis and spectroscopic data (IR &h&IMR, °*C NMR).

For example, théH-NMR spectrum of compoun®5a depicts four singlets
at 3.04 ppm (N-Ch), 3.83 ppm (O-Ck), 4.03 (S-CH), and 4.91 ppm
(NH,). (Fig 3-12).

Contrary, the'H-NMR spectrum of compoung6 is characterized by two
singlets at 4.63 and 9.49 ppm, attributable ta(kte) protons and additional
three singlets at 0.94 pprtaBu), 3.70 ppm (S-CkJ and 3.84 ppm (O-CHi
(Fig. 3-13).

' Selective N acylation of methylhydrazine with carboxylic acithidazolide was reported in the
literaturd®, The same result was also observed when acetidddl was used as the acylating afjént
However, concomitant acylation took place in 1- @dposition when dimethyl- and diethyl carbonate
were used as acylating agelits

I Ethyl- andtert-butylhydrazine were used as oxalate or hydroctiéosalt with addition of equivalent
amount of triethylamine.

K The formation of methyl 2-[(2-(2-ethylhydraziny@}oxoethyl)sulfanyl]benzoate was also observed.
However it was not isolated due to its very lowldie
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Fig. 3-12 'H-NMR Spectrum of Methyl 2-[(2-(1-methylhydrazir@dpxo-
ethyl)sulfanyl]benzoaté5a)
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Fig. 3-13'H-NMR Spectrum of Methyl 2-[(2-(2-tert-butylhydag)-2-oxo-
ethyl)sulfanyl]benzoat6)
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3.2.3 Synthesis of N-Alkoxy(Aralkoxy)-3-hydroxy-benzdblthiophene-2-
carboxamides 2A7) and 3-Hydroxy-benzdbjthiophene-2-carbo-
hydrazides 28-30

The base catalyzed intramolecular cyclization ¢ thtermediate®3-26
occurred smoothly by refluxing a mixture 28-26and sodium methoxide in
methanol for two hours, followed by evaporation @nceduced pressure and
treatment of the oily residue with aqueous hydrocté acid (Scheme 3-
16).

Scheme 3-16Synthesis of3-Hydroxy-benzo[b]thiophene-2-carboxamide

derivatives(27-30
OH
%H\“Rl
> 0
27
OH -
H /
N—N
% N
3
s % R
28
OH R4
|
- %N_NHZ
S 0
29
OH
H
%N_N%
 ———— H
S 0
30

NaOMe, MeOH, reflux, 2h

23-26
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3.2.3.1 Preparation of N-Alkoxy(Aralkoxy)-3-hydroxy-benZtfibphene-
2-carboxamide$27)

Cyclization of compound23 provided the desiredl-alkoxy(aralkoxy)-3-
hydroxy-benzdjjthiophene-2-carboxamide®4) in 65-80% yield as white
or light pink crystalline solidsvhich were purified by recrystallization from
ethanol (Scheme 3-16, Table 3-6).

Table 3-6 Prepared N-Alkoxy(Aralkoxy)-3-hydroxy-benzo[b]thiophene-2-
carboxamide$27)

27 R Yield (%)
a CH; 69
b CH,CHCH, 75
c CsHsCH, 80
d CsHsCH,CH, 70
e CeHsCH,CH,CH, 72
f A-CHy-C¢H4CH, 68
g 4-Br-CgH,CH, 65
h C10H/CH, 72

The IR spectra of compoun@§ are characterized by a (C=0) absorption
band at 1610-1620 chand (NH) absorption bands between 3120-3200 cm
(Fig. 3-14).

Additional structural proof comes from tHE-NMR spectra. For example,
the "H-NMR spectrum of compoung7c reveals three singlets at 4.98 ppm
(O-CH,), 11.32 ppm (NH) and at 11.80 ppm (OH), besidesudtiplet for
the arylic protons 7.38-7.98 ppm (Fig. 3-15).

' However, it was observed that these derivativesnat stable in room temperature and must be siared
the refrigerator.
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Fig. 3-141IR (KBr) Spectrum of 3-Hydroxy-N-(3-phenylpropoke)izo[b]-
thiophene-2-carboxamid@7¢e
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Fig. 3-15'"H-NMR Spectrum of N-Benzyloxy-3-hydroxy-benzo[bjthene-
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Unambiguous structural proof of27¢c was obtained from X-ray
crystallography (Fig. 3-16), that clearly exemgd#i the 3-hydroxy-
benzothiophene-2-carbohydroxamic acid structure.

Fig. 3-16 Molecular Structure ofN-Benzyloxy-3-hydroxy-benzol[b]thio-
phene-2-carboxamid@7¢

3.2.3.2 Preparation of N',N -Disubstituted-3-hydroxy-berzthiophene-
2-carbohydrazideg§28)

From the intramolecular cyclization of compourizis the targetedN’,N*-
disubstituted-3-hydroxy-benzgfhiophene-2-carbohydrazides 28} were
obtained in good yields of 73-87% as white staldkds. (Scheme 3-16,
Table 3-7).

Table 3-7 Prepared N',N -Disubstituted-3-hydroxy-benzo[b]thiophene-2-

carbohydrazide$28)
28 R R® Yield (%)
a CHs CHs 73
b -(CH,)s- 77
c -(CH,)-O-(CH,)-- 78
d -(CH,)2-N(CHg3)-(CHy)2- 87
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The IR spectra of compoun@8 offer a (C=0) band at 1630-1640 ¢rand
(NH) bands between 3150-3250 tiffFig 3-17).

Fig. 3-17 IR (KBr) Spectrum of N’,N -Dimethyl-3-hydroxy-bdgbmio-
phene-2-carbohydrazid@8a)
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The 'H-NMR spectrum of compoun@8a displays singlets at 2.62 ppm
(N(CHjy),), 9.52 ppm (NH) and 13.30 ppm (OH) (Fig. 3-18).

Unambiguous structural proof fa28a was again obtained from X-ray
crystallography (Fig. 3-19).
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Fig. 3-18 '"H-NMR Spectrum of N,N'-Dimethyl-3-hydroxy-benzthio-
phene-2-carbohydrazid@8a)
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Fig. 3-19 Molecular Structure of N°,N -Dimethyl-3-hydroxy-zefb]thio-
phene-2-carbohydrazid@84q)
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3.2.3.3 Preparation of N(N")-Alkyl-3-hydroxy-benzol[b]thiogre-2-carbo-
hydrazideg29, 30)

As outlined in scheme 3-16, internal cyclization @dmpounds25a,b
afforded the corresponding N-alkyl-3-hydroxy-benzdjjthiophene-2-
carbohydrazide20ab) in 68, 60% vyield respectively (Table 3-8). Simiarl
N'-tert-butyl-3-hydroxy-benzdjjthiophene-2-carbohydrazide 3@ was
obtained in 72% yield from compou2é.

Table 3-8 Prepared N-Alkyl-3-hydroxy-benzo[b]thiophene-2-carbo-

hydrazideg29)
29 R Yield (%)
a CHs; 68
b C,Hs 60

N(N")-Alkyl-3-hydroxy-benzob]thiophene-2-carbohydrazide@9, 30) are
stable solids and characterized by their IR speestrich display a (C=0)
band at 1638 cthand a sharp (NH) band at 3320-3340'd{ffig. 3-20).

Fig. 3-20 IR (KBr) Spectrum of N-Ethyl-3-hydroxy-benzo[b]{thene-2-
carbohydrazid€29b)

50+

40

304

204

10+ \\

3337

1633

3500 3000 2500 2000 1500 1000 500

cm

67



The 'H-NMR of N'-tert-butyl-3-hydroxy-benzdjJthiophene-2-carbohydr-
azide B0) exhibits singlets at 1.11 pprm+Bu), 5.52 ppm (NH-Bu), 9.33
ppm (NH-CO) and 14.06 ppm (OH) (Fig. 3-21).

Fig. 3-21'"H-NMR Spectrum of Mert-Butyl-3-hydroxy-benzo[b]thiophene-
2-carbohydrazid€30)
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-

3.2.4 Cyclic carbonylation (thiocarbonylation) of compals®7, 28, 30 to
3-substituted-benzothieno[2e8-1,3Joxazines 81, 32, 33)

The successful preparation of the above describedzdthiophene
derivatives27-30 prompted me to study their cyclic carbonylatiowaods
the targeted 3-alkoxy(aralkoxy)-benzothieno[g)[3-3]Joxazines 81), as
well as the 3-aminosubstituted-benzothienofg[3;3]oxazines 82, 33

(Scheme 3-17).
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Scheme 3-17Synthesis of 3-Substituted-benzothieno[2,3-e]fix8kines

(31-33
X
o
N<
— O
S O

31
X
o~4N\ e

CDI or TCDI, THF, reflux, 1h N\ N
27,28, 30 > Nos
65-85% s o R

32

(@)
g
. N\ N
OO

33

X=0,S

3.2.4.1 Synthesis and properties of 3-Alkoxy(Aralkoxy)-bémeno[2,3-
e][1,3]oxazineq31)

Thus, treatment oR7a-h with 1,1 equivalent of 1,1 -carbonyldiimidazole
(CDI) afforded cleanly the aimed 3-alkoxy(aralkodgnzothieno|[2,3-
€][1,3]oxazine-2,4-diones3(a-h) as white to light pink solids in 72-85%
yield, and reaction of compoun#87e with 1,1 -thiocarbonyldiimidazole
(TCDI) furnished 3-(3-phenylpropoxy)-2-thioxo-bemtzieno[2,3€][1,3]-
oxazine-4-ond€31i) as light pink needles in 69% yield (Scheme 3Tlahle
3-9).
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Table 3-9 Prepared 3-Alkoxy(Aralkoxy)-benzothieno[2,3-e][1,3]oxazines

(31)

31 R X Yield (%)
a CH; 0 79
b CH,CHCH, 0 85
C CsHsCH, O 81
d CsHsCH,CH, 0 77
e CeHsCH,CH,CH, 0 78
f A-CHy-CeH4CH, 0 72
g 4-Br-CgH,CH, 0 74
h C10H/CH, O 72
i CsHsCH,CH,CH, S 69

The IR spectra of compoun@4a-h show two strong (C=0) bands at 1703-
1718 cm' and at 1774-1780 c¢in(Fig. 3-22). The IR spectrum of 3-(3-
phenylpropoxy)-2-thioxo-benzothieno[2¢H{1,3]oxazine-4-one (31i) dis-
plays one (C=0) absorption at 1718 tand a characteristic (C=S) band at
1290 cni* (Fig. 3-23).

The 'H-NMR spectrum of compoundlf offers singlets at 2.34 ppm (GH
and 5.13 ppm (Ch beside the multiplet of the aromatic protons leetw
7.25-8.23 ppm (Fig. 24).
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Fig. 3-22IR (KBr) Spectrum of 3-Allyloxy-benzothieno[2,34eH{]oxazines-
2,4-dione(31b)
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Fig. 3-23IR (KBr) Spectrum of 3-(3-Phenylpropoxy)-2-thioxerbothieno-
[2,3-e][1,3]oxazine-4-on€31i)
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Fig. 3-24'H-NMR Spectrum of 3-(4-Methyl-benzyloxy)-benzotizs-e]-
[1,3]oxazine-2,4-dion€31f)
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3.2.4.2 Synthesis and properties of 3-(Aminosubstitutedbthieno[2,3-
e][1,3]oxazineq32, 33

Cyclization of compound28a-d with 1,1 -carbonyldiimidazole (CDI) in
refluxing THF produced the desiredaginosubstituted-benzothieno[2,3-
€][1,3]oxazine-2,4-dione¢32a-d) as white stable solids in 70-83% yields.
Similarly, 34ert-butylamino-benzothieno[2,8}{1,3]oxazine-2,4-dione 33)
was accessible as white solid in 67% vyield. 3-(Qhykamino)-2-thioxo-
benzothieno[2,3][1,3]oxazine-4-one 326 was obtained as pale yellow
solid in 65% vyield after treating compoun®8a with 1,1-
thiocarbonyldiimidazole (TCDI) (Scheme 3-17, Tai&O0).
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Table 3-10Prepared3-(Aminosubstituted)-benzothieno[2,3-e][1,3]oxasine

(32
32 R R® X Yield (%)
a CHs CHs O 70
b -(CH,)s- O 74
C -(CH2)2-O-(CH),- O 76
d -(CHg)2-N(CHa)-(CHy)2- ) 83
e CHs CHs S 65

The IR spectrum d33 shows two (C=0) absorption bands at 1692, 1784
cm® and a (NH) band at 3300 &nfFig. 3-25), whereas the IR spectrum of
3-(dimethylamino)-2-thioxo-benzothieno[2€l1,3]oxazine-4-one 326 is
characterized by a strong (C=S) band at 128% and a (C=0) band at 1708
cm* (Fig. 3-26).

The'H-NMR spectrum of compoun®B exhibits singlets at 1.13 pp(iBu)
and 5.45 ppm (NH) in addition to four multipletsd@atic protons) (Fig. 3-
27).

Fig. 3-25IR (KBr) Spectrum of 3-tert.-Butylamino-benzothie®-e][1,3]-
oxazine-2,4-dion€33)
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Fig. 3-26 IR (KBr) Spectrum of 3-(Dimethylamino)-2-thioxo-bethieno-
[2,3-e][1,3]oxazine-4-on€328
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Fig. 3-27'"H-NMR Spectrum of 3-tert.-Butylamino-benzothier®§[1,3]-
oxazine-2,4-dion€33)
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4 Biological Studies

4.1 Antiinflammatory Activity

Several selected compounds3,h, 19a,d 27b,d,h,f 28c,d 29a 30 and
32a)have been tested for COX/LGXnhibitory activities. The in vitro tests
were carried out in collaboration with Prof. Dr. riddaardt (University of
Mainz, Institute of Pharmacy).

4.1.1 Performed Assays

MDA (12-HHT) assa{*? and full blood assay were used to evaluate the
inhibitory effect of the tested substances on COXathd COX-2,
respectively.

The 5-LOX antagonistic properties were studied gisen reversed phase
HPLC metho8?.

4.1.2 Results

All the tested compounds showed no inhibitory aftec COX-2.

Low 5-LOX inhibition was observed (22-36% inhibitiat 10 pmol/L) for
compoundd4.8b,h, 19d, 28d, 30.

Notably, compound7f, 28d showed good COX-1 inhibition with kK
values of 1.5 and 5.3, respectively.

OH OH
H H
N—
A S
27f 28d

™ COX-1 and COX-2 are subtypes of the enzyme cyglgerase which mediates the biosynthesis of
prostaglandines starting from arachidonic acid.®@XL(5-Lipoxygenase) catalyses the biosynthesis of
leuketrienes.
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The best inhibitory effect towards COX-1 was ackby compound.8h
which showed 94% inhibition at 0.1 pumol/L.

4.2 Herbicidal and Fungicidal Activity

Screening o#a,b, 11a-Gg 19e-j, 28c,d 294 30, 31b,e,fand 32c,d towards
herbicidal and fungicidal activity (in collaboratiowith E.l. DuPont de
Nemours, New York-Wilmington/USA) is still in progss.
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S5 Summary

This work deals with the synthesis of two types sofifur containing
heterocycles, namely 1,4-benzothiazepine-5-one aff as 3-hydroxy-
benzothiophene-2-carboxamide derivatives.

In the first part, 1,4-benzothiazepine-5-on&XKIll ) was accessible by
cyclocondensation of compour] which in turn was obtained from 2-
mercapto benzamide2)( and 2-bromo-1,1-dimethoxyethani-Alkylation
(Acylation) of compoundXXXIll provided the productd and5 (Scheme
1).

Scheme 1

/O
p-TsOH
/
0 0
N,R H
) RX/NaH or Ac ,0 )N
S S
4.5 XXXIII

As outlined in Scheme Zralkylation of 5-chlorothiosalicylic acid7} with

2-bromo-1,1-dimethoxyethane gave compo@dbubsequent reaction 8&f
with 1,1 -carbonyldiimidazole (CDI), followed by déhaddition of different
benzylamines furnished the corresponding amitl®s which underwent
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cyclocondensation providing the desired 4-arylmiethghloro-[1,4]benzo-
thiazepine-5-onesl().

Scheme 2

Br /
Cl o Cl
AN
SH S

p-TsOH H
J '
S

S
o_
11 10

In the second part, the synthesis of new 3-hydimeyzop]thiophene-2-
carboxamides and their cyclization to the corredpun 3-substituted-
benzothieno[2,3][1,3]oxazines was reported.

Hydrazinolysis of methyl 3-hydroxy-bendij{hiophene-2-carboxylated 4)
realized the corresponding hydrazides Condensation 017 with ketones
and aldehydes occurred easily to provitieaminoalkenyl-3-hydroxy-
benzop]thiophene-2-carboxamide4§), which were successfully converted
to the corresponding 3-aminoalkenyl-benzothiencf]B,3]Joxazines 19)
by the reaction with 1,1 -carbonyldiimidazole (CDIlpor 1,1-
thiocarbonyldiimidazole (TCDI) (Scheme 3).

A
\
/
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Scheme 3

OH OH
@f\g\(’_ - %H_NHZ
S
14 17

O OH
N'V\N\ Rl H Rl
N\ \( . CDlorTCDI N\ NWN%
X S e} R2 X/©f§\( R2
(0]

19 18

Cleavage of the alkenyl group ir®a-d upon treatment with trifluoroacetic
acid occurred smoothly to provide 3-amino-benzatbj2,3€]|[1,3]oxazines
(20) (Scheme 4).

Scheme 4

Y

Y
o~ o4
Ny~ N~
X S O X S o

19a-d 20

The reaction of methyl 2-carboxymethylsulfanyl besmtz 1) with CDI
provided the imidazolide intermediat22. In situ addition of various
alkoxy(aralkoxy)amines and hydrazines furnished tbpen chained
precursor23-26(Scheme 5).
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Scheme 5

0 ) o)

@O/ @O/ dj\o/
CDI N RlONH2
S S = S
) .
OH N 23 N\O _R?

21 ¢ o o]

22 WHZ
o] RZR3NNH, o o]

S0 SaMoas
24 N\ /R2 25 N\ 26 N\N
N NH, H

0] \ O

O
Cyclization of 23-26 was accomplished in refluxing sodium methoxide
solution to give N-alkoxy(aralkoxy)-3-hydroxy-benzbJthiophene-2-
carboxamides 27) as well as 3-hydroxy-benzgfhiophene-2-
carbohydrazide28-30 (Scheme 6).

Scheme 6
23-26
NaOMe
OH OH
%H\o/%\ A\ H\N/R3
\ 2
s S R
o © 28
27 OH OH |T4
H
N N\N/% N N=nH,
H
S 0 S o}
30 29



Finally, ring closure o027, 28, 30 with CDI or TCDI effectively afforded the
desired benzothieno[2 €}1,3]oxazines 81-33 (Scheme 7).

Scheme 7
27, 28, 30
CDl or TCDI
X ' X
0

O’Z< R1 O’Z< 5 O/Z<
N N \ro N H
S @) S @) S O

31 32 33
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6 Zusammenfassung

Die vorliegende Arbeit befasst sich mit der Syn¢heson 1,4-
Benzothiazepin-5-onen und 3-Hydroxy-bergtifiophen-2-carboxamiden.
Die Verbindung3 wurde durchS-Alkylierung von 2-Mercaptobenzami@)(
erhalten. Cyclokondensation vor8 ergab das unsubstituierte 1,4-
Benzothiazepin-5-on XXXIIl ), welches durch Alkylierung in die
Verbindungert, 5 tUberfuhrt wurde (Schema 1).

Schema 1l

/O
p-TsOH
/
0 0
R H
)N RX/NaH or Ac ,0 )N
S S
4.5 XXXIII

Gemald Schema 2 ergab @&lkylierung von 5-Chlorothiosalicylsdur&
durch Behandlung mit 2-Bromo-1,1-dimethoxyethan #ferbindung 8.
Diese lieferte nach Aktivierung mit 1,1 -Carbonymdidazol (CDI) durch
Umsetzung mit verschiedenen Benzylaminen die Caunme 10, welche
durch Ringschlussreaktion die gewlnschten 4-Anyfhylei-chloro-
[1,4]benzothiazepin-5-ond.{) erbrachten.
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Schema 2

R
Cl N~ Cl _R
J p-TsOH H
S

Im zweiten Teil dieser Arbeit wird die Herstellungon 3-Hydroxy-
benzop]thiophen-2-carboxamid Derivaten und deren Cylefishg zu den
entsprechenden 3-substituierte-benzothiencgfl 133]Joxazinen beschrieben.
Hydrazinolyse von Methyl 3-hydroxy-benbithiophen-2-carboxylateld)
lieferte die korrespondierenden Hydrazidé Durch Umsetzung voh7 mit
verschiedenen Ketonen und Aldehyden wurden MiAminoalkenyl-3-
hydroxy-benzdjjthiophen-2-carboxamidel8) erhalten.

Mit 1,1°-Carbonyldiimidazol (CDI) oder 1,1 -Thiodanyldiimidazol
(TCDI) reagierten die Verbindungedi8 zu den entsprechenden 3-
Aminoalkenyl-benzothieno[2,8}{1,3]oxazine (9) (Schema 3).
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Schema 3

<

O OH
N'V\N\ Rl H Rl
N\ \( . CDlorTCDI N\ NWN%
X S e} R2 X/©f§\( R2
(0]

19 18

3-Amino-benzothieno[2,&}[1,3]oxazine 20) konnten durch Behandlung
von 19a-dmit Trifluoroessigsaure erhalten werden (Schema 4)

Schema 4

Y Y

O’< 0—4

Ny~ N~
X S O X S o

19a-d 20

Die Umsetzung von Methyl 2-carboxymethylsulfanylpbeat 1) mit 1,1-
Carbonyldiimidazol (CDI) ergab das Imidazolid-Intexdiat 22
Nachfolgende Addition von O-substituierten Hydroxylaminen und
Hydrazinen liefert&3-26(Schema 5).
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Schema 5

0 ) o)

@O/ @O/ dj\o/
CDI N RlONH2
S S = S
) .
OH N 23 N\O _R?

21 ¢ o o]

22 WHZ
o] RZR3NNH, o o]

S . s ||Q4 S H
24 N\ /R2 25 N\ 26 N\N
N NH, H
\
(@]

(0]

Die Cyclisierung von23-26 mit Natriummethoxid in Methanol unter
Ruckfluss erbrachte die gewinschtédrAlkoxy(Aralkoxy)-3-hydroxy-
benzop]thiophen-2-carboxamide2{) bzw. 3-Hydroxy-benzdjthiophen-2-
carbohydrazide28-30 (Schema 6).

Schema 6
23-26
NaOMe
OH OH
H
\ 2
S S R
o © 28
27 OH OH Tefl
H
N\ N\NJ< N N=NH,
H
S 3 S Y
30 29



Schlief3lich konnten die entsprechenden Benzothie&e][1,3]oxazine 81-
33) durch Behandlung vo&7, 28, 30 mit CDI oder TCDI erhalten werden
(Schema 7).

Schema 7

27,28, 30

CDl or TCDI

Y

X o
O'é( R! 0/4 5 0’(
N-o~ N-n R N\N/%
N N \ro N H
S @] S O S 0]
32

31
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7 Experimental

7.1 General Information

Melting points (uncorrected) were determined one&itr FP 62 apparatus.
IR Spectra were recorded on a Shimadzu FT-IR 8300.

'H-NMR (400 MHz) and“*C-NMR (100 MHz) spectra were recorded on a
Bruker AMX 400 spectrometer using tetramethylsilaag an internal

standard and DMS@; as a solvent.

Elemental analyses were carried out with a Hera@kN-O-Rapid
instrument.

Column chromatography was conducted on silica &N (Silica 100-200,
active 60 A).

Magnesium sulfate was used as drying agent fomicganases.
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7.2 Procedures and Analytical Data for Chapter 2

7.2.1 Preparation of 2-[(2,2-dimethoxyethyl)sulfanyllbanzade B)

A mixture of thiosalicylic acidX) (50 mmol) and thionyl chloride (150 mL),
was refluxed for 2 h. After removal of the solvemider reduced pressure,
the resulting oily residue was dissolved in dry Tétte added dropwise to a
cooled aqueous solution of ammonia (25%) to afbrdercapto benzamide
(2) as light brown precipitate. The product was ai#e by filtration, dried
and used in the next synthetic step without furthetfication.

A stirred mixture of 2-mercapto benzamid®) (30 mmol), KCO; (75
mmol), and 2-bromo-1,1-dimethoxyethane (30 mmol)dmy acetone (60
mL) was refluxed for 12h. The mixture was filteradd the solvent was
evaporated under reduced pressure. The residue talken up in
dichloromethane (40 mL) and the resulting soluticas washed with water
(2 x 10 mL) and dried over MgSOThe solvent was evaporated to afford 2-
[(2,2-dimethoxyethyl)sulfanyl]benzamide3)( after recrystallization from
ether/ Petrolether.

2-[(2,2-dimethoxyethyl)sulfanyl]lbenzamid®)

Yield: 65% white solid
M.P.: 92 °C
IR (KBr): 1683 cni (C=0):; 3406 crit (NH)
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'H-NMR (DMSO-d6): &(ppm):
3.06 (d, 2H, CH); 3.22 (s, 6H, Chk); 4.47 (m, 1H, CH); 7.18-
7.46 (m, 4H, aromat.); 7.66 (s, 2H, NH

¥C-NMR (DMSO0-d6): 3(ppm):
33.15 (CH); 51.29 (CH); 101.63 (CH); 126.23, 127.54,
128.12, 128.69 (4C tert., aroamt.); 128.47, 13{2Z2 quart.,
aromat.); 162.45 (C=0).

C11H1sNO3S [241.31]

7.2.2 Preparation of 1,4-Benzothiazepine-5-oKXXIIl )

2-[(2,2-Dimethoxyethyl)sulfanyl]benzamide)( (10 mmol) andp-toluene-
sulphonic acid (0.5 mmol) were dissolved in tolu¢h@ mL) and heated to
reflux for 18 hours. After cooling, the mixture wasshed with saturated
solution of NaHCQ (10 mL), dried over MgS§) and evaporated under
reduced pressure to afford 1,4-benzothiazepinee5GdXXIll ).

1,4-Benzothiazepine-5-on¥XXIl )

O]
H

p,

S

Yield: 72%, yellow solid

M.p.: 142 °C (Lit'*d 141-143 °C)

IR (KBr): 1658 cn (C=0); 3210 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
5.94 (d,J = 5.94 Hz, 1H); 6.55 (m, 1H); 7.33-7.64 (m, 4H,
aromat.); 9.79 (s, 1H, NH).
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¥C-NMR (DMSO0-d6): 3(ppm):
108.87 (S-CH); 128.29 (N-CH); 130.91, 131.52, 132133.19
(4C tert., aromat.); 138.00, 139.08 (2C quart.man); 169.30
(C=0).

CoH/NOS [172.23

7.2.3 Preparation of compounds

To an ice-cooled suspension of 1,4-benzothiazepiore XXXII ) (2
mmol) and sodium hydride (2 mmol) in dry THF (10 )p& solution of the
appropriate alkylating agent (2 mmol) in dry THF (8L) was added
dropwise. After stirring for 18 hours at room temgiare, the solvent was
removed under reduced pressure and the residutaleas up in CHCI, (15
mL). The solution was washed with saturated satutd NaHCQ (5 mL)
and dried over MgS§ Evaporation in vacuo resulting in a solid resithgt
was purified via column chromatography on silica (#OAc/ n-hexan 1:1)
to yield compoundd4.

4-(2-Oxo-phenylethyl)-[1,4]benzothiazepine-5-o4a)(

)

Yield: 43%, white solid

M.p.: 143 °C

IR (KBr): 1695, 1627 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
5.23 (s, 2H, Ch); 6.27 (d,J = 6.36 Hz, 1H, S-CH); 6.71 (d,=
6.61 Hz, 1H, N-CH); 7.40-8.06 (m, 9H, aromat.).
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¥C-NMR (DMSO0-d6): 3(ppm):
55.23 (CH); 112.52 (S-CH); 127.86, 128,24, 128.78, 130.66,
131.72, 131.88, 133.71 (9C tert., aromat.); 137(K5CH);
134.63, 138.46, 139.47 (3C quart.,, aromat.); 16§@30);
192.79 (C=0).

C1/H1aNO,S [295.36

Calcd. [%] C69.13 H4.44 N4.47 S10.86

Found [%] C68.60 H4.61 N458 S10.68

4-Benzoyl-[1.,4]benzothiazepine-5-ordb]

s

Yield: 66%, yellow solid

M.p.: 101 °C

IR (KBr): 1652, 1706 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
6.74 (d,J = 6.36 Hz, 1H, S-CH); 7.13 (d,= 6.36 Hz, 1H, N-
CH); 7.50-7.84 (m, 9H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
118.21 (S-CH); 128.62, 128,74, 128.87, 131.39,032132.65,
133.19 (9C tert., aromat.); 133.46 (N-CH); 133.336.30,
139.21 (3C quart., aromat.); 168.87 (C=0); 172@86Q).

C16H1:NO,S [281.34

Calcd. [%] C68.31 H3.94 N498 S11.40

Found [%] C68.43 H4.18 N492 S11.04
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4-(4-Methyl-benzoyl)-[1,4]benzothiazepine-5-ode)(

s

Yield: 68%, yellow solid

M.p.: 89°C

IR (KBr): 1676, 1708 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
2.39 (s, 3H, Ch); 6.69 (d,J = 6.61 Hz, 1H, S-CH); 7.10 (d,=
6.36 Hz, 1H, N-CH); 7.37-7.76 (m, 8H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
21.12 (CH); 117.78 (S-CH); 128.74, 128,96, 129.47, 131.37,
132.00, 132.62 (8C tert., aromat.); 133.46 (N-CH}0.35,
136.47, 139.14, 144.02 (4C quart., aromat.); 16§8%0);
172.73 (C=0).

C1/H1sNO,S [295.36

Calcd. [%] C69.13 H4.44 N474 S10.86

Found [%] C69.07 H4.70 N4.64 S10.66

4-(4-Chloro-benzoyl)-[1,4]benzothiazepine-5-odd)(

Cl

s

Yield: 77%, yellow solid
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M.p.: 107°C

IR (KBr): 1654, 1718 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
6.78 (d,J = 6.62 Hz, 1H, S-CH); 7.13 (d,= 6.35 Hz, 1H, N-
CH); 7.50-7.83 (m, 8H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
118.65 (S-CH); 128.74, 129,03, 130.32, 131.40,1(32132.37,
(8C tert., aromat.); 133.40 (N-CH); 132.70, 136.137.80,
139.23 (4C quart., aromat.); 168.97 (C=0); 171@©80Q).

C16H10CINO,S [315.78

Calcd. [%] C60.86 H3.19 N444 S10.15

Found [%] C60.74 H345 N441 S10.20

7.2.4 Preparation of 4-Acetyl-[1,4]benzothiazepine-5-¢be

A mixture of 1,4-benzothiazepine-5-on&XXIIl ) (5mmol) and acetic
anhydride (15 mL) was refluxed for 2h. After coglinthe mixture was
purred into ice-water (20 mL) and the desired pobgiuecipitated as yellow
solid after neutralization by dropwise addition sdéturated solution of
NaHCG:.

4-Acetyl-[1,4]benzothiazepine-5-0n8) (

ON/AO
J

S

Yield: 85%, yellow solid

M.p.: 82 °C

IR (KBr): 1676, 1706 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
2.59 (s, 3H, Ch); 6.81 (d,J = 6.60 Hz, 1H, S-CH); 6.93 (d,=
6.34 Hz, 1H, N-CH); 7.56-7.87 (m, 4H, aromat.).
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¥C-NMR (DMSO0-d6): 3(ppm):
26.98 (CH); 119.45 (S-CH); 128.45, 130.85, 131.62, 131.85
(4C tert., aromat.); 133.68 (N-CH); 137.12, 139(Z€ quart.,
aromat.); 168.53 (C=0); 172.89 (C=0).

C11H9oNO,S [219.26

Calcd. [%] C60.26 H4.14 N6.39 S14.62

Found [%] C60.25 H435 N6.33 S14.53

7.2.5 Preparation of 5-Chloro-2-[(2,2-dimethoxyethyl)sulyl]lbenzoic acid
(8)

A solution of 2-bromo-1,1-dimethoxyethan (30 mmial)EtOH (7 mL) was
added to 5-chlorothiosalicylic acid’)( (25 mmol) dissolved in 10% aq.
solution of NaOH (50 mL). The mixture was stirredd78 °C for 2 hours.
After cooling and acidification with ag. HCI (10%dhe product8 was
obtained as yellow precipitate which was filtereghshed with cold water
and dried.

5-Chloro-2-[(2,2-dimethoxyethyl)sulfanyllbenzoicicdh¢8)

Cl

Yield: 87%, yellow solid

M.p.: 89 °C

IR (KBr): 1680 cni (C=0)

'H-NMR (DMSO-d6): &(ppm):
3.15 (d, 2H, CH); 3.29 (s, 6H, Ck); 4.57 (t, 1H, CH); 7.45-
7.82 (m, 3H, aromat.); 13.42 (s, 1H, OH).
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¥C-NMR (DMSO0-d6): 3(ppm):
34.25 (CH); 53.15 (CH); 102.22 (CH); 127.75, 128.06, 131.76
(3C tert., aromat.); 128.55, 130.18, 139.27 (3Criguaromat.);
166.23 (C=0).

C11H13ClO4S [276.74

7.2.6 Preparation of 5-Chloro-2-[(2,2-dimethoxyethyl)su{llbenzamides
(10

To a stirred solution of compour@(5 mmol) in dry THF, CDI (5,5 mmol)
was added and the mixture was stirred at RT for 1h.

A solution of the appropriate amine (8 mmol) in TEBFmML) was added and
the reaction mixture was stirred at RT overnight.

The solvent was removed under reduced pressuréhan@sidue was taken
up in EtOAc (20 mL). The organic phase was extchatéth a saturated
solution of NaHCQ(7 mL) then with HCI 1N (7 mL), collected and dried
over MgSAQ.

The solvent was removed and the residue was ratligst from
Et,O/Petrolether to afford the benzamidés

N-Benzyl-5-chloro-2-[(2,2-dimethoxyethyl)sulfanyllbzamide £0a)

OO0
K(o_

O
/

Yield: 85%, white solid
M.p.: 83 °C
IR (KBr): 1636 cn1 (C=0); 3276 crit (NH)
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'H-NMR (DMSO-d6): &(ppm):
3.11 (d,J = 5.59 Hz, 2H, S-C}); 3.34 (s, 6H, Ch); 4.43 (d,J =
5.85 Hz, 2H, PIGH,); 4.48 (t,J = 5.46 Hz, 1H, CH); 7.24-7.52
(m, 8H, aromat.); 8.97 (§,= 5.80 Hz, 1H, NH).

¥C-NMR (DMSO-d6): 3(ppm):
35.53 (S-CH); 42.43 (Ph-CH); 53.16 (CH); 102.52 (CH);
126.71, 127.11, 127.18, 128.16, 129.74, 130.36 (84.,
aromat.); 129.63, 134.37, 138.55, 138.97 (4C quarbmat.);
166.25 (C=0).

C1sH.0CINOSS [365.89

Calcd. [%] C61.62 H517 N4.23 S9.68

Found [%] C6151 H521 N4.33 S09.10

5-Chloro-2-[(2,2-dimethoxyethyl)sulfanyN-(4-fluoro-benzyl)benzamide
(10b)

Cl
N
L
S F

Yield: 63%, white solid

M.p.: 86 °C

IR (KBr): 1636 cn1 (C=0); 3275 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
3.10 (d,J = 5.60 Hz, 2H, S-CH); 3.33 (s, 6H, Ch); 4.42 (d,J =
6.11 Hz, 2H, Ph-CH; 4.47 (t,J = 5.60 Hz, 1H, CH); 7.24-7.52
(m, 7H, aromat.); 8.98 (§,= 5.85 Hz, 1H, NH).
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¥C-NMR (DMSO0-d6): 3(ppm):
35.46 (S-CH); 41.74 (Ph-CH); 53.13 (CH); 102.46 (CH);
114.87 (d,Jce = 21.36 Hz); 129.15 (dJcr = 7.63 Hz); 127.09,
129.67, 130.33 (3C tert., aromat.); 129.74, 1341388.44 (3C
quart., aromat.); 135.15 (8)cr = 3.05 Hz); 159.91, 162.32 (d,
e = 241.86 Hz); 166.25 (C=0).

C1sH1sCIFNO;S [383.87

Calcd. [%] C51.84 H272 N3.78 S8.65

Found [%)] C51.30 H276 N3.77 S8.47

5-ChloroN-(2,4-dichloro-benzyl)-2-[(2,2-dimethoxyethyl)sutid]-
benzamideX0qg

Cl
Cl

S Cl

Yield: 52%, yellow solid

M.p.: 100 °C

IR (KBr): 1630 cn (C=0):; 3260 crit (NH)

'H-NMR (DMS0O-d6): &(ppm):
3.10 (d,J = 5.50 Hz, 2H, S-CH; 3.26 (s, 6H, Ch); 4.47 (d,J =
5.46 Hz, 2H, Ph-CH); 4.66 (t,J = 5.58 Hz, 1H, CH); 7.31-7.55
(m, 6H, aromat.); 8.72 (§,= 5.54 Hz, 1H, NH).

¥C-NMR (DMSO0-d6): 3(ppm):
35.39 (S-CH); 40.06 (Ph-CH); 53.14 (CH); 102.50 (CH);
127.35, 128.43, 129.67, 130.06, 130.11, 130.16 (eq.,
aromat.); 129.39, 132.85, 134.68, 134.75, 135.@3,82 (6C
quart., aromat.); 165.89 (C=0).

Ci1gH1sCIsNOsS [434.77
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Calcd. [%] C61.62 H517 N423 S$59.68
Found [%] C6151 H521 N433 §9.10

7.2.7 Preparation of 4-(Arylmethyl)-7-chloro-[1,4]benz@hepines-5-ones
1y

A solution of the benzamides0 @ mmol), p-toluenesulphonic acid (0.2
mmol) in toluene (15 mL) was heated to reflux f& H. After cooling, the
mixture was washed with saturated solution of NaklGQ@D mL). The
organic layer was collected, dried over Mg3(d the solvent was removed
under reduced pressure.

Column chromatography on silica gel of the resgltnesidue (EtOAc/n-
hexan 1:1) afforded the targeted benzothiazepiegsgativesll.

4-Benzyl-7-chloro-[1,4]benzothiazepine-5-od4 &)

S

Yield: 43%, yellow solid

M.p.: 112 °C

IR (KBr): 1625 cni (C=0)

'H-NMR (DMSO-d6): &(ppm):
4.93 (s, 2H, CH); 6.34 (d,J = 6.61 Hz, 1H, S-CH); 6.79 (d,=
6.61 Hz, 1H, N-CH); 7.26-7.64 (m, 8H, aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
51.44 (CH); 114.65 (S-CH); 126.96, 127.15, 128.41, 130.95,
131.15, 132.46 (8C tert., aromat.); 137.47 (N-CHR3.01,
136.62, 138.68, 140.38 (4C quart., aromat.); 16{CHD).

C16H1.CINOS [301.8Q

Calcd. [%] C63.68 H4.01 N4.64 S10.62

Found [%)] C63.62 H4.15 N458 S10.53
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7-Chloro-4-(4-flurobenzyl)-[1,4]benzothiazepine-Beo(L 1b)

S

Yield: 45%, yellow solid

M.p.: 103 °C

IR (KBr): 1630 cnt (C=0)

'H-NMR (DMSO-d6):3(ppm):
4.90 (s, 2H, CH); 6.35 (d,J = 6.36 Hz, 1H, S-CH); 6.79 (d,=
6.61 Hz, 1H, N-CH); 7.17-7.63 (m, 7H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
50.73 (CH); 114.85 (S-CH); 115.20 (d)cr = 21.36 Hz); 129.15
(d, ®Jer = 8.39 Hz); 130.93, 131.71, 132.46 (3C tert., axb)n
133.05 (d,"Jce = 3.05 Hz); 133.02, 138.64, 140.31 (3C quart.,
aromat.); 137.34 (N-CH); 160.13, 162.54 {dr = 242.63 Hz);
167.09 (C=0).

C16H1.CIFNOS [319.79

Calcd. [%] C60.10 H3.47 N4.38 S10.03

Found [%] C59.85 H3.67 N424 S9.67

7-Chloro-4-(2,4-dichlorobenzyl)-[1.4]benzothiazemib-one {10

Cl

S
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Yield: 30%, yellow needles
M.p.: 163 °C
IR (KBr): 1636 cn1 (C=0)
'H-NMR (DMSO-d6): &(ppm):
4.82 (s, 2H, Ch); 6.32 (d,J = 6.35 Hz, 1H, S-CH); 6.82 (d,=
6.62 Hz, 1H, N-CH); 7.15-7.56 (m, 6H, aromat.).
¥C-NMR (DMSO-d6): 3(ppm):
47.93 (CH): 114.72 (S-CH); 125.73, 128.15, 130.03, 130.18,
131.11, 132.46 (6C tert., aromat.); 135.60 (N-CHP9.87,
133.21, 133.75, 134.07, 138.52, 140.38 (6C quarbmat.);
167.36 (C=0).
C16H10CIsNOS [370.69
Calcd. [%] C51.84 H272 N3.78 S8.65
Found [%] C51.30 H276 N3.77 S8.47

7.3 Procedures and Analytical Data for Chapter 3

7.3.1 Preparation of Methyl 3-hydroxy-benbithiophene-2-carboxylates
(14

Procedure A:

As outlined in scheme 3-3, thiosalicylic acid (50 mmol) was dissolved in
10% ag. solution of NaOH (75 mL). Chloroacetic a0 mmol) dissolved
in water (15 mL) was added and the mixture wasdukett 70 °C for 2 h.
Acidification under ice cooling with HCI (2N) praded the producl2 as
white precipitate which was filtered, washed witthdcwater and dried.
Compoundl2 (40 mmol) was dissolved in mixture otL$0/MeOH (10%)
(100 mL) and the solution was refluxed for 18 hours

The solvent was removed and the residue was tagan water (70 mL).
Under stirring and ice cooling, NaHG@as added to pH = 8-9.

The mixture was extracted with GEl, (3 x 50 mL) and the organic phases
were combined, dried over Mga(and evaporated under reduced pressure
to afford methyl 2-[(2-methoxy-2-oxoethyl)sulfanyf§nzoate 13) as white
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crystalline material, which was used without furtiperification in the next
synthetic step.

The diester 13 (30mmol) was dissolved in toluene (30 mL), 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) (30 mmol) wadded and the
mixture was stirred for 24 hours at RT.

The reaction mixture was washed with HC| 1N (20 nalnd the organic
layer was collected, dried over Mg$énd the solvent was removed to give
methyl-3-hydroxy-benzdfthiophene-2-carboxylate 4a).

Procedure B:

To a stirred, cold solution (ice bath), containimgethyl-2-nitrobenzoates
(15) (30 mmol) and methyl thioglycolate (4 mL) in DMEO mL) was added
slowly LiOH (2.5 g). The mixture was stirred unaeoling for ¥2 h and then
in RT for 1-2.5 h. It was poured into ice water dnd solution was acidified.
The crude product was collected and crystallizethfEtOH.

Methyl 3-hydroxy-benzdijlthiophene-2-carboxylatel4a)

O~
S

O

Yield: 95% (Procedure A), 60% (Procedure B)

M.p.: 105 °C (Lit®¥ M.p. 109-110 °C)

IR (KBr): 1665 cni (C=0)

'H-NMR (DMSO-d6): &(ppm):
3.87 (s, 3H, Ch); 7.45-7.95 (m, 4H, aromat.); 10.58 (s, 1H,
OH).
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¥C-NMR (DMSO0-d6): 3(ppm):
51.86 (CH); 103.07, 131.33, 137.50, 155.67 (4C quart.,
aromat.); 122.66, 123.29, 124.59, 128.68 (4C tarpmat.);
164.03 (C=0).

C1oHs0sS [208.23

Methyl 6-chloro-3-hydroxy-benzblthiophene-2-carboxylatel 4b)

Yield: 75% (Procedure B)

M.p.: 147 °C (Lit?®% M.p. 149 °C)

IR (KBr): 1660 cnt (C=0)

'H-NMR (DMSO-d6): &(ppm):
3.85 (s, 3H, Ch); 7.47-8.15 (3H, aromat.); 10.63 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
51.94 (CH); 103.24, 130.37, 133.52, 138.69, 155.84 (5C quart
aromat.); 122.92, 124.18, 125.28 (3C tert., aromdit3.56
(C=0).

C10H-CIO;S [242.68

7.3.2 Preparation of 3-Hydroxy-bengthiophene-2-carbohydrazides)

To a solution ofl4 (10 mmol) in methanol (20 mL), hydrazine hydrafe (
mL) was added dropwise under ice cooling. The metuas then refluxed
for 4 h.

After completion of the reaction (monitored by TLGhe mixture was

acidified with HCI (2N) to pH = 4-4.5 under ice dimg. The precipitated

products were collected, washed with cold water esatystallized from

methanol.
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3-Hydroxy-benzdp]thiophene-2-carbohydrazidé{a)

Yield: 75% pale yellow solid

M.p.: 98 °C

IR (KBr): 1600 cn (C=0); 3300 crit (NH-NH,)

'H-NMR (DMSO-d6): &(ppm):
7.40 (s, 2H, NH); 7.51-7.83 (m, 4H, aromat.); 7.69 (s, 1H,
NH); 9.28 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
103.26, 131.96, 136.30, 154.48 (4C quart., aromaRp.25,
123.83, 124.76, 125.41 (4C tert., aromat.); 162CZ0).

CoHgN,0O,S [208,24

Calcd. [%] C51.91 H3.87 N13.45 S15.40

Found [%] C51.25 H3.96 N13.28 S14.97

6-Chloro-3-hydroxy-benzbjthiophene-2-carbohydrazidé{b)

Yield: 70% pale yellow solid
M.p.: 127 °C
IR (KBr): 1600 cni (C=0); 3310 crit (NH-NH,)

103



'H-NMR (DMSO-d6): &(ppm):
7.43 (s, 2H, NH); 7.80-8.10 (m, 3H, aromat.); 8.04 (s, 1H,
NH); 9.43 (s, 1H, OH).
¥C-NMR (DMSO0-d6): 3(ppm):
102.68, 131.42, 133.93, 138.21, 155.06 (5C quarbmat.);
122.81, 124.79, 126.38 (3C tert., aromat.); 163CGHO).
CoHsN,0,S [242,69
Calcd. [%] C4454 H291 N11.54 S13.21
Found [%] C4350 H3.00 N11.09 S13.26

7.3.3 Preparation of N-Aminoalkenyl-3-hydroxy-benzbjthiophene-2-
carboxamidesl@)

To a suspension of the hydrazides (5 mmol) in MeOH (10 mL), the
appropriate reagent (aldehyde or ketone) (10 mm@a$ added and the
mixture was heated to reflux for 1 hour.

After cooling, the precipitated solid product waslected by filtration and
recrystalized from EtOH.

3-HydroxyN-(propan-2-ylideneamino)-benzithiophene-2-carboxamide
(18a)

Yield: 87%, white solid

M.p.: 240 °C

IR (KBr): 1624 cn (C=0); 3157-3236 cih(NH)

'H-NMR (DMSO-d6): &(ppm):
1.99 (s, 3H, Ch); 2.09 (s, 3H, Ch); 7.43-7.92 (m, 4H,
aromat.); 11.05 (s, 1H, NH); 13.22 (s, 1H, OH).
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¥C-NMR (DMSO0-d6): 3(ppm):
17.39, 24.51 (2C, CHt 101.65, 125.98, 134.08, 141.44 (4C
quart., aromat.); 121.95, 122.73, 124.16, 128.3@ (ért.,
aromat.); 161.36 (C=0); 168.01 (1C quart., C=N).

C1oH12N,0,S [248.31

Calcd. [%] C58.05 H4.87 N11.28 S12091

Found [%] C5785 H5.01 N11.24 S12.67

6-Chloro-3-hydroxyN-(propan-2-ylideneamino)-benzthiophene-2-

carboxamide 18b)
OH
o
N —
Cl S O

Yield: 90%, white solid

M.p.: 254 °C

IR (KBr): 1625 cn (C=0); 3156 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
1.98 (s, 3H, Ch); 2.07 (s, 3H, CH); 7.43 (d, 1H, aromat.); 7.88
(d, 1H, aromat.); 8.09 (s, 1H, aromat.); 11.15.¢$, NH); 13.29
(s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
17.46, 24.50 (2C, Cit 101.14, 126.26, 128.15, 133.01, 142.82
(5C quart., aromat.); 122.33, 123.53, 124.97 (3C, teromat.);
161.42 (C=0); 167.66 (C=N).

C1.H1:CIN,O,S [282.75

Calcd. [%] C50.98 H3.92 N991 S11.34

Found [%] C50.72 H4.08 N977 S11.50

105



3-HydroxyN-(pentan-3-ylideneamino)-benhifhiophene-2-carboxamide

18cC
OH
e
N —
S o}

Yield: 85%, white solid

M.p.: 192 °C

IR (KBr): 1605 cn (C=0); 3182 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
1.04-1.22 (m, 6H, CB; 2.42 (m, 4H, CH); 7.44-7.92 (m, 4H,
aromat.); 11.06 (s, 1H, NH); 13.34 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
10.29, 11.66 (2C, Cht 22.67, 29.44 (2C, Cht 102.68,
125.66, 135.56, 139.06 (4C quart., aromat.); 1221B.22,
124.65, 128.91 (4C tert., aromat.); 162.07 (C=09.23
(C=N).

C1H16N,0,S [276.36

Calcd. [%] C60.85 H5.84 N10.14 S11.60

Found [%] C60.32 H596 N10.22 S11.42

6-Chloro-3-hydroxyN-(pentan-3-ylideneamino)-bentifhiophene-2-

carboxamide18d)
OH
o
N\ —
Cl S o}

Yield: 86%, white solid
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M.p.: 220 °C

IR (KBr): 1617 cn1 (C=0); 3168 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
1.03-1.22 (m, 6H, CB; 2.42 (m, 4H, CH); 7.46 (d, 1H,
aromat.); 7.89 (d, 1H, aromat.); 8.11 (s, 1H, aronal.17 (s,
1H, NH); 13.34 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
9.87, 11.25 (2C, CH}; 22.23, 29.01 (2C, Cht 101.17, 126.34,
128.23, 133.23, 142.56 (5C quart., aromat.); 1221¥3.40,
124.87 (3C tert., aromat.); 161.91 (C=0); 167.96NL

C14H15CIN,O,S [310.8Q

Calcd. [%] C54.10 H4.86 N9.01 S10.32

Found [%] C54.02 H505 NB890 S10.28

N-Benzylideneamino-3-hydroxy-benbithiophene-2-carboxamidd. 86

OH
H
C+™

Yield: 89%, white solid

M.p.: 246 °C

IR (KBr): 1635 cni (C=0); 3150 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
7.28-7.9 (m, 9H, aromat.); 8.11 (s, 1H, GH); 12.13 (s, 1H,
NH); 13.1 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
100.10, 129.90, 134.07, 134.11, 141.49 (5C quarbmat.);
146.31 (1C, NEH); 159.50 (C=0).

Ci16H1N,0,S [296.35

Calcd. [%] C64.85 H4.08 N945 S10.82

Found [%] C64.31 H422 N941 S10.88
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N-Benzylideneamino-6-chloro-3-hydroxy-benkpthiophene-2-carbox-

amide (L8f)
OH
H
O™
Cl S 0 b

Yield: 90%, white solid

M.p.: 250 °C

IR (KBr): 1638 cni (C=0); 3144 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
7.50-7.92 (m, 7H, aromat.); 8.19 (s, 1H, arom&.22 (s, 1H,
N=CH).

¥C-NMR (DMSO-d6): 3(ppm):
100.42, 128.16, 133.50, 133.54, 142.28, 16735 (&@rtq
aromat.); 122.70, 123.52, 125.11, 127.54, 128.80,37 (8C
tert., aromat.); 146.02 (1C, KIH); 160.41 (C=0).

C16H1:CIN,O,S [330.8Q

Calcd. [%] C58.10 H3.35 NB847 S9.69

Found [%] C58.01 H377 NB803 S9.40

3-HydroxyN-(1-phenylethylideneamino)-bentithiophene-2-carbox-

amide (89
OH
H
CIod+™

Yield: 90%, white solid
M.p.: 242 °C
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IR (KBr): 1614 cn1 (C=0); 3172 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
2.41 (s, 3H, Ch); 7.45-8 (m, 9H, aromat.); 11.33 (s, 1H, NH);
13.24 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
14.99 (CH); 102.54, 129.69, 134.65, 135.02, 142.16 (5C quart
aromat.); 122.54, 123.40, 124.84, 127.32, 128.949.1D,
129.93 (9C tert., aromat.); 162.02 (C=0); 168.86NL

C1/H1aN,0,S [310.39

Calcd. [%] C65.79 H455 N9.03 S10.33

Found [%] C64.84 H462 N889 S10.34

6-Chloro-3-hydroxyN-(1-phenylethylideneamino)-benbithiophene-2-
carboxamidei8h)

OH
H
m o
Cl S 0

Yield: 92%, white solid

M.p.: 265 °C

IR (KBr): 1620 cn (C=0); 3163 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
2.41 (s, 3H, ChH); 7.51-7.97 (m, 7H, aromat.); 7.51 (s, 1H,
aromat.); 11.41 (s, 1H, NH); 13.20 (s, 1H, OH).

¥C-NMR (DMSO0-d6): 3(ppm):
14.59 (CH); 102.54, 123.47, 129.69, 134.65, 135.02, 142.16
(6C quart., aromat.); 122.60, 123.52, 125.04, 126128.48,
129.50 (8C, tert., aromat.); 162.32 (C=0); 168 GZN).

C17H15CIN,O,S [344.82

Calcd. [%] C59.22 H3.80 NB812 S9.30

Found [%)] C58.48 H3.88 NB805 S9.40
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7.3.4 General Procedure for Preparation of BenzothieBedH1,3]oxazines

(19, 31-33

To a solution of 3-hydroxy-benzdgfhiophene derivativeslg, 27, 28, 30) (2
mmol) in dry THF (10 mL), CDI or TCDI (2,2 mmol) waadded and the
mixture was heated to reflux for 1 hour. The sotwgas evaporated and the
residue was dissolved in GEl, (15 mL) and extracted with HCI (10 mL, 0.1
N). The organic layer was collected, dried over dg&nd evaporated under
reduced pressure to furnish the targeted heterncay@npound.
Recrystallization from hot EtOH provided analytlggdure samples.

3-(Propan-2-ylideneamino)-benzothieno[2]Bt,3]loxazine-2.,4-dionel(9a)

sefm

Yield: 75%, white solid

M.p.: 209 °C

IR (KBr): 1699, 1761 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
1.92 (s, 3H, ChH); 2.24 (s, 3H, Ch); 7.60-8.22 (m, 4H,
aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
19.46 (CH); 24.51 (CH); 110.89, 127.06, 138.76, 144.96 (4C
quart., aromat.); 121.99, 124.30, 126.08, 129.4C (ért.,
aromat.); 149.78, 154.04 (2C, C=0); 182.03 (C=N).

C13H10N205S [274.3(

Calcd. [%] Cb56.92 H3.67 N10.21 S11.69

Found [%] C56.58 H364 N10.02 S11.72
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7-Chloro-3-(propan-2-ylideneamino)-benzothieno[&)[3;3]oxazine-2,4-

dione (19b
O
o
N—N:<
A\
Cl S (@)

Yield: 70%, white solid

M.p.: 203 °C

IR (KBr): 1698, 1760 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
1.92 (s, 3H, Ch); 2.24 (s, 3H, CH); 7.66 (d, 1H, aromat.); 8.09
(d, 1H, aromat.); 8.42 (s, 1H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
19.49 (CH); 24.51 (CH); 111.83, 125.89, 134.24, 139.89,
144.82 (5C quart., aromat.); 121.99, 124.30, 126128.47 (4C
tert., aromat.); 149.78 (C=0); 153.89 (C=0); 18ACTEN).

C15H4CIN,O5S [308.75

Calcd. [%] C5057 H294 N9.07 S10.39

Found [%] C50.12 H3.14 N9.06 S10.40

3-(Propan-2-ylideneamino)-2-thioxo-benzothieno[d|[3-;3]oxazine-4-one

19¢
S
ol
S O

Yield: 72%, yellow solid
M.p.: 213 °C
IR (KBr): 1282 cnt (C=S); 1710 ci (C=0)
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'H-NMR (DMSO-d6): &(ppm):
1.89 (s, 3H, CH); 2.27 (s, 3H, Chk); 7.66-8.24 (m, 4H,
aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
19.46 (CH); 24.34 (CH); 113.15, 126.25, 139.09, 150.93 (4C
guart., aromat.); 122.16, 124.33, 126.33, 129.96 (ért.,
aromat.); 152.72 (C=0); 175.30 (C=S); 182.15 (C=N).

C15H10N,0,S, [290.36

Calcd. [%] C53.78 H3.47 N965 S22.09

Found [%] C53.24 H3.64 NO950 S21.16

7-Chloro-3-(propan-2-ylideneamino)-2-thioxo-benzetio[2,3€][1,3]-

oxazine-4-onel9d)
S
o
N—N%
A\
Cl S O

Yield: 65%, yellow solid

M.p.: 173 °C

IR (KBr): 1278 cnt (C=S); 1716 ci (C=0)

'H-NMR (DMSO-d6): &(ppm):
1.88 (s, 3H, Ch); 2.26 (s, 3H, Ck); 7.70 (d, 1H, aromat.); 8.13
(d, 1H, aromat.); 8.45 (s, 1H, aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
19.50 (CH); 24.32 (CH); 113.82, 126.36, 134.75, 140.23,
150.78 (5C quart., aromat.); 123.56, 124.00, 127383 tert.,
aromat.); 152.21 (C=0); 175.15 (C=S); 182.32 (C=N).

C13HsCIN,O,S, [324.8]

Calcd. [%] C48.07 H279 NB862 S19.74

Found [%] C4850 H298 N848 S19.10
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3-(Pentan-3-ylideneamino)-benzothieno[2]3-,3loxazine-2,4-dionel©g

1
S g

Yield: 74%, white solid

M.p.: 127 °C

IR (KBr): 1698, 1760 crh (C=0)

'H-NMR (DMS0O-d6): &(ppm):
0.99 (t,J = 7.36 Hz, 3H, CH); 1.19 (t,J = 7.37 Hz, 3H, CH);
2.26 (q,Jd = 14.75 Hz, 2H, Ch); 2.50 (q,J = 14.75 Hz, 2H,
CH,); 7.62 (m, 2H, aromat.); 8.20 (m, 2H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
9.96 (CH); 10.23 (CH); 24.40 (CH); 28.21 (CH); 111.12,
127.09, 138.78, 145.00 (4C quart., aromat.); 122124.28,
126.07, 129.46 (4C tert., aromat.); 149.80 (C=05.21
(C=0); 189.05 (C=N).

C15H14N,03S [302.35

Calcd. [%] C5959 H4.67 N9.27 S10.60

Found [%] C5955 H491 N9.15 S10.76

7-Chloro-3-(pentan-3-ylideneamino)-benzothienol@[2-3loxazine-2,4-

dione (19f)
o)
o
N—N=
Jostend
Cl S O
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Yield: 71%, white solid

M.p.: 197 °C

IR (KBr): 1698, 1760 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
0.98 (t,J = 7.63 Hz, 3H, CH); 1.18 (t,J = 7.37 Hz, 3H, Ch);
2.24 (9,J = 14.73 Hz, 2H, CH); 2.60 (q,Jd = 14.75 Hz, 2H,
CHy); 7.67 (d, 1H, aromat.); 8.02 (d, 1H, aromat.%28(s, 1H,
aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
10.01 (CH); 10.22 (CH); 24.39 (CH); 28.18 (CH); 111.84,
125.91, 134.22, 139.88, 144.87 (5C quart., aromaRp.42,
123.98, 126.77 (3C tert., aromat.); 149.32 (C=0%4.Q7
(C=0); 189.19 (C=N).

C15H13CIN,OsS [336.8(

Calcd. [%)] C5349 H389 N832 S952

Found [%] C5340 H4.01 NB8.27 S947

3-Benzylideneamino-benzothieno[2B1,3loxazine-2,4-dionel9q)

1

N—N—
%
S O

Yield: 81%, white solid
M.p.: 224 °C
IR (KBr): 1700, 1764 cm (C=0)
'H-NMR (DMSO-d6): &(ppm):
7.58-8.25 (m, 9H, aromat.); 8.86 (s, 1H, N=CH).
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¥C-NMR (DMSO0-d6): 3(ppm):
111.28, 126.96, 131.76, 138.29, 145.62 (5C quarbmat.);
122.10, 124.39, 126.21, 128.85, 129.13, 129.64,00839C
tert., aromat.); 149.32 (C=0); 154.83 (C=0); 17426N).

C1/H10NL05S [322.34

Calcd. [%] C63.35 H3.13 NB869 S9.95

Found [%] C62.90 H3.27 NB858 S9.94

3-Benzylideneamino-7-chloro-benzothieno[2]BL,3loxazine-2,4-dione

(19h)

o
Foso ey

Yield: 75%, white solid

M.p.: 237 °C

IR (KBr): 1694, 1757 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
7.60-8.09 (m, 6H, aromat.); 8.45 (s, 1H, arom&.85 (s, 1H,
N=CH).

¥C-NMR (DMSO-d6): 3(ppm):
112.01, 125.74, 131.71, 134.43, 140.06, 145.46 ¢Bart.,
aromat.); 123.51, 124.09, 126.93, 128.80, 129.83,0B (8C
tert., aromat.); 148.84 (C=0); 154.67 (C=0); 172GEN).

C17HCIN,OsS [356.79

Calcd. [%] C57.23 H254 N7.85 S8.99

Found [%] C57.14 H267 N7.78 S09.16
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3-(1-Phenylethylideneamino)-benzothieno[2][3-,3loxazine-2.4-dione

(191)

®
o
N—N

O
S O

Yield: 83%, white solid

M.p.: 236 °C

IR (KBr): 1695, 1751 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
2.36 (s, 3H, Ch); 7.54-8.23 (m, 9H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
16.68 (CH); 111.13, 127.07, 135.46, 138.80, 144.95 (5C quart
aromat.); 122.07, 124.33, 126.12, 127.43, 127.528.€D,
131.86 (9C tert., aromat.); 149.90 (C=0); 154.08@Q¢; 178.31
(C=N).

C18H12N205S [336.37

Calcd. [%] C64.27 H3.60 N833 S9.53

Found [%] C63.74 H3.72 N820 S9.70

7-Chloro-3-(1-phenylethylideneamino)-benzothien®j@[1,3]oxazine-2,4-

dione (19))
@)
o
N—N=—
A
Cl S O

Yield: 78%, white solid
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M.p.: 245 °C

IR (KBr): 1694, 1754 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
2.36 (s, 3H, Ch); 7.53-8.13 (m, 7H, aromat.); 8.45 (s, 1H,
aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
17.16 (CH); 112.35, 126.38, 134.76, 135.89, 140.41, 145.27
(6C quart., aromat.); 123.93, 124.50, 127.30, 127129.08,
132.34 (8C tert., aromat.); 149.89 (C=0); 154.39Q(; 178.87
(C=N).

C18H11CIN,OsS [370.823

Calcd. [%] C5h830 H299 N755 S8.65

Found [%] Ch8.11 H3.09 N747 S8.76

7.3.5 Preparation of 3-Amino-benzothieno[2B1,3]oxazines 20)

To a solution ofl9a-din THF (3 mmol), trifluoroacetic acid (5 mmol) was
added dropwise under ice cooling. The mixture viiaed at RT for 4 h.
Afterwards, the solvent was removed under reducessspre and the
resulting solid recrystallized from hot EtOH.

3-Amino-benzothieno[2,8}[1,3]oxazine-2,4-dione0a)

®
o
N—N

H2
O
S O

Yield: 78%, white solid
M.p.: 238 °C
IR (KBr): 1687, 1766 cim (C=0); 3273, 3347 cth(NH,)
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'H-NMR (DMSO-d6): &(ppm):
5.45 (s, 2H, NH); 7.62-8.20 (m, 4H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
110.73, 126.07, 138.74, 147.65 (4C quart., aromaR).95,
124.29, 126.90, 129.41 (4C tert., aromat.); 149(G4O);
156.55 (C=0).

Ci10HeN,03S [234.23

Calcd. [%] C51.28 H258 N11.96 S 13.69

Found [%] C50.80 H269 N11.68 S13.71

3-Amino-7-chloro-benzothieno[2 8f1,3]loxazine-2,4-dione20b)

o

Cl S O

Yield: 73%, white solid

M.p.: 227°C

IR (KBr): 1708, 1773 c (C=0); 3260, 3336 cih(NH)

'H-NMR (DMSO-d6): &(ppm):
5.45 (s, 2H. NH); 7.46 (d, 1H, aromat.); 8.04 (d, 1H, aromat.);
8.40 (s, 1H, aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
111.52, 125.81, 134.28, 139.97, 147.54 (5C quarbmat.);
123.42, 124.02, 126.81 (3C tert., aromat.); 148(640);
156.43 (C=N).

Ci1oHsN,0sS [268.68

Calcd. [%] C4470 H1.88 N10.43 S11.93

Found [%] C4447 H186 N10.20 S12.17
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3-Amino-2-thioxo-benzothieno[2,841,3loxazine-4-oned00

S

o4
N—N
O
S O

Yield: 70%, yellow solid

M.p.: 180 °C

IR (KBr): 1254 cni (C=S); 1716 ci (C=0); 3219, 3296 cth(NH,)

'H-NMR (DMSO-d6): &(ppm):
6.34 (s, 2H, NB); 7.65-8.25 (m, 4H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
112.65, 126.15, 138.96, 151.77 (4C quart., aromapp.12,
124.37, 126.37, 129.95 (4C tert., aromat.); 151(860);
175.86 (C=S).

C10HsN-0,S, [250.3Q

Calcd. [%] C47.99 H242 N11.19 S2562

Found [%] C47.95 H246 N10.83 S25.18

H,

3-Amino-7-chloro-2-thioxo-benzothieno[263FL,3]loxazine-4-one40d)

S
oA
N—N

Jons
Cl S O

Yield: 66%, yellow solid
M.p.: 218 °C
IR (KBr): 1271 cni (C=S); 1717 ci (C=0); 3212, 3302 cth(NH,)

H,
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'H-NMR (DMSO-d6): &(ppm):
6.31 (s, 2H, NH); 7.66 (d, 1H, aromat.); 8.17 (d, 1H, aromat.);
8.43 (s, 1H, aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
113.01, 125.28, 134.76, 140.15, 151.36 (5C quartbmat.);
123.56, 124.06, 127.05 (3C tert., aromat.); 151(640);
175.77 (C=S).

C10HsCIN,O,S, [284.74

Calcd. [%] C42.18 H1.77 N984 S2252

Found [%] C4237 H189 N951 S2228

7.3.6 Preparation of Methyl 2-Carboxymethylsulfanyl-beatzof 1)

To a suspension of salicylic acid methyl ester if5@ol) in aq. solution of
NaHCG; (10%) (100 mL), a solution of chloroacetic aci@ ¢(gdmol) in water

(20 mL) was added and the mixture was then stiatetO °C for 2H. After

cooling , the reaction mixture was acidified witiCH10%) and the resulting
solid product was collected by filtration.

Methyl 2-carboxymethylsulfanyl-benzoat&lj

Yield: 93%, white solid
M.p.: 144 °C
IR (KBr): 1680 cnT (COOH), 1711 cm (COOCH,)
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'H-NMR (DMSO-d6): &(ppm):
3.85 (s, 3H, ChH); 3.87 (s, 2H, CH); 7.26-7.89 (m, 4H,
aromat.); 12.86 (s, 1H, OH).

¥C-NMR (DMSO0-d6): 3(ppm):
34.03 (CH); 52.05 (CH); 124.32, 125.75, 130.69, 132.68 (4C
tert., aromat.); 126.93, 140.06 (2C quart., aromdt65.98,
170.40 (C=0).

Ci10H1004S [226.25]

7.3.7 General procedure for the preparatior28§26

To a solution of methyl 2-carboxymethylsulfanyl-aeate 21) (5 mmol in
dry THF (10 mL) CDI (5.5 mmol) was added and thetome was stirred at
RT. Evolvement of C@and the transformation of the solution into thick
suspension indicated the formation of the imidalmintermediat@2.

The appropriate reagéntO-substituted hydroxylamines or hydrazines) (6
mmol) was added and the mixture was stirred fortehdl 18 h at RT.

The solvent was removed under reduced pressuretrendesidue was
dissolved in EtOA¢15 mL). The organic layer was washed with (10%) aq
solution of NaHCQ(10 mL) then with (0.1 N) HCI (10 mL), collectedich
dried over MgSQ@ Recrystallization from EO provided the desired
products.

Methyl 2-[(2-methoxyamino-2-oxoethyl)sulfanyllberaste £3a)

" Methoxy- and allayoxyamine, ethyl- atett-butylhydrazine were used as hydrochloride or deasalt
with addition of equivalent amount of triethylamine
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Yield: 74%, white solid

M.p.: 110 °C

IR (KBr): 1667, 1706 cim (C=0); 3205 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
3.57 (s, 3H, CH); 3.59 (s, 2H, Ch); 3.84 (s, 3H, Ch); 7.27-
7.90 (m, 4H, aromat.); 11.38 (s, 1H, NH).

¥C-NMR (DMSO-d6): 3(ppm):
32.83 (CH); 52.08 (CH): 63.11 (CH); 124.47, 126.09, 130.61,
132.63 (4C tert., aromat.); 127.05, 140.06 (2C guaromat.);
164.64 (C=0); 165.96 (C=0).

C1:H1aNO,S [255.29

Calcd. [%] C51.75 H5.13 N549 S12.56

Found [%] C51.39 H5.19 Nb530 S12.50

Methyl 2-[(2-allyloxyamino-2-oxoethyl)sulfanyllbenate 23b)

@

e
O

S
H
S(N\O/\/
O

Yield: 77%, white solid

M.p.: 77 °C

IR (KBr): 1668, 1707 cim (C=0); 3203 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
3.59 (s, 2H, S-Ch); 3.84 (s, 3H, CH); 4.26 (d,J = 6.10 Hz, 2H,
CH,-CH=CH,); 5.25 (t,J = 14.85 Hz, 2HCH,-CH=CH,); 5.90
(m, 1H, CH-CH=CH,); 7.25-7.90 (m, 4H, aromat.); 11.32 (s,
1H, NH).

¥C-NMR (DMSO-d6): 3(ppm):
32.80 (S-CH); 52.07 (CH); 75.85 (CH-CH=CH,); 119.30
(CH-CH=CH,); 124.44, 126.06, 130.61, 132.61 (4C tert.,
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aromat.); 132.79 (CHCH=CH,); 127.01, 140.12 (2C quatrt.,
aromat.); 164.80 (C=0); 165.96 (C=0).

C13H1sNO,S [281.33

Calcd. [%] C5550 H537 N498 S11.40

Found [%] C5537 H550 N499 S11.65

Methyl 2-[(2-benzyloxyamino-2-oxoethyl)sulfanyl]bsrate 230

Yield: 75%, white solid

M.p.: 81 °C

IR (KBr): 1667, 1706 cim (C=0); 3213 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
3.60 (s, 2H, S-CH); 3.84 (s, 3H, CH); 4.77 (s, 2H, O-CH;
7.28-7.90 (m, 9H, aromat.); 11.38 (s, 1H, NH).

¥C-NMR (DMSO-d6): 3(ppm):
32.77 (S-CH); 52.08 (CH); 76.79 (O-CH); 124.44, 126.04,
128.22, 128.76, 130.62, 132.63 (9C tert., aromdt27.00,
135.70, 140.13 (3C quart., aromat.); 164.98 (C=0H5.96
(C=0).

C1/H1/NO,S [331.39

Calcd. [%] C61.62 H5.17 N4.23 S9.68

Found [%] C6151 H521 N4.33 S9.10
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Methyl 2-[(2-0x0-2-phenylethoxyamino-ethyl)sulfaibgnzoate 23d)

O
~

O
S /\Q
H
N<
H(O
@)

Yield: 72%, white solid

M.p.: 79 °C

IR (KBr): 1664, 1705 cim (C=0); 3238 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
2.74 (t, 2H, PhEH,); 3.67 (s, 2H, S-CH: 3.83 (s, 3H, CH);
3.97 (t, 2H, O-CH); 7.22-7.89 (m, 9H, aromat.); 11.35 (s, 1H,
NH).

¥C-NMR (DMSO-d6): 3(ppm):
32.85 (S-CH); 33.69 (PhEH,); 52.06 (CH); 75.57 (O-CH);
124.39, 126.11, 128.17, 128.82, 130.74, 132.53 {(ef.,
aromat.); 127.13, 135.73, 140.06 (3C quart., argom#64.88
(C=0); 165.62 (C=0).

Ci1sH1oNO,S [345.47

Calcd. [%] C6259 H554 N4.05 S9.28

Found [%] C6240 H561 N4.05 S9.39

Methyl 2-[(2-0x0-2-phenylpropoxyamino-ethyl)sulfdlibenzoate 236

124



Yield: 70%, white solid

M.p.: 77 °C

IR (KBr): 1649, 1705 cim (C=0); 3276 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
1.79 (m, 2H, O-Cht CH,- CH,); 2.64 (t,J = 7.78 Hz, 2H, O-
CH,- CH,- CH,); 3.60 (s, 2H, S-CH); 3.74 (t,J = 6.36 Hz, 2H,
O-CH,- CH,- CHy); 3.84 (s, 3H, O-CH; 7.28-7.90 (m, 9H,
aromat.); 11.30 (s, 1H, NH).

¥C-NMR (DMSO-d6): 3(ppm):
29.30, 31.23 (2C, Cht 32.83 (S-CH); 52.08 (O-CH); 74.38
(O-CH,); 124.46, 125.68, 126.06, 128.18, 128.23, 130.64,
132.61 (9C tert., aromat.); 127.03, 140.10, 14X3C quart.,
aromat.); 164.78 (C=0); 165.96 (C=0).

Ci1oH2:NO,S [359.45

Calcd. [%] C63.49 H589 N390 S8.92

Found [%] C63.39 H594 N3.90 S8.46

Methyl 2-[(2-(4-methylbenzyloxyamino)-2-oxoethyl}&anyllbenzoate Z3f)

O
~

@)
S
H
N
kﬁ ©
L
Yield: 71%, white solid
M.p.: 94 °C
IR (KBr): 1665, 1706 crh (C=0); 3215 crit (NH)
'H-NMR (DMSO-d6): &(ppm):
2.30 (s, 3H, Ch); 3.59 (s, 2H, S-C}J; 3.84 (s, 3H, O-C¥j;
4.72 (s, 2H, O-Ch); 7.16-7.90 (m, 8H, aromat.); 11.31 (s, 1H,
NH).
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¥C-NMR (DMSO0-d6): 3(ppm):
20.70 (CH); 32.75 (S-CH); 52.07 (O-CH); 76.61 (O-CH);
124.42, 126.02, 128.76, 128.90, 130.62, 132.62 (8.,
aromat.); 126.97, 129.01, 137.53, 140.15 (4C quarbmat.);
164.90 (C=0); 165.95 (C=0).

Ci1sH1oNO,S [345.47

Calcd. [%] C6259 H554 N4.05 S9.28

Found [%] C6240 H561 N4.05 S9.38

Methyl 2-[(2-(4-bromobenzyloxyamino)-2-oxoethyl)&anyllbenzoate43q)

O
~

@)
S
H(H\
@)
SO
Br

Yield: 68%, white solid
M.p.: 121 °C
IR (KBr): 1663, 1708 crh (C=0); 3212 crif (NH)
'H-NMR (DMSO-d6): &(ppm):

3.59 (s, 2H, S-ChJ; 3.84 (s, 3H, O-Ck); 4.75 (s, 2H, O-Ch;

7.25-7.90 (m, 8H, aromat.); 11.38 (s, 1H, NH).
¥C-NMR (DMSO-d6): 3(ppm):

33.19 (S-CH); 52.55 (O-CH); 76.75 (O-CH); 124.91, 126.44,

131.09, 131.24, 131.46, 133.09 (8C tert., aromdt?7.43,

135.60, 140.52, 159.98 (4C quart., aromat.); 165GzO);

166.41 (C=0).
C1/H16BrNO,S [410.29
Calcd. [%] C49.77 H393 N341 S781
Found [%] C49.15 H3.96 N334 S7.72

126



Methyl 2-[(2-(naphthalen-1-yImethoxyamino)-2-oxogisulfanyllbenzoate
(23h)

Yield: 71%, white solid

M.p.: 110 °C

IR (KBr): 1659, 1711 crh (C=0); 3179 crif (NH)

'H-NMR (DMSO-d6): &(ppm):
3.65 (s, 2H, S-CH); 3.85 (s, 3H, O-CH; 5.24 (s, 2H, O-CH);
7.25-8.45 (m, 11H, aromat.); 11.50 (s, 1H, NH).

¥C-NMR (DMSO-d6): 3(ppm):
32.81 (S-CH); 52.08 (O-CH); 75.19 (O-CH); 124.47, 125.15,
125.92, 126.06, 126.35, 128.17, 128.50, 129.31,65301.30.70,
132.67 (11C tert., aromat.); 127.05, 131.12, 131133.20,
140.13 (5C quart., aromat.); 165.21 (C=0); 1650@80).

C»1H1gNO,S [381.45

Calcd. [%] C66.12 H5.02 N3.67 S8.41

Found [%] C66.70 H505 N355 S8.25

Methyl 2-[(2-(2,2-dimethylhydrazinyl)-2-oxoethyBanyllbenzoate Z4a)
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Yield: 70%, white solid

M.p.: 147 °C

IR (KBr): 1650, 1702 ci (C=0); 3204 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
2.47 (s, 3H, Ch); 2.53 (s, 3H, Ch); 3.62 (s, 2H, Ch); 3.87 (s,
3H, O-CH); 7.22-7.87 (m, 4H, aromat.); 8.64, 9.17 (NH).

¥C-NMR (DMSO-d6): 3(ppm):
33.11 (S-CH); 46.14 (CH); 47.64 (CH); 52.04 (O-CH);
124.34, 127.14, 130.56, 132.53 (4C tert., aromdtd7.14,
140.87 (2C quart., aromat.); 166.07 (C=0); 169@Bs0).

Ci16H12N,O5S [268.34

Calcd. [%] C53.71 H6.01 N10.44 S11.95

Found [%] C53.64 H6.13 N10.22 S11.95

Methyl 2-[(2-0x0-2-(piperidin-1-ylamino)-ethyl)s@ahyllbenzoateZ4b)

O

O/

Yield: 75%, white solid

M.p.: 124 °C

IR (KBr): 1662, 1713 cim (C=0); 3207 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
1.06-1.62 (m, 6H); 2.64 (m, 4H); 3.57 (s, 2H, £+8.84 (s, 3H,
CHy); 7.22-7.88 (m, 4H, aromat.); 8.75, 9.11 (NH).

¥C-NMR (DMSO-d6): 3(ppm):
22.87, 25.25, 56.61 (5C, GH 34.34 (S-CH); 52.05 (CH);
124.28, 126.37, 130.57, 132.51 (4C tert., aromdtd7.53,
140.52 (2C quart., aromat.); 164.53 (C=0); 170@s0).

C1sH20N-03S [308.4Q

Calcd. [%] C58.42 H6.54 N9.08 S10.40

Found [%] C58.32 H6.62 N901 S10.33
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Methyl 2-[(2-(morpholinoamino)-2-oxoethyl)sulfanigBnzoate44c)

Yield: 77%, white solid

M.p.: 169 °C

IR (KBr): 1661, 1713 cim (C=0); 3200 crii (NH)

'H-NMR (DMSO-d6): &(ppm):
2.72 (m, 4H); 3.60 (m, 4H); 3.82 (s, 2H, @H3.84 (s, 3H,
CHs); 7.24-7.88 (m, 4H, aromat.); 8.85, 9.29 (NH).

¥C-NMR (DMSO-d6): 3(ppm):
34.32 (S-CH); 52.06 (CH); 55.71 (2C, CH); 65.82 (2C, CH);
124.34, 126.46, 130.60, 132.56 (4C tert., aromatd7.15,
140.80 (2C quart., aromat.); 166.05 (C=0); 170220).

C14H1gN,0,S [310.37

Calcd. [%] C54.18 H5.85 N9.03 S10.33

Found [%] C53.75 H5.90 NB877 S10.20

Methyl 2-[(2-(4-methylpiperazin-1-ylamino)-2-oxogthsulfanyllbenzoate
(249

0

O/

T /T
N-N  N—

H( __/

Yield: 72%, white solid
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M.p.: 127 °C

IR (KBr): 1660, 1713 cr (C=0); 3220 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
2.18 (m, 4H); 2.73 (m, 4H); 3.67 (s, 2H, §H3.82 (s, 3H,
CHs); 3.89 (s, 3H, Ch); 7.24-7.82 (m, 4H, aromat.); 8.74, 9.13
(NH).

¥C-NMR (DMSO-d6): 3(ppm):
34.33 (CH); 45.26 (N-CH); 52.05 (O-CH); 54.01, 54.96 (4C);
124.31, 126.42, 130.58, 132.53 (4C tert., aromdtd7.13,
140.91 (2C quart., aromat.); 165.96 (C=0); 17022Q).

C1sH2:1N305S [323.47

Calcd. [%] C55.71 H6.54 N1299 S9.91

Found [%] C54.97 H6.58 N12.97 S9.63

Methyl 2-[(2-(1-methylhydrazinyl)-2-oxoethyl)sulfgiibenzoate 2539

Yield: 71%, white solid

M.p.: 101 °C

IR (KBr): 1668, 1693 c (C=0); 3210, 3310 cth(NH,)

'H-NMR (DMSO-d6): &(ppm):
3.04 (s, 3H, N-CH); 3.83 (s, 3H, O-CH); 4.03 (s, 2H, Ch);
4.91 (s, 2H, NH); 7.2-7.86 (m, 4H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
33.71 (CH); 37.41 (N-CH); 51.99 (O-CH); 123.94, 126.18,
130.47, 132.58 (4C tert., aromat.); 126.82, 141&3 quart.,
aromat.); 166.03 (C=0); 169.41 (C=0).

C11H14N,O5S [254.3]

Calcd. [%] C5195 H555 N11.02 S12.61

Found [%] C51.94 H564 N10.85 S12.62
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Methyl 2-[(2-(1-ethylhydrazinyl)-2-oxoethyl)sulfalllgenzoate 25b)

Yield: 62%, white solid

M.p.: 86 °C

IR (KBr): 1665, 1697 cim (C=0); 3210, 3310 cth(NH,)

'H-NMR (DMSO-d6): &(ppm):
1.06 (t, 3H, CH-CHs); 3.47 (g, 2H.CH,-CHs); 3.83 (s, 3H, O-
CHs); 4.04 (s, 2H, CH); 4.85 (s, 2H, Nh); 7.23-7.87 (m, 4H,
aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
11.22 (CH-CH); 33.91 (S-CH); 43.59 CH,-CHs); 51.96 (O-
CHs); 123.95, 126.13, 130.42, 132.51 (4C tert., aromat
127.06, 141.23 (2C quart., aromat.); 166.45 (C=00)8.95
(C=0).

C1,H16N,03S [268.34

Calcd. [%] C53.71 H6.01 N10.44 S11.95

Found [%] C53.15 H6.25 N10.15 S11.74

Methyl 2-[(2-(2tert-butylhydrazinyl)-2-oxoethyl)sulfanyl]lbenzoat2q)
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Yield: 60%, white solid

M.p.: 67 °C

IR (KBr): 1685, 1720 cim (C=0); 3252, 3410 cth(NH).

'H-NMR (DMSO-d6): &(ppm):
0.94 (s, 9H, C(CH)s); 3.70 (s, 2H, CH); 3.84 (s, 3H, CHh;
4.63 (s, 1H, M-tert.-Bu); 7.25-7.88 (m, 4H, aromat.); 9.49 (s,
1H, CO-NH).

¥C-NMR (DMSO-d6): 3(ppm):
26.92 (3C, CH); 33.81 C(CHy)s); 52.03 (O-CH); 54.24 (CH);
124.31, 126.17, 130.45, 132.51 (4C tert., aromatd7.05,
140.43 (2C quart., aromat.); 165.97 (C=0); 166G60).

C14H20N,05S [269.39

Calcd. [%] C56.73 H6.80 N945 S10.82

Found [%] C55.72 H7.00 N9.15 S10.62

7.3.8 General procedure for the preparatior? 8§30

23-26 (3 mmol) were refluxed in commercially availabtdwgion of sodium

methoxide in methanol (10 mL) for 2 h. Removal bé tsolvent under
reduced pressure afforded oily residues which waden up in cold water (5
mL) and the solution was acidified with few drodgsl® HCI to afford the

desired product7-30 as solid precipitates. Recrystallization of thade

products from hot EtOH furnished analytically psemples.

3-HydroxyN-methoxy-benzdilthiophene-2-carboxamid@Ta)

Yield: 69%, white solid

M.p.: 129 °C

IR (KBr): 1612 cn (C=0); 3120 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
3.76 (s, 3H, Ch); 7.43-7.97 (m, 4 H, aromat.); 11.42 (s, 1H,
NH); 11.82 (s, 1H, OH).
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¥C-NMR (DMSO0-d6): 3(ppm):
62.79 (CH); 107.07, 126.53, 132.55, 145.72 (4C quart.,
aromat.); 122.14, 123.24, 124.43, 128.18 (4C taromat.);
164.01 (C=0).

C10HsNO;S [223.25

Calcd. [%] C53.80 H4.06 N6.27 S14.36

Found [%] C54.05 H4.25 N6.15 S14.18

N-Allyloxy-3-hydroxy-benzoblthiophene-2-carboxamid@T1hb)

Yield: 75%, white solid

M.p.: 112 °C

IR (KBr): 1616 cn1 (C=0); 3125 (NH)

'H-NMR (DMSO-d6): &(ppm):
4.46 (d,J = 5.85 Hz, 2H, O-Ch; 5.36 (m, 2H, O-CHCH-
CH,); 6.04 (m, 1H, O-CHCH-CH,); 7.45-7.95 (m, 4H,
aromat.); 11.30 (s, 1H, NH); 11.80 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
76.40 (OCH,-CH=CH,); 107.03, 126.08, 137.26, 147.88 (4C
quart., aromat.); 122.14, 123.24, 124.43, 129.2C (ért.,
aromat.); 119.80 (CHCH=CH,); 130.43 (CH-CH=CH,);
165.95 (C=0).

C1,H1:NOsS [249.29

Calcd. [%] C57.82 H4.45 Nb562 S12.86

Found [%)] C57.94 H465 Nb552 S13.04
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N-Benzyloxy-3-hydroxy-benzbjthiophene-2-carboxamid@70

OH
O
S
[

Yield: 80%, pink solid

M.p.: 156 °C

IR (KBr): 1597 cn (C=0); 3133 (NH)

'H-NMR (DMSO-d6): &(ppm):
4.98 (s, 2H, CH); 7.38-7.98 (m, 9H, aromat.); 11.32 (s, 1H,
NH); 11.80 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
75.42 (CH); 113.23, 126.59, 131.06, 141.43, 154.48 (5C quart
aromat.); 122.20, 123.29, 124.44, 127.72, 128.328.9B,
134.49 (9C tert., aromat.); 165.88 (C=0).

Ci16H13NOsS [299.35

Calcd. [%] C64.20 H4.38 N4.68 S10.71

Found [%] C63.85 H455 N4.61 S10.60

3-HydroxyN-phenethoxy-benzb]thiophene-2-carboxamid@T1d)

Yield: 70%, pink solid

M.p.: 142 °C

IR (KBr): 1606 cnT (C=0):; 3140 crit (NH)

'H-NMR (DMS0O-d6): &(ppm):
3.01 (m, 2H,CH,-Ph); 4.17 (s, 2H, O-Cht 7.22-7.95 (m, 9H,
aromat.); 11.37 (s, 1H, NH); 11.80 (s, 1H, OH).
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¥C-NMR (DMSO0-d6): 3(ppm):
33.77 (Ph-CH); 75.42 (O-CH); 110.80, 126.03, 131.74,
141.23, 154.19 (5C quart., aromat.); 122.13, 1231281.44,
126.19, 128.25, 128.84, 133.91 (9C tert., aromdt66.86
(C=0).

C1/H1sNO;S [313.38

Calcd. [%] C65.16 H4.82 N4.47 S10.23

Found [%] C6450 H4.89 N440 S10.07

3-HydroxyN-(3-phenylpropoxy)-benzbjthiophene-2-carboxamid@718

OH
@)
S
| /\/\©

Yield: 72%, white solid

M.p.: 89 °C

IR (KBr): 1614 cn1 (C=0); 3209 crit (NH)

'H-NMR (DMS0O-d6): &(ppm):
1.96 (M, 2H, O-CHCH,-CH,); 2.73 (t,J = 7.78 Hz, 2H, O-
CH,-CH,-CH,); 4.17 (t,J = 6.61 Hz, 2H, OEH,-CH,-CH,);
7.17-7.96 (m, 9H, aromat.); 11.32 (s, 1H, NH); D1(8, 1H,
OH).

¥C-NMR (DMSO-d6): 3(ppm):
29.40 (CH); 31.30 (CH); 76.27 (O-CH); 107.16, 126.03,
131.08, 141.37, 154.50 (5C quart., aromat.); 12211%3.26,
124.46, 127.72, 128.24, 128.73, 134.51 (9C terbmat.);
165.67 (C=0).

CigH1/NOsS [327.4]

Calcd. [%] C66.03 H523 N4.28 S9.79

Found [%] C65.77 H534 N4.24 S10.06
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3-HydroxyN-(4-methylbenzyloxy)-benzb]thiophene-2-carboxamidTf)

OH
@]
S
L

Yield: 68%, pink solid

M.p.: 171 °C

IR (KBr): 1611 cn1 (C=0); 3134 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
2.32 (s, 3H, CH); 4.96 (s, 2H, CH; 7.21-7.97 (m, 8H,
aromat.); 11.31 (s, 1H, NH); 11.81 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
20.75 (CH); 76.10 (CH); 111.33, 125.89, 131.38, 137.73
141.82, 155.23 (6C quart., aromat.); 122.16, 123124.42,
127.72, 128.85, 129.05 (8C tert., aromat.); 164C340).

C1H1sNOsS [313.39

Calcd. [%] C65.16 H4.82 N4.47 S10.23

Found [%] C64.71 H495 N440 S10.24

N-(4-Bromobenzyloxy)-3-hydroxy-benzgfhiophene-2-carboxamid@7q)

OH
H
A\ N
O
S
)
Br

Yield: 65%, white solid

M.p.: 146 °C

IR (KBr): 1612 cn (C=0); 3125 crit (NH)

'H-NMR (DMSO-d6): &(ppm):
4.95 (s, 2H, CH); 7.43-7.98 (m, 8H, aromat.); 11.32 (s, 1H,
NH); 11.76 (s, 1H, OH).
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¥C-NMR (DMSO0-d6): 3(ppm):
76.46 (CH); 112.58, 127.47, 132.74, 137.52, 141.92, 155.18
(6C quart., aromat.); 122.21, 123.28, 124.43, 128181.04,
131.23, 134.29 (8C tert., aromat.); 165.24 (C=0).

Ci6H1,BrNO;S [378.25

Calcd. [%] C50.81 H3.20 N370 S8.48

Found [%] C50.52 H333 N367 S844

3-HydroxyN-(naphthalen-1-yImethoxy)-bendithiophene-2-carboxamide

(27h)
OH
@)
S
¢

Yield: 72%, white solid

M.p.: 174 °C

IR (KBr): 1622 cnt (C=0); 3124, 3218 cih(NH)

'H-NMR (DMSO-d6): &(ppm):
5.44 (s, 2H, Ch); 7.45-8.06 (m, 10H, aromat.); 8.62 (s, 1H,
aromat.); 11.48 (s, 1H, NH); 11.78 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
75.42 (CH); 112.28, 131.87, 131.90, 133.21, 142.58, 153.80
(7C quart., aromat.); 122.24, 123.31, 124.23, 125125.97,
126.41, 127.88 128.19, 128.57, 129.41 (11C temmat.);
164.33 (C=0).

CaoH1sNOsS [349.41

Calcd. [%] C68.75 H4.33 N4.01 S9.18

Found [%] C68.40 H4.45 N397 S9.11
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3-HydroxyN' ,N'-dimethyl-benzdblthiophene-2-carbohydrazid&ga)

Yield: 73%, colourless crystals

M.p.: 114 °C

IR (KBr): 1637cni (C=0); 3148-3250 cth(NH)

'H-NMR (DMSO-d6): &(ppm):
2.62 (s, 6H, Ch); 7.41-7.90 (m, 4H, aromat.); 9.52 (s, 1H, NH);
13.30 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
47.05 (2C, ChH); 100.12, 129.71, 140.69, 159.81 (4C quart.,
aromat.); 121.69, 122.81, 124.09, 128.25 (4C taromat.);
168.03 (C=0).

C1iH1:N,0,S [236.29

Calcd. [%] C5591 H5.12 N11.86 S 13.57

Found [%] C55.99 H524 N11.74 S13.62

3-HydroxyN-(piperidin-1-yl)-benzdplthiophene-2-carboxamid@8b)

Yield: 77%, white solid
M.p.: 181 °C
IR (KBr): 1616 cn1 (C=0); 3159-3232 cih(NH)
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'H-NMR (DMSO-d6): &(ppm):
1.13-1.81 (m, 6H, CH); 2.58 (m, 2H, CH); 3.01 (m, 4H, Ch);
7.40-7.90 (m, 4H, aromat.); 9.56 (s, 1H, NH); 13(38 1H,
OH).

¥C-NMR (DMSO-d6): 3(ppm):
22.96, 25.05, 56.94 (5C, G}4100.36, 130.18, 140.99, 160.49
(4C quart., aromat.); 122.08, 123.27, 124.54, 1284 tert.,
aromat.); 168.57 (C=0).

C1H16N,0O,S [276.36

Calcd. [%] C60.85 H5.84 N10.14 S11.60

Found [%] C60.41 H5.89 N993 S11.57

3-HydroxyN-morpholino-benzdilthiophene-2-carboxamid@ 80

Ry /N
N NN o
©f§—ﬁ \__/
S @)

Yield: 78%, white solid

M.p.: 191 °C

IR (KBr): 1625cnt (C=0); 3146-3239 cih(NH)

'H-NMR (DMSO-d6): &(ppm):
2.78-2.98 (m, 4H, C}); 3.65-3.88 (m, 4H, CH); 7.40-7.92 (m,
4H, aromat.); 9.65 (s, 1H, NH); 13.23 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
55.58, 65.37 (4C, Cht 99.44, 129.57, 140.41, 160.51 (4C
guart., aromat.); 121.67, 122.86, 124.28, 128.4€ (ért.,
aromat.); 168.42 (C=0).

C15H1aNL05S [278.33

Calcd. [%] C56.10 H5.07 N10.06 S11.52

Found [%] C5565 H5.15 N977 S11.45
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3-HydroxyN-(4-methylpiperazin-1-yl)-benzblthiophene-2-carboxamide
(28d)

OH H / \
©j§—ﬁ \__/
S O

Yield: 87%, white solid

M.p.: 210 °C

IR (KBr): 1616 cn (C=0); 3125, 3201 cth(NH)

'H-NMR (DMSO-d6): &(ppm):
2.26 (s, 3H, Ch); 2.39 (m, 2H); 2.78-2.95 (m, 6H); 7.42-7.92
(m, 4H, aromat.); 9.55 (s, 1H, NH); 13.30 (s, 1H{)O

¥C-NMR (DMSO-d6): 3(ppm):
45.27 (CH3); 53.57 (2C, GH] 54.98 (2C, CH); 99.58, 129.63,
140.43, 160.31 (4C quart., aromat); 121.66, 122184.14,
128.38 (4C tert., aromat.); 168.30 (C=0).

C14H17N30,S [291.37

Calcd. [%] C57.71 H5.88 N14.42 S11.00

Found [%)] C57.53 H5.97 N14.32 S10.96

3-HydroxyN-methyl-benzdplthiophene-2-carbohydrazid29a)

OH THZ
N‘

AN

S o)

Yield: 68%, white needles
M.p.: 182 °C
IR (KBr): 1640 cni (C=0); 3320 crit (NH,)
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'H-NMR (DMSO-d6): &(ppm):
3.2 (s, 3H, CH); 5.50 (s, 2H, NH); 7.39-7.85 (m, 4H, aromat.);
14.05 (s, 1H, OH).

¥C-NMR (DMSO0-d6): 3(ppm):
37.37 (CH); 101.39, 130.08, 140.10, 158.16 (4C quart.,
aromat.); 121.69, 122.47, 123.84, 127.81 (4C tamomat.);
167.46 (C=0).

CioH10NL0,S [222.27

Calcd. [%] C54.04 H453 N12.60 S14.43

Found [%)] C53.93 H4.76 N12.45 S14.49

N-Ethyl-3-hydroxy-benzdjlthiophene-2-carbohydrazid2db)

Yield: 60%, white needles

M.p.: 145 °C

IR (KBr): 1638 cni (C=0); 3337 cril (NH,).

'H-NMR (DMSO-d6): &(ppm):
1.19 (t,J = 7.12 Hz, 3H, Ch); 3.64 (q,J = 14.24 Hz, 2H, Ch);
5.42 (s, 2H, NH); 7.38-7.87 (m, 4H, aromat.); 13.70 (s, 1H,
OH).

¥C-NMR (DMSO-d6): 3(ppm):
11.11 (CH); 44.02 (CH); 101.87, 130.06, 140.16, 158.50 (4C
quart., aromat.); 121.65, 122.46, 123.82, 127.8C (ért.,
aromat.); 167.17 (C=0).

C11H12N,0,S [236.29

Calcd. [%] C5591 H5.12 N11.86 S13.57

Found [%] C5587 H528 N11.75 S13.55
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N'-tert-Butyl-3-hydroxy-benzdjlthiophene-2-carbohydrazid8(Q)

Yield: 72%, white needles

M.p.: 189 °C

IR (KBr): 1638 cni (C=0); 3162, 3280 (NH).

'H-NMR (DMSO-d6): &(ppm):
1.11 (s, 9H, Ch); 5.52 (s, 1H, W-C(CH)3); 7.39-7.85 (m, 4H,
aromat.); 9.33 (s, 1H, COHN; 14.06 (s, 1H, OH).

¥C-NMR (DMSO-d6): 3(ppm):
26.20 (CH); 54.13 C(CHs)s); 121.85, 122.60, 123.86, 127.97
(4C tert., aromat); 102.21, 124.48, 130.28, 14482 quart.,
aromat.); 169.97 (C=0).

C13H16N20,S [264.35

Calcd. [%] C59.07 H6.10 N10.60 S12.13

Found [%] C58.22 H6.09 N10.36 S12.11

7.3.9 Preparation of Benzthieno[2,3-e][1,3]loxazine ddarxes 31, 32, 33)

Compounds3l, 32, 33 were prepared according to the general procedure
described in 7.3.4 (s. page 110).

3-Methoxy-benzothieno[2,841,3]loxazine-2,4-dione31a)

@)
o
N\O/

O
S O

Yield: 79%, pink solid
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M.p.: 171 °C

IR (KBr): 1715, 1774 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
3.95 (s, 3H, CH); 7.64-8.22 (m, 4H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
63.57 (CH); 104.74, 126.80, 138.91, 145.83 (4C quart.,
aromat.); 122.02, 124.38, 126.24, 129.58 (4C taromat.);
151.81 (C=0); 156.32 (C=0).

C1:H/NO,S [249.25

Calcd. [%] C53.01 H283 N562 S12.86

Found [%] C5250 H292 N548 S1298

3-Allyloxy-benzothieno[2,3][1,3]oxazine-2,4-dione31b)

@)
o
A\
S @)

Yield: 85%, white solid

M.p.: 151 °C

IR (KBr): 1703, 1780 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
4.68 (d,J = 6.36 Hz, 2H,CH,-CH=CH,); 5.42 (m, 2H, Ch
CH=CH,); 6.07 (m, 1H, CHCH=CH,); 7.64-8.22 (m, 4H,
aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
76.88 (OCH,-CH=CH,); 111.09, 126.77, 138.95, 146.15 (4C
guart., aromat.); 122.03, 124.38, 126.25, 129.6C (ért.,
aromat.); 121.50 (CHCH=CH,); 131.21 (CH-CH=CHy);
149.10 (C=0); 154.75 (C=0).

C1sHoNO,S [275.28

Calcd. [%] C56.72 H3.30 N509 S11.65

Found [%] C56.60 H3.31 N5.05 S11.69
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3-Benzyloxy-benzothieno[2.,8§1,3loxazine-2.,4-dione310

Yield: 81%, white solid

M.p.: 189 °C

IR (KBr): 1716, 1778cm(C=0)

'H-NMR (DMS0O-d6): &(ppm):
5.18 (s, 2H, CH); 7.44-8.22 (m, 9H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
77.83 (CH); 111.18, 126.80, 133.83, 138.96, 146.15 (5C quart
aromat.); 122.04, 124.38, 126.26, 128.41, 129.049.5B,
129.60 (9C tert., aromat.); 149.14 (C=0); 154.73Q%

C1H1:NO,S [325.35

Calcd. [%] C62.76 H3.41 N431 S9.86

Found [%)] C62.64 H348 N423 S9.84

3-Phenethyloxy-benzothieno[2eH-1,3]oxazine-2,4-dione31d)

o0

Yield: 77%, pink solid
M.p.: 102 °C
IR (KBr): 1713, 1777 cm (C=0)
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'H-NMR (DMSO-d6): &(ppm):
3.11 (t, 2H, CH); 4.36 (t, 2H, CH); 7.20-8.17 (m, 9H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
33.69 (CH); 76.17 (CH); 111.19, 126.81, 137.31, 138.93,
146.13 (5C quart., aromat.); 122.20, 124.36, 126128.23,
128.68, 129.56 (9C tert., aromat.); 149.09 (C=0%4.15
(C=0).

Ci1gH13NO,S [339.37

Calcd. [%] C63.71 H3.86 N4.13 S9.45

Found [%] C64.19 H4.35 N394 S09.03

3-(3-Phenylpropoxy)-benzothieno[2e§41 ,3]oxazine-2,4-dione31e

.

Yield: 78%, white solid

M.p.: 115 °C

IR (KBr): 1715, 1779 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
2.00 (m, 2H, O-CHCH,-CH,); 2.78 (t,J = 7.63 Hz, 2H, O-
CH,-CH,-CH,); 4.19 (t,J = 6.24 Hz, 2H, OSH,-CH,-CH,);
7.17-8.22 (m, 9H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
29.88 (O-CH-CH,-CH,); 31.68 (O-CH-CH,-CH,); 75.88 (O-
CH,-CH,-CH,); 111.32, 127.28, 139.38, 141.70, 146.64 (5C
quart., aromat.); 122.46, 124.82, 126.24, 126.688.70,
128.77, 130.00 (9C tert., aromat.); 149.58 (C=0%5.26
(C=0).

CigH1sNO,S [353.4Q

Calcd. [%] C6458 H4.28 N3.96 S09.07

Found [%] C64.62 H4.40 N391 S09.13
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3-(4-Methylbenzyloxy)-benzothieno[2 8F1,3]oxazine-2,4-dione31f)

1
oo

Yield: 72%, pink solid

M.p.: 185 °C

IR (KBr): 1715, 1781 cm (C=0)

'H-NMR (DMSO-d6): &(ppm):
2.34 (s, 3H, CH; 5.13 (s, 2H, CH); 7.25-8.23 (m, 8H,
aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
20.80 (CH); 77.66 (CH); 111.19, 126.81, 130.84, 138.45,
138.94, 146.16 (6C quart., aromat); 122.05, 12413%%.26,
128.94, 129.60, 129.62 (6C tert., aromat.); 149(C40O);
154.76 (C=0).

C1H1:NO,S [325.35

Calcd. [%] C63.71 H3.86 N4.13 S9.45

Found [%] C63.34 H4.03 N4.06 S9.51

3-(4-Bromobenzyloxy)-benzothieno[26-1 ,3loxazine-2,4-dione310)

O
o4
N—O
S O

Yield: 74%, white solid
M.p.: 184°C
IR (KBr): 1718, 1779 cm(C=0)
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'H-NMR (DMSO-d6): &(ppm):
5.17 (s, 2H, Ch); 7.54-8.24 (m, 8H, aromat.).
¥C-NMR (DMSO-d6): 3(ppm):
76.98 (CH); 111.65, 122.33, 126.78, 133.33, 138.95, 146.15
(6C quart., aromat.); 122.06, 124.40, 126.28, 129131.39,
131.62 (8C tert., aromat.); 149.15 (C=0); 154.73Q%
C1H1BrNO,S [404.24
Calcd. [%] C5051 H249 N346 S7.93
Found [%] C50.42 H249 N340 S7.99

3-(Naphthalen-1-ylmethoxy)-benzothieno[2Z]Bt,3]oxazine-2,4-dione
(31h)

@)
oA
N—O
O U
S @)

Yield: 72%, white solid

M.p.: 237 °C

IR (KBr): 1708, 1784 cm(C=0)

'H-NMR (DMSO-d6): &(ppm):
5.61 (s, 2H, Ch); 7.55-8.70 (m, 11H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
75.62 (CH); 111.85, 126.82, 130.22, 131.97, 133.16, 139.01,
146.24 (7C quart., aromat.); 122.08, 124.43, 1241515.29,
126.10, 126.30, 126.63, 128.26, 129.61, 129.64,083(11C
tert., aromat.); 149.22 (C=0); 153.39 (C=0).

C,1H13NO,S [375.41

Calcd. [%] C67.19 H3.49 N373 S854

Found [%] C66.98 H357 N367 S858
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3-(3-Phenylpropoxy)-2-thioxo-benzothino[2e84 ,3loxazine-4-oned1i)

S
o~
N

Yield: 69%, pink needles

M.p.: 156 °C

IR (KBr): 1296 cni (C=S); 1715 ci (C=0)

'H-NMR (DMS0O-d6): &(ppm):
2.04 (m, 2H, CH-CH,-CH,); 2.81 (t,J = 7.64 Hz, 2HCH,-Ph);
4.29 (t,J=6.23 Hz, 2H, O=H,); 7.20-8.24 (m, 9H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
29.36 (CH-CH,-CH,); 31.26 CH.-Ph); 74.08 (OcH,); 113.60,
126.28, 139.23, 141.19, 151.23 (5C quart., aromap.11,
124.41, 125.80, 126.46, 128.26, 128.28, 129.97 (6R.,
aromat.); 151.93 (C=0); 177.35 (C=S).

CioH1/NO5S, [371.48

Calcd. [%] C61.77 H4.09 N3.79 S17.36

Found [%] C61.30 H4.30 N370 S16.85

3-(Dimethylamino)-benzothieno[2 8f1.3]oxazine-2.4-dione32a)

0
oL
N—N

o™
S O

Yield: 70%, white solid
M.p.: 215 °C
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IR (KBr): 1717, 1761 cm(C=0)

'H-NMR (DMSO-d6): &(ppm):
2.87 (s, 6H, CH); 7.60-8.20 (m, 4H, aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
42.45 (2C, CH); 111.64, 126.93, 138.89, 147.22 (4C quart.,
aromat.); 121.930, 124.31, 126.09, 129.40 (4C,tarbmat.);
149.43 (C=0); 157.28 (C=0).

C1oH10N»03S [262.29

Calcd. [%] C5495 H3.84 N10.68 S12.22

Found [%] C54.75 H3.95 N10.55 S12.18

3-(Piperidin-1-yl)-benzothieno[2.,81,3]oxazine-2,4-dione32b)

O

Yield: 74%, white solid

M.p.: 212 °C

IR (KBr): 1701, 1785 cm(C=0)

'H-NMR (DMSO-d6): &(ppm):
1.40-1.45 (m, 2H); 1.64 (m, 4H); 3.20-3.26 (m, 4MA)50-8.18
(m, 4H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
23.01, 25.83, 50.83, 56.49, 60.97 (5C, . H11.68, 126.95,
138.89, 147.38 (4C quart., aromat.); 121.94, 124126.09,
129.39 (4C tert., aromat.); 149.44 (C=0); 157.35Q¢

C1sH14N>05S [302.35

Calcd. [%] C5959 H4.67 N9.27 S10.60

Found [%] C5958 H4.87 N901 S10.39
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3-Morpholino-benzothieno]2,8}{1,3]loxazine-2,4-dion€320)

oA

CA

Yield: 76%, white solid

M.p.: 252 °C

IR (KBr): 1698, 1760 cim (C=0)

'H-NMR (DMSO-d6): &(ppm):
3.72 (s, 8H); 7.65-8.21 (m. 4H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
50.18 (2C, CH); 66.48 (2C, CH); 110.42, 126.91, 138.89,
147.37 (4C quart., aromat.); 121.96, 124.34, 126129.46 (4C
tert., aromat.); 151.07 (C=0); 157.32 (C=0).

C14H11N>04S [304.33]

Calcd. [%] Cbh526 H397 N921 S1054

Found [%] C54.91 H4.11 N9.02 S10.57

3-(4-Methylpiperazin-1-yl)-benzothieno[26}FL ,3]oxazine-2,4-dione32d)

1

OO

Yield: 83%, white solid
M.p.: 234 °C
IR (KBr): 1710, 1765 cm (C=0)
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'H-NMR (DMSO-d6): &(ppm):
2.21 (s, 3H, Ch); 2.4 (m, 4H, CH); 3.2 (m, 4H, CH); 7.62-
8.19 (m, 4H, aromat.).

¥C-NMR (DMSO0-d6): 3(ppm):
45.50 (CH); 49.25 (2C, CH); 54.76 (2C, CH); 111.65, 126.92,
138.88, 147.32 (4C quart., aromat.); 121.94, 124125.10,
129.42 (4C tert., aromat.); 149.45 (C=0); 157.35Q%

C1sH15N505S [317.37

Calcd. [%] C56.77 H4.76 N13.24 S10.10

Found [%] C56.37 H4.85 N13.10 S9.97

3-(Dimethylamino)-2-thioxo-benzothieno[26}- ,3]loxazine-4-one32e

S
O’Z< /
N—N

0™
S O

Yield: 65%, white solid

M.p.: 183 °C

IR (KBr): 1280 cni (C=S); 1708 cii (C=0)

'H-NMR (DMSO-d6): &(ppm):
2.97 (s, 6H, CH); 7.64-8.22 (m, 4H, aromat.).

¥C-NMR (DMSO-d6): 3(ppm):
41.75 (CH); 113.78, 126.30, 139.20, 151.97 (4C quart.,
aromat.); 122.06, 124.38, 126.36, 129.87 (4C taromat.);
155.00 (C=0); 181.35 (C=S).

C12H10N20:S; [278-35

Calcd. [%] C51.78 H3.62 N10.06 S 23.04

Found [%] C51.43 H376 N9.88 S23.02
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3-tert-Butylamino-benzothieno[2,841,3]oxazine-2.,4-dion€33)

ssoeh

Yield: 67%, white solid
M.p.: 142 °C
IR (KBr): 1692, 1784 cim (C=0); 3300 crii (NH)
'H-NMR (DMSO-d6): &(ppm):
1.13 (s, 9Ht-Bu); 5.45 (s, 1H, NH); 7.63-8.21 (m, 4H, aromat.).
¥C-NMR (DMSO-d6): 3(ppm):
27.84 (QGCHs)s); 56.89 C(CHs)s); 110.83, 126.98, 138.98,
149.17 (4C quart., aromat.); 122.03, 124.29, 126129.46 (4C
tert., aromat.); 149.31 (C=0); 158.17 (C=0).
C14H1aN,05S [290.34
Calcd. [%] C57.92 H4.86 N9.65 S11.04
Found [%] C57.24 H4.92 N937 S11.01
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Hazard Information

Concerning the toxological characteristics of tlmempounds synthesized
within the scope of this thesis, no information areailable. Hence,
hazardous properties cannot be excluded.
These chemicals should therefore be regarded asdwmars substances and
treated with the appropriate caution.
Toxicological properties of the solvents and thermltals employed within
the course of this project are summarized in thieegabelow.

ethane

Solvents Category of danger Safety phrases
Acetone F, Xi S 9-16-26
Dichloromethane Xn S 23.2-24/25-36/37
Diethyl ether F, Xn S 9-16-29-33
N,N-Dimethylformamide| T S 53.1-45
Ethanol F S7-16
Ethyl acetate F, Xn S 16-26-33
S 9-16-29-33-36/37-
n-Hexane F, Xn, N 61-62
Methanol F, T S 7-16-36/37-45
Tetrahydrofuran F, Xn S 16-29-33
Toluene F, Xn S 16-25-29-33
Chemicals Category of danger Safety phrases
Acetic anhydride C S 26-36/37/39-45
2Amino> Xi S 26-36/37/38
chlorobenzoic acid
N-Aminomorpholine Xi S 36/37/38
N-Aminopipyridine Xi S 10-36/37/38
Ammonia T S7/9-16-38
Benzoyl chloride C S 26-45/34
Benzylamine C S 26
2-Bromo-1,1-dimethoxy:- xn S 26-36/39
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tert-Butylhydrazine

8

45

hydrochloride X S 36/37/38
11 Xn S 22-36/37/38
Carbonyldiimidazole
Chloroacetic acid T,N S 23-37-45-61
4—§hloro 2-nitrobenzoic X S 26-36/37/38
acid
1,8-Diazabicyclo[5.4.0]- c S 26-36/37/39-45
undec-7-en
N,N-Dimethylhydrazine F, T, N S 53.1-45-61

. S 23/24/25-34-43-
Hydrazine hydrate T, N 50/53
Hydrochloric acid C S 26-36/37/39-45
Lithium hydroxide C S35
Methoxyamine Xn S 26-36/37/39-45
hydrochloride
Methylhydrazine F, T S 53-16-24/25-45
Methyl thioglycolate Xi S 26-36/37
2-Nitrobenzoic acid Xi S 26-36/37/38
Potassium ethyl xanthate Xi S 26-36
Sodium hydride F, Xi S 24/25-26-43.11-7
Sodium hydroxide C S 26-37/39-45
Sodium methoxide C F S 3-16-26-29-36/37+
Sodium nitrite N,O, T S 45-61
Sulphuric acid C S 26-30-45
1.,.1 —.Thlocarbonyl— ] S 22-04/25
diimidazole
Thionyl chloride C S 26-36/37/39-45
Thiosalicylic acid Xi -
p-Toluenesulfonic acid Xi 36/37/38
Triethylamine C,F S 3-16-26-29-36/37-4
Trifluroacetic acid C S 20-35-52/53
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