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ABSTRACT

SYNTHESIS OF NEW THIAZOLOPYRIMIDINE, THIAZOLO
(IMIDAZOLO) PYRIDINONE DERIVATIVES VIA MULTICOMPONENT
REACTIONS

MSC THESIS
DERYA CELIKEL
ABANT IZZET BAYSAL UNIVERSITY GRADUATE SCHOOL OF
NATURAL AND APPLIED SCIENCES
DEPARTMENT OF CHEMISTRY
(SUPERVISOR: ASSIST. PROF. DR. MUHAMMET YILDIRIM)
240 PAGES
BOLU, JUNE 2015

Generally thiazolopyrimidines, specifically thiazolo[4,5-d]- and [3,2-a]
pyrimidines have great importance due their diverse biological activities
(anticancer, antimicrobial, anti-HIV, antiparkinsonian etc.) and they have been
prepared with various synthetic ways up to the date. Another important derivative
of them, thiazolo[3,2-c]pyrimidines is scarcely studied one and this thesis work
mostly describes the efficient synthetic ways to access them through
multicomponent strategy utilising Mannich cyclisations. To achieve this goal;

In the first part of the work, suitable precursors have been prepared and
characterized. Later on, in the second and third part of this work, double-Mannich
cyclisations of the precursors, 2-(nitromethylene)thiazolidine and (Z)-ethyl 2-(5-
methyl-4-oxothiazolidin-2-ylidene)  acetate  with  primary amines and
formaldehyde afforded, new 6-nitrothiazolo[3,2-c]pyrimidines by microwave-
assisted chemistry and new 3-oxothiazolo[3,2-c]pyrimidine-8-carboxylates by
conventional heating, respectively. Developed synthetic methodologies for the
preparation of thiazolo[3,2-c]pyrimidines are the first examples in the literature to
the best of our knowledge.

Another important heterocycle which covers the rest of our synthetic work
is 2-pyridone containing fused heterocyclic molecules such as camptothecin or
pilicide-based antibiotics. Fourth part of our work describes an efficient access to
thiazolo[3,2-a]- and imidazolo[1,2-a]pyridones through base-catalysed Michael
cyclisations utilizing nitroenamines and 2-substituted acryloyl chlorides. Thus, a
new library of 2-pyridones have been accessed by a simple and efficient one-pot
methodology.

The last part covers the results of anticancer and antibacterial activity
studies of new thiazolo[3,2-c]pyrimidines. These derivatives only showed
moderate to good anticancer activities over human breast cancer cell lines but
however, they do not have any significant antibacterial properties.

KEYWORDS:

2-(nitromethylene)thiazolidine, Heterocyclic secondary enamines, Acryloyl
chlorides, Mannich and Michael cyclisations, One-pot, Microwave synthesis,
Anticancer.



OZET

YENI TiYAZOLOPIRIMIDIN, TIYAZOLO (IMiDAZOLO) PiRiDINON
TUREVLERININ COK BiLESENLi REAKSIYONLAR ARACILIGIYLA
SENTEZI

YUKSEK LISANS TEZI
_DERYA CELIiKEL o
ABANT iZZET BAYSAL UNiVERSITESI FEN BIiLIMLERi ENSTITUSU

KIMYA ANABILIM DALI
(TEZ DANISMANI: YRD. DOC. DR. MUHAMMET YILDIRIM)
240 SAYFA
BOLU, HAZIRAN 2015

Genel olarak tiyazolopirimidinler, 6zellikle de tiyazolo[4,5-d]- ve [3,2-a]-
pirimidinler, cesitli biyolojik aktivitelerinden (antikanser, antimikrobial, anti-HIV,
antiparkinson vb.) dolay1 ¢ok biiyiilk 6neme sahiptirler ve bugiine kadar bir¢ok
sentetik yolla elde edilmislerdir. Diger 6nemli tiirevlerinden birisi, tiyazolo[3,2-c]
pirimidinler, ¢cok az calisilmis olanmidir ve bu tez calismasi ¢ogunlukla Mannich
halkalagmalarini1 iceren ¢ok bilesenli reaksiyon stratejisiyle bu bilesiklerin elde
edildigi etkili bir sentetik yolu aciklamaktadir. Bu hedefe ulasmak i¢in;

Calismanin ilk kisminda, uygun baslangic bilesiklerinin hazirlanip
karakterize edilmistir. Sonrasinda, bu calismanin ikinci ve {i¢iincii kisimlarinda,
baslangic maddeleri, 2-(nitrometilen)tiyazolidin ve (Z)-etil 2-(5-metil-4-
oksotiyazolidin-2-iliden) asetat’in primer aminler ve formaldehitle cift-Mannich
halkalagmasi, sirasiyla yeni 6-nitrotiyazolo[3,2-c]pirimidinleri mikrodalga
destekli kimya yoluyla ve 3-oksotiyazolo[3,2-c]pirimidin-8-karboksilatlar1 da
geleneksel  1sitma  kosullarinda  vermistir.  Tiyazolo[3,2-c]pirimidinlerin
hazirlanmasi icin gelistirilen sentetik yontemler, bilgimiz dahilinde literatiirdeki
ilk orneklerdir.

Sentetik calismamizin kalan kismini kapsayan diger énemli heterohalka
ise, kamptotesin ve pilisid-tabanli antibiyotikler gibi 2-piridon iceren bitisik
heteohalkal1 bilesiklerdir. Calismamizin dordiincii kismu, tiyazolo[3,2-a]- ve [1,2-
al-piridinonlara, nitroenaminler ve 2-siibstitiie akriloil kloriirlerin baz-katalizli
Michael halkalasmalar iizerinden etkili sekilde elde edilmesini anlatmaktadir. Bu
sekilde, 2-piridonlarin yeni bir kiitiiphanesi, basit ve etkili bir tek-kap yontemi ile
elde edilmistir.

Son kisim, yeni tiyazolo[3,2-c]pirimidinlerin antikanser ve antibakteriyel
aktivite calisma sonuglarini icermektedir. Bu tiirevler sadece, insan meme kanseri
hiicre serileri iizerinde ortadan iyiye dogru antikanser aktiviteler gostermis olup,
buna karsin 6nemli bir antibakteriyel 6zellikleri yoktur.

ANAHTAR KELIMELER:
2-(nitrometilen)tiyazolidin, Heterohalkali sekonder enaminler, Akriloil kloriirler,
Mannich ve Michael halkalagsmalar1, Tek-kap, Mikrodalga sentezi, Antikanser.
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1. INTRODUCTION

1.1  CHAPTER 1

1.1.1 Multicomponent Reactions

MCR is defined as a one-pot reaction which three or more reactants used to
synthesize a product. The reactants can be either different compounds or different
functional groups of the same compound (Ugi et al., 1994). Many examples of MCR
can be encountered in nature. For instance, it was assumed that adenine 2 might be
formed via addition of five molecules of isocyanic acid 1 (Scheme 1.1) (Ugi et al.,
1994). It is important to consider that each of isocyanic acid molecules constitutes

different part of adenine molecule.

Scheme 1. 1 Synthesis of adenine in early age.

In organic chemistry, MCR has been used for more than 150 years. The first
report of MCR 1n literature was Strecker synthesis of a-amino nitrile 6 (Scheme 1.2)

(Strecker, 1850).

0 CN COCH
—_—
R)J\H + HCN + NHy —>  R7ONH, R” "NH,
3 1 4 5 6

Scheme 1. 2 Strecker synthesis of a-amino acids.

Hantszch (1882) discovered formation of dihydropyridine 8 from B-ketoesters

7, aldehydes 3 and ammonia 4 (Scheme 1.3).



CO,Et

o CO,Et R? R
JJ\ + 2 Rz + NH3 E— HN/
A I 7 C0o,Et
R2
3 7 4 8

Scheme 1. 3 Hantzsch synthesis of dihydropyridines.

Radziszewski (1882) reported synthesis of imidazole 11 from a dicarbonyl

compound 9, an aldehyde 3, and ammonia 4 via MCR (Scheme 1.4).

. R
O HX  R: |\
R1J\fo + R“\H/H + R*=NHz + NH; — I )—Rs
g 3 10 4 11

Scheme 1. 4 Radziszewski synthesis of imidazole.

Hantzsch (1890) introduced formation of pyrrole (13) as a result of the

reaction of B-ketoesters (7) with ammonia 4 and a-haloketones 12 (Scheme 1.5).

(0 R?
R4 4 4
o o R (0]
R? R® . |\
R1JJ\/U\O/ + C + NH3 R1 N R:3
o] H
7 12 4 13

Scheme 1. 5 Hantzsch synthesis of pyrroles.

Biginelli (1891) discovered multiple-component reaction synthesis of
substituted dihydropyrimidines 15 from ethyl S-ketoesters 7, an aryl aldehyde 3 and
urea 14 (Scheme 1.6).

Ar
R20,C . i . jjj\ . R202CfNH
R,LO ACH HNTONH o ”/&O
7 3 14 15

Scheme 1. 6 Biginelli synthesis of dihydropyrimidines.



One of the most utilized MCRs was discovered by Mannich and Krosche
(1912). They discovered a MCR for methylation of amines (Scheme 1.7). Mannich
reaction comprises reaction of primary or secondary amines 10 or ammonia with
formaldehyde 16 and carbonyl compound having at least one a-hydrogen (3)

(Tramontini and Angiolini, 1994).

0
H Q R2 R! i
r7 N T J+ ﬁ)J\H —_— \N/YJ\H + H0
R" H™H i
R? R R2 R®
10 16 3 17

Scheme 1. 7 Mannich reaction.

Passerini (1921) reported the first MCR with isocyanides. In this MCR, a-
acyloxy carboxamides 21 by the reaction of carboxylic acids 18, carbonyl

compounds 19 and isocyanides 20 (Scheme 1.8).

2
0 o R o_R
JI§ I DGR
RIOH + R2 RS + R*-NC —
07 "N-R*
H
18 19 20 21

Scheme 1. 8 Passerini reaction of isocyanides.

Bucherer (1934) and Bergs (1929) were the first to report a four-component
reaction. They discovered synthesis of hydantoins 23 by the reaction of aldehydes 3,
hydrogen cyanide 1 and ammonia and carbondioxide (Scheme 1.9). The products can
be easily converted into a-amino acids by hydrolysis. It is the main method to

prepare the starting materials of many a-amino acids (Ugi et al., 1994).

0 hi§
R'JLH + HCN + (NKF,),CC; —= HNNH

3 1 22 C R
23

Scheme 1.9 Bucherer-Bergs synthesis of hydantoins.



1.2 CHAPTER?2

1.2.1 Mannich Reactions

The Mannich reaction was discovered by German chemist Carl Ulrich Franz
Mannich in 1912 (Mannich and Krosche, 1912). Mannich reaction, also called amine
methylation reaction, is a reaction of primary or secondary amines or ammonia with
formaldehyde and carbonyl compound having at least one a-hydrogen.(Tramontini
and Angiolini, 1994). The resultant product is a f-amino-carbonyl compound (24)
which is known as a Mannich base (Scheme 1.10) (Akiyama, 2012).

Ry _ Q oX /ﬁ R,
NN )J\ or/]\ organocatalyst R, W
\ é
R2 R3 R3 Rl O
24 19 25

Scheme 1. 10 Mannich and Mannich-type reaction.

The general mechanism of the Mannich reaction was shown in Scheme 1.11
(Ramella, 2013). Firstly, aldehyde 3 is activated by protonation (a) and then amine
10 attacks the electrophilic carbonyl carbon of aldehyde (b) and forms protonated
carbinolamine (c). Imine forms by elimination of water from tautomeric form of
protonated carbinolamine (d). Enol is added to the imine via attack of double bond of
enol to the carbon of imine (e). Finally, deprotonation of resultant product gives /-

amino ketone (25).

@
® H OH

Oq ~ O/'/\_ i R] (OHZ
H-A ﬂ|\ R;—NH, R, — H

! 1 10 2 F~ R
3 2
. l-HQO

R, COH

N A R3WRI R@ B AR _H

N AN 3 <\

.0® HN,_ N._ -HA N
R3 O H\) RQ R2 H/\‘ \]Q2

25

Scheme 1. 11 General mechanism of the Mannich Reaction.



The Mannich reaction is an important part of many multicomponent reactions
in synthetic chemistry and there are many useful applications such as the Betti,
Pictet-Spengler and Kabachnike-Fields reactions (Mitsumori et al., 2006; Lehmann
et al., 2003). Mannich reaction is very common and efficient way for the
construction of new C-C bond. There are various applications of Mannich and
Mannich-type reactions in literature. In 2015, Pham et al. reported Mannich reactions
of 1,3-dicarbonyl compounds (Pham et al., 2015). In this study, a one-pot and two-
step reaction process including electrophilic fluorination of an enolizable 1,3-
dicarbonyl compound 26 followed by the Mannich reaction with anilines and
benzaldehydes is developed for the synthesis of o-fluoro-aminomethylated 1,3-

dicarbonyl compounds 27 (Scheme 1.12).

0 @) F @)
™ o O )
g o _Seedfeu 1J\(U\ Ar1)j\H Ar*NH; RJYLR
R1MR NeCN VW R F R Zn(NQj), MW Afz\N A
90°C 30mn 120°C 30mn H
26 27

Scheme 1. 12 One-pot fluorination and Mannich reactions of 1,3-dicarbonyl
compounds.

Movassagh et al. (2015) developed catalytic amount of the magnetic solid
sulfonic acid catalyst, Fe;0,@Si0,@Me&Et-PhSO3;H which is used for the
Mannich-type reactions of a series of aldehydes, ketones, and amines, at room

temperature (Scheme 1.13). The catalyst can be reused four times without loss of

activity.
0]
2 4
MR
Q cat N-R? 19
T L PR A L SRR NP W
RS H H2N
. EtOH rt H R?
25

cat = Fe30,@S O,@Me&8Et-PhSO3H

Scheme 1. 13 Mannich reaction of enolates with imines using solid-phase catalyst.

Guo and Zhao (2013) reported enantioselective three-component direct
Mannich reactions of unfunctionalized ketones catalyzed by bifunctional
organocatalysts. They performed through an enolate mechanism for the first time

with a bifunctional quinidine thiourea catalyst 30 (Scheme 1.14). The corresponding



N-tosylated f-aminoketones 29 were obtained in high yields and high diastereo- and

enantioselectivities (up to >99:1 dr and >99% ee).

N CFO 9 30 (10 mo %)
X + TsNH; + HJ\ ;- -
_ R
R’ touene 4 A°NS
3 28 16

Scheme 1. 14 A catalytic double-Mannich reaction

Da et al. (2012) synthesized a series of 2,5,6-trisubstituted imidazo[2,1-
b][1,3,4]thiadiazoles 35 via Mannich reaction of imidazo[2,1-b][1,3,4]thiadiazoles
33 with morpholine 34 and formaldehyde 16 (Scheme 1.15) (Da et al., 2012).

O
J BN o o
H™ H N
ArCOCH,Er N
A\ a2 At NNy 8 34 NN
r = ' = A A
Ar/ks)\NHz - s=N ACOH MeOH r_<s/|\\N r
3t 33 35

Scheme 1. 15 Synthesis of 2,5,6-trisubstituted imidazo[2,1-b][1,3,4]thiadiazole
derivatives.

1.2.2 Mannich cyclizations

One of the most general methods in order to synthesize N-heterocyclic
compounds is Mannich cyclizations of iminium cations (Overman and Ricca, 1991;
Enholm and Prasad, 1989). Figure 1.1 shows the different types of Mannich
cyclization reactions (Waterson, 1999). All of these reactions are based on attack of a
nucleophile (Y) onto an iminium ion. A variety of monocyclic and fused heterocyclic

compounds can be obtained by Mannich cyclization reactions.
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Figure 1. 1 Various types of Mannich Cyclizations (Waterson, 1999).

Sparrow et al. (2015) developed an asymmetric synthesis of
azabicyclo[3.3.1]nonanes by utilizing double-Mannich reactions. For this purpose, a
range of chiral ester and chiral imide derivatives of 2-oxocyclohexanecarboxylic acid
were used in double-Mannich reactions with bis(aminol)ethers (Scheme 1.16). The
use of oxazolidinone auxiliaries afforded the high yields and diastereoselectivities

enabling separation of the resulting diastereomers of the azabicyclo[3.3.1]nonanes.

XR =ctra

38 aLx ary

Aci vator
R2 -

Scheme 1. 16 A catalytic double-Mannich reaction leading to bicyclic product.

Chacko and Ramapanicker (2015) reported that proline-catalyzed one-pot
three component Mannich reaction of 4-bromobutanal or 5-bromopentanal 39,
acetone 41, and p-anisidine 40. Mannich reaction was followed by cyclization
leading to the synthesis of 2-substituted pyrrolidine and piperidine derivatives 42

(Scheme 1.17). This method gave the products with high yields.
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Scheme 1. 17 One-pot three component reaction leading to 2-substituted piperidine
and pyrrolidine derivatives.

1.2.3 Microwave-assisted Mannich additions and cyclizations

Microwave energy was first introduced for the heating of food products.
However, in the 1980s, microwave heating was found to significantly accelerate
many organic transformations (Gedye et al, 1986; Giguere et al., 1986). For such
microwave-induced organic syntheses, many reaction media and conditions have
been employed, including neat reactions or reactions in the presence of a phase
transfer catalyst (e.g., alumina, clayfen, Aliquat 336), (Shabani, 1998; Varma et al.,
1993; Varma et al., 1997 ) under an open atmosphere, in a closed cup (Strohmeier
and Kappe, 2002; Vasudevan and Verzal, 2004; Vallin et al., 2002; Dubreuil and
Bazureau, 2000) or under pressure, (Kaval et. al., 2004; Andappan et al., 2004) in
water, ionic liquids or various organic solvents. In the last decade, the number of
MW-assisted organic reactions has increased exponentially due to the many
advantages associated with its use, the most important of which are arguably greater
speed and enhanced efficiency with formation of cleaner products than ones formed

via conventional heating.

Shi et al. (2004) reported MW-promoted three-component coupling of
aldehyde, alkyne 43, and amine via C—H activation. The reaction was performed
under microwave irradiation in water by using Cul as catalyst (Scheme 1.18).
Besides this, the study which is applied by using (S)-proline methyl ester as a chiral
source showed that it could be developed to be a direct diastereoselective technique

to construct chiral propargylamines 44.



j\ 15me % Cu N

3 2R3 + R4E —— .

R-R * ORRONH H,C Ar NW RJ\
3 10 43 44 R4

R R‘RER4=H aky ary

Scheme 1. 18 Microwave-assisted three-component coupling of aldehyde, alkyne,
and amine via C—H activation.

Microwave irradiation is an applicable method for also the Mannich
cyclisation reactions. In literature, there are few approaches for the MW-assisted
Mannich cyclisation reactions. Huang et al. (2009) reported formation of 2,2-dialkyl-
3-dialkylamino-2,3-dihydro-/ H-naphtho[2,1-b]pyrans 48. They were synthesized
from 2-naphthol 45 and 3-hydroxy-2,2-dialkylpropanal 46 in the presence of p-TSA
as catalyst along with 2-naphthol via solvent-free MW-assisted Mannich reaction

(Scheme 1.19).

> NHR2

+ psa can) O O
OH O

Scheme 1. 19 MW-assisted synthesis of 2,2-dialkyl-3-dialkylamino-2,3-dihydro-
1H-naphtho[2,1-b]pyrans

The first MW-assisted tandem aza-Cope rearrangement-Mannich cyclization
was developed by using aldehydes, f-vinyl secondary amines 49 in the presence of
Cu(II) catalyst under MW conditions leading to monosubstited acylpyrrolidines 50a-

b in a single synthetic step (Johnson et al., 2007).

HO
R? H CSA
NH CusS04
R MeCN MW
49

Scheme 1. 20 MW-assisted synthesis of monosubstituted acylpyrrolidines.

A MW-enhanced, solventless Mannich condensation-cyclization sequence

involving the reaction of o-ethynylphenol 51 with secondary amines and para-



formaldehyde 52 on Cul-doped alumina has been developed by Kabalka et al. (2001)
leading to 2-(dialkylaminomethyl)benzo[b]furans 53 in good yields (Scheme 1.21).

/
/ .
R CLIA, 0, N \ NRR
+ (CH,0), + HNRRZ ————
OH reat MW (0]

51 52 10 53

Scheme 1. 21 MW-assisted synthesis of benzo[b]furan derivatives.

1.3 CHAPTER3

1.3.1 Michael Reactions

Michael reaction, which is also known as Michael addition, is the addition of
nucleophile to f-position of an a,f-unsaturated compound. As primarily defined by
American organic chemist Arthur Michael, the reaction covers the addition of an
enolate ion of a ketone or aldehyde to an o,f-unsaturated carbonyl compound at the
p-carbon (Michael, 1887). A general mechanism of the Michael reaction was given
in Scheme 1.22. The reaction is initiated by the deprotonation of nucleophile 54 by a
strong base. This nucleophile, called as Michael donor, reacts with o,f-unsaturated
compound 55 named as a Michael acceptor. Finally, protonation of the product
occurred by protonated base or solvent. Michael acceptors are the a,f-unsaturated
compounds including ketones, esters, nitriles and sulfones having activated double

bonds.

O
T _EtOH Q (,O ‘\(.
EtO%OEt OEt —
H H EtO,C EtO,C
54 CO,Et CO,Et
EtOZCYé

CO,Et
56

Scheme 1. 22 General mechanism of the Michael addition reaction.
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In literature, different type of Michael donors and acceptors have been
utilized to synthesize various types of products. Liu et al. (2011) reported
asymmetric Michael reaction of cyclopentanone 57 with various chalcones 58
(Scheme 1.23). They found that thiophosphoramide 60 is an effective bifunctional
organocatalyst for this reaction in good yields with moderate to high diastereo- (up to

90/10 dr) and enantioselectivities (up to 92% ee).

(o) Ar O S
% 0(20me %) HN-P—OPH
Ar . I
/\)J\ Ar - 59 N OPh
PRCOH (10%) HH
tc uene 25°C Up tc € 1C cr CF,co, 60
up tc $2% ee

Scheme 1. 23 Michael reaction of cyclopentanone with chalcones in the presence of
thiophosphoramide catalyst.

Pham et al. (2011) used azacrowns 64 as catalysts for the reaction of N-
protected aminomethylenephosphonate 61 with acrylonitriles 62 to synthesize o-

aminophosphonates 63 by the asymmetric Michael reaction (Scheme 1.24).

X

) CNe
Fh : R
PPN RS e4(iCmc%) NeGtBu  FPh fRZ % ohomf@CNe
Ph” SN"F-CEt + 2| A

CEt R%™ °X tc uene -7£°C Fh™ N /P\_CEt O\/C"/ €4

/
€1 €2 C CEt
R'=k Pt Ri=F Ne €3
X= COCH-EL CONNe; ON

Scheme 1. 24 Michael addition of N-protected aminomethylenephosphonate onto
acrylonitriles catalyzed by azacrowns.

Ebitani et al. (2006) used reconstructed hydrotalcite as a heterogeneous base
catalyst for C-C bond formations (Scheme 1.25). Reconstructed hydrotalcites, which
is obtained by treating the Mg-Al mixed oxide with water, catalyzes the aldol
reaction of carbonyl compounds in the presence of water. This catalyst supplies a
unique acid-base bifunctional surface capable of promoting Michael reactions of

nitriles with carbonyl compounds.

11
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Scheme 1. 25 Michael reactions of carbonyl compounds are efficiently catalyzed in
the presence of water by reconstructed hydrotalcites as solid base catalysts.

Vicario et al. (2009) reported  synthesis of  y-amino-a-
dehydroaminophosphonates 68. They performed conjugate addition of amines to an
a,B-unsaturated imine 67 derived from o-aminophosphonate (Scheme 1.26).
Resulting y-amino-(R)-dehydroaminophosphonates 69 can be used for the

preparation of phosphorylated pyrimidine derivatives.

H < O+
N, pory, SP(OEH),
O+ R R Are = Ar<
SP(OEY), 10 Y N
Ar\N/)\/\ —_— R —= O)\N
67 68 R2
R o 69

Scheme 1. 26 Conjugate addition of amines to a,/-unsaturated imine.

1.3.2 Michael cyclizations

Michael addition is commonly used in cyclisation processes. Various types of
examples of this process exist in literature. Bench et al. (2006) described an (S)-
proline-catalysed dimerization of enals to produce cyclohexadiene carbaldehydes via
Michael-like imine addition (Scheme 1.27). It is showed that use of proline 71
promotes asymmetric self-condensation of o,B-unsaturated aldehydes 70 to form
trisubstituted cyclohexadiene products 72. They also reported that the reaction
conditions are mild and suitable for different type of substrates which yield

molecules from simple precursors via complex scaffolds.

12
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Scheme 1. 27 Self-condensation of f-methyl substituted a,f-unsaturated aldehydes
to give 1,2,4-trisubstituted cyclohexadienals via Michael-like imine addition and
cascade Michael-cyclization processes catalyzed by (S)-proline.

—

CCy

-
/
-
m,,i i -
py) 4

R

Cao et al. (2012) reported an enantioselective formal cyclization reaction
including a  Michael-Aldol  sequence  catalysed by  (S)-pyrrolidine
trifluoromethanesulfonamide (Scheme 1.28). Reaction of cyclic ketones 73 with
enone esters 74 in the presence of 20 mol% of pyrrolidine-thiourea or N-(pyrrolidin-
2-ylmethyl)trifluoromethanesulfonamide 75 with no solvent at rt furnished bicyclic

adducts (76) in moderate to good yields under mild conditions.

_NETE
H (20mra %, C02R2

FN 7 75 FOU: R
/\)k 4-NeCCel4CCsF (20 mo %) (56-92%
CO R2 F F (80-94% ee

X
73 74 76

Scheme 1. 28 Asymmetric formal [3+3] cyclisation reaction catalysed by (S)-
pyrrolidine sulfonamide.

Ibrahem et al. (2007) reported that the chiral pyrrolidines catalyze the
formation of 5-hydroxyisoxazolidines 78 via an asymmetric tandem aza-
Michael/cyclization reaction pathway (Scheme 1.29). The reaction supplies access to

5-hydroxyisoxazolidines in high yields with 90-99% ee.

13
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Scheme 1. 29 Chiral pyrrolidines catalyze the formation of 5-hydroxyisoxazolidines
via an asymmetric tandem aza-Michael/cyclization reaction pathway.

Aucagne et al. (2005) focused on moderate EW-thiofunctions like heteroaryl
vinyl sulfides and vinyl dithiocarbamates. Hence, they studied on regioselective
Michael-induced cyclisation of vy- and o-hydroxyvinyl sulfides and vinyl
dithiocarbamates (Scheme 1.30). Michael cyclisation, the diol 79 was mono-O-
benzylated and a mixture of regio-isomers of J-hydroxy heteroaryl vinyl sulfides 80
(45%) and 81 (38%) was resulted. The d-hydroxy heteroaryl vinyl sulfide 80 was
subjected to give the C-glycopyranoside 82 as a single diastereoisomer (72%)

through the phase-transfer conditions.

Scheme 1. 30 Hetero-Michael cyclisation of a -hydroxy heteroaryl vinyl sulfide
into a pyrano derivative. (i) Bu,SnO, toluene, A; (ii) BnBr, n-BusNBr; (iii) Aliquat
336% NaOH 50%, CH,Cl,.

14 CHAPTER4

1.4.1 Heterocyclic Secondary Enamines

The nitrogen analogs of enols were named as “enamine” by Wittig and

Blumenthal (1927). Enamine is a resultant product of the aldehydes or ketones with

14



a secondary amine. It is a versatile synthetic precursors in order to synthesize
heterocycles and natural products (Shawali and Edrees, 2006). Furthermore, enamine
derivatives have an important role as asymmetric catalysis for alkylation and also
used as blocking groups (Friary et al., 1973). Enamines can be classified as acyclic
enamines 83, endocyclic enamines 84, exocyclic enamines 85 and heterocyclic

enamines 86 (Sheme 1.31) (Shawali and Edrees, 2006).

R t i X A
! R,N H
N 2
ey D D e (G
I X R’ H | R,N X N X
H” X & R
83 84 85 86 87 88

R'=R?=Me Et R-R=-(CHy),-(n=456) X=CN ArCO ROCO

Scheme 1. 31 Main types of enamines.

Heterocyclic secondary enamines can be called with various names in respect
to their EWG. For instance, they are named as exo-cyclic enamino esters if EWG is
ester; they are enaminonitriles if EWG is cyano; and if EWG is acyl, then they are
known as enaminones (Cheng et al, 2002). In 1960s, study of Eschenmoser et al.
(1964) about a synthetic route to the corrin system can be counted as the
spearheading study for the chemistry of heterocyclic enamines. In this study, they

reacted enaminonitrile 89 with iminoether 90 (Scheme 1.32).

© NaOCzks
_—

z Cgym 40°C “r

8¢ 90 91

Scheme 1. 32 Synthesis of Corrin system over enaminonitrile-iminoester

14.1.1 Synthesis of Heterocyclic Secondary Enamines

Heterocyclic secondary enamines are effective intermediates for the

synthesis of fused heterocyclic compounds and natural products. Due to important

15



functions of heterocyclic secondary enamines in organic chemistry as explained
beforehand, there are many studies about synthesis of heterocyclic secondary

enamines by especially using N-heterocyclic compounds as starting materials (Wang
et al, 2003).

Folmer et al. (1998) discovered the synthesis of carbacephems 94 from D-
serine 92 by reducing the double bond of exo-cyclic enaminoesters 93 followed by

cyclization (Sheme 1.33).

FZ’\\[& i E

o — o

OF COLt
92 94

Scheme 1. 33 Synthesis of carbacephems from D-serine.

Joshi et al. (2012) reported base-mediated synthesis of diversely substituted
N-heterocyclic enamines (100-102) and enaminones (103) by the hydroamination of
alkynes (96-99) (Sheme 1.34). Regio- and stereoselective alkynylation of various N-

heterocycles 95 was performed by using potassium and cesium salts in DMSO.

R‘_T‘ —'[N/) R\ = R
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& / R%F aky race = R*

Y R Rézk ary TMS 99
L/ S . Y:zCN
Re— [/) ~
SN
LN

101
Scheme 1. 34 Regio- and stereoselective alkynylation of various N-heterocycles
using potassium and cesium salts in DMSO.

Wang et al. (2003) reported preparation of heterocyclic enamines 107 via
formal ring transformation reaction of lactones 104 (Sheme 1.35). The synthesis

consists of Reformatsky reaction of lactones and mesylation of the resulting mixture
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of ring-chain tautomers (105,106) in a one-pot reaction, followed by

cyclocondensation reaction with primary amines.

COzEL 1
I

cozeu -t
2
104 105 106 107

Scheme 1. 35 Synthesis of heterocyclic enamines by the ring transformation of
lactones.

Rajappa and Advani, (1982) reported the preparation of 2-
(nitromethylene)thiazolidine 112 bearing electron withdrawing group belongs the
heterocyclic enamine class that having two reactive sides by reacting 1,1-bis
(methylmercapto)-2-nitroethylene 110 with cysteamine 111 in EtOH. Besides, Yuan
et.al (2010) reported the efficient preparation of methylenethiazolidines (bearing
different EWG on exocyclic methylene carbon) over the synthesis of ketene
dithioacetals 109 in good yields (Scheme 1.36). In similar fashion, Kalisiak et.al
(2012) prepared (2-nitromethylene)- imidazolidines and -hexahydropyrimidines
(113) by a straightforward cyclisation of 1,1-bis(methylthio)-2-nitroethylene 110

with suitable diamines 111 in refluxing ethanol (Scheme 1.37).

1. KoCO3, TBAB, H,0
Rl H HS
0] 2.CSy, rt. 1. sto4 DCM, r.t.
re_J L

3.R%or X(CH2pX, n=12  R2g SR2 2.NaOH, MeCN, rt R2S” “SRZ HyN
108 109 110 111
R' =CN, CO,Et, NO,

R2 =Me lEtOH, 18h

R! S N
N < j NO,
N COEt
H CN
112
Scheme 1. 36 Synthesis of 2-(nitromethylene)thiazolidine and other 2-substituted

methylenethiazolidines

HZN/\M?\NHZ (\ﬁ)n

\E FN_NH g
EtCF |

NC,
11 113
Scheme 1. 37 Synthesis of (2-nitromethylene)-imidazolidines or
hexahydropyrimidines
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However, methylene-4-oxothiazolidines 116 were simply prepared by the
base-catalyzed reaction of ethyl cyanoacetate 114 and a-mercapto esters 115, without

using a solvent in almost quantitative yields (Stojanovic et al., 2011) (Scheme 1.38).

I_
R COZE1 chO3 (cat) (0] N B COzET

NC._ CO.Et + \é: 75-80°C s
15-30 mn R R=F Ne

114 115 116

Scheme 1. 38 Synthesis of methylene-4-oxothiazolidines

Lu et al. (2008) reported synthesis of heterocyclic enamines by N-vinylation
of sulfonamides in the presence of copper as catalyst. Intramolecular C—N coupling
between sulfonamides 117 and vinyl halides was achieved and then, synthesis of 5-,
6-, 7-, and even 8-membered heterocyclic enamines 118 in both exo- and endo-

modes were performed with high yields (Sheme 1.39).

C

RuG, (cat
g n uGy (cat) I n
117 118 11¢
n=1z2 €C-€C% 61-8C%

Scheme 1. 39 Synthesis of heterocyclic enamines from sulfonamides.

14.1.2 Reactions of Heterocyclic Secondary Enamines

Heterocyclic secondary enamines are unique compounds owing to fact that
nucleophilic reaction can occur at the enaminic carbon and/or the secondary amino
nitrogen of these compounds (Liu et al., 2003). Therefore regioselectivity in the
reaction can occur with monoelectrophiles and biselectrophiles and leads to various

types of heterocyclic compounds (Cheng et al., 2004).

Michael et al. (1993) synthesized pyrrolo[1,2-a]indoles by intramolecular
Heck reaction of N-(2-bromoaryl)enaminones. Treatment of N-(2-bromoaryl)
enaminones 120 with palladium (II) acetate, triarylphosphine and triethylamine in
boiling acetonitrile resulted with the product pyrrolo[1,2-a]indoles 121 with yields of
50-100% (Sheme 1.40).
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Scheme 1. 40 Synthesis of from pyrrolo[1,2-a]indoles from N-(2-bromoaryl)
enaminones.

Wang et al. (1999) reported a study about reaction of heterocyclic enamines
with electrophilic alkynes (Sheme 1.41). Heterocyclic enamines 122 reacted with
electrophilic alkynes 123 via the Michael addition pathway followed by
cyclocondensation to produce 2-pyridinone-fused heterocycles 125 in good to

excellent yield.

CO,Et
R EWC
F RC=CCO,Et ZF R
— 123 ~ Rk (6 T ]
&Ko EWG RS ] EWG "N

N .

R R o]
122 124 125

Scheme 1. 41 Synthesis of 2-pyridinone-fused heterocycles from heterocyclic
enamines.

Miao et al. (2000) reported nucleophilic addition reaction of heterocyclic
enamines 122 with nitrilimine 1,3-dipoles 126 to form C-hydrazidoyl-substituted

heterocyclic enamines 127 (Sheme 1.42).

C

| N
F FhC=NNFAr Z “NFAr
126 _
\@fkccza R CC,Et
N, EtaN N
R R
122 127
R=F Ne R=F Ne
r="23 Ar=Ft 24-(NCy)-Ft
Scheme 1. 42 Nucleophilic reaction of heterocyclic enamines with nitrile imine 1,3-
dipoles.

Cheng et al. (2001) studied on annulation of heterocyclic secondary enamines
122 with dicarboxylic acid dichlorides and discovered an unexpected ring size effect
of heterocyclic secondary enamines. Heterocyclic secondary enamines react with

malonyl chloride 129 to give hydroxylated 2-pyridinone-fused heterocycles 132

19



whereas the reactions of enamines with oxalyl chloride 128, result different products

(130,131) with respect to the heterocyclic structure of the enamine (Sheme 1.43).

0 ¢ C C

CCCcC;
0 0 2 H E C )J\/U\C CC.Et

/
| + CC;Et C 128 C _ 12¢ a _— CH
_ N, L Q7 ceE T
CF H N N

. CC.C:k: n=1 F n=123 I
=z
131 130 122 132

T

3

Scheme 1. 43 Annulation of heterocyclic secondary enamines with both malonyl
chloride and oxalyl chloride.

Altug et al., (2011) successfully prepared of thiazolo[3,2-a]pyridines 134 by
means of one pot multicomponent cyclisation between 2-
(nitromethylene)thiazolidine 112, aromatic aldehydes 3 and nitriles bearing active

metylene group 133 in the presence of triethylamine (Scheme 1.44).

Ar
[s>=/N02 i + NC__CN B O || -
N + HAr >~ ckeN g7 N ONH,
H 4y 1 133 ref ux
134
Scheme 1. 44 Multicomponent reaction for the formation of thiazolo[3,2-
alpyridines.

Diiriist and Sagirli (2014) reported that the coupling reactions of mesoionic
sydnones 135 with 2-(nitromethylene)thiazolidine 112, under microwave conditions
affording novel (2)-2-(nitro((E)-p-substitutedphenyldiazenyl)methylene)
thiazolidines 136 (Scheme 1.45).

R.
NO o [S __NO, Xylene, MW N HN/> o
1 + N = + = !
RQ,EN p N>_<H g Cc=C
H 125°C, 1% min NO,
135 112 136 not detect

R=Ft 4.-Ne-Ft 4--Ft 4.C-Ft
4-CNe-Ft 4-F-FF 2 4-berzodoxo

Scheme 1. 45 Reaction of N-aryl sydnones with 2-nitromethylenethiazolidine
affording diazenyl thiazolidines

Yang et al. (2015) newly reported base-promoted transannulation of
heterocyclic enamines and 2,3-epoxypropan-1-ones 138 in order to synthesize fused

pyridines and pyrroles with regio- and stereoselectivity. The N-aryl 4-aminopyrrol-
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2(5H)-ones 137 bearing an electron-withdrawing group (EWG) formed pyrrolo[3,2-
b]pyridines 140, while their counterparts with an ENG or an EDG gave pyrrolo[3,2-
b]pyrroles 141 through C—C bond cleavage (Sheme 1.46).

- Ar®
‘ N~ CH
WC
S =N a2
Ard \\W @QO Ar
\A"‘
LT x
= N A2 E1I'yeregyco wAr2 ’660
A 120°C NW NEAr ’0
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X=0 137 i GOcC F
139 % 1, N
C/G C
OG = r\\
Ar

141

Scheme 1. 46 Transannulation of heterocyclic enamines bearing EWG or
ENG/EDG and 2,3-epoxypropan-1-ones.

1.4.2 Acryloyl and cinnamoyl chlorides

14.2.1 Synthesis of Acryloyl and Cinnamoyl chlorides

Acryloyl and methacryloyl chlorides 144 have been prepared by Stampel et
al. (1950) by heating a mixture of acrylic acid (or metahcrylic acid) 142, benzoyl
chloride 143 and hydroquinone at 72-76°C and they were simply isolated by
fractional distillation. In order to prevent polymerization of acrylic acid,

hydroquinone was used (Scheme 1.47).

0] 0]
YJ\OI- . ©)kc hyrocu none N)kc
R 72- 96°C
R'=F Ne (69-78%)
142 143 144
Scheme 1. 47 Synthesis of acryloyl and methacryloyl chlorides from acrylic acid
derivatives

Aryl substituted acryloyl chlorides or cinnamoyl chlorides can be prepared by
two-step and efficient synthetic method in which the first step covers the preparation

of corresponding cinnamic acids 147, 148 with Doebner condensation of aldehydes 3
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(or 145) and malonic acids 146 using pyridine or ethanol (Rajagopalan and Raman,
1955) or ILs such as [Bmim]|BF,, [Bpy]BFs (Jiang et.al, 2009) as solvent (Scheme
1.48).

0
0 cCoor A
D+« S or
d ¥ coor Pyrdre  \_¢
145 146 147
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R N
COOF [BmmBF,4 OF
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3 146 148
R=C I\C; CFk

Scheme 1. 48 Synthesis of cinnamic acid derivatives

Thus, in the second step of the synthesis, easily prepared propenoic acids 148
reacted with oxalyl chloride in the presence of catalytic amounts of DMF to give the
corresponding propenoic acid chlorides 149 (Burja et.al, 2009) or the cinnamic acids
reacted with thionyl chloride in different equivalents to afford acid chlorides 149 (Li
et.al, 2009) (Scheme 1.49).

C C
/@MOH crii wc
R R
148 149
R=F 4.C 23.d-NeC 24-d-F (€C-1CC%)

i. (COC; DMF (cal ) DCM C°Cicr‘ 5-5h
ii. SOC; (2-3e€q’ r2-5hcrrefux 5h

Scheme 1. 49 Preparation of cinnamic acid chloride derivatives

1.4.2.2 Reactions of Acryloyl and Cinnamic acid chlorides

Acrylic or cinnamic acid chloride derivatives are usually reactive and useful
sythons in the preparation of different polymeric materials, amides by N-acylation,
esters by O-acylation or different heterocycles by ring-closing methathesis (RCM)
reactions. Bharathi et.al (2010) reported the base-catalysed condensation of acryloyl
chloride 144 with p-hydroxy benzoic acid 150 in very mild conditions to afford p-
carboxy phenyl acrylate 151 to be used in the production of poly(carboxy phenyl

acrylate) homopolymers (Scheme 1.50).
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Scheme 1. 50 Preparation of p-carboxy phenyl acrylate monomer

Saez et.al. (2006) reported synthesis of the functionalized monomers (152),
the commercial monomers, 4AMP, 2AMP, 2AP, 2DIPAEA, 2DEAEA and NHBOC
by the addition reaction of acryloyl chloride 144 with different amine (10)

functionalities (Scheme 1.51).

0 EtN Dem
R
\)LC ¢ RNH, \)L + Et;NHC

20t0+5°C
144 10 EtOAc 152
N e
SRR e ST S e
oaE F 4ANF 7 2ANF NP 2DEAEA 2D AEA necc O °

Scheme 1. 51 Preparation of functionalized acryl amide monomers

In a similar fashion, N-acryloyl group can be introduced by adding acryloyl
chloride 144 in THF to the mixture of compound 154 and sodium carbonate in
aqueous methanol at 0°C to yield 2-acetamido-N-acryloyl-2-deoxy-f-D-
glucopyranosylamine (155) (Kim et.al, 2001) (Scheme 1.52).

OH OH \)J\CI OH
0 (NH,)HCO, 0 144 0 4
"Po OH “72n "o NH, "Ro N
NHAc NHAc Na,COs NHAc \H/\
153 154 Hz0: MeOH 155 (85%) ©
0°C, 30 min

Scheme 1. 52 Preparation of N-acryloyl-2-deoxy-f-D-glucopyranosylamine

Ring-closing metathesis (RCM) reactions are often applied to the synthesis of
medium and large sized rings. Use of acryloyl chloride in RCM reactions reported by
Daly (2012). The sysnthesis starts with alkylation with allyl bromide followed by
acylation with acryloyl chloride afforded the diene precursor 157. In the last step,
Grubbs 1st generation catalyst mediated RCM then afforded the unsaturated y-lactam

intermediate 158 in good yield (Scheme 1.53).
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Scheme 1. 53 RCM in the synthesis of BACE-1 inhibitor

Li et al. (2011) reported the synthesis of novel type cinnamic acid quinazoline
amide derivatives (160) by the combination of quinazoline and various substituted

cinnamic acid chlorides 149 as the side chain (Scheme 1.54).

) Q. Q.

X
EtCAc/K.CO; ce-bath H
R/\)J\C + H.N NN R\/\H/N SN
refux cvern ght o /)
N™ x=mi C N

189 160
Scheme 1. 54 Synthesis of cinnamic amide derivatives.

1.5 CHAPTERS

1.5.1 Thiazolopyrimidines

Thiazolopyrimidines are one of the common heterocyclic cores of many important
N,S-containing molecules having diverse biological activities (Kashyap et al., 2011).

They are formed by different combinations of thiazole and pyrimidine rings (Figure

1.2).
N
L) IS
\.\;'\ S\_,J S

\—/
Thazoo Thazoo Thazoo
|4 5-a]pyrmc ne |32-agyrmc ne |3 2-cljgyrmc ne
161 162 163

Figure 1. 2 Main structures of thiazolopyrimidines.
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1.5.1.1 Synthesis of Thiazolopyrimidines

Due to the broad diverse biological activities of thiazolo[4,5-d]- and
thiazolo[3,2-a]pyrimidines, many examples for their preparation have been reported
in the literature up to date. Thiazolo[4,5-d]pyrimidines (161) can be prepared either
from thiouracil 164 by using formic acid and some anhydrides 165 followed by
phosphorus oxychloride oxidation or from one-pot reaction of 4,6-dichloro-5-
aminopyrimidine 166 with isothiocyanates 167 in the presence of solid-phase
transfer catalysts or through the transformation of 6-aminothiouracil in a stepwise
manner (Scheme 1.55) (Childress and McKee, 1951; Liu et al., 2005; Singh et al.,
2013; Baxter et al., 2006; Hunt et al., 2007).
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oG 2POCI 12bours. || ] Y-k
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AJ:L /1\”1\)1 DME. 65°C-0°C, *H:[
HS”"N”"NH, NaOH,EtOH RS”°N”°NH, Er, RS” N”NH,
1€8 169 170
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Scheme 1. 55 Synthesis of 2-amino substituted thiazolo[4,5-d]pyrimidines.

Besides, some fluorinated spiro- and iminothioxo- analogs (174, 175) can be
prepared by the reaction of spirothiazolidines 171 with thiourea 173 and 2-
aminopyridines 172 under microwave irradiation conditions and by the reaction of
imino-ethers 176 with semicarbazide or furoic acid hydrazides 177, respectively

(Scheme 1.56) (Arya, and Dandia, 2007; Luthra et al., 2010).
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Scheme 1. 56 Synthesis of spiro- and iminothioxo-substituted thiazolo[4,5-d]
pyrimidines.

Nonetheless, simple methyl-substituted thiazolo[3,2-a]pyrimidines 181 can
be easily prepared by the condensation of ethylenedibromide 180 and 2-
mercaptopyrimidine 179 in good yields (Gill et al., 1961). Also, thiazolo[3,2-
a]pyrimidinones (185, 186, 188, 190) can be obtained either by the ring opening
reaction of dehydroacetic acid with 2-aminothiazole 182 at 120°C or by
cyclocondensation reaction of 2-thioxopyrimidinones 189 with chloroacetic acid
under acidic conditions or from a one-pot Biginelli reaction of ethyl acetylacetate
191, thiourea 192, and benzaldehyde 3 in the presence of sulfamic acid catalyst
(Scheme 1.57) (Dijerrari et al., 2002; Mohammed at al., 2010; Hu et al., 2013).
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Scheme 1. 57 Synthesis of various aryl and alkyl substituted thiazolo[3,2-a]

pyrimidines and pyrimidinones.

191 192

More recently, some related carboxylate analogs 195 were prepared by
intramolecular cyclisation of 2-phenacylthiodihydropyrimidine hydrobromides 194

using polyphosphoric acid (Moty et al., 2013). Besides, pyrido- and isoxazoyl-

substituted analogs (198, 200) have been obtained by domino reaction of

diarylidenepiperidinones 196, thiourea 173, and a-bromoacetophenones 197 in ionic
liquids or through cyclisations of bis-aminothiazoles 199 with chalcone derivatives,
respectively (Scheme 1.58) (Basiri et al., 2014; Al-Omary et al., 2012; Rajanarendar
etal., 2012).
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Scheme 1. 58 Synthesis of various aryl- and pyrido thiazolo[3,2-a]pyrimidines and
isoxazoyl- substituted thiazol[3,2-a]pyrimidines.

As it was explained above, there are two many ways and examples for the

preparation of thiazolo[4,5-d]- and [3,2-a]pyrimidines in recent literature, however,

to the best of our knowlegde, only one example can be found for the preparation of

thaziolo[3,2-c]pirimidine containing heterocycles (Heravi et al., 1998).

1.5.1.2.

Reactions of Thiazolopyrimidines

Various reactions of thiazolopyrimidines are encountered in the literature.

Demirayak et al. (2007) synthesized some 6-substituted 3-aryl-7-oxothiazolo[4,5-

d]pyrimidin-2(3H)-thione derivatives 202 by reacting thiazolo[4,5-d]pyrimidines 201

with ®-bromo-acetophenones 197 or 2-chloro-N-(2-thiazolyl) acetamides 203. 202
were obtained with the 61-78% yield and 204 with 54-86% yield (Sheme 1.59).
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Scheme 1. 59 Reacting thiazolo[4,5-d]pyrimidines with ®w-bromo-acetophenones or
2-chloro-N-(2-thiazolyl)acetamides.
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Li et al. (2010) published a reaction of thiazolo[3,2-a]-pyrimidine derivatives,
ethyl 2-[(methoxycarbonyl)methylidene]-2,3-dihydro-6-methyl-3-0x0-4 phenyl-5H-
thiazolo-[3,2-a]pyrimidine-5-carboxylate (205) and nitrile oxide (206) to form N-
substituted 1,2,3,6-tetrahydropyrimidin-2-ones (207) (Sheme 1.60).

A o C C:;\']_O_ y Ar O C
MeOQCJ\)\NJgZ/COEMe + @[ B ¢ cxene eOZTN%’@
|N/)\S C ref ux H/go O-N C
205 206 207

Ar=4.C-Fh4-MeC-Fh Fh 24.d-C-Fh
Scheme 1. 60 Synthesis of N-substituted 1,2,3,6-tetrahydropyrimidin-2-ones via
reaction of thiazolo[3,2-a]pyrimidine derivatives and nitrile oxide.

Habib et al. (1997) reported synthesis of 5,7-disubstituted thiazolo[4,5-d]
pyrimidines  (210,212) by starting with chlorination of 5-mercapto-
thiazolopyrimidine 201 with a mixture of phosphorous pentachloride and

phosphorous oxychloride (Sheme 1.61). The yields of the reaction is in the range of
50-71%.
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Scheme 1. 61 Chlorination, thiation and methylation of 2,3-dihydro-5-mercapto-3-

phenyl-2-thioxothiazololo[4,5-d]pyrimidin-7(6H)-one.

1.5.1.3. Biological Importance of Thiazolopyrimidines

Thiazolo[4,5-d]pyrimidines are the thia-analogs of purine bases (adenine,
guanine) and so they have received great attention by the pharmaceutical industry
and researchers working on the development of new therapeutics in the field of
medicinal chemistry for many years. Also, thiazolo[3,2-a]pyrimidines can be
considered as another important derivative of thiazolopyrimidines. Both types exhibit
a variety of biological properties, such as antitumor and cytotoxic (213) (Abu-
Hashem et al., 2011), immunomodulatory (Doria et al., 1985), antimicrobial
(Youssef and Amin, 2012; Youssef et al., 2008), antipsychotic (Van Laar et al.,
2001), antiinflammatory (Tozkoparan et al., 1999; Tozkoparan et al., 1998; Amr et
al., 2007), calcium antagonist (Balkan et al. 1992), antiviral (Danel et al., 1998),
antiparkinsonian (Abdel-Latif et al., 2007), antiarrhythmic (Shalaby et al., 2007),
antidepressant (216) (Amr and Abdulla, 2002), anticancer (Amr et al., 2006; Selvam
et al. 2012), and analgesic (214) (Amr et al., 2003) activities (Figure 1.3).
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Figure 1. 3 Biologically active thiazolo- and oxothiazolo-pyrimidinone derivatives.

1.5.2 Thiazolo (imidazolo)pyridinones

Fused N-heterocyclic compounds (especially those containing 2-pyridone
residues) can be seen in many biologically important natural products such as the
multiring-fused natural product Camptothecin 228 and Nauclefine 227 and bicyclic
molecules including the 2-pyridone acid AS5S8365A (229,230), the ACE inhibitor
(Chorell et al., 2007) Moreover, the thiazolo[3,2-a]pyridinone structure is the key
part of pilicide-based antibiotic derivatives (231) (Figurel.4).
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Figure 1. 4 Examples of 2-pyridone or thiazolo- (or imidazolo-) pyridinone
containing natural products and biologically active compounds.

Thiazolopyridinones and imidazolopyridinones have shown a wide variety of
biological activities including antihypertensive, antihepatic, antiviral, antifungal,
vasodilatory and some insecticidal properties (Adachi et al., 1988; Hasegawa et al.,

1995; Krauze et al., 1988; Shao et al., 2008; Tian et al., 2007).

1.5.2.1. Synthesis of thiazolo (imidazolo)pyridinones

Recently, thiazolopyridin-2-ones have been prepared by starting from 2H- or
2-alkyl-substituted A*-thiazolines and Meldrum’s acid derivatives or by using 2-
piperidinethione under a modified Eschenmoser sulfur contraction reaction with
DBU in moderate yields. However, tetrahydroimidazolopyridinones were prepared in
moderate to good yield through a multicomponent Michael cyclisation of B-
nitroketeneaminal, aldehydes and Meldrum’s acid (Taguchi et al., 1977). For
example, Emtenids et al. (2001) synthesized of substituted ring-fused 2-pyridinones
via an enantioselective ketene—imine cycloaddition method. 2-alkyl-A’-thiazolines
233 and Meldrum's acid derivatives 232 were treated with HCl) in benzene at 5 —
78°C. Then, 1,2-dichloroethane used as solvent at 0 — 64 °C led to the desired 2-
pyridinones 234 with 63-86% yields (Sheme 1.62).
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Scheme 1. 62 Synthesis of substituted ring-fused 2-pyridinones via an
enantioselective ketene-imine cycloaddition method.

Russowsky and da Silveira (2004) investigated the influence of the ring size
of thiolactams in the Eschenmoser coupling reaction in presence of DBU and
discovered formation of bicyclic thiazolidinones. The reaction of the piperidin-2-
thione (235) with the a-bromoester 236, through the Eschenmoser protocol, formed
237 and a variable quantity of the unexpected thiazolidinone 238, depending on the
base employed (Sheme 1.63).

0
b
L -t G g @ph
N S thlophlle
H Ph COzMe

235 236
Scheme 1. 63 Formation of ﬁ—enammocarbonyl and the th1az011d1n0ne.

Hu et al. (2011) reported synthesis of tetrahydroimidazolpyridinones via an
MCR involving 6-CI-PMNI 239, aldehydes 3, and Meldrum's acid 240. Et;N or
K,COj are used as catalysis in anhydrous CH3;CN at refluxing temperature and

tetrahydroimidazolpyridinones 241 were obtained with 30-96% (Sheme 1.64).
R

O,5N
Zl 0
A N° 'NH 0o O Lase CH3CN S N N
OO g Ly s ey
C N R 'H 070 ref Lx =

241

Scheme 1. 64 Three-component reaction of various aldehydes, Meldrum’s acid, and
239.

In similar fashion, the preparation of some imidazolopyridinone carboxylic
acids by the azaannulation of itaconic anhydride with a-nitro -N,N-ketene acetals and
the  preparation  of  imidazolopyridinones by  annulation  of  2-
(ethoxycarbonylmethylene)tetrahydroimidazoles 242 with  different 1,3-bis-
electrophiles (70, 244) have been found as good examples in recent literature (Jones

et al., 1998; Chakrabarti et al., 2005).
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Scheme 1. 65 Preparation of imidazolopyridinones using different electrophiles

EtC,C

Besides, imidazo[1,2-a]pyridinones (248) can be prepared by either one-pot
four-component condensation reaction of ethane-1,2-diamine 111, 1,1-
bis(methylthio)-2-nitroethene 110, aldehydes 3 and activated methylene compounds
(240, 247) in moderate yields or by stepwise cyclisation of a,/-unsaturated esters 74

with 2-(nitromethylene)imidazolidine 112 in good yields (Tokumitsu, 1990;

Movahed et al., 2013) (Scheme 1.66-67).
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Scheme 1. 66 Preparation of imidazolopyridinones by one-pot four-component
reaction
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Scheme 1. 67 Two-step preparation of nitroimidazolo[1,2-a]pyridinone using ethyl
acrylate
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1.5.2.2  Reactions of thiazolo (imidazolo)pyridinones

Since ring-fused 2-pyridones exhibit biologically active functions, there are
various studies about them in order to synthesize derivatives and investigate their
biological activities. Laerum and Undheim (1979) studied on N-quaternary
compounds and investigated photochemically induced valence bond isomerism and
rearrangement to pyridinones of thiazolo[3,2-a]pyridinium-8-olate derivatives.
Irradiation of derivatives of thiazolo[3,2-a]pyridinium-8-olate caused a
rearrangement into derivatives of the isomeric thiazolo[3,2-a]pyridin-5-ones.
Furthermore, irradiation of 5-methyldihydrothiazolo[3,2-a]pyridinium-8-olate 251
resulted with the valence isomeric structure 6-methyl-2-thia-5-azatricyclo-
[4.3.0.0l’s]non—7—en—9—0ne 252 which on and further irradiation gave the

corresponding rearranged dihydrothiazolo[3,2-a]pyridin-5-one 253 (Scheme 1.68).

0 0]

| S Hg amp rrad al cn Hg- amp rradaicn | \S}
P> NJ'\/) at 350 nm j a1 350 nm %
251 253

5-methy -d hydreth aze ¢
[3 2-a]pyrd num-8-c ale

Scheme 1. 68 Photochemical reactions of thiazolo[3,2-a]pyridinium-8 olates

Chorell et al. (2010) designed and synthesized C-2 substituted thiazolo- and
dihydrothiazolo- ring-fused 2-pyridones. The o.f-unsaturated methyl ester 254
substituents were introduced by conjugate additions resulting in an addition with
complete trans-selectivity (255). Substituents were also introduced with a retained
double bond by the use of Heck couplings or deprotonation using LDA and
subsequently react the lithiated scaffold with various electrophilic reagents (256).
These unique techniques enable introducing a different type substituents with

varying size, electronic properties, and spatial arrangement (Sheme 1.69).
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Scheme 1. 69 Different techniques were improved to introduce substituents in
position C-2 on the scaffold from the oxidized scaffold.

1.6 CHAPTER 6

1.6.1 Cytotoxicity and Cell Viability Tests

Cytotoxicity is the degree of being toxic of an agent on the cells.
Experimental toxicological studies are carried out in order to determine and
investigate structural and functional changes depending on the chemical agent on
living cells. It is necessary to determine the amount of cell populations in a
meaningful way for high performance of measuring, success of repeatability or
comparison of the studies. Therefore, some methods have been developed to
investigate cell viability and proliferation in cell populations (Doyle, and Griffiths,

1998).

There are many specific methods suitable for particular circumstances or for
certain experimental purposes. These methods involves Tritium-Labeled Thymidine
Uptake method, Crystal Violet method, Colony Formation method, MTT, and WST
methods, which are used for counting the number of live cells. They are based on
various cell functions including enzyme activity, cell adherence, ATP production,
cell membrane permeability, nucleotide uptake activity and co-enzyme production

(Dojindo Molecular Technologies, Inc).
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1.6.1.1. MTT Assay

The MTT assay is a colorimetric assay which was primarily defined by
Mossman (1983) for assessing cell viability (Mosmann, 1983). The assay is based on
the capacity of mitochondrial dehydrogenase enzymes in living cells to convert the
yellow water-soluble substrate 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromide (257) into a dark blue, water-insoluble formazan product (258) (Scheme

1.70) (Doyle, and Griffiths, 1998).

_}N _%N
s~y N s
IZL @ M tochendr a H @
©/ N Reductase ©’N:N
Br

257 258
3-(4 5-d methy thazo -2-y )- (E 2)-1-(4 5-d methy thazo -2-y )-
2 5-d pheny tetrazo um brom de 3 5-d pheny formazan
(MTT) (Formazan)
Scheme 1. 70 Molecular structure of MTT, and its corresponding reaction product,
formazan.

Since reduction of MTT to formazans can be performed by only cells having
metabolic activity, this assay detects only living cells. Because cells which
proliferate shows more metabolic activity than ones which does not proliferate, not
only cell viability and cytotoxicity but also cell activation and proliferation by this

method (Doyle, and Griffiths, 1998; Mosmann, 1983).

1.6.2 Antibacterial Assay

Antimicrobial susceptibility tests are the tests performed to determine the in
vitro activity of an antimicrobial agent against a particular bacterial species.
Susceptibility tests must be applied to all agents which led to an infectious disease
required antimicrobial chemotherapy and whose antibiotic susceptibility cannot be
known precisely by the description of type strains (Tiirkiye Halk Saglhigi Kurumu
Mikrobiyoloji Referans Laboratuvarlar: Daire Bagkanligi, 2015).

37



In order to measure the in vitro susceptibility of bacteria, a variety of
laboratory methods including disc diffusion method, antimicrobial gradient method,
e-test, dilution methods, and genotype methods are used (Reller et al., 2009). Disc
diffusion among these methods is a common test in clinical laboratories easy to use
and can be applied to partially lack of breeding of bacteria (Tiirkiye Halk Saghig:
Kurumu Mikrobiyoloji Referans Laboratuvarlar1 Daire Bagkanligi, 2015).

1.6.2.1. Disc diffusion method

Disk diffusion test, or Kirby-Bauer antibiotic test (KB test) with the names of
its developer, is a test which uses commercially prepared disks, each of which are
pre-impregnated with a standard concentration of a particular antibiotic in order to
test if bacteria are affected by antibiotics (Michigan State University College of
Veterinary Medicine, 2015). After a while, discs diffuses towards dissolved agar,
inoculated microorganisms begins to multiply. After a certain incubation time,
growth is not observed around the discs which inhibitory concentration of the drug is
provided. The more sensitive microorganisms are to drug, the larger inhibition zone
formed around the disc. The diameter of the inhibition zone is measured in mm and
is evaluated by standard zone tables and then susceptibility of microorganism is

determined against antimicrobial agents used (Demirpek U, 2012).
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2. AIM AND SCOPE OF THE STUDY

This thesis describes the work that establishes the discovery of new fused N-
heterocyclic compounds and their ability to exhibit cytotoxic and antibacterial
activities. The general aims of the current research work were to found new synthetic
methods for the efficient preparation of these potential cytotoxic and antibacterial
agents. More specifically, the objectives were to apply Mannich and Michael
cyclisations, examples of MCRs, for the efficient synthesis of thiazolopyrimidines, 4-
oxothiazolopyridimines and thiazolo-(imidazolo-)pyridinones, respectively. To

achieve these objectives and to attain new fused N-heterocylic compounds;

Primarily, as the starting materials, 2-(nitromethylene)thiazolidine, 2-
(nitromethylene)imidazolidine and methylene-4-oxothiazolidine carboxylates were
prepared by using literature methods through versatile precursors (Rajappa and
Advani, 1982; Kalisiak et.al, 2012, Stojanovic et al., 2011). Also, some 2-aryl
substituted acryloyl chlorides have been accessed through a two-step synthetic route
(Rajagopalan and Raman, 1955; Burja et.al, 2009).

e In the second part of the work, MW-assisted efficient preparation of new
thiazolo[3,2-c]pyrimidines was achieved using the double-Mannich cyclisations
of a nitroenamine through iminium formation in ageous solution.

¢ In the third part of the work, in order to widen the scope and limitations of the
Mannich cyclisations of heterocyclic enamines, 4-oxothiazolidines were used.
This provided us an easy access to a library of new oxothiazolo[3,2-c]pyrimidine
carboxylates using conventional heating methods.

e The fourth part of the study was aimed to describe the base-catalysed one-pot
preparation of thiazolo-(imidazolo-) [3,2-c]pyridinones through the Michael-type
cyclisation of nitroenamines with acryloyl chloride derivatives.

¢ In the last part of our work, it was aimed to screen the cytotoxic and antibacterial
properties of title compounds produced in cyclisation reactions in the synthetic

parts.
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3. MATERIALS AND METHODS

All reagents and solvents were commercially available with analytical grade
(Merck, Sigma-Aldrich) and used as received. 'H- and '>C- NMR spectra were
recorded on VARIAN spectrometers (400 MHz for proton and 100 MHz for carbon)
and a BRUKER Ultrashield (300 MHz for proton and 75 MHz for
carbon) spectrometer at ambient temperature. All chemical shifts (8) are reported in
parts per million (ppm) downfield from TMS; J values are given in Hz. The
abbreviations used for NMR signals are: s = singlet, d = doublet, t = triplet, q =
quartet, sep = septet and m = multiplet. IR spectra were recorded on a SHIMADZU
FTIR-8400S instrument (KBr pellet or NaCl discs) and a Shimadzu FT-IR
Spectormeter with ATR system. High resolution mass spectra were run on a Waters
Lct Premier XE 0a-TOF Mass Spectrometer, on an orthogonal acceleration-TOF
mass spectrometer and a FTMS (4.7T) mass spectrometer. Single crystal X-ray
Diffraction measurements were run on an EnrafeNonius CAD-4 Diffractometer.
Specific rotations were run by a Rudolph Research Analytical Autopol I Automatic
polarimeter. A Single-mode Microwave reactor (CEM Discover Explorer SP) were
used for microwave-mediated reactions. Melting points were determined on a
MELTEMP apparatus and are uncorrected. TLC was carried out using precoated
plates with fluorescent indicator (Merck 5735) for monitoring the reactions. Column
chromatographic separations were performed on silica gel (Merck, 230-400 mesh
ASTM) and the eluent was a mixture of ethyl acetate (EA) and hexanes (H) or only
ethyl acetate. Staining solutions of permanganate, phosphomolybdic acid (PMA) and

iodine were used for visualization of the TLC spots.
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3.1 EXPERIMENTAL

3.1.1 PREPARATION OF STARTING MATERIALS

3.1.1.1 Preparation of 2-(nitromethylene)thiazolidine (112) (Rajappa and

Advani, 1982)
(" 3equyv)

NH; \

NG HS/\/ 2 I\OQ
2 111a |

I - &N

VeS SMe EtCH 50°C 24h /

110 112

To a stirred suspension of 1,1-bis(methylthio)-2-nitroethylene (110) (3.3 g,
20.0 mmol) in ethanol (20 mL) under nitrogen, 2-aminoethanethiol (111a) (2.0 g,
26.0 mmol) was added at room temperature and resulting mixture was warmed up to
50°C and left for 24 hours. After the consumption of starting compound, the reaction
was quenched. The solid was filtered and washed with water (10 mL) and ethanol
(10 mL), successively and the solution part was discarded. Resulting pale yellow
solid was dried under high vacuum for 3 hours and obtained in dry and pure state
without needing any chromatography, to provide 112 (2.46 g), yield 84%, pale

yellow solid.

3.1.1.2 Preparation of 2-(nitromethylene)imidazolidine (113) (Kalisiak

et.al, 2012)
(1 Cecuv)
NC HzN/\/NHz NC:
: 111b |
| > HN~ 'NH
MeS SNe EtCH refux 1€ h \ /
110 113

The mixture of 1,1-bis(methylthio)-2-nitroethylene (110) (3.3 g, 20.0 mmol)
and 1,2-diaminoethane (111b) (1.35 mL, 1.2 g, 20.0 mmol) in anhydrous ethanol (50

mL) was stirred for overnight at reflux. The mixture was cooled to 0 °C in an ice-
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water bath and the product 113 collected by filtration and dried under high vacuum
for 2 hours as a very pale yellow solid (2.32 g, 90%).

3.1.1.3 Preparation of (Z)-ethyl 2-(5-methyl-4-oxothiazolidin-2-ylidene)
acetate (116)

E10,C

0 COEt EtOH K,COj (cat) ]\
NC\)J\ ¥ Y - S
OEt  SH 15-30 mr 75-80°C
114 115 1160

The starting material 116 was prepared efficiently according to literature

(Stojanovic et al., 2011).

3.1.1.4 General procedures for preparation of cinnamic acids (148)

(Rajagopalan and Raman, 1955)

‘ecuv
(" ecuv) ,

R
R? FOOC”~ “COOK
Y 146 A
F N0 -
pyrcne(”2ec) KOO
o}
3 1CCSC 2-2h 148

To a mixture of corresponding aldehyde 3 (10 mmol) and malonic acid 146
(1.04 g, 10 mmol) in a round-bottomed flask, pyridine (0.96 mL, 12 mmol) was
added and reaction mixture was heated to 100°C for 2-3 hours. After completion, the
reaction mixture was cooled and diluted with 40 mL of water. The formed acid was
dissolved by the addition of concentrated aqueous NH3, the solution was filtered and
washed with water (2x10 mL). The combined filtrates were acidified with an excess
of dilute (1:1) HCI, then cooled and allowed to stand in an ice bath for 1 h. It was
filtered, washed with water and dried to afford the corresponding cinnamic acids

(148) in good yields.
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3.1.1.5 General procedures for preparation of cinnamoyl chlorides (149)

Method A: (Burja et.al, 2009)

R? R?
i (CO);C 5 (2 ecuv) DMF(cat) i
FO ™0 DCM rt 2-4h C 0O

148 149

Oxalyl chloride (0.86 mL, 1.27 g, 10.0 mmol) was added dropwise to a
mixture of corresponding cinnamic acid 148 (5 mmol) and N,N-dimethylformamide
(3-4 drops) in dry CH,Cl, (25 mL) at 0°C under N, atmosphere. Resulting mixture
was stirred at ambient temperature for 2-5 hours and after completion of reaction, it
was evaporated to dryness to afford corresponding cinnamic acid chlorides (149) as

solid or crystalline form in quantitative yields.

Method B: (Li et.al, 2009)

R2

R2
i SOC, (2 ecu V) i
FO™N0 ¢~ "o

rt or ref ux 3-4h
148 149

Corresponding cinnamic acid 148 (3 mmol) was mixed with thionyl chloride
(0.4 mL, 0.65 g, 9 mmol) under N, atmosphere. The resulting mixture was either
stirred in CH,Cl, at room temperature or refluxed in CH3CN for 3-4 hours. The
reaction mixture was cooled and evaporated to afford corresponding cinnamic acid

chlorides 149 as powder or crystals.

(E)-p-methylcinnamoyl chloride (149b):
0

o) )J\/\©\
Following the general procedure II (d, method B), treating thionyl chloride
(0.70 mL, 1.08 g, 15.0 mmol) with (E)-p-methylcinnamic acid (0.81 g, 5 mmol) in
dry CH,Cl, (25 mL) at 25°C under N, atmosphere for 4 hours to give 149b (0.94 g),

yield: quantitative. pale yellow crystals. m.p. 127-128°C. Ry 0.80 (33% -
hexane/ethyl acetate). IR (KBr): Vmax/em™ = 3059 (-C=CH), 3034 (arom. C-H), 2995
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(C-H), 1739 (C=0), 1600 (C=C), 1510, 1413, 1267, 1105, 974, 806, 644 cm"; 'H
NMR (400 MHz, DMSO-d¢) 6 7.57 (d, 2H, J = 7.6 Hz), 7.55 (d, 1H, J = 15.2 Hz),
7.23 (d, 2H, J = 8.0 Hz), 6.47 (d, 1H, J = 16.0 Hz), 2.32 (s, 3H, -CH3). °C NMR
(100 MHz, DMSO-dg) & 21.6, 118.7, 128.8, 130.1, 132.1, 140.8, 144.5, 168.3.

(E)-4-nitrocinnamoyl chloride (149c):
0

C)V\@\
NO

Following the general procedure II (d, method A), treating oxalyl chloride

2

(1.72 mL, 2.54 g, 20.0 mmol) with a mixture of (E)-p-nitrocinnamic acid ( 1.93 g, 10
mmol) and N,N-dimethylformamide (5-6 drops) in dry CH,Cl, (40 mL) at 0°C under
N, atmosphere for 2.5 hours to give 149¢ (2.00 g), yield: quantitative. bright yellow
crystals. m.p. 293-294°C. Ry: 0.90 (50% ethyl acetate/hexane). IR (KBr): vmax/cm'1 =
3107 (-C=CH), 3061 (arom. C-H), 2922, 1753 (C=0), 1626 (C=C), 1518, 1344,
1265, 1101, 1026, 977, 840, 748, 665 cm™; 'H NMR (400 MHz, DMSO-dg) & 8.21
(d, 2H, J = 8.8 Hz), 7.95 (d, 2H, J = 9.2 Hz), 7.67 (d, 1H, J = 16.0 Hz), 6.73 (d, 1H,
J = 16.0 Hz); °C NMR (100 MHz, DMSO-d) & 124.3, 124.6, 129.9, 141.4, 142.0,
148.6, 167.7.

(E)-4-chlorocinnamoyl chloride (149d):
(0]

Cl
Following the general procedure II (d, method A), treating oxalyl chloride
(1.72 mL, 2.54 g, 20.0 mmol) with a mixture of (E)-p-chlorocinnamic acid ( 1.83 g,
10 mmol) and N,N-dimethylformamide (5-6 drops) in dry CH,Cl, (40 mL) at 0°C
under N, atmosphere for 4 hours to give 149d (2.05 g), yield: quantitative. white-
yellow solid. m.p. 79-80°C. Ry: 0.80 (33% hexane/ethyl acetate). IR (KBr): Vax/cm™
= 3086 (-C=CH), 3061 (arom. C-H), 1751 (C=0), 1610 (C=C), 1491, 1408, 1263,

1112, 1089, 976, 812, 640 cm™; "H NMR (400 MHz, DMSO-d¢) & 7.74 (d, 2H, J =
8.4 Hz), 7.59 (d, 1H, J = 16.0 Hz), 7.48 (d, 2H, J = 8.4 Hz), 6.57 (d, 1H, J = 16.0
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Hz); *C NMR (100 MHz, DMSO-d¢) & 120.7, 129.6, 130.6, 133.8, 135.4, 143.2,
168.1.

(E)-4-bromocinnamoyl chloride (149e):

@)
e
Er

Following the general procedure II (d, method A), treating oxalyl chloride
(0.86 mL, 1.27 g, 10.0 mmol) with a mixture of (E)-p-bromocinnamic acid (1.13 g, 5
mmol) and N,N-dimethylformamide (3-4 drops) in dry CH,Cl, (25 mL) at 0°C under
N, atmosphere for 3 hours to give 149e (1.24 g), yield: quantitative. light brown
solid. m.p. 249-250°C. R¢: 0.70 (33% hexane/ethyl acetate). IR (KBr): vmax/cm'1 =
3051 (-C=CH), 2969 (arom. C-H), 2924, 1739 (C=0), 1620 (C=C), 1483, 1402,
1263, 1111, 1072, 974, 806, 638 cm™'; "H NMR (400 MHz, DMSO-ds) 8 7.63 (d, 2H,
J = 8.8 Hz), 7.58 (d, 2H, J = 8.8 Hz), 7.54 (d, 1H, J = 16.0 Hz), 6.54 (d, 1H, J =
16.0 Hz); °C NMR (100 MHz, DMSO-dg) & 120.5, 123.9, 130.5, 132.2, 133.9,
143.0, 167.8 (C=0).

(E)-(4-(trifluoromethyl)cinnamoyl chloride (149f):

@)
et
CF;

Following the general procedure II (d, method A), treating oxalyl chloride
(0.91 mL, 1.34 g, 10.6 mmol) with a mixture of (E)-p-bromocinnamic acid (1.15 g,
5.31 mmol) and N,N-dimethylformamide (3-4 drops) in dry CH,Cl, (25 mL) at 0°C
under N, atmosphere for 4 hours to give 149f (1.26 g), yield: quantitative. green-
yellow solid. m.p. 229-230°C. Rg: 0.50 (ethyl acetate-n-hexane; 2:1). IR (KBr):
Vmax/cm™' = 3064 (-C=CH), 2920 (arom. C-H), 1739 (C=0), 1621 (C=C), 1415, 1323,
1166, 1118, 1066, 977, 825, 655 cm™; '"H NMR (400 MHz, DMSO-de): 6 7.74 (dd,
2H, J = 8.8, 5.6 Hz), 7.56 (d, 1H, J = 16.0 Hz), 7.22 (t, 2H, J = 8.8 Hz), 6.47 (d,
1H, J = 16.0 Hz). >C NMR (100 MHz, DMSO-de): 6 116.2, 116.4, 119.5, 130.9,
131.3, 143.1, 162.3-164.8 (C-F carbon, J=246.6 Hz), 167.9 (C=0).

45



3.1.2 SYNTHESIS OF TARGET PRODUCTS

3.1.2.1 General Procedures for the Preparation of Thiazolo[3,2-c]

pyrimidine Derivatives (163)

(conventona heatng)

N

o l 0 H,0 2 £-6 h ref ux Ozl\jl\AN/R
O TR N or g -
-/ k= H (m crowave heat ng) S\’j

3.1.2.1.1 General Procedure (conventional heating)

2-(Nitromethylene)thiazolidine 112 (0.5 mmol, 1.0 equiv) and a primary
amine 10 (0.5 mmol, 1.0 equiv.) were dissolved in water (20 mL) and the resulting
suspension was stirred for 5 min. Formaldehyde 16 (37 % v/v solution in water, 1.0
mmol, 2.0 equiv.) was added dropwise by syringe and the resulting mixture was
refluxed for 2-6 h under an argon atmosphere. The reaction progress was followed
by TLC and upon completion, the reaction mixture was cooled to ambient
temperature. The resulting precipitate was filtered off using a sintered funnel and
washed with water (2 x 10 mL). After drying, the crude products were purified by
flash column chromatography on silica gel, using the mixtures of EtOAc and hexanes

specified, to afford the title compound 163 in a pure state.

3.1.2.1.2 General Procedure (microwave heating)

2-(Nitromethylene)thiazolidine 112 (0.5 or 0.25 mmol, 1.0 equiv), a primary
amine 10 (0.5 or 0.25 mmol, 1.0 equiv.) and formaldehyde 16 (37 % v/v solution in
water, 1.0 or 0.5 mmol, 2.0 equiv.) were mixed in water (2 mL) and the resulting
suspension was pre-stirred for 1 min in a microwave reactor prior to reaction. Then
the reaction mixture was heated at exactly 90 °C in the dynamic mode for 4-6 min.
The reaction progress was followed by TLC every 2 minutes and upon completion,

reaction was stopped by cooling the microwave system to 50°C by external vacuum
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system. The same work-up procedure as in the conventional heating reactions was

applied and products 163 were isolated in a pure state.

(R)-(+)-8-Nitro-6-(1-phenylethyl)-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine (163a)

O,N
TC

Flash chromatography (50% hexane/EtOAc) afforded yellow crystals. (135
mg, 100 % with MW; 124 mg, 92% with conv. heating), m.p. 156 - 157 °C; R¢ (50%
EtOAc/hexane) 0.60; [o]p™ +24.3 (¢ 1.0, CHCl3);Vmax(KBr) 3026 (arom. C-H), 2972
(C-H), 2854, 1552 (C=C-NO,), 1452, 1350, 1253, 1190, 1149, 1020, 748, 702 cm™";
dy (400 MHz, CDCls) 7.27 - 7.36 (SH, m, Ph), 4.20 (1H, d, J 12.0 Hz) , 4.12 (1H, d,
J 16.4 Hz), 3.95 (2H, dd, J 18.8, 12.4 Hz), 3.67-3.74 (2H, m), 3.59 (1H, quartet, J
8.7 Hz), 3.15 (2H, t, J 7.6 Hz), 1.42 (3H, d, J 6.4 Hz); d¢ (100 MHz, CDCls) 21.7,
28.1, 46.4, 54.1, 59.5, 65.2, 115.1, 127.4, 128.0, 129.0, 143.4, 162.2; m/z (TOF-MS
ES™) 292 (100, MH"), 291 (1), 235 (3), 134 (3%); HRMS (TOF-MS ES*): MH",
found 292.1120. C;4H;3sN30, Srequires 292.1120.

(R)-(+)-8-Nitro-6-(1-phenylpropyl)-3,5,6,7-tetrahydro-2 H-thiazolo[3,2-c]
pyrimidine (163b)
e

pSae
-

Flash chromatography (33% hexane/EtOAc) afforded yellow crystals. (144
mg, 95% with MW; 106 mg with conv. heating), m.p. 184-185°C; R¢ (50%
EtOAc/hexane) 0.55; [at]p”’ +33.5 (¢ 1.0, CHCl3); Vinax(KBr) 3026 (arom. C-H), 2964
(C-H), 2874, 1552 (C=C-NOy,), 1483, 1352, 1257, 1180, 1147, 1091, 956, 916, 868,
743, 704 cm™; 8y (400 MHz, CDCls) 7.23 - 7.36 (5H, m, Ph), 4.18 (1H, dd, J 16.0,
1.2 Hz), 4.16 (1H, d, J 12.0 Hz), 3.95 (2H, dd, J 14.0, 1.6 Hz), 3.64 (1H, dt, J
10.8, 8.0 Hz), 3.50 (1H, dt, J 10.4, 8.0), 3.45 (1H, q, J 4.6 Hz), 3.10 2H, t, J 8.0
Hz), 1.96 - 2.00 (1H, m), 1.69 - 1.80 (1H, m), 0.67 3H, t, J 7.4 Hz);5¢ (100 MHz,
CDCl) 10.8, 26.9, 28.0, 46.3, 54.0, 65.4, 66.3, 115.2, 128.1, 128.4, 128.8, 140.7,
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162.1; m/z (TOF-MS ES™) 305 (100, MH" ), 243 (1), 159 (2), 148 (5), 119 2%);
HRMS (TOF-MS ES*): MH", found 306.1276. C5H,0N30,S requires 306.1268.

(S)-(-)-8-Nitro-6-(1-phenylpropyl)-3,5,6,7-tetrahydro-2 H-thiazolo[3,2-c]

»

C:N ’\/\/
L
S\_J\

Flash chromatography (33% hexane/EtOAc) afforded yellow crystals. (79
mg, 100 % with MW; 143 mg, 94 % with conv. heating).m.p. 187-188°C; R¢ (50%
hexane/EtOAc) 0.45; [olp™” -32.8 (¢ 1.0, CHCl3);vinux(KBr) 3030 (arom. C-H), 2962
(C-H), 2850, 1550 (C=C-NO,), 1481, 1383, 1253, 1176, 1150, 1012, 740, 703 cm™";
du (400 MHz, CDCls3) 7.23 - 7.36 (5H, m, Ph), 4.16 (2H, dd, J 16.4, 8.4 Hz), 3.96
(2H, dd, J 13.2,2.4 Hz), 3.64 (1H, dt, J 10.8, 8.0 Hz), 3.51 (1H, dt, J 10.8, 8.0 Hz),
3.44 (1H, dd, J 9.6, 4.4 Hz), 3.10 (1H, t, J 8.0 Hz), 1.94 - 2.01 (1H, m), 1.69 - 1.80
(1H, m), 0.67 (3H, t, J 7.2 Hz);6c (100 MHz, CDCl3) 10.5, 26.7, 27.8, 46.1, 53.7,
65.1, 66.1, 114.9, 127.8, 128.1, 128.6, 140.4, 161.8; m/z (TOF-MS ES™) 306 (100,
MH"), 297 (5), 148 (5%); HRMS (TOF-MS ES*): MH", found 306.1256.
C15sH20N30,S requires 306.1276.

pyrimidine (163c)

6-Butyl-8-nitro-3,5,6,7-tetrahydro-2 H-thiazolo[3,2-c]pyrimidine (163d)
O.N | N/\/\
S \’JN)

Flash chromatography (25% hexane/EtOAc) atforded a yellow powder. (78
mg, 65% with MW; 49 mg with conv.heating). m.p. 124-125°C; Ry (50%
hexane/EtOAc) 0.40; vy (KBr) 2949, 2926 (C-H), 2854, 1552 (C=C-NO,), 1462,
1359, 1280, 1188, 1151, 1128, 1018, 985, 958, 744, 665, 607 cm™'; &y (400 MHz,
CDCl) 4.15 (2H, s), 3.89 (2H, s), 3.81 (2H, t, J 8.0 Hz), 3.19 (2H, t, J 8.0 Hz), 2.54
(2H, t, J 7.4 Hz), 1.51 (2H, p, J 7.4 Hz), 1.35 (2H, sextet, J 7.6 Hz), 0.92 (3H, t, J
7.2 Hz); d¢ (100 MHz, CDCl3) 14.1, 20.5, 28.0, 30.2, 48.3, 53.1, 54.3, 67.7, 115.1,
162.1; m/z (TOF-MS ES™) 244 (100, MH"), 228 (1), 159 (8), 61 (1%); HRMS (TOF-
MS ES*): MH", found 244.1125. C1oH;3N30,Srequires 244.1120.

48



8-Nitro-6-propyl-3,5,6,7-tetrahydro-2 H-thiazolo[3,2-c]pyrimidine (163e)
O,N oy A~
S L_/N)

Flash chromatography (25% hexane/EtOAc) afforded a yellow solid. (38 mg,
65% with MW; (0.5 mmol) 40 mg, 35% with conv. heating ). m.p. 132-133°C; R¢
(50% hexane/EtOAc) 0.30; vmax(KBr) 2960 (C-H), 2933, 2874, 1550 (C=C-NO,),
1383, 1359, 1249, 1186, 1130, 1018, 744, 665 cm™; 8y (400 MHz, CDCl3) 4.16
(2H, s), 3.89 (2H, s), 3.81 (2H, t, J 7.6 Hz), 3.19 (2H, t, J 8.0 Hz), 2.51 (2H, t, J
7.2 Hz), 1.55 2H, p, J 7.6 Hz), 0.93 (3H, t, J 7.2 Hz); ¢ (100 MHz, CDCl;) 11.6,
21.1,27.8, 48.0, 54.1, 55.0, 67.6, 115.0, 161.4; m/z (TOF-MS ES™) 230 (100, MH"),
159 (10%); HRMS (TOF-MS ES*): MH", found 230.0954.CoH;sN3O,Srequires
230.0963.

O,N jI\AN)N

6-Cyclohexyl-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]pyrimidine
S

(163f)
e
/

Flash chromatography (33% hexane/EtOAc) afforded a yellow solid. (67.5
mg, 100 % with MW; (0.5 mmol) 110 mg, 82% with conv. heating). m.p. 138-139
°C; Rf (50% hexane/EtOAc) 0.30; vimax(KBr) 2931 (C-H), 2856, 1550 (C=C-NO,),
1450, 1357, 1263, 1188, 1153, 1020, 738, 665 cm™; 8y (400 MHz, CDCls) 4.26 (2H,
s), 4.00 (2H, s), 3.81 (2H, t, J 7.6 Hz), 3.19 (2H, t, J 7.6 Hz), 2.50 - 2.58 (1H, m),
1.88 - 1.90 (2H, m), 1.78 - 1.81 (2H, m), 1.62 (1H, d, J 12.0 Hz), 1.12 - 1.31 (5H,
m); oc (100 MHz, CDCl3) 25.5, 25.9, 28.1, 31.0, 45.5, 54.0, 59.7, 64.6, 116.0, 162.6;
m/z (TOF-MS ES*) 270 (100, MH"), 218 (3), 112 (5%); HRMS (TOF-MS ES™):
MH®, found 270.1260. C,H,0N30,Srequires 270.1276.
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6-Benzyl-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]pyrimidine (163g)

ogN]q)N@

S

Flash chromatography (33% hexane/EtOAc) afforded a yellow powder. (65
mg, 95 % with MW; 90 mg, 65% with conv. heating).m.p. 132 - 133°C; R¢ (50%
hexane/EtOAc) 0.45; vima(KBr) 3028 (arom. C-H), 2922 (C-H), 2854, 1554 (C=C-
NO,), 1473, 1350, 1251, 1188, 1143, 1024, 742, 700 cm™; &y (400 MHz, CDCl3)
7.27-7.37 (5H, m, Ph), 4.10 (2H, s), 3.96 (2H, s), 3.75 (2H, t, J 8.4 Hz), 3.72 (2H, s),
3.20 (2H, t, J 7.8 Hz); ¢ (100 MHz, CDCl5) 28.1, 48.8, 54.2, 57.6, 66.3, 115.1,
128.1, 128.9, 129.2, 137.3, 161.6; m/z (TOF-MS ES*) 278 (100, MH"), 276 (1), 228
(2), 120 (3%); HRMS (TOF-MS ES¥): MH", found 278.0958. C;3H;¢N30,S requires
278.0963.

8-Nitro-6-(3-(trifluoromethyl)benzyl)-3,5,6,7-tetrahydro-2 H-thiazolo[3,2-

c]pyrimidine (163h)
02'\ j\/\'\ CF3
SAv!
A

S

Flash chromatography (25% hexane/EtOAc) afforded yellow crystals. (84
mg, 98 % with MW; 133 mg, 77% with conv. heating). m.p. 181-182 °C; Ry (33%
hexane/EtOAc) 0.50; vim.(KBr) 2926 (C-H), 2856, 1552 (C=C-NO,), 1489, 1460,
1357, 1327, 1286, 1251, 1188, 1118, 1147, 1072, 987, 792, 700 cm™"; 8y (400 MHz,
DMSO-ds) 7.72 (1H, s), 7.65 (2H, d, J 7.2 Hz), 7.59 (1H, t, J 7.6 Hz), 4.29 (2H, s),
3.85 (2H, t, J 8.0 Hz), 3.80 (2H, s), 3.74 (2H, s), 3.23 (2H, t, J 8.0 Hz); d¢ (100
MHz, DMSO-de) 28.1, 47.9, 54.5, 56.3, 67.1, 112.8, 122.8, 124.0, 124.8, 125.5,
129.3, 132.5, 139.5, 161.5; m/z (TOF-MS ES") 346 (100, MH"), 254 (10), 246 (3),
145 (1%); HRMS (TOF-MS ES™): MH", found 346.0841. C;4H;sF3N30,Srequires
346.0837.
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8-Nitro-6-(thiophen-2-ylmethyl)-3,5,6,7-tetrahydro-2 H-thiazolo[3,2-c]

pyrimidine (163i)
O,N S
R
N
S

Flash chromatography (25-33% hexane/EtOAc)afforded a yellow solid. (56
mg, 80 % with MW; 99 mg, 70% with conv. heating ). m.p. 173- 174 °C; Rt (33%
hexane/EtOAc) 0.40; vma(KBr) 3097 (arom. C-H), 2922 (C-H), 2854, 1550 (C=C-
NO,), 1467, 1357, 1286, 1184, 1143, 1122, 1022, 977, 850, 742, 707 cm™"; 8y (400
MHz, CDCl3) 7.29 (1H, dd, J 5.2, 1.6 Hz), 6.94 - 6.97(2H, m), 4.15 (2H, s), 4.00
(2H, s), 3.93 (2H, s), 3.76 (2H, t, J 7.6 Hz), 3.20 (2H, t, J 7.8 Hz); d¢ (100 MHz,
CDCl3) 28.1, 48.5, 52.1, 54.2, 65.8, 114.9, 126.2, 127.0, 127.1, 140.6, 161.6; m/z
(TOF-MS ES™) 284 (100, MH"), 231 (2), 159 (5%); HRMS (TOF-MS ES*): MH",
found 284.0525. C;H4N30,Srequires 284.0527.

6-(4-Chlorobenzyl)-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]

Ozl;jl\/'\\J /\@\C

\/

pyrimidine (163j)

Flash chromatography (25% hexane/EtOAc) afforded a yellow solid. (63 mg,
80% with MW; 98 mg, 63% with conv. heating). m.p. 174-175 °C; R¢ (33%
hexane/EtOAc) 0.40; v (KBr) 2922 (C-H), 2852, 1552 (C=C-NO,), 1481, 1450,
1350, 1251, 1188, 1143, 1014, 802, 665 cm™; 8y (400 MHz, CDCls) 7.32 (2H, d, J
8.8 Hz), 7.26 (2H, d, J 8.8 Hz), 4.10 (2H, s), 3.92 (2H, s), 3.75 (2H, t, J 7.6 Hz),
3.70 (2H, s), 3.20 (2H, t, J 7.6 Hz); dc (100 MHz, CDCl;) 28.0, 48.6, 54.2, 56.8,
66.4, 115.0, 129.1 130.4, 133.8, 135.8, 161.6; m/z (TOF-MS ES") 312 (100, MH"),
257 (3), 230 (3), 156 (2%); HRMS (TOF-MS ES*): MH", found 312.0563.
C3H,5CIN3O,Srequires 312.0574
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6-Isopropyl-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c ]pyrimidine
(163k)

CHj
02N jl\/\/’Tj )\CHS
s” N
/

Flash chromatography (33% hexane/EtOAc) afforded a yellow solid. (58 mg,
100 % with MW;89 mg, 78% with conv. heating). m.p. 128- 129 °C; Rf (33%
hexane/EtOAc) 0.10-0.20; vma(KBr) 2970 (C-H), 2926, 2868, 1550 (C=C-NO,),
1460, 1377, 1278, 1255, 1188, 1151, 1122, 1014, 748, 693cm™; &y (400 MHz,
CDCl) 4.23 (2H, s), 3.83 (2H, t, J 8.0 Hz), 3.75 (2H, s), 3.17 (2H, t, J 8.4 Hz),
2.80 (1H, septet, J 6.4 Hz), 1.00 (6H, d, J 6.0 Hz); 6¢ (100 MHz, CDCls) 21.1, 28.1,
45.5, 51.0, 54.3, 64.7, 114.7, 162.9; m/z (TOF-MS ES™) 230 (100, MH"), 188 (1),
159 (2%); HRMS (TOF-MS ES¥): MH", found 230.0957. CoH;sN3O,S requires
230.0963.

6-Benzhydryl-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c|pyrimidine

(163I1)
C
O,N N
LT
-/

Flash chromatography (33% hexane/EtOAc) afforded yellow crystals. (89
mg, 100 % with MW;123 mg, 70% with conv. heating). m.p. 184- 185°C; R¢
(EtOAc) 0.70-0.75; Vmax(KBr) 3026 (arom. C-H), 2922 (C-H), 2856, 1552 (C=C-
NO,), 1477, 1448, 1390, 1356, 1253, 1192, 1145, 1020, 748, 707 cm™; &y (400
MHz, CDCls) 7.44 (4H, d, J 7.2 Hz), 7.29 (4H, t, J 7.2 Hz), 7.21 2H, tt, J 7.2, 1.2
Hz), 4.67 (1H, s), 4.08 (2H, s), 3.77 (2H, s), 3.53 (2H, t,J 7.6 Hz), 3.19 (2H, t, J 8.0
Hz); 6¢ (100 MHz, CDCls) 28.2, 46.9, 54.4, 64.8, 68.8, 113.5, 115.0, 128.1, 128.2,
129.4, 130.6, 142.4, 162.7; m/z (TOF-MS ES*) 354 (100, MH"), 278 (5), 258 (5),
250 (2), 193 (5%); HRMS (TOF-MS ES*): MH", found 354.1262. Ci9H»N30,S
requires 354.1276.
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6-(Benzo[d][1,3]dioxol-5-yl)-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine (163m)
0\
S

pe

Flash chromatography (33% hexane/EtOAc) afforded yellow crystals. (55
mg, 72 % with MW; (64 mg, 42% with conv. heating). m.p. 182 - 183°C; R¢ (33%
hexane/EtOAc) 0.40-0.50; vmax(KBr) 3015 (arom. C-H), 2928 (C-H), 2895, 1550
(C=C-NO,), 1483, 1382, 1357, 1246, 1197, 1149, 1120, 1031, 950, 748, 665 cm™’;
du (400 MHz, CDCls) 6.77 (1H, d, J 5.6 Hz), 6.75 (1H, s), 6.35 (1H, dd, J 8.0, 2.4
Hz), 5.92 (2H, s, -O-CH,-0O-), 4.79 (2H, s), 4.32 (2H, s), 3.87 (2H, t, J 8.0 Hz), 3.16
(2H, t, J 8.4 Hz); d¢ (100 MHz, CDCls) 28.1, 48.0, 54.3, 65.3, 101.3, 101.6, 108.8,
110.3, 114.4, 142.6, 143.8, 148.7, 163.2; m/z (TOF-MS ES™) 308 (100, MH"), 255
(12), 235 (10), 227 (5), 150 (20%); HRMS (TOF-MS ES"): MH", found 308.0693.
C13H14N304S requires 308.0705.

6-(4-Fluorophenyl)-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]

O,N jI\AN)N

pyrimidine (163n)

Flash chromatography (33% hexane/EtOAc) afforded a pale orange solid. (50
mg, 76 % with MW; 82 mg, 58% with conv. heating). m.p. 185 - 186°C; R¢ (50%
hexane/EtOAc) 0.35-0.40; vmax(KBr) 3015 (arom. C-H), 2924 (C-H), 2852, 1548
(C=C-NO,), 1508, 1356, 1280, 1251, 1201, 1147, 1122, 1068, 1006, 746, 665 cm™;
o (400 MHz, CDCls) 7.04 - 7.13 (4H, m, Ph), 4.89 (2H, s), 4.14 (2H, s), 3.92 (2H, t,
J 8.4 Hz), 3.19 (2H, t, J 8.0 Hz); 6¢ (100 MHz, CDCls) 28.1, 47.7, 54.4, 64.8, 114.3,
116.3 - 116.5 (a-C to C- F, Jortho = 22 Hz), 119.8 -119.9 (B-C to C-F, Jmeta = 10
Hz), 145.13 - 145.15 (quarter.C in Ph ring, Jpara = 2.2 Hz), 158.5 - 158.9 (C-F
carbon, J = 232 Hz), 163.3; m/z (TOF-MS ES") 282 (100, MH"), 222 (35), 214 (12),
208 (3%); HRMS (TOF-MS ES™): MH", found 282.0700. C;,H;3FN30,S requires
282.0713.
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8-Nitro-6-(4-methylphenyl)-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]

pyrimidine (1630)

O,N j]\/'\\)’\

S\_J

Flash chromatography (33% hexane/EtOAc) afforded bright yellow crystals.
(35 mg, 55 % with MW; 44 mg, 32% with conv. heating).m.p. 194 - 195°C; R¢
(EtOAc) 0.55 - 0.45; vmax(KBr) 3032 (arom. C-H), 2922 (C-H), 2856, 1550 (C=C-
NO,), 1512, 1450, 1356, 1278, 1251, 1201, 1145, 1124, 1070, 815, 748 cm™; &y
(400 MHz, CDCls) 7.03 (2H, d, J 8. 0 Hz), 6.88 (2H, d, J 8.4 Hz), 4.84 (2H, s), 4.36
(2H, s), 3.87 (2H, t, J 8.0 Hz), 3.13 (2H, t, J 8.0 Hz), 2.16 (3H, s); 6¢ (100 MHz,
CDCl3) 20.7, 28.1, 47.3, 54.4, 64.6, 114.4, 118.0, 130.4, 130.7, 146.1, 163.2; m/z
(TOF-MS ES™) 278 (100, MH"), 207 (23), 173 (4), 143 (10), 122 (15%). HRMS
(TOF-MS ES™¥): MH", found 278.0956. C;3HsN30,Srequires 278.0963

6,6'-(4,4'-Oxybis(4,1-phenylene))bis(8-nitro-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine) (163ax)

O,N jl\ﬂr\ NO,
S\J\) k%

Flash chromatography (25% hexane/EtOAc) afforded bright yellow crystals.
(135 mg, 100 % with MW; 256 mg, 95% with conv. heating).m.p. 188 °C (decomp.);
Rt (33% hexane/EtOAc) 0.20 - 0.30; vimax(KBr) 3053 (arom. C-H), 2987 (C-H), 2870,
1550 (C=C-NO,), 1502 (C-O-C), 1450, 1356, 1263, 1203, 1149, 1122, 1068, 731,
665 cm™; 8y (400 MHz, CDCl3) 7.03 (2x2H, d, J 9.2 Hz), 6.89 (2x2H, d, J 8.8 Hz),
4.86 (2x2H, s), 4.40 (2x2H, s), 3.92 (2x2H, t, J 8.0 Hz), 3.20 (2x2H, t, J 8.0 Hz). d¢
(100 MHz, CDCl3) 28.1, 47.9, 54.3, 64.6, 114.4, 119.7, 119.9, 144.3, 152.0, 163.3;
m/z (TOF-MS ES™) 541 (100, MH"), 331 (45), 302 (15), 174 (5%); HRMS (TOF-

MS ES™): MH", found 541.1317. Cp4H»sNgOsS, requires 541.1328.
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3.1.2.2 General procedure for the preparation of 6-substituted-3-
oxothiazolo[3,2-c]pyrimidine-8-carboxylates (259)

E‘Ozcl o  CHaCN 320 h 80°C EiOzcjl\/\N/R
R g
S” °NH * HyN +HJ\H S N)
7 o 7%
116 10 16 259

(Z2)-ethyl 2-(5-methyl-4-oxothiazolidin-2-ylidene) acetate 116 (0.5 mmol),
aliphatic or aromatic primary amine 10 (0.5 mmol, 1.0 equiv.) were dissolved in
CH;CN (15-20 mL) and the resulting mixture was stirred for 5 min at ambient
temperature. Formalin 16 (37% v/v solution in water, 1.0 mmol, 2.0 equiv.) was
added dropwise by syringe and the resulting mixture was refluxed for 3-20 h under
inert atmosphere. The reaction progress was followed by TLC and upon completion,
the solvent was concentrated under reduced pressure. The remaining pale yellow
crude oil or solid was purified by flash column chromatography on silica gel, using
the mixtures of EtOAc and hexanes specified, to afford the title compound 259 in a

very pure state and good yields.

Ethyl 2-methyl-3-0x0-6-propyl-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine-8-carboxylate (259a)

O

Pale yellow oil, 73(%), Rt (25% EtOAc / hexane) 0.50; '"H NMR (400 MHz,
CDCls) 6: 4.50 (q, J = 12.4Hz, 2H, CH,), 4.22 (q, J = 7.2Hz, 2H, CH,), 3.89 (q, J =
7.6Hz, 1H, CH), 3.60 (s, 2H, CH,), 2.43 (t, J =7.6Hz, 2H, CH,), 1.62 (d, J = 7.2 Hz,
3H), 1.52 (q, J =7.2Hz, 2H, CH,), 1.30 (t, J = 7.2 Hz, 3H, CH3) 0.91 (t, J = 7.2 Hz,
3H, CH3); “C NMR (100 MHz, CDCls) &: 174.5, 168.5, 147.5, 97.9, 63.2, 60.3,
54.2,49.4, 41.3, 21.0, 19.1, 14.4, 11.6; IR (ATR-mode) v: 2970, 2933, 2872, 1708,
1683, 1577, 1450, 1253, 1220, 1109, 1031, 761, 682 cm™'; HRMS (ESI*) Calcd. for
C13H21N,05S ([M+H]*): 285.1273. Found: 285.1279.
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Ethyl 6-isopropyl-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine-8-carboxylate (259b)

0
/\on’\ﬂ/,’\]/k

s”°N

/"

Pale yellow oil, 92(%), Ry (25% EtOAc / hexane) 0.63; "H NMR (400 MHz,
CDCls) o: 4.55 (q, J = 12.4Hz, 2H, CH,), 4.23 (q, J = 7.2Hz, 2H, CH,), 3.88 (q, J =
7.2Hz, 1H, CH), 3.66 (s, 2H, CH»), 2.85 (sep, J = 6.4Hz, 1H, CH), 1.59 (d, J = 7.2
Hz, 3H, CH3), 1.30 (t, J = 7.2 Hz, 3H, CHs), 1.12 (s, 3H, CHj3), 1.10 (s, 3H, CHj);
BC NMR (100 MHz, CDCls) 6: 174.0, 166.3, 148.0, 98.9, 60.6, 60.3, 50.3, 46.6,
414, 20.5, 19.0, 14.4; IR (ATR-mode) v: 2976, 2929, 1705, 1681, 1577, 1462, 1259,
1228, 1118, 1031, 761 cm™; HRMS (ESI*) Calcd. for Ci3HzN,03S ([M+H]*):
285.1273. Found: 285.1264.

Ethyl 6-butyl-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-thiazolo|[3,2-
c]pyrimidine-8-carboxylate (259¢)

SO

S N
0]

Pale yellow oil, 90(%), R; (25% EtOAc / hexane) 0.45; '"H NMR (400 MHz,
CDCl) 0: 4.50 (q, J = 12.4Hz, 2H, CH,), 4.23 (q, J = 7.2Hz, 2H, CH,), 3.89 (q, J =
7.6Hz, 1H, CH), 3.60 (s, 2H, CH>), 2.46 (t, J = 7.2Hz, 2H, CH»), 1.60 (d, J = 7.2 Hz,
3H), 1.47 (q, J = 7.6Hz, 2H, CH>), 1.36-1.24 (m, 5H), 0.91 (t, J = 7.6 Hz, 3H, CH3);
C NMR (100 MHz, CDCls) 6: 174.3, 166.5, 147.4, 97.9, 63.2, 60.3, 52.0, 49.4,
41.3, 29.8, 20.2, 19.1, 14.4, 13.8; IR (ATR-mode) v: 2956, 2931, 2864, 1708, 1683,
1577, 1450, 1255, 1213, 1138, 1033, 763, 682 cm™'; HRMS (EST") Calcd. for
C14H23N>05S ([M+H]): 299.1429. Found: 299.1416.
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Ethyl 6-allyl-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-thiazolo[3,2-
c]pyrimidine-8-carboxylate (259d)
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Colorless oil, 100(%), Ry (25% EtOAc / hexane) 0.70; "H NMR (400 MHz,
CDCl3) d: 5.88-5.80 (m, 1H, allylic H), 5.25-5.22 (m, 2H, allyl.H), 4.53 (d, J =
12.4Hz, 1H, CH), 4.49 (d, J = 12.0Hz, 1H, CH), 4.23 (q, J = 7.2Hz, 2H, CH,), 3.89
(q, J = 7.2Hz, 1H, CH), 3.63 (s, 2H, CH,), 3.12 (dt, J = 6.4, 1.2 Hz, 2H, CH,) 1.61
(d, J = 7.5 Hz, 3H, CHj), 1.29 (t, J = 7.2 Hz, 3H, CH3); "“C NMR (100 MHz,
CDCl3) 0: 174.4, 166.5, 147.5, 133.9, 119.1, 97.6, 62.6, 60.3, 55.6, 49.1, 41.3, 19.1,
14.4; IR (ATR-mode) v: 3076, 2978, 2931, 1705, 1681, 1577, 1450, 1253, 1215,
1107, 1031, 925, 848, 763 cm™'; HRMS (ESI*) Calcd. for C 3HoN,03S ([M+H]*):
283.1116. Found: 283.1123.

Ethyl 2-methyl-3-0x0-6-(prop-2-yn-1-yl)-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine-8-carboxylate (259¢)
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Colorless oil, 100(%), Rt (25% EtOAc / hexane) 0.69; 'H NMR (400 MHz,
CDCls) 6: 4.58 (q, J = 11.6Hz, 2H, CH»), 4.24 (q, J = 7.2Hz, 2H, CH»), 3.90 (q, J =
7.2Hz, 1H, CH), 3.70 (s, 2H, CH,), 3.43 (d, J/ = 6.4Hz, 1H, CH), 2.31 (t, J = 1.8Hz,
1H, acetylenic CH), 1.61 (d, J =7.2 Hz, 3H, CH3), 1.31 (t, /= 7.2 Hz, 3H, CH3); Bc
NMR (100 MHz, CDCls) o: 174.2, 166.2, 147.4, 97.4, 78.2, 73.6, 62.0, 60.4, 49.0,
42.2,41.3, 19.0, 14.4; IR (ATR-mode) v: 3263, 2976, 2931, 1705, 1680, 1577, 1328,
1251, 1215, 1109, 1031, 842, 763 cm™'; HRMS (ESI*) Calcd. for C;3H;7N,0sS
(IM+H]"): 281.0960. Found: 281.0958.
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Ethyl 6-cyclohexyl-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine-8-carboxylate (259f)
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Pale yellow solid, 92(%), m.p. 86—87°C, Ry (33% EtOAc / hexane) 0.50; 'H
NMR (400 MHz, CDCl3) o: 4.59 (q, J = 12.4Hz, 2H, CH,), 4.23 (q, J = 7.2Hz, 2H,
CH,), 3.88 (q, J = 7.2Hz, 1H, CH), 3.70 (s, 2H, CH,), 2.46-2.49 (m, 1H, CH), 1.84
(s, 2H, CHy), 1.76 (s, 2H, CH,), 1.59 (d, J = 7.6 Hz, 3H, CHj3), 1.30 (t, / = 7.2 Hz,
3H, CHj), 1.24-1.07 (m, 6H); *C NMR (100 MHz, CDCls) §: 174.0, 166.3, 148.1,
99.1, 60.4, 60.3, 58.4, 46.5, 41.4, 30.7, 25.7, 25.2, 19.0, 14.4; IR (ATR-mode) v:
2976, 2929, 2854, 1705, 1673, 1581, 1477, 1259, 1105, 1031, 753, 732 cm™"'; HRMS
(EST") Calcd. for C1¢HasN>O3S ([M+H]"): 325.1586. Found: 325.1599.

Ethyl 2-methyl-3-0x0-6-phenyl-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine-8-carboxylate (259g)

/\O)SHTJNQ
H

0]

Pale yellow solid, 100(%), m.p. 89-90°C, Ry (25% EtOAc / hexane) 0.30; 'H
NMR (400 MHz, CDCl3) o : 7.28-7.24 (m, 2H, ArH), 6.96-6.93 (m, 3H, ArH), 5.17
(d, J = 13.2Hz, 1H, CH), 5.06 (d, J = 13.2Hz, 1H, CH), 4.29-4.23 (m, 4H, 2xCH,),
3.87 (q, J = 7.2Hz, 1H, CH), 1.58 (d, J = 7.2 Hz, 3H, CH3), 1.32 (t, J/ = 7.2 Hz, 3H,
CH3); C NMR (100 MHz, CDCl3) 6: 174.1, 165.9, 148.3, 147.4, 129.4, 121.7,
117.5, 98.9, 60.6, 60.5, 48.4, 41.3, 18.9, 14.4; IR (ATR-mode) v: 2980, 2916, 1705,
1674, 1573, 1496, 1361, 1263, 1222, 1122, 1066, 1022, 887, 754 cm™'; HRMS
(EST") Calcd. for C16H19N203S ([M+H]¥): 319.1116. Found: 319.1108.
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Ethyl 2-methyl-3-o0x0-6-(p-tolyl)-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine-8-carboxylate (259h)
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White solid, 82(%), m.p. 106-107°C, R; (33% EtOAc / hexane) 0.81; 'H
NMR (400 MHz, CDCl3) ¢: 7.06 (d, J = 8.4Hz, 2H, ArH), 6.84 (d, J = 8.8Hz, 2H,
ArH), 5.13 (d, J = 12.8Hz, 1H, CH), 5.02 (d, J = 12.8Hz, 1H, CH), 4.29-4.19 (m, 4H,
2xCH,), 3.86 (q, J = 7.6Hz, 1H, CH), 2.26 (s, 3H, CH3), 1.57 (d, J = 7.2 Hz, 3H,
CH3), 1.32 (t, J = 7.2 Hz, 3H, CH3); ">C NMR (100 MHz, CDCl3) 6: 174.1, 166.0,
148.2, 145.1, 131.2, 129.9, 117.6, 98.9, 60.9, 60.4, 48.7, 41.3, 20.4, 18.9, 14.4; IR
(ATR-mode) v: 2980, 2922, 1708, 1672, 1577, 1512, 1265, 1226, 1124, 1024, 817,
769 cm™'; HRMS (ESI") Calcd. for Ci7HyN,O3S ([M+H]Y): 333.1273. Found:
333.1277.

Ethyl 6-(benzo[d][1,3]dioxol-5-yl)-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine-8-carboxylate (259i)
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Light brown oil, 100(%), Ry (25% EtOAc / hexane) 0.90; '"H NMR (400
MHz, CDCls) ¢: 6.67 (d, J = 8.4Hz, 1H, ArH), 6.53 (d, J = 2.4Hz, 1H, ArH), 6.34
(dd, J = 8.4, 2.4Hz, 1H, ArH), 5.90 (s, 2H, CH»), 5.04 (d, J/ = 12.8Hz, 1H, CH), 4.94
(d, J = 12.8Hz, 1H, CH), 4.25 (q, J = 6.8Hz, 2H, CH,), 4.16 (s, 2H, CH,), 3.87 (q, J
=7.2Hz, 1H, CH), 1.58 (d, J = 7.2 Hz, 3H, CH3), 1.31 (t, J = 7.2 Hz, 3H, CH3); "C
NMR (100 MHz, CDCl3) o: 174.1, 165.9, 148.4, 148.2, 142.8, 110.5, 108.3, 101.2,
101.1, 98.7, 90.7, 61.5, 60.8, 49.3, 41.3, 18.9, 14.4; IR (ATR-mode) v: 2980, 2929,
1708, 1680, 1577, 1489, 1261, 1220, 1122, 1033, 798, 761, 732 cm™'; HRMS
(EST") Caled. for C17H19N,OsS ([M+H]): 363.1015. Found: 363.1022.
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Ethyl 6-benzyl-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine-8-carboxylate (259j)
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Pale yellow oil, 90(%), R¢ (25% EtOAc / hexane) 0.70; '"H NMR (300 MHz,
CDCly) o: 7.34-7.25 (m, 5H, ArH), 4.51 (q, J = 12.3Hz, 2H, CH,), 4.21 (q, J =
7.2Hz, 2H, CH,), 3.91 (q, J = 7.2Hz, 1H, CH), 3.63 (s, 4H, CH,), 1.62 (d, J = 7.5 Hz,
3H, CH3), 1.27 (t, J = 7.2 Hz, 3H, CHs) ; °C NMR (75 MHz, CDCl3) &: 174.5,
166.5, 147.6, 137.1, 129.0, 128.5, 127.7, 97.6, 62.9, 60.3, 56.8, 49.1, 41.3, 19.1,
14.4; IR (KBr) v: 2980, 2933, 2852, 1697, 1674, 1570, 1469, 1354, 1251, 1134,
1028, 746, 704, 682 cm™'; HRMS (ESI") Calcd. for Ci7HyN,O5S([M+H]"):
333.1273. Found: 333.1271.

1:1 mixture of two diastereomers: Ethyl 2-methyl-3-0x0-6-((R)-1-
phenylpropyl)-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]pyrimidine-8-carboxylate
(259k)
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Pale yellow oil, 70(%), Ry (20% EtOAc / hexane) 0.85; 'H NMR (400 MHz,
CDCl5) §: 7.31-7.25 (m, 6H, ArH), 7.20-7.17 (m, 4H, ArH), 4.73 (d, J = 12.4Hz, 1H,
CH), 4.62 (d, J = 12.3Hz, 1H, CH), 447 (d, J = 12.4Hz, 1H, CH), 439 (d, J =
12.3Hz, 1H, CH), 4.19 (q, J = 7.2Hz, 4H, 2xCH,), 3.80 (q, J = 7.2Hz, 2H, 2xCH),
3.65 (q, J = 12.8Hz, 4H, 2xCH,), 3.41 (dd, J = 4.8, 2.8Hz, 1H, CH), 3.39 (dd, J =
4.8, 2.8Hz, 1H, CH), 1.97-1.87 (m, 2H, CH,), 1.80-1.70 (m, 2H, CH,), 1.58 (d, J =
7.6 Hz, 3H, CHy), 1.56 (d, J = 7.2 Hz, 3H, CHs), 1.26 (t, J = 7.2 Hz, 3H, CH), 1.25
(t, J = 7.2 Hz, 3H, CHs), 0.68 (t, J = 7.6 Hz, 3H, CH3), 0.67 (t, J = 7.2 Hz, 3H, CH;);
'3C NMR (100 MHz, CDCLy) §: 174.05, 174.04, 166.39, 166.38, 148.04, 148.02,
140.25, 140.20, 128.33, 128.31, 128.09, 128.06, 127.68, 127.66, 98.29, 98.26, 65.9,
65.8,61.2, 61.1, 60.24, 60.20, 47.31,, 47.15, 41.33, 41.29, 26.36, 26.34, 18.99, 18.90,
14.45, 14.42 10.70, 10.65; IR (ATR-mode) v: 2974, 2933, 2873, 1705, 1683, 1577,
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1452, 1251, 1222, 1107, 1031, 763, 702 cm™'; HRMS (ESI") Calcd. for C 9HysN,03S
([IM+H]"): 361.1586. Found: 361.1585.

1:1 mixture of two diastereomers: Ethyl 2-methyl-3-0x0-6-((S)-1-
phenylpropyl)-3,5,6,7-tetrahydro-2H-thiazolo[ 3,2-c]pyrimidine-8-carboxylate

(2591)
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Pale yellow oil, 65(%), Rt (25% EtOAc / hexane) 0.85; '"H NMR (400 MHz,

CDCl3) 6: 7.31-7.25 (m, 6H, ArH), 7.20-7.17 (m, 4H, ArH), 4.72 (d, J = 12.4Hz, 1H,
CH), 462 (d, J = 12.8Hz, 1H, CH), 4.47 (d, J = 12.4Hz, 1H, CH), 439 (d, J =
12.4Hz, 1H, CH), 4.20 (q, J = 7.2Hz, 4H, 2xCH,), 3.80 (q, J = 7.2Hz, 2H, 2xCH),
3.65 (q, J = 16.0Hz, 4H, 2xCH,), 3.41 (dd, J = 4.8, 2.8Hz, 1H, CH), 3.39 (dd, J =
4.8, 2.8Hz, 1H, CH), 1.96-1.89 (m, 2H, CH,), 1.78-1.71 (m, 2H, CH,), 1.58 (d, J =
7.2 Hz, 3H, CH3), 1.56 (d, J = 7.6 Hz, 3H, CH3), 1.26 (t, J = 7.2 Hz, 3H, CH3), 1.25
(t, J=7.2 Hz, 3H, CHs3), 0.69 (t, J = 7.2 Hz, 3H, CHj3), 0.68 (t, J = 7.6 Hz, 3H, CHj3);
B3c NMR (100 MHz, CDCl3) o: 174.05, 174.04, 166.40, 166.39, 148.04, 148.02,
140.28, 140.24, 128.32, 128.30, 128.08, 128.07, 127.67, 127.66, 98.31, 98.28, 65.9,
65.8, 61.2, 61.1, 60.22, 60.20, 47.31, 47.16, 41.32, 41.30, 26.37, 26.35, 18.99, 18.90,
14.45, 14.41, 10.70, 10.65; IR (ATR-mode) v: 2970, 2933, 2873, 1708, 1683, 1577,
1452, 1253, 1222, 1107, 1031, 763, 702 Cm_l; HRMS (ESI+) Calcd. for
Ci19Hy5N,05S ([M+H]+): 361.1586. Found: 361.1581.

Ethyl 6-(4-chlorobenzyl)-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c] pyrimidine-8-carboxylate (259m)
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White solid, 96(%), m.p. 97-98°C, R¢ (33% EtOAc / hexane) 0.86; '"H NMR
(400 MHz, CDCl3) o: 7.31-7.29 (d, J = 8.4Hz, 2H, ArH), 7.23-7.21 (d, J = 8.0Hz,

2H, ArH), 4.50 (q, J = 12.4Hz, 2H, CH;), 4.23 (q, J = 7.2Hz, 2H, CH,), 391 (q, J =
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7.2Hz, 1H, CH), 3.61 (s, 2H, CH,), 3.60 (s, 2H, CH,), 1.63 (d, J = 7.6 Hz, 3H, CH3),
1.27 (t, J = 7.2 Hz, 3H, CHs); °C NMR (100 MHz,CDCls) J: 174.5, 166.5, 147.5,
135.6, 133.5, 130.2, 128.7, 97.4, 62.9, 60.4, 56.0, 49.0, 41.3, 19.1, 14.4; IR (ATR-
mode) v: 2987, 2927, 2800, 1683, 1579, 1489, 1300, 1261, 1145, 1089, 1014, 806,
759 ¢cm™'; HRMS (ESI") Caled. for Ci17HxCIN,O3S ([M+H]Y): 367.0883. Found:
367.0894.

Ethyl 2-methyl-3-0x0-6-(3-(trifluoromethyl)benzyl)-3,5,6,7-tetrahydro-
2H-thiazolo[3,2-c]pyrimidine-8-carboxylate (259n)
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Pale yellow solid, 65(%), m.p. 93-94°C, R (50% EtOAc / hexane) 0.71; 'H
NMR (400 MHz, CDCl3) o: 7.58-7.44 (m, 4H, ArH), 4.54 (q, J =12.4Hz, 2H, CH,),
4.21 (q, J =7.2Hz, 2H, CH,), 3.92 (q, J/ = 7.2Hz, 1H, CH), 3.69 (s, 2H, CH), 3.62 (s,
2H, CH,), 1.63 (d, J = 7.2 Hz, 3H, CH3), 1.26 (t, J = 7.2 Hz, 3H, CH;); ""C NMR
(100 MHz,CDCls) o0: 174.5, 166.4, 147.6, 138.2, 132.1, 132.0, 129.0, 128.9, 1254,
124.5, 97.3, 63.1, 60.4, 56.2, 48.9, 41.3, 19.1, 14.3 (C-F coupling constants are not
indicated, most intense peaks are reported); IR (ATR-mode) v: 2995, 2908, 2858,
1708, 1676, 1573, 1452, 1327, 1253, 1163, 1120, 1070, 802, 698 cm™'; HRMS
(ESI") Calcd. for CigHyF3N,O03S ([M+H]"): 401.1147. Found: 401.1121.

Ethyl 6-benzhydryl-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]
pyrimidine-8-carboxylate (2590)
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White solid, 94(%), m.p. 96-97°C, Rt (33% EtOAc / hexane) 0.72; '"H NMR
(400 MHz, CDCl3) o0: 7.38-7.34 (m, 4H, ArH), 7.30-7.21 (m, 6H, ArH), 4.58 (s, 1H,

CH), 4.49 (q, J = 12.4Hz, 2H, CH»), 4.12 (q, J = 7.2Hz, 2H, CH»), 3.87 (q, J =
7.2Hz, 1H, CH), 3.65 (s, 2H, CH,), 1.61 (d, /= 7.2 Hz, 3H, CH3), 1.15 (t, /= 7.2 Hz,
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3H, CH3); ">C NMR (100 MHz, CDCl3) 6: 173.9, 166.5, 148.0, 141.1, 128.7, 127.7,
127.6, 97.5, 68.0, 61.5, 60.1, 47.9, 41.2, 19.1, 14.3; IR (ATR-mode) v: 3061, 2972,
2935, 1716, 1672, 1579, 1452, 1253, 1138, 1026, 763, 744 cm™'; HRMS (EST")
Calcd. for C3H,5N,05S ([M+H]"): 409.1586. Found: 409.1581.

Ethyl 2-methyl-6-(naphthalen-2-ylmethyl)-3-0x0-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine-8-carboxylate (259p)
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Colorless oil, 95(%), Ry (33% EtOAc / hexane) 0.40; '"H NMR (400 MHz,
CDCl3) 0: 8.20 (d, J = 8.0Hz, 1H, ArH), 7.89 (d, J = 7.6Hz, 1H, ArH), 7.84 (d, J =
7.6Hz, 1H, ArH), 7.57-7.50 (m, 2H, ArH), 7.42 (t, J = 7.2Hz, 1H, ArH), 7.31-7.27
(m, 1H, ArH), 4.59 (q, J = 12.4Hz, 2H, CH,), 4.25 (q, J = 7.2Hz, 2H, CH,), 4.08 (s,
2H, CH,), 3.97 (q, J = 7.2Hz, 1H, CH), 3.74 (s, 2H, CH,), 1.68 (d, J = 7.2 Hz, 3H,
CHs), 1.29 (t, J = 7.2 Hz, 3H, CHs); >C NMR (100 MHz, CDCLs) §: 174.6, 166.6,
147.6, 133.9, 132.5, 132.2, 128.8, 128.6, 127.9, 126.1, 125.8, 125.2, 124.3, 97.5,
62.7, 60.3, 54.6, 49.2, 41.3, 19.2, 14.4; IR (ATR-mode) v: 3047, 2978, 2929, 2856,
1705, 1681, 1573, 1450, 1253, 1201, 1107, 1031, 840, 777, 729 cm™'; HRMS (EST")
Calcd. for Co1H»3N,O3S ([IM+H]): 383.1429. Found: 383.1418.

Ethyl 2-methyl-3-0x0-6-(thiophen-2-ylmethyl)-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine-8-carboxylate (259r)
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Yellow oil, 100(%), Ry (25% EtOAc / hexane) 0.46; '"H NMR (400 MHz,

CDCl) o: 7.27-7.25 (m, 1H), 6.94 (dd, J = 5.2, 3.6Hz, 1H), 6.87 (d, J = 3.6Hz, 1H),
4.55 (q, J = 14.4Hz, 2H, CH,), 4.22 (q, J = 8.0Hz, 2H, CH»), 3.91 (q, J = 7.2Hz, 1H,
CH), 3.84 (s, 2H, CHy), 3.69 (s, 2H, CH,), 1.62 (d, J=7.2 Hz, 3H, CHa), 1.28 (t, J =
7.2 Hz, 3H, CHs); °*C NMR (100 MHz, CDCLs) 6: 174.5, 166.4, 147.5, 140.3, 126.7,
126.6, 125.7, 97.4, 62.4, 60.3, 51.2, 48.9, 41.2, 19.1, 14.4; IR (ATR-mode) v: 2970,
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2929, 1705, 1680, 1573, 1369, 1255, 1226, 1130, 1031, 852, 763, 700 cm™'; HRMS
(EST") Calcd. for CysH9N>O3S, ([M+H]): 339.0837. Found: 339.0836.

Diethyl 6,6'-(carbonylbis(4,1-phenylene))bis(2-methyl-3-0x0-3,5,6,7-
tetrahydro-2H-thiazolo[3,2-c]pyrimidine-8-carboxylate) (259s)
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Yellow solid, 70(%), m.p. 97-98°C, R¢ (50% EtOAc / hexane) 0.46; '"H NMR

(400 MHz, CDCl3) o: 7.73 (d, J = 8.8Hz, 2x2H, ArH), 6.98 (d, J = 8.8Hz, 2x2H,
ArH), 5.27 (d, J = 13.2Hz, 2x1H, 2xCH), 5.13 (d, J = 13.2Hz, 2x1H, 2xCH), 4.38 (s,
2H, CH,), 4.36 (s, 2H, CH,), 4.27 (q, J = 7.2Hz, 2x2H, 2xCH,), 3.90 (q, J = 7.2Hz,
2x1H, 2xCH), 1.59 (d, J = 7.2 Hz, 2x3H, 2xCH3), 1.34 (t, J/ = 7.2 Hz, 2x3H, 2xCH3);
BC NMR (100 MHz, CDCls) d: 193.7, 173.9, 165.7, 150.5, 148.4, 132.1, 130.7,
115.8, 98.6, 60.9, 59.4, 47.9, 41.3, 18.9, 14.4; IR (ATR-mode) v: 2960, 2924, 2854,
1712, 1680, 1581, 1371, 1263, 1222, 1182, 1124, 1031, 927, 848, 769 cm™'; HRMS
(EST") Calcd. for C33H35N407S, ([M+H]"): 663.1947. Found: 663.1921.

Diethyl 6,6'-(oxybis(4,1-phenylene))bis(2-methyl-3-0x0-3,5,6,7-
tetrahydro-2H-thiazolo[3,2-c]pyrimidine-8-carboxylate) (259t)
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Yellow oil, 100(%), Ry (25% EtOAc / hexane) 0.68; 'H NMR (400 MHz,
CDCl;) o: 6.88 (m, 8H, ArH), 5.10 (d, J = 12.8Hz, 2x1H, 2xCH), 4.99 (, J =
12.8Hz, 2x1H, 2xCH), 4.25 (q, J = 7.2Hz, 2x2H, 2xCH,), 4.22 (s, 2x2H, 2xCH>),
3.88 (q, J = 7.2Hz, 2x1H, 2xCH), 1.58 (d, J = 7.2 Hz, 2x3H, 2xCH3), 1.31 (t, J =7.2
Hz, 2x3H, 2xCH3); C NMR (100 MHz, CDCl3) 6: 174.1, 165.9, 152.2, 148.3,
143.1, 119.5, 119.2,98.7, 61.2, 60.5, 48.9, 41.3, 19.0, 14.4; IR (ATR-mode) v: 2976,

64



2927, 2856, 1705, 1674, 1577, 1498, 1261, 1222, 1193, 1124, 1031, 829, 761 cm™";
HRMS (ESI") Calcd. for C3,H35N407S, ([IM+H]): 651.1947. Found: 651.1960.

Diethyl 6,6'-(sulfonylbis(4,1-phenylene))bis(2-methyl-3-o0xo0-3,5,6,7-
tetrahydro-2H-thiazolo[3,2-c]pyrimidine-8-carboxylate) (259u)

O\\ Y

White solid, 45(%), m.p. 89-90 °C, R¢ (50% EtOAc/ hexane) 0.70; '"H NMR
(400 MHz, CDCls) o: 7.78 (d, J = 8.8Hz, 2x2H, ArH), 6.96 (d, J = 8.8Hz, 2x2H,
ArH), 5.20 (d, J = 12.8Hz, 2x1H, 2xCH), 5.06 (d, J = 12.8Hz, 2x1H, 2xCH), 4.32 (d,
J = 8.8Hz, 2x2H, 2xCH,), 4.24 (q, J = 7.2Hz, 2x2H, 2xCH,), 3.87 (q, J = 7.2Hz,
2x1H, 2xCH), 1.57 (d, J = 7.2 Hz, 2x3H, 2xCH3), 1.31 (t, J/ = 7.2 Hz, 2x3H, 2xCH3);
BC NMR (100 MHz, CDCls) : 173.8, 165.5, 150.9, 148.9, 129.5, 129.3, 116.4, 98.4,
60.7, 58.9, 47.9, 41.3, 18.8, 14.4; IR (ATR-mode) v: 2970, 2924, 2852, 1737, 1687,
1571, 1365, 1263, 1227, 1105, 1029, 806, 761 cm™'; HRMS (ESI') Calcd. for
C3,H33N,05S3 ([M+H]"-2H): 697.1461. Found: 697.1448.

Diethyl 6,6'-(thiobis(4,1-phenylene))bis(2-methyl-3-0x0-3,5,6,7-
tetrahydro-2H-thiazolo[3,2-c]pyrimidine-8-carboxylate) (259v)

NSRS §
%ﬁo ;Ifs

O] K K

Dark yellow solid, 100(%), m.p. 80-81°C, R; (33% EtOAc / hexane) 0.20; 'H
NMR (400 MHz, CDCls) o: 7.22 (d, J = 8.8Hz, 2x2H, ArH), 6.85 (d, J = 8.8Hz,
2x2H, ArH), 5.14 (d, J = 12.8, 2x1H, 2xCH), 5.02 (d, J = 12.8Hz, 2x1H, 2xCH),
4.30-4.20 (m, 8H), 3.87 (q, J = 7.2Hz, 2x1H, 2xCH), 1.57 (d, J = 7.6 Hz, 2x3H,
2xCH3), 1.30 (t, J = 7.2 Hz, 2x3H, 2xCH3); "°C NMR (100 MHz, CDCl3) §: 174.0,
165.8, 148.3, 146.6, 132.4, 128.1, 118.1, 98.7, 60.5, 60.2, 48.4, 41.3, 18.9, 14.4; IR
(ATR-mode) v: 2970, 2929, 2858, 1708, 1683, 1579, 1494, 1371, 1259, 1220, 1124,
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1031, 821, 761 cm‘l; HRMS (EST") Calcd. for C3H3sN406S3 ([IM+H]"): 667.1719.
Found: 669.1716.

Diethyl 6,6'-(ethane-1,2-diyl)bis(2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine-8-carboxylate) (259y)

0 )
C
\([(N—\ o
\
% N?])\

)

White solid, 75(%), m.p. 168—-169°C, Ry (50% EtOAc/ hexane) 0.30; 'H
NMR (400 MHz, CDCl3) o: 4.58 (dq, J = 12.8, 3.2Hz, 2x2H, 2xCH,), 4.24 (q, J =
7.2Hz, 2x2H, 2xCH»), 3.90 (q, J = 7.2Hz, 2x1H, 2xCH), 3.66 (s, 2x2H, 2xCH,), 2.65
(s, 2x2H, 2xCH,), 1.62 (d, J = 7.2 Hz, 2x3H, 2xCHs3), 1.31 (t, J = 7.2 Hz, 2x3H,
2xCH3); C NMR (100 MHz, CDCl3) 6: 174.6, 166.4, 147.5, 97.4, 63.3, 60.4, 50.2,
49.7,41.3, 19.1, 14.4; IR (ATR-mode) v: 2976, 2920, 2858, 1708, 1678, 1579, 1463,
1274, 1251, 1105, 1028, 759 cm™'; HRMS (EST*) Calcd. for CyHsN4O4S,
(IM+H]"): 511.1685. Found: 511.1656.

Ethyl 6-(2-aminoethyl)-2-methyl-3-0x0-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine-8-carboxylate (259z)
o NH,
/\O/Ujl\/\JNI
s” N
a
Yellow solid, 25(%), m.p. 239-240°C, Ry (MeOH) 0.50; 'H NMR (400 MHz,
CDCls) d: 5.29 (s, 2H, NH,), 4.58 (d, J = 12.4Hz, 1H, CH), 4.49 (d, J = 12.4Hz, 1H,
CH), 4.22 (q, J = 7.2Hz, 2H, CH,), 3.89 (q, J = 7.2Hz, 1H, CH), 3.63 (s, 2H, CH,),
2.64-2.58 (m, 4H, CH,-CH,), 1.60 (d, J = 7.2 Hz, 3H, CH3), 1.30 (t, J = 7.2 Hz, 3H,
CHs); C NMR (100 MHz, CDCls) d: 174.5, 166.4, 147.5, 97.7, 63.4, 60.3, 51.7,
50.4,49.8, 41.3, 19.1, 14.4; IR (ATR-mode) v: 3350, 2970, 2935, 1705, 1678, 1573,

1409, 1255, 1109, 1028, 923, 761 cm™'; HRMS (ESI*) Calcd. for C yHyN;03S
([IM+H]"): 286.1225. Found: 286.1210.
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3.1.2.2 Preparation of thiazolo- or imidazolo-pyridinone(s)

3.1.2.3.1 General procedure for preparation of 8-nitro-6,7-dihydro-
2H-thiazolo[3,2-a]pyridin-5(3H)-one 260 or 1-(2-
(nitromethylene) thiazolidin-3-yl)prop-2-en-1-one(s) 261.

R? ©

R:ijﬁ/Lk
R3 RQ
NO, 144 149 ’ ,
JI (1012 eq j\ R

8" "NH k.cO, or Cs,CO;s
CHZC|2 ar CHaCN
r.t or reflux
2-72h

112
(10eq)

260 261

To a stirred solution of heterocyclic nitroenamine 112 (73.0 mg, 0.5 mmol)
and acryloyl chloride 144a (50uL, 55 mg, 0.6 mmol) in CH,Cl, (20 mL), 5 minutes
later, K,CO;3 (138 mg, 1 mmol) was added. The reaction mixture was stirred for 3
hours at 25°C and controlled by TLC. After consumption of compound 112, the
reaction was stopped and undissolved solid was removed by filtration. The remaining
solution was evaporated to afford yellow crystalline solid. The crude product was
purified by using flash chromatography on silica gel, with 50% hexane/ethyl acetate,
to give desired product 260 (90 mg), yield 90%, yellow-green needless.

(P.S. By the same experimental procedure, some uncyclisation or retrocyclisation

products 261 have been obtained.)
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3.1.2.3.2 General procedure for preparation of 8-nitro-2,3,6,7-
tetrahydroimidazo[1,2-a]pyridin-5(1H)-one 248 or 1-((Z)-2-
(nitromethylene) imidazolidin-1-yl)but-2-en-1-one(s) 239.

RZ O

RBJﬁ/mm
R3 R2
NO, 144,149 o2
i (1.0-1.2 eq.) 7R
NH

HN
N Et;N, CH;CN, reflux
113 (1.0 eq.) 2-24h 248 239

To a stirred solution of heterocyclic nitroenamine 113 (64.5 mg, 0.5 mmol)
and acryloyl chloride 144a (50uL, 55 mg, 0.6 mmol) in CH3CN (25 mL), 5 minutes
later, triethylamine (135 pL, 101 mg, 1 mmol) was added. The reaction mixture was
refluxed in CH3CN for 3.5 hours and the completion of reaction was contolled by
TLC. The reaction was stopped and the solvent was rotaevaporated to dryness. 20
mL of water was added into remaning crude product and stirred for 15 min at room
temperature. The organic part was extracted using ethyl acetate (3x15 mL) and
combined organic layers were dried over anhydrous MgSO, and filtered. Remaining
brown solution was evaporated and the crude product was purified by using flash
chromatography on silica gel, using ethyl acetate, to give desired product 248 (83
mg), yield 91%, yellow-white powder.

(P.S. By the same experimental procedure, few uncyclisation or retrocyclisation

products 239 have been obtained.)

8-Nitro-6,7-dihydro-2H-thiazolo[3,2-a]pyridin-5(3H)-one (260a).

O,N
DY
S N
v,

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), acryloyl chloride 144a (50uL, 55 mg, 0.6 mmol) and K,CO; (138 mg, 1
mmol) were stirred in CH,Cl, (20 mL) at 25 °C for 3 hours and purified by flash
chromatography (50% ethyl acetate/hexane) to afford 260a (90 mg, 90%) as yellow-
greenish crystals, m.p. 190-191 °C; Ry: (33% hexane/ethyl acetate) 0.70; v (KBr)
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2922 (C-H), 2852, 1701 (amide C=0), 1577 (C=C-NO,), 1369, 1274, 1180, 1089,
1035, 819, 740 cm™; 8y (400 MHz, DMSO-dg, Me,Si) 4.12 (2H, t, J 7.6 Hz), 3.27
(2H, t, J 8.0 Hz), 2.96 (2H, t, J 7.6 Hz), 2.72 (2H, t, J 8.0 Hz); dc (100 MHz, DMSO-
de, Me,Si) 21.6, 28.8, 30.7, 49.0, 123.4, 156.2, 167.2; m/z (TOF-MS ES™) 201 (100,
MH"), 189 (18), 181 (2), 55 (2%); HRMS (ESI'): MH', found 201.0329.
C7HoN,O5S requires 201.0334.

7-Methyl-8-nitro-6,7-dihydro-2H-thiazolo[3,2-a]pyridin-5(3H)-one
(260b).

O,N
)

S N
. ©

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), methacryloyl chloride 144b (59uL, 63 mg, 0.6 mmol) and K,COs5 (138
mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for overnight and purified by
flash chromatography (50% ethyl acetate/hexane) to afford 260b (85 mg, 79%) as
orange-yellow crystals, m.p. 170-172 °C; Rg: (50% ethyl acetate/hexane) 0.65; Viax
(KBr) 2974 (C-H), 2916, 1701 (amide C=0), 1581 (C=C-NO,), 1371, 1313, 1292,
1234, 1184, 1062, 995, 877, 717 cm™; 6y (300 MHz, CDCls, MesSi) 4.42 (1H,
pentet, J 6.0 Hz), 4.11 (1H, m), 3.35 (1H, q, J 6.0 Hz), 3.21 - 3.27 (2H, m), 2.67 -
2.85 (2H, m), 1.34 (3H, d, J 6.6 Hz); Jc (75 MHz, CDCls, Me4Si) 15.4, 28.7, 29.3,
35.4, 49.0, 122.7, 155.7, 170.2; m/z (TOF-MS AP") 215 (100, MH"), 198 (80), 183
(15), 159 (25%); HRMS (AP"): MH", found 215.0495. CgH;;N,O3S requires
215.0490.

8-Nitro-7-phenyl-6,7-dihydro-2H-thiazolo[3,2-a]pyridin-5(3H)-one
(260c).

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), cinnamoyl chloride 149a (83 mg, 0.5 mmol) and Cs,CO3 (163 mg, 0.5
mmol) were stirred in CH;CN (25 mL) at 25 °C for overnight and purified by flash
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chromatography (33% ethyl acetate/hexane) to afford 260¢ (123 mg, 89%) as yellow
powder, m.p. 155-157 °C; Ry (50% ethyl acetate/hexane) 0.47; v (KBr) 3063
(arom. C-H), 2922 (C-H), 2854, 1703 (amide C=0), 1579 (C=C-NO,), 1450, 1371,
1278, 1226, 1157, 1091, 952, 844, 700 cm™; dy (300 MHz, CDCls, Me,Si) 7.26 -
7.34 (3H, m, Ph), 7.13 (2H, d, J 8.1 Hz, Ph), 4.76 (1H, dd, J 8.1, 1.2 Hz), 4.63 (1H,
ddd, J 14.7, 6.9, 4.5 Hz), 4.00 (1H, dt, J 11.7, 9.3 Hz), 3.25 - 3.35 (2H, m), 3.17 (1H,
dd, J 16.8, 8.1 Hz), 2.97 (1H, dd, J 16.8, 1.8 Hz); oc (75 MHz, CDCls, Me4Si) 28.6,
38.1, 38.8, 48.9, 126.2, 127.8, 129.1, 129.2, 139.5(C=C-NO,), 156.5, 166.2 (C=0);
m/z (TOF-MS APCI) 277 (100, MH"), 260 (40), 243 (8), 215 (8), 181 (1%); HRMS
(APCI): MH", found 277.0653. C3H;3N,05S requires 277.0647.

8-Nitro-7-p-tolyl-6,7-dihydro-2H-thiazolo[3,2-a]pyridin-S(3H)-one
(260d).

O,N
|
S

N
A

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), p-methylcinnamoyl chloride 149b (90 mg, 0.5 mmol) and Cs,COs3 (326
mg, 1 mmol) were stirred in CH3CN (25 mL) at 25 °C for overnight and purified by
flash chromatography (50% ethyl acetate/hexane) to afford 260d (97 mg, 67%) as
yellow powder, m.p. 213-214 °C; Rs: (33% hexane/ethyl acetate) 0.67; vimax (KBr)
3016 (arom.CH), 2916 (C-H), 2852, 1701 (amide C=0), 1581 (C=C-NO,), 1444,
1367, 1282, 1226, 1192, 1087, 950, 848, 723 cm™; Jy (300 MHz, CDCls, Me4Si)
7.11 (2H, d, J 8.1 Hz), 7.01 (2H, d, J 8.1 Hz), 4.72 (1H, dd, J 7.8, 1.2 Hz), 4.62 (1H,
ddd, J 11.7, 7.2, 4.5 Hz), 3.99 (1H, dt, J 12.0, 9.3 Hz), 3.24- 3.30 (2H, m), 3.15 (1H,
dd, J 16.5, 8.1 Hz), 2.95 (1H, dd, J 16.5, 1.5 Hz), 2.31 (3H, s, -CH3); oJc (75 MHz,
CDCl3, MesSi) 21.0 (-CHj3), 28.6, 37.7, 38.8, 48.8, 126.1, 129.8, 136.4, 137.5, 148.4
(C=C-NO»), 156.4, 166.4 (C=0); m/z (TOF-MS ES™) 291 (100, MH"), 239 (40), 196
(10), 140 (30), 102 (90%); HRMS (ESI"): MH", found 291.0802. C;4H;5N,O3S
requires 291.0803.
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8-Nitro-7-(4-nitrophenyl)-6,7-dihydro-2H-thiazolo[3,2-a]pyridin-5(3H)-

one (260e).
NO,
/

o}

O,

N
S\_/

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), p-nitrocinnamoyl chloride 149¢ (106 mg, 0.5 mmol) and K,COs3 (138 mg,
1 mmol) were stirred in CH3CN (25 mL) at reflux for overnight and purified by flash
chromatography (50% ethyl acetate/hexane) to afford 260e (93 mg, 58%) as yellow
powder, m.p. 204-206 °C; R¢: (33% hexane/ethyl acetate) 0.20; vpax (KBr) 3074
(arom. C-H), 2906 (C-H), 2848, 1707 (amide C=0), 1572 (C=C-NO,), 1450, 1348,
1284, 1228, 1188, 1157, 1087, 949, 856, 703 cm™; dy (300 MHz, CDCls, Me,Si)
8.20 (2H, d, J 8.6 Hz), 7.32 (2H, d, /9.0 Hz), 4.87 (1H, d, J 7.5 Hz), 4.64 (1H, ddd, J
11.7, 6.3, 5.1 Hz), 4.06 (1H, dt, J 12.0, 9.3 Hz), 3.30 - 3.36 (2H, m), 3.25 (1H, dd, J
16.8, 8.4 Hz), 2.97 (1H, dd, J 16.8, 1.6 Hz); dc (75 MHz, CDCl;, Me4Si) 28.7, 38.1,
38.2, 49.1, 100.0, 124.5, 127.4, 146.8, 147.5, (C=C-NO,), 157.3, 165.3 (C=0); m/z
(TOF-MS ES¥) 322 (55, MH"), 239 (95), 196 (8), 140 (30), 102 (93%); HRMS
(EST"): MH", found 322.0486. C13H,N;30sS requires 322.0498.

7-(4-Chlorophenyl)-8-nitro-6,7-dihydro-2H-thiazolo[3,2-a]pyridin-5(3H)-
one (260f).

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), p-chlorocinnamoyl chloride 149d (100.5 mg, 0.5 mmol) and K,CO; (138
mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 6 hours and purified by
flash chromatography (50% ethyl acetate/hexane) to afford 260f (122 mg, 79%) as
white solid, m.p. 162 °C (decomp.); Rs: (50% ethyl acetate/hexane) 0.82; v (KBr)
3053 (arom. C-H), 2983 (C-H), 2916, 1701 (amide C=0), 1570 (C=C-NO,), 1438,
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1282, 1226, 1147, 1109, 950, 848, 736 cm™; i (300 MHz, CDCls, Me,Si) 7.28 (2H,
d, J 8.1 Hz), 7.06 (2H, d, J 8.4 Hz), 4.73 (1H, dd, J 8.1, 1.5 Hz), 4.62 (1H, ddd, J
12.0, 6.9, 4.8 Hz), 4.01 (1H, dt, J 11.7, 9.3 Hz), 3.26 -3.31 (2H, m), 3.17 (1H, dd, J
16.8, 8.1 Hz), 2.93 (1H, dd, J 16.8, 1.5); oc (75 MHz, CDCl;, Me4Si) 28.6, 37.6,
38.6, 48.9, 127.7, 129.3, 133.7, 138.0, 144.7, 156.7, 165.9 (C=0); m/z (TOF-MS
ES") 311 (100, MH"), 239 (30), 196 (8), 140 (25), 102 (65%); HRMS (ESI"): MH",
found 311.0250. C;3H;2CIN,O3S requires 311.0257.

7-(4-Bromophenyl)-8-nitro-6,7-dihydro-2H-thiazolo[3,2-a]pyridin-5(3H)-

one (260g).
Br

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), p-bromocinnamoyl chloride 149e (122.5 mg, 0.5 mmol) and K,CO; (138
mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 4 hours and purified by
flash chromatography (50% ethyl acetate/hexane) to afford 260g (100 mg, 57%) as
yellow crystals, m.p. 145 °C (decomp.); Ry: (50% ethyl acetate/hexane) 0.63; Viax
(KBr) 3053 (arom. C-H), 2929 (C-H), 2858, 1701 (amide C=0), 1581 (C=C-NO,),
1450, 1282, 1226, 1192, 1157, 1087, 952, 844, 763 cm™; oy (300 MHz, CDCl;,
Me,Si) 7.42 (2H, d, J 8.4 Hz), 6.99 (2H, d, J 8.4 Hz), 4.71 (1H, dd, J 6.9, 0.9 Hz),
4.61 (1H, ddd, J 11.7, 6.6, 4.5 Hz), 3.99 (1H, dt, J 12.0, 9.3 Hz), 3.24 - 3.31 (2H, m),
3.16 (1H, dd, J 16.5, 8.1 Hz), 2.92 (1H, dd, J 13.5, 1.5 Hz); éc (75 MHz, CDCl;,
Me,Si) 28.6, 37.7, 38.5, 48.9, 121.8, 125.5, 128.0, 132.3, 138.5 (C=C-NO,), 156.8,
165.9 (C=0); m/z (TOF-MS ES") 354 (50, MH"), 301 (25), 266(50), 239 (45), 140
(30), 102 (100%); HRMS (ESI"): MH", found 354.9746. C;3H,BrN,OsS requires
354.9752.
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8-Nitro-7-(4-(trifluoromethyl)phenyl)-6,7-dihydro-2H-thiazolo[3,2-
alpyridin-5(3H)-one (260h).

CF3
O,N
|
S N
/ ©

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), p-trifluoromethylcinnamoyl chloride 149f (117 mg, 0.5 mmol) and
K>CO;5 (138 mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for overnight and
purified by flash chromatography (33% hexane/ethyl acetate) to afford 260h (118
mg, 69%) as white crystals, m.p. 148-149 °C; Ry: (50% ethyl acetate/hexane) 0.70;
Vmax (ATR-mode) 3051 (arom. C-H), 2897 (C-H), 1701 (amide C=0), 1581 (C=C-
NO,), 1448, 1369, 1284, 1226, 1192, 1157, 1085, 950, 837, 727 cm™"; dy (300 MHz,
CDCls, MesSi) 7.10 (2H, dd, J 9.0, 5.4 Hz), 7.00 (2H, t, J 8.6 Hz), 4.75 (1H, dd, J
8.1, 1.5 Hz), 4.63 (1H, ddd, J 11.6, 6.8, 4.4 Hz), 4.01 (1H, dt, J 12.0, 9.6 Hz), 3.26 -
3.32 (2H, m), 3.17 (1H, dd, J 16.5, 8.1 Hz), 2.94 (1H, dd, J 16.8, 1.6 Hz); dc (75
MHz, CDCl;, MesSi) 28.4, 37.2, 38.5, 48.6, 115.6, 115.9, 125.6, 127.6, 135.0, 156.4,
160.3, 163.5, 165.7 (C=0); m/z (TOF-MS ES*) 295 (100, MH"-CF,), 239 (40), 196
(5), 140 (20), 102 (60%); HRMS (ESI"): MH", found 295.0539. C;3H,FN,0sS
requires 295.0553.

2-(Nitromethylene)thiazolidin-3-yl)but-2-en-1-one (261a).

0N B
J§
S N
/s C

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), crotonoyl chloride 144¢ (58uL, 63 mg, 0.6 mmol) and Cs,CO3 (163 mg,
0.5 mmol) were stirred in CH3;CN (25 mL) at 25 °C for 1.5 hour or K,CO3 (138 mg, 1
mmol) in CH3;CN (25 mL) at reflux for 16 hours and purified by flash
chromatography (25% ethyl acetate/hexane) to afford 261a (80 mg, 70%) as yellow
crystals, m.p. 112-114 °C; Ry (50% ethyl acetate/hexane) 0.42; viax (KBr) 3174
(C=CHNO,), 2960 (C-H), 2937, 1685 (C=C(CHs),, 1629(C=C-NO,), 1533, 1453,
1388, 1321, 1290, 1203, 1176, 1101, 1012, 956, 779, 665 cm™; Ju (300 MHz,
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CDCl3, MeySi) 8.42 (1H, s, C=CHNO,), 7.15 (1H, septet, J 7.2 Hz), 6.26 (1H, dq, J
15.0, 1.5 Hz), 4.30 (3H, t, J 7.2 Hz), 3.15 (3H, t, J 7.2 Hz), 2.00 (3H, dd, J 6.9, 1.6
Hz); oc (75 MHz, CDCls, MesSi) 18.6, 27.7, 52.4, 122.8, 148.1, 158.6, 164.5; m/z
(TOF-MS AP") 215 (15, MH"), 170 (8), 129 (15), 95.0 (12), 83.0 (100%); HRMS
(AP"): MH", found 215.0490. CgH;1N,O5S requires 215.0490.

3-Methyl-1-(2-(nitromethylene)thiazolidin-3-yl)but-2-en-1-one (261b).

O,N
]\ ~
87N

Following the general procedure, heterocyclic nitroenamine 112 (73.0 mg,
0.5 mmol), 3,3-dimethylacryloyl chloride 144d ( 55 pL,59 mg, 0.5 mmol) and
Cs,CO;3 (163 mg, 0.5 mmol) were stirred in CH3CN (25 mL) at 25 °C for overnight
and purified by flash chromatography (33% ethyl acetate/hexane) to afford 261b (70
mg, 61%) as pale yellow crystals, m.p. 98-99 °C; Ry: (50% ethyl acetate/hexane)
0.54; vmax (KBr) 3174 (C=CHNO,), 2941 (C-H), 2916, 1685 (C=0), 1631
(C=C(CH3),, 1545 (C=C-NOy,), 1444, 1365, 1323, 1232, 1165, 1143, 1062, 864, 777,
665 cm™; dy (400 MHz, CDCls, MeySi) 8.43 (1H, s, C=CHNO,), 5.93 (1H, t, J 1.2
Hz), 4.26 3H, t, J7.2 Hz), 3.12 (3H, t, J 14.8 Hz), 2.13 (3H, d, J 1.2 Hz), 1.99 (3H,
d, J 1.2 Hz); ¢ (100 MHz, CDCls, MesSi) 21.2, 27.8, 27.9, 52.9, 117.6, 121.9,
158.7, 159.1, 165.2; m/z (TOF-MS AP") 229 (100, MH"), 215 (8), 173 (25), 156
(60%); HRMS (AP"): MH", found 229.0641. CoH{3N,0;3S requires 229.0647.

8-Nitro-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-5(1H)-one (248a).
O,N

T
HN\_/N o
Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,

0.5 mmol), acryloyl chloride 144a (50uL, 55 mg, 0.6 mmol) and Et;:N (68 puL, 50
mg, 0.5 mmol) were stirred in CH3CN (25 mL) at reflux for 3.5 hours and purified by
flash chromatography (ethyl acetate) to afford 248a (88 mg, 96%) as yellowish-white
powder, m.p. 208 °C (decomp.); R¢: (ethyl acetate) 0.10; vimax (KBr) 3355 (N-H),
2956 (C-H), 2918, 1701 (C=0), 1647 (C=C-NO,), 1489, 1400, 1350, 1315, 1286,
1217, 1174, 1147, 1022, 933, 661, 555 cm™; dy (400 MHz, DMSO-dg, Me4Si) 9.59
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(1H, s, -NH), 3.85 (2H, t, J 7.6 Hz), 3.72 (2H, t, J 7.2 Hz), 2.82 (2H, t, J 8.0 Hz),
2.61 (2H, t, J 7.6 Hz); oc (100 MHz, DMSO-ds, Me4Si) 20.9, 31.0, 43.1, 43.8, 103.8,
153.2, 168.8; m/z (TOF-MS ES¥) 184 (100, MH"), 173 (35), 167 (5%); HRMS
(EST"): MH, found 184.0724. C;H,oN;305 requires 184.0722.

7-Methyl-8-nitro-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-5(1H)-one
(248b).

Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), crotonoyl chloride 144¢ (58uL, 63 mg, 0.6 mmol) and Et;N (135 uL, 101
mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 3.5 hours and purified by
flash chromatography (ethyl acetate) to afford 248b (72 mg, 74%) as yellowish-
white solid, m.p. 186-187 °C; Ry (ethyl acetate) 0.30; vim.x (KBr) 3347 (N-H), 2956
(C-H), 2924, 2854, 1701 (C=0), 1631 (C=C-NO,), 1485, 1450, 1348, 1309, 1286,
1172, 1147, 1030, 935, 765, 665 cm™; oy (400 MHz, DMSO-dg, Me,Si) 9.53 (1H, s,
-NH), 3.80 - 3.93 (3H, m), 3.70 - 3.74 (2H, m), 2.86 (1H, dd, J 16.4, 6.8 Hz), 2.34
(1H, dd, J 16.8, 2.0 Hz), 1.00 (3H, d, J 6.4 Hz); oc (100 MHz, DMSO-ds, Me4Si)
18.9, 27.6, 38.8, 43.1, 43.9, 108.8, 152.5, 168.4; m/z (TOF-MS ES™) 196 (40, M*-H),
187(5%); HRMS (ESI'): M*-H, found 196.0729. CsHoN3Os requires 196.0722.

8-Nitro--7-phenyl-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-5(1H)-one
(248c).

Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), cinnamoyl chloride 149a (83 mg, 0.5 mmol) and Et;N (135 pL, 101 mg,
1 mmol) were stirred in CH3CN (25 mL) at reflux for 4 hours and purified by flash
chromatography (ethyl acetate) to afford 248c (114 mg, 88%) as yellow powder,
m.p. 228-229 °C; Ry: (ethyl acetate) 0.43; vimax (KBr) 3279 (N-H), 3026 (arom. CH),
2922 (C-H), 1697 (C=0), 1631 (C=C-NO,), 1485, 1444, 1284, 1213, 1180, 1143,
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1028, 937,756, 698 cm™'; Sy (400 MHz, DMSO-dg, MeySi) 9.73 (1H, s, -NH), 7.29
(2H, t, J 7.2 Hz), 7.22 (1H, t, J 6.8 Hz), 7.15 (2H, d, J 7.2 Hz), 4.54 (1H, d, J 6.8
Hz), 3.76 - 3.96 (4H, m), 3.21 (1H, dd, J 15.6, 8.0 Hz), 2.58 (1H, d, J 15.6 Hz); o¢c
(100 MHz, DMSO-d¢, Me4Si) 37.8, 40.8, 43.2, 44.1, 106.8, 127.0, 127.5, 129.3,
143.1, 153.3, 168.0; m/z (TOF-MS ES™) 260 (100, MH™), 231.5 (30), 203.0 (12), 167
(5%); HRMS (ESI"): MH", found 260.1028. C;3H;4N305 requires 260.1035.

8-Nitro-7-p-tolyl-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-S(1H)-one
(248d).

Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), p-methylcinnamoyl chloride 149b (90 mg, 0.5 mmol) and Et;N (135 uL,
101 mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 3 hours and purified
by flash chromatography (ethyl acetate) to afford 248d (93 mg, 68%) as white
powder, m.p. 275 °C (decomp.); R¢: (ethyl acetate) 0.33; vimax (KBr) 3358 (N-H),
2920 (C-H), 2852, 1701 (C=0), 1620 (C=C-NO,), 1444, 1344, 1325, 1282, 1213,
1180, 1143, 1028, 810, 767, 665 cm™; dy (400 MHz, DMSO-ds, Me,Si) 9.71 (1H, s,
-NH), 7.09 (2H, d, J 8.4 Hz), 7.02 (2H, t, J 7.6 Hz), 4.49 (1H, d, J 6.8 Hz), 3.75 -
3.97 (4H, m), 3.18 (1H, dd, J 16.8, 7.6 Hz), 2.58 (1H, d, J 16.4 Hz), 2.24 (3H, s); oc
(100 MHz, DMSO-ds, MesSi) 20.4, 30.2, 36.6, 42.4, 43.3, 106.2, 126.1, 129.1,
135.8, 139.2, 152.5, 167.3; m/z (TOF-MS ES™) 274 (100, MH"), 238 (10), 218.0 (5),
161 (2%); HRMS (EST): MH", found 274.1183. C14H6N305 requires 274.1192.
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8-Nitro-7-(4-nitrophenyl)-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-5(1H)-

one (248e).
NO,
O,N
/
HN™ °N

\_J o]

Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), p-nitrocinnamoyl chloride 149¢ (106 mg, 0.5 mmol) and Et;N (135 uL,
101 mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 2 hours and purified
by flash chromatography (ethyl acetate) to afford 248e (92 mg, 60%) as yellow
powder, m.p. 208 °C (decomp.); R¢: (ethyl acetate) 0.30; vimax (KBr) 3358 (N-H),
3072, 2983(C-H), 2926, 1707 (C=0), 1639 (C=C-NO,), 1597 (-NO,), 1491, 1452,
1344, 1313, 1286, 1174, 1147, 1026, 933, 856, 771, 665 cm™"; 5 (400 MHz, DMSO-
ds, MesSi) 9.81 (1H, s, -NH), 8.15 (2H, d, J 8.4 Hz), 7.47 (2H, d, J 8.4 Hz), 4.71
(1H, d, J 7.6 Hz), 3.78 - 3.97 (4H, m), 3.29 (1H, dd, J 16.8, 8.4 Hz), 2.62 (1H, d, J
16.4 Hz); 6c (100 MHz, DMSO-d¢, Me4Si) 30.2, 37.1, 42.5, 43.5, 105.2, 123.7,
127.8, 146.4, 150.2, 152.5, 166.7; m/z (TOF-MS ES™) 305 (100, MH"), 254(45),
225.0 (20), 123 (2%); HRMS (ESI"): MH", found 305.0883. C;3H;3N,Os requires
305.0886.

7-(4-Chlorophenyl)-8-nitro-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-

5(1H)-one (248f).
C
O,N
I
HN N

\_J 0]
Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), p-chlorocinnamoyl chloride 149d (100.5 mg, 0.5 mmol) and Et;N (135
pL, 101 mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 5 hours and
purified by flash chromatography (ethyl acetate) to afford 248f (112 mg, 76%) as
white powder, m.p. 250 °C (decomp.); Ry: (ethyl acetate) 0.83; Viax (KBr) 3219 (N-
H), 2922 (C-H), 2852, 1701 (C=0), 1620 (C=C-NO,), 1485, 1448, 1369, 1344, 1319,
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1282, 1215, 1180, 1143, 1028, 933, 819, 767, 665 cm™"; oy (400 MHz, DMSO-dg,
Me,Si) 9.72 (1H, s, -NH), 7.31 (2H, d, J 8.4 Hz), 7.15 (2H, d, J 8.4 Hz), 4.52 (1H, d,
J 6.8 Hz), 3.73 - 3.92 (4H, m), 3.18 (1H, dd, J 16.8, 8.0 Hz), 2.54 (1H, dd, J 16.8,
1.6 Hz); oc (100 MHz, DMSO-d¢, Me4Si) 37.3, 39.5, 43.3, 44.2, 106.5, 129.0, 129.2,
132.1, 142.1, 153.2, 167.8; m/z (TOF-MS ES™) 294 (100, MH"), 248.0 (5), 220.0 (2),
156 (1%); HRMS (ESI"): MH", found 294.0631. C;3H;3CIN3O3 requires 294.0645.

7-(4-Bromophenyl)-8-nitro-2,3,6,7-tetrahydroimidazo[1,2-a]pyridin-

S(1H)-one (248g).
Br
O,N
I
HN N
_/

C

Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), p-bromocinnamoyl chloride 149e (122.5 mg, 0.5 mmol) and Et;N (135
pL, 101 mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 24 hours and
purified by flash chromatography (ethyl acetate) to afford 248g (98 mg, 58%) as
yellow powder, m.p. 200 °C (decomp.); Ry (ethyl acetate) 0.10; vinax (ATR-mode)
3219 (N-H), 2953 (C-H), 2922, 2854, 1699 (C=0), 1622 (C=C-NO,), 1485, 1446,
1371, 1342, 1317, 1280, 1213, 1180, 1145, 1028, 964, 821, 767, 642 cm™; Jy (300
MHz, DMSO-d¢, Me4Si) 9.74 (1H, s, -NH), 7.48 (2H, d, J 8.4 Hz), 7.12 (2H, d, J 8.4
Hz), 4.52 (1H, d, J 6.6 Hz), 3.77 - 3.97 (4H, m), 3.21 (1H, dd, J 16.8, 8.1 Hz), 2.57
(1H, dd, J 16.5, 1.5 Hz); éc (75 MHz, DMSO-ds, Me4Si) 32.0, 37.1, 43.1, 43.9,
106.3, 120.3, 129.1, 131.9, 142.3, 153.0, 167.5; m/z (TOF-MS ES™) 338 (100, MH"),
239.0 (10), 140.0 (5), 102 (15%); HRMS (ESI'): MH", found 338.0128.
Ci13H3BrN;Os requires 338.0140.
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8-Nitro-7-(4-(trifluoromethyl)phenyl)-2,3,6,7-tetra hydroimidazo[1,2-

alpyridin-5(1H)-one (248h).
CF4
O,N
I
HN N

\J o

Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), p-trifluoromethylcinnamoyl chloride 149f (117 mg, 0.5 mmol) and Et;N
(135 uL, 101 mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 24 hours and
purified by flash chromatography (ethyl acetate) to afford 248h (118 mg, 72%) as
white crystals, m.p. 255-256 °C; Ry: (ethyl acetate) 0.10; vinax (ATR-mode) 3246 (N-
H), 2922(C-H), 2854, 1703 (C=0), 1622 (C=C-NO,), 1508, 1485, 1446, 1342, 1315,
1284, 1180, 1143, 1028, 939, 837, 767, 686 cm™'; dy (300 MHz, DMSO-ds, Me,4Si)
9.71 (1H, s, -NH), 7.19 (2H, td, J 5.1, 2.5 Hz), 7.10 (2H, t, J 9.0 Hz), 4.54 (1H, d, J
7.2 Hz), 3.75 - 3.96 (4H, m), 3.20 (1H, dd, J 16.5, 7.8 Hz), 2.56 (1H, dd, J 16.5, 0.9
Hz); oc (75 MHz, DMSO-ds, MesSi) 36.9, 43.0, 43.9, 106.6, 115.6, 115.9, 128.7,
139.0, 153.0, 159.9, 163.1, 167.7; m/z (TOF-MS ES") 278 (100, MH*-CF,), 239.0
(20), 140.0 (10), 102.1 (40%); HRMS (ESI"): MH'-CF,, found 278.0937.
C13H13FN3Os requires 278.0941.

3-Methyl-1-(2-(nitromethylene)imidazolidin-1-yl)but-2-en-1-one (239a).

O,N
l =
HN\_/N 0

Following the general procedure, heterocyclic nitroenamine 113 (64.5 mg,
0.5 mmol), 3,3-dimethylacryloyl chloride 144d (68 puL,71 mg, 0.6 mmol) and Et;N
(139 uL, 101 mg, 1 mmol) were stirred in CH3CN (25 mL) at reflux for 5.5 hours
and purified by flash chromatography (33% hexane/ethyl acetate) to afford 239a
(100 mg, 95%) as yellow solid, m.p. 171-172 °C; Rg: (50% ethyl acetate/hexane)
0.75; Vmax (ATR-mode) 3253 (-NH), 3178 (C=CHNO,), 2922 (C-H), 2859,
1739(C=0), 1683 (C=C(Me),), 1585 (C=C-NO,), 1436, 1355, 1307, 1205, 1182,
1126, 1083, 1051, 958, 823, 765, 684 cm™'; Jy (400 MHz, DMSO-ds, Me,Si) 9.65
(1H, s, -NH), 7.78 (1H, s, C=CHNO,), 6.03 (1H, s, C=CHCO), 4.06 (2H, t, J 8.4),
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3.65 (2H, t, J 8.4), 2.02 (3H, s), 1.90 (3H, s); dc (100 MHz, DMSO-ds, MesSi) 20.2,
26.9, 42.4, 45.9, 101.4, 116.9, 154.5, 156.6, 165.0 (C=0); m/z (TOF-MS ES™) 212
(100, MH"), 190 (1), 130 (5%); HRMS (ESI"): MH", found 212.1030. CoH4N30;
requires 212.1035.

3.1.3 BIOLOGICAL ACTIVITY ASSAYS OF THIAZOLO- and 4-
OXOTHIAZOLO-[3,2-c]PYRIMIDINES (163, 259)

3.1.3.1 Method for Anticancer (or cyctotoxic) Activity Assay

MCF-7 human breast cancer cells were planted into 96-well plates as 2x10*
cells/well. After 1 day, derivatives of 163 and 259 with 4 different concentrations (1,
10, 100, 1000 uM) 5-FU were applied onto cells for 72 hours. All of the substances
were dissolved in DMSO and the solutions were diluted to be the last concentration
of DMSO at 0.5%, and then they applied to cells. At the end of 72 hours, cell
viability was measured with MTT test and cell viability was calculated with respect

to control group.

3.1.3.2 Method for Antibacterial Activity Assay

Disc diffusion technique (Kirby-Bauer method) was used in order to evaluate
anti-microbial activity. Six types of Gram (-) bacteria (Pseudomonas aeruginosa,
Salmonella typhimurium, Serratia marcescens, Proteus vulgaris, Enterobacter
cloacae and Klebsiella pneumoniae), and two types of Gram (+) bacteria
(Staphylococcus aureus, Staphylococcus epidermidis) were used in the tests. Stock
microorganism suspensions (100-200 .mu.l) was transferred to a test tube containing
2 ml of TSB, and absorbance values adjusted according to the microorganism has
been standardized. These cultures were then inoculated onto petri dishes containing
Mueller-Hinton agar. 39 compounds (163 and 259 derivatives) to be tested were
dissolved separately in DMSO (20mg/mL), sterilized using 0.22-um filter, and then
the filter paper discs were immersed into the prepared solutions, placed on sterile

towels and placed on inoculated petri dishes. Each pethri dish has filter paper discs
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containing 4 substances and 2 different petri dishes were used for each
microorganism. 5 different antibiotic discs (erythromycin, ampicillin, carbenicillin,
tetracycline and chloramphenicol) were used for positive control. The inoculated
petri dishes were kept in incubator at 37°C for 16-18 hours and then the diameter of

the inhibition zones were measured.
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4. RESULTS AND DISCUSSIONS

4.1 PART 1: SYNTHESIS AND CHARACTERIZATION OF
HETEROCYCLIC SECONDARY ENAMINES (112, 113, 116) AND
CINNAMOYL CHLORIDES (149a-f)

The starting material, 2-(nitromethylene)thiazolidine 112, was easily and
efficiently obtained by heating 1,1-bis(methylthio)-2-nitroethylene 110 and 2-
aminoethanethiol 111a together in ethanol at reflux. However, in the present work,
we found that the nitroenamine 112 could also be obtained under microwave
conditions with a considerably shorter reaction time (20 min) when compared with
the reported method (30 h) (Rajappa and Advani, 1982). The structure of 112 was
determined by C=C and NH stretching vibrations at 1562 and 3174 cm™ in IR
spectrum, respectively. Also, NH and C=CH protons appeared at 9.14 and 6.99 ppm
in proton NMR spectrum, respectively. Similarly, two NH and C=C IR-stretchings of
113 have been at around 3226, 3241 and 1606 cm™, respectively. In proton NMR of
113, a broad NH signal resonated around 8.4 ppm and the C=CH signal was slightly
deshielded and resonated at 6.33 ppm. The yields for the syntheses of 112 and 113

were obtained good to excellent (Scheme 4.1).

NOQ HQN/\/NHz NO HS/\/NH2 | N02
JI 111b 2 111a
N ONE = | - S
\ EtOF refux 6h Mes” “SMe  EtOk 50°C 24 '
i 110 112

Scheme 4. 1 Preparation of 2-(nitromethylene)-thiazolidine or imidazolidine

The (Z)-ethyl 2-(5-methyl-4-oxothiazolidin-2-ylidene) acetate 116 was
prepared in 83% yield following a reported procedure (Scheme 4.2). NH, ester C=0
and amide C=0 IR-strecthing vibrations appeared around 3151, 1722 and 1654 cm™

and these spectral data were consistent with the literature (Stojanovic et al., 2011). In
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proton NMR, NH and C=CH proton signals resonated around 9.62 and 5.6 ppm,

respectively.
E10,C
@ CO,Et EtOH K,COj (cat) ]\
ne gt ~ 87 ONH
OEt sk 15-30 mn 75-80°C H
114 115 116 O

Scheme 4. 2 Preparation of 4-oxothiazolidine carboxylates.

Also, some cinnamic acid chlorides 149 were prepared in excellent yields
(95-100%) by using literature methods below (Scheme 4.3). Their structures were
characterized by IR, proton and carbon NMR spectra. In IR spectra of products 149,
C=O0 stretchings appeared around 1739-1751 cm™. With the aromatic and olefinic
proton signals resonate around 7.0-8.0 and 6.5 ppm, respectively, the structures of

cinnamoyl chlorides 149 have been proved completely.

R? A (COC);(2ec) 2
R? FOOC” >COOF DMF(cat) DCM rt
PN 10 i 2-4h i
F N0 >~ ~
pyrcne(2ec) RO™SO B soc,(3ec)rt C7YO
3 "CC°C 2h (“ec)  orrefux 2-4h
148 149
R2
149a: 4-Me-Ph- 149k 4-NO2-Ph- 149¢ 4-C-Ph- 149d 4-Br-Ph- 149e 4-CF3-Ph-
149f 4-F-Ph-

Scheme 4. 3 Preparation of derivatives 149a-f

42 PART 2: MICROWAVE-ASSISTED SYNTHESIS OF 6-
NITROTHIAZOLO [3,2-c]PYRIMIDINES (163)

First of all, some optimization experiments have been performed to find the
most efficient method for the synthesis of thiazolo[3,2-c]pyrimidines, therefore,
microwave irradiation (MW) was compared with conventional heating with or
without additives using, as a model reaction, the combination of 2-
(nitromethylene)thiazolidine  (112), formaldehyde (16) and  (R)-(+)-1-
phenylethylamine (10a). These preliminary results are presented in (Table 4.1).
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(R)-(+)-1-Phenylethylamine 10a was reacted with equivalent quantities of the
nitroenamine 112, but varying stoichiometries of formaldehyde 16. Several solvents
and two heterogeneous catalysts have been tried in order to understand their effect on
the formation of the product under MW conditions. However, we found that there
were, at best, only very slight beneficial effects associated with adding the clays
(Montmorillonite KSF and K10) and the total yields were found as low to moderate
(Table 4.1, entry 1-6). However, more significantly, the reaction time for complete
consumption of starting materials was lowered from 2 hours with conventional
heating to a remarkable 5 minutes using MW irradiation (Table 4.1, entry 7). When
more polar solvents such as ethanol or acetonitrile were used, a small increment was
observed in terms of reaction yields, but there was no significant change in reaction
times for either conventional or MW heating (Table 1, entry 8). Finally, we were
pleased to find that the best results were obtained for the reaction in water without
any catalyst at reflux temperature for conventional heating or around 90°C for MW
heating (Table 4.1, entry 9). Of course, this was very convenient as the formaldehyde

could simply be added as formalin solution.

Table 4.1. Optimization of reaction conditions to yield compound 163a

O,N NH;

//Z H o 'eactor cordtors OENJ'\/\N/\E:’
+
Ao 7 a4
-/
112 10a 16 163a

Time Yield (%)
Entry Reaction conditions Additive* A(h) MW @min) A MW
1 EtOH,112 (leq), 10a (leq), 16 (1.5 eq) 1 5 3 32 40
2 Toluene,112 (leq), 10a (leq), 16 (1.5 eq) 1 3 3 25 36
3 CH;CN,112 (leq), 10a (leq), 16 (1.5 eq) 2 4 4 45 52
4 Neat,112 (leq), 10a (1eq), 16 (3.0 eq)** 2 2 3 40 34
5  CH)Cly, 112 (leq), 10a (1eq), 16 (2.0 eq) 1 5 6 24 32
6  H,0, 112 (leq), 10a (leq), 16 (1.0 eq) 2 3 4 49 63
7  Neat, 112 (leq), 10a (1eq), 16 (2.5 eq)** - 2 5 66 73
8  EtOH, 112 (leq), 10a (leq), 16 (2.0 eq) - 4 5 68 76
9 H,0, 112 (leq), 10a (1eq),16 (2.0 eq) - 2.5 5 92 100

*1: Montmorillonite KSF 2: Montmorillonite K10, were used (0.5-1.0 g) during MW heating only;
The reactions were performed at reflux temperature of the solvents specified. ** The reactions were
carried out at 90°C.

After determining that the most suitable solvent was water, and optimizing

the reaction conditions for the preparation of 163a, a variety of amines (10) having
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alkyl or aryl substituents were reacted with formaldehyde 16 and 2-

(nitromethylene)thiazolidine (112) (Yildirim et. al, 2014a).

We produced novel 6-substituted-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-
c]pyrimidine derivatives (163) in good to excellent yields (65-100%). An especially
important outcome in terms of reaction yields was that at least 50% higher yields
were often obtained under MW conditions when compared with conventional heating

and the reaction times were reduced to minutes from several hours (Table 4.2).

Table 4. 2. Reaction conditions and yields of title compounds 163(a-z)

OsN
i J\ O  1ecuv 112anc 10 Ozle\/\N/R
S °NH * H2N/R + HJ\H Zecuv 16 H;0 N)
112 10 16 163
Yield
Entry Comp. R Yield
y p CH*  (%)*** MW (Gywss
1 163a (R)-(+)-1-phenylethyl 2.5h 92 5 min 100
2 163b (R)-(+)-1-phenylpropyl 2.5h 70 4 min 95
3 163c (S)-(-)-1-phenylpropyl 2h 94 4 min 100
4 163d butyl 3h 41 4 min 65
5 163e propyl 3.5h 35 4 min 65
6 163f cyclohexyl 2.5h 82 4 min 100
7 163g benzyl 4h 65 4 min 95
8 163h 3-trifluoromethylbenzyl Sh 77 4 min 98
9 163i 2-methylthienyl 4h 70 4 min 80
10 163j 4-chlorobenzyl 4h 63 4 min 80
11 163k isopropyl 3.5h 78 4 min 100
12 1631 diphenyl 3h 70 4 min 100
13 163m benzo[d][1,3]dioxol-5-yl 6h 42 7 min 72
14 163n 4-fluorophenyl 5h 58 4min 76
15 1630 p-tolyl 6h 32 4 min 55
16 163p 2-thiazoyl 3h NR 4 min NR
17 163r 2-mercaptobenzo[d]imidazol-5-yl 4h NR 6 min NR
18 163s 2-(1-piperazinyl)ethyl 5h NR 4 min NR
19 163t 1,2,4-triazoyl 4h NR 6 min NR
20 163u 6-methylpyridyl 8h NR 6 min NR
21 163v 6-nitroquinolin-5-yl 3h NR 4 min NR
22 163y 1-naphthyl 8h NR 3 min NR
23 163z 2,6-dichloro-4-nitrophenyl 16h NR 5 min NR

CH* 0.5 mmol reactants in 20 mL of water at reflux; MW?** 0.5 mmol reactants in 2 mL of water at
90 °C. *#*Total yields after column chromatographic separation NR***#* No reaction
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On the other hand, the experiments showed that no cyclisation occurred with
many heterocyclic (especially N-containing) amines or examples which were
sterically hindered (Table 4.2, entries 16-23) under either conventional heating or
MW irradiation. Even when the reaction times were extended to 16 hours
(conventional) or 3-6 minutes (MW), no Mannich cyclisation products were
observed or isolated. These results strongly suggest that if the amine 10 is
insufficiently nucleophilic, for whatever reason, to allow formation of an imine as a
first step, or subsequently an iminium ion at a later stage with formaldehyde (see
Scheme 4.4 below) then the sequence will fail and only a few by-products will be

obtained (Figure 4.1).

C:N O:N _R
3, c )
SN PR+ J\ N
| : F7 R §

corvertora or MW
112 10p-z 163
R

;\[b > jU \C[»—cl- féj\/\r\(}F “ CI\/Q/\J :ﬁj@\[\o

Figure 4. 1 Unreactive heterocyclic or bulky amine derivatives 10p-z as Mannich
substrate

However, the number of unsuccessful cyclisations are limited when compared
with the number of successful examples (Table 4.2, entries 1-15). Based on these
successful results, we can say that this Mannich-based three multicomponent
cyclisation method was suitable for the efficient and green production of 6-

substituted-8-nitro-3,5,6,7-tetrahydro-2H-thiazolo[3,2-c]pyrimidines.

In order to expand the scope of this efficient microwave-mediated protocol,
amines 10 were substituted by a diamine, 4,4’-oxydianiline 10ax, which was reacted
with two equivalents of nitroenamine 163 and four equivalents of formaldehyde 16
under both heating conditions (Scheme 4.4). The expected bicyclic product 163ax
was obtained in quantitative yield without any need for chromatographic separation,
as it directly precipitated out of the cooled solution and only required washing and
drying to secure the pure product. This result indicates that many other bis-amines

could be used in this methodology leading to many types of bicyclic thiazolo[3,2-c]
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pyrimidines in a highly efficient manner. In addition, the microwave cyclisation

protocol is especially ‘green’ and effective since no organic solvent or purification

N
I ° i
§” NH ¥ /©/ \©\ * JJ\

\J/ H,N NH, HH

112 10ax 16
(2eq) (1eq) (4eq.)

material is used.
(@)

or .
H,0,2.5h, reflux H,0,MW,90°C,3 min
(95%) (100%)

OZNj\/\N N N02
| T
] > N

\_J 163ax \_J
Scheme 4. 4 Synthesis of bicyclic thiazolo[3,2-c]pyrimidine derivative 163ax

The structures of all new compounds 163a-ax were fully supported by means
of IR, '"H-NMR, BC.NMR and HRMS measurements. Also, the structures of 163g
and chiral, non-racemic products 163a-b were further elucidated by X-ray

crystallographic analysis (Figure 4.2).
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Figure 4. 2 X-ray crystal structures of 163a-b and 163g
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Given that the Mannich cyclisation takes place by imine formation, we can
describe a mechanism in which first such an imine forms between the primary amine
10 and formaldehyde 16. This then undergoes thermally-induced condensation with
the nitroenamine 112 to give a f-amino-substituted nitroimine (or nitroenamine)
which is the precursor of an iminium ion, following a second condensation with
formaldehyde. Finally, an internal cyclisation of this iminium ion with the thiazoline
C=N group results in formation of the 6-substituted-8-nitro-3,5,6,7-tetrahydro-2H-
thiazolo[3,2-c]pyrimidine products (Scheme 4.5).
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Scheme 4. 5 Proposed microwave-mediated mechanism for the formation of
derivatives 163

4.3  PART 3: SYNTHESIS OF OXOTHIAZOLO[3,2-c]PYRIMIDINE
CARBOXYLATES (259) BY CONVENTIONAL HEATING

As a new example of our successful ongoing studies, herein we describe the
one-pot Mannich cyclisation reactions of (Z)-ethyl 2-(5-methyl-4-oxothiazolidin-2-
ylidene) acetate 116 with formaldehyde 16 and a variety of primary amines or bis-
amines (10) and the successfully developed new efficient procedure for the
preparation of novel and biologically interesting 3-oxothiazolo[3,2-c]pyrimidine

carboxylates (259) under very mild conditions (Scheme 4.6).
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116 259
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Scheme 4. 6 Synthesis of starting material and novel 6-substituted 3-
oxothiazolo[3,2-c]pyrimidine carboxylates via Mannich cyclisations

We tested a comprehensive set of reaction conditions using 116,
formaldehyde 16 and benzylamine 10j in a model reaction for the synthesis of 259j
(summarized in Table 4.3). In all trials at least two equivalents of formaldehyde 16

were used in comparison with 116 and 10j.

Table 4. 3. Optimization of reaction conditions for the synthesis of compound 259j

EtO.C NH, EtO,C
]\ H_ _O reacton conatons m/\©
+ + o
& N T .
© 70
116 10] 16 259
Entry Reaction conditions* Catalyst Time ( ; )1 eld
(%
1 CH,Cl,, 116 (1eq), 10j (1eq), 16 (2.0 eq) Et;N 7h 36
2 EtOH, 116 (1leq), 10j (leq), 16 (2.0 eq) K,CO4 Sh 42
3 EtOH, 116 (1leq), 10j (1leq), 16 (2.0 eq) EtN 4h 53
4 Neat,116 (1eq), 10j (1.5eq),16 (3.0 eq)** - 2h 27
5 H,0, 116 (1leq), 10j (1eq), 16 (2.0 eq) - 3h 48
6 H,0, 116 (1leq), 10j (1eq), 16 (2.5 eq) Et;N 3h 40
7 H,0, 116 (1leq), 10j (1eq), 16 (2.5 eq) MW 2-10 min -
8 CH;CN, 116 (leq), 10j (1eq), 16 (2.0 eq) Et;N 3h 65
9 CH;CN, 116 (leq), 10j (1eq), 16 (2.0 eq) K,CO4 6h 63
10 CH;CN, 116 (leq), 10j (leq), 16 (2.0 eq) - 3h 90
11 CH;CN, 116 (leq), 10j (leq), 16 (2.0 eq) MW 2-10 min -

*The reactions were performed at reflux temperature of the solvents specified. ** The reactions
were carried out at 100°C. * No product was seen or isolated.

Best yields (90%) were attained when the reaction was performed in
acetonitrile at reflux for 3 hours (entry 10, table 4.3) without using any base or
catalyst. The reaction was not effective under solvent-free conditions even in the
presence of 3 equivalents of formaldehyde solution (entry 4, table 4.3). Also, the use

of triethylamine or potassium carbonate in acetonitrile did not increase the product
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yields (63-65%) (entry 8-9, table 4.3). As opposed to the results in our previous work
(Yildirim et. al, 2014a), the use of water as a solvent did not provide any increase in
product yields (40-48%) in the current work (entry 5-6, table 4.3). We also applied
microwave irradiation (in dynamic mode, 80-90°C) in variable reaction times (2-10
min), however, no product 259 was detected by TLC analysis of the crude reaction
mixture, only some decomposition reactions were obtained in most of the trials

(entry 7 and 11, table 4.3).

The cyclisation product 259j was purified by flash column chromatography
and the structure assigned on the basis of proton NMR chemical shifts of two
methylenic groups in the tetrahydropyrimidine ring resonating at 3.63, 4.51 ppm,
consistent with the NMR data and X-ray structures of their analogs described in our

previously reported work (Yildirim et. al, 2014a).

In order to survey the scope and limitations of our cyclisation methodology,
further reactions of 2-methylene-4-oxothiazolidine 116 with a variety of primary
amines 10a-y were carried out in the presence of 2-4 equivalents of formalin 16 in
acetonitrile at reflux for 3-8 hours or overnight (Table 4.4) (Yildirim and Celikel,
2015).

First, the Mannich cyclisations of 116 with primary amines 10a-r in the
presence of formalin 16 (2 equiv.) were studied. The reactions of amines bearing
simple alkyl groups 10a-c were completed within 3-6 hours and the product yields
were good (73-90%) (entries 1-3, table 4.4). However, the reaction of 10f with 116
was completed in good yields (entry 6) after overnight heating. Besides, the reactions
of amines bearing allyl, propargyl, phenyl or substituted phenyl and naphthyl rings
proceeded in good and excellent yields (82-100%) but required longer reaction times
(entries 4,5,7,8,16) except the cyclisation of 10i with 116 (entry 9). Otherwise, the
cyclisations of benzylamine derivatives required quite short reaction times with good
to excellent yields (65-94%) (entries 10-15) when compared with the cyclisations of
other monoamines. Similarly, the cyclisation reaction of 2-thienylmethylamine 10r
with 116 was very rapid and the reaction yield was quantitative (entry 17). Our
success in the formation of 259a-r using monoamines 10a-r through Mannich

cyclisations encouraged us to use bis-amines 10s-y with 116 (2 equiv.) in the
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presence of formalin 16 (4 equiv.) under similar reaction conditions (entries 18-22,

table 2). Not suprisingly, double Mannich cyclisation products through both primary

amine sides were obtained with all bis-amines in good to excellent yields under

reflux overnight (entries 18,19,21,22). However, product 259u was obtained by the

reaction of 4,4'-sulfonyldianiline 10u with 116 in moderate yields but in shorter

reaction time (entry 20), however, the substitution of 3,3'- sulfonyldianiline with 10u

did not give any expected cyclisation product with 116 and 16.

Table 4. 4. Reaction yields and conditions for the synthesis of 6-substituted 3-

oxothiazolo[3,2-c]pyrimidine carboxylates 259a-z

o)
EtC,C
EtO.C HJ\H ‘ N’R
J{ 1 y
NH + R—=NH; N

S S

10 reactcn cend tans

C
116 © 259
Entr Equiv.of  Time Yield
y R 16 (h) Product(s) (%)
1 propyl 2.0 6.0 259a 73
2 isopropyl 2.0 3.0 259b 92
3 butyl 2.0 6.0 259c 90
4 allyl 2.0 16 259d 100
5 propargyl 2.0 16 259 100
6 cyclohexyl 2.0 20 259f 92
7 phenyl 2.0 16 259¢g 100
8 tolyl 2.0 16 259h 82
9 benzo[d][1,3]dioxol-5-yl 2.0 5.0 259i 100
10 benzyl 2.0 3.0 259j 90
11 (R)-1-phenylpropyl 2.0 5.0 259k (isomer mixt.) 70
12 (S)-1-phenylpropyl 2.0 4.5 2591 (isomer mixt.) 65
13 p-chlorobenzyl 2.0 5.5 259m 96
14 3-trifluoro methylbenzyl 2.0 6.0 259n 65
15 diphenyl 2.0 3.5 2590 94
16 2-methyl naphthyl 2.0 16 259p 95
17 2-methylthienyl 2.0 8.0 259r 100
18 bis(4-aminophenyl) 4.0 16 2595 70
methanonyl
19 4,4'-Oxydianilinyl 4.0 16 259t 100
20 4,4'-sulfonyldianilinyl 4.0 16 259u 45
21 4,4'-thiodianilinyl 4.0 16 259v 100
L 259y 75
22 ethylenediamine 4.0 16 250, 25

Possibly due to the strong EW-effect of sulfonly groups resulting in a

decrease in nucleophilicity of amine functionalities. Similar decrease in product yield

can be observed in the synthesis of 259s derivative. In the cyclisation reaction of 116
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with 1,2-ethylenediamine 10y, a Mannich cyclisation product 259z through only one
amine side was obtained along with the double Mannich cyclisation product 259y in
totally quantitative yield (entry 22). Both products 259y-z were purified by flash
column chromatography by eluting with ethyl acetate and methanol, respectively.
The structure of 259z was confirmed by infrared absorption peaks of NH, group in

3350 cm™, NH signal resonating at 5.29 ppm in proton NMR and HRMS data.

A plausible reaction mechanism for the formation of derivatives 259 is
reported in Scheme 4.7. The first step is the formation of an imine intermediate,
which reacts with 116 via a Mannich-type addition reaction. The resulting new
intermediate forms an iminium ion by reacting with another formaldehyde molecule.
The last step involves a new water-assisted intramolecular Mannich-type cyclisation

reaction and results in the formation of derivatives 259.

COzEt
m ne fcrmetcn
R-NH, + M T2
H H -H,0 Mann ch
10 16 ntermrec ate 1 O) /\wc&tcn
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CO,Et " co,Et ﬁ/\/[
~ m num fermaten 0 -
R gy |
q cyc saten N/ S 'HZO H H H

; ( 16 O
O I ntermrec ete 2

259
Scheme 4. 7 Plausible mechanism for the formation of 6-substituted 3-
oxothiazolo[3,2-c]pyrimidine carboxylates (259)

44 PART 4: SYNTHESIS OF THIAZOLO[3,2-a]- and
IMIDAZOLOI[1,2-a]- PYRIDONES (260, 248) VIA MICHAEL
CYCLISATIONS

Our initial experiments using 112 and 144a in different solvents and
conditions with different bases were focused to find the optimal reaction conditions

for the cyclisations. So, we have tried a variety of bases and Lewis bases to
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determine their effects on the cyclisations (Table 4.5). First of all, no desired

products (260 or 261) formed without using a base (entries 1-2).

Table 4. 5. Optimisation of reaction conditions

0
N02 \)J\C 02N O2N -
i 144a | or ]\
S“NH T~ s N s ON"Yg
/) \_J

\/ cordtors

112 260 261

. ... Yield (%)°
Entry Bases (equiv.) Conditions 260 261
1 No base DCM, r.t.,5h _ _
2 No base CH;CN, reflux, 3 h _ _
3 pyridine (2 eq.) DCM, r.t.,,3h _ 23
4 pyridine (2 eq.) CH;CN, reflux, 2 h _ 15
5 Et;N (2.2 eq) DCM, r.t.,,4h 21 36
6 Et;N (2.5 eq) CH;CN, reflux, 2 h _ 25
7 piperidine (1.5 eq.) CH;CN, reflux, 2 h _ 53
8 CH;NH, (2.0 eq.) DCM, reflux, 3 h _ _
9 DBU (2.0 eq.) CH;CN, reflux, 2 h _ 32
10 i-Pr,NEt (1.5 eq.) DCM, r.t.,, 8 h _ 48
12 Ca(OH), (2.0 eq.) DCM, r.t., 4 h 48 34
13 Cs,CO3 (2.0 eq.) CH;CN, r.t., 3 h _ 25
14 Cs,COs (1.2 eq.) CH;CN, reflux, 2 h 18 40
15 K,CO3 (2.0 eq.) DCM, r.t.,3h 90 —_
16 K,CO; (2.0 eq.) CH;CN, reflux, 3 h 50 _

“ None of this product formed. * Equivalents of bases respect to nitroenamine. “All yields
were calculated after purification by flash chromatography.

While most of the amine bases showed poor or no activity to induce the
cyclisation (entries 3-10), inorganic bases were moderately active and facilitated the
formation of cyclisation products (entries 12-16). However, addition of 2.2 equiv of
Et;N in DCM at room temperature led to formation of products 260a in 21% and
261a in 36% yields (entry 5). In the presence of Ca(OH),, better yields were obtained
for formation of product 260a (entry 12). Addition of Cs,CO; was only effective at
reflux, giving the products in low yields (entry 14). We were then pleased to find that
use of 2 equiv of K,CO3 in DCM gave the cyclisation product 260a in excellent
yields (90%) at room temperature with no 26la formation observed (entry 15).
However, a low yield of 260a was obtained when the same mixture was refluxed in

acetonitrile (entry 16).

After finding the optimized conditions for the model reaction, we first studied

the Michael cyclisations of some commercially available acryloyl chlorides 144a-b,
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144c-d and cinnamoyl chloride 149a with 112 (Table 4.6) (Yildirim et al, 2014b).

Thiazolopyridinones 260a-c were obtained in good yields (entries 1-4) using K,CO3

or Cs,CO3 at room temperature or at reflux.

Table 4. 6. Formation of thiazolopyridinones 260 and N-enoyl-(2-
nitromethylene)thiazolidines 261

RZ 0O

3 \
R .
O5N - O5N R
RO, 144 or 149 2 I R 2 ] Z SR8
(10-12eq) or N

N S
S\_/N- canditions s\__/ 0 \/ ©
112 260 261
(10eq)
Entry Substrate Conditions Product Yield (%) *
C
1 A 260 90
144a \)J\c a
2 G B 79
3 144b c C 260b 35
C
4 14¢a ©/\)Lc C 260c 89
5 (@) B 62
261
6 144c¢ /\)J\ C C a 70
C
7 44q MC C 261b 61
C
8 ) 4%/@/\)% C 260d 67
C
9 149¢ WC B 260e 58
C
10 148d /©/\)Lc B 260f 79
C
C
11 149¢ Q/\)% B 260g 57
Br
C
12

1481 WC B 260h 69
F.C

Conditions: A: K,CO5 (2.0 eq.), 25°C, DCM, 3-16h; B: K,CO; (2.0 eq.), 80°C, CH3CN, 4-36h;
C: Cs,C05(1.0-2.0 eq.), 25°C, CH5CN, 1.5-16h;
*Yields after isolation by flash chromatography using hexane:ethyl acetate mixtures.
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The title compounds 260e-h have been obtained in moderate to good yields
(entries 9-12) using mostly K,CO3 in CH3CN at reflux. However, only using Cs,COs
at 25°C was effective in the formation of 260d (entry 8), the use of K,COj; did not
lead any product formation either at rt or at reflux. The molecular structure of 260a

was determined by X-ray single crystal analysis (Figure 4.3).
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Figure 4. 3 X-ray structure of 260a

We propose a plausible mechanism for the formation of thiazolo derivatives
260 in Scheme 4.8. First, in the presence of K,COj3 or Cs,COs, 112 gives a nitronic
acid salt intermediate by tautomerization. Then, Michael addition through the f-C
atom of 144 with the nitronic acid gives an imino-ketene intermediate. Then follows
an acylation of the imine nitrogen and a second tautomerization step, resulting in ring

closure reactions affording thiazolopyridinones 260.

imino-ketene
®K® )
O (0] R 1 3
:N: 604\1 Rt Michael 95N HR R2
K,CO3 Rs Ny _addition c-R'
s cI o s ¢
-Cl
N N
|\/ L AN
144
acylation l -HCI
o 0]
e 3 ® 7 3 r2
o9 R Re %N RUR
R1 H* R1
ST\ TN\
LY "o " o

260
Scheme 4. 8 Plausible mechanism for the formation of 260

However, uncyclised addition products 261a-b have been obtained by the
reactions of compound 112 with 144c¢-d in moderate yields under similar conditions
(Table 4.6, entries 5-7). Since crotonoyl (144¢) and 3,3-dimethylacryloyl (144d)
chlorides have alkyl group(s) on the end of double bond, they are poor Michael

acceptors and this may prevent the cyclisation. Alternatively, they may form by loss
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of a proton next to the C=0 on 260 and retrocyclisation via an allenyl nitronate and
tautomerism (Scheme 4.9). The structure of 26la was demonstrated by X-ray

crystallography (Figure 4.4).
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Scheme 4. 9 Ring-opening mechanism for the formation of 261a-b

261a

Figure 4. 4 X-ray structure of 261a

Our success in the formation of derivatives 260 using compound 112 through
Michael addition by this one-step transformation prompted us to investigate the
behaviour of 2-(nitromethylene)imidazoline 113 with compounds 144a-d and 149a-f
(Table 4.7). Perhaps surprisingly, no cyclisation product 248 was obtained in the
reaction of 113 with 144a in the presence of K,CO; (or Cs,CO3) (entry 1). However,
the title compound 248a was obtained in excellent yield (96%) using 2 equiv of EtsN
in CH3CN at reflux (entry 2). Suprisingly, the reaction of 144b with 113 was
unsuccessful in giving either product 248 or 239 (entry 3), but the reaction of 144¢
with 113 did give the expected cyclisation product 248b in good yield (entry 4). This
contrast between the reactions of 112 and 113 with compounds 144b and 144d might
be explained by the mechanistic difference in their cyclisation reactions (see schemes
4.8-9-10). However, 144d with 113 afforded only addition product 239a in excellent
yields (entry 5). The reactions of cinnamic acid chlorides 149a-f with 113 afforded
the expected cyclisation products 248c-h in the presence of triethylamine in good

yields (entries 6-12) (Yildirim et al, 2014b).
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Table 4. 7. Formation of imidazolopyridinones 248 and N-enoyl-(2-nitromethylene)

imidazolidines 239

R2 O
R3J\‘)kc
R’ R3 R? ‘ R2
NO; 144crtdg  OoN R ONSG RO g
i (10-12eq) | or |
> HN” N HN™ °N
HN\ /NH conditions \/ 0 \_/ ©
113 (1 0eq) 248 239
Entry Substrate Conditions Product Yield(%)"
1 144a \)Ck A.C =P =
AN C ’
2 144a D 248a 96
o
B D _b _b
3 144b C ’
o)
4 D 248b 74
144c /\)j\c
o
5 < a4d MC D 239a 95
6 e B b
X7 C 248c
7 4% ©/\)\ D 89°
o
8 ) 4%/@/\)% D 248d 68
c
9 14¢c WC D 248e 60
O,N
o
10 14¢d /©/ka D 248f 76
c
o
11 149¢ /©/\)% D 248g 58
Br
c
12

b W ¢ D 248h 72
F.C

Conditions: A: K,CO; (2.0 eq.), 25 °C, DCM, 3-16 h; B: K,CO; (2.0 eq.) 80 °C, CH;CN, 4-36 h;
C: Cs,C05(1.0-2.0 eq.), 25 °C, CH5CN, 1.5-16 h; D: Et;N (2.0 eq.), 80 °C, CH;CN, 2-24 h.

* Yields after isolation by flash chromatography using ethyl acetate.” No product was observed in
TLC. ¢ Purified by recrystallization from ethyl acetate.
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Likewise, we can propose a similar mechanism for the formation of
derivatives 248. First, in the presence of triethylamine, Michael addition through the
B-C atom of 144a with compound 113 gives an imino-ketene intermediate which
undergoes an intramolecular cyclisation with a final tautomerization affording the

title compound 248a (Scheme 4.10).

ozN//Z o (Micha:ll;:dition) o HqNEta
3
HN N * \)J\Q - = %
~H -Et;N.HCI  HN7X
\\/ 3 N ||)
\_/ O
113 144a
l cyclisation
O2N O,N
/ .
HNQ " /N / o
\\/ 0] \\/ HOH
248a

Scheme 4. 10 Proposed mechanism for the formation of 248a

4.5 PART 5: BIOLOGICAL ACTIVITY STUDIES OF THIAZOLO-
and 4-OXOTHIAZOLO-[3,2-c]PYRIMIDINES (163, 259)

After preparation of new thiazolo[3,2-c]pyrimidine derivatives (163 and 259)
with good yields and determination of their structures, biological activity studies
have been started. As being the similar derivatives given in literature having a wide
variety of biological activities, we also expected that the new thiazolo[3,2-
c]pyrimidine derivatives would exhibit antibacterial and anticancer activities and
hence, we completed their activity assays. The related results and followed methods

are being given below.

4.5.1 Anticancer (cytotoxicity) Studies

First of all, this study was conducted by a researcher who is expert on his field,

from A.L.B.U. Faculty of Medicine, Department of Pharmacology.
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4.5.1.1 Results of anticancer activity studies

According to the obtained results, it was observed that cell viability of six of
the 163 derivatives (163a, 163c, 163j, 163k, 1631, 163m) falls below 50% at their
1000 uM concentrations (Figures 4.5-4.9). Three substances (163c, 163k, 163m)
among them were very close to the 5-FU dose-effect plot and exhibit a curve even
under 5-FU's (Figure 4.7-4.9). Accordingly, it was suggested that these three
substances demonstrating the effect close to the effect of 5-FU (particularly those
containing different alkyl and aryl groups at the 6-position) (Figure 4.5) has a
potential to be anticancer drugs and it was necessary to study in more detailed
manner.

According to the results of the first anticancer study, a second dose-effect
study was performed. Exactly the same method given above was used, but this time,
with three different concentrations (1, 10, 100 uM) of 14 different 163 derivatives
and with three different concentrations (1, 10, 100 uM) 23 different 259 derivatives
synthesized and 5-FU were applied for 72 hours. At the end of 72-hour incubation,
cell viability was measured by MTT test.

According to the results of the second study which was performed with lower
doses, it was determined that proliferative effects (>100%) in 11 substances, weak
anticancer effects (80-100%) in 17 substances, moderate and high anticancer effects
(80-60%) in 6 substances (1631-m, 259h, 259j, 259r, 259y) and almost the same or
effect more potent anticancer activity (60-40%) as compared with the reference drug

(5-FU) in 5 substances (163ax, 259g, 259i, 259m, 259n) (Figure 4.10-4.14).

f 10 e I L f
X » )
163a 163¢ 163j 163k

(maderately potent) (h'9h|y potent) (moderaiely potent) (1he most poient)

N ¢ s
°2“f ) f) 163m

1631 (highly potent)

(moderaiely paient)
Figure 4. 5 163 derivatives showing anticancer effect on MCF-7 breast cancer cells
(in 1000 pm concentrations)
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Figure 4. 6 Plot for 24-h-dose-dependent effect of 5-FU and 163a, 163d, 163g, 163i
derivatives on MCF-7 breast cancer cells (first study)
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Figure 4. 7 Plot for 24-hour-dose-dependent effect of 5-FU and 163b, 163c, 163e,
163h derivatives on MCF-7 breast cancer cells (first study)
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Figure 4. 8 Plot for 24-hour-dose-dependent effect of 5-FU and 163j, 1631, 163m,
163n derivatives on MCF-7 breast cancer cells (first study)
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Figure 4. 9 Plot for 24-hour-dose-dependent effect of 5-FU and 163k, 163ax
derivatives on MCF-7 breast cancer cells (first study)
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Figure 4. 10 Plot for 24-hour-dose-dependent effect of 5-FU and 163a-j derivatives
on MCF-7 breast cancer cells (second study)
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Figure 4. 11 Plot for 24-hour-dose-dependent effect of 5-FU and 163k-m, 163ax,
163j-m derivatives on MCF-7 breast cancer cells (second study)
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Figure 4. 14 163 and 259 derivatives showing anticancer effect on MCF-7 breast

cancer cells (in 100uM concentrations)

4.5.2 Antibacterial Activity Studies

As given in the literature examples of thiazolo[3,2-a]- and [4,5-
d]pyrimidines, the derivatives having thiazolopyrimidine structure may show
antimicrobial or antibacterial effects. Therefore, antibacterial studies of thiazolo[3,2-
c]pyrimidine derivatives (163 and 259) were performed by researchers who are
specialist in this field, in A.LLB.U. Faculty of Arts and Sciences, Department of

Biology. The followed methods and the corresponding results are given below.

4.5.2.1 Results of Antibacterial Activity Studies

According to the obtained results, the high inhibitory effects of tested
thiazolo[3,2-c]pyrimidine derivatives were not observed against bacteria used.

According to the results obtained by the zone of inhibition measurements, it was
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observed that only bacteriostatic effect of 163a and 163g derivatives against
P.vulgaris bacteria (Figure 4.15); 259r derivative showed moderate against
S.epidermidis and weak antibacterial effect against S.aureus; 259r derivative shows
bacteriostatic effect against S.aureus; and 259z derivative shows weak antibacterial
effect against P.vulgaris, K.pneumonia, S.marcescens, E.cloacae and bacteriostatic
effect against S.typhimurium. It was not found a good antibacterial effect in the other
compounds tested. The inhibition zones of the 259z derivatives, gives results very
close to the zone of inhibition of the antibiotic erythromycin, but compared with the
results given by the inhibition of other antibiotics, it is understood that these results
are quite low. Therefore, the effect of the 259z derivative was defined as poor (in

compound 39, Table 4.8)

Table 4. 8. The inhibition effect by the synhesized 163 and 259 derivatives against
bacteria used and the zones of inhibition produced.

- SA SE_ PV PA KP ST SM EC
P 163a - - bs - - | -
P 163b-f IR I E I E -
BN 163 — e -]
IS  163n-p - - e e e e e -
P73 259a-k e | | -
R 2591 g8 15 - I E I E -
W29  259m-p - |- - ] | [ |
Ea  2s5or bs
NSESEN 2595y - |- /- |- | |- | |
A 2592 - - 78 - 89 bs 78 8
erythromycin 29 39 13 0 13 11 11 9
ampicillin 42 33 30 0 8 29 15 28
carbenicillin 43 38 38 20 8 30 29 33
tetracycline 30 8 35 15 29 24 23 30
chloramphenicol 26 33 28 9 30 28 27 30

%)
S
wn
Sy
S
)
S
1}

; SE: S.epidermidis; PV: P.vulgaris; PA: P.aureginos; KP: K.pneumoni;ST:
S.typhimurium; SM: S.marcescens; EC: E.cloacea. bs: bacteriostatic effect
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Figure 4. 15 Inhibition zones of 163a and 163g derivatives showing comparative
bacteriostatic effects with erythromycin

Figure 4. 16 Inhibition zones of 259 I derivatives showing comparative
bacteriostatic effects with ampicillin
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Figure 4. 17 Inhibition zones of 259r and 259z derivatives showing comparative
bacteriostatic and weak effects with ampicillin

Figure 4. 18 Inhibition zones of 259z derivative showing comparative weak effects
with ampicillin
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Figure 4. 19 Thiazolo[3,2-c]pyrimidine derivatives showing antibacterial activity.

2592 (K pneumonia: §-9)
(P vulgaris: 7.8)

According to the obtained antibacterial activity results, it was understood that
the applied dose (20 mg/mL) of the compounds were insufficient and only
bacteriostatic effect against certain bacteria was observed. It’s possible that the
compounds which shown bacteriostatic effect might exhibit better antibacterial

activity at higher doses (50-100 mg/mL).
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S. CONCLUSIONS

To sum up the works done and their outcomes in this dissertation briefly,

v" In the first part of the study, three literaturally known heterocyclic secondary
enamines (112, 113, 116) and five 2-phenyl substituted acryloyl chlorides
(149b-f) have been prepared according to literature methods and their
structure have been characterized by means of IR, NMR measurements.

v" In the second part of the study, we have developed a new, efficient and
environmentally friendly approach for the synthesis of 16 novel 6-
nitrothiazolo[3,2-c]pyrimidines (163) wusing Mannich reactions under
microwave irradiation. The structures of derivatives 163 have been fully
determined by IR, NMR, HRMS and X-ray single crystal measurements. This
method is very effective for accessing such heterocycles having a diverse
range of substituents. The protocol is the first example of green chemistry
since water is used as the solvent and often no other (organic) solvent is
required at any stage. We also believe that this efficient microwave synthesis
of thiazolo[3,2-c]pyrimidines is remarkable in terms of microwave-based
synthetic chemistry and is a new and first example in this area.

v" In the third part of experiments, we described another efficient synthetic route
for the preparation of 23 novel oxothiazolo[3,2-c]pyrimidine carboxylates
(259) bearing alkyl, aryl or heteroaryl groups from various mono- or bis-
primary amines (10) and ethyl 4-oxomethylenethiazolidine carboxylate (116)
in the presence of formaldehyde (16) under conventional heating conditions.
Unfortunately, the MW-assisted synthesis of derivatives 259 was
unsuccessful to access any cyclisation product. The structures of the
derivatives 259 have been fully characterized by means of IR, NMR and
HRMS measurements. The main basis of this synthetic protocol was double
inter- and intramolecular Mannich-type cyclisation reactions as first
described in the second part of the study, hence the limitation and
applicability of this synthetic method were extended by the newly

synthesized derivatives of 259.
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v" In the fourth part of the study, we have described a practical, rapid and very
efficient one-pot protocol for the preparation of thiazolo[3,2-a]- and
imidazolo[1,2-a]-pyridinones (260 and 248) in good yields through the
Michael cyclisation reactions of 2-(nitromethylene)thiazolidine (or
imidazolidine) (112 and 113) with S-substituted acryloyl chlorides (144 and
149) using homogenous or heterogenous bases under mild conditions. The
structures of title compounds 260 and 248 were elucidated based on the IR,
NMR, HRMS and X-ray single crystal analysis techniques. Since various
biologically important molecules containing thiazolo (or imidazolo)
pyridinone cores are of interest in a pharmaceutical context, our synthetic
process would provide a new contribution to the preparation of industrially
relevant molecules.

v" Finally, 39 newly synthesized thiazolo[3,2-c]pyrimidines (163 and 259) were
screened for their biological activities (anticancer and antibacterial). The
screening for potential anticancer activities of these derivatives on MCF-7
cell lines showed that five of products (163ax, 259g, 259i, 259m-n) had
strong cytotoxic effect on breast cancer cell lines, besides, six of products
(1631-m, 259, 259j, 259r and 259y) had moderate to good cytotoxic effects
on breast cancer cell lines. In antibacterial activity assay of the products (163
and 259), no significant bacterial inhibition have been observed, only the
bacteriostatic effect has been obtained with five of the products (163a, 163g,
259r, 2591, 259z) on different pathogenic bacterial strains.
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Figure 7. 22. 1R spectrum of 149f
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Figure 7. 23. °C NMR (100 MHz, DMSO-ds) spectrum of compound 149f
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Figure 7. 24. °C NMR (100 MHz, DMSO-ds) spectrum of compound 149f
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DC-91_02 272 (3.890) Cm (272-(234:251+301:308)) 1: TOF MS ES+
2921120 4.06e4
100
O,N :
2 I\)N
s N
2
|
5832176
|
605.2007 |
293.1149
bsa 1118 1606.2041
314.0956 607.2042
433.0629, : |
. 134.0971 250886 | 0629450 0266 571.2170 | i 6831403 7811370 819 0428874.3245894.5719 9757{?]3;
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Py
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
21 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-14 H:1-18 N:1-5 0:12 §:1-2
DC-91_02 272 (3.890) Cm (272-(234:251+301:308))
1: TOF MS ES+
4.06e+004
100 292.1120
%-|
293.1149
276.1178 291.7561 o5 B 7314‘0958 3223‘03%2
280.0 285.0 290.0 295.0 300.0 305.0 310.0 315.0 320.0
Minimum: =1:5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
292.1120 292.1120 0.0 0.0 55 2117 0.0 Cl4 H18 N3 02 S

Figure 7. 27. HRMS and elemental composition of compound 163a
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X-ray Structure and Data for 163a

Figure 7. 28. X-ray Crystal Structure of 163a

Table 7. 1. Crystal data and structure refinement for 163a

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 73.02°
Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F

Final R indices [I>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

Cl4HI7N302S
291.37

150(2) K

1.54184 A

Monoclinic

P21

a=5.41030(10) A a=90°.

b = 6.67940(10) A B=92.983(2)°.
c=19.1411(4) A ¥ =90°.

.3
690.78(2) A
2

3
1.401 Mg/m

2.133 mm'1
308

0.28 x 0.20 x 0.04 mm3

4.63 to 73.02°.

-5<=h<=6, -8<=k<=8, -23<=1<=19
4467

2633 [R(int) = 0.0160]

97.4 %

0.9203 and 0.5892

2
Full-matrix least-squares on F

2633/1/182

1.029

RI = 0.0253, wR2 = 0.0656
RI = 0.0256, wR2 = 0.0657
0.019(12)

-3
0.207 and -0.192 e.A
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'DC-97_02 96 (3.736) Cm (95:96-(87:92+102:104)) 1: TOF MS ES+

1.25e5
100 306.1268
_/
O,N :
BOAS
s N
(-
=
3071305
6112501 33 530,
369.1360
| 634.2359
148.1119
636.2319
119.0865 1590232 243 0858 PIOS: daz217a 576.3113 6983182 ooy 4788 ©916.3522938.3380 .
‘ 100 200 300 400 500 500 700 800 900 1000
Elemental Composition Report
Single Mass Analysis ~
Tolerance = 5,0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
23 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:115 H:1-20 N:1-5 O:1-2 S:1-2
DC-97_02 96 (3.736) Cm (95:96-(87:92+102:104))
1: TOF MS ES+
1.25e+005
100 306.1268
%]
|
307.1305
308.1274
0L 2806614 2865794 288 4603 2992166 304.1111 312.8312 3232197 3281107 330 1100337.4720
280.0 285.0 290.0 295.0 300.0 305.0 3100 315.0 320.0 325.0 330.0 335.0 340.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
306.1268  306.1276 -0.8 -2.6 7.5 394.8 0.0 Cl5 H20 N3 02 S

Figure 7. 31. HRMS and elemental composition of compound 163b
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X-ray Structure and Data for 163b

Figure 7. 32. X-ray Crystal Structure of 163b

Table 7. 2. Crystal data and structure refinement for 163b

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 73.23°
Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F

Final R indices [I>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

CI5HI9N3 02 S

305.39

150(2) K

1.54180 A

Monoclinic

2

a=14.61143) A o= 90°.
b =5.4269(2) A B=93.109(3)°.
c = 18.8409(6) A y=90°.
1491.78(8) A®

4

1.360 Mg/m’

2.000 mm™

648

0.24 x 0.16 x 0.05 mm’

4.70 to 73.23°.

-17<=h<=11, -6<=k<=06, -23<=1<=22
4909

2894 [R(int) = 0.0307]

98.8 %

0.9066 and 0.6454

2
Full-matrix least-squares on F

2894 /17191

1.041
R1 = 0.0379, wR2 = 0.0966
R1 = 0.0398, wR2 = 0.0986
-0.024(18)

.-3
0.252 and -0.220 e.A
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Figure 7. 34. >C NMR (100 MHz, CDCl3) spectrum of compound 163¢

145



|DC-98_01 129 (3.966) Cm (129-(115:120+138:144))

1: TOF MS ES+

100 306.1256 3.3604
M+H]
O,N s
| 2 | N /\/
S N
| \"—J
-
611.2482
307.1308 3702740
633.1214
148.0852 389.1337 [3802765 634.2427
. 1481193 305 6684L ‘ . ! 485 264[,‘ 599'1459. 657 3136 7j7 9491 8180201 9117277 9887987
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
63 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:115 H:1-20 N:1-3 O:1-3 S:1-5
DC-98_01 129 (3.966) Cm (129-(115:120+138:144))
1. TOF MS ES+
3.36e+004
100+ 306.1256
%
307.1306
oo 3037481 305.6684 3081263 3081270 3y gy 3127704 yq g 308532,
298.0 300.0 302.0 304.0 306.0 308.0 310.0 312.0 3140 316.0 318.0 3200
Minimum: =1.5
Maxinmum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT 1-FIT (Norm) Formula
306,1256 306.1276 -2.0 -6.5 Ta5 108.8 0.0 Cld> H20 N3 02 8§

M-

Figure 7. 35. HRMS and elemental composition of compound 163¢
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Figure 7. 36. 'H NMR (400 MHz, CDCl3) spectrum of compound 163d
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Figure 7. 37. °C NMR (100 MHz, CDCl3) spectrum of compound 163d
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DC-96_02 64 (2.481) Cm (64:65-(55:59+78:81)) 1: TOF MS ES+
o 2441125 2.69e4
O,N
)R
s” N
J
=
500.1983
3071203 487.2160 |
|
150.0226 510.2003
| 385.2019 | p11e7s
228.0154 475.2155
61.3105 kit L | ||| 5332775 634.3916656.3731 750.9420 8897573 gp0.0a67950.9985,
100 200 300 400 500 600 700 800 900 1000
Elemental Composition Report
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
29 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-14 H: 118 N:1-56 0:1-2 S:12
DC-06_02 64 (2.481) Cm (4:65-(55:50+78:81))
1. TOF MS ES+
2.69e+004
100 | 2441125
0,{} i
2451142 266.0943
267.0979
oL 21 m0rse  BIT pup 7301 2620952 parjiss AT aajgeny SOEEL =
225.0 230.0 235.0 2400 2450 2500 255.0 260.0 265.0 270.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
244,1125 244.1120 0.5 2.0 3.5 197.6 0.0 Cl0 HIB N3 02 S

Figure 7. 38. HRMS and element

al composition of compound 163d
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Figure 7. 39. 'H NMR (400 MHz, CDCl3) spectrum of compound 163e
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Figure 7. 40. °C NMR (100 MHz, CDCls) spectrum of compound 163e
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DC-114_01 61 (1.873) Cm (61-(52:57+73.77)) 1: TOF MS ES+
100 2300954 | 111 6.45e4
O,N

, fq’/‘\\v”’
S" N
459.1821
=
460.1872
‘ 481.1678
‘ 2310985
I 1s9.0211
532 0946 447.1854
497 1396
252.0768
" joobad. | sl LUl ea037es  E73.0924 TEB2361 gpy gy 922 1667976.9568
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
52 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-14 H:1-16 N:1-3 0:1-3 S:1-5
DC-114_01 61 (1.873) Cm (61-(52:57+73:77))
1: TOF MS ES+
6.45e+004
100 230.0954
%
231.0985 232.0046
o | 220257 g22.3196 224 3654 2207942 226.3015229.8807 24091 y365053 2383786 2418289,
220.0 2220 2240 226.0 228.0 230.0 2320 2340 236.0 238.0 240.0 2420
Minimum: 1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
230.0954 3.5 236.1 0.0 C9 H16 N3 02 S

230.0963 -0.9 -3.9

Figure 7. 41.

HRMS and elemental composition of compound 163e
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Figure 7. 42. 'H NMR (400 MHz, CDCl3) spectrum of compound 163f
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Figure 7. 43. '°C NMR (100 MHz, CDCI3) spectrum of compound 163f
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DC-120_01 85 (2.612) Cm (85-(76:82+104:108)) 1: TOF MS ES+
100 270.1260 3.17e4

539.2498
} 527.2490
|
| 12711302
|
5402627
272 1249 561.2296
112.1125
562.2333
2181897 2921093
113.1160 il 2951042 447.0625 660.4016 6?614947 796.3582 a106119 9452930

0 T T miz
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 800 950 1000

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

69 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:1-14 H:1-20 N:1-3 0:1-3 S8:1-5

DC-120_01 85 (2.612) Cm (85-(76:82+104:108))

1: TOF MS ES+
3.17e+004
100 270.1260
%
271.1302
] 770 IR 2827050 2REER) | r e e 2821017 285.38402888831 292.10932046114
: - —r : A Ty g B e
260.0 265.0 270.0 275.0 280.0 285.0 290.0 295.0
Minimum: =143
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PFM DBE i-FIT i-FIT (Norm) Formula
270.1260 270.1276 -1.6 -5.9 4.5 LI5S 0.0 Cl2 H20 N3 02 S

Figure 7. 44. HRMS and elemental composition of compound 163f
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Figure 7. 46. °C NMR (100 MHz, CDCl3) spectrum of compound 163g
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DC-93_02 219 (3.135) Cm (219:224-(187:201+257:268))
100 278.0958

1: TOF MS ES+
3.44e4

S
/
S
341.1045
577.1671
342.1076
o aes - 578.1709
1200813 | 420.1902 . 579.1667
N 2280491 : 5062281 | 642.0489  T26.4445 823,813 %00 7988 539.7291 99,5978
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report E\
N
Single Mass Analysis ‘
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
24 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-14 H:1-18 N:1-5 0:1-2 S:1-2
DC-93_02 219 (3.135) Cm (219:224-(187:201+257:268))
1: TOF MS ES+
3.44e+004
100 278.0958
|
%,
279.0979 300.0783
301.0817
ol 2621013263 6622 267 4442 276.0816 2810080  ossggts 297139 29983%7) UM e
260.0 2650 2700 275.0 280.0 285.0 290.0 295.0 300.0 305.0
Minimum: =15
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
278.0958  278.0963 -0.5 -1.8 T2b 160.5 0.0 Cl3 Hl6 N3 02 S

Figure 7. 47. HRMS and elemental composition of compound 163g
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X-ray Structure and Data for 163g

S1

Figure 7. 48. X-ray Crystal Structure of 163g

Table 7. 3. Crystal data and structure refinement for 163g

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 73.38°
Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F
Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

CI3HI5N302S

277.34

150(2) K

1.54180 A

Monoclinic

C2/c

a=122.1403(12) A o= 90°.
b=7.4116(3) A B=96.477(4)°.
¢ =15.9650(6) A y=90°.

.3
2603.1(2) A
8

3
1.415 Mg/m

2.236 mm'1
1168

0.23x0.14 x 0.03 mm3

4.02 to 73.38°.

-27<=h<=24, -9<=k<=9, -19<=l<=17
8554

2568 [R(int) = 0.0366]

98.1 %

0.9360 and 0.6273

2
Full-matrix least-squares on F

2568 /0/172

1.050
R1=0.0381, wR2 =0.0951
R1=0.0453, wR2 =0.1022

-3
0.263 and -0.465 e.A
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Figure 7. 49. "H NMR (400 MHz, DMSO-ds) spectrum of compound 163h
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Figure 7. 50. °C NMR (100 MHz, DMSO-ds) spectrum of compound 163h
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DC-110_01 138 (4.236) Cm (138-(124:130+149:154))
346.0841
100 ‘

%

616.2667

387.1097

691.1605

254.0563
248.0884 554 5591
| 1450219 1776173 || .

617.2724

388.1129 474 021 611.3125 | 182754

_T281238819.1030

CF3

692.1616

9102681 9725074

1: TOF MS ES+
8.16e3

S DU NP [ WOSUUS DU || S5 EES— O P miz

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max =50.0
Element prediction; Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
140 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-14 H:115 N:1-3 0:1-3 S:1-5 F:1-3
DC-110_01 138 (4.236) Cm (138-(124:130+149:154))
1: TOF MS ES+

8.16e+003

100 ‘ 346.0841

o |

d

347.0878
i 3376300 425274 357092 | | 3490770 3907245 354758 350 4463 3635838 3677809 3735262
335.0 340.0 3450 350.0 355.0 360.0 365.0 370.0
Minimum: =15
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PEM DBE i-FIT i-FIT (Norm) Formula
346.0841  346.0837 0.4 5.2 7.5 33.2 0.0 Cl4 HI5 N3 02 §
F3

/‘V": 4 U i

Figure 7. 51. HRMS and elemental composition of compound 163h
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Figure 7. 52. '"H NMR (400 MHz, CDCI3) spectrum of compound 163i
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Figure 7. 53. °C NMR (100 MHz, CDCls) spectrum of compound 163i
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DC-94_02 205 (2.938) Cm (205:212-161:180) 1: TOF MS ES+
Py 284.0525 3.88¢5
\
J O3N S
\ N \
) /
s” N
S
|
|
| |
|
285 0552 8570501
286.0502 47 4605 589.0817
159.0228 348.0848 4250022 £90.0848
i : 554.2
. T 9% 513.159 674.3312 732 4047 °129567 s20415

100 150 200 250 300 350 400 450 500 550 600 650

700 750 800 850 900 950

1000

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Maonoisotopic Mass, Even Electron lons
22 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C 114 H 118 N: 15 0:1-2 S:1-2
DC-94_02 205 (2.938) Gm (205:212-161:180)
1: TOF MS ES+
3.89e+005

100 284.0525

B/U'

285.0552
oL 2665212 2720164 2780962 83679% 267.0532 296,502 2980688 200700 308.0961 3080839 345 pogq
2650 2700 275.0 280.0 285.0 290.0 295.0 300.0 305.0 3100 315.0

Minimum: 1.5
Maximum: 5.0 5.0 0.0
Mass Calc. Mass mDa PPM DBE 1~FIT i-FIT (Norm) Formula
284,0525  284.0527 -0.2 -0.7 6.5 637.1 0.0 Cl1 H14 N3 0z 82

Figure 7. 54. HRMS and elemental composition of compound 163i
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Figure 7. 55. "H NMR (400 MHz, CDCl3) spectrum of compound 163;
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Figure 7. 56. °C NMR (100 MHz, CDCl3) spectrum of compound 163;
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DC-116_01 131 (4.011) Cm (131-(116:121+154:160)) 1: TOF MS ES+
312.0563 9.52e3
100,
L M M
O.N
jl\/\N
| 3" N Cl
| =
|
®
314.0538
‘
623.1097 |
625.1104 |
315.0538 et
156, 230.0543 661.0684
. 0393 257.5570 437.0370 478.0650 530.0224 L 710.1848 787.1325 ;
E BT : ; o NN 5
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
101 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-14 H:1-16 N:1-3 0:1-3 S:1-5 Cl: 041
DC-116_01 131 (4.011) Cm (131-(116:121+154:160))
1: TOF MS ES+
9.53e+003
100 312.0563
|
1
|
% |
l‘ 314.0538
} 313.0597
| 302.0233 309.5518  311.5979 3150538 316.0502 .. . 319.3442 e
. . aaa . | T iz
302.0 304.0 306.0 308.0 310.0 312.0 314.0 316.0 318.0 320.0 322.0 324.0
Minimum: =15
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE 1=FIT i-FIT (Norm) Formula
312.0563  312.0574 -1.1 -3.5 g B 49.3 0.0 C13 H15 N3 02 S
= . c1
Figure 7. 57. HRMS and elemental composition of compound 163}
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Figure 7. 58. "H NMR (400 MHz, DMSO-ds) spectrum of compound 163k
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Figure 7. 59. >C NMR (100 MHz, DMSO-ds) spectrum of compound 163k
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!DC-129~01 49 (1.505) Cm (49-(37:43+65:71))

1: TOF MS ES+
100+ 230.0957 6.66e84
Cm+H]
4591874
CHj
02N )\
| )N CHg
s N
|
| |
| |
460.1884
481.1691
231.0988 ‘
232.0939
482.1721
2520787 447.1829 |
07159'6200186.0741 | 355.0735 | i‘ | 543,3379 620.3770 656.4678  786.2366 824.1924 856.5687 9221519 e
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 |
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
94 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-19 H:1-20 N:14 0:14 S:1-5
DC-129_01 49 (1.505) Cm (49-(37:43+65:71))
1: TOF MS ES+
6.66e+004
100 230,9957
%
231.0988 232.0939
221.8128  223.6900 228.4089 229.7305 ‘ 233.7932 235.3712 ‘ ‘241_594%2
222.0 2240 226.0 228.0 230.0 232.0 2340 236.0 238.0 240.0 2420
Minimum: =15
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PFPM DBE i-FIT i-FIT (Norm) Formula
230.0957  230.0963 -0.6 -2.6 3.5 254.4 0.0 C9 H16 N3 02 S
Figure 7. 60. HRMS and elemental composition of compound 163k
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Figure 7. 61. "H NMR (400 MHz, DMSO-ds) spectrum of compound 1631
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Figure 7. 62. °C NMR (100 MHz, DMSO-ds) spectrum of compound 1631
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DC-127_01 151 (4.629) Cm (151-(137:144+167:174))
100 354.1262

M
L¥

OZNI\N
»
N
S

%

1: TOF MS ES+
2.24e4

707.2475
3551286
708.2517
356.1227 4174334
. 7.
258.0760 278 5894 - ra 30,2286
5 193.10832505898 308.1318 549.6589 ; 899.1484 964.0555
s 2 BN B =t I L 4 L S — mi;
100 150 200 250 300 350 400 450 500 550 600 650 700 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
118 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-19 H:1-20 N:14 0O:14 S:1-5
DC-127_01 151 (4.629) Cm (151-(137:144+167:174))
1: TOF MS ES+
2.24e+004
100 354.1262
i
|
|
%
355.1286
356.1227
oL 3465506 34pp13y34948%0 3535188 3667398 364.0580 367.5276 369.6405
3460 3480 3500 3520 3540 3560 3580 3600 3520 3640 3660 3680 3700
Minimum: =1:.:5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
354.1262  354.1276 -1.4 -4.0 1.5 50.2 0.0 Cl19 H20 N3 02 8
F deait]
Figure 7. 63. HRMS and elemental composition of compound 1631
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Figure 7. 64. "H NMR (400 MHz, DMSO-ds) spectrum of compound 163m
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Figure 7. 65. °C NMR (100 MHz, DMSO-ds) spectrum of compound 163m
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'DC-126_01 96 (2.929) Cm (96-(89:92+109:112))

1: TOF MS ES+
1100, 308.0693 Elnse e
|
O\
(€,
05N
Wi
s N
2
616.1426
| 150.0554 309.0740
\ 368.0672 6171385 7876366
Seeeod S 788.1326
235.0502 310.0886 457.1173 7888240
| 480.5707 7891342
| 227.0608 638.1303 699.0872 :
| 433.0481 4810736 6131195
| 1l l 700.0892 789.6488852 6123 941.j682
0+ L1 L 1 - mem— 1L | sss1ar3
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
78 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-14 H:1-14 N:14 0:14 S:15
DC-126_01 96 (2.929) Cm (96-(89:92+109:112))
1: TOF MS ES+
3.15e+004
100 308.0693
%
309.0740
306.0542 210.0688 317.2541
0 300.0287 302.0111 307.0595 311.7357 316.0589 318.7886 322.6218 miz
300.0 302.0 304.0 306.0 308.0 310.0 312.0 314.0 316.0 318.0 3200 3220
Minimum: =1..:5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
308.0693 308.0705 =142 -3.9 8:5 115.9 0.0 Cl3 Hl14 N3 04 8

Figure 7. 66. HRMS and elemental composition of compound 163m
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Figure 7. 67. '"H NMR (400 MHz, DMSO-ds) spectrum of compound 163n
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Figure 7. 68. °C NMR (100 MHz, DMSO-ds) spectrum of compound 163n
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DC-123_01 108 (3.300) Cm (108-(92:100+118:124))

1. TOF MS ES+

100 282.0700 3.88e3
F
|
O,N
1 l N
| J
s N
g
222.0498
342.0677
214.0614 407.0483
[ 3121521 585.1160
| 563.1362
345.0783
| ‘ 408.0517 601 0930647 0888
2087205 | 500.0380 :
o 19! o L iy Lby (e TRBRepeg
100 150 200 250 300 350 400 450 500 550 600 650 700 750 8OO B850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
136 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C: 114 H: 113 N:1-3 0:1-3 F:1-3 8:1-5
DC-123_01 108 (3.300) Cm (108-(92:100+118:124))
1: TOF MS ES+
3.88e+003
100 282.0700
%
283.0742
o 2757500 276.3544 2700416 261.5343 2844381 2075294 pgg5954 2897614 2?1-7146 2065235
276.0 278.0 280.0 282.0 284.0 286.0 288.0 2900 292.0 294.0
Minimum: =dub
Maximum: 5.0 10.0 50:.0
Mass Calc. Mass mDa PPM DBE i-FIT i=-FIT (Norm) Formula
282.0700  282.0713 -1.3 -4.6 7.5 24.9 0.0 Cl2 H13 N3 02 F S

Figure 7. 69. HRMS and elemental composition of compound 163n
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Figure 7. 70. "H NMR (400 MHz, DMSO-ds) spectrum of compound 1630
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Figure 7. 71. °C NMR (100 MHz, DMSO-ds) spectrum of compound 1630
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DC-130_02 116 (3.546) Cm (116:118-(105:109+134:138))
| 100 278.0956

CHs
! "y zr

1: TOF MS ES+
3.12e4

s N
\e
EE'
555.1847
207.9852 341.1040
122.5150 577.0233
1430218 | 577.1698
391.1843
173.1198 | 427.2699 555'04136. 592.9933
I | l 8| il 450.1411 | | 712,?164 769.0885 805.0511 861.6951915.9949 i
0 i I " | L - - miz
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction; Off
Number of isotope peaks used fori-FIT =3
Monoisotopic Mass, Even Electron lons
171 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-13 H.1-16 N:16 0:1-5 S:1-5
DC-130_02 116 (3.546) Cm (116:118-(105:109+134:138))
1: TOF MS ES+
3.12e+004
100 278.0956
% |
| 279.0982
oL 21098 apstgss 27945 o730089 2770171 2809226 2868849 2902368 2050452
265.0 270.0 275.0 280.0 285.0 290.0 295.0
Minimum: =1.5
Maximum: 5.0 10.0 50.0
Mass Calc., Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
278.0956  278.0963 -0.7 -2.5 7.5 894 0.0 C13 H16 N3 02 S

Figure 7. 72. HRMS and elemental composition of compound 1630
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Figure 7. 73. "H NMR (400 MHz, DMSO-ds) spectrum of compound 163ax
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Figure 7. 74. '°C NMR (100 MHz, DMSO-ds) spectrum of compound 163ax
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DC-128_02 113 (3.473) Cm (113-(105:109+118:122)) 1: TOF MS ES+
541.1317 2.14e3
100 ‘
| | Cw
O
|
2! N N 2
P L
8 N N™ s
Vit Loy
= 563 1155
331.0667
331.5668 564 1160
302.5646
has 0687 625.0861
26.0917
174.1667 [ 447.2013 | ®
o LT3 163 209,127 | |395 0420 539.1302 | | 7032504 7550431 8304677 9711951‘7399/
i gl et o R Bl R
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5 max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
160 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:1-24 H:1-25 N:1-6 0O:1-5 S:1-5
DC-128_02 113 (3.473) Cm (113-(105:109+118:122))
1: TOF MS ES+
2.14e+003
100 541.?317
|
|
%
542.1335
543.1307
5215737 536053 5284778 5317830 5353247 539.1302 1200 549.0859 %0935
522.5 525.0 52‘7,5 530.0 532.5 535.0 537.5 540.0 542.5 545.0 547.5 550.0
Minimum: =] ,.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE 1=FLT i-FIT {(Norm) Formula
541.1317 541.1328 = 1 -2.0 1555 35..8 0.0 c24 H25 N6 05 S2
N
Figure 7. 75. HRMS and elemental composition of compound 163ax
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Figure 7. 77. >C NMR (100 MHz, CDCl3) spectrum of compound 259a
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Monoisotopic Mass, Even Electron lons

77 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:119 H:125 N:1-5 0:0-3 S:041

DC147F19-16_01 116 (4.036) Cm (116-93:100) 1: TOF MS ES*
EIOC. o~y 4.82¢+003

slN)

100 285.‘1279

| 2861319
: i 287.1392 303.3713
o 274.7991 277.8848 283.1132 | 1289.5982 292.6614  298.2842 301.8909 ™ 311.1702 e
T T ot ooy T T ™ R A R L R T
275.0 280.0 285.0 290.0 295.0 300.0 305.0 310.0
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i=FET i-FIT (Norm) Formula
285.1279 285.1273 0.6 Zitl: 4.5 35.9 0.0 Cl13 H21 N2 03 S

Figure 7. 78. HRMS and elemental composition of compound 259a
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Figure 7. 79. "H NMR (400 MHz, CDCI3) spectrum of compound 259b
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Figure 7. 80. °C NMR (100 MHz, CDCI3) spectrum of compound 259b

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
215 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:1-23 H: 150 N:1-6 O1-7 8:1-2

DC52_ 01 100 (3473) S (100-88.73)
100

%

2630075264 4196 2710785
T f

285.1264

279.2286 2633604

1 TOFMS ES+
1.27ed

EtO,C J\
1)
s” N
o

o]

286.1285
2871225

988 1652 2084338
t

S— WD g oer 3152 3240050 a6 1529 326 1602
;

265 270

215

20 25

T T mfz
325 330

200 25 300 305 310 315 30

Minimum: 1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mbDa PPM DBE -FIT i-FIT (Norm) Formula

2851264 2851273 09 32 45 1111 00 C13 H21 N2 O3 8

Figure 7. 81. HRMS and elemental composition of compound 259b
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Figure 7. 82. "H NMR (400 MHz, CDCI3) spectrum of compound 259¢
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Figure 7. 83. °C NMR (100 MHz, CDCls) spectrum of compound 259¢
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DBE: min = -1.5, max = 50.0

used for i-FIT =3

Monoisotopic Mass, Even Electron lons

73 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:119 H:1-25 N:1-5 0:0-3 S:0-1

R : : TOF MS ES+
DC146Fr4-6_01 133 (4.654) Cm (133:134-111:118) 1
— EtO,C N e 2.91e+004
100+ | )
=,
4c
% \
1 300.1443
286.2696 || 301.1389 307 2499 323.9124
ol ) 288. 2888291 2989 ‘ 297.1270 Ll [ L ‘ 313‘2‘5‘71‘ 316 2940 319 9239 9124,
‘ 285.0 290. O ‘ 295.0 300.0 305. O 310.0 315 O 320.0
Minimum: =1.: 5
Maximum: 5:.i0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
299.1416 299.1429 =13 -4.3 4.5 86.6 0.0 cl4 H23 N2 03 s

Figure 7. 84. HRMS and elemental composition of compound 259¢
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Figure 7. 85. "H NMR (400 MHz, CDCI3) spectrum of compound 259d
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Figure 7. 86. '°C NMR (100 MHz, CDCI3) spectrum of compound 259d

Elemental Compesition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
148 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:13-33 H: 150 N:1-6 0O:1-7 8:1-3
E:Ca1}61_02112(3.Bﬁ7)0n(112-(33:101+165:163)) . EtOZC | )N/\/ ‘I:TCFN?;?;
S N
# H 0]
24153
2851103

2862921 2604646 e 2742379 277.1186,978 1952 FITD . ( 26555 82668 2922131 2%41162%6647 2993370 302.3658 3050190 3064001

O B e gL LI A e e g g .
Minimum: 1.5
Maximum: 50 50 50.0
Mass Calc. Mass mbDa PM DBE i-FIT  i-FIT (Norm) Formula
283.1123 283.1116 0.7 25 55 96.2 0.0 C13 H19 N2 O3 8

Figure 7. 87. HRMS and elemental composition of compound 259d
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Figure 7. 88. "H NMR (400 MHz, CDCI3) spectrum of compound 259
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Figure 7. 89. °C NMR (100 MHz, CDCls) spectrum of compound 259e
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

144 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:13-33 H: 150 N:16 O:1-7 S:1-3

?0010&_01 107 (3718 Om{107-(994+122:135)) o EtOQC jl\/\N /\% 1:T0FM£Stg+4
S N
% Ho
4e
282.0083
2830056
ol2Bres FEzg 9950 3010051 #2212 1253
20 % 20 25 20 35 20 %6 30 0% 310 315 20 ‘

Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Norm) Formula
281.0958 281.0860 -0.2 -0.7 6.5 2424 00 C13 H17 N2 O3 8

Figure 7. 90. HRMS and elemental composition of compound 259e

7.256

w

00'L £

9.0

8.0 7.0 6.0

ppm

Figure 7. 91. '"H NMR (400 MHz, CDCI3) spectrum of compound 259f
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Figure 7. 92. °C NMR (100 MH
g .92, ( z, CDCI3) spectrum of compound 259f
Page 1

Elemental Composition Report

s Analysis

50PPM / DBE: min=-1.5 max=50.0
E diction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
75 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:020 H:026 N:0-3 0:0-3 S:0-2 - O

DC149Fr6-10 139 (4.846) Cm (139-(88:103+149:160)) 2 I\N 1: TOF MS ES+
s N) 1.35e+004

100} 325.1599
| 311.1472 o
% | 3261662 665.3073
‘ 327.1615
| 666.3120
903.3528
| 366.1891  452.0963 649.3114 ;
ol 2202610501858 | | | | 454.0044550.3312 | 7013428 779.3405g043337 | 9043866
% T Lo SRR L R T s T T T T By I T e i
200 300 400 500 600 700 800 900 1000
Minimum: -1.5
Maximum: 540 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
325.1599  325.1586 1.3 4.0 5.5 311.3 0.0 Cl16 H25 N2 03 S

Figure 7. 93. HRMS and elemental composition of compound 259f
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Figure 7. 94. "H NMR (400 MHz, CDCl3) spectrum of compound 259g
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Figure 7. 95. °C NMR (100 MHz, CDCl3) spectrum of compound 259g
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
159 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:15-33 H: 150 N:1-6 O:1-7 8:1-3

DC180_03 138 (4.812) Cm (137:138-(116:124+163:1838))

1 TOF IS ES*
13784
N

o 3191108 Et02CI\
S N)
>,
301182 4g
3211048
o 2906151 30240353037544 3082320 N2z 3139304 3170839 23,3336 3393020 3320800 3358718 e 341.7509 255562 3485%’32
QéS‘3[‘]0‘3[‘]2‘3[‘14‘3(‘]6‘3[‘]8‘31‘0‘3‘12‘31‘4‘3“\6‘3‘18‘350‘3‘22‘354‘3‘26‘3&8‘3%0‘3(‘&2‘3%4‘3&6‘358‘34‘,0‘3&2‘31‘14‘34‘,6‘ s |
Minimum: -1.8
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Norm)  Formula
319.1108 319.1116 -0.8 -2.5 8.5 85.6 0.0 C16 H19 N2 O3 S

Figure 7. 96. HRMS and elemental composition of compound 259g
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Figure 7. 97. "H NMR (400 MHz, CDCl3) spectrum of compound 259%h
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Figure 7. 98. '°C NMR (100 MHz, CDCI3) spectrum of compound 259h

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
108 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:17-23 H: 150 N:1-6 O:1-7 &:1-2
DC153 03 148 (5:201) Crn (149:150-136:138) 1: TOFMBES+
1004 3331277 EtOZC I\ N 9.31e3
s N
£
) 0
2241206
3351231
ol oA g ey LT | | [ o sngu sy FUR amesian T s ds0ovson

M6 3B 20 32 X4 3% 3B 30 A U ¥ B /6 BB W0 B2 B 6

3% 338 M0 X2 M M6 M8 330
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mbDa PPM DBE i-FIT i-FIT (Nerm) Formula
3331277 333.1273 0.4 12 8.5 1243 00 C17 H21 N2 O3 8

Figure 7. 99. HRMS and elemental composition of compound 259h
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Figure 7. 100. 'H NMR (400 MHz, CDCl3) spectrum of compound 259i
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Figure 7. 101. '°C NMR (100 MHz, CDCls) spectrum of compound 259i
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Elemental Composition Report Page 1

gle Mass Analysis

e =5.0PPM / DBE: min=-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
34 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:0-17 H:0-19 N:02 0:0-5 S:0-1 0
DC145Fr4-17_01 134 (4.675) Cm (134-(68:89+160:180)) EO.C > 1: TOF MS ES*
2 N 0 1.33e+004
100 363.1022 | )
s” N
| %
0/, .
7] 4041272 4i
|
405.1311
{
G L1021 2140573 s121137 | | ATBA088 6 a00ss8.0618" 02010 7771971 811:2608 g7 4476 9950778,
N w LA R s il RERE ZRALE LR RERLES L 7 LAREd ERRE LR2] FET PP RIS TRy g gT LRER: % LERS i E FRATH T iy N ERZE i i ¥
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Minimum: -1.5
Maximum: 5.0 5.0 500
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
363.1022  363.1015 0.7 1.9 9.5 99.7 0.0 C17 HI9 N2 05 §
Figure 7. 102. HRMS and elemental composition of compound 259i
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Figure 7. 103. 'H NMR (300 MHz, CDCl3) spectrum of compound 259j
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Figure 7. 104. “C NMR (75 MHz, CDCI3) spectrum of compound 259j
Elemental Composition Report Page 1
Single Mass Analysis EtO,C
Tolerance = 8.0 PPM / DBE; min = -1.5, max = 50.0 | N
Ele 1t prediction; Off J
Number of isotope peaks used for i-FIT =3 s” N
Monoisotopic Mass, Even Electron lons H
160 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) 0
Elements Used:
C:0-22 H:1-22 N:1-3 0:1-5 S:1-3 CI: 01
BS9 128 (4.989)
1: TOF MS ES+
5.16e+004
%0 ‘ 333.1271
%
334.1284
102.1269 2140511 2670703 3351274 0 )7 4862521 699.1919665.2441 7832206 8612002 9591756 "
miz
100 200 300 400 500 600 700 800 900 1000
Minimum: =15
Maximum: 5.0 8.0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT i-FIT (Norm) Formula
333.1271  333.1273 -0.2 -0.6 8.5 298.6 0.0 €17 H21 N2 03 S
Figure 7. 105. HRMS and elemental composition of compound 259j
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Figure 7. 106. 'H NMR (400 MHz, CDCl3) spectrum of compound 259k
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Figure 7. 107. '*C NMR (100 MHz, CDCls) spectrum of compound 259k
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Elemental Composition Report Page 1

1gle Mass Analysis

0PPM / DBE: min=-1.5, max =50.0
Element prediction; Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

61 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-19 H:025 N:0-4 0:0-3 S:0-2 /
DC142Fr3-5_01 163 (5.685) Cm (163-(143:148+169:174)) H 1: TOF MS ES+

EtO,C N ~ 4.86e+004
166 361.1585 f) /\©
| N

S
| LY
% | 4k
362.1601
1 | 363.1602
il fsgsgy SO SR 308633 367.8342 960.7586 | ,365.0800368“6999 371.7756 377.2243 3832583,
i R B R R RS ] ‘ T T L
340.0 345.0 350.0 355.0 360.0 365.0 370.0 375.0 380.0

Minimum: -1.5
Maximum: 540 5.0 50.0
Mass Calc. Mass mDa PEM DBE i-FIT i-FIT (Norm) Formula
361.1585  361.1586 -0.1 0.3 8.5 258.7 0.0 C19 H25 N2 03 S

Figure 7. 108. HRMS and elemental composition of compound 259k
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Figure 7. 109. 'H NMR (400 MHz, CDCl3) spectrum of compound 2591
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Figure 7. 110. '*C NMR (100 MHz, CDCls) spectrum of compound 2591

port

Monoisotopic Mass, Even Electron lons

33 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:1-19 H:1-25 N:1-5 0:0-3 S:0-1

Pag

O

DC143Fr3-6_02 169 (5.913) Cm (169-133:144) 1: TOF MS ES+
9.83e+002
100 361.1581 EtOZC N /\/
s” N
362.1613
363.1609
353.5310
il S 352.6895 2954131 368.2973 3733384 374 4860 78570387 6510
e A — T T T T T — — —— T
345.0 350.0 355.0 360.0 365.0 370.0 375.0 380.0
Minimum: =1+ 5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT i-FIT (Norm) Formula
361.1581 361.1586 -0.5 -1.4 8.5 523 0.0 Cl9 H25 N2 O3 s

Figure 7. 111.
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HRMS and elemental composition of compound 2591
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Figure 7. 112. 'H NMR (400 MHz, CDCI3) spectrum of compound 259m
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Figure 7. 113. *C NMR (100 MHz, CDCl3) spectrum of compound 259m
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al Composition Report Page 1
5 Analysis
»=50PPM / DBE: min=-1.5 max=50.0
diction: Off
fisotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
121 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:020 H: 020 N:04 0:0-3 S:01 Cl0-2
DC144Fr4-12_01 161 (5.627) Cm (161-(131:133+181:184)) 1: TOF MS ES+
EtO,C 9.51e+003
100 367.0894 an
| J
s” N Cl
408.1168 H
| 0
% ‘ 4m
| 4104165
] j 14111135
) 168.3556 44 0550 96310883 I 5303462 5792618 7331675 754 7338 98,4651 9423386 2
100 200 300 400 500 600 700 800 900 1000
Minimum: =15
Maximum: 5+0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
367.0894 367.0883 Tsl 3:0 8.5 79.3 0.0 Cl7 H20 N2 03 S
Cl

Figure 7. 114. HRMS and elemental composition of

compound 259m
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Figure 7. 115. 'H NMR (400 MHz, CDCl3) spectrum of compound 259n
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Figure 7. 116. *C NMR (100 MHz, CDCl3) spectrum of compound 259n

Monoisotopic Mass, Even Electron lons

61 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:1-18 H:1-20 N:1-2 0:0-3 F:0-3 S:0-1

DC148Fr26-46_01 160 (5.574) Cm (160-144:151) 1: TOF MS ES+

EtOZCI\N/\O/CF3 6.32+003
401.1121

100

\ NJ

‘ s
‘ o
] ‘
402.1191
ol 3912041 3940650 397.1514 3990095 | 40118 ?04_1759‘ 4081273 411784 4131688
390 3920 3340 3960 3980 4000 4020 4040 4060 4080 4100 4120 4140
Minimum: =1, 5
Maximum: 5.0 10.0  50.0
Mass Calc, Mass mDa PPM DBE I-FIT i-FIT (Norm) Formula
401.,13121 401.1147 =26 =645 8.5 49.7 0.0 Cl8 H20 N2 O3 F3

S

Figure 7. 117. HRMS and elemental composition of compound 259n
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Figure 7. 118. 'H NMR (400 MHz, CDCI3) spectrum of compound 2590
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Figure 7. 119. *C NMR (100 MHz, CDCl3) spectrum of compound 2590
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Elemental Composition Report

PM / DBE: min =-1.5, max = 50.0
on: Off
er of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

Page 1

38 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-23 H:0-26 N:0-3 0:0-3 S:0-2 Ph
DC151Fr6-13 171 (5.961) Cm (171-(73:94+183:188)) 1: TOF MS ES*
EtO.C N )\ Ph 5.97e+004
155 409.1581 | )
| N
| 7%
\
% |
410.1650 4o
|
1411.1608
§ 167.0869 2410680 °44-2762 408.7535 451.1904 609.2745670.9282  792.4946817-3140g39 3007 9332700
100 200 300 400 500 600 700 800 900 1000
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
409.1581  409.1586 -0.5 -1.2 12.5 280.2 0.0 €23 H25 N2 03 S
Figure 7. 120. HRMS and elemental composition of compound 2590
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Figure 7. 121. 'H NMR (400 MHz,

CDClI3) spectrum of compound 259p
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Figure 7. 122. '*C NMR (100 MHz, CDCl3) spectrum of compound 259p

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for I-FIT = 3

Monoisotopic Mass, Even Electron lons

340 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:14-33 H:1-50 N:1-6 O:1-7 S:1-3

DC165_01 161 (5.621) Cm (16 1{141:149+186:188) 1: TOF MS ES+
BB EtO,C 79004
s N
Ho
=|
3341440
51448
ol BT R T I At ‘ s FTIES 3004754391 0739 3972310 -
T T T T T T T T T T T T T T T T T T T T T

T T T .1
373 374 35 36 377 I8 379 380 381 382 3|3 384 /5 3B6 387 36 389 30 391 3R 3B 3M 1B 3% 3IF 3B 39

Minimum: -1.9

Maximum: 5.0 2.0 20.0

Mass Calc. Mass mba PPM DBE -FIT i-FIT (Norm) Formula

383.1418 383.1429 -1.1 -2.9 115 2383 00 C21 H23 N2 O3 S

Figure 7. 123. HRMS and elemental composition of compound 259p
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Figure 7. 124. "H NMR (400 MHz, CDCI3) spectrum of compound 259r
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Figure 7. 125. 'C NMR (100 MHz, CDCl3) spectrum of compound 259r
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5 max = %0.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisctopic Mass, Even Electron lons

154 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:15-33 H:1-b0 N:1-6 0O:1-7 S 12

DC157_01 134 (4.671) Crm (134121:1284203:208) EtO,C S 1: TOF MB ES+
0 R0 I N \ 4.20e3
P /
S N
) HO
3400832
o 329856 3338637 38510 ‘ 3420824 3345312403563 3547554 357.6191 360.7167 3658847 3710729372 07683746783 281.1151 e
TR0 3 34 3% 3B M0 M2 M4 6 M8 W0 2 34 M6 6 %0 %2 34 36 B0 0 72 54 306 I8 30 3

Minimum: 1.5
Maximum: 5.0 50 50.0
Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Norm) Formula
339.0836 339.0837 -0.1 -03 75 415 0.0 C15 H19 N2 O3 82

Figure 7. 126. HRMS and elemental composition of compound 259r
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Figure 7. 127. 'H NMR (400 MHz, CDCI3) spectrum of compound 259s
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Figure 7. 128. °C NMR (100 MHz, CDCl3) spectrum of compound 259s

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

76 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:17-33 H:1-50 N:1-6 0O:1-7 S:1-2

D154 01 150 (5 546) Cm (15137 1464172 178)) o “ TOFMSES+
387

100+ B63.1921
. ‘ CO,Et
T
N g
e

EtOgCI\N
s N)
) %

%

864 2000

BE5.1678

B57.0801 B66.1660
|

551 peas FO21BH BBIBT grpg74g BE0QITT  ROEN Be 550 G002 871118  ETO0Mlarasiy  armsnsh 780208
G50 Ob1 G52 653 654 655 656 657 6h8 650 GO0 OB1 GO 6b3 ODY 65 OGO 607 608 6KO 10 61 62 BI3 64 675 616 617 678

Minimum: -15

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Norm)  Formula

663.1921 663.1947 -26 -39 185 162 0.0 C33 H35 N4 O7 82

Figure 7. 129. HRMS and elemental composition of compound 259s
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Figure 7. 130. 'H NMR (400 MHz, CDCI3) spectrum of compound 259t
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Figure 7. 131. *C NMR (100 MHz, CDCl3) spectrum of compound 259t
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o

Elemental Composition Report /@ @
EO:C_~, N

Single Mass Analysis :(N\) L/\,(

CO,E
|
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0 S 4t N" s
Element prediction: Off ) OH
Number of isctope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

117 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:32-33 H:1-50 N:1-6 O:1-7 8:1-3

D155 01 168 (5.845) Cm{167:168) T TOFMSES+
851.1960 8553
100
7 6521982
6531979
GBSM sy PSS susT 6EiER  BOITT 654 2078 655 2092656 7928y g BT ooy o 637040 6671505 BEB2104 5892216
s - i
6‘38 ‘ Béllo ‘ ESJLZ ' 64‘4 ‘ 6“16 ‘ 6;'8 ‘ BéO ‘ 6‘52 ‘ 6‘54 ‘ 6%6 ' 6%8 ‘ BEISO ‘ BE‘SZ ' Bé4 ‘ 6[‘56 ‘ 6[‘58 ‘ 6‘76ﬂ
Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Nerm) Formula
651.1960 651.1947 13 20 175 1258 00 C32 H35 N4 O7 82

Figure 7. 132. HRMS and elemental composition of compound 259t
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Figure 7. 133. 'H NMR (400 MHz, CDCl3) spectrum of compound 259u
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X
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Elemental Composition Report
EtO,C CO,Et
|
S N™ g
'

Single Mass Analysis I\)N
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0 N
Element prediction: Off

Number of isotope peaks used for i-FIT =3 HO
Monoisotopic Mass, Even Electron lons

142 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:1-33 H:1-50 N:1-6 0O:1-8 S:1-3

DC156_01 137 4.787) Cm (137-(121:126+175:17 7)) 1: TOFMSES+
100, 6971448 929
= 6951465
611548 £90.1486
Fa 7001274

866“1075 B72 |10§7 6751585 634,511 68870835 1L ( oy ‘1'\42 713.‘10947151071 7185073 7248460 727408673304847&4115 iz

&5 670 675 60 5 6% 700 705 710 75 70 75 730 7%
Minimum: -1.5
Maximum: 50 50 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm)  Formula
697.1448 697.1461 -1.3 -1.9 185 275 0.0 C32 H33 N4 08 S3

Figure 7. 135. HRMS and elemental composition of compound 259u
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Figure 7. 136. '"H NMR (400 MHz, CDCI3) spectrum of compound 259v
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Figure 7. 137. *C NMR (100 MHz, CDCl3) spectrum of compound 259v
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Elemental Composition Report

EtO,C N
Single Mass Analysis jlx/N\)

Tolerance = 5.0 PPM / DBE: min=-1.5, max = 50.0 S 4v
Element prediction: Off H
Number of isotope peaks used for i-FIT =3 o (@]

Monoisotopic Mass, Even Electron lons

134 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:15-33 H:1-50 N:1-6 O:1-7 8S:13

D158 01 179 (6,236 Omi(178:170-(165: 168+197:159) 1: TOFMS ES+
667.1716 45763

1004

=

088 1727
8691735
655 1685
571766 6661633 70151 711716

0 il 0614416651 97976861526 i \ L 6738145 6754067 677 15 G/61652 651 1657,651 6260594 2012 685“”;‘24

666@@659‘351W‘W&ﬁ&iﬁﬂﬁﬂﬁﬂwmﬁﬂmmﬁm%mﬁﬂmmm%6&2&{3%4%

Minimum: -1.5

Maximum: 50 50 50.0

Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula

667.1716 667.1719 03 -04 175 843 0.0 C32 H35 N4 06 83

Figure 7. 138. HRMS and elemental composition of compound 259v
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Figure 7. 139. 'H NMR (400 MHz, CDCI3) spectrum of compound 259y
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Figure 7. 140. *C NMR (100 MHz, CDCl3) spectrum of compound 259y
Elemental Composition Report EtO,C Q
Single Mass Analysis d N\/\NFNJS/
Tolerance = 10.0 PPM / DBE: min=-1.5, max = 50.0 /‘SrN\/ Ve
Element prediction: Off
Number of isotope peaks used for i-FIT = 3 o CO,Et

Monoisctopic Mass, Even Electron lons

135 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:22-22 H:1-50 N:16 0O 18 S:13

1 TOF M3 ES+

DCI164FR3-5_01 127 (4.421) Cm (127-87:100)
5111656 1.85e4
100H
533,166
-l
5121681
534488
5131706
5141716 S
S 71 N B o LA /536 13?2 o2 FELR Wﬂ.m i
480 485 490 485 500 505 510 515 520 525 530 535 540 545 550 555 50 585 570 575 580 585
Minimum: -1.5
Maximum: 50 10.0 500
Mass Calc. Mass mba PPM DBE i-FIT i-FIT (Norm) Formula
511.1656 511.1685 29 57 95 1087 0.0 C22 H31 N4 08 S2

Figure 7. 141. HRMS and elemental composition of compound 259y

206




99T,

N~ NH:

J
s” N
%

Et0,C

4z

1021

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm

Figure 7. 142. 'H NMR (400 MHz, CDCl3) spectrum of compound 259z
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Figure 7. 143. 'C NMR (100 MHz, CDCl3) spectrum of compound 259z
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EtO,C N~ NH:
Elemental Composition Report | )
s N

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min=-1.5 max = 50.0 HO
Element prediction: Off

47
Monoisotopic Mass, Even Electron lons
1 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:112 H:1-21 N33 0:3-3 S 11

DC1B4FR341_0145 (1 600§ Om (46-2227) 1 TOF MS ES*
261210 33504
1007
E
B7120
MG
Jmmem  opmm e 2000 | [ am 1201 ABIOB a2z FOET PRGOS A0 1819 343412;/2
T T T T

T T T T T T 1 T T T T T T
265 270 27 280 285 290 29 300 305 310 35 320 32 330 33 40 45

Minimum: -1.5

Maximum: 50 100 9500

Mass Calc. Mass mbDa PPM DBE Formula

286.1210 286.1225 15 52 45 C12 H20 N3 O3 S

Figure 7. 144. HRMS and elemental composition of compound 259z
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Figure 7. 145. IR spectrum of compound 260a
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Figure 7. 146. '"H NMR (400 MHz, CDCI3) spectrum of compound 260a
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Figure 7. 147. *C NMR (100 MHz, CDCl3) spectrum of compound 260a
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5 max = 50.0

Element prediction: Off
Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

9 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:1-7 H:1-9 N 12 0:1-3 S:1-2
MY-26_02 55 (2.141) Cm (55-(41:46+61:64))

1: TOF MS ES+

100

%
|
|
| 189.5185

| 1905195 1915199 193.3252 4o, aaos

201.0329

202.0400 5030317
205.5325

Page 1

2.65e+003

207.1258 208.9134 210.6353 213.2412”]

190.0 192.0 194.0 196.0 198.0

Minimum:
Maximum: S18(0) 540

Mass Calc. Mass

201.0329

201.0334 -0.5 =225

202.0 204.0 206.0

A=ETT

4.5 33.4 0.0

T T /z

208.6 210.0 212.0

(Norm) Formula

c7 HS N2 O3 S8

Figure 7. 148.

HRMS and elemental composition of compound 260a

Figure 7. 149. X-ray structure of 260a
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Table 7. 4. Crystal data and structure refinement for 260a.

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions
b=15.8378(14) A
c=14.398(2) A

Volume

V4

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

dwk1201
C7H8N203 S
200.21
150(2) K
0.71073 A
Monoclinic
P21/a
a=10.2058(17) A
B =107.347(11)°.
y =90°.
818.8(3) A
4
3
1.624 Mg/m
0.368 mm '
416
0.40 x 0.40 x 0.02 mm._
2.96 to 27.50°.

a=90°.

-13<=h<=13, -6<=k<=7, -18<=1<=18

2574

1609 [R(int) = 0.0645]

95.5 %

Empirical

0.9927 and 0.8666

Full-matrix least-squares on F2
1609/0/118

1.059

R1=0.0607, wR2 =0.1314
R1=0.0962, wR2 = 0.1508

.3
0.435 and -0.373 e.A
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Figure 7. 150. 'H NMR (400 MHz, CDCI3) spectrum of compound 260b
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Figure 7. 151. '*C NMR (100 MHz, CDCl3) spectrum of compound 260b
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Elemental Composition Report Page 1

ingle Mass Analysis O5N
xoiaance =5.0PPM / DBE: min=-15,
Element prediction: Off ,
Number of isotope peaks used for i-FIT = 2 s N

O
Monoisotopic Mass, Odd and Even Electron lons \—/
22 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-8 H:0-11 N:0-2 0:0-3 S:0-1
DWK_MS2079_AP2 6 (0.758) Cm (6-1)
1: TOF MS AP+
.71e+003
A6 215.9495
198.0467
% |
| 159.0240 ‘
1216.0608
| 256.0867
slal g 20057 2662397 3449423377153 429.1034 Aardnd 524.2415 533.9810__ 603.4890
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 550 580 600

Minimum: =1..5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
215.0495  215.0490 0.5 2.3 4.5 29.2 c8 HI11 N2 03 S

Figure 7. 152. HRMS and elemental composition of compound 260b
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Figure 7. 153. 'H NMR (400 MHz, CDCl3) spectrum of compound 260c
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Figure 7. 154. >°C NMR (100 MHz, CDCl3) spectrum of compound 260c
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off O5N
Number of isotope peaks used for i-FIT = 2 /
Monoisotopic Mass, Even Electron lons S° N o
22 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) L
Elements Used:
C:0-13 H:0-13 N:0-2 0:0-3 S:0-1
DWK
DWK_MS2077_APc 7 (0.861) Cm (7-1) 1: TOF MS AP+
1.93e+003
100 277.9653
%
260.0673
278.0754
5 ‘279 osar 180984
215.0690 et
24 |
181.1530 30650“ . 3361092 377.1289 3912079 4511135 51219 54343550 141258; LT
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
Minimum: =15
Maximum: 5.0 550 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
277.0653  277.0647 0.6 2.9 8.5 19.7 Cl3 H13 N2 03 S

Figure 7. 155. HRMS and elemental composition of compound 260c
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Figure 7. 156. 'H NMR (400 MHz, CDCls) spectrum of compound 260d

wo'le

Sb9'8C

wrss —

008'8¢

S/8'8y

€899,
96012 ——\

oYL ——

A4

ov8'6Cl

woroet TN

yiS/€)L

Sovgyl
27951
Suvesl —
Sec99)
991991 N

300 MHz, CDCl3

ppm

T
100

I
150

Figure 7. 157. '*C NMR (100 MHz, CDCl3) spectrum of compound 260d
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Elemental Composition Report Page 1
s Analysis
0 PPM DBE: min = -1.5, max = 50.0
rediction: Off
Number of ope peaks used for i-FIT = 3 ON
Monoisotopic Mass, Even Electron lons ’
112 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used: S" N ™o
C:0-22 H:1-22 N:1-5 O:1-4 S:1-3 7/
DC140 110 (4.300)
1: TOF MS ES+
2.83¢+003
291.0802
1001 1021278
]
8] 239.2250
| 140.0109 292.0828
| 351.0051
196.9612
. 481.1599 598.1761 679.1486704.9783 2018490 900 9817 9741372 -
100 200 300 400 500 600 700 800 900 1000
Minimum: =15
Maximum: 5.0 8.0 50.0
lass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
291.0802 291.0803 =0.1 =0.3 8.5 135.1 0.0 Cl4 H15 N2 03 s
Figure 7. 158. HRMS and elemental composition of compound 260d
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Figure 7. 159. 'H NMR (400 MHz, CDCl3) spectrum of compound 260e
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Figure 7. 160. “C NMR (100 MHz, CDCI3) spectrum of compound 260e
Page 1
N— NO,
max = ol.U
¢ T
Monoisotopic Mass, Even Electron lons O,N
80 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) [
Elements Used:
C:0-22 H:1-22 N:1-3 O:1-5 S:1-3 8" N"Xp
DC141 97 (3.802) -
1: TOF MS ES+
2.62e+003
643.1025
1004 4001273 239.2246
660.1218
322.0486 741.0677
%
140.0102 661.1230 T——
323.0503 665.0751 "
196.9613 4200252  518.0063615.9851 666.0767 839 0492 937.0231  986.1227
0 - i i MiZ
100 200 300 400 500 600 700 800 900 1000
Minimum: -1.5
Maximum: 5.0 8.0 50.0
Mass Calc. Mass mDa PEM DBE i=FIT i-FIT (Norm) Formula
322.0486  322.0498 -1.2 -3,7 9.5 106.6 0.0 Cc13 H12 N3 05 S

Figure 7. 161. HRMS and elemental composition of compound 260e
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Figure 7. 162. 'H NMR (400 MHz, CDCI3) spectrum of compound 260f
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Figure 7. 163. *C NMR (100 MHz, CDCl3) spectrum of compound 260f
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Elemental Composition Report Page 1
Single Mass Analysis cl
Tolerance = 8.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons OzN
169 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) [
Elements Used: N
C:0-22 H:1-22 N:1-3 0:1-5 S:1-3 Cl: 0-1 Y
DC109_2 109 (4.271)
1: TOF MS ES+ 5h
3.59e+003
100 311.0250
i
| 102.1275
ol
o] 239 2047 313.0237
140.0104 238.1000 621.0475
‘ 409.0041 719.0241
4 | 196.9602 | 513.4263 543.4588 7960171 931.0782956.0389
100 200 300 400 500 600 700 800 900 1000
Minimum: =145
Maximum: 8.0 8.0 50.0
Mass Calc. Mass mDa PPM DBE s g AN i-FIT (Norm) Formula
311.0250 311.0257 -0.7 -2.3 8.5 160.8 0.0 Cl3 H12 N2 03 s
c1l
Figure 7. 164. HRMS and elemental composition of compound 260f
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Figure 7. 165. '"H NMR (400 MHz, CDCI3) spectrum of compound 260g
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Figure 7.166. “C NMR (100 MHz, CDCI3) spectrum of compound 260g
Elemental Composition Report Page 1
Single Mass Analysis
T : PM / DBE: min =-1.5, max =50.0
Element p Off Br
of isotope peaks used for I-FIT = 3
Monoisotopic Mass, Even Electron lons
187 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-22 H:1-22 N:1-5 0Q:1-4 S:1-3 Br1-2 OzN
DC138 111 (4.329) I
1: TOF MS ES+ 87 "N"Xg
\ 2.21e+003
100, 1021272
356.9724
% 239.2249 266.2436
140.0107
301.2244 IT— 710.9438
977 708.9486
808.9142
3 196.9614 4529502 5204414 580.4310 908.8805 960.80?:/2
100 200 300 400 500 600 700 800 900 1000
Minimum: % 5
Maximum: 5.0 8.0 50.0
Mass Calc. Mass mDa PPM DBE i=PIT i-FIT (Norm) Formula
354.9746  354.9752 -0.6 =1.9 8.5 8.1 0.0 C13 H12 N2 03 S
Br

Figure 7. 167. HRMS and elemental composition of compound 260g
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Figure 7. 168. 'H NMR (400 MHz, CDCl3) spectrum of compound 260h
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Elemental Composition Report Page 1

Sing s Analysis CF3
Tt e =8.0PPM / DBE: min=-1.5 max =50.0
[ prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons O.N
127 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) 2
Elements Used: I
C:1-14 H:112 N:1-3 0:1-56 F:1-3 S:1-3
DC139 101 (3.957) s" N0
1: TOF MS ES+ \_/ —
100 102.1277 5j

9 239.2258

A, i

266.2433
140.0111
196.9610 296.0576 507.9175

391.2888414.8918 6058958 7038804 8067932  899.8478 2367473

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

0

miz

Minimum: =15

Maximum: 5.0 “8.0 50.0

Mass Calc. Mass mDa PPM DBE i=FIT i-FIT (Norm) Formula

295.0539 295.0553 =154 ~4: 7 8.5 62.0 0.0 Cl3 H12 N2 03 F 8

Figure 7. 170. HRMS and elemental composition of compound 260h
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Figure 7. 171. 'H NMR (400 MHz, CDCI3) spectrum of compound 261a
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Figure 7. 172. *C NMR (100 MHz, CDCl3) spectrum of compound 261a

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5 max =50.0 O-N

Element prediction: Off 2 =
Number of isotope peaks used for i-FIT = 2 ]\
Monoisotopic Mass, Odd and Even Electron lons S N

22 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) \ | (@]

Elements Used:
C:0-8 H:0-11 N: 02 0:0-3 S:01
DWK_MS2081_AP 14 (1.793)

1: TOF MS AP+
1.03e+003
100‘ 83.0487
|
%
|
129.0066 215.0490 280.1332
: ‘ | 170.9373 1 260.0605 | | 342-?}388 391.2725 419.9388494.1786 517.3800 545.3682 ;
o e T et RE e T + ; : T ? T — m/z
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575
Minimum: =1..5
Maximum: 560, 5.0 50.0
Mass Calc. Mass mDa PPM DBE 1 =FaT Formula
215.0490 215.0490 0.0 0.0 4.5 0.6 C8 H11 N2 03 S

Figure 7. 173. HRMS and elemental composition of compound 261a

Figure 7. 174 X-ray Structure of 261a
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Table 7. 5. Crystal data and structure refinement for 261a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

2
Goodness-of-fit on F
Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

dwk1207
C8HION203 S

214.24

150(2) K

0.71073 A

Monoclinic

P21/n

a=8.5327(4) A o =90°.
b=12.8521(6) A B =105.727(2)°.
c=8.90353) A ¥ =90°.

.3
939.83(7) A
4

3
1.514 Mg/m

0.326 mm»1
448

0.24x0.23x0.12 mm3

2.86 to 30.49°.

-12<=h<=12, -15<=k<=17, -12<=1<=12
3921

2492 [R(int) = 0.0271]

98.5 %

Empirical

0.9619 and 0.9258

2
Full-matrix least-squares on F

2492 /017128

1.041
R1=0.0368, wR2 =0.0843
R1 =0.0465, wR2 = 0.0904

.3
0.316 and -0.341 e.A
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Figure 7. 175. 'H NMR (400 MHz, CDCls) spectrum of compound 261b
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Figure 7. 176. °C NMR (100 MHz, CDCl3) spectrum of compound 261b

225




Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off 0N
Number of isotope peaks used for i-FIT = 2 é

Monoisotopic Mass, Odd and Even Electron lons s7 N

22 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) \/ 0
Elements Used:

C:08 H: 011 N:0-2 0:0-3 S:0-1

DWK_MS2081_AP 14 (1.793)

1: TOF MS AP+
1.03e+003
100 83.0487
%,
129.0066 215.0490 280.?332
. 3 170.0373 32600605,3 i 342-9338 3912725 419.9388 494.1786 517.3800 545.3682 :
m et T = EEEmEmm T T T T T [t Fol [T — miz
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575
Minimum: =Luh
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE 1-FIT Formula
215.0490 215.0490 0.0 0.0 4.5 0.6 C8 HI11 N2 03 8§

Figure 7. 177. HRMS and elemental composition of compound 261b
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Figure 7. 178. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248a
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Figure 7. 179. '*C NMR (100 MHz, DMSO-ds) spectrum of compound 248a

Elemental Composition Report Page 1

e Mass Analysis

10.0 PPM / DBE: min=-1.5, max = 50.0 02N
1ent prediction: Off
Number of isotope peaks used for i-FIT = 3 I
Monoisotopic Mass, Even Electron lons HN N O

27 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:119 H:1-20 N:1-4 O:1-4

NO-2_01 41 (1.259) Cm (41-(22:27+46:50))

.

1: TOF MS ES+
6.75e+002

100 184.0724

%

173.0154
216.0977
167.4510 “173,5187 | 190_7377193?255 202 3948207.0212 215.5527 | 216.1285 222.6715 231 9188234'7420 239.5949
0 i T T P e i T " i — miz
170.0 180.0 190.0 200.0 210.0 220.0 230.0 240.0

Minimum: =15
Maximum: 540 10.0 5040
Mass Calc. Mass mDa PPM DBE S B i-FIT (Norm) Formula
184.0724 184.0722 0.2 1.1 4.5 21.3 0.0 C7 H10 N3 O3

Figure 7. 180. HRMS and elemental composition of compound 248a
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Figure 7. 181. IR spectrum of compound 248b
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Figure 7. 182. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248b
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Figure 7. 183. '*C NMR (100 MHz, DMSO-ds) spectrum of compound 248b

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off OzN
Number of isotope peaks used for i-FIT = 3 ,
Monoisotopic Mass, Even Electron lons
40 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) H N N O
Elements Used: \ /
C:113 H:1-16 N: 16 O:1-5
NO-15_03 45 (1.394) Cm (45-(29:39+58:63))
2: TOF MS ES-
8.02e+002
100 196.0729
%
|
o j 187.4566 190.2150 193.1097 194.2419 196.7801 200.4322 203.1872 206.5303 209.1491,
T RESRSE - T A RaEa v T . e Mz
186.0 188.0 190.0 192.0 194.0 196.0 198.0 200.0 202.0 204.0 206.0 208.0
Minimum: =15
Maximum: 520 10.0 5020
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
196.0729 196.0722 0. 3.6 585 2910 0.0 C8 H10 N3 03
(Ml ]

Figure 7. 184. HRMS and elemental composition of compound 248b
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Figure 7. 185. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248¢
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Figure 7. 186. '*C NMR (100 MHz, DMSO-ds) spectrum of compound 248c¢
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Elemental Composition Report

Single Mass Analysis

Tolerance = 10.0 PPM [ DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

6 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:1-14 H:1-16 N:1-3 0:1-3

NO-13_01 86 (2.635) Cm (86:87-(75:79+93:95))

1: TOF MS ES+

100 260.1028

%

Page 1
O,N
|
HN" N™ o
/
1.68e+003

261.1063
. 2458572 248.2424253.2442 9555336  95g.7893 | 265.5680 21012 5738578 277.5500278.5677 -
245.0 250.0 256.0 260.0 265.0 270.0 275.0 280.0
Minimum: =1.5
Maximum: 5.0 100 0.0
Mass Calc. Mass mDa PPM DBE iR i-FIT (Norm) Formula
260.1028  260.1035 -0.7 =27 8.5 34.2 0.0 €13 H14 N3 03
Figure 7. 187. HRMS and elemental composition of compound 248¢
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Figure 7. 188. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248d
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Figure 7. 189. 'C NMR (100 MHz, DMSO-ds) spectrum of compound 248d

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons O2N
7 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) I
Elements Used:
C:1-14 H:1-16 N 1-3 0:1-3 HN™ 'N” o
NO-22_01 98 (3.006) Cm (98-(83:91+107:112)) \
1: TOF M3 ES+
4.77e+004
100 274.j183
%
275.1214
1295
PR 200Nz 0153 2781295 os06200 2825699 5573004 2907074 296.0457297.0508 301.5936,
265.0 270.0 275.0 280.0 285.0 290.0 295.0 300.0
Minimum: =515
Maximum: 50 10.0 50.0
Mass Calc. Mass mDa PPM DBE 1i-FIT i-FIT (Norm) Formula
274.1183  274.1192 -0.9 -3.3 8.5 167.3 0. Cl4 Hlé N3 03
g
I

Figure 7. 190.
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HRMS and elemental composition of compound 248d
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Figure 7. 191. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248e
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Figure 7. 192. '°C NMR (100 MHz, DMSO-ds) spectrum of compound 248e
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Elemental Composition Report Page 1
N ) NO,
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons O,N
27 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) 2
Elements Used: l
C:1-19 H:1-20 N:1-4 0O:1-5
NO-23_02 89 (2.734) Cm (89-(77:82+97:103))
1: TOF MS ES+ HN N O
_/ 4.57e+003
100, 305.9883
i
%- i
i ‘ 306.0872

gl ey fegoniis 2085367 301.6132302.2994 | 307.0035 3935708 3105736 3140085 3165329  319.5983

290.0 292.5 295.0 297.5 300.0 302.5 305.0 307.5 310.0 3125 315.0 3175 320.0
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i=RIT i-FIT (Norm) Formula
305.0883 305.0886 =03 =0 G.::5 2162 0.0 Cl3 H13 N4 05

Figure 7. 193. HRMS and elemental composition of compound 248e
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Figure 7. 194. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248f
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Figure 7. 195. °C NMR (100 MHz, DMSO-ds) spectrum of compound 248f

Elemental Composition Report Page 1

Single Mass Analysis

Cl
Te =10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons 0,
14 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) '
HN" N

N
Elements Used:
C:1-14 H:1-16 N:1-3 0:1-3 Cl: 01 0
NO-24_01 104 (3.178) Cm (104-(92:97+135:144)) \ /
1: TOF MS ES+
7.30e+004
100- 294.0631
%
i 296.0600
| 295.0662
0' 286.4381  289.1759 2917188293'7467 | 3 | 297"0.6727 2‘9‘87.0648‘ ?99.3375 3‘00‘.‘7312‘ 302.6366 305‘766"%/2
288.0 290.0 292.0 294.0 296.0 298.0 300.0 302.0 304.0 306.0
Minimum: =lh
Maximum: 50 10:0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
294.0631 294.0645 =14 -4.8 8.5 250, 7 0.0 €13 HI3 ‘N3 03 ¢l

Figure 7. 196. HRMS and elemental composition of compound 248f
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Figure 7. 197. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248g
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Figure 7. 198. *C NMR (100 MHz, DMSO-ds) spectrum of compound 248g
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Elemental Composition Report

Page 1
Br
Single Mass Analysis
ance = 8.0 PPM / DBE: min=-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons 02N
7 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) ]
Elements Used:
C:1-13 H:1-13 N:1-3 0:1-3 Br1-1 HN" N~ ~p
-/
NO31Fr9-17_2 83 (3.239)
1. TOF MS ES+
1.62e+004
100 677.0193
338.0128
| 675.0224 500188
% ‘
1021274 — 3410152 6500147
o] 140.0097 ' 411.0462 4411315 564.9943 640.9969 5940461 774.9799 373 4515 9499060 g
100 200 300 400 500 600 700 800 900 1000
Minimum: =1..5
Maximum: 5.0 8.0 50.0
Mass Calc. Mass mDa PPM DBE AL i-FIT (Norm) Formula
338.0128  338.0140 -1.2 -3.6 8.5 159.2 0.0 C13 H13 N3 03 Br
Figure 7. 199. HRMS and elemental composition of compound 248g
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Figure 7. 200. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 248h
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Figure 7. 201. 'C NMR (100 MHz, DMSO-ds) spectrum of compound 248h

Elemental Composition Report Page 1
gle Mass Analysis CE
>=8.0PPM / DBE: min=-1.5, max = 50.0 3
diction: Off
Number tope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
38 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) OoN
Elements Used:
C:1-14 H: 113 N:13 O:1-5 F:. 1-3 [
NO32Fr9-15 74 (2.888)
1: TOF MS ES+ HN NS0
7.31e+003
100 278.0937
U/B :
102.1273
279.0961 555.1793
| 239.2249 556.1814
| 140.0097
ol 351.1245 391.2882 527.9713 6531605 707-0815 505 0570 8322650 9690510
100 200 300 400 500 600 700 800 900 1000
Minimum: =1:5
Maximum: 5.0 8.0 80,0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
278.0937 278.0941 =0.4 =14 8.5 107.0 0.0 Cl3 H13 N3 03 F

Figure 7. 202. HRMS and elemental composition of compound 248h
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Figure 7. 203. 'H NMR (400 MHz, DMSO-ds) spectrum of compound 239a
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Figure 7. 204. *C NMR (100 MHz, DMSO-ds) spectrum of compound 239a
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Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Mumber of isotope pesks used for i-FIT = 3 02N

Monoisotopic Mass, Even Electron lons -
14 formulale) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used: HN N

Mass | calc. Mass | mDa | PeM | DEE | Formula i |iFmom) | c| H [n]o
2121030 2121035 0.5 24 45 (2HENIOI 307 00 g 14 3 3

1: TOF 1S ES+
. 2121030 8.22e+004
%
2131095
1004555 28405 | | 9944197 2200197 2340927.2359131 2441030 2500865
R L L L L B B L B B L L L e LS e AL ey e R s nan s )
50 2300 2350 2400 2450 2500

190.0 195.0 2000 2050 210.0 2150 2200 22

Figure 7. 205. HRMS and elemental composition of compound 239a
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