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ABSTRACT

MW-ASSISTED SYNTHESIS OF NEW POLYSUBSTITUTED
TETRAHYDROPYRIMIDINES
MSC THESIS
CANSU GULBENEK
BOLU ABANT IZZET BAYSAL UNIVERSITY GRADUATE SCHOOL OF
NATURAL AND APPLIED SCIENCES
DEPARTMENT OF CHEMISTRY
(SUPERVISOR: ASSOC.PROF.DRMUHAMMET YILDIRIM

BOLU, MARCH 2019

Pyrimidines are important in the area of bioorganic and medicinal
chemistry since they showed a variety of biological activities such as
anticonvulsant, antidepressant, antioxidant, anti-inflammatory, antiviral, anti-
HIV, antimicrobial and antitumor and also, the vital biomolecules DNA is
composed of the pyrimidine bases. A fused heterocyclic analog of pyrimidines,
the thiazolo[3,2-c]pyrimidines with their biological activities were reported by
our group in 2014, 2015 and 2018.

In order to elaborate the chemistry and biology of pyrimidine compounds,
synthesis of new polysubstituted nitropyridimines were aimed in the current
study. To achieve this goal, first of all, aryl substituted B-nitroenamines as
suitable precursors were prepared by the reaction of anilines with a-nitroketones
and characterized by IR, NMR and HRMS analyses.

In the second part of the study, nitrotetrahydropyrimidines were efficiently
synthesized through Mannich cyclizations of nitroenamines with formaldehyde
and aniline derivatives under microwave heating in 30-40 minutes. The
structures of all the nitropyrimidine products were fully characterized by IR,
NMR and HRMS analyses.

In the last part of the study, an antioxidant study was conducted for
nitropyrimidine products using DPPH radical scavenging activity assay. Two of
the nitropyrimidine products exhibited moderate percentage inhibition effect and
three of the derivatives exhibitied moderate-low percentage inhibition effects in
DPPH radical solution. Also, a preliminary antibacterial activity study was
performed for five of the nitropyrimidine derivatives against S.Epidermidis and
S.Aureus bacterial strains using disc diffusion method. It was observed that only
one nitropyrimidine derivative exhibited moderate antibacterial activity against
S.Epidermidis bacteria.

KEYWORDS:
Nitroenamine, = Mannich, tetrahydropyrimidine, cyclization, antioxidant,
antibacterial.



OZET

YENIi POLiSUBSTITUE TETRAHIDROPIiRIiMiDINLERIN
MIKRODALGA DESTEKLI SENTEZI
YUKSEK LiSANS TEZi
CANSU GULBENEK
BOLU ABANT iZZET BAYSAL UNiVERSITESI
FEN BIiLIMLERi ENSTIiTUSU
KIiMYA ANABILIM DALI
(TEZ DANISMANI: DOC. DR. MUHAMMET YILDIRIM)

BOLU, MART - 2019

Pirimidinler, antikonviilsan, antidepresan, antioksidan, antiiflamatuar,
antiviral, anti-HIV, antimikrobiyal ve antitimor gibi ¢ok c¢esitli aktiviteler
gosterdiklerinden dolayr biyoorganik ve tibbi kimya alaninda Onemlidirler,
ayrica hayat molekiili olan DNA pirimidin bazlarindan olugmaktadir.
Pirimidinlerin bir bitisik heterohalkali esdegeri, tiyazolo[3,2-c]pirimidinler
biyoaktiviteleriyle birlikte grubumuz tarafindan 2014, 2015 ve 2018 yillarinda
rapor edilmistir.

Pirimidin bilesiklerinin kimya ve biyolojisini daha da detaylandirmak i¢in,
bu ¢alismamizda yeni polisiibstitiie nitropirimidinlerin sentezi amaclanmistir. Bu
amaca ulasmak icin, 6ncelikle uygun baslangic maddeleri olarak aril siibstitiie 3-
nitroenaminler, anilinlerin a-nitroketonlarla reaksiyonu sonucu hazirlanmis ve
IR, NMR ve HRMS analizleriyle karakterize edilmistir.

Calismamizin  ikinci  kisminda  ise  nitrotetrahidropirimidinler,
nitroenaminlerin formaldehit ve anilin tiirevleriyle Mannich halkalagsmalari
yoluyla mikrodalga i1sitmasi altinda 30-40 dakika icinde etkili bir sekilde
sentezlenmistir. Biitiin nitropirimidin triinlerinin yapilari, IR, NMR ve HRMS
analizleriyle tam olarak karakterize edilmistir.

Calismanin son asamasinda ise, DPPH radikal soniimleme yontemi
kullanilarak nitropirimidin {iriinleri icin bir antioksidan aktivite caligmasi
gerceklestirilmistir. Nitropirimidin iirlinlerinin ikisi, DPPH c¢ozeltisi i¢inde orta
seviyede yiizde inhibisyon ve 3 tiirev ise orta-diisiik seviyede yiizde inhibisyon
etkisi gOstermistir. Ayrica, 5 nitropirimidin tiirevi i¢in S.Epidermidis ve
S.Aureus bakteri zincirlerine kars1 disk difiizyon yontemi kullanilarak bir on
antibakteriyel aktivite calismast da yapilmistir. Sadece bir nitropirimidin
tiirevinin  S.Epidermidis bakterisine karsi orta seviyede antibakteriyel etki
gosterdigi gozlemlenmistir.

ANAHTAR KELIMELER:
Nitroenamin, = Mannich, tetrahidropirimidin, halkalasma, antioksidan,
antibakteriyel.
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1. INTRODUCTION

1.1  MULTICOMPONENT REACTIONS

Generally the chemical reactions involve one or two starting materials, while
synthesis can be carried out with three or more different precursors. In this way, one-
pot reactions with more than two reactants are called MCRs. Although the reactants
can be different individual compounds, it is also possible that the same reactant has

different functional groups (Ugi et al., 1994).

MCRs that occur as one-pot reactions are single-step transformations in
practice and are easier to execute than step by step synthesis. If the synthesis of a
product can be accomplished with MCR, this procedure offers a number of
advantages and thus can be referred to as “ideal synthesis” for MCRs. (Domling &

Ugi, 2000).

1.1.1 Types of Multicomponent Reactions

There are three different types of MCRs exist. In type I that all subreactions
are the equilibrating reactions, including all intermediate reactions from the starting
material to the final product. Generally this type MCRs are three component

reactions (Ugi et al., 2003).

Strecker (1850) synthesis which is accepted to be the first MCR of type I in

the literature and it was reported as o-amino acid S, via o-aminonitrile 4 (Scheme

1.1).

O CN COOH
)J\ + HCN + NHj — — =
R H R NH, R NH,
1 2 3 4 5

Scheme 1.1. Synthesis of a-amino acid from a-aminonitrile



Another example of MCRs for type I is the Mannich reaction which is one of
the most important and widely used MCRs was presented by Mannich and Krosche
(1912) (Scheme 1.2). They introduced formation of aminomethylated product 9 from
a primary or secondary amine 6, formaldehyde 7 and a carbonyl compound

containing at least one o-hydrogen 8.

Scheme 1.2. Mannich reaction

In type II, principle reactions that between products and intermediates are in
equilibrium but the final reaction step is irreversible (Ugi et al., 2003). The mainly

examples for type II are as follows;

Hantzsch (1882) reported of dihydropyridine derivatives of an aldehyde 1,

with two equivalents of a B-ketoester 10, in the presence of ammonia 3 (Scheme 1.3).

R
o O 0 R?00C COOR?
2 * JlL ¢+ NHy —= |
R1 MORZ R H R1 N R1
10 1 3 11

Scheme 1.3. Hantzsch synthesis of dihydropyridines

Radziszewski (1882) introduced synthesis of imidazole derivative 13, from an
a-dicarbonyl 12, an aldehyde 1 and two equivalents ammonia or an ammonia 3 and a

substituted ammonia 6 (Scheme 1.4).

4
O 0 R2 IR
+ R*NH, + NH; —
R1)J\%O + R)J\H 2 3 I />_R
R2 R‘l N
12 1 6 3 13

Scheme 1.4. Radziszewski synthesis of imidazole



Biginelli (1891) reported three-component reaction for the synthesis of
substituted dihydropyrimidine derivatives 15 from [-ketoesters 10, an aromatic

aldehyde 1 and urea 14 (Scheme 1.5).

) Ar
R20,C R20,C
L + )OJ\ + )?\ 2 | NH
R1 'e) Ar H H2N NH2 R1 N /go
H
10 1 14 15

Scheme 1.5. Biginelli synthesis of dihydropyrimidines

Passerini (1921) discovered one of the most important first MCR of the
isocyanides and published formation of a-acyloxy carboxamides 19 from a carbonyl

compound 16, an isocyanide 17 and a carboxylic acid 18 (Scheme 1.6).

0 R3
O o RL_R?)
S S R4J\O><H/N\H

R'™ "R OH
ol
16 17 18 19

Scheme 1.6. Passerini synthesis of a-acyloxycarboxamides
Bucherer and Bergs (1934) that were the first to describe a four-component

reaction, discovered a hydantoin 21 synthesis from hydrogen cyanide 2, aldehyde 1,

ammonia 3 and carbon dioxide 20 (Scheme 1.7).

O
- HNJ<

0]
R1J\H + HCN + NH; *+ CO, )\(NH
0]
R1
1 2 3 20 21

Scheme 1.7. Bucherer-Bergs synthesis of hydantoins

MCRs of type III are sequences of irreversible all subreactions. Biochemical
MCRs are in this group and are usually rare compared to other types (Ugi et al.,

2003).



1.2 MICROWAVE ENERGY

The purpose of using microwave energy was to heating the foods in the
1940s. It has been applied in many different fields for a long time, however, its using
in organic synthesis has only been in the mid-1980s (Kappe et al., 2012). Gedye et al.
(1986) and Giguere et al. (1986) were first published that many organic reactions can
be carried out very rapidly using microwave heating. In these years, the initial
improvement of the microwave technology was comparatively slow due to many
reasons, for example, safety anxieties, reproducibility, temprature and pressure
control. Some reactions have resulted in explosions until safe technological
microwave instuments have been developed in all respects (Bose et al., 1991; Shaikh,
2017). The number of publications related to MW-assisted organic synthesis has
increased since the late 1990s. In recent years, the number of those reactions
(MAOS) have increased exponentially because of the many important advantages
which are dramatically reduced reaction times, obtained higher product yields and
purities by reducing side reactions compared to conventional heating conditions

(Dallinger & Kappe, 2007).

1.3 ENAMINES

Enamines are the a,-unsaturated amines which include an amino group in a-
position and as a consequence in conjugation with an olefinic carbon-carbon double
bond (Hifelinger and Mack, 1994). The term ‘‘enamine’” was described that
structurally related to the nitrogen analogs of enols by Wittig and Blumenthal (1927).
If one of the nitrogen substituents is a hydrogen atom, the enamine 22 is tautomeric
form of an imine 23 by exchanging a hydrogen atom between nitrogen and -carbon

atom (Scheme 1.8).

| H |
I _Cs
_C//C\N_ — — N—
- |
enamine imine
22 23

Scheme 1.8. Enamine — imine tautomerism



Enamines are classified as primary 24, secondary 25 and tertiary 26 according

to the variety of substitution on nitrogen (Figure 1.1).

R? R2 R3
| | |
2N ZON PON
R?-C” 7 NH, R3-C”"NHR' R4-(;/C N-R?
RS R RS R
24 25 26

Figure 1.1. Classification of enamines

Generally, tertiary enamines defined as containing non-hydrogen substituent
on nitrogen are the most stable one which are easily prepared by mixing of an

aldehyde or ketone with a secondary amine (Hifelinger & Mack, 1994).

Another classification is related to the double bond of enamines, which are
acyclic enamines 27, endocyclic enamines 28, exocyclic enamines 29 and
heterocyclic enamines 30. If the amino group is substituted instead of the a-hydrogen
of acyclic enamine, these enamines are called ketene aminals 31 and 32 (Figure 1.2)

(Shawali & Edrees, 2006).

H
3 : .
R1’NIH R EO XN |
. H
R |
H™ X X R
27 28 29 30
R
RN H CN H
RN X N X
R
31 32

R=R'= Me, Et R-R'= «(CH,),- (n=4,56) X=CN, ArCO, ROCO
Figure 1.2. Main types of enamines
Moreover, enamine derivatives have many advantages and important role as

asymmetric catalysts for alkylations and also used as blocking groups and

intermediates in organic synthesis (West, 1963; Friary et al., 1973).



1.3.1 Synthesis of Enamines

Mannich and Davidson (1936) introduced the pioneering enamine 34
preparation procedures which was readily prepared starting from an aldehyde or
ketone 33 with a secondary amine 6 in the presence of a dehydrating agent (Scheme

1.9) (Mannich et al., 1936; Stork et al., 1963).

0]
R -H0
. HN —_—
R1

33 6 34

R. _R
N

Scheme 1.9. General method of preparation of enamine

Ahlbrecht et al. (1973) prepared various sequence of primary enamine and
their ketimine tautomers systems 24 and 35 by reacting carbonyl compounds 16 with
ammonia 3 containing the titanium tetrachloride catalyst as Lewis-acid (Scheme
1.10). They investigated the effect of solvent and substituents on the primary
enamine-imine tautomeric equilibrium, as a result of which increase of solvent
polarity strongly stabilized the enamine component in equilibrium conditions and
that equilibrium ratio highly depends on the substituents at the carbon-carbon double

bond of primary enamine (Erker et al., 1993).

]
R T|C|4 R1 R3 R1 R3
RZJ\H/R3 + NHy — " » — —
S R?2  NH, R?> NH
16 3 24 35

Scheme 1.10. Synthesis of primary enamine-ketimine tautomerization

Carlson et al. (1983) developed a modified procedure for a series of enamine
synthesis from acyclic ketones 36 with various secondary amines which are
morpholine 37, pyrrolidine 38 and dimethylamine 6 using titanium tetrachloride as a
catalyst leading to the formation of morpholine enamine 39, pyrrolidine enamine 40
and dimethylamine enamine 41 respectively under optimum conditions (Scheme

1.11).



W vyr
()

\(\H/\( H 38 M
0 - N

TiCl,

36 { )
40
SN
TiCl, N
41

Scheme 1.11. Modified procedure for enamine synthesis

Firstly, Barluenga et al. (1983) reported the synthesis of B-nitro diaryl
substituted enamines 43 by the reaction of phenylacetylene 42 and secondary amines
6 with mercuric chloride and sodium nitrite (Scheme 1.12). Then, Seko & Komoto
(1998) prepared B-nitroenamines 43 by the amination of nitroolefines 44 using

methoxylamine derivatives 45 in moderate yields (Scheme 1.13).

1. HgCl,, NaNO,, THF ON
=
= - L)
2.| X N \\R1
// N,R2 R2
42 R H 6 43

Scheme 1.12. Synthesis of B-nitroenmines from phenylacetylene

_R®
HN
KOt-Bu
O,N O.N__~
ZNZOR? + RINHOMe ————>  ° R?
R’ DMF, RT R
44 45 43

Scheme 1.13. Synthesis of B-nitroenmines using methoxylamines



Willis et al. (2002) reported that synthesis of enamines 47 from 4-(z-butyl)
cyclohexanone derived triflate 46 with morpholine 37 by using Pd(OAc), as a
catalyst and variety of ligand and bases (Scheme 1.14).

)

| [

0 Pd(OAc),, ligand N

[ j base
" -

H PhMe, temp

CMej;
CMe;

46 37 47

Scheme 1.14. Palladium catalysed enamine synthesis

Barluenga et al. (2002) designed a novel palladium-catalyzed cross-coupling
method for the synthesis of enamines 26 from secondary amines 6 and alkenyl
bromide 48 in the presence of toluene using BINAP as the most effective ligand with

a good yield (Scheme 1.15).

' 3
R? H [Pd], BINAP R R
BI' / + - N ' = - N %
\)\RZ R™ R NaOt-Bu, Toluene R R?
R1 90°C R?
48 6 26

Scheme 1.15. Palladium-catalyzed cross-coupling of alkenyl bromide with

amines

Darwish et al. (2011) described an efficient preparation of enamine
derivatives 52a-b from condensation of intermediate product consisting

triethoxymethane 50 and piperidine 49 with ethyl cyanoacetate S1a or benzylcyanide

51b in DMF (Scheme 1.16).

R. _CN
+ + R CN
Q EtO” “OEt ~ "O
49 50 51a, R=COOEt 52a, R=COOEt
51b. R=Ph 52b, R=Ph

Scheme 1.16. Synthesis of piperidine enamine



Liu et al. (2013) published a reaction of non-terminal alkynes 53 with various
substituted anilines 6 to formation of enamines 54 via an efficient Ag/{CNT-catalyzed

hydroamination process under optimal reaction conditions (Scheme 1.17)

H R
R? Ag/CNTs
0 MeCN, 80°C, 10h Y r
53 6 54

Scheme 1.17. Ag/CNT-catalyzed synthesis of enamines

Zhang et al. (2016) obtained B-enaminoesters 55 through an efficient MW-
assisted condensation of B-ketoesters 10 with aryl or alkyl amines 6 in good yields

for 30 minutes at 100°C.

R300C ACOH. PhMe, 420 Ms R°OOC
l + R*-NH, e 1]\
R0 MW, 100°C, 30 min R™ "NH
10 6 55 R?
R': alkyl,aryl; R% Me, Ph
R3: Me,Et

Scheme 1.18. MW-assisted synthesis of pyrroles from enamines

Ning et al. (2017) introduced a practical and efficient synthetic procedure for
B-nitroenamines 43 from conversion of a wide variety of alkyl, alkenyl, aryl and

heteroaryl vinyl azides 56 with AgNO; in high efficiency (Scheme 1.19).

N3 AgN02 HQO NH2
> NO
R 1.4-dioxane, 60°C R& 2
35h
56 43

Scheme 1.19. Conversion of vinyl azides into B-nitroenamines

Bujok et al. (2017) synthesized t-butyl 3-(1-pyrrolidinyl)crotonate 57 from

pyrrolidine 38 and #-butyl acetoacetate 10 in an excellent yield (Scheme 1.20).



RT, 20 min, %95

"

COOt-Bu
38 10 57

M\ 0
v M _cootsu et
H

Scheme 1.20. Synthesis of tert-butyl 3-(1-pyrrolidinyl)crotonate

Borah et al. (2009) synthesized of 2-nitro-1-arylethanols 59 from substituted
aromatic aldehyde 6 with nitromethane 58 via nitro-aldol reaction in the presence of
a cost-effective, readily available and safe to handle imidazole catalyst. In the same
year, Zhao et al. (2009) reported the synthesis of 2-nitro-1-arylethanones 60 from 2-
nitro-1-arylethanols 59 by Jones oxidation and subsequent conversion of 2-nitro-1-
arylethanones 60 into diaryl substituted nitroenamine derivatives 43 using various

anilines 6 (Scheme 1.21).

O OH
imidazole NO
riE ] M ¢ oHNO, e i Y ’
o 25°C N
1 58 59
Jones

acetone | reagent

R2
\/Rz | DA
1
R\\ | _ Z 6 o
| BT . NH, N NO,
| CH;COOH, 80°C =
NO,
43 60

Scheme 1.21. Synthesis of nitroenamines starting from aryl aldehydes

Very recently, Kuwabara et al. (2018) reported first Cul-mediated aza-Henry
reactions of nitriles 61 with nitromethane 58 to afford B-nitroenamines 43 in good

yields (Scheme 1.22).

10



MeNO,, Cs,CO; NO;
R—CN » R__~
61 CU|, DBU

NH, 43
R: aryl, heteroaryl,
alkyl, alkenyl...

Scheme 1.22. Cul-mediated synthesis of nitroenamines
1.3.2 Reactions of Enamines

Brannock et al. (1963) published synthesis of a heat-sensitive dimethyl 1-(-
pyrrolidinyl)bicyclo[4.2.0]oct-7-ene-7,8-dicarboxylate 64 from 1-(1-cyclohexenyl)
pyrrolidine 62 and DMAD 63 in ether to hold the temperature at 25-35°C. This
bicyclooctene compound was thermally unstable, so it was heated for 18 hours and
the ring expansion product that dimethyl 3-(1-pyrrolidinyl)-2,8-cyclooctadiene-1,2-
dicarboxylate 65 was obtained (Scheme 1.23).

O COOCH, Q Q

N
f - —

O e 7 ez
COOCH; COOCH; COOCH,

62 63 64 65

Scheme 1.23. Synthesis of dimethyl 3-(1-pyrrolidinyl)-2,8-cyclooctadiene-
1,2-dicarboxylate

Brannock et al. (1964) synthesized of  4-(5,5-dimethyl-2,6-
bis(trichloromethyl)-1,3-dioxan-4-yl)morpholine 68 from one equivalent of 4-
isobutenylmorpholine 66 and two equivalent of chloral 67 in the presence of

acetonitrile in good yield (Scheme 1.24).

ClsC OYC%
> i JYO
N * 2 .
[ j CI3CJ\H N
0 ()
(0]
66 67 68
Scheme 1.24. Synthesis of 4-(5,5-dimethyl-2,6-bis(trichloromethyl)-1,3-

dioxan-4-yl) morpholine
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Kurihara & Mishima (1977) published the synthesis of 5- and/or 6-alkyl
substituted-3-cyanopyridines 72, 73 by the interaction of ammonia or acids with
dienamine intermediate 71 which was produced the reaction of pyrrolidine enamines

69 with methoxymethylene malononitrile 70 at room temperature (Scheme 1.25).

R1 R1 CN 1
N CN X NH R ~CN
J\ Meo/\( — | CN 3, |
R?" °N CN R2"°N Z
Q R2” °N” "NH,
71

69 70 72

Scheme 1.25. Synthesis of 5- and/or 6-alkyl substituted 3-cyanopyridine

derivatives

Barluenga et al. (1979) introduced the Friedel-Crafts reaction of
enaminoimines 74 with aldehydes 1 in the presence of AlCI; as catalyst to formation

of 1,2-dihydropyrimidines 15 in dioxane at 90°C (Scheme 1.26).

1 fL AICI5 1 -
RNl - o — AN
H
R27NH R2 \N/I\R3
74 1 15

Scheme 1.26. Synthesis of dihydropyrimidines

Varma et al. (1998) published the microwave-assisted one-pot reaction of 2-
substituted isoflav-3-ene derivatives 77. Firstly, the enamines N-styrylmorpholine
75a, N-styrylpyrrolidine 75b and N-styrylpiperidine 75c¢ were generated as
intermediates from phenyl acetaldehyde 1 and respective cyclic amines 37, 38 and 49

for 2 min then the subsequent reactions were performed with the adding of

12



salicylaldehydes 76 to the same reaction vessel in the present of NH4OAc as a

catalyst (Scheme 1.27).

[ %

X N
( ) MW | \Mn
N n
H Ph
1 37, n=2, X=0 75a, n=2, X=0
38, n=1, X=CH, 75b, n=1, X=CH,
49, n=2, X=CH, 75¢, n=2, X=CH,

R1
[\

1
R2 OH N Ny
. J/ ™, _ NH,OAc O P
R3 CHO Ph
R4

76 75a-c 77

X

Scheme 1.27. One-pot solvent-free synthesis of isoflav-3-ene derivatives

Granik et al. (1998) reported the heterocyclization reactions of enamines 78,
80a-b with isocyanates (benzyl isocyanate or phenyl isocyanate) 79 providing 4-

pyrimidinone and 2-pyrimidinone derivatives (15a-b) (Scheme 1.28).

NCICONHR f‘\
" /k

> X7 M
RNCO 80a
X" ONH, 79 NHR
78 . NC H RNCO NC N’R
—_—
wn X )Y
N X~ NHCONHR NN
80b 15b

Scheme 1.28. The heterocyclizations affording pyrimidinone derivatives

Recently, Khan et al. (2010) carried out the synthesis of the N-methylpyrrole
83 by the reaction of secondary enamine 81 with 1-bromo-3,3,3-trifluoro-2-
propanone 82 using acetic acid under reflux. Besides, the preparation of 1H-pyrroles
85 were achieved by the reaction of primary pS-carbonylenamines 54 with
diazodeoxybenzoin 84 and also, the pyrazoles 87 were synthesized over the reaction

of enamines 86 with hydrazine (Scheme 1.29) (Boyd, 1994).
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+ —
Ar” >NHMe 07 “CF, Ar N CFs
e
81 82 83
ROC Ph
COR Ny Ph
L, A5 e
Me” “NH, 07 “ph 2 Me N Ph
54 84 85
PhNMe, R
PhNMe R N2H4
2 /N
HN" SN
NC  OH NN
86 87

Scheme 1.29. The synthesis of pyrroles and pyrazoles from enamines

Besides, Zhang et al. (2016) reported the MW-assisted synthesis of
polysubstituted pyrroles 85 in high yields through copper-catalyzed tandem
azacyclization/isomerization reactions using f-enaminoesters 55 and propargyl

acetates 88 (Scheme 1.30).

R4
R%00C Qhe Cu(OTf),, PhMe ~ R°0OC R®
]\ + R4 > | \
1 \\ N
R"™ “NH R5 MW, 150°C,20 min RV N
55 R? 88 R® 85
R": alkyl,aryl R*: aryl
R?: Me, Ph R5: Me, Bz
R3: Me,Et

Scheme 1.30. MW-assisted synthesis of pyrroles from enamines

More recently, Ferraro et al. (2016) performed organocatalytic hydrogenation
of B-acylamino- and B-tert-butyloxycarbonylamino-nitroolefins 43 using a thiourea
catalyst 89 and an ester as hydogen source to afford 2-amino-1-nitropropane

derivatives 90 in good enantioselectivities (Scheme 1.31).
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2.8
S. _Ph
PMP_ N" N PMP

NH H H g9 NH
10-20%mol
RN No, (020l X no,
43 HSICls, H,0, CHsCN 9

-40°C, 24-48h

Scheme 1.31. The organocatalytic hydrogenation of nitroenamines

In another recent study, Aradi et al. (2017) reported N-arylation of
nitroenamines 43 using diaryliodonium triflate salts 91 and CuCl catalyst under mild

conditions in high yields (Scheme 1.32).

R2 R2
6 ®
+ Mes
R ] " o R ] r
b NH CuCl (2.5 %mol) ™ N

\

| + & |  DIPEA | \@ R3
\\ _
NO,

3 DMF, 50°C, 2-
- o R 50°C, 2-24h 02

Scheme 1.32. Catalytic N-arylation of nitroenamines

Besides, Chen et al. (2017) introduced a new and efficient one-pot sequential
process for the synthesis of 3-acylpyridines 93 and pyridine-3-carboxylates 94 from
various inactivated saturated ketones 16 with B-enaminones 54 or -enaminoesters

55 under an air atmosphere and optimum conditions (Scheme 1.33).

o)
R4Jj\54 R2 0
H,N~ “R3 |\ R4
| Cu(OAc),, bpy, TEMPO R17ON7 OR3
DMF, air, 120°C 93
R2

/i i
RS0 6 55
R8O
16 J\/|L R2 0O

H.N™ "R X

Cu(OAc),, bpy, TEMPO RN RS
DMF. air, 120°C

Scheme 1.33. Synthesis of functionalized pyridines
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1.4  PYRIMIDINES

Pyrimidines 95 are six membered heterocyclic aromatic compounds
containing two nitrogen atoms at 1,3-position (Sharma et al., 2014).

Pyrimidine and their derivatives are biologically very important heterocycles
which are an integral part of nucleic acids i.e., RNA and DNA (Gore et al., 2013).
Three types of nitrogenous organic bases in nucleic acids as pyrimidines which are
thymine 96, uracil 97 and cytosine 98. Thymine is only present in DNA, uracil is
only present in RNA and cytosine is present in both DNA and RNA (Dansena et al,
2015). The first pyrimidine derivative which is name alloxan 99 was isolated by

Brugnatelli via oxidizing uric acid with nitric acid (Lagoja, 2005) (Figure 1.3).

o o) NH, o)
SR eI s RS e
N N/L*o N/L*o N~ Y0 o) N/L§O

H H H H

95 96 97 98 99

Figure 1.3. Pyrimidine and DNA bases

1.4.1 General Synthesis of Pyrimidines

Grimaux (1879) developed the first synthesis of barbituric acid 101
(pyrimidine trione) by the condensation of malonic acid 100 and urea 14 with the

POCI5 (Scheme 1.34).

0
NH, 0O O P]
o POCl3 HN™ ~NH
:<NH2 ) Ho/m\/J\OH O4L\/i*o
14 100 101

Scheme 1.34. Grimaux synthesis of barbituric acid

Pinner (1884) performed the synthesis of 2-substituted-6-hydroxy-4-methyl
pyrimidine 103 generated from amidine derivative 102 and acetoacetic ester 10
(Scheme 1.26).
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R
o o NH PY

Scheme 1.35. Pinner synthesis of 2-substituted-6-hydroxy-4-methyl

pyrimidine

Perez and Soto (1981) synthesized of 4-alkoxy-2-amino-5-cyanopyrimidines
106 by cyclization from 3-alkoxy-3-aryl(or alkyl)-2-cyanopropenenitriles 104 and

cyanamide 105 in alcohols in the presence of sodium alkoxides (Scheme 1.36).

R1
NG R . nndil NaOR®/R°OH NCfN
NC/C_C\OR2 i R30 N/)\NHz
104 105 106

Scheme 1.36. Synthesis of 4-alkoxy-2-amino-5-cyanopyrimidines

1.4.2 Preparation of Pyrimidines via Multicomponent Reactions

Combinatorial chemistry is particularly remarkable for modern drug research
and involves highly effective synthetic methods. Syntheses by such methods ensures
large and efficient compound in one-pot instead of step by step. MCRs are an
attractive synthesis process for creating a various large number of product quickly
and efficiently. In view of these method, examples of a wide variety of heterocyclic

compounds are available in literature.

For instance, Sokolov et al. (1985) prepared derivatives of S5-nitro-
tetrahydropyrimidines 107 in moderate yields by treating alkyl and aryl substituted
nitroenamines 43 with formaldehyde 7 and alkylamines 6 in EtOH for 20-24 hour
and successive reduction of tetrahydropyrimidines 107 with NaBH, afforded

hexahydropyrimidines 108 in low yields (Scheme 1.37).
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O.N O:N R ’
2 H. _O R® FEtOH,RT ™2 N NaBH, OaN N
L+ O+ N g = P
R™ "NH H 20-24 h RN R'” "N
43 R? 7 6 107 g2 108 o

R': Me,Et,i-Pr,Ph R%: Me, t-Bu, Bz
RZ Ph, Bz Cylohexyl,

Scheme 1.37. Synthesis of tetra- and hexa-hydropyrimidines

Groebke et al. (1998) synthesized of 3-amino-imidazo[1,2-a]pyridines 110, 3-
amino-imidazo[1,2-a]pyrazines 111 and 3-amino-imidazo[l,2-a]pyrimidines 112
from aldehydes 1, isonitriles 17 and 2-aminopyridine 109a, 2-amino-pyrazine 109b
and 2-amino-pyrimidine 109¢ via multicomponent one-pot condensation. They also
stated that pyrimidines-fused heterocyclic products could be biologically active

compounds such as antiinflammtory, antibacterial and antiacid (Scheme 1.38).

R2
NH
ol 10 AcoH, R j N
R-NC + JlL + N™X _ MeOH N
oo N F Mt N
17 1 109a X=Y=C 110 X=Y=C
109b X=C, Y=N 111 X=C, Y=N
109¢ X=N, Y=C 112 X=N, Y=C

Scheme 1.38. Synthesis of imidazo[1,2-a] annulated pyridines, pyrazines and

pyrimidines

Chebanov et al. (2008) described the multicomponent reaction of 5-
aminopyrazoles 113, barbituric acid derivatives 114 and aromatic aldehydes 1 under
microwave irradiation, conventional heating or ultrosonic irradiation in two different
manners. The reactions gave different results which were fused heterocyclic
pyrazolo[4°,3’:5,6]pyrido[2,3-d]pyrimidines 115 or their dihydro compounds 116

depending on the nature of the starting material 5-aminopyrazoles (Scheme 1.39).
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Scheme 1.39. Synthesis of pyrazolo[4’,3’:5,6]pyrido[2,3-d]pyrimidines and

their dihydro derivatives

Sasada et al. (2009) reported effective synthesis of 4,5-disubstituted
pyrimidine derivatives 117 from functionalized enamines 24, CH(OEt); 50 and
ammonium acetate using ZnCl, catalyst via three-component coupling reaction in

single step (Scheme 1.40).

, ZnCl,
R
EL + CH(OEt; + NH0Ac _ (Qteauv) j\/\ )
H,N" T R2 (3 equiv) (2 equiv) PhMe
100°C
24 50 117

Scheme 1.40. Synthesis of 4,5-disubstituted pyrimidines

Zhuang et al. (2009) published an efficient and rapid multicomponent one-pot
cyclocondensation reaction for the synthesis of various 2-amino-4,6-diarylpyrimidine
119 from aromatic aldehydes 1, aromatic ketones 16 and guanidine carbonate 118
under enviromentally friendly solvent-free conditions with the advantages of high

reaction rapidness and cleaner products (Scheme 1.41).

NH,
jj)\ + j\ + [ J\JI\H H.CO solvent-free N /I§ N
_— »
A OH A7 CH, HN" ONH, | 20 70°C |
? 21, Ar' )\/kArQ
1 16 118 119

Scheme 1.41. Synthesis of 2-amino-4,6-diarylpyrimidines
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Khan et al. (2010) achieved the preparation of 1,2,3,4-tetrahydropyrimidines
107 by the reaction of fS-nitroenamines 43 with primary aliphatic amines 6 and
formaldehyde 7. Moreover, Boyd (1994) reported that the pyrimidines 15 can be
synthesized over the reaction of azadienes 74 with aliphatic or aromatic nitriles 61

(Scheme 1.42).

2
O,N Ré‘IHz OaN | NR?
1o =
NHR' HCHO -
R1
43 7 107
R3
Z “NHR*+ R5CN —»
R1”SNH )\
74

—+

Scheme 1.42. The synthesis of pyrimidines vs the general synthesis of

pyrimidines

Devi et al. (2011) also synthesized novel tetrahydropyrimidines 107 as
acetylcholine receptor (AchR) inhibitors via multicomponent Mannich cyclizations
of enaminones 54 with primary amines 6 and formaldehyde 7 under reflux in very

good yields (Scheme 1.43).

Ar (0]

1 1
0 R'NH,, HCHO Ar N,R
| 6 T, | J

MeS™ "NH  MeOH reflux, 6-8h  MeS E
R

54 107

Scheme 1.43. The synthesis of tetrahydropyrimidines via Mannich

cyclizations

Xia et al. (2012) described the multicomponent one-pot reaction for the
synthesis of 4-amino-5-carbonitrile-2-nitroaminopyrimidine derivatives 121 from
substituted aromatic aldehydes 1, 1-nitroguanidine 118 and malononitrile 120 under

ethanol. In these reactions, NaOH was preferred as the catalyst because of the
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products were obtained with higher yields. Furthermore, other advantages of these

procedure are mild reaction conditions and short reaction time (Scheme 1.44).

TR
CHO
NH CN
N by . NaOH NC Ay
R HoN” “NHNO, CN P
HoN" N” “NHNO,
1 118 120 121

Scheme 1.44. Synthesis of 4-amino-5-carbonitrile-2-nitroaminopyrimidine

derivatives

1.4.3 MW-Assisted Synthesis of Pyrimidines

Caddick (1995) reported a microwave-assisted cyclocondensation reaction for
the formation of pyrimido[1,6-a]Jbenzimidazoles 111. The product was carried out in
an open-vessel via a condensation of neat benzimidazole 122 and n-acylimidate 123
with a good yield. An open-vessel was used to remove of the water and ethanol

formed in the reaction (Scheme 1.45).

\ o) N MW, 30 min N 2
: \ + J\ N \

N~ COMe EtO _
H )\N

122 123 111

Scheme 1.45. Synthesis of pyrimido[ 1,6-a]benzimidazoles

Hoz et al. (2007) described a novel procedure for the preparation of 4-
pyrazolylpyrimidines 126, 127 under microwave irradiation by the reaction of 2-
pyrazolyl-3-dimethylaminoacrylonitrile 124 with guanidine 118 and thiourea 125,
respectively (Scheme 1.46).
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Scheme 1.46. Synthesis of 4-pyrazolylpyrimidines from dimethylamino

acrylonitrile

Chebanov et al. (2008) described several different three-component reaction
pathways for the condensation of 5-amino-3-phenylpyrazole 113, aromatic aldehydes
1 and cyclic 1,3-dicarbonyl compounds 128 leading to the formation of pyrazolo|[3,4-
b]quinolin-5-ones 115, pyrazolo[5,1-b]quinazolin-8-ones 116 and pyrazolo[4,3-

c]quinolizin-9-ones 129 by various reaction conditions (Scheme 1.47).

Ph Ar O
MW, 150°C, 15min N N
’ H H R
115

H Ar N
EtOH, sonication ~
! 0 — > PhAU\ | R
Ph RT, 30 min =N
N

113 128
H OH R
‘ EtOH, t-BuOK R Arme R
MW, 150°C, 15min " ph AN N
N-NH O
129

Scheme 1.47. Different MCR pathways for the condensation of aromatic
aldehydes, 5-amino-3-phenylpyrazole and 1,3-dicarbonyl

compounds

Bagley et al. (2009) published the synthesis of 2,4,6-triarylpyrimidines 131
from propargylic alcohols 130 and amidines 102 by MW-assisted tandem oxidation/
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heterocyclocondensation using effectively BaMnOy at 145°C in 45 minutes (Scheme

1.48).

N~ N
BaMnO4
EtOH-AcOH

MW, 145°C, 45min

131

Scheme 1.48. MW-assisted synthesis of 2,4,6-triarylpyrimidine

Very recently, it was reported very efficient preparation of nitrothiazolo[3,2-
c]pyrimidines 134 and oxothiazolo[3,2-c]pyrimidine carboxylates 135 via Mannich
cyclisations of heterocyclic enamines (132 or 133) with primary amines 6 and
formaldehyde 7 under reflux or MW conditions. (Yildirim et al., 2014a; Yildirim and
Celikel, 2015) (Scheme 1.49).

ON EtO,C

/ ) O,N R EOC R

132 133 MW or 134 135
conv. heating

Scheme 1.49. Synthesis of thiazolo[3,2-c]pyrimidines via Mannich

Cyclisations

1.4.4 Biological Importance of Pyrimidines

Pyrimidines are very important member of the nitrogen-containing
heterocyclic family and they are physiologically and pharmaceutically active
compounds. These aromatic heterocyclic organic compounds are a key component of
the potential treatment of many diseases and have a wide range of pharmacological
activities, such as inhibitory effects against serious diseases. So, these remarkable

pyrimidine derivatives are found in the substructures of therapeutic natural products.
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Chemists have performed a number of syntheses in this field using efficient methods
and contributed to biologically active drugs (Bhat, 2017). They exhibit a wide range
of biological properties, such as anticancer 136 (Ma et al, 2014), antidiabetic 137
(Koga et al., 2013), antihepatitis 138 (Shakya et al., 2012), antiinflammatory 139
(Keche et al., 2012), antimalarial 140 (Singh et al., 2013), antioxidant 141 (Attri et
al., 2014), antileishmanial 142 (Suryawanshi et al., 2013), antithyroid 143 (Lacotte et
al., 2013), antimicrobial 144 (Desai et al., 2015), anti-HIV 145 (Guo et al., 2012),
antitubercular 146 (Chikhale et al., 2015) activities (Figure 1.4).

5 o O
CN N COOH
N™™ ZaN o)

HaC
N P OH r
N fs N o) o N/L%o

N HO OH H 138
QJ 136 OH 137
Cl Antihepatitis
Anticancer Antidiabetic
HN/C\ﬁF o) CH3
F
X B
N | / ooy HoCO™ 7 NH
NC\©\ o N/) -(CH>) 4N N CHs
¥ 139 \ 141
HH cl N/ 140
ii . . Antioxidant
Antiinflammatory Antimalarial

NH2 H3C\NJJ\N,CH3

N
- “y o LT
N"SN N o) N o
s A Ay H?’C)r\ﬁ/) (N\*N’\S\‘ "y
e
0o H O AN
BnO ]
§ 142 KE:(O\CH 144 NO

3

Antileishmanial 143 Antimicrobial
Antithyroid
OH
NE OH OCHj3 Q\S o)
@ N | H\/©/ /J\
O NSy N N" N NH
§ATT SN
H3C™ N” °S
145 146 TSv 4
Anti-HIV Antitubercular

Figure 1.4. Biologically active pyrimidines-based molecules
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1.5 ANTIOXIDANT ACTIVITY

Antioxidant agents are capable of slowing or inhibiting the oxidation of other
molecules which could be damaged by free radicals. These molecules react with free
radicals and avoid the oxidation process by deactivating free radicals (Moon &

Shibamoto, 2009).

Reactive oxygen species (ROS) affects the biological molecules, leading to
cell or tissue injury. They also cause oxidative damages on biomolecules (lipids,
carbohydrates, proteins and nucleic acids) which can initiate a chain of events
resulting variety of diseases such as aging, cancer (Aruoma, 1994). They are free
radicals such as superoxide anion radicals (O, —), hydroxyl radicals (OH-), and non-
free radical species such as hydrogen peroxide (H,O,) and singlet oxygen (10,)

(Giilgin, 2006a).

Many naturally occurring antioxidant compounds have been identified as free
radical or active oxygen scavengers such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), propyl gallate, and tert-butylhydroquinone.
Antioxidant compounds can protect the human body from free radicals and reduce
the risk of chronic diseases. Hence, the free radical scavenging activity studies using

antioxidants have gained increasingly greater importance (Gulcin et al., 2003).

The antioxidant activity is usually determined by using DPPH assay. It is
simple and accurate test, so, DPPH assay is the most commonly used technique to
evaluate antioxidant potential of the synthesized or isolated compounds. During this
assay, DPPH (2,2’ -diphenylpicrylhydrazyl) in alcoholic solution is reduced by tested

antioxidant compound to give the non-radical form of DPPH in the reaction (fig.1.5).

N\N' NO. in the dark
Q b toe

O,N NO, Antioxidant Oxidized
in MeOH antioxidant

(DPPH)
2,2'-diphenyl-1-picrylhydrazyl

Figure 1.5. DPPH radical reaction with antioxidant compounds
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1.6 ANTIBACTERIAL ACTIVITY

A convenient antibiotic susceptibility test (Kirby-Bauer Method) is used to
screen for antimicrobial activity based on bacteriostatic/bacteriocidal properties
(Atlas, 1988) and it was developed by Kirby and Bauer in 1960s (Prescott et.al.,
1990). Reasonably accurate and precise results can be obtained with this assay in
which all-procedural details are carefully standardized by the FDA and the NCCLS
(Barry & Thornsberry, 1985).

In this disc-diffusion test, a pathogenic microorganism is inoculated onto a
Mueller-Hinton agar plate. Filter paper discs containing known amounts of
antimicrobial agents or antibiotics are placed in middle of the agar plates which are
then incubated at 37°C for 18-24 h. The antimicrobial agents or antibiotics diffuse
into the agar and cause an inhibition zone for the growth of the bacterial strain
around the disc which corresponds to the susceptibility of the strains to the agents. At
the end of the incubation period, a clear area depicting zone of inhibition around the
disc is measured. The formed zones are compared to known values obtained with
standard antibiotics (Prescott et.al., 1990). Standardized zones for each antibiotic
disc have been established to determine whether the microorganism is sensitive (S),
intermediately sensitive (IS), or resistant (R) to an antimicrobial agent or a particular
antibiotic. This method is not applicable for filamentous fungi, anaerobes, or slowly-

growing bacteria (Atlas, 1988).
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2. AIM AND SCOPE OF THE STUDY

Pyrimidines have an important role in the medicinal chemistry area since they
exhibited diverse biological activities such as analgesic, anticonvulsant,
antidepressant, antipyretic, anti-inflammatory, antiviral, anti-HIV, antimicrobial and
antitumor. Also, the vital biomolecules DNA and of critically important drugs
(Fluorouracil 148, Etravirine 150, Risperidone 149, Iclaprim 151 etc.) includes the

pyrimidine core.

polysubstituted
pyrimidine A pyximidine E’Thiazolol3,2-c]nyimidi“es
'R R H N
Z N i N ¢ N N”%
: H : |
U= 1 UL
' 107! i recently prepared by
95 T R L ._._.ourgroup______
'd ﬂ ﬂ N\
(0] DNA Bases
N
NH
X LX JI )
NS00 OH NN o HN N
thymine uracil cytosine guanine
96 97 98 147
Q N
O
v N“I(N
(0] N NH 0
I Risperidone
fluorouracil Br /N o-N 149

14 >N
8 Etravirine NH, 150 H,N Iclaprim 151

Figure 2.1. Various pyrimidine-based important molecules

Recently, first synthetic examples of some biologically active thiazolo[3,2-
c]pyrimidines (S-analogs of guanidine) 134 were efficiently prepared and reported
by our group. With our ongoing interest on the chemistry of pyrimidine-based
molecules, new potentially bioactive polysubstituted nitropyridimines (107) are
intented to synthesize using multicomponent reactions of diaryl substituted
nitroenamines (43) with formaldehyde 7 and arylamines 6 in the present dissertation

study. Secondly, biological activities of newly prepared polysubstituted
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nitropyridimines (107) such as antioxidant or antibacterial etc. were planned to

perform after purification and characterization steps.

1b
Diaryl substituted
O-N Nitroenamines
2
|
AR
:/\ Ar  Mannich Biological Activity Studies
R Cyclisations of :
O,N Polysubstituted
| MW Heati Nitropyrimidines '
NH eating :(Antioxidant or Antibacterial ...):
| R, YA v
: Ar
43

New polysubsituted
nitropyrimidines

Figure 2.2. Synthetic route affording new polysubstituted nitropyrimidines

107)
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3. MATERIALS AND METHODS

All reagents and solvents were supplied from commercial sources in
analytical grade (Merck, Sigma-Aldrich). A computer-controlled single-mode
microwave reactor (CEM Discover Explorer SP) were used for microwave-assisted
reactions. NMR spectra were recorded on a JEOL ECS400 Delta2 spectrometer (400
MHz for proton and 100 MHz for carbon) in CDCl; or DMSO-d¢ at room
temperature. All chemical shifts (§) were reported in parts per million (ppm)
downfield from TMS; J values are given in Hz. The abbreviations used for NMR
signals are: br s= broad singlet, s = singlet, d = doublet, t = triplet, q = quartet, hept =
heptet, m = multiplet, dd=doublet of doublets, dt=doublet of triplets, ddd=doublet of
doublet of doublets. IR spectra were recorded on a SHIMADZU FTIR-8400S
instrument using KBr pellets. High resolution mass measurements were run on a
Waters Lct Premier XE oa-TOF Mass Spectrometer. Melting points were determined
on a MELTEMP apparatus and they are uncorrected. TLC analyses were carried out
to monitor the reaction progress using precoated plates with fluorescent indicator
(Merck 5735). Column chromatographic separations were performed on silica gel
(Merck, 230400 mesh ASTM) and the eluents were mixtures of ethyl acetate (EA)
and hexanes (H). Staining solutions of potassium permanganate and UV-254-366

were used for visualization of the TLC spots.
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3.1 EXPERIMENTAL

3.1.1 PREPARATION OF STARTING MATERIALS (Harding et
al.,1975)

3.1.1.1 General Procedures for Preparation of 2-nitro-1-(phenyl or

naphthalen-2-yl)ethanones (60) (Aradi et al., 2017)

02N 02N
o imidazole CrO4
1a 58 59a 60a
O,N N
O imidazole 2 CrO; ©:
OO H +H;C-NO, 25°C, 24 h OO OH OO 0
1b 58 59b 60b

2-Nitro-1-arylethane-1-ols (59a,b): To a mixture of benzaldehyde (7.45 g, 70
mmol, 4.27 equiv.), nitromethane (12.8 g, 210 mmol; 12.8 equiv.), and imidazole
(1.12 g, 16.4 mmol, 1 equiv.) in a reaction flask, distilled water (140 mL) was added.
Then, reaction mixture was stirred at 25°C for 24 hour and reaction completion was
controlled using TLC. Diethyl ether (40 mL) was added to the reaction mixture, the
aqueous phase was extracted with diethyl ether (2x30 mL). The combined organics
were washed with brine (1x30 mL), dried over anhydrous sodium sulfate, filtered,
and evaporated. Yellow solid product was used in the next step (Jones oxidation)
without purification.

2-Nitro-1-(phenyl or naphthalen-2-yl) ethanones (60a,b): 2-Nitro-1-arylethan-1-ol
(59.2 mmol, 1 equiv.) was dissolved in acetone (97.5 mL), the mixture was cooled to
0°C, and then Jones reagent (CrOs: 67.2 mmol, 1.13 equiv. and 6 mL conc. H,SO4
completed to 37.5 mL with distilled water) was added dropwise in 30 min until an
orange color persist. After that the resulted mixture was stirred at 0-5°C for 22-24
hour. Isopropyl alcohol (50 mL) was added to the reaction mixture (100 mL) and

deep green color was obtained. Mixture was extracted with diethyl ether (3 x 100
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mL). The combined organics were washed with brine (I1x50 mL), dried over
anhydrous sodium sulfate, filtered, and evaporated. The crude residue was purified

by column chromatography.
2-Nitro-1-phenylethanone (60a) (Aradi et al., 2017)

O,N

60a

Yellow solid. (8.6 g, 87%), m.p. 101-102°C;R¢ (50% EtOAc/hexane) 0.70;IR (KBr)
v: 3020, 2962, 2928 (CH), 1693 (C=0), 1558 (NO,), 1450, 1334(NO,), 1230, 759
cm™; 'H-NMR (400 MHz, DMSO-de) &: 7.96-7.94 (2H, m), 7.77-7.73 (1H, m),
7.62-7.58 (2H, m), 6.55 (2H, s);'’C-NMR (100 MHz, DMSO-ds) 5:188.4, 134.8,
133.4, 129.1, 128.4, 82.8.

1-(Naphthalene-2-yl)-2-nitroethanone (60b) (Lian et al., 2015)

O,N

S

60b

Light brown solid. (2.17 g, 85%), m.p. 130-132°C;R¢ (33% EtOAc/hexane) 0.50; IR
(KBr) v: 3059, 2966, 2837(CH), 1697 (C=0), 1629, 1558 (NO,), 1356 (NO,), 1309,
1192, 779 cm™;'"H-NMR (400 MHz, CDCl5) &: 8.49 (1H, s), 7.95-7.74 (4H, m),7.55-
740 (2H, m), 6.01 (2H,s);”C-NMR (100 MHz, CDCl;) §:185.7, 136.3, 132.2,
130.7,130.5, 129.8, 129.7, 129.4, 128.0, 127.5, 123.0, 81.4. HRMS: MH", found:
216.0656. C,H9NOj3 requires 216.0661.
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3.1.1.2 General Procedure for Preparation of (Z)-N-(2-nitro-1-

arylvinyl)anilines (43) under conventional heating or MW

irradiation
O.N
|
O:N NH
X
o | .
NH, CH5COOH

60a - 43 R
* h 0N
OuN | v CH4CN, 80°C, 24h 2 |

or

R
0] 6 neat, MW, 90°C, OO NH
60-120 min X

A mixture of 2-nitro-1-arylethan-1-one 60 (10.9 mmol, 1 equiv.), aniline 6 (15.3
mmol, 1.4 equiv.) and acetic acid (24 mmol, 2.2 equiv.) were refluxed in CH3;CN at
80°C under nitrogen atmosphere for 22-24 hour or heated with MW irradiation at
90°C for 60-120 min until TLC indicated the total consumption of corresponding
ketone. After evaporation of all solvents, the crude residue was purified by column
chromatographyusing mixtures of hexane-ethyl acetate (6:1/10:1) to afford

nitroenamines (43) in pure state.

(Z)-N-(2-nitro-1-phenylvinyl)aniline (43a)

O,N

NH

43a ©

With conventional heating for 22 hour and flash chromatography (15%
EtOAc/hexane) afforded yellow powder. (1.38g, 55%), m.p. 121-122°C;R¢ (33%
EtOAc/hexane) 0.50; IR (KBr) v: 3138 (NH), 3055, 1606 (C-N), 1593, 1564 (C=C),
1481, 1363, 1192, 765 cm™; 'TH-NMR (400 MHz, CDCl3) &: 11.35 (NH, br s), 7.25
(1H, t, J 7.1 Hz), 7.18-7.08 (4H, m), 7.00 (2H, t, J 7.6 Hz), 6.91 (1H, t, J 7.4 Hz),
6.64 (2H, d, J 7.8 Hz), 6.59 (1H,s); *C-NMR (100 MHz, CDCls) &: 155.8, 137.6,
131.6, 130.9, 129.1, 129.0, 128.6, 126.0, 124.0, 114.2; (TOF-MS APCI') m/z: 239
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(100, [M-H]"), 240 (20%); HRMS (TOF-MS APCI): [M-H]*, found 239.0849.
Ci14H;1N,0, requires 239.0815.

(Z)-4-chloro-N-(2-nitro-1-phenylvinyl)aniline (43b)

O,N

NH

43b
Cl

With conventional heating for 22 hour and flash chromatography (10%
EtOAc/hexane) afforded bright yellow solid. (1.60 g, 48%), m.p. 128-129°C; R¢
(33% EtOAc/hexane) 0.60; IR (KBr) v: 3248 (NH), 3113, 3066, 1599 (C-N), 1589,
1560 (C=C), 1491, 1363, 1290, 1197, 704 cm™; '"H-NMR (400 MHz, CDCl3) 8:11.38
(NH, br s), 7.49-7.40 (1H, m), 7.35 (1H, t, J 7.6 Hz),7.27 (2H, d, J 7.3 Hz),7.12 (1H,
d, J 8.7 Hz),6.75 (2H, d, J 5.3 Hz), 6.72 (1H,s); "C-NMR (100 MHz, CDCl;) &:
155.2, 136.2, 133.7, 131.5, 131.3, 131.2, 130.2, 129.3, 129.2, 128.6, 128.5, 125.1,
114.7; (TOF-MS APCI) m/z: 273 (100, [M-H]"), 274 (20), 275 (40%); HRMS
(TOF-MS APCT): [M-H]", found 273.0472. C4H,¢CIN,O; requires 273.0425.

(Z)-4-fluoro-N-(2-nitro-1-phenylvinyl)aniline (43c)

O,N

NH

43¢

With MW irradiation for 75 min and flash chromatography (10% EtOAc/hexane)
afforded dark yellow solid. (1.10 g, 70%), m.p. 107-109°C; Rt (33% EtOAc/hexane)
0.70; IR (KBr) v: 3149 (NH), 3072, 1606 (C-N), 1591, 1564 (C=C), 1508, 1475,
1357, 1278, 1192, 767, 705 cm™"; '"H-NMR (400 MHz, CDCl;) &: 11.42 (NH, br s),
8.11 (1H, d, J 9.2 Hz),7.47 (1H, t, J 7.7 Hz),7.41 (1H, d, J 7.2 Hz), 7.33 2H, t,J 7.5
Hz),7.26 (2H, t, J 9.1 Hz), 6.86 (2H, t, J 8.5 Hz), 6.82-6.77(2H,m), 6.76 (1H,s); "°C-
NMR (100 MHz, CDCl3) o: 161.7, 159.3, 155.9, 133.8, 131.3, 131.0, 130.2, 129.1,
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128.7, 128.6,125.9, 125.8, 116.2, 116.0, 114.2; (TOF-MS APCT) m/z: 257 (100, [M-
H]"), 258 (20%); HRMS (TOF-MS APCI): [M-H]*, found 257.0735. C4H;0FN,O,
requires 257.0720.

(Z2)-3,4-dimethoxy-N-(2-nitro-1-phenylvinyl)aniline (43d)

O,N

NH

43d ~

With MW irradiation for 120 min and flash chromatography (12.5-25%
EtOAc/hexane) afforded orange solid. (1.22 g, 67%), m.p. 117-118°C; R¢ (33%
EtOAc/hexane) 0.30; IR (KBr) v: 3130 (NH), 3018, 1593, 1562 (C=C), 1514, 1438,
1352, 1232, 1184, 767, 711 cm™'; '"H-NMR (400 MHz, CDCl5) &: 11.53 (NH, br s),
741 (1H, t, J 7.2 Hz),7.34 (2H, t, J 7.4 Hz),7.29 (2H, d, J 7.7 Hz), 6.75 (1H,s),6.65
(1H, d, J 8.6 Hz), 6.43 (1H, dd, J 8.6, 2.5 Hz), 6.26 (1H, d, J 2.4 Hz), 3.79 (3H, s),
3.55 (3H,s); C-NMR (100 MHz, CDCls) &: 155.8, 148.9, 147.0, 131.8, 130.8,
130.5, 129.0, 128.6, 116.2, 113.6, 111.0, 108.1, 56.0, 55.8; (TOF-MS APCI) m/z:
299 (100, [M-H]"), 300 (25%); HRMS (TOF-MS APCT): [M-H]", found 299.1027.
Ci6H15N204 requires 299.1026.

(Z)-N-(1-(naphthalen-2-yl)-2-nitrovinyl)aniline (43e)

O,N
|
S9P4
43e ©

With MW irradiation for 60 min and flash chromatography (10-15% EtOAc/hexane)
afforded dark yellow solid. (0.410 g, 30%), m.p. 134-136°C; Ry (25%
EtOAc/hexane) 0.50; IR (KBr) v: 3130 (NH), 3053, 1602 (C-N), 1579, 1568 (C=C),
1489, 1363, 1195, 754 cm™'; "H-NMR (400 MHz, CDCl3) &: 11.58 (NH, br s), 7.95
(1H,s), 7.85-7.80 (2H,m), 7.71 (1H, d, J 8.6 Hz), 7.61-7.50 (2H, m), 7.21 (1H, dd, J
8.6, 1.7 Hz), 7.13 (2H, t, J 7.7 Hz), 7.06 (1H, d, J 7.3 Hz), 6.89 (1H,s), 6.85 (2H, d, J
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7.8 Hz); >C-NMR (100 MHz, CDCl3) &: 155.6, 137.6, 134.1, 132.8, 129.2, 129.1,
128.9, 128.7, 128.6, 128.1, 127.9,127.2, 126.0, 125.1, 125.0, 1239, 114.6,
114.5;(TOF-MS EST)m/z: 289 (100, [M-H]"), 290 (20%); HRMS (TOF-MS EST):
[M-H]", found 289.1015. C;sH;3N,0, requires 289.0971.

(Z)-4-methyl-N-(1-(naphthalen-2-yl)-2-nitrovinyl)aniline (43f)

O,N

l

LT X

43f
CHs

With MW irradiation for 75 min and flash chromatography (10-12.5%
EtOAc/hexane) afforded dark yellow solid. (0.300 g, 40%), m.p. 124-125°C; R¢
(33% EtOAc/hexane) 0.70; IR (KBr) v: 3128 (NH), 3051, 1589 (C-N), 1560 (C=C),
1473, 1356, 1186, 815 cm™'; '"H-NMR (400 MHz, CDCls) &: 11.59 (NH, br s), 7.94
(1H,s), 7.82 (2H,dd, J 12.8, 8.9 Hz), 7.71 (1H, d, J 8.6 Hz), 7.59-7.50 (2H, m), 7.20
(1H, dd, J 8.5, 1.7 Hz), 6.92 (2H, t, J 8.3 Hz), 6.87 (1H,s), 6.73 (2H, d, J 8.3Hz),
3.21 (3H,s) ; C-NMR (100 MHz, CDCls) &: 155.9, 136.0, 135.0, 134.0, 132.8,
128.8, 128.7, 128.6, 128.0, 127.9, 127.2, 125.0, 123.8, 114.1, 20.8; (TOF-MS ESI)
m/z: 303 (75, [M-H]"), 304 (100), 305 (25%); HRMS (TOF-MS ESI'): [M-H]", found
303.1169. C19H;5N,0, requires 303.1128.
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3.1.2 SYNTHESIS OF TARGET PRODUCTS

3.1.2.1 General Procedure for Preparation of 5-nitro-6-phenyl-1,3-diaryl-

1,2,3,4-tetrahydropyrimidines and S-nitro-6-naphthyl-1,3-diaryl-
1,2,3,4-tetrahydropyrimidines (107)

OoN
|
NH R2
N 4
| CH5CN
= = o
[¢]
+ NH, + H H MW, 80-90°C,
O,N 30-90min
| 6 7
X <
| X 6a H-
~ 6b 3,4-diOMe-
\ ] 6¢c 4-Cl-
43e-f R 6d 4-PhO-
6e benzodioxolyl-
6f 4-Br-
6g 4-Me-
6h 3-OMe-
6i 4-CFy

(Z2)-N-(2-nitro-1-arylvinyl)aniline (43a-f) (0.5 mmol, 1.0 equiv), aniline
derivative 6a-i (0.5 mmol, 1.0 equiv.) ) and formaldehyde 7 (37 % v/v in H;0, 1.0

mmol, 2.0 equiv.) were mixed with CH3CN (2 mL) and the resulting mixture was

prestirred for 15 seconds. Then, the mixture was heated with microwave irradiation

for 30-90 min. The reaction progress was followed by TLC and upon completion, the

reaction mixture was cooled to ambient temperature and the solvent was

rotaevaporated. The resulting solid residue was purified by silica gel column

chromatography using EtOAc-hexane mixtures specified, to afford the title

compound (107) in good yields.
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5-Nitro-1,3,6-triphenyl-1,2,3,4-tetrahydropyrimidine (107a)

107a

With MW heating for 40 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (140 mg, 78%), m.p. 153-155°C; Rt (25% EtOAc/hexane)
0.30; IR (KBr) v: 3063, 2856 (CH), 1597, 1587, 1564, 1492, 1278, 1118, 935, 765,
694cm™; "H-NMR (400 MHz, CDCl3) §: 7.28-7.20 (2H,m), 7.21-7.09 (5H,m), 7.03
(3H, ddd, J 14.8, 8.6, 4.4 Hz), 6.94 (3H, dd, J 9.1, 8.1 Hz), 6.65 (2H, dd, J 8.2, 1.3
Hz), 5.07 (2H, s), 4.72 (2H, s); ?C-NMR (100 MHz, CDCls) &: 155.7, 147.4, 143.6,
132.9, 129.7, 129.5, 129.3, 128.9, 128.6, 128.1, 127.0, 126.9, 126.1, 123.4, 122.1,
121.5, 118.2, 117.5, 70.6, 49.2; (TOF-MS APCI) m/z: 356 (80), 357 (100%, M");
HRMS (TOF-MS APCI): M", found 357.1474. CyH;9N30, requires 357.1477.

3-(3,4-Dimethoxyphenyl)-5-nitro-1,6-diphenyl-1,2,3,4-tetrahydropyrimidine
(107b)

107b

With MW heating for 45 min and flash chromatography (20% EtOAc/hexane)
afforded yellow solid. (65 mg, 32%), m.p. 137-139°C; R¢ (50% EtOAc/hexane)
0.50;IR (KBr) v:3059, 2926 (CH), 1593, 1577, 1554, 1491, 1294, 1138, 935, 765,
698 cm™; 'TH-NMR (400 MHz, CDCls) 8:7.36-7.29 (1H,m), 7.22-7.13 (3H,m), 7.10
(2H, dd, J 10.3, 5.0 Hz), 7.03 (2H, t, J 7.4 Hz), 6.97 (1H, d, J 7.2 Hz), 6.76 (1H, d, J
8.6 Hz), 6.62 (2H, d, J 8.9 Hz),6.54 (1H, dd, J 8.6, 2.7 Hz), 6.48 (1H, d, J 2.7 Hz),
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5.02 (2H, s), 4.69 (2H, s), 3.82 (3H, s), 3.67 (3H, s); "C-NMR (100 MHz, CDCl3)
0:155.5, 149.7, 144.6, 143.5, 141.7, 132.9, 129.5, 129.3, 128.8, 128.6, 128.0, 126.9,
126.8, 126.1, 123.1, 112.1, 109.9, 103.6, 71.6, 56.1, 55.7, 49.9; (TOF-MS APCI)
m/z: 417 (100, M"), 418 (50%); HRMS (TOF-MS APCI): M*, found 417.1700.
C24H23N304 requires 417.1688.

3-(4-Chlorophenyl)-5-nitro-1,6-diphenyl-1,2,3,4-tetrahydropyrimidine

(107¢) 107¢

With MW heating for 45 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (64 mg, 33%), m.p. 132-134°C. R¢ (50% EtOAc/hexane) 0.80;
IR (KBr) v: 3059, 2906 (CH), 1591, 1579, 1554, 1491, 1274, 1155, 819, 759, 696
cm’'; 'TH-NMR (400 MHz, CDCl3) §:7.21-7.13 (SH,m), 7.13-7.07 (2H,m),7.05 (2H,
d, J 7.9 Hz), 7.02 (1H, d, J 7.2 Hz),6.85 (2H, d, J 8.9 Hz), 6.66 (2H, d, J 7.8 Hz),
5.04 (2H, s), 4.68 (2H, s); "C-NMR (100 MHz, CDCl3) &: 155.4, 146.0, 143.4,
132.7, 129.7, 129.5, 129.2, 128.9, 128.8, 128.1, 127.5, 127.0, 126.7, 126.3, 126.2,
123.2, 119.3, 118.7, 70.5, 49.1; (TOF-MS APCI) m/z: 391 (100, M"), 392 (50), 393
(40%); HRMS (TOF-MS APCI): M*, found 391.1073. C,H;3CIN;O, requires
391.1087.

5-Nitro-3-(4-phenoxyphenyl)-1,6-diphenyl-1,2,3,4-tetrahydropyrimidine

o T O

N
-
(107d) © 107d

With MW heating for 75 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (125 mg, 55%), m.p. 145-147°C. R¢ (33% EtOAc/hexane)
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0.45; IR (KBr) v: 3057, 2868 (CH), 1585, 1558, 1546, 1491, 1286, 1120, 839, 765,
698 cm™'; "TH-NMR (400 MHz, CDCl3) &: 7.33-7.26 (2H,m), 7.21-7.10 (5H,m), 7.05
(3H, t, J 8.4 Hz), 7.02-6.95 (3H, m), 6.95-6.88 (4H, m), 6.64 (2H, dd, J 8.2, 1.2 Hz),
5.03 (2H, s), 4.69 (2H, s); PC-NMR (100 MHz, CDCl;) &: 158.0, 155.6, 151.5,
143.7, 132.9, 130.2, 129.6, 129.3, 128.9, 128.6, 128.1, 127.9, 127.6, 127.0, 126.3,
126.1, 123.3, 122.5, 121.1, 120.4, 120.3, 119.5, 118.3, 117.5, 71.8, 49.5; (TOF-MS
APCI) m/z: 449 (100, M"), 450 (40%); HRMS (TOF-MS APCI): M", found
449.1730. Co8H23N305 requires 449.1739.

3-(Benzo[d][1,3]dioxol-5-yl)-5-nitro-1,6-diphenyl-1,2,3,4-tetrahydropyrimidine
(107e)

© 107e

With MW heating for 85 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (43 mg, 21%), m.p. 161-162°C. R¢ (33% EtOAc/hexane) 0.40;
IR (KBr) v: 3055, 2872 (CH), 1579, 1554, 1494, 1265, 1126, 1035, 933, 767, 698
cm’'; 'H-NMR (400 MHz, CDCl3) 8: 7.34 (1H,dt, J 16.0, 7.2 Hz), 7.20-7.09 (4H,m),
7.05 (2H, dd, J 14.5, 7.8 Hz), 6.98 (1H, t, J 7.5 Hz), 6.67 (3H, dd, J 16.5, 8.0 Hz),
6.54 (1H, d, J 2.2 Hz),6.46 (1H, dd, J 8.3, 2.1Hz),5.88 (2H,s), 4.95 (2H, s), 4.62 (2H,
s); "C-NMR (100 MHz, CDCl3) &: 158.5, 155.6, 148.5, 143.4, 142.9, 132.9, 129.5,
129.3, 128.8, 128.6, 128.0, 127.8, 127.6, 127.0, 1263, 126.1, 123.1,
1199,111.7,111.2, 110.9, 110.4, 109.0,108.6, 107.7, 102.2, 101.3, 72.2, 49.9; (TOF-
MS APCI) m/z: 401 (100,M"), 402 (40%); HRMS (TOF-MS APCI): M*, found
401.1362. C3H9N304 requires 401.1375.
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3-(4-Bromophenyl)-5-nitro-1,6-diphenyl-1,2,3,4-tetrahydropyrimidine (107f)

Br
O,N /©/
2 N

W

N

@ 107f

With MW heating for 70 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (90 mg, 42%), m.p. 118-120°C. R¢ (33% EtOAc/hexane) 0.50;
IR (KBr) v: 3064, 2908 (CH), 1591, 1579, 1554, 1494, 1273, 1155, 1018, 817, 759,
696 cm™; "H-NMR (400 MHz, CDCls) &: 7.31 (2H,d, J 8.9 Hz), 7.22-7.13 (3H,m),
7.13-6.98 (5H, m), 6.79 (2H, d, J8.9 Hz), 6.67 (2H, d, J 8.6 Hz), 5.03 (2H, s), 4.68
(2H, s); "C-NMR (100 MHz, CDCl3) &: 155.6, 146.5, 143.4, 132.7, 132.5, 132.1,
131.9, 129.4, 128.9, 128.8, 128.7, 128.1, 127.5, 126.9, 126.7, 126.3, 126.1, 123.2,
120.0, 119.5, 119.0, 114.0, 70.3, 49.0;(TOF-MS ESI') m/z:434 (100, [M-H]"), 435
(30), 436 (100), 437(30%); HRMS (TOF-MS ESI): [M-H]*, found 434.0515.
CxH7BrN,O; requires 434.0498.

5-Nitro-1,6-diphenyl-3-(p-tolyl)-1,2,3,4-tetrahydropyrimidine (107g)

O.N /©/
2 N

L

N

© 107g

With MW heating for 45 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (130 mg,70%), m.p. 133-135°C. R¢ (33% EtOAc/hexane)
0.40; IR (KBr) v: 3061, 2918 (CH), 1585, 1560, 1491, 1273, 1124, 1016, 763, 694
cm™; "TH-NMR (400 MHz, CDCl5) &: 7.19-7.13 (3H,m), 7.13-7.08 (2H, m), 7.07-6.96
(5H, m), 6.87 (2H, d, J 8.5 Hz), 6.63 (2H, d, J 7.6 Hz), 5.03 (2H, s), 4.69 (2H, s),
2.26 (3H,s); C-NMR (100 MHz, CDCl3) &: 155.7, 145.1, 143.5, 133.0, 131.4,
130.3, 129.7, 129.4, 129.2, 129.0, 128.9, 128.6, 128.0, 127.1, 126.9, 126.8, 126.4,
126.2,123.1, 118.4, 117.8, 71.2, 49.3, 20.6; (TOF-MS APCI') m/z: 370 (80, M"), 371
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(100), 372 (25%); HRMS (TOF-MS APCI): M", found 371.1591. Cy3HyN30;
requires 371.1633.

3-(3-Methoxyphenyl)-5-nitro-1,6-diphenyl-1,2,3,4-tetrahydropyrimidine

(107h) © 107h

With MW heating for 55 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (50 mg, 25%), m.p. 128-129°C.R¢ (33% EtOAc/hexane) 0.35;
IR (KBr) v: 3061, 2924 (CH), 1597, 1585, 1552, 1492, 1294, 1197, 1018, 827, 759,
696 cm™'; "TH-NMR (400 MHz, CDCl3) &: 7.40-7.29 (1H, m), 7.21-7.10 (6H, m), 7.06
(2H, t, J 7.5 Hz), 7.00 (1H, t, J 7.3 Hz), 6.71 (2H, d, J 7.5 Hz), 6.52 (1H,dd, J 8.2,
2.2 Hz), 6.47 (1H,dd, J 8.2, 2.2 Hz), 6.44 (1H.,d, J 2.2 Hz),5.05 (2H, s), 4.70 (2H, s),
3.67 (3H, s); C-NMR (100 MHz, CDCls) &: 160.7, 158.6, 155.6, 148.8, 143.6,
130.0, 129.5, 129.4, 128.9, 128.7, 128.6, 128.0, 127.0, 126.2, 123.7, 110.2, 110.8,
110.6, 103.9, 103.7, 70.2, 55.4, 49.2; (TOF-MS APCI) m/z: 387 (100,M"), 388
(30%); HRMS (TOF-MS APCI): M", found 387.1597. C,3H,N;O;3 requires
387.1582.

1-(4-Chlorophenyl)-5-nitro-3,6-diphenyl-1,2,3,4-tetrahydropyrimidine

o
2NN

|

N

107i
(1071) Cl

With MW heating for 50 min and flash chromatography (15% EtOAc/hexane)
afforded orange solid. (100mg, 50%), m.p. 127-129°C. R¢ (33% EtOAc/hexane)
0.50; IR (KBr) v: 3057, 2922 (CH), 1600, 1579, 1546, 1491, 1265, 1087, 1010, 925,
763,694 cm™; "TH-NMR (400 MHz, CDCls) &: 7.27-7.15 (6H,m), 7.11 (2H, dd, J 6.9,
1.1 Hz), 6.99 (2H, d, J 8.5 Hz), 6.94 (2H, t, J 7.6 Hz), 6.56 (2H, d, J 8.6 Hz), 5.03
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(2H, s), 4.69 (2H, s); "C-NMR (100 MHz, CDCls) &: 155.0, 147.2, 142.3, 132.6,
132.0, 129.8, 129.5, 128.8, 128.3, 128.0, 127.4, 124.4, 122.3, 121.6, 118.2, 117.5,
71.1, 48.9; (TOF-MS APCI) m/z: 391 (100, M"), 392 (40), 393 (35%); HRMS
(TOF-MS APCT): M", found 391.1124. C5,H,3CIN;0, requires 391.1087.

1,3-Bis(4-chlorophenyl)-5-nitro-6-phenyl-1,2,3,4-tetrahydropyrimidine

107
(107j) Cl

With MW heating for 30 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (95mg, 45%), m.p.163-165°C. R¢ (33% EtOAc/hexane) 0.40;
IR (KBr) v: 3061, 2831 (CH), 1587, 1560, 1498, 1265, 1087, 1008, 827, 765, 698
cm™; "TH-NMR (400 MHz, CDCls) &: 8.10 (1H,d, J 8.2 Hz), 7.47 (1H,t, J 7.6 Hz),
7.28-7.15 (4H,m), 7.09 (2H, d, J8.0 Hz), 7.02 (2H, d, J 8.6 Hz), 6.84(2H, d, J 8.9
Hz), 6.58 (2H, d, J 8.6 Hz), 4.99 (2H, s), 4.66 (2H, s); "C-NMR (100 MHz, CDCl)
0: 154.9, 145.8, 142.2, 132.4, 132.2, 129.8, 129.6, 129.5, 129.2, 128.9, 128.8, 128.6,
128.3, 1279, 124.1, 119.3, 118.7, 70.7, 49.0; (TOF-MS APCI) m/z: 425
(100,M"),426 (50), 427 (75%); HRMS (TOF-MS APCI): M*, found 425.0723.
C2H7CI,N30; requires 425.0697.

1-(4-Chlorophenyl)-3-(3,4-dimethoxyphenyl)-5-nitro-6-phenyl-1,2,3,4-
tetrahydro pyrimidine (107k)

107k

Cl
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With MW heating for 30 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (160 mg, 71%), m.p.118-120°C. R¢ (33% EtOAc/hexane)
0.50; IR (KBr) v: 3064, 2926 (CH), 1585, 1560, 1491, 1259, 1089, 1012, 933, 761,
707 em™; "H-NMR (400 MHz, CDCl3) &: 8.09 (2H,d, J 7.6 Hz), 7.46 (3H,t, J 7.7
Hz), 7.20 (2H.d, J 7.6 Hz), 7.09 (2H, dd, J 7.9, 1.4 Hz), 7.00-6.96 (2H,m), 6.75 (1H,
d, J 8.3 Hz), 6.54 (2H, d, J 8.8 Hz), 4.97 (2H, s), 4.66 (2H, s), 3.82 (3H, s), 3.71 (3H,
s); (TOF-MS APCI) m/z: 451 (100, M"), 452 (35%); HRMS (TOF-MS APCTI): M*,
found 451.1314. C24H,CIN3O4 requires 451.1298.

1-(4-Chlorophenyl)-5-nitro-6-phenyl-3-(4-(trifluoromethyl)phenyl)-1,2,3,4-
tetrahydropyrimidine (1071)

CFs
O,N O
2 N

W

N

1071
Cl

With MW heating for 45 min and flash chromatography (20% EtOAc/hexane)
afforded yellow solid. (95 mg,70%), m.p. 197-199°C. R¢ (33% EtOAc/hexane) 0.40;
IR (KBr) v: 3066, 2852 (CH), 1618, 1587, 1560, 1491, 1458, 1276, 1116, 1006, 829,
767, 698 cm’'; 'H-NMR (400 MHz, CDCls) 8:7.46 (2H,t, J 8.6 Hz), 7.23 (3H.dt, J
14.2,5.2 Hz), 7.13 (2H, d, J 6.9 Hz), 7.06 (2H, d, J 8.6 Hz), 6.88 (2H, d, J 8.6 Hz),
6.67 (2H, d, J 8.7 Hz), 5.07 (2H, s), 4.72 (2H, s); *C-NMR (100 MHz, CDCls) :
154.9, 149.6, 142.1, 132.4, 132.2, 130.0, 129.4, 129.3, 128.6, 127.8, 126.8, 124.7,
116.0, 68.9, 48.6; (TOF-MS ESI") m/z: 458 (100, MH"-2H), 460 (50%); HRMS
(TOF-MS ESI"): MH"-2H, found 458.0902. C»3H;5F;N30; requires 458.0877.
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1-(4-Fluorophenyl)-5-nitro-3,6-diphenyl-1,2,3,4-tetrahydropyrimidine

on N

N
-

107m
(107m) F

With MW heating for 45 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (150 mg, 80%), m.p.153-155°C. R¢ (33% EtOAc/hexane)
0.45; IR (KBr) v: 3061 (arom. CH), 2854 (CH), 1600, 1583, 1566, 1508, 1458, 1280,
1120, 1014, 931, 839, 765,698 cm™; "H-NMR (400 MHz, CDCl3) &: 7.25 (2H,t, J 7.7
Hz), 7.21-7.14 (3H,m), 7.09 (2H, dd, J 7.9, 1.6 Hz), 6.99-6.92 (3H, m), 6.71 (2H, t, J
8.5 Hz), 6.62-6.55 (2H, m),5.02 (2H, s), 4.70 (2H, s); ?C-NMR (100 MHz, CDCl5)
0: 161.8, 159.4, 155.5, 147.4, 139.7, 132.8, 129.6, 129.4, 129.1, 128.8, 128.7, 128.5,
123.7, 122.0, 118.0, 116.0, 115.8, 71.2, 48.9; (TOF-MS APCI) m/z: 375 (100, M),
376 (30%); HRMS (TOF-MS APCI): M, found 375.1388. Co,H;sFN;0, requires
375.1383.

3-(4-Chlorophenyl)-1-(4-fluorophenyl)-5-nitro-6-phenyl-1,2,3,4-tetrahydro
pyrimidine (107n)

107n

With MW heating for 60 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (125 mg, 60%), m.p. 151-152°C. R¢ (33% EtOAc/hexane)
0.50; IR (KBr) v:3057 (arom. CH), 2850 (CH), 1604, 1581, 1566, 1508, 1458, 1276,
1124, 1024, 929, 840, 765, 698 cm™'; 'H-NMR (400 MHz, CDCl3) &: 7.24-7.15
(5H,m), 7.08 (2H, dd, J 7.9, 1.4 Hz), 6.87 (2H, d, J 9.0 Hz), 6.74 (2H, t, J 8.5
Hz),6.62 (2H, dd, J 8.9, 4.7 Hz), 4.99 (2H, s), 4.66 (2H, s); "C-NMR (100 MHz,
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CDCl3) 8: 161.9, 159.4, 155.5, 146.0, 139.5, 132.6, 129.6, 129.5, 129.1, 128.7, 128.6,
128.5, 126.9, 123.4, 119.1, 116.2, 115.9, 70.9, 48.9; (TOF-MS APCT) m/z: 409 (100,
M%), 410 (80), 411 (40%); HRMS (TOF-MS APCI): M*, found 409.0979.
Cx»H,7CIFN;0; requires 409.0993.

3-(3,4-Dimethoxyphenyl)-1-(4-fluorophenyl)-5-nitro-6-phenyl-1,2,3,4-tetrahydro

pyrimidine (1070)
%
O.N l :T o~
N
1070
F

With MW heating for 60 min and flash chromatography (15% EtOAc/hexane)
afforded dark orange solid. (50 mg, 23%), m.p. 115-117°C. R¢ (33% EtOAc/hexane)
0.25; IR (KBr) v: 3068 (arom. CH), 2926 (CH), 1604, 1581, 1560, 1508, 1460, 1278,
1153, 1022, 931, 829, 767, 700 cm'; 'H-NMR (400 MHz, CDCl3) &: 7.21-7.14
(3H,m), 7.07 (2H, dd, J 7.7, 1.7 Hz),6.76 (1H, d, J 8.4 Hz), 6.70 (2H, t, J 8.5 Hz),
6.60-6.51 (4H, m), 4.97 (2H, s), 4.66 (2H, s), 3.82 (3H, s), 3.72 (3H, s) ; *C-NMR
(100 MHz, CDCl3) &: 161.7, 159.4, 155.5, 149.7, 144.8, 141.6, 139.7, 130.2, 129.5,
129.0, 128.7, 128.5, 123.4, 116.0, 115.8, 111.9, 110.1, 103.9, 72.2, 56.2, 56.0, 49.6;
(TOF-MS APCI) m/z: 435 (100,M"), 436 (40%); HRMS (TOF-MS APCI): M",
found 435.1569. C,4H,,FN304 requires 435.1594.

1-(4-Fluorophenyl)-5-nitro-6-phenyl-3-(4-(trifluoromethyl)phenyl)-1,2,3,4-
tetrahydropyrimidine (107p)

107p
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With MW heating for 45 min and flash chromatography (20% EtOAc/hexane)
afforded yellowish-green solid. (185 mg, 83%), m.p. 160-162°C. Ry (33%
EtOAc/hexane) 0.40; IR (KBr) v: 3086 (arom. CH), 2850 (CH), 1616, 1572, 1508,
1467, 1282, 1116, 1074, 974, 835, 763, 700 cm™'; 'H-NMR (400 MHz, CDCl;) &:
7.47 2H.d, J 8.8 Hz), 7.24-7.17 (3H,m), 7.11 (2H, dd, J 8.0, 1.4 Hz), 6.91 (2H, d, J
8.8 Hz), 6.78 (2H, t, J 8.4 Hz), 6.74-6.67 (2H, m), 5.07 (2H, s), 4.73 (2H, s); C-
NMR (100 MHz, CDCl3) &: 161.9, 159.5, 155.4, 149.7, 139.5, 129.8, 128.6, 128.5,
128.4, 126.9, 126.8, 124.1, 116.3, 116.2, 116.1, 69.3, 48.5; (TOF-MS ESI")m/z: 442
(100, MH"-2H), 443 (25%); HRMS (TOF-MS ESI"): MH"-2H, found 442.1205.
Ca3HsF4N30; requires 442.1173.

1-(3,4-Dimethoxyphenyl)-5-nitro-3,6-diphenyl-1,2,3,4-tetrahydropyrimidine
(107q)

With MW heating for 80 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (172 mg, 82%), m.p. 130-132°C.R¢ (33% EtOAc/hexane)
0.25; IR (KBr) v: 3093 (arom. CH), 2916, 2843 (CH), 1597, 1579, 1545, 1514, 1444,
1247, 1134, 1024, 920, 881, 771, 692cm™; '"H-NMR (400 MHz, CDCls) &: 7.25 (2H,
dd, J 9.3, 6.6 Hz), 7.20-7.13 (3H,m), 7.10 (2H,dd, J 7.7, 1.8 Hz),7.00 (2H.,d, J 7.9
Hz), 6.94 (1H, t, J 7.3 Hz), 6.54 (1H, d, J 8.5 Hz),6.38 (1H, dd, J 8.5, 2.4 Hz),5.82
(1H, d, J 2.4 Hz), 5.04 (2H, s), 4.71 (2H, s), 3.73 (3H,s), 3.44 (3H,s); *C-NMR (100
MHz, CDCl3) 6: 156.0, 148.5, 147.6, 147.4, 136.6, 133.2, 129.5, 129.3, 128.9, 128.4,
122.6, 121.9, 118.9, 118.3, 110.8, 110.5, 71.5, 55.8, 55.7, 48.9; (TOF-MS ESI') m/z:
416 (100, [M-H]"), 417 (25%); HRMS (TOF-MS ESI): [M-H]", found 416.1636.
Co4H2N304 requires 416.1604.
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3-(4-Chlorophenyl)-1-(3,4-dimethoxyphenyl)-5-nitro-6-phenyl-1,2,3,4-
tetrahydro pyrimidine (107r)

cl
O,N ©/
2 N

W

N
107r

With MW heating for 90 min and flash chromatography (15-25% EtOAc/hexane)
afforded yellow solid. (95 mg, 42%), m.p.180-182°C. R¢ (33% EtOAc/hexane) 0.25;
IR (KBr) v: 3091 (arom. CH), 2922 (CH), 1595, 1541, 1510, 1491, 1273, 1134,
1022, 918, 831, 765 cm™; 'H-NMR (400 MHz, CDCl3) $:7.23-7.14 (5H,m), 7.09
(2H.dd, J 7.8, 1.6 Hz), 6.91 (2H, d, J 9.0 Hz), 6.55 (1H, d, J 8.5 Hz),6.38 (1H, dd, J
8.5, 2.5 Hz),5.84 (1H, d, J 2.4 Hz), 5.01 (2H, s), 4.67 (2H, s), 3.74 (3H,s), 3.48
(3H,s); "C-NMR (100 MHz, CDCls) &: 155.8, 148.6, 147.5, 146.3, 136.4, 132.9,
129.5, 128.9, 128.3, 126.9, 122.4, 119.5, 118.9, 110.6, 71.3, 55.9, 55.6, 49.0; (TOF-
MS EST) m/z: 450 (100, [M-H]"), 451 (40), 452 (50%); HRMS (TOF-MS ESI'): [M-
H]*, found 450.1254. Cp4H,CIN30, requires 450.1215.

1,3-Bis(3,4-dimethoxyphenyl)-5-nitro-6-phenyl-1,2,3,4-tetrahydropyrimidine
(107s)

With MW heating for 60 min and flash chromatography (20-33% EtOAc/hexane)
afforded dark orange solid. (152 mg, 64%), m.p. 147-149°C. Ry (33%
EtOAc/hexane) 0.30; IR (KBr) v: 3080 (arom. CH), 2924 (CH), 1612, 1581, 1560,
1518, 1444, 1282, 1128, 1018, 920, 839, 767, 698cm™; 'H-NMR (400 MHz, CDCl;)
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o: 7.20-7.13 (3H,m), 7.09 (2H,dd, J 7.6, 1.9 Hz), 6.76 (1H, d, J 9.4 Hz), 6.60-6.55
(2H,m),6.52 (1H, d, J 8.6 Hz), 6.33 (1H, dd, J 8.5, 2.4 Hz), 5.86 (1H, d, J 2.4 Hz),
4.98 (2H, s), 4.67 (2H, s), 3.81 (3H,s), 3.73 (3H,s), 3.72 (3H.s), 3.46 (3H,s); "°C-
NMR (100 MHz, CDCl3) &: 155.9, 149.7, 148.5, 147.4, 144.7, 141.9, 136.5, 133.2,
129.3, 128.9, 128.4, 122.3, 119.0, 111.8, 110.8, 110.5, 110.4, 104.2, 72.3, 56.2, 56.0,
55.9, 55.7, 49.8; (TOF-MS ESI") m/z: 476 (100, MH"-2H), 477 (40%); HRMS
(TOF-MS ESI"): MH"-2H, found 476.1831. C,6H25sN30¢ requires 476.1816.

1-(3,4-Dimethoxyphenyl)-5-nitro-6-phenyl-3-(4-(trifluoromethyl)phenyl)-1,2,3,4-
tetrahydropyrimidine (107t)

With MW heating for 45 min and flash chromatography (20% EtOAc/hexane)
afforded yellow solid. (140 mg, 96%), m.p. 152-154°C. R¢ (33% EtOAc/hexane)
0.30; IR (KBr) v: 3059 (arom. CH), 2918 (CH), 1616, 1595, 1543, 1514, 1464, 1284,
1116, 1024, 920, 844, 765, 698 cm™; "H-NMR (400 MHz, CDCl;) &: 7.47 (2H, d,
J8.8 Hz), 7.23-7.15 (3H,m), 7.12 (2H,dd, J 8.0, 1.5 Hz), 6.95 (2H, d, J 8.7 Hz), 6.58
(1H, d, J 8.5 Hz), 6.43 (1H, dd, J 8.5, 2.5 Hz), 5.97 (1H, d, J 2.4 Hz),5.09 (2H, s),
474 (2H, s), 3.76 (3H,s), 3.49 (3H.,s); "C-NMR (100 MHz, CDCls) &: 155.8, 150.0,
148.7, 147.6, 136.4, 132.8, 129.6, 129.0, 128.5, 126.8, 126.7, 122.9, 118.7, 116.6,
110.7, 110.5, 69.6, 55.9, 55.8, 48.6; (TOF-MS ESI) m/z: 484 (100, [M-H]"),
485(30%); HRMS (TOF-MS ESI): [M-H]", found 484.1520. C,5H,F3N30, requires
484.1478.
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3-(3,4-Dimethoxyphenyl)-6-(naphthalen-2-yl)-5-nitro-1-(p-tolyl)-1,2,3,4-
tetrahydropyrimidine (107u)

107u

With MW heating for 45 min and flash chromatography (15-33% EtOAc/hexane)
afforded brick-red solid. (700 mg, 45%), m.p. 92-94°C. R¢ (33% EtOAc/hexane)
0.20; IR (KBr) v: 3057 (arom. CH), 2926 (CH), 1560, 1546, 1508, 1458, 1265, 1195,
1026, 815, 750 cm™; "H-NMR (400 MHz, CDCl3) &: 7.71 (1H,d, J 7.9 Hz), 7.65
(2H.d, J 8.3 Hz),7.58 (1H,s), 7.46-7.35 (2H,m), 7.22 (1H, dd, J 8.5, 1.6 Hz), 6.76
(3H, t, J 8.5 Hz), 6.57 (3H, dd, J 8.6, 2.6 Hz), 6.51 (1H, d, J 2.7 Hz),5.03 (2H, s),
471 (2H, s), 3.83 (3H, s), 3.69 (3H,s), 2.06 (3H,s); *C-NMR (100 MHz, CDCls) &:
155.9, 149.7, 141.8, 141.1, 136.3, 133.3, 132.8, 129.7,128.9, 128.1, 127.8, 127.0,
126.5, 126.3, 124.3, 123.4, 111.9, 109.9, 103.8, 71.9, 56.1, 55.8, 49.8, 20.8; (TOF-
MS ESI") m/z: 480 (100, MH'-2H), 481 (35%); HRMS (TOF-MS ESI"): MH"-2H,
found 480.1945. C,9H,5N304 requires 480.1917.

6-(Naphthalen-2-yl)-5-nitro-1-(p-tolyl)-3-(4-(trifluoromethyl)phenyl)-1,2,3,4-
tetrahydropyrimidine (107v)

107v

With MW heating for 55 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (140 mg, 87%), m.p. 172-173°C. R¢ (33% EtOAc/hexane)
0.60; IR (KBr) v: 3055 (arom. CH), 2854 (CH), 1616, 1566, 1510, 1458, 1280, 1114,
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1070, 815, 750 cm™"; "H-NMR (400 MHz, CDCl3) &: 7.72 (1H,d, J 8.0 Hz), 7.69-7.63
(3H,m), 7.46 (3H.d, J 9.1 Hz),7.43-7.37 (1H,m), 7.25 (1H, dd, J 8.5, 1.5 Hz), 6.90
(2H, d, J 8.7 Hz), 6.83 (2H, d, J 8.4 Hz), 6.70 (2H, d, J 8.3 Hz), 5.12 (2H, s), 4.77
(2H, s), 2.11 (3H, s); ?C-NMR (100 MHz, CDCl3) &: 155.8, 149.8, 136.6, 133.6,
130.1, 129.4, 128.5, 128.2, 127.8, 127.2, 126.8, 126.3, 126.2, 115.9, 69.0, 48.7, 20.9;
(TOF-MS ESI") m/z: 490 (100,MH"), 491(30%); HRMS (TOF-MS ESI"): MH",
found 490.1766. C,3H3F3N30, requires 490.1742.

3-(3,4-Dimethoxyphenyl)-6-(naphthalen-2-yl)-5-nitro-1-phenyl-1,2,3,4-
tetrahydropyrimidine (107w)

With MW heating for 55 min and flash chromatography (15-20% EtOAc/hexane)
afforded brick-red solid. (90 mg, 57%), m.p. 78-80°C. R¢ (33% EtOAc/hexane) 0.25;
IR (KBr) v: 3057 (arom. CH), 2926 (CH), 1560, 1508, 1450, 1267, 1136, 1022, 819,
696 cm™; '"H-NMR (400 MHz, CDCl;) &:7.70 (1H,d, J 7.6 Hz), 7.67-7.61 (2H,m),
7.58 (1H,s), 7.46-7.34 (2H, m), 7.24 (1H, dd, J 12.5, 10.3 Hz), 6.97 (2H, dd, J 13.6,
6.8 Hz), 6.88 (1H, d, J 6.4 Hz),6.76 (2H, dd, J 8.6,2.3 Hz),6.56 (1H, d, J 8.6 Hz),6.48
(1H, s), 5.06 (2H, s), 4.72 (2H, s), 3.82 (3H,s), 3.66 (3H,s); "C-NMR (100 MHz,
CDCls) 6:155.3, 149.6, 144.8, 143.9, 141.5, 132.6,129.2, 128.8, 128.4, 128.1, 127.8,
127.1, 126.7, 126.4, 126.3, 112.1, 109.7, 103.8, 71.6, 56.2, 55.7, 50.0; (TOF-MS
ESI") m/z: 468 (100, MH"), 469 (30%); HRMS (TOF-MS ESI"): MH", found
468.1937. Cp3Hy6N304 requires 468.1923.
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6-(Naphthalen-2-yl)-5-nitro-1-phenyl-3-(4-(trifluoromethyl)phenyl)-1,2,3,4-
tetrahydropyrimidine (107x)

With MW heating for 55 min and flash chromatography (15% EtOAc/hexane)
afforded yellow solid. (141 mg, 86%), m.p. 133-134°C. R¢ (33% EtOAc/hexane)
0.55; IR (KBr) v: 3057 (arom. CH), 2854 (CH), 1616, 1560, 1452, 1265, 1114, 1070,
1016, 833, 746, 696 cm™'; "TH-NMR (400 MHz, CDCls) &: 7.72 (1H,d, J 8.0 Hz), 7.66
(3H.dd, J 8.9, 3.5 Hz), 7.45 (3H.d, J 8.5 Hz), 7.43-7.37 (1H, m), 7.26 (1H, dd, J 8.1,
1.1 Hz), 7.04 (2H, t, J 7.7 Hz), 6.96 (1H, t, J 7.4 Hz),6.89 (2H, d, J 8.7 Hz),6.81 (2H,
d, J 7.6 Hz),6.48 (1H, s), 5.15 (2H, s), 4.78 (2H, s); *C-NMR (100 MHz, CDCl3) :
155.6, 149.6, 143.6, 129.3, 128.5, 128.3, 127.8, 127.3, 126.8, 126.7, 126.5, 126.4,
126.2, 115.8, 69.0, 48.6; (TOF-MS ESI") m/z: 476 (100, MH"), 477 (40%); HRMS
(TOF-MS ESI"): MH", found 476.1604. Cy;H,;F3N30; requires 476.1585.

3.1.3 ANTIOXIDANT ACTIVITY ASSAY

Antioxidant capacity of tetrahydropyrimidine products (107a-x) was
determined wusing modified 2,2-diphenyl-1-picrylhydrazil (DPPH) radical
photometric assay (Blois, 1958; Coruh et al., 2007). DPPH radical photometric

method is based on spectrophotometrical monitoring the decay of DPPH.

For this purpose, DPPH radical was dissolved in MeOH to supply approx. 1.4
absorbance unit (0.13 mM DPPH solution) at 517 nm. Different concentrations of the
products (107) and quercetin (antioxidant standard) were prepared in MeOH and
mixed with DPPH solution to determine their antioxidant potential. Then, 0.1 mL of
each compound 107, quercetin or control (methanol) was added into 1.4 mL of
DPPH solution and obtained samples were incubated in the dark at room

temperature. After incubation, absorbance of each solution was measured against
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blank (methanol) with Hitachi U-1900, UV-VIS Spectrophotometer 200V. The
measurements for each solution was done at least four times. The DPPHe scavenging

capacity of each product (107) was expressed as mM.

The following equation was used to calculate the capability of the
tetrahdropyrimidine (107) samples to scavenge the DPPH- radical (Giil¢in et al.,
2003):

DPPH- Scavenging Effect (%) (% inhibition) = [(Ag—A1/Ag) x 100]

Ay: the absorbance of the control reaction; A;: the absorbance of each sample

solution.

3.1.4 ANTIBACTERIAL ACTIVITY ASSAY

Disc diffusion (Kirby-Bauer) method was applied to evaluate anti-bacterial
activity of the compounds (107). Only two types of Gram (+) bacteria
(Staphylococcus aureus, Staphylococcus epidermidis) were used and suspensions of
stock microorganisms was transferred to 2 ml of TSB in test tubes, and their
absorbance values adjusted according to the standard microorganism. Then, the
cultures were inoculated onto Mueller-Hinton agar containing petri dishes. 10
compounds (107) were dissolved separately in DMSO (1mg/10uL) and sterilized
using 0.22-um filter. 20uL of each prepared solution were added on the filter paper
discs which was then placed on inoculated petri dishes. 2 antibiotic discs (ampicillin
and penicillin) were used for positive control. The inoculated petri dishes were kept
in incubator at 37°C for 24 hour and then the inhibition zone diameters were

measured.
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4. RESULTS AND DISCUSSION

4.1 SYNTHESIS AND CHARACTERIZATION OF STARTING
MATERIALS

Since P-nitroenamines are important and suitable precursors in organic
chemistry (Chakrabarti et al., 2005; Alizadeh et al., 2010; Wen et al., 2013), they are
widely used for the synthesis of many fused heterocyclic compounds through
different transformations (Michael additions, nucleophilic addition or substitution,
and reductions etc.) (Alizadeh et al., 2010; Pilipecz et al., 2008; Yildirim et al.,
2014a; Hammouda et al., 2005; Han et al., 2016; Tokumitsu and Hayashi, 1985;
Pilipecz et al., 2012). Thus, in the current study, diaryl substituted B-nitroenamines
(43a-f) as the precursors were prepared over three steps by applying synthetic
methods (Scheme 4.1) reported in organic chemistry literature (Harding et al.,1975;
Aradi et al., 2017; Lian et al., 2015) and the structures of nitroenamines and their
precursors were elucidated by means of IR, NMR and HRMS data or by comparing

with relevant data reported in recent literature.

@7

NH

X 2 O,N
H3C N02 O N O N R1 2 |
o 2 Jones 2 6

- . - » Ar

NH
Ar )LH imidazole,RT Ar OH oxidaton Ar” ~O CH;COOH,

2
1 60 80°C, 24h |
43 2\
Ar=Ph, 2-naphthyl OR R?
neat, MW, 90°C, R'=H, Me, F, CI,
60-120 min 3,4-diMeO

Scheme 4. 1. Preparation of B-nitroenamine precursors (43a-f)

First of all, 2-nitro-1-arylethan-1-ols 59 were prepared in excellent yields by
the reaction of benzaldehyde or 2-napthaldehyde (1) with excess nitromethane 58
using the catalytic amount of imidazole in water. And, isolated 2-nitro-1-arylethan-1-
ols 59 were oxidized into 2-nitro-1-arylethanones 60 via Jones oxidation without

further purification and obtained in good yields. The structures of 2-nitro-1-
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arylethanones (60) were mainly determined by regarding the IR data of carbonyl
(1693-1697 cm™), symmetrical and unsymmetrical nitro stretchings (1558, 1334 cm’
") and NMR data of CH, proton signals (6.01, 6.55 ppm) as singlets and carbon
signal of carbonyl groups (185-188 ppm). Lastly, the main precursors, (Z)-N-(2-
nitro-1-arylvinyl)anilines (43a-f) were preraped in moderate to good yields (30-70%)
by the reaction of 2-nitro-1-arylethanones 60 with aniline derivatives 6 using excess
amount of acetic acid at 80°C for 24 hour or by microwave irradiation at 90°C for 1-2
hour (Table 4.1, entries 1-6). A few reactions to prepare the alkyl substituted
nitroenamines (43g-i) have been tried but all the reactions failed to give the
precursors in either Jones oxidation step or enamine formation step (Table 4.1,

entries 7-11).

First of all, the structures of B-nitroenamines 43a-f were elucidated by NH, C-
N and C=C IR stretching vibration peaks at around 3128-3248, 1589-1606 and 1560-
1568 cm™, respectively. Besides, the formation of expected B-nitroenamines 43a-f
were supported by relevant NH proton peaks (11.3-11.6 ppm, br s) and C=CH proton
peaks (6.6-6.9 ppm, s) in proton NMR spectra and by quarternary C=C and =CH-
NO; carbon peaks at 113-114, 155-156 ppm in carbon-13 NMR spectra, respectively.
Lastly, the accurate masses of nitroenamines (43) were determined and they were in

accordance with their expected accurate mass values (see experimental part).

Table 4.1. B-nitroenamine precursors (43), reaction conditions and yields

Entry Nitroenamine Ar R' Method Time \E;I)d
1 43a Ph Ph Conv. 22 h 55
2 43b Ph 4-CI-Ph Conv. 22h 48
3 43c Ph 4-F-Ph MW 1h 15min 70
4 43d Ph 3,4-diMeO MW 2h 67
5 43e 2-Naphth. Ph MW l1h 30
6 43f 2-Naphth. 4-Me-Ph MW 1h 15min 40
7 43g Cyclohexyl Ph Conv. 24 h -
8 43h Me Ph Conv. 24 h -
9 43i Et Ph Conv. 24 h -
10 43j Ph i-Pr MW 2h -
11 43k Ph 4-CF; MW 2h -

* No product obtained after the reaction.
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Table 4.2. Indicative IR and NMR data for the nitroenamine precursors 43a-f

Comp. IR (Vo /cm™) "H-NMR (3,ppm)  “C-NMR (8,ppm)
43 NH C-N C=C NH C=CH C=C =CHNO,
a 3138 1606 1564 11.35 6.59 155.8 114.2
b 3248 1599 1560 11.38 6.72 155.2 114.7
¢ 3149 1606 1564 11.42 6.76 155.9 114.2
d 3130 1593 1562 11.53 6.75 155.8 113.6
e 3130 1602 1568 11.58 6.89 155.6 114.5
f 3128 1589 1560 11.59 6.87 155.9 114.1

4.2 SYNTHESIS AND CHARACTERIZATION OF 5-NITRO-6-
PHENYL (OR NAPHTHYL)-1,3-DIARYL-1,2,3,4-TETRAHYDRO
PYRIMIDINES (107)

As the examples of fused pyrimidine analogues, first thiazolo[3,2-
c]pyrimidine compounds (134) and their cytotoxic properties were recently reported
in synthetic and medicinal chemistry literature by our group in 2014, 2015 and 2018
(Yildirim et al., 2014b; Yildirnm and Celikel, 2015; Yildirim et al., 2018). With our
ongoing interest on the preparation of new pyridimine-based molecules using
enamine chemistry, microwave-assisted three-component Mannich cyclizations of
new disubstituted nitroenamines (43) with formaldehyde 7 and aniline derivatives 6
were planned to afford new polysubstituted tetrahydopyrimidines in the current

study.

First of all, some trial experiments have been designed to determine the best
reaction conditions for the synthesis of new tetrahydropyrimidines (107). So, we
tried the proposed Mannich cyclisation under several conditions using the reaction of
(Z2)-N-(2-nitro-1-phenylvinyl)aniline 43a, formaldehyde 7 and aniline 6a as the
model reaction (Table 4.3). In all trials, two equivalent excess of formaldehyde 7
were used with respect to the enamine 43a and aniline 6 precursors and the reaction

progress or completion were followed by TLC control in each reaction.
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Table 4.3. Optimization the reaction conditions for the synthesis of

compound 107a

O2N 02N O
| NH, H._ _o reaction conditions | )N
—_—
43a 6a

7 107a
Entry Reaction conditions Catalyst Time Yield (%)°
1 Neat, 43a (leq), 6a (leq), 7 (2.0 eq)b - 18h 24
2 Neat, 43a (leq), 6a (leq), 7 (3.0 eq)b MW 55min 28
3 EtOH, 43a (leq), 6a (leq), 7 2.0eq)* - 18h 38
4 EtOH, 43a (leq), 6a (leq), 7 2.0eq)* EtN 8h 32
5 EtOH, 43a (leq), 6a (leq), 7 (2.0 eq) § MW 85min 52
6 CH;CN, 43a (leq), 6a (leq), 7 (2.0 eq)* - 18h 45
7 CH;CN, 43a (leq), 6a (leq), 7 (2.0 eq)* Et;N 18h 40
8 CH;CN, 43a (leq), 6a (leq), 7 (2.0 eq)° MW 40min 78
9 H,0, 43a (leq), 6a (leq), 7 (2.0 eq)” MW 75min 36

“Reaction performed at reflux temperature.” The reaction carried out at 90°C.¢ Yields after CC.

The trial reactions were not very effective with or without using microwave
irradiation in neat conditions (entries 1-2, table 4.3). When a polar protic solvent,
ethanol, was used in the reaction with or without triethylamine under reflux, the
product yields were obtained low-to-medium (32-38%) (entry 3-4, table 4.3). But,
the use of triethylamine only provided shorter reaction times than in the reaction took
place under neutral conditions. However, the reaction which was carried out in
boiling ethanol under microwave irradiation afforded the expected product in
moderate yields in 1 hour and 25 minutes (entry 5, table 4.3). Next, the model
cyclization have been carried out in a polar aprotic solvent, CH3;CN, and the expected
product (107a) were obtained in moderate yields (40-45%) after reflux overnight
(entry 6-7, table 4.3). When the model reaction was carried out in CH3CN without a
base under microwave irradiaton the expected product 107a afforded in good yields
(78%) within 40 minutes (entry 8, table 4.3). Regarding the previous studies
(Yildirim et al., 2014a), last trial cyclization reaction was carried out in water, but

this caused a significant decrease in product yields (entry 9, table 4.3).
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After finding the optimum reaction conditions and solvent, (Z)-N-(2-nitro-1-
arylvinyl)aniline derivatives (43a-f) were reacted with different aniline derivatives 6
in the presence of formaldehyde 7 to afford the derivatives of new polyaryl
substituted tetrahydropyrimidines (107). Thus, a new series of 1,3,6-triaryl
substituted-5-nitro-1,2,3,4-tetrahydropyrimidines (107a-x) were mostly obtained in
moderate to good yields (50-100%) with a few exceptions under optimized reaction
conditions using microwave heating (Table 4.4). Then, all the cyclization products
(107a-x) were purified by flash column chromatography using 15-33% ethyl

acetate/hexane mixtures as eluent and isolated in high purity.

MW-assisted Mannich cyclizations with diphenyl substituted nitroenamine
(43a) and aniline derivatives afforded the products 107a,d,f,g in moderate-to-good
yields in 40-75 minutes (entries 1,4,6,7, table 4.4) and the products 107b,c,e,h in
low-to-moderate yields in 45-85 minutes (entries 2,3,5,8, table 4.4). Among the
series of products from diphenyl substituted nitroenamine (43a), the best yield (90%)
was obtained in the cyclization reaction with 4-bromoaniline 6f in 70 minutes (entry
6, table 4.4). Also, Mannich cyclizations with 4-methylaniline 6g, aniline 6a and 4-
phenoxyaniline 6d afforded the expected products (107d,g,a) in moderate-good
yields (55-78%) in similar reaction times (entries 1,4,7, table 4.4). However, the
lowest yields (25-33%) with diphenyl substituted nitroenamine (43a) were obtained
in Mannich cyclizations of 3,4-dimethoxyaniline 6b, 3-methoxyaniline 6h and 4-
chloroaniline 6¢ in 45 minutes, respectively (entries 8,2,3, table 4.4). Besides, the
cyclization reactions of N-(4-chlorophenyl) substituted nitroenamine (43b) with
aniline derivatives (Ph, 4-Cl-Ph, 3,4-diMeO-Ph, 4-CF;-Ph) furnished the cyclization
products (107i-1) in moderate to good yields (45-71%) for 30-50 minutes (entries 9-
12, table 4.4). Regarding the reaction yields of products in this series, the best yields
(70-71%) were observed in cyclizations with 3,4-dimethoxyaniline 6b and 4-
trifluoromethylaniline 6i (entries 11-12, table 4.4). It is clear that the strong EW or
ED groups (CFs or 3,4-diMeO) in anilines have similar effects on the formation of
expected products (107k,l) and the reaction yields. Furthermore, N-(4-fluorophenyl)
substituted nitroenamine (43c¢) with aniline derivatives (Ph, 4-Cl-Ph, 3,4-diMeO-Ph,
4-CF5-Ph) furnished the cyclization products (107m-p) in good yields (60-83%) with
one exception (1070) (entries 13-16, table 4.4). However, the excellent yields (80-

83%) were attained in cyclization reactions of this enamine (43c) with aniline 6a and
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4-(trifluoromethyl)aniline 6i (entries 13,16, table 4.4). The cyclization reaction with
4-chloroaniline 6¢ provided the expected product in moderate yields (60%) (entry 14,
table 4.4) and the lowest yield (23%) was attained in the reaction of the enamine
(43¢) with 3,4-dimethoxyaniline 6b (entry 15, table 4.4). This finding showed that
the aniline bearing ED groups (3,4-diMeO) was inefficient in the formation of
cyclization products under optimized reaction conditions. In addition, all the
cyclization reactions in this series of products (107m-p) were completed within 45-
60 minutes under MW heating. Successful Mannich cyclizations with enamines
having weak and strong EW groups (43b, 43c¢) to afford the expected products (107i-
p) with aniline derivatives 6 motivated us to try the same cyclizations using N-(3,4-
dimethoxyphenyl) substituted nitroenamine (43d) as an electron rich enamine
example. The cyclization reactions of this enamine (43d) with aniline derivatives 6
using formaldehyde 7 provided the products (107g-t) in moderate to excellent yields
(42-96%) under optimized conditions within 45-90 minutes (entries 17-20, table 4.4).
Best yield (96%) was attained in the cyclisation reaction with 4-
(trifluoromethyl)aniline (6i) in 45 minutes (entry 20, table 4.4). Also, the products
107s and 107q were isolated in good yields (64-82%) by the reaction of nitroenamine
(43d) with aniline 6a and 3,4-dimethoxyaniline 6b in 60-80 minutes, respectively
(entries 2-3, table 4.3). But, the reaction with 4-chloroaniline 6c¢ provided the
expected product (107r) in moderate yield (42 %). These findings on the cyclization
reactions of N-(3,4-dimethoxyphenyl) substituted nitroenamine (43d) indicated that
the aniline bearing strong EW group (-CF3) was quite effective to afford the product

in better yield when compared with aniline bearing weak EW group (-Cl).

Lastly, in order to find out the limitations of the Mannich cyclizations using
different nitroenamines in the current study, we modified the phenyl group with 2-
naphthyl group and produced two 2-naphthyl substituted enamines with N-phenyl or
p-tolyl substitutions (43e-f) (entries 5,6, table 4.1). In Mannich cyclizations of 2-
naphthyl substituted enamines (43e-f) using one electron-rich (3,4-dimethoxyaniline
6b) and one electron-poor aniline (4-(trifluoromethyl)aniline 6i), the products (107u-
x) were generally obtained in moderate to good yields in 45-55 minutes under
microwave heating (entries 21-24, table 4.4). In detail, cyclization reactions of 2-
naphthyl substituted enamines (43e-f) with 4-(trifluoromethyl)aniline 6i yielded the
products (107v, 107x) in excellent yields in 55 minutes (entries 22,24, table 4.4),
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however the cyclization reactions of enamines (43e-f) with 3,4-dimethoxyaniline 6b
afforded the expected products (107u, 107w) in moderate yields (45-57%) (entries
21,23, table 4.4). The results of the reactions with 2-naphthyl substituted enamines
(43e-f) stated the electron-poor anilines (6i) caused a dramatical increase in reaction
yields rather than electron-rich anilines (6b). Arguably, the combination of some less
nucleophilic anilines (6a, 6g, 6i) with all nitroenamines (43a-f) tolerated well the
formation and stabilization of iminium intermediates to afford the expected

cyclization products (107a,f,i,1,m,p,q,t,v,x) in good yields.

Table 4.4. Polyaryl-substituted tetrahydropyrimidines 107a-x and reaction

yields
6

R2

on )
O reactlon conditions I\)
@
\R1 107-a-x

Entry Product Ar R! R? (eql71iv.) (;In‘lil::; a ‘({,17:! ;(bl
1 107a Ph Ph Ph 2 40 78
2 107b Ph Ph 3,4-diMeO-Ph 2 45 32
3 107¢ Ph Ph 4-Cl1-Ph 2 45 33
4 107d Ph Ph 4-PhO-Ph 2 75 55
5 107e Ph Ph Benzodioxol-Ph 2 85 42
6 107f Ph Ph 4-Br-Ph 2 70 90
7 107g Ph Ph 4-Me-Ph 2 45 70
8 107h Ph Ph 3-MeO-Ph 2 55 25
9 107i Ph 4-CI-Ph Ph 2 50 50

10 107j Ph 4-CI-Ph 4-Cl1-Ph 2 30 45
11 107k Ph 4-CI-Ph 3,4-diMeO-Ph 2 30 71
12 1071 Ph 4-CI-Ph 4-CF5-Ph 2 45 70
13 107m Ph 4-F-Ph Ph 2 45 80
14 107n Ph 4-F-Ph 4-Cl1-Ph 2 60 60
15 1070 Ph 4-F-Ph 3,4-diMeO-Ph 2 60 23
16 107p Ph 4-F-Ph 4-CF;-Ph 2 45 83
17 107q Ph 3,4-diMeO-Ph Ph 2 80 82
18 107r Ph 3,4-diMeO-Ph 4-Cl1-Ph 2 90 42
19 107s Ph 3,4-diMeO-Ph  3,4-diMeO-Ph 2 60 64
20 107t Ph 3,4-diMeO-Ph 4-CF5-Ph 2 45 96
21 107u 2-naphthyl 4-Me-Ph 3,4-diMeO-Ph 2 45 45
22 107v 2-naphthyl 4-Me-Ph 4-CF5-Ph 2 55 87
23 107w 2-naphthyl Ph 3,4-diMeO-Ph 2 55 57
24 107x 2-naphthyl Ph 4-CF;-Ph 2 55 86

*0.5 mmol of each reactant (43, 6) in 5 mL of CH;CN at 90°C under MW; ® Total yields after CC.
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The structures of cyclization products (107a-t, 107u-x) were fully determined
by means of IR, lH—NMR, BC.NMR and HRMS measurements. We can give some
details on how and which data was evaluated for the characterization of the products.
Therefore, as an example data, the structures of products 107a and 107x were
primarily determined by the disappearance of -NH stretchings and bendings (3130-
3138 and 1602-1606 cm™) of precursors 43a and 43e and the changes in intensities
of aromatic CH stretchings (3057-3063 cm™), the appearance of strong C-N
stretching peaks (1265-1276 cm™) in the IR spectra of the products 107a and 107x
(fig. 4.1).
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Figure 4.1. IR spectra of the precursors 43a, 43e and products 107a, 107x
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Besides, in proton NMR spectra of the products of 107a and 107x, singlet
peaks of methylenic protons at 5.15-5.07 (N-CH;-N), 4.78-4.72 (N-CH,-C=) ppm
and aromatic CH protons of arylamino groups between 6.63-7.28 ppm also supported
the structures expected polyaryl substituted tetrahyropyrimidines (figures 4.2 and
4.3). The CH; and quarternary =C-NO; carbon signals at around 70.6-69.0, 49.1-
48.6 and 117.5-124.7 ppms for 107a and 107x, and quarternary =C-N carbon signals
at around 143.6 ppm for 107a and 107x provided extra supporting data on the
structure of expected products (figures 4.4 and 4.5). Also, '"F-"*C coupling constants
for trifluoromethylbezene in >C-NMR of the product 107x were deteremined as
'J(C-F) = 271 Hz (125.7-123.0 ppm); *J(C-Forno) = 32.8 Hz (122.8-122.4 ppm);
3J(C-Frnea) = 3.7 Hz (126.89-126.78 ppm); 4J(C—Fpm) = <1 (115.99 ppm) which
were in accordance with the reported literature values (Reichenbacher & Popp, 2012;

Schaefer et al., 1983; Ingeborg & Schuster, 1969) (fig. 4.5).

Lastly, the expected structures were also confirmed by HRMS data of the
products 107a (357.1474, M™) and and 107x (476.1604, [M-H]") accurately by using
TOF-MS (ESI or APCI) technique (figures 4.6-4.7).
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Figure 4.2. '"H-NMR spectrum of the product 107a
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Figure 4.5. “C-NMR spectrum of the product 107x
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Figure 4.6. HRMS spectrum of the product 107a
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63




Table 4.5. Indicative IR and NMR data for the compounds 107a-t and 107u-x

Comp. IR (Vpa/cm™) "H-NMR (8,ppm) BC-NMR (8,ppm)

107 (i?) C=C-NO, C-N NCH,N NCH,C= CHx2 =C-NO, =C-N
a 3063 1564 1276 5.07 472 70.6,492  117.5 143.6
b 3059 1577 1294  5.02 4.69 716,499 1121 143.5
¢ 3059 1579 1274 5.04 4.68 70.5,49.1  118.7 143.4
d 3057 1558 1286 5.03 4.69 718,495 1175 143.7
e 3055 1579 1265  4.95 4.62 722,499  111.7 143.4
f 3064 1579 1273 5.03 4.68 70.3,49.0  114.0 143.4
g 3061 1560 1273 5.03 4.69 712,493 1178 143.5
h 3061 1552 1294  5.05 4.70 70.2,492 1108 143.6
i 3057 1579 1265  5.03 4.69 71.1,489 1175 1423
j 3061 1560 1265  4.99 4.66 70.7,49.0 1187 142.2
k 3064 1560 1259 4.97 4.66 na na na

1 3066 1560 1276 5.07 472 68.9,486  116.0 142.1
m 3061 1566 1280  5.02 4.70 712,489 1158 139.7
n 3057 1566 1276 4.99 4.66 709,489 1159 139.5
0 3068 1560 1278 4.97 4.66 722,496 1158 139.7
P 3086 1572 1282 5.07 4.73 693,485  116.1 139.5
q 3093 1579 1247  5.04 471 715,489 1183 147.4
r 3091 1595 1273 5.01 4.67 71.3,49.0 1189 146.3
s 3080 1581 1282 4.98 4.67 72.3,49.8  119.0 147.4
t 3059 1595 1284  5.09 474 69.6,48.6  118.7 147.6
u 3057 1560 1265  5.03 471 719,498 1119 141.1
v 3055 1566 1280  5.12 4.77 69.0,48.7 1159 136.6
w 3057 1560 1267  5.06 472 71.6,50.0  112.1 143.9
X 3057 1560 1265  5.15 478 69.0,486 1158 143.6

na: data is not available for now
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Following the same characterization methods and data, all of the
tetrahydropyrimidine products 107a-t, 107u-x were characterized using their
indicative IR, 1H—NMR, BC-.NMR and HRMS data as presented in the examples
(table 4.5 and table 4.6).

Unexpectedly, accurate mass results of some products (1071, p, s, u, v)
bearing dimethoxy or trifluoromethyl groups on phenyl ring were found by the lose

of two hydrogens from MH" ion in ESI" mode (table 4.6).

Table 4.6. HRMS (TOF-MS) data for the products 107a-t and 107u-x

Comp. HRMS Comp. HRMS
Found  Calculated Ionization Found Calculated Ionization
107 107
(m/z) (m/z) tech. (m/z) (m/z) tech.
a 357.1474  357.1477 APCI' 0 435.1569 435.1594 APCI
b 417.1700  417.1688 APCI' p 442.1205 442.1173 ESI
c 391.1073  391.1087 APCI' q 416.1636 416.1604 ESI'
d 449.1730  449.1739 APCT r 450.1254 450.1215 EST
e 401.1362  401.1375 APCT s 476.1831 476.1816 ESI*
f 434.0515  434.0498 ESI' t 484.1520 484.1478 EST
g 371.1591  371.1633 APCI’ u’ 480.1945 480.1917 ESI*
h 387.1597  387.1582 APCI' v 490.1766 490.1742 ESI
i 391.1124  391.1087 APCI' w 468.1937 468.1923 ESI
j 425.0723  425.0697 APCI' X 476.1604 476.1585 ESI
k 451.1314  451.1298 APCI'
I©  458.0902  458.0877 EST*
m 375.1388  375.1383 APCT
n 409.0979  409.0993 APCT

APCI: Accurate mass found as M* ; ESI": Accurate mass found as [M-H]"; ESI*: Accurate mass found as
MH™; * Accurate mass found as MH*-2H

As a general comment, Mannich cyclizations with Cl, OMe, diOMe and
benzodioxol substituted anilines (6b,c,e,h) were not very efficient with all B-

nitroenamine precursors (43a-f) (table 4.4). However, the cyclizations with Br, Me,
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phenoxy, CF; substituted anilines (6d,f,g,i) and unsubstituted aniline (6a) were
highly efficient with all B-nitroenamines (tables 4.4). However, vast majority of the
cyclization reactions were completed less than one hour using microwave heating
under optimized conditions. Indeed, Mannich cyclization reactions with f-
nitroenamines (43a-f) in the present work were not too efficient when compared with
the Mannich cyclizations of heterocyclic secondary enamines (60 or in our previous

works (Yildirim et.al, 2014a; Yildirim and Celikel,2015).

A suitable mechanism can be offered over the formation of imine and
iminium intermediates to afford the products 107 via Mannich addition-cyclization

reactions below (Scheme 4.2).
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Scheme 4.2. Mechanism for the formation of polysubstituted

nitropyrimidines (107)

4.3 ANTIOXIDANT ACTIVITY STUDIES OF NITROTETRA-
HYDROPYRIMIDINIES (107)

Natural or synthetic pyrimidine compounds are known to exhibit a wide
range of biological effects, especially antioxidant activity which may support the
anticarcinogenicity, anti-mutagenicity, and anti-aging activity (Cook & Samman,
1996; Liyana-Pathirana & Shahidi, 2006). Variety of synthetic examples of
antioxidant pyrimidine-based molecules and their properties have been reported in
recent literature (Lavanya et.al., 2018; El-Mekataby & Fadda, 2018; Akbas et,al.,
2018; Vartale et. al., 2017; Koskova & Atanasov, 2017; Satisha et.al., 2016;
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Venkatesh et.al., 2016; Salem & Omer, 2016; Pawde et.al, 2015; Kononevich
et.al.,2014; Gouda et.al., 2014; Goudgaon & Reddy,2014)

The antioxidant (or antiradical) activities of the tetrahydropyrimidines (107a-
x) have been determined using DPPH assay which is effective and very common
method. During this assay, potentially antioxidant compound was tested to find out
how much of DPPH in alcoholic solution would be reduced into non-radical form of
DPPH during the reaction. And, the purple-colored DPPH solution with tested
antioxidant compound (107) was left for 30 minutes in a dark place and its colour
turned into yellow. So, the antioxidant potential of tetrahydropyrimidines (107a-x)

was found by measuring the change in absorbances of the DPPH solution at 517 nm.

Some noteworthy decreases as % inhibition was observed in DPPH
concentration due to the scavenging activity of the tetrahydropyrimidines (107)
(table 4.7). The percent inhibitions in most of the tested compounds showed a
concentration-dependent trend except one or two molecules (Fig. 4. 9-4.11 ). The
inhibition percentages of the compounds ranged from 40.6 % to 1.6% at 200 ppm
level. The standard quercetin exhibited inhibition percentages of 96.2, 83.5, 53.7% at
200, 100, 50 ppm, respectively. The compounds 107s, 107u, 107i showed highest
inhibition percentages as 40.6, 37.1 and 30.5 % s at 200 ppm, respectively. Similarly,
the compounds 107s, 107u, 107w, 107i showed highest inhibition percentages as
28.3, 26.4, 24.4 and 21.6 % s at 100 ppm, respectively. However, the lowest %
inhibitions (1.6-2.6%) were obtained with the compounds 107t, 107p, 1071 at 200
ppm level. Also, at 100 and 50 ppm levels, same compounds exhibited the lowest
percentage inhibitions. However, most of the tested compounds (107) showed
percentage inhibitions below 20% at all inhibition levels. The antioxidant standard,
quercetin exhibited inhibition percentages from 53.7% to 96.2% between 50-200
ppm levels, whereas all the test compounds showed lower percentage inhibitions at
all concentrations. Overally, two compounds (107s and 107u) showed moderate and
three of the compounds (107i, 1070 and 107w) exhibited moderate-low antioxidant
activities in comparison to the standard compound. Among all the tested compounds,
compound 107s and 107u can be considered as promising antioxidant compounds

but not very efficiently. According to antioxidant activity results, it is clear that 3,4-
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dimethoxyphenyl substituted compounds show better antioxidant properties when

compared wih other substitutions on the phenyl ring (Fig.4.8).

Table 4.7. % DPPH inhibitions for the products 107a-t and 107u-x

Treatments % DPPH Inhibition
50 100 200

Quercetin 53.7 83.5 96.2

107a 5.0 5.3 8.2

107b 6.2 9.3 14.7

107¢ 2.7 4.4 6.7

107d 2.8 8.1 13.6

107e 4.3 8.6 12.6

107f 52 4.9 7.3

107g 34 5.8 9.1

107h 2.6 4.3 6.7

107i 16.1 21.6 30.5

107j 0.4 1.6 4.4

107k 3.8 9.8 16.9

1071 0.1 0.6 2.6

107m 1.1 4.8 10.5

107n 0.3 34 4.9

1070 11.2 17.8 26.2

107p 0.5 1.3 2.0

107q 39 6.3 10.7

107r 2.6 3.7 6.0

107s 16.3 28.3 40.6

107t 1.2 1.2 1.6

107u 17.3 26.4 371

107v 10.4 12.4 12.5

107w 20.9 24.4 27.1

107x 10.7 11.7 9.3
107 R2 107s 107u 107i 1070 107w

\ i/l Ar Ph 2-Naphthyl iPh Ph 2—Naphthyl§
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Figure 4.8.
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4.4 PRELIMINARY ANTIBACTERIAL ACTIVITY STUDIES OF
NITROPYRIMIDINES (107)

Pyrimidine compounds are well-established in the literature with the variety
of biological activities such as antibacterial, antiviral, anti-inflammatory, anticancer,
antioxidant etc. (see introduction). Since the pyrimidines exhibitied wide range of
bioactivities, firstly, we were motivated to perform some preliminary antibacterial
activity studies of new nitrotetrahydropyrimidines (107) in collaboration with in
B.A.ILB.U, department of biology. The experimental details and results of

antibacterial activity tests were presented and explained below.

Five representative samples of tetrahydropyrimidines (107b,l,p,t,v) and 3,4-
dimethoxy substituted nitroamine (43d) were chosen randomly in order to evaluate
their antibacterial potential against two bacterial strains (S.epidermidis, S.aureus).
Their solutions of the six samples were prepared in DMSO according to the
described procedure (experimental section 3.1.4). After incubation at 37°C for 24

hour for antibacterial effect, the inhibition zone diameters (mm) of each compound
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(107b,1,p,t,y and 43d) against bacteria were measured. According to the results of
antibacterial assay, only the compound 107p exhibited moderate activity against
S.epidermidis bacterial strain (entry 3, table 4.8) (fig.4.12-14). No other inhibitory
zones for tetrahydropyrimidines (107b,Lt,y) and nitroenamine 43d was observed
against used bacterial strains (table 4.8). This findings showed that both fluoro and
trifluoromethyl substitution on phenyl rings of the product 107p enhanced the
antibacterial effect of tetrahydropyrimidines (107). So, a wide range of antibacterial
activity study against different pathogenic bacteria will be performed using the

untested and tested derivatives of 107.

Table 4.8. The inhibition effect by 107 derivatives and 43d against bacteria

used and the zones of inhibition

Entry Compound SA SE
1 107b 0 0
2 1071 0 0
3 107p 0 11-10 (m)
4 107t 0 0
5 107v 0 0
6 43d 0 0
Control Amp?ci‘llin 34-33 27-28
Penicillin G 35-36 23-24
SA: S.aureus; SE: S.epidermidis; m: moderate effect.
107 107b 1071 [107p ; 107t 107v 43d
21 | i
ON A~ Il ar pn Ph 'Ph 1 Ph 2-Naphthy! 02N|
iy R H  4C | 4F | 34dMeO  4Me ©) NH
A R? 34-diMeO 4CF, | 4CFy| 4CFy  4CF, @
Q OMe
R OMe

Figure 4.12. Nitrotetrahydropyrimidines and nitroenamine used in

antibacterial activity test
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Figure 4.14. Inhibition zones of penicillin and ampicillin against SA and SE
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S. CONCLUSIONS

Briefly, the outcomes obtained in the current dissertation study can be given

as below.

v" In the first part, as the precursors six aryl substituted B-nitroenamines (43a-f)
were synthesized applying the literature methods and their structures were

characterized by means of IR, NMR, HRMS measurements.

v In the second and main part of the work, we first optimized the conditions
using a model reaction to give new polysubstituted nitropyrimidines (107)
and described a MW-assisted very efficient protocol for the preparation of 24
novel nitrotetrahydropyrimidines (107a-x) bearing aryl groups from various
aniline derivatives (4) and P-nitroenamines (43a-f) in the presence of
formaldehyde (3a) under microwave heating conditions. The structures of
title compounds (116a-x) were fully determined by means of IR, NMR
("H,"*C) and HRMS measurements. The current synthetic protocol provides
an easy and efficient access to nitropyrimidines (107) through the double-
Mannich cyclisation reactions within 30-40 minutes under MW conditions,
hence the applicability of the Mannich cyclizations were extended by the new

derivatives of 107 using the enamine chemistry.

v' Since a variety of pyrimidines are known to exhibit interesting biological
properties in recent literature, our synthetic protocol would provide a new
contribution to the relevant drug molecules containing 1,2,3.4-
tetrahydropyrimidine core. Therefore, all nitropyrimidine products (107a-x)
were screened for their antioxidant activities using DPPH radical scavenging
activity assay in the third part of the work. According to the test results, two
products (107s and 107u) exhibited moderate percentage inhibitions (37-
40%) and three of the products (107i, 1070 and 107w) showed low-moderate
inhibitions (26-30%) at 200 ppm concentration among all the tested

compounds. Hovewer, the percentage inhibitions of these compounds
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(1075,107u, 1071, 1070,107w) are low when compared with the percentage

inhibition of standard compound, quercetin.

v’ Lastly, in the fourth part of the our work, five derivatives of nitropyrimidines
(107b,1,p,t,v) and a B-nitroenamine 43d were chosen arbitrarily and screened
for their antibacterial activities against two gram positive (+) bacterial strain.
As a result, only the product 107p exhibited moderate antibacterial activity
against S.Epidermidis, other tested nitropyrimidines (107) and nitroenamine

43d showed no bacterial inhibition against the bacteria.
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7. APPENDICES

IR, NMR and HRMS Spectra for the precursors and products
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Figure 7.1. IR Spectrum of compound 60a
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86



CG71 S
single_pulse T T |z
| O;N.. 0.9
|
f
/ NN /,L L
/ L/ \Jj/ I~| O 0.8
/ i ":;/ ::\\\//‘
/ J 0.7
60b
0.6
Bftm)
.80 0.5
A(m)
747
HH 0.4
0.3
1
]
| 0.2
‘ +0.1
|
J al‘ I . I\
I W | S N . N o0
o e - 0.1
T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 2.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 0.5 0.0 0.5
fi (ppm)
. 1
Figure 7.3. 'H-NMR Spectrum of compound 60b
E (DAl .
52,5 — - H\
e
wT | E"‘ “ﬂ—" MH
45 — X /]%H
4 | J
1 43 L= A
37.5
1 )
a
7] ]
| wn
30 —| H
g
i E
1 | |!'|
- Ei_"l
. HE
22,5 nH
1 ]
: Ll 5l
- a & o -
[ ~ || L
5 — 1 g s =
4 1= . R
B r_-._l R .l:
. g |
- - g
7.5 E ]
—— T T — 7
4000 2500 2000 2500 2000 750 00 1250 1000 750 500
CG1z 1/cm

Figure 7.4. IR Spectrum of compound 43a

87



cg12 =

5.0

4.5

F2.3

2.0

single_pulsec b L e e
| e B
’.
|
\
05N
s |
J NH
43a
Cglz =w
sngle FURR 3§ Vel
7 ZSE
| "l | |
L
T T
T T = T = T
1 74 73 7.2 71
|
JM 1 SRR
s !
12I.U llI.S 11‘.U 1E:.5 1U‘.U 9‘.5 9‘.U B‘.S E‘.U 7.‘5 7.‘U 6:5 6:0 5:5 5:0 4:5 4:U 3:5 SjEl 2:5 ZfEl 115 liEl UiS
1 (ppm)
Figure 7.5. H-NMR Spectrum of compound 43a
cg12 by
single pulse decoupled gated NOE 4
I
O,N
NH
43a
]
I
| H |
ZEIIU 1!;0 léU 1I7U 1éU lE‘SEI l‘;U léU I‘ZU IZ‘LEI 160 B‘U EIU ;’IU GIU SIEI 4IU 3IU ZIEI lIEI
1 (ppm)

Figure 7.6. >C-NMR Spectrum of compound 43a

88

0.5

r0.38

r0.36

r0.34

r0.32

~0.30

r0.28

r0.26

~0.24

r0.22

r0.20

ro.1s

r0.16

r0.14

r0.12

r0.10

ro.08

r0.06

r0.04

r0.02

~0.00

-0.02




w109 |-4PCl Scan (0.541 min) Frag=150.0v CG12.d
239.03434

240.08200

2385 239 2395 240 2405 241 2415 242 2425 243
Counts ve. Maze-to-Charge (m/z)

Figure 7.7. HRMS Spectrum of compound 43a

BE—

e
o
v v ey by v by Ly 1

-
o
-
-

236!

0&m 52—

(%]
=
n

TO4 04

(%]
n

|
] i
8

i
I
(5]
260,4
1187 83—

1

1660 45—

R T o o T e T o e o e

4000 3500 3000 2500 2000 1750 1500 1250 1000 TS0 500
-

G30 1/cm

Figure 7.8. IR Spectrum of compound 43b

89



Cg30

single_pulse r2.4

—1139

r2.2

ri.s

rlLe

12 Fl.4

N

43b A
E
Cl i

riz

rl.o
)

ro.s

—lo=l ol

fusl
o

=3
~1
)

Lo L

0.6

|
AA,JL e e
e

r T T T T T
125 120 115 11.0 105 10.0 95 9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0

Figure 7.9. '"H-NMR Spectrum of compound 43b

Cg3n
single pulse decoupled gated NOE

~0.32

— 15527

~0.30
| ~0.28
~0.26

O,N

| H0.24

H0.22

NH

H0.20
H0.18
43b
H0.16
Cl
H0.14
Ho.12
H0.10
-0.08

| ~0.06

~0.04

~0.02

0.00

m-0.02

-0.04

T T T T T T T T T T T T T T T T T T T T
190 1le0 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

Figure 7.10. >*C-NMR Spectrum of compound 43b

90



w103

-APCl Scan [0.933 min) Frag=150.0W CG30.d

27304727
35 02N -
3 |
25 - | TH
24 T [Q\\]
154 43b P
275.04418 T/J
L Cl
274.04300
0.5
276.04703
D T T  — I. - T T T - T II T II T T - T II T
2725 2/3 2735 2r4 2745 275 2155 2¢6 275 2y Zif5 278 2785 2¢9 2795
Counts ve. Maze-to-Charge (m/z)
Figure 7.11. HRMS Spectrum of compound 43b
. 05N
%T | .-;ﬁ*‘ﬂl MNH
30 - - | |
22,5 —
25 | E 0 ‘_?
- 744
] - !
75—
. |
J |5
. i
] T T T T | T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T | T T T T I T
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
cgd0 1icm

Figure 7.12. IR Spectrum of compound 43¢

91




Cgdn g Y [24
smgleipuljse ] [as

t2.2
[2.1
F2.0
1.9
.8
F17
L1.6
F1.5
43c F1.4
[1.3
F1.2
11

r1.0
r0.9
r0.8
ro.7
r0.6
r0.5
r0.4
r0.3

L _Jbg

0.0

r-0.1
0.2

7 oo
077

r-0.3

T T T T T T T T
12.0 115 11.0 105 100 95 9.0 85 8.0 55 50 45 40 35 30 25 20 15 1.0 05 00

6.0
f1 (ppm)

Figure 7.13. '"H-NMR Spectrum of compound 43¢

Cg40 ER
single pulse decoupled gated g
H

-

A Y)

—1£Eag

r0.40

r0.35

O,N

NH ~0.30

+0.25
43c
~0.20
| r0.15

r0.10

+=0.05

| I\ A _JL "

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

Figure 7.14. >C-NMR Spectrum of compound 43¢

-0.00

92



w106 |-4PCl Scan (0.134 min) Frag=150.0v CG40.d

257.07353
1.8 5N

1.64 1
1.44 -/j’ MH
- 'ﬁ
a3c -

!

0.8

0.6

0.4+ 25807709
0.24

2565 2568 257 2572 2574 2506 2548 258 2952 2584 2586 2958 259 2592 2594 2595 2598 26D
Counts ve. Maze-to-Charge (m/z)

Figure 7.15. HRMS Spectrum of compound 43¢

I l
i Abrg 1
] o B 5] a2 L
15 15Ra R 4
i [_ E [} t__"
_ g | =
i z | &
4 B -
7.5 — L 2
i I}
i ! | 2 o
HE-TZ
. i@ 2
-0 E §
7 T T T T T T T T I T T T T I T T T T I T T T T | T T T T I T T I T T T T I T
4000 BN 300D 25060 2000 175D 150D T80 50D

CGED fom

Figure 7.16. IR Spectrum of compound 43d

93



cgs0 o

smgleipuilse

43d

oy

—379

—355

r4.0

r3.s

3.0

F2.5

2.0

Fl.5

ri.o

r0.5

i
)

199
212
103

1

105~

=

327

g
T
i1

T
12.0 115

Figure 7.17. "H-NMR Spectrum of compound 43d

€gs50

single pulse decoupled gated QOE

43d

T T T
11.0 10,5 10.0

o

|

—~148.06
14705

9.5

9.0

3

3

3

2

2
—-116.19

T T T
8.0 5 Z0 63

6.0
f1 (ppm)

5.3

5.0

4.5

4.0

56.08

55.79

{

w
b 322

—0.09

r0.22

r0.21

r0.20

r0.19

r0.18

r0.17

r0.16

r0.15

r0.14

r0.13

r0.12

r0.11

r0.10

~0.09

~0.08

r0.07

r0.06

r0.05

r0.04

r0.03

r0.02

~0.01

r0.00

r-0.01

T T
la0 170

Figure 7.18.

T
160

T
140

T T T T T
130 120 110 100 90

1 (ppm)

80

94

70

60

BC-NMR Spectrum of compound 43d



w103

-APCl Scan [0.185 min) Frag=150.0W CGE0.d

5.54
. 29910272 OEN -
4.54 /|L
Py -
o “ “l NH
|
354 S A
2 43d [ /]\
25 g
2 I
1.5
14 30010457
054 301.09858
D T - T T I - - .I - - T - T T T T T T - T
298 29585 299 2995 300 3005 301 3015 302 3025 303 3035 304

Counts ve. Maze-to-Charge (m/z)

Figure 7.19. HRMS Spectrum of compound 43d

n

13312

1185 81

4000

3500

3000 2500

cgT 2

Figure 7.20. IR Spectrum of compound 43e

95




cg72 =

slnglefpulse:ul‘

[ [

i
: H\'| |‘ ‘
| Sl I
J | I

T X
43e

J.JL

! 2.0 1.0 0.5 0.0
1 (ppm)
. 1
Figure 7.21. 'H-NMR Spectrum of compound 43e
cg72 P
single pulse decoupled gated NOE fna g
e |
I
OsN
o
43e
|
|
" L .
ZEU léU léU l;I’U léU 1;U 1“1U léU I‘ZU liU IEU QIU B‘U 7IU GIU SIU 4IU EIU Z‘U IIU 6

1 (ppm)

Figure 7.22. >C-NMR Spectrum of compound 43e

96

r2.3
r2.2
r2.1
r2.0
ri.9

riz
rl.e
1.5
rl4
1.3
1.2
1.1
r1.o

r0.8
07
r0.6
r0.5
r0.4

ro.2
ro.1
0.0
0.1
r-0.2

r0.30

r0.28

r0.26

r0.24

r0.22

r0.20

r0.18

r0.16

r0.14

r0.12

r0.10

r0.08

r0.06

r0.04

r0.02

~0.00

=-0.02



w104 [-E5I Scan (1,599 min) Frag=150.0v C572.d
275 28910156
2.9+ OQN
2251 |
2+ /\)\
ZN NH
1.75-] | )
1.5 S /J r/iqq\l
1.254 |
1 43e L\\,//
0,75
054 29010603
0.25-]
L . | _
28385 2965 289 2892 2994 2896 2898 290 2902 2904 2905 2908 291 2912 2914 2916 2918 292
Counts ve. Maze-to-Charge (m/z)
Figure 7.23. HRMS Spectrum of compound 43e
: 05N
40 T
_ N /J\NH
%T | L/ |
] T, I/&
35 | .
- 431 RN
] CHs
10
25—
] ! | B
1 2N 27
20 -8 = =
T
4000 1500 000 2500 2000 1750 500 250 1000 750 500
T 1/cm

Figure 7.24. IR Spectrum of compound 43f

97




cg?3 =
smgleipulsf

Jllk _JK‘ | M

—2.21

3.4

r3.2

r3.0

r2.8

r2.6

r2.4

r2.2

2.0

r1.8

rl.6

r1.4

.2

ri.0

r0.8

oyt

o

1.00—]:
1.3611
o],

- 127
229
112

324

T T T T T
120 115 110 105 100 95 9.0 85 8.0

T T T T T T T
6.5 6.0 55 5.0 4.5 4.0 35
1 (ppm)

Figure 7.25. "H-NMR Spectrum of compound 43f

N d 354

o 7 325

5 7

cg73
single pulse decoupled gated NOE

—155.92

3.0

2.3

2.0

15

20,87

1.0

0.0

0.55

0.50

r0.45

r0.40

r0.35

r0.30

r0.25

r0.20

r0.15

+0.10

+0.05

r0.00

r-0.05

100 90 80 70 60
pm;)

Figure 7.26. >°C-NMR Spectrum of compound 43f

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

98

50

40

30



4105 |-E51 Scan [0.221 min] Frag=150.0v CG73.d

. 30410402

1.1 GaN_
1 I
0.9 PN N
084 30311698 [
074 e N
064 )
0.5 43f N
0.4

CH
0.31 05.10695 3
0.2

0.1+

0275 303 30325 3035 30375 304 30425 3045 30475 305 30525 3055 30575 306 30625 3065 0675 A7
Counts ve. Maze-to-Charge (m/z)

Figure 7.27. HRMS Spectrum of compound 43f

|
=
B
m
| &
. g = |
E 1 na- |,I,‘7_'_ .l-
1 o a4z 0
. i L | EE ! H
o = : E
S )
i . gg | 1
1 ag: | = gz
o+ g E oo
i a o o
5 | B
4 T T T T T T T T
4000 3500 300 2500 2000 1750 1500 1250 1000 75D 500
CG13 1icm

Figure 7.28. IR Spectrum of compound 107a

99



=13 @ m

—s5.07
—a72

L

O,N

107a

100
1013

B

r-0.1

9.0 8.5 8.0 75 70 6.5 6.0 5.5

4.0

v

0 4.5
1 (ppm)

3.

5

3.0 2.5

Figure 7.29. '"H-NMR Spectrum of compound 107a

CG13
single pulse decoupled gated NOE

~—— 15576

107a

A

4

70,66

—a.19

2.0

1.5

1.0

0.5

200 190 180 170 160 150 140 130 120

110 100 a0 80

1 (ppm)

70

60 50

Figure 7.30. >°C-NMR Spectrum of compound 107a

100

+-0.0016

r0.0015

+-0.0014

r0.0013

-0.0012

r0.0011

r0.0010

r0.0009

r-0.0008

~0.0007

r0.0006

~0.0005

r0.0004

r0.0003

0.0002

0.0001

r0.0000




w104 |-4PCl Scan [0.543 min) Frag=150.0v CG13.d
1.6+

1.44

124 356.14070

357.14749
0.8
0.6
0.4
0.2

6 6.2 6.4 1565 I56.8 57 7.2
Counts ve. Maze-to-Charge (m/z)

Figure 7.31. HRMS Spectrum of compound 107a

45
%t ]
37,5 — |
7 2
7 |
30— g
4 B
] [
4 L =z M
225 b= ‘h z
4 :r;';' z o B
J g TH
] = |\ -
15 — :_if"‘\-\ .-'{}*-\-\\_ - 2 F:l
] Ll N e o -~ L}J\," 2
] ) B :
7.5 ‘-"'"‘“\ e ) -] § g2 -
E = /J /L\ . g
i o ) 5
_\':| p—
L~ 107b
7 T T T T | T T 1 T I T T 1 I T T T T I T T 1 T I T T T T I T 1 T T I T T T
4000 3500 3000 2500 2000 175D 1500 1250

CG14

Figure 7.32. IR Spectrum of compound 107b

101



PN aNa S SN S0 oSS58 582ERI0CSR308YS 3 e
b e e R e g L L TR -t
single: pufger T 1 i Lo - PEEA A £ 7] o las
ta.0
O\.
3.5
OZN /@E o
J N (0]
) 1
N 3.0
2.5
107b
2.0
|
| i
| [ g B .5
|
| 1 (|
; | [
| 11
.‘I‘W \“'{ F1.0
P 1l e 4
i
| ]
f r0.3
I
. | |
,’ I,I \QLAH_,_A—_.A_.__JML-"—M‘—-— 0.0
i, irhdd Frt & bR
gRtogeds = o 25
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ 5 1 e Jugies
10.0 2.5 9.0 8.5 8.0 73 70 6.5 6.0 5.5 . %U ) 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm
. 1
Figure 7.33. H-NMR Spectrum of compound 107b
Cgl4 2.3 g G B
single pulse decoupled gated rng g ; E E ;

[} Vool +0.050
r0.045
r0.040

O\
O5N
2 J ,JN O/ +0.035
N
F0.030
107b Lo.02s
t-0.020
-0.015
: +0.010
1 ! I
0.005
r0.000
180 170 160 150 140 130 120 110 100 @ BU] 80 70 60 50 40 30 20 10 1]
1 (ppm

Figure 7.34. >C-NMR Spectrum of compound 107b

102



(5]
&n

5
ol

(5]
(=]

e
n

.
=]
|

A
n

[
=

ra
£n

ra
(=]

w104 [+4PCI Scan [(0.217 min) Frag=150.0v CH14.d
O
& 4717002 /CI ~
& O,N
2 N o~
6 [ ]
5 N
14
41815750
3 107b
24
14
0 T T T — Y — T T P —— T ||'| T — T - T T T
4165 417 4172 417.4 4176 417.5 413 4152 4184 4185 4183 419 4192 419.4 4196 4198 420 420.2 420.4 4206 4208
Counts ve. Maze-to-Charge (m/z)
Figure 7.35. HRMS Spectrum of compound 107b
] I [
. |
] N
= gl
] 107¢ H
——— T T
4000 1500 2000 2500 2000 1750 1500 1250 1000 i) 500
CG15 1i/cm

Figure 7.36. IR Spectrum of compound 107¢

103



K615 i e ey e B
single_pulse drin 3 -

7.02
701
9
8
8
6
6
—5.04
468

107c

096

100

to.1
. L0.0

ri.s

ri7

ri.6

r1.5

r1.3

F1.2

ri.1

ri.0

0.9

r0.8

ro.7

r0.6

r0.5

0.4

ro.2

T
10.0 9.5 9.0 8.5 8.0 75 7.0 6.3 6.0 5.5

5.0 4.5 4.0 3.5 3.0
f1 (ppm)

Figure 7.37. '"H-NMR Spectrum of compound 107¢

CG15 S
single pulse decoupled gated BDE

70,56

—a.12

107¢c

0.045

r0.040

0.035

0.030

0.025

r0.020

r0.015

+-0.010

r0.005

r0.000

180 170 160 150 140 130 120 110 100 ao 80 70 60 50
1 (ppm)

Figure 7.38. >*C-NMR Spectrum of compound 107¢

104



#105 |-APC Sean (0214 min) Frag=150.0v CG15.d
1.24 P Tcl
N I
14 391.10733 . “TI/ g
0.5 A _/LH.N -
b ! |
0.6+ i __,-’_::‘
392.09503 U \| 107c
0.4 39310254 T
0.2
0 . [ r ) — — — — . | ) . . 1 . . '
=) 3915 392 3925 393 3935 394 3945 395 3955 395
Counts ve. Maze-to-Charge (m/z)
Figure 7.39. HRMS Spectrum of compound 107¢
45 3

|
u,
4]
[}
|
2
S | £ |
22,5 — g € 8 g - = J
e oy oy - ct,'\_ 20 o "o
_ - o 8 A a am
] 05N [ |T U ] 1 . ) o
7 2 /ﬁ‘“N" Sy o ;Eﬁ
5 l' J LF: |
e, R = .
T = |1"' M 3 l b
i I‘Qi‘:,--"l P |-
T - !
. ﬁ 1 107d g
L o
1 i
44—
4000 1500 000 2500 2000 1750 1500 1250 D00 750 500
CGie 1icm

Figure 7.40. IR Spectrum of compound 107d

105




—503
—469

107d

) | O,N /©/O©

rl.s

ri7

rl.6

ri.s

rli4

r1.3

riz

1.1

rio

ro.9

ro.s

r0.7

r0.6

ro0.5

ro.4

r0.3

ro.z

0.1

Cql6

single pulse decoupled gated NOE

2 paee

4.0 3.5 3.0 2.5 2.0

71.82

—40.53

0.070

r0.065

~0.060

r0.055

-0.050

~0.045

r0.040

+-0.035

r0.030

r0.025

r0.020

r0.015

-0.010

r0.005

0.000

200

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

Figure 7.42. >C-NMR Spectrum of compound 107d

106



w105 [-4PCI Scan (0.210 min) Frag=150.0W CG16.d
2.2 44917301

2 0
124

on~ LT
164 z

. N
14 J

1.2
14
107d
0.84 450.17461

0.6+
0.4
024
i} | | i

449 4492 44594 4496 44598 450 450.2 450.4 450.6 4508 451 4512 4514 4516 4518 452 4522 4524 4525 4528
Counts ve. Maze-to-Charge (m/z)

Figure 7.43. HRMS Spectrum of compound 107d
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Figure 7.46. °C-NMR Spectrum of compound 107e
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Figure 7.51. HRMS Spectrum of compound 107f
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Figure 7.54. >C-NMR Spectrum of compound 107g
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Figure 7.56. IR Spectrum of compound 107h
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Figure 7.59. HRMS Spectrum of compound 107h
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Figure 7.62. >C-NMR Spectrum of compound 107i
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Figure 7.63. HRMS Spectrum of compound 107i
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Figure 7.69. H-NMR Spectrum of compound 107k
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Figure 7.70. HRMS Spectrum of compound 107k
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Figure 7.72. "H-NMR Spectrum of compound 1071
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Figure 7.74. HRMS Spectrum of compound 1071
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Figure 7.76. '"H-NMR Spectrum of compound 107m
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Figure 7.78. HRMS Spectrum of compound 107m
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Figure 7.80. '"H-NMR Spectrum of compound 107n
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Figure 7.84. '"H-NMR Spectrum of compound 1070
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Figure 7.86. HRMS Spectrum of compound 1070
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Figure 7.88. '"H-NMR Spectrum of compound 107p
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Figure 7.90. HRMS Spectrum of compound 107p
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Figure 7.92. '"H-NMR Spectrum of compound 107q
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Figure 7.106. HRMS Spectrum of compound 107t
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Figure 7.110. HRMS Spectrum of compound 107u
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Figure 7.114. HRMS Spectrum of compound 107v

142




17,5
%WT ]
15 ]
12,5 |
] ¢
i o
0] A |
. B 5 En_
4 2 H
7.5 — A | i B
] gy:
] z |
e ] g 7
25— | - ]
i - O | [ E
i 8 ~ 2
. [ A I':'::.
72,5 Ei
] 05N P
7 M 0
20 p
: OO )
175 -] @ 107w
- 5]
%5
4000 3500 3000 2500 1750 1500 1250 1000 750 500
T 1/cm
Figure 7.115. IR Spectrum of compound 107w
S nE333a 3 T8
single_pulse hL‘L:\w i T T Lo
2.6
(0]
/@[ o L4
O;N
2 I N O/ 2.2
- J NJ 2.0
X 107w S|
1.6
lw ‘I- | f ( . 1.4
] | |
il | e 1.2
I
Mo .0
I
0.8
]
0.6
I|
i 0.4
S L,J v ; L_*_)L“,_LLJ\JL_-_A%“,_AJ_F _Jk _A_JL to.0
el i il o
9‘.5 giU 8.5 SI.EI 7:5 70 6f5 SiU 5:0 4.5 4:U 3‘5 3.0 25 ZiU j 1.0 UIS ElfU
1 (ppm)

Figure 7.116. "H-NMR Spectrum of compound 107w
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Figure 7.118. HRMS Spectrum of compound 107w

144




EIEA—

l |
] L £l [ H
22,5 - N g ]
i 107x - 2
15— ::i B -
T'!J ] T T T T | T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T T T T T I T
4000 350D 3000 2500 2000 1750 1500 1250 1000 75D 500
s i 1icm
Figure 7.119. IR Spectrum of compound 107x
77 o o=
single_pulse 'T T
N
I (r r
‘ ‘ ] [
||\ I J| i ‘ CF,
[5" 1 | J
) ON /@
ol J 2 | N
N
| 107x
a1
\ Luw L lul n IJLL
el Gl i A
lOI.U 9.‘5 9:0 B‘.S 9:0 72‘5 7:0 6:5 6.‘0 5‘.5 5:0 4:5 4:0 3.‘5 3.‘0 2:5 2‘.0 1:5 1:0 0.‘5 0:0
i (ppm)

Figure 7.120. "H-NMR Spectrum of compound 107x
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Figure 7.122. HRMS Spectrum of compound 107x
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