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AN ABSTRACT OF THE THESIS OF

Mira Abed Diab El Harakeh for Master of Science
Major: Chemistry

Title: Synthesis and characterization of triaziresed compounds as potenfiedcursors
for hydrogenrbonded organic frameworkslOFs)

Crystalline porous materials have been recently recognized as useful and widely

applicable industrial components for gas separation, adsorption and catalysis. Particularly
important are the porous organic crystalline materials that utilize trobyemnic linkers for
building selforganized stable frameworks. Hydrogemnded organic frameworks (HOFs)
are an example of such supramolecular networks capable-asselinbling through
hydrogen bonds into extended migrorous systems. Several HOFs ééeen established
and have proved to be putative candidates in the field of molecular storage and separation.
Therefore, thorough research studies have been emanated in an attempt to discover novel
HOFs with distinct characteristics. Thus, it is impemtiv start with designing organic
building blocks that may seHssemble into HOFs. Herein, we report the synthesis and
characterization of monpdi- and trisubstituted.,3,5triazines13i 20 endowed with uracil
and/or thyminepropanehydrazide substitudftand12 as potential synthons for the
development of HOFs. This is achieved via the selective nucleophilic substitution reaction
of cyanuric chloridés in the presence of thymine or uracilpropanehydrazi@esd12.
The presence of the nucleic basesxpected to promote the sedfcognition processes via
hydrogen bonding; whereas, the integration ofsthéazine scaffold bearing these entities
may induce noitovalent interactions that are crucial for #stablishmenof such dynamic
systems.
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CHAPTER |

INTRODUCTION

Supramolecular chemistry hamergedas one of thenostcompulsivefields in
contemporary chemistry? It has first beedescribedn 1978 by JeasMarie Lehnas A T h e
chemistry beyond the molecule, bearinglo@morganized entities of higheomplexity that
result from the association of two or more chemical species held together by intermolecular
forceso®* Later, in 1987,).-M. Lehn, C.J. Pederson and D. Cramwereawardedhe

NobelPrize for their distinguished work this newly establishedield.

In general, supramolecular chemistry is a highly inseiglinary field involving
non-covalent bonding interactiors.While classicalcovalent chemistrytilized in the
preparation of large molates is time and cost dending nature emplgs a broad range of
diverse nonovalent interactions for buildingimensesupramolecular architecturédajor
biological processes such as higkelective catalytic reactions, mediated by enzyised,
information storage are accompiex! via norcovalent interactionbke itintra or
intermolecular-3 One of the mostommonexampless DNA, where the selfecognition of

the complementary pyrimidine (thymi2ecytosine3) and purine (adening guanineb)



basepairs(scheme 1py hydrogerbordingresults inthe selfassembly of the double helix

(Fig. 1).15

(0] 0] NH» NH»> O
HN HN NZ NZ SN HN N
oSl e Ies Y

1 2 3 4 5

Schemel. Pyrimidine and purine nucleic bases

N N-H---0 O----H—
= ) < = /
%/N( /_\/N————H—N N %,,/Nr\g/_<N—H—---N/ N

Adenine Thymine Guanine Cytosine

Fig. 1 Complementary base pairs in DNA

The investigation of the chief characteristics of these interaciiothsheir
application in selectively synthesized noatural systembe atthe bulk of supramolecular
chemistry.T h at 6 #& hasvbegn,termed tiiehemistry of molecular assemblies arid
the intermoleculabondd®4°

Unlike the more robusindirreversiblecovalent bondsion-covalent interactions
includingvan der Waals forces, hydrogen bondiglgctrostatior donoracceptor
interactiond* arereversible Currently, a multitude of synthetic supramolecular systare

realized. Such compoundssplay novel chemical, physical a&ll as biomimetic



properties whichmay dtimately promote thelevelopnent oforiginal materié with
dynamiccharacteristicdnfact, sipramolecular systentgve significantly contributed to

the evolutionof valuableapplicationgnvolving molecular storage, chemosensoring,
magnetism, optics shas luminescence, catalysis, enantiomeric separation, drug delivery
and design, solvent free (green) chemistry, molecular labeling techniques, monocrystalline
thin films, nanotechnology, liquid crystals and mescently crystal engineerirg’

Thescope of supramolecular chemistry embrgmesesses asolecular sel
assembly and setkcognition'3 which have beetately utilized in thedesign and
generation of pr@rganizedunctionalporows materials.Consequentlysynthess,
structural and functional characterization leéte novel materials have captured the
attention of material sentistswho havenitiatednumerous research projeatsthisrising
area®*! Particularly porous organic crystalline materials (POGQNMs-which revealed
smaller densities comparedttat ofzeolites and metabrganic frameworks (MOFS)'4
have gaineadonsiderablenterest Examples oPOCMsincludecovalent organic
frameworks (COFs) and hydrogéonded organic frameworks (HOFSY,

While COFs ardinked by covalent bonds and exhibit great stability, HOFs are
associated bweakemon-covalent bonds, namely hydrogbaonding and 1~ stacking
interactions, anthus possesdiminished stability’111>18 Effectively, HOFsarebuilt from
organic molecules that cael-assemblénto extended networksontainng porous
channelsccupied by the guest (solvent) molectf&éRemoval ofthe solvent molecules
while maintaining the porosity of the network intact permits the activatitmeo$ystem for
further usage in gas separation and adsorpfigtAn exampé of the selassembly of
organic building blocks, particularly arene sulfonates and guanidinium ions, into two HOFs

3



is illustrated in Fig. 2; in fact, these recently reported porous HOE$GS-10 andHOF

GS-11) have demonstrated high proton conductivtty

! [}
»
N - .3 \ll
—_ oy '
Supramolecular g ; e a0
\ !
\ .
Assemblies 4 Fady . 130
& th
[ { )
of ::C }‘ }" K 3
(R e oA
%l b/ A \
a2
:' :. :’ 1 3 > = A Y
04 “ ’
.'
.c( ',c:’ HOF-GS-11
pad o o
(H-bonding in HOF-GS-10) (H-bonding in HOF-GS-11) @! 9

Fig. 2 Hydrogenbonded 2D frameworks of HOES-10 and HOFGS-11 showinghe
hydrogenbonding interaction between the sulfonate groups and the guanidiations
in both the compound$.

The allure of HOF$as been predicated dheir ease of synthesis, purificatin
and characterizatiomhey can bealirectly processed fromolutionand easily regemated
through recrystallizatiol not to mention their thermal stéiby.® Hence, HOFs that display
permanent porosities are recognized as potential industrial candité&khough the
literature unravels severdlOFs only a few prove to bfeasible Examplesomprise HOF
1,8 HOF-8,° HOF-2,'° HOF-3,22 HOF-5'! and DAP' that have beemplementedn highly
selectiveCoHo/CoH4 separation at ambient temperafu@€, and GHe adsorption,

enantioselective separation of alcgi@H,/CO; separatiorand CQ capture respectivefy.

11,17,22,23
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Scheme2. Different organic linkers used for building HGE?, HOF-21°, HOF-3%2, HOF
5 and HOF8®



Robust organic building blockscheme 2play an important role in the
construction of stablandporous HOF3/?*Actually, HOFs are deveped from organic
linkers that incorporate peripheral hydrog®snd motifs attached to a cofighe motifs
integratenumerousydrogenrbondng donoracceptor siteandmay reveabther
directional forcedike "1’ stacking interactiort§ that direct the molecular assembly of the
network under suitable conditions. On the other hand, the core orients the hyloongen
motifs and may demonstrate selectm®perties such as chirality, catalytic activity, charge
transfer and optoelectronic behavibAs an illustration2,4-diaminotriazinyl(DAT) and
2,6-diaminopuring DAP) (scheme 3jepresent simple organic uniteat have beensed in
the generation of HOFE:2°DAT, in particular, has been incorporated into a \tgregé
organic backbones which ledttee formation of various HOFsIOF1, HOR2, HOFR3

and HOF5.

J\ NH2
N7 N </N | SN
HZNJ\\N)\NH N N/)\NHz

2 H
DAT DAP
Scheme3. Structures of DAT and DAP organic un{idodified from Cryst. Growth Des.

2014 14, 3634)

Therefore, esearch attempts to discover new hydrelgending motifs, organic
backbones and linkers capableseff-organizing into stablelOFs arenecessarpefore
HOF chemistry can be brought vividly intotimn.!* An extensve literaturesearchunfolds

a remarkablecaffold namely thel,3,5triazine? that can be grafted with simple molecules



containing multiple hydrogehonding sies. Thismay ultimately lead tthe development
of pertinentorganic linkers.
Interestingly,1,3,5triazine has been considered a versatile syntiiduilding
block from the synthetic and supramolecular point of views. This is due to the outstanding
ability of 1,3,5triazine and its derivatives to be involved Hinteractionscomplex

hydrogerbondng networksand coordination bond&ig. 3).2

Hydrogen

bondin
2/ ¢

Stacking
interactions

Fig. 3 s-Triazine and the possible interactions. Grey, blue and white balls represent-
carbon, nitrogen and hydrogen atoms respectively. (Modified inonganica Chimica
Acta2007 360 381404).

Coordination
bonds

Provided that 1,3;friazine is a symmetrical molecule, compounds of this class are
referred to as-triazines By definition, s-triazinebelongs to thériazine family of
compounds which ia class of nitrogen containing heterocycksecifically, tiazinesare
recognized as a sinembered heterocyclic aromatic ring consisting of three carbon and
three nitrogen atont$28 As a resulttheyare referred to as the aaaalogues dthe six
membered benzemang wherethethree carbon atoms are replaced by three nitrogen atoms.

Such interchange betweer? $yybridizedcarbon and nitrogen atoms alters the electronic



properties of the core structure of the corresponding molecule while maintaining its

structuralcharacteristic$®

1,2,3-triazine  1,2,4-triazine  1,3,5-triazine

Schemed. Different isomers of triazines

The triazine family includes three isomensmely 1,2,3riazines, 1,2 ,4riazines
and 1,3,Sriazines §cheme 4)hatdiffer by the position of theitrogen atoms$® Among
the three isomeric forms, 1,3tBazineis the most commonly known amddely explored
compoundhat has been the subject of many review art@hesbook<3%32 Intriguingly,
this symmetrical molecule and its derivativies/e proved to beiologicaly active against
a broad series of fatal diseasieugh demonstrating arttimor, anticancer, antmalarial
and antiviral activities?’3*3® This can be rationalizeshsed orthe fact thas-triazines can
interact with proteins via hydrogdsondingand "7~ stacking interactiongust like purines
and pyrimidinesn DNA. Consequentlyif was ideal tantegratethem as scaffoidg
componergto build combinatorial libraries and generaienucleoside analogshich are
potential agents in naécinal chemistry3+2® Furthermore],3,5triazine is an important
supramoleculaentity that was examined to form hydrogen bonds betwisenmiine
derivativesrom one sideand hydroxylderivativesor uracil(compoundl in scheme 1)

from the other sidéFig. 4).3234



N—H----Q N-H----Q &
W<N:< \>—N;|NW NW<N=< SN
\  N----H-N § N----H-N )
N—/< />—N N Z / /
N 0 N—H----G

/ /

H H
Fig. 4 Interactiors between NHand OH substituted triazines (left) and betweers NH

substituted triazines and uracil (right). (Modified friviolecules2008 13, 3092).
Particularlyrelevant are thenelamine and cyanuric actmplexes that have been

immenselystudied in literature since they caglf-assemble via hydrogen bonding and

form aggregates of different pattefnssette, linear or crinklelike structuresps revealed

in scheme 5:283233341 |n gaddition, it displaysa high resonance energy which permits the

preparation of highly stalfféproducts useful in material sciendés.



NH 0 _N. _0O
M e

H2N N NH2 +

melamine M cyanuric acid CA

CAM

Schemeb. Structure of the rosette hydrogbonding supramolecular network formed
betveen melamine and cyanuric a¢Modified from Journal of Crystallographic and
Spectroscopic Researd®9Q 20).

Accordingly, @mpounds in this clagsve beenutilized asherbidgdes®* dyes and
pigments** potent chelating agest**%4>48iquid crystas*"*¢dendrimers energetic
materials*? peptide analog®: andasbuilding blocks for supranolecular systemsuch as
porous covalent organic polyméfs*® They have beealsoapgied in optoelectronics,
synthesis of enzymesd catalystsfunctional group transformatisnand as intermediates
for asymmetric synthesi.It is no wonder whys-triazine derivativesreregarded as

prominent compounds almost all fields of chemistry.
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Direct preparation ointricatemoleculesncorporating the triazine cotan be
achieved via selective nucleophilic substitution reactioris46trichloro-1,3,5triazine

commonly known as cyanuric chlorid&?*

f

o?

f‘

Fig. 5 Structural representation of cyanuric chloride obtained fvtotecular Orbitals
calculations. Grey, green and blue balls represent the carbon, chlorine and nitrogen
respectively.

Cyanuric chloride (€N3Cls) is a cheap and readily available compound that has
been perceived as an outstanding precdmsdhesynthesis of distinct-triazine
derivativesUnlike that of benzene, the structurecgénuric chloride, revealed Fig. 5,
cannot be described as a regular hexagon due to a lone pair on each nitrogen atom that
causes the distortion of the ring fromegyular hexagortHlowever, all carbon and nitrogen
atoms are ghybridized and thus lie in the same plane. Hence, cyanuric chloride has a
planar structure similar to that striazines with a molecular geometry that approachgs D
symmetry>°

The nostattractive attribute of cyanuric chloricethe ease of manipulation and
reactivity that maké aresourcefutandidate for a comprehensiarrayof synthetic
reactionghat have been wideipvestigated®3242445iCompared to benzene electrophilic
aromatic substution reactions,tteelectron deficienimoleculeundergoes reactions in

which a ring chlorine iseplacedoy another groum nucleophil€Nu). Different

11



nucleophilic substituentsave been attached to the rikxamples includéut are not

limited toamines, alcohols, thiols and simple hydrazitf€$>3 Indeed, this ralecule

displaysa controlledreactivity at different temperatures where the chloride ion is displaced
by a variety of nucleophiles to form the mendi- or trisubstitutedriazines adllustrated

in schemeb.

ClﬁTN\\rCl CIWNYNU

<0°C

N__N , N__N . N__N >60 °C N__N
e NuH h Nu'H h Nu"H h
Cl cl NU' Nu'
6

Schemeb. Successive nucleophilic substitution reactions of cyanuric chloride at diffe
temperaturegModified from Molecules2006 11, 81).

Equivalently di or trisubstituteds- triazines carevenbe obtained in a one pot
reactionin the presence axcess of the nucleophi{fscheme 7). The addition tfe latter
is accompanied with the elimination of hydrogen chloride which necessitates the use of a
base to neutralize the acid produced. Numerous organic and inorganic bases (sodium
hydroxide, sodium carbonate, sodiuncdmbonate, tertiary amines, and so fpitave been

usedin severabifferentsolvents (THF, water, acetone, dioxane, DIig so fortjp32:54:5°

12



Scheme7. Preparation of symmetricaltriazines via one pot reactions

In general, the first substitution reaction is exothermic and occur&abtObelow
The second substitution occurg@m temperature.(.) while the third oneoccursat 70
100°C 23334656 gwever this generasyntheticapproactdoes not apply all the time
because a number of factors can dftae substitution rate such: éise nature of the
solventand thecorrespondingolubility of the starting materials it, the structure and
steric factors of the nucleophijlendprimarily its reactivity2:42:525459nfact, thefirst
substituenbr nucleophile s expected to decr eatlsesecanche r i ng
and third displacement reactions which thictatesan increasé the temperatureél'he
nucleophileiss ai d t o WHttleeringadaward farthe Substitution reactions. This so
calleddeactivation effect differs from one nucleophileatother. For examplegmino or
substitued aminegroups were found to strongly deactivate the ring which means that the
subsequent replacements will occur neafityhout the accumulation of byproducts from the
first steps?. However, hiswas notthe case with weakly deactivating nucleophiles like
alkoxy->* or aryloxy-groups® where the morsubstitued product wasard to isolate

withoutthe di andtrisubstitutedones In addition, he ratios othemonao, di- and

13



trisubstitutedporoducts have variddrgelywhen substituentsf the nucleophiles athe
solventsarechangedThus, it was preferable to reaetakly deactivatingubstituents with
dichlorotriazinesnstead of cyanuric chlorick® Eventually the stepwise replacemanty
lead to a mixture of products comprised of the mpdie or trisubstitutedriazineswhich
will hinder the purification and isolation of the desired product.

To override this problenseverahewstrategies have been introduc€uhe of
these methods have resorted to sphidse synthesis which consief coupling aramine
substituat, loaded onto aolid-support or resifto amonaubstituted triazineThe
obtained product is further reacted with another amine deriviatiaordtrisubstituted
triazine as a pure and high yielding prodddte support was cleaved by hydrolysis in
trifluoroacetic acidlFA. This orthogonal pathway has paved the wayegiablishing

combinatorial libraries based on triazirfeshemes).

Cl .N’R ‘N/R HN’R

‘NHR N N)% N R'R2NH )\ TFA N&N
I

X)\N/)\NR1R2

X= RRN, RO, or RS
R, Ry, Ry= alkyl

Scheme8. Orthogonal strategy for the preparation of 2#i€ubstitutedl,3,5triazines
(Modified from Tetrahedror2006 62, 9507).

Sulfone chemistry represents anotpathwaythat is especially significanhicase
wherethe third substitutiomeactionrequires very harsh conditions due to a decreased

reactivity of thefavorednucleophile Thiol substituentsre first attacheto cyanuric

14



chloride then the product is coupled to an amgroup loaded onto a sotslpport The
compound thus obtainexnbe further reacted with another amugooup.FastForward

the trisubstituted product axidized to sulfone thaics asabetter leaving group compared
to thechloride ion.The sulfone can beeadilyreplaced witha weak nucleophile, and the

support is ultimately removed tydrolysis inTFA (schemed). 3235

‘NHR N N)\N 1) R'R'NH N)§N 1) R?R’NH N)\N
| 2) m-CPBA | o 2) TFA |
NN R AL AL RINJ\\N R

R, R4, Ry= alkyl or aryl

Scheme9. Sulfone orthogonal approach for the synthesis of Zré6bstitutedl,3,5
triazines (Modified fromTetrahedror2006 62, 9507)

Lately, microwaveassisted synthesis halso provided an efficient and reliable

methodfor synthesizingrisubstituteds-triazines(scheme 10)Surprisingly, better yields

and purities have been obtained under milder conditions and shorter reaction times. This

techniquehas thugprovided a greerapproach for a multitude @romisingproducts>’°
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of N
Nl)jN\ . RNH, MW, 9$8v;/,01co min N|)§N
Cl)\N/ Cl R\N)\N/)\N,H
H R
42-62 %
cl H\N,Rz
N|)§N + R,NH, MW, 90 W, 10 min N%N
140 ©
RII\II)\N/)\N,H 125-140°C Rll\ll)'\N/)\N,H
H R H R
67-92 %

Schemel0. Microwaveassisted synthesis of 2,4isubstitutedl,3,5triazines®

Clearly, a vast array aftriazine derivatives have been prepared through
sequential nucleophilic substiton reactions. Other routes, though less commonly
encountered, camsoafford trisubstitutedderivatives. These ihede cycloadditioft and
cyclotrimerizationreactions’>1-%2Cycloaddition reactions takeplace between nitriles and
nitrile-substituted guanidine under basic conditions and at high temperatures to produce
aminasubstitutees-triazines(scheme 1). This method is utilized faterative synthesis of
dendrimers? As for thecyclotrimerization reactiongheyinvolve treating nitriles with

triflic anhydride in refluxing dichloromethane to affesdriazines® (scheme 2).

R HN<_NH, RNy -NH2
N Y NaOH, heat \||/ \r
If NH NN
N N/// \(
NH,

Schemel 1. Cycloaddition reaction to form a diaminotriazine derivative
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CH,CI,, heat
Tf,0, 12h N SN

Br
Schemel2. Cyclotrimerization reaction for the synthesissdfiazines®

Evidently, cyanuric chloridds aninevitablecomponenfor the preparatin ofs-
triazine compounds. Its intrinsieaturesncludingavailability, symmetry, and reactivity
arecrucialfor the development aftriazinebuilding blocks. On the contrary, cyanuric
chloride has a major limitation which its ability to reactvith waterandform cyanuric
acid (compound? in scheme 13)Such a reaction has been consideredrastraintbecause
a nunber of intermediatemaybe prepared from agqueous suspensions bf éssence
cyanuric @loride is stabler water at @C; yet, once the temperature increases t&Cl@he
percenageof hydrolysisof cyanuric chloride to cyanuric admécomes 7.46 after 60 min

and itrises to 55.2 % at a temperature of@&luring the same tinf&

N*N W *N
Cl OH
6 7

Schemel3. Hydrolysis of cyanuric chloride to cyanuric acid
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A. Objectives

With these antecedents in mivdg aim afpreparingnovel compoundghat
incorporateuracil and thymingropan@ydrazideslOand12, as hydrogefbond donos and
acceptos, onto the versatile unit aftriazines that is cyanuric chloride The utilization of
compoundd.0and12in particular can & explainedy the fact that they have a better
solubility compared tahat ofadenine and cytosine propanehydrazides. Therefore, it was
crucial to optimize tlhaedlZ la@rctheiesiablsh®d condi ti o
procedures can be appliedth the other two nuelic basecarbohydrazidesCompounds
131 20 wereobtained and fuyl characterizedThey are comprised of the monosubstituted
productsl3 and14, the disubstituted ondl and16, and the trisubstituted produdtto
20. Although the lattecompound4.7i 20 may beimportant for building HOFs, the former
ones namelycompoundd 3i 16, provide reactive sites that can be grafted with other
complementaryucleic basesicreasing the chances of safsembly processbestween
for example uracil and adenirfeurthermore, other substituents can be attached which can
alter the functions and properties of twmmpounds making them useful father type of
applicationsEventually, ve propose thaheses-triazine based defativesmay function as

promisingbuilding blocks for HOFs.
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CHAPTER I

RESULTS AND DISCUSSION

We have successfully synthesized emgtriazine derivatives through sequential
nucleophilic displacement reactions of cyanuric chlo@déth nucleic basdéydrazides
particularly3-(5-methyl2,4-dioxo-3,4-dihydropyrimidin1(2H)-yl)propanehydrazid&0
and3-(2,4-dioxo-3,4-dihydropyrimidin1(2H)-yl)propanehydrazid&2. The resultant

compoundd3i 20 are illustrated in scherad4 and 15
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13

Schemel4. Structures of compound®), 12, and13i 16
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Schemel5. Structures of compoundsi 20
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The general synthetic pathwsagirepresented in scheni®. Briefly,
carbdwydrazideslO and12, obtained from thymin and uracill respectivelywere
coupled to cyanuric chloridgto afford compoundd.3 and14 respectively. Similarly,
compoundd5and16 weresynthesized frond in the presence of excessldfand12
separatelyEach of theesulting productd5and16 were in turn condensed wiftd or 12
to obtain compounds7i 20. The synthetic route leading to the preparation of starting
materialsl0 and12 will be delineatedn the first part of this chapterhe other parts will

focus onthe synthesis anstructuraldeterminatiorof compoundd4.3i 20.
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cl cl H
N
9! S BP O
> X _N N
o e o NTYTTR
6 H O
13R=CH3
14 R=H
0
OxN._0
b X 3 ¢ 0
R\N\/\H/\NHz O N0 ANy 4 O N0
] J TR L
= \/\fr | [ 7‘(\/
10 R= CH, 5 Lo
12 R=H
15 R= CH,
16 R=H
)
H O~_N__O
L R
SN 0
R >N 10R=CH; ©
0 12R'= H
@) \
9 R=CHj HN/Uj/R
1M R=H [
' O%\N
07 NH
i O
R N._N
07N ﬁ/N R(go
H
NH R
1R=H HN"
2R=CHj ﬁ
0
A 17 R= R'= CHj
O N0 18R=CH, R=H
19 R= R'= H

Schemel6. Synthesis of compounds 20
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A. Synthesis of3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin -1(2H)-
yl)propanehydrazide, 10 and 3-(2,4-dioxo-3,4-dihydropyrimidin -1(2H)-
yl)propanehydrazide, 12

o H
o O« _N__0O
HN Na, EtOH hd
)\)ﬁ/ - \)J\O/\ reflux, 7 h I\/N o
07N >~
H o)
2 8 9

Schemel?. Synthesis of compour@l

The preparation of compourd® was commenceffom ehyl 3-(5-methyt2,4-
dioxo-3,4-dihydropyrimidin1(2H)-yl)propanoate® which was obtainetbllowing a
modified procedure of Lira and Huffm&hHence, compounél wasprepared via
Michaeltype addition reaction of thymirzwith ethyl acrylate8 under basic conditions.
The white crystalline product was isolaiacan overall yield of 76 %.

Thestructure of thg@roduct wasonfirmedby means b'H NMR, **C NMR, FT-
IR, and HPLCESKFMS. ThelH NMR spectrum revealetiteetriplet signalsat 3.86, 2.67,
and 1.17 ppneorresponding to thievo methylenegroupsandthe methylof the ethoxy
group respectivelglongwith a quartesignal at4.06 ppmcorrespondingo the methylene
of theethoxy group.Likewise,**C NMR and DEPT spectrdisplayed hreepeaks a60.7,
44.3 and 33.ppmcorresponding to the methylenarbonsattached tdhe oxygen atom,
nitrogenatomand carbonyl group respectively. addition, the tw@eals appearingat 14.5
and 171.2 ppnaould be assigned to tineethyl of the ethoxy groupndt h e earbomylr 6 s
grouprespectivelyFT-IR absorptions thadre characteristiof theester group appeared in

theregionof 1693 1707 cm' corresponding tthe carbonylfunctional groupand at 1202
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cmit corresponding tthe C-O stretching vibrationiThe molecular mass was asserted
through HPLC/ESMS wherethe masspectrum of compoun@displayed peaks ah/z
values 249.0 and 475.1 equivalent to the magivb# Na]*) and ([2M + Naj)

respectively (M = 226.10).

Structure of 9 'H NMR signals(ppm) *3C NMR signals(ppm)

Hg Hy = 1.17 C,=145
Os_N_ O Hp = 1.74 Cp=124
I/ c H, = 2.67 C,=333
RS Nvﬁkfova Hg = 3.86 Cy=44.3
Fd g5 ¢ He = 4.06 Ce = 60.7
He=7.52 Ci=142.3

Hg = 11.27 Ch =108.6

Ci=151.3

Cj=164.8

Cy=171.2

Table 1. *H and**C NMR chemical shifts of compour@&in DMSO-ds

Compound was then allowed to react wiéxcess ohydrazine monohydrate
(N2H4.H20) in refluxing ethanol to obtain compou@@ as a white crystalline solid in 92%

yield (scheme 8). The conversion was realized based on an alléezdture

proceduré5°
H H
N N
OIYO NzH, H,0, EtOH_ OI/YO H
N 0 reflux, 24 h N N.
A \/\W ~ A \/\W NH,
o) o}
9 10

Schemel8. Synthesis of compountd
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The formation of compounti0 was verified by means éH NMR where the
triplet andquartetof the ethoxygroup disappearednd two new broad signaigpical of a
carbohydrazidappearednsteadat 9.08 and 4.21 pproorresponding to the NH and NH
protons respectivelyBesides, the twtriplet signals of thenethylenegroupsshifted
upfieldto 2.39 and 3.82 ppnThecarbonyl carbomnd the methylene group next to it were
also shifted upfieldndappeagedat 169.4 and 32.9 ppm respectjvas shown in th&’C
NMR spectrumWhereasthe other methylene group attached to nitrogfafted downfield
to 44.9 ppm.The FFIR spectrundisplayed strong absorption bands in the region between
1636 1695cmtandat 3347cmt which areindicative of acarbohydrazidgroupnamelya
carbonyl and\H> grougs separatelyLastly, the molecular masgas identifiedusing
HPLC/ESHMS where the mass spectrum of compoafdhowedpeaks atn/zvalues

235.0 and 447.&quivalent to the mass (M + Na]*) and ([2M + NaJ) respectively (M =

212.09.
Structure of 10 'H NMR signals(ppm) *3C NMR signals(ppm)
Hg Hp = 1.73 Cp=124
O« _N_i_O H, = 2.39 C.=329
I/N ¢ N Hy = 3.82 Cq=44.9
N - He=7.42 Ci=142.4
h NH, He=7. f :
b f mm T Hg=11.24 Cp, = 108.5
Hy = 4.21 Ci= 1512
Hm = 9.08 C;=164.8
Cy = 169.4

Table 2. *H and®*C NMR chemical shifts of compourid) in DMSO-ds

In a similar manner, compoud@ was prepared frorathyl 3-(2,4-dioxo-3,4-

dihydropyrimidin1(2H)-yl)propanoatel 1 which was obtainetbllowing an altered
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proceduré? In short, the reaction between uracind ethyl acrylatg, performed in the
presence of catalytic amot of sodium ethoxide and under reflux conditions, led to the

formation of11in 69 % yield.

0 H
o) (@] N O
HN NaOEt, EtOH _
)\ | + \)J\O/\ reflux, 7 h 1/\]4
(@] N
H

1 8 1"

Schemel9. Synthesis of compountil

The!H NMR spectrundemonstratethree triplet signals at 3882.68, and 1.17
ppm corresponding to the two methylene groups and the methyl of the ethoxy group
respectivelyin addition toa quartet signal at 4.06 ppm corresponding to the methylene of
the ethoxy groupMoreovet 1°C NMR and DEPT spectra displayed thpsmks a69.6
43.4and32.1ppm corresponding to the methylene carbons attached to the oxygen atom,
nitrogen atom and carbonyl group respectivélye methylof the ethoxy grouand
carbonylof the ester grougave rise tawo peaks appearing 48.4and170.2 ppm
respectivelyAs for theFT-IR, the newly formed ester group revealed strong absorption
band at 1726cm equivalento the carbonyl functional group and ati2Zm?* equivalent
to the GO stretching vibration. The molecular mass wesfied through HPLC/ESMS
where the mass spectrum of compoaadlisplayeda peak aim/zvalue 2350 equivalent to

the mass of[M + Na]*) (M = 212.08.
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Structure of 11 'H NMR signals(ppm) 3C NMR signals(ppm)

Hg H,=1.17 C,=13.4
0] N (0] H, =2.68 C, = 32.1
IQ% - H, = 3.88 C. =434
oX N\/\[J(Ova Hq = 4.06 Cq=59.6
toe 5 d He = 5.54 Ce = 100.1
H;=7.63 Ci=145.5
Hy=11.27 Cy, = 150.3
Ci=163.2
C;j=170.2

Table 3. *H and®*C NMR chemical shifts of compourid. in DMSO-ds

Based on a modified meth&eithe conversion of1to 12 wasachievedn 77 %

yield whenthe formerwas allowed to react with excessMH4.H-O in refluxing ethanol

(scheme20).
K H
N N
Oi\fo NoH4 H,0, EtOH OT/YO H
N 0 reflux, 24 h N N.
A W ~ A W NH,
o) o}
1 12

Scheme20. Synthesis of compount

The disappearance tife ethoxy signalfom theH NMR, andthe appearance of
two new broad singlets at 9.11 and 4.29 mumsistent with the NH and NHhbrotons
separatelyndicated the complete reactionXifto 12. Furthermore, the methylene group
adjacent to the carbonyl of the hydrazide moiety shifted upfe®d40 ppm while that next
to nitrogenslightly shifted to3.85 ppmThis resultwas also eviderftom the*C NMR
spectrum wherehe carbonyl carboshiftedupfield to169.3 ppm. Typical absorption bands

of the carbohydrazide carbonyl and Nitoups appead at 1689 and 331kdn separately

28



in the FFIR spectrumFinally, the molecular mass wascognizedising HPLC/ESIMS
where the mass spectrum of compot8dhowedpeaks atm/zvalues221.0, 419.0, 197.5,
and 417.Gquivalent to the mass (M + Na]*), ([2M + NaJ"), ((M i H]"), and([2M + Na

i 2H]") respectively (M = 198.08

Structure of 12 'H NMR signals(ppm) *3C NMR signals(ppm)

Hg Hy, = 2.40 C,=328
Os_Np O H, = 3.85 Ce = 45.1

I\N% o | H H, = 5.50 C. = 100.9

N j - _
e *NH, Hf=7.52 Ci= 146.6
I 2

f \C/\g k™ Hg=10.99 Cnh=151.2

Hye = 4.29 Ci=164.3

H, = 9.11 C;=169.3

Table 4. *H and®*C NMR chemical shifts of compouric in DMSO-ds

B. Synthesis ofN'-(4,6-dichloro-1,3,5triazin -2-yl)-3-(5-methyl-2,4-dioxo-3,4
dihydropyrimidin -1(2H)-yl)propanehydrazide) 13.

Cl H Cl H
PR 0« _N__0O PR 0« _N__0O
N N H Yi THF/DIH,0O NN H
PNy NaHcO, I I |
N )\ _N N~ a 3 X _N NNZ
ClI” N7 Cl HoN W/V -50°Cto-10°C CI7 N7 N \[(V
o) H O
6 10 13
3 equiv. 1 equiv.

Scheme21. Synthesis of compount

Compoundl3 waspreparedy reactingthreeequivalems (eauiv.) of cyanuric
chloride6 in THF with oneequiv. of carbohydrazidd0in deionized watein the presence
of oneequiv. of NaHCG; at a temperatuneange ofi 50 toi 10 °C. Product13was isolated

in 56 % vyield It is essential to follow theameconditions to avoid thgeneration of
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undesiredyproductgarticularly the disubstitutetl,3,5triazinel5 and the

hydroxysubstituted.,,3,5triazineproducts21, 22 depicted in scheme22

H Cl H
PO TER SR B4
™ N\/\[(N\’}‘)\\N)\'}I/N\[(\/N =
(@] H H (@]

15

Scheme22. Possible byproducts observed during the preparation of comgd@und

In fact, several optimization experiments wpegformed in amattemptto form the
desired product3in high purity andyield. For example, when a solution ®fn THF was
added in a dropwise manner to aneo®led solution oL0in deionized watemaintained
at a temperature betweenl® °C, a 1:1ratio of productsl3and15was obtaineafter
stirring for24 h The mixture was separated by means of siéidosit column
chromatography using gradient elution of CeElleOH (95:5)to afford purel3 as
revealed byTLC, H and**C NMR. Althoughit is known ttat monosubstitution of
cyanuric chlorides deactivate the ring toward further substitution reactiotiee emergence
of byproductl5 atthetemperaturgange of0i 10 °C can be attributedot only to the fact
thatthyminepropanehydrazidi is a verygood nucleophileif comparisorio amines

thus,much lower temperatures are needed to prevent the diadduct formation), bat also
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solubility factorsthat obviouslyaffect the ratio of monoadduct tcadidud. In other words,
because produdi3is more stuble in water tha itself, the rate of formation of
disubstituted produd5 is expected to bgreaterthan that of the monosubstituted product
13resulting in a mixture of bottf:>2However, similaresults wer@btainedwvhen wagr
waseliminated andeplaced by acetonitrile to dissol¥6 as manifested b{+4 NMR and
HPLC/ESHMS.

Hence an alternative method, previouslgscribed for the preparation of
aminosubstituteell,3,5triazinesin aqueougonditions®! was applied.ticonsistedf
pr eparliwmrgr 6duouigs dissolving it in the minimum amount of hot THF,
dioxane, or acetone then pouring it onveater in a flask. Compourtgiwould precipitate,
and thiswould ensurethetotality of thereactions and permit easy isolation of the prosluct
with better yieldaswasreported Indeed, the reactiongere complete in less than 4ds,
revealed by TLC monitoring, but the products were not pihre.threesolvent systems,
namely THF/HO, dioxane/HO, andacetone/HO, resulted in a mixture di3and15
though in different ratiosVioreover, becausacetone/lHO seemed to contatheleast
amount of byproduct5 compared to the other two systerasgdemonstrated by
HPLC/ESIMS, it was utilized in further experiments.

Accordingly, anew round of experiments wasnductedased orthe slurry
technique withacetondf>O asa solvent Unlike to what wa®bservedthe reaction wa
not complete even after 24dmd the starting materiaD was not stablas a numbeof
norisolatedside poducts appeared on the HPLC/B\8S; therefore the yield was low
This could beattributed tathe decreased solubility of cyanuric chlorigeepared as a

saturated solution in acetone) in the ice/water medium where water was used to dsolve
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sothereactionbetweert and10was slower and incomplet€onsequently, more cyanuric
chloride6 (1.5 equiv.) was added to drive the reactimnompletion, and a precipite was
recovered. Then, Wwas suspended in hot acetone to remove unreéctenivever te
hydrolysis ofl3took placeand a mixture 013, 15, and22 was generated as HPLC/ESI
MS showed This provided us withmore information about the stability &8 whichwas
readilyhydrolyzedto form compound22 during the manipulatioand purificationsteps

The same observation was previousfountereavith amino substitted-1,3,5triazines,
particularly 2methylamine4,6-dichloro-s-triazine which was hard to store or dry without
hydrolysis®! However, when 2liethylamine4,6-dichloro-s-triazinewas suspended in hot
water for one day, hydrolysdid not ocur.®! It was thugproposed that the presence of a
hydrogen tom on the nitrogen of an amino group or its tautomeric form (sch8mne 2
provides a Fbond donosite that can form hydrogen bonding with water andblethe
attack on the second chlorine posit®iThis hydrogen bondingannotoccur with
disubstitutechitrogen atoms odmino groupsEvidently,the degree ofubstitution of the
nitrogen atom irR-amino4,6-dichloro-s-triazinesaltersthe reactivity of the remainirgjtes

toward nucleophilic substitutiott

Cl Cl

N)\N L N)\N/H
s R T G KR

Cl N l?l Cl N~ N

H
Scheme23. Tautomerisation of aminosubstituted,6-dichloro-s-triazine*
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In light of these limitationsanothersynthetic approach was employaddit has
proved to banuchmoreeffectivethan the previous set of experimemserms ofpurity
and yield. In this method, a solutiondin deionized water was added dropwise to a
solution of6 in THF at a temperature maintained beloWCGandover a period of 75 min.
Thereafter, NaHC®&was addedand the reactiowasstirred for anothe85 minafter which
TLC analysis confirmed the compilen of thereaction Thus,the mode of addition of
reagents accompanied witmperatureand time control allowed the isolation of product
13in 66 %yield with onlysmallamounts ofL5 asindicatedboy HPLC/ESMS. Same
results were recuperated fraimilar experiments excephatlower temperaturesere
attainedbetweeri 50°C toi 12 °C. Furthermore, attempts to separate bagand15,
through precipitation, recrystallization or preparative Th€thoddailed. It was only until
hydrazidelOwas added to excess of cyanuric chloBdspecificallyin al:3 equiv.
respectivdy at a temperatunaingeof 1 50to 1 10 °C, thattracesof 15 were obtained
without any hydrolysis product¥hedesiredproductl3 was isolated in 56 %ecoveryand
gaveonly one peak on the chromatogram of HPLC/ES (Fig. 6, f) eliminating the need

of more purification steps.
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Fig. 6 HPLC/ESHMS chromatograms of produt8, prepared in different conditiorasf,
on positive polarization mode ugj MeOH/DI (50:50) as mobile phase. Compoasd
andl3elute at 2.9 and 4.1 min respectively. The conditionsaarel equiv. of
compound$:10 at a temperature between8°C. b) 1:1 equiv. of compoundK0:6 at a
temperature below . c andd) 1:1 equiv. of compound&10 at a temperature betwee
150°C toi7°C.e)1.5:1 equiv. of compoundsD:6 at a temperature betweeh0°C toi
12°C.f) 3:1 equiv. of compoundE0:6 at a temperature betweeh0 °C toi 10°C.
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The structure of produdt3 was unambiguously elucidated by mean&-bNMR,
13C NMR, FT-IR, and HPLC/ESMS. The'H NMR spectrunof 13 displayed a huge
downfield shift of the hydrazide NHs that appeared as singlets at 10.86 and10.44 ppm
equivalent to the two vicinal NH peaks neighing the carbonyl and triazine core
respectively. In addition, the two methylene groups adjacent to the carbonyl and nitrogen
atom respectively were also subjected to a downfield shift, and each gave a triplet at 2.62
and 3.86 ppm equivalently. Moreovire *C NMR revealed two new signals at 167.8 and
171.1 ppm corresponding to the quaternary carbons of the triazine core namely the carbons
attached to carbohydrazide group and chlorine atom separately. Likewise, the carbonyl
group of the hydrazide moieghifteddownfield after coupling to cyanuric chloride and
appeared at 169.9 ppm. The presence-61 €tretching vibrations in the region &0 856
cm! together with the @\ and C=N stretching bands at 1246 and 1541 were
indicative of the cyanurichloride core as demonstrated in-FR. The carbonyl of the
hydrazide motif revealed a strong absorption band at 1784atong with two broad bands
between 3233 and 34100 consistent with two NH peaks in the same matifstly, the
molecular mass wadetermined using HPLC/ESMS where the mass spectrum of
compoundL3 exhibitedpeaks am/zvalues360.2, 743.2, 358.3, and 74@Quivalent to the
mass of[M + H]"), ([2M + NaJ"), (M 7 H]'), and([2M + Nai 2H]") respectively (M =

359.03.
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Structure of compounti3 'H NMR signals(ppm) *3C NMR signals(ppm)

Cl Hg Hb =172 Cb =129

Jo m O iN__O H,=262 C.=32.8
7 i c c
N”'N H YN F h,-386 Cq = 45.0
s I N 8NN H,=7.42 Ci= 142.8
N n°N j.‘/\/ h i= 1. £ = .
5 d f b Hy=11.27 Ch = 109.0
|

Cl
|

H H = 10.44 Ci=151.7
Hy = 10.86 Cj=165.2
Cy = 169.8, 169.9
C,=167.8
Co=171.1

Table 5. *H and**C NMR chemical shiftof compoundl3in DMSO-ds

C. Synthesis ofN'-(4,6-dichloro-1,3,5triazin -2-yl)-3-(2,4-dioxo-3,4 dihydropyrimidin -
1(2H)-yl)propanehydrazide) 14.

Cl H Cl

|
)\lN . n OYNjO THF/ DI H,0 N)\lN H Oﬁ/j
NaHCO

-50°Cto-10°C ClI
0] H O

3 equiv. 1 equiv.

Scheme24. Synthesis of compount4

Owing to the experimental fact$éaborated irsectionB, the preparation of
compoundl4 was accomplished following the sam®cedureasthat 0f13. Consequently,
productl4was produced in 82% yiekfter couplingcyanuric chlorides in THF with
carbohydrazidd.2in deionized water. Theeactants weravailable in a 3:1 ratio
respectivelythe reactiortemperaturevas carefully maintainedetweeri 50 toi 10 °C, and

NaHCQG was employed as a base
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The'H NMR spectrunof 14 showedtwo singletpeaksat 1085 and1046 ppm
correspondenb the two vicinal NH peakadjacent tahe carbonyl and triazine core
respectivelyBesidesthe two methylene groups adjacenthte carbonyl and nitrogen atom
experience downfield shifin comparison td.2, and eaclappeared aa triplet at 2.62
and3.90 ppm equivalentlyThe vinylic proton of the uracil ringdjacent to the carbonyl
group was split into a doublet of doub{dtl) due to coupling withhe NH protonon the
same ringThis was evident from2 COSY spectrum that revealadcrosscorrelation peak
between the two protons indicatitige interaction of the vinylic proton with NH and vice
versaMoreover, whertH NMR was done itMeOD-ds; containingHOD, the dd became a
doublet (dwhich further confirmedthis interaction As for the3C NMR, it revealed two
newpeaksat 1674 and 1.8 ppm corresponding to the quaternary carbons of the triazine
core namely the carbons attached to carbohydrazide group and chlorissepanately.

In addition the carbonyl group of the hydrazideiety shifted downfield after coupling to
cyanuric chloride and appeared at 5§8m.An extra signal was noticed i and*C

NMR andwas assigned twaces ofemaining starting materiél The FT-IR spectrum
exhibited significant absorption bands @Cl, C-N, and C=N bonds at 854, 1248, and
1544 cmt respectivelyin addition toa sharp absorption band of the carbonyl group at 1710
cmt and a broad band correspondinghe NH peals at 3445 crit. Last of all the

molecular mass waslidatedusing HPIC/ESFMS where the mass spectrum of compound
14 showedpeaks am/zvalues368.2, 715.2, 344.2, and 712Quivalent to the mass (M

+Nal™), ([2M + NaJ"), ((M 7 H]"), and([2M + Nai 2H]") respectively (M = 345.01
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Structure of compounti4 'H NMR signals(ppm) *3C NMR signals(ppm)

Cl Hy H, = 2.62 Cp = 32.4
N)QN | O N. O H,=390 C, = 44.9
)\\ J\ [{j J N\j He=5-50 Ce=101.1
CI NN m)\c/ Fo  Hi=152 Ci=146.7

g Hy= 11.28 Cp = 1513

% H, = 10.46 C, = 164.4

H, = 10.85 Ci= 169.5

C, = 167.4

C,=170.8

Table 6. *H and**C NMR chemical shiftof compoundl4in DMSO-ds

D. Synthesisof N',N" -(6-chloro-1,3,5triazine-2,4-diyl)bis(3-(5-methyl-2,4-dioxo-3,4
dihydropyrimidin -1(2H)-yl)propanehydrazide) 15.

O N (0]
THF/ DI H,O H N N H
Ho T NaHCO SN NN Y N~
| 3 \/\[‘( \N N N/ j“/\/

O- N_ _O -50°Ctort. | |
I\f H o H H O
N N. 15
X W NH,

10
2 or 2.5 equiv.

Scheme25. Synthesis of compountb

Compoundl5waspreparedn 85 %yield when excess of the reagdt(2 or 2.5
equiv.), in deionized watewas allowed to react with cyanuric chlori@€l equiv.) in
THF, at a temperature betwegh0 °C to r.t.over a period oft h.The product was isolated
using a simplevorkupthat consits of freeze drying of solvents, trituration in@t

suspension in cold water, then freeze drying again. No further purification steps were
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required though recrystallization from hot methanol or precipitation from a solution of
DMSO/MeOHmay be pursued famproved purities.

The formation of compounts wasconfirmed by means dH and**C NMR
although the corresponding spectra wadightly complicated and hard to evaluate.atin
particular, the vinylic protamof thymineandNH protons of the hydrazide attached to the
triazinewere split intomultiple signals Several purification attempts were performed in
order to obtain snpler spectra; however, thegmained the sam®n the other hand
HPLC/ESHMS chromatograms demonstrated a single pattkthe target molecular mass
designating high purityAccordingly, the observecdtcomplexity inthe NMR spectravas
attributedto adynamic equilibriunprocesdaking place in solution and at. amorg
possiblerotamers of the triazineng. Such phenomemwas encountered with
aminosubstituted-triazinesandhave beenvidely investigated®%¢%° Typically, the
restricted rotation abotietriazing nitrogenbond®®°generatesn energy barrier, and
becausehis barrier issufficiently high different conformergan interconvert slowly on the
NMR time scale resulting in several signfdssome nuclei on the spectruthwas
reported thaR,4-diamincsubsitute-6-chloro-s-triazines exhibit 3 rotamefscheme 8);
whereasponsymmetrically or symmetricall2,4,6triamincsubstitutees-triazines possess
4 or 2rotamersconsistently®®°Neverthelesshis number is apbtincrease due tihe
presene of certain groups like the carbohydrazide moigtssn our casd,0and12
which can also exist in two different conformatiotie Z and E conformatioffscheme

27).
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Scheme27. Conformational isomerism of compouf@.”

Hence,compoundl5 can have sixotames or evenmore In such casesariable
temperature NMR experimerase devised sincat high temperatumetation occurswiftly
thatNMR resonances dhe exchanging speciesergeand signals corresponding to one
compoundappearT h a t 0 sariaibla tgmperatuldMR spectra wereecordedrom 80
to150°C. It was shown that &0 °C, the multiple peaksf the symmetrical compourib
were resolve@nd assignment of peaks whsreforepossible As a resultthe four NH
protons attached to the triazine cgeave rise tdwo singlets at 9.82 and 9.45 p@®
indicated by théH NMR of compoundL5. The vinylic proton of thymine appeared as a
singlet at 7.39 ppmin addition,the asignment of the carbon signals was completed with
the help of the 2IHMBC NMR experimentecordedat r.t. and*C NMR spectrum
acquired at 80C which displayeda broadoeakat 166.6 ppntorresponding tthe two
substituteccarbon atomsf the triazine ring. The broadening oé#epeals of the triazine

ring specificallyat 80°C validaestheir involvement in the conformational equilibrifn
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Moreover,the nearby carbonyl of the hydrazide gragpearect 168.4 ppmAs for the
FT-IR spectrumit revealeda characteristic absorption band at 803'@onsistent with the
C-Cl bond together with peaks in the regfil219 1284 cmtand1359 1422cmt
corresponding to @ and C=N stretching vibrationshe sharp absorption band at 1681
cmitalong with thebroad peaks at 3226 and 3453 ‘awere indicative of the carbonyl
group and NH groups of the hydrazide functiespectivelyFinally, the molecular mass
wasestablishedising HPLC/ESIMS where the mass spectrum of compoabdhowed
peaks am/zvalues558.4,and 534.2quivalent to the mass M + Na]*), and([M i H]")

respectively (M =558.19.

Structure of compounthb IH NMR 13C NMR
signals(ppm)  signals(ppm)
Hg' | Cl Hg Hpp = 1.76 Cop = 11.0
OxiN ..O lf]? N/ON m O§|/N .o gc,c-‘zi.zg 80022,2
I\/NJ N s N g NJE A e
“ \/\W NTSNTN \[(\/ » Hip=7.39 Cip=140.9
b f d - S d f b Hggq=10.92 Chp = 107.6
I I Hip = 9.45 Ciy=150.1
Hin m = 9.82 Cjj=1635
Cyx = 168.4
Cnn = 166.6

Table 7. *H and®*C NMR chemical shifts of compourisin DMSO-ds at 80°C
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E. Synthesisof N',N"™ -(6-chloro-1,3,5triazine-2,4-diyl)bis(3-(2,4-dioxo-3,4
dihydropyrimidin -1(2H)-yl)propanehydrazide) 16.

@) N 0] N
. THF/ DI H,O |‘I| )N\ JN\ }TI ©
- NaHCO, SN No s N N
\. 0 -50°Ctort. \/\[f N~ °N” °N \[(\/

ﬁ\f H o M H o
N N\/\WN\NH2 16
0]

12
2 or 2.5 equiv.

Scheme28. Synthesis of compountb

Likewise, compound.6 was obtained using the same method of preparation of
compoundL5. Thus, reacting cyanuric chloriég1 equiv.) with compound?2 (2 or 2.5
equiv.) in THF/deionized water respectivalyd at a temperature betweadd °C to r.t.
producedl6in 78 % yield.

The!H NMR of compoundl6 measuredtr.t. revealed a multipleand dd peaks
for the vinylic protons next to the nitrogen atamd carbonyl groupf the uracil ring
respectivelyThemultiplicity patternof thetwo vinylic protors can be related to the
presence of rotamers asli TheNH protons of the hydrazideoietyattached to the
triazinecorewerealsosplit into several peakdHowever, upon heating to 8¢, multiple
signals of the symmetrical compouib@icoalesced. The vinylic protomasljacento the
nitrogen atomand carbonyl group respectivajgve rise tawo doubletsignalsat7.53 ppm

and 5.49 ppneconsistently Similarly, the NH peaksttached to the triazinaerged imo two
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broad ones appearing at 9.53 and 9.85 [fame observations weeacountered ithe 1°C
NMR spectrum obtained at r.t. which displayed several signals for the vinylic, carbonyl and
triazine carbond\evertheless, each of the vinylic carbons adjacent to the nitrogen atom
and carbonyl group respectively appeared as omalsig 145.9 and 100.8 ppm
respectivelyat 80°C. The carbonyl carbons of the hydrazide moiety and the substituted
carbons of the triazine core emerged at 169.2 and 167.3 ppm respeBegdyding the
FT-IR, the stretching bands in the region betweeri 822 cmtalso at 1283 and 1464 ¢m
were indicative of the triazine bonds namelCC C-N, and C=N correspondinglyhe
carbonyl group revealed a sharp absorption band at 168%hereas the NH bonds
displayed a broad band at 3223 trmastly, the matcular mass waslidatedusing
HPLC/ESHMS where the mass spectrum of compoaBdhowedpeaks atn/zvalues

530.2, and 506.&quivalent to the mass (M + Na]*), and ([Mi H]') respectively (M =

507.1).
Structure of compounti 'H NMR 13C NMR
signals(ppm)  signals(ppm)
|T|g' Cl Hg Hb,b' =2.57 Cb,b' =324

N NJ%O Hy N/nN H ogny PO Moo= 992 Coo =44.5
i o N G MLk j Hew =549 Coq=1008
N : b ' - “e Hip =7.53 Cip=145.9

o o Hg,g = 10.93 Chpy = 150.9
Hie = 9.53 Ciy= 163.6
H|,|' =9.85 Cj,j' =169.2

Cm = 167.3

Table 8. *H and**C NMR chemical shifts of compourid in DMSO-ds at 80°C
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F. Synthesis ofN',N" ,N"" -(1,3,5triazine-2,4,6triyl)tris(3 -(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin -1(2H)-yl)propanehydrazide) 17.

O 0]
O&,\N 0] N
oj\NH H Oj\NH
g N R

H \r/N\er'+ H OYV\/QODMSO, pipea_ N~
N N_A_ 140-150°C No N H

15 10 17
Scheme29. Synthesis of compount?

Compoundl7 was synthesized using alteredpreviously described procedure for
the preparation of @imincsubstitutees-triazines®® The complete conversi of compound
15to 17 was achieved when a solutionidin DMSO was allowed to react with a solution
of 10in the same solverat 140 150°C underN> atmospherenaintainedor about24 h
DIPEA was used as a based the product was recoveredgrgcipitation with methanol
in 29 % vyield.

Other synthetic approaches weredrie prepare the title compound in a single
step from cyanuric chlorid®@ However,none providd a pure trisubstituted adduct.

Briefly, when one equiv. of cyanuric chlori@avas reacted with 3 equiv. of compout@
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in solvent systems like THFA® or acetone/kD under reflux conditionkeptfor 1i 2
consecutive days and using NaH{A3 a base, a mixture of disubstituted and trisubstituted
products 15and17 respectivelywas obained.The same result was attained when the
starting materials were dissolved in DMF and heated till reflux undatriMosphere
maintained for about 24 Kiventhe close polarity of both product$ and17, purification
wasdifficult to achieveln contrast, when excess of the hydraZifeabout 6 equiv., was
addedo 6 while maintainingeflux for 2 days, complete conversion took place as was
shown by HPLC/ESMS. Still, thebrown hygroscopic material retained was a mixture of
the hydrazidd 0 and the producl?. Similarly, €forts to separate the mixture failed due to
the comparablgolarity ofthe two constituents the mixture By comparison, the applied
methodhasafforded the desired produtt with accepted purityet in low yields.Better
results may be reached if microwave heating wsesl instead of classical heataghas
beenreportec?®®® Clearly, trisubstitution requires haesttonditions than the monor

disubstitution reactions.

R R R 3

N N N. _N N N
S AL
— —
T T
N. N.

"R

R™ "H R™ H
Scheme30. Possible conformational isomers of symmetrical triaminosubstiited
triazine$®6°
The structure of produdt7 was elicidaed from the!H NMR which revealed
broadmultiplet peak$ an observation that suggests the presence of rotamegsilibrium

at r.t.(scheme30). Thisprocess isimilar to tratdescribedn the case othediadduct
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displayed in schemes2Therefore compoundl? can havdour rotamersAt 150°C, sharp
peaks were produced and nicely assigned to the symmetrical ptddHietnce, the NH
peaks adjacent to the triazine core appeared as twd birtglets at 9.10 and 8.22 ppm
along with the vinylic protosiof thymine which veredisplayed at 7.33 pprithe*C NMR
revealedat 80°C the carbonyl of hydrazide group H8.2 ppm together wittheé triazine
carbon at 166.5 ppm. Both were shifted upfield in comparisdb.tGharacteristic FIR
absorptions in the region between 12P378and 13611480cm* were indicative of €N
and C=N bondsin addition a sharp band at 1682 droonsistent with the carbonyl of the
hydrazide group and a broad one at 3246 typical of NH stretching vibratiowere
examinedFinally, the molecular massas confirmed using HPLC/ESNIS where the mass
spectrum of compountl7 showedpeaks atn/zvalues734.5, and 710.2quivalent to the

mass of[M + Na]*), and ([Mi H]') respectively (M = 711.26
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Structure of compound7

'H NMR signals
(Ppm)

13C NMR signals
(Ppm)

O Hp b pr = 1.77 Copp = 10.7
HN b He oo = 2.57 Coccr =316
Y Py ,r Hg g v = 3.90 Cyg g = 43.4
07N Hipp = 7.33 Cipp = 140.7
ol Hgg g = 10.42 Chppe = 107.2
c H|’|',|" =8.22 Ci,i',i"= 149.8
' Hm mme = 9.10 Civp=163.2
O NH ' m,m,m 1)
| m ||-| 0] (@] Ck,k',k"= 168.2
HN_ o N_ N d Cpr=166.5
| | n,n',n
N \N)H(\/\N/U\NHQ
N _N H ¢
’ m A
n f b @)
m" /N
HNT I b
kll
. CH O
"//l dll
ill
O HU N
j 0
Hgll

Table 9. *H and®*C NMR chemical shifts of compourid in DMSO-ds at 150 °C and80°C

respectively
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G. Synthesis ofN',N™ -(6-(2-(3-(2,4-dioxo-3,4-dihydropyrimidin -1(2H)-
yl)propanoyl)hydrazinyl) -1,3,5triazine-2,4-diyl)bis(3-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin -1(2H)-yl)propanehydrazide) 18.

0] 0]
HN/Uj/ HN/UE/
Oéi\N l O4i\N

:;l\NH :;l\NH

\ H O 0
HNYNTCIJr H Oﬁ/joomso, DIPEA=HN /NW/N\N)VN/U\NH
N N~ 140-150 °C H
N*rN HNTYY Ny, 24 h Nﬁ/N \/&O

_N

T
z
T
zZ
T

15 12 18

Scheme31. Synthesis of compountB

In a similar manner, the preparation of compofiigvas started from compound
15and12in the presence of DIPEA am@MSO. The mixture was heated to a temperature
between 140150°C undera N2 atmospher&eptfor 24 h. Productl8 was isolated in 47 %
yield by means of precipitation with methanol.

Because compountB can haveeight rotamergscheme 2), the!H NMR
spectrumwasrecorded at 15€C. It revealedwo broad signals at 9.18 and 8.36p
equivalent to the NH protons attached to the triazineiocaddition toathird broad NH

peak of uracil and thymine cores at 10.46 pphe doublet peak at 7.50 ppm was assigned
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to the uracil vinylic proton adjacent te nitrogen atom; whereas, thatthymine

appeared aasinglet at 7.35 ppmAnother doublet peak was displayed at 5.49 ppm

e e
N\
R'/‘N\H / Rl/‘ H
R H H H
_N N N. N N N.

Scheme32. Possible conformational isomers of reymmetrical triaminosubstitutes
triazines®°

equivalent to the othetinylic proton of the uracil ringThe methylene groupgose to the
nitrogen atom and carbonyl group respectiyggye rise to two mulplet peaks at 3.93 and
2.59 ppmA singlet peak at 1.79 ppoorresponded to the methyl groop thymine.The

13C NMR recorded a80 °C showeda peak for the carbonyl carbon of the hydrazide moiety
at 168.3 ppm and another broad one for the triazine carbon at 166.5pp@DEPT
spectrum revealed three CH peaks for the thymine and uracil vinylic carbons at 140.7,
145.0,and 99.7 ppm respectivelJhe FTIR spectrum displayed absorption bands typical
of C-N and C=N bonds in the region between 122¥8 cm' and 13611477cm?
separatelyThe carbonyl functional group appeared as a sharp absorption deG&b6atn?
and theNH stretching vibrations were displayed3@u6cm?. Finally, the molecular mass

was validated using HPLC/EMS where the mass spectrum of compoa8showed
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peaks am/zvalues720.4, and 696.&quivalent to the mass M + Na]*), and ([Mi H]")

respectively (M = 697.24

Structure of compounti8

H NMR signals *3C NMR signals

(ppm) (ppm)
,O Hb,b“ =1.79 Cb’b" =10.7
HN ' Hc,c',c” =2.59 Cc,c',c“ =31.6
J 4,»\ , J Hg,q g = 3.93 Cygg=43.4
07N Hep = 7.35 Cip = 140.7
g Hp = 7.50 Cr = 145.0
¢ Hy = 5.49 Chp = 107.3
' He o g = 10.46 Cpy =997
0] 9.9'9
'\\le Lo o Hypp = 8.26 Cipp=149.8
HN_ 3 N_ N d Ho e e = 9.18 Civn=162.6, 163.2
| | m,m',m i ,
\?? mﬁ \”)lj(\cﬁNJ\NHg Cy k= 168.3
NSNom A Co = 166.5
n N e
m" _NH
HNT 1" b
kll
l CII O
DI"/QN d"
ill
O J'll N/&O

Hgll

Table 10. *H and®*C NMR chemical shifts of compouridin DMSO-ds at 150°C and80

°C respectively
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H. Synthesis ofN',N",N"" -(1,3,5triazine-2,4,6triyhtris(3 -(2,4-dioxo-3,4-
dihydropyrimidin -1(2H)-yl)propanehydrazide) 19.

o 0
HN/UE HN/UE,
e =
oiNH H oiNH
l 0«_N.__0O HI\\I 40 i
HNYNTCI+ . Tj DMSO,DIF;EA= \(/N, N\NJ\ANJ\NH
. ~ 140-150 °C No N H
NN
HN™ HN™
ﬁo /I/&O
~ L
5 N)%O 0 N/&O
N H
16 12 19

Scheme33. Synthesis of compountd

Likewise,compoundl9 was synthesized following the same listeethodsor the
preparation ol7 and18. Hence, he reaction between compourisand12in DIPEA and
DMSO was carried out d40' 150°C under inert atmosphere for 24Compoundl9 was
affordedin 45 % yield through precipitation with methanol. Further purification by
recrystallization from hot water allowed the isolation of 12 % of gdre

The!H NMR spectrum was acquired H50°C dueto the presence of four possible
rotamers. The vinylic protons of uracil core appeared asltwiblets at 5.45 and 7.46 ppm.
In addition, two triplet peaks were displayed at 2.55 and 3.91 ppm corresponding to the two

methylene groupalong with three broaNH peaks at 8.11, 9.11, and 10.43 ppm equivalent
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to the NHs adjacent to the triazine core, NHext to the carbonyl of the hydrazide ands$\NH
of uracil ring respectivelyMoreover, the triazine carbon appeared at 167.2 ppm while that
of the carbonyl of thydrazide moiety appeared at 168.9 ppm as demonstrated ¢ the
NMR of compoundl9 at 80 °C. Stretching vibrations consistent with C=O/NCand NH

bonds were displayed at 1693¢m249 cmt, and 324%nm? respectivelyas indicated in

the FFIR spectrumThe molecular mass was asserted using HPLCHESWhere the

mass spectrum of compouthfl showedpeaks atn/zvalues692.4, and 668.&quivalent to

the mass of[M + Na]*), and (M7 H]") respectively (M = 669.91

Structure of compountd 'H NMR signals  13C NMR signals
(ppm) (ppm)
O" Hb,b',b" =2.55 Cb,b',b" =32.2
N S He e or = 3.91 Cooor = 44.3
9 ; Heo'e" = 5.45 Corer = 100.4
07N~ f Hipp = 7.46 Cippm = 145.7
o , Hg,g',g" =10.43 Ch,h',h" =150.5
b HI,I‘,I" =9.11 Ci,i',i"= 163.3
O™ j"NH, K Hijc = 8.11 Cjj=168.9
H,\\l \ H 0 j@ Connme= 167.2
[} N c
K77 Jm \N)J'J\AN NH
N H' b g
~_N | S
mll f s i O
NH, .,
pHNT K

% /bI/J'#O
e"/ N Cll

Og/h§o

g

Table 11. *H and®*C NMR chemical shifts of compouri®in DMSO-ds at 150°C and80
°C respectively



I. Synthesis ofN',N" -(6-(2-(3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin -1(2H)-

yl)propanoyl)hydrazinyl) -1,3,5triazine-2,4-diyl)bis(3-(2,4-dioxo-3,4-
dihydropyrimidin -1(2H)-yl)propanehydrazide) 20.

o) 0
HN HN
' )
07N 07N
S Y
Ox_N._0O
HN\(/NT(C'+ H Yj{ DMSO, DIPEA_ " N
N N~ 140-150 °C
Na N H,N N N
A wan T
NH NH
HN™ HN
J/&O J/&O
o N/go O~ 'N" o
H H
16 10 20

Scheme34. Synthesis of compourD

The synthesis of compourad wasaccomplishedollowing the sameprocedure

utilized in the preparation of compoundi3i 19. Thus,the reaction between compourit

and10in DMSOwasperformed at 140L50°C in an inert atmosphere maintained for 24 h.

The product was isolated in 28 % yield through precipitation with methanol.

Compound20was characterized by means'dfNMR that was recorded at 150

°C due to the presence @fht rotaners.It revealedwo broad signals at 9.20 and 8d@n

equivalent tahe NHs attached to thearbonylof the hydrazidgroup andriazine core

respectivelyalong with abroad NH peak ofheuracil and thymine cores at 10.pm.The
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doublet peak at 7.4@8m was assigned to the uracil vinylic proton adjacent to the nitrogen
atom; whereas, that of thymine appeared siaglet at 7.3pm. Amultiplet peak was
displayedat 5.56 5.31ppm equivalent to the other vinylic proton of the uracil ring. The
methylenegroups close to the nitrogen atom and carbonyl group respectively gave rise to
two multiplet peaks at 4.06.83and 2.622.51ppm consistentlyA singlet peak at 1.75

ppm was corresponded to the methyl group on thymine*thBIMR was recorded &0

°C, and it showed a peak for the carbonyl carbbthe hydrazide moiety at 168pm and
another broad onef the triazine carbobetweenl665i 166.6ppm. The DEPT spectrum
revealed three CH peak§the vinylic carbon®f thymine at 140.7 ppm and uracillat5.0

and 99.6ppm. The FTIR spectrum displayed absorption bands typical-&f @d C=N
bondsat 1252cm! andin the region between 1428473cm respectively The carbonyl
functional group appeared as a sharp absorption bd&¥acn* and the NH sttching
vibrations were displayed a#35cm. Lastly, the molecular mass wasnfirmedusing
HPLC/ESHMS where the mass spectrum of compo@fghowedpeaks atn/zvalues

706.5, and 682.&quivalent to the mass (fM + Na]*), and ([Mi H]") respectively(M =

683.23.
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Structure of compoun?0 'H NMR signals 3C NMR signals

(ppm) (ppm)
Q. Ho = 1.75 C,=107
HNE N C Hporpr = 2.51-2.62  Cp e = 31.4
N Hog.o = 3.83-4.06  Cq o= 43.6
O [y'N~ f He ¢ = 5.31-5.56 Ce =107.3
c Hip = 7.46 Cee=99.6
b Hp=7.32 Cip = 145.0
07" NH; Hgg g = 10.45 Cr = 140.7
\ ! |lf| 0] (0] H|,|',|" =9.20 Ch,h',h" =149.8
':.NJ%N AN - Hycjeir = 8.18 Ciyp= 162.6, 163.2
N NN N NHg Cipjr= 168.2
\ . —
m" ' X0 Conmm= 166.5, 166.6
NH ©
pHNT K
b m
n f" J O
e/ N Cll
O HL N/§
"R O
g

Table 12. *H and®*C NMR chemical shifts of compourdin DMSO-ds at 150°C and80
°C respectively

J. Conclusion

The preparation of compound8i 20 waspursued starting from cyanuric chloride
6 which was reacted with thymine and uracilpropanehydradilend12 respetively.
While the moneand dsubstitution reactiongroduceccompoundd.3i 16 in moderate to
high yields, the tgubstitution reactiongrovided compounds7i 20in low yieldsand
under harsér conditions Betteryieldsmaybe obtained imicrowave heating is introduced.
The structures of the corresponding compounds were confirméd dayd'3C NMR, 2D
HMBC and COSY NMR, HPLC/ESMS, and FTIR. Future workshouldfocus on the
preparation of-triazine derivatives endowed with other stitnents be it nucleic base

(adenine and cytosine) alkyl substituents that can enhairtlee solubility a major
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limitation observed irthe synthesized produciss an illustration, the presence of adenine
anduracil propanehydrazides p#amt to the samei#izine coremaystronglypromote the
selfrecognition processeBltimately, differentcrystallization techniques mane explored
in an attempt to generatdOFs out of the collected materidlevertheless, thebserved
flexibility of the trisubstituted prducts,due to the rotational isomerismay hinder the
selfassembly by hydrogelmonding and stacking interactiom$ence it is suggested to
modify the structuresynthetically through introducing a rigid cdtike benzenejo the
triazine ring or supraoiecularly through coordinating the groups invalve
conformational equilibriumnamelythe nitrogen atom of the hydrazide group attached to
the triazine core and the carbonyl graipghe hydrazide moietylhis can be done by
adding an appropriativalentmetal capable of chelating bmth atomsFinally, the
synthesized products are inevitably important, yet thorough studies are required before one
can disclose their usefulnassdeveloping HOFsAlternativdy, supramolecular complexes
maybe gerratedout ofthese title compounds througthixing different substituted-

triazinesendowed wh complementary nucleic basasder suitable conditions
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CHAPTER Il

EXPERIMENTALS

A. General

Melting points were measureoh aDigiMelt apparatus and were uncorrected.
NMR spectra werebtained frondeuterated solvents with TMS asinternal standard on
aBruker Avance Il HD500 NMR spectrometeChemical shift§ taje reported in ppm
downfield relative to TMSESI mass spectraere obtained on an LCMS instrument
(AGILENT 1100 series with a quaternary pump HPLC and Agilent LC/MSD Trap XCP
mass spectrometry detegtoFhesamples were injected into &fPLC column(5 >m C18,
25 cm x 4.6nm). Infrared spectra were recorded KBr pdlets using a Nicolet AVATAR
360FT-IR ESP spectrometer with a Hewlett Packard Desk jet 840C pldtierIR bands
are reportedn wave numbers (cij. Thin layer chromatography (TLC) was performed on
pre-coated TLGsheets ALUGRAMSIL G/UV254 silica gel skets (used directly as
received) Flashchromatography employedadich silica gel (604, 2301 400 mesh).
Reagents used for synthesis were purchased from the Aldrich Chemical Company

(Milwaukee, WI) and ACROS Chemicals.

B. Procedures
Ethyl 3-(5-methyt2,4-dioxo-3,4-dihydropyrimidin1(2H)-yl)propanoat€9). In a
1000 mL rounebottom flask(RBF) were dissolved thymin2 (20 g, 159 mmol), Na (317.4

mg, 13.8 mmol), and ethanol (429 mL). The solution was allowed to stir for an hour at r.t.
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Ethyl acrylateB (51.4 mL, 471 mmol) was then added, and the resulting mixture was
heated under reflux for 3 h. TLC monitoring in CH®eOH (10:1) revealed the presence

of thymine2, so Na (952.2 mg) was added, and reflux was continued for 4 h after which
TLC confirmed the disappearance of thymine. Thereafter, the reaction was filtered at hot to
remove Na residues and allowed to cool to r.t. overnfghithite precipitate formed upon
cooling. Itwas collected via suction filtration, washed thoroughly wild ethanol and

cold ethyl acetate, and dried under vacuum to yield the desired p8oasigthite

crystalline material (20.3043 g). The remaining filtrate was concentrated under reduced
pressure, and a white precipitate was recovered. The white priecipéa filtered under
vacuum and dried to give the desired produ@at.0654 g, total yield 76 %) mp 154.4

155.6°C (lit.”* mp 154.6155.1°C). *H NMR (500 MHz,DMSO-ds, ): fi1.27 6, 1H), 7.52

(s, 1H), 4.06 (¢J = 7.1 Hz, 2H), 3.86 (t} = 6.8 Hz, 2H), 2.67 (1 = 6.8 Hz, 2H), 1.74 (s,

3H), 1.17 (tJ = 7.1 Hz, 3H)}*C NMR (126 MHz,DMSO-ds, ): 1i71.2, 164.8, 151.3,

142.3, 108.6, 60.7, 44.3, 33.3, 14.5, 1PMRLC/ESIMS (m/2): calcd for GoH14N204

226.10, found 249.0 (M + N§)475.1 (2M + Na). FT-IR (KBr): 760, 797, 879, 928, 1013,
1065, 1137, 1201, 1288, 1323, 1350, 1380, 1416, 1463, 1693, 1707, 2088, 3043, 3168 cm

The spectroscopic data agrees with the one rep0rted.

3-(5-Methyt2,4-dioxo-3,4-dihydropyrimidin1(2H)-yl)propanehydrazid€l0). In
a 500 mL RBF was dissolved ethy(3methyt2,4-dioxo-3,4-dihydropyrimidin1(2H)-
yhpropanoat® (20.3043 g, 89.8 mmol) in ethanol (127 mNyH4.H>0O (13.61 mL, 179.6
mmol) was then added, and the resulting mixture was allowed to stir under reflux

overnight. TLC monitoring iretOAdMeOH (90:10) indicated the absence of the starting
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material9, thus tke reaction mixture was allowed to cool to r.t. A white precipitate formed
upon cooling. It was filtered under vacuum, washed with cold ethanol and dried under
vacuum to give the desired prodd€tas a white solid (17.4326 g, 92 %) mp 19395.8

°C (it.%4 189 190°C). '"H NMR (500 MHz, DMSGds, 1) : 11. 24 (s, 1H),
(s, 1H), 4.21 (s, 2H), 3.82 (= 6.8 Hz, 2H), 2.39 () = 6.8 Hz, 2H), 1.73 (s, 3H}3C

NMR (126 MHz,DMSO-ds, ): 169.4, 164.8, 151.2, 142.4, 108.5, 44.99322 4.
HPLC/ESHMS (m/2: calcd for GH12N403 212.09, found 235.0 (M + N§)447.1 (2M +

Na)". FT-IR (KBr): 451, 493, 540, 562, 635, 654, 693, 880, 915, 950, 996, 1011, 1050,
1113, 1224, 1248, 1272, 1346, 1367, 1422, 1486, 1522, 1636, 1667, 169232824,

3019, 3103, 3155, 3347 cnThe spectroscopic data agrees with the one reptirted.

Ethyl 3-(2,4-dioxo-3,4-dihydropyrimidin1(2H)-yl)propanoat€11). In a 1000 mL
RBF were dissolved uraci (25 g, 223 mmol), NaOEt (4.4 mL, 44 mmol), and ethanol
(595 mL). The solution was allowed to stir then ethyl acry8gt@0.4 mL, 279 mmol) was
added. The resulting mixture was heated under reflux for 5 h. TLC monitoring in
EtOAc/Hex/MeOH (8:1:1) revealed the presence of ufggb NaOEt (1.1 mL) was
added, and reflux was continued for another 2 h after which the reac®allowed to
cool to r.t. overnight. The reaction mixture was concentrated under reduced pressure to
afford a quantitative white precipitate. The obtained white solid was collected via suction
filtration, washed thoroughly with cold ethanol and colidyeacetate, and dried under
vacuum to yield the desired prodddtas white crystalline material (26.63 g). The
remaining filtrate was concentrated again under vacuum to give an dilkengdy

substance. Cold ethyl acetate was added, the flask wasl codhe fridge and a white
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precipitate was recovered. The white precipitate was filtered under vacuum and dried to

give the desired produdtl (5.84 g, total yield 69 %) mp 102.903.6°C (lit.”* mp 101.3

1016°C).*H NMR (500 MHz, DMSGds, @) : 11 . 27 J79Hz, 1H}p.54 7. 6 3

(d,J= 7.8 Hz, 1H), 4.06 (q] = 7.1 Hz, 2H), 3.88 (t} = 6.7 Hz, 2H), 2.68 (t} = 6.7 Hz,

2H), 1.17 (tJ = 7.1 Hz, 3H)23C NMR (126 MHzDMSO-ds, ) : 170. 2, 163.

1455, 100.1, 59.6, 43.4, 32.1, 13.4. HPLCAS (m/2: calcd for GH12N204 212.08,

found 235.0 (M + N&) FT-IR (KBr): 429,470, 513, 544, 625, 703, 718, 726, 762, 794,

813, 865, 951, 978, 985, 1017, 1069, 1106, 1117311834, 1235, 1264, 1287, 1327,

1356, 1383, 1414, 1451, 1478, 1528, 1631, 1726, 1957, 2799, 2909, 2935, 2964, 3000,

3053, 3181cm. The spectroscopic data agrees withdhereported’*
3-(2,4-Dioxo-3,4-dihydropyrimidin1(2H)-yl)propanehydrazid€l2). In a 1000

mL RBF was dissolved ethyt@,4-dioxo-3,4-dihydropyrimidin1(2H)-yl)propanoatel 1

(25 g, 118 mmol) in ethanol (563 mINY2H4.H-0 (31.3 mL, 413 mmol) was then added,

and the resulting mixture was allowed to stir under reflux overnight. TLC monitoring in

CHCI/MeOH (95:5) indicated the absence of the starting matktjahus the reaction

mixture was allowed to cool to r.t. An off vi# precipitate formed upon cooling, so it was

filtered under vacuum, washed with cold ethanol and dried under vacuum to give the

desired product2 as an off white solid (17.89 g, 77%) mp 184.84.9°C (lit.%4 >300°C).

IH NMR (500 MHzDMSO-ds, ©) : 10.99 (s, UDHJ9HzAH)11 (s,

5.50 (d,J = 7.8 Hz, 1H), 4.29 (s, 2H), 3.85 {t= 6.7 Hz, 2H), 2.40 (t) = 6.7 Hz, 2H)C

NMR (126 MHz,DMSO-ds, ): 169.3, 164.3, 151.2, 146.6, 100.9, 45.1, 3ABLC/ES}

MS (m/2: calcd for GH10N4Os 198.08, found 221.0 (M + N§)419.0 (2M + Na), 197.5

(M7 H)', 417.0 (2M+ Nai 2H)'. FT-IR (KBr): 458, 510, 552, 584, 678, 726, 765, 793,
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831, 903, 952, 993, 1010, 1034, 1057, 1114, 1157, 1190, 1202, 1255, 1285, 1333, 1362,
1387,1398, 1430, 1446, 1468, 1550, 1614, 1689, 2783, 2880, 2974, 3066, 3181, 3312 cm
The spectroscopic data agrees with the one repdtted.
N'-(4,6-dichloro-1,3,5triazin-2-yl)-3-(5-methyt2,4-dioxo-3,4-dihydropyrinmdin-
1(2H)}yh)propanehydrazig) (13). A 250 mL RBF, charged with a solution of cyanuric
chloride6 (653 mg, 3.54 mmol) in THF (57 mL), was cooled in an acetone (3 mL)/Jig. N
bath to a temperature beldw0 °C. At a temperature 650 °C, a solution ofL0 (250 mg,
1.18 mmol) in deioized water (12.5 mL), was added dropwise over a period of 75 min.
During this time, regular addition of lig.-Nvas necessary to maintain a constant
temperature. After complete addition, NaH{{@0.12 mg, 1.18 mmol) was introduced, and
the resulting mixtue was allowed to stir at a temperature beld®°C for 30 min then ait
10°C for another 30 min. At this point, the reaction was considered to be complete by TLC
using CHC¥MeOH (95:5) as an eluent. Consequently, stirring was stopped, and the
solventswere lyophilized. The obtained white powder was triturated wit® Bnd filtered.
Thereatfter, it was suspended in cold deionized water, collected via suction filtration and
lyophilized again to afford the desired prodi8tas a white solid (235 mg, 56 gkeld).
The formation of compounti3was confirmed by means of TLC, NMR and HPLC/ESI
MS analysis which revealed the presence of trace amount of comp&uniaus, the
attained product3was acceptable for use without further purification; nevertheless, a
small amount was purified for spectral characterization by means ofdegmbit column
chromatography on silica gel (95:5 CHBAeOH; R:= 0.25) to yield a white solitchp
227.3229.8°C.'H NMR (500 MHz, DMSGds, U): 11.27 (s, ®H), 10.
1H), 7.42 (s, 1H), 3.86 (8,= 6.6 Hz, 2H), 2.62 () = 6.6 Hz, 2H), 1.72 (s, 3H}*C NMR
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(126 MHz, DMSQds, u) : 171. 1, 169. 9, 169. 8, 167. 8,

32.8, 12.9. HPLC/ESMS (m/2: calcd for GiH11CloN7Os 359.03, found 360.2 (M + H)

743.2 (2M + Na), 358.3 (Mi H), 740.9 (2M+ N& 2H)'. FT-IR (KBr): 479, 535, 694,

757, 800, 856, 979, 1053, 1131, 1156, 1183, 1224, 1246, 1284, 1310, 1362, 1390, 1390,

1424, 1482, 1514, 1541, 1573, 1608, 1671, 1704, 2888, 3233, 3470 cth
N'-(4,6-dichloro-1,3,5triazin-2-yl)-3-(2,4-dioxo-3,4 dihydropyrimidin1(2H)

yh)propanehydrazidg)l4). A 250 mL RBF, charged with a solution of cyanuric chlogde

(1.4 g, 7.59 mmol) in THF (122 mL), was cooled in an acetone (3lgLN: bath to a

temperature below50°C. At a temperature 650 °C, a solution ofLl2 (500 mg, 2.53

mmol) in deionized water (25 mL), was added dropwise over a period of 75 min. During

this time, regular addition of liq. Nvas necessary to maintain a constant temperature.

After complete addition, NaHC{213 mg, 2.53 mmol) was introduced, and the resulting

mixture was allowed to stir at a temperature bel@@°C for 30 min then &at10°C for

further 40 min. At this pointhe reaction was considered to be complete by TLC using

CHCI/MeOH (95:5) as an eluent. Therefore, stirring was stopped, and THF was removed

under vacuum. Fast forward, the mixture was lyophilized, and the obtained off white

powder was triturated with ED and filtered. Afterward, it was suspended in cold deionized

water, collected through suction filtration and lyophilized again. The material was then

dissolved in THF (~ 90 mL) to remove excess cyanuric chld@;jdérred then filtered.

Finally, the filtrate was concentrated to dryness under reduced pressure, triturated with

EtO, filtered and dried under vacuum to give the expected pradwag an off white solid

(714.4 mg, 82 %) m®260°C. 'H NMR (500 MHz, DMSGds, @) : 11.28 (s, 1H

1H), 10.% (s, 1H), 7.52 (d) = 7.8 Hz, 1H), 5.50 (dd] = 7.8, 2.0 Hz, 1H), 3.90 (§,= 6.5
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Hz, 2H), 2.62 (tJ = 6.5 Hz, 2H)3C NMR (126 MHz, DMSGds, &) : 170. 8,
167.4,164.4, 151.3, 146.7, 101.1, 44.9, 32.4. HPLCNESKm/2): calcd for GoHeClI2N7O3
345.01, found 368.2 (M + N&)715.2 (2M + Nd), 344.2 (Mi H)', 712.9 (2M+ N& 2H)'.
FT-IR (KBr): 503, 537, 563, 712, 757, 773, 801, 854, 982, 993, 1054, 1110, 1160, 1185,
1204, 1248, 1284, 1313, 1345, 1359, 1382, 1399, 1425, 1472, 1516, 1544, 1593, 1752,
1778, 2781, 3043, 3445n.

N',N"-(6-chloro-1,3,5triazine 2,4-diyl)bis(3-(5-methyt2,4-dioxo-3,4
dihydropyrimidin1(2H)yl)propanehydrazide)ll§). A 250 mL RBF, charged with a
solution of cyanuric chloridé (218 mg, 1.18 mmol) in THF (19 mL), was cooled in an
acetone (3 mL)/ lig. Nbath to a temperature belawb0°C. At a temperature 6f50°C, a
solution 0of10(625.4 mg, 2.95 mmol) in deionized water (31.3 mL), was added dropwise
over a period of 75 min. After complete addition, NaRCI®8 mg, 2.36 mmol) was

introduced, and the resulting mixture was allowed to stir at a temperatare®&T for 30

min, allowed to warm to r.t. and kept stirring at the same temperature for additional 3.5 h.

At this point, the completion of the reaction was validated by means of TLC using/CHCI
MeOH (95:5) as an eluent. Thus, stirring was stopped,hengalvents were lyophilized.
The white powder was triturated withoBtand filtered. Afterward, it was suspended in
cold deionized water, collected via suction filtration and lyophilized again to collect the
desired product5 as a white solid (631 mg, 86) mp 253.2254.5°C. *H NMR (500

MHz, DMSO-ds, 80°C): 10.92 (s, 2H), 9.82 (s, 2H), 9.45 (s, 2H), 7.39 (s, 2H), 3.89 (t,
= 6.8 Hz, 4H), 2.56 (t) = 6.8 Hz, 4H), 1.76 (s, 6H}*C NMR (126 MHz, DMSGds, 80 ,
°C): 168.4, 166.6, 163.5, 150.1, 140197.6, 43.5, 31.7, 11.0. HPLC/EBIS (m/2: calcd

for C10H22CIN1106 535.14, found 558.4 (M + N§)534.2 (Mi H)'. FT-IR (KBr): 430, 478,
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526, 556, 663, 700, 766, 803, 902, 991, 1007, 1038, 1123, 1156, 1219, 1284, 1359, 1422,
1475, 1571, 1681, 2836, 304226, 3453 cm.

N',N"-(6-chloro-1,3,5triazine 2,4-diyl)bis(3-(2,4-dioxo-3,4-dihydropyrimidin
1(2H)}ylh)propanehydrazide)lg). A 250 mL RBF, charged with a solution of cyanuric
chloride6 (232 mg, 1.26 mmol) in THF (20 mL), was cooled in an acetone (3 mL)/Jig. N
bath to a temperature beldwb0 °C. At a temperature ¢f50°C, a solution ofL2 (500 mg,
2.52 mmol) in deionized water (25 mL), was added dropwise over a period of 75 nain. Aft
complete addition, NaHC£§212 mg, 2.52 mmol) was introduced, and the resulting
mixture was allowed to stir at a temperature beld® #or 60 min, allowed to warm to r.t.
and kept stirring at the same temperature for additional 3 h. At this poininTCBCls/

MeOH (95:5) revealed a complete reaction. Thus, stirring was stopped, and the solvents
were lyophilized. The white powder was triturated witbQeand filtered. Afterward, it was
suspended in cold deionized water, collected via suction filtratidnyophilized again to
recover the desired produt as a white solid (499.7 mg, 78 %) mp 22£57.4°C. H

NMR (500 MHz, DMSQds,  U°C): 1®.03 (s, 2H), 9.85 (s, 2H), 9.53 (s, 2H), 7.53@,

7.9 Hz, 2H), 5.49 (dJ = 7.8 Hz, 2H), 3.92 (t) = 6.7 Hz, 4H), 2.57 (tJ = 6.7 Hz, 4H):3C
NMR (126 MHz, DMSQds, 0u°C): 1®M2, 167.3, 163.6, 150.9, 145.9, 100.8, 44.5, 32.4.
HPLC/ESHMS (m/2: calcd forC17H18CIN1106 507.11 found530.2(M + Na)*, 506.1(M i

H)'. FT-IR (KBr): 430, 505, 553, 627, 721, 763, 802, 820, 993, 1018, 1097, 1152, 1199,
1235, 1283, 1361, 1417, 1464, 1571, 1685, 3052, 3223 cm

N',N"™,N""-(1,3,5triazine 2,4,6triyhtris(3-(5-methy}2,4-dioxo-3,4-
dihydropyrimidin1(2H)-yl)propanehydrazide)l7).° In a 50 mL, two neck RBF, was
dissolved compounl5 (500 mg, 0.933 mmol) in DMSO (0.933 mL) underdtimosphere.
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A solution 0f10(198 mg, 0.933 mmol) in DMSO (0.933mL) was then adddldwed by

DIPEA (154.2 ¢L, 0.933 mmol). The miixture w

150°C for 19 h under Batmosphere. At this point,LC in CHCk/ MeOH (90:10)

revealed a complete reactiohccordingly, reflux was stopped, and the reaction mixture

was cooled. The product was recovered from the DMSO solution through precipitating it

out with methanol. The off white precipitate was collected via suction filtration and

suspended in hot deiomid water. The solution was sonicated, and the precipitate was

collected, washed with cold deionized water and lyophilized to recover the desired product

17 as an off white powder material (190 mg, 29 %)288 242.2°C. 'H NMR (500 MHz,

DMSO-ds, 160°C): 10.42 (s, 3H), 9.10 (s, 3H), 8.22 (s, 3H), 7.33 (s, 3H), 3.90=(6.8

Hz, 6H), 2.57 (tJ = 7.0 Hz, 6H), 1.77 (s, 9H}3C NMR (126 MHz, DMSQds, 80°C):

168.2, 166.5, 163.2, 149.8, 140.7, 107.2, 43.4, 31.6, 10.7. HPL®IE$/2): calcd for

C27H33N1509 711.26 found734.5(M + Na)*, 710.2(M i H)'. FT-IR (KBr): 438, 474, 693,

765, 811, 913, 1037, 1129, 1223, 1278, 1361, 1430, 1480, 1576, 1682, 3040, 3246 cm
N',N"'-(6-(2-(3-(2,4-dioxo-3,4-dihydropyrimidin1(2H)-yl)propanoyl)hydrazinyH

1,3,5triazine 2,4-diyl)bis(3-(5-methyt2,4-dioxo-3,4-dihydropyrimidin 1(2H)

yl)propanehydrazide(18).%° In a 50 mLtwo neck RBF, was dissolved compoulii(500

mg, 0.933 mmol) in DMSO (0.933 mL) undes &tmosphere. A solution a2 (185 mg,

0.933 mmol) in DMSO (0.933 mL) was then add

mmol). The mixture was refluxed at a temperature betweenlb80C for 19 h under N

atmosphere. At this pointLC in CHCk/ MeOH (90:10) revealed a complete réat

Accordingly, reflux was stopped, and the reaction mixture was cooled. The product was

recovered from the DMSO solution through precipitating it out with methanol. The off
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white precipitate was collected via suction filtration and suspended in hoizézlavater.
The solution was sonicated, and the precipitate was collected, washed with cold deionized
water and lyophilized to recover the desired prod8as an off white powder material
(304 mg, 47%) m236.9 240.0°C. *H NMR (500 MHz, DMSQGds,  160°C): 10.46 (s,
3H), 9.18 (s, 3H), 8.26 (s, 3H), 7.50 (& 7.8 Hz, 1H), 7.35 (s, 2H), 5.49 @@= 7.9 Hz,
1H), 3.93 (mJ = 13.9, 6.9 Hz, 6H), 2.59 (nd,= 6.9, 2.9 Hz, 6H), 1.79 (s, 6HYC NMR
(126 MHz, DMSQds, 80°C): 168.3, 166.5, 163.2, 162.649.8, 145.0, 140.7, 107.3,
99.7, 43.4, 31.6, 10.7. HPLC/EBSIS (m/2: calcd forCoeH31N1509 697.24 found720.4(M
+Na)*, 696.1(M i H)'. FT-IR (KBr): 439, 474, 692, 765, 811, 912, 1035, 1223, 1278,
1361, 1477, 1569, 1686, 3046, 3246'cm

N',N™,N""-(1,3,5triazine 2,4,6triyNtris(3-(2,4-dioxo-3,4-dihydropyrimidin
1(2H)-yl)propanehydrazidg)19).°° In a 50 mL, two neck RBF, was dissolved compound
16 (250 mg, 0.493 mmolhiDMSO (0.5 mL) under Natmosphere. A solution 42 (98
mg, 0.493 mmol) in DMSO (0O0.5mL) was then
mmol). The mixture was refluxed at a temperature betweenlb80C for 21 h under N
atmosphere. At this point,LC in CHClL/ MeOH (90:10) revealed a complete reaction
Accordingly, reflux was stopped, and the reaction mixture was cooled. The product was
recovered from the DMSO solution through precipitating it out with methanol. The off
white precipitate was collectegha suction filtration and washed with cold methanol to
afford a crude powder (150 mg, 45%). The material was further purified through
recrystallization from hot water. Upon adding hot water, a yellow solution was obtained.
Hot filtration was done, and thellow filtrate was cooled to afford a yellow precipitate

which was collected via suction filtration, washed with cold deionized water and dried
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under vacuum to yield the desired prodl@sts a yellow solid (12 mg, 12%) n255.Q
255.6°C. 'H NMR (500 MHz DMSO-ds,  160°C): 10.43 (s, 3H), 9.11 (s, 3H), 8.11 (s,
3H), 7.46 (d,J = 7.8 Hz, 3H), 5.45 (d] = 7.9 Hz, 3H), 3.91 () = 6.8 Hz, 6H), 2.55 (1J =
6.8 Hz, 6H);"*C NMR (126 MHz, DMSGds, 80°C): 168.9, 167.2, 163.3, 150.5, 145.7,
100.4, 44.332.2. HPLC/ESIMS (m/2: calcd forCzaH27N1509 669.21 found692.4(M +
Na)*, 668.1(M 1 H)'. FT-IR (KBr): 440, 504, 554, 620, 718, 764, 812, 987, 1017, 1102,
1189, 1249, 1693, 3245 ¢m

N',N"-(6-(2-(3-(5-methy}2,4-dioxo-3,4-dihydropyrimidin1(2H)-
yhpropanoyl)hydrazinybl,3,5triazine 2,4-diyl)bis(3-(2,4-dioxo-3,4-dihydropyrimidin
1(2H)-yl)propanehydrazidg)20).5° In a 50 mL two neck RBF, was dissolved compound
16 (500 mg, 0.986 mmol) in DMSO (0.986 mL) underatmosphere. A solution d
(209 mg, 0.986 mmol) in DMSO (0.986 mL) was
0.986 mmol). The mixture was refluxed at a temperature betwe&d3@%C for 19 h
under N atmosphere. At this pointLC in CHCk/ MeOH (90:10) revealed a complete
reaction. Accordingly, reflux was stopped, and the reaction mixture was cooled. The
product was recovered from the DMSO solution through precipitating it out with methanol.
The obtained white precipitate was collected via suction filtration and suspended in hot
deionized water. The solution was sonicated, and the precipitate was collected, washed with
cold deionized water and lyophilized to recover the desired pr@das a white powder
material (190 mg, 28 %) m#567.6 260.0°C. 'H NMR (500 MHz, DMSGds,  160°C):
10.45 (s, 3H), 9.20 (s, 3H), 8.18 (s, 3H), 7.46)(d,7.8 Hz, 2H), 7.32 (s, 1H), 5.565.31
(m, 2H), 4.060 3.83 (m, 6H), 2.62 2.51 (m, 6H), 1.75 (s, 3H}3C NMR (126 MHz,
DMSO-ds, 80°C): 168.2, 166.6, 166.5, 163.2, 162.6, 149.8 (x 2), 1450.7, 107.3,
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99.6, 43.6, 31.4, 10.7. HPLC/ESIS (m/2: calcd for GsH29N1509 683.23, found 706.5 (M
+ Na), 682.1 (Mi H)'. FT-IR (KBr): 440, 505, 554, 621, 764, 812, 986, 1252, 1424, 1473,

1575, 1678, 3435 cm
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CHAPTER IV

SUPPLEMENTARY INFORMATION

Spectroscopic data of compouéd
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HPLC/ESI-MS integrated chromatogram df3 on positive polarization mode using
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ESI-MS line spectrum of peak 1 at 4.1 min
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HPLC/ESI-MS integrated chromatogram df3 on negative polarization mode using
MeOH/DI (50:50) as mobile phase
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MeOH/DI (50:50) as mobile phase
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