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Abstract

Present work describes thevitro antibacterial evaluation of some new amino acicfwgated
antimicrobial drugs. Structural modification waseatpted on the three existing antimicrobial
pharmaceuticals namely trimethoprim, metronidazideniazid. Twenty one compounds from
seven series of conjugates of these drugs weréesined by coupling with some selected Boc-
protected amino acids. The effect of structurakuiess and lipophilicity on the antibacterial
activity was investigated. The synthesized compeumgre evaluated against five standard
American type culture collection (ATCC) i.eSaphylococcus aureus, Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa and Salmonella typhi strains of bacteria. Our results
identified a close relationship between the liptipity and the activity. Triazine skeleton proved
beneficial for the increase in hydrophobicity anadtgmcy. Compounds with greater
hydrophobicity have shown excellent activities agaiGram-negative strains of bacteria than
Gram-positive. 4-amino unsubstituted trimethoprirazine derivative/b have shown superior
activity with MIC = 3.4 pM (2 pg/mL) foSS aureus and 1.1 puM (0.66 pg/mL) fdE. coli. The
synthesized compounds were also evaluated for tinease inhibition study. Microbial urease
from Bacillus pasteurii was chosen for this study. Triazine derivatii@ showed excellent
inhibition with 1Cso= 6.23 + 0.09 uM. Docking studies on the crystaltre ofB. pasteurii

urease (PDB ID 4UBP) were carried out.

Key words: Structural modification; amino acid conjugatesmethoprim; metronidazole;

isoniazid, Lipophilicity-Activity Relationship
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Introduction

An antimicrobial drug is a substance that acts reggaall kinds of the microbial organisms
including bacteria, fungi, protozoa and virusesthHa history of chemotherapy, antimicrobials
are most successful forms that have contributest tolcontrol the human ailment. The modern
antibiotic era is associated with the idea of Haullich’s “magic bullets” concept and with the
serendipitous discovery of penicillin by Alexandiéeming in 1929. The antibiotic discoveries in
this era has propelled the drug research strategidghousands of antibiotics were discovered
and used in the clinical practices. In fact, thebamtics used today were originated in this era of
drug discovery between 1950 and 1970. Indeed tifiergolden era, there is a considerable gap
in the identification of new classes of the compasirUnfortunately, the discovery efforts were

declined due to emergence of antibiotic resistarig@thogens over the last three decades [1-4].

To combat the wave of resistance, novel drug degoapproaches has been emerged. These
approaches are strengthened due to advancemerteirhigh-throughput pharmacological
screening and synthesis of diverse chemical libsariational drug design due to improvement in
protein structure determination and revolutionamputing. Today, drug discovery scientists are
concerned with the discovery of new synthetic conmais as well as the chemical modification

of existing pharmaceuticals [4].

Bacterial ureases are the key determinants of gathio symptoms in animals as well as in
human beings [5]. Urease is recognized by reseer@sebasic cause of pathologies stimulated
by a well-known bacteriaHelicobacter pylori (HP). It permits HP to uphold at low pH all

through colonization, thus playing pivotal rolegroducing peptic as well as gastric ulcers. For
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the eradication offl. pylori, a combination of a proton pump inhibitor (e.g.emprazole) and two

antibiotics (Clarithromycin plus amoxicillin or mehidazole) are used as first-line therapy [6].

A very important approach in today’s drug discovprgcess is the growing popularity of the
amino acids or peptide based drugs as therapeggict® Amino acids are critical to life, and
have many functions in metabolism. Structurallyjreovacid are an important organic compound
self-possessed of amine (-WHand carboxylic (-COOH) functional group along hwgide chain
particular to each amino acid [7]. The essentia&nts of an amino acid are carbon, hydrogen,
oxygen and nitrogen, though other elements aredfaunhe side-chains of several amino acids.
Due to structural diversity, they provide a balabetween hydrophobicity and hydrophilicity
which is necessary for the cell membrane permégkaind solubility. There are many drug
discovery initiatives where amino acids/peptide® aauccessfully conjugated with the
biologically active cores and shown stability, emted potency, selectivity, permeability,

solubility and reduced toxicity [8-17].

From all the above facts, we anticipated that and@om conjugated antibacterial drugs may
result in new leads possessing good pharmacologictatities. We have already reported a
successful example of structural modification afmé&thoprim @, TMP, Figure 1) that was
resulted in enhanced antibacterial potential [$lisTime, we tried to synthesize its conjugates
with amino acids. The other two drugs we chose weoaiazid ) and metronidazole3j.
Isoniazid (INH) which is a lead antibacterial dragmpound use to treat active tuberculosis
(T.B) infections and other skin problem. It is alsged to stop the growth of bacteria.
Metronidazole 8, MTZ) belongs to nitroimidazole class of antibostiand is used to treat a wide
variety of bacterial infections and diseases. egpby the structural diversity, activity profilé o

these three clinically available drugs, we hypattex$ that the structural modification of these
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drugs may result in a new leads possessing goodnalealogical activities. The amino acids
chosen are valined), tryptophan %) and phenylalanine6)f due to their structural diversity.
Tryptophan, a derivative of alanine, have a bicyahidole ring linked ag-carbon atom of the
side chain. Due to this indole ring, the amino dwd both polar and lipophilic properties and
thus interacts with hydrophobic bilayer and withlgpohead groups via amine function. In
contrast to tryptophan, valine is hydrophobic and-polar amino acid with aliphatic isopropyl
group. While, phenylalanine contains hydrophobicemph ring at B-position. Taking into
consideration the aforesaid, we envisaged thatcthgpling of these drugs with N-protected

amino acids may resulted in enhanced efficacy.

a) -
0
0
_0 /NWNHZ HzN.H
o ~_ N 7N
NH, =N
1) ) 3)
b) NH,
OH 9]
Ny O WOH
N NH;
(4) (5) (6)

Figure 1: Structures of the starting materials used in curstudy. (a) Commercially available drugds (

3); (b) Some selected amino acidsf)
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2. Results and Discussion

2.1. Design strategy based on structure-property tationship

Options for the treatment of Gram-negative micraoaigms such ak. coli, P. aeruginosa are
limited due to multi-drug resistant or focus of tresearch for the development of drugs to
combat Gram-positive bacteria [18]. The study desig our current research is based on
influence of the lipophilicities on the uptake afget compounds by Gram-positive and negative
bacteria. The main goal of this study is to deglgn antibacterials that can; 1) penetrate to the
site of drug action, (2) interact with moleculargets within bacterium. The difference in the
composition of the outer cell envelop of the Gramsiive and negative bacteria hampers the
uptake of certain compounds [19-20]. The relatiydrbphobicity/hydrophilicity and molecular
weight has a certain role in their uptake. We eiygydb lipophilicity-activity and structure
activity relationship (SAR) strategies. The overatrategy is shown irFigure 2. Our
computational analysis have shown that the logBeghave been increased to some extent by
the formation of amide or ester of the drugg(re 2a). Trimethoprim has four nitrogen atoms
but also contains three methoxy groups and a ltidgethylene. The calculated LogP value for
trimethoprim is 1.28, whereas, for isoniazid andror@dazole -0.71 and -0.15, respectively. To
get our goal, we considered the introduction @fzine nucleus between drugs and amino acid.
Our computed logP values suggests that the inttaduof triazine skeleton resulted in stronger
hydrophobicity Figure 2b). Encouraged with these computational data, we ptbdee the

synthesis anth vitro antibacterial study against some selected strains.
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Drug = TMP, X=NH (la-c, 4a-c, 7a-c) 3
Drug = INH, X=NH-NH (2a-c, 5a-
Drug = MTZ, X=0O (3a-c, 6a-c) H

Figure 2: Overall strategy for the design of target antibaale

2.2. Chemistry

Boc-protected amino acids8-10 were obtained by the reaction of amino acids6)( with
commercially available diert-butylcarbonate 4, t-BuOCO}»O) in 10% NaOH in dioxane
(Scheme L The'H NMR spectrum of all the Boc-protected amino ashiswed a nine protons

(three methyl groups) singlet in the range of 11488 ppm.

The coupling of N-protected Boc-amino acids witk #Hiready existing antimicrobial drugs was
carried out by using 1-ethyl-3-(3-dimethylaminopyfp carbodiimide (EDC). 1-Hydroxy-
benzotriazole (HOBt) was used to avoid racemizatod triethylamine (EN) was used to
maintain the pH. To obtain the final products, Bgmup was de-protected by using
trifluoroacetic acid (TFA, C#&£OOH) in dichloromethane (DCM, 10 mL / g of the qmund.

The coupling of trimethoprim (TMR,) and isoniazid (INH2) is shown inSchemes 1
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The coupling of TMP 1) with Boc-protected amino acids8<{10) resulted in the formation of
amide at 4-position of the pyrimidine ring as mgjooducts {a-¢. The greater susceptibility of
4-amino group in 2,4-di amino pyrimidines is duetie fact that carbon bearing amino group at
2-position is directly adjacent to two N-atoms loé fpyrimidine ring, i.e. under the effect of two
electron-withdrawing groups. While, in case of Qt4&xperiences this effect from only one side.
This is an evident from the shielded protons of M;Nyroup in the'H NMR spectrum of
trimethoprim as compared to the more de-shieldetbps of amino group at 2-psoition. In the
'H NMR spectra of compoundka-c and 4a-¢ broad singlets in the range of 7.97-8.03 were
assigned to 4-Njiprotons. While, in théH NMR spectra of 4-amino unsubstituted compounds
7a-c,peaks at 7.42-7.46 were assigned to 2-[gkbtons. Furthermore, in trimethoprim, there is
an additional electron-donating group at C-5, whiatther enhances the nucleophilicity at 4-
position. Therefore, as per our expectations tln#o substituted products were found to be
the major product in every case. These resultalie consistent with our previously reported

results [5].
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Scheme 1: Synthesis of target compountis-cand2a-c Reagents and conditiore: Dioxane, NaOH,;

b) TMP (1), HOBt, EDC, EiN, CHCE; ¢) INH (2), HOBt, EDC, E4N, CHCk; d) CFCOOH, DCM

Metronidazole is an important 5-nitroimidazole gative. Mao et al reported the salicylic acid
derivatives by coupling with metronidazole showednpising inhibition ofH. pylori urease
[21]. Keeping in view this activity, we decided ggnthesize some derivatives by the reaction of
carboxylic hydroxyl group of N-protected amino acahd pendant hydroxyl group of
metronidazole. A two-step reaction involves fitgt formation of metronidazole tosylate?) by

the reaction of metronidazol8)(with p-toluenesulfonyl 11). Treatment ofLl2 with N-protected
amino acids §10) in DMF using KCO; as base followed by deprotection of N-Boc using

trifluoroacetic acid in DCM vyield our desired prads 3a-¢ (Scheme 2.
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Scheme 2: Synthesis of target compour@is-c. Reagents and conditions: a) DCM, TEA; b)3;,

DMF; c) CRCOOH, DCM

Our computed logP values indicate the introductioh triazine nucleus enhances the
hydrophobicity. Hence in another attempt, we sysittesl di-substituted triazine hybrids of all
the three studied drugs and amino acid. Triaziaff@ds play important role in exerting specific
biological effects due to favorable drug-targeterattions [22]. Here, we tried commercially
available 2,4-dichloro-6-methoxy-1,3,5-triazing3) to react with the drugs and N-protected
amino acidsvia two-step protocol followed by deprotection to pwod hybridg4a-c, 5a-c and

6a-c Scheme 3)In first substitution step, nucleophilic attacktbe drugs was carried out by
stirring the reactants atC to yield productd4-16 (Scheme 3) In second step same mixture
was refluxed with Boc-protected amino acids analfjndeprotection step with TFA in DCM

yielded required productS¢heme 3.

10
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K,COs, THF, 0°C, b) Compound, K,CO;, THF, 0°C, ¢c) Compound3, K,COs, THF, 0°C, d)

Compounds8-10, K,CQO;, THF, reflux,e) CRRCOOH, DCM

As discussed in our previous report, unsubstitutedH, is necessary for the target enzyme
inhibition [5]. In current study, we have obsenssine inhibition and moderate activity from our
synthesized products iBcheme 1(la-9 and Scheme 3(4a-g. We again here tried the

substitution at trimethoxy ring. Compounda-c were synthesized by hydrolyzing the methoxy
group using 48% HBr to obtaih7 (Scheme 4) Further two step protocol was employed as in

schemeg to obtain triazine derivative&-c(Scheme 4)

11
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2.3.Invitro antibacterial studies

Targeted conjugates were evaluated for their actigi@l activity against two Gram-positive i.e.
S aureus (ATCC- 6538),B. subtilis (ATCC-6633)and three Gram-negative . coli (ATCC-
25922),S. typhi (ATCC-14028) andP. aeruginosa (ATCC-15442) strains of bacteria. Minimum
inhibitory concentration (MIC) values of these camupds were calculated using standard
methods. Antibacterial activity of the synthesizeinpounds was compared with trimethoprim,
ciprofloxacin and roxithromycin.

2.3.1. Antibacterial potency of trimethoprim derivatives

Bioassay data of synthesized trimethoprim deriestha-c 4a-cand 7a-cis shown inTable 1

It revealed that among the direct conjugates, gaigs of the trimethoprirha-c and triazine
derivatives 4a-0 where 4-NH is blocked showed moderate to poor activity. Theselts are
contrary to our previously reported results whée gubstitution at 4-NHgroup resulted in the

complete loss in antibacterial activity [5]. Compdu.a has shown some activity against Gram-

12
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positive bacteria (MIC= 82 pM fo& aureus and 68.3 puM fomB. subtilis). Conjugation with
tryptophan and phenylalanine increased the inhipipmtency against Gram-negative bacteria
and decrease the anti-Gram-positive activity. Qs dther hand, triazine derivativda-c anti-
Gram-negative inhibition is dominamtc showed good inhibition againBt aeruginosa with
MIC value of 28.4 uM (16 pg/mL). This results showibat there is no permeability problem for

the compounds. The moderate activity may be dixoicked 4-NH.

To further study of SAR of trimethoprim derivativese proceed for our previously reported
strategy and trimethoxyphenyl ring was further uged investigations. Here, the effect of
unsubstituted 4-Nkon antibacterial potency was explored. Excellahikition was observed
for all types of bacterial strains under study. &igr activity was shown by compourth not
only against Gram-negative bacteria but also fan®&positive strains. The MIC fd. coli = 1.1
MM (0.66 pg/mL); forS typhi 2.3 uM (1.33 pg/ mL) and folP. aeruginosa 1.4 uM (0.83
pg/mL). The MIC value for Gram-positivé aureus was found 3.4 pM (2 pg/ml) and fé&:
subtilis 6.8 UM (4 pg/mL). In the tested concentrations,ZMdnd INH did not show any

inhibition. The results are shownTable 1

Table 1: SAR and antibacterial activity of trimethoprimridatives

~o NH,
N— \ AN
o N._NH _ NH (¢}
~ 2 \I( 2 (0] \ /N O 2 | )\
N= o)
~o N \O IN— N N7 | N” IN o)
\ NS NS
HN.__O N—4 HZN)\N o)\N)\o)H/R
HN "R
NH,
la-c da-c K 7Ta-c
Antibacterial activity
H b
Compound R LoaP® MIC in uM (pg/mL)
No. 9 Gram Positive Gram Negative
S Bs Ec St Pa

13



82.2 68.3 218.9 136.9

130 35y (266) 164464 g53 (533

la

134.3 223.7 55.8 67.1

1b 64) (1066 °71 B g (32)

2.23

243.8 243.8 97.4 73.1

214 qoee) (1066 >t B 6 (32

1c

165.7 124.4 82.8 51.7

268 @953 (6a) 922 3 406  (266)

4a

2128 2128
(128)  (128)

53.2

4b 532 (32) 532 (32) 33

\(‘&L
%y

N

N

H
O

\(‘&L
%,

A\

N

H

4c ©/\fs 3.20 ?1();026) (212278)5 ?27636) 56.8 (32) 28.4(16)

\rii
%,

N

N

H
S

3.23

219 06 79 6.6 (3.3) 15.9 6.6

a G3) (@

®) (3.3)

7b 1.98 34(2) 6.8(4) 1.1(0.66) 2.3(1.33) 1.4(0.83)

19.3
7c 2.64 12 (6.6) (10.6) 3.6 (2) 7.3(4) 6 (3.3)
. . 22.7
Trimethoprim 6.6) NP 55.1 (16) NB NP
. . 30.2 30.2
Ciprofloxacin (10) (10) 30.2(10) NP 30.2 (10)
Roxithromycin 0.6 0.3
0.6 (0.5) (0.5) 0.6 (0.5 NP (0.25)
Metronidazole NF NI NI NI NI
Isoniazid NI NI NI NI NI
218
219 3 LogP values were calculated via VCCL online sofaya® The reported MIC values in M. MIC value in pgamé shown in parenthesis.

220 These MIC values are an average of at least thoikeidual measurement$The values shown in bold are the better inhibitoas the standard
221 drugs used?NP= Not performed® NI= No inhibition shown in tested concentrati@haureus (ATCC- 6538) B. subtilis (ATCC-6633) E. coli
222 (ATCC-25922) S typhi (ATCC-14028) andP. aeruginosa (ATCC-15442).

223
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224  2.3.2. Antibacterial potency of isoniazid derivaties

225  Except compoun@b, the SAR analogues having isoniazzh @nd 2c) were found inactive and
226  showed no inhibitory efficacy in the tested concatimin domain. This inactivity is probably due
227  to cell impermeability. Tryptophan conjugat2bf demonstrated some weak inhibition against
228  Gram-positive strains. However, addition of triaziskeleton a-c) was helpful for improving
229  activity. Compoundba showed low MIC values for tested Gram-negativaiss with MIC value
230 of 59 uM (21.3 pg/mL) again&. coli. Compoundbb exhibited low MIC values for both types
231 of strains. It showed MIC value of 47.5 uM (21.3/mp) and 71 pM (32 pg/mL) again&

232 aureus andB. subtilis. While, MIC values foiE. coli, S typhi andP. aeruginosa are 36 uM, 36

233 uM and 60 uM respectivelyréble 2).

234  Table 2 SAR and antibacterial activity of isoniazid detives

o] H NH,
O = .N N O
WO S it
R .N _ H
N N~ N._N O
NH, H o5 \or
~
2a-c 5a-c
Antibacterial activity
Compound R LoaP® MIC in uM (ug/mL) 2
No. °g Gram Positive  Gram Negative
Sa Bs Ec St Pa
2a \r%l -0.41 NI NI NI NI NI
2b 0.64 98.9 98.9 527.7 792 660

(32) (32) (170.6) (256) (213.3)

N
N
H
2c ©/\¢"5 0.05 NI NI NI NI NI

15



- \(E L5 117.8 177 59 74 74

(42.6) (64) (21.3) (32)  (26.6)

47.5 71 36 36 60
5b N 223 213) (32) (16)  (16)  (26.6)
N
H
i 104 156 52 78 65
S¢ ©/\ 250 42.6) (64) (213) (32)  (26.6)
235 @ The reported MIC values in pM. MIC value in pg/ank shown in parenthesis. These MIC values areverage of at least three individual
236 measurements;

237  2.3.3. Antibacterial potency of metronidazole derigtives

238  Metronidazole derivative3a-c demonstrated variable inhibitory efficacy agaiéthe bacterial
239  strains. Compoun@a exhibited poor inhibition against Gram-negativeists, while compound
240  3b exhibited moderate ani: coli with MIC value of 74.4 uM (26.6 pg/mL). Compoudd
241  showed good ant: aureus inhibitory potency with MIC value of 50.3 uM (16g{mL). Here,
242  again the addition of triazine skeleton proved liers for the increase in potency. Depending
243  upon the structural features, the target compoubals demonstrated weak to excellent
244  inhibitory potential. Compoun@a showed weak inhibition for both types of the tdss¢rains.
245  Low MIC value was shown by compoulth and6c against both the tested strains. Compound
246 6b with MIC = 2 uM (1 pug/mL) againsk. coli also inhibitedS. typhi and P. aeruginosa with
247  MIC of 6.8 pM (3.3 pg/mL) and 4 pM (2 pg/mL) respeely. Excitingly, it also exhibited
248 remarkable activity again& aureus andB. subtilis (MIC = 16.5 uM and 13 pM respectively)

249  superior to trimethoprim and ciprofloxacin.

250

251

16



252  Table 3 SAR and antibacterial activity of metronidazotidatives

O,N O CH _
R 3 N o
HoN O\
3a-c 6a-c
Antibacterial activity
MIC in uM (pg/mL) 2
CN:gmpound R L‘ng Gram Positive Gram Negative
Sa Bs Ec St Pa
‘?71 1185 158 631.6 474
3a \( 045 3oy (26 473(128) (1706) (128
179 239 74.4 89.5 119.2
3b N L7464 (853 (266) (32 (42.6)
N
H
r 50.3 83.6 201 201 268
3¢ ©/\ 104 16) (266 (69) 64)  (85.3)
% 81 81 67.3 81 54
6a \r 146 @30y (32)  (266) (32 (21.3)
16.5 6.8 4.0
6b 1.93 13(6.3) 2.0 (1.0
N (8) (6.3) (1.0) (3.3) (2.0)
N
H
24 18 9
6¢c ; 2.13 18 (8 7.4 (3.3
©A (10.6) ® 74 63 @ @
253 @ The reported MIC values in pM. MIC value in pg/ank shown in parenthesis. These MIC values areverage of at least three individual
254 measurements;

255

256
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2.4. Lipophilicity-activity relationship

It has been reported that the main cause of theréaof the antibiotic drugs is lack of their
penetration due to a formidable barrier i.e. cellllwAs discussed the difference in the
composition of the outer cell envelop of the Graosipve and negative bacteria hampers the
uptake of certain compounds. There are a numbexxamples in which the tested drug is
effective against Gram-negative bacteria but atstrae time ineffective against Gram-positive
strain. A number of cheminformatics investigatitnvave been performed on small to large data
bases to analyze the effect of physiochemical ptigseon the antibacterial activity [19, 23-24].
Amongst the physiochemical properties that deteenthre pharmacokinetic properties of the
drugs, hydrophobicity/hydrophilicity is importanbaracteristic to improve the pharmacokinetic

properties and thus in turn penetration into tihe @i action.

In present research, we tried to investigate tlfleence of the lipophilicities on the uptake of
target compounds by Gram-positive and negative ebact The computed logP values are
presented iMables 1-3 The logP values of all the synthesized compoliedshetween -0.41 to
3.23. In general, it can be concluded that thebanterial activities increases with increase in the
hydrophobicity. The logP values of trimethoprim idatives 1a-c showed greater lipophilicity
and the logP values dfb and1cis 2.23 and 2.14, respectively. However, valingjugatela
showed comparatively low logP value (1.30) and aife against Gram-positive strains. The
logP values of the triazine derivatives{c and7a-¢ of trimethoprim followed the order d@f >
4c>4a>7c>T7a>7b. Among all the target compounds 4-Nslbstituted derivativedb and

4c showed highest values of logP. Compourdsc with logP values in the range of 1.98-2.64

showed high inhibition potency for both testedissa
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294

Isoniazid derivatives2@-¢) possessed the lowest logP values and are strowdhpphilic. This
hydrophilicity is likely to the reason of their ictavity due to cell impermeability. However, with
introduction of triazine nucleu$#-o their logP values increases in the range of 2.58-The
logP values of the metronidazole derivativ@a-¢ and6a-b) followed the orde6c > 6b > 3b >

6a > 3c > 3a In comparison to first series of metronidazoleivdgives @Ga-0, triazine
derivatives 6a-¢ showed better hydrophobicity and also bioactiviBompound6b and 6¢
(logP= 1.93 and 2.13) inhibit both types of stragmpally. In conclusion, triazine derivatives
have highest logP values. It can be seen fFagure 3 that for most active compounds, our
studied cell permeability parameter logP lies ia tange of 1.98-2.68. The MIC values in this
range of LogP values lies between 0.6 —ptdmL. These compounds have shown excellent
activities against Gram-negative strains of baatéman Gram-positive. However in few cases,
compounds falling under the same range of logP ledse shown excellent activity against
Gram-positive species (e §.aureus). This high activity or in other words high ceéinoneability
may be due to other physiochemical parameters ascholar surface area or high molecular

weight.
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Figure 3: Distribution of logP values in relationship with téyacterial activity. For most active
compounds, logP lies in the range of 1.98-2.68celant activity= 0.6 — 1Qg / mL; moderate activity=
11-32ug / mL; > 32ug / mL poor activity (Blue dot fo aureus and red foiE. coli.)

2.4.1n vitro urease inhibition activity againstB. pasteurii

The structures of all ureases exhibit common snitigs regardless of their source. Due to these
similarities, inhibition of one urease isozyme WikKely consider as inhibition of other isozyme
[25]. Therefore, we carried out our studiesRatillus pasteurii. The synthesized conjugates of
drugs were screened for their urease inhibitiom@ating to Weatherburn indophenols method by
the production of ammonia [26]. Trimethoprim detivas (La-¢) displayed the 16 value in the
range of 31.34-52.41 uM. While, isoniazid derivaiva-c showed potency in the range of
21.11-48.6 pM. Metronidazole derivative&3a{c) showed better inhibitor activity in the range of
13.61-29.53 pM. Metronidazole conjugate with trygtan 8b) was emerged as the most potent
compound of this series with dg£value of 13.61 uM. Derivativeda-c showed good urease

inhibition with 1G5 value in the range of 11.97-19.29 pM. Isoniazidwdgives 5a-5c showed
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310 moderate inhibition oB. pasteurii urease. The metronidazole derivatiisc exhibited good
311 inhibition wit 1Cso value in the range of 11.43-19.51 uM. Excellentase inhibition was
312 demonstrated by trimethoprim derivativéa-c The G, value lies between 6.23-11.51 pM.

313  Compoundrawith ICsg of 6.23 + 0.09 UM emerged as the most potent comgho

314  Table 4:In vitro urease inhibition activity againBt pasteurii

Compound IC50 (UM S.E.M) or %age Compound IC 5 (UM S.E.M) or %age
No. inhibition No. inhibition

la 52.41 + 0.42 5a 29.31 +0.89
1b 35.10 +0.39 5b 37.29 +0.28
1c 31.34+0.88 5¢c 30.98 + 1.09
2a 48.6 + 1.02 6a 19.51 + 0.65
2b 37.01.+0.97 6b 16.32+ 0.69
2c 21.11+0.18 6¢ 11.43+0.33
3a 29.53 +0.33 7a 6.23 + 0.09
3b 13.61+0.14 7b 11.51 + 0.17
3c 27.44 + 0.56 7c 8.33+0.11
4a 19.29 + 0.35 Metronidazole  13%

4b 1197 +0.11 Thiourea 21+ 0.10

4c 13.75 + 0.42

315
316  2.7. Docking studies on Bacillupasteurii urease (BPU)

317 Docking study of the synthesized compounds wasethout by using AutoDock 4.2. Crystal
318  structure ofB. pasteurii urease was retrieved from protein data bank (PDRIWUBP, 1.55 A
319  resolution) with acetohydroxamic acid (HEA) as cgstalized ligand [27]. The reliability of the

320 docking was checked by performing the re-dockingc@icrystalized ligand acetohydroxamic
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321
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325

326

327

328

329

330

331

332

333

334

335
336
337
338
339

acid (HEA). The root mean square deviation (RMSBween co-crystallized and re-docked

conformation is 1.14 A.

The bioactivity data presented Trable 4 indicated that among all the synthesized compounds
TMP-triazine derivatives 4@-c and 7a-0 showed good to excellent activities. The visual
inspection of the lowest energy docked pose ofTtM@ derivativecompound4b (ICso = 11.97

+ 0.11 pM) showed thait coordinateswith bi-nickel center(Ni798 and Ni799)via its 2,4-
diaminopyrimidine ring of TMP Figure 4a). Carbamylated Lys490 (KCX490, a non-standard
bridging residue) forms hydrogen bond interactiothw2-NH, group of pyrimidine ring. The
guanidinium group of Arg339 forms hydrogen bond aloimteractions with one of the methoxy
oxygen of the TMP and also with nitrogen atom o&zine ring. Gly280 forms bifurcated
hydrogen bond interactions with both the amino gsoaf TMP pyrimidine ring. Cyst322 forms

a m-sulphur interaction with its sulphur atom amdgystem of triazine ring. Imidazole ring of

His249 is observed to formman T-shaped interactions with pyrimidine ring of TNIRgure 4b).

KCX220
His137

Figure 4. a) Depiction of the lowest energy docking-poses ofdbmpound 4binto the binding site of
B. pasteurii urease (PDB ID 4UBP). A ribbon model of the enzyimpresented; (b) Close-up depiction
of the docking pose ofompound 4b showing different types of ligand-enzyme interags in the
binding site of 4UBP. The key residues are represkeas green stick model. Ni atoms (798 and 799) ar
shown in blue ball model.
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Compound7a emerged as the most potent inhibitor of the BPth WCs, value of 6.23 + 0.09
MM. The visual inspection of the lowest energy dmtlose of the most active compoufal
showed thait coordinateswith bi-nickel center(Ni798 and Ni799)ia its 2,4-diaminopyrimidine ring
of TMP (Figure 53). A difference in the activity olb and7a is the unsubstituted 4-NHbn pyrimidine
ring. In 7a, stronger ligation with Nbi-center and surrounding residues was observedsiliastituted on
(4b). 4-NH, group is involved in the hydrogen bonding (HB)witly280 and Asp363. While, 2-NH2
group establishes HB interactions with His137 amsllB9. Ring nitrogen (N-1) forms HB with His249
and His275. His324 forms a HB interactions withboeryl oxygen of valine. Apart from HB interactions,

manyn-CH interactions also stabilize the ligand-enzyromplex Figure 5b).

Figure 5. a) Depiction of the lowest energy docking-poses of tiest activecompound 7ainto the
binding site ofB. pasteurii urease (PDB ID 4UBP). A ribbon model of the enzyim@resented; (b)
Close-up depiction of the docking pose aifmpound 7ashowing different types of ligand-enzyme

interactions

3. Conclusion

In summary, a series of some novel derivativeshode existing antimicrobial pharmaceuticals
namely trimethoprim, metronidazole and isoniazidreveynthesized by coupling with some
selected Boc-protected amino acids. These derestwere assayed for their antibacterial
activity againstS. aureus, B. subtilis, E. coli, S. typhi andP. aeruginosa. The results of the study

revealed that the lipophilicity is an important gloschemical characteristic for antibacterial

23



360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

activity. In general high inhibition was demonsttoy the compounds having logP lies in the
range of 1.98-2.68. With few exceptions, compoundth greater hydrophobicity are more
active against Gram-negative strains. Compoutads and6b showed good activity against all
the tested strains. Urease inhibition activity ageBacillus pasteurii was also evaluated. These
findings suggest that these compounds are a gaoihgt point for the rational development of

new antibacterials.

4. Material and methods

All the reagents and solvents were purchased fitamdard commercial vendors and were used
without any further purification. Amino acids, (BQ®O and EDC were purchased from Merck.
Trimethoprim, metronidazole and isoniazid was takem Islamabad Pharmaceutical Products,
Islamabad.*H and *C-NMR spectra were recorded in deuterated solvemtsa Bruker
spectrometer at 300 and 75 MHz respectively usitgamethylsilane (TMS) as internal
reference. Chemical shifts are givendirscale (ppm). Melting points were determined inrope
capillaries using Gallenkamp melting point appasgafP-D). The progress of all the reactions
was monitored by TLC on 2.0 x 5.0 cm aluminum sheee-coated with silica gel 60F254 with
a layer thickness of 0.25 mm (Merck). LC-MS speetee obtained using Agilent technologies
1200 series high performance liquid chromatograptwprising of G1315 DAD (diode array
detector) and ion trap LCMS G2445D SL. Elementallgses were conducted using a LECO-

932 CHNS Analyzer (LECO Corporation, USA).
4.1. Synthesis of Boc-N-Protected Amino acids (8-10

Amino group of amino acidgl{6) was protected with Boc group by following procesiu
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381  The solution of amino acidk6) in 75 mL of dioxane, 40 mL of ¥ and 408 mL solution of IM
382 NaOH was stirred and cooled in an ice bath. (BOQPg, 41.14 mmol) was added to solution
383 and stirred for one hour at room temperature. Sdiation was concentrated under vacuum to
384 about 30-40 mL. Cooled in an ice water bath, cavevéh layer of ethyl acetate (25mL) and
385 acidified with dilute solution of KHS©to pH 2-3. The aqueous layer was extracted witlglet
386 acetate and washed with distilled® brine and dried over MgSOThe solvent was removed
387 under reduced pressure and residue was chromabagram a silica gel column using methanol

388 2 % solution in chloroform as an eluent to affotagoproduct in 82 % yield.
389 4.1.1. 2-(tert-butoxycarbonyl)-3-methylbutanoic aail (8)

390  White powder,'H NMR (300 MHz, CDCJ): & 0.98 (d, 6H, J=6.9 Hz, G§f 1.48 (s, 9H, 3 x

391  CHjg), 2.41 (m, 1H, CH), 5.09 (d, 1H, CH), 7.9%¢, 1H, NHBoc), 11.28 (br s, 1H, OH).
392 4.1.2. 2-(tert-butoxycarbonyl)-3-(1H-indol-3-yl)prgpanoic acid (9)

393  White powder!H NMR (300 MHz, CDCJ): 5 1.49 (s, 9H, 3 x ChJ, 3.43(m, 2HCH)), 4.96 (t,
394 1H,J=8.4 Hz(CH), 7.20 (m, 2HAr-H), 7.33 (s, 1HAr-H), 7.45 (m, 2HAr-H), 7.98 prs, 1H,

395 NHBoc), 10.60 (brs, 1H, NH-indole), 11.30 (brs, 1bHl).
396  4.1.3. 2-(tert-butoxycarbonyl)-3-phenylpropanoic ai (10)

397  White powderH NMR (300 MHz, CDCJ): & 1.43 (s, 9H, 3 x C§J, 3.24 (dd, 1HCH,), 3.73

398  (dd, 1H,CHy), 4.93 (dd, 1HCH), 7.14 (m, 5HAr-H), 7.97 br s, 1H, NH), 11.29 (brs, 1H, OH).
399  4.2. Procedure for the deprotection of Boc

400 A fully protected amino acid (0.86 g, 3.32 mmol)sadissolved by stirring in Ci€1, (7 mL)

401 then at 6 under N CRCOOH (8 equiv. 2.05mL, 26.56 mmol) was added drdpewby
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maintaining C temp of ice bath. The mixture was allowed to stiramm temperature for 6

hours. The organic solvent was evaporated anceidue was dried under vacuum.
4.3. General procedure for the coupling of N-Boc amo acids and antimicrobial drugs

A mixture of Boc-protected amino acid (4 mmol) ad®Bt (0.62 g, 4 mmol) in CHGlwas
stirred and cooled to @C (ice bath). Then, antibacterial drugs3) (4 mmol) triethylamine (4
mmol) and EDC (4 mmol) were added. The mixture alésved to warm to room temperature
and stirring continued overnight. The mixture wadstdd with CHCE and washed with 1 N HC1
(thoroughly), ag. sat. NaHGCand NaCl solution. The organic phase was dried ®ig&nd
evaporated. The crude residues were purified byneolchromatography using n-hexane/ ethyl

acetate resulted in 71-80 % yield.

4.3.1. N-(5-(3,4,5-trimethoxybenzyl)-2-aminopyrimith-4-yl)-2-amino-3-methylbutanamide

(1a)

la was synthesized according to the general procedyrasing N-Boc-valine (4 mmol) and
trimethoprim (4 mmol). Deprotection of N-Boc accioigl to procedure isection 4.2resulted in
the pure producta. White solid; R= 0.51 (CHCYMeOH 6:1); Yield 74%; mp. 183-185 °¢H
NMR (300 MHz, DMSO-g): & 0.98 (d, 6H,J=6.6 Hz, CH), 2.42 (m, 1H, CH), 3.63 (s, 2H,
CH,), 3.81 (s, 9H, O-CH), 5.09 (d, 1H,J=6.6 Hz, CH), 6.59 (brs, 2H, N} 6.76 (s, 2HAr-H),
7.66 (s, IHAr-H), 8.01 (brs, 2H, Nb), 8.73 br s, 1H, NH);**C-NMR (75 MHz, DMSO-g):
18.3 (2C), 34.3, 36.4, 57.3 (3C), 63.1, 109.3 (2Q),.4, 128.9, 140.2, 151.6 (2C), 156.0, 160.4,
162.6, 171.8.; LC-MSmV/z=390.2 [M+HT; Anal. Calcd for GgH,/NsO4: C, 58.60; H, 6.99; N,

17.98; Found: C, 58.63; H, 6.97; N, 17.95.
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4.3.2. N-(5-(3,4,5-trimethoxybenzyl)-2-aminopyrimich-4-yl)-2-amino-3-(1H-indol-3-

yl)propanamide (1b)

1b was synthesized according to the general procdnutesing N-Boc tryptophan (4 mmol) and
trimethoprim (4 mmol). After deprotection pure puatlwas obtained in 71% yield. White solid,;
Rf = 0.54 (CHCYMeOH 4:1) ; mp. 216-218 °CH NMR (300 MHz, DMSO-g): & 3.43 (m, 2H,
CHy), 3.69 (s, 2HCH,), 3.85 (s, 9H, 3 x OCH), 4.96 (t, 1HJ=8.4 HzCH), 6.59 (brs, 2H, Nb),
6.77 (s, 2HAr-H), 7.21 (m, 2HAr-H), 7.31 (s, 1HAr-H), 7.43 (m, 2HAr-H), 7.65 (s, 1HAr-
H), 8.03 (brs, 2H, Nb), 8.75 pr s, 1H, NH), 10.63kf s, 1H, NH-indole)*C-NMR (75 MHz,
DMSO-a;): 32.4, 36.4, 56.8, 57.4 (3C), 109.1 (2C), 109.81.0, 112.4, 117.7, 121.4 (2C),
122.0, 124.1, 126.6, 129.1, 134.2, 138.1, 152.5,8,960.5, 162.6, 172.0.; LC-M8Vz= 477.2
[M+H]"; Anal. Calcd for GsH2gNgO4: C, 63.01; H, 5.92; N, 17.64; Found: C, 63.03590; N,

17.62.

4.3.3. N-(5-(3,4,5-trimethoxybenzyl)-2-aminopyrimith-4-yl)-2-amino-3-phenyl

propanamide (1c)

White solid; R = 0.53 (CHCYMeOH 4:1); Yield 74%; mp. 203-205 °¢ NMR (300 MHz,
DMSO-as): & 3.42 (m, 2HCHy), 3.68 (s, 2HCH,), 3.81 (s, 9H, O-C#), 4.97 (t, 1HJ=8.4 Hz,
CH), 6.69 (brs, 2H, Nb), 6.78 (s, 2HAr-H), 7.14 (m, 5HAr-H), 7.65 (s, 1HAr-H), 8.03 (brs,
2H, NHp), 8.76 br s, 1H, NH)."*C-NMR (75 MHz, DMSO-@): 36.3, 38.4, 55.9 (3C), 57.3,
107.7, 109.2, 111.3, 124.9, 126.4, 129.1(2C), 13874, 142.5, 151.5 (2C), 155.9 (2C), 160.4,
162.4, 172.0.; LC-MSm/z= 438.2 [M+H]; Anal. Calcd for GsH»7;NsO4: C, 63.14; H, 6.22; N,

16.01; Found: C, 63.12; H, 6.20; N, 16.03.
4.3.4. N'-(2-amino-3-methylbutanoyl)isonicotinohydazide (2a)
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White solid; R = 0.57 (CHCYMeOH 4:1); Yield 79%; mp. 146-148 °¢ NMR (300 MHz,
DMSO-as): 6 0.98 (d, 6HJ = 6.6 Hz, CH), 2.40 (m, 1H, CH), 5.07 (d, 1H,= 6.6 Hz, CH),
6.61 (brs, 2H, Nb), 7.68 (d, 2HJ = 6.0 Hz,Ar-H), 8.73 (d, 2HJ= 6.0 Hz,Ar-H), 9.22 fr s,
1H, NH), 9.64 kr s, 1H, NH);*C-NMR (75 MHz, DMSO-g): 18.4 (2C), 34.2, 62.9, 121.3,
122.5, 141.4, 147.6, 148.1, 162.4, 171.0.; LC-MSz= 237.1 [M+H[; Anal. Calcd for

C11H16N4Oy: C, 55.92; H, 6.83; N, 23.71; Found: C, 55.986t81; N, 23.69.
4.3.5. N'-(2-amino-3-(1H-indol-3-yl)propanoyl)isontotinohydrazide (2b)

White solid; R = 0.51 (CHCY/MeOH 4:1); Yield 73%; mp. 189-191 °&H NMR (300 MHz,
CDCly): & 3.04 (dd, 1HJ=16.8, 9.6 Hz, €&H), 3.48 (dd, 1H,J=16.5, 10.5 Hz, CH), 4.98 (dd,
1H, J=10.2, 9.9 HzCH), 6.58 (brs, 2H, NB), 7.19 (m, 2HAr-H), 7.29 (s, 1HAr-H), 7.40 (m,
2H, Ar-H), 7.67 (d, 2HJ= 6.0 Hz,Ar-H), 8.74 (d, 2HJ= 6.0 Hz,Ar-H), 9.22 pr s, 1H, NH),
9.63 pr s, 1H, NH), 10.61kt s, 1H, NH);**C-NMR (75 MHz, DMSO-g): 32.4, 56.7, 109.6,
112.4,121.1, 121.2, 122.1 (2C), 124.1, 126.5 (4B%4.3, 141.4, 147.5 (2C), 162.5, 172.0.; LC-
MS: m/z= 324.1 [M+HJ;Anal. Calcd for G;H:/NsOx: C, 63.15; H, 5.30; N, 21.66; Found: C,

63.18; H, 5.32; N, 21.63.
4.3.6. N'-(2-amino-3-phenylpropanoyl)isonicotinohydazide (2c)

White solid; R = 0.47 (CHCYMeOH 4:1); Yield 80%; mp. 171-173 °¢ NMR (300 MHz,
DMSO-ds): & 3.12 (dd, 1HJ=16.8, 9.6 Hz, €H), 3.64 (dd, 1HJ=16.5, 9.6 Hz, CH), 4.86 (dd,
1H, J=10.2, 9.9 Hz, @), 6.71 (brs, 2H, Nb), 7.16 (m, SHAr-H), 7.66 (d, 2HJ= 6.0 Hz,Ar-
H), 8.73 (d, 2HJ= 6.0 Hz,Ar-H), 9.23 pr s, 1H, NH), 9.65Hfrs, 1H, NH);**C-NMR (75 MHz,

DMSO-a): 38.3, 55.9, 121.1 (2C), 124.8, 126.2 (2C), 1220), 137.3, 141.3, 147.4, 148.7,
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162.4, 172.5.; LC-MSm/z= 285.1 [M+H]; Anal. Calcd for GsH1eN4O2: C, 63.37; H, 5.67; N,

19.71; Found: C, 63.32; H, 5.65; N, 19.74.
4.4. General procedure for the synthesis of metrodazole derivatives (3a-c)

In the first step, the tosylate of metronidazoleT@) was synthesized by using a reported
procedure [28]. 20 mmol (3.42 g) of MTZ was alloweedreact with 20 mmol (3.8 g) of 4-
methylbenzenesulfonyl chlorid&], tosyl chloride) in 20 mL of DCM as a solvent. Fdwmps of
TEA (as a base) was added by constant stirring °a. ®fter the completion of reaction, the
tosylate of MTZ (MTZ-OTs) thus formed was extractgih ethyl acetate (2 x 30 mL). The
organic layer was combined and washed with samirdleHCQ and dried over anhydrous

sodium sulphate.

In the second step, a mixture of MTZ-OTs i.e. 5 rhared DHPM carbohydrazides (5 mmol)

was dissolved in 20 ml of DMF as a solvent) an€®; (8 mmol) was added in round bottom

flask, and stirred at 75-8tC. The reaction condition was monitored by TLC.ekfcompletion

of the reaction, the reaction mixture was pourdd ise and extracted with chloroform. The

organic layer was separated and dried over anhgdodium sulphate. Finally, the product was

purified by using silica gel chromatography (Ch®eOH).
4.4.1. 2-(2-methyl-5-nitro-1H-imidazol-1-yl)ethyl 2amino-3-methylbutanoate (3a)

Off white solid; R = 0.49 (CHCYMeOH 6:1); Yield 83%; mp. 127-129 °&4 NMR (300 MHz,
DMSO-d): 6 0.96 (d, 6HJ= 6.6 Hz, CH), 2.42 (m, 1H, CH), 2.73 (s, 3i&H3), 4.47 (t, 2HJ
= 4.8 Hz, CH), 5.10 (d, 1H, CH), 5.46 (t, 2H=4.8 Hz, CH), 6.59 (brs, 2H, Nb), 7.85 (s, 1H,

Ar-H); *C-NMR (75 MHz, DMSO-g): 12.0, 17.9 (2C), 34.3 (2C), 62.6, 63.2, 129.40.4,
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487 150.4, 171.3.; LC-MSm/z= 271.1 [M+HT; Anal. Calcd for GH1gN4O4: C, 48.88; H, 6.71; N,

488  20.73; Found: C, 48.82; H, 6.73; N, 20.75.
489  4.4.2. 2-(2-methyl-5-nitro-1H-imidazol-1-yl)ethyl 2amino-3-(1H-indol-3-yl)propanoate (3b)

490  Off white solid; R = 0.45 (n-hexanelethyl acetate 3:1); Yield 78%; m8-145 °C;H NMR
491 (300 MHz, DMSO-@): § 2.74 (s, 3HCHS3), 3.10 (dd, 1HJ=17.1, 7.5 Hz, €H), 3.50 (dd, 1H,
492 J=17.1, 12.3 Hz, 6H), 4.47 (t, 2HJ=4.8 Hz, CH), 4.96 (dd, 1H,=12.3, 7.8 HzCH), 5.44 (t,
493 2H, J=4.8 Hz, CH), 6.61 (brs, 2H, Nb), 7.23 (m, 2HAr-H), 7.28 (s, 1HAr-H), 7.38 (m, 2H,
494  Ar-H), 7.84 (s, 1HAr-H), 10.58 br s, 1H, NH);**C-NMR (75 MHz, DMSO-¢): 12.2, 31.9,
495  36.3, 55.8, 63.0, 109.5, 111.6, 119.0, 120.4 (2@2}.0, 126.3, 129.0, 134.7, 140.4, 150.5,
496  172.6.; LC-MS:mVz= 358.1 [M+HJ; Anal. Calcd for G;H1gNsO4: C, 57.14; H, 5.36; N, 19.60;

497  Found: C, 57.11; H, 5.38; N, 19.58.

498  4.4.3. 2-(2-methyl-5-nitro-1H-imidazol-1-yl)ethyl 2amino-3-phenylpropanoate (3c)

499  Off white solid; R = 0.53 (n-hexane/ethyl acetate 3:1); Yield 87%; mp5-117 °C}H NMR
500 (300 MHz, DMSO-@): § 2.72 (s, 3HCHS3), 3.10 (dd, 1HJ=17.1, 7.5 Hz, €H), 3.49 (dd, 1H,
501 J=17.1, 12.3 Hz, 6H), 4.46 (t, 2HJ=4.5 Hz, CH), 4.96 (dd, 1H,J=12.3, 7.8 HzCH), 5.47 (t,
502 2H,J=4.5 Hz, CH), 6.70 (brs, 2H, Nb), 7.15 (m, SHAr-H), 7.86 (s, 1HAr-H); *C-NMR (75
503 MHz, DMSO-&): 11.9, 36.0, 37.7, 56.3. 62.8, 124.7, 125.9, 322C), 129.6, 137.0, 140.3
504 (2C), 149.8, 172.1.; LC-MSw/z= 319.1 [M+HJ; Anal. Calcd for GsH1gN4O4: C, 56.60; H,

505 5.70; N, 17.60; Found: C, 56.57; H, 5.68; N, 17.62.

506 4.5. General procedure for the synthesis of di-subgited triazine derivatives (4a-c) (5a-c)

507 (6a-c)
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In the first step mono-substituted triazir)(was synthesized by using following procedure. A
solution of triazine 12, 2 mmol) and KCO; (4 mmol) was stirred in anhydrous THF af®

under nitrogen. Antimicrobial drugd{3) were then added drop-wise and the reaction mextur
was allowed to warm at room temperature. The pssyod the reaction was monitored by TLC.
After the completion of the first step, a soluti@hN-Boc protected amino acid8-(0) in THF

were added drop-wise. After the completion of rescthe mixture, the crude residues were
purified by column chromatography using n-hexarethyl acetate. In the final step the di-

substituted product was de-protected by using plareedescribed isection 4.2

4.5.1. 4-(5-(3,4,5-trimethoxybenzyl)-2-aminopyrimidh-4-ylamino)-6-methoxy-1,3,5-triazin-
2-yl 2-amino-3-methylbutanoate (4a)

4awas synthesized according to the general procdgutesing TMP, triazine and valine. White
solid; R = 0.47 (n-hexane/ethyl acetate 5:1); Yield 65%; &0-212 °C'H NMR (300 MHz,
DMSO-ds): & 0.97 (d, 6H,J=6.9 Hz, CH), 2.44 (m, 1H, CH), 3.64 (s, 2I&H.,), 3.77 (s, 9H, 3 x
OCHg), 3.96 (s, 3H, OCH), 5.01 (d, 1H,)=6.9 Hz, CH), 6.63 (brs, 2H, N4 6.80 (s, 2HAr-H),
7.64 (s, 1HAr-H), 7.97 (brs, 2H, Nb), 8.63 pr s, 1H, NH); *C-NMR (75 MHz, DMSO-g):
18.7 (2C), 33.9, 36.5, 56.1 (2C), 57.0, 62.9, 10406.8, 110.0 (2C), 111.8, 128.7, 140.2, 151.8,
155.9 (2C), 160.4, 168.1, 169.5, 171.2, 180.9; L6:MvVz= 515.2 [M+H]; Anal. Calcd for

Ca3H30NgOe: C, 53.69; H, 5.88; N, 21.78; Found: 53.76; H55 18, 21.76.

4.5.2. 4-(5-(3,4,5-trimethoxybenzyl)-2-aminopyrimidh-4-ylamino)-6-methoxy-1,3,5-triazin-
2-yl 2-amino-3-(1H-indol-2-yl)propanoate (4b)
4b was synthesized according to the general procdaurgsing TMP, triazine and tryptophan.

White solid; R = 0.45 (n-hexane/ethyl acetate 5:1); Yield 61%; 817-219 °C'H NMR (300
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542

543

544

545

546

547

548

549

550

MHz, DMSO-a&): § 3.42(m, 2H, &), 3.69 (s, 2HCH,), 3.78 (s, 9H, 3 x OCH), 3.82 (s, 3H,
OCHs), 4.99 (t, 1H,J=8.7 Hz,CH), 6.63 (brs, 2H, Nb), 6.78 (s, 2HAr-H), 7.18 (m, 2HAr-H),
7.33 (s, IHAr-H), 7.38 (m, 2HAr-H), 7.66 (s, 1HAr-H), 7.98 (brs, 2H, Nb), 8.62 pr s, 1H,
NH), 10.55 br s, 1H, NH);**C-NMR (75 MHz, DMSO-g): 31.9, 36.7, 56.2 (2C), 57.2, 58.1
(2C), 109.5 (2C), 109.9, 111.1, 112.4, 121.6, 12P2%.3, 125.9, 129.0, 134.2, 139.4 (2C), 152.5
(2C), 155.8, 160.5, 162.6, 168.4, 169.6, 171.0,880QC-MS: m/z= 602.2 [M+H]; Anal. Calcd

for CogH31NgO6: C, 57.90; H, 5.19: N, 20.95; Found: C, 57.925H.7; N, 20.97.

4.5.3. 4-(5-(3,4,5-trimethoxybenzyl)-2-aminopyrimidh-4-ylamino)-6-methoxy-1,3,5-triazin-

2-yl 2-amino-3-phenylpropanoate (4c)

4c was synthesized according to the general procedwyeusing TMP, triazine and
phenylalanine. White solid;:R 0.51 (n-hexane/ethyl acetate 5:1); Yield 70%; @§9-201 °C;
'H NMR (300 MHz, DMSO-g): § 3.14(dd, 1H,J=16.8, 9.6 Hz, €&H), 3.45 (dd, 1H,J=16.5,
10.5 Hz, G4H), 3.68 (s, 2HCH,), 3.77 (s, 9H, 3 x OC#), 3.81 (s, 3H, OCH), 4.94 (dd, 1H,
J=10.2, 9.9 Hz, €), 6.65 (brs, 2H, Nb), 6.79 (s, 2HAr-H), 7.17 (m, 5SHAr-H), 7.64 (s, 1H,
Ar-H), 7.97 (brs, 2H, Nb), 8.61 br s, 1H, NH);**C-NMR (75 MHz, DMSO-¢): 36.4, 38.6,
56.4 (3C), 57.1, 60.34 (2C), 108.8, 111.4 (2C),.12326.4, 129.3 (2C), 137.4, 139.3 (2C),
151.5, 155.9 (2C), 160.4, 162.4, 168.1, 169.8,3,7180.4.,.LC-MSm/z= 563.2 [M+H]; Anal.
Calcd for G/H3oNgOs: C, 57.64; H, 5.37; N, 19.92; O, 17.06; Found:5Z,68; H, 5.34; N,
19.95.

4.5.4. 4imethoxyl 60 [(pyridin [141lyl)hydrazido][11,3,5 Itriazin [12(1yl  2[Jaminol13[]

methylbutanoate (5a)
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5awas synthesized according to the general procdauresing INH, triazine and valine. White
solid; R = 0.41 (n-hexane/ethyl acetate 4:1); Yield 71%; a®9-131 °C*H NMR (300 MHz,
DMSO-ds): & 1.10 (d, 6H,J=6.6 Hz, CH), 2.38 (m, 1H, CH), 3.80 (s, 3H, OGH4.78 fr s,
1H, NH), 5.04 (d, 1HJ=6.6 Hz, CH), 6.63 (brs, 2H, Ni 7.65 (d, 2HJ= 6.0 Hz,Ar-H), 8.72
(d, 2H,J= 6.0 Hz,Ar-H), 9.64 pr s, 1H, NH);**C-NMR (75 MHz, DMSO-g): 18.6 (2C), 34.0,
37.6, 55.2, 62.7, 121.1, 141.6, 147.9, 162.1, 169742.4, 172.5, 173.3, 181.1; LC-MS:
m/z=362.2 [M+HJ; Anal. Calcd for GsH1oN;04C, 49.86; H, 5.30; N, 27.13; Found:C, 49.82; H,

5.28; N, 27.16.

45.5. 4Imethoxy160[(pyridin [1400yl)hydrazido](11,3,5 triazin 1200yl 2[Jaminol13[]

(1Hindol 130 )yl)propanoate (5b)

5b was synthesized according to the general proceonesing INH, triazine and tryptophan.
Milky white solid; R = 5.0 (n-hexane/ethyl acetate 6:1); Yield 70 %; f§8-165 °C'*H NMR
(300 MHz, CDC}): 6 3.08(dd, 1H]=16.8, 9.6 Hz, €H), 3.43 (dd, 1HJ=16.5, 10.5 Hz, CH),
3.81 (s, 3H, CHO), 4.98 (dd, 1HJ=10.2, 9.9 HzCH), 4.80 br s, 1H, NH), 6.36 (brs, 2H, NH
7.20 (m, 2HAr-H), 7.32 (s, 1HAr-H), 7.38 (m, 2HAr-H), 7.67 (d, 2HJ= 6.0 Hz,Ar-H), 8.74
(d, 2H, J= 6.0 Hz, Ar-H), 9.60 br s, 1H, NH), 10.64 s, 1H, NH); ®*C-NMR (75 MHz,
DMSO-ds): 37.5, 55.4, 62.5, 109.6, 112.4, 121.1, 121.2,1,2124.1, 126.5, 134.3, 141.4, 147.5
(2C), 162.5, 171.1, 166.8, 172.0, 172.3, 173.6,381C-MS: m/z= 449.2 [M+HT; Anal. Calcd

for: Co1HooNgO4C, 56.25; H, 4.50; N, 24.99; Found:C, 56.27; H24 9, 24.97.

4.5.6. 41methoxy 16[1[(pyridin [140)yl)hydrazido] [11,3,5 Jtriazin [120)yl 2[1aminol ]3]

phenyl-propanoate (5c)
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5cwas synthesized according to the general procdduusing INH, triazine and phenylalanine.
Milky white solid; R = 0.52 (n-hexane/ethyl acetate 6:1); Yield 74 %; &81-183 °C*H NMR
(300 MHz, DMSO-@): 6 3.14 (dd, 1H}=16.8, 9.6 Hz, €H), 3.74(dd, 1H,J=16.5, 9.6 Hz,
CHH), 3.82 (s, 3H, OCH), 4.96 (dd, 1HJ=10.2, 9.9 Hz, €), 4.77 br s, 1H, NH), 6.56 (brs,
2H, NH,), 7.11 (m, 5HAr-H), 7.63 (d, 2HJ= 6.0 Hz,Ar-H), 8.75 (d, 2HJ= 6.0 Hz,Ar-H),
9.62 pr s, 1H, NH);13C-NMR (75 MHz, DMSO-¢): 37.4, 55.4, 62.2, 124.1, 124.7, 127.7,
127.1, 128.8, 129.9, 130.8, 134.3, 141.8 (2C),3,5166.9, 172.1, 172.8, 177.2, 181.09; LC-MS:
m/z=410.2 [M+H]’; Anal. Calcd for GoH19N704C, 55.74; H, 4.68; N, 23.95; Found: C, 55.70; H,

4.66; N, 23.97.

4.5.7. 4-methoxy-6-(2-(2-methyl-5-nitro-1H-imidazoll-yl)ethoxy)-1,3,5-triazin-2-yl 2-amino

-3-methylbutanoate (6a)

6a was synthesized according to the general procduuresing MTZ, triazine and valine. Light
yellow solid; R = 0.56 (n-hexane/ethyl acetate 4:1); Yield 78 %; &21-123 °C*H NMR (300
MHz, DMSO-d): & 1.00 (d, 6HJ=6.6 Hz, CH), 2.44 (m, 1H, CH), 2.72 (s, 3GH3), 3.81 (s,
3H, OCH;), 4.48 (t, 2H,J= 4.8 Hz, CH), 5.10 (d, 1HJ= 6.6 Hz, CH), 5.45 (t, 2H]=4.8 Hz,
CH,), 6.61 (brs, 2H, Nb), 7.84 (s, 1HAr-H); **C-NMR (75 MHz, DMSO-g): 12.4, 17.6 (2C),
34.1, 38.1, 57.2, 62.7, 73.1, 129.0, 140.8, 15068,3, 170.5, 172.9, 181.1; LC-MBYz=396.1
[M+H]"; Anal. Calcd for GsH21N;Og: C, 45.57; H, 5.35; N, 24.80; Found: C, 45.535I87; N,

24.78.

45.8. 4-methoxy-6-(2-(2-methyl-5-nitro-1H-imidazoll-yl)ethoxy)-1,3,5-triazin-2-yl ~ 2-

amino-3-(1H-indol-3-yl)propanoate (6b)
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593  6b was synthesized according to the general proceojnesingMTZ, triazine and tryptophan.
594  Yellow solid;R = 0.51 (n-hexane/ethyl acetate 5:1); Yield 73%p.ri48-150 °C*H NMR (300
595 MHz, DMSO-&): 6 2.73 (s, 3HCH3), 3.13(dd, 1HJ=17.1, 7.5 Hz, €H), 3.47(dd, 1H,J=17.1,
596 12.3 Hz, GiH), 3.80 (s, 3H, OCBk), 4.45 (t, 2HJ=4.8 Hz, CH), 4.94 (dd, 1HJ=12.3, 7.8 Hz,
597 CH), 5.41 (t, 2HJ=4.8 Hz, CH), 6.63 (brs, 2H, Nb), 7.26 (m, 2HAr-H), 7.30 (s, 1HAr-H),

598  7.37 (m, 2HAr-H), 7.82(s, 1HAr-H), 10.56 br s, 1H, NH);**C-NMR (75 MHz, DMSO-g):

599 12.3, 32.01, 39.5, 57.3, 62.8, 73.4, 109.1, 11118.05, 120.3, 123.8, 126.1, 127.8, 129.2,
600 134.4, 140.6, 150.7, 170.1, 172.6, 172.8, 181.2ME m/z=483.2 [M+HJ; Anal.Calcd for
601  CH2NgOg C, 52.28; H, 4.60; N, 23.23 Found: C, 52.32; 1384N, 23.25.

602

603 4.5.9. 4-methoxy-6-(2-(2-methyl-5-nitro-1H-imidazoll-yl)ethoxy)-1,3,5-triazin-2-yl ~ 2-

604  amino-3-phenylpropanoate (6c¢)

605 6C was synthesized according to the general procedwyreusing MTZ, triazine and
606  phenylalanine. Light yellow solid; :R= 0.58 (n-hexane/ethyl acetate 5:1); Yield 83%; dfil-
607 133 °C;'H NMR (300 MHz, DMSO-¢): § 2.71 (s, 3H,CHs), 3.14 (dd, 1HJ=17.1, 7.5 Hz,
608 CHH), 3.45 (dd, 1HJ=17.1, 12.3 Hz, 6H), 3.82 (s, 3H, OCH), 4.44 (t, 2H,J=4.5 Hz, CH),
609  4.93 (dd, 1HJ=12.3, 7.8 HzCH), 5.44 (t, 2H,J=4.5 Hz, CH), 6.72 (brs, 2H, Nb), 7.16 (m,
610 5H, Ar-H), 7.84 (s, 1HAr-H); **C-NMR (75 MHz, DMSO-g): 11.7, 36.02, 37.4, 56.6, 57.4,
611 62.9, 68.8, 124.5, 126.10, 128.1, 129.7, 137.1,514160.02, 170.3 (2C), 172.4, 173.0, 181.1;
612 LC-MS: mVz=444.16 [M+HJ; Anal. Calcd for GgH,:N;Og C, 51.47; H, 4.77; N, 22.11; Found:

613 C, 51.43; H, 4.79; N, 22.09.

614  4.6. General Procedure for the synthesis of trimethprim derivatives (7a-c)
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For the synthesis ofa-¢ first of all we synthesized hydroxy TMRLG) according to our

previously reported procedure [16].

5.8 g of trimethoprim (20mmol) was dissolved in%0HBr at room temperature. The mixture
was then stirred at 100 °C. After completion ofctem (TLC), the mixture was quenched
addition of 50 % NaOH aq. (5-10 mL). After coolitmgroom temperature, it was placed at 4 °C
overnight to form crystals. The crystals were fé and washed with ice-cold water (ca. 20
mL). After the crystals were dissolved in boilingter, the solution was neutralized to ca. pH 7
with 28% aqueous ammonia and placed at 4 °C ouarifay recrystallization. White crystals
were filtered, washed with ice-cold watea.(100 mL), affording compountl6. Its spectral data

is in agreement with our previously reported far #ame compound [16].

4.6.1. 4-(4-((2,4-diaminopyrimidin-5-yl)methyl)-2,6dimethoxyphenoxy)-6-methoxy-1,3,5-

triazin-2-yl 2-amino-3-methylbutanoate (7a)

7a was synthesized according to the general procedyrasing TMP (4 mmol), triazine (4
mmol) and valine (4 mmol). Deprotection of N-Boccaing to procedure irsection 4.2
resulted in the pure produg¢a. White solid; R= 0.48 (n-hexane/ethyl acetate 4:1); Yield 70 %;
mp. 223-225 °C*H NMR (300 MHz, DMSO-g): & 0.99 (d, 6HJ=6.9 Hz, CH), 2.43 (m, 1H,
CH), 3.64 (s, 2HCH,), 3.83 (s, 6H, OCEj, 3.90 (s, 3H, OC}j, 5.06 (d, 1HJ=6.9 Hz, CH),
6.55 (brs, 2H, NhH), 6.81 (s, 2HAr-H), 7.46 pr s, 2H, NH), 7.63 (s, 1HAr-H), 7.91 (brs, 2H,
NH,); *C-NMR (75 MHz, DMSO-g): 18.0 (2C), 34.6, 36.7, 56.9, 57.4, 63.1, 101.63.9,
111.6, 128.3, 140.2, 151.6, 156.0, 158.1, 160.2,616171.8, 173.3, 177.7, 181.5, 183.6. .LC-
MS: m/z=501.21 [M+HJ; Anal. Calcd for GH2gNgOsC, 52.79; H, 5.64; N, 22.39; Found: C,

52.75; H, 5.62; N, 22.41.
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4.6.2. 4-(4-((2,4-diaminopyrimidin-5-yl)methyl)-26-dimethoxyphenoxy)-6-methoxy-1,3,5-

triazin-2-yl 2-amino-3-(1H-indol-3-yl)propanoate (/)

7b was synthesized according to the general procebyrasing TMP (4 mmol), triazine (4
mmol) and tryptophan (4 mmol). After deprotectiamrg product was obtained in 68 % yield.
White solid; R = 0.43 (n-hexanelethyl acetate 4:1); mp.. 234-236'"H NMR (300 MHz,
DMSO-a): 6 3.48 (m, 2HCHy), 3.72 (s, 2HCH>), 3.83 (s, 6H, 3 x OC#), 3.94 (s, 3H, OC}Hj,
4.96 (t, 1H,J=8.4 HzCH), 6.61 (brs, 2H, Nb), 6.71 (s, 2HAr-H), 7.25 (m, 2HAr-H), 7.33 (s,
1H, Ar-H), 7.42 (brs, 2H, Nb), 7.47 (m, 2HAr-H), 7.63 (s, 1HAr-H), 7.91 pr s, 2H, NB),
10.65 pr s, 1H, NH-indole)}*C-NMR (75 MHz, DMSO-¢): 32.6, 36.1, 55.9, 56.8 (2C), 57.2,
106.3, 109.1, 109.6, 111.3, 112.6, 121.5, 122.2,51226.1, 126.8, 129.3, 134.8, 152.3, 156.07,
160.2, 161.3, 162.9, 170.7, 172.1, 172.4, 173.6,3t8 C-MS:m/z= 588.2 [M+H]; Anal. Calcd

for CogHooNgOs. C, 57.23; H, 4.97; N, 21.45; Found: C, 57.284195; N, 21.47.

4.6.3. 4-(4-((2,4-diaminopyrimidin-5-yl)methyl)-2,6dimethoxyphenoxy)-6-methoxy-1,3,5-

triazin-2-yl 2-amino-3-phenylpropanoate (7c)

7c was synthesized according to the general proceldyrasing TMP (4 mmol), triazine (4
mmol) and phenylalanine (4 mmol). White solid; R0.42 (n-hexane/ethyl acetate 5:1); Yield
74% ; mp. 217-219 °CH NMR (300 MHz, DMSO-g): 3.49 (m, 2H,CH,), 3.73 (s, 2HCH,),
3.79 (s, 6H, OCH), 3.92 (s, 3H, OCH), 4.96 (t, 1H,J=8.4 Hz,CH), 6.60 (brs, 2H, Nb), 6.69
(s, 2H,Ar-H), 7.18 (m, SHAr-H), 7.46 (brs, 2H, Nb), 7.60 (s, LHAr-H), 7.89 pr s, 2H, NH);
3C-NMR (75 MHz, DMSO-¢): 33.4, 39.1, 51.2, 55.7, 56.1, 56.9, 105.9, 108(®.6, 125.3,

126.9, 129.4, 137.4, 151.5, 152.3, 156.2, 156.8,2,6.60.5, 161.3, 162.6, 162.9, 170.9, 171.9,
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172.7, 173.3, 178.6, 181.8. LC-M&/z = 549.21 [M+H]; Anal. Calcd for GsHsNsOsC, 56.93;

H, 5.14; N, 20.43 Found: C, 56.95; H, 5.12; N, 20.4
4.7. Antibacterial Screening

Antibacterial and urease inhibition activity wagfpemed at Department of Pharmacy, Quaid-i-
Azam University Islamabad, Pakistan. Antibacterativity was carried out against standard
ATCC (American type culture collection) accordirgdur previously reported procedure [28].
The standard bacterial strair@&aphylococcus aureus (ATCC- 6538),Escherichia coli (ATCC-
25922), Bacillus subtilis (ATCC-6633) andPseudomonas aeruginosa (ATCC-15442) andS.
typhi (ATCC-14028) were used for the determination ofitacterial activity. All bacterial
strains were cultured on nutrient agar and incobatias done at 37°C for 24 hours. While stock

culture was preserved at 4°C.
4.7.1. Stock solutions

The 4 mg precisely weighed test samples were disddh 1 ml of DMSO. Stock solution of
standard antibiotic i.e. Trimethoprim, Ciprofloxacand Roxithromycin (4mg/mL) were also
prepared in DMSO. Inoculum preparation. To 10 mbtarile nutrient broth, a sterile loop full
from a colony of bacteria was added. Incubation wasied out for 24 hours at 37°C and
turbidity of the inoculum was adjusted by using Md&nd 0.5 turbidity standard.

4.7.2. Procedure

The samples were tested in order to determine thgimum inhibitory concentration for 90%
of organisms (MIGg). Stock solution of each sample was serially dduin 96-well microtiter
plate with nutrient broth to obtain a final congatibn ranging from 25@g/mL to 0.16ug/mL.

A standardized inoculum for each bacterial straés \wrepared so as to give inoculum density of
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approximately 5 104 CFU/ml in each well. Accurately measured 195qilbacterial culture
was dispensed in each well containing sample vighdid of micropipette. DMSO (1% final
concentration) was used as negative control. Thopim, Ciprofloxacin and Roxithromycin
were used as reference or positive control. Miteptplates were then kept at 37°C for an
overnight incubation. Following incubation, the M¥tas calculated as the lowest concentration
of the extract inhibiting the growth of bacteridtasn. The assay was performed as triplicate

analysis.

4.8. Urease inhibition assay

The synthesized conjugates were tested for theibaterial potential using our previously
reported indophenol’'s method [27]. Thiourea wasduse standard inhibitor. Reaction mixture
comprising of 25 pl oB. pasteurii urease, 55 pL of buffer containing 100 mM urea and. of
test compounds were incubated af@dor 20 minutes. 45 pL of phenol reagent (1% wiermol
and 0.005% w/v sodium nitroprusside) and 70 pLlaleagent (0.5% w/v NaOH and 0.1% v/v
NOCI) were added to each tube. The increasing bhsoe was measured at 630 nm using
microplate reader (ELX-800 BioTek, USA). The resulthange in absorbance per min.) were

processed by using the Soft-Max Pro s4.5 softwdecular Devices, USA).

4.9. Computational studies

Molecular docking studies were carried out usinga)}{-crystal structure dB. pasteurii urease
(PDB code 4UBP) co-crystalized with acetohydroxamad (HEA). The structures of the
compounds were drawn using Marvin Sketch 16.5.2. [EBese ligands were optimized using
“prepare ligands” in AutoDock 4.2. For enzyme dévaded from PDB, solvation parameters

and Kollman charges for all the atoms were assigAetioDock Tools (ADT) were used to
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create PDBQT file for both ligand and enzyme. Adgrarameter file was generated using ADT.
A cubic grid box of 40 A (x, y, z) with a spacing @375 A was created. The grid map was
created and centered in the active site region eviE2020 (native ligand) embedded (X=
29.211182; Y=71.746364; Z=74.805909). To evaluate the lowest binding enedpgcking
studies were carried out using AutDock and a Lakiancgenetic algorithm (LGA) [30]. The
maximum number of energy evaluations of (LGA) ruasv2500,000 and the maximum number
of evaluations were set to 27,000. Other parameters set to default values of AutoDock 4.2.

The view of the docking results and analysis ofrtearface with graphical representations were done
using AutoDock and discovery studio visualizer [31$¢gP values were calculated via online software

from Virtual Computational Chemistry Laboratory [32
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Highlights

21 new compounds from 7 series of amino acids conjugates of three commercially
available antimicrobial drugs were synthesi zed.

In vitro antibacterial activity against five ATCC bacterial strains was assessed.
Trimethoprim conjugates showed excellent in vitro activity against both strains.

A close relationship between the lipophilicity and the activity was identified.

In vitro Bacillus pasteurii urease inhibition was a so studied.



