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Herein a new and efficient method via ZnCl,-catalyzed direct cyclization of diverse
benzylidenemalononitriles and arylamines for one-pot synthesis of novel
2-amino-3,5-dicyano-4-aryl-6-aryl-aminopyridines as potent antibacterial agents is

described.
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Abstract

Here a new and efficient methath ZnCl,-catalyzed direct cyclization of diverse
benzylidenemalononitriles and arylamines has bemmeldped. With this method, a
variety of novel 2-amino-3,5-dicyano-4-aryl-6-agrinopyridines Za-2v) could be
easily prepared under the mild conditions with doaubstrate/functional group
tolerance and decent product yields. The biologiaativities of the selected
compounds 4c, 2e, 29, 2i, 2k, 2m, 2n and 20) has also been evaluated as new
antibacterial agents. The results demonstratedalnabst all of the compounds had
more potent antibacterial activities against HPntlilaat of clinically used drugs,
Ornidazole, Metronidazole, Nitrimidazine and Claritmycin, suggesting that further

development of such compounds might be of greatest.

Keywords: ZnCl-catalyzed cyclization; 2,6-diamino-3,5-dicyano+tayridines;

antibacterial activity; Helicobacter Pylori (HP).



1. Introduction

Polysubstituted pyridine system has attracted cdenable attentions since this
class of compounds demonstrated many kinds ofastieig biological activities. For
example, 2-amino(or chloro)-3,5-dicyano-4-alkyl(@ryl)-6-substituted amino(or
alkoxy, alkylthio)pyridine compoundsould be used not only for the treatment of
Alzheimer and neuronal vascular diseasesl (in Fig. 1)} but also for the treatment
of HIV-1 integrase (Il in Fig. 1)>* Besides, 2-Amino-3-cyano-4-substituted
pyridines (V in Fig. 1) were identified as potent adenosineepéar antagonisfs
protection against edema and inhibition of plasiB&2° Moreover, they are key and
useful synthons for rapid and efficient constructmf other biologically important
pharmacophores such as pyridopyrimidini@riven by their potential in biological
and chemical application, to date, a large numlbgrobysubstituted pyridines have
been successfully constructed by using a varietleotloped methods.

Figure 1. Chemical structures of representative polysulisiit pyridine compounds.

e e

R=H or Ph S 5 0
X = alkoxy, cycloalkylamino, _ _ [l = alkyl, halogen or OH
alkylamino or alkylthio R =Clor NMe; R2 =furan-2-yl or phenyl
Among these polysubstituted pyridine compounds,

2-amino-3,5-dicyano-4-aryl-6-substituted aminopyred compounds occupied a
prevalent position because of their broad ranges fadcinating biological
properties-**° However, to the best of our knowledge, there alg a few reported
methods about their synthesis™* (Scheme 1). The first method was the substitution

reaction of 2-amino-6-chloro-4-phenyl-pyridine-3warbonitrile  with  the



corresponding amine (Scheme 1kjowever, it needed harsh conditions and gave the
desired product in low yields. The second method wae-pot three-component
condensation reaction of substituted benzaldehydesalononitrile and

§13 (Scheme 1b) or ammonia (Scheme “cYhe latter is easier to

alkylamine
implement in a more step-/atom- economic way ttenformer, while this reaction
was not compatible for arylamines. Obviously, tleeelopment of a new and highly
efficient procedure to improve the current limitecbpe of substrates and to obtain
new analogues of 2-amino-3,5-dicyano-4-aryl-6-stldsd aminopyridine for

immediate drug screening is still high desired.

Schemel. The reported methods for synthesizing 2-amined;$ano-4-aryl-6-substituted
aminopyridine compounds

a) Samadi group, 2011

R
CN NC CN NC CN
R-C(OCHg)g+ < —— [ Nucleophile B
= ~
CN CI7 N NH, MeN™ N7 NH,

R =H or Ph
b) Tu group, 2005; Ramakrishnan group, 2003; Khan group, 2014
NC NH,
CN -
R14<;>*CHO + < + NH(R2); Ry \ N
CN
NC N(R5),
R, = alkyl or halogen
R, = alkyl
¢) Shi group, 2015 NC NH,
CN o
Rl@CHO + <+ NH3-H0 Ry NN
CN
NC NH,

R, =alkyl, halogen or Ar

On the other hand, the increasing incidence ofdpettinfection is a growing
global health problem. Nowadays, infectious dissasgused by various bacteria
especially constantly emerging antibiotic resistaatteria are still a major concern

and account for almost 13 50,000 deaths worldwally.dAccordingly, to overcome



the threats, modern medicine has an eager quesevorntibacterial drugs. Based on
these, so far many efforts have been spent in fibid, and a large number of
naturally occurring and synthetic antibiotics haeen reporte£*® However, most
of them are not potent enough to be put into prakttise due to their weak individual
activities or safety concerns. Undoubtedly, ther@mngoing demand for developing
novel antibacterial drugs with more promising potemcluding better activities and
lower side effects.

Taking advantage of aforementioned informationgtvee report for the first time a
mild and efficient ZnGkcatalyzed cyclization of diverse benzylidenemalotrdes
and arylamines for direct construction of novel
2-amino-3,5-dicyano-4-aryl-6-aryl-aminopyridines. oMover, in continuing our

program aimed to search for potent drugs for badtifections?*2°

the antibacterial
activities against helicobacter pylori (HP) of th&lected compounds were evaluated
and the structure-activity relationships (SARS) evdiscussed. The nice data from
biological evaluation suggested that further deweient of such compounds for
antibacterial drug discovery might be of greatriese

2. Results and discussion

2.1. Chemistry

Scheme 2.  The hopedhree-component condensation reaction of substitbtzaldehyde,
malononitrile and substituted phenylamine.
NC  NH,

Rl@CHO + < + |2324<;>7NH2 —k—
CN Glycol NC HN Rs

R; =R, =H, methyl or methoxy

As reported (Scheme 1b), alkylamines were emplaoyedonly as the reagents,

more importantly, but also as the basic catalysis be involved in the



three-component condensation reaction. Howeverlesrated in Scheme 2, we
found that the weakly basic aniline could not gatalthis reaction. With this in mind,
at the outset of this study, we chose benzaldelfydeeq.), malononitrile (2.1 eq.)
and aniline (2.1 eqg.) as a model reaction in thesgmce of catalyst amount of
pyrrolidine at 75°C in glycol for 24 h. Unfortunately, no desired guat was
observed (Scheme 3). Inferior results were alsaionbtl in other selected basic
catalysts such as piperidine, triethylamine, moliplecor pyridine.

Scheme 3. Reaction of benzaldehyde, malononitrile and anilimgh using pyrrolidine,
piperidine, triethylamine, morpholine and pyridi® catalysts, respectively.
NC NH,

CN basic catalyst
QCHO+ < s @—NH2+> NN
CN

Scheme 4. Reaction of benzaldehyde, malononitrile and anilifite pyrrolidine as catalyst.

I?lpezrilldlr;e
CN catalyst
QCHO + < + @NHZ CN+ H2N©
CN
NC 2- BenzylldeneL

NC malononitrile
CN

CN  2-Phenylpropane-
NC 1,1,3,3-tetracarbonitrile

To our surprise, 2-benzylidenemalononitrile wasedetd as the main product in
the above reaction system, although the molecuddio rof benzaldehyde and
malononitrile in the reaction mixture was 1:2.1K{&me 4). This result revealed that
the designed reaction might follow a quite diffdremechanism compared with the
previously reported alkylamine-mediated reactiohjolv prompted us to explore an
alternative reaction condition for starting thiaegon, such as the well-known Lewis

acid-catalyzed reaction system.



Tablel Optimization of reaction conditions.

NC  NH,
CN cat. [Lewisacid] o N
Q_/\CN ¥ HZN@ Solvent P
NC HN@
Entry Catalyst Solvent T (°C) T (h) Yield! (%)
1 TsOH EtOH 75 12 0
2 AICl 3 EtOH 75 12 0
3 H3BO3 EtOH 75 12 0
4 CF,COCOH EtOH 75 12 0
5 Zn(OCOCH), EtOH 75 12 0
6 FeCk EtOH 75 12 0
7 ZnCl, EtOH 75 12 81
8 ZnCl, DMF 75 12 10
9 ZnCl, DCE 75 12
10 ZnCl, DMSO 75 12
11 ZnCl, THF 75 12 21
12 ZnCl, Toluene 75 12 0
13 ZnCl, EtOH 60 12 77
14 ZnCl, EtOH 50 12 65
15 ZnCl, EtOH 80 2.0 63
16 ZnCl, EtOH 80 3.5 79
17 ZnCl, EtOH 80 5.0 86
182 ZnCl, EtOH 80 5.0 52
19° ZnCl, EtOH 80 5.0 38
20° ZnCl, EtOH 80 5.0 83

Reaction conditions: benzylidenemalononiti@0 mmol), aniline (6.9 mmol), Lewis acid-catalyf8t0 mmol),
solvent (20 mL)2 6.0 mmol ZnCJ was used® 3.0 mmol ZnC} was used Performed on a gram-scafdsolated
yields.

In order to confirm above conjecture, next we del@c the
benzylidenemalononitrile and aniline as the moddissrates for the optimization of
Lewis acid-catalyzed reaction system (Table 1).eAfextensive screening the
common Lewis acids as catalysts (Tabledtries 1-7), we were pleased to find that
the reaction of benzylidenemalononitrile with améliat 75C in EtOH using ZnGlas
the catalyst gave the desired prod2ecin good yield (81%) along with the formation
of N-benzylideneaniline as the by-pordiic(Table 1,entry 7). Changing EtOH to

other solvents obviously inhibited the process [@al, entries 7-12). Further



investigation showed that the reaction time andonature also obviously influenced
the reaction efficiencies (Table 1, entries 13-THe yield was raised to 86% with a
shorter reaction time (5.0¥s 12 h) when the reaction temperature was incretsed
80 °C (Table 1,entry 17). Moreover, an attempt to decrease thalysitloading cut
down the yield sharply (Table 1, entries 18-19nhaly, we were pleased to find that
the reaction could conveniently be scaled up taanglevel without a decrease in
isolated yield (Table 1, entry 20). In summary, tgimal conditions in ethanol
included ZnC} (150 mol %) at 86C for 5.0 h under air.

With the optimized conditions in hand, we next exad the influence exerted by
substituents at the benzylidenemalononitrile moiéthe results were shown in
Scheme 5. In general, the reaction proceeded siydotlgive the desired products in
high yields and also showed good compatibility watany valuable functional groups
such as methoxy and bromo substituents. It wasnootky that the hydroxyl group
remains intact after reaction, providing easy hesdibr further synthetic elaborations.

Subsequently, we also explored the versatilityhefaptimized system by testing a
representative set of arylamines. As shown in SehBmboth electro-donating and
-withdrawing groups on 4-position of arylamine alewell tolerated affording the
expected products in good yields. Tolerance to dhiero and bromo functional
groups was especially noteworthy since they aréulis® subsequent cross-coupling

reactions.



Scheme5. Substrate scope.

NC  NH,
CN Ry LN
Vi N + H,N R, ZnCl,
Ri EtOH, 80°C NC HNORZ
2a-v
NC NH, NC NH, NG NH
NC HN@ NC HNOCH3 NC HNOOCH3
2a, 86% 2b, 84% 2c, 85%
NG  NH, NG NH; NG  NH,
\ N W Br \ N
NC HNOCI NC HNOBY NC HN@
2d, 73% 2e, 74% 21, 82%
NG  NH, NG NH; NC  NH,
— N —
Br \ N W \ N
NC HN@CH3 NC HNOOCHs NC HNO
29, 85% 2h, 83% 20, 67%
NC  NH, NH> NC  NH,

?;

NC HNO NC HN NC HNO Ha

2, 78% 2k, 83% 21, 85%
NC  NH, NH; NC  NH,
- H4CO B
NC HN@OCHg NC HN@ NC HN@
2m, 88% 2n, 73% 20, 85%
ro NG NH, H3CO NC  NH; H3CO NC  NH;
! — — —
\ N HsCO NN HO‘@—Q
R=H, 2p, 83% R = CHg, 2t, 84% 2v, 83%
CHg, 2q, 83% OCHg, 2u, 84%
OCHs, 2r, 84%
Br, 2s, 82%

Reaction conditions: Cat. Znf)9.0 mmol), the corresponding benzylidenemalomibest(6.0 mmol) and anilines
(6.9 mmol) in EtOH (20 mL) at 8T for 5.0 h under air. Isolated yields.

Encouraged by the above results, we finally expdntie scope of functional
groups attached at both benzylidenemalononitrild anylamine moieties. Thus,

several typical substituents such as methoxy, broanethyl and chloro were selected
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as the effectors for the investigation (SchemeAs).expected, the corresponding
double-substituted or poly-substituted products ewa&btained in good Yyields.
Furthermore, we were pleased to find that benzgkdealononitrile moiety, bearing a
bulkier substituent at benzene ring such as 3,hylextedioxy or 3,4,5-trimethoxy,
also smoothly reacted with 4-functionized arylarmsirie deliver the corresponding
products under the optimized conditions withounsigant decrease in the product
yields, which further illustrated the remarkabldustness of our developed ZaCl

catalytic system.

Scheme 6. Proposed mechanism.

2
zncl HZNORZ
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CNH
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o
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Based on these observations and literature pretedea used 2-benzylidene-
malononitrile and aniline as model reaction to s a possible mechanism
illustrated in Scheme 6. First, 2-benzylidenematotnibe reacted with aniline in the
presence of ZnGl forming intermediate | which reacted further with

2-benzylidenemalononitrile generating intermediateCatalyzing by ZnGlagain,l|
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reacted with aniline and followed by an intramolacuing-closing reaction forming
intermediate 111. Sequentially, 11l was changed intolV by eliminating
N-benzylidenebenzenamine, and finally, was oxidized by air and aromatized into
2-amino-3,5-dicyano-4-phenyl-6-phenylaminopyridine.

In addition, from Scheme 6 we found that Zn@ok part in four reaction steps:
(1) the addition reaction of 2-benzylidenemalonaeitand aniline, (2) the addition
reaction of 2-benzylidenemalononitrile amd (3) the addition reaction dfl and
aniline, and (4) the intramolecular ring-closingeon forminglll. Taken together,
ZnCl, played a vital role in the outcome of this reaction
2.2. Biology

With these synthesized 2-amino-3,5-dicyano-4-argiy@aminopyridines in hand,
their biological activities of selected samples iagla eleven HP strains (ATCC
Hpl11637 and clinically separated HP strains, Hp0%p05-6, Hp05-7, HpO5-8,
Hp05-9, Hp05-10, Hp05-11, HpP05-12, Hp05-13, HpO%-Wére evaluated by usual
proceduré>! and the results were presented in Tables 2-4. idiémecally used
antibacterial drugs, Ornidazole {0 Metronidazole (B), Nitrimidazine (3) and

Clarithromycin (B3), were employed as standard references.
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Table 2 The MIC values of synthesized compounds agaifsstriains in comparison with four
drug references, DD,, D; and D, respectively in 1Dand 1dof colony forming units of

HP strains.

Bacterial Colony forming MIC(ng/mL)

strains units /cfu/mL 2c 2e 29 2i 2k 2m 2n 20 D; D, D3 D4
11637 16 32 16 16 8 16 16 4 32 64 64 64 64
HPO05-5 32 16 16 8 32 32 8 32 128 64 64 128
HP05-6 32 16 16 8 16 16 4 128 128 32 64 128
HPO05-7 64 128 128 64 64 64 64 64 128 128 64 128
HPO05-8 32 16 16 8 16 16 4 32 128 16 64 128
HP05-9 32 16 16 8 16 16 4 32 128 64 64 128
HP05-10 64 32 16 8 32 32 8 64 128 64 64 128
HPO05-11 64 32 16 8 32 32 32 64 128 64 64 128
HP05-12 32 16 16 8 16 32 4 32 128 64 64 128
HP05-13 32 16 16 8 16 16 8 32 128 64 64 128
HPO05-14 32 16 16 8 16 16 8 32 128 64 64 128
11637 10 32 16 16 8 16 16 4 32 64 64 64 64
HPO05-5 32 16 16 8 32 32 8 32 128 64 64 128
HP05-6 32 16 16 8 16 16 4 128 128 32 64 128

HPO05-7 64 128 128 64 64 64 64 64 128 128 64 128

HPO05-8 32 16 16 8 16 16 4 32 128 16 64 128
HPO05-9 32 16 16 8 16 16 4 32 128 64 64 128
HPO05-10 64 32 16 8 32 32 8 64 128 64 64 128
HPO05-11 64 32 16 8 32 32 32 64 128 64 64 128
HPO05-12 32 16 16 8 16 32 4 32 128 64 64 128

First, in order to evaluate the anti-HP activitigisthe target compounds and
investigate the effects of the concentrations ddrmp forming units of bacteria on the
activity, two concentrations ($@nd 18 units /cfu/mL)of colony forming units of HP
strains was used to determine the MIC values ofpsesn(Table 2). As shown in
Table 2, the results showed that the simild€ value for each sample were obtained
in two different concentrations, suggesting that dntibacterial activity against HP of
the tested sample was not related with the coratgonr of colony forming units of

bacteria in the inoculums.

12



Table3 The MIGso, MICgand MIC range values of compoungis-2h against HP-straing
comparison with four drug references, D,, D; and D).

MIC value @ig/mL) Samples MIC valuaufy/mL)
Sample
MICsg MICgo MIC-range MIGo MICgg MIC-range

2c 32 64 32-64 2n 8 32 4-64
2e 16 32 16-128 20 32 64 32-128
29 16 16 16-128 D1 128 128 64-128
2i 8 8 8-64 D, 64 64 16-128
2k 16 32 16-64 D3 128 128 64-128
2m 16 32 16-64 D, 64 64 64

Therefore, next the minimum inhibitory concentrato at the inhibitory
percentages of 50%, 90% (named MH@nd MIGy, respectively) and minimum
inhibitory concentration range (MIC-range) of saegplagainst HP-strains were
determined under the condition of single concelmat(Table 3). The results
demonstrated that most of target compounds perfibrmere potent antibacterial
activities against eleven HP-strains than D,, D; and D. Especially, compoundgi
was found to be the most potent antibacterial agetht the same MIgy and MIGy
value (8ug/mL).

From the antibacterial activities of the synthediZamino-3,5-dicyano-4-aryl-6-
arylaminopyridine compounds, the following SAR riésgould be derived:

(1) Compared with the reference drugs, all thecsete compounds showed potent
anti-HP activities, suggesting that 2-amino-3,5ydito-4-aryl-6-arylaminopyridine
moiety could serve as a privileged structural cometif for new and potent
antibacterial drug discovery.

(2) In general, at 4-position of phenyl rings, tbempounds bearing electro-
withdrawing halogen groups showed better antibadterctivities than that bearing
electro-donating methyl or methoxy groue /s 2c, 2i vs 2g, and2n vs 2m). The

results suggested that the antibacterial activities of
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2-amino-3,5-dicyano-4-aryl-6-arylaminopyridines imigbe associated with the
electronic character of the substituent on the gitjpm of benzene. In the present
investigation, the halogen substitution for impraythe antibacterial activity strength
followed the order: Cl >BrZn vs 20).

(3) Double-substituted compoun@g, 2i and 2m-n (except20) have more potent
anti-HP activities than that bearing mono-substdugroup 2c and 2e), suggesting
that the introduction of an additional functionabgp might be efficacious for the
anti-HP activity. Furthermore, compared with thestractive compounda and?2n, it
showed that bromo group was more favorable thamewgtgroup for improving the
potent antibacterial activities.

Table 4 The statistical data of anti-HP activity synthesized compounds in comparison with
four drug references.

Sample N? Mean Standard  Standard 5%confidence interval for me Min-  Max-
deviation error Lower bound Upper bound imum  imum

2c 11 1.587249  0.1406109 0.0423958 1.492785 1.681713 1.5051 1.8062
2 11 1.340952  0.2812218 0.0847916 1.152024 1.529879 1.2041 2.1072
29 11 1.286219  0.2722919 0.0820991 1.103291 1.469147 1.2041 2.1072
2i 11  0.985189  0.2722919 0.0820991 0.802261 1.168117 0.9031 1.8062
2k 11 1.340952  0.2069737 0.0624049 1.201905 1.479999 1.2041 1.8062
2m 11 1.368318 0.2069737  0.0624049 1.229271 1.507365 1.2041 1.8062
2n 11 0.903090 0.4038741 0.1217726 0.631764 1.174416 0.6021 1.8062
20 11 1.641982  0.2069737  0.0624049 1.502935 1.781029 1.5051 2.1072
D, 11 2.079844  0.0907640 0.0273664 2.018868 2.140820 1.8062 2.1072
D, 11 1.751447  0.2260004 0.0681417 1.599618 1.903276 1.2041 2.1072
D; 11 2.079844  0.0907640 0.0273664 2.018868 2.140820 1.8062 2.1072
D, 11 1.806180  0.0000000  0.0000000 1.806180 1.806180 1.8062 1.8062
Total 13z  1.513199  0.4474078 0.0327177 1.448653 1.577744 0.3010 2.1072

&number of strains used in this test

Finally, The proceeded MIC test data were treatgdubing SPSS statistical
software, and the results including mean, standbdation, standard error, 5%
confidence interval for mean, minimum and maximuaues were listed in Table 4.

As shown in Table 4, we found thzitand2n had the highest anti-HP activities in a

14



similar order of magnitude (P > 0.05), which wagndicantly better than that of the
other tested compounds and selected four drugemdes (P < 0.05). This further
confirmed our obtained results shown as above.
3. Conclusion

In summary, we have developed for the first time&reCl,-catalyzed direct
cyclization of diverse benzylidenemalononitrileslarylamines. With this method, a
wide range of novel 2-amino-3,5-dicyano-4-aryl-§laaminopyridines were
conveniently synthesized in high vyields with boasdbstrate/functional group
tolerance. Moreover, the application of the synitesscompounds was demonstrated,
the results showed that most of target compound® maore potent antibacterial
activities against HP strains (including ATCC Hp3I6nd eleven kinds of clinically
separated HP strains) than currently used foubactierial drugs B D,, D3 and D.
In particular, compoun@i was found to be the most potent antibacterial gt
the same Mg and MIGy value (8 pg/mL). SAR analysis showed: (1)
2-amino-3,5-dicyano-4-aryl-6-aryl-aminopyridine retyi could serve as a privileged
structural core motif for new and potent antibdatedrug discovery; and (2) the
electronic character and number of the substitarrihe 4-position of benzene played
a key role in determining the antibacterial acyivitsuggesting that further
development of such compounds might be of greatest.
4. Experimental section
4.1. General

Melting points were determined on a WRS-1B digitaktrument without
correction. NMR spectra were recorded on a Variardudry-Plus 300 spectrometer
in DMSO-ds. All chemical shifts §) were quoted in parts per million and coupling

constants J) were given in Hertz. Mass spectra were obtaimethfVG ZAB-HS,
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LCMS-2010A or LCQ DECA XP spectrometer. All commally available reagents
and solvents were used without further purificati@rnidazole (B, lot number
10336-0001) and Metronidazole 4[100191-200305) were purchased from National
Institutes for Food and Drug Control; Nitrimidazir{®s;,) was provided by the
Industry of Sichuan antibiotics; Clarithromycin 4Dlot number 040908) was
purchased from Zhejiang Huayi Medicines Co. Dimkthylfoxide was used as
solvent to dissolve all the reference drugs. H&irsdr (including ATCC Hpl11637 and
eleven kinds of clinically separated HP strains05#, Hp05-6, Hp05-7, Hp05-8,
Hp05-9, Hp05-10, Hp05-11, HpP05-12, Hp05-13, HpO%-d<ed in these studies were
provided by professor Fulian Hu (Peking University)

4.2. Chemistry

General procedure for the synthesis of 2-aminod8$ano-4-aryl-6-arylamino-
pyridines2a-2v: Substituted benzylidenemalononitrile compounds wespared by
the condensation reaction of appropriate substitbenzaldehydes and malononitrile
in the presence of piperidine or pyrrolidine inaethl.

To the solution of substituted benzylidenemalondeit(6.0 mmol) in anhydrous
ethanol (20 mL) were added appropriate substitat@tine (6.9 mmol), cat. Zngl
(9.0 mmol), the mixture was stirred at &D for 5.0 h. Then, the mixture was cooled
to room temperature and slowly poured into 150 nmilice-water by stirring. The
precipitate solid was filtered, washed, recrystatli in the mixture of acetone and
methanol to afford pure target compouds2v.

4.2.1. 2-Phenylamino-6-amino-4-phenylpyridine-3,5-dicaritle (2a)
Colorless powder solid, m.p. 255-2%8 *H NMR (DMSO-ds, 300MHz)d: 7.10
(t, J= 7.4 Hz, 1H), 7.32 (t) = 7.8 Hz, 2H), 7.52-7.55 (m, 7H, ArH + N 7.66 (d,J

= 9.0 Hz, 2H), 9.12 (s, 1H, NH}°C NMR (DMSOds, 75MHz)6: 81.9, 82.7, 116.3,

16



116.6, 123.2, 124.4, 128.9, 129.2, 130.6, 135.8,41349.1, 157.9, 161.2. IR (KBr)
3621, 3328, 3220, 3127, 3032, 2218, 1623, 15751,15891, 822, 751, 680, 616.
FAB-MS mVz (%): 312 [(M+ H)*, 10].

4.2.2. 2-(p-Tolylamino)-6-amino-4-phenylpyridine-3, 5-dicarbwite (2b)

Colorless powder solid, m.p. 276 (dec.).'H NMR (DMSO-ds, 300MHz) 6:
2.26 (s, 3H), 7.09 (d] = 8.1 Hz, 2H), 7.45-7.51 (m, 9H, ArH + NH 9.01 (s, 1H,
NH). *C NMR (DMSOds, 75MHz) §: 21.4, 81.8, 82.6, 112.8, 116.8, 123.6, 129.0,
129.3, 129.5, 130.6, 133.6, 135.7, 136.8, 158.0,216R (KBr)v: 3325, 3225, 2211,
1627, 1551, 1514, 822, 779. FAB-M8z (%):326 [(M+ H)", 25]. Anal. calcd. for
CooHisNs: C 73.83, H 4.65, N 21.52; found C 73.26, H 418421.35.

4.2.3. 2-(4-Methoxyphenylamino)-6-amino-4-phenylpyridiBg-dicarbonitrile 2¢)

Colorless powder solid, m.p. 24¢ (dec.).'H NMR (DMSO-ds, 300MHz) 6:
3.75 (s, 3H), 6.87 (d] = 9.0 Hz, 2H), 7.33-7.42 (br s, 2H, NH7.45-7.57 (m, 7H),
8.98 (s, 1H, NH)*C NMR (DMSO4ds, 75MHz) 5: 56.1, 81.6, 82.4, 114.4, 116.9,
117.0, 125.7, 129.2, 129.5, 130.8, 132.5, 136.6,9.958.4, 161.5. IR (KBK): 3483,
3314, 3223, 2211, 1636, 1558, 1509, 1420, 1242, 82@. FAB-MS m/z: 342[(M
H) ", 4]. Anal. calcd. for gH1sNs: C 70.37, H 4.43, N 20.52; found C 69.92, H 4.50,
N 20.46.

4.2.4. 2-(4-Chlorophenylamino)-6-amino-4-phenylpyridings3dicarbonitrile 2d)

Colorless powder solid, m.p. 286 (dec.).'H NMR (DMSO-ds, 300MHz) 6:
7.34 (d,J = 8.7 Hz, 2H), 7.50-7.54 (m, 7H, ArH + NH 7.69 (d,J = 8.7 Hz, 2H),
9.27 (s, 1H, NH)*C NMR (DMSOds, 75MHz) 5: 82.2, 82.8, 116.6, 124.8, 128.1,
128.7, 128.9, 129.2, 130.6, 135.5, 138.4, 157.6,916.61.1. IR(KBr): 3478, 3326,

3218, 2210, 1632, 1590, 1550, 1490, 818, 740, 692, FAB-MSmz (%): 345 [(M
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+ H)", 5]. Anal. calcd. for @H1,CINs: C 66.00, H 3.50, N 20.25; found C 65.97, H
3.58, N 20.23.
4.2.5. 2-(4-Bromophenylamino)-6-amino-4-phenylpyridines3dicarbonitrile 2e)
Colorless powder solid, m.p. 276 (dec.).'H NMR (DMSO-ds, 300MHz) 6:
7.44-7.54 (m, 9H), 7.64 (d, = 9.0Hz, 2H), 9.25 (s, 1H, NHYC NMR (DMSO-s,
75MHz) 0: 82.2, 82.8, 116.2, 116.5, 125.2, 128.9, 129.9,4,3131.7, 135.5, 138.9,
157.6, 160.9, 161.1. IR (KBn): 3469, 3337, 3225, 2212, 1643, 1591, 1549, 1489,
816, 737, 696, 601. FAB-MBVz (%): 391 [(M+ H)", 8]. Anal. calcd. for GH1,BrNs:
C 58.48, H 3.10, N 17.95; found C 58.34, H 3.211M\B1.
4.2.6. 2-Phenylamino-6-amino-4-(4-bromophenyl)pyridin&-8jcarbonitrile gf)
Colorless powder solid, m.p. 2% (dec.).*H NMR (DMSO-ds, 300MHz)J: 7.08
(t, J= 7.4 Hz, 1H), 7.30 (t) = 7.8 Hz, 2H), 7.45 (d] = 8.4 Hz, 2H), 7.55 (br s, 2H,
NH,), 7.63 (d,J = 7.8 Hz, 2H), 7.76 (d] = 8.4 Hz, 2H), 9.15 (s, 1H, NHFC NMR
(DMSO-ds, 75MHz) 6: 81.7, 82.5, 116.5, 123.3, 124.2, 124.5, 129.0,1,3132.3,
134.8, 139.3, 157.7, 159.7, 161.0. IR (KBr)3335, 3225, 2210, 1652, 1506, 1303,
1137, 1020, 810. FAB-M8Vz (%): 389 [(M+ H)*, 10].
4.2.7. 2-(p-Tolylamino)-6-amino-4-(4-bromophenyl)pyridine-3gtcarbonitrile 2g)
Colorless powder solid, m.p. 2%0 (dec.).*H NMR (DMSO-ds, 300MHz)J: 2.30
(s, 3H), 7.13 (dJ = 8.4 Hz, 2H), 7.47-7.52 (m, 6H, ArH + NJ47.78 (d,J = 8.4 Hz,
2H), 9.09 (s, 1H, NH)*C NMR (DMSOds, 75MHz) 6: 21.1, 81.4, 82.3, 116.6,
123.6, 124.2,129.4, 131.1, 132.3, 133.7, 134.6,7,.357.9, 159.6, 161.1. IR (KBr)
3500, 3324, 3225, 2211, 1628, 1531, 1513, 1425, 822, 669. FAB-MSnwz 404
[(M + H)", 20]. Anal. calcd. for gH14BrNs: C 59.42, H 3.49, N 17.32; found C 58.99,
H 3.68, N 17.88.

4.2.8. 2-(4-Methoxyphenylamino)-6-amino-4-(4-bromophepyfjdine-
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3,5-dicarbonitrile 2h)

Colorless powder solid, m.p. 280 (dec.).'H NMR (DMSO-ds, 300MHz) 6:
3.73 (s, 3H), 6.87 (A1 = 9.0 Hz, 2H), 7.44-7.49 (m, 6H, ArH + NJ;17.75 (dJ= 8.4
Hz, 2H), 9.04 (s, 1H, NH)**C NMR (DMSO4s, 75MHz)§: 55.8, 81.2, 81.9, 114.1,
115.5, 116.6, 124.2, 125.5, 131.1, 132.1, 132.3,9356.6, 159.6, 161.1. IR (KBW)
3500, 3369, 3297, 3168, 2214, 1655, 1552, 1509]1,1827, 775, 666, 617. EI-MS
m/z (%): 420 [M", 100], 405 [M -CH,, 30], 324 [M -CHs-Br-H, 30], 296 [M
-CH3OPhNH, 12]. Anal. calcd. for £gH1,BrNsO: C 57.16, H 3.36, N 16.66; found C
57.34, H 3.59, N 16.35.

4.2.9. 2-(4-Chlorophenylamino)-6-amino-4-(4-bromophenytjdine-
3,5- dicarbonitrile 2i)

Colorless powder solid, m.p. 260-2&L 'H NMR (DMSO-ds, 300MHz): 7.33
(d,J=8.7 Hz, 2H), 7.46 (d] = 8.4 Hz, 2H), 7.60 (br s, 2H, NH 7.68 (d,J = 9.0 Hz,
2H), 7.76 (dJ = 8.4 Hz, 2H), 9.29 (s, 1H, NH}*C NMR (DMSO4ds, 75MHz) 6:
82.0, 82.6, 116.4, 124.3 124.9, 128.1, 128.7, 13132.3, 134.7, 138.4, 157.6, 159.8,
161.0. IR (KBr)v: 3383, 3285, 3239, 2212, 1581, 1489, 1424, 1082, 820, 667.
FAB-MS m/z: 426 [(M+ H)", 6].

4.2.10. 2-(4-Bromophenylamino)-6-amino-4-(4-bromophenyt)gine-
3,5-dicarbonitrile 2j)

Colorless powder solid, m.p. 285 (dec.).*H NMR (DMSO-ds, 300MHz)s: 7.44
(d,J = 7.5 Hz, 4H), 7.61 (dJ = 8.7 Hz, 4H, 2ArH + Nh)), 7.74 (d,J = 8.4 Hz, 2H),
9.27 (s, 1H, NH)IR (KBr) v: 3449, 3331, 3230, 2912, 2216, 1638, 1572, 150551
1034, 816, 742, 607. FAB-M&/z (%): 470 [(M+ H)", 5].

4.2.11. 2-Phenylamino-6-amino-4-(4-methxoyphenyl)pyridB&-dicarbonitrile 2k)

Colorless powder solid, m.p. 235-2%7. *H NMR (DMSO-ds, 300MHz)5: 3.83
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(s, 3H), 7.04-7.10 (m, 3H), 7.29 (= 7.8 Hz, 2H), 7.45 (d) = 8.7 Hz, 4H, ArH +
NH), 7.63 (d,J = 7.8 Hz, 2H), 9.00 (s, 1H, NH). IR(KB¥) 3838, 3760, 3320, 2981,
2213, 1581, 1420, 1240, 1162, 825, 743, €1-MSm/z 340 [M- H]".
4.2.12. 2-(p-Tolylamino)-6-amino-4-(4-methoxyphenyl)pyridine-
3,5-dicarbonitrile 21)
Colorless powder solid, m.p. 270-22 *H NMR (DMSO-ds, 300MHz)5: 2.27
(s, 3H), 3.83 (s, 3H), 7.07-711 (m, 4H), 7.39 (b2id, NH,), 7.43-7.49 (m, 4H), 8.96
(s, 1H, NH).IR (KBr) v: 3435, 3370, 3210, 2200, 1640, 1546, 1458, 125851846,
780, 650. EI-MSWz (%): 355 [M', 100].
4.2.13. 2-(4-Methoxyphenylamino)-6-amino-4-(4-methoxyphipyridine-
3,5-dicarbonitrilem)
Colorless powder solid, m.p. 248-24® 'H NMR (DMSO-ds, 300MHz)4: 3.75
(s, 3H), 3.84 (s, 3H), 6.89 (d,= 9.0 Hz, 2H), 7.11 (d] = 9.0 Hz, 2H), 7.34 (br s, 2H,
NH,), 7.46 (dJ = 8.5 Hz, 2H), 7.15 (d] = 9.0 Hz, 2H), 8.93 (s, 1H, NH)*C NMR
(DMSO-ds, 75MHz)6: 55.2, 55.3, 80.7, 81.5, 113.5, 113.9, 116.4,1,2¥7.0, 130.0,
131.6, 156.0, 157.6, 160.0, 160.5, 160.6. IR (KBr3478, 3431, 3372, 3211, 2198,
1638, 1544, 1459, 1225, 1180, 840, 779, 651. Elfv& 370 [M-H]. Anal. calcd.
for Co1H17Ns02: C 67.91, H 4.61, N 18.86; found C 65.04, H 5149,8.94.
4.2.14. 2-(4-Cholorophenylamino)-6-amino-4-(4-methoxyph@myridine-
3,5- dicarbonitrile 2n)
Colorless powder solid, m.p. 256-2%7. *H NMR (DMSO-ds, 300MHz)5: 3.85
(s, 3H), 7.10 (d) = 8.4, Hz 2H), 7.33 (d] = 8.7 Hz, 2H), 7.46 (d] = 8.4 Hz, 2H),
7.51 (br s, 2H, NB), 7.69 (d,J = 8.7 Hz, 2H), 9.21 (s, 1H, NH). IR (KBr) 3469,
3348, 3210, 2212, 1624, 1548, 1502, 1243, 11514,1887, 816. ESI-M3Wz 374

[M-H] .
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4.2.15. 2-(4-Bromophenylamino)-6-amino-4-(4-methoxyphepyt)dine-

3,5- dicarbonitrile 20)

Colorless powder solid, m.p. 260-2%L 'H NMR (DMSO-ds, 300MHz)J: 3.83

(s, 3H), 7.09 (dJ = 8.7 Hz, 2H), 7.43- 7.50 (m, 6H, 4ArH + NH7.62 (d,J = 9.0 Hz,
2H), 9.19 (s, 1H, NH). IR (KBry: 3478, 3376, 3312, 3194, 2926, 2205, 1616, 1558,
1507, 1260, 1179, 1027, 889, 824,772. ESIHMS3 418 [M-H].
4.2.16. 2-Phenylamino-6-amino-4-(benzif1,3]dioxol-5-yl)pyridine-

3,5- dicarbonitrile 2p)

Colorless powder solid, m.p. 286 (dec.)."H NMR (DMSO-ds, 300MHz) ¢:
6.13 (s, 2H), 6.97 (dd,= 8.1, 1.5Hz, 1H), 7.04-7.09 (m, 3H), 7.29 (m, 2A%6 (br s,
2H, NH,), 7.63 (d,J = 7.5Hz, 2H), 9.05 (s, 1H, NHR (KBr)v: 3446, 3337, 3227,
2913, 2212, 1624, 1559, 1497, 1451, 1277, 1032, 828, 814, 739. ESI-M&/z
354 [M-HT.

4.2.17. 2-(p-Tolylamino)-6-amino-4-(benzd][1,3]dioxol-5-yl)pyridine-
3,5- dicarbonitrile 2q)

Colorless powder solid, m.p. >380. 'H NMR (DMSO-ds, 300MHz)5: 2.27 (s,
3H), 6.12 (s, 2H), 6.97 (dd,= 8.1, 1.5Hz, 1H), 7.08 (m, 4H), 7.41(br s, 2H, NH
7.47 (d,J = 8.4Hz, 2H), 8.98 (s, 1H, NH). IR (KB¥) 3856, 3745, 3613, 2929, 2208,
1646, 1560, 1418, 1246, 1032, 881, 668. ESI-M&)( 368 [M- H]".

4.2.18. 2-(4-Methoxyphenylamino)-6-amino-4-(bendfj[L,3]dioxol-5-yl)pyridine-
3,5-dicarbonitrile 2r)
Colorless powder solid, m.p. 250-2%1 *H NMR (DMSO-ds, 300MHz)5: 3.73
(s, 3H), 6.12 (s, 2H), 6.87 (d= 9.0 Hz, 2H), 6.95 (dd] = 7.8, 1.5Hz, 1H), 7.07 (d,

= 7.8 Hz, 2H), 7.35 (brs, 2H, NM 7.45 (d,J = 8.7 Hz, 2H), 8.95 (s, 1H, NHR
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(KBr) v: 3445, 3336, 3225, 2915, 2213, 1626, 1559, 1485011347, 1283, 1259,

1032, 926, 856, 815, 735. ESI-M%z 384 [M- H]".

4.2.19. 2-(4-Bromophenylamino)-6-amino-4-(bendfjlL,3]dioxol-5-yl)pyridine-
3,5-dicarbonitrile 2s)

Colorless powder solid, m.p. 258-2%0 *H NMR (DMSO-ds, 300MHz)4: 6.13

(s, 2H), 6.98 (dJ = 8.1, 1H), 7.08 (dJ = 7.5, 2H), 7.44 (dJ = 8.7, 2H), 7.52 (br s,
2H, NHy), 7.63 (dJ = 9.0Hz, 2H), 8.98 (s, 1H, NHR (KBr) v: 3484, 3324, 3225,
2937, 2834, 2208, 1624, 1561, 1246, 1125, 1030, 838, 721. ESI-MSwz 433
[M - HJ.
4.2.20. 2-(p-Tolylamino)-6-amino-4-(3,4,5-trimethoxyphenyl) pgime-
3,5- dicarbonitrile 2t)

Colorless powder solid, m.p. 21@ (dec.).'H NMR (DMSO-ds, 300MHz) 6:
2.20 (s, 3H), 3.66 (s, 3H), 3.73 (s, 6H), 6.762¢3), 7.02 (dJ = 8.1, 2H), 7.34 (brs,
2H, NH,), 7.39 (d,J = 8.4, 2H), 8.91 (s, 1H, NH). IR (KB¥} 3336, 2930, 2209, 1613,
1555, 1511, 1427, 1246, 1179, 1034, 880, 832. EShiZ: 414 [M- H].

4.2.21. 2-(4-Methoxyphenylamino)-6-amino-4-(3,4,5-trimetlgphenyl) pyridine-
3,5-dicarbonitrile 2u)
Colorless powder solid, m.p. 212-213 *H NMR (DMSO-ds, 300MHz)5: 3.74
(s, 6H), 3.82 (s, 6H), 6.85-6.89 (m, 4H), 7.38 (&, NH,), 7.48 (d,J = 8.7, 2H),
8.98 (s, 1H, NH). IR (KBr): 3325, 2937, 2834, 2208, 1624, 1561, 1513, 132461
1125, 1031, 826. ESI-M3n(2): 430 [M- H]".
4.2.22. 2-Phenylamino-6-amino-4-(3-hydroxy-4-methoxyphépwytidine-
3,5-dicarbonitrile 2v)
Colorless powder solid, m.p. 292 (dec.).*H NMR (DMSO-ds, 300MHz)J: 3.72

(s, 3H), 6.80-6.88 (m, 2H), 6.96-7.01 (m, 2H), 7(21J = 7.8, 2H), 7.34 (brs, 2H,
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NH,), 7.55 (d,J = 7.5, 2H), 8.93 (s, 1H, NH), 9.46 (s, 1H, OHR.(KBr) v: 3438,
3266, 3221, 3128, 3044, 2927, 2209, 1605, 15715,14822, 1106, 896, 752, 687.
ESI-MSm/z 356 [M- HJ'.

4.3. Biology

The antibacterial activities vitro of all the target compounds were tested against HP
strains (including ATCC Hp11637 and eleven kindslofically separated HP strains,
Hp05-5, Hp05-6, Hp05-7, HpPO5-8, Hp05-9, Hp05-100B 1, HpO05-12, HPO05-13,
Hp05-14), using Ornidazole () Metronidazole (B), Nitrimidazine (@) and
Clarithromycin (D) as references, according to the method repostesttef’>! and
our’*?® groups with some slight modifications. Briefly| af the selected compounds
were evaluated for their antibacterial activityngsconventional agar-dilution method.
Twofold serial dilutions of the compounds and refere drugs were prepared in
Mueller—Hinton agar. Drugs were dissolved in diny&gthlfoxide (DMSO, 1 mL) and
the solution was diluted with water (9 mL) withqurecipitation. Further progressive
double dilution with melted Mueller—Hinton agar waerformed to obtain the
required concentrations of 512, 256, 128, 64, 8,81 4, 2, lug/mL. Petri dishes
were incubated with 1xf@®r 1x10 colony forming units (cfu) and incubated at 37 °C
for 18 h. The minimal inhibitory concentration (MI@as the lowest concentration of
the test compound, which resulted in no visiblendhoon the plate. Mg and MIGy
values represents a concentration giving 50% aftl iBibition of the corresponding
HP activity, respectively. To ensure that the sotyead no effect on bacterial growth,
a control test was performed with test medium seipeinted with DMSO at the same
dilutions as used in the experiment.
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