11,70 o

LABORATORY

dusidl dolydegall 4 yilizdl 4y )ggezll
walsll Eizly (sl pulsill 3l5q
$>lg)l dsol>

days )l pglsll duls
ily Gl chosStl juio

ol)giS> d>g,bl

(LMD) il yglall 6 alygiS I 83lgits Jui Oilulbnie JlaSiw) dodio

elousSIl s dusuid|

Les Bases Azotées (bases nucléiques) dans les Réactions Multi-composants:

Synthése et Etude Biologique de Nouveaux Purines et Pyrimidines

Fusionnées.

oy aSylae :dUall Slac]

&b liall dixd plol [2025/11/06] Ly Caias g

daunll dolzll auyl illg oVl
) $>lgll dsol> 3wl wihdg Loy daxe
lyydo g Oyire $olgll dsol> 3wl duitold) daxo
lacluio 16 pine salgll dzol> 3wl 942 yiow
lixioo als)g dsol> 3wl SAE) A
lixioo sslgll dsol> " olxe 3liwi Jisesi o jai
lixiowe dalzl dnel> " olxe 3liwi PEg0> 3oL

21447-1446 / 2025-2024 :diso 2]l diwdl






o9 L

o) A B "anad Sz b Sy el 1 JB
Joldl 3y o3l ) paadly Sall jallz pussl OF V) aloslll ods 3 gmew ¥ ] ol ) ool e 1my

slae] 37 Jlsb (L osls 53 Oy ) axilialy dadl) dilgrys @A (3 Dex > vl ERUI? VT RN VN PP |

. ij.ﬂ.\ ok

Sl 1Sl all ) ods 228l Jod e vghiadd cliasly anlsy 223Ul ad (3 36l gl ) s (o Sl paily
223Ul i 20, ST el (@all jad am dgd) deals Bul (lypg Loyt jendendl STIL asl (s gt O

.45.L¢L-.Aj

slis Laghed Jo tildl dnalr pn 98 08 )sSTlg 235 Baaler o S8 it jgmndyp 3L L1 SCall ot LS
el s 23U Wby i)
el s 223l gl Jo (3lll ot an dg )l el Saul iged Flo i ST L) S g st LS

aSlie Jo (@olglb ot an dgn) haals Snl (g p jedndl (elld) il Sa el axgl OF g0k Yy

J.a\}l\ aesdg a3lll ad 3

22 3 lelad) o SIS (ol 285 Al S sl e slou (ool gl I 3 ble e s S O sl Ls”
s ) pa ) S5 oS Al mad K2l el LS a1 el gy o et 3 IRl ) (LS

M‘;j (i b (& cﬂ (S caa-dm) cé\fﬁ! 45}:; e cg‘é Ol rﬁ

Jigb iy w23 jban il 151 ) ot 8381 ghikog W) Sl il slae o e el OF 554 Y,
OlaYly Sl ST ea Wb olsedl ods



: gl

o) o le] Sl e g9d @) Al b 23 OLSH s Ao Crrogiy et U] eal e O
S ada il By Bamly Blas (3 SUSL Badae Ol plasanl Sy (Jgjlslius dandly dasdly cupsedls
e gl A gle) Lpatlak

Blbos cslod) of aaaY) asllas oo adlenl) o) Ll ol sl dauly 58 GWSH Ay Jo Ol ¢
Sl Jobdy (05 Sly Osis Al gesblidl) (gl (1)

e g Al V) LYl AR b alisal Aoy (ghabe eSSV Rned Sy Sl 5Lkl el s ¢ LS
btz dl bl ws i Bl ) BLoly Sl SV jan Lo Abgols Alab Slak 528 SLSM o O
el ¥ 5,0l Jlesly ABTS I o DPPH JI jLes) ady b Ll a5leS Gk & 5SS sslall el o) LS

Lo ool M AaLE)) e 30 Leang 0SS B3l e Uik SLSM OF (s W39 (PM) i sl ltdsl

iJled cubJM s3las les ‘Jjj‘-'\-:‘.l}-.‘_jj)j& chﬂ.g s (Rl (LSL ez oMol sd- el LS

B S ™ 3l2s



Abstract:

This work aims to synthesize and characterize a series of heterocyclic compounds
containing key rings such as pyrimidine, purine, pyrrole, and pyrrolo-benzimidazole,
using one-pot multicomponent reactions. These compounds exhibited diverse biological
properties.

The structures of the synthesized compounds were identified using various spectroscopic
techniques, including infrared spectroscopy (IR), proton and carbon nuclear magnetic
resonance  spectroscopy (‘H and "C NMR), and -elemental analysis.
The antimicrobial activity was evaluated against five bacterial strains and one fungal
strain using the agar well diffusion method. The results showed that all synthesized
compounds exhibited noticeable activity against certain bacterial strains, as well as good
activity against the fungus Candida  albicans.

The antioxidant activity was also assessed by three chemical methods: the DPPH radical
scavenging assay, the ABTS assay, and the phosphomolybdate (PM) reducing power
assay. The results revealed that the compounds possess antioxidant activity, with some

showing higher activity than the reference standard vitamin C.

Keywords: Multicomponent reactions, pyrimidine, purine, pyrrole, pyrrolo-

benzimidazole, antimicrobial activity, antioxidant activity.



Résumé:

Ce travail vise a synthétiser et a caractériser une série de composés hétérocycliques
contenant des noyaux tels que la pyrimidine, la purine, le pyrrole et le pyrrolo-
benzimidazole, en utilisant des réactions multicomposants en une seule étape. Ces
composés se distinguent par leurs diverses propriétés biologiques.

La structure des composés synthétisés a été identifiée a 1’aide de différentes techniques
spectroscopiques, notamment la spectroscopie infrarouge (IR), la résonance magnétique
nucléaire du proton et du carbone (‘H et *C RMN), ainsi que I’analyse élémentaire.
L’activité antimicrobienne a été évaluée contre cinq souches bactériennes et une souche
fongique en utilisant la méthode de diffusion sur gélose par puits. Les résultats ont montré
que tous les composés synthétisés présentent une activité remarquable contre certaines
souches bactériennes, ainsi qu’une bonne activité contre le champignon Candida albicans.
L’activité antioxydante a également été évaluée par trois méthodes chimiques : le test
DPPH, le test ABTS et le test du pouvoir réducteur au phosphomolybdate (PM). Les
résultats ont révélé que les composés possedent une activité antioxydante, certains

surpassant méme la référence standard, la vitamine C.

Mots-clés : Réactions multicomposants, pyrimidine, purine, pyrrole, pyrrolo-

benzimidazole, activité antimicrobienne, activité antioxydante.
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NAD'+ NADH
| | .
N SN
ATIC Gmp ¢ ]f:\
o N N NH,
HO-P-0 °
OH
OH OH

.(Biosynthesis of purine) :psl) s xaad) 1(10) Jalesedl

[ =)
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Ethyl-(Z)-N-(2-amino-1,2-dicyanovinyl)formimidat :» 3N\ .2.2.11
Lbslt) 57 9-phenyl-9H-purin-6-amine x2< - [14] oy Yahyazadeh. A -5& 2007 ols 3
35S (Aniline hydrochloride) oY) 4ydSs)dn 3529 3 aniline dawly 54 S ikl 5 b e &3y (11
S-amino-1- Y (KOH) psebodl dnShydon ok davly axblas ok V) 1is 55 formamidine «\as
triethyl — plsaal 57 SN U Wy ahsd S @A 56 phenyl-2H-imidazole-4-carbonitrile

.(NH3) G5\ 549 3 acetic anhydride s orthoformate

Br

Br Br
NH,

KOH(I aq) N NH2 g (oE, N OF NH3 MecOH
|
Ph-NH,*CI j&\\ AC,0/ heat
N

rt 3-4h
Formamidine 36

55

Ethyl-(Z)-N-(2-amino-1,2-dicyanovinyl)formimidat :» 53 Purine g :(11) Jelasd)
Formamide :» 2\ 3.2.11
oo Bl 58 sl Sa mied b [15] Okamoto. T s Yamada. H #53) 1972 sls 3
-160 °C ox o5 3\ wmp> dl formamide o+ (5 eq) SBSs w285 b o o5 iheall ods formamide

12 Bl 3 e 52 LS 200

o)
160-200 C° N SN
HJ\NHz - < j@
Seq E N

58
Formamide :» ki) Purine x2% :(12) dalasl)

5-nitro-4,6-diamino pyrimidines :» 33! .4.2.11
(13 Lalasl) 61 sl Slizin ;e s )b [16] 059 Di Lucrezia. R <zss) 2000 ple (3

(NHz) ool 22902 1) 59 5-nitro-4,6-diamino pyrimidines S & (NO2) degatl glo)) oz 2kl ods 3

[30
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& 60 c?w SSA Jelan 5 uwy .(AICl5) (5.355.5}!\ yslS” 3929 (39 (LiAlH,) (j,;:ﬁ\ (ﬁ;‘jﬁ SRy AR
(N,N'-dicyclohexylcarbodiimide) DCC 3525 61 Jized) 5l Js Jsa=l formamide

NH, H,N

0N | )N LiAlH,, AICl; I‘* HCONH, </N \ SN
~
RNEEN N N“>N7
H |
=2 - R 61

5-nitro-4,6-diamino pyrimidines Purines
R: butyl, pentyl, or hexyl

.5-nitro-4,6-diamino pyrimidines :» 3\ Purine x24 :(13) dalasll
(Synthesis of pyrroles) “N¥gpd! w2t 311
(Hantzsch multicomponent reaction) S\S N suwe s el (1.3.11
& 63 B-ketoesters Jel& s 0 65 Jixd) pyrrole ja>z [17] Hantzsch. A #6 <1890 pls 2
Lol 2l g IS ke Jelidl s o .64 (NH3) PV W idtle oz & 62 a-haloketones
14 Balasl) 3 mose gn LS ecodll OLe 3 elsy Japdl (S 5SS Ul o8

:\[ /U\/U\ S R O/\
R O
R, o 3 Aqueous T
62 T 63 R R,
o reflux 2 N
H
NH; 65
64

Hantzsch Jo\& g b s Pyrrole pa2 :(14) &l
(Paal-Knorr reaction) S —Jb Js\& .2.3.11
67 ilea) Sl Leid Paal-Knorr Jels 3l g oo [18] odejs Banik. B oSN 2004 e 3
G [19] aalsd ol (b 3 66 1,4-diketone po Jelidl 3 dipno cagrly By paisi J3slSy blas o
B Slmsll aliscnl il ods \s2ss montmorillonite KSE ol 551 alisanl sl 542 3 b shs (1) (o)
Jondl 2555 ) o1 B i) il o Jolid) (o 3 Wgedlad il ais iy <[20] (Ultrasound) &5s.a)
(15 Jalasell) ae oy Lelid) 50750059 68



https://en.wikipedia.org/wiki/Ketone

Jpesl = Japdly gl ccmpped) cpbeped) St pad 30 QU Jadll

0 R, e Ro /o
R)W& + © b, Cat _ R/Z_\S\R )
1 = R~ >N R4 R;:Me, Ph
R, O or montmorillonite KSF @ gj I\H/Ie, Ph
66 67 R,: H, Ph
68

Paal-Knorr \s& b s Pyrrole w2 :(15) dalesd

(Knorr reaction) 55 Js\& 3.3.11
wlizis ~s 69 a-aminoketone SIS 3 e oS oy e 50 J9Y Knorr. L oSE <1884 ale 2

G pose s LS cester issat spry W kil oz a-methylene isses s S5t géj‘ 70 (Carbonyl) Jis,5

217 16 Lkl
R, (0) (0) OR; R, R;
RIINHZ +iﬂ/R4 - RI/Z/—_\S\M
69

R o
R =z

Knorr Je\& b = Pyrrole p2t :(16) dalasl)
(Cyclization reaction) 3\0\ 33! d3i) Js\s5 4.3.11
(Cycloisomerization) 3\ 9\ Jelss sbs -» [22] Yu. H s Dieter. R :» JS 54 2001 ple 3
pyrrole z2é 3 W 65U Jeladl s jeny (PA(PPhs)) asesd a2 359 3 72 a-aminoallenes

Me
Bu Bu Ph
+ Ph—I - [\ "
NH DMF, 70C° N ©
Me Me
72 73

.Cyclization \e\& b s Pyrrole w2 :(17) alasdl
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(Synthesis of pyrrolo—imidazole derivatives) J9yos)— glg i Slizive s 411

2-pyrrolocarbonylaminoacetates :y» 33| .1.4.11
Gk o5 (18 esll) 76 pyrrolo-imidazole <\Sp st s [23] Yamawaki. I -SE 1993 als 2
Uenwsh oo T8 1, 1-carbonyldiimidazole s 74 2-pyrrolocarbonylaminoacetates o A+ S

.$4sB a2 sm9 3 (Thiophosgene) i siss s (Phosgene)

0
R, R, R, R,
"\ OEt R;COCI | \\_OEt _(GHgsiH OFt l)NaOH
R — " R
"X AIC bR N ona N N
H o 3 H © CF;COOH H 0 2) HCI H
74
0
NH,CH,COOEt
o cH,
] \—/ (C,H50),POCN
| \ 1,1-Carbonyldiimidazole ~ Rj R, (C,Hs);N
75 1\ NHCH,COOEt
Ry N
HZCOOEt . H 0O
o Phosgene or thiophosgene
76
AR 35S 3k e Pyrrolo-imidazole y22 :(18) Jakesd

Pyrrole 3 das M N-methoxylamide Js\& .2.4.11
N- desoms o) Jopd) Olijr 3 Co-H a5leS) abay) )l Juniny [24] o3dlejs Kong. W #5 2018 ple 3
Al gzl degett Job et sl 1l ¢ Joh) (PA(0)) psoVUW) Odns i szl 3y (77 methoxylamide
UGis fag Lslad) \s 78 pyrrolof1,2-climidazole sais olizin S 1) ol & Co &b & (Isocyanide)

Vo 3R] Ol3 Audlnte 6 Rl OLSe s Sl dipb gy (19 kbsdl) C-H Ly )l et Jig 3 g

Aeliog
t-BuNC
Pd2(dba)3 H;CQ
o @fH o
N
1,4-dioxane

NHOCH;

o
17

t-Bu

)/\OCH3

78

Co-H w5 30 ¢ Pyrrolo-imidazole —\izis i :(19) Jlsd

[33
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(Synthesis of pyrrolo-imidazole by Ugi reaction) @ﬁ JoW alsenl 3.4.11
ey Zhang. M |3 > pyrrolo—imidazole “\liis sivad ddy g aa b 5k ¢ 2019 ole
tert-butyl 2-formyl-1H-pyrrole-1- Jelix dikl oda 3 .(Ugi-4CR) oAU saae gl Jolis plimezals [25]
Benzyl ) 3i\wsil sus 81 (Propiolic acid) $dsesl ja> 5 80 (Aniline) sV xo 79 carboxylate
plasel 84 pyrrolo-imidazole U] 4o oz 1 83 Lsl o fiamzs 20 kb2 Jotll 3 82 (isocyanide

LS4 Lag (3 Caygs S

M @ won_ iBVC e NAQ
v& @— O’ e

83 84
.Ugi-4CR & 33 ¢ Pyrrolo-imidazole n2< :(20) ekl
Lo
() i) izt jiamd Tadiidl Bl e Aegedt ple Laside W1 Ladll e ol s (3 Wols
gl = sdondly <o)
iosd) LSy 2931 o el b oS 3 wu%ﬂ Lo s a1 oliall o LSH ol O

ilte b Sl Jo WS L 3 s9f Bsnd) 395V e %50 o ST C Largn
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Results & Discussion
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sume Hantzsch Js& o Bl 3upud) Jgpdb dag bl ysndly pdaipdl Olinie pad T
(Synthesis of new pyrimidine- and purine ligated pyrrole derivatives) <\S\\
N-aryl-pyrrole o\iis s 1.1

& sl ag bl Wy S suane Hantzsch Jo\s s pyrrole wlitie maad GJUH) Laal)s doxs
p- s\ p-aminophenol aniline Ju i) Sl asSS e dazs dikl oda [27-26] aale olal)s
sliszaly (2-bromoacetophenone) Osdsaslses=2 5 (Acetylacetone) Sszw) S & bromoaniline
=S (1,4-diazabicyclo[2.2.2]octane) DABCO _» 5 mol% 3559 % 60 &)= ax)3 die odaS™ ol

(21 Labasly)

1eq

(@] (@]
M NH, ©
DABCO, H,0, 60 °C / \
) 2
- > N
O ]

:R=H
: R=0H
: R=Br

KRR =

N-aryl-pyrrole wlizis pi2f :(21) Jlasd
(CH2Cly) ekl dpyolS” plaszsl o ((TLC) 3231 22kl WiLeglg SUI plasanly Jelid) puis 3310 o5
Okl ST st o dpaall LS palsns @ bl Bl das () Jald sy Jelidl JLsT day L cpdeS
255 ke o5 G5ty (H20) b)) Y5 Cadonill (MES04) psemsiall lippS Sl (i3 sn (CH2CL)
o e gl pedll LLEgleg S A dauly Lendt wn Yl eda da Ly e fasud (282 bis oF oA
w55 905 86 85 LSV Jie ¢ =W 3y . wdaS 8:2 dy (Hexane) 0S8l (Ethyl acetate) Sy <z
A g & Sasmse Lo Lol SLSll il Jafladd (asilay 35001 e 5938 <)o

N-aryl-pyrrole o\S} ail)) jaslad jasdes 35540 1 o)

13- Time  Yield IR (Cm™) MS ESI
Comp Arylamine
dicarbonyl (hrs) (%) C-N C=0 C=C (m/z)
85 Aniline 1.5-2h 87 1223 1654 1501 276.1379
86  Acetylacetone p-aminophenol 1.5-2h 89 1220 1665 1519 292.1334
87 p-bromoaniline  2-3h 90 1313 1654 1595 354.0488
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sl Joladl 3 tpianll Slpdad) TS W) plasaad Of L= (1 Jgdd 3 82450 el oda I e
@ DABCO J (il bladd) sl o 546l 5imees DABCO 3575 & M 1593,6 N-aryl-pyrrole <liziw
Segernell 4wl 3 Br 3 OH e <bgiSIW 22U Slegastl 1t Lol giledl ogbl o393 oy Jolid) s
87 586 LS OS¢ Jelid 290 o B 1Y)
(Pyrrole derivatives) Jgpd) Slisio jamd &39)Y1 dslsdl) aluseant 2.1

oany Jolidl byoh 3 ek we sl Hantzsch Je\& 39 Japd) Slizie jeamn o5k o Al Ll ode
) Jelie e adiz ] 3-dicarbonyls c\esag plasasly amel Olegomas” 359500 delsdl) pliseral Jre o5l
acetylacetone
&Ll Jelidt & (Nucleobases) i59yY1 4s\sdu Arylamine J\os) 1.2.1

e sd @ asyl aelsill abal Sl casad ([27-26] le 58T anlall 3 amsll ai Ll G
sdn 3 .22 bbsll 3 (Guanine) oslsts (Cytosine) sy (Adenine) oY) o (NHp) el isges
(Acetylacetone) yesd) Jaly «(2-bromoacetophenone) Osbsuwises -2 ao a9 dslydl Jeli psii WL
A OLE 3 (% 60 8> s die Slele 6 UL 5 G gl 3L S YL Jle Loy & i) 2BL) Dy 21 b
gV desez Jo g I (Schiff bases) i Aflg e bidr Sliie e oAbl eds 3 Lled
ket Jopdl iz o0 Yoy 90-88 (Azomethine imine)

Ade, Cyt or Gua Ade, Cyt or Gua

NH, leq NH,
0 AN o 0 AN
/ \ .’\\_—/J M (\\_’/J .
N 1& + leq ~N
O = )%N
.

Hzo, 60 oC ©)k/Br Hzo, 60 C ,\

leq Azomethine imines

s
2
A

88. 89 and 90
.Azomethine imines x2< :(22) Jalasl|

Lie s L) g G5 ey (el o sl 5) (TLC) 2230 aakal) Wil e gilag 87 izl felid) dnlie o
ol @ Bysh slely (Lond! S e sae sl oda Jos o S5 el B 5 E B B s

(2 dga) st Je %405 %77 %97 3535 905 89 88 S e famsd Laisis 3l 2> i (ELOH)
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0-88 Azomethine imine wlizik 35S\ 5 350540 asladly 39311 .2 Jgdd

Comp 1,3-dicarbonyl Nucleobase Time (hrs) Yield (%) m.p. (°C)

88 Adenine 5-6h 97 271-273
89 Acetylacetone Cytosine 5-6h 77 196-198
90 Guanine 5-6h 40 >300

90-88 LS, el ddlall jailadl dulys

el o aas) e 2l ikl Lodl Gb Ledsnl (90-88) a2 oSl a5l Sl Al s
(PCNMR) 0550 b liahd 953 05 Mly (("H NMR) Uil pboliall 593! )1 ((IR)
L oland a3 Jgad) 90-88 52t eVl wlinal slad) o axaV) OLbT gl ielpedl o dasY)
(C=0) s S oIy tols olaml du 3905 1) BLYL NH i)y olizsl oo 3815 (3038-3318 cm™)
e jegh LS5 (als Lo sdle .89 5 90 nSM e IS 2 1676 cmls 1662 cm! sgd= 3 Yl dsgasdt
(Schiff as sasb Sis 5% & (C=N) (Imine) o) 2ab sl aols (1558-1609 cm) Jdi (3 355 ol

.bases)

90-88 Lol (Schiff bases) Cius s\l ehad! of dxsY) ddllas 3.3 Jgu!

Compound N-H Cc=0 C=N C-Br

”-; 88 3038 - 1593 646
&

v 89 3063 1676 1609 685
—

90 3318-3059 1662 1558 686

oSk ('H NMR) 0ggll wbliadl ool o)l OLbl il JUE I n i mbliddl (991 03 )
LS i dladl) 15Le Sl drnall e STWI LSk 4 Jgddt (3 53551 90-88 (Azomethine imine)

Azomethine <\izil ("HNMR) Oggnl obliall 599l (3l asllas o5 .4 Jgudr!

"HNMR (: ppm)

Comp
NH H'Ar CH:Npurlne CH:CHe[hylenlc CHZ-BI'
88 8.13 (s, IH)  7.62-7.74 (s, IH)  7.31 (s, 1H) - 5.88 (s, 2H)
7.99 (d, 2H), 7.42 5.68 (d, 1H),
89 11.62 (s, 1H - 5.23 (s, 2H)
= (s, 1H) (m, 3H) 6.62 (d, 1H)
12.33 (s, IH
90 (s, 1H), 6.67 (s, 1H) 2.38 (s, 3H) - 2.06 (s, 3H)

= 10.52 (s, 1H)
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AU eVl sery LS (21 K1 (3 o5l 88 Stll 'TH NMR i Slies
dos)) wil> 3 (NH) asgestl Ogign J&8 (8.13 ppm) s 3)La) 259 =
(5H) i a5 gal SUgigp awls (7.62-7.74 ppm) ox L (Multiplet) ssaxwe 3,Ls jsebs  —
.(5.88 ppm) e (Singlet) 2o\~ 3Ls| JKa e ehs (Br) agpl ) 2as b (-CHa-) cokil) desestl -
ab 38.1.fid o L6500
2
SERRERRRRREEREERaE R i 6000
| o e e e — 17 (m) ‘15,16,18,19 (m) | 28 (s)
7.74 7.62 7.31
5500
BEREEEEMMA BB3LEE3 &
YN Ve I 5000
/Ay 4500
15,16,18,19 (m) ' g 1 I
‘ 762 r ; , ; ] e 000
7.80 7.75 7.7C 7.65 7.60 7.35 7.30 7.2
17 () 13(s) f1 (ppm) 1 (ppm) f1 (ppm) L3s00
7.74 5/s8
7 (s) 2,8(s) 7 3000
8.13 7.31 1|5\/1 %T,
13\ %15 =2500
|
| N/‘\B/‘?f 2000
113
/\ll/‘\? F1500
N I
'}'H/_\‘N/‘ 1000
A1 500
0 L .
|k A *r'
DL R
(=] (=38 ] — 500
1.0 8?5 8.0 7.‘5 7:0 675 6?0 5:5 S‘ID 4?5 4:0 3:5 3:0 275 2?0 1:5 I‘IO DTS 0?0

f1 {ppm)

.(300 MHz; DMSO-45, 8 ppm) 88 «S;all "H NMR owblisd! (s59dl i ) Lo 2(21) JS&0

s B La>3s 22 JSedt 55 Jgudt (3 8350l (PCNMR) 13-05, W oblia) (a5l ) BLLY 2l Lol

{(90-88) sty il il Aad M a1 a1 ol il S5 AS 88

90-88 Azomethine imine <\izzd (PC NMR) 055U b i) (a5l ()1 A3llas 03,5 Joudr!

Comp 13C NMR (8: ppm)
88 49 .88, 156.45, 134.72, 134.60, 129.52, 128.59, 152.97, 150.42, 142.11, 150.42
89 30.47, 146.54, 130.32, 129.15, 128.49, 128.29, 147.19, 134.02, 108.23, 146.58
33.14, 128.73, 134.84, 129.59, 129.38, 128.42, 136.74, 133.63, 134.51, 126.76,
129.12
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t eSS ods ol WYl e sk LoxD6 22 JSKadly § Jgidr) Jadd) 3 Basm skl el SN e
(C=N) 2V desams dag Ll Sp? nmgd) ld 0,5 3,5 ) 3505 (128.73-156.45 ppm) ) e 5,3 —
. (128.29-134.84 ppm) Ji£ & Juud) Slesesdt 0 S @l wlla] gl -

P> nmd b 0 S 5,5 G (<CH2-Br) assest! ) 5405 (30-50ppm) I 3 651 5)Lal 5429 a5 —

1BF36.75.fid

I 75000
0000000
2223323828
Z=Z=Z=ZzZ=Z = [
8885543
259 a R8 33 8 O NONT ©©o 70000
onN o o Y 0 0 @ Nwoa > M
$H8 ¢ ¥5 8% @ dodcdaag
Bnq T 2238 = CECEEF PR t
/AN Y/ g | SN | 65000
i i
s I 60000
19\12/1.:
1‘ . I 55000
l\/ 1\13/ 14 r
I 50000
V2 5/\ N L
I i 45000
N L
N N F t
! 3 - 40000
16.18 (s) L
128.59
I 35000
4.6 (s) 12 (s) L
152.97 134.72
I 30000
11 (s) 8 (s) 15.19 (s)|| 5 (s) 13 (s) L
156.45 142.11| | 129.53 | 118.82 49.88
- 25000
2 (s) 17 (s)
150.42 134.60) | 20000
I 15000
I 10000
! I | I 5000
| | | ',
I--5000
T T T T T T T T T T T T T T T T T T T
90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

.(75 MHz; DMSO-4s, 8 ppm) 88 S5l BC NMR b liadl (g5l i)l i £(22) JS20

Js=3 pde 255 3 (90-88 —lsWL aslh) (PC NMR 5 'H NMR IR) &ikl olbadl e il

& SSH s ol (C=0) Josp Sl dssez Ol Vs clis 5 I ods & Hantzsch Js\& & acetylacetone
JWby el OlE 3 Japd) 2l S25 pde 05k L osas THNMR ik 3 (CH3) i) 2ese2 Olé 5 IR i
k5SS (2-bromoacetophenone) s sisisss -2 & el wlwlS (Nucleobases) isg) aslsdll Jelas

(90-88) (Schiff bases) i 4513 Jo |amud

260 5= dmp> die) Wle 5)S0 Leladl by s dms O acetylacetone ) Je\is pas OF Jazdl o
(Enolization) <NsxY\ [Sas I o 1,3-dicarbonyles 5,6 1) x+) 1is 38 o= (DABCO il Cléy

T2 60 — 5uills 34 Byl Crmdll 5 Jlas) 4 BLAYL e S e el 2i ks Jelis gl
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a 3Ly Sl

35 89 <) Gl sl AL ¥l alaly 3 (C=0) oS dssadt aafSV) ol g 5T e oo
Slegat 3 ool 83 e a5 SV B W 41 oo b sng gy ¥1 aslydll (3 a5 gx Y1 2l e e (90
Jelall alexdt 2 V) OB (oDl 3, ikl Sl I e ovg3es Jelid) 2o Wi I 35 & (NHR) FRWAN[

(o/—\ leq
N—.

~ .
Br + HzN 4< /,l
leq Ade, Cyt or Gua
Br SN
N X
N
</N W
H N

88: N-(2-bromo-1-
phenylethylidene)-9H -purin-6-
amine

H,0, 60 C°

reflux 5-6h

Br SN

]
N/[%O
H
89: N-(2-bromo-1-

phenylethylidene)-/H-
pyrimidin-2-one-4-amine

HO. (\N/

S

AW 23 Blasdl (s 0SS

Br

= Hzo

O
N

NH
&l
<§ N/)\ N7 Br

90: N-(2-bromo-1-
phenylethylidene)-/H -purin-
6(9H)-one-2-amine

90-88 SLSM Lo sl amsall Lelidl 27 :(23) dalasel

—
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Sodium diethyl oxalacetate p\\s) 2.2.1

ps3gall Sl NS ) S8 dauls (Acetylacetone) Syl Jomel Jldzul psi Ggw B oda (3
(24 Lalesll) oSV suse Hantzsch Js\s & (Sodium diethyl oxalacetate)
2-) Ogdyanlynsn=2 as (Sodium diethyl oxalacetate) pu>sa) SLS al Sz g
521 e (5 mol%) 3529 & (Guanine s «Cytosine Adenine) iss)N) saslily (bromoacetophenone
M olele 8 U 7 e b 7ol 8tk Sl Y e ©p 110 3> 2> ) mpll 5 S5 am . (0daS™ Wy DABCO
QU 24 L) (3 e felid)

leq
0 o@ Na " - N
Eto)%( OEt N
leq © + 0 . N i
NH, DABCO, 110 C° //‘%N ©
SN i .. ,’l
':\ /,l Pyrimidine- and purine-ligated pyrrole
; eq 91,92 and 93
Ade, Cyt or Gua

.Hantzsch Js\& > Pyrimidine- and purine-ligated pyrrole 2% :(24) lalsd
Lldi spy (3 am bl o clins) g (TLC) aad ) aidl) L) gilag S7 plasuanl Jolid) ol a5 o2
sy Il o Jas (3 S b5k sy et b b oz jhaae anl ol W JSCaas a3 ays U] oS
Pyrimidine- and purine- <SS Je Ja=xs iz §)> i>)> Lo (Ethanol/water (50:50)) 50:50 dww

5 Wbl Latladly Leds Lol mSlll L L) s %745 %36 %23 3335 935 92 91 ligated pyrrole
6 J9ud) (3 imgs LSl

.93-91 Pyrimidine- and purine-ligated pyrrole <lizil a5l Sy 25440 afladl .6 Jgds!

Comp dica];Z(-)nyl Nucleobase  Time (hrs)  Yield (%0) m.p. (°C) MS ESI (m/z)
91 Sodium Adenine 7-8h 23 274-276 406.1506
92 diethyl Cytosine 7-8h 36 224-226 382.1406
93 oxaloacetate Guanine 7-8h 74 298-300 422.1457
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93-91 LSyl dddall ailadt dulys

el o Aaa Y oo diled) i) Lodl Sl il apas Ll @) 9391 LS e B2l &
(PCNMR) 058U bliall (59531 i) o('HNMR) @bgigpl ewbliall 59531 i) (IR)

(7 Jgad1) 9391 5,281 Jynll Aol ppsnlly ol el shpo) f 2as¥) SLLT olss sslpadt o G
il Jo dols plamsl e 3gry I BLoYL N-H abl, olilzal w315 (3093-3318 cm') ke oluanel o
1697 5 1670 cm™ >pu> & 4uYl dssasty 1739 cm™ 5 1690 cm™ spi> & 7ol 550 (C=0) 2k S
J&1 3 (CN) 2y (C=C) sl sl dols aum gl 2lls e 50 .92 593 (oSW o+ JS ¢ om!
455 (C-0) s I aols 5l iupm glas LS gl il 3 535250 (1302-1373 em™) 5 (1467-1613 cm™)

(1180-1222 cm™") Judt

9391 sl Gl adl oF dasYl dillas o3 .7 Jgus

Comp bt 92 93
N-H 3093 3353 3107-3318
= C=0ester 1692 1739 1690
g C=0anmia - 1697 1670
= Cc=C 1569 1613 1467
C-N 1302 1369 1373
C-0 1222 1215-1180 1208

ool SUizil (THNMR) 083l) blial) (spsdl Gt BT ils LS I35 n gl (9901 o 0

Bl Sl iy bad 3 cple 3125 524 23 KA1 (3 dessl (9391) Jopdl dag M sl

SIS B4 ppgla 23 JKH 3 s 5 LS 91 Sl (THNMR) 0553 blill 5381 (550 i jon

N

> 2 (NH) asses (1H) JdopsY) Osige L 255 (9.22 ppm) 2NV e (Singlet) 35,40 3] jelas -
o)

5 ) Oy (Singler) o\ 3s] (Ss e ¢l (8.52 ppm)y (7.99 ppm) =Y} dis OB,LEL 59y -
(I8l b)) sl 28 (3 (CH=N) g0 2l L3 M (1H)

Joid 32l 3 (SH) I 255 (7.53 ppm) 201w (Multiple) ssaaze ol\3) ghs -

.(6.16 ppm) &Y s (Simgler) wol-T 8] (S s el Jynd) 2ald (CH) 550 H 0gisn)l -
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«(4.03-3.99 ppm) =N\ Lo (Quadruplet) i, 3La) S Js (0-CHa-CH3z) oMl cbigs, ol -
> e (Triplet) w5 sla) 1Ko Jo e aabdl akgll (O-CH2-CH3) Jid) wbgsy el L
.(0.86, 1.06 ppm)

1ABO-12 NEDJEMLI.10.fid 85 8
=z X =
aaqa 3000000
o~ NOWNMT MMM ~N o nmanNN-—SO0O0OQ — O NOLWLN WM
N N G 10 0 0 L0 Ln = QeeQQoQQa wuwLn Qe QR ®X®
(o)} ONNNNNN O O T IFFT T NN - - - 00O
| [ e e ~ e — =
n<ocmmm MmaoaNNNO O ~N O 1 N N <
o 19— 1w ceceaQQ e g ®®a
1“ / ZCUH3 NNNNN <+ < < T - OOOo 2500000
—o0 — = S ~I~ ~I~
18
13— 12
27— 26 // \\ , CH, 19, 23 (m)
/N _ 4 N2 4.01 24 (t 20 (d)
5 \N/ ;] 1.06 0.85
_/ o \
20730 K o ! 2000000
25
vy ‘ | .
i
N
TSN - J e B
3 = T UL T BT 1\0 dQNdS
76 575 4.10 4.05 4.00 3.95 11 9 O- | 1500000
f1 (ppm) f1 (ppm) 1 (ppm)

2(s)|| 8(s) 20 (t)
8.52(| 7.99 0.86
7 (s) 26, 27, 2%, 29, 30 (m)| 13 (s) 24 ()|
4.01 1.06 L 1000000

9.22 .53 6.16
[ { 500000

13.722 bomem -
| -

(k

—

I

|

A |

N T S &z dd

o) € o - < © N

— — — N — N ™M
T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0 0.5

f1 (ppm)
.(600 MHz; DMSO-45, 8 ppm) 91 <S5l "H NMR 5553l orebliall o)) Ca :(23) JSCad

(11.63 ppm) s (Singlet) ws\=1 3] wla>s (24 JSKad1) 92 Sl b LAl gadl i) b 3

7.67-) I & (Multiplet) ssaxee sl @b Loy (mknd) @il> 3 (NH) indnY) 255t (1H) I 590

(6.81 ppm) s (Singlet) ws\> alz] Ko e o)lal Cabll bl LS. Lad) Sbgyy U dgwis (7.48 ppm

AT Rl ] ) BLAYL (el 4l ¢ (CH=CH) csht)) 252 (2H) coisz J) 0155 (6.63 ppm) s

sadate i) gl (23 Lo sdle gl 2l (CH) dssagt (1H) ) 2955 (5.24 ppm) a~1)Y) e (Singler)

(2CHz) oMkl s g2 Sbgisy I Lguie (1.16 ppm) iKY ks 515 (4.06 ppm) 21N\ wus (Multiplets)
5 s ¥ 1k (2CH3) Jesby
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o000
[ayaya)
Hog R R B R E LR P F b L E e EE T P S EE I RPN P S
4 MR GG M drdddrrrrTmMmmmM MMM AN AN SHE5385535233333333 3200
‘ N L N P S S S S S L TR | S S S G P S I R R
e PR
13,14,15,16,17 (m 20 (d) 19 (d) FETTLTLLT T T 0 3000
HiC 7.58 6.63 "
N 6.81
T 2800
/ 833 3R] 3 3 3 8 25,26 (m)
g\ ! RN 2 2 ‘ ‘ 126
/b/g PN N \ \ : I 2600
|
5 o—2s —_ A !
‘ A VAR | I 2400
R CH; | Il
/ \\ 28 |
1 ~ | [
14/ 3§|\2/ ’;‘\ ? — 2200
w 0 H
| =y s - < 2000
"\‘6/17 W/ A T T T T T T 71— T T T T T T T |7 T T T
\ =0 7.7 7.6 7.5 7.4 684 6.82 6.80 678 6.66 6.64 6.62 6.60 (44 4.2 4.0 3.8
LA f1 (ppm) f1 (ppm) f1 (ppm) f1 (ppm) 1800
2t 19 (d)
6.63 I 1600
21 (s) 20 (d) 1(s) 25,26 (m) 27,28 (m) L 1400
11.63 6.81 5.24 4.06 1.16
1200
13,14,15,16,17 (m)
758
p 1000
800
/ I 600
/
f 400
| m 200
\r')g |
J JL ¥ K\ o
Fo
A T ad T i) 1
A E N 3 s S [ -200
3 e 2 3 ; @
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)

.(300 MHz; DMSO-45, 8 ppm) 92 <57l "TH NMR (595! meblisdl o)1 Gl 2(24) JS&0

e S s Bl W) e 2 25 JSCI 8 eosll ("H NMR) Cal oz (93 Sl 2l

Jos) sil> 3 (NH) cmesestl SUgsp 03E 8 ppmy 10.55 ppm s (Singlet) sl )Ll sy —
) e ety

) degast) SUgign dols (7.60-7.53 ppm) o (Multiplet) 83aax 330 jses

Jodl adl> 3 (CH) asge! 05 aols (6.08 ppm) s (Singlet) wsl>T5ls) -

W o) Ko Je (COOCH2-CHs) oMadl 5 ikl zeseoms 2okl ohLaY) sy L35 (25 L) 8Lo] -

A e (4.22 ppm) 5 (0.85-1.07 ppm) s (Quadruplet) a5y, s (Triplet)
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T T T T T T T T T
12,5 12.0 115 11.0 10.5 10.0 9.5 9.0 85

1AB16.1.fid 29499 2000
1AB16 35daa
1H 3 cwawuon @ NTMNOO®ON awd oy onwtnwLN 1900
S SQmininin S NNNNA = coiliinm LR
— ONNNNMN o T NN NN —---0O0O0o
[ | SN [ ==\ N i 1800
7(s) 8(s) 22,23 (m) 26 (t) L1700
o A 10.55 7.68 4.22 1.07
if I 2 g SSEPEEER 98 [ 1600
N NG ° ~ FEEEEEEE g
\ /‘ 15 1 "
’;‘H/\N/KN/ N, N 1400
3 1
!2§13/ +1300
7N e g g ;
\ =0 2 3 < - 1200
o / 24 T T T T UL UL L f T T T T
Jn 0 10.62 10.53 770 7.65 430 425 420 4.5 115 110 1.05 1.00 0.9 0.8
\ A\, f1 (ppm) f1 (ppm) f1 (ppm) f1 (ppm) f1 (ppm) 1100
CHy
25 szcs 1000
900
27,28,29,30,31 (m) 25 () 800
7}57 0.85
7 (s) 14 (s) 22,23 (m) 26 (1) 700
10.55 6.08 122 1.07
600
500
Ve [ 400
f ( 300
| \\
| I
200
100
|
A Fo
IS - = S < o o
T
8.

T T
0 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05
f1 (ppm)

.(300 MHz; DMSO-45, 8 ppm) 93 <S5l "HNMR 5953 cibliall o)) o 1(25) S

sodium — acetylacetone Jlazs| L 66 9391 LS aslh) ("H NMR ¢IR) ddkll wlball Js 5L
K5 b= (H20) sW 5 DABCO 32 o (5 mol%) >s=5 & Hantzsch \s\s & diethyl oxalacetate
sst & (Pyrimidine- and purine-ligated pyrrole derivatives) Jsndb dagll nysdls cpdapedl olizio

opd) il 0 352 w5l 3l zopes o
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: LW 25 Lalaslt oo 0SS Pyrimidine- and purine-ligated pyrrole <lisie K25 Jelid alazdl 2N

Ade, Cyt, or Gua

-

1 J
leq A\I eqﬁ X o o .‘ IL
+ N / 1
Br INT )Oj\c/j)\ “ RO COZEt “
(0] DABCO Br o EtO CO,Et NHZ
_—
o o —
EtO CO,Et
EtO CO,Et CO,Et -
Con o
\ - H20 + Ne
\)/ NH2\</ \\‘
Rearrangement
0 D
EtO COoEl
N N O
. \(/ . - H,O
) - L()zEt - -

9391 LSl il Jelish 27 1(25) dalasel
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9 Hantzsch <Ye& > Bis-dioxopyrroles s Bis-pyrroles <\iviv p2s |11
Biginelli
Hantzsch Js\s o 8| Bis-pyrroles o\iie pas 111

5004 9594 Bis-pyrroles <Uzis yas=d Hantzsch Jels plasnl (Ss dill gl e slael
p- LS vty V) deldll o aplaall bl Jlacel s 26 Ll 3 asgall el sy (LIS
3 oo blae (NH2) ool et Jo st oNelineS” 4,4 diaminodiphenyl sulfone ol phenylenediamine
para g3
Sodium ) py3gal Sl VLS il S 0 (2 €q) bodswanl o Hantzsch (o5 & ooz el 23 ods 3
p- o (1 eq) & (2-bromoacetophenone) Ogidsrnlsss =2 (2 eq) s (diethyl oxalacetate
Ol e sasls ol HCL o 2™ AE sy 3 4,4-diaminodiphenyl sulfone o phenylenediamine
(ACONa) 352l

1eq o
EtO EtO
H2N~®—NH2, 2HCI
— ~ O

- N N

‘ ACONa, ACOH 117C° O ~
OEt
OEt g
94

Br
COOEt 0
(@) oo
Na -+ leq
O OEt o 0 O\\ //O
2eq 2eq \\S// S EtO o
H,N NH, 4 N N N\
o —_— — O
HCI, EtOH 90 C° OEt
(0]
(0]
OEt 95

Hantzsch Js\& > Bis-pyrroles olizis w2 :(26) dalasd
s e Jolid) JLst e oblelid) o sliss) g Sl o o JoleY) @ o) e YL el s s
wie (H3PO3) Sloppiesd) o oo s sy 8] oo Sl 1) U1 U1 i & slal) 8141 s 1) e
coedaS Y plasal
Pl S 30k Bale] sl Ay e sae OLSAly (UL Akl B3 bt o i Wl Sl ) ey
3935 95 5 94 Bis-pyrroles wlinis s Uiams iaisus 3> i Ls (50:50) Gy sWy Jpled) o e

8 s (3 imosn 9594 LSl 0LyS my3g Lelid) miy 3930 %77 5 %54
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9594 Bis-pyrroles lizid 5L Sly 3505400 jo5lad) 8 Jgdd)

Comp Aryldiamine Catalyst  Time (hrs)  Yield%  m.p. (°C)
94 p-phenylenediamine ACONa 5h 54 143-145
95 4,4'-diaminodiphenylsulfone HCl 5h 77 205-207

9594 <LS el ddkll ailadt dulys

(IR) shodl o aas) o 2ddall Pdl clr] ¢ (9594) 502 LSl il gl e il
(PCNMR) 5 ("HNMR) bl mbliall (555l 05l
oo 35 9594 502 Sl S S SR Je Bis-pyrroles lizil cled) of 2228 OB 2l ST
1696-1722 ) JU1 3 & jolasel dup gz Lams o 9 gl (3 moge 98 LS 818 olianel o> j5gb JD
(C-N) dasl b 2ol (1296-1347 em™) J1 3 5T g o) a0 (C=0) 3k, S alasl Jb dols (cm!
3 (S02) Josihe dogadtl cmols 1356 cm'y 1146 cm! s jolamal zai 39mg £ ) BLEYL L Jgpll aald

B2zl 95 CSL

9594 LS Gl ol o) o f aasY) ddlks 139 Jgus

- Comp C=0 c=C C-N SO;
E 94 1701-1676 1600-1516 1347 -
= 95 1722-1676 1596-1490 1296 1356-1146

DLl b liall (595l i) BT ldans s 0 95 5 94 Sl dladll gl Jo Cad) f LS
275 26 K2 3 moge 92 LS «("HNMR)
rohaYl e sas sy Lo 26 SIS (3 25l 94 Sl (TH NMR) eblisdl sosd) ) ke Vs o
‘o= (7.99 ppm)s (7.97 ppm) (7.95 ppm) «(7.93 ppm) <=\ we (Doublet) i ohls) -
Joedll Ao gastl SUgigy
Job el L 5l dols Sbgsy 10 s (7.62-7.72 ppm) o (Multiplet) ssaazs 330~
.(6.38 ppm) 5 (6.50 ppm) 2=\ s (Singlets) sl c)ls Ko s ey (CH) Jppd) 3l 059 -
KKa Je (4.62-4.79 ppm) Ji1 wie ks (COOCH2-CH3) oY) e gorms 2old) CHa 0Miten olegasdl -
(4CH3) Jetd) Slesems dols o)lsl b Ly 33} U Sbggp 4 oS (Quadruplet) sssly o))

.(1.24 ppm) 5 (0.79-0.91 ppm) J#\ ks (Triplet) cuxdds c)ls) JKo Jo ohas 3
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9000000
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4.72 - - 7000000
f |
: | I 6000000
N~
O N 0 0
‘_i v_; : . — . r T gr T T -
T T T T T T T T T T T T T — |-
8.00 o 7.95 790 77 768 7.64 7.60 4.8 3.7 4.6 128 24| 120 1O :‘!&0-3 0.6 5000000
(ppm) 1 (ppm) f1 (ppm) f1 (ppm (ppm)
6 (d)
CHy 7.93 4000000
R £ " 3(d) 10 (s) 34, 48 (1)
/ N \O e 7.97 6.38 1.24
P /2 O
= O==a % 23,22, 21, 20, 19, P4, 25, 26, 27, 28 (m)| 37, 43, 33, 47 (M) 38, 44 (m) I 3000000
/ . \ N0 .67 4.72 0.85
o
RN T
—{ TN 14 (s)
e /® .y & 6.50 I 2000000
Os 16 e /
42 40 \
se=g ws%m\
/ P / 23
7 S\ £ ) ’ I 1000000
\ \r S 2 ‘
e 4 ol
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T o ~N ~ —
- N b6
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1 (ppm)

.(600 MHz; DMSO-45, 8 ppm) 94 57l 'TH NMR  bliall (595l o)) L :(26) JSCE)

a2 sy B 27 JSEN 3 ol 95 (Sl ('HNMR) blislt o3 (55 i 55 o
L cells ) Blo] | L)) olegaz Olgign dels (7.42-7.69ppm) s (7.81-8.15 ppm) o (Multiplets)
LS Jgpdl gilk (CH) cmisged) (iginn aols (6.76 ppm) s (7.14 ppm) e (Singlets) sl o5)Lsl 59
3Ls) LI (COOCH2-CH3) sl aabssll (4CH3) ikl wlegams dols (Triplets) cuwd M o)lal ey L
LU Sy ol oolal e e (3.14-3.59 ppm) J we gl (ACH2) il wlesas Slgy,
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.(300 MHz; DMSO-45, 8 ppm) 95 53l 'TH NMR  bliall (595l o)l L :(27) JSCE00
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AW 27 Lalasd) s elid ezt 2 JY)

OEt

OEt s
U o OEt
OEt ©
,,,,,,,,,,,,,,,,,,,,,, ‘ o 0
2eq } OEt
o (ONS ‘
C : Rearrangement
%
EtO COOEt
Br
E/S)
2eq

- 2H,0

Bis-pyrroles ~
94-95

95 594 SN e Jsasd) 1l V) 1(27) dalesd
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St

"ELLL\) Gn

Bis-dioxopyrrolidines <\iivs pi2f 211

Bis-dioxopyrrolidines «\iwis x2é S5 ([2928] amludl clal,ull 3 5,500 a5kl e Ilas!

Lisdl dldzel o2 Eo Biginelli Jelis bga Je di bl ods des .28 lalasd) 3 mos s LS (104-96)

p- ©Se Joe para @ & (NH2) ol 38502 Ao d & arylamines dyfes)) ol dauly (Urea)

12— e agldl ol SE oleges s 4,4'-diaminodiphenyl sulfone s phenylenediamine

.MelinsS” [, 6-hexamethylenediamine s ethylenediamine

o (2 eq)s «(Sodium diethyl oxalacetate) psi>sall VLSS Ll SE e (2 eq) Ledsaanl Jelid) s 3

D-) Skl Y SE o (1 eq) o (Vanilline o Salicylaldehyde «Benzaldehyde) | sjos)) aadl¥)

1,6- o 1,2-ethylenediamine) 3WN) ol S o (4,4'-diaminodiphenyl sulfone s phenylenediamine

(ACONa) o s1e6 ol HCI [ 22 a2 5929 & (hexamethylenediamine

(6]

(6]

R,
leq Ry
o) EtO
H,N ONHZ, 2HCI HO
0
> | N N
EtO
ACONa, ACOH/ 117C° OH
e} O
R,
96: R,= H, Ry= H, Ry=H
R} 97: R,= H, R,= OMe, Ry= OH
Ry 98: R,= OH, R,= H,R;=H
o) leq Ry
COOEt
. R Q0 R
©o® ! g
ot L v
OEt R, H,N NH, EO
R, >
2eq \
2eq HCI, EtOH/ 90C° 0
R;=H,R,=H,Ry=H HO
R,=OH, R,=H, Ry=H
R,=H, R,= OMe, Ry= OH
99: R = H, R,= H, Ry=H
R, 100: R,=H, R,= OMe, Ry= OH
101: R = OH, R,= H, R;=H
R,
leq o OH
NH, R OEt
HNT ™M ors El(‘) I
- N/\M/n 0
HCI, EtOH/90C o R,
HO 0
R2
R;
102: R = H, Ry= H, R;=H
103: R=H, R,= OMe, R;= OH
104:R,=H,R,=H,Ry=H

.104-99 Biginelli Js\& > Bis-dioxopyrrolidines olizis 2t :(28) laksd)
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Mol e i) g el o o JelY) 3 (Slele 6 53 oo ) 2 mo SVL Jelidl Lads e
Ly 1) U s Caai & a8 al) 3L s ) Ll sy el JLesT wis (TLC plissaels ol a5 daylse)
&> (H3POs) Elypsingdl) o o ollad Blo] (it (deS” Jol)) plisunl - 3 580 U LM o pid

W CSM s S pH= 2
COlmn ) syosdl pslss il ialy A Ham pE F ol (SN Jad midl il g
s3le) dawlyy 51 «(99:1) 2 (MeOH) Jsitidly (CH2Cla) Clingysls™ S o L plusauls (chromatography
Bis-dioxopyrrolidines «\izk jleaiV) iz sy |elidl o)y 3930 daisis 3> Olrys die JgluY) pldsanl 85k

0 Jgud) (3 5542 104-96 14U

.104-96 Bis-dioxopyrrolidines <\izil leaiN dmyss |elid) g 5930 .10 Jgud:!

Comp Diamine Aldehyd Catalyst Time (h) Yield% m.p. (°C)
96 Benzaldehyde =~ ACONa 5.5 4442 123-125
97 HzN@‘NHz, 2HCI Vanilline ACONa 5 502 184-186
98 Salicylaldehyde ~ACONa 5.7 642 186-189
99 A Benzaldehyde HCl 4.5 61" 95-97
100 O/ \CL Vanilline HCI 52 820  134-136
S 101 N NH, galicylaldehyde ~ HCI 5 E 199-201
102 NH Benzaldehyde HCI 3.5 49b 149-151
103 BN Vanilline HCI 4 320 137-139
104 N Benzaldehyde ~ HCI 3 28b  159-161

@: Acetic acid / ®: Ethanol

10496 <LSyll dilall jailad) dulys

G ibuly (10496) ooy Wi J Bis-dioxopyrrolidines < liwid e e o Rtacipy
("HNMR) ©bsigll cobliall 5ol )1 5 (IR) shpakl of 2es¥ plisenal el Lt
Jo! 3 il (104-96) Bis-dioxopyrrolidines Uizl oot o ixs) ULl o bl 1ol of daaY)
9y LS LS gVl desed (C=0) Jos, S dy aols (1633-1746 con™!) W1 (3 &8 ol e (11
@ plam) o dems ¢ 023 L) BLs) (1258-1369 cm™) i) aie (C-N) daly 2wl 51 olianel daj
(101 5 100 99) =S 3 (SO,) lisiku) isgams aols (1146-1163 cm™) 5 (1328-1362 cm™!) )\
(2916-3436 cm!) ) wis elas (OH) oSy il olsgast acdly Lol
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10496 LM il clad) o aas) adlhe o3 11 Jgid!
Comp OH C=0 Cc=C C-N-C SO;
96 3065-2916 1679-1743 1499-1606 1361 -
97 3324-3153 1698-1719 1519-1600 1361 -
98 3310-3150 1666-1709 1510-1617 1369 -
'g 99 3301-3088 1700-1746 1453-1605 1285 1163-1328
:’ 100  3377-3206 1682-1725 1554-1629 1309 1149-1362
- 101 3436-3184 1676-1708 1500-1596 1275 1146-1361
102 3331 1690-1711 1450-1610 1258 -
103 3335 1662-1715 1516-1610 1272 -
104 3290 1633-1697 1500-1558 1308 -
S Aol Bslal pl i 39y ASh (28 SIS (3 ol 101 (S TR i Sl
100 —
g
&
'_

o ; 3 : i , i ; ; ; T ; i : r
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

101 CSUIR shedt of axsY1 (b 1(28) S

Biginelli Jsus & 505iS (ACO™ Na') ps3sall liwl plisizal @ (10 Jgid! (3 Goeioshl mils S5 0

14- Joln oJoldl la 3 (101 5 100 99) oASe & ki iipr s s ol o

45 4130 o b 7ol 34k (ACO™ Na') pssgall il 0 (2 €q) o phenylenediamine dihydrochloride
Lie ll e die kST (NCI) pgesgeal) L91Sy (ACOH) i) i aie iy U (3,30l 3 Bomys is 226

@Y sl 3y cle i o we (Imine) o8Y) i chall ol s (2 eq) BLa| a0 %p117
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=99 <Ll 28I (Sodium diethyl oxalacetate ) pu3sa) SeNLS) LYl S o0 (2 0q) o L))
29 bl 3 o 52 LS (101

R,

ZT

NH, , 2HCI

Y
NH, R; OH R,
ACOH/ 2eq ACONa R3 R, OH R,
=+ _—
R2
NH, R,

30-45 min
NH,
2NaCl + 2ACOH

1eq 2eq

- 2H,0

Cyclization
R,
R, 0
(¢}
O
R; N
¢}
0 \\ Rearrangement
N R < -
/O o
O Ry
R,

96: R,=H,Ry=H,R;=H
97: R,= OH, Ry= OMe, Ry;=H
98: R,=H, Ry= H, R;= OH

.98-96 Bis-dioxopyrrolidines (S a=zall Lelad) 27 :(29) Jalasell
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Pyrrolofa-1,2]benzimidazoles “\iziw pi2t 3.1

o Y (1,2-phenylenediamine derivatives) cwdl S oakid 8l LS pisas AU oda 8
Agldhashll 3 8,553 (1,4-phenylenediamine derivatives) <\S .
Jelis 30 klesl) 8 ose 52 LS (116-105) Pyrrolofa-1,2]benzimidazole <\S}k sadx Slizis pad o
ps3pall Sl VLS Wkl S e (vanilline s salicylaldehyde <benzaldehyde) s i)
2 deme oS JeY 3 (1,4-phenylenediamine derivatives <\Syy (Sodium diethyl oxalacetate)
P) hisile sl jan o (SSA) S S 2a (NHACI) p35503) 2slS™ (HCI) comgptibl sl
L2 90 5> B3 o lele 8 53 Ly ol 3k SV e el Lo et o LR zisaS” (TSOH

R,
COOEt R, R, N
o OH
Na R; EtOH, Catalyst

0~ "OEt +
[0) H Reflux
leq 7
H,N NH, 1 eq
Q Pyrrolo-benztmldazole

:R;=H,R,=H,R;=H,R,=H,Rs=H
: R,= H, Ry= H, R;= H, R,= H, Rs= CH,

: R,= H, R,= H, R;= OH, R,= H, Rs= CH,

: R,= H, R,= H, R;= H, R,= COOH, Rs=H
R,= OH, R,= OMe, Ry= H, R,= COOH, Rs=H
R,=H,R,=H,Ry=H,R,= Cl, Ry=Cl
R,=H, R,= H, Ry= OH, R,= Cl, Rs=Cl
R,=H, R,=H, Ry=H, R,=NO,, R;=H

: R,= H, R,= H, R;= H, R,= H, Rs= NO,

: R,= H, R,= H, R;= OH, R,=NO,, Rs=H

: R,=H, R,=H, Ry=H, R,=H, Rs=Cl

: R,=H, Ry= H, Ry= OH, R,= H, Rs=Cl

=
£

z
[
>
N

e
=
=2

—
[¢]
k=)
ek
=3
~

oy
=
o]

Ik
=
N4

ol
[ (S =
N = |

[y
(-
]

)
oy
£

)
3
U

)
(-
=)

.116-105 Pyrrolofa-1,2]benzimidazole lizis ni2f :(30) Jalasl

Qo (e lelad) mea slisl) Jelad olgz) e (TLC) 23 aakell Lol egileg S aliseinl Jolidl ol dnle o
s PH=2 3= (H3POu) Syppisdll 2 o s s b)) 51 oW Caias ¢ 301 5 2y 1) Lacld
W s

SE o s plasanl (Silica gel column) ssenl) Ll 2gles 87 plasanly anis sy & e il W) ol )l Lk
(H20) sWy (EtOH) JsleYl & 85k 83ls) b oo ol ((99:1) i (MeOH) Jsledly (CH2Clp) Oltpesls”
116105 LSl a5keSdly abpdl jatladly Lds Joadl & &)l oilall dzises > days dis (50:50) ey
A3 Jgd) 3 dasls
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116-105 Pyrrolofa-1,2]benzimidazole <\izik i5leSly a5li)l 2Lt (13 Jgdd!

Comp Diamine Aldehyd Catalyst Time (h)  Yield% m.p. (°C)
105 ©"  Benzaldehyde SSA 4h 94 197-199
phenylenediamine
106 L-methyl-o- Benzaldehyde ~ p-TsOH 3h 77 167-169
107  phenylenediamine  vapillin HCI 3h 72 170-172
108 3,4- Benzaldehyde SSA 5h 58 205-207
————— diaminobenzoic
109 acid Vanillin NH4Cl 5h 65 223-225
110 4.5-dichloro-o- Benzaldehyde p-TsOH 3h 81 174-176
11 phenylenediamine  gajicylaldehyde ~ NH4CI 3h 73 143-145
112 62 183-185
T 4-nitro-o- Benzaldehyde SSA 4h y 24226
_ phenylenediamine
114 Salicylaldehyde HCl 4h 49 154-156
115 A chloro-o- Benzaldehyde SSA 3h 79 192-194
T 116  Phenylenediamine )
223 Salicylaldehyde HCl 8h 87 217-219

ibal 2il2 byl (Mey Cl) <byiSI adll legadl OF Loy (13 Joud! 3 dmo gl ilall Ui
£l imgy L Jelad) ddes g & (NHD) oY sz 1SS ey o-phenylenediamine <zl

A eVaald) e s &I (116-105) Pyrrolofa-1,2]benzimidazole <\S} 553, i el e Jsadl

116-105 Pyrrolofa-1,2]benzimidazole <\S L idhll ailad dulys

plsial Loy Led g 116-105  Pyrrolofa-1,2]benzimidazole i3S 2l e Gadl ¢
@ssd) )y (TH-NMR) @bggpl onbliall 958l o)) ((IR) sl od sl e il ot ol
(PC-NMR) 055U b lial
Joudt) SLS U ob spell aibyl Olesatl 116-105 Sl o) cf axs¥) OLbT o gbl isl it f daa¥)
oPlazs) aap el LS ((OH) JeSyked 8508l aols (2500-3700 cm!) J) & olassl a3y (14
LS ells ) Blo| L Jgjihsl= s e dil= 3350l (C=N) daly s 3155 (1600-1653 cm™) Jub we (5
1200-1278 ) JW 3 5,41 a= 5 (1680-1718 cm™) J& & (C=0) o) Lis S dols platdl pim 359
(C-0) i3> a5 (cm
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116105 S Calesd ool of aaa) Bdllas o5 .14 Jgudr!

Comp OH Cc=0 C=N c-0

105 2857-3059 1694 1609 1215

106 2893-3373 1697 1622 1238

107 2800-3185 1700 1620 1216

108 2718-3199 1698 1603 1209

- 109 2500-3143 1699 1586 1278
E 110 2992-3217 1701 1653 1230
= 111 2983-3324 1701 1605 1230
112 3457-3700 1706 1641 1222

113 3220-3338 1653 1586 1236

114 2730-3388 1718 1593 1222

115 3010-3224 1700 1648 1222

116 2850-3200 1680 1610 1200

bl (sad) (o danly (116-105) 3,22 LSl 45l drnal) s ¢ 1 qmabldll (595l ) Aidlokas
o) o)) ailks LI 600 Hz 5 500 Hz iy lex & wwleS DMSO-gs plisiel ("H NMR) 05540

151 Hz 5 Hz 126 55153 (C NMR) 05,5 wbliad)
symy L3 29 UK 3 mogli 105 Sl ("HNMR) Ogigpl) bl (595l i)l b IV e Sad
Sl dols (Triplet) w35 &z WasI (COOCH2-CH3) eVl aibs) oVl issas wlgy, 0N o)la)
L (CH2) oSl Sbsign aols (Quadrupler) sl 3Ls) o 3bs Yy (1.19 ppm L (CH3) Jod)
(N-CH) gl 2il> Oggn 2ol 6.66 ppm a=hY) s (Singlet) wsl>1 3Lz 5929 Layf 1> 4,11 ppm
G- oLy dols 741 ppm 5 7.05 - 7.02 ppm e (Mutiplets) (wsane ()lsl jeeb (23 ) @l

.12.49 ppm s (Singlet) s\ s)la) (Ko Lo glad (OH) JomSs)ies i gagt Oggy Wl . Lkl
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1BI64. 2323 L
229 600
oan
%'\ N0 O0oQYTY T TITITMmMMmMMOMANNOOOD Mm oy o o O N
i TELELYMOooooo0oQoY————9 I N == 550
— NNNNNNNNNNNNNNOS S S T T NN o= -
| e S e e —
e =] o IEnE=E=E b ilsa B o] 2uﬁ22 oo~ 500
P /8 e I $ T T TM 22222 <+ ¥ s N
)7~ 1" N o — NN NN N\ =1 -
7 \ / \\ /\o | ‘ — = N =" — N L 450
\ TN 7o 1.2.3.4.5 (15, 16, 17, 18 (m 24 (q) 23 (0
' | ! 19 (s) ! 7.41 7.04 -111 1.19
\ S 12.49 6.66 - 400
| & ‘ i |
/‘ J 350
‘ o~
I = - -
: S —a e ~ , 1 N L 300
12.8 12.67 12.4 6.8 6.6 7%1( m;.36 7.05 7.00 s %.‘10 195 120 115
f1 (ppm) f1 (ppm) pp! f1 (ppm) f1 (ppm) f1 (ppm)
250
200
15, ﬁs,Jn,[ls (m
04 r150
19 (s) 1.2.3.4.5 (m 24 (q) 23 (b)
12.49 7.41 4.11 1.19 L 100
7(s)
6.66 | t50
! 1 ‘
‘ || 1 B
R sl b &
~ - = N [a2] ~N
- n < o ~ ~
F-50
15 14 13 12 11 10 o 8 7 6 5 4 3 2 1
f1 (ppm)

.(500 MHz; DMSO-46, 8 ppm) 105 Sl 'TH NMR blid) (95 05 Lo 1(29) K30

o LS a2 ol b et Jyjlitlu— dop Slizik (PC-NMR) 05 S0 wcblial) (g9l o)l ST Ll

14.49-) Jig @ Olghs (COOCH2-CH3) issastl Olasll (CHz) 0ty (CH3) il 058 3La)

(62.12-98.43 ppm) J1 (3 sl 22ls bl 2zl 05 S, aols 3180
(133.36-166.97 ppm) Jil & ¢k (OH) JouSs)ddl desams dasll 05801303
(158.22-179.86 ppm) Ji# (3 NS5y S 23 b5l (C=0) o5, N s gams 2ols 3La)
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.Pyrrolofa-1,2]benzimidazoles <zl ('3C NMR) 05, SU ikl Sasd) ()l Adllas 15 15 Jgud!

Comp CHs CH: C-Ar C-OH C=0
105 14.49 59.28 83.88 155.71 169.29
106 14.81 59.61 84.10 133.36 169.65
107 25.01 69.70 93.70 166.34 179.86
108 14.74 59.89 86.51 166.97 168.21
109 14.77 59.80 86.51 166.96 168.26
110 14.77 59.82 86.43 155.94 169.03
111 24.55 54.11 69.91 166.38 168.29
112 24.54. 69.93 98.43 166.33 178.68
114 14.34 44.11 62.12 157.10 158.22
115 14.78 59.72 85.40 155.96 169.23
116 24.64 69.43 94.08 165.86 179.45

e G Vs o) Sl e 3gmg 1SR (30 S (3 sl 107 S5l PC-NMR Gab Sl
179.86 ppm s (C=0) V) dssst fin S 058 -
.66.34 ppm L (C-OH) JoeSykedl 05157 —
.93.70ppm e Oyl dals Lol addl 057 -
.69.70 ppm s Mzl 08 -

25.01 ppm Le il 08 -
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“ 2(s) 11 (s) 5(s) 29 (s)
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20()| | 1) || 7() || 8(s) || 15¢(s)
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33.26 300000
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Pyrrolofa-) Jsasizm sy oS Sin aols il o oS5 ddede bl ol s

.(31 Llesl) Biginelli ¢\ 3 o-phenylenediamine derivatives <\iziws plsaals 1,2]benzimidazoles

1eq
EtO (0]

L

@ (0]

Ry NH, Na ‘ R, NH, o
COOEt Cyclization

_ >

R N R
> U 3
R,

R,
EtOH/reflux
leq
R,
Ry NH, R, Rearrangement
+
Rs H, R,
A
fed H7 0

Pyrrolo[a-1,2]benzimidazole

.116-105 Pyrrolofa-1,2]benzimidazoles <\iziwl i~3all |elid) 47 :(31) Jalesed

Lot

iyl Jadl Slils o LIS S0 il i adldl GUSH e dsag piasn Ll Ladll s (3
Bis- <\il>y (purine- and pyrimidine-ligated pyrrole) (i —sadly o ilsdl sV i sgV1 delsall
Pyrrolo-benzimidazoles <\i>y i 5liVy sl Sy Sk sl Bis-dioxopyrroles s pyrroles
.Biginelli s Hantzsch 3 (MCRs) <\SL ssaate oMol plasaaly

salall adledlly wby el salall Jladll) e i glond) LV o dpdad) U] camias 324 SUSU S

U adll 3 Lgrzdley il sda S 2,0 0ty (S
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ieale Wa> Jof Duchesne =Y Loy sled) olaVly Sl S Gy el B3 OUly apegi b 21 gl
il OLzsY bl dge (LS ¢ L) wasl ol jan LSl sslall Sl Al
(2] cereaddl 031 & Fleming & Js G>=Y (Benicillin)
Ayl dadsendl i 3U) i WD) 1L 1LITT

el ad ol e (lledlly LS dly (oly Al S W e L) # bl ods 8
22 LSl ol ladll sslally LSl sslal) domglsn)
(Escherichia coli ATCC 25922) &4l 6d)) Silmaalt 1.1.1.111

31 o baw ol Sleas S e Sy kel s LS o (E. coll) 58 Slad)
o e B O 37 Bl s s By SIS LSl adn iyl B (Ol QLY e (3 i < frng S
4] o) sy Lol Olgdlly Judlall JlewY e 51031
(Staphylococcus aureus ATCC 25923) &3 giaadt &1y 2.1, 1111

ssie Ko e olesaz (3 dass (Gram-Positive) ol &) w4l LS » (S, aureus) &ssiall <))
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s lom Wb moli ol Al 8 1d Bgms LSS e e (K preumonia) g0 eV bl
150 JWb 5 b ey il Sledly sl (3 pem LSl e g0l s o um 0.8 5 0.5 on ey um 2
£ s ALl Dbl gl LVl Jo (281 e ) 8 s B el o 55T sl ] o)
[6] S 2ty dppald sputall o
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oW il 3 axles (Gram-Negative) oA e Lbp&S Gias (P aeruginosa) ip\43 sy
5e s Byped) Ll Aaglis Lo 50800 Byud e g asladan¥) LlegVl 3 51w LSl ods Lab)) clmi!\j
7] Oty ccn ) A (Lol Sledt oo oY) e gl
(Enterococcus faecalis ATCC 29212) i\ ) dgalt 5yS01 .5.1.1.111

Gram-) o4 1:14) UsSs 85 (Group D) D ieseg o inas &) (E. faecalis) asd) <l SU
Ll o bl (ol e Ao gite A8 ge LSl odn (s OF S8 ¢ o2l Sl & anb 2w s (Positive
8] Lldl Cledly cado ) UL blgdly pull pansy il ads1adl sl
(Candida albicans ATCC 14053) s\ izl .6.1.1.111

8 388y gos OF S8 Skl Ahodd U] oz @) Bhmiall bl 0 65 2 (C. albicans) slad ola)
97 - Ay (ol cadoldl lae (il ablad) 228 Joe 2815y 3k ol
Jodt i3y b 2. 1.111

agar well) s dauly LasYl dib sasaal (GLbkilly LeS) ol Sall slall bledl o ¢
.[10] (diffusion assay
rlall odas 1.2, 1111

By oo ol aadall lpsYl g g e S O Gy g1 et il ot ¢ ol a3 ) 3
R
85 blugl s 2.2.1.111

Sabouraud ) 37> yple bawsy (Muller-Hinton) Ssa=Jse Ly oo 4 ool gl Lo,
AW ) S opiad wng (dextrose
A>ly 3 (Sabouraud dextrose) 557> syple ol (Muller-Hinton) Osus— Jss lowy o0 38 g 213 —
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ey 3pd LY A3 & (4 mm Se) o) Lo gl Sl
(el Ay b) W G il Ay b 3.2, 111
o coiall el sl plasiaal S o B lall BUS ooy i o kb gl n ) Dlusl e
LB Jolele 0.8-0.5 o olid MeFarland Ade sy B Lo ¢ ibnie Glas o Jyamll 0l )
Oloiad 45° By (S 3 19y phns glodll el b 8 erbad) 2 f (sl 0l e WS ayy 10° CFU/mI
Sl plasaal Hr Y Loy (3 dedes LT sl cawgl Clir da o)l mlaw o LSl of oLl Janl) 69
=) 7.5 mg/ml 5 15 mg/ml ;S5 .23 SUSH Joloas Caglndl 6.6 mm i jpal dols o (solal)
sy b baall aels 48 sul ©p 37 5l dmps e 0 @ BLLYI caa (25 dey DMSO & &M (L2 U 60 pl

117 L asle 24

~ sungars - }
| / S/ . e
( - 7= (- S

, | . )

Inoculum spread
J12] 2 aluls jLaa¥l iz b :(31) S
sl dilie ldg Wus 4.2 1111
soliall Lelgall 23l A LSl of Slledll o8 bt on o plb dlat) aibd) ) 5 L) dikis
s 28 oty s Zanlyy (M) fodll il odn 8 W3 Ss by Sl
Lzdlllg Z'u\.:.J\ RANII
Pl —all) By Al ot Ll s S alias i s g Sall aalall aladll Jlas (s
ly (s laby a8 B VM (05) s s SLas Y s b L adl abaly el Lo e jLasVi s b
dilaie b e Ayl S Lot Bilate b Ak Wl oz ol ladll 53Lially LS saliall ables o3
(Gentamicin) sz ol (NyStatin) oslies Ssd) stz L)
PRI Y WA RUSRERE HE S W INCE LI E WHTRI O IS (PSS B
pyrimidine- and purine-ligated pyrrole —\izis s azomethine imine <lizis :(01) dudd) —
[(93-88)
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.(116-105) Pyrrolofa-1,2]benzimidazole —\izis :(03) dhudod!  —

________________________________________________

. Antibacterial activity ».  Antifungal Activity

_________________________

Escherichia coli ATCC 25922 1. Candida albicans ATCC 14053
Pseudomonas aeruginosa ATCC 27853

Klebsiella pneumonia ATCC 13883
Staphylococcus aureus ATCC 25923
Enterococcus faecalis ATCC 29212

NE W=

(01) abadeld S sLabt bl 0 11.3.1.111

pyrimidine- and purine- <\iiiss azomethine imine o\l isds i abladl anls M= s
Fdl o bhad a8 oV )l Lo (Gentamicin) el s sLaly (93-88) ligated pyrrole
16 Joudt 3 an L)
(01) Aukedt 3 SASA ik (mm) Inhibition Zones g sblis jUadl o5 .16 Jgud!

Inhibition Zone (mm)

Comp Gram (-) Gram (+)
E. Coli P. aeruginosa K. pneumoniae S. aureus
DMSO - - - -
88 8 15 17 -
89 13 11 12 -
90 - 10 13 -
91 18.5 - 12 12.5
92 8 12 15 -
93 10.5 12 12 -
Gentamicin 20 19 21 22

LS W o) Ll Lﬂgi RE% <l S. aureus xS AL Of LY (16 Jgdd (3 ezl C?LJ\ B
SSA e 12,5 mm o Lo bk dbegie dwles bl 60 91 LS slixel (93 5 92 (90 (89 (88 &yl

.15 mg/ml
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15 ;53 ke 18.5 mm o) o b e dwles 91 S il i E. coli U andl Ul
13 41 8 mm e b sl bylasl Lss sblis Alamgze 1) 83542 Bl U iS5 Y oUSU 23 W cmg/ml
SN e e e 6T el 4 s 90 S sl cmm

15 ;870 we 17 mm o6 s ki 88 SU ol e il ol i K. preumoniae I\
o8 s 15 mm oy 12 mm e b mgl% Lyl Lo sblis dawsts Gl ool did oLSH ad W amg/ml
S

WyWail L) bl P aeruginosa W) o dawgze dwlo 93 5 92 (90 (89 (88 LM wonr gbs
A i e i T 91 (S gl d Lty (15 mg/ml SR s 1S mm 5 10 mm o b ool
1(02) Abdndd S 3Ll bLE s 2.3, 1011

57 (104-94) Bis-dioxopyrrolidines s Bis-pyrroles wlizis S ¥ i dbslas ol
Lol bl jUadly spesdl 2,81 st IS Je (Gentamicin) oveeslir s sLall ablias Jlas| @ WS opdla
A7 Jgdt (3 Bske gl ol

(02) Akl 3 SV Lalesl (mm) Inhibition Zones oz sblis jWail o317 Jgudr!

Inhibition Zone (mm)

Compounds Gram (-) Gram (+)

E. coli  P. aeruginosa K. pneumoniae 8. aureus E. faecalis

DMSO - - - - -

Concentration 5 75 15 75 15 75 15 75 15 15
mg/ml

94 g - 12 8 13 9o 10 - 14 8

95 2 8 17 15 14 0 11 8 15 12

96 - - 16 13 10 9o 14 8 12 11

97 - - 1210 15 2 13 9 12 10

98 - - 1311 13 0 18 15 15 11

99 g§ 6 14 8 - - 16 13 14 13

100 - - 15 12 - - 15 14 11 10

101 g - 14 9 9 6 15 12 13 9

102 - - 14 11 10 g 16 13 16 14

103 T 8 15 10 18 16 12 10

104 A T 7 10 7 14 9 11 8

Gentamicin 20 19 21 22 19
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JS ke Bpame ot il i 508 SLSH e OF L (17 Jaidl (3 B9y Lerde el i) JSs e
sl 2Kl YL

bl L .8 mm L) sbls caly o E. coli D ds 53942 dsle= 101 5 99 (94 SLSH o bl
el 4 bl 3. 7.5 mg/ml SR Goilie e 15 mg/ml 555 3 12 mm L dibis db st il 95 (S
AN ki o blis (6 gl SLSM 3L

595 oSH o IO 15 mg/ml 5SS ke e oo b el LS Pl aeruginosa B ks L
13 5 15 mm o) Lo ge oo blis b= 7.5 mg/ml ;531 disg (16 mm 5 17 mm Led Lozl s &L 3] 96
7.5 mg/ml ;555 15 mg/ml 555 3 dbwsts il 97 5 98 (101 (102 LS @bl Lizy . sl Je mm

15 mg/ml ;S L aleus 15 mm oid Joss s J‘T L= K. Pneumoniae YU 1l Wl
9 mm Lol b ik o 101 S5l 07 oot s oo L (7.5 mg/ml 1S5 %)e 103 5 97 S e JSU
Lo a3 (5T 100 5 99 OLSH gla 4 LUl 3 . s Je 7.5 mg/mly 15 mg/ml ;ST7) 4ie 6 mm
1) WA PN TN

v bocal ks jlasl el olzd 102 5 99 98 (103 <UlSV o WY S, aqureus WY 2% L
15 5 16 mm ik s sl oo I 7.5 mg/ml ;S3L %) 15 mg/ml ;83 4 16 mm 5 18 mm
15 355 ke 15-12 mm cm b 7ol dbausie b 101 5 100 2SSV obf L . U3 e 13 mm 5 mm
iwlus 7.5 mg/ml SH) s ddas wles U SG (olSH i) audl U L7.5 mg/ml S5y mg/ml
Qs Lo 14-10 mm 5 9-8 mm oy Lot Uil ool G (15 mg/ml S die 2wz

15 mg/ml ;53 we 14 mmy 16 mm &l 3] Lo s o1 102 SV el E. faecalis 39 3
3bs 15 mg/ml 5570 e e il 104 5 101 94 ASH Sebl Ly 131 e 7.5 mg/ml 5555
Ao OUSH ods Rwle 87,5 mg/ml 5SE e Wl (i) Ae 11 mm 5 13 mm (14 mm b6 Lys
G ol Jail ey S 7.5 mg/ml 5 15 mg/ml ppSH ke Ban gt sl U SSS (AL 2 U
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AU f—d)

:(03) Aoabond) Sl 3Labt DL 4o 3.3, 11T

(116-105) pyrrolofa-1,2]benzimidazole <lizis d>ly by S OV an)l dhales @l

A8 Jgud 3 il ) e Wad (Nystatin) ool s (Gentamicin) inmeslir ) b Slslas jan,

bl Ledl Oblall Lyl s olSU (mm) Inhibition Zones lnid) sbls Uasl o 18 Jous

ol il LSl o bty sl

Inhibitin Zone (mm)

Compounds Gram (-) Gram (+) Antifungal
E. coli P. K. pneumoniae S. aures C. albicans
aeruginosa
DMSO - - - -
Concentration 5 75 15 75 |5 75 15 75 15 75
mg/ml
105 - - - - - - 10 7 15.29 1245
106 12 9.25 10 7.5 - - 11 10 13.24 12.33
107 - - - - - - 13 12 11.74 10
108 10.7 7.67 8.11 - - - - - 12.05 1145
109 - - - - - - 9.7 7.01 1249 10.67
110 15 14.23 - - 13 11.33 10 9 1530 14.30
111 - - - - - - 1441 13.67 1229 11
112 - - 9 - 8 - 11 9.66 28.17 2533
113 - - - - - - - - 18.49 14.7
114 - - - - - - 16.30 14.7 13 11.33
115 - - - - - - 12 10.67 16 15
116 - - - - - - 10 8 9.05 6.25
Gentamicin 20 19 21 22 -
Nystatin - - - 24
108 106 LM climal cplall Al LSl s3lias 2ab (sf elas 4 gyl SLSM o OF ) bl ot
1125 (110

10.7 5 12 mm Wb Lyl b &l 51 108 5 106 crSY old) dawsin el E. coli I3 ool i

L Mﬂ}:ﬁ Z\:uw J’L‘ﬂ M ;AS,U Lo..\g.: ¢ 75 mg/ml j:fjd\ L 53}.&5’- Z\WW) 15 mg/ml j;jﬁ\ Lo mm

1423 mm 5 15 mm o8 Lo ki 7.5 mg/ml 5 15 mg/ml ;SH)
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15 58530 e 10 mm gl o &l 30 106 <SH ol2] dlawsgin Gl s P, aeruginosa s
fpwloo 1l 235 112 5 108 (oS Wl .7.5 mm o) Lo ki 7.5 mg/ml ;57 ks 3942 Gy mg/ml
7.5 mg/ml 5SH die Ld e il (ol Jones § Lot (15 mg/ml 355 i 83942

7.5 5 15 mg/ml opSAl wis dbvsie iwlus 110 <SH 51 K. pneumoniae ¥l iy Ul
15 587 die 535u2 Bl 112 CSU BT LU 3 Iy Je 11.33 mm 5 13 mm Labs Ly aikic mg/ml
7.5 mg/ml 3SRt aans Al (6f Jms o3 | Lo amg/ml

2o bl WS ade B e i 5T cli sy alal adl LSl Ao dhmial) ) ode e o Ssy
.k;«ﬂu_}w\ cLasdl

7.5 mg/ml 5 15 mg/ml ;S & Joew oo o3 el 114 SA ¢bl S qureus I die U
o8 e 113 9 108 onSell Lot b ol oo § ( blie @ LI Je 14.7 mm 5 16.3 mm sk Lo bl
gbls 7.5 mg/mls 15 mg/ml ;ST 3 alwsie dnlu= 115 5 111 107 106 LS o bl LGl 3 ST
15 5570 die tauge sl 112 5 110 (116 <105 <LSH oebl LS 144110 mm oy b 2ol Lot

oo b ol Lk b sblis 7.5 mg/ml 1SR i 53502 dwley (1110 mm (b £l Lo sbls mg/ml
.9.66-7 mm

Blgw abs M Ol a3 bSO a2l leget Jod G Anlndl e mA SUSH OF sl S aney
A ) LSl o blas ST o gl Jgjlal e o

3) (Nystatin) b Ssdl slall 385 e dlu 112 SV b1 use C. albicans & lod) il Wl
o) Ale degast 3sxdd axly Liag (7.5 mg/ml 5 15 mg/ml ;STA) (3 25.3 mm 5 28.17 mm s b3 &l
9.05 ajs Lo sblas HSIA ks s 3502 Bl 116 CSU bl LU 3 CSW 10b 0l 2> ¢ (NO2
18.49- co Lol blis o comgls 3 iiker L) Hamgin oo Bwlom ity A3 SASU 3L L .6.25 mm s mm

7.5 mg/ml ;S ass Lo 14.7-10 s 15 mg/ml 3S3) des 11.74 mm
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BubenS Y1 N5lieg 3,31 yaddt 2,111
8,31 yodd \1.2.111
e 1.1.2.110
Mo [15-13] (bl Wylts & sasye b 8 b8} Mk s b Rt of B3 Sliol 2 841 50
Dt Bgy [Sid a1 Ol o 5T 005) s Comd anby Lo Jelad) s ) 0 et 640l 09 7S0Y)
s e s (@S ol o) UgiSd) B f (4538 Jaond o) L) LelssT IS5 0 L] 23 oty
AL O3 e 530 dmlgd) Ak 88 OF ek L sy il B jedr seb Lese i oMol e Al ol
[16]
18,3 y9dd y3les 2.1.2.1T1
[17] dmlsg sl jalae o e & i S0 3 jpddl ns
W) yslall v
S el Slhaslly Ol (s el e fandall ol Sleall s 341 pidl Lo
Loially Jal slexV B e des M) VU Jae Cali LS Ly eSinl) (3 Jls Vg sues Y1 odlels
[19-18] L sl 8545 (3 193 (ol
tder )3 jalell v
slsky el slsbl Slighey (il ansVly domedid) Ggb ans Y1 oo Rald) 22l Jolga)l j2ad ol (o8 die
Joo e 505 25Y) Slheall pales LST L [21-19] 8241 jpddl sl (8 Zem)h pslall e dslial) 2500 S)
pa Sy iy (luadeling 5y desld Sllesy (Sl 3 0gSIY) 5 dledey dag ) ol
Cx Bekp] b Vel e 3 A pid) (S of (S dlls ) BLaYL 3 il g 3 (CytP-450)

221 (33 JSKadl) dygianll LS My CpomnnS Y
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NADPH oxidase
Xanthine Oxidase
NMDA Receptor

Intracellular
Ca*2 Release

Monoamino oxidase

Mitochondrial DNA damage
Electron transport chain

[22] Ganll LIy fladll (3 2 lelidl oS Sl il j3lans 1(33) JSCE

33 yeddt gl 3.1.2.101
e B e
deidt VvV
5 ((CL) S (H) Compteb) g Joo sl i 09580 o (558 Bl Lt Gl alslaan jpld
i e (g 58) STl st il e e ety (CoH) Yl (‘CH:) et o°F)
Bl [yl 055 Loz A1 bl )l ol ey ST adady jaziy o 'NH) jpdry ((CHa) caktd
e sl el iy s ST (“CoH)s (NH3) o(CH™) ((HaO™) Joo (1l 5 imsli pid)
[24-23] 1o 32 0SS Laylasl OF Y agladl jeddl
1yl V0
053 pLYL g et of B 5T gl i Jobl 374 slidl Jo 3,08 055 jpddl o g el 51 50k
B Sl ) 5 L 8 el il 5 341 U1 s Ly (DPPH) o 8 Sty Jelid)
Oig U pdd ode 0555 Lo sale 5 il Syl (3 (358 1077) 26,00z~ Ly BT S (256 10°)

257 sk g SN gl Jon i g
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BukenS YN Ol3lize L2.2.111

g, 1.2.2.111
A gt ST st e 336 (i Bandl jodd) of U1 o Sl e £ o 50nS Y sl

Lol Lednr &5 .[29-27] 54 joddl o gy Bl b Slapd) e ) LY 0 LD Bt ey [26]

Joss ol ik Sty (ROS) adelid) comneS V1 15 iy cbitgradl olypdl ST pall i of 5 ol T

[30] Lexrls] bos 5 5SS a5kl Melid) (o o ol pé (i

BAWS Y Olslias y3las 12.2.2.111
SV olsland has AT o U3y Aslbsly danb ) Lydas o o 30 Obslae oy

[24] 256y juw aellaoV 50 S Y Slslas Lty 3uunSEH Sl oMby Ak 8™ e fond Bn bl

b y3las V1
Ol ) 3 r neall Laed LenedY L e Lilesal 3,81 25531 (3 3S™Y) Obsliae eS|
086518 51 (CAT) 16" 650 ((SOD) sisrormsd LSyl Fsb 5l J2o 0SS s3lal) YIS
BRI S e Lede Jpad) ok L Ly (ed-GSH) 55Ty 058558 g5ly «(PX-GSH) somSps
dmnle)) 3UlSY) Shslas 0B adsy (B-Carotene) <lss)lSy (B cpelidy C omlzd) olisledll oo Wyl
Baab W) sl Lo i 3 Ogall ST SISy ) 2aW o S ol 555 840l e ekl o
[24]
sl yslas vV

Ly - oepiedly 3l lles ol Opadl susT s b of il 283 ) dela oW 30S ) lslian LS
A oleliall 3 gl dagbll SV Slslas we Lemiliey eSS slall Lblis il ol plas
Jeordll ol ety &Yl
Josedl oo sndll SLSH ag BAEYI (3l Bl e pusinns awils Aelbao) 50aST Sbslas o)l Sl
Juazs (TBHQ) 0ss85)ae Jss Yy (BHT) (psly Sptes Jisdly (BHA) Jsmsl (550
[24] (34 JK21) (0G) e sl ((PG) walle
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OH OH OH
A
'alEesalllien
CH,4 OH

OCH;4
BHA BHT TBHQ
O 0]
OH
o " OH R S N N
OH OH
OH OH
Propyl gallat (PG) Octyl gallate (OG)

Alad) 2ol oV 30 Slslas plaal Lo S SR 2(34) S
B W Baliall dfadl ylest B 3.2 111
:DPPH ,l=!.1.3.2.111
ados Tuw VvV
\iay «(Diphenylpicrylhydrazyl) DPPH™ (35¥) Sl jiresy >~ pdo JSKin LV s jean
(DPPH') A1 bt 08 s o Sl V1 s sy o) e o A 0ppSY) 552 e 1)
0 en e 38 50nSW slas 5o 359 3 (DPPH-H) i) die 0¥ Oalll U1 oennitd) 001 0

517 sl dsb s deolanall ) (3 pUE] ks sl il iy (35 JSH) (sompen s of

O

O,N NO, |+ | Antioxidant—AH

HN
O,N JT\ NO, + | Antioxidant A
NO,

NO,
DPPH ° H—DPPH

B30uS Y Wlslas 309 3 DPPH dx Lt dhsles 1(35) K21
:DPPH L) Jadl i v
1,1-) DPPH J geidl Jsledl Jol&1 as I3 0 8028 SLSH) mad 508U Lkl bladl wpad ¢
S5 pad @ [32-31] il Sl & sl JeSuapdl glsh $lsy (diphenyl-1-picrylhydrazyl
el ST e o 1l ddesll ods cd oo sl OLSU e (10-150 pg/ml) o b ol dais
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Bl dxyd s 423> 30 s L 3 L) pad &Lkl 30.004% 5% DPPH Jsls o0 e 2 o
bles olem ¢ 517 nm bl Jsb ke (UV-Visible) a3l 54 a5sal) dolaza) sas U5 & 3,3

ta) Alslal) plasral 45t Loy 4 DPPH™ J 540 oddt )

Ay — A4
1%) = === x 100

0

DPPH" A il 50 slal) Lol Lo 2 1%
w: 30 297 .bu SJ«.ZA\ QLS—U uL;J« é JJL\ )-L‘>=U bfjd‘ wwy\ :A()

428> 30 e o Skl DUSU gy 3 ) dl) 35020 dolanyl 1A

:ABTS ! .2.3.2.111
ados Tuw VvV
ClysSy o (2,2 -azino-bis(3ethylbenz-thiazoline-6-sulfonic acid)) ABTS els e daix
B 0958 OB gk e asll G5 ol ol ABTS™ 355801 bt 25y (K2S20s) psmetsd
dlog ol ol LU 3 semsll 50lS Y whslae axl sy B (35 (36 UGN ABTS & gl
Jsb dis Jeall Caall plasanl sasdl (3 oLV Ids old g bl gl danslyy 05l Bus (3 plid)

(nm) Fesl 734 T

O;H O,H
\\ /)\N o+

T\ No %N‘ K,8,0 N/ >N

N \(/ N 29203 \(/

Antioxidants
O3H
O3H T
ABTS ABTS

ABTS™ 355801 a1 (K5 dsles (36) JSC20)
:ABTS (L) Jedl dd b v/
ABTS J 2t G301 Ustedl Joli 0 8] I o 32 SASU madk 5SS slall blad) ol ¢
lahdll 3 sad) JSgedl glil eldy (2,2 -azino-bis(3ethylbenz-thiazoline-6-sulfonic acid))
SlpS oo (7 mMM) ABTS s Jolss s 0 (ABTS™) @ssS1 S je2d ¢ [34-33] asl

day Bl Bl By is dsbe 16 5l N (3 L) s L L8k (3 (2.4 mM) KoSr0s psebs)
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3eS W slially wbg ol 3lial) dmmg) gl adlad) U J—wdl)

Ly 734 nm s 0.005 £ 0.701 o dolans) e Jpaml) Jolll (3 6 dd) Lldl Caid & (el
Jslell 3 aai ae IS 00 10 pl o (ABTS™) s 34 0 990 pl 8ls) & b1 joid i 1t
Jshll s aslaze¥) W3 oz 86> 7 sk I pad els ae L(5-250 pg/ml) ool ool a2 5STR
33l s ¢ (spectrophotometry) iomeiidl 3 sV ikl ) plasanl 734 nm o sl

W) B sy $3y ABTS™ I (1%) doital) dgstl) il it gyl LSSl 3ol

Ap — A4
a%) = 21 x 100
Ay

ABTS™ A1 il 50U sliall Lol bt s :1%
B T e A sl OLSH Ol 3 M el 455 dslaneyl 1A
(B T g A sped) LS neag 3 A o) ddsall dolan) 1A
((PM) Sldwsdll Oildd e jlas1.3.3.2.111
‘ot Thw v
Pl oy el e spmy 3 Loy A Sl 553 Sl 5480 i LYl U
whlae Jo g3 @ angll OUSM dbuly (Molybdenum) ssidss () (Molybdate) <hadsl
o bV s s 1695 nm e ety e bwy & Sir b sl 0 53 daall s s
Phosphate/Mo (V) ) PM diall o2 3085 slall 50 of CSH e crmgydn 33 of 0951 s
(complex
((PM) ldwsdll Sldge jlos] faall dy b v/
Sliwsdll lagdse Bl o slaeWU dugall Ol aned 3SW Blall 2 sl s w
Jsk2 o0 0.1 ml g5+ oz [36-35] 1999 ple wusluss Prieto \sivs & (Phosphomolybdenum)
28 xS jan 0 0.6 M) sl g2 e 1 ml e 62.5 pg/ml of 60 pg/ml ;S5 820 Gl
oo Ju sl e 0.1 ml e dals A 3 W (paiss) lidge 0 4 MM (pge35al) Slings o0 mM
domys e 25 Ol 5 Gl day 325 90 UL gt dmys 95 s Sl el 3 LA ad gyl 5oL
) oy (UV-Visible) a3llkl Slex plasinsl, 695 nm bl Jshll wis dolane)l ol ang 221 5~
(Ascorbic acid) Hay SV o~ o o (Gallic acid) LI jax o 36 (mg) padll skl e
B e M3y TAC il olat 348U 3lall a0 8ud)) el 0z LAyl SUSU e (g) o2 1S9
2
TAC = K/K'
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3eS W slially wbg ol 3lial) dmmg) gl adlad) U J—wdl)

S sl 1S 5,041 :TAC

gyl OLSH i e (K

(Gallic acid) DI jam s Lo K
Asdully ikl (42111
1(01) Aldedd 3w slialt bLad oo 11.4.2.111
:(ABTS & DPPH) 3,3 y5d3-1 sl

wliziey (90-88) azomethine imines o\l dwgull OS50S sslall bledl 548 e ¢

1.1.1.4.2.111
o 1% Lol s Olust U3y (ABTS & DPPH) 841 j5id =S” e (93-91) Jgndl dlas ) cnyondly ptesin
37 S8 3 moge 92 WS (C pg/ml) S BV (1%) ot 258 2l ) smil) o) BB B30
B3liall SLSLL gyl SLSU 2l 8)lie dad M3y e ol soiaS (Vitamin C) SapsSo) jaa plasan
20 Jyu3ty ABTS L5 19 Jgest 3 DPPH LY ICs0 o8 s conad 341 9danl]

il Sliziey (90-88) azomethine imines —\lz:l DPPH ik sunsSU slall bledl o5 .19 Jgud!

(93-91) Jandb alas Ml ey

Concentration pg/ml

Comp
5 25 50 75 100 125 150 ICso

88 27.7 43.81 46.08 46.46 48.35 51.64 52 112.79
89 51.6 53.1 46.06 56.4 53.1 52 67 35.43
90 36.3 59 64.4 72 88.7 89.4 97.2 17.29
91 44 46 49.2 50 50.02 53 55 75
92 41.1 42 47 53.53 54.54 55.02 54.67 60.71
93 34.67 57 58 57.6 67 74.2 82.5 18.56

Vit C 61.6 72.92 74.36 74.69 75.03 75.36 75.36 9.97

oot Lo Je 5,5 Jef 0e 93 590 Sl OF (A) 37 S5 19 Joudt 3 aedl ) o f

Ml S (3 gl Jo o Lo (I3l e 18.56 pg/ml 5 17.29 pg/ml b ICsp 2o il o 34
NH-) 0glin isgagy (NH-C=0) dool issez Jo mpdl ouSU dd ailaS andl ) @3 ssmy adnsTl)
B el e el Sbgigs o DU e e sl gy (bpsSOYL &) bl il ¢ el (CN
pg/ml Wb ICsp aed cily o (DPPH A ikl Los s 5,05 51 91, 88 OLSH ¢bl « LGl (3 .Lekdassy

pg/ml o5 ICs0 Jorewr (s el sSal) Jaom o l asladl &5lae 3y (53l e 75.11 pg/ml 5 112.79
9.97
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3eS W slially wbg ol 3lial) dmmg) gl adlad)

AU f—d)

i) Sliziaeg (90-88) azomethine imines <liz:l ABTS ik 548U slall bladl o3 :(20) Jgud!

{(93-91) sy 2o M ysedlly

Concentration pg/ml

Comp
5 12.5 25 37.5 50 100 150 200 250 ICso
88 11.86 27.43 32 4629 6429 70.14 73.86 80.14 82.86 40.34
89 542 7.93 89 1029 2643 3046 40.89 4896 58.14 205.26
90 1.97 17.8 22.67 4576 54.52 58.14 60.08 694 758 43.76
91 11.82 1293 4534 65.77 6899 75.10 82.89 76.08 76.63 28.15
92 12.28 18.86 22.71 30.14 47.14 70.71 73.71 75.57 77.57 55.71
93 58 55.22 4451 3435 27.12 1154 737 6.95 1.4 18.37
Vit C 9.78 10.46 14.54 30.84 43.61 63.18 77.85 84.24 91.03 66.72

A el sl gyl SLSH e OF LS ((B) 37 Kty 20 Jgidt & w9l miled) Vs e

Lt T e U 89 (M Lzl ((66.72 pg/ml) Sy sSeYl jzed ax M dslad i ABTS 4

.(205.26 pg/ml) ABTS i+

i) s 2815 pg/mls 18.37 pg/ml — 5 ICs0 ans xo i) 3,5 15T 0l (915 93 oLsU
@ 8351l (NH-C=N) 0o issas 5 Jypd) 1t ilag Ll (O-Cols) Stl igast 292y () Gl odn 3500
el (Jhdes Jda) Comapldl 50 gl I e 3y (gl oS 050 L D S S sd) 2l

LY g b 5 SR 9 ugjgi dh s & C(ABTS @;:3\5\“

ABTS radical scavenging activity (%)

100

80

60+

40

201

—a— Vit C
—o— 88
89
—v—9
——91
—4—92
93

50 100 150 200 250

Concentration pg/ml

(B)

DPPH radical scavenging percentage (%)

1=
=1
1

o
=]
1

®©
=]
1

-
=]
1

60

50 1

404

30

T T T T
0 20 40 60

T T T T T
80 100 120 140 160

Concentration pg/ml

(A)

azomethine <\izis (il 1S3 ANLG ABTS (B) jdxs DPPH (A) o Lt ds goue 1(37) JSK3J0

((93-91) Jgndb Lai b sl ki) lizins (90-88) imines
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3eS W slially wbg ol 3lial) dmmg) gl adlad) U J—wdl)

:(PM) Sliwgd Slddgn sl 2.1.4.2.111
«(10-100 pg/ml) o L @0 3SR dwld LSS (AA) @ngjﬁwfﬁ\ o2y (GA) LWl o Pl
ANy sl o s Ay ngg:J\ >l s chvngifﬁl\ ooy S et dslate) o e sl

21 Jgadt & ) el (xy cile 3, M) e TAC o8 Ol oy .38 K1 (3 e 58 LS (5SR)

o Ascorbic acid Gallic acid
' = y=12.891x-0.1015
= y =4.5483x+0.0065 ' g 12 - P
= 0-33 R*=0.9958 'y l?l R*=0.98
g 0.3 ".' c< 1 ".‘,.
& 0.25 o
- ) - 0.8
= 02 [ 58 =
@ @ 06 e
& 0.15 o g
g o1 o s 04 Y
= ._.-" .-E o
5005 | S 02
- B 2 e
K 0 002 0.04 0.06 0.08 01 “ 0 0" 002 004 006 008 01 012
(€] mg/ml | [C] mg/ml
(B) (A)
Shdse et @ RSE AN (B) Syl aims (A) S Gt aldl) smie (38) JSKI

(93-91) Japdb Ls bl pyedly cpsspd) wliniey (90-88) Azomethine imines Uitk TAC o8 .21 Jgis)
.62.5 pg/ml ;S5 e

Total antioxidant capacity (TAC)
Concentration TAC (mg GAE/g of dry TAC (mg AAE/g of dry

Comp pg/ml compound) compound)

88 372.9+0.073 677.1£0.0761
89 524.3+0.096 1106.3+0.0474
90 502+0.055 1043+0.0271
91 02> 397.7+0.096 747.5+0.0320
92 463.5+0.079 933.9+0.0753
93 550.4+0.061 1180.2+0.0211

Linear equation Y= 12.891x — 0.1015 Y = 4.5483x + 0.0065

S o il 5SS Balas 805 ek A gl) SLSH e OF L (39 a2 Joddt Vs e

s 1180.2 + 0.0211 mg AAE/g ) 677.1 £ 0.0761 mg AAE/g o TAC o8 cosly o 3T )
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3eS W slially wbg ol 3lial) dmmg) gl adlad) CIE f—wadl)

azomethine imines 5 Jopd) Uizl 558 53Lall 5,0 U o8 O donsd W Jaed TAC o ao Les s
1180.2 £ 0.0211 mg - 3,4ikls 30SW 3lias aJles ;ST elsi 90 5 93 CSH 3 (Guanine) cw\sd) wils dag
11063 = 0.0474 mg - 5480 92 5 89 OLSH Led (Ui i 1043 = 0.0271 mg AAE/g 5 AAE/g
T47.5 £ 4 5,05l 88 5 91 aSiel) el cdoew 2 Canil L (933.9 + 0.0753 mg AAE/g s AAE/g
.677.1+0.0761 mg AAE/g 5 0.0320 mg AAE/g

(Cytosine) :pjsudls (Guanine) ow's i 3 ((NH-C=0) 1! i gast 3420 ) oda s ey
SV £l b e MO(V) 352 I MO(VI) 3 glan) e Joms 3l cylly cotasyVl lizis 2l

Total antioxidant capacity (TAC)
1400

1200
1000
800

60
40
. i
0
88 89 90 91 92 93

mTAC (mg GAE/g of dry compound
B TAC (mg AAE/g of dry compound

o o O

il slly cnindl Sliziey (90-88) azomethine imines <\ixil TAC o %)lis g kb2 :(39) JSC&I
o S (Ascorbic acid) SN Jany (Gallic acid) SIS ja plisan] ke (93-91) gy 2il%

(0=3) ekl SLAVI £ et B lo bavgze 8 Ble odlly

—
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3eS W slially wbg ol 3lial) dmmg) gl adlad) U J—wdl)

1(02) Akl 3 slialt bLad) oos 12.4.2.111
(DPPH) 53 yd31 yla>) .1.2.4.2.111

s Bis-pyrroles ozl 5,05 o ¢ (40 JSE1) 557 VA (1%) Jaeinll 28] a5 Slimta e
& @l igsy dCso o a2 U5 0 DPPH 841 jpdd) 8™ e iy, (104-94) Bis-dioxopyrrolidines
22 Jgud!

-94) Bis-dioxopyrrolidines s Bis-pyrroles <tz:l DPPH ik 50530 slall bladl o3 .22 Jgud!

(104
Comp Concentration pg/ml
5 25 50 75 100 125 150 ICso
9%4 47.7 56.24 63.19 70.14 75.77 79.1 81.5 10.03
95 38.4 50.05 50.42 51.17 55.31 56.06 64.04 24.49
96 18.5 29.8 49.5 70.8 82.9 85.07 87.35 50.73
97 49.02 52.6 53.3 56.8 59.1 57 68.09 10.19
98 16 26 353 43.12 49.7 52 55 100.89
99 383 39 42.4 51.4 56.1 63.3 61.86 70.64
100 36 37 41 46.4 53 59.9 61.4 88.62
101 37.7 38.2 41.5 48 56.4 59.7 69.11 80.61
102 49.42 51.1 55.3 56 59 60 61 12.04
103 49.5 50 51 52.01 73.11 86.75 96.46 25
104 14.2 279 53.5 60.9 60.24 68 72.5 46.47
Vit C 61.6 72.92 74.36 74.69 75.03 75.36 75.36 9.97

DPPH J 521 jpddt i (3 alle allady anes (104-94) x> & &) SASU o OF ) el o a5

L S a3l me 3lap dantl) (s OF B LeST (S5 IS SleSdl ST e 2l DLad) s il (oS ey
A el Blias Bles allif Lylas ¢ gl oS of ey

— 5l ICsp of <olS 2 (DPPH 1 )34 Lo 3 &l Jof 1025 97 (94 LS b

OLSH Ledy ey eSSl et e M dalel) 2y ay i) Je 12,04 pg/mls 10.19 pg/ml <10.03 pg/ml

A A L 3 3l Y1 98 CSU Ol L L JIsd) Je 25 pg/ml 5 24.49 pg/ml <ak ICso wk 103 595

.100.89 pg/ml & ICs0 fasd ik Em
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3eS W slially wbg ol 3lial) dmmg) gl adlad)

U | —adll

iegez S gl (Jopdl 22 2hil) Olegestl pan nS Ko Sl 5SS slall blad) Of el gl
Slegestl oda ik Aaxndl fadll Olegez 4] BLoYL (OEL) SzYls ((C=0) k5,5 ((OH) JouSytbl
Jub e DPPH Y A 0 Lss (3 doloy W clsgun comgpedl 8)ds g5l s 5,08

DPPH radical scavenging percentage %

N

o

=]
1

®
o

@
o
1

N
o
1

N
o
1

o

—m—-VitC
—0—96
—A—97

= #;Z. 98

99

~ 100
%’s/éj%‘ —p—101
— —0—102
—*—103
—0-104

20 40 60 80 100 120 140 160
[C] pg/ml

(B)

.(104-94) dioxopyrrolidines

DPPH radical scavenging percentage %

®
<
1

=2
<
1

=
<>
1

7
<
1

&
<
1

o— " —m—VitC
. . N . . M
— 7 —A—95

80 100 120 140 160
[C] pg/ml

(A)

T T T
20 40 60

Bis- s Bis-pyrroles wliie (il 5830 ANy DPPH o Lot ds g2 :(40) Ji.iJ\

(PM) Sligd Olidge sl .2.2.4.2.111

(10-100 pg/ml) oo Lo #9158 5510 ks LSS (AA) LlysSKal) Jazy (GA) SIWI jaa fonzad
W tolaza¥l 15 oy @l bl ol oy o (S oy S jaed olan) o8 e gl
23 Jgdl (3 ) 20 g ile 8)S0L @A) e TAC o ol 425 .38 JSCEN 3 e n LSS
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3eS W slially wbg ol 3lial) dmmg) gl adlad)

AU f—d)

.60 pg/ml ;S5 i (104-94) Bis-dioxopyrrolidines s Bis-pyrroles <Uzil TAC o3 .23 Jg)

Total antioxidant capacity (TAC)

Comp Concentration TAC (mg GAE/g of dry TAC (mg AAE/g of dry
pg/ml compound) compound)
94 647.8 £ 0.067 1434.6 + 0.067
95 467.4 £0.085 928.9 +0.085
96 349.7+0.073 595.5+0.073
97 376.9 £ 0.225 672.4+0.225
98 519.1 +£0.073 1075.5+0.073
99 365.2 +0.098 639.4 +0.098
100 °0 345.8£0.012 584.5+0.012
101 499.7 £0.332 1020.5 +0.332
102 397.6 £0.127 731.04 £0.127
103 429.9 £ 0.067 822.7 £ 0.067
104 391.1 £0.165 712.7 £0.165
BHT 292.8 +£0.008 434.2 £0.009

Linear equation

Y = 12.891x — 0.1015

Y = 4.5483x + 0.0065

Gyl ST e OF LS5 41 JSC) (3 ezl 23 Jgud) (3 Aol Lisde fuamal) sl SO 0

AT AL S e il 5ulS W sslae 3,6 i (104-94) Bis-dioxopyrrolidines s Bis-pyrroles <zl

o ro Lesylie ie 1434.6 £ 0.067 mg AAE/g ) 584.5 + 0.012 mg AAE/g » TAC o3 oyl Em
o e Blasly Mo (V) @il sylss I Mo (IV) @ladsdl sl plny) o ot @l (W aed TAC
sally 1015 98 (94 LS (3 o 5SS 83l 2ab ;ST 02 Ges™S B3Lal) il B5by, 5135 ) TAC

(Jsd Je 1020.5 + 0.332 mg AAE/g 5 1075.5 + 0.073 mg AAE/g <1434.6 + 0.067 mg AAE/g -

584.5+ 4543l 96 5 100 cnSH 3 Wl BT il by BHT o M aaladl &lhe deloy] 5,05 58T i a

.595.5+0.073 mg AAE/g 50.012 mg AAE/g
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3eS W slially wbg ol 3lial) dmmg) gl adlad) CIE f—wadl)

Total antioxidant capacity (TAC)

1600
1400
1200
1000

800

60
40
SHhanhadhind
0

94 95 96 97 98 99 100 101 102 103

104 BHT

oS o O

B TAC (mg GAE/g of dry compound)
B TAC (mg AAE/g of dry compound)

(104-96) Bis-dioxopyrrolidines 5 (95-94) Bis-pyrroles <\aid TAC o3 4)is sy bz :(41) S

SV = Sl B Gla Lwgie o 3le wdlly ol gouieS Sl (amg S aa plasa] ks
(n=3) )kl
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3eS W slially wbg ol 3lial) dmmg) gl adlad) U J—wdl)

£(03) Aluckenld SN 3Liall LU e .3.4.2.11T1

:(DPPH) 5,3 y9d3- slzs) .1.3.4.2.111
e Wed (116-105) pyrrolofa-1,2]benzimidazole —\i:l DPPH A i Les jles) gobs M
42 S 5 24 gt (3 deesl)

.(116-105) Pyrrolofa-1,2]benzimidazole —\i~:k DPPH 2k 30530 slall bledl o5 .24 Jodd!

Concentration pg/ml

Comp 5 25 50 75 100 125 150 ICso
105 43.52 48.86 49.36 82.85 84.14 85.23 85.33 50.37
106 50.45 52.33 50.84 53.42 55.9 56.06 57.09 543
107 50.05 60.16 66.17 79.98 84.54 85.83 87.91 4.69
108 41.72 42.06 44.14 45.05 47.13 54.48 64.59  109.96
109 40.85 44.04 46.6 49.15 52.13 57.66 66.17 81.85
110 48.3 65.96 65.96 68.09 69.79 70.21 73.83 6.99
111 34.96 36.87 42.77 50.15 53.83 58.7 64.9 74.91
112 49.79 57.23 62.34 64.26 65.53 66.09 68.3 5.92
114 42.55 52.98 64.47 75.11 82.13 86.6 87.45 19.43
115 36.53 46.37 56.61 64.81 83.16 83.65 85.26 335
116 48.97 52.36 56.34 59 68 74.34 81.27 19.1
Vit C 61.6 72.92 74.36 74.69 75.03 75.36 75.36 9.97

daladl) oy oW o Baiy Ld blias 110 5 112 (106 (107 oLSH @bl i iaisus ;815 L

&= 6.99 pg/mly 5.92 pg/ml 5.43 pg/ml 4.69 pg/ml & ICso o3 2o (DPPH 341 oddl ally) (3 (ol
373 5 (-CI) L5 ((-OCH3) (S5l) <(-OH) JourSiyredl a8sast 35y 0 il (sl DLt 1a 055 5 15
Lo Notime Wlas 115 5 114 (116 S wpebl Bl (3 .yl sy a4 dbgll Ll 2> & (-NO2)
109.96 pg/ml axed caly o 341 eddl ally) 3 blas 51 108 SN Joeu
JoeSatebl s gars Lois dlly (gjltl= o Wil 9wy (] 29 34 jeddd Al bles Ob ) e S
G ) W 3 g3 el ais aali Wamdl ol gz U] BLYY (<OCoHs) oS5 Y) i55n2s (-OH)
Olesadls 341 o) all) bladl s of ool Jo fad)) ail> Lo by SN aLudly i) wlegadd) fand
Slegast) WE 15 Ly 3 jldl e Jelidl e 05 e s i) e a5 iSOy B ey 5 32U

gy RENRN- W |
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30nSW B3lially by Soall 3502l A g gd) aladll

U | —adll

90

S

3

§.> —a— Vit C
£ —e—105
S 80+ —— 106
2 —v—107
T ——108
2 —<—109
: — —110
S 60

2 —e—111
; —*— 112
T s0- —e—114
S

z —o—115
& 404 ——116
a

30 T T T T T T T T T
0 20 40 60 80 100 120 140 160
[C] pg/mL

(A)

120
100
80
60
40
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0

IC50 (ug/ml)
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74.91

81.85
50.37
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19.43\ T 19.1
69 6.99 5.92' 541997
o\ Wa
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-
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(B)

-105) Pyrrolofa-1,2]benzimidazole <\iis (il 530 NG DPPH o bt s goe 1(42) JSKEJI

(116

{(PM) Sliwgd Slddge et 2.3.4.2.111

i G dipolaza) dad N s pyrrolofa-1,2]benzimidazole olinil 30.S sslall 5,08 s

Total ) 505 stall S bledl wls o padl g 84S slall bladl &l b5 ) 2l oda 5lis))

s (38 JSEN 3) S AV deslazeyl oy I e g SV oy LW zed (antioxidant capacity
.25 JJJJ-‘ L} C?L‘;J\ uagal.'i (‘:U s Sjjf.kl\ B o TAC wle
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3eS W slially wbg ol 3lial) dmmg) gl adlad) U J—wdl)

.60 pg/ml ;55 s (116-105 ) Pyrrolo/a-1,2]benzimidazole <\ix:l TAC o3 .25 Jgis!

Total antioxidant capacity (TAC)

Comp Concentration TAC (mg GAE/g of dry TAC (mg AAE/g of dry
pg/ml compound) compound)
105 869.5 +£0.451 2068.5 + 0.096
106 422.1 £0.115 800.7 £ 0.021
107 385.9+0.635 698.1 £0.028
108 495.8 £0.808 1002.2 +0.033
1o 506.2 £ 0.0577 1038.8 £ 0.067
111 60 419.5+0.67 793.3+£0.073
12 653.6 £0.237 1456.6 = 0.086
114 413.1+£0.26 775 £0.008
15 627.7 +£0.095 1387 +0.092
116 395+ 0.071 723.7+0.078
BHT 292.8 £0.008 434.2 +0.009
Linear equation Y = 12.891x — 0.1015 Y = 4.5483x + 0.0065

Byl SN mea OF LSl (43 JSCa) (3 ezl 25 Jgudrt (3 ey Lisde famtl) slal) PV e
R S = = P anS W solizs aJleé U2 (116-105 ) pyrrolofa-1,2]benzimidazole <\xzl
Comglf G (S W B3Lal) Aladll B3l 135 @l TAC o8 Je Bleely (Mo (V) sl s)lsa U} Mo (TV)
ot TAC o o Leslis o 2068.5 + 0.096 mg AAE/g ) 698.1 + 0.028 mg AAE/g .+ TAC .3
SASU gl (2068.5 £ 0.096 mg AAE/g ik )by 105 U (3 asle)) 5,8 15T ad & 15y S
1038.8 £ 1387 + 0.092 mg AAE/g «1456.6 + 0.086 mg AAE/g - 5424 (108 5 (110 115 112)
ks el 5,6 51 107 S ebl Bl 3 sl e 10022 % 0.033 mg AAE/g 5 0.067 mg AAE/g
BHT e bl talal) o sl Y1 L5 (3 gyl LS s cdyls U3 say .698.1 + 0.067 mg AAE/g
434.2 £ 0.009 mg AAE/g > )

—
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TAC mg/g of compound
(e

plisanl e (116-105) pyrrolofa-1,2]benzimidazole <\izik TAC o %)is mig Ll :(43) |
LAV = Sl B Glas bawgie 2 sle vl ol (AA) smiaS Sy ST 2y (GA) S o
(n=3) )kl

Lo
azomethine <liiis st LSl salially 5uuS™SU salall abladl aully Crazge WS Jadl 1ia 3

pyvrrolofa- s Bis-dioxopyrrolidines Bis-pyrroles «pyrimidine- and purine-ligated pyrrole «imine

.1,2]benzimidazole

oladdh asln )Y 5l jlesly ABTS jles) (DPPH jlasl i ¢a5leS G b &y WLSL ol o &

Structure-Activity ) orssedl Lladly SN d o abli) 3 Sls 08 cwhlasYl o2 3 (PM) @l ydll
Um0 Lol LSy i 341 jdd) Al e 358 5,08 aenall oSV ods 4l e (Relationship
4l V) 5l Lty CGABTS; DPPH U1 jlast & 09580 f oo 85 gl b 0 840 jpddl o Jolid)
e £ LS (Molybdenum) ¢ ssodss ) (Molybdate) <\idol) ¢l dols s dazad &) ol gdl) i gal)
E. coli, P. aeruginosa, K. pneumonia, S. ) <Y & o sl 3 olbally LSl slall blad
o o e heles dugylll OUSH wa ol (C. albicans) skés WSS o (aureus, E. faecalis
Aoy o)l Al DS SV (B lad) (3 OV Y s S I gl @ gl A ladlly 2,0 YL

s O S A s deby 257 Ay (3 SV sgey pal)
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osiel! E5LSI1 Ll 316kt
Aldrich and Acros Organics ) i iyls SASE o dnlydll oda (3 dedsuand) Lgaall SUSM aar o Jsmad) &
Sodium ) espssall SlNLST sl S8 (Acetylacetone) SseN Jaod @ s Gy (
A6 (Benzaldehyde) adz  (2-bromoacetophenone) Oswbgslses,—2  (diethyloxalacetate
L «(Guanine) os'sd «(cytosine) cpjsesd) (Adenine) w33 «(Salicylaldehyde) ssl «(Vanilline)
4,4"-diaminodiphenyl ) Osi b S ool SW-'44 (p-phenylenediamine) oY) U caled
$y9 «(hexamethylenediamine) Y SU ki) ol (ethylenediamine) oY) opal S (sulfone
etd— gl a4t
—9yslS” J-5¢4 «(4-chloro-o-phenylenediamine) Y S ki yoi— 0,4 (phenylenediamine

4-methyl-o-) Y1 S (o-phenylenediamine) oY) S pkis
4-nitro-o-) Y S nled— $ysi-95-4 «(4,5-dichloro-o-phenylenediamine) Y S ki Syl
geiladl oy oUst Jodly «(3,4-diaminobenzoic acid) &yszs— sl S —43 a2~y (phenylenediamine

NOCHRNVNE I1 PPN W% IOUL SRy |

Alaxznd) sleal) 15LaS3dl asladl 26 Jsdd!

Chemical product Chemical formula  Molar mass  Melting point
Acetylacetone CsHzO» 100.12 g/mol —23°C
Sodium diethyloxalacetate CsHi120sNa 210.16 g/mol 188 to 190 °C
2-bromoacetophenone CsH7BrO 199.04 g/mol  48to 51 °C
Benzaldehyde C7HeO 106.12 g/mol —57.12°C
Vanilline CgH303 152.15 g/mol 81 °C
Salicylaldehyde C7HsO2 122.12 g/mol =7°C
Adenine CsHsNs 135.13 g/mol 360 to 365 °C
Cytosine C4HsN3O 111.10 g/mol 320 to 325 °C
Guanine CsHsNsO 151.13 g/mol 360 °C
p-phenylenediamine (2HCI) CsH10N2Cl> 181.06 g/mol 137 to 147 °C
4,4'-diaminodiphenyl sulfone Ci12H12N2SO2 248.30 g/mol 172 to 175 °C
Ethylenediamine C2HsN; 60.100 g/mol 8 °C
Hexamethylenediamine CesHi6N2 116.21 g/mol  39to 42 °C
o-Phenylenediamine CesHsN> 108.14 g/mol 102 to 104 °C
4-methyl-o-phenylenediamine C7H10N> 122.17 g/mol ~ 87 to 89 °C
4-chloro-o-phenylenediamine CsH7N2Cl 142.59 g/mol 70 to 73 °C
4,5-dichloro-o-phenylenediamine CsHsN2Cla 177.03 g/mol 158 tol64 °C
4-nitro-o-phenylenediamine CsH7N302 153.14 g/mol 199 to 201 °C
3,4-diaminobenzoic acid C7HsN2O» 152.15 g/mol 210 °C
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«(Diethyl ether) Y J&l S (Hexane) OLS3 i3 Jasy ails sl pd Slode due Jlenzul ¢ LS
Ethyl ) J&Y) <lel (Methanol) Jste (Ethanol) Js\s) «(Water) {U) @3 (s gy Gl Slpde
LSyilid) Lie Sy (Chloroform) Ol s,)lS" Y6 «(Dichloromethane) Ol 5))S" S5 «(acetate
.(Dimethyl sulfoxide)

ygianll Syl LSyl Jaslal 27 Jgud)

Solvent Chemical formula Boiling point Density
Hexane CeHia 68.5 t0 69.1 °C 0.6606 g/cm?
Diethyl ether C4H100 34.6 °C 0.7134 g/cm?
Water H>O 99.98 °C 0.999 g/cm?
Ethanol C2HeO 78.23 °C 0.78945 g/cm’
Methanol CH;OH 64.7 °C 0.792 g/cm?
Ethyl acetate C4HsO2 77.1 °C 0.902 g/cm®
Dichloromethane CHxCl, 39.6 °C 1.3266 g/cm?
Chloroform CHCI3 61.15°C 1.564 g/cm?
Dimethyl sulfoxide C2HsOS 189 °C 1.1004 g/cm?

(Chromatographie) \$\ & $\sg S
all (Merck Kiesel gel 60 F254) w5l s s (TLC) aig)) ikl Wl syleys danly Jolidl su o8 ¢
UV ) i) Gsdll ¥l bz dauly LS o (2387 é9 (2 mm) S e (Silica gel) i SGhady
o «(Silica gel column) >sea) L 2slg SI 5 b o L) Slnnll fab dles é WS (radiation at 254 nm

azdsas §)) > 4x)> s (Recrystallization) s ass) g b o

(Nuclear magnetic resonance spectroscopy) o2\l 953! o J) ddlles

300,) W i (s s (BC-NMR) 0550y (HANMR) O5igald ol 535 c5 ) SUBT oo ¢
Bruker Avance ) iillll sl alascal $lU3y 05, SU (75, 126, 151 MHz)s 0550 (500, 600 MHz
(ppm) sl 3 s byt Lo sl ((8) &Sl ) Bl iy A Bl s i (Spectrometers
L 13 2208 (TMS) 0% fts 2L 3,L5L

535 Al o) s i (Hz) 54 sasp dalkl aadlb (Coupling constant J) O8N <ol o pundl & LS
9 A il Ol B Sla) )8l ST (gl o) 8L pleil ] (535 U ccsapdl OLpl) eV o Jal)
bty

s (singlet) indicates a single peak, d (doublet) indicates two peaks, dd (doublet of doublets)

indicates four peaks, t (triplet) indicates three peaks, q (quartet) indicates four peaks, and m

(multiplet) indicates a complex pattern of peaks.

AW CLLYI stk MestreNova 11.04-18998 by plaswal & 13,
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(Specter infra-rad) s\ £ iasY) i3Lks
¢5 o (Fourier F-IR 630) «s s ler dbauly | (Specter infra-rad) ot o aasd) (ab
400-4000 ) i) 3 ekl oz (cm) 5 ws el st sl Ay Sl Sl wasd (Marque Aguent)

(cm!
(Melting point) e o
.(Cole-Parmer Stuart MP-200) j4-aY) iki jlex plascal (Mp) jlea¥) dbs Lus &
(UV-Vis) gl st 13 sl
(SECOMAM) s (PRIMLIGHT) t55 sl oozl L &
her ) god AJadl) jlus 3 Aasseandt 315kl So1ga¥
eSSl oYL SH& Lawy ((Miiller Hinton) Osues Jge v
g baall oYL @\.L’c Ly ((Sabouraud dextrose) jsiwSus )5l
Aol AL el dgan e Lede Jgadl @ 33 ladlly iSO YL
e gyll) Slial) Cidsil] (o deS” (DMSO) donSpiben fits S
(NaCl 0.9%) sssdl s
(Nystatin) s\ewdls (Gentamicin) Ses\st) ((Antibiotic) ss+ sLall

(i s

D N N N N R

iols ((Benzene burner) 0z S350 (Autoclave) Lazly wix Sl (Bacterial Incubator) o\~
.(Micropipette) ;s S
.DPPH, ABTS, sulfuric acid, sodium phosphate, ammonium molybdate 32 ;s34

(BHT) 25y ~Sser Wi (Gallic acid) LW jax (Ascorbic acid) kySay) o

< S
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Hantzsch Js\&5 @ i @b o OUSll gyl paased)
:(Preparation of azomethine derivatives) w9y Olisin pad 1
W) Ayl Slsh) p L) S e (Azomethine imines) sY) (eeg V) Slizie jead
& (2.5 mmol) (sl g (msVN) Asgil susls Blo) ¢ pmbline LYg 3950 Jo 50 wiae Gyp3 (3
2.5 ) (2-bromoacetophenone) Oswbgslsesy—24 (2.5 mmol) (Acetylacetone) Ose) Jzwd
(ool 6-5 54k % 60 5> 1mys dis (3l s Gyel) fowss & 3 an ity (odll OLE (3 (mmol
Sl s ) Ldd) s & Jeladl sl an (TLC) 22300 aakl Lalegley S alisanly folid) ol dnlie as
e sde Jodl al & slll I by (sl U )l we il ot U s ) el &)
it 5l iy e JeleYb U cl)l 2as e L Colsad AY
N-(2-bromo-1-phenylethylidene)-9H-purin-6-amine (88):
Chemical Formula: C;3H0BrNs
Molar mass: 315.01
Melting point: 271-273 °C
Yield : 97% in water
FT-IR (KBr, © cm™): 1593 (C=N)aiphatic, 1676-1697 (C=N)purine, 1222

RN (C-N), 646 (C-Br).
(Nf )N 'H NMR (300 MHz, DMSO-ds, & ppm): 8.13 (s, 1H, NH)inidazote, 7.74
NTON? (m, 1H, Ar), 7.62 (m, 4H, H-Ar), 7.31 (s, 2H, CH)purine, 5.88 (s, 2H,
CH.).

13C NMR (75 MHz, DMSO-ds, & ppm): 156.45, 152.97, 150.42,

142.10, 134.72, 134.60, 129.52, 128.59, 118.82, 49.88.
N-(2-bromo-1-phenylethylidene)-1H-pyrimidin-2-one-4-amine (89):

Chemical Formula: C2H0BrN3;O

Molar mass: 291

Melting point: 196-198 °C

Yield : 77% in water
Br FT-IR (KBr, © ecm™): 3063 (N-H), 1676 (C=0), 1609 (C=N), 1355 (C-

ﬁN N), 685 (C-Br).
| N ,go '"H NMR (300 MHz, DMSO-ds, 6 ppm): 11.62 (s, 1H, NH), 7.99 (d,
H 2H, H-Ar), 7.42 (m, 3H, H-Ar), 6.62 (d, 1H, CH)etnyienic, 5.68 (d, 1H,
CH)ethytenic, 5.23 (s, 2H, CHa).
3C NMR (75 MHz, DMSO-ds, 5 ppm): 147.19, 146.58, 146.54,
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134.02, 130.32, 129.15, 128.49, 128.29, 108.23, 30.47.
N-(2-bromo-1-phenylethylidene)-1H-purin-6(9H)-one-2-amine (90):
Chemical Formula: Ci;3H10BrNsO
Molar mass: 331.01
Melting point: >300 °C
Yield : 40% in water
0 FT-IR (KBr, © cm™): 3059(N-H)imidazote, 3318 (N-H)amide, 1662 (C=0),
</N | j\I\H . 1558 (C=N), 1373 (C-N), 686 (C-Br).
NTINTINT ' 'H NMR (300 MHz, DMSO-ds, 5 ppm): 12.33 (s, 1H, NH)imidazote,

10.52 (s, 1TH, NH)pyrimidine, 7.98 (m, 2H, H-Ar), 7.61 (s, 1H, CH)imidazole,
7.49 (m, 2H, H-Ar), 7.37(m,1H, H-Ar), 6.30 (s, 2H, CH>).
I3C NMR (75 MHz, DMSO-ds, 6 ppm): 136.74, 134.84, 134.51,
133.63, 129.59, 129.38, 129.12, 128.73, 128.42, 126.76, 33.14.
Preparation of pyrimidine- and )  pysd's cpdfipdy dagll Jgpdl Oliiv piad 2
:(purine ligated-pyrrole derivatives
W) Al Sl Pl M e pselly cpendl B M Jgpdl Slinie pad ¢
& (2.5 mmol) (culsd! copisidl (c3VN) Asgl 80l Blo) i ¢ pbline LMSs 3950 Lo 50 aw Gy90 (3
2-) Ostbsimlsng—29 (2.5 mmol) (diethyl oxalacetate sodium) ppssell SlpwVLSHT |t S
ot £ sl 1iaS (5 mol%) DABCO »5xs 5 2l ©Lé 3 (2.5 mmol) (bromoacetophenone
Joldl o dnlie mo colele 8-7 3k %6 110 3> 2> ke endl mo @3V S (3 ) 2
W Gl @ aball 3l By wie L) w5 ¢ ¢ Jeladl clgsl day (TLC) 2280 2zl U 2giley S alusenal,
Bl dys e (50/50) Gy oWy JSlYU a5 salely LAl of metiil) Gub e W el Jab f5 o))

ERSRE
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Diethyl 1-(9H-purin-6-yl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (91):

0

/\
N
N\

<1 J
g N

Chemical Formula: C;1H9NsO4

Molar mass: 405.14

Melting point: 274-276 °C

Yield : 23% in water

FT-IR (KBr, ® em™): 3235 (NH)imidazote, 3093 (C-H)aromatic, 2926 (C-
H)atiphatic, 1692 (C=0), 1569 (C=N), 1302 (C-N), 1222 (C-0).

TH NMR (600 MHz, DMSO-ds, & ppm): 9.22 (s, 1H, NH), 8.52 (s,
1H, CH)imidazote, 7.99 (s, 1H, CH)pyrimidine, 7.56 — 7.52 (m, SH, H-Ar),
6.16 (s, 1H, CH)pyrrote, 4.03 —3.99 (m, 4H, 2CH>), 1.06 (t, J = 7.1 Hz,
3H, CH3), 0.86 (t, ] = 7.1 Hz, 3H, CH3).

13C NMR (151 MHz, DMSO-ds, & ppm): 203.67, 203.44, 160.69,
160.54, 152.43, 144.85, 144.79, 144.79, 139.91, 139.77, 139.66,
139.52, 138.80, 138.73, 138.66, 138.58, 128.97, 128.73, 60.04, 58.63,
15.32, 14.87, 14.41, 13.87.

Diethyl 1-(2-oxo-1,2-dihydropyrimidin-4-yl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (92):

Chemical Formula: C30H9N30s

Molar mass: 381.13

Melting point: 224-226 °C

Yield : 36% in water

FT-IR (KBr, ©® em™): 3352 (N-H)amide, 3050 (C-H)aromaic, 2938 (C-
H)atiphatic, 1697 (C=0)amide, 1739 (C=0)ester, 1613 (C=C), 1653 (C=N),
1369 (C-N), 1215-1180 (C-O).

'H NMR (300 MHz, DMSO-ds, 6 ppm): 11.63 (s, 1H, NH), 7.67 —
7.48 (m, SH, H-Ar), 6.81 (d, 1H, J = 7.6 Hz, CH)esmyitenic, 6.63 (d, 1H, J
= 7.5 Hz, CH)emyienic, 5.24 (s, 1H, CH) pyrrote, 4.34 — 3.70 (m, 4H, 2CH>),
1.43 - 0.82 (m, 6H, 2CH3).

13C NMR (75 MHz, DMSO-ds, & ppm): 194.44, 193.19, 147.20,
143.87, 135.06, 134.78, 133.50, 130.30, 129.39, 128.57, 128.37,
128.28, 125.96, 108.71, 108.24, 97.74, 55.61, 55.07.
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Diethyl 1-(6-0x0-6,9-dihydro-1H-purin-2-yl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (93):
Chemical Formula: C;1H9NsOs
Molar mass: 421.14
Melting point: 298-300 °C
Yield : 74% in water

O./ FT-IR (KBr, © cm™): 3010 (C-H)womaric; 3107 (N-H)imidazote, 2909 (C-
0 H)aiiphatic, 1670 (C=0)amide, 1690 (C=0)ester, 1558 (C=N), 1467 (C=C),

o I \ 1373 (C-N), 1208 (C-0).
ro HNj;N 'H NMR (300 MHz, DMSO-ds, & ppm): 10.55 (s, 1H, NH), 8.00 (s,
1H, NH), 7.68 (s, 1H, CH)inidazote, 7.60 — 7.53 (m, SH, H-Ar), 6.08 (s,
OMNH 1H, CH)yrrote, 4.27 —4.17 (m, 4H, 2CH>), 1.07 (t, I = 7.1 Hz, 3H, CH3),

0.85 (t, ] = 7.1 Hz, 3H, CHs).

13C NMR (75 MHz, DMSO-ds, & ppm): 200.24, 197.66, 160.31,
14431, 136.19, 134.20, 133.24, 129.30, 128.90, 128.83, 128.62,
128.42, 125.93, 103.31, 60.97, 14.15, 14.08.
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:(Preparation of Bis pyrroles derivatives) Bis pyrroles <\iviws p2s .3
W Ay 2l g £l S e Bis pyrroles wlizis it é
P) ol ot o s D el ol Bl eF (ablie Bt 3y b 50 e G 3
Jul S8 e 88w (2.5 mmol) (phenylenediamine or 4,4'-diaminodiphenyl sulfone
2) Ogdsimlsnsy=2 o 8y (5 mmol) (Sodium diethyl oxalacetate) ps>sal luwNLLS|
el AslS e ses 3 ccedeST CxlW) aa o JgY) 3 (5 mmol) (bromoacetophenone
Le g s 3 andgy @l s Byl Loy ¢ s du (ACONa) jimeS pysgall lawd of (HCI)
szl Ay (TLC) 281 aikall Wlegiley S plisuanly Jelidl a5 Galie ao clola 6-5 5L % 90 5> )
LA e A gk e alady Jelidl Ldsll o U s Ol @ A 5> ds dis Ll s & Jelid)
it bl s die Sl o Sl @k sl
Tetraethyl 1,1'-(1,4-phenylene)bis(5-phenyl-1H-pyrrole-2,3-dicarboxylate) (94):

Chemical Formula: C3sH36N2Og
Molar mass: 648.25

EtO ) Melting point: 143-145 °C
o I\ Yield : 54% in Ethanol
EtO A FT-IR (KBr, © ecm™): 1701-1676 (C=0), 1600-1516 (C=C), 1347 (C-
N), 1205 (C-0O).
N OFt '"H NMR (600 MHz, DMSO-ds, 8 ppm): 7.99 (d, 1H, H-Ar), 7.97 (d, J

\ / O  =20Hz 1H),7.95(d,J=1.7 Hz, 1H), 7.93 (d, ] = 2.7 Hz, 1H), 7.72 —
OEt 7,62 (m, 10H, H-Ar), 6.50 (s, IH, CH)yole, 6.38 (s, TH, CH)pyrrole, 4.79
— 4.62 (m, 8H, 4CH>), 1.24 (t, J = 6.8 Hz, 6H, 2CH3), 0.91 — 0.79 (m,

6H, 2CH3).

[ 107 )




dpg ol

3

e il

Tetraethyl 1,1'-(sulfonylbis(4,1-phenylene))bis(5-phenyl-1H-pyrrole-2,3-dicarboxylate) (95):

EtO

Chemical Formula: C43H40N2010S

Molar mass: 788.24

Melting point: 205-207 °C

Yield : 77% in Ethanol

FT-IR (KBr, © ecm™): 1722-1676 (C=0), 1596-1490 (C=C), 1356-
1146 (SO2), 1296 (C-N), 1104 (C-0O).

'H NMR (300 MHz, DMSO-ds, 6 ppm): 8.15 — 7.81 (m, 8H, H-Ar),
7.69 — 7.42 (m, 10H, H-Ar), 7.14 (s, 1H, CH)pyrrote, 6.76 (s, 1H,
CH)pyrrote, 3.59 — 3.14 (m, 8H, 4CH>»), 1.23 — 0.96 (m, 12H, 4CHa).
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Biginelli js\& $ Joiw 3,k o Sl (gl jeaodl

:(Preparation of Bis dioxopyrrolidines derivatives) Jypd) S SNiziws pad 1
HU) dy ) gk g5 N e Bis dioxopyrrolidines <lizis pat ¢
ol 55002 o gt Rkl Gl Bl b (ebliae LY 3gpe o 50 wae Gy &
Wl o g8 olesz oI (p-phenylenediamine or 4,4'-diaminodiphenyl sulfone )
Sl VLSS ol S e (8% xe (2.5 mmol) (Ethylenediamine or Hexamethylenediamine)
«Benzaldehyde) ksl olasdl o 8y (5 mmol) (Sodium diethyl oxalacetate) ps>sa)
dyolST e ey 3 cewdeS ElaeV 2 o JsY) ¢ (5 mmol) (Vanilline s Salicylaldehyde
By die (o)) S8 Gypll) oo & U3 de ((ACONa) jimeS pgssall Sliwl of (HCI) ooy pted)
An (TLC) 2a3)) aakall Ll sileg S plaszuly Jelid) ol Aalin s colobe 5-3 54k 6 117 of %5 90 5~
sl oz a0 Sld we sl U Olay § B Gl B die L2 s ¢ (elid) les
Gysh Balely FLAl o mi A gk e U )l fas & & ((pH = 2) Jelid) Lug Lasd (H3PO4)
OlggyolS” S o e plsiial gmall WilEglg S IV n of dziss 5> 325 die (EtOH) Js)b
1(99:1) iy 8aili 3515 (MeOH) Jsitsbls (CHaCla)

Diethyl 1,1'-(1,4-phenylene)bis(4-hydroxy-5-oxo-2-phenyl-2,5-dihydro-1H-pyrrole-3-
carboxylate) (96):

O
EtO OH Chemical Formula: C3;HsN2Og

- Molar mass: 568.18
Melting point: 123-125 °C
Yield : 44 % in Acetic acid
FT-IR (KBr, © ecm™): 3065-2916 (OH), 1743-1679 (C=0), 1606-
1499 (C=C), 1361 (C-N), 1194 (C-0O).

HO 0 'H NMR (... MHz, DMSO-ds,  ppm):
EtO

N~ O
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Diethyl 1,1'-(1,4-phenylene)bis(4-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-5-oxo0-2,5-dihydro-
1H-pyrrole-3-carboxylate) (97):

O
EtO OH Chemical Formula: C34H3:N2012
- Molar mass: 660.20
N O
HO Melting point: 184-186 °C

H,CO OCH; Yield : 50 % in Acetic acid

N OH  FT-IR (KBr, ® ecm™): 3324-3153 (OH), 1719-1698 (C=0),
(0)

o 1600-1519 (C=C), 1361 (C-N), 1208 (C-0O).
HO 0 TH NMR (... MHz, DMSO-ds,  ppm):

EtO

Diethyl 1,1'-(1,4-phenylene)bis(4-hydroxy-2-(2-hydroxyphenyl)-5-oxo-2,5-dihydro-1H-
pyrrole-3-carboxylate) (98):

Chemical Formula: C3;H>sN2O10
Molar mass: 600.17

O

EtO OH

N O
Melting point: 186-189 °C

OH

HO Yield : 64 % in Acetic acid
: FT-IR (KBr, ® em™): 3310-3150 (OH), 1709-1666 (C=0), 1617-
O
HO O
EtO

1510 (C=C), 1369 (C-N), 1187 (C-O).
'H NMR (... MHz, DMSO-d;, 5 ppm):

Diethyl 1,1'-(sulfonylbis(4,1-phenylene))bis(4-hydroxy-5-oxo-2-phenyl-2,5-dihydro-1H-
pyrrole-3-carboxylate) (99):

HO OEt

Chemical Formula: C3gH3>N20O10S

Molar mass: 708.18
Melting point: 95-97 °C

O\\ . .
O//S Yield : 61 % in Ethanol
FT-IR (KBr, ¥ cm'l): 3301-3088 (OH), 1746-1700 (C=0), 1605-1453
N O (C=C), 1328-1163 (SO»), 1285 (C-N), 1127 (C-O).

~~ou 'HNMR (... MHz, DMSO-ds, 6 ppm):
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Diethyl 1,1'-(sulfonylbis(4,1-phenylene))bis(4-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-5-oxo-
2,5-dihydro-1H-pyrrole-3-carboxylate) (100):

HO OEt

Chemical Formula: C4H36N2014S

N
Molar mass: 800.19
og Melting point: 134-136 °C
O~
s o Yield : 82 % in Ethanol
Q FT-IR (KBr, © cm™): 3377-3206 (OH), 1725-1682 (C=0), 1629-
O
H,CO N 1554 (C=C), 1362-1149 (S0O3), 1309 (C-N), 1106 (C-0O).
A~oH 'H NMR (... MHz, DMSO-ds,  ppm):
HO
EtO O

Diethyl 1,1'-(sulfonylbis(4,1-phenylene))bis(4-hydroxy-2-(2-hydroxyphenyl)-5-oxo0-2,5-
dihydro-1H-pyrrole-3-carboxylate) (101):

HO OEt

0 N O .
. Chemical Formula: CsgH3:N>O12S

Molar mass: 740.17
QHO Melting point: 199-201 °C
o5 Yield : 70 % in Ethanol
Q FT-IR (KBr, © em™): 3436-3184 (OH), 1708-1676 (C=0), 1596-1500
H Y o
~~0H
EtO O

0 (C=C), 1361-1146 (SOy), 1275 (C-N), 1034 (C-O).
@/f 'H NMR (... MHz, DMSO-ds, 6 ppm):

Diethyl 1,1'-(ethane-1,2-diyl)bis(4-hydroxy-5-oxo-2-phenyl-2,5-dihydro-1H-pyrrole-3-
carboxylate) (102):

EtO
' Chemical Formula: CygHsN»>Os
HO_~ Molar mass: 520.18
o Melting point: 149-151 °C

o
N
% Yield : 49 % in Ethanol
N 0 FT-IR (KBr, © cm™): 3331 (OH), 2982-1900 (CH>-Sp®), 1711-1690
@%OH (C=0), 1610-1450 (C=C), 1258 (C-N), 1219 (C-0O).
B0 '"H NMR (... MHz, DMSO-ds,  ppm):
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Diethyl 1,1'-(ethane-1,2-diyl)bis(4-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-5-oxo-2,5-
dihydro-1H-pyrrole-3-carboxylate) (103):

Chemical Formula: C3oH3>N2O12
Molar mass: 612.20

ocH, Melting point: 137-139 °C
Yield : 32 % in Ethanol

. FT-IR (KBr, ® cm™): 3335 (OH), 2982-2918 (CH,-Sp®),
@zg 1715-1662 (C=0), 1610-1516 (C=C), 1272 (C-N), 1201 (C-
0).

'H NMR (... MHz, DMSO-ds, 6 ppm):

Diethyl 1,1'-(hexane-1,6-diyl)bis(4-hydroxy-5-oxo-2-phenyl-2,5-dihydro-1H-pyrrole-3-
carboxylate) (104):

EtO 0

Chemical Formula: C34H4oN201>
HO %
Molar mass: 668.26
N
0 N Melting point: 159-161 °C
5

Yield : 28 % in Ethanol

0]
N FT-IR (KBr, o em'): 3290 (OH), 2919-2850 (CH:-Sp’), 1697-1633
ZOH  (C=0), 1558-1500 (C=C), 1308 (C-N), 1090 (C-O).
EtO e}

'"H NMR (... MHz, DMSO-d;, 5 ppm):
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Preparation of pyrrolo-benzimidazole ) J3)AsSlu—gom Oliive  pd 2
:(derivatives
W) Gy 2l lshd) W) IS s pyrrolo-benimidazole lizis p2f &
o-phenylenediamine ) sxY) S cahssd 55l Slivin L] cd ¢ pwebline LY 3550 o 50 aiamr B9 &
2.5) (Sodium diethyl oxalacetate) ¢y3yall SwVLSH Jal S xo (2.5 mmol) (derivatives
JsYl & (2.5 mmol) (Vanilline s Salicylaldehyde «Benzaldehyde) #es) <\asdls (mmol
$30,] s Byl feos ¢ (23 dny ((HCI, p-TsOH, SSA, or NH4Cl) dam it 552y (3 copdaS”
de L(TLC) 223 aikall Llegleg S plisczal Jelidl pdis dnlis ao colebn 8-3 5 % 90 3> 2> i
Shysiosdll o e olhE s Ll U W Olay § BAN B B b L2 s @ Jelid) (D)
Gk slely LA o maA b e Wl fab ¢ L(pH = 2) Jelad) Ll isd (H3PO4)
D e ol daisis 3l dxp de (50:50) awn (H20) sWy (MeOH) Jslell o Lads alaseal,

(99:1) dey 8ails 3515 (MeOH) Jgtikly (CH2Cla) OlivagyolS” S35 o e ol Sgeall Uil gilag S

Ethyl 3-hydroxy-1-phenyl-1H-benzo[d[pyrrolo[1,2-alimidazole-2-carboxylate (105):
Chemical Formula: C;9H6N20O3
Molar mass: 320.12
Melting point: 197-199 °C
N Yield : 94 % in Ethanol
@E N OH  FTIR (KBr, © em™): 3059-2857 (OH), 1694 (C=0), 1609 (C=N),
0 1385 (C=C), 1268 (C-N), 1215 (C-0).
0 TH NMR (500 MHz, DMSO-ds,  ppm): 12.49 (s, 1H, OH), 7.41 (m, J
7 = 7.8, 1.6 Hz, 5H, Ar-H), 7.05 — 7.02 (m, 4H, Ar-H), 6.66 (s, 1H,
CHpyrrote), 4.11 (q, J = 7.1 Hz, 2H, CH»), 1.19 (t, J = 7.1 Hz, 3H, CHa).
I3H NMR (126 MHz, DMSO-ds, & ppm): 169.29, 155.71, 153.83,
145.75, 144.12, 140.31, 131.70, 130.36, 125.94, 125.75, 125.27, 124.99,
123.60, 122.67, 115.54, 115.34, 83.88, 59.28, 14.49.
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Ethyl 3-hydroxy-7-methyl-1-phenyl-1H-benzo[d[pyrrolo[1,2-a]imidazole-2-carboxylate (106):

Chemical Formula: C20HsN203

Molar mass: 334.13

Melting point: 167-169 °C

Yield : 77 % in Ethanol

FT-IR (KBr, © em™): 3373-2893 (OH), 1697 (C=0), 1622
(C=N), 1450 (C=C), 1366 (C-N), 1238 (C-0O).

'"H NMR (600 MHz, DMSO-ds, 6 ppm): 11.01 (s, 1H, OH), 7.63
(dd, J =9.2 Hz, 1H, Ar-H ), 7.28 (dd, J = 8.7, 2.4 Hz, 1H, Ar-H),
7.10 (s, 1H, Ar-H), 6.90 — 6.82 (m, 5H, Ar-H), 5.48 (s, 1H,
CHpyrrote), 4.19 — 4.07 (m, 2H, CH»), 2.41 (d, J = 3.2 Hz, 3H, CHz),
1.19 (d, J =9.3 Hz, 3H, CH3).

13C NMR (151 MHz, DMSO-ds 8 ppm): 169.65, 133.36, 132.35,
130.16, 128.53, 125.22, 124.95, 124.71, 123.77, 123.15, 122.94,
11590, 115.82, 115.69, 115.61, 11548, 84.10, 59.61, 21.01,
14.81.

Ethyl 3-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-methyl-1H-benzo[d[pyrrolo[1,2-
afimidazole-2-carboxylate (107):

Chemical Formula: C»1H>0N>Os

Molar mass: 350.13

Melting point: 170-172 °C

Yield : 72 % in Ethanol

FT-IR (KBr, © ecm™): 3185-2800 (OH), 1700 (C=0), 1620 (C=N),
1600 (C=C), 1375 (C-N), 1216 (C-0).

'"H NMR (500 MHz, DMSO-ds, 8 ppm): 11.69 (s, 1H, OH), 11.04
(s, 1H, OH), 7.42 (s, 1H, Ar-H), 7.20 (d, J = 8.6 Hz, 1H, Ar-H), 7.14
(d, J=8.1 Hz, 1H, Ar-H), 7.05 — 7.00 (m, 1H, Ar-H), 6.94 (d, 1H, Ar-
H), 6.87 (d, ] = 2.3 Hz, 1H, Ar-H), 6.73 — 6.61 (m, 1H, Ar-H), 5.46 (s,
1H, CHpyrrote), 4.15 (q, 2H, CH2), 2.25 (s, 3H, CH3), 1.23 (t, ] = 7.1
Hz, 3H, CH3).

13C NMR (126 MHz, DMSO-ds, & ppm): 179.86, 166.34, 162.14,
158.94, 158.46, 154.62, 142.51, 135.69, 134.86, 133.72, 133.26,
132.20, 130.15, 126.29, 125.94, 120.88, 93.70, 66.31, 31.98, 25.01.

[114]




dog ) 3 )

e il

2-(ethoxycarbonyl)-3-hydroxy-1-phenyl-1H-benzold[pyrrolo[1,2-afimidazole-6-carboxylic

acid (108):

Chemical Formula: C0HsN>0Os

Molar mass: 364.11

Melting point: 205-207 °C

Yield : 72 % in Ethanol

FT-IR (KBr, © ecm™): 3199-2718 (OH), 1698 (C=0)ester, 1624
(C=0)acia, 1603 (C=N), 1390 (C=C), 1262 (C-N), 1209 (C-0O).
'H NMR (600 MHz, DMSO-ds, & ppm): 11.84 (s, 1H, OH),
11.13 (s, 1H, OH), 8.31 (s, 1H, Ar-H), 7.95 (d, ] = 23.2 Hz, 1H,
Ar-H), 7.66 — 7.57 (m, 5H, Ar-H), 7.46 (d, J = 8.2 Hz, 1H, Ar-
H), 5.57 (s, 1H, CHpyrroe), 4.16 (q, J = 6.5 Hz, 2H, CH>), 1.23 (t,
J=6.6 Hz, 3H, CHs).

13C NMR (151 MHz, DMSO-ds & ppm): 169.23, 168.21,
166.97, 155.92, 143.55, 130.91, 129.99, 129.53, 127.18, 125.32,
125.25, 124.70, 116.83, 116.77, 115.62, 86.51, 59.89, 14.74.

2-(ethoxycarbonyl)-3-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-1H-benzo[d|pyrrolo[1,2-
afimidazole-6-carboxylic acid (109):

H,CO

HO

Chemical Formula: C21HisN2O7
Molar mass: 410.11

Melting point: 223-225 °C
Yield : 65 % in Ethanol

FT-IR (KBr, ® em™): 3143-2500 (OH), 1699 (C=O)escr, 1678
(C=0)ucia, 1586 (C=N), 1502 (C=C), 1364 (C-N), 1278 (C-O). 'H
'H NMR (600 MHz, DMSO-ds & ppm): 11.84 (s, 1H, OH), 11.13
(s, 1H, OH), 8.12 (s, 1H, Ar-H), 7.80 (d, J = 7.5 Hz, 1H, Ar-H), 7.75
(s, 1H, Ar-H), 7.60 (d, J = 7.7 Hz, 1H, Ar-H), 7.47 (d, J = 7.9 Hz,
1H, Ar-H), 6.94 (d, J = 7.2 Hz, 1H, Ar-H), 5.57 (s, 1H, CHpprrote),

4.16 (q, 2H, CHa), 3.89 (s, 3H, CHa), 1.24 (t, 3H, CHs).

13C NMR (151 MHz, DMSO-ds 8 ppm): 169.22, 168.26, 166.96,
155.92, 149.33, 148.33, 143.55, 125.32, 125.25, 124.68, 124.52,
121.18, 120.58, 116.76, 116.14, 115.63, 111.04, 86.51, 59.80 (d, J =

27.6 Hz), 56.20, 14.77 (d, ] = 7.1 Hz).
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Ethyl 6,7-dichloro-3-hydroxy-1-phenyl-1H-benzo[d[pyrrolo[1,2-a]imidazole-2-carboxylate

(110):

Chemical Formula: Ci;9H14CIbN>03

Molar mass: 388.04

Melting point: 174-176 °C

Yield : 81 % in Ethanol

FT-IR (KBr, © ecm™): 3217-2992 (OH), 1701 (C=0), 1653 (C=N),
1473 (C=C), 1341 (C-N), 1230 (C-0), 695 (C-Cl).

'H NMR (600 MHz, DMSO-ds 6 ppm): 11.00 (s, 1H, OH), 8.17 (s,
1H, Ar-H), 7.86 (s, 1H, Ar-H), 7.61 — 7.51 (m, 5H, Ar-H), 7.16 (s, 1H,
CHpyrrote), 4.17 (q, J = 7.1 Hz, 2H, CH>), 1.25 (t, J = 7.1 Hz, 3H, CH3).
I3C NMR (151 MHz, DMSO-ds 6 ppm): 169.03, 155.94, 154.33,
143.24, 136.10, 131.01, 129.78, 129.53, 127.22, 125.94, 125.83,
117.63, 117.33, 116.35, 86.43, 59.82, 14.77.

Ethyl 6, 7-dichloro-3-hydroxy-1-(2-hydroxyphenyl)-1H-benzo[d|pyrrolo[1,2-a]imidazole-2-

carboxylate (111):

Chemical Formula: Ci9H14CIbN>O4

Molar mass: 404.03

Melting point: 143-145 °C

Yield : 73 % in Ethanol

FT-IR (KBr, © em™): 3324-2983 (OH), 1701 (C=0), 1605 (C=N),
1450 (C=C), 1362 (C-N), 1230 (C-0), 755 (C-Cl).

'"H NMR (600 MHz, DMSO-ds, & ppm): 10.97 (s, 1H, OH), 9.80 (s,
1H, OH), 7.96 (s, 1H, Ar-H), 7.75 (s, 1H, Ar-H), 7.42 — 7.32 (m, 2H,
Ar-H), 6.90 (d, J = 6.9 Hz, 1H, Ar-H), 6.78 (d, J = 8.1 Hz, 1H, Ar-H),
5.35 (s, 1H, CHpprrote), 4.15 (q, J = 7.1 Hz, 2H, CH>), 1.24 (t, ] = 7.2
Hz, 3H, CHa).

13C NMR (151 MHz, DMSO-ds, 8 ppm): 168.29, 166.38, 165.22,
164.33, 145.46, 142.90, 141.71, 139.26, 137.60, 132.70, 130.59,
129.96, 129.54, 127.80, 125.69, 123.12, 69.91, 54.11, 24.55.
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Ethyl 3-hydroxy-6-nitro-1-phenyl-1H-benzo[d[pyrrolo[1,2-alimidazole-2-carboxylate (112):

Chemical Formula: Ci9H;5sN30Os

Molar mass: 365.10

Melting point: 183-185 °C

Yield : 62 % in Ethanol

FT-IR (KBr, © ecm™): 3457-3700 (OH), 1706 (C=0), 1641

| (C=N), 1523 (NO»), 1460 (C=C), 1341 (C-N), 1222 (C-0O).
'H NMR (600 MHz, DMSO-ds, 6 ppm): 11.00 (s, 1H, OH), 8.17

7 (d, J =7.0 Hz, 2H, Ar-H), 7.86 (d, 2H, Ar-H), 7.63 — 7.47 (m, 3H,

Ar-H), 7.16 (s, 1H, Ar-H), 5.56 (s, 1H, CHpyrote), 4.17 (q, T = 7.1
Hz, 2H, CH»), 1.18 (t, J = 7.1 Hz, 3H, CH3).
13C NMR (151 MHz, DMSO-ds, 6 ppm): 178.68, 166.33,
165.75, 152.70, 151.58, 141.27, 135.77, 128.75, 126.02, 125.65,
121.06, 98.43, 73.41, 69.93, 24.54.

O,N :

z 7z
@)
o

Ethyl 3-hydroxy-7-nitro-1-phenyl-1H-benzo[d|pyrrolo[1,2-a]imidazole-2-carboxylate (113).

Chemical Formula: C;9H15N30s

Molar mass: 365.10

Melting point: 224-226 °C
OH Yield : 36 % in Ethanol
Q; \ 0/ FT-IR (KBr, ® em™): 3338-3220 (OH), 1653 (C=0), 1586

(C=N), 1522 (NO»), 1467 (C=C), 1311 (C-N), 1236 (C-O).

'TH NMR (600 MHz, DMSO-ds, 5 ppm): 8.54 (s, 1H, OH),
8.18 (s, 1H, Ar-H), 8.09 (d, J = 7.6 Hz, 1H, Ar-H), 7.93 (d,J =
8.9 Hz, 1H, Ar-H), 7.64 — 7.58 (m, 5H, Ar-H), 5.78 (s, 1H,
CHpyrrote), 4.19 (q, J = 7.1 Hz, 2H, CH»), 1.26 (t, ] = 7.1 Hz,
3H, CH3).
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Ethyl 3-hydroxy-1-(2-hydroxyphenyl)-6-nitro-1H-benzo[d[pyrrolo[1,2-ajimidazole-2-
carboxylate (114):
Chemical Formula: Ci9H15N30¢
Molar mass: 381.10
Melting point: 154-156 °C
Yield : 49 % in Ethanol
FT-IR (KBr, © ecm™): 3388-2730 (OH), 1718 (C=0), 1593
OzN\CEN\ oH (C=N), 1520 (NO»), 1457 (C=C), 1320 (C-N), 1222 (C-0).
N | '"H NMR (500 MHz, DMSO-ds, & ppm): 8.58 (s, IH, OH), 8.46
HO (s, 1H, Ar-H), 8.12 (dd, J = 6.2, 2.8 Hz, 1H, Ar-H), 7.84 (dd, 1H,
7 Ar-H), 7.61 (d, ] = 9.0 Hz, 1H, Ar-H), 7.09 (d, J = 8.3 Hz, 1H, Ar-
H), 6.94 (d, J = 7.5 Hz, 1H, Ar-H), 6.79 (d, J = 4.7 Hz, 1H, Ar-H),
5.45 (s, 1H, CHpyrrore), 4.06 (q, J = 7.1 Hz, 2H, CHy), 1.16 (t, J =
7.1 Hz, 3H, CH3).
13C NMR (126 MHz, DMSO-ds, 6 ppm): 158.22, 157.10, 155.25,
155.20, 147.65, 143.36, 133.20, 132.53, 131.92, 128.02, 120.01,
118.76, 116.69, 115.55, 113.21, 112.01, 62.12, 44.11, 14.34.

Ethyl 7-chloro-3-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-1H-benzo[d[pyrrolo[1,2-
afimidazole-2-carboxylate (115):

Chemical Formula: Ci9H5CIN2O3

Molar mass: 354.08

Melting point: 192-194 °C

Yield : 79 % in Ethanol

FT-IR (KBr, © em™): 3224-3010 (OH), 1700 (C=0), 1648 (C=N),
1452 (C=C), 1375 (C-N), 1222 (C-0), 773 (C-Cl).

'"H NMR (600 MHz, DMSO-ds, & ppm): 11.79 (s, 1H, OH), 7.81 (d, J
=10.1 Hz, 1H, Ar-H), 7.73 (d, J = 5.4 Hz, 1H, Ar-H), 7.63 (s, 1H, Ar-
H), 7.58 — 7.50 (m, 1H, Ar-H), 7.46 (d, J = 8.4 Hz, 1H, Ar-H), 7.28 (d,
J =74 Hz, 1H, Ar-H), 7.13 — 6.99 (m, 2H, Ar-H), 5.51 (s, 1H,
CHpyrroe), 4.20 —4.12 (m, 2H, CH>), 1.24 (t, J = 6.7 Hz, 3H, CH3).

13C NMR (151 MHz, DMSO-ds, 6 ppm): 169.23, 155.96, 143.57,
129.49, 129.30, 127.61, 126.71, 126.54, 126.32, 124.48, 124.42,
123.48, 122.48, 117.33, 116.87, 115.50, 114.88, 85.40, 59.72, 14.78.
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Ethyl 7-chloro-3-hydroxy-1-(2-hydroxyphenyl)-1H-benzold[pyrrolo[1,2-afimidazole-2-

carboxylate (116):

Chemical Formula: C20HisN>Os

Molar mass: 366.12

Melting point: 217-219 °C

Yield : 87 % in Ethanol

FT-IR (KBr, © cm™): 3200-2850 (OH), 1680 (C=0), 1610 (C=N),
1400 (C=C), 1295 (C-N), 1200 (C-0O).

'H NMR (600 MHz, DMSO-ds, & ppm): 11.71 (s, 1H, OH), 11.05
(s, 1H, OH), 7.40 (s, 1H, Ar-H), 7.08 — 7.05 (m, 2H, Ar-H), 7.05 (d,
1H, Ar-H), 7.03 (d, J = 1.8 Hz, 1H, Ar-H), 7.02 (d, J = 1.5 Hz, 1H,
Ar-H), 7.01 (d, J = 1.5 Hz, 1H, Ar-H), 5.50 (s, 1H, CHpyoie), 4.16 (q,
J=7.1Hz, 2H, CH>), 1.24 (t,J =7.1 Hz, 3H, CH3).

13C NMR (151 MHz, DMSO-ds & ppm): 179.45, 165.86, 154.27,
135.43, 135.15, 133.75, 132.81, 125.66, 125.50, 94.08, 69.43, 24.64.
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"H NMR (300 MHz, DMSO-d6, & ppm): 8.13 (s, IH, NH)imidazore, 7.74 (m, 1H, Ar), 7.62 (m, 4H, H-Ar), 7.31 (s, 2H,

CH)purine; 5.88 (S, 2H, CHz)
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B3C NMR (75 MHz, DMSO-d6, § ppm): 156.45, 152.97, 150.42, 142.10, 134.72, 134.60, 129.52, 128.59, 118.82,

49.88.

[ 134




(NMR) (sblah! (91 0

1AB40.1.fid 2 F1700
1AB40 z
3 comNNomN o o L 1600
1H it SRNTERGLE K@ @
8¢ 898 LIS U | - 1500
j// /)\/ L1400
| L1300
aly L1200
ge
B (d) C (m) c ) N 1100
7.99 7.42
A & 5.68 l \ 1000
i (d) T 13
S #3%@ D (s 10
”31(6)2 b‘\bz) 5 23) ! 900
. ‘ . B
‘ . \ TSN | 800
8 S EY /E\ N L 700
— ™M
‘ ‘ : S I i
8.5 8.0 7.5 6.7 6.5 2 /5\ 600
f1 (ppm) f1 (ppm) NH O | 500
L 400
, L300
1200
‘ L100
| 1
Lo
-
5 2 42 [-100
T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 100 9 8 7 6 5 4 3 2 1 0 -1 -2 -3

f1 (ppm)

"H NMR (300 MHz, DMSO-d6, & ppm): 11.62 (s, 1H, NH), 7.99 (d, 2H, H-Ar), 7.42 (m, 3H, H-Ar), 6.62 (d, 1H,

CH)etmytenic, 5.68 (d, 1H, CH)ermytenic, 5.23 (s, 2H, CH»).
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'H NMR (75 MHz, DMSO-d6, 6 ppm): 147.19, 146.58, 146.54, 134.02, 130.32, 129.15, 128.49, 128.29, 108.23,

30.47.
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"H NMR (300 MHz, DMSO-d, 6 ppm): 12.33 (s, 1H, NH)imidazoles 10.52 (5, 1H, NH)primidine, 7.98 (m, 2H, H-Ar),
7.61 (s, 1H, CH)imidazotes 7-49 (m, 2H, H-Ar), 7.37(m,1H, H-Ar), 6.30 (s, 2H, CHo).
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3C NMR (75 MHz, DMSO-ds, 8 ppm):
126.76, 33.14.

136.74, 134.84, 134.51, 133.63, 129.59, 129.38, 129.12, 128.73, 128.42,
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'H NMR (600 MHz, DMSO-ds, 5 ppm): 9.22 (s, 1H, NH), 8.52 (s, 1H, CH)imidazote, 7-99 (s, TH, CH)yrimidine, 7.56 —
7.52 (m, 5H, H-Ar), 6.16 (s, 1H, CH)pyrrote; 4.03 — 3.99 (m, 4H, 2CH,), 1.06 (t, ] = 7.1 Hz, 3H, CHs), 0.86 (t, ] = 7.1
Hz, 3H, CH).
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BC NMR (151 MHz, DMSO-ds, § ppm): 203.67, 203.44, 160.69, 160.54, 152.43, 144.85, 144.79, 144.79, 139.91,
139.77, 139.66, 139.52, 138.80, 138.73, 138.66, 138.58, 128.97, 128.73, 60.04, 58.63, 15.32, 14.87, 14.41, 13.87.
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'"H NMR (300 MHz, DMSO-ds, 6 ppm): 11.63 (s, 1H, NH), 7.67 — 7.48 (m, SH, H-Ar), 6.81 (d, 1H, J= 7.6 Hz,
CH)ethytenics 6.63 (d, 1H, T = 7.5 Hz, CH)eunyienics 5.24 (s, 1H, CH)pyrrote, 4.34 — 3.70 (m, 4H, 2CH,), 1.43 — 0.82 (m,
6H, 2CHs).
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3C NMR (75 MHz, DMSO-ds, 6 ppm): 194.44, 193.19, 147.20, 143.87, 135.06, 134.78, 133.50, 130.30, 129.39,
128.57, 128.37, 128.28, 125.96, 108.71, 108.24, 97.74, 55.61, 55.07.
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'H NMR (300 MHz, DMSO-de, & ppm): 10.55 (s, 1H, NH), 8.00 (s, 1H, NH), 7.68 (s, IH, CH)imidazore, 7.60 — 7.53
(m, 5H, H-Ar), 6.08 (s, 1H, CH) ot 4.27 —4.17 (m, 4H, 2CH,), 1.07 (t, J = 7.1 Hz, 3H, CHs), 0.85 (t, ] = 7.1 Hz,
3H, CHa).
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BC NMR (75 MHz, DMSO-ds, 8 ppm): 200.24, 197.66, 160.31, 144.31, 136.19, 134.20, 133.24, 129.30, 128.90,

128.83, 128.62, 128.42, 125.93, 103.31, 60.97, 14.15, 14.08.
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"H NMR (600 MHz, DMSO-ds, & ppm): 7.99 (d, 1H, H-Ar), 7.97 (d, ] = 2.0 Hz, 1H), 7.95 (d, ] = 1.7 Hz, 1H), 7.93
(d, J=2.7 Hz, 1H), 7.72 — 7.62 (m, 10H, H-Ar), 6.50 (s, IH, CH)pprrote, 6.38 (s, TH, CH)pprrotes 4.79 — 4.62 (m, SH,

4CH,), 1.24 (t,J = 6.8 Hz, 6H, 2C

Hs), 0.91 — 0.79 (m, 6H, 2CHy).
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"H NMR (300 MHz, DMSO-de, & ppm): 8.15 — 7.81 (m, 8H, H-Ar), 7.69 — 7.42 (m, 10H, H-Ar), 7.14 (s, 1H,

CH)pyrrotes 6.76 (5, 1H, CH)pyrroes 3.59 — 3.14 (m, 8H, 4CHy), 1.23 — 0.96 (m, 12H, 4CH).
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'H NMR (500 MHz, DMSO-ds, § ppm): 12.49 (s, 1H, OH), 7.41 (m, J = 7.8, 1.6 Hz, 5H, Ar-H), 7.05 — 7.02 (m, 4H,
Ar-H), 6.66 (s, IH, CHyroi0), 4.11 (q, J = 7.1 Hz, 2H, CH,), 1.19 (t, J = 7.1 Hz, 3H, CHa).
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H NMR (126 MHz, DMSO-ds, 8 ppm): 169.29, 155.71, 153.83, 145.75, 144.12, 140.31, 131.70, 130.36, 125.94,

125.75,125.27,124.99, 123.60, 122.67, 115.54, 115.34, 83.88, 59.28, 14.49.
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"H NMR (600 MHz, DMSO-ds, 8 ppm): 11.01 (s, 1H, OH), 7.63 (dd, J = 9.2 Hz, IH, Ar-H ), 7.28 (dd, J = 8.7, 2.4
Hz, 1H, Ar-H), 7.10 (s, 1H, Ar-H), 6.90 — 6.82 (m, SH, Ar-H), 5.48 (s, IH, CHpyrore), 4.19 — 4.07 (m, 2H, CH,), 2.41

(d,J =3.2 Hz, 3H, CHa3), 1.19 (d, ] = 9.3 Hz, 3H, CHa).
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BC NMR (151 MHz, DMSO-ds & ppm): 169.65, 133.36, 132.35, 130.16, 128.53, 125.22, 124.95, 124.71, 123.77,
123.15,122.94,115.90, 115.82, 115.69, 115.61, 115.48, 84.10, 59.61, 21.01, 14.81.
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"H NMR (500 MHz, DMSO-ds, 8 ppm): 11.69 (s, 1H, OH), 11.04 (s, 1H, OH), 7.42 (s, 1H, Ar-H), 7.20 (d, ] = 8.6
Hz, 1H, Ar-H), 7.14 (d, J = 8.1 Hz, 1H, Ar-H), 7.05 — 7.00 (m, 1H, Ar-H), 6.94 (d, 1H, Ar-H), 6.87 (d, J = 2.3 Hz,
1H, Ar-H), 6.73 — 6.61 (m, 1H, Ar-H), 5.46 (s, 1H, CH,yror), 4.15 (q, 2H, CHy), 2.25 (s, 3H, CH3), 1.23 (t, ] = 7.1
Hz, 3H, CHa).
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BC NMR (126 MHz, DMSO-ds, § ppm): 179.86, 166.34, 162.14, 158.94, 158.46, 154.62, 142.51, 135.69, 134.86,
133.72, 133.26, 132.20, 130.15, 126.29, 125.94, 120.88, 93.70, 66.31, 31.98, 25.01.
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"H NMR (600 MHz, DMSO-ds, 8 ppm): 11.84 (s, 1H, OH), 11.13 (s, 1H, OH), 8.31 (s, IH, Ar-H), 7.95 (d, J = 23.2
Hz, 1H, Ar-H), 7.66 — 7.57 (m, 5H, Ar-H), 7.46 (d, J = 8.2 Hz, 1H, Ar-H), 5.57 (s, 1H, CHpprore), 4.16 (q, J = 6.5

Hz, 2H, CH,), 1.23 (t, ] = 6.6 Hz, 3H, CH3).
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B3C NMR (151 MHz, DMSO-de 6 ppm): 169.23, 168.21, 166.97, 155.92, 143.55, 130.91, 129.99, 129.53, 127.18,
125.32, 125.25, 124.70, 116.83, 116.77, 115.62, 86.51, 59.89, 14.74.
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'H NMR (600 MHz, DMSO-d 6 ppm): 11.84 (s, 1H, OH), 11.13 (s, 1H, OH), 8.12 (s, 1H, Ar-H), 7.80 (d, J = 7.5
Hz, 1H, Ar-H), 7.75 (s, 1H, Ar-H), 7.60 (d, ] = 7.7 Hz, 1H, Ar-H), 7.47 (d, ] = 7.9 Hz, 1H, Ar-H), 6.94 (d, ] = 7.2

Hz, 1H, Ar-H), 5.57 (s, TH, CHpoe), 4.16 (q, 2H, CH,), 3.89 (s, 3H, CHs), 1.24 (t, 3H, CH).
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BC NMR (151 MHz, DMSO-dg & ppm): 169.22, 168.26, 166.96, 155.92, 149.33, 148.33, 143.55, 125.32, 125.25,
124.68, 124.52, 121.18, 120.58, 116.76, 116.14, 115.63, 111.04, 86.51, 59.80 (d, J = 27.6 Hz), 56.20, 14.77 (d, ] =

7.1 Hz).
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"H NMR (600 MHz, DMSO-ds & ppm): 11.00 (s, 1H, OH), 8.17 (s, 1H, Ar-H), 7.86 (s, 1H, Ar-H), 7.61 — 7.51 (m,
SH, Ar-H), 7.16 (s, 1H, CH,yoi), 4.17 (q, J = 7.1 Hz, 2H, CH,), 1.25 (t, ] = 7.1 Hz, 3H, CH3).
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BC NMR (151 MHz, DMSO-ds & ppm): 169.03, 155.94, 154.33, 143.24, 136.10, 131.01, 129.78, 129.53, 127.22,
125.94, 125.83,117.63, 117.33, 116.35, 86.43, 59.82, 14.77.
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'H NMR (600 MHz, DMSO-de, 6 ppm): 10.97 (s, 1H, OH), 9.80 (s, 1H, OH), 7.96 (s, 1H, Ar-H), 7.75 (s, 1H, Ar-
H), 7.42 — 7.32 (m, 2H, Ar-H), 6.90 (d, ] = 6.9 Hz, 1H, Ar-H), 6.78 (d, J = 8.1 Hz, 1H, Ar-H), 5.35 (s, 1H, CHpyrrole),
4.15(q,J=7.1 Hz, 2H, CH»), 1.24 (t, J = 7.2 Hz, 3H, CH).
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BC NMR (151 MHz, DMSO-de, 8 ppm): 168.29, 166.38, 165.22, 164.33, 145.46, 142.90, 141.71, 139.26, 137.60,
132.70, 130.59, 129.96, 129.54, 127.80, 125.69, 123.12, 69.91, 54.11, 24.55.
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'H NMR (600 MHz, DMSO-de, 6 ppm): 11.00 (s, 1H, OH), 8.17 (d, J = 7.0 Hz, 2H, Ar-H), 7.86 (d, 2H, Ar-H), 7.63
— 7.47 (m, 3H, Ar-H), 7.16 (s, 1H, Ar-H), 5.56 (s, 1H, CHppot), 4.17 (q, J = 7.1 Hz, 2H, CH»), 1.18 (t, ] = 7.1 Hz,

3H, CHa).
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BC NMR (151 MHz, DMSO-de, & ppm): 178.68, 166.33, 165.75, 152.70, 151.58, 141.27, 135.77, 128.75, 126.02,

125.65, 121.06, 98.43, 73.41, 69.93, 24.54.
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"H NMR (600 MHz, DMSO-dp, 8 ppm): 8.54 (s, 1H, OH), 8.18 (s, IH, Ar-H), 8.09 (d, J = 7.6 Hz, 1H, Ar-H), 7.93
(d, J=8.9 Hz, 1H, Ar-H), 7.64 — 7.58 (m, 5H, Ar-H), 5.78 (s, 1H, CHppro), 4.19 (q, J= 7.1 Hz, 2H, CHy), 1.26 (t, J
= 7.1 Hz, 3H, CHa).

[oNe] [e)Ne)
BIO61 R R
S>3 [ 1900
Ay Walya)
VOUMANA—HOIMEHNOOO®L MO QN O Y -0 oo © © 1 1800
N~ ——-H0WWO®W®MOYOT 30N Soc oo h A | A < -
WOWOWOWVONNNNNNNNNOOO <+ < < < NN — L 1700
~
1600
@® ©
-
- 1500
N/
24 (O 1400
16
1300
| ~1200
' 1100
1000

\ \ :
120 215 110 [900

f1 (ppm)
800

700

&
4.06
19 (s) 12 (d)] 600
8.58 7.09
500
LI
JJ j 300
!
5
@
:
\

%

~-100

l 200

100

J -0
&'

1179

e ®
© < N o
S oS S o
T T

e T

I8

Ao

S =
T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

"H NMR (500 MHz, DMSO-d, 8 ppm): 8.58 (s, [H, OH), 8.46 (s, 1H, Ar-H), 8.12 (dd, J = 6.2, 2.8 Hz, 1H, Ar-H),
7.84 (dd, 1H, Ar-H), 7.61 (d, J = 9.0 Hz, 1H, Ar-H), 7.09 (d, ] = 8.3 Hz, 1H, Ar-H), 6.94 (d, J = 7.5 Hz, 1H, Ar-H),
6.79 (d, J = 4.7 Hz, 1H, Ar-H), 5.45 (s, IH, CH,000), 4.06 (q, J = 7.1 Hz, 2H, CH,), 1.16 (t, ] = 7.1 Hz, 3H, CHs).

[ 100 ]




(NMR) bl (91 0 )

BI061 00000qO00
REuRuRu R R RURURY] L 140
T4z =
NS HANTOMANOAOONENND NH22INYRNYR X
ONNOLLNMMAN -GSO WM SN Mg ooT M r130
NN ITTMOMMANN = A NTOOOO0OOOPODD <
° b ek Rk Rk e Sk S PP R S S B S A S S OTTITITITIFHAOAMOMO —~
?\L e\ | SN mm— e I L 120
g !
o 2 ‘/\/% oH
28 | || /2\‘/19 L 110
X, |
BN 5
— o
/“ NN, L 100
HQ Il
z?\mfﬂ\ 2
/ //m t90
i
e M | ' i‘
5 (s) 70
112.01
10 (s) 18 (s) 9 (s) F60
147.65| | 131.92| | 116.69)
1(s) 8(s) | 17(s)
157.10 133.20| 120.01 rs0
20 (s) 7 (s) 13 (s) 12 (s) 29 (§) 30 (s)|
158.22| | 143.36| | 128.02| | 113.21 a4.4ft 14.34 t40
2 (s) 16 (s) || 11 (s)
156.12 132.53| 118.76 30
14 (d) 15 (s)
155.20 115.55 k20
k10
‘ | [ ‘
| | m 1 |
- . M L v IN [l Lo
F-10
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10 -20

f1 (ppm)

BC NMR (126 MHz, DMSO-ds, & ppm): 158.22, 157.10, 155.25, 155.20, 147.65, 1
128.02, 120.01, 118.76, 116.69, 115.55, 113.21, 112.01, 62.12, 44.11, 14.34.
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"H NMR (600 MHz, DMSO-ds, & ppm): 11.79 (s, 1H, OH), 7.81 (d, J = 10.1 Hz, 1H,

Ar-H), 7.73 (d, = 5.4 Hz, 1H,

Ar-H), 7.63 (s, 1H, Ar-H), 7.58 — 7.50 (m, 1H, Ar-H), 7.46 (d, J = 8.4 Hz, 1H, Ar-H), 7.28 (d, J = 7.4 Hz, 1H, Ar-

H), 7.13 — 6.99 (m, 2H, Ar-H), 5.51 (s, 1H, CHpyoe), 4.20 — 4.12 (m, 2H, CH,), 1.24

(t, 3= 6.7 Hz, 3H, CH).
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ABSTRACT. A new pyrimidine- and purine-ligated pyrrole were synthesized through the Hantzsch
multicomponent reaction using nucleobases (cytosine, adenine or guanine) as amine nucleophiles in water as
solvent. The structures of the synthesized compounds were elucidated through proton ("H) and carbon (**C) nuclear
magnetic resonance (NMR) and Fourier-transform infrared (FT-IR) spectroscopy, mass spectrometry, and elemental
analysis. The total antioxidant capacity (TAC) of the products was evaluated by the phosphomolybdenum assay.
The in vitro antioxidant activity of the target compounds was assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH")
and 2,2'-azino-bis(3-ethylenzothiazoline-sulfonic acid) diammonium salt (ABTS"™) free radicals. Compound 2¢
displayed the highest antioxidant activity against DPPH with ICsy of 6.55 pg/mL, and 3¢ exhibited the highest
antioxidant activity against ABTS with ICsy of 18.37 pg/mL. Furthermore, the in vitro antibacterial properties of
these compounds was assessed against Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Klebsiella pneumonia ATCC 13883 (Gram-negative: G), and Staphylococcus aureus ATCC 25932 (Gram-positive:
G") bacterium, and compared with Gentamicin used as reference antibiotic. Compound 2a exhibited good
antibacterial activity against Klebsiella pneumonia with inhibition zone of 17 mm. Compound 3a also showed a
good antibacterial effect against E. coli taxon with inhibition zone of 18.5 mm relative to Gentamicin (20 mm).

KEY WORDS: Antibacterial activity, Antioxidant activity, Hantzsch synthesis, Nitrogenous bases, Pyrrole

INTRODUCTION

The pyrrole moiety is an attractive five-membered heterocyclic structure showing enormous and
diverse types of biological and pharmacological properties [1-3]. Substituted pyrroles have been
shown to possess a wide variety of biological activities, which include anticancer [4], antifungal
[5], antileishmanial [6], antimicrobial [7], anticonvulsant [8], antiviral [9], antioxidant [10], and
anti-inflammatory [11]. Furthermore, the pyrrole core structure is essential to the structure of
many pharmaceuticals that are sold commercially as well as naturally occurring substances
including tolmetin [12], zomepirac [13], atorvastatin [14], vitamin B,,, and bile pigments like
bilirubin and biliverdin [15].

*Corresponding authors. E-mail: mohchar5@yahoo.fr; dehamchia-mohamed@univ-eloued.dz
This work is licensed under the Creative Commons Attribution 4.0 International License
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The development of new biological and pharmacological entities has focused a lot of emphasis
on pyrrole fused with heterocycles that contain nitrogen [16, 17]. Among them, pyrrolo-
pyrimidine and pyrrolo-purine are of particular importance [18, 19]. Some of their derivatives
have antitumor activity [20], anti-cancer activity [21], and human A3 adenosine receptor
antagonists [21].

Over the past few decades, the bacterial infections have remained one of the leading causes
of death worldwide. In 2019, approximately 8 million deaths around the world are associated with
33 types of bacteria, with a half of these fatalities attributed Staphylococcus aureus, Escherichia
coli, Streptococcus pneumonia, Klebsiella pneumonia and Pseudomonas aeruginosa [22]. These
microorganisms have shown resistance to a large number of commercial antibiotics. This difficult
situation is a great challenge for researchers to design and develop new therapeutic agent in order
to prevent from this bacterial infections damage [23-25].

Due to the importance of pyrrole for various biological applications, several methods for the
synthesis of polysubstituted pyrroles have attracted the attention of organic chemists and varieties
of synthetic strategies have been reported in the literature [26, 27]. In this case, Hantzsch
multicomponent reaction (MCR) is widely used as practical and convenient one-pot method for
the synthesis of various biologically active pyrrole derivatives [28, 29].

In the literature, numerous reports about the Hantzsch pyrrole synthesis have been reported
[28-30]. These include solid-phase synthesis [31], organocatalytic synthesis [32], green synthesis
[33] and solvent-free synthesis, using the high-speed vibration milling (HSVM) technique [34].
Our research team recently published a study on the synthesis of certain new fused heterocyclic
compounds using nitrogenous bases (nucleobases), such as adenine, guanine, and cytosine, as
amine donors [35-37].

Given the aforementioned results, and as part of our ongoing research on the synthesis of
biologically active heterocycles, we report here the synthesis of new pyrimidine- and purine-
linked with pyrrole moiety compounds by Hantzsch MCR using nitrogenous bases (cytosine,
adenine, or guanine). Furthermore, we evaluated the antibacterial and the antioxidant activities of
synthesized compounds.

RESULTS AND DISCUSSION
Chemical synthesis

Our current study started from the synthesis of the N-aryl-pyrrole derivatives (1a—c) via Hantzsch
multicomponent reaction according to the previously reported method [38, 39]. The reactions
were carried out by condensation of an aromatic amine (aniline, p-aminophenol, or p-
bromoaniline), acetylacetone, and a-bromoacetophenone. As indicated in Scheme 1, the reactions
were performed in water as solvent at 60 °C using 5 mol% of 1,4-diazabicyclo[2.2.2]octane
(DABCO) as catalyst. All the products were isolated as yellow oil in yields ranged between 82%
and 89%, and the results are summarized in Table 1.

In order to show the generality of this reaction and to investigate the effect of other parameters
on the reaction yields and products, nucleobases, which have an amino (NH») group such as
cytosine, adenine and guanine, were employed as amine reagents. As shown in Scheme 2, three
novel Schiff-bases (azomethine imines) derivatives 2a-c¢ were synthesized by condensation of
nucleobase, o-bromoacetophenone and acetylacetone without catalyst. All reactions were
performed in H,O at 60 °C and the products 2a-¢ were obtained by filtration in 60-97% yields.
The results are summarized in Table 1. All products 2a-c¢ were characterized by their
spectroscopic and analytical data.
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Scheme 1. Synthesis of 1,2,3,5-substituted-4H-pyrroles (1a—c).

Table 1. Reaction conditions and isolated yields of synthesized compounds (1a-c¢), (2a-c¢), and (3a-c).
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Product 1,3-Dicarbonyle Amine conditions %) m.p. (°C)
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Acetylacetone
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© 4-Bromoaniline Yellow oil
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Q.
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In addition, we evaluated the replacement of acetylacetone by sodium diethyloxaloacetate as
activated 1,3-dicarbonyle reagent. In this case, pyrimidine- and purine-ligated pyrrole derivatives
(3a—) were prepared by the Hantzsch multicomponent condensation of sodium
diethyloxaloacetate, nucleobase, and 2-bromoacetophenone in water as solvent using 5 mol% of
DABCO as catalyst (Scheme 2). The products 3a, 3b, and 3¢ were obtained with 23, 36, and 74%
yields, respectively (Table 1).
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Scheme 2. Synthesis of Schiff-bases (2a-c) pyrimidine- and purine-ligated pyrrole (3a—c).

The structure of pyrimidine- and purine ligated-pyrrole (3a-¢) were elucidated using 'H- and
BC NMR, FT-IR, mass spectroscopy and Elemental analyses. The Fourier transform (FT-IR)
spectra of the Hantzsch products 3a-¢ showed a strong absorption band over 1700 ¢cm’!, which
corresponds to C=0 ester groups. In addition, all IR spectra showed a characteristic band over
1600 cm™!, which corresponds to aromatic ring stretch in all products. The proton nuclear magnetic
resonance ("H NMR) spectra of compounds 3a-¢ show two triplets of 6 protons at 1.10-1.20 ppm
region belong to methyl group (2CHs) of ethyl carboxylate groups. The two methylene (2CH,) of
ester groups appear as two quartets at 4.10-4.20 ppm. Another signal at & =~ 7-8 ppm belongs to
the proton of the aromatic rings. The electrospray ionization (ESI) mass spectra of synthesized
compounds showed peaks at m/z = [M+1]", which correspond to the molecular mass of the ion
[M+H]".

The suggested mechanism for the synthesis of pyrimidine- and purine-ligated pyrrole
catalyzed by DABCO is shown in Scheme 3.

Bioactivities

To discover the beneficial effects of the synthesized compounds in the treatment of different
diseases, it is essential to study for their in vitro biological activity. In particular, for the nitrogen-
containing heterocycles, it is important to evaluate their antioxidant, antibacterial and
antimicrobial activity.

In vitro antibacterial activity

The newly prepared compounds 2a-c¢ and 3a-c were screened for their in vitro antibacterial effects
against Gram-positive bacterial taxon S. aureus, ATCC 25923 and Gram-negative bacterial strains
E. coli (ATCC 25922), P. aeruginosa (ATCC 27853) and K. pneumonia (ATCC 13883) at a
concentration of 15 mg/mL using the disk diffusion method [40, 41]. The inhibition zones were
given in mm and were compared to Gentamicin, which was used as reference drugs at a
concentration of 15 mg/mL. DMSO was used as negative control. The results of the bioassays
expressed as diameters of the inhibition zones in mm and are reported in Table 2.

Bull. Chem. Soc. Ethiop. 2025, 39(6)



1190 Chaima Adaika et al.

Br A‘ o (ONa* 0O ©o \*N
o [N \7 [@“\7 )‘\SK NH; 3

/
Et EtO CO,Et
DABCO o) ] COLEt 2

Br

2
o B o 0 o
o) CO,Et Q COEt EtO CO,Et
-H,0 -
O N N <0 | EO Con — 0
Z Z ~ ,’, ~
T NI~ 4>72+
N ' /T
- .~_e ~ N
Rearrangement
CO,Et
Q) SV /N
O CO,Et J OH N CO,Et
O Uy N” COME \ )\
|

i
e | \ .-

ol 3a-c

Scheme 3. Suggested Mechanism for the synthesis of pyrimidine- and purines ligated-pyrrole
3a-c.

Table 2. In vitro antibacterial activity of synthesized compounds (2a-¢) and (3a-c) against Gram-negative
and Gram-positive bacteria.

Compounds Inhibition zones (mm) at 15 mg/mL
E. coli P. aeruginosa K. pneumoniae S. aureus
DMSO - - - -
2a 8 15 17 -
2b 13 11 12 -
2c - 10 13 -
3a 18.5 - 12 12.5
3b 8 12 15 -
3c 10.5 12 12 -
Gentamicin 20 19 21 22
(-): No activity was observed

The observed values in Table 2 show that compounds derived from adenine (2a and 3a) are
compared with the activity of selected antibiotic gentamicin against E. coli and K. pneumonia at
15 mg/mL. These compounds expressed antibacterial activity against both bacterial species with
zones of inhibition of 17 and 18.5 mm, respectively. Against S. aureus, the tested compounds 2a-
¢, 3b-c did not express antibacterial effect at the same concentration (15 mg/mL), but compound
3a displayed low activity with inhibition zone value of 12.5 mm.
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In vitro antioxidant activity

The in vitro antioxidant properties of compounds 2a-c¢ and 3a-c were screened using 1,1-diphenyl-
1-picrylhydrazyl (DPPH’) [42, 43] and 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid)diammonium salt (ABTS™) [44] assays. The total antioxidant activity was obtained using the
phosphomolybdenum method.

DPPH scavenging activity of synthesized compounds 2a-c and 3a-c

The radical scavenging activity (RSA) of DPPH was calculated as a percentage inhibition using
the following equation:

control — A

% Inhibition = Scontrot ~ Asampte 14 )
Acontrol

where Aconrol 18 the absorbance of the control reaction (containing all reagents except the test

compound) and Agmple is the absorbance of the test compound. Ascorbic acid (vitamin C) was

used as standard agent. The DPPH reducing potentials of synthesized compounds 2a-c and 3a-c

were reported in ICso values. The results obtained in this assay are summarized in Table 3 and the

percentage inhibition (I %) are clarified in Figure 1(A).

Table 3. In vitro antioxidant property of 2a-c and 3a-c using the DPPH assay.

Concentration pg/mL

Compound 5 25 50 75 100 125 150 1Cs0
2a 27.7 43.81 46.08 46.46 48.35 51.64 52 112.79
2b 51.6 53.1 46.06 56.4 53.1 52 67 35.43
2c 36.3 59 64.4 72 88.7 89.4 97.2 17.29
3a 44 46 49.2 50 50.02 53 55 75.11
3b 41.1 42 47 53.53 54.54 55.02 54.67 60.71
3c 34.67 57 58 57.6 67 74.2 82.5 18.56

Vitamin C 61.6 72.92 74.36 74.69 75.03 75.36 75.36 9.97

The ICso values correspond to the concentration of a sample, which has capability to quench
50% of DPPH radical present in the reaction mixture. Low ICso values indicate a high antioxidant
activity of the sample compound.

As shown in the Table 3 and Figure 1(A), all synthesized molecules 2a-c and 3a-c have free
radical scavenging activity in the DPPH assay. The ICso values in the DPPH assays were ranged
between 17.29 and 112.79 uM. Compounds derived from guanine 2¢ and 3¢, which have a (NH)
and (CO) groups, showed the highest antioxidant activity (17.29 and 18.56 uM). Whereas, shift
base derived from adenine 2a showed lower antioxidant activity (112.79 uM). These results
revealed that the presence of the guanine ring contributed differently to the radical scavenging
capacity.

ABTS scavenging activity of synthesized compounds 2a-c and 3a-c

The ability of the synthesized compounds to scavenge ABTS radical was expressed as percent
(%) RSA and calculated using the formula:

% Inhibition = Zcentrot=Asampte o 1) 2)

Acontrol

where Aconol 1S the absorbance of the ABTS radical cation in methanol and Agmple is the
absorbance of the ABTS radical cation in the sample solution. Ascorbic acid (vitamin C) was used
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as positive control. The radical scavenging activities of synthesized compounds 2a-c¢ and 2a-c in
the ABTS assay are summarized in Table 4 and the percentage inhibition at different

concentrations are presented in Figure 1(B).

Table 4. In vitro antioxidant activity of compounds 2a-c¢ and 3a-c using ABTS assay.

Compound Concentration pg/mL
5 12.5 25 375 50 100 150 200 250 1Cso
2a 11.86 | 27.43 32 4629 | 64.29 | 70.14 | 73.86 | 80.14 | 82.86 | 40.34
2b 542 | 793 8.9 10.29 | 26.43 | 30.46 | 40.89 | 48.96 | 58.14 | 205.26
2c 1.97 17.8 | 22.67 | 45.76 | 54.52 | 58.14 | 60.08 | 694 | 75.8 43.76
3a 11.82 | 12.93 | 45.34 | 65.77 | 68.99 | 75.10 | 82.89 | 76.08 | 76.63 | 28.15
3b 12.28 | 18.86 | 22.71 | 30.14 | 47.14 | 70.71 | 73.71 | 75.57 | 77.57 | 55.71
3c 58 5522 | 4451 | 3435 | 27.12 | 11.54 | 7.37 | 6.95 1.4 18.37
Vitamin C 9.78 | 1046 | 14.54 | 30.84 | 43.61 | 63.18 | 77.85 | 84.24 | 91.03 | 66.72

As shown in Table 4 and Figure 1(B), the significant antioxidant properties against ABTS"
radical cation were observed for the compounds 3¢ and 3a with ICso values 18.37 pg/mL and
28.15 pg/mL, respectively. The lowest antioxidant activity was observed for compound 2b with
ICsp value 205.26 pg/mL. In addition, the results in Table 4 indicated that the antioxidant activities
of the synthesized compounds 2a, 2¢, 3a-c¢ are more than that of vitamin C used as a standard
antioxidant.
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Figure 1. Radical scavenging activity of the synthesized compounds (2a-c) and (3a-c) at various
concentrations against DPPH (A) and ABTS (B) radicals at 517 and 734 nm.

Total antioxidant capacity (TAC) assessment

The total antioxidant capacity (TAC) of the synthesized library was estimated by the
phosphomolybdenum assay described by Prieto ef al. [45]. This method is based on the reduction
of Mo(VI) to Mo(V) by the formation of a green phosphate/Mo(V) complex at an acidic pH. The
results are expressed in milligrams (mg) of Gallic acid or ascorbic acid per gram (g) of tested
sample and are depicted in Table 5.
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Table 5. Total antioxidant capacity (TAC) of the tested compounds using the phosphomolybdenum method.

Total antioxidant capacity (TAC)
Comp TAC (mg GAE/g dry compounds) TAC (mg AAE/g dry compounds)
2a 372.9£0.073 677.1+0.0761
2b 524.3+0.096 1106.3£0.0474
2¢ 502+0.055 1043+0.0271
3a 397.7+0.096 747.5+0.0320
3b 463.5+0.079 933.9+0.0753
3c 550.4+0.061 1180.2+0.0211
Linear equation y = 12.891x —0.1015 y = 4.5483x + 0.0065

AAE: Ascorbic acid equivalent. GAE: Gallic acid equivalent.
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Figure 2. Total antioxidant capacity of synthesized compounds by phosphomolybdenum assay.
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As we can see from Table 5 and Figure 2, the TAC values of the synthesized compounds
2a-c and 3a-c were ranged from 372.9 + 0.073 to 550.4+0.061 mg (GAE)/g sample, and from
677.1£0.0761 to 1180.2+0.0211 mg (AAE)/g sample, respectively. All tested compounds 2a-c
and 3a-c exhibited antioxidant capacity. Compound 3¢ showed the highest antioxidant capacity
in the two methods with TAC values of 550.4+0.061 mg (GAE)/g sample and 1180.2+0.0211 mg
(AAE)/g of sample. In addition, the lowest potent level of activity was observed in compound 2a
with TAC values of 372.9+0.073 mg (GAE)/g of dry compound and 677.1+0.0761 mg (AAE)/g
of dry compound.

EXPERIMENTAL
Materials and methods

Solvents, reagents and free radicals (DPPH and ABTS) were commercially available and used
without further purification. 'H and *C NMR spectra were recorded on a Bruker Avance
spectrometer at Scientific and Technical Research Center in Physicochemical Analysis (CRAPC).
The chemical shifts, 8, are reported in parts per million (ppm) and were measured in DMSO-d;
relative to tetramethylsilane (TMS) as internal standard. FT-IR spectra (in KBr, b cm™) were
recorded on an Agilent Cary 630 FT-IR spectrometer. High-resolution mass spectra (HRMS-ESI)
were obtained on Bruker micro TOF spectrometer using methanol as the spray solvent. Melting
points (m.p.) were measured using Cole-Parmer Stuart MP-200 instrument and are uncorrected.
Absorbance measurements for the antioxidant assays were conducted using a SECOMAM
PRIMLIGHT reader. TLC was performed on Merck Kiesel gel 60 F254 aluminum backed plates.
The spots were detected by ninhydrin using UV irradiation. The G" and G bacterial species used
in this study were sourced from the Pasteur Institute, Ministry of health, Algeria.
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Chemical synthesis

General procedure A for the multicomponent synthesis of pyrroles (1a-c) in aqueous medium [38,
39]

A mixture containing a-bromoacetophenone (1 mmol), acetyl acetone (1 mmol), amine (1 mmol),
and DABCO (5 mol%) was stirred in 5 mL of water at 60°C for the specified duration (Figure 1).
Once the reaction was complete, as confirmed by TLC, the mixture was diluted with ice water
and extracted twice with ethyl acetate (2x10 mL). The combined organic layers were dried over
magnesium sodium sulfate (MgSO.) or calcium chloride (CaCly). The solvent was then
evaporated under reduced pressure to concentrate the crude product, which was subsequently
purified by silica gel column chromatography eluted with a mixture of ethyl acetate and n-hexane
(20:80). These compounds were synthesized according to the literature procedure [38, 39].

General procedure B for the synthesis of Schiff-bases N-(2-bromo-1-phenylethylidene)arylamine
derivatives (2a-c)

The Schiff-bases 2a-¢ were obtained by reacting equimolar quantities of nucleobase (adenine,
cytosine, or guanine), acetylacetone and 2-bromoacetophenone in water in the presence of one
equivalent of NaOH. The mixture was heated for about 5-6 hours at 60 °C. The progress of the
reaction was monitored using TLC. Once the reaction was complete, the mixture was allowed to
cool to room temperature, diluted with water and a solid product was formed. The precipitate was
separated by filtration, washed with water, then with petroleum ether several times. The obtained
solid was recrystallized in EtOH at low temperature yielded the pure product.

N-(2-Bromo-1-phenylethylidene)-9H-purin-6-amine (2a). This compound was prepared
according to the general procedure B using adenine (0.34 g, 2.5 mmol), 2-bromoacetophenone
(0.5 g, 2.5 mmol), acetylacetone (0.25 g, 2.5 mmol) and NaOH (0.1 g, 2.5 mmol). Compound 2a
was obtained as a white solid in 97% yield; m.p. 271-273 °C. FT-IR (KBr, © cm™): 1593
(C=N)uiiphatic; 1676-1697 (C=N)rine, 1222 (C-N), 646 (C-Br); '"H NMR (300 MHz, DMSO-d, &
ppm): 8.13 (s, 1H, NH iniduzote), 7.74 (m, 1H, Ar), 7.62 (m, 4H, H-Ar), 7.31 (s, 2H, CH purinc), 5.88
(s, 2H, CH,). 13C NMR (75 MHz, DMSO-ds,  ppm) & 156.45, 152.97, 150.42, 142.10, 134.72,
134.60, 129.52, 128.59, 118.82, 49.88. HRMS (ESI): m/z = 315.9937 [M+H]" (calculated for
[Ci3H1o0BrNs+H]": 316.0198). Elemental analysis, calculated for Ci3H,0BrNs (316.16): C, 49.39;
H, 3.19; N, 22.15. Found: C, 49.70; H, 3.42; N, 22.37%.

N-(2-Bromo-1-phenylethylidene)- 1 H-pyrimidin-2-one-4-amine (2b). This compounds was
prepared according to the general procedure B using cytocine (0.28 g, 2.5 mmol), a-
bromoacetophenone (0.5 g, 2.5 mmol), acetylacetone (0.25 g, 2.5 mmol), and NaOH (0.1 g, 2.5
mmol). Compound 2b was obtained as a white solid in 77% yield; m.p: 196-198 °C. FT-IR (KBr,
© em™): 3063 (N-H), 1676 (C=0), 1609 (C=N), 1355 (C-N), 685 (C-Br); '"H NMR (300 MHz,
DMSO-ds, 6 ppm): 11.62 (s, 1H, NH), 7.99 (d, 2H, H-Ar), 7.42 (m, 3H, H-Ar), 6.62 (d, 1H, CH
etyt)> 5.68 (d, TH, CH ciy1), 5.23 (s, 2H, CH,). *C NMR (75 MHz, DMSO-dy, & ppm): 156.34,
147.19, 146.58, 146.54, 134.02, 130.32, 129.15, 128.49, 128.29, 108.23, 30.47. HRMS (ESI): m/z
= 292.0023 (calculated for [Ci,H;oBrN;O+H]": 292.0085. Elemental analysis, calculated for
Ci2H1oBrNs;O (292.13): C, 49.34; H, 3.45; N, 14.38. Found: C, 49.20; H, 3.48; N, 14.18%.

N-(2-Bromo-1-phenylethylidene)- 1 H-purin-6(9H)-one-2-amine (2c¢). This compounds was
prepared according to the general procedure B using guanine (0.34 g, 2.5 mmol), a-
bromoacetophenone (0.5 g, 2.5 mmol), acetylacetone (0.25 g, 2.5 mmol), NaOH (0.1 g, 2.5
mmol). Compound 2¢ was obtained as a white solid in 40% yield; m.p. >300 °C. FT-IR (KBr, v
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em™): 3059(N-H) imidazotes 3318 (N-H)amiae, 1662 (C=0), 1558 (C=N), 1373 (C-N), 686 (C-Br). 'H
NMR (300 MHz, DMSO-ds, 6 ppm): 12.33 (s, 1H, NH)imidazote, 10.52 (s, 1H, NH pyimidine), 7.98 (m,
2H, H-Ar), 7.61 (s, 1H, CH imidazote), 7.49 (m, 2H, Harom), 7.37(m,1H, Harom), 6.30 (s, 2H, CH>).
3C NMR (75 MHz, DMSO-dy, § ppm): 136.74, 134.84, 134.51, 133.63, 129.59, 129.38, 129.12,
128.73, 128.42, 126.76, 33.14. HRMS (ESI): m/z = 333.0228 [M+H]" (calculated for
[Ci3HoBrNsO+H]": 333.0219. Elemental analysis, calculated for C;3H;oBrNsO (332.16): C,
47.01; H, 3.03; N, 21.08. Found: C, 47.03; H, 3.04; N, 21.11%.

General procedure C for the synthesis of pyrimidine- and purine-ligated pyrrole 3a-c using
DABCO as catalyst

An equimolar mixture of sodium diethyloxalacetate (2.5 mmol), nucleobase (adenine, cytosine,
or guanine) (2.5 mmol), 2-bromoacetophenone (2.5 mmol) and 5 mol% of DABCO in 20 mL of
water as solvent was stirred for 5-6 hours at reflux. The progress of the reaction was monitored
by TLC. After completion of the reaction, the mixture was cooled to room temperature, diluted
with water, and the precipitate was separated by filtration. Recrystallization from ethanol/water
(50/50) at low temperature to obtain the corresponding pyrimidine- and purine ligated-pyrrole 3a-
c.

Diethyl 1-(9H-purin-6-yl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (3a). The compounds was
prepared according to the general procedure C using adenine (0.34 g, 2.5 mmol), 2-
bromoacetophenone (0.5 g, 2.5 mmol), and sodium diethyloxalacetate (0.5 g, 2.5 mmol).
Compound 3a was obtained as a yellowish-white solid in 23% yield; m.p. 274-276 °C. FT-IR
(KBr, © cm™): 3235 (NHimidazo)> 3093 (C-H)aroma, 2926 (C-H)uiiphasic, 1692 (C=0), 1569 (C=N),
1302 (C-N), 1222 (C-O). '"H NMR (600 MHz, DMSO-ds, 5 ppm): 9.22 (s, 1H, NH), 8.52 (s, 1H,
CH imidazote), 7.99 (s, 1H, CH pysimidine), 7.56 — 7.52 (m, 5H, H-Ar), 6.16 (s, 1H, CH o), 4.03 —
3.99 (m, 4H, 2CH,), 1.06 (t, J = 7.1 Hz, 3H, CHs), 0.86 (t,J = 7.1 Hz, 3H, CHs). *C NMR (151
MHz, DMSO-ds, 5 ppm): 203.67,203.44, 160.69, 160.54, 152.43, 144.85, 144.79, 144.79, 139.91,
139.77, 139.66, 139.52, 138.80, 138.73, 138.66, 138.58, 128.97, 128.73, 60.04, 58.63, 15.32,
14.87, 14.41, 13.87. HRMS (ESI): m/z= 406.1506 [M+H]" (calculated for [C, HisNsOs+H]":
406.1510). Elemental analysis, calculated for C>;H9NsO4 (405.41): C, 62.22; H, 4.71; N, 17.27.
Found: C, 62.14; H, 4.73; N, 17.30%

Diethyl 1-(2-oxo-1,2-dihydropyrimidin-4-yl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (3b). The
compounds was prepared according to the general procedure C using cytocine (0.28 g, 2.5 mmol),
2-bromoacetophenone (0.5 g, 2.5 mmol), and sodium diethyloxalacetate (0.5 g, 2.5 mmol).
Compound 3b was obtained as a yellowish-white solid in 36% yield; m.p. 224-226 °C. IR (KBr,
© em1): 3352 (N-H)amide, 3050 (C-H)wromaics 2938 (C-H)atiphatic; 1697 (C=0)amide, 1739 (C=0)ester,
1613 (C=C), 1653 (C=N), 1369 (C-N), 1215-1180 (C-0); "H NMR (300 MHz, DMSO-ds, 5 ppm):
11.63 (s, 1H, NH), 7.67 — 7.48 (m, 5H, H-Ar), 6.81 (d, 1H, J= 7.6 Hz, CHeuy), 6.63 (d, 1H, J =
7.5 Hz, CHemyten), 5.24 (s, 1H, CH pyrrote), 4.34 — 3.70 (m, 4H, 2CH>), 1.43 — 0.82 (m, 6H, 2CHj3).
13C NMR (75 MHz, DMSO-ds, § ppm): 194.44, 193.19, 147.20, 143.87, 135.06, 134.78, 133.50,
130.30, 129.39, 128.57, 128.37, 128.28, 125.96, 108.71, 108.24, 97.74, 55.61, 55.07. HRMS
(ESI): m/z =382.1406 [M+H]" (calculated for [C20H1oN3Os+H]": 382.1397 ). Elemental analysis,
calculated for C»0H9N30s (381.38): C, 62.99; H, 5.02; N, 11.02. Found: C, 62.82; H, 4.98; N,
11.10%.

Diethyl 1-(6-oxo-6,9-dihydro-1H-purin-2-yl)-5-phenyl-1H-pyrrole-2,3-dicarboxylate (3c). The
compounds was prepared according to the general procedure C using guanine (0.34 g, 2.5 mmol),
2-bromoacetophenone (0.5g, 2.5 mmol), and sodium diethyloxalacetate (0.5 g, 2.5 mmol).
Compound 3¢ was obtained as a yellowish-white solid in 74% yield; m.p. 298-300 °C. IR (KBr,
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0 em1): 3318 (N-H)umide, 3010 (C-H)aromatics 3107 (N-H)imidazote; 2909 (C-H)atiphatics 1670 (C=0) amide,
1690 (C=0)ser, 1558 (C=N), 1467 (C=C), 1373 (C-N), 1208 (C-0); 'H NMR (300 MHz, DMSO-
ds, 6 ppm): 10.55 (s, 1H, NH), 8.00 (s, 1H, NH), 7.68 (s, 1H, CHinidazo), 7.60 — 7.53 (m, 5H, H),
6.08 (s, 1H, CHpyroie), 427 —4.17 (m, 4H, 2CH,), 1.07 (t, J=7.1 Hz, 3H, CH3), 0.85 (t, J =arom
7.1 Hz, 3H, CH;). *C NMR (75 MHz, DMSO-dj, 5 ppm): 200.24, 197.66, 160.31, 144.31, 136.19,
134.20, 133.24, 129.30, 128.90, 128.83, 128.62, 128.42, 125.93, 103.31, 60.97, 14.15, 14.08.
HRMS (ESI): m/z= 422.1457 [M+H]" (calculated for [C,H9oNsOs+H]": 422.1459). Elemental
analysis, calculated for C>1Hi9NsOs (421.41): C, 59.85; H, 4.54; N, 16.62. Found: C, 59.84; H,
4.55; N, 16.62%.

Biological effectiveness
Protocol for the in vitro antibacterial assessment

The in vitro antibacterial activity of the target prepared compounds was screened against the
strains of gram-positive (S. aureus ATCC 25923 and gram-negative (£. Coli ATCC 25922, P.
aeruginosa ATCC 27853 and K. pneumonia ATCC 13883) by the agar disc diffusion test [38-
39].

All the products were dissolved in dimethyl sulfoxide (DMSO), which has no inhibitory
activity for dilution in order to prepare stock solutions and two daughter solutions (15-3.25
mg/mL). The Whattman filter papers were sterilized in an autoclave for 1 hour at 140 °C. The
agar plates were uniformly inoculated on the surface with a fresh culture broth of G* bacteria
including the impregnated discs with 60 pL placed on the agar plates, and then incubated at 30 °C
for 1 h to allow good diffusion. They were then transferred to an incubator at 37+2 °C for 24 hours
before to examine the inhibition zones causing by tested compounds on the bacterial strains. The
inhibition zones were recorded by measuring the zones surrounding the disk at the mm scale, and
the results were compared with gentamicin as standard antibiotic.

In vitro antioxidant evaluation

The in vitro antioxidant capacity of the synthesized compounds was tested through their ability to
reduce the 1,1-diphenyl-1-picrylhydrazyl (DPPH") and 2,2-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid)diammonium salt (ABTS") free radicals. The total antioxidant activity was
evaluated by phosphomolybdenum method. Ascorbic acid (vitamin C), butylated hydroxy toluene
(BHT), and gallic acid (GA) were used as standard agents.

Protocol for the DPPH radical scavenging assay [40]

The antioxidant activity of the prepared compounds was determined from the bleaching of the
purple-colored methanolic solution of 1,1-diphenyl-1-picrylhydrazyl (DPPH) according to the
previously described protocol [41, 42]. Different concentrations (10, 25, 50, 100, 200, 250 and
500 pg/mL) of the tested compounds were prepared, and 1 mL of varying concentrations were
mixed with 2 mL of a 0.004% (w/v) solution of DPPH in methanol. The mixture was incubated
for 30 min in the dark at room temperature. Next, 100 pL of each solution were placed into 96-
well plates, and the absorbance (A) of the mixture was recorded at 517 nm.

Protocol for the ABTS radical scavenging assay
Free radical scavenging activity of compounds 2a-¢ and 3a-c was determined by ABTS radical
cation decolonization assay [43]. ABTS™ radical cation was prepared by reaction of two stock

solutions of ABTS (7 mM) and potassium persulfate (2.4 mM). The mixture was kept in the dark
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at room temperature for 16 h to give the free radicals. The solution of ABTS radical was then
diluted to obtain an absorbance of 0.701 + 0.005 units at 734 nm using a spectrophotometer.

To determine the ABTS scavenging effect, 990 pL. ABTS™ radical cation was reacted with
10 uL of each sample and was incubated at room temperature for 7 min. After incubation, the
absorbance was recorded at 734 nm using a PRIMLIGHT, SECOMAM reader.

Evaluation of total antioxidant activity (TAC) by phosphomolybdenum (PM) assay

Using micropipette, 0.1 mL of each compound (62.5 pg/mL) in methanol was mixed with 1 mL
of reagent solution (containing 0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The test tubes containing the mixture were incubated at 95 °C in a water
bath for 90 min. After incubation, the mixture was cooled to room temperature and the absorbance
of the sample solution was read at 695 nm using a PRIMLIGHT, SECOMAM reader against the
blank. All experiments were carried out in triplicate. The total antioxidant capacity of the sample
was expressed as the number of gallic acid equivalent (GAE) or ascorbic acid equivalent (AAE).

CONCLUSION

New pyrimidine- and purine-ligated pyrrole derivatives were synthesized using nucleobases
(cytosine, adenine or guanine) by Hantzsch multicomponent reaction in the presence of DABCO
as a catalyst. The in vitro antioxidant activity of all the newly compounds was investigated by
examining their scavenging effects on 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-
bis(3-ethylenzothiazoline-sulfonic acid) diammonium salt (ABTS) free radicals, in comparison
with vitamin C and gallic acid. The results show that compounds 2¢ and 3¢ exhibit significant
antioxidant activity against DPPH and ABTS free radicals. Additionally, the total antioxidant
capacity (TAC) of the synthesized compounds was checked using the phosphomolybdenum
method. The in vitro antibacterial activities of these compounds have been evaluated against
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and Klebsiella
pneumonia ATCC 13883 (Gram-negative: G') and Staphylococcus aureus ATCC 25932 (Gram-
positive: G") bacterium using gentamicin as reference antibiotic. Compounds 2a and 3a show
significant inhibitory effects and could be considered as the most potent antibacterial agents.
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