Available online at www.scholarsresearchlibrary.com

a(mac/'
: X w74
Scholars Research Library Q‘z"\A«Wbﬂ%‘
Scholars Research X » t@ (:
Der Pharmacia Lettre, 2016, 8 (14):38-46 * < »v *
’ (http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Antioxidant evaluation of 2,4-thiazolidinedione andrhodanine derivatives
Neha Khare and Archana Kapoor*

Drug Discovery and Research Laboratory, Department of Pharmaceutical Sciences, Guru
Jambeshwar University of Science and Technology, Hisar (Haryana), India

ABSTRACT

A series of derivatives of thiazolidinedione and rhodanine (TZP, RHP, RHB, MB01-MB09) were synthesized using
Scheme 1 and 2. The spectral analysis of the derivatives was carried out using IR and *HNMR techniques. The
synthesized compounds were screened for their in vitro antioxidant potential. TZP, RHP and MBO1 showed
significant antioxidant activity which illustrates the requirement of free NH for antioxidant activity and proved
unsubstituted derivatives to be more potent. MB0O7 and MBO08 also exhibited moderate antioxidant activity and
highlighted the presence of heterocyclic ring to be good for its radical scavenging activity. N-3 unsubstituted and
aromatic amines substituted mannich bases were reveal ed to show better activity.
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INTRODUCTION

Antioxidants are the substances, which when preaefdw concentrations compared to those of anisaiie
substrate, significantly delay or prevent oxidatairthat substrate. The key role of antioxidantsoisntercept and
react with free radicals so that cascade effe®@S propagation is prevented by readily donatiagibton to the
ROS (Reactive Oxygen Species). The antioxidantgutgpf a compound is attributed to its ability of

a) Oxygen radical scavenging
b) Inhibiting cellular Microsomal P-450 linked Midd-unction oxidation (MFO) reaction
¢) Suppressing the formation of ROS [1]

In vitro antioxidant activity of the synthesized compoundaswquantitatively measured HYPPH radical
scavenging assayDPPH (2, 2-diphenyl 1-picrylhydrazyl) is a stalflee radical at room temperature and accepts
an electron or hydrogen radical to become stalalmdgnetic molecule. DPPH radical is scavenged bgxadants
through the donation of protons forming the redub&PH. Antioxidant molecule can quench DPPH frekceds
and convert them to a colorless / bleached prodltictately resulting in a decrease in absorbant&fiz medicinal
properties of thiazolidinediones initiated us tatiesize N-substituted-5-benzylidene-2, 4- TZD ahddanine
derivatives and evaluate their antioxidant activithie synthesized 2, 4-thiazolidinedione and rhodaderivatives
were substituted at N-3 with secondary amines taioltheir Mannich bases.
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MATERIALS AND METHODS

Chemistry

Melting points were determined on an ELICO meltpaint apparatus and are uncorrectéttNMR spectra were
recorded at 400MHz on a Brucker Advance 1l 400 spectrometer uSiM§S as an internal standard. Infrared spectra
were recorded using KBr pellets on a Perkin-ElmBiRFspectrophotometer. All compounds exhibitetdNMR and

IR spectral data consistent with the proposed stres. The progress of the reaction was monitose@LL using
silica gel G as adsorbent. The plates were devdlbgexposing to the iodine vapours.

General procedure for thiazolidine-2, 4-dione (1]3]

The solution containing chloroacetic acid (56.0@mol) in 60 ml of water and thiourea (45.6 g,nof) dissolved
in 60 ml of water. The mixture was stirred for 1tnnto form a white precipitate, accompanied bysiderable
cooling. To the contents of the flask, added slo8@yml| of concentrated hydrochloric acid from appimg funnel,
the flask was then connected with a reflux condeasd gentle heat applied to effect complete smhytafter which
the reaction mixture was stirred and refluxed fet8hour at 100-110°C. On cooling, the contentdhef flask
solidified to a cluster of white needles. The pratdwas filtered and washed with water to removedsaof
hydrochloric acid and dried. It was purified byngstallization from ethyl alcohol. Yield: 85%; m.p23-125°C.

General procedure for 4- Hydroxy-5-benzylidene-2, 4hiazolidinedione (2)[3]

4-Hydroxy benzaldehyde (20 g, 0.188mol) and 2,idziblidinedione (22 g, 0.188mol) were together susied in
ethanol. To this, a catalytic amount of piperiditanl) was added. The mixture was stirred and xefiu After the
complete removal of water and when the temperaeaehed above 110°C the reaction mixture was dtiioe a
furtherl hour. On cooling, the product precipitated from ethanol. The compound was filtered andhea with
cold dry toluene and dry ethanol. Yield: 93%; n2pQ-242°C.

General procedure for N-(Benzothiazol-2-yl)-2-chloroacetamide (3}4]

2-Amino benzothiazole (15 gm, 0.1mol) in chlorofofh® ml) was stirred in a conical flask and to tleisloroacetyl
chloride (12.01ml, 0.15mol) was added drop wiseanrmbld condition. Reaction mixture was stirredddmpletion
of reaction, which was monitored by TLC.

General procedure for N-(Benzothiazol-2-yl)-2-(4-¢, 4-dioxothiazolidin-5 ylidene)methyl)phenoxyacetaide
(4) [4]

5-Benzylidene-2, 4-thiazolidinedione (22.12gm, Ool)nand anhydrous potassium carbonate (20.72grbpil) in
dimethyl formamide (DMF) was stirred in a flask amd this reaction mixture, N-(Benzothiazol-2-yl)-2-
chloroacetamide (34.0gm, 0.15mol) in DMF was addiehction mixture was stirred at room temperatilir¢he
completion of reaction, which was monitored by TIAGter completion of reaction, water was addedebtpe solid
final product.

General procedure for N-mannich bases (5jMB01-MB09) [5]

To a solution of N-(Benzothiazol-2-yl)-2-(4-((2,dlexothiazolidin-5-ylidene) methyl) phenoxy)acetami(5.09gm,
0.01 mol) in DMF, formaldehyde (0.6ml, 0.02 mol)svadded under stirring. The reaction-mixture wasest at
RT for 0.5 hr to complete the reaction of formalgdd and yield methylol derivative of compound. hist the
solution of secondary amine in DMF was added drggevand refluxed for 2 hr. The reaction was poungal ice
cold water and filtered off and wash with hot wateinally it was dried and purified by recrystaditon from
chloroform to get the desired compound.

Spectral data

(E)-5-(4-hydroxybenzylidene) thiazolidine-2, 4-dione: IR (KBr, cm): 3405 (NH str.), 3125 (C-H str., aromatic),
1720 and 1678 (C=0 str., cyclic imide), 1510 (C=hdb, aromatic), 1279 (C-O str.), 1156 (C-N strly} §C-S str.);
'H NMR (DMSOd) 6 (ppm): 6.92 (d, 2H, aromatic), 7.46 (d, 2H, ardn)a.695 (s, 1H, benzylidene proton)

N-(Benzothiazol-2-yl)-2-chloroacetamide: IR (KBr, cm?): 3368 (NH str.), 1695 (C=0O str., amide), 1450 (C=
bend, aromatic), 1268 (C-O str.), 1177 (C-N s&7)7 (C-Cl str.)

N-(Benzothiazol-2-yl)-2-(4-((2, 4-dioxothiazolidin-5 ylidene)methyl)phenoxyacetamide (TZP): IR (KBr, cm):
3197 (NH str.), 3065 (H-C=C str.), 1733 and 167#QCstr., cyclic imide), 1267 (C-O str.), 1176 (Csh.), 611
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(C-S str.);'H NMR (DMSOG) & (ppm): 8.5 ( 2H, s, Ar-H), 8.3 (1H, s, NH), 7.584 s, Ar-H), 7.14 (2H, m, Ar-H),
4.68 (2H, s, Ch)

(E)-N-(benzo[d]thiazol-2-y1)-2-(4-((4-oxo-2-thioxothiazolidin-5-ylidene)methyl ) phenoxy)acetamide (RHP): IR
(KBr, cm™): 3190 (NH str.), 3070 (H-C=C str.), 1643 (C=0phahtic) and 1664 (C=O str., imide), 1271 (C-O)str.
1170 (C-N str.), 621 and 632 (C-S stt); NMR (DMSOd) & (ppm): 7.96 (1H, s, NH), 7.75 (2H, s, Ar-H), 7.32
(3H, m, Ar-H), 6.68 (2H, s, Ar-H), 3.7 (2H, s, GH

(E)-N-(benzo[d]thiazol-2-y1)-2-(4-((2, 4-dioxo-3-(piperazin-1-ylmethyl) thiazolidin-5-ylidene) methyl)phenoxy)
acetamide (MBO1): IR (KBr, cm): 3402 (NH str.), 2935 (H-C=C str.), 1664 (C=0.,simide), 1459 (CH str.),
1278 (C-O str.), 1169 (C-N str.), 620 (C-S sti)NMR (DMSOd) & (ppm): 8.25 (2H, s, Ar-H), 7.95 (1H, s, NH),
7.10 (3H, m, Ar-H), 6.8 (3H, m, Ar-H), 3.34 (2H,8H,), 2.5 (4H, m, CH)

(E)-N-(benzo[d]thiazol-2-y|)-2—(4-g(3-((diphenylamino)methyl)-2,4—dioxothiazolidin-5—ylidene)methyl) phenoxy)
acetamide (MB02): IR (KBr, cm™): 3385 (NH str.), 3045 (H-C=C str.), 1680 and 1850 str., cyclic imide),
1494 (C=C bend, aromatic), 1477 (SHend), 1234 (C-O str.), 1172 (C-N str.), 615 (649);*'H NMR (DMSOd)
& (ppm): 8.14 (1H, s, NH), 7.2 (4H, m, Ar-H), 7.66H, d, Ar-H), 6.8 (1H, s, H-C=C)

(E)-N-(benzo[d]thiazol-2-y1)-2-(4-((3-((dimethylamino)methyl)-2,4-dioxothiazolidin-5-ylidene)methyl)  phenoxy)
acetamide (MBO03): IR (KBr, cm'): 3381 (NH str.), 3061 (H-C=C str.), 1664 (C=0.,simide), 1593 (C=C bend,
aromatic), 1471 (CH bend), 1273 (C-O str.), 1176 (C-N str.), 619 (64S);*H NMR (DMSOd) & (ppm): 7.9 (1H,
s, NH), 7.72 (4H, m, Ar-H), 7.33 (4H, m, Ar-H), @.81H, s, H-C=C), 3.4 (4H, s, GH 2.5 (6H, s, Ch)

(E)-N-(benzo[d]thiazol-2-y)-2-(4-((3-((4-methyl piper azin-1-yl)methyl)-2,4-di oxothiazolidin-5-ylidene)methyl)
phenoxy)acetamide (MBO04): IR (KBr, cm'): 3288 (NH str.), 3062 (H-C=C str.), 1681 and 1%@80 str., cyclic
imide), 1494 (C=C bend, aromatic), 1377 (CHend), 1273 (C-O str.), 1188 (C-N str.), 617 (Gt8); 'H NMR
(DMSOd;) 6§ (ppm): 8.1 (2H, s, Ar-H), 7.96 (1H, s, NH), 7.14H, m, Ar-H), 6.98 (1H, s, H-C=C), 3.42 (4H, s,
CHy), 2.5 (8H, s, ChH), 2.2 (3H, s, Ch)

(E)-N-(benzo[d]thiazol-2-y)-2-(4-((3-((diethylamino)methyl)-2,4-di oxothi azolidin-5-ylidene)methyl ) phenoxy)
acetamide (MBO5): IR (KBr, cm™): 3413 (NH str.), 2921 (C4istr., aliphatic), 1666 (C=0O str., imide), 1494 (C=
bend, aromatic), 1377 (GHbend), 1273 (C-O str.), 1188 (C-N str.), 617 (8HS

(E)-N-(benzo[d]thiazol-2-y)-2-(4-((3-((dibenzylamino)methyl)- 2,4-dioxothiazolidin-5-ylidene)methyl ) phenoxy)
acetamide (MB06): IR (KBr, crmi®): 3406 (NH str.), 1664 (C=0 str., imide), 1506 (Cbend, aromatic), 1467(-
CH,-), 1250 (C-O str.), 1176 (C-N str.), 622(C-S sti) NMR (DMSOd) & (ppm): 7.95 (1H, s, NH), 7.68 (4H, m,
Ar-H), 7.09 (4H, m, Ar-H), 3.34 (4H, s, GH 2.5 (4H, s, CH), 1.2 (6H, s, Ch)

(E)-N-(benzo[d]thiazol-2-y)-2-(4-((4-oxo-3-(pi per azin-1-ylmethyl)-2-thioxothiazolidin-5-ylidene)methyi)
phenoxy) acetamide (MBO7): IR (KBr, cm®): 3240 and 3304 (NH str.), 3078 (H-C=C str.), 16660 str., amide),
1460 (CH, bend), 1278 (C-O str.), 1159 (C-N str.), 646 (6HS)

(E)-N-(benzo[d]thiazol-2-y1)-2-(4-((3-((4-methyl piper azin-1-yl)methyl )-4-oxo-2-thioxothiazoli din-5-ylidene)

methyl) phenoxy)acetamide (MB08): IR (KBr, cm®): 3213 (NH str.), 3061 (H-C=C str.), 1664 (C=0.,samide),
1481 (C=C bend, aromatic), 1465 (g¢nd), 1365 (Ck| bend), 1278 (C-O str.), 1151 (C-N str.), 624 (649);*H
NMR (DMSOd;) & (ppm): 8.23 (2H, s, Ar-H), 7.89 (1H, s, NH), 7.28H4, m, Ar-H), 6.91 (1H, s, H-C=C), 3.38
(4H, s, CH), 2.43 (8H, s, Ch), 2.32 (3H, s, CH

(E)-N-(benzo[d]thiazol-2-y)-2-(4-((3-((dimethyl amino)methyl)-4-oxo-2-thi oxothiazolidin-5-ylidene)methyl)
phenoxy) acetamide (MB09): IR (KBr, cm): 3381 (NH str.), 3061 (H-C=C str.), 1664 (C=0.,samide), 1593
(C=C bend, aromatic), 1471 (GHbend), 1273 (C-O str.), 1176 (C-N strht NMR (DMSOd;) & (ppm): 7.85 (1H,
s, NH), 7.69 (4H, m, Ar-H), 7.39 (4H, m, Ar-H), 8.71H, s, H-C=C), 3.5 (4H, s, GH 2.8 (6H, s, Ch)

(E)-5-(4-hydroxybenzylidene)-2-thioxothiazolidin-4-one (RHB): IR (KBr, cm'): 3383 (NH str.), 3101 (C-H str.,
aromatic), 1685 (C=0 str., amide), 1506 (C=C bemdmatic), 1282 (C-O str.), 1174 (C-N str.), 6243Gtr.);'H
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NMR (DMSOd) & (ppm): 10.4 (1H, s, NH), 7.13 (3H, m, Ar-H), 6.684, m, Ar-H)

Antioxidant Assay
The solutions of synthesized mannich bases of thjakolidinedione and rhodanine derivatives wereppred in

DMSO in concentrations ranging from 10-50¢/ml. A DPPH blank was prepared and methanol was 6@r the
baseline correction. The well-known antioxidant aebic acid was used as a positive control. 2 mleath
compound solution having different concentratiof-DQug/ml) were taken in different test tubes and 2 il o
0.1mM methanolic solution of DPPH was added andeshaigorously. The tubes were then incubated &C3ar
30 min. Changes in absorbance were measured atrbigimg a UV/visible spectrophotometer. Measureneg
performed in triplicate and the DPPH radical scgueg activity was expressed as % inhibition of DP&idl was
calculated using the equation:

Percent Inhibition of DPPH (%) = ¢A-A/Ao) x 100
Where, A is the absorbance of control (blank, without coom)

A, is the absorbance of the test compound

The DPPH Scavenging Activity of ascorbic acid atiaias concentrations was also measured and compéted
those of the newly synthesized compounds [6].

Table I: Physicochemical Characterization of the Sythesized Compounds

S.No. | Product code| Molecular formula| Molecular weigt | Melting Point | R; | % yield
1. TZP GigH1304N3S, 411.454 168-180 0.61 58.4
2. RHP GoH1303N3S; 427.52 170-185 0.8¢ 60.3
3. MBO1 GoaH2304N:S, 509.601 62-64 0.73 67.89
4. MBO02 C32H2404N4S, 592.68' 56-60 0.7z | 48.5¢
5. MBO03 CooH2004N4S, 468.549 54-58 0.6 56.7
6. MB04 CosH2504N5S, 523.627 60-64 0.7¢ 44.9
7. MBO05 GaaH2504NsS, 620.741 63-65 0.87 78.25
8. MBO06 CoaH2404N4S, 496.602 55-57 0.76 62.8
9. MBO7 GoaH2303N5S; 525.666 58-62 0.6( 53.65
10 MB08 CasH2503N5Ss 539.69! 60-65 0.7¢ | 70.4¢
11. MB09 CooHa003N4S; 484.614 55-59 0.57 64.45
12. RHB CiHO:NS, 237.298 150-155 0.67  78.42

TLC Mobile Phase: Benzene:Methanol ; 8.5:1.5 (v/v)
RESULTS AND DISCUSSION

Chemistry

The mannich bases of thiazolidinedione and rhodaderivatives were synthesized using scheme 1 emehse 2

(Fig 2) respectively. Thiazolidinedione and rhodeniwas condensed with benzaldehyde by Knoevenagel
condensation to form 5-benzylidene thiazolidinedicand 5-benzylidene rhodanine which was condensgd w
acetamide derivative of 2-aminobenzothiaz@gt¢ form compound3). This compound was further reacted with
formaldehyde by stirring and then refluxed withides secondary amines to get the mannich basescdrpletion

of reaction was confirmed by single spot TLC. Tlyatkesized derivatives were characterized by thbirsical
parameters such as, Rhelting point and % yield.The results are sumpeatiin Table I.

A Knoevenagel condensation isnacleophilic addition of an active hydrogen compoud to a carbonyl group
followed by a dehydration reaction in which a maillecof water is eliminated (hence condensationg ptoduct is
often an alpha, beta conjugated enone. Knoevemagetion of aldehyde with the cyclic dione in thhegence of a
catalytic amount of base such as piperidine andcithsuch as benzoic acid can provide the phengsfjcadione.

The Knoevenagel reaction is typically performedamaprotic solvent such as toluene at a temperataferably
between 100-200°C [9].
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Fig 1. Mechanism of Knoevenagel condensation
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MB01-MB09
Fig 2. The general synthetic scheme for synthesisrannich bases of thiazolidinedione and rhodaninderivatives

S. No. | Product code R X| S.No| Product code R
1. TZP - @) 7. MBO5 -N(CH..C¢Hs), [e)
2. RHP - S 8. MBO06 -N(CH,.CHy), (@)
3. MBO1 —N NH (@] 9. MBO7 —N NH
\_/ \_/
4, MB02 -N(GHs)2 (0] 10. MBO08 —N N—CH; | S
\__/
5. MBO03 -N(CHs), (0] 11. MBO09 -N(CH;), S
6. MB04 —N N—cH, | O 12. RHB - S
\_/

The structure of the synthesized compounds wasrowed by IR,*"HNMR. The IR Spectrum of benzylidene 2, 4-
thiazolidinedione illustrates the presence of H-Qra@d at 3065cthwhich confirmed the unsaturation at C-5 in all
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the synthesized derivatives. The absence of O-i pea600 critin TZP confirmed the formation of ether linkage
in the pharmacophore.

The IR spectra of synthesized derivatives (MBO1-MBexhibited the absorption bands for aromatic witgations

in the region of 3150-3050 ¢The carbonyl stretching band was observed at 26801664 cim.The —CH- bend
was observed at 1465¢nwhich confirmed the presence of methylene groumannich bases. The synthesized
compounds also showed C-O str. in the range of 1Z78cnt, C-N str. in the range of 1100-1200¢mand C-S str.

in the range of 620-630chwhich indicated the synthesis of respective comgdsun

The 'HNMR spectrum of benzylidene derivatives of thisdioledione and rhodanine displayed the characierist
peak at 7.1 for unsaturation at C-5 of the ring and NHkpatd 10.0. The pharmacophore showed the peéakdat
for —CH, which confirmed the condensation of 2-amino benaatiie ring with benzylidene thiazolidinedione and
rhodanine, with the peaks for aromatic hydroge® &2 andd 7.7. The NH peak at 8.0 for amide linkage at
benzothiazole and NH peak &tL0.0 for unsubstituted N-3 can be easily distisgad in the spectrum of TZP and
RHP. The mannich bases of thiazolidinedione gawattteristic peak for —GHat § 2.2-3.5 which confirmed the
methylene group between secondary amines and M&.absence of NH peak &t10.0 further confirms the
substitution at N-3 of thiazolidinedione and rhodeninstead of at amide linkage of benzothiazoléctviivas also
one of the probable sites for substitution of sedeoyn amine. The peaks of respective amines conimydrogens
were also noted. The spectral data thus confirinedynthesis of mannich bases of thiazolidinedaerhodanine
derivatives with respective amines at N-3 of TZH RiP.

Antioxidant Activity

Antioxidant activity of the synthesized compoundsnpared to ascorbic acid is shown in Table 2. ThgJalues
were noted by measuring the concentration show@¥¢ Bhibition of DPPH and the results are showi able 3.
The results indicated that the synthesized composhdwed moderate to good antioxidant activityaapgared to
ascorbic acid. It may be due to thiazolidinediond ehodanine moiety to initiate the free radica\@nging activity
due to its -NH and —C=0 groups. The compounds awviare NH and C=0 moieties are expected to showd goo
results. The SAR findings can be summarized asvd|

» Benzylidene compound (RHB) showed less antioxidatitvity than RHP, as after the fusion of benzatbia
ring with benzylidene ring the number of radicedgenging moieties like NH and C=0O groups increaskith
further contributed towards the antioxidant acivit

* TZP and RHP showed significant activity with optinasyvalues 75 and 85 pg/ml respectively, due to NH and
C=0 group which increased in number after condgnbenzylidene and benzothiazole moiety in the sgithof
TZP and RHP.

* Mannich bases of thiazolidinedione and rhodanineewieund to be moderate to less active than other
synthesized derivatives which may be due to absehéee NH group at N-3 in thiazolidinedione ardanine
moiety.

» Mannich bases with alicyclic amine&. piperazine having free NH groupBOland MB0O7) showed better
activity with 1Csovalues 80 and 92ug/ml respectively.

. Aliphatic and aromatic amine substituted mannickelsashowed moderate activity with 54@ the 110-
130pg/ml.
Table 2. Percent inhibition of DPPH by synthesizedompounds at different concentrations
S.No. | Product Code| 10upg/ml 50upg/m| 100ug/ml  250mg/ | 500pg/ml
1. Ascorbic Acid 35.84 41.35 58.83 69.28 84.671
2. TZP 8.73 35.3¢ 46.5¢ 57.3¢ 62.6¢
3. RHF 10.9¢ 40.6¢ 65.79¢ 71.04% 78.2¢
4. MBO1 10.56 45.76 59.58 65.45 71.98
5. MB02 22.61 38.69 45.45 71.69 72.56)
6. MBO03 22.79 29.77 58.59 68.06 72.10
7. MBO04 21.96 32.58 46.50 64.24 71.23
8. MBO05 19.3( 40.61 49.4¢ 55.6¢ 66.8€
9. MBO06 22.38 39.75 51.51 59.14 72.68
10. MBO7 21.96 36.03 56.27 61.33 71.00]
11. MBO08 18.84 24.49 51.74 68.93 76.47
12. MB09 15.94 25.87 45.22 65.24 71.04
13. RHB 22.74 35.01 46.00 58.40 74.54]
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Fig.lll Percent inhibition of DPPH by test compounds (TZP, RHP, MB0O1 and MB02)
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Fig. IV: Percent inhibition of DPPH by test compourds (MB03, MB04, MB05 and MB06)
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Fig.V: Percent inhibition of DPPH by test compound{MB07, MB08, MB09 and RHB)

Table 3. ICsovalues of synthesized derivatives

S. No. | Product Code| 1Go (ug/ml)
1. Ascorbic acid 26
2. TZP 75
3. RHF 85
4. MBO1 80
5. MB02 122
6. MBO03 120
7. MB04 125
8. MBO5 11C
9. MBO06 13C

10. MBO07 92
11. MBO08 95
12. MB09 130
13. RHB 120
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150 ~

100

Fig.VI: IC 5o values of test compounds in comparison with ascoidacid as standard
CONCLUSION

Mannich bases of novel derivatives of thiazolidioe@ and rhodanine were synthesized and charaeteby

spectral techniques. The derivatives screenedhfgir antioxidant capability showed radical scavaggactivity

which illustrated the requirement of free NH fotiaridant activity and proved unsubstituted derives to be more
potent. Further, N-3 substituted derivatives aspldiyed significant activity than N-unsubstitutesihmpounds and
aromatic substitution at N-3 is showed better @gtihan alicyclic and aliphatic substitution.
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