Communications In Catalysis
Vol. 2, No. 1, 2023, pp.1-18
DOI: 10.22049/CI1C.2023.28017.1027

Azarbaijan Shahid Madani University

Synthesis and Evaluation of Biological and Antioxidant Activity of
Some New Heterocyclic Compounds of Mefenamic Drug Derivatives

Hala Shkyair Lihumis !, Hayfaa A.Mubarak 2, Ameer A.Alameri ** Saadon Abdullah
Aowda*

123pepartment of Chemistry, Faculty of science, University Babylon, Babylon, Iraq
Isci.hala.shkair@uobabylon.edu.ig, 2haifaadnan_81@uobabylon.edu.ig, 2ameer.athab@uobabylon.edu.iq
“Department of Chemical engineering, Faculty of engineering, University Babylon, Babylon, Iraq
sci.saadon.abdulla@uobabylon.edu.ig
Received: 2022-09-23, Accepted: 2023-01-30
Abstract

In this study new heterocyclic derivatives were prepared. The most available Mefenamic acid (M)
has been reacted with thionyl chloride to get (M1 compound). (M1) compound treated with
hydrazinecarboxamide to get (M2) derivative then a ring closer reaction has been made to
compound (M2) by NaOH solution to get the 1,2,4-triazole-3-ol ring compound (M3). Compound
(M)reaction with phenyl hydrazine hydrate to give (M4) compound then a ring closer reaction
have been made using carbon disulfide and hydrazine hydrate in basic media to get (M5) .
Compound (M1) treated with 3-aminopropanoic acid to get (M6) compound. (M7) compound has
been synthesis by reacting (M6) compound with benzaldehyde in the presence of acetic anhydride
to get oxazin ring (M7 compound). The synthesized compounds' antibacterial activity and
antioxidant activity (M1-M7) were examined using the (DPPH) technique. The compounds show
substantial antioxidant activity equivalent to the well-known (ascorbic acid) (IC50=31.95 g/mL)
employed.

Keywords: Mefenamic acid, Hydrazinecarboxamide, Phenylhydrazine, Oxazin, Antioxidant
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Introduction

Mefenamic acid (MA) [CisHisNO2] or
Ponstan or 2-(2,3-Dimethyl phenyl) amino]
benzoic acid is a non-steroidal anti-
inflammatory drug (NSAID) used in acute
conditions and chronic of inflammation and
pain. MA belongs to the aromatic amino
acids group (Figure 1) [1]. Mefenamic acid
is a derivative of “anthranilic acid”, is
inhibits proliferation and triggers apoptotic
cell death of several human carcinoma cell
lines. In addition to the analgesic and
antipyretic ~ properties  predictable  of
NSAIDS, MA has been exposed to be
effective as therapeutic agent in carcinoma
cell lines and Alzheimer’s disease [2-5].
Mefenamic acid contains carboxylate and
amino groups. It is used as a therapeutic drug
for fever and inflammation pain such as pain
after traumas or dental. In spite of the wide
used, (NSAIDs) caused a large variation of
toxicity which may include severe

nephrotoxicity, hepatotoxicity, and (GI) tract
disorders. All classical (NSAIDs) inhibit
biosynthesis of prostaglandin, MA shows the
identical effect that may be accountable for
the anti- inflammatory, antipyretic and,
analgesic properties of all traditional drugs
of (NSAIDs) [6]. Oxazine is aromatic
heterocyclic six-membered compounds and
it is containing the oxygen atom and the
nitrogen atom are both present in their
composition. [7]. 1,2-oxazine offered a wide
range of recreational activities, such as
antibacterial, paradises [8-9]. Triazole an
aromatic heterocyclic compound which
including 5 membered cyclic system
containing in their structure the 2 carbon
atoms and 3 nitrogen atoms and has 2
isomers, which are very important
compounds in medical and pharmaceutical
chemistry and are considered to be among
the  compounds involved in  the
pharmaceutical industry [10-13].

o] OH

Figure 1. Chemical structure of Mefenamic acid

Experimental

Merck chemicals were purified and BDH
was employed with KBr disk, "Testseon
Shimadzu (FT- IR 8400Series Japan). The
'HNMR spectra were obtained using DMSO
as the solvent and TMS as the internal
standard (Bruker, Ultra Shield 500 MHZ
Switzerland).

Synthesis of 1- 2-((2,3-dimethylphenyl)
amino) benzoyl chloride (M1) [6]

In 50 ml a round bottom flask with a reflux
condenser, 0.01 mol of compound (M) was
dissolved in 75 mL of SOCI, for 3 h and then
the oil product was collected (Table 1).
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Synthesis of 2-(2-((2,3-dimethylphenyl)
amino) benzoyl) hydrazine-1-
carboxamide (M2) [4]

(0.03 mol) of hydrazine carboxamide and the
10% NaOH (75 mL) solution is mixed with
stirring for 20 minutes. In 50 mL of dioxane,
a mixture of (0.01 mol) of compound (M1)
was dissolved dropwise for 30 minutes. With
stirring for 24 h, ice water is added to the
mixture, stirred for 30 minutes and acidified
with HCI. The progress of the interaction
was monitored by TLC. (Table 1).

Synthesis of 5-(2-((2,3-dimethylphenyl)
amino) phenyl)-4H-1,2,4-triazol-3-ol (M3)
[3]

For four hours, a combination of compound
(W2) (0.01 mol) and NaOH 4% (0.03 mol)
was refluxed and stirred and the mixture was
allowed to be cool. The TLC was used to
monitor the process while it was acidified
with concentrated HCI and recrystallized
from 100% ethyl alcohol. (Table 1).

Synthesis  of  2-((2,3-dimethylphenyl)
amino)-N'-phenylbenzohydrazide (M4)
[10]

In a round bottom flask, 0.01mol of
compound (M) was added, followed by a
mixture of phenyl hydrazine (0.02 mol) and
ethanol (40 ml). The mixture was then
refluxed with stirring for five to six hours,
after which the precipitate was dried and
recrystallized from absolute ethyl alcohol
(Table 1).

Synthesis of 5-(2-((2,3-dimethylphenyl)
amino) phenyl)-4-(phenylamino)-4H-
1,2,4-triazole-3-thiol (M5) [1]

Compound (M4) (0.01 mol) and CS; (0.02
mol, 1.52 mL) were mixed together with
KOH (0.02 mol, 1.12 g) and ethyl alcohol
(20 mL) for 12 h washing with diethyl ether
and purified via water (10 mL) and then
adding NH2NH2 80 % (0.02 mol, 0.64 g) for
1 h. The product was cooled and acidified
with acetic acid, the excess solvent was
evaporated with a rotary evaporator, TLC
was used to trace the process, and 100%
ethanol was recrystallized (Table 1).

Synthesis of  (2-((2,3-dimethylphenyl)
amino) benzoyl) glycine (M6) [4]

After that, a stirring solution of 3-
aminopropanic acid (0.03 mol, 2.25 g) and
NaOH was added to the compound (M5)
(0.01 mol, 4.69 g) dissolved in dioxane (5
mL) and stirred overnight and then acidified
with concentrated HCI. The solution was
concentrated using a rotary evaporator. The
response was monitored using TLC. After
that, the remaining precipitate was dissolved
in ethanol (Table 1).

Synthesis of (E)-2-(2-((2,3-
dimethylphenyl) amino) phenyl)-5-styryl-
2,5-dihydro-6H-1,3-0xazin-6-one (M7) [2]

Benzaldehyde (0.03 mol) was added to a
combination of compounds (M6) (0.01 mol)
with CH3COOH (20 mL) and (CH3COO).0
(80mL) and the mixture was refluxed for 6-
7 h.TLC was employed to monitor the
process, and absolute ethyl alcohol was
recrystallized (Table 1).
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Table 1. Some of physical properties of compounds (M1-M7)

Com. Molecular o o
NO. Formula M.Wt Color m.p. °C Yield% Rf (TLC)
ML | CisHuCINO | 259 Reddish- Oily 97
brown
M2 C16H1s N4O2 314 Off -white 166-168 93 0.77 Acetone: n-hexane 1:2
M3 C16H16N4O 296 Light brown 190-192 64 0.65 Benzene: acetonel:1
M4 | CauHuN:O | 255 Green 176-179 69 0.68 Acetone: n-hexane 1:2
Yellowish
Reddih
M5 C22H21NsS 311 190-192 54 0.7 Acetone: n-hexane 1:2
Brown
M6 C1eHz0N20s 298 Yellow 188-189 64 0.62 n-hexane: CHCIs 1:1
M7 C26H24N20- 384 Black 298 -202 86 0.76 petrolum ether: CHCI; 1:1

Results and discussion
Spectral investigation of Compound (M1)

The FTIR spectrum of M1) is shown in
Figure 2. Compound M1 is identified by the
appearance of OH band of carboxylic acid in
(M) at 3404 -2400 cm™ and the appearance
of a new band at 1772 cm™ that refers to the
carbonyl group of acid chloride, NH at 3212
cm, CHar at 3021 cm™®, CHaiph at 2947-2826
cm, C=C group at 1577cm-1-1492 cm?, C-
N at 1353 cm™, C-O group at 1224-1246 cm
1 and C-O group at 1224-1246 cm™™.

Spectral investigation of Compound (M2)

The FTIR spectrum of M2 is shown in Figure
3. The compound M2 is identified by the
appearance of CO-Cl at 1772 cm, NH; at
3307 cm™* and NH at 3214 cm™, C-Hgr at
3008 cm™®, CHapn at 2850-2975 cm™®, C=Cq
at 1573 cm™?, NH-C=0 at 1647 cm, C-N at
1358 cm™, and C-O at (1191- 1256 cm™.

'HNMR spectrum of the compound M2 is
shown in Figure 4. Singlet peaks at 3.57 ppm
owing to CH3 and at 7.39-7.82 ppm is for
CHar. Peak at 8.09 ppm is owed to O=C-NH,
8.23 ppm for (NH2), 2.02 ppm of O =C-NH,
and 2.04 ppm of NH.

Spectral investigation of Compound (M3)

The FTIR spectrum of M3 is shown in Figure
5. Compound M3 is identified by appearance
of NH group at 3248 cm™, OH group at 3413
cm?, C=C at 1588 cm™, CHapn at 2922-
2985cm™, CHar at 3081 cm™, C=N at 1620
cm?, C-N at 1360 cm™, 1220-1269 cm™ to
C-0.

'HNMR spectrum of M3 is shown in Figure
6. Signals appeared are attribute to CH3z at
3.79 ppm, CHg. at 7.39-8.10 ppm, OH at
10.48 ppm, NHyizorat 11.52 ppm, NH at 8.73

ppm.

13CNMR spectrum of M3 is shown in Figure
7. Signals at 50.79 ppm and 50.00 are related
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to C-triazol, Cy at 127.75-142.84 ppm,
158.02 ppm of C-OH in triazol ring, 50.52
ppm of CHsz and NH at 161.95 ppm.

Spectral investigation of Compound (M4)

The FTIR spectrum of M4 is shown in Figure
8. OH, band of COOH in (M) is at 3448-
2400 cm™*, NH at 3266- 3175 cm™, CONH at
1626 cm™*, C=C at 1588 cm™, CHaipn at 2992-
2864 cm™, CHar at 3075 cm™, C-N at 1337
cm?, C-O at 1196-1307 cm™.

'HNMR spectrum of M4 is shown in Figure
9 which demonstrated that the singlet signal
of OH had vanished OH at 11.07 ppm in
carboxylic group of (M), NH at 8.67 ppm,
O=C-NH at 8.71 ppm and CHjs at 3.45 ppm,
and (CH)ar. at 7.46-7.89 ppm.

Spectral investigation of Compound (M5)

The FTIR spectrum of M5 is shown in Figure
10. It is shown that SH group is at 2063.83
cm™, NH at 3317- 3290 cm™, C=C, at 1519
cm?, C=N at 1677 cm™®, CHaipn at 2959-1868
cm?, CHa at 3090- 1408cm™, C-N at
1245,1287 cm™,

'HNMR spectrum of M5 is shown in Figure
11. Appeared signals are for NH at 8.30 ppm,
and CH3 at 3.74 ppm, and CHg at 7.21-7.73
ppm, SH at 13.73 ppm.

13CNMR spectrum of M5 is shown in Figure
12. Signal at 51.46 is related to NH-C, CHa.
at 125.90-135.89 ppm, C-SH at 178.34 ppm,
N=C -N at 159.48 ppm.

Spectral investigation of Compound (M6)

The FTIR spectrum of M6 in shown in
Figure 13. The compound M6 is identified
by appearance of oH band of COOH at 3433-
2622 cm™, NH at 3204- 3122 cm™, C=0 acid
and amide at 1710 cm™ and 1625 cm™, C=Cq
at 1544 cm, CHappn at 2970- 2857 cm™, CH
ar at 3031 cm, 1382 cm™ to C-N, C-O at
1218 -1268 cm™,

'H-NMR spectrum of M6 is shown in Figure
14. Signals of HN-CH2COOH at 4.65 ppm,
N-NH, at 2.05 ppm, CHs at 3.65 ppm, CHar
at 7.34- 8.15, 0=C-NH-CH: at 8.73 ppm, and
signal OH of COOH group at 11.47 ppm are
shown respectively.

Spectral investigation of Compound (M7)

The IR spectrum of M7 is shown in Figure
15. OH, of acid at 3433-2400 cm™) and C=N
at 1586 cm™, 3266 cm™ to NH, CH at 2938-
2864 cm™, CHar at 3006 cm™®, C=0 ester at
1731 cm™, 1492 cm™ to C=C, C-N at 1335
cm™ and C-O at 1205 cm™ are represented.

'HNMR spectrum of M7 is represented in
Figure 16 showing that CHs signal at
3.63ppm, CHa. at 7.47-7.63 ppm, s,3H
CH=C, s,2HCH=C at 7.65 ppm, 7.90 ppm
and NH at 7.53 ppm are appeared.

13CNMR spectrum of M7 is shown in Figure
17, representing CH=C signal are appeared at
113.51 ppm, 113.51 ppm, CHa. at 123.51-
13521 ppm,128.90 ppm-135.82 ppm,
Coxazol ring at 131.65 ppm, C=0 at 169.07-
169.08 ppm, O-C=N at 171.07- 169.14 ppm,
and C-NH at 168.59 ppm.



Synthesis of Biological and Antioxidant Activity of Heterocyclic Mefenamic Drug Derivatives

Transmittance (%)

85 &0 a5 100 105

80

Transmittance (%)

<)
2 BRUKER
8 \/’”"'”
R VV q\'
2
3
|| ] M
R & 9% IT T BUSR BE B By o 3
& & 2E Feb BN 2 20 8 K
35'00 30'00 2500 2(;)0 1500 10'00 S(l)O

Wavenumber cm-1

Figure 2. FTIR spectrum of M1

T

[l [ LTINWN IV | (edereeerddtl ]

S8 RoasE g R RBYSRE X 58 § Rgongasss3sneeeas

_ By BRERR ‘ 2 & 853500K 22 § Sopszrminnansney
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Figure 3. FTIR spectrum of M2




Shkyair Lihumis and et al.

BENaRREEIN

\
|
.: z

P—
:\
-
—
T LEEEI T
Se
-
A=
-
)

b 4449

-
-
-
™
-
”
-
=
-
o
<
-«
~-
o
“
-
u
»
-

Transmittance [%)

E‘;g 28 28 &6 B3z R o g g
- y— > "~
55 BER §8 g% 2828 Baggpa
13 L} L} ' L] . Ll
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Figure 5. FT-IR spectrum of M3




Synthesis of Biological and Antioxidant Activity of Heterocyclic Mefenamic Drug Derivatives

. 3 FTIEEEING 88 1 5§
SNV L \ \/ B R

CSwrresn Tata Farwneiens
Patman

s e
== :

L JJL;IJ e i

T y T T T T T T T T T T

B 12 u 1w 9 & 7T 6 5 4 3 2 1 ppm ' hee

Figure 6. THNMR spectrum of M3

a3 g B R
88 3 §Raz ] BERERII5
3 g 3888 H 2% GIRRA
\l' I \\'/ I \.:’\\\"\;»{’- :L'un'l Dats ’-I.:::_"l:
oG 92
TR0 1
K2 = Aoquinition Faranstany
Sate anoazis
i
g I3 » Procestisy pasasstiecs
L33 Adtae
T T T T L T T T L] T T ar 15.400352 e
200 180 160 150 120 100 80 60 @ 20 ppmyy s =
: e Lot
" |1

Figure 7. ®*CNMR spectrum of M3



Shkyair Lihumis and et al.

— B

— [0G/0E
— [0GLE
— pIBEE

T
500

T
3000 2500 2000 1500
Wawvenumber cm-1

T
3500

g6 06
[o4] @ouER|WSUEIL

s

0g

Figure 8. FT-IR spectrum of M4

im

"o
g

oy
“wea
-y
LA

L
Ly

e

il

Cate Parmmerane

ey

Patomas

RO

Fereswinin

wanibg

'

ek

10

12

13

"

Figure 9. THNMR spectrum of M4



Synthesis of Biological and Antioxidant Activity of Heterocyclic Mefenamic Drug Derivatives

(]
(=g
BRU
[T ,\’\j‘/‘
-2
T o |
& b~
[
a
|
o 1o |
= ©
£
(1]
C
T o
=@
|
[Te]
o |
[Te]
(=] OO0 o [ 47 BTSN wlaz]) (=} 2N o o -— ow
g g838 N o Bge LB 2 98 5 g
& 2ARE & DEgm s N8 S S5 g i
T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
Figure 10. FTIR spectrum of M5
BREZEEMAR 30§ 2 @
P | [ = ER
TN
Curreey Dats Parasaters
YT
| ‘ | 11 - processing ;.:::-in.
- - ...J_lb"z-i__./' U | | W ’ ”~'-"~¢35;; s
Hyg 0.8
1 T T T T T T T T T ] T g ] : [H ] a
14 13 12 n 10 9 8 7 [ 5 4 3 2 1 ppm 'F e

Figure 11. *'HNMR spectrum of M5

10




Shkyair Lihumis and et al.

B sem e B R
£E 2 iR @ Hagzas gg
| | ! \\\\\&'—/"" l f ‘l"\|f"’"‘" Surzent Dets Yersmwivre
oD “
L= =] :
1 I I I | A= ) ;.ldl'l'l!:
TI © Prurestieg pasarmtinry
' v . Y ' . ' ' . . v & OIS s
200 180 160 140 120 100 B0 60 20 20 0O ppmiy A ™
L.9F w2
:'? ' .83
Figure12. 3CNMR spectrum of M5
2 B R =
=8
o
s
‘lg
£
o
g
8 <
g =
§ 2THI=ARIGR 8 = $5% 588883 BN goe ceangnenna
& BEBSREEERIE £ B 39% BEBESBF 538 gng gespgnesse
T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Figure 13. FTIR spectrum of M6

11



Synthesis of Biological and Antioxidant Activity of Heterocyclic Mefenamic Drug Derivatives

g SEBcIEIII3039 § £ 3z #a3
= b e R R e o= - B
| > N TR B R
.
'.'.-u-lr!. Sata Farsmatery
Exfand
ncru:u H
PRICHD 1
F = Asquisiticn Parameters
Cave_ IVTOGILD
14,03
P
3 wm FABDD BE-
il
5538
D5
48
F
BOO% 455 HE
D.OBLESD Hi
L4325 %5 mec
.37
§1.399 usas
&.50 usec
T4 R
:,9nn;c::: wos
prale e
&1al 1% ll!l'll 1'J|I
BEIC1
Fl L% ":l uREs
Fiu] T ARQREEID W
| r: = Frocesalsg rurl'rl,ru':
[
I L 4
. S .-o-ll_ﬂL - _.__,.,-FL_ S — ;—r. ¥ ”M jm"
LED o
LK Q.33 Hx
T T T T T T T T T T T T ™ B ]
12 11 10 9 T 6 5 4 3 2 1 ppm *F e

Transmittance [%]

80
1

100
a_

90 95
|

85
1

75

70
|

ez 5 § So5ocuneny Qézsewﬁgﬁﬁ 8

§ BR& B & F=3ISo08ntr o095y IRILRR6RE 3
T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Figure 15. FTIR spectrum of M7

12




Shkyair Lihumis and et al.

EEREES ] g ke
]
ROV RSO BR | 1 1
FI - hogelelnies Fapesalsis
1w, FRAGRrIa
— ba, 8T
AEETWUM L
rRCHHD § s FRRAG PO
FELFROG g3
im L3 1
EOLVENT DHZD
M5 ie
T
14 ]
rmee CHANNEL fL sevesses
EI-1) LRaTd mas
b
J03 muwz
&.4TCCOonID W
Frocesaing pareneters
LE]
i L -L L AR LR ?'-'ID.II.IEEE';'-: =i
? B, Ny
¥ T 12 T ¥ T T T T ¥ T 13 2
14 13 12 11 10 q E T B 5 4 3 2 1 ppm ™% laad
Figure 16. 'HNMR spectrum of M7
ZER OFRRRITEAILES 1] 3 FULEI n R
$03 BERBESERESNESS ] 238 §SIARRR
N/ B\~ ol \/ N7 Suteens Date farese
.
O L ALY L TS
Jul
it
snneme CHRANMEL £] sewssene
mwel AR LIS F
-y T
H -
ok A AL Sl v
r{ Froewsniey rl;;::"-v'
T L T T T T T T v T ':1 AT RLAMIT S N
200 180 160 140 120 100 80 60 40 20 ppmiy . ™
. Lae
=] L]
r”’ L.

Figure 17. ®°CNMR spectrum of M7

13




Synthesis of Biological and Antioxidant Activity of Heterocyclic Mefenamic Drug Derivatives

©\ CS2
KOH
Z4
H Ethanol refiuxe N2H4 Q
(0] OH
M

N
Ethanol,ref. H ~
NHNH M5 N 7 “N—NH
SOCl, DMSO,ref. N= o
dioxine
NH2NHCONH2 stirring
POCI3 OH

dioxine

stirring for 24 hr.
Benzaldehyde Ac,0,ACOH
refluxe

NHNHCONH,
NaOH dloxme
refluxe
M7
NH
@( C/Y“
AN
N e} NS
H
N7 iH
\
M3 N=
OH

Scheme 1. Synthesis of Compounds M1-M7

Biological productivity M5, M6) were found to inhibit the growth
of(G-), the compounds (M2, M3, M6, M7)
were found to have high activity against
(G+), when compared with the biological
activity of ciprofloxacin.

The biological activity was studied E. coli
(G-) and Staph. Aureus (G+) are two species
of bacteria, the compounds (M2, M3, M4,

14
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Table 2. The biological activity of (M1-M7) compounds

Comp. No. Escherichia coli Staphylococcus aureus
Ciprofloxacin
(Antibiotic) 12 18
Standard

M1 10 16
M2 14 20
M3 12 18
M4 15 14
M5 14 10
M6 28 24
M7 10 25

Figure 18. Biological Effect of compounds

Antioxidant Action

The standard DPPH approach was used to
perform the antioxidant operation on the
compounds. [13]. A standard solution of
DPPH (1.3 mg/mL) was prepared in MeOH,
and 100 mL DPPH was added to 3 mL
MeOH. (25, 50, 75, and 100 pg\mL) were

15

prepared, the tubes were exposed to light for
30 minutes and the absorbance was measured
at 517 nm on a "UV-VIS spectrophotometer.
Figure 19 and Table 3, showed the
compounds (M1-M7) have moderate to high
antioxidant activity due to OH, NH and SH
groups with compared to normal (ascorbic
acid) activity (1C50=31.95 pg\mL).
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Table 3. Antioxidant activity of (M1-M7) compounds

Conc. STD
ug\mL | M1 M2 M3 M4 M5 M6 M7 | (Ascorbic
acid)
25 46.76 | 49.41 | 51.34 | 41.44 | 46.35 | 40.42 | 38.24 46.12
50 47.83 | 56.42 | 58.21 | 50.25 | 59.22 | 41.63 | 59.52 60.14
75 50.77 | 61.26 | 67.23 | 61.32 | 60.16 | 59.73 62.7 65.01
100 66.21 | 68.44 | 73.11 | 70.65 | 67.18 | 66.22 | 69.81 78.3
1C50
43.09 | 29.82 | 2491 | 48.72 | 34.24 | 58.28 | 45.11 31.95
pug\mL
DPPH test
90
80 mYo
> s
£ 70 < F
g 0 o i § § N N i -
2 s0 o ve
£ 40
[
% 30 m)
(5]
": 20
= 10 HIC50
0
(Ascorbic
acid)
H1 H2 H3 H4 H5 H6 H7 STD
Conc. pg\mL
Figure 19. DPPH test of compounds (M1-M7).
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