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ABSTRACT

Novel substituted 4H-chromenes were synthesize®-ékylation of 2-amino-7-hydroxy-4-phenyl-4H-chrene-3-
carbonitrile (1) followed by hydrazinolysis to give the hydraz&le This key intermediat8 was reacted with
aromatic aldehydes, arylmethylenemalononitriles audbstituted isothiocyanates to yield compouddé&b and
5a&b, respectively. In addition, cyclization 6&&b in piperidine yielded the target thiazolo derivas6a&b. All
newly synthesized compounds were evaluated farithgitro antioxidant activity. Compoungia was found to be
the most potent antioxidant and the least activeragithe series being compouhd
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INTRODUCTION

4H-Chromenes exhibit a remarkable array of biochehagiod pharmacological activities. They constitute basic
structural back bone of many types of tannin anlygdenols widely present in plants e.g. green teats and
vegetable$l]. The presence of the chromene-containing atredhas been associated with the capability togmiev
several diseasg]. Synthetic analogues have attracted consideratiention due to their useful biological and
pharmacological properties including antimicroljgatl 3], antioxidant [14,15], anticancElr6-19], hypotensive [20],
local anesthetic [21] and central nervous systetiniies [12,22]. As well as treatment of Alzheinwedisease [23]
and Schizophrenia disorder [24].

The aim of the present work is the synthesis ofeh@ompounds bearing 4-aryH4&chromene and evaluation of
their antioxidant activities.

For this purpose the 2-amino-4-(4-phenyl)-7-hydrdidrchromene-3-carbonitrild [25], alongside with its ester
and hydrazide derivative®® 3 were synthesized (Scheme 1).

EXPERIMENTAL SECTION

Chemistry

Reactions were routinely monitored by thin-layerochatography (TLC) on silica gel sheets that presbavith UV
fluorescent silica (MERCK 60 F 254) and spots weegeloped using,Vvapour / UV light as visualizing agents.
Solvent system was chloroform: methanol (in différeatio). 'H NMR spectra were determined in CRCor
DMSO-ds solvent with Varian Gemini 300 MHZ Spectrometeeak positions were given in parts per milliei) (
downfield the tetramethylsilane as internal staddié® spectra were recorded on a Shimadzu 435 Speeteom
using KBr discs and values were represented if'.c®C Mass spectra were run on Shimadzu QP-2010
spectrometer and Mass spectra were run on Hevdeitald 5988 spectrometer at the Microanalyticalt€@eCairo
University, Egypt. Melting points were determined a Griffin instrument and are uncorrected. All ogpd
products showetH NMR spectra in agreement with the assigned sirast Elemental analyses were performed at
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the Micro-analytical Center, Cairo University, Egygompoundl was prepared adopting a reported procedure

[25].
CN
e K
98 R G
HO 0 0

H
N
AN \n/\o
)

4a&b
Ar= 4-OCH,CH,, 2,3-(OCH,),C.H d \
3¥6 4 & 3/2~6" '3

CN
NC—QN
\n/\o 07 >NH

HN

>//N\R 6a& b

S

Reagents & conditions: a: CICH,COOC,H,, K.CO; / DMF, reflux 2h b: N,H,/ EtOH, reflux 4h

C: ArCHO, TEA/ EtOH, reflux 2-4h d: ArCH=C(CN),, piperidine/EtOH, reflux 2h

€: RCNS/EtOH, reflux 4h §- piperidine/H,0, reflux 6h

Scheme 1
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(RS)Ethyl 2-(2-amino-3-cyano-4-(phenyl)-4H-chromen-7-yloxy) acetate (2)

To a well-stirred mixture ofl (2.64 g, 0.01 mol) and anhydrous potassium catieo(®@52 g, 0.04 mol) in dry
dimethylformamide (30 ml), ethyl chloroacetate @1@, 0.01 mol) was added dropwise. After completiérihe
addition, the reaction mixture was heated undduxefor 2 h then cooled and poured into ice-coldteraThe
precipitated solid was filtered, washed with watlied and crystallized from absolute ethanol foraf compound
2in 3.25 g (93%) yield. mp 130-13Z, IR (KBr): 3428.81, 3343.96 (forked, N1 2983.34 (CH aliph.), 2184.95
(C=N), 1747.19 (C=0) cify *H NMR (DMSO-d6):6 1.20 (t,dyawe = 7.2 Hz, 3H, CHCH,); 4.15 (q,dawe = 7.2 Hz,
2H, CH,CHg); 4.66 (s, 1H, C4H); 4.77 (s, OGH 6.55 (s, 1H, ArH), 6.67-7.33 (m, 7 H, Ar H anH,2NH,, D,O
exchangeable) ppm; EIMS: m/z (%) = 3507(M3.61%), 273 (100%); Anal. Calcd. fopd8:gN,O, (350.40): C
68.56, H 5.18, N 8.0; Found: C 68.30, H 5.10, 12086 .

(RS)2-(2-Amino-3-cyano-4-(phenyl)-4H-chr omen-7-yloxy)acetohydr azide (3)

A mixture of compoun@ (3.50 g, 0.01 mol) and hydrazine hydrate (0.058.@11 mol) in absolute ethanol (30 ml)
was heated under reflux for 4 h. The solid formddlavhot was filtered and crystallized from abselethanol to
give 3.02 g (90%) of compour®l mp 215-217C, IR (KBr): 3323.71, 3180.04 (2NHNH), 2922.59 (CH aliph.),
2185.92 (&N), 1662.34 (C=0)!-NMR (DMSO0-d6):6 4.30 (s, 2H, NHNH D,O exchangeable ); 4.47 (s, 1H,
C4H); 4.68 (s, 2H, OC}); 6.58-7.33 (m, 8 H, Ar H and 2H, NHD,O exchangeable ); 9.36 (s, 1H, NH,, D,O
exchangeable) ppm; EIMS: m/z (%) = 336" (M6.07%), 259 (100%); Anal. Calcd. forg8:6N405(336.37): C
64.28, H 4.79, N 16.66; Found: C 64.40, H 4.60,6\80%

General proceduresfor synthesis of compounds 4a& b

A mixture of compoun@® (1.68 g, 0.005 mol) and the appropriate aromatieleyde (0.005 mol) in absolute ethanol
(25 mL) was treated with triethyl amine (2-3 dropsp heated under reflux for 2-4 h. The solid fatroa hot was
filtered, dried and crystallized from the absoletbanol to give compoundsa& b.

(2-Amino-4-(phenyl)-3-cyano-4H-chr omen-7-yloxy)-N'-(ZE)-4-methoxy benzylideneacetohydrazides (4a)

Yield: 70%, mp 213-215C. IR (KBr): 3430.74, 3343.01, 3211.86 (NH, N§H3083.62 (CH arom.), 2926.45(CH
aliph.), 2185.92 ( (EN), 1698.16 (C=0) cili 'H NMR (CDCL): 6 3.79 (s, 3H, OCH); 4.66 (d, 2H, OCH); 5.10
(s, 1H, C4H); 6.52-7.65 (m, 12H, ArH and 2 , NID,0O exchangeable ); 7.94 (s, 1H, CH=N); 11.42 (d, &H,

+ +
D,O exchangeabjeppm; EIMS: m/z (%) = 455 (M+11", 14.57%), 454 (M ', 86.14 %), 133.1 ( 100%);
Anal.Calcd. for GeH,N,O, (454.49): C 68.71, H 4.88, N 12.33; Found: C 68t6@.70, N 12.30%.

(2-Amino-4-(phenyl)-3-cyano-4H-chr omen-7-yloxy)-N'-(ZE)-2,3-dimethoxybenzylideneacetohydr azides (4b)
Yield: 60%, mp 203-205C. IR (KBr): 3430.74, 3317.93, 3231.15 (NH, YH3066.26 (CH arom.), 2936.09 (CH
aliph.), 2187.85 ( (EN), 1685.48 (C=0) cfft *H NMR (CDCk): 6 3.77 (s, 3H, OCH); 3.78 (s, 3H, OCH); 4.66
(d, 2H, OCH); 5.13 (s, 1H, C4H); 6.52-7.45 (m, 11H, ArH andB,, D,O exchangeable); 8,29 (s, 1H, CH=N);

+ +
11.57 (d 1H, NH, D,O exchangeab)eppm; EIMS: m/z (%) = 485 (M+1 1", 5.13%), 484 (M |", 13.76 %),
259.05 (100%); Anal.Calcd. for ,H,,N,Os (484.52): C 66.93, H 4.99, N 11.56; Found: C, 66.804.90, N
11.50%.

General procedurefor the preparation of compounds 5a& b

To a solution of the acid hydrazi®(1.68 g, 0.005 mol) in absolute ethanol (20 mLasvadded the appropriate
isothiocyanate (0.005 mol). The reaction mixturesva@ated under reflux for 4 h; the solid formedleviiot was
collected by filtration, washed with ethanol angistallized from the suitable solvent to affda b

(RS)2-(2-(2-Amino-3-cyano-4-phenyl-4H-chromen-7-yloxy) acetyl) -N-ethylhydrazinecar bothioamides (5a)
Crystallized from methanol, Yield: 70%, mp 175-1°C7 IR (KBr): 3430.74, 3323.71, 3191.61 (3NH, NHB051.8
(CH arom.), 2929.34 (CH aliph.), 2186.88 (=(0), 1651.73 (C=0), 1285.23, 1232.11 (C=S)cn'H NMR
(DMSO0-d6):6 1.23 (t,dyae= 7.2 Hz, 3H, CHCHa); 3.98 (q.Jvae= 7.2 Hz, 2H, CHCHy); 4,69 (s, 1H, C4H); 5.22
(s, 2H, OCH) ; 6.75-7.33 (m, 8H, ArH and 2H, NHD,O exchangeable) ppm; but 3NH not observed; EIM&: m/

+ + +
(%) = 425 (M+2 1", 0.55%), 424 (M+1 1", 0.79 %), 423 (M+ ', 2,94 %), 187 (100%); Anal.Calcd. for
Co1H2NsOsS (423.51): C 59.56 , H 5.00, N 16.54; Found: G86H 4.90, N 16.50%.

(RS)2-(2-(2-Amino--3-cyano-4-phenyl-4H-chromen-7-yloxy) acetyl)-N-substituted hydrazinecar bothioamides
(Sb)

Crystallized from methanol:acetone (1:1), Yield%&0mp 200-202C. IR (KBr): 3479.92, 3379.64, 3164.61 (3NH,
NH,), 3059.51 (CH arom.), 2964.05 (CH aliph.), 2196(%2=N), 1646.91 (C=0), 1292.51, 1242.43 (C=S) ‘¢m
'H NMR (DMSO-d6):6 4.35 (s, 1H, NH, BD exchangeable ); 4.64 (s, 1H, C4H); 4,82 (s,QBH,); 6.53-7.42
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(m, 13H, ArH and 2H, NK D,O exchangeable) ppm; but 2NH not observed ; EIM&: (@) = 472 (M+1_|',

A
1.19 %), 471 (M+ 1", 3,94 %), 235 (100%); Anal.Calcd. fordE,1NsO;S (471.54): C 63.68, H 4.49, N 14.85;
Found: C 63.70, H 4.40, N 14.90%.

General procedurefor the preparation of compounds 6a& b

A mixture of the appropriate thiosemicarbazide ive 5a& b (0.005 mol) was heated under reflux for 6 h in a
mixture of piperidine (2mL) and water (5mL). Thecton mixture was poured into ice-cold water amel mixture
was adjusted to pH 7 with acetic acid (20%). Thigdsabtained was filtered, dried and crystallizedni absolute
ethanol to givésa& b.

(RS)2-(2-Amino-3-cyano-4-phenyl-4H-chr omen-7-yloxy)-N'-(4-oxo-3-ethylthiazolidin-(ZE)-2-ylidene)
acetohydrazides (6a)

Yield: 80%, mp 158-166C. IR (KBr): 3325.64, 3174.26 (NH, N 2936.09 (CH aliph.), 2186.88 £®), 1646.64
(C=N), 1362.13, 1269.81 (C=S) &mH NMR (DMSO-d6):5 1.21 (t,dyae= 7.2 Hz, 3H, CHCHs); 3.97 (q.Jvane =
7.2 Hz, 2H, CHCHy); 4.69 (s, 1H, C4H); 5.20 (s, 2H, OQH6.75-7.33 (m, 8H, ArH and 2H, NHD,O

"
exchangeable) ppm; but NH not observed ; EIMS: (= 405 (M+_|', 1.04 %), 187 ( 100%); Anal. Calcd. for
C,1H19Ns0,S (405.48): C 62.21, H 4.72, N 17.27; Found: C 62t24.90, N 17.20%.

(RS)2-(2-Amino-3-cyano-4-phenyl-4H-chr omen-7-yloxy)-N'-(4-oxo-3-phenylthiazolidin-(ZE)-2-ylidene) aceto
hydrazides (6b)

Yield: 69%, mp: 174-176C. IR (KBr): 3436.53, 3163.65, 3108.69 (NH, §H2934.16 (CH aliph.), 2185.92
( (C=N), 1647.66 (C=N), 1327.53, 1242.01 (C=S)¢rtH NMR (DMSO-d6):5 4.64 (s, 1H, C4H); 4.89 (s, 2H,
OCH,) ; 6.52-7.49 (m, 13H, ArH and 2H, NHD,O exchangeable) ppm; but NH not observed; EIMS: @4} =

-
453 (M+ 17, 1.94 %), 235 (100%); Anal.Calcd. ford:NsO,S (453.53): C 66.21, H 4.22, N 15.44; Found: C
66.30, H 4.10, N 15.50%.

Antioxidant activity

Materials and methods

2,2-diphenyl-1-picrylhydrazyl radical (DPPH) wasrghased from Sigma—Aldrich (Missouri, USA). Ascarhbias
purchased from Merck (New Jersey, USA). All theduskemicals and solvents were of analytical grade.

DPPH radical scavenging activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scagerg activity of each compound was determined astimieed
before [27-29]. Briefly, 2 mL of DPPH solution (0.2ximol/L, in ethanol) was incubated with different
concentrations of the test compounds. All reactivese performed in triplicates and the reactiontaries were
shaken and wrapped in aluminum foil and kept atrraemperature for 30 min in dark. The Spectrophetiia
measurements were done under dim light at 517 niinda&a are depicted as mean + SD (n=3). Thg (e
concentration of sample necessary to cause 50%itioim of DPPH radical scavenging activity) wasccdéted for
each compound. Ascorbate (Vitamin C), an antioxXidaas used as a positive control.

Yeast based antioxidant screening assay

The yeast based biological assay detects antioatdivities of samples against physiologicallyekaint oxidants.
Since DPPH radical scavenging activity method ptesi only an indication of the ability of a compourtd
scavenge oxidants we used yeast-based method wdmichlso measure the ability of a compound to iadugdlular
resistance to the damaging effects of oxidants. [8Afioxidant activity screening was done in a 9éHvmicroplate
high throughput assay usirfgaccharomyces cerevisias described before [31]. Briefl$. cerevisiadBY4743)
were cultured overnight then diluted to an optidahsity of 0.2 at 600 nm (OD600) in the media. 1800f the
diluted culture was added per well in a 96-welk@lhen 1QuL of test compound was added to a final concewmati
of 8 mM. HO, (10 uL) was added into each well to a final concentratid 4 mM. The OD600 reading as an
indicator of yeast growth was taken using a miatgpleader before and after the incubation at 3Gt shaking
for 20 hours. Ascorbic acid was used as a posttverol. The net growth of yeast after the treatiwath H,O, and
test compounds was measured using the followingtemu
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P o PSampic - }D(‘anrm.‘ 1 00
yeastgrowth — P X
Control

“P yeast growth” = Net growth of yeast cells afteeatment with test compounds.
“P Sample” = Observed optical density of yeast allith the treatment with test compounds
“P Control” = Observed optical density of yeast kselith the treatment of negative control

RESULTSAND DISCUSSION

Chemistry

One pot three-component reaction of resorcinol omaitrile and benzaldehyde with few drops of pigiee base
afforded aminocyanochromedewnhich upon alkylation using ethyl chloroacetatalig dimethyl formamide in the
presence of anhydrous potassium carbonate aslgstati@lded the ester derivatiZin an excellent yield (Scheme
1). There is no conflict of interest between bdik hydroxyl group and the amino group during tHeylation
process of compound since; the amino group is very weak to an extéat tould not undergo a simple
condensation reaction with an aldehyde or benzelphagnyl chloride [26]. The key intermedic8avas achieved by
refluxing both the substrattand hydrazine hydrate in ethanol for 4 hours. TRepectrum oB revealed band at
3323.71, 3180.04 cimfor (NH,, NH) groups and at 1662.34 ¢nfor (amidic C=0) group*H NMR spectrum of
compound3, showed singlet signals derived from hydrazidecsure appeared at4.30 (NH) andd 9.36 (NH)
with the integration for two protons and one protoespectively. Heating equimolar amounts of thdrhyide3
with the corresponding aromatic aldehyde in absofithanol containing catalytic amount of triethgliae yielded
smoothly Schiff base4a& b (Scheme 1).

The structure of the synthesized compounds wasroted using microanalyses and spectral d#aNMR spectra
of compoundgla& b indicated the presence of the two isom&ts) (n equimolar amounts, this is obviously showed
by presence of two CHyroups as the peak is forked at its apex and aldbsignal which was f» exchangeable
indicating NH proton (Scheme 1).

In the present work, hoping to synthes@@&minocyano pyrazoles (Figure 1),the acid hydrazid8 was allowed

to react with arylidene malononitrile in ethanolctéally, the products in hand were neitlferor the starting
material3. Instead, the products were identified as Sclaffdsta& b.

CcN

Ne—R N
\n/\o 07 NH,

H2N 0

Figure 1 Compound A

Ar

For the preparation of the thiosemicarbazi®es: b; the respective isothiocyanate was reacted with atid
hydrazide3 in refluxing ethanol (Scheme 1). Thed NMR spectra oba displayed the appearance of a triplet and a
quartet signals ait1.20-1.25 and 3.95-4.01 due to ethyl group.

The triazolothione derivativeBa& b were prepared by refluxing the corresponding #masarbazide derivatives
5a& b in piperidine (Scheme 1). The structure of compaBad. b was confirmed with the aid of spectroscopic data
and element analysis.

Antioxidant activity

In the current study, the antioxidant activitiesalifnewly synthesized compounds were evaluateagu3PPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging methand yeast based antioxidant screening assay. @ordpa
was found to be the most potent antioxidant with ldast values of g (inhibition concentration) and the least
active compound among the series being compdundth the largest values of g (Table 1 and Figure 2).
Antioxidant activities of test compounds based fwirtability to inhibit the HO, induced yeast oxidative stress are
listed in Table 2 and illustrated in Figure 3.
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Table 1 Freeradical scavenging capacities of the test compounds measured by DPPH assay.
Values of |G, are expressed as meah$D (n= 3)

Mean G +SD
Compounds (mg/mL)
2 805.00 + 26.63
3 701.67 + 25.54
4a 432.33 + 22.90
4b 404.67 + 18.15
5a 55.67 +12.90
5b 267.33 + 19.40
6a 199.00 + 36.51
6b 85.33 +6.43
900 -
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Figure 2 Freeradical scavenging capacities of the test compounds measured by DPPH assay
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Figure 3 Antioxidant activity screening in a 96-well microplate high throughput assay using Saccharomyces cerevisiae.
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Table 2 Antioxidant activity screening in a 96-well microplate high throughput assay using Saccharomyces cerevisiae.
Yeast oxidative stress was measured on the basiswifal of yeast cells (yeast growth) after treant with HO,.

Compounds| Net growth of yeast cells (%

2 2.80
3 2.10
4da 8.03
4b 8.50
5a 30.50
5b 14.73
6a 18.50
6b 23.17

CONCLUSION

In conclusion, we have successfully reported th@h®sis of some novel compounds bearing 4-ar¢fciromene
and evaluation of their antioxidant activities. Tétioxidant activities of the 8 newly prepared pounds were
measured using DPPH radical scavenging method east pased antioxidant screening assay. The ridaciithe
tested compounds as antioxidant was increased lupanazionlysis of to give 3. Also, conversion o8 to 4a&b
was accompanied with increasing of activity whidsoaincreased significantly upon reaction dfwith ethyl
isothiocyanate to give the most potent compobadut this activity was decreased upon cyclizatibrbato 6a.
On contrast, the antioxidant activity was increaspdn cyclization obb to 6b.
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