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ABSTRACT

A new series of tetrahydronaphthalen-6-ylthiazole derive$ incorporated into/or fused to
different five or six membered nitrogen and sutpleontaining heterocycles including
pyrazoles, triazolothiazoles, thiazolidinones, pydinethione ,thiazolotriazine and/or
sulphonamides was synthesized starting from the 4€,2,3.4-tetrahydronaphthalen-6-yl)-2 —
hydrazinothiazole (2) and/ or the 2-chlorothiazdlerivative 18 as synthons. The anticancer
activity of eleven of these compounds was evaluagathst two human cell lines of liver cancer
(HePG2) and breast cancer (MCF7). The compound®&des most of cases were selective
towards the both types of cancer where the moginp@ompounds showedsfG 0.40 — 0.45
ug/mL

Keywords: Tetrahydronaphthyl-2- hydrazinothiazole, 2-chtbiazole, pyrazoles,
thiazolotriazole, thiazolotriazine, thiazolidinonpyrimidinethione, Schiff bases, propenone,
sulphonamides, HePG2, MCF7 cell lines, anticaacvity

INTRODUCTION

The chemistry of 1,2,3,4-tetrahydronaphthalen-6geterocycles especially those including
thiazole moiety and/or nitrogen, oxygen or sulpheterocycles such as pyrazoles ,isoxazoles,
thiadiazoles, pyrroles, pyridines and/or pyrimidinéhas been of increasing interest since many
of these compounds have found useful applicatienesh@motherapeutic agents of promising
anticancer [1-5], antimicrobial [6-8] or antivir@,10] activities.

During our drug discovery program [1, 2,11-14] anctontinuation of our recent article [15]
concerning the synthesis and anticancer activityafel tetralin-6-yl heterocycles, it was of
interest to introduce a new safer series of tet@lyl-thiazoles incorporated into another
nitrogen and/or sulphur heterocycles or side chare evaluated as anticancer agents.
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MATERIALSAND METHODS

Chemistry

All melting points are uncorrected and were takempen capillary tubes using silicon oil on
Gallenkamp apparatus. Elemental microanalyses weréormed on Elemetar, Vario EL,
Microanalytical Unit, National Research Centre, rGdtgypt. Infrared spectra were recorded
on Jasco FT/IR-330E, Fourier Transform InfraredSpectrophtometer at ¢hscale using KBr
discs. *H-NMR spectra were determined by using JEOL EX-BTQJEOL ACA500 NMR
Spectrometers are measurediacale using TMS as an internal standard. Masstrspe/ere
measured using mass spectrometer Finnigan MAT SH0Q-7and GCMS-QP 1000EX
Shimadzu Gas Chromatography MS Spectrometer All reactions were followed by TLC
(aluminium sheets) using CH@CH;OH (9:1, v/v) eluent and detected by UV lamp.The
chemical names given to the prepared compoundscamrding to the IUPAC system.

2-Hydrazino-4-(1,2,3,4-tetr ahydr onaphthalen-6-yl)thiazole (2)

A mixture of 6-bromoacetyl-1,2,3,4-tetrahydronagtme()[16] (2.5 g, 0.01 mole) and
thiosemicarbazide (0.91 g, 0.01 mole) in abs. ethé@0 ml) was refluxed for 4 h. The reaction
mixture was cooled and made alkaline using 10%.soirNaOH (1 ml), then poured onto
ice/cold water acidified with hydrochloric acid. h@ formed precipitate was filtered, washed
with water and recrystallized from cyclohexane iteec0% yield of compound, m.p. 160-161
°C  Analysis, @H1sN3S (245.4) Calcd. C,63.63, H, 6.16, N, 17.12%ourfd:, C, 63.97, H,
6.66, N, 17.45%. IR. (KBr, cr) showed absorbance bands at 3365, 3219, 3090NNR), at
2929 (CH tetralin) and at 1634 (C=N). MS. M+ at m/z 24908 and at m/z 157 (100%) of
CioH11-CN

2-(4-M ethoxybenzylidene)-1-[4-1,2,3,4-tetr ahydr onaphthal en-6-yl)-thiazol-2-yl|hydr azine
(3a), and the 2-(4-methylbenzylidene)- derivative (3b), the 2-(thiophen-2-yl )- methylene-
(3c) derivative and 2-(1H-indol-3-yl)-methylene-1-[4-(1,2,3,4-tetr ahydr onaphthalen-6-yl)-
thiazol-2-yl]-hydrazine (3d)

A mixture of compound2 (2.45 g, 0.01 mol) and the appropriate aldehydemely :p-
anisaldehyde, p-tolualdehyde, thiophene-2-carb@kside and/or 1H-indol-3-carboxaldehyde
(0.01 moal) in abs. ethanol (30 ml) was refluxed@dr. The formed precipitate was filtered and
recrystallized from ethanol to give compouiddsd respectively.(Tables 1,2)

1-[4-(1,2,3,4-Tettrahydronaphthalen-6-yl)-thiazol-2-yl]-2-[ (4-methoxyphenyl)-(4 -
methylpiperazin-1-yl)methyl]-hydrazine (4a), 1-[4-(tetrahydronaphthalen-6-yl)thiazol-2-
yl]-2-[(thiophen-2-yl)(4-methylpiper azin-1-yl)methyl]|hydrazine (4b) and 1-[4-
(tetrahydronaphthalen-6-yl)-thiazol-2-yl]-2-[ (1H-indol-3-yl)(4-methylpiper azin-1-
yl)methyl]hydrazine (4c)

A mixture of compound2 (0.49 g, 0.002 mol) , the appropriate aldehydemeig p-
anisaldehyde, thiophene-2-carboxaldehyde and/ointiBl-2-carboxaldehyde(0.002 mol) and
methylpiperazine (0.2 g , 0.002 mol) was refluxed 10 h. After cooling, the formed
precipitate was filtered and recrystallized fromoxdine to give compoundsia-c
respectively.(Tables 1,2)

2-[4-(1,2,3,4-Tetrahydr onaphthal en-6-yl)thiazol-2-ylamino]- isoindoline-1,3-dione (5a), 6-
[4-(1,2,3,4-tetr ahydr onaphthalen-6-yl)thiazol-2-ylamino]-6H-pyrrolo[3,4-b]pyridine-5,7-
dione (5b) and 2-[4-(1,2,3,4-tetrahydronaphthalen-6-yl)-thiazol-2-ylamino]-1,8-
naphthalimide (5c)
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A mixture of compound® (0.49 g., 0.002 mol) and the appropriate acid dntdg, namely:
phthalic anhydride, 2,3-pyridine dicarboxylic a@dhydride and 1,8-naphthalene dicarboxylic
acid anhydride(0.002 mol) in glacial acetic aci@ (8l) , was heated under reflux for 6 h. The
reaction mixture cooled and poured onto ice/coltewaThe formed precipitate was filtered and
recrystallized from dil. AcOH to give compounsisc respectively. (Tables 1,2)

1-[4-(1,2,3,4-Tetrahydr onaphthalen-6-yl) thiazol-2-yl]-3,5-dimethyl-1H-pyrazole (6)

A mixture of compoun® (0.49 g, 0.002 mol) and acetylacetone ( 0.2 mi0OQ® mol) in
ethanol ( 20 ml) was refluxed for 6 h .The solveass evaporated under reduced pressure and
the formed precipitate was washed with petroleumereffiltered , dried and recrystallized from
EtOH/H20 to give compoun@lin 66% yield , m.p. 181-18Z.

Analysis, GgHidN3S (309.4) Calcd. C, 69.86 , H, 6.18, N, 13.5Found C, 70.70, H, 6.53,
N, 14.04%. '"HNMR (DMSO-d;, & ppm) showed signals at 1.6-1.8 ( m, 4H, 2,@Htetralin),

at 2.6-2.8 ( m, 10H, 2 GHgroups and 2 CHof tetralin), at 4.2( s, 1H,pyrazole) and at 7.8-7
(m, 4H, Ar-H and thiazole proton). MS. Showed M+dz 309 (7.5%) and at m/z 104(100%)
of CgHg (Ph-CH=CH+)

1-[4-(1,2,3,4-Tetrahydr onaphthalen-6-yl)thiazol-2-yl]-3-methyl-1H-pyr azol-5(4H)-one (7)

A mixture of compound® (0.49 g,0.002 mol) and ethyl acetoacetate (0.26.@)2 mol) in
ethanol (20 ml) was refluxed for 5 h. The solvemats evaporated under reduced pressure and
the formed precipitate was filtered and recrystatli from EtOH/HO to give compound in

60% yield , m.p. 165-168C. Analysis, G;H1/NsOS (311.4) Calcd. C, 65.56, H,5.50, N,13.49

: Found, C, 66.06, H, 5.97, N, 13.80%{NMR(CDCls;, § ppm) showed signals at 1.6-1.8 (m,
4H, 2 CH of tetralin), at 2.3 ( s,3H, G} at 2.6-2.8 ( m, 4H, 2 CHetralin ), 3.4 (s, 2 H, CH

and at 7.1-7.9( m, 4H, Ar-H and thiazole protong; MS showed M+ at m/z 311 (9.86%) and
the base peak at m/z 157 (100%) ofotdz;-CN).

4-Cyclohexyl-1-[4-(1,2,3,4-tetr ahydr onaphthalen-6-yl)-thiazol-2-yl]semicarbazide (8a), 1-
[4-(1,2,3,4-tetr ahydr onaphthalen-6-yl)thiazol-2-yl]thiosemicarbazide (8b) and its 4-
cyclohexyl-, 4-phenyl- and 4-(o-tolyl)- derivatives (8c-€)

A mixture of compound2 (0.49 g, 0.002 mol) and the appropriate isocyareate/or
isothiocyanate, namely : cyclohexylisocyanate, amom thiocyanate, cyclohexylisothio-
cyanate, phenylisothiocyanate and/or o-tolylisatiiamate (0.002 mol) in dry benzene (30 ml)
was refluxed for 6 h. The formed precipitate wittered, dried and recrystallized from ethyl
alcohol to give compounda-e respectively (Tables 1,2).

2-[4-(1,2,3,4-Tetrahydr onaphthalen-6-yl)thiazol-2-ylamino] -imino-3-cyclohexyl-(or
phenyl)-thiazolidin-4-ones (9a,b)

A mixture of compoundc or 8d (0.01 mol), chloroacetic acid (0.94 g, 0.01 maijl sodium
acetate (0.1 g) in abs. ethanol (20 ml) was refluf@ 10 h. The formed precipitate was
filtered, dried and recrystallized from chlorofotm give compound®a and/or9b respectively
(Tables 1,2)

3-[4-(1,2,3,4-Terahydronaphthalen-6-yl) thiazol-2-ylamino]-1-cyclohexyl (or 1-phenyl)-
dihydro-2-thioxopyrimidin-4,6 (1H,5H)-diones (10a,b)

A mixture of the thiosemicarbazide (or 8d) (0.01 mol) and malonic acid (1g, 0.01 mol) in
abs. EtOH (20 ml) was refluxed for 15 h. The rescmixture was cooled and poured onto
ice/cold water with few drops of HCI acid. The rfaed precipitate was filtered , dried and
recrystallized from ethanol to give compouri@s,b respectively (Tables 1,2)
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2-[3-Cyclohexyl-4-phenyl-or (3,4-diphenyl)-thiazol-2(3H)-ylidene]-1-[4-(1,2,3,4-
tetrahydronaphthalen-6-yl)-thiazol-2-yl]-hydrazines (11a,b)

A mixture of the thiosemicarbazidge (or 8d) (0.01 mol) and phenacyl bromide (1.9 g, 0.01
mol) in abs. EtOH (20 ml) was refluxed for 8 h.h&tol was evaporated under reduced pressure
and the formed precipitate was filtered, washed Wi2CGO; solution, dried and recrystallized
from ethanol to give compoundda,b respectively. (Tables 1,2 ).

1-[4-(1,2,3,4-Tetrahydr onaphthalen-6-yl)-thiazol-2-yl]-2-tosyl-hydrazine (12a), 2-chloro-
N-[4-(1,2,3,4-tetrahydr onaphthalen-6-yl)-thiazol-2-yl]-acetohydr azide(12b), 2-{2-[4-
(1,2,3,4-tetrahydronaphthalen-6-yl)-thiazol-2-yl|hydrazinyl}-acetamide (12c¢) and 1-{2-[4-
(1,2,3,4-tetrahydronaphthalen-6-yl)-thiazol-2-yl]-hydr azinyl}-pr opan-2-one (12d)

General method

A mixture of the starting hydrazine derivati?e(2.45 g, 0.01 mol) and the appropriate alkyl
halide, namely, 4-methylbenzene-1-sulphonylchlgride 2-chloroacetyl chloride, 2-
chloroacetamide and chloroacetone (0.01 mol) & BbOH (30 ml) was refluxed for 6h. The
reaction mixture was cooled and poured onto icd/aghter. The formed precipitate was
filtered , dried and recrystallized from ethanoldgiwe compound42a-d respectively (Tables
1,2).

5-(1,2,3,4-Tetrahydronaphthalen-6-yl)-thiazol o[ 2,3-c][1,2,4]triazole (13)

A mixture of compound ( 0.49 g, 0.002 mol) triethylorthoformate (0.29, 1002 mol) in
ethanol (20 ml) was refluxed for 8 h. The solverts evaporated under reduced pressure.
After cooling, the formed precipitate was filterettied and recrystallized from ethanol to give
compoundl3 in 65% yield, m.p. 1783 . Analysis: @4H13NsS (225.3) Calcd., C, 65.85, H,
5.13, N,16.45, Found, C, 66.19, H, 5.45, N34&o, MS, showed M+ at m/z 255(3.03 %),
and the base peak at m/z 128(100%) gHdBI.

5-(1,2,3,4-Tetrahydronaphthalen-6-yl)-3-methylthiazol o[ 2,3-c][ 1,2,4]triazole (14)

A mixture of compoun@ (0.49g, 0.002 mol) and acetic anhydride (0.2 nd02 mol) in abs.
EtOH (20 ml) was refluxed for 6h. The reactiorxtare was cooled and poured onto ice/cold
water with few drops of HCI acid. The formed ppetEte was filtered, dried and recrytallized
from ethanol/H20 to give compourid in 60% vyield, m.p. 128°€.

Analysis, GsHi1sN3S.H,0O (287.4), Calcd., C, 62.68, H, 5.26, N, 14.6Eqund, C, 63.03, H,
5.58, N, 15.12%HNMR spectrum (CDGI, & ppm) showed signals at 1.6-1.8(m, 4H,2,CH
at 2.4(s, 3H, Ch), at 2.6-2.8 (m, 4H,2 Chl and at 7.1-7.9 (m, 4H, Ar-H and thiazole ring
protons). Its MS showed the molecular ion peak fihse peak) M+ of (€H1sN3S . HO) at
m/z 287 (100%).

5-(1,2,3,4-Tetrahydronaphthalen-6-yl)-thiazolo[ 2,3-c][1,2,4] triazol-3(2H)-one (15)

A mixture of compoun@ (0.49 g, 0.002 mol), and ethyl chloroformate 10r2l, 0.002 mol) in
pyridine (10 ml) was refluxed for 8 h. The reantimixture was cooled and poured onto
ice/cold water with few drops of HCI acid. Therfed precipitate was filtered off, dried and
recrystallized from ethanol to give compoutiin 70 % yield, m.p. 150°C.

Analysis, G4H13N30S (271.34) , Calcd., C,61.97, H,4.82, N, 15.B8und, C, 62.36, H,5.05,
N,15.95%., IR spectrum (KBr, cm-1), showed bartd3189 (NH), at 2924 (-CH of tetralin),
and at 1687 (C=0, cyclic amide). Its MS showedrtodecular ion peak M+ (GH13N3z0S) at
m/z 271 (38.23%).
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6-(1,2,3,4-Tetrahydronaphthalen-6-yl)-2H-thiazol o[ 2,3-c][1,2,4]triazin-3,4-dione (16)

A mixture of compound 2 (0.49g, 0.002 mol) and liyggdxalate (0.29 ml, 0.002 mol) in abs.
EtOH (20 ml) was refluxed for 10 h. The reactimmxture was cooled, and poured onto
ice/cold water with few drops of HCI acid. The rfeed precipitate was filtered, dried and
recrystallized from ethanol to give compoudfl in 80% vyield, m.p. 222°€. Analysis,
CisH13N3OS (299.36) Caled. C, 60.18, H,4.37, N,14.0&und, C, 60.60, H, 4.84, N,
14.41%. IR.spectrum (KBr, cm-1) showed bands1&53and 3057 (NH), at 2923 (GHf
tetralin), at 1739, 1641 (cyclic diketone) and &12 (C=N). Its MS showed (M-1)+ of
(C15H12N30,S) at m/z 298(4.5%).

2-Chloro-4-(1,2,3,4-tetr ahydr onaphthalen-6-yl)-thiazole (18)

A mixture of 2-amino-4-( 1,2,3,4-tetrahyronaph#rab-yl) thiazolg17) [1, 16], (2.3 g, 0.01
mol) in 20 ml of sulphuric acid, then the solutioinl0 g of CuSO4, 4.7 g of NaCl in 25 ml of
water was added af®© with stirring , then a solution of 1.5 g of sadiuitrite in 5 ml water

was added with continous stirring. The reactiontorx was poured onto ice/cold water, the
formed precipitate was filtered off, dried and getallized from ethyl alcohol to give compound
18 in 65% yield, m.p. 180-IC. Analysis, GsH1,CINS (249.7), Calcd. C, 62.51, H, 4.84, N,
5.60; Found, C, 62.27, H, 4.41, N, 5.24%. Rsspectrum (KBr, cm-1) showed only bands at
2924 (CHaliphatic) and no bands of amino group while its 8fdwed the molecular ion peak
(the base peak) M+ at m/z 249.5 and 251 BHEGCINS) due to chlorine isotope.

1-{4-[4-(1,2,3,4-Tetrahydronphthalen-6-yl)-thiazol-2-ylamino] phenyl}ethanone (19a) and
Ethyl 4-[4-(1,2,3,4-tetr ahydr onaphthal en-6-yl)thiazol-2-ylamino]benzoate (19b)

General method

A mixture of the chloro derivativé8 (0.49 g, 0.002 mol) and p-aminoacetophenonelyl dt
aminobenzoate ( 0.002 mol) in ethanol (50 ml) avd drops of HCI acid, was refluxed for 4 h,
then the reaction mixture was cooled and poured metcold water. The formed precipitate
was filtered off, dried and recrystallised from ghreper solvent. Compound9a, 68% vyield ,
m.p. 133-4C, from CHC}

Analysis, GiH20N20S (348.5), Calcd. C, 72.38, H, 5.78, N, 8.08urid, C, 72.88, H, 6.09, N,
8.42%. Its IR spectrum (KBr, cm-1) showed absondeabands at 2925 (CH2 of tetralin) and at
1676 (C=0, acetyl). ItHNMR spectrum(CDG| & ppm) showed signals at 1.6-1.8 ( m, 4H, 2
CH,), at 2.6-2.8(m, 4H, 2 CH ,at 3.5(s, 3H, CH), and at 7.1 -7.9( m, 8H,Ar-H and thiazole
protons). Its MS showed M+ at m/z 348 (10.16%ijlevtihe base peak appeared at m/z 231
(100%) due to &HisN,S.

19b, 61% yield, m.p. 173-4C from ethanol

Analysis, G,H22N,O,S (378.5), Calcd., C, 69.81, H, 5.85, N, 7.#0und, C, 70.22, H, 6.35,
N, 7.77%. ThéHNMR of 19b (CDC}, 5 ppm) showed signals at 1.3 (t, 3H, iHat 1.6-1.8( m,
4H, 2 CH), at 2.6-2.8(m, 4H, 2 C#jl at 4.3 (q, 2H, CH2 of ethyl) and at 7.1-7.9(8H, Ar-H
and thiazole protons). Its MS showed M+ at m/z @®%) for (G.H22N20,S).

4-[4-(1,2,3,4-Tetrahydr onaphthal en-6-yl)thiazol-2-ylamino] benzohydr azide (20)

The hydrazide derivative dBb was prepared by allowing a mixture of ( 0.38 §0Q. mol) of
19b and hydrazine hydrate (0.035 g, 0.001 mol) in 4hdthanol to reflux for 6 h. The formed
precipitate obtained after evaporation of volatilatrials was filtered off, dried and crystallized
from chloroform to give compourD in 58% yield, m.p. 166°C, Analysis, GoH20N40S
(364.5), C, 65.90, H,5.53, N, 15,37, Found, C685.H, 5.03, N, 14.99%.
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Its IR spectrum (KBr, cm-1) showed absorbance banh@271,3186 (NH, NkFgroups), at 2924
(CH; of tetralin) and at 1630(CO-NH). Its MS showhd expected molecular ion peak M+ at
m/z 364 (1.7%) and the base peak at m/z 230 (1@ )0 GsH14NLS.

1-{4-[4-(1,2,3,4-T etr ahydr onaphthalen-6-yl)thiazol-2-ylamino] phenyl}-3-(4-
methoxyphenyl)prop-2-en-1-one (21)

A mixture of the ketoné&9a (3.48 g, 0.01 mol), and p-anisaldehyde (1.36 @] ®ol) in 20 ml

of ethanolic NaOH soln. 10%, was refluxed for 10 fhe solvent was evaporated under
reduced pressure to half its volume and the forpredipitate was filtered off, washed with
cold water and recrystallized from ethanol to g8@®o yield of 21, m.p. 147-8C., Analysis,
ngHzeNzOzS (466.6), Calcd., C, 74.64, H,5.61, N, 6.9@;und,

C, 74.46, H, 5.11, N, 5.84% . Its IR spectrum(KBm-1), showed bands at 3426(NH), at
2928(-CH2-), and at 1680 (C=0 chalcone),"&\MR (CDCL, 8 ppm) showed signals at 1.6-
1.8 (m, 4H,2CH), at 2.6-2.8(m, 4H, 2C}), at 3.8 (s, 3H, OC¥jand at 7.1-7.9( m, 14H, Ar-H,
-CH=CH- and thiazole protons). Its MS showed M+rdt 466(39.41%), and the base peak at
m/z 186 (100%) for GHgNS.

N-{4-[4,5-Dihydr 0-5-(4-methoxyphenyl)-1H (or 1- phenyl) -pyrazol-3-yl|phenyl}-4-(1,2,3,4-
tetrahydronaphthalen-6-yl)thiazole-2-amines (22a,b)

General method

A mixture of the chalcone derivati (4.6 g, 0.01 mol) and hydrazine hydrate (99%).0r (
phenyl hydrazine) (0.01 mol) in 10 ml of abs. ethlawas refluxed for 8 h. The reaction
mixture was cooled and poured onto ice/cold wat@rhe formed precipitate was filtered off,
dried and crystallised from the proper solvent iieeghe pyrazole22a,b respectivelyTables
1,2).

4-{4-[4-(1,2,3,4-Tetr ahydr onaphthalen-6-yl)thiazol-2-ylamino]phenyl}-5,6-dihydr 0-6-(4-
methoxyphenyl)-pyrimidin-2(1H)thione (23)

A mixture of the chalcone derivative 21 (4.6 g,10rfol) and thiourea (0.76 g, 0.01 mol) in 20
ml of ethanolic NaOH soln. (10%), was refluxed &h. The reaction mixture was cooled and
poured onto ice/cold water acidified with few drapfsHCI acid. The formed precipitate was
filtered off, dried and recystallized from chlorafo to give 23 in 72% yield, m.p. 122
Analysis, GoH2gN40S; (524.7), Calcd., 68.67, H, 5.37, N, 10.67umid, C, 69.05, H, 5.66,
N, 11.11%. Its MS showed [M-1]+ at m/z 523 (4.68a) the base peak at m/z 231 (100%) due
to Ci3H1sN>S

4-[4-(1,2,3,4-T etrahydr onaphthalen-6-yl)thiazol-2-ylamino]-sulphanilamides (24a-€)

General method

A mixture of the chlorothiazole derivatii& (0.49g, 0.002 mol) and the appropriate sulfa drug
namely, sulphanilamide, sulphapyridine, sulphadiezi sulphamethoxazole and/or

sulphaisoxazole (0.002 mol) in 20 ml abs. ethandl @ few drops of HCI acid was refluxed for

10 h. The reaction mixture was concentrated unel@uged pressure. The formed precipitate
obtained on cooling was filtered off , dried andrystallised from ethanol to give compounds
24a-e respectivelyTables 1,2)

Anticancer screening

Eleven compounds were selected for the screerfingda, 5b, 7, 8e, 9a, 10b, 12a, 16, 22a
and 24d Four concentrations were taken of each compoun@.5, 5 and 1Qg/mL

Cells
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Two human cell lines were used in this experimentHuman liver carcinoma cell line
(HepG2) andb. human breast carcinoma cell lid CF7) .

Stock cultures were grown im-75 flasks containing 50 mL oRP Mi-1640 Medium with
glutamine bicarbonate and 5% fetal calf serum. iNM@dwas changed at 48 h intervals. Cells
were dissociated with 0.25% trypsin. Experimemtalkures were plated in micrititer plates
(Costar, Cambridgel A). Containing 0.2 mL of growth medium per well andities of 1,000-
200.000 cells per well.

Cell fixation

Cells attached to the plastic substratum were fixgdjently laying 5QuL of cold 50%TCA
(4°C) on top of the growth medium in each well to prog a final TCA concentration of 10%.
The cultures were incubated 4C for one hour and then washed five times withvaper to
remove TCA, growth medium and low — molecular weight metatiesli and serum protein.
Plates were air dried and then stored until usackBround optical densities were measured in
wells incubated with growth medium without cells.

Dying

The anionic dye sulforhodamirig (SRB, Sigma Chemical Co.) was dissolved in 1% acetic
acid for staining and extracted from cells with 1@M unbuffered Tris base
[tris(hydroxymethyl)aminomethane].

SRB Assay

TCA-fixed cells were stained for 30 min with 0.4%/{) SRB dissolved in 1% acetic acid . At

the end of the staining period, SRB was removedautires were quickly rinsed four times
with 1% acetic acid to remove unbound dye. Thetia@cid was poured directly into permitted
rinsing to be performed so quickly that desorptdmprotein-bound dye did not occur. Residual
solution was removed by sharply flicking plates ro@esink, which ensured the complete
removal of rinsing solution. Because of the stroagillary action in 96-well plates, draining

by gravity alone often failed to remove the rinsswution when plates were simply inverted.
After being rinsed, the cultures were air driedilumb standing moisture was visible. Bound
dye was solubilized with 10 mM unbuffered Tris b§sld 10.5) for 5 min on gyratory shaker.

OD (optical density) was read onl&d/max microtiter plate reader (Molecular Devices, Menlo
Park,CA) at564 nm for maximum sensitivity.

RESULTSAND DISCUSSION

Chemistry

Starting from 2-hydrazino-4-(1,2,3,4-tetrahydrontialen-6-yl)-thiazolg2) which is prepared
by the reaction of 6-bromoacetyl-1,2,3,4-tetrahyadyzhthalen@l) [16] with thiosemicarbazide,

a novel series of tetrahydronaphthalen-6-ylthidzdheterocycles , such as pyrazoles,
pyrazolones, thiazolidinones, pyrimidinethiones, riqydinones, thiazolotriazoles,
thiazolotriazines and other related derivativestf@ purpose of evaluation of their anticancer
activity. Synthesis of the target compounds wdseaed by condensation of the hydrazino
derivative 2 with different aromatic aldehydes, such as p-déeteyde, p-tolualdehyde,
thiophene-2-carboxaldehyde and indole-3-carboxaidiehto give the corresponding Schiff
bases3a-d respectively. On the other hand, reaction of coumol 2 with different aromatic
aldehydes, namely, p-anisaldehyde, thiophene-2gatlehyde and indole-3-carboxaldehyde
in presence of methylpiperazine, condensationviahb by addition reaction on the azomethene
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group took place in one step [17] to give the cgponding 2-aryl-(4-methylpiperazin-1-yl)-1-
[4-(1,2,3,4-tetrahydro naphthalen-6-yl) hydrazi(desc) respectively.

Also, reaction of2 with different acid anhydrides, namely, phthalichgdride, 2,3-pyridine
dicarboxylic acid anhydride and 1,8-naphthaleneartioxylic acid anhydride , afforded the
corresponding cyclic imide®a-c, respectively according to reported method [10floreover,
reaction of 2 with a B-diketone (e.g. acetylacetone), or a Bk ester (e.g. ethyl
acetoacetate), afforded the corresponding dinkefiyyazole derivatives or the pyrazolone
derivative7 respectively(Scheme 1)

N
Ar= —@—ocn—13 | N

3 s)\N’NQ/Ar l J\ N A
, Ar= —©—0H3 H 4

N ,
c, Ar = | | [ j
LI oars
|
H HN NCH3 N
—/
o

V)

Qo

Br
©©)J\/ HoNHNHCSNH, Acid anhydride
A L
1 2 S NHNH, 5 S NHR

Qo
OC/’L % o
OO [
X7 )
© < a,Ar= —N
®” Y 0
Q
%
@ 0
N 0 N
| J\ N CHy b,Ar= —N_ ]|
: L "
s7 NN
N\

CH (@)
7 ¢ 6 CH3 c,Ar= —

Scheme 1
It has been reported that several chemotherapactiiaties were ascribed to certain substituted
semicarbazides and thiosemicarbazides especiallgnéisiicrobial[18-22] or antineoplastic
agents [23-25], besides its reactivity as interraesdi for the synthesis of different heterocycles
of biological importance [26]. In this work, itas of our interest to incorporate both of semi
and thiosemicarbazide moieties to the parent hyavagerivative2 in order to obtain another
series of safer anticancer agents. Thus, coatlensof the hydrazine derivative with
cyclohexyl- isocyanate, ammonium thiocyanate, dyekyl, phenyl and/ or o-
tolylisothiocyanates, afforded the correspondirigzbl-2-ylsemicarbazid8a and/ or thiazol-2-
ylthiosemicarbazide8b-e respectively.

Upon reaction of the thiosemicarbazides8c and/or 8d with chloroacetic acid,
cyclocondensation reaction took place to give th@nothiazolidinone derivative®a,b
respectively, while their cyclocondensation wittalamic acid, afforded the corresponding
dihydro-2-thioxopyrimidin-4,6-(1H,5H)-dioneR)a,b respectively. Also, reaction o8c or 8d
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with phenacyl bromide, gave the corresponding hényl- thiazol-2(3H)-ylidene)-hydrazine
derivativeslla,b respectively(Scheme 2)

On the other hand, reaction of the hydrazinova¢inie 2 with different halides,namely, p-
toluene sulphonylchloride, chloroacetyl chloridénloco acetamide and/or chloro acetone |,
afforded the corresponding substituted hydrazi®asd respectively.

Moreover, cyclocondensation reaction ®fwith triethyl- orthoformate, acetic anhydride, dthy
chloro formate and/or diethyl oxalate, afforded tberresponding fused binary systems,
thiazolo[2,3-c][1,2,4]triazoles13,14, thiazolo[2,3-c][1,2,4]triazol-3(2H)-onel5 and/or the
thiazolo[2,3-c][1,2,4]triazine-3,4-diorks, derivatives respectivelyScheme 2)

12
12a,R= SQ-CgH,Me-p
b, R= COCHCI

¢, R= CHCONH, HC(OCzHe)s ‘ N/\N
/\( d, R = CHCOCH, — )\

S
NR
N CICH,COOH

N
s ~

N
H

CH,
9a,b

‘ JN\ | Aeo N /<

14
RNCX
o]

o)
CH,(COOH), 8ed

-

R
S)\N/N
H RHN, x | clcooc;Hg

N
° 1l Y | Pas
=
10a,b s )\ _NH N
15

Ph

/\( a,R=

NR -

‘ ‘N W/ PhCOCH,Br boR>
-

)\ ~ }

(COOC;Hg), ‘ )k(
— S N

Scheme 2

Moreover it was of interest to synthesize another relatedrivdives of the
tetrahydronaphthylthiazoles  series  starting from e thnew  2-chloro-4-(1,2,3,4-
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tetrahydronaphthalen-6-yl)thiazo(#8), obtained from the known 2-amino derivatiVé [1,16]
via Sand-Mayer reaction Reaction of 18 with p-aminoacetophenone and/or ethyl-p-
aminobenzoate in presence of HCI, afforded theesponding 2-(p-substituted anilino)thiazole
19a and/or19b respectively. The benzohydrazideé was obtained by reaction of the benzoic
acid ested9b with hydrazinehydrate(Scheme 3).

Reaction of the acetyl derivatiu®a with p-anisaldehyde afforded the correspondingpenone
(chalcone) derivative21 which upon reaction with hydrazines gave the cpoading
pyrazoline derivative2a,b, while upon its reaction with thiourea , it gabe corresponding
pyrimidin-thione derivative3.

Furthermore, reaction of the chlorothiazole demsatl8 with different sulpha drugs in
presence of HCI, afforded the corresponding 4-[2;84-tetrahydronaphthelen-6-yl)thiazol-2-
ylamino]-sulphanilamides (24a-ejScheme 3)

Tet:
/er
i /\NHO Z /\ o
— —OMe
20 NHZNHZ CCH S\
19a, R= COMe OOMe
b, R= COOEt

CONHNH, 21
anilines/HCI l
NH,NHR

Tet: S Tet N _R
N—N
Z —uS0s, Z /\ HoN™ NH, Z/ /\\ /
NH2 NaCI/NaNOz Cl s NH O
17
22a,R=H OMe

b, R=Ph
sulfa drugs/ S
HCl Tet
// S\ '\i)kNH
Tet N o NH O
B! 9
s~ NH SO,NHR OMe
23

24a,R=H
o)
N
¢, R= 4N>

N
d.R= Z;)\CHS
w20 s’
(¢}

Scheme 3

All compounds were subjected to microchemical aetsal analyses (IRHNMR and MS)

Tables1 and 2.

Anticancer screening

Anticancer activity

Eleven compounds, number 2, 4a, 5b, 7, 8e, 0h,,1Ra, 16, 22a and 24d were selected for
testing for their anticancer activity, at the Bgment of Tumor Pathology, National Cancer
Institute, Cairo, Egypt. Two cell lines were usedthe evaluation (human liver carcinoma cell
line HePG2 and human breast carcinoma cell line K)@Ecording to the method described by
Skehan et al. [27]

The results are expressed in the form of the cdreon of compound that causes 50%
inhibition of cells growth. Then vitro evaluation revealed the tested compounds exhibit
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significant anticancer activities against bothhad tiver cancer and the breast cancer at specified
concentrations. The data of the selected eleuealite6-ylthiazoles evidenced that compounds
2 and 8e were the most effective againdiepG2 carcinoma cell lines showing 4€of 0.47
pg/mL for each one, and compoundsOb and16 are less active showing IC50 of &g/mL,
whereas compound&a, 5b, 9a and 16 were the most effective againg#tCF7 carcinoma cell
line showing IC50 of 0.4@uig/mL for each one and compouriZzisBe and10b were less active
showing IC50 of 0.47ug/mL. All other compounds are moderately activEalie 3)

Table 1. Physical and analytical data of the new synthesized compounds
Comp. m.p.(°C) Yield Mol. Formula Analysis (%)
No. (Cryst.solvent) (%) (Malit.) Calcd. /Ural
C H N
3a 140-1 70 21821N30S 69.39 5.82 11.56
(EtOH) (363.49) 69.76 6.16 12.02
3b 163-4 88 21821N3S 72.58 6.09 12.09
(EtOH) (347.49) 72.72 6.49 12.22
3c 148-9 87 18817N3S, 63.68 5.04 2.37
(EtOH) (339.48) 63.34 4.66 12.02
3d 152-4 84 C2aM,S 70.93 5.41 15.04
(EtOH) (372.50) 70.43 5.15 14.74
4a 121-2 80 28833Ns0S 67.35 7.17 5.1D
(Dioxane) (463.65) 67.67 7.53 15.40
4b 155-7 60 2382gN5S, 62.83 6.64 .95
(Dioxane) (439.64) 62.62 6.16 15.55
4c 141-2 76 283:NeS 68.61 6.82 17.78
(Dioxane) (472.66) 69.11 7.22 18.08
5a 120-1 70 21817N30,S 67.18 4.56 11.19
(dil. AcOH) (375.45) 66.86 4.09 10.69
5b 133-4 60 20816N4O02S 63.81 4.28 1.8
(dil. AcOH) (376.45) 64.31 4.54 15.09
5c 146-7 81 25l 310N30.S 70.56 4.50 .8
(dil. AcOH) (425.52) 70.22 4.33 9.69
8a 164-5 60 20826N40S 64.83 7.07 115
(EtOH) (370.53) 64.44 6.86 14.62
8b 125-6 70 14816N1S, 55.23 5.29 1B.4
(EtOH) (304.44) 55.55 5.46 18.88
8c 205-7 65 206826N1S, 62.13 6.77 4.49
(EtOH) (386.59) 62.47 7.17 14.99
8d 185-7 73 20820N4S, 63.12 529 4.72
(EtOH) (380.54) 63.36 5.57 15.15
8e 190-2 78 21I@5oN4S, 63.92 561 4.20
(EtOH) (394.56) 63.77 5.11 13.83
9a 178-8 60 2ieN4OS 61.93 6.14 13.13
(CHG) (426.61) 62.43 6.46 .3IB
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9b 145-6 55 25N O0S 62.83 4.79 13.32
(CHG) (420.56) 62.33 444 82
10a 190-1 68 236N 40,S2 60.76 576 .3®
(EtOH) (454.62) 60.26 5.26 12.12
10b 178-9 70 23820N402S, 61.58 4.49 49,
(EtOH) (448.57) 61.12 3.99 12.02
1la 134-5 56 20 @30N4S, 69.09 6.21 11.51
(EtOH) (486.71) 68.59 5.88 11.11
11b 125-6 63 20l @24N4S2 69.96 5.03 11.65
(EtOH) (480.66) 70.46 5.33 12.05
12a 160-1 85 20l21N30S, 60.12 5.29 10.51
(EtOH) (399.54) 60.60 5.55 10.91
12b 131-2 64 15K 16CIN3OS 55.98 5.01 13.05
(EtOH) (321.84) 55.77 4.89 12.55
12c 146-7 70 15K 1sN4OS 59.57 599 .518
(EtOH) (302.41) 59.09 5.65 18.36
12d 156-8 73 16l 1gN30S 63.75 6.35 9u3.
(EtOH) (301.42) 64.16 6.64 14.20
22a 134-5 76 CogH2gN4OS 72.47 5.87 11.65
(dil AcOH) (480.5) 72.22 5.37 11.15
22b 136-7 66 34B13,N4,OS 75.50 5.79 10.06
(CHG) (556.7) 76.00 5.99 30.
24a 115-6 83 191 N3O.S, 59.19 4.96 1.8
(EtOH) (385.51) 59.43 5.35 11.06
24b 132-4 63 248N 40,S, 62.31 4.79 i
(EtOH) (462.59) 62.59 5.05 12.61
24c 196-7 75 23|€21N50282 59.59 4.56 1)
(EtOH) (463.58) 60.09 5.00 15.55
24d 160-2 60 23 @2:N405S, 59.20 4.75 12.0
(EtOH) (466.58) 59.66 5.25 12.33
24e 146-7 58 22820N403S, 58.38 4.45 3R
(EtOH) (452.56) 5790 3.95 11.91
Table2. Spectral data of the new synthesized compounds
Comp. MS[m/z (%)]; *H NMR[solvent] , 8 ppm; IR [KBr, v cm™]
No.
3a MS 365 [M+2]+ (5), 160 @EIgNS) (100)
'HNMR  [CDC}], 1.60-1.80(m,4H, 2 CHof tetralin), 2.64-2.80 (m, 4H, 2
Glaf tetralin), 3.80(s, 3H, OCHi 6.90-7.90 (m, 9H, Ar-H, thia-
zole and CHphbtons)
3b 'HNMR [DMSO-d], 1.60-1.80(m,4H, 2 Cllof tetralin), 2.60 (s, 3H, CHj
2.70-2.80(m,2CH, of tetralin), 4.2(' s, 1H, NH),7.10-7.80 (m, 9H,
thiazole, Aradd CH=N).
IR 3157,3072 (NB924 (CH of tetralin) , 1644 (C=N)
3c MS 339 [M+] (25), 213 (zH1:NS)(100)
3d MS 371 [M-1]+ (5%), 146 {8sS) (100%)

IR 3161-3046(NH)926 (CH2 of tetralin), 1630(C=N)
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4a  HNMR [CDCH], 1.60-1.80 (m, 4H, 2 C4bf tetralin), 2.3 (s, 3H, C¥),
2.40-3.00 (18, H, methylene protons of tetralin and methylepip
azine), 3(803H, OCH3), 4.00(s, 1H, CH-N), 6.80-7.90(m, 8H,
thiazole aldH protons).
4b MS 440 [M+1]+ (1.7), 213 (€H11NS) (100).
IR 3413,3157 (NBE®23 (CH of tetralin) 1683 (C=N
4c MS 472 [M+] (2.85), 159 (CO9H5NEPO0)
IR 3410 (NH), 29@3H, of tetralin), 1612 (C=N)
5a MS 376 [M+1]+ (5), 213 (€411NS)(100)
IR 3168 (NH), 29@BH?2 of tetralin), 1787, 1729 (COyclic amide) ,
1664 (C=N)
5b MS 376 [M+] (1.7), 213 {&111NS) (100)
IR 3307 (NH), 29¢8H, of tetralin), 1769, 1702( CO — cyclic amide),
1660 (C=N)
5c MS 425 [M+] (55.88), 393 411cN30,) (100)
8a MS 370 [M+] (1.76), 1594:NS) (100)
8b MS 304 [M-1]+ (7.3), 157 {f;;N) (100)
8c MS 386 [M+] (7.87), 230 {£81:4N,S) (100)
%9a MS 426 [M+] (64.70), 212, 41;(NS (100)
9 MS 420 [M+] (42.94), 159 ¢HENS) (100)
HNMR [DMSO-d6], 1.60-1.80 (m, 4H, 2 CH2 ofrain), 2.4 (s, 2H, CH
of thiazahdne), 2.60-2.80 ( m, 4H, 2 GAf tetralin, 7.10-7.90
(m, 9H, arate and thiazole protons)
IR 3417 (NH), 20€CH,), 1721 (CO, cyclic amide)
10a MS 454 [M+] (1.69), 231 {§H15N>S )(100)
IR 3107-3011 (NED26 (CH of tetralin), 1726 (CO, cyclic amide)
10b MS 449 [M+1]+ (2.94), 230;6H:5N2S)(100)
HNMR [DMSO-d6], 1.60-1.80 (m, 4H, 2¢Hf tetralin), 2.60-2.80
(m, 42CH2 of tetralin), 3.6(s, 2H, G} 7.1-7.9(m,9H, Ar-H,
thiaggrotons)
IR 3396(NBD27(ChHtetralin),1721(CO,cyclic amide),1619(C=N)
1la MS 487 [M+1]+3.0), 229 (G3H13N2S) (100)
IR 3274 (NR2P23 (CH ,tetralin), 1604 (C=N)
11b MS 481 [M+1]+ (7.05), 308;¢H11N5S,)(100)
IR 3422, 33BIH), 2927 (CH, tetralin), 1628 (C=N)
12a MS 401 [M+2]+ (76), 9144) (100)
HNMR [DMSO-d6], 1.6-1.8 (m, 4H, 2 GhH} 2.3 (s, 3H, Ch), 2.6-2.8
(m,4HCH,), 7.10-7.80 (m, 8H , Ar-H and thiazole protons)
12b IR 3352, 3139 (NH), 2924Hof tetralin), 1665 (C=0)
12c MS 302 [M+] (65)
HNMR [CDCY], 1.6-1.8 (m, 4H, 2 C}J, 2.6-2.80 (m, 4H, 2 C}),
3.6#81, CH,),7.10-7.90 (m, 5H, Ar-H and thiazole protons)
IR 3278, B1(NH,), 2923 (CH2 of tetralin) , 1611( C=0, amide)
12d MS 301 [M+] (5), 230 {££11aN>S) (100)
"HNMR [CDC}] , 1.60-1.80 (m, 4H, 2 CH2), 2.4 (s, 3H, CH3),-3.6
(m, 6HCH2, N-CH2), 7.10-7.90 (m, 5H, Ar-H and thiazole)
IR 3012 (NR2P26 (CH2 of tetralin), 1613 (C=0)
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22a MS 480 [M+] (10), 3404E16N,S) (100)
1HNMR [CDg} 1.6-1.8(m, 4H, 2 CH),2.6-2.8(m, 4H, 2C}},3-3.5 (2dd,
1H-44aid-4trans, pyrazoline),3.7(s, 3H, OgH5.6(dd, 1H-5,
pyrard) , 7.1-7.9(m, 12H, Ar-H and thiazole proton)

22b MS 555 [M-1]+ (1.6), 280,3H14N,S)(100)
24a MS 385 [M+] (22.59), ®@8C13H14N,S) (100)
IR 3262,318), 2927 (CH of tetralin)
24b MS 462 [M+] (1.7), 23%68::N,S) (100)
24c MS 463 [M+] (2.8), 159&NS) (100)
IR 3422,33B&), 2928 (CH of tetralin)
24d MS 466 [M+] (18.8), 305,6H::N,S) (100)

Table3 Effect of theselected compoundson liver carcinoma céll line (HepG2) and
breast carcinoma cdll line (MCF7)

Compound ICH0 (egmL)
Hep 2 MCF?
2 0.47 pgmL 047 pgmL
4a 060 pgmL 040 pugmL
5h 0.87 pgmL 0.40 pg'mL
7 0.54 ugmL DET wgmL
Be 0.47 pgmL 0.47 gL
9a 060 pgmL 0.40 pngfmL
10k 0.54 pgfmL 0.47 pgmL
12a 094 uamL 369 ugmL
16 0.54 ugmL 040 pg'mL
22a 027 nwgmL 040 mgmL
244 0.60 wgmL 040 ugmL

IC50: Dose of the compound that reduces the survigelig by 50%
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