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Abstract

Treatment of formylfurochromone 1 with nitro metlkeao form nitro-furochromenethyl
derivative 2 followed by reduction to give aminadchromone derivative 3 which used
as key intermediates for the synthesis of furoctemoethylthiourea derivatives 10a,b and
13a-d at reaction aminofurochromone  derivative 3&hweach of imidazole-
carbothioamideda,b derivatives, isothiocyanates derivatives ctrbonyl reagent 8,
isocyanate/ isothiocyanates 12a-d. Thiourea comgiata-c was formed at the reaction
of the isothiocyanates 5 with different amines. dddition, the condensation of
furochromenethyl isothiocyanates 5 with amino pwed 6a, b was afforded the
compounds 10a, b. Also reaction of compound 3 \pibtassium cyanate 14 lead to
semicarbazide derivative 15.

Keywords: Furochromenethylthiourea, Aminofurochromone,  hsmtyanates,
Semicarbazide

Introduction

Trovirdine is currently in phase one clinical tgdbr potential use in the treatment of
AIDS [1-5]. Structure- activity relationship studief Phenethylthiazolylthiourea (PETT)
derivatives have been identified as a new serigsoofnucleoside inhibitors of HIV -1
resulted in the identification df- [ 2-(2-pyridyl)ethyl]N-[2-(5-bromopyridyl)]-thiourea
hydrochloride (trovirdine, LY300046.HCI) as a highlpotent anti-HIV-1 agent.
Extension of these structure- activity relationshspudies to identify additional
compounds in the series which improved propersesngoing. A part of this work is
described in this study [6,7]. Replacement of omematic moiety of the FETT
compounds by various substituted heteroaromatgsnvas studied
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Results and Discussion

The synthetic strategies adopted to obtain theetargmpounds are depicted in Schemes
1-6. The intermediate 3 was prepared by condemsatib aldehyde [8] 1 with
nitromethane [9-12] to afford compound 2 followeg reduction with LiAlIH, (Scheme

1) [9,10] Compound 3 was characterized by the presef a strong peak at 3422 tin

the IR spectrum. The appearance of a br. signalyalgnt to two protons in tH#INMR
spectrum at 2.02 ppm which represents the plidtons.
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Scheme 1

The compounds described in the present study wetbesized according to the general
routes A-D depicted in Scheme 2. In (route A), ¢thidonyl reagents 4a, b derived from
appropriate amino pyridines 6a, b and 1, 1- thioeayldiimidazole 8 were condensed
with furochromenethylamine 3, according to Scheme 1 Furochromenethyl
Isothiocyanates 5 (route B) were condensed witmamyridine 6a, b (prepared by the
reaction of 2-amino-5-chloro or bromopyridine wgbdium cyanide). Isothiocyanates 7
derived from 2-amino-5-chloro or bromopyridine 6aand 1, 1-thiocarbonyldiimidazole
8 were reacted with furochromenethylamine 3 (rdCiteA thiocarbonyl reagent 9 (route
D) which was prepared from a furochromenethylamir®2 and 1, 1-
thiocarbonyldiimidazole 8 was condensed with therapriate amino pyridines 6a, b, the
new compounds 10a, b were obtained in good yiefdsmpound 10a, b was
characterized by the presence of a two band at, 248 cni (NH) in the IR spectrum,
the appearance of a two singlet signal, equivatenwo protons in theHNMR spectrum
4.00, 2.11 ppm which represents the 2NH protong. ddmpounds were synthesized as
per Scheme 2.
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However, in one of our previous studies [9,14] fation of desired compound 11la-c. At
reaction of the Isothiocyanates 5 with differantines ( p-toludine, p- bromoaniline
and p- anisidine) to afford the desired thiourgéa-&. Most of the thiourea was isolated
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as solid foams which could not be crystallized; beer, in most cases analytically pure
samples could be obtained by column chromatografimese compounds prepared
according to (Schemes 3) [9,1&}ructures of these compounds were characterizad us

'H NMR and IR.
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NH _NH

OMe OMe J 7( SAr
(3) 5 o s
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3
Scheme Ar, a=--CgH,CHs: b= -CgH,4Br; CgH4OCHS3

Thiourea is conveniently prepared by coupling aminwith an isocyanate/
Isothiocyanates under mild reaction condition [918}. So, treatment of compound 3
with certain alkyl or aryl isocyanate/ Isothiocyse®m 12a-d in dioxane yielded the
corresponding 13a-d Scheme 4.
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The reaction of 3 with potassium cyanate 14 in agaecetic acid at room temperature,
leads to 1-substituted semicarbazide [17-19] 16 excellent yields.
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Scheme 5
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The newly synthesized compounds were charactebyd®, 1H NMR and mass spectral
studies. Representative compounds of the syntliepizalucts were tested and evaluated
as antimicrobial agents.

Materials and Methods

All melting points were determined on a Gallenkaapparatus were uncorrected. The IR
spectra were recorded in KBr disks, on a Jascoi&odiransfonn Infrared Spectro-
photometer Model FT/IR3000E. TH#! NMR were recorded (DMS@6), on JOEL
JNM-EX 270 FTNMR system (NRC) and chemical shifisdre expressed in ppm using
TMS as an internal standard Splitting patternsiadéecated as s, singlet; d, doublet; m,
multiple, b, broad signal. The MS were performed@te V on a Finnegan MAT SSQ
7000 spectrometer. Elemental analysis were caroat at the Micro analytical
Laboratory of the National Research Centre, Cdugypt and their elemental analysis
were generally found to be within + 0.04% of thedfetical values, The purity of the
synthesized compounds was evidenced by TLC, allestd which were used for
recrystallization and column chromatography weredlytical grade. Nevirapine was
synthesized according to published methods [2]

4,9-dimethoxy-6-[ 2-nitrovinyl] -5H-fur o[ 3,2-g] chromen-5-one (2):

A solution of 1 (0.47g, 171 mmol) and ammonium atet(0.069) in nitro methane
(2.4ml) was heated at reflux for 1.5 h. under gé&. After the mixture cooled to room
temperature, ethyl acetate was added, and theiorghaase was washed twice with water
and dried (NgSOy). The solvent was evaporated in vacuo to givesadue which was
purified by column chromatography (silica gel, fralichloromethane as eluent) followed
by crystallized from Mol. Formula €;5H13NO7, Mol. weight= 319.27, yield % =90.54,
Solvent= acetone/ n-hexane. mp= 238-°Z40R(cm™), 1640(C=0)'H NMR (d, ppm)
(DMSO-d6) 7.70, 7.12 ( 2H, 2d, olefin), 7.58, 6.66 (2H, Bk, Hy, J = 2.00 Hz), 7.22
(AH, s, H), 4.16, 4.09 (6H, 2s, 20GH Mass (Wz), m\e = 319.06 (27%), 318.06
(16.06%), 317.05 (100%).

6-(2-aminoethyl)-4,9-dimethoxy-5H-fur of 3,2-g] chromen-5-one (3):

Compound 2 (0.29g, 1mmol) was added portion wise $tirred ice- cooled suspension
of LiAIH 4 (0.23g, 6mmol) in dry THF (15ml) under nitrogerdahe mixture was stirred
at room temperature for 5h. The reaction mixturs e@oled to ©C, and then water was
added drop wise to destroy the excess hydrideeshdting mixture was filtered off, and
the filtrate was concentrated in vacuo and theriitmared between water and ethyl
acetate. The organic layer was washed with brineddN&SQ,), and then concentrated
under reduced pressure to give a crude oily amihehlwwas used without further
purification. Mol. Formula = gH1sNOs, Mol. weight= 289.27, yield % =71.06, mp=
180- 182C. IR (cm?), 3422 (brs, Nh), 1644 (C=0)."H NMR (d, ppm) (DMSO6d6)
7.57, 6.62 (2H, 2d, K Hp, J = 2.50 Hz), 7.45 (1H, s,7H 4.16, 4.09 (6H, 2s, 20GH
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3.23, 2.01 ( 2H, 2t, ethane), 2.02 (2H, br.,2NMass (Vz), m\e= 291.09 (20%), 290.08
(17.08%), 289.10 ( 100%).

1-(6-chloro or bromopyridin-2-yl)-3-[ 2-(4, 9-dimethoxy-5-oxo-5H-furo [ 3, 2-g] chromen-
6-yl) ethyl] thiourea (10a, b):

Route A. General Procedure.

To a suspension of compounds 4a, b (1.1 equivgetoaitrile or DMF, (2ml/ mmol) was
added furochromenethylamine 3 (1 equiv). The reaatiixture was heated to 80- £00
for 12-15 h and cooled to room temperature. Theti@a mixture was worked up, and
the crude material was purified by recrystallizatio

N-(5-chloro or-bromopyridin-2-yl)-2,3-dihydro-1H-imidazol e-1-car bothicamide 4a,b:

A solution of 1,1-thiocarbonyldiimidazole 8 (4.95g, 25mmol) and riao-5-
chloropyridine or 2-amino-5-bromopyridine 6a,b 8446g, 25mmol) in acetonitrile
(75mL) was stirred at room temperature for 23h. rdmulting precipitate was collected
by filtration to provide 5.63, 5.42 g (77%, 76%)tbeé title product'H-NMR (300MHy,
DMSO-a) 6 8.57(m, 1H), 8.30(m, 1H), 8.15 (m, 1H), 8.03 (biH), 7.75 (m, 1H), 7.15
(d, 1H), 6.80 (s, 1H)

Route B. General Procedure:
Method A:

A solution of 1, 1'-thiocarbonyldiimidazole 8 (1 wg) and furochromenethylamine 3 (1
equiv) in acetonitrile (4 ml/ mmol) was stirredrabm temperature for 1h. The solution
was evaporated and the residue dissolved in DMFI/@mol). Amino pyridine
derivatives (1 equiv) was added as a solid ardsthution was stirred at 95 for 24h.
The reaction mixture was cooled to room temperatpoaired into ethyl acetate, and
washed with water, saturated aqueous sodium bicatbpand brine. The organic layer
was dried over anhydrous sodium sulfate and coratet and the residue purified by
triturating in dichloromethane.

Method B:

A solution of furochromenethylamine derivative 3gquiv) in acetonitrile (2 ml/mmol)
was added to a stirred solution of 1,-thiocarbonyldiimidazole 8 (1.03 equiv) in
acetonitrile (3 ml/mmol) at room temperature. Theluson was stirred at room
temperature for 1 h, and the solvent was evaparalbé residue was purified by
chromatography on silica gel (ethyl acetate/ hegané&:1) to provide pure
furochromenethyl Isothiocyanate 5. Sodium hydrileduiv) was added to a solution of
amino pyridine 6a, b (1 equiv) in THF at 0 °C unbler The reaction mixture was stirred
at 0°C for 30 min. furochromenethyl Isothiocyanatél equiv) in THF was added, and
the reaction mixture was allowed to reach room &nafpire and then stirred overnight.
Saturated ammonium chloride and diethyl ether widded, and the organic layer was
washed with brine, dried over anhydrous sodiumasefand concentrated. The product
was purified by recrystallization.
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Route C. General Procedure;

Furochromenethylamine 3 (1 equiv) and compound 7edqliv) in acetonitrile (2
ml/mmol) were stirred at room temperature for 0.5The mixture was filtered. The
precipitate was dried and recrystallized from acittibe.

2-(5-Chloropyridyl) Isothiocyanate 7:

2-Amino-5- chloropyridine 6a (10.28 g) was addedprtions, with stirring, over a
period of 25 min to a solution of 1,1- dtérbonyldiimidazole 8 (14.26 Q) in
acetonitrile (100 ml) at room temperature, stirringas continued, and the
solution/suspension was left for a few hours. Thecipitate was filtered and washed
with acetonitrile (3- 25 ml). The solid residue wdissolved in hot acetone and filtered.
The acetone solution was evaporated in vacuo, laadesidue was dissolved in  hot
ethyl acetate and filtered through a pad of si(diameter 7 cm. 3cm). The silica was
washed with another portion of hot ethyl acetatée Tcombined solutions were
evaporated in vacuo to yield a crude product (6fghe title product: 1H NMR (250 M
Hz, DMSO4g) 7.54 (1H, d), 8.17 (1H, 2d), 8.63 (1H, d).

Route D. General Procedure:

Furochromenethylamine 3 (1 equiv) in acetonitril@gsvadded drop wise to a solution of
1, 1- thiocarbonyldiimidazole 8 in acetonitrileQ2C during 20 min. The reaction mixture
was allowed to reach room temperature. The solwers evaporated. Amino pyridine
(2.2 equiv) in DMF was added, and the mixture wisesl at 100°C for 15 h. The
reaction mixture was cooled to room temperature diganic layer was washed with
dilute HCI, water, and chromatography on silica ¢eine, dried over anhydrous sodium
sulfate, and concentrated. The product was purliedCompound 10a, Mol. Formula =
C,1H1sCIN3OsS, Mol. weight= 459.90, yield % =61.50, Solventsldoromethane, mp=
171- 186C - IR(cn™Y), 3297, 3220 (NH),1644 (C=0),1250 (C=3) NMR (d, ppm)
(DMSO-d6), 7.62, 6.64 (2H, 2d,41H,, J = 2.50 Hz), 7.75 (1H, t, pyriding 6.92-6.09
(2d, 2H , pyridine Hs), 7.08 (1H, s, H), 4.01, 3.98 (6H, 2s, 20GH 3.49, 2.22 (4H, tt,
ethane ) 4.00, 2.11 (2H, 2s, 2NH exchangeab®)D3.83, 3.66 (2H, ] = 2.4 Hz, CH),
2.22,2.18 (2H, tJ = 2.4 Hz, CH) .Mass (Vz), m\e = 459.07 ( 33%), 460.07 (20.0%),
461.06 (22. 4%), 312 (44), 205 (100).

Compound 10b, Mol. Formula =15 BrN3 OsS, Mol. weight=504.35, yield % =39.98,
solvent= acetonitrile, mp= 174- 1%7. IR (cmY), 3250, 3174 (NH), 1646 (C=0), 1268
(C=S).'H NMR (d, ppm) (DMSOe€6), 7.62, 6.64 (2H, 2d, HH,, J = 2.50 Hz), 7.65
(1H, t, pyriding ), 7.09-6.81 (2H, 2d, pyridinesHd), 7.08 (1H, s, K, 4.01, 3.98 (6H,
2s, 20CH), 3.49, 2.22 (4H, 2t, ethane ), 4.00, 2.11 (2H,Z¥¢H exchangeable JD),
3.83, 3.66 (2H, t) = 2.4 Hz, CH), 2.22, 2.18 (2H, tJ = 2.4 Hz, CH), Mass (Wz), m\e =
505.01 ( 33%), 504.02 (22.3%), 503.02 (41.5%), &1, 205 (100)
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1-(4-methyl, bromo or methoxyphenyl)-3-[ 2-(4,9-dimethoxy-5-oxo-5H-furo[ 3,2-g]
chromen -6-yl)ethyl] thiourea 11a-c :

A solution of furochromenethyl amine derivative13gquiv) in acetonitrile (2 ml/mmol)
was added to a stirred solution of 1, 1-thiocarldimgidazole 8 (1.03 equiv) in
acetonitrile (3 ml/mmol) at room temperature. Thaluson was stirred at room
temperature for 1 h, and the solvent was evaparalbé residue was purified by
chromatography on silica gel (ethyl acetate/ hegané&:1) to provide pure
furochromenethyl Isothiocyanates 5. Sodium hyd{equiv) was added to a different
amines ( p-toludine- p- Bromoaniline and p- anisgji(1 equiv) in THF at 0 °C under
N». The reaction mixture was stirred at 0°C for 3@ .nfwrochromenethyl Isothiocyanates
5 (1 equiv) in THF was added, and the reaction unétwas allowed to reach room
temperature and then stirred overnight. Saturatesh@ium chloride and diethyl ether
was added, and the organic layer was washed wiitle,bdried over anhydrous sodium
sulfate, and concentrated. The product was purbfiececrystallizations.

furochromenethyl 1sothiocyanates 5

2-Amino- furochromenethyl 3 (10.28 g) was added in portiomgh stirring, over a
period of 25 min to a solution of thiocarbonyldigazole (14.26 g) in acetonitrile (100
ml) at room temperature. The stirring was continuetl the solution/suspension was left
at room temperature for a few hours. The precipitabs filtered and washed with
acetonitrile (3 - 25 ml). The solid residue wassdiged in hot acetone and filtered. The
acetone solution was evaporated in vacuo, anddbielue was dissolved in hot ethyl
acetate and filtered through a pad of silica (di@m@é cm - 3 cm). The silica was washed
with another portion of hot ethyl acetate. The cometl solutions were evaporated in
vacuo to yield a crude product (5 g), poured ict iThe organic layer was washed with
dilute HCI, water, and brine, dried over anhydresadium sulfate, and concentrated. The
product was purified by chromatography on silich ge

1-(2-(4,9-dimethoxy-5-oxo-5H-fur o 3,2-g] chromen-6yl)ethyl)-3-p-tolylthiourea 11a

Mol. Formula =C,3H2:N,05S, Mol. weight= 438. 5, yield % =56.5Mnp= 214- 216C,

IR (cmi™), 3234, 3200 (NH), 1642 (C=0), 1287 (C=%). NMR (d, ppm) (DMSO€6),
7.52, 6.64 (2H, 2d, H H,, J = 2.50 Hz), 7.12 (1H, s 6.85-6.33 (4H, 2d, Ar. ), 4.00,
3.99 (6H, 2s, 20CH, 4.00, 2.10 (2H, 2s, 2NH exchangeabkOl) 3.64, 2.00 (4H, 2t,
ethane ), 2.35( 3H, s, GH mass 1fVz), m\e = (438.12): m/z: (%) = 440.12 (6.5),
439.13(22.7), 438.02 (40), 312 (50), 205 (100).

1-(4-bromophenyl)-3-(2-(4,9-dimethoxy-5-oxo-5H-fur o[ 3,2-g] chromen-6-yl)ethyl)
thiourea 11b

Mol. Formula =C,;H;19 BrN2OsS, Mol. weight= 503.37, yield % =44.00\p= 208- 211
°C. IR(cn?), 3222, 3219 (NH), 1640 (C=0), 1276 (C=%. NMR (d, ppm) (DMSO-
d6), 7.52, 6.64 (2H, 2d,H,, J = 2.50 Hz), 6.98 (1H, s,7J 7.18-6.35 (4H, 2d, Ar.),
4.02, 3.99 (6H, 2s, 20GH] 4.00, 2.00 (2H, 2s, 2NH exchangeabk®©] 3.49, 2.22 (4H,
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2t, ethane ), massn(z), m\e = (502.02): m/z: (%) = 504.02 (60), 502.@9}, 503.02
(24), 312 (35), 205 (100).

1-(2-(4,9-dimethoxy-5-oxo-5H-  furo[3,2-g chromen-6-yl)ethyl)-3-(4-methoxy phenyl)
thiourea 11c

Mol. Formula =C,3H2,N>0gS, Mol. weight= 454.50, yield % =50.08pp= 198- 201C,
IR(cm™), 3229, 3215 (NH), 1633 (C=0), 1288 (C=&1 NMR (d, ppm) (DMSO€6),
7.52,6.60 (2H, 2d, K Hs, J = 2.50 Hz), 7.08 (1H, s,7;H 6.52-6.35 (4H, 2d, Ar. ), 3.99,
3.98 (6H, 2s, 20C§J, 4.00, 2.00 (2H, ss, 2NH exchangeabk®©D 3.48, 2.12 (4H, tt,
ethane )(3H, s, OMe). Mass (Wz), m\e = 454.12 (70), 455.12 (26.3), 456.02 (332 3
(65), 205 (90).

1-(4- ethyl or chlorophenyl-3- (2-(4,9-dimethoxy-5-oxo-5H-furo[ 3,2-g] chromen-6-yl)
ethyl)urea/ thiourea ( 13a-d)

To a suspension of compound 3 (0.01 mol) are tleatth an equimolar amount of the
appropriate isocyanate/ Isothiocyanates, namehyketand p- chlorophenyl isocyanate/
isothiocyanates) 12a-d (0.01 mol) in dioxd@B®ml) under reflux at 8C for 1h ( after
few minutes crystals began to separated) and the6°@ for 1h. After a few hours the
separated crystals were filtrated off, and washitdl sfoxane and ethanol.

Compound 13a: Mol. Formula =16H,0N20s, Mol. weight= 360.36, yield % =66.33,
mp= 176- 178C IR(cm™), 3353, 3251 (NH), 1620 (C=0O)+ NMR (d, ppm) (DMSO-
de6), 7.50, 6.87 (2H, 2d, HH,, J = 2.50 Hz), 6.99 (1H, s,sH 4.00, 3.98 (6H, 2s,
20CH), 3.23, 2.10 (2H, 2s, 2NH exchangeabk®© 3.20, 2.00 (4H, 2t, ethane ), 3.00,
1.27 (5H, qt, ethane). MassVg), m\e = m/z: (%) = 362.14 (3.1), 361.14(16.9), 380
(44), 312 (65), 205 (100).

Compound 13b: Mol. Formula €18H20N20sS, Mol. weight= 376.43, yield % =43.65,
mp= 142- 145C IR(cn?), 3247, 3276 (NH), 1632 (C=0), 1265 (C=% NMR (d,
ppm) (DMSO€6), 7.55, 6.69 (2H, 2d, $1H,, J = 2.50 Hz), 7.00 (1H, s,;H 4.00, 3.98
(6H, 2s, 20CH), 3.99, 2.11 (2H, 2s, 2NH exchangeabk®R 3.20, 2.22 (4H, 2t, ethane
), 3.32, 1.33 (5H, qt, ethane ). Mag¥4), m\e = 378.11 (6.9), 377.11(20.9), 376.02 (33),
312 (30), 205 (100)

Compoundl3c: Mol. Formula =C,,H1¢CIN,Os, Mol. weight= 442.09, yield % =73.21,
mp= 238- 240C IR(cnm™), 3305, 3242 (NH), 1640 (C=0H NMR (d, ppm) (DMSO-

deé), 7.55, 6.69 (2H, 2d, H,, J = 2.50 Hz), 7.28 (1H, s,7H{ 7.15-6.33 (4H, 2d, Ar.),
4.01, 3.99 (6H, 2s, 20GH 4.00, 2.00 (2H, 2s, 2NH exchangeabi®©) 3.44, 2.10 (4H,

2t, ethane ). Massr(z), m\e = 444.09 (33), 443.10(22.10), 442.09 (2ar 825), 205

(100)

Compound 13d: Mol. Formula €;2H19CIN2OsS, Mol. weight=458.91, yield % =57.41,
mp= 248- 250°C, IR(cm™), 3324, 3245 (NH), 1623 (C=0), 1253 (C=&. NMR (d,
ppm) (DMSO€6), 7.57, 6.99 (2H, 2d, 41H,, J = 2.50 Hz), 7.08 (1H, s,;H 7.08-6.34
(4H, 2d, Ar. ), 4.05, 3.98 (6H, 2s, 20g)H4.01, 2.11 (2H, 2s, 2NH exchangeabi®©R
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3.45, 2.20 (4H, 2t, ethane ). Masy¥/4), m\e = 460.07(3.4), 459.07 (35), 458.02(43.3),
503.02 (30), 312 (76), 205 (94).
1-[ 2-(4,9-dimethoxy-5-oxo-5H-fur o[ 3,2-g] chromen-6-yl)ethyl] urea 15

A solution of potassium cyanate 14 ( 0.022mol yvater ( 10ml ) was added drop wise
within 15 minutes, under stirring, al@®to a compound 3 ( 0.02 mol ) in a mixture of
acetic acid ( 40 ml ) and water ( 40 ml ). Afteoab10 minutes, white crystals began to
separate from the solution. The reaction mixtures wtirred at 20- 2& for 3hrs. The
precipitate was filtered off, and washed with wated ethanol for the physical data and
analytical results of the semicarbazide 15. Moltnfida = GgH16N20s, Mol. weight=
332.31, yield % =62.15, Solvent= Ethanol/ water=mi@4- 195, , , IR(cft), 3300, 3221
(NH), 1623 (C=0),'H NMR (d, ppm) (DMSO#6), 7.34, 6.99 (2H, 2d, HH,, J = 2.50
Hz), 7.00 (1H, s, B, 4.00, 3.98 (6H, 2s, 20GH 3.20, 2.22 (4H, tt, ethane), 6.00 (3H,
s, br, NH, NH exchangeable 1®),. Mass 1fvz), m\e = 334.11 (2.7), 333.10 (18.00),
332.10 (100), 312 (60), 205 (100).
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