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2-Amino-5-hydr oxy-4-phenyl-7-methyl-4H[ 1-chromeno-3-car bonitrileasa
key precursor for the synthesis of several chromene based heterocyclic
systems
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Abstract

Synthesis of 2-amino-5-hydroxy-4-phenyl-7-methytstheno-3-carbonitrilel obtained by the
reaction of 5-methyl resorcinol and benzylidine omdtrile used in synthetic routes to several
heterocyclic compounds containing pyrimidine, pyr&d chromene, oxazine, thiazine and pyrrol
by reaction ofl with various reagents such as formamide, formid,aghenylisothiocyanate,
urea, thiourea, semicarbazide thiosemicarbazidgveo chromenopyrimidine derivativés 3, 4,

9, 10,p, 11, respectively. The reaction @fwith acetic anhydride under different conditions t
give 5 6, 7 followed by reactions with hydrazine hydrates, niamide, hydroxylamine
hydrochloride to give chromenopyrimidine derivaiv@... The interaction betweeft with
cyclohexane, malonitrile, carbon disulfide ga 13, 14 which was cyclised to give thiazit®e
and the O-alkylation ofl by using ethylbromoacetate or chloroacetonitrdegtve 16,5, and
chromenopyrrol derivatived?.
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Introduction

4H- chromene derivatives are an important class of rbeyeles, which have attracted
considerable interest due to their useful bioldgerad pharmacological properties, examples
including  anticoagulant, spasmolytic, diuretic, ieamcef! and antianaphylactic
characteristic¥! 4H-Pyrans are also structural features of varioasiral productd and also
possess useful photochemical propeftids view of these useful properties, it is not sisipg
that the development of synthetic approaches teetligng systems has attracted considerable
interest over the years. Moreover, nitrogen-comtginheterocycles are also of broad
pharmaceutical interest and significance, whichtifjas our continuing efforts in exploring
synthetic strategies which lead to structures farmfrom a combination of both types of
heterocycle, an area which could also provide disaformation regarding structural-activity
relationships in this ardd. Herein, we report in full on synthetic approaches several
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heterocyclic systems derived from 4H-pyrans (chnoesg represented by the title compodnd
which can subsequently be used as intermediatebualtting blocks for additional heterocycles.

Finally, alkylation of the initial chromen& was investigated, with the aim of setting up
precursors suitable for pyrrole formation, for exden Unfortunately, such reactions occurred
predominantly at the phenol hydroxy group: @alkylation productd6a,b were formed when
chromenel was exposed to either ethyl bromoacetate or chtamtonitrile in acetone containing
anhydrous potassium carbonate. As the 2-amino grospromenel is, in effect, a vinylogous
cyanamide, these outcomes are perhaps not sossagorin the case of bromoacetate, @e
alkylation productl6a was the sole product and there was no evidencéuftirer alkylation,
even when alternative conditions were used (sodiulfite in DMF).™® However, in the case of
chloroacetonitrile, both th@®-alkylation productléb and the pyrrolel7 were isolated, in 48%
and 47% vyields respectively. All spectroscopic amdlytical data were consistent with the
structurel? proposed. Presumably, if the more reactive phgnmlp were to be masked, then
such a pyrrole synthesis could easily be extendddtauld be much more efficient.

Experimental Section

All melting points uncorrected and were determineal Stuart electric melting point
apparatus. Elemental analyses were performed bynticeoanalytical center, Faculty of
Science, Cairo University. Infrared spectra wereorded on Bruker or Satellite 2000
spectrometer using KBr disc# NMR spectra were recorded at Bruker DX400 (unless
stated) at 400 MHz andC NMR spectra measured on the same instrumentsaistated) at
100.6NHz at School of Chemistry, Cardiff Universiiass spectra were determined on GC-
MS (QP 1000 EX) SHIMADZU spectrometer. HRMS werdedmined by EPSRC mass
spectrometry services, School of Chemistry, Catdifiversity.

2-Amino-5-hydroxy- 4-phenyl-7-methyl-4H[ 1]chromene-3-carbonitrile (1)

To a stired  mixture of 5-methylresorcinol monotaté (1.42 g, 10 mmol) and
benzylidenemalononitrile (1.54 g, 10 mmol) in albgelethanol (30 ml) was added anhydrous
potassium carbonate (2 g) and stirring continuetbain temperature for 3 h. The solvent was
largely evaporated, the mixture diluted with coldter and left to stand at room temperature for
45 min. The precipitated solid collected by filioat, washed with cold water (3 x), then dried
and crystallized from ethanol to afford the chrom&r(2.44 g, 88%) as colorless crystals, m.p.
206 °C. Elemental analysis for#14N20,, (Calc., C, 73.37, H, 5.07, N, 10.07), (Found, C,
72.68, H, 5.37, N, 10.16); IRma/cmi?, 3427, 3367, 3288, 21944 NMR &4 1.92 (3H, s, Ch),
4.53 (1H, s, 4-H), 6.40 (1H, d, J 2.0, 6- (ori8)) 6.71 (1H, s, 8- ( or 6-) H), 6.80 (2H, d, BH
7.07 (2H, d, J 7.3, 2 x Ar-H), 7.20 (1H, t, J 7A3;H), 7.34 (2H, t, J 7.3, 2 X Ar-H), 9.70 (1H, br
s, OH);*3C NMR 8¢ 19.2 (CH), 38.9 (4-CH), 58.4 (3-C), 100.7 (6- ( or 8-) CHi},2.9 (8- (or 6-

) CH), 114.3, 121.2 (both ArC), 126.8, 127.4, 1294l ArCH), 138.4 (ArC), 146.0, 150.5,
157.3, 160.3 (all ArC); m/z [El] 278 (M14%), 201 (100), 77 (10), 51 (12).

4-Amino-8-methyl-5-phenyl-5H-chromeno[ 2,3-d] pyrimidin-6-ol (2)

The chromend (2.78 g, 10 mmol.) dissolved in a mixture of DM (ml) and formamide (20
ml). The mixture was heated at 110 °C for 22 heAéboling, the mixture diluted with water (50
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ml) and extracted with ethyl acetate (3 x 40 mheTorganic layer was separated, the aqueous
layer washed with ethyl acetate many times. Thebtoed organic solutions washed with water
(2 x), then dried over magnesium sulphate, filteradd the solvent evaporated. The solid
obtained  crystallized from methanol to  furnish  theaminopyrimidine 2
(2.44 g, 80%) as wellow solid, m.p. 237-240 °C; IRma/cmt, 3478, 3379, 3326, 3084
2948,2920,1630;H NMR &y 2.15 (3H, s, Ch), 5.21 (1H, s, 5-CH), 6.40 (1H, d, J 2.0, 7- (or
9-) H), 6.50 (1H, d, J 2.0, 9- (or 7-) H), 7.02 (2t s, NB), 7.12 (1H, t, J 7.2, 4-H-Ph), 7.22
(2H, t, J 7.7, 3- and 5-H-Ph), 7.32 (2H, d, J 2-7and 6-H-Ph), 8.02 (1H, s, 2-H), 9.61 (1H, s,
OH); *C NMR 8¢ 19.2 (CH), 35.3 (5-CH), 98.2 (ArC), 101.5 (7- (or 9-) CH)4.0 (9- (or 7-)
CH), 115.0 (ArC), 126.9 (4-PhCH), 128.2 (2 x ArCHR8.7 (2 x ArCH), 138.2, 144.2, 151.5
(all ArC), 156.6 (2-CH), 157.3, 162.6, 162.7 (ali@); m/z [El] 305 (M", 11%), 228 (10 ), 201
(5), 186 (46), 77 (100).

6-Hydroxy-8-methyl-5-phenyl-3H-chromeno[ 2,3-d] pyrimidin-4(5H)-one (3)and 3,4-dihydro-5-
hydroxy-7-methyl-2-oxo-4-phenyl-2H-chromene3-carbonitrile (4)

A mixture of the chromeng (2.78 g, 10 mmol) and formic acid (15 ml, 88%) weftuxed for 5

h as a solid started to form. The mixture cooled e precipitate filtered off, then washed with
acetone and diethyl ether. The solid crystallizednf methanol and afforded tipgrimidinone 3
(159 g, 52%) as colorless crystals m.p. >300 °C.\MR/cm?, 3147, 2907, 1645, 1590,
1461, 1376'"H NMR &4 7.30 (3H, s, CH), 5.05 (1H, s5-H), 6.45 (1H, d, J 2.1, 7- (or 9-) H),
6.55 (1H, d, J 2.1, 9- (or 7-) H), 7.10-7.30 (5H, Bx Ar-H) 8.10 (1H, s, 2-H), 9.70 (1H, br s,
NH), and 12.50 (1H, br s, OH)*CNMR ¢ 19.2 (CH), 36.0 (5-CH), 101.3 (7- (or 9-) CH),
104.8, 113.7 (both ArC), 114.7 (9- (or 7-) CH), 126128.6, 128.8 (all Ar-CH), 138.4, 144.6
(both ArC), 149.1 (ArCH), 151.3, 157.3, 161.4, I6{all ArC); HRMS [ES] [Found: [NHH],
307.1085. @H15N,05 requiresM, 307.1083]. The filtrate was concentrated andsthiel formed
collected by filtration, washed with water,drieddecrystallizedrom DCM furnishing thedih
ydrocoumarin 4 (1.06 g, 38%) as colorless crystals, m. p. 211RC3307, 2907 , 2280
, 1760, 1613,1595;'H NMR &4 2.05 (3H, s, Ch), 4.85 (H, d, J 3.4, #), 5.30 (1H, d, J 3.4,
3-H), 6.51 (2H, app. s, 6- and 8-H), 7.15-7.45 (8H5 x Ar-H), 9.94 (1H, s, OH)C NMR 8¢
18.8 (CH), 40.5 (4-CH), 41.3 (3-CH), 101.7 (6- (or 8H), 113.1 (ArC), 114.5 (8- (or 6-
) CH), 115.5 (ArC), 128.2, 128.5, 129.&ll ArCH), 137.5, 138.0, 151.8, 158.3 (all ArC),
162.4 (CO); HRMS [ES] [Found: [[-H], 280.0967. GH14NOs requiresM, 280.0974].

4,5-Dihydro-2,8-dimethyl-4-oxo-5-phenyl-3H-chromeno[ 2,3-d]pyrimidin-6-yl acetate (5) and
3,4-dihydro-5-hydroxy-7-methyl-4-phenylchromen-2-one(6)

Acetic anhydride (15 ml) was added to the chronte(&78 g, 10 mmol), then orthophosphoric
acid (15 ml) was added carefully and the resulbingmixture refluxed for 12 h. After cooling,
the mixture diluted with ice cold water when a ddbrmed which collected by filtration, washed
several times with cold water and dried. On cryigiion from dichloromethane the product
was partially soluble. On filtration, the solid peal to be thepyrimidinoeacetate 5 and the
dihydrocoumarin 6 contained in the filtrate the filtrate.

Compound5 crystallized from ethanol gzale yellow crystals (1.84 g, 51 %), m.p. 145 R, |
Vma/CMY, 3254, 2923, 1738, 1644, 1583NMR 4 2.0 (3H, s, 8-Ch), 2.10 (3H, s, 2-CH),
2.20 (3H, s, CHCO), 5.03 (1H, s, 9-H), 6.42 (1H, d, J 2.0, 5-{9rH), 6.50 (1H, d, J 2.0, 7- (or
5-) H), 7.05-7.35 (6H, m, 5 x Ar-H + NHY’C NMR ¢ 19.2 (8-CH), 21.3 (2-CH), 21.4
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(CH3CO) 35.9 (9-CH), 101.3, 114.6 (5-and 7-CH), 127.28.2, 128.3 (all Ar-CH), 138.4,
144.9, 151.5, 157.3, 158.5, 161.3 (all ArC), 16267.9 (both CO)wz [El] 362 (M, 15%),
320 (25), 285 (32), 77 (100)

Compound6 crystallizedfrom DCM as colorless crystals (0.82 g, 31 %), m.p. 1982D0IR,
vma/Cmt,3345, 2922, 2726, 1731, 163%89, 1461'*H NMR &4 2.05 (3H, s, Ch), 2.85 (1H,
dd, J 1.6, 15.8, §), 3.20-3.30 (1H, dd, J 7.1, 15.8,)H4.45 (1H,d, J 7.1, /) 6.41 (1H, d, J 2.3,
6- (or 8-) -H), 6.50 (1H, d, J 2.3, 8- (or 6-) H)P5-7.42 (5H, m, 5 x Ar-H), 9.75 (1H, s, OH);
13C NMR &8¢ 18.9 (CH), 37.0 (4-CH), 38.1 (3-C}), 101.7 (ArCH), 113.8 (ArC), 114.3, 127.2,
127.4, 129.3 (all ArCH), 137.9, 142.0, 153.0, 157.87.9 (all ArC); HRMS [EI] [Found: [M,
254.0941. @H140;5 requiresM, 254.0941].

4,5-Dihydro-2,8-dimethyl-4-oxo-5-phenylchromeno|[ 2,3-d][ 1,3] oxazin-6-yl acetate (7)

To a solution of the chromenk (2.78 g, 10 mmol) in pyridine (10 ml) was addecetax
anhydride (15 ml). The mixture was refluxed for I24hen cooled, ethyl acetate (50 ml) was
added and the whole mixture washed several timés aaipper sulphate solution. The organic
layer was separated, washed with water, brine, dniel over sodium sulphate and filtered. The
solvent evaporated and the product crystallizedanfiethyl acetate/ether mixture to give the
oxazinone 7 (2.60 g, 72 %) as colorless crystals, m.p. 307-BDIIR, vma/cM*, 2923, 1777,
1655, 1621, 1600H NMR 8 2.04 (3H, s, 8-Ch), 2.25 (3H, s, 2-Ch), 2.50 (3H, s, CkCO),
5.25 (1H, s, 9-H), 6.90 (1H, d, J 2.0, 5- (or 79 A.15 (1H, d, J 2.0, 7- (or 5-) H), 7.25-7.45
(5H, m, 5 x Ar-H);*C NMR §¢ 19.1 (8-CH), 21.2 (2-CH), 25.3 (CHCO), 39.5 (9-CH), 94.2
(ArC), 108.8 (ArCH), 115.5, 117.6 (both ArC), 122128.3, 128.6, 129.5 (all ArCH), 139.4,
141.5, 150.1, 150.5, 151.5 (all ArC), 169.3, 17®®&h CO);m/z [El], 363 (M’, 10 %), 320 (5),
303 (18), 285 (10), 243 (100).

Reaction of compound(7) with nitrogen nucleophiles (amines) to afford compound(8a-c)

Method A for (8a)

To a solution of compound (0.92 g, 2.5 mmol) in absolute ethanol (25 ml) wdded hydrazine
hydrate (0.5 ml (excess)). The reaction mixture vedisixed for 5 h. After cooling, the mixture
poured into ice cold water with stirring while did@recipitated out which was filtered, washed
with water, then dried and crystallized from bereefurnishing theaminopyrimidinone
derivative8a as a yellowish brown solid (0.51 g, 62 %), m.p300 °C, IR,vma/cm*, 3600,
3136, 3022, 1663, 1630, 160@/z for CygH1/N30s (El), m/z [El] 335 (M', 16%), 244 (15), 243
(100), 201 (5), 77 (4).

Method B for compound (8b)

A mixture of compound (0.2 g, 0.55 mmol) and formamide (15 ml), was pefldi for 5 h. The
reaction mixture left at room temperature, thedsttiat crystallized out filtered, washed several
times with ether and dried to give thgrimidinone 8b. The filtrate diluted with cold water and
the solid formed was collected by filtration, waghveith cold water, dried to yield an additional
amount of the product as colorless crystals (0d,ZB%), m.p. 255-257 °C, IRpna/cmi*, 3309,
3183, 2922, 2725, 1644, 158 NMR (250 MHz),54 2.02 (3H, s, Ch), 2.25 (3H, s, Ch),
5.02 (1H, s, 9-CH), 6.42 (1H, d, J 2.1, 5- (orH}) 6.49 (1H, d, J 2.1, 7- (or 5-) H), 6.90 (1H, br
s, NH), 7.10-7.29 (5H, m, 5 x Ar-H), 9.65 (1H, braH); *C NMR &c 19.2 (8-CH), 21.3 (2-
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CHs), 35.9 (9-CH), 101.3 (ArCH), 101.6, 113.9 (bothCly 114.5, 126.7, 128.5, 128.6 (all
ArCH), 138.4, 144.9, 151.5, 157.3, 158.5, 161.2.1Qall ArC);mz [El] 320 (M", 45%), 243
(100%).

Method C for compound (8c)

To a solution of compound (0.2 g, 0.55 mmol) in pyridine (10 ml) was addeaditoxylamine
hydrochloride (0.075, 1.1 mmol, 2 equiv.). The met was refluxed for 12 h. After cooling,
ethyl acetae (50 ml) was added, the mixture waskegdral times with copper sulphate solution,
organic layer was separated, washed with water) (&hen dried over sodium sulphate and
filtered. The solvent was evaporated and the subtdined crystallized from ethyl acetate/petrol
mixture furnishing thelihydroxypyrimidinone 8c (0.106 g, 57%) as yellowish brown solid, m.p.
> 300 °C, IRyvma/cM?, br to 3199, 2954, 2843, 1644, 1584:NMR (250 MHz) & 2.0 (3H,

s, CH), 2.62 (3H, s, Ch), 5.08 (1H, s, 7- (or 9-) CH), 6.50 (2H, s, 5-&dor 7-) H), 7.05-7.42
(5H, m, 5 x Ar-H), 9.65 (1H, br s, OH}°C NMR &¢c 24.0 (8-CH), 26.0 (2-CH), 40.6 (9-CH),
106.0 (ArCH), 118.6 (ArC), 119.3 (ArCH), 121.9 (Ax@31.4, 133.3 (both ArCH), 139.4 143.1,
149.6, 156.2, 162.0, 163.3, 167.4 (all Ar@)z [EI], 318 (M'-H,0, 100%), 243 (55), 202 (92).

8-Hydr oxy-4-imino-6-methyl-3,5-diphenyl-3,4-dihydro-1H-chromeno[ 2,3-d] pyrimidine-2(5H)-
thione (9)

A mixture of the chromeng (1.39 g, 5 mmol), and phenyl isothiocyanate (0.6 Sninmol) in
pyridine (10 ml) was refluxed for one day, Thenledo ethyl acetate (30 ml) was added and the
yellow solid 9 obtained filtered, washed several times with eted dried. The filtrate was
washed several times with aqueous copper sulptiaés] over sodium sulphate and removal of
the solvent recovered unreacted starting material.

Compound9 crystallized from methanol as yellowish crystals g1 48%), IR, vma)/Ccm
13479, 3392, 3218, 3083, 3059, 2923, 1633, 188NMR & 2.13 (3H, s, CH), 5.37
(1H, s, 5-H), 6.42 (1H, d, J 2.2, 7- (or 9-) HBB(1H, d, J 2.2, 9- (or 7-) H), 7.05 (1H, t, J,5.0
4-H-Ph), 7.18 (1H, d, J 7.4, Ar-H), 7.20 (1H, d7.9, Ar-H), 7.25 (2H, t, J 7.7, 3- and 5-H-Ph),
7.32 (2H, d, J 7.7, 2- and 6-H-Ph), 7.49 (2H,6,Q 2 x Ar-H), 7.55 (1H, t, J 5.36, Ar-H), 9.66
(1H, br s, OH);**C NMR (125 MHz) 8¢ 19.2 (CH), 34.8 (5-CH), 90.1 (ArC), 101.6, 114.4
(both ArCH), 114.7 (ArC), 127.1 (4-PhCH), 127.8YArCH), 128.6 (4-CH-Ph-N), 128.9 (2 x
ArCH), 129.3, 129.6, 130.5, 130.8 (all ArCH), 138139.1, 144.2, 151.3, 156.3, 157.4, 160.6
(all ArC), 179.4 (CS); HRMS, [Found: [MH], 413.1198. GH2N30,S requiresv, 413.1198].

Reaction of compound 1 with urea and thiourea to give compound (10a ,b)

A mixture of the chromeng (2.78 g, 10 mmol) and urea or thiourea (12 mmol) fuasd under
dry conditions. The fused mixture was dissolvedanigthanol (15 ml) and the resulting solution
refluxed for 2 h. After cooling, the precipitaterrited collected by filtration and the filtrate
further worked up by diluting with cold water tovgian additional amount of the product which
washed with water, dried and purified by crystallian to furnish compound®a, b.
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4-Amino-8-hydroxy-6-methyl-5-phenyl-1H-chromeno[ 2,3-d] pyrimidin-2(5H)-one (10a)

Crystallized from methanol as a yellow solid (2068%), m.p.>300 °C, IRjna/cm™, 3451,
3332, 3175, 2954, 2858, 1654, 1624, 16B&mental analysis for fgH1sN303, (Calc., C,
67.28; H, 4.71; N, 13.08fFound, C, 66.65; H, 4.93; N, 13.26).

4-Amino-8-hydroxy-6-methyl-5-phenyl-1H-chromeno[ 2,3-d] pyrimidine-2(5H)-thione (10b)

Crystallized from ethyl acetate as a yellow soids6 g, 80%), m.p. 210-212 °C, [Ruad/cm™,
3565, 3337, 3208, 3061, 3028, 2923, 1625, 13HNMR 54 2.17 (3H, s, Ch), 5.10 (1H,
br s, NH), 5.20 (1H, s, 5-H), 5.88 (2H, s, BH5.97 (1H, d, J 2.0, 7- (or 9-) H), 6.06 (1H,
d, J 2.0, 9- (or 7-) H),7.05 (1H, t, J 7.7, 4-H-Ph}1l4 (2H, t, J 7.7, 3- and 54fh), 7.21
(2H, d, J 7.7, 2- and 6-H-Ph), 8.90 (1H, br s, OH)z [El] 337 (M’, 13%)Using the same
procedure, chromenk (10 mmol) was reacted with thiosemicarbazide ardisarbazide (10
mmol) to give compoundla,b

3-Amino-8-hydroxy-4-imino-6-methyl-5-phenyl-3,4-dihydro-1H-chromeno[ 2,3-d] pyrimidine-
2(5H)-thione (11a)

Crystallized from methanol as a yellow solid (2.78782%), m.p. 235-237 °C, IRya/cm™,
3329, 3210, 3060, 3027, 2924, 1681, 1624, 1598.

3-Amino-8-hydroxy-4-imino-6-methyl-5-phenyl -3,4-dihydro-1H-chromen-o[ 2,3-d] pyrimidin-
2(5H)-one(11b)

Crystallized from methanol as an orange-red s&i@7 g, 84%), m.p.> 300 °C; Rna/cm?,
3354, 3200, 3089, 2956, 2852, 1619, 1598; Elemeaalysis for GgHi16N4O,S, (Calc., C,
61.35; H, 4.58; N, 15.90; S, 9.10fFound, C, 60.60; H, 4.83; N, 15.21; S, 9.27);
'H NMR &y 2.02 (3H, s, CH3), 5.05 (1H, s, 5-H), 6.40 (1Hpap 7- (or 9-) H), 6.47 (1H,
app s, 9- (or 7-) H), 7.23 (1H, d, J 6.50, Ar-HRT (2H, d, J 6.5, Ar-H), 7.25 (2H, t, J 6.5,
Ar-H), 7.41 (2H, s, NH2), 7.50 (1H, br s, NH), 7.@H, br s, NH), 8.01 (1H, s, OH).

11-Amino-1-methyl-12-phenyl-8,9,10,12-tetrahydro-7H-chromeno[ 2,3-b]quinol in-3-ol (12)

A mixture of the chromend (1.39 g, 5 mmol), cyclohexanone (5 ml) and anhydrainc
chloride (1 g, 5 mmol) was refluxed under dry dtinds for 16h. The reaction mixture cooled,
then treated with 2M aqueous sodium hydroxide (1)) ethyl acetate (40 ml) was added and the
precipitated solid removed by filtration. The fate washed many times with water and brine,
then dried over magnesium sulphate, filtered, tileemit was evaporated and the solid obtained
purified by crystallization from DCM to give thgyridine derivative 12 (1.09 g, 61%) as a
colorless solid, m.p.> 300 °C, IRna/cm*, 3336, 3182, 2962, 1661, 1628, 15%3;:NMR &y
1.70 (4H, t , H), 2.18 (3H, s, CH), 2.52 (2H, t, J 1.6, §), 2.62 (2H, t, H), 5.37 (1H, s, 12-CH),
6.42 (1H, d, J 2.2, 2- (or 4-) H), 6.50 (1H, d,.3,2- (or 2-) H), 6.70 (2H, br s, NH 7.11 (1H,
t,J 7.3, 4-H-Ph), 7.20 (2H, t, J 7.4, 3- and B*h); 7.38 (2H, d, J 7.4, 2- and 6-H-Ph), 9.64 (1H,
brs, OH):**C NMR &c 24.0 (CH), 26.5, 26.6, 27.8, 34.4 (all GH40.2 (12-CH), 105.4 (ArC),
105.9 (ArCH), 117.4 (ArC), 118.8 (ArCH), 119.7(Ar()31.6, 133.0, 133.4 (all ArCH), 134.9,
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143.0, 148.9, 156.0, 158.0, 158.8, 162.0 (all Ar®JRMS [ES] [Found: [M+H],
359.1751. GsH»3N,0, requiresM, 359.1751].

2-Amino-8-hydroxy-6-methyl-4-oxo-5-phenyl-4,5-dihydro-1H-chromeno[ 2,3-b] pyridine-3-
carbonitrile (13)

To a mixture of the chromerie(1.39 g, 5 mmol) and malononitrile (0.33 g, 5 mmal)DMF
(10 ml) was added a few drops of piperidine andrésalting mixture refluxed for 24 h. The
mixture allowed to cool to room temperature, ditbtevith cold water, a few drops of
concentrated HCI were added, the resulting soltdréd off, washed several times with cold
water, then dried and crystallized from DCM, fumigy thepyridinone 13 (1.29 g, 75%) as grey
solid, m.p. > 300 °C, IRjma/cmi?, 3441, 3362, 3217, 22284 NMR &4 2.20 (3H, s, Ch), 4.55
(1H, s, 5-CH), 6.39 (2H, s, 7- and 9-H), 6.88 (2HNH,), 7.06-7.31 (5H, m, 5 x Ar-H), 9.69
(1H, s, OH);**C NMR (125 MHz) 8¢ 21.3 (CH), 36.9 (5-CH), 107.3 (CH), 108.9 (ArC), 112.1
(ArCH), 112.9, 121.2 (both ArC), 126.7, 127.5, ®&ll ArCH), 138.5, 146.3, 150.3, 154.8,
157.3, 160.9m/z [EI] 345 (M", 33%).

3-Cyano-7-hydroxy-5-methyl-4-phenyl-4H-chromen-2-ylcarbamodithioic acid (14) and
8-hydroxy-4-imino-6-methyl-5-phenyl-4,5-dihydrochromeno[ 2,3-d][ 1,3]thiazine-2(1H)-thione(
15)

Carbon disulfide (2 ml, excess) was dropped tolatism of compoundl (1.39 g, 5 mmol) in
pyridine (15 ml) and the mixture was heated cahgfat reflux temperature for 24 h. The
reaction mixture cooled, poured into ice/conc. Hiikture, the resin formed was allowed to
solidify with strong stirring and standing. The guat collected by filtration, washed with cold
water, dried and crystallized from toluene and gédnexarbamodithioic acid 14 (1.4 g, 79%) as
yellow solid, m.p. 167-169 °C, IRma/cmi?, 3428, 3264, 2971, 2914, 2861, 2185, 1628, 1572.
Compoundl14 (0.5 g, 1.41 mmol.), was further heated in pyrdior 10 h, Cooled, and
worked up as above to afford thi@azinethione 15 (0.25 g, 50%) as a yellow solid, m.p.
2238-240 °CJR, vma/cm’*, 3380, 3135, 2925, 1631, 1551z [El] 354 (M', 88%), 321 (1),
295 (12), 277 (100), 211 (62), 201 (69), 129 (9)(16).

General procedure for alkylation of the title compound(1) with g-haloacetic acid derivatives to
give compound (16a,b)

To a stirred solution of the chromerie(1.39 g, 5 mmol) in anhydrous acetone (40 ml)
containing anhydrous potassium carbonate (1g, fibllnwas added an alkylating agent (10
mmol, 2 equiv.). The reaction mixture was refluxacernight. The solvent was evaporated at
room temperature, the residue treated with a nmextfrcold water and acetic acid, the solid
obtained collected by filtration, washed with ce¥dter, dried and crystallized from a suitable
solvent.

Ethyl 2-(2-amino-3-cyano-5-methyl-4-phenyl-4H-chromen-7-yloxy)acetate (16a)

Using the general procedure, chroméneacted with ethyl bromoacetate (0.6 ml) followsd
crystallization from dichloromethane gave theetate 16a (1.68 g, 92%) as colorless crystals,
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m.p. 193-194 °C, IRyma/cm™, 3410, 3333, 3026, 2982, 2907, 2194, 1746, 166Q01'H
NMR 84 1.20 (3H, t, J 7.1, C#€H,), 1.80 (3H, s, 5-Ch), 4.20 (2H, q, J 7.1, GiD), 4.60
(1H, s, 4-H), 4.80 (2H, s, COGB), 6.50 (1H, d, J 2.5, 6- (or 8-) H), 6.61 (1H,)®.5, 8- (or
6-) H), 6.87 (2H, s, Nb), 7.08 (2H, d, J 7.2, 2- and 6-H-Ph), 7.20 (1H, 7.4, 4-H-Ph), 7.30
(2H, t, J 7.6, 3- and 5-H-Ph)’C NMR (125 MHz)8c 14.5 (CH), 19.3 (5-CH), 38.9 (4-CH),
61.1 (CHO), 65.2 (COCHO), 100.1 (6- (or 8-) CH), 113.7 (ArC), 115.3 (8- @) CH), 121.0
(ArC), 127.0 (4-PhCH, 127.5 (2 xArCH), 129.0 (2 xArCH), 138.6, 145.8, 150.4, 157.4,
160.2 (all ArC), 169.0 (COYz [El] 364 (M*, 11%), 291 (2), 287 (23), 213 (3), 200 (11), 91
(12), 78 (100).

2-Amino-7-(cyanomethoxy)-5-methyl-4-phenyl-4H-chromene-3-carbonitrile(16b)

Using the general procedure, the chromemneacted with chloroacetonitrile (0.315 ml) follodve
by crystallization from dichloromethane gave tietonitrile derivative 16b (0.76 g, 48%)as
colorless crystals, m.p. 180 °C, NR./cm™*, 3387, 3322, 3085, 3027, 2921, 2188, 1657, 1618,
1578;*H NMR (250 MHz)&y 2.31 (3H, s, Ch), 4.62 (1H, s, 4-H), 5.05 (2H, s, GH6.70
(1H, app. s, 6- (or 8-) H), 6.75 (1H, app. s, 8-89 H), 6.90 (2H, s, Nb), 7.15 (2H, d, J 6.8,
2-and 6-H-Ph), 7.23 (1H, d, J 7.1, 4-H-Ph), 7.38,(8 J 7.4, 3- and 5-H-Ph)*C NMR (125
MHz) 6c 21.5 (CH), 36.9 (4-CH), 54.2 (C§J, 109.5, 111.0 (6- and 8-CH), 116.6, 120.9 (both
ArC), 127.0 (4-PhCH), 127.4 (2 x ArCH), 128.8 (ArCH), 139.4, 145.7, 150.0, 153.6, 160.7
(all ArC); mvz [EI], 317 (M, 8%), 276 (1), 240 (100), 200 (50), 171 (29), 188 102 (9), 77
(76).

3-Amino-7-(cyanomethoxy)-5-methyl-4-phenyl-1,4-dihydrochromeno[ 2,3-b] pyr-role-2-
carbonitrile (17)

While crystallizing compoundl6b from dichloromethane, a part was insoluble and was
subsequently crystallized from dioxane and idesdifas the pyrrold7 (0.831 g, 47%), as
colorless crystals m.p. 250 °C, WR.a/cm™, 3434, 3336, 3082, 3056, 2963, 2924, 2189, 1647,
1624, 1580 H NMR (250 MHz)8y 2.01 (3H, s, Ch), 4.68 (1H, s, 4-H), 5.72 (2H, s, GH
6.71 (2H, app. s, 6-and 8-H), 6.86 (2H, s, NH.22 (2H, d, J 15.0, 2- and 6-H-Ph), 7.25 (1H,
d, J 8.2, 4-H-Ph), 7.32 (2H, t, J 7.4, 3- and 51):P*C NMR 8¢ 19.3 (CH), 38.8 (4-CH),
54.1 (CH), 100.3 (6- (or 8-) CH), 113.9 (8- (or 6-) CH),61%, 116.6, 117.0, 120.9 (all ArC),
127.0 (4-PhCH), 127.5 (2 x ArCH), 129.1 (2 x ArCHB9.1, 145.6, 150.5, 153.6, 156.0, 160.1
(all ArC); mVz [El] 356 (M', 13%), 317 (67), 240 (100%), 200 (94).

Results and Discussion

The synthesis of 2-aminochromenes has been préyioaported from reactions between
relatively activated nucleophilic phenols and aylidenemalononitrile under basic conditions
[piperidine, potassium carbonate and cetyltrimethyhonium chloride (CTACI)], either in an
organic solvent or in watét”! The title compound. is new and was readily obtained in 88%
isolated yield when a mixture of 5-methylresorciaold benzylidenemalononitrile was allowed
to react in absolute ethanol containing anhydraagsium carbonate at room temperature for 3
hours (Scheme 1). Structural confirmation of chroetewas obtained from spectroscopic data
and microanalysis: infrared spectra showed strdoisgprvances for both OH and hgroups at
3427, 3367 and 3288 ¢hand for the nitrile group at 2194 mTheH NMR spectrum showed
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a singlet at 'y 4.53, characteristic of H-4, together with two raedic methine resonances. A
correct combustion analysis was accompanied bglikervation of a molecular ion at m/z 278.

CH, CH, Ph
/@\ EtOH K,CO, CN
+ PhCH=C(CN) — & |
HO OH rt.3h HO 0~ NH,
1 1

The cyano and amino substituents, in combinatiah winromene double bond, provide a rich
opportunity for heterocyclic construction. In asfiexperiment, reaction between chromgred
formamide in refluxing dimethylformamide (DMF) fushed the aminopyrimidin@ in 80%
yield (Scheme 2). The IR spectrum of compo@ns devoid of an absorption band for the cyano
group but does show two bands for an amino groug8a® and 3326 cth The'H NMR data
revealed a new resonancelaf 8.02, assigned to the pyrimidine 2-H. The struefiwas also
consistent a molecular ion at m/z (EI) 305.

In contrast, a cyclocondensation of compotwith hot formic acid resulted in the formation of
a separable mixture of the pyrimidinoBeand the dihydrocoumarid, in 52 and 38% yields
respectively (Scheme 2). The expected pyrimidinBn@resumably formed by partial nitrile
hydrolysis, amine formylation and cyclodehydratiamowed a characteristic C=0 stretch at
1645 cn® and a resonance aty of 8.02 for the 2-H, along with exchangeable pmstat
9.70 and 12.50 (NH and OH) and the anticipated ocutde ion at m/z (EI) 306. A logical
explanation for the formation of the dihydrocoumad, which was isolated as a single
stereoisomer, is acid-induced hydrolysis of thengna function in chromené. Supporting
evidence for the suggested structure comes froimfiared spectrum (1760 ¢hior a [I-lactone
and 2280 cnl for the cyano group), along with two doublets cesiton 1y 4.85 and 5.30)(=
3.4 Hz), assigned to H-3 and H-4. In addition, ¢benpound was evidently devoid of an amino
group and showed a correct molecular ion [m/z (BB} H = 278] corresponding to the
proposed structure.

The reaction between the chromdnand acetic anhydride was conducted under bothcaaind
basic conditions. Thus, refluxing compouhdn a mixture of acetic anhydride and phosphoric
acid for several hours resulted in formation of gyeimidine 5, together with, once again, an
enamine hydrolysis product, the dihydrocoum&ifScheme 2). However, under these more
vigorous conditions, the nitrile group had evidgrdlso been hydrolysed to the corresponding
carboxylic acid which, being now effectively a mailo acid derivative, underwent facile
decarboxylation to give the observed prodict

The identity of pyrimidined was deduced from the close similarity of muchtsfspectroscopic
data with those of its desmethyl relative, the mydine 3, but with the additional acetate
carbonyl and methyl groups. DihydrocoumaBirshowed a strong stretching vibration at 1731
cm™ and no band for a nitrile group, along with theented proton coupling patterns in the
aliphatic region. All other data were also consisteith the proposed structure, which was
finally confirmed by X-ray analysis. The ORTEP dia is shown in Figure 1.
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cCH, Ph O CH, Ph
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NH
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HO o~ °N HO o 0
3 4 CH, Ph NH,
CH, Ph NH, N
SN HCOOH | /)

|/& ﬁ HO o” N

HO (¢] H X 2
HCONH,
DMF, reflux

heat
CH, Ph

aX=0 fusion
10 a, X=$S
CH, Ph NH
CN
X pyridine /g
I HO O NH, HO NN
NH,NHCNH, 1 g M
CH, Ph NH : -
fusion Ac,Olpyridine
y N "
| /g Ac,0/H,PO, &
HO o) H X reflux

Scheme 2

Figure 1: X-ray Crystallographic Analysis of compound 6
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In contrast, heating chrometen a mixture of acetic anhydride and pyridine géwe oxazinone

7 (Scheme 2). A carbonyl absorption at 1777 amas consistent with the proposed structure, as
was the absence of any exchangeable protons, gieglihe presence of either OH or NH
functions. Three methyl groups were clearly presmtording to NMR data, as were two
separate carbonyl groups according'6 data. Presumably, chromefieundergoes rapit\-
acetylation under these conditions; subsequent ohygls of the nitrile group to the
corresponding carboxylic acid is followed by cyabgdration to the observed prodict

A facile synthetic method for converting an oxaziaonto the corresponding pyrimidinone is by
reactions with amines. Thus, heating oxazindhavith hydrazine hydrate, formamide or
hydroxylamine delivered around 60% isolated yiedishe corresponding pyrimidinon@&s-c.
Again, infrared spectra were useful in identifyitige presence of a conjugated cyclic amide
function in each product (1644-1663 ¢n

The interaction between the chromeénand phenyl isothiocyanate allowed for the intrdauc

of sulphur into the substrate. When the two redstarere heated together in pyridine at reflux
for 24 hours, the pyrimidinethion® was formed in around 50% vyield (Scheme 2). The IR
spectrum showed no absorption for the nitrile groupile there had been a marked change in
the chemical shifts displayed in thel NMR spectrum: the benzylic proton (H-5) has moved
from [y 4.53 to 5.37 and in thEC NMR spectrum, a resonance at 179.4 ppm suggéséed
presence of a thiocarbonyl function. Mechanistycail is presumed that the amino group of
chromenel reacts with the isothiocyanate to give the comwesing thiourea, which can then
undergo cyclisation onto the cyano function. Qustmilar chemistry was involved in the
formation of the aminopyrimidine®0a,b and the closely related-amino derivativedlab by

the fusion of chromeng with, respectively urea, thiourea, semicarbazio@ thiosemicarbazide
(Scheme 2). All spectroscopic and analytical deda wonsistent with the structures proposed.

A number of other heterocyclic residues can be loailo the initial chromeng, by reason of the
presence of the cyano enamine functional group cwatibn. For example, condensation of the
chromenel and cyclohexanone in the presence of the Lewid amic chloride proceeded
smoothly to give a 61% isolated yield of the pymiliderivativel2 (Scheme 3¥! This reaction
represents a useful way for the preparation ofifiacnalogueS! a class of compounds known
to exhibit bioactivities. The proposed structuresw@deduced from IR data [no CN group;
absorbances at 3336, 3182 and 1629 @H, and C=N groups)], appropriate resonances in the
aliphatic region of théH NMR spectrum to account for the presence of gobiexyl residue,
along with'*C NMR and MS data. Mechanistically, the reactioabably involves formation of
an imine-enamine tautomer between the ketone am@-4imino group of chromerie Lewis
acid-catalysed addition of the enamine to the cygmap then completes carbon-carbon bond
formation. Heating chromen#& with malononitrile in refluxing DMF containing papidine
causes a reaction in a reverse sense, but one wlodces a similar product, the 4-pyridinone
13, in 75% isolated yield. Presumably, ionized maluotrde attacks the cyano group in
chromenéel before the 2-amino group of the latter attacks @inthe malononitrile cyano groups
resulting in ring formation (Scheme 3). In contrdmating the chromeriewith carbon disulfide

in alcoholic potassium hydroxide for 24 hours resiiin formation of the dithionocarbamdi

in good yield, which was cyclised in turn by hegtin pyridine to finally give the thiazinks in
reasonable yield (Scheme 3).

Available online at www.jocpr.com 223



F.K.Mohammed et al Journal of Chemical and Pharmaceutical Research, 2009, 1 (1): 213-224

CH, Ph NH,
2 |
NS
HO (0] N

cyclohexanone

heat

CH, Ph

CH, Ph
CN
| acetone/ KCO, m CS/ pyridine | SH
o o H, XCH,R reflux /&
O N S
H
14

CH,R 16a,b

2 1
a, R = COOEt
b, R=CN
CH,(CN), Pyridine
+ reflux
DMF, pip. heat
CH, Ph
NH,
CH Ph NH

o o N s
l H CN /djfl
CH,CN 17 | | HO (@] H S
15
HO (@] N NH

Rererences

1- Foye W.0.1991, Principal di Chemico Farmaceutica, 416.

2- Singh K., Singh J.and Singh H996, Tetrahedron, 52, 14273.

3 - Wang X.S., Shi D.Q., Tu S.T. and Yao C2803, Synth. Commun., 33, 119.

4- Armesto D., Horspool W.M., Martin N., Ramos AdaSeaone C1989, J.Org. Chem,, 54
,3069.

5- Ife R. J., Brown T. H., Blurton P., Keeling D, leach C. A., Meeson M. L., Prsons M. E.
and Theobald]995, J. Med. Chem., 38, 2763.

6- Ballini R., Bosica G., Conforti M. L., Maggi RMazzacani A., Righi P. and Sartori G.,
2001, Tetraherdon, 57, 1395.

7- Kidwai M., Saxena S., Khanb M. K. R., ThukraSs.,2005, Bioorg. &., Med. Chem. L&F
4295.

8- Jiang Y., Wei, Jie X., Zhou , Ming 2006, J. Heterocyclic Chem 43, 745.

9- Leo'n R., Marco-Contelles J., Garci'a A. G. &fithrroya M., 2005,Bioorg. & Med.Chem.,
13, 1167.

10- Hazeldine S. T. , Polin L., Kushne J.r, PaldchWhite K., Edelstein M.,Palomino E.,
Corbett T. H., and Horwitz J. 2001, J. Med. Chem., 44, 1758.

Available online at www.jocpr.com 224



