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5a‐c:	N‐Ethyl	pyridine	(a),	N‐ethylquinoline	(b),	N‐ethyl	isoquinoline	(c);	6a‐c:	A=	Pyridin‐2‐ium	ethyl	iodide,	A'=	N‐ethyl	pyridine,	R=	R'=	2‐oxo‐2H‐chromen‐
3‐yl	(a)	A=	Quinolin‐2‐ium	ethyl	iodide,	A'=	N‐ethylquinoline,	R=	R'=	2‐oxo‐2H‐chromen‐3‐yl	(b)	A=	Pyridine‐4‐ium	ethyl	iodide,	A'=	N‐ethyl	pyridine,	R=	R'=	2‐
oxo‐2H‐chromen‐3‐yl	 (c);	8a‐c:	A=	Pyridin‐2‐ium	ethyl	 iodide,	A'=A''=	N‐ethyl	 pyridine,	R=	R'=	2‐oxo‐2H‐chromen‐3‐yl	 (a)	A=	Quinolin‐2‐ium	ethyl	 iodide,	
A'=A''=	N‐ethylquinoline,	R=	R'=	2‐oxo‐2H‐chromen‐3‐yl	(b)	A=	Pyridine‐4‐ium	ethyl	iodide,	A'=	A''=N‐ethyl	pyridine,	R=	R'=	2‐oxo‐2H‐chromen‐3‐yl	(c);	9a‐c:	
M=	Cu2+	(a),	M=	Co2+	(b),	M=	Ni2+	(c);	10a‐e:	M=	Cu2+,	A=	N‐ethyl	pyridine	(a),	M=	Cu2+,	A=	N‐ethylquinoline	(b)	M=	Cu2+,	A=	N‐ethyl	pyridine	(c),	M=	Co2+,	A=	N‐
ethylquinoline	(d)	M=	Ni2+,	A=	N‐ethylquinoline	(e)	
 

Scheme	1
	
	
2.2.2.	Synthesis	of	1‐(2‐oxo‐2H‐chromene‐3‐carbonyl)	
pyridinium	iodide	(2)	
	

The	 compound	2	 was	 carried	 out	 according	 to	 reference	
[31].	A	mixture	of	 compound	1	 (0.01	mol),	 iodine	 (0.01	mol)	
and	pyridine	 (50	mL)	was	 refluxed	 for	 1	 h,	 on	 a	water	 bath,	
filtered	 hot,	 concentrated	 and	 cooled.	 The	 precipitated	
products	 after	dilution	with	50	mL	water	were	 collected	and	
crystallized	 from	 aqueous	 ethanol	 to	 give	 the	 corresponding	
compound	2	(Scheme	1).	Color:	White.	Yield:	83%.	M.p.:	196‐
198	°C.	Anal.	 calcd.	For	C15H10O3NI:	C,	47.52;	H,	2.66;	N,	3.69.	
Found:	C,	47.53;	H,	2.75;	N,	3.71%.	

	
2.2.3.	Synthesis	of	2‐oxo‐2H‐chromene‐3‐carboxylic	acid	(3)	
	

The	 compound	2	 (0.01	mol)	was	dissolved	 in	 ethanol	 30	
mL	 in	 presence	 of	 sodium	 hydroxide	 (0.5	 mL	 of	 10%).	
Reaction	mixture	was	refluxed	for	3	h,	filtered	hot,	cooled	and	
neutralized	 with	 conc.	 hydrochloric	 acid	 0.5	 mL.	 The	
precipitated	product	 after	dilution	with	water	were	 collected	
and	 crystallized	 from	 ethanol	 to	 give	 the	 corresponding	
compound	3	 (Scheme	1).	Color:	Green	colored	powder.	Yield:	
65%.	M.p.:	195‐197	°C.	FT‐IR	(KBr,	ν,	cm‐1):	3300	(ν	OH),	2920	
(ν	CH),	1719	(Lactone),	1680	(ν	CO).	Anal.	calcd.	for	C10H6O4:	C,	
63.16;	H,	3.18.	Found:	C,	63.01;	H,	3.30%.	
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2.2.4.	Synthesis	of	1,3‐bis(2‐oxo‐2H‐chromen‐3‐yl)propane‐
1,3‐dione	(4)	
	

Mixture	of	compound	3	(0.01	mol)	with	compound	1	(0.01	
mol)	and	piperidine	0.7	mL	was	fused	for	1	h,	on	water	bath.	
The	 reaction	 mixture	 was	 dissolved	 in	 30	 mL	 ethanol	 and	
refluxed	for	3	h,	cooled	to	room	temperature	and	poured	into	
50	 mL	 ice‐water.	 The	 precipitated	 solid	 were	 collected	 and	
crystallized	from	ethanol	to	give	the	corresponding	compound	
4	(Scheme	1).	Color:	Deep	green	colored	powder.	Yield:	70%.	
M.p.:	 145‐147	 °C.	 FT‐IR	 (KBr,	 ν,	 cm‐1):	 2922	 (C‐H),	 1722	
(Lactone),	1608	(CO).	1H	NMR	(500	MHz,	CDCl3,	δ,	ppm):	7.30‐
8.85	(m,	8H,	Ar	H),	8.39	(s,	2H,	=CH	of	coumarin),	4.56	(s,	2H,	
CH2).	MS‐EI	(m/z	(%)):	359	[M‐1]+,	187	[M‐C10H5O3]+,	145	[M‐	
C12H7O4]+.	Anal.	calcd.	for	C21H12O6:	C,	70.00;	H,	3.36.	Found:	C,	
70.12;	H,	3.48%.	
	
2.2.5.	Synthesis	of	compounds	5a‐c	
	

Mixture	 of	 compound	 4	 (0.01	 mol)	 and	 N‐heterocyclic	
quaternary	 salts	 (pyridinium,	 quinolinium	 and	 isoquino‐
linium)	 ethyl	 iodide	 (0.01	mol)	were	 dissolved	 in	 ethanol	 20	
mL	and	piperidine	0.7	mL	were	 added	 .The	 reaction	mixture	
was	 refluxed	 for	 10‐12	 h,	 filtered	 hot,	 cooled,	 neutralized	 by	
0.3	 mL	 acetic	 acid	 and	 poured	 into	 50	 mL	 ice‐water.	 The	
precipitated	solid	were	collected	and	crystallized	from	ethanol	
to	give	the	corresponding	dyes	5a‐c	(Scheme	1).	

2‐(1‐Ethylpyridin‐4(1H)‐ylidene)‐1,3‐bis(2‐oxo‐2H‐chromen	
‐3‐yl)propane‐1,3‐dione	 (5a):	 Color:	 Yellow	 powder.	 Yield:	
60%.	 M.p.:	 140‐142	 °C.	 IR	 (KBr,	 ν,	 cm‐1):	 2923	 (C‐H),	 1714	
(Lactone),	 1605	 (CO).	 Anal.	 calcd.	 for	 C28H19NO6:	 C,	 72.25;	H,	
4.11;	N,	3.01.	Found:	C,	72.35;	H,	4.18;	N,	3.11%.	UV/Vis	(EtOH,	
λmax,	nm,	()):	420	(5.33). 

2‐(1‐Ethylquinolin‐4(1H)‐ylidene)‐1,	3‐bis(2‐oxo‐2H‐chro	
men‐3‐yl)propane‐1,3‐dione	 (5b):	 Color:	 Deep	 red	 powder.	
Yield:	 60%.	 M.p.:	 165‐167	 °C.	 IR	 (KBr,	 ν,	 cm‐1):	 2921	 (C‐H),	
1714	 (lactone),	 1606	 (CO),	 2856	 (N‐ethyl).	 Anal.	 calcd.	 For	
C32H21NO6	:	C,	74.56;	H,	4.11;	N,	2.72.	Found:	C,	74.42;	H,	4.10;	
N,	2.68%.	UV/Vis	(EtOH,	λmax,	nm,	()):	470	(3.28).	

2‐(2‐Ethylisoquinoin‐1(2H)‐ylidene)‐1,3‐bis(2‐oxo‐2H‐chro	
men‐3‐yl)propane‐1,3‐dione	 (5c):	 Color:	 Pale	 yellow	 powder.	
Yield:	 55%.	 M.p.:	 145‐147	 °C.	 IR	 (KBr,	 ν,	 cm‐1):	 2925	 (C‐H),	
1715	(lactone),	1606	(CO),	1853	(N‐ethyl).	1H	NMR	(500	MHz,	
CDCl3,	δ,	ppm):	1.03	(t,	3H,	CH3	of	N‐ethyl),	3.45	(q,	2H,	CH2	of	
N‐ethyl),	5.95	(d,	1H,	isoquinoline),	6.60‐7.80	(m,	12H	(Ar‐H)	+	
1H	 (isoquinoline),	 8.55	 (s,	 2H,	=CH	of	 coumarin).	Anal.	 calcd.	
For	 C32H21NO6:	 C,	 74.56;	H,	 4.11;	N,	 2.72.	 Found:	 C,	 74.46;	H,	
4.14;	N,	2.70%.	UV/Vis	(EtOH,	λmax,	nm,	()):	410	(1.82).	
	
2.2.6.	Synthesis	of	compounds	6a‐c	
	

Mixture	of	compound	4	(0.01	mol)	and	(0.02	mol)	2(4)‐N‐
heterocyclic	 quaternary	 salts	 [α‐(γ)	 picoline,	 and	 quinaldine]	
ethyl	 iodide	 were	 dissolved	 in	 20	 mL	 ethanol	 and	 0.7	 mL	
piperidine,	 reaction	mixture	was	 refluxed	 for	 8‐10	h,	 filtered	
hot,	cooled,	neutralized	by	0.3	mL	acetic	acid	and	poured	into	
50	 mL	 ice‐water.	 The	 precipitated	 solid	 were	 collected	 and	
crystallized	from	ethanol	to	give	the	corresponding	dyes	6a‐c	
(Scheme	1). 

1‐Ethyl‐2‐((1E,	3E,	5Z)‐5‐(1‐ethylpyridin‐2(1H)‐ylidene)‐2,4‐
bis(2‐oxo‐2H‐chromen‐3‐yl)penta‐1,3‐dienyl)pyridinium	 iodide	
(6a):	 Color:	 Green	powder.	 Yield:	 70%.	M.p.:	 200‐	 202	 °C.	 IR	
(KBr,	ν,	cm‐1):	2921	(C‐H),	1725	(lactone),	2851‐	2922	(N‐ethyl	
and	N‐ethyl	 iodide).	 1H	NMR	(500	MHz,	CDCl3,	δ,	ppm):	6.20‐
8.89	(m,	21H,	(10	H	for	coumarin,	8H	for	heterocyclic	and	3H	
of	CH	olefinic)),	4.10	(q,	2H,	CH2	of	N‐ethyl	iodide),	3.50	(q,	2H,	
CH2	of	N‐ethyl),	1.29	(t,	3H,	CH3	of	N‐ethyl	iodide),	1.03	(t,	3H,	
CH3	of	N‐ethyl).	Anal.	calcd.	for	C37H31N2O4I:	C,	63.98;	H,	4.50;	
N,	4.03.	Found:	C,	63.85;	H,	4.70;	N,	4.12%.	UV/Vis	(EtOH,	λmax,	
nm,	()):	350	(3.12),	455	(6.86),	415	(9.16).	

1‐Ethyl‐2‐((1E,3E,5Z)‐5‐(1‐ethylquinolin‐2(1H)‐ylidene)‐2,4‐
bis(2‐oxo‐2H‐chromen‐3‐yl)‐penta‐1,	3‐dienyl)	quinolinium	
iodide	(6b):	Color:	Deep	red	powder.	Yield:	75%.	M.p.:	210‐212	
°C.	 Anal.	 calcd.	 for	 C45H35N2O4I:	 C,	 68.01;	 H,	 4.44;	 N,	 3.53.	
Found:	 C,	 68.10;	 H,	 4.49;	 N,	 3.55%.	 UV/Vis	 (EtOH,	 λmax,	 nm,	
()):	555	(4.01),	510	(4.43),	485	(4.07),	435	(2.84). 

1‐Ethyl‐4‐((1Z,	3E)‐5‐(1‐ethylpyridin‐4(1H)‐ylidene)‐2,	4‐bis	
(2‐oxo‐2H‐chromen‐3‐yl)penta‐1,	 3‐dienyl)pyridinium	 iodide	
(6c):	Color:	Dark	green	powder.	Yield:	65%.	M.p.:	180‐182	°C.	
Anal.	calcd.	for	C37H31N2O4I:	C,	63.98;	H,	4.50;	N,	4.03.	Found:	C,	
63.90;	 H,	 4.82;	 N,	 4.11%.	 UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 545	
(1.92),	475	(1.34),	425	(1.09).	
	
2.2.7.	Synthesis	of	1‐(1,3‐dioxo‐1,3‐bis(2‐oxo‐2H‐chromen‐
3‐yl)propan‐2‐yl)pyridin‐1‐ium	iodide	(7)	
	

The	 compound	 7	 was	 carried	 out	 according	 to	 [31].	
Mixture	 of	 compound	 4	 (0.01	 mol),	 iodine	 (0.01	 mol)	 was	
dissolved	 in	 50	 mL	 pyridine.	 The	 reaction	 mixture	 was	
refluxed	for	1	h,	on	a	water	bath,	filtered	hot,	concentrated	and	
cooled.	 The	 precipitated	 products	 after	 dilution	 with	 50	 mL	
water	were	collected	and	crystallized	from	aqueous	ethanol	to	
give	the	corresponding	compound	7	(Scheme	1).	Color:	Brown	
powder.	Yield:	80%.	M.p.:	185‐187	°C.	 IR	(KBr,	 ν,	cm‐1):	2920	
(C‐H),	 1721	 (lactone),	 1610	 (carbonyl).	 1H	 NMR	 (500	 MHz,	
CDCl3,	 δ,	 ppm):	 7.35‐8.45	 (m,	 13H,	 Ar‐H	 (8H)	 +	 pyridinium	
iodide	 (5H)),	 8.55	 (s,	 2H,	 =CH	 of	 coumarin),	 5.45	 (s,	 1H,	
aliphatic	proton).	Anal.	calcd.	for	C26H16O6NI	:	C,	55.24;	H,	2.85;	
N,	2.48.	Found:	C,	55.28;	H,	2.78;	N,	2.52%. 
 
2.2.8.	Synthesis	of	compounds	8a‐c	
	

Mixture	of	compound	4	(0.01	mol)	with	(0.03	mol)	2(4)‐N‐
heterocyclic	 quaternary	 salts	 [α‐(γ)	 picoline,	 and	 quinaldine]	
ethyl	 iodide	 were	 dissolved	 in	 20	 mL	 ethanol	 and	 0.7	 mL	
piperidine,	reaction	mixture	was	refluxed	for	8‐10	h	 ,	 filtered	
hot,	cooled,	neutralized	by	0.3	mL	acetic	acid	and	poured	into	
50	 mL	 ice‐water.	 The	 precipitated	 solid	 were	 collected	 and	
crystallized	from	ethanol	to	give	the	corresponding	dyes	8a‐c	
(Scheme	1).	

1‐Ethyl	 ‐2‐((1E,3Z,5E)‐5‐(1‐ethylpyridin‐2(1H)‐ylidene)‐3‐
(4‐((Z)	‐(1‐ethylpyridin‐2	(1H)‐ylidene)methyl)pyridinium‐1‐yl)‐
2,	4‐bis(2‐oxo‐2H‐chromen‐3‐yl)penta‐1,	3‐dienyl)pyridinium	
iodide	 (8a):	 Color:	Green	powder.	 Yield:	 75%.	M.p.:	 205‐	207	
°C.	 Anal.	 calcd.	 for	 C50H44N4O4	 I2	 :	 C,	 58.95;	 H,	 4.35;	 N,	 5.50.	
Found:	 C,	 58.90;	 H,	 4.28;	 N,	 5.41%.	 UV/Vis	 (EtOH,	 λmax,	 nm,	
()):	425(1.74).	

1‐Ethyl‐2‐((1E,	3Z,	5E)‐5‐(1‐ethylquinolin‐2(1H)‐ylidene)‐3‐
(4‐((Z)‐(1‐ethylquinolin‐2(1H)‐ylidene)methyl)pyridinium‐1‐yl)‐
2,	4‐bis(2‐oxo‐2H‐chromen‐3‐yl)penta‐1,	3‐dienyl)quinolinium	
iodide	 (8b):	 Color:	 Deep	 red	 powder.	 Yield:	 70%.	M.p.:	 215;‐
217	 °C.	 IR	 (KBr,	 ν,	 cm‐1):	 2920	 (C‐H),	 1721	 (lactone),	 2853‐
2923	(N‐ethyl	and	N‐ethyl	iodide),	2920	(C‐H),	1721	(lactone),	
2853‐	 2923	 (N‐ethyl	 and	 N‐ethyl	 iodide).	 Anal.	 calcd.	 for	
C62H50N4O4I2:	 C,	 63.71;	 H,	 4.31;	 N,	 4.79.	 Found:	 C,	 63.79;	 H,	
4.22;	N,	 4.88%.	UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 695	 (1.50),	 520	
(1.74),	480	(1.56),	415	(1.37).	

1‐Ethyl‐4‐((1E,3Z)‐5‐(1‐ethylpyridin‐4(1H)‐ylidene)‐3‐(4‐(1‐
ethylpyridin‐4(1H)‐ylidene)methyl)pyridinium‐1‐yl)‐2,	4‐bis(2‐
oxo‐2H‐chromen‐3‐yl)penta‐1,3‐dienyl)pyridinium	 iodide	 (8c):	
Color:	Dark	green	powder.	Yield:	60%.	M.p.:	220‐	222	°C.	Anal.	
calcd.	 for	 C50H44N4O4I2	 :	 C,	 58.94;	 H,	 4.35;	 N,	 5.50.	 Found:	 C,	
58.99;	 H,	 4.38;	 N,	 5.55%.	 UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 450	
(2.06).	
	
2.2.9.	Synthesis	of	complexes	9a‐c	
	

The	 compounds	9a‐c	were	 carried	 out	 according	 to	 [31‐
35].	A	mixture	of	compound	4	(0.01	mol)	and	metal	dichloride	
(copper,	 cobalt	 and	 nickel)	 (0.01	 mol)	 were	 dissolved	 in	
absolute	ethanol	30	mL.	The	reaction	mixture	was	refluxed	for	
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1‐3	h,	filtered	hot	and	concentrated.	The	precipitated	products	
were	 isolated	 and	 recrystallized	 from	 ethanol	 to	 give	 the	
corresponding	compounds	9a‐c	(Scheme	1).	

(Z)‐(3‐Oxo‐1,	 3‐bis(2‐oxo‐2H‐chromen‐3‐yl)prop‐1‐enyloxy)	
copper	 chloride	 salt	 (9a):	 Color:	 Green	 powder.	 Yield:	 70%.		
M.p.:	 220‐	 222	 °C.	 Anal.	 calcd.	 for	 C21H11O6CuCl:	 C,	 55.03;	 H,	
2.42.	Found:	C,	55.13;	H,	4.48%. 

(Z)‐(3‐Oxo‐1,	 3‐bis(2‐oxo‐2H‐chromen‐3‐yl)prop‐1‐enyloxy)	
cobalt	 chloride	 salt	 (9b):	 Color:	 Brown	 powder.	 Yield:	 45%.		
M.p.:	 235‐	 237	 °C.	 IR	 (KBr,	 ν,	 cm‐1):	 515	 (M‐O),	 2923	
(heterocyclic	 metal	 chelate),	 1704	 (CO).	 Anal.	 calcd.	 for	
C21H11O6CoCl:	C,	55.59;	H,	2.44.	Found:	C,	55.64;	H,	2.48%.	

(Z)‐(3‐Oxo‐1,	 3‐bis(2‐oxo‐2H‐chromen‐3‐yl)prop‐1‐enyloxy)	
nickel	chloride	salt	(9c):	Color:	Dark	green	powder.	Yield:	40%.	
M.p.:	 245‐247	 °C.	 Anal.	 calcd.	 for	 C21H11O6NiCl:	 C,	 55.62;	 H,	
2.45.	Found:	C,	55.60;	H,	2.40%.	
	
2.2.10.	Synthesis	of	dyes	10a‐e	
	

Mixture	of	compounds	9a‐c	(0.01	mol),	[α‐(γ)	picoline,	and	
quinaldine]ethyl	 iodide	(0.01	mol)	and	0.7	mL	piperidine	was	
added.	The	reaction	mixture	was	heated	to	30	min.	on	a	sand	
bath,	cooled,	triturated	with	30	mL	ethanol	and	refluxed	for	1	
h,	filtered	hot,	concentrated	and	cooled,	neutralized	by	0.3	mL	
acetic	acid	and	poured	into	50	mL	ice‐water.	The	precipitated	
solid	were	collected	and	crystallized	 from	ethanol	 to	give	 the	
corresponding	dyes	10a‐e	(Scheme	1).	

((Z)‐2‐((E)‐(1‐Ethylpyridin‐2(1H)ylidene)methyl)‐3‐oxo‐1,3‐
bis(2‐oxo‐2H‐chromen‐3‐yl)‐prop‐1‐enyloxy)copper	 chloride	
salt,	 mono‐5[2]‐methine	 cyanine	 dye	 (10a):	 Color:	 Green	
powder.	 Yield:	 60%.	 M.p.:	 190‐192	 °C.	 Anal.	 calcd.	 for	
C29H20NO6CuCl:	 C,	 60.32;	H,	3.49;	N,	2.43.	Found:	C,	 60.39;	H,	
3.41;	N,	2.48%.	UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 570	 (1.15),	 410	
(1.93).	

((Z)‐2‐((E)‐(1‐Ethylquinolin‐2(1H)	ylidene)	methyl)‐3‐oxo‐
1,3‐bis(2‐oxo‐2H‐chromen‐3‐yl)‐prop‐1‐enyloxy)copper	 chloride	
salt,	 mono‐5[2]‐methine	 cyanine	 dye	 (10b):	 Color:	 Deep	 red	
powder.	 Yield:	 70%.	 M.p.:	 195‐197	 °C.	 Anal.	 calcd.	 for	
C33H22NO6CuCl:	 C,	 63.16;	H,	3.53;	N,	2.23.	Found:	C,	 63.11;	H,	
3.48;	N,	2.28%.	UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 580	 (2.19),	 550	
(1.60),	520	(1.23),	400	(1.63).	

(Z)‐(2‐((1‐ethylpyridin‐4(1H)	ylidene)	methyl)‐3‐oxo‐1,	3‐bis	
(2‐oxo‐2H‐chromen‐3‐yl)‐prop‐1‐enyloxy)copper	 chloride	 salt,	
mono‐5[4]‐methine	 cyanine	 dye	 (10c):	 Color:	 Dark	 green	
powder.	 Yield:	 65%.	 M.p.:165‐167	 °C.	 Anal.	 calcd.	 for	
C29H20NO6CuCl:	 C,	 60.32;	H,	3.49;	N,	2.43.	Found:	C,	 60.38;	H,	
3.52;	N,	2.51%.	UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 500	 (2.29),	 470	
(2.17),	440	(2.36),	420	(2.22).	

((Z)‐2‐((E)‐(1‐ethylquinolin‐2(1H)	ylidene)	methyl)‐3‐oxo‐1,	
3‐bis(2‐oxo‐2H‐chromen‐3‐yl)prop‐1‐enyloxy)cobalt	 chloride	
salt,	 mono‐5[2]‐methine	 cyanine	 dye	 (10d):	 Color:	 Deep	
reddish	violet	powder.	Yield:	75%.	M.p.:	220‐222	°C.	IR	(KBr,	ν,	
cm‐1):	 525‐535	 (O‐M‐O),	 2923	 (N‐ethyl),	 1720	 (CO).	 Anal.	
calcd.	 for	C33H22NO6CoCl:	C,	 63.63;	H,	3.56;	N,	2.25.	Found:	C,	
63.69;	 H,	 3.60;	 N,	 2.31%.	 UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 690	
(5.55),	580	(1.83),	560	(1.61),	480	(1.58).	

((Z)‐2‐((E)‐(1‐ethylquinolin‐2(1H)	ylidene)	methyl)‐3‐oxo‐1,	
3‐bis(2‐oxo‐2H‐chromen‐3‐yl)prop‐1‐enyloxy)nickel	 chloride	
salt,	mono‐5[2]‐methine	cyanine	dye	(10e):	Color:	Deep	reddish	
violet	 powder.	 Yield:	 70%.	 M.p.:	 180‐182	 °C.	 Anal.	 calcd.	 for	
C33H22NO6NiCl:	 C,	 63.65;	H,	 3.56;	N,	 2.25.	 Found:	 C,	 63.75;	H,	
3.62;	N,	2.31%.	UV/Vis	 (EtOH,	 λmax,	 nm,	 ()):	 670	 (4.36),	 580	
(1.62),	510	(1.11).	
	
2.3.	Antimicrobial	activity	
	

Different	concentrations	(50,	100,	150	and	200	µg/mL)	of	
CdCl2	 and	 CoCl2	 were	 added	 to	 flasks	 that	 contain	 nutrient	
media	 and	 20	 ml	 saline	 solution	 (20%).	 All	 flasks	 were	
sterilized	 in	 Autoclave.	 After	 sterilization	 the	 media	 were	
poured	 in	 Petri	 dishes.	 Small	 halls	 were	 made	 in	 the	 solid	

media	 by	 using	 corckoporer.	 Each	 microorganism	 species	
(clinical	isolated)	was	inoculated	separately	in	saline	solution.	
20	mL	from	each	solution	that	contain	organisms	was	added	to	
the	hall	 in	solid	media	plates.	All	plates	were	 incubated	at	37	
°C	 for	 days.	 All	 procedure	 was	 repeated	 with	 the	 synthetic	
organic	 compounds	 and	 antibiotic	 (Tetracycline	 and	 ampi‐
cillin)	as	positive	control.	Growth	was	measured	(mm)	under	
the	 treatment	 with	 different	 concentrations	 of	 heavy	 metals	
compared	to	control.		
	
3.	Results	and	discussion	
	
3.1.	Chemistry	
	

Reaction	of	a	ratio	of	1	mol	of	3‐acetylchromen‐2‐one	(1)	
[30]	in	presence	of	iodine	with	the	heterocyclic	nitrogen	base	
(pyridine)	in	excess	amount	afforded	the	corresponding	1‐(2‐
oxo‐2H‐chromene‐3‐carbonyl)pyridinium	 iodide	 (2)	 [30].	
Thermal	 basic	 hydrolysis	 of	 the	 key	 intermediate	 2	 using	
aqueous	 ethanolic	 solution	 of	 sodium	 hydroxide	 gave	 the	
corresponding	sodium	salt	of	coumarin‐3‐sodium	carboxylate	
which	on	triturating	with	concentrated	HCl,	the	free	2‐oxo‐2H‐
chromene‐3‐carboxylic	 acid	 (3)	 is	 formed.	 Reaction	 of	
equimolar	ratio	of	compound	3‐acetylchromen‐2‐one	(1)	with	
2‐oxo‐2H‐chromene‐3‐carboxylic	 acid	 (3),	 under	 thermal	
piperidine	 catalysis	 conditions	 gave	 the	 corresponding	
starting	compound	4	namely	as	1,3‐bis‐(2‐oxo‐2H‐chromen‐3‐
yl)	 propane‐1,3‐dione.	 Reaction	 of	 equimolar	 ratios	 of	
compound	 4	 with	 N‐ethyl	 heterocyclic	 quaternary	 salt	
(pyridine,	 quinoline	 and	 isoquinoline)	 iodide	 in	 the	presence	
of	 piperidine	 as	 basic	 catalyst	 afforded	 symmetrical	 2‐(1‐
ethylpyridin‐4(1H)‐ylidene)‐1,	 3‐bis(2‐oxo‐2H‐chromen‐3‐yl)	
propane‐1,3‐dionemero	 cyanine	 monomethine	 like	 2[4]	 dye	
5a,	 and	 the	 other	 derivatives	5b,	 and	5c.	 Treatment	 of	 such	
resulted	 compounds	5a‐c	with	 concentrated	H2SO4,	 solubility	
take	place	with	no	liberating	iodine	vapor	on	warming.	This	a	
criteria	 that	 the	 reaction	 is	 suggested	 to	 proceed	 through	
oxidative	 elimination	 reaction	 between	 active	 hydrogen	 of	
heterocyclic	 quaternary	 salt	 and	 active	 methylene	 group	 of	
started	 compound	 4	 followed	 by	 dehydrohalogenation	 ‐HI	
processes	 afforded	 the	 desired	 dyes	 5a‐c.	 Also,	 reaction	 of	
equimolar	ratios	of	compound	4	with	bi	molar	ratios	of	2(4)‐
methyl	 heterocyclic	 quaternary	 salt	 [α‐(γ)	 picoline,	 and	
quinaldine]ethyl	 iodide	 under	 basic	 catalyst	 conditions	
afforded	the	corresponding	symmetrical	1‐ethyl‐2‐((1E,3E,5Z)‐
5‐(1‐ethylpyidin‐2(1H)ylidene)‐2,4‐bis‐(2‐oxo‐2H‐chromen‐3‐
yl)penta‐1,3‐dienyl)pyrdinium	 iodide	 pentamethine	 cyanine	
dye	6a,	and	other	derivatives	6b	and	6c.	

Reaction	of	a	ratio	of	1	mol	of	compound	4	in	presence	of	
iodine	with	the	heterocyclic	nitrogen	base	(pyridine)	in	excess	
amount	 afforded	 the	 corresponding	 N‐substituted	 hetero	
cyclidinium	ylide	iodide	7	[31].	Further	reaction	of	equimolar	
ratios	 of	 compound	 7	 with	 3	 molar	 ratios	 of	 2(4)‐N‐methyl	
heterocyclic	 quaternary	 salt	 [α‐(γ)	 picoline,	 and	 quinaldine]	
ethyl	 iodide	 under	 basic	 catalyst	 conditions	 afforded	 the	
corresponding	 1‐ethyl‐2‐((1E,3Z,5E)‐5‐(1‐ethylpyridin‐2(1H)	
ylidene)‐3‐(4‐((Z)‐(1‐ethylpyridin‐2(1H‐lidene)methyl)pyridi‐	
nium‐1‐yl)‐2,4‐bis(2‐oxo‐2H‐chromen‐3‐yl)penta‐1,3‐dienyl)	
pyridinium	 iodide	 pentamethine	 cyanine	 dye	 8a,	 and	 other	
derivatives	8b	and	8c.		

On	 the	 other	 hand,	 reaction	 of	 equimolar	 ratios	 of	
compound	4	with	metal	dichloride	(copper,	cobalt	and	nickel)	
in	absolute	ethanol	gave	the	corresponding	complexes,	namely	
as	 (Z)‐(3‐oxo‐1,3‐bis(2‐oxo‐2H‐chromen‐3‐yl)prop‐1‐enyloxy)	
copper(cobalt	and/or	nickel)	chloride	salt	complexes	9a‐c	[32‐
38]	which	 consider	 as	 a	 key	 intermediate	 compounds	 in	 the	
synthesis	 of	 metal	 complex	 cyanine	 dyes.	 Thus,	 reaction	 of	
equimolar	 ratio	 of	 compounds	 9a‐c	 with	 2(4)‐N‐methyl	
heterocyclic	 quaternary	 salt	 [α‐(γ)	 picoline,	 and	 quinaldine]	
ethyl	 iodide	 under	 thermal	 condition	 in	 the	 presence	 of	
piperidine	as	basic	catalyst	afforded	the	corresponding		
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