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	 An	environmentally	benign,	simple	and	efficient	protocol	for	the	synthesis	of	2H‐indazolo[2,1‐
b]	phthalazine‐triones	by	condensation	of	phthalhydrazide,	aromatic	aldehydes	and	dimedone
under	solvent‐free	ultrasound	assisted	conditions	employing	a	safe,	readily	available	iodine	as
catalyst	has	been	described.	This	process	 is	 a	valuable	addition	as	 it	devoids	 the	use	of	any
solvent	and	takes	place	in	short	duration	of	time	giving	good	yield	of	the	products.	
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1.	Introduction	
	

In	 the	 past	 few	 decades,	 development	 of	 efficient	 and	
environmentally	 safe	 protocols	 for	 synthesis	 of	 heterocyclic	
compounds	 has	 been	 a	 subject	 of	 great	 interest.	 Heterocyclic	
compounds	occur	widely	in	nature	and	are	essential	to	life	[1].	
Among	 a	 large	 variety	 of	 heterocyclic	 compounds,	 nitrogen‐
containing	heterocycles	are	widespread	and	 their	applications	
in	 biologically	 active	 pharmaceuticals,	 agrochemicals,	 and	
functional	 materials	 are	 becoming	more	 and	more	 important	
[2‐6].	Among	a	large	variety	of	nitrogen‐containing	heterocyclic	
compounds,	 heterocycles	 containing	 bridgehead	 hydrazine	
have	 received	 considerable	 attention	 because	 of	 their	
pharmacological	 properties	 and	 clinical	 applications	 [7‐16].	
One	such	group	of	heterocyles	are	phthalazine	derivatives,	they	
were	 reported	 to	 possess	 cardiotonic	 [17],	 vasorelaxan	 [18],	
cytotoxic	 [19],	 antimicrobial	 [20],	 antifungal	 [21],	 anticancer	
[22],	anti‐inflammatory	[23]	and	anticonvulsant	[24]	activities.	

Looking	 into	 their	 importance,	 various	 researchers	 have	
reported	different	protocols	[1,24‐31]	for	the	synthesis	of	these	
phthalazine	 derivatives.	 Some	 of	 the	 recently	 developed	
procedures	 for	 the	synthesis	of	2H‐Indazolo[2,1‐b]phthalazine	
trione	 via	 a	 three‐component	 condensation	 reaction	 of	
phthalhydrazide,	dimedone,	and	aromatic	aldehydes	employing	
catalyst	 like	 H3PW12O40	 in	 ionic	 liquid	 [32],	 H2SO4	 in	 water‐
ethanol	 or	 ionic	 liquid	 [33],	 p‐TSA	 [1],	 N,N,N',N'‐tetrabromo	
benzene‐1,3‐disulfonamide	 and	 poly(N‐bromo‐N‐ethyl	
benzene‐1,3‐disulfonamide)	 [34],	 (S)‐camphorsulfonic	 acid	
[35],	 1‐butyl‐3‐methylimidazolium	 bromide	 [36],	 and	
Ce(SO4)2·H2O	 [37],	 Me3SiCl	 [38],	 silica	 sulfuric	 acid	 [39]	 and	
Mg(HSO4)2	[40]	and	silica	supported	poly	phosphoric	acid	[41].	
Despite	the	available	methods,	the	development	of	new	simple	
synthetic	routes	for	the	synthesis	of	phthalazine	ring	fragment	
still	 remains	an	 important	challenge,	as	 the	reported	methods	
are	 associated	 with	 one	 or	 more	 disadvantages	 like	 use	 of	

expensive,	 corrosive	 or	 non‐biodegradable	 catalyst,	 use	 of	
solvents,	 involves	 additional	 preparation	 of	 catalyst	 (which	
makes	 use	 of	 reagents	 which	 are	 corrosive	 and	 not	 easy	 to	
handle),	 high	 catalyst	 loading	 [1,33,39‐41]	 and	 long	 reaction	
time	[33].		

Multicomponent	 reactions	 (MCRs),	 defined	 as	 one	 pot	
reactions	 in	 which	 at	 least	 three	 starting	 materials	 react	 to	
form	 a	 product,	 has	 been	 steadily	 gaining	 importance	 in	
synthetic	organic	 chemistry	 [42‐45].	 They	play	 a	 great	 role	 in	
the	 rapid	 assembly	 of	 molecular	 diversity	 and	 in	 the	
construction	of	heterocyclic	“drug‐like”	libraries	[46‐48].	Speed,	
diversity,	 atom‐efficiency,	 environmental	 amiability,	 straight‐
forward	 reaction	 design,	 substantial	 minimization	 of	 waste,	
time,	 and	 cost	 are	 some	 of	 the	 key	 features	 of	 this	 class	 of	
reactions	[49‐54].	

On	 the	 other	 hand	 organic	 reactions	 under	 solvent‐free	
conditions	 have	 also	 attracted	 much	 interest	 from	 chemists	
particularly	from	the	viewpoint	of	green	chemistry	[34].	Green	
chemistry	 approaches	 are	 significant	 due	 to	 the	 reduction	 in	
produced	waste,	 reduction	 in	byproducts,	 reduction	of	 energy	
and	 cost	 [34].	 The	 possibility	 of	 performing	 multicomponent	
reactions	 under	 solvent‐free	 conditions	 using	 an	 environ‐
mentally	friendly	catalyst	could	enhance	the	efficiency	from	an	
economic	 as	 well	 as	 ecological	 point	 of	 view	 [55].	 In	 recent	
years,	 iodine	 has	 gained	 special	 attention	 as	 a	 catalyst	 in	
organic	 synthesis	 because	 many	 advantages	 such	 as	 simple	
handling,	 excellent	yield,	 inexpensiveness,	eco‐friendly	nature,	
ready	 availability	 and	 high	 reactivity	 [56].	 Recently,	 several	
synthetically	 useful	 organic	 transformations	 using	 iodine	 as	 a	
catalyst	have	been	reported	in	the	literature	[57,58].	

Among	 the	methods	 in	 chemical	 synthesis	 that	 have	 been	
recognized	to	have	a	green	value,	are	the	ones	that	make	use	of	
ultrasound	and	the	non‐hazardous	microwave	irradiation	[59‐
61].	Ultrasonic	irradiation	has	been	found	useful	as	support	for	
quite	a	few	organic	reactions	[62].		
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Scheme	1	
	
	

In	 recent	 years,	 ultrasound	 has	 been	 widely	 used	 in	
carrying	out	 organic	 synthesis	 [63‐65].	Ultrasound	 irradiation	
enables	many	chemical	 reactions	 to	proceed	efficiently,	which	
are	 unable	 to	 be	 achieved	 under	 conventional	 condition.	
Ultrasound	 is	 used	 in	 carrying	 out	 a	 number	 of	 organic	
transformations	 because	 it	 can	 enhance	 the	 reaction	 rate	 and	
can	 alter	 selectivity	 performance	 of	 the	 reaction	 [66‐68].	
Comparing	 traditional	 methods	 with	 ultrasound	 assisted	
method,	 reveals	 that	ultrasound	mediated	protocols	 are	more	
convenient	 and	 easily	 controlled.	 Hence	 a	 large	 number	 of	
organic	reactions	have	been	carried	out	in	higher	yield,	shorter	
reaction	 time	 and	 milder	 condition	 under	 ultrasound	
irradiation	[69‐71].		

In	 continuation	 of	 our	 work	 on	 development	 of	 green	
protocols	 for	 the	 synthesis	 of	 biologically	 active	 compounds	
and	 taking	 into	 consideration	 the	 advantages	 associated	with	
multicomponent	strategy,	solvent‐free	reaction	conditions,	 the	
applicability	of	iodine	and	ultrasound	radiation,	we	have	aimed	
at	 developing	 a	 highly	 green	 protocol	 incorporating	 all	 the	
above	 green	 strategies	 to	 synthesize	 2H‐indazolo[2,1‐b]	
phthalazine‐triones	 via	 a	 three‐component	 condensation	
reaction	of	phthalhydrazide,	dimedone,	and	aromatic	aldehydes	
in	the	presence	of	iodine	under	ultrasonic	irradiation	(Scheme	
1).	
	
2.	Experimental	
	

All	 starting	 materials	 were	 commercial	 products,	 and	 all	
were	used	without	further	purification	except	liquid	aldehydes,	
which	were	 distilled	 before	 use.	 Progress	 of	 the	 reaction	was	
monitored	on	TLC.	TLC	was	 carried	out	on	Merck	made	 silica	
gel	 60F254	 plates	 with	 ethylacetate:	 hexane	 (1:4,	 v:v)	 system.	
The	 formation	 of	 product	 was	 confirmed	 by	 recording	 the	
melting	points,	IR	spectra	and	1H	NMR	spectra.	IR	spectra	were	
recorded	 using	 Bruker	 alpha‐T	 ATR/FTIR	 spectrometer	 and	
Nuclear	 magnetic	 resonance	 spectra	 recorded	 on	 a	 400	 MHz	
Bruker	AMX	 instrument	 in	DMSO‐d6	using	TMS	as	a	standard.	
All	the	reactions	were	studied	using	SIDILU,	Indian	make	sonic	
bath	 working	 at	 35	 kHz	 maintained	 at	 25‐30	 oC	 without	
mechanical	 stirring.	 Melting	 points	 were	 measured	 on	 Veego	
VMP‐D	melting	point	apparatus.	Yields	 refer	 to	 isolated	yields	
of	the	products.	
	
2.1.	General	procedure	for	the	synthesis	of	2H‐indazolo[2,1‐
b]	phthalazine‐triones	
	

A	 mixture	 of	 phthalhydrazide	 (2	 mmol),	 aromatic	
aldehydes	 (2	 mmol),	 dimedone	 (2	 mmol)	 and	 iodine	 (0.1	 g)	
were	sonicated	in	a	sonic	bath	working	at	35	kHz	maintained	at	
25‐30	oC	(by	circulating	water).	For	aldehydes	which	are	solids,	
dichloromethane	 (0.5	 mL)	 was	 added	 to	 the	 mixture.	 After	
completion	 of	 the	 reaction	 (monitored	 by	 TLC),	 product	 was	
dissolved	 in	 ethyl	 acetate	 (10	mL),	 washed	 successively	 with	
Na2S2O3	 solution	 and	 water	 (5	 mL),	 and	 then	 dried	 over	
anhydrous	 sodium	 sulphate	 to	 get	 the	 crude	 compound	 in	

almost	 pure	 form.	 The	 analytical	 grade	 of	 the	 product	 was	
obtained	by	recrystallization	from	aq.	ethanol.	

3,3‐Dimethyl‐13‐phenyl‐3,4‐dihydro‐2H‐indazolo[1,2‐b]	
phthalazine‐1,6,11(13H)‐trione	 (4a):	 Yellow.	 Yield:	 95%.	 M.p.:	
207‐208	oC.	FT‐IR	(KBr,	,	cm‐1):	3020	(C‐H)	(Ar),	1720	(C=O)	
(ketone),	 1650	 (C=O)	 (amide),	 1626	 (C=C),	 1602	 (C=C)	 (Ar),	
1080	(C‐N).	1H	NMR	(300	MHz,	DMSO‐d6,	δ,	ppm):	1.11	(s,	6H,	‐
(CH3)2),	2.25(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.71	(s,	2H,	‐C(CH3)2‐CH2‐
CO),	 6.22	 (s,	 1H,	 Ar‐CH‐N),	 6.82‐6.85	 (d,	 J	 =	 9	 Hz,	 2H,	 Ar‐H),	
7.10‐7.16	(m,	3H,	Ar‐H),	7.94‐8.24	(m,	4H,	Ar‐H).		

13‐(4‐Methoxyphenyl)‐3,3‐dimethyl‐3,4‐dihydro‐2H‐
indazolo[1,2‐b]phthalazine‐1,6,11(13H)‐trione	 (4b):	 Yellow.	
Yield:	95%.	M.p.:	220‐221	oC.	FT‐IR	(KBr,	,	 cm‐1):	2959	 (C‐H)	
(Ar),	 1722	 (C=O)	 (ketone),	 1655	 (C=O)	 (amide),	 1626	 (C=C),	
1602	 (C=C)	 (Ar),	 1267	 (C‐O)	 (methoxy),	 1082	 (C‐N).	 1H	NMR	
(300	MHz,	DMSO‐d6,	δ,	ppm):	1.12	(s,	6H,	‐(CH3)2),	2.26	(s,	2H,	‐
C(CH3)2‐CH2‐C=),	 2.72	 (s,	 2H,	 ‐C(CH3)2‐CH2‐CO),	 3.71(s,	 3H,	 O‐
CH3),	 6.24	 (s,	 1H,	 Ar‐CH‐N),	 6.83‐6.86	 (d,	 J	 =	 9	Hz,	 2H,	 Ar‐H),	
7.33‐7.36	(d,	J	=	9	Hz,	2H,	Ar‐H),7.94‐8.25	(m,	4H,	Ar‐H).		

3,3‐Dimethyl‐13‐p‐tolyl‐3,4‐dihydro‐2H‐indazolo[1,2‐b]	
phthalazine‐1,6,11(13H)‐trione	 (4c):	 Yellow.	 Yield:	 95%.	 M.p.:	
226‐228	oC.	FT‐IR	(KBr,	,	cm‐1):	3020	(C‐H)	(Ar),	1720	(C=O)	
(ketone),	 1652	 (C=O)	 (amide),	 1626	 (C=C),	 1600	 (C=C)	 (Ar),	
1078	(C‐N).	1H	NMR	(300	MHz,	DMSO‐d6,	δ,	ppm):	1.11	(s,	6H,	‐
(CH3)2),	2.25	(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.34	(s,	3H,	Ar‐CH3),	2.72	
(s,	2H,	‐C(CH3)2‐CH2‐CO),	6.22	(s,	1H,	Ar‐CH‐N),	6.84‐6.87	(d,	J	=	
9	Hz,	4H,	Ar‐H),	7.61‐8.24	(m,	4H,	Ar‐H).		

3,3‐Dimethyl‐13‐m‐tolyl‐3,4‐dihydro‐2H‐indazolo[1,2‐b]	
phthalazine‐1,6,11(13H)‐trione	 (4d):	 Yellow.	 Yield:	 92%.	 M.p.:	
233‐235	oC.	FT‐IR	(KBr,	,	cm‐1):	3010	(C‐H)	(Ar),	1720	(C=O)	
(ketone),	 1652	 (C=O)	 (amide),	 1625	 (C=C),	 1602	 (C=C)	 (Ar),	
1078	(C‐N).	1H	NMR	(300	MHz,	DMSO‐d6,	δ,	ppm):	1.11	(s,	6H,	‐
(CH3)2),	2.25	(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.35	(s,	3H,	Ar‐CH3),	2.72	
(s,	2H,	‐C(CH3)2‐CH2‐CO),	6.22	(s,	1H,	Ar‐CH‐N),	6.83	(s,	1H,	Ar‐
H),	6.85‐7.01	(m,	3H,	Ar‐H	),	7.90‐8.23	(m,	4H,	Ar‐H).		

13‐(3,4‐Dimethylphenyl)‐3,3‐dimethyl‐3,4‐dihydro‐2H‐
indazolo[1,2‐b]phthalazine‐1,6,11(13H)‐trione	(4e):	Pale	yellow.	
Yield:	90%.	M.p.:	251‐253	oC.	FT‐IR	(KBr,	,	 cm‐1):	3018	 (C‐H)	
(Ar),	 1725	 (C=O)	 (ketone),	 1650	 (C=O)	 (amide),	 1626	 (C=C),	
1600	 (C=C)	 (Ar),	 1080	 (C‐N).	 1H	NMR	 (300	MHz,	DMSO‐d6,	 δ,	
ppm):	1.12	(s,	6H,	‐(CH3)2),	2.25	(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.34	
(s,	3H,	Ar‐CH3),	2.35	(s,	3H,	Ar‐CH3),	2.72	(s,	2H,	‐C(CH3)2‐CH2‐
CO),	6.23	(s,	1H,	Ar‐CH‐N),	6.84	(m,	3H,	Ar‐H),	7.92‐8.25	(m,	4H,	
Ar‐H).		

3,3‐Dimethyl‐13‐(3,4,5‐trimethoxyphenyl)‐3,4‐dihydro‐2H‐
indazolo[1,2‐b]phthalazine‐1,6,11(13H)‐trione	(4f):	Pale	yellow.	
Yield:	90%.	M.p.:	230‐232	oC.	FT‐IR	(KBr,	,	 cm‐1):	2960	 (C‐H)	
(Ar),	 1726	 (C=O)	 (ketone),	 1655	 (C=O)	 (amide),	 1626	 (C=C),	
1602	 (C=C)	 (Ar),	 1266	 (C‐O)	 (methoxy),	 1080	 (C‐N).	 1H	NMR	
(300	MHz,	DMSO‐d6,	δ,	ppm):	1.12	(s,	6H,	‐(CH3)2),	2.25	(s,	2H,	‐
C(CH3)2‐CH2‐C=),	 2.72	 (s,	 2H,	 ‐C(CH3)2‐CH2‐CO),	 3.72(s,	 9H,	 O‐
CH3),	6.25	(s,	1H,	Ar‐CH‐N),	6.64	(s,	2H,	Ar‐H),	7.92‐8.24	(m,	4H,	
Ar‐H).		

13‐(4‐Chlorophenyl)‐3,3‐dimethyl‐3,4‐dihydro‐2H‐indazolo	
[1,2‐b]phthalazine‐1,6,11(13H)‐trione	 (4g):	White.	 Yield:	 92%.	
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M.p.:	 261‐263	 oC.	 FT‐IR	 (KBr,	,	 cm‐1):	 3020	 (C‐H)	 (Ar),	 1720	
(C=O)	 (ketone),	 1656	 (C=O)	 (amide),	 1626	 (C=C),	 1602	 (C=C)	
(Ar),	 1080	 (C‐N),	 700	 (C‐Cl).	 1H	 NMR	 (300	MHz,	 DMSO‐d6,	 δ,	
ppm):	1.11	(s,	6H,	‐(CH3)2),	2.25	(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.71	
(s,	2H,	‐C(CH3)2‐CH2‐CO),	6.23	(s,	1H,	Ar‐CH‐N),	7.01‐7.03	(d,	J	=	
9	Hz,	2H,	Ar‐H),	7.15‐7.18	(d,	J	=	9	Hz,	2H,	Ar‐H),	7.92‐8.23	(m,	
4H,	Ar‐H).	

13‐(3‐Chlorophenyl)‐3,3‐dimethyl‐3,4‐dihydro‐2H‐indazolo	
[1,2‐b]phthalazine‐1,6,11(13H)‐trione	 (4h):	White.	 Yield:	 90%.	
M.p.:	 207‐209	 oC.	 FT‐IR	 (KBr,	,	 cm‐1):	 3020	 (C‐H)	 (Ar),	 1720	
(C=O)	 (ketone),	 1654	 (C=O)	 (amide),	 1626	 (C=C),	 1602	 (C=C)	
(Ar),	 1080	 (C‐N),	 702	 (C‐Cl).	 1H	 NMR	 (300	MHz,	 DMSO‐d6,	 δ,	
ppm):	1.12	(s,	6H,	‐(CH3)2),	2.25	(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.71	
(s,	2H,	‐C(CH3)2‐CH2‐CO),	6.22	(s,	1H,	Ar‐CH‐N),	7.02	(s,	1H,	Ar‐
H),	7.04‐7.21	(m,	3H,	Ar‐H),	7.91‐8.24	(m,	4H,	Ar‐H).	

13‐(2‐Chlorophenyl)‐3,3‐dimethyl‐3,4‐dihydro‐2H‐indazolo	
[1,2‐b]phthalazine‐1,6,11(13H)‐trione	 (4i):	White.	 Yield:	 90%.	
M.p.:	 266‐268	 oC.	 FT‐IR	 (KBr,	,	 cm‐1):	 3020	 (C‐H)	 (Ar),	 1726	
(C=O)	 (ketone),	 1655	 (C=O)	 (amide),	 1625	 (C=C),	 1600	 (C=C)	
(Ar),	 1082	 (C‐N),	 700	 (C‐Cl).	 1H	 NMR	 (300	MHz,	 DMSO‐d6,	 δ,	
ppm):	1.11	(s,	6H,	‐(CH3)2),	2.25	(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.72	
(s,	 2H,	 ‐C(CH3)2‐CH2‐CO),	 6.22	 (s,	 1H,	 Ar‐CH‐N),	 7.01‐7.22	 (m,	
4H,	Ar‐H),	7.90‐8.23	(m,	4H,	Ar‐H).	

13‐(2,4‐Dichlorophenyl)‐3,3‐dimethyl‐3,4‐dihydro‐2H‐
indazolo[1,2‐b]phthalazine‐1,6,11(13H)‐trione	 (4j):	 White.	
Yield:	90%.	M.p.:	220‐222	oC.	FT‐IR	(KBr,	,	 cm‐1):	3010	(C‐H)	
(Ar),	 1720	 (C=O)	 (ketone),	 1656	 (C=O)	 (amide),	 1626	 (C=C),	
1602	 (C=C)	 (Ar),	 1080	 (C‐N),	 702	 (C‐Cl).	 1H	 NMR	 (300	MHz,	
DMSO‐d6,	 δ,	 ppm):	 1.11	 (s,	 6H,	 ‐(CH3)2),	 2.25	 (s,	 2H,	 ‐C(CH3)2‐
CH2‐C=),	 2.72	 (s,	 2H,	 ‐C(CH3)2‐CH2‐CO),	 6.22	 (s,	 1H,	 Ar‐CH‐N),	
6.98‐7.21	(m,	3H,	Ar‐H),	7.91‐8.24	(m,	4H,	Ar‐H).	

13‐(4‐Bromophenyl)‐3,3‐dimethyl‐3,4‐dihydro‐2H‐indazolo	
[1,2‐b]phthalazine‐1,6,11(13H)‐trione	 (4k):	White.	 Yield:	 95%.	
M.p.:	 266‐268	 oC.	 FT‐IR	 (KBr,	,	 cm‐1):	 3018	 (C‐H)	 (Ar),	 1720	
(C=O)	 (ketone),	 1655	 (C=O)	 (amide),	 1626	 (C=C),	 1602	 (C=C)	
(Ar),	 1080	 (C‐N),	 620	 (C‐Br).	 1H	NMR	 (300	MHz,	 DMSO‐d6,	 δ,	
ppm):	1.11	(s,	6H,	‐(CH3)2),	2.25	(s,	2H,	‐C(CH3)2‐CH2‐C=),	2.71	
(s,	2H,	‐C(CH3)2‐CH2‐CO),	6.23	(s,	1H,	Ar‐CH‐N),	7.02‐7.05	(d,	J	=	
9	Hz,	2H,	Ar‐H),	7.17‐7.20	(d,	J	=	9	Hz,	2H,	Ar‐H),	7.91‐8.24	(m,	
4H,	Ar‐H).	

3,3‐Dimethyl‐13‐(4‐nitrophenyl)‐3,4‐dihydro‐2H‐indazolo	
[1,2‐b]phthalazine‐1,6,11(13H)‐trione	 (4l):	 Yellow.	 Yield:	 90%.	
M.p.:	 215‐217	 oC.	 FT‐IR	 (KBr,	,	 cm‐1):	 3020	 (C‐H)	 (Ar),	 1720	
(C=O)	 (ketone),	 1655	 (C=O)	 (amide),	 1626	 (C=C),	 1602	 (C=C)	
(Ar),	 1402	 (N=O)	 (nitro),	 1080	 (C‐N).	 1H	 NMR	 (300	 MHz,	
DMSO‐d6,	 δ,	 ppm):	 1.12	 (s,	 6H,	 ‐(CH3)2),	 2.25	 (s,	 2H,	 ‐C(CH3)2‐
CH2‐C=),	 2.71	 (s,	 2H,	 ‐C(CH3)2‐CH2‐CO),	 6.23	 (s,	 1H,	 Ar‐CH‐N),	
7.13‐7.16	(d,	J	=	9	Hz,	2H,	Ar‐H),	7.42‐7.45	(d,	J	=	9	Hz,	2H,	Ar‐
H),	7.91‐8.24	(m,	4H,	Ar‐H).	

3,3‐Dimethyl‐13‐(4‐nitrophenyl)‐3,4‐dihydro‐2H‐indazolo	
[1,2‐b]phthalazine‐1,6,11(13H)‐trione	(4m):	Yellow.	Yield:	87%.	
M.p.:	 270‐272	 oC.	 FT‐IR	 (KBr,	,	 cm‐1):	 3020	 (C‐H)	 (Ar),	 1720	
(C=O)	 (ketone),	 1655	 (C=O)	 (amide),	 1626	 (C=C),	 1602	 (C=C)	
(Ar),	 1410	 (N=O)	 (nitro),	 1080	 (C‐N).	 1H	 NMR	 (300	 MHz,	
DMSO‐d6,	 δ,	 ppm):	 1.12	 (s,	 6H,	 ‐(CH3)2),	 2.25	 (s,	 2H,	 ‐C(CH3)2‐
CH2‐C=),	 2.71	 (s,	 2H,	 ‐C(CH3)2‐CH2‐CO),	 6.23	 (s,	 1H,	 Ar‐CH‐N),	
7.38	 (s,	 1H,	 Ar‐H),	 7.40‐7.66	 (m,	 3H,	 Ar‐H),	 7.91‐8.24	 (m,	 4H,	
Ar‐H).	
	
3.	Results	and	discussion		

	
Herein	 we	 report	 the	 solvent‐free	 three‐component	

reaction	 of	 phthalhydrazide	 (1),	 dimedone	 (2),	 and	 aromatic	
aldehydes	(3)	under	ultrasonic	irradiation	in	the	presence	of	a	
catalytic	 amount	 of	 iodine	 within	 10‐15	 mins,	 allowing	 the	
`one‐pot'	 formation	 of	 2H‐indazolo[2,1‐b]	 phthalazine‐triones	
(4)	in	excellent	overall	yield.	

The	complete	process	represents	an	example	of	the	one‐pot	
and	 sequential	 steps	 reaction	 (often	 referred	 to	 as	 tandem	or	
cascade	 reaction)	 where	 reagents	 and	 catalysts	 are	 mixed	

together	and	experimental	conditions	are	set	up	in	such	a	way	
to	promote	the	reaction	cascade	[72‐74].		

To	optimize	the	reaction	conditions	for	the	synthesis	of	2H‐
indazolo[2,1‐b]	 phthalazine‐triones,	 the	 reaction	 of	
phthalhydrazide,	 dimedone	 with	 4‐chlorobenzaldehyde	 was	
chosen	as	a	model	in	the	presence	of	iodine	as	catalyst,	reaction	
was	done	under	silent,	thermal	and	ultrasonic	conditions.	

The	rate	of	the	reaction	is	markedly	affected	by	the	use	of	
ultrasound	 as	 shown	 in	 (Figure	 1)	 The	 ultrasound	unassisted	
reactions	 afforded	 the	 corresponding	 2H‐indazolo[2,1‐b]	
phthalazine‐trione	 in	 20%	 yield	 after	 30	 mins	 under	 silent	
condition	 and	 60%	 yield	 after	 30	 mins	 under	 thermal	
condition,	 whereas	 the	 presence	 of	 the	 ultrasound	 strongly	
increased	the	rate	of	the	process	and	compound	is	produced	in	
92%	 yield	 after	 10	 mins.	 This	 drastic	 increase	 in	 yield	 of	
product	 is	 attributed	 to	 the	 activation	 of	 reactants	 due	 to	
acoustic	cavitation	produced	by	ultrasonic	irradiation.	Like	any	
sound	 wave	 ultrasound	 is	 propagated	 via	 a	 series	 of	
compression	 and	 rarefaction	 waves	 of	 the	 medium	 through	
which	it	passes.	At	sufficiently	high	power	the	rarefaction	cycle	
may	exceed	the	attractive	forces	of	the	molecules	of	the	 liquid	
and	 cavitation	 bubbles	 will	 form.	 Such	 bubbles	 grow	 by	 a	
process	 known	 as	 rectified	 diffusion	 i.e.	 small	 amounts	 of	
vapour	(or	gas)	from	the	medium	enters	the	bubble	during	 its	
expansion	phase	and	 is	not	 fully	expelled	during	compression	
[76].	 The	 bubbles	 grow	 over	 a	 period	 of	 a	 few	 cycles	 to	 an	
equilibrium	 size	 for	 the	particular	 frequency	 applied.	 It	 is	 the	
fate	 of	 these	 bubbles	 when	 they	 collapse	 in	 succeeding	
compression	 cycles	 which	 generates	 the	 energy	 for	 chemical	
and	 mechanical	 effects	 [76].	 In	 systems	 operating	 at	 an	
ultrasonic	frequency	of	20	kHz	each	cavitation	bubble	collapse	
acts	as	a	 localised	"hotspot"	generating	 temperatures	of	about	
4,000	 K	 and	 pressures	 in	 excess	 of	 1000	 atmospheres	 [76].	
Cavitation	 bubble	 collapse	 occurs	 in	 the	 bulk	 liquid	
symmetrically,	 or	 near	 to	 a	 surface	 of	 reaction	 flask	 in	 an	
unsymmetrical	manner	because	the	surface	provides	resistance	
to	 liquid	 flow	 from	 that	 side.	 The	 result	 is	 an	 inrush	of	 liquid	
predominantly	 from	 the	 side	 of	 the	 bubble	 remote	 from	 the	
surface	resulting	in	a	powerful	liquid	jet	being	formed,	targeted	
at	 the	 reaction	 mixture.	 The	 effect	 is	 equivalent	 to	 high	
pressure	 jetting	 and	 is	 the	 reason	 for	 using	 ultrasound	 in	
reaction	 rate	 enhancement.	 This	 effect	 can	 also	 activate	 solid	
catalysts	 by	 breaking	 it	 down	 into	 smaller	 fragments	 and	
thereby	 increasing	the	surface	area	of	 the	catalyst	and	 in	 turn	
accelerating	 the	reaction	 [77,78].	This	 combined	overall	effect	
of	 bubble	 collapse	 and	 activation	 of	 catalyst	 iodine	 has	 led	 to	
rate	enhancement	of	the	reaction.		

	

	
	
Figure	 1.	 Reactivity	 of	 phthalhydrazide,	 dimedone,	 and	 4‐chlorobenz‐
aldehyde	in	the	presence	of	iodine	in	the	under	silent,	thermal	and	ultrasonic	
conditions	as	a	function	of	time.	
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Table	1.	Synthesis	of	2H‐indazolo[2,1‐b]	phthalazine‐triones	(4)	using	iodine	from	aromatic	aldehydes,	phthalhydrazide	and	dimedone.	
Entry	 R	 Product	(4)a	 Time (mins) Yield	(%)b	 Mp	[Lit.	M.p.]	(oC)	
1	 C6H5	 4a	 15 95 207‐208	(204‐206)	[33]	
2	 4‐MeO‐C6H4	 4b	 10	 95	 220‐221	(218‐220)	[39]	
3	 4‐Me‐C6H4	 4c	 10	 95	 226‐228	(226‐231)	[33]	
4	 3‐	Me‐C6H4	 4d	 10	 92	 233‐235	(232‐233)	[75]	
5	 3,4‐(Me)2‐C6H3	 4e	 10	 90	 251‐253	(250‐251)	[75]	
6	 3,4,5‐MeO‐C6H2	 4f	 15 90 230‐232	(232‐234)	[33]	
7	 4‐Cl‐C6H4	 4g	 10 92 261‐263	(258‐260)	[33]	
8	 3‐Cl‐C6H4	 4h	 15 90 207–209	(204‐206)	[41]	
9	 2‐Cl‐C6H4	 4i	 15 90 266–268	(264‐266)	[39]	
10	 2,4‐Cl2‐C6H3	 4j	 15 90 220–222	(219‐221)	[41]	
11	 4‐BrC6H4	 4k	 15 95 266–268	(	265‐267)	[1]	
12	 4‐NO2‐C6H4	 4l	 10 90 215‐217	(216‐218)	[33]	
13	 3‐NO2‐C6H4	 4m	 15	 87	 270‐272	(269‐271)	[33]	
a	All	compounds	were	characterized	by	recording	their	melting	points,	IR	spectra	and	1H	NMR	spectra	and	comparing	with	data	reported	in	literature.		
b	Isolated	yields.	
	
Table	2.	 Comparative	 study	 on	 the	 present	 method	with	 the	 reported	 methods	 for	 the	 synthesis	 of	 13‐(4‐chloro‐phenyl)‐3,3‐dimethyl‐2,3,4,13‐tetrahydro‐
indazolo[1,2‐b]phthalazine‐1,6,11‐trione.	
Catalyst	 Catalyst	load	(mol	%) Temperature	(oC) Time	(min)	 Yield	(%)
Silica	sulfuric	acid	 6.5	 100	 7	 91	
[Bmim]BF4/	H2SO4	 15	 80	 30	 94	
p‐Toluenesulfonic	acid	 30	 80	 10	 93	
Poly	phosphoric	acid‐SiO2	 5	 100 6 93	
PBBS	 0.1	g	 100 25 67	
(S)‐camphorsulfonic	acid	 20	 RT 20 90	
Iodine	/	))))*	 10	 25‐30 10 92	
*Advantages:	 Iodine	 is	 readily	available,	 inexpensive	and	highly	eco‐friendly,	 yield	 is	 good,	 short	reaction	 time,	ambient	 temperature,	 overall	mild	and	green	
reaction	conditions,	))))	=	Ultrasonic	condition.	

	
	
After	 establishing	 the	 technique	 which	 lead	 to	 the	

maximum	 product	 yield,	 the	 reaction	 time	 was	 optimised	 by	
subjecting	 the	 reaction	mixture	 to	 sonication	 and	monitoring	
by	TLC	at	an	interval	of	2	mins	each,	at	every	interval	there	was	
noticeable	increase	in	the	yield.	Finally	after	10	mins	maximum	
formation	 of	 13‐(4‐chloro‐phenyl)‐3,3‐dimethyl‐2,3,4,13‐tetra‐
hydro‐indazolo[1,2‐b]phthalazine‐1,6,11‐trione	 (92%)	 was	
observed,	irradiation	further	did	not	improve	the	yield.	

Optimization	 of	 catalyst	 loading	 was	 the	 next	 concern,	 to	
start	off	with	25	mol%	of	iodine	was	used,	decrease	of	catalyst	
loading	 to	 20	 mol%	 did	 not	 alter	 the	 product	 yield,	 further	
reduction	 in	 the	amount	of	 catalyst	 to	10	mol%	did	not	affect	
the	yield	of	product	 formed,	but	 reduction	 to	below	10	mol%	
led	to	decrease	in	the	formation	of	product.	

After	these	successful	trial	experiments,	a	library	synthesis	
was	 conducted	 using	 various	 aromatic	 aldehydes	 containing	
electron‐donating	 groups	 like	 OCH3,	 OH,	 CH3	 and	 electron‐
withdrawing	substituents	such	as	NO2,	F,	Cl,	Br	and	found	that	
both	reacted	well	with	phthalhydrazide	and	dimedone,	to	give	
high	 to	 excellent	 yield	 of	 the	 desired	 products	 as	 shown	 in	
(Table	1).		

To	 show	 the	 merit	 of	 the	 present	 work	 results	 were	
compared	with	the	reported	results	in	the	literature	as	shown	
in	(Table	2).	

The	probable	mechanism	outlined	 in	(Scheme	2)	proceeds	
in	four	stages.		

Stage	I	
The	 reaction	was	 initiated	 by	 ultrasound	 assisted	 surface	

activation	of	the	catalyst	iodine	by	breaking	it	down	into	finely	
divided	very	reactive	particles	and	hence	increasing	its	surface	
area,	this	was	followed	by	the	attack	of	enolic	form	of	dimedone	
on	the	carbonyl	carbon	of	aromatic	aldehyde	complexed	to	the	
activated	iodine	(thereby	making	it	more	electrophillic)	to	give	
different	 substituted	2‐(hydroxy‐phenyl‐methyl)‐5,5‐dimethyl‐
cyclohexane‐1,3‐diones.	

Stage	II	
The	 various	 2‐(hydroxy‐phenyl‐methyl)‐5,5‐dimethyl‐

cyclohexane‐1,3‐diones	formed	undergoes	dehydration	readily	
with	the	aid	of	ultrasound,	which	is	the	crucial	stage	for	further	
progress	of	the	reaction.	Ultrasound	works	by	the	phenomenon	
of	 cavitation;	 which	 involves	 the	 growth,	 oscillation,	 and	
collapse	of	bubbles	under	the	action	of	an	acoustic	field.		
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The	 acoustic	 field	 experienced	by	 the	bubble	 is	not	 stable	
because	 of	 the	 interference	 of	 other	 bubbles	 forming	 and	
resonating	 around	 it	 [76].	 As	 a	 result	 some	 bubbles	 suffer	
sudden	expansion	to	an	unstable	size	and	collapse	violently.	It	
is	the	fate	of	these	cavities	when	they	collapse	which	generates	
the	 energy	 for	 chemical	 and	 mechanical	 effects	 of	 each	
cavitation	 bubble	 acts	 as	 a	 localised	 microreactor	 which,	
generates	 temperatures	 of	 several	 thousand	 degrees	 and	
pressures	 in	 excess	 of	 one	 thousand	 atmospheres	 [76].	 The	
high	 temperature	 and	 pressure	 generated	 helps	 in	 facile	
removal	 of	 water	 to	 afford	 substituted	 2‐benzylidene‐5,5‐
dimethylcyclohexane‐1,3‐diones.	

Stage	III	
The	 2‐benzylidene‐5,5‐dimethylcyclohexane‐1,3‐diones	

obtained	 get	 activated	 by	 iodine	 as	 discussed	 in	 stage	 I,	 and	
then	 reaction	 of	 activated	 2‐benzylidene‐5,5‐dimethylcyclo	
hexane‐1,3‐diones	with	phthalhydrazide	to	give	2,3‐dihydro‐2‐
((2‐hydroxy‐4,4‐dimethyl‐6‐oxocyclohex‐1‐
enyl)(phenyl)methyl)phthalazine‐1,4‐diones.	

Stage	IV	
2,3‐Dihydro‐2‐((2‐hydroxy‐4,4‐dimethyl‐6‐oxocyclohex‐1‐

enyl)(phenyl)	methyl)	 phthalazine‐1,4‐diones	 undergo	 loss	 of	
water	with	the	help	of	ultrasound	to	give	the	desired	products	
in	good	yield.	
	
4.	Conclusion	

	
In	 conclusion,	 the	 preparation	 of	 various	 substituted	 2H‐

indazolo[2,1‐b]	phthalazine‐triones	was	efficiently	achieved	by	
a	 solvent‐free	 one	 pot	 condensation	 of	 phthalhydrazide,	
dimedone,	 and	 aromatic	 aldehydes	 in	 the	 presence	 of	 readily	
available,	 inexpensive	 and	 environmentally	 benign	 iodine	 as	
catalyst	 accelerated	 by	 ultrasound.	 To	 the	 best	 of	 our	
knowledge	 only	 a	 few	 solvent‐free	 reactions	 are	 carried	 out	
under	ultrasonic	conditions.	We	feel	this	method	is	a	very	good	
alternative	to	the	other	existing	methods	possessing	high	green	
value.		
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