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ABSTRACT

Glycerol-promoted catalyst-free one-pot three component synthesis of 1H-pyrazolo[ 1,2-b] phthalazinediones has
been achieved. Use of greener solvent glycerol, catalyst-free reaction condition, high yields, one pot reaction and
simple product isolation method without use of column chromatography are the noteworthy aspects of the synthetic
route. Mechanistic route of the reaction proves the promoting nature of the glycerol. Indeed, we accentuated the
direct utilization of glycerol as solvent to research community which is indispensable in economical and
environmental viewpoint.
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INTRODUCTION

Multicomponent reactions (MCRs) which built the lgtens found in natural products, drug like molesuand
materials in single step has fascinated reseancimzmity in recent days.[1] MCRs play an importasierto pursue
wide array of molecular diversity and complexitythimn single step in cost- and time- effective manf& 3]

Organic chemist must remain capable of furnishiragpcts of high molecular complexity without jeogiaing the

ecological system. Use of multicomponent reactitmgienerate diverse molecules along with enviroraign
friendly aspects such as catalyst-free conditise, af greener solvent perfectly answer these ainstrRelevantly,
glycerol proved to be a very handy and vital greeswvent by promoting organic transformations sashPd-
catalyzed Heck C-C coupling and Suzuki reactioglyicerol.[4] Some organic transformations suchzsmichael
addition of amines, anilines and indole, ring opegniof styrene oxide with p-anisidine and acid cat=dl

dehydrative dimerization of tertiary alcohol wekeptuated in presence of glycerol.[5]

Heterocycles containing bridgehead hydrazine ardowad with pharmacological properties and clinical
applications.[6-14For example, pyrazolo[1,2-b]phthalazinedione ddives are very important structural motif as
they were reported as anti-inflammatory, analgesitihypoxic and antipyretic agent (Fig. 1).[15]sRie these,
phthalazine derivatives were reported to possessoanulsant[16], cardiotonic[17] and vasorelaxadtivities[18].
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Inspite of their wide utility range, very few metto have been developed for the synthesis of pywiza@r
blphthalazine derivatives.[19-2Rpparently, these methods suffer from drawback$ sascrelative toxic catalyst,
harsh reaction conditions etc.

Fascinating properties of glycerol, vital utilitarrge of phthalazinediones and in continuation aof wark in
heterocyclic chemistry[22-25] enthused us to desigimple, proficient and candid synthetic routetf@ synthesis
of 1H-pyrazolo[1,2-b]phthalazinediones using glytelhus, we have demonstrated a very conveniarthegis of
phthalazinedione derivatives by catalyst-free ooethree component reaction of phthalhydrazide,omaitrile
and aryl aldehydes promoted by glycerol.

MATERIALSAND METHODS

General:

All chemicals used were of research grade and médxdiairom Aldrich. The reactions were carried ougiass tube

of diameter 2.5cm at 8G. Progress of reaction was monitored by TLC (Sitiel 60 k). 'H and™*C spectra of
isolated compounds were reported by using DMSOestlon Brucker 300 MHz spectrometer with TMS as an
internal standard.

Typical Procedurefor Synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives:

The mixture of aryl aldehydes (1mmol), malonongriilmmol) and phthalhydrazide (Immol) in 5ml glyderas
stirred at 88C in an oil bath and progress of reaction was nooedt by TLC. After the completion of the reaction,
dilution of reaction mixture with water followed bgimple filtration afforded product, which was dfje
recrystallized from ethanol and advanced for anglys

3-Amino-5, 10-dioxo-1-phenyl-5, 10-1H-pyrazolo[Iyshthalazine-2- carbonitrile (4a).

IR (KBr): 3362, 2198, 1660, 1601 ém'H NMR(DMSO,d;,300MHz): §6.21(s,1H,CH), 7.4-7.53(m,5H,Ar-H),
8.03(bs,2H.NH), 8.17(t,3H,Ar-H),8.34(q,1H,Ar-H). € NMR(DMSO,d;, 75MHz): § 61.87, 63.51,100.02, 116.31,
127.18, 127.24, 127.77, 128.72, 128.93, 129.09,11034.35.04,138.69, 151.09, 154.09, 157.04 ppm| Sakd for
CigH1:N40,: C, 68.35. H, 3.82. N, 17.71%. Found: C, 68.333181. N, 17.70%.

3-Amino-1-(2-chlorophenyl)-4,9—dioxo-3a,4,9a—tetr@dito-1H-cyclopenta[b]naphthalene-2-carbonitrile)(4b

IR (KBr): 3373, 3176, 2210, 1679, 1659 tmH NMR(DMSO,d;,300MHz): 56.46 (s,1H,CH), 7.28 (bs,2H.NH
7.35(t,2H,Ar-H),7.89(d,2H,Ar-H) 8.05-8.28(m,4H,A}HC"™ NMR(DMSO,d;,75 MHz): § 60.27, 61.41, 115.73,
127.25, 127.87, 127.95, 128.56, 128.83, 130.18,2430132.03, 134.14, 135.06, 151.50, 153.84, 15p@4. Anal
Calcd for GgH1:CIN4O,: C, 61.64. H, 3.16. N, 15.97%. Found: C, 61.673H5. N, 15.95%.

3-Amino-1-(4-chlorophenyl)-4,9—dioxo-3a,4,9a—tetr@dito-1H-cyclopenta[b]naphthalene-2-carbonitrile)(4d

IR (KBr): 3363, 2361, 2196, 1660 ém'H NMR(DMSO,d;,300MHz): 56.16 (s,1H,CH), 7.42-7.55(m,4H,Ar-H)
7.97 (bs,2H.NH), 8.00-8.29(m,4H,Ar-H). E NMR (DMSO,d;,75MHz): § 61.61, 62.87, 100.08, 116.93, 126.99,
128.25, 129.51, 133.53, 135.29, 138.06, 151.38,4054.57.42 ppm. Anal Calcd for;#H,,CIN,O,: C, 61.64. H,
3.16. N, 15.97%. Found: C, 61.62. H, 3.18. N, 1%93

3-Amino-1-(3-nitrophenyl)-4,9-dioxo-3a,4,9a—tetrdhy-1H-cyclopenta[b]naphthalene-2-carbonitrile (4f)

IR (KBr): 3433, 3323, 2198, 1658, 1602 tmH NMR(DMSO,d;,300MHz): 56.33 (s,1H,CH), 7.94 (bs,2H.NH
7.9-8.38(m,8H,Ar-H). & NMR(DMSO,d;, 75MHz): 8 60.67, 62.73, 100.04, 116.10, 122.50, 123.76, 21127.
127.77, 128.91, 129.35, 130.41, 134.12, 134.17,8440148.46, 151.56, 154.37, 157.15 ppm. Anal Cdtrd
Ci1gH11Ns04: C, 59.84. H, 3.07. N, 19.38%. Found: C, 59.813189. N, 19.35%.

3-Amino-1-(3-hydroxyphenyl)-4,9—dioxo-3a,4,9a—tétydro-1H-cyclopenta[b]naphthalene-2-carbonitrilg.(4

IR (KBr): 3372, 3268, 2192, 1660, 1578 tmH NMR(DMSO,d;,300MHz): 5 1.28(bs, 1H,0H), 6.00 (s,1H,CH),
6.69-7.13 (m,4H,Ar-H), 7.87(d,2H,Ar-H),8.00(bs,2H{} 8.10-8.25(dd,2H,Ar-H). € NMR(DMSO,d;, 75MHz): &
61.92, 63.36, 113.81, 115.88, 116.01, 117.58, B27127.70, 128.73, 128.91, 129.74, 133.78, 1341F%9.86,
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153.78, 156.76, 157.89 ppm. Anal Calcd fqgHG,N4Os: C, 65.06; H, 3.64; N, 16.86%. Found: C, 65.083H3;
N, 16.85%.

3-amino-1-(3,4-dimethoxyphenyl)-5,10-dioxo-5,10tlho-1H-pyrazolo[1,2-b]phthalazine-2-carbonitridg)(

IR (KBr): 3005, 2905, 2222, 1659, 1271 ¢mH NMR(DMSO,d;, 300MHz):5 3.8 (s,3H,0CH), 3.89 (s,3H,0CH),

7.1 (s,AH,CH), 7.57(t,2H,Ar-H), 7.8(d,2H,Ar-H), 8@ 2H,Ar-H), 8.26(s,1H,Ar-H), 11.44 (bs,2H.MH C*
NMR(DMSO,d;,75MHz): § 55.97, 56.32, 111.36, 111.41, 113.81, 114.60,3824125.56, 127.71, 128.20, 132.42,
149.29, 154.81, 155.79, 160 ppm. Anal Calcd feyHGN4O,: C, 63.82; H, 4.28; N, 14.89%. Found: C, 63.85; H,
4.25; N, 14.88%.

RESULTSAND DISCUSSION

Considering the promoting nature of glycerol,[4y carried out a blank reaction of phthalhydrazitenzaldehyde
and malononitrile using glycerol at ambient tempa® but very low yield was obtained. Thus, we dedito
optimize the temperature condition and carried tbet same reaction at various temperatures rangarg 50 to
10°C. It was found that increase in temperature grifylilacreased the yield and at ®D reaction afforded
optimized yield of 92% within 50 min (table I, eptt)(Scheme I).

Since the reaction marches under catalyst-freeitondve decided to study the effect of solventstio@ reaction
and worked the same reaction in various solvekésDIMF, DMSO, toluene, methanol, ethylene glycal @able I,

entries2-6) which is found to be captious attribgtiow or no yield. When water was checked as sd)wvaoderate
yield (40%) was obtained might be due to hydropbitpdf phthalhydrazide (table I, entry 7).

Scheme |: Synthesis of 1H-pyrazolo[1,2-b]phthalazine-dionein Glycerol, Crude Glycerol or Water at 80°C.

(@) Ar
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Tablel: Synthesis of 1H-pyrazolo[1,2-b]phthalazine-dionein various solvents under catalyst-free conditions. *

Entry Saolven Yield (%P Time Temneratur
1 Glvcero 92 50 mir 80°C
2 Ethvlene Glvcc 4C 4h 80°C
3 Methano <5 5h Reflux
4 Toluent 0 6h 10C°C
5 DMF 0 6h 10C°C
6 DMSC 0 6h 10C°C
7 Wate 40 4h 10C°C
# Reaction using 1 mmol of each component i.e. phthal hydrazide, malononitrile, and benzal dehyde, solvent: 5ml.

b |solated yield.

Efficacy of glycerol over solvent like ethylene gb} which also has almost similar properties carexgained on
the basis of viscosity and strength of hydrogenditn network created by glycerol. In comparisontwéthylene
glycol, glycerol has high degree of viscosity adlvae more number of —OH atoms which increase trength of
hydrogen bonding with substrates. Our sincere efocircumvent the concerns of mechanism of reacttcheme
II) depict, in first step glycerol formulate elemphilic activation of aldehyde to increase ratefafmation of
knoevenagel product supported using a report btrai[26] In second step, it accelerates the rate afraichael
addition of one of the nitrogen of phthalhydrazite knoevenagel product and cyclization as showscheme 2
supported using report by Yang long &l on aza-michael addition reaction.

Enthused with these results to investigate the teatiesscope of protocol we reacted structurallyedse aryl
aldehydes in the reaction. It was found that alnatisaldehydes participated well in the reactiotrifawting the
satisfactory yields indicated in table 1l (Scheme |
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Scheme | I: Plausible Mechanism of theroute
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Table |l Catalyst-free one-pot Synthesis of 1H-pyrazolo[1,2-b]phthalazine-dionein Glycerol .2
Entry Aldehydes Time (min]  Yield (%)| Melting Point Reported. m.p. (OC)/Lit. m.p (OC)diR
CHO
1 @ 4a 50 92 276/ (276-278) [19]
CHO
2 ©/ “ 4b 70 90 260-262 /(259-261) [19]
CHO
3 @\ 4c 65 89 266 / (266-267) [20]
cl
CHO
4 © 4d 50 94 269-270/ (270-272) [19]
cl
CHO
NO,
5 ©/ de 75 85 265 / (265-266) [20]
CHO
6 @ 4f 50 89 268-270/ (269-271) [21]
NO,
CHO
7 (; 49 47 89 231/(230-232) [21]
NO,
CHO
8 © 4h 65 86 263-265 / (263-265) [20]
F
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CHO
212
9 A 45 88 The product was prepared for first time
OH
CHO
. 150-152
10 4 45 92 The product was prepared for first time
OCH,
OCH,
@ Reaction at 1 mmol of Each component i.e. phthalhydrazide, malononitrile and aryl aldehydes at 80°C.
® |solated Yield.
CONCLUSION

This report will enthuse contemporary organic cretnmward direct utilization of glycerol as promm@imedium to
generate conspicuous molecules such as 1H-pyrdzaib]phthalazinediones. We have designed a simple
efficient and noteworthy synthetic protocol for thgnthesis of 1H-pyrazolo[1,2-b]phthalazinedionesgiycerol
which complies with the stringent criteria of greehmemistry. Isolation of high yields without column
chromatography, catalyst-free condition, use oegeg solvent glycerol are the prominent aspecth®fsynthetic
route.
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