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 In this work, to synthesis the 2-(2-hydroxy ethyle)-2,3-dihydro-1,4-
phthalazinedione and 2,3-bis(2-hydroxyethyle)-2,3-dihydro-1,4-phthalazine-
dione, 2-boromoethanol was reacted with phthalhydrazide in DMAc at 
presence of triethylamine in mole ratio of 1.5:1 and 3:1 respectively. The 
structure of the monomers was evaluated using the IR and 1H-NMR spectra. 
New polyurethanes were synthesized by reaction of the monomers with 
various diisocyanates including, tolylene diisocyanate, isophorane 
diisocyanate and hexamethylene diisocyanate. The measured viscosity for 
these polymers was found to be at the range of 0.45-0.6 dlg-1. The structure of 
the polymers was proved by IR, 1HNMR spectra and CHN analysis. The TGA 
and DTG results confirmed high thermal stability for the synthesized 
polymers. 
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Introduction  

Phthalate hydrazide (2,3,3-dihydro-1,4-

phthalazine diavone) is a two-functional, 

heterocyclic, nucleophilic compound. This 

compound contains two relatively acidic protons 

which are useful for reacting with two-functional 

compounds [1]. Phthalazine rings are widely 

used in organic synthesis and pharmaceutical 

compounds [2] and their pharmacological 

properties have been particularly proven in 

cardiovascular diseases [3]. Phthalazine has been 

known to be the central nucleus of many drug 

compounds with anti-cancer [4], anti-

hypertensive [5], anti-clotting [6], anti-

inflammatory [7], and diabetes treatment 

activities [8]. The compound bis (phthalazin-1-1-

hydrazone) -2,6-diacetylpyridine was 

synthesized by researchers in 2014 and used as a 

ligand in copper, cobalt and nickel complexes. 

These complexes have high antimicrobial 

properties. 

This reaction is carried out in three steps. In the 

first step, arine was prepared from ortho- 

(trimethylsilyl) aryl triflate at the presence of the 

cesium fluoride. Then the direct acetylalkylation 

of arine by β-ketoester was performed in 

acetonitrile solvent and the compound was 

synthesized. This compound was converted to 

the corresponding diazo by para-acetamido salt 

of benzene sulfonyl azide (p-ABSA) in 

acetonitrile at room temperature. At final step, 

the Wittig reaction and ring closure were carried 

out using the di-isopropyltriobutyl phosphine 

and finally phthalazine was synthesized [9]. 

Besides, the analysis suggests that not only the 

synthetized polymers have favorable polymer 

properties such as acceptable viscosity range and 

high thermal resistance, but also these polymers, 

due to the presence of phthalazine nucleus in 

their structure, may have medical applications as 

well [10]. 

Polyurethanes are a group of elastomeric 

polymers formed by the increasing reaction 

between the isocyanate functional group [11]. 

Polyurethane chains are usually composed of two 

flexible segments (soft segments) and elastic and 

relatively rigid segments whose ratios determine 

the mechanical properties of the polymer 

including tensile properties, crystallization 

temperature and melting point [12]. Diol chain 

length, diisocyanate space chemistry and catalyst 

are effective in determining the ratio of hard and 

soft segments [13]. Usually, soft, amorphous, and 

glass transition temperatures are lower than 

room temperature, resulting in polymer molding. 

The hard, crystalline and hydrogen bonded 

portions are glass transition temperatures 

between 50 °C and 100 °C, which give the 

polymers strength and resistance to the design 

[14]. In the reaction of isocyanates with alcohols, 

the concentration of the reactants alone does not 

determine the rate. Studies on the role of the 

solvent have shown that three solvent properties 

including polarity, ability to form hydrogen 

bonds and dielectric constant at effective 

reaction speed [11].  

Polyurethane and its derivatives are the most 

widely used polymers in various industries 

around the world. The formulation of this 

polymer is such that it encompasses a wide range 

of hard, dry and compact materials [16]. Hard 

polyurethane foams have low density, high 

strength, high adhesion strength and wear 

resistance which are used in various industrial 

fields such as pipelines, automotive and aircraft 

industries [17,18]. The viscoelastic foams of 

these polymers are used in building panels as 

thermal insulation, sound and vibration [19-21]. 

Biodegradable polyurethanes are strategic 

compounds that, due to their versatility and wide 

range of mechanical and physical properties, 

have enabled the production of biological 

materials such as implants, vascular prostheses, 

artificial skin and tissue scaffolds [22-25]. For 

example, in recent years, a number of smart 

polyurethanes (low-density memory polymers) 

have been used to treat the embolism [26]. The 
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optics, paint and resin and textile industries are 

also industries where polyurethane applications 

can be mentioned [27]. Some disadvantages of 

the polyurethanes, such as biodegradation and 

flammability and the production of toxic gases in 

the event of a fire, have led researchers to always 

look for ways to improve the properties of these 

polymers. 

In this study, the synthesis of phthalazine-1,4-

dions was performed by reaction of 3-chloro 

phthalic anhydride with methylhydrazide in the 

presence of montmorillonite. Phthalazine-1,4-

Dions desired with 1,3-dibromo-propane reacted 

with potassium carbonate in DMF solvent for two 

hours at room temperature, and N, N-dialkyl-5-

chloro-2,3-dihydehyde 1,4-D-DNAs and were 

synthesized. Finally, the reaction of these 

compounds with NaN3 and NaI in DMSO solvent 

was obtained [15]. 

Experimental 

All material were purchased from Fluka and 

Merck used without purification. 1HNMR spectra 

were recorded on a 500 MHz Bruker Advance 

XRD instrument using DMSO-d6 as solvent and 

tetramehylsilane as an internal standard. FTIR 

spectra were recorded using a Bruker Vector 22 

specterometer on KBr pellets. The CHN-600 

Lecoanalyzer was used for elemental analysis. 

Thermal gravimetric analysis (TGA) of the 

polyurethanes were done. Inherent viscosity 

(ηinh=Lnηrel/C) of the polymers were determined 

for solution of 0.5 g/dl in NMP at 25 °C using an 

Ostwald viscometer. 

Preparation of Monomers  

Synthesis of 2,3-dihydro-1,4-phtalazinedione  

This compound was synthesized from the 

reaction of phthalic anhydride with hydrazine 

hydrate in acetic acid solvent (Scheme 1). 

2,3-dihydro-1,4-phtalazinedione: IR(KBr, cm-1):  

3200(NH), 1660(C=O), 790(C=C Aro.) 

Synthesis of 2,3-bis(2-hydroxy ethyl)-2,3-dihydro-
1,4-phtalazinedione  

This compound was synthesized from the 

reaction of phthal hydrazide with 2-equivalan–

bromoethanol in N, N-dimethylacetamide solvent 

for 48 h (Reflux) (Scheme 2). 

 

 

Scheme 1. Synthesis reactions for preparation of 2, 3- dihydro- 1, 4-phtalazinedione 

 

 

Scheme 2. Synthesis reactions for preparation of 2,3-bis(2-hydroxy ethyl)-2,3-dihydro-1,4-
phtalazinedione 
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Preparation of Polyurethanes 

These polymers was synthesized from the 

reaction of synthesis of 5,6,7,8-tetrabromo-2,3-

bis(2-hydroxyethyl)-2,3-dihydro-1,4-phtalazine-

dione with different diisocyanate such as 

Hexamethylenediisocyanate, Toloylenediiso-

cyanate, Isofurenediisocyanate, Methylenediphe-

nyldiisocyanate and 1,4-phenylenediisocyanate 

with a Equal to the molar amount in dimethyl 

acetamide solvent (Scheme 3). 

 

R  

  
Polymer PU1 PU2 PU3 

Scheme 3. Synthesis reactions for preparation of polymers 

Figure 1. TGA spectra of PU1 

 

 

Figure 2. TGA spectra of PU2 

 

 



H. Mighani et al./ Adv. J. Chem. A, 2021, 4(4), 300-307 

 

304 
 

 
 

Figure 3. TGA spectra of PU3 

 

 
 
Table 1. Spectra data, elemental analysis of polyurethanes 

Substrate IR (KBr, cm-1) 
1HNMR (DMSO-

d6, δ, ppm) 

Elemental analysis 
Calc. Found 

C H N C H N 

PU1 

3200, 3328(NH), 
3060(CH-Aro), 

2944, 2864(C-H, 
aliph.), 1657-1712 

(C=O), 1480, 
11596(C=C), 

1541(C-N, N-H) 

- 57.73 5.93 14.97 57.63 6.78 13.5 

PU2 

3300(NH), 3050, 
2950(C-H, Arom., 

Aliph.), 1650-
1722(C=O), 1492-

1660(C=C), 
1533(C-N) 

9(NH), 7-
8.1(phenyl), 4.5 

(methlene), 
2.1(methyl). 

59.98 4.24 14.74 59.63 5.0 13.5 

PU3 

3312(NH), 3090, 
2944(C-H, Arom., 

Aliph.), 1600-
1720(C=O), 1486-

1600(C=C), 
1542(C-Nn N-H) 

7.1(NH), 7.8-
8.2(phenyl), 

4.4(methlene),
2.7-3(C-H, 
CH2), 0.8-

1.5(methyl). 

61.65 6.59 13.08 61.5 7.96 
11.7

4 

 
Table 2. Solubility of polyurethanes. 

Polym. 
code 

NMP DMF DMSO TCE THF H2SO4 HMPA 
N,N-

DMAC 
Aceton Ethanol Methanol CHCl3 

PU1 + + + - - + ± + - - - - 
PU2 + + + - - + ± + - - - - 
PU3 + + + - - + + + - - - - 

Soluble (+), partially soluble (±), insoluble (-) 
Solubility tested with 0.5 g of polymer in 100 mL of solvent. 
NMP=N-methylpyrolidone, DMF=dimethylformamide, DMSO=dimetylsolfoxide,  
TCE=tetrachloroethane, Py=pyridine, THF=tetrahydrofurane 
HMPA=hexamethylenphosphoramide, DMAC=dimethylacetamide 
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Table 3. Thermal analysis, viscosity and yield of the polyamides. 

Compound code T5%(°C)a T10%(°C)b T50%(°C)c %Ch. Y. d 
ηinh 

(dl/g)e 
MW 

PU1 263 285 350 8 0.55 55000 
PU2 245 263 355 20 0.6 60000 
PU3 245 275 330 3 0.5 50000 

a 10% weight loss 
b 10% weight loss 
c 50% weight loss 
d Char yield percent at 600 °C, obtained from TGA. 
e Measured in DMF at 25 °C (c=0.5 g/dl). 

Results and Discussion 

Synthesis of Monomer 

2,3-bis(2-hydroxy ethyl)-2,3-dihydro-1,4-

phtalazinedione was synthesized from the 

reaction (reflux) of phthal hydrazide with 2-

equivalan–bromoethanol in N, N-dimethylace-

tamide solvent for 48 h (Scheme 2). The melting 

point was 132–134 °C. These regions of the IR 

spectra were of particular interest, the IR (KBr): 

 3200(O-H), 3090, 2850, 1660 (C=O), 1590, 

1550, 1490, 1445, 1420, 1332, 1289, 1165, 1143, 

1087, 1045 (C-O), 900, 798, 758 cm-1. 1HNMR 

data with 1HNMR (DMSO), the 1HNMR (500 MHz, 

DMSO-d6): δ 8.1 (m, 4H, ArH), 4.9 (m, 1H, OH), 4.1 

(m, 8H, CH2).  

Synthesis of Polurethanes PU1, PU2, PU3 

The polyurethane (PU1), were prepared which 

is given in Scheme 3. IR, 1HNMR and elemental 

analysis data for the PU1 of the present study 

was found to be in good agreement with the 

results of calculated method. The results of 

elemental analysis are presented in Table 1. 

These regions of the IR spectra are of particular 

interest, the IR (KBr),  3200, 3328(NH), 

3060(CH-Aro), 2944, 2864(C-H, aliph.), 1657-

1712 (C=O), 1480, 11596(C=C), 1541(C-N, N-H) 

cm-1.  
1HNMR and elemental analysis data for the PU2 

of the present study is in good agreement with 

the results. These regions of the IR spectra are of 

particular interest, the IR (KBr):  3300 (N-H), 

3050, 2950, 1722(C=O), 165(C=O), 1600, 1533, 

1443, 1330, 1220, 1100, 780 cm-1. The NMR data 

with 1HNMR (DMSO), 1H-NMR, (500 MHz, DMSO-

d6): δ 9.6 (br, NH), 7-8.1 (m, 7H, ArH), 4.5 (m, 4H, 

CH2), 2.1 (t, 3H, CH3). The elemental analysis data 

for the PU3 of the present study is in good 

agreement with the results. The results of the 

elemental analysis are presented in Table 1. The 

regions of the IR spectra are of particular 

interest, the IR (KBr):  3312 (N-H), 3090, 2944, 

1720 (C=O), 1643 (C=O), 1585, 1542, 1486, 1458, 

1330, 1239, 1128, 780, 737, 695 (cm-1) and NMR 

data with 1HNMR (DMSO): 1H-NMR, (500 MHz, 

DMSO-d6): δ 7.8-8.2 (m, 4H, ArH), 7,1 (br, 1H, 

NH), 4.4(m, 4H, CH2), 2.7 (t, 2H, CH2), 3 (d, 1H, 

CH), 0.8-1.5 (m, 15H, 3CH3, 3CH2). CH2), 2.1 (t, 

3H, CH3). 

One of the major objectives of this study was to 

produce Polyurethanes with improved solubility. 

The solubility of these Polyurethanes was 

determined for the powdery samples, and the 

results are listed in Table 2. All PURs were 

readily soluble in common polar aprotic solvents 

without need for heating (except: THF). Also, by 

heating they were soluble in a less efficient 

solvent such as THF. Among these polymers, the 

polyurethane PU3 was more soluble in common 

solvents, and shorter time was needed for 

complete dissolution. 

The limiting viscosity number [η] of 

polyurethane was determined for extracted and 

dried polymers in DMF, depending on the 

solubility of the polyurethane. For the same or 

similar type of linear polymers the [η] value was 
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proportional to the molecular mass. The inherent 

viscosities of the PU1 and PU2 and PU3 obtained 

in DMF were at the range of 0.5-0.6 dl/g that 

revealed reasonable molecular weights. Thermal 

stability of the polyurethanes was also evaluated 

using TGA technique. Temperatures of the 50% 

weight loss and the remained polyurethanes at 

600 °C in nitrogen atmosphere are tabulated in 

Table 3. The representative TGA curves are 

demonstrated in Figures 1, 2 and 3. All the 

polymers were stable up to 200 °C in nitrogen 

and showed relatively the same stability. We 

found that these polyurethanes did not reveal 

obvious weight loses until the temperature 

reached 200 °C in nitrogen, implying that no 

thermal decomposition occurred. The 50% 

weight loss of all polymers was in temperature 

range of 330 °C. The polyurethane (PU1) 

remained 8% of the original weight at 600 °C in 

nitrogen and the polyurethane (PU2) remained 

over 20% of the original weight at 600 °C in 

nitrogen and the polyurethane (PU3) remained 

over 3% of the original weight at 600 °C in 

nitrogen. 

Conclusion 

Combination of 2,3-bis (2-hydroxy ethyl)-2,3-

dihydro-1,4-phtalazinedione has recently 

attracted a great deal of attention from chemists 

and pharmacists due to its remarkable medicinal 

properties. In this research study, 2,3-dihydro- 

1,4-phtalazinedione and its derivative 2,3-bis(2-

hydroxy ethyl)-2,3-dihydro-1,4-phtalazinedione 

were used in the preparation of new polymeric 

compounds. In addition the favorable polymer 

properties such as viscosity and high thermal 

resistance, due to the presence of the phthalazine 

nucleus in the structure of these polymers, we 

can expect medicinal properties for these 

polymers. Comparison of the thermal analysis 

(TGA) of the obtained polymers showed a better 

thermal stability of the polyurethane obtained 

from toluene diisocyanate with 20% residual 

mass compared with that of the other polymers. 

Acknowledgment  

This project was financially supported by the 

Shahrood University of Technology (No. 

354180). 

Compliance with ethical standards 

The authors declare that they have no conflict of 

interest. 

ORCID  

Hossein Mighani : 0000-0002-8316-5614 

Refrences 

[1] H. Feuer, G.B. Silverma, H.P. Angstadt, A.R. 

Fulke, J. Org. Chem., 1962, 27, 2081–2084. 

[CrossRef], [Google Scholar], [Publisher] 

[2] H. Kefayati, S.H. AmLashi, R. Kazemi, A. 

Delafrooz, Comptes Rendus chimie, 2014, 17, 

894–898. [CrossRef], [Google Scholar], 

[Publisher] 

[3] Y. Nomoto, H. Obase, K. Takai, M. Teranishi, J. 

Nakamura, K. Kubo, Chem. Pharma., 1990, 38, 

2179–2183. [CrossRef], [Google Scholar], 

[Publisher] 

[4] N. Das, A. Verma, P.K. Shrivastava, Indian  J. 

Chem., 2008, 47B, 1555–1558. [Google 

Scholar], [Publisher] 

[5] S. Demirayaka, R. Karaburun, R. Beis, Eur. J. 

Med. Chem., 2004, 39, 1089–1095. [CrossRef], 

[Google Scholar], [Publisher] 

[6] D.S. Dogruer, E. Kupeli, E. Yesilada, M.F. Sahin, 

Arch. Pharm., 2004, 337, 303–310. [CrossRef], 

[Google Scholar], [Publisher] 

[7] F. Mohamadpour, J. Photochem. Photobiol. A, 

2021, 407, 113041. [CrossRef], [Google 

Scholar], [Publisher] 

[8] A. DomLing, I. Ugi, Angew. Chem. Int. Ed., 

2000, 39, 3168–3220. [CrossRef], [Google 

Scholar], [Publisher] 

https://www.orcid.org/0000-0002-8316-5614
https://www.orcid.org/0000-0002-8316-5614
https://doi.org/10.1021/jo01053a042
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Feuer%2C+G.B.+Silverma%2C+H.P.+Angstadt%2C+A.R.+Fulke%2C+J.+Org.+Chem.%2C+1962%2C+27%2C+2081-2084&btnG=
https://pubs.acs.org/doi/pdf/10.1021/jo01053a042
https://doi.org/10.1016/j.crci.2013.09.017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kefayati%2C+AmLashi%2C++Kazemi%2C++Delafrooz%2C+&btnG=
https://www.sciencedirect.com/science/article/pii/S1631074813003019
https://doi.org/10.1248/cpb.38.2179
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Y.+Nomoto%2C+H.+Obase%2C+K.+Takai%2C+M.+Teranishi%2C+J.+Nakamura%2C+K.+Kubo%2C+Chem.+Pharma.%2C+1990%2C+38%2C+2179%E2%80%932183&btnG=
https://www.jstage.jst.go.jp/article/cpb1958/38/8/38_8_2179/_article/-char/ja/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=N.+Das%2C+A.+Verma%2C+P.K.+Shrivastava%2C+Indian++J.+Chem.%2C+2008%2C+47b%2C+1555%E2%80%931558&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=N.+Das%2C+A.+Verma%2C+P.K.+Shrivastava%2C+Indian++J.+Chem.%2C+2008%2C+47b%2C+1555%E2%80%931558&btnG=
http://nopr.niscair.res.in/bitstream/123456789/2258/1/IJCB%2047B%2810%29%201555-1558.pdf
https://doi.org/10.1016/j.ejmech.2004.09.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Demirayaka%2C+R.+Karaburun%2C+R.+Beis%2C+Eur.+J.+Med.+Chem.%2C+2004%2C+39%2C+1089%E2%80%931095.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523404001850
https://doi.org/10.1002/ardp.200200719
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Arch.+Pharmacol.,+2004,+337,+303%E2%80%93310
https://onlinelibrary.wiley.com/doi/abs/10.1002/ardp.200200719
https://doi.org/10.1016/j.jphotochem.2020.113041
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&as_ylo=2018&as_yhi=2021&q=Catalyst-free%2C+visible+light+irradiation+promoted+synthesis+of+spiroacenaphthylenes+and+1H-pyrazolo+%5B1%2C+2-b%5D+phthalazine-5%2C+10-diones+in+aqueous+ethyl+lactate&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&as_ylo=2018&as_yhi=2021&q=Catalyst-free%2C+visible+light+irradiation+promoted+synthesis+of+spiroacenaphthylenes+and+1H-pyrazolo+%5B1%2C+2-b%5D+phthalazine-5%2C+10-diones+in+aqueous+ethyl+lactate&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1010603020308388#!
https://doi.org/10.1002/1521-3773(20000915)39:18%3C3168::AID-ANIE3168%3E3.0.CO;2-U
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+DomLing%2C+I.+Ugi%2C+Angew.+Chem.+Int.+Ed.%2C+2000%2C+39%2C+3168%E2%80%933220&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+DomLing%2C+I.+Ugi%2C+Angew.+Chem.+Int.+Ed.%2C+2000%2C+39%2C+3168%E2%80%933220&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3773(20000915)39:18%3C3168::AID-ANIE3168%3E3.0.CO;2-U


H. Mighani et al./ Adv. J. Chem. A, 2021, 4(4), 300-307 

 

307 
 

[9] O. Bande, H. Bel Abed, O. Mammoliti, G. 

Lommen, P. Herdewijn, Tetrahedron Lett., 

2013, 54, 7056–7058. [CrossRef], [Google 

Scholar], [Publisher] 

[10] O. Gharib, H. Nasr-Isfahani, M. Bakherad, H. 

Mighani, Iran. Chem. Commun., 2020, 8, 228–

239. [Google Scholar], [Publisher] 

[11] S. Ephraim, A. Woodward, E. Mesrobian, Am. 

Chem. Soc., 1958, 80, 1326–1332. [CrossRef], 

[Google Scholar], [Publisher] 

[12] J.H. Yang, B. Chun, Y. Chung, J.H. Cho, 

Polymer, 2003, 44, 3251–3258. [CrossRef], 

[Google Scholar], [Publisher] 

[13] W.M. Huang, B. Yang, Y.Q. Fu, Polyurethane 

Shape Memory Polymers, CRC press, 2012. 

[Google Scholar], [Publisher]  

[14] J.P. Pascault, H. Sautereau, J. Verdu, R.J. 

Williams, Thermosetting Polymers, CRC press, 

New York, 2002, pp. 1215–1242. [Google 

Scholar], [Publisher] 

[15] J. Munin, E. Quezada, A. Cuinas, M. Toimil, E. 

Uriarte, L. Santana, D. Vina, Eur. J. Med. Chem., 

2014, 82, 407–417. [CrossRef], [Google 

Scholar], [Publisher] 

[16] V. Gutmann, Electrochim. Acta., 1976, 21, 

661–670. [CrossRef], [Google Scholar], 

[Publisher] 

[17] R. Yang, W. Hu, L. Xu, Y. Song, J. Li, Polym. 

Degrad. Stab., 2015, 122, 102–109. [CrossRef], 

[Google Scholar], [Publisher] 

[18] N. Gama, B. Soares, C. Freire, R. Silva, C. 

Neto,A. Timmons, A. Ferreira, Mater. Des., 

2015, 76, 77–85. [CrossRef], [Google Scholar], 

[Publisher] 

[19] N. Sarier, E. Onder, Thermochim. Acta, 2008, 

475, 15–21. [CrossRef], [Google Scholar], 

[Publisher] 

[20] A. Pereira, L. Godinho, D. Mateus, J. Ramis, F. 

Branco, Appl. Acoust., 2014, 79, 92–103. 

[CrossRef], [Google Scholar], [Publisher] 

[21] Z. Li, M. Crocker, J. Sound Vib, 2005, 294, 

473–485. [CrossRef], [Google Scholar], 

[Publisher] 

[22] B. Barrioni, S. Carvalho, R. Orefice, A. 

Oliviera, M. Pereira, Mat. Sci. Eng. C, 2015, 52, 

22–30. [CrossRef], [Google Scholar], 

[Publisher] 

[23] B. Das, M. Mandal, B. Voit, N. Karak, 

Macromol. Biosci., 2013, 13, 126–139. 

[CrossRef], [Google Scholar], [Publisher] 

[24] K. Gisselfalt, B. Edberg, P. Flodin, 

Biomacromolecules, 2002, 3, 951–958. 

[CrossRef], [Google Scholar], [Publisher] 

[25] H. Yeganeh, P. Hojati, Polym. Degrad. Stab., 

2007, 92, 480–489. [CrossRef], [Google 

Scholar], [Publisher] 

[26] P. Singhal, W. Small, E. Hernandez, D. 

Maitland, T. Wilson, Acta Biomat., 2014, 10, 

67–76. [CrossRef], [Google Scholar], 

[Publisher] 

[27] R. Tasaganva, R. Doddamani, S. Inamdar, 

Optik., 2015, 126, 4991–5000. [CrossRef], 

[Google Scholar], [Publisher] 

 

 HOW TO CITE THIS ARTICLE 

Hossein Mighani*, Seied Morteza Sajadinia, Hossein Nasr-Isfahani, Mohammad Bakherad. Synthesis of New 
Polyurethanes Based on 2,3-Dihidro-1,4-Phthalazinedione. Adv. J. Chem. A, 2021, 4(4), 300-307. 

DOI: 10.22034/AJCA.2021.286663.1262 
URL: http://www.ajchem-a.com/article_134379.html  
 
 

 

https://doi.org/10.1016/j.tetlet.2013.10.075
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=O.+Bande%2C+H.+Bel+Abed%2C+O.+Mammoliti%2C+G.+Lommen%2C+P.+Herdewijn%2C+Tetrahedron.+Let.%2C+2013%2C+54%2C+7056%E2%80%937058&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=O.+Bande%2C+H.+Bel+Abed%2C+O.+Mammoliti%2C+G.+Lommen%2C+P.+Herdewijn%2C+Tetrahedron.+Let.%2C+2013%2C+54%2C+7056%E2%80%937058&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403913018236
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+new+polyurethanes+based+on+5%2C+6%2C+7%2C+8%E2%80%93tetrabromo%E2%80%932%2C+3%E2%80%93dihydro%E2%80%931%2C+4%E2%80%93phthalazine+dione&btnG=
http://icc.journals.pnu.ac.ir/article_6911_0.html
https://doi.org/10.1021/ja01539a012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kinetic+Studies+of+the+Reaction+of+Phenyl+Isocyanate+with+Alcohols+in+Various+Solvents&btnG=
https://pubs.acs.org/doi/pdf/10.1021/ja01539a012
https://doi.org/10.1016/S0032-3861(03)00260-X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.H.+Yang%2C+B.+Chun%2C+Y.+Chung%2C+J.H.+Cho%2C+Polymer.%2C+2003%2C+44%2C+3251%E2%80%933258&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S003238610300260X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5BBOOK%5D+Polyurethane+shape+memory+polymers+WM+Huang%2C+B+Yang%2C+YQ+Fu+-+2012+-+api.taylorfrancis.com&btnG=
https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&identifierValue=10.1201/b11209&type=googlepdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=PASCAULT%2C+J.P.%2C+SAUTEREAU%2C+H.%2C+VERDU%2C+J.%2C+et+al%2C+ThermosettingPolymers%2C+Marcel+Dekker%3A+New+York%2C+2002.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=PASCAULT%2C+J.P.%2C+SAUTEREAU%2C+H.%2C+VERDU%2C+J.%2C+et+al%2C+ThermosettingPolymers%2C+Marcel+Dekker%3A+New+York%2C+2002.&btnG=
https://www.taylorfrancis.com/books/mono/10.1201/9780203908402/thermosetting-polymers-jean-pierre-pascault-henry-sautereau-jacques-verdu-roberto-williams
https://doi.org/10.1016/j.ejmech.2014.05.052
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Munin%2C+E.+Quezada%2C+A.+Cuinas%2C+M.+Toimil%2C+E.+Uriarte%2C+L.+Santana%2C+D.+Vina%2C+Eur.+J.+Med.+Chem.%2C+2014%2C+82%2C+407%E2%80%93417&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Munin%2C+E.+Quezada%2C+A.+Cuinas%2C+M.+Toimil%2C+E.+Uriarte%2C+L.+Santana%2C+D.+Vina%2C+Eur.+J.+Med.+Chem.%2C+2014%2C+82%2C+407%E2%80%93417&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523414004760
https://doi.org/10.1016/0013-4686(76)85034-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Empirical+parameters+for+donor+and+acceptor+properties+of+solvents&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0013468676850347
https://doi.org/10.1016/j.polymdegradstab.2015.10.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.+Yang%2C+W.+Hu%2C+L.+Xu%2C+Y.+Song%2C+J.+Li%2C+Polymer+Degradation+and+Stability+%2C+2015%2C+122%2C+102%E2%80%93122&btnG=
https://www.sciencedirect.com/science/article/pii/S0141391015301063
https://doi.org/10.1016/j.matdes.2015.03.032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=N.+Gama%2C+B.+Soares%2C+C.+Freire%2C+R.+Silva%2C+C.+Neto%2CA.+Timmons%2C+A.+Ferreira%2C+Materials+and+Design.%2C+2015%2C+76%2C+77%E2%80%9385&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0261306915001211
https://doi.org/10.1016/j.tca.2008.06.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thermal+insulation+capability+of+PEG-containing+polyurethane+foams%2C+N.+Sarier%2C+E.+Onder%2C+Thermochim.+Acta%2C+2008%2C+475%2C+15%E2%80%9321&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040603108001950
https://doi.org/10.1016/j.apacoust.2013.12.014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+Pereira%2C+L.+Godinho%2C+D.+Mateus%2C+J.+Ramis%2C+F.+Branco%2C+Appl.+Acoust.%2C+2014%2C+79%2C+92%E2%80%93103&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003682X13002958
https://doi.org/10.1016/j.jsv.2005.11.024
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhuang+Li%2C+Malcolm+J.+Crocker%2C+%22Effects+of+thickness+and+delamination+on+the+damping+in+honeycomb-foam+sandwich+beams%22%2C+Journal+of+Sound+and+Vibration+Vol.294+%282006%29+473-485+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022460X05007327
https://doi.org/10.1016/j.msec.2015.03.027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+characterization+of+biodegradable+polyurethane+films+based+on+HDI+with+hydrolyzable+crosslinked+bonds+and+a+homogeneous+structure+for+biomedical&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S092849311500209X
https://doi.org/10.1002/mabi.201200244
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Macromol.+Biosci.%2C+2013%2C+13%2C+126%E2%80%93139&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/mabi.201200244
https://doi.org/10.1021/bm025535u
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.+Gisselfalt%2C+B.+Edberg%2C+P.+Flodin%2C+Biomacromolecules.%2C+2002%2C+3%2C+951%E2%80%93958&btnG=
https://pubs.acs.org/doi/abs/10.1021/bm025535u
https://doi.org/10.1016/j.polymdegradstab.2006.10.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Yeganeh%2C+P.+Hojati%2C+Polym.+Degrad.+Stab.%2C+2007%2C+92%2C+480%E2%80%93489&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Yeganeh%2C+P.+Hojati%2C+Polym.+Degrad.+Stab.%2C+2007%2C+92%2C+480%E2%80%93489&btnG=
https://www.sciencedirect.com/science/article/pii/S0141391006003028
https://doi.org/10.1016/j.actbio.2013.09.027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=P.+Singhal%2C+W.+Small%2C+E.+Hernandez%2C+D.+Maitland%2C+T.+Wilson%2C++2014%2C+10%2C+67%E2%80%9375&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S174270611300487X
https://doi.org/10.1016/j.ijleo.2015.09.132
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.+Tasaganva%2C+R.+Doddamani%2C+S.+Inamdar%2C+Optik.%2C+2015%2C+126%2C+4991-5000&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0030402615012012
http://www.ajchem-a.com/article_134379.html

