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Abstract A systematic study of the reaction of 1,4-dihydrazinophthalazine (DHPH) with
1,3-dicarbonyls [viz., acetylacetone (acac), dibenzoylmethane (bzbz), and 1-benzoylacetone
(bzac) ] varying the reaction conditions was carried out to obtain the phthalazine derivatives
(1-4). One-pot reaction of DHPH with acac led to the formation of two compounds 1 and 2,
with various factors such as the presence of the acid or base, amount of the acac, time of
reflux, and the temperature. The reaction conditions of DHPH with bzbz or bzac are sort
of different to isolate the products 3 and 4, respectively. The derivatives (1-4) have been char-
acterized by elemental analyses, 'H NMR, and electrospray ionization-mass spectrometry
(ESIMS) and the cytotoxic activity of the compounds 1-4 was evaluated on HeLa cell line.

[Supplementary materials are available for this article. Go to the publisher’s online edi-
tion of Synthetic Communications™ for the following free supplemental resource(s): Full
experimental and spectral details. |
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INTRODUCTION

The synthesis of new compounds and testing their biological and pharmaco-
logical activities are the major goals of drug development projects. Nitrogen-
containing heterocyclic compounds have received much attention as shown by the
numerous studies published on their applicability in different areas, especially as
drugs.""?! Phthalazines are examples of nitrogen heterocycles that possess exciting
biological properties such as antimicrobial,’®! anticonvulsant,™ antifungal,”™ cyto-
toxic,® antitumor,’1% antihypertensive,[”"]z] antidiabetic,!'*'¥ anticancer,!'” and
anti-inflammatory activities."® Therefore, a number of methods have been reported
for the synthesis of phthalazine derivatives including the reaction of phthalhydra-
zide, aromatic aldehydes, and malononitrile,"”'®! the reaction of phthalhydrazide
and dialkyl acetylenedicarboxylates in the presence of N-heterocycles,'” and
palladium-catalyzed 1,3-dipolar cycloaddition with phthalhydrazide.*” However,
most of the reported synthetic procedures are tricky and only a sort class of phtha-
lazine derivatives were synthesized. So, the development of new, easy, synthetic
methods for the preparation of heterocycles containing phthalazine ring fragments
is still challenging. Earlier reports®®! has shown the synthesis of pyrazoles derived
from dihydralazine but the yield was too poor, as the reaction mechanism was not
established and application of the products was unexplored.

To achieve the good yield of the target phthalazine derivative, here, a simple
procedure for the synthesis of some phthalazine derivatives (1-4) from the reaction
of hydrazine with 1,3-dicarbonyl has been explored by monitoring the chemical envir-
onments. From the systematic study of reaction, a mechanistic pathway has been pro-
posed and established by the theoretical (DFT) calculations. The products have been
characterized using physicochemical and spectroscopic tools. Evaluation of the cyto-
toxicity compounds (1-4) on human cancer cell (HeLa) line was carried out, from
which it was observed that compound 3 could be a potent anticancer agent.

RESULTS AND DISCUSSION

To achieve the suitable condition we initiated the reaction of 1,4-dihydrazino
phthalazines (DHPH) with MeCOCH,COMe (acac) at different conditions, varying
the presence of the acid or base, amount of the acac, time of reflux, and the
temperature. Reaction of 1 equivalent 1,4-dihydrazinophthalazine (DHPH) and
2 equivalents of acac in AcOH at 90°C for 2.0h resulted in 1,4-bis-(3,5-
dimethyl-pyrazol-1-yl)-pthalazine (1) (95% total yields with 98% selectivity). The
reaction exhibited the transformation from hydrazino to pyrazolyl derivatives under
acidic conditions at a comparatively low temperature (shown in Scheme 1). Similar
reaction under basic conditions at a higher temperature gave 6-(3,5-dimethyl-pyra-
zol-1-yl)-3-methyl-[1,2,4]triazolo[3,4-a] phthalazines (2) almost quantitatively
instead of 1. Reactions of DHPH and excess amount of acac in Et3N (2 equivalents)
at 130°C for 3.0h resulted in 2 (92% total yields with 98% selectivity). The ratio
between phthalazines 1 and 2 is dependent upon the pH of medium, amount of acac,
time of reflux, and temperature on the basis of the analyses of the results (Table 1).
So at low pH values, the carbonyl oxygen atom of the imine intermediate gets pro-
tonated and endures nucleophilic attack by adjacent hydrazine-N atom and gives the
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Scheme 1. Synthetic scheme of compounds 1 and 2.

pyrazole ring as product (Scheme 2). Therefore, by the reaction of 1 mol of DHPH
and 2mol of acac in the presence AcOH gives maximum yield of compound 1 with
the elimination of four water molecules following pathway 1. On the other hand, at
high pH values electrons on the N-atom of the phthalazine ring are available and the
adjacent double bond is active for nucleophilic attack giving triazole ring as product
(Scheme 3). Consequently by the reaction of DHPH and acac at 1:2 ratio in the pres-
ence of Et;N gives a maximum amount of compound 2 with elimination of three
water molecules and one acetone molecules following pathway 2. Moreover, com-
pound 2 is highly thermodynamically stable than 1 (Fig. 1). This is theoretically also
proved (Table S1). Reaction path (path 1) is exothermic (ca. —12.79 kcal/mol) for
compound 2 while endothermic for compound 1 (ca. +2.16 kcal/mol, path 1). This
reaction occurs via the imine intermediate (a), which becomes more stable when it is
H-bonded (b) with two water molecules coming from solvent molecule (Fig. S1). To

Table 1. Dependence of the ratio between products 1 and 2 upon the medium, amount of acac, time of
reflux, and temperature

Product
ratio

Entry Amount of acac Time (h) Temperature (°C) Medium acidic/basic Total yield (%) 1 2

1 2 equiv. 2 90 — 80 94 06
2 Excess 2 90 — 85 92 08
3 Excess 3 110 — 87 31 69
4 Excess 3 130 — 87 20 80
5 2-equiv. 2 90 AcOH 95 98 02
6 Excess 3 90 AcOH 95 9% 04
7 Excess 3 130 AcOH 96 80 20
8 Excess 3 130 K,CO; 80 50 50
9 Excess 3 130 CsHsN 90 06 94
10 2-equiv 2 130 Et;N 85 <10 >90
11 Excess 3 130 Et;N 92 <02 >98
12 Excess 3 130 NaH 92 <02 >98
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Figure 1. Energy level diagram of reactant, imine intermediate, and products. (Figure is provided in color
online.)

clarify the configurations and energy level of compound 1 and 2, DFT calculations
(Figs. S2 and S3) were carried out in GO9W program using B3LYP/6-31G(d) calcu-
lation®®? and correlation function! as implemented in the Gaussian program pack-
age Gaussian 09. Thermal contribution to the energetic properties was considered at
298.15K and one atmosphere pressure. The energy of highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of compound
1 and 2 are —0.2211¢V, —0.0645¢eV and —0.2318 ¢V, —0.0698 ¢V respectively.

To gain more evidence, the reactions between DHPH with PhCOCH,COPh
(bzbz) and with PhCOCH,COMe (bzac) were done. The reaction of DHPH and
bzbz gave 1,4-bis(3,5-diphenylpyrazolyl)phthalazine 3 in 70% yields (Scheme 4) only
at in acidic condition at 130 °C. Logically it had to proceed through an imine inter-
mediate I-1 prior to the cyclization to form 3. A similar reaction between DHPH and
bzac under acidic conditions at 130°C produced completely different results
(Scheme 5), the almost quantitatively collected product being 3-methyl-6-
(5-methyl-3-phenyl-pyrazol-1-yl)-[1,2,4]triazolo[3,4-a]phthalazine (4) in which a tria-
zole ring with Me-substituent is fused onto the phthalazines skeleton and only one
3-Me, 5-Ph pyrazole ring is realized. Given the nature of mixed substituents in bzac,
the observed selectivity is tremendously high because neither the 5-Me, 3-Ph pyrazole
analog 1,4-bis-(5-methyl-3-phenyl-pyrazol-1-yl)-phthalazine (4') nor the analog hav-
ing triazole ring with Ph-substituent 4” could be found from the product analysis. It
was noted also that the triazole ring fusion is single, not double. The selectivity for
the formation of 3-Me, 5-Ph pyrazole could be attributed to the high carbonyl
character of the -MeCO group than that of -PhCO group and as a result the imine
intermediate I-1 is preferred over intermediate I-2 (Fig. S4). From the theoretical
calculation it is also reflected that the formation of I-1 (ca. —15.61 kcal/mol) is
energetically more favorable than that of I-2 (ca. —15.59 kcal/mol) (Fig. S5). The
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selectivity of Me attachment over Ph attachment to the triazole ring could be
rationalized by the stability of the correspondent leaving groups, namely,
-CH,COPh vs. -CH,COMe. The -CH,COPh, being more stable carbanion than
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Scheme 5. Pathway for the synthesis of compound 4.



Downloaded by [University of Southern Queensland] at 00:20 16 October 2014

CYTOTOXICITY OF PHTHALAZINE DERIVATIVES 853

Absorbance
=]
()

0.2 41

0.1 A

0

0 200 400 600
Concentration of the Drug (pg/ml)

Figure 2. Effect of 3 on HelLa cells by MTT assay. The increasing concentration of the compound
shows the increase number of cellular death as evident from the absorbance of developed formazon at
590 nm.

the carbanion -CH,COMe, is preferred to leaving group one under acidic conditions.
Eventwise, the formation of triazole-pyrazole ring fusion is judged to be more stabi-
lized than that of pyrazole-pyrazole ring fusion proved theoretically. The first
N-atom that is part of the triazole ring becomes formally positively charged due
to an extensive delocalization in the systems, which effectively modifies the polarity
of the second N-atom of phthalazines and therefore the second N-atom is much less
nucleophilic toward the imine intermediate. As a consequence, the reaction pathway
leading to the formation of second triazole ring is not operative, whereas the path-
way leading to the formation of pyrazole ring is virtually unaffected.

A cytotoxic compound is generally a good therapeutic agent because it rap-
idly destroys cancer cells. Cytotoxicity of the compounds was tested on human cer-
vical cancer (HeLa) cell line using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay (experimental details in Supporting Infor-
mation). Here, after incubation of the corresponding compounds (1-4) and removal
of the cultured media, the absorbance of the developed purple color in dimethyl-
sulfoxide (DMSO) having formazon was recorded at 590nm to measure the cell
viability (i.e., number of sustained living cancer cell). From this study, it was found
that compound 3 was found to be a good cytotoxic agent against HeLa cell as the
measured absorbance was reduced significantly with increase of concentration of
compound 3 (Fig. 2), whereas no observable cytotoxic effect was shown by the
compounds 1, 2, and 4 because the absorbance remained constant with concen-
tration of the organic moieties (1, 2, and 4) (Fig. 3). From literature it was seen that
most of the phthalazine derivatives show 30% cell viability during the MTT assay
experiment. A few number of potential phthalazine derivatives show 60% cell
viability, but compound 3 shows 75% cell viability.** This observed cytotoxicity
of 1,4-bis-(3,5-diphenyl-pyrazol-1-yl)-phthalazines is due to the high lipophilicity
of 3, which facilitate the increased uptake across the lipid cell membrane to destroy
the carcinogenic cells to be eligible as a potent anticancer candidate by apoptosis
assay. It is similar to the previous reports of apoptosis in breast cancer cells by
different pthalazine class compounds.!*”
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Figure 3. No observable cytotoxic effect of the drugs 1, 2, and 4 as measured by MTT assay. With the
increasing concentration of the drug there was no change in the absorbance of the developed formazon
as read spectrophotometrically at 590 nm.

EXPERIMENTAL

All the reagents were obtained from commercial sources and used without
further purification. The '"H NMR spectra were obtained on a Bruker AC500 spec-
trometer with chemical shifts reported in & values relative to the residual solvent res-
onance of CDCls. Electrospray ionization (ESI) mass spectra were recorded on a
Qtof Micro YA263 mass spectrometer and the mp were recorded by Fargo
melting-point apparatus MP-2D. 1,4-Dihydrazinophthalazine was synthesized
following the literature procedure.®!

Preparation of 1 and 2

A mixture of DHPH (0.01 mol) and acac (0.02 mol or more) was heated in the
presence of respective medium on oil bath and cooled. The residue was dissolved in
dichloromethane (DCM) and filtered through cellite. The solvent of the filtrate was
removed completely by rotary evaporation and a mixed solvent of ether—hexane (1:1)
was added into the round-bottom flask to get the solid compound by rubbing with a
spatula. Recrystallized product was obtained from ethyl acetate solution.

1,4-Bis-(3,5-dimethyl-pyrazol-1-yl)-pthalazine (1). C;3H;3Ng. Anal. found:
C, 67.92; H, 5.66; N, 26.41. Calc.: C, 67.37, H, 5.63, N, 26.38. Mp 223 +1°C;
ESI-MS: [M +H]", m/z, 319. 12 and [M + Na]", m/z, 341.09; '"H NMR (8, ppm
in CDCl3): 8.39 (m, 2H), 7.96 (m, 2H), 6.16 (s, 2H), 2.45 (s, 6H), 2.38 (s, 6H) (Figs.
S6 and S7). Yield: 90%.

6-(3,5-Dimethyl-pyrazol-1-yl)-3-methyl-[1,2,4]triazolo[3,4-a] phthalazines
(2). C;sH4N¢. Anal. found: C, 64.74; H, 5.63; N, 30. 21. Calc.: C, 63.96, H, 5.03,
N, 29.95. Mp 217+1°C; ESI-MS: [M+H]*, m/z, 279.10 and [M + Na]*, m/z,
301.07; "H NMR (3, ppm in CDCl5): 8.71 (d, 1H), 8.05 (d, 1H), 7.97 (q, 1H), 7.76
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(q, 1H), 6.16 (s, 1H), 2.80 (s, 3H), 2.39 (s, 3H), 2.37 (s, 3H) (Figs. S8 and S9).
Yield: 90%.

Preparation of 3 and 4

A mixture of DHPH (0.01 mol) and bzbz or bzac (0.02mol) in EtOH was
refluxed for 3h. The ethanol was then evaporated off by rotary evaporator, and
DCM was added followed by filtration through cellite. The DCM was removed com-
pletely using rotary evaporator and then ether was added to get the solid product.
Recrystallized product was obtained from DCM-hexane mixture.

1,4-Bis(3,5-diphenylpyrazolyl)phthalazine (3). C3;3H»4Ny. Anal. found: C,
80.56; H, 4.59; N, 14.84. Calc.: C, 79.98; H, 4.48; N, 14.16. Mp 231 +1°C; ESI-MS:
[M +H]", m/z, 567.12 and [M +Na]", m/z, 589.08; '"H NMR (8, ppm in CDCl,):
8.40 (m, 2H); 8.03 (m, 2H), 7.94 (m, 4H), 7.48 (t, 6H), 7.40 (t, 3H), 7.27 (m, 10H)
(Figs. S10 and S11). Yield: 90%.

3-Methyl-6-(5-methyl-3-phenyl-pyrazol-1-yl)-[1,2,4]triazolo[3,
4-alphthalazine (4). C,0H;4Ng. Anal. found: C, 70.58; H, 4.70; N, 24.86. Calc.: C,
69.68; H, 4.60; N, 24.70. Mp 181 £1°C; ESI-MS: [M +H]", m/z, 341. 09 and
[M +Nal]*, m/z, 363.09; '"H NMR (8, ppm in CDCls): 8.29 (d, 1H), 7.59 (d, 1H),
7.57 (t, 1H), 7.35 (t, 1H), 7.28 (m, 5H), 5.29 (s, 1H), 2.43 (s, 3H), 2.22 (s, 3H); (Figs.
S12 and S13). Yield: 90%.

CONCLUSION

Reactions of DHPH with 1,3-dicarbonyls in different conditions have been car-
ried out to obtain the tagtted pyrazole and triazole pyrazole and triazole derivatives
of hydrazine, quantitatively. All the products have been well characterized. Plausible
mechanisms supported by theoretical calculations (by DFT, density functional
theory) for the reaction of facile synthesis of products have been proposed. The
synthesized compounds (1-4) were screened against HeLa (cervical) cell to check
their anticancer activity, and among them the compound 3 was found to be active
against human cervical cancer cell HeLa. It has an ample scope for further study
in developing this compound as an anticancer agent.

SUPPLEMENTAL MATERIALS

Go to the publisher’s online edition of Synthetic Communications™ to view the
free supplemental file.
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