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Abstract: Synthesis of a series of 3,6-disubstituted-bis4tt@azolo-[4,3b][3',4'-f]pyridazines
(4) was accomplished by the oxidative intramolecuwgelization of 6-arylidenehydrazino-3-
aryl-1,2,4-triazolo[4,3]pyridazine @) using iodobenzene diacetate (IBR¥ a green oxidann
dichloromethane at room temperature. The compoGrated4 were characterized by IR, NMR
(*H and®C), mass spectral data and elemental analysesy Xmstal analysis of sterically
strained 3,6-di-(2'-fluorophenyl)-bis-1,2,4-triaagk,3-b][3',4'-f]pyridazine 4f and 3,6-di-(4'-
fluorophenyl)-bis-1,2,4-triazolo-[4,B}{3',4'-flpyridazine 49 indicated thatpyridazine ring has
twisted conformation leading to nonplanar tricycbore. Both compounds crystallized in
orthorhombicP2,2,2; space group, containing one single molecule pemasstric unit. The
studies reveal that the compoudidis associated with weakentrosymmetrid=- - - F interactions
(distance of 2.882(3) A)yith cis geometrybetween adjacent molecules which are responsible
for the formation of chains along axis. Additionally, compoundst were screened for their
cytotoxic activity against the human cervical caocha (HelLa) cell line using MTT assay,
however, with not much significant activity.

Keywords: 6-Hydrazino-1,2,4-triazolo[4,B}pyridazine 6-Arylidenehydrazino-3-aryl-1,2,4-
triazolo[4,3b]pyridazine Bis-1,2,4-triazolo-[4,3][3',4'-f]pyridazines lodobenzene diacetate
X-ray crystallography.

1. Introduction

1,2-Diazine, commonly referred as pyridazine, isef@aromatic compound containing
two nitrogen atoms with free electron pairs thatnpethe pyridazine ring to act like as an
effective and stable complexing agent for transitimetal ions and to be used for the
development of new-conjugated organic compounds [1]. The chemistry,8f4-triazoles fused
with pyridazine ring has received considerablenditb@ owing to their versatile pharmacological

properties such as anticonvulsant [2], antitubercyB], antitublin [4], antiproliferative [5],



antimicrobial [6, 7], anxiolytic [8], and cognitioenhancing activity [9]. These compounds also
act as c-Met kinase inhibitors [10], tankyrase litiors [11], pan-phosphodiesterase (PDE)
inhibitors [12, 13] besides being highly selectigatagonists of canbinoid receptors [14].
Meticulously, 3,6-diaryl-[1,2,4]triazolo[4,3)pyridazine () (Figure 1)exhibited significant
antiproliferative effects (I = 0.008-0.014uM) against SGC-7901, A549 and HT-1080 cell
lines and cell cycle studies revealed that compduadested cell cycle progression at G2/M
phase in A549 cells [4).S)-6-(1-(6-(1-Methyl-H-pyrazol-4-yl)-[1,2,4]triazolo[4,3]pyridazin-
3-yl)ethyl)quinoline (I ) was reported as selective c-Met inhibitor whichibited tumor growth

in GTL-16 xenograft tumor model besides being p&&Ramily inhibitor [10]. Very recently
our group reported anticancer potential of [1,2id3blo[4,3b]pyridazines against three human
cancer cell lines namely SB-ALL, NALM-6 and MCFAmong them 6-chloro-3-{@-indole-3'-
yl)-[1,2,4]triazolo[4,3b]pyridazine (Il ) displayed potent cytotoxic activity with 4g values
ranging from 1.14 to 3.5pM and induced apoptosis of NALM-6 cell&a caspase 3/7 activation
[15]. Additionally, pyridazine derivatives play an imptva role in chemistry because of their

unique property of forming and strengthening ofraaplecular assembly [16-19].
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Figure 1. Representative [1,2,4]triazolo[4Jpyridazine derivatives with anticancer activity.



The DNA photocleavage and antifungal activitiesao$eries of 1-aryl-4-methyl-1,2,4-
triazolo[4,3b]quinoxalines [20, 21] has been reported by ourugr@nd the study further
extended to synthesis of 3,10-disubtituted-bis4tt@lazolo[4,3a][3',4'-c]-quinoxalines [22].
Inspiredby biological importance of 1,2,4-triazoles fuseith pyridazine ring it was envisioned
to extend our work to the synthesis of bis-1,2idztlopyridazines. The most widely used
method for the synthesis of bis-1,2,4-triazolopgrithes involves the cyclization of 6-
arylidenehydrazino-3-aryl-1,2,4-triazolo[4Bpyridazine into bis-1,2,4-triazolo-[4,83',4'-
flpyridazine upon treatment with BACOH or lead tetracetate [23], or MBr/oxoné [24],
thereby constructing the second triazole ring. Wasersimultaneous formation of bis-triazole has
been reported by oxidative cyclization of 3,6-lasy(idenehydrazino)pyridazines using
Bro/AcOH or lead tetraacetate [23] and by the reaatioB,6-dichloropyridazine with two moles
of acid hydrazides [25]. However, these methodfesdifom one or more disadvantages such as
harsh reaction conditions, use of toxic and expenseagents, higher reaction temperature,
tedious workup reaction condition and longer reactiime. Recently, iodobenzene diacetate
(IBD) emerged as a powerful oxidizing reagent farious synthetic transformations replacing
toxic metal based oxidants, such as TI(lll), Pb(Af)d Hg(ll), because of its similarity in
oxidation reactions, comparative less toxic natteady availability, ease of handling and easy
reaction workup condition.

Keeping in view the significance of 1,2,4-triazojopdazines and in continuation of our
ongoing research work on hypervalent iodine reagéntorganic transformations [26-30], we
herein report the facile synthesis of a series,bfddsubstituted-bis-1,2,4-triazolo-[4{8F3',4'-
flpyridazines from hydrazone precursors using iodabee diacetate, structural studies by X-ray

crystallographyandin vitro cytotoxicity study



2. Experimental
2.1. Materials and methods

Melting points were determined in digital meltingimpt apparatus MEPA and are
uncorrected. IR spectra were recorded on a Buan8fic IR M-500 spectrophotometer in KBr
pellets ¢max in cm?). *H (400 MHz) and*C NMR (100 MHz) spectra for analytical purpose
were recorded on a Bruker Avance Il 400 NMR spectter using DMSQk or CDCE as a
solvent; chemical shifts are expressed ianits (parts per million) downfield from TMS as an
internal reference. The coupling constadjsafe given in Hz. Mass spectra were measured in El
mode on a Kratos MS-50 spectrometer at MS FaaligieSophisticated Analytical Instrument
Facility (SAIF), Panjab University, Chandigarh, imdElemental analyses were also performed
at SAIF, Panjab University, Chandigarh, India.
2.2. Synthesis of 6-hydrazino-3-aryl/heteroaryl4;Riazolo[4,3-b]pyridazine Za-I)

6-Chloro-3-aryl/heteroaryl-1,2,4-triazolo[4t8pyridazine () (2.0 mmol) was dissolved
in 10 mL of ethanol and then hydrazine hydrate @.2.0 mmol) was added. The resulting
mixture was refluxed for 3 hours. After coolingrmom temperature, a solid residue separated
out which was filtered off, washed with water amgdd to afford hydrazine derivatiz
2.2.1. 6-Hydrazino-3-phenyl-1,2,4-triazolo[4,3-bijmazine @a)
Yield 70%; m.p. 245 °C; IR (KBr, c): 3233 ( br NH str.)1602 (C=N str))*H NMR (400
MHz, DMSO-dg) §: 4.32 (bs, 2H, -Nb), 6.85-6.88 (d, 1H]=9.88 Hz, pyridazine-5H), 7.46-7.48
(m, 1H, Ph-4"-H), 7.51-7.55 (m, 2H, Ph-3', 5-H)B77.90 (d, 1H,J= 9.84 Hz, pyridazine-4H),
8.48 (s, 1H, -NH), 8.52-8.54 (m, 2H, Ph-2', 6'-£fC NMR (100 MHz, DMSOds) &: 114.96,
123.51, 126.86, 126.95, 128.30, 129.08, 143.11,0B48.56.35. Anal. Calcd. for1@10Ns: C,

58.40; H, 4.46; N, 37.15. Found: C, 58.12; H, 4N437.39.



2.2.2. 6-Hydrazino-3-(2'-chlorophenyl)-1,2,4-tridal@, 3-b]pyridazine 2b)

Yield 69%; m.p. >315 °C; IR (KBr, ci): 3448 (br NH str.), 1610 (C=N st;.)H NMR (400
MHz, DMSO-dg) §: 4.10 (bs, 2H, -Nb), 6.90-6.92 (d, 1H]=9.88 Hz, pyridazine-5H), 7.48-7.52
(dt, 1H,3,=7.44 Hz,J,+=1.4 Hz, Ph-4'-H), 7.54-7.59 (dt, 18,=7.42 Hz,J,+=1.8 Hz, Ph-5'-H),
7.62-7.65 (dd, 1HJ,=8.02 Hz,J,~=1.24 Hz, Ph-3-H), 7.71-7.73 (dd, 1B,=7.54 Hz,J+~1.76
Hz, Ph-6"-H ), 7.93-7.95 (d, 1H=9.84 Hz, pyridazine-4H), 8.42 (s, 1H, -NHJC NMR (100
MHz, DMSO-ds) &: 115.52, 123.41, 126.24, 126.89, 129.73, 131.3@,.46, 133.63, 143.16,
145.58, 156.45. MSn/z261.05 [M+1], 263.04 [M+1+2] (3:1). Anal. Calcd. for GH.CINg: C,
50.68; H, 3.48; N, 32.24. Found: C, 50.54; H, 318332.06.

2.2.3. 6-Hydrazino-3-(4'-chlorophenyl)-1,2,4-tridajd, 3-b] pyridazine 2c)

Yield 70%; m.p. 231 °C; IR (KBr, ci): 3336 (br NH str.), 1612 (C=N str.)'H NMR (400
MHz, DMSO-dg) &: 4.32 (bs, 2H, -Nb), 6.85-6.88 (d, 1HJ=9.88 Hz, pyridazine-5H), 7.53-7.56
(dd, 2H,3,=7.0 Hz,Jx=1.72 Hz, Ph-3', 5"-H), 7.89-7.91 (d, 18£9.84 Hz, pyridazine-4H), 8.53
(s, 1H, -NH), 8.56-8.58 (m, 2H, Ph-2', 6'-HJC NMR (100 MHz, DMSO#dg) &: 115.16, 123.63,
125.71, 128.42, 128.59, 133.96, 143.98, 145.05,486nal. Calcd. for GHyCINg: C, 50.68;
H, 3.48; N, 32.24 Found: C, 50.23; H, 3.10, N, 82.0

2.2.4. 6-Hydrazino-3-(3'-bromophenyl)-1,2,4-triagdl, 3-b] pyridazine 2d)

Yield 68%; m.p. 263 °C; IR (KBr, c): 3244 (br NH str.), 1605 (C=N str.)'H NMR (400
MHz, DMSO-dg) §: 4.35 (bs, 2H, -Nb), 6.88-6.90 (d, 1H]=9.88 Hz, pyridazine-5H), 7.47-7.51
(t, 1H, J=7.96 Hz, Ph-5'-H), 7.63-7.65 (m, 18,=8.02 Hz,J,=1.0 Hz, Ph-6"-H), 7.92-7.95 (d,
1H, J=9.88 Hz, pyridazine-4H), 8.57 (s, 1H, -NH), 8.58B (m, 1H,J,=8.0 Hz,J,=1.28 Hz,
Ph-4'-H), 8.66-8.67 (m, 1H,=1.72 Hz, Ph-2"-H)**C NMR (100 MHz, DMSOds) 5: 115.34,

121.83, 123.78, 125.64, 128.91, 129.03, 130.93,063244.17, 144.50, 156.60. M&/z305.03



[M+1]*, 307.03 [M+1+2] (1:1). Anal. Calcd. for GHoBrNs: C, 43.30; H, 2.97; N, 27.54.
Found: C, 43.75; H, 3.12, N, 27.28.

2.2.5. 6-Hydrazino-3-(4'-bromophenyl)-1,2,4-triagdl, 3-b] pyridazine 2e)

Yield 71%; m.p. 224.5 °C; IR (KBr, c¢fx 3248(br NH str.), 1636 (C=N str.))H NMR (400
MHz, DMSO-dg) §: 4.25 (bs, 2H, -Nb), 6.86-6.88 (d, 1H]}=9.84 Hz, pyridazine-5H), 7.66-7.68
(d, 2H, J=8.56 Hz, Ph-3', 5'-H), 7.85-7.88 (d, 18£9.8 Hz, pyridazine-4H), 8.48-8.50 (d, 2H,
J=8.6 Hz, Ph-2', 6'-H), 8.51 (s, 1H, -NHC NMR (100 MHz, DMSOde) 5: 115.16, 122.65,
123.59, 126.06, 128.62, 131.48, 144.00, 145.13,4856MS: m/z 305.01 [M+1], 307.02
[M+1+2]" (1:1). Anal. Calcd. For GH9BrNe: C, 43.30; H, 2.97; N, 27.54. Found: C, 43.15; H,
2.45, N, 27.24.

2.2.6. 6-Hydrazino-3-(2'-fluorophenyl)-1,2,4-tridaf@,3-b]pyridazine 2f)

Yield 66%; m.p. 252.5 °C; IR (KBr, chx 3564 (br NH str.), 1601 (C=N str.))H NMR (400
MHz, DMSO-dg) §: 4.34 (bs, 2H, -Nb), 6.83-6.86 (d, 1HJ=9.84 Hz, pyridazine-5H), 7.23-7.25
(m, 1H, Ph-5-H), 7.65-7.67 (m, 1H, Ph-3-H), 7881 (d, 1H,J=9.84 Hz, pyridazine-4H),
8.29-8.30 (m, 1H, Ph-4'-H), 8.51 (s, 1H, -NH), 86, 1H, Ph-6-H);**C NMR (100 MHz,
DMSO-ts) 6: 114.98, 115.47, 123.41, 125.21, 127.05, 127.68Q,01, 143.15, 144.29, 156.54,
159.11. Anal. Calcd. for GHoFNs: C, 54.10; H, 3.71; N, 34.41. Found: C, 54.24;3:80, N,
34.56.

2.2.7. 6-Hydrazino-3-(4'-fluorophenyl)-1,2,4-tridapt,3-b]pyridazine 2g)

Yield 69%; m.p. 258.5 °C; IR (KBr, ¢fx 3672 (br NH str.), 1607 (C=N st:.))H NMR (400
MHz, DMSO-dg) §: 4.32 (bs, 2H, -Nb), 6.84-6.86 (d, 1H]}=9.84 Hz, pyridazine-5H), 7.29-7.33
(t, 2H, J,=8.84 Hz, Ph-3', 5'-H), 7.89-7.92 (d, 1149.88 Hz, pyridazine-4H), 8.51 (s, 1H, -NH),

8.58-8.61 (dd, 2HJ,=8.8 Hz,Jm nr=5.6 Hz, Ph-2', 6'-H)**C NMR (100 MHz, DMSOd) :



115.04, 115.38-115.59 (8)c..=21 Hz, Ph-3', 5'-C), 123.48, 123.64, 129.10-129d18Jc.=8.0
Hz, Ph-2', 6-C), 143.81, 145.21, 156.44, 161.28:14 (d,"Jc.-=246 Hz, Ph-4'-C). Anal. Calcd.
for C11HoFNe: C, 54.10; H, 3.71; N, 34.41. Found: C, 54.423H4, N, 34.10.

2.2.8. 6-Hydrazino-3-(4'-methoxyphenyl)-1,2,4-tolaf4,3-b]pyridazine 2h)

Yield 68%; m.p. 258.5 °C; IR (KBr, ¢fx 3317 (br NH str.), 1609 (C=N str.))H NMR (400
MHz, DMSO-ds) &: 3.85 (s, 3H, -OCH), 4.29 (bs, 2H, -Nb), 6.81-6.83 (d, 1H,J=9.88 Hz,
pyridazine-5H), 7.06-7.08 (d, 2H]=8.96 Hz, Ph-3', 5-H), 7.86-7.88 (d, 1KH=9.84 Hz,
pyridazine-4H), 8.44 (s, 1H, -NH), 8.47-8.49 (d,,248.92 Hz, Ph-2', 6'-H)**C NMR (100
MHz, DMSOd) 6: 55.11, 113.86, 114.67, 119.47, 123.65, 128.48.414 148.89, 156.32,
159.41. Anal. Calcd. for §H12NeO: C, 56.24; H, 4.72; N, 32.79. Found: C, 56.584H0, N,
32.25.

2.2.9. 6-Hydrazino-3-(2',5'-dimethoxyphenyl)-1,&jdzolo[4,3-b]pyridazine 2i)

Yield 67%; m.p. 125 °C; IR (KBr, c): 3317 (br NH str.), 1612 (C=N str.)'H NMR (400
MHz, DMSO-<s) &: 3.71 (s, 3H, Ph-5-OC§} 3.77 (s, 3H, Ph-2"-OCHj 4.16 (bs, 2H, -Nb),
6.86-6.89 (d, 1HJ= 9.84 Hz, pyridazine-5H), 7.05-7.12 (m, 3H, Ph4&3!,6'-H), 7.87-7.90 (d,
1H, J= 9.88 Hz, pyridazine-4H), 8.34 (s, 1H, -NHJC NMR (100 MHz, DMSOds) &: 55.51,
56.22, 113.28, 115.13, 116.45, 116.59, 116.65,410343.08, 145.64, 152.07, 152.77, 156.22.
Anal. Calcd. for GsH14NgO,: C, 54.54; H, 4.93; N, 29.35. Found: C, 54.1642, N, 29.79.
2.2.10. 6-Hydrazino-3-(3',4'-dimethoxyphenyl)-1;Ridzolo[4,3-b]pyridazine 2j)

Yield 69%: m.p. 192 °C; IR (KBr, cii): 3217br NH str.), 1624 (C=N st.fH NMR (400 MHz,
DMSO-de) &: 3.87 (s, 3H, Ph-3-OC#)| 3.91 (s, 3H, Ph-4-OCJ{{ 4.17 (bs, 2H, -Nb), 6.81-
6.84 (d, 1H,J=9.8 Hz, pyridazine-5H), 7.06-7.08 (d, 15=8.36 Hz, Ph-5'-H), 7.86-7.88 (d, 1H,

J=9.92 Hz, pyridazine-4H), 8.13-8.16 (dd, 1}z8.48 Hz,J,=1.88 Hz, Ph-6'-H), 8.18 (d, 1H,



Jn=1.88 Hz, Ph-2-H), 8.48 (s, 1H, -NH}*C NMR (100 MHz, DMSQOds) &: 55.36, 55.48,
109.93, 111.40, 114.64, 119.51, 119.77, 123.65,6P4345.82, 148.36, 149.57, 156.30. Anal.
Calcd. for GsH14NeO2: C, 54.54; H, 4.93; N, 29.35. Found: C, 54.255H4, N, 29.67.
2.2.11. 6-Hydrazino-3-(thiophen-2'-yl)-1,2,4-tridajd, 3-b]pyridazine 2k)
Yield 67%; m.p. 248.5 °C; IR (KBr, ¢fx 3402 (br NH str.), 1630 (C=N str.)'H NMR (400
MHz, DMSO-d) 3: 4.38 (bs, 2H, -Nb), 6.83-6.86 (d, 1HJ=9.88 Hz, pyridazine-5H), 7.24-7.26
(dd, 1H,Js 5=5.0 Hz,Jz, »=3.72 Hz, thiophene-4"-H), 7.69-7.71 (dd, 1l,5=5.0 Hz,Js 5
=1.0 Hz, thiophene-5'-H), 7.92-7.94 (d, 1149.88 Hz, pyridazine-4H), 8.30-8.32 (m, 1H, 4
=3.64 Hz,Jz 5=1.0 Hz, thiophene-3-H), 8.58 (s, 1H, -NK}C NMR (100 MHz, DMSOdg) §:
115.00, 123.48, 127.12, 127.50, 127.62, 127.69,184343.32, 156.58. M3n/z233.09 [MT].
Anal. Calcd. for GHgNeS: C, 46.54; H, 3.47; N, 36.18. Found: C, 46.253186, N, 36.52.
2.2.12. 6-Hydrazino-3-(furan-2'-yl)-1,2,4-triazofB-b]pyridazine 2I)
Yield 65%; m.p. 226 °C; IR (KBr, c): 3232 (br NH str.), 1615 (C=N str.)'H NMR (400
MHz, DMSO-) o: 3.33 (bs, 2H, -NHK), 6.70-6.71 (dd, 1HJs, »=3.38 Hz,J; 5=1.8 Hz, furan-
4'-H), 6.87-6.89 (d, 1HJ=9.88 Hz, pyridazine-5H), 7.65-7.66 (d, 1H, »=3.32 Hz, furan-3'-
H), 7.84-7.85 (d, 1HJ3 5=1.08 Hz, furan-5'-H), 7.90-7.93 (d, 1Bk9.88 Hz, pyridazine-4H),
8.67 (s, 1H, -NH)*C NMR (100 MHz, DMSOdg) §: 105.01, 107.15, 116.23, 125.70, 142.30,
143.21, 154.12, 163.14. Anal. Calcd. faHgNsO: C, 50.00; H, 3.73; N, 38.87. Found: C, 49.85;
H, 3.80, N, 38.60.
2.3. Synthesis of 6-arylidenehydrazino-3-aryl-1-{2id@zolo[4,3-b]pyridazine 8a-l)
6-Hydrazino-3-aryl/heteroaryl-1,2,4-triazolo[4)®yridazine Ra-l) (3.0 mmol) was
dissolved in 15 mL of ethanol and the solution Wweated for 10 min. After complete dissolution

of 2a-1 in ethanol, corresponding aldehyde (0.31 g, 3.0 lhmas added. The reaction mixture



was then refluxed for 30 min. The reaction was rovad by TLC. On completion of the
reaction, the crude product was filtered, washeth wbld ethanol, and recrystallized using
ethanol to affor@a-I.

2.3.1. 6-Benzylidenehydrazino-3-phenyl-1,2,4-traiZh3-b]pyridazine 8a)

Yield 75%; m.p. 266.5 °C; Lit m.p. [23}°C NMR (100 MHz, DMSOds) &: 113.13, 124.84,
126.23, 126.64, 126.92, 128.19, 128.37, 128.96,202934.43, 142.24, 146.20, 153.3Mal.
Calcd. For GgH14Ne: C, 68.78; H, 4.49; N, 26.93. Found: C, 68.233199; N, 26.75.

2.3.2.  6-(2'-Chlorobenzylidenehydrazino)-3-(2'-ebjzthenyl)-1,2,4-triazolo[4,3-b]pyridazine
(3b)

Yield 70%; m.p. 293.5 °C; IR (KBr, ¢fx: 3152 (NH str.)1602 (C=N str;)*H NMR (400 MHz,
DMSO-dg) &: 7.37-7.39 (M, 2H, Ph-H), 7.46-7.48 (m, 1H, Ph-H54-7.58 (m, 1H, Ph-H), 7.62-
7.66 (m, 1H, Ph-H), 7.70-7.74 (m, 3H, Ph-H), 8.0863(d, 1H,J=9.36 Hz, pyridazine-5H),
8.30-8.32 (d, 1H,J=10 Hz, pyridazine-4H), 8.44 (s, 1H, -CH), 11.99 18I, -NH); *C NMR
(100 MHz, DMSOsde) o: 113.44, 125.09, 126.17, 126.31, 126.90, 126.29.5b5, 130.09,
131.61, 131.81, 132.44, 132.54, 134.06, 138.14,3643145.71, 153.87MS: m/z 383.01
[M+1]", 385.02 [M+1+2], 387.01 [M+1+4] (9:6:1). Anal. Calcd. for GH1,ClLNg: C, 56.41; H,
3.16; N, 21.93. Found: C, 56.14; H, 3.20, N, 21.67.

2.3.3.  6-(4'-Chlorobenzylidenehydrazino)-3-(4'-ebjzthenyl)-1,2,4-triazolo[4,3-b]pyridazine
(3¢)

Yield 72%; m.p. 187 °C; IR (KBr, cih): 3355 (NH str.);1606 (C=N str:)*H NMR (400 MHz,
DMSO-dg) &: 7.53-7.55 (d, 2HJ=8.64 Hz, Ph-H), 7.63-7.65 (d, 2B8.56 Hz, Ph-H), 7.74-7.76
(d, 1H,J=8.4 Hz, pyridazine-5H), 7.88-7.90 (d, 28£8.64 Hz, Ph-H), 8.19-8.21 (d, 189.8

Hz, pyridazine-4H), 8.52-8.54 (d, 288.44 Hz, Ph-H), 8.69 (s, 1H, -CH), 11.03 (s, 1NH);



13C NMR (100 MHz, DMSOdg) &: 113.55, 124.76, 127.87, 128.23, 128.59, 128.29,84,
132.47, 134.22, 136.08, 139.92, 143.24, 145.11.486@nal. Calcd. for gH;1,CloNg: C, 56.41;
H, 3.16; N, 21.93. Found: C, 56.64; H, 3.45, N4B1.

2.3.4. 6-(3'-Bromobenzylidenehydrazino)-3-(3'-brpmenyl)-1,2,4-triazolo[4,3-b]pyridazine
(3d)

Yield 73%; m.p. 305 °C; IR (KBr, ch): 3155 (NH str.);1608 (C=N str:)*H NMR (400 MHz,
DMSO-dg) &: 7.35-7.38 (t, 1H,J=7.84 Hz, Ph-H), 7.51-7.55 (m, 4H, Ph-H), 7.67-7(69 1H,
J=7.96 Hz, pyridazine-5H), 7.73-7.75 (d, 18£7.76 Hz, Ph-H), 7.95-7.97 (m, 1H, Ph-H), 8.13
(s, 1H, -CH), 8.14-8.17 (d, 1H79.9 Hz, pyridazine-4H), 8.48-8.50 (m, 1H, Ph-HB8(s, 1H,
-NH). MS: m/z470.96 [M+1], 472.94 [M+1+2], 474.95 [M+1+4] (1:2:1); Anal. Calcd. for
CigH12BroNg: C, 45.79; H, 2.56; N, 17.80. Found: C, 45.332F21, N, 17.31.

2.3.5. 6-(4'-Bromobenzylidenehydrazino)-3-(4'-brpmenyl)-1,2,4-triazolo[4,3-b]pyridazine
(3¢)

Yield 76%; m.p. 211 °C; IR (KBr, c: 3124 (NH str.)1611 (C=N str;))*H NMR (400 MHz,
DMSO-de) &: 7.59-7.61 (d, 2HJ=8.32 Hz, Ph-H), 7.66-7.69 (m, 4H, Ph-H), 7.75-7(@7 1H,
J=8.4 Hz, pyridazine-5H), 7.80-7.82 (d, 2B8.32 Hz, Ph-H), 8.45-8.47 (d, 1H=8.36 Hz,
pyridazine-4H), 8.66 (s, 1H, -CH), 11.77 (s, IHHINC NMR (100 MHz, DMSQdg) &:
113.11, 124.71, 125.39, 125.93, 128.23, 128.46,063131.56, 131.63, 131.84, 133.80, 144.38,
145.44, 153.16. Anal. Calcd. fongE;12BroNg: C, 45.79; H, 2.56; N, 17.80. Found: C, 45.91; H,
2.80, N, 17.60.

2.3.6. 6-(2'-Fluorobenzylidenehydrazino)-3-(2'-flaphenyl)-1,2,4-triazolo[4,3-b]pyridazine

(3f)



Yield 72%; m.p. 235 °C; IR (KBr, c: 3132 (NH str.)1615 (C=N str))*H NMR (400 MHz,
DMSO-dg) &: 7.01-7.02 (m, 3H, Ph-H), 7.30-7.62 (m, 5H, Ph-Bl)2-8.04 (d, 1HJ=9.6 Hz,
pyridazine-5H), 8.28-8.30 (d, 1H=9.2 Hz, pyridazine-4H), 8.37 (s, 1H, -CH) 11.61 1Hl, -
NH); ¢ NMR (100 MHz, DMSOdg) 6: 113.15, 115.22, 115.35, 115.43, 115.56, 124.97,
128.17, 128.26, 128.96, 129.04, 131.12, 141.16,984344.04, 145.21, 161.39. Anal. Calcd. for
CigHi2RNg: C, 61.71; H, 3.45; N, 23.99. Found: C, 61.363H9, N, 23.56.

2.3.7. 6-(4'-Fluorobenzylidenehydrazino)-3-(4'-flaphenyl)-1,2,4-triazolo[4,3-b]pyridazine
(39)

Yield 76%; m.p. 249 °C: IR (KBr, cih): 3132 (NH str.)1620 (C=N str;)*H NMR (400 MHz,
DMSO-tg) 8: 7.19-7.24 (t, 2HJ=8.76 Hz, Ph-H), 7.35-7.39 (t, 25+8.84 Hz, Ph-H), 7.59-7.61
(d, 1H,J=9.68 Hz, pyridazine-5H), 7.75-7.79 (dd, 218+8.6 Hz,Jm)ne=5.6 Hz, Ph-H), 8.14 (s,
1H, -CH), 8.16-8.19 (d, 1HI=10 Hz, pyridazine-4H), 8.53-8.56 (dd, 28=8.8 Hz,Jm)Hr=5.6
Hz, Ph-H), 11.62 (s, 1H, -NH}*C NMR (100 MHz, DMSOdg) &: 113.29, 115.39-115.61 (d,
2Jc./=22 Hz, Ph-3', 5'-C), 115.49-115.71 {dc.=22 Hz, Ph-3', 5'-C), 123.28, 125.17, 128.32-
128.41 (d,*Jc=8.0 Hz, Ph-2', 6-C), 128.98-129.06 {:.=9.0 Hz, Ph-2', 6'-C), 131.13,
141.23, 144.04, 145.21, 153.40, 161.11, 162.92].Awcd. for GgH12FoNe: C, 61.71; H, 3.45;
N, 23.99. Found: C, 61.63; H, 3.71, N, 23.62.

2.3.8. 6-(4'-Methoxybenzylidenehydrazino)-3-(4'hoeyphenyl)-1,2,4-triazolo[4,3-b]pyridazine
(3h)

Yield 73%; m.p. 278 °C; IR (KBr, ch): 3155 (NH str.);1614 (C=N str:)*H NMR (400 MHz,
CDCly) &: 3.86 (s, 3H, -OCH), 3.89 (s, 3H, -OCH), 6.94-6.96 (d, 2HJ,=8.8 Hz, Ph-H), 7.04-
7.06 (dd, 2H,J,=8.88 Hz,J,=1.92 Hz, Ph-H), 7.61-7.64 (d, 28,=8.8 Hz, Ph-H), 7.63-7.65 (d,

1H, J=9.96 Hz, pyridazine-5H), 7.82 (s, 1H, -CH), 8.00(d, 1H,J=9.96 Hz, pyridazine-4H),



8.38-8.39 (M, 2H, Ph-H), 8.40 (s, 1H, -NHJC NMR (100 MHz, DMSOQd) &: 54.98, 55.01,
112.89, 113.62, 113.90, 119.23, 124.73, 127.14,4B27128.41, 142.13, 160.12, 160.16. Anal.
Calcd. for GoH1gN6O2: C, 64.16; H, 4.85; N, 22.45. Found: C, 64.324195, N, 22.80.

2.3.9. 6-(2',5'-Dimethoxybenzylidenehydrazino)-B(@limethoxyphenyl)-1,2,4-triazolo[4,3-
b]pyridazine Bi)

Yield 74%; m.p. 250.5 °C; IR (KBr, ¢h): 3240 (NH str.)1606 (C=N str;)*H NMR (400 MHz,
DMSO-dg) &: 3.71-3.79 (m, 12H, -OC#, 6.90-7.04 (m, 4H, Ph-H), 7.33-7.34 (d, 1142.84
Hz, Ph-H), 7.48-7.49 (d, 1H=2.84 Hz, Ph-H), 7.56-7.58 (d, 1H=9.88 Hz, pyridazine-5H),
7.99-8.01 (d, 1H,J=9.96 Hz, pyridazine-4H), 8.29 (s, 1H, -CH), 11(421H, -NH);**C NMR
(100 MHz, DMSO€e) &: 55.29, 55.46, 56.03, 56.20, 112.66, 113.01, 213116.08, 116.53,
116.69, 119.04, 122.22, 124.69, 137.40, 143.25,604951.50, 152.15, 152.87, 153.06, 153.22,
156.40. MS:m/z 435.19 [M+1]. Anal. Calcd. for @Hx»NgO4: C, 60.82; H, 5.10; N, 19.34.
Found: C, 60.51; H, 4.98, N, 19.22.

2.3.10. 6-(3',4'-Dimethoxybenzylidenehydrazinop3#(-dimethoxyphenyl)-1,2,4-triazolo[4,3-
b]pyridazine 8j)

Yield 72%; m.p. 247 °C; IR (KBr, cf): 3233 (NH str.);1621 (C=N str;)*'H NMR (400 MHz,
CDCl;) 8: 3.93 (s, 3H, -OC#), 3.95 (s, 3H, -OC}H}, 3.98 (s, 3H, -OCH}, 3.99 (s, 3H, -OCH,
6.88-6.90 (d, 1H,J=8.32 Hz, Ph-H), 6.97-6.99 (d, 1H=8.48 Hz, Ph-H), 7.10-7.13 (dd, 1H,
Jo=8.3 Hz,J,=1.8 Hz, Ph-H), 7.34-7.35 (d, 18,=1.76 Hz, Ph-H), 7.61-7.64 (d, 1859.96 Hz,
pyridazine-5H), 7.84 (s, 1H, -CH), 7.96-7.97 (d,, I=1.8 Hz, Ph-H), 8.05-8.07 (d, 18:9.96
Hz, pyridazine-4H), 8.09-8.12 (dd, 18,=8.42 Hz,J,=1.96 Hz, Ph-H); 8.55 (s, 1H, -NH}’C

NMR (100 MHz, DMSOek) &: 55.39, 55.46, 55.48, 55.71, 107.63, 110.51, 11,0140.74,



113.07, 119.34, 120.07, 120.76, 124.50, 127.34,.8B4346.22, 148.37, 148.83, 149.78, 149.95.
Anal. Calcd. for GoH2oNgO4: C, 60.82; H, 5.10; N, 19.34. Found: C, 60.25516, N, 19.56.
2.3.11. 3-(Thiophen-2'-yl)-6-(2-(thiophen-2'-yimgditiene)hydrazino)-1,2,4-triazolo[4,3-
b]pyridazine Bk)

Yield 72%; m.p. 90 °C; IR (KBr, ci): 3122 (NH str.),1603 (C=N str:)'H NMR (400 MHz,
DMSO-dg) &: 7.08-7.10 (t, 1HJs 5=4.8 Hz,Js »=3.8 Hz, thiophene-4'-H), 7.26-7.28 (m, 1H,
Jy, 5=4.8 Hz,J3 4=3.8 Hz, thiophene-4'-H), 7.33-7.34 (d, 1}, »=3.2 Hz, thiophene-3'-H),
7.43-7.46 (d, 1HJ=9.8 Hz, pyridazine-5H), 7.50-7.51 (d, 1B} s =4.9 Hz, thiophene-5'-H),
7.68-7.69 (d, 1HJs 5=4.64 Hz, thiophene-5'-H), 8.14-8.15 (d, 14,6.04 Hz, pyridazine-4H),
8.28-8.29 (d, 1HJs, 4+ =3.12 Hz, thiophene-3-H), 8.36 (s, 1H, -CH), 11(851H, -NH);**C
NMR (100 MHz, DMSOek) 5: 113.07, 125.12, 126.89, 127.52, 127.69, 128.9%,87, 139.46,
143.54. Anal. Calcd. for 4H10NeS,: C, 51.52; H, 3.09; N, 25.75. Found: C, 51.363t86, N,
23.54.

2.3.12. 3-(Furan-2'-yl)-6-(2-(furan-2'-ylmethylideynydrazino)-1,2,4-triazolo[4,3-b]pyridazine
30

Yield 70%; m.p. 94 °C; IR (KBr, ci): 3122 (NH str.),1618 (C=N str:))*H NMR (400 MHz,
DMSO-tg) 6: 6.59 (m, 1H, furan-4'-H), 6.77 (m, 1H, furan-4;16.82-6.83 (d, 1HJs 4, =3.08
Hz, furan-3'-H), 7.49-7.51 (m, 2H, pyridazine-5rdn-H), 7.75 (s, 1H, furan-H), 7.91 (s, 1H, -
CH), 8.05 (s, 1H, furan-H), 8.18-8.21 (d, 13410 Hz, pyridazine-4H), 11.60 (s, 1H, -NHJC
NMR (100 MHz, DMSOsdg) 6: 111.43, 111.72, 112.14, 113.37, 125.31, 132.98,28, 140.94,
143.40, 144.47, 144.58, 149.53, 153.56. Mz295.10 [M+1]. Anal. Calcd. for GH;10NgOx:

C, 57.14; H,3.43; N, 28.56. Found: C, 57.31 H, 3N,128.30.

2.4. Synthesis of 3,6-disubstituted-bis-1,2,4-tia#4,3-b][3',4'-f]pyridazine @a-l)



To a solution of 6-benzylidenehydrazino-3-pheny:4triazolo[4,3b]pyridazine @a)
(0.62 g, 2.0 mmol) in dichloromethane (20 mL), ibdozene diacetate (0.70 g, 2.2 mmol) was
added in small portion and the reaction mixture at@sed at room temperature for 1-2 hour or
until the completion of reaction as monitored yC. Solid separated out was filtered, washed
and recrystallized with ethanol to affote.
2.4.1. 3,6-Diphenyl-bis-1,2,4-triazolo-[4,3-b][3";fpyridazine @a)
Yield 82%; m.p. 274 °C; IR (KBr, ci): transparent in the region of —NH stt§38 (C=N str.)
'H NMR (400 MHz, CDC}) &: 7.06-7.17 (m, 3H, 2xPh-3', 4', 5'-H), 7.29-7.82, @H, 2xPh-2',
6'-H), 7.71 (s, 1H, 2xpyridazine-H}°C NMR (100 MHz, CDG)) &: 118.10, 126.30, 128.55,
128.76, 130.73, 146.70, 148.25. Anal. Calcd. fggHeNe: C, 69.22; H, 3.87; N, 26.91. Found:
C, 69.49; H, 3.42, N, 26.63.
2.4.2. 3,6-Di-(2'-chlorophenyl)-bis-1,2,4-triazdlé;3-b][3',4'-f]pyridazine @b)
Yield 78%; m.p. 201.5 °C; IR (KBr, ch): transparent in the region of —NH sir§02 (C=N str;)
'H NMR (400 MHz, CDC}) &: 6.93-6.95 (d, 1HJ=8.0 Hz, 2xPh-H), 7.09-7.13 (dt, 1B57.94
Hz, J=1.4 Hz, 2xPh-H), 7.17-7.21 (dt, 1H=7.56 Hz,J=0.84 Hz, 2xPh-H), 7.74 (s, 1H,
2xpyridazine-H), 7.79-7.81 (dd, 1H577.62 Hz,J=1.48 Hz, 2xPh-2-H)**C NMR (100 MHz,
CDCl) 6: 118.16, 126.07, 127.17, 129.32, 132.17, 132.94,4P, 145.55, 146.27. M3n/z
381.01 [M+1], 383.02 [M+1+2], 385.06 [M+1+4], (9:6:1). Anal. Calcd. for GH:1:Cl,Ng: C,
56.71; H, 2.64; N, 22.05. Found: C, 56.92; H, 2/8122.39.
2.4.3. 3,6-Di-(4'-chlorophenyl)-bis-1,2,4-triazdlé;3-b][3',4'-f]pyridazine @c)
Yield 74%; m.p. 244.5 °C; IR (KBr, ch): transparent in the region of —~NH sfr§23 (C=N str.)
'H NMR (400 MHz, DMSO#g) &: 7.12-7.14 (d, 2HJ=8.4 Hz, 2xPh-H), 7.39-7.41 (d, 2B£8.4

Hz, 2xPh-H), 8.06 (s, 1H, 2xpyridazine-HjC NMR (100 MHz, DMSOde) §: 118.13, 125.57,



128.26, 130.77, 135.35, 146.11, 146.98. Anal. Cdiad CigH10CloNg: C, 56.71; H, 2.64; N,
22.05. Found: C, 56.39; H, 2.30, N, 22.20.

2.4.4. 3,6-Di-(3'-bromophenyl)-bis-1,2,4-triazolé;B-b][3",4’-f]pyridazine {@d)

Yield 72%; m.p. 190 °C; IR (KBr, ci): transparent in the region of —NH stt§13 (C=N str.)
'H NMR (400 MHz, CDC}) &: 7.08-7.12 (t, 1HJ=7.84 Hz, 2xPh-H), 7.34-7.36 (dd, 1848.12
Hz, J=0.96 Hz, 2xPh-H), 7.38 (m, 1H, 2xPh-H), 7.41-7#3 1H, 2xPh-H), 7.75 (s, 1H,
2xpyridazine-H); °*C NMR (100 MHz, CDG)) &: 118.34, 123.08, 127.12, 127.92, 130.37,
131.39, 132.92, 146.51, 146.74. Anal. Calcd. fegHzoBr-Ne: C, 45.99; H, 2.14, N, 17.88.
Found: C, 45.72; H, 2.01, N, 17.46.

2.4.5. 3,6-Di-(4'-bromophenyl)-bis-1,2,4-triazolé;B-b][3',4'-f]pyridazine 4e)

Yield 74%; m.p. 197 °C; IR (KBr, ci): transparent in the region of —-NH stt629 (C=N str.)
'H NMR (400 MHz, CDC}) &: 7.15-7.17 (d, 2HJ=8.52 Hz, 2xPh-H), 7.29-7.31 (d, 2B£8.52
Hz, 2xPh-H), 7.72 (s, 1H, 2xpyridazine-HjC NMR (100 MHz, DMSOdg) 5: 117.98, 124.41,
125.73, 130.71, 131.18, 146.21, 146.84. M8z 468.92 [M+1], 470.93 [M+1+2], 473.93
[M+1+4]", (1:2:1). Anal. Calcd. for GH10BrNe: C, 45.99; H, 2.14, N, 17.88. Found: C, 45.609;
H, 2.33, N, 17.59.

2.4.6. 3,6-Di-(2'-fluorophenyl)-bis-1,2,4-triazo]d;3-b][3',4'-f]pyridazine @f)

Yield 70%; m.p. 257.5 °C; IR (KBr, ch): transparent in the region of —~NH sfr§31 (C=N str.)
'H NMR (400 MHz, DMSOs) &: 6.82-7.62 (m, 4H, 2xPh-H), 7.98 (s, 1H, 2xpyridazH);
3C NMR (100 MHz, DMSOdg) &: 115.62-115.82 (cfJc.+=20 Hz), 118.20-118.29 (d=9 Hz),
124.54-126.62 (d)J=8 Hz), 130.73, 131.79, 133.62-133.70 €8 Hz), 141.97, 142.35, 146.54,
157.48-159.96 (d,;Jc~=248 Hz). Anal. Calcd. for GHioFNg: C, 62.07; H, 2.89, N, 24.13.

Found: C, 62.36; H, 2.99, N, 24.33.



2.4.7. 3,6-Di-(4'-fluorophenyl)-bis-1,2,4-triazold;3-b][3',4'-f|pyridazine @Q)

Yield 72%; m.p. 292.5 °C; IR (KBr, ch): transparent in the region of —~NH sfr§10 (C=N str.)
'H NMR (400 MHz, DMSOds) &: 6.87-6.92 (t, 2H,J,=8.8 Hz, 2xPh-3', 5-H), 7.45-7.48 (dd,
2H, J,=8.76 Hz,Jm nr=5.32 Hz, 2xPh-2', 6-H), 8.17 (s, 1H, 2xpyridazitie **C NMR (100
MHz, DMSO-dg) &: 115.15-115.37 (dJc.=22 Hz, Ph-3', 5'-C), 118.04, 123.31-123.34JB),
131.47-131.56 (¥Jc.=9 Hz, Ph-2', 6'-C), 146.23, 146.89, 161.49-163d8Jc.=247 Hz, Ph-
4'-C). Anal. Calcd. for gHioFNg: C, 62.07; H, 2.89, N, 24.13. Found: C, 62.50;2:61, N,
24.01.

2.4.8. 3,6-Di-(4'-methoxyphenyl)-bis-1,2,4-triazpdo3-b][3',4'-f]pyridazine @h)

Yield 75%; m.p. 225 °C; IR (KBr, ci): transparent in the region of —-NH stt§12 (C=N str.)
'H NMR (300 MHz, CDC)) &: 3.76 (s, 3H, 2xPh-4-OG){ 6.57-6.59 (m, 2H, 2xPh-3', 5'-H),
7.04-7.07 (m, 2H, 2xPh-2', 6'-H), 7.64 (s, 1H, 2riggzine-H);**C NMR (100 MHz, DMSO#d)

5: 54.89, 113.53, 117.60, 118.89, 130.42, 146.52,213} 160.15. Anal. Calcd. for,@H16NeO.:

C, 64.51; H, 4.33, N, 22.57. Found: C, 64.24; 254N, 22.22.

2.4.9. 3,6-Di-(2',5'-dimethoxyphenyl)-bis-1,2,4a#0l0-[4,3-b][3',4'-f]pyridazine 4i)

Yield 73%; m.p. >315 °C; IR (KBr, cfi): transparent in the region of —NH sfr§17 (C=N str;)
'H NMR (300 MHz, CDC}) &: 3.44 (s, 3H, 2xPh-5'-OGH{ 3.70 (s, 3H, 2xPh-2'-OG} 6.33-
6.36 (d, 1H,J,=9.3 Hz, 2xPh-3H), 6.66-6.70 (dd, 1HJ,=9.3 Hz,J,=3Hz, 2xPh-4'-H), 7.13-
7.14 (d, 1HJ=3Hz, 2xPh-6'-H), 7.62 (s, 1H, 2xpyridazine-H}*C NMR (100 MHz, CDG))

d: 55.25, 56.02, 111.20, 115.05, 116.41, 117.87,6R18146.31, 146.62, 151.26, 153.43. MS:
m/z433.16 [M+1]. Anal. Calcd. for GH,0NeO4: C, 61.10; H, 4.66, N, 19.43. Found: C, 61.38;
H, 4.39, N, 19.68.

2.4.10. 3,6-Di-(3',4'-dimethoxyphenyl)-bis-1,2,&tolo-[4,3-b][3',4'-f]pyridazine §j)



Yield 73%; m.p. 226 °C; IR (KBr, cY): transparent in the region of —~NH stt§06 (C=N str.)
'H NMR (400 MHz, CDC}) &: 3.78 (s, 3H, 2xPh-4'-OG}{ 3.83 (s, 3H, 2xPh-3-OG} 6.51-
6.53 (d, 1H,J,=8.32 Hz, 2xPh-5"-H), 6.74-6.75 (d, 1B,=1.8 Hz, 2xPh-2'-H), 6.98-7.01 (dd,
1H, J,=8.28 Hz,J,=1.88 Hz, 2xPh-6'-H), 7.67 (s, 1H, 2xpyridazine-tfz NMR (100 MHz,
CDCl) ¢: 55.87, 55.92, 110.87, 111.16, 117.95, 118.67,3%1146.59, 148.14, 148.33, 150.71.
Anal. Calcd. for GoH20NegO4: C, 61.10; H, 4.66, N, 19.43. Found: C, 61.154190, N, 19.23.
2.4.11. 3,6-Di-(thiophen-2'-yl)-bis-1,2,4-triazolé;3-b][3',4'-f]pyridazine @k)
Yield 72%; m.p. 231 °C; IR (KBr, ci): transparent in the region of —NH stt§11 (C=N str;)
'H NMR (400 MHz, DMSO#dg) 5: 6.72-6.74 (t, 1Hs 5=4.8 Hz,J3, =4.0 Hz, 2xthiophene-4'-
H), 7.16-7.18 (d, 1HJs 4 =3.6 Hz, 2xthiophene-3-H), 7.53-7.54 (d, 18}, s =5.2 Hz,
2xthiophene-5'-H), 7.86 (s, 1H, 2xpyridazine-f/¢ NMR (100 MHz, DMSOdg) &: 118.11,
126.48, 127.76, 129.26, 131.10, 142.64, 146.831.Abalcd. for G4HgNeS,: C, 51.84; H, 2.49;
N, 25.91. Found: C, 51.52; H, 2.88, N, 25.61.
2.4.12. 3,6-Di-(furan-2'-yl)-bis-1,2,4-triazolo-[&b][3',4'-f]pyridazine @l)
Yield 70%; m.p. 225 °C; IR (KBr, ch): transparent in the region of —~NH sft§10 (C=N str;)
'H NMR (400 MHz, DMSO#g) &: 6.38 (m, 1H, 2xfuran-4'-H), 6.89-6.90 (d, 1H, »=3.08 Hz,
2xfuran-3'-H), 7.17 (m, 1H, 2xfuran-5'-H), 8.22 (&, 2xpyridazine-H). Anal. Calcd. for
C14HgN6O,: C, 57.54; H, 2.76; N, 28.76. Found: C, 57.232H0, N, 28.53.
2.5. X-ray crystallography

To study the effect of substituents on the plapaftthe molecule three candidates viz.
3,6-di-(2'-fluorophenyl)-bis-1,2,4-triazolo-[413{3',4'f]pyridazine 4f, 3,6-di-(4'-fluorophenyl)-
bis-1,2,4-triazolo-[4,3)[3',4'f]pyridazine 4g and 3,6-di-(2',5'-dimethoxyphenyl)-bis-1,2,4-

triazolo-[4,3b][3',4'f]pyridazine4i were selected for X-ray diffraction studies. Compasi4f



and 4g have fluorine as substituent at ortho and paratiposof aryl ring, respectively. In
compound4i two methoxy groups are present at ortho and mesatigos thereby further
increasing the steric crowding. Single crystals 46f 4g and 4i were obtained by slow
evaporation of a DCM-ethanol (7:3) solution conitagn2-3 drops of petroleum ether of the
initial solid product at ambient temperature ovepexiod of about 3 days. The molecular
structures of4f and 4g were determined by single crystal X-ray diffraotioHowever,
unfortunately the crystals of the compoutiddid not diffract X-rays and its structure could no
be obtained through X-ray.

Crystallographic data for compoundisand4g, can be obtained fro@Al de Difraccion
de Rayos-X, Universidad Complutense de Madrid (Mia@pain)
2.5.1. X-Ray data collection and structure refiname

Data collection fordf and 4g was carried out at room temperature on a BrukerrSma
CCD diffractometer using in all cases graphite-nadmomated Mo-k radiation § = 0.71073
A) operating at 50 kV and 35 mA, with exposure snaf 20 s in omegalhe details of the
fundamental crystal structure and data refinemanampeters of the compounds and 4g are
given in Table 1. The structures were solved bgalimethods and refined by full-matrix least-
squares procedures off Bsing the SHELXL-97 [31]All non-hydrogen atoms were refined
anisotropically. The hydrogen atoms were includedheir calculated positions and refined

riding on the respective carbon atoms.

Table 1

Crystal data and structure refinement details fongoundg and4g.
Crystal Data 4f 49
CCDC code 1850032 1850033
Empirical formula CigH10F2 N6 CigH10F2 N

Formula weight 348.32 348.32



Crystal system Orthorhombic Orthorhombic

Space group P2,212; P2,2:2,

alA 10.293(1) 6.620(2)

b/A 10.989(1) 14.886(3)

c/A 13.939(2) 15.601(4)

a(®) 90.0 90.0

L) 90.0 90.0

y(©) 90.0 90.0

VIA3 1578.6(3) 1537.3(6)

z 4 4

D. /g/cn? 1.467 1.505

u(Mo-Ka) /mmit 0.110 0.113

F (000) 712 712

@ range (°) 2.36t0 25.0 1.89 to 26.00

Index ranges -12,-13,-14 to -8,-18,-19 to
12,12, 16 7,18, 16

Reflections collected 12050 12688

Unique reflections 2769 3001

[R(int)] [R(int) = 0.0535] [R(int) = 0.0531]

Completeness to theta % 99.8% 99.3%

Data/restraints/parameters 2769 /0 / 235 30035/

Goodness-of-fit on ¥ 0.996 0.998

R1 (reflns obsd) [I>2(1)] # 0.0332 (1720) 0.0310 (2131)

WR2 (all data 0.0517 0.0657

& R1=X||Fo|-|Fell/ Z|Fo|
"WR2={ Z[W(Fo™-Fe2)%) Z[w(Fo)?}

CCDC 1850032 and 1850033 contain the supplememasstallographic data for the
compound4f and 4g, respectively. These data can be obtained freehafge from The

Cambridge Crystallographic Data Centre wiaw.ccdc.cam.ac.uk/data_request/cif

2.6. Cytotoxic activity

2.6.1. Cell Culture



Human cervical carcinoma (HelLa) cell lines weretuad in RPMI-1640 medium
supplemented with 10% fetal serum albumin (FBS)Y L@its/ml penicillin, and 100 mg/mli
streptomycin. The cell lines were maintained inranubator containing 5% of G@t 37 °C.

2.6.2. Cell Viability Assay

The cells were seeded at a density of 2 X mL in RPMI solution by transferring
200 pL into each well on a 96-well plate and indalddor 24 hr. Cells were treated with various
compounds at different concentration (50 uM and u®0 in DMSO) and incubated over a
period of 48 h at 37 °C. After this 20 of MTT reagent (5 mg/mL in phosphate-bufferedrsa)
was added to each well and incubated for 4 hr at@G7200uL DMSO (MTT solvent) was
added and absorbance was read using a plate resitlerthe optical density of the purple
formazan Asp being proportional to the number of viable cellie mean values and the
standard error of the mean (SEM) of all the expents for each compound were then used to
plot graphs using GraphPad Prism program and EXde. concentration required for 50%
inhibition of cell viability (1Go) was calculated using the GraphPad Prism.

3. Results and Discussion
3.1. Chemistry
Synthesis of 3,6-disubstituted-bis-1,2,4-triazalg8pb][3',4'-f]pyridazine derivatives4@-
[) is depicted in Scheme 1. Precursor 6-hydrazimoyBheteroaryl-1,2,4-triazolo[4,3-
blpyridazines 2a-l) were prepared from reaction of different substduté-chloro-1,2,4-
triazolo[4,3b]pyridazines {a-l) with hydrazine hydrate in refluxing ethanol. Thesyk
intermediate 6-arylidenehydrazino-3-aryl-1,2,4#d®[4,3b]pyridazines Ba-l) were obtained

by condensation of compounga-l with aldehydes in ethanol. Hydrazon8a-{) upon oxidative



cyclization with 1.1 equivalents of IBD in dichlor@thane at room temperature afforded the

corresponding bis-1,2,4-triazolo-[4t3(3',4'-f]pyridazines 4a-l).

KYN\ NH,NH,.H,0 KYN\N
N —_———
/ EtOH , Reflux N /N\/<

o SN H,NHN™ N
R R
1a-l 2a-l
RCHO
EtOH
=N
N =N
N PhI(OAc),/ DCM /[i\j/’ \
N/ N \< - N ,N\/<
‘N:‘{ R Stir, r.t. HNC N
R RHC=N R
4a-l 3a-l
' (1,2,3,4) a b c d e £l
. ! Br !
. R \Ti:j/ :
! cl cl Br F !
L (1,2,3,4) 9 h i j k T
5 5 OCH; 5
! ; OCH, ;
' / / '
E E F OCHg; OCHj E

e e e = - I .. R I-

Scheme 1. IBD-mediated synthesis of 3,6-disubstituted-bid4-triazolo-[4,3b][3",4'-

flpyridazines 4).
The structures and purity of all the compounds vestablished on the basis of a careful

comparison of their spectral data (i NMR, **C NMR) as well as high resolution mass
NMR spectra of compoundZa-| exhibited a broad singlet signal &t3.33-4.38 ppm for two
proton intensity corresponding to Midnd a sharp singlet signal &t 8.34-8.67 ppm for one

proton intensity corresponding to NH proton. In iéidd, *"H NMR spectra of compounda-|



displayed two doublets of one proton intensity &81-6.92 ppm and 7.85-7.95 ppm attributed
to pyridazine protons H-5 and H-4, respectivelyingthe coupling constadt ~ 9.8 Hz.

IR spectra of compounda-I showed characteristic absorption band in the regRil22-
3355 cnt for N-H stretching vibratiorand 1602-1621 cihfor C=N stretching vibration'H
NMR spectra of compound3a-| exhibited a sharp singlet &t 7.82-8.69 ppm for aldehydic
proton and a broad singlet &t8.40-11.99 ppm for NHMoreover, in compound8 a pair of
doublets of one proton intensity was obtainedda7.43-8.06 ppm and 7.99-8.47 ppm
corresponding to pyridazine protons H-4 and H-Speetively IR spectra ofia-l were found to
be transparent in the region of NH stretch and pémgs confirm the oxidation & to 4. An
important characteristic feature in thé NMR spectra ofta-l was disappearance of the signals
ato 7.82-8.69 ppm and 8.40-11.99 ppm for aldehydidgmrand for NH, respectively, which
were present in the spectra of the intermediatedzgmhes3a-|, thus suggesting the cyclization
of hydrazones into bis-triazoles4. Interestingly, in'H NMR spectra of compoundsa sharp
singlet signal was observeda?.62-8.22 ppm for pyridazine protons H-4 and HrEontrast to
two doublets of one proton intensity as obtaine@ end3. In conjunction with'H NMR, **C
NMR spectra alsexhibited symmetrical pattern df

The most striking feature of NMRH and*C) spectra of bis-triazolesindicated that the
molecule is totally symmetrical. It is evident peutarly from the spectra ofh, 4i and4j, all
having methoxy substituents that number of expegteaks in aliphatic region is just half.
Similarly pyridazine proton and aryl protons algagp@ar in half proportion. This observation
seems to be quite unusual as the two aryl grouppm@asent in a very narrow space and it is
expected that they will be distorted in space tooaunodate each other. Therefore, it was

planned to study the structure of bis-triazolesbnay diffraction studies.



3.2. Crystallographic studies

To rationalize the planarity of tricyclic systef) perspective MM2-minimum energy
conformational analysis @ff, 4g and4i was carried out using the softw&aemBioDrawUltra,
Cambridge Soft, 2014 [32]. It seems that tricyciig is not planar and phenyl rings are parallel
(Figure2). In case of#li, triazolopyridazine rings are oriented differendlye to more steric bulk

of methoxy substituents on phenyl ring.

Figure 2. (a), (b) and (c) Perspective MM2-mimimum energy foomational analysis of
compound4f, 4g and4i, respectively.

Suitable crystals of4f and 4g were studied by single crystal X-ray diffraction.
Experimental details for structural analyses armrearized in Table 1. The selected bond
distances and bond angles for compoudfdand 4g are given in Table 2. Both compounds
crystallize in orthorhombi®2,2,2; space group, containing one single molecule penastric
unit. The ORTEP plot ofif and4g with the labelling of their asymmetric units depictedin
Figures3 and4, respectively.

The structures for compoundt and 4g show similarities. The molecules in both
compounds are not planar, as expected [33], beaafude twist of the aromatic rings on the
bistriazole units in order to minimize their stehimdrance (Figur®). In that way, the phenyl
rings form a dihedral angle of about 50° with theirresponding triazole rings, concretely

56.0(2)° and 51.9(2)° in compoudd, while they are a bit lower fotf, 48.2(3)° and 47.5(3)°.



The presence of the fluorine atoms in ¢ino position in the later compound seem not to affect

significantly to this angle, as they are locategagite each other and towards the outside of the

theoretical molecular plane.

Table 2

Selected bond length and bond angles (A, °) of acamg4f and4g with esd’s in parenthesis.

Bond length 4f 49 Bond angle Af 49
C(1)-N(2) 1.316(3) 1.321(2) N(2)-C(1)-N(3) 108.8(2)107.23(17)
C(1)-N(3) 1.371(3) 1.380(2) N(2)-C(1)-C(7) 120.3(2)122.79(18)
C(2)-N(1) 1.311(3) 1.314(2) N(3)-C(1)-C(7) 130.8(2)129.68(16)
C(2)-N(3) 1.383(3) 1.380(2) N(1)-C(2)-N(3) 109.4(2)109.04(17)
C(2)-C(3) 1.427(4) 1.421(3) N(1)-C(2)-C(3) 129.9(3)129.8(2)
C(3)-C(4) 1.326(3) 1.327(3) N(3)-C(2)-C(3) 120.5(3)120.1(2)
C(4)-C(5) 1.432(4) 1.435(3) C(4)-C(3)-C(2) 119.8(3)119.7(2)
C(5)-N4) 1.312(3) 1.312(2) C(3)-C(4)-C(5) 119.7(3)119.49(18)
C(5)-N(6) 1.380(3) 1.378(2) N(4)-C(5)-N(6) 109.4(2)108.73(16)
C(6)-N(5) 1.318(3) 1.318(2) N(4)-C(5)-C(4) 129.8(3)130.24(17)
C(6)-N(6) 1.377(2) 1.372(2) N(6)-C(5)-C(4) 120.6(3)119.96(18)
N(3)-N(6) 1.388(2) 1.3818(19) N(5)-C(6)-N(6) 108.2(2) 107.96(15)
N(2)-N(1) 1.381(3) 1.379(2) N(5)-C(6)-C(13) 120.5(2)124.52(16)
N(4)-N(5) 1.375(3) 1.390(2) N(6)-C(6)-C(13) 131.1(2)127.07(16)

C(8)-C(7)-C(12)

C(8)-C(7)-C(1)

C(12)-C(7)-C(1)

117.4(2)119.40(19)
122.9(2) 121.68(17)
119.4(2)118.59(18)

C(14)-C(13)-C(18) 117.3(2) 119.09(16)

C(14)-C(13)-C(6)
C(18)-C(13)-C(6)

C(1)-N(3)-C(2)
C(1)-N(3)-N(6)
C(2)-N(3)-N(6)
C(1)-N(2)-N(1)
C(2)-N(1)-N(2)
C(6)-N(6)-C(5)
C(6)-N(6)-N(3)
C(5)-N(6)-N(3)
C(5)-N(4)-N(5)
C(6)-N(5)-N(4)

123.1(2)120.30(16)
118.8(2)120.37(17)
105.6(2) 106.65(15)
135.1(2) 133.66(15)
119.2(2) 119.37(15)
108.6(2) 109.62(16)
107.4(2) 107.32(16)
105.8(2) 106.84(15)
135.2(2) 134.21(14)
119.0(2) 118.86(15)
107.5(2) 107.59(15)
109.0(2) 108.68(14)




Figure 3. ORTEP plot (20% probability for the ellipsoidd)4f showing the labelling scheme of
its asymmetric unit.

Figure 4. ORTEP plot (20% probability for the ellipsoid<)4y showing the labelling scheme of
its asymmetric unit.



Additionally, the phenyl rings on both triazole tsnare very close, inducing a distortion
in the bistriazolopyridazine that deviates from fhlanarity; this feature agrees with the bond
distances and angles found for both compounds, tdua partial electronic delocalization
observed for this moiety. In this sense, in compubdi) one of the triazole and the pyridazine
rings are almost coplanar. This moiety forms a diiaeangle about 12° with the other triazole
ring, being the electronic delocalization disruptedhe C6N6N3C1 fragment (Figuéa). In
compound4g the distortion is more accused with dihedral asighé 13.2(2)° and 14.3(2)°
between each triazole fragment and the pyridazing, rand a greater deviation from the
planarity located on the NAN5C6 fragment (Figbiog.

In both derivatives the phenyl rings are almoshlpal; in order to minimize their steric
hindrance, since they are linked to C1 and C6,dwmms separated by a distance comparable to
the sum of their van der Waals radii. For this omaghe substitutingrtho or para fluorine
atoms do not have influence in the molecular stmectand only seem to do it on the
intermolecular interactions. In this context, compo 4f shows the fluorine atoms pointing
towards opposite directions in order to avoid vehprt intramolecular contacts, giving rise
instead to the formation of weak F---F contactstddce of 2.882(3) A) between adjacent
molecules leading to the formation of chains al@ngxis, as depicted in Figur@ These
intermolecular fluorine interactions can be consdeas weak if they are compared with the sum
of the van der Waals radii of 2.94 A that it is tipsonsidered the borderline, but they are in the
usual range for this type of contacts. They areérospmmetric incis disposition (Type |, cisoid)
and CF---FC angles of 144.8(3)° and 146.6(3)° [Né].significant interaction between the
chains has been found. Nevertheless, in compeaignthe fluorine atoms irpara positions

precludes the intermolecular halogen bonding icteyas. Moreover, no significant contacts
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between the molecules 4§ have been found apart from the usual van der Waades (Figure

7).

Figure 5. Different views of the molecules for (a) compoutigand (b) fordg.



Figure 6. Perspective view of the chains formed alangxis in 4f showing weak F---F
interactions.

A significant distortion of the valence angles lsoaobserved due to the steric hindrance
between the aryl substituents. For instance, inpoamd4f the exocyclic angles N(3)C(1)C(7)
130.8(2)° and N(6)C(6)C(13) 131.1(2)° are apprédgigieater, and the angles N(2)C(1)C(7)
120.3(2)° and N(5)-C(6)-C(13) 120.5(2)° are apptagi smaller than the ideal value of 126° for
the five-membered ring. The C(1)-N(3)-N(6) 135.2(@hd C(6)-N(6)-N(3) 135.2(2)° angles are

also increased. The angles C(1)-N(3)-C(2) 105.6(8)° C(6)-N(6)-C(5) 105.8(2)° in the triazole



rings, and the C(2)-N(3)-N(6) 119.2(2)° and C(5BNN(3) 119.0(2)° angles in the pyridazine
ring, however, are smaller than the ideal valueghe regular pentagon and hexagon (108 and

1200, respectively).

Figure 7. Perspectiveiew of the crystal packing efg alonga axis.
3.3. Cytotoxicity studies

The antitumor activities of bis-1,2,4-triazolopyaine4 were evaluateth vitro against
HelLa cervical cancer cells with doxorubicin as pesireference. Most of the compounds could
not be screened for their cytotoxic activity be@aud poor solubility in buffer medium.
However, four compounddc, 4d, 4e and 4i were screened for their cytotoxic effect using
colorimetric MTT assay. As shown in the Table 3 &nglure 8, compoundsic, 4d, 4e and4i
exhibited cytotoxicity against HeLa cell line wil@s, values in the range 19.37-56.118! which

is not promisingTherefore, no further studies were carried outvvtdeate mechanism.



Table 3
ICso values of compoundée, 4d, 4e and4i against HeLa cancer cell line.

Compd R Hela 16"+ SEM (uM)
4c -4-CICsH4 37.02 +1.53
4d -3-BrCsH4 56.16 + 6.80
4e -4-BrCgH4 19.37 £1.08
4 -2,5-(0OCH),CsH3 40.79 + 4.37
Doxorubicin 4.8 +£0.8

#1Cs = half maximal concentration represents the comatan of drug able to inhibit by 50%
thein vitro growth. Each value represents mean + SD of thxperaments.

Cap3702%153 ICs56.16 6,80
120+ 120 -
100 100- 3 r
3 20 3 20-
> &0 > 60
8 40 3
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20- 20-
»
o T T T a T T T
o 1 2 0 1 2
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da
KCyp1937 2108 sy 40.79 £ 437
120- 120-
100-
> 100- z .
- -
5 s0- E &0-
8 « 8
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c) Log of Conc [ph] d) Log of Conc [pkl

Figure 8. Graph representing % cell viability versus lodarit of the concentration and 4§€C
values obtained a) fakc, b) for4d, c) for4e, and d) fori.



4. Conclusion
In summary, IBD offers an effective, convenient amg¢ironmentally benign approach to
the synthesis of bis-triazolopyridazinésCompared to other conventional methods the ptesen
protocol is remarkably superior in terms of easéafdling, faster reaction rates, better yields
and operational simplicity. X-ray analysis4ffand4g indicated that pyridazine ring has twisted
conformation as a result of steric strain between aryl groups leading to nonplanar tricyclic
core.The crystal packing of compourd is constituted of chains alorgaxis formed by wealk,
centrosymmetric F---F interactions, widis geometry, between adjacent molecules. pam
position of the fluorine atoms in compoudd precludes any interaction. The cytotoxicity of
some of the compounddq 4d, 4e and4i) was also evaluated against HelLa cancer cell line,
however, results are not very significant.
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Highlights

» A series of nevbistriazolopyridazined has been synthesized by using eco-friendly oxidant
and structurally characterized.

e X-ray single crystal structures 4f and4g were determined.

» Crystal studies show that tricyclstriazolopyridazine ring has twisted conformatare
to presence of two aryl groups.

» Both 4f and 4g crystallized in theorthorhombic crystal system, space grde®2;2;,
containing one single molecule per asymmetric.unit

« Formation of chains along axis due toweak, centrosymmetric F---F interactions, with
cis geometrypetween adjacent moleculiesAf.



