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Abstract 

The synthesis of antimicrobial activity spirocompounds was achieved via the reaction of hydrazonoyl halides 1 
with exocyclic 4-arylidene-2-methylimidazolin-5-one 3 in benzene in the presence of triethylamine. Correct 
elemental analyses and spectral data (IR, 1H NMR, 13C NMR and MS) confirm the structure of the synthesized 
spirocompounds. All the synthesized compounds were evaluated in vitro for their antimicrobial activity against 
five gram-positive and two gram-negative bacteria using well diffusion method in Mueller-Hinton agar. Most of 
them exhibited significant antibacterial activity compared with selected standard drugs.  
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1. Introduction 

Spirocompounds form a group of generally less investigated compounds. However, recently growing efforts 
have been made to synthesize, characterize and investigate the biological activities of these compounds. Many 
spirocompounds possess very promising biological activities as anticancer agents (Young-Won et al., 2003; 
Wen-Liang et al., 2007), antibacterial agents (van-der-Sar et al., 2006; Hyeong-Beom et al., 2007), 
anticonvulsant agents (Jolanta & Krzysztof, 2006; Krzysztof et al., 2008; Jolanta et al., 2006), anti tuberculosis 
agents (Chande et al., 2005), anti-Alzheimer’s agents (Masakazu et al., 2001), pain-relief agents (Frank et al., 
2003; Hans et al., 2006), anti-dermatitis agents (Nakao et al., 2008) and antimicrobial agents (Pawar et al., 2009; 
Thadhaney et al., 2010). In addition to their medical uses, some spirocompounds have found other uses in the 
agricultural and industrial fields. For example, they are used as antifungal agents (Hejiao et al., 2006), pesticides 
(Lindell et al., 2001), laser dyes (Kreuder et al., 1999) and electroluminescent devices (Lupo et al., 2008). Spiro 
compounds have also been recently used as antioxidants (Sarma et al., 2010; Shimakawa et al., 2003). Also, the 
pyrazoline derivatives are very interesting compounds due to their important role for the antifungal (Korgaokar 
et al., 1996; Abunada et al., 2009), antidepressant (Palaska et al., 2003; Rajendra et al., 2005; Ozdemir et al., 
2007; Ruhogluo et al., 2005), anticonvulsant (Ozdemir et al., 2007; Ruhogluo et al., 2005), anti-inflammatory 
(Karabasanagouda et al., 2009), antibacterial (Abunada et al., 2009; Nauduri & Reddy, 1998) and anti-tumor 
(Taylor & Patel, 1992) activity. Besides, it is known that the imidazolinone derivatives are associated with a 
wide range of therapeutic activities such as anticonvulsant (Godefroi & Platje, 1972), potent CNS depressant, 
(Harfenist et al., 1978). Recently some new imidazolinone derivatives have been reported as antimicrobial 
(Desai et al., 2009; Solankee et al., 2004), anticancer (Solankee et al., 2004) and L-DOPA prodrugs in the 
treatment of Parkinson’s disease (Giorgionia et al., 2010). In view of these results and as continuation of our 
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recent work on the synthesis of unreported hitherto spirocompouns (Miqdad et al., 2011), it was therefore 
considered worthwhile to synthesize some new spirocompound derivatives with pyrazoline residue attach to 
imidazolinone one in order to find new biologically active molecules. Thus, the synthesis of new 
tetrazaspiro[4,4]nona-2,8-dien-6-one derivatives has been achieved. 

2. Results and discussion 

Tetrazaspiro[4,4]nona-2,8-dien-6-one derivatives 4a-w were produced via the cycloaddition reaction of 
nitrilimines 2, generated in situ by the action of triethylamine on hydrazonoyl halides 1a-f in dry benzene at 
reflux temperature with exocyclic double bond of 4-arylidene-1-aryl-2-methyl-1H-imidazol-5(4H)-one 3a-f 
(Scheme 1). The structures of compounds 4a-w were established based on the basis of their elemental analyses 
and spectral data. Their IR spectra showed absorption bands in the region 1705.0 - 1759.0 and 1627.8 - 1651.0 
cm-1 assignable to the stretching bands of C=O and C=N bonds. Their 1H NMR spectra revealed, besides 
aromatic protons at 6.88 - 8.29 ppm, imidazolinone methyl at 1.52 - 1.72 ppm and the pyrazoline ring proton 
resonates at 5.30 - 5.63 ppm. Comparison of this chemical shift of the 4-H-pyrazoline ring residue proton of 4 
with those of the related compounds we recently prepared (Miqdad et al., 2011) showed similarity between their 
chemical shifts. Since, in the case of cycloaddition took place in the opposite direction to give 5, the expected 
chemical shift of 5-CH proton would shift downfield due to the deshielding effect of the more electronegative 
nitrogen atom attached directly to the carbon atom bearing to the hydrogen one. The chemical shift of 5-CH 
proton of pyrazoline has appeared at 5.9 - 6.0 ppm (Hassaneen et al., 1995; Shawali et al., 1992). The 13C NMR 
spectra of some selected compounds showed all the signals corresponding to the proposed structures, especially 
4-CH and C-5 (spiro carbons) were found to resonate at 62.42 - 63.75 and 89.55 - 91.13 ppm respectively, and 
the carbonyl carbon were found to resonate at 178.43 - 179.57 ppm. Also, the electron impact (EI) mass spectra 
displayed the correct molecular ions in accordance with the suggested structures. It is worthy to mention that all 
attempts to isolate products from the reaction of 3 with hydrazonoyl halides bearing carbonyl group 
(RCOC(X)=NNHAr) at the carbon atom failed.  

3. In vitro antimicrobial activity evaluation 

An evaluation of the antibacterial activity using five Gram-negative (Escherichia coli, Pseudomonas aeruginosa, 
Proteus Species, Salmonella Species, Klebsiella Species) and two Gram-positive bacteria (Viridans Streptococci 
and Coagulase negative Staphylococcus) which were isolated from clinical samples and was assessed for the 
twenty three newly synthesized compounds by well diffusion method (Atta-ur-Rahman et al., 2001). Based upon 
the antimicrobial evaluation data of the synthesized compounds it can be seen that compounds 4m, 4q, 4r, 4s 
and 4u showed significant activity against all the tested microorganisms around 16 - 25 mm. Compounds 4r and 
4u are the most effective the compounds in the entire series, although they are not effective against C.s. The 
highest antibacterial activity of 25 mm and 24 mm against E.c. was observed for compounds 4r and 4u 
respectively. Also, compounds 4i, 4j, 4r and 4u possess maximum activity of 23, 24, 20 and 22 mm respectively, 
against V.s. 4m and 4s showed highest inhibitory activity of 24 and 22 mm respectively against C.s. and least 
activity observed against V.s. Compounds 4m, 4v and 4j, 4l and 4r showed highest activity of 24 and 22 mm 
against P.s. Also, compounds 4k, 4r and 4n possess the highest activity of 24 - 20 mm against S.s. Finally, 4c, 4r 
and 4u exhibited highest inhibitory activity against K.s. of 23 - 22 mm. Although, compound 4c was inactive 
against P.a., V.s., C.s. and P.s. and possess low activity against E.c. and moderate activity against S.s., it exhibit 
the highest inhibitory activity of 23 mm against K.s. The antibacterial activities of most of the tested compounds 
were found higher than the activity of most selected reference antibiotics. 

4. Experimental 

Melting points were measured on Stuart Scientific electrothermal melting point apparatus SMP1 and are 
uncorrected. The infrared spectra were recorded in potassium bromide disks on a Pye Unicam SP 3-300 and 
Shimadzu FT-IR 8101 PC infrared spectrophotometer. The 1H NMR (300.07 MHz) and 13C NMR (75.45 MHz) 
spectra were recorded in DMSO-d6 on a Mercury-300BB NMR using TMS as the internal reference. Mass 
spectra were measured on a GCMS-QP 1000 EX spectrometer at 70 eV. Elemental analyses were carried out at 
the Microanalytical Centre of Cairo University, Giza, Egypt. Hydrazonoyl halides 1a, 1b (Wolkoff, 1975), 1c 
(Shawali & Hassaneen, 1972), 1d (Hegarty & Scott, 1966), 1e (Aylward & Scott, 1969), and 1f (Shawali et al., 
1990), and the imidazolinone 3 (Islam et al., 1973; Bhattacharjya et al., 2005) were prepared according to the 
methods reported in the literature. 

4.1 Reaction of 3a-f with Hydrazonoyl Halides 1a-f (General Procedure) 

Triethylamine (0.7 ml, 5 mmol) was added to a solution of the appropriate imidazolinone 3a-f (5 mmol) and 
hydrazonoyl halides 1a-f (5 mmol) in dry benzene (50 ml) and the resulting mixture was refluxed for 6 h. The 
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reaction mixture was filtered while hot to remove triethylamine hydrochloride salt and evaporated under reduced 
pressure till dryness and the remaining residue was triturated with ethanol (10 ml). The separated solid 
compound was filtered off and crystallized from a given solvent. 

8-Methyl-1,3,4,7-tetraphenyl-1,2,7,9-tetrazaspiro[4, 4]nona-2,8-dien-6-one 4a. White crystals, yield 94%; mp 
220 - 222 ℃ (benzene); IR (KBr) νmax/cm-1 3039.6 (aromatic CH), 2931.6, 2866.0 (aliphatic CH), 1751.2 (C=O), 
1643.2 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) δ 1.65 (s, 3H, CH3-imidazolinone), 5.62 (s, 1H, 
4H-pyrazole), 7.16-8.26 (m, 20H, ArH's); MS m/z (%): 428 (M+-28, 24), 336 (42), 323 (30), 249 (21), 213 (23), 
172 (18), 118 (70), 91 (39), 77 (100); Anal. Calcd. for C30H24N4O: C, 78.92; H, 5.30; N, 12.27. Found: C, 78.63; 
H, 5.25; N, 12.04%. 

3-(4-Chlorophenyl)-8-methyl-1,4,7-triphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4b. Pale yellow 
crystals, yield 93%; mp 202 - 204 ℃ (benzene/ethanol); IR (KBr) νmax/cm-1 3039.6 (aromatic CH), 2931.6, 
2866.0 (aliphatic CH), 1751.2 (C=O), 1643.2 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) δ 1.66 (s, 3H, 
CH3-imidazolinone), 5.42 (s, 1H, 4H-pyrazole), 7.08-7.59 (m, 19H, ArH's); 13C NMR (DMSO-d6) δ 15.368 
(CH3-imidazolinone), 62.717 (CH-pyrazole), 91.133 (C-spiro), 115.200, 121.521, 127.125, 127.873, 128.021, 
128.285, 128.487, 128.781, 129.143, 129.196, 129.727 (11C, CHArC’s), 129.902, 132.553, 132.576, 133.518, 
143.376, 148.713, 161.255 (7C, C=N, ArC’s), 179.030 (CO); MS m/z (%): 490 (M+, 23), 492 (8.5), 372 (12), 
118 (97), 91 (48), 77 (100); Anal. Calcd. for C30H23ClN4O: C, 73.39; H, 4.72; Cl, 7.22; N, 11.41. Found: C, 
73.40; H, 4.67; N, 11.45%. 

3-(2,4-Dichlorophenyl)-8-methyl-1-(4-nitrophenyl)-4,7-diphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4c 
Yellow crystals, yield 55%; mp 272 - 274 ℃ (dimethylformamide/methanol); IR (KBr) νmax/cm-1 3035.7 
(aromatic CH), 2923.9, 2839.0 (aliphatic CH), 1751.2 (C=O), 1651.0 (C=N), 1593.1 (C=C); 1H NMR (DMSO-d6) 
δ 1.66 (s, 3H, CH3-imidazolinone), 5.39 (s, 1H, 4H-pyrazole), 6.93-7.94 (m, 17H, ArH's); MS m/z (%): 570 (M+, 
9.5), 572 (3), 574 (0.8), 541 (21), 540 (19), 449 (20), 448 (16), 118 (100), 90 (23), 77 (92); Anal. Calcd. for 
C30H21Cl2N5O3: C, 63.17; H, 3.71; Cl, 12.43; N, 12.28. Found: C, 63.38; H, 3.67; N, 12.30%. 

3-(2-Furyl)-8-methyl-1-(4-nitrophenyl)-4,7-diphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4d. Yellow 
crystals, yield 56%; mp 276 - 278 ℃ (dioxane); IR (KBr) νmax/cm-1 3058.9 (aromatic CH), 2962.5, 2873.7 
(aliphatic CH), 1751.2 (C=O), 1643.2 (C=N), 1593.1 (C=C); 1H NMR (DMSO-d6) δ 1.64 (s, 3H, 
CH3-imidazolinone), 5.42 (s, 1H, 4H-pyrazole), 7.02-7.71 (m, 17H, ArH's); MS m/z (%): 491 (M+, 30), 463 (17), 
371 (14), 370 (13), 118 (100), 77 (75); Anal. Calcd. for C28H21N5O4: C, 68.42; H, 4.31; N, 14.25. Found: C, 
69.01; H, 4.29; N, 14.08%. 

8-methyl-7-(4-methylphenyl)-1,3,4-triphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4e. Off white crystals, 
yield 65%; mp 214 - 216 ℃ (tetrahydrofuran); IR (KBr) νmax/cm-1 3058.9, 3035.7 (aromatic CH), 2970.2, 2923.9, 
2862.2 (aliphatic CH), 1747.4 (C=O), 1647.1 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) δ 1.65 (s, 3H, 
CH3-imidazolinone), 2.37 (s, 3H, CH3-Ph), 5.62 (s, 1H, 4H-pyrazole), 7.15-7.82 (m, 19H, ArH's); MS m/z (%): 
470 (M+, 37), 336 (56), 132 (69), 91 (100); Anal. Calcd. for C31H26N4O: C, 79.12; H, 5.57; N, 11.91. Found: C, 
79.08; H, 5.60; N, 12.00%. 

3-(4-chlorophenyl)-8-methyl-7-(4-methylphenyl)-1, 4-diphenyl-1, 2, 7, 9-tetrazaspiro[4, 4]nona-2,8-dien-6-one 
4f. Off white crystals, yield 85%; mp 186 - 188 ℃ (benzene/pet.ether 40 - 60 ℃); IR (KBr) νmax/cm-1 3031.9 
(aromatic CH), 2923.9, 2862.2 (aliphatic CH), 1755.1 (C=O), 1643.2 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) 
δ 1.67 (s, 3H, CH3-imidazolinone), 2.38 (s, 3H, CH3-Ph), 5.56 (s, 1H, 4H-pyrazole), 7.09-7.61 (m, 18H, ArH's); 
MS m/z (%): 507 (M++2, 4), 505 (M+, 12), 504 (31), 370 (46), 132 (75), 91 (100), 77 (21); Anal. Calcd. for 
C31H25ClN4O: C, 73.73; H, 4.99; Cl, 7.02; N, 11.09. Found: C, 37.71; H, 4.95; N, 11.10%. 

3-(4-Fluorophenyl)-8-methyl-7-(4-methylphenyl)-1-(4-nitrophenyl)-4-phenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-d
ien-6-one 4g. Canarian yellow crystals, yield 52%; mp 260 - 262 ℃ (benzene/ethanol); IR (KBr) νmax/cm-1 
3062.7 (aromatic CH), 2920.0, 2877.6 (aliphatic CH), 1751.2 (C=O), 1643.2 (C=N), 1596.9 (C=C); 1H NMR 
(DMSO-d6) δ 1.72 (s, 3H, CH3-imidazolinone), 2.38 (s, 3H, CH3-Ph), 5.63 (s, 1H, 4H-pyrazole), 7.13-8.27 (m, 
17H, ArH's); 13C NMR (DMSO-d6) δ 15.440 (CH3-imidazolinone), 20.659 (CH3-Ph), 63.266 (CH-pyrazole), 
89.550 (C-spiro), 113.258, 115.791-115.501 (d, J = 21.7 Hz, C-o-F), 125.889, 126.698, 127.228, 
128.128-128.082 (d, J = 3.5 Hz, C-p-F), 128.212, 129.543-129.429 (d, J = 8.6 Hz, C-m-F), 129.74 (9C, ArCH’s), 
129.894, 130.154, 132.271, 139.126, 140.057, 148.018, 152.108, 162.781, 164.483-161.187 (d, J = 248.6 Hz, 
C-F) (9C, C=N, ArC’s), 178.437 (CO); MS m/z (%): 533 (M+, 47), 505 (38), 504 (37), 399 (40), 353 (21), 132 
(100), 107 (65), 91 (82); Anal. Calcd. for C31H24FN5O3: C, 69.78; H, 4.53; N, 13.13. Found: C, 69.83; H, 4.55; N, 
13.05%. 
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8-Methyl-7-(4-methylphenyl)-1-(4-nitrophenyl)-3,4-diphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4h. 
Canarian yellow crystals, yield 87%; mp 280 - 282 ℃ (tetrahydrofuran); IR (KBr) νmax/cm-1 3062.7, 3035.7 
(aromatic CH), 2862.2 (aliphatic CH), 1751.2 (C=O), 1643.2 (C=N), 1589.2 (C=C); 1H NMR (DMSO-d6) δ 1.70 
(s, 3H, CH3-imidazolinone), 2.39 (s, 3H, CH3-Ph), 5.54 (s, 1H, 4H-pyrazole), 7.12-8.29 (m, 18H, ArH's); MS 
m/z (%): 515 (M+, 46), 514 (39), 487 (46), 486 (39), 381 (40), 380 (36), 335 (22), 132 (99), 91 (100); Anal. 
Calcd. for C31H25N5O3: C, 72.22; H, 4.89; N, 13.58. Found: C, 71.94; H, 4.85; N, 13.59%. 

3-(2-Furyl)-8-Methyl-7-(4-methylphenyl)-1-(4-nitrophenyl)-4-phenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4i. 
Orange crystals, yield 62%; mp 270 - 272 ℃ (dioxane); IR (KBr) νmax/cm-1 3112.9, 3062.7 (aromatic CH), 
2966.3, 2869.9 (aliphatic CH), 1751.2 (C=O), 1643.2 (C=N), 1589.2 (C=C); 1H NMR (DMSO-d6) δ 1.69 (s, 3H, 
CH3-imidazolinone), 2.37 (s, 3H, CH3-Ph), 5.62 (s, 1H, 4H-pyrazole), 7.14-8.19 (m, 16H, ArH's); MS m/z (%): 
505 (M+, 41), 504 (41), 476 (29), 371 (20), 370 (15), 132 (100), 107 (43), 91 (82); Anal. Calcd. for C29H23N5O4: 
C, 68.90; H, 4.59; N, 13.85. Found: C, 69.00; H, 4.60; N, 13.78%. 

7-(2-methoxyphenyl)-8-methyl-1,3,4-triphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4j. White crystals, 
yield 80%; mp 202 - 204 ℃ (tetrahydrofuran/pet.ether 40 - 60 ℃); IR (KBr) νmax/cm-1 3058.9 (aromatic CH), 
2943.2, 2893.0 (aliphatic CH), 1747.4 (C=O), 1643.2 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) δ 1.59 (s, 3H, 
CH3-imidazolinone), 3.89 (s, 3H, CH3O-Ph), 5.40 (s, 1H, 4H-pyrazole), 6.94-7.60 (m, 19H, ArH's); 13C NMR 
(DMSO-d6) δ 14.555 (CH3-imidazolinone), 56.174 (OCH3), 63.750 (CH-pyrazole), 90.526 (C-spiro), 112.701, 
114.723, 120.823, 121.239, 126.701, 127.518, 27.720, 127.834, 128.334, 128.784, 128.914, 129.036, 129.185 
(13C, CHArC’s), 130.249, 131.096, 132.565, 143.296, 149.07, 154.629, 161.873, (7C, C=N, ArC’s), 179.574 
(CO); MS m/z (%): 486 (M+, 54), 427 (27), 336 (77), 148 (71), 91 (76), 77 (100); Anal. Calcd. for C31H26N4O2: 
C, 76.52; H, 5.39; N, 11.51. Found: C, 76.61; H, 5.41; N, 11.50%. 

3-(4-Cholrophenyl)-7-(2-methoxyphenyl)-8-methyl-1, 4-diphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4k. 
White crystals, yield 97%; mp 234 - 236 ℃ (benzene/ethanol); IR (KBr) νmax/cm-1 3066.6, 3031.9 (aromatic CH), 
2954.7, 2846.7 (aliphatic CH), 1751.2 (C=O), 1647.1 (C=N), 1600.8 (C=C); 1H NMR (DMSO-d6) δ 1.64 (s, 3H, 
CH3-imidazolinone), 3.88 (s, 3H, CH3O-Ph), 5.43 (s, 1H, 4H-pyrazole), 7.14-7.65 (m, 18H, ArH's); MS m/z (%): 
523 (M++2, 6), 521 (M+, 20), 461 (28), 370 (65), 148 (84), 91 (84), 77 (100); Anal. Calcd. for C31H25ClN4O2: C, 
71.46; H, 4.48; Cl, 6.80; N, 10.75. Found: C, 71.52; H, 4.51; Cl, 6.80; N, 10.83%. 

3-(2,4-Dicholrophenyl)-7-(2-methoxyphenyl)-8-methyl-1-(4-nitrophenyl)-4-phenyl-1,2,7,9-tetrazaspiro[4,4]nona
-2,8-dien-6-one 4l. Yellow crystals, yield 58%; mp 268 - 270 ℃ (dioxane/ethanol); IR (KBr) νmax/cm-1 3058.9 
(aromatic CH), 2927.7, 2835.2 (aliphatic CH), 1755.1 (C=O), 1643.2 (C=N), 1593.1 (C=C); 1H NMR (DMSO-d6) 
δ 1.62 (s, 3H, CH3-imidazolinone), 3.87 (s, 3H, CH3O-Ph), 5.41 (s, 1H, 4H-pyrazole), 7.02-7.91 (m, 16H, ArH's); 
MS m/z (%): 602 (M++2, 7), 600 (M+, 15), 570 (20), 540 (24), 449 (17), 403 (13), 123 (100), 77 (56); Anal. 
Calcd. for C31H23Cl2N5O4: C, 62.01; H, 3.86; Cl,; N, 11.81. Found: C, 62.00; H, 3.91; Cl; N, 11.76%. 

3-(2-Furyl)-7-(2-methoxyphenyl)-8-methyl-1-(4-nitrophenyl)-4-phenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-
one 4m. Yellow crystals, yield 57%; mp 214 - 216 ℃ (tetrahydrofuran/pet.ether 40 - 60 ℃); IR (KBr) νmax/cm-1 

3082.0, 3043.5 (aromatic CH), 2939.3, 2842.9 (aliphatic CH), 1751.2 (C=O), 1627.8 (C=N), 1596.9 (C=C); 1H 
NMR (DMSO-d6) δ 1.64 (s, 3H, CH3-imidazolinone), 3.73 (s, 3H, CH3O-Ph), 5.40 (s, 1H, 4H-pyrazole), 
6.88-7.74 (m, 16H, ArH's); MS m/z (%): 522 (M++1, 40), 461 (33), 370 (58), 148 (92), 91 (78), 77 (100); Anal. 
Calcd. for C29H23N5O5: C, 66.79; H, 4.45; N, 13.43. Found: C, 66.81; H, 4.48; N, 13.44%. 

7-(3-Methoxyphenyl)-8-methyl-1,3,4-triphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4n. Off white 
crystals, yield 94%; mp 232 - 234 ℃ (tetrahydrofuran/methanol); IR (KBr) νmax/cm-1 3058.9, 3028.0 (aromatic 
CH), 2962.5, 2835.2 (aliphatic CH), 1759.0 (C=O), 1647.1 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) δ 1.68 (s, 
3H, CH3-imidazolinone), 3.81 (s, 3H, CH3O-Ph), 5.49 (s, 1H, 4H-pyrazole), 7.14-7.63 (m, 19H, ArH's); MS m/z 
(%): 487 (M++1, 34), 381 (40), 193 (14), 132 (83), 91 (100), 77 (49); Anal. Calcd. for C31H26N4O2: C, 76.52; H, 
5.39; N, 11.51. Found: C, 76.66; H, 5.40; N, 11.55%. 

3-(4-Chlorophenyl)-7-(3-methoxyphenyl)-8-methyl-1,4-diphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 
4o. Off white crystals, yield 86%; mp 198 - 200 ℃ (tetrahydrofuran/pet.ether 40 - 60 ℃); IR (KBr) νmax/cm-1 
3043.5 (aromatic CH), 2935.5, 2835.5 (aliphatic CH), 1751.2 (C=O), 1639.4 (C=N), 1596.9 (C=C); 1H NMR 
(DMSO-d6) δ 1.69 (s, 3H, CH3-imidazolinone), 3.82 (s, 3H, CH3O-Ph), 5.39 (s, 1H, 4H-pyrazole), 7.08-7.60 (m, 
18H, ArH's); 13C NMR (DMSO-d6) δ 15.242 (CH3-imidazolinone), 55.346 (OCH3), 62.423 (CH-pyrazole), 
91.049 (C-spiro), 112.869, 114.571, 115.169, 119.099, 121.418, 127.731, 127.876, 127.921, 128.124, 128.357, 
129.044, 129.780 (12C, CHArC’s), 130.398, 132.519, 133.377, 133.457, 143.261, 148.682, 159.863, 161.183 
(8C, C=N, ArC’s), 178.708 (CO); MS m/z (%): 522 (M++2, 25), 521, (41), 520 (M+, 73), 492 (42), 491 (41), 370 
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(79), 148 (97), 107 (51), 91 (95), 77 (100); Anal. Calcd. for C31H25ClN4O2: C, 71.46; H, 4.84; Cl, 6.80; N, 10.75. 
Found: C, 71.52; H, 4.86; Cl, 6.80; N, 10.75%. 

3-(4-Fluorophenyl)-7-(3-methoxyphenyl)-8-methyl-1-(4-nitrophenyl)-4-phenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8
-dien-6-one 4p. Yellow crystals, yield 59%; mp 239 - 241 ℃ (tetrahydrofuran/ethanol); IR (KBr) νmax/cm-1 
3078.2 (aromatic CH), 2842.9 (aliphatic CH), 1751.2 (C=O), 1651.0 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) 
δ 1.69 (s, 3H, CH3-imidazolinone), 3.82 (s, 3H, CH3O-Ph), 5.39 (s, 1H, 4H-pyrazole), 7.08-7.60 (m, 17H, ArH's); 
MS m/z (%): 549 (M+, 50), 521 (48), 399 (45), 353 (22), 148 (100), 90 (38), 77 (100); Anal. Calcd. for 
C31H24FN5O4: C, 67.75; H, 4.40; N, 12.74. Found: C, 67.80; H, 4.41; N, 12.75%. 

7-(4-Ethoxyphenyl)-8-methyl-1,3,4-triphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4q. Off white crystals, 
yield 74%; mp 220 - 222 ℃ (benzene/ethanol); IR (KBr) νmax/cm-1 3077.5 (aromatic CH), 2977.9, 2873.7 
(aliphatic CH), 1747.4 (C=O), 1647.1 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) δ 1.33 (t, 3H, J = 7.2 Hz, 
OCH2CH3), 1.64 (s, 3H, CH3-imidazolinone), 4.05 (q, 2H, J = 7.2 Hz, OCH2CH3), 5.39 (s, 1H, 4H-pyrazole), 
6.95-7.66 (m, 19H, ArH's); MS m/z (%): 500 (M+, 44), 399 (46), 336 (44), 323 (44), 192 (24), 148 (68), 91 (68), 
77 (100); Anal. Calcd. for C32H28N4O2: C, 76.78; H, 5.64; N, 11.19. Found: C, 76.82; H, 5.66; N, 11.22%. 

3-(4-Chlorophenyl)-7-(4-ethoxyphenyl)-8-methyl-1,4-diphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 4r. 
Off white crystals, yield 94%; mp 191 - 193 ℃ (tetrahydrofuran/ethanol); IR (KBr) νmax/cm-1 3039.6 (aromatic 
CH), 2985.6, 2923.9, 2869.9 (aliphatic CH), 1751.2 (C=O), 1647.1 (C=N), 1596.9 (C=C); 1H NMR (DMSO-d6) 
δ 1.33 (t, 3H, J = 7.2 Hz, OCH2CH3), 1.63 (s, 3H, CH3-imidazolinone), 4.06 (q, 2H, J = 7.2 Hz, OCH2CH3), 5.41 
(s, 1H, 4H-pyrazole), 6.96-7.61 (m, 18H, ArH's); 13C NMR (DMSO-d6) δ 14.475 (CH3-ethyl), 15.257 
(CH3-imidazolinone), 62.789 (CH-pyrazole), 63.499 (CH2-ethyl), 91.030 (C-spiro), 115.166, 115.372, 121.452, 
124.886, 127.850, 127.983, 128.269, 128.399, 128.456, 128.492 (10C, CHArC’s), 129.177, 129.925, 132.591, 
133.526, 143.425, 148.632, 158.886, 161.744 (8C, C=N, ArC’s), 179.310 (CO); MS m/z (%): 535 (M+, 24), 534 
(M+-1, 55), 506 (39), 370 (75), 162 (83), 137 (85), 91 (100), 77 (48); Anal. Calcd. for C32H27ClN4O2: C, 71.83; 
H, 5.09; Cl, 6.63; N, 10.47. Found: C, 71.90; H, 5.12; Cl, 6.61; N, 10.51%. 

3-(2,4-Dichlorophenyl)-7-(4-ethoxyphenyl)-8-methyl-1-(4-nitrophenyl)-4-phenyl-1,2,7,9-tetrazaspiro[4,4]nona-2
,8-dien-6-one 4s. Yellow crystals, yield 56%; mp 298 - 300 ℃ (dimethylsulfoxide/ethanol); IR (KBr) νmax/cm-1 
3074.3 (aromatic CH), 2981.7, 2935.5, 2885.3 (aliphatic CH), 1751.2 (C=O), 1647.1 (C=N), 1589.2 (C=C); 1H 
NMR (DMSO-d6) δ 1.34 (t, 3H, J = 7.1 Hz, OCH2CH3), 1.65 (s, 3H, CH3-imidazolinone), 4.03 (q, 2H, J = 7.1 
Hz, OCH2CH3), 5.48 (s, 1H, 4H-pyrazole), 7.01-7.93 (m, 16H, ArH's); MS m/z (%): 616 (M++2, 8), 614 (12), 
584 (24), 448 (14), 403 (10), 162 (50), 137 (100), 90 (18); Anal. Calcd. for C32H25Cl2N5O4: C, 62.55; H, 4.10; Cl, 
11.54; N, 11.40. Found: C, 62.58; H, 4.08; Cl, 11.57; N, 11.43%. 

7-(4-ethoxyphenyl)-3-(2-furyl)-8-methyl-1-(4-nitrophenyl)-4-phenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-on
e 4t. Orange crystals, yield 53%; mp 227 - 229 ℃ (benzene); IR (KBr) νmax/cm-1 3066.6 (aromatic CH), 2989.5, 
2908.5, 2869.9 (aliphatic CH), 1751.2 (C=O), 1639.4 (C=N), 1593.1 (C=C); 1H NMR (DMSO-d6) δ 1.32 (t, 3H, 
J = 7.2 Hz, OCH2CH3), 1.64 (s, 3H, CH3-imidazolinone), 4.05 (q, 2H, J = 7.2 Hz, OCH2CH3), 5.42 (s, 1H, 
4H-pyrazole), 7.03-7.71 (m, 16H, ArH's); MS m/z (%): 535 (M+, 46), 534 (40), 507 (33), 162 (70), 137 (100), 
134 (27), 65 (39); Anal. Calcd. for C30H25N5O5: C, 67.28; H, 4.71; N, 13.08. Found: C, 67.30; H, 4.73; N, 
13.10%. 

7-(2-Methoxyphenyl)-4-(4-methoxyphenyl)-8-methyl-1,3-diphenyl-1,2,7,9-tetrazaspiro[4,4]nona-2,8-dien-6-one 
4u. Off white crystals, yield 95%; mp 192 - 194 ℃ (tetrahydrofuran/ethanol); IR (KBr) νmax/cm-1 3062.0, 3035.7 
(aromatic CH), 2974.0, 2939.3, 2839.0 (aliphatic CH), 1751.2 (C=O), 1643.2 (C=N), 1596.9 (C=C); 1H NMR 
(DMSO-d6) δ 1.64 (s, 3H, CH3-imidazolinone), 3.73, 3.80 (two s, 6H, two CH3O-Ph), 5.30 (s, 1H, 4H-pyrazole), 
6.88-7.60 (m, 18H, ArH's); 13C NMR (DMSO-d6) δ 14.635 (CH3-imidazolinone), 54.828, 55.606 (2C, OCH3), 
62.427 (CH-pyrazole), 90.366 (C-spiro), 113.033, 114.525, 114.849, 120.735, 120.922, 124.161, 124.579, 
126.499, 128.117, 128.670, 128.822, 128.933 (12C, CHArC’s), 129.063, 131.054, 131.218, 143.185, 149.105, 
154.965, 158.661, 160.897 (8C, C=N, ArC’s), 179.459 (CO); MS m/z (%): 516 (M+, 79), 488 (38), 456 (28), 365 
(39), 366 (52), 148 (91), 91 (87), 77 (100); Anal. Calcd. for C32H28N4O3: C, 74.40; H, 5.46; N, 10.85. Found: C, 
74.42; H, 5.49; N, 11.00%. 

3-(4-Chlorophenyl)-7-(2-methoxyphenyl)-4-(4-methoxyphenyl)-8-methyl-1-phenyl-1,2,7,9-tetrazaspiro[4,4]non
a-2,8-dien-6-one 4v. Off white crystals, yield 82%; mp 134 - 136 ℃ (benzene/ethanol); IR (KBr) νmax/cm-1 
3066.6, 3039.6 (aromatic CH), 2966.3, 2953.5, 2839.0 (aliphatic CH), 1751.2 (C=O), 1643.2 (C=N), 1600.8 
(C=C); 1H NMR (DMSO-d6) δ 1.64 (s, 3H, CH3-imidazolinone), 3.74, 3.82 (two s, 6H, two CH3O-Ph), 5.32 (s, 
1H, 4H-pyrazole), 6.93-7.59 (m, 17H, ArH's); MS m/z (%): 551 (M+, 6), 322 (56), 148 (100), 91 (30), 77 (65); 
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Anal. Calcd. for C32H27ClN4O3: C, 69.75; H, 4.94; Cl, 6.43; N, 10.17. Found: C, 70.00; H, 5.00; Cl, 6.44; N, 
10.21%. 

3-(2-Furyl)-7-(2-methoxyphenyl)-4-(4-methoxyphenyl)-8-methyl-1-(4-nitrophenyl)-1,2,7,9-tetrazaspiro[4,4]non
a-2,8-dien-6-one 4w. Canarian yellow crystals, yield 54%; mp 160 - 162 ℃ (tetrahydrofuran); IR (KBr) 
νmax/cm-1 3070.5, 3004.9 (aromatic CH), 2974.0, 2912.3, 2839.0 (aliphatic CH), 1705.0 (C=O), 1643.2 (C=N), 
1596.9 (C=C); 1H NMR (DMSO-d6) δ 1.66 (s, 3H, CH3-imidazolinone), 3.75, 3.83 (two s, 6H, two CH3O-Ph), 
5.36 (s, 1H, 4H-pyrazole), 6.91-7.62 (m, 15H, ArH's); MS m/z (%): 551 (M+, 24), 391 (53), 390 (41), 374 (27), 
267 (28), 200 (20), 123 (100), 92 (29), 77 (17); Anal. Calcd. for C30H25N5O6: C, 65.33; H, 4.57; N, 12.70. Found: 
C, 65.36; H, 4.60; N, 12.73%. 

4.2 In Vitro Antimicrobial Activity Screening 

For the in vitro antimicrobial activity, a stock solution of the synthesized compound (1000 μg/mL) in DMSO 
was prepared and 30 μl of graded dilutions (Table 1) of the tested compounds were incorporated in a cavity 
(depth 3 mm, diameter 4 mm) made in the center of the petri plate which corresponding to 30 μg, 15 μg, 7.5 μg 
and 3.75 μg. The plates were allowed to stand at room temperature for two hours for diffusion and then 
incubated. The organisms were grown on Muller Hinton’s agar with sheep blood (5 %) at 37 ℃ for 24 hours. 
After incubation period, the clear zone around the wells was carefully measured in mm as inhibition zones. The 
absence of a clear zone around the well was taken as inactivity. The antibiotics Amoxycillin (10 μg/disc), 
Amikacin (10 μg/disc), Ceftriazone (10 μg/disc), and Ciprofloxacin (30 μg/disc) were used as references and 
dimethylsulphoxide (DMSO) as solvent and control. The investigation results are listed in Table 1.  
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Table 1. Antibacterial activity results of the synthesized compounds 4a-w 

Microorganismsa 

Inhibition Zone diameter (mm)d 

Comp. 
Conc. 
µg/mL  

E.c. P.a. V.s.. C.s. P.s. S.s. K.s. 

4a 

1000 15 14 - 12 7 17 19 

500 10 11 - 8 - 12 16 

250 7 7 - - - 8 14 

125 - - - - - - 11 

4b 

1000 20 18 17 20 18 19 22 

500 15 16 11 17 14 15 16 

250 10 11 - 14 9 12 13 

125 8 - - 10 - 10 9 

4c 

1000 12 - - - - 17 23 

500 10 - - - - 13 19 

250 8 - - - - 10 17 

125 - - - - - 8 14 

4d 

1000 15 20 16 20 17 14 19 

500 14 18 10 17 12 11 16 

250 10 12 - 13 9 8 11 

125 8 8 - 9 - - 8 

4e 

1000 10 - - 19 9 13 16 

500 8 - - 14 - 9 12 

250 - - - 11 - 6 7 

125 - - - 9 - - - 

4f 

1000 - 13 20 20 14 - 12 

500 - 9 14 14 10 - 9 

250 - - 9 10 7 - 6 

125 - - - 8 - - - 

4g 

1000 18 10 10 21 13 14 17 

500 16 8 7 17 9 10 11 

250 12 - - 10 - 7 8 

125 8 - - 7 - - - 

4h 

1000 12 18 - 19 10 9 18 

500 10 12 - 16 7 6 16 

250 9 9 - 14 - - 11 

125 9 6 - 9 - - 8 
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4i 

1000 20 18 23 20 16 14 10 

500 16 15 16 15 14 11 7 

250 12 11 12 13 11 8 - 

125 7 - 9 10 9 6 - 

4j 

1000 12 24 24 20 22 12 20 

500 10 20 21 18 16 8 17 

250 7 10 17 11 12 - 13 

125 - - 12 9 8 - 11 

4k 

1000 15 12 9 18 17 24 18 

500 10 8 - 15 13 20 14 

250 8 - - 10 10 17 10 

125 - - - 5 7 14 8 

4l 

1000 21 19 18 18 22 22 20 

500 18 16 15 14 18 19 17 

250 15 11 9 11 15 17 15 

125 10 7 7 9 10 13 10 

4m 

1000 20 14 12 24 24 20 16 

500 17 12 8 19 20 18 14 

250 12 8 - 13 17 14 11 

125 8 - - 11 12 10 7 

4n 

1000 16 14 10 22 19 15 20 

500 14 9 6 17 15 11 17 

250 8 - - 13 10 7 11 

125 7 - - 8 7 - 8 

4o 

1000 20 20 12 14 17 18 19 

500 15 15 6 11 14 16 15 

250 10 - - - 10 12 13 

125 15 - - - - 9 10 

4p 

1000 20 12 14 12 21 13 10 

500 15 - 11 10 15 11 8 

250 10 - - - 13 10 - 

125 7 - - - 7 7 - 

4q 

1000 20 20 19 17 19 20 21 

500 15 17 16 12 10 16 18 

250 - 12 11 9 7 14 16 

125 - 9 6 7 - 9 12 
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4r 

1000 25 21 20 12 22 22 23 

500 18 19 17 9 19 19 20 

250 15 14 11 - 15 15 19 

125 12 10 8 - 11 11 14 

4s 

1000 22 21 12 22 16 18 20 

500 17 15 9 17 12 13 17 

250 12 13 - 11 8 9 13 

125 8 9 - 9 - 7 11 

4t 

1000 12 14 - 17 7 14 - 

500 11 10 - 15 - 11 - 

250 8 8 - 11 - 8 - 

125 - - - 7 - - - 

4u 

1000 24 22 22 10 21 20 22 

500 20 22 18 8 18 16 18 

250 16 18 14 - 12 13 15 

125 10 14 10 - 9 9 9 

4v 

1000 18 19 17 14 24 17 19 

500 16 13 13 12 19 15 15 

250 15 10 10 7 15 10 13 

125 12 - 8 - 12 7 11 

4w 

1000 15 8 - 18 13 20 - 

500 14 - - 14 9 17 - 

250 8 - - 11 7 15 - 

125 8 - - 8 - 12 - 

AMXb 10 μg/disc 11 10 19 12 20 18 10 

AKb 10 μg/disc 18 17 11 19 20 18 10 

CTRb 10 μg/disc 8 9 16 13 17 16 9 

CIPb 30 μg/disc 13 11 17 22 21 23 12 

DMSOc  5 5 0 5 6 0 6 

Abbreviations: (a)Microorganisms, E.c.: Escherichia Coli; P.a.: Pseudomonas Aeruginosa; V.s.: Viridans 
Streptococci; C.s.: Coagulase negative Staphylococcus; P.s.: Proteus Species; S.s.: Salmonella Species; K.s.: 
Klebsiella Species; (b)Antibiotics, AMX: Amoxycillin; AK: Amikacin; CTR: Ceftriazone; CIP: Ciprofloxacin. 
cDMSO used as the control.  
dThe data represents the mean values of two replicates 

6-10 mm, low activity; 11-15 mm, moderate activity; 16-19 mm, high activity; more than 20 mm, very high 
activity. 
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