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Abstract—A series of 2,4-dichloro-5-fluorophenyl bearing Mannich base (4 and 5) was prepared from triazole Schiff bases (3) by
aminomethylation with formaldehyde and secondary/substituted primary amines. All newly synthesized compounds were screened
for their antimicrobial activity. Compounds 3c, 4c, 4e and 4f exhibited promising antibacterial and compounds 3¢, 5¢, Se and 5f

showed good antifungal activity.
© 2006 Published by Elsevier Ltd.

1. Introduction

Schiff bases derived from various heterocycles were
reported to possess cytotoxic,! anticonvulsant,” antipro-
liferative®, anticancer and antifungal activities.* Man-
nich reaction is an important tool for synthesis of
novel compounds. Mannich bases are physiologically
reactive because of the basic function rendering the mol-
ecule soluble in aqueous solvents when it is transformed
into aminium salt. Mannich bases have been reported as
potential biological agents. They find application as
antitubercular,® antimalarial,® vasorelaxing,” antican-
cer® and analgesic drugs®. They are also used in the poly-
mer industry as paints and surface active reagents'”.
Mannich bases of 1,2,4-triazole carrying N-methyl
piperazine reported to possess protozocidal and antibac-
terial activity. The modern drugs such as Prazosin,'!
Lidoflazine'? and Urapidil'® which contains piperazine
nucleus showed good cardiovascular activity. Some
Mannich bases are reported to exhibit activity against
Maurine P388 lymphocytic leukemia (Wi Dr Colon can-
cer) in vitro.!+!3

Various 1,2,4-triazole derivatives have been reported to
possess antibacterial, antifungal, anticancer,'® antituber-
cular,'” analgesic and anti-inflammatory properties.'®
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1,2,4-Triazole nucleus has been incorporated into wide
variety of therapeutically interesting molecules to trans-
form them into better drugs. Some of the modern-day
drugs with triazole nucleus are Ribavirin (antiviral
agent), Rizatriptan (antimigrane agent), Alprazolam
(anxiolytic agent), Flucanozole and Itraconazole (anti-
fungal agent).

Many compounds containing dichlorophenyl moiety are
found to be biologically important and incorporation of
fluorine atom in these molecules could also alter the
pKa, dipole moments and even chemical reactivity and
stability of neighbouring groups. Further, presence of
fluorine atom in the molecule increases the lipophilicity
of the molecule and hence affects the partitioning of a
molecule into membranes and also facilitates hydropho-
bic interactions of the molecule with specific binding
sites on either receptor or enzymes.!°

Prompted by these observations, it was contemplated to
synthesize some dichlorofluorophenyl containing conge-
ners of triazole Schiff and Mannich bases with a view to
explore their potency as better chemotherapeutic agents.
All newly synthesized compounds were screened for the
antibacterial and antifungal activity.

2. Result and discussion

4-Amino-3-(2,4-dichloro-5-fluorophenyl)-5-mercapto-
1,2,4-triazole (1) was synthesized from 2,4-dichloro-5-
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fluorobenzoic acid as per the literature.?! Compound 1
was treated with substituted aromatic aldehydes (2) in
presence of concentrated H,SO, to yield Schiff base
(3). Compound 3 when treated with secondary and
substituted aromatic amines in presence of formalde-
hyde gave Mannich bases (4 and 5) in good yields.
The reaction sequence is outlined in Scheme 1. The
Characterization data of Schiff bases (3) and Mannich
bases (4 and 5) are given in Tables 1 and 2.

3. Biological activity
3.1. Antibacterial studies

The newly prepared compounds were screened for their
antibacterial activity against Escherichia coli (ATCC-

F 5\

25922), Staphylococcus aureus (ATCC-25923), Psuedo-
monas aeruginosa (ATCC-27853) and Klebsiella pneumo-
niae (recultured) bacterial strains by disc diffusion
method.?>?* A standard inoculum (1-2x 107 c.f.u/ml
0.5 McFarland standards) was introduced onto the sur-
face of sterile agar plates, and a sterile glass spreader
was used for even distribution of the inoculum. The
discs measuring 6.25 mm in diameter were prepared
from Whatman No.1 filter paper and sterilized by dry
heat at 140 °C for an hour. The sterile discs previously
soaked in a known concentration of the test compounds
were placed in nutrient agar medium. Solvent and
growth controls were kept. The plates were inverted
and incubated for 24 h at 37 °C. Ciprofloxacin was used
as a standard drug. The inhibition zones were measured
and compared with the controls. The bacterial zone of
inhibition values are given in Table 3.
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Scheme 1. Synthesis of Schiff bases and Mannich bases.
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Table 1. Characterization data of Schiff bases 3a—g
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Compound R Mol. Formula mp °C Yield (%) Analysis (%) Found (calculated)
C H N
3a 4-N(CH;), C7H14CLFN;sS 224-26 73 49.55 (49.76) 3.39 (3.44) 16.71 (17.07)
3b 4-Cl CysHgCLI,FN,S 225-27 87 44.52 (44.85) 1.96 (2.01) 13.64 (13.95)
3c 4-OCH; Ci6H11CLEN,SO 192-94 78 47.97 (48.30) 2.55(2.79) 13.80 (14.10)
3d 4-NO, C,5HgCLL,FN;sSO, 217-19 75 43.40 (43.70) 1.85 (1.96) 16.58 (16.99)
3e 4-F CsHgCLF,N,S 192-94 70 46.45 (46.77) 2.01 (2.09) 14.27 (14.54)
3f 3,4-(0-CH,-0O) C,6HsC13FN,4SO, 206-08 81 46.55 (46.75) 2.09 (2.15) 13.76 (14.07)
3g 2,4-Cl, CsH,CLLFN,S 201-03 68 40.90 (41.31) 1.59 (1.62) 12.59 (12.85)
Table 2. Characterization data of Mannich bases 4a—i and Sa—f
Compound  X/R, R Mol. Formula mp °C Yield (%) Analysis (%) Found (calculated)
C H N

4a (0] 4-N(CHj),  CyH»CLFNOS 150-52 81 51.72 (51.87)  4.51 (4.55)  16.33 (16.50)
4b N-CH; 4-N(CHj),  Cy3HpCLFN4S 100-02 73 52.72 (52.87)  4.98 (5.02)  18.61 (18.77)
4c CH, 4-N(CH3),  Cy3H,sCLFNgS 112-14 78 54.21 (54.44) 493 (497) 16.47 (16.56)
4d 0} 4-Chloro CyoH7Cl3FNsOS 185-87 83 47.75 (47.97)  3.38 (3.42)  13.81 (13.98)
4e N-CH; 4-Chloro C51H0ClFNgS 143-45 69 48.85(49.09)  3.89(3.92) 16.22 (16.36)
4f CH, 4-Chloro C,H9CI3FN;sS 167-69 80 50.36 (50.56)  3.81 (3.84)  13.85 (14.04)
4g 0} Piperonyl C,;H sCLFNsO5S 154-56 86 49.26 (49.42)  3.45(3.55) 13.60 (13.72)
4h N-CH; Piperonyl CyH, CLENO,S 167-69 65 50.21 (50.48)  4.01 (4.04)  15.92 (16.06)
4i CH, Piperonyl CyH0CLFN5O,S 114-16 73 51.76 (51.97)  3.89 (3.97) 13.61 (13.74)
5a 4-Fluoro 4-N(CHj),  CogHy0CLF,NgS 128-30 66 53.85(54.04) 3.72(3.78)  15.65 (15.75)
5b 3-Chloro-4-fluoro  4-N(CH3),  CyH 9Cl3F,NgS 177-79 70 50.57 (50.76)  3.29 (3.37)  14.66 (14.80)
5¢ 4-Fluoro 4-Chloro CyH 4CI3F,>NsS 164-66 76 50.17 (50.35)  2.66 (2.69)  13.19 (13.34)
5d 3-Chloro-4-fluoro  4-Chloro CH 3Cl4FoNsS 169-71 69 47.18 (47.25)  2.30 (2.34)  12.37 (12.52)
Se 4-Fluoro Piperonyl Cy3H;5CLF,NsO,S  173-75 73 51.55(51.70)  2.80 (2.83)  12.85(13.11)
5f 3-Chloro-4-fluoro  Piperonyl Co3H14,CF,NsO,S  172-74 77 48.35 (48.57) 241 (2.48) 12.12 (12.31)

Table 3. Zone of Inhibition of Schiff and Mannich bases

Compound Staphylococcus aureus Escherichia coli Pseudomonas aeruginosa Klebsiella pneumoniae
(ATCC-25923) (ATCC-25922) (ATCC-27853) (recultured)
3a 12 9 14 —
3b 10 12 10 —
3c 23 28 21 20
3d — — 10 —
3e 18 23 — —
3f 6 10 8 11
3g 12 10 14
4a 6 15 11 —
4b 13 — — —
4c 24 27 24 19
4d 21 29 26 —
4e 23 28 22 17
4f 26 29 25 20
4g — 10 — —
4h 14 15 12 6
4i — — 9 11
5a 7 6 — —
Sb 12 11 14 12
5¢ 17 — 12
5d 17 — —
Se 14 9 13 —
5f — — — —
Standard 25 30 25 20

— Indicates bacteria are resistant to the compounds >100 pg/ml. Zone of Inhibition in mm.
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Minimum inhibitory concentration (MIC) was deter-
mined by broth dilution technique. The Nutrient Broth,
which contained logarithmic serially two fold diluted
amount of test compound and controls, was inoculated
with approximately 5 x 10° c.f.u of actively dividing bac-
teria cells. The cultures were incubated for 24 h at 37 °C
and the growth was monitored visually and spectropho-
tometrically. The lowest concentration (highest dilution)
required to arrest the growth of bacteria was regarded as
minimum inhibitory concentrations (MIC). To obtain
the minimum bacterial concentration (MBC), 0.1 ml
volume was taken from each tube and spread on agar
plates. The number of c.f.u was counted after 18-24 h
of incubation at 35 °C. MBC was defined as the lowest
drug concentration at which 99.9% of the inoculum
was killed. The minimum inhibitory concentration and
minimum bactericidal concentration are given in
Table 4.

The investigation of antibacterial screening data re-
vealed that all the tested compounds showed moderate
to good bacterial inhibition. The compounds 3c, 4c,
4e, and 4f showed good inhibition towards all tested spe-
cies. Compound 3e showed good inhibition against S.
aureus and E. coli species at 6.25 pg/ml concentrations.
The compounds 3¢, 4¢c, 4e and 4f exhibited good anti-
bacterial activity almost equivalent to that of standard.
The MBC of few compounds were found to be the same
as MIC but in most of the compounds it was two- or
three- or fourfold higher than the corresponding MIC
result.

Table 4. MIC and MBC results of Schiff and Mannich bases

3.2. Antifungal studies

The newly prepared compounds were screened for
their antifungal activity against Aspergillus flavus
(NICM No. 524), Aspergillus fumigatus (NICM No.
902), Penicillium marneffei and Trichophyton mentagro-
phytes (recultured) in DMSO by serial plate dilution
method.>*?> Sabourand’s agar media were prepared
by dissolving peptone (1 g), p-glucose (4 g) and agar
(2 g) in distilled water (100 ml) and adjusting pH to
5.7. Normal saline was used to make a suspension
of spore of fungal strain for lawning. A loopful of
particular fungal strain was transferred to 3 ml saline
to get a suspension of corresponding species. Twenty
millilitres of agar media was poured into each petric
dish. Excess suspension was decanted and the plates
were dried by placing in an incubator at 37 °C for
1 h. Using an agar punch wells were made into each
well labelled. A control was also prepared in triplicate
and maintained at 37 °C for 3-4 days. The fungal
activity of each compound was compared with that
of Flucanozole as standard drug. The inhibition zones
were measured and compared with the controls. The
fungal zone of inhibition values are given in Table
5. The Nutrient Broth, which contained logarithmic
serially twofold diluted amount of test compound
and controls, was inoculated with approximately
1.6 x 10*-6 x 10* c.f.u/ml was used. The cultures were
incubated for 48 h at 35 °C and the growth was mon-
itored. The lowest concentration (highest dilution)
required to arrest the growth of fungus was regarded

Compound Staphylococcus aureus Escherichia coli Pseudomonas Klebsiella
(ATCC-25923) (ATCC-25922) aeruginosa pneumoniae
(ATCC-27853) (recultured)
MIC MBC MIC MBC MIC MBC MIC MBC

3a 12.5 50 25 100 12.5 25 — —
3b 12.5 100 12.5 50 12.5 100 — —
3¢ 6.25 12.5 6.25 12.5 6.25 12.5 12.5 100
3d — — — — 12.5 100 — —
3e 6.25 25 6.25 50 — — — —
3f 25 100 25 100 25 100 12.5 50
3g 12.5 50 12.5 100 12.5 100 — —
4a 25 100 12.5 100 12.5 50 — —
4b 12.5 100 — — — — — —
4c 6.25 25 6.25 12.5 6.25 6.25 12.5 100
4d 6.25 12.5 6.25 6.25 6.25 25 — —
4e 6.25 12.5 6.25 25 6.25 12.5 12.5 50
4f 6.25 6.25 6.25 6.25 6.25 25 12.5 50
4g — — 25 100 — — — —
4h 12.5 50 12.5 50 12.5 100 25 100
4i — — — — 25 100 25 50
5a 25 100 25 100 — — — —
5b 12.5 25 12.5 100 12.5 100 12.5 100
5¢ 6.25 50 — — 12.5 25 25 100
5d 6.25 12.5 — — — — — —
Se 12.5 100 25 100 12.5 50 — —
5f — — — — — — — —
Standard 6.25 12.5 12.5 25 6.25 12.5 6.25 12.5

— Indicates bacteria are resistant to the compounds >100 pg/ml.

MIC (pg/ml) = minimum inhibitory concentration, that is lowest concentration to completely inhibit bacterial growth.
MBC (pg/ml) = minimum bactericidal concentration, that is lowest concentration to completely kill bacteria.
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Table 5. Zone of Inhibition of Schiff and Mannich bases

Compound Aspergillus fumigatus Aspergillus flavus Trichophyton mentagrophytes Penicillium marneffei
(NICM No. 902) (NICM No. 524) (recultured) (recultured)
3a 12 11 17 15
3b 12 10 7 14
3c 19 21 18 20
3d 15 16 14 16
3e 18 14 19 21
3f 11 15 10 12
3g 12 — 15 14
4a — 12 16 14
4b 12 15 10 8
4c 10 — 5 —
4d 11 16 — 14
4e 12 15 — 10
4f — — — —
4g 9 7 — 10
4h 5 10 — 13
4i 7 — 10 11
5a 12 8 14 10
5b — — — —
5¢ 18 19 17 18
5d — — — —
Se 17 21 19 21
5f 19 19 18 19
Standard 18 22 19 21

— Indicates fungus is resistant to the compounds >100 pg/ml. Zone of inhibition in mm.

as minimum inhibitory concentrations (MIC). To ob-
tain the minimum fungicidal concentration (MFC),
0.1 ml volume was taken from each tube and spread
on agar plates. The number of c.f.u was counted after
48 h of incubation at 35 °C. MFC was defined as the
lowest drug concentration at which 99.9% of the inoc-
ulum was killed. The minimum inhibitory concentra-
tion and minimum fungicidal concentration are given
in Table 6.

The antifungal screening data showed only moderate
activity. Among the screened compounds, compounds
3c, 5¢, Se and 5f emerged as active against all the fungal
strains. Compound 3e showed good inhibition against
A. fumigatus, T. mentagrophytes and P. marneffei at
6.25 pg/ml concentrations. The compounds 3¢, Sc, Se
and 5f showed good antifungal activity almost equiva-
lent to that of standard. The MBC of few compounds
were found to be the same as MIC but in most of the
compounds it was two- or three- or fourfold higher than
the corresponding MIC result.

4. Conclusion

We have synthesized series of dichlorofluorophenyl
bearing Schiff and Mannich bases. Among the synthe-
sized compounds, Schiff bases with p-methoxyphenyl
substituents showed good antibacterial and antifungal
activity. In case of Mannich Bases, compounds contain-
ing N-methyl piperazinyl and piperidinyl moiety showed
good antibacterial activity against all strains comparable
to the standard. Mannich bases with 4-fluorophenyl
and 3-chloro-4-fluorophenyl substituents showed good
antifungal activity. Hence, it is concluded that, there is
ample scope for further study.

5. Experimental

Melting points were determined by an open capillary
method and are uncorrected. The IR spectra (in KBr
pellets) were recorded on a Shimadzu FT-IR 157 spec-
trophotometer. "H NMR spectra were recorded using
DMSO-dg as solvent and TMS as an internal standard
either on a Bruker or 300 MHz or 400 MHz NMR spec-
trometer. Chemical shift values are given in J scale. The
mass spectra were recorded on a MASPEC low resolu-
tion mass spectrometer operating at 70 eV. The purity
of the compounds was checked by thin-layer chroma-
tography (TLC) on silica gel plate using petroleum ether
and ethyl acetate.

5.1. Procedure for the preparation of 4-amino-3-(2,4-
dichloro-5-fluorophenyl)-5-mercapto-1,2,4-triazole (1)

4-Amino-3-(2,4-dichloro-5-fluorophenyl)-5-mercapto-
1,2,4-triazole (1) was synthesized by literature method.?!
The solid product obtained was recrystallized from eth-
anol. Yield 92%; mp 214-218 °C; IR (KBr) nu/cm
3242 and 3153 (NH, asymmetric and symmetric), 3097
(Ar-H), 1631 (C=N), 1456 (C=C), 1095 (C-F), 881/
729 (C-Cl).

'H NMR (3, CDCly): 4.74 (s, 1H, NH,), 7.33 (d,
1H, CeH, Juromo=83Hz), 7.92 (d, 1H, C;H,
JiF meta = 6.5 Hz), 10.47 (s, 1H, NH/SH); Mass (%):
M* 278 (52), M+2 (36), M+4 (12).

5.2. General procedure for the preparation of Schiff base
(3a-g)

To a suspension of substituted benzaldehyde (2)
(0.01 mol) in ethanol (15 ml), an equimolar amount of
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Compound Aspergillus fumigatus Aspergillus flavus Trichophyton Penicillium marneffei
(NICM No. 902) (NICM No. 524) mentagrophytes (recultured)
(recultured)

MIC MBC MIC MBC MIC MBC MIC MBC
3a 12.5 100 25 100 12.5 50 12.5 50
3b 12.5 25 25 50 25 100 12.5 100
3¢ 6.25 12.5 6.25 6.25 6.25 12.5 6.25 12.5
3d 6.25 25 12.5 100 12.5 50 6.25 25
3e 6.25 50 12.5 100 6.25 25 6.25 12.5
3f 25 50 12.5 25 25 50 12.5 50
3g 6.25 25 — — 6.25 25 12.5 50
4a — — 12.5 100 12.5 50 12.5 100
4b 12.5 100 12.5 50 25 50 25 50
4c 12.5 100 — — 25 100 — —
4d 25 50 12.5 100 — — 12.5 100
4e 12.5 100 12.5 50 — — 25 100
4f — — — — — — — —
4g 25 100 25 50 — — 12.5 50
4h 12.5 25 12.5 25 — — 12.5 100
4i 25 100 — — 25 50 12.5 100
5a 12.5 100 25 50 12.5 25 25 50
5b — — — — — — — —
5¢ 6.25 6.25 6.25 12.5 6.25 12.5 6.25 12.5
5d — — — — — — — —
Se 6.25 50 6.25 12.5 6.25 25 6.25 50
5f 6.25 6.25 6.25 12.5 6.25 12.5 6.25 6.25
Standard 6.25 12.5 6.25 12.5 6.25 12.5 6.25 12.5

— Indicates bacteria are resistant to the compounds >100 pg/ml.

MIC (pg/ml) = minimum inhibitory concentration, that is lowest concentration to completely inhibit fungal growth.
MFC (pg/ml) = minimum fungicidal concentration, that is lowest concentration to completely kill fungus.

triazole (1) was added. The suspension was heated until
clear solution was obtained. Then few drops of concen-
trated sulfuric acid were added as catalyst. The solution
was refluxed for 34 h on a water bath and the precipi-
tated solid was filtered off, washed with water and
recrystallized from ethanol-DMF.

Compound 3a

IR (KBr) v/em™': 3310 (NH), 3099 (Ar—H), 2922 (C-H),
1670 (C=N), 1571 (C=N), 1471 (C=C), 1080 (C-F),
798 and 758 (C-Cl). '"H NMR (9, CDCls): 3.5 (s, 6H,
N,N-dimethylaminophenyl protons, J=38.7 Hz), 7.40
(d, 1H, dichlorofluorophenyl proton, Ju g ortho =
8.5Hz), 7.55 (d, 1H, dichlorofluorophenyl proton,
JH-F meta = 6.7 Hz), 7.60 (d, 2H, N,N-dimethylamin-
ophenyl protons, J=28.7Hz), 9.72 (s, H, N=CH),
10.50 (s, 1H, NH/SH).

Compound 3b

IR (KBr) viem': 3345 (NH), 3085 (Ar-H), 1608
(C=N), 1576 (C=N), 1490 (C=C), 1101 (C-F), 819
and 735 (C-Cl). ' H NMR (8, CDCl5): 7.59 (d, 2H, p-
chlorophenyl protons, J=8.5Hz), 7.78 (d, 2H, p-chloro-
phenyl protons, J = 8.5 Hz), 7.93 (d, 1H, dichlorofluor-
ophenyl proton, Jy_f ortho = 9.2 Hz), 8.09 (d, 1H,
dichlorofluorophenyl proton, Jy_g meta = 6.7 Hz), 10.03
(s, H, N=CH), 14.49 (s, 1H, NH/SH).

Compound 3f

IR (KBr) v/em™': 3225 (NH), 3095 (Ar-H), 2972 (C-H),
1610 (C=N), 1495 (C=C), 1105 (C-F), 827 and 745 (C-
Cl). '"H NMR (9, CDCls): 6.03 (s, 2H, O-CH,-O pro-
tons), 6.86 (d, 1H, piperonyl proton, J =8 Hz), 7.18-

7.24 (m, 2H, piperonyl protons), 7.37 (d, 1H, dichloro-
fluorophenyl proton, Jy_r ormmo = 8.4 Hz), 7.58 (d, 1H,
dichlorofluorophenyl proton, Ji_g meta = 6.5 Hz), 10.03
(s, 1H, N=CH), 10.60 (s, 1H, NH/SH).

Compound 3g

IR (KBr) viem™': 3245 (NH), 3095 (Ar-H), 1635
(C=N), 1486 (C=C), 1087 (C-F), 835 and 727 (C-Cl).
'"H NMR (8, CDCls): 7.31 (d, 1H, dichlorophenyl pro-
ton, J=8.4 Hz), 7.46 (d, 1H, dichlorophenyl proton,
J=28.4Hz), 748 (s, 1H, dichlorophenyl proton), 7.65
(d, 1H, dichlorofluorophenyl proton, Jy_F meta =
6.3 Hz), 7.79 (d, 1H, dichlorofluorophenyl proton,
JH-F ortho = 8.4 Hz), 10.98 (s, 1H, N=CH), 14.21 (s,
1H, NH/SH).

5.3. General procedure for the synthesis of Mannich bases
(4 and 5)

The Schiff base (3) (0.01 mol) was dissolved in a mixture
of ethanol and DMF. Then formaldehyde (40%, 1.5 ml)
and primary/secondary amine (0.01 mol) were intro-
duced to this solution. The mixture was stirred for
2-3h and kept overnight at room temperature. The
resulting solid was collected by filtration, washed with
cold ethanol and recrystallized from ethanol and DMF
to yield the title compound.

Compound 4a

IR (KBr) viem™': 3099 (Ar—H), 2975 (C-H), 1640
(C=N), 1471 (C=C), 1295 (C=S), 1085 (C-F), 835
and 727 (C-Cl). '"H NMR (4, CDCly): 2.88 (t, 4H,



7488 M. S. Karthikeyan et al. | Bioorg. Med. Chem. 14 (2006) 7482—7489

N-CH,), 3.72 (t, 4H, O-CH,), 3.05 (s, 6H, N(CHj),,
5.23 (s, 2H, N-CH>-N), 6.66 (d, 2H, N,N-dimethylamino-
phenyl protons, J = 8.8 Hz), 7.40 (d, 1H, dichlorofluor-
ophenyl proton, JH_F ortho = 8.6 Hz), 7.54 (d, 1H,
dichlorofluorophenyl proton, Jy_g meta = 6.5 Hz), 7.61
(d, 2H, N,N-dimethylaminophenyl protons, J=
8.8 Hz), 9.67 (s, 1H, N=CH).

Compound 4b

IR (KBr) viem™': 3076 (Ar-H), 2998 (C-H), 1645
(C=0), 1515 (C=C), 1285 (C=S), 1110 (C-F), 813
and 731 (C-Cl). '"H NMR (5, CDCls): 2.17 (s, 3H,
N-CH3), 2.46 (t, 4H, CH,), 293 (t, 4H, CH,)
3.05 (s, 6H, N(CHj3),), 5.27 (s, 2H, N-CH,-N),
6.66 (d, 2H, N,N-dimethylaminophenyl protons,
J=8.4Hz), 7.39 (d, 1H, dichlorofluorophenyl proton,
JH-F ortho = 8.8 Hz), 7.53 (d, 1H, dichlorofluorophenyl
proton, JH_f meta = 6.4 Hz), 7.60 (d, 2H, N,N-dimeth-
ylaminophenyl protons, J=284Hz), 9.65 (s, 1H,
N=CH). Mass (%): 522 (M"), 410 (M"-piperazinyl
moiety), 147  (M"-N,N-dimethylaminobenzonitrile
cation).

Compound 4c¢

IR (KBr) viem™': 3102 (Ar-H), 2975 (C-H), 1657
(C=N), 1521 (C=N), 1453 (C=C), 1262 (C=S), 1097
(C-F), 815 and 721 (C-Cl), '"H NMR (5, CDCls):
1.51-1.63 (m, 6H, CH,), 2.76 (t, 4H, N-CH,), 3.05
(s, 6H, N(CHs3),), 5.25 (s, 2H, N-CH,-N), 6.64 (d,
2H, N,N-dimethylaminophenyl protons, J= 8.5 Hz),
7.55 (d, 2H, N,N-dimethylaminophenyl protons,
J=8.5Hz), 7.42 (d, 1H, dichlorofluorophenyl proton,
JH-F ortho = 8.8 Hz), 7.58 (d, 1H, dichlorofluorophenyl
proton, Jy_g meta = 6.8 Hz), 9.69 (s, IH, N=CH).
Compound 4d

IR (KBr) viem™': 3079 (Ar-H), 2925 (C-H), 1635
(C=N), 1558 (C=N), 1475 (C=C), 1288 (C=S), 1089
(C-F), 812 and 745 (C-Cl). '"H NMR (4, CDCI;): 2.88
(t, 4H, N-CH,), 3.72 (t, 4H, O-CH,), 5.23 (s, 2H, N-
CH,-N), 7.36-7.42 (m, 3H, p-chlorophenyl and dichlo-
rofluorophenyl protons), 7.59 (d, 1H, dichlorofluoro-
phenyl proton, JH_f metwa = 6.5 Hz), 7.65 (d, 2H, p-
chlorophenyl protons, J=284Hz), 1044 (s, 1H,
N=CH). Mass (%): M" 498, 400 (25), 361 (15), 262
(26), 137 (10), 98 (100).

Compound 4e

IR (KBr) viem™': 3106 (Ar-H), 2972 (C-H), 1625
(C=N), 1578 (C=N), 1464 (C=C), 1269 (C=S), 1112
(C-F), 825 and 732 (C-Cl); '"H NMR (§, CDCls): 2.29
(s, 3H, N-CH3), 2.45 (t, 4H, CH,), 2.95 (t, 4H, CH,),
5.27 (s, 2H, N-CH,-N), 7.41 (d, 2H, p-chloro-phenyl
protons, J = 8.4 Hz), 7.48 (d, 1H, dichlorofluoro-phenyl
proton JH_F ortho = 8.8 Hz), 7.57 (d, 1H, dichlorofluoro-
phenyl proton, JH_f mew = 6.5 Hz), 7.65 (d, 2H, p-
chlorophenyl protons, J=284Hz), 1048 (s, IH,
N=CH).

Compound 4f

IR (KBr) viem ': 3085 (Ar—H), 2985 (C-H), 1658
(C=N), 1568 (C=N), 1435 (C=C), 1272 (C=S), 1092
(C-F), 813 and 735 (C-Cl). '"H NMR (5, CDCls):
1.55-1.61 (m, 6H, CH,), 2.82 (t, 4H, N-CH,), 5.23 (s,
2H, N-CH,-N), 7.36-7.42 (m, 3H, p-chlorophenyl and
dichlorofluorophenyl  protons), 7.58 (d, 1H,

dichlorofluorophenyl proton, Jy_f meta = 6.5 Hz), 7.64
(d, 2H, p-chlorophenyl protons, J = 8.5 Hz), 10.48 (s,
1H, N=CH).

Compound 4g

IR (KBr) viem™': 3106 (Ar—H), 2925 (C-H), 1656
(C=N), 1571 (C=N), 1448 (C=C), 1097 (C-F), 812
and 745 (C—Cl), '"H NMR (9, CDCl5): 2.87 (t, 4H, N—
CH,), 3.72 (t, 4H, O-CH;), 5.23 (s, 2H, N-CH,-N),
6.06 (s, 2H, O—CH,»-0), 6.86 (d, 1H, piperonyl proton,
J=179Hz), 7.19 (d, 1H, piperonyl proton J = 7.9 Hz),
7.24 (s, 1H, piperonyl proton), 7.38 (d, 1H, dichloroflu-
orophenyl proton, Jy g ortho = 8.4 Hz), 7.56 (d, 1H,
dichlorofluorophenyl proton, Jy_g meta = 6.4 Hz), 10.04
(s, 1H, N=CH).

Compound 4h

IR (KBr) viem™': 3078 (Ar-H), 2976 (C-H), 1638
(C=N), 1548 (C=N), 1452 (C=C), 1242 (C=S), 1078
(C-F), 824 and 738 (C-Cl). '"H NMR (4§, CDCls): 2.28
(s, 3H, N-CH3), 2.45 (t, 4H, NCH,), 2.95 (t, 4H, N-
CH,), 5.26 (s, 2H, N-CH>-N), 6.03 (s, 2H, O-CH»—
0), 6.85 (d, 1H, piperonyl protons, J=8 Hz), 7.19
(dd, 1H, piperonyl proton), 7.23 (d, 1H, piperonyl pro-
ton, J = 1.4 Hz), 7.36 (d, 1H, dichlorofluorophenyl pro-
ton, JHF ortho = 8.5 Hz), 7.56 (d, 1H, dichlorofluoro-
phenyl proton, Jy_p meta = 6.5 Hz), 10.09 (s, 1H,
N=CH).

Compound 4i

IR (KBr) viem™': 3075 (Ar—H), 2988 (C-H), 1635
(C=N), 1543 (C=N), 1448 (C=C),1272 (C=S), 1109
(C-F), 812 and 727 (C-Cl). '"H NMR (5, CDCl,):
1.57-1.63 (m, 6H, CH,), 2.78-2.84 (m, 4H, N-CH,),
5.23 (s, 2H, N-CH,-N), 6.03 (s, 2H, O-CH,-0O),
6.85 (d, 1H, piperonyl proton, J=8 Hz), 7.19 (dd,
1H, piperonyl proton), 7.24 (d, 1H, piperonyl proton,
J=1.5Hz), 7.37 (d, 1H, dichlorofluorophenyl proton,
JH_F ortho = 8.5 Hz), 7.57 (d, 1H, dichlorofluorophenyl
proton, Jy_f meta = 6.5 Hz), 10.16 (s, 1H, N=CH).
Compound 5a

IR (KBr) v/em ™ ': 3325 (NH), 3078 (Ar-H), 2985 (C-H),
1623 (C=N), 1468 (C=C), 1288 (C=S), 1108 (C-F), 798
and 727 (C-Cl). '"H NMR (9, CDCls): 3.04 (s, 6H,
NCHs3), 5.25 (t, 1H, NH), 5.63 (d, 2H, N-CH,-N),
6.65 (d, 2H, N,N-dimethylaminophenyl protons,
J=8.8 Hz), 6.87-7.01 (m, 4H, p-fluorophenyl protons),
7.30 (d, 1H, dichlorofluorophenyl proton, Ju_r ortho =
8.64 Hz), 7.52 (d, 1H, dichlorofluorophenyl proton,
JH-F meta = 6.5 Hz), 7.58 (d, 2H, N,N-dimethylamino-
phenyl protons, = 8.9 Hz), 9.63 (s, 1H, N=CH).
Compound 5b

IR (KBr) viem™': 3313 (NH), 3079 (Ar-H), 1670
(C=N), 1545 (C=N), 1445 (C=C), 1266 (C=S), 1095
(C-F), 827 and 748 (C-Cl). '"H NMR (8, CDCls): 3.04
(s, 6H, N(CHs),), 5.37 (t, 1H, NH), 5.61 (d, 2H,
N-CH,-N), 6.65 (d, 2H, N,N-dimethylaminophenyl
protons, J=8.8 Hz), 6.76-6.82 (m, 1H, 3-chloro-4-
fluorophenyl proton), 6.96-7.04 (m, 1H, 3-chloro-4-flu-
orophenyl proton), 7.34 (d, 1H, dichlorofluorophenyl
proton, Jy_r ortho = 8.5 Hz), 7.53 (d, 1H, dichlorofluoro-
phenyl proton, Jy f meta = 6.6 Hz), 7.58 (d, 2H, N,N-
dimethylaminophenyl protons, J=8.8 Hz), 10.4 (s,
1H, N=CH).
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Compound 5S¢

IR (KBr) viem™'": 3325 (NH), 3078 (Ar-H), 1656
(C=N), 1438 (C=C), 1102 (C-F), 831 and 728 (C-Cl).
'"H NMR (6, CDCly): 5.59 (t, 1H, NH), 6.21 (d, 2H,
N-CH,-N), 6.83-6.95 (m, 1H, p-fluorophenyl proton),
6.96-7.05 (m, 2H, p-fluorophenyl protons), 7.38-7.42
(m, 3H, p-chlorophenyl and dichlorofluorophenyl pro-
tons), 7.63-7.66 (m, 3H, p-chlorophenyl and dichloro-
fluorophenyl proton), 10.35 (s, 1H, N=CH).
Compound 5d

IR (KBr) viem™': 3289 (NH), 3083 (Ar-H), 1625
(C=N), 1476 (C=C), 1097 (C-F), 825 and 756 (C-Cl).
'"H NMR (6, CDCly): 5.31 (t, 1H, NH), 5.61 (d, 2H,
N-CH,-N), 6.76-6.81 (m, 2H, p-fluorophenyl protons),
6.96-7.02 (m, 2H, p-fluorophenyl protons), 7.31 (d, 2H,
p-chlorophenyl protons, J=85Hz), 740 (d, 1H,
dichlorofluorophenyl proton, Jy_g ortho = 8.5 Hz), 7.58
(d, 1H, dichlorofluorophenyl proton, Jy_F meta =
6.5Hz), 7.63 (d, 2H, p-chlorophenyl protons,
J=8.5Hz), 10.4 (s, IH, N=CH). Mass (%): M" 557,
401 (75), 190 (12), 158 (38), 137 (47).

Compound 5e

IR (KBr) viem™': 3275 (NH), 3078 (Ar-H), 1635
(C=N), 1458 (C=C), 1108 (C-F), 827 and 748 (C-Cl).
'"H NMR (6, CDCly): 5.28 (t, 1H, NH), 5.64 (d, 2H,
N-CH,-N), 6.02 (s, 2H, O-CH,-0), 6.91-7.06 (m,
4H, p-fluorophenyl protons), 7.16-7.21 (m, 3H, pipero-
nyl protons), 7.27 (d, 1H, dichlorofluorophenyl proton,
JH-F ortho = 8.5 Hz), 7.55 (d, 1H, dichlorofluoro
phenyl proton, Jy_f ortho = 6.5 Hz), 10.06 (s, 1H,
N=CH). Mass (%): 489 (50), 411 (M-124, base peak),
147 (piperonyl nitrile cation, 55), 124 (p-fluoro anilino-
methyl cation, 40), 190 (dichlorofluorophenyl nitrile
cation, 10)

Compound 5f

IR (KBr) viem™': 3246 (NH), 3077 (Ar-H), 1666
(C=N), 1458 (C=C), 1089 (C-F), 812 and 731 (C-Cl).
"H NMR (9, CDCly): 5.61 (t, 1H, NH), 6.03 (d, 2H,
N-CH,-N), 6.18 (s, 2H, O-CH,-0), 6.76-6.81 (m,
2H, piperonyl protons), 6.84-6.88 (t, 1H, chlorofluor-
ophenyl proton), 6.96-7.02 (m, 1H, chlorofluorophenyl
proton), 7.16-7.21 (dd, 1H, piperonyl proton), 7.29-
7.33 (dd, 1H, chlorofluorophenyl proton), 7.55 (d, 1H,
dichlorofluorophenyl proton, Jy_p ormo = 8.3 Hz), 7.62

(d, 1H, dichlorofluorophenyl proton, Jy_F meta =
6.2 Hz), 10.06 (s, 1H, N=CH).
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