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In the past years, ionic liquids (ILs) created a new set of challenges to chemists and
chemical engineers and gained considerable interest as excellent alternatives to volatile
organic compounds (VOCs) due to their unique properties such as negligible vapor pres-
sure, excellent thermal and chemical stability in a wide temperature range, no flammabil-
ity, high ionic conductivity and solvation ability (1).

ILs are applicable in various fields, e.g., as solvents in organic synthesis (2), as media
for electrodeposition of metals (3, 4), as corrosion inhibitors (5-9), as electrolytes for elec-
trochemical devices such as batteries (10, 11), as catalysts (12), in fuel cells (13), in polymer
science (14), in dye-sensitized solar cells (15).

Separately, ultrasound (US) and microwave (MW) irradiation have gained popularity
as powerful tools in organic chemistry (16-20), offering some important advantages such
as significantly faster reaction times, increase in yield and selectivity, lower costs and
simplicity in handling and processing.

Contrary to conventional heating, in which energy must be first conducted through
the walls of the vessel containing the reactants, microwave irradiation heats the contents
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directly, allowing the temperature to raise much faster, thus boosting reaction rates. An-
other characteristic of microwaves is their ability to superheat solvents to a temperature
well in excess of their normal boiling points; this is due to the even spread of heat through
the liquid, allowing it to reach higher temperature before bubbles form (21).

As continuation of our interest in the development of green chemical processes (22—
24), the synthesis of a variety of new picolinium-based ionic liquids under ultrasound and
microwave irradiation was investigated carefully, and the protocol was then compared
with similar preparation using conventional heating.

To the best of our knowledge, only 1-(5-carboxypentyl)-4-methylpyridinium bromide
(5) was previously prepared by conventional methods (25); its preparation under ultra-
sound (US) or microwave irradiation (MW) has never been disclosed.

Further, in continuation of our recent work showing that some ILs possess promising
biological activities (26, 27), the in vitro antibacterial activities of some newly obtained ILs
were tested.

EXPERIMENTAL

Apparatus

All new compounds were synthesized and characterized by 'H NMR, BC NMR,
F NMR, "B NMR, *'P NMR, infrared spectroscopy (IR) and liquid chromatography-
mass spectrometry (LC-MS). 'H NMR (400 MHz), *C NMR (100 MHz), YF NMR (376.5 MHz),
3P NMR (162 MHz) and B NMR (128 MHz) spectra were measured in DMSO, CDCl, or
D,0O at room temperature. Chemical shifts (§) were reported in ppm relative to tetrameth-
ylsilane (TMS), which was used as an internal standard (Bruker, Switzerland). The LC-MS
spectra were measured with a Micromass, LCT mass spectrometer (Agilent Technologies,
Germany). IR spectra (v,,,, in cm™) were recorded in NaCl or KBr disc in a Shimadzu 8201
PC, FTIR spectrophotometer (Shimadzu, Japan). Elemental analyses were given using the
2400 Series II CHNS/O Elemental Analyzer (Perkin Elmer, USA). The ultrasound-assisted
reactions were performed using a high intensity ultrasonic processor SUB Aqua 5 Plus-
Grant with a temperature controller (750 W), microprocessor controlled-2004; the ultra-
sonic frequency of the cleaning bath used equaled 25 kHz (Grant Scientific, UK). The mi-
crowave-assisted reactions were performed using a controllable single-mode microwave
reactor, CEM Discovery, designed for synthetic use. The reactor was equipped with a mag-
netic stirrer as well as pressure, temperature and power controls. The maximum operating
pressure of the reactor was 2 MPa. Power and temperature ranges were 15-300 W and
60-250 °C, respectively (GEM Corp., USA).

General synthetic procedures

Picolinium halides 1-5 using the conventional method (CP). — To a solution of picoline de-
rivative (2 g, 0.021 mol) in 20 mL toluene, alkyl halide (0.023 mol) was added at room tem-
perature, followed by stirring at 80 °C for 18 h. Completion of the reaction was followed by
separation of oil or solid from the initially obtained clear and homogenous mixture of
picoline derivative and alkyl halide in toluene. The product was isolated by extraction or
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filtration to remove the unreacted starting materials and solvent. Subsequently, quater-
nary salt was washed with 30 mL of ethyl acetate. In each case, the IL/salt was finally dried
at a reduced pressure to get rid of all the volatile organic compounds (see Table I).

Picolinium halides 1-5 using ultrasonic irradiation (US). — A solution of picoline derivative
(2 g, 0.021 mol) and the appropriate alkyl bromide (0.023 mol) in 10 mL of toluene were
placed in a closed vessel and exposed to irradiation for 5 hours at 80 °C using a sonication
bath. The product was then collected as described under the conventional procedure out-
lined earlier.

Picolinium halides 1-5 using microwave irradiation (MW). — A solution of picoline deriva-
tive (2 g, 0.021 mol) and the appropriate alkyl halide (0.023 mol) in 10 mL were placed in a
microwave reactor vessel and irradiated for 15 minutes at 80 °C. The product was then
collected as described under the conventional procedure outlined above.

Metathesis reaction of picolinium halides 1-5 leading to compounds 6—35 using the conven-
tional method. — Quaternary salt (0.015 mol) was dissolved in 20 mL of acetonitrile to obtain
a clear solution. A metal salt was added to this solution, either sodium tetrafluoroborate
(NaBF,), potassium hexafluorophosphate (KPE,), trifluoroacetic acid sodium salt (CF,COO-
Na), sodium dicyanamide [NaN(CN),], sodium thiocyanate (NaNCS) or sodium nitrate
(NaNO;) (0.018 mol), followed by stirring at 70 °C for 3 h. The cooled reaction mixture was
filtered through Celite to remove solid metal halide, and acetonitrile was evaporated to
afford the desired ionic liquid quantitatively (see Table II).

Ultrasound-assisted metathesis reaction of picolinium halides 1-5 leading to compounds 6-35.
— A solution of picolinium halides (0.015 mol) and NaBF, KPF,, CF;,COONa, NaN(CN),,
NaNCS or NaNO; (0.015 mol) in 10 mL of acetonitrile was placed in a closed vessel and
exposed to irradiation for 45 min at 70 °C using a sonication bath. The product was then
collected as described in the conventional procedure outlined earlier.

Microwave-assisted metathesis reaction of picolinium halides 1-5 leading to compounds 6—35.
— Picolinium-halide salt (0.015 mol) was placed in a microwave reactor vessel, followed by
the addition of NaBF, KPF,, CF;COONa, NaN(CN),, NaNCS or NaNQO; (0.015 mol) in 10 mL
of acetonitrile. The reaction was carried out for 7 min at 70 °C. The product was then col-
lected as described in the conventional procedure outlined earlier.

Antimicrobial activity

Minimum inhibitory concentrations. — The antibacterial activity was measured by deter-
mination of minimum inhibitory concentration (MIC) values in a range from 0 to 1 mmol
L' and compared with those of some potent antibacterial compounds such as mezlocillin,
amikacin and tetracycline.

Microorganisms used were four Gram-negative bacteria including Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa and Acinetobacter baumannii as well as four
Gram-positive bacteria including Staphylococcus aureus, Streptococcus pneumoniae, Bacillus
subtilis and Bacillus cereus. These clinical isolates of microorganisms were selected because
of their pathogenic properties.
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MIC was determined using the broth microdilution method based on the recom-
mended protocol employed by the Clinical and Laboratory Standards Institute (28). Tested
compounds were dissolved in sterile, distilled water and diluted to a final concentration
of 2 mmol L™ in Miiller-Hinton broth (Becton Dickinson, USA) (29). Two-fold serially di-
luted test compounds were dispensed into each of the 96 wells of standard microdilution
plates. The direct colony suspension method was used for inoculum preparation. Bacte-
rial suspension was prepared by direct transfer of colonies from 24-h agar plates to Miiller-
Hinton broth. Bacterial suspensions were adjusted using a bacterial counting chamber to
contain approximately 1x 108 CFU mL. A 50-uL volume of each bacterial suspension was
mixed with 50 uL of a serially diluted test compound in a 96-microdilution plate according
to the microdilution method (30); uninoculated wells were used as control samples. Plates
were incubated at 35 °C for 24 h. Confirmation of MIC was achieved by transfering aliquots
from wells containing no growth onto nutrient agar plates and testing for colony formation
upon subculturing. The obtained MIC values are means of three independent experiments
and are presented in Table IV.

RESULTS AND DISCUSSION

Chemistry

The synthetic route used in this study is shown in Scheme 1. First, nucleophilic al-
kylation of picoline derivatives with different alkyl halides (1:1.1) was carried out using the
conventional procedure (toluene, 80 °C, 18 h). 3-Picoline or 4-picoline played the role of
nucleophile in these SN, quaternization reactions. Picolinium halides 1-5 were obtained
in 72-82 % yield. Compared to the conventional method, ultrasonic irradiation shortened
the reaction time (5 h) and gave better yield (79-84 %) of the product (Table I). These results
could be explained by the high pressure generated by the bubble collapse that prompted
the reaction, as well as by the good interaction between molecules during the reaction due

to vigorous agitation.
AN
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R = (CH,) OPh, (CH,);CO,Et, (CH,)5sCO,H
MY = NaBF,, KPF,, CF,COONa, NaNCS, NaN(CN),, NaNO,

Scheme 1. (i) N-alkylation of picoline derivative: conventional preparation, ultrasonic and microwave
irradiation conditions. CP;: RBr, toluene, 80 °C, 18 h; US: toluene, 80 °C, 5 h; MW: toluene, 80 °C, 15 min.
(ii) Anion metathesis using conventional preparation, ultrasonic and microwave irradiation conditions.
CP: MY, acetonitrile, 70 °C, 3 h; US: acetonitrile, 70 °C, 45 min; MW: acetonitrile, 70 °C, 7 min.

256



M. Messali: Conventional versus ultrasound and microwave assisted synthesis: Some new environmentally friendly functionalized
picolinium-based ionic liquids with potential antibacterial activity, Acta Pharm. 65 (2015) 253-270.

Table 1. Reaction conditions and yields for the synthesis of picolinium-based ionic liquids using conventional
preparation and microwave irradiation conditions

Yield for N-alkylation

Picoline RX IL (first step) (%)
Ccp? usb MWe
PhO(CH,)4Br 1 72 79 92
3-picoline
EtO,C(CH,),Br 2 73 81 92
PhO(CH,),Br 3 81 84 93
4-picoline EtO,C(CH,)sBr 4 79 82 91
HO,C(CH,);Br 5 82 84 94

2Time 18 h, temperature 80 °C, in toluene.
*Time 5 h, temperature 80 °C in toluene.
¢Time 15 min, temperature 80 °C, power 240 W, pressure 2.75 x 10° Pa.

With the same objective, the microwave assisted preparation of picolinium-based
ionic liquids was explored. The reaction conditions were optimized by using either tem-
perature or power control. As mentioned in Table I, the reaction time was reduced to 15
min with a net improvement of isolated yield (92-94 %).

The elemental analysis of all compounds showed that the difference between theo-
retical and observed mass fractions of carbon, hydrogen and nitrogen was less than 0.3 %,
which fully confirms the purity of the newly synthesized ILs.

The structure of ILs 1-5 was confirmed by 'H NMR, *C NMR, IR, LCMS and elemen-
tal analysis data. The '"H NMR spectrum showed a singlet around 64 2.5 ppm correspond-
ing to CH, protons attached to the pyridinium ring. The characteristic ester protons ap-
peared as a triplet at § 1.11-1.27 ppm and a quartet at §; 4.03-4.79 ppm. The signals at 6
7.67-9.03 ppm were attributed to the pyridinium protons. The phenyl protons of ILs 1 and
3 were been observed at their usual chemical shifts with §y; 6.64-7.11 ppm. The singlet at
51;12.04 ppm in the 'H NMR spectra of compound 5 was attributed to CO,H.

In ®C NMR spectra of ILs 1-5, all aromatic carbons and C=N gave signals between 5
114.3-158.9 ppm. In addition, the carbon of the carbonyl group of ILs 2, 4 and 5 appeared
around 8 175.5 ppm. CH, and CH; groups were observed at their usual chemical shifts.

The IR spectra of ILs 2, 4 and 5 showed the principal absorption band at 1730 cm™,
indicating the presence of carbonyl group (C=0) in the molecules, which confirms the suc-
cess of the N-alkylation reaction.

In the second step, a range of anions were introduced by a metathesis reaction using
the conventional procedure, ultrasound and microwave irradiation conditions (Scheme 1).
The results are given in Table II showing that very good yields were obtained regardless
of the procedure.
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Table II. Reaction conditions and yields for the anion metathesis reaction using conventional preparation,
ultrasound and microwave irradiation conditions

Yield for anion metathesis (%)

IL Cation R MY
cpP? use MWwre

6 NaBF, 94 97 98

7 KPF, 93 96 97

8 o NaOOCCF, 95 97 97

3-picolinium PhO(CH,),

9 NaNCS 92 96 97
10 NaN(CN), 93 95 95
11 NaNO, 94 97 98
12 NaBF, 94 98 97
13 KPF, 93 97 96
14 o NaOOCCEF; 93 97 97

3-picolinium  EtO,C(CH,)5
15 NaNCSs 92 96 96
16 NaN(CN), 93 95 95
17 NaNO, 91 96 97
18 NaBF, 95 98 97
19 KPF, 93 96 96
20 NaOOCCEF, 95 97 95
4-picolinium PhO(CH,),
21 NaNCS 94 97 98
22 NaN(CN), 94 95 97
23 NaNO, 94 98 97
24 NaBF, 95 98 96
25 KPF, 95 97 95
26 NaOOCCF, 92 97 96
4-picolinium  EtO,C(CH,);
27 NaNCS 94 96 97
28 NaN(CN), 92 95 95
29 NaNO, 94 96 98
30 NaBF, 94 96 97
31 KPF, 93 97 97
32 NaOOCCF, 93 98 95
4-picolinium  HO,C(CH,);
33 NaNCS 92 97 97
34 NaN(CN), 93 97 96
35 NaNO, 92 95 95

2Time 3 h, temperature 70 °C, in actonitrile.
b Time 45 min, temperature 70 °C in acetonitrile.

¢Time 7 min, temperature 70 °C, power 240 W, pressure 2.75 x 10° Pa.
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Structural assignments of ILs 6-35 were based on 'H NMR, 3C NMR, IR, LC-MS and
elemental analysis data. Furthermore, the "B NMR, F NMR, *P NMR spectra proved
without ambiguity the success of metathesis reactions.

The "B NMR and F NMR spectra of ILs 6, 12, 18, 24 and 30 contained a singlet
around 851 and & -150 ppm, respectively, indicating the presence of BF,~. The P NMR
and F NMR spectra of ILs 7, 13, 19, 25 and 31 showed a septuplet at 5,131 to -157 ppm
related to PF,~. On the other hand, a doublet around 6 -69 to —71 ppm confirmed the ex-
pected coupling between fluorine and phosphorus. The structure of ILs 8, 14, 20, 26 and 32
was also confirmed from their ’F NMR spectra by the presence of a singlet at §;-73 ppm
related to CF;CO,". All spectroscopic data are detailed in Tables III and IV.

Table I11. Physicochemical data for the newly synthesized compounds 1-35

Calcd./found (%)
IL M.p. (°C)
C H N

1 59.60/59.71 6.26/6.31 4.35/4.42 -

2 53.17/53.22 7.01/7.09 4.4/4.50 -

3 59.64/59.70 6.26/ 6.33 4.35/4.32 -

4 53.17/53.25 7.01/7.11 4.43/4.49 -

5 50.01/50.07 6.30/6.36 4.8/4.82 124-125

6 58.39/58.47 6.12/6.20 4.26/4.31 -

7 49.62/49.66 5.20/5.23 3.62/3.68 -

8 60.84/60.79 5.67/5.71 3.94/4.01 -

9 67.97/68.03 6.71/6.78 9.32/9.39 -
10 70.11/70.17 6.54/6.60 18.17/18.23 -
11 63.14/63.21 6.62/6.69 9.20/9.16 -
12 52.04/52.11 6.86/6.93 4.33/4.39 -
13 44.10/44.15 6.86/6.93 4.33/4.39 -
14 55.01/55.09 6.35/6.30 4.01/3.97 -
15 61.19/61.27 7.53/7.61 9.52/9.60 -
16 63.55/63.62 7.33/7.30 18.53/18.57 -
17 56.36/56.43 743/7.51 9.39/9.45 -
18 58.39/58.30 6.12/6.09 4.26/4.32 -
19 49.62/49.67 5.20/5.28 3.62/3.66 -
20 60.84/60.92 5.67/5.72 3.94/4.01 -
21 67.97/68.02 6.71/6.79 9.32/9.37 -
22 70.11/70.15 6.54/6.59 18.17/18.23 -
23 63.14/63.20 6.62/6.68 9.20/9.26 64-66
24 52.04/52.09 6.86/6.92 4.33/4.39 -
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Table I11. continued

Calcd./found (%)

IL M.p. (°C)

C H N
25 44.10/44.18 5.82/5.87 3.67/3.72 -
26 55.01/55.08 6.35/6.42 4.01/4.07 -
27 61.19/61.13 7.53/7.49 9.52/9.56 -
28 63.55/63.61 7.33/7.40 18.53/18.59 -
29 56.36/56.43 7.43/7.46 9.39/9.43 -
30 48.84/48.91 6.15/6.22 4.75/4.80 72-74
31 40.80/40.87 5.14/5.22 3.97/4.05 57-59
32 52.34/52.39 5.65/5.71 4.36/4.42 65-66
33 58.62/58.68 6.81/6.87 10.52/10.60 84-86
34 61.30/61.39 6.61/6.69 20.42/20.50 -
35 53.33/53.36 6.71/6.78 10.36/10.43 110-113

Table IV. 'H, 13C, F, 1B, 3IP NMR, IR and LCMS spectral data for the newly synthesized ILs 1-35

19F NMR
(376.5 MHz)
13C NMR B NMR

IL 'HNMR (400 MHz) (100MHz) a2sMHy REM 1) LCMS

3P NMR
(162 MHz)

1 162 (quint, 2H, 8, NCH, 17.7 (CH,), 25.0 - 3132,1599,  (M-Br)
CH,CH,), 195 (quint, 2H, ] 8,  (CH,), 274 (CH,), _ 1471,1165,  242.21
CH, CH,CH,0), 2.35 (s, 3H, 61.1 (NCH,), 67.1 1082,815  found for
CH,), 3.84 (t, 2H, ] 8, NCH,CH,), (OCH,), 114.6 - C,H,,NO*
440 (t, 2H, ] 8, OCH,CH,), (CH), 121.2 (CH),
6.73-6.79 (m, 3H, Ar-H), 709711 1274 (CH), 129.7
(m, 2H, Ar-H), 773 (t, 1H, Ar-H), (CH), 139.8 (C),

814 (d, 1H, Ar-H), 843 (d, 1H,  143.4 (CH), 146.0
Ar-H), 845 (s, 1H, Ar-H) (CH), 157.8 (C)

2 111, 3H,] 76, OCH,CH,), 12.4 (CH,), 16.7 - 3131,1728,  (M-Br)
1.28 (quint, 2H, ] 8, H,CH,CH,),  (CHS,), 22.6 (CH,), _ 1561-1447,  236.23
1.56 (quint, 2H, ] 8, CH,CH,CO), 23.7 (CH,), 29.1 1167,1030  found for
1.94 (quint, 2H, 8, CH,CH,N),  (CH,), 32.6 (CH,), - C,,H,,NO,*
2.28 (t, 2H, ] 8, CH,CO), 2.46 60.4 (NCH,), 60.6
(s, 3H, CH,), 4.03 (q, 2H, ] 6.8, (OCH,), 126.4
OCH,CH,), 449 (t, 2H, ] 8, (CH), 1389 (C),

NCH,CH,), 7.86 (t, 1H, Ar-H),  140.3 (CH), 142.7
8.30 (d, 1H, Ar-H), 859 (d, 1H,  (CH), 145.0 (CH),
Ar-H), 8.65 (s, 1H, Ar-H) 175.6 (CO)
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Table 1V. continued

171 (quint, 2H, 8, NCH, 220 (CH,), 25.5 - 3130,1597,  (M-Br)
CH,CH,), 2.07 (quint, 2H, J 8, (CH,), 28.6 (CH,), _ 1469, 1163,  242.21
CH, CH,CH,0), 241 (s, 3H, 60.3 (NCH,), 66.7 1080, 813  found for
CH.), 380 (t, 2H, ] 8, NCH,CH,), (OCH,), 114.3 - C,H,NO*
479 (t, 2H, | 8, OCH,CH,), (CH), 120.7 (CH),
6.64-6.74 (m, 3H, Ar-H), 703707 1287 (CH), 129.3
(m, 2H, Ar-H), 767 (d, 2H, Ar-H), (CH), 144.1 (CH),
923 (d, 2H, Ar-H) 1584 (C), 158.8 (C)
115 (t, 3H, ] 7.6, OCH,CH,), 1.28  12.4 (CH,), 20.3 - 3132,1730,  (M-Br)
(quint, 2H, J 8, CH,CH,CH,),  (CHy), 22.6 (CH,), _ 1560, 1448,  236.23
1.57 (quint, 2H, J 8, CH,CH,CO), 23.6 (CH,), 29.0 1166,1031  found for
195 (quint, 2H, | 8, CH,CH,N),  (CH,), 32.6 (CH,), - C,,H,,NO,"
2.30 (t, 2H, J 8, CH,CO), 2.59 (5,  59.6 (NCH,), 60.5
3H, CH,), 4.04 (q, 2H, ] 6.8, (OCH,), 1276
OCH,CH,), 449 (t;, 2H, | 8, (CH), 142.0 (CH),
NCH,CH,), 784 (d, 2H, Ar-H), 1459 (CH), 1589
8.62 (d, 2H, Ar-H) (C), 175.4 (CO)
61.27 (quint, 2H, ] 8, 201 (CH,), 22.5 - 3256,3130,  (M-Br)
CH,CH,CH,), 1.53 (quint, 2H,  (CH,), 23.6 (CH,), _ 1728, 208.22
J'8, CH,CH,CO), 1.89 (quint,  29.0 (CH,), 32.0 15591449,  found for
2H,]8, CH,CH,N), 2.22 (t, 2H,  (CH,), 58.3 - 1168,1032  C,,H,;NO,"
J'8, CH,CO), 2.53 (5, 3H, CH;),  (NCH,), 1271
4.58 (t, 2H, ] 6.8, NCH,CH,), (CH), 142.5 (CH),
8.03(d, 2H, Ar-H), 9.03 (d, 2H, 1575 (C), 173.0
Ar-H), 12.04 (s, 1H, CO,H) (CO)
1.80 (quint, 2H, ] 8, NCH, 165 (CH,), 238  -151.08(s) 31311598,  (M-BE,)
CH,CH,), 215 (quint, 2H,J8,  (CH,),267(CH,), _ngs5() 14711163,  242.20
CH, CH,CH,0), 2.49 (s, 3H, 59.8 (NCH,), 64.9 1081,816  found for
CH,), 392 (t, 2H, ] 8, NCH,CH,), (OCH,), 112.6 - C,H,NO*
461 (t, 2H, ] 8, OCH,CH,), (CH), 119.0 (CH),
6.79-6.89 (m, 3H, Ar-H), 126.0 (CH), 127.7
718722 (m, 2H, Ar-H), 784 ,  (CH), 138.3(C),
1H, Ar-H), 814 (d, 1H, Ar-H),  139.7(CH),
8.63 (d, 1H, Ar-H), 8.68 (s, 1,  142.2(CH),
Ar-H) 144.1(CH),

156.7(C)
176 (quint, 2H, 8 , NCH, 16.7 (CH.), 24.2 6925  3133,1599,  (M-PE,)
CH,CH,), 210 (quint, 2H, 8,  (CH,), 26.6 (CH), -7114(d) 14731163,  242.23
CH, CH,CH,0), 2.51 (s, 3H, 59.4 (NCH,), 65.4 _ 1081, 815  found for
CH,), 401 (t, 2H, ] 8, NCH,CH,), (OCH,), 113.3 C,H,NO*
454 (t, 2H, | 8, OCH,CH,), (CH), 1195 (CH), ~ —131.00
6.91-6.95 (m, 3H, Ar-H), 126.3 (CH), 128.4 ‘(ﬁﬁf

7.27-7.33 (m, 2H, Ar-H), 8.05 (t,
1H, Ar-H), 8.44 (d, 1H, Ar-H),
8.94 (d, 1H, Ar-H), 9.00 (s, 1H,
Ar-H)

(CH), 137.8 (C),
140.8 (CH), 143.1
(CH), 144.7 (CH),
157.3 (C)
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Table 1V. continued

8 179 (quint, 2H,] 8, NCH, 16.6 (CHy), 241  —7392(s) 3130, 1600, (M- CF,CO,)
CH,CH,), 2.17 (quint, 2H, ] 8,  (CH,), 26.6 (CH,), _ 1471,1165,  242.22
CH, CH,CH,0), 2.53 (s, 3H, 59.1 (NCH,), 65.3 1084,815  found for
CH,), 401 (t, 2H, ] 8, NCH,CH,), (OCH,), 113.1 - C,eH,,NO*
475 (t, 2H, ] 8, OCH,CH,), (CH), 1192 (CH),
6.89-6.93 (m, 3H, Ar-H), 126.2 (CH), 128.1

7.24-7.28 (m, 2H, Ar-H), 8.07 (t,  (CH), 1376 (C),
1H, Ar-H), 847 (d, 1H, Ar-H), 1409 (CH), 143.2
912 (d, 1H, Ar-H), 923 (s, 1H,  (CH), 144.6 (CH),

Ar-H) 1572 (C)

9 1.85(quint, 2H, 8, NCH, 16.8 (CH,), 23.9 - 3131,1599,  (M-NCS)
CH,CH,), 2.20 (quint, 2H, J8,  (CH,), 26.8 (CH,), _ 1470, 1164, 24222
CH, CH,CH,0), 2.52 (s, 3H, 59.9 (NCH,), 64.9 1081,815  found for
CH,), 394 (t, 2H, ] 8, NCH,CH,), (OCH,), 112.6 - C,H,NO*
475 (t, 2H, ] 8, OCH,CH,), (CH), 1189 (CH),
6.78-6.85 (m, 3H, Ar-H), 126.1 (CH), 127.6

715-719 (m, 2H, Ar-H), 792 (. (CH), 138.1 (C),
1H, Ar-H), 820 (d, 1H, Ar-H), 1399 (CH), 142.2
8.82 (d, 1H, Ar-H), 8.85 (s, 1H,  (CH), 144.0 (CH),

Ar-H) 156.6 (C)
10 175 (quint, 2H, ] 8, NCH, 16.7 (CH,), 23.8 - 3132, 1601, (M-N(CN),)
CH,CH,), 2.12 (quint, 2H, ] 8,  (CH,), 26.9 (CH,), _ 1472, 1167, 24221
CH, CH,CH,0), 245 (s, 3H, 59.5 (NCH,), 64.9 1082,815  found for
CH.), 3.87 (t, 2H, ] 8, NCH,CH,), (OCH,), 112.5 - C,H,,NO*

470 (t, 2H, ] 8, OCH,CH,), (CH), 119.0 (CH),
6.71-6.79 (m, 3H, Ar-H), 125.9 (CH), 127.6

7.09-713 (m, 2H, Ar-H), 780 (t,  (CH), 138.1 (C),
1H, Ar-H), 810 d, 1H, Ar-H), 1399 (CH), 142.3
8.89 (d, 1H, Ar-H), 898 (s, 1H,  (CH), 144.0 (CH),

Ar-H) 156.6 (C)

11  1.62 (quint, 2H, ] 8, NCH, 16.5 (CH,), 23.7 - 3132,1598,  (M-NO,)
CH,CH,), 199 (quint, 2H,]8,  (CH,), 26.8 (CH,), _ 1470, 1162,  242.21
CH, CH,CH,0), 2.31 (s, 3H, 58.9 (NCH,), 64.8 1080, 813  found for
CH.),3.71 (t, 2H, ] 8, NCH,CH,), (OCH,), 112.4 - C,H,,NO*
471 (t, 2H, ] 8, OCH,CH,), (CH), 118.7 (CH),
6.64-6.75 (m, 3H, Ar-H), 125.8 (CH), 1274

693-6.97 (m, 2H, Ar-H), 771 (,  (CH), 1376 (C),
1H, Ar-H), 797 (d, 1H, Ar-H),  140.2 (CH), 142.5
9.05(d, 1H, Ar-H), 921 (s, 1H,  (CH), 143.8 (CH),
Ar-H) 156.5 (C)
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12 115(,3H,]76,0CH,CH,), 135 124 (CH.), 166  -15144(s) 31311728,  (M-BF,)
(quint 2H,J8, CH,CH,CH),  (CH),222(CH), () 15991449, 23624
159 (quint, 2H, ] 8, CH,CH,CO), 23.5 (CH,), 29.3 1167,1032  found for
197 (quint, 2H, ] 8, CH,CH,N),  (CH,), 319 (CH,), - C,,H,,NO,"
223 (t, 2H, ] 8, CH,CO), 253 (s,  58.5 (NCH,), 59.9
3H, CH,), 4.03 (q, 2H, ] 6.8, (OCH,), 126.1
OCH,CH,), 455 (t, 2H, ] 8, (CH), 138.3 (C),

NCH,CH,), 789 (t, 1H, Ar-H), 1399 (CH), 142.4
824 (d, TH, Ar-H), 8.66 (d, 1H,  (CH), 144.2 (CH),
Ar-H), 8.72 (s, 1H, Ar-H) 1716 (CO)

13 117 3H,]76,OCH,CH,), 134 125 (CH,), 16.6 7131 31331729,  (M-PF,)
(quint, 2H, J 8, CH,CH,CH,),  (CH,),223(CH,), -7320(d) 15591450,  236.20
158 (quint, 2H, | 8, CH,CH,CO), 23.6 (CH,), 29.3 _ 1166,1030  found for
195 (quint, 2H,J 8, CH,CH,N),  (CH),320(CH), o C,,H,,NO,"
223 (;,2H,]8, CH,C0), 255 (s, 586 (NCHy), 60.1 0120
3H, CH), 4.02 (q, 2H, ] 6.8, (OCH,), 126.2 :

OCH,CH,), 4.46 (;, 2H, ] 8, (CH), 138.6 (C), (sept)
NCH,CH,), 784 (t, 1H, Ar-H),  139.6 (CH), 142.2

823 (d, 1H, Ar-H), 849 d, 1H,  (CH), 144.5 (CH),

Ar-H), 853 (s, 1H, Ar-H) 171.7 (CO)

14 113( 3H,]76, OCH,CH), 132 122(CH,), 165  -75.34(s) 3132,1730, (M-CE,CO,)
(quint, 2H, J 8, CH,CH,CH,),  (CH,), 22.1 (CH,), _ 1558, 1448, 23622
1.58 (quint, 2H, | 8, CH,CH,CO), 23.3 (CH,), 29.5 1167, 1032 found for
195 (quint, 2H, ] 8, CH,CH,N),  (CH,), 3L8 (CH,), - C,,H,,NO,"
222 (t, 2H, ] 8, CH,CO), 2.54 (5,  58.5 (NCH,), 59.4
3H, CH,), 401 (q, 2H, ] 6.8, (OCH,), 126.0
OCH,CH,), 474 (t, 2H, | 8, (CH), 1379 (C),

NCH,CH,), 793 (t, 1H, Ar-H),  140.4 (CH), 142.7
821, 1H, Ar-H), 9.11 d, 1H,  (CH), 143.8 (CH),
Ar-H), 922 (s, TH, Ar-H) 171.6 (CO)

15 114, 3H,]76 OCH,CH,), 139 12.2 (CH,), 16.7 - 3132,1729, (M-NCS)
(quint, 2H, J 8, CH,CH,CH,),  (CHj), 22.0 (CH,), _ 1560, 1449,  236.21
162 (quint, 2H, ] 8, CH,CH,CO), 23.3 (CH,), 29.3 1168,1034  found for
2.03 (quint, 2H, ] 8, CH,CH,N), (CH,), 31.7 (CH,), - C,,H,,NO,"
2.26 (t, 2H, ] 8, CH,CO), 2.60 (s,  58.3 (NCH,), 59.5

3H, CH,), 4.01 (g, 2H, ] 6.8,
OCH,CHS,), 472 (t, 2H, ] 8,
NCH,CH,), 8.00 (t, 1H, Ar-H),
8.32 (d, 1H, Ar-H), 8.88 (d, 1H,
Ar-H), 893 (s, 1H, Ar-H)

(OCH,), 1259
(CH), 138.1 (C),
1399 (CH), 142.3
(CH), 144.1 (CH),
171.3 (CO)
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16  1.01(t, 3H,] 7.6, OCH,CH,), 1.20  12.3 (CH,), 16.8 - 1731, 1559, (M-N(CN),)
(quint, 2H, ] 8, CH,CH,CH,), (CH,), 22.1 (CH,), _ 1449, 1167, 236.20
1.44 (quint, 2H, ] 8, CH,CH,CO), 23.5 (CH,), 29.4 1030 found for
1.81 (quint, 2H, ] 8, CH,CH,N),  (CH,), 31.8 (CH,), - C,,H,,NO,
2.07 (t, 2H, ] 8, CH,CO), 242 (s,  58.5 (NCH,), 59.9
3H, CH,), 3.84 (q, 2H, ] 6.8, (OCH,), 126.1
OCH,CH,), 4.54 (t, 2H, ] 8, (CH), 138.1 (C),

NCH,CH,), 7.80 (t, 1H, Ar-H), 139.9 (CH), 142.3
8.15(d, 1H, Ar-H), 8.82 (d, 1H,  (CH), 144.0 (CH),
Ar-H), 892 (s, 1H, Ar-H) 171.7 (CO)

17 114, 3H,]76, OCH,CH,), 139 122 (CH,), 16.7 - 3132,1731,  (M-NO,)
(quint, 2H, ] 8, CH,CH,CH,), (CH,), 22.0 (CH,), _ 1556, 1447,  236.24
1.62 (quint, 2H, ] 8, CH,CH,CO), 23.3 (CH,), 29.3 1165,1032  found for
2.03 (quint, 2H, 8, CH,CH,N),  (CH,), 31.7 (CH,), - C,,H,,NO,"
2.26 (t, 2H, ] 8, CH,CO),2.60 (s,  58.3 (NCH,), 59.5
3H, CH,), 4.01 (q, 2H, ] 6.8, (OCH,), 1259
OCH,CH,), 472 (t, 2H, ] 8, (CH), 138.1 (C),

NCH,CH,), 8.00 (t, 1H, Ar-H),  139.9 (CH), 142.3
8.312 (d, 1H, Ar-H), 8.88 (d, 1H,  (CH), 144.1 (CH),
Ar-H), 893 (s, 1H, Ar-H) 171.3 (CO)

18  1.75 (quint, 2H, ] 8, NCH, 202 (CH,), 239 -150.84 (s) 3129,1600,  (M-BF,)
CH,CH,), 2.08 (quint, 2H, 8, (CH),266(CHy),  _gg9(s) 14711163, 2421
CH, CH,CH,0), 2.48 (s, 3H, 59.2 (NCH,), 65.2 1084, 816  found for
CH,),3.88 (t 2H,] 8, NCH,CH,), (OCH,), 112.8 - C,H,NO*
4,53 (t, 2H, ] 8, OCH,CH,), (CH), 119.2 (CH),
6.76-6.85 (m, 3H, Ar-H), 714718~ 127.3 (CH), 1279
(m, 2H, Ar-H), 769 (d, 2H, Ar-H), (CH), 144.7 (CH),

8.60 (d, 2H, Ar-H) 156.9 (C), 1578 (C)

19  1.68 (quint, 2H, ] 8, NCH, 20.2 (CH,), 24.2 -69.43 31351601,  (M-PFy)
CH,CH,), 2.08 (quint, 2H, ] 8, (CH,), 26.6 (CH,), -71.32(d) 1470, 1166, 24223
CH, CH,CH,0), 2.61 (s, 3H, 58.7 (NCH,), 65.4 _ 1083, 815  found for
CHy), 400 (t, 2H, ] 8, NCH,CH,),  (OCH,), 113.2 CyH,NO*
4.62 (t, 2H, ] 8, OCH,CH,), (CH), 119.4 (CH), -131.01
6.89-6.93 (m, 3H, Ar-H), 725729 |- (CH), 128 5 15736
(m, 2H, Ar-H), 794 (d, 2H, : ) 220 (sept)

Ar-H), 894 (d, 2H, Ar-H) (CH), 142.5 (CH),
1573 (C), 157.8 (C)

20  1.68 (quint, 2H, ] 8, NCH, 20.1 (CH,), 23.7 7519 (s)  3130,1599, (M-CF,CO,)
CH,CH,), 2.03 (quint, 2H, J8,  (CH,), 26.7 (CH,), _ 1469, 1167, 242.23
CH, CH,CH,0), 2.40 (s, 3H, 58.5 (NCH,), 64.8 1083,815  found for
CH,), 3.79 (t, 2H, ] 8, NCH,CH,), (OCH,), 112.5 - C,H,NO"

471 (t, 2H, ] 8, OCH,CH,),
6.64-6.73 (m, 3H, Ar-H),
7.02-7.07 (m, 2H, Ar-H), 7.65 (d,
2H, Ar-H), 9.09 (d, 2H, Ar-H)

(CH), 114.9 (CH),
1189 (CH), 126.9
(CH), 127.6 (CH),
142.2 (CH), 156.6
(C), 1571 (C)
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21 1.82 (quint, 2H, ] 8, NCH, 20.4 (CH,), 239 - 3133,1600, (M- NCS)
CH,CH,), 2.18 (quint, 2H, ] 8, (CH,), 26.7 (CH,), _ 1472, 1165, 242.20
CH, CH,CH,0), 2.85 (s, 3H, 59.2 (NCH,), 65.0 1083,814  found for
CH), 393 (t, 2H,]8, NCH,CH),  (OCH,), 112.6 - C,H,NO*
4.73 (t, 2H, ] 8, OCH,CH,), (CH), 1189 (CH)
6.78-6.85 (m, 3H, Ar-H), 7.15-7.19 1272’(CH) 76
(m, 2H, Ar-H), 7.80 (d, 2H, : St
Ar-H), 8.82 (d, 2H, Ar-H) (CH), 1416 (CH),

156.6 (C), 157.6 (C)

22 1.81 (quint, 2H, ] 8, NCH, 203 (CH.), 23.7 - 3131,1599, (M-N(CN),)
CH,CH,), 2.16 (quint, 2H, ] 8, (CH,), 26.8 (CH,), _ 1471, 1165,  242.21
CH, CH,CH,0), 2.57 (s, 3H, 589 (NCH,), 64.8 1082, 814  found for
CH,), 393 (t, 2H, ] 8, NCH,CH,), (OCH,), 112.5 - C,HyNO*
4.71 (t, 2H, ] 8, OCH,CH,), (CH), 119.0 (CH),
6.78-6.87 (m, 3H, Ar-H), 1271 (CH), 1276
716-7.20 (m, 2H, Ar-H), 775 (d,  (CH), 141.7 (CH),
2H, Ar-H), 891 (d, 2H, Ar-H) 1565 (C), 1576 (C)

23 1.70 (quint, 2H, ] 8, NCH, 22.1 (CH,), 25.6 - 3130,1598,  (M-NO,)
CH,CH,), 2.06 (quint, 2H,]8,  (CH,), 28.7 (CH,), _ 1470, 1167,  242.23
CH, CH,CH,0), 2.61 (s, 3H, 60.4 (NCH,), 66.8 1084,813  found for
CH,), 3.79 (t, 2H, ] 8, NCH,CH,), (OCH,), 120.8 - C,H,NO*
4.78 (t, 2H, ] 8, OCH,CH,), (CH), 128.8 (CH),
6.63-6.73 (m, 3H, Ar-H), 129.4 (CH), 144.2
7.02-7.06 (m, 2H, Ar-H), 7.66 (d,  (CH), 158.5 (C),
2H, Ar-H), 922 (d, 2H, Ar-H) 1589 (C)

24 110 3H, ] 76, OCH,CH,), 1.23 14.0 (CH,), 21.3 -150.84  3132,1731,  (M-BF,)
(quint, 2H, ] 8, CH,CH,CH,), (CH,), 237 (CHy), .99 1556, 1447,  236.20
1.50 (quint, 2H, J 8, CH,CH,CO), 24.6 (CH,), 20.2 1165,1032  found for
1.89 (quint, 2H, ] 8, CH,CH,N),  (CH,), 33.1 (CH,), N C,,H,,NO,"
2.23 (t, 2H, ] 8, CH,CO), 2.59 (s,  59.5 (NCH,), 59.7 -
3H, CH,), 398 (q, 2H, ] 6.8, (OCH,), 128.2
OCH,CH,), 461 (t, 2H, ] 8, (CH), 143.7 (CH),

NCH,CH,), 8.02 (d, 2H, Ar-H),  158.7 (C), 171.7
9.08 (d, 2H, Ar-H) (CO)

25 116 (t, 3H, ] 7.6, OCH,CH,), 1.29 139 (CH,), 21.1 -69.34  3132,1729,  (M-PFy)
(quint, 2H, J 8, CH,CH,CH,), (CH,), 23.6 (CH,), -71.23(d) 1560,1449,  236.23
1.57 (quint, 2H, ] 8, CH,CH,CO), 24.6 (CH,), 30.1 _ 1168,1034  found for
1.94 (quint, 2H, ] 8, CH,CHLN),  (CH,), 330 (CHy), . o C,,H,,NO,"
229 (t,2H, ] 8, CH,CO), 261 (5, 596 (NCH,), 597~ 20
3H, CH,), 4.04 (q, 2H, ] 6.8, (OCH,), 128.2 :

OCH,CH,), 4.53 (t, 2H, ] 8, (CH), 143.5 (sept)
NCH,CH,), 796 (d, 2H, Ar-H), ~ (CH),158.8 (C),
8.90 (d, 2H, Ar-H) 172.7 (CO)
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26 113 (t 3H, ] 76, OCH,CH,), 123 129 (CH,), 201  -7376(s) 3133,1731, (M-CF,CO,)
(quint, 2H, ] 8, CH,CH,CH,), ~ (CH,), 22.6 (CH,), _ 1559, 1449,  236.22
1.53 (quint, 2H, ] 8, CH,CH,CO), 23.6 (CH,), 29.2 1167,1030  found for
1.89 (quint, 2H, ] 8, CH,CH,N), ~ (CH,), 32.0 (CH,), - C,,H,,NO,*
2.26 (t, 2H, ] 8, CH,CO),2.59 (s,  58.5 (NCH,), 58.6
3H, CH,),4.02 (q, 2H, ] 6.8, (OCH,), 1272
OCH,CHS,), 4.58 (t, 2H, ] 8, (CH), 142.7 (CH),

NCH,CH,), 8.01 (d, 2H, Ar-H), 1576 (C), 171.6
9.05 (d, 2H, Ar-H) (CO)

27 113 (t, 3H, ] 76, OCH,CH,), 1.26 129 (CH,), 20.2 - 3133,1729,  (M-NCS)
(quint, 2H, ] 8, CH,CH,CH,),  (CH,), 22.5 (CH,), _ 1559, 1450,  236.23
1.53 (quint, 2H, ] 8, CH,CH,CO), 23.6 (CH,), 29.0 1166, 1030  found for
1.89 (quint, 2H, ] 8, CH,CH,N), ~ (CH,), 31.9 (CH,), - C,,H,,NO,*
2.26 (t, 2H, ] 8, CH,CO), 2.61 (s, ~ 58.5 (NCH,), 58.6
3H, CH,)4.01 (g, 2H, ] 6.8, (OCH,), 1272
OCH,CHS,), 4.55 (t, 2H, ] 8, (CH), 142.4 (CH),

NCH,CH,), 8.00 (d, 2H, Ar-H), 1576 (C), 171.5
9.94 (d, 2H, Ar-H) (CO)

28 114 (t, 3H,] 7.6, OCH,CH,), 126 14.0 (CH,), 21.2 - 3132,1730, (M-N(CN),)
(quint, 2H, ] 8, CH,CH,CH,), ~ (CH,), 23.6 (CH,), _ 1558-1448,  236.20
1.52 (quint, 2H, ] 8, CH,CH,CO), 24.7 (CH,), 30.2 1167,1032  found for
1.90 (quint, 2H, ] 8, CH,CH,N), ~ (CH,), 33.1 (CH,), - C,,H,,NO,*
2.27 (t, 2H, ] 8, CH,CO), 2.60 (5,  59.6 (NCH,), 59.7
3H, CH,), 4.02 (q, 2H, ] 6.8, (OCH,), 128.3
OCH,CH,), 4.54 (t, 2H, ] 8, (CH), 143.6 (CH),

NCH,CH,), 799 (d, 2H, Ar-H),  158.7 (C), 172.7
896 (d, 2H, Ar-H) (CO)

29 110 (t, 3H, ] 7.6, OCH,CH,), 123 14.0 (CH,), 21.3 - 3131,1728,  (M-NO,)
(quint, 2H, ] 8, CH,CH,CH,), ~ (CHS,), 23.7 (CH,), _ 1559, 1449,  236.20
1.50 (quint, 2H, ] 8, CH,CH,CO), 24.6 (CH,), 20.2 1167,1032  found for
1.89 (quint, 2H, ] 8, CH,CH,N), ~ (CH,), 33.1 (CH,), - C,,H,,NO,*
2.23 (t, 2H, ] 8, CH,CO), 2.59 (s,  59.5 (NCH,), 59.7
3H, CH,),3.98 (g, 2H, ] 6.8, (OCH,), 128.2
OCH,CH,), 4.61 (t, 2H, ] 8, (CH), 143.7 (CH),

NCH,CH,), 8.02 (d, 2H, Ar-H), ~ 158.7 (C), 171.7
9.08 (d, 2H, Ar-H) (CO)

30 §1.27 (quint, 2H, J 8, 202 (CH,), 227  -14823(s) 3252,3130,  (M-BF,)
CH,CH,CH,), 152 (quint, 2H, ]  (CH,), 238 (CH,), _123( 1730,1560,  208.23
8, CH,CH,CO), 190 (quint, 2H, ~ 29.2 (CH,), 32.2 1448, 1166,  found for
J8, CH,CH,N),2.20 (t, 2H,]8,  (CH,), 58.7 - 1031 C,,H,:NO,*
CH,CO), 2.59 (s, 3H, CH,), 452 (NCH,), 127.3
(t, 2H, ] 6.8, NCH,CH,), 795 (d,  (CH), 142.5 (CH),

2H, Ar-H), 8.89 (d, 2H, Ar-H),
12.03 (s, 1H, CO,H)

157.8 (C), 173.4
(CO)
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31 5126 (quint, 2H, ] 8, 202(CH,), 227  -6925  3259,3132,  (M-PF,)
CH,CH,CH,), 1.54 (quint, 2H,  (CH,), 238 (CH,,  -7114 17311558,  208.23
]8, CH,CH,CO), 1.89 (quint, 292 (CH,), 32.2 _ 1446, 1168,  found for
2H, 8, CH,CH,N), 222 (, 2H,  (CH,), 58.8 5104 1029 C,HNO,"
78, CH,CO), 2.60 (s, 3H, CH;), ~ (NCH,), 1273 e
452t 2H, ] 68 NCH,CH,),  (CH), 142.6 (CH), '

796 (d, 2H, Ar-H), 890 (d, 2H,  157.8 (C), 173.3 (sept)
Ar-H), 12.00 (s, TH, CO,H) (CO)

32 5128 (quint, 2H, ] 8, 201 (CHy), 22.6  —7373(s) 3253,3132, (M-CF.CO)
CH,CH,CH,), 154 (quint, 2H,  (CH,), 23.7 (CH,), _ 1729, 20821
J8, CH,CH,CO), 1.89 (quint, 292 (CH,), 32.3 15611450,  found for
2H,]8, CH,CH,N), 222 (t, 2H,  (CH,), 585 - 1166,1030  C,,H,NO,"
]8, CH,CO), 2.63 (s, 3H, CH,),  (NCH,), 127.2
459 (t, 2H, ] 6.8 NCH,CH,,  (CH), 142.7 (CH),

8.02 (d, 2H, Ar-H), 9.04 (d, 2H, 1576 (C), 173.2
Ar-H) (CO)

33 §1.27 (quint, 2H, ] 8, 213 (CH,), 237 - 3255,3132,  (M-NCS)
CH,CH,CH,), 153 (quint, 2H,  (CH,), 24.8 (CH,), _ 1728, 1563,  208.20
]8, CH,CH,CO), 1.89 (quint, 302 (CH,), 333 1451, 1165, found for
2H,]8, CH,CH,N), 222 (t, 2H,  (CH,), 59.7 - 1031 C,H,NO,"
]8, CH,CO), 2.62 (s, 3H, CH;),  (NCH,), 128.3
454 (t, 2H, ] 6.8 NCH,CH,), (CH), 143.5 (CH),

801 (d, 2H, Ar-H), 894 (d, 2H, 1587 (C), 174.2
Ar-H), 12.04 (s, 1H, CO,H) (CO)

34 5125 (quint, 2H, ] 8, 20.1 (CH,), 229 - 3256,3133, (M-N(CN),)
CH,CH,CH,), 151 (quint, 2H,  (CH,), 23.8 (CH,), _ 1733,1560, 20823
]8, CH,CH,CO), 1.89 (quint, 2H, 292 (CH,), 33.0 1448, 1165,  found for
78, CH,CH,N), 223 (4, 2H,]8,  (CH,), 585 - 1031 C,HNO,"
CH,CO), 2.60 (s, 3H, CH,), 455  (NCH,), 1271
(t 2H, ] 6.8, NCH,CH,), 798 4,  (CH), 142.5 (CH),

OH, Ar-H), 897 (d, 2H, Ar-H) 1576 (C), 173.3
(CO)

35 §1.27 (quint, 2H, J 8, 20.1 (CH,), 22.5 - 3257,3131,  (M-NO,)
CH,CH,CH,), 154 (quint, 2H,  (CH,), 23.6 (CH,), _ 1731,1560, 20822
]8, CH,CH,CO), 1.89 (quint, 291 (CH,), 32.1 1449, 1167,  found for
2H,]8, CH,CH,N), 2.23 (4, 2H,  (CH,), 58.4 - 1031 C,HNO,"

] 8, CH,CO), 2.54 (s, 3H, CH,),
457 (t, 2H, ] 6.8, NCH,CH,),
8.03 (d, 2H, Ar-H), 9.03 (d, 2H,
Ar-H), 12.04 (s, 1H, CO,H)

(NCH,), 1272
(CH), 142.6 (CH),
1576 (C), 173.1
(CO)
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Antibacterial activity

Eight types of human pathogens were selected in order to test the in vitro antibacte-
rial activity of some synthesized ILs (1-5). MIC values are summarized in Table V.

Table V. Antibacterial activity of ionic liquids 1-5 against eight bacterial strains

MIC (mmol L)

Compd.? E. K. P. A. S. S. B. B.
coli  pneumoniae aeruginosa baumannii aureus pneumoniae subtilis  cereus
1 >0.97 >0.97 >0.97 >097  >097 >0.97 >097  >097
2 0.40 >0.81 >0.81 >0.81 >0.81 >0.81 040 >081
3 0.40 0.40 >0.97 >0.97 0.40 0.40 040  >097
4 >0.81 >0.81 >0.81 >0.81 >0.81 >0.81 >0.81 >0.81
5 0.44 0.44 >0.89 >0.89 >0.89 0.44 >0.89  >0.89
Mezlocillin 0.24 0.24 0.24 0.24 - - 0.059 0.059
Amikacin 0.054 0.054 0.054 0.054 0.054 0.054 - -
Tetracycline  0.036 0.036 - 0.036 - 0.018 0.009 0.009

2Solvent/negative control: water

Among the tested ILs 1-5, 1-(4-phenoxybutyl)-4-picolinium bromide (3) displayed the
best antibacterial activity against S. pneumoniae, E. coli, K. pneumoniae, S. aureus, S. pneu-
moniae and B. subtilis compared to the tested antibiotics (mezlocillin, amikacin, tetracycline),
which could be attributed to its phenoxylbutyl group. Furthermore, 1-(6-ethoxy-6-oxohexyl)-
-3-picolinium bromide (2) and 1-(5-carboxypentyl)-4-picolinium bromide (5) exhibited mod-
erate activity, which could be attributed to the presence of the ester or carboxylic group.

MIC levels ranged was from 0.40 mmol L™ to more than 0.97 mmol L™! and are much
higher comparable to those observed for the standard antibiotics.

CONCLUSIONS

In this study, the synthesis of a series of new, environmentally benign picolinium-
-based ionic liquids was successfully carried out by applying an environmentally friendly
and time saving protocol. In general, improvements in rates and yield of reactions were
observed by carrying out the reactions under the influence of microwave and ultrasound
irradiation. The results encourage us to continue our investigations in order to find a new
series of eco-friendly ionic liquids. The minimum inhibitory concentration of some tested
ILs showed moderate to low activity against eight types of human pathogens.
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