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Abstract In this research, stearic acid and propylene oxide
are used to synthesize biodegradable heterocyles (pyrazole,
pyran, chromene, and pyrimidine) to improve their solu-
bility and lower their toxicity. The chemical structure of
these surfactants was confirmed using IR, 1H, and '°C
NMR spectra. Some of these compounds have higher
activity than commercial antibiotics and may be useful in
the pharmaceutical industry.

Keywords Synthesis - Heterocyclic derivatives - Surface
activities

Introduction

Enaminone derivatives are polydentate reagents and useful
raw materials for the synthesis of many classes of organic
compounds and heterocyclic systems [1-8]. In addition,
many enaminone derivatives exhibit biological activities
and are used as antitumor, antibacterial and anticonvulsant
agents [9-11]. For this reason, photochemical, reduction,
oxidation, nucleophilic and electrophilic interaction in
these materials leads to various biologically active com-
pounds [12, 13]. The family of nitrogen heterocyclic
compounds such as pyrazole and pyrimidine derivaties are
an important class of compounds in medicinal chemistry
and have contributed to the understanding of biological
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processes [14—16]. Moreover, enaminone derivatives have
attracted considerable attention in the design of biologi-
cally active pyrone and pyridone derivatives [17, 18].

Oils and fats have been used to produce customized
products and new chemical reactions for the synthesis of
new heterocyclic compounds. Such environmentally
friendly operations are particularly favored in green
chemistry, clean energy, renewable resources, and enzyme
reaction research [19-21]. Oleochemicals with heterocyclic
systems are organic compounds that contain both
hydrophobic and hydrophilic groups. Due to their high
solubility, foaming, wetting, and aggregation properties,
they have a wide range of applications from consumer
products to industrial uses, such as cleaning, detergents,
cosmetics, emulsifiers, toiletries, and pharmaceuticals and
petrochemicals [22-27]. In view of the above-mentioned
properties, a variety of new heterocycles derivatives were
synthesized to identify new selective and less toxic
antimicrobial agents [28-31].

Experimental Section

Uncorrected melting points were measured using a Gallen
Kamp melting point apparatus. The infrared spectra were
recorded using KBr discs on FTIR 8300 Shimadzu spec-
trophotometer and the results were expressed in wave
number (cm™'). 'H and '*C NMR spectra were recorded
with Bruker AC300 spectrometer (Fallanden, Switzerland)
operating at 600 MHz for 'H and 150 MHz for *C, using
deuterochloroform (CDCl;) as a solvent. Chemical shifts
are expressed in O (ppm) using TMS as the internal stan-
dard. The mass spectra were recorded on an Agilent GC/
MS MSD (7890A/5975C) at 70 eV at the Core Labs and
Major Facilities, King Abdullah University of Science and
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Technology. Elemental microanalysis was carried out
using a CHNS elemental analyzer (model EA3000; EURO
VECTOR Instruments). Biological activity was screened at
the Microbiology Department, Faculty of Applied Science,
Umm Al-Qura University, Saudi Arabia.

Synthesis of N-(4-Acetylphenyl)stearamide (3)

To a cold solution of p-aminoacetophenone (0.2 g,
1.5 mmol) in dry acetone (15 mL) containing triethylamine
(0.5 mL), stearoyl chloride 2 (0.45 g, 1.5 mmol) in dry
acetone (15 mL) was added dropwise with stirring over a
period of 1 h. The mixture was stirred overnight, and then
poured into a beaker containing crushed ice with a few
drops of hydrochloric acid. The solids were collected by
filtration and recrystallized from benzene. White-yellow
crystals were formed. Yield (85 %), m.p. 100-102 °C, IR
(viem™'); 3328 (NH), 29162849 (CH-aliph) and 1678,
1656 (C = 0). 'H NMR (8, ppm): 0.85 (t, 3H, terminal
CHs;), 1.19-1.57 (s, 32H, CH, aliphatic), 2.51 (s, 3H,
COCH3;), 6.97-7.87 (m, 4H, ArH), 9.77 (s, 1H, NH). Anal.
Calc. (%) for C,6Hy43NO, (401.63): C, 77.75; H, 10.79; N,
3.49. Found C, 77.31; H, 10.47; N, 3.22.

Synthesis of N-(4-(3-(Dimethylamino)acryloyl)
phenyl)stearamide (4)

A mixture of compound 3 (0.6 g, 1.5 mmol) and
dimethylformamide dimethylacetal (DMF-DMA) (0.19 g,
1.5 mmol) in dry xylene (15 mL) was heated to reflux for
3 h, allowed to cool, and the solid product was collected by
filtration and recrystallized from xylene. Yellow crystals
were formed. Yield (0.46 g, 77 %), m.p. 81-83 °C, IR (v/
cm™'); 3326 (NH), 3073 (CH-arom), 2915-2848 (CH-
aliph), 1685,1656 (C=0) and 1613 (C=C).'"H NMR (3,
ppm): 0.88 (t, 3H, terminal CHjy), 1.25-1.72 (s, 32H, CH,
aliph), 2.92, 3.12 (2 s, 6H, N(CH3),), 5.70, 5.71 (d, 1H,
J = 7.2 Hz, CH), 7.26-7.93 (m, 5H, ArH and CH), 9.65 (s,
1H, NH). >C-NMR (8, ppm): 14.03, 22.16, 29.07, 39.08,
39.22, 39.35, 39.49, 39.63, 39.77, 39.91, 40.03, 96.23,
126.41, 126.46, 128.46, 128.55, 128.65, 129.32, 132.96,
143.03, 154.31, 167.38, 187.83, 197.17. Anal. Calc. (%) for
C29H48N202 (45670) C, 7627, H, 1059, N, 6.13. Found
C, 76.05; H, 10.31; N, 6.36 %.

Synthesis of N-(4-(Isoxazol-5-yl)phenyl)stearamide
(%)

A solution of enaminone 4 (0.68 g, 1.5 mmol) and
hydroxylamine hydrochloride (0.1 g, 1.5 mmol) in a mix-
ture of triethylamine (0.5 mL) and ethanol (15 mL) was
heated to reflux for 8 h, and then allowed to cool. The
product was collected by filtration, dried and recrystallized
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from ethanol. A pale yellow solid was formed. Yield
(0.5 g, 74 %); m.p. 96-98 °C; IR (v/em™'): 3314 (NH),
2916-2848 (CH-aliph), 1678 (C = 0O), 1601 (C = O),
1552 (C = N), 1169 (C-O-C); 'H NMR (8, ppm): 0.86 (t,
3H, terminal, CHj3), 1.39-1.72 (s, 32H, CH, aliph), 5.66 (s,
1H, C;-H isoxazole), 6.67 (s, 1H, C4-H isoxazole),
7.26-7.92 (m, 4H, ArH), and 8.45 (s, 1H, NH). *C-NMR
(5, ppm): 14.02, 22.15, 28.76, 29.07, 31.34, 33.73, 39.08,
39.22, 39.36, 39.49, 39.63, 39.77, 39.91, 40.03, 102.12,
125.15, 128.26, 128.54, 137.03, 158.54, 166.62. Anal.Calc.
(%) for C,7H4oN,0, (426.63): C, 76.01; H, 9.92; N, 6.57.
Found C, 76.31; H, 10.20; N, 6.84.

Synthesis of N-(4-(1H-pyrazol-5-yl)phenyl)stearamide
(6)

To a boiling solution of enaminone 4 (0.68 g, 1.5 mmol) in
a mixture of ethanol (10 mL) and acetic acid (10 mL),
hydrazine hydrate (0.07 g, 1.7 mmol) was added. The
reaction mixture was heated to reflux for 6 h, and then
cooled. The solid product was collected by filtration and
recrystallized from dioxane. An orange powder was
formed. Yield (0.53 g, 78 %); m.p. 101-103 °C, IR (v/
em™Y): 3320, 3287 (NH), 29162849 (CH-aliph) 1654
(C=0), 1616 (C=C), and 1544 (C=N). 'H NMR (3, ppm):
0.87 (t, 3H, terminal CHj), 1.24-1.70 (s, 32H, CH, aliph),
5.71,6.91 (2d, 2H, J = 8.2 Hz, pyrazol-Hy, Hs), 7.26-7.90
(m, 5H, Ar—H and NH), 10.56 (s, 1H, INH). '*C-NMR (3,
ppm): 14.78, 25.47, 26.44, 29.26, 29.37, 29.48, 29.62,
29.66, 29.68, 29.70, 31.93, 37.92, 108.34, 118.82, 129.77,
132.77, 138.87, 140.30, 142.39, 159.01. Anal. Calc. (%) for
Co7H43N30 (425.65): C, 76.19; H, 10.18; N, 9.87. Found
C, 76.43; H, 10.38; N, 9.52.

Synthesis of N-(4-(3,5-Dihydro-2H-1,4-oxathiepin-7-
yl)phenyl)stearamide (7)

To a solution of enaminone 4 (0.68 g, 1.5 mmol) in ethanol
(20 mL) with few drops of triethylamine, 2-mercap-
toethanol (0.12 g, 1.5 mmol) was added. The reaction
mixture was refluxed for 8 h. After cooling to room tem-
perature, the solid was collected by filtration and recrys-
tallized from ethanol. A brown powder was formed. Yield
(0.49 g, 72 %); m.p. 111-113 °C; IR (v/cm™'): 3319 (NH),
2916-2849 (CH-aliph), 1656 (C = O), 1606 (C = C),
1160 (C-0O-C); '"H NMR (3, ppm): 0.86 (t, 3H, terminal
CHj), 1.24-1.72 (s, 32H, CH, aliph), 2.88 (t, 2H,
J=28.0Hz, C3-H oxathiepin ring), 3.10 (d, 2H,
J = 7.2 Hz, C5-H oxathiepin ring), 3.90 (t, 2H, C2-H
oxathiepin ring), 5.70 (t, 1H, C4-H oxathiepin ring), and
7.26-8.92 (m, 5H, ArH and NH). 3C-NMR (3, ppm):
14.09, 22.15, 28.76, 29.07, 33.73, 39.08, 39.22, 39.36,
39.49, 39.63, 39.77, 39.91, 40.03, 73.13, 91.99, 125.15,
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128.26, 128.54, 136.36, 138.35, 160.95, 182.18. Anal.
Calc. (%) for C,oH47NO,S (473.75): C, 73.52; H, 10.00; N,
2.96; S, 6.77. Found C, 73.80; H, 10.27; N, 3.26; S, 6.98.

Synthesis of N-(4-(5-Acetyl-6-methyl-4H-pyran-2-
yl)phenyl)stearamide (8)

An equimolar amount of acetylacetone (0.15 g, 1.5 mmol)
was added to a solution of enaminone 4 (0.68 g, 1.5 mmol) in
glacial acetic acid (20 mL). The reaction mixture was
refluxed for 12 h, left to cool and poured onto ice-cold water
containing a few drops of 1 N HCl. The precipitate that
formed was collected by filtration and recrystallized from
ethanol. A light brown solid was formed. Yield (0.46 g,
68 %), mp 114-116 °C. IR (viem™'): 3321 (NH),
2916-2849 (CH-aliph), 1692, 1656 (C = O), 1079 (C-O-
O), '"HNMR (3, ppm): 0.89 (t, 3H, terminal CHj), 1.24-1.62
(s, 32H, CH, aliph), 2.30 (s, 3H, CH3), 2.56 (s, 1H, COCH3),
411 (d, 2H, J=7.0Hz, CH, pyran), 6.64 (t, 1H,
J = 8.2 Hz, C-H pyran), 7.26-7.93 (m, SH, ArH and NH).
SC-NMR (8, ppm): 13.57,14.02, 19.16,22.15, 26.43, 29.25,
29.37,29.47,29.61, 29.66,29.68,29.70, 30.94, 31.93, 37.94,
95.29, 115.39, 118.79, 129.77, 132.80, 142.35, 159.30,
179.60, 196.95. Anal. Calc. (%) for C3,H49NO3 (495.74): C,
77.53; H, 9.96; N, 2.83. Found C, 77.21; H, 9.68; N, 2.60.

Synthesis of N-(4-(2-Thioxo-1,2-dihydropyrimidin-4-
ylphenyl)stearamide (9)

A mixture of enaminone 4 (0.68 g, 10 mmol) and thiourea
(0.11 g, 1.5 mmol) in ethanol (20 mL) with few drops of
triethylamine was heated to reflux for 8 h. After cooling to
room temperature, the obtained solid was collected by fil-
tration and recrystallized from EtOH/DMF. Yellow crys-
tals were formed. Yield (0.54 g, 80 %); m.p. 125-127 °C;
IR (viem™Y): 3338, 3278 (NH), 2914-2849 (CH-aliph.),
1657 (C=0), 1600 (C=0C), 1563 (C=N), 1274
(C=09), '"H NMR (8, ppm): 0.87 (t, 3H, terminal CHj),
1.22-1.69 (s, 32H, CH, aliph), 5.71 (d, 1H, Cs-pyrimidine),
7.26-7.88 (m, SH, ArH and C4-pyrimidine), 8.28 (s, 1H,
NH), and 8.57 (s, 1H, NH); ">*C-NMR (3, ppm): 14.13,
22.69, 25.53, 26.43, 29.31, 29.37, 29.43, 29.53, 29.67,
29.68, 29.71, 31.93, 37.77, 45.09, 92.04, 118.92, 128.60,
129.67, 132.42, 135.62, 143. 03, 141.09, 154.31, 172.11,
172.37, 187.83, 197.17. Anal. Calc. (%) for C,gH43N30S
(469.73): C, 71.59; H, 9.23; N, 8.95; S, 6.83. Found C,
71.83; H, 9.47; N, 8.71; S, 6.60.

General Procedure for Synthesis of Pyrimidines
Derivatives (10a, b)

A mixture of enaminone 4 (0.68 g, 1.5 mmol) and urea
(0.1 g, 15 mmol) or guanidine hydrochloride (0.14 g,

1.5 mmol) in ethanol (15 mL) catalyzed by triethylamine
or glacial acetic acid (15 mL) in the presence of freshly
fused sodium acetate was heated to reflux for 4 h, and
allowed to cool and then poured onto ice-cold water con-
taining a few drops of 1 N HCI. The precipitate was col-
lected by filtration, dried, and recrystallized from the
mixture of EtOH/DMF.

N-(4-(2-Oxo0-1,2,3,6-tetrahydropyrimidin-4-
yl)phenyl)stearamide (10a)

Brown powder; yield (0.45 g, 67 %); m.p. 116-118 °C; IR
(viem™'): 3310-3246 (NH), 3072 (CH-arom), 2915-2848
(CH-aliph), 1685, 1654 (C = O), 1610 (C = C); '"H NMR
(8, ppm): 0.86 (t, 3H, terminal CH3), 1.24-1.73 (s, 32H,
CH, aliphatic), 3.66 (d, 2H, pyrimidine ring), 5.26 (t, 1H,
CH pyrimidine), 6.44 (s, 2H, 2NH), 7.26-7.92 (m, SH, ArH
and NH). Anal. Calc. (%) for C,gH;sN3O, (455.68): C,
73.80; H, 9.95; N, 9.22. Found C, 73.61; H, 9.74; N, 9.02.

N-(4-(2-Imino-1,2,3,6-tetrahydropyrimidin-4-yl)
phenyl)stearamide (10b)

Dark yellow solid; yield (0.54 g, 79 %); m.p. 120-122; IR
(v/em™'): 3318-3176 (NH), 3056 (CH-arom), 2915-2848
(CH-aliph),1688 (C = 0), 1623 (C = C); '"H NMR (3,
ppm): 0.86 (t, 3H, terminal CH3), 1.24-1.70 (s, 32H, CH,
aliph), 4.12 (d, 2H, CH, pyrimidine), 5.69 (t, 1H, CH
pyrimidine), 7.26—7.90 (m, 6H, ArH and 2NH), 10.92 (s,
1H, NH). Anal. Calc. (%) for C,gH4sN,O (454.69): C,
73.96; H, 10.20; N, 12.32. Found C, 73.71; H, 10.54; N,
12.09.

Synthesis of ethyl 3-(4-Stearamidophenyl)-2,
5-dihydro-1H-pyrrole-2-carboxylate (11)

A mixture of enaminone 4 (0.68 g, 1.5 mmol), in ethanol
(15 mL) containing a catalytic amount of triethylamine and
ethyl glycinate hydrochloride (0.21 g, 1.5 mmol) was
heated to reflux for 8 h. The formed solid was filtered and
recrystallized from benzene. A pink powder was formed.
Yield (0.53 g, 78 %); m.p. 127-129 °C; IR (v/cm_l):
3316, 3225 (NH), 2915-2849 (CH-aliph), 1710, 1655
(C = 0), 1613 (C = C); 'H NMR (3, ppm): 0.85 (t, 3H,
terminal CH3), 1.24-1.70 (s, 32H, CH, aliph), 1.72 (t, 3H,
J = 8.6 Hz, CHjy), 3.72, 3.99 (2d, 2H, J = 8.2 Hz, CH,
pyrrole), 4.20 (s, 2H, CH,), 4.24 (s, 1H, C,-H pyrrole), 5.77
(t, 1H, J = 8.4 Hz C4-H pyrrole), 7.26-7.89 (m, SH, ArH
and NH) and 8.81 (s, H, NH); 13C NMR (3, ppm): 14.13,
22.70, 25.57, 26.44, 29.27, 29.29, 29.37, 29.39, 29.49,
29.63, 29.67, 29.71, 31.93, 37.86, 49.77, 58.46, 61.75,
91.78, 118.83, 118.93, 128.38, 128.66, 129.56, 129.74,
132.65, 142.58, 169.35, 174.95. Anal. Calc. (%) for
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C31H50N,03 (498.74): C, 74.65; H, 10.10; N, 5.62. Found
C, 74.33; H, 9.78; N, 5.41.

Synthesis of N-(4-(7H-thiazolo[3,2-a]pyrimidin-5-
yl)phenyl)streamside (12)

An equimolar amount of enaminone 4 (0.68 g, 1.5 mmol)
in a mixture of acetic acid/ethanol (15 mL:15 mL) and
2-aminothiazole (0.15 g, 1.5 mmol) was heated to reflux
for 3 h. The formed solid was collected and recrystallized
from methanol. A brown powder was formed. Yield
(0.46 g, 68 %); m.p. 112-114 °C, IR (v/cm™'): 3315 (NH),
3073 (CH-aromatic), 2915-2848 (CH-aliph), 1663
(C = 0), 1632 (C = C) and 1565 (C = N). '"H NMR (3,
ppm): 0.86 (t, 3H, terminal CH3), 1.28-1.75 (s, 32H, CH,
aliphatic), 2.39, 2.57 (2d, 2H, J = 8.2 Hz, CH, pyrim-
idine), 4.86 (t, 1H, J = 8.7 Hz CH pyrimidine), 6.26, 6.86
(2 s, 2H, thiazol-H4, HS), 7.26-7.93 (m, 5H, ArH and NH).
MS m/z (%): 494 M*—1, 4.17). Anal. Calc. (%) for Csq.
H4sN30S (495.76): C, 72.68; H, 9.15; N, 8.48; S, 6.47.
Found C, 72.89; H, 9.36; N, 8.70; S, 6.69.

Synthesis of N-(4-(9aH-pyrido[1,2-a]pyrimidin-4-
yl)phenyl)stearamide (13)

A mixture of compound 4 (0.68 g, 1.5 mmol) and
2-aminopyridine (0.14 g, 1.5 mmol) in a mixture of acetic
acid/ethanol (15 mL:15 mL) was heated to reflux for 4 h.
The obtained solid was collected by filtration and recrys-
tallized from ethanol. White yellow crystals were formed.
Yield (0.48 g, 72 %); m.p. 119-121 °C, IR (v/em™');
3305 (NH), 3073 (CH-arom), 2915-2848 (CH-aliph), 1673
(C=0), 1631 (C=C) and 1564 (C=N). "H NMR (3, ppm):
0.79 (t, 3H, CHj3), 1.28-1.79 (s, 32H, CH; aliph), 5.70 (t,
1H, CH pyrimidine), 2.78 (d, 2H, CH, pyrimidine),
7.29-7.85 (m, 8H, ArH), 8.19 (s, 1H, NH) '*C NMR (3,
ppm): 14.13, 22.70,25.47, 26.44, 29.26, 29.37, 29.48,
29.62, 29.66, 29.68, 29.70, 31.93, 83.24, 83.82, 109.48,
118.82, 127.64, 128.68, 129.77, 131.80, 132.48, 137.92,
139.92, 142.36, 153.73, 171.76, 187.01. MS m/z (%): 450
(M*1+1, 0.81). Anal. Calc. (%) for C3,H47N3O (489.74):
C, 78.48; H, 9.67; N, 8.58. Found C, 78.68; H, 9.89; N,
8.80.

Synthesis of N-(4-(2H-benzo [4, 5] thiazolo[3,2-a]
pyrimidin-4-yl)phenyl)stearamide (14)

To a solution of enaminone 4 (0.68 g, 1.5 mmol) in ethanol
(20 mL), 2-aminobenzothiazole (0.22 g, 1.5 mmol) was
added. The reaction mixture was heated to reflux for 8 h.
The solid was filtered and recrystallized from dioxane. A
brown powde was formed. Yield (0.5 g, 74 %); m.p.
135-137 °C; IR (U/cm_l): 3294 (NH), 3073 (CH-arom),
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2915-2848 (CH-aliph),1676 (C = O), 1631 (C = C), 1564
(C = N); '"H NMR (300 MHz) &: 0.87 (t, 3H, terminal
CHj), 1.28-1.75 (s, 32H, CH, aliph), 2.33 (d, 2H,
J = 7.2 Hz, CH, pyrimidine), 5.57 (t, H, J = 8.4 Hz, CH
pyrimidine), 7.26-7.93 (m, 8H, ArH), 8.28 (s, 1H, NH);
3C NMR (8, ppm): 14.13, 22.70, 25.45, 26.43, 29.25,
29.37, 29.47, 29.61, 29.66, 29.68, 29.69, 29.70, 30.94,
31.93, 3794, 96.95, 118.10, 123.26, 126.37, 128.66,
129.67, 129.68, 132.70, 134.71, 142.96, 153.94, 178.68.
MS m/z (%): 545 (M, 0.95). Anal. Calc. (%) for Cs,.
H47N;0S (545.82): C, 74.82; H, 8.68; N, 7.70; S, 5.87.
Found C, 74.53; H, 8.44; N, 7.48; S, 5.56.

Synthesis of N-(4-(benzo [4, 5] imidazole[1,2-a]
pyrimidin-4-yl)phenyl)stearamide (15)

A mixture of enaminone 4 (0.68 g, 1.5 mmol) in ethanol
(20 mL) and 2-aminobenzoimidazole (0.21 g, 1.5 mmol)
was heated to reflux for 8 h. The separated solid was fil-
tered and recrystallized from ethanol. A brown powde was
formed. Yield (0.46 g, 68 %); m.p. 123-125 °C; IR (v/
cm™'): 3366 (NH), 3072 (CH-arom), 2915-2848 (CH-
aliph),1666 (C = 0), 1622 (C = C), 1565 (C = N); 'H
NMR (5, ppm): 0.88 (t, 3H, terminal CH3), 1.31-1.75 (s,
32H, CH, aliph), 2.40 (s, 2H, CH, pyrimidine),5.36 (s, 1H,
CH pyrimidine), 7.26-7.94 (m, 8H, ArH), and 9.17 (s, 1H,
NH). MS m/z (%): 524 (M =2, 0.98). Anal. Calc. (%) for
C34H4sN4O (526.76): C, 77.52; H, 8.80; N, 10.64. Found
C, 77.21; H, 8.57; N, 10.38.

General Procedure for the Synthesis of pyrano[2,3-
d]pyrimidine derivatives (16a, b)

A mixture of compound 4 (0.68 g, 1.5 mmol) in acetic acid
(20 mL) and barbituric acid (0.2 g, 1.5 mmol) or thiobar-
bituric acid (0.22 g, 1.5 mmol) was heated to reflux for
12 h, allowed to cool and poured onto ice-cold water
containing a few drops of 1 N HCI. The precipitate that
formed was collected by filtration, and recrystallized from
ethanol.

N-(4-(2,4-Dioxo-2,3,4,5-tetrahydro-1H-pyrano[2,3-
d|pyrimidin-7-yl)phenyl)stearamide (16a)

Reddish yellow powder; yield (0.54 g, 80 %); m.p.
111-113 °C; IR (v/em™'): 3341-3277 (NH), 2916-2848
(CH-aliph), 1678, 1660 (C = 0), 1601 (C = C); '"H NMR
(6, ppm): 0.86 (t, 3H, terminal CH3), 1.16-1.75 (s, 32H,
CH, aliph), 2.45 (d, 2H, J = 7.2 Hz, CH,), 5.85 (t, 1H, C3z-
H pyran), 6.85 (s, 1H, NH), 7.26-7.47 (m, 4H, ArH), 8.08,
8.82 (2's, 2H, 2NH). Anal. Calc. (%) for Cs;H45N30,4
(523.71): C, 71.10; H, 8.66; N, 8.02. Found: C, 71.37; H,
8.85; N, 8.22.
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N-(4-(4-Oxo-2-thioxo-2,3,4,5-tetrahydro- 1 H-pyrano| 2, 3-
d]pyrimidin-7-yl)phenyl)stearamide (16b)

Brown powder; yield (0.52 g, 77 %); m.p. 129-131 °C; IR
(v/em™"): 3332-3270 (NH), 2916-2849 (CH-aliph), 1683,
1656 (C = 0), 1613 (C = C), 1249 (C = S), 1074 (C-O-
O), '"H NMR (3, ppm): 0.88 (t, 3H, CH3), 1.29-1.75 (s,
32H, CH, aliph), 2.39 (d, 2H, J = 7.2 Hz, CH,), 5.68 (t,
1H, J = 8.4 Hz, C3-H pyran), 7.26-7.94 (m, SH, ArH and
NH), 8.90, 12.15 (2 s, 2H, 2NH). Anal. Calc. (%) for
C31H45N305S (539.77): C, 68.98; H, 8.40; N, 7.78; S, 5.94.
Found: C, 68.68; H, 8.19; N, 7.52; S, 6.22.

General Procedure for the Synthesis of Chromene
Derivatives (17-21)

A mixture of enaminone 4 (0.68 g, 1.5 mmol) in acetic
acid (20 mL) and resorcinol (0.17 g, 1.5 mmol), a-naph-
thol (0.22 g, 1.5 mmol), B-naphthol (0.22 g, 1.5 mmol),
salicaldehyde (0.18 g, 1.5 mmol), or a-tetralone (0.22 g,
1.5 mmol), in each case, was heated to reflux 10-12 h, and
then poured onto crushed ice with a few drops of
hydrochloric acid. The solid was collected by filtration and
recrystallized from acetic acid.

N-(4-(7-Hydroxy-4H-chromen-2-yl)phenyl)stearamide (17)

Brown powder; yield (0.56 g, 83 %); m.p. 117-119 °C; IR
(v/lem™"): 3446, 3286 (OH and NH), 3073 (CH-arom),
2916-2849 (CH-aliph), 1656 (C = 0), 1077 (C-0-C); 'H
NMR (5, ppm): 0.85 (t, 3H, terminal CH3), 1.31-1.74 (s,
32H, CH, aliph), 2.39 (d, 2H, J = 7.2 Hz, CH,), 5.96 (t,
1H, J = 8.7 Hz, CH), 6.41 (s, 1H, NH), 7.26-7.93 (m, 7H,
ArH), and 9.98 (s, 1H, OH); MS m/z (%): 505 (M, 0.99).
Anal. Calc. (%) for C33H47NO;5 (505.73): C, 78.37; H,
9.37; N, 2.77. Found: C, 78.58; H, 9.61; N, 2.98.

N-(4-(4H-benzo[h]chromen-2-yl)phenyl)stearamide (18)

Dark brown powder; yield (0.51 g, 75 %); m.p.
126-128 °C; IR (v/em™'): 3342 (NH), 3078 (CH-arom),
2916-2848 (CH-aliph), 1678 (C = 0), 1621 (C = C); '"H
NMR (9, ppm): 0.86 (t, 3H, terminal CHj), 1.25-1.74 (s,
32H, CH, aliph), 2.40 (d, 2H, J = 7.2 Hz, CH,), 5.54 (t,
1H, J = 8.8 Hz, C3-H chromen), 6.85-8.09 (m, 10H,
ArH), 8.82 (s, 1H, NH). Anal. Calc. (%) for C3;H4oNO,
(539.79): C, 82.33; H, 9.15; N, 2.59. Found: C, 82.61; H,
9.42; N, 2.85.

N-(4-(1H-benzo[f]chromen-3-yl)phenyl)stearamide (19)

Brown powder; yield (0.56 g, 83 %); 123—-125 °C; IR (v/
cm_l): 3345 (NH), 3075 (CH-arom), 2915-2848 (CH-

aliph), 1667 (C = 0), 1617 (C = C); "H NMR (8, ppm) &:
0.86 (t, 3H, terminal CH3), 1.25-1.74 (s, 32H, CH, aliph),
3.73 (s, 2H, CH,), 5.65 (t, 1H, J = 8.8 Hz, C5-H chromen),
7.11-7.94 (m, 10H, ArH and NH). '>C NMR (3, ppm):
14.13, 22.70, 25.48, 26.44, 29.10, 29.26, 29.37, 29.48,
29.62, 29.66, 29.67, 29.68, 29.70, 29.71, 30.69, 31.93,
37.86, 106.48, 117.92, 118.87, 123.47, 126.35, 127.75,
128.85, 129.75, 129.80, 132.65, 134.66, 142.36, 153.73,
178.88. Anal. Calc. (%) for Cs3;H4oNO,: (539.79):. C,
82.33; H, 9.15; N, 2.59. Found: C, 82.58; H, 9.34; N, 2.81.

N-(4-(8-Formyl-4H-chromen-2-yl)phenyl)stearamide (20)

Brown powder; yield (0.58 g, 85 %); m.p. 125-127 °C; IR
(v/em™'): 3324 (NH), 3054 (CH-arom.), 2915-2848 (CH-
aliph), 1714, 1671 (C = O); 'H NMR (5, ppm): 0.88 (t,
3H, terminal CH3), 1.27-1.73 (s, 32H, CH, of aliph), 2.39
(d, 2H, CH,), 5.35 (t, 1H, J= 8.6 Hz, CH pyran),
7.26-8.40 (m, 7H, ArH), 8.92 (s, 1H, NH), 10.15 (s, 1H,
CHO). Anal. Calcd. (%) for C34H47NO;5 (517.74): C, 78.87,
H, 9.18; N, 2.71. Found: C, 78.54; H, 8.87; N, 2.96.

N-(4-(5,6-Dihydro-1H-benzo[f]chromen-3-
yl)phenyl)stearimidamide (21)

Gray powder; yield (0.57 g, 84 %); m.p. 132-134 °C; IR
(o/cm_l): 3344 (NH), 3069 (CH-arom), 2915-2848 (CH-
aliph), 1687 (C = 0), 1625 (C = C), 1120 cm™' (C-O-
O); '"H NMR (3, ppm): 0.87 (t, 3H, terminal CHj;),
1.24-1.63 (s, 32H, CH, aliph), 2.29 (t, 2H, J = 8.6 Hz,
CH,), 2.57 (d, 2H, J = 7.2 Hz, C4-H chromen), 2.98 (t,
2H, J = 8.8 Hz, CH,), 4.13 (t, 1H, J = 8.6 Hz, C5-H
chromen), 7.25-8.03 (m, 8H, ArH), 8.04 (s, 1H, NH). Anal.
Calc. (%) for C37H5oNO, (540.82): C, 82.17; H, 9.69; N,
5.18. Found: C, 82.32; H, 9.84; N, 5.34.

Synthesis of N-(4-(5-0x0-4,5-dihydroindeno[1,2-b]
pyran-2-yl)phenyl)stearamide (22)

A solution of compound 4 (0.68 g, 1.5 mmol) in acetic acid
(30 mL) and 1,3-indandione (0.22 g, 1.5 mmol) was
heated to reflux for 12 h, and then poured onto ice/water.
The solid was collected by filtration and recrystallized from
acetic acid. A back powder was formed. Yield (0.57,
84 %); m.p. 122-124 °C; IR (v/em™"): 3334 (NH), 3074
(CH-arom.), 29162848 (CH-aliph), 1705,1672 (C = O);
"H-NMR (3, ppm): 0.82 (t, 3H, terminal CHs), 1.16-1.55
(s, 32H, CH, aliphatic), 2.48, 2.51 (2d, 2H, J = 7.1 Hz,
C4-H pyran), 4.03 (t, 1H, J = 8.7 Hz, C3-H pyran),
7.19-7.87 (m, 8H, ArH), 8.56 (s, 1H, NH). '*C NMR (3,
ppm): 25.53, 26.43, 29.31, 29.33, 29.37, 29.43, 29.53,
29.67, 29.68, 29.71, 31.93, 37.77, 45.09, 92.04, 107.07,
118.92, 122.88, 128.60, 129.67, 132.42, 135.62, 141.09,
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143.03, 154.31, 172.11, 187.83, 197.17. Anal. Calc. (%) for
C36H47NO3 (541.76): C, 79.81; H, 8.74; N, 2.59. Found: C,
79.54; H, 8.48; N, 2.22.

Preparation of Surface-Active Agents

Addition of 5 mol of propylene oxide to the active
hydrogen atoms in the newly synthesized compounds 5-22
was carried out according to the Morgos procedure [32].
An amount of 0.5 wt% KOH solution containing 0.01 mol
of the synthesized compound was heated to 70 °C with
stirring while passing a slow stream of nitrogen through
the system to flush out the oxygen and remove the water
from the catalyst. The nitrogen purge was discontinued
and propylene oxide was added dropwise with continuous
stirring and heating under reflux to retain the propylene
oxide. The alkoxylation reaction was conducted for dif-
ferent time intervals ranging from 1 to 10 h after which
the apparatus was filled with nitrogen and cooled. The
reaction vessel was weighed and the amount of reacted
propylene oxide and the average degree of propoxylation
were determined from the increment in the mass of the
reaction mixture. Addition of propylene oxide gave a
mixture of propoxylated products, and their structures
were confirmed based on IR and '"H NMR spectra. The IR
spectra reveled a broad band in the region of 3500-2500
cm~! (OH) and two other bands at 1170-1048 and
950-840 cm ™' (C-O—C ether linkage of the polypropoxy
chain) in addition to the original bands of these com-
pounds. 'H NMR-spectra showed the protons of the pro-
poxy groups, which appeared as broad multiple signals in
the region of 3.2-3.8, in addition to the other signals of
these compounds.

Antibacterial Activity

The new surface-active agents was investigated in vitro for
their antibacterial activities against Staphylococcus aureus
(ATCC 25923) and Bacillus cereus (ATCC 10987) as
Gram-positive bacteria and Serratia marcesens (ATCC
274) and Proteus mirabilis (SM514) as Gram-negative
bacteria using an agar diffusion method [33] and filter
paper disc-diffusion technique [34].

Surface and Interfacial Tension

Surface and interfacial tensions were measured according
to Findlay [35] with a Kriiss K6 tensiometer [36] (Kriiss,
Hamburg, Germany) for different concentrations of the
synthesized surfactants using a platinum iridium ring at
constant temperature (25 °C). Paraffin oil was used for the
interfacial tension measurements and the tensiometer was

&\ Springer ANOCS &

calibrated using the method described in ASTM D1331-01
[37].

Cloud Point

In a temperature-controlled bath, a 1.0 wt% solution of the
tested compound was gradually heated until the clear or
nearly clear solution became definitely turbid [38]. The
temperature was measured and the solution allowed to cool
until it became clear again. This process was then repeated
to check the reproducibility of the recorded temperature.

Wetting Time

The time of wetting was measured by immersing a cotton
skein (1 g) in a 1 wt% solution of the prepared surfactants
in distilled water at 25 °C according to the Draves tech-
nique [39]. The sinking time was measured in seconds.

Foaming Properties

The foaming height was measured by the Ross Miles
method [40]. The surfactant solution was allowed to fall
from a set height into the same surfactant solution in a
volumetric cylinder, hence creating foam. The height of the
foam was visually assessed.

Emulsification Stability

The emulsifying property of the prepared surfactants was
determined as follows: in a 100-mL graduated stoppered
tube, an aqueous solution of the surfactant (10 mL,
20 mol) was mixed with light paraffin oil (6 mL). The
mixture was mixed vigorously by Cimarec™ magnetic
stirring (Thermo Scientific) using an estimated stirring
speed of 1100 rpm for 2 min at 25 °C. The tube was
placed upright and the separation of the emulsion was
observed. The time taken for the separation of 9 mL of the
aqueous layer indicates the emulsion stability of the sur-
factant [41].

Biodegradability

The biodegradation of the synthesized surfactants was
determined using the River Water Die-Away method [42].
The river water for testing was sampled from the River
Nile. In this test, a stirred solution contained the tested
surfactant (1000 ppm) incubated at 25 °C. Samples were
withdrawn daily, filtered using Whatman filter paper and
the surface tension measured using a Du-Nouy ten-
siometer (Kruss type K6). This process was repeated for
7 days.
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Results and Discussion

Enaminone derivatives are useful raw materials for the
synthesis of different heterocyclic compounds as shown in
Scheme 1 [43]. Stirring stearoyl chloride [44] with
4-aminoacetophenone in dry acetone containing a catalytic
amount of triethyl amine gave the acetyl derivative 3, in
good yield. The structure of compound 3 was confirmed
from the spectroscopic data. The IR spectrum revealed two
absorption bands at 3322 and 1668 cm™' due to NH and
CO groups. In addition, the "H NMR spectrum showed a
multiplet in the region of 1.19-1.57 corresponding to CH,
aliphatic protons and 9.77 ppm for NH group. Treatment of
compound 3 with dimethylformamide-dimethylacetal

Scheme 1 Synthesis of N-(4-

(DMF-DMA) in boiling xylene gave the enaminone
derivative 4. The structure of enaminone 4 was established
based on the spectral data. The IR spectrum showed
absorption bands at 3326 (NH), and 1685 and 1656 cm™!
(CO), while the '"H NMR spectrum revealed two singlet
signals at 2.92 and 3.12 due to two methyl groups on the
amine and two doublet signals at 5.70 and 5.71 for the
olefinic protons.

The reactivity of enaminone 4 towards different carbon
nucleophiles was investigated to produce new heterocyclic
systems with surface and biological activities as shown in
Scheme 2. Thus, the reaction of compound 4 with
hydroxylamine hydrochloride in boiling ethanol containing
a few drops of triethyl amine furnished N-(4-(isoxazol-5-

H2N@000H3

(3-(dimethylamino)acryloyl) SOCI (o)
phenyl)stearamide (4) 2 I
RCOOH —> RCOCI > RCOHN C-CHj
dry acetone,
1 2 TEA, st. 1hr ~0 3
< J___ dry xylene
N" O ref. 3hr
R = CH3(CHy)16 !
O CHj
RCOHN@C—C:C-N\
H H ch,
4
Schemel 25 Synthesils (;f CHs
isoxazole 5, pyrazole 6,
oxathiepin 7, pyran 8, o COCHs X
pyrimidines 9, 10a, b and
pyrrole 11 derivatives on R \8 N HN)J\NH
R1—K\) NH,OH.HCI 2 2 R, S~
EtOHTEA|  AcOH O EtOH,TEA
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yl)phenyl)stearamide (5) in good yields. The spectral data
of the isolated product was in complete agreement with
structure 5, in which the IR spectrum appeared to lack of an
absorption band corresponding to the function of CO
conjugated at 1678 cm™" and showed absorption band at
1552 cm™! due to C = N. The 'HNMR spectrum showed
signals at 5.66 and 6.67 for 2CH protons of isoxazole ring,
and 8.45 ppm for NH proton. Similarly, compound 4 was
heated with hydrazine hydrate in boiling ethanol and gave
the pyrazole derivative 6. The structure of pyrazole 6 was
established by analytical and spectroscopic data. The 'H
NMR spectrum displayed signals at 5.71 and 6.91 ppm due
to H4 and H5 of pyrazole and 10.56 ppm for the NH group.
Continung the reaction of enaminone 4 with bifunctional
reagents, it was found that the reflux of enaminone 4 with
mercapto ethanol in boiling ethanol with a few drops of
triethyl amine produced N-(4-(3,5-dihydro-2H-1,4-oxa-
thiepin-7-yl)phenyl)stearamide (7).

Extension of the reactivity of enaminone 4 towards
different nucleophiles was carried out to obtain the hete-
rocyclic derivatives. Thus, the reaction of compound 4 with
acetylacetone in glacial acetic acid produced the pyran
derivative 8. The structure of pyran 8 was inferred from the
spectral data. The "HNMR spectrum showed signals at 2.30
and 2.56 ppm due to CH; group protons, acetyl protons,
4.11 ppm for CH, protons of the pyran ring and 6.64 ppm
for methine proton of the pyran ring. Moreover, the

Scheme 3 Synthesis of fused
pyrimidine 12-16 and chromene
17 derivatives

reaction of enaminone 4 with thiourea in boiling ethanol
containing a few drops of triethylamine gave N-(4-(2-
thioxo-1,2-dihydropyrimidin-4-yl)phenyl)stearamide 9. Its
"HNMR spectrum exhibited signals at 5.71 for pyrimidine
protons, and 8.28 and 8.57 ppm due to the two amino
groups. Similarly, treatment of enaminone 4 with urea and/
or guanidine hydrochloride in boiling ethanol containing a
few drops of pyridine or glacial acetic acid with sodium
acetate furnished the pyrimidine derivatives 10a, b. The
structure of compounds 10a, b was assigned based on the
elemental analysis and spectral data (see “Experimental”).

It is interesting in this connection that the reaction of
enaminone 4 with ethyl glycinate hydrochloride in a boil-
ing ethanol containing a catalytic amount of triethylamine
afford ethyl 3-(4-stearamidophenyl)-2, 5-dihydro-1H-pyr-
role-2-carboxylate 11. The structure of pyrrole 11 was
identified on the basis of the analytical and spectral data.
The 'H NMR spectrum showed bands at 1.72 ppm as a
triplet signal corresponding to the methyl group of ester,
doublets at 3.72 and 3.99 ppm due to CH, of the pyrrole
ring, a singlet at 4.24 ppm for C2-H of the pyrrole ring, and
a multiplet at 5.77 ppm for C4-H of the pyrrole ring.

In view of the growing biological important of fused
thiazoles [45], it was of interest to investigate the reac-
tivity of enaminone 4 towards fused heterocyclic com-
pounds for a facile synthesis of a bicyclic system, as
shown in Scheme 3. Thus, condensation of enaminone 4

X
NH R X
N X PN
s N 12 N HN™ “NH
'5 HN™ NH
A AN
N)%N acory| NH2 OMO o ¢}
-
= J\) EtOH E1oH ¢ s AcOH/ RSN
1 ref. 8hr ret. onr \— ref. 12hr 1 16a, X =0
14 16b, X =S

R = CH3(CHy)46
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with 2-aminothiazole and/or 2-aminopyridine in boiling
glacial acetic acid/ethanol furnished the thiazolo[3,2-
a]pyrimidine and/or the pyrido[1,2-a] pyrimidine deriva-
tives 12 and/or 13, respectively. Also, the reaction of
enaminone 4 with 2-aminobenzothiazole and/or
2-aminobenzoimidazole in boiling glacial acetic acid
produced the pyrimido[2,1-b]benzo-thiazole and/or
pyrimido[ 1,2-a]Jbenzoimidazole derivatives 14 and/or 185,
respectively. The behavior of enaminone 4 towards an
active methylene group incorporated into the heterocyclic
ring has also been studied. Thus, cycloaddition of
enaminone 4 with barbituric acid and/or thiobarbituric
acid in glacial acetic acid afforded pyrano[2,3-d]pyrim-
idine derivatives 16a, b (Scheme 3). In addition, the
reaction of enaminone 4 with resorcinol, a-naphthol, f-
naphthol and/or a-tetralone, in boiling glacial acetic acid
gave the chromene derivatives 17-21. All collected data
for compounds 14-21 were consistent with the proposed
structures (see “Experimental”).

Finally, treatment of 4 with 1,3-indandione in boiling
glacial acetic acid yielded pyran derivative 22 (Scheme 4).
The assignment of structure 22 was based on the analytical
and spectral data. The "H NMR spectrum displayed doublet
and triplet signals at 2.48 and 4.03 ppm for C4-H and C3-H
of the pyran ring, respectively.

Surface-Active Agents

The aim of this work was to synthesis nonionic surface
active agents bearing heterocyclic moieties with an inter-
mediate fatty chain in order to obtain high surface and
biological activity. Thus, treatment of the synthesized

Scheme 4 Synthesis of
chromene 18-21 and pyran 22
derivatives

o I

-—

compounds 5-22 with 5 mol of propylene oxide in the
presence of KOH produced nonionic surface active agents
23-40 having a higher degree of antimicrobial and surface
activity, which can serve in the manufacture of drugs,
cosmetic, antibacterial and antifungal compounds. This
additional process is one of the important processes used to
introduce hydrophilic groups into a hydrophobic moiety.
The reaction conditions are illustrated in Table 1. The
addition of propylene oxide for compounds 9 and 16a is
shown in Scheme 5 as an example. The structure of the
prepared nonionic surfactants was confirmed using spec-
troscopic tools.

Antibacterial Activity

The newly synthesized targeted compounds 5-22 were
evaluated for their in vitro antibacterial activity against
Staphylococcus aureus (ATCC 25923) and Bacillus cereus
(ATCC 10987) as examples of Gram-positive bacteria and
Serratia marcesens (ATCC 274) and Proteus mirabilis
(SM514) as examples of Gram-negative bacteria, using an
agar diffusion method and filter paper disc-diffusion tech-
nique. Chloramphenicol® and Ampicilin® were used as
reference drugs.

The agar diffusion method was used for the determina-
tion of the preliminary antibacterial. The results depicted in
Table 2 revealed that most of the tested compounds dis-
played variable inhibitory effects on the growth of the
tested Gram-positive and Gram-negative bacterial strains.
The results revealed that compounds 30 and 34a exhibited
broad spectrum antibacterial profile against the tested
organisms.
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Table 1 Reaction conditions of

propoxylated compounds 23-40 Compounds S]etitalyst, Temperature °C E;ggszélated ;}wld PDrtz)gpr;t(:y(l);tion*
5 KOH, 0.01 wt % 100-130 23 81 5 mol
6 24 79
7 25 83
8 26 78
9 27 81
10a 28a 80
10b 28b 84
11 29 79
12 30 82
13 31 78
14 32 76
15 33 77
16a 34a 81
16b 34b 85
17 35 79
18 36 82
19 37 80
20 38 76
21 39 78
22 40 80

? Degree of propoxylation calculated by weight

¢

Scheme 5 Propoxylation of S S
compounds 9 and 16a as a )k 7CH20HO)XH 9H3
general example N NH R N N| N-(CH,CHO)yH
o L 02, NI
@)
27
9 o x +y =n (5 mol of P.O)
@)
HN NH H3C|) ?HS
07X o Hx(OHCH,C)—N N-(CH,CHO)yH
RCOHN & nPO O 07 o
A
R N A

|
16a
(CHzQHO)ZH 34a

x+y+z=n(5molof P.O) CHj

On the other hand, for the filter paper disc-diffusion  Evaluation of the Surface-Active Agents 23-40
technique, the results summarized in Table 3 revealed, that
the compounds 30 and 34b exhibited strongly inhibitory to ~ The construction of surfactant molecules contain the
some of the tested bacteria. While, compounds 23, 24, 25, heterocyclic moiety considered as an important class of
26, 27, 28a, 28b, 35, 37, 38, 39 and 40 showed moderate surface-active agents due to double characters, one due to
activities against the tested bacteria. disagreement between the similarity of the hydrophobic
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Table 2 Antibacterial activity

of the synthesized compounds Compounds Gram-positive Gram-negative
23-40: agar diffusion method Staphylococcus aureus Bacillus cereus Serratia marcesens Proteus mirabilis
ATCC 25923 ATCC 10987 ATCC 274 SM514

23 + + + ++
24 + + ++ ++
25 ++ +++ +++ ++
26 + + + +

27 ++ ++ ++ ++
28a + ++ ++ +
28b ++ + ++ +

29 + - + -

30 4+ 4+ +++ +++
31 + +++ ++ ++
32 ++ + ++ +++
33 + +++ ++ ++
34a +++ ++ +++ ++
34b +++ +++ +++ +++
35 — ++ + ++
36 + + + +

37 ++ + ++ +

38 + + + ++
39 ++ ++ + ++
40 ++ + ++ ++

The width of the zone of inhibition indicates the potency of antibacterial activity; — no antibacterial
activity; 4+ mild activity with the diameter of the zones equal to 0.5-0.8 cm, ++ moderate activity with the
diameter of the zones equal to 1.1-1.2 cm; ++4+ marked high activity with the diameter of the zones equal

to 1.8-2.0 cm

and hydrophilic structures, which gave surface properties,
and the other one to the heterocyclic moiety with the aid of
the hydrophilic moiety (propylene oxide), which gave
biological activity. Moreover, the widespread use of these
compounds is due to easy rinsing, good detergency and low
foam in cleaning beer and milk bottles. The surface prop-
erties such as surface and interfacial tension, wetting time,
cloud point, emulsification properties and foaming were
measured in neutral medium in order to evaluate the pos-
sible application of these products in different industrial
fields and are depicted in Table 4.

Surface and Interfacial Tension

The results reflected in Table 4 showed that the tested
compounds produced a reduction of surface tension ranged
from 29 to 37 mN/m. Compounds 32 and 41 have the
maximum ability to reduce surface tension of aqueous
system while compound 27 has the minimum ability. In
general, the results showed that all the prepared compounds
have exhibited pronounced surface and interfacial tension
and surface activity.

Cloud Point

The cloud point helps us to determine the storage stability
because storing at temperatures significantly greater than
the cloud point may result in phase separation and insta-
bility. The results in Table 4 indicated that compounds 32,
38 and 41 have high cloud points, while compounds 26 and
27 have low cloud points. In general, the compounds that
showed high cloud points will give a good performance in
hot water, which reflects the fact that they can be used over
on a wide range of temperatures.

Wetting Time

Examination of wetting properties for the synthesized
compounds showed that they possess a potent wetting-in-
ducing efficiency. The dilute solution of all compounds
could wet the cotton skeins in periods ranging from 28 to
41 s. The results summarized in Table 4 showed that
compound 41 exhibited the shortest sinking time and
consequently is the most efficient wetting agent among the
studied group. Generally, the results showed that the
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Table 3 Antibacterial activity

of the synthesized compounds Compounds Inhibition zone (mm)

23-40: filter paper diffusion Gram-positive Gram-negative

technique

Staphylococcus aureus — Bacillus cereus — Serratia marcesens  Proteus mirabilis
ATCC 25923 ATCC 10987 ATCC 274 SM514

23 8 9 12
24 7 13 11
25 12 16 18 12
26 7 8 7 6
27 11 14 13 12
28a 8 13 12 8
28b 13 7 13 8
29 8 3 7 4
30 19 18 17 18
31 7 18 13 13
32 13 8 12 17
33 7 17 13 12
34a 12 11 12 7
34b 17 18 18 17
35 12 13 9 12
36 6 3 4 7
37 11 6 11 6
38 7 6 6 11
39 13 12 6 11
40 14 7 13 12
Chloramphenicol® 18 19 22 21
Ampicilin® 19 22 24 20

The sensitivity of microorganisms to the tested compounds is identified in the following manner: highly
sensitive = inhibition zone 15-20 mm; moderately sensitive = inhibition zone: 10—15 mm; slightly sen-
sitive = inhibition zone: 5-10 mm; not sensitive = inhibition zone: 0-5 mm; each result represents the

average of triplicate readings

products were very effective wetting agents in distilled
water solutions. In this respect, these compounds may be
potentially useful in a variety of applications where wetting
is desired, e.g., dyeing processing, paints, cosmetics and
many other operations.

Foaming height

Foams may be applied or encountered at all stages in the
processing industries and have important properties that
may be desirable in some process contexts and undesirable
in others [46]. The results outlined in Table 4 showed that
the investigated compounds poduce low to moderate
foaming. The low-foaming power compounds have appli-
cations in the dyeing and auxiliary industries [47]. Com-
pound 33 exhibited the highest foaming height.
Commonly, these low-foaming effects may be attributed to
the presence of many hydrophilic groups, which cause a
considerable increase in the area per molecule and produce
less cohesive forces at the surface.

&\ Springer ANOCS &

Emulsion Stability

In many industrial processes, it is necessary to use sur-
factants to remove oily impurities via emulsification. [48]
The emulsifying ability of the prepared nonionic com-
pounds was determined and are listed in Table 4. The
results indicated that all the compounds exhibit adequate
emulsification stability especially compounds 31 and 45.
Members of this series could produce oil/water emulsions
of considerable stability. This shows that the compounds
under investigation could be useful in cosmetics, formu-
lations, pesticides, textile processing and dye baths.

Biodegradability

To ensure that the synthesized compounds are ecofriendly,
the river water die-away test was used to give a measure of
biodegradability. The results shown in Table 5 revealed
that on the first day 40-50 % of the surfactants was
biodegradable. After the first day, they decreased by
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Table 4 Surface properties of
the synthesized compounds 23—
40

Table 5 Biodegradability of
the nonionic surfactants (23-40)

Compounds ~Surface tension  Interfacial tension Cloud Wetting Emulsion Foam height
(mN/m) 0.1 m/L  (mN/m) 0.1 m/L  point °C time (s) stability (min) (mm)
23 32 8.5 65 35 28 77
24 37 10.3 61 41 35 85
25 33 9.4 66 37 32 77
26 31 8.2 72 35 27 82
27 30 8.0 78 32 25 80
28a 30 8.1 77 33 24 81
28b 29 7.7 84 30 21 86
29 36 10.5 66 40 36 74
30 32 8.7 76 37 28 78
31 30 7.9 78 33 25 82
32 34 8.8 68 38 34 76
33 31 8.0 76 34 27 77
34a 30 7.7 80 32 26 79
34b 31 7.9 78 30 28 80
35 30 7.8 79 30 26 82
36 29 7.2 87 28 23 88
37 32 8.4 77 33 27 79
38 33 8.7 69 36 30 78
39 31 8.3 75 32 28 84
40 30 8.0 78 31 24 85

Measurement errors were: surface and interfacial tensions = #£0.1 dynes/cm; cloud point = +1 °C; foam
height = +2 mm; wetting time = £1 s; emulsion = £1 min

Compounds Ist day 2nd day 3rd day 4th day 5th day 6th day 7th day
23 39 51 64 76 84 92 -
24 43 56 68 80 89 - -
26 42 54 66 78 86 94 -
27 38 48 60 73 82 90 -
28a 37 46 59 70 80 92 -
28b 37 45 57 69 78 90 -
29 45 57 70 81 90 - -
30 40 52 65 77 85 93 -
31 38 49 62 75 84 92 -
32 43 54 67 79 87 95 -
33 42 52 67 80 91 - -
34a 38 50 64 71 86 94 -
34b 38 49 62 76 85 94 -
35 37 48 61 74 82 91 -
36 37 49 63 74 83 92 -
37 39 50 64 75 85 94 -
38 40 53 65 77 86 95 -
39 38 49 62 74 83 92 -
40 38 48 62 76 87 96 -

Calculation error of biodegradation rate = 0.5 %

&) Springer AOCS &



1166

J Surfact Deterg (2016) 19:1153-1167

15-20 %. At 6 days, over 90 % die-away was observed.
This means that these compounds are safe for human
beings as well as for the environment.

Conclusion

The objective of the present study was to synthesize and
investigate the antimicrobial and surface activities of
isoxazole, pyrazole, oxathiin, pyran, pyrrole, chromene,
and pyrimidine derivatives. This work is a valuable addi-
tion to the synthetic methodology available for the syn-
thesis of heterocyclic derivatives from fatty acids. The
newly synthesized compounds 23-40 exhibit varying
degrees of microbial inhibition and surface activity, and
show potential as insecticides or pesticides as well as in the
manufacturing of drugs and pharmaceuticals.
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tion for the newly synthesized compounds.
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