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Results and Discussion

PART (I)

Nonionic surfactants containing heterocyclic moiety

from fatty acid isothiocyanate

Various heterocyclic compounds like. triazolines, thiazoles,
oxazolidines, benzoxazoles, thiazolidines, oxadiazines and triazine are
reported to be biologically activity (203-200) This encourage us to synthesis
a novel groups of nonionic surfactnats containing heterocycles as trinzole,
oxazole, benzoxazole and thiazole derivatives from low cost long chain
fatty acids -(myristic, palmitic and stearic) isothiocyanate treated with
different nucleophiles as phenyl hydrazine, glycine, anthranilic acid
(nitrogen nucleophile), o-aminophenol (oxygen nucleophile) and
thioglycollic acid (sulphur nucleophile) to produce a novel groups of
nonionic surfactants having a double function, antimicrobial and surface
active agents by the reaction of these compounds with different moles of

propylene oxide (3,5 and 7).

Synthesis of fatty acid isothiocyanate.

Long chain of fatty acids (myristic, palmitic and stearic)
isothiocyanate (3a-c) are prepared from its acid chloride (2a-c) (these
were prepared from the corresponding straight chain myristic, palmitic
and stearic acids (la-c) and thionyl chloride according to Gautier™")
the reaction of these acid chloride with ammonium thiocyanate in dry
acetone 2212 The produced thiocyanate rearranges spontaneously to the

isothiocyanate (3a-c) as the following
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i f
SOCL NH4SCN R.”-
R—E-OH 2o T4, R-C-Cl —oetore” C-SCN
(1a-c) (2a-¢)

R-I _SCN rcan'angcmcmb RCN=C=S

(3a-c)
Ra=C;Hy » Rb=CisHy o Re=CyHss

The isothiocyanate (3a-c) were prepared insitu during the reaction

to prevent its decomposition.

Synthesis of heterocyclic compounds from fatty acid -

isothiocyanate
1-Synthesis  of 1,2,4-triazolinyl-5-thione derivatives via the

reaction of isothiocyanate (3a-c) with phenyl hydrazine

When the solution of isothiocyanate (3a-c) in acetone (prepared in
situ) was treated with phenyl hydrazine, a compound with low melting
point was separated. The reaction takes place via the addition of phenyl
hydrazine to isothiocyanate (3a-c) to give intermediate which undergoes
cyclization followed by dehydration (o give 3-alkyl-2-phenyl-1,2,4-

triazolinyl-5-thione (4a-c).

I I
R-C-N=C=S + PHNHNH; —— R-C-NH-C-NH-NH-Ph

(3a-¢) ‘
H N S R. /N S
cyclization R Y \f
N——NH - H,0 N———NH
y /
Pl Ph
(4a-c)

Ra=Cj3Hy » Rb=CysHy , Re=CpHss
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IR spectrum of (4¢) shows bands in cm™ for vNH at 3229, vC=N at
1600, vC=S at 1390 and vCH® of alkyl chain in region (2920-2850) and
the characteristic band of triazole ring @' in region (1520-1450-1410).
(cf. fig.1). '"HNMR spectrum of (4b) was assigned as the following & *° at

0.8 (t, 3H, terminal CH3), 1.1-1.3 (m, 28H, CH, in alkyl chain), (7.0-7.3)
(m. SH, ArH) and 7.8 (s, 1H, NH) which disappeared by addition of D,0.

(cf. fig.24). Mass spectrum of (4¢) shows (M '-1) at (414,3.6 %) and base
peak at m/z =57, 100 %. (cf. fig.40. chart 1).

H

CH; —(CHz)IYN S CHs_(CHz)mj/Nﬁ/SH
=
N——NH N——N
e Ve
Ph Ph

+
M -1=(414, 3.6 %)
I |
l + 1 +

CH3—~CHaz); (CHy) N H
m/z=113,0.16 % Y \”/S

/N ——N
-56 | (CHg)g Ph
+ m/fz = 302,50%
CH;~(CHy); : '
m/z=57,100 % l . l
+ N, -+
. (Cla))CNCSII \‘
m/z=201,3.53 %
-45 |CSH
+ m/z=105,1.85%
(CHz)yCN
m/z=156,1.24 %
-401 CH,CN

(CHz)s
Chart 1 m/z=116,1.8 %
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2-Synthesis of 1,3-oxazolidine derivatives via the reaction of
isothiocyanate (3a-c) with glycine.
Glycine reacts with isothiocyanate (3a-c) in the presence of

pyridine as a base to produce thiourea derivatives which cycliczed to 2-

amidoalkyl-2-thiol-1,3-0xazolidin-5-one (5a-c).

0)
R-ﬁ-N=C=S + HNCH,coon 2Ydine R-(I%-NH-C-NH-CH2COOH
(3a-¢) 1
0O SH

R- -NH—‘-—-NH

: ,
Ra=CiaHap Rb = Cisty;, Re=CpjHas 0

(Sa-c)

IR spectrum of (5a) which shows the following bands in cm™ for
vNH™® at 3392, 3188, vSH at 2049, vC=0* at 1780 for cyclic amide and
1643 for aliphatic amide, and vCH*® of alkyl chain ih region (2920-2850).
(¢f. fig.2).

'H NMR spectrum of (5b) shows signals at § = 0.8 (t, 3H, terminal
CHs), 1,2-1,3 (m, 28H, CH, in chain), 5.4 (broad s, 1H, SH) and 5.8
(broad s, 1H, NH).(cf. fig.25).

Mass spectrum of (5a) shows no molecular jon peak but shows ion
peak m/z = 298, 9.9 % corresponding to M- CO,, and the base peak
m/z = 59, 100 % corresponding to HSCN gruop . (¢f- fig.41.chart 2).
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H
CHs(CHz)m*@NH NH

(Unstable molecule) ©

-44 J-co2
H A+
CH3(CH2)12-ﬁ-NH~i-NH= CH;{
m/z =298, 9.96%
-42J-CONH
SH o+
CHs(CHz)ul' NH= CH;’
m/z= 256, 11.25%

'57J - CH3(CHy)

H o
(CHp)fC- NH= CH;‘
mz=199, 11.25%

15 1 CH,

H +

(CH)C=N "
m/z=184,3.62%

| R

(CIJIZ.);F HSlCN ‘,

mz=126258% ™2™ 59, 100%

Chart 2
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3-Synthesis of quinazoline-2-thione -4-one derivatives via the
reaction of isothiocyanate (3a-c¢) with anthranilic acid
followed by cyclization.

. Addition of anthranilic acid to isothiocyanate (3a-c) leads to

formation of N-(O-carboxyphenyl)-N"-(alkanoyl) thiourea (6a-c).

oon 9 3 ‘OOH
ridine l(l;
R-C-N=C=§ + H,N pyrdine - R-C-NH-C-NH

(3a-¢) ‘ (6a-c)

Ra=Cy3Hyn Rb= CisHy, Re=C7Has

IR spectrum of (6a) exhibits vVOH of acid and vNH’® in region
(3500-3300), vC=0 of acid at 1700 and vC=0 of amide at 1640, vC=S at
1340 and CH’® of alkyl chain in region (2920-2850) em™ (cf. fig.3).

'HNMR spectrum of (6¢) shows & at 0.8 (t, 3H, terminal CHs),
(1.2-1.5) (m, 32H, CH, of alkyl chain), (6.5-7.2) (m, 4H, ArH), (8.8)
(s, 1H, NH), 9.3 (s, 1H, SH) and 9.7 (s, 111, OH). (¢/. fig. 26).

Mass spectrum of (6a) shows ion peak (M+ +1) at (407, 3.14 %) and
base peak at m/z = 306, 100 %. (cf. fig.42).
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|
CH3(CH2)12-JJ-NH-C-NH

+
M +1= 407,414 %

-44 lco:2

o
|
CH3(CH2)12-(E—NH-C-NH

m/z=7363,0.14 %
-57

S
Il

I
(CH,)-C-NH-C-NH

miz =306, 100 %
l

OOH

CH;3(CHy)s

|

0

I
(CHz)g-g-NH—C-NH
wz=233,021%

-1021 CONHCSNH

+
(CHa)
miz=131,0.46 %

mz=77,3.8%
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Cylcization of thiourea derivatives (6a-¢) with acelic anhydride

afforded 3-alkanoyl-1 ,3-quinazoline-2-thione -4-one (7a-c).

ﬂ ﬁ 0]6]}! i
. R-C-NH-C-NH 5. N
AcyO 0 %[/
— |
R-C—N
(6a-c) (Ta-¢)

Ra = C;3Hop Rb = CsHa, Re=Cy7Has

IR spectrum of (7c) which shows vNH at 3340, vC=S at 1367,
vC=0"" at 1766 and 1689, vCH’® of alkyl chain in region (2920-2850)
cm’, beside the characteristic bands @10 f quinazoline nuclei at (1630-

1620), (1580-1570) and (1515-1480) cm™,

© Mass spectrum of (7a) shows a molecular ion peak at M+ =388,
412 % which fragment to two ion peaks onc corresponding to
quinazoline nucleus at m/z = 179, 1.85 % and the other to the aliphatic
part at m/z = 209.87%. The base -peak at m/z = 87, 100 % (cf. fig. 43,

chart 4).
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H
sﬁN

0
CHi(CHp)j- C—N

4
M-2=388

|
.

CH3(CH2)12CONCSH
S
m/z =270, 0.6% r\p

mz=179, 1.85 %

A + +

(CHy)o CONCSH

CH;(CHa)s
mz=126,70%%| mz= 87,100%

m/z= 57, 97%%

1 -+
CEN
co

miz=118,3.82%
asl-co

N

SH
mwz = 90, 1.06% %

-27 l—HCN

C5H4
nwz =64, 1.86 %

F




Results and Discussion

4-Synthesis of 1,3-benzoxazole derivatives via the reaction of

o-Aminophenol with isothiocyanate (3a-c) followed by

Cyclization.

The isothiocyanate (3a-c) were attacked by the oxygen—atom of

o-aminophenol to form the thiocarbamate der ivatives (8a-c).

H; Hy

R- -N“C =S + HQ — R- -NH-CO

(3a'C) (8 a- C)

Ra=CHe7 Rb=CysHa. Re= Cy7Has

IR spectrum of (8a) shows, VNH’" in region (3338,3170), vC=0 at
1694, vC=S at 1235, vC-0O-C at 1100 and vCH™ of alkyl chain in region

(2920- 2850) em’. (cf. fig.4).

WINMR spectrum of (8¢) which shows signals at 8 (0.9) (t, 3H,
terminal CHj), 1.2-1.5°(m, 32H, CH, of alkyl chain), (6.9-7.3) (m, 4H,

ArH) and signals at 8.0,8.5and 9.3 (s, 3H, NH). (¢f. fig. 27).

Mass spectrum of (8a) shows a molecular ion peak at M" =378,
4.1% and base peak at m/z = 59, 100 % corresponding to NHCS group.

(cf. fig. 44 chart 5)
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CHs(CHz)ls-E-NHj-S- CH,COOH

A+
M +2 =419, 4.3%

| |
l !

CH;(CHa)is O=C-NH-ﬁ3-S-CH2COOH
V7. = 239, 48.4% % miz= 178, 2.5 %

-128 l (CHahs -591-NHCS

CH3(CHa)s COSCH,COOH
miz = 57, 100- % wz= 119, 16.59 %

When the adduct (10a-c) were cyclized by acetic anhydride, the

3ﬂalkanoyl-1,3—thiazolidine-2-thione-4-one (11a-c) were produced.

R- -NH-ﬁ-S-CH;,COOH —7‘-?[3(())—-- R-ﬁ-N/ﬁ\S
42
(10a-c) (11a-¢) -

R,a=CpHyr, b=CysHy, ¢=Cy7Hss

IR spectraum of (11a) shows vC=S at 1299, vC=0"" centered at

1693 and vCH® of alky! chain in region (2920-2850) em™ (¢f, fig. 6).
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Preparation of nonionic surfactants from the synthesized

heterocyclic products

The terms of nonionic surfactants refers chiefly to polyoxy-
propylene derivatives, - they are usually prepared by the addition of
different moles (n) of propylene oxide (nz=3,5and 7) to 'synthesized
products which contain one or more active hydrogen atoms to yield
polypropenoxylation products. This reaction is one of the principal
processes used to introduce hydrophilic functional groups into an

hydrophobic organic moiety.

Nonionic surfactants find diverse applications, both in industry and
‘1 the home. Their moderate foaming and good detergency are employed
in a variety of ways in leather industry. It is used to accelerate soaking,
and liming is improved by the addition of wetting agents’ @15 Also
nonionic surfactants are used extensively because of their good
detergency, easy rinsing and low foaming in cleaning of milk and beer
bottles.

The structures of the synthesized nonionic surfactants were

confirmed via IR and 'HNMR spectra e.g.

IR spectrum of (4a) after the addition of propylene oxide, showed,
two broad bands at 1132 em” and 923 em characteristic for vC-O-C
ether linkage of polypfopenoxy chain, beside the original bands of the

compound. (cffig. 8).

'HNMR - spectrum of (4a) after the addition of propylene oxide,
showed, the protons of propenoxy group were assigned as a broad
multiple signals in the region (3.2-3.7) ppm, beside the other protons of
the compound. (¢ffig. 28)
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Surface active properties of nonionic surfactants

The surface active and related properties, including, surface and
interfacial tension, cloud point, wetting, emulsification properties,
foaming and CMC were investigated systematically in order to evaluate

the possible application of these products in the different industrial fields.

1- Surface and interfacial tension.

" The surface and interfacial tension of the prepared nonionic
surfactants are recorded in (Table 2). Tt is evident that, the surfactants
with heterocyclic moiety recorded lower values than those prepared from
saturated fatty acids, which might be attributed to increasing the
hydrophilicity of the molecules as found by ‘2, On the other hand, the
surface activity is improved by introducing heterocyclic nucleus in the
molecules. In generally, these value increases as the mass of hydrophilic
groups increase within the range under study and as the alkyl chain length

increase as found by ®.

2- Cloud point.

The most efficient use of nonionic surfactants in aqueous systems is
by understanding a property called cloud point, which is the temperature
at which the aqueous solution of the prepared nonionic surfactants shows
turbidity on heating. The cloud points of the synthesized surfactant are
shown in (Table 2). The results indicate that the values of cloud point
increase by increasing the number of propylene oxide units as found by®”

and decreases by the presence of aromatic ring as found by ¢'*. So
compounds (5a-¢) and (10a-c) showed hi gh cloud points.
3- Wetting time.

Nonionic surfactants are among the most powerful wetting agents. All

the synthesized surfactants are efficient wetting agents (Table 2). Tt was
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reported that nonionic with a low propylene oxide content have been
found to be the most efficient wetting promoter, and increased as the

alkyl chain length increased as found by ®'”.

4- Emulsifying properties.

Studies are still being carried out on the utilization of surfactant in
emulsion formulation, which is of immense importance to technological
development. The data in (Table 2) show that greater emulsilying
properties were obtained with derivatives containing propylene oxide
units incorporated into their structure, where the eniulsifying properties
increase with decreasing number of propylene oxide units and increase
with increasing of alkyl chain as found by ®2) 1t is very interest noted that
the emulsion stability of the prepared compounds is lower than the
corresponding propenoxylated fatty acid which not containing the
heterocyclic moiety as found by G0 these results, might lead to the
application of the surfactants of choice in pesticide and cosmelic

formulation.

5- Foam power.

Low foaming power is the characteristic property of nonionic
surfactants, which permits some recent applications for these in dyeing
auxiliary textile industry. It was reported that; nonionic surfactants have
low foam, on the other hand, the foam height of the prepared surfactants
increases with increasing propylene oxide unit per molecule of surfactant
and the efficiency of surfactants as a foamer increases with increasing

alkyl chain length as found by 218,

6- Critical micelle concentration CMC,
The critical micelle concentration (CMC) of the synthesized

surfactants was determined by the surface tension method. The data
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reflect  that, the values of CMC increase with increasing number of

propylene oxide unit adducts; it decreases with increasing the number of

carbon atom in alkyl chain as found by (172) a5 shown in (Table 2).

Biodegradability.

Biodegradation die-away test in river water gave good or excellent
results (Table 3). The results of biodegradation reflect that; the
biodegradability decreases with increasing the number of propylene oxide
units; or the number of methylene groups in the alkyl chain as found
by?'?). This leads to the conclusion that a longer propylene oxide chain
makes the diffusion of the molecule through the cell membrane and thus

also the degradation, more difficult.

Biological activity.

Nonionic surfactants which contain heterocyclic moiety afforded
a double function as surface-active agents and antimicrobial activitics
(192) g5 all the prepared surfactants were tested for their antibacterial
activities against the test organisms as represented Gram +ve and —ve
bacteria (Bacillus cereus, Bacillus circulans and Antifungal activity
against, Aspergillus niger and penicillum notatum respectively), are given
in (Table 4), the data show that, the presence of heterocyclic moicty in
the prepared nonionic surfactant molecule revealed an increase in the
biological activity. It is therefore clear that these surfactants werc

offective and inhibited the growth of all tested Microorganisms.




Results and Discussion -

Table (1): Physical properties of prepared compounds before addition of

propylene oxide

No. MLF. M.wt | Solvent | Yield | Color Analysis data calc./Found %
% C H N S

4a CoHuN:S | 359 | Benz 6 | Yellow | 70.19 | 9.19 | 1169 | 892
7035 | 935 | 11.87 | 91

4b CuHN;S | 387 | EtOH 65 | Yellow | 7131 | 9.56 | 10.85 | 8.26
7156 | 982 | 1104 | 842

4c CxHaNsS | 415 Tol. 68 | Yellow | 7227 | 987 | 1012 | 7.72
72.66 | 1011 | 1037 | 7.92

5a | Ci/HN:0:S [ 344 | EtOH 55 Pale | 5931 | 933 | 8.14 931
Yellow | 60,06 | 9.55 8.35 0.42

5b | CioHsN,0sS | 372 | MeOH | 38 Pale | 6129 | 967 | 752 8.65
Yellow | 61.67 | 9.83 | 782 8.71

5c | CuHeN:0:S | 400 | Benz. 52 Pale | 63.08 | 10.06 | 7.0l 8.00
Yellow | 6341 | 1022 | 725 8.11

6a | CoHaN;05S | 406 | AcOH | 65 | Yellow | 65.12 | 832 | 6.89 7.88
6530 | 862 | 7.03 8.00

6b | CHiN,0,S | 434 | EtOH 62 | Yellow | 66.35 | 875 | 645 7.37
66.70 | 895 | 6.73 7.87

6c | CoeHN,0,S | 462 | EtOH 68 | Yellow | 67.53 | 9.09 | 6.01 6.92
6781 | 929 | 6.22 7.10

Ta_ | CaHpN20,S | 388 | AcOH | 60 | Brown | 6804 | 824 | 721 8.24
6824 | 842 | 752 8.48 .

7b CuHiN,0,S | 416 AcOH 63 Brown | 69.23 | 8.65 6.73 7.6Y
" 6941 | 883 | 691 | 795

Te CasHaoN,0.S | 444 AcCH 65 Brown | 70.27 9.00 6.31 721
7045 | 941 | 6.52 7.31

8a CyHuN,0,S | 378 Tol. 70 Red 66.66 | 8.99 742 £.46
brown | 67.12 | 922 | 7.66 8.82

8b | CpHiN:0.S | 406 | Benz. 73 Red | 6798 | 935 | 6.89 7.88
brown | 6820 | 965 | 7.08 8.03

8¢ CasHiaN20.S | 434 Zyl, 75 Red 69.12 | 9.67 6.45 7.37
brown | 69.43 | 9.88 | 6.73 7.50
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Table (1): Cont. .
No. M.F Mawt | Solvent | Yeild | Color |  Analysisdata calc/Found %
% c | 7 | N s
9a | CyHuN2O, | 344 | Benz 60 | Yellow | 7325 | 934 | 8.13
7361 | 973 | 834
ab | CulleNsOy | 372 .| Benz 55 | velow | 7410 | 067 | 7.52
7470 | 983 | 7.82
9¢ | CapHiN,0. | 400 Tol. 58 | Yellow | 75.0 | 10.0 | 7.04
7541 | 1033 | 7.24
100 | CyHuNO:S; | 361 | McOH | 70 Palc | 565 | 858 | 387 | 17.72
yellow | 5691 | 883 [ 412 | 17385
10b | CoHisNOsS, | 389 | MeOH | 73 Pale | 5861 | 899 | 359 | 1645
yellow | 59.03 | 9.32 3.73 16.85
10c | CyHsNOsS, | 417 | EtOH | 176 Pale | 6043 | 935 | 335 | 1534
yellow | 6091 | 976 | 3356 | 15.77
11a | C,/HxNOS, | 343 | EtOH | 55 | Brown | 5947 | 845 | 4.08 | 1865
5071 | 873 | 4.12 | 1888
11b | CioH;NO,S; | 371 .| Benz. 58 Red | 6145 | 889 | 377 | 17.25
brown 61.68 9.12 3.03 17.55
11c | CuHyNO,S; | 399 | MeOH | 60 Red | 63.15 | 927 | 35 16.04
brown | 63.41 | 946 | 386 | 1632
12a | CaHuN,08 | 362 | Benz. 65 Gray | 69.61 | 939 | 773 | 882
i . 7035 | 952 | 792 | 897
12b | CuHuN.0S | 390 | EtOH | 67 Gray | 7076 | 974 | 7.17 | 821
711 | 992 | 731 8.32
12¢ | CisHiN,08 | 418 | EtOH 70 Gray | 71.77 | 1004 | 669 | 7.65
72.11 | 1024 | 688 | 17.89
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Table (2): Surface properties of nonionic surfactants.

Comp. | n Surface | Interfacial Cloud | Wetting Emulsion Foam | Cmex10”
Tension tension Point time stability height molef
(dyne/cm) | (dyne/cm) °C (sec.) (min.) {mm)
0.1 % 0.1 % 1% 0.1 % 1%

4a 3 K} 8.0 57 48 70 No loam 4.3
5 33 9.5 70 30 72 109 4.7
7 35 10,5 78 23 63 | 122 19
4b -| 3 32 8.5 35 52 80 No foam 3.8
5 35 10.0 68 33 73 112 42
7 38 11.5 77 25 64 125 4.5
dc 3 33 8.5 54 55 83 90 34
5 37 1.0 66 36 75 118 37
7 39 13.0 75 27 635 130 3
Sa 3 31 9.0 79 42 111 144 4.6
5 33 11.5 95 29 87 164 4.8
7 37 13.0 > 100 21 82 191 5.1
sh 3 KR] 9.5 73 44 i15 145 4.4
5 35 12.0 87 35 91 170 4.6

7 37 14.5 98 21 86 195 49 |
S¢ 3 35 10,0 7 49 120 150 4.2
5 36 13.0 82 37 95 181 4.5
7 38 13.5 95 24 89 200 3.7
6a 3 31 9.5 80 41 120 126 34
5 .33 10.0 98 35 93 151 3.7
7 34 11.5 > 100 24 74 195 3.9
6b 3 32 10.0 75 46 125 133 3.0
5 35 11.0 86 38 96 162 33
7 37 12.5 99 29 76 198 1.6
6¢ 3 33 10.5 63 51 130 142 2.9
5 37 12.0 75 41 98 168 3.1
7 39 13.5 96 32 77 200 34
7a 3 30 3.0 66 47 115 No foam 4.0
5 31 10.5 71 36 923 - 105 4.3
7 34 12.0 95 20 73 123 4.7
b 3 31 8.5 58 49 118 97 3.8
5 33 11,0 66 R 95 115 4.2
7 37 12,5 93 26 76 145 4.5
Te 3 32 9.0 - 55 53 120 I17 36
5 36 11.5 61 4] 92 136 3.9
7 39 14.0 81 29 80 150 4.3

n = number of moles of propylene oxide
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Table (3): Biodegradability of the Prepared Surfactants.

No. n | 1%day | 2™ day |3"day |4 day | 5" day 6™ day | 7™ day
4a 3 59 68 79 84 92 - -
5 57 65 74 80 88 96 -
7 56 61 7 79 85 92 .
4b 3 52 67 76 83 93 - L.
5 47 63 73 76 86 92 -
7 45 59 69 74 83 89 96
d¢ 3 50 62 70 82 93 - -
5 45 58 68 75 87 94 -
7 41 53 66 72 81 86 92
5a 3 63 68 77 83 92 - -
5 52 65 s 82 88 97 .
7 43 57 7 79 85 94 -
5h 3 57 . 64 73 81 ) 97 -
5 47 59 7] 79 87 94 -
7 40 55 69 78 83 89 96
5c 3 53 62 70 97 86 92 -
5 47 56 69 72 83 88 -
7 43 51 76 70 79 83 94
6a 3 53 66 75 85 95 - -
5 49 62 72 80 86 | 96 -
7 47 59 (¢}) 17 /3 93 -
6b 3 50 63 71 81 93 - -
5 48 59 69 77 80 91 -
7 45 57 67 74 78 88 96
6¢ 3 48 60 68 78 89 - -
5 45 56 66 73 76 88 -
7 41 51 64 70 73 85 92
7a 3 53 61 74 83 94 - .
5 51 60 67 78 91 . -
7 49 57 62 76 88 96 -
h 3 49 59 70 74 83 . .
5 48 52 63 75 87 97 .
7 45 50 62 74 83 93 -
Te 3 49 5% 62 79 87 | 90 .
5 46 51 59 67 78 88 -
7 40 48 57 63 72 85 93
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Table (3): Cont.

No. | n | 1"day.| 2"day |3"day 4" day | 5" day | 6" day | 7" day
8a 3 53 58 66 80 82 93 ;
5 50 " 56 63 7 79 86 -
7 49 54 59 68 65 79 90
8h 3 51 56 63 77 84 95 .
5 48 54 59 67 79 92 .
T T VAR - SRS NNE-LADUU N M 89 :
8¢ 3 49 54 60 77 80 93 -
5 48 59 57 65 7% .| 90 .
7 43 49 54 61 73 86 93
9a 3 55 63 73 82 78 92 .
5 52 59 70 15 82 88 .
7 49 54 69 73 79 83 95
9h 3 55 62 71 79 | 85 93 .
5 49 57 69 73 83 90 .
7 47 52 64 71 79 87 92
9¢ 3 51 .60 69 77 84 91 -
5 48 54 67 70 81 89 .
7 44 49 65 68 77 85 92
10a 3 57 66 79 89 9% ; .
5 55 63 73 86 95 - .
7 52 59 71 79 88 96 .
10b 3 55 65 77 86 9s | - ]
5 52 58 69 83 91 - .
7 49 83 65 74 80 90 ;
10¢ 3 54 63 73 84 95 - .
5 48 55 67 79 92 - ;
7 45 50 61 7 84 93 :
12a 3 55 67 75 85 95 - ]
5 52 59 7 82 92 ] )
7 50 56 61 75 88 93 -
12b 3 53 64 7 83 95 ; .
5 19 57 67 78 87 95 .
7 47 52 56 71 81 91 ;
12¢ 3 50 62 68 79 92 ] -
5 47 55 63 72 80 93 .
7 43 49 45 65 77 91 .
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Table (4): Antimicrobial activity of nonionic surfactants.

Compd. Bacteria Fungi
Bacillus cercus | Bacillus circulans Aspergillus’s niger | Penicillum notation

4a - + + +
4b - + ++ +
4c + + + ++
5a - + + +
5h - + ++ ++
S¢ + + + ++
60 + + ++ +
6b - - + +
6¢ - - + +
Ta - + + ++
7h - - +

Tc - - +

8a - + + ++
8b - + ¥
8c + - + +
9a - + - ++
9b - + + ++
9¢ + - + +
10a + + + ++
10b - + ++ +
10¢ + + + ++
11a + + + ++
t1b + + ++ +++
11c + - + ++
12a - + + +
12b - . + +
12¢ - - + ++

(+++) Very strong inhibition, (++) strong inhibition, (+) moderate inhibition.
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PART (2)
Nonionric surface active agents containing

heterocyclic moiety from fatty acid hydrazide

The hydrazide of long chain fatty acid (myristic, palmitic and
stearic) was used as commercial starting material to synthesis some
important heterocycles as pyrazoles, thiazoles, oxadiazoles, benzoxa-
zoles, pyridazine and which utilized to prepare a novel groups of nonionic
surface active agents having a double function with antimicrobial and

surface active properties.

Synthesis of fatty acid hydrazides.
Fatty acid hydrazide (13a-c) was prepared from its acid chloride

(2a-c) through its reaction with hydrazine hydrate

R-C-Cl  + NHNH; ~—» R-C-NH-NH,

(2a-c) , (13a-c)

R,a=Cy;3Hy, b=CjsHy , ¢=CysHss

IR spectrum of (13a) shows the following bands in cm’!, band’s at
3422, 3330 and 3190 for YNH", strong band at 2359 for the linear
structure of the molecule, band at 1691 for vC=0 of amide and (2920-

2850) for vCH* of alkyl chain (¢f. fig. 9).
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Synthesis of hetefocyclic compounds from fatty acid

hydi'azides.

1- Synthesis of pyridazine derivatives via:

a-Reaction of fatty acid hydrazide (13a-c) with p-benzoyl acrylic
acid and/or -benzoyl proplonic acid |
When a solution of fatty acid hydrazide (13a-c) in n-butanol was

treated with B-benzoyl acrylic acid and / or B-benzoyl propionic acid
produced  2-alkanoyl-6-phenyl-pyridazine-3-one (14a-c) and/or 2-
alkanoyl-6-phenyl-4,5-dihydro pyridazine-3-one (1Sa-c).

Ph
N -
-butanol |
R-E-NH—NI—I2 + Ph-C-CH=CH-COOH n_a_rE’ R-C—N |
0
(13a-c) (14a-c)
- Ph
, N~
: n-butanol ﬁ |
+ Ph-C- CH,CH,COOH — » RC—N
(15a-c)

R,a=Cy;3Hyy, b=CsHy ,c=Cy7Hss

IR spectrum of (14a) exhibits, vC=0"* at 1701, 1625, vC=N at
1588, vCH’® of alkyl chain in region (2920-2850) and the characteristic
band @ of pyridazine ring in region (1560-1490) em™ (cf. fig.10).
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b-Reaction of fatty acid hydrazide (13a-c) with maleic anhydride
and/or succinic anhydride.
Fatty acid hydrazide (13a-c) reacts with maleic anhydride and/or
succinic anhydride in acetic anhydride to give 2-alkanoyl-pyridazine-3,

6-dione (16a-¢) and/or 2-alkanoyl-4,5-dihydro-pyridazine-3,6-dione

(17a-c).
0
ﬁHN,
R-C-NH-NH,  + 0o _A%0 _ gk |
AcOH
0 0
(13a-c) (162-¢)
0
ﬁHN
+- 0o J—c—zg—-’- R-C—]\II
AcOH

0 0
| (17a-¢)

R,a=CMay, b=Cyslly e Ciglls

IR spectrum of (17¢) exhibits, vNH at 3339, vC=0"* at 1703 and
1594, vCH olefinic at 1525 and vCH’* aliphatic in region (2920-2850)
em (cffig. 11).

'H NMR spectrum of (16¢) shows signals, & 0.9 for (t, 3H, terminal
CHs), & 1.3 (s, 32H, CH; of alkyl chain), & 6.1 (s, 1H, CH olefinic ), 8 9.5
(s, 1H, NH) which disappeared by addition of D,O (cf. fig. 29).

Mass spectrum of (17¢) shows molecular ion peak at M*-2 =378,
06 % and show ion peat at m/z=113,3.67% corresponding to dihydro-

pyridazine dione nucleus.
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2-Synthesis of oxadiazole derivatives via the reaction of fatty

acid hydrazide (13a-c) with carbon disulphide.

- Carbon disulphide reacts with fatty acid hydrazide (13a-¢) using
potassium hydroxide as catalyst in ethyl alcohol to produce S-alkyl-2-

thion-1,3,4-oxadiazole (18a-c).

N-—-—NII

| KOH |
R-C-NH-NH, + CS, ——> R |
B 2 " ROH o/ks
(13a-c) (18a-c)

R.a=CpuHar, b=CysHy ,c=Cyi7Has

IR spectrum of (18c) exhibits, vNH at 3228, vC=N at 1598, vC=S
at 1414 and vCH’® aliphatic in region (2920-2850) and the characteristic
bands @9 of oxadiazole ring in region (1190-1150, 1030-1000 and 890-
825) cm™ . (¢f. fig.12).

Mass spectrum of (18c) shows molecular ion peak at M +1 =341,

3.6% which fragmented to ions one corresponding to the side chain of
alkyl at 239, 1.8% and the other corresponding to oxadiazole nucleus at

m/z =101,14.0 % (cf. fig. 47, Chart 8).
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N——NH

Cl'la(Cl‘lz)lo—&o/gs

o
M +1 =341, 3.6%

L |
CH3(CHy)y6 l\i‘:tl
mz =239, 1.8% o s

m/z=101, 14.0%

.44 l-cs
' OCHNNH

+

3- Synthesis of oxadiazine derivatives via the reaction of fatty

acid hydrazide (13a-c) with chloroacetic acid,

Addition of chloroacetic acid to fatty acid hydrazide (13a-c) in dry

ethyl alcohol gives intermediate which undergoes cyclization followed by

dehydration to give 2-alkyl-1,3,4-oxadiazine-6-onc (192a-¢).

R-@-NH—NH2 + CICH,COOH —Et9-£1—> R-ﬂ-NH—NH-CI-,{zCOOH
(13a-¢) |

H
N’N
A0 R_molo

-H,O
(19a-c)

R,a=Ci3Hy, b=CysHyy , c=Cy7Hss
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IR spectrum of (i9b) shows band for vNH at 3437, vC=N at 1598,

vC=0 at 1654, vC-O of cyclic ether at 1105 and vCH’® aliphatic in region
(2920-2850) cm™. |

'HNMR spectrum of (19¢) shows signals at 6 0.9 (';, 3H, terminal
CH3), 8 1.2-1.6 (m, 32H, CH; of alkyl chain), 5 4.3 (s, 1H, NH) which
disappeared by addition D;0. (cf. fig.30).

Mass spectrum of (19a) show ion peak at M"+2=284,2.7 % and
jon peak at m/z = 99, 7.3 % corresponding of oxapyridazine nucleus

beside the base peak at m/z = 57, 100 % (cf. fig. 48, Chart 9).

H
N

N

CHyCH L lo
+

M+2 =284, 2.7%

+ +

0

CHyCHa) | CH) T R +
iz =57, 100% wZ=126,1.5%1 Nt l}
0~ o
' m/z=99, 7.3%
"441' C02
~+
CN=NCH,
mz= 55, 76.1%
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4- Synthesis of phthalazine derivatives via the reaction of fatty

acid hydrazide (1 3a-c) with phthalic anhydride.

The reaction of fatty acid hydrazides (13a-c) with phthalic

anhydride in acetic anhydride leads to the formation of 2-alkanoyl-

phthalazine-1,4-dioné (20a-c).

)
ﬁ ACQO ﬂ Hl\il
R-C -NH-NH2 + 0 ——:-I-_I-—O—"" R-C—N
" (13a-c) (20n-¢)

R,a=CpHar, b=CisHy , ¢=Cy7Hss

IR spectrum of (20¢) shows, VNH at 3404, vC=0"* at 1703, 1656
and 1597, and the characteristic band of phthalazine nucleus at 1343

cm” due to ring vibration (¢f. fig. 13).

Mass spectrum of (20c) show molecular ion peak at M* +2 =430,

7259 and show ion peak at m/z = 161, 72.1 % corresponding of
phthalazine nucleus. (cf. fig. 49, Chart 10).
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o
CH3(CH2)]6'C —N

0
M -2 =430, 7.25%

l 1 +

+
CH;3(CHy)16CO 1]1
oz =267, 1.77% N
l _ 0
l’ l mwz=161,72.1%
ot +
CH;(CHa)s (CHy)13CO -42|-NCO
- mwz =210, 1.5%
iz = 57, 46.6% z o _ —
miz =119, 26.9%
28 l-co
+
N
o, + HeN
et
3 27

vz =91, 45,1%

Chart 10
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5- Synthesis of pyrazole derivatives via the reaction of fatty
acid Iiydmzide with ethyl benzoyl acetaie and / or diethyl

- malonate.
Fatty acid hydrazide (13a-c) reacts with ethylbenzoylacetate

and/or diethylmalonate to give 1-N-nll<nnoyl-3-cthoxy-5-phenyl-pyrazole

(21a-c) and/or 1-N-alkanoyl-3,5-diethoxypyrazole (22a-c).

i

R-EI\II—I-NI—I2 + Ph-@-cﬁz- -0C,Hy —* R-C— N—N
i I

Ph = 9
(13a-c) CaHs
' (21a-c)
+ HSC?_O'@'CHz'g'OCQHS ——» R-C—N—N

|
™
H5C20 0C,H;

R,a=CpHy, b=CisHa .= C7Has (22a-c)

IR spectrum (21a) exhibits, vC=N at 1593 and vC=0 at 1703, vCH
aliphatic in region (2920-2850) and vCH aromatic at 3020 and the

characteristic band **” of pyrazole ring at { 1465) ecm™ (¢f-Fig.14).

'HNMR spectrum of (22a) shows signals at 8 0.85 (t, 3H, terminal
CHa), 51.3 (s, 24H, CH, of alkyl chain), 8 2.1 (s, 2H, CH cyclic), 87.3 (s,
54, ArH) and § 2.3 (m, 3H, CH,CHa) (¢f. fig.31).
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6- ijnthesis of thiazole derivatives via the reaction of fatty acid

hydmzide (13a-c) with benzaldehyde.
The reaction of fatty acid hydrazide (13a-c) with benzaldehyde in

acetic acid give N-alkanoyl-benzal hydrazone (23a-c) (SchifT base).
R-C-NH-NH, + PhCHO —E-@-—:— R-C-NH-N=CH-Ph

(13a-c) (23a-c)

R,a=C;3Hy7, b=CysHy , c=Cy7Hss

IR spectrum of (23a) exhibits, vNH at 3228, strong band at 2360
for the linear structure of the compound vC=0 of amide at 1662 and

vC=N at 1598 cm™ (cf. fig.15).

'HNMR spectrum of (23c) shows signals at 3 0.9 (t, 3H, terminal
CHy), 8 1.3 (s, 32H, CH, of alkyl chain), 5 1.9 (s, 1H, N=CH), § 7.3-7.7
(m, 4H, ArH) and & 3.7 (s, 1H, NH proton) disappeared by addition of
D,0 (¢f. fig. 32). |

When the Schiff base derivatives (23a-c) were treated with
thioglycollic acid in dry benzene leads to the formation of 3-N-

amidoalkyl-2-phenyl-1,3-thiazole-4-one (24a-c).

R—ﬁ-NH—N=CH—Ph. + HSCH,COOH _EOH _ R—ﬁ-NH—N———r Ph
o S

23a-c)
(23a) (24a-c)

R,a=CpHy, b=CisHa ,c=CyHss
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IR spectrum of (24¢) which shows, vNH at 3204, vC=0* at 1690,
1648, vCH of aromatic at 3099 and vCH * of alkyl chain in region (2920-
2850) em™ (cf. fig. 16).

'HNMR spectrum of (24¢c) shows signals at 8 0.9 (t, 3H, terminal
CHa), 8 1.2 (s, 32H, CH, of alkyl chain), 8 1.7 (s, 2H, S-CH,), § 2.6 (s, H,
CH-Ph), & 7.3-7.9 (m, SH, ArH), 8 8.7 (s, 1H, NH proton) which
disappeared by addition of DO (¢f. fig. 33).

7-Synthesis of oxadiazole derivatives via the reaction of Schiff

base derivative (23a-c) with ferric chloride.
When the Schiff base adducts (23a-¢) were treated by ferric
chloride in acetic acid lead to formation of 2-alkyl-5-phenyl-1,3,4-

oxadiazole (25a-c).

N—N
A
R-ﬁ-NH—N=CH—Ph +  Fecly, —22 » R—“\O J-Ph

(23a-¢) (25a-c)

R,a=Cy;3Hy;, b=CysH3 ,c=C7Hss

JR spectrum of (25¢) exhibits, vC= N* at 1599 and 1549, vC-O-C
at 1100, vCH aliphatic at 2920-2850, vCH aromatic at 3047 and the

characteristic @ band of heterocyclic ring in region (1040-1030) em™

(cf. fig. 17).

'HNMR spectrum of (25b) shows signals at 0.9 (t, 3H, terminal
CHs3), 8 1.2 (s, 28H, CH; of alkyl chain), & 7.3 (s, 5H, ArH) (cf. fig. 34).




Results and Discussion

Preparation of nonionic surfactants from the synthesized

heterocyclic compounds.

Nonionic surfactants are prepared by the addition of different
moles of propylene oxide (n=3, 5 and 7) to the synthesized heterocyclic

derivatives to yield polypropenoxylation products.

The structures of the synthesized nonionic surfactants were
confirmed via IR and "H NMR spectra ’

IR spectrum of (20a) after the addition of propylene oxide showed,
two broad bands at 1100 and 950 cm™ corresponding for vC-O-C ether
linkage of poly propenoxy chain, beside the original bands of the

compound.

- 'THNMR spectrum of (23a) after the addition, showed the protons |

of propenoxy group are assigned as broad multiple signals in the region

(3.2-3.7), beside the other protons of the compound.

Surface active properties of nonionic surfactants.

The surface active and related properties, including surface and
interfacial tension, cloud point, foaming power, wetting time, and
emulsification properties were investigated to evaluate the possible

application of these products in the different industrial fields.

1- Surface and interfacial tension:

In comparing surfactants or emulsifiers by surface or interfacial
tension measurements, two factors, efficiency and effectiveness need to
be considered. Ross®" suggests that a good measure of efficiency is the
amount of a surfactant required to reduce the tension by 20-dyne/ cm and

the minimum tension obtainable with the surfactant measured its

R
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effectiveness. The values of surface and interfacial tension of the
synthesized products increased by increasing the number of propenoxy

group as found by ®” per molecule of products as shown in (Table 6).

2- Cloud point:

All the synthesized products have high cloud points, which gave
the good performance in hot water. Generally, the cloud point increases
wi_th increasing the number of propenoxy group per hydrophobic

molecule as found by ©" as show in (Table 6).

3- Wetting time:
All the products show decreasing in wetting time, where good
wetting time are recorded with a low propylene oxide content as found

by as shown in (Table 6).

4- Foaming power:

In general, the nonionic surfactants form unstable foam. It was
reported that the foaming height of the prepared surfactants increases
with increasing of propylene oxide unit per molecule of surfactant as

found by ©” as shown in (Table 6).

5- Emulsifying properties:

Emulsion stability was measured using standard procedures. From
the data recorded in (Table 6)the emulsifying properties increase with
decreasing number of propylene oxide units and increase with increasing

of alkyl chain as found by 2.

6- Critical Micelle Concentration (CMC):
The (CMC) values of aqueous solutions of the synthesized

surfactants were determined from the concentration dependence of
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surface tension values at 25 °C. The critical micelle concentration (CMC)
was determined and listed in (Table 7). The value of (CMC) increases
with increasing the number of propenoxy groups and it decreases with
increasing the alkyl chain length as found by (%
Biodegradability.

~ Biodegradation die-away test in ordinary river water gave
satisfactory results (Table 7), where, the biodegradation was expressed by
measurement of the surface tension with time (day). The rate of
degradation of these compounds depends on the size of molecule; bulky
molecule diffuses ihrough the cell membrane and its degradation is more
difficult, this means that these compounds with lower moles of propylene
oxide are more degradable than that which contains higher moles of
propylene oxide as found by ®1 1n general, the products have 'high rate of

degradation ranging about 95% degradation during around 5 days.

Biological activity.

The surfactant products were screened for antibacterial activity against
Bacillus cercus, Bacillus circulans and antifungal activily against
Aspergillus clavatus and pencillium notatum. All the tested compounds
showed antimicrobial activity against tested microorganisms, the results

of the antimicrobial activity are shown in (Table 8).
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Table (5): Physical properties of prepared compounds before addition of

propylene oxide.

No. M.F. M.wt | Solvent | Yield Color Analysis data cale./ Found %
% C H N S
13a CisH3oN,0 242 Benz. 75 White | 69.42 | 1239 | 11.57
69.76 | 1252 | 1).65
13b CisHuNO 270 Tol. 72 Whitc 71.11 12.59 10,37
71.31 | 12,75 | 1053
13¢ CisHisN2O 298 Benz. 70 White 72.4 12.75 9.39
yellow | 72.63 1288 | 9.52
14a CaHN2O 382 EtOH 65 yellow | 7539 8.91 7.33
7558 | 921 | 7.3
14b CysHagN,0, | 410 | MeOH 63 Pale 76.09 | 9.26 6.82
yellow | 76.18 9.42 6.93
14c CxHi N0, | 438 EtOH 68 Red 76.71 9.58 6.39
yellow | 769 | 962 | 657
15a CoHN,O, | 384 Tol. 57 Yellow | 75.00 | 9.37 7.29
7512 | 9.51 7.52
15b CaeHanN20; 412 Benz. 60 Palc 75.72 on 6.79
yellow | 75.87 9.86 6.82
15¢ CzaHuNzOz 440 | MeOH 65 Brown | 76.36 | 10.0] 6.36
S 76.54 | 10.11 6.53
16a CisHioN20: | 322 Tol. 73 yellow | 67.08 | 931 8.69
67.13 9.45 8.83
16b CyHaaN,0; | 350 Benz. 68 Red 68.57 | 9.71 8.00
yellow | 68.67 | 9.8l 8.15
16¢ CaH3eN20; | 378 AcOH 70 Red 69.84 | 10.05 7.40
yellow | 6997 | 10.11 7.53
T7a T CoH N0, | 324 | EtOH | 62 | yellow | 66.60 | 983 | 865
66.83 | 9.87 8.72
17b CooHaeN20; | 352 AcOH 65 Pale | 68.18 | 10.22 7.95
ycllow 75.3 10.35 K.11
17c CpHaoN;03 380 AcOH 68 Red 69.47 10.52 7.36
yellow | 69.71 10.92 7.53
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Table (5): Cont.
No. M.F. M.wt | Solvent | Yield | Color Analysis data calc./Found %
K C 17 N 8
182 | CiHgN,08 | 284 | EtOH | 58 | White 6338 | 985 | 9.85 | 1126
yellow | 63.49 | 992 | 995 | 1145
18b CHN08 | 312 | MeOH | 55 | yellow 6538 | 1025 | 897 | 1025
6584 | 1030 | 016 | 1033
18¢ CisHsN,08 | 340 | EtOH | 33 Pale | 67.05 | 1058 | 823 | 9.4l
| yellow | 67.12 | 1062 | 845 | 9.56
19a | CieHioN:O, | 282 | Tol. 55 | yellow | 68.08 | 1063 | 992
68.16 | 1075 | 10.11
19b CieHaN:O; | 310 | Benz, 53 Red | 6967 | 1092 | 9.03
yellow | 69.80 | 11.00 | 9.22
19¢ CooHuN:0; | 338 | EtOH | 56 pale | 7101 | 1124 | 828
yellow | 71.11 11.45 g8.45
20a CoHuN:0; | 372 | EtOH | 67 yellow | 7096 | 860 | 6.52
7123 | 878 | 6.72
20b | CoHaN2Oy | 400 | AcOH | 65 yellow | 7200 | 9.01 | 7.00
7219 | 9.1 | 718
20c CaHauN203 | 428 | AcOH | 62 Red | 7289 | 934 | 6.54
yellow | 73.06 | 951 | 6.69
21a CoHuN;0; | 398 | EtOH | 58 | White 7537 | 9.54 | 7.03
yellow | 75.52 | 972 | 722
21b CoHoN,0, | 426 | Benz. | 62 | yellow 7605 | 985 | 6.57
7624 | 999 | 6.5
21c CoHuN,0; | 454 | Benz. | 60 Pale | 76.65 | 1013 | 6.16
yellow | 76.79 1026 | 632
22a CoHyN:0s | 366 | MeOH | 62 | White 68.85 | 1038 | 7.65
yellow | 68.99 | 11.59 | 7.84
22b CoHAN,0, | 304 | EtOH | 65 | Yellow 7005 | 1065 | 7.10
70.19 | 1079 | 732
22¢ CocHiN,0; | 422 | EtOH [ 63 pale .| 71.09 | 109 | 663
yollow | 7123 | 1115 | 692
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Table (5): Cont.

No. M.F. M.wt | Solvent | Yield | Color Analysis data cale./Found %
I C H N S
23a CyHiN2O 330 Benz. 62 Brown | 76.36 | 10.30 8.48
| 7652 | _10.42 8.63
23b CuHyN.O | 358 | Tol. 65 | Brown | 77.09 | 1061 | 7.82
77.17 | 10.83 7.97
23c CxHeNO 386 EtOH 68 Red 77.72 | 10.88 1.25
brown | 77.83 | 11.08 7.54
24a CasHisN20:8 404 Benz. 67 yellow | 68.31 8.91 693 7.92
68.48 | - 9.08 7.14 8.11
24b CpsHaoN;0,S | 432 Benz, 63 yellow | 69.44 925 6.48 7.41
69.68 945 6.63 7.53
24¢ CaHN0:S 460 Tol. (oA Palc 70,43 9,56 0.08 6.95
yellow | 70.62 9.72 923 722
25a CyH3N20O 328 Benz. 65 brown | 76.82 9.75 8.53
76.99 9.92 8.76
25b C:HasN2O 356 | EtOH 62 Red 77.52 | 10.11 7.86
. brown | 77.73 | 10.21 7.95
25¢ CasHaoN,O 384 AcOH 60 brown | 78.12 | 1041 7.29
78.30 | 10.62 7.35
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Table (6): Surface properties of nonionic surfactants.

Comp. n Surface Interfacial Cloud | Wetting | Emulsion Foam | cmex10?
‘Tension Tenslon Point time stnbility height mote 1
(dynefcm) | (dyne/cm) °C (sec) (min.) {(mm)
0.1% 0.1 % 1% - 0.1% 1%
13a 3 30 9.5 79 35 127 118 34
5 32 10,5 95 26 111 126 37
_ 7 M 110 >t00 | 20 | 95 13 1.9
13b 3 31 10.0 70 37 128 126 33
5 33 11.0 90 30 112 135 3.6
7 36 11.5 95 22 96 150 38
13c 3 32 10.5 68 40 130 133 32
5 35 12.0 87 33 115 140 3.4
7 38 13.5 93 25 98 155 3.6
16a 3 29 7.5 67 43 117 100 3.5
5 31 9.5 77 34 87 125 4.2
7 33 10.5 91 27 74 150 4.3
16b 3 30 85 63 46 120 105 33
5 32 10.5 72 39 920 128 39
7 35 12.0 88 30 77 146 4.1
16¢ 3 31 9.5 59 48 125 115 3.1
5 34 11.0 66 43 92 147 37
7 37 12.5 76 32 79 152 3.9
17a 3 29 9.0 6Y 40 Y 113 7
5 31 10.5 74 36 86 127 38
7 34 11.0 84 27 74 142 4.1
17b 3 31 9.0 64 48 120 115 33
5 34 110 79 39 180 130 3.6
7 37 11.5 88 30 76 146 3.9
17¢ 3 33 9.5 6! 52 123 119 31
5 36 11.5 76 42 90 133 3.5
7 39 12.0 91 32 70 154 3.8
18a 3 33 8.5 65 41 117 120 4.5
5 35 9.5 74 33 96 125 4.8
7 37 10.0 86 28 82 128 5.1
18b 3 34 9.0 62 44 118 120 43
5 37 10.5 70 36 97 127 1.6
7 39 11.0 92 30 83 130 4.9
18¢ 3 36 9.5 57 48 120 125 4.1
5 39 11.0 - 66 39 99 130 4.4
7 41 12.5 85 32 85 140 4.7
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Table (6): Cont.
Comp. n Surface | Interfacial Cloud | Wetting | Emulsion Foam | cmex10”
Tension | Tension Point time stabitity | height woe /1
1-(dynefem) (dync/cm)} °C (sec) (min.) (mm)
0.1 % 0.1 % 1% 0.1% 1%
19a 3 31 1.5 73 40 105 20 4.1
5 33 9.0 85 32 81 115 4.3
7 36 10.0 96 22 59 130 4.6
19 3 32 8.0 69 43 108 92 39
5 15 10.0 82 34 84 117 4.1
i 38 11.0 92 26 62 132 4.4
19¢ 3 34 8.5 66 47 110 95 3.7
5 37 10.5 79 36 86 120 39
7 39 11.5 89 28 65 140 4.2
202 3 30 7.0 71 45 125 115 3.7
5 32 7.5 23 30 88 128 4.0
7 34 9.0 97 22 76 150 4.2
20D 3 3 7.5 65 47 127 121 15
3 33 8.0 20 33 .91 134 38
7 35 9.5 93 23 78 155 39
20¢ 3 32 8.0 63 49 130 126 33
5 35 9.5 18 35 94 143 36
7 37 11.5 N 27 g1 160 38
23a 3 28 8.5 69 47 83 105 3.7
5 3 9.5 74 KX] 73 119 4.0
A 7 34 11.0 87 23 04 134 43 |
23b 3 30 8.5 63 49 78 110 33
5 33 10.5 70 36 85 126 17
7 36 12.0 83 25 75 141 4.0
23¢ 3 3l 8.5 58 52 89 116 2.9
5 15 (§ K\ 04 I 76 130 12
7 38 12.5 80 27 68 153 3.5
24a 3 31 9.0 72 38 81 112 3.8
5 32 10.0 81 32 68 125 4.2
7 34 12.0 92 23 57 140 4.6
24h 3 32 9.5 67 41 82 115 1.5
5 34 10.5 76 35 70 127 39
7 36 11.5 86 27 60 150 43
24¢ 3 34 10.0 ol 43 85 120 3
5 36 11.5 69 317 72 130 3.7
7 38 12.5 84 30 63 155 4.1
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Table (7): Biodegradability of the Prepared Surfactants.

No. n 1" day 2" day 37 day | 4™day 5™ day ¢"day | 7" day
13a 3 54 67 7 86 93 - -
5 49 60 6Y 81 92 97 N
7 47 58 64 73 88 94 -
13b 3 52 65 15 84 92 - -
5 47 58 66 78 90 - -
7 45 54 6l 70 85 94 -
13¢’ 3 50 64 73 R2 91 - -
5 46 57 64 76 87 93 -
7 43 52 59 68 79 87 94
16 3 57 65 79 88 9 ) .
5 54 62 84 91 . .
7 51 57 70 TS 89 926 -
16b 3 55 64 77 86 92 - -
5 51 59 72 81 89 a3 -
. 7 49 55 66O 75 83 95 -
16¢ 3 54 63 76 84 91 - -
5 49 58 69 78 ‘87 92 -
7 40 53 63 72 80 XK 96
17a 3 51 61 70 82 93 - -
5 50 59 68 79 88 97 -
7 47 57 064 75 85 93 -
17b 3 49 59 68 79 90 - -
5 48 57 65 75 %3 93 -
7 45 53 61 71 80 89 95
17¢ 3 48 57 66 78 89 - -
5 46 54 62 73 82 93 -
7 43 51 58 68 78 89 -
18a } 53 63 72 82 92 - -
5 51 59 68 78 89 95 -
7 48 55 64 76 83 92 -
18b 3 51 61 69 80 89 - -
5 48 57 65 75 85 91 -
7 45 52 62 72 79 89 97
18¢c k] 49 58 67 78 87 92 -
5 46 54 62 73 82 89 -
7 43 79 58 68 77 87 92
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Table (7): Cont.

No. n 1" day 2™ day 3 day | 4" day 5" day 6" day | 7" day
19a 3 33 63 72 80 88 96 -
5 L) | 61 69 78 87 95 -
7 49 78 65 7 84 93 -
19h 3 51 61 70 77 86 92 -
5 49 58 76 75 84 90 -
7 47 55 62 71 80 89 97
19¢ 3 50 56 68 75 84 9 -
' 5 47 56 64 72 81 89 -
7 44 53 59 68 77 87 93
20a 3 55 67 78 88 95 - -
5 53 63 75 87 93 - -
7 51 58 79 81 89 97 -
20b 3 53 65 76 86 92 - -
5 51 6l 73 85 91 - -
7 49 55 67 17 85 95 -
20¢ 3 53 64 5 86 92 - -
: 5 49 58 70 82 89 - -
7 46 33 64 75 83 92 -
23a 3 52 59 67 77 87 - -
5 49 57 63 74 85 - -
7 47 55 60 72 77 93 -
23b 3 49 57 64 5 4 94 -
5 47 54 61 72 81 o1 -
7 45 52 58 69 75 89 95
23¢ 3 47 55 62 74 83 9l -
5 45 51 58 69 78 88 -
7 43 48 55 65 72 86 93
24a 3 55 65 78 85 93 - -
5 53 63 75 82 87 - -
7 50 57 71 78 84 05 -
24b 3 53 63 75 82 91 ] -
5 51 59 72 79 85 93 -
7 47 55 67 75 81 88 95
ue | 3 52 61 7 80 91 ] -
5 49 57 68 76 83 92 -
7 45 52 65 72 79 90 -
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Table (8): Antimicrobial activity of nonionic surfactants

Compd. - Bacteria Fungi
Bacillus cercus | Bacillus circulans | Aspergillus’s clavatus Penicillum notatum

13a - - + +
13b + - + +
13¢ + ++ ++
14a - - +
14b - + + ++
14¢ . + ++
15a - - - +
15b - + + +
15¢ + + +

16a + + + +
16b + + + ++
16¢ + + + ++
17a + - +

17b - + +

17c + + + ++
18a - + + ++
18b -+ + + ++
18¢ + + + +4
19a . + - - n
19b + - + +
19¢ - - ++ ++
20a + + - +
20b + + . o+
20c + + ++ ++
21a - - +

21b - - +
21c + + + ++




Results and Discussion

Table (8): Cont.
Compd. Bacteria Fungi
Bacillus cercus | Bacillus circulans | Aspergillus’s clavatus Penicillum notatum

22a - - - +

22b + - - 3

22¢ + + + ++

23a + + - ++

23b + + - ++

23¢ + - - R
24a + + - +

24b 4+ + . ot

24c¢ + + + 4+

25a + + - +

25b + + - ++

25¢ + + - an

(+++) Very strong inhibition, (++) strong inhibition, (+) moderate inhibition.
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PART (3)

Anionic surfactants containing heterocyclic moiety

from a-sulphonated fatty acid isothiocyanate

Among anionic surfactants containing an aromatic structure
element are alkyl benzene sulphonate accompanied by alkyl-naphthalene
sulfonates 222225 In these compounds, hydrophilic sulfonic group is
separated from long chain alkyl hydrophobe by single six member
benzene or naphthalene rings. The structure analogues to the above ones
may be surfactants containing five member heteroaromatic groups. It has
been well established that various triazoles, oxazoles, benzoxazoles and
thiazoles are of biological interest “***°), This encourage us to synthesis
a novel groups of anionic surfactants containing those nucleus from
sodium salts of a-sulphonated long chain fatly acids (myristic, palmitic
and stearic) isothiocyanate by reaction with different nucleophiles as
phenyl hydrazine, glycine, anthranilic, o-aminophenol and thioglycollic
acid, hopping to possess good surface propertics and expected to have

biological activities.

Synthesis of a-sulphonated fatty acid isothiocyanate.

The isothiocyanates of sodium salt of o-sulphonated fatty acids
(myristic, palmitic and stearic) (27a-c) were prepared from its sodium salt
of a-sulphonate fatty acid chloride (26a-c) (which prepared from the
corresponding fatty acid with chlorosulphonic acid in carbon tetrachloride
and then reacted with thionyl chloride)®”, through its reaction with

ammonium thiocyanate in dry acetone as following:
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R-?I—Iﬂ c1 NHSCN_ R-CH-C-SCN ——— RCH-C-N=C=s

acetone rearrangement
SO3Na SO3Na SO;Na

(26a-c) (27a-c)
R,a=Citps, b=CHy ,c=CeHn

The isothiocyanates (27a-c) were prepared insitu during the

reaction to prevent its decomposition

Synthesis of anionic surfactants containing heterocyclic

compounds from a- sulphonated fatty acid isothiocyanate.

I-Synthesis of 1,2, 4-triazoline-S-thione derivatives via the
reaction of isothiocyanate (27a-c) with phenyl hydrazine.
‘When the solution of sodium salt of a-sulphonated of fatty acid

isothiocyanate (27a-c) in acetone was treated with phenyl hydrazine, it

gave intemediate, which undergoes éyc]ization followed by dehydration
to give 3 (a-sulphonated alkyl)-2-phenyl—1,2,4~tr1'azolinyl-5-thione
(28a-c).

O
R-ICH- -N=C=§ + PhNHNH, ——— R-(IZH- -NH-C-NH-NH-Ph
SO;Na SO Na
- RN s R-CH
cyclization R'('JH \f
——————
SO3Na N NH 'H‘_)O 3NaN
|
Ph P

(28a-c)

R,a= CizHas, b=Cy4Hag , ¢ = CigHy3
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IR spectrum of (28c) shows, VNH at 3229, vC=N at 1600, vC=S at
1375, vSO, at 1180, 689 and vCH*® of alkyl chain in region (2920-
2850) cm™.

'HNMR spectrum of (28¢), the protons are assigned as follow 3 0.9
(t, 3H, terminal CHs), & 1.3 (s, 32H, CH; of alkyl chain), 5 2.3 (s, 1H,
CH-SO;Na), 8 7.4-8.2 (m, SH, ArH) and & 8.7 (s, LH, NH). (¢/. fig. 35).

2-Synthesis of 1,3-oxazolidine-5-one derivatives via the
reaction of isothiocyanate (27a-c) with glycine.
Glycine reacts with sodium salt of a-sulphonated of fatty acid
isothiocyanate (27a-c) in the presence of pyridine as a base to produce
thiowrea derivatives which cyclized to 2-(sodium salt of a-sulphonated

amidoalkyl)-2-thiol-1,3-0xazolidine-5-one (29a-c).

0
y
R-CH-C-N=C=S + H,NCH,COOH 2% R-CH-C-NH-C-NH-CH,COOH

SO;Na SO;Na l

(27a-c)
St

R-CllH- -NH NH
SO 3Na 9]

0
R,a=Clls, b=CuHa ,c=Cjllss

(29a-c)

IR spectrum of (29b) shows the following bands, vNH® at 3205
and 3319, vSH at 2061, vC=0"" at 1647 and 1704, vSO; at 1178 and
672 cm™ (cf. fig.18).
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3- Synthesis of quinazoline-2-thione -4-one derivatives via the
reaction of isothiocyanate (27a-c) with anthranilic acid,
Sfollowed cyclization.

Addition of anthranilic acid to sodium salt of a-sulphonated fatty
acid isothiocyanate (27a-c) leads to the formation of thiourea derivatives

(30a-c).

COOH g ﬂ OOH
R-CH ﬁ N=c=s 2N g T NH-C-NH
o é O'N' + byndine g5 Na ‘
3 a
(27a-c) (30a-c)

R,a=CppHy, b=Cy4Ho ,c=CigHn;

IR spectrum of (30a) exhibits, vOH at 3396, vNH* at 3121 and
3195, vC=0 of amido at 1650, vC=0 of acid at 1702, vC=S at 1379 and
vSO, at 1077 and 679 cm’. Also there is a strong band at 2359 cm’'for

linear structure of the compound.

'HNMR spectrum of (30c) shows the si gnals at § 0.9 (i, 3H, terminal
CH3), & 1.2-1.4 (m, 32H, CH; of alkyl chain), 6 3.9 (m, 2H, NH protons),
893 (s, 1H, OH), 6 7.3 (s, 4H, ArH) and & 2.1(t, 1H, CHSO; Na)
(¢f. fi 36).

Treating of thiourea derivatives (30a-c) with acetic anhydride
yielded 1-N (sodium salt of a-sulphonated alkanoyl) 1,3-quinazoline-2-

thione -4-one (31a-c).

8 s COOH s N
R-(]JH- -NH-C-NH ' g \[/
SO;Na ﬁZQ.. R-(|:H- —N
‘ SOgNa
(30a-c) (3la-c)

R,a=CypHys, b=CyyHy ,c=C¢Hi
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'HNMR spectrum of (32¢) shows signals, 8 0.9 (t, 3H, CH;-C-C),
8 (1.2-1.6) (m, 32H, CH;, of alkyl chain),  (6.6-7.2) (m, 4H,ArH), & (7.7-
8.5) (a broad s, 1H, NH), § 2.4 (t, 1H, CHSOs3Na). (¢f. fig. 38).

Cyclization of thiocarbamate derivatives (32a-c) by fusion leads to
evolution of HS gas and formation of 2- (sodium salt of a-sulphonated

amidoalkyl)-1,3-benzoxazole (33a-c).

S NH,

[l ‘
R—CH—@-NH—C-O 0
I fusion ﬁ
SO;Na ———— R-(i:H- -N
SO,Na SH N
(32n-¢)
“H,S ?
R-CH-@-NH-—k
i N
SO3Na
(33a-c)

R,a=CpHys, b=CiyHp ,c=CigHs3
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IR spectrum of (33¢) shows the following bands, vNH at 3228,
vC=0 at 1704, vC=N at 1599, vSO, at 1071, 1107 and vCH* aliphatic -

chain in region (2980-2850) cm™ (cf. fig.21).

'HNMR spectrum of (33¢) shows signals at § 0.8 (t, 3H, CH;-C-C),
S 1.2-1.4 (m, 32H, CH; alkyl chain), 6 2.1 (t, 1H, CHSO;Na), § 7.2-7.9
(m, 4H, ArH) and 3.6 (s, 1H, NH) which disappeared by addition of D,0

(cf fig. 39).

5- Synthesis of 1,3-thiazolidine derivatives via the reaction of
isothiocyanate (27a-c) with thioglycollic acid, followed by
cyclization.

Thioglycollic acid reacts with sodium salt of a-sulphonated of fatty

acid isothiocynate (27a-c) to produce the adducts (34a-c). -

R-?H—@-N=C=S + HSCH,COOH — R-?H-ﬁ-NH-ﬂ-S- CH,COOH

SO;Na SO3;Na

(34a-c)
(27n-c)

R,a=CyHys, b=CysHzo, ¢=CiHs3

IR spectrum of (34c) exhibits, vNH at 3183, vOH at 3450, vC=0
of amid at 1654, vC=0 of acid at 1710, vC=S at 1377 and vSO, at 1180
and 1268 cm™ (¢f. fig. 22).

When the products (34a-c) were cyclized by acetic anhydride leads
to the formation of 3-N (a-sulphonated alkanoyl)-1,3-thiazolidine-2-

thione-4-one (35a-c).
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q .
S
RCH NH--$-cr,coon —A20 R-(IiH-g-—N
SO3Na ' SO;Na
0
(34a-c) (35a-¢)

R,a=CHys, b=Cy4Hy ,c=CigHss

IR spectrum of (35¢) exhibits, a broad band for vC=0*® centerd at

1690, vSO,, at 969 and vCH® of alkyl chain in region (2920-2850) cm'.

6-Synthesis of thiourea derivatives via the reaction of isothio-
cyanate (27a-c) with aniline.

Sodium salt of o-sulphonated fatty acid isothiocyanate (27a-c)

reacts. with aniline to give thiourea derivatives (36a-c) as follow:

NH2 % '
R-ICH- -N=C=§ + —_— R-CIIH- -NH—&-NH
SO3Na SO3Na

(27a-c) (36a-c)
R,a=CyHys, b=CiyHa, c=CigHs3

IR spectrum of (36a) exhibits, two bands at 3146 and 3205 for two
vNH®, band at 1652 for vC=0, at 1346 for vC=S and at 1137 and

1221cm™ for vSO, (cf. fig. 23).
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Surface active propertics of anionic surfactants

Anionic surfactants are very widely distributed throughout science,

technology, and every day life. Examples which at once come to mind are
the washing, wetting out of textile materials, the preparation of

dispersions - and emulsion, the application of agricultural and a wide

variety of special uses, the number of which is continually increasing.

The surface active and related properties of the synthesized
coﬁlpounds including, surface and interfacial tension, Kraft point, wetting
time, foaming and emulsification properties are given in (Table 10).
Biodegradability and antimicrobial effects were examined and tested in

(Table 11,12) respectively.

1- Surface and interfacial tension.

The synthesized anionic surfactants with heterocyclic moiety
derivatives showed lower values for surface tension and interfacial
tension. The results are recorded in (Table 10). It was found that, the

lower values of surface and interfacial tension that may be due to the

(229 g

clectrostatic repulsion between the ionized molecule as found by
these values are decreases with the decreasing in alkyl chain length as

found by @7,

2- Kraft point.

Kraft point of the prepared anibnic surfactants was measured as the
temperature where 1% dispersion becomes clear on gradual heating. All
the synthesized surfactants are freely soluble in water at I wi %
concentration and at any temperature. The synthesized anionic surfactants
with heterocyclic moiety derivatives showed lower values for Kraft point,

this fact may fail due to the presence of retarding groups in the same
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molecule as found by In general, Kraft points measurements proved

that the higher the molecular weight the higher the Kraft point.

3- Wetting time:

All the synthesized surfactants are good wetting agent, where
wetting time increased as the alkyl chain length increase as found by @
The products were thus very effective as wetting agents in distilled water.
So, they can find a wide application to play an important role as wetting

agents in textile industry (Table 10).

4- Foaming height:

It is reported that the efficiency of surfactants as a foamer increases

(218)

with increasing alkyl chain length as found by , where the prepared

anionic surfactants with heterocyclic moiety recorded higher values of

foaming height as found by @37) a5 recorded in (Table 10).

5- Emulsion stability:
The products of anionic surfactants are good emulsifying agents as
may be seen in (Table 10) the emulsion stability increased with the

molecular weight of the fatty acid moiety in the product as found by *'®.

6- Ca"™ Stability:

The calcium stability values show that the prepared surfactants can
be used in hard water. The calcium stability decreased with an increase in
the molecular weight of the hydrophobic'part of the surfactaht under the
conditions of a constant temperature. Concerning the results in
(Table 10).
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7- Stability towards hydrolysis:

The results listed in (Table 10), revealed that, the prepared anionic
surfactants are moderately stable in basic medium and the stability
increases by increasing the alkyl chain length as found by®". Also,
anionic surfactant containing heterocyclic moietics recorded high values
toward alkaline hydrolysis as found by (226)

Biodegradability.

The results showed that, the rate of degradation was decreased with
increasing the molecular weight or alkyl chain length. This indicated that,
the more bulky the molecule was the lower biodegradability of the

surfactant as shown in (Table 11).

Biological activity.

The anionic surfactants containing heterocyclic moiety afforded a
double function as surface active agents and antimicrobial activities.So,
all the prepared surfactants were tested for their bactericidal activities
against Eschericia Coli and Bacillus Cereus and their fungicidal activities
against Asfaergillus Flavus and Penicillium notatum. (Table 12), revealed
that the presence of heterocyclic moiety in the prepared anionic surfactant

molecule revealed an increase in the biological activity as found by (226)
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Table (9): Physical properties of prepared compounds

No. M.F. M.wt | Solvent | Yield | Color | Analysis data calce./ Found %
% C H N h
28a C2H32N3038;Na 461 Benz. 60 yellow | 54,66 | 6,94 9.11 [3.88
5482 | 721 | 932 | 13.99
28b | CyuH3N;0:S;Na | 489 Tol. 63 Palc | 5644 | 7.36 | 8.58 | 13.08
yellow | 56.65 | 7.45 | 8.75 | 13.22
28¢ C2sHaoN305S;Na 517 Benz, 58 Red 5802 7.73 8.12 | 12.37
yellow | 5861 | 785 | 832 | 1255
29a C,7H3;N,04S,Na 446 EtOH 55 White | 4574 | 695 | 6.27 | 14.34
yellow | 4593 | 723 | 642 | 14.46
29b CioH1sN20:S2Na 474 MeOll 57 yellow | 48.10 | 738 590 | 13.50
4844 | 7.55 6.22 | 13.75
29¢ | CyHisN2045;:Na 502 | Benz. 53 Pale | 50,19 7.76 | 557 | 12.74
' yellow | 5043 | 7.92 | 5.76 | 12.89
30a C1Hi;3N204S:Na 508 AcOH 73 yellow | 51,96 | 6.49 5.51 12,59
5212 | 672 | 5.72 | 12.79
30b C14H37N,068:Na 536 EtOH 70 Pale | 5373 | 690 | 522 | 1194
yellow | 5395 | 722 | 542 | 1232
J0c CmH...N;OﬁS;Na 564 AcOH 73 Palc 5531 | 7.26 496 | 11.34
yellow | 55.55 | 7.35 5.12 | 11.56
31a CH3;N2048,Na 490 EtOH 60 Pale 5387 | 632 | 571 | 13.06
yellow | 53.93 | 645 | 593 | 1322 |
31b C24H3sN20sS;:Na 518 McOH 63 Red 5559 | 6.75 540 | 12.35
yellow | 55.83 | 6.89 572 | 1245 ¢
3le CiHigN,OsS;:Na | 546 AcOH 66 Red 57.14 | 7.14 | 5.12 | 11.72
yellow | 5742 | 7.25 | 533 | 1186
32a C2H;3N,058;Na 480 Tol. 75 Brown | 52,50 | 6.87 | 583 | 13.33
52,75 | 6.99 599 | 13.46
32b C1H3/N;058;Na 508 Benz., 72 Brown | 5433 | 7.28 551 | 12.59
5452 | 7.52 | 583 | 12.76
32¢ CasHyyN2OsS:Na 536 Tol. 70 Red 5597 | 7.64 522 | 11.94
brown | 6522 | 7.85 | 543 | 12.22
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Table (9): Cont.

No. M.F. M.wt | Solvent | Yield | Color | Analysis data calc./ Found %
% c | H | N | &
33a | CoHaN:OsSNa | 446 | Tol. 65 | Brown | 56.50 | 695 | 627 | 7.17
5683 | 7.22 | 643 | 7.25
33b | CxHisN,OsSNa | 474 | Benz. 62 | Brown | 5822 | 738 | 5.90 | 6.75
5842 | 754 | 622 | 6.92
33¢ | CuHiN,OSNa | 502 | Benz. 60 Red | 5976 | 7.76 | 5.57 | 6.37
. brown | 60,92 1 7.92 574 6.54
343 | CHiNOGS:Na | 463 | MeOH | 65 | Yellow | 44.06 | 6.47 | 3.02 | 20.73
4422 | 6.65 | 3.22 | 20.92
34b | ClHsNOeS:Na | 491 | MeOH | 63 Pale | 4643 | 692 | 285 | 1955
vellow | 46.55 | 7.22 | 2,99 | 19.72
34c | CyHssNOeS:Na | 519 | EtOH 68 Pale | 4855 | 732 | 269 | 18.49
yellow | 48.83 | 7.52 | 2.85 | 18.65
35a | C;HuNOsS;Na | 445 | EtOH 58 Pale | 4584 | 629 | 3.14 | 2157
yellow | 4599 | 642 | 335 | 2172
35b | CpHuNOsS:Na | 473 | MeOH | 62 Pale | 4820 | 6.76 | 2,95 | 2029
yellow | 4835 | 6.85 | 3.27 | 2045
35¢ | CuHiNOsS:Na | 501 | EtOH 66 Red | 5029 | 7.18 | 2.79 | 19.16
: yellow | 5072 | 7.32 | 2.95 | 1941
36a | CyHyuN:0sS:Na | 464 | Benz 70 | Yellow | 5431 | 7.11 | 6.03 | 13.79
54451 725 | 623 | 13.92
36b | C;HyN,0,S:Na | 492 Tol. 73 Palc | 56.09 | 7.52 | 6.69 | 13.00
vellow | 5622 | 7.73 | 6.76 | 13.32
36c | CuHyN;0.8:Na | 520 Tol. 75 Pale | 57.69| 7.88 | 5.38 | 12.30
yellow | 57.82 554 | 12.56

7.95
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Table (10): Surface properties of these compounds.

No. Surface Interfacial | Kraft | Wetting | Emulsion | Foam Ca™ | Stability to

Tension Tension Paint time stability | height | (ppm) | hydrolysis

(dyne/em) | (dyne/cm) oC (sec.) (min,) (mm) Min : Sec

0.1 % 0.1 % 1% 1.1% 0.1%

28a 30 1.5 17 635 54 200 450 815
28b 32 8.0 20 90 61 220 380 39:20
28¢ 34 3.5 25 123 65 225 350 39:55
29a 33 8.2 16 90 42 155 1460 44 :25
29h 35 8.7 19 115 47 170 1350 45:12
29¢ 37 9.0 23 132 55 190 1200 45 55
30a 34 9.5 18 80 57 180 1240 37:16
30b 37 10.3 22 110 63 200 1150 3831
30¢ 39 11.0 29 135 68 220 900 38: 58
31a 33 11.4 16 100 51 185 1230 37: 10
RINN) 35 12.0 21 115 56 200 1260 37:44
31c5 37 12.5 27 126 60 230 850 38:03
32a. 31 6.7 22 83 63 170 560 43 :30
32D 33 7.0 25 100 67 190 500 4410
32¢ 35 7.5 31 120 71 205 450 45:05
33a 32 8.7 17 Y0 61 180 1530 42 . 14
33b 34 9.2 22 105 66 200 1420 43:08
33¢ 36 10.0 26 115 72 215 1300 44 : 16
34a 30 8.5 22 95 57 210 1260 44 :27
b | 32 |90 25 120 59 220 | 1150 45:20
J4¢ 34 9.5 28 134 G4 218 050 4603
35a - 33 7.0 13 105 63 190 1360 43:15
35b 36 7.5 19 115 67 200 1240 43:39
35¢ 38 8.0 22 127 72 205 1120 44 43
36a | 28 8.6 18 95 49 180 | 1420 39:18
Job 30 9.0 22 108 55 200 1360 40002
36¢ 32 9.4 25 120 59 210 1300 40 :48
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Table (11): Biodegradability of the Prepared Surfactants.

No. | 1%day | 2day | 3" day | 4" day 5™ day | 6™ day | 7" day
280 ! 52 60 T
28b 41 49 45 65 77 92 )
28¢ 38 45 51 62 70 84 -
292 45 55 62 69 78 88 97
29b 41 50 58 66 75 85 .
29¢ 37 45 54 63 71 83 91
30a a1 51 64 75 90 ] -
30b 38 46 58 72 87 93 -
30c 35 42 53 67 82 90 :
31a 43 50 63 75 9 - ;
31b 39 47 58 7 88 2 .
31c 37 44 54 68 75 89 94
32a 40 49 58 69 82 93 -
32h 37 46 55 64 79 88 97
32¢ 35 42 51 60 74 86 94
33a 47 55 66 77 89 ] ]
33b 43 53 62 72 86 93 ]
33¢ 39 50 58 68 83 89 95
34a 45 56 67 78 90 - :
34b 42 52 64 75 87 94 -
34¢ 39 47 59 69 79 89 96
35a 49 58 69 80 93 ] ]
35b 45 54 65 77 89 94 ]
35¢ 41 51 61 73 84 90 .
- 36a 44 53 64 76 89 : .
36 41 50 60 71 86 92 -
‘36¢c 38 46 55 66 79 89 97
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Table(12):Antimicrobial activity of the synthesized anionic surfactants.

Compd Bacteria Fungi
Bacillus cercus Bacillus coli | Aspergillus’s flavus | Penicillum notatum
28a + - - +
28b + - + ++
28¢ + + + ++
292 + - - +
29b + + - +
29¢ + + + +4+
30a + - - ++
30b + - - 1+ m
30¢c H - +
31a + - - +
31b + - + +
31 + + ++ ++
32a + - - +
32b + - + ++
32¢ ++ + ++ ++
33a + - - +
33b + - + +
" 33¢ ++ + + ++
34a + - - +
34b ++ + + ++
34¢ +++ + + +++
35a + - - +t
35h ++ + - ++ o
35¢ ++ + B +++
36a + . - +
'~ 36b + - - "t
36¢ + - + ++

(+++) Very strong inhibition, (++) strong inhibition, (+) moderate inhibition.
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PART (4)

Amphoteric surfactants containing heterocyclic

moiety

From the previously synthesized compounds which containing
heterocyclic moiety and having a tertiary nitrogen atom, we planned to
prepare a further type of surface active agents by treating a tertiary
nitrogen atom with hydrogen peroxide or sodium chloroacetate to
produce a novel groups of amphoteric surfactants having a double
functions antimicrobial and surface active properties, where the amine
oxides have excellent foam-stabilizing. They have been used in shampoos
and high-duty liquid detergents where they provide detergency,
emolliency, and foam-boosting activity (228,229) They also perform well in
heavy detergent formulations providing good colon detergency. The use

of amine oxides in fabric softener formulation has also been reported (230)

Synthesis of amine oxide derivatives.

The amine oxides were prepared !®” by oxidation of a tertiary
amine with aqueous hydrogen peroxide. So, 3-alkyl-2-phenyl-1,2,4-
tria_lzoliny]-S-thione (4a-c) were treated with H,O, to produce 3-alkyl-2-

phenyl-2-oxid-1,2,4-triazoline-5-thione (37a-c).

N S
R . T T
-+
_Nr——:l; * s 0~ N—NH
Ph Ph
(4a-c) (37a-c)

R,c=Cp3Hy,b=CysHs;, c=Cy7Hss
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Also, 3-alkanoyl-1,3-thiazolidine-2-thione-4-one (11a-c) was used
to produce 3-oxide-3-alkanoyl-1,3-thiazohidine-2-thione-4-one (38a-c)

by oxidation with H,O,.

0 0
A A
R-C—N7 NS & H,0, —»> R—é—N S
0"\ o~
(11a-c) (38a-c)

R,c=Cy3Hy,b=CysHz, ¢ = CiqHas

Also,1-N-alkanoyl-3-ethoxy-5-phenyl-1,2-pyrazole (21a-c) were
used to give 1-N-alkanoyl-N-oxide-3-ethoxy-5-phenyl-1,2-pyrazole
(39a- ¢) by oxidation with H,O; as:

I N OCaH; f O N OC.H;
/= | = -
R-C—N + Hy0p —>» R-C—N
— el

Ph Ph
(21a-c¢) (39a-c)

R, ¢=C3Ha7,b=CsH3 ,c=C7H3;s

Finally, 3-N-amidoalkyl-2-phenyl-1,3-thiazole-4-one (24a-c) were
used to prepare 3-N-amidoalkyl-3-N-oxide-2-phenyl-1,3-thiazole-4-one

(40a-c) by treating with H,O, as:

N O
R—ﬁ-NH—j;/—]—Ph + H0; —» R-(ﬁ-NH—lJI—'T—Ph

S S
¢ 0]

(24a-c) (40a-c)
R, c=C3Hz7,b=C5H3;, c=Cy7Hs3s
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All synthesized compounds were confirmed by:
IR spectrum of (38a) shows band at 1360 cm’ for YN-O, beside the

original bands of the compound.

Mass spectrum of (38b) shows a molecular ion peak at M'+1=
387,3.02% and base peak at m/z = 57,100%. (cf.fig 49.chart 11).

0]
CH3(CHa)14 '@ _11\1 j\s
o

+
M +1 =387, 3.02%

BRI |
.+
CHMNCO | CHy(CHy); D
m/z=182,051% m/z=57,100% N S
0O
m/z = 148, 0.58%

-301-NO
N
0=C-CH,SCS
m/z =118, 0.78‘V:|
-76 1' CS,

-
CH;CO

miz=42, 1,48 %

' Chart 11 \




Results and Discussion

Surface active properties of amphoteric surfactants

The surface active and related 'properties of the synthesized
compounds including, surface and interfacial tension, Kraft point, wetting
time. foaming and emulsification properties arc given in (Table 14)

Biodegradability and biological activity also determined and the results

are listed in table (15,16) respectively.

I1- Surface and interfacial tension:
In general, surface and interfacial tensions increased with
increasing alkyl chain length, where amine oxide surfactants with

(132)

heterocyclic moiety recorded higher value as found by of surface and

interfacial tension as shown in Table (14).

2- Kraft point:

The Krafi points, of individual chain arc listed in (table 14). The
results indicated that the values of Kraft point increase by increasing the
number of hydrophilic group’s. All the synthesized amphoteric
surfactants are soluble in water and the highcr molecular weight is the

higher Kraft points measurements as shown in Table (14).

3- Wetting time:

Also, wetting time increased as the alkyl chain length increased.
The products were thus very effective as wetting agents in distilled water.
So, they confined a wide application to play an important role as wetting

agents in textile industry.

4- Foaming height:

Foaming height was reported that the efficiency of surfactants as a

foamier increase with increasing alkyl chain length as found by "', In
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general, the prepared amphoteric surfactants from amine oxide recorded

higher foam height as shown in Table (14).

5- Emulsion stability:
The prepared amphoteric surfactants afforded higher emulsification

(102)

stability as found by """, these results, might lead to the application of the

surfactant of choice in pesticide and cosmetic formulation.

6- Stability towards hydrolysis:

Concerning to the stability towards acid and basc hydrolysis, alt the
prepared surfactants have higher stability in acidic than in basic medium
The results listed in (Table 14), revealed that, the stability increases by
increasing the alkyl chain length. Also, the ﬁrepared surfactant
containing heterocyclic moieties recorded high values toward stability to

hydrolysis as found by #*”.

Biodcgradation.

" The results showed that, the biodegradability decreased with
increasing molecular weight or alkyl chain length as shown in Table
(15). Also amphoteric surfactants containing heterocyclic moicty afforded
a lower biodegradability due to the easy degradation for the heterocyclic

moiety as found by "2,

Biological activities

All the prepared surfactants were tested for their bactericidal
activities against Bacillus subtless and Bacillus cereus and their
fungicidale activities against Aspergillus flavus and Pencillium notatum.
Table (16) gives the presence of heterocyclic moiety in the prepared
surfactant molecule revealed an increase in the biological activity and a

decrease in biodegradability .
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Table (13): Physical properties of prepared compounds

No. M.F. M.wt Solvent Yield Color Analysis data calc./ Found %
% C H N S

37a C2HaiN;0S 375 Tol. 30 White | 67.20 | 8.80 | 11.20 | 8.53
67.51 896 | 1145 8.72
37 CpaHaN;08 403 Tol. 35 White | 6848 | 9.18 | 1042 | 7.94
, yellow | 68.69 | 9.27 | 10.67 8.22
37c CosHuN2OS 431 Benz. 32 White | 69.60 | 9.51 974 | 742
yellow | 69.84 9.67 9.92 7.53
38a C7HsNO3S; 359 EtOH 30 Yellow | 56.82 | 8.07 | 3.89 | 17.82
| ‘ 5699 | 825 | 395 | 1797

38b CisHNO:S, 387 EtOH 32 Yellow | 5891 | 852 | 3.61 | 1633 ‘
59.23 | 8.72 3.82 16.72
38c CH3:NOsS, 415 AcOH 35 Pale 60.72 | 8.91 337 | 1542

yellow | 6091 | 9.12 3.52 | 15.65

39a C2H;6N20,8 420 MeOH 30 White | 65.71 | 857 6.66 7.61
yellow | 6593 | 8.74 6.82 7.82

39b CasHaoN205S 448 EtOH 35 Yellow | 6696 | 892 | 625 | 7.14
67311 913 | 642 | 7.28

39¢ CyHaaN2058 476 EtOH 37 Yellow | 68.06 | 924 | 588 | 6.72
68.32 | 935 599 6.92

402 | CasHaoN:03 416 | Benz. 30 White | 7211 | 9.61 | 6.73
' | 7236 | 985 | 692

40b | CyHuNO; 444 Tol. 32 White | 7297 | 9.90 | 6.30
78.27 10.22 6.55

40c [ CuHuN;05 72 Tol. | 35 White | 37.72 | 10.16 | 5.93

yellow | 37.87 | 1032 | 6.11




Results and Discussion

Table (14): Surface properties of these compounds.

No. Surface | Interfacial | kraft | Wetting | Emulsion Foam Stability to

Tension Tension Point time stability height hydrolysis

(dyne/cm) { (dynefcm) °C {scc.) {min.) {mm) Min : See

0.1 0.1 1% 0.1% 1%

37a 38 6.2 21 86 55 113 31:15
37b 40 6.7 25 95 59 136 32:33
37¢ 41 87 29 106 64 145 3416
38a 35 57 18 96 51 116 35:20
38b 37 70 26 101 55 135 | 36:08
38¢c 39 11.3 34 112 60 165 37:36
39a 13 75 25 108 71 70 4243
39b 35 8.0 32 112 75 87 4402
39¢ 37 10.5 37 120 82 112 4513
40a 33 10.0 23 116 63 95 39 : 46
40b 34 11.5 30 122 68 108 40 : 54
40¢ 6 12.5 35 130 74 117 41:32




