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ABSTRACT. Series of new compounds have been synthesized via coupling of heterocyclic compound with different
halides alkyl chain length (C10-C18). The precursor of synthesis got from phenyl hydrzinhydrochloride in three steps.
The first is the reaction with isoproylmethyl ketone in acetic acid to yield (2, 3, 3-trimethyl-3H-indole) using Fischer
reaction. The second is treatment of the later with POCI3 in DMF through Vilsmeier-Haack reaction to produce 2-3, 3-
dimethyl-1, 3-dihydro-indol-2-ylidene)-malonaldehyde. Finally, the reaction with 2-aminophenol in glacial acetic acid to
produce the precursor (2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal. Five ether derivatives
build from this compound by Williamson reaction using (C10-C18) alkyl halides in present of potassium carbonate. The
structure and purity of the synthesized compound was confirmed by spectroscopy methods including IR techniques, both
1H, 13C NMR spectroscopy in addition to CHN analysis. The biological activity and surface tension properties of those
compounds were investigated and most of them show compatibility with the aim of the synthesis.

KEYWORDS: Fischer reaction, Vilsmeier-Haack reaction, Williamson reaction, biological activity and
surface active compounds.

INTRODUCTION

Heterocyclic chemistry is part of organic chemistry study synthesis and the physiochemical properties of
heterocyclic molecules and investigate the important applications for them in different fields of the life.'* The
availability of natural raw material and chemical process that can be applicable in this branch of chemistry opens the
sky for chemist and scientists to use those raw material and chemical process in modification some known
compounds or synthesis new chemicals with multiple purposes.*® Heterocyclic compounds classified probably as
the biggest brand in organic compounds.” '© A good example of such those compounds [3], which pass through
some synthetics modification and transformation to produce useful derivatives. This compound was subjected to
coupling with aniline and many substituted aniline to yield two new series shows cytotoxicity against breast cancer
cell line AMJ13.!"" .Another series derived from this compounds show a good results against lymphatic cell in
metaphase in human blood.'? In the current study we would like to enhanced the properties of this heterocyclic
compound through synthesis new series by coupling with haled alkyl with different chain length via Williamson
reaction aiming to get amphiphilic structures with both biological activity and surface active properties.

MATERIAL AND METHODS:

Materials

Chemicals were furnished by Fisher scientific, Fluka, Merck and Aldrich suppliers POCl;, DMF, DMSO, NaOH,
CDCl;, NaSOs4, potassium carbonate, Phenyl hydrzinhydrochloride, isoproylmethylketone acetic acid, 2-
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aminophenol, and sodium acetate. They were used as received without further purification. The melting points of
the target surfactants were measured by open capillary melting point apparatus without further corrections.

Instruments

The IR spectroscopy was recorded by a Perkin-Elmer Spectrum 400 ATR-FT-IR spectrometer. 1H and *C NMR
spectroscopy were done by using AVN Bruker 400 and 600MHz FT NMR spectrometer and JEOL Lambda 400
MHz FT-NMR spectrometer. Tetramethylsilane TMS was used as internal standard. Deuterated 1,4-dioxane-d§
CD,Cl, were used as solvents. Elemental analysis was performed using Perkin Elmer CHNS/O 2400 series 11
elemental analyzer.

Synthesis of 2,3,3-trimethyl-3H-indole [1].

A mixture of phenyl hydrzinhydrochloride and isoproylmethyl ketone (Immole from each), and (0.5 mmole) of
acetic acid was refluxed with (5 ml) Of ethanol for 2 hours at 117 °C with continuous stirring. The mixture was
cooled down after TLC indicates the end of the reaction. NaOH (1M) was added for neutralization of the solution
and diluted with about (100ml) of water. After three times extraction with (50 ml) CDCl3, then Na>SO4 applied for
drying The solvent was evaporated by available means and the yield subjected to purification to produce pure brown
oily indolenines [1] in 90% yield.'3-1¢

Synthesis of 2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-malonaldehyde [2].

The Vilsmeier reaction was applied to synthesis this compound by adding POCI; (60 mmole, 6Ml) drop by drop to
about (30 MI) of DMF with cooling and contentious stirring for about 20 minutes at 0 °C. Compound [1] dissolved
in (10 MI) DMF and added to the later solution with heating to about 75°C and stirring for nearly 6 hours. After the
reaction solution cool down by addition of crushed ice, (3g) of sodium acetate added with stirring. Compound [2]
crystals were formed and separated by filtration after 24 hours from the end of the reaction.!” '8

Synthesis of 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3].
2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-malonaldehyde [2] (1.075 g, 5 mmol) and (0.546 g, 5 mmol) of 2-
aminophenol in distilled ethanol (60 mL) and (3 mL) glacial acetic acid was added was refluxed in water a bath at
75°C for 5 h. The solvent was reduced and left over night at room temperature. Two days later, the brown crystals of
compound 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3] were collected. Yield is : 1.4g
92%.12

General Procedure Of Williamson Etherification

A solution of (0.150g, 0.500 mmol) of 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3]
dissolved in (10 mL) DMF, then, was added (0.28g, 2.00 mmol) of potassium carbonate. The mixture was stirring
for 20 min, after that (0.500 mmol) of corresponding alkyl halide poured to the solution and reflux 2 h at 85°C in
water bath. After 4h the reaction TLC was indicating to the end of reaction, the crude was extracted by chloroform
and water, evaporates the organic layer then, added (10 mL) of ethyl alcohol, and left outside. Yellow crystals had
been seen the next day, filtered off, washed by ethyl alcohol and dried using silica-gel. '°-2!

Synthesis of 3-(2-decyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde [4]

A solution of (0.150g,) of 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3] was reacted
with (0.112 g) of decane bromide according to the Williamson general synthesis procedure to yield (170g, 77%) of
compound [4]. Anal calcd. For C29H33N,0, (446.62): C, 77.99; H, 8.58; N, 6.27, Found: C, 78.03; H, 8.65; N 6.30.
IR data (cm-1): 3046 v(N-H), 2965 v(C-H aromatic), 2868 v(C-H aliphatic), 1664 v(O=CH), 1612 v(C=C), 1586
v(C=NH), 1446 v(CH,), 1240 v(C-N), 1165 v(C-0O) and 738 v(C-H bending) .'"H NMR (400MHz, DMSO-ds) &
(ppm): 14.06(d, 1H, J = 12.20Hz, NH), 9.76(s, 1H, CHO), 8.46(d, 1H, J = 12.20Hz, CH=N), 7.50(d, 1H, Ar-H),
7.42(d, 1H, Ar-H), 7.31(t, 2H, Ar-H), 7.23(d, 1H, Ar-H), 7.18(t, 1H, Ar-H), 7.03(m, 2H, Ar-H), 4.17(t, 2H, a-CH.),
2.04(cing, 2H, B-CH>),1.67(s, 6H, 2x CHj3), 1.56(cing, 2H, y-CH>), 1.24(bulk, 12H, CH>) and 0.89(t, 3H, CHj3).

13C and APT NMR (100 MHz, DMSO-ds) J (ppm): 187.44ppm (O=CH), 183.11ppm (Ar-NHC=C), 151.98, 149.36,
145.78 and 129.40 (4r-H), 127.32 (CH=N), 125.85, 125.85, 124.83, 120.95, 118.56, 115.58, 112.57 and 115.58 (4r-
H), 108.44ppm (C-C=0 69.14ppm (CH3C-CH3), 53.78, 31.87, 29.54, 29.29, 26.07 and 23.67 ppm(CH>), 22.67 ppm
(2x CH3 indole ring) and 14.11(CH3).

Synthesis of 3-(2-dodecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde [5]
A solution of (0.150g) of 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3] was reacted
with (0.125¢g) of dodecane bromide bromide according to the Williamson general synthesis procedure to produce
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(190g, 83%) of compound [5]. Anal. calcd. For C3;H4N>O, (474.68): C, 78.44; H, 8.92; N, 5.57 Found: C, 78.50;
H, 9.05 ; N 5.60. 'H NMR (400MHz, DMSO-ds) & (ppm): 13.96 (d, 1H, NH), 9.67(s, 1H, CHO), 8.36(s, 1H,
CH=N), 7.41(d, 1H, Ar-H), 7.23(d, 1H, Ar-H), 7.21(d, 2H, Ar-H), 7.12(m, 2H, Ar-H), 6.94(m, 2H, Ar-H), 4.08(t,
2H, a-CH>), 1.95(cing, 2H, p-CH>),1.57(s, 6H, 2x CHj3), 1.16(bulk, 18H, CH,) and 0.79(t, 3H, CH3).

Synthesis of 3-(2-tetradecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde
[6]

A solution of (0.150g) of 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3] was reacted
with (0.139g) of tetradecan bromide bromide according to the Williamson general synthesis procedure to give
(0.200g, 80%) of compound [6]. Anal calcd. For C33H4sN>O» (502.73): C, 78.84; H, 9.22; N, 5.57. Found: C, 78.80;
H, 9.27; N 5.61. 'H NMR (400MHz, DMSO-ds) & (ppm): 13.94 (d, 1H, NH), 9.66(s, 1H, CHO), 8.36(s, 1H, CH=N),
7.41(d, 1H, Ar-H), 7.23(d, 1H, Ar-H), 7.21(d, 2H, Ar-H), 7.13(t, 1H, Ar-H), 7.08(d, 1H, Ar-H), 6.94(m, 2H, Ar-H),
4.07(t, 2H, a-CH>), 1.94(cinq, 2H, p-CH>),1.57(s, 6H, 2x CHj3), 1.46 (cing, 2H, y-CH>), 1.19(bulk, 20H, CH>) and
0.78(t, 3H, CH3).

Synthesis of 3-(2-hexadecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde
(71

A solution of (0.150g) of 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3] was reacted
with (0.153g) of hexadecan bromide bromide according to the Williamson general synthesis procedure to yield
(0.22¢g, 85%) of compound [7]. Anal calcd. For C3sHsoN.O» (530.78): C, 79.20; H, 9.49; N, 5.28. Found: C, 79.16;
H, 9.60; N 5.32. 'H NMR (400MHz, DMSO-ds) & (ppm): 13.96 (d, 1H, J = 11.10Hz, NH), 9.66(s, 1H, CHO),
8.36(d, 1H, J = 11.10Hz, CH=N), 7.42(d, 1H, Ar-H), 7.33(d, 1H, Ar-H), 7.20(d, 2H, Ar-H), 7.12(t, 1H, Ar-H),
7.08(d, 1H, Ar-H), 6.92(m, 2H, Ar-H), 4.08(t, 2H, a-CH>), 1.93(cing, 2H, f-CH>),1.44(s, 6H, 2x CHj3), 1.27 (cing,
2H, y-CH,), 1.17(bulk, 24H, CH>) and 0.79(t, 3H, CHj3). 3C and APT NMR (100 MHz, DMSO-ds) § (ppm):
187.45ppm (O=CH), 183.10 ppm (Ar-NHC=C), 151.96, 149.37, 145.77 and 129.40 (4r-H), 127.32 (CH=N), 125.86,
125.86, 124.83, 120.95, 118.56, 115.58, 112.57 and 115.58 (4r-H), 108.44ppm (C-C=0 69.15ppm (CH3C-CH3),
53.47,31.93, 29.54, 29.06, 26.06 and 23.67 ppm(CH3), 22.70 ppm (2x CH3 indole ring) and 14.13(CH3).

Synthesis of 3-(2-octadecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde
8]

A solution of (0.150g) of 2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3] was reacted
with (0.167 g) octadecan bromide bromide according to the Williamson general synthesis procedure to yield (0.24g,
89%). Anal caled. For C37Hs4N2O, (558.84): C, 79.52; H, 9.74; N, 5.01. Found: C, 79.47; H, 9.85; N 4.90. '"H NMR
(400MHz, DMSO-ds) & (ppm): 14.06(d, 1H, J = 11.01Hz, NH), 9.76(s, 1H, CHO), 8.46(d, 1H, J = 11.01Hz,
CH=N), 7.50(d, 1H, Ar-H), 7.32(d, 1H, Ar-H), 7.21(d, 2H, Ar-H), 7.04(d, 1H, Ar-H), 7.03(t, 1H, Ar-H), 7.01(m,
2H, Ar-H), 4.17(t, 2H, 0-CH>), 2.04(cing, 2H, p-CH>),1.66(s, 6H, 2x CHj), 1.55 (cing, 2H, y-CH>»), 1.28(bulk, 28H,
CHb») and 0.90(t, 3H, CH3).

General Methods For Biological Activity Measurements
A Kirby-Bauer disc diffusion method was applied to measure the biological activity for this series of compounds
using Mueller-Hinton agar. Ampicillin used as standard bioactive agent for bacteria, while Amphotericin B was used

as standard for fungi. DMSO solvent was used as a negative control.?>® (For more details see the supplementary
file)

Critical Micelle Concentration (CMC)

KSV Sigma tensiometer was used to measure the critical micelle concentration (CMC) based on DuNouy methods.?’
(For more detail see supplementary files)

Emulsifying Test

Emulsifying test was done the methods suggested by Yokoyama and et al using special formula containing methyl
laurate and the surfactants.?® (For more details see supplementary file)
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RESULTS AND DISCUSSIONS

Synthesis

Cl<

TN
NH

POCL/DME o

CH;COOH ,20h ih stirring in ice b
reflux at 117°C

ath3h reflux

2ml CH,COOH

BLOH, Reflux 2 h

- K,CODMFE/2H reflux
RBr

1 R= -(CIL,),CH;
I R=-(CHy);CH;
] R=-(CH,);;CH;
] R=-(CH,)5CHa
I R=-(CHy;CH;

FIGURE 1. Synthetic scheme of the new series

Synthetic scheme of the final product are shown in figure 1 step by step. The synthesis started from the reaction
between Phenyl hydrzinhydrochloride and isoproylmethyl ketone in present of acetic acid to get 2, 3, 3-trimethyl-
3H-indole [1] via Fischer reaction. The later was treated with POCl; in DMF via Vilsmeier-Haack reaction to
produce 2-(3, 3-dimethyl-1, 3-dihydro-indol-2-ylidene)-malonaldehyde [2], which easily converted to the precursor
2-(3,3-dimethylindolin-2-ylidene)-3-(2-hydroxyphenylimino) propanal [3] by the reaction with 2-aminophenol in
present of glacial acetic acid. New series of five ether derivatives build from this precursor by Williamson reaction
with four alkyl halide (Cio, Ci2, Ci6, Ci3) in present of potassium carbonate. The structure and purity of those four
synthesized compound is confirmed by CHN analysis and spectroscopy. The hygroscopic properties of the
synthesized derivatives and limitation of instruments led to some deviation in hydrogen element calculations in
elemental analysis. While both carbon and nitrogen shows acceptable value in comparing with the theoretical
calculations.

IR spectrum was run for compound [4] which is show the absorptions of (N-H) 3046 cm™ ,(C-H) aromatic at 2965
cm’!, (C-H) aliphatic 2868 cm™!, (O=CH) at 1664 cm’!, (C=C) at 1612 cm’!, (C=NH) at 1586 cm™!, (CH»)1446 cm’!,
(C-N) at 1240 cm’!, (C-O) at 1165 cm and (C-H bending) at 738 cm™. '"H NMR spectrums (figure 2) for the
synthesized compounds show a doublet at 6 =14.06 for 1H of (NH), singlet at 5 =9. 76 for 1H of ( CHO), doublet
at 6= 8.46 for 1H of (CH=N), doublet at 5= 7.50 for (1H, Ar-H), doublet at 5 =(7.32-7.42) for 1H of (Ar-H),triplet
at 6= 7.31 for 2H of (Ar-H), doublet at 6 =(7.21-7.23) for 1H of (Ar-H), triplet at § =(7.04-7.18) for 1H of (Ar-H),
multiplet at &= 7.03 for 2H of (Ar-H), triplet at 6=4.17 for 2H of (a-CH>), cinq. at 6 =2.04 for 2H of (5-CH>),
singlet at 6 =(1.66-1.67) for 6H (2x CHj3), cing. at 6 =(1.55-1.56) for 2H of (y-CH>),bulk at & =(1.24-1.28) for 12H
(CH:) and triplet at 5 =(0.89-0.90) for 3H of (CHj3).
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FIGURE 2. 'H NMR for3-(2-decyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde [4]

13C NMR spectrums support the formation the mentioned compounds since they are show peak at 187.44ppm
assigned carbonyl carbon (O=CH), peak at 183.11ppm attributed (Ar-NHC=C),while the four peaks between
151.98-129.40 is assigned to (4r-H), peak at 127.32 for (CH=N),and the eight peaks in between 125.85- 115.58 are
belong to (4r-H), the peak at 108.44ppm (C-C=0 , another one at 69.14ppm for (CH3C-CH3s), and the bulk is
located between 53.78-23.67 ppm( CH>), the peak of the two methyl attached to indole ring is at finally the terminal
methyl is at 14.11(CHs).( for more detail about NMR spectrum .(see supplementary material for more data about
NMR analysis or the other synthesized compounds)
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FIGURE 3. *C NMR for3-(2-decyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde [4]

Biological Activity
The bioactivity for all the target synthesized derivatives were investigated contra Gram-positive bacteria (Bacillus

subtilis, Bacillus cereus) and Gram-negative bacteria (Pseudomonas aurignosa, Enterobacter aerogenes), in addition
to two fungi (Penicillium italicum, Fusarium oxysporum). Table (1) shows the outcome of this investigation, which
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is exhibit an excellent activity for 3-(2-decyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-
propionaldehyde [4] and 3-(2-dodecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-
propionaldehyde [S] especially toward Bacillus cereus, Enterobacter Aerogenes and Fusarium oxysporum. While the
other compounds 3-(2-tetradecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde
[6], 2-hexadecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde [7] and 3-(2-
octadecyloxy-phenylimino)-2-(3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-propionaldehyde [8] exhibit low activity
the for two reasons. The first reason reducing the accessibility to critical regions of the bacteria and fungi by the
later compounds due to the shielding that may happen because of the long alkyl group, While the second reason may
belong to the poor solubility of this compound in water at room temperate due to the hydrophilic- hydrophobic
imbalance because of containing too long alkyl group comparing to the hydrophilic polar group. The result for
compound [4&S3] is still compatible with the biological activity of the other heterocyclic compound.?*-3!

TABLE 1. Biological activity measurements for the synthesized compounds

Sample Gram positive | Gram negative Fungai
bacteria bactera
= g
= = = E
sz2lz.|EE|25 |28 g
== |l= 3 & | B |'S 3 |5
5=l B = 3 z = 2= |2 &
Sa|ES |22 |22 |ES |28
Control: 0.0 0.0 0.0 0.0 0.0 0.0
DMSO
"_3:. Ampicillin 18 17.3 21 22 11 12.5
Z | Antibacterial
Z | Amphotericin | 9.3 13 16 17.2 18 20
B Antifungal
- [4] 9 17 11 20 11 20
5 5] 7.7 13 9 15 9 15
) [6) 7 9 7.5 10 7.5 10
L‘% (7] 6 8 7 9.4 7 8.4
(8] 6 7 6 8 7 7.5

Surface Active Properties

The synthesized compounds exhibit moderate solubility in water at 25 °C and relatively high Krafft temperature.
Water solubility and the value of krafft temperature reflect the degree of the high interaction between the
synthesized compounds molecules through hydrogen bonding. This is the main reason for the relatively high Krafft
temperature for compounds of the new series. The Krafft temperature for surfactants compounds [4-7] increased by
increasing the number of the carbon atoms in the alkyl groups as shown in table 2. This behavior and demonstrate
the increasing of the hydrophobicity.

The critical micelle concentrations (CMC) listed in table (2) was measured by DuNouy ring based on surface tension
calculation, which was carried out for the series of the target compound solutions with different concentrations. The
surface tensions and CMC values for this series are about (29-33 mN/m at CMC 0.5 mmol/L. Those values are
compatible with previously reported value of the heterocyclic containing surfactants: 3
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TABLE 2. Physical and emulsions properties of the synthesized compounds

Com. | Chain CMC investigation Mp Phase
No. L.ength L separation time
CMC | Surface | 1.7
mmol | tension | C
/1. mN/m
[4] 10 29 0.6 25 126- | 2 days
127
51 12 30 0.55 28 134~ | 3 days
136
6] Cl4 31 0.50 32 140~ | 7 days
142
171 16 33 0.46 39 146~ | = a month
| 148
8] C18 3s 0.52 45 153- | < a month
155

To evaluate emulsions properties test was done according to procedures suggested by Yokoyama and et al in 2001.
The results were listed in table (2) which indicate to very good separation times for the long alkyl group surfactants
[Ci6 and Cig], Both stay for more than a month without phase separation, while the shorter alkyl groups [Cio, Cia,
C14] show separation period within a week. The emulsion transformed a gel after about 21 days, which to heat for
about 40 °C to back to liquid again.

CONCLUSION

It can be concluding that the new compound with heterocyclic core containing long alkyl group chain
show both biological active against some kind of bacteria and fungi in addition to ability for reducing the
surface tension of water. Those two properties make the target compounds useful for pharmaceutical and
industrial applications.

ACKNOWLEDGEMENT

The authors thank both departments of chemistry in college of medicine and college of sciences, in Diyala
University, Republic of Iraq, for supporting this research.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests regarding the publication of this paper.

REFERENCES
1. M. I A. Syed Sabir, Ahmed Aidid Ibrahim, Catalysis for Sustainable Energy 2 (99-115) (2015).
2. H. H. Sami Sajjadifar, Kaushik Pal, Journal of Chemical Reviews 1 (1), 35-46 (2019).
3. N. M. Aljamali, International Journal of Current Research in Chemistry and Pharmaceutical Sciences

1(9), 88-120 (2014).

4. S. A. K. Irina G. Tkachenko, Eugene S. Gladkov, Vladimir I. Musatov, Valentyn A. Chebanov, Sergey
M. Desenko, Chemistry of Heterocyclic Compounds 55 (4/5), 392-396 (2019).

5. ). B. Julio Alvarez-Builla in Modern Heterocyclic Chemistry, First Edition (Wiley-VCH Verlag GmbH
and Co. KGaA, 2011), pp. 1-10.

6. V. A. Pragi Arora, H.S. Lamba , Deepak Wadhwa, International Journal of Pharmaceutical Sciences
and Research 3 (9), 2947-2954 (2012).

7. C. B. Vincenza Barresi, Domenico A. Cristaldi, Maria N. Modica,Nicoldo Musso Valeria Pittala,
Loredana Salerno, Cosimo G. Fortuna, Journal of Chemistry 2017, 1-10 (2017).

030004-7


https://doi.org/10.1515/cse-2015-0009
https://doi.org/10.33945/SAMI/JCR.2019.1.3546
https://doi.org/10.1007/s10593-019-02470-0
https://doi.org/10.1155/2017/9729284

8.

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

P. S. J. Abhinandan A. Alman, Rajshekhar M. Chimkode, International Journal of Pharmacy and
Pharmaceutical Research 10 (2), 354-366 (2017).

J. J. Pedro Martins , Sofia Santos , Luis R. Raposo Orcl D, Catarina Roma-Rodrigues , Pedro Viana
Baptista , Alexandra R. Fernandes, Molecules 20 (9), 16852-16891 (2015).

S. K. Saigal, Habibur Rahman, b Shafiullah , Md. Musawwer Khan, RSC Advances 9, 14477-14502
(2019).

F. L. F. Rusul Adnan Nafia Journal of Pharmaceutical Sciences and Research 11 (4), 1319-1326
(2019).

F. L. F. Aseel Faeq Ghaidan, Zaynab Saad Abdulgany, Oriental Journal of Chemistry 34 (1), 169-181
(2018).

C.I.S. K. H. K. H. Pausaker, Naturevolume 163, 289-290 (1949).

S. R. Majid M. Heravi, Vahideh Zadsirjan , Nazli Zahedi, RSC Advances 7, 52852-55288 (2017).

H. V. Sami Sajjadifar , Abdolhossien Massoudi , Omid Louie, Molecules 15, 2491-2498 (2010).

S. S. ML.A. Zolfigola, Gh. Chehardolic, N. Javaherneshana, Scientia Iranica 21 (6), 2059-2065 (2014).
M. m. Malose J. Mphahlele , M. Mmonwa, Organic & Biomolecular Chemistry 17 (8), 2204-2211
(2019).

M. R. Angel Guzman, Joseph M. Muchowski, Canadian Journal of Chemistry 68 (5), 791-794 (1990).
A. S. Yina Péjaro, Esneyder Puello-Polo, Astrid Pérez, Gustavo Romanelli, Jorge Trilleras, Hindawi
Journal of Chemistry 2017, 1-7 (2017).

Z. N. Mosstafa Kazemia, Homa Kohzadia, Mohsen Sayadia, Amin Kazemia, Iranian Chemical
Communication 1, 43-50 (2013).

M. G. T. Nornadia Jasin, Hashimatul Fatma Hashim, Malaysian Journal of Analytical Sciences 21 (5),
1195-1202 (2017).

M. S. A. Abdelmotaal Abdelmajeid, Reda Ali Hassan, International Journal of Organic Chemistry, 7,
346-368 (2017).

A. W. Bauer, Kirby, W.M., Sherris, C. and Turck, M., American Journal of Clinical Pathology 5, 493-
496 (1966).

L. D. Liebowitz, Ashbee, H.R., Evans, E.G.V., Chong, Y., Mallatova, N., Zaidi, M. and D. and Gibbs,
Diagnostic Microbiology and Infectious Disease 4, 27-33 (2001).

M. J. Matar, Ostrosky-Zeichner, L., Paetznick, V.L, Rodriguez, J.R., Chen, E., Rex, J.H., Antimicrobial
Agents and Chemotherapy 47, 1647-1651 (2003).

A. F. W. R. El-Sayed Journal of the Chinese Chemical Society, 52, 129-135 (2005).

P. L. du Nolly, The Journal of General Physiology 7 (5), 625—633 (1925).

S. Yokoyama, Kouchii, J., Tabohashi, T., Harusawa, F., Yamaguchi, A., Sakai, H. , Abe, M, Chemical
and Pharmaceutical Bulletin 49, 1331—1335 (2001).

A. P. Giovanni Palmisano, Massimo Sisti, Francesco Tibiletti, Stefano Tollari, Kenneth M, Current
Organic Chemistry 14 (20), 2409 (2010).

A. M. K. E.-D. Mostafa Sayed, Mostafa Ahmed & Reda Hassanien, Synthetic Communications 48 (4),
413-421 (2018).

R. M. P. Ashok Gajapathi Raju, K. Venu Gopal, J. Sreeramulu, D. Maheswara Reddy, K. P.
Krishnamurthi and S. Rajasekhar Reddy, Journal of Chemical and Pharmaceutical Research 5 (10),
21-27 (3013).

030004-8


https://doi.org/10.3390/molecules200916852
https://doi.org/10.1039/C9RA00630C
https://doi.org/10.13005/ojc/340119
https://doi.org/10.1039/C7RA10716A
https://doi.org/10.3390/molecules15042491
https://doi.org/10.1139/v90-125
https://doi.org/10.1155/2017/6175315
https://doi.org/10.1155/2017/6175315
https://doi.org/10.4236/ijoc.2017.74029
https://doi.org/10.1093/ajcp/45.4_ts.493
https://doi.org/10.1016/S0732-8893(01)00243-7
https://doi.org/10.1128/AAC.47.5.1647-1651.2003
https://doi.org/10.1128/AAC.47.5.1647-1651.2003
https://doi.org/10.1002/jccs.200500020
https://doi.org/10.1085/jgp.7.5.625
https://doi.org/10.1248/cpb.49.1331
https://doi.org/10.1248/cpb.49.1331
https://doi.org/10.2174/138527210793358277
https://doi.org/10.2174/138527210793358277
https://doi.org/10.1039/C8OB03040E
https://doi.org/10.1080/00397911.2017.1403627

