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A B S T R A C T

A novel tetradentate Schiff base ligand, (E)‐3‐((2‐((E)‐(1‐(2‐hydroxyphenyl)ethylidene)amino)ethyl)imino)‐N‐
phenylbutanamide (HEAc) and its VO(IV), Cr(III), Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes have been
synthesized. Ligand, HEAc was characterized analytically and spectroscopically. Physico‐chemical methods
like elemental analysis, molar conductance, magnetic susceptibility measurement and IR‐ and UV–vis spectral
measurements were employed for the characterization of the complexes. The cytotoxic activities of ligand and
its Cr(III), Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes have been evaluated. In‐vitro cytotoxicity studies
on ligand and its metal complexes showed potential cytotoxicity against Dalton’s Lymphoma Ascites (DLA) cell
lines. Antitumour activities of this Cu(II) complex was studied using Daltons Lymphoma Ascites cell‐induced
solid tumour model and Ehrlich's Ascites Carcinoma cell‐induced ascites tumour model. Treatment with the
Cu(II) complex at three different concentrations (15, 10 and 5 mg/kg body weight) subdued the solid tumour
growth in experimental mice and increased the mean survival rate and the life span of Ascites tumour bearing
mice in a concentration dependent manner. The copper complex showed highest antitumor activity and cyto-
toxicity with an IC50 value of 47 μg/ml. It was observed that all the metal complexes were more potent bacte-
ricides and fungicides than the free ligand, HEAc and copper complex showed high antimicrobial activity than
the others.
1. Introduction

Schiff bases derived from the condensation of diamines with car-
bonyl compounds represent an important class of chelating agents.
They can be obtained by condensing diamines with carbonyl com-
pounds in 1:2 M ratio [1–5]. Several such symmetrical Schiff bases
of 1,2‐ and 1,3‐ diamines, where one and the same type of simple alde-
hydes or ketones are condensed on both nitrogen atoms and their com-
plexes are reported [6–15]. However, unsymmetrical Schiff bases of
diamines where two different carbonyl compounds are conducted on
the nitrogen atoms are very rare [16,17]. There is a possibility for
the formation of bridged bimetallic or even polymeric complexes in
the case of these Schiff bases [18,19]. These metal complexes exhibit
interesting structures and geometries. Therefore, these complexes have
numerous applications in biological‐ [20–25], analytical‐ [26] and
industrial fields [27–31].
In the present study, we synthesized a novel tetradentate Schiff
base ligand, (E)‐3‐((2‐((E)‐(1‐(2‐hydroxyphenyl)ethylidene)amino)eth
yl)imino)‐N‐phenylbutanamide and its VO(IV), Cr(III), Mn(II), Fe
(III), Co(II), Ni(II) and Cu(II) complexes. The ligand was characterized
analytically and spectroscopically by elemental analysis, IR‐, 1H NMR‐
and UV–Vis spectral techniques. The physico‐chemical methods like
elemental analysis, molar conductance, magnetic susceptibility mea-
surement and IR‐ and UV–vis spectral measurements were employed
for the characterization of the complexes. The ligand and its Cr(III),
Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes have been tested
for their cytotoxic activities and anticancer activity. The ligand, HEAc
and its metal complexes were screened for antibacterial activity
against three gram positive bacteria, Bacillus, Staphylococcus, Strepto-
coccus and three gram negative bacteria, Escherichia coli, Klebsiella
and Pseudomonas respectively and antifungal activity against the fun-
gal cultures, Pencillium, Fusarium and Aspergillus species.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.rechem.2021.100129&domain=pdf
https://doi.org/10.1016/j.rechem.2021.100129
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:subinnhc@gmail.com
https://doi.org/10.1016/j.rechem.2021.100129
http://www.sciencedirect.com/science/journal/22117156
http://www.elsevier.com/locate/rechem


Fig. 1. Structure of the ligand, HEAc.
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2. Results and discussions

2.1. Characterization of the ligand

The novel Schiff base ligand, (E)‐3‐((2‐((E)‐(1‐(2‐hydroxyphenyl)e
thylidene)amino)ethyl)imino)‐N‐phenylbutanamide, HEAc (Fig. 1)
derived from o‐hydroxyacetophenone, acetoacetanilide and 1, 2‐
ethylenediamine, was yellow colored crystals, soluble in polar aprotic
solvents like DMSO and non polar organic solvent, benzene, etc. The
homogeneity and purity of the ligand was tested by TLC technique.
Melting point (185 °C) of ligand was determined using a Fisher‐
Johns apparatus [32].
2.1.1. 1H NMR spectrum
The 1H NMR spectrum of the novel ligand, HEAc was recorded in

DMSO d6. The spectrum showed a number of peaks that were charac-
teristic of the compound [33,34]. A sharp singlet at 9.20 ppm may be
assigned to the –NH proton of acetoacetanilide moiety. The signals
observed in the range, 7.18–7.60 ppm may be assigned to the different
aromatic protons of acetoacetanilide moiety. A singlet at 3.20 ppm
may be attributed to the active methylene protons of acetoacetanilide.
The signals observed in the range, 6.88–7.49 ppm may be assigned to
aromatic protons of o‐hydroxyacetophenone moiety. A singlet
appeared at 4.65 ppm may be attributed to the –OH proton of the o‐
hydroxyacetophenone. The triplet peak appeared at 2.68 ppm was
assigned to the methylinic proton of the ethylenediimine moiety.
The inductive effect of the nitrogen atoms might be responsible for
the higher value. A singlet appeared at 1.95 ppm may be assigned to
the protons of the –CH3 group on either sides of the imine group.
2.1.2. IR spectrum
IR spectrum of ligand showed a medium intensity band at 3160 and

a strong one at 1655 cm−1, characteristic of ν‐NH‐ and ν
–C=O of amide

group (‐CO‐NH‐), respectively. The bands present at 1633 and
1231 cm−1 were assigned to ν‐C@N and ν@N‐C‐, respectively. A band
at 3063 cm−1 may be assigned to the aromatic ν=CH and another
one at 2905 cm−1 to the ν

–CH of methylene group. The bands at
2967 and 2939 cm−1 may be due to symmetric‐and asymmetric
stretching vibrations of CH2 group. A broad band at 3445 cm−1 may
be assigned to phenolic ν

–OH of o‐hydroxyacetophenone moiety. The
characteristic bands due to the stretching of >C@O in the acetoac-
etanilide and o‐hydroxyacetophenone, in the range,
1648–1660 cm−1 were not present in the spectrum of the ligand,
which indicated the complete condensation of the carbonyl com-
pounds with 1,2‐ethylinediamine. A sharp band at 1215 cm−1 may
be assigned to the ν

–OCH3 of ethoxy group.
Table 1
Molar conductance of complexes in DMSO.
2.1.3. UV–visible spectrum
The UV–visible spectrum of the ligand, HEAc was recorded in

DMSO at room temperature. The peak at 238 nm may be due to
π → π* transition of aromatic part of the ligand. Another peak at
344 nm may be due to n → π* transition of the non‐bonding electrons
present on the oxygen of the keto (˃C@O) group and nitrogen of the
azomethine (>C@N) groups in the ligand [35]. Based on the above
data, the following structure was assigned to HEAc (Fig. 1).
Si. No Complexes Ʌm (Ω−1 mol−1 cm2)

1. [(VO)L] 39
2. [CrL(H2O)Cl] 35
3. [MnL(H2O)2] 20
4. [FeL(H2O)Cl] 40
5. [CoL] 34
6. [NiL] 28
7. [CuL] 23

L = C20H23N3O2.
2.2. Characterization of metal complexes

All the complexes were found to be colored. They were non‐
hygroscopic and photo‐stable. They were soluble in DMF and DMSO
but only sparingly soluble in other common organic solvents. The data
obtained from analytical and molar conductance studies in DMSO
showed that the complexes have the formulae as shown given below.
Aqua complexes were obtained for Cr(III), Mn(II) and Fe(III). The
2

magnetic‐ and various spectral data also confirmed the suggested
molecular formulae.
2.2.1. Molar conductance data
The molar conductances at room temperature were determined

using 10‐3 M solutions of the complexes in DMSO and are given in
the Table 1. The values were in the low range, 13–40 Ω−1 mol−1 cm2

indicating its weak electrolytic nature of the complexes and accord-
ingly, they were assigned formulae. Analytical data and spectral stud-
ies also supported the suggested molecular formulae (Table 1).
2.2.2. Magnetic moment
The magnetic susceptibilities of the complexes were measured

using the Gouy balance at room temperature. Hg[Co(NCS)4] was used
as the celebrant. Diamagnetic corrections were applied using Pascal
constants for atoms and structural units of the complexes [36]. The
magnetic susceptibilities, diamagnetic corrections and the effective
magnetic moment values were calculated. The magnetic moment val-
ues are given in the Table 2.

In the present investigation, the VO(IV) complex of HEAc showed a
magnetic moment 1.71B.M. The Cr(III) complex showed a magnetic
moment value of 3.89 B.M., which indicated its octahedral geometry.
In the present case, the Mn(II) complex exhibited a magnetic moment
value of 5.90 B.M. indicating its octahedral geometry [37]. Fe(III)
complex showed a magnetic moment value at 5.89 B.M, which may
be due to its to its high‐spin octahedral geometry. The present case
Co(II) complex showed a magnetic moment value of 4.79 B.M which
may be attributed its tetrahedral structure. The Ni(II) complex exhib-
ited a magnetic moment of 3.39B.M indicating its tetrahedral geome-
try [38]. The observed magnetic moment of Cu(II) complex was 2.00
B.M. indicating its tetrahedral geometry (Table 2).
2.2.3. IR spectra
As a versatile technique for structural chemical studies, the IR spec-

troscopy is extremely helpful for the identification and characteriza-
tion of compounds and in assigning geometries to them. The
significant vibrational bands of novel HEAc, its metal complexes and
the assignments are given in Table 3.



Table 2
Magnetic moment data of complexes.

Si No: Complexes µeff* (B.M)

1. [(VOL] 1.71
2. [CrL(H2O)Cl] 3.89
3. [MnL(H2O)2] 5.90
4. [FeL(H2O)Cl] 5.89
5. [CoL] 4.79
6. [NiL] 3.39
7. [CuL] 2.00

* Effective magnetic moment, B.M = Bohr Magneton.
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The IR spectrum of the ligand showed a medium intensity band at
3100 and a strong one at 1655 cm−1, respectively, due to ν

–NH–

and
ν
–C@O of amide group (–CO‐NH–). The band at 1655 cm−1 was absent

in the spectra of all the complexes [39]. This indicated that –NH‐CO‐
CH2– (amide group) of acetoacetanilide moiety has undergone enolisa-
tion to –CH@C‐OH and coordinated to the metal ion after deprotona-
tion. This was supported by the appearance of new bands around
1115 cm−1 due to ν‐C‐O in the spectra of the complexes.

Band of medium intensity at 1633 cm−1 in the spectrum of ligand
may be assigned to ν‐C=N. However, in the spectra of all the complexes
this band shifted to a lower frequency region by 5 to 10 cm−1, indicat-
ing the participation of azomethine nitrogen atoms in coordination.
[40,41]

A band at 3063 cm−1 in the ligand spectrum may be assigned to the
aromatic ν

–CH and another one at 2905 cm−1 to the ν
–CH of the methy-

lene group [42]. A characteristic non‐ligand sharp band in the spec-
trum of VO(IV) complex at 961 cm−1 has been assigned to νV@O

[43]. Broad bands at ~3500–3460 cm−1 in the spectra of the com-
plexes of Cr(III), Mn(II) and Fe(III) were attributed to the hydroxyl
stretching modes of water molecules. In addition, strong bands
~870–980 and ~ 650 cm−1 suggested that the water molecules were
coordinated [44] Medium bands around 510–540 cm−1 and
415–450 cm−1 in the spectra all the complexes may be assigned
[45] to νM‐N and νM‐O, respectively. Bands at 400 and 410 cm−1 in
the spectra of Cr(III) and Fe(III) complex indicated the presence of
M−Cl bonds in these complexes. (Table 3.)
2.2.4. Electronic spectra
The electronic spectrum of [VOL] exhibited bands at 13,350,

19,400 and 24,200 cm−1, which were assignable to transitions,
2B2→

2E (ν1), 2B2→
2B1 (ν2), and 2B2→

2A1 (ν3), respectively. The geome-
try of this complex can be assigned as tetragonal pyramidal [51]. The
value of the magnetic moment for this complex was 1.71 B.M, which
indicated the presence of one unpaired electron in it [36].

In the spectrum of the Cr(III) complex investigated here two bands
observed at 16,800 and 22,300 cm−1 were assigned, respectively, to
4A2g →

4T1 and the 4A2g →
4T2g transitions characteristics of an octa-

hedral Cr(III) complex. A third band corresponding 4A2g → 4T1g (P)
Table 3
Significant bands in the IR spectra and their assignments.

Assignments and band frequencies (cm−1)

Compounds ν-C@N ν-amide ν-OH (H2O)

HEAc (LH2) 1633 3015, 1655 3445
[(VOL] 1620 3012, — ——
[CrL(H2O)Cl] 1618 3017, — 3405
[MnL(H2O)2] 1620 3018, — 3410
[FeL(H2O)Cl] 1615 3014, — 3595
[CoL] 1619 3014, —— ———
[NiL] 1621 3016, —— ——
[CuL] 1620 3014, —— ——

3

transition was also observed above 30400 cm−1 [37]. Magnetic
moment data also supported its octahedral geometry.

The brown coloured [MnL(H2O)2] exhibited bands at 14,100 cm−1,
20,400 cm−1 and 24,200 cm−1. They may be assigned to 6A1g →

4T1g,
6A1g → 4T2g and 6A1g → 4Eg transitions of an octahedral Mn(II)
complex.

The Fe(III) complex obtained here was found to be red and it reg-
istered two bands, one at 25,000 and another broad one at
20,000 cm−1 and were assigned to d‐d transitions in an octahedral
field [38]. Its magnetic moment value of 5.89B.M supported the octa-
hedral geometry.

The spectrum of Co(II) HEAc complex showed bands at 7640, 8750
and 15900 cm−1 and were assigned, respectively to the 4A2 →

4T2 (ν1),
4A2 → 4T1 (ν2) and 4A2 →4T1 (P) (ν3)42 transitions of a tetrahedral Co
(II) complex. The deep blue color of the complex and its magnetic
moment data supported this structure.

The Ni(II) complex investigated here exhibited three transitions
characteristic of tetrahedral geometry. Bands were identified at
7,340, 8,100 and 14,300 cm−1 and were assigned to 3T1 → 3T2,
3T1 → 3A2 and 3T1 → 3T1(P), respectively.

The 4‐ coordinate Cu(II) belongs to the d9 system. The spectrum of
Cu(II) HEAc complex showed an intense transition at 23,700 cm−1

and was assigned to the 2T2→
2E transition, which indicated its tetrahe-

dral geometry [39]. (Table 4).
2.3. Anticancer studies

2.3.1. Short-term in vitro cytotoxic analysis
Daltons lymphoma are extensively used as interesting model for

cancer research, especially antitumor study, because of its usefulness
in pre‐clinical system for evaluating new or known drugs in the treat-
ment of a variety of cancers. Dalton’s lymphoma is a transplantable T‐
cell lymphoma of impulsive origin in thymus of mice host. During the
late tumour bearing stages, DL growth has been shown to be associated
with a concomitant inhibition of humoral and cell mediated immune
responses concerning the abrogated functions of macrophages, B and
T cells [40].

The novel Schiff base ligand, HEAc and its Cr(III), Fe(III), Co(II), Ni
(II) and Cu(II) complexes exhibited striking cytotoxic activity against
Dalton Lymphoma Ascites cell line. The copper complex showed high-
est activity and the concentration required for 50% death (IC50) was
found to be 47 μg/ml (Table 5 & Fig. 2).
2.3.2. In vivo toxicity studies of the copper complex in mice
The results of toxicity studies of the Cu(II) complex on 24 Swiss

albino mice, 4 groups, at four concentrations (20, 15, 10 and
5 mg/kg) showed that 20 mg/kg was slightly toxic to the animals.
Therefore, 20 mg/kg dose was avoided and 15, 10 and 5 mg/kg dose
of copper complex were selected for the treatment of in vivo ascites
tumor, as they were nontoxic to the animals.
νΝ=C-O (enolised) ν-M−N ν-M−O ν-M−Cl

——— ——— — ——
1130, 1044 515 480 ——
1120, 1030 520 470 414
1120, 1019 523 474 —
1140, 1030 515 469 410
1124, 1071 519 480 ——
1115, 1080 515 484 —
1120, 1038 523 470 ——



Table 4
Electronic spectra of complexes and their assignments.

Si. No: Complexes Bands (cm−1) Assignments Geometry

1. [(VO)L] 13,350 2B2→
2E Tetragonal Pyramid

19,400 2B2→
2B1

24,200 2B2→
2A1

2. [CrL(H2O)Cl] 16,800 4A2g→
4T1 Octahedral

22,300 4A2g→
4T2g

3. [MnL(H2O)2] 14,100 6A1g →
4T1g Octahedral

20,400 6A1g →
4T2g

24,200 6A1g →
4Eg

4. [FeL(H2O)Cl] 20,870 6A1g →
4T2g Octahedral

24,200 CT
7,640 4A2 → 4T2

5. [CoL] 8,750 4A2 → 4T1 Tetrahedral
15,900 4A2 → 4T1(P)
7,340 3T1 → 3T2

6. [NiL] 8,100 3T1 → 3T2 Tetrahedral
14,300 3T1 → 3T1(P)

7. [CuL] 23,700 2T2 → 2E Tetrahedral

Table 5
Percentage of cytotoxicity of ligand, HEAc and its complexes.

Concentration (µg/ml) Percentage of Cytotoxicity

Complexes

Cr(III) Fe(III) Co(II) Ni(II) Cu(II) HEAc

200 51 71 72 58 85 37
100 44 51 52 44 72 25
50 32 42 43 31 57 17
20 21 37 33 24 30 13
10 11 32 26 14 23 7

Fig. 2. Cytotoxic action of ligand and its complexes.

Table 6
Effect of Cu(II) complex on survival rate of
Ascites tumour enduring mice.

Treatment (mg/kg) Survival rate (Days)

Control 15.2
15 18.6
10 19.6
05 22.0
Standard* 25.8

*Stndard drug, Cyclophosphamide
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2.3.3. Use of Cu(II) complex on reduction of ascites tumour development
Ehrlich ascetic Cell (ESC) tumor is a quickly growing carcinoma

with very belligerent behavior. It is capable to grow in almost all
strains of mice. The Ehrlich ascetic tumor implantation induces a local
inflammatory reaction with rising vascular permeability, which leads
to an extreme edema formation, cellular migration and a progressive
acetic fluid formation. The ascetic fluid is necessary for tumor growth
since it constitutes a direct nutritional source for tumor cells. As stated
above, Ehrlich ascites tumour is a hastily growing carcinoma. Mice
inoculated with 5 × 106 tumour cells have a life span of 25 days.
Exponential tumour growth was showed up to 8–10 days after tumour
induction and substantial changes in the energy and nitrogen metabo-
lism take place in the host tissues and organs. [41]
4

The animals in the tumour control group survived for a period of
15.2 days. Those treated with cyclophosphamide survived for
25.8 days. The copper complex at 15, 10 and 5 mg/kg increased the
survival rate of the animals by 18.6, 19.6 and 22 days, respectively
showed (Table 5). Thus, the copper complex was found to be effective
in increasing the average life span of the animals by 44.7, 29 and
22.3%, respectively, at 5, 10 and 15 mg/kg doses. (Tables 6 and 7.
and Figs. 3 and 4)
2.3.4. Effect of Cu(II) complex on reduction of solid tumour volume
30 Swiss Albino female mice (6–8 weeks old) weighing 23–28 g

were divided into 5 groups containing of 6 animals in each group
for the DLA cell induced solid tumor studies. Tumour was induced
by injecting DLA cells (0.1 ml of 106 cells per mouse) in to the right
hind leg of mice (Fig. 5). Group 1 was taken as control. Groups 2, 3
and 4 were treated with Cu(II) complexes. Group 5 was treated with
standard drug, cyclophosphamide. The tumor development on animals
of each group was assessed by measuring the diameter of tumour
growth in two perpendicular planes using a digital Vernier caliper
starting from 10th day of tumour induction up to 32th day. The average
(10 mg/kg).



Table 7
Effect of copper complex on increasing life span
rate of ascites tumour enduring mice.

Treatment (mg/kg) Increase in Life span (%)

Control –

15 22.3
10 29
05 44.7
Standard* 69.7

* Cyclophosphamide (10 mg/kg).

Fig. 3. Effect of Cu(II) complex on survival rate of ascites tumour enduring
mice.

Fig. 4. Effect of Copper complex on increasing life span rate of ascites tumour
enduring mice.

Fig. 5. Tumour was induced by injecting DLA cells in to the right hind leg of
mice (22nd day).
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tumour volume of each group was estimated using the simple formula,
V = 4/3πr12 r2, where r1 is the minor diameter and r2 is the major
diameter.

Tumour volume of the animals in the control group enlarged by
3.001 cm3 on 32th day, while in the case of animals treated with the
Cu(II) complex, there was a significant decrease of tumour volume.
In the case of the animals treated with a dose of 5 mg/kg, the volume
was 1.429 cm3, while at higher concentrations (15 and 10 mg/kg) the
tumour volumes were found to be 1.844 and 1.742 cm3, respectively.
In the case of the animals treated with standard drug, cyclophos-
phamide, the reduction in tumour volume was 0.698 cm3 (Table 8.
and Figs. 6–9).

In vitro cytotoxicity studies of HEAc and its Cr(III), Fe(III), Co(II),
Ni(II) and Cu(II) metal complexes showed potential activity against
DLA cell lines. CuCCu(II) complex showed highest activity with an
IC50 value of 47 μg/ml. In vivo EAC induced ascites antitumour and
DLA induced solid antitumour studies of Cu(II) complex of HEAc in
mice yielded interesting and promising results.

From the present studies, we have concluded that the copper com-
plex of HEAc is efficient against EAC‐induced ascites tumour. A dose of
5 mg/kg body weight concentration was more effective than the other
two concentrations (15 and 10 mg/kg b.wt). The in vitro cytotoxic
studies of the copper complex suggested its potential use as an anti-
cancer agent.
2.4. Results of antimicrobial activity

2.4.1. Antibacterial screening
The results of antibacterial activity of HEAc and its metal com-

plexes indicated (Table 9.) that the Cu(II) complex showed higher inhi-
bition than the other complexes. However, for the different species of
bacteria, these complexes exhibited variation in their activities. Thus,
the metal complexes were found to have higher antibacterial activities
than the free ligand, HEAc towards both gram‐positive and gram‐
negative bacteria.
2.4.2. Antifungal screening
The antifungal screening of HEAc and its metal complexes

(Table 10) indicated that the metal complexes were more potent than
the parent ligand. The studies revealed that all the metal complexes
were active towards the fungal stains in a concentration dependent
manner. From the studies, Cu(II) and Ni(II) complexes were found to
have higher activity.

All the metal complexes exhibited good antimicrobial activity
against selected bacteria and fungi. Cu(II) complex exhibited better
antimicrobial activity than the others. It was observed that all the
metal complexes were more potent bactericides and fungicides than
the ligand, HEAc. The antimicrobial activities of the Schiff base were
improved upon coordination with metal ions. This enhancement in the
activity can be explained on the basis of overtone‐ and chelation the-
ory [40].
3. Experimental

3.1. Materials and methods

The solvents used for the synthesis, extraction and recrystalization
of the ligand and the complexes were ethanol, methanol, chloroform,
DMF, DMSO, petroleum benzene, diethyl ether, etc. Commercially
available solvents, like ethanol and methanol were purified by stan-
dard methods [32]. Others were E. Merck reagent grade and were used
as such. The solvents, such as methanol and dimethyl formamide used
for spectral and conductivity measurements were of spectroscopic
grade.



Table 8
Effect of copper complex of HEAc on the reduction of tumour volume (cm3).

Dosage (mg/kg) *Tumour volume (cm3)

Observations (No: of days)

Initial 10th 10th 16th 19th 22nd 25th 28th 32th

Control 0.094 0.701 0.990 1.421 1.982 2.341 2.681 2.994 3.001
15 0.080 0.510 0.591 0.682 0.834 0.884 0.992 1.120 1.844
10 0.079 0.423 0.423 0.794 0.844 0.923 1.024 1.342 1.742
05 0.078 0.484 0.484 0.642 0.714 0.794 0.948 1.012 1.429
Standard 0.080 0.214 0.214 0.248 0.304 0.400 0.490 0.514 0.698

* Mean volume in cm3.

Fig. 6. Effect of copper complex of HEAc on solid tumour.

Fig. 7. Effect of copper complex of HEAc on solid tumour, standard and 5 mg/
kg.

Fig. 8. Effect of copper complex of HEAc on solid tumour, standard and
10 mg/kg.

Fig. 9. Effect of copper complex of HEAc on solid tumour, standard and
15 mg/kg.
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For the preparation of the ligand, o‐hydroxyacetophenone, acetoac-
etanilide and 1, 2‐ethylenedaimene was used. The metal salts used in
this study were of BDH AnalaR quality, VOSO4·H2O, CrCl3·2H2O,
MnSO4·5H2O, FeCl3·6H2O, CoCl2·5H2O, NiCl2·2H2O and CuCl2·2H2O
were purchased from E. Merck.

Reaction were monitored by thin‐layer chromatography (TLC) on
pre‐coated silica gel F254 plates from Merck and the compound were
visualized by exposure of UV light and kept in iodine chamber. Chro-
matographic columns of 70–230 mesh silica gel used for separation.
Melting point was determined using a Fisher‐Johns apparatus and
were uncorrected. C, H, N and S were estimated by making use of
Vario EL III CHNS analyzer. The IR spectra were record on a Jasco
FTIR‐4100 Spectrophotometer by using KBr pellet. The electronic
spectra in the range of 200–700 nm were obtained on UV–VIS spec-
trophotometer. 1H NMR spectrum in dimethyl sulphoxide (DMSO d6)
was recorded on a 500 MHz Brucker AV 500 FT NMR spectrometer.
3.2. Synthesis

3.2.1. (E)-3-((2-((E)-(1-(2-hydroxyphenyl)ethylidene)amino)ethyl)
imino)-N-phenylbutanamide (HEAc)

o‐Hydroxyacetophenone (0.025 mol) and acetoacetanilide
(0.025 mol) in minimum amount of methanol were added to 1,2‐
ethylenediamine (0.025 mol) in methanol in a 250 ml round bottom
flask. Added a few drops of mineral acid as dehydrating agent. The
mixture was refluxed for 3 hours as mentioned in Scheme 1. After
the completion of the reaction, the mixture was cooled in an ice bath
till the yellow crystals separated. Completion of the reaction was con-
firmed by thin‐layer chromatographic (TLC) studies on a pre‐coated
silica gel F254 plate from Merck. The product was filtered, washed with
ethanol and dried over anhydrous CaCl2. (Yield: 2.01 g, 61%) Anal.
Calculated for C20H23N3O2: C, 71.19; H, 6.89; N, 12.49. Found: C,
70.59; H, 7.09; N, 11.98 and m.p; 185 0C. Color: Pale yellow. UV/
vis; λmax (ε): 238 nm, 344 nm. IR spectrum, ν, cm−1: 1493 (Ar‐
C@C), 3445 (–OH), 3015, 1655 (–NH‐CO‐), 1231(‐C‐N), 1665
(C@O), 1250 (N‐N), 1633 (N@C), 1644 (N‐CH), 3065 (@C–H), 2921



Table 9
Antibacterial activities of HEAc and its complexes.*

Microorganisms Zone diameter (mm)

HEAc VO(IV) Cr(III) Mn(II) Fe(III) Co(II) Ni(II) Cu(II)

Stephylococcus 7 19 20 17 14 17 17 41
Streptococcus – 17 15 13 16 19 21 42
Bacillus 8 11 14 21 17 11 24 40
E. Coli – 13 21 18 11 14 13 51
Klebsiella 7 10 14 19 15 10 14 23
Psuedomonas 9 8 13 11 10 15 13 16

*Concentration, 5 mg/ml.

Table 10
Antifungal activity of HEAc and its complexes.*

Species Zone diameter (mm)

HEAc VO(IV) Cr(III) Mn(II) Fe(III) Co(II) Ni(II) Cu(II)

Pencillinium 4 14 14 13 14 15 21 30
Fusarium 5 12 11 11 12 17 19 27
Aspergillus 5 13 14 8 11 14 15 26

*Concentration, 5 mg/ml.

Scheme 1. Synthesis of ligand, (E)-3-((2-((E)-(1-(2-hydroxyphenyl)ethyli-
dene)amino)ethyl)imino)-N-phenylbutanamide (HEAc).
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(C–H asym.); 1H NMR spectrum, δ ppm (500 MHz, DMSO) 9.20 (1H, s,
–NH), 3.20 (2H, s, CH2), 3.67 (3H, s, CH3), 4.65 (1H, s, –OH), 2.68
(2H, t, CH2), 1.95 (3H, s, CH3), 7.18–7.60 (5H, m, Ar‐H), 6.88–7.49
(4H, m, Ar‐H)
3.3. Complexes

Ethanolic solution of the metal salt (0.005 mol taken in 20 ml etha-
nol) was added to a solution of the ligand (0.005 mol of HEAc in 20 ml
DMSO) and the mixture was refluxed for about 4 h. It was then cooled
and evaporated the solvent to reduce approximately half of the total
volume. The solid complexes formed were filtered off, washed several
times with petroleum benzene and finally with methanol and were
dried over anhydrous calcium chloride.
3.3.1. VO(IV) complex
Complex was found to be light green colored, non‐hygroscopic,

photo‐stable and soluble in DMF and DMSO. (Yield: 1.89 g, 59%, F*.
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Wt, 418.10) Anal. Calculated for VOC20H23N3O2: C, 57.42; H, 5.06;
N, 10.04, M, 12.18. Found: C, 56.97; H, 5.18; N, 10.21, M, 12.37
and m.p; 285 °C. Color: Yellow. Ʌm: 39 Ω‐1mol‐1cm2, µeff: 1.71 B.M,
UV/vis; λmax (ε): 413 nm, 515 nm, 749 nm. IR spectrum, ν, cm−1:
1488 (Ar‐C@C), 3012 (–NH), 1231(‐C‐N), 1660 (@O), 1250 (N‐N),
1633 (N@C), 1130, 1044 (‐N@CO–), 3065 (@C–H), 2921 (C–H asym.),
515 (M−N), 480 (M−O‐).
3.3.2. Cr(III) complex
Complex was found to be green colored, non‐hygroscopic, photo‐

stable and soluble in DMF and DMSO. (Yield: 1.5 g, 58%, F*.Wt,
440.08) Anal. Calculated for CrC20H25N3O3Cl: C, 54.49; H, 5.26; N,
9.53, Cl, 8.04, M, 11.79. Found: C, 54.61; H, 5.58; N, 09.71, Cl,
8.35, M, 12.01 and m.p; 270 0C. Color: Pale green. Ʌm: 35 Ω‐1mol‐
1cm2, µeff: 3.89 BM, UV/vis; λmax (ε): 448 nm, 595 nm. IR spectrum,
ν, cm−1: 1487 (Ar‐C@C), 3405 (–OH), 3017 (–NH), 1231(‐C‐N),
1651 (C@O), 1250 (N‐N), 1618 (N@C), 1120, 1030 (‐N@CO–), 3065
(=C–H), 2921 (C–H asym.), 520 (M−N), 470 (M−O‐), 414 (M−Cl).
3.3.3. Mn(II) complex
Complex was found to be brownish red colored, non‐hygroscopic,

photo‐stable and soluble in DMF and DMSO. (Yield: 2.01 g, 65%, F*.
Wt, 438.09) Anal. Calculated for MnC20H27N3O4: C, 54.80; H, 4.83;
N, 9.59, M, 12.53. Found: C, 55.00; H, 4.83; N, 9.59, M, 12.77 and
m.p; 280 0C. Color: Pale red. Ʌm: 20 Ω‐1mol‐1cm2, µeff: 5.90 B.M,
UV/vis; λmax (ε): 413 nm, 490 nm, 709 nm. IR spectrum, ν, cm−1:
1485 (Ar‐C@C), 3410 (–OH), 3018 (–NH), 1231(‐C‐N), 1660 (C@O),
1250 (N‐N), 1620 (N@C), 1120, 1019 (‐N@CO–), 3065 (=C–H),
2921 (C–H asym.), 523 (M−N), 474 (M−O‐).
3.3.4. Fe(III) complex
Complex was found to be dark brown colored, non‐hygroscopic,

photo‐stable and soluble in DMF and DMSO. (Yield: 1.6 g, 60%, F*.
Wt, 458.06) Anal. Calculated for FeC20H25N3O3Cl: C, 52.37; H, 4.61;
N, 9.16, Cl, 7.73, M, 12.17. Found: C, 52.66; H, 4.81; N, 9.37, Cl,
8.07, M, 12.29 and m.p; 295 0C. Color: Red. Ʌm: 40 Ω‐1mol‐1cm2,
µeff: 5.89 B.M, UV/vis; λmax (ε): 413 nm, 479 nm. IR spectrum, ν,
cm−1: 1490 (Ar‐C@C), 3595 (–OH), 3014 (–NH), 1231(‐C‐N), 1665
(C@O), 1250 (N‐N), 1615 (N@C), 1140, 1030 (‐N@CO–), 3065
(=C–H), 2921 (C–H asym.), 515 (M−N), 469 (M−O‐), 410 (M−Cl).
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3.3.5. Co(II) complex
Complex was found to be dark blue colored, non‐hygroscopic,

photo‐stable and soluble in DMF and DMSO. (Yield: 1.4 g, 54%, F*.
Wt, 410.09) Anal. Calculated for CoC20H23N3O2: C, 58.54; H, 5.16;
N, 10.24, M, 14.36. Found: C, 58.41; H, 4.91; N, 9.98, M, 14.41 and
m.p; 291 0C. Color: Brown. Ʌm: 34 Ω‐1mol‐1cm2, µeff: 4.79B.M, UV/
vis; λmax (ε): 628 nm, 1142 nm, 1308 nm. IR spectrum, ν, cm−1:
1489 (Ar‐C@C), 3014 (–NH), 1231(‐C‐N), 1650 (C@O), 1250 (N‐N),
1619 (N@C), 1124, 1071 (‐N@CO–), 3065 (=C–H), 2921 (C–H
asym.), 519 (M−N), 480 (M−O‐).
3.3.6. Ni(II) complex
Complex was found to be dark green colored, non‐hygroscopic,

photo‐stable and soluble in DMF and DMSO. (Yield: 2.11 g, 70%, F*.
Wt, 409.09) Anal. Calculated. for NiC20H23N3O2: C, 58.58; H, 5.16;
N, 10.25, M, 14.31. Found: C, 58.68; H, 4.98; N, 10.51, M, 14.02
and m.p; 295 0C. Color: Green. Ʌm: 28 Ω‐1mol‐1cm2, µeff: 3.39B.M,
UV/vis; λmax (ε): 699 nm, 1234 nm, 1362 nm. IR spectrum, ν, cm−1:
1485 (Ar‐C@C), 3016 (–NH), 1231(‐C‐N), 1655 (C@O), 1250 (N‐N),
1621 (N@C), 1115, 1080 (‐N@CO–), 3065 (=C–H), 2921 (C–H
asym.), 515 (M−N), 484 (M−O‐).
3.3.7. Cu(II) complex
Complex was found to be greenish blue colored, non‐hygroscopic,

photo‐stable and soluble in DMF and DMSO. (Yield: 2.5 g, 74%, F*.
Wt, 414.09) Anal. Calculated for CuC20H23N3O2: C, 57.89; H, 5.10;
N, 10.13, M, 15.31. Found: C, 57.95; H, 4.95; N, 10.25, M, 15.51
and m.p; 292 0C. Color: Greenish blue. Ʌm: 23 Ω‐1mol‐1cm2, µeff:
2.00B.M, UV/vis; λmax (ε): 421 nm. IR spectrum, ν, cm−1: 1487 (Ar‐
C@C), 3014 (–NH), 1231(‐C‐N), 1660 (C@O), 1250 (N‐N), 1620
(N@C), 1120, 1038 (‐N@CO–), 3065 (=C–H), 2921 (C–H asym.),
523 (M−N), 470 (M−O‐).
3.4. Anticancer studies

3.4.1. Preparation of the drug and its evaluation of anticancer potential
For in vitro studies, 50 mg of the compounds (HEAc and its metal

complexes) was dissolved in 1 ml of dimethylsulphoxide (DMSO)
and was further diluted using distilled water to the desired concentra-
tion. Adayar Cancer Institute, Chennai provided essential Ehrlich
Ascites Carcinoma (EAC) cell lines and Dalton’s Lymphoma Ascites
(DLA) cell lines and were propagated as transplantable tumors in the
peritoneal cavity of BALB/C mice. L929 (mouse lung fibro blast) cell
lines were obtained from National Centre for Cell Sciences, Pune.

The experiments were carried out on laboratory Swiss albino
female mice (20–25 g) which were obtained from the Small Animal
Breeding Station, Mannuthy, Thrissur, Kerala and they were kept
under standard conditions of temperature and humidity in animal
house of Amala Cancer Research Centre, Trissur, Kerala. (Fig. 2.)
The animals were fed with standard mouse chow (Sai Durga Feeds
and Foods, Bangalore, India) and water ad libitum. All the animal
experiments in this study were carried out with the prior approval of
the Institutional Animal Ethics Committee (IAEC) and were conducted
strictly according to the guidelines of CPCSEA constituted by the Ani-
mal Welfare Division, Government of India. Dalton’s Lymphoma
Ascites (DLA) and Ehrlich’s Ascites Carcinoma (EAC) cells maintained
in the intraperitoneal cavity of mouse were used for the study.

Mouse lung fibroblast (L929 cells) were cultured in DMEMmedium
supplemented with FBS (10% v/v), streptomycin (100 µg/ml) and
penicillin (100 U/ml) and kept at 37° in an incubator with 5% CO2.
Dalton's Lymphoma Ascites (DLA) and Ehrlich's Ascites Carcinoma
(EAC) cells maintained in the intraperitoneal cavity of mouse were
used for the study.
8

3.4.2. Trypan blue exclusion method (MTT Assay)
The test compounds were studied for short‐term in vitro cytotoxicity

using Dalton’s lymphoma ascites cells (DLA). The tumour cells aspi-
rated from the peritoneal cavity of tumour bearing mice were washed
thrice with PBS or normal saline. Cell viability was determined by Try-
pan Blue exclusion method [43,44].

3.4.3. Toxicity studies of Cu(II) complex
24 healthy Swiss albino mice were divided into 4 groups, each

group containing 6 animals (group‐ 1, 2, 3 and 4). 5, 10, 15 and
20 mg/kg of body weight of drug was administrated once daily
(Intraperitoneal cavity Injection) to the group 1, 2, 3 and 4, respec-
tively, and continued for 5–6 weeks to determine their mortality rate
[45].

3.4.4. Use of Cu(II) complexes for the treatment of mice bearing Ascites
tumour
3.4.4.1. On the survival rate of Ascites tumour bearing mice. Based on the
toxicity studies of Cu(II) complex, mice (female, 6–8 weeks old)
weighing 26–30 g were divided into 5 groups of 6 animals each. Viable
EAC cells 106 in 0.1 ml of phosphate buffered saline (PBS) were
injected in to the peritoneal cavity of the mice. Group 1 was used as
control. Groups 2, 3 and 4 were injected, respectively, with 5, 10
and 15 mg/Kg of the prepared drug [Cu(II) complex]. Gram 5 was
administrated with the standard drug (Cyclophosphamide).

Drug and cyclophosphamide were given by intraperitoneal injec-
tion from the first day of tumour induction. The death pattern of ani-
mals due to tumour burden was noted and the percentage of increase
in life span was calculated as, % ILS = (T‐C/C) × 100, where T and C
are mean survival of treated and control mice, respectively.

3.4.5. On solid tumour development
Swiss albino mice (6–8 weeks old) weighing 23–28 g were splitted

into five groups, each group composed of 6 animals. DLA cells (0.1 ml
of 106 cells per mouse) were administrated by injection in to the right
hind leg of mice to induce tumour growth. Group 1 was used as control
animals. Copper complex of HEAc was given to the 2nd, 3rd and 4th
groups for treatment. Group 5 was taken as standard animals and
injected standard drug, cyclophosphamide. The tumour growth on
the mice of each group was arbitrated by estimating the diameter of
tumour volume in two perpendicular planes using a digital Vernier
Calliper, starting from 10th day of tumour growth up to 32st day.
The volume of tumour development was calculated using the equation,
V = 4/3πr12r2, where r1 is the minor diameter and r2 is the major
diameter.

3.5. Antimicrobial studies

The ligand, HEAc and its metal complexes, VO(IV), Cr(III), Mn(II),
Fe(III), Co(II), Ni(II) and Cu(II) were screened for antibacterial activity
against three gram positive bacteria, Bacillus, Staphylococcus, Strepto-
coccus and three gram negative bacteria, Escherichia coli, Klebsiella
and Pseudomonas at a concentration of 5 mg/ml in DMF. Antifungal
activity of these compounds was evaluated against the fungal cultures,
Pencillium, Fusarium and Aspergillus species at a concentration of 5 mg/
ml in DMF. The tests were carried out by disc diffusion or Kirby Bauer
method.

4. Conclusions

Novel Schiff base ligand, (E)‐3‐((2‐((E)‐(1‐(2‐hydroxyphenyl)ethyli
dene)amino)ethyl)imino)‐N‐phenylbutanamide (HEAc) and its VO
(IV), Cr(III), Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes were
synthesized. The Schiff base synthesized here acted as a tetradentate
ONNO donor ligand. The properties and structures of the ligand and
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its complexes were determined by various physico‐chemical and spec-
troscopic tools. The complexes have the general formulae, [(VO)L],
[CrL(H2O)Cl], [MnL(H2O)2], [FeL(H2O)Cl], [CoL], [NiL] and [CuL].
Based on the analytical, magnetic and various spectral studies, geome-
tries have been assigned to these complexes. [(VO)L] complex was
found to be tetragonal pyramid, [CrL(H2O)Cl], [MnL(H2O)2] and
[FeL(H2O)Cl] complexes were found to be octahedral and [CoL],
[NiL] and [CuL] complexes were tetrahedral.

The cytotoxicity of the ligand and its Cr(III), Mn(II), Fe(III), Co(II),
Ni(II) and Cu(II) complexes have been evaluated. In‐vitro cytotoxicity
studies showed their potential activity against DLA cell lines with an
IC50 value of 47 μg/ml. The effect of the Cu(II) complex was studied
against EAC‐induced ascites tumour and DLA induced solid tumor. A
concentration of 5 mg/kg body weight was more effective than the
other two concentrations (15 and 10 mg/kg body weight). From the
present in vitro study, we concluded that the Cu(II) complex was effec-
tive against EAC‐induced ascites and DLA‐induced solid tumour and
suggested it’s a potential use as an anticancer agent. It was also
observed that all the metal complexes were more potent bactericides
and fungicides than the free ligand, HEAc and Cu(II) complex exhib-
ited better antimicrobial activity than the others.
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z Biological Chemistry & Chemical Biology

Design, Synthesis and Biological Screening of Novel
1,3,4-Oxadiazoles as Antitubercular Agents
Macchindra S. Tambe,[a] Amit Choudhari,[b] Dhiman Sarkar,[b] Jaiprakash Sangshetti,[c]

Rajesh Patil,[d] and Somnath S. Gholap*[a]

A series of novel 2,5-disubstitued 1,3,4-oxadiazole derivatives
bearing 2,2-dimethyl-2,3-dihydrobenzofuran scaffold has been
synthesized and screened for antitubercular activity. All the
synthesized compounds were characterized by IR, 1H NMR, 13C-
NMR and Mass spectral study. The in vitro antitubercular
activity of the synthesized compounds was evaluated against
Mycobacterium tuberculosis H37Ra(ATCC 25177) strain. Among
the synthesized compounds, four compound displayed good
antitubercular activity IC50 values in low micro-gram range (<
10 μg/mL). The antitubercular data suggested that growth
inhibition MTB can be imparted by the introduction of a 4-
trifluoromethyl phenyl acetylene substituent. Specificity of

these compounds was checked by screening them for their
anti-bacterial activity against four bacterial strains (Gram-
negative strains: E. coli, S. aureus; Gram-positive strains: P.
aeruginosa and B. subtilis). None of the compound displayed
antibacterial activity against any of the seleted strain. Molecular
docking studies were carried out on InhA (FabI/ENR) which
shows that the synthesized compounds bind at the catalytic
site in a most favourable manner suggesting their potential as
anti-mycobacterial agents. The research presented here was
found to be adventitious for the development of new
therapeutic agents against Mycobacterium infection.

1. Introduction

Nowadays, a threat of infectious diseases is a serious problem
in developing and most populated countries due to adoption
of modified genotype by parasite to develop resistance against
drug candidates. The continuing problem of the multidrug
resistance (MDR) diseases can cause great damage to society as
well as economical slowdown of the countries.[1,2] Moreover,
nosocomial infections are caused by resistance of Acinetobacter
baumannii to drugs like aminoglycoside, cefetime, fluoroquino-
lone and most of the antibiotics.[3,4] One of this is tuberculosis
infection, which continued a measure cause of morbidity and
mortality all over the world.[5] The TB-infected person generally
develops clinical pulmonary tuberculosis which lead to three
million annual death approximately.[6,7] Although, there is
extreme rise in the use of enormous therapeutic agents as
driving force against tuberculosis, the first line drugs such as

isoniazid, streptomycin ethambutol, rifampicin, pyrazilnamid
etc. have become insensitive against Mycobacterium tuber-
culosis strain.[8-11] The most of the available anti-tubercular
drugs are ineffective to treat mutant strains like MDR,[12-14]

XDR,[15,16] and TDR.[17] In addition, the available treatment of
tuberculosis requires long term treatment (6-9 months of DOTS
strategy), adverse drug reactions and cases of Drug-Drug
interactions. It has been found that the multidrug-resistant TB
(MDR-TB) and extremely drug-resistant tuberculosis (XDR-TB)
does not respond to the standard treatments available. Hence,
there is dire need to recognize new chemical entity with
appreciable mode of action against Mycobacterium tuberculosis
infection.

The derivatives of 1,3,4-oxadiazole are known to possesses
broad spectrum of bioactivities and good bioisosters of amide
and ester functionalities.[18] It displayed interesting H-bond
acceptor properties and improved lipophilicity profile as well as
favorable ADME properties.[19] The 1,3,4-oxadiazole derivatives
such as A, B are good anti-TB agents (MIC: 0.78 and 0.68 μg/
mL),[20,21] Raltegravir (C) was used to be antiretroviral drug[22]

and zibotentan (D) was found to be potent anticancer agent[23]

(Figure 1).
Furthermore, 1,3,4-oxadiazole derivatives exhibits diverse

biological profile such as anti-HIV,[24] antimalarial,[25] analgesic,[26]

anti-inflammatory[27] anticonvulsant,[28a] antitubercular,[28(b-c)] and
as lipid per oxidation inhibition properties.[29] Interestingly, the
constrained analogue of isopropyl phenyl ether such as 2,2-
dimethyl-2,3-dihydrobenzofuran has been found as core of 5-
HT3 antagonist zatosetron (E)[30] and serotonin 2C agonist (G)[31]

(Figure 2).
By knowing the biocompatibility of 1,3,4-oxadiazole and

2,2-di-methyl-2,3-dihydrobenzofuran core, herein we have
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reported the synthesis of a series of 1,3,4-oxadiazole derivatives
encored 2,3-dihydro-benzofuran and studied their anti-tubercu-
lar potential. In our earlier studies,[32] the potential of 1,3,4-
oxadiazole derivatives tethered with 2,2-dimethyl-2,3-dihydro-
benzofuran as mycobacterial enoyl-ACP reductase (InhA (FabI/
ENR)) enzyme inhibitors has been well investigated. The
present study is augmented with the docking study against
this enzyme in order to gain deeper insights of binding modes
of the synthesized compounds.

2. Chemistry

The title compounds 6a-m were synthesized was outlined in
Scheme 1. The required compound 1 was synthesized as per
previous method [32] The compound 1 on reduction with Fe/
HCl in MeOH afforded compound 2. The compound 2 on
deamination afforded compound 3. The compound 3 on
reaction with hydrazine hydrate with methanol furnished
compound 4, which on treated with 4-fluoro benzoylchloride
to gave N-benzoyl hydrazide derivatives, which on cyclisation
with POCl3 to gave 1,3,4-oxadiazole derivative 5 with 73.98%
yield. The compound 5 on Sonogashira coupling with terminal
alkynes using PdCl2(PPh3)2, TBAF, 70°C, 3hr afforded compound
6a-m in a good to excellent yield (70-90 %)(Scheme 1, Table 1).
The purification of all synthesized compound was conducted
by column chromatography (4% MeOH in CH2Cl2). The structure
of the final compounds, 6a-m were confirmed by IR, NMR and
MS spectral data.

3. Results and Discussion

In continuation to our ongoing research on the synthesis of
biologically active compounds[33] herein we have synthesized
novel structurally diverse 1,3,4-oxadiazole derivatives (6). All
the synthesized compounds were characterized by IR, 1H-NMR,
13C-NMR and Mass spectral analysis. IR spectrum of 6a showed
absorption at 2974, 3065 cm-1 due to C-H stretching of alkane,
absorption band at 2220 cm-1 due to C�C, 1574, 1608 cm-1

indicated the presence of aromatic ring (C-C stretching), band
at 1492 cm-1 confirms the presence of C-F bonding, absorption
band at 1315 cm-1 due to C =N and 1129, 1110 cm-1 band due
to C-O Stretching. The 1H-NMR spectrum of 6a: 1H-NMR (300
MHz, DMSO-d6): δ 1.57 (s, 6H, 2x-CH3), 3.24 (s, 2H, -CH2), 7.20 (d,
J = 7.8 Hz, 1H, Ar-H), 7.52 (t, J = 8.7 Hz, 2H, Ar-H), 7.69 (t, J =

7.2 Hz, 1H, Ar-H), 7.76 (t, J = 7.2 Hz, 1H, Ar-H), 7.86 (d, J = 7.8
Hz, 1H, Ar-H), 7.91(d, J = 8.4 Hz, 2H, Ar-H), 8.17 (t, J = 8.7 Hz,
2H, Ar-H); 13C-NMR(100 MHz, CDCl3): δ 28.4, 42.3, 86.1, 89.5,
95.8, 107.1, 116.2, 116.8, 117.0, 117.1, 119.1, 120.3, 121.9, 123.2,
127.2, 128.0, 129.2, 132.8, 134.1, 156.9, 162.4, 163.2.; Mass m/z
(%) = 479.83(M+ H)+ . Ana. calcd. For C27H18O2N2F4 (M.W =

478.44). Similarly, other reactions were conducted with sub-
stituted acetylenes to get structurally diverse oxadiazole
derivatives. The products were obtained in good to excellent
yields. The results obtained were summarized in Table 1. The
synthesized products are evaluated for studying anti-tubercular
potential.

Figure 1. Potentially active 1, 3, 4-oxadiazole derivatives.

Figure 2. Bioactive 2,2-dimethyl-2,3-dihydrobenzofuran derivatives.

Scheme 1. Reagents and conditions: (a) Fe powder, methanol, Conc. HCl,
1hr, 80.30% (b) Conc. HCl, NaNO2, 0°C, methanol, reflux, 2hr, 70.69% (c)
hydrazine monohydrate, methanol, reflux, 10 hrs, 90.50% (d) 4-fluoro benzoyl
chloride, TEA, THF, 0°C (e) POCl3, reflux, 10 hr, 73.98% (f) R-C�C-H,
PdCl2(PPh3)2, TBAF, 70°C, 3hr, 80-96%.
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3. Biology

3.1 General

All the chemicals such as sodium salt XTT and MTT, DMSO,
ampicillin and rifampicin were purchased from Sigma-Aldrich,
USA. Dubos medium was purchased from DIFCO, USA. The
stock solutions were prepared in in DMSO (10mg/mL) for
further biological testing.

Cultivation of Mycobacterium

Microbial strains such as Mycobacterium tuberculosis H37Ra
(ATCC 25177) was obtained from AstraZeneca, India. The stock
culture was maintained at -80oC and subcultured once in a
liquid medium before inoculation into an experimental culture.

Cultures were grown in Dubos media (enrichment media). For
antimycobacterial assay, M. pheli medium (minimal essential
medium) was used. It contains 0.5 g KH2PO4, 0.25 g trisodium
citrate, 60 mg MgSO4, 0.5 g aspargine and 2 mL glycerol in
distilled water (100 ml) followed by pH adjustment to 6.6. All
bacterial stock cultures were first grown in Dubos media at
37oC at 150 RPM. It takes at least 8-10 days for OD 1 at 620 nm.
The antimycobacterial assay was performed in 96-well plates
for active as well as dormant stages.

Anti-tubercular activity

M. tuberculosis H37Ra (ATCC 25177) was obtained from
AstraZeneca, India.All the synthetic compounds were screened
for their in vitro activity against M. tuberculosis H37Ra using XTT
Reduction Menadione Assay (XRMA) as described earlier. Briefly,
247.5μL of mycobacterial suspension (0.1% of 1O.D) was added
to a 96-well plate containing 2.5 μl of test sample. Post-
incubation of the plate at 37°C for 12 days, XTT was added
followed by addition of menadione. The pink color formed was
read on a micro plate reader at 470nm filter against a blank
prepared from cell-free wells. Absorbance given by cells treated
with the vehicle (DMSO) alone was taken as 100% cell growth.
All the experiments were performed in duplicates and the
quantitative value was expressed as the average � standard
deviation. MIC and IC50 values were calculated from their dose
response curves by using Origin 8 software. Percentage
inhibition was calculated using the formula: % inhibition =

[(control – CMP) / (control – blank)] x 100 where ‘control’ is the
activity of bacilli without compounds, ‘CMP’ is the activity of
Mycobacterium in the presence of compounds and ‘blank’ is the
activity of the culture medium without Mycobacterium. The
drug in clinical use, rifampicin was used as reference.

In a standard primary screening all the newly synthesized
compounds 6a-m were tested for their in vitro antitubercular
activity against M. tuberculosis H37Ra (ATCC 25177) at three
different concentration (30, 10, 3μg/mL) using XTT reduction
menadione assay (XRMA).[34] Among the synthesized com-
pounds, 6a, 6b, 6c 6d, 6e, 6l and 6m displayed inhibition
greater than 50% towards M. tuberculosis H37Ra which
exemplifies the antimicrobial nature of the synthesized com-
pound. These compounds were further evaluated in a secon-
dary screening at six different concentrations, i.e., 30, 10, 3, 1,
0.3, and 0.1μg/mL, in order to determine the actual minimum
inhibitory concentration (MIC). The results of the screening are
tabulated in Table 2. The compound 6m exhibited significant
activity with IC50 = 2.814μg/mL. The compound 6b possessing
cyclohexyl acetylene substituent exhibited strong activity
against MTB H37Ra with IC50 = 6.0μg/mL. The compounds 6c (R:-
cyclopentylacetylene), and 6m (R: 2- trifluromethyl phenyl
acetylene) showed good activity with IC50 = 7.1μg/mL and
2.8μg/mL, respectively. The 1,3,4-oxadiazoles derivatives with
2-trifluromethyl phenyl acetylene core (6a) appear to provide
moderate activity against MTB H37Ra (IC50 = 8.8 μg/mL)
(Figure 3).

Table 1. Synthesis of 1,3,4-oxadiazole bearing 2,2-dimethyl-2,3-dihydroben-
zofuran derivatives (6a-m).

Entry
R Time [hr] Yield [%] M.P.[°C]

6a
2.6 85 174-175

6b
2.8 92 141-142

6c
2.5 88 144-145

6d
2.8 82 92-93

6e
3.0 85 95-96

6f
2.1 96 158-159

6g
3.8 90 182-183

6h
4.0 80 220-221

6i
4.2 82 224-225

6j
3.5 75 105-106

6k
5.0 84 204-205

6l
2.9 80 170-171

6m 2.8 87 162-163
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Antibacterial activity

Bacterial strains E. coli (NCIM 2688), P. aeruginosa (NCIM 2036)
as gram-negative and B. subtilus (NCIM 2079), S. aureus (NCIM
2010) as gram-positive were obtained from NCIM (NCL, Pune)
and were grown in Luria Burtony medium from Himedia, India.
Once the culture reaches 1 O.D620, it was used for anti-bacterial
assay. Briefly, 0.1 OD620 bacterial culture was treated with
synthesized compound at 30, 10 and 3 μg/mL concentration
and incubated for 8 h at 37 °C. Ampicillin served as positive
control for antibacterial activity. The in vitro screening values
(% inhibition) against microorganisms tested are summarized
in supplementary Table 3.

A series of compounds (6) were further screened against
Gram+ve (B.subtilis and S.aureus) and Gram-ve (E.coli and
P.aeroginosa) bacteria to asses there selectivity towards MTB. It
has been observed that the compound under investigation did
not showed significant activity towards any of the screened
bacterial strain (Table S1: Supporting Information).

Cytotoxicity assay

Three human cancer cell lines, HeLa (human cervical cancer),
THP-1 (human monocytic leukemia) cell line were used to
check the cytotoxicity of compounds. The cell lines were
obtained from the National Center for Cell Science (NCCS),
Pune and maintained in T25 flasks with 10% (v/v) fetal bovine
serum (FBS) containing Dulbecco’s Modified Eagle Medium
(DMEM). Cell line containing T25 flasks were maintained at 37
°C under 5% CO2 and 95% air in a humidified atmosphere.
Medium were replaced twice a week. All the compounds were
tested for their cytotoxicity against the mentioned cell line by
using modified MTT assay. Briefly, HeLa and MCF-7 cells were
seeded at the density of 1 × 104 cells/mL in a 96 well plate. The
plates were incubated overnight into CO2 incubator (37°C
under 5% CO2 and 95% air in a humidified atmosphere) to
adhere the cells. Next day, cells were treated with different
concentration of test compounds (30-0μg/mL) and incubated
for additional 48h. Post incubation, cell medium was replaced
with MTT (0.5mg/mL)-PBS medium and incubated for 2-4h to
form the reduced MTT or Formazan crystals. This reduced MTT
or Formazan crystals were solubilized by addition of acidified
isopropanol. The optical density was read on a micro plate
reader (Spectramax plus384 plate reader, Molecular Devices
Inc) at 570nm filter against a blank prepared from cell-free
wells. Absorbance given by cells treated with the vehicle alone
was taken as 100% cell growth. IC50 and MIC values were
calculated by plotting the graphs, by using Origin Pro software.
The viability and growth in the presence of test material is
calculated by using the following formula: Percent cytotoxicity
= [(average absorbance of control � absorbance of com-
pound)/(absorbance of control – absorbance of blank) ] × 100,
where control is the culture medium with cells and DMSO and
blank is the culture medium without cells.

The cytotoxicity of most potent antitubercular compounds
such as 6a, 6b, 6c and 6m were screened against three human
cancer cell lines HeLa (epithelial cervical cancer), MCF-7
(mammary epithelial cells) and THP-1 (acute monocytic
leukemia) using modified MTT cell viability assay.[35] Notably,
none of the compounds exhibited cytotoxicity (GI90 >30 μg/
mL) (Table 3). Thus indicating the selectivity and specificity of
the synthesized compounds towards MTB (Table 3).

The molecular docking study was carried out against InhA
(FabI/ENR), an enoyl-ACP reductase, which is a key enzyme of
M. tuberculosis involved in the biosynthesis of cell wall
constituents such as mycolic acids. The X-ray crystal structures

Table 2. Percent inhibition of Mtb H37Ra growth in presence of compound.

Entry 30[μg/mL] 10[μg/mL] 3[μg/mL] IC50
[a] MIC[b]

6a 80.66 57.75 8.75 8.8 >30
6b 82.95 72.12 33.26 6.001 >30
6c 89.33 77.83 10.98 7.121 >30
6d 65.06 44.01 10.70 15.595 >30
6e 64.88 35.51 0.25 19.684 >30
6f -0.14 -7.57 -8.91 ND ND
6g 20.93 0.09 6.47 ND ND
6h 10.22 -0.64 -1.61 ND ND
6i 7.36 0.10 1.75 ND ND
6j 16.10 14.96 22.54 ND ND
6k 13.12 -0.66 6.30 ND ND
6l 54.12 38.23 14.84 24.629 >30
6m 54.78 64.26 54.21 2.814 >30
Rifampicin - - - 0.001 0.04

The active compounds are highlighted in bold. [a] IC50: 50% inhibitory
concentration. [b] MIC90: minimum inhibitory concentration. ND: Not
determined

Figure 3. Molecular structures of most potent anti-tubercular 1,3,4-oxadia-
zoles.

Table 3. Growth inhibition GI50 and GI90 in panel of cell lines by
compounds.

Entry HeLa MCF-7 THP-1
GI50 GI90 GI50 GI90 GI50 GI90

6a >30 >30 >30 >30 >30 >30
6b >30 >30 >30 >30 >30 >30
6c >30 >30 >30 >30 >30 >30
6m >30 >30 >30 >30 >30 >30
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of this enoyl-ACP reductase enzyme (InhA) with inhibitor
pyrrolidine carboxamide (PDC) for Mycobacterium was retrieved
from the RCSB protein data bank (http://www.rcsb.org/pdb)
(PDB code: 4TZK) and used for the docking study. The
molecular docking study was performed using Autodock4.2.[34]

In the docking studies Tyr158 residue and water molecules at
the catalytic site were kept flexible during entire docking
simulations. UCSF Chimera 1.8[35] interface was employed for
geometry optimization of structures of ligands. The crystal
structure of InhA was refined by removing water except the
conserved water residue at the catalytic site. The co-substrate
NADH was kept in the catalytic site but other nonstandard
residues were removed.This refined InhA structure was further
curetted by energy minimization in UCSF Chimera with Amber
ff12SB force field to remove the steric clashes and other minor
inaccuracies. The optimized structures of ligands and InhA
were subsequently used in docking simulation. The docking
protocol was validated by measuring spatial similarity between
predicted pose and crystallographic pose in terms of RMSD
value. The docking protocol is considered to be validated if the
RMSD between experimental and predicted pose is below 2 Å
[38] and it was found to be 0.5091 Å (Figure S1: Supporting
information). Discovery studio visualize and PoseView program
[39] was utilized for analysis of the docking results. Furthermore,
the docking simulation results were analyzed by comparing the
binding free energy in Kcal/mol, estimated Ki values in nano-
molar units and interactions of ligands with residues at the
active site.

The residue Tyr158 play a crucial role in inhibition of InhA
through hydrophobic interaction with the aromatic substituent
in PDC and van der Waal’s interaction with the halogen
substituent.[40] The docking study gives the estimates of the
thermodynamic stability of docked poses of the compounds.
The estimated free energy of binding in Kcal/mol, estimated
inhibition constant values (Ki) in nanomoles and the key
interacting residues are presented in Table S2 (Supporting
Information). It is clearly evident from the estimated free
energy of binding and estimated inhibition constants that
compounds 6a, 6b, 6c and 6m, are having the estimated
binding free energies lower than -10 Kcal/mol and estimated
inhibition constants lower than 55 nM suggesting their
pronounced inhibitory potential of InhA. These theoretically
measured binding free energies and inhibition constants are in
good agreement with the experimentally determined IC50

values against M. tuberculosis. The docking study suggests the
role of hydrophobic interactions between the non polar
substituent in the structures of compound and non polar
residues Met161, Met199, Ile202, Leu207, Ala211, Met103,
Leu215, Ala157, Met155, Leu218. The hydrophobic van der
Waal’s interaction with halogen substituent and the residues
Met155, Leu218, Ala157, Ile215, Leu207, Ile202 and Met103 was
also found playing a key role. The role of π- π stacking
interaction between residues Tyr158 and Ile215 and hydro-
phobic substituent of compound was also established in
docking studies. The conserved water molecules HOH737 and
HOH743 are also involved in hydrogen bond formation with
polar hydrogen of the co-crystallized ligand (Figure 4).

The hydrophobic interaction either with pyridine ring or
hydrophobic part of ribose skeleton of co-substrate NADH was
also found crucial. The top docked poses of compounds 6f, 6g,
6h, 6i, 6j and 6k were found not producing this hydrophobic
interaction which may be responsible for their less thermody-
namic stability at the catalytic site and corresponding increase
in estimated free energy of binding. The presence of fluoro
substituent was also found important in the formation of non-
covalent interaction resulting in halogen bond with residues
like Gly96, Gln214, Ile202, Met155, Thr162, Pro151 or Gln100.
The key interactions for most active compounds 6a, 6b, 6c, 6d,
6e, 6l and 6m was highlighted in Figure 4. These results of
docking studies establish that the substitution of hydrophobic
phenyl ring with trifluoromethyl substituent at ortho or para
position has the highest inhibitory potential while other
hydrophobic substituents like cyclohexyl, cyclopentyl, propyl
and butyl also produce moderate inhibition of InhA enzyme.
Polar substituents were found least favorable at the catalytic
site and also less active against InhA. These findings could
augment further design and enhancement of potency of such
inhibitors.

We have synthesized a series of structurally diverse 2,5-
disubstitued 1,3,4-oxadiazole derivatives and evaluated their
antitubercular activity. The synthesized compound demon-
strated significant antimycobacterial activity in MtbH37Ra (6a,
6b, 6c and 6m). So, these compounds can be further optimized
for drug development which can give promising chemical leads
for treatment of TB. Molecular docking studies also support the
experimental antimycobacetrial activity and suggest the poten-
tial role of these compounds in inhibition of InhA enzyme
involved in mycolic acid biosynthesis. Further optimization and
design of this scaffold with respect to introduction of non polar
functionalities in the molecular structure could lead to potent
antimycobacterial agents.

4. Conclusion

We have synthesized a series of structurally diverse 2,5-
disubstitued 1,3,4-oxadiazole derivatives and evaluated their
antitubercular activity. The synthesized compound demon-

Figure 4. Crystallographic pose of co-crystallized ligand at catalytic site of
InhA along with co-substrate NAD and other important residues.
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strated significant antimycobacterial activity in MtbH37Ra (6a,
6b, 6c and 6m). So, these compounds can be further optimized
for drug development which can give promising chemical leads
for treatment of TB. Molecular docking studies also support the
experimental antimycobacetrial activity and suggest the poten-
tial role of these compounds in inhibition of InhA enzyme
involved in mycolic acid biosynthesis. Further optimization and
design of this scaffold with respect to introduction of non polar
functionalities in the molecular structure could lead to potent
antimycobacterial agents.
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The spectroscopic data and scanned copies of spectrums (1H-
NMR, 13C-NMR, HRMS) for all synthesized compounds are
attached as separate supporting Information file.
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ABSTRACT 
We are developed an efficient, simple and scalable process of various carbonates from chloromethyl 
chloroformates. This novel methodology procedure offers a very effective and environmentally suitable 
procedure for carbonates preparation. This conversion offers corresponding carbonates in good to excellent 
yields. Alkyl carbonates are important role in organic chemistry as well as a biodegradable chemical 
intermediates because its moderate toxicity. 

Keywords: Chloromethyl chloroformate, alcohols, carbonates, 4-dimethylaminopyridine and 
dimethylformamide 

INTRODUCTION 
The carbonates are very important role in organic compounds and intermediates due to their unique properties 
physicochemical as well as versatility chemicals. Organic carbonates are widely used in industrial level as 
synthesis of plastics, many more pharmaceuticals, herbicides, agrochemicals, additives and as well as lubricants 
due to its environmentally safe and it easily biodegradability for human health due to their moderate toxicity1. 
Carbonates are used for the extraction of metals like bismuth, iron, lead, cadmium, gold from acidic solution as 
salts as well as complexes form2. Many carbonates an excellent polar additives are used for skin cleaners, 
lipstick, hair conditioners and also in other aromatic products3. The many typical methods of carbonates are 
using toxic gases like phosgene used, this are used in excess pyridine in anhydrous solvent at different 
temperatures4. Some methods for carbonate formation using carbon dioxide with alcohol through hemicarbonic 
acids is also decomposes and unstable to alcohol, it isolated as inorganic salts solids and it high melting 
inorganic salts5. In direct phosgenation reaction of hydroxyl compounds requires higher temperatures and gets a 
lower quality as well as yield obtained, also forms a unwanted impurities6. The formation of carbonates from 
using alcohols and carbon monoxide through metal compounds in particular as mercury, palladium and copper 
they not get the selective product formation7. Carbonates formation using quaternary ammonium salts, this 
requires high temperature and yield not satisfactory for scaleble8. Some symmetrical carbonates synthesis of 
alkyl halides at nucleophilic substitution reactions using TEAC, this results side reactions of alcohol formation 
so decrease the yield of carbonates9. In the above reported methods have disadvantages are very toxic reagents, 
unsuitability reaction conditions and it not a biodegradable. It has a unsatisfactory yields, unsuitable for 
commercial scale up, has no reusability and a limited scope for industrial level. Therefore in last year we are 
developed new methods for industrial usable and easily commercially produced this products. 

The carbonate compounds as a Baloxavir marboxil(1) is an antiviral medication for treatment of influenza A 
and influenza B10, Tenofovir disoproxil(2), is a medication used to treat chronic hepatitis B and to prevent and 
treat HIV/AIDS11, Clopidogrel prodrug(3), is an antiplatelet medication that is used to reduce the risk of heart 
disease and stroke in those at high risk12, Imatinib prodrug(4), is a medication used to treat cancer, specifically, 
it is used for chronic myelogenous leukemia (CML) and acute lymphocytic leukemia13 Figure-1. 
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Figure-1: Some biologically active carbonate compounds 

In coming days, the carbonate chemistry development is very needful due to its various and wide application in 
active ingredients, therefore development of carbonate is very numerous and well efforts for development. The 
chloroformate to carbonate synthesis, many more methods available using pyridine, phosgene intermediates, 
toxic metals but various drawbacks of this methods like silver carbonate, alkyl halides14, using palladium 
metals15, antimony trioxide and aluminium trioxide have required higher temperature16, activating agent 
required such as crown ethers, polyamines17. Considering these reported methods has several drawbacks and 
several disadvantages for using it drastic condition, hazardous reagents and chemicals, using expensive 
catalysts, limited scope and environmentally hazardous effluent. So, therefore still need to develop 
economically valuable and industrial suitable method for carbonate synthesis from chloroformates. 

In this development, the chloromethyl chloroformate is synthesis using methyl formate, this process is chlorine 
gas purged at heating condition to get  monochloro derivative of chloroformate it distilled under reduced 
pressure to get chloromethyl chloroformate23. In this conversion of carbonates synthesis the 
dimethylformamide and dimethylamino pyridine is easily available in reagent grade. In this method 
development of protocols easily availability of solvent has much a low toxicity and used in a variety of 
products24.It has used as a various chemical synthesis as well as a daily routine in pharmaceutical industry, 
agrochemical and lubricating coating division for various surfaces in aqueous and non-aqueous environments25 
.It has been used to for  catalytic amount in various synthesis, is a active role in transformation of reaction  as 
good rates26. Therefore in this way, we shows here the one-pot green protocol , catalyst free, yield efficient 
synthesis of nitriles from aldehydes using polyethylene glycol-200 as a green solvents (Scheme-1). 

In conclusion, we have developed a practical, easily scalable, cost efficient with the scope and limitations of 
catalyst for transformation of chloroformate to carbonates mediated by dimethylamino pyridine and 
dimethylformamide. Initially we have chosen tert-butanol as a model compound for the desired carbonate 
formations from chloromethyl chloroformate. We have reacted chloromethyl chloroformate 1 (1.00 mmol) with 
tert-butanol (5 ml) using dimethylamino pyridine (0.15 mmol) and dimethylformamide(1 ml) as a catalytic 
solvent and it optimize as a different temperatures for reaction conditions to product forms tert-butyl 
chloromethyl carbonate 2d(Table 1) 

Table-1: Reaction condition optimization. 

 
Sr. No Temperature (0C) Time(h) Yield 2db(%) 

1 RT 24 - 
2 50 24 42 
3 85 9 89 
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4 85 24 -c 

5 85 24 23d 

6 85 24 20e 
7 100 9 86 
8 120 9 89 

aReactions are performed using the chloromethyl chloroformate 

1 (1.00 mmol), Dimethylamino pyridine (0.15 mmol), 

Dimethylformamide(1 ml) in tert-butanol (5 ml). 
b Product isolated yields shows. 
c Reaction preformed without dimethylamino pyridine. 
d Reaction performed without dimethylformamide. 
e Reaction performed in dimethylamino pyridine and without dimethylformamide. 

Table-2: Comparison of yield of 2d with other methods reported in literature 
Entry Catalytic System Yield (%) Lit. 

1. Dichloromethane/Pyridine 76 18 
2. Manganese salt with palladium 65 19 
3. Diethyl ether/Pyridine/10 56 20 
4. Pyridine/-10 °C 59 21 
5. Hg(oAc)2/180-200 °C 82 22 
6. Antimony trioxide and aluminum trioxide/195-200 °C 73 16 
7. Present method 89 -- 

 

Table-2: Synthesis of Carbonates from chloromethyl chloroformates using various alcohols 
Entry Alcohol Product(2) Time 

(h) 
Yield 
(%) 

Boiling Point       
(0C)/Torr 

 

Ref 

Found Reported 
1  

 

12.5 86 137-
139 

139-140 27 

2 
 

 

11 85 133.6-
134 

135.1 28 

3 

 

 

14 83 148.5 147.63 28 

4 

 

 

9 89 156-
157.6 

160 29 

5 

HO
 

 

16 89 147.6 145.6-
146.1 

28 
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6 

  

16 85 163.1-
164.8 

165 29 

7 

  

17 82 165.3 160.5 29 

8 

 

 

14 65 123.1 128.2-
128.7 

29 

9 

 

 

20 70 166 - 29 

10 

HO

Br

 

 

19 67 136.6 - 30 

11 

 
 

15 88 173-
174.6 

174.3-
175.1 

30 

12 

  

15 86 186.5 - 30 

aReactions are performed using the chloromethyl chloroformate 1 (1.00 mmol), Dimethylamino pyridine (0.15 
mmol), dimethylformamide(1ml) in alcohols (5 ml). 
bProduct isolated yields shows. 

At room temperature product 2d was not formed, chloromethyl chloroformate unreacted as such as shown on 
Table 1.The reaction was further probed by increasing the temperature at 85°C, the reaction was proceeds 
smoothly and tert-butyl chloromethyl carbonate 2d was obtained 89 % yield (Table 1,Sr.No.3). Therefore it is 
observed that the good yield of carbonate was obtained in presence of dimethylamino pyridine and 
dimethylformamide at 850C (Table 1,Sr.No.3). There is more improvement on reaction time and reaction 
temperature, but product yield not significant improve as per our expectations (Table 1, Sr.No.7 and Sr.No.8), 
so 850C was chosen the reaction temperature. When we performed reaction without dimethylamino pyridine no 
product was formed (Table 1,Sr.No.4). We performed reaction without dimethylformamide, the very less 
product was formed (Table 1,Sr. No.5). It is also important to mention that when the reaction was performed 
using dimethylamino pyridine and out dimethylformamide, the 2d product was formed very less (Table 
1,Sr.No.6). In an developed reaction condition, chloromethyl chloroformate 1(1.00 mmol), dimethylamino 
pyridine (0.15 mmol) and dimethylformamide (1 ml) was added in tert-butanol (4 ml) and stir at 850C for 9 h to 
obtained tert-butyl chloromethyl carbonate 2d in 89 % yield (Table 1,Sr.No.3). 

We have optimized that the one-pot transformation of chloromethyl chloroformate to corresponding carbonate 
using alcohol was maintained to the same extent with structurally diverse alcohols (Table 2). The carbonate 
formation reaction was almost complete in less than nine hours for all substrates tested by TLC, boiling point 
were recorded using open capillary and is uncorrected. Carbonates were isolated in good to excellent yields as 
described in Table 2.  The interaction of chloromethyl chloroformate in to dimethylamino pyridine and 
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dimethylformamide to forms C-N- insitu weak bond. Then the C-N- bond easily cleavage through alcohol 
nucleophilic substitution addition to forms our desired carbonate. Then subsequent expulsion of carbonate to 
regenerates dimethylamino pyridine and is acting as a catalyst. These reaction process is mechanistically related 
to oxidation of chloroformate to carbonates. After the reaction condition optimization, a study regarding the 
reuse of dimethylamino pyridine was not performed due to after reaction completion the reaction mass 
quenched in water and extracted to dichloromethane. The dimethylamino pyridine was soluble in water and its 
isolation is shows31 from water. 

In day to day life environment pollution is a serious concern to reduced effluent to reduce the pollution, has 
been an increasing interests to the design of degradable catalyst reactions, a absence of hazardous solvents, low 
cost, recyclable and environmentally friendly solvents due to reduced effluent to reduce pollution. In mostly all 
the chemical and pharmaceutical industries observed that the catalysts and hazardous solvents are not always 
eco-friendly or biodegradable. In this way our development method is superior and promoting environment 
friendly method due to our method effluent is biodegradable and it minimizes COD and BOD. The 
dimethylamino pyridine and dimethylformamide has a different combination of chemical and physical 
properties such as a polarity, no flammability, high boiling point, low toxicity and it easily availability so it 
promoted to use as good solvent in organic solvents. Therefore we developed here the efficient, one-pot 
synthesis of carbonates from chloromethyl chloroformate using alcohol as a solvent. The main aspect of 
dimethylamino pyridine and dimethylformamide in this reaction was established by the fact that in the absence 
of dimethylamino pyridine and dimethylformamide the formation of carbonates from chloroformates does not 
takes place. Therefore it conclude that the dimethylamino pyridine and dimethylformamide is an essential 
component for reaction. In addition optimization, we have performed reaction using tertiary nitrogen base like 
triethyl amine to gives the less conversion obtained, therefore the role of dimethylamino pyridine and 
dimethylformamide in this transformation is required. 

In conclusion, we have developed here a practical and cost efficient one-pot protocol for the transformation of 
chloromethyl chloroformate to corresponding carbonates by using corresponding alcohols in presence of 
dimethylamino pyridine and dimethylformamide as catalyst. These method advantages are wide scope of 
transformations, it can readily applied to big scale processes at plant level with excellent yield, cost efficient, 
selectivity, biodegradable effluent for environment secure, and convenient process for preparation of desired 
product. 

ACKNOWLEDGMENTS 
The authors are thankful to the DST, New Delhi for financial support and we thanks to Atul Ltd for providing 
chemicals. 

REFERENCES 
1. Frevel L. K.; Gilpin J. A, Mich M.; (The Dow Chemical Co.) U.S. Pat. 3,642,868, 1972; Chem. Abstr. 

1972, 77, 62818. 
2. Masakatsu N.; Yoshuki  T.; (Mitsui Toatsu Chemicals) Jap. Pat. 05,77,553, 1993; Chem. Abstr. 1993, 119, 

59853. 
3. Houben Weyl.; Methoden der Organischen Chemie ; Georg Thieme Verlag: Stuttgart, 1983; Vol. E4, p 64. 
4. Chemische Fabrik von Heyden.; Ger. Pat. 109,933, 1900 Friedl, 1901, 5. 
5. Houben Weyl.; Methoden der Organischen Chemie; Georg Thieme Verlag: Stuttgart, 1983; Vol. E4, p 64. 
6. Nguyen, M. T.; Ha, T. K. J.; Am. Chem. Soc. 1984, 106, 599. 
7. Romano U.; Tesei, R.; Massi, M. M.; Rebora, P.; Ind. Eng. Chem. Prod. Res. Dev. 1980, 19, 396; Romano, 

U. S. Chim.Ind. 1993, 75. 
8. (a)Rokicki, G.; Kuran, W. Monatsh. Chem soc.. 1984, 115, 205. (b) Rokicki, G.; Kuran, W. Bull. Chem. 

Soc. Jpn. 1984, 57, 1662. 
9. Mucciante, V.; Rossi, L.; Feroci, M.; Sotgiu, G. Synth. Commun. 2002, 32, 1205. 
10. Hayden F.G, et al.; Engl J Med 2018; 379:913–23. 
11. Wei, Kaiju et al.; Faming Zhuanli Shenqing, 102399149, 04 Apr 2012. 
12. Caroff, Eva et al.; Journal of Medicinal Chemistry, 58(23), 9133-9153; 2015. 

13. Yang FC, Ingram DA, Chen S, Zhu Y, Yuan J, Li X, Yang X, Knowles S; Cell. 135 (3): 437–48. 



International Journal of Advance and Innovative Research   
Volume 6, Issue 1 (XVI): January - March, 2019 
 

192 

ISSN  2394 - 7780 

14. Beilstein Handbuch der Organischen Chemie; Springer-Verlag:Berlin, 1921; Vol. III, pp 3, 5. 

15. Hallgren, J. E.; Lucas, G. M.; Matthews, R. O. J. Organomet. Chem. 1981, 204, 135. 

16. Ball, P.; Fullmann, H.; Heitz, W. Angew. Chem., Int. Ed. Engl.1980, 19 (9), 718. 

17. Rokicki, G.; Pawlicki, J.; Kuran, W. Polymer J. 1982, 14 (11), 839. 

18. Chemische Fabrik von Heyden .;Ger. Pat. 116,386 1900 Friedl, 1904, 6, 1160. 

19. Romano, U.; Tesei, R.; Massi, M. M.; Rebora, P. Ind. Eng.Chem. Prod. Res. Dev. 1980, 19, 396 

20. Arimilli, Murty N. et al.; PCT Int. Appl., 9804569, 05 Feb 1998. 

21. Thomas, Joshua D. and Sloan, Kenneth B.;Tetrahedron Letters, 48(1), 109-112; 2007. 

22. Pews, R. G. J. Chem. Soc., Chem. Commun. 1974, 4, 119. 

23. J. prakt. Chem., 1887, 36, 213-305; Bull. soc. chim., 1920, 27, 97; Rev. prod, chim., 1922, 25, 685. 

24. Sheftel, Victor O. (2000), CRC. pp. 1114–1116. 

25. Taft, R. W.; Abraham, M. H.; Doherty, R. M.; Kamlet, M. J. (1985). Nature. 313 (6001): 384–386. 

26. Hofle, G.; Steglich, W.; Vorbruggen, H. (1978). "4-Dialkylaminopyridines as Highly Active Acylation 
Catalysts". Angew. Chem. Int. Ed. Engl. 17(8): 569–583 

27. H. Buysch, N. Schon, and G. Jeromin .;U.S. Pat. 6,175,017.; Jan. 16, 2001. 

28. Naesens L1, Bischofberger N, Augustijns P, Annaert P, Van den Mooter G, Arimilli MN, Kim CU, De 
Clercq E.Antimicrob Agents Chemother. 1998 Jul; 42(7): 1568–1573 

29. R. Grigg and V. Savic, Chem. Comm. 2381 (2000). 

30. Avid A. Evans, Felix Urpi, Todd C. Somers, J. Stephen Clark, and Mark T. Bilodeau.; J. Am. Chem. Soc., 
1990, 112 (22), pp 8215–8216. 

31. Zhihui Liu, Qiaoqiao Ma, Yuxiu Liu, and Qingmin Wang.; Org. Lett., 2014, 16 (1), pp 236–239. 

32. General procedure for synthesis of carbonates from chloromethyl chloroformate: To a single neck round 
bottom flask chloromethyl chloroformate (1.00 mmol), dimethylamino pyridine (0.15 mmol) and 
dimethylformamide (1 ml) in respective alcohols (5 ml). The reaction mixture was heated at respective 
alcohol boiling point to stir at for the time indicated in Table-2. After the completion of reaction was 
confirmed by TLC (10 % ethyl acetate in hexane) at TLC indicator, then reaction mixture was cooled to 
room temperature and diluted with water (5 ml). Product (2a to 2l) was extracted in dichloromethane (3 × 3 
ml), solvent dried with magnesium sulphate and solvent evaporated under reduced pressure to give the 
crude residue. The crude residue material was distilled under column packing with respective carbonate 
boiling point under vacuum. Compounds were characterized and comparison with melting point, 1H NMR, 
13C NMR, mass spectra with literatures. 

 









































































IJRAR - International Journal of Research and Analytical Reviews                             UGC Approved: 43602 

e ISSN 2348 - 1269, Print ISSN 2349–5138                                                                                      http://ijrar.com/ 

 
168 

Biochemical Analysis of Farm Pond Fresh Water Algae 
 

Aher A.A. and Wabale A.S. 
Department of Botany, 

Padmashri Vikhe Patil College of Arts, Science and Commerce,  
Pravaranagar, Maharashtra, India. 

 

 

 
ABSTRACT: Algae area rich and diverse source of pharmacologically dynamic natural products. Present paper 
deals with the biochemical analysis of algal members of division Chlorophyta, Bacillariophyta and 
Cyanophyata.Preliminary phycochemical analysis revealed the presence ofprincipal bioactive compounds- phenols, 
saponins, tannins, amino acids, coumarins and flavonoids. Currentdrifts in drug study from natural sources have 
shown that algae are hopeful organisms to afford unique biochemically active compounds. The present analysis 
defines the main constituent’s biosynthesized by algae with nascent profitable influence in food science, therapeutic 
industry and community health. 

  

    Keywords:Algae, biochemical analysis, bioactive compounds 

 
Introduction 
Secondary metabolites derived from algae have a broad range of biological activities such as antibiotic, 
antiviral, antioxidant, antifouling, anti-inflammatory, cytotoxic and antimitotic activities. These secondary 
metabolites show various applications in pharmaceutical industries. With the increasing apprehension now-a-
days microalgae are paid more concentration as nutraceuticals in the markets. Many researchers suggest that 
biological composition of microalgae such as protein, carbohydrate, minerals and bioactive compounds are of 
potential medicinal value that influences the nutritional value (Brown and Jeffrey 1992; Fuentes et al., 2000). 
Bioactive compounds: polyphenols, catechin, flavonols, glycosides, and phlorotannins discovered from 
methanol extract of red, green and brown algae are been reported to have uniqueness in their molecular 
skeleton and structures contributing to the strong antioxidant activity (Khoddami et al., 2013).  
 
Materials and Methods 
A) Preparation of algal extract: 
Fresh algal materials were collected from the agricultural pond at Wakadi village. After collection, algal 
materials were immediately washed with distilled water to remove epiphytes and adhering debris, and then 
dried at room temperature. The dried tissues were grinded to a fine powder. 10 gm of algal powder was 
completely homogenized and extracted with 100 ml of methanol, acetone, ether, chloroform, alcohol solvent 
and distilled water for 24hrs. Clarification of algal mixture was carried out by filtration method using Whatman 
No.1 filter paper.  The crude extracts were stored in the dark. Further these extracts were stored for estimating 
secondary metabolites. 
 
B) Preliminary biochemical studies  
The above condensed algal extracts, were preliminarily assessed for the boochemicals such as phenol, 
flavonoid, saponin, glycosides, alkaloids, tannins and terpenoids as: 
 
C) Qualitative biochemical Analysis 
Preliminary biochemical analysis was carried out for the extract as per standard methods described by Brain 
and Turner (1975) and Evans (1996).  
 
1) Detection of Alkaloids: Extracts were dissolved individually in dilute hydrochloric acid and filtered. The 
filtrates were used to test the presence of alkaloids by using following reagents 
 
i) Mayer’s test: Filtrates were treated with Mayer s reagent. Formation of a yellow cream precipitate indicates 
the presence of alkaloids.  
ii) Wagner s test: Filtrates were treated with Wagners reagent. Formation of brown/  
reddish brown precipitate indicates the presence of alkaloids. 
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2) Detection of Flavonoids  
i) Lead acetate test: Extracts were treated with few drops of lead acetate solution.  
Formation of yellow color precipitate indicates that the presence of flavonoids.  
ii) H2SO4 test: Extracts were treated with few drops of H2SO4. Formation of orange colour  
indicates that the presence of flavonoids.  
 
3) Detection of Steroids 
Two ml of acetic anhydride was added to 1 ml of the extracts, each with two ml of H2SO4. The colour was 
changed from violet to blue or green in some samples indicate that the presence of steroids.  
 
4) Detection of Terpenoids 
Salkowski’s Test: 1 ml of the extract was mixed with 2 ml of chloroform and concentrated H2SO4 (3 ml) was 
carefully added to form a layer. An appearance of reddish brown colour in the inner face was indicates that the 
presence of terpenoids.  
 
5) Detection of Anthroquinones: 
Borntrager’s Test: About 1 ml of the extract was boiled with 10% HCl for few minutes in a water bath. It was 
filtered and allowed to cool. Equal volume of CHCl3 was added to the filtrate. Few drops of 10% NH3 were added 
to the mixture and heated. Formation of pink colour indicates that the presence anthroquinones. 
 
6) Detection of Phenols: 
i) Ferric chloride test: 10 mg extracts were treated with few drops of ferric chloride solution. Formation of 
bluish black colour indicates that the presence of phenol.  
ii) Lead acetate test: 10 ml extracts was treated with few drops of lead acetate solution. Formation of yellow 
colour precipitate indicates that the presence of phenol.  
 
7) Detection of Saponins: About 0.5 ml of the extract was shaken with five ml of distilled water. Formation of 
frothing (appearance of creamy miss of small bubbles) shows that the presence of saponins.  
 
8) Detection of Tannins: A small quantity of extract was mixed with water and heated on a water bath. The 
mixture was filtered and ferric chloride was added to the filtrate. A dark green colour was formed. It indicates 
that the presence of tannins. 
 
9) Detection of Carbohydrates 
Benedict’s test 
To 0.5 ml of filtrate, 0.5 ml of Benedict’s reagent is added. The mixture is heated on a boiling water bath for 2 
minutes. A characteristic colored precipitate indicates the presence of sugar 
 
10) Detection of Protein & Amino acids  
i) Biuret test: To 0.5 ml of extract equal volume of 40% NaoH solution and two drops of one percent copper 
sulphate solution was added. The appearance of violet colour indicates that the presence of protein.  
ii) Ninhydrin test: About 0.5 ml of extract was taken and two drops of freshly prepared 0.2% Ninhydrin 
reagent was added and heated. The appearance of pink or purple colour indicates that the presence of proteins, 
peptides or amino acids. 
 
11) Test for Glycosides  
For 50 ml of extract is hydrolyzed with concentrated hydrochloric acid for 2 hours on a water bath, filtered and 
the hydrolysate is subjected to the following tests. 
Borntrager’s test:To 2 ml of filtered hydrolysate, 3 ml of chloroform is added and shaken, chloroform layer is 
separated and 10% ammonia solution is added to it. Pink colour indicates presence of glycosides. 
 
12) Cardiac glycoside  
Keller-Killani test- To 2 ml of extract, glacial acetic acid, one drop 5 % ferric chloride and concentrated 
sulphuric acid were added. Appearance of reddish brown colour at the junction of the two liquid layers 
indicates the presence of cardiac glycosides. 
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13) Test for Anthocyanins 
The presence of anthocyanins has been demonstrated by adding 2 mL of the plant extract with 2 mL of 2 N HCl. 
The appearance of a pink-red color that turns purplish blue after addition of ammonia indicates the presence 
anthocyanins. 
 
14) Coumarins: 3 ml of 10% NaOH was added to 2 ml of aqueous extract formation of yellow colour indicates 
coumarins.  
 
15) Emodins: 2 ml of NH4OH and 3 ml of benzene was added to extract appearance of red colour indicates 
presence of emodins 
 
16) Phlobatannins Deposition of red ppt when aqueous extract of each plant sample is boiled with 1% 
Aqueous HCl was taken as evidence for presence of Phlobatannins 
 
Results and Discussion 
The preliminary bicochemical analysis of the fresh water extract revealed the presence of sugar, protein, 
phenols, alkaloids, flavonoids, tannins, anthocyanins, glycosides, coumarins, phlobatanins, carbohydrates, 
anthraquinone. 
 

Table 1: Preliminary analysis of biochemicals. 
 

Sr.No. Phycochemical Methanol Alcohol Ether Acetone Chloroform Aqueous 

1 
Alkaloids 
i) Wagner’s Test 
ii) Mayer’s Test 

- - - - + - 

- - - -- + - 

2 
Flavonoids       
i) Lead Acetate + - - - - - 
ii) H2SO4 test - - - - - - 

3 
Phenols       
i) Ferric chloride - - - - - - 
ii) Lead acetate + + + - - + 

4 
Tannins       
i) Ferric chloride + + - + - - 

5 Terpenoids - - - - - - 
6 Saponin - - - - - - 
7 Steroids - - - - - - 
8 Anthocyanins - - - + - - 
9 Coumarins + + - - - - 

10 Emodins - - - - - - 
11 Glycosides + + - + - - 
12 Anthraquinone - - - + - - 
13 Cardiac glycosides - - - - - - 
14 Phlobatanins - + - - - - 
15 Proteins + + - - - - 
16 Carbohydrates + + - - - - 

 
Conclusion 
The algae possess an excellent source of basic primary and secondary metabolites that provides them with an 
ability to be used as an indigenous folk medicine by traditional healers. This can further be investigated in a 
wide scale for the purpose of drug development against various diseases. Quantitative phytochemical 
estimation of algae is very important in identifying new sources of therapeutically, industrially important 
compounds. Primary and secondary metabolites in a good amount those are adequate enough to fight against 
infection and major ailments. Phytochemicals are not essential nutrients and are not required by the human 
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body for sustaining life, but have important properties to prevent or to fight some common diseases. The 
quantitative estimation of the screened phytochemicals may pave a way for the further analysis of the role that 
they play against any pathological process. And further studies on the isolation and characterization of the 
bioactive compound. 
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Farm ponds are now a day extensively utilized for irrigation purpose. In the present study 
Farm pond situated within the Wakadi village, Rahata Tahasil of Maharashtra State 
(India) was selected. In order to identify the biodiversity of this pond, the algal samples 
were collected at regular intervals. These collected samples were observed, identified and 
micro photographed. The identification of algae was done with the help of standard books 
and monographs viz. Prescott (1962), Randhawa (1959), Philipose (1967), Ella 
Gonzalvis.  Desikachary 1959.  In all, 16 different algal genera were recorded from 
chlorophycean,  Bacillariophyceae, Pennales, Cyanophyceae.  
KEYWORDS: Fresh Water Algae, Farm pond, Biodiversity. 
Introduction: 
The members of green algae are abundantly found in all type of water bodies including, 
fresh water, brackish water and marine water. The aquatic ecosystem harboring them may 
be stagnant or continuously flowing. Besides these, algal growth can be supported by 
moist surface such as wet soil, rocks, tree trunks, walls of old buildings etc. Algae are 
found growing in a variety of aquatic and terrestrial ecosystems. (Satpatiet.al., 2013). The 
algal thallus ranges from unicellular mucilaginous colonies to multicellular compact 
forms which show considerable diversity in form and adaptation to their distinctive 
environment (Krishnamurthy, 2000). 
Algal biomass now a day is drawing huge attention of the scientific and industrial 
community due to its potential as a raw material in various fields. Algae have good 
climatic and anthropogenic tolerance which is proving to be effective in its growth 
(Gupta and Pamposh, 2014). 
Algae is not only supporting the food chain and food web but also playing a vital role in 
biogeochemical cycles of the nature. Algae as a producer in the ecosystem are creating 
interest in the global community due to its potential in fixing the atmospheric nitrogen. 
The application of algal bio fertilizers in various agricultural fields has been proved 
successful and eco-friendly. So the environmentally hazardous chemical fertilizer is now 
being gradually replaced by eco-friendly bio fertilizers (Gupta and Pamposh, 2014). The 
algae is also playing important role in the phytoremediation of environmental pollutant.  
The agricultural farm pond is now becoming popular method of irrigation among the 
farming community. The growing interest of the farmers towards farm pond is due to the 
water crises arised due to reduced rainfall over past few years. The government 
incentives for construction of farm pond have accelerated the number of farm pond 
tremendously in last few years. These farm ponds store the water round the year and 
hence favor the growth of algae.  
The study area in the present study is  wakadi of Ahmednagar district in Maharashtra 
state of India. It is a rain shadow area with a little annual rainfall. Hence, farmers 
generally utilize the water from farm pond during lean period. Due to decreased rainfall, 

Abstract 
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the number of farm ponds are increasing day by day. Therefore, the study was conducted 
with the objective of identification and classification of algae growing in the farm ponds 
of wakadi.  
Material and Methods: 
Study area: 
The present study was carried out in the Farm pond in Wakadi village, RahataTahasil of 
Maharashtra State (India).    
Collection of sample: 
Algal specimens were collected in sterilized glass containers from selected farm pond. 
Individual collections were picked in container with detailed field notes like collection 
number, date, nature of occurrence etc. The collected specimens were carefully cleaned 
in tap water before being preserved in container. For long term storage and future 
reference 4% formalin were used as preservative (Glycerin is added to this solution for 
long time preservation).  
Identification of Algae 
Permanent slides were prepared and observed under microscope. Photography was done 
by an Olympus photomicroscope. The identification of phytoplankton was done with the 
help of standard books and monographs viz. Prescott (1962), Randhawa (1959), Philipose 
(1967), Ella Gonzalvis.  Desikachary 1959.  Slides were prepared using G.W.F. solution 
(98% glycerin: distilled water: 42% Formalin = 1:1:1) as mounting medium. 
Results: 
Sr.No. Division Class Order Genus 

 1 Chlorophyta Chlorophyceae Chlorococcales Hydrodictyon 
reticulatum L. 
Coelastrum microporum 
(Naegeli 

  Ulotricales Ulothrix tenuissima 
(Kuetzing). 

Zynematales Mougotia sphaerocarpa 
(Wolle) 

Cladophorales Cladophora glomerata 
(L.) 
Rhizocolnium 
crassipelitum (West & 
West). 
Pithophora mooreana 
(Collins 

 2 Bacillariophyta Bacillariophyceae Pennals Navicula cuspidate 
(Kuetz . Var. ambigua ) 
Pinnulariaborealis 
(Nitzsch.) 
Milosira granulate(Ehr.) 
Ralfs. 
Fragilaria intermedia 
(Kuetz.) 
Nitzschia palea (Kuetz.) 
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W. Smith 

 3 Cyanophyta Cyanophyceae Ocillatoriales Ocillotoria 
subbrevis(Schmidle 
Lyngbya stagnina 
(Kuetzing 
Scytonemaocellatum 
(Lyngbye ex. Born) 
Microcoleus 
chthonoplastes (Thuret 
ex. Gomont) 

 
It was reported that, the fresh water algae collected for the present research were from 
three major division’s viz. Chlorophyta, Cyanophyta and Bacillariophyta divisions. Total 
16 genera were reported in the collected algae. It was also found that these algae were 
responsible for blocking the drip laterals. 
It was also decided further to test these algae as bio fertilizers. 
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Fig.4.1- Hydrodictyon reticulatum (L.)  

Fig.4.3-Mougetiasphaerocarpa Fig.4.4- Ulotrix tenuissima (Kuetzing). 

Fig.4.5- Cladophora glomerata (L.) Fig.4.6- Pithophora mooreana (Collins) 
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Fig.4.7- Rhizoclonium 
crassipelitum (West & West). 

Fig.4.8-Ocillatoria 
subbrevis(Schmidle) 

Fig.4.9-Lyngbyastagnina (Kuetzing) Fig.4.10- Scytonema ocellatum 

(Lyngbye ex. Born) 

 

Fig.4.11-Microcoleus chthonoplastes 

(Thuret ex. Gomont) 

Fig.4.12-Naviculacuspidate 
(Kuetz . Var. ambigua ) 
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