
Introduction

Better plant growth of crop plants has been a major 
concern of mankind since antiquity. Indole acetic acid 

is one of the natural plant growth regulators studied in 
plant sciences for a long time, followed by cytokinins, 
ethylene, gibberellic acid, and others that were discovered 
later. Indole acetic acid is responsible for promoting 
root growth while cytokinins like zeatin are considered 
specialized for shoot growth [1]. Later on, the attention of 
scientists was diverted toward commercial production of 
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plant growth promoters and soon after they captured the 
market. These included naphthyl acetic acid (NAA); 2, 
4 dichloro phenoxy acetic acid (2,4 D); and thidiazuron 
(TDZ). These chemicals revolutionized agriculture and 
are being used extensively for growth-promoting efficacy 
in plants [2].

Synthetic plant growth regulators are needed to fulfill 
the food supply chain demand. However, the synthesis of 
such chemicals requires the use of hazardous solvents and 
least efficient heating techniques. Hazardous solvents are 
fatal to aquatic life and create one of the biggest sources of 
persistent water pollution. In synthetic organic chemistry, 
solvents like toluene, benzene, and pyridine, etc., are 
being extensively used, and their carcinogenic nature is 
affecting the food chains. Similarly, the least efficient 
heating techniques consume much time and energy but 
produce little yield [3].

Purine-based synthetic analogues of fluorine 
containing plant growth regulators have been prepared 
by various techniques like electrospray reduction of 
aromatic anion mediator and purines [4-5]. Purine-based 
compounds have proved to be successful cytokinin 
analogues and are being used worldwide with growing 
interest to check the in vivo and in vitro plant growth 
response [6-7]. Novel cytokinin compounds did not show 
any negative effect on the growth of roots, while natural 
cytokinins may decrease root growth. Synthesized plant 
growth compounds work best in the micromolar and 
submicromolar range [8-9].

Synthesis of plant growth compounds like any other 
organic compounds employ hazardous solvents that 
increase VOCs [10]. They are the cause of autoimmune 
diseases and are also known for high MAD and SOD 
activity in humans under long-term exposure, causing 
serious muscoskeletal, gastrointestinal, cardiovascular, 
and respiratory problems. Aromatic solvents are a potential 
hazard for aquatic organisms and also contaminate the 
food chain [11].

When the conventional method of heating is employed, 
the reaction time for organic synthesis is 8-10 hours and 
sometimes more. Indole acetic acid-based Schiff bases 
and their lanthanide complexes have been synthesized by 
using less biodegradable and non-environment friendly 
solvents in low yield, and their chemical nature has been 
confirmed by various spectroscopic and gravimetric 
techniques [12]. The use of microwaves and ultrasonics 
have provided the chemists a new tool for rapid, one-
pot and high-yield organic synthesis with the additional 
benefits of energy efficiency and short reaction time [13-
14].

Another benefit of microwave irradiation is that green 
solvents like ethanol and acetone can be used in the 
process, which are safe, environmentally benign, and do 
not hamper aquatic life [15-16]. 

A series of new N, N-diacylhydrazine derivatives 
have been synthesized by using the energy-efficient 
techniques of microwave irradiation and environment 
friendly catalysts in good yield. The synthesized 
compounds showed excellent herbicidal activity 

against dicotyledonous weed [17]. Similarly, novel 2, 4 
Dichlorophenoxy acetic acid-derived Schiff bases and 
their lanthanide complexes enhanced the plant growth-
promoting activity at 10-6 M concentration in wheat seeds. 
Plant growth activity of the synthesized compounds on 
wheat seeds indicated that 10-6 M concentration of the 
compounds was the most effective [12].

Micropropagation of Bougainvillea glabra has 
been extensively studied because of the rapid growth  
potential of its shoot tips in tissue culture [18]. Thidiazu-
ron is a widely used growth promoter in tissue culture 
and is commonly used as internal standard because  
of its efficacy at low concentrations in MS medium [19-
20]. 

There is also a growing interest to find the relationship 
between reactive oxygen species (ROS) and antioxidant 
response in the growth and development of plant cells [21]. 
ROS behave as the second messenger in their response 
in plant tissue growth, development, and regulation [22].  
In plants, ROS production is controlled by various non-
enzymatic antioxidants and enzymatic defense systems, 
which is partially performed by SOD that converts O2

- 

to H2O2 and CAT that degrades H2O2 [23]. Superoxide 
dismutase and catalase are efficient antioxidant enzymes 
and they are an integral factor in the whole enzymatic 
process because their combined action prevents cellular 
degradation caused by O2

-, H2O2, and OH-1 [24]. During 
in vitro growth, plant cultures face many extreme 
conditions, including high sugar and salt concentrations 
and phytohormonal imbalance, due to which antioxidant 
activities are required.

This research was aimed at preparing new plant 
growth promoting organic compounds using green 
methodologies, including the most efficient heating 
techniques like microwave irradiation and the use of 
green solvents like ethanol, chloroform, and acetone, 
which are easily biodegradable. This is the first study of 
synthesis of plant growth-promoting compounds from 
naphthyl acetic acid moieties using green chemistry 
protocols. Subsequently, the synthesized compounds 
were assessed for their growth-promoting efficacy and 
antioxidant enzyme activities in tissue culture-raised 
explants of Bougainvillea glabra [25].

Material and Methods

Synthesis of Chemicals Compounds by Using 
Green Protocols

Analytical-grade solvents and chemicals were 
purchased from Merck (Germany) and used as such. 
All the melting points were determined on a digital 
melting point apparatus (Gallenkamp England) and were 
uncorrected. Thin layer chromatography was used to 
monitor completion of the reaction. Infrared (IR) spectra 
were recorded on a Tensor 27 by Bruker. 1H NMR spectra 
were recorded on AVANCE-400 MHz and 13C NMR 
were recorded on AVANCE-300 MHz spectrometer using 
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TMS as an internal standard. Microwave irradiation 
was carried out in specifically designed microwave 
oven equipped with magnetic stirrer and external reflux 
condensers (Orient eNNe781JF household microwave 
oven) that was generating fixed frequency 2450 MHz 
throughout the required time at multiples of 100-1000 W.

Synthesis of ethyl naphthalen-1-yl-acetate (1)

A mixture of naphthyl acetic acid (2 g) and ethanol 
(50 ml) was heated under microwave irradiation for  
5-6 minutes in the presence of 2-3 drops of acetic acid.  
The reaction mixture was monitored with TLC  
containing a mixture of chloroform and ethyl acetate. 
Excess of ethanol was evaporated on the water bath 
and the mixture was separated with chloroform and 
water. After extracting the chloroform layer, a pinch of 
anhydrous Na2SO4 was added to remove any water. The 
chloroform layer was heated and it was recovered. Ethyl 
naphthalen-1-ylacetate was obtained in liquid form and 
yield was 56% [26].

Synthesis of 2-(naphthalen-1-yl) acetohydrazide (2)

A mixture of naphthalen-1-ylacetate (1 mmol) 
and hydrazine hydrate (1 mmol) was irradiated under 
microwaves in a specially designed oven for 8-10 
minutes in the presence of ethanol (20 ml) as solvent. The 
reaction mixture was monitored for completion using a 
chloroform and ethyl acetate mixture. Excess of ethanol 
was evaporated on a water bath. The solid obtained was 

washed with a dilute solution of acetic acid to remove  
any excess hydrazine in the mixture. The product was 
dried in the oven and recrystallized with ethanol. Yield 
obtained of the synthesized naphthyl acetohydrazide was 
73% [17].

Synthesis of substituted 2-(naphthalene-1-yl) 
methylidene acetohydrazide (Schiff bases 3) 

An equimolar quantity of naphthalen-1-acetohydrazide 
(1 mmol) and substituted aldehydes (1 mmol) having 2-3 
drops of acetic acid was irradiated under microwaves 
in an oven for 4-6 minutes in the presence of ethanol  
(20 ml) as solvent. The reaction mixture was monitored 
for completion using a chloroform and ethyl acetate 
mixture. Excess of ethanol was evaporated on a water 
bath and the solid obtained was washed with cold ethanol. 
The product was dried in an oven and recrystallized with 
ethanol [27]. Compound B-01, B-04, B-10, B-13, B-16, 
B-21 were synthesized by using this methodology.

Synthesis of substituted ethyl 
(naphthalen-1-ylacetyl) hydrazinyl acetate (4)

Schiff bases of methylidene acetohydrazide (1 mmol) 
reacted with ethyl chloro acetate (2 mmol) in the presence 
of anhydrous K2CO3 (5 mmol). It was irradiated in a 
microwave oven for 3-5 minutes using acetone (25 ml) 
as a solvent. The reaction mixture was monitored for 
completion using a chloroform and ethyl acetate mixture. 
Excess of acetone was evaporated and the solid obtained 
was washed with cold ethanol. The product was dried in 

Fig. 1. Scheme of synthesis of organic compounds using green protocols.
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an oven and recrystallized with ethanol [17, 28]. (Scheme 
of synthesis is shown in Fig. 1.). Compound B-02, B-05, 
B-11, B-14, B-17, B-22 were synthesized by using this 
methodology.

Biological Activities of Compounds

All prepared compounds were dissolved in the 
minimum possible quantity of dimethyl sulfoxide (DMSO) 
and diluted with distilled sterilized water to make a stock 
solution of 10 mM, which was further diluted to prepare 
other concentrations of 1, 10, and 100 µM.

Fresh branches of Bougainvillea glabra (10 cm) 
were collected from University of the Punjab, Lahore, 
Pakistan. They were kept under running tap water for 
half an hour. Shoot meristematic tissues of B. glabra 
were cut up into 1-cm explants having nodal region and 
a uniform biomass. The impact of prepared compounds 
was observed in stimulating growth using the tissue 
culture technique. The explants were surface-sterilized in 
70% ethanol for one minute and in sodium hypochlorite 
for 8-10 minutes having 1-2 drops of Tween 20. Then they 
were washed with distilled autoclaved water thrice to 
remove any residues of chemicals before culturing.

Murashige and Skoog (MS) basal medium 
supplemented with TDZ, NAA, and synthesized 
compounds at 1, 10, and 100 µM concentrations with  
30 gL-1 sugar was used to asses plant growth using 
7.4 gL-1 of agar as a solidifying agent. The pH of 
medium was adjusted between 5.7-5.8 before the addition 
of agar. After autoclaving, the compounds with their 
relevant concentrations were added before pouring the 
medium into 30 ml test tubes [18]. The test tubes were 
inoculated with the prepared explants of Bougainvillea 
glabra under completely aseptic conditions and placed 
in a growth chamber at 25ºC under 16 hours light and 
8 hours of dark. The light intensity was maintained at 
2,000-3,000 lux. Five replicates of each treatment were 
taken and growth initiation and plantlet formation was 
recorded after 2-3 weeks. The biomass of the explants 
was recorded at three weekly intervals [19].

Extraction of Antioxidant Enzymes

 Approximately 100 mg of fresh leaf tissue was 
randomly taken from cultured plants, frozen in liquid 
nitrogen, and stored at -80ºC until further analysis. 
Extraction of SOD and CAT was performed as described 
by He et al. (2001) with minor modifications. Briefly 
frozen leaves were mixed with 3 ml of 150 mM cold 
phosphate buffer (pH 7.0) with a mortar and pestle and 
centrifuged at 12,000 rpm for 20 minutes at 4ºC in a 
temperature-controlled centrifuge [29]. The extract was 
used for estimating enzyme activities.

Estimating Catalase (CAT) Activity

CAT activity was determined based on the oxidation 
of H2O2 using the method of Chance and Maehly (1955) 

with little modification. The reaction solution (3 ml) 
contained 50 mM phosphate buffer (pH 7.0), 45 mM H2O2, 
and 100µl of extracted solution. The reaction was started 
by adding the enzyme solution. Changes in absorbance at 
240 nm were calculated after every 10 seconds for 60-80 
seconds using a Shimadzu UV 1800 Spectrophotometer. 
One unit of CAT activity was defined as the absorbance 
change of 0.01 per min [30].

Estimating Superoxide Dismutase 
(SOD) Activity

SOD activity was estimated by the method of 
Giannopolitis and Ries (1977) with minor modifications. 
The reaction solution (3 ml) contained 50 mM phosphate 
buffer (pH 7.8), 60µM riboflavin, 195 mM methionine, 
3 uM EDTA, 1.125 mM nitro blue tetrazolium, and  
100 μL of extracted enzyme solution. A solution 
containing no enzyme was used as the control. Test  
tubes were irradiated under fluorescent light at  
100 μmol. m-2 s-1 for 20 minutes and then placed in the 
dark for 10 minutes. The absorbance of each solution 
was read at 560 nm and one unit of enzyme activity was 
defined as the amount of enzyme that would inhibit 50% 
of NBT photo reduction [31].

Results and Discussion

Chemical Characterization of the 
Prepared Compounds

Compounds synthesized using green protocols 
include Schiff bases and their corresponding ethyl 
esters. Spectroscopic detail of Schiff bases – including 
molecular mass, melting point, IR, and Proton NMR – is 
given below:
1. N’-[(4-Chlorophenyl) methylidene]-2-(naphthalen-1-

yl) acetohydrazide (B-01): 
 Yellowish white solid, RT (MW) 4 min, yield 89%, mp 

234-236ºC, IR (KBr): v 3273.81, 3040.22, 2957.21, 
1667.04, 1556.60, 1434.11, 1342.20, 1231.07,1077.69, 
746.46 cm-1; 1H NMR (400 MHz, CDCl3) δ: 8.753 
(s, 1H, NH), 8.037 (s, 1H, CH), 8.052-7.769 (m, 5H, 
ArH), 7.609-7.429 (m, 6H, ArH), 4.518 (s, 2H, CH2).

2. N’-[(2-Chlorophenyl) methylidene]-2-(naphthalen-1-
yl) acetohydrazide (B-04):

 White solid, RT (MW) 5 min, yield 87%, mp 182ºC, IR 
(KBr): v 3277.96, 3002.84, 2953.13, 1664.48, 1550.48, 
1416.90, 1350.94, 1213.36, 1054.49, 732.18 cm-1. 
1H NMR (400 MHz, CDCl3) δ: 8.699 (s, 1H, NH), 
8.150 (s, 1H, CH), 8.088 (d, J= 6.3 Hz, 1H, ArH), 
7.945-7.839 (m, 4H, ArH), 7.780-7.273 (m, 6H, ArH), 
4.529 (s, 2H, CH2).

3. 2-(Naphthalen-1-yl)-N’-[2-nitrophenyl) methylidene] 
acetohydrazide (B-10):

 Yellowish white solid, RT (MW) 5 min, yield 85%, 
mp 222-224ºC, IR (KBr): v 3176.79, 3005.44, 
2976.29, 1629.83, 1512.96, 1455.21, 1368.66, 
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1222.91,1061.24 cm-1. 1H NMR (400 MHz, CDCl3) 
δ: 9.864 (s, 1H, NH), 7.809 (s, 1H, CH), 7.633-7.331 
(m, 5H, ArH), 6.943-6.664 (m, 5H, ArH), 6.664 
(s, 1H, ArH), 4.127 (s, 2H, CH2).

4. 2-(Naphthalen-1-yl)-N’-[phenyl methylidene] 
acetohydrazide (B-13):

 White solid, RT (MW) 4 min, yield 90%, mp 220ºC, IR 
(KBr): v 3207.98, 3075.23, 2914.80, 1669.58, 1562.08, 
1394.88, 1234.43, 1133.44 cm-1.1H NMR (400 MHz, 
CDCl3) δ: 10.104 (s, 1H, NH), 8.857 (s, 1H, CH), 8.115 
(d, J= 8.1 Hz, 1H, ArH), 7.886-7.639 (m, 5H, ArH), 
7.671-7.639 (m, 2H, ArH), 7.548-7.390 (m, 4H, ArH), 
4.538 (s, 2H, CH2).

5. N’-[4-Methoxyphenyl) methylidene]-2-(naphthalen-1-
yl) acetohydrazide (B-16):

 White solid, RT (MW) 6 min, yield 84%, mp 180ºC, 
IR (KBr): v 3218.67, 3045.44, 2921.21, 1662.22, 
1554.06, 1372.62, 1255.68, 1069.52 cm-1.1H NMR 
(400 MHz, CDCl3) δ: 9.35 (s, 1H, NH), 8.37 (s, 1H, CH), 
7.99-7.832 (m, 1H, ArH), 7.657-7.391 (m, 4H, ArH), 
7.256-7.139 (m, 6H, ArH), 4.538 (s, 2H, CH2), 3.71 
(s, 3H, OCH3).

6. 2-(Naphthalen-1-yl)-N’-[4-nitrophenyl) methylidene] 
acetohydrazide (B-21):

 Yellowish white solid, RT (MW) 5 min, yield 81%, mp 
284ºC, IR (KBr): v 3194.47, 2954.08, 2896.10, 1669.91, 
1386.35, 1244.12, 1367.81, 1109.59 cm-1.1H NMR 
(400 MHz, CDCl3) δ: 8.280 (s, 1H, NH), 7.872 (s, 1H, 
CH), 7.845-7.736 (m, 5H, ArH), 7.542-7.434 (m, 5H, 
ArH), 6.742 (s,1H, ArH), 4.566 (s, 2H, CH2).
Spectroscopic detail of new ethyl esters – including 

molecular mass, melting point, IR, and Proton NMR – is 
given below:
1. Ethyl [2-(4-Chlorobenzylidene)-1-(naphthalen-1-

ylacetyl) hydrazinyl] acetate (B-02):
 Yellowish white solid, RT (MW) 3 min, yield 85%, mp 

154-156ºC, IR (KBr): v 3124.06, 2912.70,1735.69, 
1677.20, 1425.36, 1343.92, 1224.64, 1092.69,  
646.61 cm-1. 1H NMR (400 MHz, CDCl3) δ: 8.026 
(d, J = 6.0 Hz, 1H, ArH), 7.929 (s, 1H, CH), 
7.856-7.833 (m, 1H, ArH), 7.510-7.290 (m, 9H, ArH), 
4.813 (s, 2H, CH2), 4.688 (s, 2H, CH2), 4.19 (q, J = 5.4 
Hz, 2H, CH2), 1.220 (t, J = 5.4 HZ, 3H, CH3).

2. Ethyl [2-(2-Chlorobenzylidene)-1-(naphthalen-1-
ylacetyl) hydrazinyl} acetate (B-05):

 White solid, RT (MW) 4 min, yield 87%, mp 182ºC, IR 
(KBr): v 3136.42, 2934.45.70,1727.18, 1684.98, 1415.49, 
1344.54, 1271.56, 1027.19, 624.41 cm-1. 1H NMR 
(400 MHz, CDCl3) δ: 18.026 (d J = 6.0 Hz, 1H, 
ArH), 7.929 (s, 1H, CH) 7.856-7.75 (m, 1H, ArH), 
7.517-7.7248 (m, 9H, ArH), 4.855 (s, 2H, CH2), 4.704 
(s, 2H, CH2), 4.217 (q, J = 5.4 Hz, 2H, CH2), 1.241 
(t, J = 5.4 Hz, 3H, CH3).

3. Ethyl 1-[(Naphthalen-1-yl) acetyl]-2-[(2-nitrophenyl) 
methylidene] hydrazinyl acetate (B-11):

 Yellowish white solid, RT (MW) 4 min, yield 85%, 
mp 144ºC, IR (KBr): v 3114.65, 2920.09,1733.77, 
1674.35, 1424.77, 1383.27, 1228.42, 1034.21 cm-1. 
1H NMR (400 MHz, CDCl3) δ: 8.092 (s, 1H, CH), 

8.036-7.990 (m, 1H, ArH), 7.869-7.443 (m, 3H, ArH), 
7.502-7.407 (m, 7H, ArH) 4.858 (s, 2H, CH2), 4.680 
(s, 2H, CH2), 4.24 (q, J = 5.4 Hz, 2H, CH2), 1.272 
(t, J= 5.4 Hz, 3H, CH3). 

13C NMR (CDCl3, 300 MHz) 
δ: 14.09, 37.62, 42.80, 62.08, 123.90, 124.91, 125.51, 
125.66, 126.23, 127.52, 127.71. 128.58, 128.75, 129.23, 
130.05, 131.64, 132.21, 133.49, 133.86. 135.19, 148.13, 
166.73, 173.15.

4. Ethyl [(2-Benzylidene-1-(naphthalen-1-ylacetyl) 
hydrazinyl] acetate (B-14):

 White solid, RT (MW) 3 min, yield 89%, mp 90ºC, 
IR (KBr): v 3004.83, 2923.42,1735.65, 1674.13, 
1422.15, 1347.32, 1222.43, 1027.36 cm-1.1H NMR 
(400 MHz, CDCl3) δ: 8.055 (d, J = 7.5 Hz, 1H, ArH), 
7.85-7.75 (m, 2H, ArH), 7.539 (s, 1H, CH), 7.632-7.345 
(m, 9H, ArH), 4.828 (s, 2H, CH2), 4.718 (s, 2H, CH2), 4.191 
(q, J = 7.2 Hz, 2H, CH2), 1.218 (t, J = 7.2 Hz, 3H, CH3).

5. Ethyl {2-[(4-Methoxyphenyl) methylidene]-1-
[(naphthalen-1-yl) acetyl] hydrazinyl} acetate (B-17):

 White solid, RT (MW) 5 min, yield 81%, mp 96ºC, IR 
(KBr): v 3014.12, 2993.74, 1735.64, 1672.31, 1421.71, 
1345.09, 1217.24, 1030.81 cm-1.1H NMR (400 MHz, 
CDCl3) δ: 8.055 (d, J=7.5 Hz, 1H, ArH), 7.846-7.735 
(m, 4H, ArH), 7.561-6.859 (m, 7H, ArH), 4.808 (s, 
2H, CH2), 4.697 (s, 2H, CH2), 4.182 (q, J= 5.4 Hz, 2H, 
CH2), 3.818 (s, 3H, OCH3) 1.212(t, J= 5.4Hz, 3H, CH3).

6. Ethyl {1-[(Naphthalen-1-yl) acetyl]-2-[(4-nitrophenyl) 
methylidene] hydrazinyl} acetate (B-22):

 Yellowish white solid, RT (MW) 4 min, yield 90%, 
mp 138ºC, IR (KBr): v 3136.45, 2985.66, 1731.91, 
1681.76, 1416.68, 1341.82, 1223.40, 1024.85 cm-1. 
1H NMR (400 MHz, CDCl3) δ: 8.17-8.14 (m, 2H, 
ArH), 8.032-7.755 (m, 4H, ArH), 7.537-7.382 (m, 6H, 
ArH), 4.845 (s, 2H, CH2), 4.705 (s, 2H, CH2), 4.212 
(q, J= 5.4 Hz, 2H, CH2), 1.240 (t, J=5.4 Hz, 3H, CH3). 
13C NMR (CDCl3, 300 MHz) δ: 14.09, 37.53, 42.74, 
62.01, 123.76, 124.04 (3C), 125.45, 125.71, 126.24, 
127.45, 127.67 (2C), 127.78, 128.82, 131.44, 132.14, 
133.89, 136.30, 140.09, 148.29, 166.82, 173.09.
In IR spectra -C=N stretching, which is one of 

the two major peaks of Schiff bases, is expected to 
appear within the range of 1,620-1,690 cm-1 and C=C 
stretching at about 1,500-1,560 cm-1. In the IR data 
of our synthesized compounds, both can be found at  
1,629-1,669 cm-1 and 1,515-1,556 cm-1, respectively 
[32]. The presence of a singlet due to -NH is expected 
at δ 8.80-9.70 and it is also present in the range 
δ 8.280-10.014 in 1H NMR data of our synthesized 
Schiff bases [33-34]. Similarly, carbonyl carbon  
-C=O major peak in IR spectra of synthesized ethyl  
esters in the range 1,727-1,735 cm-1 (ideal value is 
1,720-1,750 cm-1) confirms acetate moiety. Ethyl acetate 
moiety can also be confirmed by the presence of a triplet 
due to CH3 at δ 1.212-1.240 and a quartet due to CH2 
group at δ 4.179-4.237 in 1H NMR spectral data [35].

It is worth noting that there is one extra singlet  
peak in the case of B-16 (Schiff base) at δ 4.01 and in 
B-17 (ethyl ester) at δ 3.818. This is due to the presence 
of three extra proton of –OCH3 in both compounds, 
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which is present at para (4th) position of its precursor 
benzaldehyde. This peak is not present in any other Schiff 
base or ethyl ester.

13C NMR spectra of representative compound (B-11) 
of this series shows that there is a peak at δ 14.09 ppm 
which is due to carbon of methyl group in ethyl acetate 
moiety. At δ 37.62 ppm there is peak due to carbon of –
CH2 group attached with naphthalene ring. Then there is 
peak at δ 42.80 ppm which is due to carbon neighbored 
with nitrogen followed by a peak at δ 62.08 ppm which 
is due to carbon of –CH2 group of ethyl esters. From δ 

123.90- 133.86 ppm there are carbon of aromatic regions 
after that there are two peaks at δ 135.19 and 148.13 ppm 
which are due to carbons directly attached with nitrogen 
via single and double bond. Carbon attached nitrogen 
with double bond is characteristic peak of schiff base. 
Finally, there are two peaks one is due to –C=O group 
of ester at δ 166.73 ppm and –C=O group attached with 
nitrogen at δ 173.15.

Fig. 2. Growth response of Bougainvillea explants treated with 
B-13 at 1 µM after 14 days (test tube C indicates control, test 
tube 613 A contains compound B-13, and test tube TDZ contains 
commercial standard).

Compound
Shoot biomass (mg) after days:

Mean
0 7 14 21

B-01 124.03±0.15a 126.97±0.18b 130.53±0.15c 132.83±0.18cd 128.59±1.02 A

B-04 123.73±0.12a 127.83±0.12b 129.33±0.09c 131.93±0.18bc 128.21±0.90 A

B -10 123.33±0.18a 127.40±0.26b 137.50±0.15e 145.60±0.25g 133.46±2.63 B

B -13 123.73±0.09a 129.53±0.15c 142.17±0.19f 146.17±0.24g 135.40±2.75 C

B -16 123.53±0.07a 125.30±0.12ab 128.53±0.18c 133.13±0.20d 127.63±1.10 A

B -21 123.70±0.15a 127.10±0.10b 130.10±0.21c 133.67±0.19d 128.64±1.11A

TDZ 125.33±0.09ab 131.13±0.18bc 134.33±0.42d 145.70±0.49g 134.13±2.24 BC

C 124.00±0.95a 127.10±1.75b 129.07±2.12c 134.47±5.42d 128.66±1.74 A

Mean 123.93±0.16 A 127.80±0.40 B 132.70±0.98 C 137.94±1.40 D

Means sharing similar letters in a row or in a column are statistically non-significant (P>0.05). Lowercase letters represent 
comparison among compounds and growth time while capital letters indicate overall mean according to DMRT.

Table 1. Shoot biomass of Bougainvillea glabra explants after treatment with different synthesized Schiff bases.

Fig. 3. Number of plantlets produced by the Bougainvillea 
explants in response to the applied Schiff bases a) and ethyl  
esters b).
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Growth Response of Bougainvillea glabra Explants 
to Synthesized Compounds

Biological assays were carried out with the 
synthesized Schiff bases and ethyl esters at 1, 10, and 
100 µM concentration for their phytohormonal ability to 
induce growth and development in Bougainvillea glabra. 
The tissue culture technique of culturing explants was 
used against standard TDZ at the same concentration and 
control (without any growth compound) using MS basal 
medium. 

None of the compounds was able to trigger any  
growth response at 100 µM concentration in Bougainvillea 

glabra. Only the compound B-14 stimulated growth 
at the 10 µM concentration. Significant growth was 
observed using 1 µM concentration of the synthesized 
compounds. Naik et al. have observed the effect of 
2,4-Dichlorophenoxyacetic acid and its lanthanide 
complexes [12]  and Indole 3 acetic acid-derived Schiff 
base and its lanthanide complexes on the germination and 
growth activity on wheat seeds, and found the best results 
at 10-6 M concentration. However, Podlesakova et al. [8] 
have observed the good impact of some novel cytokinin 
derivatives on leaf emergence and lateral root branching 
in the nano molar range of concentrations in Arabidopsis 
and maize. 

The shoot biomass of B. glabra was the highest in 
the case of the Schiff base B-13 as shown in Fig. 2 and 
was comparable to TDZ. However, growth only became 
significant after 14 days (Table 1). The mean shoot biomass 
was in the order of B-13>TDZ>B-10. These compounds 
triggered some hormonal response probably due to their 
small size and low molecular mass while mimicking the 
receptor [36]. All other compounds showed significantly 
less biomass as compared to TDZ. In general, the biomass 
increased with increasing time. The number of plantlets 
and greater number of leaves per plantlet also confirmed 
the overall biomass of the explants (Figs 3a and 4a).

In the case of ethyl esters, B-02, B-11, and B-14 
synthesized compounds at 1 µM concentration, producing 
significantly better biomass. As shown in Table 2, the 
compound B-14 produced significantly higher biomass 
after 14 and 21 days than the commercial standard  
TDZ and the control. The biomass produced by B-14 at 
1 µM concentration was considerably higher than other 
synthesized compounds of the same series. Similarly, 
the compound B-11 also proved to be a good promoter 
of biomass after 14 and 21 days. Biomass produced by 
all synthesized compounds was higher than the control  
(Table 2). The biomass production was in the order 
of B-14>B-11>B-02>TDZ. Only the compound B-14 

Fig. 4. Number of leaves per plantlet produced in Bougainvillea 
explants in response to Schiff bases a) and ethyl esters b).

Compound
Shoot biomass (mg) after days:

Mean
0 7 14 21

B-02 124.10±0.32a 133.77±0.24d 137.20±0.40e 143.10±0.25g 134.54±2.08 B

B-05 124.07±0.22a 128.40±0.45b 131.00±1.65c 135.27±3.17d 129.68±1.45 A

B-11 123.67±0.48a 129.00±1.67bc 139.30±1.86f 147.17±1.73h 134.78±2.82 B

B-14 123.70±0.06a 131.20±1.55c 142.93±0.85g 150.17±4.07i 137.00±3.23 B

B-17 123.30±0.21a 127.63±2.34b 132.20±3.70c 136.53±3.39de 129.92±1.90 A

B-22 123.47±0.09a 127.23±0.03b 130.73±0.44c 137.33±3.48e 129.69±1.71 A

TDZ 125.33±0.09ab 131.13±0.18c 134.33±0.42d 145.70±0.49gh 134.13±2.24 B

C 124.00±0.95a 127.10±1.75b 129.07±2.12bc 134.47±5.42d 128.66±1.74 A

Mean 123.95±0.17 A 129.43±0.61 B 134.60±1.08 C 141.22±1.52 D

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Lowercase letters represent 
comparison among compounds and growth time while capital letters indicate overall mean according to DMRT.

Table 2. Shoot biomass of Bougainvillea glabra explants after treatment with the different synthesized ethyl esters.
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showed some growth at 10 µM concentration. This 
compound showed better growth at 1 µM concentation. 
The compound B-11 and B-14 had the highest percentage 
of developed plantlets from shoot and number of leaves 
per plantlet after 14 and 21 days, as shown in Figs 3b) 

and 4b). These results are far better than their respective 
Schiff bases (Figs 3a and 4a) and the commercial standard 
TDZ.

Precursors of the compound B-14 are naphthyl acetic 
acid and benzaldehyde (prepared from reduction of 
benzoic acid), which have long been extensively used in 
agricultural practices. This compound has the smallest 
structure and the lowest molecular mass compared to 
other compounds of this series. Therefore, it is easy for 
the compound to mimic and deceive the receptor and 
trigger a growth response [36]. Similarly, B-11 also 
produced better response because of its small size and low 
molecular mass and more structural resemblance with 
B-14. Schiff bases showed less growth potential than their 
corresponding ethyl esters, and the ethyl acetate moiety 
(esters) gave comparatively better results. The Schiff 
bases B-01 and B-04 did not produce significant growth 
activity, while their corresponding ethyl esters B-02 
and B-05 were found to be effective in shoot initiation 
and leaf emergence. The main cause of this difference 
in behavior is a single acetate moiety in Schiff bases 
and double acetate moiety in ethyl esters that promoted  
more growth in explants. Before this, new aromatic 
cytokinin derivatives have been prepared by substitution 
in the benzene ring and also in the purine moiety at the 
C2, C8, and N9 positions, and have shown promising 
properties for application in plant tissue culture and 
biotechnology [2]. The current compounds are syn-
thesized from auxin moiety, but they resemble cytokinins 
in their behavior in triggering growth and development 
in plants.

Scientists are continuously in search of new 
biotechnologies. Sun et al. [17] have prepared derivatives 
from 2,4-dichlorophenoxy moieties for successful control 
of both monocot and dicot weeds due to their herbicidal 
activity. Synthesis of new compounds on plant regulator 
moieties is going on either to enhance and trigger more 
growth in commercially important plants, or to control 
noxious plants, weeds, and potentially harmful organisms 
due to their herbicidal, antibacterial, or antifungal 
activities.

Antioxidant Enzyme Activities in Response 
to the Application of Synthesized 

Compounds

Bougainvillea explants treated with synthesized 
ester-based plant growth regulators B-02, B-05, B-11, 
and B-14 at 10-6 M exhibited considerably higher catalase 
activity than control, and comparable catalase activity 
to TDZ. The corresponding Schiff bases also exhibited 
better catalase activity than control, except for B-21, but 
lower than TDZ. Catalase activity was found to increase 
in 14- and 21-day-old explants treated with synthesized 
plant growth promoters that probably decreased the level 
of H2O2 production in the cell (Figs 5a-b). Increased 
catalase production was noted with the passage of time. 
These results are in accordance with Gupta et al. [37]. 
Catalase activity was comparatively high in 21-day-old 

Fig. 6. Effect of synthesized plant growth promoters on 
superoxide dismutase activity of Bougainvillea explants in 
response to the applied Schiff bases a) and ethyl esters b).

Fig. 5. Effect of synthesized plant growth promoters on catalase 
activity of Bougainvillea explants in response to the applied 
Schiff bases a) and ethyl esters b).
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rather than 14-day-old tissue-cultured raised plantlets. 
Anushi et al. [21] also found an increase in CAT level after 
4 weeks as compared to 2-week-old in vitro-regenerated 
shoots.

The increased level of superoxide dismutase found in 
explants treated with B-02, B-05, B-11, and B-14 at 1 µM 
suggest that they help to control O2

- production and in fact 
act as the primary defense line by converting O2

- to H2O2 
(Figs 6a-b) [38].  Schiff bases also produced better activity 
than control, but less than TDZ. Vivancos et al. [39] have 
also found a positive relationship between SOD and plant 
growth promoter application. Similarly, Agniseka at al. 
[23] found increased CAT and SOD production in in vitro-
raised shoots of Pelargonium hortorum when treated 
with different concentrations of TDZ. They also found 
a positive correlation between days of sub culturing and 
antioxidant enzyme production, but the increase was not 
linear. Anushi et al. [21] have also found increased SOD 
activity when plantlets of Cardiospermum helicacabum 
L. were treated with plant growth regulators, and their 
results also support our findings. Similarly, Zaheer et al. 
[40] have shown increased SOD levels in wheat seeds 
when they were soaked in different combinations of plant 
growth regulators.

More research is required to explore more useful 
derivatives and compounds synthesized from existing or 
new PGR-based compounds for commercial use. 

Conclusions

Among the compounds synthesized with green 
chemistry protocols from naphthyl acetic acid moiety, 
the resultant compounds were characterized to be Schiff 
bases and their corresponding ethyl esters through  
IR and 1HNMR. The compounds B-10 and B-13 having 
Schiff base moiety, and B-11 and B-14 having ethyl 
acetate moiety, produced better growth response at  
1 µM concentration in tissue culture-raised explants of 
Bougainvillea glabra on MS basal medium compared 
to the commercial standard TDZ. Bougainvillea glabra 
explants treated with synthesized compounds also 
exhibited higher catalase and superoxide dismutase 
activity than control, and comparable activity with 
commercial standard TDZ. Thus, the newly synthesized 
compounds can prove to be alternate plant growth 
promoters in micropropagation of plants through the 
tissue culture technique.
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