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Promotive Influence of Farm Pond Algae with Aqueous and 

Cow Urine extracts on Germination and Growth Traits in 

Luffa cylindrica L 
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Abstract- 

Agriculture sector has always remained a main contributor in GDP and a source of employment for many people across the 

country. However, the later effect of green revolution technologies have asked serious questions in the form of many diseases which 

have been introduced through food and water contamination. The alternative and reliable options for the chemical fertilizers and 

pesticides have been always at the center of various research studies since last few decades. Hence, an attempt was made to study the 

promotive role of farm pond algae on seed germination and seedling growth in Luffa cylindrica L. The seeds were treated in various 

concentrations of algal aqueous and cow urine extracts and percent seed germination and seedling growth was observed. It is found 

that, 15 % concentration of both algal aqueous and cow urine extract has significant effect in promotion of seed germination, root 

length, shoot length and overall height of Luffa cylindrica L. Algal cow urine extract reported significantly better growth over the 

algal aqueous extract.  

 

Key words- Luffa cylindrica L., Farm Pond Algae, Algal Extract, Cow Urine Extract.  

 

I. INTRODUCTION 

 Ever since invention, agriculture has been the mainstay of human civilization. India is known as an agriculture driven 

country, and agriculture being a major industry has played a vital role in gross domestic production (GDP) of the country. The 

agriculture sector of India contributes to around 18 % to gross domestic product and offers employment opportunities to 50 % 

of the countries workforce. [1] India witnessed the Green Revolution in the 1960s with an increase in food grain production and 

met the food demand of the millions of malnourished people across the country. Green revolution broadly represented a major 

change in the stakeholders focusing on increased use of chemical-based pesticides and fertilizers to increase the crop yield in 

multiple folds. The striking quantitative increase in food production as a result of increased chemical input in agriculture was 

the welcoming sign but the long term health impacts of these chemicals started drawing attention of scientific community. 

Chemical pesticides adversely affects skin, eyes, respiratory system, and other body organs. [2] Over the last thirty years, the 

indiscriminate application and ignorance towards appropriate handling of agricultural pesticides have induced various health-

related morbidities in emergent nations. [3] Pesticides become a reason for congenital anomalies and affect fetal growth, and 

some pesticides can cause cancer in human beings. [4] Researchers across the world have reported that the detrimental 

agricultural habits and excessive use of the chemicals have allowed the contamination of the food chain and the environment. 

[5] Hence, the consumers and farmers share a strong desire for agricultural sustainability, increasing anxiety about pollution, 

and damage to the environment. They also have a strong desire and willingness to engage with new farming technology that can 

produce more nutritious and pollutants free food. An increased focus on the use of biofertilizers across the world on the 

environmental ground is observed in the recent past. These biofertilizers are the organisms that improve the soil quality without 

any effects on the agriculture system and environment. The primary source of biofertilizers includes blue-green algae, bacteria, 

and fungi. [6]   

 Hence, in present investigation an attempt was made to investigate the promotive role of farm pond algae on the 

percent seed germination and seedling growth using aqueous as well as cow urine extract.  

II. MATERIAL AND METHODS 

The experimental material used was seeds of Luffa cylindrica L., freshwater algae and cow urine which was collected 

from local sources. Two samples of algae were collected from two farm ponds at village Sawargaon Tal, Tal-Sangamner and 

Village Wakadi, Tal- Rahata of Ahmednagar district, Maharashtra, India. The algae was dried and powdered [7] for further 

preparation of algal extract. The algal extracts were prepared in the concentrations of 1 %, 5 %, 10 %, 15 %, 20 % and 25 %. 

The distilled water was used as control. [8] Same concentrations were prepared using cow urine for both samples and only cow 

urine was treated as control. The seeds of Luffa cylindrica L. were soaked in aqueous/cow urine algal extracts of Sample 1 and 

Sample 2 and control for 24 hrs. Paper Towel method was used [9] to study the effect of different algal extracts on seed 

germination and early seedling growth. The experiment was conducted in triplicate. The Study parameters measured are seed 

germination in percentage, Root length, Shoot length and total height of seedling in centimeters.  
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III. RESULTS AND DISCUSSION 

A. Effect of Algal Extract on Seed Germination in Luffa cylindrica L. 

Table I- Effect of algal extract on percent seed germination in Luffa cylindrica L. 
 

  
Percent Seed Germination 

  
Algal Aqueous Extract Algal Cow Urine Extract 

 
Algal 

Concn 

Trial 

1 

Trial 

2 

Trial 

3 

Mea

n 
SD 

Trial 

1 

Trial 

2 

Trial 

3 

Mea

n 
SD 

S
a

m
p

le
 1

 

1% 80.0 83.3 90.0 84.4 0.36 83.3 76.7 86.7 82.2 0.38 

5% 83.3 86.7 90.0 86.7 0.34 86.7 80.0 86.7 84.4 0.36 

10% 86.7 86.7 90.0 87.8 0.33 90.0 83.3 90.0 87.8 0.33 

15% 93.3 93.3 96.7 94.4 0.23 93.3 93.3 93.3 93.3 0.25 

20% 90.0 90.0 93.3 91.1 0.29 93.3 93.3 90.0 92.2 0.27 

25% 83.3 86.7 93.3 87.8 0.33 93.3 90.0 86.7 90.0 0.3 

Control 80.0 80.0 90.0 83.3 0.38 83.3 73.3 83.3 80.0 0.4 

S
a

m
p

le
 2

 

1% 80.0 93.3 93.3 88.9 0.32 83.3 86.7 83.3 84.4 0.36 

5% 73.3 93.3 93.3 86.7 0.34 86.7 83.3 83.3 84.4 0.36 

10% 80.0 100 93.3 91.1 0.29 93.3 86.7 86.7 88.9 0.32 

15% 83.3 100 96.7 93.3 0.25 93.3 96.7 96.7 95.6 0.21 

20% 76.7 100 93.3 90.0 0.3 90.0 86.7 90.0 88.9 0.32 

25% 76.7 96.7 93.3 88.9 0.32 90.0 90.0 90.0 90.0 0.3 

Control 76.7 96.7 90.0 87.8 0.33 80.0 90.0 80.0 83.3 0.37 

 

The average minimum and maximum seed germination in algal aqueous extract in sample 1 was 83.3 % at control and 

94.4 % at 15 % respectively, however the average minimum and maximum seed germination in algal cow urine extract was 80 

% and 93.3 %  at control and 15 %  respectively. Sample 2 reported germination of 87.8 % at control and 93.3 % at 15 %  in 

algal aqueous extract and 83.3 % and 95.5 % at control and 15 % algal extract in algal cow urine extract respectively. The 

results of percent seed germination obtained in the present investigation are in agreement with various studies conducted by the 

researchers across the world. Pandey et. al.[10] reported some promising effects in the germination percentage after treating the 

seeds with 5% extract of Chroococcus sp. Maximum seed germination in okra seeds was reported by Divya et. al., [11] 

followed by application of 5 %  of algal extract derived from sea weed.  

B. Effect of Algal Extract on Shoot Length in Luffa cylindrica L. 

 

  
Table II- Effect of algal extract on shoot length in Luffa cylindrica L. 

 

  
Shoot Length in cm 

 
  Algal Aqueous Extract Algal Cow Urine Extract 

  
Algal 

Concn 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

S
a

m
p

le
 1

 

1% 12.31 12.32 9.42 11.29 3.43 14.12 14.84 11.91 13.57 4.17 

5% 12.68 13.26 11.95 12.62 2.87 17.1 14.28 14.25 15.24 4.31 

10% 10.61 11.52 11.24 11.13 2.49 13.86 13.68 12.66 13.39 4.27 

15% 15.89 13.57 12.86 14.09 3.03 16.21 17.59 14.57 16.12 5.72 

20% 10.98 15.27 11.73 12.65 3.08 13.81 19.41 12.87 15.4 5.2 

25% 9.85 12.81 11.29 11.34 3.11 11.18 14.59 11.69 12.48 4.92 

Control 10.94 9.88 9.9 10.23 2.75 12.28 13.05 9.58 11.58 3.2 

S
a

m
p

le
 2

 

1% 7.16 8.38 9.74 8.49 2.06 10.46 9.23 10.7 10.12 2.5 

5% 13.06 10.67 11.04 11.48 2.91 12.64 11.12 12.75 12.18 2.96 

10% 10.8 11.55 12.26 11.58 3.17 13.05 11.99 12.43 12.51 2.81 

15% 13.82 12.52 12.76 12.99 3.18 15.71 14.53 13.93 14.71 3.79 

20% 11.58 11.1 11.84 11.49 2.75 13.19 14.73 14.89 14.26 4.36 

25% 9.97 10.43 10.9 10.47 2.88 10.99 12.02 9.97 10.99 3.0 

Control 9.14 9.69 9.15 9.34 2.86 10.38 9.53 10.49 10.11 2.36 

 

Algal aqueous extract of sample 1 reported average minimum shoot length 10.23 cm at control and average maximum 

14.09 at 15 % . The average minimum shoot length in algal cow urine extract was 11.58 cm at control and average maximum of 

Journal of Xidian University

VOLUME 15, ISSUE 1, 2021

ISSN No:1001-2400

http://xadzkjdx.cn/

https://doi.org/10.37896/jxu15.1/032

305



 

 

16.12 cm at 15 % . However, sample 2 reported average minimum shoot length of 9.15 cm at control and average maximum 

12.76 cm at 15 %  in algal aqueous extract. For algal cow urine extract average minimum shoot length was 10.11 cm at control 

and average maximum was 14.71 cm at 15 % . Algal cow urine extract has reported to enhance the shoot length of Luffa 

cylindrica L. over the algal aqueous extract. Algal cow urine extract of sample 1 has reported 14.40 % more length in the shoot 

of Luffa cylindrica L. over algal aqueous extract. In the same way, algal cow urine extract of sample 2 has also reported 13.24 

% more shoot length. Hence, cow urine extract has shown more growth potential over aqueous extract of both algal samples 

under study. The results of present investigations show similarity with the earlier studies on various crop plants. Basavaraja 

et.al., [12] reported significant increase in shoot length following application of blue green algae in maize, cucumber and ragi. 

Patil et.al., [13] studied the growth promoting activity of Chlorella, Scenedesmus and Chlamydomonas on cucumber. The 

research team including Arun et.al., [14] also presented that, liquid sea weed fertilizer with 60 % concentration is more effective 

in increasing the shoot length.  

Table III- ANOVA: Two Way - Luffa Cylindrica L. - Shoot Length 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Partial 

Eta 

Squared 

Algal 
Concentration 

6443.55 6 1073.93 40.70 0.00 0.09 

Extract 1155.75 1 1155.75 43.80 0.00 0.02 

Algal 
Concentration 

* Extract 

229.66 6 38.28 1.45 0.19 0.00 

Error 66118.28 2506 26.38       

Total 367228.08 2520         

R Squared = .106 (Adjusted R Squared = .101) 

 

For the Shoot Length of Luffa Cylindrica L. from the two way ANOVA it is seen that there is a significant main effect 

of Algal Concentration on the overall Shoot Length, F (6, 2520) = 40.70, p = 0.00, np2 = 0.09. The Extract i.e. aqueous vs Cow 

Urine also had significant effect, F (1, 2520) = 43.80, p = 0.00, np2 = 0.02. The post - hoc test for the algal concentration using 

Tukey HSD indicated that the 15% had the longest Shoot Length in comparison to 1%, 5%, 10%, 20%, 25% and Control which 

was statistically significant. Lastly, for the Extract: Cow Urine extract (Mean [CI]): (11.47 [11.18, 11.75]) was significantly 

better than Aqueous Extract (10.11 [9.83, 10.40]).  

C. Effect of Algal Extract on Root Length in Luffa cylindrica L. 

Table IV - Effect of algal extract on root length in Luffa cylindrica L. 

 

 
  Algal Aqueous Extract Algal Cow Urine Extract 

  
Algal 
Concn 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

Trial 

1 

Trial 

2 

Trial 

3 
Mean SD 

S
a

m
p

le
 1

 

1% 12.43 14.3 10.72 12.44 4.53 10.08 12.42 11.78 11.4 2.92 

5% 13.52 14.22 12.73 13.48 3.89 11.2 14.19 11.79 12.34 3.32 

10% 10.98 14.58 11.37 12.3 3.77 9.57 14.44 12.39 12.07 4.16 

15% 13.84 15.31 14.96 14.71 4.01 15.29 12.27 13.25 13.6 4.42 

20% 9.67 15.33 11.74 12.24 4.52 8.35 18.88 12.52 13.26 5.43 

25% 9.58 13.21 9.5 10.75 3.96 9.13 12.96 9.59 10.55 3.68 

Control 11.1 12.92 8.81 10.86 4.42 9.97 12.54 9.59 10.62 3.43 

S
a

m
p

le
 2

 

1% 11.22 8.76 9.79 9.86 3.21 8.83 7.82 9.32 8.64 2.21 

5% 11.72 9.53 11.32 10.79 3 11.78 10.91 11.34 11.35 1.99 

10% 12.9 11.32 10.79 11.6 3.24 11.06 11.92 12.18 13.2 3.6 

15% 12.06 14.0 11.89 12.69 3.25 12.62 12.5 12.67 12.59 2.85 

20% 12.7 12.77 10.51 11.97 3.73 12.57 12.74 10.01 11.76 3.04 

25% 10.74 11.23 10.21 10.73 2.94 11.42 10.23 10.83 10.82 2.46 

Control 8.43 7.12 7.93 7.78 2.58 10.48 7.76 9.15 9.07 2.58 

 

The average root length of sample 1 of aqueous extract was presented between 10.75 cm at 25 % and 14.71 cm at 15 

%, however it was between 10.55 cm at 25% 13.6 cm at 15 % in algal cow urine extract. Sample 2 presented average minimum 

and maximum root length between 7.78 cm at control and 12.69 cm at 15 % in aqueous extract and it was between 8.64 cm at 1 

% and 12.59 at 15 % cow urine extract. Algal aqueous extract showed better results in terms of root length of Luffa cylindrica L 

as compare to algal cow urine extract as the root length in sample 1 was 8.16 % more and in sample 2 it was 0.79 % more. 

Sample 1 has shown better root length as compare to sample 2. The increased root length in Cucumis sativus L. and Luffa 

cylindrica L. in present study is in accordance with the earlier studies. Odgerel Bumandalai and Rentsenkhand Tserennadmid, 
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[15] reported increased growth in the seeds of tomato and cucumber following the application of the suspension of C. vulgaris. 

The results are in agreement with Basavaraja et.al., [12] who reported significant increase in root length following application 

of blue green algae. The study confirmed significantly higher root length in maize as compare to control. The study conducted 

by Divya et.al., [11] also reported the stimulating effect of seaweed liquid fertilizer on the growth of root length in Okra.  

Table V - ANOVA: Two Way - Luffa Cylindrica L. - Root Length 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Partial 

Eta 

Squared 

Algal 

Concentration 
4970.23 6 828.37 33.32 0.00 0.07 

Extract 36.00 1 36.00 1.45 0.23 0.00 
Algal 

Concentration 

* Extract 

176.62 6 29.44 1.18 0.31 0.00 

Error 62297.05 2506 24.86       

Total 328548.04 2520         

R Squared = .077 (Adjusted R Squared = .072) 

 

For the Root Length of Luffa Cylindrica L. from the two way ANOVA it is seen that there is a significant main effect 

of Algal Concentration on the overall Root Length, F (6, 2520) = 33.32, p = 0.00, np2 = 0.07. The Extract i.e. aqueous vs Cow 

Urine did not have any significant effect, F (1, 2520) = 1.45, p = 0.23, np2 = 0.00. The post - hoc test for the algal concentration 

using Tukey HSD indicated that the 15% had the longest root length in comparison to 1%, 5%, 10%, 20%, 25% and Control 

which was statistically significant.  

D. Effect of Algal Extract on Total Height in Luffa cylindrica L. 

 

 
Table VI - Effect of algal extract on total height Luffa cylindrica L. 

 

 
  Algal Aqueous Extract Algal Cow Urine Extract 

  
Algal 
Concn 

Trial 
1 

Trial 
2 

Trial 
3 

Mean SD 
Trial 

1 
Trial 

2 
Trial 

3 
Mean SD 

S
a

m
p

le
 1

 

1% 24.75 26.61 20.14 23.72 7.07 24.2 27.27 23.68 24.97 5.6 

5% 26.2 27.48 24.68 26.1 5.81 28.3 28.47 26.05 27.58 5.61 

10% 21.59 26.1 22.61 23.42 5.37 23.43 28.12 25.04 25.47 6.42 

15% 29.73 28.88 27.82 28.8 5.52 31.5 29.86 27.82 29.73 8.18 

20% 20.65 30.61 23.46 24.89 6.82 22.16 38.3 25.4 28.66 8.84 

25% 19.44 26.02 20.79 22.08 6.03 20.31 27.54 21.28 23.03 6.9 

Control 22.04 22.8 18.71 21.09 6.14 22.25 25.59 19.16 22.2 5.46 

S
a

m
p

le
 2

 

1% 18.38 17.14 19.52 18.35 3.83 19.28 16.76 20.02 18.66 3.85 

5% 24.79 20.2 22.36 22.27 4.45 24.42 22.03 24.09 23.53 3.87 

10% 23.7 22.87 23.05 23.18 4.64 26.52 23.05 24.36 24.69 4.11 

15% 25.88 26.51 24.66 25.68 3.92 28.33 27.02 26.6 27.31 5.14 

20% 24.29 23.86 22.35 23.46 5.06 25.76 27.47 24.9 26.02 5.98 

25% 20.72 21.67 21.11 21.2 4.25 22.41 22.25 20.79 21.82 4.41 

Control 17.57 16.81 17.07 17.12 3.96 20.87 17.29 19.63 19.18 4.02 

 

Luffa presented average total height between 21.09 cm at control and 28.8 cm at 15 % in aqueous extract of sample 1, 

however the average total height was between 22.2 cm at control and 29.73 cm at 15 % in cow urine extract. In algal aqueous 

extract of sample 2, the average height was between 17.12 cm at control and 25.68 at 15 %, the same was 18.66 cm at 1 % and 

27.31 cm at 15 % in cow urine extract. Algal cow urine extract of sample 1 showed 25.12 % more growth as compare to algal 

aqueous extract, similarly it was 6.86 % more in sample 2. Sample 1 has shown better growth as compare to sample 2 in both 

aqueous and cow urine extract.  Castellanos-Barriga et.al., [16] also found that the application of sea weed extract to mung bean 

(Vigna radiata) had significantly increased the seed germination, shoot and root length as well as other parameter under study. 

Pandey et.al, 2013 studied the effect of different concentrations on the seedling development in Okra and reported maximum 

height of seedling of 11.23±1.62 cm in Okra after application of Chroococcus sp. extract.  
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Table VII -ANOVA: Two Way - Luffa Cylindrica L. - Total Height 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Partial 

Eta 

Squared 

Algal 

Concentration 
22584.76 6 3764.13 43.71 0.00 0.09 

Extract 775.56 1 775.56 9.01 0.00 0.00 
Algal 

Concentration 

* Extract 

455.25 6 75.88 0.88 0.51 0.00 

Error 215790.20 2506 86.11       

Total 1347056.74 2520         

R Squared = .099 (Adjusted R Squared = .095) 

 

For the Total height of Luffa Cylindrica L. from the two way ANOVA it is seen that there is a significant main effect 

of Algal Concentration on the overall Total height, F (6, 2520) = 43.71, p = 0.00, np2 = 0.09. The Extract i.e. Aqueous vs Cow 

Urine had a significant effect, F (1, 2520) = 9.01, p = 0.00, np2 = 0.00. The post - hoc test using Tukey HSD indicated that the 

for algal concentration  15% had the longest Total height in comparison to 1%, 5%, 10%, 20%, 25% and Control which was 

statistically significant. Lastly, for the Extract: Cow Urine extract (Mean [CI]): (21.52 [21.06, 22.03]) was significantly better 

than Aqueous Extract (20.41 [19.90, 20.92]). 

IV. CONCLUSION 

It is concluded that the 15 % concentration of both algal aqueous and cow urine extract shows better result in terms of percent 

seed germination, shoot length, root length and total height in Luffa cylindrica L. The algal cow urine extract has significantly 

better growth over algal aqueous extract in all parameters studied in both algal samples from farm pond.  
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An expeditious synthesis of 1,3-oxazine and Betti bases catalyzed by aqueous 
extract of Acacia concinna pods as an efficient surfactant type catalyst

Abstract: An efficient and simple procedure for the synthesis of 1,3-oxazines and Betti bases via Mannich 
type reaction was successfully carried out in aqueous extract of Acacia concinna pods as a green alterna-
tive. The present surfactant catalyst was found to be expeditious for in terms of economic viability, mild 
reaction conditions, good to excellent product yield and environment friendliness.
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INTRODUCTION

The identification and characterization of new 
catalysts isolated from natural resources has 
been enormously increasing to overcome various 
environmental constraints. These catalysts play 
an important role in acceleration of rate of the 
chemical reactions as well as ease of isolation 
of the final product. Nowadays, numerous 
natural and synthetic materials like supercritical 
solvent, ionic liquids, clays, enzymes and 
surfactants are extensively recognized as an 
alternative to the traditional expensive and toxic 
catalyst and reagents [1-3]. The surfactants 
isolated from natural sources are well known 

to have remarkable biological potential [4–6]. 
Moreover, the catalytic properties of these 
surfactants have been extensively studied. 
Specifically, the plant cell culture of Daucus 
carota root [7–12], soaked Phaseolus Aureus 
(green grams) [13], and coconut juice (Cocos 
Nucifera) [14] has been successfully utilized as 
biocatalysts for selective reduction of ketones. In 
the previous reports, aqueous extract of Acacia 
concinna has been utilized for the synthesis 
of 3-carboxycoumarins, cinnamic acids [15], 

acylation of amines [16] and synthesis of aryl-
hydrazones [17]. 

Oxazine derivatives exhibits broad range of 
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bioactivities including anticancer (A and B),  
antibacterial (C), anticonversant, antitubular, 
non-nucleoside reverse transcriptase inhibitor 
(efavirenz) (D), drug (Ketazolam) (E) [18] 
(Figure 1), anti HIV-1 [19], anti-Parkinson’s 
agents [20]. Due to broad range of bioactivities 
associated with these class of compounds, their 
synthesis is the major concern. Traditionally, 
1,3-oxazine derivatives can be synthesised by 
using two step process from  primary amines, 
aldehyde and phenols [21]. Although, several 
methods are reported so far for the synthesis 
of target compounds [22–24], only limited 
numbers of protocols are feasible on the basis 
of the multi component reactions (MCRs) [25]. 
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Figure 1.

Betti reaction is one of the most important C-C 
bond-forming reactions, which is typically 
a Mannich reaction [26]. Betti bases have 
associated with various synthetic and biological 
applications. They have exihibited various 
pharmacological properties like anti-bacterial, 
antipain and antihypertensive activities [27–30] 
(Figure 2).

N
O

OH
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R2=H, 6-Br, 6-OMe, 5-COOH

N

OH

R=H,CONHNH2,COOMe,
COOH,COOPh,NH2

R

Figure 2. Biologically active Betti bases. 

The classical Betti reaction involved the two 
step reaction of aldehyde, ammonia or urea and 
β-naphthol in an ethanolic solution of potassium 
hydroxide for 9–36 h [26,31]. Consequently, 
several recent reports on Betti reaction have 
been developed to overcome the drawbacks of 
the classical method. Therefore, the preferable 
route will be multicomponent reaction of 
aldehyde, amine and phenol [26,32,33]. Herein, 
we have reported the sustainable synthesis of 
Betti bases catalysed by aqueous extract of 
Accacia concinna.

Acacia concinna (commercially known as 
“Shikakai” in India) pods have surfactant 
properties since it contains saponins, which are 
foaming agents [34,35]. In addition, there is 
presence of acacic acid as one of the chemical 
constituent in the aqueous extract of pods of 
Acacia concinna [36]. In present protocol 
catalytic activity of the natural surfactant was 
studied for the synthesis of 1,3-oxazine and 
Betti bases.

Result and Discussion

In the present study, a simple, cost effective and 
green protocol for the synthesis of Betti bases 
and 1,3-oxazine derivatives using an aqueous 
extract of pods of Acacia concinna has been 
reported (Scheme 1 and 2). The methodology 
presented here is in persistence of our ongoing 
research on construction of novel synthetic 
method for biologically active compounds [37]. 

OH
+ N

R'

H R
+

OH

Ar N
R'

 Aq. extract of 
Acacia Concinna (20%)

1 2 3 4(a-x)

R

Ar

O

H RT,1-2.5 h

Scheme 1. Synthesis of Betti Bases by using 
2-naphthol

Initially, efficiency of the catalyst was studied by 
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conducting reaction of β-naphthol (1) (1mmol), 
benzaldehyde (2a) (1 mmol) and piperidine (1 
mmol) using surfactant catalyst (20% w/v, 5 
mL) aqueous extract of Acacia concinna pods  
at room temperature and we were pleased to get 
an admirable yield of product 4a (94%) after 
1 h. The above outcome encouraged us for the 
optimization the reaction conditions for the same 
reaction in presence of different concentrations 
aqueous extract of Acacia concinna pods. 
The results obtained suggested that 20% of 
the catalyst concentration was adequate to 
get maximum yield of the product. Further, 
increase in catalyst concentration as 30, 40 and 
50% did not affected the yield of final product. 
The result obtained was summarised in Table 
1. In order to estimate the catalytic strength 
of the present catalyst various surfactants like 
sodium dodecyl sulphate (SDS), triton X-100 
and cetyl pyridinium bromide (CPB) were used. 
It has been observed that when the reaction was 
conducted in the presence of sodium dodecyl 
sulphate (SDS) as an anionic surfactant, the 
product ‘4a’ was obtained in 64% yield (Table 
2, entry 2). With other surfactants such as 
Triton X-100 and cetyl pyridinium bromide 
(CPB) did not showed appreciable results 
(Table 2, entries 3, 4). Therefore the present 
surfactant catalyst was found to be superior 

for the synthesis of structurally diversified 
Betti bases. Moreover the catalytic property 
of natural surfactant might be attributed due to 
the presence of saponins which solubilises the 
reactant molecules in aqueous surfactant. This 
may alters the number of favourable collisions 
among the reactant molecules. The surfactant 
property of extract leads to encapsulation of 
the reactants in micellar cages. This process 
of encapsulation drives the equilibrium toward 
product side by expelling the water molecule 
out of its hydrophobic interior (Figure 3 and 
4) [15].

Table 1. Optimization of catalyst 
concentration for formation of ‘4a’

Entry Catalyst concentration (%) Time (h) Yield(%)a

1. 10 1.25 89

2. 20 1 94

3. 30 1.50 93

4. 40 1.40 92

5. 50 1.35 92

6. Catalyst free 12 --b

aIsolated yield of the product,  bNo product formation was 
observed.
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Figure 3. Micelle-promoted synthesis of Betti bases and oxazine derivatives
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Table 2. Effect of surfactant for the 
formation of ‘4a’

Entry Surfactanta Time (h) Yield (%)b

1. None 12 --c

2. SDS 2.25 64

3. Triton X-100 2 56

4. CPB 2.5 45

5. Acacia concinna extract 
20% (w/v) 1 94

aReaction condition: 2-naphthol(1) (1mmol), benzaldehyde 
(2) (1 mmol) and piperidine (3) (1 mmol), room temperature. 
bIsolated yield. cNo reaction.

Figure 4. Photograph of micelle observed in 
reaction medium during formation of ‘4a’

Surfactant is found to decrease the surface 
tension of aqueous solution which increases 
wetting and spreading properties of water 
(Table 3) [38]. A several reactions such as 
redox, photochemical, enzymatic, Diels-Alder, 
photochemical etc are altered due to decrease 
the surface tension of medium [39]. 

Table 3. Effect of surface tension of surfactant 
solution on rate of reaction

Entry
Catalyst 

concentration 
%(w/v)

Time 
(h)

Surface 
Tension ‘T’ 
(dyne/cm)

1. 50 1.35 13.48

2. 40 1.40 18.87

3. 30 1.50 32.34

4. 20 1 40.43

5. 10 1.25 48.51

6. Distilled Water -- 67.38

The desired Betti bases were obtained in 
admirable yields. Chemically reactive substrates 
like thiophene-2-aldehyde underwent smooth to 
produce corresponding Betti bases without any 
side product formation (Table 4, Entry-19). In 
general, all amines undergo multi-component 
condensation afforded corresponding Betti 
bases. 

+ 2 HCHO

NH2

 Surfactant catlyst (20%)
 RT, 1-2.5 h

O

N
7

6
5

9(a-h)

R

8

NO

10(a-c)

OH

OH

 Surfactant catlyst (20%)
 RT, 1-2.9 h

R
R

Scheme 2. Synthesis of oxazine derivatives

For further exposure of the synthetic potential of 
this aqueous methodology, we have successfully 
applied the method for synthesis of oxazine 
derivatives (Scheme 2, Table 5). 
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Entry Aldehydes Amines Product Time(h) Yield% M.P.(oC)

1 C6H5CHO Piperidine 4a 1 94 192-194[40]

2 C6H5CHO C6H5NH2 4b 1.25 91 132-133[40]

3 C6H5CHO 4-NO2C6H4NH2 4c 2.5 82 154-156[40]

4 C6H5CHO Pyrrolidine 4d 1.8 94 176-177[40]

5 Vanillin 4-NO2C6H4NH2 4e 2.4 83 202-206[42]

6 3,4-dimethoxy-benzaldehyde C6H5NH2 4f 1.8 90 140-143[40]

7 2-NO2C6H4CHO 3-NO2 C6H4NH2 4g 2.8 86 192-194[43]

8 3-NO2C6H4CHO Pyrrolidine 4h 1.6 88 185-186[44]

9 4-ClC6H4CHO C6H5NH2 4i 1.4 91 121-123[40]

10 4- NO2C6H4CHO Morpholine 4j 1.8 86 178-179[45]

11 Pyridine-4-aldehyde Piperidine 4k 1.2 90 185-187[45]

12 4- NO2C6H4CHO C6H5NH2 4l 2.1 83 136-138[46]

13 3-BrC6H4CHO C6H5NH2 4m 1.8 88 139-141[46]

14 3-ClC6H4CHO C6H5NH2 4n 2.2 90 141-143[46]

15 4-CH3OC6H4CHO C6H5NH2 4o 1.2 92 135-137[46]

16 3-NO2C6H4CHO Piperidine 4p 2.1 86 185-186[46]

17 2-ClC6H4CHO C6H5NH2 4q 1.6 88 150-152[40]

18 3-ClC6H4CHO 3-ClC6H4NH2 4r 1.4 90 121-123[40]

19 C6H5CHO Thiophene-2-aldehyde 4s 1.2 94 161-163[40]

20 C6H5CHO Morpholine 4t 1.6 88 174-176[40]

21 2-ClC6H4CHO Morpholine 4u 1.8 86 163-165[40]

22 3-ClC6H4CHO Morpholine 4v 1.4 90 160-162[40]

23 4-ClC6H4CHO Morpholine 4w 1.2 92 155-157[40]

24 4-CH3OC6H4CHO 3-NO2C6H4NH2 4x 1.6 88 173-175[43]

* Reaction condition – Reaction mediated by 20 % aq. solution of Acacia Concinna and 2-nahphtol as phenol

Table No. 4. Synthesis of 1(α-amino alkyl) 2-naphthol derivatives
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Table 5- Synthesis of 2,3-dihydro-2-phenyl-
1H-naphtho[1,2-e][1,3] oxazine derivatives

Entry Amine Products Time(h) Yield 
(%)a,b

M.P.(oC)  
[ref]

1 C6H5NH2 9a 2.1 90 46-
48[47]

2 4-CH3C6H4NH2 9b 2 92 86-
88[47]

3 3-NO2C6H4NH2 9c 2.8 82 132-
134[47]

4 4-NO2C6H4NH2 9d 2.9 80 168-
170[47]

5 2-NO2C6H4NH2 9e 2.4 86 109-
110[47]

6 4-ClC6H4NH2 9f 2.1 92 136-
138[47]

7 4-BrC6H4NH2 9g 2 90 118-
119[41]

8 4-CH3OC6H4NH2 9h 2.1 94 75-
77[41]

9 C6H5NH2 10a 2 90 111-
113[41]

10 4-CH3OC6H4NH2 10b 1.8 94 300(d)
[41]

11 2,4,6-tri-
BrC6H2NH2

10c 1.8 94 76-
77[41]

aIsolated yield of the product. bAll the products 
are characterized by IR, 1H NMR and Mass 
spectral data.

Conclusion

In conclusion, we have introduced environmental 
benign, efficient and economical catalyst as 
aqueous extract of Acacia concinna pods for the 
synthesis of Betti bases and oxazine derivatives. 
The striking features of current methodology 
are mild reaction conditions, high purity, short 
reaction time, high yield of products and a simple 
reaction workup procedure. Obtaining pure 
products by simply filtering makes possibility 
to approach for large scale production of Betti 
bases and oxazine derivatives. 

EXPERIMENTAL SECTION

General

All chemicals were purchased from commercial 
suppliers and were used without further 
purification. Melting points were recorded on 
Digital Electro thermal Melting point apparatus 
(VEEGO, VMP-DS) and are uncorrected. The 
completion of reactions was confirmed with 
the help of Thin Layer Chromatography (TLC) 
using pre-coated Silica gel 60 F254 plates with 
layer thickness 0.25nm purchased from Merck 
Ltd. 1H-NMR was recorded on Varian-NMR 
mercury 400 MHz spectrometer. Mass spectra 
were recorded on Varian MAT 311 A at 70 ev.
 
General procedure for the preparation of 
catalyst

A fine powder of Acacia concinna pods (20 
g) in water (100 mL) was heated in a 250 mL 
conical flask at 100oC for 20 min. The mixture 
was filtered to remove all solid material and the 
aqueous extract was collected. The prepared 
extract has concentration 20% w/v.
  
General procedure for synthesis of 1-(α-amino 
alkyl) 2-naphthol derivatives (4a-x)

A mixture of 2-naphthol (1 mmol), aldehyde 
(1 mmol) and amine (1 mmol) in surfactant 
medium (20% w/v, 5 mL) was stirred at room 
temperature for specified time shown in Table 
4. After completion of reaction (as indicated 
by TLC), reaction mixture was filtered using 
Whatmann No.1 filter paper. The product 
collected was recrystallized by using proper 
solvent and dried.
 
General procedure for synthesis of 
2,3-dihydro-2-phenyl-1H-naphtho[1,2-e]
[1,3]oxazine derivatives (9a-h and 10a-c)

A mixture of 1-naphthol or 2-naphthol (1 mmol), 
amine (1 mmol) and formaldehyde (2 mmol) 
in surfactant medium (20% w/v, 5 mL) was 

Chemistry & Biology Interface, 2020, 10, 4, 96-103
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stirred at room temperature for specified time 
shown in Table 5. After completion of reaction 
(as indicated by TLC), reaction mixture was 
filtered using Whatmann No.1 filter paper. The 
product collected was recrystallized by using 
proper solvent and dried.

Spectroscopic data for representative 
compounds

1-(Phenyl(pipyridin-1-yl)methyl)naphthalen-
2-ol (4a)

White solid; Yield 85 %; mp: 192–194 0C; 1H 
NMR (400MHz, CDCl3,ppm):  13.81 (bs, 1H),  
7.98-8.01 (d, J = 8.8 Hz, 1H), 7.67-7.74 (d, J 
=8.8Hz, 2H), 7.59-7.61 (m, 2H), 7.37-7.4 (t, J = 
7.6 Hz, 1H), 7.19–7.35 (m, 5H), 7.06-7.09 (m, 
1H),  5.28 (s, 1H), 2.35–2.50 (m, 4H), 1.45–1.55 
(m, 6H). LCMS (ESI): m/z 318 (M+H+)

1-[(3-nitrophenyl)(pyrrolidin-1-yl)methy]
naphthalen-2-ol (4h)

White solid; Yield 94 %; mp:97-99◦C; 1H NMR 
(400MHz, CDCl3,ppm): 8.53 (bs, 1H), 8.12-
8.14(d, J=8 Hz, 1H), 8.07-8.09 (d, J=7.6 Hz, 
1H), 7.72-7.76 (t, 2H), 7.59-7.63 (t, 1H), 7.40-
7.44 (t, 1H), 7.23-7.26 (t, 1H), 7.11-7.13(m, 
1H), 5.63 (s, 1H), 2.67 (m, 2H), 2.50 (m, 2H), 
1.81 (m, 4H). LCMS (ESI): m/z 349 (M+H+)

2 - ( 4 - c h l o r o p h e n y l ) - 2 , 3 - d i h y d r o - 1 H -
naphtho[1,2-e][1,3]oxazine (9f)

White solid; Yield 92 %; mp: 136-138◦C; 1H 
NMR (400MHz, CDCl3,ppm): 7.83-7.89 (dd, 
2H), 7.70-7.73 (d, J=8.8 Hz, 1H), 7.52-7.56 (t, 
1H), 7.37-7.41 (t, 1H), 7.25-7.28 (t, 2H), 7.20-
7.22 (d, J=9.2 Hz, 2H), 7.01-7.04 (d, J=8.8 Hz, 
1H), 5.51 (s, 2H), 4.97 (s, 2H). LCMS (ESI): 
m/z 296 (M+H+)
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