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ABSTRACT
An effective and efficient protocol has been developed for the synthesis of 1-amidoalkyl-2-naphthols which are biologically active organic compounds having prime place in the field of pharmaceuticals products. In this protocol, the synthesis was carried out using differentially substituted aromatic aldehydes, β-naphthol and amide derivatives via multicomponent pathway in presence of aqueous solution of Zinc tetrafluoroborate (ZnBF4) in Ethanol as catalyst. The catalyst was found to be heterogeneous and easily separable from reaction medium though it was not found to be reusable in the present reaction system. The use of aqueous solvent offers green nature to the protocol. The overall procedure was found to be simple; reaction rate was high irrespective of nature of aromatic aldehydes and yields were satisfactory. 
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1. INTRODUCTION
Amidoalkyl naphthols is a class of organic compounds which exhibit peculiar structural aspects. These organic compounds bear amide nitrogen and the phenolic oxygen which are separated by three atoms or are placed at "1,3 positions." So, these organic compounds are designated as "1,3-amino-oxygenated" one. The "1-amidoalkyl" part in the name of these compounds describes the structural linkage in which a nitrogen atom is attached to an alkyl (or methylene) group, which is further attached to the naphthol ring. (Figure 1) This specific arrangement of the amide nitrogen and the phenolic oxygen from the naphthol makes these compounds to exhibit biological activities [1]


Fig 1: Substituted naphthol with –OH, –NHCOCH₃, and aryl group (R)
Many of the naturally occurring organic compounds with 1,3-amino-oxygenated functional groups exhibit medicinal properties acting as antibiotic,[2] antitumor,[3] antimalarial,[4] antianginal,[5] antihypertensive,[6] and antirheumatic agents [7]. Further, 1-Amidoalkyl-2-naphthols are important building blocks to prepare different organic compounds. [8] The hydrolysis of 1-Amidoalkyl 2-naphthols forms 1-aminoalkyl 2-naphthols derivatives (Figure 2) as product which shows hypotensive and bradycardia effects in the treatment of heart diseases.[9] Further, 1-aminoalkylalcohols due to its peculiar structure has been used as ligand and catalyst in various asymmetric synthesis.[10]  


Fig 2: Substituted naphthol with –OH and a secondary amine (–NHR') attached to an aryl group (R)
The significant biological properties and diverse uses of amidoalkyl-2-naphthols have made them key components in medicinal chemistry. These compounds function as valuable synthetic intermediates in drugs development.  This versatility and importance of amidoalkyl-2-naphthols promote the exploration of new and still better synthetic methods to synthesize them. 
The multicomponent condensation of aryl aldehydes, β-naphthol and amide derivatives is one of the strategies for the synthesis of 1-amidoalkyl-2-naphthols. The literature survey has demonstrated that several protocols are available in which various catalytic systems were employed. It is observed that 1-amio-2-alkylnaphthols have been prepared by using nano-catalysts like Nano-reusable CuO-ZnO,[11] Ag-TiO2 Nanocomposite,[12] Multi‐wall carbon nanotube supported Co (II) Schiff base complex.[13] Suitably modified catalysts such as Kappa-carrageenan (Carr) and its modification by hyperbranched polyglycerol-sulfonic acid tags (PGly-SO3H),[14] Ionic liquid with metal complex,[15] Oxidized pectin modified by sulfonic acid,[16] Activated Fuller’s earth,[17] β‐Cyclodextrin‐Monosulphonic Acid[18] were also found to be effective in preparation of 1-amio-2-alkylnaphthols. 
Some materials such as magnetic Fe3O4@g-C3N4–SO3H composite,[19] eutectic solvent ([CholineCl][ZnCl2]3),[20] Envirocat EPZ-10 under Microwave,[21] Cu (II) or Zn (II) Schiff base complexes [22], Cetrimonium Bromide [23] which possess distinguishing features have been used to prepare 1-amio-2-alkylnaphthols. 
Among the various catalytic materials, metal-based catalysts find unique place as these materials have been used on large scale to synthesize a number biologically active organic compounds including 1-amio-2-alkylnaphthols. The metal-based catalysts like Zn (OAc)2•2H2O,[24] Zirconocene dichloride, [25] Ce (SO4)2[26] Montmorillonite K10[27] Iodine [28] Sodium Hydrogen Sulfate[29] Potassium Dodecatungstocobaltate Trihydrate (K5CoW12O40·3H2O) [30] Silica-Supported Molybdatophos phoric Acid, [31] Boric acid, [32] Zirconyl (IV) Chloride, [33] anhydrous Zinc Chloride [34] have been used to synthesize 1-amio-2-alkylnaphthols. The search for new catalytic systems is still continued for the synthesis of 1-amio-2-alkylnaphthols. In this regard, we wish to report Zinc (II) tetrafluoroborate which is a Zinc based material as catalyst for the synthesis of 1-amio-2-alkylnaphthols. 
Zinc stands out as a fascinating alternative to comparatively expensive transition metals in catalytic applications due to its cost-effectiveness and easy availability. This has prompted an interest among chemists for this metal which has led to the widespread use of zinc salts as catalysts in organic synthesis.[35] It has been further proved that Zinc compounds are effective under mild reaction conditions in organic synthesis.[36] 
The literature survey has demonstrated that Fluoroboric acid (HBF4) and Lithium tetrafluoroborate (LiBF4) have been used as catalysts in various organic synthesis. [37] But it is observed that these two materials have limitations like highly acidic nature of Fluoroboric acid (HBF4), hygroscopic nature and high cost of Lithium tetrafluoroborate (LiBF4). 
In a quest to search a new catalytic material for the synthesis of 1-amido-2-alkylnaphthols, we came across with Zinc tetrafluoroborate (ZnBF4). Zinc (II) tetrafluoroborate is a water-soluble inorganic salt having mild acidic nature. In the case of zinc (II) tetrafluoroborate, its hexahydrate form exists as hexagonal crystals (density 2.12 g·cm–3).[35,38] It has been used as an effective catalytic material in different organic transformations like conversion of Aldehydes to Geminal Diacetates and Cyanoacetates,[39] Epoxide Ring Opening with Amines,[40] synthesis of highly substituted pyrroles.[41] This encouraged us to check the applicability of Zinc tetrafluoroborate (ZnBF4) as catalyst in the synthesis of 1-amido-2-alkylnaphthols. In our work, 1-amido-2-alkylnaphthols have been prepared using Zinc tetrafluoroborate (ZnBF4) in aqueous Ethanol as catalyst at 60oC under reflux (Scheme 1).


Scheme 1: 1-amido-2-alkylnaphthols are prepared using Zinc tetrafluoroborate (ZnBF4) in aqueous Ethanol as catalyst at 60oC under reflux 

2. MATERIALS AND METHODS
The synthesis utilized chemicals and solvents from Merck and Sigma-Aldrich without further purification. Crude products were purified using column chromatography with silica gel (60-120 mesh) as the stationary phase and a mixture of petroleum ether and ethyl acetate in suitable proportion as the mobile phase. Melting points were determined using an open capillary method and are reported without correction. 
EXPERIMENTAL
General procedure for synthesis of 1-amido-2-alkylnaphthols
The target compounds were prepared by refluxing the reaction mixture of substituted aromatic aldehyde (1.0 mmol), β-naphthol (1 mmol, 0.144gm) and acetamide (1.5 mmol, 0.885 gm) with Zinc tetrafluoroborate (ZnBF4) (0.5 mmol) in aqueous Ethanol (50%) (4.0 ml) as catalyst at 60oC under reflux. The completion of reaction was checked by taking TLC time to time. The crude product was first extracted with ethyl acetate followed by drying over anhydrous sodium sulphate, and then purified by column chromatography using a mixture of petroleum ether and ethyl acetate. The known 1-amido-2-alkylnaphthols were identified by comparing their experimentally determined melting points with literature values.
3. RESULT AND DISCUSSION
To establish the reaction parameters which involve solvent selection, determining reaction temperature and catalyst load, a model reaction was conducted using Benzaldehyde (1 mmol, 0.101 ml), β-naphthol (1 mmol, 0.144 gm), and Acetamide (1.5 mmol, 0.885 gm) in presence of ZnBF4 (1.0 mmol) as catalyst. (Scheme 2)


Scheme 2: A model reaction using Benzaldehyde (1 mmol, 0.101 ml), β-naphthol (1 mmol, 0.144 gm), and Acetamide (1.5 mmol, 0.885 gm) in presence of ZnBF4 (1.0 mmol) as catalyst
The data presented in the Table 1 indicate that Aqueous C2H5OH (50%) (4.0 ml) was found to be the most appropriate solvent for the synthesis of N-[(2-hydroxynaphthalen-1-yl) (phenyl) methyl] acetamide. When model reaction was performed in water, surprisingly no product was obtained even if the catalyst was reported to be effective in water as per the other protocols.[41]
Table 1 Selection of solvent for the synthesis of N-[(2-hydroxynaphthalen-1-yl) (phenyl) methyl]
            acetamide* 
	Entry
	Solvent
	Time (Minutes)
	Yieldb (%)

	1
	CHCl3
	> 3 hours
	No reaction

	2
	CH2Cl2
	> 3 hours
	No reaction

	3
	CH3CN
	> 3 hours
	10

	4
	CH3OH
	> 3 hours
	15

	5
	H2O
	> 3 hours
	No reaction

	6
	Absolute C2H5OH
	> 3 hours
	45

	7
	Aqueous C2H5OH (50%)
	60
	85


*Benzaldehyde (1 mmol, 0.101 ml), β-naphthol (1 mmol, 0.144 gm) and Acetamide (1.5 mmol, 0.885 gm) in presence of ZnBF4 (1.0 mmol) in solvent (4.0 ml) as catalyst under reflux, bIsolated Yield
The model reaction was not successful at room temperature (Table 2, Entry 1). A product namely N-[(2-hydroxynaphthalen-1-yl) (phenyl) methyl] acetamide was obtained in good yield when model reaction was performed at 600C under reflux condition (Table 2, Entry 8). Further increase in the temperature had no effect on yield of the product.

Table 2 Temperature selection for the synthesis of N-[(2-hydroxynaphthalen-1-yl) (phenyl)methyl]
            acetamide* 
	Entry
	Temperature (0C)
	Time (Minutes)
	Yieldb (%)

	1
	27
	> 3 hours
	No reaction

	2
	30
	> 3 hours
	No reaction

	3
	35
	> 3 hours
	No reaction

	4
	40
	> 3 hours
	15

	5
	45
	> 3 hours
	20

	6
	50
	> 3 hours
	35

	7
	55
	> 3 hours
	40

	8
	60
	60
	85

	9
	65
	62
	86

	10
	70
	60
	85

	11
	75
	60
	84


*Benzaldehyde (1 mmol, 0.101 ml), β-naphthol (1 mmol, 0.144 gm) and Acetamide (1.5 mmol, 0.885 gm) in presence of ZnBF4 (1.0 mmol) in aq. C2H5OH (50%) (4.0 ml) as catalyst, bIsolated Yield
As per the data in Table 3, 0.5 mmol catalyst (Entry 5) was found to be the most effective to prepare the desired product.    
    


Table 3 Selection of Catalyst load for the synthesis of N-[(2-hydroxynaphthalen-1-yl) (phenyl)
                  methyl] acetamide* 
	Entry
	Catalyst Load (mmol)
	Time (Minutes)
	Yieldb (%)

	1
	0.1
	120
	10

	2
	0.2
	110
	30

	3
	0.3
	90
	48

	4
	0.4
	70
	55

	5
	0.5
	60
	85

	6
	0.6
	58
	84

	7
	0.7
	60
	85

	8
	0.8
	60
	85


    *Benzaldehyde (1 mmol, 0.101 ml), β-naphthol (1 mmol, 0.144 gm) and Acetamide (1.5 mmol, 
      0.885 gm) in presence of ZnBF4 in aq. C2H5OH (50%) (4.0 ml) as catalyst, bIsolated Yield
The optimum reaction parameters thus established were used to prepare various 1-amido-2-alkylnaphthols (Table 4, Entries 1 a-j). In this, aromatic aldehydes with different substituents were used to check feasibility and scope of the protocol.
[bookmark: _Hlk209299399]The above observations in Table 4 explains that the aromatic aldehydes with substituents carrying either electron-donating or electron-withdrawing groups reacted successfully and gave the products in high yields. Further, the nature of substituent in aromatic aldehyde had effect on reaction time and corresponding yield.[29] The electron donating substituents lowered the performance of aromatic aldehydes which is revealed in high reaction time and comparatively low yield [29] (Table 3, Entry 2,3,4). Literature survey has demonstrated that coordination of transition metal with reaction center in molecule lowers the energy of activation. [45b] It seems that the electron donating group in aromatic aldehyde might have reduced the coordinating ability of oxygen of carbonyl group with catalyst which further decreased its electrophilicity as shown in the first step of Scheme 3. This effect was more pronounced along with the effect of steric crowding   when electron donating substituent was present at ortho position of aromatic aldehyde (Table 3, Entry 3). 
On the other hand, the electron withdrawing substituents enhanced the reactivity of aromatic aldehyde which is reflected reaction time which was low and yield which was quite high (Table 3, Entry 5,6,7,8,9,10). Again, electron withdrawing groups might have enhanced the coordinating ability of oxygen carbonyl group with catalyst which further increased its electrophilicity resulting in comparatively high reaction rates for such aromatic aldehydes (Scheme 3). Further, the ortho and meta substituents affected the performance of the aromatic aldehyde due to steric reasons (Table 3, Entry 6, 9). But the electron withdrawing nature of this substituent still maintained the performance which was seen in the reaction time and yield (Table 3, Entry 3 and 6 & 9).   
Table 4 Synthesis of 1-amidoalkyl-2-naphthols using Zinc metaborate*
	Entry
	R-
	Productb
	Time (Minutes)
	Yieldb
(%)
	M.P.(OC)
(Lit. Value)

	1
	H-
	

N-[(2-hydroxynaphthalen-1-yl) (phenyl)methyl] acetamide (1a)
	60
	85
	242-243
(241-243)42

	2
	4-CH3
	

N-[(2-hydroxynaphthalen-1-yl) (4-methyl phenyl) methyl] acetamide (1b)
	65
	78
	218
(218-220)43


	3
	2-CH3
	

N-[(2-hydroxynaphthalen-1-yl) (3-methyl phenyl) methyl] acetamide (1c)
	80
	69
	202
(200-202)44


	4
	4-OCH3
	

N-[(2-hydroxynaphthalen-1-yl) (4-methoxy phenyl) methyl] acetamide (1d)
	78
	65
	185
(184-186)42

	5
	4-Cl
	

N-[(2-hydroxynaphthalen-1-yl) (4-chloro phenyl) methyl] acetamide (1e)
	65
	79
	235-236
(237-238)45

	6
	3-Cl
	

N-[(2-hydroxynaphthalen-1-yl) (3-chloro phenyl) methyl] acetamide (1f)
	65
	76
	
236-237
(237-238)46

	7
	4-NO2
	

N-[(2-hydroxynaphthalen-1-yl) (4-nitro phenyl) methyl] acetamide (1g)
	55
	86
	249-251
(248-250)43

	8
	3-NO2
	

N-[(2-hydroxynaphthalen-1-yl) (3-nitro phenyl) methyl] acetamide (1h)
	60
	86
	256-257
(255-256)47

	9
	2-NO2
	

N-[(2-hydroxynaphthalen-1-yl) (2-nitro phenyl) methyl] acetamide (1i)
	55
	87
	181-183
(180-182)42

	10
	4-OH
	

N-[(2-hydroxynaphthalen-1-yl) (4-hydroxy phenyl) methyl] acetamide (1j)
	58
	8
	205-206
(206-208)48


   *Aromatic aldehyde (1 mmol), β-naphthol (1 mmol, 0.144 gm) and Acetamide (1.5 mmol, 0.885 gm) in presence of ZnBF4 (0.5 mmol) in aq. C2H5OH (50%) (4.0 ml) as catalyst, bIsolated Yield
On the basis of these observations and Literature review, the following plausible mechanism is proposed (Scheme 3). [29, 45] 



Scheme 3: A plausible mechanism 
The above mechanistic pathway reveals that catalyst activated the carbonyl group of aromatic aldehydes through coordination with oxygen atom thereby increasing the electrophilicity of carbon atom of carbonyl group. This is followed by nucleophilic attack of β-naphthol which led to the formation of ortho-quinone methide intermediate (I). The formed intermediate was further activated by catalyst and underwent Michael Addition type of reaction with Acetamide to form the product. The electron withdrawing group must be facilitating the nucleophilic attack
4. CONCLUSION
The catalytic performance of zinc tetrafluoroborate was evaluated for the synthesis of 1-amidoalkyl-2-naphthols. The catalyst proved to be highly effective, provided a protocol with fast reaction rate and producing desirable products with satisfactory yield under mild conditions. Further, the catalyst performed well with aromatic aldehydes bearing substituents showing either electron donating or electron withdrawing effect. A significant finding was its efficacy in an aqueous medium, which is a notable advantage of its catalytic profile.
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