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ABSTRACT

Microencapsulated-Cu(acac)[MC-Cu(acac)] is found to be an efficient catalyst for the nudmponent
condensation reaction of aromatic aldehy@aaphthol and amide to form the corresponding armaiki naphthols
in good yield. Moreover, the catalyst could be odeg for four times without the significant lossyield and
selectivity of the product. The remarkable featuoésthis new one pot C-C and C-N bond forming neact
procedure are high conversations, operationallyggrand eco-friendly and economically inexpensiethiaod.
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INTRODUCTION

One-pot multicomponent reactions have attractedsiderable attention in recent years. MCRs are shed the
desired product in a single operation without ngegolate any intermediates during the procesEkis. reaction
reduces the reaction time considerably increaseyitid of the products than normal multistep methoghve an
energy input [1-3]. They have merits over two comguts reaction in several aspects including thelgiity of a
one pot procedures, good yield, possible structwaahtion and building up complex molecules. Baiin4,5], Ugi
[6], Passerini [7,8] and Mannich [9,10] are somaregles of MCRs. In addition the implementation eferal
transformations in a single manipulation is higbdympatible with the goals of sustainable and godemistry.

Compounds having 1,3-amino-oxygenated functionaligs are widely used in many biologically importaatural
products, potent drugs including a number of nwité® antibiotics and HIV protease inhibitors sushritonavir
and lipinavir [11,12]. It is noteworthy that 1-ammlkyl-2-naphthol can be easily hydrolyzed to impaot
biologically actives 1-aminoalkyl-2-naphthol detives, which compounds show biological activitiekel
hypotensive and bradycardic effects [13-15].

Traditionally, these compounds have been syntheésige one-pot multicomponent condensation reactibf-o
naphthol, aryl-aldehyde and amide in presenceifiérdnt acid catalysts such psTSA [16], Ce(SQ), [17], lodine
[18,19],Yb(OTf); [20], Fe(HSQ); [21], ZrOCL.8H,O [22], Montmorillonite K-10 [23], FOs[24], Sr(OTf), [25],
InCl; [26], TMSCI/Nal [27], 2,4,6,-trichloro-1,3,5-triare [28], polyphosphate ester [29], Bi(NWe5H,O [30],
Bi(OTf)3[31]. However these procedures have suffers froensibme drawbacks of green chemistry such as high
reaction temperature, prolonged reaction time, y@id, recovery and reusability of catalysts etbeTecovery and
reusability of the catalyst is also a major prohldierefore, the demand for green and eco-friepdbgedure that
uses reusable catalyst necessitated us to develalpeanative method for the synthesis of amiddatiaphthol.
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Heterogeneous catalysts have gained much importanaecent years due to economic and environmental
considerations [32,33]. These catalysts are gdydeslk expensive, highly reactive, environmenthkpign, easy to
handle, reduce reaction times, simple work up aogability of the catalyst.

Immobilized heterogeneous catalyst has been ot gnezxest due to several advantages, such asoégseducts
separation, isolation and reuse of the catalysBE4 Recently Kobayashi et. al. [36-39] and Kanttmal. [40] has
reported the use of microencapsulation as a teabrfior immobilizing metal complexes. Microencaps$ola is a
moderately new method for immobilizing transitioetad catalysts into polymers accomplished envelayirhg the
polymers. This allows interactions betweensthgond electrons of benzene rings of the polystyeased polymers
and vacant orbitals of the transition metal commbuendering the catalysts system more efficientisTh
microencapsulation technique has been used inietyarf reactions such as [MC-Sc(OJf}s Lewis acid catalysts
in various reactions [36,41,42]. [MC-Pd(RRhfor allylic substitution, Suzuki coupling and idroki Heck
reactions [38]. Kantam et. al. have synthesized {81acac)] catalyst and used for the aziridination of olefivith
[N-(p-tolylsulfonyl)imino]phenyliodinane as the rogen source [40].

Considering the advantages of the microencapsuléichnique, we have developed a MC-Cu(goeafalysts used
for the one-pot multicomponent synthesis of 2-aralklg naphthol.

In our continuous work on the development of C-@ &N bond forming reactions [43,44] by using aficefnt
and environmental benign catalyst herein, we aperting the multicomponent reaction pfnaphthol, aromatic
aldehyde and amide using MC-Cu(agax catalyst at room temperature for the preparati@amidoalkyl naphthol
in good to excellent yieldScheme 1.
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Scheme 1. Synthesis of 1-amidoalkyl-2-naphthols

Therefore no reports on the use of MC-Cu(acas)catalyst in the synthesis of amidoalkyl naphttidvas various
advantages due to low toxicity, low price, easbaridling and experimental simplicity.

MATERIALS AND METHODS

All the chemicals were used without any additiopatification. Cu(acag)and polystyrene were purchased from
Sigma-Aldrich chemical company. Polystyrene CAS BI@03-53-6 having average molecular weight ~280®00
GPC. Some selected products were characterized t$ifNlMR on 300MHz spectrophotometer ah€-NMR on
75MHz spectrophotometer in DMSQ-ds solvent and recorded in ppm relative to theatetthylsilane as an
internal standard. IR spectra were recorded onr&irREImer spectrum on FTIR spectrophotometer udffry
pellets. TLC was performed on 0.25mm. E. Merck pated silica gel plates (60 F254). All compoundsaready
well known in the literature; melting points weretermined in open capillary tubes and are uncadect

General Procedure

Preparation of catalyst:-

Microencapsulated-Cu(acactatalyst was prepared by using a reported proeedeolystyrene (1.0 gm) was
dissolved in cyclohexane (20 mL) at 40°C and ts 8olution was added Cu(aca¢).12 gm), this mixture was
stirred for 1 hr at 40°C and then slowly cooledt€ with vigorous stirring. The polystyrene solidd around the
Cu(acac) dispersed in the solution. Hexane (30 ml) was dddeharden the capsule walls and the mixture was
stirred at room temperature for 1hr and then thesul@s were washed with acetonitrile several tiened dried
under vacuum.

General reaction procedure:-

A mixture of aromatics aldehyde (1 mmdi}napthol (1 mmol), amide (1.1 mmol) and MC-Cu(ag#8)040 gm) in
1,2-dichloroethane (3 ml) at rt was stirred foe tt8h. The progress of the reaction was monitogedliC. On
completion of the reaction was diluted with ethgetate (20 ml), then catalyst was filtered and filteate
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concentrated and poured on chilled water, purifigdecrystallisation from EtOH-D (1:1) and the pure products
were obtained (67- 93% yields).

The NMR spectral data of some selected compourgdsianmarized below.

1) [(2-Hydroxy naphthalene-1-yl)-phenyl-methyl]aceamide; (Table 2, entry 1) :*H-NMR (300 MHz, DMSO-
ds) :- 6 10.06 (s, 1H), 8.62 (d, 2H), 7.82 (s, 1H), 7.772H), 7.36-7.22 (m, 4H), 7.19-7.11 (m, 4H), 1.88 IH).
¥C-NMR (75 MHz, DMSO-g):- 5 169.84, 153.58, 143.00, 132.76, 129.72, 129.08,912 128.46, 126.80, 126.57,
126.47, 123.70, 122.88, 119.25, 118.89, 48.26,23.0

2) [(2-Hydroxy naphthalene-1-yl)-phenyl-methyllbenamide; (Table 2, entry 8) :*H-NMR (300 MHz, DMSO-
de) :- 6 10.39 (s, 1H), 9.04 (d,= 8.4 Hz, 2H), 8.10 (d] = 8.4 Hz, 1H), 7.885- 7.793 (m, 4H), 7.577-7.446 §H),
7.34-7.21 (m, 7H)**C-NMR (75 MHz, DMSO-g):- § 166.24, 153.64, 142.45, 134.77, 132.77, 131.92,8R
129.09, 128.99, 128.84, 128.67, 127.59, 127.25,0827126.89, 123.17, 119.13, 118.78, 49.69.

RESULTS AND DISCUSSION

Microencapsulated-Cu(acacyatalyst is prepared according to the proceduperted by Kobayashi et. al. and
Kantam et. al. The synthesized MC-Cu(agaatalyst was characterized by FT-IR spectroscéigyreé 1). The IR
spectrum of catalyst has peaks at 3062, 3024 afd 28" assigned to C-H bond stretching. The peaks at,1942
1872, 1805 cm shows that the aromatic benzene ring presentslistyrene [36]. The peak at 1577 and 1529'cm
band assigned to(C=C) coupled withv(C=0), andv(C=0) coupled withv(C=C) respectively [45]. Peak at 1446
cm* showsv(C=C) and the peak at 451¢rfor v(Cu-O) stretching.

Table 1:- Effects of various parameters on synthesiof 1-amidoalkyl-2-naphthol$

Entry Catalyst Catalyst loading (mg) Solvent Temp('C) Time (h) Yield (%)

1 None DCE Reflux 24

2 Polystyrene 50 DCE Reflux 24 --

3. Cu(acac) 25 DCE rt 24 68
4 Cu(acac) 25 DCE Reflux 24 76
5 MC-Cu(acac) 30 DCE rt 24 72

6 MC-Cu(acac) 40 DCE rt 24 92

7 MC-Cu(acac) 50 DCE rt 24 90

8 MC-Cu(acac) 40 DCE rt 18 91
9 MC-Cu(acac) 40 CH:CN rt 18 78
10 MC-Cu(acag) 40 CH;OH rt 18 64
11 MC-Cu(acag) 40 CHCl; rt 18 74
12 MC-Cu(acag) 40 DCE rt 16 84

aReaction conditiongs-naphthol (1 mmol), Benzaldehyde (1 mmol), acetartiid. mmol)°’Isolated yield.

I'ransmission

1/cm

Figure 1: FT-IR spectra comparison of (a) polystyrene, (b) C(acac), (c) MC- Cu(acac)
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At the onset of the research, we have made a aorseiffort to develop a catalytic system that waaddress the
limitations of the previously reported reactionsiridg preliminary studies benzaldehyde and acetamwias chosen
as a model system for the reaction wWithaphthol, benzaldehyde was treated with equinaieount of3-naphthol
and acetamide in the presence of MC-Cu(agcat)room temperature in various solvent to affordidmalkyl
naphthols. A series of experiments were perforraaptimize various reaction parameters, such asdahge of the
catalyst and effect of catalyst loading, solveamperature and time. Initially we screened varicatslysts, such as
polystyrene, Cu(acag)and MC-Cu(acag)for the present multicomponant reaction. The MGaCac) was the best
catalyst as compaired with polystyrene and Cu(aaieing good yield of the desired produta (Table 1, entries
1-5). We further studied catalyst loding from 0 g50 mg. Only trace product was detected in alesefidC-
Cu(acac) catalyst. The yield improved as the amount of M@acac) catalyst increased from 0 to 40 mg and
became almost steady when the amount of catalystfuvéher increased beyond this. (Table 1, entrg-I). We
have studied the effect of various solvents onntioglel reaction and found that 1,2-dichloroethan€EPwas the
best solvent for the reaction stirred at room terajee for 18 hr to give good yield of desired prod (Table 1
entries 8-12).

Having optimized the reaction condition in hand mext set out to explore the substrate scope of M@€ac)
catalysts for amidoalkyl naphthols. Most importgndromatics aldehydes carrying either electron togaor
withdrawing substituent afforded to good yield obgucts; a variety of common functional groups,hsas alkyl,
ether, halo and nitro were tolerated, regardldsth® meta- or para- position, however ortho- sulisd aryl
aldehyde gave lower yields, possibly due to steindrance. The results of these reactions are suizenainTable
2. Additionally we also investigated the reusabitifythe catalytic system and the results are desdrin theTable
3. After completion of the reaction according to T,Lfhe reaction mixture was diluted with ethyl atetand
catalyst was filter by simple filtration. The catstl was washed with acetonitrile (3x10 ml), thee datalyst was
used directly in the reusability studies.

Table 2: MC-Cu(acac), catalysed one-pot multicomponent synthesis of sulitstted amidoalkyl naphthols?

Entry X R Product  Yield (%)® M. P. (C), (Reportedj™"
1 H CH, 4a 91 238-240 (241-243)
2 2-Cl  -Ch 4b 68 210-212 (213-218)
3 4-Cl -CHs 4c 90 232-234 (237—238)
4 40CH -CHs 4d 86 182-184 (183-188)
5 4-CHy -CHs e 89 2022-224 (224-228)
6 3-NO, -CHs af 88 240-242 (256-258)
7 4NO, -CHs 4g 90 242-244 (237-238)
8 H -CHs  4h 89 234-236 (238-248)
9 4-Cl -CeHs 4i 84 168-170 (168—176)
10 4-O0CH -CgHs 4j 86 202-204 (206-208)
11 4- CH; -CgHs 4k 88 214-216 (214-218)
12 3NO, -CeHs 4l 78 240-242 (242-24%)
13 4NO, -CeHs  4m 82 228-230 (228-228)

®Reaction conditions-naphthol (1 mmol), aldehyde (1 mmol), amide (dnol) catalyst (40 mg) and DCE (3 ml) at rt fortr8
PIsolated yield.

Table 3 : Recycle studies of Mc-Cu(acaggatalysts

Entry Recycle no  Yield (%)

1 Fresh 91
2 1* recycle 86
3 2" recycle 80
4 39 recycle 76

#Reaction condition: benzaldehyde (1 mm@ipapthol (1 mmol), acetamide (1.1 mmol) cataly6tri@g) and DCE (3 ml) at rt for 18 hr.
Plsolated yield.

CONCLUSION

We have developed an efficient and eco-friendlycpdure for one pot multicomponent synthesis of aalid/l
naphthol via three component condensation reaciid®inaphthol, aryl aldehyde and amide using a Ma€ac)
as a catalyst in a DCE at rt for 18h. MC-Cu (agé)xcted as a heterogeneous and recyclable datéhe mild
reaction conditions, operational simplicity, re@luke catalytic system and high yields are the retativantages of
this method. These remarkable characteristics niasi@ew protocol which is economically, eco-frigndttractive
and inexpensive.
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