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A mild and efficient method has been developed for the preparation of amidoalkyl naphthols from con-
densation of aldehydes with amides or urea and 2-naphthol in the presence of a catalytic amount of
Brensted acidic ionic liquid ([TEBSA][HSO4]) under thermal solvent-free conditions. High yields, short
reaction time, easy work-up and reusability of the catalyst are advantages of this procedure.
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Multicomponent reactions (MCRs) are very important and
attractive subjects in organic synthesis due to formation of
carbon-carbon and carbon-hetero atom bonds in one pot.!™*
Simple procedures, high bond forming efficiency, time and energy
saving and low expenditures are advantages of these reactions.®
Therefore, researchers have made great efforts to find and develop
new MCRs.

Compounds containing 1,3-amino-oxygenated functional
groups are frequently found in biologically active natural prod-
ucts and potent drugs such as nucleoside antibiotics and HIV pro-
tease inhibitors.® Furthermore, 1-amidoalkyl 2-naphthols can be
converted to useful and important biological building blocks and
to 1-amino methyl 2-naphthols by an amide hydrolysis reaction,
since compounds exhibit depressor and bradycardia effects in
humans.'®'" 1-Amidoalkyl 2-naphthols can be prepared by
multicomponent condensation of aldehydes, 2-naphthols and
acetonitrile or different amides in the presence of Lewis or
Bronsted acids such as p-TSA,'> montmorillonite K10,'3
Ce(SO4)2,14 IOdine,]S Fe(HSO4)3,16 Sr(OTf)2,17 K5C0W12040.3H20,18
sulfamic acid,'®?° molybdophosphoric acid,?' cation-exchange
resins?? and silica sulfuric acid.??> However some of the reported
methods suffer from disadvantages such as prolonged reaction
time, low yield of products, toxic and corrosive reagents and
the use of additional microwave or ultrasonic irradiation. There-
fore, the discovery of clean procedures and the use of green and
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eco-friendly catalysts with high catalytic activity and short reac-
tion times for the production of 1-amidoalkyl 2-naphthols have
gained considerable attention.

Ionic liquids (ILs) have attracted extensive research interest as
environmentally benign solvents due to their specific properties
such as undetectable vapour pressure, non-inflammability, wide
liquid range, reusability and high thermal stability.?4?° Ionic
liquids have been widely applied in many reactions as catalysts
or dual catalyst-solvents including the Mannich reaction®® and
esterification.?”

Brgnsted acidic ionic liquids consist of the useful characteristics
of solid acids and mineral liquid acids and are designed to replace
traditional mineral liquid acids such as sulfuric acid and hydro-
chloric acid in chemical procedures.?®?° N-(4-sulfonic acid) butyl
triethyl ammonium hydrogen sulfate ([TEBSA][HSO4]) has been
synthesized and used as an efficient and reusable catalyst for nitra-
tion of aromatic compounds>® and esterification of various alcohols
by different acids.! In a continuation of our investigations on the
development of new synthetic methodologies,?~3> herein we re-
port a new, convenient, mild and efficient procedure for one-pot
three-component synthesis of amidoalkyl naphthol derivatives
from various aryl aldehydes, 2-naphthol and different amides
(acetamide, benzamide and urea) in the presence of [TEBSA][HSO4]
as an effective and recoverable catalyst under solvent-free condi-
tions (Scheme 1).3637

Initially to optimize the amount of ionic liquid, the reaction of
2-naphthol (1 mmol), 4-chloro benzaldehyde (1 mmol) and acet-
amide (1.2 mmol) was performed under solvent-free conditions
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Table 1
The effect of different amounts of [TEBSA][HSO4] on the reaction of 2-naphthol,
acetamide and 4-chlorobenzaldehyde

Entry [TEBSA][HSO4] (mmol) Time (min) Yield of 4c® (%)
1 3 45 0
2 1 40 60
3 0.5 30 65
4 0.17 10 80
5 0.09 10 84
6 0.05 10 85
7 0.03 10 75
8 0.01 10 63

@ Isolated yields.

Table 2
The one-pot three-component reaction of 2-naphthol, urea/amides and aryl alde-
hydes in the presence of ionic liquid under solvent-free conditions at 120 °C and
10 min®

Entry  Aldehyde R! Ureajamide R?  Product  Yield® (%) Mp
1 CeHs CH, 4a 87 218-220
2 2-ClCgH4 CHs3 4b 90 192-194
3 4-ClCeHy CH3 4c 85 229-230
4 2,6-Cl,CeHs CH, ad 90 223-224
5 4-Br CgHy CH3 4e 87 229-231
6 3-0,NCgH4 CH3 af 89 238-240
7 4-0,NCgH, CHs ag 38 222-223
8 4-MeCgH4 CH3 4h 84 214-216
9 3-MeOCgH4 CHs3 4i 83 218-220
10 2,5-(Me0),CgHs  CHj 4j 84 228-230
11 4-NCCgH4 CH3 4k 87 232-234
12 4-CH30COCgH4 CH3 41 91 225-227
13 CeHs NH, 4m 73 176-178
14 3-0,NCH, NH, 4n 76 192-193
15 CeHs CeHs 40 86 234-236
16 4-Br CgHa CeHs ap 83 182-184
17 3-MeOCgH, CeHs 4aq 87 214-216
18 4-MeCgH4 CeHs 4r 79 209-211
19 4-CICeHy CeHs 4s 83 180-182
20 3-0,NCgHy CgHs 4t 81 233-235
21 2,5-(Me0),CeHs  CeHs 4u 86 238-240

¢ Aldehyde/urea or amide/2-naphthol/IL = 1:1.2:1:0.05.

" Yields refer to isolated products and all synthesized amidoalkyl naphthols were
characterized by spectral data (IR, 'H and '*C NMR) and melting points and com-
parison with authentic samples.
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at 120 °C in the presence of different quantities of [TEBSA][HSO4]
(Table 1). As shown in Table 1, the yields of product 4¢ using high
amounts of [TEBSA][HSO4] were low and the reaction time was
long (Table 1, entries 1-3). No improvement in the reaction rate
was observed by decreasing the amount of ionic liquid from 17
to 1 mmol but the yield of product 4c¢ in the presence of 0.05 mmol
of [TEBSA][HSO4] was higher than the others (Table 1, entries 4-8).
Therefore 5 mol % of ionic liquid was chosen as the optimal quan-
tity of [TEBSA][HSO4].

Thus, we employed 5 mol % ionic liquid for one-pot synthesis of
amidoalkyl naphthols from various aldehydes, amides or urea and
2-naphthol under solvent-free conditions at 120 °C (Table 2, en-
tries 1-21). Aromatic aldehydes reacted with amides or urea and
2-naphthol to produce the corresponding 1-amidoalkyl 2-naph-
thols in 73-91% yields. It was shown that aromatic aldehydes with
electron-donating (e.g., entries 9, 10, 17 and 20) or electron-with-
drawing substituents (e.g., entries 6, 7, 11, 12, 14 and 20) were
converted to amidoalkyl naphthols in 76-91% yields and in short
reaction time (10 min).

As shown in Scheme 2, the reaction of 2-naphthol with aromatic
aldehydes in the presence of acid catalyst is known to provide
ortho-quinone methides (0-QMs).'>'® The 0-QMs were reacted
with amides or urea to produce 1-amidoalkyl-2-naphthol deriva-
tives (Scheme 2).

In comparison with other catalysts employed for the synthesis
of N-[(3-nitro phenyl)-(2-hydroxy-naphthalen-1-yl)-methyl]-acet-
amide from 3-nitro benzaldehyde, acetamide and 2-naphthol at
different conditions, [TEBSA][HSO,4] showed more catalytic reactiv-
ity than the others in terms of short reaction time and simplified
conditions (Table 3, entries 1-9).

The reusability of the [TEBSA][HSO4] was also determined.
After each run, water was added to the reaction mixture and
the product was filtered and the containing ionic liquid was ex-
tracted with CH,Cl, (3 x 10 ml) to remove non-ionic organic
impurities. Then the water was evaporated and the catalyst was
dried at 65 °C under reduced pressure for 2 h and reused in the
reaction of 3-nitro benzaldehyde, acetamide and 2-naphthol un-
der solvent-free conditions at 120°C (Table 3, entries 9-12).
The results show that the catalyst can be employed four times,
although the activity of the catalyst gradually decreased. This
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Scheme 2.
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Table 3

5651

Acid-catalyzed synthesis of N-[(3-nitro phenyl)-(2-hydroxy-naphthalen-1-yl)-methyl]-acetamide via reaction of 3-nitro benzaldehyde (1 mmol), 2-naphthol (1 mmol) and

acetamide (1.2 mmol) under different conditions

Entry Catalyst (mol %) Solvent Conditions Time Yield (%) References
1 Fe(HSO04)s (5) = 85 °C 25 min 97 16
2 Sulfamic acid (0.05 g) DCE )))) 28-30 °C 90 min 93 20
3 Montmorillonite K10 (0.1 g) — 125°C 30 min 96 13
4 KsCoW12040-3H,0 (1) — 125°C 3h 78 18
5 KsCoW;50.40-3H20 (1) DCE It 12h 89 18
6 lodine (5) DCE It 10h 85 15
7 Iodine (5) — 125 °C 5h 81 15
8 Sulfamic acid (10) DCE rt 7h 82 19
9 [TEBSA][HSO4] (5) (first run) = 120°C 10 min 89 =
10 [TEBSA][HSO4] (5) (2nd run) = 120°C 10 min 87
11 [TEBSA][HSO4] (5) (3nd run) = 120°C 10 min 85 =
12 [TEBSA][HSO4] (5) (4nd run) = 120°C 10 min 80 =
indicates that the Bregnsted acidic ionic liquid ([TEBSA][HSO4]) as 11. Shen, A. Y.; Tsai, C. T.; Chen, C. L. Eur. J. Med. Chem. 1999, 34, 877.
: : 12. Khodaei, M. M.; Khosropour, A. R.; Moghanian, H. Synlett 2006, 916.
d catalySt for the preparation of amldoalkyl naphthOIS was 13. Kantevari, S.; Vuppalapati, S. V. N.; Nagarapu, L. Catal. Commun. 2007, 8, 1857.
recyclable. 14. Selvam, N. P.; Perumal, P. T. Tetrahedron Lett. 2006, 47, 7481.
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vent-free method for the one-pot synthesis of amidoalkyl naph- 261, 180.
. . . P . y . y p 16. Shaterian, H. R.; Yarahmadi, H.; Ghashang, M. Bioorg. Med. Chem. Lett. 2008, 18,
thols derivatives by coupling various aromatic aldehydes with 788.
amides or urea and 2-naphthol using N-(4-sulfonic acid) butyl tri- 17. Su, W. K.; Tang, W. Y.; Li, J. J. J. Chem. Res. 2008, 123.
ethyl ammonium hydrogen sulfate ([TEBSA][HSO4]) as an efficient 18. I;I;;g;rapu, L.; Baseeruddin, M.; Apuri, S.; Kantevari, S. Catal. Commun. 2007, 8,
catglyst. The advantages of this method, in whlc.h.a r.ela.tlve.ly non- 19. Nagawade, R. R Shinde, D. B. Chin. J. Chem. 2007, 25, 1710.
toxic (halogen-free) and reusable Brgnsted acidic ionic liquid is 20. Patil, S. B; Singh, P. R.; Surpur, M. P.; Samant, S. D. Ultrason. Sonochem. 2007, 14,
employed as an effective catalyst, are high catalytic efficiency, o15. ,
hort t ti hieh vield traichtf d ] d 21. Jiang, W.-Q.; An, L.-T.; Zou, J.-P. Chin. J. Chem. 2008, 26, 697.
S OI; reaction lm?' 180 y1€lds, a stralghttorward work-up an 22. Patil, S. B.; Singh, P. R.; Surpur, M. P.; Samant, S. D. Synth. Commun. 2007, 37,
environmental benignancy. 1659.
23. Srihari, G.; Nagaraju, M.; Murthy, M. M. Helv. Chim. Acta. 2007, 90, 1497.
24. Welton, T. Chem. Rev. 1999, 99, 2071.
Acknowledgements 25. Wasserscheid, P.; Keim, W. Angew. Chem., Int. Ed. 2000, 39, 3773.
26. Sahoo, S.; Joseph, T.; Halligudi, S. B. J. Mol. Catal. A: Chem. 2006, 244, 179.
We gratefully acknowledge the funding support received for 27. Forbes, D. C.;; Weaver, K. J. J. Mol. Catal. A: Chem. 2004, 214, 129.
: : : : 28. Wilkes, ]. S. J. Mol. Catal. A: Chem. 2004, 214, 11.
this project from the Isfahan University of TeChnOIOgy (IUT)’ IR Iran 29. Cole, A. C.; Jensen, ]. L.; Ntai, I.; Tran, K. L. T.; Weaver, K. ].; Forbes, D. C.; Davis, ].
(ARH), and Grants GM 033]38, MH 065503 and NS 033650 H., Jr. J. Am. Chem. Soc. 2002, 124, 5962.
(A.E.R.) from the National Institutes of Health. Further financial 30. Fang, D.; Shi, Q-R.; Cheng, J.; Gong, K.; Liu, Z.-L. Appl. Catal. A: Gen. 2008, 345,
support from Center of Excellency in Sensor and Green Chemistr 158,
pp . y y 31. Gui,J.; Cong, X.; Liu, D.; Zhang, X.; Hu, Z.; Sun, Z. Catal. Commun. 2004, 5, 473.
Research (IUT) 1S gratefully aCknOWIedgEd- 32. Hajipour, A. R.; Zarei, A.; Khazdooz, L.; Mirjalili, B. B. F.; Sheikhan, N.;
Zahmatkesh, S.; Ruoho, A. E. Synthesis 2005, 20, 3644.
33. Hajipour, A. R.; Arbabian, M.; Ruoho, A. E. J. Org. Chem. 2002, 67, 8622.
Supplementary data 34. Hajipour, A. R.; Adibi, H.; Ruoho, A. E. J. Org. Chem. 2003, 68, 4553.
35. Hajipour, A. R.; Mirjalili, B. B. F.; Zarei, A.; Khazdooz, L.; Ruoho, A. E. Tetrahedron
Supplementary data (H and '3C NMR, EMS and IR of com- Lett. 2004, 45, 6607.

: : . : . : 36. Preparation of ionic liquid: 1,4-butane sultone (10 mmol, 1.0 mL), triethyl amine
pounds) associated with this article can be found, in the online ver- (10pmmol, 1.{1 ml) a?ld acetonitrile (5 mL) W(ere charged in a)lOO mi’ round-
sion, at doi:10.1016/j.tetlet.2009.07.116. bottomed flask. Then, the mixture was refluxed for 10 h. The white solid

zwitterions were filtered and washed with ethyl acetate to remove non-ionic

residues and were dried in vacuum (2.0 g, 85% yield). Then, a stoichiometric

References and notes amount of concentrated sulfuric acid (96%, 0.5 mL) was added dropwise to

L zwitterions and the mixture was stirred for 6 h at 80°C to produce the

1. Strecker, A. Liebigs Ann. Chem. 1850, 75, 27. Brensted acidic ionic liquid. "H NMR (400 MHz, DMSO-dg) & 1.16 (br s, 9H),

2. Ugi, L Adv. Synth. Catal. 1997, 339, 499. ) 1.59-1.73 (m, 4H), 2.53 (t, J = 7.6 Hz, 2H), 3.09-3.25 (m, 8H), 6.46 (S, 2H); 13C
3. Terret, N. K.; Gardener, M.; Gordon, D. W.; Kobylecki, R. ].; Steele, ]. Tetrahedron NMR (100 MHz, DMSO-dg) d 7.60, 20.27, 22.23, 50.67, 52.48, 56.15.

1995'_51' 81353 37. General procedure for the preparation of amidoalkyl naphthols: a mixture of

4. Domling, A.; Ugi, L. Angew. Chem,, Int. Ed. 2000, 39, 3168. aldehyde (1 mmol), 2-naphthol (1 mmol), urea or amide (1.2 mmol) and

5. Domling, A. Chem. Rev. 2006, 106, 17. [TEBSA][HSO4] (0.05 mmol) was stirred at 120 °C in oil bath. The completion of

6. Seebach, D.; Matthews, J. L. J. Chem. Soc,, Chem. Commun. 1997, 2015. the reaction was monitored through TLC (ethyl acetate/cyclohexane, 1:3), after

7. Wang, Y.-F.; [zawa, T.; Kobayashi, S.; Ohno, M. J. Am. Chem. Soc. 1982, 104, 6465. 10 min, water (10mL) was added and the product was filtered and then

8. Knapp, S. Chem. Rev. 1995, 95, 1859. ) ) ) recrystallized from ethyl alcohol. The products were characterized by spectral

9. Juaristi, E. Enantioselective Synthesis of f-Amino Acids; John Wiley & Sons: New data (IR, "H NMR and >C NMR) and comparison of their physical data with the

York, 1997.
Szatmari, I.; Fiilop, F. Curr. Org. Synth. 2004, 1, 155.

-
o

literature data.



