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New optically active aminoalkylnaphthols were obtained by condensation of 2-naphthol,
substituted aromatic and heteroaromatic aldehydes and (R)-(+)-1-phenylethylamine or (S)-(—)-1-
phenylethylamine under conventional methods and ultrasonic irradiation. The enantiopure amin-
oalkylnaphthol derivatives were converted in ring-closure reaction with formaldehyde to the corre-
sponding naphthoxazine derivatives.
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1. Introduction

The Mannich reaction is one of the most important carbon—
carbon bond forming reactions in organic synthesis (Kitamura
et al., 1995, 2004; Rijnberg et al., 1997; Kobayashi and Ishitan-
i, 1999). The aminoalkylation of the electron rich aromatic
substrates by the Mannich Reaction affords synthetically and
biologically important compounds which are useful intermedi-
ates for the formation of various nitrogen-containing natural
products and pharmaceuticals (Tramontini and Angiolini,
1990, 1994; Miiller et al., 1999; Chi et al., 1999; Pu and Yu,
2001; Turgut et al., 2007; Szatmari and Fiilop, 2013). Betti
has prepared the aminoalkylnaphthols for the first time at
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the beginning of the 20™ century (Betti 1941). The develop-
ment of novel stereoselective aminoalkylation of electron-rich
aromatic compounds ais recently of major interest. Particu-
larly new direct approaches that are stereoselective and mild
enough to permit the preparation of single diastereomers are
continuously attracting interest (Palmieri, 1999; Cimarelli
et al., 2001, 2002; Cimarelli and Palmieri, 2009; Cardellicchio
et al., 1999, 2010; Dong et al., 2004; Saidi et al., 2001, 2003;
Wei et al., 2011). Palmieri et al. and Wang et al. developed a
practical method for the stereoselective synthesis of amin-
oalkylnaphthols from 2-naphthol, aromatic aldehydes and
commercially available (R)-1-phenylethylamine. These com-
pounds exhibited fairly good enantioselectivities in the asym-
metric addition of diethylzinc to aromatic aldehydes
(Cimarelli et al., 2001; Liu et al., 2001).

Sonochemistry is the application of ultrasound to chemical
reactions and processes. Ultrasound irradiation, due to the
cavitational collapse, is able to activate many organic reac-
tions. In recent years, ultrasound irradiation has gained in-
creased attention as a clean and useful technique in organic
synthesis (Mason and Peters, 2003; Doble and Kumar, 2007;
Li et al., 2002). A broad range of the organic synthesis can

1878-5352 © 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.arabjc.2014.02.017

Please cite this article in press as: Pelit, E., Turgut, Z. Synthesis of enantiopure aminonaphthol derivatives under conventional/ultrasonic tech-
nique and their ring-closure reaction. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1016/j.arabjc.2014.02.017



mailto:emelpelit@yahoo.com
http://dx.doi.org/10.1016/j.arabjc.2014.02.017
http://dx.doi.org/10.1016/j.arabjc.2014.02.017
http://www.sciencedirect.com/science/journal/18785352
http://dx.doi.org/10.1016/j.arabjc.2014.02.017
http://dx.doi.org/10.1016/j.arabjc.2014.02.017

2

E. Pelit, Z. Turgut

be performed in higher yields, higher selectivities, shorter reac-
tion times and milder reaction conditions under ultrasonic
irradiation (Zeng et al., 2009; Chen and Li, 2009; Li et al.,
2011, 2005; Luche, 1998; Javanshir et al., 2011).

The development of new 1,3-oxazine derivatives has
attracted considerable attention due to their biological proper-
ties such as analgesic, anticonvulsant, antitubercular, antibac-
terial, antifungal and anticancer activities (Kurz, 2005; Zhao
et al., 2007; Tabuchi et al., 2009; Wang et al., 2008). Also in
recent years, these compounds are used in the treatment of
AIDS and Parkinson’s disease (Joyce et al., 2003; Kerdesky,
2005). Furthermore 1,3-oxazines are useful synthetic interme-
diates in organic synthesis.

Herein, we report on the preparation of aminoalkylnaph-
thols under conventional conditions and ultrasonic conditions
and the ring-closure reaction of these compounds.

2. Material and methods

2.1. General methods

"H and '*C NMR spectra were recorded on Varian-INOVA
and Mercury-VX spectrometers at 500 or 400 MHz and 125
or 100 MHz, respectively. Chemical shifts are given in ppm
downfield from Me,Si in CDCl; solution. Coupling constants
are given in Hz. The FTIR spectra were recorded on a Perkin-
Elmer FT-IR spectrometer (KBr). MS spectra were recorded
on Thermo Elemental X Series ICP-MS or VG 2AB-HFQ
double sector MS. The X-ray analysis was recorded on Rigaku
R-Axis Rapid-S X-ray Single Cristal Diffractometer. Optical
rotations were measured with Bellingham Stanley ADP-410
Polarimeter. Ultrasonication was performed in Intersonik clea-
ner with a frequency of 60 kHz and a power of 300 W. The
reaction flasks were suspended at the centre of the bath, and
the addition or removal of water controlled the temperature
of the water bath. Melting points were measured on a Gallenk-
amp melting-point apparatus. Silica gel 60 (Merck) was used
for column separations. TLC was conducted on standard con-
version aluminium sheets pre-coated with a 0.2-mm layer of
silica gel. Elemental analyses were measured with Flash EA
1112 Series apparatus and were in good agreement (£0.2%)
with the calculated values. All reagents were commercially
available. THF was distilled and stored on sodium wire before
use. Commercial (R)-(+)-1-phenylethylamine and (S)-(—)-1-
phenylethylamine were used.

2.1.1. General procedure for the synthesis of aminoalkylnapthols
(la—h and 2a—e)

A mixture of 2-naphthol (5.00 mmol), aromatic aldehyde
(6.00 mmol) and (R)-(+ )-1-phenylethylamine or (S)-(—)-1-phen-
ylethylamine (5.25 mmol) was stirred at 60 °C for 8-30 h under
nitrogen atmosphere. Aminoalkylnaphthols (la-h and 2a-e)
were purified by column chromatography (hexane/EtOAc) di-
rectly from the reaction mixture, without any work-up.

2.1.2. General procedure for the synthesis of aminoalkylnapthols
under ultrasonic irradiation (la—h and 2a—e)

For the ultrasound-assisted method a mixture of 2-naphthol
(5.00 mmol), aromatic aldehyde (6.00 mmol) and (R)-(+)-1-
phenylethylamine or (S)-(—)-1-phenylethylamine (5.25 mmol)

was sonicated at 60 °C under nitrogen atmosphere at the cen-
tre of an ultrasound cleaner bath for the period of time as indi-
cated in Tables | and 2. Aminoalkylnaphthols (1a—h and 2a—e)
were purified by column chromatography (hexane/EtOAc) di-
rectly from the reaction mixture, without any work-up.

2.1.3. 1-((R)-(4-bromophenyl)((R)-1-
phenylethylamino )methyl)naphthalen-2-ol 1a

White crystals, mp 131-133 °C. [oc]lz)o = —185.6 (c 0.1, CHCIy).
FTIR v (KBr)/em™' 3314, 3028, 2924, 2852, 1645, 1620,
1600, 1586, 1556, 1483, 1273, 1237, 1167, 1094, 1065, 830,
763, 701. 'H NMR 6y (CDCl;, 500 MHz) 1.40 (d,
J = 6.74 Hz, 3H), 2.10 (br s, 1H), 3.78 (q, J = 6.74 Hz, 1H),
5.31 (s, 1H), 6.96 (br s, 1H), 7.06-7.31 (m, 13H), 13.43 (br s,
1H). '3C NMR 6¢c (CDCl;, 125 MHz) 21.88, 55.62, 58.62,
111.59, 119.06, 119.80, 120.90, 121.50, 125.49, 125.60, 126.97,
127.83, 127.99, 128.42, 128.94, 131.15, 131.41, 139.50, 141.93,
156.21. MS m/z (ESI) 432 (M ™), 311, 122. Anal. Calc. for C,s.
H,,BrNO (432.35): C 69.45, H 5.13, N 3.24. Found: C 69.58,
H 5.38, N 3.15%.

2.14. 1-((R)-(2,4-dimethylphenyl) ((R)-1-

phenylethylamino )methyl)naphthalen-2-ol 1b

White crystals, mp 162-165 °C. [oc]g) = —262.0 (c 0.1, CHCI,).
FTIR vy (KBr)/em™' 3445, 3313, 3060, 3027, 2970, 2896,
1619, 1582, 1517, 1497, 1468, 1272, 1238, 1154, 1092, 1076,
1035, 831, 815, 765, 702. '"H NMR 6§y (CDCls, 400 MHz)
1.55(d, J = 6.80 Hz, 3H), 1.59 (br s, 1H), 1.93 (s, 3H), 2.21
(s, 3H), 3.91 (q, J = 6.80 Hz, 1H), 5.66 (s, 1H), 6.82 (br s,
1H), 6.92 (s, 1H), 7.15-7.39 (m, 10H), 7.74-7.77 (m, 2H),
13.79 (br s, 1H). >*C NMR dc (CDCl;, 100 MHz) 18.30,
21.10, 21.86, 56.86, 56.94, 114.24, 120.29, 121.13, 122.62,
126.74, 127.43, 127.46, 127.7, 128.29, 129.02, 129.05, 129.11,
129.80, 131.79, 132.86, 134.87, 136.25, 137.88, 142.93, 158.02.
MS m/z (ESI) 381 (M™), 274, 261, 143. Anal. Calc. for
C,,H,,NO (381.51): C 85.00, H 7.13, N 3.67. Found: C
84.65, H 7.11, N 3.97%.

2.1.5. 1-((S)-(2,4-dichlorophenyl) ((R)-1-
phenylethylamino )methyl)naphthalen-2-ol 1¢

White crystals, mp 150-152 °C. [oc]g) = —259.7 (c 0.1, CHCly).
FTIR vax (KBr)/em™' 3412, 3063, 3027, 2971, 2926, 1620,
1598, 1520, 1466, 1271, 1234, 1049, 815, 745, 699. 'H NMR
du (CDCls, 500 MHz) 1.51 (d, J = 6.83 Hz, 3H), 2.11 (br s,
1H), 3.93 (q, J = 6.83 Hz, 1H), 5.85 (s, 1H), 7.02 (br s, 1H),
7.16-7.32 (m, 11H), 7.73-7.78 (m, 2H), 13.44 (br s, 1H). *C
NMR 6c (CDCls, 125 MHz) 20.66, 55.65, 56.19, 111.61,
118.96, 119.80, 121.76, 125.84, 126.29, 126.96, 127.04, 127.63,
127.83, 128.45, 129.24, 130.62, 131.33, 132.72, 133.57, 135.75,
141.04, 156.81. MS m/z (ESI) 422 (M ™), 353, 300, 283, 266,
121. Anal. Caled. for C,sH» CLNO (422.35): C 71.10, H
5.01, N 3.32. Found: C 71.25, H 5.03, N 3.44%.

2.1.6. 1-((S)-(2,4-difluorophenyl) ((R)-1-

phenylethylamino )methyl)naphthalen-2-ol 1d

White crystals, mp 178-180 °C. [oc]]z)o = —212.0 (¢ 0.1, CHCly).
FTIR v (KBr)/em™' 3354, 3017, 3002, 2968, 2864, 1621,
1600, 1555, 1519, 1466, 1270, 1220, 1159, 1142, 1100, 818,
745, 702. 'H NMR dy (CDCl;, 400 MHz) 1.53 (d,
J = 6.80 Hz, 3H), 2.30 (br s, 1H), 3.94 (q, J = 6.80 Hz, 1H),
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Table 1 Synthesis of aminoalkylnaphthols and naphtoxazines in the presence of (R)-(+)-1-phenylethylamine.
Compound Ar Time, (h) Yield, (%)" dr® Compound Time, (h) Yield, (%)"
(A) (B) (A) (B) (A) (B)

la Br 8 3 74 78 60/40 55/45 3a 15 84
1b e CHs, 12 4 67 70 66/34 62/38 3b 18 87
1c cl cl 12 4 66 70 74/26 70/30 3c 18 92
1d F F 15 4 69 71 68/32 64/36 3d 24 83
le E 18 5 62 65 65/35 60/40

H3C\©\
1f OH 30 5 42 40 59/41 53/47

Br : >
1g 5 18 5 41 43 72/28  70/30

H3C\©\
1h 18 5 51 58 77/23 73/27

HsC.

é

H3C

(A) stirring without ultrasound; and (B) under ultrasound irradiation.

* Yields of the pure isolated major diastereomer.

® The dr values were determined by 'H NMR of the reaction mixture.

5.82 (s, 1H), 6.79 (br s, 1H), 7.12-7.46 (m, 10H), 7.68-7.81 (m,
2H), 13.51 (br s, 1H). '3C NMR ¢ (CDCls, 100 MHz) 22.67,
52.60, 56.70, 103.80, 111.90, 119.90, 120.70, 122.70, 123.80,
123.90, 126.70, 126.80, 127.90, 128.70, 130.19, 131.26, 132.32,
142.37, 157.76, 158.90, 161.30, 163.80. MS m/z (ESI) 389
(M™), 269, 249, 122. Anal. Calc. for CysHy FoNO (389.44):
C 77.10, H 5.44, N 3.60. Found: C 76.90, H 5.50, N 3.80%.

2.1.7. 1-((R)-(3-fluoro-4-methylphenyl) ( (i)-1-
phenylethylamino )methyl) naphthalen-2-ol 1e

White crystals, mp 111-113 °C. [oc]éo = —180.0 (¢ 0.1, CHCl,).
FTIR V. (KBr)/em™" 3315, 3279, 3058, 3025, 2963, 1621,

1600, 1582, 1467, 1413, 1269, 1237, 1158, 1115, 1077, 815,
756, 699. 'H NMR dy (CDCl;, 500 MHz) 1.51 (d,
J = 6.80 Hz, 3H), 2.17 (s, 3H), 2.24 (br s, 1H), 3.88 (q,
J = 6.80 Hz, 1H), 5.42 (s, 1H), 6.84-6.87 (m, 2H), 7.02-7.05
(m, 1H), 7.17-7.26 (m, 5H), 7.33-7.42 (m, 4H), 7.73-7.75 (m,
2H), 13.56 (br s, 1H). '*C NMR ¢ (CDCls, 125 MHz)
13.15, 21.91, 55.62, 58.62, 111.78, 113.18, 119.09, 119.92,
121.43, 121.91, 123.62, 125.44, 125.63, 126.93, 127.80, 127.98,
128.85, 130.97, 131.52, 140.25, 142.01, 156.24, 159.47, 161.42.
MS m/z (ESI) 385 (M "), 265, 247. Anal. Calc. for C,sH,4,FNO
(385.47): C 81.01, H 6.28, N 3.63. Found: C 80.90, H 6.40, N
3.40%.
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Table 2 Synthesis of aminoalkylnaphthols and naphtoxazines in the presence of (S)-(—)-1-phenylethylamine.

Compound Ar Time, (h) Yield, (%)* dr® Compound Time, (h) Yield, (%)"
(A) (B) (A) (B) (A) (B)

2a Br 8 3 73 77 58/42 53/47 4a 16 86

2b HsC CHsy 14 5 65 68 63/37 60/40 4b 18 90

2c al cl 14 5 68 72 72/28 67/33 4c 18 90

2d F 16 5 72 74 63/37 59/41

2e 18 5 45 42 75/25 70/30

§m

(A) stirring without ultrasound; and (B) under ultrasound irradiation.
* Yields of the pure isolated major diastereomer.

® The dr values were determined by 'H NMR of the reaction mixture.

2.1.8. 1-((R)-(5-bromo-2-hydroxyphenyl)
((R)-1-phenylethylamino )methyl)naphthalen-2-ol 1f

Yellow crystals, mp 129-130 °C. [o]3) = —143.4 (¢ 0.1, CHCL5).
FTIR vy (KBr)/em™! 3472, 3414, 3083, 3023, 2983, 2937,
1630, 1603, 1570, 1473, 1367, 1275, 1181, 1088, 820, 768,
700. 'H NMR &y (CDCl;, 500 MHz) 1.30 (br s, 1H), 1.62
(d, J =6.35Hz, 3H), 4.56 (q, J = 6.35Hz, 1H), 5.20 (s,
1H), 6.85 (br s, 1H), 7.25-7.37 (m, 5H), 8.30 (br s, 1H),
13.54 (br s, 1H).>’C NMR §c (CDCl;, 125 MHz) 23.64,
57.43, 67.36, 109.02, 118.02, 119.24, 125.42, 126.45, 127.79,
132.51, 133.92, 142.31, 159.23, 161.20. MS m/z (ESI) 448
(M™), 365, 327, 303, 255, 169. Anal. Calc. for C,5sH»BrNO,
(448.35): C 66.97, H 4.95, N 3.12. Found: C 65.85, H 5.05,
N 3.32%.

2.1.9. 1-((S)-(3-methylthiophen-2-yl)
((R)-1-phenylethylamino )methyl)naphthalen-2-ol 1g

White crystals, mp 153-155 °C. [oc]f)0 = —274.0 (c 0.1, CHCly).
FTIR vy (KBr)jem™! 3449, 3297, 3083, 3029, 2970, 2930,
1621, 1599, 1589, 1469, 1237, 1174, 1081, 1056, 823, 751,
703. '"H NMR 4y (CDCls, 400 MHz) 1.55 (d, J = 6.84 Hz,
3H), 1.89 (s, 3H), 2.17 (br s, 1H), 3.87 (q, J = 6.84 Hz, 1H),
5.75 (s, 1H), 6.70 (d, J = 5.09 Hz, 1H), 7.00(d, J = 5.09 Hz,
1H), 7.10-7.45 (m, 9H), 7.70-7.80 (m, 2H), 13.60 (br s, 1H).
13C NMR 6 (CDCls, 100 MHz) 13.23, 22.26, 52.89, 56.11,
114.12, 120.22, 120.64, 122.50, 124.43, 126.59, 126.96, 128.10,
128.62, 128.92, 129.63, 129.99, 132.43, 133.50, 139.06, 142.81,

156.97. MS m/z (ESI) 373 (M), 359, 343, 239. Anal. Calc.
for CasHa3NOS (373.51): C 77.18, H 6.21, N 3.75. Found: C
76.85, H 6.45, N 3.95%.

2.1.10. 1-((S)-(4,5-dimethylfuran-2-yl)
((R)-1-phenylethylamino )methyl)naphthalen-2-ol 1h

White crystals, mp 145-147 °C. [a]g) = —128.0 (c 0.1, CHCIy).
FTIR v (KBr)/em™! 3355, 3017, 3002, 2969, 2918, 1621,
1600, 1519, 1468, 1270, 1238, 1155, 1102, 1082, 1046, 834,
736, 703. 'H NMR Jy (CDCl;, 400 MHz) 1.45(d,
J = 6.80 Hz, 3H), 1.90 (s, 3H), 2.20 (s, 3H), 2.50 (br s, 1H),
3.87 (q, J = 6.80 Hz, 1H), 5.50 (s, 1H), 7.00-7.80 (m, 12H),
13.10 (br s, 1H). '3C NMR 6 (CDCls, 100 MHz) 9.70,
11.45, 23.31, 53.29, 55.61, 111.16, 111.61, 114.89, 119.95,
121.09, 122.41, 126.44, 126.66, 127.70, 128.46, 128.65, 128.89,
129.85, 132.77, 142.87, 147.21, 150.06, 157.39. MS m/z (ESI)
371 (M™), 355, 266, 251. Anal. Calc. for C,sH,5sNO,
(371.47): C 80.83, H 6.78, N 3.77. Found: C 80.50, H 6.58,
N 3.90%.

2.1.11. 1-((S)-(4-bromophenyl) ((S)-1-

phenylethylamino )methyl)naphthalen-2-ol 2a

White crystals. mp 124-126 °C. [oc]g) = +100.8 (c 0.1, CHCly).
FTIR vma (KBr)/em™' 3446, 3313, 3065, 3018, 2968, 1620,
1599, 1464, 1271, 1234, 1156, 1095, 846, 829, 752. 'H NMR
dnx (CDCl;, 500 MHz) 1.50 (d, J = 6.60 Hz, 3H), 2.20 (br s,
1H), 3.90 (q, J = 6.60 Hz, 1H), 5.41 (s, 1H), 7.01-7.81 (m,
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_— OH
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H3C~.rPh H3C,,.(Ph
Ar NH Ar N
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Method A: stirring without ultrasound at 60 °C under N, atmosphere
Method B: ultrasound irradiation at 60 °C under N, atmosphere

Scheme 1

Method A

OH  CHs i
’ Ph)"'NHz TATH

e —— OH
or Method B OO

Synthesis of enantiopure aminoalkylnaphthols (1a—h) and naphthoxazines (3a—d).

HsCa_Ph
HsCa_Ph L
Ar~_NH A oN
: CH,0 N
o)
THF, .t OO
4a-c

2a-e

Method A: stirring without ultrasound at 60 °C under N, atmosphere
Method B: ultrasound irradiation at 60 °C under N atmosphere

Scheme 2

15H), 13.51 (br s, 1H). '3C NMR d¢ (CDCls, 100 MHz) 22.95,
56.62, 59.62, 112.57, 120.08, 120.83, 121.94, 122.54, 126.53,
126.63, 128.02, 128.80, 129.03, 129.46, 129.98, 132.19, 132.40,
140.48, 142.92, 157.21. MS m/z (ESI) 432 (M "), 311, 232,
122. Anal. Calc. for C,5sH»»,BrNO (432.35): C 69.45, H 5.13,
N 3.24. Found: C 69.60, H 5.35, N 3.18%.

2.1.12. 1-((S)-(2,4-dimethylphenyl)
((S)-1-phenylethylamino )methyl)naphthalen-2-ol 2b

White crystals, mp 174-177 °C. [ochz)O = +257.8 (¢ 0.1, CHCI5).
FTIR vy, (KBr)/em™' 3314, 3053, 3022, 2971, 1620, 1582,
1517, 1454, 1272, 1238, 1154, 1092, 1075, 831, 764, 702. 'H
NMR 6y (CDCls, 400 MHz) 1.52 (d, J = 6.80 Hz, 3H), 1.60
(br s, 1H), 1.90 (s, 3H), 2.25 (s, 3H), 3.90 (q, J = 6.80 Hz,
1H), 5.65 (s, 1H), 6.78-6.94 (m, 2H), 7.12-7.44 (m, 10H),
7.72-7.82 (m, 2H), 13.85 (br s, 1H). '*C NMR d¢ (CDCl;,
100 MHz) 18.07, 20.89, 21.62, 56.57, 56.66, 113.98, 120.04,
120.87, 122.40, 126.52, 127.20, 127.53, 128.07, 128.76, 128.82,
128.86, 129.57, 131.56, 132.60, 132.63, 134.64, 135.97, 137.66,
142.65, 157.76. MS m/z (ESI) 381 (M ™), 216. Anal. Calc. for
C,7H,;NO (381.51): C 85.00, H 7.13, N 3.67. Found: C
84.75, H 7.15, N 3.94%.

2.1.13. 1-((R)-(2,4-dichlorophenyl)

((S)-1-phenylethylamino )methyl)naphthalen-2-ol 2¢

White crystals, mp 145-147 °C. [cx]f)o = +288.0 (c 0.1, CHCl5).
FTIR vma (KBr)/em™' 3311, 3058, 3022, 2980, 1629, 1580,
1469, 1 1273, 1181, 1089, 842, 767, 703. '"H NMR &y (CDCls,
400 MHz) 1.52 (d, J = 6.80 Hz, 3H), 2.13 (br s, 1H), 3.95 (q,
J = 6.80 Hz, 1H), 5.86 (s, 1H), 7.01-7.35 (m, 12H), 7.75-
7.80 (m, 2H), 13.53 (br s, 1H). "*C NMR dc (CDCls,
100 MHz) 21.93, 56.76, 57.33, 112.80, 120.20, 121.04, 123.04,
127.13, 127.57, 128.30, 128.89, 129.00, 129.10, 129.68, 130.51,

Synthesis of enantiopure aminoalkylnaphthols (2a—e) and naphtoxazines (4a—c).

Table 3 The reaction of 2-naphthol, 4-bromobenzaldehyde
and (R)-(+)-1-phenylethylamine®: effects of solvents (3 ml were
used).

Entry  Solvent Time, (h) Temperature (°C) Yield, (%)°
1 PhCH; 3 25 =
2 PhCH; 3 60 Trace
3 CH,Cl, 3 25 Trace
4 CH,Cl, 3 60 10
5 CH;CN 3 25 Trace
6 CH;CN 3 60 23
7 C,HsOH 3 25 17
8 CHsOH 3 60 50

9 None 3 25 21

10 None 3 60 78

% Reactions were carried out under ultrasonic irradiation.
® Yields of the pure isolated major diastereomer.

131.86, 132.52, 133.95, 134.79, 136.88, 142.18, 158.01. MS m/
z (ESI) 422 (M 1), 300, 266, 122. Anal. Calc. for CysH,,CLNO
(422.35): C 71.10, H 5.01, N 3.32. Found: C 71.27, H 5.05, N
3.40%.

2.1.14. 1-((S)-(3-fluoro-4-methylphenyl)
((S)-1-phenylethylamino )methyl)naphthalen-2-ol 2d

White crystals, mp 117-119 °C. [«]3y = +160.0 (c 0.1, CHCl5).
FTIR v (KBr)/em™! 3436, 3271, 3062, 2965, 1623, 1580,
1470, 1414, 1267, 1162, 1131, 1077, 817, 746, 702. '"H NMR
ou (CDCl3, 500 MHz) 1.41 (d, J = 6.80 Hz, 3H), 2.06 (s,
3H), 2.15 (br s, 1H), 3.78 (q, J = 6.80 Hz, 1H), 5.32 (s, 1H),
6.74-6.77 (m, 2H), 6.92-7.16 (m, 6H), 7.23-7.32 (m, 4H),
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H14

H13

Figure 1

7.61-7.65 (m, 2H), 13.46 (br s, 1H). '*C NMR ¢ (CDCl;,
125 MHz) 13.14, 21.90, 55.61, 58.62, 111.77, 113.17, 119.08,
119.91, 121.90, 123.60, 125.44, 125.62, 126.93, 127.72, 127.79,
127.98, 128.85, 130.96, 131.51, 140.25, 141.99, 156.24, 159.46,
161.41. MS m/z (ESI) 385 (M™), 280, 265, 247, 122. Anal.
Calc. for C,Ho4,FNO (385.47): C 81.01, H 6.28, N 3.63.
Found: C 80.92, H 6.43, N 3.45%.

2.1.15. 1I-((R)-((S)-1-phenylethylamino)
(thiophen-2-yl)methyl)naphthalen-2-ol 2e

White crystals, mp 132-135 °C. [oc]g) = +140.0 (¢ 0.1, CHCly).
FTIR v (KBr)/em™' 3306, 3298, 3055, 3007, 2972, 1620,
1589, 1468, 1237, 1174, 1131, 1081, 823, 746, 701. '"H NMR
onx (CDCl;, 500 MHz) 1.52 (d, J = 6.63 Hz, 3H), 2.45 (br s,
1H), 3.88 (q, J = 6.63 Hz, 1H), 5.73 (s, 1H), 6.52-7.73 (m,
13H), 8.50 (br s, 1H), 13.35 (br s, 1H). '*C NMR ¢ (CDCls,
125 MHz) 23.41, 54.94, 56.41, 113.85, 120.35, 121.10, 122.78,
125.35, 125.68, 126.83, 127.21, 128.19, 128.87, 129.07, 129.28,
130.26, 132.58, 143.00, 145.13, 157.00. MS m/z (ESI) 359
(M™), 343, 239. Anal. Calc. for C,3H,NOS (359.48): C
76.85, H 5.89, N 3.90. Found: C 76.75, H 5.76, N 4.10%.

2.1.16. General procedure for the preparation of the
naphtoxazines (3a—d and 4a—c)

Aminonaphthols 1la—d and 2a—c (2 mmol) were dissolved in
THF (3mL) and 35% aqueous formaldehyde (2.2 mmol)
was added. The solution was stirred for 15 h at room temper-
ature. Solvent was removed and the residue was dried under

H22

H2

Molecular structure of compound 1b.

reduced pressure. The crude oil was purified by column chro-
matography eluting with EtOAc/hexane.

2.1.17. (R)-1-(4-bromophenyl)-2-( ( R)-1-phenylethyl)-
2,3-dihydro-1H-naphtho[ 1,2-e][ 1,3 Joxazine 3a

White crystals, mp 107-109 °C. FTIR v, (KBr)/em ™! 3061,
3025, 2923, 2852, 1622, 1599, 1484, 1231, 1157, 1147, 10.71,
1010, 812, 745, 699. 'H NMR dy (CDCls, 500 MHz) 1.43 (d,
J =6.50Hz, 3H), 3.86 (q, J=6.50Hz, 1H), 4.75 (d,
J = 9.5Hz, 1H), 5.02 (d, J = 9.5 Hz, 2H), 5.06 (s, 1H) 6.79—
6.90 (m, 2H), 7.03-7.26 (m, 10H), 7.62-7.65 (m, 2H). '*C
NMR oc (CDCl;, 125MHz) 20.44, 55.50, 58.05, 73.25,
110.49, 117.52, 120.20, 121.26, 122.21, 125.59, 126.56, 126.70,
127.54, 127.63, 127.94, 128.11, 129.80, 130.16, 131.68, 141.15,
144.13, 151.85. MS m/z (ESI) 444 (M ™), 339, 133. Anal. Calc.
for CosH,,BrNO (444.36): C 70.28, H 4.99, N 3.15. Found: C
69.10, H 5.21, N 3.53%.

2.1.18. (R)-1-(2,4-dimethylphenyl)-2-( ( R)-1-phenylethyl )-
2,3-dihydro-1H-naphtho[1,2-e][ 1,3 Joxazine 3b

White crystals, mp 121-123 °C. FTIR vy« (KBr)/cm" 3062,
3026, 2970 2923, 1623, 1514, 1230, 1182, 1142, 1048, 898,
809, 743. 'H NMR 6y (CDCl;, 500 MHz) 1.46 (d,
J=636Hz, 3H), 1.89 (s, 3H), 2.08 (s, 3H), 3.95 (q,
J=636Hz, 1H), 488 (dd, J, = 10.74Hz, J, = 1.47 Hz,
1H), 4.98 (d, J = 10.74 Hz, 1H), 5.29 (s, 1H), 6.53-6.58 (m,
2H), 6.84-6.95 (m, 2H), 7.03-7.16 (m, 8H), 7.60-7.63 (m,
2H). *C NMR dc (CDCls, 125 MHz) 19.46, 20.15, 21.18,
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55.23, 59.83, 74.53, 113.73, 118.64, 122.33, 123.35, 126.25,
126.92, 127.90, 128.53, 128.87, 129.03, 129.43, 131.13, 131.97,
132.64, 137.05, 137.16, 137.95, 143.78, 153.11. MS m/z (ESI)
393 (M), 288. Anal. Calc. for CosHy,NO (393.52): C 85.46,
H 6.92, N 3.56. Found: C 85.30, H 6.80, N 3.75%.

2.1.19. (S)-1-(2,4-dichlorophenyl)-2-( ( R)-1-phenylethyl)-
2,3-dihydro-1H-naphtho[1,2-e][ 1,3 Joxazine 3¢

White crystals, mp 118-119 °C. FTIR vy, (KBr)/em™" 3061,
3029, 2970, 1622, 1584, 1467, 1231, 1149, 1140, 1015, 813,
744, 696. 'H NMR 6y (CDCl;, 500 MHz) 1.44 (d,
J =684Hz, 3H), 432 (q, J= 6.84Hz, 1H), 4.73 (dd,
Jy = 11.23Hz, J, = 1.4Hz 1H), 4.76 (dd, J, = 11.23 Hz,
J> = 1.4 Hz 1H), 5.60 (s, 1H), 6.71-6.89 (m, 2H), 6.98-7.05
(m, 2H), 7.16-7.23 (m, 5H), 7.30-7.38 (m, 3H), 7.65-7.70 (m,
2H). 3C NMR d¢ (CDCls, 125 MHz) 17.56, 54.27, 59.77,
72.85, 111.31, 117.62, 120.94, 122.33, 125.42, 125.87, 126.47,
127.10, 127.60, 128.13, 128.36, 128.98, 130.63, 131.34, 132.85,
133.88, 138.09, 141.55, 152.23. MS m/z (ESI) 434 (M "), 288.
Anal. Calc. for CysH,;CILNO (434.36): C 71.89, H 4.87, N
3.22. Found: C 71.74, H 4.92, N 3.40%.

2.1.20. (S)-1-(2,4-fluorophenyl)-2-( ( R )-1-phenylethyl)-
2,3-dihydro-1H-naphtho[ 1,2-e][ 1,3 Joxazine 3d

White crystals, mp 153-155 °C. FTIR v,y (KBr)/em ™' 3138,
3063, 2985, 1623, 1463, 1234, 1160, 1141, 1098, 1074, 841,
812, 744. 'H NMR 6y (CDCl;, 500 MHz) 1.44 (d,
J =690Hz, 3H), 398 (q, J=690Hz, 1H,), 4.86 (d,
J = 11.00 Hz, 1H), 4.96 (d, J = 11.00 Hz, 1H), 5.40 (s, 1H),

6.46-6.50 (m, 1H), 6.61-6.73 (m, 2H), 6.93-7.22 (m, 9H),
7.64-7.66 (m, 2H). '3C NMR ¢ (CDCls, 125 MHz) 19.57,
50.72, 58.71, 73.21, 103.17, 109.37, 110.00, 117.48, 120.81,
122.25, 125.18, 125.26, 125.68, 126.41, 127.12, 127.60, 128.08,
128.23, 130.95, 131.35, 142.50, 152.11, 158.76, 162.40. MS m/
z (ESI) 401 (M ™), 372, 297, 269, 133. Anal. Calc. for CagH;.
F,NO (401.45): C 77.79, H 5.27, N 3.49. Found: C 77.63, H
5.25, N 3.62%.

2.1.21. (S)-1-(4-bromophenyl)-2-( (S )-1-phenylethyl)-
2,3-dihydro-1H-naphtho[1,2-e][ 1,3 Joxazine 4a

White crystals, mp 103-105 °C. FTIR vy (KBr)/em™" 3061,
3024, 2951, 1622, 1515, 1484, 1231, 1173, 1147, 1089, 1071,
812, 745, 699. 'H NMR Jy (CDCls, 500 MHz) 1.44 (d,
J = 6.50Hz, 3H), 3.87 (q, J=6.50Hz, 1H), 4.76 (d,
J =9.85Hz, 1H), 5.03-5.04 (d, J = 9.85Hz, 1H), 5.05 (s,
1H), 6.79-6.81 (m, 2H), 6.89-6.91 (m, 1H), 7.04-7.27 (m,
10H), 7.64-7.67 (m, 2H). '*C NMR 6c (CDCls, 125 MHz)
20.45, 55.51, 58.06, 73.26, 110.50, 117.53, 120.20, 121.27,
122.21, 125.60, 126.56, 126.71, 127.55, 127.64, 127.97, 128.12,
129.81, 130.17, 131.69, 141.16, 144.14, 151.86. MS m/z (ESI)
444 (M), 339, 311, 133. Anal. Calc. for C,sH,,BrNO
(444.36): C 70.28, H 4.99, N 3.15. Found: C 69.92, H 5.21,
N 3.23%.

2.1.22. (S)-1-(2,4-dimethylphenyl)-2-( (S )-1-phenylethyl)-
2,3-dihydro-1H-naphtho[1,2-e][ 1,3 Joxazine 4b

White crystals, mp 132134 °C. FTIR v, (KBr)/cm’l 3061,
3017, 2967, 1623, 1514, 1230, 1183, 1141, 1093, 1013, 897,
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809, 743, 698. '"H NMR dy (CDCls, 500 MHz) 1.49 (d,
J = 684Hz, 3H), 191 (s, 3H), 2.12 (s, 3H), 3.97 (q.
J=684Hz, 1H), 490 (d, J=10.73Hz, 1H), 5.00 (d,
J =10.73 Hz, 1H), 5.31 (s, 1H), 6.55-6.63 (m, 2H), 6.87—
7.07 (m, 3H), 7.10-7.28 (m, 8H), 7.37-7.40 (m, 1H), 7.64-
7.68 (m, 2H), 8.02-8.03 (m, 1H). *C NMR dc (CDCl;,
125 MHz) 18.10, 18.79, 19.83, 53.90, 58.51, 73.21, 112.40,
117.28, 121.00, 122.00, 124.90, 126.55, 127.18, 127.51, 127.69,
129.17, 129.79, 129.79, 130.63, 131.29, 132.66, 135.72, 135.84,
136.60, 142.44, 151.76. MS mj/z (ESI) 393 (M "), 288. Anal.
Calc. for Co,gH»7NO (393.52): C 85.46, H 6.92, N 3.56. Found:
C 85.33, H 6.85, N 3.72%.

2.1.23. (R)-1-(24-dichlorophenyl)-2-( (S )-1-phenylethyl)-
2,3-dihydro-1H-naphtho[1,2-e][ 1,3 Joxazine 4c

White crystals, mp 115-116 °C. FTIR v, (KBr)/cm’l 3061,
3029, 2970, 1622, 1584, 1467, 1231, 1149, 1140, 1046, 1015,
899, 813, 744, 696. 'H NMR &y (CDCls, 500 MHz) 1.39 (d,
J = 6.83Hz, 3H), 429 (q, J = 6.83Hz, 1H), 4.69 (dd,
J1 = 10Hz, J, = 1.50Hz, 1H), 4.72 (d, J = 10 Hz, 1H),
5.57 (s, 1H), 6.65-6.79 (m, 2H), 6.96-7.01 (m, 2H), 7.11-7.17
(m, 5H), 7.26-7.33 (m, 3H), 7.59-7.63 (m, 2H). '>*C NMR ¢
(CDCls, 125 MHz) 17.53, 54.24, 59.73, 72.79, 111.27, 117.60,
120.89, 122.30, 125.37, 125.84, 126.43, 127.06, 127.52, 128.09,
128.32, 128.92, 130.60, 131.29, 132.80, 133.84, 138.06, 141.51,
152.21. MS m/z (ESI) 434 (M), 288. Anal. Calc. for CygH,,.
CILNO (434.36): C 71.89, H 4.87, N 3.22. Found: C 71.77, H
4.95, N 3.37%. (See Schemes 1 and 2.)

3. Results and discussion

Electron-rich aromatic compounds such as 2-naphthol give
l-aminoalkylation with high yields when treated with (R)- or
(S)-1-phenylethylamine and aromatic or hetero-aromatic alde-
hydes in solvent-free conditions (Cimarelli et al., 2001, 2002;
Liu et al., 2001).

Diastereomerically pure aminoalkylnaphthols (la—h and
2a-e) were prepared under conventional conditions according
to the literature method (Cimarelli et al., 2001) and under
ultrasound irradiation. The reactions proceeded smoothly with
aromatic or hetero-aromatic aldehydes nevertheless hetero-
aromatic aldehydes gave lower yields. The ring-closure reac-
tion of these aminoalkylnaphthols with formaldehyde gave
the 1,3-oxazine derivatives 3a—d and 4a—c. The reaction condi-
tions, yields and the structures of the aldehyde components are
summarised in Tables 1 and 2.

In order to demonstrate the effects of ultrasonic irradiation
in Mannich-type aminoalkylation reactions the synthesis of 1a
was investigated as a typical example at different temperatures
and in different solvents (Table 3). It was found that increasing
the temperature to 60 °C has considerably improved the yield.
We also compared the efficiency of several organic solvents.
The reaction worked much better with the polar solvents than
the non-polar solvents. However the highest yields were ob-
tained under solvent-free conditions. As shown in Table 1
and Table 2, applying ultrasound irradiation significantly re-
duced reaction times but did not bring about a noticeable
improvement in the stereoselectivities compared to the conven-
tional method. On the other hand, ultrasound irradiation has
provided better product yields.

The structure of the newly generated compounds has been
clarified by Fourier transform-infrared (FTIR), mass and
NMR techniques. Each of the aminoalkylnaphthol com-
pounds proved to be a pure single diastereoisomer by their
NMR spectra (a single peak near 5.20-5.90 ppm for their ben-
zyl proton in "H NMR and one group peak in '>*C NMR).

The characteristic absorption bands of OH and NH bands
were observed at 3280-3450 cm ™! in the FTIR spectra of the
aminoalkylnaphthol derivatives. The H-atoms of CHj; were
observed in the ranges of 1.45-1.57 ppm. NH proton signals
were observed at 1.59-2.50 ppm; the H-atoms of CH, which
are near the CHjz group absorb in the ranges of 3.80—
4.50 ppm. The CH protons which are next to the Ar groups
were observed at 5.20-5.90 ppm, and the OH protons absorb
in the ranges of 13.10-13.80 ppm. The mass spectra of all
new compounds showed the expected molecular ion peak.

"H NMR and X-ray single-crystal studies were carried out
to determine the absolute configuration of the newly generated
stereogenic centre at 1b and 2a. Fig. 1 clearly shows that the
configuration of the newly generated centre is (R) for 1b and
Fig. 2 show that the configuration of the newly generated cen-
tre is (S) for 2a. The X-ray study on these compounds also
shows a strong intramolecular hydrogen bond between OH
and N atom which gives rigidity to the molecules.

1,3-oxazine derivatives were prepared by the ring-closure
reactions of aminoalkylnaphthols 1a—d and 2a—c with formal-
dehyde in THF at room temperature. The structure of the new
1,3-oxazine compounds has been clarified by Fourier trans-
form-infrared (FTIR), mass and NMR techniques.

The CHj; protons were observed at 1.40-1.47 ppm; CH pro-
tons which are next to CHj3 group were observed at 3.80—
4.35 ppm; CH, protons which are between N and O atoms ab-
sorb in the ranges of 4.70-5.00 ppm. The CH protons which
are near the Ar group were observed at 5.30-5.60 ppm.

4. Conclusion

In summary, we synthesised new optically active aminoalkyl-
naphthol compounds in moderate to good yields by the reac-
tion of 2-naphthol with appropriate aldehydes and (R)- or
(S)-1-phenylethylamine under conventional conditions and
ultrasound irradiation. Compared with classical methods,
ultrasound irradiation procedure provided shorter reaction
times and higher yields. The ring-closure reactions of the amin-
oalkylnaphthols with formaldehyde gave 1,3-oxazine
derivatives.

Acknowledgements
We are grateful to the Yildiz Technical University Foundation

(Project Number 26-01-02-02) for the financial support given
to the present research.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/
j.arabjc.2014.02.017.

Please cite this article in press as: Pelit, E., Turgut, Z. Synthesis of enantiopure aminonaphthol derivatives under conventional/ultrasonic tech-
nique and their ring-closure reaction. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1016/j.arabjc.2014.02.017



http://dx.doi.org/10.1016/j.arabjc.2014.02.017
http://dx.doi.org/10.1016/j.arabjc.2014.02.017
http://dx.doi.org/10.1016/j.arabjc.2014.02.017

Synthesis of enantiopure aminonaphthol derivatives with different techniques 9

References

Betti, M., 1941. Organic Syntheses. Wiley, New York, Collect. vol. 1,
pp- 381-383.

Cardellicchio, C., Ciccarella, G., Naso, F., 1999. Tetrahedron 55,
14685-14692.

Cardellicchio, C., Capozzi, M.A.M., Naso, F., 2010. Tetrahedr.
Asymmet. 21, 507-517.

Chen, W.Y., Li, X.S., 2009. Catal. Commun. 10, 549-551.

Chi, K.W., Ahn, Y.S., Shim, K.T., Park, T.H., Ahn, J.S., 1999. Bull.
Korean Chem. Soc. 20, 973-976.

Cimarelli, C., Mazzanti, A., Palmieri, G., Volpini, E., 2001. J. Org.
Chem. 66, 4759-4765.

Cimarelli, C., Palmieri, G., Volpini, E., 2002. Tetrahedr. Asymmet. 13,
2417-2426.

Cimarelli, C., Palmieri, G., 2009. Chirality 21, 218-232.

Doble, M., Kumar, A., 2007. Green Chemistry and Engineering.
Elsevier.

Dong, Y., Sun, J., Wang, X., Xu, X., Cao, L., Hu, Y., 2004. Tetrahedr.
Asymmet. 15, 1667-1672.

Javanshir, S., Ohanian, A., Heravi, M.H., Naimi-Jamal, M.R.,
Bamoharram, F.F., 2011. J. Saudi Chem. Soc.

Joyce, J.N., Presgraves, S., Renish, L., Borwege, S., Osredkar, T.,
Hagner, D., Replogle, M., PazSoldan, M., Millan, M.J., 2003. Exp.
Neurol. 184, 393-407.

Kerdesky, F.A.J., 2005. Tetrahedr. Lett. 46, 1711-1712.

Kitamura, M., Suga, S., Niwa, M., Noyori, R., 1995. J. Am. Chem.
Soc. 117, 4832-4842.

Kitamura, M., Oka, H., Suga, S., Noyori, R., 2004. Organ. Synthe.
Coll. 10, 635.

Kobayashi, S., Ishitani, H., 1999. Chem. Rev. 99, 1069.

Kurz, T., 2005. Tetrahedron 61, 3091-3096.

Li, J.T., Sun, S.F., Sun, M.X_, 2011. Ultrason. Sonochem. 18, 42-44.

Li, J.T., Yang, W.Z., Wang, S.X., Li, S.H., Li, T.S., 2002. Ultrason.
Sonochem. 9, 237.

Li, J.T., Wang, S.X., Chen, G.F., Li, T.S., 2005. Curr. Org. Synth. 2,
415-436.

Liu, D.X., Zhang, L.C., Wang, Q., 2001. Org. Lett. 3, 2733-2735.

Luche, J.L., 1998. Synthetic Organic Sonochemistry. Plenum Press,
New York.

Mason, T.J., Peters, D., 2003. Practical Sonochemistry: Power
Ultrasound Uses and Applications, 2nd ed. Ellis Horwood,
London.

Miiller, R., Goesmann, H., Waldmann, H., 1999. Angew. Chem. Int.
38, 184.

Palmieri, G., 1999. Eur. J. Org. Chem., 805-811.

Pu, L., Yu, H., 2001. Chem. Rev. 101, 757-824.

Rijnberg, E., Hovestad, N.J., Kleij, A.W., Jastrzebski, J.T.B.H.,
Boersma, J., Janssen, M.D., Spek, A.L., Van Koten, G., 1997. J.
Organometal. 16, 2847-2857.

Saidi, M.R., Azizi, N., Naimi-Jamal, M.R., 2001. Tetrahedron Lett.
42, 8111-8113.

Saidi, M.R., Azizi, N., 2003. Tetrahedron Asym. 14, 389-392.

Szatmari, 1., Fulop, F., 2013. Tetrahedron 69, 1255-1278.

Tabuchi, Y., Ando, Y., Kanemura, H., Kawasaki, I., Ohishi, T.,
Koida, M., Fukuyama, R., Nakamuta, H., Ohta, S., Nishide, K.,
Ohishi, Y., 2009. Bioorgan. Med. Chem. 17, 3959-3967.

Tramontini, M., Angiolini, L., 1990. Tetrahedron 46, 1791-1837.

Tramontini, M., Angiolini, L., 1994. Mannich Bases, Chemistry and
Uses. CRC, Boca Raton, Fla.

Turgut, Z., Pelit, E., Koyct, A., 2007. Molecules 12, 345-352.

Wang, S., Li, Y., Liu, Y., Lu, A., You, Q., 2008. Bioorgan. Med.
Chem. Lett. 18, 4095-4097.

Wei, H., Yin, L., Luo, H., Li, X., Chan, A.S.C., 2011. Chirality 23,
222-2217.

Zeng, H., Li, H., Shao, H., 2009. Ultrason. Sonochem. 16, 758-762.

Zhao, S.H., Berger, J., Clark, R.D., Sethofer, S.G., Krauss, N.E.,
Brothers, J.M., Martin, R.S., 2007. Bioorgan. Med. Chem. 17,
3504-3507.

Please cite this article in press as: Pelit, E., Turgut, Z. Synthesis of enantiopure aminonaphthol derivatives under conventional/ultrasonic tech-
nique and their ring-closure reaction. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1016/j.arabjc.2014.02.017



http://refhub.elsevier.com/S1878-5352(14)00052-5/h0005
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0005
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0010
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0010
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0015
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0015
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0020
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0025
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0025
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0030
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0030
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0035
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0035
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0040
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0045
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0045
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0050
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0050
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0060
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0060
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0060
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0065
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0070
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0070
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0075
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0075
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0080
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0085
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0090
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0095
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0095
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0100
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0100
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0105
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0110
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0110
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0115
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0115
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0115
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0120
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0120
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0125
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0130
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0135
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0135
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0135
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0141
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0141
http://refhub.elsevier.com/S1878-5352(14)00052-5/h9000
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0140
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0145
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0145
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0145
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0150
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0155
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0155
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0160
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0165
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0165
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0170
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0170
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0175
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0180
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0180
http://refhub.elsevier.com/S1878-5352(14)00052-5/h0180
http://dx.doi.org/10.1016/j.arabjc.2014.02.017

	app31
	Synthesis of enantiopure aminonaphthol derivatives  under conventional/ultrasonic technique and their  ring-closure reaction
	1 Introduction
	2 Material and methods
	2.1 General methods
	2.1.1 General procedure for the synthesis of aminoalkylnapthols (1a–h and 2a–e)
	2.1.2 General procedure for the synthesis of aminoalkylnapthols under ultrasonic irradiation (1a–h and 2a–e)
	2.1.3 1-((R)-(4-bromophenyl)((R)-1-phenylethylamino)methyl)naphthalen-2-ol 1a
	2.1.4 1-((R)-(2,4-dimethylphenyl)((R)-1-phenylethylamino)methyl)naphthalen-2-ol 1b
	2.1.5 1-((S)-(2,4-dichlorophenyl)((R)-1-phenylethylamino)methyl)naphthalen-2-ol 1c
	2.1.6 1-((S)-(2,4-difluorophenyl)((R)-1-phenylethylamino)methyl)naphthalen-2-ol 1d
	2.1.7 1-((R)-(3-fluoro-4-methylphenyl)((i)-1-phenylethylamino)methyl) naphthalen-2-ol 1e
	2.1.8 1-((R)-(5-bromo-2-hydroxyphenyl)((R)-1-phenylethylamino)methyl)naphthalen-2-ol 1f
	2.1.9 1-((S)-(3-methylthiophen-2-yl)((R)-1-phenylethylamino)methyl)naphthalen-2-ol 1g
	2.1.10 1-((S)-(4,5-dimethylfuran-2-yl)((R)-1-phenylethylamino)methyl)naphthalen-2-ol 1h
	2.1.11 1-((S)-(4-bromophenyl)((S)-1-phenylethylamino)methyl)naphthalen-2-ol 2a
	2.1.12 1-((S)-(2,4-dimethylphenyl)((S)-1-phenylethylamino)methyl)naphthalen-2-ol 2b
	2.1.13 1-((R)-(2,4-dichlorophenyl)((S)-1-phenylethylamino)methyl)naphthalen-2-ol 2c
	2.1.14 1-((S)-(3-fluoro-4-methylphenyl)((S)-1-phenylethylamino)methyl)naphthalen-2-ol 2d
	2.1.15 1-((R)-((S)-1-phenylethylamino)(thiophen-2-yl)methyl)naphthalen-2-ol 2e
	2.1.16 General procedure for the preparation of the naphtoxazines (3a–d and 4a–c)
	2.1.17 (R)-1-(4-bromophenyl)-2-((R)-1-phenylethyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine 3a
	2.1.18 (R)-1-(2,4-dimethylphenyl)-2-((R)-1-phenylethyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine 3b
	2.1.19 (S)-1-(2,4-dichlorophenyl)-2-((R)-1-phenylethyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine 3c
	2.1.20 (S)-1-(2,4-fluorophenyl)-2-((R)-1-phenylethyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine 3d
	2.1.21 (S)-1-(4-bromophenyl)-2-((S)-1-phenylethyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine 4a
	2.1.22 (S)-1-(2,4-dimethylphenyl)-2-((S)-1-phenylethyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine 4b
	2.1.23 (R)-1-(2,4-dichlorophenyl)-2-((S)-1-phenylethyl)-2,3-dihydro-1H-naphtho[1,2-e][1,3]oxazine 4c


	3 Results and discussion
	4 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data
	References


