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ABSTRACT

An efficient and environment-friendly approach for the synthesis of
amidoakyl naphthols via multicomponent one-pot reaction of B-naph-
thol, aldehyde and urea/amide is herein described employing neat reac-
tion conditions under ultrasound irradiations using SIO,-NaHSO, as in-
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expensive solid catalyst. The present approach offers several advantages
such as short reaction times, higher yields, eco-friendly reaction condi-

tion, easy purification and availability of the catalyst.
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INTRODUCTION

One pot multicomponent reactions (MCRS) have
attracted considerableinterest owingto their excep-
tional synthetic efficiency. The structure of thereac-
tion product can easily be diversified by the sys-
tematic variation of each input. Moreover, the start-
ing materials are either commercialy available or
easy to preparel’’. Multi-component reactions
(MCRs) in heterocyclic synthesisis one of the most
important areain the synthetic organic chemistry and
medicinal chemistry because they are one-pot pro-
cesses bringing together three or more components
and show high atom economy and high selectivitya,
Recently organic synthesesinvolving multi-compo-
nent condensation strategy attained greater value, as
the target molecules are often obtained in a single
step rather than multiple steps which minimize the
tediouswork-up procedures and environmental haz-
ardous wastes. MCRs are performed without the

need to isolate any intermediate and save both en-
ergy and raw materials and al so reduce time. Com-
pounds contai ning 1,3-amino-oxygenated functional
groups are frequently found in biologicaly active
natural products and potent drugs such as nucleo-
side antibioticsand HIV protease inhibitorg?. Also
it is reported that amidoalkyl naphthols (as 1,3-
amino-oxygenated compounds) can convert to im-
portant biologically active aminoalkyl naphthol de-
rivatives by an amide hydrolysis reaction®. Thus
the synthesisof amidoa kyl naphtholsisof paramount
importancein organic synthesis.

A survey of literature shows importance using
ultrasound irradiation in chemical processes. The
use of ultrasound to promote chemical reactionsis
called sonochemistry. Sonochemistry isanew trend
in organic chemistry, offering aversatile and facile
pathway for alarge variety of syntheses. Thus, the
use of Sonication allows: short reaction times, high
yields, improved selectivity, milder conditions and


mailto:Abdulhamidfadavi@gmail.com

PCAIJ, 9(9) 2014

Abdolhamid Fadavi and Gholam Hossien Mahdavinia

319

eco-friendly™. Ultrasonic-assisted organic synthesis
(UAQS) asagreen synthetic approach isapowerful
techniquethat isbeing used moreand moreto accel er-
ateorganicreactions®. Cellaand Stefani haverecently
published areview concerning to the use of ultrasound
in heterocyclic chemistry that shows importance
sonochemistry in synthesisof heterocydlic compounds®.

Amidoa kyl naphtholscan be prepared by the con-
densation of aromatic aldehydes, 2-naphthol and
amides, urea or acetonitrile in the presence of a
Lewis or Bransted acid catalysts. Several methods
have been documented intheliteraturefor synthesis
of these compounds such as montmorillonite K10
clayt”, Ce(SO,),18, K.Cow ,0,.3H,0, p-TSAI,
sulfamic acid™, ionic liquids*, 1./, Al(H,PO,),
(4, Fe(HSO,) /™, Yb(OTf) ¥, wet-TCT, ALLO,-
HCIO,", Silica chloride (SiO,-Cl)1*, indium (I11)
chloride®, Sr(OTf),2, P,0?, H,SIW_,0, @, N,
N, N!, N'-Tetrabromobenzene-1,3-disulfonamide
(TBBDA)4, trityl chloride®! and bismuth (I11) ni-
trate pentahydrate!?sl.

Inthiswork, we have reported the application of
the S O,-NaHSO, materid s as heterogeneous catal yst
for synthesisof structurally diverse amidoakyl naph-
tholsunder environmentally ultrasound irradi ations con-
ditionsScheme 1.

EXPERIMENTAL

Chemicalswereobtained fromMerck and Sigma-
Aldrichand used without further purification. Theprod-
ucts (4a-s) wereisolated and characterized by physica
and spectra data. *H NMR and *C NMR spectrawere
recorded on Bruker Avance-300 M Hz spectrometers
with 7-10mM solutionsin CDCI,, in the presence of
tetramethylsilane asinternal standard. IR spectrawere
recorded using aPerkin-Elmer 843 spectrometer with
KBr plates. Sonication was performed in Falc-ltaly
LBS2-4.5 ultrasonic cleaner (with afrequency of 25
kHz). Mdting pointswere determined on Electro ther-

OH
+ ArCHO + RCONH, ———
H,0, 40°C
)

—= Pyl Paper
mal 9100, and are not corrected.

Synthesisof amidoalkyl naphthols: General pro-
cedure

To amixture of an aldehyde (1 mmol), 2-naphtol
(2 mmol), amide (1.2 mmol) and water (10 mL) was
added NaHSO,/SiO, (50 mg) and the reaction mix-
turewas exposed to ultrasonicirradiation at 40 °C for
10 min. Theprogress of the reaction wasfollowed by
TLC. After completion of thereaction, thereaction mix-
turewasdiluted with ethanol (5mL) and stirred for 10
minin80°C. The solid (catalyst) were collected by fil-
tration and the residuewas kept at room temperature
and theresulting crystalline product was collected by
filtration. The product was found to be pure and no
further purification was necessary.

(a) Compound 4e

IR (KBr): 3380, 3053, 2232, 1629, 1529, 1513,
1476, 1440, 1336, 1283, 1248, 1067, 883, 859, 825
cnl; H NMR (300 MHz, CDCL): 6= 1.99 (3H, s),
7.13 (1H, d, J= 7.94 Hz), 7.18-7.40 (5H, m), 7.69-
7.82 (5H, m), 8.50 (1H, d, J= 7.94 Hz), 10.05 (1H,
sbr); BC NMR (75 MHz, CDC,): 6= 22.48, 47.81,
108.73, 117.87, 118.33, 118.92, 122.52, 122.88,
126.61, 126.89, 128.38, 128.61, 129.74, 131.93,
132.15, 148.88, 153.25, 169.58; Anal. Calcd for
C,.H,N,O,: C, 75.95; H, 5.06, N, 8.86. Found: C,

20" '16

75.90; H,5.11, N, 8.78.
(b) Compound 4m

IR (KBr): 3241, 3063, 2229, 1644, 1591, 1519,
1459, 1433, 1402, 1247, 1240, 1084, 962, 839, 815
onr; *H NMR (300MHz, CDCl,): 6=7.22(1H, d, 8.42
Hz), 7.28-7.97 (15H, m), 8.67 (1H, d, J=8.42 Hz), 10.33
(1H, sbr); “CNMR (75MHz,CDC,): 6=36.42,116.33,
117.68, 118.43, 118.95, 123.16, 123.98, 124.71,
127.16, 127.32, 127.35, 128.40, 128.67, 128.77,
129.51, 130.61, 130.71, 132.45, 148.01, 151.52,
16852 Andl. Calcdfor C,.H N,O,: C, 79.36; H, 4.76,
N, 7.41. Found: C, 79.22; H, 4.87, N, 7.83.

Ar NHCOR

co

NaHS0,/SiO,

Scheme 1
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(c) Compound 4r

IR (KBr): 3306, 3067, 2231, 1664, 1593, 1520,
1505, 1461, 1435, 1403, 1250, 1242, 1146, 965, 842,
817 cm™; *H NMR (300 MHz, CDC,): 6= 6.85 (1H,
S), 7.44-7.65 (5H, m), 7.79-7.97 (5H, m), 8.66 (1H, d,
J= 843 Hz), 10.15 (1H, sbr); 3C NMR (75 MHz,
CDCl): 6= 36.42, 108.82, 116.32, 117.67, 123.15,
124.71, 124.73, 127.16, 128.68, 128.76, 129.51,
130.61, 130.71, 132.45, 148.00, 150.98, 159.98; Andl.
Caled for CH,N,O,: C, 71.92; H, 4.73, N, 13.25.

19° 15

Found: C, 72.11; H, 4.67, N, 13.34.
RESULTSAND DISCUSSION

Initialy, we sought amild and convenient method
for thesynthesis of amidoakyl naphthols. At first, we
chose4-chlorobenzal dehyde, 2-ngphthol and acetamide
(molerate 1:1:1.2) under ultrasonicirradiation asmodel
reactants and examined the effect of the amount of
NaHSO,/SiO,,. According to this data, the optimum
amount of catalyst was 50 mg. Further increasing the
amount of catalyst did not improvetheyield and the
reactiontime. Inorder to evaluate the effect of solvent,

weexamined different solvents under room tempera-
turefor theabovemodd reaction. Theoutstanding fea-
tureof datathat can beelicited fromresults, water is
best solvent for thisreaction under ultrasonicirradia-
tion.

In order to show the effect of ultrasonicirradia-
tion in these reactions, the synthesis of (4b) wasin-
vestigated as a typical example in the presence of
10, 20, 30, 40 and 50 mg of NaHSO,/SIO, with and
without ultrasonic irradiation. Thereaction ratesand
yields were dramatically enhanced by ultrasound.
The rate enhancement under ultrasound may be at-
tributed to the cavitation, activation of the catalyst
and the intercalation of guest molecules into host
nanoreactor by sonic waves. In the absence of sonic
waves, the productswereformed in moderateyields
unless the temperature was increased. The role of
ultrasound in promoting the rapid and green synthe-
sis of amidoalkyl naphthol derivatives is evident
from thefact that the corresponding reactions under
stirred conditions without ultrasound (silent reac-
tions) needed much longer timefor promotion, inall
caseswithloweredyields. Based on theresultsof this

TABLE 1: NaHSO,/SO, catalyzed synthesis of amidoalkyl naphthols under ultrasonic irradiation

Entry Ar R Product Time (min) Yield (%) Mp (O

Found Reported
1 CsHs CH; da 10 94 242-243 242-244
2 4-CICgHs CH; 4b 10 9% 230-231 228-229
3 4-BrCqHs CH; 4c 10 95 232-234 228-230
4 4-FCgHs CH; 4d 10 96 210-212 203-205
5 4-CNCgHs CH; 4e 12 92 260-262 260-262
6 3-NO,CsHs CH; 4f 8 96 212-214 212-215
7 3-MeOCsHs CH; 49 14 90 204-205 203-205
8 2-CICgHs CH3 4h 8 94 195-197 194-196
9 CsHs Ph 4 10 90 230-232 234-236
10 4-MeCgHs Ph 4 12 90 204-205 192-193
1 4-CICgHs Ph 4k 10 92 176-177 177-178
12 4-FCeHs Ph 4 10 93 195-196 193-194
13 4-CNCgHs Ph 4m 12 92 176-178 176-178
14 3-NO,CsHs Ph 4n 8 95 215-216 216-217
15 CsHs NH, 40 14 90 231-232 230-232
16 4-CICgHs NH, 4p 12 91 168-170 168-169
17 4-BrCgHs NH, 4q 12 92 174-176 170-172
18 4-CNCgHs NH, 4r 14 90 333-335 330-332
19 3-NO,CsHs NH, 4s 8 95 254-256 255-259
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study, it showsthat the ultrasound irradiationimproves
thereactiontimesandyields.

Having established optimal reaction conditions,
we probed the generality of process TABLE 1. The
three-component coupling reactions of benzaldehyde,
2-naphthol and amidein the presence of 50 mg of
NaHSO,/SIO, in water at 40 °C was conducted un-
der ultrasound irradiation. Thereaction worked well
with electron-withdrawing as well as electron-do-
nating groups, giving various amidoakyl naphthol
derivatives in high yields. As shown in TABLE 1,
the method isgeneral and includesavariety of func-
tional groups.

In summary, anovel and highly efficient meth-
odology for the synthesis of amidoalkyl naphthols
by condensation reaction of aldehydes, 2-naphtol and
acetamide or benzamide or urea in the presence of
catal ytic amounts of NaHSO,/SIO, under ultrasonic
irradiation is reported. This protocol describes a
very fast, user friendly, ‘green’ and low cost proce-
durefor the synthesis of these products.
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