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ABSTRACT

A highly efficient and simple protocol for the preparation of 1-
carbamatoal kyl-2-naphthols under solvent-free conditions is described.
One-pot multi-component condensation of 2-naphthol with arylaldehydes
and alkyl carbamates in the presence of catalytic amount of silica-
supported P,O, (P,0,/SiO,) affordsthetitle compoundsin high yields and
short reaction timesin relatively mild reaction conditions (70 °C).
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INTRODUCTION

Multi-component reactions (M CRs) play animpor-
tant rolein combinatoria chemistry becauseof the abil-
ity tosynthesizetarget compoundswith greater efficiency
and atom economy by generating structural complexity
inasinglestep from three or morereactants. They de-
crease of energy consuming steps such as separation
and purification of intermediatesand improveraw ma
terid sconsumption. Moreover, MCRsoffer theadvan-
tageof smplicity and synthetic efficiency over conven-
tional chemical reactiong®4.

1-Carbamatoa kyl-2-naphthol derivativesaresig-
nificant asthey can beeasily hydrolyzedto 1-aminoakyl-
2-naphthols. Hypotensive and bradycardiac activities
have been reported for 1-aminoalkyl-2-naphthol §58.
The one-pot multi-component condensation reaction
between 2-naphthol, aryladdehydesand alkyl carbam-
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ates has been used asauseful synthetic routetowards
1-carbamatoa kyl-2-naphthols. The preparation of 1-
carbamatoal kyl-2-naphthol s has been scarcely studied
in the literature. Catalysts such as silica-supported
Preysder nano particles™, 1-butyl-3-methylimidazolium
bromi de/p-toluene sulfonic acid®, 4-(1-imidazolium)
butane sulfonate', silica-supported NaHSO,*” and
acidicionicliquids pyridinium salts* have been ap-
plied to promotethistransformation. Although afew
catalysts and methods for the preparation of 1-
carbamatoal kyl-2-naphthol sare known, newer cata-
lystsand methods continueto attract attention for their
differencewiththeothers, generdity and effectiveness.

In recent years, the use of solid-supported cata-
lysts has become popular dueto their unique proper-
tiessuch asenhanced reactivity aswell asselectivity,
draghtforward workup, recyclability of thecatayst, and
the eco-friendly reaction conditiong*?*?, Silicagel is
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one of themost interesting solid supports, becauseit
has surface propertiesthat suggest that very rich or-
ganic reactions may occur there. SIO, isan inexpen-
sve, reusable, commercidly avallableand environmen-
tally benign support which, accompanied with different
catalysts, hasbeen used in avariety of organic trans-
formations*#, Nevertheless, most of theexisting pro-
cessesinorganic synthesisinvolvetoxic and volatile
organic solventsasreaction media, and these are envi-
ronmentally unacceptablefromagreen chemistry view
point. Oneof the most effectivetechniquesto solvethis
problemis solvent-free conditions, which makes syn-

I
+ +
OH Ar)LH RO)LNHZ

—= Pyl Peper

thessampler, savesenergy, and prevents solvent waste,
hazards, and toxicity!?2¢, Consequently, it isimpor-
tant to notethat the combination of safe catalysiswith
theuse of solvent-freetechnol ogy representsasuitable
way toward so-called “ideal synthesis.”

Inthispaper, wereport asmpleand highly efficient
procedure for the synthesis of 1-carbamatoalkyl-2-
naphtholsvia the one-pot multi-component condensa
tion reaction between 2-naphthol, aromatic adehydes
and dkyl carbamatesinthepresenceof slica-supported
P,O, (P,0,/SI0,) asan inexpensive, green and het-
erogeneous catalyst at 70 °C (Scheme 1).

P,05/SiO, (5 mol%) OO oH

70 °C, Solvent-free

Ar NH

0“ OR
(1-10)

Scheme1: Thesynthesisof 1-carbamatoalkyl-2-naphthols.

EXPERIMENTAL

All chemica swerepurchased fromMerck or Huka
Chemica Companies All known compoundswereiden-
tified by comparison of their melting pointsand spectrd
datawith thosereportedintheliterature. Progress of
thereactionswas monitored by TLC using silicagel
SIL G/UV 254 plates. TheH NMR (400 MHz) and
3C NMR (100 MHz) were run on a Bruker Avance
DPX, FT-NMR spectrometer, § in ppm. Massspectra
were obtained with apparatus Shimadzu GC-MS-QP
1100 EX model. Melting points were recorded on a
Biichi B-545 apparatus in open capillary tubes.

Preparation of P,0./S O,

A mixtureof SO, (1g) and P,O, (1g) wasground
vigorously to give P,0O,/SiO, (50% w/w) asawhite
powder (2 g).

General procedure for the synthesis of 1-
carbamatoalkyl-2-naphthols

To amixture of 2-naphthol (0.144 g, 1 mmol),
arylaldehyde (1 mmol) and alkyl carbamate or amide
(1.2mmol) inatest tube, wasadded P,0/S O, (0.014

g, 5mol%), and theresulting mixturewasstirred witha
small rod at 70°C. After completion of the reaction, as
monitored by TLC, hot EtOH (10 mL) wasadded to
the reaction mixture, stirred for 2 minandfiltered to
separate the catalyst. The solvent of thefiltrate was
evagporated andthesolid resduewasrecrystalized from
hot EtOH/H,O (9/1) to givethe pure product.

Selected spectral data of theproducts

Methyl (2-hydroxynaphthalen-1-yl)(phenyl)-
methylcar bamate (1)

'H NMR (400 MHz, DMSO-d,): 6 3.59 (s, 3H),
6.90 (d, J = 8.8 Hz, 1H), 7.17-7.19 (m, 1H),7.24-
7.30 (m, 6H), 7.41 (t, J=7.6 Hz, 1H), 7.68 (d, J =
5.6 Hz, 1H), 7.77-7.83 (m, 2H), 7.95 (d, J = 8.0 Hz,
1H), 10.14 (s, 1H); *CNMR (100 MHz, DM SO-d,):
650.8,52.1,118.9, 119.3, 123.0, 126.5, 126.8, 127.0,
128.5, 128.8, 129.0, 129.7, 132.5, 142.8, 153.3,
157.0.

M ethyl (2-hydr oxynaphthalen-1-yl)(4-nitr ophenyl)-
methylcar bamate(2)

'H NMR (400 MHz, DMSO-d,): 6 3.62 (s, 3H),
6.99 (d, J=8.4Hz, 1H), 7.24-7.32 (m, 2H), 7.53 (t,
J=8.0Hz, 1H), 7.50(d, J=8.8Hz, 2H), 7.83(t, J=
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8.4 Hz, 2H), 7.88 (s, 1H), 7.93 (d, J = 6.4 Hz, 1H),
8.16 (d, J = 8.8 Hz, 2H), 10.25 (s, 1H); *C NMR
(100 MHz, DMSO-d,): 6 50.7, 52.2, 118.4, 118.8,
123.1, 123.2, 123.8, 127.3, 127.6, 128.8, 129.1,
130.3, 132.4, 146.5, 151.1, 153.6, 157.2.

M ethyl (4-bromophenyl)(2-hydr oxynaphthalen-1-
yl)methylcarbamate (6)

'H NMR (400 MHz, DMSO-d,): 6 3.59 (s, 3H),
6.85 (d, J = 8.8 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H),
7.23-7.31(m, 2H), 7.41 (t, J=8.0Hz, 2H), 7.47 (d, J
=8.4Hz,2H),7.72(d,J=5.2Hz, 1H), 7.78-7.83 (m,
2H),7.91(d, J=7.2 Hz, 1H), 10.18 (s, 1H); ®*CNMR
(100 MHz, DMSO-d): 6 50.4, 52.1, 118.8, 118.9,
119.9,123.0,127.1,128.7,128.8,129.0, 130.0, 131.4,
132.4, 142.4, 153.4, 157.1; MS (m/2): 386 (M*).

RESULTSAND DISCUSSION

To obtain the optimized reaction conditions, asa
model, the one-pot multi-component condensation of
2-naphthol (1 mmol) with 4-nitrobenzaldehyde (1
mmol) and methyl carbamate (1.2 mmol) wasstudied
in the presence of different anountsof P,0,/SIO, at
range of 60-75 °C in the absence of solvent. The re-
spectiveresultsaresummarized in TABLE 1. Asit

canbeseenin TABLE 1, thelogical resultswere ob-
served when the reaction was performed using 5 mol %
of thecatalystat 70 °C (entry 2).

To assess the efficacy and scope of the method,
thereaction was performed using 2-naphthal, different
arylaldehydesand akyl carbamates under the optimal
reaction conditions. Theresultsaredisplayedin TABLE
2.AsTABLE 2indicates, al ddehydesincluding ben-
zaldehyde aswell asaromatic al dehydes possessing
el ectron-withdrawing substituents, el ectron-releasing
substituentsor halogenson their aromaticringsafforded
the desired 1-carbamatoa kyl-2-naphtholsin highto
excellent yieldsand in short reaction times. Thus, the
method washighly efficient and general.

TABLE 1: Effect of thecatalyst amount and temper atureon

thereaction of 2-naphthol with 4-nitrobenzaldehyde and
methyl carbamate

Entry Mol% ofa Temp.  Time Yield®
P,0s/S O, (cC) (min) (%)
1 3 70 20 95
2 5 70 12 97
3 7 70 12 97
4 5 60 25 89
5 5 75 12 97

®Molar ratio was reported based on amount of P,O,.
bl solated yield.

TABLE 2: Thesolvent-freesynthesisof 1-car bamatoalkyl-2-naphtholsfrom 2-naphthol, arylaldehydesand alkyl car bamates

using P,0,./SiO,at 70 °C
Compound Product Time Yield® M.p. °C (Lit.)

number (min) (%) Found Reported
sol m

1 10 97 219-221 217-218

O NH
O)\OMe

OH 10

2 12 97 203-205 205-207

NH
O,N O)\OMe

‘ ‘ OH ,

3 10 98 249-251 253-255

O5N
O NH
O)\

OMe
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Compound Time Yield® M.p. °C (Lit.)
Product . o
number (min) (%) Found Reported
4 10 96 242-243 241-242"
O NHCOOMe
NO,
5P 20 93 226-228 230-232%
O NHCOOMe
Me
6 16 95 172-174 -
o :
041\
7 Br 18 96 192-194 191-193"

Me
8 30 o1 188-190 194-196
O NHCOOMe
|

NHCOOCH,Ph

O
>¥%

@)

25 93 166-168 163-165

[(e]

Cl

10° MeO : l 27 86 180-182 182-184°
OCHzPh

3 solated yield. "This reaction was carried out at 90 °C.

2-napththol, aromatic adehydesand akyl carbamates

CONCLUSIONS usingasilica-supported catalyst. Cleanreaction, smple

purification, short reactiontimes, highyields, smple

In conclusion, we have developed anew protocol — availability of thestarting materiasfor the preparation

for thesynthesisof 1-carbamatoa kyl-2-ngphtholsfrom  of thecatalyst, mild reaction conditionsand good com-
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pliance with the green chemistry protocolsare some
advantagesof inthiswork.
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