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Under mild conditions and without any additional organic solvent, synthesis of carbamatoalkyl naphthols could
be carried out in the present of two halogen-free Brensted acidic ionic liquids, 3-methyl-1-(4-sulfonic
acid)butylimidazolium hydrogen sulfate and N-(4-sulfonic acid)butylpyridinium hydrogen sulfate. A wide
range of aromatic aldehydes easily undergo condensation with f-naphthol and methyl or benzyl carbamate to
afford the desired products of good purity in excellent yields. The present methodology offers several
advantages such as a simple procedure with an easy work-up, short reaction times, and excellent yields. The
catalysts could be recycled and reused for several times without substantial reduction in their catalytic
activities.
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Introduction

The principles of green chemistry have been introduced to
eliminate or at least to reduce the use of hazardous materials
in chemical processes. One of the key areas of green
chemistry is the replacement of hazardous solvents with
environmentally benign ones or the elimination of solvents
altogether. Tonic liquids (ILs) are salt-type compounds,
which are liquids at room temperature and possessing
low vapour pressure. Due to the lack of evaporation, they
are considered as promising “green solvents for replacing
the volatile-therefore flammable and harmful-conventional
solvents. These compounds known as environmentally
benign solvents or catalysts and much attention has currently
been focused on the organic reactions with ILs as catalysts
or solvents and many organic reactions were performed in
ILs with high performance.*"!

Multi-component reactions (MCRs) have emerged as
efficient and powerful tool in modern synthetic organic
chemistry because the synthesis of complex organic molecules
from simple and readily available substrates can be achieved
in a very fast and efficient manner without the isolation of
any intermediate.'>'* Therefore, the development of new
MCRs and improving known MCRs are a popular area of
research in current organic chemistry. A literature survey
revealed that very little was known about the synthesis of
carbamatoalkyl naphthols and there are only two references
dealing with the synthesis of these compounds using silica
supported sodium hydrogen sulfate as heterogeneous catalyst'
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and p-toluenesulfonic acid (TsSOH) in [bmim][Br] media.'®

It is noteworthy that carbamatoalkyl naphthols can be
converted to important biologically active 1-aminomethyl-2-
naphthol derivatives by carbamate hydrolysis. The hypoten-
sive and bradycardiac effects of these compounds have been
evaluated.!”!® Therefore, the development of new methods
for their assembly is of considerable synthetic importance.'*
With the aim to develop a more efficient synthetic process,
recently, we reported the multicomponent synthesis of
carbamatoalkyl naphthols using silica-supported Preyssler
nano particles® and in this paper we report a practical and
inexpensive method for the synthesis of these compounds
via a three-component condensation reaction between aryl
aldehydes, B-naphthol, and methyl or benzyl carbamate in
the presence of Brensted acidic ILs as homogeneous
catalysts under solvent-free conditions (Scheme 1).

Experimental
Some of synthesized compounds are new, and some are

known. For known compounds, their physical and spectro-
scopic data were compared with those of authentic samples
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and found to be identical. Melting points were recorded on
an electrothermal type 9100 melting point apparatus. The IR
spectra were obtained using a 4300 Shimadzu spectrophoto-
meter as KBr disks. The 'H NMR (500 MHz) and *C NMR
(125 MHz) spectra were recorded with a Bruker DRX500
spectrometer. Mass spectra were also obtained using a
FINNIGAN-MAT 8430 mass spectrometer operating at an
ionization potential of 70 eV.

Preparation of [(CH:)s:SO:HMIM]|[HSO4] (IL;) and
[(CH2)sSO:HPY][HSO4] (IL2). A mixture of 1-methyl-
imidazole or pyridine (200 mmol) and 1,4-butane sultone
(200 mmol) was charged into a 150 mL round-bottom flask.
The mixture was stirred at 40 °C for 10 h until it turned into
solid. The white solid zwitterion that formed was washed
repeatedly with ether, filtered to remove non-ionic residues,
and dried in vacuum. Then, a stoichiometric amount of
concentrated sulfuric acid (98%, 10.9 mL) was added drop-
wise and the mixture stirred for 6 h at 80 °C. Product was
washed with diethyl ether and dried in vacuo at 50 °C for 2 h
to get the viscous clear IL; and IL,.>*%

General Procedure for the Preparation of Carbamato-
alkyl Naphthols. To a mixture of B-naphthol (1 mmol), aryl
aldehyde (1 mmol) and methyl or benzyl carbamate (1.2
mmol), IL; or IL; (10 mol % base on aryl aldehyde) was
added. The mixture was heated in the oil bath at 90 °C.
During the procedure, the reaction was monitored by TLC.
Upon completion, the reaction mixture was cooled to room
temperature and cold ethanol was added. The precipitate was
filtered off and recrystallized from ethanol to give pure
carbamatoalkyl naphthols.

Recycling of the Catalyst. Dut to the fact that the catalyst
was soluble in ethanol, it could therefore be recycled of the
filtrate by evaporation of the ethanol. The separated catalyst
was washed with diethyl ether, dried at 50 °C under vacuum
for 1 h and was reused in another reaction. The catalyst
could be reused at least three times without significant loss
of activity.

Results and Discussion

Bronsted-acidic ILs, 3-methyl-1-(4-sulfonic acid)butyl-
imidazolium hydrogen sulfate [(CH,):SOsHMIM][HSO4]
(IL;) and N-(4-sulfonic acid)butylpyridinium hydrogen
sulfate [(CH»)4sSOsHPY][HSO4] (IL>) were prepared accord-
ing to the literature procedure (Figure 1 and 2 and Experi-
mental section). The ILs prepared with this method have
enough purity to be applied as catalyst in organic reactions.**

Initially, the reaction of benzaldehyde, B-naphthol, and
methyl carbamate in the presence of IL; was selected as a
model reaction to optimize the reaction conditions.

[(CH,),SO,HMIM][HSO,]

Figure 1. Bronsted-acidic IL; structure.

Niloofar Tavakoli-Hoseini et al.

+ SO;H
Ny SN Y3
| Y msor
/
[(CH:),SO;HPY][HSO]

Figure 2. Bronsted-acidic IL; structure.

The efficiency of the reaction is affected mainly by the
amount of [(CH2):SO:HMIM][HSO,4] (Table 1). A trace
amount of product was obtained in the absence of the
catalyst even after 90 min at 90 °C (entry 1) indicating that
the catalyst is necessary for the reaction. Increasing the
amount of the catalyst increased the yield of the product 4a.
The optimal amount of the catalyst was 10 mol % (entry 3);
increasing the amount of the catalyst beyond this value did
not increase the yield noticeably (entries 4 and 5).

Furthermore, the reaction was carried out in different
solvents and under solvent-free conditions. As shown in
Table 2, the yield of the reaction under solvent-free condi-
tions was greater and the reaction time was generally shorter
than the conventional methods.

The same model reaction in presence of 10 mol % of the
catalyst was carried out at different temperatures in solvent-
free conditions to assess the effect of temperatures on the
reaction yield. It was observed that yield is a function of
temperature since the yield was increased as the reaction
temperature was raised (Table 2). At 90 °C, the product 4a
was obtained in high yield.

In order to evaluate the generality of this model reaction,
we prepared a range of carbamatoalkyl naphthols under
optimized reaction conditions in the presence of IL; and ILo.

Table 1. Effect of the amounts of [(CH2)sSOsHMIM][HSO4] on
the model reaction?

Entry Catalyst (mol %)  Time (min) Yield (%)
1 None 90 trace
2 5 5 74
3 10 2 89
4 15 2 89
5 20 2 90

“1 mmol benzaldehyde, 1 mmol B-naphthol, and 1.2 mmol methyl
carbamate at 90 °C. *Tsolated yields

Table 2. Synthesis of methyl [(2-hydroxynaphthalen-1-yl)(phenyl)-
methyl]carbamate 4a in the presence of [(CH2)sSOsHMIM][HSO4]
(10 mol %) in different solvents

Temperature Time Yield
Entry Solvent (IZ %) (min) %)
1 EtOH 78 15 68
2 CH;CN 81 15 59
3 CHCl; 61 30 28
4 CHxCl, 40 30 21
5 Solvent-free 50 10 56
6 Solvent-free 70 5 71
7 Solvent-free 90 2 89
8 Solvent-free 120 2 89

“Isolated yields
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Table 3. Bronsted-acidic ILs catalyzed synthesis of carbamatoalkyl naphthols 4
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NHCO,CH,Ph

. Time (min)  Yield (%) mp (°C)
Entry Aldehyde Carbamate Products IL/L, IL/L, Found Reported
1 PhCHO H,NCO.Me IIOH 4a 2/2 89/87 222-224 217-218")
O NHCO,CH,
O,
2 3-BrCeHsCHO  HaNCO>Me 4b 2/3 90/88 191-193 193-1951'6]
O NHCO,CH;
Br
L
3 3-CICéHsCHO  HaNCO;Me 4c 12 90/39 201-203 196-198!"3)
O NHCO,CH;
Cl
4 4-CICHsCHO  HoNCO>Me OH 4d 12 94/90 203-205 198-200'"!
O NHCO,CH;
CI
5 2,4-CLCH;CHO ~ H,NCO,Me oH 4e 12 91/88 194-196 192 (dec)!"!
O NHCO,CH,4
Cl Cl
6 2-MeCsH4sCHO HNCO:Me OH 4f 3/4 84/83 230-232 -
O NHCO,CH;
Me
7 2-0.NC¢HsCHO ~ H,NCO,Me oH 4g 12 90/88 241242 -
O NHCO,CH;
NO,
OH
8 3-0:.NCHsCHO  HNCO>Me 4h <1/1 95/91 253-255 252 (dec)"!
O NHCO,CH;
NO,
9 4-0,NCH,CHO  H,NCO;Me OH 4i <1/1 96/93 200-202 205-207"3)
O NHCO,CH;
O,N
10 PhCHO H,NCO,Bz o 4 7/9 85/84 180-182  179-180"%
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Table 3. Continued

Niloofar Tavakoli-Hoseini et al.

" Time (min)  Yield (%) mp (°C)
Entry Aldehyde Carbamate Products 1L/, IL/IL, Found Reported
2,
11 3-BrCsH4sCHO H>NCO,Bz 4k 6/7 87/85 183-185 -
O NHCO,CH,Ph
Br
: : OH
12 4-FCsH4CHO H>NCO,Bz 41 4/6 90/86 183-185 185-186
O NHCO,CH,Ph
F
‘ l OH
13 3-0,NCsH4sCHO H>NCO,Bz O NHCO,CH,Ph 4m 4/5 91/89 205-207 -
NO,
(0]
14 \)]\ H,NCO:Me None 20/20 - - -
H
H>NCO-Me None 20/20 - - -

(6}
15 M
H

“New products (4f, 4g, 4k, and 4m) were characterized by IR, "H NMR, *C NMR and MASS spectra and known products were characterized by IR and
'H NMR and comparison of their melting points with those of authentic samples. *Isolated yields

The results are shown in Table 3. As shown, aromatic
aldehydes with substituents carrying either electron-donat-
ing or electron-withdrawing groups reacted successfully and
gave the expected products in high yields while no product
could be detected using aliphatic aldehydes. It was found
that the aromatic aldehydes with electron-withdrawing groups
reacted faster than those with electron-donating groups as
would be expected. Also, the reactions were faster in the
presence of IL; than IL.

In comparison with other catalysts, Si0,-NaHSO," and
TsOH in [bmim][Br] media,'® the synthesis of carbamato-
alkyl naphthols using Brensted-acidic ILs, IL; and IL,, has
shorter reaction times with higher yields. On the other hand,
the application of ionic liquids having halogen atoms such as
[bmim][Br]'" is limited due to their toxicity and environ-
mental pollution. R. J. Bernot and co-workers reported that
[bmim][Br] is very toxic toward Daphnia magna with

LC50, 8.03 mg L' .?” Furthermore, in the synthesis of halo-
gen based ILs, such as [bmim][Br], in general, suitable
precursor, such as 1-methylimidazole, is alkylated with an
appropriate alkylhalide. The quaternization reaction with
alkylhalides may leave traces of halide ion in the ionic
liquid. Although for many purposes this may not be a
problem, halide ions can also interfere with metal catalysts,
cause corrosion problems in chemical plants, and interfere
with measurements of physical property of ionic liquids.?®
Also, we did not find any reports about the toxicity of
Bronsted-acidic ILs in the literature and there are several
reports that these IL, are environment-friendly and relatively
non toxic acidic catalysts.?** Therefore, it seems that they
can be considered as green substitute for H,SO,, HF, and
AICl; catalysts in chemical processes.™

Reusability of the catalyst was also investigated. For this
purpose, the same model reaction was again studied under

Table 4. The comparison of efficiency of [(CH2)sSO;HMIM][HSO4](IL;) as catalyst in the synthesis of methyl [(2-hydroxynaphthalen-1-

yl)(phenyl)methyl]carbamate 4a after three times”

Time  Yield Amountofrecovered | 13 .
Run (min) (%)’ catalyst (mg) HNMR & “C NMR data of the catalyst
First 2 89 29 'H NMR (500 MHz, DMSO-ds, § ppm): 1.51 (m, 2H), 1.83 (m, 2H), 2.59 (t, 2H, J= 7.6 Hz),
Second 5 37 2% 3.80 (s, 3H), 4.13 (t, 2H, J = 7.0 Hz), 7.66 (s, 1H), 7.72 (s, 1H), 9.11 (s, 1H), 9.34 (bs, 2H,
exchangeable with D,0); 3C NMR (125 MHz, DMSO-ds, & ppm): 137.47, 124.39, 123.09,
Third 3 85 24 51.22,49.20, 36.51,29.22, 22.19.

“1 mmol benzaldehyde, 1 mmol B-naphthol, 1.2 mmol methyl carbamate, and 0.1 mmol (32 mg) [(CH,):SO;HMIM][HSO,](IL,) at 90 °C. ®Isolated
yields. “The spectroscopic data of the catalyst before and after reactions were identical.
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optimized conditions. After the completion of the reaction,
the reaction mixture was cooled to room temperature, and
cold ethanol was added. The precipitated solid was filtered
off and the catalyst was recovered from the filtrate by
evaporation of the ethanol, dried at 50 °C under vacuum for
1 h, and reused for a similar reaction. As shown in Table 4,
the catalyst could be reused at least three times without
significant loss of activity.

Although we did not investigate the reaction mechanism,
based on Shaterian's suggestion,'® a plausible mechanism for
the present reaction may proceed as depicted in Scheme 2.
The addition of nucleophiles to the aldehydes is promoted
by the protonation of the carbonyl group using a Brensted
acid, enhancing the electrophilicity of this moiety. There-
fore, it is proposed that (IL,) or (IL;) = HA facilitates the
formation of intermediate [I] such that after dehydration,
intermediate [II] is produced. Nucleophilic attack of the
amino group in carbamate at the B-carbon of the o,f-
unsaturated carbonyl group in activated intermediate [II]
yields the product 4. Under these conditions, attempts to
isolate the intermediates [I] and [II] failed after careful
monitoring of reactions. On the other hand, in the absence of
the carbamates, reaction of 1 mmol aryl aldehyde with 1
mmol B-naphthol in the presence of IL; or IL, gave 14H-
dibenzo[a,j]xanthenes 5°'** in low yields.

Conclusion

In conclusion, we have reported a new catalytic method
for the synthesis of carbamatoalkyl naphthols by one-pot
condensation reaction of aromatic aldehydes, B-naphthol
and methyl or benzyl carbamate using two halogen-free
Brensted-acidic ILs, [(CH2)sSO;HMIM][HSO4] (IL;) and
[(CH2)sSOsHPY][HSO4] (ILo), as efficient, reusable, and
eco-friendly homogeneous catalysts. Aromatic aldehydes
with substituents carrying either electron-donating or elec-
tron-withdrawing groups reacted successfully and gave the
expected products in high yields while no product could be
detected using aliphatic aldehydes. The best conditions in
this method is use of 10 mol % of the catalyst at 90 °C under
solvent-free conditions. The catalysts can be recycled after a
simple work-up, with a gradual decline of their activity
being observed. High yields, short reaction times, simplicity
of operation and easy work-up are just a few of the

advantages of this procedure.

Spectroscopic Data for New Compounds.

Methyl [(2-hydroxynaphthalen-1-yl)(2-methylphenyl)-
methyl]carbamate (4f): '"H NMR (500 MHz, DMSO-ds, &
ppm) 2.21 (s, 3H, CH3), 3.51 (s, 3H, OCH3), 6.79 (d, 1H, J=
8.5 Hz, CH), 7.05 (t, 1H, J= 6.5 Hz, arom-H), 7.08-7.21 (m,
4H, arom-H), 7.25 (t, 1H, J= 7.5 Hz, arom-H), 7.34 (t, 1H, J
= 7.6 Hz, arom-H), 7.67 (br, 1H, NH), 7.75 (d, 1H, J= 8.8
Hz, arom-H), 7.79 (d, 1H, J= 8.0 Hz, arom-H), 7.92 (d, 1H,
J = 8.6 Hz, arom-H), 9.95 (s, 1H, OH); °*C NMR (DMSO-
ds, & ppm) 154.8, 153.4, 146.5, 136.2, 133.1, 131.8, 131.2,
128.8, 128.3, 127.4, 126.6, 126.2, 124.8, 122.3, 121.7,
117.9, 117.2, 52.4, 44.6, 23.6; IR (KBr disc) v 3427 (NH),
3226 (OH), 1686 cm™" (C=0); MS, m/z 321 (M").

Methyl [(2-hydroxynaphthalen-1-yl)(2-nitrophenyl)-
methyl]carbamate (4g): 'H NMR (500 MHz, DMSO-ds, &
ppm) 3.56 (s, 3H, OCH3), 7.05 (d, 1H, J = 8.8 Hz, CH),
7.23-7.30 (m, 2H, arom-H), 7.42 (t, 1H, J = 7.8 Hz, arom-
H), 7.47 (t, 1H, J=7.5 Hz, arom-H), 7.58 (d, 1H, /= 7.6 Hz,
arom-H), 7.63 (t, 1H, J = 7.5 Hz, arom-H), 7.74 (t, 2H, J =
8.6 Hz, arom-H), 7.79 (d, 1H, J = 8.0 Hz, arom-H), 7.87-
7.95 (m, 2H, arom-H & NH), 9.80 (s, 1H, OH); °C NMR
(DMSO-ds, 8 ppm) 157.3, 154.5, 149.5, 137.3, 133.7, 133.0,
130.8, 129.9, 129.3, 129.0, 128.6, 127.5, 124.9, 123.4,
123.3, 119.3, 116.9, 52.5, 48.7; IR (KBr disc) v 3416 (NH),
3271 (OH), 1684 cm™ (C=0), 1522 & 1341 (NO,); MS,
m/z 352 (M").

Benzyl [(2-hydroxynaphthalen-1-yl)(3-bromophenyl)-
methyl]carbamate (4k): 'H NMR (500 MHz, DMSO-ds, &
ppm) 5.04 (d, 1H, J=12.6 Hz, 1H of CH,), 5.12 (d, 1H, J=
12.6 Hz, 1H of CH»), 6.90 (d, 1H, J = 8.8 Hz, CH), 7.15-
7.50 (m, 12H, arom-H), 7.79 (d, 1H, J = 8.9 Hz, arom-H),
7.82 (d, 1H, J= 8.0 Hz, arom-H), 7.85-8.00 (m, 2H, arom-H
& NH), 10.17 (s, 1H, OH); *C NMR (DMSO-ds, & ppm)
157.0, 153.9, 146.2, 137.8, 132.8, 131.2, 130.5, 130.1, 129.5,
129.2, 128.7, 128.6, 127.6, 126.1, 123.8, 123.5, 122.5,
119.3, 119.1, 66.6, 50.8; IR (KBr disc) v 3439 (NH), 3241
(OH), 1674 cm™ (C=0); MS, m/z 463 (M + 2), 461 (M").

Benzyl [(2-hydroxynaphthalen-1-yl)(3-nitrophenyl)-
methyl]carbamate (4m): '"H NMR (500 MHz, DMSO-ds, &
ppm) 5.06 (d, 1H, J=12.6 Hz, 1H of CH>), 5.13 (d, 1H, J=
12.6 Hz, 1H of CH,), 6.99 (d, 1H, J = 8.6 Hz, CH), 7.22 (d,
1H, J = 8.9 Hz, arom-H), 7.30 (t, 2H, J = 7.5 Hz, arom-H),
7.33-7.45 (m, 5H, arom-H), 7.55 (t, 1H, J = 8.0 Hz, arom-
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H), 7.62 (d, 1H, J = 7.7 Hz, arom-H), 7.81 (d, 1H, J= 9.0
Hz, arom-H), 7.83 (d, 1H, J= 8.5 Hz, arom-H), 7.94 (br, 1H,
NH), 8.07 (d, 2H, J = 7.9 Hz, arom-H), 8.14 (s, 1H, arom-
H), 10.22 (s, 1H, OH); *C NMR (DMSO-ds, § ppm) 157.1,
154.0, 148.6, 1459, 137.8, 133.7, 132.8, 130.8, 130.6,
129.6, 129.2, 128.7, 128.6, 127.7, 123.6, 123.5, 122.4,
121.4,119.3, 118.7, 66.7, 50.9; IR (KBr disc) v 3412 (NH),
3318 (OH), 1696 cm™' (C=0); MS, m/z 428 (M").
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