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Silica supported perchloric acid (HClO4–SiO2): an efficient
reagent for the preparation of primary carbamates

under solvent-free conditions
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Abstract—The synthesis of primary carbamates from structurally diverse compounds containing a hydroxyl group has been performed in
high yields and purity, and without any epimerization under solvent-free conditions using HClO4–SiO2 as a mild, convenient, and effective
reagent. The procedure is operationally simple, efficient, and environmentally benign.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Carbamates (urethanes) are widely used nowadays. Apart
from the use of polyurethanes in plastics,1–3 they are also
common components of agrochemicals such as herbicides,
fungicides, and pesticides,1,2,4–6 or drug intermediates in
the pharmaceuticals industry.1,2,7 Their ability to cyclize to
heterocyclic compounds is widely exploited in organic syn-
theses.4 In addition, among the various amine-protecting
groups, carbamates are commonly used due to their chemical
stability toward acids, bases, and hydrogenation.8 Their con-
ventional synthesis is based on the use of phosgene in organic
solvents, a toxic chemical, which suffers from stringent trans-
portation and stocking limitations. To substitute phosgene
with a less noxious starting material may represent an impor-
tant industrial target for the future, in addition to meet the raw
material diversification goal. Carbon dioxide and organic
carbonates are good candidates as phosgene substitutes.9

However, these methods cannot produce N-unsubstituted
(primary) carbamates. Synthesis of N-unsubstituted carba-
mates 1 from alcohols has also been accomplished by
several-pot reaction methods such as trichloroacetyl isocya-
nate,10,11 chloroformates (starting from toxic phosgene),12

chlorosulfonyl isocyanate,13 and cyanogen chloride.14

Loev and co-workers reported the synthesis of N-unsubsti-
tuted carbamates from alcohols by treatment with sodium
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cyanate and trifluoroacetic acid in certain organic solvents
such as benzene, methylene chloride, and tetrachloride
carbon.15 These solvents are toxic and are not eco-friendly.
In addition, trifluoroacetic acid is very expensive. From the
standpoint of ‘green chemistry’, significant efforts have
been made to find an alternative to organic solvents. A very
attractive substitute for these solvents is a solvent-free reac-
tion (industrially important due to reduced pollution, low
cost, and simplicity in processing and handling).16–21

In attempts to synthesize primary carbamates from phenols
and alcohols under solvent-free conditions, we have recently
reported a method for the conversion of compounds contain-
ing a hydroxyl group to primary carbamates at room temper-
ature in the absence of solvent using trichloroacetic acid.22,23

Since this acid is relatively toxic and corrosive, we were
interested in developing methods for the synthesis of carba-
mates utilizing solid acids, as they are industrially important
due to their potential in replacing conventional acid/base
catalysts.19–21,24–27

Solid supported reagents are unique catalysts or reagents that
have become popular over the last two decades.19–21,24–27

The high catalytic activity, low toxicity, moisture, air toler-
ance, their recyclability, and particularly low price make
the use of solid supported reagents attractive alternatives
to conventional acids. Although the catalytic applications
of solid supported reagents for organic synthesis have been
well established, relatively few examples are reported on
the use of HClO4–SiO2.28 Silica supported perchloric acid
(HClO4–SiO2) has received considerable attention as an in-
expensive, non-toxic, and recyclable catalyst for various or-
ganic transformations, affording the corresponding products
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in excellent yields with high selectivity.28 However, to the
best of our knowledge there has been no report on the use
of HClO4–SiO2 for primary carbamates’ synthesis.

Furthermore, in the past decade the development of new
technologies have been expedited to strive to eliminate the
need for chromatographic separation of mixtures, especially
impurities and this itself has led to the development of new
technologies in synthetic organic chemistry.29

Herein, we report HClO4–SiO2 as an efficient reagent for the
synthesis of primary carbamates 1 from structurally diverse
compounds 2 with sodium cyanate in high yield and purity
under solvent-free conditions (Scheme 1).
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2. Results and discussion

HClO4–SiO2 was prepared from silica gel and perchloric
acid according to the literature.28 Primary carbamates 1a–o
were purely obtained from reaction of alcohol or the phenol
2 with sodium cyanate 3 in the presence of HClO4–SiO2 at
room temperature or 55–65 �C for appropriate time in high
yields, as summarized in Table 1 and Scheme 1.

As shown in Table 1, several structurally varied substrates
have been used for pure and clean synthesis of primary car-
bamates 1a–o under this simple procedure. Primary, second-
ary, tertiary, allylic, benzylic alcohols, and phenols are all
smoothly converted to the corresponding carbamates. It is
remarkable to note that in the case of (�)-menthol 2a, the
reaction produced the corresponding (�)-menthyl carba-
mate 1a without any epimerization. In most cases, the crude
product was actually quite pure and did not require addi-
tional purification or work up. In aromatic compounds
1j–o (entries 10–15), the yield and purity was improved at
55–65 �C for 1 h. Phenols containing electron-withdrawing

Table 1. Preparation of primary carbamates 1a–oa

Entry Compound R Time (min) Yield (%)

1 1a (�)-Menthyl 45 82
2 1b CH3CH2 45 73
3 1c CH3CH2CH2 45 81
4 1d CH3CH2CH2CH2 45 77
5 1e C6H11 45 80
6 1f (CH3)3C 45 74
7 1g PhCH2 45 78
8 1h (CH3)2CHOCH2CH2 45 81
9 1i H2C]CHCH2 45 79
10 1j C6H5

b 60 79
11 1k 4-CH3C6H4

b 60 83
12 1l 4-BrC6H4

b 60 58
13 1m 2-C(CH3)3–4-CH3C6H4

b 60 75
14 1n a-Naphthylb 60 72
15 1o b-Naphthylb 60 82

a See Refs. 22, 30, and 31 for carbamates 1a–m, 1n, and 1o, respectively.
b By heating at 55–65 �C for 1 h.
groups (CN, COOR, and CHO) failed to react under our
experimental conditions. Most likely these functional groups
decrease the nucleophilicity of the phenol oxygen for ef-
fective attack to give intermediate 5 and/or 7 (Scheme 2).
This may be the reason why compound 1l (entry 12) was
obtained in lower yield (58%). Also, the reaction conditions
tolerate moieties such as O-isopropyl (1h, entry 8), which
often undergoes cleavage in strongly acidic media. Further-
more, it is worthy to mention that reaction of a- and b-
naphthol (entries 14 and 15) did not proceed completely in
trichloroacetic acid (the recently reported method22,23).
Indeed, considerable amounts of starting material remained
even after long times, and/or at high temperatures. More-
over, this method is more effective than that recently
reported22,23 in terms of the removal of trichloroacetic
acid, and the reaction times, which have been shortened
from 12 to 1 h (Table 1).
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The products were identified by comparison of their IR and
physical properties with those of authentic samples.22,30,31

In addition, they have also been characterized by 1H NMR
(500 MHz) and 13C NMR (125 MHz). 13C NMR spectra dis-
play signals for carbonyl carbons of aliphatic or aromatic
carbamate in the range of d 146–157 ppm.

The possible reaction mechanism is similar to that recently
reported,22 and is depicted in Scheme 2. The first step could
be the reaction of sodium cyanate 3 with an acid (HClO4–
SiO2) to give isocyanic acid 5.22,32,33 In the second step,
the proton of HClO4–SiO2 is added to isocyanic acid 5
to yield the intermediate 7 (N-protonation is favored34).
Finally, formation of carbamate 1 may occur by a nucleo-
philic attack of alcohol 2 on the carbon of the intermediate
7 (Scheme 2).

3. Conclusion

In conclusion, we have developed a novel and highly effi-
cient method for the synthesis of various primary carbamates
by the treatment of structurally varied alcohols and phenols
with sodium cyanate in the presence of HClO4–SiO2 as an
effective reagent. The solvent-free conditions, mildness of
the conversion, simple experimental procedure, clear reac-
tion profiles, high yields and purity, and short reaction times
are the noteworthy advantages of the protocol. Furthermore,
this method does not have disadvantages such as involve-
ment of toxic solvents, expensive starting materials, forma-
tion of any undesirable side products, and epimerization.
Further studies are in progress.
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4. Experimental

4.1. General

1H NMR and 13C NMR spectra were recorded by Bruker
Avance DRX500 (500 MHz). The IR spectra were obtained
on a Shimadzu-470. Melting points were recorded by Elec-
trothermal 9100 and were uncorrected. Thin layer chromato-
graphy (TLC) was carried out using plastic sheets precoated
with silica gel 60 F. All starting materials such as alcohols,
phenols, NaOCN, and solvents were purchased from Fluka,
Merck, and Aldrich chemical companies and were purified
with the proper purification techniques before use.35,36 The
products 1 were identified through comparison of their spec-
tral data, IR, 1H NMR, 13C NMR, TLC, and physical prop-
erties with those of authentic samples.22,30,31 HClO4–SiO2

was prepared from silica gel and perchloric acid according
to the literature.28

4.2. General procedure

In a typical procedure, to a mixture of sodium cyanate
(2 mmol) and HClO4–SiO2 (2 g, 1 mmol), alcohol or phenol
(1.0 mmol) was added and the mixture was pulverized in
a mortar at room temperature or 55–65 �C for appropriate
time (Table 1). The reaction was monitored in TLC. After
completion of the reaction, CHCl3 was added and the mix-
ture was filtered for separation of the reagent. The solvent
(CHCl3) was evaporated to give the product. Pure products
were obtained in high yields, as summarized in Table 1.

In cases of a- and b-naphthol (entries 14 and 15) after re-
moving CHCl3, petroleum ether and then ethyl acetate
were added. The obtained solid was pure a- or b-naphthyl
carbamate 1n and 1o.

Naphthalen-1-yl carbamate 1n: reaction afforded white
crystals 1n, 72% yield, mp¼178–180 �C.30 IR (KBr,
cm�1): 3430 (m), 3343 (vw), 3275 (w), 3200 (w), 3055
(vw), 2920 (vw), 1698 (vs), 1603 (s), 1360 (vs), 1254 (s),
1222 (s), 1150 (m), 1082 (s), 1041 (m), 1010 (m), 958
(m), 801 (s), 773 (vs), 582 (m), 553 (w). 1H NMR
(500 MHz, CDCl3) d (ppm): 6.10 (br d, 2H), 7.20 (d,
J¼7.5 Hz, 1H), 7.35–7.45 (m, 3H), 7.63 (d, J¼8.2 Hz,
1H), 7.78 (dd, J¼9.3, 2.1 Hz, 1H), 7.92 (dd, J¼8.8,
2.1 Hz, 1H). 13C NMR (125 MHz, CDCl3) d (ppm): 117.7,
120.8, 124.8, 124.9, 125.6, 125.7, 126.9, 127.3, 134.0,
146.2, 154.7. Anal. Calcd for C11H9NO2: C, 70.59; H,
4.81; N, 7.49. Found: C, 70.80; H, 4.71; N, 7.60%.

Naphthalen-2-yl carbamate 1o: reaction afforded white crys-
tals 1o, 82% yield, mp¼157–158 �C.31 IR (KBr, cm�1):
3405 (m), 3038 (w), 3270 (w), 3197 (vw), 3055 (vw),
1697 (vs), 1610 (w), 1506 (w), 1388 (s), 1355 (s), 1239
(s), 1206 (s), 1155 (m), 987 (s), 895 (m), 858 (m), 821
(m), 775 (m), 758 (w), 734 (m), 543 (w), 474 (m). 1H
NMR (500 MHz, CDCl3) d (ppm): 6.25 (br s, 2H), 7.20
(dd, J¼8.7, 2.1 Hz, 1H), 7.34–7.41 (m, 2H), 7.49 (d,
J¼2.1 Hz, 1H), 7.71 (d, J¼8.0 Hz, 1H), 7.75 (d, J¼8.7 Hz,
2H). 13C NMR (125 MHz, CDCl3) d (ppm): 117.9, 121.2,
124.8, 125.8, 126.9, 127.1, 128.5, 130.5, 133.1, 148.3,
154.9. Anal. Calcd for C11H9NO2: C, 70.59; H, 4.81; N,
7.49. Found; C, 71.20; H, 4.65; N, 7.54%.
Menthyl carbamate 1a: mp¼166–168 �C and lit.,37 156–
157 �C. Ethyl carbamate 1b: mp¼46–48 �C and lit.,38 48–
50 �C. 1-Propyl carbamate 1c: mp¼58–59 �C and lit.,38

60 �C. 1-Butyl carbamate 1e: mp¼53–55 �C and lit.,38

54 �C. Cyclohexyl carbamate 1e: mp¼108–110 �C and
lit.,22 108–110 �C. tert-Butyl carbamate 1f: mp¼106–
108 �C and lit.,15 107–108 �C. Benzyl carbamate 1g:
mp¼87–89 �C and lit.,38 91 �C. Ethylene glycol monoiso-
propyl ether carbamate 1h: mp¼57–59 �C and lit.,39

53 �C. Allyl carbamate 1i: mp¼19–21 �C and lit.,22 19–
21 �C. Phenyl carbamate 1j: mp¼141–143 �C and lit.,15

145–148 �C. 4-Methylphenyl carbamate 1k: mp¼134–
136 �C and lit.,22 134–136 �C. 4-Bromophenyl carbamate
1l: mp¼139–142 �C and lit.,22 139–142 �C. 2-tert-Butyl-4-
methylphenyl carbamate 1m: mp¼143–144 �C and lit.,22

143–144 �C. Naphthalen-1-yl carbamate 1n: mp¼178–
180 �C and lit.,30 175–177 �C. Naphthalen-2-yl carbamate
1o: mp¼157–158 �C and lit.,31 156–157 �C.
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