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for the Regioselective Conversion of Epoxides to 1,2-azido Alcohols and
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Abstract: Imidazol-1-yl-acetic acid is introduced as a new, efficient and recyclable green bifunctional organocatalyst for
the synthesis of R-hydroxythiocyanate and 1,2-azido alcohols under mild conditions. This catalyst can be recovered by
simple filtration and recycled up to 8 consecutive runs without losing any of its efficiency. Various advantages associated
with this protocol include simple workup procedure, short reaction times, high product yields, greater regioselectivity.
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1. INTRODUCTION

The future challenges in resources, environmental and
economical sustainability need the development of more
efficient and atom economic technologies in chemical reac-
tions. Green chemistry principles focus on minimizing the
hazards and maximizing the efficiency of any chemical
choice [1]. They have attracted an enormous interest over the
past decade. One of the most promising approach uses water
as a reaction medium. Water is an abundant, cheap and non-
toxic solvent [2]. In addition, Organocatalysis, which in-
volves the use of small organic molecules to catalyze organic
reactions, is another step forward towards developing the
green chemical synthesis. Organocatalytic reactions are be-
coming dominant tools for the production of complex mo-
lecular skeletons [3]. In contrast to the conventional cata-
lysts, these organic catalysts are easily available, more stable
to air and water, easy to handle, less toxic, and can promote
an organic reaction by several activation modes. Epoxides
are among the most valuable synthetic intermediates on the
way to the synthesis of many biologically active compounds.
Their electrophilic reactions with different nucleophiles have
been an interesting subject in organic synthesis [4, 5]. Litera-
ture review shows that NH,;SCN/Zeolite Molecular Sieve 4
A [6], AI(HSO,)s/silica gel [7], PEG-SO3;H [8], Dowex-
50X8 [9], B(HSO,4); [10], silica sulfuric acid [11], GaCl5[12],
thioxanthenone-fusedazacrown ethers [13], HN3/Co(salen)
[14], 2,6- Dbis[2-(0o-aminophenoxy)methyl]-4-bromo-1-me-
thoxybenzene (BABMB) [15], selectfluor [16], metallopor-
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phyrins [17], dichloro(5,10,15,20-tetraphenylporphyrin) pho-
sphorus (V) chloride [P(TPP)CL,]Cl [18], tetraarylporphyrins
[19], 2-phenyl-2-(2-pyridyl)imidazolidine (PPI) [20], HSCN
[21], DDQ [22], Ti(O-iPr)4 [23], are the reagents which effi-
ciently produce f-hydroxythiocyanate.

1,2-Azido alcohols are essential intermediates in the syn-
thesis of amino sugar [24], carboxylic nucleosides [25], lac-
tames [26], oxazolines [27], and aminoalcohols [28]. These
compounds are prepared through the ring opening of epox-
ides by using different azides in suitable solvents. The rea-
gents for azidohydrin synthesis are the combined use of
NaNj; or TMSN; and a Lewis acid or a chiral catalyst zirco-
nium alkoxides linked with chiral trialkanolamines [29]. Ap-
plication of polymer-supported azide anion [30], NaNj; sup-
ported on porous solid supports (zeolite, alumina, and silica
gel) has also been reported for this purpose [31]. Moreover
azidolysis of epoxides was also studied in water by Polyeth-
ylene glycol immobilized on silica gel [32] and B-Podands
[33]. Unfortunately, some of these methods are not always
fully satisfactory and suffer from disadvantages such as these
methods require hazardous or toxic reagents high reaction
temperature or relative long reaction times, difficulty in
preparation and/or storage of reagents or catalysts, difficulty
in work-up and isolation of products or low regioselectivity.
Consequently, it seems that there is still a need for develop-
ment of newer methods that proceed under mild and eco-
nomically appropriate conditions. This paper aims to intro-
duce imidazol-1-yl-acetic acid as an efficient, green, water-
soluble and simply recoverable bifunctional organocatalyst
for the preparation of 1,2-azido alcohols and 3-hydroxythio-
cyanatebyregioselectivering opening of epoxides with so-
dium azide and ammonium thiocyanate under mild condi-
tions.

© 2014 Bentham Science Publishers
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2. MATERIALS AND METHODS

All of the products were prepared by our procedure; their
spectroscopic and physical data were compared with those of
authentic samples. NMR spectra were recorded in CDCl; on
Bruker-AC 400 MHz instrument spectrometers using TMS
as internal standard. IR spectra were recorded on a
BOMEMMB-Series 1998 FT-IR spectrometer. Chemicals
were purchased from Fluka, Merck and Aldrich Chemical
companies. Yields refer to isolated pure products.

2.1. General Procedure

Imidazol-1-yl-acetic acid (0.037 g, 30mol%) was added
to a mixture of epoxide (1 mmol) and NH4SCN or NaNj; (2
mmol) in water (10 mL). The mixture was heated under re-
flux condition. Progress of the reaction was monitored by
TLC using CCly-ether (5:1). After completion of reaction,
the mixture was cooled to room temperature andthe product
was extracted with ether (3x 10 mL). The solvent was dried
with MgCl, and evaporated under reduced pressure. The
desired thiocyanohydrins or 1,2-azido alcohols were ob-
tained in good to excellent isolated yields (82-88%). Evapo-
ration of the aqueous phase gave the recovered catalyst
which purified by recrystallization in cool methanol (30
mL), dried at 50 C and reused in the next consecutive runs.

3. RESULT AND DISCUSSION

Organocatalystsare small organic molecules and their
success in the reaction catalysis could most possibly be at-
tributed to their bifunctionality, bearing a Lewis/Bronsted
acidic moiety for the activation of electrophiles, and a
Lewis/Bronsted basic moiety for the activation of nucleo-
philes. Imidazol-1-yl-acetic acid is an example of bifunc-
tional organocatalysts. This amino acid has two forms: neu-
tral and ionized form. It is almost always in ionized form
(Scheme 1a), unless in the gaseous state or in anaprotic sol-
vent (Scheme 1b).
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Scheme 1. The two forms of imidazol-1-yl-acetic acid.

This molecule contains both acidic and basic functionali-
ties. Such functionalities make this molecule to be an ideal
bifunctional organocatalyst for condensation reactions and
nucleophile-electrophile interactions. In fact the bifunctional
catalytic activities of imidazol-1-yl-acetic acid arise from its
ionized form (Scheme 1a). Recently we have investigated
the catalytic activity of this simple and interesting bifunc-
tional organocatalyst for the preparation of 1,8-
dioxooctahydroxanthenes [34]. Herein, we wish to report the
catalytic activity of the title catalyst in the ring opening of
the epoxides by using ammonium thiocyanate and sodium
azideas nucleophiles.

To evaluate the catalytic activity, various amounts of
imidazol-1-yl-acetic acid were examined for the nucleophilic
ring opening of cyclohexene oxide by NaN; and NH4SCNin
water as model reactions. The reactions were performed un-
der reflux condition with 2/1 molar ratios of NaN; or
NH;SCNand cyclohexene oxide. The results are summarized
in (Table 1).

As shown in (Table 1), in the absence of the catalyst,
trace amounts of the desired products were obtained after 4 h
(Table 1, entry 1). However, in the presence of imidazol-1-
yl-acetic acid (0.1 mmol per 1 mmol of cyclohexene oxide),
the desired products were afforded at tolerable times in mod-
erate yields (Table 1, entry 2). By increasing the molar ratio
of the catalystand cyclohexene oxide to 0.3:1, a significant
improvement in the yield of the products was observed and
the reaction times were considerably decreased (Table 1,
entry 4). An increase in the catalyst loading had no distin-
guished effect on the reaction rates as well as the yields (Ta-
ble 1, entry 5). According to the obtained results, the opti-

Table 1. Influence of the amount of imidazol-1-yl-acetic acid catalyst on the rate and yield of the ring opening of cyclohexene oxide
by azide and thiocyanate.
N3
Imidazol-yl-acetic acid O\
()0 + NaN; or NH,SCN Y o 98,
Water, reflux S
(1 mmol) (2 mmol)
OH
NaN; NH,SCN
Entry Catalyst (mol%o)
Time (min) Yield (%)? Time (min) Yield (%)?
1 0 240 Trace 240 Trace
2 10 40 (did not complete) 70 60(did not complete) 75
3 20 40(completed) 85 60(completed) 83
4 30 20(completed) 87 20 (completed) 85
5 40 20(completed) 89 20 (completed) 83

“Isolated yield
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Table2. Ring opening of various epoxides with NaN; and NH;SCN in the presence of imidazol-1-yl-acetic acid in water.
o Imidazol-1-yl-acetic acid  HO X
A + YX (30 mol%) 5 "
R H,0, reflux, 20-40 min R X R OH
YX=NaN; or NH;SCN Q) ()
NaNj, NH,SCN
Entry Substrate
Time (min) Yield (%)? Time (min) Yield (%)?
1 ()o 20 87(1, 1) 20 85 (1, 10)
(0]
85 (I, Iy 88 (I, Iy
: A 2 it 2 s
Ph ’ ’
(0]
3 30 83 (I) 40 84 (D
PhOH,C
(0]
4 \/Q 30 85 (1) 35 87 ()
/\/O
[6)
5 ~ o~ o\/A 25 87 (I) 30 85 (I)
[6)
6 \/A 25 82 (I) 30 88 (I)
/\/O

“Isolated yield
® GC yield

mized molar ratio of the catalystandepoxide was chosen to
be 3:1.

To extend the scope of the reactions and to generalize the
procedure, various epoxides were subjected to ring opening
reaction in water catalyzed by imidazol-1-yl-acetic acid us-
ing NaN; and NH4SCN as nucleophilic reagents under opti-
mized reaction conditions. (Table 2) represents the ring
opening of epoxides using NaN; and NH4,SCN as nucleo-
philes.

Epoxides bearing activated and deactivated groups were
quickly and efficiently converted to the virtually pure azido-
hydrineand B-hydroxythiocyanatesproducts in high isolated
yields. No evidence for the formation of diols or thiiranes as
byproducts of the reactions was observed and the products
were obtained in pure form without further purification. All
the products were characterized and identified by compari-
son of their spectral data (IR, "H NMR and BCNMR) with
those of authentic samples. After completion of the reaction
(Table 2), the mixture was cooled and organic phase was
extracted with diethyl ether. Evaporation of organic solvent
gave the desired products. In order to recover the catalyst,
the aqueous phase was evaporated to dryness and recrystal-
lized from cool methanol. The obtained precipitate was fil-
tered and dried at 50°C. The recovered catalyst was reused in
the next consecutive similar runs (7 runs). No appreciable
yield decrease was observed during reusing processes. Typi-
cally, the yield difference between the first and 8th runs of
the ring opening of cyclohexene oxide with NaN; and

NH4SCN are outlined in (Fig. 1). These observations indi-
cate that the efficiency and catalytic activity of the intro-
duced bifunctional organocatalyst is almost completely
maintained over 8 runs.

Most probably, the catalytic activity of imidazol-1-yl-
acetic acid in the ring opening of epoxides arises from its
dual role. Since water has been used as green solvent, this
simple bifunctional organocatalyst exists completely in its
ionic form (Scheme 1a). During the reaction, the formation
of hydrogen bonding between two acidic hydrogen of imida-
zolium part of the catalyst and oxygen from epoxide acti-
vates the substrate for the nucleophilic ring opening reaction.
Moreover, and more importantly, the acetate anion part of
imidazole-1-yl-acetic acid strongly attracts the counterca-
tions (Na" and NH,") of nucleophiles (N3 and SCN") which
makes these nucleophiles to be free and activated for the
nucleophilic attack on the activated epoxides. The proposed
mechanism for the ring opening of epoxides by NaNj; cata-
lyzed by using imidazole-1-yl-acetic acid is outlined in
(Scheme 2).

(Table 3) represents the efficiency of the introduced
method in comparison with some of the reported methodolo-
gies. The reaction times for the preparation of 1,2-azido al-
cohols by our procedure are shorter than reported methods.
Although in some previous reports the rate of the reaction for
the preparation of thiocyanohydrins is faster than the present
method, the superiorities of this work are: the introduced
catalyst is completely green, cheap, easy to handle and does
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OH OH
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Fig. (1). Recyclability and reusability study of imidazol-1-yl-acetic acid as bifunctional organocatalyst for the ring opening of epoxides by
NaNj (Series 1; cylindrical columns) and NH4SCN (Series 2; cubic columns).

[Activation of electrophile]

[Activation of nucleophile]

Scheme 2. Proposed mechanism for the ring opening of epoxides with NaNj catalyzed by imidazol-1-yl-acetic acid.

Table 3. Evaluation of the introduced methodology in comparison with some of the previously reported methods for the reaction of
styrene oxide with thiocyanate and azideanions.

NaN; NH,SCN
Entry : . . .
Reagent an'd'Reactlon Tlr'ne Yield (%) [Ref] Reagent an'd'Reactlon Tlr'ne Yield (%) [Ref]
Conditions (min) Conditions (min)
NaNs/ Imidazol-1-yl-acetic/ 85 i _1-vl- 88
1 3 Yy 20 [a] NH4SCN /Imidazol-1-yl 20 [a]
H,O /reflux (96:4) acetic/ HyO /reflux (90:10)
2 NaNy/MPTC/ H,0/90 °C 30 85 [35] NH,SCN /ZMS-4 solvent- 5 98 6]
free/rt
85 i
3 NaN3/PEG/60°C 90 [36] NH.SCN /AI(HSO4),/Si0 5 96 [7]
(90:10) /solvent-free/rt
i~ 80 i ili -
4 NaN3/SiO,-OPEG(300)/ 60 (32] NH4SCN/8102/S111ca sulfu 5 70 (96:4) (1]
H,O/ reflux (95:5) ric acid/ solvent-free/rt
5 Az}de exchange 60 30 [37] NH4SCN/PEG-SO;H/ 60 %4 [8b]
resin/EtOH/50 °C H,O/rt
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NaNj, NH,SCN
Entry : . . .
Reagent an.d. Reaction T|rT1e Yield (%) [Ref] Reagent an.d. Reaction T|rT1e Yield (%) [Ref]
Conditions (min) Conditions (min)
NH,SCN /PEG-
6 TMSN;/B-CD/H,0/60 °C 300 45 38 60 83 (96:4 8
B : [38] SOsH/CH,CLy/rt (06:4) [8al
NaN;/(TBA),PFeW11039. NH,SCN/SiO,/Dowex-
7 270 85 39 6 89 (90:10 9
3H,0/ CH;CN-H,O [39] S50WX8/ solvent-free/rt ( ) 9]
8 HN3/Co(salen)/ TBME/0 °C 480 49.6 [14] NH.SCN/SIOx/B(HSO4)/sol 4 91 (92:8) [10]
vent-free/rt
9 NaNy/CeCly/ CH;CN- 180 96 [40] NH,SCN/GaClsy/ H,O/rt 18 92 [12]
H,O/reflux
NH,SCN/[P(TPP)CL]CY/
10 NaN,/ DMSO0/80 °C 180 99 28 22 96 (20:80 18
s (28] CH:CN/reflux/N, (20:30) (18]
NH,SCN
11 NaN,/PTC/ H,O/rt 360 95 41 45 95 (17:83 20
s e [41] /PPI/CH;CN/reflux (17:83) (201

[a] The present method.

not have any corrosion property.More importantly, its bi-
functional activity can efficiently catalyze this ring opening
reaction by simultaneous activation of both electrophilic and
nucleophilic sites during the reaction progress.

4. CONCLUSION

In conclusion, imidazol-1-yl-acetic acid is introduced as
a novel green bifunctional organocatalyst for the preparation
of 1,2-azido alcohols and thiocyanohydrins from epoxides.
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