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Abstract: Metal ion electrophilic catalysis (Li* > Na* >> K*) has
been found in ring-opening reactions of 1,2-epoxides 1-5 by metal
halides MHal inionic liquids. Theresults have been rationalized on
the basis of a transition state where the cation M* stabilizes the
negative charge developing on the oxygen atom of the oxirane ring
while favoring the nucleophilic attack at the adjacent carbon by the
ion-paired anion Hal™.
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The most common method for the synthesis of 1,2-halo-
hydrinsisthering-opening of 1,2-epoxides either with hy-
drogen halides or with hydrohaogenic acid.! These
procedures, however, suffer from limitations when protic
acid sensitive substrates are used and many efforts have
been made in the last years to develop new and milder
methodologies for converting epoxides into halohydrins.
For example, chloro-, bromo- and iodohydrins were
obtained by treatment of epoxide with the appropriate
halogen in the presence of triphenylphosphine,? phenyl-
hydrazine® or thiourea® in aprotic media (acetonitrile,
dichloromethane) at room temperature. In addition, inor-
ganic salts like akali metal halides® lithium® and
magnesium’ iodides and perchlorates® in weakly polar
solvents or supported on silicagel,° have been successful-
ly utilized in the ring-opening of epoxides and epoxy al-
cohols. The products, obtained under mild conditions and
in good yields, often present high regio- and stereoselec-
tivities, much higher than those obtained with traditional
methods.>® Very recently, werevealed ‘ metal ion electro-
philic catalysis' in reactions of 1,2-epoxides promoted by
complexes of polyether ligands (crown ethers, PEGs) with
alkali metal halides in apolar media (chlorobenzene and
1,2-dichlorobenzene). The catalytic effect was found to
depend on both the Lewis acid character of the cation (K*
<< Na" < Li*) and the topology of the ligand (open-chain
> cyclic polyether).’ vic-Halohydrins are very useful
synthetic intermediates and have found wide applications
in organic processes. For this reason there is a growing
interest in the development of new environmentally

SYNLETT 2006, No. 9, pp 1335-1338

Advanced online publication: 22.05.2006

DOI: 10.1055/s-2006-941562; Art ID: GO3306ST
© Georg Thieme Verlag Stuttgart - New Y ork

friendly methodologies for the regiosel ective ring-open-
ing of oxiranes.

At present, room temperature ionic liquids (RTILs) are
considered one of the most powerful alternatives to con-
ventional more volatile organic solvents.!* Negligible
vapor pressure combined with excellent stability and ease
of recycle makes RTILs possible sustainable mediafor a
number of stoichiometric and catalytic processes.!! If the
presence of the complexing agent is necessary for the
solubilization of the saltsin the low polar medium,*®inthe
ionic liquid on the contrary a number of organic and inor-
ganic materials are highly soluble as such. lonic liquids
have properties completely different from those of molec-
ular solvents and the medium iswell known to play afun-
damental role in determining the rate and outcome of a
chemical process. Thisis particularly evident in reactions
where ionic species are involved as in the case of the
opening of oxiranerings. Recently, the synthesisin ILs of
vic-halohydrins from oxiranes has been realized, but
exclusively with lithium halides.*?

Here we report preliminary results about a very simple
and highly regioselective method for the ring-opening of
typical 1,2-epoxides to vic-halohydrins by alkali meta
(Li*, Na*, K*) and ammonium halides (I-, Br—, Cl7) inionic
liquids (Scheme 1). When 1,2-epoxides 1-5 were treated
with 2 equivalents of metal halides MHa in
[hexmim][CIO,] at 25-80 °C they were converted into the
corresponding B-halohydrins 6-10a—c in high to excellent
yields (Table 1, Table 2, Table 3).23 The use of 2 equiva-
lents of MHal was found to be an optimal compromise for
reaching the highest yields in relatively short reaction
times. The data of Tables 1— 3 evidence the effect of the
metal halide naturein determining the reaction conditions.
With the lithium iodide the vic-iodohydrins 6—10c are ob-
tained in quantitative yields after 1-5 hours at room tem-
perature (entries 1, 24, 38, 43, 46). Changing to sodium
iodide the ring-opened products are obtained in 3-8 hours
(entries 3, 25, 48).

Finally, with the potassium salts the conversions are in-
complete (33%) even after prolonged times (24 h, entry
6). As expected, by increasing the temperature to 60 °C,
lower reaction times (3-5 h) were necessary for obtaining
the vic-iodohydrins (80-93%) from Nal (entries 5, 26, 39,
44). At that temperature NH,l afforded the products in
comparable yields (78-85%) in 14-26 hours (entries 7,
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28). Anaogously, the reaction times dropped when the
reaction was performed at 80 °C (see entries 8 and 29). A
similar trend (Li* > Na" >> K*) was aso found for the
series of akali metal bromides MBr (Tables 1- 3). With
these salts, depending on the epoxide, the reactions had to
be carried out in the presence of 1.5 equivalents of
NaHCO, for completion (entries 16-18, 31, 32, 45). By
contrast, with the corresponding ammonium salt (NH,Br)
the bromohydrins 6 and 7b were obtained in 77-86%
yields without addition of NaHCO; at both 60 °C and
80 °C (entries 19, 20, 33, 34). Finaly, the vic-chlorohy-
drins 6-8a were obtained in good or excellent yields (up
to 96%) with LiCl and NH,CI (entries 21-23, 35-37, 42).
Only in the case of epoxide 1 the presence of NaHCO,
(1.5 equiv) was necessary for obtaining 6ain 73 and 78%
yields (entries 21 and 22).

Hal OH
R :O; +M * Hal~ 4>SOIV
25-80 °C R
1-5 6-10 a—c
1R = PhOCH, 6 R = PhOCH,
2 R = PhCH,0CH, 7 R = PhCH,0CH,
3 R ='BuOCH, 8 R ='BUOCH,
4R =CyoHz 9R = CygHag

5R =1,2-(CHy)s

M* = Li*, Na*, K*, NH,*

Hal"=a,Cl5 b,Br; c, I,

solv= [hexmim][CIO,]; [hexm,im][CIO,4];
PEG400Me,; MeCN

[k

N
CeH1s” 7 cH,

10 R = 1,2-(CHy)4

NON
CeH1i” Y CHs

CH3

[hexmim] [hexm,im]

H3C—O/1—\O~|—CH3
n

PEG400Me;

Scheme 1

The data of Tables 1- 3 reveal the important role played
by the salt in the opening ring reaction of oxiranes 1-5
(Scheme 1). In these systems the MHal sdts are likely
present as contact ion pairs externally solvated by theion-
ic liquid, in line with the low vaues of dielectric constant
(e < 10) inferred.'* The results can be explained by assum-
ing a transition state where the metal ion interacts with
both the ion-paired halide ion Hal~ and the oxygen of the
oxiranering. In the activation processthe ion pair M*Hal~
reacts following a concerted ‘ push—pull’ mechanism in
which the cation stabilizes the negative charge devel oping
on the oxygen atom whilefavorsthe nucleophilic attack at
the adjacent carbon by the anion Hal~ (* electrophilic catal-
ysis', Scheme 2).

The halide being the same, the reactivity sequence found
(K* < Na" < Li*) reflects the increasing interaction of the
epoxide oxygen with the metal ion on increasing the
Lewis acidity of the cation (K* < Na' < Li*).*® The mech-
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anismis also confirmed by the faster reactions found with
epoxides 1-3 (Tables 1- 3). With these substrates, in fact,
the metal ion most likely interacts also with the oxygen of
the side chainin thetransition state (Scheme 2). Moreover
the mechanism (mainly of S2-type) is proved by the fact
that all the reactions are highly regioselective, affording
the halohydrins 6-10a—c (RCHOHCH,Hal) as the main
products. In agreement with this behavior, the reaction of
the enantiopure epoxide 2 with LiBr was found to occur
with a complete preservation of enantiopurity (see foot-
note ¢, Table 2). On changing the metal iodides with the
corresponding bromides or chlorides, the reactions are
much slower (Tables 1- 3). The lower reactivity could be
due to the higher interaction of the cation with the anion
within the ion pair by increasing the charge density of the
latter. As a consequence, both the catalytic activity of M*
and the reactivity of the ion-paired Hal~ are reduced. In
most cases, the presence of NaHCO; (1.5 equiv) is found
to be crucial for obtaining the ring-opened products.
Otherwise, the reactions reach an equilibrium largely
shifted towards the reagents.

b

R’ :O; + M*Halm == R O —» products
M*Hal~
Scheme 2

Electrophilic catalysis can certainly be excluded with all
the ammonium halides NH,Hal (Hal =1, Br, Cl). In this
case the reactions are slower as expected, but they go to
completion owing to the neutralization of theintermediate
alkoxide by the ammonium cation.

In al reactions the ionic liquid, besides to solubilize the
sat (‘tight’ ion pairs), also assists the opening of the ox-
irane ring by the hydrogens of the imidazole cation. Our
data seem to indicate that the catalysis is provided not
only by the most acidic hydrogen in the position C2. In-
deed, the reaction times with Lil (entry 1) and Nal (entry
3) are unchanged in the corresponding methylated ionic
liquid [hexm,im][CIO,] (entries 2 and 4, respectively).
Analogously, the addition of equimolar quantities of a
strong EPD solvent such as PEG400Me, has no effect on
the reaction rate (entries 9-11). By contrast, when
PEG400Me, is used instead of the IL (entries 12—14) the
trend (K* < Na* < Li*) is the same but the reactions are
faster (0.6-1.7 h, Table 1) dueto theformation of morere-
active ion pairs. On the other hand the reaction with Lil
(entry 15) isvery low in MeCN (lessthan 10% after more
than 72 h). In this solvent (dielectric constant £ = 35.94),
where the salts are present as dissociated species, the
metal ion catalysisis reduced or inhibited by the specific
solvation of the cation by the medium.'® The presence of
different types of ion pairs or free ions has been proved
by UV/Vis determinations performed in parallel on
solutions of lithium 4-NO,-phenoxide in acetonitrile,
[hexmim][CIO,] and PEG400Me,. Changing from
MeCN to the IL the maximum absorption wavelength
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Tablel Synthesisof B-Halohydrins 6a—c from Phenyl Glycidol 1 with Metal Halides in lonic Liquids and Molecular Solvents at 25 °C,

60 °C, and 80 °C

Entry Salt Solvent Temp (°C) Time (h) Yield (%)?
1 Lil [hexmim][CIO,] r.t. 3 94
2 Lil [hexm,im][CIO,] rt. 3 95
3 Nal [hexmim][CIO,] r.t. 8 88
4 Nal [hexm,im][CIO,] r.t. 8 87
5 Nal [hexmim][CIO,] 60 55 20
6 Kl [hexmim][CIO,] r.t. 24 33
7 NH,I [hexmim][CIO,] 60 26 85
8 NH,I [hexmim][CIO,] 80 7 88
9 Lil cPEG400Me, [hexmim][CIO,] r.t. 35 >05

10 Nal cPEG400Me, [hexmim][CIO,] rt. 8 >05

11 KI cPEG400Me, [hexmim][CIO,] r.t. 16 54

12 Lil PEG400Me, r.t. 0.58 98

13 Nal PEG400Me, r.t. 0.83 99

14 Kl PEG400Me, r.t. 1.75 98

15 Lil MeCN r.t. >72 <10

16 LiBr® [hexmim][CIO,] rt. 3 94

17 NaBr° [hexmim][CIO,] 60 12 70

18 KBr® [hexmim][CIO,] 60 72 19

19 NH,Br [hexmim][CIO,] 60 20 77

20 NH,Br [hexmim][CIO,] 80 7 86

21 Liclb [hexmim][CIO,] 60 5 78

22 Licl® [hexmim][CIO,] 80 35 73

23 NH,CI [hexmim][CIO,] 80 28 71

2Yieldsrefer to those of pure isolated products characterized by *H NMR spectroscopy.

b Reaction performed in the presence of 1.5 equiv of NaHCO,.

(Amax) dramatically decreases from 429 to 314 nm. It
seemsto indicate the presence of contact ion pairsor even
more complex aggregates in the latter medium.*®*° This
value does not appreciably change in PEG400Me, solu-
tions (A = 316 NM) suggesting the presence of similar
species in this molecular solvent. The lower reactivity
foundinthelL (see Table 1) could reasonably be attribut-
ed to the specific solvation of the ion pair by hydrogen
bonds of the imidazolium cation.?

Preliminary results showed that when [hexmim][PFg] was
used instead of [hexmim][CIO,], B-halohydrins were ob-
tained in similar yields after comparable reaction times.

Finally, theionic liquid utilized was easily recovered and
reused. For example, when the epoxide 1 was reacted with

LiBr the corresponding bromohydrin 6b was obtained in
the same yield (94%) and purity of the first run over
almost three cycles.

In conclusion, this paper presents a simple and green pro-
cedure for obtaining vic-halohydrins by epoxide ring
cleavageinionic liquids. Our results evidence, in particu-
lar, that sodium and ammonium halides can be used as a
valid and eco-saf e alternative to the more toxic and pollu-
tive lithium salts, especialy in view of scaling-up pro-
cesses. The reactions are highly regioselective, affording
the opening products in yields comparable to those ob-
tained in the very reactive MgHal,/Et,0 system,™ but
much higher than those reached in traditional dipolar
media (MeCN). In addition the ionic liquid can be easily
recovered and recycled several times.
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Table2 Synthesisof B-Halohydrins 7a—c from Benzyl Glycidol 2 Acknowledgment

with Metal Halides in [hexmim][ClO,] at 25 °C, 60 °C, and 80 °C

We gratefully acknowledge the financial support by MIUR and

Entry Salt Temp (°C) Time(h)  Yield (%)? CNR (Rome, Italy).
24 Lil r.t. 1 93
References and Notes
25 Nal rt. ™ 86 _ _ _ o
(1) Fieser and Fieser’s Reagentsfor Organic Synthesis; Smith,
26 Nal 60 5 86 J. G.; Fieser, M., Eds.; John Wiley and Sons. New Y ork,
1990.
27 Kl 60 46 41 (2) Palumbo, G.; Ferreri, C.; Caputo, R. Tetrahedron Lett. 1983,
24, 1307.
2 NH,| 60 14 8 (3) Sharghi, H.; Eskandari, M. M. Synthesis 2002, 1519.
29 NH,| 80 6 80 (4) Sharghi, H.; Eskandari, M. M. Tetrahedron 2003, 59, 85009.
(5) Bajwa, J.; Anderson, R. C. Tetrahedron Lett. 1991, 32, 3021.
30 LiBr rt. 1 90¢ (6) (& Bonini, C.; Giuliano, C.; Righi, G.; Rossi, L. Synth.
Commun. 1992, 22, 1863. (b) Infante, I.; Bonini, C.; Ldlj, F.;
31 NaBrd 60 14 74 Righi, G. J. Org. Chem. 2003, 68, 3773.
J (7) (& Bonini, C.; Righi, G.; Sotgiu, G. J. Org. Chem. 1991, 56,
32 KBr 60 60 33 6206. (b) Righi, G.; Pescatore, G.; Bonadies, F.; Bonini, C.
Tetrahedron 2001, 57, 5649.
33 NH.Br 60 14 & (8) Azzena, F.; Calvani, F.; Crotti, P.; Garddlli, C.; Macchia, F.;
34 NH,Br 80 6 80 Pineschi, M. Tetrahedron 1995, 51, 10601.
(9) Kotsuki, H.; Shimanouchi, T.; Ohshima, R.; Fujiwara, S.
35 LiCl r.t. 20 61 Tetrahedron 1998, 54, 2709.
) (210) Landini, D.; Maia, A.; Pinna, C. Arkivoc 2004, (vi), 202.
36 LiCl 60 2 9% (11) Chiappe, C.; Pieraccini, D. J. Phys. Org. Chem. 2005, 18,
37 NH,CI 80 2 75 275; and references cited therein.

(12)

aYieldsrefer to those of pure isolated products characterized by
H NMR spectroscopy.

b The salt was stirred overnight in the ionic liquid before use.

¢ Reaction of the enantiopure (-)-(R)-2 afforded the enantiopure
(-)-(S)-bromohydrin 7 in similar yields.

d Reaction performed in the presence of 1.5 equiv of NaHCOs,.

Table3 Synthesisof B-Halohydrins 8a—c, 9a—c, 10a—c from Ep-
oxides 3-5 with Metal Halidesin [hexmim][CIO,] at 25 °C and 60 °C. (13)

Entry Epoxide Salt Temp (°C) Time(h) Yield (%)?

38 3 Lil rt. 1 98

39 3 Nal 60 3 93

40 3 LiBr rt. 1 92

41 3 NaBr 60 10 82

42 3 LiCl 60 3 90

43 4 Lil rt 5 86 (14)

a4 4 Nal 60 5 79

45 4 LiBr* rt. 14 88 gg

46 5 Lil rt. 15 70

47 5 LiBr  rt 25 75 (17)

48 5 Na  rt. 3 65 (18)

jY ields refer to those of pure isolated products characterized by (19)
H NMR spectroscopy. (20)

b Reaction performed in the presence of 1.5 equiv of NaHCO,.
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(8 Yadav, J. S.; Reddy, B. V. S,; Srinivas Reddy, Ch.;
Rajasekhar, K. Chem. Lett. 2004, 33, 476. (b) inour hands,
Y adav's protocol was not reproducible in some control
experiments. In particular: 1) Fluka [bmim][PFg] required
dehydration before use (water content <800 ppm); 2) in the
absence of NaHCO; the reaction of phenylglycidol with
LiBr reached an equilibrium (about 50%) after 3 hinstead of
93% of product; 3) when the same substrate was reacted with
LiCl at 65 °C starting material ( 90%) together with
unidentified byproduct (<10%) werefound after 24 hinstead
of 90% of product after 4 h.

Inatypical procedureasolution of theepoxide (0.1 M) inthe
ionic liquid was reacted under stirring with 2 equiv of the
appropriate salt (and 1.5 equiv of NaHCO; if necessary), at
25-80 °C. After completion of the reaction (TLC analysis)
the mixture was extracted with MTBE (4 times) and
concentrated under vacuum. The crudewaspurified onsilica
gel column (eluant EtOAcight PE) to afford the pure
product. The halohydrin was identified (*H NMR) by
comparison with the authentic sample. The residue of the
ionic liquid wasdissolved in CH,Cl,, filtered on Celite® and,
after removal of CH,Cl, under vacuum, reused in subsequent
runs.
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Most of the common dipolar non-HBD (hydrogen-bond
donor) solvents (e.g., MeCN) are found to be good cation-
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