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ABSTRACT
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Room-temperature ionic liquids, 1-butyl-3-methylimidazolium hexafluorophosphate, 1-butyl-3-methylimidazolium tetrafluoroborate, 1-butyl-3-
methylimidazolium bromide, and 1-butyl-3-methylimidazolium chloride, are used as “green” recyclable alternative to chlorinated solvents for
the stereoselective halogenation of alkenes and alkynes.

Room-temperature ionic liquids that are air and moisture reaction$ and more recently have been introduced in the
stable have been subjected to an increasing number ofHeck reactiof and in the asymmetric epoxidation using a
scientific investigation;® and their application as novel chiral (salen)Mn as cataly8tAt variance with the electro-
solvent systems for organic synthesis has received in the lasiphilic substitutions of aromatic compounds, which have been
years a good deal of attenti®he reactions carried outin  extensively investigated in chloroaluminate(lll) ionic liquids,
ionic liquids have a different thermodynamic and kinetic with the exception of a recent patéhho data have been
behavior with respect to those in conventional solvents, andreported for the electrophilic halogen addition reactions to
in addition, ionic liquids have a number of properties that alkenes and alkynes.

may be of importance for industrial application. In particular,  Dihalo derivatives are important compounds in the organic
their lack of measurable vapor pressure characterizes themsynthesis as well as in analytical chemistry. As an example,
as media for green synthedisRoom-temperature ionic  the selective determination of alkenes in complex hydrocar-
liquids have been reported as solvents for a number of bon mixtures, such as air, gasolines etc., by-@@&me
reactions such as dimerization of alkeAdSjedel—Crafts ionization detection is indeed difficult. Analysis of alkenes
reactions, Diels—Alder cycloaddition§,and hydrogenation  in the presence of alkanes may be however achieved after
their transformation into the corresponding dibromo-deriva-
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Scheme 1 Table 1. Product Distribution for Br Additionto 1, 2, 5, 8, 9,
R R and 13 in [bmim][Br] at Room Temperature.
H>_<H substrate yield? (%) products ratio®
! Bre H;_fr oonB la 95 3+4 >99:1
onic g7t B?_%'H 1b 95 3+4 >99:1
R>:<H liuid 4 s 1c 93 3+4 >99:1
A 1d 90 3+4 >99:1
2 2a 95 3+4 <1:99
’ ‘ 2b 93 3+4 <1:99
2 5
TSRS Melle iR = = o e 2d 93 344 <1:99
B, R R R Br 5a 94 6+7 <1:99
R——=—R — >_—_< + >=( Sb 96 6+7 <1:99
e g/ B B _R 5¢ 96 6+7 <1:99
5 qui 7 .
6 5d 96 6+7 <1:99
a R=R=CyHy b R= (CHa)sC, R = H; ¢ R=CgHy, R = H; 5e 97 6+7 <1:99
d: R = CgHs, R = CHg; €: R = CgHg, R’ = CH3CH, 8 95 10+11 >99:1
9 95 10 + 12 >99:1

_\2\ 13 93 15 + 16 20:80
8 B Br Br Br Br Br ajsolated yields? Determined by*H and 3C NMR
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_ liquid room temperature was examined in 1-butyl-3-methylimida-
o/ zolium hexafluorophosphate, [bmim][EF1-butyl-3-meth-
0 ylimidazolium tetrafluoroborate, [bmim][Bf; and 1-butyl-

3-methylimidazolium bromide, [bmim][Br]. The products

Br Br
Br, Br were always conveniently extracted with.@tand analyzed
@ o @ + + by NMR_ (Scheme 1). _ _ o
liquid Br ' Reactions are typically carried out by adding, with stirring,
Br Br 1 equiv of unsaturated compound to a 0.3 M solution gf Br
18 16 in the ionic liquid®® In alkene and diene bromination,
complete consumption of the reagents was observed in less
different complex matrixes has been obtained by using a GCthan 1 min, longer times were necessary for alkyne bromi-
analysis with element-selective plasma spectroscopic detechation in particular when the reactions were carried out in
tion of the dibromo derivative® In such a procedure, [bmim][Br]. The dibromo adducts were identified on the
halogen addition is carried out in CCbne of the chlorinated  basis of the'H and**C NMR spectra of the crude extracts.
solvents extensively used for this type of reactions. These Selected results are reported in Tables 1 and 2.
solvents, however, are currently on the “environmental As shown in Table 1, the reactions of alkeriegnd 2
blacklist”. Furthermore, in CGlthe electrophilic additions ~ and alkyne$ with Br, in [omim][Br] were anti stereospecific
are slow and radical reactions, bearing to a different productand those of diene8, 9, and13 gave selectively the 1,4
distribution, may occur. On the other hand, the electrophilic addition products. High anti stereoselectivity was observed
additions in water are very fast, yet accompanied by the also for bromination of.c and2cin [bmim][BF,], although
nucleophilic attack of the solvent which competes with that in this solvent the reaction of dieri€ gave a more complex
of the anion and formation of bromohydrins is thus observed. reaction mixture (Table 2).
In this respect, the use of ionic liquids may be advantageous Finally, in [bmim][PR] only with dialkyl-substituted
if the medium polarity is able to accelerate the electrophilic alkenesla,2a, alkyl substituted alkynesa,b, andtrans-
addition process, the nonnucleophilic nature of the medium stiloenes2b—d were detected anti-addition products.
avoids the formation of solvent containing byproducts, the  Noteworthy, the substituent on the phenyl ring influenced
addition reaction occurs with a high or complete stereoselec-the stereoselectivity of the reaction of cis isométs-d.
tivity. lonic liquids, finally, may be recycled if the product-
(s) can be efficiently extracted from the reaction medium. , (3)General Procedure for Bromination in lonic Liquids. To a round-
. . bottom flask equipped with a magnetic stirrer flea the ionic liquid (2 mL)
Here we present results on a practical recycling procedureand Bp (96 mg, 0.6 mmol) were added. To the;Bolution, maintained in

for the stereoselective halogen addition to alkenes andthe dark at room temperature, an equimolar amount of the unsaturated
compound was then added under stirring. A water bath was used in order

13 14

alkynes n 's.everal room-temperature ionic |IQUIdS. . to avoid the temperature increase during the alkene or alkyne addition.
The addition of B to several alkyl and aryl substituted Products were then extracted at the end of the reaction by three subsequent
; addition of ExO (2 mL), followed by decanting off the ethereal solution of
alkenes (land 2)’ alkynes (5)’ and dienes (9, and13) at the products. The combined extracts were concentrated on a rotary
evaporator and the products were analyzed by NMR. When the reactions
(12) Hardas, N. R.; Adam, R.; Uden, P..Chromatogr. AL999,844, were carried out in [omim][Pg the uncoloured recovered ionic liquid was
249, reused.

1062 Org. Lett., Vol. 3, No. 7, 2001



Table 2. Product Distribution for Br Addition to 1, 2,5, 8, 9, Scheme 2

and 13 in [bmim][PF] and [bmim][BF,] at Room Temperature F’Th= Br

substrate ionic liquid yield?® (%) products ratio® e —— C?;(;Ph
la [bmim][PFe] 95 3+4 >99:1
1b [bmim][PFe] 92 3+4 30:70 Ph B
1lc [bmim][PF¢] 92 3+4 70:30 e — N oy
1lc [bmim][BF4] 92 3+4 >99:1 o Ph
1d [bmim][PFe] 92 3+4 >99:1 18
2a [bmim][PFe] 95 3+4 <1:99 Phe __
2b  [bmim][PFs 92 3+4 <1:99 W T PhCHCI—CHBr
2c [bmim][PFe] 92 3+4 <1:99
2c [bmim][BF4] 92 3+4 <1:99
EZ {Em:m}{zig 3: 21;‘ :;Zg 1,2—Brom_o_ch|orides _have b(_aen ins_tt_aad obtair_1ed by anti
5b  [bmim][PFg] 95 647 <1:99 stereospecific and regioselective addition of tlcis- and
5¢ [bmim][PFs] 95 6+7 12:88 trans-stilbene (cand2c) and styrene in [bmim][Br] at room
5d [bmim][PF¢] 95 6+7 23:77 temperature (Scheme 2).
Se [bmim][PF¢] 94 6+7 25175 In this case, the reactions were carried out by addition of
8 [bmim][PFe] 95 10+11 48:52 the olefin (0.3 M) under stirring to the ionic liquid containing
9 [bmim][PFe] 95 10+12 66:34 an equimolar amount of glfollowed byproducts extraction

13 [bmim][PFe] 93 14415416 42:42:16 with Et,O. Gaseous Glwas slowly bubbled in the ionic
13 [bmim][BF4] 95 14+15+16  47:39:14 )

liquid at low temperature (ca. €C) in order to avoid the
2 |solated yieldsP Determined by'H and3C NMR. partial decomposition of the solvent.

In the presence of Brions CL should give, in analogy
with the behavior observed in other solvetftshe BrCh™
species. The regiochemistry of the addition product to styrene

Dienes8, 9, and13yielded mixtures of 1,2 and 1,4-addition

products. It has been also proved tfaidibromides3band g i, agreement with the presence in solution of the BrCl
3c partially transform into themeso-isomers when the  gnion aple to react with the double bonds giving an
reactions were carried on in [bmim][glF electrophilic bromine and a nucleophilic chloride.

Comparison of these data with the product distribution

previously founé*“for Br, addition to the same compounds |, mim|[PR, after extraction of the products, the ionic liquid

in chlorinated solvents suggests the involvement as electro-., ;14 be recovered and reused for further reactions. The
phile of the Bg™ species, probably arising by the diffusion  \\Rr spectra of the recovered solvent showed no evidence
controlled binding of the Brby the solvent, when the s iquid degradation thus no appreciable variation in reaction

reactions are carried out in [omim][Br]. At variance with yie|qs and product stereoselectivity has been observed by
Br,, no ionic intermediate is involved in the Braddition using recovered ionic liquid.

to double and triple bonds and, at least in chlorinated In conclusion, ionic liquids may be interesting “green”

solvents, the anti stereospecificity IS _determlned F’Y occur- recyclable alternative solvents for synthesis of dibromo- and

renceﬁof arate- and product-determining nucleophilic attack o5 ohromo-derivatives. Depending on the ionic liquid the

by Br on a 1:1 unsaturated compound-&rcomplex. addition may be stereospecifierythro- (or meso-)bromo-
On the other hand, formation of both syn- and @lilition o1, origes or dibromides are obtained fromns-olefins while

products in the reaction db,candSc—ein [bmim][PFel is s glefins give the correspondinthreo- (or d,l-)adducts.
in agreement with the involvement of an ionic intermediate. Detailed studies are now under way to investigate the

The Ii_kely electrophilt_a is .free Br The_ stgreochemical mechanistic aspects of these reactions.

behavior of these reactions is, however, significantly different

with respect to that observEd®in Br, addition to the same

olefins in chlorinated solvents. In particular, all the reactions ~ Acknowledgment. The authors thank Prof. K. R. Seddon
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