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The kinetics of the rearrangement of tBghenylhydrazone of 3-benzoyl-5-phenyl-1,2,4-oxadiazb)e (

into the relevant 4-benzoylamino-2,5-diphenyl-1,2,3-triaz@)ar{duced by amines have been studied in

five room-temperature ionic liquids (RTILs) at different temperatures. The kinetic data collected show
that both cationic and anionic parts of RTILs significantly influence the reactivity of the title reaction.
The calculated activation parameters allow us to advance hypotheses about the weak interactions operating

in RTIL solutions.

Introduction

Room-temperature ionic liquids (RTILs) have become very

popular solvents over the past decadéuch of this popularity
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is centered on their controversial “green” character. However,
they are also of great interest for the unusual solvent environ-
ment that they provide for solute species. This might affect
reactivity in several different ways. For example, they have been
considered as oriented solvents that could affect selectivity by
ordering the reactants.

Both quantitativé and qualitativé effects of the RTILs on
the course of reactions are well documented. However, it is quite
difficult to explain the effect of RTILs on a reaction by means
of a single solvent property such as their polarity. Indeed,
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hydrogen bond acidityo) and basicity ) as well as polariz-
ability effects ) can often be considered in describing the
different influence of the RTILs. Of course, each of the above
solvent parameters is a function of both cation and anion
components of the RTILs. Then, considering that each RTIL
represents a particular combinationogf3, andz* parameters

D’Anna et al.

The title reaction is a peculiar intramolecular nucleophilic
substitution occurring through a bicyclic quasi-aromatica()L0
transition staté.It has been largely investigated in conventional
organic solventd? as well as in organized or in preorganized
systems such as micellésand cyclodextring?

Data collectedlin RTILs seem to indicate that, in spite of
the significant increase in reaction rate, such interactions as
substrate-solvent, amine-solvent, and amineamine, compared
with those present in conventional solvents, have scarce
relevance. However, they determine the peculiar effects that the
different RTILs have on the outcome of the reaction.

In order to gain new insights into the above investigation,
other ionic liquids such as [bmim][NZf [bm.im][NTf,], and
[bmpyrr][NTf,] [bmaim = 1-butyl-2,3-dimethylimidazolium,

and that several RTILs are possible, tailor-made RTILs can be PMPyrm = 1-butyl-1-methylpyrrolidinium, and Nbf= bis-

thought of in order to have a lot of different effects at one’s
disposal.

In contrast, an alternative view of the solvent effect of RTILs
is based on their partially pre-organized structufidnis struc-

ture, also dependent on the reagents’ structural requirements
may be able to give them an ordered disposition suitable for

reaction. In this manner, RTILs may function as “entropic
drivers”8 For the above reasons, the study of chemical and

(trifluoromethylsulfonylimide)] have been considered. Among
these, bm™ and bmpyrt have a lesser hydrogen bond donor
ability than bmint; furthermore, the bmpyitris not able to
give 7—x interactions that in some cases determine a strong
effect on the reactivity. At last, the substitution of the anion
part of [omim][X] going from previously studied RTILs to
[bmim][NTf,] should cause a different packing and possibly a
different catalytic effect.

physical properties of the RTILs is an active and attractive area Because also a modest variation in temperature can cause

of researcH.
Recently, we have investigated the effect of [omim][X] (bmim
= 1-butyl-3-methylimidazolium and %= BF,~ and Pk™~) on

significant differences in the packing of ionic liquids, it seems
interesting to study the title reaction at various temperatures
(293-313 K).

the amino-catalyzed mononuclear rearrangement of heterocycles The present study has been carried out at six molar concen-

(MRH) of theZ-phenylhydrazone of 3-benzoyl-5-phenyl-1,2,4-
oxadiazole 1) into the relevant 4-benzoylamino-2,5-diphenyl-
1,2,3-triazole 2) at 298 K (Chart 1¥.

(4) () Sheldon, RChem. Commur2001 2399-2407. (b) Akiyama,
T.; Suzuki, A.; Fuchibe, KSynlett.2005 1024-1026. (c¢) Ranu, B. C;
Jana, RJ. Org. Chem2005 70, 8621-8624. (d) Conte, V.; Floris, B.;
Galloni, P.; Mirruzzo, V.; Scarso, A.; Sordi, D.; Strukul, Green Chem.
2005 7, 262-266. (e) Linda, A. A.; Johansson, M.; Hermanns, N.;
Béckvall, J.-E.J. Org. Chem200§ 71, 3849-3853. (f) Zhao, X.; Alper,
H.; Yu, Z.J. Org. Chem2006§ 71, 3988-3990. (g) Chiappe, C.; Piccioli,
P.; Pieraccini, DGreen Chem200§ 8, 277—281. (h) Yoshino, T.; Imori,
S.; Togo, H.Tetrahedron2006 62, 1309-1317.

(5) (a) Consorti, C. S.; Suarez, P. A. Z.; de Souza, R. F.; Burrow, R. A.;
Farrar, D. H.; Lough, A. J.; Loh, W.; da Silva, L. H. M.; Dupont, 1.
Phys. Chem. R005 109, 4341-4349. (b) Canongia, J. N. A.;"Eaa, A.

A. H. J. Phys. Chem. BR006 110, 3330-3335.

(6) Antonietti, M.; Kuang, D.; Smarsly, B.; Zhou, YAngew. Chem.,
Int. Ed. 2004 43, 4988-4992.

(7) See, for example: (a) Aki, S. N. V. K.; Brennecke, J. F.; Samanta,
A. Chem. Comm2001, 413-414. (b) Anderson, J. L.; Ding, J.; Welton,
T.; Armstrong, D. W.J. Am. Chem. So@002 124, 14247 14254.

(8) D’Anna, F.; Frenna, V.; Noto, R.; Pace, V.; Spinelli,DOrg. Chem.
2005 70, 2828-2831.

(9) Bottoni, A.; Frenna, V.; Lanza, C. Z.; Macaluso, G.; Spinelli,ID.
Phys. Chem. 2004 108 1731-1740.

(10) (a) Boulton, A. J.; Katritzky, A. R.; Hamid, AJ. Chem. Soc. C
1967, 2005-2007. (b) Boulton, A. JLectures in Heterocyclic Chemistry
Hetero Corporation: Provo, UT, July 1973. (c) Spinelli, D.; Corrao, A.;
Frenna, V.; Vivona, N.; Ruccia, M.; Cusmano, &.Heterocycl. Chem.
1976 13, 357-360. (d) Frenna, V.; Vivona, N.; Consiglio, G.; Corrao, A.;
Spinelli, D.J. Chem. Soc., Perkin Trans.1®81 1325-1328. (e) Frenna,
V.; Vivona, N.; Caronia, A.; Consiglio, G.; Spinelli, 3. Chem. Soc., Perkin
Trans. 21983 1203-1207. (f) Frenna, V.; Vivona, N.; Consiglio, G.;
Spinelli, D.J. Chem. Soc., Perkin Trans.1®83 1199-1202. (g) Frenna,
V.; Vivona, N.; Consiglio, G.; Spinelli, DJ. Chem. Soc., Perkin Trans. 2
1986 1183-1187. (h) Cosimelli, B.; Guernelli, S.; Spinelli, D.; Buscemi,
S.; Frenna, V.; Macaluso, Gl. Org. Chem.2001, 66, 6124-6129. (i)
D’Anna, F.; Ferroni, F.; Frenna, V.; Guernelli, S.; Lanza, C. Z.; Macaluso,
G.; Pace, V.; Petrillo, G.; Spinelli, D.; Spisani, Retrahedron2005 6,
167—-178.

9638 J. Org. Chem.Vol. 71, No. 26, 2006

trations (2.0x 103-1.33 x 102 M; see Table 4 in the
Supporting Information) of the following bases: butylamine
(BuA, a primary amine), piperidine (Pip, a secondary amine),
and triethylamine (TEA, a tertiary amine), showing different
structure, basicity, and steric requirements. The reaction rates
were measured spectrophotometrically by monitoring the disap-
pearance ofl at its Amax

Results and Discussion

According to our previous repdtfor all of the RTILs studied
and for each of the amines, an excellent linear dependence of
the apparent first-order rate constakt£) on amine concentra-
tion has been found.

The relevank; values are reported in Table 1.

K g = ky[@amine]+ i

1)

The above result is different from that previously obtained
in conventional organic solvents where different kinetic laws
with first- or second-order dependence on amine concentration
were found as a consequence of solvent polarity, amine structure,
and basicity (see some examples for Pip in Table 2), according
to the different interactions operative in conventional solvents.

In all cases considered, significant “negative” intercept values
were also calculated. They were related to an -abake
interaction between the cation component of the RTIL and the
amine® A careful analysis of data collected in Table 1 seems
to indicate that, for the same anion [NTT, the intercept values
decrease, as absolute values, going from bmamd bmim™
up to bmpyrt, according to the decrease of cation part acidity.
The acidity properties of the three analyzed cations are attribut-
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TABLE 1. Calculated Second-Order k;) Rate Constant$ for the
MRH of 1 in lonic Liquid Solution at 298 K

ki
IL amine (M-1sh i
[omim][BF,] BuA  0.125+ 0.004 3.07+ 0.41)x 104
Pip  0.517+0.028 1.3540.32)x 103
TEA  0.156-+ 0.008 3.44+ 0.96)x 1074
[omim][PFe] BuA  0.0035+ 0.0002  (1.71+0.32)x 10°5
Pip 0.0261+ 0.0010 2.094 0.15)x 104
TEA 0.0219+ 0.0015 1.694 0.25)x 104
[omim][NTf]  BuA  0.0229+ 0.0008  (2.64+ 0.92)x 1075

Pip  0.192+0.009
TEA  0.0765+ 0.0006
BuA  0.0130+ 0.0008
Pip  0.095+ 0.005
TEA  0.0277+ 0.0010
BuA  0.00162+ 0.00008
Pip  0.00432: 0.00030 (1.08+ 0.39)x 1075
TEA  0.00347+ 0.00020 (7.03+ 2.15)x 106

aThe rate constant values were reproducible to withiB%. P The
calculated intercept value was-Q.53 + 1.56) x 1075,

(-3.57+ 1.09)x 104
£1.85+ 0.67)x 105
¢2.30+ 0.89)x 105
(-1.82+ 0.53)x 107
¢]

[bmaAm][NTf ]

[bmpyrr][NTfZ] £2.734+ 1.03)x 106

able to the hydrogen atom on C2 for bmif to the methyl
group at the C2 position for bsim™,4 and to the hydrogen
atom on a carbow to the quaternary nitrogen for bmpyrt®
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Indeed, although th&N values for the RTILs considered
are lower than that reported for methanol, in three of the five
cases considered ([omim][BF-[bmim][NTf 2], [bmam][NTf]),
the reaction proceeds faster.

In contrast, the inadequacy of polarity parameters in explain-
ing reactivity data is evident considering the RTIL solvents.
Thus, theEN values do not account for the different reactivity
in [omim][BF4 and [bmim][PK] or in [bmyim][NTf,] and
[bmpyrr][NTf,].

Similar considerations can be carried out by looking at the
* values as quantitative measurements of polarity. As a matter
of fact, the reaction proceeds faster in [omim][M[Tthan in
[bmaim][NTf ], despite the higherr* value for the latter IL.

These results agree with the observations previously reported
about the lack of universality of polarity parameters of RTILs
and their dependence on studied reactions or tested com-
poundst®

In some cases, the viscosity entity of RTILs has been
considered to explain the reactivity order. For the studied
reaction, the viscosity effect can be quite complex. Indeed, in
the transition state, bond making and bond breaking occur
simultaneously and, as they are differently influenced by the

The cation acidity is also affected by the anion part of RTIL viscosity increase (it favors the former but disfavors the latfer),
(see later). Thus, the intercept values for bmim-based RTILS the overall result should depend on the position of the transition
decrease regularly, with the exception of TEA, going from state along the reaction coordinate. In general, the viscosity

[BF;7]to [NTf, ] up to [PR]. The different behavior of TEA,

value’! increases in the order: [bmim][NJ[f(v = 52 cP) <

with respect to Pip and BuA, should be a consequence of its [ompyrr][NTf,] (v = 85 cP)< [bmim][BF4] (v = 233 cP)<
structure (tertiary amine), which causes a lack of interaction [bmim][PFs] (v = 450 cP), and the reactivity increases in the

between this amine and the anion counterpart of RTIL.

order: [bmpyrr][NTE] < [bmim][PFs] < [bmim][NTf;] <

Looking at the solvent effect on the reactivity, we observed [bmim][BF,4]. Thus, experimental data do not show complete
a very large increase in reactivity on going from conventional agreement between viscosity and reactivity, and also, when the
solvents to RTILs. For a correct comparison, one needs to RTILs were separated into two series (the bmim- and the-NTf
consider the reactivity at a fixed amine concentration (for based salts), a homogeneous trend was not found. Thus, the

example, [Pip}= 1.30 x 1072 M; see Table 2) because different
kinetic laws can describe the course of the reaction in

conventional solvents and in RTILs.

Actually, the reactivity in acetonitrile is comparable or higher

viscosity parameter alone also seems to be inadequate.
Probably, some other factors such as the organizing ability

(deriving, for example, fromr—x interactions; see later) of

RTILs should contribute to the determination of the higher

than that measured in RTILs, but the peculiar behavior of reactivity.

acetonitrile can be related to its ability in providing assistance

to the nucleophilic substitution reaction intermolecul&tlgr

As can be seen from data reported in Table 1, in all cases,
the reactivity increases going from BuA to TEA up to Pip. As

intramolecularly®' as well as to its solvent properties. In contrast, tar as base effects are concerned in each RTIL only a small

in some cases, the comparable or even higher reactivity in reactivity variation has been observed. The ratios of reactivity
methanol could be a consequence of the catalytic effect of the gya/TEA/PIp) go from 1:2.1:2.7 for [ompyrr][NE| up to

methoxide ion, significantly present in the basic solution.

1:3.3:8.4 for [bmim][NT$]. In contrast, generally much larger

A careful analysis of data reported in Table 2 shows that the (1.66:188 for PhH at 313 K) reactivity ranges were observed
higher reactivity in RTILs, with respect to conventional organic i conventional organic solvent& Probably in conventional

solvents, cannot be ascribed only to a polarity effect.

(11) Guernelli, S.; Noto, R.; Sbriziolo, C.; Spinelli, D.; Turco Liveri,
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VCH-Verlag: Weinheim, Germany, 2000; pp. 41443.
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Verlag: Weinheim, Germany, 2000; pp 24354. (c) Anslyn, E. V.;
Dougherty, D. AModern Physical Organic Chemistryniversity Science
Books: Sausalito, CA, 2004; pp 64846.

solvents, aminesolvent and amineamine interactions could
strongly differentiate the amines on the basis of their nature
and steric requirements, unlike that which occurs in RTILs,
which at least in comparison with benzene would exert a
significant leveling effect.

As a consequence of the fact that the properties of RTILs
are largely controlled by the nature of both the cation and anion,
data reported in Table 1 allow us to outline, for each amine,
the following reactivity order: [bmim][BE > [bmim][NTf]

(19) Armstrong, D. W.; He, L. F.; Liu, Y.-SAnal. Chem.1999 71,
3873-3876.

(20) Swiss, K. A.; Firestone, R. Al. Phys. Chem. A999 103 5369~
5372.

(21) (a) Huddleston, J. G.; Visser, A. E.; Reichert, W. M.; Willauer, H.
D.; Broker, G. A.; Rogers, R. DGreen Chem2001, 3, 156-164. (b)
Pringle, J. M.; Golding, J.; Baranyai, K.; Forsyth, C. M.; Deacon, G. B.;
Scott, J. L.; MacFarlane, D. RNew J. Chem2003 27, 1504-1510.
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TABLE 2. Kinetic Laws and Apparent Pseudo-First-Order Rate Constants for the Piperidine-Catalyzed MRH of 1 in Organic Solvents and in

lonic Liquid Solution at 313 K and at [Pip] = 1.30x 102 M

solvent kinetic law ks r =) kagr (579 B T EN
benzeng ki [Pip] + ki [Pip]? 5.47x 10°8 0.11%
1,4-dioxané ki [Pip] + ki [Pip]? 4.29% 1077 0.164
ethyl acetate ki [Pip] + ki [Pip]? 7.77x 1077 0.228
methanct ky + k[Pip] + kmeo [MeO™] 4.49x 1074 0.762
acetonitrilé ka + ku[Pip] 6.18x 1073 0.460
[bmim][BF4] ki[amine]+ i 1.42x 102 0.376 1.04F 0.670
[bmim][PFg] k[amine]+ i 3.99x 107 0.207 1.032 0.669
[bmim][NTF] ka[amine] + i 5.99x 10°3 0.243 0.984 0.644
[bmaim][NTf ] ki[amine]+ i 2.45x 1073 0.239 1.083 0.54F
[bmpyrr][NTf;] ky[amine]+ i 1.62x 104 0.252 0.95%4 0.544

aSee ref 10fP See ref 16¢ See ref 17.

> [bmaim][NTf,] > [bmim][PFs] > [bmpyrr][NTf,]. In order

to search for an explanation of the above trend, it could be
convenient to divide the RTILs into two homogeneous series,
one including the bmim-based salts and the other including the
NTf,-based salts.

Regarding the reactivity in the bmim-based salts, the order
[BF47] > [NTf,7] > [PFs] can be explained on the basis/f
values ascribable to the anionic component of the RTILs. Indeed,
when the amine attacks the hydrogen atom of the NH moiety
of the phenylhydrazonic chain, the amine begins to develop a
positive charge. This will cause an increase in the hydrogen
bond donor properties of any proton bound to a nitrogen atom.
As a consequence, a stronger (higttervalue) hydrogen-
accepting anion will preferentially stabilize the transition state
with respect to the reagents and, for a domino effect, increase
the nucleophilicity of the NH phenylhydrazonic by interacting
with this proton. This effect should be greater when more
protons are bound to the nitrogen. In confirmation of the above
hypothesis, the reactivity ratio increases in the order TEA
Pip < BUA. The above effect could also explain the trend for
the intercept values previously seen.

Taking into account the reactivity in the NoHbased salts,
the order bmim > bmyiim™*™ > bmpyrr™ can be explained on
the grounds of the cation ability to give— interactions. The
relevance ofr—a interactions in RTILs has been frequently
outlined, and it has allowed us to explain the high solubility of
aromatic compounds, such as benzene and thiopliéméhese
solvent media. A parameter has been proposed in order to
evaluate the ability of RTILs to give— interactions’® The
higher reactivity of the two imidazolium RTILs compared with
bmpyrrt may be ascribed to a stabilizing—x effect of the
heteroaromatic cations, lacking in the last one. Indeed, these
cations result in more efficiency than bmpyin the stabilization
of the transition state. Between bmirand bmim*, one should
expect that the latter might be more efficient in the stabilization
of the TS according to its highervalue ¢ = 0 for [bmim]-
[NTf,] andr = 0.073 for [omim][NTf]), due to the electron
repulsive effect of the methyl group at the C2 position. Instead,
in our case, the reaction proceeds faster in bimihan in bm-
im™. Probably, two opposite effects could determine the
observed reactivity order. The former, relative to the entity of
m—m interactions, favors the reactivity in bim™; the latter,

TABLE 3. Activation Parameters for the MRH of 1 in lonic
Liquid Solution

AH™ AS* AGa98.1

IL amine (kJ/mol) [J/(K mol)] (kd/mol)
[bmim][BF4] BuA 499+40  —133+13 89.5
Pip 50.5+0.6 —120+2 86.3
TEA 57.3+22 —107+7 89.2
[bmim][PFe] BuA 59.9+24  -133+8 99.5
Pip 54.6+0.7 —136+2 95.1
TEA 67.6+ 3.0 —91+ 10 94.7
[bmim][NTf5] BuA 53.1+14 -136+5 93.6
Pip 48.3+16  —135+5 88.5
TEA 56.1+£ 0.5 —115+5 90.4
[bmoim][NTT 5] BuA 456+14  —166+5 95.1
Pip 455+ 12 —150+4 90.2
TEA 54.1+18 —130+6 92.9

[bmpyrr][NTf2] BuA 62.6+33 —126+11 100.2
Pip 679+15 —101+5 98.0
TEA 61.2+2.2 —124+7 98.2

relative to the different order around the transition state, favors
the reaction in bmim (see later).

Activation Parameters. It has been reported that, for kinetics
carried out in RTILs, a significant curvature in Arrhenius or
Eyring plots could be observed as a consequence of structural
changes in the solveAt. So for a careful analysis of the
temperature effect, the reaction was carried out at five temper-
atures from 293 to 313 K.

For each amine and RTIL, an excellent linear correlation of
log(kond T) versus 1T was obtained, indicating that, in the
analyzed range, the above upsetting effect is not operative and
the calculated activation parameters are only dependent on the
MRH process. The activation parameter values are reported in
Table 3. (Data at different temperatures are available in Table
5 of the Supporting Information.)

The enthalpy values range from 45.5 to 67.9 kJ/mol, whereas
the entropy values range from166 to —91 J/(K mol). The
present data are significantly different from those collected in
dioxane-water both in the uncatalyzed (in the 3.8.0 5"
interval: AH* = 84 £ 2 kJ/mol andAS' = —92 J/(K mol))
and in the base-catalyzed range (in the-8L3.5 8" interval:

AH* = 92 4 2 kJ/mol andAS' ranges from—44.3 to 2.1 J/(K
mol)).10¢.25 They show that the analyzed reaction in RTILs is
largely enthalpy-favored with respect to the dioxameater
mixture.

(22) (a) Atwood, J. LLiquid Clathrates, Inclusion Compound&twood,
J. L., Davies, J. E. D., MacNicol, D. D., Eds.; Academic Press: London,
1984; Vol. 1. (b) Su, B.-M.; Zhang, S.; Zhang, Z. €. Phys. Chem. B
2004 108 19510-19517.

(23) Anderson, J. L.; Ding, J.; Welton, T.; Armstrong, D. \J/. Am.
Chem. Soc2002 124, 1424714254.
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(24) Gordon, C. M.; McLean, A. J.; Muldoon, M. J.; Dunkin, I. R. See
ref 1d, pp 357 369.

(25) Because in the base-catalyzed range the rate constants are composite
values kon andkg represent the kinetic contribution from the Olnd the
base (buffer)-dependent pathways], only rough information from the
activation parameters could be obtairtéd.
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Regarding the entropic contribution, the reaction is surely compared, for example, to [NTf].26 Neither significant dif-
disfavored with respect to the base-catalyzed range; in theferences or a definite order were observed between [bmim][BF
uncatalyzed range, less dramatic differences were observed. Wend [bmim][NT%].
think that the differences depend on the fact that in dioxane Amine Structure. The analysis of activation parameters as
water the activation parameters were largely affected by the a function of amine structure shows that, considering the bmim-
difference in solvation between the initial and the transition state. based RTILs, the values ofkH* for the tertiary amine are
Indeed, stronger interactions or more extensive solvation of the significantly higher than those for the primary and secondary
reagents causes an unfavorable enthalpic contribution that isamine. In contrast, the latter are similar between themselves in
significantly larger in dioxanewater than that in RTILs. In  [bmim][BF]; in [omim][PFe] and [bmim][NTf,], the AH* value
contrast, the entropic contribution is largely unfavorable in for BuA is 5.3 and 4.8 kJ/mol higher than that for Pip.

RTILs because the passage from the initial to transition state ~Similarly, the entropy values for BuA and Pip are quite similar
causes a decrease of molecular freedom as well as an increas#® [bmim][PFe] and [bmim][NTf,], the values for the tertiary

in the structural order, in agreement with the proposed structure@mine being, in contrast, usually lower.

of the zwitterionic transition state, stabilized by dipetipole The above results agree with reactivity data: indeed, they
interactions with the ionic liquid. account for the ability of BUA and Pip to give, as the main

However, this increase in structural order is not counterbal- interaction, that with the anion component of RTILs by means

anced by the desolvation process that normally assists the coursé)f theq hydrogen atoms (S.ee. above)'. T.h's amamine
X . " - Interaction involves an associative contribution to the process
of a reaction going toward the transition state. This is a

. and leads to a significant decrease in entropy values. In contrast,
consequence of scarce relevance of substisdt/ent, amine-
; L : . TEA should act only as a hydrogen bond acceptor versus the
solvent, and amineamine interactions in RTILs. In order to cation part. As a consequence of this, the higher enthalpy values
gain insight into the effect of the RTILs, we shall try to analyze par. q ' 9 Py

rately the activation barameter. function of the (i) cati naccountforthe need to break this interaction, allowing the action
separately the activation parameters as a function ot the () calion e yea a5 5 base, giving a dissociative contribution to the
component, (ii) anion component, and (iii) amine structure.

) _ N process and resulting in a significant increase in entropy values.
Cation Component. Looking at activation parameters as @ | general, the above trend is confirmed going from [bmim]-

function of the RTILs cation part, for each amine, the favorable [NTf5] to [bmyim][NTf], but a different and more complex

effect on enthalpy values decreases in the ordesirom > behavior was detected in the [ompyrr][NJ&olution. In fact,

bmim* > bmpyrr*; the opposite effect has been observed for in this case, the entropy value calculated for TEA is quite similar
the entropy counterparts. As pointed out above, the three cationso that for BuA but different from that for Pip.

considered differ on the basis of their abilities to H-bond and

haves—z interactions. Both of these factors can significantly - conclusions

affect activation parameter values. In general, an increase in o _
H-bonding ability could give an unfavorable enthalpic contribu- ~ Data collected show that RTILs are very intriguing reaction
tion, due to the energy that is needed to break theHN media. They are able to affect the outcome of a reaction in a
interaction between the cation and amine (see above), but aV&y completely different from that normally observed in
favorable entropic contribution from this breaking, going from conventional organic solvents. In particular, in this case, the

initial to transition state, could increase the disorder degree of higher reactivity cannot be ascribed only to the higher polarity
the system. of the solvent medium but is rather due to the scarce relevance

In contrast with expectation. experimental data show that th of solvation effects, as confirmed by comparison among
_1h contrast with expectation, experimental data snow tha efactivation parameters collected in these media and in conven-
highest activation enthalpy was measured in the presence of;

. . . ional organic solvents. Furthermore, the peculiar structure of
[ompyr[NT], that is, the .RT”‘. with the cation Ies; able'to the transition state of the studied reaction (cyclic and quasi-
act as the H-bond donor. Likewise, entropy values in [bmim]-

. . ) aromatic) has allowed us to outline the importance of organized
[NTf2] or in [bmim][NTf2], lower than those calculated in gy cryre and organizing ability of these organic liquid salts in
[bmpyrr][NTf], do not account for the disorder increase that qetermining the reactivity. For all of the above reasons, RTILS

shc.)uld. characterize the system in the transition. state. Theannot be considered “simple solvents” but should rather be
activation parameters trend could be better explained on the qncidered as polymeric supramolecular fluids with regions
basis of the cation ability (see above) to givex interactions. characterized by “different polar characté?”.

Thus, the aromatic cations perform a stabilizing effect on the
transition state, which will be more ordered than that resulting Experimental Section
in the presence of a bmpyrication.

Anion Component. The data reported in Table 3, analyzed
with respect to the anion of the RTILs, show that this seems to on a vacuum line at 66C for at leas 2 h and stored in a dryer

be less effective in influencing the activation parameters. | |nqer argon and over calcium chloride. [bmim][NJT# [bmaim]-

However, some comments can be made. Regarding the entropyNTf,],28 ‘and [bmpyrr][NT5]2° were prepared according to a
values, those collected for TEA are less negative than those for
BuA and Pip, and this could be a consequence of the absence (26) Mc Lean, A. J.; Muldoon, M. J.; Gordon, C. M.; Dunkin, |. @em.

of a hydrogen atom on the nitrogen, which could induce different 00?219;?2?]932 1880\/:/153%5]1. 1bsC R G Marken F. S

H H H H chiader, U.; Wadhawan, J. D.; Compton, R. G.; Marken, F.; Suarez,
types_of amlneanlgn Interaction. P. A.; Consorti, C. S.; de Souza, R. F.; DupontNéw J. Chem200Q 24,
A different behavior can be observed for the enthalpy values. 1009-1015.

Materials. Commercial 1,4-dioxane was used without any further
purification. Commercial [omim][BE and [bmim][PFk] were dried

In particular, values relative to [RF are less favorable. The (28) Cammarata, L, Kazarian, S. G.; Salter, P. A.; WeltonPfiys.
+ . _ Chem. Chem. Phy2001 3, 5192-5200.
greaterAH* values in the [PF] salt may reflect the greater (29) Lancaster, N. L.; Salter, P. A.; Welton, T.; Young, G.B.Org.

extent of ionic cross-linking possible in RTILs with this anion Chem.2002 67, 8855-8861.
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procedure previously reported. Amines were freshly distilled before  To evaluate the possibility of reusing RTILs, we tried a fast and
use. Compound was prepared according to the method repoited. simple treatment of the solvent used. Thus, 5 mL of the used [bmim]-

Kinetic Measurements and Calculations UV —vis spectra and [BF4] was extracted four times with 3 mL of 2. The RTIL layer
kinetic measurements were carried out by using a spectrophotometewas kept under vacuum at 8C for 2 h and reused. The apparent
equipped with a Peltier temperature controller, able to keep the first-order rate constants then obtained were reproducible within
temperature constant within 0.1 K. +15% with respect to values determined in fresh RTIL. All kinetic

Kinetic runs were carried out over the temperature range-293 data were analyzed by means of the KALEIDAGRAPH 3.0.1
313 K. The sample for a typical kinetic run was prepared by software.

injecting into a quartz cuvette (optical path 0.2 cm) %Q00f IL, - o
50 uL of a solution of substrate in 1,4-dioxane, and then:25of Acknowledgment. We thank MURST (Ministerodell'Universita

a concentrated solution of amine in 1,4-dioxane, previously © della Ricerca Scientifica e Tecnologica for financial support;
thermostated. The concentration of substrate was constant and equ R_IN ZQQ4 and 2005). Investigation was supported also by the
to 1.9 x 104 M, and the amine concentration ranged from 2.0  Universities of Bologna and Palermo (funds for selected research
10-3t0 1.33x 10-2 M. The reactions were all studied over three  tOPICS).

E?‘L‘“Veﬁ or mé)re.8ln every case, the correlation coefficient was gy phorting Information Available: Rate constants collected
igher than 0.9998. at different amine concentrations and at different temperature values.
This material is available free of charge via the Internet at

(30) (a) Ruccia, M.; Spinelli, DGazz. Chim. Ital1959 89, 1654-1669. http://pubs.acs.org.
(b) Vivona, N.; Ruccia, M.; Frenna, V.; Spinelli, 3. Heterocycl. Chem.
1980 17, 401-402. JO0615549
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