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The mononuclear rearrangement of heterocycles, @#ied BoultonKatritzky reaction, we
studied in ionic liquid solution usindN-(5-phenyl-1,2,4-oxadiazol-3-yl\ -(4-nitrophenyl)-
formamidine as substrate. The investigation wasiezhiout using piperide as basic cataly
and several ionic liquids differing imoth cation and anion structure. Kinetic data obild wer:
compared with the ones previously reported usB)egpbenylhydrazone of 3-benzoyl-5-phenyl-
1,2,4-oxadiazole to have information about theatfthie to thalifferent structure of the alk

chain borne on the substrate. Furthermore, dat® wealysed on the grounds of pola
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solvent used.

Kamlet-Taft solvent parameters, but taking alsa@ansideration the structural featurestioé

On the whole, the results obtained seem to indith& the“ionic liquid effect” can b
explained considering the structural features efdbnstituentons, their effect on the structi

of solvent media and their ability to interact witte transition state of the target reaction
2009 Elsevier Ltd. All rights reserved

1. Introduction

Reactivity in ionic liquid (IL) solutions has be@me of the
topics investigated since their first developmenthie middle of
1990s. The so-called “IL effect” has been frequemihimed,
including two different observations. The first ohas a mere
kinetic nature and takes into account the effeat ths are able
to exert on rate of reactions without affecting hezism*® In
the second one, a change in the outcome of reactisn
detected ™

In some cases, the “IL effect” has been rationdlina the
grounds of their solvent properties, as assesseud) uassical
solvent descriptors such as polarity and Kamlet-Tadlvent
parameters describing a classical solvent efféct However, it
is worth mentioning that together with the classftialeffect” a
supramolecular “IL effect” has also been claimedisTpicture
takes in consideration the ionic lattice persistinghese ionic

result from entropic effects occurring in these radaut which
do not operate in conventional organic solvents (C&%8

However,
thoughts about reactivity in IL solution, this topis still the
object of intense debate. This arises from the ipihgg of
varying IL properties by simply changing the cation anion
structure, but also from dissimilar effects that #ame IL might
exert on different reactions. The above considenaticonfirm
what was proposed at the end of 1990 by Armstrond ebaut
the probability that effects observed could berafion not only
of the IL nature, but also of the substrate or tieacused as
probe®

In the framework of our interest in studying ILs pesties and
applications, we have performed in IL solution sodh@ssical

organic reaction&>* Among these, we have paid attention to the

mononuclear rearrangement of heterocycles (MRHYp eddled

media in the liquid state and stemming from Coulombthe Boulton-Katritzky reactioff.*® This reaction is an azole-

interactions. This provides a certain structuraleordegree that,
in the presence of an aromatic cation or anion,fuigher
increased by the occurrence ®fit or cationst interactions.”*®
On the grounds of the above considerations, ILs Hasen
described as supramolecular fluids and reactivityLi solution
has been explained bearing in mind their abilitgdbas confined
reaction media. Their kinetic effect is mainly alsed to
supramolecular interactions established with groointitansition
In this light, the supramolecular “IL effect” caalso

azole interconversion widely studied in conventiosalvents
using both basf€ and acidic catalysts.

OCorresponding author. Tel.: +3909123897540; fa@083.596825; e-mail: francesca.danna@unipa.it
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Scheme 1. Representation of reaction studied and ILs used.

Data collected by us,

rearrangement ofZj-phenylhydrazone of 3-benzoyl-5-phenyl-

1,2,4-oxadiazole in solution of mon&->* di-** and task specific

considering the base catalysed The target reaction was studied in nineteen differés

(Scheme 1). Both aliphatic and aromatic ILs weraluge far as
aromatic ILs are concerned, we tried to evaluatadlerance of

dicationic ILs*® demonstrated the positive effect exerted on thalifferent factors such as the nature of the aramattion

above reaction by aromatic ILs. These ones, beibig %0

establishret andtedipole interactions, stabilize the cyclic quasi-

aromatic transition state of the reaction and favtaioutcome.
Together with solvent and catalyst properties, th@va reaction
is heavily affected by the nature of the side cHa@me on the
starting oxadiazole ring. Indeed, it determinespprtes of the
final heterocycle and consequently acts on thereati the
transition staté®3®

In light of the above considerations, the main goglthis
paper is to have a better understanding of theeffect” on the
MRH reaction. To pursue this aim, considering thgniicant
role played by side chain structure of the substrate studied
the MRH reaction of thé\-(5-phenyl-1,2,4-oxadiazol-3-yl -
(4-nitrophenyl)-formamidinel) into the corresponding 1-aryl-3-
benzoylamino-1,2,4-triazole2 (Scheme 1). Bearing in mind
data previously reported by us, this study couldread
information about side chain effect on the MRH riagtnever
investigated so far in IL solutions. As base catalyge used
piperidine (Pip) and we performed a kinetic investiign at 298
K under pseudo-first order conditions. In particukae catalyst
concentration ranged from 0.002 M up to 0.02 M, whser
substrate concentration stayed constant and wa$ &00a0002
M. The investigation was carried out by means of U¥-v
measurements at 340 nm.

(imidazolium and pyridinium), cation acidity as aooted for the
presence of a methyl group on C2 of the imidazoliion
([omim’] and [bmim’]), and the effect deriving from the
presence of a different alkyl chain length on théazolium ion.
Furthermore, we also used benzylimidazolium-based th
assess the effect due to the extensioneetirface area of the
cation on the outcome of the reaction. The roleygdaby the
anion was tested using [bmipbased ILs having anions
differing in size, shape and coordination abiliticls as [BE],
[PFs], [SbR], [NTf,] and [N(CN)]. The target reaction was
also performed in [NTBf]-based ILs having different aliphatic
cations such as [ompytr [bmpip’] and [bEtN']. Comparison
between pyrrolidinium and piperidinium based ILs Idoallow
us to assess the relevance of geometry and fliyibil a cyclic
cation. On the other hand, the use of ammonium-bHseduld
give information about the role played by the imse in
conformational freedom of the cation on going frogclic to
acyclic structures.

Kinetic data were analysed on the grounds of claksmvent
parameters. Furthermore, the structural order @egfesolvents
used was evaluated performing Resonance Light Sicajte
(RLS) measurements.



2. Results and discussion

Comparison between reactivity in COS and IL solutidie
MRH reaction of {) was previously studied in ACN solution at
313 K, using different basic catalysts such as rpee (Pip),
triethylamine (TEA) and DABC®® Results reported indicate
that the triazole formation occurred only usingitey amines.
Indeed, in the presence of Pip, the formatiop-aftroaniline and
3-amino-5-phenyl-1,2,4-oxadiazole = was observed as
consequence of the hydrolysis of the imino bondha side
chain. Furthermore, at 313 K in ACN solution and usiitgh as
catalyst, the plot of experimental rate constaetsus TEA
concentration showed a downward curvilinear trende &hove
trend was ascribed to the occurrence of a two steghaméism in
which the triazole formation took place only aftee preliminary
formation of a base-substrate ion pair.

In some IL solutions we observed specific behavitnaeed,
in [SbR]-based ILs, the reaction was very slow (more than
week was needed to have a conversion lower than 4eii),,s
detected did not show a regular trend as a funatibamine
concentration. On the other hand, in [bmpy][)Tolution, we
observed a change in the colour of the reactioriurexfrom pale

3

yellow to pale red, probably indicating the occuoenof
secondary processes.

In all other IL solutions, unlike ACN solution, we @bged
the triazole formation, as accounted for by UV-visedra
recorded as a function of time (see Fig. 1 of Seimeintary data)
and TLC analysis of the reaction mixtures at the ef the
reaction. Furthermore, in all cases, the pldt,gfas a function of
Rip concentration showed a linear trend. Fit of erpental trend
according to equation (1):

Koos = i + ki [Pip] 1)

allowed calculation of second-order rate constarkg) (
reported in Table 1k{,svalues as a function of Pip concentration
are summarized in Table 1 of Supplementary datayebver, in

3he above cases we detected negative interceptsvélag on the

grounds of previous reports, were ascribed to tleeioence of
an acid-base interaction between Pip and IL céfion.

Table 1. Second-order rate constants for the MRH Bfifi IL solution at 298 K and IL mole fractionX() in the reaction

mixtures
Entry IL X1 ki (M s?)?
1 [bmim][BF,] 0.70 0.177 (0.006)
2 [omim][PR] 0.69 0.044 (0.003)
[N(CNj-based ILs
3 [bmim][N(CN),] 0.68 0.240 (0.010)
4 [hmim][N(CN);] 0.64 0.397 (0.020)
5 [omim][N(CN);] 0.61 0.034 (0.001)
[NT{]-based ILs
6 [omim][NTf;] 0.58 0.071 (0.002)
7 [emim][NTf,] 0.60 0.026 (0.002)
8 [hmim[NTf,] 0.56 0.018 (0.001)
9 [omim][NTf;] 0.53 0.026 (0.001)
10 [bmaim][NTF ;] 0.57 0.029 (0.001)
11 [Bzmim][NTf] 0.48 0.054 (0.003)
12 [Bzbim][NTf] 0.47 0.070 (0.003)
13 [bmpyrr][NT¥] 0.48 0.061 (0.002)
14 [ompip][NTf,] 0.47 0.060 (0.003)
15 [bEGN][NTT )] 0.46 0.0016 (0.0001)

&Standard deviations are given in parenthesis.

Linear dependence s on Pip concentration shows that,
unlike from data collected in ACN solution, the rafereaction
does not tend to a limiting value. This evidenagether with
triazole formation as the only reaction produdbwas stating that

the ionic solvent media were able to indugechange in the
outcome of the target process.

Reactivity in IL solutionIn IL solution, second order rate
constants range from 0.400"\™* down to 0.0016 M s*, with
the largest value detected in [hmim][N(GNand the lowest one
detected in [bEN][NTf,] solution. The above range allows a
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certain dependence of reaction rate from the nattirhe IL logk, =-6.37 + 4.85 (2.75) +0.29 (0.50)3 + 0.14 (0.23)*
used. To understand the origin of this dependema,first R*=0513n=12 4
considered the polarity of the ILs used. Indeeda gaeviously
reported for MRH reactions in COS revealed that, wvitib
catalyst being the same, reaction rates increask sdtvent but without giving good results. On the whole, the \&bo
polarity. In Table 2 of the Supplementary data, aftf  results obtained seem to indicate that factorsrathen solvent
parameters (£30) and Kg) for ILs used are reported. microscopic properties as evaluated dayB and 1t parameters
Furthermore, in Fig. 2 of Supplementary data plotslogk, affect the reaction studied.
versus E(30) or KR are displayed. As accounted for bygE
values, analysis of the above plots indicates ithablarity does
not allow rationalizing of reactivity data. Indeedpr this - .
parameter, we obtained a very scattered plot witholmdous values are reported in Table 1). In our case,ghimmeter range

trend. This could be the result of very narrow raofEy values  10mM 0.46 <X, < 0.70. However, perusal of data reported in
(215.3 < Eg < 218.2 kd/mol) that does not account for IargeTabIe 1 seems to indicate a scarce influence @nhiount on the

outcome of the reaction.

According to a previous repdit,we also tried to correlate
reactivity data with IL mole fraction in the reactimixtures X,

differences detected in reactivity data.

A different situation was observed as far a€3H) values A different way to analyse data collected is to take
were concerned. Indeed, in this case, the plot gk l@s a consideration structural features of the cationa@mdn and try to

function of E(30) values did not show a clear trend (Fig. 2b 0f_correlate changes in rea_ctivity with the variatitimsy are able to
Supplementary data), but a careful look at twoedéht areas of nduce on the crystal lattice of ILs.

the plot (50.5 < H30) < 53.0 kcal/mol and 68.8 <(0) < 70.2 Anion Effect.To evaluate the role played by the different
kcal/mol, Fig. 2c-d of Supplementary data) showsnarease in  nature of the anion, we took into account [biijitvased ILs. As
logk, with solvent polarity. Interestingly, the aboveardentify  stated, the anions used differ in size, shape,sdioking and
two IL classes, the first one comprising imidazolisalts, with  coordination ability. Furthermore, as the catiorthis same, the
the exception of [bam][NTf,], and the second one including anjon also determines the viscosity of the solveedia, with the
[N(CN),]- and benzylimidazolium based ILs. In both cas®s, highest viscosity detected for [bmim][@Fand the lowest for
increase of ok, with solvent polarity was detected. The above[pmim][NTf,] (4 = 450 and 52 cP for [bmim][RF and
trends seem to indicate that, unlike COS, SO'Vemri]lp in this [bm|m][NTf2'i' respectiveiy)d_l Among the anions used’ [B]:
case does not allow an univocal treatment of rei@ct'n#ata, and [PE] have h|gh symmetry and a Significant Cross_iiigkin
unless in the IL group, sub-groups formed by ILsi@ a  ability. On the other hand, both [N(CN)and [NT%] are
similar structure are considered. trigonal, but the former has the highest basicitgt aocordination

In light of the above results, we tried to analyseiL effectr  aPility (see Table 2 of Supplementary data).

using Kamlet-Taft descriptof&.These descriptors are reported in Analysis of thek, values reported in Table 1 shows that the
Table 2 of the Supplementary data. Furthermor&ign 3 of the  reactivity decreases along the following order: [N(EN) [BF,]
Supplementary data, plots of lagas a function ofi, B or e are > [NTf,] > [PR]. The above trend perfectly recalls that for
displayed. It is worth remembering that the aboveam@ters values p = 0.942, 0.327, 0.263 and 0.202 for [bmim][N(GN)
account for solvent microscopic properties, suchhgdrogen  [bmim][BF,], [bmim][NTf,] and [bmim][PF], respectively),
bond donor ability ¢), hydrogen bond acceptor abilitf)(and  indicating that the anion coordination ability pdag significant
dipolarity or polarizability {t*). Analysis of the above plots role in determining the reactivity trend observédis result
indicates that these parameters are not able td)aiBXﬂhe Cioseiy agrees with the one we collected performi“g MRH
reactivity trend ObserVEd, if taken alone. In View\lhjs, we tried reaction in IL solution and using th@)(pheny]hydrazone of the
to apply a linear solvation energy relationship KES: 3-benzoyl-5-phenyl-1,2,4-oxadiazole as substtate.that case,
we ascribed the effect observed to the anion aliitgtabilize
the transition state and to increase the nucleigfiliilbf the NH
logk, = const + & +b-B + cTt* (2) phenylhydrazonic. It is worth noting that, if thiffeet is also
operative in this case, it seems less relevaneddd reactivity
ratios significantly decreased on going frafjrphenylhydrazone
Such an approach has been successfully appliddgoliition  to arylformamidine K pmimsra: Kipmimntizy: Kipmimypre; = 20:
to explain the data collected for different orgamgiactions'®®*®  2.7: 1 for g)-phenylhydrazone and 4: 2.5: 1 for arylformamidine
respectively), indicating a lower sensitivity of tlagter transition

In our case, multiparametric analysis did not gieésfactory state to the anion nature

results. Indeed, taking in consideration all ILediswe obtained
the eq. 3: The reactivity trend obtained could also be analyseking
into account the structural organization of ILsdisedeed, data
previously collected for MRH reaction performed Indolution
logk, = -3.97 + 2.51 (2.26)- +0.46 (0.50)3 + 0.06 (0.22)7* indicated that, for aromatic ILs, a further statiilp effect of the
R°=0.368n =15 (3) transition state could derive from solvents abildyestablishre-t
interactions’? Obviously, the relevance of the above effect
should increase in parallel with the structural argation degree
detecting a very poor correlation, as indicated t  Of the solvent. On this subject, an evaluationlsf drganization

correlation coefficient and standard deviations. the other ~could be obtained using Resonance Light Scatte(RgS)
hand, dissecting ILs on the grounds of cation maand taking Measurements that accounts for the presence okgajgs in
into account only imidazolium based ILs, the catien solution and allows having an assessment of theas&i® It is
coefficient slightly improved as accounted for lny 4: worth remembering that RLS intensitieg §) are proportional to
the square of aggregates volume. In the case of dissa
consequence of differences in size of the catioandon, similar
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The presence of a longer alkyl chain could induifer@nt

number of IL units. 4,5 values detected at 522 nm for all ILs effects. The first one due to the increase in van Waals

used are reported in Table 3 of the Supplementaty. d\nalysis

interactions that should induce a parallel increms¢he order

of Ip.s values for [bmir-base ILs shows that the size of the degree of solvent media favouring the progresshefreaction.

aggregates decreased along the following trend:rffNi(CN),]
> [bmim][PR] > [bmim][BF, > [bmim][NTf,]. With the only

The above favourable effect could be counterbathniog a
concomitant rise in solvent viscosity and alkyl icha

exception of [bmim][PH, the above trend foresees a structuralconformational freedom. These latter effects coblecome

order degree decreasing in parallel with the regtivend. The
discrepancy observed in the case of [bmimj[P&ould be
ascribed to the presence of a different number Lofuiits
constituting aggregates, as a consequence of tgedii anion
size. Alternatively, it could be also due to thehhigscosity of
this IL that could hamper contact between reagents slow
down the rate of reaction.

Irrespective of any effect exerted by the IL anian,is
important to explain why, the arylformamidine reagament
feels less of a positive effect exerted by a mode@d solvent
system with respect taZ)-phenylhydrazone. In our opinion, it
could be ascribed to the different aromaticity ofazoles
obtained from Z)-phenylhydrazone and arylformamidine.
Indeed, on the grounds of DFT calculations, trémsistates of
MRH
aromatic** On the other hand, aromaticity indeX&$ account
for a lower aromaticity of 1,2,4-triazole with respéc 1,2,3-
triazole (in the case of Bird aromaticity index 8% and 88 for
1,2,4- and 1,2,3-triazole, respectively)in turn, the different
aromaticity of products should derive from a difer
aromaticity of the corresponding transition stdtes in the case
of the arylformamidine could be less stabilizedIbyability of
giving TeTtinteractions.

Cation Effect.For the cation effect, we first analysed data

reaction have been described as cyclic and quasi

operative beyond a certain length and disfavourdaetion as a
consequence of decrease in structural order degreédindrance
of contact between reagents. It is worth remembettirg the
different packing of solvent system as a functidéralayl chain
length has been frequently considered able to mdlitferent
solvation of reagents through cation or alkyl ct&ifi On the
grounds of the above considerations, it can beedtéat the
maximum reaction rate represents the best balamoagabove
factors. However, a careful analysis of data disglayeFig. 1
indicates that the role played by alkyl chain léngs also
affected by the IL anion. Indeed, for [NJbased ILs, the
highest reaction rate was detected in the presehtieecbutyl
chain; whereas for [N(CNtbased ILs it was obtained for the
hexylimidazolium derivative.

It is worth mentioning that we previously detectedimilar
situation studying the base-catalysed Kemp elinonateaction
in some [NT§]- and [Sbi]-based ILs”® To explain the above
results, the dependence of ILs viscosity on theramiature and
size of aggregates present in the ILs used shoalthken into
account. In Fig. 2, the plot ok is reported as a function of
alkyl chain length for [NTf- and [N(CN}]-based ILs.

300

collected using [NT-based ILs. Comparison between second-

order rate constants collected in [bomim][NTf and

[bmyim][NTf,] (entries 6 and 10 of Table 1) shows that the rate

of reaction decreases in parallel with cation apilib give
hydrogen bond. We observed a similar trend analysime
reactivity of @)-phenylhydrazon& Furthermore, in two cases
we also detected similar reactivity
(K, pormimnrizg K spmzimivtzy = 2.5° and 2.0 for arylformamidine
and @)-phenylhydrazone, respectively).

[NTf,]-based ILs also allow evaluation of the effectiviag
from different alkyl chain length on the imidazatiuon. In Fig.

ratios

200 '

i g

[emim+] -
(bmim+]  im]

101

=]

Lgis. 522 um (@ 02)

[N(CN)2-]
[NTf2-|

[omim+]

1, the trend ok, values is shown as a function of different alkyl Figure 2. Plot of RLS intensity as a function of alkyl chain

chain length and different anion nature. Rate @onisfirstly
increases with alkyl chain length until reachingaximum value
after which it significantly decreases.

0.4
=03
2 02
< 01
0 = | - L":J IN(CN)24]
[emim+] . [NT12-]
[bmim-+] .
|hmim-+] .
[omim+]

Figure 1. Plot ofk; values as a function of alkyl chain length.

length for [NT§] and [N(CN)]-based ILs.

A careful analysis of data collected shows thathancase of
[NTf,]-based ILs, the size of aggregates decreases doing
[emim][NTf;] to [bmim][NTf,), but increases going to
[omim][NTf,]. The above trend does not parallel the reactivity
trend. According to reactivity data, RLS measuremdotesee
the presence of more extended aggregates in [hiX{@AN),].

It is well known that viscosity increases with alkyhain
length and comparison between values previouslyrregdor
[bmim][NTf,] and [obmim][N(CN)}] demonstrates that [N(Ch)
based ILs are less viscous than [N¥fased ILsi§ = 52 and 31.8
cP for [bmim][NTf] and [bmim][N(CN}], respectively}’ On
the grounds of the above statements, data collestetdns to
indicate that in [NTf-based ILs, the reactivity observed was a
balance between viscosity and structural order @egfiect. On
the other hand, in [N(CM}based ILs, where structural
organization plays a more significant role with edp to
viscosity, the first factor prevails giving rise the highest
reaction rate in the highest ordered solvent media.



6

A further parameter to analyse is the extensiom-séirface
area of the «cation on going from imidazolium
benzylimidazolium based ILs. Unlike data collectemt {2)-
phenylhydrazone, an increaserirsurface area of the cation did
not induce significant changes in reactivity. Indleeeactivity
stayed constant on going from [bmim][NJ'fo [Bzbim][NTf,]
(entries 6 and 12 of Table 1) and slightly decrdage going
from [bmim][NTf,] to [Bzmim][NTf,] (entries 6 and 11 of Table
1). This result could be further support to the dtesis
concerning a lower sensitivity of transition statksiving from
arylformamidine to IL ability to givetttinteractions.

The last topic to take into consideration is thieafexerted
by the aliphatic or aromatic nature of the IL cati€omparison
of the data collected in [bmim][NJff [bmpyrr][NTf,],
[bmpip][NTf,] and [bEEN][NTf,] (entries 6 and 12-15 of Table
1) shows that reactivity decreases along the foligwseries:
[bmim][NTf,] > [bmpyrr][NTf,] [ompip][NTf] >>
[bEGN][NTF]. It is worth noting that the most significant clgen
was detected on going from [bmipbased ILs to ammonium IL,
whereas only a modest decrease was obtained on fjoimy
[bmim][NTf,] to aliphatic but cyclic cations such as [bompyrr
and [bmpig]. It is worth noting that a similar trend has been
recently detected by Guirado et al. studying theucgdn of 9-
fluorenone in IL solutioi™ In this case, the quite similar’ E
values obtained in [bmpyrr][N3f and [bmpip][NT%] were
ascribed to similar pre-organization and stericdhamce of
cations.

In our case, the simildk, values collected in the above ILs
show that the target reaction does not feel thecefiee to a
different cation shape and geometry. This resuliifierent from
the one detected performing Kemp elimination reactin the

same ILs”® Furthermore, in the above case as well as studyinfPmim][N(CN).],

aryl azides formation in IL¥, we also detected an inverse trend
for k, values collected in [bmim][NEf and [bESN][NTf ]
solution. Indeed, we observed a significant incréadbe rate of
reaction on going from aromatic to aliphatic IL. time current
case, the significantly low reactivity detected BEEN][NTTF ]
solution could be ascribed to its tetrahedral $tméc that,
compared to other “bidimensional” aliphatic catipnsould
hinder the base approach or the formation of graim
interactions with the transition state of the targeiction.

Finally, comparison with data previously collecteat {2)-
phenylhydrazone in [bmim][NEf and [bmpyrr][NT] further
supports the idea that the transition state degivirom the
present substrate is less sensitive to the posiifext deriving
from cation aromaticity as accounted for by différeeactivity
ratios & pmimntez) - Kiompyrintizy = 44 and 1.2 in the case af){
phenylhydrazone and arylformamidine, respectively).

3. Conclusions

The main goals of this paper were the study of theffect”
on the MRH reaction and analysis of the influencethef side
chain structure borne on the starting 1,2,4-oxadéazAs for the
“IL effect”, data collected show that these solvergdia are able
to positively act on the mechanism of the reacéind, differently
from COS, allow the obtainment of 1,2,4-triazole dative
using Pip as basic catalyst. Probably, this isresequence of the
organized structure of ILs that, providing confirerd/ironments,
hamper that base attack along directions favousnfgstrate
hydrolysis. Anion symmetry being the same (P&nd [Sbk]),
the above effect seems to be a function of aniae sis
demonstrated by the poor reactivity detected iniftofisbF].

Tetrahedron

Quite interestingly, we have verified that the sideain

to structure present on the 1,2,4-oxadiazole ringpkagignificant

role in determining the “IL effect” observed. Indeainlike data

we previously collected in the case df)-phenylhydrazone,

arylformamidine rearrangement results less affecbsd the
structural order degree of IL and its ability totadsish e
interactions with the target transition state. Pbbjpathis can be
mainly ascribed to differences in aromaticity o2,4; and 1,2,3-

triazole derivatives obtained as reaction products.

Finally, one of the main questions we wished to selas the
possibility to apply LSER relationship to this dasl organic
reaction performed in IL solution. Unlike some poas

reports:>* the above approach fails in the attempt to rativea

the data collected. Among other things, kinetic ddwaw how in

some cases cations having a different structure gse to quite
similar reactivities. Probably, this indicates tlia¢ reactivity of

the arylformamidine in IL solution is a result diet balance

among different factors such as polarity, catiord amion
structural features and repercussions they havihedL lattice.

All these factors act on the transition state sizddion and

cannot be represented by a single equation.

4, Experimental Section

Materials.  Commercial 1,4-dioxane, [bmim][BF
[bmim][PFg], 4-nitroaniline,N,N-diethyl-p-nitroaniline, Nile Red
and Reichardt's dye 30 were purchased and used withdber
purification. Substrated and 2 were prepared according to a
previously reported procedut®[bmim][NTf,], [bmim][NTf ],
[emim][NTf,], [hmMIM][NTf,], [omim][NTf,], [bmpy][NTf,],
[Bzbim][NTf,], [Bzmim][NTf,], [ompyrr][NTf,], [ompip][NTf,],
[bELN]INTF,], [bmim][SbR], [hmim][SbFR] [omim][SbF],
[hmIM][N(CN),], [omim][N(CN),], were
prepared by anion metathesis of the commerciallgilavie
corresponding chloride with NaSHFLINTf,, or NaN(CN)
according to a previously reported procediire.

All ionic liquids were dried on a vacuum line at 60 for at
least 2h before use, then stored in a dryer undgmaand over
calcium chloride. Piperidine was freshly distillegftre use.

Kinetic Measurements and CalculationdV-vis spectra and
kinetic measurements were carried out by wusing a
spectrophotometer equipped with a Peltier tempezatontroller,
able to keep the temperature constant within 0.Thé sample
for a typical kinetic run was prepared by mixingoird quarz
cuvette (optical path 0.2 cm), 5@ of IL, 50 pL of a solution
of substrate in 1,4-dioxane and then (25 of a concentrated
solution of amine in 1,4-dioxane, previously thestaded. The
substrate concentration was constant and equaﬂ)ﬂﬂ?‘. M; the
piperidine concentration ranged from 0.2-200 M. The
reactions were studied over at least three halElive all cases,
the correlation coefficients were higher than 0.999%he
apparent first-order rate constants obtained wepeodeicible
within + 5%. All kinetic data were analysed by mearisthe
KALEIDAGRAPH 4.0 software package.

Determination of solvent parametershe determination of
solvent parameters was carried out by mixing injui@rz cuvette
(optical path 0.2 cm), 500L of IL and 75uL of a concentrated
solution of spectroscopic probe in 1,4-dioxane. @becentration
of the probe was equal to 210" M. The obtained solution was
thermostated at 298 K.

RLS measurements. Resonance  Light  Scattering
measurements were carried out on a spectrofluoropteser
employing a synchronous scanning mode in which thisson
and excitation monochromators were preset to idaintic



wavelengths. The RLS spectrum was recorded from 8GDO
nm setting both excitation and emission slit wicdth§.5 nm.
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Figure 1. UV-vis spectra collected as a function of timelected at 298 K, in [bmim][BF solution and in the presence of Pip
(0.014 M).

Figure 2. Plots of lodg, as a function of polarity parameters and Kamldt-3alvent parameters.
Table 1. Observed Rate Constankgf) for the MHR reaction of (1) in IL solution, at 288 as a function of Pip concentration.
Table 2. Polarity parameters (£30) and g) and Kamlet-Taft solvent parameters correspontiifiggs used.

Table 3. Iz s detected at 522 nm as a function of ionic liquid.
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Table 1. Observed Rate Constankgy) for the MHR reaction ofl() in IL solution, at 298 K, as a function of Pipnoentration.

IL [Pip] (M) 107 Kope (59)°

0.002 0.510

0.004 0.506

[bmim][BF,4] 0.007 1.270
0.010 1.820

0.014 2.480

0.018 3.320

0.002 0.048

0.004 0.146

[bmim][PF] 0.007 0.177
0.010 0.369

0.014 0.612

0.018 0.707

[N(CN),]-based ILs

0.002 0.353

0.004 1.132

[bmim][N(CN),] 0.007 1.650
0.010 2.800

0.014 3.380

0.018 4.210

0.002 0.622

0.004 1.966

[hmim][N(CN)_] 0.007 2.780
0.010 4.320

0.014 5.220

0.018 7.000

0.004 0.0084

[omim][N(CN),] 0.007 0.0589
0.010 0.1840

0.014 0.3330

0.018 0.4630

[NTf,]-based ILs

0.002 0.155

0.004 0.360

[bmIim][NTf,] 0.007 0.462
0.010 0.690

0.014 0.977

0.018 1.320

0.002 0.033

0.004 0.082

[emim][NTf,] 0.007 0.140
0.010 0.196

0.014 0.320

0.018 0.463

0.002 0.035

0.004 0.069

[hmim][NTf,] 0.007 0.116
0.010 0.165

0.014 0.252

0.002 0.046

0.004 0.096

[omim][NTf,] 0.007 0.140
0.010 0.217

0.014 0.365

0.018 0.448




0.002 0.069
0.004 0.143
[bmim][NTf ] 0.007 0.212
0.010 0.289
0.014 0.433
0.018 0.531
0.002 0.052
0.004 0.159
[Bzmim][NTf;] 0.007 0.271
0.010 0.463
0.014 0.753
0.018 0.865
0.002 0.067
0.004 0.240
[Bzbim][NTf,] 0.007 0.413
0.010 0.670
0.014 0.860
0.018 1.130
0.002 0.123
0.004 0.248
[bmpyrr][NTf,] 0.007 0.360
0.010 0.588
0.014 0.870
0.018 1.070
0.002 0.020
0.004 0.080
[bmpip] [NTf,] 0.007 0.240
0.010 0.460
0.014 0.690
0.018 0.780
0.004 0.009
[DEGN][NTS ] 0.007 0.012
0.010 0.018
0.014 0.025
0.018 0.030

®Rate constants were reproducible within + 5%.




Table 2. Polarity parameters ¢E£30) and kgr) and Kamlet-Taft solvent parameters correspontiirigs used.

Entry I E+(30) Enr a B T
(kcal/mol) | kJ/mal)
1 [bmim][BF,] 52.7 217.3 0.613 0.327 1.078
2 [omim][PR] 52.2 217.7 0.614 0.20Z 1.034
[N(CN),]-based ILs
3 [bmim][N(CN),] 70.2 215.7 1.800° 0.942 1.016
4 [hmim][N(CN),] 69.6° 215.3 1.730 0.942 1.053
5 [omim][N(CN),] 68.9° 215.7 1.700 0.943 1.029
[NTf,]-based ILs
6 [bmim][NTf,] 51.5 218.7 0.627 0.263 0.95%
7 [emim][NT#,] 52.5 217.9 0.684 0.323 0.967
8 [hmim][NTf,] 51.8 217.9 0.643 0.308 0.97F
9 [omim][NTf,] 50.8 217.9 0.590 0.365 0.94G
10 [ompim][NTf ;] 48.7 217.7 0.384 0.299 0.987
11 [Bzmim][NTf)] 69.6 216.2 1.770 0.320 1.026
12 [Bzbim][NT#,] 69.9 216.F 1.780 0.290 0.980
13 [bmpyrr][NTH] 48.4 0.409 0.243 0.97F
14 [bmpip][NT%)] 47.8 219.0 0.433 0.338 0.889
15 [bEEN][NTF ] 217.8 0.999 0.303 0.948

3From Ref; PDetermined in this worlkéFrom Ref?

Table 3. Iz s detected at 522 nm as a function of ionic liquid.

Entry IL IrLS
1 [bmim][BF,] 78.5
2 [bmim][PR] 98.1
3 [bmim][N(CN),] 119
4 [hmim][N(CN),] 129
5 [omim][N(CN),] 87.4
6 [bmim][NTf,] 63.1
7 [emim][NTH,] 133
8 [hmim] [NTf,] 214
9 [omim][NTf,] 264
10 [brmpim][NTf ] 63.1
11 [Bzmim][NTf,] 152
12 [Bzbim][NTf,] 248
13 [bmpyrr][NTE] 76.4
14 [bmpip][NTH] 263
15 [DEEN][NTT ] 102

1)

)

D'Anna, F.; La Marca, S.; Lo Meo, P.; Noto,Ghem. Eur. J2009, 15, 7896.
D'Anna, F.; Marullo, S.; Vitale, P.; Noto, Rur. J. Org. Chem2011, 2011, 5681.




