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Abstract:

Mild and efficient esterification reactions of carboxylic acids
with neo-pentanol were carried out using task-specific ionic
liquids with hydrogen sulphate counteranion under microwave
irradiation. The latent acidity of the ionic liquid was introduced
by anion metathesis from hydrogen sulphate with the corre-
sponding imidazolium or pyridinium halides. The catalyst [Cs-
mim][HSO 4] modified with 5% of concentrated sulfuric acid
was reused three times without considerable loss of activity in
esterification using classical heating in oil bath.

Introduction
lonic liquids (lls) are ionic solvents that combine the

advantages of both traditional molecular solvents and mel
salts, are considered as promising new reaction media, an
have found wide use in catalytic and noncatalytic reacttons.
Not only can these useful materials dissolve many organic
or inorganic substances, but they are also readily recycled.
The interest in lls is also a direct result of the diverse

properties of these liquids and the way in which they may

be systematically varied, e.g., the density, viscosity, and water

solvent-catalyst for Fisher esterificatidhalcohol dehy-
drodimerizatiorf, pinacol/benzopinacol rearrangemehésd
electrophilic substitution of indoles with aldehydegvith

the TSIL sulfonic acids, it was observed in Fisher esterifi-
cation reactions that the systematic introduction of a fixed
guantity of water into the system resulted in higher ester
yields® Another approach for the acidic TSILs is to introduce
the latent acidity in the counteranions. Our initial studlies
involving the esterification of acetic acid with various
alcohols by utilizing TSIE® with acidic counteranion re-
vealed that the produced esters were not dissolved in these
TSILs and were isolated in high yields with high purity.
Using the same Brgnsted acidic ILs, Jiang and Han have
investigated their catalytic activity in Mannich reactidhs.

dCentraI to our understanding of alternative viable protocols

using IL technology was the role of the medium in organic
processes. Accordingly, we report our continued studies using
Brgnsted acidic TSIL technology for several classical acid-
promoted organic reactions under microwave dielectric
heating!? The model reaction screened was Fisher esterifi-
cation for the preparation of lipophilic esters.

miscibility. Since they also have effectively zero vapour Results and Discussion

pressure, this makes them ideal engineering solvents for

Preparation of Acidic TSILs by Anion Metathesis. The

reactive chemistry, allowing direct distillation of solutes from general syntheses of ILs based on nitrogen-containing hetero-
the solvent and simple solvent recycling without the produc- cycles involve a two-step process, whereby an organic halide

tion of volatile organic compounéi§vOCs).

salt is formed via alkylation using an haloalkane. The quater-

In 1999, Davis, Jr. et al. introduced the term “task-specific nization reaction is followed by a metathesis reaction using

ionic liquids” (TSILs) to describe IL which incorporate

an alkali metal salt or by anion exchange using acid addition,

functional groups designed to confer particular properties or e.g. concentrated sulphuric acid (97%). For this study, the
reactivities® More recently, the same group described TSIL following acidic TSILs were used: 1-butyl-3-methyl-imidazol-
in which the cations were both intrinsically Bragnsted acidic ium hydrogen sulphate (j@im][HSQy]), 1-hexyl-3-methyl-

and nonvolatil¢. This was done by covalently tethering an
alkane sulfonic acid group to the IL cati®éfhe use of TSIL

sulfonic acids to catalyze organic reactions is an area of

imidazolium hydrogen sulphate (§@im][HSO4], andN-bu-
tylpyridinium hydrogen sulphate ([By][HSO4]) (Scheme 1).
The preparation of the starting J@im][CI], [Csmim][CI],

ongoing activity, and these new catalysts were used as duaknd [Cpy][CI] were realized via conventional heating
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Scheme 1. General preparation of acidic imidazolium Table 1. Results for the preparation of acidic TSILs 1(a—c)
based ionic liquids by metathesis or by acie-base by anion metathesis with NaHSQ

Me X
Me<
Me< Xy (\/)n Me\N@Nﬁ\ X@ e N@NH;’HSOP @\j(\/)/ ,HSO4@
n

= microwave n

cmpd n TSIL yield of 1 (%)?
Metathesis Acid-Base .
la 3 [Camim][HSOy] 97
1b 5 Cemim][HSO, 94
+NaHSO4 | - Nax “HX | +HzS04 e 3 {C%n;?[ﬂi[sozt] d %6

aYield of isolated product.

isolated in high yields as mobile oils at room temperature.
Then the acidic TSILs were dried under high vacuum at 80
1(a,b) 1(a,b) °C for 6 h without decomposition.

drawbacks of these common methods are the long reaction lonic liquids containing halide contaminants are problem-

) ! : atic since the halide content can seriously affect the useful-
tlme ([Cmim][Cl] and [Cﬁm'm][cu 4 days, [Gpy][Br] ness of the TSIL as a catalyst for a given chemical reaction.
= 6 days) to afford good yields (987%) and also the use . L :

. : . . . In general, the presence of chloride or bromide ions increases
of excess irritant, volatile alkyl halides (1.5 equiv)/organic

: . : . the viscosity and decreases the density offlldsually, ILs
solvent as reaction medium. In view of our general interest . . S
; . . ) ) . can be easily washed to a point where no traces of halide ions
in solventless organic synthesis mediated by microwave di- are detectable in the washing water (by titration with AGNO
electric heatinf (uw) the preparation of the 1,3-dialkyl 9 y

- : . L : or by ion chromatograpi). In our case, the halide-free
imidazolium chloride and butyl pyridinium bromide have been . . .
realized according to a method previously developed in our preparation of [Gmim][HSO4], [Cemim][HSO4], and [Gpy]

laboratory® using a monomode microwaleeactor (Synthe- [HSQ] are S|gn|f|qan_tly dn‘ﬂcult because these acidic TSILs
) . are completely miscible with water and cannot be extracted
wave 4027). For the anion exchange using concentrated

sulphuric acié® (97%), the main disadvantage of this proced- from agueous solution with organic solventg, and removal
: Lo N . of the halide ions by a washing procedure with water is not
ure is the necessity either to minimize or, even better, to elim-

inate waste generation during the synthesis: (i) the large vol- a suitable option. The halide impurities of acidic TSILs were

ume of HCI by-product formed during the anion exchange, evaluated by volumetric titration using Volhard’s method

(ii) the difficulties to eliminate completely the HCI impurities E:Z?]Itlgﬁl;riggnﬁsgf) thlg ;TILZHC:;IZ t(gghzzl:ilgéiTlSOI(@)l@—meg
trapped in the ionic liquid product, (iii) and the long reflux bpm),

time to remove the HCI by-product (from 48 to 72 h). For but we consider that this may not be a problem for catalytic

the anion exchange, the corresponding coordinating anion use d’;\pplications in Fisher esterification. The efficiency of the anion

. ) . metathesis was determined by measuring the H&0
was HSQ from the commercially available starting salt . ) SR - .
NaHSQ. All the anion metathesis reactions were carried out content solution using volumetric titration with commercial
. ' o - NaOH solution and phenolphthalein as end-point indicator.
in dry acetonitrile and stirring at room temperature under ) - . .
nitrogen for 3 days with conventional glassware. Then the Results of the synthesis of the free acidic TSILs using this
insoluble salt (NaCl or NaBr) was filtered off and then pmrggidrﬁfcgr: ((L)Iut[tlgezdoln) -irr?blsoé a:gﬁjs\/vgfs(%epared on
dissolved in deionized water. The efficiency of the metathesis P 9mng Y ;

. . . . Fisher Esterification Reaction with Acidic TSILs 1(a—
reaction was determined by measuring the chloride or c). For the beginning of this study, the acid and the alcohol
bromide ion solution using the Mohr meth&d After : g g Y,

filtration of the crude reaction mixture on a pad of Celite to fgglt?gﬁg \\:VV::E ?:Z?iaegog:u?ﬁﬁb'aar:in?qc;)i(caanlltlangtlii;jheIass
remove halide waste trapped in the TSIL, followed by 9 y 9

evaporation of MeCN in vacuo, the acidic TSILs were reactor (capacity: 25 c#pfitted with a reflux condenser and
a thermometer. The outlet of the reflux condenser was

Me_ .~ O Me ©
N@/N{jn\ HSO4 N@/ij; HSO4
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Table 2. Results of esterification reactions of propanoic acid
2a¢ with neo-pentanol 3 at different reaction times in
[C4smim][HSO 4] or [C 4py][HSO,4] at 80 °C

o
~COH + Sy ok BLLLIGEG |
“ho0 oK
2a 3 4a

3 conversioR (%) in

reaction time (hour) [@nIm][HSOy] [Capy] [HSO4)
0.5 13 43
1 16 47
2 25 51
3 33 56
3.5 37 61
4 42 64
17 49 68
24 57 70

aMolar ratio of acid2a/alcohol3/TSI1= 1/1/3.P Conversion of3 into ester
4a estimated byH NMR (200 MHz in CDCk, TMS as internal reference).

reaction was carried out using the TSIL as catalyst in which
H,SO, was artificially added. The acidic content (HS®@ith
or without H'SO;) was measured by titration with sodium
hydroxyde. Results of esterification reactions2afwith 3
in [C4mim][HSOy4] or [C4py][HSO4] are outlined in Table 2.
As seen from the results of Table 2, the reaction rate in
ionic liquid is dependent upon the ionic liquid chosen, and
in this case, [@MiM][HSO,] gave a lower rate enhancement
than [Cpy][HSO,]. This suggests that the performance of
the acidic ionic liquid catalyst is not dependent upon the
butyl side chain of the cation, indicating the major impact

sulphate counteranion of the acidic TSIL initiates the
esterification by donating a proton to the carboxylic &2

in step 1 (Scheme 2). After receiving the proton, the
carboxylic acid2a becomes susceptible for a nucleophilic
attack by the hydroxyl group & (step 2), after which the
reaction continues with water abstraction (step 3). The
proton-donating step 1 is usually assumed to be rapid, while
the nucleophilic substitution is slow. In the last step (step
4), the hydrogen sulphate counteranion is regenerated.

In the same manner, the properties of IL (polarity and
electrostatic field of the cation) affect the esterification
reaction considerably. It's noteworthy that at the end of the
esterification reaction, the resulted esteris not soluble in
the acidic TSIL catalyst. The upper layer contains the
expected esteda and could be separated from the TSIL
catalyst in the bottom simply by decantation.

Esterification Reactions in Modified [Cymim][HSO 4]
with Concentrated H,SO, and Recycling. Esterification
reactions of propanoic aci®a and neopentanol 3 in
modified [GmMim][HSO,] with various ratios of HSO./[C4-
mim][HSQO,] are shown in Table 3.

The experimental results indicate that the percentage of
H,SO, in [Cymim][HSO,] has an impact on the catalytic
performance. For example, 50% of conversion was obtained
after 30 min at 80°C (entry 1) with 5% of concentrated
H,SOy in [Cymim][HSO,], and at the end of the reaction the
produced estetais not dissolved in the modified [@im]-
[HSO4] media. The catalytic performance of JGim][HSOy)
for esterification was further increased with 15% ofS@,
in acidic TSIL (entry 4) at same time, but at the end of

of the cation on the catalytic performance. It is also possible esterification, the esteais partially soluble in the IL media,

that the better immiscibility of the resulting ester product
4a with [C4py][HSO,] should facilitate the shift of the

reaction equilibrium to the product side. The plausible
mechanism for esterification is the following. The hydrogen

and traces of theecpentyl ether were detected after analysis
of the bottom layer byH NMR.

For economic reasons and comparison with traditional
solvents used in esterification, easy recycling is an attractive

Scheme 2. Mechanism of the esterification reaction between acid 2ajeo-pentanol3 in acidic TSIL ([cation][HSO 4]) as

catalyst
OH ® o stept ® oH 2
/\[r + [cation]  , HSO, /\r [SO4] 2 [cation]
o} OH
2a
HO H
® oH step 2 O
/\( + >|/\0H — Et——é)——OCHQCMe:;
OH On
3
HO
@) step 3 @
Et—C—0CH,CMeg Et—C—OCH,CMes +  Hz0
OH OH
® step 4 \J<
] o
Et—C—OCH,CMeg + (504 2 [cation] © =———x
H i
. ) 4a
[cation] ~ , HSO4
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Scheme 3. Preparation of esters 4(a-d) from neo-pentanol 3 and acids 2(a-d) in [C4py][HSO,] as catalyst under microwave

irradiation ( po)

[Capy][HSO4] /ﬁ\
R-COH  + — g O/W< +  Hy0
Hw
2(a-d) 3 4(a-d)

Table 3. Esterification of propanoic acid 2& with
neo-pentanol 3 in [Cymim][HSO 4] modified with
concentrated H,SO, after 30 min at 80 °C

entry % of SOy 3 conversion (%)
1 0 13
2 5 50
3 10 57
4 15 62

aMolar ratio of acid2/alcohol3/catalyst= 1/1/3.° Conversion o83 into ester
4a estimated byH NMR (200 MHz in CDC}, TMS as internal reference).

Table 4. Reuse of [Gmim][HSO 4 modified with 5% of
concentrated HSO, for esterification of propanoic acid 2a
with neo-pentanol3 into 4a

conversion of alcohd8ain cycle:

reaction time(h) 1 2 3

0.5 50 16 16

1 50 33 22

1.5 50 37 25

3 56 50 42

24 98 98 98

yield of esterda (%), after:
cycle 1 2 3 4 5

decantatioh 74 72 70 69 68
extractiord 21 19 20 21 21
global yield 95 91 90 90 89

aConversion of3 into esterda estimated byH NMR (200 MHz in CDC},
TMS as internal reference).Yield of 4ain the upper layer at the end of reaction
after decantation at 28 (45 min.).c Yield of 4a after elimination of the upper
layer and washing of [€nim][HSO,] with Et;0.

property of the acidic TSILs. Consequently, we investigated
the catalytic activity of recycled [£nim][HSO,] modified
with 5% of H,SO, for esterification of propanoic acida
with neopentanol3. As shown in Table 4, the catalyst (5%
of concentrated S0y in [C4smim][HSOy4]) could be reused
at least three times without loss of activity after 24 h for the
conversion of alcohoB (cycle 1: 98%, cycles 2 and 3:
98%). Examination of the results in the bottom of Table 4
showed that the yield of isolated esta by decantation is
68—74% for the five cycles; one can conclude that reuse of
the acidic TSIL catalyst (extraction of the soluble estar
from the [Cmim][HSO,] layer by washing with diethyl ether
followed by vacuum drying) plays an important role in terms
of the catalytic activity of the acidic TSIL. After the fifth
cycle, an 89% global yield foda was observed.
Esterification Reactions in Acidic lonic Liquid under
Microwave Irradiations. The use of microwave ovens as
tools for synthetic chemistry is a fast-growing area of
researcht? Since the first report of microwave-assisted

746 e Vol. 9, No. 6, 2005 / Organic Process Research & Development

organic synthesis (MAOS) by the groups of Getlyand
Giguere-Majestict in 1986, the technique has been accepted
as a method for reducing reaction times and for increasing
isolated yields of products compared to times and yields with
conventional methods. It is clear that the application of
microwave technology to rapid synthesis would be of great
value for the chemical community. At present, the application
prospects of acidic TSIL coupled with microwave dielectric
heating is evidenced by the growing number of paper
detailing transformations using such a methodol&gor

this esterification study under microwave, the acids employed
were propanoic acid?a, cyclohexane carboxylic aci@b,
10-undecenoic acid2c, phenyl acetic acid2d, and the
alcohol isneopentanol,3 (Scheme 3).

The microwave instrument (Synthewave 402 re&éxor
comprises a mono-mode (sometimes also called single-mode)
microwave cavity that operates at a frequency of 2.45 GHz
with continuous microwave irradiation power from 0 to 300
W. Inside the microwave cavity, the quartz reactor was
exposed to microwave irradiations, and the reaction tem-
perature was measured with the aid of an IR cap(mfrared
thermometry) and software that enables on-line temperature/
maximum temperature control by regulation of microwave
power output.

The values presented in Table 5 were the optimized
reaction conditions. Several experiments were performed at
various powers and various reaction temperatures using
solvent-free technique with a ratio of 1/1/3 ac¥hec
pentanol3d/IL catalystl, to find the most adequate reaction
conditions under microwave dielectric heating (& with
[Capy][HSOy], Figure 1 for estera). As shown in Table 5
(entries +-3), the [Cpy][HSO,] catalyzes the esterification
reactions efficiently with yields ranging from 89 to 95% and
short reaction times<3.5 h). Moderate reaction occurred
when phenyl acetic acidd was used (entry 4), indicating
that the solubility of the starting material is also an important
factor to determine the reactivity of acid using solvent-free
methodology.

(22) For reviews, see: (a) Lidstrg P.; Tierney, J.; Wathey, B.; Westman, J.

Tetrahedron2001, 57, 9225. (b) de la Hoz, A.; Diaz-Ortis, A.; Moreno,

A.; Langa, FEur. J. Org. Chem200Q 3659. (c) Varma, R. Ssreen Chem.

1999 1, 43. (d) Loupy, A.; Petit, A.; Hamelin, J.; Texier-Boullet, F.;

Jacquault, P.; Math®. Synthesid998 1213. (e) Caddick, Stetrahedron

1995 51, 10403. (f) Strauss, C. R.; Trainor, R. Wust. J. Chem1995

48, 1665.

(23) Gedye, R.; Smith, F.; Westaway, K.; Ali, H.; Baldisera, L.; Laberge, L.;
Rousell, J.Tetrahedron Lett1986 27, 279.

(24) Gigure, R. J.; Brays, T. L.; Duncan, S. M., Majetich, T&trahedron Lett.
1986 27, 4945.

(25) Varma, R. SGreen Chem1999 1, 43.

(26) For description of commercial microwave devices available with adequate

mixing and control of reaction parameters, see the following sites: http://

www.cem.com and http://www.personalchemistry.com.

Temperature measured by an IR captor: Prolabo, French Patent 622410,

14669 Fr, 1991.
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Table 5. Results for esterification of acids 2(a-d) with
neopentanol 3 in [Cypy][HSO,] under microwave dielectric
heating at 80°C

3C NMR spectra on BRUKER AC 300 P (75 MHz)
spectrometer. Chemical shifts are expressed in parts per
million downfield from tetramethylsilane as an internal

~_COH COH S ACOH ' COzH standard. Data are given in the following ordey:value,

n multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m,

2a 2 2¢ 2d multiplet; br, broad), number of protons, coupling constants
J are given in Hertz. The mass spectra (HRMS) were taken

yield of ested® reaction timé respectively on a MS/MS ZABSpec TOF Micromass (EBE

entry ~ acid2® (%) solubility (h) TOF geometry) at an ionizing potential of 8 eV for the acidic

1 2a 95 YIN 15 TSILs 1(a—c) and on a VARIAN MAT 311 at an ionizing

2 2b 90 Y/N 25 potential of 70 eV for the other compounds in the Centre
3 2c 89 Y/N 35 Reggional de Mesures Physiques de I'Ouest (CRMPO,
4 2 40 N/N 4.5 Rennes). Reactions under microwave irradiations were

| © ecidiefalconol2alcatal 3.5 Yield of ) realized in the Synthewave 402 reactor (Merck Eurolab, Div.
aMolar ratio of acidla/alcohol2a/catalyst= 1/1/3.° Yield of ester3 at the s ot .
end of reaction after decantation (45 min) at&5 ¢ Solubility of acid1 and Prolabo, France). Acetonitrile was distilled over calcium

alcohol2a at the beginning of the reaction and solubility of the e&et the

end of the reaction in the acidic TSIL at 80 (Y = soluble and N= insoluble).
d Reactions were run in the Synthewave 402 reactor (Prolabo) %€ §ower

(a) (b)

Figure 1. Preparation of ester 4a from propanoic acid 2a (1
equiv) and neo-pentanol 3 (1 equiv) with [C;py][HSO,] (3 equiv)
as catalyst in the Synthewave 402 reactor (Prolabo): (a) before
microwave irradiation, 2a and 3 were soluble in the catalyst;
(b) after microwave irradiation at 80 °C (1.5 h), the upper layer
contained the expected ester 4a (95% yield) after decantation

chloride after standing overnight and stored over molecular
sieves (3 A). Solvents were evaporated with a BUCHI R200
rotary evaporator. All reagents were purchased from Acros,
Aldrich Chimie, Fluka France and used without further
purification. The starting 1-butyl-3-methylimidazolium chlo-
ride [Csamim][Cl], 1-hexyl-3-methylimidazolium chloride [&
mim] [CI] and N-butyl-pyridinium bromide [Gpy][Br] were
synthesized in large scale according to our previous méthod
under microwave dielectric heating.

Standard Experimental Procedure for the Preparation
of Acidic TSILs 1(a—c) by Anion Exchange.I-Butyl-3-
methylimidazolium Hydrogen Sulphate,f@im][HSQy] (la).
A mixture of 1-butyl-3-methylimidazolium chloride [@im]-
[Cl] (20 g, 114.5 mmol) and sodium hydrogen sulphate
(13.74 g, 114.5 mmol) in dry acetonitrile (400 mL) was
stirred vigorously at 28C under nitrogen for 4 days. After
elimination of the precipitated salt (NaCl) on a filter paper,

the resulting filtrate was quickly refiltered through a pad of
Celite to remove some residual salt and finally concentrated
In summary, the results obtained show that TSILs with py rotary evaporation to give a mobile liquid in 97% yield
acid counteranion coupled with microwave irradiation are (26.2 g). The acidic ionic liquid [@nim][HSQ,] la was
suitable tools for esterification reactions using solvent-free further dried under high vacuum (19Torr) at 60°C for 12
experimental conditions. The major advantages of this h. and was stored in the dark at’@ under nitrogen. The
methodology is that the expected esters were insoluble inHSQ, content oflawas evaluated by addition of 0.47 g of
the acidic TSIL (catalyst/solvent), and therefore they could [C,mim][HSO,] in 25 mL of deionized water (Water Plus
be isolated simply by decantation with high yields. Further- yp| c, Carlo Erba Reagenti ref 28070) under vigorous
more, itis remarkable that the J@im][HSO,] modified with  magnetic stirring. To this mixed acidic solution were added
5% of concentrated $30, as catalytic system can be reused o drops of phenolphthalein solution indicator, and 15 mL
at least three times without significant loss of activity. The f 9.2 N NaOH solution were poured in the resulting mixture.
use of an easily accessible and recyclable acidic TSIL by Titration from a standard solution of 0.1 N8O, solution
anion metathesis in medium scale makes this procedure quitgave an end point volume of 10 mL with a permanent pink

simple, more convenient, and environmentally benign. .qor (calcd: 10 mL)IH NMR (300 MHz, CDCN, TMS):
Further studies are directed now in our laboratory to the 5 g g3 (t, 3H,J = 7.1 Hz); 1.25 (m, 2H): 1.75 (m, 2H);

evaluation and the scope of acidic TSILs in pharmaceutical 3 g5 (s 3H); 4.16 (t, 2HJ = 7.3 Hz); 7.50 (m, 2H, H-4

chemistry mediated by microwave technology. H-5): 8.99 (br s, 1H, H-2); 11.02 (br s, 1H, HOXC NMR
Experimental Section (75 MHz, CD,CN, TMS): 6 13.76 (q,J = 127 Hz); 19.88;
General. Thin-layer chromatography (TLC) was ac- 32.61 (tm,J = 125 Hz); 36.72 (qJ = 144 Hz); 49.96 (tm,
complished on 0.2-mm precoated plates of silica gel 60 F-254J = 144 Hz); 123.20; 124.59 (dnd,= 202 Hz, C-4, C-5);
(Merck). Visualisation was made with ultraviolet light (254 137.75 (dmJ= 221 Hz, C-2). HRMSnw/z 375.1612 found
and 365 nm) or with a fluorescence indicator. IR spectra (calcd for GgH3:N4O,St [2C*, HSQ, 7] requires 375.1612).
were recorded on a IRFT BIORAD 175C spectrophotometer.  1-Hexyl-3-methylimidazolium Hydrogen Sulphaten@n]-
IH NMR spectra were recorded on BRUKER AC 300 P (300 [HSO4 (1b). The acidic ionic liquid 1b was prepared
MHz) and BRUKER ARX 200 (200 MHz) spectrometers, according to the method used for the synthesidafrom

at 25 °C.
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1-hexyl-3-methylimidazolium chloride [gnim][CI] (20.37 Standard Procedure Using a Focused Microwave Oven
g, 100 mmol) and sodium hydrogen sulphate (12 g, 100 for Esterification of Acids 2(a—d) and neo-Pentanol 3.A
mmol) that gave the desired Gim][HSO,4] 1bin 94% yield mixture of [Gpy][HSO4] 1c (3 equiv), acid? (1 equiv), and
(24.84 g)."H NMR (300 MHz, CDCN, TMS): 6 0.87 (t, necpentanol3 (3 equiv) was placed in a cylindrical quartz
3H,J = 7.1 Hz); 1.30 (m, 6H); 1.96 (m, 2H); 3.86 (s, 3H); reactor ¢ = 4 cm). The reactor was then introduced into a
4.15 (t, 2H,J = 7.3 Hz); 7.54 (m, 2H, H-4, H-5); 8.20 (br  Synthewave 402 Prolabo microwave reactor [fitted with a
s, 1H, HSQ); 8.89 (s, 1H, H-2)13C NMR (75 MHz, CD»- stirring device and an IR temperature detector]. The stirred
CN, TMS): 6 14.34 (q,J = 123 Hz); 23.01; 26.32; 30.61; homogeneous liquid mixture was irradiated at 25% power
31.68 (tm,J = 122 Hz); 38.28 (qJ = 144 Hz): 50.63 (t,) level (75 W) for a reaction time ranging from 1.5 to 4.5 h.
= 123 Hz); 123.32; 124.73 (dnd, = 202 Hz, C-4, C-5); &t 80°C (see Table 5). Then the mixture was allowed to
137.22 (dm,J = 220 Hz, C-2). HRMSWz 431.2692 found cool during 45 min. T_hg upper ester layer was separated
(calcd for GoHoNLO,S* [2C*, HSQ ]+ requires 431.2692). carefully_from the acidic catalyst L@y][HSO4] 1c by
1-Butyl-pyridinium Hydrogen Sulphate jBy][HSOJ] decantation. The bottom Iaygr that contained the cat&lyst
(10). The acidic ionic liquidlc was prepared according to }’g?fs\:;sdh;g \pl)vrlgtl:fgj?ec;:ocirglsrggritfci)cg%Erroec;i?il;;eir(??)ict::ftﬁ?
_th_e method_used for the synthesislaffrom 1-buty|-pyr|_d- neo-Pentyl propanoatelé): yield — 95%.'H NMR (300
inium bromide [Gpy][Br] (20 g, 92.6 mmol) and sodium

hydrogen sulphate (22.23 g, 185.2 mmol) that gave the MH_Z’ CDCL, TMS); 00.94 (.s, 9H); 1.16 St* 3H) =76

: ; ) . Hz); 2.34 (q, 2HJ = 7.6 Hz); 3.77 (s, 2H)}3C NMR (75
desired [GMIM][HSO4] 1bin 96% yield (20.7 g)!H NMR ) _ )

: _ MHz, CDCkL, TMS): 6 9.25 (qt,J = 128, 5.6 Hz); 26.46

(300 MHz, CRCN, TMS): 6 0.92 (t, 3HJ = 7,3 Hz); 1.36 (M. J = 128 Hz): 27.69 (tq) = 128, 4.5 Hz): 31.34 (m):
(m, 2H); 1.96 (M, 2H); 4.67 (t) = 7.5 Hz); 8.10 (tJ =7 73.63 (tm,J = 148 Hz); 174.60 (m, €I, C=0). IR (KBr):
Hz, 2H, H-2,1H-6); 8.36 (br's, 1H HSQ 8.56 (m, 1M, H-4), 1734 cy1 HRMS vz 144.1156 found (calcd for 11c0;
9.00 (d,J = 5.6 Hz, 2H, H-3, H-5).13C NMR (75 MHz, requires 144.1150), M
CD«CN, TMS): 0 12.31 (qm,J = 125 Hz); 18.42 (tm)) = neo-Pentyl cyclohexylcarboxylatéhj: yield = 90%.1H
127 Hz); 32.44 (tmy) = 128 Hz); 60.89 (tmJ = 145 Hz);  NMR (300 MHz, CDCH, TMS): 6 0.93 (s, 9H); 1.241.94
127.88 (dm,J = 172 Hz, C-3, C-5); 144.21 (dd = 192 (m, 10H); 2.32 (m, 1H); 3.76 (s, 2H}3C NMR (75 MHz,
Hz, C-4); 145.13 (dmJ = 172 Hz, C-2, C-6). HRMSnz CDCls, TMS): 6 25.4 (m, C-3, C-5); 25.76 (m, C-4); 26.48
136.1127 found (calcd for481;N*, C* requires 136.1126).  (m, C-1): 29.11 (m, C-2, C-6) 31.44 (m); 43.4 (din= 127

Standard Experimental Procedure for Esterification Hz); 73.37 (tm,J = 146 Hz); 176.1 (m, C-1, €0). IR
of Propanoic Acid 2a with neo-Pentanol 3 in an Oil Bath (KBr): 1732 cntt. HRMSm/z. 198.1621 found (calcd for
with 1a: [C4mim][HSO,], 1c: [C4py][HSO,], or with 1a C12H2,0; requires 198.1620), M
Modified with Concentrated H,SO.. Reuse of the Acidic neo-Pentyl 10-undecenoatéd: yield = 89%.'"H NMR
Catalyst.Into a glass reactor fitted with a reflux condenser (300 MHz, CDC}, TMS): 6 0.93 (s, 9H); 1.36-1.37 (m, 10
and a thermometer were added 3 equiv of the acidic TSIL H); 1.61—1.63 (m, 2H); 2.02-2.05 (m, 2H); 2.36-2.35 (m,
(1a [Csmim][HSO4] or 1c [Capy][HSOy] or 1amodified with 2H); 3.77 (s, 2H); 4.965.02 (m, 1H=CH); 5.73-5.87 (m,
5% of concentrated }¥$Oy). Thenneapentanol3 (1 equiv) 2H,=CH,). 1*C NMR (75 MHz, CDC}, TMS): ¢ 25.06 (m);
and propanoic aci@a (1 equiv) were successively placed 26.46 (m); 28.91 (m); 29.07 (m); 29.19 (m); 29.29 (m); 31.29
in the catalyst media. The outlet of the reflux condenser was (m); 33.80 (m); 34.43 (m, C-2); 73.57 (td,= 146 Hz);
connected to a constant pressure of dry nitrogen, and thell4.17 (tmJ = 155 Hz); 139.10 (dmJ = 151 Hz); 174.02
reactor was kept in a thermostated oil bath at@Q@variation (M, C-1, CG=0). IR (KBr): 1737 cmt*. HRMSm/z 239.2014
+10 °C). The esterification reaction was typically allowed found (calcd for GsH»7O, requires 239.2011), [M-CHi".
to proceed for a reaction time ranging from 1.5 to 24 h (see  heo-Pentyl phenylacetatdd): yield = 40%. '*H NMR
Tables 2, 3, and 4). Reaction progress was conveniently(300 MHz, CDCk, TMS): 6 0.87 (s, 9H; 3.62 (s, 2H); 3.77-
monitored by*H NMR spectroscopy [in (CE).SO or (C3),- (s, 2H); 7.28 (m, 5H, A).”C NMR (75 MHz, CDC4,
CO with TMS as internal reference] on a BRUKER ARX TMS): 0 26.32 (qm,J = 123 Hz); 31.34 (m); 41.57 (td
200 spectrometer and also by TLC on precoated plates of — 129 Hz); 74.05 (tm)) = 146 Hz); 126.99 (dmJ) = 170
silica gel 60F 254 (Merck). At the end of the esterification, S'Z_ 56?'_'122%532 gjrg),] ?316212"2; Cczﬂ)clgi ég?n::’ ((d:"l
the upper layer which contaln.s.the desired egtewas c=0). IR (KBr): 1732 e HRMSmz 206.1313 found
separated carefully from the acidic catalyst by decantation. .
The bottom layer was reused in a further run after washing (caled for GaH1g0, requires 206.1307), M
twice with EtO (10 mL/g of catalyst) under vigorous Acknowledgment
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