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Abstract

The increasing importance of ionic liquids (ILs) in various strata of chemical sciences is largely
due to the fact that modification in the architecture of the cation and/or the anion imparts
favorable and specific properties to an IL. Subsequently, there is a need to develop new ILs with
different functionalities. A series of L-valine based alkyl chain-appended 1,2,3-triazolium ILs
(alkyl = hexyl, octyl, dodecyl, cetyl and octadecyl) with iodide and hexafluorophosphate anions,
respectively, are synthesized and characterized. These new ILs show optical activity and hence
are termed chiral ILs (CILs). All ten CILs are room temperature ILs (RTILs) as their melting
points, obtained from differential scanning calorimetry (DSC), are found to be below ambient
temperature. Thermogravimetric analysis indicates these CILs to have adequate thermal
stability. The longer alkyl chain containing CILs exhibit facile self-aggregation when dissolved
in ethanol. There is a hint of pre-micellar aggregation by short alkyl chain possessing CILs
along with the long alkyl chain containing ones. These CILs demonstrate weak absorbance and
emission of uv-vis radiation and hence can be considered ideal solvents for photochemical
applications. These CILs, consisted of different functionalities, possess interesting properties

and have potential to be used in many areas of chemistry.



Page 3 of 38

RSC Advances

Introduction

Ionic liquids (ILs) have attracted increasing interest as versatile alternate substances in chemical
sciences over the last decade and a half,'” especially in synthesis, in catalysis, in separation
processes, in biotechnology, as lubricant additives, as electrolytes, etc.*2° Various applications
of ILs arise from unique combination of properties they offer, such as, near nonvolatility, low
toxicity, excellent thermal stability, high ionic conductivity, excellent reusability, good
solubility, and broad electrochemical stability window.”' > They are unique in the sense that
they are organic salts composed entirely of ions that are liquid at ambient conditions (or below
100°C).** As members of a subclass, the ILs that are liquid at ambient conditions, called room
temperature ionic liquids (RTILs), are obviously more desirable and are better projected as
solubilizing media.

ILs are called 'designer solvents' because their physicochemical properties can be tuned
for a specific application by different combination of cations and anions.”>***° Structural
changes/modifications in both cation and anion architecture are reported to result in widely
varying properties of ILs.” Therefore, various functionalized ILs, termed 'task-specific ILs
(TSILs)', may be obtained from a given parent structure by generating wide range of compounds
by simply varying the cation, its substitution pattern and/or the anion.”> Consequently, efforts on
designing and developing ILs with modified functionalities have increased over the last few
years. In this regard, ILs possessing one or more chiral centers on their cation or anion, called
chiral ILs (CILs), are of special interest as chirality plays an important role in chemistry. Due to
potential additional applications associated with CILs in analytical separation, in chiral
discrimination, in asymmetric synthesis, in chiral chromatography, and as chiral solvents; a

22,23
“ F

growing number of CILs have been designed, synthesized and utilized recently. or
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synthesis of CILs, among others, amino acids offer a facile platform as amino acid-based CILs

are not only biodegradable but are also biocompatible and less toxic.”***

It is proposed that
amino acid-based 1,2,3-triazolium CILs may help enhance the greener aspects of these versatile
substances.

Application potential of ILs can be significantly enhanced by combining their interesting
and useful aspects with surface-active properties. Subsequently, a subclass of ILs, where the
anion or the cation of an IL consists of a charged hydrophilic head group and a long chain
hydrophobic tail, shows some differences from common ILs and are coined surface-active ILs
(SAILs).”” These ILs possess surface-active properties similar to traditional surfactants and can
assemble into various aggregates/morphologies, such as, micelles, vesicles, bilayers, liquid

28,29
crystals, etc.”™

In some instances, the SAILs have exhibited improved surface-active properties
as compared to their more traditional counterparts having similar chain lengths.”’ As a result,
there is a constant need to develop newer SAILs with better properties.

Among all classes of ILs, imidazolium cation containing ILs have dominated the field
due to their high conductivity, low viscosity and wide liquid range deemed important for various

C e 21,3031
applications.” ™™

Despite their wide applications, these ILs have some clear limitations. Apart
from the minor toxicity issues,”® 1,3-dialkylimidazolium salts undergo deprotonation at carbon-2
under strong basic conditions. 1,2,3-Triazolium-based compounds, in this regard, may turn out
to be advantageous as they may not have hydrogen with such high acidity attached to ring-

carbon flanked by two nitrogen atoms.*'~**

Further, 1,2,3-triazoliumm-based compounds are
highly desired as energy-rich materials and are alternative to many conventional materials used

in explosive and propellant industry as molecular nitrogen is the primary decomposition product

of 1,2,3-triazole ring rendering them as environmentally-acceptable alterantives.”' In this paper,
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we report a class of new CILs synthesized starting from L-valine, an a-amino acid (Figure 1).
These CILs possess alkyl chains of variable length that may impart surface-active properties to
these ILs, connected through 1,2,3-triazolium moiety. We have investigated thermal and optical
properties of these new CILs. We also report the aggregation behavior of these CILs. These new
long chain containing CILs may show extended applications in separation and chromatography

as well as in colloid chemistry.

Results and discussion

Synthesis and characterization of novel CILs

Starting materials, 1 [ N-(fert-butoxycarbonyl)-L-valine] and 2 [ N-(fert-butoxycarbonyl)-L-valine
N’-propargylamide] were synthesized from L-valine amino acid according to reported literature
procedures (Scheme 1).>*** Alkyl azides of hexyl, octyl, dodecyl, cetyl and octadecyl (3a-e),
respectively, were synthesized from stirring their bromides with sodium azide in DMF at 60°C.**
Click reaction™ of compound 2 with various azides (3a-€) in equimolar amounts resulted in their
1,2,3- triazole derivatives (Boc-val-alkyl-Tr): N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-
1-hexyl-1,2,3-triazole (4a), N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-octyl-1,2,3-
triazole (4b), N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-dodecyl-1,2,3-triazole (4c),
N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-cetyl-1,2,3-triazole (4d) and N-(tert-
butoxycarbonyl)-L-valinyl-4-aminomethyl-1-octadecyl-1,2,3-triazole (4e) in good yields
(Scheme 1). Methylation of Boc-val-alkyl-Tr compounds (4a-e) with methyl iodide resulted in
triazolium-based chiral ionic liquids (CILs) (Boc-val-[C,-Tr][I], 5a-€) in nearly quantitative
yields and high purity.”® To understand the effect of anion on the properties of CILs, anion

exchange reactions using ammonium hexafluorophosphate on compounds 5a to 5e were
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performed to achieve desired CILs with hexafluorophosphate anion (Boc-val-[C,-Tr][PFs], 6a-
6e).*” As the PFg anion based ILs can hydrolyze and form HF over the time,”® we have used
freshly prepared 6a-6e in all subsequent work reported in this paper. All synthesized CILs (5a-€
and 6a-e) are yellowish-orange, highly viscous liquids at room temperature except dodecyl CILs
(5c and 6c) that are light yellow in color. The fact that all the ILs synthesized are chiral in nature
is confirmed by measuring their optical rotation (see experimental section). They all show
appreciable optical rotation in accordance with the values reported for L-valine and related
compounds in the literature (vide infra).>*

The structures of the synthesized CILs (Boc-val-[C,-Tr][X]) as well as azides (3a-€) and
triazoles (4a-e) were established by the analysis of their "H and >C NMR spectra, and IR and
mass spectra (Figures S1 to S45, ESI). For example, in the IR spectrum of 4d the formation of
1,2,3-triazole ring was confirmed by appearance of characteristic peaks of -N=N— and —-C=C- at
1526 cm™ and 1468 cm™, respectively, as well as disappearance of alkyne peak of 2 at 2117 cm’™
and azide peak of 3d at 2092 cm™ (please refer to ESI). The formation of 1,2,3-triazole ring was
further confirmed by appearance of a new peak of triazole ring proton at 7.47 ppm in 'H NMR
spectrum and two peaks at 139 and 144 ppm in °C NMR spectrum of 4d. As soon as 3d was
converted to its 1,2,3-triazole derivative, the peak at 2.21 ppm which corresponded to the alkyne
proton in the "H NMR spectrum of 3d, completely disappeared from 'H NMR of 4d. When 4d
was converted to its triazolium derivative 5d, a distinct downfield shift in the triazole ring proton
from 7.47 ppm to 8.85 ppm was observed along with the appearance of a new peak of methyl
proton (-N"-CHj3) at 4.28 ppm as singlet indicating the methylation of 1,2,3-triazole ring (Figure
2). Further, anion exchange of 5d with hexafluorophosphate caused 1,2,3-triazolium ring proton

to again shift upfield from 8.85 to 8.57 ppm in the '"H NMR spectrum of 6d (Figure 2).
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Thermal properties of CILs
One of the most crucial aspects of an IL is its thermal stability. Thermal stabilities of the ten
newly synthesized CILs (5a-e and 6a-€) are investigated using thermogravimetric analysis
(TGA). The thermal decomposition temperature (7q.,) for each CIL is obtained at the onset of
the decomposition defined by 10% weight loss. The Ty, thus obtained are reported in Table 1.
A careful examination of the data reveals that among all CILs, interestingly, the two cetyl chain
containing CILs exhibit better thermal stability (Figure 3). Further, Boc-val-[C;6-Tr][PF¢] not
only shows highest thermal stability among all ten CILs (74, nearing 210°C) but it also shows
well-behaved mass loss profile occurring in a single step. Further, except for cetyl CILs, the
thermal stabilities of the other CILs appear to be not too affected by the identity of the anion -
Tyep of Boc-val-[Ci6-Tr][PF¢] is almost double that of Boc-val-[Ci6-Tr][I]. Thermal stabilities of
higher chain length (octadecyl) as well as lower chain length (hexyl, octyl, and dodecyl)
containing CILs are clearly not as good as that of Boc-val-[C6-Tr][PFs]. It is generally observed
that ILs with bulkier anions (BF4, PFs, TF,N) show higher thermal stability than ILs with iodide
and TFO ™ anions.’**’ Considering the fact that BOC is a good leaving group, T, dep 18 also
estimated at 19% mass loss which corresponds to the loss of the protective BOC group (Table
1). It is interesting to note that our CILs when functionalized with free amine show considerably
improved thermal stabilities as compared to the BOC-protected CILs.*” The thermal stabilities
of the free amine functionalized CILs may be considered significant.

Different scanning calorimetry (DSC) is perhaps the most appropriate and used technique
to obtain quantitative information regarding important phase transitions, such as, glass transition,
melting/freezing, crystallization/recrystallization, etc. The DSC traces of the ten CILs, in

general, do not show any glass transition within the temperature range of investigation (-80 °C —
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150 °C). In order to find whether our CILs can be classified as RTILs as opposed to just ILs, we
estimated the melting points (71,) of the ten Boc-val-[C,-Tr][X] CILs using DSC. The Ty, values
are summarized in Table 1. A careful examination of the 7}, of all ten CILs reveals them all to
be RTILs as all the CILs have melting points below ambient temperature of 25 °C. The CIL
Boc-val-[C,¢-Tr][PFs], which is the most stable thermally, is observed to have the highest T},.
Except for Boc-val-[C6-Tr][PF¢] (T = +18 °C) and Boc-val-[C,-Tr][I] (T, = +7 °C), all other
CILs have fairly similar 71, values that vary from —10 °C to —5 °C. This is surprising as it is
usually conceived that more energy is required to overcome increased van der Waals interactions
as the mass and chain length of the compound is increased.”’ We believe the complexity of the
interactions present in our CILs translates into observation of no clear-cut trend in the melting
point of our CILs as the appended chain length is increased. The extent of coiling of alkyl chain
may contribute to the observed melting behavior. The similar melting points may imply the L-
valine along with the 1,2,3-triazolium functionalities to control the interactions within the CILs
as opposed to the alkyl carbon chains as far as phase transition involving melting is concerned.
The inherent complexity of the interactions presents in our CIL system on molecular level is

revealed nonetheless.

Self-aggregation of CILs
Many such long alkyl chain appended ILs have gained additional popularity due to their surface
active properties. As mentioned earlier, the SAILs show conventional surfactant like

728 However, selected properties of some of the SAILs are found to be superior to the

behavior.
conventional surfactants.”” Many such SAILs are known to form various self-aggregated

. . . . . . 28 .
assemblies, such as, normal micelles, reverse micelles, bilayers, microemulsions, etc.” Effective

Page 8 of 38
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coupling of conventional advantages of RTILs with their surface-active capabilities enhances the
overall applications of such SAILs. In order to explore whether our CILs self-aggregate at
ambient conditions and what are the roles of the alkyl chain length as well as the counter ion
(i.e., the anion of the CIL), we chose a short alkyl chain containing CIL, Boc-val-[Cg-Tr][I], and
two long alkyl chain appended CILs, Boc-val-[C;¢-Tr][I] and Boc-val-[C;6-Tr][PFs]. Due to the
fact that our CILs are only sparingly soluble in water, we investigated their self-aggregation
behavior, if any, when dissolved in ethanol. Self-aggregation of surfactants in non-aqueous
media is a topic of active research as water is not always the media of interest in several
applications.”! We investigated concentration-dependent behavior of the three aforementioned
CILs dissolved in ethanol at ambient conditions using fluorescence response of pyrene, a well-
known fluorescence solvatochromic probe.

Molecular fluorescence from an appropriate fluorophore is well-suited to furnish
information regarding self-aggregation of long-chain molecules owing to the higher sensitivity
and orthogonality of information inherent to fluorescence techniques.** Pyrene is one of the

-4 The pyrene solvent

most widely used neutral fluorescence probes for polarity studies.
polarity scale (Py I,/I5) is defined by its I,/I3 emission intensity ratio, where I, is the intensity of
the solvent-sensitive band arising from the S;(v = 0) — So(v = 0) transition and I3 corresponds to
the solvent-insensitive S;(v = 0) — So(v = 1) transition. The I,/I; ratio increases with increasing
solvent dipolarity and is a function of both the solvent dielectric (¢) and the refractive index (n)
via the dielectric cross term, f(g,nz). In ethanol, in the absence of any self-assembling moieties,
the Py I,/I5 is fairly high due to the high polarity of ethanol. As self-assembling molecules are

added to ethanol the I,/I; starts to decrease rapidly till the critical aggregation concentration (cac)

is reached after which the decrease in I,/15 is not so rapid anymore Figure 4. Once the
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aggregates are formed, non-polar pyrene partitions into the aggregates resulting in gradual
decrease in I;/I5. The inflection point is considered to be the cac. Pyrene I;/I5 as a function of
CIL concentration is presented in Figure 5. While pyrene I;/I5 in the higher concentration
regime do not show any inflection point for Boc-val-[Cs-Tr][1], the short alkyl chain CIL; for
Boc-val-[C;¢-Tr][I] and Boc-val-[C;¢-Tr][PF¢], the inflection points are clearly present. From
the inflection points, the cac for Boc-val-[C¢-Tr][I] and Boc-val-[C;¢-Tr][PFs] are estimated to
be 12.5(£1.5) mM and 8.7(£1.2) mM, respectively. It is clear that these CILs self-aggregate at
fairly low cac values in ethanol. The lower cac for Boc-val-[C;-Tr][PF¢] as compared to that for
Boc-val-[C;6-Tr][1] implies more efficient and favorable aggregation for the cetyl chain
appended compounds when [PFs] ™ as opposed to [I] is the counter ion. These cac values are
similar to those reported for similar alkyl chain containing conventional cationic surfactants
dissolved in ethanol.*'**!" It is clear that while the short alkyl chain appended CIL does not self-
aggregate within ethanol at higher concentrations, the long alkyl chain containing CILs do, and
thus, can effectively be called SAILs.

Interestingly, a careful examination of the data presented in Figure 5 reveals presence of
inflection points for all three CILs at much lower concentrations as well. The conventional
cationic surfactants of similar chain lengths are not known to self-aggregate in nonaqueous
media at such low concentrations.*' In general, amphiphilic molecules are known to form
aggregates above a well-defined critical aggregation concentration (cac). However, during the
years, there have been several experimental indications, as well as theoretical ones, for the
appearance of aggregates at concentrations well below the cac — a phenomenon referred to as
premicellar aggregation. Presence of premicellar aggregates has been confirmed, in particular,

by fluorescence correlation spectroscopy (FCS) experiment, which appears to have afforded

10
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direct observation of premicellar aggregates at concentrations four times lower than the
macroscopically determined cac.*® Such premicellar aggregates are considered metastable and
are rather short-lived. There is ample evidence of the presence of premicellar aggregates in
several cases in current literature.*® It appears our CILs, including the short chain containing
Boc-val-[Cs-Tr][I] which does not show cac, form premicellar aggregates as evident by the
inflection in the pyrene I;/I;3 at much lower concentrations (Figure 5A). For, Boc-val-[Cg-Tr][1],
Boc-val-[C¢-Tr][I] and Boc-val-[C;¢-Tr][PF¢], the concentrations for the onset of the
premicellar aggregation is estimated to be 3.8(+£0.5) mM, 1.1(£0.3) mM, and 1.3(£0.3) mM,
respectively. While these concentrations are similar for the cetyl containing CILs, it is relatively
higher for the short octyl chain containing CIL. The presence of L-valine functionality may
tentatively be proposed to be the reason for the formation of premicellar aggregates in ethanol by

our CILs.

UV-Vis absorbance and fluorescence of CILs

Unwanted absorbance and, in some cases, subsequent undesired emission of radiation are
associated to certain class of ILs in the current literature.”’” The inherent ability of an IL to
absorb and/or emit UV-Vis radiation mostly hampers its application potential. We measured
UV-Vis absorbance spectra of Boc-val-[Cg-Tr][I], Boc-val-[Cs-Tr][PF¢], Boc-val-[C6-Tr][1],
and Boc-val-[C6-Tr][PF¢] dissolved in two different solvents - ethanol (polar-protic) and
chloroform (chlorinated relatively nonpolar) - representing two major classes of solvents. The
UV-Vis absorbance spectra of aforementioned CILs are presented in Figures S46 and S47 and a
representative spectrum for Boc-val-[C;4-Tr][PF¢] dissolved in ethanol is depicted in Figure 6.

It is clear from the absorbance spectra that CILs weakly absorb UV-Vis radiation and exhibit two

11
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bands as shown by all four CILs irrespective of the solvent. The higher energy band maxima
appears in the range 282-292 nm, whereas the lower energy band maxima appears in the vicinity
of 360(+4) nm. The band at lower energy can be tentatively assigned to the Boc-NH- and/or L-
val functionalities, while the 1,2,3-triazolium moiety can be held responsible for the higher
energy absorbance feature. These absorbance spectral features are in good agreement with those
reported in the literature for cationic triazolium macrocycles.* Due to the nature of the
functionalities involved, the associated molar absorptivities of our CILs are not too high. The
low molar absorptivities of our CILs are advantageous as lower UV cut-offs of solvent media are
preferred in most chemical analyses.

We also collected the fluorescence emission spectra of CILs Boc-val-[Cg-Tr][I], Boc-val-
[Cs-Tr][PF¢], Boc-val-[C6-Tr][I] and Boc-val-[C6-Tr][PFs] dissolved in ethanol and
chloroform, respectively. As in case of UV-Vis absorbance, the fluorescence emission
characteristics of the CILs are found to be independent of the nature of the solvent. The
fluorescence emission spectrum of Boc-val-[C6-Tr][PF¢] dissolved in ethanol is included in
Figure 6 (the emission spectra of all four CILs are presented in Figure S48). Most importantly,
the emission signal from the CILs are found to be very weak implying them to possess very low
fluorescence quantum yields. This is again advantageous and preferred of a medium as low
fluorescence background renders a solvent useful in chemical applications where various optical
spectroscopic techniques are to be employed. Weak UV-Vis radiation absorbing and emitting
ability makes our CILs useful solvents in chemical analyses where low background signals are

desired.

Conclusions

12
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We have successfully synthesized a series of new L-valine based chiral alkylated-1,2,3-
triazolium ILs consisting of two different anions (iodide and hexafluorophosphate). These long
chain triazolium-based CILs show adequate thermal stability and they are all in liquid state at
room temperature hence can be classified as RTILs. Due to the presence of long alkyl chains,
they easily self-aggregate and show surface-active behavior and can thus be assigned to the SAIL
family. They absorb and emit UV-Vis radiation very weakly and hence are desirable as solvents
in photochemical applications. This new class of CILs with several interesting and useful

properties is bound to find use in various applications in chemistry.

Experimental section

Materials and methods
Starting materials, amino acid L-valine, Boc-anhydride, 1-hydroxylbenzotriazole (HOBt),
sodium azide, propargylamine, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC),
triethylamine, and alkyl bromides (hexyl, octyl, dodecyl, cetyl and octadecyl) were purchased
from Aldrich Chemical Company. Fluorescence probe pyrene (Py) was purchased from Sigma-
Aldrich in the highest purity possible. ACS spectrophotometric grade chloroform (> 99.8%) was
purchased from Sigma-Aldrich. Ethanol (99.9%) was obtained from Merck Ltd. All other
reagents used in the study were purchased from Sigma—Aldrich or Merck and were chemically
pure. All chemicals were obtained in the highest purity grade possible and were used as received
unless otherwise stated. All synthesized compounds were dried under high vacuum at 60 °C for
48 hours to remove water.

The solvents used were dried and distilled. HPLC grade solvents were used for

fluorescence spectroscopy and UV-Vis spectroscopic studies. Column chromatography was

13
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performed on silica gel (60—120 mesh) obtained from Merck. The eluting solvent indicated in
parentheses for each purification was determined by TLC that was performed on pre-coated
silica gel on aluminum sheets (kieselgel 60, F254, Merck). TLC plates were visualized in an
jodine chamber. 'H and ">C NMR spectra were recorded on a 300 MHz Bruker DPX 300
instrument at room temperature using tetramethylsilane (TMS) at 0.00 as an internal standard.
Mass spectra were acquired on a triple-quadrupole Finnigan TSQ7000 mass spectrometer
equipped with electrospray ionization (ESI) in both positive and negative ion modes. The
Infrared spectra were recorded on a Agilent Technology Cary 600 series FTIR Spectrometer and
band positions were given in reciprocal centimeters (cm™). Decomposition temperature was
measured using model TGA Q50 from TA Instruments, Inc. at a ramp rate of 10 °C.min .
Melting points were measured with model DSC Q200 instrument purchased from TA
Instruments. Optical rotation (o) were measured on Rudolph Research Polarimeter Model
Autopol- V Analytical at 25°C with concentration (g per 100 cm’ of CHCl;). A UV-Vis double
beam spectrophotometer (model UV-2450, Shimadzu) with variable band width was used for
acquisition of the UV-Vis absorbance spectra. Fluorescence spectra were acquired on a model
FL 3-11 Fluorolog-3 modular spectrofluorometer (Horiba-Jobin Yvon, Inc.) with single Czerny-
Turner grating excitation and emission monochromators as wavelength selection devices, a 450
W Xe-arc lamp as the excitation source, and a PMT as the detector. Fluorescence spectra of the
probes pyrene (Py) were collected with the following excitation/emission slit widths (in nm): Py:
1/1 excited at 337 nm and CILs: 3/3 excited at 360 nm. All reported spectroscopic values were
averages based on performing triplicate measurements on independently prepared samples. The

spectral responses from appropriate blanks were subtracted before data analysis in each case. All

14



Page 15 of 38

RSC Advances

absorbance and fluorescence data were acquired using 10.0 mm pathlength quartz cuvettes. All
data analysis was performed using SigmaPlot v12.0 software.

Requisite amounts of materials were weighed on a Mettler-Toledo AB104-S balance with
a precision of = 0.1 mg. Stock solution of pyrene and CILs were prepared in ethanol and stored
in pre-cleaned amber glass vial at 4 = 1 °C. To acquire the fluorescence emission spectra of
pyrene in CILs dissolved in ethanol, appropriate aliquot of the probe was taken from the stock
and ethanol was added to achieve the desired final concentration. These solutions contained 10
UM pyrene such that the pyrene concentration remained constant during the titrations. Solutions
of different CILs were prepared separately in chloroform and ethanol. Solutions thus prepared

were subjected to fluorescence and UV-Vis absorbance spectroscopic acquisitions.

Synthesis of various compounds

Boc-L-val-OH (1). A solution of L-valine (2.34 g, 20 mmol) in a mixture of THF (30 mL),
water (15 mL) and 1 M NaOH (20 mL) was stirred and cooled in an ice bath. Afterwards di-tert-
butylpyrocarbonate (4.8 g, 22 mmol) was added and reaction mixture was further stirred for 12 h
at room temperature. It was then acidified with 1 M HCl and extracted with ethyl acetate (3x100
mL). The organic layer was dried over anhydrous sodium sulfate and evaporated under reduced
pressure to give a gummy mass, yield 95%, "H NMR (300 MHz, CDCl;, & in ppm); 0.92-0.89
(m, 6H, CH(CH3),), 1.44 (s, 9H, (CH3)3), 2.07-2.10 (m, 1H, B-CH), 4.19-4.23 (m, 1H , a-CH),
8.10 (br's, 1H, NH); *C NMR (75 MHz, CDCls, § in ppm); 17.42, 18.99, 28.27, 31.01, 58.39,
80.00, 155.85, 176.63.

Boc-L-valine-propargylamide (2). Boc-L-val-OH (1) (1.086 g, 5 mmol) was dissolved in

CH,ClI, (10 mL). To this solution, 1-hydroxy benzotriazole (HOBt) (743 mg, 5.5 mmol, 1.1

15
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equiv), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) (1.054g, 5.5 mmol, 1.1 equiv)
was added and the resulting mixture was stirred at 0 °C for 20 minutes. Propargylamine (0.352
mL, 5.5 mmol) and triethylamine (1.53 mL, 11 mmol, and 2.5 equiv) were subsequently added.
The reaction mixture was allowed to stir overnight at 25 °C. Reaction mixture was extracted
with ethyl acetate and subsequently washed with 5% cold HCI, saturated aq. NaHCO3, water and

brine. The organic phase was dried over Na,SOs, concentrated under reduced pressure, and
20 2
purified by column chromatography. Solid, yield 90%, [a], -13.3 (¢ 1.0, CHCly), (Lit** [a],

-11.4 (¢ 1.5, CHCI3), "TH NMR (300 MHz, CDCl3, & in ppm); 0.91-0.97 (m, 6H, CH(CH5),), 1.44
(s, 9H, (CH3)3), 2.09 (m, 1H, B-CH), 2.19 (t, J= 2.4 Hz, 1H, HC=), 3.96 - 4.12 (m, 3H, CH,, a-
CH), 5.28 (d, 1H, J = 9 Hz, NHCH), 6.90 (br, s, 1H, NHCH,); >C NMR (75 MHz, CDCl;_§ in
ppm); 18.0, 18.9, 28.1, 28.6, 29.1,29.4, 31.1, 59.5, 71.1, 79.5, 79.8, 155.8, 171.1; HRMS (ESI)
m/z: caled. for C;3H2N,O3 (M + Na)+ 277.1528, found 277.1528.

General synthetic procedure for alkylazides (3a-€): To a solution of alkyl bromides in
DMF, solid NaN; was added. The solution was stirred at room temperature for overnight before
it was quenched with excess amount of water. It was extracted with ethyl acetate. The
combined organic layer was dried over anhydrous Na,SO4 and evaporated under reduced
pressure to get the colorless liquid.

Hexyl azide (3a). Colorless liquid, yield 87%, IR (ATR, v™/cm™); 2959, 2931, 2098, 1464,
1253, 720; "H NMR (300 MHz; CDCl3, & in ppm); 0.83 (t, J = 6.6 Hz, 3H), 1.16-1.35 (m, 6H),
1.47-1.57 (m, 2H), 3.17 (t, J = 6.9 Hz, 2H).

Octyl azide (3b). Colorless liquid, yield 92%, IR (ATR, v™/cm™); 2925, 2856, 2090, 1464,
1258, 723; "H NMR (300 MHz, CDCl5 8 in ppm); 0.87-0.89 (m, 3H), 1.29 (br, s, 10H), 1.48-

1.62 (m, 2H), 3.25 (t, J = 6.9 Hz, 2H).
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Dodecyl azide (3¢). Colorless liquid, yield 89%, IR (ATR, v™/cm™); 2921, 2852, 2092,
1465, 1257, 721; '"H NMR (300 MHz, CDCls, 6 in ppm); 0.85-0.88 (m, 3H), 1.29 (br, s, 18H),
1.58 (t,J= 6.9 Hz, 2H), 3.23 (t, /= 6.9 Hz, 2H).

Cetyl azide (3d). Colorless liquid, yield 90%, IR (ATR, v™/cm™); 2921, 2852, 2092, 1465,
1257, 721; 'H NMR (300 MHz, CDCl;, § in ppm); 0.88 (t, J = 6.9 Hz, 3H), 1.06-1.26 (m, 26H),
1.45-1.61 (m, 2H), 3.24 (t, /= 7.2 Hz, 2H).

Octadecyl azide (3e). Colorless liquid, yield 89%, IR (ATR, v™/cm™); 2921, 2852, 2092,
1465, 1257, 894, 721; '"H NMR (300 MHz, CDCl3, & in ppm); 0.88-0.90 (m, 2H), 1.28-1.37 (s,
30H), 1.59-1.64 (m, 2H), 3.27 (t, /= 6.9 Hz, 1H).

General procedure for synthesis of N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-
alkyl-1,2,3-triazole (Boc-val-C-Tr) (4a-€): To a solution of corresponding azides (3a-e, 1
mmol) and compound 2 (1 mmol) in --BuOH/H,0 (9:1), sodium ascorbate (40 mg, 20 mol%),
CuSOs4 (24 mg, 10 mol%) were added. The solution was stirred at 60 °C for 24 h. The solution
was evaporated under reduced pressure. The residue was washed with ethyl acetate to remove
the starting material. The combined organic layers were washed with brine (25 mL) and dried
over Na;SO4. The crude product was purified by column chromatography on silica-gel (ethyl
acetae/hexane) to give respective compounds (4a-€).

N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-hexyl-1,2,3-triazole (Boc-val-Cs-Tr)
(4a). Off-white solid, yield 82%, mp 68 °C, IR (KBr, vmax/cm'l); 3443, 3337, 2959, 2931, 1682,
1649, 1523, 1465, 1368, 1248; "H NMR (300 MHz, CDCl3, & in ppm) 0.77-0.83 (m, 9H,
CH(CH3),, CH; (hex)), 1.18-1.22 (m, 6H, CH), 1.33 (s, 9H, (CHs)3), 1.79 (m, 2H, CH>), 2.02-
2.13 (m, 1H, B-CH), 3.95 (br, s, 1H, a-CH), 4.23 (t, /= 6.9 Hz, 2H, CH,) 4.43 (s, 2H, CH>), 5.40

(d, J=7.2Hz, 1H, NHCH), 7.55 (s, 1H, Tr-CH), 7.70 (s, |H, NHCH,); *C NMR (75 MHz;
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CDCls, 6 in ppm); 13.4, 17.2, 18.8, 21.9, 25.6, 27.8, 29.2, 29.7, 30.6, 30.6, 34.3,49.9, 59.3, 79.3,
155.4, 171.6; HRMS (ESI) m/z: calcd. for C19H35N503 [M + Na] 7404.2632, found 404.2640.
N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-octyl-1,2,3-triazole (Boc-val-Cg-Tr)
(4b). Pale yellow solid, yield 89%, mp 84 °C, IR (KBr, v™*/cm™); 3350, 2956, 2925, 1679,
1656, 1523,1466,1370, 1303, 1246; 'H NMR (300 MHz, CDCl;, § in ppm); 0.70-0.98 (m, 6H,
CH(CHj3),), 1.01-1.34 (m, 10H, CH>), 1.43 (s, 9H, (CH3)3), 1.78-1.97 (m, 2H, CH>), 2.00-
2.83(m, 1H, B-CH), 3.88-3.97 (m, 1H, a-CH), 4.03-4.26 (m, 2H,CH>), 4.44-4.94 (m, 2H, CH>),
5.06 (d, IH, NHCH), 6.99 (br, s, |H, NHCH,), 7.48 (s, H, Tr-CH); '* C NMR (75 MHz, CDCls,
o in ppm); 13.8, 17.5, 19.0, 22.3,26.2, 28.1, 28.7, 28.8, 29.1, 29.4, 30.0, 31.0 31.4, 31.6, 34.5,
50.1, 59.5,79.3, 122.2, 155.7, 172.0; HRMS (ESI) m/z: calcd. for C5;H39NsO3 [M + Na]”
432.2945, found 432.2945.
N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethy-1-dodecyl-1,2,3-triazole (Boc-val-Ci,-
Tr) (4c). Pale yellow solid, yield 88%, mp 87-89 °C, IR (KBr, v™/cm™ ); 3364, 2956, 2918,
2850, 1679, 1658, 1448, 1371, 1300; 'H NMR (300 MHz, CDCls, 6 in ppm); 0.85-0.876 (m, 9H,
CH(CH3),, CH; (dodecyl)), 1.25-1.34 (m, 18H, CH>), 1.43 (s, 9H, (CHs)3), 1.84-1.86 (m, 2H,
CH,), 2.07-2.10 (m, 1H, B-CH), 4.03 (d, J =6 Hz, 1H, a-CH), 4.30 (t, J = 6 Hz, 2H, CH,), 4.51
(d, J=3 Hz, 2H, CH,), 5.52 (d, J=9 Hz, 2H, NHCH), 7.62 (s, 1H, Tr-CH), 7.86 (d, J= 6 Hz,
1H, NHCH,); *C NMR (75 MHz, CDCl;, & in ppm); 13.8, 17.5, 19.0, 22.4, 26.2, 28.7, 29.0,
29.1,29.2,29.3, 30.0, 31.0, 31.6, 34.5, 50.0, 59.5, 79.2, 122.2, 144.6, 155.7, 172.0; HRMS (ESI)
cald for C,sH47NsO3 [M + Na] 7488.3571, found 488.3571.
N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-cetyl-1,2,3-triazole (Boc-L-val-C;-
Tr) (4d). Orange solid, yield 85%, mp 78 °C, IR (KBr, v™/cm™);3343, 3295, 2920, 2957, 2849,

1688, 1651, 1526, 1468, 1301, 1247; "H NMR (300 MHz, CDCl3, & in ppm); 0.77-0.80 (m, 9H,
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CH(CH;),, CHs (cetyl)), 1.18 (m, 26H, CHs), 1.33 (s, 9H, (CHs)s ), 1.79-1.97 (m, 2H, CH,),
2.05-2.11(m, 1H B-CH), 3.88 (br, s, 1H, a-CH), 4.24 (t, J =6 Hz, 2H, CH,), 4.45 (d,J= 6 Hz,
2H, CH>), 5.03 (m, 1H, NHCH), 6.88 (s, |H, NHCH,), 7.47 ( s, 1H, Tr-CH); °C NMR (75 MHz,
CDCls, 6 in ppm); 13.9, 17.5, 19.0, 22.4, 26.3, 28.1, 28.8, 28.9, 29.1, 29.2, 29.3, 29.4, 29.5, 30.0,
31.0,31.7, 33.6, 34.5, 50.1, 59.6, 79.3, 113.9, 122.2, 139.0, 144.6, 155.7, 172.0; HRMS (ESI)
m/z: calcd. for CaoHssNsO3 (M + Na)™ 544.4197, found 544.4210

N-(tert-butoxycarbonyl)-L-valinyl-4-aminomethyl-1-octadecyl-1,2,3-triazole (Boc-val-
C1s-Tr) (4€). Light yellow solid, yield 86% , mp 86 °C, IR (v"/cm™); 3339, 3293, 2956, 2925,
2853, 1689, 1656, 1651, 1526, 1469, 1366, 1247, 1178; "H NMR (300 MHz, CDCls, & in ppm);
0.85-0.97 (m, 9H CH(CHj3),, CH; (octadecyl)), 1.24 (m, 30 H, CHs), 1.42 (s, 9H, (CHs)3), 1.70
(s, 2H, CH.), 1.87 (t, J= 6.0 Hz, 1H, B-CH), 3.96 (t, J = 6.0 Hz, 1H, a-CH), 4.27(m, 2H, CH,)
430 (t,J=6.0 Hz, 2H, CH>), 4.52 (d, J = 5.7 Hz, 2H, CH>), 6.72 ( br, s, 1H, NHCH), 7.51
(s,1H, Tr-CH); BC NMR (75 MHz, CDCl3, 8 in ppm); 14.0, 17.5, 19.2, 22.6, 26.4, 28.2, 28.9,
29.2,29.3,294, 29.5,29.6,30.2,31.9,34.7, 50.3, 59.7, 79.7, 122.1, 144.5, 155.8, 171.8; HRMS
(ESI) m/z: caled. for C3;HeoNsO3 (M + H) " 550.4691, found 550.4704.

General procedure for methylation of N-(tert-butoxycarbonyl)-L-valinyl-4-
aminomethyl-1-alkyl-1,2,3-triazole (5a-e): The solution of Boc-val-alkyl-triazole (4a-€) (0.1
mol) and Mel (0.6 mol) was stirred overnight at 80 °C. The reaction mixture was evaporated
under reduced pressure. The residue was diluted with CHCl; and washed with H,O, dried over

Na,;SO4 and evaporated under reduced pressure to give 5a-€ in quantitative yield.
20
Boc-val-[Ce-Tr][1] (58). Yellow liquid, [a] = +3.3 (¢ 0.73 in CHCL), IR (ATR, V™ /em™);

3435, 3258, 2960, 2929, 1667, 1500, 1458, 1365, 754, 640 ; '"H NMR (300 MHz; CDCl3, § in

ppm); 0.77-0.96 (m, 9H, CH(CHj3),, CH; (hexyl), 1.15-1.27 (m, 6H, CH>), 1.33 (s, 9H, (CHj3)3),
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1.92-1.97 (m, 2H, CH,), 2.05-2.09 (m, 1H, B-CH), 3.90-3.95 (m, 1H, 0-CH), 4.35 (s, 3H, CHs),
4.44 -4.47 (m, 2H, CH,), 4.73-4.76 (m, 2H, CH,), 5.18-5.23 (m, 1H, NHCH), 8.52 (br, s, 1H,
NHCH>), 8.87 (s, 1H, Tr-CH); °C NMR (75 MHz; CDCl;, & in ppm); 13.3, 17.5, 18.9, 21.7,
25.2,27.8,28.7,29.0,30.3,31.9, 39.1, 53.8, 56.4, 59.6, 79.1, 130.0, 141.3, 155.4, 172.7; HRMS

(ESI) m/z: caled. for CyoH33Ns503396.2969 [M - I]+, found 396.2969.
20
Boc-val-[Cg-Tr][I] (5b). Yellow liquid, [a], +2.6 (¢ 0.53 in CHCL), IR (ATR, cm™); 2959,

2927, 2856, 1702, 1668,1499, 1365, 1162, 729, 641; "H NMR (300 MHz, CDCls, 8 in ppm);
0.851-0.97 (m, 9H, CH(CHj3),, CH; (octyl), 1.26-1.33 (m, 10H, CH,), 1.42 (s, 9H, (CH3)3 ), 1.98-
2.05 (m, 2H, CH,), 2.13-2.18 (m, 1H, B-CH), 3.99 (t, J = 6.3 Hz, 1H, a-CH), 4.42 (s, 3H, CHs),
4.51 (t,J=17.3 Hz, 2H, CH,), 4.80-4.81 (m, 1H, CH,), 5.23-5.26 (d, J = 7.2 Hz, 1H, NHCH),
8.53 (br, s, |H, NHCHS,), 8.92 (s, 1H, Tr-CH); >C NMR (75 MHz, CDCl;, & in ppm); 13.8, 17.7,
19.2,22.2,25.8,28.1, 28.5, 28.6, 29.0, 29.3, 30.6, 31.3, 32.2, 39.3, 54.1, 59.9, 79.5, 130.3, 141.7,

155.7, 173.0; HRMS (ESI) m/z: calcd. for C2,HusNsO3 424.3282 [M - 1", found 424.3294.
20
Boc-val-[Cy,-Tr][I] (5¢). Pale yellow liquid, [a] =~ +2.2 (c 0.56, CHCLy), IR (ATR, v"*/em)

: 3433, 3230, 2893, 2859, 1687, 1478, 1368, 1257,1165, 743; 'H NMR (300 MHz, CDCls, § in
ppm); 0.89-0.97 (m, 9H, CH(CHj),, CHs (dodecyl)), 1.25-1.34 (m, 18H, CH>), 1.43 (s, 9H,
(CH3)s), 2.04 (s, 2H, CH,), 2.17(m, 1H, B-CH), 4.01 (s, 1H, a-CH), 4.45 (s, 3H, CHs), 4.53 (s,
2H, CH,), 4.83 (s, 2H, CH>), 5.29 (br, s, 1H, NHCH), 8.54 (s, 1H, NHCH,), 8.93 (s, 1H, Tr-CH);
13C NMR (75 MHz, CDCls, & in ppm); 13.9, 17.8, 19.3, 22.4, 25.9, 28.2, 28.6, 28.8, 29.1, 29.3,
30.6,31.7, 32.3, 39.4, 54.1, 60.0, 79.5, 130.3, 141.8, 155.8, 173.1; HRMS (ESI) m/z: calcd. for

C26HsoNsO; 480.3908 [M - 11", found 480.3926.
20
Boc-val-[Cy6-Tr][I] (5d). Yellow liquid, [a] =~ +2.4 (c 1.0, CHCLy), IR (ATR, v™*/em™);

3435,3227,2923, 2853, 1703, 1668, 1499, 1464, 1365, 1240, 1164, 731; "H NMR (300 MHz,
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CDCls, & in ppm); 0.78-0.98 (m, 9H, CH(CHj),, CHs (cetyl)), 1.01-1.29 (m, 26H, CH>), 1.35 (s,
9H, (CHs)s), 1.79-1.82 (m, 2H, CH>), 2.09-2.14(m, 1H, B-CH), 3.93 (m, 1H, o-CH), 4.44 (s, 3H,
CH), 4.46 (d,J = 5.4 Hz, 2H, CHb), 5.2 (m, 1H, NH), 8.48 (br, s, |H, NHCH,), 8.85 (s, 1H, Tr-
CH); >C NMR (75 MHz, CDCL, & in ppm); 13.6, 17.6, 19.0, 22.2, 25.7, 27.9, 28.4, 28.8, 29.0,
29.1,29.2,29.8, 30.4, 31.4, 32.1, 39.1, 53.9, 59.7, 79.2, 130.1, 141.4, 155.5, 172.8; HRMS (ESI)

m/z: caled. for C30HsgNsO3536.4534 [M - I] * found 536.4540.
20
Boc-val-[Cs-Tr][1] (5¢). Yellow liquid, [a] /= +2.5 (c 0.55, CHCL;), IR (ATR, v™/em™);

3435, 3232, 2922, 2852, 1703, 1668, 1499, 1464, 1365, 1164, 729; '"H NMR (300 MHz, CDCl;,
d in ppm); 0.86-0.98 (m, 9H, CH(CH3),, CH; (octadecyl)), 1.25-1.35 (m, 30H, CH,), 1.43 (s, 9H,
(CH3)3), 1.64-1.99 (m, 2H, CH>), 2.01-2.22 (m, 1H, B-CH), 4.00 (t, /= 6.4 Hz, 1H , a-CH), 4.43
(s, 3H, CH3), 4.52 (t,J =7.2 Hz, 2H, CH,), 4.82 (d, J = 5.7 Hz, 1H, CH>), 5.25 (d, J= 7.2 Hz,
1H, NHCH), 8.53 (br s, 1H, NHCH,), 8.94 (s, 1H, Tr-CH); >C NMR (75 MHz, CDCl;, & in
ppm); 14.1, 18.0, 19.4, 22.6, 26.1, 28.3, 28.7, 29.2, 29.3, 29.4, 29.5, 29.6, 30.5, 31.9, 32.4, 39.1,
54.3,60.5, 79.9, 130.6, 142.5, 156.0, 173.4; HRMS (ESI) m/z: calcd for C3,HeNsO3 564.4847
[M - 1", found 564.4847.

General procedure for synthesis of Boc-val-[C,-Tr][PFs] (6a-€): A solution of triazolium
salts (5a-e; 100 mg in 5 mL MeOH) was added to saturated methanolic solution of NH4PF¢ (3
mL) and stirred for 2 h. White precipitate of product obtained was filtered and washed with
methanol and then dried under reduced pressure followed by vacuum in desiccators over P,Os

and KOH Pellets, yield 85-90%.
20
Boc-val-[Ce-Tr][PFs] (6a). Yellow colored liquid, [a], +1.48 (c 1.08, CHCI;), IR (ATR,

v™/em™); 3421, 3298, 2962, 2931,1671, 1500, 1366, 1162, 840; 'H NMR (300 MHz, CDCls, 8

in ppm); 0.81-0.89 (m, 9H, CH(CH),, CHj (hexyl), 1.18-1.26 (m, 15H, (CHx)s, CH>), 1.92 (s,
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2H, CH,), 2.06-2.08 (m, 1H, p-CH), 3.92 (t, J = 6 Hz, 1H, a-CH), 4.30 (s, 3H, CHs), 4.40-4.45
(m, 2H, CH,), 4.65 (m, 2H, CH>), 5.19 (m, 1H, NHCH), 8.04 (br, s, |H, NHCHS,), 8.57(s, 1H,
Tr-CH); C NMR (75 MHz; CDCl; & in ppm); 13.8, 17.8, 19.3, 22.2, 25.7, 28.2, 29.0, 29.6,
30.5, 30.8, 32.2, 38.6, 54.2, 60.4, 80.0, 130.0, 142.2, 156.1, 173.4; HRMS (ESI) m/z: calcd. for

C0H3sN503 396.2969 (M - PFe)", found 396.2969.
20
Boc-val-[Cg-Tr][PF¢] (6b). Yellow color liquid, [a], +2.0(c 0.70, CHCL), IR (ATR,

v™/em™); 3425, 3237, 2961, 2928, 1671, 1499, 1465, 1366, 1241, 1162, 842; 'H NMR (300
MHz, CDCls, 8 in ppm); 0.79-0.87 (m, 9H, CH(CHs),, CH; (octyl)), 1.91-1.25 (m, 10H, CH,),
1.34 (s, 9H, (CHs)3), 1.91-2.03 (m, 2H, CH,),2.05-2.09(m, 1H, B-CH), 3.91 (t,J =6 Hz, 1H, a-
CH), 432 (s, 3H, CHs), 4.45 (t,J = 6.9 Hz, 2H, CH,), 4.64(d, J = 4.5 Hz, 2H, CH>), 5.26 (d, J =
6 Hz, 1H, NHCH), 8.14 (s, 1H, NHCH>), 8.59 (s, 1H, Tr-CH); “C NMR (75 MHz, CDCl;, § in
ppm); 13.9, 17.8, 19.3, 22.4, 26.0, 28.2, 28.6, 28.8, 29.1, 29.5, 30.6, 31.5, 31.8, 32.1, 33.7, 38.8,
54.1,60.1,79.8, 129.9, 141.8, 155.9, 173.2; HRMS (ESI) m/z: calcd. for CyHy,N5O; 424.3282

(M - PF¢)", found 424.3298.
20
Boc-val-[Ci,-Tr][PFs](6¢). Yellow color liquid, [a] |~ +1.6 (¢ 0.93, CHCL), IR (ATR,

v™/em™); 3420, 3239, 2966, 2923,1678, 1490, 1463, 1364, 1240, 1159, 840; 'H NMR (300
MHz, CDCls, § in ppm); 0.85-0.96 (m, 9H, CH(CHs),, CHs(dodecyl)), 1.20-1.42 (m, 18H, CH>),
1.43 (s, 9H, (CHs)3), 1.99 (t, J = 6.2 Hz, 2H, CH), 2.01-2.16 (m, CH, B-CH), 3.96 (t, J= 6.9 Hz,
1H, a-CH), 4.39 (s, 3H, CHz), 4.51 (t,J = 7.2 Hz, 2H, CH>), 4.73 (d, J= 7.2 Hz, 2H, CH), 5.32
(d,J= 9 Hz, 1H, NHCH), 8.22 (br, s, 1H, NHCH,), 8.67 (s, 1H, Tr-CH); *C NMR (75 MHz,
CDCls, & in ppm); 13.8, 17.7, 19.1, 22.4, 25.8, 28.1, 28.6, 28.9, 29.0, 29.2, 29.3, 30.5, 31.6, 32.0,
38.7, 53.9, 60.0, 79.6, 129.8, 141.7, 155.8, 173.1; HRMS (ESI) m/z: calcd. for Ca6HsoNsO;

480.3908 (M - PF¢)", found 480.3914.
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20
Boc-val-[C16-Tr][PFs] (6d). Yellow viscous liquid, [a], +2.05(c 0.76, CHCl3), IR (ATR,

v™/em™); 3435, 2922, 2852, 1706, 1677, 1503, 1365, 1169, 838; 'H NMR (300 MHz, CDCL, &
in ppm); 0.82-0.93 (s, 9H, CH(CHs),, CH; (cetyl)), 1.13-1.30 (m, 26H, CH>), 1.39 (s, 9H,
(CHs)3), 1.93-1.97 (m, 2H, CHy), 2.06-2.17(m, 1H, B-CH), 3.90 (m, 1H, 0-CH), 4.30 (s, 3H,
CH), 4.41-4.44 (m, 2H, CH,), 4.44-4.66 (m, 2H), 5.16-5.18 (m, 1H, NHCH), 8.06 (br, s, 1H,
NHCH,), 8.57 (s, 1H, Tr-CH); '>C NMR (75 MHz, CDClL, § in ppm); 13.9, 17.7, 19.2, 22.4,
25.9,28.1, 28.6,29.0, 29.1, 29.3, 29.4, 29.5, 30.5, 31.7, 32.0, 38.6, 54.0, 60.1, 79.7, 129.8, 141.9,

155.8, 173.1; HRMS (ESI) m/z: calcd. for C30HssNsO3 536.4534 (M - PF)", found 536.4534.
20
Boc-val-[Cis-Tr][PFg] (6€). Yellow viscous liquid, [oz]D +1.04 (¢ 0.48, CHCI3), IR (ATR,

V™ /em™ ); 3420, 2922, 2852, 1669, 1501, 1465, 1366, 1164, 841; 'H NMR (300 MHz, CDCl3, §
in ppm); 0.83-0.87 (m, 6H, CH(CH),), 0.92-0.94 (m, 3H, CHz), 1.23-1.31(m, 30H, CH), 1.40
(s, 9H, (CHs)s), 1.96 (m, 2H, CH>), 2.14 (m, 1H, p-CH), 3.95 (m, 1H, a-CH), 4.36 (s, 3H, CH),
447 (t,J=17.2Hz, 2H, CH,), 4.71 (d, J = 4.8 Hz, 2H, CH>), 5.24 (m,1H, NHCH), 8.31 (br, s,
1H, NHCH,), 8.63 (s, 1H, Tr-CH) ; > C NMR (75 MHz, CDCl, § in ppm); 14.0, 17.8, 19.2,
22.5,26.0,28.2,28.7,29.0, 29.1, 29.2, 29.4, 29.5, 30.5, 31.8, 32.1, 38.7, 54.1, 60.2, 79.8, 129.9,
142.0, 155.9, 173.2; HRMS (ESI) m/z: caled. for C3,HeNsOs 564.4847 (M - PFg)", found

564.4848.

Acknowledgements

RM and ST thank Council of Scientific and Industrial Research (CSIR), Government of India for
their Research Assistantships. ShP thanks Department of Science & Technology, Government of
India for the Fast-Track Fellowship [grant no. SB/FT/CS-021/2012] and SiP thanks CSIR,
Government of India [grant no. 01(2767)/13/EMR-II] for partially funding this work.

23



RSC Advances Page 24 of 38

References

1

10

11

(a) M. Freemantle, in An Introduction to lonic Liquids., RSC Publishing, Cambridge,
UK, Ist edn., 2009; (b) T. Welton, Chem. Rev., 1999, 99, 2071-2083.

(a) P. Wasserscheid and T. Welton, in lonic Liquids in Synthesis, Wiley-VCH,
Weinheim, 2nd ed., 2007, vol. 1; (b) R. D. Rogers and K. R. Seddon, Science, 2003, 302,
792-793.

(a) J. H. Davis Jr, Chem. Lett., 2004, 33, 1072—-1077; (b) Z. Lin, D. S. Wragg, J. E.
Warren, R. E. Morris, J. Am. Chem. Soc., 2007, 129, 10334-10335; (c) C. Wang, G. Cui,
X. Luo, Y. Xu, H. Li, S. Dai, J. Am. Chem. Soc., 2011, 133, 11916-11919.

V. Malhotra Sanjay, in lonic Liquid Applications: Pharmaceuticals, Therapeutics, and
Biotechnology, American Chemical Society, Maryland, 2010, vol. 1038, pp. ix-ix.

N. Plechkova, R. D. Rogers and K. R. Seddon, in lonic Liquids: From Knowledge to
Applications, American Chemical Society, Washington DC, 2010, vol. 1030.

J. F. Brennecke, R. D. Rogers and K. R. Seddon, in lonic Liquids IV: Not Just Solvents
Anymore, American Chemical Society, Washington DC, 2007, vol. 975.

B. Kirchner, in Topics in Current Chemistry: lonic Liquids, Springer, New York, 2009,
Ist ed., vol. 290.

(a) P. Wasserscheid and W. Keim, Angew. Chem. Int. Ed., 2000, 39, 3772-3789; (b) Z.
Yacob, J. Shah, J. Leistner and J. Liebscher, Synlett, 2008, 15, 2342-2344; (c) J. Shah, S.
S. Khan, H. Blumenthal, J. Liebscher, Synthesis, 2009, 23, 3975-3982.

J. Dupont, R. F. de Souza and P. A. Z. Suarez, Chem. Rev., 2002, 102, 3667-3692.

C. A. Angell, N. Byrne and J.-P. Belieres, Acc. Chem. Res., 2007, 40, 1228-1236.

J. Weng, C. Wang, H. Li and Y. Wang, Green Chem., 2006, 8, 96-99.

24



Page 25 of 38

12

13

14

15

16

17

18

19

20

21

22

RSC Advances

Z.Zhang, Y. Xie, W. Li, S. Hu, J. Song, T. Jiang and B. Han, Angew. Chem. Int. Ed.,
2008, 47, 1127-1129.

H. Zhao, J. E. Holladay, H. Brown and Z. C. Zhang, Science, 2007, 316, 1597-1600.

A. K. Chakraborti and S. R. Roy, J. A4m. Chem. Soc., 2009, 131, 6902-6903.

J. S. Lee, X. Wang, H. Luo, G. A. Baker and S. Dai, J. Am. Chem. Soc., 2009, 131, 4596-
4597.

J.-F. Huang, H. Luo, C. Liang, I. W. Sun, G. A. Baker and S. Dai, J. Am. Chem. Soc.,
2005, 127, 12784-12785.

K. Ding, Z. Miao, Z. Liu, Z. Zhang, B. Han, G. An, S. Miao, Y. Xie, J. Am. Chem. Soc.,
2007, 129, 6362-6363.

W. Wu, B. Han, H. Gao, Z. Liu, T. Jiang and J. Huang, Angew. Chem. Int. Ed., 2004, 43,
2415-2417.

J. E. Bara, T. K. Carlisle, C. J. Gabriel, D. Camper, A. Finotello, D. L. Gin and R. D.
Noble, Ind. Eng. Chem. Res., 2009, 48, 2739-2751.

D. J. Tempel, P. B. Henderson, J. R. Brzozowski, R. M. Pearlstein and H. Cheng, J. Am.
Chem. Soc., 2008, 130, 400-401.

S. Sanghi, E. Willett, C. Versek, M. Tuominen and E. B. Coughlin, RSC Adv., 2012, 2,
848-853.

(a) X. Chen, X. Li, A. Hu and F. Wang, Tetrahedron: Asymmetry, 2008, 19, 1-14; (b) M.
Bonanni, M. Manuelli, A. Goti, C. Faggi and F. Cardona, Archivoc, 2014, (iii), 54-64;
(c) T. Heckel, A. Winkel and R. Wilhelm, Tetrahedron: Asymmetry, 2013, 24, 1127—

1133.

25



23

24

25

26

27

RSC Advances Page 26 of 38

J.-C. Plaquevent, J. Levillain, F. Guillen, C. Malhiac and A.-C. Gaumont, Chem. Rev.,
2008, 108, 5035-5060.

(a) K. A. Fletcher, 1. A. Storey, A. E. Hendricks, Sh. Pandey and Si. Pandey, Green
Chem., 2001, 3, 210-215; (b) Sh. Pandey, G. A. Baker, L. Sze, Si. Pandey, G. Kamath,
H. Zhao and S. N. Baker, New J. Chem., 2013, 37, 909-919; (c) Sh. Pandey, S. N. Baker,
Si. Pandey and G. A. Baker, J. Fluoresc., 2012, 22,1313—1343.

(a) K. R. Seddon, "lonic liquids: designer solvents?", in The International George
Papatheodorou Symposium, eds., S. Boghosian, V. Dracopoulos, C.G. Kontoyannis and
G.A. Voyiatzis (Institute of Chemical Engineering and High Temperature Processes,
Patras, 1999), pp. 131-135; (b) J. M. Aizpurua, R. M. Fratila, Z. Monasterio, N. P.-
Esnaola, E. Andreieff, A. Irastorza and M. S.-Aizpurua, New J. Chem., 2014, 38, 474-
480.

(a) K. M. Docherty and C. F. Kulpa, Green Chem., 2005, 7, 185-189; (b) C. Pretti, C.
Chiappe, D. Pieraccini, M. Gregori, F. Abramo, G. Monni, and L. Intorre, Green Chem.,
2006, 8, 238-240; (c) R. J.Bernot, M. A. Brueseke, M. A. Evans-White and G. A.
Lamberti, Environ. Toxicol. Chem. 2005, 24, 87-92; (d) R. J. Bernot, E. E. Kennedy and
G. A. Lamberti, Environ. Toxicol. Chem. 2005, 24, 1759-1765; (e) A. Latala, P.
Stepnowski, M. Nedzi and W. Mrozik, Aquat. Toxicol. 2005, 73, 91-98; (f) R. P.
Swatloski, J. D. Holbrey, S. B. Memon, G. A. Caldwell, K. A. Caldwell, R. D. Rogers,
Chem. Commun., 2004, 668-669.

(a) A.E. Seoud Omar, A.R. Pires Paulo, A.M. Thanaa and L.B. Erick, J. Colloid Interface

26


http://pubs.rsc.org/en/journals/journal/cc

Page 27 of 38

28

29

30

31

32

33

RSC Advances

Sci., 2007, 313, 296-304; (b) J. Jiao, B. Han, M. Lin, Ni Cheng, Li Yu and M. Liu, J.
Colloid and Interface Science, 2013, 412, 24-30; (c) P. Bharmoria and A. Kumar, RSC
Adv., 2013, 42, 19600-19608.

(a) J. Bowers, C. P. Butts, P. J. Martin, and M. C. V.-Gutierrez, Langmuir, 2004, 20
2191-2198; (b) P. D. Galgano and O. A. El Seoud, J. Colloid and Interface Science,
2010, 345, 1-11; (c) J. Yuan, X. Bai, M. Zhao and L. Zheng, Langmuir, 2010, 26,
11726-11731; (d) G. A. Baker, Sh. Pandey, Si. Pandey and S. N. Baker, Analyst, 2004,
129, 890-892.

(a) J. N. A. Smirnova and E. A. Safonova, Russ. J. Phys. Chem. A, 2010, 84, 1695-1704;
(b) J. Adams, A. E. Bradley, and K. R. Seddon, Aust. J. Chem. 2001, 54, 679-681; (c) S.
Mahajan, R. Sharma and R. K. Mahajan, Colloids Surfaces A, 2013, 424, 96-104.

(a) http://www.intechopen.com/books/ionic-liquids-classes-and-properties/1-2-3-
triazolium-salts-as-a-versatile-new-class-of-ionic-liquids; (b) P. C. Hillesheim, J. A.
Singh, S. M. Mahurin, P. F. Fulvio,Y. Oyola, X. Zhu, D. Jianga and S. Dai, RSC Adv.,
2013, 3, 3981-3989.

(a) L. A. Daily and K. M. Miller, J. Org. Chem., 2013, 78, 4196—4201; (b) B. P.
Mudraboyina, M. M. Obadia, I. Allaoua, R. Sood, A. Serghei and E. Drockenmuller,
Chem. Mater. DOI: 10.1021/cm500021z.

(a) S. Maity, P. Kumar and D. Haldar, Org. Biomol. Chem., 2011, 9, 3787-3791; (b) G.
L. Khatik, V. Kumar and V. A. Nair, Org. Lett. 2012, 14, 2442-2445.

(a) D. M. Tran, C. Blaszkiewicz, S. Menuel, A. Roucoux, K. Philippot, F. Hapiot, and
E. Monlflier, Carbohy. Res. 2011, 346, 210-218; (b) K. M. Bonger, Richard J. B. H. N.

van den Berg, A. D. Knijnenburg, L. H. Heitman, Ad P. IJzerman, J. Oosterom, C. M.

27


http://www.intechopen.com/books/ionic-liquids-classes-and-properties/1-2-3-

34

35

36

37

38

39

40

41

42

RSC Advances Page 28 of 38

Timmers, H. S. Overkleefta and A. Gijsbert, Bioorg. Med. Chem. 2008, 16, 3744-3758.
(a) L. D1’az, J. Bujons, J. Casas, A. Llebaria and A. Delgado, J. Med. Chem. 2010, 53,
5248-5248; (b) G. Nagarjuna, S. Yurt, K.G. Jadhav and D.Venkataraman
Macromolecules 2010, 43, 8045-8050; (c) M.-H. Ryu, J.-W. Choi, H. -J. Kim, N. Park
and B.-K. Cho, Angew. Chem. Int. Ed. 2011, 50, 5737-5740.

(a) H. C. Kolb, M. G. Finn and K. B. Sharpless, Angew. Chem. Int. Ed., 2001, 40, 2004-
2021; (b) A. Kumar and P. S. Pandey, Org. Lett., 2008, 10, 165-168; (c¢) A. Kumar, R. K.
Chhatra and P. S. Pandey, Org. Lett. 2010, 12, 24-27.

Y. Jeong and J.-S. Ryu, J. Org. Chem. 2010, 75, 4183-4191.

R. K. Chhatra, A. Kumar, and P. S. Pandey, J. Org. Chem., 2011, 76, 9086—9089.

R. P. Swatloski, J. D. Holbrey and R. D. Rogers, Green Chem., 2003, 5, 361-363.

S. S. Khan, S. Hanelt and J. Liebscher, Arkivoc, 2009, Xxii, 193-208.

B. J. Adzima, S. C. Taylor, H. He, D. R. Luebke, K. Matyjaszewski, and H. B. Nulwala,
J. Polym. Sci. A, 2014, 52, 417-423.

(a) K. A. Fletcher and S. Pandey, Langmuir, 2004, 20, 33-36; (b) J. F. Wall and C. F.
Zukoski, Langmuir, 1999, 15, 7432-7437; (c) N. Dubey, J. Mol. Lig., 2013, 184, 6067,
(d) J.-B. Huang, M. Mao, B.-Y. Zhu, Colloids Surfaces 4,1999, 155, 339-348; (e) L.
Wei, Z. Ming, Z. Jinli and H. Yongcai, Front. Chem. China 2006, 4, 438—442; (f) W. Li,
Y.-C. Han, J.-L. Zhang, and B.-G. Wang, Colloid Journal, 2005, 67, 159-163.
Lakowicz, J. R. In Principles of Fluorescence Spectroscopy, Kluwer Academics/Plenum

Publishers: New York, 3™ edn., 2006.

28



Page 29 of 38

43

44

45

46

47

48

RSC Advances

W. E. Acree, Jr. in Absorption and Luminescence Probes Encyclopedia of Analytical
Chemistry: Theory and Instrumentation, ed. R. A. Meyer, John Wiley & Sons Ltd.,
Chichester, U.K., 2000.

D. S. Karpovich and G. J. Blanchard, J. Phys. Chem., 1995, 99, 3951-3958.

K. Kalyanasundaram and J. K. Thomas, J. Phys. Chem., 1977, 81, 2176-2180.

(a) R. Hadgiivanova and H. Diamant, J. Phys. Chem. B, 2007, 111, 8854-8859; (b) J. R.
Kanicky and D. O. Shah, Langmuir, 2003, 19, 2034-2038; (c) A. A. Rafatia,, H. Gharibi
and M. R.-Sameti, J. Mol. Lig., 2004, 111, 109-116; (d) L. D. Song and M. J. Rosen,
Langmuir, 1996, 12, 1149-1153.

A. Paul and A. Samanta, J. Chem. Sci., 2006, 118, 335-340.

J. Cai, B. P. Hay, N. J. Young, X. Yang and J. L. Sessler, Chem. Sci., 2013, 4, 1560-'

1567.

29



RSC Advances

Table 1. Thermal properties of Boc-val-[C,-Tr][X] CILs determined from TGA and DSC

analysis.
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CIL Tap®/°C Taep°/°C Tm/°C
Boc-val-[Ce-Tr][1] 93 132 -9
Boc-val-[Ce-Tr][PFs] 90 142 -5
Boc-val-[Cs-Tr][1] 91 157 -7
Boc-val-[Cs-Tr][PFe] 80 120 -6
Boc-val-[C,-Tr][I] 93 130 +7
Boc-val-[Ci,-Tr][PFs] 102 129 -9
Boc-val-[C¢-Tr][I] 110 180 -6
Boc-val-[Ci¢-Tr][PF¢] 210 226 +18
Boc-val-[Cg-Tr][I] 90 164 -5
Boc-val-[Cig-Tr][PFs] 110 213 -10

*Tacp is the temperature obtained from the TGA traces at which 10% total weight loss had

occurred. ® is the temperature obtained from TGA at which 19% total weight loss, corresponding
to the loss of BOC protecting group, had occurred.
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Scheme 1. Details of the synthesis of triazolium-based CILs.
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Figure 1. Structures of the new ClILs.
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Figure 2. Partial "H NMR spectra of compounds 4d, 5d and 6d showing shifting in triazole and
triazolium group protons.
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Figure 3. TGA profile of Boc-val-[C6-Tr][1] and Boc-val-[C;4-Tr][PFs] under nitrogen at a
scanning speed of 10 °C.min™",
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Figure 4. Normalized fluorescence spectra of pyrene (10 pM) dissolved in Boc-val-[C;6][PFs]
solution in ethanol at ambient conditions. Acx = 337 nm, slits = 1/1, spectrum in ethanol is in the
absence of Boc-val-[C4][PFs], pre-cac is 4.0 mM Boc-val-[C;4][PFs], and post-cac is 9.4 mM
Boc-val-[C¢][PF¢].
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Figure 5. Pyrene (10 uM) band 1-to-band-3 emission intensity ratio (Py I,/I5) within CILs
dissolved in ethanol at ambient conditions: Boc-val-[Cs-Tr][I] (panel A); Boc-val-[C6-Tr][I]
(panel B); Boc-val-[C6-Tr][PFs] (panel C).
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Figure 6. UV-Vis absorbance (green, 100 uM) and fluorescence emission spectra (pink, 25 uM)
of Boc-val-[C6-Tr][PF¢] dissolved in ethanol at ambient conditions [slits: 3/3, Aex = 360 nm].
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