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ammonium and triazolium salts
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ABSTRACT ARTICLE HISTORY
The synthesis of nine new carbohydrate-based quaternary ammo- Received 30 April 2019
nium salts and two new triazolium salts starting from p-glucose has

been accomplished. Our synthesis utilized the regio- and stereo-  KEYWORDS
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selective ring opening reaction of 2,3-anhydro sugars by nucleophilic
reagents to afford the key intermediates. In these new types of
phase transfer catalysts, the ammonium and triazolium functions are
directly attached to the carbohydrate scaffold in different positions
(2-, 3-, 6-positions of the sugar). The efficiency of the altrose- and
glucose-based quaternary salts were tested in the alkylation of N-
(diphenyl) methylene glycine tert-butyl ester with benzyl bromide. To
our knowledge this is the first example when sugar-based quater-
nary ammonium or triazolium salts were used successfully as phase
transfer catalysts. The enantiomeric recognition ability of the synthe-
sized salts towards racemic Mosher’s acid silver salt was also investi-
gated by '°F NMR spectroscopy.
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Introduction

Phase transfer catalysis has been long recognized as a powerful tool for organic synthe-
sis both in the industry and academia, as it offers several advantages, such as oper-
ational simplicity, mild reaction conditions, inexpensive and environmentally benign
reagents and solvents and suitability for large-scale synthesis.') Over more than the
past thirty years asymmetric phase transfer catalysis, based on chiral, non-racemic cata-
lysts has become an attractive protocol for the synthesis of optically active
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compounds.”) The most common and efficient type of chiral phase transfer catalysts
are the quaternary ammonium salts. Cinchona alkaloid-derived, TADDOL-derived,
binaphthyl-based and many other types of ammonium salts have all been successfully
used in various reactions with excellent enantioselectivities.!”) More recently Ooi and
coworkers synthesized amino acid-derived 1,2,3-triazolium salts. These new types of
phase transfer catalysts generated high asymmetric induction in some alkylation reac-
tions.!*! Despite the numerous reported catalysts, the development of new and efficient
chiral phase transfer catalysts is still a challenging area in current organic chemistry.
Carbohydrate derivatives have been widely used for stereochemical control as chiral
auxiliaries,”” ligands,® organocatalysts,”) and phase transfer catalysts.!® Building the
sugars into the chiral catalyst has several advantages: carbohydrates used as starting
materials are in most cases inexpensive and easily available commercial products; they
are biocompatible and available in enantiomerically pure form with known chiroptical
properties. Carbohydrates have functionalities which can be used to establish secondary
binding sites, as well as catalytic sites. These sugar-based compounds may be more
readily biodegradable, although the biological activity of most synthetic phase transfer
catalysts has not been tested. In our group monoaza-15-crown ethers annelated to dif-
ferent sugar units were synthesized and applied as phase transfer catalysts. These chiral
macrocycles proved to be highly enantioselective in some reactions.'”’ In this work we
intended to spread the scope of our research to carbohydrate-based quaternary ammo-
nium salts.

In the literature only a limited number of articles are dealing with this type of com-
pounds. Most often the sugar-based quaternary ammonijum salts are used as ionic
liquids.""®" Malhotra and coworkers synthesized isomannide-derived quaternary ammo-
nium salts and examined their chiral recognition ability towards racemic Mosher’s acid
silver salt by NMR spectroscopy.!'*! Later, Reddy achieved remarkable chiral recognition
in the same experiment with a xylose-derived imidazolium-based ionic liquid."?! Vo-
Thanh applied isosorbide-based ammonium salts in an aza-Diels-Alder reaction both as
solvent and as catalyst with moderate diastereoselectivity.!'* The synthesis and charac-
teristics of some other ionic liquids derived from glucose, arabinose, xylose and ribose
have also been reported.''*!

Sugar-based surfactants have aroused much attention due to the fact that they are
biodegradable, very mild to the skin, and are derived from renewable sources.
Surfactants derived from glucose, gluconamide and lactobionic acid have been synthe-
sized and their surface chemical and antibacterial properties were investigated.!'”’
Dmochowska and coworkers tested the mutagenicity of some glucose-based quaternary
ammonium salts.!"® Triazolium salts derived from glucose and xylose have also been
synthesized and used as solvent in the amination of aryl halides.!"”’

Up to now, there are no examples of using carbohydrate-based ammonium or triazo-
lium salts as catalyst, although some of the sugar-based ionic solvents had catalytic role
in certain reactions, but these compounds have been used in excess, as solvent, so these
ionic liquids cannot be considered as real catalysts. The aim of our research was to
design new phase transfer catalysts starting from cheap and naturally occurring mono-
saccharides and to investigate the catalytic properties of these compounds. In these mol-
ecules the catalytic center (ammonium or triazolium function) is connected directly to
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the carbohydrate scaffold, thus the enantioselectivity in the catalyzed reactions can be
influenced by the sugar unit. The possible effect arising from the chirality of the carbo-
hydrate was taken into consideration in the design, by placing the quaternary center at
various positions of the carbohydrate unit. Thus the synthesis of compounds having
ammonium or triazolium functions in positions 2, 3, and 6 were planned.

Results and discussion
Synthesis of sugar-based quaternary ammonium and triazolium salts

For the preparation of catalysts having ammonium function in position 2, methyl 2,3-
anhydro-4,6-O-benzylidene-«-p-allopiranoside (1) was selected as starting material,
which was synthesized in our laboratory in four steps starting from p-glucose in high
yields according to literature procedure.'® The oxirane ring of allopyranoside 1 was
opened with three different amines (butylamine, 3,4-diethoxyphenylethylamine, and
morpholine, respectively) affording altropyranoside-derivatives 2a-c, following the pro-
cedure elaborated by Iglesias-Guerra (Scheme 1).!'* The reactions took place in a regio-
and stereoselective manner, according to the Fiirst-Plattner rule,””! to provide the
products (2a—c) in good yields (78-91%) after recrystallization.

We assumed that the substituent in the third position of the sugar unit may have an
important role in the generation of asymmetric induction, because it is close to the qua-
ternary center. Therefore in two cases the third OH group was left free, and in some
cases it was alkylated with either ethyl bromide or benzyl bromide. The alkylation of
the OH group was performed with 2 equivalents of alkylating agent, in boiling THF or
DMF (70°C) using NaH as the base (Scheme 1) to afford products 3a-c in excellent
yields (91-98%). It is noteworthy that the reactions were completely selective for the O-
alkylation under these conditions. Formation of N-alkylated products could not be
observed, despite the fact that the alkylating agents were used in excess.

Intermediates 2a, 2c and 3a-c were further converted to tertiary amines and quater-
nized with methyl iodide in one step, in boiling acetonitrile in the presence of K,CO;
(Scheme 1). In most cases reactions were complete in 10 h; however, in the quaterniza-
tion of compound 2a and 2c¢ full conversion was not achieved even after boiling for
40h and further addition of methyl iodide (2 equivalents per day). These two products
were separated from the starting materials by aqueous extraction giving onium salts 4a
and 4d in moderate yield (75% and 66%, respectively). In all other cases no purification
was needed. The targeted ammonium salts (4b, 4c, 4e) were isolated in pure form after
standard work-up procedure in excellent yields (95-98%). We intended to synthesize
other derivatives of these compounds by using different alkylating agents (ethyl iodide,
benzyl bromide, allyl bromide), however, the quaternizations were unsuccessful, only
tertiary amines could be isolated, which can be explained by steric hindrance.

The starting material for the synthesis of altrose-based onium salts having the ammo-
nium function in position 3 was the methyl 2,3-anhydro-4,6-O-benzylidene-«-p-manno-
pyranoside (5), which was synthesized starting from D-glucose in four steps, in our
laboratory according to literature methods.?"! The ring opening of mannopyranoside 5
with amines, as expected,®® resulted in 3-amino altropyranose derivatives. The reac-
tions were performed with butylamine and morpholine, in boiling acetonitrile, in the
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a: CH3CN, LiCIQy, reflux, 8 h, butylamine, 3,4-diethoxyphenylethylamine or morpholine;
b: THF or DMF, NaH, EtBr or BnBr, reflux, 10 h; c: CH3CN, Mel, K,CO3 reflux, 8-40 h.

Scheme 1. Synthesis of altrose-based quaternary ammonium salts 4a-e.
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a: CH;CN, LiClOy4, butylamine or morpholine, reflux, 8 h;
b: THF, NaH, EtBr, reflux, 24 h; c: CH3CN, K,CO3 Mel, reflux, 72-128 h.

Scheme 2. Synthesis of altrose-based quaternary ammonium salts 7a-b.
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presence of LiClO,, giving intermediates 6a and 6c in good yields (88% and 89%,
respectively) after column chromatography (Scheme 2). Amino sugar 6a was then O-
alkylated with ethyl bromide applying the same method as mentioned before, giving
compound 6b with excellent yield (98%). In the final step compounds 6a and 6c were
methylated and quaternized with methyl iodide. As in the case of molecule 4d full con-
version was not reached in the alkylation of 6c even after 40h of reflux and daily add-
ition of extra methyl iodide, therefore ammonium salt 7b had to be separated by
aqueous extraction from the starting material. This process afforded product 7b in mod-
erate yield (61%). Onium salt 7a could be obtained in pure form after standard work-
up procedure in good yield (92%).

We also envisioned the synthesis of a diammonium salt in which two altrose units
are linked via an ethylene bridge and the quaternary centers are in positions 2. To
accomplish that two altrose units were first connected by the ring opening reaction of
allopyranoside 1 with ethylenediamine. The reaction was performed in 2:1 stoichiometry
(anhydrosugar:amine) applying the same reaction conditions as before (Scheme 3).
Product 8 was obtained in 77% yield after column chromatography. Thereafter we
intended to perform methylation and quaternization of the nitrogen atoms in com-
pound 8 with methyl iodide, however, the solubility of compound 8 was poor even in
dipolar aprotic solvents, therefore, no quaternary product could be isolated. To improve
the solubility of compound 8 the free OH-groups were alkylated with ethyl bromide in
DMF (Scheme 3). Since no byproducts were observed, intermediate 9 was obtained in
excellent yield (97%) without any further purification. The methylation and quaterniza-
tion of diamine 9 was performed using the same conditions as before, applying large
excess of methyl iodide and refluxing the mixture for 40h. The main product of the
reaction was isolated by column chromatography; however, the "H NMR analysis clearly
demonstrated that instead of the expected bisquaternary product only the monoquater-
nary salt 10 was formed. Further attempts of using even larger excess of methyl iodide,
longer reaction time and applying DMF instead of acetonitrile all failed to provide the
desired diammonium salt, nevertheless onium salt 10 can also be used as catalyst.

The synthesis of the glucosamine-based ammonium salt 13 was also targeted. With
this compound we intended to study the role of the sugar unit in the catalysts. The
two hexopyranoses are of similar structure, only the configuration at C-2 and at C-3

1 |j>8 R=H (77%) 10 (56%)
9 R=Et (97%)

a: CH3CN, LiClO4, NHy(CHy)NHy, reflux, 40 h; b: DMF, NaH, EtBr, reflux, 10 h;
c: CH3CN, K,CO3 Mel, 40 h.

Scheme 3. Synthesis of altrose-based quaternary ammonium salt 10.
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a: THF, NaH, EtBr, reflux, 10 h; b: CH3CN, K,CO3 Mel, reflux, 8 h.

Scheme 4. Synthesis of glucose-based quaternary ammonium salt 13.

alters: in the o-p-glucopyranoside- and o-p-altropyranoside-units the C-centers men-
tioned can be described as 2R,3S, and 2S8,3R, respectively, which may have a significant
influence on the effectiveness of the catalysts. For the preparation of ammonium salt 13
methyl-4,6-O-benzylidene-a-p-glucosamine (11) was chosen as starting material, which
was synthesized according to literature procedure.**! First the OH group of compound
11 was alkylated with ethyl bromide, using the abovementioned method, in 99% yield
(Scheme 4). The alkylation was again completely selective for the OH group, despite
using an excess of the alkylating agent. Amino sugar 12 was then reacted with methyl
iodide in boiling acetonitrile affording quaternary salt 13 in a pure form, in good
yield (91%).

After the successful synthesis of the ammonium salts our attention turned toward
carbohydrate-based 1,2,3-triazolium salts. Recently increasing attention has been
focused on triazolium-based chiral phase transfer catalyst,"! due their unique proper-
ties and easy accessibility via copper(I)-catalyzed Huisgen 1,3-dipolar cycloaddition of
terminal alkynes with organic azides, which represents one of the prime examples of
click chemistry.**) For the preparation of triazolium salt 16 having the triazolium
function in position 2, oxirane ring of allopyranoside 1 was opened with NaNj.!**
Azido sugar 14 was then reacted with phenylacetylene in the presence of CuSO,
and sodium ascorbate in DMF. The pure triazolium derivative 15 was formed in a
yield of 89% without any further purification after the work-up procedure. In the
final step intermediate 15 was alkylated with methyl iodide in boiling acetonitrile.
After 4days of reflux and daily addition of extra methyl iodide the conversion was
not complete, therefore column chromatography was necessary to separate the prod-
uct from the starting compound. Triazolium salt 16 was obtained in 65% yield after
the purification (Scheme 5).

Finally, we intended to synthesize the glucose-based catalyst 19 having the triazolium
ring in position 6. Azido sugar 14 was synthesized according to literature procedure in

(261 which was then reacted with phenylacetylene in

five steps starting from p-glucose,
the copper(I)-catalyzed Huisgen 1,3-dipolar cycloaddition, affording intermediate 18 in
good yield (84%). This compound was reacted with methyl iodide providing the tar-

geted triazolium salt 19 after chromatography in 59% yield (Scheme 6).
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a: NaN3 DMF, NH,4CI, 80 °C, 10 h; b: PhC=CH, CuSO,4 Na-ascorbate, DMF, 1 h;
c: Mel, CH3CN, reflux, 40 h.

Scheme 5. Synthesis of altrose-based triazolium salt 16.
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N

PR\

17 18 (84%) 19 (59%)

a: PhC=CH, CuSQO,4 Na-ascorbate, DMF, 3 h; b: Mel, CH3CN, reflux, 40 h

Scheme 6. Synthesis of glucose-based triazolium salt 19.

Application of the sugar-based quaternary salts in the alkylation of glycine-
derived schiff base 20

The catalytic activity of the new carbohydrate-based ammonium and triazolium salts
were tested in the alkylation of glycine-derived Schiff base 20 with benzyl bromide. This
model reaction has been widely studied by different groups using cinchona alkaloids,
cyclohexyldiamine salts and TADDOL-based catalysts.**™>?”) The reactions were per-
formed at 0°C in a liquid-liquid two phase system, applying a mixture of toluene and
50% aqueous NaOH solution in the presence of 10mol% catalyst. The crude products
were purified using preparative TLC in all cases. The enantiomeric excesses were deter-
mined using chiral HPLC analysis, in comparison with authentic racemic material. The
results are summarized in Table 1.

It can be seen from Table 1, that all synthesized quaternary salts proved to be effi-
cient phase transfer catalysts. Product 22 was obtained in moderate and good yields
(67-88%) in every case. The new catalysts favored the formation of the product with S
configuration, the enantioselectivity, however, was low (2-21% ee). The most promising
result was achieved with altrose-based ammonium salt 4e, which generated 21% asym-
metric induction. This example clearly demonstrate that carbohydrate-based quaternary
salts can be used as enantioselective phase transfer catalysts, although more experiments
have to be made in order to improve the achieved ee values. Further investigation of
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Table 1. Alkylation of glycine-derived Schiff base 20 with benzyl bromide catalyzed by carbohy-
drate-based ammonium and triazolium salts.

0°C (0]
o} 50% aq. NaOH =N
o S pronge emNO_ enoot Ao,
OtBu toluene B
catalyst Ph
20 21 22
Entry Catalyst Time (h) Yield (%) ee (%)*
1 4a 6 67 4
2 4b 5 75 2
3 4c 5 78 4
4 4d 7 69 3
5 4e 5 86 21
6 6a 5 81 6
7 6b 7 76 3
8 10 8 77 9
9 13 8 73 5
10 16 6 82 5
11 19 5 88 5

?Determined using chiral HPLC.

the catalytic activity of prepared quaternary salts in different reactions and optimization
of the reaction conditions is in progress in our laboratory.

The investigation of the enantiomeric recognition ability of the synthesized
quaternary salts by "°F NMR spectroscopy

Besides testing the new catalysts in asymmetric synthesis we also decided to study the
enantiomeric recognition ability of the new ammonjum and triazolium salts by investi-
gating the diastereomeric interaction between racemic Mosher’s acid silver salt and the
new carbohydrate-based salts. The prepared iodide salts and racemic Mosher’s acid sil-
ver salt were dissolved in CD;CN and the mixture was stirred for 30 min, then the pre-
cipitated silver-iodide was filtered. The remaining solution was examined using '°F
NMR spectroscopy. The diastereomeric interaction between the ammonium and triazo-
lium cation and Mosher’s carboxylate resulted in the splitting of the CF; signal. The dif-
ference, in chemical shift (AJd), of the two signals describes the enantiomeric
recognition ability of the applied salts. The results are summarized in Table 2.

It can be seen from Table 2 that the structure of the carbohydrate-based salts had a
significant effect on the A values. The highest Ad (9 Hz) was observed in case of com-
pound 4d. It is interesting, that analog 6b having the morpholino function in position 3
did not show enantiomeric recognition toward Mosher’s acid (Ad < 1 Hz). Another not-
able result is the 4.7 Hz chemical shift difference generated by ammonium salt 13, how-
ever, in all other cases the synthesized sugar-based salts showed poor enantiomeric
recognition. Compound 10 could not be tested in this experiment, because no precipita-
tion was formed after mixing iodide salt 10 and Mosher’s acid silver salt. Presumably
the tertiary amine function of salt 10 prevented the silver-iodide from precipitating by
complexation.
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Table 2. The enantiomeric recognition ability of carbohydrate-based
ammonium and triazolium salts toward racemic Mosher’s acid
studied using '°F NMR spectroscopy.

Entry Quaternary salt Ad (Hz)
1 4a 1>
2 4b 1>
3 4c 3.2
4 4d 9.0
5 4e 1>
6 6a 1>
7 6b 1>
8 10 -
9 13 4.7
10 16 2.7
1 19 1>

Conclusion

The synthesis of a few new carbohydrate-based ammonium and triazolium salts was ela-
borated in several steps. The ammonium or triazolium functions were placed in differ-
ent positions of the altrose and glucose scaffold in order to examine structure-efficiency
relationship of the new catalysts. The synthesized quaternary salts promoted the alkyl-
ation of a glycine-derived Schiff base, although the achieved enantioselectivities were
low. However the 21% asymmetric induction generated by catalyst 4e demonstrates that
this type of compounds can be used as enantioselective catalyst, although further
research and optimization is needed to improve their efficiency. The '°F NMR study of
the sugar-based ammonium or triazolium Mosher’s carboxylate salts also confirmed
that some of these new compounds (4d and 13) have notable chiral recognition ability.

Experimental
General

Melting points were determined by using a Stuart SMP10 apparatus and are uncor-
rected. The specific rotation was measured on a Perkin Elmer 341LC polarimeter at
22°C. Nuclear magnetic resonance spectra were obtained on a Bruker (Billerica, MA)
DRX-500 or Bruker 300 instrument in CDCl;, DMSO-ds,, CD;CN or CD;0OD with
Me,Si as an internal standard. The exact mass measurements were performed by using
quadrupole time of flight mass spectrometer Premier mass spectrometer (Waters,
Milford, MA) in positive electrospray ionization mode. Analytical and preparative thin
layer chromatography (TLC) was performed on silica gel plates (60 GF 254, Merck,
Darmstadt, Germany), while column chromatography was carried out by using 70 to
230 mesh silica gel (Merck). The eluent rations are always given in vol/vol. The chemi-
cals were purchased from Aldrich Chemical (Milwaukee, WI).

General procedure for the ring opening reaction of anhydrosugars 1 and 5

The mixture of anhydrosugar 1 or 5, LiClO, (2 equivalents), and the appropriate amine
(4 equivalents) was dissolved in dry CH3CN and refluxed for 8 h. After the completion
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of the reaction (followed by TLC) the solvent was evaporated in vacuum and the resi-
due was dissolved in CHCIl;, washed with water, dried (Na,SO,) and concentrated. The
crude product was purified by either recrystallization from EtOH or column
chromatography.

General procedure for the O-ethylation of amino sugars 2a, 6a and 11

The appropriate amino sugar was dissolved in dry THF, and 2 equivalents of NaH was
added. After stirring the mixture for 30 min on 50°C, 2 equivalents of ethyl bromide
was added and the mixture was refluxed for further 10h. After the completion of the
reaction water was added dropwise (3 equivalents to the amount of NaH) and the solv-
ent was removed under reduced pressure. The residue was dissolved in CHCl;, washed
with water, dried (Na,SO,) and concentrated, giving the O-alkylated products in
pure form.

General procedure for the O-alkylation of amino sugars 2a-b and 8

The appropriate amino sugar was dissolved in dry DMF, and 2 equivalents of NaH was
added. After stirring the mixture for 30 min on 50°C, 2 equivalents of the alkylating
agent (ethyl bromide or benzyl bromide) was added and the mixture was refluxed for
10h. After the completion of the reaction water was added dropwise and the aqueous
phase was washed three times with EtOAc. The combined organic layers were dried
(Na,SO,4) and concentrated, giving the O-alkylated products in pure form.

General procedure for the quaternization of amino sugars

The appropriate amino sugar was dissolved in dry CH;CN. Methyl iodide (tertiary
amines: 3 equivalents, secondary amines: 6 equivalents, primary amines: 9 equivalents)
and K,CO; (tertiary amines: 0 equivalents, secondary amines: 2 equivalents, primary
amines: 4 equivalents) was added. The reaction mixture was refluxed for 1-4days.
Additional amounts (2 equivalents) of methyl iodide were added every day. After the
reactions were complete (followed by TLC) the mixture was filtered and the solvent was
removed under reduced pressure. The purification processes of the different ammonium
salts altered from here on and are mentioned at the appropriate compounds below.

General procedure for the huisgen cycloaddition of azido sugars (14, 17) and
phenylacetylene

The appropriate azido sugar, phenylacetylene (1.1 equivalent), CuSO,e5H,0 (0.08
equivalent) and sodium ascorbate (0.35 equivalent) was dissolved in DMF and the mix-
ture was stirred at ambient temperature. After the completion of the reaction (followed
by TLC) water was added and the product was extracted with EtOAc three times. The
combined organic layers were dried (Na,SO,) and concentrated.
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General procedure for the quaternization of triazolo sugars

The appropriate triazolo sugar was dissolved in dry CH;CN and methyl iodide (3 equiv-
alents) was added. The reaction mixture was kept at boiling temperature for 40h.
Additional amounts (2 equivalents) of methyl iodide were added every day. After that
the mixture was filtered and the solvent was removed under reduced pressure. The
crude products were purified by column chromatography on silica gel.

General procedure for the benzylation of N-(diphenyl)methylene glycine tert-butyl
ester (20)

The mixture of N-(diphenyl)methylene glycine tert-butyl ester (20) (148 mg, 0.5 mmol),
the appropriate carbohydrate-based salt (0.05mmol, 0.1 equivalent) in toluene (3 ml)
was treated sequentially with benzyl bromide (94 mg, 0.55mmol) and 50% aq. NaOH
and the mixture was stirred for 5-8h, at 0°C. The two phases were separated and the
organic layer was washed with water three times, dried on Na,SO, and concentrated.
The crude product was purified on preparative TLC affording the desired product as
colorless oil. The enantiomeric excesses were determined by measuring the specific rota-
tion of the products and comparing it with data for the pure enantiomer obtained from
literature.!*”!

"F NMR experiments

The racemic Mosher’s acid silver salt (0.015mmol) and the appropriate sugar-based
quaternary salt (0.015mmol) was dissolved in CD;CN. The mixture was stirred for
30 min, then filtered. The remaining solution was transferred to NMR tube and g
NMR spectrum was recorded.

Full experimental detail, characterization data of all compounds can be found via the
“Supplementary Content” section of this article’s webpage.
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