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ABSTRACT: Microporous organic networks (MONs) have shown great potential in diverse
domains recently. However, the application of MONs in chiral separation or catalysis
has been largely lagged due to the lack of chiral MONs and the challenge to synthesize
chiral MONs. Here we report a facile thiol-yne click strategy to post-synthesize chiral
MONSs for the first application in chiral gas chromatography. Three chiral MONs with
different chiral centers were rationally designed and synthesized to fabricate their
capillary columns for gas chromatographic resolution of various chiral compounds with
better resolution than three commercial chiral capillary columns. These results show the
great potential of the thiol-yne click strategy for constructing newly chiral MONs and

their application in chiral separation.

KEYWORDS: thiol-yne click strategy, microporous organic networks, post-modification,

chiral separation, gas chromatography
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1. INTRODUCTION

Chiral separation still remains an extremely significant and challenging topic in
chemistry, pharmaceutical industry, biology and material science as enantiomers may
possess completely different biological and pharmacology activity in most cases.!?
Nonetheless, chiral separation faces great difficulty due to the identical physical and
chemical behavior of two individual enantiomers.® Traditional methods in chiral
separation include chemical, enzyme/biological and chromatographic separation.’
Chromatography based on chiral stationary phase (CSP) is regarded as a highly
selective and efficient method in chiral separation.® Recently, advanced functional
materials like metal-organic frameworks (MOFs), covalent-organic frameworks (COFs),
porous organic cages (POCs) and metal-organic cages (MOCs) have been engineered
as newly CSPs in chiral chromatographic resolution of diverse enantiomers.*'0 Rational
design and synthesis of novel and efficient chiral porous materials in chiral
chromatography are of urgent desirable either in the evolution of chiral chromatography

or in the development of material science.
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Microporous organic networks (MONs) are a recent class of amorphous and
functional materials via cross coupling reaction of rigid organic building blocks.!12
Given their good chemical and thermal stability, large surface area and tunable porosity
with functionalized internal networks, MONs have shown great potential in various
applications such as catalysis, sensing, adsorption, lithium ion batteries, drug delivery
and nanofiltration.’32%> Compare with the MOFs, the MONs show better chemical
stability and easier structural modification and designing. The MONs also own easier
synthesis and much convenient engineering on other matrix than COFs. By contrast,
the much ordered and regular structures of MOFs and COFs than MONSs usually lead to
the construction of highly crystalline porous materials of MOFs and COFs. However, the
synthesis and application of chiral MONSs is still at a very early stage due to limited chiral
MONSs available and their challenging synthesis. Chiral MONs can be prepared either
directly?6-2® or via post-modification.?® Chiral MONs using chiral BINAP, TADDOL and
BINOL monomers have been reported via direct synthesis approach.?6-2¢ However,
multistep and complex derivatizations are needed to synthesize these chiral monomers,

thus, impeding their further applications.

4
ACS Paragon Plus Environment

Page 4 of 40



Page 5 of 40

oNOYTULT D WN =

ACS Applied Materials & Interfaces

Post-synthetic modification (PSM) has been regarded as a feasible way to
construct functional materials because of its convenient and economic synthesis and
the available of diverse molecules and functional groups.® The abundant functionalized
groups (e.g. amino, carboxyl, alkyne) on the networks of MONs make PSM quite
convenient. For example, Cooper’s group reported the synthesis of achiral anhydride
modified MONs via the PSM of amino groups on MONSs.2°

Thiol-yne click reaction is one of the most significant synthetic techniques in
chemistry due to its simplicity, efficiency, and functionality tolerance.® The enriched
internal and terminal alkyne groups on MONSs are also capable for PSM through
thiol-yne click reaction. In 2012, Weber’s group reported the first example of thiol-yne
click strategy to synthesize aliphatic alcohols functionalized MONs.3' After that, PSM of
MONs via thiol-yne click reaction has been investigated for drug delivery, PM, 5 capture,
light-driven hydrogen evolution, uranium and Cr (VI) removal.?* 3235 Although great
efforts have been made for PSM synthesis of achiral MONs, the synthesis of chiral
MONs via thiol-yne click protocol has been largely lagged. Although chiral BINOL-based

MONSs as novel chiral fluorescence sensor for amino alcohols has been reported,?” the
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application of chiral MONs in chiral separation is still an unexplored area and not to
mention how to regulate the selectivity of chiral MONs.

Herein, we report a facile thiol-yne click strategy to post-synthesize chiral MONs for
chiral gas chromatography (GC). Chiral thiol-based molecules 1-thloglycerol (TGC),
mercaptosuccinic acid (MSA) and N-acetylcysteine (NAC) were reasonably decorated
on the networks of the MONSs via the thiol-yne click post-modification with high grafting
efficiency and universality. Three chiral MONs with individual chiral centers or
recognition sites were rationally designed and synthesized to fabricate their coated
capillary columns for GC separation of diverse chiral compounds. The prepared chiral
MONSs coated capillary columns offered high resolution for various enantiomers with
better resolution and selectivity than three commercial capillary columns. The
developed thiol-yne click strategy opens a promising way for the design and

construction of chiral MONs in chiral separation.

2. EXPERIMENTAL SECTION

2.1. Chemicals and Materials. 1,3,5-Triethynylbenzene (98%, Tongchuangyuan,

China) was used as the monomer. The copper(l) iodide (99.99%), 1,4-dibromobenzene
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(98%), bis(triphenylphosphine)palladium dichloride (> 98%), mercaptosuccinic acid
(MSA, 98%), 1-thloglycerol (TGC, 95%), N-acetylcysteine (NAC, 99%) and
2,2’-azobis(2-methylpropionitrile) (AIBN, 99%) were obtained from Aladdin Chemistry
Co., Ltd. (Shanghai, China). HClI and NaOH were supplied by Guangfu Co., Ltd.
(Tianjin, China). N,N-dimethylformamide (DMF, Superdry) was bought from J&K Co.,
Ltd. (Beijing, China). Ultrapure water was supplied by Wahaha Co., Ltd. (Tianjin, China).
Triethylamine, chloroform, methanol, ethanol, tetrahydrofuran (THF) and acetone were
obtained from Concord Co., Ltd. (Tianjin, China).

2.2. Synthesis of MON and Chiral MONs. The MON was synthesized according to
Jiang et a/3¢ Briefly, 1,3,5-triethynylbenzene (300.0 mg, 2.0 mmol), 1,4-diiodobenzene
(660.0 mg, 2.0 mmol), bis(triphenylphosphine)palladium dichloride (50.0 mg, 0.07
mmol) and Cul (15.0 mg, 0.08 mmol) were placed in a three-necked flask. The mixture
was degassed and refilled with nitrogen three times. The DMF (40.0 mL) and
triethylamine (40.0 mL) were then injected into the flask. The mixture was heated to 90
°C for 24 h under magnetic stirring. After cooling to room temperature, the dark brown

powder was collected by centrifugation (10000 rpm, 5 min) and washed with chloroform,
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methanol and acetone, respectively. The crude product was further purified with hot
methanol by Soxhlet extraction for 72 h and then dried under vacuum at 70 °C for 24 h
to give a light brown product.

The MON-TGC was synthesized according to Han ef a/ with minor modifications.3
MON (80 mg), TGC (1620 mg) and AIBN (82 mg) were dissolved with 15.0 mL of
anhydrous DMF. The mixture was stirred at 90 °C for 24 h under nitrogen protection.
The product was gathered by centrifugation (10000 rpm, 5 min) and treated with hot
THF and acetone three times, and then dried under vacuum at room temperature
overnight. Similarly, MON-MSA and MON-NAC were prepared according to above
method via altering the TGC (1620 mg) to MSA (2250 mg) and NAC (2430 mg),
respectively.

2.3. Preparation of Chiral MONs’ Coated Capillary Columns. The bare fused silica
capillary (0.25 mm i.d. x 30 m long, Yongnian Optic Fiber Plant, China) was pretreated
via the previously reported steps before the dynamic coating of chiral MONs’ capillary
columns.3 The chiral MON-TGC coated capillary column was fabricated via a dynamic

coating method. One milliliter ethanol suspension of MON-TGC (2 mg mL™") was firstly
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injected into the above pretreated capillary column under N, flow, and then pushed

forward in the capillary column at a N, flow rate of 0.2 mL min-! to yield a thin layer on

oNOYTULT D WN =

11 the inner surface of the capillary column. After coating, the capillary column was
14 conditioned under N, flow through the temperature program of 30 °C to 250 °C at a rate
18 of 2 °C min', and 250 °C for 120 min. The chiral MON-MSA and MON-NAC coated
21 capillary columns were prepared using the same method to that for MON-TGC coated

25 capillary column.

28 3. RESULTS AND DISCUSSION

Racemates

Coating
y

i

48 Thiol-yne click post-modification Chiral MONs Chiral GC

; -(O_

51 Scheme 1. lllustration for the thiol-yne click strategy to post-synthesize chiral MONSs for chiral GC.
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3.1. Synthesis and Characterization of MON and Chiral MONs. A 2D MON
prepared via the  Sonogashira  coupling of 1,4-diiodobenzene  and
1,3,5-triethynylbenzene was selected as the pristine MON for thiol-yne click PSM.3¢ The
selected 2D MON possesses large surface area, enriched ethynyl groups, good thermal
and chemical stability, which are all of great benefit for PSM via thiol-yne click reaction.
In addition to these above advantages, the large accessible open cavities of the MON
provide great opportunity for the designed chiral thiol molecules to enter for effective
thiol-yne click reaction with the ethynyl groups on MON'’s inner surface.36

The bottleneck of chiral chromatography is the rational design and synthesis of
highly efficient CSPs. The chiral groups or recognition sites on CSPs played key roles
during chiral separation.® The chiral microenvironment, -1, hydrogen bonding and van
der Waals interactions are the essential separation mechanisms in chiral
chromatography. Incorporation of chiral molecules with proper chiral groups or different
chiral recognition sites and dimension in MONs not only offers the chiral functions and
microenvironment, but also provides different chiral selectivity for the evolution and

development of chiral MONSs in chiral separation and recognition.
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To tune the selectivity of chiral MONs and to elucidate the separation mechanisms
of chiral MONSs, thiol molecules TGC, MSA and NAC with different chiral groups and
molecular dimension were selected to post-synthesize chiral MONs via the thiol-yne
click reactions (Scheme 1). Although all these three thiol molecules offer possibility for
hydrogen-bonding interaction to racemates during the chiral separation process, their
hydrogen-bonding receptors or donors are quite different (-OH for TGC, -COOH for
MSA, and N-acetyl and -COOH for NAC, respectively). In addition, the chiral
microenvironment of these three chiral MONs may differ due to their different molecular
dimensions. All these minor differences would lead to different chiral selectivity during
chiral separation.

The synthesized chiral MON-TGC, MON-MSA and MON-NAC were characterized
by solid '8C nuclear magnetic resonance ('3C NMR) spectroscopy, transmission
electron microscopy (TEM), N, adsorption-desorption experiments, scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction
(XRD), thermogravimetric analysis (TGA), circular dichroism spectra (CD), water

contact angle measurements and X-ray photoelectron spectroscopy (XPS), (Figures 1-2
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and Figure S1). The FT-IR adsorption at 830 and 1585 cm' correspond to the
vibrational stretching of C-H and C-C in pristine MON’s aromatic rings.’” The
characteristic peak at 2200 cm-' for C=C reveals the presence of alkynyl groups on
MON. The appearance of characteristic peaks at 3420 cm' (-OH) and 1038 cm' (C-O)
for TGC, 1716 cm (C=0) and 3450 cm' (-OH) for MSA, and 1726 cm' (C=0 on
-COOH) and 1662 cm™' (C=0 on -NH-C=0) for NAC on FT-IR spectra of MON-TGC,
MON-MSA and MON-NAC demonstrates the successful synthesis of the designed
chiral MONs (Figure 1a). In addition, the disappearance of the characteristic peak of
C=C at 2200 cm-" for the pristine MON along with the S-H vibration peak at 2555 cm-"
for the three chiral MONs confirms the successful addition of thiol molecules onto
alkynyl groups via thiol-yne click reaction (Figure 1a).

The appearance of XPS peaks of S2s and S2p for MON-TGC and MON-MSA, and
N1s, S2s and S2p for MON-NAC also indicated the successful PSM of chiral MONs
(Figure 1b). The grafting contents of TGC, MSA and NAC on chiral MONs were then
calculated according to the XPS results. As expected, the S element was not detected

in the pristine MON. Based on the content of S, the modified TGC, MSA and NAC in
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their individual chiral MONs were determined to be 0.61, 0.54 and 0.68 mmol g,

respectively (Table S1). The N content in MON-NAC was 1.96 wt%, giving the NAC

oNOYTULT D WN =

1 modification content on MON-NAC of 0.70 mmol g-!, comparable to the value calculated
14 from S element (Table S1). TGA analysis showed that the MON and three chiral MONs
18 were all stable up to 300 °C, which was favorable for their further application in chiral

21 GC (Figure 1c).
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Figure 1. (a) FT-IR spectra of the MON, TGC, MON-TGC, MSA, MON-MSA, NAC, and MON-NAC.

(b) XPS wide-scan spectra, (c) TGA curves and (d) solid state '3C NMR spectra of the MON,

MON-TGC, MON-MSA, and MON-NAC. Asterisks denote the spinning sidebands.

The solid state '3C NMR peaks at 90-95 and 120-150 ppm were ascribed to the
alkynes and aromatic rings for the pristine MON (Figure 1d).'2'9 These peaks still retain
on the chiral MONSs, indicating the original networks of the MON were kept during the
thiol-yne click PSM process. In addition, there are a few new peaks in solid '3C NMR
spectra, depending on their original chiral molecules (Figure 1d). For MON-TGC, the
peaks of aliphatic carbon connected to hydroxyl groups appear at 60-70 ppm,
corresponding to the C12 and C13. The peak at 35 ppm is assigned to aliphatic carbon
of C11. For MON-MSA, the peaks of carbonyl groups and aliphatic carbon at 170 and
40 ppm are ascribed to the C13-14 and C11-12 carbons, respectively. Similarly, three
new peaks at 178, 60 and 30 ppm on MON-NAC are assigned to C13-14, C12, and C11
and C15, respectively. These results further show the selected chiral molecules were

successfully incorporated onto chiral MONs’ networks.
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Figure 2. (a) N, adsorption-desorption isotherms, (b) pore size distribution, (c) water contact
angles, (d) SEM images, and (e) TEM images of the MON, MON-TGC, MON-MSA, and MON-NAC.

The scale bars of MON, MON-TGC, MON-MSA are the same as those for MON-NAC.

The Brunauer-Emmett-Teller (BET) surface area of the pristine MON was 1032.1
m?2 g, while the BET surface areas of MON-TGC, MON-MSA and MON-NAC were
reduced to 420.0, 473.1, and 131.1 m2 g, respectively (Figure 2a and Table S2). The

pore volume of the chiral MONs was also decreased from 0.68 cm?3 g for the pristine

16
ACS Paragon Plus Environment

Page 16 of 40



Page 17 of 40

oNOYTULT D WN =

ACS Applied Materials & Interfaces

MON to 0.35, 0.34 and 0.12 cm3 g' for MON-TGC, MON-MSA and MON-NAC,
respectively (Table S2). The decrease of BET surface area and pore volume for
MON-TGC, MON-MSA and MON-NAC are ascribed to the filling of the introduced chiral
molecules in the pore of the pristine MON. The differences of pore size distribution of
three chiral MONs also resulted from the different chiral molecules modified (Figure 2b).
The XRD patterns show the amorphous characteristic of chiral MONs after PSM via
thiol-yne click reaction (Figure S1b).

The water contact angle of the pristine MON was 140° showing its good
hydrophobicity. However, the water contact angle drastically decreased to about 0° after
the modification of chiral molecules, revealing the successful PSM of chiral molecules
and the introduction of chiral molecules led to a great enhancement of hydrophilicity
(Figure 2c). The CD spectra of MON-TGC, MON-MSA and MON-NAC exhibit the
classic single peaks, indicating the homochirality of three synthesized chiral MONs
(Figure S1a). The SEM and TEM images show the amorphous morphology of the MON
and three chiral MONs (Figure 2d-e). In addition, the morphology and particle size of the

pristine MON did not significantly change after PSM via thiol-yne click strategy (Figure

17
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2d-e). Three capillary columns based on the above chiral MONs were fabricated via the
dynamic coating method.®> The SEM images confirm the successful coating of these
chiral MONSs on capillary columns (Figure S1c). In addition, the FT-IR spectra and SEM
images of these chiral MONs after immersing in ethanol, n-hexane and water for 2 days
are also comparable to pristine ones (Figures S2-S3), showing the good stability of
these chiral MONSs.

3.2. Chiral MONs Coated Capillary Columns for Chiral GC. Diverse racemates
were chosen to evaluate the chiral separation performance of these chiral MONs coated
capillary columns. The fabricated chiral MONSs capillary columns offered high selectivity
for chiral alcohols. Eleven chiral alcohols were well separated on these three chiral
MONSs coated capillary columns (Figure 3 and Table S3-S4). In addition, the chiral
selectivities are quite different for these chiral MONs. The difference in
enantioselectivity resulted from the difference of chiral recognition sites and steric
matching between enantiomers and chiral MONs. The MON-TGC gave good resolution
for 2-substitute alcohols with side functional groups. For instance, MON-TGC coated

capillary column showed good separation for 4-heptyn-2-ol, 4-pentyn-2-ol,

18
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2-phenyl-4-penten-2-ol, and 5-methyl-2-hexanol enantiomers with alkynyl, alkenyl,
benzene or methyl groups (Figure 3a). However, the linear 2-substitute alcohols like
2-pentanol, 2-hexanol, 2-heptanol, 2-octanol and 2-decanol enantiomers without any
side chains or substitute functional groups cannot be separated on MON-TGC coated
capillary column (Figure S4). In contrast, 3-heptanol enantiomers without any side
chains or substitute functional groups were well separated on MON-TGC coated
capillary column. Nevertheless, 3-substitute alcohols such as 3-hexanol, 3-octanol,
3-nonanol and 3-decanol enantiomers with shorter or longer alkyl chains than
3-heptanol were not resolved on MON-TGC coated capillary column (Figure S4). These
results reveal the steric matching between the chiral MON-TGC’s channel and the
racemates played significant roles in high resolution GC separation of these chiral
alcohols. In addition, the hydrogen bonding interaction (O-H---O) between chiral
alcohols and MON-TGC may also play a key role. The retention time’s precisions
(RSDs, %) of replicate separations of 4-heptyn-2-ol for intra-day, inter-day and
column-to-column were in the range of 1.1-7.2%, suggesting the good reproducibility of

the prepared MON-TGC columns (Figure S5 and Table S5).
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To further show the significant points of chiral microenvironment and steric
matching effect in chiral GC and to tune the selectivity of chiral MONs, the MON-NAC
with much larger molecular dimension of NAC than TGC was compared (Figure 3b).
The racemates of 3-heptanol, 4-methyl-1-heptyn-3-ol and 2-methyl-2,4-pentanediol
were baseline separated on MON-NAC coated capillary column (Figure 3b). Compared
with the MON-TGC coated capillary column, the chiral separation range of MON-NAC
coated capillary column is quite limited, which could be ascribed to the larger molecular
dimension of NAC (7.4 x 7.2 A) than TGC (5.9 x 5.2 A), leading to the decrease of the
space for racemates to get in (Figure S6). In addition, the difference of the hydrogen
bonding interaction resulted from acetyl and carboxyl groups on MON-NAC and

hydroxyl groups on MON-TGC can also realize important roles during the chiral GC.
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Figure 3. Chromatograms of the chiral MONSs coated capillary columns (30 m length x 0.25 mm i.d.)
for chiral GC. (a) MON-TGC coated capillary column: 3-heptanol (140 °C), 4-heptyn-2-ol (140 °C),
4-pentyn-2-ol (120 °C), 2-phenyl-4-penten-2-ol (150 °C), methyl-2-chloropropionate (120 °C),
5-methyl-2-hexanol (120 °C). (b) MON-NAC coated capillary column: 4-methyl-1-heptyn-3-ol (110

°C), 3-heptanol (130 °C), 2-methyl-2,4-pentanediol (160 °C). (c) MON-MSA coated capillary column:
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4-hexyn-3-ol (100 °C), 3-octanol (160 °C), tetrahydrolinalool (110 °C), linalool (100 °C). All the

separations were performed under N, flow rate of 2.0 mL min-".

The MON-MSA coated capillary column offered good selectivity for the enantiomers
of alcohols including 3-octanol, 4-hexyn-3-ol, linalool and tetrahydrolinalool (Figure 3c).
However, the MON-MSA showed good resolution for 3-substitute alcohols rather than 2-
and 4-substitute alcohols (Figure S7). In addition, the linalool derivates were well
separated on MON-MSA coated capillary column. More importantly, the prepared three
chiral MONSs capillary columns all showed high selectivity and resolution for 3-substitute
alcohols (3-heptanol and 3-octanol) which were quite difficult to separate and could not
be separated either on chiral MOFs, COFs, and POCs coated columns or even on
commercial columns.38 The separation of 3-heptanol and other five racemic alcohols on
chiral and non-chiral MONs and three commercialized chiral GC columns were then
compared under the same separation conditions (Figure 4, Table 1 and Figure S8). The
MON-TGC coated capillary column showed good performance for these analytes under
the same separation conditions. These above results all proved the feasibility and highly

potential of thiol-yne click strategy to post-synthesize chiral MONSs for chiral separation.
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Figure 4. Gas chromatograms for the separation of 3-heptanol (140 °C) on: (a) MON-TGC; (b)

MON-NAC; (c) MON-MSA; (d) MON; (e) Cyclosil-B; (f) B-DEX 225 and (g) Chirasil L-VAL. All the

racemates were separated under the N, flow rate of 2 mL min'.
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Table 1 The resolution (As) and separation factor (a) for the separation of racemates on

oNOYTULT D WN =

seven columns under the same separation conditions.

11 Resolution (Rs)? Separation factor (a)P
12 Racemates
13 Te Md Ne Bf 2259 L O T M N B 225 L O

3-heptanol 131 4 135 - - - - 213 10 30 10 10 10 1.0
18 4-heptyn-2-ol 145 - - - - - - 29% 10 10 10 10 10 1.0
20 4-pentyn-2-ol 141 - - - - - - 322 10 10 10 10 10 1.0
22 5 phenyl-4-penten-2-ol 168 - - - - - - 35 10 10 10 10 10 1.0
22 methyl-2-chloropropionate  1.51 - - 0.21 0.74 - - 331 10 1.0 1.02 1.21 1.0 1.0

27 5-methyl-2-hexanol 1.64 - - - - - - 380 1.0 10 1.0 1.0 1.0 1.0

29 a Calculated according to Rs = 2 (&-4) / (W4 + W)
31 b Calculated accordingtoa =4/ #’

¢ MON-TGC coated capillary column

34 4 MON-MSA coated capillary column

36 ¢ MON-NAC coated capillary column

f Cyclosil-B column

39 93-DEX 225 column

h Chirasil L-VAL column

42 MON coated capillary column

44 I cannot be separated
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Although the chiral separation mechanisms are quite complicate and hard to
illustrate, the chiral microenvironment of chiral MONs, 1T-11 and hydrogen bonding
interactions may have dominant roles in chiral separation. The pore size of three chiral
MONSs (> 11 A) are larger than the kinetic diameters of the studied racemates (< 9.5 A),
suggesting that the chiral separation may occur in chiral MONs’ pores (Figure 2b and
Figure S9). To verify the significant characters of the chiral microenvironment of these
chiral MONSs, the pristine MON coated capillary column was compared (Figure S10).
The studied racemates cannot be resolved on the pristine MON coated capillary column,
revealing the microenvironment in these chiral MONs was essential for chiral separation.
The hydrogen bonding sites from the -OH groups on TGC, -COOH groups on MSA as
well as N-acetyl and -COOH groups on NAC were also crucial for the separation of
chiral alcohols. In addition, the aromatic networks of chiral MONs’ may provide -1
interaction for efficient separation of 4-heptyn-2-ol, 4-pentyn-2-ol,
2-phenyl-4-penten-2-ol, 4-hexyn-3-ol and 4-methyl-1-heptyn-3-ol with unsaturated

double or triple bonds (Figure 3). However, the relatively strong -1 and hydrogen
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bonding interaction of the racemates and chiral MONs may also lead to the tailing peaks

of some racemates on these three chiral MONs coated columns.

Table 2. McReynolds Constants of Chiral MONs Coated Capillary Columns.

Column X Y 4 U S  Average

MON-TGC 113 275 204 225 247 212.8

MON-MSA 379 439 399 389 380 397.2

MON-NAC 417 658 492 614 449 526.0

The McReynolds constants of these chiral MONs coated capillary columns were
further evaluated by using benzene (X, represented the weak dispersion forces and
polarizability of the phase), n-butanol (Y, related to the hydrogen-bonding ability of the
phase), 2-pentanone (Z, denoted to the polarizability and part of the dipolar character of
the phase), nitropropane (U, related to the electron donor, electron acceptor and dipolar
character of the phase), and pyridine (S, indicated the acidic character of the phase) as
the probes (Table 2).3° The average McReynolds constants ranged from 212.8 to 526.0,

indicating the moderate to polar nature of the fabricated chiral MONs coated capillary

26
ACS Paragon Plus Environment



Page 27 of 40

oNOYTULT D WN =

ACS Applied Materials & Interfaces

columns. These chiral MONs coated capillary columns all gave the largest Y values
among five reference probes, proving the significant role of hydrogen-bonding ability of
the fabricated chiral MONs coated capillary columns, which was favorable for the good
separation of chiral alcohols. The entropy change (AS), enthalpy change (AA), the chiral
part of entropy change (AAS) and enthalpy change (AAA) of the MON-TGC coated
capillary column for rac-5-methyl-2-hexanol were further evaluated to study the chiral
discrimination and retention of enantiomers (Figure S11 and Table S6). The obtained
thermodynamic parameters were all negative, revealing that the chiral discrimination
and retention of the studied enantiomers on MON-TGC coated capillary column were
driven by enthalpy.37”

To further show the advantage of these three chiral MONs coated capillary columns,
three typical commercial chiral capillary columns (Cyclosil-B, B-DEX 225 and Chirasil
L-VAL) were compared under the optimal conditions of individual columns (Figure
S12-S14 and Table S3-S4). The MON-TGC coated capillary column gave better
resolution and selectivity for the separation of 3-heptanol, 4-heptyn-2-ol, 4-pentyn-2-ol,

2-phenyl-4-penten-2-ol, and 5-methyl-2-hexanol as these chiral alcohols all could not be
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separated on these three commercial columns. Similarly, MON-MSA coated capillary
column showed higher resolution for 3-octanol, linalool and tetrahydrolinalool as these
racemates all could not be separated on these three commercial columns. In addition,
the MON-NAC coated capillary column offered better resolution for 3-heptanol,
4-methyl-1-heptyn-3-ol and 2-methyl-2,4-pentanediol than those on commercial
columns. These results reveal the great potential of thiol-yne click strategy for post
synthesis of chiral MONSs in chiral separation.
4. CONCLUSIONS

In conclusions, we have reported the facile thiol-yne click strategy for rational
design and post synthesis of three chiral MONs to fabricate their coated capillary
columns for chiral GC. Depending on the difference of chiral molecules incorporated in
the MON’s networks, diverse racemates were well resolved and separated on their
chiral MONs coated capillary columns. The chiral microenvironment, hydrogen bonding
and 11-1T interactions of these chiral MONs played important roles in chiral GC. These
chiral MONs coated capillary columns also provided superior selectivity and resolution

for the studied chiral alcohols than three commercial columns. The present study has
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developed a convenient and efficient approach to design and synthesize chiral MONs

oNOYTULT D WN =

and also showed the first example of chiral MONSs for chiral chromatography. This work
1 will also largely facilitate the design, synthesis and application of chiral MONSs in diverse
14 domains. MONs with the merits of easy modification, tunable function and selectivity,
18 and designable structures may receive increasing attention either in chemistry or in
21 material science. In addition, the chiral MONs will possess great potential in chiral
25 separation or catalysis. As the important roles of chiral drugs or biomolecules, the
28 investigation of chiral MONs in the separation of chiral drugs or biomolecules should

also be a significant direction.
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