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1. Experimental Section

1.1 General. All the reagents involved in this research were commercially available
and used without further purification unless otherwise noted. Solvents were either
employed as purchased or purified through standard laboratory procedures. 'H, '3C
spectra were recorded on a Bruker Avance-500 NMR spectrometer. All chemical
shifts were reported in ppm with residual solvents as the internal standards. The
following abbreviations were used for signal multiplicities: s, singlet; d, doublet; dd,
doublet of doublet; m, multiplet. Electrospray-ionization high-resolution mass
spectrometry (ESI-HRMS) experiments were conducted on an applied Q EXACTIVE
mass spectrometry system. Thin-layer chromatography (TLC) was carried out on 0.25
mm Yantai silica gel plates (60F-254). Column chromatography was performed using
silica gel 60 (Tsingdao 40-63 nm, 300-400 mesh) as the stationary phase.

1.2 BET Surface Area Measurement. Brunauer-Emmett-Teller (BET) surface area
measurement was performed on a Quantachrome Autosorb-iQ-C analyzer. Samples
were degassed under dynamic vacuum for 12 h at 200 °C before each measurement.
N, isotherms were measured using a liquid nitrogen bath (77 K)

1.3 Thermogravimetric Analysis. TGA analysis was carried out on a
thermogravimertric analyzer (TGA2, METTLER TOLEDO, Switzerland). The
samples were heated at a rate of 10 °C min-'.

1.4 Powder X-ray Diffraction. Powder X-ray diffraction (PXRD) data were
collected on a Rigaku Smartlab 9 kW X-ray diffractometer operating at 45 kV/200
mA using the Cu K, line (A = 1.5418 A). PXRD patterns were measured over the 20
range of 3—50° with 5° per min per step over 10 min.

1.5 Adsorption Experiments. In a typical solid-vapor sorption experiment, an open
vial (5 mL) containing 20 mg of the activated solid of 1 was placed into a sealed vial
(20 mL) containing 2 mL of morpholine (MOR), N-methyl morpholine (NMM) and

N-ethyl morpholine (NEM) (single-component sorption), 1:1 mixture of MOR and
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NEM (two-component sorption). And then activated adsorbent was heated at 30 °C
for 30 min to remove any unbound MOR, NMM or NEM molecules adsorbed on the
crystal surface after adsorption. The adsorption process was monitored over time by
completely dissolving the solids in CDCl; and measuring the ratio of MOR, NMM
and NEM to 1 by 'H NMR experiments.

1.6 Gas Chromatography. Gas chromatography (GC) measurements were performed
on an Agilent 7890B with an FID detector and a 2,3-diO-acetyl-6-0-TBDMS-§3-
cyclodextrin capillary column (Supelco Beta DEX 225; 30 mm x 0.25 mm % 0.25
um). The following GC method was used: the oven was programmed from 50 °C,
ramped at 2 °C/min increments to 100 °C with 15 min hold; injection temperature 250
°C; detection temperature 280 °C with nitrogen, air, and make-up flow-rates of 25,
400, and 30 mL/min, respectively; helium (carrier gas) flow-rate 2.0 mL/min.

1.7 DFT Calculation. Quantum chemistry calculations were performed by using
Gaussian 09 package.! The structure of the complexes between host 1 and NEM has
been optimized employing density functional theory (DFT) with dispersion corrected
method (WB97XD)? in combination with 6-31G* basis set (the Polarizable Continuum
Model (PCM) water model was used).’

1.8 solid-state NMR. Solid-state NMR measurements were performed on a Bruker
Avance II 600 instrument operating at 600.2 and 150.9 MHz for 'H and 3C nuclei,
respectively. Cylindrical 4 mm o.d. zirconia rotors with a sample volume of 80 uL

were employed and spun at 10 kHz.
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2. Synthetic Procedure

Br Nsl
'\N(JN CHCl3, reflux

OH Br\/ o~ __(CHO) OO o _
OO NaH DMF, rt. OO HBr 0 2, EtOH, HClI, reflux

3, Na,CO3 aq
S1 82
HoN
2 NH HN
O
C™
~ 0L, L0
% DIPEA,dry CH,Cl, OEt
NH,
s3 NH HN

Compound S1, S2 and S3 were prepared followed a reported procedure.*

Macrocycle 1: A solution of isophthaloyl chloride (0.89 g, 4.4 mmol) in anhydrous
dichloromethane (50 mL) was added dropwise over 10 h (syringe pump) to a solution
of S3 (1.2 g, 4.4 mmol) and DIPEA (5 mL) in anhydrous dichloromethane (500 mL)
under nitrogen. After stirring for a further 6 h, the solvent was removed under reduced
pressure. The residue was dissolved in dichloromethane (100 mL) and washed with
water (100 mL) and brine (100 mL). The organic solution was dried over Na,SO, and
evaporated in vacuo, then the solid was purified by column chromatography
(CH,Cl,:MeOH = 100:1) to afford compound 1 as a white solid (534 mg, yield: 15%).
'H NMR (500 MHz, CDCl3, 298 K) & [ppm] = 8.09 (d, J = 9.4 Hz, 4H), 8.08 (d, 4H),
7.57 (t,J =7.9 Hz, 2H), 7.54 (s, 2H), 7.22 (d, ] = 9.4 Hz, 4H), 6.35 (d, J = 6.2 Hz, 4H),
5.03 (s, 8H), 4.13 (q, J = 7.0 Hz, 8H), 1.41 (t, J = 7.0 Hz, 12H). 13C NMR (126 MHz,
Chloroform-d) & [ppm] = 166.51, 153.41, 134.78, 129.27, 128.36, 125.32, 118.79,
115.30, 64.82, 34.94, 15.22. ESI-HRMS: m/z calcd for [M+H]* CssH4gN4Og*

809.3545; found 809.3526 (error = 2.3 ppm).
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3. Characterization of Activated Crystals
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Fig. S1. TGA of the activated solid of 1. Almost no weight loss occurs below 350 °C,

supporting that the residual solvents were completely removed through activation.
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Fig. §2. Powder X-ray diffraction (PXRD) patterns of 1 before and after activation

and the simulated PXRD pattern based on the crystal structure. The PXRD patterns

show that the crystallinity was maintained after activation.
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Fig. $3. N, adsorption isotherm of the activated solid of 1. The BET surface area

value is shown in the figure.
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4. Solid—Vapor Adsorption Experiments

Table S1 Physical properties of the two components.

component boiling point (°C) melting point (°C)
MOR 129 -5
NEM 139 -83
H
LA
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Fig. $4. Time-dependent 'H NMR spectrum (500 MHz, CDCls, 298K) of 1 after

adsorption of MOR vapor. From bottom to top, the spectra were recorded for 9.5

hours. The relative uptake of MOR by 1 is plotted in Fig. 3a.
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Fig. S5. Time-dependent 'H NMR spectrum (500 MHz, CDCl;, 298K) of 1 after
adsorption of NEM vapor. From bottom to top, the spectra were recorded for 9.5

hours. The relative uptake of NEM by 1 is plotted in Fig 3a.
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Fig. S6. 'H NMR spectrum (500 MHz, 298K, CDCl;) of 1 after being exposed to
MOR for 9.5 h and heated at 30 °C for 30 min to remove the surface adsorption
(HDO peak comes from trace amount of water in CDCIl;). Almost 2.5 eq. of MOR to

1 was adsorbed.
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Fig. 7. '"H NMR spectrum (500 MHz, 298K, CDCls) of 1 after being exposed to
NEM for 9.5 h and heated at 30 °C for 30 min to remove the surface adsorption
(HDO peak comes from trace amount of water in CDCl;). Only about 0.2 eq. of NEM

to 1 was adsorbed.
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Fig. §8. TGA of the activated solid of 1 after adsorbing MOR. About 2.5 MOR

molecules per host were lost at 130 °C.
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Fig. §9. TGA of the activated solid of 1 after adsorbing NEM. About 0.2 NEM

molecules per host were lost at 120 °C.
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Fig. S10. '"H NMR spectrum (500 MHz, 298K, CDCls) of 1 after being exposed to
MOR for 12 h and not remove the surface adsorption (HDO peak comes from trace

amount of water in CDCl;). Almost 3.8 eq of MOR to 1 was adsorbed.
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Fig. S11. Simulated PXRD pattern based on the crystal structure of MOR@1 and

PXRD pattern of activated 1 after adsorption of MOR vapor.
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Fig. S12. 'H solid-state NMR spectra of activated 1 and activated 1 following MOR
uptake. The differences before and after absorbing MOR indicate structural changes

in the adsorption process.
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Fig. S13. 13C solid-state NMR spectra of activated 1 and activated 1 following MOR
uptake. The peaks around 44 ppm and 70 ppm can be assigned to MOR. The
methylene carbon (35 ppm) in the bridge amide bond of the host undergoes an
obvious shift following MOR uptake, supporting the formation of hydrogen bonding

interactions between amide NH and MOR.

NEM@1

Fig. S14. Energy-minimized structures of complexes NEM@]1 calculated by DFT at
the wB97XD/6-31G(d) level of theory.
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Fig. S15. '"H NMR spectrum (500 MHz, 298K, CDCls) of 1 after being exposed to
NMM for 9.5 h and heated at 30 °C for 30 min to remove surface adsorption (HDO

peak comes from trace amount of water in CDCl3). Almost 0.8 eq. of NMM to 1 was

adsorbed.
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Fig. §16. a) Time-dependent two-component vapor-solid plots of 1 with 1:1 mixture
of MOR and NEM, and the relative uptakes at 5.5 h; b) relative uptake ratios of
MOR and NEM by 1 at 5.5 h after 5 recycles.
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mixture of MOR and NEM. From bottom to top, the spectra were recorded for 9.5

hours. The relative uptake of MOR and NEM by 1 is plotted in Fig. 5a.
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Fig. S18. TGA of the activated solid of 1 after vapor adsorption of mixture of MOR

and NEM. About 0.1 NEM and 1.6 MOR molecules per host were lost at 130 °C and
180 °C.
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Fig. $§19. PXRD pattern of activated 1, activated 1 after adsorption of mixed MOR
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MOR MPR
J
NEM NEM NEM Cycle 1
A ) ) j *’J Ay, o
n %
‘ A A J . i

1 A

‘ Cycle 3

[ )b y
Cycle 4

L, Lol

K Cycle 5

T 7

T
8

Fig. $20. '"H NMR spectra (500 MHz, CDCls, 298 K) of solid-vapor adsorption

T T T T T T T T
7 6 5 4 3 2 1 0
1 (ppm)

repeatability experiments.
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Fig. §21. The purity of NEM measured by GC before solid-vapor adsorption and

solid-liquid adsorption.
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Fig. §23. The purity of NEM measured by GC after solid-liquid adsorption.
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Fig. §24. a) Summary diagram of the purification of NEM by solid-vapor or solid-
liquid sorption with 1; The purity of 97.8% NEM before and after b) solid-vapor or c)

solid-liquid sorption with 1. The green and orange columns represent the percentage

of NEM and MOR, respectively.
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6. X-Ray Single Crystallography

Crystal data for was collected on a Bruker D8 VENTURE with Cu K|, radiation (A =
1.54178 A) at 173(2) K. The structures were solved by the direct method and different
Fourier syntheses. All calculations were performed by full-matrix least-squares
methods on F”? by using the SHELX-97 program>®, all non-hydrogen atoms were
refined with anisotropic thermal parameters and the hydrogen atoms were fixed at
calculated positions and refined by a riding mode. SQUEEZE routine implemented on
PLATON was used to remove electron densities corresponding to disordered solvent
molecules in Crystal data.

Crystal data for 1: CsoHgoN4O 12, M = 945.05, triclinic, a = 9.483(2) A b = 10.987(3)
Ac=127903)A,a= 68.707(7)°, B = 82.307(7)°, y = 73.621(7)°, V = 1190.5(5)
A3, T = 214.56 K, space group P-1, Z = 1, 18603 reflections measured, 4061
independent reflections (R;,; = 0.0688, Ryjgmq = 0.0728). The final R; value was 0.0566
(I > 20(1)). The final wR(F?) value was 0.1328 (I > 20(l)). The final R; value was
0.0895 (all data). The final wR(F?) value was 0.1482 (all data). The goodness of fit on
F? was 1.068. CCDC-2246207 contains the supplementary data for this structure.
These data can be obtained free of charge via www.ccdc.cam.ac.uk/data request/cif,
or by emailing data request@ccdc.cam.ac.uk, or by contacting The Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44
1223 336033.
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Crystal data for MOR@1: Cg4Hg4NgO1», M = 1157.39, triclinic, a = 11.4061(7) A b =
11.5234(8) A ¢ = 13.0536(9) A, a = 84.464(3)°, B = 65.455(3)°, y = 74.125(3)°, V =
1500.87(18) A3, T = 100.0 K, space group P-1, Z = 1, 27092 reflections measured,
5325 independent reflections (R, = 0.0607, Ryigm, = 0.0596). The final R; value was
0.0533 (I > 20(1)). The final wR(F?) value was 0.1416 (I > 20(])). The final R; value
was 0.0894 (all data). The final wR(F?) value was 0.1566 (all data). The goodness of
fit on F? was 1.096. CCDC-2246208 contains the supplementary data for this
structure. ~ These data can be  obtained free of charge via
www.ccdc.cam.ac.uk/data_request/cif, or by emailing data request@ccdc.cam.ac.uk,
or by contacting The Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.
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