Supporting Information

pH-Controlled Chirality Inversion in Enantiodifferentiating Photocy-
clodimerization of 2-Antharacenecarboxylic Acid mediated by

y-Cyclodextrin Derivatives

Kuppusamy Kanagaraj, T Wenting Liang, * Ming Rao, T Jiabin Yao, Wanhua Wu,"*
Guo Cheng, T Jiecheng Ji, T Xueqgin Wei,® Chao Peng,t Cheng Yang "1

TKey Laboratory of Green Chemistry & Technology, College of Chemistry, and
Healthy Food Evaluation Research Center, Sichuan University, Chengdu 610064,
China.

¥ Institute of Environmental Science, Shanxi University, Taiyuan 030006, China

8 School of Pharmacy, Guangxi Medical University, Nanning 530021, China

TABLE OF CONTENTS

- General INformation....... ... S1

. Synthesis and characterization of CDx derivatives...............ccccoiviiiiininnn. S3

. Conformation analysisS Of NOSt 7 ..o S13
. Binding constant of hosts 5, 6 and 7 with AC.............cooiiiiiii i S17

. Photocyclodimerization of AC and mediated by native and modified CDxs......S21
. Calculation of pPKaValUes....... ..o S25
. UV-vis., fluorescence and CD spectral studies .............ccoviiiiiiiiiii i, S27

RO EIENCES . .o S32



1. General Information

1.1 Experimental

Materials

y-Cyclodextrin  (CDx, 5) (Junsei, Japan), and 8-bromomethylquinoline
(Adamas, China) were purchased and used as received without further purification. 2-
Antharacenecarboxylic acid (AC) has purchased from Aladdin (China) and used as
received without further purification. Double distilled water (which was free from ions)
and HPLC grade solvents have used for all spectral measurements. All other
chemicals and solvents were purchased from Adamas-beta, Amethyst, Oceanpak and
used as received without further purification.

1.2 Methods

Reverse-phase chromatography was used to separate the CDx derivatives and
water-soluble compounds through ODS-SM-50C column and water - 90%
EtOH/MeOH (v/v) (linear elution) in water as eluent.

Nuclear magnetic resonance spectroscopy (NMR) was acquired on a Bruker
Ascend 400 (400 MHz) instrument using TMS as an internal standard at 298 K.
Coupling constants were reported in Hz and chemical shifts (5) in ppm [relative to TMS
or residual solvent peaks [for *H (CDCls: 7.26, DMSO-ds: 2.50, D20: 4.79, CD3CN:
1.94, CD30OD: 3.31) and *3C (CDCls: 77.16, DMSO-ds: 39.52, CD3CN: 1.32, 118.26,
CD30D: 49.00)].5t Multiplicities were assigned as s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet) and brs (broad singlet).

Ultraviolet-visible absorption spectroscopy (UV-Vis.) measurements have
recorded using a JASCO V-650 double beam spectrophotometer with a PMT detector.
UV-Vis. Analyses have done using JASCO-Spectral manager, and the calculations
have done in Microsoft Origin software. Fluorescence spectroscopy was recorded
using JASCO FP-8500 or Fluoromax-4 (attached with TCSPC) spectrofluorometer
(HORIBA JOBIN YVON) with excitation slit set at 5.0 nm bandpass and emission at
5.0 nm bandpass in 1 x 1 cm quartz cell (or otherwise mentioned). Emission
calculations have done using Microsoft Origin software. Circular dichroism
spectroscopy (CD) has measured using JASCO J-1500 spectropolarimeter with PMT

detector in the wavelength range of 190-900 nm. For these studies, solutions were of
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less or higher concentration than those for spectrophotometric studies. The sample
cell temperature was controllable in the range from -90 °oC to 100 °C.

Mass spectral data were obtained using Electrospray lonization Mass
Spectrometry (ESI-MS) and Matrix-Assisted Laser Desorption lonization-Time of
Flight (MALDI-TOF) mass spectrometry. Isothermal titration calorimetry (ITC) data has
recorded by using VP-ITC MicroCalorimeter.

1.3 Preparation of stock solutions

Preparation of PBS buffer solution: The pH 4-9 buffer solutions were
prepared by mixing the different volumes of separately-made 66.7 mM NaH2PO4 and
66.7 mM Na2HPOa solution. PH 1, 2, and 3 buffer solutions were made by the addition
of 1 M HCI solution to 66.7 mM NaH2POa4 solution. The pH 10-buffer solution was
prepared by the addition of 66.7 mM NaOH solution to 66.7 mM NazHPOa4 solution.

Preparation of AC solution: 0.004 M AC solution was prepared by dissolving
the 88.89 mg of AC in 0.01 M NaOH solution and sonicated for 2 hrs at room
temperature. The diluted AC solutions of different pH have prepared by dilution of the
above stock using respective PBS buffers’ and used for measurements.

Preparation of host solution: Host solutions of different pH were prepared by
dissolving the respective quantity of solid hosts 5, 6, 7, and 8 in PBS buffers and used

for measurements.
1.4 Photoreaction

Photoirradiation has performed in a temperature-controlled water/ethylene
glycol bath. Solutions containing 0.2 mM AC and 2.0 mM CDx host derivatives 5, 6, 7,
and 8 have directly irradiated at 365 nm in a borosilicate glass tube under an N2
atmosphere with an LED lamp (Manufacturer. Zhuhai haoyun optoelectronic
technology co. LTD, and model: HY-UV0003; diameter of 1 cm and an intensity of 200
mW/cm?, distance: ~2-3 cm) for an appropriate time.

The resulting photolyzed solution was filtered using membrane and analyzed
by analytical chiral HPLC, performed on a tandem column of Inertsil ODS-2 (GL
Sciences Inc.) and CHIRALCEL® OJ-RH (Daicel), and operated at 35 °C using 0.1%
trifluoroacetic acid (TFA) dissolved in water and acetonitrile (62:38, volume ratio), at a
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flow rate of 0.5 mL/min. The relative chemical yield and ee value of photoproducts

were determined from the peak area of HPLC chromatogram.
2. Synthesis and characterization of CDx derivatives

2.1 Synthesis and characterization of mono-6-deoxy-6-NH2-y-CDx (GCDx-NHz, 6)

>
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Scheme S1. Synthesis of mono-6-deoxy-6-amino-y-CDx derivative (GCDx-NHz, 6).

Commercially available y-cyclodextrin (CDx, 5) has purchased and used as
received without further purification. Mono-6-amino-y-CDX (GCDx-NHz, 6) was
synthesized and purified according to the procedure described in the literature with
slight modification in the last step (Scheme S1).52

A DMF (10 mL) solution containing mono-6-deoxy-azido-y-CDx (1.8 g, 1.3
mmol) and triphenylphophine (PPhs, 0.5 g, 1.9 mmol) stirred at room temperature for
3 hours, then agueous NHs (3 mL) has added dropwised onto this mixture and
continued the stirring at room temperature for another 2 hours. ThenFurther, the

solution was stirred at 90 °C in oil bath for 5 hours, after the reaction completed, the

whole mixture poured dropwise onto acetone (500 mL) to afforded white crystalline
precipitates (1.63 g, 97%). The product was dried for 24 h under vacuum at 60 °C and
then stored in a vacuum desiccator and are characterized by *H and **C NMR, and

ESI-MS analysis, which were in accordance with literature reports.S?> Mono-6-deoxy-
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6-amino-y-cyclodextrin (GCDx-NHz, 6), 'H NMR (400 MHz, D20, & ppm): 5.13 - 5.05
(m, 8H), 3.90 (m, 11H), 3.82 (d, J = 9.5 Hz, 20H), 3.65 - 3.59 (m, 9H), 3.56 (t, J = 9.3
Hz, 6H), 3.46 (t, J = 9.5 Hz, 1H), 3.29 - 3.19 (m, 1H), 3.05 - 2.95 (m, 1H). 13C NMR
(101 MHz, D20, & ppm): 101.6, 101.0, 80.3, 79.6, 72.8, 72.2, 71.7, 60.1, 40.7. HRMS
(ESI) m/z calcd. for CasHs2NOs3g [M+H]* 1296.4464, found 1296.4474; m/z calcd. for
CasHs1NOszgNa [M+Na]* 1318.4283, found 1318.4275.

2.2 Synthesis and characterization of mono-N-bis-(8-methylquinolyl) tethered y-
CDx derivatives (GCDx-QUI-2, 7)

Ng
HO

hbH HO o "
o Ofﬂ)H HO OHO OH
K Dry DMF, DIPEA o
O‘l + 2 > oL oo ¥oko
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Mono-6-deoxy-6-amino-»CDx 8-Bromomethylquinoline mono-[6-deoxy-6-N-bis-(8-methylquinolyl)]-»~CDx
GCDx-NH2, 6 GCDx-QUI-2, 7

Scheme S2. Synthesis of y-CDx appended mono-N-bis-(8-aminomethylquinoline)
derivative (GCDx-QUI-2, 7).

To a dry DMF solution (10 mL) of GCDx-NH2 (6) (1.296 g, 1 mmol), 8-
bromomethylquinoline (0.489 g, 2.2 mmol) and DIPEA (0.2 mL) were added drop-wise.
The reaction mixture was stirred at 80 °C in oil bath for 24 h under a nitrogen
atmosphere, and then the solvent was removed under vacuum. The residue was
dissolved in a small amount of DMF and then added drop-wise to acetone (300 mL).
The resulting white precipitate was filtered and washed successively with acetone (20
mL x 4) to gave the crude product. The crude product was loaded onto the preparative

reverse phase column (ODS-SM-50C) and eluted with a linear gradient ranging from
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water to 40% (v/v) methanol-water. The desired fraction was collected, and the eluent
was evaporated and lyophilized to yield the desired products as white crystalline solid.

Mono-[6-deoxy-6-N-bis(8-methylquinolyl)]-y-cyclodextrin (GCDx-QUI-2, 7)
(1.29 g, yield 82%) *H NMR (400 MHz, D20, & ppm) : 8.76 (s, 1H), 8.33 (s, 1H), 7.86
(dd, J = 8.2, 1.0 Hz, 1H), 7.47 (d, J = 34.3 Hz, 1H), 7.30 (d, J = 43.4 Hz, 2H), 7.02 (s,
1H), 5.97 (dd, J = 10.3, 4.6 Hz, 1H), 5.42 (d, J = 4.1 Hz, 1H), 5.31 (d, J = 3.9 Hz, 1H),
5.16 (d, J = 3.2 Hz, 1H), 5.05 (d, J = 3.6 Hz, 1H), 4.89 (d, J = 4.0 Hz, 1H), 4.72 (d, J =
3.6 Hz, 1H), 4.57 (d, J = 3.9 Hz, 1H), 4.52 - 4.41 (m, 1H), 4.29 - 4.07 (m, 3H), 4.03
(dd, J = 14.2, 4.8 Hz, 1H), 3.97 (s, 1H), 3.91 (dt, J = 8.2, 3.2 Hz, 2H), 3.86 - 3.68 (m,
5H), 3.67 - 3.54 (m, 2H), 3.54 - 3.46 (m, 1H), 3.46 - 3.33 (m, 3H), 3.33 - 3.25 (m, 1H),
3.21 (td, J = 9.5, 3.7 Hz, 1H), 3.03 (dd, J = ss18.4, 9.2 Hz, 1H), 2.87 - 2.78 (m, 1H),
2.61 (dd, J = 12.6, 3.1 Hz, 1H), 2.50 - 2.39 (m, 1H), 2.34 (d, J = 8.1 Hz, 1H), 2.20 (d,
J = 9.8 Hz, 1H), 1.46 (d, J = 9.9 Hz, 1H). 13C NMR (101 MHz, D20, & ppm): 149.4,
144.9, 137.4, 132.2,130.1, 127.4, 126.4, 126.2, 122.0, 101.4, 100.8, 82.4, 81.0, 73.2,
72.7,72.0,71.7,71.4,67.5, 60.3, 58.7, 56.3. HRMS (ESI) m/z calcd. for CssHosN3039
[M+H]* 1578.5621, found 1578.5620.

2.3 Synthesis and characterization of GCDx-QMe derivative, (8)
I ; J‘ +‘l N'E
FER = RS,

OH HO OH

7

e

GCDx-QUI-2, 7 GCDx-QMe, 8 8

Scheme S3. Synthesis of GCDx-QMe derivative (8).

The oven-dried round-bottom flask were charged with dry DMF (5 mL), GCDx-
QUI-2, (7) (1 mmol, 1.579 g), CHsl (3.5 mmol, 0.497 g). The reaction mixture was
stirred at 75 °C in oil bath for 24 h under a nitrogen atmosphere, and then the solvent
was removed under vacuum. The residue was dissolved in a small amount of DMF
and then added drop-wise to acetone (300 mL). The resulting white precipitate was
filtered and washed successively with acetone (20 mL x 4) to gave the crude product.

The crude product was loaded onto the preparative reverse phase column (ODS-SM-
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50C) and eluted with a linear gradient ranging from water to 35% (v/v) methanol-water.
The desired fraction was collected, and the eluent was evaporated/lyophilized to yield

the desired products as white crystalline solid.

GCDx-QMe, 8 (1.93 g, yield 96%) 'H NMR (400 MHz, D20, & ppm) : 8.93 -
8.73 (m, 1H), 8.45 - 8.32 (m, 1H), 7.95 - 7.90 (m, 1H), 7.55 (ddd, J = 11.1, 6.6, 1.9 Hz,
1H), 7.42 (d, J = 7.9 Hz, 1H), 7.29 (d, J = 8.9 Hz, 1H), 7.07 (t, J = 7.4 Hz, 1H), 6.04
(dd, J = 10.4, 4.5 Hz, 1H), 5.52 - 5.45 (m, 1H), 5.38 (d, J = 3.7 Hz, 1H), 5.22 (d, J =
2.9 Hz, 1H), 5.11 (d, J = 3.4 Hz, 1H), 4.95 (d, J = 3.7 Hz, 1H), 4.90 (d, J = 13.9 Hz,
1H), 4.63 (d, J = 3.5 Hz, 1H), 4.56 - 4.48 (m, 1H), 4.34 — 4.13 (m, 3H), 4.09 (dd, J =
14.4, 4.5 Hz, 1H), 4.03 (s, 2H), 4.02 - 3.92 (m, 2H), 3.92 - 3.74 (m, 6H), 3.73 - 3.60
(m, 2H), 3.60 - 3.52 (M, 1H), 3.53 - 3.49 (m, 1H), 3.47 (s, 1H), 3.45 - 3.39 (m, 1H),
3.34 (t, J = 9.1 Hz, 1H), 3.27 (t, J = 9.4 Hz, 1H), 3.14 - 3.02 (m, 1H), 2.88 (d, J = 11.8
Hz, 1H), 2.71 - 2.62 (m, 1H), 2.55 - 2.44 (m, 1H), 2.40 (d, J = 8.5 Hz, 1H), 2.26 (d, J =
9.8 Hz, 1H), 1.51 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, D20, & ppm): 150.0, 136.5,
132.6, 128.8, 128.4, 126.5, 122.3, 102.0, 100.8, 82.2, 80.6, 78.0, 75.2, 73.1, 72.0,
71.2, 70.7, 69.0, 60.3, 59.2, 58.6, 43.1. HRMS (MALDI-TOF) m/z calcd. for
C71H104N3039F Br [M+F+Br]* 1720.5414, found 1720.5419.
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2.4.1H and 13C NMR and HRMS spectra
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Figure S1. *H NMR Spectrum of mono-6-deoxy-6-amino-y-CDx (GCDx-NH2, 6) (D20,
400 MHz, 25 °C).
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3. Conformation analysis of host 7
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Figure S14. (a) The absorption spectrum of 7 (37 uM) in water and methanol. (b) The
orientations of the absorption transition moments for both B, and La absorption
bands are shown in the box.

The absorption bands at 226, 284, and 315 nm are attributed to the long (*Bb)
and short (*La)-axis polarized n-n* transitions of the quinoline chromophore. The ICD
signals of the two quinoline chromophores appeared at ~230 and 290 nm and are
attributed to the corresponding 'Bo and Lab electronic transitions.5* The CD spectra
of 7 in water consist of a negative couplet appearing around 233 nm. According to the
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empirical rule on the ICD phenomena of CDx complexes, the observed CD signals of
7 indicate that the anchored quinoline chromophores locate inside the CDx cavities
with the long Bp transition band being parallel to the CDx axis and the short Lap
transition band being almost vertical to the CDx axis. Both the quinoline chromophores
in 7, accommodated inside the CDx cavity resulted in the counter clockwise orientation
of its electronic transitions that correspond to the negative exciton chirality ECCD
signals according to the exciton chirality method. The weak positive CE peak at around
239 nm observed for 7 in methanol indicates that both of the quinoline chromophores
are not completely excluded from the CDx cavity.S* This confirmations was confirmed
by the fact that a much wider and upfield shifted distribution for the proton signals were
observed in D20 than in methanol-d4, suggesting the quinoline moiety was more self-
included in D20 to thus exert strong shielding or deshielding effects on different

glucose units.

(a) i (b) ( )
—— GCDX-QUI-2 in water : ?
30 :
—— GCDX-QUI-2 in methanol : Q_’
g §
g 15+ : ;
= :
© — e : Wat
g Y AR \/w ~ : ater
-15 1
} + } + } +
i Methanol
]
2 1.2
©
a
[
o
@
o
< 0.6 1
0.0 T T T
200 250 300 350
Wavelength (nm) GCDx-QUI-2, 7

Figure S15. (a) Circular dichroism (upper panel) and UV-vis. absorption spectra (lower
panel) of 7 (3.17 x 10° M) in water and methanol at 25 °C, and (b) Proposed quinoline
chromophore conformations obtained by applying exciton chirality theory to the CD
spectra of 7.54
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Figure S16. Circular dichroism (CD) and UV-vis. absorption spectral changes of 7
(63.4 uM) in PBS buffers (pH 2-7), at 25 °C.
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Figure S17. Comparison of 'H NMR spectrum (400 MHz) of 7 in CD30D (top) and

D20 (bottom).
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Figure S18. Expansion of Figure S17 in the aromatic proton region.
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Figure S19. Expansion of Figure S17 in the CDx proton region.
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4. The binding constants of hosts 5, 6 and 7 with AC

Table S1. The calculated binding constant of 5 with AC at pH 9 at 25 °C.2

Binding constant / M K1 K>
H K2/ K
> K1 Kz / x 107 M2 AU
9 161 + 25 38500 + 3300 6.20 239.1

a Reported in ref. S3, and binding constants were calculated in 25 mM borate
buffer using fluorescence and UV-vis titrations at 25 °C.

Table S2. Calculated binding constant of 6 with AC at different pH at 25 °C.2

Binding constant / Mt K1Kz
pH K ¥ /% 107 M2 K2/K1
7 3970 £ 1100 6350 + 1200 2.52 1.6
8 3810 + 450 6290 * 680 2.40 1.7
9 3540 £ 340 7630 £+ 630 2.70 2.2
10 4490 + 1600 7780 = 1400 3.49 1.7
a calculated using ITC measurements, [AC] = 0.2 mM, [6] =4 mM in PBS

buffer.

Table S3. Calculated binding constant upon complexation of 7 with AC at different pH
at25°C.2

Binding constant / M K1K2
pH — — /% 107 M2 K2/Kz
6P 1410 £ 290 15800 + 2300 2.23 11.2
7 3370 = 200 11700 = 780 3.94 3.5
8 4340 + 240 10900 = 650 4.73 2.5
9 3680 £+ 350 8650 + 840 3.18 2.4
10 734 + 19 1150 £ 90 0.08 1.6

a calculated using ITC measurements, [AC] = 0.2 mM, and [7] = 4 mM in
PBS buffer. P estimated [AC] = 0.02 mM by UV-vis. absorption spectra and

[7] = 4 mM.
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Figure S20. ITC titration data for the complexation of host 6 with AC in aqueous PBS
buffer solution (a) pH7, (b) pHS8, (c) pH9, and (d) pH10 at 25 °C, which gave the 1:1
association constant (K1) and the 1:2 association constant (Kz2).
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Figure S21. ITC titration data for the complexation of host 7 with AC in aqueous PBS
buffer solution (a) pH6, (b) pH7, (c) pH8, and (d) pH9 at 25 °C, which gave the 1:1
association constant (K1) and the 1:2 association constant (Kz2).
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Figure S22. (a) UV-Vis absorption spectral changes of AC upon addition of 7 in pH 7
buffer, [AC] = 0.2 mM; [7] = 0 - 0.33 mM. (b) Calculated 1:1 association constant (K1)
is 2734.5 + 103 M and the 1:2 association constant (K2) 10893 + 760 ML,
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Figure S23. (a) UV-Vis absorption spectral changes of AC upon addition of 7 in pH 8
PBS buffer, [AC] = 0.2 mM; [7] =0 - 5 mM (2 mM). (b) Calculated 1:1 association
constant (K1) is 4118.1 + 740 M and the 1:2 association constant (K2) 12216 + 3330
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Figure S24. (a) Fluorescence emission spectral changes of AC upon addition of 7 in
pH 7 PBS buffer, [AC] = 0.2 mM; [7] = 2 mM. (b) Plot of the fluorescence intensity at
427.5 nm versus the host [7].
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Table S4. Estimated populations of the free AC and complex species (AC:7) in the
solution used for the photoreaction.?2

Population of AC/ %

pH [AC] /mM [7] ImM H/G ratio
free 1:1 1:2
0.2 0 0.0 100 0 0
0.2 0.1 0.5 68 6 26
0.2 0.2 1 53 11 36
6 0.2 0.4 2 40 17 43
0.2 1 5 24 30 46
0.2 2 10 16 42 42
0.2 4 20 10 56 34
0.02 4 200 14.5 78.5 7
2 0.2 2 10 10 61 29
0.2 4 20 6 74 20
8 0.2 2 10 8 67 25
0.2 4 20 5 79 16
0.2 0.1 0.5 62 12 26
0.2 0.2 1 46 21 33
9 0.2 1 5 16 53 31
0.2 2 10 10 67 23
0.2 4 20 6 79 15
0.02 4 200 6 92 2
10 0.2 2 10 38 53 9
0.2 4 20 23 69 8

a calculated using binding constant data from ITC measurements, pH 6 (K1 =1410 + 290 and Kz =
15800 + 2300), pH 7 (K1 = 3370 + 200 and K2 = 11700 + 780) pH 8 (K1 = 4340 + 240 and Kz =
10900 + 650) pH 9 (K1 = 3680 + 350 and K2= 8650 * 840) and pH (K1 =734 + 19 and K2 = 1150
90).

5. Photocyclodimerization of AC and mediated by native and modified CDxs

Table S5. Photocyclodimerization AC in PBS buffer. 2

1 1 0, [0)

Bug{jr/ Conv. | % l Relaztlve yleIZI Yo 4 2 ee /% 3 /((f:;))b e e
1 d 32.7 107 351 189 e e 1.2 3.1 1.9
2 d 331 124 347 19.1 e e 1.2 2.7 1.8
3 d 323 135 344 198 e e 1.2 2.4 1.7
4 d 336 167 315 183 e e 1.0 2.0 1.7
5 d 356 192 300 201 e e 0.9 1.9 15
6 d 345 294 201 101 e e 0.5 1.2 2.0
7 48.6 369 285 181 137 -0.3 0.1 0.5 1.3 1.3
8 70.9 380 362 153 105 -0.2 0.4 0.4 1.1 15
9 73.2 369 362 150 119 -0.2 0.4 0.4 1.0 1.3
10 73.4 371 364 149 116 -0.4 0.3 0.4 1.0 1.3

2 All the photocyclodimerization reactions were carried in [AC] = 0.2 mM, and PBS buffer using 365 nm LED
light irradiation for 30 min. at 0.5 °C. ® HH / HT ratio. ¢ Anti / Syn ratio. ¢ low yield <7% ¢ Not determined
because of the low yield.
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Table S6. Photocyclodimerization AC in host 5 in PBS buffer. 2

Buffer/  Conversion SR el c2 i (3+4) 12¢  3jac
pH /% 1 2 3 4 2 3 I1+)°
1 53.7 47.7 131 26.1 4.2 11.3 0.7 0.5 3.6 6.2
1d 64.7 54.6 19.7 21.2 4.6 115 1.8 0.4 2.8 4.6
2 58.7 50.5 21.2 23.6 4.7 8.3 0.3 0.4 2.4 5.0
24 60.9 52.8 22.9 19.3 5.0 11.6 1.7 0.3 2.3 3.9
3 59.6 521 253 179 4.7 8.2 0.9 0.3 2.1 3.9
3d 70.5 51.2 22.7 20.6 55 115 3.1 0.4 2.3 3.7
4 49.6 52.9 255 17.0 4.6 7.9 1.9 0.3 2.1 3.7
44 46.4 48.3 27.3 17.4 7.1 141 44 0.3 1.8 25
5 48.4 45.2 30.5 16.5 7.9 21.2 4.0 0.3 1.5 2.1
5d 55.8 43.1 35.0 14.6 7.2 28.9 6.9 0.3 1.2 2.0
6 49.2 39.5 40.9 11.7 7.9 36.3 4.5 0.2 1.0 1.5
6¢ 52.2 39.7 43.0 10.1 7.2 38.2 7.6 0.2 0.9 14
7 99.6 39.0 46.5 8.0 6.5 40.6 2.9 0.2 0.8 1.2
8 99.0 39.0 46.7 7.8 6.4 41.5 24 0.2 0.8 1.2
9 99.6 39.0 46.9 7.6 6.5 42.7 2.9 0.2 0.8 1.2
10 99.8 39.1 46.6 7.8 6.5 41.8 2.9 0.2 0.8 1.2

2 All the photocyclodimerization reactions were carried in [5] = 2.0 mM, [AC] = 0.2 mM, and PBS buffer using
365 nm LED light irradiation for 30 min. at 0.5 °C. ® HH / HT ratio. ¢ Anti / Syn ratio. ¢ filtrate.

Table S7. Photocyclodimerization AC in host 6 in PBS buffer. 2

Buffer / Conv. 1% Relative yield / % ee /% (3+4) oo e
pH 1 2 3 4 2 3 /(1+2) ®
1 23.9 46.6 14.0 33.9 55 7.9 0.9 0.7 3.3 6.2
1¢d 73.8 51.3 194 27.1 7.0 6.7 1.0 0.5 2.6 3.9
2 25.2 48.1 21.1 24.8 6.0 7.6 0.7 0.4 2.3 4.1
24 63.7 49.0 20.1 23.3 6.6 6.1 0.6 0.4 2.4 35
3 28.5 50.7 21.4 21.8 6.1 7.2 0.6 0.4 2.4 3.6
3¢ 38.4 50.8 22.8 20.0 6.4 7.3 0.5 0.4 2.2 3.2
4 36.3 44.7 22.7 23.4 9.2 10.9 -04 0.5 2.0 2.6
44 55.1 39.4 34.2 16.0 8.4 18.0 -0.9 0.3 1.2 1.9
5 41.0 39.0 35.0 15.6 105 19.1 -0.6 0.4 1.1 15
5¢ 61.0 38.2 37.1 14.4 9.1 20.0 -14 0.3 1.0 1.6
6 69.4 38.9 40.9 11.1 9.2 21.7 -15 0.3 1.0 1.2
6¢ 98.6 39.7 41.3 10.3 8.7 21.5 -2.2 0.2 1.0 1.2
7 99.4 39.7 434 8.8 8.2 23.7 -2.5 0.2 0.9 1.1
8 99.6 39.4 43.8 8.7 8.2 25.2 -2.3 0.2 0.9 11
9 99.6 39.1 44.5 8.5 7.9 32.0 -2.2 0.2 0.9 1.1
10 99.3 38.8 45.0 8.4 7.9 36.2 -2.9 0.2 0.9 11

2 All the photocyclodimerization reactions were carried in [6] = 2.0 mM, [AC] = 0.2 mM, and PBS buffer using
365 nm LED light irradiation for 30 min. at 0.5 °C. ® HH / HT ratio. ¢ Anti / Syn ratio. ¢ filtrate, estimated [AC]
=0.02 uM (pH1), 0.17 uM (pH2), 0.86 uM (pH3), 1.33 uM (pH4) and 3.62 uM (pH5), by HPLC.
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Table S8. Photocyclodimerization AC in host 7 in PBS buffer (pH 1-10) at different
temperatures (°C). 2

Added T Relative yield / % ee/ % (3+4)

Solvent salt  fC Conv. /% 1 " 3 7 > 3 I(1+2)°
PH1  none 25 764 301 57 503 139 307 179 18 52 36
05 914 292 108 444 156 392 226 15 27 29

PpH1¢ none 25 662 362 101 425 128 148 54 12 36 33
05 701 347 130 379 143 166 82 11 27 26

Licle 05 121 419 118 309 153 394 224 09 35 20

20 75 489 130 291 90 210 252 0.6 38 32

CsCl' 05 530 396 78 401 125 414 143 11 51 32

20 641 439 90 404 68 357 175 09 49 60

pH1/  none 05 420 448 154 311 88 262 132 07 29 35
MeOH 9 20 471 418 164 339 7.9 458 101 07 25 43

pH 2 none 0.5 54.3 383 181 323 114 255 42 0.8 21 29
pH2¢ none 0.5 16.5 454 182 236 128 216 50 0.6 25 18
pH 3 none 05 58.1 438 233 241 88 248 111 0.5 19 27
pH 3¢ none 0.5 12.7 437 211 228 125 246 20 0.5 21 18
pH 4 none 0.5 12.0 391 245 245 119 186 -15.1 0.6 16 21
pH 4 ¢ none 0.5 25.0 391 268 198 144 266 -13.6 0.5 15 14
pH 5 none 0.5 17.3 389 371 129 111 178 -49.8 0.3 11 12

pH5 ¢ none 0.5 275 371 337 154 137 280 -39.6 0.4 11 11
pH 6 none 25 27.9 388 380 129 104 225 -328 0.3 10 12

05 360 385 439 98 79 157 512 02 09 12
PH6Y nome 25 215 379 362 116 131 123 267 03 11 09
05 326 386 393 121 100 278 -330 03 10 12

pH6Y LiCle 05 138 318 244 269 168 284 -151 08 13 16
20 172 559 180 182 7.9 414 -198 04 31 23

CsCl' 05 437 271 201 254 274 376 -483 11 14 09

20 597 334 212 261 193 410 -644 08 16 14

pH6/ none 05 195 415 347 141 96 141 -446 03 12 15
MeOH 9 20 226 432 308 158 102 226 -52.2 04 14 16

none 05 48.0 383 447 89 81 189 -470 0.2 09 11
none 05 55.0 384 436 93 8.8 198 -44.2 0.2 09 11
none 0.5 70.4 394 411 102 94 232 -448 0.2 10 11

10 none 05 73.6 364 415 117 104 280 -449 0.3 09 11

2 All the photocyclodimerization reactions were carried in [7] = 2.0 mM, [AC] = 0.2 mM, and PBS buffer (pH
1-10) using 365 nm LED light irradiation for 30 min. at different temperatures. ® HH / HT ratio. ¢ Anti / Syn
ratio. ¢ filtrate, estimated [AC] = 0.016 uM (pH1), 0.032 puM (pH2), 1.07 uM (pH3), 2.53 uM (pH4) and 5.32
uM (pH5), by HPLC. € LiCl (1 M). ¢ CsCl (6M). f ratio of solvent is 1:1 (V/V).

1/2¢  3/4°
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Table S9. Photocyclodimerization AC in host 8 in PBS buffer (pH 1-10) at 0.5 oC.2

Added T Relative yield / % ee/ % (3+4)

Conv. / %
Solvent alt pc Conv-/% 1 ) 2 , ) 2 /(1+2)°

1/2¢  3/4°

pH 1 none 0.5 95.2 39.2 244 318 46 766 355 0.6 16 6.9
pH 14 none 0.5 81.6 412 137 349 75 634 311 0.6 16 6.9

CsCle 05 782 315 135 442 107 671 235 08 30 47

20 902 384 196 523 197 828 294 12 23 41

pH1/  none 05 947 366 211 338 85 647 298 12 20 27
MeOH ! 20 810 421 182 357 59 701 412 07 17 40
pH2  none 05 902 393 241 299 67 654 139 06 16 44
pH3  none 05 861 374 244 287 95 527 31 06 15 30
pH4  none 05 459 384 309 199 107 309 -298 04 12 19
opH5  none 05 747 404 365 138 92 255 -457 03 11 15
pH6  none 05 746 403 396 119 83 252 502 03 10 14

pH 7 none 05 75.9 401 424 111 64 248 -67.5 0.2 09 17
pH7¢d none 0.5 76.2 39.7 403 126 73 234 -65.7 0.2 1.0 17

CsCle 05 424 240 216 204 340 256 -61.5 12 11 06

20 569 262 223 206 309 304 -762 11 12 07

pH7/  none 05 405 488 304 115 93 657 549 03 16 12
MeOH ! 20 321 434 368 120 78 769 631 02 12 15
pH8  none 05 760 400 440 98 63 239 -675 02 09 16
pH9  none 05 776 401 424 95 80 210 -669 02 09 12

pH 10 none 0.5 76.8 40.7 410 9.9 85 9.6 -66.3 0.2 1.0 1.2
2 All the photocyclodimerization reactions were carried in [8] = 2.0 mM, [AC] = 0.2 mM, and PBS buffer (pH
1-10) using 365 nm LED light irradiation for 30 min. at different temperatures. ® HH / HT ratio. ¢ Anti / Syn
ratio. ¢ filtrate, estimated [AC] = 0.023 uM (pH1), 0.037 uM (pH2), 1.17 pM (pH3), 2.72 uM (pH4) and 5.77
uM (pHS5), by HPLC. ¢ CsCl (6M). f ratio of solvent is 1:1 (V/V).
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6. Calculation of pKa values

Table S10. pKa values of free AC, native »-CD (5), quinoline and quinoline attached
host (7, its conjugated acid forms), and 5/6/7:AC complexes at 25 °C.2

Calculated pKa

Reported pKa

UV-vis. Fluorescence
AC (pK+*°) - - 4.35 S5
y-CDX, 5 (pK2) b - - 12.081 657
Quinoline (pKa2") - - 4,858
7 (pKa7) © - 4.49 -
5 : AC complex (pKa>A¢) ¢ 5.8 - -
6 : AC complex (pKa54) © 5.28 5.41 -
7 : AC complex (pKa"C) f 4,93 4,98 -

2 calculated using UV-vis and fluorescence spectral measurements, pH was adjusted using 66.7 mM,
NaOH and 1 M HCI solution. ® determined by potentiometry (25 °C). ¢ [7] = 0.0317 mM. ¢ Ref. S9. ©
[AC] = 0.004 mM, [6] = 0.2 mM. F[AC] = 0.02 mM, [7] = 0.2 mM.
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Figure S25. (a) Fluorescence spectral changes of 7 (0.063 mM) in different PBS
buffers with pH ranging from 1.67 to 10.51, at 25 °oC, and (b) the relative fluorescence
intensity changes with pH and the calculated pKa of 7 is 4.49.
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Figure S26. (a) Absorption spectral changes of 6 (0.2 mM) - AC (0.004 mM) complex
in different PBS buffers with pH ranging from 2 to 9, at 25 °C, and (b) the relative
absorption changes with pH and the calculated pKa of 6:AC complex is 5.28.
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Figure S27. (a) Fluorescence spectral changes of 6 (0.2 mM) - AC (0.004 mM)
complex in different PBS buffers with pH ranging from 1.70 to 9.50, at 25 °C, and (b)
the relative fluorescence changes with pH and the calculated pKa of 6:AC complex is

5.41.
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Figure S28. (a) Absorption spectral changes of 7 (0.2 mM) - AC (0.02 mM) complex
in different PBS buffers with pH ranging from 1.9 to 7.6, at 25 °C, and (b) the relative
absorption changes with pH and the calculated pKa of 7:AC complex is 4.93.
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Figure S29. (a) Fluorescence spectral changes of 7 (0.2 mM) - AC (0.02 mM) complex
in different PBS buffers with pH ranging from 1.90 to 9.80, at 25 oC, and (b) the relative
fluorescence changes with pH and the calculated pKa of 7:AC complex is 4.98.

7. UV-Vis,, fluorescence, and CD spectral studies
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Figure S30. Normalized fluorescence spectra of (a) 6 (0.2 mM)-AC (0.004 mM), and
(b) 7 (0.2 mM)-AC (0.02 mM) complex in different PBS buffers with pH range from
~1.70 —9.80, at 25 °C.
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Figure S31. Fluorescence spectra of (a) 5 (0.2 mM)-AC (0.02 mM) complex (c) 6 (0.2
mM)-AC (0.02 mM) complex in different PBS buffer with the pH range from 1 - 10, and
(b) & (d) its complex filtrate solution at 25 °C.
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Figure $32. UV-vis spectra of (a) 7 (0.2 mM) - AC (0.02 mM) complex in different
PBS buffers with the pH range from 1 to 6 and (b) its complex filtrate at 25 °C.

@ (b)
3 =) pH
8 pH (7:AC complex) L 2000 4 N (filtrate of 7:AC complex)
> 6000- 10 ~ AN 5
s 7 [\
/ \
£ 4000+ E / 1
8 81000 | .\
g c |‘I / \ \
, s |
@ 2000 , 2 lr \
o ; o "\
§ J g )i/‘ \ .
L 0 ’ T T T E 0 / \‘:‘\i'—':;;-;_,
400 500 600 400 500 600

Wavelength (nm) Wavelength (nm)

Figure S33. Fluorescence spectra of (a) 7 (0.3 mM) - AC (0.03 mM) complex in
different PBS buffers with the pH range from 1-6 and (b) its complex filtrate at 25 °C.

S29



17.6

8.8
f i
1.5 —0
——0.02mM

o ——0.04 mM
2 1.04 ——0.06 mM
8 ——0.08 mM
[
=]
(7]
L
<€ 0.5

0.0+
200 300 400 500

Wavelength / nm

Figure S34. Circular dichroism spectra (upper panel) and UV-vis. (lower panel) of host
7 (0.19 mM) in a pH 7 (PBS, 66.7 mM) with increasing concentration of AC at 25 °C.
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Figure S35. Circular dichroism spectra (upper panel) and UV-vis. (lower panel) of host
7 (0.19 mM) in a pH 2 (PBS, 66.7 mM) with increasing concentration of AC at 25 °C.
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Figure S36. Circular dichroism spectra (upper panel) and UV-vis. (lower panel) of host
7 (0.2 mM) - AC (0.2 mM) complex in different PBS buffers with pH at 25 °C.
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Figure S37. (a) and (b) Circular dichroism and (c) UV-vis. spectral changes of host 7
(0.2 mM) - AC (0.2 mM) complex in different PBS buffers with pH at different

wavelengths (at 25 °C).
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