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1. Experimental section:

Characterization Techniques: Transmission electron microscopy (TEM) studies of the
particles were carried out at an accelerated voltage of 197 kV using a Philips CM200 TEM
equipped with a LaBg source. The X-ray diffraction (XRD) patterns were recorded on a
Shimadzu XD-3A X-ray diffractometer operating at 20 kV using Cu Ka radiation (A= 0.1542
nm) for CNTs and its composites. For ferrites, Cr Ka radiation (A= 0.2 nm) radiation source
was used. X-ray photoelectron spectroscopic analysis (XPS) was performed using an
ESCALAB250 instrument by Thermo VG Scientific. Unless stated otherwise,
monochromatic Al K,-radiation was used (15kV, 150W, ~500 um spot diameter) with the
transmission function of the analyzer having been calibrated using a standard copper sample;
when necessary, charge compensation was achieved using a “Flood-Gun” (~6eV/ 0.05mA).
Spectra were recorded with pass energy of 80 eV for survey spectra, and 30 eV for core level
spectra. For non-magnetic samples, a magnetic lens was used to enhance the signal/noise
ratio. Infrared spectra were recorded on a Varian Associated FT-IR 3100 Excalibur with ATR
unit. The wave numbers (n) of recorded IR-signals are quoted in cm™'. Enantiomeric excess
(ee) was determined using HPLC, Shimadzu with UV-detector using chiralcel AD-H column
with flow rate of 1.2 mL/min and 5% isopropanal: hexane system. The ACME silica gel
(100-200 mesh) was used for column chromatography and thin layer chromatography was

performed on Merck precoated silica gel 60-F;s4 plates.

2. Synthesis of MNPs (Fe;0,4): The MNPs were prepasred by the so called wet-impregnation
method as reported in literature. The ultra-fine MNPs were prepared by co-precipitating
aqueous solutions of ferrous ammonium sulphate (NHy4),Fe(SO,), 6H,O and ferric chloride
(FeCl3) mixture, respectively, in alkaline medium. Ferrous ammonium sulphate 0.98g (2.5
mmol) was added to 0.81 g (5 mmol) of ferric chloride in 200 mL of water (i.e.,

stoichiometry ratio Fe?*:Fe3*= 1: 2) and the resultant mixture was kept at 80 °C for 30 min

S2



under inert atmosphere. To this solution, 0.02N NH4,OH was added drop by drop till the
complete precipitation occurs under constant stirring. Magnetite formed by conversion of
metal chloride into hydroxides (which takes place immediately), and hydroxides into ferrites.
The resultant solution was maintained at 80 °C for another 2h. Then the brown colour
precipitate, obtained is washed several times with distilled water. The precipitate is then
separated with the help of external magnet and is kept for drying at 80 °C. Finally thus
prepared MNPs were calcinated at 400°C for 2h to get free flowing powder.

2.1. Synthesis of CPA (L.1) modified MNPs (Chiral Solid):

In a typical experiment, magnetite (0.1 g) was added into the round bottom flask containing
toluene (3.0 mL) and (R)-(—)-1,1'-Binaphthyl-2,2'-diyl hydrogen phosphate (0.02 mmol, 7.0
mg) was sonicated for 1 h at 80 °C. Then chiral magnetite nanoparticles (MNP/L1) collected
via magnetic decantination was directly used in asymmetric cyclization of 2’-
hydroxychalcone. Various concentrations of L1 (5, 7.5, 10, 15 mol % of L 1) on MNPs were

prepared. Similarly MNP/L2 was synthesized using L2 ligand.

2.2 Synthesis of CNPs (CoFe;0,):

Cobalt ferrite nanoparticles were synthesized similar to that of MNPs, using cobalt chloride
0.59g (2.5 mmol) (CoCl, 6H,0) instead of ferrous ammonium sulphate. The samples were

designated as CNP/L1 with ligand L1 and CNP/L2 with ligand L2 respectively.

2.3 Preparation of MNP-L1-CNT (inside the CNT channel):

The pristine CNTs, present a specific surface area 40m?/g, a mesoporous volume of 0.15
cm’/g, a mean pore diameter of 14 nm, an average external diameter of 60 nm and internal
diameter of 40 nm were purchased from UNITECH, Bangalore. Pure CNTs (250 mg) (CNT)
were dispersed in xylene (10.0 mL) and ultra sonicated for 30 min at room temperature. To

the resultant suspension, MNP/L1 (30 mg, dispersed in 15.0 mL of xylene) were added and
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further sonicated for 6 h. Then the suspension was washed several times thoroughly with
ethanol (20 mL) and finally with water till the neutral pH is attained and dried at 50 °C
overnight to get the functionalized CNTs (M/CNT-L1). Similarly M/CNT-L2 and (C/CNT-

L1; C/CNT-L2) were prepared.

2.4 Preparation of MNP/L1-CNT (out) Catalyst:

Pure CNTs (5.0 g) were dispersed in a solution of conc. HNOj3 (4.0 mL) and conc. H,SO,
(16.0 mL). The suspension was ultra sonicated for 3 h at room temperature. Later pure
water (100 mL) was added and further sonicated for 10 min. Then the suspension was
washed several times thoroughly with water till the neutral pH is attained and dried at 50

°C overnight to get the -COOH functionalized CNTs. (Z. Wang, M. D. Shirley, S. T. Meikle, R. L.
D. Whitby, S. V. Mikhalovsky, Carbon, 2009, 47, 73-79. And B. Scheibe, E. B.- Palen, R. J. Kalenczuk, J. Mat.

Char, 2010, 61, 185-191.) Thus prepared acid functionalized CNTs (360 mg) were dispersed in
200 ml DMF-water mixture [DMF/water: 20/80 (v/v)]. To this dispersed solution, MNP-
L1 (50.0 mg) in toluene (3.0 mL of H,0O) were added slowly and sonicated for further 12
h. The resultant mixture was washed thoroughly with water, followed by methanol and

dried at 80 °C for 24 h to get the magnetite functionalized CNTs.

2.5 Asymmetric cyclization of 2’-hydroxychalcone to flavanone:

In an oven dried flask, 2’-hydroxychalcone (0.5 mmol) were stirred in chlorobenzene (3.0 mL)
containing a catalyst (20.0 mg) to give a yellow color suspension. The temperature increased to
100 °C and further allowed to stir for the required time. After completion of the reaction,
(monitored by TLC), the catalyst was removed with the help of external magnet and washed
with ethanol (2 X 10 mL). Later, the reaction mixture was quenched with addition of (1.0 mL)
0.1 N HCI followed by EtOAC. After evaporation of the organic phase, the residue was

purified by column chromatography (Hexane: EtOAC, 9:1 as eluent) to give colorless crystals.
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3. Characterization of the catalyst

3.1. XPS of MNP-L1/CNT (inside)
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Fig. S1. XPS surface scan survey of catalyst
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3.2. FT-IR of MNP/L1-CNT (inside)
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Fig. S2. (a) As received CNT (b) M/CNT/L1 (c) C/CNT-L1
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4. Mass spectra of Fe-CPA
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Fig. S3. Mass spectra of Fe?*'-CPA
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Fig. S4. Mass spectra of Fe?*-CPA
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5. Recycling of the catalyst

100

I Yield(%)

90 4 Il Selectivity(ee %)

80 -

70 -

60 4

50 <

40 4

% of Yield / Selectivity (% ee)

30 -

20 -

fresh 1 2 3 4 5
Number of Recycle

Fig. S5. Recycling of M-L1/CNT (inside) in the asymmetric cyclization of 2’-
hydroxychalcones

6. Effect of the chiral ligand

100 100
90 4 305
80 4
80 <
70+
70 4 60 -
@
60 4 @ 504
S
50 se 40-
30 4
40 -
20 4
304 104
20 4 0
2.5 5.0 7.5 10.0 12.5 15.0 17.5 25 5.0 7.5 10.0 125 15.0 17.5
CPA Concentration (mol %) CPA Concentration (mol %)

Fig. S6. Effect of the ligand concentration in reactivity and selectivity for asymmetric
cyclization (A) inside of the CNT channel and (B) outside of the CNT surface [HPLC data
for MNP-LI inside CNT channel (Fig. S20-S24) and outside of the CNT surface (Fig.
S30-S34).
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7. Table S1. Optimization conditions cyclization of 2’-hydroxychalcone (in the absence
of chiral phosphoric acid).

entry catalyst solvent temp Yield
(°C) (%)

1 MNPs Ethanol 100 10
2 MNPs Methanol 100 10<
3 MNPs toluene 100 N.R
4 MNPs DMF 100 80
5 MNPs Dichlomethane 60 16
6 MNPs Chlorobenzene 100 92
7 MNPs Chlorobenzene 80 85
8 MNPs Chlorobenzene 60 75
9 MNPs DMF 100 60
10 CNT DMF 100 <10
11 CNT Chlorobenzene 100 N.R
12 CNPs Chlorobenzene 100 63
13 CNPS Chlorobenzene 80 38

Reaction condition: 0.5 mmol of reactant, 3.0 mL of solvent, 20 mg of the catalyst

S10



Table S2: Asymmetric oxa-Michael addition reaction of various ratios of Fe: CPA.

entry  Fe: CPA Fe;04-CPA? Fe;04-CPA confinement in
CNT®

Yield ee (%) HPLC Yield ee (%) HPLC

(%) spectrum (%) spectrum
1 40 80 17 Fig. S25 87 -80 Fig. S20
2 20 81 39 Fig. S26 86 -82 Fig. S21
3 13.3 79 47 Fig. S27 88 91 Fig. S22
4 10 75 54 Fig.S28 87 -95 Fig. S23
5 8 74 61 Fig. S29 &5 -97 Fig. S24

Reaction condition: Reactant (0.5 mmol): acatalyst (20.0 mg of Fe3O4-CPA): b (20.0 mg of CNT-
Fego4-CPA)
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8. (a) Previous reports for the asymmetric Oxa-Michael addition of 2’-hydroxychalcone

HcCr
N\
g s |
(A1) R'= Without modification & R-X=-OH  (B1) R-X= Ar\N)]\N--- & R=Ni
H H
Yield 81%, Selectivity 61% ee Yield 97%, Selectivity 80% ee
Hintermann et al, Eur. J. Org. Scheidt et al, J. Am. Chem. Soc.,
Chem., 2007, 5886. 2007, 129, 3830.
(A2) R OOO &R-X=-OH (B2) R-X= F3C©—/ & R'=Nil
Yield 98%, Selectivity 85% ee
Yield 44%, Selectivity 779
leld 44%, Selectivity 77% ee Zhao et al, Tetrahedron,
Dittmer et al, Eur. J. Org. 2011, 67, 5389.
Chem, 2012, 5573.
(A3)

Cow
NH T N

Yield 65%, Selectivity 96% ee

Wang et al, Tetrahedron Lett.,
2014, 55, 3255.
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(b) Reported Metal-CPA catalysts for Various Reactions
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M. Mahlau, B. List, Angew. Chem.Int. Ed., 2013, 52, 518.
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9. TOF Calculation:
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Fig. S7. TOF of (A) MNP-L1/CNT (in) and (B) MNP-L1/CNT (out)
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10. "TH-NMR Spectra of flavanones
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Fig. S8. 'H NMR of the 2-(4-bromophenyl) chroman-4-one
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Fig. S11. 'H NMR of the 2-Phenylchroman-4-one (flavanone)
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11. Chiral HPLC traces

SiHlMADZU

: LabSolutions

<Sample Information>

Sampls Name - Comp ¢ ch9
Sample ID - Comp ¢ ch9
Data Filename : Comp c ch 8.lcd
Method Filename : Fav 2lcm

Batch Filename

Analysis Report

Vial # - 3.2 Sample Type > Unknown
Injection Volume -1 ul
Drate Acquired 11212016 4:02:11 PM Acquired by - System Administrator
Date Processed - 11212016 4:23.01 PM Frocessed by : System Administrator
<Chromatogram:>
mi
mnu—_ I% § Detector A 254nm|
I° -
H00H | | U|
| |
| | [ 1
0 i\ RN
0.0 O E.IE S E!I} ; 1E:.I} o 1E:.I'.'I
min

Fig. S19. HPLC of 2-Phenylchroman-4-one racemic
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== LabSolutions

=Sample Information=

Analysis Report

Sample Mame : FLAB
Sample ID : FLAB
Data Filename seT2ded
Method Filename : Fawv Z.lcm
Batch Filename -
Wial # :1-2 Sample Type : Unknown
Injection Volume 1 ul
Date Acquired 4252017 11:02:25 AM Acquired by : Systermn Administrator
Diate Processed 422017 11:25:08 AM Processad by : Systern Admministrator
=Chromatogram:>
'
] E Detector & 254nm
100 |r =
TEH | |
s00- | |
N | | 3
250 | | =
i | il
2 | il
i | |
o o ST e ' S AN
0.0 2!5 5!!] r|5 1&!.!] ':-1!.5 13.-3
min
=Peak Table=
et 2odnm
Ret. Time Area Height Area% Height%
B.188 21285085 1048285 B0.7TET B3.483
11. 104 21683158 207403 9.233 16 517
23428223 1255887 100,000 100.000

Fig. S20. HPLC of 2-Phenylchroman-4-one using M/CNT/L1-(inside) (5 mol%)
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SHEMADEL
= LabSolutions

=Sample Information=

Sample Mame 115
Sample ID ellh
Data Filename s C118.0ed

Method Filename : Faw 2.0cm
Batch Filename 5

Wial # 0 1-2
Injection Volume 1 ul
Diate Acquired

Date Processed 2017

4282017 6:05:53 PM
6:21:508 PM

Sample Type

Acquired by
Processed by

Analysis Report

: Unknown

: Systern Administrator
: Systermn Administrator

=C hromatogram=

'
H T Dietector A 254nm|
400} |"|f;
30MH | |
20MH || |
100 || | 5
] i —
b | | M
7 ! \ / I"n.
0 P —
T T T T I T T T T T T T T I T T T T T T T T T T T T T
0.0 25 5.0 r.5 1d.-:l t'.'L! i :L!n a
min
=Peak Tabla=
Zoanm
Ret. Time Area Height Ares% Height%
7044 B283309 4152458 21,030 B&.581
11.435 E75388 53479 8.870 11.408
DT EBERT 488727 100.000 100.000

Fig. S21. HPLC of 2-Phenylchroman-4-one using M/CNT/L1-inside (7.5 mol%)
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SHiMADZU

;i LabSolutions

<Sample Information>

Sample Hame : Comp c chi
Sample ID :Comp ¢ ch1
Data Filename s Comp ¢ chiled
Method Filename : Faw 2.lcm

Batch Filename
Vial # - 11
Injection Yolume ;0.4 ul

Sample Type

Analysis Report

» Unknown

Date Acquired S 1IR212016 12:3523 PM Acquired by : System Administrator
Date Processed - 11/21/2016 1:34:40 PM Processed by : System Administrator
<Chromatogram:
'
G 4 Detector A 254nm|
00
] &
- Lo
200 =
i |'II
] I
i | |
1 I
10
i I
- {1 =
4 i | !
o g .-'I Ill\ L ."ﬂ‘:
T T T T T T T T I T T T I T T T T
5.0 7.5 10.0 125 15.0
mruin
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area% Height%
§.399 2189666 194880 94 727 93.641
11.412 121900 13234 5273 65.359
23115686 208124 100.000 100.000

Fig. S22. HPLC of 2-Phenylchroman-4-one ssing M/CNT/L1-inside (10 mol%)

S29



SHIMADZU

: LabSolutions

<Sample Information=>

Sample Name : Comp ¢ ch8
Sample ID - Comp ¢ ch8
Data Filename :Comp ¢ ch 8.lcd
Method Filename : Fav 2lcm
Batch Filename

Vial # 212

Injection Volume :1uL

Date Acquired
Date Processed

S 112172016 3:46:11 PM
S 11421/2016 4:.07:09 PM

Sample Type

Acquired by
Processed by

Analysis Report

: Unknown

- System Administrator
- System Administrator

<Chromatogram>
m
S | = Detector A 254nm
| &
= .E}
i f|
1000+ |
. |
i | | &
i B o
. | o
{'_ T T 1 1 I 1 1 I_ T I 1 1 1 I .‘: I:\- T T I T 1 1 1 I 1 T T T I
0.0 25 5.0 T.5 10.0 12.5
min
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area% Height%
8.225] 21841684 1412655 97427 95.421
11.129 576730 52430 2573 3.579
22418414 1465084 100.000 100.000

Fig. S23. HPLC of 2-Phenylchroman-4-one using M/CNT/L1-inside (12.5 mol%)
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SHEMNW.ADEEL
== LabSolutions

Analysis Report

=Sample Information=

Sample Name : FLAB
Sample ID : FLAB
Data Filename o4 led

Method Filename : Fawv 2.0cm

Batch Filename E

Wial # o 1-2

Injection Volume 1 ul

Date Acquirsed 422017 11:22:62 AM
Date Processed 422017 11:41:12 &AM

Sample Type : Unknoewn
: Systern Administrator

Acquired by
: Bystern Administrator

Processed by

=C hromatogram=>

'
] B Dhetector A 254 nim|
00 [1=
g [
i |
200 | |
2004 | ||
100 | { =
. | -
- II (] :
o] S e e s ) LN Fo =
7 T T T T I T T T T I T T T T I T T T T T T T T T T T T
0.0 2.5 5.0 7.5 1d.|:l ‘i.‘i- 15.0
min
<Perak Tahle=
Diefector A 254nm
Ret. Time Area Height Sreatn Height%
7.285 13172648 538845 08.534 B87.149
11. 160 196040 15816 1.458 2.851
13388686 ES4051 100, 000 100.000

Fig. S24. HPLC of 2-Phenylchroman-4-one using M/CNT/L1-inside (15 mol%)
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SHMADIFEL)
= LabSolutions

=Sample Information=

Sample Name
Sample ID
Data Filenams

: Ferrite {&@ 5 mol¥% CPA
: Ferrite {@ 5 mol¥% CRA
: Ferrite (@ 5 mol¥ CPA

Analysis Report

Method Filename : Fawv 2.lcm
Batch Filename €
Wial # t1-2 Sample Type : Unknown
Injection Volume 1 udl
Diate Acguired D4R2E201T 1:22:12 PM Acquired by : Systemn Administrator
Diate Processed D 42E201T 13815 PM Processed by : Systemn Administrator
< hromatograms=
miv
] = Dietector A 254nim]
1 &
750 |"
S0 = |
- [=2]
) - ‘
_ |
25[1—_ I| II | |
- |
] . | |
_ | I| |
i oy B = Y [N
— T T T T T 7T — T T T —T — T
0.0 2.5 50 7.5 ‘.=dl.III 12'.5
min
<Peak Table=
254nm
Ret. Time Area Height Area% Height%%
7.208 B10G732 404281 41.819 32315
10.880 11278506 B4E6TET 58.181 67.685
18385328 1251045 100.000 100.000

Fig. S25. HPLC of 2-Phenylchroman-4-one using MNP/L1(5 mol%) (in the absence of CNT)
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S-IVLADELY

i LabSolutions

Analysis Report

<Sample Information=>

Sample Name :Comp ¢ chi2
Sample ID :Comp c chi2
Data Filename :Compecchi12.led
Method Filename © Fav 2.lcm

Batch Filename
Vial # t1-2
Injection Volume -1 ulL

Sample Type : Unknown

Date Acquired S11212016 4:47:34 PM Acquired by : System Administrator
Date Proceased 222017 4:43:54 PM Processed by > System Administrator
<Chromatogram:=
m'y
7 |2 Detector A 254nm|
- |m
] & ||E
1000+ <4
] fl | |
: I |l
0 i n'l ll\_ d Ilu.
d ' ! ' I ' ' ! ' I ' ' ! ' | ' ' ! : | ) ' ! ' | ' ' ' ! | '
0.o 2456 5.0 7.5 10.0 12.5 15.0
rmin
Detector & 254nm
Ret Time Area Height Areath Height%:
7.594 S005468 812137 30619 31.240
10.918| 20406272 1787538 69.381 65.760
29411740 2599675 100.000 100.000

Fig. S26. HPLC of 2-Phenylchroman-4-one using MNP/L1 (7.5 mol%) (in the absence of CNTs)
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SHIMADZL

i LabSolutions

=Sample Information>

Sample Name : Femtef@ 10 mole% CRA
Sample 1D : Femitei@ 10 mole% CPRA
Diata Filename : Femted@ 10 mole% CRA

Method Filename : Fawv 2. lcm

Batch Filemame

wial # T 12

Injection Vaolume 1 ul
Date Acquired D 2E2017 11:34:27 AM

Date Processed 282017 1148031 AM

Sample Type

Acquired by
Processed by

Analysis Report

: Unknown

: System Administrator
: Bystem Administrator

=C hromatograms=>
Yy
= Detecior A 254nm|
I
1000
TS0
S00H
=
[
250H
2 J
T T T T
0.0 25 5.0 7.5 10.0 12.5
i
=Peak Table>
Detector & 254nm
Reat. Time Arsa Heigit Area¥ Height2%s
7881 BTETET1 288535 26,8885 19.878
10988 15577751 1162822 T3.014 BO.121
21335321 1451461 100.000 100.000

Fig. S27. HPLC of 2-Phenylchroman-4-one using MNP/L1 (10 mol%) (in the absence of CNTs)
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Method Filename : Faw Zlcm

Batch Filemame .
“Wial # > 1-2 Sample Type : Uinkmowawn
Injection Volume 1 ul
Date Acguired D 2E2017T 105015 AM Acquired by : System Admimnistrator
Date Processed D 2852017 11:08:21 AM Processed by : System Administrator
=C hromatogram:=>
my’
é Detector A 253 nm|
1 0H =
THH
S0+
-
d f\
T T T T
0.0 2.5 5.0 75 10.0 12.5 15.0
i
=Peak Table>
A Z254nm
Ret. Tim= Area Heiglht Area'¥ Hei
T.858 4257120 214437 22 66 17.1
10584 14524777 1037642 772 52874
18781857 1252078 100.000] 100,000

Fig. S28. HPLC of 2-Phenylchroman-4-one using MNP/L1 (12.5 mol%) (in the absence of CNT)
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Batch Filename :
Wial # 2 1-2

Sample Type

: Uinkmown

Injection Volume 1 ul
Diate Acguired D 282017 10:2B:15 AM Acquired by : Bystemn Administrator
Date Processed 2802017 1004320 AM FProcessed by : System Administrator
=Chromatogram:=>
i’
= Detector A 254nm)|
=
750
S+
g
250 sy
T T T T T
0.0 25 50 75 10.0 125 15.0
]
=Peak Table>
Detector A 25<4nm
Ret Time Arsa Height Areae Height¥
7861 4184501 218301 1861 25424
10974 12305885 BE513 80385 74 57 6
16500386 1112813 1000004 100. 000

Fig. S29. HPLC of 2-Phenylchroman-4-one using MNP/L1 (15 mol%) (in absence of CNTs)
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S S DELY
: LabSolutions

Analysis Report

=Sample Information=>

Sample Name

Sampile ID

Data Filemame
Method Filename

: 5 mole 3% CPA OUT side CHNT
: 5 mole 3% CPA OUT side CHNT
;5 mole 3% CPA OUT side CHT
: Fav Z.km

Batch Filenamse

Wial #

Injection Volume
Date Acquired
Date Processed

- 1-2 Sample Type : Unkmown

= ‘; ul
202017 12238:58 PM Acquired by : System Administrator
Frocessed by

220 1T 125823 PM : System Administrator

= hromatograms=

!
S0+ |
250+ |
. P
] = I
L=
3 J i &l
i PR DR P L iy Y
0.0 2'5 5.0 7.5 1d.0 125
min
<Peak Table>
254N
Ret. Time Ares Height Area Yo Height%
8.057 2543455 116207 218500 13 474
11.188 PE51 564 T4E22T 78 500 BE. 5208
12285020 252434 10300300 100000

Fig. S30. HPLC of 2-Phenylchroman-4-one using M/CNT/L1-outside (5 mol%)
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SHEWADZL

= LabSolution

=Sample Information=

Sample M

Sample ID
Data Filename
Method Filename

e

Batch Filename

Wial #

Injection Volume

Date Acquired
Date Processed

7.5 mole 3 CPA OUT side CHNT
7.5 mole 3 CPA OUT side CHNT
7.5 mole 3% CPA OUT side CHNT

: Fav 2.lem

i1-2

-1 ul

D 212017 1:26:33 PM
D212017 1:43:358 PM

Sample Type

Acquired by
Processead by

= Analysis Report

: Unknown

: System Administrator
: System Administrator

=C hromatograim:=

mf
. !‘E Detector & 254nim
TEOH |
SO0 ‘
el gy o
] - | |
3 \ {
H _,-"' h |
D -— - L NN g N
— T T T T T T —TT — T
0.0 2.5 50 7.5 :d.ﬂ- 12'.5
mire
=Peak Table=
Detector & 254nm
Ret. Time Area Height Area¥h Height%
8.102 3220315 148704 20.884 14.275
11.130 12348756 202801 72.318 BE. 725
1558007 1 1041885 100.000 100,000

Fig. S31. HPLC of 2-Phenylchroman-4-one Using M/CNT/L1-outside (7.5 mol%)
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SHMWMADIEL)
:t LabSolutions

Analysis Report

=Sample Information=

: 10 mole % CPA OUT side CNT
10 mole % CPA OUT side CNT
10 mode % CPA OUT side CTHT

Sample Mame
Sample ID
Data Filemname

Method Filename : Faw Z.locm
Batch Filename 3
Wial # 12 Sample Type - Umkmown
Injection VWolume : 1 ul
Diate Acguired 42102017 1:45:01 PM Acguired by : System Administrator
Diate Processed 42102017 2:04:08 PM Processed by : System Administrator
< hromatogram=>
mf
B B Dietector A& 254nim)
400+ 1p_
300} |
200} |
100 = |
- =T
] = R
i N i
o i e PN |\
T T T T T I T T T T I T T T T I T T T T T T T T T T T T I
0.0 2.5 50 7.5 1I:|.D ‘cﬁ.ﬁ
min
<Peak Table=
Detecior & 254 mnm
Ret Time Area Height Areath Height.
2430 1048621 59218 17428 12.708
11.707 4a50054 408705 82572 ar.2e1
BO05TES 4658220 100.000 100.000

Fig. S32. HPLC of 2-Phenylchroman-4-one using M/CNT/L1-outside (10 mol%)
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SHE ADIELY
= LabSolutions

Analysis Report

=Sample Information=

: 125 mole % CPA OUT side CHT
: 125 mole % CPA OUT side CHT
125 mole % CPA OQUT side CTHT
:Fav 2dcm

Sample Mame
Sample ID

Data Filename
Method Filename
Batch Filename .
Wial # »1-2

Injection Violume -1 ul

Date Acquired D A212017 12:08:20 PM
Date Processed DA212017 12:27:41 PM

Sample Type » Unknown
: Systern Administrator

Acguired by
: Systern Administrator

FProecessed by

<C hromatogram:=
!
2':'3![:_ Dietector & 254 nim
1500 =
] |'|
1000 |||
500 | |
] 5 | |
| o= | |
D- rpi—— = _l—\_L II"- SRS
0.0 25 50 7.5 ‘-ud o ?i.ﬁ
mirs
<Peak Table=
Deetector & 2549nm
Ret. Time Area Height Area Height%
8.027 2511385 166514 1G. 560 10477
11127 178685200 1340781 83 434 BO 523
21198874 1487705 100,00 100,000

Fig. S33. HPLC of 2-Phenylchroman-4-one Using M/CNT/L1-outside (12.5 mol%)
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i b= B S L
== LabSolution

=Sample Information=

Sample Mame
Sampile ID
Data Filenames

: 15 mole %% CPA OUT side CHT
: 15 mole % CPA OUT side CHNT
: 15 mole % CPA OUT side CNT

Method Filename : Fawv 2.lcm

Batch Filename c

Wial # D12 Sample Type
Injectiom Volume 1 ul

DA 210TT 12:56:12 PM
D A210TF 1:31:24 PM

Acquired by

Date Acquired
Processad by

Date PFrocessed

= Analysis Report

: Unknown

: Systemnm Administrator
: System Administrator

=Chromatograms=>

s’
1 Detector A 2 1|
100 or ’%nn‘
750+ | |
2504 _ | |
H £ | |
- =
|
o — ﬂ — N |
0.0 2!5 5!III ?.IE 1II|.III
mim
=Peak Table>
Zodnn
Ret. Time Area Height Areath Height%h
2.431 1714061 BES43 12.168 2.623
11.685 12374835 1016861 a7.834 B81.377
14088806 1112804 100.0:00 100,000

Fig. S34. HPLC of 2-Phenylchroman-4-one Using M/CNT/L1-outside (15 mol%)
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SHPMMADIEL
: LabSolution

=Sample Information=

s Analysis Report

Sample Mame il |-
Sample ID 18
Data Filenams : 20 ded
Method Filename : Faw 2.lcm
Baich Filename
Vial # 12 Sample Type
Injection Violume :1ul
Date Acquired : 2F2r2017 5:53:33 PM Acquired by : Systemn Adrministrator
Date Processed 27272017 6:25:28 PM Processed by : Systemn Administrator
<Chromatograms
s
1000+ 1 a Cetector A 259nm
i 2’-hydroxychalcone | Il“”:
500 | -
] | &
| | w
1 Iil =
_ | i ©
i |I I II I' -
o et AR, % Y N -
T T T | 1 1 1 1 | 1 1 1 T | T T T T T | T T
a.o 25 5.0 7.8 12.5
min
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area¥ Height%
g.184| 18240747 QBos07 77.450 T2.472
8.275 4G52580 315814 19.1248 23.130
11.1681 832006 80050 3.424 4.398
24326233 1365371 100.0400 100.000

Fig. S35. HPLC of 2-Phenylchroman-4-one using M/CNT/L1 with reactant.
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SHIMALDEZLU

: LabSolutions

<Sample Information>

Analysis Report

Sample Mame : Com b2
Sample ID : Com b2
[rata Filename : Com b2lcd
Method Filename : Favlcm
Batch Filename
Vial # 11 Sample Type : Unknown
Injection YVolume 4 ul
Drate Acguired S TIATI2016 11220045 AM Acquired by - System Administrator
Date Proceased  © 11MT2016 12:30:56 PM Processed by : System Administrator
<Chromatogram:>
i
| = Dietector A 254nm
P
1000 -
- = =
= |
m =
fl
7 f! “
u | I
500+ | | |
i A |
] | | |
J II | [ 1
o d I'M i Ik
-y 7T 77— T T
0.0 25 5 7.5 10.0 12.5 15.0
mim
<Peak Table>
Detector A 254nm
Ret. Time Area Height Areat Height
7987 13255884 778362 2 7.297 456515
11.339 9879637 504082 42 703 53 485
23135521 1673344 100.000 100.000

543

Fig. S36. HPLC of 2-(4-Bromophenyl) chroman-4-one racemic



SHiMADZU

| Labsolutions  Analysis Report

<Sample Information>

Sample Hame :Comp b ch4d
Sample ID . Comp b ch4
Data Filename . Comp b chd led
Method Filename : Fav 2lem
Batch Filename
ial # :1-2 Sample Type - Unknmown
Injection Yolume -1 ul
[rate Acquired S1R212016 55340 PM Acquired by : System Administrator
Date Processed © 11/21/2016 6:11:33 PM Processed by : System Administrator
ﬂﬂhrnmatogram:-
m
200 E Detector A 254nm|
- [
1004 ‘ <
J | oy
b
) f
J | |'|
E | f 1
5 % LA J A\
T T T I T T T T I T T I T T T T T T T I T T T T I T
o.o 2.5 50 7.5 10.0 12.5 15.0
mim
<Peak Table=>
Cretector A 254nm
Ret. Time Area Height Arsa¥% Height%
5.463 1891228 2042417 75.290 78.104
12210 620691 57307 24710 21.896
2511919 261724 100.000 100.000

Fig. S37. HPLC of 2-(4-Bromophenyl) chroman-4-one using M/CNT/L1(inside)
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SHIMADIEL

: LabSolutions

<Sample Information>

Sample Mame
Sample ID

Data Filename
Method Filename
Batch Filename
“Vial #

Injection Yolume

I Comp b
cComp b
:Comp b

ch2
ch2
ch2.lcd

: Fav 2lcm

- 1-2
-1uL

Sample Type

Analysis Report

: Unknown

Date Acquired 1212016 52115 PM Acquired by : System Administrator
Date Processed : 11/21/2016 5:40:31 PM Processed by : System Administrator
<Chromatogram:>
'
4 2 Detector A 2540
- |
2000 ||
1000+ | |
: g N
- ﬂ-:q |
E ". [}
o PN L\
T T T T T T T T T T
0.0 2.5 5.0 T.5 10.0 12.5 15.0
min
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area Height?
B.432 SB55214 396738 15177 14.114
12199 32724817 2414224 84.823 B5.686
38580031 2510962 100.000 100000

Fig. S38. HPLC of 2-(4-Bromophenyl) chroman-4-one using MNP/L1 (in absence of CNT)
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SHIMADZU

: LabSolutions

<Sample Information>

Analysis Report

Sample Name  Comp d5
Sample ID : Comp d5
Data Filename : Comp d5.lcd
Method Filename : Fav 2lcm
Batch Filename
Vial & 11 Sample Type : Unknown
Injection Volume 1 ul
Date Acguired S 11M18/2016 6:01:39 PM Acquired by : System Adminigtrator
Date Processed : 11/M8/2016 6:23:19 PM Processed by : System Administrator
<Chromatogram:
m'
1500 i Detactor A 254nm)
] 2
- =
.-I'_'IE{I—_ 3 ﬁ
& 1"_
- |1| |
50+
] I I
: i |
o I i I'..
T T T T I T T T I T T T I T T T I T T T I T T T T I T T T T I T
0.0 25 5.0 75 10.0 12.5 15.0 17.5
min
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area Height%
9.648 5507231 789365 48.629 48 857
12.289 9081876 826312 21.371 51.143
17679107 1615677 100.000 100000

Fig. S39. HPLC of 2-(4-methoxyphenyl) chroman-4-one racemic
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SHiIMADZIU

: LabSolutions

Analysis Report

<Sample Information>

Sample Name : Comp d cht
Sample ID : Comp d chb
[Crata Filename : Comp d ch&.led
Method Filename : Fav 2lcm
Batch Filename
Wial # 141 Sample Type - Unknown
Injection Yolume 0.4 ul
[Drate Acquired 11212016 12:16:07 PM Acquired by : System Administrator
Drate Processed  © 11/21/2016 12:41:40 PM Processed by : System Administrator
<Chromatogram:>
'
B Detector & Z54nm|
2000 E
4 1 o
1000 |
< i)
_ | g
o
J | { koo
4 { I\
o oL Ny WA
e e e e N I s e o B o T e e e e e B | — T
0.0 25 50 Th 10.0 125 15.0
mmin
<Peak Table>
Detector & 254nm
Ret. Time Area Height Areats Height%
9727 18208969 1734642 B2 872 82 167
12579 3763541 ITe474 17.128 17.833
21972510 2111116 100.000 100_000

Fig. S40. HPLC of 2-(4-methoxyphenyl) chroman-4-one using M/CNT/L1 (inside)
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SHiMADIU

: LabSolution

<Sample Information:>

Sample Mame
Sample ID

Data Filename
Method Filename
Batch Filename
Vial #

Injection Yolume
Drate Acquired
Date Processed

: Comp d4
: Comp d4
: Comp d4 lcd
:Fav 21lcm

11 Sample Type
s1uL

11M8/2016 5:46:51 PM
:11/21/2016 11:06:24 AM

Acquired by
Processed by

s Analysis Report

: Unknown

: System Administrator
: System Administrator

<Chromatogram:
i
S Detector A 254nm)
: o
?E{I—_ :;
] e |
5004 & |
: 2 |
: | ||
2504 | | |
. f | 1
] f [ L
ﬂ__ A ——
B B e e e e S B S L B e T B e e S e S
0.0 25 5.0 7.5 10.0 12.5
euin
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area Height2:
9853 4435145 426078 41386 39.496
12712 6285703 652722 55614 60.504
10723848 1078800 100.000 100.000

Fig. S41. HPLC of 2-(4-methoxyphenyl) chroman-4-one using MNP/L1 (in absence of CNT)
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SHIMADIU

2 LabSolutions

Analysis Report

<Sample Information>

Sample Mame
Sample ID

Crata Filename
Method Filename
Batch Filename :
Vial # :1-1
Injection Yolume -1 ulL

- Racemic flavanone
: Racemic flavanone
: Racemic flavanone
- Fav.lcm

Sample Type : Unknown

Dvate Acquired s 11M6/2016 2:06:38 PM Acquired by : Systemn Administrator
Drate Processed - 11/22/2016 12:45:31 PM Processed by : System Administrator
<Chromatogram=
m'
B Detector A 254nm)
200+ & @
] a b
] |I| |'|
100+ || ||
] & § I ||
5 \ | |
o AR IAN N
1 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
0.0 25 5.0 7.5 10.0 12.5 15.0
meuim
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area¥s Height%
2.769 27305 4598 0861 1.423
3.358 TrST9 12169 2445 3. TET
6.261 1544068 159763 48 689 49 458
10116 1523269 146501 48005 45.352
3173121 323030 100000 100.000

Fig. S42. HPLC of 2-(4-methylphenyl) chroman-4-one racemic
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SHIMADEL

 LabSolutions

<Sample Information>

Sample Name I CHIRAL 2
Sample ID : CHIRAL 2
Data Filename : CHIRAL 1. led
Method Filename : Favilcm

Batch Filename

Analysis Report

ial # 11 Sample Type : Unknown
Injection Volume 1 uL
Date Acquired TMMER2016 2:22.22 PM Acquired by : System Administrator
Date Processed  © 11M&6/2016 2:55:41 PM Processed by ; System Administrator
<Chromatograms=
m'
=K ] Detector A 2540 m|
: 2
200 o
] |'I
- ]
i 3. | =
3 = [ &
o = A FAN
T T T T I T T T T I T T T I T T T I T T T T I T T T T
0.0 25 5.0 7.5 10.0 12.5 15.0
min
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area% Height%%
2.761 24754 4417 1.220 2.130
6276 1798663 183458 88.650 58 487
10,153 205540 19454 10,130 9.383
2028957 207329 100000 100.000

Fig. S43. HPLC of 2-(4-methylphenyl) chroman-4-one M/CNT/L1 (inside)

S50



S ILA DL

: LabSolutions

<Sample Information>

Analysis Report

Sample Name - FE CPAZ2
Sample ID :FE CPAZ2
Data Filename : FE CPAZ led
Method Filename : Fav.lcm
Batch Filename
Vial # 11 Sample Type » Unknown
Injection Volume -1 ulL
Date Acguired S T1M6I12016 4:44:4T7 PM Acquired by : System Administrator
Date Processed [ 11M6/2016 51639 PM Processed by : System Administrator
<Chromatogram=
'
S0 Detector & 254nm|
. 2
1 =
. 1
250 ||
] & | |
] . ) |
1 % i |I ' |I I'
B (AN » L
b T 4 4 J d T T T d d 4 4 T J . T i K d Y
0.0 25 5.0 7.5 10.0 12.5 15.0
min
<Peak Table=>
Dietector A 254nm
Ret. Time Area Height Arsaths Height%
2764 29157 4740 0.648 1.069
3.347 358300 5822 0.852 1.313
6268 1176411 121702 26.159 2T 445
10.110 3253303 311175 72341 70173
4457171 443440 100.000 100.000

Fig. S44. HPLC of 2-(4-methylphenyl) chroman-4-one MNP/L1 (in absence of CNT)
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SHIMADIL

 LabSolutions

Analysis Report

<Sample Information>

Sample Mame = ES

Sample ID = ES

Data Filename :E9.lcd

Method Filename : Fawv 2lem

Batch Filename

Vial # -1-2 Sample Type - Unknown
Injection Yolume -1 ul

Date Acquired
Date Processed

272017 11:33:58 AM
CA2TE201T 11:48:59 AM

Acquired by
Processed by

. System Administrator
. System Administrator

<Ch rumat«ngramb
!
el 3 Detector A 254nm)
200-
- 3 2
4 ! -
4 ||| |
o | [
] I |
I I
- | I| I L
o —__ IR B
0.0 s I I 2|5 I I I I EI{I I I S ?!5 I I il 1{:!] i I I 12.5 I I I 1IE.D

Fig. S45. HPLC of 2-(4-chlorophenyl) chroman-4-one racemic
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Si-VADEL
= LabSolutions

=Sample Information=

Analysis Report

Sample Name
Sample 1D

Data Filename
Method Filename
Batch Filename
Wial #

Injection Volume
Date Acquirsed
Date Processed

: ES

. ES
E1Z2.0cd

: Fav 21cm

:1-2

1ul

AI2TI0NT 12220039 PM
c AF2TI0NT 1245650 PM

Sample Type

Acquired by
Frocessad by

: Unknown

: Systermn Administrator
: Systermn Administrator

=Chromatograms=
'
Tl wm Detector A 254nm|
1 =
100 |
50 =
| | e
- i |
T II I
o .-"'—_ﬂh_fﬁ\“—u\.__ i - LS _‘____.IJ.
— T [ T T T T T T T T [T T T T — T — T
0.0 25 50 7.5 1d.|:l 1 2!.5 15.0
min
=Peak Table=
Detector A 254mnm
Het. Time Area Height Areais Height3
o419 1369623 135458 82.881 B0.8045
11.714 282003 32178 17.118 19,184
1852528 167635 100.000 100.000

Fig. S46. HPLC of 2-(4-chlorophenyl) chroman-4-one M/CNT/L1 (inside CNT)
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: Labsolutions ANalysis Report

=Sample Information=

Sample Mame ED
Sample ID - ES
Data Filename : E10.k=d

Method Filename : Fawv 2.dcm
Batch Filename

Wial # ] Sample Type : Unknown
Injection Vaolume -1 ul
Diate Acquired 4272017 11:50:18 AM Acquired by : Systerm Administrator
Diate Processed CAR2TR0TT 12:08:47 PM Processad by : Systermn Administrator
<Chromatogram=
miv
. 2 Detector A 254nm|
300 =
200
1 &
e -
L=2)
1004 |||
i [ | |
——— LN e
T T T T I T T T T I T T T T I T T T T T T T T T T T T
0.0 25 5.0 7.5 1d|:| 11!5 15.0

=Peak Table>
Drotector & 2R4nm

Ret. Time Area Height Area¥h Height%
29425 1070313 105328 27534 25 250
11.706 2816873 311815 72468 T4.750
3ZAT1BG 417144 100000 100000

Fig. S47. HPLC of 2-(4-chlorophenyl) chroman-4-one MNP/L1 (in absence of CNT)
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== LabSolutions

=Sample Information=

Analysis Report

Sample Name :F
Sample ID :F
Data Filename PV hed
Method Filename : Faw 2.0cm
Batch Filename :
Wial # 12 Sample Type : Unknown
Injection Volume 1 ul
Date Acquired c42T2017 5:50:31 PM Acquired by : Systermn Administrator
Date Processed C42T2017 6:05:33 PM FProcessed by : Systermn Administrator
=C hromatograms=
mif
4 = &  Detecior A 254nm)
] 1; =
TE |
50 |
25| | |
1 Il Ill'ul | II
o i e D
T T T I T T T T I T I T T T T T T T T T T
0.0 25 5.0 7.5 1d ] '51!.-5 15.0
mim

Fig. S48. HPLC of 2-(3-chlorophenyl) chroman-4-one racemic
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== LabSolutions

=Sample Information=

Sample Name °F
Sample 1D :F
Data Filenams : F2ihed

Method Filename : Fav 2.lcm

Batch Filename

Wial £ 112
Injection Volume 1 ul
Date Acguired D A2T2017 4:42:468 PM

Date Processed CA2T201T7 45748 PM

Sample Type

Acquired by
Processed by

Analysis Report

» Unknown

: Systermn Administrator
: Systermn Administrator

< hromatograms=
'

] & Dietector A 254nm|
200+ 15
2D+
100 =
] | o
- | | III|II
o —— e N .
— T T T T T — — T T T T —T T —TT
0.0 25 5.0 7.5 1d O ‘.‘1!.5 15.0
mim
<Peak Table>
Detector A 254nm
Ret. Time Area Height Area¥h Height%
8.238 3585028 I21418 85, 04 BEG. 6159
12.018 E24209 40853 13.908 13.381
4488327 FIF10T2 100,000 100.000

Fig. S49. HPLC of 2-(3-chlorophenyl) chroman-4-one M/CNT/L1(inside CNT)
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== LabSolutions

=Sample Information=

Sample Mame :F
Sample ID :F
Data Filename : FS.led

Method Filename
Batch Filename

: Faw Z2.cm

Vial £ 112
Injectiom Volume 1 ul
Date Acquired  42TF2017T 522

Date Processed

5:22:
c42T2017T 5:34:

Analysis Report

Sample Type

Acquired by
Processed by

: Unknown

: Bystem Administrator
: Systermn Administrator

<C hromatograms=

my’
200+ Detector A 254nm|
200+
2 ) |
— E |
4 =
100+
4 | |
i | |
i |
] el | |\
o — e, |
0.0 2!5 ﬁ.ID 1I:|.I:l
mimn
=Peak Table=
Dietector & 254nm
Ret. Time Area Height Aresath Height%
8.488 1782332 1115689 34.028 27.784
11. 105 3416752 ZE9997T 85.972 T2.216
5170101 401566 100,000 100.000

Fig. S50. HPLC of 2-(3-chlorophenyl) chroman-4-one MNP/L1 (in absence of CNT)
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== LabSolutions

=Sample Information=

Analysis Report

Sample Mame G
Sample ID G
Diata Filename i1 ed
Method Filename : Fawv Z.lcm
Batch Filename :
Vial # t1-2 Sample Type : Unknown
Injection Volume :©1 ul
Diate Acquired D Af2TER201T 86:07:50 PM Acquired by : Systern Administrator
Date Processed 4272017 6:23:58 PM Processed by : Systern Adrinistrator
<C hromatogram:=>
i
] = Dietector & 254 nim|
1 = o
- o v
75 -
504 ‘
|| | |
4 . Il‘. r"'l_ —— —
T T T T I T T T T I T T I T T T T T T T T T T T T T
0.0 2.5 5.0 75 1dl.l] 1&.5 iﬂ.-.’.‘-
min
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Fig. S51. HPLC of 2-(3-nitrophenyl) chroman-4-one racemic
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: LabSolutions

=Sample Information=

Sample Mame G
Sampile ID G
Data Filenames » G4 led

Method Filename
Batch Filename

: Fawv 2lem

Analysis Report

Wial # t1-2 Sample Type : Unknown
Injection Volurme 1 ul
Diate Acquired cAR2TR201T 6:53:25 PM Acquired by : Systermn Administrator
Date Processed 4272017 7:07:26 PM Processed by : Systern Administrator
=Chromatograms=>
mv
4 k& Detector A 254mim
5 =
iy
150
100
] =
5 w4
o | o
N | il
__/\\ | L1 | i
i ~ — L — A
T T T T I T T T I T T T T I T T T T T T T T T
0.0 2.5 5.0 7.5 1II|.I:I 1d 5
min
<Peak Table=
Dretector & Z54nm
Ret. Time Ares Height Ares¥ Height%
9.8597 18924589 226230 822684 B3 859
12.150 414054 43543 17.7308 16.141
2338653 269773 100000 100.000

Fig. S52. HPLC of 2-(3-nitrophenyl) chroman-4-one M/CNT/L1(inside CNT)
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= LabSolutions

Analysis Report

=Sample Information=

Sample Name G
Sampile ID G
Data Fillenames G2 ed

Method Filename
Batch Filename

: Fav 2.lecm

Wial # 12 Sample Type : Unknown
Injectiom Volume 1 ul
Date Acquired 2T 0IT 6:24:12 PM Acquired by : Systemn Administrator
Date Frocessed 2T E0IT 6:40:13 PM Processed by : Systemn Administrator
<C hromatogram=>
mv
i =) Detector & 254nm
300 I-.-",
0
2 ] |
e
g o
100 1
] || | |
o SIS R .S NN
T T T T I T T T T I T T T T I T T T T T T T T T T T T T
0.0 25 5.0 7.5 idl.lil 11!.,5 1&.-.'.‘-
mimn
=Peak Table>
Drotector & 254nm
Ret. Time Area Height Area¥h Height%
5.288 2418658 102518 23.043 25784
12132 3145455 315238 Gl=R T 74216
4087313 424 TET 100000 100000

Fig. S53. HPLC of 2-(3-nitrophenyl) chroman-4-one MNP/L1 (in absence of CNT)
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