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General

'"H NMR, BC NMR, "F and 3'P spectra were recorded at room temperature using 400 MHz Bruker spectrometer.
The data are reported as follows: chemical shift 6 in ppm (from internal tetramethylsilane on the d scale in case of
'H and CDCl; triplet in case of '3C), multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constants (Hz) and integration. High resolution mass spectra were obtained by peak matching
on BrukermaXis Spectrometer. Melting points are reported uncorrected and measured on Fukai-X-6 melting point
apparatus. HPLC data were recorded on Agilent 1260 with UV detector. Analytical thin layer chromatography
was performed on 0.25 mm silica gel plates with UV-254 fluorescent indicator. Flash column chromatography
was performed using indicated solvent system on 200~300 mesh silica gel (SiO;). All air- and water-sensitive
reactions were carried out under an inert atmosphere in glassware, which had been oven-dried as per standard
procedure. Unless otherwise noted, all reagents were commercially obtained and used without further purification.
Benzyl chloride and benzyl bromide were freshly distilled and used in following steps.

1. The synthesis of achiral phase-transfer catalysts (APTCs)

A. Synthesis of APTCs with a urea group

R
OCN ~/\
|
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I/\ NH CH,Cl, |/\N/\/N N4, 1.1eq. ArCH,Br |/<$N/\/N N4
N T e X T 80°, 8120 X I \@
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two steps, 74~91% yields
APTC-1: X = CHy, R = 3,5-(CF3)y, Ar = Ph, 91% yield; APTC-4: X = CH,0, R = 3,5-(CFa),, Ar = Ph, 89% yield;
APTC-6: X = CH,, R = 4-CHg, Ar = Ph, 79% yield; APTC-7: X = CHy, R = 3,5-(CHa),, Ar = Ph, 74% yield;
APTC-8: X = CHy, R = 3,5-(CF3)y, Ar = 4-CF3CgHj, 83% yield; APTC-9: X = CHj, R = 4-CHj, Ar = 4-CF3CgHy, 85% yield;
APTC-10: X = CHy, R = 3,5-(CHa)y, Ar = 4-CF3CgHy, 83% yield.
Typical procedure:

To 1.0 mmol of 2-(pyrrolidin-1-yl)ethan-1-amine (115 mg) in dry CH,Cl, (4.0 mL) was added by 1.05 mmol of
3,5-bistrifluorometylphenylisocyanate (270 mg) in dry CH,Cl, (1.0 mL) at room temperature (r.t.). The mixture
was stirred for 8 h under inert atmosphere. When TLC indicates the complete consumption of starting materials,
the reaction mixture was evaporated under reduced pressure to yield a light yellow glue which was purified by a
flash column chromatography (petroether/ethyl acetate = 2/1, v/v ) to give pure urea product as off-white
powder (351 mg, 95% yield). To the above-prepared urea in dry toluene (4.0 mL) was added by 1.05 mmol of
BnBr (180 mg) in dry toluene (1.0 mL) at room temperature (r.t.). The mixture was heated to 80 °C by an oil-bath
and stirred for 12 h under inert atmosphere. The reaction mixture was cooled to r.t. and the precipitate was
collected and washed by dry Et,O for three to five times. This precipitate was dried under a reduced pressure to
give APTC-1 as a pale powder (490 mg, 91% yield in two steps) which was used directly without further
purification.

APTC-4 and APTC-6~10 was obtained by using the same procedure as APTC-1, respectively.

APTC-1: pale powder, 91% yield; '"H NMR (400 MHz, CDCl;) 6: 9.45 (s, 1H), 8.06 (s, 2H), 7.90 (t, J = 5.76 Hz,
1H), 7.57-7.48 (m, 4H), 7.45 (s, 1H), 4.75 (s, 2H), 4.02-3.98 (m, 2H), 3.86-3.73 (m, 4H), 3.62 (t, /= 5.72 Hz, 2H),
2.33 (m, 2H), 2.19 (m, 2H), 1.80 (s, 2H); *C NMR (100 MHz, CDCl;) &: 155.89, 141.16, 132.55, 131.98, 131.65,
131.19, 129.74, 126.90, 124.69, 121.98, 117.97, 115.13, 62.61, 61.43, 59.59, 58.41, 34.97, 21.30, 18.44; °F NMR
(376 MHz, CDCl;) 8: -62.90; HRMS (ESI) m/z calcd. for CyyHp4FsN;O* [M-Br]*: 460.1818, found 460.1829.
APTC-4: white powder, 89% yield; "H NMR (400 MHz, CDCl;) 6: 9.52 (s, 1H), 8.03 (s, 2H), 7.61-7.44 (m, 6H),
7.28 (s, 1H), 5.08 (s, 2H), 4.13-4.00 (m, 7H), 3.88-3.85 (m, 2H), 3.54 (bs, 2H), 1.95 (bs, 1H); 3*C NMR (100 MHz,
CDCl;) 8: 155.75, 140.92, 133.31, 132.10, 131.76, 131.41, 129.70, 125.37, 124.64, 121.93, 117.99, 115.38, 66.34,
60.38, 56.81, 56.32, 33.97; °F NMR (376 MHz, CDCIl;) &: -62.91; HRMS (ESI) m/z calcd. for CyH,4FsN;O0,*
[M-Br]*: 476.1767, found 476.1779.

S2



APTC-6: white powder, 79% yield; "H NMR (400 MHz, CDCl;) &: 8.66 (bs, 1H), 7.53-7.39 (m, 8H), 7.00 (s, 2H),
4.75 (s, 2H), 3.87-3.46 (m, 8H), 2.24 (s, 3H), 2.11-2.06 (m, 4H); '3C NMR (100 MHz, CDCI;) &: 156.37, 136.79,
132.67, 131.76, 130.85, 129.55, 129.30, 127.36, 118.98, 62.49, 61.30, 59.44, 34.99, 21.27, 20.73; HRMS (ESI)
m/z caled. for C, HygN3;O™ [M-Br]*: 338.2227, found 338.2234.

APTC-7: white powder, 74% yield; "H NMR (400 MHz, CDCl;) &: 8.76 (s, 1H), 8.37 (s, 1H), 7.57-7.49 (m, 3H),
7.47-7.43 (m, 2H), 7.15 (s, 2H), 6.64 (s, 1H), 4.54 (s, 2H), 3.95-3.94 (m, 2H), 3.61 (m, 4H), 3.47 (m, 2H), 2.27 (s,
6H), 2.25 (s, 2H), 2.11 (m, 2 H); *C NMR (100 MHz, CDCI;) 8: 156.73, 138.43, 132.36, 131.14, 129.75, 126.92,
116.95, 62.00, 61.31, 60.01, 34.92, 21.36, 21.10; HRMS (ESI) m/z calcd. for Cp,H;)N;0* [M-Br]*: 352.2383,
found 352.2392.

APTC-8: white powder, 83% yield; '"H NMR (400 MHz, CDCl3) 8: 9.58 (s, 1H), 8.03 (s, 2H), 7.81 (d, J = 7.76
Hz, 2H), 7.67 (d, J = 7.84 Hz, 2H), 7.53 (bs, 1H), 7.42 (s, 1H), 5.01 (s, 2H), 4.05 (d, J = 5.12 Hz, 2H), 3.87 (br,
2H), 3.74-3.71 (m, 2H), 3.66 (br, 2H), 2.27 (s, 2H), 2.15 (s, 2H); 3C NMR (100 MHz, CDCl;) &: 155.83, 141.05,
133.29, 133.01, 131.86, 130.88, 129.35, 128.23, 126.49, 124.62, 121.91, 117.85, 115.25, 61.73, 61.45, 59.61,
35.11, 21.22; F NMR (376 MHz, CDCl;) &: -62.99, -63.26; HRMS (ESI) m/z caled. for Co3Hy3FgN;O* [M-Br]*:
528.1692, found 528.1698.

APTC-9: white powder, 85% yield; 'H NMR (400 MHz, CDCl;) &: 8.69 (s, 1H), 7.76 (d, J = 7.0 Hz, 2H), 7.58 (d,
J=17.04 Hz, 2H), 7.36 (d, /= 6.72 Hz, 3H), 7.01 (d, J = 7.36 Hz, 2H), 4.99 (s, 1H), 3.95 (s, 2H), 3.76 (s, 2H), 3.71
(s, 2H), 3.53 (s, 1H), 2.25 (s, 3H), 2.12 (br, 2H), 2.07 (br, 1H); *C NMR (100 MHz, CDCl;) &: 156.34, 136.62,
133.39, 132.91, 132.58, 132.05, 131.29, 129.38, 126.30, 124.72, 122.01, 118.95, 61.59, 61.34, 59.51, 35.15, 21.18,
20.67; 9F NMR (376 MHz, CDCl;) &: -63.08; HRMS (ESI) m/z calcd. for Cy,H,;,F3N;0" [M-Br]*: 406.2101,
found 406.2107.

APTC-10: white powder, 83% yield; "H NMR (400 MHz, CDCly) &: 8.47 (s, 1H), 7.74 (s, 2H), 7.67 (s, 2H), 7.05
(m, 2H), 6.63 (s, 1H), 4.87 (s, 2H), 3.90~3.52 (dd, J = 1.96, 6.56 Hz, 8H), 2.23 (s, 6H), 2.11 (br, 4H); '*C NMR
(100 MHz, CDCls) 6: 156.21, 138.87, 138.52, 133.26, 131.22, 126.44, 124.43, 116.57, 61.53, 59.42, 49.51, 49.30,
34.89, 21.34, 21.37; '"F NMR (376 MHz, CDCl;) 8: -63.15; HRMS (ESI) m/z calcd. for Cy3Hy9F3N;0" [M-Br]*:
420.2257, found 420.2264.

B. Synthesis of APTCs with a squaramide group (APTC-3)

Step 1: To a solution of 3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-methoxycyclobut-3-ene-1,2-dione (1.0
mmol) in MeOH (3 mL) was added a solution of 2-morpholinoethan-1-amine (1.0 mmol) in MeOH (2 mL) at r.t..
The mixture was stirred for 24 h. The reaction mixture was filtered, and the precipitate was washed with cold
MeOH (2x%1.0 mL) to afford pure squaramide.

Step 2: To 0.5 mmol of squaramide in anhydrous toluene (2.0 mL) was added by 0.6 mmol of BnBr in
anhydrous toluene (1.0 mL) at room temperature (r.t.). The mixture was stirred for 12 h under inert atmosphere
(checked by TLC) at 80 °C. The precipitate was collected and washed by anhydrous Et,O (3%1.0 mL) to afford
pure phase-transfer catalysts.

MeQ H

NN CF3
O
o]
N/\/NH2 MeOH /\,N CF3 _1.1eq.BnBr _ @B“ CF3
C’ rt.24h C‘ ﬂ \©/ 8000 8~12 h K \©/
toluene

APTC-3
two steps, 76% yield

APTC-3: white powder, 76% yield; 'H NMR (400 MHz, DMSO-dy) &: 10.84 (s, 1H), 8.27 (br, 1H), 8.12 (s, 2H),
7.69 (br, 1H), 7.64 (d, J = 5.08 Hz, 2H), 7.55 (m, 3H), 4.85, (s, 2H), 4.24 (s, 2H), 3.59 (s, 4H), 3.45 (s, 2H), 2.07
(s, 4H); *C NMR (100 MHz, DMSO-ds) &: 170.09, 163.94, 141.47, 133.18, 131.66, 130.86, 129.64, 128.80,
124.96, 122.25, 118.51, 115.51, 62.56, 61.43, 58.98, 38.53, 21.47; '°F NMR (376 MHz, DMSO-d) &: -61.73;
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HRMS (ESI) m/z calced. for CysHp4F¢N3O,* [M-Br]*: 512.1767, found 512.1777.
Synthesis of APTCs with a thiourea group (APTC-2 and APTC-5)
APTC-2 and APTC-5 were synthesized according to the literature procedure.!

I/\N/\/NHZ Boc,0 l/\N/\/ NHBoc BnBr, CH;CN I/\ /\,NHBoc CF3CO,H, 8 h

— > —_— S E—
X~ THF, aq. NaHCO; X~/ rt,24h x\/N Bn CHCl, rt.

0°C~r.t,8h
FsC NCS
Br @ i BC H H

NH evaporation 5 CF

)ED/\N\/B\n/ 3| ~inder reduced pressure KoCOs3, 0°C~rt. 3 l/\N/\/ N N N CF3

CHyClp, 2 h, filtration  cp,cy rt, 8 h X\/ Bn

CF5COy S

CF3
APTC-2: X = CH,, 47% overall yields in 4 steps; APTC-5: X = CH,0, 42% overall yields in 4 steps

APTC-2: light yellow powder, 47% yield for 4 steps; '"H NMR (400 MHz, CDCl;) 8: 7.49 (s, 1H), 7.38-7.24 (m,
5H), 7.21 (s, 2H), 4.30 (s, 2H), 3.85-3.82 (m, 2H), 3.37-3.35 (m, 6H), 2.18-2.14 (m, 4H); 3C NMR (100 MHz,
CDCly) o: 154.10, 150.74, 135.97, 132.80, 129.02, 128.66, 127.68, 124.79, 122.86, 122.08, 116.06, 55.26, 54.83,
39.09, 36.08, 23.35; '%F NMR (376 MHz, CDCl;) &: -62.80; HRMS (ESI) m/z calcd. for CyHpF¢N3S*™ [M-Br]*:
476.1590, found 476.1598.

APTC-5: light yellow powder, 42% yield for 4 steps; '"H NMR (400 MHz, CDCl;) 8: 7.49 (s, 1H), 7.32-7.27 (m,
5H), 7.20 (s, 2H), 4.93 (s, 2H), 4.06 (s, 2H), 3.68 (t, J = 4.68 Hz, 4H), 2.56 (t, J = 6.52 Hz, 2H), 2.49 (br, 3H); 13C
NMR (100 MHz, CDCl;) é: 151.11, 133.39, 132.93, 128.83, 128.60, 127.81, 124.85, 122.83, 122.14, 115.78,
66.78, 56.33, 53.10, 38.85, 35.78; "F NMR (376 MHz, CDCl;) &: -64.22; HRMS (ESI) m/z calcd. for
CyHpsFsN3OS* [M-Br]*: 492.1539, found 492.1543.

C. Synthesis of APTC-1’(mono-NMe-APTC-1)

/\/NH2 Boc,0, NaHCO3 C /\/NHBOC 2.5 eq. LiAIH,
N THF-H,0, r.t., 8 h THF, rt~reflux 12h

FiC NCO o Me
,CH,Cly, r.t, 8h Br H

a.
C ~_-NHMe CF, /\/ \n/ CF3
b. BnBr, 100 °C, 8 h “Bn o
APTC-1' CF3
76% overall yield for 4 steps

The free amino group (-NH;) in 2-(pyrrolidin-1-yl)ethan-1-amine (330 mg) was protected by Boc,O in the
mixed solvent of THF-H,O in the presence of NaHCO; to provide N-Boc-2-(pyrrolidin-1-yl)ethan-1-amine in
quant. Yield which was directed reduced by 2.5 eq. LiAlH; in THF following by addition of 3,5-
bistrifluorometylphenylisocyanate to give urea. To the above-prepared urea in dry toluene (4.0 mL) was added by
1.1 eq. of BnBr in dry toluene (1.0 mL) at room temperature (r.t.). The mixture was heated to 100 °C by an oil-
bath and stirred for 8 h under inert atmosphere. The reaction mixture was cooled to r.t. and the precipitate was
collected and washed by dry Et,O for three to five times. This precipitate was dried under a reduced pressure to
give APTC-1’ as a white powder (76% overall yield for 4 steps) which was used directly without further
purification.

APTC-1’: white powder, 'H NMR (400 MHz, CDCI; plus one drop of MeOD) &: 8.04 (s, 2H), 7.50-7.48 (m, 6H),
4.57 (s, 2H), 4.02 (t, J = 5.64 Hz, 2H), 3.88-3.84 (m, 2H), 3.74 (t, J = 5.76 Hz, 2H), 3.61-3.57 (m, 2H), 3.25 (s,
3H, N-Me), 2.34 (m, 2H), 2.07 (m, 2H); '*C NMR (100 MHz, CDCl; plus one drop of MeOD) 8: 156.18, 141.05,
132.50, 131.64, 131.12, 129.67, 127.07, 124.86, 121.95, 119.87, 116.03, 61.90, 61.00, 43.44, 35.86, 21.38; '°F
NMR (376 MHz, CDCl;) 6: -63.11.

2. The cycloaddition of CO, to epoxides by APTCs

Typical procedure:
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A mixture of 0.5 mmol of epoxide 1a and 2.5 mol% of APTC-1 (6.8 mg) was heated at 80 °C for 24 h under
CO, atmosphere (1atm, using a balloon). After cooled to room temperature, a small amount of CH,Cl, was added
to the mixture and it was purified by a flash column chromatography (petroether/ethyl acetate = 10/1 to 3/1, v/v)

to give cyclic carbonate 2a as off-white solid.
Table S1. APTC-1 catalyzed cycloaddition of CO; to epoxides.

! H
' @
O 2.5mol% APTC-, 0§ /? | N NYN\QCFS
/LA) o, n Bn (o]
R n neat, 80 °C, 24 h ,
R ! aptca P
n=1or2 65~91% yields |
1a-q 2a-q
o} 0o
0 0 OMe 0J< OJ<
oA oA oA o _L_»° o o
pro._L_° go_J_° B0,
2a, 87% 2b, 91% 2c, 90% 2d, 90% 2e, 89%
0 o)
J<O ? 0J< y OJ<
? J< 0J< 0J<
O o\/[\/ ° )O\/O ° ° /K/ ° Ph“‘ck/o
F
2f, 81% 2g, 66% 2h, 659 ¢ 2i, 709 2, 70% 2k 1%
R 9, %57 » 5% 1 70% 78.3% ee 66.7% ee
o]
0 o o 0J< Q o
(0] O% 4 o] )J\ )J\
K/o o 0 o~ o o~ o
PhO_ . BnO\/K/ BnO\\\\,K/O Bzow BzHN\)\)
21, 90% 2m, 89% 2n, 85% 20, n.r. 2p nur. 2q, n.r.
>99% ee > 99% ee > 99% ee

2a:2 white powder, 87% yield; 'H NMR (400 MHz, CDCLy) 8: 7.32 (t, J = 8.36 Hz, 2H), 7.03 (t, J = 7.36 Hz, 1H),
6.92 (d, J=7.96 Hz, 2H), 5.07-5.02 (m, 1H), 4.62 (t, J = 8.48 Hz, 1H), 4.54 (dd, J = 5.88, 2.52 Hz, 1H), 4.25 (dd,
J=6.76, 3.88 Hz, 1H), 4.14 (dd, J = 7.12, 3.52 Hz, 1H); '*C NMR (100 MHz, CDCly) §: 157.78, 154.86, 129.71,
121.97, 114.61, 74.26, 66.87, 66.25; HRMS (ESI) m/z caled. for CyoH;gO;Na* [M+Na]*: 217.0471, found
217.0473.

2b:2 white powder, 91% yield; '"H NMR (400 MHz, CDCls) &: 7.41-7.33 (m, SH), 4.86-4.81 (m, 1H), 4.61(q, J =
10.08 Hz, 2H), 4.50 (t, J =8.36 Hz,1H), 4.40(dd, J = 6.04, 2.28 Hz, 1H), 3.73(dd, J = 7.12, 3.84 Hz, 1H), 3.63(dd,
J =728, 3.68 Hz, 1H); *C NMR (100 MHz, CDCLy) &: 155.03, 137.11, 128.61, 128.11, 127.79, 75.06, 73.69,
68.84, 66.32; HRMS (ESI) m/z calcd. for C;H;;NaO,* [M+Na]*: 231.0628, found 231.0631.

2¢:2 white powder, 90% yield; 'H NMR (400 MHz, CDCLy) 5: 8.05 (s, 1H), 8.03 (s, 1H), 7.62 (t, /= 7.40 Hz, 1H),
7.48 (t, J = 7.81 Hz, 2H), 5.10-5.06 (m, 1H), 4.67-4.59 (m, 2H), 4.53 (dd, J = 8.72, 3.88 Hz, 1H), 4.45 (dd, J =
5.64, 3.12 Hz, 1H); '*C NMR (100 MHz, CDCl;) 8: 165.98, 154.53, 133.77, 129.80, 128.68, 73.94, 66.13, 63.66;
HRMS (ESI) m/z calcd. for C;H;oNaOs* [M+Na]*: 245.0420, found 245.0418.

2d:2 white powder, 90% yield; 'H NMR (400 MHz, CDCls) &: 7.05-6.89 (m, 4H), 5.04-5.00 (m, 1H), 4.61 (d, J =
7.00 Hz, 2H), 4.22 (q, J = 4.44 Hz, 2H), 3.85 (s, 3H); 3C NMR (100 MHz, CDCl;) &: 154.90, 150.36, 147.46,
123.41, 121.02, 116.59, 112.53, 74.58, 69.31, 66.37, 55.89; HRMS (ESI) m/z calcd. for C;;H;,NaOs* [M+Nal*:
247.0577, found 247.0589.

2e:2 white powder, 89% yield; 'H NMR (400 MHz, CDCLy) 8: 7.18 (d, J = 4.60 Hz, 2H), 6.95 (t, /= 7.36 Hz, 1H),
6.80 (d, J = 8.44 Hz, 1H), 5.08-5.04 (m, 1H), 4.66-4.57 (m, 2H), 4.27 (dd, J = 7.56, 3.12 Hz, 1H), 4.13 (dd, J =
7.96, 2.72 Hz, 1H), 2.24 (s, 1H); *C NMR (100 MHz, CDCl3) §: 155.81, 154.92, 131.07, 127.07, 126.92, 121.64,
110.89, 74.34, 67.05, 66.27, 15.96; HRMS (ESI) m/z calcd. for C;;H;,NaO,* [M+Na]*: 231.0628, found 231.0624.
2f: 2 white powder, 81% yield; 'H NMR (400 MHz, CDCLy) 5: 8.14 (t, J = 5.24 Hz, 1H), 7.79 (t, J = 3.96 Hz, 1H),

7.52-7.47 (m, 3H), 7.35 (t, J = 7.60Hz, 1H), 6.77 (d, J = 7.60 Hz, 1H), 5.15 (m, 1H), 4.70-4.63 (m, 2H), 4.42 (dd,
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J =17.64, 3.08 Hz, 1H), 4.26 (d, J = 10.72 Hz, 1H); 3C NMR (100 MHz, CDCl;) &: 155.15, 153.37, 134.47,
127.53, 126.77, 125.84, 125.49, 125.19, 121.61, 121.47, 104.83, 74.39, 67.21, 66.40; HRMS (ESI) m/z calcd. for
C4H2NaO4" [M+Na]™: 267.0628, found 267.0627.
2g:%2 white powder, 66% yield; '"H NMR (400 MHz, CDCls) 8: 7.45-7.36 (m, 5H), 5.69 (t, J= 8.00 Hz, 1H), 4.81 (t,
J=8.40 Hz, 1H), 4.34 (dd, J = 7.84, 0.76 Hz, 1H); >*C NMR (100 MHz, CDCl5) &: 154.83, 135.81,129.76, 129.26,
125.89, 78.00, 71.18; HRMS (ESI) m/z calcd. for CoHgNaO;" [M+Na]*: 187.0366, found 187.0372.
2h:2 white powder, 65% yield; "H NMR (400 MHz, CDCls) 6: 7.38 (t, J = 7.08 Hz, 2H), 7.15 (t, J = 8.08 Hz, 2H),
5.69 (t, J = 7.96 Hz, 1H), 4.82 (t, J = 8.68 Hz, 1H), 4.34 (t, J = 8.60 Hz, 1H); '3C NMR (100 MHz, CDCl;) &:
164.64, 162.16, 154.63, 131.58, 128.07, 127.99, 116.49, 116.27, 71.11; 'F NMR (376 MHz, CDCl;) &: -110.90;
HRMS (ESI) m/z calcd. for CoqH;FNaO5;" [M+Na]*: 205.0271, found 205.0276.
2i:2 white powder, 70% yield; '"H NMR (400 MHz, CDCl3) 8: 7.43 (d, J = 8.20 Hz, 2H), 7.32 (d, J = 8.16 Hz, 2H),
5.68 (t, J = 7.92 Hz, 1H), 4.82 (t, J = 8.40 Hz, 1H), 4.32 (t, J = 8.12 Hz, 1H); HRMS (ESI) m/z calcd. for
CyH;CINaOs+ [M+Na]™: 220.9976, found 220.9980.
2j: 2 white powder, 70% yield; '"H NMR (400 MHz, CDCl;) &: 7.46 (br, 3H), 7.40 (br, 2H), 5.69 (t, J = 7.76 Hz,
1H), 4.82 (t, J = 8.24 Hz, 1H), 4.36 (t, J = 7.84 Hz, 1H), 2.19 (s, 1H); '3C NMR (100 MHz, CDCl;) &: 154.77,
135.83, 129.74, 129.25, 125.85, 77.96, 71.14; HRMS (ESI) m/z calcd. for CqHgNaOs* [M+Na]*: 187.0366, found
187.0368; HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm, rac-form: t, =
12.051 and 14.617 min; enan-form: R-major t, = 12.238 and S-minor t, = 14.870 min, 78.3% ee.
2k:? white powder, 71% yield; '"H NMR (400 MHz, CDCl;) &: 7.45 (br, 3H), 7.39 (br, 2H), 5.69 (t, J = 7.68 Hz,
1H), 4.82 (t, J = 8.28 Hz, 1H), 4.36 (t, J = 7.96 Hz, 1H); '*C NMR (100 MHz, CDCl;) &: 154.82, 135.85, 129.73,
129.24, 125.88, 77.99, 71.16; HRMS (ESI) m/z calcd. for CoHgNaO;* [M+Na]*: 187.0366, found 187.0368;
HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm, rac-form: t, = 12.051 and
14.617 min; enan-form: S-major t, = 15.007 and R-minor t, = 14.876 min, 66.7% ee.
21:2 white powder, 90% yield; 'TH NMR (400 MHz, CDCl;) 8: 7.33 (t, J = 7.96 Hz, 2H), 7.04 (t, J = 7.36 Hz, 1H),
6.93 (d, J = 8.00 Hz, 2H), 5.07-5.02 (m, 1H), 4.64 (t, J = 8.44 Hz, 1H), 4.56 (dd, J = 5.92, 2.48 Hz, 1H), 4.26 (dd,
J=6.44,4.12 Hz, 1H), 4.16 (dd, J = 7.08, 3.52 Hz, 1H); '3*C NMR (100 MHz, CDCls) &: 157.76, 154.70, 129.71,
122.01, 114.61, 74.13, 66.86, 66.25; HRMS (ESI) m/z calcd. for C,oH;(O4Na*® [M+Na]": 217.0471, found
217.0468; HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm, rac-form: t, =
24.394 and 31.924 min; S-form: t. = 31.441 min, >99% ee.
2m:? white powder, 85% yield; '"H NMR (400 MHz, CDCl;) &: 7.40-7.28 (m, 5H), 4.84-4.79 (m, 1H), 4.60 (q, J =
9.52 Hz, 2H), 4.48 (t, J = 8.36 Hz, 1H), 4.39 (dd, J = 6.00, 2.24 Hz, 1H), 3.72 (dd, J = 7.32, 3.68 Hz, 1H), 3.62
(dd, J=17.36, 3.64 Hz, 1H); 3C NMR (100 MHz, CDCl;) 8: 155.07, 137.18, 128.59, 128.08, 127.76, 75.13, 73.65,
68.88, 66.30; HRMS (ESI) m/z calcd. for C;;H;NaO,* [M+Na]*: 231.0628, found 231.0619; HPLC: Chiralpak
OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm, rac-form: t, = 35.168 and 49.587 min; R-form:
t, = 34.856 min, >99% ee.
2n:? white powder, 89% yield; "H NMR (400 MHz, CDCls) &: 7.40-7.28 (m, 5H), 4.85-4.79 (m, 1H), 4.60 (q, J =
9.36 Hz, 1H), 4.48 (t, J = 8.36 Hz, 1H), 4.38 (dd, J = 6.00, 2.24 Hz, 1H), 3.72 (dd, J = 7.36, 3.64 Hz, 1H), 3.61
(dd, J=17.36, 3.64 Hz, 1H); 3C NMR (100 MHz, CDCl;) 8: 155.08, 137.19, 128.59, 128.07, 127.76, 75.14, 73.64,
68.89, 66.30; HRMS (ESI) m/z calcd. for C;;H;NaO,* [M+Na]*: 231.0628, found 231.0624; HPLC: Chiralpak
OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm, t, = 35.168 and 49.587 min; S-form: t, =
49.568 min, >99% ee.
3. The synthesis of chiral phase-transfer catalysts (CPTC-1~15)

CPTC-1, CPTC-2, CPTC-6, CPTC-7~14 are known compounds, and the synthesis of them can be found in
our previous report.> CPTC-3~5 were prepared as the procedure of APTC-1.
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CPTC-3: white powder, 87% yield for two steps; [@] ?°p -25° (¢ = 0.20, CH,Cl,); 'H NMR (400 MHz, CDCl;) 3:
9.57 (s, 1H), 8.10 (s, 2H), 8.00-7.93 (m, 1H), 7.60-7.41(m, SH), 4.82 (d, J = 13.44 Hz, 1H), 4.63 (m, 1H), 4.45 (d,
J=13.48 Hz, 1H), 4.24 (m, 1H), 3.83 (dd, J =11.44, 2.44 Hz, 1H), 3.73-3.61 (m, 3H), 3.30 (d, /= 13.56 Hz, 1H),
2.49 (m, 1H), 2.34 (m, 1H), 2.17 (m, 2H), 1.95-1.88 (m, 1H), 1.84 (s, 2H), 1.09 (d, J = 6.76 Hz, 6H); *C NMR
(100 MHz, CDCl;) &: 155.88, 141.26, 132.27, 131.97, 131.65, 131.31, 129.81, 126.94, 124.73, 122.02, 118.04,
115.09, 63.42, 61.92, 61.69, 61.58, 49.64, 32.87, 21.61, 20.42, 19.62, 17.37; '9F NMR (376 MHz, CDCl;) &: -
62.86; HRMS (ESI) m/z calcd. for C,sH34BrFgN,OF [M+NH4]™: 599.1815, found 599.1832.

CPTC-4: white powder, 79% yield for two steps; [@] ?°p -14° (¢ = 0.25, CH,Cl,); 'H NMR (400 MHz, CDCl;) :
8.60 (s, 1H), 7.81 (d, J = 9.6 Hz, 1H), 7.55-7.50 (m, 4H), 7.22 (s, 2H), 6.64 (s, 1H), 4.87 (d, J = 13.52 Hz, 1H),
4.62 (t,J=12.76 Hz, 1H), 4.43 (d, /= 13.44 Hz, 1H), 4.30-4.23 (m, 1H), 3.76 (t, J=12.76 Hz, 1H), 3.62 (m, 2H),
3.27 (d, J = 13.72 Hz, 1H), 2.45 (s, 1H), 2.27 (s, 6H), 2.19 (s, 1H), 2.13 (m, 2H), 1.89 (t, J = 5.52 Hz, 1H), 1.85 (s,
1H), 1.7 (d, J = 6.56 Hz, 6H); *C NMR (100 MHz, CDCl;) &: 156.26, 138.32, 132.45, 131.06, 129.65, 127.29,
124.05, 116.51, 63.41, 61.75, 49.57, 32.87, 21.63, 21.38, 20.50, 19.68, 17.52; HRMS (ESI) m/z calcd. for
CysH36BrN3NaO™ [M+Na]*: 499.1934, found 499.1966.

CPTC-5: white powder, 82% yield for two steps; [@] ?°p -32° (¢ = 0.20, CH,Cl,); 'H NMR (400 MHz, CDCl;) 3:
8.78 (s, 1H), 7.68-7.65 (m, SH), 7.19 (s, 2H), 6.65 (s, 1H), 5.03 (d, J=13.04 Hz, 1H), 4.82 (d, J = 13.2 Hz, 1H),
4.51 (m, 1H), 4.22 (m, 1H), 3.91-3.85 (m, 2H), 3.56 (d, J = 7.28 Hz, 1H), 3.50-3.46 (m, 1H), 3.34 (d, /= 6.90 Hz,
1H), 2.36 (m, 1H), 2.26 (s, 6H), 2.20-2.14 (m, 1H), 2.08 (s, 2H), 1.92 (s, 2H), 1.09-1.06 (m, 6H); '*C NMR (100
MHz, CDCl;) 6: 156.31, 139.22, 136.48, 133.27, 126.46, 124.27,116.48, 63.41, 61.96, 61.21, 60.90, 49.82, 32.87,
21.40, 21.22, 20.62, 19.66, 17.65; "F NMR (376 MHz, CDCl;) &: -63.12; HRMS (ESI) m/z caled. for
Cy6H3sBrF;KN;O" [M+K]*: 580.1547, found 580.1549.

4. The Kkinetic resolution of epoxides by CQO, in the presence of CPTCs

Typical procedure:
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A mixture of 0.25 mmol of epoxide 1g and 1.0 mol% of CPTC-2 (1.5 mg) was heated at 60 °C for 24 h under
CO, atmosphere (1atm, using a balloon). After cooled to room temperature, a small amount of CH,Cl, was added
to the mixture and it was purified by a flash column chromatography (petroether/ethyl acetate = 10/1 to 3/1, v/v)
to give cyclic carbonate and epoxide respectively. The ee of products were determined by HPLC using a chiral
column (Daicel Chiralpak AD-H or OD-H), and the absolute configurations of products were assigned according
to literature report.*

Notes and References

1.  J. Novacek, M. Waser, Eur. J. Org. Chem., 2014, 802.

2. (a) W. Clegg, R. W. Harrington, M. North, R. Pasquale, Chem.—Eur. J., 2010, 16, 6828; (b) L. Wu, H. Yang, H. Wang,
J. Lu, RSC Adv., 2015, 5, 23189; (c) H. Biittner, J. Steinbauer, T. Werner, ChemSusChem, 2015, 8, 2655.

J.-C. Zhu, D.-X. Cui, Y.-D. Li, J.-X. He, W.-P. Chen, P.-A. Wang, Org. Biomol. Chem., 2018, 16, 3012.

4. (a) Y. Toda, Y. Komiyama, A. Kikuchi, H. Suga, ACS Catal., 2016, 6, 6906; (b) S.-Y. Liu, N.  Suematsu, K.
Maruoka, S. Shirakawa, Green Chem., 2016, 18, 4611; (c¢) J. Qin, V. A. Larionov, K. Harms, E. Meggers,
ChemSusChem, 2019, 12, 320; (d) T. Ema, M. Yokoyama, S. Watanabe, S. Sasaki, H. Ota, K. Takaishi, Org. Lett.,
2017, 19, 4070; (e) K. Takaishi, T. Okuyama, S. Kadosaki, M. Uchiyama, T. Ema, Org. Lert. 2019, 21, 1397.
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NMR spectra copies of all new compounds
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HRMS copies of all new compounds

Display Report

Analysis Info Acquisition Date  9/11/2017 12:15:17 PM
Analysis Mame  D:\Data\FAN\data\2017\081 1\lay-36.d
Method pos_low-20151116.m Operator Fan
Sample Name  livaiyun Instrument maxis 10103
Comment
Acquisition Parameter
Source Type ESl lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Sat Capillary 4000 v Set Dry Heater 180 *C
Scan Begin 100 miz Set End Plate Offset ~ -500 W Set Dry Gas 4.0 Umin
Sean End 1000 m'z Sat Collision Cell RF 200.0 Vipp Sat Divert Valve Waste
Intens. i .3
el 4601829 +MS, 0.0-0.1min #{2-3)
15
I‘Bn H H
~UNN CF3
Oy
B O
CFy
1.0 APTC-1
caled. for CyoHo4FgN3O* [M-Br]*: 460.1818,
found 460.1829.
451 1858
05
/ k\/\jﬁalzgﬁ 4807209 \\_/_\
0.0 - = . PN | - AN - . ;
450.0 450.2 450.4 4E80.6 4808 451.0 4812 miz
Bruker Compass DataAnalysis 4.0 printed: 9M11/2017 12:16:29 PM Page 1of 1
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Display Report

nalysis Info Acquisition Date  6/22/2018 9:41:12 AM
nalysis Name  D:\Data\2018\0622\c-1.d
ethod pos_low-20151116.m Operator Fan
ample Name livaiyun Instrument maXis 10103
omment
cquisition Parameter
surce Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
wcus Not active Set Capillary 4000V Set Dry Heater 180 °C
an Begin 100 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
san End 1000 m/z Set Collision Cell RF~ 200.0 Vpp Set Divert Valve Waste
Intens. 476.1598 +MS, 0.0-0.1min #(2-4)
x106
4
n H H
~_N__N CF3
CWT
31 BP S
CF3
APTC-2
calcd. for CooHosFgN3S* [M-Br]*: 476.1590,
21 found 476.1598
477.1621
1 .
478.1585
% M
x10 C22H24F6N3S 476.16)
476.1590
4_
3.
2_
477.1623
1 B
478.1550
I 479.1581
475 476 417 478 479 480 481 miz
ruker Compass DataAnalysis 4.0 printed: 6/22/2018 9:43:48 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  9/11/2017 12:18:44 PM
Analysis Name  D:\Data\FAN\data\2017\0911\lay-38.d
Method pos_low-20151116.m Operator Fan
Sample Name liuaiyun Instrument maxXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 100 miz Set End Plate Offset  -500V Set Dry Gas 4.0 Iimin
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
|'1t9n56- +MS, 0.0min #(2)
x10 5124777
1.2
Bn H H
N N CF3
®
1.01 B
o (¢]
CF;3
APTC-3
calcd. for 025H24F6N302+ [M-Br]+: 512.1 767,
081 found 512.1777
0.6
513.1808
0.4
0.2
5122069 5127452
0.0 T T T T T
512.0 512.2 5124 5126 512.8 513.0 5132 5134 miz
Bruker Compass DataAnalysis 4.0 printed: 9/11/2017 12:19:54 PM Page 1 of 1
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Display Report
Analysis Info Acquisition Date  9/11/2017 12:25:44 PM
Analysis Name  D:\Data\FAN\data\2017\0911\lay-40.d
Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3),
x108 4761779
25
Bn H H
’L/\/N N CF4
20 o U
o _Je® o
CF3
APTC-4
calcd. for C22H24F6N302+ [M-Br]+: 4761767,
found 476.1779
15
1.0
477.1806
05
476.7259
T T T 1§ T j’\ T T T
4758 476.0 476.2 476.4 476.6 476.8 477.0 477.2 m/z

Bruker Compass DataAnalysis 4.0 printed:  9/11/2017 12:26:43 PM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  6/22/2018 9:44:05 AM
Analysis Name  D:\Data\2018\0622\c-2.d
Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
\ntenss. +MS, 0.1min #(3)
x10 4921543
1.0
(\ N /\/ Y 3
@
o) BP s
CF3
APTC-5
06 calcd. for 022H24F5N3OS+ [M-BI’]+Z 492.1539,
found 492.1543
0.4
493.1571
02
494.1540
0.0 T T L T T T T T
491 492 493 494 495 496 497 m/z

Bruker Compass DataAnalysis 4.0 printed:  6/22/2018 9:44:45 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  6/22/2018 9:59:39 AM
Analysis Name  D:\Data\2018\0622\c-6.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-4),
x105 338.2234
1.0
I?n H H
N N
@NN b
®
B O
APTC-6
08 caled. for C1HogN3O* [M-Br]*: 338.2227,

found 338.2234

06
0.4
02
352.2393 350.2548
0 0 1 l e 1 I b A
' 335 340 345 350 355 360 365 m/z
Bruker Compass DataAnalysis 4.0 printed:  6/22/2018 10:00:34 AM Page 1 of 1
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Display Report

Analysis Info
Analysis Name  D:\Data\2018\0622\c-4.d

Method pos_low-20151116.m
Sample Name  liuaiyun
Comment

Acquisition Date  6/22/2018 9:50:20 AM
Operator Fan
Instrument maXis 10103

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.1min #(3)
x10% 3522392
I‘3n H H
N N
CwRY
6 €]
B® O
APTC-7
calcd. for 022H30N30+ [M-Br]+: 352.2383,
found 352.2392
4
2
353.2423
L\ 354.2446
0 T T T Y IIL ' Y T
351 352 353 354 355 356 m/z

Bruker Compass DataAnalysis 4.0 printed:  6/22/2018 9:57:44 AM Page 1 of 1
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Display Report

Analysis Info

Analysis Name  D:\Data\2018\0622\c-3.d

Acquisition Date  6/22/2018 9:46:29 AM

Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. - i X
i S ae +MS, 0.0-0.1min #(2-3)
3.0
F;C
NN cF
N 3
28 QNe bl
B O
CF3
APTC-8
caled. for Co3Ha3FgN3O* [M-Br]*: 528.1692,

20 found 528.1698

15

1.0

529.1726
05
530.1756
00 T T T T T T
527 528 529 530 531 532 m/z

Bruker Compass DataAnalysis 4.0 printed:  6/22/2018 9:48:04 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  6/22/2018 10:02:09 AM
Analysis Name  D:\Data\2018\0622\c-7.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.1min #(3)
x10%
406.2107
1.0 F;C

NN
0L
B® O

0.8 APTC-9

calcd. for CapHa7F3N3O* [M-Br]*: 406.2101,
found 406.2107

06
0.4
407.2140
02
408.2178
0.0 T T T T T T T T
405.0 405.5 406.0 406.5 407.0 407.5 408.0 408.5 400.0 miz
Bruker Compass DataAnalysis 4.0 printed:  6/22/2018 10:04:02 AM Page 1 of 1
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Display Report

Analysis Info
Analysis Name  D:\Data\2018\0622\c-5.d

Acquisition Date  6/22/2018 9:57:01 AM

Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
\ntens{i +MS, 0.0min #(2)
x10 420.2264
6
FiC
NN
; Wty
BP O
APTC-10
calcd. for Co3HagF3N3O* [M-Br]*: 420.2257,

4 found 420.2264

3

2

421.2296
1
422.2330
N ——— Y P S ER— ‘
48 49 420 421 422 423 424 425 m/z

Bruker Compass DataAnalysis 4.0 printed:  6/22/2018 9:58:49 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 10:32:19 AM
Analysis Name  D:\Data\2018\0112\lay-13.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)
x104 217.0473
6
(0]
o//<
5
2a
calcd. for C1gH19O4Na* [M+Na]*: 217.0471,

4 found 217.0473

3

2

1

218.0507
— T NG " " " ; ey
2165 217.0 2175 218.0 2185 219.0 miz

Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:34:04 AM Page 1 of 1

S53



Display Report

Analysis Info
Analysis Name  D:\Data\2018\0112\lay-14.d

Acquisition Date  1/12/2018 10:39:49 AM

Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. - i E
it — +MS. 0.0-0.1min #(2-3)
3.0
(0]
o //<
BnO o
25
2b
calc. for C1{H{,NaO,* [M+Na]*: 231.0628,
found 231.0631
20
1.5
1.0
232.0664
05
00+ T T T T T T T
230.0 2305 231.0 2315 2320 2325 233.0 miz
Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:42:40 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 10:55:53 AM
Analysis Name  D:\Data\2018\0112\lay-19.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3),
104 245.0418
4
o]
0J<
BzO 0
2c
calcd. for C11H4oNaOs* [M+Na]*: 245.0420,
3
found 245.0418
2
1
246.0455
. PRI Ty “_‘..._...L“L TR W PO | IR ORI PRI W | POPRIY TP pry) Y
0 4 Phb LAl i W hony by ¥ T e iiwisaithos
243 244 245 246 247 248 249 miz
Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:56:52 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 10:09:37 AM
Analysis Name  D:\Data\2018\0112\lay-11.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision CellRF  200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)
x108
247.0589
12
O

2d

08 calcd. for Cq1Hy,NaOs* [M+Na]*: 247.0577,
found 247.0589

06
0.4
02
248.0622
00 ‘ , JL“ . , , - >
246.0 246.5 247.0 247.5 248.0 2485 249.0 2495 miz
Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:20:17 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 10:52:43 AM
Analysis Name  D:\Data\2018\0112\lay-18.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision CellRF  200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)|
x104 231.0624
8
O
0J<
O
O\/I\/
6
2e

calcd. for Cq1H,NaO4* [M+Na]*: 231.0628,
found 231.0624.

4
2
232.0859
A " Lo JLA A A,
2300 2305 231.0 2315 232.0 2325 233.0 2335 miz
Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:53:57 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 10:24:29 AM
Analysis Name  D:\Data\2018\0112\lay-12.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3),
x10% 267.0627
5 o]
oA
O ) O
4 2f
+ +
calcd. for C14H{,NaO4" [M+Na]™: 267.0628,
found 267.0627

3

2

1 268.0660

269.0681
FV il hism o IS s e Y i Ao . A
0= T T T T T .
266.5 267.0 267.5 268.0 268.5 269.0 m/z

Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:25:55 AM Page 1 of 1
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Display Report

Analysis Info
Analysis Name

Acquisition Date
D:\Data\2018\0112\lay-6.d

1/12/2018 9:18:16 AM

Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment tianxinwei
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.1-0.1min #(3-7)
3000
187.0372
(0]
o//<
P
2500 Ph
29
calcd. for CgHgNaO3" [M+Na]*: 187.0366,
found 187.0372

2000

1500

1000

188.0402
500 \
| |
186.0 1865 187.0 187.5 188.0 188.5 189.0 1895 190.0 miz

Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 9:19:55 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 9:31:47 AM
Analysis Name  D:\Data\2018\0112\lay-7.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment tianxinwei

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision CellRF  200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)|
x10% 205.0276
5
(0]
0J<
0}
4 F
2h

calcd. for CgH,FNaO3* [M+Na]*: 205.0271,
found 205.0276

3
2
1
206.0309
207.0316
B g A A, u...m.l"wh.. Y7 SPTRREITY CUVRYT-NOT WRSSPON | POV RNCUNCH RO AP | A NPT TS
204.0 2045 205.0 2055 206.0 2065 207.0 2075 " miz
Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 9:34:06 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 9:35:39 AM
Analysis Name  D:\Data\2018\0112\lay-8.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment tianxinwei

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision CellRF  200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0min #(2)
x10% 220.9980
O
6
o //<
O
Cl
2i, 70%

calcd. for CgH7CINaO3* [M+Na]*: 220.9976,
found 220.9980

4
222.9953
2
2220019
L 223.9984

0 el sty sin st Wi AL st Yo + MJ"‘-W‘_,_,_ 8 ablbein e

220 221 222 223 224 225 m/z

Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 9:37:48 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 9:23:37 AM
Analysis Name  D:\Data\2018\0112\lay-9.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment tianxinwei

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision CellRF  200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.1-0.1min #(3-5)|
x10% 187.0368
5
(0]
oA
(0]
Ph
4 .
2

calcd. for CoHgNaO5* [M+Na]*: 187.0366,
found 187.0368

3
2
1
188.0399
» Lo L,\. " A A v da. "
186.0 1865 187.0 187.5 188.0 188.5 189.0 1895 190.0 miz
Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 9:24:33 AM Page 1 of 1
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Display Report

Analysis Info

Acquisition Date  1/12/2018 9:27:44 AM

Analysis Name  D:\Data\2018\0112\lay-10.d

Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment tianxinwei
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
\ntenss. +MS, 0.0-0.1min #(2-3)
x10 187.0368
20
(0]
oA
" K/O
Ph""
2k
calcd. for CgHgNaO3* [M+Na]*: 187.0366,
found 187.0368
1.0
05
188.0404
00 . ‘ . L* : | : e . - ‘
186.0 186.5 187.0 187.5 188.0 188.5 189.0 189.5 190.0 miz

Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 9:28:35 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  1/12/2018 10:43:15 AM
Analysis Name  D:\Data\2018\0112\lay-15.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-4)
x10% 217.0468
4 0}
0J<
O
pro.__.L/
2]
calcd. for CqgH19O4Na* [M+Na]*: 217.0471,
3 found 217.0468
2
1
218.0505
0 »m«'wuytv‘)} - R )
216.75 217.00 217.25 217.50 217.75 218.00 21825 21850 miz
Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:45:01 AM Page 1 of 1
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Display Report

Analysis Info
Analysis Name

D:\Data\2018\0112\lay-16.d

Acquisition Date  1/12/2018 10:46:19 AM

Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
\ntenss. +MS, 0.0-0.1min #(2-3)
x10 231.0619
O
15 o J<
BnO 0
2m
calcd. for Cq1H4,NaO,* [M+Na]*: 231.0628,
found 231.0619
1.0
05
232.0653
00 ; " : L’L o ; : — .
2300 2305 231.0 2315 2320 2325 233.0 2335 miz

Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 10:48:18 AM Page 1 of 1
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Display Report

Analysis Info

Analysis Name  D:\Data\2018\0112\lay-18-1.d

Acquisition Date  1/12/2018 11:12:42 AM

Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)
x10%| 2310624
20
(0]
o4
(0]
Bno\\\\\-k/
2n
calcd. for Cq1H1aNaO,* [M+Na]*: 231.0628,

1S found 231.0624

1.0

05

232.0660
247.0368
236.0401
0.0°= B v— ; e . ; ; —
230 232 234 236 238 240 242 244 246 248 miz

Bruker Compass DataAnalysis 4.0 printed: 1/12/2018 11:13:50 AM Page 1 of 1
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Item name: c16
Channel name: c-28 [+NH4] : (25.3 PPM) 599.1832

c-28 oF
0.05 =
750 o
Jil X o

w FoC H H F_‘in Bre
=
=
S 500 CcPTC-3
z caled. for CosHa,BrFgN,O* [M+NH,]": 599.1815,
c found 599.1832
a
S 250

T 1 i 1 1
0.25 0.5 0.75 1 1.25 15 1.75 2 2.25 2.5 275
Retention time [min]

Item name: c22
Channel name: c-30 [+Na] : (25.3 PPM) 496.1966

c-30
0.07
750 0
D@y
] N~ N 1™~ o
'E‘ E H H Bn Br
é 500 CPTC-4
E calcd. for CosHssBrNsNaO* [M+Na]*: 499.1934,
E found 499.1966
(7]
£ 2504
0_
1 1 1 I 1 = [ 1 I I I I 1
0.25 0.5 075 1 1.25 15 175 p) 2.25 25 2.75

Retention time [min]

Item name: c26

Channel name: c-31 [+K] : (25.3 PPM) 580.1549
c-31

0.06

:

JelR >

CPTC-5

:

CF;

Intensity [Counts]

caled. for CpgHasBrFsKN;O* [M+K]*: 580.1547,
found 580.1549

1 1 I 1 1
0.25 0.5 0.75 1 1.25 15 175 2 225 25 275
Retention time [min]
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HPLC copies of cyclic carbonates from APTC-1 catalyzed fixation of CO, with chiral epoxides

BT H H
E:\/\/NYN\Q,CF;;
Bn O
ApTc1 °T3

HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWD AW, 16 nm (COMMCO. 1212p1.00
i =
= 5
300 (o]
oA
=n 4 (o]
Ph)\/
= 2g: rac-
150 4
1004
=04
o
1‘1 |I 1.3 IIG 1‘5 1.5 III' |'a 1.5 mir]
b (RETR ) MRS e o 1 i o 1
] [min) Imin] [mAL=s] [mAL] &
s e s e e S e e ]
1 12.051 BB 0.3933 9417.72656 3E2.22098 48.5185
2 14.617 BB 0.4705 9002 _BE5S23  31@_ 05972 51.4815
WWD1 A Wanelengii=216 nm (COXCON-2017 1208 1212)-2.0)
i
= o
oA
et ¢/L\V/O
Ph
i 2j: R-
78.3% ee

11 1 13 M 15 16 T 18 1 i
b (SRR RS e i 1 L i T
] [min] [min] [mat=] [marr] &
L D L L D ] EEEEE

1 12.3238 BB 0.3835 1443.82312 56._80726 B89.1300
2 14.870 BB 0.5134 17&.0A345 4.98111 10.8700
VWD A, Wavalngit=215 nm (GO AVCOX-2017 1206 121211.0)

nAUH
]
(0]
. oA
'k/o
] Ph"
2k: S-
=1 66.7% ee

i 11 1 13 14 15 h (-1 17 |Ia 13 mir
i EETedm HER] kR i i LT i
¥ [min] [min] [mamr*s] [mirr] i
e I L I el e |
1 12.47¢ BB 0.33953 34&6.T71918 12_ 99544 16.86301
> 15 mN7 A= n 4434 1778 174ER 50 FriaA AT WSG9
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HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWD1 A, Wavelength=218 nm (CDX\CDX-20171204(1212)-1.D)

mAU 3
O
60
3 o4
5] A PhO\/'\/O
a0 2a: rac-
30
20
104
o] e
20 B PA A an P P a EA mie
W pREETA R WER I TE W iy W i
# [min] [min] [mAU*s] [mAU] %
it Recomonbariiaan)  Eemimn B et |mrnnasanas | mmasaanaes |msssnees
1 24.394 BB 0.7514 3404.42065 68.55317 50.0249
2 31.924 BB 0.9925 3401.02856 51.90422 49,9751
VWD A, Wavelength=216 nm (CDX\CDX-20171130(1212}-1.D)
mAU 5
27 o)
oA
Ly e}
PhO.__, K/
30 2l: S-
> 99% ee
5]
104
0
% 2 20 2 3 3 38 i
e CREFIEE R R W [ W oy Lz 16 B
# [min] [min] [mAU*s] [mAU] %
| e || | i e | e
1 31.441 BE 0.9922 3660.859%38 55.74454 100.0000
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HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm.

VWD1 A, Wavelength=254 nm (COX\CDX-20170924-1D)

30 3‘5 40 45 50 55 min
W CREFETmE R WETE W AR U iy W [ AR
# [min] [min] [mAU*s] [mau)] %

S Eococe i e e s s
1 35.168 BB 0.9103 163.96121 2.45464 49.7817

2 49.587 BB 1.0470 165.39894 1.86982 50.2183

VWD A, Waslengih=254 nm [CORCOR-20171129{ 1127 12.0)
mAL
10+
8
(0]
oA
Ly (o]
BnO
2 2m: R-
>99% ee
24
a4
20 35 a0 45 50 & mar

e fREE FER e e T B i g i [T £
§  [min] [min]  [mAU*=] [mAD] %
=== [====| | [ | ---

1 34.B56 BB 1.0227 T06.71167  10.1578& 100.0000

VWDT A, Wavalength=254 nm (COXCDX-20171122(1127}-1 D)

124 0

10+ O%
(0]
8- Bno\\\\"k/

6 2n: S-
>99% ee

4]

2]

o]

2]

30 3‘5 4:0 4'5 5'0 5'5 min}

e {REFET R MR LTI E ) W iy W TR
# [min] [min] [mAU*s] [mAU] %

1 49.568 BB 1.3892 1586.49561 16.50781 100.0000
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HPLC copies of producs from the Kinetic resolution of rac-epoxides by CO, with CPTCs

1 H H
CO, (balloon) 0 ‘ A—SNTN CFs
O 1.0 mol% CPTC-2 oJ< IR
_— 1
/A o | N
Ph 60 °C, 24 h on e e ¢F,
3 CPTC-2
26% yield
21.7% ee

For epoxide 1g and 1g’:
HPLC: Chiralpak AD-H (‘PrOH/n-Hexane) = 0.2:99.8, flow rate = 0.3 mL/min, 216 nm.

VWD A, Wavskengh=210 nim (ZJCZIC-0Z 1 T-2+-SECOND 0]

VWOTA, nm i ¥-THIRDLD]

0

N

19" rac-

Ph kinetic resolution by CPTC-2

T
1 18 14 15 18 1 1 i 4 145 15 155 % 85 17 175 18 185 mi]

BE (RN A MR eEEr T Wy TR b (ERETEm] ERE MW W LT e i #
¥ [min] [min] [mAD* =] [mAn] 8 £ [min]) [min] [maLr*s] [mAL] ]

1 16.257 BV 0.4216 6.34322ed 2344.84497 48.4172 1 1&6.188 BV 0.4004 4.55240ed4 1744.77588 4B.5356
2 16.974 VB 0.4492 €. 7579424 2317.21606 51.5828 2 16.B98 vB 0.4206 4.B2324ed 170231404 51.4444

For cyclic carbonate 2g and 2j:
HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWDTA, IO IC-I2 44{SECONDLD] VWOTA & CEICOZTT20)

mAU 5

2j: R-, 21.7% ee
with 1 mol% CPTC-2

e R ER e R EEE i T i EEIE b fREER ERY bR I [ £ I 1 I T 5
#  [min] [min) [mAD* g ] [mAIT) % #  [min] [min] [mAT*s] [mAT] %

el [====1 | | | e L e R Jommmmanas e e
1 9.642 EBE 0.2658 782.31256 44.35572 50.1434 1 9.767 BB 0.3147 2619.81592 120.01179 e0.8269
2 11.789 EBR 0.3237 T77.83801 36.19%16 4%.8566 2 11.901 BB 0.3178 1687.18921 80.07686 39.1731

S71



o } H H
CO, (balloon) ; N_ N CF3
QO 10 mol% CPTC-2 0J< L e g
VAN 50°C. 24h o N Be°
60 °C, 24 h A
Ph Ph ! Bn Bn CF3
47% yield CPTC-2
13% ee
For epoxide 1g and 1g’:
HPLC: Chiralpak AD-H (‘PrOH/n-Hexane) = 1:99, flow rate = 0.3 mL/min, 216 nm.
_ VWD1 A, Wavelength=216 nm (ZJC\ZJC-0214-Y{20170302)-SECOND.D) VWOTA, =
“‘:;7 nal g
] 0 o}
140 = ? i j 1000 / \
1204 Ph o Ph
i) 10: 1g": rac-
g: rac- a0 kinetic resolution by CPTC-2
"
80 400
40 ]
]
A 105 1'1 11‘ 5 |IZ |2I,5 1‘1\ 13‘5 |I4 |4I,5 “I15 1 “.-5 12 ‘1'5 1 ‘3'—5 1 II'S i)
W fRE R SR TR % I i % i A b EERTE N RS kW o 1 R o 1
# [min] [min] [mAU*s] [mAU] % £ [mim]) [min] [mAtr*s] [miALr] i
= [==mm | =mmmmmm | =mmmmmmmmm [ [ - ] B [ B e R P ]|
1 11.187 v 0.2553 2617.95630 156.37517 46.4802 1 11.382 BV 0.2381 2.09822ed 1351.5B093 44.746l6
2 11.772 VB 0.2925 3014.45386 151.88600 53.5198 2 11.B93 ve 0.2717 2.388B4ed 1310._44312 532384
For cyclic carbonate 2g and 2j:
HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.
b VWD1 A, Wavelength=216 nm (ZJC\ZJC-0302-3(201 70304).D) k VWD1 A Wavelength=216 nm (ZJC\ZJC-0302-1(20170304).0)
90 O 180 O
o 040 140 04
' o]
804 Ph 1204 Ph
50 2g: rac- Ry 2j: R-, 13% ee
“ 2 . 1 with 10 mol% CPTC-2
30 2 604
20 “7 3 5
10 20+ = ;

WE fREEA] SR WETE Ui U 7 LI E g CREFErR R R T U iy U THT
# [min] [min] [mAU*=] [mAU] % # [min] [min] [mAU*=] [mAU] $
e Rt I====1 e | -1 -—=- l====1 = |mmmmmmemee I=-- - -
1 12.737 BB 0.3502 750.52100 32.05175 49.5643 1 12.756 BB 0.4068 574.36926 20.32117 56.4960
2 15.515 BB 0.4183 763.71655 27.47141 50.4357 2 15.521 EB 0.4160 442.28592 16.07409 43.5040
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CF3

CO, (balloon) 0 ‘ i
O 1mol% CPTC-6 0J< | N™ N
A > 0 3 = \® H H
Ph 60°C,24h b /K/ : Fe Eph2BP
' Bn
36% yield '
ove CPTC-6
rac-

For epoxide: HPLC: Chiralpak AD-H (‘PrOH/n-Hexane) = 1:99, flow rate = 0.3 mL/min, 216 nm.
For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWD A, Wavalength=216 nem (ZJC\ZIC-0214-30)
VIWD1 A, Wavelengih=216 nm (ZIC\ZJC-0214-Y(20170302).0)
mAU 2 2

nAu]

7.762

Q =3 o
A o4
1204 F‘h/l\/o

9214

Ph

1g: rac-

with 1 mol% CPTC-6 100 2j: rac-
2 ] with 1 mol% CPTC-6
s i
-10- 20
g CREFEE] R WY I i U U AR W LB T R W T AR W i U T
# [min] [min] [mAU*=] [mAU] % # [min] [min] [mAU*=] [mAU] %
——m | |====1- [ [ s == [====1 [ \
1 10.675 VW 0.2191 5§70.01056 39.80342 46.7801 1 7.762 BV 0.2032 2221.07690 164.86708 50.4380
2 11.103 VB 0.2454 648.47870 35,.52533 53,2199 2 9.214 BB 0.2434 2182.50293 135.9069%7 49.5620
! CF;
CO, (balloon) % s
O 1mol% CPTC-8 0/Z< 1 JL
1 N N F
F,h/A 60°C, 24 h o N N CFs
Ph | Fo PPhigP
19% vyield ' B
CPTC-8
rac-

For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWD1 A, Wavelength=216 nm (ZJOIZIC-0214-2.D)
mAu ] I3

2j: rac-
with 1 mol% CPTC-8

WE CREFINE] AT MR L1 U iy U T
# [min] [min] [mAU*s] [mAU] %
b i) | | |
1 7.731 BB 0.2000 1021.64734 77.38027 50.2722
2 9.194 BB 0.2426 1010.58240 63.17895 49.7278
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H H
N_ N CF,

CO, (balloon) o N
O 1mol% CPTC-7 o} 3 S

N — e
A 60°C, 24 h //\/0 N, Br
Ph Ph B Bn CFy
13% yield CPTC.7
rac-

For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWD A, Wavelength=216 nm (ZJC\ZJC-0214-4 D)
mAU g
350

9.065

300

2j: rac-
with 1 mol% CPTC-7

7 8 9 10 1 mi

W CREFmrE R W LESIE =) U 1 U T R
# [min] [min] [mAT*s] [mAU] %

1 7.616 BB 0.2090 4936.02148 357.78143 50.1905
2 9.065 BB 0.2465 4898.54834 301.57758 49.8095

| N. R cF
CO, (balloon) o FS 3
O 1mol% CPTC-11 0J< Lo
SN o ! o’ o
: BP
Ph/k/ | CF3

- 60°C, 24 h Bn~ Bn

20% yield CPTC-11

rac-

For epoxide: HPLC: Chiralpak AD-H (‘PrOH/n-Hexane) = 1:99, flow rate = 0.3 mL/min, 216 nm.
For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWD1 A, Wavelengih=216 nm (ZJCIZIC-0228-1-SECOND.D) VWD1 A, Wavelength=216 o (ZJC\ZJC-0228-1.D)
mAU 4 S mAU 3

8
=
s

17504

a
14,394

1500 o 150 ?
Ph” 0//<
12504 125 o]
1g: rac- Ph)\/
1000

with 1 mol% CPTC-11 2j: rac-

with 1 mol% CPTC-11

] 10 1 12 13 i 0 1 12 13 14 15 18 17 18 18

g fRETETR] SR R I [ A W i U AR W {REEE ] T deEEE W i A5 I I T
# [min] [min] [mAU*s] [mRU] % # [min] [min] [mAU*s] [mAT] %
--= |====1 I -=1 | == -1 |====1 I I I
1 10.493 BV 0.2373 2.83036e4 1841.87341 45.0686 1 11.857 BB 0.3340 4339.14697 194.71982 49.8935
2 10.972 WV 0.2654 3.44975e4 1958.98682 54.9314 2 14.394 EB 0.3942 4357.66602 166.58583 50.1065
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Ph Ph Bn BS

9% yield CPTC-13
rac-

For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

CO, (balloon) i
O 1mol% CPTC-13 0//< ! jiﬁ /3
A 60°C, 24 h O ' FC DR

VWD1 A, Wavelength=216 nm (ZJC\ZJC-0302-3(20170304).)

mAU 5

0]

=1 o)
o]

=1 o}

2j: rac-

with 1 mol% CPTC-13

W CRETE T T wEEE LEiag sl L3 LEinges
# [min] [min] [mAU*s] [mAU] %

1 12.737 BB 0.3502 750.52100 32.05175 49.5643

] T - T T T T T - T 2 15.515 BB  0.4183 763.71655 27.47141 50.4357
0 :
CO, (balloon) o ! /@ j: O
2mol% CPTC-3 _ ! FaC A N
| H Bn BX
T 60°C 24h !
1 cPTC-3
17% yield
rac-
For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 5:95, flow rate = 1.0 mL/min, 216 nm.
VWD1 A, (l D)

3

: o

o

2h: rac-

40 with 2 mol% CPTC-3

0 g CREH R ST uR R W T W 7 U TS
# [min] [min] [mAT* =] [mAU] %

1 37.159 BB 0.8318 523.35345 10.14657 46.9283

7

5

2 5= 2 38.792 BB  1.0030 591.86615  9.19462 53.0717
0 :
€O, (balloon) o ! o O
> : AL N2
2mol% CPTC-4 ! N7 N )
| H H Bn BF
T e0°C,24n ;
\ CPTC-4
11% yiled
rac-
VWD1 A Wavelength=216 nm (CDX\CDX-20171225-2-DOWN.D)
mau ]
]
]
o
354
o4
3 o
25
=1 F
s 2h: rac- W CRETRTE] T MR U AR U 5%y U T AH
10 with 2 mol% CPTC-4 g g #  [min] [min]  [mAU*s] [maU] %
5 y -=-1 I====1 [ [ [
" /\/\ 1 37.062 BB 0.7920 276.72958  5.36279 47.4542
é 2 T3 — 2 38.679 BB  0.9166 306.42126  4.89281 52.5458
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PhO\/A

CO, (balloon)
1mol% CPTC-3
60°C, 24 h

o]

FsC

38% yield
rac-

e R e
H H

o)
! [S]

Bn Br

CPTC-3

For epoxide: HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm.
For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

wora, 1208
180+
o]
160
PhO\/A
140
120] 1a: rac-
100] with 1 mol% CPTC-3
] g
w0 h 3
1+ N
& H 10 12 4 & 18 min
e TR [ ki VI U T AR U 1y L1 EEn
# [min] [min] [mAU*s] [maU] %
i | smsmnas | === | | | s
1 7.807 BB 0.2257 588.83411 40.00146 50.3882
2 12.565 BB 0.3397 5§79.76080 26.04378 49.6118
CO, (balloon)
0]

Pho\/A

1mol% CPTC-4
60°C, 24 h

VWDTA,

D)

O
o4
PhO\/k/O
2a: rac-
with 1 mol% CPTC-3

24.304

31.024

2

2 E ) 3 E)

g fRETEE AR bR LEding sl W iy LE3inges
#  [min] [min]  [mAU*s] [mAU] 3
-—-1 I-===1 [ [ [
1 24.394 BB 0.7514 3404.42065 68.55317 50.0249
2 31.924 BB 0.9925 3401.02856 51.90422 49.9751
(0]

61% yield
rac-

PhO\/k/O !

fe)
! ©

Bn Br

J
H H

CPTC-4

For epoxide: HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm.
For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate = 1.0 mL/min, 216 nm.

VWD1 A, Wavelengihe254 nvm (COX\COX-20171221-2UP.D)

VWD A, Wavslengih=216 nm ((

(CDXICDX-20171221-2-DOWN.D)

mAU mAU
1804 1804 O
160 160
E 0 (o]
1404 1401 o
PhO\/A PhOV[\/
1204 1204
wil 3 1a: rac- 100] 2a: rac-
0] N with 1 mol% CPTC-4 0] with 1 mol% CPTC-4
o] 0]
404 404 § ‘z’
K . /\ /g\
& i 10 2 ) 6 18 i 2 2 2 % Y 0 2 3 % a8
W CREFEFE] T bR I 7 5 W% 5 W 7 L g CRETFIA] FETY WREEE W [T R W 15y L1 B
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
=22 I===-1 [ [ [ ===l I-===1 [ [ [
13 7.773 BB 0.2291 2110.14453 141.39114 49.9726 1 23.876 BB 0.7476 1239.18457 25.20487 49.9077
2 12.444 VB 0.3667 2112.45459 86.57761 50.0274 2 31.634 BB 0.9819 1243.77051 18.94522 50.00923
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O

Pho\/A

For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 20:80, flow rate

VWD1 A Wavelength=254 nm (COXICDX-20171219-1-DOWN.D)

o
oA
. PhO\/l\/o

2a: rac-

CO, (balloon)
1mol% CPTC-5

PhO
60°C, 24 h

g
2 with 1 mol% CPTC-5

O

Bno\/A

2258 45

1mol% CPTC-3

525

CO, (balloon)

60°C, 24 h

BnO\/k/o ‘

O

A

O

53% yield
rac-

i fREFEE R
# [min]

e s [====]
1 34.290 BB

2 47.882 BB

FsC
50% yield
rac-

8P
(0]
N)J\Nji@
H H

o

CPTC-5

CF3

1.0 mL/min, 216 nm

L3 LI E ) U iy U [ AR
[min] [mAU*s] [mAU] B
I-- I-- ==
1.0139 4e3.19806 6.60680 49.7412
1.2592 4e8.01828 5.07810 50.2588

Bn Bre

CF,
e E>
H H

CPTC-3

For epoxide: HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm.
For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 216 nm.

TWOTA =257 ren [COXCDRZ0TT T8 TUP D] VWOTA i 71216 TOOWND]

mAU ] mau ]

454 3 0

w3 o] 18] J<

35 Bno\/A 14+ % 0

0] 1b: rac- 2 BnO\/k/

= with 1 mol% CPTC-3 04 2b: rac-

0 E & 84 with 1 mol% CPTC-3

15 P o] 5

10 44 ﬁk i

s's H es H 75 85 3 o5 - s 3% s P 25 P 75 % 525 =

g CREFER] SR oRTE e [ W iy W TR e (RIS bR e 7 W e T #41

# [min] [min] [mAU*=s] [mAU] % # [min] [min] [mAU*=s] [mAU] %

it  Emaka” [ meel SEEEess——— e ] bbb e
1 7.676 BV 0.2265 241.78091 16.44545 49.6439 1 33.991 EB 0.9526 301.92841 4.42728 49.7397
2 8.438 VB 0.2564 245.24913 14.42489% 50.35s61 2 47.374 EB 1.0915 305.08881 3.36265 50.2603
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CO, (balloon)
o

Bno\/A

60°C, 24 h

1mol% CPTC-4

o)

Bn Br

A,
H H

46% yield
rac-

CPTC-4

For epoxide: HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm.
For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 216 nm.

VWOTA, ™ (CORY

TIZ6-2-0P D)

0

BnO\/A

1b: rac-
with 1 mol% CPTC-4

VIND1 A, Wavelength=254 nm (CDX\CDX-20171218.2.00WN.D)

(0]
oA
BnO\/l\/o

2b: rac-
with 1 mol% CPTC-4

1 13 14

z 7 3 ) Py = P 25 75 Py s = os P 25
e CRETETE SR bR U [ A5 I 173 U AR W FLEgER] Y g W [ W e T F5
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] b
i B l====1- [ -1 [ e L Rt === [ [
i 7.726 BB 0.2262 220.44572 15.02495 51.2174 1 34.376 BB 0.9524 276.01184 4.03819 50.5048
2  8.488 BB 0.2456 209.96577 13.05670 48.7826 2 47.948 BB 1.0547 270.49384 3.08276 49.4952
0 BY
CO, (balloon) O/Z< o
O 1mol% CPTC-5 5 0\/k/o ! NAN N@
™ . n ‘
B"O\/A 60°C, 24 h ! H H
52% yield CPTC-5
rac- ‘ CFs

For epoxide: HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate = 1.0 mL/min, 254 nm.

For cyclic carbonate HPLC: Chiralpak OD-H (‘PrOH/n-Hexane) = 10:90, flow rate

1.0 mL/min, 216 nm.

VWD1 A Wavelength=254 nm (COXICDX-20171218-1.UP D) T o)
o may (0]
- 0 OJ<
Bno\/A 7 o}
=
BnO\/l\/
9 1b: rac- Ly
] with 1 mol% CPTC-5 12 2b: rac-
21 10] with 1 mol% CPTC-5
20+ 8 §
3 o~
15 LR E
104 44
o] 2]
55 i 65 7 o5 ] 0 325 3 s % 435 a5 ais 50 525
W fREetE SR bR [l 311 2 W W T F2 W PREgEEE R iR I i A5 W 55 I i A
# [min] [min] [mAU*s] [mAU] % i [min] [min] [mAU*s] [mAU] i
e I====1 [ [ [
- I-==-1 | | |
1 7.664 BR  0.2291 353.63394  23.83842 51.0892 1 34.200 BE  1.0139 463.19806  6.60680 49.7412
2 B.425 BB 0.2440 326.57248 20.59390 48.0104 2 47.882 BB  1.2592 468.01828  5.07810 50.2588
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