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1. General Methods

Unless otherwise specified, all reactions were conducted under an inert atmosphere
and anhydrous conditions. All the solvents were purified according to the standard
procedures. All chemicals which are commercially available were employed without
further purification. Thin-layer chromatography (TLC) was performed on silica gel
plates (60F-254) using UV-light (254 nm). Flash chromatography was conducted on
silica gel (200-300 mesh). 'H and 3C NMR spectra were recorded at ambient
temperature in CDCI3 on a 400 MHz NMR spectrometer. Chemical shifts were reported
in parts per million (ppm). The data are reported as follows: for 'H NMR, chemical
shift in ppm from tetramethylsilane with the solvent as internal standard (CDCl3 6 7.26
ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet or
overlap of non-equivalent resonances), integration; for *C NMR, chemical shift in ppm
from tetramethylsilane with the solvent as internal indicator (CDClz & 77.1 ppm),
multiplicity with respect to protons. All high-resolution mass spectra were obtained on
a Q-TOF Micro LC/MS System ESI spectrometer to be given in m/z. Enantiomeric
excesses values were determined with HPLC (chiral column; Mobile phase hexane/i-
PrOH). Trione alkenes 1 were synthesized according to modified literature-reported
procedures'; Azlactone 2 were either employed directly from commercial sources or

prepared according to the literature?.



2. Representative Procedures

Table S1. Optimization of the reaction conditions®

o EtO,C Cat. PhOCHN co,Et
= + N F——
Ph >\/O solvent, r.t. 0 l
© Ph O “Ph
1a 2a (+)-3a
entry Cat. solvent yield (%)° dre
1 AcOH CH,Cl, 81 >20:1
2 PhCOH CH>Cl, 73 >20:1
3 H3PO4 CH,Cl, 84 >20:1
4 TFA CHxCl, 78 >20:1
5 TsOH CH,Cl, 64 >20:1
6 - CH>Cl, 89 >20:1
7 - toluene 82 >20:1
8 - CH;CN 78 >20:1
9 - THF 43 >20:1

a) Reaction conditions: 1a (0.05 mmol), 2a (0.05 mmol.), Cat. (10 mol%), solvent (1 mL), and at room

temperature (r.t.) for 24 h. b) Isolated yields. ¢) Determined by 'H NMR.

General Procedures for the synthesis of target products

0O EtO,C Cat. Ph8CHN.\\COZEt
)\l//o (10 mol%) Ac
= + N F———
Ph >\/O solvent, r.t. 0 l
o) pH O™ “ph
1a 2a (+)-3a

Trione alkenes 1 (0.15 mmol) and azlactone 2 (0.15 mmol ) was dissolved in DCM (3
ml), rac-PA (10 mol%) was added. The reaction mixture was stirred for 24 h at room
temperature. The solvents were removed in vacuo and the crude product was separated
by flash column chromatography on silica gel (petroleum ether/ethyl acetate 5:1-3:1)

to afford colorless solid (+)-3a.



Table S2. Optimization of the catalytic asymmetric reaction conditions.?

o EtO,C PhOCHN cO,Et
o) >\fo CPA (10 mol%) O Ac
—_— =
Ph N7 * N>\/o CH,Cly, rt. 0 |
o) I, additives 10 Ph
1a 2a (-)-3a

° ) 1Y
L, . Oy, K o o
% e a4
oyt ot Cac
G G G

(S)-CPA (R)-CPA (R)-CPA
CPA-1, G = 9-anthracenyl CPA-10, G = 3,5-Ph,-CgH3 CPA-7, G = 9-anthracenyl
CPA-2, G = 2,4,6-(i-Pr)3CgH> CPA-13, G = 2-Naphthyl
CPA-3, G = 4-CICgH4 CPA-14, G = 9-phenanthrenyl
CPA-4, G = SiPhg CPA-15, G = 9-anthracenyl
CPA-5, G = 2-naphthyl O
CPA-6, G = 9-phenanthrenyl

CPA-8, G = 1-Naphthy! CPA-12,

CPA-9, G = 3,5-(CF3),CgH3
CPA-11, G = 3,5-(CF4),CcHs G=

Entry Solvent Cat. Th) tCC) Y(%)® ee%° dr°

1 DCM CPA-2 24 r.t 75 24 >20:1
2 DCM CPA-3 24 r.t 82 -30  >20:1
3 DCM CPA-1 24 r.t 82 -40  >20:1
4 DCM CPA-8 24 r.t 75 -54  >20:1
5 DCM CPA4 24 r.t 82 0 >20:1
6 THF CPA-8 24 r.t 45 24 >20:1

7 MeCN CPA-8 24 r.t 82 -20  >20:1

8 Toluene CPA-8 24 r.t 80 22 >20:1

9 DCE CPA-8 24 r.t 65 44 >20:1
10 CHCI3 CPA-8 24 r.t Trace - >20:1
11 CCly CPA-8 24 r.t 45 -14  >20:1
12 DCM CPA-9 24 r.t 63 -64  >20:1

13 DCM CPA-10 24 r.t 75 34 >20:1

14 DCM CPA-S 24 r.t 80 -44  >20:1

15 DCM CPA-11 24 r.t 75 16 >20:1

16 DCM CPA-6 24 r.t 75 -64  >20:1
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a) Reaction conditions: 1a (0.05 mmol), 2a (0.05 mmol.), Cat. (10 mol%), solvent and at room
temperature (r.t.) for 24 h. b) Isolated yields. ¢) Determined by chiral HPLC analysis.

Table S3. Catalyst-loading screening.?

0 EtO,C CPA-7 PhOCHN CoO,Et
)(Li( (X mol%) AC
= + —_—
Ph N>\/o CH,Cly, r:t. o |
o PH 07 “ph
1a 2a 3a
Entry Solvent X Concentration Y(%)" ee%° dr¢

1 DCM 15 0.0017M 71 90  >20:1
2 DCM 10 0.0017M 70 90  >20:1
3 DCM 8 0.0017M 68 81 >20:1
4 DCM 6 0.0017M 68 52 >20:1
5 DCM 4 0.0017M 66 43 >20:1

a) Reaction conditions: 1a (0.15 mmol), 2a (0.15 mmol), CPA-7 (X mol%), solvent and at room

temperature (r.t.) for 24 h. b) Isolated yields. ¢) Determined by chiral HPLC analysis.

Table S4. Additive screening.?

[e) EtO,C CPA-7 PhOCHN CO,Et
/CLJ:( (10 mol%) SAC
= +
Ph N>\/O Additives 0 l
(0] PH CH,Cly, r.t. e] Ph
1a 2a 3a
Entry Additive Concentration  Y(%)" ee%* dre
1 - 0.005M 81 74 >20:1
2 H>0 (0.5 mol%) 0.005M 80 80 >20:1
3 H20 (1 mol%) 0.005M 73 86  >20:1
4 H>0 (2 mol%) 0.005M 72 86 >20:1
5 H>0 (4 mol%) 0.005M 70 86 >20:1
6 H>0 (2 mol%) 0.0025M 75 86 >20:1




7 H>0 (2 mol%) 0.0017M 70 90 >20:1

8 H>0 (2 mol%) 0.0013M 65 90 >20:1
9 H>0 (2 mol%) 0.0008M 52 88 >20:1
10 H>0 (2 mol%) 0.0006M 45 84 >20:1

a) Reaction conditions: 1a (0.05 mmol), 2a (0.05 mmol.), CPA-7 (10 mol%), CH,Cl, (10 mL) at

room temperature (r.t.) for 24 h. b) Isolated yields. c) Determined by chirl HPLC analysis.

General Procedure for the catalytic asymmetric synthesis of target products

PhOCHN
0© EtO,C o _H0@mo%) o -“C%Et
)\’4 CPA-7(10 mol%)
Ph Pz + N o
>\,o CH,Cly, rt. '
Ph °

0 Ph

1a 2a (-)-3a

Trione alkenes 1a (0.15 mmol). H>O (2 mol%) and CPA-7 (10 mol%) was dissolved
in DCM (88 ml), azlactone 2a (0.15 mmol ) was added in 5 minutes. The reaction
mixture was stirred for 24 h at room temperature. The solvents were removed in vacuo
and the crude product was separated by flash column chromatography on silica gel
(petroleum ether/ethyl acetate 5:1-3:1) to afford colorless solid (-)-3a. Then

recrystallization of the target products were conducted in EA/PE.



3. Characterization of Products

Ethyl 3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-phenyl-2.3.3a.6a-tetrahydrofuro

[2.3-b] furan-3-carboxylate (£)-3a:

PhOCHN CO,Et
o L Ac

Colorless solid; 89% isolated yield = 60.02 mg; m.p. 120.9-121.8°C; *H NMR (400
MHz, CDCls) § 7.85 — 7.73 (m, 2H), 7.68 — 7.60 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.46
(t,J = 7.6 Hz, 2H), 7.43 — 7.32 (m, 4H), 5.55 (s, 1H), 4.31 — 4.11 (m, 2H), 2.38 (s, 3H),
2.07 (s, 3H), 1.11 (t, J = 7.1 Hz, 3H) ; ¥C NMR (100 MHz, CDCls) & 200.5, 166.9,
166.8, 166.5, 158.0, 132.4, 132.4, 130.4, 128.8, 128.7, 128.1, 127.2, 125.7, 116.7, 95.7,
72.8, 69.6, 63.6, 29.6, 22.1, 13.75; HRMS(ESI) m/z Calcd for CsHasNO7 [M+Na]* =
472.1367, found: 472.1373.

Methyl 3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-phenyl-2.3.3a,6a-tetrahydrofuro

[2.3-b]furan-3-carboxylate (£)-3b:

PhOCHN CO,Me
O . Ac

© \
O™ “pn
Colorless solid; 90% isolated yield = 58.8 mg; m.p. 122.2-123.1 °C; 'H NMR (400

MHz, CDCl3) 6 7.82 - 7.76 (m, 2H), 7.66 — 7.59 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.46
(t, J=7.6 Hz, 2H), 7.44 — 7.35 (m, 4H), 5.58 (s, 1H), 3.72 (s, 3H), 2.39 (s, 3H), 2.03 (s,
3H) ; *C NMR (100 MHz, CDCI3) § 201.1, 167.2, 166.9, 166.6, 158.3, 132.5, 132.4,
130.5, 128.8, 128.7, 128.1, 127.2, 125.7, 116.4, 95.6, 72.5, 69.8, 53.7, 29.7, 22.1;
HRMS(ESI) m/z Calcd for C24H2iNO7 [M+Na]" = 458.1210, found: 458.1217.

Benzyl 3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-phenyl-2.3.3a,6a-tetrahydrofuro

[2.3-b]furan-3-carboxylate (£)-3c¢:




PhOCHN CO0,Bn
C Ac

Colorless solid; 82% isolated yield = 62.9 mg; m.p. 128.1-129.2°C; 'H NMR (400 MHz,
CDCI3) 6 7.83 —7.76 (m, 2H), 7.58 — 7.51 (m, 2H), 7.46 (t,J=7.5 Hz, 2H), 7.43 — 7.38
(m, 3H), 7.37 — 7.31 (m, 2H), 7.31 — 7.26 (m, 1H), 7.25 — 7.17 (m, 4H), 5.30 (s, 1H),
5.18 (s, 2H), 2.31 (s, 3H), 2.04 (s, 3H); 3C NMR (100 MHz, CDCls) § 201.5, 166.7,
166.4,166.3,158.1, 133.8, 132.5, 132.4, 130.3, 128.8, 128.7, 128.6, 128.5, 127.9, 127.2,
125.8, 116.3, 95.5, 72.5, 69.3, 69.0, 29.8, 22.0; HRMS(ESI) m/z Calcd for C30H25NO7
[M+Na]" = 534.1523, found: 534.1525.

Isopropyl 3a-acetyl-3-benzamido-6a-methyl-2-0xo0-5-phenyl-2.3.3a.6a-tetrahydrofuro

[2.3-b]furan-3-carboxylate (£)-3d:

PhOCHN co,/Pr
Ox X Ac

Colorless solid; 81% isolated yield = 56.3 mg; m.p. 111.1-112.1°C; *H NMR (400 MHz,
CDClI3) 6 7.83 — 7.75 (m, 2H), 7.67 — 7.60 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.46 (t, J
=7.5Hz, 2H), 7.43-7.34 (m, 4H), 5.49 (s, 1H), 5.14 — 4.98 (m, 1H), 2.37 (s, 3H), 2.11
(s, 3H), 1.22 (d, J=6.2 Hz, 3H), 1.04 (d, J = 6.3 Hz, 3H) ; *C NMR (100 MHz, CDCl;)
0 200.0, 166.8, 166.5, 166.4, 157.7, 132.4, 132.4, 130.3, 128.8, 128.6, 128.1, 127.2,
125.7, 116.8, 95.7, 72.9, 72.4, 69.3, 29.5, 22.1, 21.3, 21.3; HRMS(ESI) m/z Calcd for
CaosH2sNO7 [M+Na]" = 486.1523, found: 486.1528.

Ethyl 3a-acetyl-3-(2-fluorobenzamido)-6a-methyl-2-0x0-5-phenvyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvlate (£)-3e::




Colorless solid; 88% isolated yield =60.70 mg; m.p. 101.5-102.3°C; *H NMR (400
MHz, CDCl3) 5 8.10 — 8.00 (m, 2H), 7.66 — 7.57 (m, 2H), 7.56 — 7.49 (m, 1H), 7.45 —
7.38 (m, 3H), 7.31 — 7.26 (m, 1H), 7.21 — 7.12 (m, 1H), 5.46 (s, 1H), 4.29 — 4.19 (m,
2H), 2.36 (s, 3H), 2.14 (s, 3H), 1.13 (t, J = 7.2 Hz, 3H) ; 3C NMR (100 MHz, CDCl3)
5 199.7, 166.8, 166.4,162.3 (d, J = 3.2 Hz), 160.9 (d, J = 248.6 Hz), 157.8, 134.4 (d,
J=9.6 Hz), 132.3,130.4, 128.6, 128.1, 125.7, 125.0 (d, J = 3.2 Hz), 119.1 (d, J = 11.0
Hz) 117.0, 116.1 (d, J = 24.5 Hz), 112.0, 95.3, 73.1, 69.5, 63.7, 29.3, 22.0, 13.7; 1°F
NMR (376 MHz, CDClz) & -111.16; HRMS(ESI) m/z Calcd for CasHzFNO7 =
[M+Na]* 490.1272, found: 490.1282.

Ethyl 3a-acetyl-3-(3-fluorobenzamido)-6a-methyl-2-0xo0-5-phenyl-2,3,3a,6a-

tetrahydrofuro[2,3-b]furan-3-carboxylate (H-3f:

Colorless solid; 87% isolated yield = 61.00 mg; m.p. 150.3-151.2.°C; *H NMR (400
MHz, CDCls) § 7.66 — 7.60 (m, 2H), 7.58 — 7.48 (m, 2H), 7.48 — 7.39 (m, 4H), 7.35 (s,
1H), 7.26 — 7.22 (m, 1H), 5.56 (s, 1H), 4.26 — 4.11 (m, 2H), 2.38 (s, 3H), 2.04 (s, 3H),
1.11 (t, J = 7.1 Hz, 3H) ; 3C NMR (100 MHz, CDCls3) § 200.9, 166.8, 166.5, 165.3 (d,
J=25Hz), 162.7 (d, J = 248.5 Hz), 158.2, 134.7 (d, J = 7.0 Hz), 130.6, 130.5, 128.7,
128.0, 125.7, 122.6 (d, J = 3.1 Hz), 119.5 (d, J = 21.3 Hz), 116.5, 114.7 (d, J = 23.2
Hz), 95.6, 72.6, 69.7, 63.7, 29.6, 22.1, 13.7; F NMR (376 MHz, CDCl3) & -108.9;
HRMS(ESI) m/z Calcd for CasH22FNO7 [M+Na]* = 490.1272, found: 490.1275.



Ethyl 3a-acetyl-6a-methyl-3-(3-methylbenzamido)-2-0x0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate ()-3g:

Me

Colorless solid; 87% isolated yield = 60.48 mg; m.p. 122.9-123.5°C; *H NMR (400
MHz, CDCl3) § 7.65 — 7.59 (m, 3H), 7.56 (d, J = 6.4 Hz, 1H), 7.44 — 7.39 (m, 3H), 7.38
—7.29 (m, 3H), 5.55 (s, 1H), 4.27 — 4.10 (m, 2H), 2.40 (s, 3H), 2.38 (s, 3H), 2.07 (s,
3H), 1.10 (t, J = 7.1 Hz, 3H) ; 3C NMR (100 MHz, CDCl3) § 200.3, 167.0, 166.8, 166.7,
157.9, 138.7,133.2,132.4, 130.4, 128.7, 128.6, 128.1, 127.9, 125.7, 124.1, 116.7, 95.7,
72.8,69.7,63.6, 29.5,22.1, 21.3, 13.7; HRMS(ESI) m/z Calcd for C2sH2sNO7 [M+Na]*
= 486.1523, found: 486.1530.

Ethyl 3a-acetyl-3-(4-fluorobenzamido)-6a-methvyl-2-0x0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (£)-3h:

Colorless solid; 87% isolated yield = 61.00 mg; m.p. 111.1-112.1°C; 'H NMR (400
MHz, CDCl3) 6 7.87 —7.74 (m, 2H), 7.63 (d, J = 4.2 Hz, 2H), 7.42 (s, 3H), 7.32 (s, 1H),
7.14 (t, J = 8.4 Hz, 2H), 5.55 (s, 1H), 4.28 — 4.10 (m, 2H), 2.37 (s, 3H), 2.05 (s, 3H),
1.11 (t, 3 = 7.1 Hz, 3H) ; '*C NMR (100 MHz, CDCl3) & 200.8, 166.9, 166.7, 165.5,
165.3 (d,J=253.6 Hz), 158.1,130.5,129.7(d,J=9.2 Hz), 128.7,128.0, 125.7, 116.6,
115.9 (d, J = 22.1 Hz), 95.6, 72.6, 69.7, 63.7, 29.6, 22.1, 13.7; "’F NMR (376 MHz,

10



CDCls) § -112.4; HRMS(ESI) m/z Caled for C2sH2FNO7 [M+Na]* = 490.1272, found:
490.1278.

Ethyl 3a-acetyl-3-(4-chlorobenzamido)-6a-methyl-2-oxo0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (£)-3i:
Cl

Colorless solid; 91% isolated yield = 66.04 mg; m.p. 134.5-135.1°C; *H NMR (400
MHz, CDCl3) § 7.73 (d, J = 8.5 Hz, 2H), 7.66 — 7.59 (m, 2H), 7.48 — 7.39 (m, 5H), 7.33
(s, 1H), 5.55 (s, 1H), 4.27 — 4.10 (m, 2H), 2.37 (s, 3H), 2.04 (s, 3H), 1.11 (t, J = 7.1 Hz,
3H) ; 3C NMR (100 MHz, CDCls) § 200.8, 166.8, 166.6, 165.5, 158.1, 138.8, 130.8,
130.5, 129.1, 128.7, 128.6, 128.0, 125.7, 116.5, 95.6, 72.6, 69.7, 63.7, 29.6, 22.1, 13.7;
HRMS(ESI) m/z Calcd for C2sH22CINO7 [M+Na]* = 506.0977, found: 506.0980.

Ethyl 3a-acetyl-3-(4-bromobenzamido)-6a-methyl-2-0xo0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvylate ()-3j:
Br

Colorless solid; 92% isolated yield = 72.92. mg; m.p. 126.3-127.1 °C; *H NMR (400
MHz, CDCl3) § 7.68 — 7.58 (m, 6H), 7.44 — 7.38 (m, 3H), 7.34 (s, 1H), 5.55 (s, 1H),
4.26 —4.11 (m, 2H), 2.37 (s, 3H), 2.04 (s, 3H), 1.11 (t, J = 7.2 Hz, 3H); 3C NMR (100
MHz, CDCls) 6 200.8, 166.8, 166.6, 165.7, 158.1, 132.0, 131.3, 130.5, 128.8, 128.7,
128.0, 127.3, 125.7, 116.5, 95.6, 72.6, 69.7, 63.7, 29.6, 22.1, 13.7; HRMS(ESI) m/z

11



Calcd for CasH22BrNO7 [M+Na]* = 550.0472, found: 550.0479.

FEthyl 3a-acetyl-6a-methyl-3-(4-methylbenzamido)-2-0x0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate(£)-3k:

Me

Colorless solid; 89% isolated yield = 61.87 mg; m.p. 165.5-166.1 °C; *H NMR (400
MHz, CDCl3) § 7.68 (d, J = 8.2 Hz, 2H), 7.65 — 7.59 (m, 2H), 7.44 — 7.37 (m, 3H), 7.25
(d, J = 7.5 Hz, 2H), 5.53 (s, 1H), 4.25 — 4.12 (m, 2H), 2.41 (s, 3H), 2.36 (s, 3H), 2.08
(s, 3H), 1.11 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) & 200.3, 167.0, 166.9,
166.4, 157.9, 143.1, 130.4, 129.5, 129.4, 128.7, 128.1, 127.2, 125.7, 116.7, 95.7, 72.8,
69.5, 63.6, 29.5, 22.1, 21.5, 13.7; HRMS(ESI) m/z Calcd for Co6H2sNO7 [M+Na]* =
486.1523, found: 486.1526.

Ethyl 3a-acetyl-3-(3-methoxybenzamido)-6a-methyl-2-0x0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvlate (£)-31:
MeO

Colorless solid; 87% isolated yield = 62.57 mg; m.p. 158.5-159.3 °C; *H NMR (400
MHz, CDCls) § 7.76 (d, J = 8.7 Hz, 2H), 7.69 — 7.58 (m, 2H), 7.49 — 7.36 (m, 3H), 7.28
(s, 1H), 6.94 (d, J = 8.7 Hz, 2H), 5.52 (s, 1H), 4.32 — 4.14 (m, 2H), 3.86 (s, 3H), 2.36
(s, 3H), 2.09 (s, 3H), 1.11 (t, J = 7.1 Hz, 3H) ; 3C NMR (100 MHz, CDCls) 5 200.3,

12



167.0, 165.9, 163.0, 157.9, 130.4, 129.2, 128.7, 128.1, 125.7, 124.6, 116.7, 113.9, 95.7,
72.8,69.5,63.6, 55.5, 29.5, 22.1, 13.7; HRMS(ESI) m/z Calcd for C26H2sNOg [M+Na]*
=502.1472, found: 502.1479.

Ethyl 3a-acetyl-3-(furan-2-carboxamido)-6a-methyl-2-oxo-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (£)-3m:

Colorless solid; 76% isolated yield = 50.09 mg; m.p. 114.4-115.3°C; *H NMR (400
MHz, CDCl3) & 7.67 — 7.58 (m, 2H), 7.49 (d, J = 11.2 Hz, 2H), 7.44 — 7.35 (m, 3H),
7.17 (d, J = 3.5 Hz, 1H), 6.56 — 6.50 (M, 1H), 5.54 (s, 1H), 4.26 — 4.11 (m, 2H), 2.37
(s, 3H), 2.05 (s, 3H), 1.10 (t, J = 7.1 Hz, 3H) ; 1*C NMR (100 MHz, CDClz) § 200.2,
166.6, 158.0, 157.2, 146.3, 144.9, 130.4, 128.7, 128.1, 125.6, 116.8, 116.2, 112.5, 95.5,
72.9, 69.2, 63.7, 29.5, 22.1, 13.7; HRMS(ESI) m/z Calcd for C23H21NOg [M+Na]* =
462.1159, found: 462.1161.

Ethyl 3a-acetyl-6a-methyl-2-0x0-5-phenyl-3-(thiophene-2-carboxamido)-2.3.3a,6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (+)-3n:

Colorless solid; 78% isolated yield = 53.28 mg; m.p. 107.4-108.2 °C; *H NMR (400
MHz, CDCl3) § 7.66 — 7.60 (m, 2H), 7.59 (dd, J = 3.7, 0.8 Hz, 1H), 7.55 (dd, J = 5.0,
0.8 Hz, 1H), 7.44 — 7.37 (m, 3H), 7.19 (s, 1H), 7.14 — 7.08 (m, 1H), 5.55 (s, 1H), 4.27
—4.09 (m, 2H), 2.38 (s, 3H), 2.04 (s, 3H), 1.10 (t, J = 7.2 Hz, 3H) ; 13C NMR (100 MHz,
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CDCls) 6 200.6, 166.9, 166.6, 161.0, 158.0, 136.6, 131.5, 130.4, 129.6, 128.7, 128.1,
127.9,125.7, 116.6, 95.7, 72.7, 69.6, 63.7, 29.5, 22.1, 13.7, HRMS(ESI) m/z Calcd for
C23H2:NO7S = [M+Na]* 478.0931, found: 478.0931.

Ethyl 3-(1-naphthamido)-3a-acetyl-6a-methyl-2-ox0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvylate ()-30:

Colorless solid; 91% isolated yield = 68.18 mg; m.p. 110.5-111.2°C; *H NMR (400
MHz, CDCls) 6 8.31 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 8.0 Hz,
1H), 7.72 — 7.63 (m, 3H), 7.61 — 7.46 (m, 3H), 7.45 — 7.37 (m, 3H), 7.15 (s, 1H), 5.68
(s, 1H), 4.27 — 4.06 (m, 2H), 2.45 (s, 3H), 2.07 (s, 3H), 1.10 (t, J = 7.1 Hz, 3H) ; 13C
NMR (100 MHz, CDClI3) 6 200.5, 169.0, 167.4, 166.5, 158.1, 133.6, 132.1, 131.4, 130.4,
130.1, 128.7, 128.2, 128.1, 127.6, 126.7, 125.7, 125.2, 124.6, 116.8, 95.8, 72.8, 70.2,
63.7, 29.7, 22.3, 13.7; HRMS(ESI) m/z Calcd for C9H2sNO7 [M+Na]* = 522.1523,
found: 522.1527.

Ethyl 3a-acetyl-3-benzamido-6a-methyl-5-(naphthalen-2-y1)-2-0x0-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate(£)-3p:

Colorless solid; 80% isolated yield = 59.94 mg; m.p. 117.3-118.1°C; *H NMR (400

14



MHz, CDCls) § 8.16 (s, 1H), 7.94 — 7.87 (m, 1H), 7.88 — 7.82 (m, 2H), 7.80 (d, J = 7.3
Hz, 2H), 7.63 (dd, J = 8.6, 1.4 Hz, 1H), 7.59 — 7.52 (m, 3H), 7.47 (t, J = 7.6 Hz, 2H),
7.37 (s, 1H), 5.68 (s, 1H), 4.25 — 4.10 (m, 2H), 2.42 (s, 3H), 2.12 (s, 3H), 1.08 (t, J =
7.1 Hz, 3H) ; 3C NMR (100 MHz, CDCls) § 200.3, 167.0, 166.8, 166.6, 158.0, 134.0,
132.9,132.5,132.4, 128.8,128.7, 128.5, 127.8, 127.4,127.2, 126.9, 125.7, 125.2, 122.5,
116.8, 96.4, 72.9, 69.7, 63.7, 29.6, 22.2, 13.7; HRMS(ESI) m/z Calcd for CagH2sNO7
[M+Na]* = 522.1523, found: 522.1526.

FEthyl 3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-(o-tolyl)-2.3.3a.6a-tetrahydrofuro

[2.3-b]furan-3-carboxylate (+)-3q:

PhOCHN co,Et
O X Ac

Colorless solid; 83% isolated yield = 57.69 mg; m.p. 134.3-135.1°C; *H NMR (400
MHz, CDCl3) § 7.82 — 7.78 (m, 2H), 7.59 — 7.51 (m, 2H), 7.46 (t, J = 7.5 Hz, 3H), 7.35
—7.29 (m, 1H), 7.26 — 7.21 (m, 2H), 5.28 (s, 1H), 4.37 — 4.16 (M, 2H), 2.47 (s, 3H),
2.39 (s, 3H), 2.09 (s, 3H), 1.17 (t, J = 7.2 Hz, 3H) ; 3C NMR (100 MHz, CDCl3) §
200.8, 167.0, 166.5, 166.3, 158.6, 136.7, 132.5, 132.4, 131.2, 130.1, 128.8, 128.3, 127.8,
127.2, 126.0, 116.1, 99.8, 72.8, 69.2, 63.7, 29.6, 21.9, 21.4, 13.7; HRMS(ESI) m/z
Calcd for C26H2sNO7 [M+Na]* = 486.1523, found: 486.1528.

Ethyl 3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-(m-tolyl)-2.3.3a,6a-tetrahydrofuro

[2.3-b]furan-3-carboxylate (£)-3r:

PhOCHN CO,Et
0 L Ac

Colorless solid; 86% isolated yield = 59.78 mg; m.p. 123.5-124.1°C; 'H NMR (400

MHz, CDCls) 5 7.83 — 7.76 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.50 — 7.40 (m, 4H), 7.37
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(s, 1H), 7.29 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.5 Hz, 1H), 5.53 (s, 1H), 4.27 — 4.14 (m,
2H), 2.38 (s, 3H), 2.38 (s, 3H), 2.06 (s, 3H), 1.12 (t, J = 7.2 Hz, 3H) ; 23C NMR (100
MHz, CDCls)  200.6, 166.9, 166.8, 166.5, 158.2, 138.5, 132.4, 131.2, 128.8, 128.5,
128.0, 127.2, 126.3, 122.8, 116.6, 95.5, 72.7, 69.6, 63.6, 29.6, 22.1, 21.3, 13.7;
HRMS(ESI) m/z Calcd for CasH2sNO7 [M+Na]* = 486.1523, found: 486.1533.

Ethyl 3a-acetyl-3-benzamido-5-(4-fluorophenyl)-6a-methyl-2-0x0-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (£)-3s:

PhOCHN CO,Et
. Ac

Colorless solid; 90% isolated yield = 61.13 mg; m.p. 134.5-135.3°C; *H NMR (400
MHz, CDCls) § 7.81 — 7.72 (m, 2H), 7.65 — 7.58 (m, 2H), 7.59 — 7.53 (m, 1H), 7.46 (t,
J =75 Hz, 2H), 7.35 (s, 1H), 7.15 — 7.02 (m, 2H), 5.49 (s, 1H), 4.26 — 4.14 (m, 2H),
2.37 (s, 3H), 2.06 (s, 3H), 1.11 (t, J = 7.2 Hz, 3H) ; 3C NMR (100 MHz, CDCl3) §
200.3, 166.8, 166.7, 166.5, 163.8 (d, J = 251.6 Hz), 157.0, 132.5, 132.4, 128.8, 127.8,
127.8 (d, J = 8.5 Hz), 124.4 (d, J = 3.4 Hz), 116.7, 115.9 (d, J = 22.1 Hz), 95.4 (d, J =
1.8 Hz), 72.8, 69.6, 63.6, 29.5, 22.1, 13.7; *F NMR (376 MHz, CDCl3) & -108.9;
HRMS(ESI) m/z [M+ Na] Calcd for CasH22FNO7 [M+Na]* = 490.1272, found:
490.1276

Ethyl 3a-acetyl-3-benzamido-5-(4-chlorophenyl)-6a-methyl-2-0x0-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvylate (£)-3t:

PhOCHN co,Et
o J Ac

Colorless solid; 87% isolated yield = 63.15 mg; m.p. 143.5-143.9°C; *H NMR (400

MHz, CDCls) 5 7.82 — 7.76 (m, 2H), 7.59 — 7.51 (m, 3H), 7.46 (t, J = 7.5 Hz, 2H), 7.42
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— 7.37 (M, 2H), 7.34 (s, 1H), 5.55 (s, 1H), 4.26 — 4.10 (m, 2H), 2.37 (s, 3H), 2.06 (s,
3H),1.11 (t, J=7.2 Hz, 3H) ; *C NMR (100 MHz, CDCl3) § 200.1, 166.8, 166.7, 166.5,
156.9, 136.4, 132.5, 132.3, 129.0, 128.8, 127.2, 127.0, 126.6, 116.7, 96.2, 72.8, 69.6,
63.7,29.5, 22.1, 13.8; HRMS(ESI) m/z  Calcd for CsH2CINO7 [M+Na]* = 506.0977,
found: 506.0986.

FEthyl 3a-acetyl-3-benzamido-5-(4-bromophenyl)-6a-methyl-2-0x0-2.3.3a.6a-

tetrahydrofuro[2,3-b]furan-3-carboxylate (£)-3u:

PhOCHN CO,Et
L Ac

Br
Colorless solid; 91% isolated yield = 74.14 mg; m.p. 145.4-146.3 °C; 'H NMR (400

MHz, CDCls) 5 7.81 — 7.76 (m, 2H), 7.58 — 7.52 (m, 3H), 7.51 — 7.44 (m, 4H), 7.34 (s,
1H), 5.57 (s, 1H), 4.26 — 4.08 (m, 2H), 2.37 (s, 3H), 2.06 (s, 3H), 1.12 (t, J = 7.2 Hz,
3H); $3C NMR (100 MHz, CDCl3) § 200.0, 166.8, 166.7, 166.5, 157.0, 132.5, 132.3,
132.0,128.8, 127.2, 127.1, 127.0, 124.7, 116.7, 96.3, 72.8, 69.5, 63.7, 29.5, 22.1, 13.8;
HRMS(ESI) m/z Calcd for C2sH22BrNO7 [M+Na]* = 550.0472, found: 550.0480.

Ethyl 3a-acetyl-3-benzamido-6a-methyl-5-(4-nitrophenyl)-2-ox0-2.3,3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvylate (£)-3v:

PhOCHN CO,Et
L Ac

Colorless solid; 75% isolated yield = 55.62 mg; m.p. 145.2-146.1°C; *H NMR (400
MHz, CDCls) 5 8.28 (d, J = 8.8 Hz, 2H), 7.86 — 7.76 (m, 4H), 7.57 (t, J = 7.4 Hz, 1H),
7.47 (t, J = 7.6 Hz, 2H), 7.32 (s, 1H), 5.81 (s, 1H), 4.29 — 4.14 (m, 2H), 2.40 (s, 3H),
2.09 (s, 3H), 1.11 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) & 199.2, 166.6,

166.6, 166.5, 155.7, 148.6, 133.9, 132.6, 132.2, 128.8, 127.2, 126.5, 124.0, 117.0, 99.9,
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73.0, 69.5, 63.8, 29.6, 22.1, 13.8; HRMS(ESI) m/z Calcd for C2sH22N209 [M+Na]* =
517.1217, found: 517.1220.

Ethyl 3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-(p-tolyl)-2.3,3a.6a-tetrahydrofuro

[2.3-b]furan-3-carboxylate (£)-3w:

PhOCHN CO,Et
0 L Ac

Me
Colorless solid; 85% isolated yield = 59.11 mg; m.p. 125.5-126.1°C; *H NMR (400

MHz, CDCl3) 5 7.82 — 7.73 (m, 2H), 7.59 — 7.42 (m, 5H), 7.37 (s, 1H), 7.21 (d, J = 8.1
Hz, 2H), 5.47 (s, 1H), 4.27 — 4.12 (m, 2H), 2.39 (s, 3H), 2.37 (s, 3H), 2.06 (s, 3H), 1.12
(t, J = 7.2 Hz, 3H) ; 3C NMR (100 MHz, CDCls) § 200.7, 166.9, 166.8, 166.5, 158.1,
140.7, 132.5, 132.4, 129.4, 128.7, 127.2, 125.6, 125.3, 116.6, 94.7, 72.7, 69.6, 63.6,
29.6, 22.1, 21.5, 13.7; HRMS(ESI) m/z Calcd for CH2sNO7 [M+Na]* = 486.1523,
found: 486.1528.

Ethyl 3a-acetyl-3-benzamido-5-(4-methoxyphenyl)-6a-methyl-2-0x0-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvlate (£)-3x:

PhOCHN co,Et
Ox N Ac

OMe
Colorless solid; 87 % isolated yield = 62.57 mg; m.p. 101.9-102.6°C; 'H NMR (400

MHz, CDCls) & 7.85 — 7.75 (m, 2H), 7.55 (t, J = 7.8 Hz, 3H), 7.46 (t, J = 7.5 Hz, 2H),
7.37 (s, 1H), 6.91 (d, J = 8.9 Hz, 2H), 5.38 (s, 1H), 4.26 — 4.14 (m, 2H), 3.85 (s, 3H),
2.37 (s, 3H), 2.06 (s, 3H), 1.12 (t, J = 7.2 Hz, 3H) ; *C NMR (100 MHz, CDCl3) 5
200.8, 167.0, 166.8, 166.5, 161.2, 157.8, 132.5, 132.4, 128.7, 127.3,127.2, 120.7, 116.6,
114.0, 93.6, 72.8, 69.7, 63.6, 55.4, 29.5, 22.1, 13.7; HRMS(ESI) m/z Calcd for

C26H2sNOg [M+Na]* = 502.1472, found: 502.1479.
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Ethyl 3-(2-naphthamido)-3a-acetyl-6a-methyl-2-o0x0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (£)-3v:

PhOCHN\CozEt
. Ac

Colorless solid; 92% isolated yield = 68.93 mg; m.p. 111.4-112.3°C; 'H NMR (400
MHz, CDCI3) 6 8.33 (s, 1H), 7.98 — 7.86 (m, 3H), 7.85 — 7.80 (m, 1H), 7.68 — 7.61 (m,
2H), 7.60 — 7.53 (m, 2H), 7.50 (s, 1H), 7.45 — 7.35 (m, 3H), 5.59 (s, 1H), 4.31 — 4.08
(m, 2H), 2.41 (s, 3H), 2.10 (s, 3H), 1.12 (t,J= 7.1 Hz, 3H); 3C NMR (100 MHz, CDCl5)
3 200.4, 167.1, 166.8, 166.6, 158.0, 135.1, 132.5, 130.4, 129.6, 129.1, 128.7, 128.7,
128.2,128.2,128.1,127.8,127.0,125.7,123.3, 116.7,95.7, 72.8, 69.8, 63.7,29.6, 22.2,
13.7; HRMS(ESI) m/z Calcd for C20H2sNO7 [M+Na]" = 522.1523, found: 522.1530.

Ethyl 5-0x0-4-(3-0x0-1-phenylbutyl)-2-phenyl-4.5-dihydrooxazole-4-carboxvlate (+)-

7:

OPh

0}
-
Ph

Colorless solid; 65% isolated yield = 22.74 mg; m.p. 132.6-133.1°C; '"H NMR (400

COOEt

MHz, CDCl3) § 7.93 (d, J = 7.5 Hz, 2H), 7.60 (t, J= 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz,
2H), 7.24 — 7.17 (m, 2H), 7.17 — 7.08 (m, 3H), 4.43 — 4.36 (m, 1H), 4.36 — 4.20 (m,
2H), 3.34 — 3.15 (m, 2H), 2.08 (s, 3H), 1.30 (t, J= 7.1 Hz, 2H) ; *C NMR (100 MHz,
CDCls) § 205.2, 172.3, 165.1, 163.4, 136.1, 133.3, 129.2, 128.8, 128.3, 128.2, 128.0,
125.0, 80.0, 63.3, 45.4, 44.8, 30.2, 13.9; HRMS(ESI) m/z Calcd for C2H2NOs
[M+Na]* = 402.1312, found: 402.1317.
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Ethyl 3-benzamido-4-benzoyl-2-0x0-5,6a-diphenyl-2.3.3a.6a-tetrahydrofuro[2.3-b]

furan-3-carboxvylate (+)-10:

CO,Et
PhOC  NHCOPh

Colorless solid; 40% isolated yield = 14.00 mg; m.p. 124.7-125.1°C; *H NMR (400
MHz, CDClz3) 6 8.05 — 7.82 (m, 2H), 7.77 — 7.52 (m, 4H), 7.51 — 7.29 (m, 7H), 7.22 —
7.05 (m, 5H), 7.00 (t, J = 7.8 Hz, 1H), 6.83 (t, J = 7.8 Hz, 1H), 4.64 (d, J = 83.4 Hz,
1H), 4.39 — 3.98 (m, 2H), 1.22 — 1.02 (m, 3H) ; *C NMR (100 MHz, CDCls) & 192.0,
168.7,168.5, 166.9, 166.4, 137.9, 137.4,132.3, 132.3, 132.1, 131.9, 131.7, 131.4, 130.8,
129.9,129.7,129.5, 129.0, 128.8, 128.7, 128.6, 128.5, 128.1, 128.0, 127.7,127.4, 127 .4,
125.4, 125.0, 113.0, 110.9, 66.5, 64.1, 61.5, 13.7; HRMS(ESI) m/z Calcd for
C3sH27NO7 [M+Na]" = 596.1680, found: 596.1690.

Catalytic asymmetric version:

Ethyl (3R, 3aS.6aR)-3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (-)-3a:

Before recrystallization: Colorless solid; 70% isolated yield = 47.19 mg; HPLC (IC
column, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm), product: t; =
17.05 min (major), t2 = 20.59 min (minor), ee = 90%;

After recrystallization: Colorless solid; 60% isolated yield = 40.45 mg; HPLC (IC
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

12.78 min (major), t; = 14.57 min (minor), ee > 99%; [a]*>’p = -58.0 (c 0.2, CH2CL).
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Methyl (3R.3aS5.6aR)-3a-acetyl-3-benzamido-6a-methyl-2-oxo0-5-phenyl-2.3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxylate (-)-3b:

Before recrystallization: Colorless solid; 72% isolated yield = 47.03 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
8.59 min (major), t2 = 10.59 min (minor), ee = 88%;

After recrystallization: Colorless solid; 65% isolated yield = 42.45 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

8.53 min (major), t2 = 10.52 min (minor), ee = 96%; [a]**’p=-54.2 (¢ 0.2, CH,CL).

Ethyl (3R,3aS,6aR)-3a-acetyl-3-(2-fluorobenzamido)-6a-methyl-2-oxo-5-phenyl-
2,3,3a,6a-tetrahydrofuro[2,3-b]furan-3-carboxylate (-)-3e:

Before recrystallization: Colorless solid; 68% isolated yield = 47.68 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
7.80 min (major), t2 = 10.66 min (minor), ee = 70%;

After recrystallization: Colorless solid; 35% isolated yield = 31.55 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

9.04 min (major), t = 13.84 min (minor), ee = 92%; [a]**’p = -43.8 (c 0.2, CH2CL,).

Ethyl(3R,3aS.6aR)-3a-acetyl-3-(3-fluorobenzamido)-6a-methyl-2-0x0-5-phenyl-

2.3.3a.6a-tetrahydrofuro[2.3-b]furan-3-carboxylate (-)-3f:
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Before recrystallization: Colorless solid; 70% isolated yield = 49.08 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
6.60 min (major), t = 7.73 min (minor), ee = 82%j;

After recrystallization: Colorless solid; 50% isolated yield = 35.06 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

17.05 min (major), tz = 20.59 min (minor), ee = 98%; [a]**’p=-36.0 (c 0.1, CH2CL).

Ethyl (3R,3aS,6aR)-3a-acetyl-3-(4-fluorobenzamido)-6a-methyl-2-oxo-5-phenyl-
2,3,3a,6a-tetrahydrofuro[2,3-b]furan-3-carboxylate (-)-3h:

Before recrystallization: Colorless solid; 73% isolated yield = 51.19 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
7.16 min (major), t2 = 9.54 min (minor), ee = 84%;

After recrystallization: Colorless solid; 48% isolated yield = 33.66 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

6.97 min (major), t, = 8.98 min (minor), ee = 98%; [a]**°p=-47.1 (¢ 0.17, CH2CL).

Ethyl (3R,3aS,6aR)-3a-acetyl-3-(4-chlorobenzamido)-6a-methyl-2-oxo-5-phenyl-
2,3,3a,6a-tetrahydrofuro[2,3-b]furan-3-carboxylate (-)-3i:
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Cl

Before recrystallization: Colorless solid; 73% isolated yield = 52.99 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
7.63 min (major), t2 = 9.68 min (minor), ee = 80%;

After recrystallization: Colorless solid; 54% isolated yield = 39.20 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

8.33 min (major), t2 = 10.83 min (minor), ee > 99%; [a]**’p=-44.8 (¢ 0.25, CH.CL).

Ethyl (3R, 3aS,6aR)-3a-acetyl-3-(4-bromobenzamido)-6a-methyl-2-0x0-5-phenyl-

2.3.3a.6a-tetrahydrofuro[2.3-blfuran-3-carboxylate (-)-3j:

Br

Before recrystallization: Colorless solid; 73% isolated yield = 57.85 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
8.69 min (major), t2 = 11.41 min (minor), ee = 88%;

After recrystallization: Colorless solid; 48% isolated yield = 38.04 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

9.04 min (major), t2 = 11.74 min (minor), ee > 99%; [a]**p=-48.5 (¢ 0.17, CH2CL).

Ethyl (3R 3aS.6aR)-3a-acetyl-3-(4-methoxybenzamido)-6a-methyl-2-0x0-5-phenyl-

2.3.3a.6a-tetrahydrofuro[2.3-blfuran-3-carboxylate (-)-31:
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MeO

Before recrystallization: Colorless solid; 66% isolated yield = 47.47 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
14.29 min (major), t2 = 28.69 min (minor), ee = 84%;

After recrystallization: Colorless solid; 46% isolated yield = 33.08 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

14.82 min (major), t = 30.28 min (minor), ee = 98%; [0]**’p=-52.7 (¢ 0.15, CH2CL,).

Ethyl (3R, 3aS.6aR)-3a-acetyl-6a-methyl-2-ox0-5-phenyl-3-(thiophene-2-

carboxamido)-2.3,3a.6a-tetrahydrofuro[2,3-b]furan-3-carboxylate (-)-3n:

Before recrystallization: Colorless solid; 69% isolated yield = 47.14 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
8.62 min (major), t; = 12.36 min (minor), ee = 86%;

After recrystallization: Colorless solid; 68% isolated yield = 46.46 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

8.56 min (major), t2 = 11.91 min (minor), ee = 94%; [0]**°p=-54.0 (¢ 0.1, CH2Cl).

Ethyl (3R,3aS,6aR)-3a-acetyl-3-benzamido-5-(4-fluorophenyl)-6a-methyl-2-oxo-

2,3,3a,6a-tetrahydrofuro[2,3-b]furan-3-carboxylate (-)-3s:
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PhOCHN CO,Et
© L Ac

Before recrystallization: Colorless solid; 90% isolated yield = 63.11 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
8.18 min (major), t2 = 11.31 min (minor), ee = 78%;

After recrystallization: Colorless solid; 48% isolated yield = 33.66 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

8.19 min (major), t; = 11.38 min (minor), ee = 90%; [a]**p=-37.2 (¢ 0.17, CH2CL).

Ethyl (3R,3aS,6aR)-3a-acetyl-3-benzamido-5-(4-chlorophenyl)-6a-methyl-2-oxo-
2,3,3a,6a-tetrahydrofuro[2,3-b]furan-3-carboxylate (-)-3t:

PhOCHN CO,Et
L Ac

Before recrystallization: Colorless solid; 87% isolated yield = 63.15 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
8.39 min (major), t; = 11.32 min (minor), ee = 78%;

After recrystallization: Colorless solid; 45% isolated yield = 32.66 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

8.41 min (major), t2 = 11.36 min (minor), ee = 92%; [0]**°p=-19.2 (¢ 0.18, CH2Cl).

Ethyl (3R, 3aS.6aR)-3a-acetyl-3-benzamido-5-(4-bromophenyl)-6a-methyl-2-oxo-

2.3.3a.6a-tetrahydrofuro[2.3-b]furan-3-carboxylate (-)-3u:
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PhOCHN CO,Et
L Ac

Before recrystallization: Colorless solid; 91% isolated yield = 72.12 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
8.31 min (major), t2 = 11.18 min (minor), ee = 80%;

After recrystallization: Colorless solid; 48% isolated yield = 38.04 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

8.96 min (major), t; = 12.09 min (minor), ee = 94%; [0]**’p=-49.2 (¢ 0.23, CH2CL,).

Ethyl (3R,3aS.6aR)-3a-acetyl-3-benzamido-6a-methyl-2-0x0-5-(p-tolyl)-2,3.3a.6a-

tetrahydrofuro[2.3-b]furan-3-carboxvlate (-)-3w:

PhOCHN CO,Et
o L Ac

Me
Before recrystallization: Colorless solid; 85% isolated yield = 59.09 mg; HPLC (IF

column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
9.29 min (major), t = 12.78 min (minor), ee = 82%;

After recrystallization: Colorless solid; 55% isolated yield = 38,24 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

9.39 min (major), t, = 12.55 min (minor), ee = 90%; [a]**%p=-47.1 (c 0.23, CH2CL).

Ethyl (3R, 3aS.6aR)-3a-acetyl-3-benzamido-6a-methyl-5-(naphthalen-2-yl)-2-0xo-

2.3.3a.6a-tetrahydrofuro[2.3-b]furan-3-carboxylate (-)-3v:

PhOCHN CO,Et
O L Ac
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Before recrystallization: Colorless solid; 92% isolated yield = 69.93 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =
9.91 min (major), t = 13.22 min (minor), ee = 84%;

After recrystallization: Colorless solid; 60% isolated yield = 44.96 mg; HPLC (IF
column, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm), product: t; =

10.62 min (major), t; = 14.10 min (minor), ee = 92%; [a]**’p=-44.5 (c 0.25, CH2CL).
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4. Chemical Kkinetics studies

Kinetic profiles analyzed by '"H NMR at two different concentrations. (0.05 M or 0.005M)

0O EtO,C Cat. PhOCHN <COAE
)\fo (10 mol%) Ac
= + N _ >
Ph >\/O solvent, r.t. o |
© PH O “ph
1a 2a (+)-3a

Investigation of the reaction at 0.05 M without catalyst®

Time
la (% 3a (%
(min) a (%) a (%)
0 100 0

4 63.97695 23.79863

6 53.60231 27.00229

8 49.85591 38.44394
10 443804 44.39359
14 38.9049  52.40275
18 34.87032 54.23341
22 33.14121 54.46224
26 27.95389 55.60641
30 27.37752  58.3524

a) Reaction conditions: 1a (0.05 mmol), 2a (0.05 mmol.), solvent (1 mL), and at room temperature (r.t.).

Investigation of the reaction at 0.05 M with CPA-7 (10 mol%)?

Time
0 0,
(min) 1a (%) 3a (%)
0 100 0

4 71.19705 23.054755
6 64.95973 26.224784
8 55.93524 31.700288
10 51.04975 35.158501
14 49.75675 40.92219
18 44.85126 42.651297
22 43.47826 48.126801
26 41.48876 50.144092
30 40.06577 51.585014

a) Reaction conditions: 1a (0.05 mmol), 2a (0.05 mmol.), CPA-7 (10 mol%), solvent (1 mL), and at room

temperature (r.t.).
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Figure S1. Kinetic profiles analyzed by 'H NMR at the concentration of 0.05 M*?,

20 25 30 35

T (MIN)

a) Reaction conditions: 1a (0.05 mmol), 2a (0.05 mmol.), solvent (1 mL), catalyst-free or CPA-7 (10

mol%), and at room temperature (r.t.).

Et0,C

Cat. PhOCHN CO,Et

O
o (10 mol%) O AC
= + N — =
Ph >\/O solvent, r.t. 0 |
o) PH O™ “pp
1a 2a (+)-3a

Investigation of the reaction at 0.005 M without catalyst®

Time

(min) la (%) 3a (%)
0 100 0

8 83.39483 23.98524

16 77.12177 27.67528
24 69.37269 31.73432
32 67.52768 35.42435
40 61.25461  40.2214
48 58.67159 41.32841
56 56.08856 42.06642

a) Reaction conditions: 1a (0.005 mmol), 2a (0.005 mmol.), solvent (1 mL), and at room temperature r.t.).

Investigation of the reaction at 0.005 M with CPA-7 (10 mol%)*

(Tr:]r::; la(%)  3a(%)
0 100 0

8 7116705 23.79863
16 6475973 27.00229
24 5583524 38.44394
32 5102975 44.39359
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40 49.65675 52.40275
48 41.41876 55.60641
56 40.04577  58.3524

a) Reaction conditions: 1a (0.005 mmol), 2a (0.005 mmol.), CPA-7 (10 mol%), solvent (1 mL), and at

room temperature (r.t.).

# 1a catalyst- free
120 .
M 1a with CPA-7
100 3a catalyst- free
3a with CPA-7
80

60

CONTENT (%)

40 [ pa—_|

20

0 10 20 30 40 50 60
T (MIN)

Figure S2. Kinetic profiles analyzed by '"H NMR at the concentration of 0.005 M?

a) Reaction conditions: 1a (0.005 mmol), 2a (0.005 mmol.), solvent (1 mL), catalyst-free or CPA-7

(10mol%), and at room temperature (r.t.).
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5. X-ray single crystal data for compounds (-)-31

Compound : (-)-31

Identification code
Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

o

o/
pre

y/°
Volume/A3
Z

Pcalcg/ cm?®
w/mm?t

F(000)

Crystal size/mm?3
Radiation

Ph CCDC: 2257318

230318LU_LGPZ144707 Om
C26H2sNOsg

479.47

193.00
orthorhombic
P212121

7.6044(5)

9.6671(6)

31.908(2)

90

90

90

2345.6(3)

4

1.358

0.538

1008.0

0.13 x0.12 <0.1
GaKo (A = 1.34139)
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20 range for data collection/® 8.314 to 120.906

Index ranges -0<h<9,-11<k<12,-40<1<41
Reflections collected 39600

Independent reflections 5280 [Rint = 0.0634, Rsigma = 0.0324]
Data/restraints/parameters ~ 5280/71/391

Goodness-of-fit on F? 1.091

Final R indexes [[>=2c (I)] R1=0.0521, wR> =0.1154

Final R indexes [all data] R1=0.0623, wR> =0.1214

Largest diff. peak/hole / e A®0.17/-0.22

Flack parameter 0.18(14)
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6. NMR Spectra
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7. HPLC spectra

3a

Before recrystallization:

wigt73.che

020
018
018
I
oz
Lo
008
008
004 © 2
e /\
] 2 4 6 8 10 12 14 13 20 22 24
Time(in)
Rt I L
Integration Fesult | Calcuiaion Resuit| TimeTatle
No Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
16681 331323 10186 50.01% 1.873 BB
22018 331208 8128 49.99% 1.993 BB
Total 662531 18324 100.00%
I
02
1o
g
Zoe
£
b
e Kﬂ'\
[
| \
o \
L Uy WY AN s
\ —
o 1 2 H H 7 s 0 " 2 6 I I 15 20
——
1 iIH0
[ ivecration Peour | Cakudaion Rt | TaneTatie |
1o Retertion Time FoakArea Faak Hoight FeaxAteals] Peax widh FeakTipe
] 1705 1 28327 9 2938 B8
2 2059 47967 1270 465 1204 88
Total 1031320 20507 10000%
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After recrystallization.

] 1 2 3 ‘ H [ 7 [ ®

b I B )

1)
Tea0tn)

[ Iegesion Fissun | Cakubion Resu| TmaTatis |

Ho Relention Time | PeakArea Peak Height
1212 2457985 85920

2 14m 2485700 68862

Total 4923694 154,782

Pk Areal’) Peakwian |
1047 BB
50.08% 1630 B8

100.00%

PeakType

12 3 "
Tewe{hin)

w1t 40

Integrafion Fesu | Cakculabon Fiesu | TimeT atie |

No Retention Time Peakhrea Peak Height
1278 [E] 24268

2 1457 5152 178

Total 76513 24,448

FeakArea(®)
99.34%
0.86%
100.00%

Peak Widin
2083 BB
1027 88

Feak Type
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3b

Before recrystallization

WashTE che

[ 1 H

Radhadb At 2 A

7
Tima(Mia)

Inlegration et | Caloulaton Resuit| TimeTatie |

No. Retention Time PeakArea

2 1048 442824
Total 882,444

PeakHeight |
26367

20183
148550

Poak Areal®)
4952%
50.18%
100.00%

Peak Widih
1.15 BB
1278 88

Peak Typa

o 1 2

Ha i t0

[
Time(lin)

ogaboea | CoodionPen] T |

Ho Retention Time PeakArea
- w7336
2 1050 54906
Total 942332

Helght

4a761
2572
51335

PeakArea(%)
94.16%
584%
100.00%

Peak Wigh
1533 BB
0.807 BB

Peak Type
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After recrystallization.

014

0 1 2

LR X

7
Time(uin)

ot Resull | Caloulation Resait| TaneT able |

Peakarea

852 439620
442624
Total 882,444

PeakHeight |

26367
20183
46550

Peakarea(®) |
4982%

50.18%
100.00%

Paak Vidth
116 BB
1278 BB

Peak Typs

[
Time )

rs

43053
2227852

Peak Heignt
131320

2073

133393

[ Peakhrea®)
88.07%
193%
100.00%

Peak Wit

1677 BB
0739 B8

Peak Type
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3e

Before recrystallization
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Tieguin}

Irtogration Resul | Cacuistion Resut | TimeT able |

No. Reteniion Time PeakArea Peak Height
768 19014 1287

2 1047 18458 937

Total 7472 2224

PeakArea(%)
50.74%

48.20%

100.00%

Peak Widh
1423 B8
1263 B8

Peak Type

1 0

]
Temagian}

I Sho

ntegpation Aesult | Caculation Resuit| TimeT able |

Ho. Retention Time Peakares Paak Height Peakareai)

[ 151830 ona7 B4amm
2 108 2181 1488 1
Total 170,001 11343 100.00%

Peak vdn
0906 B8
0713 B8

After recrystallization.

PeakTyps
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VWD1 A, Wavelength=254 nm (FYD\84 RAC.D)
mAU ]
354
30 4
25+
20+
154
10+
o
)
= fued
< -3
5 ]
o . /\fu;_J\NI\ : . : A
0 2 4 [:] 8 10 12 14 min
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
———|m—————— | === mmm———— | mmm——————— | ====—————— | ==—————— |
1 9.059 BB 0.2118 77.86798 5.59749 50.2228
2 13.893 BB 0.3248 77.17713 3.63483 45,7772
VWD A, Wavelength=254 nm (FYD\84 CAT-1.D)
nAll ]
a5 ]
301 3
@
25 ]
20 -]
15
10+
»
5 [
g ;®
o /L,\.._,__.\ Iy s
T T Y T T T T
2 4 (] -3 10 12 14 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *as [mAU 1 %
| | ====1 | | | |
1 9.041 EBE 0.2060 385.81775 28.24062 96.1821
2 13.837 MM 0.2837 15.31486 B8.939570e-1 3.8179
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3f

Before recrystallization

VR0

o 1 2
ol I B 2. ]

Irkeguation Fesub | Calculation Fecub| TaneT atte |

Tt}

Ho. Retention Time Paakiarea

Paak Height

Paak Arsatte) Peak Widih

a70 1411905
2790 1408107
Total 2820012

2710 50.07% 1198 BY
1354 VB

wi9T70.che

PeakType

Voliage()
®

660

773

00 05 10 15
ext ido0

Integralion Result | Caloulation Result| TimeT able

20 25 30 35

40

Time(Min)

65

No. Retention Time | PeakArea

Peak Height

152162

PeakArea(®) |
92.21%

Peak Width

PeakType

2773 12847

Total 165,000

1.059 BB
964 7.79% 0.603 BB

11,013 100.00%
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After recrystallization.

VWD1 A, Wavelength=254 nm (FYD\86 RAC.D)
mAU ]
350
300 4
250
200
&
]
~
150+ =
=]
o
100
50
o T T T T T T T
2 4 ] 8 10 12 14 mirf
krea Percent Report
Sorted By : Signal
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %

e | [ I I
1 7.291 BE  0.1654 1770.99622 162.01620 50.0874
2 8.614 BB 0.2206 1764.81274 121.40273 49.9126

VWD1 A, Wavelength=254 nm (FYD\86 CAT-1 D)

mAl )
250
&
A
200 g &ip
I~
150
100
50 ]
T T T T T T T
2 4 (] 8 10 12 14 mrf
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAaU 1 %

——e- |====] | | | |
1 7.350 MM 0.1861 2007.62585 179.82129 98.7861
2 8.710 MM 0.370e 24.6€7053 7.79884e-1 1.213%9
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3h

Before recrystallization

wrise35.che

w1z

votage()

0 L 2 3 H

#+tido0

7
Tumeiin)

Invegration Fiesub | Calculsiion Resut | TmeT sie |

No. Relenfion Time PeakArea ‘Peak Helght PeakAreal’)
72 340511 22111 50.26%

2964 239691 15079 4972%

Total 677.202 37,180 100.00%

Peakwidin
0894 BB
1.12 BB

Peak Type

] 1 H 3 .

weiiho

Time(uin)

Ireegaicn Fesult | Caloulaton Aesuit| Tmeatie |

o Retention Time PeakArea Paak Height PeakAea(s)

s 2545583 16431 235%
20954 210929 9928 7.65%
Total 2,756,512 174,750 100.00%

After recrystallization.

Paak Widm
1244 BB
0.767 BB

PeakType
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0042
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0018
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0002
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0002

fadhalt I B ]

6
Tme(lén)

Intzgrston lesult | Cakulshen Fiesul| TimeT able |

Ho Retention Time Peakirea
694 84452

2897 84844

Total 159,408

Peak Height
5834
a1

10,025

PeakArea(®]

4986%

5014%
100.00%

Peak Vitdih
1113 BB
1188 BB

Peak Type

00

o 1 2

R . ]

7
Timeidin)

rs

Integration et | Calculation Resut| TineT able |

Peakarea

Total 1842077

Peax Haight
125027

748

126675

Peakarea®)
98.32%

058%
100.00%

Peak vidi
1534 BB
0659 B8

Peak Tipe
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Before recrystallization

Cl

06

Lk B )

7
Temeuin)

Inbogration Reout | Calouistion Fesuk | TmeT bl |

o, Refenion Time PeakArea
781 455625

2 1002 255894

Total 431518

Peak Height
20202
19875
40,287

PeakAreal®)
49.99%
50.01%
100.00%

Peax viiam
146 B8
1789 B8

PeakType

° 1

“xt id0

Teme(htin)

rs

| rtegsston et | Catoistion Fesuk| TemeTatis |

Ho. Retention Time PeakArea
763 190270

FEL] 20967

Total 21237

Peak Haight
11572

1002

12,574

After recrystallization.

PeakAreal%)
90.07%
somm
100.00%

Peak Widh
1265 B8
0691 B8

Peak Type
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o

Htido0

7
Tz}

Intsgraion Fesut | Calcudtion Rt | TimeT abe |

PeakArea. |
713637

71571
1428208

PeakHeight |
40023

25813
65435

Peak Area(%)

Peak Widih
1298 BB
1591 BB

4997%
50.02%
100.00%

Peak Type

et g0

7
Teme(Min)

Integrabion Resut | Calcuiaton Resuk| TmeTakle |

Retention Time

21083

Peak Haight
29697

a7
20784

Paak Area(%) PeakWidth |
99.99% 1826 88
001% 0353 88
100.00%

PeakType
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Before recrystallization

Br

#+t iH0

T
Time{Min)

rimgaton ek | Cotain ] Tt |

No. Relention Time PeakArea
843 1896135

2 1082 1872239

Total 3768374

Peak Heignt

78249
56994
135243

PeakArea(%)
50.32%
4968%
100.00%

Peak Widh
2344 BY
22v8

Peak Type

008

o

o 1 2

HHt g0

Tt}

Integraton Resul | Cacuision Fesuk| TimeTable |

Ho. Ralention Time Peakirea
295408
2 a1 18749
Tota) 14158

After recrystallization.

Paak Height

185776
688
16,464

PeakArea(%)
9403%
so7%
100.00%

Peak Widh
1312 88
1164 B8

PeakType
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W20882.

Voltage(uv)

887

11.65

0

ST PO

9
Time(uin)

[ ntegrtion resuit | Calouaion Fesut| TireT e

No.

Total

Retention Time
887
2 1166

PeakArea

494837
498815
993,652

Peak Height
25409
16282
41,691

Peak Area(%)
49.80%
50.20%
100.00%

Peak Widih
1788 BB
2423 BB

| w20976.che |

Peak Type

0.03

0.02

Voltage(v)

o.m

0.0

-0.02

904

174

*+rt id0

Time (Min)

[ imegration Resut | Caloulaion Rosut] TineTabls

No.

Total

Retention Time
2.04
2174

PeakArea
134285
161
134,446

Peak Height
6636
66
6,752

PeakArea(%)
99.38%
0.12%
100.00%

Peak Width
1.333 BB
0.262 BB

Peak Type
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31

Before recrystallization:

MeO

(] z 4

L X ]

20
Tme(in)

I sh

Idesgation Reaut | Cakoulstion Flesuk | TmeT abls |

o, Retention Time Paakarea
1287 1654753
22758 1837874
Totsl 3202427

Peak Haignt

20488
70778

PeakArea()
0.26%
4974%
100.00%

Peak viign
4399 B89
5183 B8

PeakType

0

0%

[En

ox

oltage(s\)

L X ]

x
Tmeuin)

ntegpation Flesuit | Cakoulshon Flesul | TimeTae |

[ Retention Time Peaxarea

] 20 2885614

22869 258709
Total 3444523

Paak Height
BBB4S

481

00,126

After recrystallization:

Peak Area(%)
91778
823%
100.00%

Peak van
3344 BB
26815 B8

PeakType
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w20485.che

oltage()

1517

=00

00

o 2 . B E 10 12 14 18 18 2 2 4 25 2 EY 2 £ s

Time(Min)
R

[ intecration Resut | Caicuion Rescit] TimeTabie

Mo RetentionTime | PeakArea Peak Height PeakArea(®) | PeakWidth Peak Type

1517 4016420 112843 50.41% 4589 BB
2 3090 3951138 42816 49.59% 6.66 BB
Total 7,067 558 185650 100.00%

WS cho

0 2 4 [ [ 10 2 " 18 18 20

Bt id0

Irbegretion Fesut | Calculation Fecuk| TimeTabie |

Ho. Rtention Time Peakarea Peak Hsignt Peakarea(%) Peak Wiam Peak Type
1482 666820 18568 0B 6% 2822 B8
232028 7041 195 104% 2419 BB
Total 673,861 18763 100.00%



3n

Before recrystallization:

014

008

-

Rt IR 5 2

TimeiMin)

Integration Resut | Calculation Fesub | TimeT abie |

[ Retention Time, Feakrea Peak Height

846
21201
Total

1060314
1041175
2101489

57897
44605
102,502

PeakAreal®)
50.46%
4954%
100.00%

Peak Widi
2061 BB
168 88

Feak Type

003

0

et ig0

]
Tenaiiin)

Irvraton Fesuh | Caicuishion Resut | TimeTabie |

Ho. Retention Time PeakArea Peak Height
862 257164 12421

21236 16338 210

Total 275499 13250

PeakAreas)

B330%

B.55%.
100.00%

Peak vian
1787 BE
0,805 BB

PeakTipe
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After recrystallization:

[E

0%
[En
[E=
030
0z
026
624

.08
008
L

002

[

R EE X

Tim(ltin)

Integyation Resul | Caloulsion Reauk | TimeTadle |

o Retention Time Peakdrea |
845 1060314

21200 1041175

Total 2401489

Paak Height Paak Araai’)
57897 50.45%
44508 29845
102,502 100.00%

Peak Widih

2061 BB
168 BE

Paak Type

0056
0054
o082
0050
0048
.04
0044
0042
0040
0038
0038
0034
o032
0030
o028
o028
o024

o020
ooe

o014
ooz
o010

oo Mi__,______,_,_.__/\/\ﬁf\f\,__,,_\___,_,____,k

] i 2 H 4 H

It B

s
Time(uin)

Iniegpalion Reseil | Calculation Fesut| TmneTable |

No. Retention Time Peskiea | PeakHeight Paak Areai%)

Peak Widih

PeakType

856 142278 7825 a7.41%
2 191 784 242

Total 146,062 8067 100.00%

1588
054 88
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3s

PhOCHN CO,Et
L Ac

Before recrystallization:

2=
10
[
Soos
)
g
o B
T
o0
o 1 2 3 4+ s ] [ ¢ [ o 1 12 ) " 3
Tmeiitin)
+ w1t 3 H0 I Shi
negiaton flesull | Caloulsien Fesub| TimeTabie |
Ho Retention Time Peak Area Peak Height Peak Area(%) Peak Width Peak Type
797 541910 20470 5036% 1900 BB
2 1082 534062 21240 19685 1726 B8
Total 1,075,072 50,710 100.00%
008
008
g
-4
b
Foo
00z
000
0 i 2 3 H [ I T [ H o W 2 )
Tamein)
Rk & ) I~ sho
Irdegration Resul | Caicudaiion Resut| TimaTatle |
No. Relention Time Peakivea Peak Height PeakAreal’) Feak Widh PeakTie
a1 426352 2834 aa72% 2172 B8
2nn 54208 2121 11.28% 1208 BB
ot 480560 24955 100.00%
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After recrystallization:

[ 1 2 H 4 s 8 7 1 i 0 1" 2 " "

Tmeilin)
Lt 2R B )

ntegpation Aesull | Caloulohen Fiesub | TimeTabie |

Ho Retenbion Time | Peak Area Peak Height Peak Area(%) Peak Width Peak Type
] 7 7 541910 20470 5036% 1909 B8
2 1082 534062 21240 19685 1726 B8
Total 1078872 50710 100.00%

° 1 2 3 . s 6 7 [} 9 0 " 12

Tme(lin)
st o

Irbagration Resul | Cafcudaion Resuk| TimeTable |

Ho. Retention Time PeakArea Peak Height PeakAreal®) Peak vidn Peak Type
(X1 401703 21108 95.26% 142 BB
2138 REEY 78 a78% 0658 BB
Total 421688 22082 100.00%
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3t

Before recrystallization

0]

PhOCHN CO,Et

WaaTEche

o0

] 1 2

L 2 X ]

[}
Tumeiin)

ntegpaiion Rt | Calculation Reat| TimeT able |

Vo Refention Time )
Baz2 286202

2137 284395
Total 572687

Peak Height
15240
mzs
25365

PeakArea(%)
50.34%

4066%

100.00%

Peak Vitah
186 BB
1657 BB

Peak Type

[

+# 1 i40

[
Timeuin)

Iniegration Resul: | Calculafion Resut | TmeT e |

No. Retention Time PeakArea
630 067683

2 1132 122778

Total 1090481

Peak Height
50027

4855

55,782

PeakAreal®)
8874%
1.26%
10000%

PeakWidin
2257 88
1166 B8

Peak Type
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After recrystallization.

s
s
[T
LT
o1
00
20
0 1 2 3 N N & 7 & 0 " 12 ) P 15
Temaihe)
w1 F 40 re
Intecration Ressit | Calcudation st | TameT aie |
o RelentionTime | PeaxAea | PeakHegn Peathreat) | Peaxvaan FeakType
84z 288252 50.34% 155 BB
2 137 204305 1125 4956% 1657 BB
Total 572,687 26.365 100.00%
Cormmche )
e
010
0o
H
008
]
L
00
w0z
000 ]
0 T 2 3 . < & 7 & It} " 2 " 1
e
et IHp0 rs
Ineyation Resul | Caiculation Resur| TimeTatie |
o, Releniion Time PrakArea Paak Height PaakAmai) Peak Wigh Paak Tipe
[ m 705871 3625 96.35% 2737 68
2138 26756 1281 185% 0717 B8
Tota! 33827 37.501 100.00%
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3u

PhOCHN CO,Et
L Ac

Before recrystallization

gL che

oz

] 1 H 3 . H [ 7 [ 9 0 " 1 13

-
B 2.

Irteguation Resut | Cleulston fesub| TineT e |

o Retenbon Time Peakhrea Peak Height PeakAreal) Peax vadh Peak Type
B44 546531 20317 5024% 1862 B8
2 11.28 541317 21877 22.76% 1708 B8
Total 1087848 52284 100.00%

waii80.che

o4
o4z
040

] 1 2 3 i 5 [l

Bt idho

7
Tmagun)

Irtegration Rt | Caleadation Resut] TimeTable |

No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
[ EE 1190512 68561 89.68% 1418 B8
21118 137048 5971 10.32% 0858 BB
Total 1,327,560 74532 10000%
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After recrystallization:

WVWD1 A, Wavelength=254 nm (FYD\106 RAC D}
nAl ]
800
600
400 -
o
200 "
o
T T T T T T T T
2 4 (] 8 10 12 14 16 mn
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDL A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAD  +s (mAU ] 5
====1 |====1 1 | [ ===

1 8.996 BB 0.2080 3480.24634 252.32442 49.3926
2 12.151 BB 0.2728 3461.26904 193.46725 50.0074

VWD1 A, Wavelength=254 nm (FYD\106 CAT-8.D)
nau
~
3
B00 =
600
400
200
-
o
T T T T T T T
25 5 7.5 10 125 15 175 mn
Area Percent Report
Sorted By H Signal
Multiplierxr H 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAUD *s (mau ] 3
-===1 I====1 I | | ===
1 §.957 BB 0.2040 1.05255e4 779.91101 97.2426
2 12.092 BB 0.2716 298.45779 16.77649 2.7574

87



3w

PhOCHN CO,Et
\Ac

Before recrystallization:

Me

s
s
04
£
i
02
a
N AN
0 1 2 H s [ © s 10 " ) 3 1 15 %
Time(hi
i 40 rs
Ibegration Resul | Eaicuisiion Resu | TmeTatie |
o Refenfion Time Feakhea Feak Helght PeakArears) Peakviidh PeakType
538 2483058 121647 50.75% 2151 68
2 1288 2010428 85057 40.25% 2151 BB
Total 4894388 208704 100.00%
w90 che
0
5
506
)
2
N
2
0
o 1 2 3 4 < E s ) n 2 " " 15 5 El 8
Tmeiitn)
#*tid0 uf]
| reoguaben R | Coleutsion Fesut] TimeTable |
No Relention Time Peakiea Peak Height FeakAea®) Peak Widh Peak Tipe
92 1339828 167860 a0.90% 155 88
21278 334354 12315 2.10% 1176 88
Total 3674182 180.205 100,00%
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After recrystallization:

ViSEsche
%
05
0
z
-
02 %
o
00
0 1 2 3 H s [] 7 ] ] It} " 2 1 ) 15 1%
Ty
et T 0 rs
Inbegration Resuk | Calcudaiion Resut | TimeTatie |
o, Retenton Time PeakAlEs PeacHegnt | Peakaeah) | Peaxwian Peax Type
EE 2483058 121847 50.75% 2151 BB
21280 2410428 85057 1025% 2151 BB
Total 4894386 206,704 100.00%
085
o84
o
Fon
oo
om0
o 2 3 4 s . 7 s s 0 " 2 1
Time (i)
+Htido r
Integration Fesut | Calculation Resut | TmeT abie |
o Retention Time Peakarea Peak Heigt Paakirza) Peakwidn PaakType
88003 azr 95.08% 10903 BB
21255 4597 204 492% 0531 BB
Total 93500 4521 100.00%
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Before recrystallization:

PhOCHN CO,Et

Ac

o

LR X

1" 2
Time(uin)

Iningration Fesult | Caicuistion Resut | TmeT stie |

o Retention Time

I
2 1340
Totat

PeakArea

275485
268105
543600

Peak Heignt
12300

8374

21,174

PeakArea(®]
5068%

4932%

100.00%

Peak Widin
2376 88
2153 B8

Peak Type

L N X ]

Timeitn)

rs

Inbegrasion Rt | Colculation Revu| TineT able |

Peakarea

3576643

Peax Haight
157896

9534

167430

PeakAreai%)
02.265%
775%
100.00%

Peak Widh
2033 88
1445 B8

PearType
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After recrystallization:

VWD1 A, Wavelength=254 nm (FYD\10TRAC .D)
nhl ]
B00
600 7
400
-
he @
200 2 2
hd
o
T T T T T T T T
2 4 [] 8 10 12 14 16 mir|
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Facter with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
-===1 1--—=1 | | |=======- |
1 10.819 BB 0.2581 2869.20801 167.49533 50.1753
2 14.489 BB 0.3366 2849.153B81 128.87137 49.8247
VWD1 A, Wavelength=254 nm (FYD\107 CAT-1.D)
mAl )
400
300
200 =
@
E
100
8
*
o
T T T T T T T
25 5 7.5 10 125 15 17.5 miny
Area Percent Report
Sorted By B Signal
Multiplier : 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDL A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAU *s [maU ] 5
- J====1 | | e |
1 10.619 EB 0.2427 2344.58447 147.13242 96.2266

2 14.103 EB 0.3118 91.94094 4.51924 3.7734
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