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General Information: Optical rotations were measured on a JASCO P-2200. *H NMR
and **C NMR spectra were recorded by a JEOL ECA 500 and a Bruker Avance I11 600
spectrometers at 25 °C with tetramethylsilane (6= 0.0 ppm) as an internal standard. The
data are reported as follows: chemical shift in ppm (o), multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet), integration, and coupling constant (Hz).
High resolution mass spectra were measured with a Thermo Scientific Exactive Plus
Orbitrap. Analytical thin-layer chromatography (TLC) was performed on MERCK silica
gel, grade 60 F,s4. The spots and bands were detected by UV light of irradiation (254
nm) and/or by staining with 5% phosphomolybdic acid followed by heating. Column
chromatography for isolation of the products was carried out on KANTO Sillica Gel 60
(230-400 mesh). HPLC analyses were performed using Interigent UV/VIS Detector
JASCO UV-2075 Plus and UV-4075. The chiral columns included CHIRALCEL OD-H,
CHIRALPAK AD-H and AS-H (Daicel Chemical Industries, Ltd., 0.46 ® x 25 cm).
Commercially available compounds were wused without further purification.
2-(2-Nitroethenyl)naphthalene (21) was prepared according to the literature procedures.’
The bis(thiourea) (Rp)-1 was synthesized following the literature method.

Typical Procedure for Michael Reaction (Table 2, Entry 1).

To a cooled (0 °C) stirred solution of (Ry)-1 (2.2 mg, 2.8 x 10 mmol, 5 mol%),
trans-p-nitrostyrene (8.4 mg, 0.056 mmol) and nitroethane (0.10 mL, 1.4 mmol) in dry
CH3CN (0.05 mL) was added EtsN (50 uL, 0.056 M solution in CH3CN). After being
stirred at 0 °C for 22 h, the mixture was concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (EtOAc/hexane, 1:5) to
provide 13.3 mg (>99%) of 3a (syn/anti = 96:4) as white solids.

(2S,35)-1,3-Dinitro-2-phenylbutane (3a)

NO, | White solids (13.3 mg, >99%, syn/anti = 96:4); [a]*'p ~7.8 (c 0.34 in
U\/Noz CHClIy); {lit. 3; [a]*°5 —6.7 (¢ 0.42 in CH,Cl,) for (25,35)-3a, 97% ee,
© syn/anti =95:5; lit. 4; [a]*° +4.9 (c 0.80 in CH,Cl,) for (2R,3R)-3a,

81% ee, syn/anti =67:33; lit. 5; [0]*% +7.3 (c 0.11 in CH.CI,) for
(2R,3R)-3a, 96% ee, syn/anti =93:7; lit. 6; [a]*°p +8.6 (c 0.39 in CH,CI,) for (2R,3R)-3a,
97% ee, syn/anti =98:2}; *H NMR (500 MHz, CDCls): § 1.43 (d, 3H, J = 7.0 Hz) (anti),
1.59 (d, 3H, J = 7.0 Hz) (syn), 4.02 (dt, 1H, J = 8.5, 6.0 Hz) (syn), 4.65 (dd, 1H, J =
13.5, 4.5 Hz) (anti), 4.83 (dd, 1H, J = 14.0, 8.5 Hz) (syn), 4.93 (dd, 1H, J = 14.0, 6.0
Hz) (syn), 4.96 (m, 1H) (syn), 7.13-7.18 (m, 2H) (syn), 7.32-7.38 (m, 3H) (syn); **C
NMR (150 MHz, acetone-dg): & 17.7, 48.6, 77.3, 85.9, 129.1 (2C), 129.3, 129.7 (2C),

S3



136.2; HPLC analysis: AS-H column; A = 208 nm; hexane/2-propanol = 95/5; flow rate
1.0 mL/min; tg (Min) = 21.5, 22.9 for anti-3a, tg (Min) = 33.9 for minor syn-3a, tg (Min)
= 36.3 for major syn-3a. Compound syn-3a was determined to be 91% ee.

(2S,35)-1,3-Dinitro-2-(2-methoxyphenyl)butane (3b)
OMG\QN/OZ Colorless oil (18.0 mg, >99 %, syn/anti = 94:6); [a]*°s —5.7 (c 0.25

L__No,| in CHyCly) ; {lit. 3; [a]*’p +4.5 (c 0.98 in CH,Cl,) for (25,35)-3b,
97% ee, syn/anti =94:6; lit. 5; [a]*°> —10.0 (c 0.18 in CH,Cl,) for
(2R,3R)-3b, 90% ee, syn/anti =71:29; lit. 7; [o]®p +9.3 (c 1.00 in
CH,Cl,) for (2R,3R)-3b, 91% ee, syn/anti =85:15}; *H NMR (600 MHz, CDCls): & 1.38
(d, 3H, J = 6.6 Hz) (anti), 1.59 (d, 3H, J = 6.6 Hz) (syn), 3.86 (s, 3H) (syn), 3.88 (s, 3H)
(anti), 4.31 (q, 1H, J = 7.2 Hz) (syn), 4.86 (dd, 1H, J = 13.8, 7.2 Hz) (syn), 4.89 (dd, 1H,
J =13.8, 7.2 Hz) (syn), 5.18 (m, 1H) (syn), 6.90 (d, 1H, J = 7.8 Hz) (syn), 6.91 (td, 1H,
J=17.8, 1.2 Hz) (syn), 7.05 (dd, 1H, J = 7.8, 1.8 Hz) (syn), 7.30 (dt, 1H, J = 7.8, 1.8 Hz)
(syn); *C NMR (150 MHz, acetone-dg): & 17.5, 44.8, 56.0, 76.0, 84.4, 112.4, 121.5,
123.8, 130.69, 130.73, 158.5; HPLC analysis: OD-H column; A = 235 nm;
hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tg (min) = 14.3, 16.6 for anti-3b, tr
(min) = 24.7 for minor syn-3b, tgr (min) = 40.0 for majot syn-3b. Compound syn-3b was
determined to be 92% ee.

(2S,35)-1,3-Dinitro-2-(3-methoxyphenyl)butane (3c)
NO, | Pale yellow solids (14.6 mg, >99%, syn/anti = 93:7); [o]*p —
MeO U\/Noz 3.1 (c 0.87 in CHCI5); {lit. 5; [a]*°> +6.3 (c 0.49 in CH,Cl,)
\O\ for (2R,3R)-3c, 97% ee, syn/anti =84:16; lit. 6; [0]*p +7.0 (c
0.33 in CH,Cl,) for (2R,3R)-3c, 96% ee, syn/anti =93:7}; *H
NMR (600 MHz, CDCls): & 1.44 (d, 3H, J = 6.6 Hz) (anti), 1.59 (d, 3H, J = 6.6 Hz)
(syn), 3.78 (s, 3H) (syn), 3.80 (s, 3H) (anti), 4.00 (dt, 1H, J = 8.4, 6.6 Hz) (syn), 4.63 (d,
1H, J = 13.2, 4.8 Hz) (anti), 4.81 (dd, 1H, J = 13.8, 8.4 Hz) (syn), 4.91 (dd, 1H, J = 13.8,
6.6 Hz) (syn), 4.95 (m, 1H) (syn), 6.68 (s, 1H) (syn), 6.73 (d, 1H, J = 7.8 Hz) (syn), 6.87
(ddd, 1H, J = 7.8, 2.4, 0.6 Hz) (syn), 7.27 (t, 1H, J = 7.8 Hz) (syn); *C NMR (125 MHz,
CDCly): 6 16.7, 47.3, 55.3, 76.0, 84.0, 114.1, 114.3, 119.9, 130.4, 135.0, 160.0; HPLC
analysis: AS-H column; A = 235 nm; hexane/2-propanol = 90/10; flow rate 1.0 mL/min;
tr (min) = 33.5, 35.5 for anti-3c, tg (Min) = 44.2 for minor syn-3c, tg (Min) = 48.0 for
major syn-3c. Compound syn-3c was determined to be 87% ee.
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(2S,35)-1,3-Dinitro-2-(4-methoxyphenyl)butane (3d)
“NO, Pale yellow solids (12.1 mg, 85%, syn/anti = 92:8); [a]*’b —
LN o, 11.3 (¢ 0.40 in CHCIy); {lit. 3; [a]*°5> —12.0 (c 0.98 in CH.Cl,)
/©\ for (2S,35)-3d, 97% ee, syn/anti =94:6; lit. 4; [a]*p +16.8 (c
MeO 0.67 in CH.ClIy) for (2R,3R)-3d, 84% ee, syn/anti =58:42; lit.
5; [o]®p +11.7 (c 0.06 in CH,Cl) for (2R,3R)-3d, 93% ee, syn/anti =86:14; lit. 6; [o]*p
+16.3 (c 0.41 in CH,Cly) for (2R,3R)-3d, 94% ee, syn/anti =91:9}; 'H NMR (600 MHz,
CDCl3): 61.42 (d, 3H, J = 6.6 Hz) (anti), 1.57 (d, 3H, J = 6.6 Hz) (syn), 3.79 (s, 3H)
(syn), 3.80 (s, 3H) (anti), 3.95 (dt, 1H, J = 8.4, 6.0 Hz) (syn), 4.62 (d, 1H, J = 12.6, 4.8
Hz) (anti), 4.79 (dd, 1H, J = 13.2, 8.4 Hz) (syn), 4.90 (dd, 1H, J = 13.2, 6.0 Hz) (syn),
4.92 (m, 1H) (syn), 6.87 (d, 2H, J = 8.4 Hz) (syn), 6.90 (d, 2H, J = 9.0 Hz) (anti), 7.07
(d, 2H, J = 8.4 Hz) (syn), 7.10 (d, 2H, J = 9.0 Hz) (anti); *C NMR (150 MHz,
acetone-dg): & 17.6, 47.9, 55.4, 77.4, 85.9, 115.1 (2C), 127.7, 130.4 (2C), 160.6; HPLC
analysis: AD-H column; A = 235 nm; hexane/2-propanol = 95/5; flow rate 0.4 mL/min;
tr (Min) = 56.0, 64.3 for anti-3d, tg (min) = 73.0 for minor syn-3d, tg (min) = 76.4 for
major syn-3d. Compound syn-3d was determined to be 87% ee.

(2S,35)-1,3-Dinitro-2-(4-methyphenyl)butane (3e)
\NO, | Pale yellow solids (9.0 mg, 67%, syn/anti = 92:8); [a]*p —12.3 (c
U\/NOZ 0.18 in CHCly); {lit. 3; [0]*> —11.2 (c 0.86 in CH.Cl,) for
Q (2S,35)-3e, 96% ee, syn/anti =91:9; lit. 4; [a]*°p +11.9 (c 1.27 in
CH,Cl,) for (2R,3R)-3e, 82% ee, syn/anti =54:46; lit. 5; [a]*%
+14.7 (c 0.15 in CH,Cl,) for (2R,3R)-3e, 96% ee, syn/anti =88:12; lit. 6; [a]*p +56.3 (C
0.048 in CH,Cl,) for (2R,3R)-3e, 97% ee, syn/anti =92:8}; *H NMR (600 MHz, CDCl5):
6142 (d, 3H, J = 7.2 Hz) (anti), 1.58 (d, 3H, J = 6.6 Hz) (syn), 2.32 (s, 3H) (syn), 2.34
(s, 3H) (anti), 3.98 (dt, 1H, J = 8.4, 6.0 Hz) (syn), 4.62 (d, 1H, J = 13.2, 4.8 Hz) (anti),
4.80 (dd, 1H, J = 13.2, 8.4 Hz) (syn), 4.92 (dd, 1H, J = 13.2, 6.0 Hz) (syn), 4.94 (m, 1H)
(syn), 7.03 (d, 2H, J = 7.8 Hz) (syn), 7.07 (d, 2H, J = 8.4 Hz) (anti), 7.15 (d, 2H, J = 7.8
Hz) (syn), 7.18 (d, 2H, J = 8.4 Hz) (anti); **C NMR (150 MHz, acetone-ds): & 17.6, 21.0,
48.2,77.4, 86.0, 129.0 (2C), 130.3 (2C), 133.1, 139.0; HPLC analysis: AS-H column; A
= 235 nm; hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tg (min) = 15.1 for anti-3e,
tr (min) = 21.8 for minor syn-3e, tg (Min) = 23.0 for major syn-3e. Compound syn-3e
was determined to be 91% ee.
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(2S,35)-1,3-Dinitro-2-(2-chlorophenyl)butane (3f)
o ~\=NOz | Yellow oil (16.1 mg, >99%, syn/anti = 94:6); [0]*p +2.5 (c 0.31 in
?&No2 CHCIy); {lit. 3; [0]*p +10.1 (c 0.73 in CH.Cl,) for (2S,3S)-3f, 95%
© ee, syn/anti =88:12; lit. 4; [0]®p +12.0 (c 1.12 in CH,Cl,) for
(2R,3R)-3f, 80% ee, syn/anti =55:45; lit. 5; [o]*p —11.1 (c 0.45 in
CH,Cl,) for (2R,3R)-3f, 96% ee, syn/anti =85:15; lit. 6; [0]* > —13.2 (c 0.16 in CH,Cl,)
for (2R,3R)-3f, 95% ee, syn/anti =93:7}; *H NMR (600 MHz, CDCls): & 1.50 (d, 3H, J
= 7.2 Hz) (anti), 1.63 (d, 3H, J = 7.2 Hz) (syn), 4.71 (m, 1H) (syn), 4.88 (dd, 1H, J =
13.8, 7.2 Hz) (syn), 4.93 (dd, 1H, J = 13.8, 6.0 Hz) (syn), 5.16 (m, 1H) (syn), 7.14 (dd,
1H,J=7.2, 1.8 Hz) (syn), 7.25-7.32 (m, 2H) (syn), 7.45 (dd, 1H, J = 7.2, 1.8 HZz) (syn);
3C NMR (150 MHz, acetone-dg): & 17.0, 44.1, 76.3, 84.9, 128.6, 129.4, 130.7, 131.1,
134.0, 135.3; HPLC analysis: AD-H column; A = 208 nm; hexane/2-propanol = 98/2;
flow rate 0.5 mL/min; tg (min) = 49.0, 52.2 for anti-3f, tg (min) = 57.1 for minor syn-3f,
tr (min) = 60.3 for major syn-3f. Compound syn-3f was determined to be 84% ee.

(2S,35)-1,3-Dinitro-2-(3-chlorophenyl)butane (3g)
WNO, | White solids (14.2 mg, 98%, syn/anti = 90:10); [a]*> —3.9 (c
cl U\/NOZ 0.51 in CHCIs); {lit. 4; [a]®> +8.0 (c 0.20 in CH.CI,) for
\© (2R,3R)-3g, 77% ee, syn/anti =62:38; lit. 5; [a]*°> +8.3 (c 0.12
in CH.Cly) for (2R,3R)-3g, 97% ee, syn/anti =86:14; lit. 6;
[o]®p +13.6 (c 0.22 in CH,Cl,) for (2R,3R)-3g, 96% ee, syn/anti =88:12}; ‘H NMR
(600 MHz, acetone-dg): 6 1.46 (d, 3H, J = 6.6 Hz) (anti), 1.72 (d, 3H, J = 6.6 Hz) (syn),
4.16 (m, 1H) (syn), 4.24 (m, 1H) (anti), 5.01 (d, 1H, J = 13.8, 4.8 Hz) (anti), 5.15 (dd,
1H, J = 13.8, 10.2 Hz) (syn), 5.23 (dd, 1H, J = 13.8, 4.8 Hz) (syn), 5.26 (m, 1H) (syn),
7.35 (dt, 1H, J = 7.2, 1.2 Hz) (syn), 7.37-7.42 (m, 2H) (syn), 7.47 (s, 1H) (syn); *C
NMR (150 MHz, acetone-dg): 6 17.6, 48.0, 76.9, 85.8, 123.1, 128.2, 131.6, 132.1, 132.4,
139.1; HPLC analysis: AS-H column; A = 208 nm; hexane/2-propanol = 90/10; flow
rate 1.0 mL/min; tg (min) = 21.5, 24.9 for anti-3g, tr (min) = 30.5 for minor syn-3g, tr
(min) = 32.9 for major syn-3g. Compound syn-3g was determined to be 81% ee.

(2S,3S)-1,3-Dinitro-2-(4-chlorophenyl)butane (3h)

WNO, | Yellow solids (15.7 mg, >99%, syn/anti = 89:11); [0]*°> 3.4 (c

\ NO,| 024 in CH.CL); {lit. 3; [a]¥p ~7.2 (c 0.64 in CH,Cl,) for
/©\ (25,35)-3h, 96% ee, syn/anti =92:8; lit. 4; [o]*p +10.2 (¢ 1.02 in

Cl
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CH,Cl,) for (2R,3R)-3h, 82% ee, syn/anti =60:40}; 'H NMR (600 MHz, CDCl5):  1.43
(d, 3H, J = 7.2 Hz) (anti), 1.60 (d, 3H, J = 6.6 Hz) (syn), 4.00 (dt, 1H, J = 8.4, 6.6 Hz)
(syn), 4.65 (dd, 1H, J = 13.2, 4.8 Hz) (anti), 4.80 (dd, 1H, J = 13.8, 8.4 Hz) (syn), 4.90
(dd, 1H, J = 13.8, 6.6 Hz) (syn), 4.94 (m, 1H) (syn), 7.10 (d, 2H, J = 8.4 Hz) (syn), 7.14
(d, 2H, J = 8.4 Hz) (anti), 7.34 (d, 2H, J = 8.4 Hz) (syn), 7.37 (d, 2H, J = 8.4 Hz) (anti);
3C NMR (125 MHz, CDCls): & 16.8, 46.8, 76.0, 83.8, 129.3 (2C), 129.6 (2C), 131.9,
135.2; HPLC analysis: AS-H column; A = 235 nm; hexane/2-propanol = 97/3; flow rate
1.0 mL/min; tg (min) = 50.8, 57.2 for anti-3h, tg (min) = 71.7 for minor syn-3h, tg (Min)
= 75.1 for major syn-3h. Compound syn-3h was determined to be 83% ee.

(2S,35)-1,3-Dinitro-2-(2-bromophenyl)butane (3i)
N0, Pale ?/ellow solicis (18.5 mg, >99%, syn/anti = 93:7); [a]*'> +3.6 (C
U\/Noz 0.36 in CHCl3); "H NMR (600 MHz, CDCl5): 6 1.53 (d, J = 6.6 Hz,
3H) (anti), 1.64 (d, 3H, J = 6.6 Hz) (syn), 4.73 (m, 1H) (syn), 4.87
(dd, 1H, J = 13.8, 7.8 Hz) (syn), 4.93 (dd, 1H, J = 13.8, 6.0 Hz) (syn),
5.15 (m, 1H) (syn), 7.13 (dd, 1H, J = 7.8, 1.8 Hz) (syn), 7.21 (id, 1H, J = 7.8, 1.8 Hz)
(syn), 7.32 (td, 1H, J = 7.8, 1.2 Hz) (syn), 7.64 (dd, 1H, J = 7.8, 1.2 Hz) (syn); *C NMR
(150 MHz, acetone-dg): 6 16.9, 46.3, 76.3, 84.9, 129.2, 129.3, 131.0, 131.1, 134.6,
135.7; HPLC analysis: AS-H column; A = 235 nm; hexane/2-propanol = 90/10; flow
rate 1.0 mL/min; tg (min) = 18.1, 19.4 for anti-3i, tr (min) = 24.4 for minor syn-3i, tr
(min) = 27.1 for major syn-3i. Compound syn-3i was determined to be 82% ee; HRMS
(DART) calcd for C1oH12BrN,O4 [M+H]": 302.9975, found:302.9974.

(2S,35)-1,3-Dinitro-2-(3-bromophenyl)butane (3j)
W;Noz White solids (15.9 mg, 94%, syn/anti = 92:8); [a]**s —3.5 (c

B __No,| 083 in CHCI); {lit. §; [0]®> +6.6 (c 1.0 in CHCIs) for
\© (2R:3R)-3j, 97% ee, syn/anti =15:1}: 'H NMR (500 MHz,
CDClg): 6 1.45 (d, 3H, J = 6.5 Hz) (anti), 1.59 (d, 3H, J = 7.0
Hz) (syn), 4.00 (dt, J = 8.5, 6.5 Hz) (syn), 4.65 (dd, 1H, J = 13.5, 4.5 Hz) (anti), 4.80
(dd, 1H, J = 13.5, 8.5 Hz) (syn), 4.90 (dd, 1H, J = 13.5, 6.5 Hz) (syn), 4.94 (m, 1H)
(syn), 7.10 (d, 1H, J = 7.5 Hz) (syn), 7.24 (t, 1H, J = 8.0 Hz) (syn), 7.33 (t, 1H, J = 1.5
Hz) (syn), 7.49 (dt, 1H, J = 8.0, 1.5 Hz) (syn); *C NMR (150 MHz, acetone-dg): & 17.6,
48.1, 76.9, 85.8, 127.8, 129.2, 129.5, 131.4, 135.0, 138.8; HPLC analysis: AS-H
column; A = 235 nm; hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tg (min) = 27.1,
30.6 for anti-3j, tg (min) = 37.4 for minor syn-3j, tr (min) = 40.6 for major syn-3j.
Compound syn-3j was determined to be 80% ee.
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(2S,35)-1,3-Dinitro-2-(4-bromophenyl)butane (3k)
W;Noz White solids (16.0 mg, 94%, syn/anti = 89:11); [a]*'5 —9.7 (c

__no,| 062 in CHCLy); {lit. 3; [0]"p 5.2 (c 0.85 in CH.CI) for

@ (2S,35)-3k, 96% ee, syn/anti =94:6; lit. 4; [a]*°> +8.5 (c 1.13 in
Br CH,Cl,) for (2R,3R)-3k, 81% ee, syn/anti =60:40}; *H NMR
(600 MHz, CDCls): 6 1.43 (d, 3H, J = 6.6 Hz) (anti), 1.59 (d, 3H, J = 6.6 Hz) (syn),
3.99 (td, 1H, J = 8.4, 6.0 Hz) (syn), 4.65 (dd, 1H, J = 13.2, 4.8 Hz) (anti), 4.80 (dd, 1H,
J=13.8, 8.4 Hz) (syn), 4.90 (dd, 1H, J = 13.8, 6.0 Hz) (syn), 4.93 (m, 1H) (syn), 7.04 (d,
2H, J = 8.4 Hz) (syn), 7.08 (d, 2H, J = 8.4 Hz) (anti), 7.49 (d, 2H, J = 8.4 Hz) (syn),
7.53 (d, 2H, J = 8.4 Hz) (anti); **C NMR (150 MHz, acetone-dg): & 17.6, 48.0, 77.0,
85.7, 122.9, 131.3 (2C), 132.7 (2C), 135.7; HPLC analysis: AS-H column; A = 235 nm;
hexane/2-propanol = 90/10; flow rate 1.0 mL/min; tg (min) = 29.6, 32.3 for anti-3k, tr
(min) = 36.7 for minor syn-3Kk, tg (min) = 39.6 for major syn-3k. Compound syn-3k was
determined to be 86% ee.

(2S,35)-1,3-Dinitro-2-(2-naphthyl)butane (3I)
\NO, | Orange solids (14.7 mg, 96%, syn/anti = 91:9); [o]*°> —13.2 (c
LNOZ 0.21 in CH.Cly); {lit. 5; [a]*°> —38.8 (c 0.50 in CH.CI,) for
\ (2R,3R)-3l, 92% ee, syn/anti =92:8}; 'H NMR (500 MHz,
acetone-dg): 6 1.45 (d, 3H, J = 6.5 Hz) (anti), 1.74 (d, 3H, J =
7.0 Hz) (syn), 4.29 (m, 1H) (syn), 5.05 (dd, 1H, J = 14.0, 4.5 Hz) (anti), 5.22 (dd, 1H, J
= 14.0, 10.0 Hz) (syn), 5.28 (dd, 1H, J = 14.0, 5.5 Hz) (syn), 5.35 (m, 1H) (syn),
7.47-7.55 (m, 3H) (syn), 7.85-7.92 (m, 4H) (syn); **C NMR (150 MHz, acetone-dg): &
17.7,48.7, 77.3, 86.0, 126.4, 127.36, 127.37, 128.5, 128.65, 128.73, 129.8, 133.8, 134.1,
134.2; HPLC analysis: AS-H column; A = 235 nm; hexane/2-propanol = 90/10; flow
rate 1.0 mL/min; tg (min) = 31.8, 34.1 for anti-3l, tr (min) = 44.4 for minor syn-3l, tr
(min) = 48.7 for major syn-3l. Compound syn-3l was determined to be 89% ee.

(2S,35)-1,3-Dinitro-2-(2-furyl)butane (3m)
“No, | Orange oil (9.3 mg, 78%, syn/anti = 87:13); [0]*5 —10.1 (c 0.12 in
o LNoz CHClIy); {lit. 3; [0]*p —27.0 (c 0.40 in CH,Cl,) for (2S,3S)-3m, 96%
Wi ee, syn/anti =89:11; lit. 4; [a]®> +17.1 (c 0.87 in CH,C,) for
(2R,3R)-3m, 80% ee, syn/anti =60:40; lit. 5; [a]*°> +24.3 (c 0.28 in
CH,Cl,) for (2R,3R)-3m, 86% ee, syn/anti =81:19; lit. 6; [a]®p +25.7 (c 0.27 in
CH,Cl,) for (2R,3R)-3m, 92% ee, syn/anti =80:20}; *H NMR (500 MHz, acetone-dg): &

S8



1.49 (d, 3H, J = 6.5 Hz) (anti), 1.65 (d, 3H, J = 6.5 Hz) (syn), 4.34 (m, 1H) (syn), 4.45
(m, 1H) (anti), 5.07 (dd, 1H, J = 14.0, 9.0 Hz) (syn), 5.15 (dd, 1H, J = 14.0, 5.0 Hz)
(syn), 5.16 (m, 1H) (syn), 6.38-6.40 (m, 2H) (syn), 7.53 (t, 1H, J = 1.5 Hz) (syn); *C
NMR (150 MHz, acetone-dg): & 16.9, 42.1, 75.5, 83.9, 110.0, 111.4, 144.3, 149.4;
HPLC analysis: AS-H column; A = 208 nm; hexane/2-propanol = 95/5; flow rate 1.0
mL/min; tg (min) = 29.3, 30.6 for anti-3m, tg (Min) = 43.2 for minor syn-3m, tg (min) =
45.1 for major syn-3m. Compound syn-3m was determined to be 87% ee.

(2S,35)-1,3-Dinitro-2-(2-thienyl)butane (3n)

NO, | Yellow solids (10.8 mg, 84%, syn/anti = 87:13); [o]*p —9.2 (¢ 0.52 in
s \\\\\/Noz CHCIy); {lit. 3; [a]*°> —54.7 (c 0.34 in CH,Cl,) for (2S,35)-3n, 95%
@\ ee, synfanti =79:21: lit. 4; [a]®°p +20.2 (c 1.05 in CH,Cl,) for
(2R,3R)-3n, 94% ee, syn/anti =60:40}; *H NMR (600 MHz, CDCls):
6 1.53 (d, 3H, J = 6.6 Hz) (anti), 1.63 (d, 3H, J = 6.6 Hz) (syn), 4.34 (dt, 1H,J=7.8, 6.0
Hz) (syn), 4.40 (m, 1H) (anti), 4.67 (dd, 1H, J = 13.2, 4.8 Hz) (anti), 4.77 (dd, 1H, J =
13.2, 9.6 Hz) (anti), 4.83 (dd, 1H, J = 13.8, 7.8 Hz) (syn), 4.95 (m, 1H) (syn), 4.97 (dd,
1H, 1H, J = 13.8, 6.0 Hz) (syn) 6.93 (d, 1H, J = 3.6 Hz) (syn), 6.99 (dd, 1H, J=4.8, 3.6
Hz) (syn), 7.30 (dd, J = 4.8, 1.2 Hz) (syn); *C NMR (150 MHz, acetone-dg): & 17.5,
43.7,78.1, 85.9, 126.9, 128.0, 128.1, 137.5; HPLC analysis: AS-H column; A =208 nm;
hexane/2-propanol =80/20; flow rate 1.0 mL/min; tg (min) = 20.3, 22.9 for anti-3n, tr
(min) = 11.3 for major syn-3n, tg (min) = 15.5 for minor syn-3n. Compound syn-3n was
determined to be 79% ee.
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HPLC data

Zined I N

500000 ] [—— RF026 rac_002 - CH1
400000~
= 1,
= 2
g f y 4
£ 200000 rﬂ
0 v W_! - J \J \
S T T F T T T 1
10.0 15,0 20.0 25.0 30,0 350 380
Retention Time [min}
IO M5 LK
1-H—-4& kitagaki
B AR 2017/01/23 11:00:39
eV _
HPLC YATLS HPLGYAT Ly
HEB 2017/01/23 10:21:31
EAR 10.00 [uL]
g% 1
piabads] =1 shimo
HuiAB500 50.0 [min]
RBI-TUA
AV EA-ILAYYE 85 5 208nm 1.0
i
i A
FEURNE -+ - rac-3a
P ] RF026 rac.002-CH1
HuE
FosRIR Uv-2075
IR 500 [msec]
HERIEAYY R rac normal
R rin] [ (0V-snc] [ 2 (]| BTN | o [ MG NTP | YRR [y A PR [ W |

21.525 7081330| 284435(21.364]29.298 /A[13721] 1.737 1.168

22.892 BO90G73| 249735|21.657)25.723 /A111817] 10.763| 1.188] |

33.80B 10611751] 231378|28.405/23.833| N/A[1256 1,926 1.151

36.392 10674727 205208[28.674[21.146] N/A[11171 N/A 1,254
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bavrgs L

500000 4 ——es033 rac_003 - cH1
400000
=] 4
= A
-y
5
£ 200000 -
1 L o
—’L—,—__,/\ ¥ vg\ ¥ /3R 1}
0- I i
T T T T T T T
10.0 15.0 25.0 300 350 380
Retention Time [min]
O3 M5 LR
it kitagaki
L3 d=] 2017/01/23 12:05:23
v
HPLC YT h% HPLCY AT L
e 2017/01/23 11:15:22
AR 10,00 [L]
T4 i
i) shimo
AR 50.0 [min)
RIBO—FuR
AV MA=LAYwE 95 5 208nm 1.0
protac
2
iﬂmgﬁ
FouARE+E 1N 3a
NI RIS LE #5033 rac_003-CH1
HUFIE
Frourlf Uv-2075
YU 500 [msec]
AR AV F chiral normal
#[ =58 TCHItR [min][ B0k (uV-sec)| B2 [uV]] Sils | M2k [ERA] NTP [ SRRV N =B E
lUnknawrl 11 21.517 422197 15829| 2.532] 4.810] N/A|14575] 1.888 096
|2{ Unknown| T | 22.933 281979 9366 1.691] 2.848] N/A[13453] 11.145 .188]
3 Unknown| 1 [ 33042 639052 15347] 4.183| 4.664] N/A[13023] 1347 .081
4]Unknown| 1 | 38.333 15268202| 288518|91.583|87.679] N/A|10661 N/A 289

1/1
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vined WS IN

5058 o-MeO rac_001 - CH1

140001 1

2 ——
|
2
z
E
E \ \‘ 3,?\
Vol 4
\\,\ ‘
g
—— )
S
T T L I L L L
15.0 20.0 25.0 30.0 35.0 40,0 45.0
Retention Time [min]
PLEEhUFIN £
e -] kitagaki
EH AR 2017/03/10 13:02:28
SEDTS ~
HPLC ¥AFLE HPLGY/AT L
AEB 2017/03/10 11:10:38
EAR 10,00 (uL]
Hu7s 1
Jnvota shimo
BRAREN 50.0 [min)
REI-yA
v FO=ILAYYE 80 10 235nm 1.0
E=n7=7
Shaa "
rac-3b
Frur LA+ -k
HORMIShE #5058 o-MeO rac_001-CH1
Yu7IE
Frvrld Uv-2075
Y7 R 500 [msec]
R AY F 20170309 ©s058 o-MeO rac (Y21 71)
[R[E=5% [CHtR [min) | @#X (iV-sec] | IRE (V] ﬁm:lr A
" [1]Unknown] 1 [ 14.325 ‘;95‘2‘1“1 1464428,628(35,732
2|Unknown] 1 | 16.683 588343 1540026.221[37.677
3|Unknown | 1 | 24.850 538235 6003{23,98B|14.648] N/A[2547,
4 [Unimown] 1 40817 521961%@'12.042 N7A[a046]  N/A]
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havrIS L

40000 1 5058 o-MeO rac-2_002 - CH1
30000 -
=y
=t ]
Z 20000
g 1 _
9 4
= \
10000 \\
}'\_,2 3 ] \
0 Y :
'y v T 1 T
L L | I R B B A T T T T T T
15.0 20.0 0 30,0 35.0 40,0 45.0
Retention Time [min]
YO NS LR
1-F-% Kitagaki
=11 2017/02/10 13:02:28
Ak
HPLC YATLE HPLOYAT L
;'ﬂll)ﬁ\ i %giﬂ 70/8?[’]10 12:01:25 “NO,
Fo0a e OMe
Favrh 4% shimo N O
Teakeshn 500 [in] o 2
RMED=Tu
A=Ay 90 10 235nm 1.0
E-21pF-7il
BERT-7I
iEhnTRER
3b
FrJANE +E— k8
bOvrIS L& 5058 o-MeO rac-2_002-CH1
H7&
FrurlR Uv-2076
T 500 [msec]
SRR A R 20170309 es058 o~MeO rac~2
:l.f—oa« [OH TR [min] [HAR [V-sec) [ A6 V] | Goi | ARE [SE R NTP | 53 RERE | <X F)— GRist | 3
1[{Unknown | 1 14.325 98832 2144| 4.598|10.200] N/A[3385| 2.383 NAA
21Unknown| 1 [ 16.617 31878 705| 1.483) 3.353| N/A!5047| 5813 N/A
3|Unknown| 1 | 24.675 80533, 1078] 3.747| 5.128] N/A|2864] 6.862 N/A]
4{Unknown| 1 | 40.026 1938088 17090]90.172(81.319 N/A|3673] N/A 2677
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DAY IS LA

50000 - f——_es071 m-MeO rac_003 - CHL
40000 —
<
=
Z
g g
£ 20000 :
= j\ f\
Qf—j\ﬁ_,\_,_; :Ll\
L L T T T L L B o
15.0 20.0 25.0 30.0 35.0 40.0 45,0 50.0 540
Retention Time [min]
03 MIZ LR
e i kitagaki
LE=]0 2017/05/20 16:28:07
QA NO
HPLC YAT LB HPLCU AT A RN 2
%lf E 33107?5'_/120 14:31:25
i .00 [
Cor 1 R NO
Javtohg shimo MeO W 2
AR 50,0 [min] + 15.0 [min]
-
A RA=LAYy B 90 10 236nm 1.0
;:;—DID_?—;’JLL
sﬁﬁm‘& ! rac-3c
Tv)mbj‘lg+ﬁ‘—bﬂﬂ
202 RIS 05071 m-MeO rao_003-CH1
Yu7a
Forlg uv-2075
HUZUSI 500 [msec]
RFMBEAYY 20170520 es071 m-MeO rac AS-H 90 10 235nm 1.0
E=D [CHIR [mind] Gk [uV-sec] 1 [T EET T AP 3
[[Unknown| 1 [ 33,717 909953 N/A[12674] 1,856 1.145
|2/Unknown| 1 | 35750 911738 12781] 6.018 1.130
13| Unknown| 1 | 44.608 957503 11188] 2,301 1171
Unknown| 1 | 48.883 957556 12054}26625[16.067] N/A| 8492] N/A| 1.381]

1/1
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YA NS L

700004 —— €5070 n¥:Me0_004 - CH1
60000 -
2 40000 \
_2." R
a
g
£ |
20000 - \
. . S
_ﬁ’-_-“——.\ A
o — AP v /\ v\
[y T
T T r T L A A UL 1 T ¢
15.0 20.0 25.0 30.0 35.0 40.0 45.0 500 540
Retentlon Time [min]
03 RIS LR
o int ] kitagaki
=10 2017/05/20 16:28:08
A b NO
HPLG YATLA HPLCYAT Ly A\ 2
#Eg 2017/05/20 16:32:39
Er jooot
J .
Jndrota shimo MeO NN N 02
HR AR 50.0 [min] + 10.0 {min]
RE =TV
AVEA-NAVYE 90 10 235nm 1.0
e
=
:‘smﬁﬁ 3c

Frp )RR+ —DikE
HOR M5 L%

85070 m-MeO_004-CH1

FrorB Uv=-2075

ST 500 [msec]

BFIRE A F 20170520 esD70 m-MeO

#| E=5%& [OH[tR (min] [ [uV-sec] [AE [uV]] s | Mt NTP [ R OV N — R R ]
[1|Unknown| 1| 33.483 63473]  3873] 2.253 4.376] N/A|13886] 1.686 1,068
|2|Unknown| 1 | 35.467 20025| _ 6987] 4411 7.891] N/A{13483] 6214 1.082

3] Unknowa | 1 44_211| 431537] _ 7156] 5948] 8.082] N/A|12182] 1.817 1061 |
8[Unknown | 1| 48.025) 6339610] 70523]87.987|75.652] N/A| 66508] N/A 1.624] |
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SO M5 A

65000
60000 1
40000 — [ \
z
g 20000
£ ]
0-
-20000 . i LF'L E
T T T i T T T
20,0 30.0 50.0 60.0
Retention Time [min]
IOT IS LIRS
A-H-£& kitagaki
B A6 2017/06/05 11:20:27
JAVE
HPLC Y AT LA HPLCYAT A
AR 2017/06/05 $:54:43
EAR 10.00 [pL]
el 1
0T bR shimo
HsA M 50.0 [min] + 50,0 [min)
BB I-ruA
é‘-ylﬁn:"’};‘j’fF 95 5 235nm 0.4
—=BID7T—
ARHZIL MeO
B
Foor L8 +C-00k8
YO RIS LE #8078 p~MeO rac_001-CH1
Y&
w*nﬁ uv-2075
S 500 [msec]
BB A rac pOMe
[F[E=5% TN ek [ NIP | TR | UV P [ R ]
1|Unknown 20133]|24.577| N/A[12788] 4018 1.172,
EUnkrwvm 20.504)21.785| N/A[13113] 3.595 1.214
3 | Unknowin 20.201|27.265| N/A|12509] 1.323 N/A|
4 | Unknown B1510]30.072(26.363] N/A[12063] N/A N/A

11
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HaI IS L

180000 [——— 5078 p-MeO chjiral_003 - CH1
] l
;1 1
= 100000 - |
=
a ]
g
g
| L )
7 , :
] T
0~ Z N 7N v/\! \‘
I T T 1 L L
20.0 30.0 40.0 50.0 60.0 70.0 80.0
Retentien Time [min]
DRI MISLIKR
l—'f—@ kitagaki
j!;ﬁl? 2017/06/05 14:44:53
7
HPLC Y2754 HPLCYATFL
=] 2017/08/05 12:48:21
EAR 10.00 [pL]
HUT# 1
JnVIhrE shimo
AR 5§0.0 [min] + 50,0 [min]

T~z
AV ka=ILAYy R

95 5 235nm 0.4

r=m5-FIL

BRBT—T MeO

BNt 3d

FoUurARE +E—-oikE

HO3MIS LA 5078 p-MeO chiral 003-CH1

HuINA

Frurig UV-2075

YU 500 [msec]

IRFAE A 20170605 es078 p-MeO chiral
C—5 OH[YR [min) [ [1V-seo] [Ae V]| is | A s [EMIA] NTP [ TR [ VoA F)— R | ]
Unknown| 1 | 55.958 1190032 16336] 5.420| 7.431 N/A[13487] 4.105 1.134

|2] Unknown £4.202 583493 B517) 3.113| 3.874] N/A114381] 3.739 114t

|3| Unknown 72,975 1260809 13575) 5.742| 6.175 /A113485| 1.327 N/A
Unknown 76.442| 18823284 | 181413}85,726(82.520] N/A[12605] N/A 1,104

1/
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SO M4

100000 - 1; ——— esD69 rac-2_002 - CH1
s
=
%‘ 50000
S
2.
\ f\
o e el vy \‘
L T T T LI 1
0.0 5.0 15.0 0 25.0 30.0
Retention Time [min]
Duﬂ-d S LA
B ] kitagaki
EHBER 2017/05/17 13:08:26
JAE _ NO
HPLC YAF L% HPLOVAT L\ W 2
ch_ Ag 5810 70n[)s|{]17 11:21:25
: .00 [
#oTs 1 . NO,
JavIng shimo N
BUARM §0.0 [min]
REI-TUA
IV ba-~LAYyE 80 10 235nm 1.0
%_ltglof_;ljll: 3e
T -
B rac
FruhLE -+ -8
o nig Iji:j‘:lf.\ﬁ 0s069 rac-2_002-CH1
D)
Frorlbd Uv-2075
Y7 T 500 [msec]
SRR Ay F 20170517 es068 rac ASH 80 10 208nm 1.0

1] Unknown

[E] E=5E TCH[tR Tmin] [N [uV-sec) [ B [uv]| miis | dhey [ R NTP [T RA oo A BN E
14,867 2341052100626

53.020/65412] N/A( 9360] 8.970] 1.170

2{ Unknown 21.408 8973441  31133)22.971{20.238] N/A(10204] 1.423 1.240
3{ Unknown 22.850 1003335| 22076[23.100{14,350] N/A[ 5958] N/A 1.783

1/1
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Hav MG L

’?*85068 003 - CH1

80000 ‘
|
60000
z
E 40000—_ \
) | \
20000 " \
1 \ 2 J \\
0 _,__JP\JL_J L e — !f\‘ L
T T L T T T T T 1
0.0 5.0 15.0 20,0 25,0 30.0
Retention Time [min]
D03 RIS LR
I -] kitagaki
EH AR 2017/05/17 13:08:27
AR
HPLC Y257 L% HPLOY 2T ks “NO,
Mz 2017/05/17 12:16:39 N
FEAR 10.00 [uL]
HuFe NO
7AYo+ shimo K 2
AR 50.0 [min]
BB Y=TuR
A=A E 90 10 235nm 1.0
e
£
i 7 3e
Fevimg+r-oma
07 MISLE 0s068_003-CH1
H$u2a
FoorB uv-2075
YU 500 [msec]
pdi2k: PAYETY 20170517 es088
¥] =98 TOH[tR [min]| GOK (V-sec] | A& (V]| BINS | hak R ] NIP | ME VoA M~ W E]
1{Unknown{ 1 15392 %3]’;1‘2 1‘2591 .828]  N/A| 9669| 9.425, = %ﬁ
|2 Unknown| 1 | 21.825 178853 5‘.'53, 4109} 6.007] N/Al11372] 1.084 109 |
Unknown| 1 | 22.867 3842580 76337/88.285[70.164]  N/A] 5038] N/A .162
1/1
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90000 bl 2 —=—;3_€s057 o-cl rac 001 - CH1
| | I
4 g‘ i
50000 ‘\
= ] ;
=
0-

o NI
g 1 |
g i / / i

] \ \ \

-50000 \ j \J \
o 1 k
v ¥ e )
-100000 - )
T T T T T 7 LE | L T T
30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0
Retention Time [min]
H03 MISLKER
d-H—% kitagaki
%ﬁa B 2017/03/08 14:43:22
X
HPLC YAFLE HPLCURF L cl “NO;
au% E 12310 %/?3{103 9:32:01
i .00 [
TN 1 - NO,
J0JIh b shimo \
BRABS 50.0 [min] + 30.0 [min]
RED-TuA
E:u;lﬁl}—_}bﬁ;ﬁ:' F 98 2 208nm 0.5
ZhiDF— -
RRAT-TIL rac-3f
BN
Fooril g +E-DiNe
IO MISLE 03057 o-cl rac_001-CH1
HYALA
FrURNE Uv=2075
)M 500 [msec]
i PO 20170308 o-cl rac
#[C=5% [cH] TP [ [ oA P[]
1] Unknown| 1 x 10859865 11607| 1.862 1.350
2|Unknown| 1 | 51.767 10776030 N/A[12856] 2615 1.101
3| Unknown| 1 | 56,750] 11420298 N/A|12848]| 1.724 1.181
4|Unknown| 1 | 60.317 11640201] 139661]25.094[23.448] N/A|12636 A 1.113]
1/1
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DavrIS L

1000000 | —— es057 o-cltrac-2_002 - CH},
z
2 500000 -
2 |

: ¥ f/ \
( 2
2 e e WA -
| — L T T T T T T T
30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0
Retention Time [min]
203 MIS Ltk
2~ kitagaki
ﬁﬂﬁ BEf 2017/03/08 14:43:23
V]

HPLC YAF L% HPLCYAF L
AES 2017/03/08 10:45:10
ZAR 10,00 [uL]
Hu s 1
J0vzh b4 shimo
ARSI 50.0 [min] + 30.0 [min]
RBY=Hua
M 98 2 208nm 0.5
E-nns=HiL

ﬁr—?’lb

3f
FrorANR+C—og
rlni) Eﬁsﬂ\% es057 o~cl rag—2 002-CH1
>

FrURILE UV-2075
FUAULIRE 500 [msec]
HRnEAYyk 20170308 es57 o-¢l rac

[ [ WX

B SUAM-
4.802] &.

] =D [CHIER [mird [k [uV-secl [ TP [T RE]

N/A[14761] 1.980

71219

1|Unknown| 1 | 48,975 4384539 224

2| Unknown | 1 | 52.217 1312715]  21291] 1.438] 1.861] N/A|16220 | 2.769]
3|Unknown| 1 | 57.075 7054111] 95793 .371]  N/A|14763] 1.620
4|Unknown| 1 | 60.258 78556648| 556039]86.035/83.545] N/A[13682] N/A

/1
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HOI IS LA

15000 1 F—— ©s093 m-Cl rac_001 - CH1

2
10000 3

| )

Intensity [uV]
(%]
=]
k=]
o
PO

\

A W 1WAV

—_— T T T

10.0 15.0 30.0 350 380

25.0
Retention Time [min]
DAY MIZLIKER
1--2 kitagaki
EiRE 2017/07/13 11:47:52
=TI _
HPLC Y25 L HPLOYRT A “NO,
AeH 2017/07/13 10:20.07 .
o ookl
Y
T091o14 shimo Cl o NO,
AR 50.0 [min)
RAE=TUR
aVA=LAYYE 80 10 235nm 1.0
g
i3 rac-3g
Fou g +E—-oN8
oI MIZLE 05093 m-Cl rac_001-CH1
$u7l&
Feorlg UvV-2075
BT 500 [msec]
ERBAEASYE 20170713 es093 m-Cl rac (722 7))
A= [ el o Vaec] B v e s | TP [ 505 F) s [ W]
lUnknuwn 1] 21.858 502252 15387}24.267|33.727 N/A|10366| 3.502 1,183,
2|Unknown | 1 | 25.542 497532 10990)24.058|24.081 N/A| 7378] 4.736 1383
[3]Unknown [ 17| 21.342 533844 1|zaa|zs‘as4 24,633 N/A| 9801] 2.034 1180 |
_4. Unknown| 1 | 34.417] $34398 3003]25‘841 17,549 N/A| B0B3| N/A! 1613

171
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Hav ML

550000 ] —— es003 n}rl chiral_002 - CH1
400000 \
z
\
|53
g
S 200000 \
| 1 3 \
1 L 1
4 2
Y /Ny
0 T i =
T T T T — T T T
10.0 15.0 25.0 300 350 380
Retention Time [min]
?Lu?f I-'jghﬂﬂ itaaki
i gaki
Ej&ﬁ E By 2017/07/13 11:47:52 “NO,
% .
HPLE VAT L% HPLCYAT L
AE8 2017/07/13 11:07:28 : NO
EAR 10.00 [uL] Cl S 2
il 1
J0I1H 4 shimo
A F 500 [min)
MBY—roA
AV A=AV F 90 10 208nm 1.0
[/ ) 39
F=JN
#
FouR LG +E-DiE
HORMIS A% 85093 m~Cl chiral_002-CH1
Ho7I4
Frutg Uv-2075
Y00 500 [msec])
BB AYY 20170713 <093 m=Ci chiral
#[E=57% [CHILR [min] |Gk [uV-sec| i [uvi | ik ] ey [l
1] Unknawn: 1.475 3101815 99114| 6.463]13.213] N/A
|2} Unknown 4,933 1428161 33233} 2.976] 4.430] N/A
3| Unknawn| 0.483 4127751 92883| 8.601]/12384] N/A
iUnknuwn 32,883 39332802 524870/81.960/68.972] N/A

1/1
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HhOI s L

22000 1, E=—_yoshida pCl rac ash 67 3 001 - CH1
20000 ~
1 2
!
] 1
3.
10000 — !
g 0 *\
= )
'E 1 4
g \ \ /\
E |
0+ “-—\_,N_Hfhh_ \ | \ \
-10000 J ]
i T T T T T T T T ™~
0.0 20.0 40.0 g0 900
Retentien Time.[min]
S0 S LR
%%ﬁahé ?3257'?1/18 16:27:05
27
b «NO,
HPLC YATLE HPLCYAF 2
e 2020/11/18 13:56:16
EAR 0.00 [uL) NO,
HudIH 1 N
FAvio b yoshida~cyclophan-separation
3B 179.0 [min
MR I—HUA CI
J/;ﬂ:ﬂb’;{w Hex iPrOH 87 3 236nm for HPLC2
HIDF—
BERT—I) rac-3h
Bt
Four/FE+E-7ik8
oz MISLA yoshida pCl rac ash 97 3.001-CH1
Hu7ILE
?w*w’? Uv-4075
Yoo 500 [msec]
ERALEAYYF 20201118 shimo pCl rac
A =57, [CHtR (i) | Bk [uV-secl [ I [av) | ik | iew [ M [ NP | M | S A Ll [ W
E%‘; 50.675 2017‘:;3 24584[26.984 [34.187 Lh/A 8616 2,638 L{WE
2| Unknawn 56.975 2000760|  20633|26.283|28.693| N/A|7646| 5152 .389) |
3| Unknown 71.800] 1847723 15712|24.16421.850 I/A|8241] 1.341 .367
4] Unknownl 76.833 1771789! 10881]23.170]16.271 N/A|4860] N/A 755 |
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120000 1

100000

50000

Intensity [uV]

HaR MIZ L

F—— yoshida pCl chirai ash 97 3_002 - CH1

oY M5 LK
1-Y-%

B AR

JAVE
HPLC YAThL%
HIEH

g7
JOJI0 M
B BSM
RIBS=TUA

Foor MR +E—-2%8

HOIMIS LA
HuFa
FourIA
Cerapyinl g
HRMEAVYE

50.817

R fmin]| R [V:sec]

1194831

& [V]

\
'J?I\‘ VM e
6o @

I
T
20.0 80.0 80.0

40.0
Retention Time [min]

kitagaki
2020/11/18 16:58:18
HPLCYAT 132

2020/11/18 15:31:02
10,00 [ul] wNO,
2

yoshida-cycloph
179.0 [minﬁ
Hex iPrOH 87 3 235nm for HPLC2

NO, -

Cl
3h
yoshida pCl chiral ash 97 3.002-CH1i
UV-4075
500 [msec]
20201118 shimo pCl chiral (IZ27JL)

(GRS | % e ML NTP | S RERE | U b~ R R |
14025] 7.296(14.067| N/A[B275] 2.766 1

57.158
71,742

1252784

662777

75.075

13268355

7631] 4048] 7.654] W/AJ9366
| 7.654[i2.208] N/A]

65877|80.998(66.075
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DAv IS L

45000 y [—— es072 o-Br rac-2 AS-H_002 - CHL
40000 - o3
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g 20000 - \ A
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" YJ \J \ \\ j
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JAY IS LK
d1~-F—4 kitagaki
B 2017/05/25 11:68:09
JAV
HPLC YATL%A HPLCUAT L
Azl 2017/05/25 10:48:51
EAR 10.00 [pL] NO
erpil 1 B WINM2
R 350 trin '
.0 [min
MY~ N NO,
I bA~LAYy R 90 10 235nm 1.0 W
it
mma#ﬁ
rac-3i
FrrxiARE+E—-oma
OIS L4 85072 0-Br rac-2 AS-H_002-CH1
FUINE
Fou & UvV-2075
U7V 500 [msec]
IRREARE A | 20170525 es072 rac AS-H 90 10 235nm 1.0
E=D% [CH[{R [min][ TN [uV-secl[ & (V] TN W% | |ER{N| NTP [ ﬁnxbu—ﬁi’lﬁ-
T | Unknt u-ni 1| 172.950| 1303446 46037]29.006[32.372 /A 10246] 1.857 1.110
|2 Unknown 19.283 1204104 43266126.878,30.424 A[11156) 6.064 1.128
|3] Unknown 24.258 9808554 28601[22.089/20,112 Al11244] 2872 1.123
14] Unknown 27,108 B82738 24309{21.837]17.083 A[10170]  N/A 1,202
1/1
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bav MIS L

130000 [-—— esé73 0-Br. 003 - CH1
100000 -

i~
= J
=
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: - v T T T T T T
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203 M5 LR
d—5-% kitagaki
BB 2017/05/25 11:58:10
TAUh _ NO
HPLC YAT L% HPLCYRT L, WNU2
MER 2017/05/25 11:26:07 Br
5?*'&71»# o i NO
P .
70915 % shimo W 2
3 50.0 [min)
Mry=-5uA
IV A-RAyk 90 10 236nm 1.0
e 3j
2

iﬁmﬁﬂ

Fru LA+ - i
JOIMISLA 5073 0-Br_003-CH1

U7

FouRILE Uy-2075

LUV 500 [msec]

BMEAY R 20170525 5073 o-Br

[FTE—7% [CAI [l aV-sec] % V]| B | B [ R NTE A EPER A 7

1|Unknown| 1 | 18.075! 108272 4272| 1.592| 2.640 I/A|11454] 1.807 1.152

_'gUnknuwn 1 18.400 338338 12612| 4.989] 7.732 I/A|11698] 6.161 L119) |

8|Unknown| 1 | 24400 548258 16001/ 8.060| 9.889 /A[11501] 2572 1.118

EUnknawn i] 27100 5806235| 120026|85.358[79.739 I/A| 8228] N/A 1434
1/1
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DO MIS L

34000: L. f=——— s075 m-Br rac AS-H 90 10 235nm 1.0_001 - CHL
30000
4 zfl
3
4
E ZOUDD—N ; 4
% 1 | | f\\
g ] 4 \ / \
10000 — f \ 1
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T L F T L T —
10.0 15,0 20.0 25.0 30.0 35.0 40.0
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DO MISLKR
A-H-4 kitagaki
BHER 2017/05/25 19:47:24
JAVE
HPLC ¥ATL% HPLGYAT L
il EE $g10 70/345!:,125 17:52:07
$o7L ) Br
ndroba shimo
AR 50.0 [min]
RBY—HuA
g:z%—_}t;;}gﬁ 90 10 236nm 1.0
—DIDT—7]| .
BERT—) rac-3j
BMEE
FrourJ R+ — o
POV MIZLE @s075 m-Br rac AS-H 90 10 235nm 1.0.001-CH1
YU A
Frorla UV-2075
U7 500 [msec]
4208 PADTY 20170525 5076 m=Br rac AS-H 80 10 235nm 1.0
E—0% [OH[tR lmin] [@59R [iV-sec]| #he V][R | Bk [ MW NTP [ [ r PR E
Unknown| 1 | 23.825| 1018312 27959125.488)33.027]  N/A[10419] 2873 221 |
[2] Unknnwn¢ 26.817 971878 22213)24.326/26.239 N/A} 8636] 5.111 271
3{Unknown| 1 | 33.150 1013118 20241)25,358]23.900]  N/A[ 5333] 2084 .1989
'zignknawn 1] 36475 801097 14244]24.820(16.825]  N/A| 6094] N/A 548
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= 40000
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D07 M5 LR
A—H¥-% kitagaki
BB 2017/06/07 17:53:54
AUk
HPLC YATLE HPLCYRAF L NO
AEE 2017/06/07 17:02:17 o 2
AR 10.00 [uL]
352"'3%3 hi NO
I shimo
A 50,0 [min] + 10.0 fmin] Br W 2
ABy=hua
v ba=ibAvy 90 10 235nm 1.0
ol
T
ﬁmgﬁ 3j
Foo )L +E—-kR
HOIFISLE 05081 m-Br chiral 002-CH1
Y
Froutlg Uv-2075
U 500 [msec]
AR AV | 20170607 es081 m-Br chiral
#] E=D%& [CHIER [min) [N (uV-sec)| 2 [uv]] mARE] 76 2% [ERIE] Wrp |55 At Ak 33
T{Unknown| 1 | 27.067 48;:1‘:9 12378 5.384 12.053_-% 10718| 3.000 1.141
2 Unlmuwn_1_ 30.592| 222322 4541} 2.456] 4.422] Al BB12| 4941 1204 |
3} Unknown] 1 | 37.442 851040]  15353] 0.400]14.948) I/A| 102084 1.475 1.196
4|Unknown| 1 | 40558 7492430 70430|82.760]68.576 I/A| 3455] N/A) 2,383
1/1
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YA IS LA

] 3 —— es082 p-Br rac_001 - CH1
30000 {'
4
1 f!
= 20000 I
3 4
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10000 f | \ |
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04
T T I T L L A
10,0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Retention Time [min]
Ha7 M5 LK
1-H¥—5 kitagaki
3 =l 2017/06/14 15:49:41
QAL B _
HPLC VAT LA HPLCYAT L
HEB 2017/06/14 12:30:08 “ N 02
AR 10.00 [uL] .
b
VI imo
Buidpsm 50,0 {min] ' NO,
Ll 3 o g
AV A=AV R 90 10 235nm 1.0
E=HIDF-FI
RAT-7 Br
BHRER
rac-3k
Frot I ARE + -8R
DO MIZLR @s082 p~Br rac_001-CH1
v IIVE
Frull uv-2075
HuFL I 500 [msec]
RRAREANY R 20170614 es082 p-Br rac
[F[E=0% [cH[R Jw EXmIEE TR AR U INEE. e ik i
1|Unknown| 1 | 29.483 773535 17183[17.009|22.142[ N/A|9024] 2.121 1.151
|2{Unknown| 1 ] 32133 763917 15274)16.796[19.683| N/A[9451| 3.037 1.196.
Unknown 36.467 1507128|  25868]33.13733.334] N/A[E081| 1,047 1,276
[4Unknown| 1 | 30.867 1503541 18278/33.058 | 24.841 N/A[5988] N/A 1.528
1/1
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Hav M54

F=——— 4082 p-Br chiral2_003 - CH1
110000 - ]
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E
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2 50000
1]
=
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T L T 7 [ L T T
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Retention Time [min]
903 M5 LKk
R e kitagaki
R B 2017/08/14 15:49:42
JAV R NO
HPLC YT A% HPLCYAT ks o\ 2
:&IEE %81070/?%14 14:49:42
i. 2 H
ol -
e . A
A min,
MR-
JbO=ibAYy R 90 10 235nm 1.0
BRe T Br
e
e 3k
FourARE +E-DikE8
HOvMISLE 08082 p~Br chiral2_003-CH1
YU
UV-2075
VUL 500 [msec]
Ay 20170614 es082 p—Br chiral

tR [min][ W [V'sac) [ [E R[NP [ | A LR R
29.600 71520 21461[ 7.508]13.743] N/A[9858] 2,081 1.155
32025 446233|  8041] 3.448] 4.445] N/A[8276] 2897 874
36.700 93664|  13988| 6.135| 8.857] N/A[p498| 1455 218
39.583] _ 10726043] 113771 72.855 N/A] 2010

171
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bavrIS 4

300000 == 5084 naphthyl rac_001 - CH1
200000 ~
E .
Fo
:
£ g L,
100000 - ﬂ
655106 - 3
- \ f MJ/& 4
1
0-y — X \:J \l a'/
N T T T T T T T T T T ¥ g T T H T T
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Retention Time {min]
I03 S LR
1-¥-4 kitagaki
?ﬁﬁ% 2017/06/16 13:09:44
¥
HPLC ¥ATh% HPLC VAT L
AEE 2017/06/16 9:56:42
AR 10.00 [uL]
a7 1
%‘EII;H% ;B‘E"f ] +20.0 [min]
L0 [min] + 20 i,
RS~
I =AY K 90 10 235nm 1.0
s
T
iﬁhﬂgﬂ
rac-3l
FrurIAKR -+ -k
HORMISLR 5084 naphthyl rac_001-CH1
eerles
FrsR g Uv-2075
YU R 500 [msec)]
HRLEAYY 20170616 es084 Naphthyl rac
HZ LV e | AN TR NTe [T | A (e | W]
111733]25.963|35.326] "N/A[B64B| 1.659 1.249
103096)26.007/32.585 N.’Ay_ﬂ 5415 1.250
58416]23.677|18.785 N/A|5869] 1.027 1625] |
42047]24.353{13.204] N/A[3466] N/A| 1.885
1/1
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bav IS L

320000 F——"e5084 naphthyi chiral_002 - CH1
300000
200000 -
g
=
100000
65510.6 5
] Loy 3 \
0 vf\‘vf'\ . VAN §
T T T T T T L
10.013.16 20.0 30.0 40,0 50.0 58,0
Retentlon Time [min]
AT IS LR
1-Y-% kitagaki
=1 2017/06/16 12:09:44
2AVE _
HPLC YATLA HPLC VAT I
HER 2017/06/16 11:19:02
EAR 10,00 [uL]
B 1
P yﬂ%?ﬂ'r% ?&T?? ] + 20,0 [min]
.0 [min] + 20.1 i
REY-5Y2A
aAV =AY E 90 10 235nm 1.0
Y=bIDF-F I
RAT-7N

Froux L8 -+E—- i
703

MISLA 5084 naphthy! chiral 002-CH1 3l
YU
Frugll UV-2075
BT 500 [msec])
IRREAE A 20170616 es084 Naphthyl chiral
g’?___Ffas: CH] tR Treks) |G [uVesoa)| o Tuv) | Gl [ 2K SRR ¥ E]
1[Unknown| 1| 31,775 1145910 23408 5.584]13.418] | 1768] v |
2| Unknown] 1 | 34.125| 734041] 14215 3577] B.148] N/A[9889] 5898] 1.149] |
[8[Unknown] 1 |_44.350] 1145385] 14450 5.582] B.263 |7120[ 1480} 1432 |

4 Unknown| 1 | 48.683] 17485171] 122380]85.257]70.150 N/A 2422

171
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Hav IS LA
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A-Y-£& kitagaki
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>
HPLC YAF LA HPLCY AT L
g?ﬁ %ﬁﬂ 7:]/?3621 18:26:06
; .00 [
Fods 1 “NO,
Javmhbg shimo
AR 50.0 [min]
ABY-HUA 0) NO
VA=AV E 95 5 208nm 1.0 WY 2
iy W,
T
;anuﬁia
rac-3m
FrourLikE+E—- o
AOIMTZLE 85061 furyl rac_001-CH1
FUAE
oI UV-2075

FUA) T 500 [msec)
AR AY Y E 20170321 es081 furyl rac-1 AS-H 95 5 208nm 1.0
#[E=5Z [on AR | W e R ] NTP | [ A PR R
[1]Unknawn| 1 | 7353248 22.788 '%E N/A[THS] e[ N/A] :l
{2{Unknown| 1 23.863|27.801] N/A|11333 Mgl N/A -
[3[Urknown| 1 26.521{22.697] N/A[12562] 1415 1.20%9
[4]Unknawn] 1 13827226829 |20945| _N/A|11586]  N/A| 1.234

1/1
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HOv MG L

5000004 [——"es051 furyl rac-24002 - cH1
400000 I
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Retention Time [min]
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I—H-% kitagaki
%ﬁaﬁ 2017/03/21 21:11:16
V]
HPLC YAFLA HPLCV AT L
el 2017/03/21 19:58:50 \NO,
: 10.00 [pL] \
JEre i
PR shimo
B 50,0 [min) o) w NO,
HEI~TYR
AV FD=bAYy 95 5 208nm 1.0 \ /
t'-';‘lDr—?'
#ﬂ—?ﬂb
3m
fwzumnw—ama
503 MIS LA 25061 furyl rac—2_002-CGH1
H”/J‘Jb
Fovrlg UvV-2075
Y7 )R 500 [msec])
RANEA Yy F 20170321 es061 furyl rac—2
(E=7% JGHR [minl [T [uV-cocl[ @ (V] [ AR ] % [= M| NTP [ MR | Yoo U R W]
1|Unknown| 1 | 29,333 4067081] 103086 10022/155168] N/A[12705] 1.178 N/A
2|Unknown| 1 | 30608 1023412 24301| 2.522] 3.658] N/A|11762| 08.714 N/A
3] Unknown 43.167 2381020| 43798| 5.894] 6.592] N/A[123920] 1218 N/A___
Unknown 45.133 33009071] 493220(81.562[74.235] N/A[10341 N/A 1.442
1/1
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PO rIS L
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=4~ kitagaki
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IV
HPLC Y25 L% HPLCYAT Ly
AEB8 2017/06/30 18:42:59
AR .00 [pL]
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Javihkg shimo
ERAREM 50.0 [min]
A=
JbO=JLAYy R 80 20 208nm 1.0
E=h07—F)b

mERT-IN
i&nu#gﬁ

Fer I ARB+E— 28
UIEI? FISLE 8s085 thienyl rac_001-CH1

VINE
Foulg Uv-2075
Y7 T 500 [msec
ERp AR Ay 20170630 o085 thienyl rac

[ E=T& TOHIER [rni) [ B [uVesocd| B LoV | i | % [ [ NP MR SR P [¥E]
{fUnknown| 1 | 11.792] — 9537567] 734443]25.871[36.395] N/A|19569] 11,674 1.169
|2Unknown) 1 | 15500]  B612168] 542775(28.074|26,898] N/A[20766] 10278 1137
[3]Unknown| 1 | 21.883 £026588| 393514]24,214]16501] N/A|21836] 4.085 1.130)
(4[Unknown| 1 | 24450( — 878B580| 347204]23841|17.206] " N/A|21460] N/A 1.159
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