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General information

IR spectra were recorded on a NICOLET 380 FT-IR spectrophotometer. Optical rotations were measured with a Rudolph
Automatic polarimeter (model name: A20766 APV/6w). iH NMR spectra were recorded on a Varian Mercury 400 (400
MHz), or Varian Germini 300 (300 MHz) with TMS as an internal reference. 13C NMR spectra were recorded on a Varian
Mercury 400 (100 MHz) with TMS or CDCls as an internal reference. Chiral HPLC analysis was performed on a Jasco
LC-1500 Series HPLC system with a UV detector. All reactions were carried out in oven dried glassware under an argon
atmosphere. Toluene (CaHz), THF (Na, benzophenone) were dried by distillation before use.

Synthesis of catalysts (1a-n); general procedure

1. Synthesis of monoalkylated thiourea catalysts.
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To a suspension of (R, R)-1,2-diphenylethylenediamine (1.0 equiv.) in toluene (0.1 M) was added a solution of 3-pentanone
(1.1 equiv.), MgSO, and the mixture was reflux for 48h. then remove the MgSQO, to celite filter and concentrated in vacuo.
NaBH, (4.0 equiv.) and ethanol were added and the mixture was stirred at room temperature for 1h. quenched with 1IN
NaOH solution and the mixture was extracted with ethyl acetate. The combined organic extracts were washed with brine,
dried (MgS0Os),and concentrated in vacuo. The product was purified by chromatography on a silica-gel column
(methanol/methylene chloride 1:20). The monoalkylated DPEN (1.0 equiv.) in CH,Cl, (0.1 M) was added thourea (1.1
equiv.) and the mixture was stirred at room temperature for 1h. purified by flash column chromatography on silica gel with
ethyl acetate/hexanes (1:5) to give the pure amide product(quantitative yield) as a white foamy solid.

2. Synthesis of arylated thiourea catalysts.
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To a suspension of (R, R)-1,2-diphenylethylenediamine (1.0 equiv.) in toluene (0.5 M) was added thourea (1.0 equiv.) at
0°Cand the mixture was stirred for 30 sec. the product concentrated in vacuo and purified by flash column chromatography
on silica gel with ethyl (methanol/methylene chloride 1:20). The thiourea substituted DPEN (1.0 equiv.) in CH,Cl, (0.1 M)
was added aryl kethone (1.1 equiv.) and the mixture was stirred at room temperature for 1h. NaBH,4 (2.0 equiv.) and ethanol
were added at 0°Cand the mixture was stirred at room temperature for 1h. and the products celite filter and the mixture was
extracted with ethyl acetate. The combined organic extracts were washed with brine, dried (MgSO4) and concentrated in
vacuo. The product was purified by chromatography on a silica-gel column (methanol/methylene chloride 1:20) to give the
pure amide product(quantitative yield) as a brown foamy solid.

3. Synthesis of product compounds.

General Procedure of the Asymmetric Michael reaction

The B-nitrostyrene (0.4 mmol), malonate (2.0 equiv.) and 10 mol% of 1d were added in the toluene (0.4 M) an
d the reaction mixture was stirred at rt. The reaction conversion was monitored by TLC. After completion, eth
yl acetate (0.2ml) was added in the reaction mixture. This solution was washed twice with water (2x1.0 mL),
dried over magnesium sulfate and concentrated to yield the desired product. The product was purified by chrom

atography on a silica-gel column (hexanes/ethyl acetate 5:1).

General Procedure of recycling test for the Asymmetric Michael reaction using 1d catalyst

The S-nitrostyrene (67 mmol), malonate (1.5 equiv.) and 5 mol% of 1d were added in the CH,Cl, (5ml) and the reaction
mixture was stirred at 40 °C. The reaction conversion was monitored by TLC. After completion, CH,Cl, (0.5ml) was added
in the reaction mixture. This solution was washed twice with water (2x3.0 mL), dried over magnesium sulfate and
concentrated to yield the desired product. The product was purified by chromatography on a silica-gel column

(hexanes/ethyl acetate 5:1). Next purified by flash column chromatography on same silica gel (hexanes/ethyl acetate 1:1)
to give the pure 1d catalyst.

4. synthesis of (R)-phenibut

Under argon atmosphere, to the suspension of 5e (1.0 equiv, >99% ee) and NiCl,-6H,0 (1.0 equiv) in MeOH (8.0 ml)
was added NaBH, (10 equiv) at 0 °C. After the reaction mixture was stirred 7.5 h at rt, the reaction mixture was quenched
with NH4CI and diluted with CHCIl;. The organic layer was separated and dried over MgSO,, filtrated and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (MeOH/CHCIl; = 1/20 as eluent) to afford desired

product (98%) as colorless powder. The powder (1.0 equiv) in 6N HCI (2.7 ml) was refluxed at 100 °C. After 12 h, the
reaction mixture was concentrated in vacuo to afford (R)-(—)- Phenibut (92%) as colorless solid.

Compound Characterization Data

1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-phenylthiourea (1a)

S
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Phj,NJl—N—Q

Ph”™ NH,



94% yield; [a]p2 = +62.0 (¢ = 0.02, CH,Cl,); 'H NMR (300 MHz, CDCl5) § 7.76 (s, 1 H), 7.54~7.19 (m, 15 H), 5.54 (s, 1 H),
442 (d, 1 H, J=5Hz), 1.35 (br s, 1 H); *C NMR (100 MHz, DMSO-dq) & 182.09, 134.48, 133.93, 129.89, 128.70, 128.10,
127.91, 127.15, 126.94, 126.82, 126.74, 126.23, 125.59, 125.24, 122.98, 63.07,59.09; IR (KBr) 3287.86, 3027.84, 1521.63,
1241.99, 1072.28, 939.20, 698.13 cm™'; HRMS (FAB*) for CyH»,N;S [M+H]* Calcd: 348.1534, Found: 348.1530.

1-(4-Nitrophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl] thiourea (1b)

s
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Ph™ “NH

a

89% yield; [a]p?® = +37.7 (¢ = 0.02, CH,Cl,); '"H NMR (300 MHz, DMSO-d¢) 6 10.5 (s, 1 H), 8.16 (m, 2 H), 7.90 (d, /=9.1 Hz,
2 H), 7.37~7.15 (m, 10 H), 5.54 (br s, 1 H), 4.16 (d, /= 5.5 Hz, 1 H), 2.07 (m, 1 H), 1.30~1.15 (m, 4 H), 0.75 (t, /=7.4 Hz, 3
H), 0.50 (t,J= 7.4 Hz, 3 H); 3C NMR (100 MHz, DMSO-dy) 6 180.51, 146.95, 142.46, 141.92, 140.92, 128.68, 128.56, 127.72,
125.16, 120.92, 64.35, 63.80, 56.35, 55.59, 26.70, 23.96, 11.03, 8.61; IR (KBr) 3330.5, 2960.2, 2599.6, 2456.4, 2345.0, 1951.6,
1743.3, 1496.5, 1346.1, 1110.8, 1072.2, 852.4, 700.0, 586.3 cm’!; HRMS (FABY) for C,sH3:N40,S [M+H]* Calcd: 463.2168,
Found: 463.2165.

1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-[3,5-Bis(trifluoromethyl)phenyl] thiourea (1b)

CF3
H = H
Ph._N—IL-N

7.

Ph™ “NH, CF3

[0]p2 +13.5 (¢ 1.00, CH;CI); 'H NMR (300 MHz, DMSO-dg) 5 10.70 (s, 1H), 8.32 (s, 2H), 7.71(s, 1H), 7.22~7.43(m, 13H),
5.57(d, J =3 Hz, 1H), 4.4 (d, J = 3 Hz, 1H) ppm; '3C NMR (100 MHz, DMSO-ds) 5 180.80, 143.41, 142.67, 130.94, 130.62,
128.81, 128.61 127.75, 127.57, 127.51, 125.25, 122.54, 121.68, 116.40, 63.86, 60.06 ppm; IR (KBr) 3305, 3032, 2963, 1652,
1601, 1557, 1383, 1277, 1262, 803, 700 cm-'; HRMS (FAB+) for Co3H,oF(N3S [M+H]+ Caled: 483.1282, Found: 484.1280

1-(4-Fluorophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl]thiourea (1c)

84% vield; [a]p2 = +17.9 (¢ = 0.02, CH,Cl,); "H NMR (300 MHz, DMSO-ds) 5 9.83 (s, 1 H), 8.00 (d,J= 6.7 Hz, 1 H), 7.48~7.43
(m, 2 H), 7.31~7.16 (m, 11 H), 5.46 (br s, 1 H), 4.09 (d, J=5.22 Hz, 1 H), 2.03 (brs, 1 H), 1.44 (brs, 1 H), 1.14 (m, 4 H), 0.70
(t, J=10.1,3 H), 0.4 (t, J= 7.0 Hz, 3 H); *C NMR (100 MHz, DMSO-ds) & 181.42, 161.03, 158.62, 141.90, 141.44, 135.97,
128.65, 128.51, 127.57, 127.42, 126.49, 116.13, 115.90, 64.39, 63.76, 56.03, 26.72, 24.02, 10.98, 8.39; IR (KBr) 3193.7, 2962.3,
1889.9, 1511.9, 1218.8, 848.6, 701.9, 555.42 cm''; HRMS (FAB") for CaHs, FN;S[M+H]* Calcd: 436.2223, Found: 436.2201

1-[3,5-Bis(trifluoromethyl)phenyl]-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl|thiourea (1d)

CF,
S
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90% vield; [a]p2 = +0.31 (c = 0.11, CH,Cl,); '"H NMR (300 MHz, DMSO-ds) 8 10.5 (br, 1 H), 8.30 (s, 2 H), 7.74 (s, 1 H),
7.40~7.19 (m, 10 H), 5.57 (br, 1 H), 4.18 (d, J=4.9 Hz, 1 H), 2.09 (m, 1 H), 1.24~1.20 (m, 4 H), 0.75 (t, J= 7.1 Hz, 3 H), 0.50
(t,J= 6.0 Hz, 3 H); 3C NMR (100 MHz, DMSO-d) 5 181.10, 142.49, 140.88, 130.96, 130.64, 128.70, 128.59, 128.56, 127.60,
125.22,122.52, 122.19, 116.70, 64.34, 63.62, 56.48, 26.64, 23.90, 10.98, 8.54; IR (KBr) 3239.9, 2964.2, 1471.5, 1278.6, 1135.9,
885.2, 700.1 cm'; HRMS (FAB") for Co5H30FsN;S [M+H]* Caled: 554.2065, Found: 554.2020

1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl]-3-(p-tolyl)thiourea (1e)

v L )om

Ph” “NH

ZT

Ph

86% yield; [a]p**=+0.19 (¢ = 1.00, CH,Cl,); 'HNMR (300 MHz, DMSO-d¢) 6 9.76 (s, 1 H), 7.89 (d,/=7.0 Hz, 1 H), 7.32~7.18

(m, 14 H), 5.44 (s, 1 H), 4.08 (d, /= 5.1 Hz, 1 H), 2.29 (s, 2 H), 2.02 (s, 1 H), 1.39 (s, 1 H), 1.20~1.06 (m, 4 H), 0.68 (t, J=7.5
Hz, 3 H), 0.41 (t, J=7.1 Hz, 3 H); 3C NMR (100 MHz, DMSO-d¢) 6 181.04, 141.83, 141.55, 136.71, 134.88, 130.03, 128.67,

128.51, 127.49, 127.40, 124.67, 64.28, 63.77, 55.84, 26.71, 24.02, 21.20, 10.94, 8.30; IR (KBr) 3180.2, 2958.4, 1948.8, 1510.1,
1240.1,821.6,700.1, 565.1 cm™'; HRMS (FAB™) for C,;H34N3S [M+H]* Calcd: 432.2473, Found: 432.6537, pattern 432.5, 345.3,

266.4,176.3, 106.01 cm™'; HRMS (FAB") for C,,H3,N;3S [M+H]* Calcd: 432.2473, Found: 432.2460

1-(4-Cyanophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl| thiourea (1f)

S
H S H
Ph j,NJl—N—©—CN

Ph™ “NH

a



69% yield; [a]p2 = +55.5 (¢ = 0.02, CH,Cl,); 'H NMR (300 MHz, DMSO-de) § 10.3 (brs, 1 H), 8.54 (br s, 1 H), 7.84~7.72 (m,
4 H), 7.35~7.17 (m, 10 H), 5.54 (brs, 1 H), 4.14 (d, J=5.2 Hz, 1 H), 2.07 (brs, 1 H), 1.56 (brs, 1 H), 1.21 (m, 4H), 0.74 (t, J =

7.4 Hz, 3 H), 0.49 (t,J = 6.9 Hz, 3H); 3C NMR (100 MHz, DMSO-dg) & 180.62, 144.83, 141.92, 141.05, 133.40, 128.67, 128.33,

127.68, 127.64, 127.51, 121.76, 119.76, 105.41, 64.41, 63.72, 60.43, 56.33, 26.74, 23.98, 21.42, 14.74, 11.02, 8.56; IR (KBr)

3317.0, 2960.2, 2360.4, 2225.5, 1949.7, 1739.5, 1508.1, 1315.2, 1176.4, 1072.2, 837.0, 700.0, 545.8 cm’'; HRMS (FAB") for

Cy7H3N,S [M+H]* Caled: 443.2269, Found: 443.2279

1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl]-3-[4-(trifluoromethyl) phenyl]thiourea (1g)

s
H T H
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88% vield; [o]p2 = +45.5 (¢ = 0.02, CH,Cl,); "H NMR (300 MHz, DMSO-d¢) & 10.2 (br s, 1H), 8.41 (brs, 1H), 7.79 (d, J = 8.0
Hz, 2H), 7.64 (d, J = 8.5 Hz, 2H), 7.35~7.15 (m, 10H), 5.53 (br s, 1H), 4.13 (d, J = 5.5 Hz, 1H), 2.07 (m, 1H), 1.30~1.15 (m,
4H),0.73 (t,J="7.1 Hz, 3H), 0.49 (t, J= 6.9 Hz, 3H); >*C NMR (100 MHz, DMSO-d¢) & 180.91, 143.97, 141.18, 128.64, 128.52,
127.69, 127.48, 126.29, 122.41, 64.43, 63.71, 56.32, 26.68, 23.98, 10.98, 8.53; IR(KBr) 3205.3, 2962.3, 1945.9, 1741.5, 1517.8,
1324.9, 1245.9, 1066.5, 840.9, 700.1, 597.9 cm™'; HRMS(FAB*) for C,;H3 F3sN;S[M+H]* Calcd: 486.2191, Found: 486.2163.

1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl]-3-(perfluorophenyl)thiourea (1h)

R F
S
H Y H
Phj,NJI—NAQF
Ph™ “NH FF

89% yield; [a]p2 = +80.4 (c = 0.02, CH,Cl,); "H NMR (300 MHz, DMSO-dy) & 9.47 (s, 1 H), 8.61 (s, 1 H), 7.30~7.15 (m, 10
H), 5.48 (brs, 1 H), 4.13 (d,J=6.1 Hz, 1 H),2.08 (m, 1 H), 1.54 (br, 1 H), 1.30~1.14 (m, 4 H), 0.74 (t, /= 7.4 Hz, 3 H), 0.55
(t,J= 6.3 Hz, 3 H); 3C NMR (100 MHz, DMSO-d) 5 183.63, 145.82, 143.43, 141.90, 140.77, 139.01, 138.84, 136.56, 129.39,
128.61, 128.43, 127.68, 127.60, 115.93, 64.77, 64.53, 56.37, 26.72, 24.16, 10.86, 8.58; IR (KBr) 3299.8, 2964.2, 1525.5, 1344.2,
1145.6,991.3, 912.2, 700.1, 605.6 cm'; HRMS (FAB*) for CaH,7FsN3S [M+H]* Caled: 508.1846, Found: 508.1823.

1-(2,6-Difluorophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl| thiourea (1i)
F
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H T H
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91% yield; [a]p? = + 391.0 (¢ 0.12, CH,Cl,); 'H NMR (300 MHz, DMSO-ds) & 9.28 (s, 1 H), 8.21 (d, J = 3.57 Hz, 1 H),
7.44~7.34 (m, 2 H), 7.27~7.14 (m, 10 H), 5.43 (br, 1 H), 4.10 (d, J = 5.77 Hz, 1 H), 2.04 (br, 1H), 1.48 (br, 1H), 1.23~1.10 (m,
4H), 0.603 (t, J = 7.42 3H), 0.492 (br, 3H); IR(KBr) 3155.0, 2960.2, 2360.4, 1951.6, 1735.6, 1469.5, 1294.0, 1241.9, 1006.7,
837.0, 700.0, 572.8 cm'; HRMS(FAB") for C26H30F2N;S[M+H]* Calcd: 454.2129, Found: 454.2133

(R)-Dimethyl 2-(2-nitro-1-phenylethyl)malonate (5a)

[a]p?®=—1.98 (¢ 1.33, CH,Cl,); '"H NMR (300 MHz, CDCl;) 6 7.40~7.15 (m, 5H), 5.15~5.03 (m, 1H), 4.93 (dd, J=4.5, 12.8
Hz, 1H), 4.88~4.76 (m, 2H), 4.20 (td, J = 4.5, 9.5 Hz, 1H), 3.76 (d, J= 9.5 Hz, 1H), 1.24 (d, /= 6.1 Hz, 3H), 1.07 (d, /= 6.4
Hz, 3H), 1.01 (d, /= 6.4 Hz, 3H) ppm; 13*C NMR (100 MHz, CDCl;) 6 167.1, 166.4, 136.3, 128.9, 128.3, 128.2, 77.9, 69.9, 69.5,
55.1, 429, 21.5, 21.4, 21.19, 21.17 ppm; IR(KBr) 3030, 2985,1727, 1557 cm™'; HRMS(ESI) for C;3HsN,;O4[M+H]" Calcd:
282.09726, Found: 282.09728; HPLC [Chiralcel AD-H, hexane/2-propanol = 95/5, 1.0 mL/min, A = 254 nm, retention times:
(major) 23.3 min, (minor) 38.0 min].

(R)-Diethyl 2-(2-nitro-1-phenylethyl)malonate (5b)
0O O
NO,

[a]p?® =—4.61 (c 0.23, CH,Cl,); '"H NMR (300 MHz, CDCl;) 8 7.30~7.20 (m, 5H), 4.93 (dd, J=4.6, 13.1 Hz, 1H), 4.86 (dd, J
=9.2,13.1 Hz, 1H), 4.24~4.17 (m, 3H), 3.98~3.97 (q, J = 7.2 Hz, 2H), 3.81~3.79 (d, /= 9.5 Hz, 1H), 1.25 (t, /= 7.2 Hz, 3H),
1.03 (t, J= 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl;) 6 167.4, 166. 7, 136.2, 128.8, 128.2, 127.9, 77.6, 62.0, 61.8, 54.9,
42.9, 13.9, 13.6 ppm; IR(KBr) 2989, 2938, 1731, 1557 cm'; HRMS(ESTI) for C,sH,,N;Os[M+H]" Caled: 310.12906, Found:
310.12936; HPLC [Chiralcel AD-H, hexane/ethanol =90/10, 1.0 mL/min, A =254 nm, retention times: (major) 11.5 min, (minor)
15.3 min].

(R)-Diisopropyl 2-(2-nitro-1-phenylethyl)malonate (5c)

IS W

NO,

[a]p?® =—1.24 (¢ 1.00, CH,Cl,); '"H NMR (300 MHz, CDCl;) 6 7.32~7.22 (m, 5H), 5.10 (dd, /= 5.0,13.1 Hz, 1H), 4.91~4.979
(m, 3H), 4.21~4.19 (m, 1H), 1.25 (d, /= 2.0 Hz, 6H), 1.07 (dd, /= 2.0,2.0 Hz, 6H) ppm; '3*C NMR (100 MHz, CDCl;) 6 167.27,
166.54, 136.47, 129.07, 128.34, 127.9, 78.15, 70.15, 69.75, 55.35, 43.14, 21.80, 21.67, 21.48 ppm; IR(KBr) 3029, 2956, 1737,
1558 cm!'; HRMS(ESI) for C,;H4N,O¢[M+H]" Calcd: 338.16036 Found: 338.10532; HPLC [Chiralcel AD-H, hexane/2-
propanol = 95/5, 1.0 mL/min, A = 254 nm, retention times: (major) 14.8 min, (minor) 34.4 min].



(R)-Dipropyl 2-(2-nitro-1-phenylethyl)malonate (5d)
o o

NO,

[a]p?® =—1.73 (¢ 0.10, CH,Cl,); '"H NMR (300 MHz, CDCls) 8 7.31~7.22 (m, 5H), 4.92~4.87 (t, J= 5.0,9.5 Hz, 2H), 4.24 (m,
1H), 4.15~4.09 (m, 2H), 3.92~3.83 (dd,s, J =6.6 9.7 Hz, 3H), 1.68~1.61 (m, 2H), 1.49~1.42 (m, 2H), 0.93~0.88 (t, /= 7.4,7.4
Hz, 3H), 0.82~0.77 (t,J=7.4,7.4 Hz, 3H) ppm; 3C NMR (100 MHz, CDCls) 8 167.79, 167.17, 136.46, 129.14, 128.52, 128.17,
77.85, 67.86, 67.65, 55.17, 43.16, 21.97, 21.81, 10.48 ppm; IR(KBr) 3029, 2956, 1737, 1558 cm-'; HRMS(ESI) for
C17HpN;Og[M+H]* Caled: 338.16036 Found: 338.16336; HPLC [Chiralcel AD-H, hexane/2-propanol = 95/5, 1.0 mL/min, A =
254 nm, retention times: (major) 18.4 min, (minor) 38.9 min].

(R)-dibutyl 2-(2-nitro-1-phenylethyl)malonate (Se)
o o

NO,

[a]p?® = —2.55 (¢ 0.10, CH,Cl,); '"H NMR (400 MHz, CDCl3) 6 7.31~7.22 (m, 5H), 4.92~4.87 (t, /= 5.0,9.5 Hz, 2H), 4.24 (m,
1H), 4.15~4.09 (m, 2H), 3.92~3.83 (dd,s, J =6.6 9.7 Hz, 3H), 1.68~1.61 (m, 2H), 1.49~1.42 (m, 2H), 0.93~0.88 (t, J = 7.4,7.4
Hz, 3H), 0.82~0.77 (t, J=7.4,7.4 Hz, 3H) ppm; 1*C NMR (100 MHz, CDCl;) 6 167.79, 167.17, 136.46, 129.14, 128.52, 128.17,
77.85, 67.86, 67.65, 55.17, 43.16, 21.97, 21.81, 10.48 ppm; HRMS(EI) for C;4H»;NOg[M]" Calcd: 365.1838 Found: 365.1830;
HPLC [Chiralcel AD-H, hexane/2-propanol = 95/5, 1.0 mL/min, A = 254 nm, retention times: (major) 18.4 min, (minor) 38.9
min].

(R)-Diethyl 2-[1-(4-bromophenyl)-2-nitroethylmalonate (5f)

O O
/\)J\/U\/\
(6) (0]

/@/\/Noz
Br

77 % yield; [a]p?® = —3.56 (c 2.33, CH,Cl,); '"H NMR (300 MHz, CDCl;) 6 7.44~7.42 (d, J= 8.5 Hz, 2H), 7.13~7.11 (d, J= 8.2
Hz, 2H), 4.88~4.81 (m, 2H), 4.22~4.16 (m, 3H), 4.04~3.97 (q, J = 7.1,6.9 Hz, 2H), 3.78~3.75 (d, J=9.4 Hz, 1H), 1.26~1.21
(t,J=7.2,7.1 Hz, 3H), 1.08~1.03 (t, J=7.1,7.1 Hz, 3H) ppm; 3C NMR (100 MHz, CDCl;) 8 167.42, 166.83, 135.52, 132.29,
130.00, 122.62, 77.55, 62.50, 62.26, 54.86, 42.60, 14.17, 13.99 ppm; IR (KBr) 2983, 2950, 1732, 1556, 1490, 1445 cm’!
HRMS(ESI) for C;sH;oN;O¢Br[M+H]* Calcd: 388.03957 Found: 388.04495; HPLC [Chiralcel AD-H, hexane/ethanol = 95/5,
1.0 mL/min, A = 254 nm, retention times: (major) 35.9 min, (minor) 44.4 min].

(R)-diethyl 2-(1-(4-chlorophenyl)-2-nitroethyl)malonate (5g)
0 0

/\O O/\
NO,

Cl

[a]p??=-0.24 (¢ 0.43, CH,Cl,); 'HNMR (300 MHz, CDCls) 8 7.29~7.17 (dd, J= 20.6,8.2 Hz, 4H), 4.88~4.81 (m, 2H), 4.23~4.16
(m, 3H), 4.04~3.97 (q, J = 7.1,7.1 Hz, 2H), 3.78~3.75 (d, J = 9.3 Hz, 1H), 1.26~1.21 (t, J = 7.1,7.2 Hz, 3H), 1.08~1.03 (t, J =
7.2,6.8 Hz, 3H) ppm; 3C NMR (100 MHz, CDCl;) 8 167.44, 166.83, 134.98, 134.46, 129.69, 129.32, 77.63, 62.49, 62.23, 54.92,
42.55, 14.15, 13.97 ppm; IR (KBr) 2984, 1733, 1557, 1478, 1445, 1371 cm’! HRMS(ESI) for C,sH;oN;0CI[M+H]" Calcd:
344.08954 Found: 344.09119; HPLC [Chiralcel AD-H, hexane/ethanol = 90/10, 1.0 mL/min, A = 254 nm, retention times:
(major) 17.9 min, (minor) 24.1 min].

(R)-Diethyl 2-[2-nitro-1-(p-tolyl)ethylmalonate (5h)
O O

/\O/U\:)J\O/\

Hs;C

60 % yield; [a]p*® = —1.56 (¢ 1.33, CH,Cl,); '"H NMR (300 MHz, CDCls) & 7.09 (d, J = 15.2 Hz, 4H), 4.89~4.78 (m, 2H),
4.22~4.14 (m, 3H), 4.01~3.96 (q, J=7.0,7.1 Hz, 2H), 3.79 (d, J= 9.3 Hz, 1H), 2.27 (s, 3H), 1.25~1.22 (t,J=7.1,7.0 Hz, 3H),
1.06~1.02 (t,J=7.1,8.6 Hz, 3H) ppm; *C NMR (100 MHz, CDCl;) 8 167.74, 167.08, 138.27, 138.23, 133.30, 129.80, 128.05,
78.00, 62.32, 62.06, 55.24, 42.84, 21.28, 14.18, 13.97 ppm; IR(KBr) 3030, 2987, 1732, 1612, 1557 cm’!; HRMS(ESI) for
C16H2oN Og[M+H]* Caled: 324.14416 Found: 324.14648; HPLC [Chiralcel AD-H, hexane/ethanol = 98/2, 1.0 mL/min, A =254
nm, retention times: (major) 36.0 min, (minor) 42.8 min].

(R)-Diethyl 2-[1-(4-methoxyphenyl)-2-nitroethyljmalonate (5i)
O O
/\OJ\_/lLo/\

/@/\/NOZ
MeO

47 % yield; [a]p*® =—1.37 (¢ 0.80, CH,Cl,); '"H NMR (300 MHz, CDCls) 6 7.16~7.13 (d, J= 8.5 Hz, 2H), 6.84~6.81 (d, /= 8.8
Hz, 2H), 4.87~4.80 (m, 2H), 4.24~4.16 (m, 3H), 4.04~3.97 (q, J=7.1,7.1 Hz, 2H), 3.79~3.78 (d, J = 2.7 Hz, 1H), 3.76 (s, 3H),
1.28~1.23 (t,J=7.1,7.2 Hz, 3H), 1.08~1.03 (t, /= 7.1,7.1 Hz, 3H) ppm; 3C NMR (100 MHz, CDCl;) 6 167.73, 167.08, 159.61,
129.36, 128.17, 114.48, 78.12, 62.34, 62.06, 55.42, 55.30, 42.53, 14.19, 14.01 ppm; IR(KBr) 2988, 2936, 2904, 1730, 1612,
1552 cm’' HRMS(ESI) for C,¢H,,N,0;[M+H]* Caled: 340.13908 Found: 340.13901; HPLC [Chiralcel AD-H, hexane/ethanol =
90/10, 1.0 mL/min, A = 254 nm, retention times: (major) 23.8 min, (minor) 39.5 min].

(R)-Diethyl 2-[1-(2-methoxyphenyl)-2-nitroethyljmalonate (5j)
O O

/\OJ\_/U\O/\

OMe

51 % yield; [0]p2 = ~7.08 (¢ 1.30, CH,Cl,); 'H NMR (300 MHz, CDCly) § 7.26~7.21(m, 1H), 7.15~7.12 (m, 1H), 6.87~6.83
(m, 2H), 5.06~4.98 (dd, J=3.6,1.1 Hz, 1H), 4.89~4.83 (dd, J=3.6,1.1 Hz, 1H), 4.37~4.34 (m, 1H), 4.24~4.12 (m, 3H), 3.97~3.90
(q,J =7.2,7.2 Hz, 2H), 3.85 (s, 3H), 1.28~1.23 (t, J = 7.1,6.9 Hz, 3H), 1.01~0.96 (t, J = 7.2,7.1 Hz, 3H) ppm; '*C NMR (100
MHz, CDCls) § 168.14, 167.41, 157.62, 131.09, 129.83, 123.87, 120.96, 111.27, 76.40, 62.18, 61.77, 55.62, 52.89, 40.74, 14.20,

)



13.94 ppm; IR (KBr) 2984, 2939, 2908, 1732, 1613, 1556 cm’! HRMS(ESI) for C;sH,oN;O4[M] Calcd: 339.13125 Found:
339.12933; HPLC [Chiralcel AD-H, hexane/2-propanol = 95/5, 1.0 mL/min, A = 254 nm, retention times: (major) 14.9 min,
(minor) 20.6 min].

(R)-Diethyl 2-[1-(4-hydroxyphenyl)-2-nitroethylmalonate (5k)
o O

/\OJJ\/U\O/\

/@/\/NOZ
HO

40 % yield; [o]p?® =—1.56 (¢ = 0.50, CH,Cl,); '"H NMR (300 MHz, CDCls) & 7.09~7.06 (d, J = 8.3 Hz, 2H), 6.72~6.70 (d, J =
8.2 Hz, 2H), 5.63 (br, 1H), 4.91~4.74 (m, 2H), 4.25~4.12 (m, 3H), 4.05~3.98 (q, J = 7.1,6.8 Hz, 2H), 3.79 (d, J= 9.7 Hz, 1H),
1.29~1.24 (t,J=17.1,6.6 Hz, 3H), 1.09~1.05 (t,J=7.1,7.2 Hz, 3H) ppm; *C NMR (100 MHz, CDCl;) 8 167.74, 167.28, 155.88,
129.54, 128.06, 78.17, 62.44, 62.23, 55.29, 42.53, 29.92, 14.20, 14.00 ppm; HRMS(ESI) for C,sH,,N,0;[M+H]" Calcd:
326.12343 Found: 326.12903; HPLC [Chiralcel AD-H, hexane/ethanol = 90/10, 1.0 mL/min, A = 254 nm, retention times:
(major) 20.4 min, (minor) 50.6 min].

(R)-Diethyl 2-[1-(furan-2-yl)-2-nitroethylmalonate (51)
O O

/\O/U\/U\O/\

<\OJ/\/N02

78 % yield; [a]p?® = +5.06 (¢ 0.33, CH,Cl,); '"H NMR (300 MHz, CDCl3) 6 7.34~7.26 (d, J=23.9 Hz, 1H), 6.29~6.28 (t, J =
2.9,1.6 Hz, 1H), 6.22~6.21 (d, J = 3.0 Hz, 1H), 4.91~4.88 (m, 2H), 4.39~4.37 (m, 1H), 4.25~4.11 (m, 4H), 3.91~3.88 (d, J =
7.9 Hz, 1H), 1.28~1.23 (t, J=7.1,6.9 Hz, 3H), 1.22~1.17 (t, J=7.1,6.9 Hz, 3H) ppm; *C NMR (100 MHz, CDCl;) § 167.35,
167.04, 149.74, 142.95, 110.74, 108.67, 75.64, 62.38, 53.20, 37.03, 29.92, 14.17, 14.11 ppm; IR (KBr) 2985, 2940, 1734,1559,
1506, 1466, 1448; HRMS(ESI) for C;3H;sN;0,[M+H]" Calcd: 300.10778 Found: 300.10742; HPLC [Chiralcel AD-H,
hexane/2-propanol = 95/5, 0.6 mL/min, A = 254 nm, retention times: (major) 22.7 min, (minor) 29.2 min].

(R)-4-amino-3-phenylbutanoic acid (6a)
0

OH
NH,eHCI

[0]p2 = + 3.12 (¢ 2.33, MeOH); 'H NMR (400 MHz, D,0) & 7.27~7.19 (m, 5H), 3.21 (m, 2H), 3.11~3.08 (d, 1H), 2.69 (dd,
1H, J = 16.0, 6.0 Hz), 2.59~2.55 (dd, 1H, J = 16.5, 8.5 Hz) ppm; 3C NMR (100 MHz, DMSO-d) § 175.29, 138.61, 129.57,
128.11, 44.10, 39.94, 38.35 ppm; HRMS(ESI*) for CoH,,CINO,[M-HCI]* Calcd: 180.10, Found: 180.20.



Copy of HPLC Chromatograms

@)
@)
o =
NO,
Ph H

HPLC [Chiralpak OD-H column, hexanes/2-propanol = 93/7, flow rate = 1 mL/min, A = 220 nm] retention times: (major
enantiomer) = 19.4 min, (minor enantiomer) = 13.2 min, (minor diastereomers) 11.3, 15.7 min.
Racemic mixture
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S.0E+04+
2.0E+04~

1.0E+04-
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£ M -k

Total Area of Peak =

2.0E+0

1.5E+D:
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1319257 . 086

3025455.450 [uV.Sec]

AN
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Table 1-2

Table 1-3
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-20ED;
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187469698
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a.068
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ADE03

Z0E05-

0.0E00-

2005

-4.0E005-

B0

3000 W00 3000 00 [oAT) 00

# Hame RT fAreaful.Sec] Quantity
1 23.492 9857771 8.8688
2 27.758 98877 .987 8.8688
3 32.917 166708.317 8.8688
4 up.817 475406.5u45 8.8688

Total Area of Peak

592812.628 [ul.Sec]

Table 1-7
uis
~200
250
~300)
3501 s
-400
0 adon 2500 F0.00 F00 40.00 4500
# Hame RT nAreaf[uv.sSec] Quantity
1 23.388 12629.394 6.8688
2 27 .60808 13772.279 6.808
3 32.592 6729.778 6.6808
4 39.975 48892885 6.888
Total Area of Peak = 7u4823.456 [uU.Sec]
Table 1-8
w
E.0E+0:
0.0+
-2.0F+0:
-4 0E+0:
6,081
500
15.00 EGAT &5.00 30.00 F5.00
# Hame RT Area[ul.Sec] Quantity
1 18.22% 8143 .243 6.0808
2 28.933 17234 .385 6.0808
3 24858 17373 .441 6.808
L 28.192 473962 .58, 6.008
Total Area of Peak = 516653.653 [ul.5ec]
Table 1-9
u
& OE+Ds
E.OE+D.
4.0E+D)
2.0E+Ds
DB T500 T B LT TE00 Tind
#  Hame RT AreafuV.sec] Quantity
1 24767 113418.757 6.888
2 27.383 4790171.109 6.868
3 35.858 238650.438 6.868
L 43.858 6U96952.627 6.888
Total Area of Peak = 11639184.931 [uU.Sec]
Table 1-10
i
1.5E+04~
10Ew0e-]
S.0Ew05-]
0.0E+00-]
-5.0E+03—
e v :
-10E+D4
2R adon 2500 300 3500 adan 4500
# Hame RT AreafuU.Sec] Quantity
1 23.833 15546.833 8.888
2 27.133 106738.827 8.088
3 32.888 38123.5688 8.888
4 38.758 1146387.588 8.888
Total Area of Peak = 1298790.668 [ul.Sec]
Table 1-11
ui?
20E04—
1.0E+0d—
0L.0E 00—
-L0E+0d— =
25.00 Fdad 3500 EL T 4500
t#t HName RT AreafuV.sec] Quantity
1 23.258 11272.758 a.088a8
2 27.488 80813.0088 6.0688
3 32.325 34228.580 a.008
4 39.000 1715774.000 6.008
Total Area of Peak = 1842088.258 [ul.Sec]
Table 2-1
w
L0
30E0
2.0Es0
10E+D
0.0z
R R
15700 ELEDT 2500 F.00
# HMame RT AreafuVv.Sec] Quantity
1 12.87% 3u64.5008 B.800
2 15.4088 64993.571 6.0688
3 18.558 14985 .613 6.008
L) 23.142 278168.000 6.800
Total Area of Peak = 361611.683 [ulU.Sec]
Table 2-2



1.5E+0.

1.0E+D.

S.0E-D:

0.0E+00

1200 14.00 16.00 18.00 EG T EELT)

# Hame RT Areafuv.Sec] Quantity
1 18.800 10446 508 0.0088
2 12.733 33284.986 0.088
3 14.958 20855.099 0.00808
L 18.958 708711.5008 0.088

Total Area of Peak = 773298.085 [uV.Sec]

Table 2-3
1580a"
10E+0:
S.0EsO:
O.OE+O
1200 14.00 16,00 = 1200 adl.og EELT)
# HName RT Area[uV.3ec] Quantity
A 11.967 9032.0088 6.0088
2 14.192 17837.758 6.088
23 16.833 18151.588 8.068
L 20.575 773422 .0088 6.088
Total Area of Peak = 817643.258 [ul.Sec]
Table 2-4
v
14E+0.
1.2E0s
1.0E+0,
8.0E+0:
£.0E+0:
4.0E+0:
2.0E+0:
2 1: E!U 1400 1e.00 100 2.0 300
# Hame RT Area[uV.Sec] Quantity
b 11.983 7555758 6.000
2 14.175 53969.588 a.0088
3 16.858 23893.508 g.0088
] 28.688 Lo03608.758 a.8088
Total Area of Peak = 6B4779.588 [ul.Sec]
Table 2-5
& OE+D: o
E.0E+0:
4 OE+D:
2.0Es0;
1200 = 00 = 1E00 ¥ .60 adon ad00 2800 Twmin]
& HMName RT Areaf[uV.sSec] Quantity
1 12.658 5720.828 6.8088
2 15.117 1683687 .928 6.8088
3 18.042 13619.918 6.888
4 22.542  396788.258 6.888
Total Area of Peak = 426436.981 [ul_Sec]
Table 2-6
# Hame RT nAreafuV.Sec] Quantity
0 0 1 8.875% 900979 .3688 6.668
2 10.800 21685612.295 6.668
//\\\ 3 11.450 14579085 667 6.0688
0 L 19.92% L70822.508 g.06a
PH "/H NO 2 Total Area of Peak = 378444909.769 [ul.Sec]

HPLC [Chiralcel AD-H, hexane/2-propanol = 80/20, 0.8 mL/min, A = 210 nm, retention times: (major
diastereomer) 10.0, 11.4 min, (minor diastereomer) 8.0, 19.9 min].
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# Hame RT Areaful.Sec] Quantity

0 Q 1 25,775 21847099.508 6.000
2 33.400 4525516.000 B.066a
O/\ 3 41.133 219512@81.508 6.008
4 52.788 L4436148.000 6.008
“ N02
Ph H Total Area of Peak = 52759965.008 [uV.Sec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 90/10, 0.5 mL/min, A = 210 nm, retention times: (major
diastereomer) 41.1, 52.7 min, (minor diastereomer) 25.7, 33.4 min].
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# Hame RT Areaful.Sec] Quantity
1 15.742 386537 . 004 B.088
0 o 2 18.517 997411.375 6.008
3 23.392 216829 .330 6.0688
NO 4 28.858 871957 .569 0.006
2
Ph Total Area of Peak = 2391935.278 [ul.Sec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 93/7, 0.5 mL/min, A = 210 nm, retention times: (major
enantiomer) 28.8 min, (minor enantiomer) 23.3 min, (minor diastereomers) 15.7, 18.5 min].

u
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B.0E0:
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1500 Z000 Z5.00 3000 [min]
# Hame RT Area[uUl._Sec] Quantity
0 O 1 45 617 26882158.251 a.80a
2 L@.875 230858528 .250 a.80a
O/ ] 71.742 4202870.580 a.80a
L o4 417  3951128.871 B.88a

Ph /H Total Area of Peak = S8093869.871 [uV.5ec]

HPLC [Chiralcel OJ-H, hexane/2-propanol = 80/20, 0.5 mL/min, A = 210 nm, retention times: (major
enantiomer) 50.8 min, (minor enantiomer) 45.6 min, (minor diastereomers) 71.7, 94.4 min].
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FT) &A.00 K] E0.00 adon 10000
W
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D.OE+D
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# Hame RT nAreafuV.Sec] Quantity
o) 1 17.375 1125496998 8.888
o 2 18.717 32770835 ._805 8.888
e 3 28.4808 FLLLO7 . 788 8.888
0 L 22.258 1629143 .717 8.888
NO,

Ph ,/H Total Area of Peak = 36288274.388 [uV.5ec]

HPLC [Chiralcel AD-H, hexane/2-propanol = 90/10, 0.5 mL/min, A = 210 nm, retention times: (major
enantiomer) 18.7 min, (minor enantiomer) 22.2 min, (minor diastereomers) 17.3, 20.4 min].
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O/

- NO
Ph’ H 2

# Hame RT Areaful.Sec] Quantity

1 14758 23687076.798 a.0088
2 17.867 12451976.718 a.8088
3 37.392 513151089.068 a.808
4 68.642256725602.508 a.808

Total Area of Peak = 344179765.8808 [ul.Sec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 90/10, 1 mL/min, A = 210 nm, retention times: (major
enantiomer) 68.6 min, (minor enantiomer) 14.7 min, (minor diastereomers) 17.0, 37.4 min].

1aE0e"Y
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2.0E+05

AN
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S.0E+05
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4.0E+05
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ad.on 4000 Ed.00 8000 [min]
ui
20.00 40,00 &0.00 * &0.00  [min]
# Hame RT Areaful._Sec] Quantity

1 26.680 2868457.0680 B.808
2 34.483 2058382.298 B8.a880
3 42 175 69383439.750 g8.a00
L) 54,225 5318285.500 0.000

Total Area of Peak = 78812484.541 [ul.Sec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 90/10, 0.5 mL/min, A = 254 nm, retention times: (major
enantiomer) 42.1 min, (minor enantiomer) 26.6 min, (minor diastereomers) 34.4, 54.2 min].
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/ # Hame RT Areaful._3ec] Quantity
(0]
- ~NO; 1 13.725 3681824.789 6.808
H 2 16492 3829099_826 8.088
3 18.842 2579399438 8.088
! 25,117 20101765874 8. 088

Total Area of Peak = 38111289 _838 [ul_Sec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 97/3, flow rate = 1 mL/min, A = 220 nm: retention times: (major
enantiomer) 25.1 min, (minor enantiomer) 16.4 min, (minor diastereomers) 13.7, 18.0 min].

u
3.5E+D!

F.0E+0

2.5E+0!
&.0F+0
1.5E+0!
1.0E+0!
5.0E+0 /\

500

ad.on 2500 30.00

10E+0! o
&.0E+0,
£.0E+0:
4.0E+0:
2.0E+0.
foED 00 ELET] =0 o0
o ¢ :
J/ # Hame RT Area[ull.3Sec] Quantity
0]
a9 NO, 1 19758 63514 .816 a.888
H 2 23.767 SO448.492 6.888
3 28.342 132361.135 a8.008
4 42.508 3650288.255 6.888
Cl Total Area of Peak = 3896596.698 [ul.Sec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 97/3, flow rate = 1 mL/min, A = 220 nm: retention times: (major
enantiomer) 42.5 min, (minor enantiomer) 28.3 min, (minor diastereomers) 19.7, 23.7 min].

u
2550
2.0E+0!
1.5E+0!

1.0E+0!

5.0Es0, /
0.0Es0H

/

25E0.

2.0E+0,

15E+0:

1.0E+0,

5.0Es0:

0.0E+01

30.00 4000 50000 [min]

S0.00 adon 50000 [min]
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0
O/ # Hame RT AreafuV.Sec] Quantity
Y NO, 1 21.558 162612 .6860 6.000
2 27.1008 51384 .339 08.6880
3 28.0867 232165 .719 B8.6888
4 38.333 8224147 .0060 6.6068
Br Total Area of Peak = 8618389.858 [ul.3ec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 97/3, flow rate = 1 mL/min, A = 220 nm: retention times: (major
enantiomer) 38.3 min, (minor enantiomer) 28.0 min, (minor diastereomers) 21.5, 27.1 min].

uis

5.0204-]
4.0E+04-]
30504
20504 \.
1OE+04-] 5 / 7
T zdoo 2500 30.00 FE00 44.00 4500 [rain]
7oEe0a"Y
6.0E+04-]
5.0E+04-]
4.0E+04-
3.0E+04-]
2.0E+04-]
1.0E+04—
0.0E+00- L ) dokiaes
2000 T SO0 T EG T i
)
Q 7
O #t Hame RT Area[uV.Sec] I]uantit_u
<~ "NOy
"H 1 29.558 2458846.258 6.800
2 35.6088 5248699 .508 8.880
3 41.392 2549363.088 6.800
4 47.833 99354544 .50 a.088
Total Area of Peak = 189611453.258 [ull.Sec
MeO [ ]

HPLC [Chiralcel OD-H, hexane/2-propanol = 97/3, flow rate = 1 mL/min, A = 220 nm: retention times: (major
enantiomer) 47.8 min, (minor enantiomer) 35.6 min, (minor diastereomers) 29.5, 41.3 min].

u
2.0E0

E.0Es0

40540
20540 / /
0.0 .

B ELa i TA00 fwnd

T.0E+0!
£.0E+0!
S.0E+0!
4.0E0!
3.0E+0!
2.0E+0!
1.0E+0!

:-3%‘.0-0 4000 5000 6000 [min]
0 (0] # Hame RT Areaf[uV.Sec] Quantity
/
0 1 45,842 23268493.702 8.088
7 N02 2 51.633 B688B388.588 8.088
'H 3 G4_ 383 137600978.045 8.088
oM 4 61.158 24242080.942 8.0808
e

Total Area of Peak = 69959941.278 [ul.Sec]

HPLC [Chiralcel OJ-H, hexane/2-propanol = 95/5, flow rate = 1 mL/min, A = 220 nm: retention times: (major
enantiomer) 45.8 min, (minor enantiomer) 51.6 min, (minor diastereomers) 54.3, 61.1 min].

W
£.0E+0!

5.0E+0!
4.0E+0!
3.0E+0!
2.0E+0!

1.0E+0!

500 00 00 =m0 EE00
sogs"
F.0E0
Z0E0
1.0E+0!
4500 SO0 B30 &d.o0 [T
# Hame RT HI‘EE[UU.SEC] l]uantity
1 17.125 138674897 a.808
0] 2 19.533 34286.508 B.808
0 /s 3 28.558 25535.588 a.808
L 23.467 11243377 .0088 A.808
NO,

n-Bu Total Area of Peak = 114831873.897 [ul.5ec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 95/5, flow rate = 0.5 mL/min, A = 215 nm: retention times:
(major enantiomer) 23.4 min, (minor enantiomer) 17.1 min, (minor diastereomers) 19.5, 20.5 min].

ui
35E+0H
3.0E+05
2.5E+05—
2.0E+05—

1.5E+05]
1.0E+05—
S.0E+04—~
16.00 15,00 ad.on ad.o0 2400 2E00
u
2.5E+05
2005
1.5E+05
102405
5.0E+D4-]
&0 500 2000 EEXT) 2400 2600 Ze.00
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#t Hame RT Area[uV.sec] Quantity

1 12 258 234762 _BH2Z a.88a
2 12 683 233386982 G.88a
3 17.388 15429728384 B.088
L 19192 19723716.998 a.88a

Total Area of Peak = 35621515.226 [ulU.3ec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 95/5, flow rate = 0.5 mL/min, A = 215 nm: retention times:
(major enantiomer) 19.1 min, (minor enantiomer) 17.3 min, (minor diastereomers) 12.2, 12.6 min].

ui

2.5E+0!
2.0E+0!
1.5E+0!
1.0E+0!

5.0E+0.

— oo
12,00 14.00 16.00 18.00 000 200 a4.00

1.0E+0
S.0E+0!
6.0E+0!
4.0E+0!

2.0E+0!

Zan ; a0 (5] : REAT] Z0.00 7200 400

# Hame RT Areaful.Sec] Quantity
1 16.283 1810857 .925 A.608
2 11817 11934421750 Aa.868

Total Area of Peak = 12115479.675 [ul.Sec]

HPLC [Chiralcel OD-H, hexane/2-propanol = 95/5, flow rate = 1 mL/min, A = 215 nm: retention times: (major
enantiomer) 11.4 min, (minor enantiomer) 10.2 min, (minor diastereomers) 19.3, 36.1 min].

W
S.0E+0!

4.0E+0!
3.0E+0!
2.0Es0

0B+

(AL 00 20,00 ZE00 3000

O] 0 # Hame RT Area[uV._.Sec] Quantity
O/
1 23.875  707145.501 0.008
", NO, 2 25.892  668944.701 0.0808
H 3 35.267 13748602.776 0.0008
n 41.958 12519883 .891 0.008

Total Area of Peak = 27643776.869 [ul.3ec]

HPLC [Chiralcel OJ-H, hexane/2-propanol = 80/20, 0.5 mL/min, A = 210 nm, retention times: (major
enantiomer) 41.9 min, (minor enantiomer) 25.8 min, (minor diastereomers) 35.2, 23.8 min].

uil
2.0E+05

1.5E+05
1.0E+05

5.0E+04~

0.0E+00

ad.oo = .00 ad.on s0.00
ui
S.0E+0
B.0E+0
4.0E+0
2.0E+0
0.0E+0
ad.on : S0.00 40.00 SO0
o O
# Hame RT AreafuV.3ec] Quantity
O//
1 17.783 G4L2Y4 _088 6.808
7 N O 2
2 19.742 75275 .088 g8.800
3 38.588 9593487875 g8.888
L 42.942 12434138.625 68.888
Br Total Area of Peak = 22167325.500 [ul.Sec]

HPLC [Chiralcel OJ-H, hexane/2-propanol = 80/20, 0.5 mL/min, A = 210 nm, retention times: (major
enantiomer) 42.9 min, (minor enantiomer) 38.5 min, (minor diastereomers) 17.7, 19.7 min].

sogeos"Y

F.0E+D!
2.0E+0!

1.0E+0!

ad.on F0.00 4000 50.00

4.0E+0!
3.0E+0!
2.0E+0!

1.0E+0!

9.0F:0 Z000 300 LT S000 Twin]

o O # Hame RT Area[ul.Sec] Quantity
e
0 1 h6.125 422853.658 a.088
N NO, 2 57.408 860830.957 0.008
3 f6.758 2534193.945 a.088
4 02.458 3004670.000 B.08080
MeO Total Area of Peak = 6321748.568 [ul.Sec]
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HPLC [Chiralcel OJ-H, hexane/2-propanol = 80/20, 0.5 mL/min, A = 210 nm, retention times: (major
enantiomer) 92.4 min, (minor enantiomer) 76.7 min, (minor diastereomers) 46.1, 57.4 min].

u
1.5E+04—

1.0E+04-
5.0E+03
0.0E+00—

2

Ad.0n ed.on oo 0000 [min]

1.2E+05
1.0E+05—
.0E+04—
£.0E+04—
4.0E+04~
2.0E+04~

0.0E«00-

40.00 E0.00 &0.00 0000 [min]

racemic
&.0E+04~
1.0E+04~
183
/—ﬂ-ﬁ\
0.0+ || |
000 E0.00 000 40.00 SO.00 [min]
# Hame RT AreafuV.sec] Quantity
1 26.183 1542949.250 a.e08
2 30.675 1517415.518 a.ea8

Total aArea of Peak = 3868364768 [ul._Sec]
asymmetric
1.0E+04-

350
E0E+03
| —ee
0.0E-00H ‘ |
10760 20.00 30.00 £d00 50000 [min]
# Hame RT Area[uV.Sec] Quantity
1 23.350 1665563 .654 06.000
2 38.0833 182731.754 06.000
Total Area of Peak = 1848295.4087 [uV.Sec]
o0 O

/\OMO/\

[:::::T//*\\v/,N()z

Racemic mixture

2.0E-D4~

542

0.0

&00 00 won 1200 oo 16,00 18.00 FLETT [rin]
#  Hame RT AreafuV.Sec] Quantity
1 18.542 1553861.580 a.aea
2 14.592 1514396259 a.008

Total Area of Peak = 2068257 _759 [uU.Sec]

asymmetric

20804

042

450
0.0E+0 7

) 00 000 jELD oo 1E00 Eon 3000 [min]
# Hame RT AreafuV.Sec] Quantity
il 10.942 1398174.488 6.008
2 15.450 429596.258 6.0088

Total Area of Peak = 1827778.738 [ulU.Sec]

LI
o

racemic
20«04~
aaz
1.0E+04~
4933
0000
idon adon 3d.00 adon s000 [mwin]
# HMame RT Areaf[uVv.Sec] Quantity
1 13.892 1836013.500 6.000
2 32.933 1798358.272 a.868
Total Area of Peak = 3626371.772 [ul_Sec]
asymmetric
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E0E+04-

4.807

10E-04-

0.0E+00-]

has

10000

i T 000

# Hame RT Area[uV.Sec] Quantity
1 14.892 1819330.618 6.008
2 34.425 7135.957 6.6008
Total Area of Peak = 1826466.575 [uV.Sec]

o0

[min]

o O
\/\O)J\_/U\O/\/
“_NO,
racemic
2.0Es08-]
1.0E«04~ 217
208
0.0E+00~
000 adon 30.00 .00 SO00 [win]
# HName RT nArea[uV.sec] Quantity
1 17.217 1630453 .750 0.o000
2 35.308 1582824.23% 6.000
Total Area of Peak = 3213277 985 [ul.Sec]
asymmetric
2.0E+04
1.0E+04~
g.442
0.0Z+00-]
| g
.00 0 000 adon S0.00  [min]
# Hame RT Area[ull.Sec] Quantity
1 18.442 1095660.083 6_a0a
2 38.983 18333.713 6.6808
Total Area of Peak = 1185993.796 [uV.3ec]
0O O
N PN
O O
NO,
racemic
oy
B0E+05H
5.0E+0~
4.0E+05H
S0E+0H 1874
2040
1.0E+0H /MQKK_
0.0E+004 ! T : T
0E+0! r ;
i o0 15.00 2o a0 3000 Tmin]
#t  HName RT AreafuV.Sec] Quantity
1 11.875 13421786.797 0.080
2 22.675 13376900.0600 0.0808
Total Area of Peak = 26798695.797 [uU.Sec]
asymmetric
w
30E0H
2.0E+0H
10E-0H i
0.0E+00 L 118
filoa 1200 1400 00 a0 2000 200 nin]
# Hame RT Areaful.Sec] Quantity
1 11.917 53410673.000 0.000
2 20.158 164684 . 600 0.000
Total Area of Peak = 5585757.800 [ul._Sec]
o O
/\OMO/\
“__NO,
Br
racemic
we
2.0E~05-]
£.0Ew05-]
4.0E~05-]
2.0Ew05-]
0.0E~00-]
1500 adon E500 Fdo0 [rmin]
# HName RT Area[ul.Sec] Quantity
1 16.642 60491517._000 0.0660
2 25.725 612708776.944 0.88a
Total Area of Peak = 121762293.948 [uV.Sec]
asymmetric

15



1.0E04—

5.0E+03

241

425

0.0E+00-

3000

# Hame

1
2

ELET)

RT

35,
uy,

00

Areaful._Sec]

942 1972322.854
425 119808 . 443

BT

Quantity

Total Area of Peak = 2092131.297 [uV.Sec]

5500

[rain]

Imin]

[min]

[rin]

Iwin]

o O
/,/’\\(),Jl\\t//lL\()//\\\
“_NO,
Cl
racemic
1.0E+0s
067
35
0.0F+01 |
|
00 15,00 2d.an 500 3000
# HName RT Area[uVv.Sec] Quantity
1 17867 932562.750 0.000
2 23.525 943874 557 0.000
Total Area of Peak = 1876437.307 [ul.Sec]
asymmetric
S.0E+03 967
0.0Es00 | |
000 1500 20.00 25.00 3000
# Hame RT Areaful._Sec] Quantity
1 17.967 820056 . 000 0.000
2 24 133 39260. 000 0.060
Total Area of Peak = 868316.0080 [ul.Sec]
o O
/\Ouo/\
' N02
H;C
racemic
5003
67
0
o —l
300 3500 adon 45700 SO0 5500
# Hame RT Areaful._Sec] Quantity
1 34.367 528153.367 0.600
2 44, 3088 522110.714 0.600
Total Area of Peak = 1858264.881 [ul.3Sec]
asymmetric
5.0E+03
58
|
9RE | __h_g4__h::::::::::::2:=“=‘-—‘ﬁ7——h____q______44444___
F000 00 4000 4500 000 E5.00
# HName RT AreafuVu.Sec] Quantity
1 36.058 714B76.500 6.600
2 L2825 68679 _473 6.600
Total Area of Peak = 783555.973 [uU.Sec]
o O
///\\(),Jl\\;//LL\()//\\\
HO
racemic
E.0E-04—
003
92
, ‘ /\
1000 B0 3000 4d.o0 50,00 6000
# Hame RT Area[ul._Sec] Quantity
i 19.088 2185303.508 6.008
2 4L5.292 2130083.798 0.0060
Total Area of Peak = 4315387.298 [ul.Sec]
asymmetric
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5.0E 03

450

0.0E+00—
| mers
000 2000 F0.00 40,00 50,00 B0.00 [min]
# HName RT AreafuV.Sec] Quantity
208.450 Q77542 507 6.000
5B.675 52967 .106 6.000
Total Area of Peak = 1838589.613 [ul.Sec]
o O
/\OMO/\
NO,
MeO
racemic
4.0E+04-
602
2.0E+04~
350
il l | k
000 ad.on F0.00 000 000 [rain]
# HName RT Area[uV.sec] Quantity
1 22.592 5516084.082 0.08008
2 37.358 5478535.787 8.08088
Total Area of Peak = 18994619.878 [ul.Sec]
asymmetric
20E+04-]
842
10E«04-
I/_/——"lm\
00500 I |
000 adon LT 4000 SO0 [min]
# HName RT Area[uVu.Sec] Quantity
il 23.842 3696676.981 a.888
2 39.542 831848008 a.888
Total Area of Peak = 4528524 _.981 [ul.Sec]
o O
/\OMO/\
OMe
racemic
2.0E+04
12 83
1.0E+04~
0.0E+00+
1000 15500 a0.00 2500 G000 [win]
# Hame RT Area[ul._Sec] Quantity
1 14125 1241599500 o.060
2 18.783 1159655.500 a.000
Total Area of Peak = 2481255.888 [uU.Sec]
asymmetric
2.08+04-|
250
1.0E+04
| 0 BE7
0.0E+00- |
10,00 1500 2d.00 2500 000 [min]
# Hame RT fArea[uV.Sec] Quantity
1 14.958 1319133 .644 B6.6888
2 20.667 238418.500 06.000
Total Area of Peak = 1557552_144 [uU.Sec]
0O O
<Oj/\/NO2
racemic
4.0E.04-]
2.0E+04-]
a2 g08
0.0E+00— ||
15.00 2000 2500 30.00 35.00
# Hame RT Area[ul.Sec] Quantity
1 21.992 10870477 .324 0.000
2 28.5088 1868758.258 0.888
Total Area of Peak = 2131235.574 [ul.Sec]
asymmetric

17



40504

20E+04—
i

75

0.0E0! |

15200 adon 2500 Fdon 3500 [min]
# Hame RT Area[ul.Sec] Quantity
1 22.725 22086332.877 a.608
2 29.27% 2790742.508 6.608
Total Area of Peak = 2486075.377 [uV.3ec]
Table 1. Michael reactions using catalyst 1d.
Cycle product Catalyst recovery [%]° vyield [%]* ee [%]°
1st 5d 99 98 99
2nd 5d 99 97 99
3rd 5d 99 97 99
4th 5d 99 97 99
“Isolated yield. “Determined by chiral HPLC.
It cycle
2.0E+05
2417
10E+05+
| lza nzs
0.0E+D0
1500 2d.on 2500 30.00 3500 4000
# Hame RT Areaful.sec] Quantity
1 19417 119351681.786 8.088
2 39.0825 6669.580 8.0e00
Total Area of Peak = 11981771.286 [uV.Sec]
2 cycle
v
25E+04-|
2.0B+04-]
15E+04-]
10Es04-]
542
50E+03
0.0E+ 00 2 . 4060
000 25.00 30.00 35,00 40,00 [min]
# Hame RT #Area[uV.Sec] Quantity
b | 20.542 308327 .913 0.800
2 48.692 676451 0.800
Total Area of Peak = 3910804.364 [uU.Sec]
3 cycle
1.0E+05+
5802
S.0E+04~
o0 EGT] : ZE00 F0.00 3500 [min]
# Hame RT nArea[uV.Sec] Quantity
b 18.892 7788954 . 382 a.668
2 36.288 201.614 6.608
Total Area of Peak = 7789155.996 [ul.Sec]
4t cycle
uw
15E+05
1.0E+05
5.0E04 /K
0.0E+00-] ; T L A
-5.0E+04-|
1500 2000 500 3000 E00 000 [win]
# HMame RT Area[uVv.Sec] Quantity
| 17488 4239882 .258 6.808
Z 36.658 20305.508 B.808

Total Area of Peak = 4268187 .758 [ul.Sec]

NMR Spectra
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MASS Spectra

1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-phenylthiourea (1a)

S
Phj,HJl—H—Q

Ph” “NH,
HRMS (FAB*) for C,;H,,N;S [M+H]* Caled: 348.1534, Found: 348.1530.

[ Elemental Composition ]

Data : HFAB20080507-008 Date : 07-May-108 21:22
Sample: JS-Cat?7

Note : in with MeOH

Inlet : Direct Ion Mode : FAB+

RT : 2.23 min Scan#: 24

Elements : C 21/0, H 22/0, N 3/0, S 1/0 ‘

Mass Tolerance : 20ppm, 10mmu if m/z < 500, 50mmu if m/z > 2500

Unsaturation (U.S.) : 0.0 - 100.0

Observed m/z Int%
348.1530 8.1

Estimated m/z Error([ppm] U.S. C H N S
348.1534 -1.3 13 .5 24 22 3

1-(4-Nitrophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl|thiourea (1b)

S
H S H
PthJ—N—@NOZ

Ph™ “NH

a

HRMS (FAB™) for CycH3N,O,S [M+H]" Calcd: 463.2168, Found: 463.2186.

S/~
P NN~ o,

ey .-".__
Ph m 4

CogHagN4028
Exact Mass: 462 2089
B cey.C Mol. Wi.: 4826070

C, 67.50 H, 654 N, 1211, 0, 6.92; 5,653
KH.J-340
|
| |
| | l [
ol . L M
e PP [PV, | Y IO, | N P e SRV TIOCT 111 PR YRR J,____.,_.hlll.l. s bR oo 3

1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-[3,5-Bis(trifluoromethyl)phenyl]thiourea (1b)
CF;

S
H | H
Ph._N—L-N

T

Ph” “NH CFs
2
HRMS (FAB+) for C,3Ha0F¢N3S [M+H]+ Caled: 484.1282, Found: 484.1280
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Instrument : MStation

Sample : 11

Note : m—NBA

Inlet : Direct lon Mode : FAB+

RT : 0.16 min Scantt : (7.17)

Elements : C 100/0, H 100/0, F 10/0, N 5/2, § 2/0

Mass Tolerance - 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (U.S.) : 5.0 — 20.0

Observed m/z Int% Err{ppm / mmul U.S. Composition

1 484 .1280 162, 3:2 -19.5 / -9 .4 17.0 C27 H18 F6 N2

2 +19.5 / +9 . 4 14.0 C24 H16 F8 N2

3 +6.5 / 32 17.5 C26 H16 F6 N3

4 =61 ./ -3.0 10.0 C20 H17 F9 N4

5 =i Qll; 4 =02 13.5 C22 H17 F7 Nb

6 +19.9 / +9.6 10.5 C19 H15 F9 Nb

7 +12.5 / +6 .1 10.0 C21 H20 F8 N2 S
8 -0.4 / -0.2 13.5 (€23 H20 F6 N3 S
9 -13.4 / -6.56 17.0 C25 H20 F4 N4 S
10 -13.1 / =fc3 6.0 C17 H21 F9 N4 S
11 G o Fh7.5) 17.98 C24 H18 F4 N5 S
12 +12.9 / +65.3 6.5 C16 H19 F9 N5 S
13 +5.2 / D 17.0 C26 H23 F3 N2 S2
14 BB 4 DT 6.0 C18 H24 F8 N2 S2
15 -1.4 7/ -3.6 9. 5 C20 HZ24 F6 N3 S2
16 -20.4 / -9.9 13.0 C22 H24 F4 N4 S2
17 +18.6 / +9.0 10.0 C19 H22 F6 N4 S2
18 +5.6 / +2.7 13.58 C21 H22 F4 N5 82

1-(4-Fluorophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl]thiourea (1c)

S
Ph:j,H-JL—H—%<::>%—F

Ph™ “NH

0

HRMS (FAB") for C,¢H3 FN;S[M+H]" Caled: 436.2223, Found: 436.2201

[ Elemental Composition ]

Data : HFAB20080507-010 Date : 07-May-108 21:34
Sample: JS-Catll

Note : in with MeOH

Inlet : Direct Ion Mode : FAB+
RT : 2.03 min Scan#f: 22
Elements : C 26/0, H 31/0, N 3/0, F 1/0, S 1/0

Mass Tolerance : 20ppm, 50mmu if m/z > 2500

Unsaturation (U.S.) : 0.0 - 100.0

Observed w/z Int%

436.2201 30.9
Estimated m/z Error[ppm] U.S. € H N F S
436.2223 =50 13.5 26 31 3 i 1

1-[3,5-Bis(trifluoromethyl)phenyl]-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl|thiourea (1d)
CF,

S
H H
Ph N N

T

HRMS (FAB™) for CysH30F¢N;S [M+H]" Caled: 554.2065, Found: 554.2020

Ph” ““NH CFs3

CF3

5 -
H [ H /N
Ph._.N N—
W

P ‘
¢ ZE-Jun-1B8 AZ:2@ Ph™ "N— CFz
L

CopHagFgMaS
Exact Mass: 553.1885
Mol Wit 553.6054
G,60.75 H, 5.28; F, 20.58; N, 7.59; §, 5.79

2.8d x KH.J-343

il

LA ) JOPRITT SO BU U (R s ey

el L

1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl]-3-(p-tolyl)thiourea (1e)

s
H S H
Ph:I,N-JL—N—4<::>F—CH3

Ph™ “NH

"

HRMS (FAB") for C,7H34N;S [M+H]* Caled: 432.2473, Found: 432.2460

[ Elemental Composition ] Page: 1
Data : HFAB20080507-009 Date : 07-May-108 21:27

Sample: JS-Catlo

Note : in with MeOH

Inlet : Direct Ion Mode : FAB+

RT : 1.36 min Scan#: 15

Elements : C 27/0, H 34/0, N 3/0, S 1/0 )

Mass Tolerance : 20ppm, 10mmu if m/z < 500, 50mmu if m/z > 2500

Uneaturation (U.S.) : 0.0 - 100.0
Observed m/z Int%
432 .2460 64.5

Estimated m/z Error[ppm] U.S. ¢ H N S
432.2473 -3.1 13.5 27 34 3

1-(4-Cyanophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl] thiourea (1f)
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HRMS (FAB") for Cy;H3N4S [M+H]" Calcd: 443.2269, Found: 443.2279.

Sample: KHJ-341

Note : 1n uwith MC

Inlet ¢ Oirect lon Mode : FRB+

Spectrum Type : Normal Ton [EF-Linear]

B[ & 178 min Seant & 22 Temp @ 37.7 deg.C
BF : msz 443.2279 Int. o 282.18

Output m7z range : 330.0009 toc 580.0088 Cut Level : B.88 «

2958879 443,23 KHJ-341
182 4

98 -

82

1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl]-3-[4-(trifluoromethyl) phenyl]thiourea (1g)

S
H S H
Phj,NJ-l—N@—CFg,

Ph” “NH

HRMS(FAB") for Cy;Hs FsN;S[M+H]* Calcd: 486.2191, Found: 486.2163.

[ Elamental Composibion ]

Data : HFRB2OOBO0OOB1S-009 Date : 04-Aug-108 14:13
Sample: FHI-375

Note : in with MC

Inlet : Direct Ion Mode : FAE+

ET : 0.92 min Scang: 12

Elements : C 27/0, H 3170, W 2/0, F 3/0, 3 1/0

Mass Tolerance : 20ppm, 10mmmu if mfz < 500, S50mme if mfz = 2500
Ungaturation (U.5.}) : 0.0 - 100.0

Chaserved m/z Intk

486 .2163 1c0.0
Estimated m/z Error[ppm] TU.S. i H M F 5
486 .2191 -5.8 138 27 31l 3 3 1

1-[(1R,2R)-2-(Pentan-3-ylamino)-1,2-diphenylethyl]-3-(perfluorophenyl)thiourea (1h)
R F

S
H S H
Ph. N—ILN F

J

HRMS (FAB™) for CycH»7FsN;S [M+H]" Caled: 508.1846, Found: 508.1823.

Ph”” “NH FF

[ Elemental Composition ]

Data : HFAB2008000818-010 Date : 04-Aug-108 14:20
Sample: KHJ-376

Note : in with MC

Inlet : Direct Ion Mode : FAB+

RT ¢ 1.25 min Scan#: 16

Elements : C 26/0, H 27/0, N 3/0, F 5/0, S 1/0

Mass Tolerance : 20ppm, 10mmu if m/z < 500, S50mmu if m/z >[2500

Unsaturation (U.S.) : 0.0 - 100.0

Observed m/z int%

508.1823 100.0
Estimated m/z Error[ppm] U.S. @ H N F
508.1846 -4.5 13.5 26 27 3 5

1-(2,6-Difluorophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyl]thiourea (1i)
F
S
H H
N—L-N

Ph j,
Ph ’I/N{ F
H

HRMS(FAB") for C26H30F2N;S[M+H]* Calcd: 454.2129, Found: 454.2133
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CagHagFal3S
Exact Mass: 4532050
Med, Wi.: 453.5804
C, 66.85; H, 6.44; F, 8.38; N, 9.26; S, 7.07

KHJ-364

i e

| l | LL foe .
' ._Mﬂu.mﬁﬁ _-.J.|L._;h‘....t..\........,._....,‘.Mwu“'

| ,
L IR TATEY" FPPey I IV Ty =

Ethyl-2-acetyl-4-nitro-3-phenylbutanoate(4a)

0 0
o
pr’ y NO2

HRMS (FAB") Calcd. for [C14H1sNOs]*: 280.1185; Found: 280.1187
Instrument : MStation

Sample : 1

Note : m—NBA

Inlet : Direct [on Mode : FAB+

RT : 0.85 min Scan# : (25,113)

Elements : C 100/0, H 100/0, N 5/0, O 10/0

Mass Tolerance : 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (US.) : -0.5 - 10.0

Observed m/z Int% Err[ppm / mmu] U.S. Composition
1 280.1187 60.05 +5.5 / +1.5 7.0 C12 H16 N4 04
2 +0.7 / +0.2 6.5 C14 H18 N 05
3 -25.0 / -7.0 2.5 C8 H18 N5 06
4 -29.8 / -8.4 2.0 C10 H20 N2 07
5 +15 .1 / +4 2 2.5 C9 H18 N3 O7
6 +10.3 / +2.9 2.0 C11 H20 08
Ethyl-2-acetyl-2-methyl-4-nitro-3-phenylbutanoate(4b)
0O 0
0
“, NO
Ph H T2
HRMS (FAB*) Calcd. for [C,sHyNOs]*: 294.1341
Instrument : MS3tation
Sample : 9
Note : m—NBA
Inlet : Direct Ion Mode : FAB+
RT : 0.66 min Scan# : (20,28)
Elements : C 10070, H 100/0, N 5/0, O 10/0
Mass Tolerance : 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (U.S.) : 0.0 — 15.0
Observed m/z Int% Errlppm / mmul U.S. Composition
1 294 . 1342 29 .44 -22 .6 / -6 .7 15.0 C23 H18
2 -4 .4 / -1.3 11.5 C16 H16 N5 O
3 -8.9 / —2.6 11.0 C18 H18 N2 02
4 +33.8 / 9« 9 11.5 C17 H16 N3 02
5 +29.3 / +8.6 11.0 CcC19 H18 03
6 +4 .7 / +1 .4 7.0 C13 H18 N4 04
7 +0.2 / +0 .1 6.5 GC15 H20 N O5
8 -24 .3 / = s 2 2 D C9 H20 N5 06
9 =28 .9 J =8 : 5 2.0 C11 H22 N2 O7
10 +13.9 / +4 .1 2 w=h C10 H20 N3 O7
11 +9.3 / +2 .7 2.0 C12 H22 08

Ethyl-1-(2-nitro-1-phenylethyl)-2-oxocyclopentanecarboxylate(4c)
0

0
o
NO,

H
Ph
HRMS(FAB*) Calcd. for C;sH,0NOsNa:306.1341, found: 306.1341

Instrument : MStation

Sample : 2

Note : m—NBA

Inlet : Direct lon Mode : FAB+

RT : 0.14 min Scan# : (5,11)

Elements : G 100/0, H 100/0, N 5/0, O 10/0

Mass Tolerance : 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturatien (U.S.) : 0.0 — 15.0

Observed m/z Int% Err[ppm / mmu] U.S. Composition

1 306.1341 21.87 -4.5 / -1.4 12.5 C17 H16 N5 O
2 =88 £ =27 12.0 C19 H18 N2 02
3 +32.2 / +9.8 12.5 C18 H16 N3 02
4 +27.8 / +8.5 12.0 C20 Hi18 03

5 +4.2 / +1.3 8.0 C14 H18 N4 04
6 -0.2 / -0.0 7.9 C16 H20 N 03
i7 -23.7 / =7 =3 3.5 C10 H20 N5 06
8 =285 -8.6 3.0 C12 H22 N2 Q7
9 +13.0 / +4.0 3.5 C11 H20 N3 07
10 +8.6 / +2.6 3.0 C13 H22 08

Methyl-1-(2-nitro-1-phenylethyl)-2-oxocyclopentanecarboxylate (4d)
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Ph
HRMS(FAB") Calcd. for C;sHgNOs: 292.1185, found: 292.1180

Instrument ;. MStation

Sample : 8

Note : m—-NBA

Inlet : Direct [on Mode : FAB+

RT : 2.79 min Scan# : (82,97)

Elements : C 100/0, H 100/0, N 5/0, O 10/0

Mass Tolerance : 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (U.S.): 0.0 - 15.0

Observed m/z Int% Err[ppm / mmul U.S. Composition

1 292 .1180 3.08 -6.3 / -1.8 12.5 GC16 H14 N5 O
2 -10.9 / -3.2 12.0 C18 H16 N2 02
3 +32.2 / +9.4 12.5 C17 H14 N3 02
4 +27.6 / +8.1 12.0 C19 H16 03

5 +2.9 / +0.8 8.0 C13 H16 N4 04
6 -1.7 / -0.5 7.5 C15 H18 N 05
7 -26.4 / -7.17 3.5 C9 H18 N5 06
8 -31.0 / -9.1 3.0 C11 H20 N2 O7
9 +12.1 / +3.5 3.5 C10 H18 N3 07
10 +7.5 / +2.2 3.0 C12 H20 08

Methyl-1-(2-nitro-1-phenylethyl)-2-oxocyclohexanecarboxylate(4e)
o ©

Ph H
HRMS(FAB*) Calcd. for C;sHyNOs : 306.1341, found: 306.1340

Instrument : MStation

Sample : 4

Note : m—NBA

Inlet : Direct Ion Mode : FAB+

RT : 2.62 min Scan#t : (77,79)

Elements : C 100/0, H 100/0, N 5/0, O 10/0

Mass Tolerance - 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (U.S.): =05 - 10.0

Observed m/z Int% Errlppm / mmul U.S. Composition

1 306.1340 38.33 +3.9 / il 2 8.0 C14 H18 N4 04
2 -0.5 / -0.1 7.5 C16 H20 N 05

3 -24.0 / -7.4 3.5 C10 H20 N5 06
4 -28.4 / -8.7 3.0 C12 H22 N2 07
5 +12.7 / +3.9 3.5 C11 H20 N3 07
6 +8.3 / +2.5 3.0 C13 H22 08

7 +25.8 / +7.9 -0.5 C6 H20 N5 09

Methyl-1,2,3,4-tetrahydro-2-(2-nitro-1-phenylethyl)-1-oxonapht-halene-2-carboxylate(4h)
O O

HRMS(FAB") Caled. for Cy0Hp0NOs : 354.1341, found: 354.1345

Instrument : MStation

Sample : 3

Mote : m=NBA

Inlet : Direct lon Mode : FAB+

RT : 0.34 min Scan# : (9,35)

Elements : C 100/0, H 100/0, N 5/0, O 10/0

Mass Tolerance - 1000ppm, Smmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (US.) : 5.0 = 20.0

Observed m/z Int%h Errlppm / mmul U.S. Composition

1 354 . 1345 21.38 -17.9 / -6.4 20.0 C28 H18

2 -2.8 / -1.0 16.5 €21 H16 Nb O
3 -6.6 / -2.3 16.0 C23 H18 N2 Q2
4 +25.1 / +B.9 16.0 C24 H18 03

5 +4 .8 / +1.7 12.0 C18 H1&8 N4 04
6 +1.0 / +0.4 11.5 €20 H20 N O5
ki -19.4 / -6.9 7.5 C14 H20 N5 06
8 -23.2 f -B.2 7.0 C16 H22 N2 O7F
9 +12.4 / +4 4 7.5 C15 H20 N3 07
10 +8.6 / +3.0 7.0 C17 H22 08

Methyl-1-(2-nitro-1-p-tolylethyl)-2-oxocyclopentanecarboxylate(4i)
o %

0

a8 NO,

HRMS(FAB") Caled. for [C;sH20NOs]": 306.1341, found: 306.1340

Instrument : MStation

Sample : 4

Note : m—NBA

Inlet : Direct lon Mode : FAB+

RT: 262 min Scan# : (77.79)

Elements : G 100/0, H 100/0, N 5/0, O 10/0

Mass Tolerance - 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (US) :-05- 100

Observed m/z Int% Err[ppm / mmu] U.S. Composition

1 306.1340 38.33 +3.9 / +1.2 8.0 C14 H18 N4 04
2 -0.5 / -0.1 7.5 €16 H20 N O5

3 -24.0 / =74 3.5 C10 H20 N5 06
4 -28.4 / -8.7 3.0 C12 H22 N2 07
5 +12.1 / +3.9 3.5 C11 H20 N3 07
6 +8.3 / +2 .5 3.0 C13 Hz2 08

7 +25.8 / 7.0 -0.5 ©C6 H20 N5 09

w
oo



0]
/
9]

z NO,

Cl
HRMS(FABY) Calcd. For [C;sH;sCINOs]" : 325.0717 , found: 325.0720

Instrument : MStation

Sample : 6

Note : m—NBA

Inlet : Direct lon Mode : FAB+

RT : 2.20 min Scant : (65,68)

Elements : C 100/0, H 100/0, 35CI 2/0, 37Cl 2/0, N 5/0, 0 10/0
Mass Tolerance : 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (U.S.) : 0.0 - 15.0

Methyl-1-{1-(4-chlorophenyl)-2-nitro}ethyl-2-oxocyclopentaneca-rboxylate(4j)
o}

Observed m/z Int% Errlppm / mmu] U.S. Composition
1 326.0796 13.19 -12.6 / -4.1 3.5 €15 H23 35CI 37Cl2 N
2 +26.0 / +8.5 4.0 C14 H21 35CI 37Cl12 N2
3 +7.5 / +2.4 3.5 C13 H21 35CI12 37CI N3
4 -7.0 / -2.3 8.5 C16 H18 37Cl12 N3
5 -25.5 / -8.3 8.0 C15 H18 35CI 37CI| N4
6 +13.1 / +4.3 8.5 C14 H16 35CI 37CI N5
7 +3.4 / +1.1 3.0 C15 H23 35C12 37CI O
8 =111 7 =3=6 8.0 C18 H20 37Cl12 O
9 -29.6 / -9.6 7.5 €17 H20 35CI 37CI N O
10 +27.5 / +9.0 8.5 C17 H18 37CI2 N O
11 +9.0 / +2.9 8.0 C16 H18 35CI 37CI N2 O
12 -9.5 / -3.1 7.5 €15 H18 35C12 N3 O
13 -24.0 / -7.8 12.5 C18 H15 37CI N3 O
14 +29.1 / +9.5 8.0 C14 H16 35CI2 N4 O
15 +14.6 / +4.8 13.0 C17 H13 37Cl1 N4 O
16 -3.9 / -1.3 12.5 C16 H13 35CI N5 O
17 -13.6 / -4.4 7.0 C17 H20 35Cl2 02
18 ~28.1 4/ =9.2 12.0 C20 H17 37CI1 02
19 +25.0 / +8.1 7.5 C16 H18 35Cl12 N 02
20 +10.5 / +3.4 12.5 €19 H15 37CI N 02
21 -8.0 / -2.6 12.0 C18 H15 35CI N2 02
22 +30.6 / +10.0 125 C17 H13 35CI1 N3 02
23 +5.4 / +1.7 4.5 C11 H18 37C12 N5 02
24 +26.5 / +8.6 12.0 C19 H15 35CI O3
25 +1.2 / +0.4 4.0 C13 H20 37Cl2 N2 O3
26 =T 28 8 =0 6 3:5 C12 H20 35CI 37CI N3 03
27 +21.3 /7 +7.0 4.0 C11 H18 35CI 37CI| N4 03
28 +2.9 / +0.9 3.5 C10 H18 35CI12 N5 03
29 -11.6 / -3.8 8.5 C13 H15 37CI N5 03
30 -21.4 / =i 3.0 C14 H22 35C1 37CI1 04
31 +17.2 / +5.86 3.5 C13 H20 35CI 37CI N 04
32 -1.3 / -0.4 3.0 C12 H20 35Cl2 N2 04
33 =085, 4 4 =b.l 8.0 C15 H17 37CI1 N2 04
34 +22.8 / +7.4 8.5 C14 H15 37CI1 N3 04
35 +4.3 / +1.4 8.0 C13 H15 35CI N4 04
36 -28.6 / -9.3 12.5 €15 H12 N5 04
37 +18.7 / +6.1 8.0 C16 H17 37Cl 05
38 +0.2 / +0.1 7.5 C15 H17 35C1 N 05

0
7
0

a NO,

Br
HRMS(FAB+) Calcd. for [C;sH;BrNOs]* :370.0290, found: 370.0288

Instrument : MStation

Sample : 5

Note : m—NBA

Inlet : Direct lon Mode : FAB+

RT : 2.62 min Scan# : (88,93)

Elements : G 100/0, H 100/0, 79Br 2/0, 81Br 2/0, N 3/0, 0 10/0
Mass Tolerance - 1000ppm, 5mmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (US.): 0.0 - 15.0

Methyl-1-{1-(4-bromophenyl)-2-nitroethyl}-2-oxocyclopentaneca-rboxylate(4k)
o]

C12 H24 79Br 81Br N3

C13 H24 79Br 81Br N O

Observed m/z Int% Err[ppm / mmul U.S. Composition

1 370.0288 3.42 +6.1 / +2.3 2.0 C13 H24 81Br2 N2

2 =Fud Ff —2:8 1.8

3 =“qle8 4 =42 1.0 C14 H26 79Br 81Br O
4 -285.2 /4 —8.3 0.5 C13 H26 79Br2 N O
5 +22.7 / +8 .4 1.5

6 +8.8 / +3 .3 1.0 C12 H24 79Br2 N2 O
7 =243 -9.0 12.5 C18 H15 81Br N3 O
8 +6.0 / +2.2 12.5 C19 H15 81Br N 02
9 ~F 8 -2.9 12.0 C18 H15 79Br N2 02
10 +26.2 / 9. 7 12.5 C17 H13 79Br N3 02
11 +22.6 / +8.3 12.0 C19 H15 79Br 03
12 ~l Tt 4 =83 8.0 C15 H17 81Br N2 04
13 +16.9 / +6.3 8.5 C14 H15 81Br N3 04
14 +13.3 / +4.9 8.0 C16 H17 81Br 05
156 =0.8 / =05, 2 7.5 C15 H17 79Br N 05
16 -9.8 / -3.6 3.5 C12 H19 81Br N O7
17 -23.7 / -8.8 3.0 Ci11 H19 79Br N2 07
18 +24 .1 / +8.9 4.0 C11 H17 81Br N2 07
19 +10.3 / +3.8 3.5 C10 H17 79Br N3 Q7
20 +8.,7 4 +2.5 3.0 C12 H19 79Br 08
2+ -6.3 / -2.3 14.5 C16 H8 N3 08
22 -10.0 / =3, 7 14.0 C18 H10 09
23 +24 .0 / +8.9 14.5 C17 H8 N 09

Methyl-1-(1-(4-methoxyphenyl)-2-nitroethyl)-2-oxocyclopentane-carboxylate(41)

o ©

s

(0]
-~ "NO2
"H

MeO
HRMS(FAB+) Calcd. for [C;sH9NOg]* : 321.1212, found: 321.1210

39



Instrument : MStation

Sample : 7

Note : m—NBA

Inlet : Direct [on Mode : FAB+

RT : 0.21 min Scan# : (743)

Elements : G 100/0, H 100/0, N 5/0, O 10/0

Mass Tolerance : 1000ppm, Smmu if m/z < 5, 10mmu if m/z > 10
Unsaturation (U.S) : 0.0 - 15.0

Observed m/z Int% Errlppm / mmul Uu.s.
1 321.1210 81.74 =4, 9 F =] 6 13.0
2 -9.1 / -2.9 12.5
3 +30.1 / +9 .7 13.0
4 +25.9 / +8.3 12.5
5 £33 4 4 FA 8.5
6 -0.7 / 2 8.0
7 -23.2 / -71.4 4.0
8 =T fe -8.8 3.5
9 + 171 8 o +3.8 4.0
10 +7.6 / +2 4 3.6
11 +24.3 / +7.8 0.0

Composition
C17 H15 N5 02
C19 H17 N2 03
C18 H15 N3 03
C20 H17 04
C14 H17 N4 05
C16 H19 N 06
C10 H19 N5 O7
C12 H21 N2 08
C11 H19 N3 08
C13 H21 09

C6 H19 N5 010

Methyl-1-(1-(2-methoxyphenyl)-2-nitroethyl)-2-oxocyclopentane-carboxylate(4m)

o @ p
0
o

OMe

NO,

LRMS(ESI) Calcd. for [C;HoNOg Na]*:344.1110, found: 344.1137

| BFC 49.0000-1001.0006 +All MS

Intens.
108 C16H19NNa OB

1.504

3441137

1.004

0.7

0.50+

0.254

243100

0.00 T .l.l . l [ b -

+MS, 0.1-0.3min #(4-16)

100 200 300 400 00 500 700 800

Methyl-1-(1-nitrohexan-2-yl)-2-oxocyclopentanecarboxylate(4n)

W
~~NO,
/

-Bu H

n
LRMS(ESI) Caled. for [Ci3H,1NOsNa]* :294.1317, found: 294.1352

900" "miz

BPC 49.0014-1001.0001 +All MS
Intens. |
X107 2941352

1.24

4741999

0.84
0.64

0.44
3441107

0.24 2251475

619.2558

004 ¢ v = 0 . ,,.,.A_.J‘.‘Ln.lJ.l_,...'-.,pr__ .,L,l.-...._ .l,Jp.,... — \'1-‘-~

+MS, 0.1-0.2Zmin #{5-14)

100 200 300 400 500 600 700 800 800 | mz

Methyl-1-(2-nitro-1-p-tolylethyl)-2-oxocyclohexanecarboxylate(4q)
o O

-

0
. NO
by V02

LRMS(ESI) Calcd. for [Cy7;H,;NOsNa]* : 342.1317, found: 342.1297
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— BPC 49.0016-1001.0045 +All MS

Intens.
%102 C17H21NNaO5
1.5
3421297
1.0
0.5
273.1458

474.1956

+MS, 0.1-0.3min #(6-16)

100

Methyl-1-(1-(4-chlorophenyl)-2-nitroethyl)-2-oxocyclohexanecar-boxylate(4r)

o ©O
0

-

Cl

500

0.04 i, M {IJ Lmﬂ i. .Ju hl A l A ri | T "
200 300

400

600

700

800

LRMS(ESI) Calcd for [C;¢H;sCINOsNa]* : 362.0771, found: 362.0763

900

T
miz

[ BPC 49.0009-1001.0049 +All MS

Intens.

+MS, 0.1-0.5min #(6-29))

%10 C16H18CINNaO5
362.0763
3]
5]
14
203.0914
474.1964
226.9484
ol S— .L.“‘L".L'L],- " J‘,"LH‘,,L. o . . ,
100 200 300 400 500 600 700 800 200 miz

Methyl-1-(1-(4-bromophenyl)-2-nitroethyl)-2-oxocyclohexanecar-boxylate(4s)

o O
~

0
. NO
H 2

Br

LRMS(ESI) Calcd. for [CisH;sBrNOsNa]* : 406.0266, found: 408.0255

If BPC 49.0141-1000.9945 +All MS

Intens. +MS, 0.1-0.4min #(6-26)
x109 C16H18BrNNaO5
4.
408.0255

3_

2 4741987

1 of

337.0420
0 - i nlluu llzlllllll L l }

100 200 300

Methyl-1-(1-(4-methoxyphenyl)-2-nitroethyl)-2-oxocyclohexane-carboxylate(4t)

400

500

600

700

41

800

900

‘ miz



MeO
LRMS(ESI) Calcd. for [C{7H, NOgNa]* : 358.1267, found: 358.1252

| BPC 49.0153-1000.9955 +All MS

Intens. +MS, 0.1-0.4min #(5-24)
X105 C17H21NNaO6
4_
358,1252

3_

2_

1 .

289.1401
537.3957
0 . L 'LL ll | .L 1I|l‘ll il e . . . . .
100 200 300 400 500 600 700 800 900 miz

Dimethyl 2-(2-nitro-1-phenylethyl)malonate (5a)
o O

@) (o

NO,

HaC. CHs,

HRMS(ESI) for C3H;6N;Os[M+H]* Calcd: 282.09721, Found: 282.09726

s3-2#1 RT:0.01 AV: 1 NL: 1.03E4
T: FTMS + p ESI Full ms [150.00-310.00]

105 279.15704
C13H13 06N

95
282.27948

85
80
75
70 280.26376
65

60

Relative Abundance

55
50

45
280.15927 281.13635

40 C1aH1s Os N C1aH1s O N

35

30 279.23251
25 / 282.09726
/ C13H16 06 N

20 /
281.26678

0=t
279.0

HRMS(ESI) for C;5H,0N;0[M+H]* Caled: 310.12851, Found: 310.12936

s4 #313 RT:4.46 AV:1 NL:1.91E4
T: FTMS + p ESI Full ms [150.00-400.00]

105 310.12936
C15sH2006 N

65 309.16815
C1isH19 06 N

50 310.17035
C15H20 06 N
|

Relative Abundance

309.27982
| 310.31073

LSS N [ N [ S B B S B s S I B I B
310.0 310.1 310.2 310.3

LI I S S S B S S B S B B |
309.6 309.7 309.8 309.9

m/z

LS o s e s e B B e e e |
309.1 309.2 309.3 3094 309.5
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Diisopropyl 2-(2-nitro-1-phenylethyl)malonate (5c)

LA

NO,

HRMS(ESI) for Ci7H,4N;04[M+H]" Calecd: 338.15981 Found: 338.16336

s10-1 #210 RT:3.20 AV: 1 NL: 2.98E2
T: FTMS + p ESI Full ms [250.00-430.00]

105 338.10532
C17H24 06 N

338.27075

C17H24 06N
336.25650

75 C17H2206N

Relative Abundance
(2]
o

337.16528
45 C17H23 Os N

T UL L L L AL L A L L L L L L R L L R L N T T T T T T
336.2 336.4 336.6 336.8 337.0 337.2 337.4 337.6 337.8 338.0 338.2 338.4
m/z

Dipropyl 2-(2-nitro-1-phenylethyl)malonate (5d)
o o

HRMS(ESI) for Cy7H,4N04[M+H]" Calecd: 338.15981 Found: 338.16336

s8-2#2 RT:0.02 AV: 1 NL: 2.25E3
T: FTMS + p ESI Full ms [250.00-430.00]

108 337.16681
C17H23 Os N
337.24002
C17H23 06 N

Relative Abundance
o
o

338.16336
C17H24 06N

338.06592
40 C17H24 06N

338.38235

338.34573

25 337.07175

C17H23 06N \

338.22183 |
C17H24 06N

Dibutyl 2-(2-nitro-1-phenylethyl)malonate (5e)
o o
NOZ

HRMS(EI) for CioH,7;NOg[M]* Calcd: 365.1838 Found: 365.1830

Sanle: CSY- (dibutyl-mal)

Not&¢ : -

Inlé&t : Direct Ion Mode : EI+

RT : 0.70 min Scan#: 22

Elelents : C 19/0, H 27/0, N 1/0, O 6/0

Masg8 Tolerance : 1000ppm, 1Ommu if m/z < 10, 20mmu if m/z > 20
Ungaturation (U.S.) : -0.5 - 50.0

Obgerved m/z Int% Err[ppm / mmu] U.S. Composition
365,1830 0.2 -2.2 / -0.8 7.0 C19H27NOG®G6

s11-2#14 RT:0.16 AV: 1 NL:1.10E3
T: FTMS + p ESI Full ms [300.00-500.00]

115

388.26157

388.11996
80 C15H19 O6 N Br

388.29007

387.96771
C15H19Oe N Br

Relative Abundance

388.14868

C15H19 Os N Br 388.32581

388.04495
30 C1s5H19 Os N Br

olr——— ;

T T T T T T T T T T T T
387.95 388.00 388.05

T T T T T T T T T T T T 4o | T T T [ T T T T T T
388.10 388.15 388.20 388.25 388.30 388.35

m/z

Diethyl 2-[1-(4-bromophenyl)-2-
nitroethyl|malonate (5f)
O O

/\O/U\)J\O/\

/@/\/NOZ
Br

HRMS(ESI) for
C:15H19N1O6BI'[1\/I+H]Jr Calcd:
388.03903 Found: 388.04495



Diethyl 2-(1-(4-chlorophenyl)-2-nitroethyl)malonate (5g)
o 0

/\O

Cl

o™
N02

HRMS(ESI) for C;5H;9N;OsCI[M+H]* Calcd: 344.08954 Found: 344.09119

s5#175 RT:2.21 AV: 1 NL: 1.22E4
T: FTMS + p ESI Full ms [250.00-440.00]

Relative Abundance

343.07047

C1sH18 Os N CI

343.23645

344.09119

C1s H19 Os N CI

T

34

T
3.

1

T T T T T T
343.2 34

T
3.

T
3

T T T
343.4

T T T T T T

343.5

34

T

m/z

T
3.

T T
343.7

Diethyl 2-[2-nitro-1-(p-tolyl)ethyllmalonate (5h)

Relative Abundance

0]

O
/\O/U\)J\o/\

HsC

HRMS(ESI) for CisH,oNOg[M+H]* Caled: 324.14416 Found: 324.14648

$9-1_141107004052 #151 RT:2.17 AV: 1 NL: 3.87E2
T: FTMS + p ESI Full ms [250.00-430.00]

323.21716

C16H21 06 N

T T T TT

34

T T
343.9

344.0

T T T T T T T T T T T T T

344.1 344.2

324.14648
C1i6H2206 N

o

T

T T T T T

23.2

323.3

T

T T T T

$12-2#43 RT: 068 AV: 1 NL:2.42E2
T: FTMS + p ESI Full ms [250.00-430.00]

Relative Abundance

130

125

120

115

110

105
100

339.13275

C16H21 07N

323.4

339.99887

Diethyl 2-[1-(4-methoxyphenyl)-
2-nitroethylmalonate (5i)
o O

340.13901 e )J\/U\ N
O O

C16H2207 N

/©/\/N02
MeO

HRMS(ESI) for
(:16H22]I\IlO7|:1\/I+I_I:|Jr Calcd:
340.13908 Found: 340.13901

339

A

T
39.2

T T T T T

339.3

T

33!

T

9.4

T T T T

T T T T T T T T
340.1 340.2



Diethyl 2-[1-(2-methoxyphenyl)-2-nitroethyl]malonate (5j)
o O

/\O)J\:/U\O/\

©j‘\/NO2
OMe

HRMS(ESI) for CisH,,NO¢[M] Calcd: 339.13125 Found: 339.12933

s6 #56 RT: 0.72 AV: 1 NL:4.84E2
T: FTMS + p ESI Full ms [250.00-440.00]

105 339.06815
Cis6H21 07N

75 339.12933
C1eH21 O7 N

Relative Abundance

/@/\/Noz
HO

HRMS(ESI) for Cy5sH,N,07[M+H]" Caled: 326.12343 Found: 326.12903

s21107-2#73 RT: 1.16 AV: 1 NL: 2.64E2
T: FTMS + p ESI Full ms [230.00-420.00]

105 324.14386
CisH18O7 N

85 327.25943
C1sH21 07N

326.12903
75 C15H2007 N

Relative Abundance

s1-1#27 RT:0.32 AV:1 NL: 1.44E4
T FTMS‘+ P ES!FUII ms [150.00-500.00]
T T

T T T IABARLARAAN RARSS RARES) | NSARRARA RARSI BARALT T T ASARARRAS RARS) BaRRL T T
324.0 3245 325.0 3255 326.0 326.5 327.0

301.14139
Ci13H19O7 N

* Diethyl 2-[1-(furan-2-yl)-2-
nitroethyl|malonate (51)
80 O O

75 /\O/U\/U\O/\

70 -

o O NO,
" <\J/\/
299.15451
C13H17O7N

50 Crabing OrN HRMS(ESI) for
4% C]3H]8N107[M+H]+ Calcd:
a0 300.10778 Found: 300.10742

Relative Abundance
o
a

300.26877

’ ﬂ ﬂ 45, A

LI S S R B U AL S S R B s N B S e T T T T T T
299.2 299.4 299.6 299.8 300.0 300.2 300.4 300.6 300.8 301.0 301.2
m/z




4-amino-3-phenylbutanoic acid (6a)
@)

OH
NH,

LRMS(ESI*) for CoH,,CINO,[M-HCI]* Caled: 180.10, Found: 180.20.

x107 |+ Scan (0.497 min) Phenibutfinal_20.d

1.054
117.10000
9999852

14
0.95
0.9
0.85
0.8

0.75

145.10000
5038765

102.10000
0451 1467951

- JUUM n

163.10000 180.20000
02 1916403 1874076

At NS

A A

8 9 100 110 120 130 140 150 160 170 18
c

Referrence

0 1% 200 210 220 230 240 25 260 270 280 200 300 310
ounts vs. Mass-to-Charge (m/z)

a) D. Almasi, D. Alonso, E. Gomez-Bengoa, C. Najera, J. Org. Chem. 2009, 74, 6163; Manzano, R.; Andrés, J. M.; Muruzabal, M.; Pedrosa,
R. Adv. Synth. Cat. 2010, 352, 3364; T. Okino, Y. Hoashi, T. Furukawa, X. Xu, Y. Takemoto J. Am. Chem. Soc. 2005, 127, 119; b) X. Jiang,
Y. Zhang, X. Liu, G. Zhang, L. Lai, L. Wu, J. Zhang, R. Wang, J. Org. Chem. 2009, 74, 5562; ¢) K. Murai, S. Fukushima, S. Hayashi, Y.
Takahara, H. Fujioka, Org. Lett. 2010, 12, 964; d) Z. H. Zhang, X. Dong, D. Chen, C. J. Wang Chem. Eur. J. 2008, 14, 8780;

Computational Results of DFT Calculations

EE + Thermal Free Energy Correction = -3238.1132 Hartree

Symbolic Z-matrix:

Charge = 0 Multiplicity = 1
-5.33711
-4.72135
-5.51868
-6.89867
-7.50509
-6.71919
-4.73363
-5.05033
-7.49909
-8.57853
-7.18386
-2.9338
-3.75437
-4.19836
-3.82396
-2.9988
-2.5541

oo TTTZTOOO0000

-0.08333
-1.02586
-1.76266
-1.55921
-0.61787
0.11811
0.48762
-2.48933
-2.13674
-0.46829
0.8388
-0.26512
0.77022
0.77645
-0.2487
-1.27758
-1.28801

-0.70798
0.1279
1.0133
1.07397
0.23886

-0.65341

-1.40337
1.66779
1.76786
0.27377

-1.31898
245144
2.92218
4.24606
5.11685
4.65522
3.33176
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-4.03055
-4.83319
-4.16747
-2.69769
-1.90844
-3.20633
-2.48133
-0.99641
-2.61133
-2.74189
-2.98563
-0.56858
-0.18634
2.66837
3.99338
4.95985
4.55404
3.23731
2.2671
1.95611
5.98924
2.95373
1.01068
-0.52506
0.98595
6.65534
5.00054
6.00521
5.70532
3.60848
4.23635
5.53917
4.37989
-3.11363
-2.88937
-4.1966
2.61735
1.49806
0.42029
1.59968
-4.38872
-3.77799
-2.78778
-0.54584
-6.39118
-3.80967
-3.00092
-1.62662
-5.67362
0.00666
0.08853
-5.83479
-7.35234
-3.25803
-4.58371
-2.37621
-3.4772
-2.58398
-3.32068
-0.85035
-1.83848
-2.80053
-0.46858
-0.60649
-0.34553
-2.68855
-3.24556
-4.36109
-2.64201
-6.50983
-0.97914
3.84618
3.95502
5.06835
6.3022
5.06789
7.49728
6.31447
6.26567
4.13008
7.48342
8.43877
6.25807
8.41572
2.36901

1.56771
1.58249
-0.24451
-2.07416
-2.0797
-1.2666
-0.23616
-0.29233
-1.11652
0.75401
-2.26917
0.63787
-1.35201
-2.759
-3.17489
-2.43177
-1.24579
-0.82429
-1.55091
-3.35578
-2.76103
0.10153
-0.94656
-3.00617
-0.0188
-0.13394
0.84
-0.95891
-4.47832
-4.79195
-5.52715
-0.40499
-4.4893
-1.9956
-3.48069
-1.8546
3.11021
2.39657
2.41708
1.73911
3.42936
3.89739
2.87011
2.58424
3.48894
2.77871
1.65936
3.47151
3.87113
3.19416
2.28759
3.82882
3.9932
4.84617
4.03977
-1.55399
-3.71403
-0.48508
-4.44163
-1.77574
-3.62522
-2.08522
-1.36285
-2.84291
-1.2957
-4.32704
-5.48219
-4.25306
-0.13566
2.40432
1.70271
2.92822
2.22227
3.55494
2.97376
4.70822
3.52824
2.07374
5.26153
5.17971
4.67152
3.06905
6.15236
5.10498
3.70152

2.24277
4.598
6.14539
5.32663
2.97249
0.06213
0.99211
0.84397
-1.28117
0.60178
0.42831
0.79514
0.62177
0.53669
0.43045
-0.23688
-0.84343
-0.77574
-0.0567
1.08281
-0.25801
-1.24978
0.03609
1.01752
-0.40362
-0.79247
-1.90119
-2.7311
1.40104
2.1146
0.12821
-1.57066
1.02004
-2.37435
-2.01725
-2.54344
0.76577
0.25834
0.96884
-0.87499
-0.55237
-1.86294
-2.36843
-3.25711
0.79468
0.31352
-2.45407
-2.74356
-0.45166
-3.97031
-2.41958
1.67051
0.71635
-1.71271
-2.58695
-3.66621
-1.12144
-3.80814
-3.14522
-3.59636
-1.75102
-4.52566
-2.65898
-3.61953
-4.44374
-4.0323
-2.81033
-3.43823
-1.57936
0.82703
-3.73059
0.24133
-0.57371
0.71142
0.34353
1.5257
0.79349
-0.25671
1.95931
1.79474
1.59638
0.51862
2.57535
1.93821
1.63193
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EE + Thermal Free Energy Correction = -3238.1079 Hartree

Symbolic Z-matrix:
Charge =
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0 Multiplicity = 1

3.17585
1.83049
1.28201
2.04592
3.37875
3.93872
3.62423
0.24376
1.6023
3.97585
4.97549
0.57718
0.5293
0.38222
0.28625
0.33396
0.47937
0.57302
0.33449
0.16944
0.25162
0.51585
0.97139
0.83356
-0.14539
1.48801
1.78864
-0.0369
0.27167
-1.49052
-4.4922
-5.74751
-6.02316
-4.98872
-3.72276
-3.44389
-4.32763
-7.0077
-2.93763
-2.12776
-2.27633
-1.54069
-6.24147
-5.66838
-4.11453
-8.06166
-6.66648
-6.79671
-5.25325
-6.81194
1.48919
0.04622
2.07206
0.7586
1.93796
2.48317
1.72092
3.85367
2.31614
0.66312
4.4453
4.42906
3.67884
1.72388
5.4994
4.13733
0.35279
1.11362
-0.79419
2.56176

-4.17105
-4.11001
-5.20695
-6.34614
-6.40203
-5.31001
-3.32844
-5.16828
-7.18428
-7.28421
-5.34579
-3.3512
-2.79668
-3.60427
-4.99065
-5.5501
-4.73909
-1.71814
-3.15385
-5.62448
-6.62379
-5.19006
-2.86661
-2.37306
-1.2515
-1.66491
-1.89202
-3.0771
-0.34135
-1.38278
-0.6238
-0.09607
1.26085
2.10192
1.60743
0.22842
-1.68792
1.64882
2.29732
-0.15562
-2.91292
0.6335
3.99749
3.8474
4.29935
-0.53783
-2.2769
-1.13952
3.55122
-1.01304
-1.72862
-1.87571
-2.59132
3.87125
4.23178
5.57694
6.72902
5.71947
7.98438
6.6402
6.97915
4.825
8.11274
8.86618
7.08049
9.09436
2.51013
1.57094
2.27118
3.46065

0.50928
0.90525
1.58803
1.8515
1.44045
0.7716
-0.00149
1.90291
2.37733
1.6417
0.4547
-1.94794
-3.2385
-4.36546
-4.22156
-2.94439
-1.81594
-3.34795
-5.35087
-5.09318
-2.81923
-0.83693
0.682
-0.79596
-0.82322
1.41148
-1.02505
1.03607
-0.60995
-0.65423
-0.00914
0.27633
0.17241
-0.22227
-0.49322
-0.39461
0.04598
0.38903
-0.77138
-0.6814
-0.4563
-0.9828
0.42331
-1.70307
-0.20257
0.43832
0.25663
2.14527
-0.42302
0.77309
2.90165
3.4345
3.2707
-0.87354
-0.33346
-0.30614
-0.59358
0.00384
-0.57219
-0.81115
0.01211
0.21344
-0.27298
-0.7839
0.2403
-0.25968
-0.89546
-0.40199
-1.45676
0.10932
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0.04123
4.26544
4.22572
4.56821
4.7375
4.64749
3.88686
4.90328
4.43663
4.70377
4.72571
3.96979
3.61393
5.06027
3.18379
4.8667
2.18367
-0.37929
3.18799
-0.02905
1.41562
-0.56352
2.30961
1.24645
0.44438
1.9832
0.2697
-1.05152
0.6295
2.43895
5.24493
5.71282

4.51796
-0.28576
1.14544
1.29107
2.92229
-1.69949
-1.26671
0.43526
2.63541
-0.35151
4.00802
2.47693
-2.0514
-1.54879
1.48158
1.77375
-0.43689
-2.81058
-0.39305
-1.90058
0.85014
-1.06241
-0.50005
0.88668
0.89146
1.73845
-0.93946
-2.1154
-2.67833
-1.45817
-2.40825
2.5118

-1.35186
-1.29
-0.82079
0.64568
2.43306
-3.20703
-0.65063
1.44652
1.00229
-2.57827
2.50539
3.06589
-3.25435
-4.202
-0.92654
-1.43994
3.40528
3.05399
2.96417
4.97584
3.0339
3.02811
4.4922
1.95434
3.53797
3.3396
5.40756
5.30534
5.38147
1.07512
-2.63093
2.69825
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