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General Information: Analytical thin layer chromatography (TLC) was
performed using Merck 60 F254 precoated silica gel plate (0.2 mm
thickness). Subsequent to elution, plates were visualized using UV
radiation (254 nm) on Spectroline Model ENF-24061/F 254 nm. Further
visualization was possible by staining with basic solution of potassium
permanganate or acidic solution of ceric molybdate.

Flash chromatography was performed using Merck silica gel 60 with
freshly distilled solvents. Columns were typically packed as slurry and
equilibrated with the appropriate solvent system prior to use.

Proton nuclear magnetic resonance spectra (‘H NMR) were recorded on
Bruker AMX 400 spectrophotometer (CDClj; as solvent). Chemical shifts
for '"H NMR spectra are reported as & in units of parts per million (ppm)
downfield from SiMe, (8 0.0) and relative to the signal of chloroform-d (&
7.2600, singlet). Multiplicities were given as: s (singlet), d (doublet), t
(triplet), dd (doublets of doublet) q (quartet) or m (multiplets). The number
of protons (n) for a given resonance is indicated by nH. Coupling constants
are reported as a J value in Hz. Carbon nuclear magnetic resonance spectra

(>C NMR) are reported as & in units of parts per million (ppm) downfield



from SiMe, (6 0.0) and relative to the signal of chloroform-d (& 77.03,
triplet).

Enantioselectivities were determined by High Performance Liquid
Chromatography (HPLC) analysis (Shimadzu, LC-20AD) employing a
Daicel Chirapak AD-H or AS-H column or Chiralcel OD-H. Optical
rotations were measured in CH,Cl, on a Schmidt + Haensdch polarimeter
(Polartronic MHS) with a 10 cm cell (¢ given in g/100 mL).

High resolution mass spectrometry (HRMS) was recorded on Finnigan

MAT 95 x P spectrometer.

Typical Procedure for Double-Michael Reactions: To a solution of
diethyl 5-acetylhex-2-enedioate (1a, 0.3 mmol, 1.0 eq) and nitro olefin
(0.45 mmol, 1.5 eq) in diethyl ether (0.4 mL) was added catalyst V
(Q-NH,) (0.045 mmol, 0.15 eq) at room temperature (22°C). The resulting
mixture was stirred vigorously for 16-36 hours. After the reaction was
completed (monitored by TLC and crude NMR), the product was afforded

by flash chromatography over silica gel (Et,O:Hexane = 1:10 to 1:4).



(1R,2R,3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-3-nitro-2-

phenylcyclopentanecarboxylate (3a)

The title compound was prepared according to the typical procedure, as
described above in 91% yield.

'H-NMR (400 MHz, CDCl5) & 7.31-7.21 (m, SH), 5.49 (dd, J =5.2, 7.6 Hz,
1H), 5.10 (d, J = 4.8 Hz, 1H), 4.26-4.14 (m, 2H), 3.80-3.72 (m, 1H),
3.68-3.58 (m, 1H), 3.41-3.33 (m, 1H), 2.88 (dd, J = 6.8, 12.8 Hz, 1H), 2.50
(dd, J=7.2,16.8 Hz, 1H), 2.40 (dd, J = 7.6, 16.8 Hz, 1H), 2.20 (s, 3H),
2.01(dd,J=10.8, 12.8 Hz, 1H), 1.30 (t, /=7.2 Hz, 3H), 0.76 (t, / = 7.2 Hz,
3H).

C-NMR (100 MHz, CDCl) & 200.09, 170.87, 170.29, 137.16, 128.52,
128.48, 127.80,94.26, 71.28, 61.77, 61.05, 51.54, 40.27, 37.74, 34.20,
26.98, 14.16, 13.26.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
= 230 nm), g (major) = 6.2 min, fg (minor) = 8.9 min; 97% ee.

[o]p>* = - 3.1 (¢ = 1.0, CH,CL,).



HRMS (ESI) calcd for C,0H,sNOg+H, m/z 392.1709, found 392.1707.

(1R,2R,3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-3-nitro-2-p-

tolylcyclopentanecarboxylate (3b)

= 3bl’NO2

The title compound was prepared according to the typical procedure, as
described above in 89% yield.

'H-NMR (400 MHz, CDCl5) § 7.09 (m, 4H), 5.44 (dd, J =5.2, 7.6 Hz, 1H),
5.04 (d, J =5.2 Hz, 1H), 4.24-4.15 (m, 2H), 3.80-3.75 (m, 1H), 3.63-3.57
(m, 1H), 3.45-3.41 (m, 1H), 2.87 (dd, J = 6.8, 12.8 Hz, 1H), 2.46 (dd, J =
7.2,16.8 Hz, 1H), 2.40 (dd, J=7.6, 17.2 Hz, 1H), 2.30 (s, 3H), 2.19 (s, 3H),
2.00(dd,J=10.8, 12.8 Hz, 1H), 1.29 (t,/=7.2 Hz, 3H), 0.78 (t, / = 7.2 Hz,
3H).

C-NMR (100 MHz, CDCl3) & 200.25, 170.89, 170.12, 137.52 ,133.97,
129.12, 128.32, 94.28, 71.13, 61.74, 61.02, 51.29, 40.04, 37.77, 34.26,
27.04, 20.99, 14.15, 13.25.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A

=220 nm), tg (major) = 6.1 min, fg (minor) = 8.7 min; 96% ee.



[a]p™* = - 5.7 (¢ = 1.3, CH,CL,).

HRMS (ESI) caled for C,H,7;NO7-+H, m/z 406.1866, found 406.1867.

(1R,2R,3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-3-nitro-2-m-

tolylcyclopentanecarboxylate (3c)

The title compound was prepared according to the typical procedure, as
described above in 85% yield.

'H-NMR (400 MHz, CDCl5) § 7.20-7.17 (m, 1H), 7.10-6.97 (m, 3H), 5.46
(m, 1H), 5.05 (d, J = 5.2 Hz, 1H), 4.24-4.16 (m, 2H), 3.80-3.72 (m, 1H),
3.64-3.58 (m, 1H), 3.45-3.36 (m, 1H), 2.87 (dd, J = 6.8, 12.8 Hz, 1H), 2.48
(dd, J =64, 17.2 Hz, 1H), 2.36 (dd, J = 7.6, 16.8 Hz, 1H), 2.32 (s, 3H),
2.19 (s, 3H), 2.00 (dd, J=10.8, 12.8 Hz, 1H), 1.30 (t, /= 7.2 Hz, 3H), 0.77
(t,J=7.2 Hz, 3H).

C-NMR (100 MHz, CDCls) & 200.13, 170.88, 170.31, 138.13, 137.06,
129.33, 128.48, 128.41, 125.29, 94.36, 71.24, 61.71, 61.02, 51.53, 40.21,
37.77,34.23,26.99, 21.32, 14.16, 13.23.

HPLC: Chiralpak AD-H (hexane / i-PrOH =90/ 10, flow rate 1 mL / min,
A =210 nm), tg (minor) = 10.6 min, #g (major) = 12.0 min; 94% ee.

[o]p™* = - 4.2 (¢ = 1.2, CH,CL,).



HRMS (ESI) calcd for C,;H,;NOs+H, m/z 406.1866, found 406.1858.

(1R,2R,3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(4-methoxyl

phenyl)-3-nitro-cyclopentanecarboxylate (3d)

To a solution of diethyl 5-acetylhex-2-enedioate (1a, 0.3 mmol, 1.0 eq) and
I-methoxy-4-((E)-2-nitrovinyl)benzene (0.6 mmol, 2.0 eq) in diethyl ether
(0.4 mL) was added catalyst V (Q-NH,) (0.06 mmol, 0.2 eq) at room
temperature (22°C). The resulting mixture was stirred vigorously for 24
hours, then the reaction was continued for about 6 hours after removal of
the solvent. After the reaction was completed (monitored by TLC and
crude NMR), the title product was afforded by flash chromatography over
silica gel (Et,O:Hexane = 1:10 to 1:3) in 83% yield.

'H-NMR (400 MHz, CDCl;) § 7.15 (d, J = 8.8 Hz, 2H), 6.82 (d, J =8.8, Hz,
2H), 5.44 (dd, J =5.6, 7.6 Hz, 1H), 5.02 (d, J/ = 5.2 Hz, 1H), 4.24-4.15 (m,
2H), 3.83-3.76 (m, 1H), 3.78 (s, 3H), 3.63-3.57 (m, 1H), 3.51-3.43 (m, 1H),
2.86(dd,J=6.8,12.8 Hz, 1H),2.48 (dd,J=7.6, 16.8 Hz, 1H), 2.40 (dd, J
=7.6, 16.8 Hz, 1H), 2.19 (s, 3H), 2.00 (dd, J = 10.8, 12.8 Hz, 1H), 1.30 (t,

J=7.2Hz, 3H), 0.83 (t, /] = 7.2 Hz, 3H).
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PC-NMR (100 MHz, CDCl;) & 200.36, 170.90, 170.42, 159.14, 129.59,
128.96, 113.85, 94.32, 71.02, 61.77, 61.03, 55.31, 50.97, 39.88, 37.72,
34.27,27.06, 14.15, 13.39.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
= 220 nm), tg (major) = 8.1 min, fg (minor) = 12.2 min; 96% ee.

[a]p>® =-9.0 (c = 1.3, CH,Cl,).

HRMS (ESI) caled for C,;H,7;NOg+H, m/z 422.1815, found 422.1810.

(1R,2R,3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(2-methoxyl

phenyl)-3-nitro-cyclopentanecarboxylate (3e)

To a solution of diethyl 5-acetylhex-2-enedioate (1a, 0.3 mmol, 1.0 eq) and
I-methoxy-2-((E)-2-nitrovinyl)benzene (0.6 mmol, 2.0 eq) in diethyl ether
(0.4 mL) was added catalyst V (Q-NH,) (0.06 mmol, 0.2 eq) at room
temperature (22°C). The resulting mixture was stirred vigorously for 24
hours, then the reaction was continued for about 6 hours after removal of
the solvent. After the reaction was completed (monitored by TLC and
crude NMR), the title product was afforded by flash chromatography over

silica gel (Et,O:Hexane = 1:10 to 1:3) in 81% yield.



'H-NMR (400 MHz, CDCl5) & 7.30-7.21 (m, 2H), 6.90-6.89 (m, 1H), 6.78
(d, J=8.0 Hz, 1H), 5.55 (dd, J=4.0, 7.2 Hz, 1H), 5.13 (d, J = 4.0 Hz, 1H),
4.21-4.13 (m, 2H), 3.90-3.84 (m, 1H), 3.77 (s, 3H), 3.65-3.59 (m, 1H),
3.53-3.45 (m, 1H), 2.89 (dd, J = 6.4, 12.4 Hz, 1H), 2.48 (dd, J = 6.4, 17.2
Hz, 1H), 2.34 (dd, J = 8.4, 16.8 Hz, 1H), 2.14 (s, 3H), 1.95 (m, 1H), 1.28 (t,
J=17.2Hz, 3H), 0.78 (t, J = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl;) & 200.09, 171.03, 170.20, 157.31, 132.03,
129.12, 125.88, 120.85, 110.10, 94.46, 70.76, 61.39, 60.87, 54.90, 50.54,
39.78, 37.88, 34.10, 26.50, 14.19, 13.23.

HPLC: Chiralpak AD-H (hexane / i-PrOH =90/ 10, flow rate 1 mL / min,
A =210 nm), tg (minor) = 12.4 min, #g (major) = 14.6 min; 95% ee.

[a]p>® =- 5.5 (c = 1.0, CH,Cl,).

HRMS (ESI) caled for C,;H,7NOg+H, m/z 422.1815, found 422.1823.

(1R,2R 3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(4-bromo

phenyl)-3-nitro-cyclopentanecarboxylate (3f)

The title compound was prepared according to the typical procedure, as

described above in 92% yield.



'H-NMR (400 MHz, CDCl;) § 7.43 (d, J = 8.4 Hz, 1H), 7.11 (dd, J =8.4 Hz,
1H), 5.44 (dd, J =5.6, 7.2 Hz, 1H), 5.04 (d,J=5.2 Hz, 1H), 4.24-4.16 (m,
2H), 3.86-3.78 (m, 1H), 3.63-3.57 (m, 1H), 3.53-3.45 (m, 1H), 2.86 (dd, J
= 6.8, 13.2 Hz, 1H), 2.49 (dd, J = 7.2, 16.8 Hz, 1H), 2.39 (dd, J= 7.6, 17.0
Hz, 1H), 2.19 (s, 3H), 2.00 (dd, J = 10.4, 12.4 Hz, 1H), 1.30 (t, J = 7.2 Hz,
3H), 0.84 (t, J = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl;) & 199.77, 170.81, 170.12, 136.02, 131.62,
130.21, 121.94, 93.72, 70.99, 61.96, 61.10, 50.93, 39.99, 37.70, 34.17,
26.96, 14.15, 13.33.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
= 220 nm), tg (major) = 7.6 min, fg (minor) = 11.7 min; 97% ee.

[a]p>* =- 19.0 (¢ = 0.8, CH,CL,).

HRMS (ESI) calcd for C,0H,sBrNO,+H, m/z 470.0814, found 470.0808.

(1R,2R 3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(4-chloro

phenyl)-3-nitro-cyclopentanecarboxylate (3g)

The title compound was prepared according to the typical procedure, as

described above in 88% yield.
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'H-NMR (400 MHz, CDCl5) & 7.28 (d, J = 6.8 Hz, 1H), 7.16 (dd, J =2.0,
7.8 Hz, 1H), 544 (dd, J =5.6, 7.6 Hz, 1H), 5.05 (d, J = 5.2 Hz, 1H),
4.24-4.16 (m, 2H), 3.86-3.78 (m, 1H), 3.64-3.57 (m, 1H), 3.52-3.44 (m,
1H), 2.86 (dd, J = 6.8, 12.8 Hz, 1H), 2.48 (dd, J = 7. 4, 17.0 Hz, 1H), 2.39
(dd, J = 7.6, 17.0 Hz, 1H), 2.19 (s, 3H), 2.00 (dd, J = 10.4, 12.4 Hz, 1H),
1.30 (t, J = 7.2 Hz, 3H), 0.84 (t, J = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl5) § 200.03, 170.81, 170.14, 135.49, 133.82,
129.88, 128.64, 93.79, 71.02, 61.92, 61.09, 50.86, 39.97, 37.70, 34.17,
26.97, 14.15, 13.33.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
=254 nm), tg (major) = 7.1 min, fg (minor) = 11.1 min; 96% ee.

[a]p® =- 11.4 (¢ = 1.0, CH,CL,).

HRMS (ESI) calcd for C,0H,4,CINO;+H, m/z 426.1320, found 426.1322.

(1R,2R 3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(naphthalen-

3-yl)-3-nitro-cyclopentanecarboxylate (3h)

The title compound was prepared according to the typical procedure, as

described above in 84% yield.
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'H-NMR (400 MHz, CDCly) §7.82-7.76 (m, 3H), 7.69 (s, 1H),
7.49-7.47(m, 2H), 7.34 (d, J = 8.4 Hz, 1H), 5.64-5.61 (m, 1H), 5.27 (d, J =
5.2 Hz, 1H), 4.26-4.18(m, 2H), 3.75-3.63 (m, 2H), 3.26-3.18 (m, 1H), 2.93
(dd, J=6.8, 12.8 Hz, 1H), 2.53 (dd, J =7.6, 16.8 Hz, 1H), 2.45 (dd, J = 7.6,
16.8 Hz, 1H), 2.21 (s, 3H), 2.45 (dd, J = 10.8, 12.8 Hz, 1H), 1.32 (t,J=7.2
Hz, 3H), 0.52 (t, J = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl;) & 200.22, 170.91, 170.32, 128.17, 127.89,
127.48, 127.43, 126.40, 126.28, 126.26, 94.23, 71/30, 61.74, 61.08, 51.71,
40.19, 37.86, 34.29, 27.02, 14.18, 13.03.

HPLC: Chiralpak AD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min,
A =254 nm), tg (minor) = 20.5 min, #g (major) = 33.5 min; 95% ee.

[a]p>* =-31.9 (¢ = 0.6, CH,CL,).

HRMS (ESI) calcd for C,4;H,sNOs+H, m/z 442.1866, found 442.1861.

(1R,2R,3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(naphthalen-

1-yl)-3-nitro-cyclopentanecarboxylate (3i)

The title compound was prepared according to the typical procedure, as

described above in 87% yield.
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'H-NMR (400 MHz, CDCl3) & 8.58 (d, J= 7.6 Hz, 1H), 7.82 (d, J = 8.4 Hz,
1H), 7.77 (d, J = 8.4 Hz, 1H), 7.62-7.59 (m, 1H), 7.52-7.49 (m, 1H),
7.44-7.40(m, 1H), 7.23 (d, J = 7.2 Hz, 1H), 6.03 (d, J = 2.4 Hz, 1H),
5.60-5.58 (m, 1H), 4.30-4.17(m, 2H), 3.76-3.68 (m, 1H), 3.51-3.45 (m,
1H), 3.01 (dd, J = 6.8, 12.8 Hz, 1H), 2.88-2.83 (m, 1H), 2.62 (dd, J = 6.4,
17.2 Hz, 1H), 2.43 (dd, J = 8.4, 17.2 Hz, 1H), 2.19 (s, 3H), 1.16-2.10 (m,
1H), 1.32 (t, J = 7.2 Hz, 3H), 0.19 (t, J = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl3) § 199.62, 170.91, 170.19, 135.23, 133.55,
132.51, 128.57, 126.75, 126.04, 124.99, 124.75, 124.57, 96.98, 72.47,
61.48,61.11, 46.43,37.98, 33.91, 26.81, 14.19, 12.51.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
= 220 nm), tg (major) = 7.7 min, fg (minor) = 10.2 min; 95% ee.

[a]p>® =-29.0 (¢ = 1.0, CH,CL,).

HRMS (ESI) calcd for C,4sH,sNOs+H, m/z 442.1866, found 442.1861.

(1R,2R 3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(furan-3-yl)

3-nitro-cyclopentanecarboxylate (3j)

M, J-okt
S
EtO A o
< 'NO,
o] 3j

The title compound was prepared according to the typical procedure, as

described above in 86% yield.
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'H-.NMR (400 MHz, CDCly) & 7.36-7.34 (m, 2H), 6.28 (s, 1H),
5.34-5.31(m, 1H), 4.82 (d, J = 6.8 Hz, 1H), 4.22-4.14(m, 2H), 4.03-3.95 (m,
1H), 3.88-3.81 (m, 1H), 3.58-3.52 (m, 1H), 2.83 (dd, J=7.2, 13.2 Hz, 1H),
2.41(d,J=7.6Hz, 1H),2.21 (s, 3H), 1.96 (dd, J = 10.4, 12.8 Hz, 1H), 1.28
(t, J=7.2 Hz, 3H), 1.02 (t, J = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl;) & 200.61, 170.86, 170.57, 143.15, 140.79,
120.66, 109.98, 93.37, 69.47, 61.91, 61.04, 43.71, 38.29, 37.85, 34.55,
27.21, 14.14, 13.48.

HPLC: Chiralpak AD-H (hexane / i-PrOH =90/ 10, flow rate 1 mL / min,
A =254 nm), tg (minor) = 17.9 min, #g (major) = 19.0 min; 94% ee.

[a]lp>® = 5.7 (¢ = 1.2, CH,C,).

HRMS (ESI) calcd for C;3sH»3NOg+H, m/z 382.1502, found 382.1499.

(1R,2R 3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-2-(furan-2-yl)

3-nitro-cyclopentanecarboxylate (3k)

0 o
M, J-oEt
2
EtO}_ . 0 /

Q

S o
o) 3k

The title compound was prepared according to the typical procedure, as
described above in 87% yield.
'H-NMR (400 MHz, CDCl;) & 7.31-7.28 (m, 1H), 6.31-6.26 (m, 2H), 5.45

(dd, J = 5.6, 7.6 Hz, 1H), 5.09 (d, J = 5.6 Hz, 1H), 4.22-4.15(m, 2H),
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4.04-3.99 (m, 1H), 3.80-3.75 (m, 1H), 3.60-3.53 (m, 1H), 2.88 (dd, /= 6.8,
13.2 Hz, 1H), 2.41 (d, J = 7.6 Hz, 1H), 2.20 (s, 3H), 1.96-1.90 (m, 1H),
1.28 (t, /=7.2 Hz, 3H), 1.03 (t, / = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl3) § 199.80, 170.76, 169.98, 149.81, 142.32,
110.73, 108.96, 92.07, 69.40, 62.32, 61.03, 46.32, 38.99, 37.50, 34.29,
26.73, 14.14, 13.60.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
=220 nm), tg (major) = 7.2 min, fg (minor) = 11.1min; 94% ee.

[alp”> =- 6.3 (c = 1.1, CH,Cl).

HRMS (ESI) calcd for C;gH,3NOg+Na, m/z 404.1321, found 404.1326.

(1R,2R,3R 4S) —ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-3-nitro-2-
(thiophen-2-yl)cyclopentanecarboxylate (31)

00
M, J-oet
7

o \J/ s

d

s NO
fo) 3l 2

The title compound was prepared according to the typical procedure, as
described above in 91% yield.

'H-NMR (400 MHz, CDCl3) § 7.21-7.20 (m, 1H), 6.93-6.92 (m, 2H),
5.52-4.48 (m, 1H), 5.21 (d, J =7.2 Hz, 1H), 4.226-4.14 (m, 2H), 3.96-3.89

(m, 1H), 3.75-3.68 (m, 1H), 3.66-3.57 (m, 1H), 2.89 (dd, J=7.2, 12.8 Hz,
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1H), 2.41 (d, J=7.6 Hz, 1H), 2.21 (s, 3H), 1.96 (dd, J = 10.0, 13.2 Hz, 1H),
1.29 (t, J = 7.2 Hz, 3H), 0.94 (t, J = 7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl;) & 200.36, 170.76, 170.21, 138.64, 126.82,
126.27, 125.36, 94.23, 70.46, 62.10, 61.07, 47.35, 38.31, 37.70, 34.55,
27.14, 14.15, 13.48.

HPLC: Chiralpak AS-H (hexane / i-PrOH =95/ 5, flow rate 1 mL / min, A
=210 nm), tg (minor) = 25.0 min, #g (major) = 28.1 min; 94% ee.

[a]p>* =- 4.3 (c = 1.2, CH,Cl,).

HRMS (ESI) caled for CgH,3NO;S+Na, m/z 420.1093, found 420.1100.

(1R,2R,3R 4S)-ethyl 4-((ethoxycarbonyl)methyl)-1-acetyl-3-nitro-2-(4-ni

trophenyl) cyclopentanecarboxylate (3m)

To a solution of diethyl 5-acetylhex-2-enedioate (1a, 0.3 mmol, 1.0 eq) and
I-nitro-4-((E)-2-nitrovinyl)benzene (0.6 mmol, 2.0 eq) in diethyl ether
(0.4 mL) was added catalyst V (Q-NH,) (0.06 mmol, 0.2 eq) at room
temperature (22°C). The resulting mixture was stirred vigorously for 24
hours, then the reaction was continued for about 6 hours after removal of

the solvent. After the reaction was completed (monitored by TLC and
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crude NMR), the title product was afforded by flash chromatography over
silica gel (Et,O:Hexane = 1:10 to 1:3) in 81% yield.

'H-NMR (400 MHz, CDCl;) 6 8.17 (d, J = 8.8 Hz, 1H), 7.44 (d, J = 8.8 Hz,
1H), 5.52-5.49 (m, 1H), 5.19 (d, J = 5.6 Hz, 1H), 4.25-4.16 (m, 2H),
3.86-3.80 (m, 1H), 3.69-3.62 (m, 1H), 3.49-3.43 (m, 1H), 2.89 (dd, /= 6.8,
13.2 Hz, 1H), 2.51 (dd, J = 7.2, 17.2 Hz, 1H), 2.40 (dd, J = 7.6, 17.2 Hz,
1H), 2.22 (s, 3H), 2.02 (dd, /= 10.8, 12.8 Hz, 1H), 1.30 (t, /= 7.2 Hz, 3H),
0.82 (t, J =7.2 Hz, 3H).

PC-NMR (100 MHz, CDCl3) § 199.79, 170.73, 169.82, 147.41, 144.35,
129.64, 123.60, 93.20, 71.10, 62.07, 61.21, 51.02, 40.01, 37.73, 34.09,
2691, 14.15, 13.42.

HPLC: Chiralpak AS-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
=210 nm), tg (major) = 20.9 min, g (minor) = 25.4 min; 97% ee.

[a]p™* = - 9.7 (¢ = 1.0, CH,CL,).

(1R,2R,3R .4S)-benzyl 4-((ethoxycarbonyl)methyl)-1-acetyl-3-nitro-2-

phenylcyclopentanecarboxylate (3n)

To a solution of 6-benzyl 1-ethyl 5-acetylhex-2-enedioate 1b (0.3 mmol,

1.0 eq) and 1-((E)-2-nitrovinyl)benzene (0.45 mmol, 1.5 eq) in diethyl

17



ether (0.4 mL) was added catalyst V (Q-NH,) (0.045 mmol, 0.15 eq) at
room temperature (22°C). The resulting mixture was stirred vigorously for
16 hours, then the reaction was continued for about 6 hours after removal
of the solvent. After the reaction was completed (monitored by TLC and
crude NMR), the title product was afforded by flash chromatography over
silica gel (Ethyl acetate:Hexane = 1:10 to 1:4) in 91 % yield.

'H-NMR (400 MHz, CDCl;) & 7.54-7.14 (m, 8H), 6.96-6.94 (m, 2H), 5.51
(dd,J=5.2,7.2Hz, 1H), 5.11 (d,J=5.2 Hz, 1H), 4.83 (d, /= 12.0 Hz, 1H),
4.25-4.16 (m, 2H), 4.10 (d, J=12.0 Hz, 1H), 3.69-3.63 (m, 1H), 2.89 (dd, J
=6.8, 13.2 Hz, 1H), 2.49 (dd, J=7.6, 16.8 Hz, 1H), 2.40 (dd, J=7.6, 16.8
Hz, 1H), 2.11 (s, 3H), 2.02 (dd, J = 10.8, 12.8 Hz, 1H), 1.30 (t, /= 7.2 Hz,
3H).

C-NMR (100 MHz, CDCl3) & 199.84, 170.86, 170.18, 137.04, 134.09,
128.63, 128.49, 128.45, 128.28, 127.91, 94.23, 71.41, 67.57, 61.07, 51.69,
40.20, 37.81, 34.22,27.07, 14.17.

HPLC: Chiralcel OD-H (hexane / i-PrOH = 80/ 20, flow rate 1 mL / min, A
=220 nm), tg (major) = 7.7 min, fg (minor) = 11.5 min; 97% ee.

[alp™ =-5.0 (c =0.9, CH,CL).

HRMS (ESI) calcd for C,sH,;NO.+H, m/z 454.1866, found 454.1861.

(1R,2R,3R 4S)-benzyl 4-((ethoxycarbonyl)methyl)-1-acetyl-3-nitro-2-

styrylcyclopentanecarboxylate (30)

18



To a solution of 6-benzyl 1-ethyl 5-acetylhex-2-enedioate (1b, 0.3 mmol,
1.0 eq) and 1-((1E,3E)-4-nitrobuta-1,3-dienyl)benzene (0.6 mmol, 2.0 eq)
in diethyl ether (0.4 mL) was added catalyst V (Q-NH,) (0.03 mmol, 0.2
eq) at room temperature (22°C). The resulting mixture was stirred
vigorously for 24 hours, and then the reaction was continued for about 6
hours after removal of the solvent. After the reaction was completed
(monitored by TLC and crude NMR), the title product was afforded by
flash chromatography over silica gel (Et;O:Hexane = 1:10 to 1:4) in 83%
yield.

'H-NMR (400 MHz, CDCl;) & 7.32-7.22 (m, 10H), 6.55 (d, J = 16.0, 1H),
6.05 (dd, J = 8.8, 16.0 Hz, 1H), 5.21-5.17 (m, 1H), 5.18 (d, J = 12.0 Hz,
1H), 5.05 (d,J=12.0Hz, 1H),4.08 (d, J=12.4 Hz, 1H), 4.26-4.13 (m, 3H),
3.45-3.35 (m, 1H), 2.72 (dd, J=7.2, 13.2 Hz, 1H), 2.43-2.40 (m, 2H), 2.18
(s, 3H), 2.07 (dd, J = 10.8, 13.2 Hz, 1H), 1.28 (t, / = 7.2 Hz, 3H).
C-NMR (100 MHz, CDCls) & 200.66, 170.89, 170.50, 135.91, 135.07,
134.36, 128.75, 128.73, 128.62, 128.60, 128.13, 126.55, 123.69, 92.81,
69.04, 67.85, 61.03, 51.55, 38.04, 37.63, 34.59, 27.64, 14.15.

HPLC: Chiralpak AD-H (hexane / i-PrOH =90/ 10, flow rate 1 mL / min,

A =254 nm), tg (major) = 20.7 min, fg (minor) = 22.8 min; 95% ee.

19



[a]p™* = - 5.3 (¢ = 1.0, CH,CL,).

HRMS (ESI) calcd for C,;H,oNOs+H, m/z 480.2022, found 480.2017.

NMR Spectra
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HPLC Spectra
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