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General Information

All non-aqueous reactions were run under a positive pressure of nitrogen.
Anhydrous solvents were obtained using standard drying techniques. Commercial
grade reagents were used without further purification unless stated otherwise. Flash
chromatography was performed on 300-400 mesh silica gel with the indicated solvent
systems. 'H NMR were recorded on a Bruker 400 (400 MHz) spectrometer and
chemical shifts are reported in ppm down field from TMS, using TMS (0.00 ppm) or
residual chloroform (7.26 ppm) as an internal standard. Data are reported as: (s =
singlet, br = broad, d = doublet, t = triplet, q = quartet, quint = quintuplet, hept =
heptalet, m = multiplet; J = coupling constant in Hz, integration.). '*C NMR spectra
were recorded on a Bruker 400 (100 MHz) spectrometer, using proton decoupling
unless otherwise noted. Chemical shifts are reported in ppm down field from TMS,
using the central resonance of CDCl; (77.00 ppm) as the internal standard. [a]P
values were given in 10-! deg cm? g-!. HRMS were recorded by using either FTMS-7

or IonSpec 4.7 spectrometers.

General Procedure for the Perparation of Nitroolefin
All nitroolefins were prepared according to the literature procedures!'.

(E)-(2-nitrovinyl)cyclopropane
|>_//_N02 68% yield as whiteless oil. 'TH NMR (400 MHz, CDCls): 6 7.14 (d, J =
ow 13.3 Hz, 1H), 6.78 (dd, J; = 13.0 Hz, J, = 11.0 Hz, 1H), 1.65-1.60 (m,
1H), 1.17-1.12 (m, 2H), 0.82-0.78 (m, 2H); 3C NMR (100 MHz, CDCl;): & 148.8,
137.3, 11.5, 9.7; IR (thin film): 3108, 3013, 1640, 1514, 1374, 1347, 1195, 1060, 939,
865 cm!l; LRMS (ESI): 136 (M+Na) *; HRMS (MALDI): calcd for CsH;N;O,Na
(M+Na) *: 136.0369, found: 136.0370.
(E)-2-methyl-5-(4-nitrobut-3-en-1-yl)furan
N0, 30% vyield as yellow oil. "TH NMR (400 MHz, CDCl;): & 7.31-
| O/ 7.24 (m, 1H), 6.99 (br d, J = 13.3 Hz, 1H), 5.91-5.90 (m, 1H),
2q 5.86-5.85 (m, 1H), 2.82-2.79 (m, 2H), 2.63-2.57 (m, 2H), 2.25 (s,

1 J. C Anderson, A. J.Blake, M. Mills and P. D. Ratcliffe, Org. Lett. 2008, 10, 4141 - 4143.
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3H); BC NMR (100 MHz, CDCl;): 8 151.2, 151.2, 106.7, 106.1, 27.2, 26.4, 13.5; IR
(thin film): 3447, 3105, 2924, 1684, 1650, 1611, 1554, 1523, 1352, 1023, 960, 789
cm’'; LRMS (EI): 181 (M) *; HRMS (EI): calcd for CoH;{N;O3 (M) *: 181.0739,
found: 181.0735.
(E)-2-(4-nitrobut-3-en-1-yl)thiophene
. /N0 329% yield as yellow oil. "TH NMR (400 MHz, CDCl;): 6 7.31-7.24
W (m, 1H), 7.16 (dd, J; = 5.0 Hz, J, = 1.0 Hz, 1H), 6.98 (br dt, J; =
2 13.3 Hz, J, = 1.3 Hz, 1H), 6.94 (dd, J; = 5.0 Hz, J, = 3.5 Hz, 1H),
6.82 (dd, J; = 3.6 Hz, J, = 1.0 Hz, 1H), 3.07 (t, J = 7.3 Hz, 2H), 2.65 (qd, J; = 7.4 Hz,
J>= 1.4 Hz, 2H); 3C NMR (100 MHz, CDCl;): 6 142.0, 140.6, 140.4, 127.1, 125.1,
124.0, 30.4, 28.1; IR (thin film): 3106, 2922, 2854, 1648, 1523, 1440, 1351, 952, 849,
702 cm’!l; LRMS (ESI): 206 (M+Na) *; HRMS (ESI): calcd for CgHoN;0,S;Na
(M+Na) *: 206.0246, found: 206.0247.
(E)-5-chloro-1-nitropent-1-ene
G~ ANO; 20% yield as yellow oil. 'TH NMR (400 MHz, CDCl3): & 7.29-7.22
2v (m, 1H), 7.03 (d, /= 13.6 Hz, 1H), 3.59 (t, J = 6.3 Hz, 2H), 2.48 (q,
J = 7.3 Hz, 2H), 2.04-1.99 (m, 2H); 13C NMR (100 MHz, CDCl;): & 140.6, 140.4,
43.6, 30.3, 25.6; IR (thin film): 3106, 2961, 2870, 1651, 1526, 1445, 1356, 959, 731
cm’l; LRMS (EI): 114 (M-CI) *; HRMS (EI): calcd for CsHgN;O, (M-CI) *: 114.0555,
found: 114.0553.

General Procedure for Tandem Michael Addition

oH o 1) C (5 mol%) COEL
-40 °C, DCM R/, o
+ R /\/NOZ S
OFEt 2
2) DBU ON
R1 R1
(1eq) 2 (1.2 eq) 3
1a, Ry =H Ry= aryl, alkyl C=
10, Ry =Me OH /Ej
N
N “'OBn
N~

To a solution of enone 1 (0.20 mmol, 1.0 equiv) and the nitroolefin 2 (0.24 mmol, 1.2
equiv) in CH,Cl, (1.0 mL) at -40°C was added C (4.0 mg, 0.01 mmol). The resulting
mixture was stirred at that temperature until enone 1 is consumed as indicated by TLC.
Then, DBU (15 pL, 0.5 equiv) was added and the mixture was allowed to stir at that

temperature until completion as indicated by TLC. The reaction mixture was loaded

S3



onto a plug of silica gel and eluted with ethyl acetate to remove the catalyst. The
eluent was concentrated in vacuo to give the crude mixture, which was used for the
crude 'H NMR to determine the diastereoselectivity before purified by flash

chromatography on silica gel to give 3.

ethyl (1S,2R,3S,4S)-3-nitro-6-oxo-2-phenylbicyclo[2.2.1]heptane-1-carboxylate
© coet 51.0 mg, 84% yield as whiteless oily mixture; dr = 3.2/1; (major) "H
0 NMR (400 MHz, CDCl;): 6 7.33-7.28 (m, 3H), 7.16 (d, J= 7.2 Hz,
0N 2H), 4.85 (br d, J=4.5 Hz, 1H), 4.49 (br d, J = 4.5 Hz, 1H), 4.19 (q,
mixture  J=7.1 Hz, 2H), 3.35 (br d, J = 4.3 Hz, 1H), 2.70 (m, 1H), 2.62 (dd,
J; =184 Hz, J, = 5.0 Hz, 1H), 2.39-2.33 (m, 2H), 1.22 (t, J = 7.1 Hz, 3H); LRMS
(ESI): 326 (M+Na) *; HRMS (DART): calcd for CicH;sN;Os (M+H) *: 304.1179,
found: 304.1180; (major) 94% ee, (minor) 57% ee; enantiomeric excess Wwas

determined by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 90/10,
1.0 mL/min, 214 nm, 25 °C).
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ethyl (1S,2R,3S,4S5)-3-nitro-6-oxo0-2-(p-tolyl)bicyclo[2.2.1]heptane-1-carboxylate
50.0 mg, 78% yield as whiteless oily mixture; dr = 3.1/1; (major)
Mej@m CozEé TH NMR (400 MHz, CDCl3): § 7.11 (d, J = 8.1 Hz, 2H), 7.03 (d,
J=28.1Hz, 2H),4.83 (brd,J=4.5 Hz, 1H), 4.44 (brd, J=4.5 Hz,
o miitt;re 1H), 4.18 (q,J=7.1 Hz, 2H), 3.33 (br d, /= 4.5 Hz, 1H), 2.69 (m,
1H), 2.61 (dd, J; = 18.3 Hz, J, = 5.0 Hz, 1H), 2.38-2.32 (m, 2H),
2.31 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H); LRMS (ESI): 340 (M+Na) *; HRMS (DART):
calcd for C;HoN;05 (M+H) *: 318.1336, found: 318.1336; (major) 95% ee, (minor)
66% ee; enantiomeric excess was determined by HPLC with a Chiralcel OD-H

column (n-hexane/i-propanol = 90/10, 1.0 mL/min, 214 nm, 25 °C).
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Results Results

Peak No. Peak ID Ret Time Height Ares Conc. Peak No. Peak 1D Ret Time Height Area Conc.
1 13.09 120152.805 1 13132 92674.977 2803947.500 19.7060
2 18423 22794195 18415 64781.398 2704305250 19.0057
19.457 308267.188 19.648 91339.641 4414443500 31.0244
1 29.057 4826687 4 28.682 58829.367 4306231.000 30.2639
Total 456040.874 19596799.375 100.0000 Total 307625.383 14228927.250 100.0000

ethyl (1S,2R,3S,4S)-2-(4-methoxyphenyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate

MeO o 49.0 mg, 74% yield as whiteless oily mixture; dr = 2.0/1; (major)

\© o 'H NMR (400 MHz, CDCly): 6 7.07 (d, J = 8.5 Hz, 2H), 6.83 (d,

J=8.5Hz, 2H), 4.81 (br d, J = 4.5 Hz, 1H), 443 (br d, J = 4.7

miz;re Hz, 1H), 4.19 (q, J=7.1 Hz, 2H), 3.78 (s, 3H), 3.33 (br d, /=4.3

Hz, 1H), 2.69 (m, 1H), 2.61 (dd, J; = 18.6 Hz, J, = 5.0 Hz, 1H), 2.36-2.31 (m, 2H),

1.23 (t, J = 7.1 Hz, 3H); LRMS (ESI): 356 (M+Na) ©; HRMS (DART): calcd for

C17H50N;0¢ (M+H) *: 334.1285, found: 334.1285; (major) 92% ee, (minor) 66% ee;

O,N

enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (n-

hexane/i-propanol = 90/10, 1.0 mL/min, 214 nm, 25 °C).

(SYF-5-24-0. org) ch (SYF=XV-5-66. org)

o 38 8se33se SR EERIIEE

o33 yseags IR EEEEIEE

# s
B
£
2
g g -
g s g5 -
8 9 b4
g
: A s
- T ——— b — e :
T4 16 18 20 22 24 26 28 30 52 34 36 38 40 42 & %0 52 54 1416 18 20 22 24 26 28 30 32 34 36 38 40 42 4 50 52 54
. Time(min)
Results Results
Peak No. Peak ID Ret Time Height Area Cone. Peak No. Peak D Ret Time Height Area Cone.
1 33023 32989758 6856 1 23240 1929084.125 244544
2 29.890 6535.704 479 300! 1836604.875 232821
3 31757 63940281 68,0844 3 32320 2108448750 26.7281
4 47.690 1757.785 8791 47.643 2014362.375 5354
Total 104723 [l 00,0000 Total 7888500.125 100.0000

ethyl (1S,2R,3S,4S)-2-(2-methoxyphenyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate
©/0'\4§02Et 50.0 mg, 75% yield as whiteless oily mixture; dr = 2.6/1; (major) 'H

© NMR (400 MHz, CDCLy): § 7.22 (d, J = 8.5 Hz, 1H), 6.88 (t, J= 7.0

OoN
3d
mixture S5



Hz, 2H), 6.83 (d, /= 8.3 Hz, 1H), 4.95 (br d, J = 5.0 Hz, 1H), 4.59 (br d, /= 5.0 Hz,
1H), 4.20 (q, J = 7.1 Hz, 2H), 3.70 (s, 3H), 3.18 (br d, J = 4.8 Hz, 1H), 2.77 (m, 1H),
2.48 (dd, J; = 18.3 Hz, J, = 5.2 Hz, 1H), 2.28-2.22 (m, 2H), 1.21 (t, J= 7.1 Hz, 3H);
LRMS (ESI): 316 (M+Na) ©; HRMS (DART): calcd for Ci4H;sN;Os (M+H) *:
294.0972, found: 294.0973; (major) 94% ee, (minor) 73% ee; enantiomeric excess
was determined by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol =
90/10, 1.0 mL/min, 214 nm, 25 °C).

Chromstogram (SVF-5-28-0. org) Chromstogras (SYF-XY=5-72. org)
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ethyl (1S,2R,3S,4S)-2-(4-bromophenyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate

64.0 mg, 84% yield as whiteless oily mixture; dr = 3.5/1; (major)

B@ 7O 'H NMR (400 MHz, CDCl3): § 7.4 (d, J = 8.5 Hz, 2H), 7.04 (d, J

= 8.5 Hz, 2H), 4.77 (br d, J = 4.5 Hz, 1H), 4.43 (br d, J = 4.8 Hz,

mi:tire 1H), 4.19 (q, /= 7.1 Hz, 2H), 3.36 (br d, J = 4.3 Hz, 1H), 2.67 (m,

1H), 2.62 (dd, J, = 18.6 Hz, J, = 5.0 Hz, 1H), 2.37 (d, /= 11.5 Hz,

1H), 2.32 (dd, J; = 18.6 Hz, J, = 4.5 Hz, 1H), 1.23 (t, /= 7.1 Hz, 3H); LRMS (ESI):

404 (M+Na) *; HRMS (DART): caled for CisH;7N;OsBr; (M+H) *: 382.0285, found:

O,N

382.0283; (major) 97% ee, (minor) 71% ee; enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 90/10, 1.0 mL/min, 214
nm, 25 °C).
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Time(min) ‘ime{min
Results Results
Peak No. Peak ID Ret Time Height Area Cone. Peak No. Peak ID RetTime  Height Area onc.
1 21963 62834.762 3594762.750 17.9429 22215 53406.258 7. 27.9966
2 26,547 225186.625 15710889.000 78.4195 2 27.148 34828.930 8 21.8365
33.400 7217.997 603569438 30127 3 33482 35976.910 28.1860
4 48.547 1406.706 125189.102 0.6249 4 48.548 19472.805 21.9809
Total 296646.089 20034410.289 1000000 Total 143684.902 11093746.750 100.0000

ethyl (1S,28,3S,4S)-2-(2-bromophenyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate
B 61.0 mg, 80% yield as whiteless oily mixture; dr = 4.0/1; (major) 'H
©/ COzE:) NMR (400 MHz, CDCls): 6 7.61 (d, J = 8.0 Hz, 1H), 7.29-7.25 (m,
O,N 1H), 7.15 (t, /= 7.8 Hz, 1H), 6.86 (d, J= 7.8 Hz, 1H), 5.09 (br d, J =
miftfure 5.0 Hz, 1H), 4.71 (br d, J= 5.3 Hz, 1H), 4.14 (q, J= 7.1 Hz, 2H), 3.30
(br d, J=4.5 Hz, 1H), 2.80 (m, 1H), 2.66 (dd, J; = 18.5 Hz, J, = 5.0 Hz, 1H), 2.44-
2.34 (m, 2H), 1.14 (t, J= 7.1 Hz, 3H); LRMS (ESI): 404 (M+Na) "; HRMS (DART):
caled for Ci;¢H7N;OsBr; (M+H) *: 382.0285, found: 382.0286; (major) 98% ee,

(minor) 95% ee; enantiomeric excess was determined by HPLC with a Chiralcel AD-

H column (n-hexane/i-propanol = 90/10, 1.0 mL/min, 214 nm, 25 °C).

; Chromstogran (SYF-5-38-0. org) Chromatogran (SYF-XV-5-80-AD, org)
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B AN S A NS0 S, -
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Results Results
Ret Time Height Area Conc. Peak No. Peak ID Ret Time Height Area Cone.
1 16,182 9121.641 345931.156 16208 1 15.808 272406813 9320372.000 41.9474
2 18,248 533764.063 0 79,0881 2 18.367 300121344 9185688000 413413
3 21682 100039828 17.3697 3 21808 50513.379 1900389375 8.5520
4 23,148 9495 144 19213 4 23.152 5587.6¢ 1812727.128 81584
Total 652420.675 100.0000  Total 668629.184 22219176500 100.0000

ethyl (1S,2R,3S,4S)-2-(3-chlorophenyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-

carboxylate

/@ COMEt 57.0 mg, 84% yield as whiteless oily mixture; dr = 4.7/1; (major)
2
cl

O 1 NMR (400 MHz, CDCly): & 7.29-7.24 (m, 2H), 7.19 (s, 1H),

O,N
3g
mixture
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7.02 (d,J="7.3 Hz, 1H), 4.80 (br d, /= 4.8 Hz, 1H), 4.45 (br d, J= 4.5 Hz, 1H), 4.20
(q,J=7.1 Hz, 2H), 3.37 (br d, J = 4.5 Hz, 1H), 2.67 (m, 1H), 2.63 (dd, J; = 18.4 Hz,
J> = 5.1 Hz, 1H), 2.38-2.32 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H); LRMS (ESI): 360
(M+Na) *; HRMS (DART): caled for C;sH7N;OsCl; (M+H) *: 338.0790, found:
338.0790; (major) 98% ee, (minor) 72% ee; enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 90/10, 1.0 mL/min, 214
nm, 25 °C).

Chrosatogran (SYF-5-36-0. org) Chromatogras (SYF-XY-5-79. org)

g 888388

W(mv)

s SEBUEEEEEEERE
——2.

LLLLLL

228189
229878

2.0902 29.305 274
0.8809 4 40.697 62853.141 6118876.500 27.1618
Total 337358.109 22527474.000 100.0000

ethyl (1S,2R,3S,4S)-2-(4-fluorophenyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate

55.0 mg, 86% yield as whiteless oily mixture; dr = 2.8/1; (major)

Fj@ﬁ GO IH NMR (400 MHz, CDCL): § 7.14 (dd, J; = 8.5 Hz, J, = 5.2 Hz,

2H), 7.00 (t, J= 8.5 Hz, 2H), 4.78 (br d, J = 4.5 Hz, 1H), 4.46 (br d,

3h J=4.5 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.36 (br d, J = 4.2 Hz,

T 1H), 2.68 (m, 1H), 2.63 (dd, J; = 18.9 Hz, J, = 5.3 Hz, 1H), 2.40-

2.30 (m, 2H), 1.22 (t, /= 7.1 Hz, 3H); LRMS (ESI): 344 (M+Na) "; HRMS (DART):

calcd for C1¢H7N;OsF; (M+H) *: 322.1085, found: 322.1086; (major) 96% ee, (minor)

O,N

69% ee; enantiomeric excess was determined by HPLC with a Chiralcel OD-H

column (n-hexane/i-propanol = 90/10, 1.0 mL/min, 214 nm, 25 °C).

S8



(SVF-5-25-0. org) h (SYF-X¥~5-67. org)
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Time(min) imc(min)
Results
Peak No. Peak ID Ret Time Height Area Cone. Peak No. Peak iD Ret Time Cone.
1 18868 47563.359 2119458.500 24,8766 1 18.865 245398
2 23750 102525.063 5873936500 68.9437 2 23832 48281
3 27902 5779.370 391254.125 43922 3 27.698 4.9897
4 41.085 1268843 135251.688 1.5875 4 40232 53424
Total 157136.635 8519900813 100.0000 Total 0,00

ethyl (1S,2R,3S,4S)-3-nitro-2-(3-nitrophenyl)-6-oxobicyclo[2.2.1]heptane-1-

carboxylate
CO,Et

o0 'H NMR (400 MHz, CDCly): 6 8.17-8.15 (m, 1H), 8.08 (s, 1H),

ON" 7.53-7.52 (m, 2H), 4.84 (br d, J=4.8 Hz, 1H), 4.57 (brd, J=4.8

mixture  Hz, 1H), 4.20 (q, J = 7.1 Hz, 2H), 3.45 (br d, J = 4.1 Hz, 1H),

2.72-2.67 (m, 2H), 2.44 (m, 1H), 2.62 (dd, J; = 14.5 Hz, J, = 4.2 Hz, 1H), 1.23 (t, J =

7.1 Hz, 3H); LRMS (ESI): 371 (M+Na) *; HRMS (DART): calcd for C,cH7N,04

(M+H) *: 349.1030, found: 349.1031; (major) 99% ee, (minor) 87% ee; enantiomeric

57.0 mg, 82% yield as whiteless oily mixture; dr = 4.2/1; (major)

excess was determined by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol

=90/10, 1.0 mL/min, 214 nm, 25 °C).

(SYF-5-39-0. org) Chromatogram (SYF-XY-5-81. org)
380
450] 360)
340
400 320|
a0g
350] 280|
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3004 3 240
= 2 < 220
250 u € 200
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150] 120/
-l g o
100 & 80) a 2
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N\ g\ 2 40 f\ A\ 5 2
\ \ o 20 2
d AN /RN 8 o I AN kN
0 5 10 15 2 2 30 35 40 4 50 85 6 6 70 75 80 8 80 85 100 W 5 W % 3 3% 4 45 %0 5 & 6 70 7 8 8 6 8 i
Time(min) Time(min)
Results Results
Peak No. Peak ID Ret Time Height Area Conc. Peak No. Peak 1D Ret Time Height Area Cone.
1 52420 72417703 T1193890.000 174453 1 53008 62499746 20,6558
2 63.070 10200.488 1331449.750 20750 2 63.088 7144371 40.620:
; 66.513 250516828 51042492000 79.5479 3 69.772 11957.935 10,415
4 92918 2468.140 597899.438 0.9318 4 93.662 8535571 83090
Total 335603.159 64165731.188 100.0000 Total 140137.923 100.0000

ethyl (1S,2R,3S,4S)-3-nitro-6-o0xo-2-(4-(trifluoromethyl)phenyl)bicyclo[2.2.1]
heptane-1-carboxylate
FsC \© Co.Et 59.0 mg, 80% yield as whiteless oily mixture; dr = 4.2/1; (major)
0 'H NMR (400 MHz, CDCl;): 6 7.58 (d, J = 8.0 Hz, 2H), 7.30 (d,
O,N

3 S9
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J=28.0 Hz, 2H), 4.81 (br d, J=4.5 Hz, 1H), 4.53 (br d, /= 4.6 Hz, 1H), 4.20 (q, J =
7.1 Hz, 2H), 3.40 (br d, J=4.5 Hz, 1H), 2.69 (m, 1H), 2.66 (dd, J; = 18.9 Hz, J, = 5.1
Hz, 1H), 2.41-2.32 (m, 2H), 1.23 (t, J = 7.1 Hz, 3H); LRMS (ESI): 394 (M+Na) *;
HRMS (DART): caled for Ci7H7N;OsF; (M+H) *: 372.1053, found: 372.1054;
(major) 97% ee, (minor) 65% ee; enantiomeric excess was determined by HPLC with

a Chiralcel OD-H column (n-hexane/i-propanol = 90/10, 1.0 mL/min, 214 nm, 25 °C).

2 BEBESEEBEEBECE

-
\ 120
f

Cone. Peak No. Peak ID Ret Time Height

2 1 17292 123946.844 450376
22.010 79.2944 2 25 10373.171 5.6359
34110 3 30,625 68140.789

11014 4 45.820 4914.000
100.0000 Total 207374.803

449809
43455

100.0000

ethyl (1S,2R,3S,4S)-2-(furan-2-yl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate
@/ COZE;) 43.0 mg, 73% yield as whiteless oily mixture; dr = 1.3/1; (major) 'H
o™ NMR (400 MHz, CDCl;): 6 7.30 (br s, 1H), 6.34-6.26 (m, 2H), 5.02
ON" o (brd, J=3.8 Hz, 1H), 4.57 (br d, J=4.1 Hz, 1H), 4.23 (g, J= 7.1 Hz,
M OH), 3.37 (brd, J= 4.5 Hz, 1H), 2.57-2.52 (m, 1H), 2.5 (dd, J, = 18.3
Hz, J, = 5.5 Hz, 1H), 2.45-2.25 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H); LRMS (ESI): 404
(M+Na) *; HRMS (DART): calcd for C;¢H{7;N;OsBr; (M+H) *: 382.0285, found:
382.0283; (major) 92% ee, (minor) 70% ee; enantiomeric excess was determined by

HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 90/10, 1.0 mL/min, 214
nm, 25 °C).
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00, Chromatogram (SYF-5-31-0. org) 00, Chromatogram (SYF-XY-5-75. org)
380, 380
360 260
34 340
320; 320
300 300,
280 280/
260, - 260|
20] g 240]
z 20 2 z 20
£ 200 < 200
< 180] 8 = 180)
= 180, 3 = 160] S
140 A 140 s 8
120 | | i20 - H
1001 } \ 100 g
: | e \ 5 | I R
% | f g } \ b - } \ A
I e A B N | - T S & 1 \ I\
012345867 8 810111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 2
Time(in)

17234567 8 91011121314 1516 17 18 10 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Time(min)

Results Results

Peak No. Peak ID Ret Time Height Area Cone. Peak No. Peak ID Ret Time Height Area Cone.
1 13365 205997.219 6261158.000 342137 1 13423 118645.781 3607238.000 223091
2 16.165 31256191 1109459.125 6.0626 2 16123 102768578 3565635.750 220518
23398 9050.028 652472.500 3.5654 3 23.190 85876.875 4505474.500 27,8643
4 30265 143409328 10277074.000 56.1584 4 30423 64100.289 4491009.000 27.7748
Total 389712.767 18300163.625 100.0000 Total 371391523 16169357.250 100.0000

ethyl (1S,2R,3S,4S)-2-(naphthalen-2-yl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate

co,et  65.0 mg, 77% yield as whiteless oily mixture; dr = 1.9/1; (major)

"'/‘djo TH NMR (400 MHz, CDCl;): § 7.83-7.78 (m, 3H), 7.64 (s, 1H),

OaN ) 7.51-7.46 (m, 2H), 7.25 (d, J= 8.2 Hz, 1H), 4.97 (br d, J= 4.5 Hz,

mixture 1H), 4.66 (br d, J=4.5 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.40 (br

d, J=3.8 Hz, 1H), 2.76 (m, 1H), 2.66 (dd, J; = 18.5 Hz, J, = 5.2 Hz, 1H), 2.50-2.38

(m, 2H), 1.21 (t, J = 7.1 Hz, 3H); LRMS (ESI): 376 (M+Na) *; HRMS (DART):

calcd for Cy0H,0N;05 (M+H) *: 354.1336, found: 354.1336; (major) 81% ee, (minor)

35% ee; enantiomeric excess was determined by HPLC with a Chiralcel AD-H

column (n-hexane/i-propanol = 95/5, 1.0 mL/min, 214 nm, 25 °C).

Chromatogram (SVF-5-27-0-AD-95°5. org) 1 Ch

o romatogran (SYF-XV-5-71-AD-95-5. org)
190 |
180 =
170} 600|
160 s50{
150
140 s00|
130| 40| B
120 | E @
£ 110 £ T o8
= 100| = 350, ,\ 8 o
= 90| B = ~
a0 g b ] W 8 &
o H 250 | hoo8
3 |
ool A 200, J I
" , |
4o B 150 i |
30 T & 100
x 3 \ - ‘ WA |
10| 1 X ) \V/\\ 4 L | J‘L Jl Vi |\
o . o A e o NG N
1234567 891011121314151617 181920212223 24 2526 27 28 2930 31 32 33 34 3536 37 38 39 012345678 91011121314151617 18192021222324 2526 27 28 29 30 31 32 33 34 35 36,37 38 30 4!
Time{emin) Timefmin)
Results Results
Peak No. Peak 1D Ret Time Height Area Conc. Peak ID Ret Time Height Aren Conc.
1 27423 7512302 342529.969 6.8672 1 27.677 17081098.000 27.1708
2 30.09 50513.793 3042959000 61,0067 2 30252 27.6146
3 32557 21025.39 1122709.500 225086 3 32792 22,9693
4 35557 8219.698 479709.250 9.6174 4 35817 222453
Total 96271189 4987907719 100.0000  Total 100.0000

ethyl (1S,2R,3S,4S)-3-nitro-6-oxo-2-propylbicyclo[2.2.1]heptane-1-carboxylate
COLE 45.3 mg, 83% yield as whiteless oil; dr = 18/1; [a]p?’ 38.6 (¢ = 2.10,
o~ © CHCL); 'H NMR (400 MHz, CDCls): 5 4.31 (br d, J = 2.8 Hz, 1H),
OaN s 4.25(q,J=17.1 Hz, 2H), 3.21 (br d, J = 4.8 Hz, 1H), 3.13 (br dt, J; =
11.8 Hz, J, = 3.0 Hz, 1H), 2.53 (ddd, J; = 11.3 Hz, J, = 4.2 Hz, J; =

S11



2.0 Hz, 1H), 2.46 (dd, J;, = 18.3 Hz, J, = 5.0 Hz, 1H), 2.24 (d, J = 11.3 Hz, 1H), 2.06
(dd, J; = 18.3 Hz, J, = 4.5 Hz, 1H), 1.94-1.85 (m, 1H), 1.54-1.36 (m, 2H), 1.30 (t, J =
7.1 Hz, 3H), 1.08-0.98 (m, 1H), 0.93 (t, J = 7.3 Hz, 3H); 3C NMR (100 MHz,
CDCl5): 6 205.6, 168.3, 92.0, 66.1, 61.5, 45.8, 41.7, 40.3, 40.0, 33.5, 21.1, 14.1, 13.6;
IR (thin film): 2962, 2932, 2874, 1764, 1729, 1549, 1466, 1370, 1272, 1228, 1186,
1070, 1016, 979, 768 cm’!; LRMS (ESI): 292 (M+Na) *; HRMS (MALDI): calcd for
C13HoN;OsNa (M+Na) *: 292.1155, found: 292.1160; 98% ee; enantiomeric excess
was determined by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 98/2,
1.0 mL/min, 214 nm, 25 °C).
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xxxxxxxxxxxxx

1 25408 203582984 12618090.000 98.8650
2 29.162 2978.825 144861 016 11350

Total 206561.809 12762951.016 100.0000 Total

ethyl (1S,2S,3R,4R)-2-butyl-3-nitro-6-oxobicyclo[2.2.1]heptane-1-carboxylate
coEt  50.7 mg, 90% yield as whiteless oil; dr = 17/1; [a]p*® 36.3 (¢ =

° 2.235, CHCl3); '"H NMR (400 MHz, CDCl3): 8 4.30 (br d, J = 3.0
3n Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 3.20 (br d, J = 4.8 Hz, 1H), 3.12
(br dt, J; =9.0 Hz, J, = 3.0 Hz, 1H), 2.54 (ddd, J; = 11.3 Hz, J, = 4.3 Hz, J; = 2.0 Hz,
1H), 3.12 (dd, J; = 18.3 Hz, J, = 5.3 Hz, 1H), 2.24 (d, J=11.3 Hz, 1H), 2.05 (dd, J; =
18.3 Hz, J, = 4.5 Hz, 1H), 1.99-1.90 (m, 1H), 1.42-1.26 (m, 4H), 1.28 (t, /= 7.1 Hz,
3H), 1.06-0.96 (m, 1H), 0.89 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz, CDCl3):
205.6, 168.3, 92.0, 66.2, 61.5, 46.0, 41.8, 40.3, 40.0, 31.1, 29.9, 22.2, 14.1, 13.8; IR
(thin film): 2960, 2872, 1762, 1728, 1550, 1468, 1370, 1273, 1227, 1186, 1070, 768
cm’'; LRMS (ESI): 306 (M+Na) *; HRMS (MALDI): caled for C4H,N;OsNa
(M+Na) *: 306.1312, found: 306.1316; 99% ee; enantiomeric excess was determined
by HPLC with a Chiralcel AD-H column (n-hexane/i-propanol = 98/2, 1.0 mL/min,
214 nm, 25 °C).
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Resul Results
....... me Height Cone. eal et Time h res
2.752 3581.539 46991.191 ).6662 1 13423 304989.031 7104016.500 49.8059
14.537 294796.844 TO06686,500 99.3338 2 15.357 260061 094 T159381.000 50.1941

ethyl (1S,2R,3S,4S)-2-isobutyl-3-nitro-6-oxobicyclo[2.2.1]heptane-1-carboxylate
coet  48.7 mg, 86% yield as whiteless oil; dr > 20/1; [a]p*® 35.1 (c = 2.385,
>/ ° CHCIl3); 'TH NMR (400 MHz, CDCl;): & 4.31 (br d, J = 2.5 Hz, 1H),
O2N % 4.25(q,J=7.1 Hz, 2H), 3.26 (br d, J = 12.1 Hz, 1H), 3.20 (br d, J =
4.5 Hz, 1H), 2.54 (ddd, J; = 11.3 Hz, J, = 4.1 Hz, J; = 2.0 Hz, 1H),
3.12(dd, J;=18.3 Hz, J, = 5.3 Hz, 1H), 2.46 (dd, J; = 18.3 Hz, J, = 5.0 Hz, 1H), 2.24
(d, /J=11.3 Hz, 1H), 2.07 (dd, J; = 18.3 Hz, J, = 4.5 Hz, 1H), 1.73-1.64 (m, 2H), 1.30
(t, J=17.1 Hz, 3H), 1.00 (t, J=10.5 Hz, 1H), 0.92 (d, J= 5.3 Hz, 6H); 13C NMR (100
MHz, CDCly): 6 205.7, 168.3, 92.4, 66.2, 43.8, 41.7, 40.6, 40.6, 39.8, 26.4, 23.7, 20.9,
14.1; IR (thin film): 2960, 2931, 2872, 1763, 1729, 1551, 1467, 1370, 1325, 1270,
1325, 1270, 1185, 1072, 1015, 768 cm’!; LRMS (ESI): 306 (M+Na) *; HRMS
(MALDI): calcd for C4H,;N;OsNa (M+Na) *: 306.1312, found: 306.1318; 98% ee;
enantiomeric excess was determined by HPLC with a Chiralcel AD-H column (n-

hexane/i-propanol = 99/1, 1.0 mL/min, 214 nm, 25 °C).
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ethyl(1S,2R,3S,4S)-3-nitro-6-o0xo-2-phenethylbicyclo[2.2.1]heptane-1-carboxylate
Ot 58.0 mg, 88% yield as whiteless oil; dr > 20/1; [a]p?’ 14.8 (¢ =2.92,

2
Ph_~. O CHCl;); "TH NMR (400 MHz, CDCl;): 6 7.28-7.25 (m, 2H), 7.20-

O,N 7.18 (m, 1H), 7.17-7.13 (m, 2H), 4.33 (br d, /= 2.5 Hz, 1H), 4.21 (q,
3p

S13



J=7.1 Hz, 2H), 3.18 (br d, J = 4.8 Hz, 1H), 3.13 (br dt, J; = 11.8 Hz, J, = 3.0 Hz,
1H), 2.84-2.77 (m, 1H), 2.74-2.67 (m, 1H), 2.50 (ddd, J; = 11.3 Hz, J, =4.3 Hz, J; =
2.0 Hz, 1H), 2.44 (dd, J; = 18.3 Hz, J, = 5.2 Hz, 1H), 2.36-2.27 (m, 1H), 2.22 (d, J =
11.3 Hz, 1H), 2.05 (dd, J; = 18.3 Hz, J, = 4.3 Hz, 1H), 1.41-1.31 (m, 1H), 1.26 (t, J =
7.1 Hz, 3H); 3C NMR (100 MHz, CDCl3): 8 205.6, 168.2, 140.2, 128.6, 128.3, 126.3,
92.0, 66.2, 51.6, 45.5, 41.7, 40.4, 39.9, 33.9, 33.0, 14.1; IR (thin film): 3027, 2983,
2926, 1763, 1728, 1549, 1496, 1455, 1370, 1325, 1271, 1187, 1143, 1072, 751, 702
cm’'; LRMS (ESI): 354 (M+Na) *; HRMS (MALDI): caled for C;gH,N;OsNa
(M+Na) *: 354.1312, found: 354.1316; 99% ee; enantiomeric excess was determined
by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 7/3, 1.0 mL/min,
214 nm, 25 °C).
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3 20762273 05919 2
Total 734292.690 21921768273 100.0000 Total

ethyl (1S,2R,3S,4S)-2-(2-(5-methylfuran-2-yl)ethyl)-3-nitro-6-oxobicyclo [2.2.1]
heptane-1-carboxylate
/(/j\/ COpEt 56.0 mg, 84% vyield as yellow oil; dr > 20/1; [a]p?’ 24.3 (¢ =
o) O 2.74, CHCl3); 'TH NMR (400 MHz, CDCl3): § 5.86 (d, J=2.5
O:N Hz, 1H), 5.82 (d, J = 2.5 Hz, 1H), 4.28 (br d, J = 2.5 Hz, 1H),
* 424 (q, J = 7.1 Hz, 2H), 3.19-3.17 (m, 2H), 2.80-2.67 (m, 2H),
2.50 (ddd, J; =11.6 Hz, J, =4.3 Hz, J; = 1.8 Hz, 1H), 2.46 (dd, J; = 18.6 Hz, J,=5.3
Hz, 1H), 2.35-2.27 (m, 1H), 2.23 (d, J = 11.6 Hz, 1H), 2.23 (s, 3H), 2.07 (dd, J; =
18.3 Hz, J, = 4.3 Hz, 1H), 1.40-1.32 (m, 1H), 1.28 (t,J = 7.1 Hz, 3H); 13C NMR (100
MHz, CDCls): § 205.5, 168.2, 151.8, 150.8, 106.5, 106.0, 91.8, 66.3, 61.6, 45.3, 41.7,
40.3, 39.7, 30.0, 26.4, 14.1, 13.4; IR (thin film): 2982, 2924, 1764, 1727, 1551, 1451,
1371, 1324, 1272, 1228, 1186, 1079, 1021, 787 cm'!; LRMS (ESI): 358 (M+Na) *;
HRMS (MALDI): calcd for C;7H,1N;OgNa (M+Na) *: 358.1261, found: 358.1267; 99%
ee; enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (n-

hexane/i-propanol = 9/1, 1.0 mL/min, 214 nm, 25 °C).
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573002875 23787278.000 99.5788 1 16.857 403145969 17480550.000 49.8881
20.142 2581329 100619.438 04212 2 19.723 350258.156 17558978.000 501119

ethyl (1S,2R,3S,4S)-3-nitro-6-0x0-2-(2-(thiophen-2-yl)ethyl)bicyclo[2.2.1]heptane
-1-carboxylate
@\/ COLEL 60.4 mg, 90% yield as whiteless oil; dr = 20/1; [a]p** 22.4 (c =
S © 2,99, CHCl;); 'H NMR (400 MHz, CDCl5): & 7.13 (dd, J; = 5.0
O:N . Hz, J, = 0.8 Hz, 1H), 6.89 (dd, J; = 5.0 Hz, J, = 3.5 Hz, 1H), 6.77
(brd,J=2.7Hz, 1H), 433 (brd, J= 2.7 Hz, 1H), 4.23 (q, J = 7.1
Hz, 2H), 3.20 (br d, J=4.5 Hz, 1H), 3.16 (br dt, J; = 12.1 Hz, J, = 3.0 Hz, 1H), 3.04-
2.95 (m, 2H), 2.51 (ddd, J; = 11.3 Hz, J, = 4.2 Hz, J; = 2.0 Hz, 1H), 2.46 (dd, J; =
18.3 Hz, J,=5.1 Hz, 1H), 2.42-2.36 (m, 1H), 2.24 (d, J=11.3 Hz, 1H), 2.07 (dd, J; =
18.3 Hz, J, = 4.3 Hz, 1H), 1.46-1.40 (m, 1H), 1.28 (t,J = 7.1 Hz, 3H); 13C NMR (100
MHz, CDCls): § 205.5, 168.1, 142.8, 126.9, 125.0, 123.7, 91.7, 66.2, 61.6, 45.3, 41.7,
40.2,39.9, 33.4, 28.1, 14.1; IR (thin film): 2982, 2924, 2855, 1763, 1727, 1549, 1370,
1272, 1187, 1143, 1076, 1034, 850, 702 cm'!; LRMS (ESI): 360 (M+Na) *; HRMS
(MALDI): caled for C;sH9N;OsSNa (M+Na) *: 360.0876, found: 360.0872; 99% ee;
enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (n-

hexane/i-propanol = 7/3, 1.0 mL/min, 214 nm, 25 °C).
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Peak No. Peak ID Ret Time Height Area Cone.

1 10915 601636625 16738582.000 49.7666
16895586000 50.2334

Total 1048573313 33634168.000 100.0000

ethyl (1S,2R,3S,4S)-3-nitro-2-((E)-non-3-en-1-yl)-6-oxobicyclo[2.2.1]heptane-1-

carboxylate
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COuEt 63.3 mg, 90% yield as whiteless oil; dr > 20/1; [a]p?’ 21.4 (¢

CoHin . O =2.945, CHCl3); '"H NMR (400 MHz, CDCl;): § 5.42-5.37 (m,

O2N 1H), 5.33-5.28 (m, 1H), 4.33 (br d, /= 3.1 Hz, 1H), 4.24 (q, J

* = 7.1 Hz, 2H), 3.18-3.14 (m, 2H), 2.50 (ddd, J; = 11.3 Hz, J, =

4.3 Hz, J; = 2.0 Hz, 1H), 2.45 (dd, J; = 18.3 Hz, J, = 5.2 Hz, 1H), 2.23 (d, J=11.3

Hz, 1H), 2.18-2.12 (m, 1H), 2.10-2.00 (m, 3H), 1.98-1.91 (m, 2H), 1.35-1.21 (m, 6H),

1.30 (t, J = 7.1 Hz, 3H), 1.12-1.07 (m, 1H), 0.88 (t, J = 7.1 Hz, 3H); 13C NMR (100

MHz, CDCls): 6 205.6, 168.3, 132.6, 127.6, 92.0, 66.2, 61.5, 45.2, 41.8, 40.5, 39.8,

32.5,31.4, 31.2,30.7, 29.0, 22.5, 14.1, 14.0; IR (thin film): 2926, 2856, 1728, 1550,

1466, 1370, 1325, 1270, 1185, 973, 767, 736 cm’!; LRMS (ESI): 374 (M+Na) *;
HRMS (MALDI): calcd for C;9H,9N;OsNa (M+Na) *: 374.1938, found: 374.1942; 99%

ee; enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (n-

hexane/i-propanol = 9/1, 1.0 mL/min, 214 nm, 25 °C).
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ethyl (1S,2R,3S,4S)-2-(2-(benzyloxy)ethyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate

COLEt 59.8 mg, 83% yield as whiteless oil; dr > 20/1; [a]p?’ 37.4 (¢ =2.99,

BnO_ . O CHCIl;); 'TH NMR (400 MHz, CDCl3): & 7.35-7.23 (m, 5H), 4.62

O2N (brd,J=2.7Hz, 1H), 442 (d,J=11.8 Hz, 1H), 437 (d,J=11.8

) Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 3.65-3.60 (m, 1H), 3.54 (td, J; =

9.0 Hz, J, = 4.0 Hz, 1H), 3.36 (br d, J = 11.8 Hz, 1H), 3.14 (br d, J = 4.5 Hz, 1H),

243 (ddd, J;=11.3 Hz, J, =43 Hz,J; =2.0 Hz, 1H), 2.42 (dd, J; = 18.3 Hz, J,=5.3

Hz, 1H), 2.27-2.20 (m, 1H), 2.19 (d, /= 11.3 Hz, 1H), 2.07 (dd, J; = 18.3 Hz, J, =4.5

Hz, 1H), 1.40-1.32 (m, 1H), 1.28 (t, J= 7.1 Hz, 3H); ¥C NMR (100 MHz, CDCl3): &

205.9, 168.4, 137.8, 128.4, 128.0, 127.8, 92.2, 73.4, 69.1, 66.3, 61.5, 44.2, 41.9, 40.8,

39.2, 30.7, 14.1; IR (thin film): 3031, 2982, 2922, 2864, 2800, 1763, 1728, 1552,

1455, 1371, 1325, 1274, 1184, 1100, 1070, 1016, 737, 700 cm™'; LRMS (ESI): 384
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(M+Na) *; HRMS (MALDI): calcd for C;9H,3N;O¢Na (M+Na) *: 344.1418, found:
384.1421; 98% ee; enantiomeric excess was determined by HPLC with a Chiralcel
AD-H column (n-hexane/i-propanol = 98/2, 1.0 mL/min, 214 nm, 25 °C).

Chrostogram (9-5T-. org)

280| 260|
260) 260|
240 240
20 & 220
200 2 200|
80| 180)

< 160 q 5160 g

140| | = 10| g
2 10 =12
100 i 10
0] |8 80|
- | w
40| 49
2 8 } \ =

o | b X
M 5 ) e |
123458 5 16 17 21222 27 28 29 30 31 32
,,,,,,,,,,,,
Result:
Peak ID Ret Time ight Ares onc.
28323 5051.045 198745 484 16691 1
2 30393 210946.109 11708573.000 98,3309 2
Total 215997.154. 11907318.484 100.0000 Total

ethyl (1S,2R,3S,4S)-2-((benzyloxy)methyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-

carboxylate
Coyt 61.2 mg, 88% yield as whiteless oil; dr = 20/1; [a]p?’ -0.86 (c = 2.65,
a0~ "0 CHCls); '"H NMR (400 MHz, CDCL3): § 7.35-7.25 (m, 5H), 4.83 (br d,
ON J=2.7Hz, 1H), 445 (d, J= 11.3 Hz, 1H), 4.35 (d, J = 11.3 Hz, 1H),
3u

4.25 (m, 2H), 3.90 (dd, J; = 10.3 Hz, J, = 3.7 Hz, 1H), 3.83 (dd, J; =
10.3 Hz, J, = 3.0 Hz, 1H), 3.30 (br d, J = 3.5 Hz, 1H), 3.21 (br d, J = 4.8 Hz, 1H),
2.38(ddd, J,=11.3 Hz, J,=4.2 Hz, J; = 2.0 Hz, 1H), 2.33 (dd, J, = 18.1 Hz, J, = 5.2
Hz, 1H), 2.20-2.15 (m, 2H), 1.28 (t, /= 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl;): §
205.1, 168.7, 137.4, 128.5, 127.9, 127.9, 87.6, 73.5, 66.7, 64.6, 61.5, 47.5, 40.8, 40.2,
39.1, 14.1; IR (thin film): 3031, 2982, 2929, 2870, 1763, 1732, 1549, 1497, 1455,
1370, 1316, 1276, 1186, 1118, 1073, 1035, 740, 700 cm™'; LRMS (ESI): 370 (M+Na)
*; HRMS (MALDI): calcd for C;gH,1N;OgNa (M+Na) *: 370.1261, found: 370.1267;
98% ee; enantiomeric excess was determined by HPLC with a Chiralcel OD-H

column (n-hexane/i-propanol = 9/1, 1.0 mL/min, 214 nm, 25 °C).

1 ZDO: 1.2004
1,100 1.1004
1.000] 1000
900] 900
- son
700 " 700
600 ; = 600 o
500 f 500 5 3
a00) i 0| i =
a00] I 200 i f
0] . f \ = f\l I
oo 8 100 \ \
o . g A 2|, R, N A AN
j e Znasn 3 R EERTErETE AT 3
Time{ms Tamef:
Results Result
....... - Heigh Ares Come. ak - Height -
1 15.1 1. 90 1519.156 116 14, 430005563 160 10.000 04
2 18.44: 549607938 /4566.000 98 8341 2 183 358914 1 9896. 000 50 9
Total 7 27 6085.1 10 Total TRI919.
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ethyl (1S,2R,3S,4S)-2-(3-chloropropyl)-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate

COpEt 53.7 mg, 89% yield as whiteless oil; dr > 20/1; [a]p?’ 37.3 (¢ =
o O 2.685, CHCI3); '"H NMR (400 MHz, CDCl3): 6 4.31 (br d, J = 2.7

O2N Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 3.61-3.56 (m, 1H), 3.53-3.47 (m,

3v 1H), 3.27 (br d, J=4.7 Hz, 1H), 3.09 (br dt, J; = 11.6 Hz, J, =3.0
Hz, 1H), 2.49 (dd, J; = 18.3 Hz, J, =5.2 Hz, 1H), 2.49 (ddd, J; = 11.6 Hz, J, = 4.2 Hz,
J; = 2.0 Hz, 1H), 2.27 (d, J = 11.6 Hz, 1H), 2.11-2.05 (m, 2H), 1.96-1.89 (m, 2H),
1.30 (t, J = 7.1 Hz, 3H), 1.32-1.24 (m, 1H); ¥C NMR (100 MHz, CDCl;): 4 205.4,
168.2, 91.7, 66.2, 61.7, 45.6, 44.1, 41.6, 40.1, 40.0, 30.8, 28.9, 14.1; IR (thin film):
2983, 2934, 2872, 1763, 1728, 1549, 1371, 1318, 1276, 1188, 1142, 1066, 1016, 769
cm’'; LRMS (ESI): 326 (M+Na) ; HRMS (MALDI): calcd for Ci3HgN;OsCINa
(M+Na) *: 326.0766, found: 326.0774; 99% ee; enantiomeric excess was determined
by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 9/1, 1.0 mL/min,
214 nm, 25 °C).

§888

(v
s 8 2 B 8 8

Total 260342.124 14551577.797 100.0000 Total

ethyl (1S,2R,3S,4S)-2-cyclopropyl-3-nitro-6-oxobicyclo[2.2.1]heptane-1-
carboxylate
38.5 mg, 73% yield as whiteless oil; dr = 10/1; [a]p?’ 4.15 (¢ = 1.925,
CHCl3); "H NMR (400 MHz, CDCls): 6 4.40 (br d, J = 2.3 Hz, 1H),
ON 4.26 (q,J=7.1 Hz, 2H), 3.22 (br d, J = 4.5 Hz, 1H), 2.70 (br dd, J; =
M 83 Hz = 3.8 Hz 1H), 249 (dd. J, = 183 Hz, J, = 5.2 Hz, 1H), 2.52-
2.46 (m, 1H), 2.25 (d, J=12.3 Hz, 1H), 2.13 (dd, J; = 18.3 Hz, J, = 4.2 Hz, 1H), 1.31
(t, J= 7.1 Hz, 3H), 0.68-0.62 (m, 2H), 0.60-0.52 (m, 2H), 0.37-0.34 (m, 1H); 13C
NMR (100 MHz, CDCl;): 6 205.5, 168.2, 91.4, 66.3, 61.5, 50.5, 41.9, 41.0, 39.7, 14.1,
11.8, 5.8, 2.8 ; IR (thin film): 3086, 2984, 2937, 1732, 1549, 1467, 1371, 1325, 1277,
1234, 1192, 976, 763 cm-'; LRMS (ESI): 290 (M+Na) *; HRMS (MALDI): calcd for

CO,Et
A, 170
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Ci3H17N;OsNa (M+Na) *: 290.0999, found: 290.1001; 95% ee; enantiomeric excess
was determined by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 9/1,
1.0 mL/min, 214 nm, 25 °C).
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L 18 17 131 1
et
Results Results
...... Ret Time Height Area Cone. Peak No. Peak ID Ret Time Height Arca :
0267.5 396 1 15.182 171919.625 5629288500 50.0628
175 16244 5 604 2 17,448 150674,484 5615170,000 499372
Total 6512 0000 Total 322594.109 11244458500 100.0000

ethyl (1S,2R,3S,4S)-2-isopropyl-3-nitro-6-oxobicyclo[2.2.1]heptane-1-carboxylate
27.5 mg, 69% yield as whiteless oil; dr = 10/1; 'TH NMR (400 MHz,

) COZE:) CDCls): 6 4.39 (br d, J=2.5 Hz, 1H), 4.26 (q, J = 7.1 Hz, 2H), 3.19 (br
O,N d, J=4.6 Hz, 1H), 3.16 (dd, J; = 11.1 Hz, J, = 3.8 Hz, 1H), 2.60 (ddd,
> J; =113 Hz, J,=43 Hz, J;=2.0 Hz, 1H), 2.47 (dd, J; = 18.5 Hz, J, =

5.2 Hz, 1H), 2.17 (d, J=11.1 Hz, 1H), 2.09 (dd, J; = 18.5 Hz, J, = 4.5 Hz, 1H), 1.46-
1.44 (m, 1H), 1.31 (t, J= 7.1 Hz, 3H), 1.03 (d, J = 6.5 Hz, 3H), 0.93 (d, J = 5.8 Hz,
3H); 3C NMR (100 MHz, CDCl3): 6 204.7, 168.8, 91.7, 64.4, 61.4, 52.7, 42.5, 42.2,
40.5, 31.8, 21.1, 20.8, 14.1; IR (thin film): 2967, 2878, 1768, 1728, 1550, 1466, 1372,
1333, 1273, 1192, 1069, 1019, 761 cm'; LRMS (ESI): 292 (M+Na) *; HRMS (ESI):
calcd for Ci3HoN{OsNa (M+Na) *: 292.1155, found: 292.1154; 46% ee; enantiomeric
excess was determined by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol

=8/2, 0.7 mL/min, 214 nm, 25 °C).

ss0 550)
500 00|
450 450
400 400|
a 350| 350
E 300
= g | Fom 5
00) ( \ g 00| }\I F\
| \ \
’ " ik AN " TNSUVAN S
3 14 15 1 19 20 21 1 14 9 20 2
Time(m
Results Results
ime Height ‘onc. eal eal ime el
8 185199.797 5100325500 727715 1 a7 183910.781 5034179500 30,0686
2 20,398 41361875 1908360.500 27.2285 > 20012 120084516 5020380500  49.9314
Total 226561.672 7008686.000 100.0000 Total 03995,

ethyl  (1S,2R,3R,4S)-2-isobutyl-4-methyl-3-nitro-6-oxobicyclo[2.2.1]heptane-1-

carboxylate
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coet  46.0 mg, 78% yield as whiteless oil; dr = 6/1; [a]p®* 33.2 (c = 2.245,
o
4 CHCly); '"H NMR (400 MHz, CDCly): & 4.28 (br d, J = 4.5 Hz, 1H), 4.25

O5N
Me

s (95 J=7.1Hz, 2H), 3.30 (br dt, J; = 12.6 Hz, J, = 3.3 Hz, 1H), 2.72 (dd,
J; =113 Hz, J, = 4.5 Hz, 1H), 2.30 (d, J = 18.4 Hz, 1H), 2.12-2.04 (m, 2H), 1.68
(ddd, J; = 13.3 Hz, J, = 10.3 Hz, J; = 3.0 Hz, 1H), 1.56-1.51 (m, 1H), 1.30 (t, /= 7.1
Hz, 3H), 1.23 (s, 3H), 1.00 (td, J; = 13.3 Hz, J, = 3.7 Hz, 1H), 0.90 (d, J = 6.8 Hz,
3H), 0.86 (d, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl5): § 205.7, 168.1, 97.2,
66.6, 61.4, 49.2, 47.0, 45.1, 44.1, 40.0, 26.6, 23.6, 20.9, 16.8, 14.1; IR (thin film):
2961, 2936, 2874, 1765, 1730, 1552, 1466, 1369, 1271, 1220, 1181, 1066, 1019, 771
cml; LRMS (ESI): 320 (M+Na) *; HRMS (MALDI): caled for C;sH;3N;OsNa
(M+Na) *: 320.1468, found: 320.1468; 84% ee; enantiomeric excess was determined
by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol = 95/5, 1.0 mL/min,
214 nm, 25 °C).
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ethyl (1S,2R,3R,4S)-4-methyl-3-nitro-6-oxo-2-phenethylbicyclo[2.2.1]heptane-1-
carboxylate
COLEt 50.0 mg, 73% yield as a white solid; dr = 6.5/1; [a]p** 20.7 (¢ =
Ph . O 2.435, CHCl3); '"H NMR (400 MHz, CDCls): & 7.28-7.24 (m, 2H),
O2N 7.20-7.17 (m, 1H), 7.10-7.08 (m, 2H), 4.34 (br d, J = 3.3 Hz, 1H),
’;A:b 4.21(q,J="7.1 Hz, 2H), 3.17 (br dt, J; = 12.3 Hz, J, = 3.5 Hz, 1H),
2.75-2.71 (m, 1H), 2.70 (dd, J; = 11.3 Hz, J, = 4.5 Hz, 1H), 2.62-2.54 (m, 1H), 2.35-
2.29 (m, 1H), 2.30 (d, /= 18.3 Hz, 1H), 2.10 (dd, J; = 18.3 Hz, J, = 4.5 Hz, 1H), 2.04
(dd, J; = 11.0 Hz, J, = 1.0 Hz, 1H), 1.39-1.31 (m, 1H), 1.26 (t, J= 7.1 Hz, 3H), 1.22
(s, 3H); 13C NMR (100 MHz, CDCl;): 6 205.5, 168.0, 139.8, 128.6, 128.3, 126.4,
96.8, 66.6, 61.5, 49.1, 47.0, 46.4, 44.0, 33.8, 32.4, 16.8, 14.1; IR (thin film): 2960,
2928, 1760, 1716, 1551, 1457, 1369, 1313, 1180, 1079, 763 cm''; LRMS (ESI): 368

(M+Na) *; HRMS (MALDI): calcd for C;9H,3N;OsNa (M+Na) *: 368.1468, found:
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368.1466; 84% ee; enantiomeric excess was determined by HPLC with a Chiralcel

OD-H column (n-hexane/i-propanol = 8/2, 1.0 mL/min, 214

nm, 25 °C).

Chromatogran (9-42-a-2. org)

1 - 1,000
1.200] 90|
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000 700
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ol . 200 Ir\ f
200 b 150 If i H \
| P 100 \
1004 \
| IR A 50 /A Ji \
of e 0 i . R LI
o 4 0 1 12 13 10 11 12 13
‘ime(min) e min).
Its
ak N Ret Time Height Area Comc Re a C
1 10337 906921.000 25236970000 92.2554 304, 50.
2 12,44 71625.695 2118587750 7,746 2 I 825,500 40.854
Total 978546.695 27355557750 100.0000 Total $38383.500 15645129.500 100

ethyl (1S,2R,3R,4S)-4-methyl-2-(2-(5-methylfuran-2-yl)ethyl)-3-nitro-6-

oxobicyclo [2.2.1] heptane-1-carboxylate

/@\/ CO,Et
e

O,N
Me
3qb

55.6 mg, 80% yield as whiteless oil; dr = 13/1; [a]p? 34.5 (c =
2.615, CHCl3); '"H NMR (400 MHz, CDCly): & 5.83-5.81 (m,
2H), 4.30 (br d, J = 3.5 Hz, 1H), 4.24 (q, J = 7.1 Hz, 2H), 3.21
(brdt, J; =12.3 Hz, J, = 3.5 Hz, 1H), 2.71 (dd, J; = 11.0 Hz, J,

= 4.5 Hz, 1H), 2.67-2.59 (m, 2H), 2.30 (d, J = 18.3 Hz, 1H), 2.32-2.26 (m, 1H), 2.22
(s, 3H), 2.10 (dd, J; = 18.3 Hz, J, = 4.5 Hz, 1H), 2.04 (d, /= 11.3 Hz, 1H), 1.35-1.26
(m, 1H), 1.28 (t, J= 7.1 Hz, 3H), 1.22 (s, 3H); 13C NMR (100 MHz, CDCl;): 6 205.6,
168.0, 151.4, 151.0, 106.6, 106.0, 96.6, 66.6, 61.5, 49.1, 46.9, 46.3, 43.9, 29.7, 26.3,
16.8, 14.1, 13.4; IR (thin film): 2965, 2924, 1763, 1728, 1553, 1463, 1369, 1320,
1270, 1220, 1181, 1075, 1021, 785 cm’l; LRMS (ESI): 372 (M+Na) ; HRMS
(MALDI): caled for CigH3N{OgNa (M+Na) *: 372.1418, found: 372.1423; 95% ee;

enantiomeric excess was determined by HPLC with a Chiralcel PC-2 column (n-

hexane/i-propanol = 9/1, 1.0 mL/min, 214 nm, 25 °C).
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Pe Ret Time re ne. Feak me  Hegh  Ara Comc
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Total 80561 1 Total 1.000
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ethyl (1S,2R,3R,4S)-4-methyl-3-nitro-6-oxo-2-(2-(thiophen-2-yl)ethyl)bicyclo
[2.2.1]heptane-1-carboxylate

@\/ co,et  51.8 mg, 74% yield as a white solid; dr = 8/1; [a]p?® 29.0 (¢ =
s © 2,515, CHCl;); '"H NMR (400 MHz, CDCly): § 7.13 (dd, J, = 5.0
OaN Hz, J, = 0.8 Hz, 1H), 6.88 (dd, J; = 5.0 Hz, J, = 3.5 Hz, 1H), 6.72

Me
3 (brd,J=3.1Hz, 1H), 4.33 (brd,J=3.2 Hz, 1H), 4.23 (q,J=7.1

Hz, 2H), 3.22 (br dt, J; = 12.0 Hz, J, = 3.5 Hz, 1H), 2.97-2.91 (m, 1H), 2.88-2.82 (m,
1H), 2.71 (dd, J; = 11.3 Hz, J, = 4.6 Hz, 1H), 2.38-2.33 (m, 1H), 2.32 (d, /= 18.3 Hz,
1H), 2.11 (dd, J, = 18.3 Hz, J, = 4.5 Hz, 1H), 2.05 (dd, J; = 11.1 Hz, J,= 0.7 Hz, 1H),
1.46-1.39 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H), 1.23 (s, 3H); 13C NMR (100 MHz,
CDCly): 8 205.5, 168.0, 142.3, 126.9, 125.1, 123.8, 96.6, 66.6, 61.6, 49.1, 47.0, 46.2,
44.0,32.9, 28.1, 16.8, 14.1; IR (thin film): 2967, 2932, 1763, 1728, 1552, 1463, 1368,
1320, 1269, 1221, 1180, 1072, 735, 702 cm™'; LRMS (ESI): 374 (M+Na) *; HRMS
(MALDI): caled for Ci7H,1N;0OsSNa (M+Na) *: 374.1033, found: 374.1035; 88% ee;
enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (n-

hexane/i-propanol = 8/2, 1.0 mL/min, 214 nm, 25 °C).

8 8888888888288
N NEREERRIDYNEE
o 8BBESEEREBEREEEES

Total 830369836 24107097500 1000000 @ Total 615912750 19619872000  100.0000

ethyl (1S,2R,3R,4S)-4-methyl-3-nitro-2-((E)-non-3-en-1-yl)-6-oxobicyclo[2.2.1]
heptane-1-carboxylate
coet 4.3 mg, 74% yield as whiteless oil; dr = 6.3/1; [a]p® 19.5 (c
Cotin 2 = 2425, CHCLs); 'H NMR (400 MHz, CDCl3): § 5.39-5.34
ON I (m, 1H), 5.27-5.22 (m, 1H), 4.30 (br d, J = 3.5 Hz, 1H), 4.24
%5 (q,J=7.1Hz, 2H), 3.21 (br dt, J; = 9.3 Hz, J, = 3.2 Hz, 1H),
2.73 (dd, J; = 11.1 Hz, J, = 4.3 Hz, 1H), 2.30 (d, J = 18.3 Hz, 1H), 2.12-1.90 (m, 7H),
1.31 (t, J = 7.1 Hz, 3H), 1.35-1.23 (m, 6H), 1.23 (s, 3H), 1.12-1.04 (m, 1H), 0.88 (m,
3H); 3C NMR (100 MHz, CDCL): & 205.7, 168.1, 132.8, 127.3, 96.7, 66.5, 61.4,
49.1, 46.9, 46.3, 44.0, 32.5, 31.4, 30.7, 30.7, 29.0, 22.5, 16.8, 14.1, 14.0; IR (thin
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film): 2926, 2856, 1763, 1733, 1553, 1464, 1369, 1313, 1271, 1071, 972, 740 cm’};
LRMS (ESI): 388 (M+Na) *; HRMS (MALDI): calcd for C,,H3;N;OsNa (M+Na) *:
388.2094, found: 388.2095; 83% ee; enantiomeric excess was determined by HPLC
with a Chiralcel PC-2 column (n-hexane/i-propanol = 95/5, 1.0 mL/min, 214 nm, 25
°C).

L s BERBEBEEEBE

388588838883 °%8

194510719 3230816.000 913819 1 8715 4643.469 4368531.000 50.1196
16652.969 304692375 2 5 4347677.000

Total 211163688 3535508.375 100.0000 Total

ethyl (1S,2R,3R,45)-2-(2-(benzyloxy)ethyl)-4-methyl-3-nitro-6-oxobicyclo
[2.2.1] heptane-1-carboxylate
57.3 mg, 76% yield as whiteless oil; dr = 8/1; [a]p?® 30.1 (¢ = 2.865,

CO,Et
BnO._~._{~_O CHCl;); '"H NMR (400 MHz, CDCl;): § 7.36-7.24 (m, SH), 4.51
ON (br d, J=3.3 Hz, 1H), 4.41 (d, /= 11.8 Hz, 1H), 435 (d, J= 11.8
M
w  Hz 1H), 4.23 (q,J = 7.1 Hz, 2H), 3.57-3.52 (m, 1H), 3.43 (td, J, =

8.1 Hz, J, = 4.0 Hz, 1H), 3.37 (ddd, J; = 11.8 Hz, J, = 3.5 Hz, J; = 2.8 Hz, 1H), 2.62
(dd, J;, =11.0 Hz, J, = 4.5 Hz, 1H), 2.27 (d, J = 18.3 Hz, 1H), 2.19 (m, 1H), 2.08 (dd,
J;=18.3 Hz, J;,=4.5 Hz, 1H), 2.02 (br d, /= 11.0 Hz, 1H), 1.40-1.31 (m, 1H), 1.27 (t,
J=17.1 Hz, 3H), 1.21 (s, 3H); 3C NMR (100 MHz, CDCl3): 8 206.0, 168.2, 137.7,
128.4, 128.1, 127.8, 96.9, 73.4, 68.9, 66.6, 61.5, 49.2, 46.8, 45.7, 43.6, 30.6, 17.0,
14.1; IR (thin film): 2964, 2918, 2860, 1761, 1728, 1552, 1456, 1369, 1323, 1266,
1180, 1096, 1070, 742 cm'; LRMS (ESI): 398 (M+Na) *; HRMS (MALDI): calcd
for Cy0HpsN;OgNa (M+Na) *: 398.1574, found: 398.1578; 75% ee; enantiomeric
excess was determined by HPLC with a Chiralcel OD-H column (n-hexane/i-propanol

=7/3, 1.0 mL/min, 214 nm, 25 °C).
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ethyl (1S,2R,3R,4S)-2-(3-chloropropyl)-4-methyl-3-nitro-6-oxobicyclo[2.2.1]
heptane-1-carboxylate

co,et  50.3 mg, 79% yield as whiteless oil; dr > 20/1; [a]p*! 254.1 (c =
o © 2.515, CHCl;); 'TH NMR (400 MHz, CDCl3): 8 4.31 (brd, J=3.6

O=N Ve Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 3.54-3.50 (m, 1H), 3.48-3.44 (m,

3vb 1H), 3.18 (brdt,J; = 12.1 Hz, J,=3.8 Hz, 1H), 2.74 (dd, J, = 11.0
Hz, J, = 4.5 Hz, 1H), 2.33 (d, J = 18.3 Hz, 1H), 2.12 (dd, J; = 18.3 Hz, J, = 4.5 Hz,
1H), 2.08 (br d, J = 11.0 Hz, 1H), 2.08-2.03 (m, 1H), 1.83-1.75 (m, 2H), 1.30 (t, J =
7.1 Hz, 3H), 1.25 (s, 3H), 1.25-1.19 (m, 1H); 3C NMR (100 MHz, CDCl;):  205.3,
168.0, 96.7, 66.5, 61.6, 49.2, 47.0, 46.7, 44.2, 43.9, 30.8, 28.4, 16.7, 14.1; IR (thin
film): 2965, 2935, 1762, 1728, 1552, 1463, 1369, 1315, 1272, 1222, 1182, 769 cm’!;
LRMS (ESI): 340 (M+Na) *; HRMS (MALDI): caled for C;4HoN;OsCINa (M+Na) *:
340.0922, found: 340.0921; 92% ee; enantiomeric excess was determined by HPLC
with a Chiralcel AD-H column (n-hexane/i-propanol = 98/2, 1.0 mL/min, 214 nm, 25
°C).

o8EEEREREEEHEASIBREERE
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1 23853 27242.900 1074370.625 42108 1 23498 220209344 8176009.000 50.7946
2 27.162 527020750 24440236.000 95.7892 2 26993 193779297 7920215500 492084
Total 554263650 25514606.625 100.0000 Total 413988.641 16096224.500 100.0000
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Spectral Data
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