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1. NMR DATA FOR NOVEL COMPOUNDS

tert-Butyl (S)-2-(((2-methoxy-3,4-dioxocyclobut-1-en-1-yl)amino)methyl)pyrrolidine-
1-carboxylate ((S)-6)
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4,4'-(((1S,2S)-1,2-Diphenylethane-1,2-diyl)bis(azanediyl))bis(3-methoxycyclobut-3-
ene-1,2-dione) ((S,S)-8)
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4,4'-(((1R,2R)-1,2-Di(pyridin-2-yl)ethane-1,2-diyl)bis(azanediyl))bis(3-((((S)-
pyrrolidin-2-yl)methyl)amino)cyclobut-3-ene-1,2-dione) tetrafluoroacetate (1)
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4,4'-(((1S,2S)-1,2-di(pyridin-2-yl)ethane-1,2-diyl)bis(azanediyl))bis(3-((((S)-
pyrrolidin-2-yl)methyl)amino)cyclobut-3-ene-1,2-dione) tetrafluoroacetate (epi-1)
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(2S,2'S)-2,2'-((((((1S,2S)-1,2-Diphenylethane-1,2-diyl)bis(azanediyl))bis(3,4-
dioxocyclobut-1-ene-2,1-diyl))bis(azanediyl))bis(methylene))bis(pyrrolidin-1-ium) 
bistrifluoroacetate (2)
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(2S,2'S)-2,2'-((((((1R,2R)-1,2-diphenylethane-1,2-diyl)bis(azanediyl))bis(3,4-
dioxocyclobut-1-ene-2,1-diyl))bis(azanediyl))bis(methylene))bis(pyrrolidin-1-ium) 
bistrifluoroacetate (epi-2)
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4,4'-(((1S,2S)-cyclohexane-1,2-diyl)bis(azanediyl))bis(3-((((S)-pyrrolidin-2-
yl)methyl)amino)cyclobut-3-ene-1,2-dione) bistrifluoroacetate (3)
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4,4'-(((1R,2R)-cyclohexane-1,2-diyl)bis(azanediyl))bis(3-((((S)-pyrrolidin-2-
yl)methyl)amino)cyclobut-3-ene-1,2-dione) bistrifluoroacetate (epi-3)
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(E)-(2-nitrovinyl)cymantrene (10f)

Mn
(CO)3

NO2

10f
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(S)-2-((R)-1-(cymantrenyl-3-yl)-2-nitroethyl)cyclohexanone (11df)

O

NO2

11df

Mn(CO)3



S12

2. 1H NMR data for known compounds 11 and 13 (for structural formulas see 
Section 3)

(2S,4S)-4-Methyl-2-((R)-2-nitro-1-phenylethyl)cyclohexan-1-one (11aa): 1H NMR (300 

MHz, CDCl3): δ 0.98 (d, 3H, J = 6.6 Hz), 1.35-1.48 (m, 2H), 1.56-1.66 (m, 1H), 

1.90-2.15 (m, 2H,), 2.50 (t, 2H, J = 6.59 Hz), 2.69-2.80 (m, 1H), 3.76-3.84 (m, 

1H), 4.56-4.73 (m, 2H), 7.17-7.18 (m, 2H), 7.26-7.40 (m, 3H).

(2S,4S)-2-((R)-1-(2-Chlorophenyl)-2-nitroethyl)-4-methylcyclohexan-1-one (11ab): 1H 

NMR (300 MHz, CDCl3): δ 1.05 (d, 3H, J = 6.8 Hz), 1.41-1.56 (m, 2H), 1.65-1.74 

(m, 1H), 1.92-2.03 (m, 1H), 2.08-2.17 (m, 1H), 2.46-2.53 (m, 2H), 2.94-3.03 (m, 

1H), 4.30-4.38 (m, 1H), 4.70-4.88 (m, 2H), 7.20-7.28 (m, 3H), 7.37-7.46 (m, 

1H).
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(2S,4S)-2-((R)-1-(4-Methoxyphenyl)-2-nitroethyl)-4-methylcyclohexan-1-one (11ac): 1H 

NMR (300 MHz, CDCl3): δ 0.98 (d, 3H, J = 6.8 Hz), 1.37-1.50 (m, 2H), 1.56-1.66 

(m, 1H), 1.93-2.08 (m, 2H), 2.46-2.51 (m, 2H), 2.63-2.71 (m, 2H), 3.70-3.79 (m, 

4H), 4.53-4.68 (m, 2H), 6.87-6.90 (m, 2H), 7.05-7.11 (m, 1H).

(2S,4S)-4-Methyl-2-((R)-2-nitro-1-(p-tolyl)ethyl)cyclohexan-1-one (11ad): 1H NMR (300 

MHz, CDCl3): δ 0.93 (d, 3H, J = 6.6 Hz), 1.40-1.51 (m, 1H), 1.57-1.67 (m, 1H), 

1.93-2.10 (m, 2H), 2.32 (s, 3H), 2.48-2.52 (m, 2H), 2.66 - 2.74 (m, 1H), 3.72 - 

3.80 (m, 1H), 4.53-4.69 (m, 2H), 7.03-7.17 (m, 4H).
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(2S,4S)-4-(tert-Butyl)-2-((R)-2-nitro-1-phenylethyl)cyclohexan-1-one (11ba): 1H NMR 

(300 MHz, CDCl3): δ 0.73 (s, 9H), 1.32-1.65 (m, 4H), 2.03-2.15 (m, 1H), 2.43-

2.50 (m, 1H), 2.54-2.70 (m, 2H), 3.78-3.90 (m, 1H), 4.49-4.64 (m, 2H), 7.18-

7.21 (m, 2H), 7.28-7.38 (m, 3H).

(S)-7-((R)-1-(4-Methoxyphenyl)-2-nitroethyl)-1,4-dioxaspiro[4.5]decan-8-one (11cc): 1H 
NMR (300 MHz, CDCl3): δ 7.08 (d, 2H, J = 8.7 Hz), 6.85 (d, 2H, J = 8.7 Hz), 4.93-4.89 (dd, 1H, 
J = 12.3 Hz, 4.8 Hz), 4.58 - 4.54 (dd, 1H, J = 12.3 Hz, 9.9 Hz), 4.0-3.83 (m, 4H), 3.79 (s, 3H), 
3.0 - 2.9 (m, 1H), 2.72 - 2.66 (dt, 1H, J = 13.8 Hz, 6.4 Hz), 2.48-2.44 (m, 1H), 2.07-1.92 (m, 
2H), 1.72-1.68 (m, 1H), 1.57-1.51 (m, 2H).



S16



S17

(S)-7-((R)-1-(Benzo[d][1,3]dioxol-5-yl)-2-nitroethyl)-1,4-dioxaspiro[4.5]decan-8-one 
(11ce): 1H NMR (300 MHz, CDCl3): δ 6.8 (d, 1H, J = 8.0 Hz,), 6.6 - 6.63 (m, 2H), 5.99 (m, 
2H,), 4.94-4.89 (dd, 1H, J = 12.4 Hz, 4.5 Hz), 4.57-4.53 (dd, 1H, J = 12.4 Hz, 10.1 Hz), 4.02-
3.88 (m, 4H), 3.80-3.70 (dt, 1H, J = 10.1 Hz, 4.7 Hz), 3.02-2.97 (m, 1H), 2.74-2.68 (dt, 1H, J = 
13.5 Hz, 6.4 Hz), 2.49-2.45 (m, 1H), 2.07-2.04 (m, 1H), 2.0-1.9 (dt, 1H, J = 13.3 Hz, 5.2 Hz), 
1.77-1.73 (m, 1H), 1.59 (m, 1H).

(S)-2-((R)-2-Nitro-1-phenylethyl)cyclohexan-1-one (11da): 1HNMR (300 MHz, CDCl3)  
7.29 -7.37 (m, 3H), 7.19 (d, J = 6.6 Hz, 2H), 4.97 (dd, J = 4.5, 12.5 Hz, 1H), 4.65 (dd, J = 10, 
12.4 Hz, 1H), 3.78 (dt, J = 4.5, 10.0 Hz, 1H), 2.67-2.76 (m, 1H), 2.36-2.52 (m, 2H), 2.08-2.13 
(m, 1H), 1.61-1.82 (m, 4H), 1.24-1.32 (m, 1H).



S18

(S)-2-((R)-1-(4-Methoxyphenyl)-2-nitroethyl)cyclohexan-1-one (11dc): 1H NMR (300 MHz, 
CDCl3):  = 7.06 (d, J = 8.3 Hz, 2H), 6.82 (d, J = 8.9 Hz, 2H), 4.94 (dd, J = 4.5, 12.2 Hz, 1H), 
4.56 (dd, J = 10.2, 12.3 Hz, 1H), 3.75 (s, 3H), 3.72 (m, 1H), 2.65–2.63(m, 1H), 2.54–2.43 (m, 
1H), 2.44–2.36 (m, 1H), 2.13–2.06 (m, 1H), 1.82–1.57 (m, 4H), 1.27–1.20 (m, 1H).

(S)-2-((R)-1-(Benzo[d][1,3]dioxol-5-yl)-2-nitroethyl)cyclohexan-1-one (11de): 1H NMR (300 
MHz, CDCl3):  1.19–1.22 (m, 1H), 1.56–1.69 (m, 2H), 1.78 (m, 2H), 2.06 (m, 1H), 2.33–2.48 
(m, 2H), 2.58–2.62 (m, 1H), 3.65–3.68 (m, 1H), 4.54 (t, J = 11.0 Hz, 1H), 4.89 (dd, J = 2.8, 12.0 
Hz, 1H), 5.94 (s, 2H), 6.61 (d, J = 7.6 Hz, 1H), 6.64 (s, 1H), 6.73 (d, J = 7.6 Hz, 1H).
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(4S,5R)-4-Methyl-6-nitro-5-phenylhexan-3-one (13a): 1H NMR (200 MHz, CDCl3):  0.95 (d, 
3H, J = 7.0 Hz), 1.09 (t, 3H, J = 7.5 Hz), 2.43 (dq, 1H, J = 7.5, 18.0 Hz), 2.64 (dq, 1H, J = 7.0, 
18.0 Hz), 2.98 - 3.06 (m, 1H), 3.74 (m, 1H), 4.62 (m, 1H), 4.70 (m, 1H), 7.18 –7.21 (m, 2H), 
7.30–7.40 (m, 3H).

(R)-1-Nitro-2-phenylheptan-4-one (13b):1H NMR (300 MHz, CDCl3) δ 0.88 (t, 3H, J = 6.6 
Hz), 1.58 (m, 4H,), 2.20 (m, 2H,), 2.39 (m, 2H), 4.10 (m, 1H), 4.60 (m, 2H), 7.18–7.37 (m, 5H).



S20

3. HPLC DATA

(2S,4S)-4-methyl-2-((R)-2-nitro-1-phenylethyl)cyclohexan-1-one (11aa).

O
NO2

11aa

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 12.1 min 
(minor), tR = 20.8 min (major).

rac-11aa
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11aa
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(2R,4R)-4-methyl-2-((S)-2-nitro-1-phenylethyl)cyclohexan-1-one (ent-11aa).

O
NO2

ent-11aa

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 12.1 min 
(major), tR = 20.8 min (minor).

ent-11aa
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(2S,4S)-2-((R)-1-(2-chlorophenyl)-2-nitroethyl)-4-methylcyclohexan-1-one (11ab).

O
NO2
Cl

11ab

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 18.8 min 
(minor), tR = 21.9 min (major).

rac-11ab
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11ab
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(2S,4S)-2-((R)-1-(4-methoxyphenyl)-2-nitroethyl)-4-methylcyclohexan-1-one (11ac).

O
NO2

OMe

11ac

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min,  =220 nm), tR = 12.5 min 
(minor), tR = 30.3 min (major).

rac-11ac
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(2S,4S)-4-methyl-2-((R)-2-nitro-1-(p-tolyl)ethyl)cyclohexan-1-one (11ad).

O
NO2

Me

11ad

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 9.5 min 
(minor), tR = 18.6 min (major).

rac-11ad
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11ad
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(2S,4S)-4-(tert-butyl)-2-((R)-2-nitro-1-phenylethyl)cyclohexan-1-one (11ba).

O
NO2

11ba

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 10.1 min 
(minor), tR = 13.6 min (major).

rac-11ba
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11ba
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(S)-7-((R)-1-(4-methoxyphenyl)-2-nitroethyl)-1,4-dioxaspiro[4.5]decan-8-one (11cc).

O
NO2

O O
11cc

OMe

HPLC (CHIRALPAK AD-H, hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min,  =220 nm), tR = 7.4 min 
(minor), tR = 12.8 min (major).

rac-11cc
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11cc

11cc after recrystallization
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(R)-7-((S)-1-(4-methoxyphenyl)-2-nitroethyl)-1,4-dioxaspiro[4.5]decan-8-one (ent-11cc).

O
NO2

O O ent-11cc

OMe

HPLC (CHIRALPAK AD-H, hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min,  =220 nm), tR = 7.4 min 
(major), tR = 12.8 min (minor).

ent-11cc
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ent-11cc after recrystallization
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(S)-7-((R)-1-(benzo[d][1,3]dioxol-5-yl)-2-nitroethyl)-1,4-dioxaspiro[4.5]decan-8-one (11ce).

O
NO2

O
O

O O
11ce

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min,  =220 nm), tR = 16.0 min 
(minor), tR = 21.7 min (major).

rac-11ce
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11ce

11ce after recrystallization
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(S)-2-((R)-2-nitro-1-phenylethyl)cyclohexan-1-one (11da).

O
NO2

11da

HPLC (CHIRALPAK AD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 11.6 min 
(minor), tR = 14.3 min (major).

rac-11da
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11da
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(S)-2-((R)-1-(4-methoxyphenyl)-2-nitroethyl)cyclohexan-1-one (11dc).

O
NO2

OMe

11dc

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min,  =220 nm), tR = 7.9 min 
(minor), tR = 9.5 min (major).

rac-11dc
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11dc



S41

(S)-2-((R)-1-(benzo[d][1,3]dioxol-5-yl)-2-nitroethyl)cyclohexan-1-one (11de).

O
NO2

O
O

11de

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min,  =220 nm), tR = 14.4 min 
(minor), tR = 17.9 min (major).

rac-11de
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11de
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(S)-2-((R)-1-(4-cymantrenyl)-2-nitroethyl)cyclohexan-1-one (11df).

O
NO2

Mn(CO)3

11df

HPLC (CHIRALPAK AS-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 15.3 min 
(major), tR = 18.5 min (minor).

rac-11df
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11df
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(4S,5R)-4-methyl-6-nitro-5-phenylhexan-3-one (13a).

O
NO2

HPLC (CHIRALPAK OD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 8.7 min 
(major), tR = 10.6 min (minor).

rac-13a
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13a
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(R)-1-nitro-2-phenylheptan-4-one (13b).

O
NO2

HPLC (CHIRALPAK OD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min,  =220 nm), tR = 13.8 min 
(major), tR = 16.1 min (minor).

rac-13b
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13b


