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1. Enantioselective Michael reaction optimization

...............................
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Table 1. Solvent optimization of the Michael addition of ketoester 1 to nitrostyrene 2a.
Exp. Solv. Yield(%)®  d.r.[ eel®]
1 PhMe 80 98:2 94
2 PhCF; 76 99:1 95
3 Acetone 83 99:1 95
4 DCE 77 99:1 95
5 EtOAC 76 99:1 95
6 CHCI; 78 95:5 90
7 MeCN 84 97:3 90
8 THF 75 94:6 78
9 MeOH 77 97:3 76
10 DMF 76 95:5 58
11 Brine 74 94:4 84
12 DCM/Brine 60 93:7 80

Reactions were performed with 1a (0.1 mmol), 2a (1 equiv.) and Cat-D (1 mol%) in solvent (2 M) at 20 °C
[a] Isolated yield [b] e.r. and d.r. obtained by CSP-HPLC analysis. DCE: 1,2-dichloroethane, THF:
tetrahydrofuran, DMF: dimethylformamide, DCM: dichloromethane.

Table 2. Product conversion at different reaction times.

% conversion atl®

Ti
M ol 05 0.1
(h) o o

mol% mol%
0.6 87 86 80
1.1 90 90 88
2.5 90 90 90
5.1 92 90 90
24 91l 89l oot

Reactions were performed with 1a (0.5 mmol), 2a (1 equiv.) and Cat-D in acetone (3.6 M) at 20 °C [a]
Conversion calculated by *H NMR using 4-nitrobenzaldehyde as internal standard [b] d.r. = 97:3, e.r. = 95:5
[c] d.r. =98:2, e.r. =94:6 [d] d.r. = 96:4, e.r. = 88:12.



Table 3. Temperature effect on the Michael addition.

[M] T(°C) Yield(%)® d.r.ll e.r.b

Exp. mol%
1 1 2
2 1 2
3 1 2
4 1 2
5 1 2
6 1 2
7 1 2
8 0.5 1
9 0.5 1
10 1 1
11 1 1
12 1 1
13 1 2
14 1 2

0
20
35
40
45
50
60
50
60
45
50
60
40
40

72 97:3 96:4
84 99:1 97.5:2.5
86 99:1 98:2
88 99:1 99:1
74 99:1 99:1
65 97:3 97:3
63 96:4 96:4
70 98:2 96:4
64 97:3 96:4
77 98:2 98:2
68 99:1 98:2
68 98:2 96:4
91l 98:2 99:1
93! 97:3 99:1

Unless otherwise noted, reactions were performed with 1a (0.1 mmol), 2a (1 equiv.) and Cat-D in acetone
(2 M) for 3 h.[a] Yields were determined according to obtained mass of pure product after FCC. [b]
Determined by HPLC analysis using chiral column OD-H. [c] 2 equiv. of 2a were used. [d] 2.5 of 2a were

used.

2. Enantiomer match-mismatch catalyst.

83%, 99:1, (94)

00 J
Cat 1% mol ﬁ‘j.\/\ NO,
> A
Acetone (2 M) N Ph
20°C,2.5h Cbz
ent-3a
Yield, d.r., (e.e.)

71%, 96:4, (56)



3. NOESY experiments of 6¢ and 7¢
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4. Experimental part

4.1 General Information

Unless stated otherwise, reactions were performed without any protective measures against moisture or air.
Commercial-grade reagents and solvents were used without further purification unless otherwise stated. All reactions
that require heating were conducted with a water bath/oil bath as the heat source unless otherwise noted. Thin-layer
chromatography (TLC) was performed using Merck silica gel 60 GFzs4 TLC plates (0.25 mm) and visualization was
done by UV light, or alternatively by I, basic KMnOa, p-anisaldehyde, vanillin, phosphomolybdic acid (PMA),
Seebach (PMA/Ce(S0.)2)!, ninhydrin, CuCl,, o-dianisidine, or 3,4-dinitrophenylhydrazine staining.? Flash column
(FCC) and dry column vacuum chromatography (DCVC)? were performed on Sigma Aldrich 60 silica gel (230-400
mesh). H and *C NMR spectra were recorded at stated temperature using Bruker Fourier-300 MHz, Jeol Eclipse-
300 MHz, Bruker Avance I11-400 MHz, Bruker Ascend-500 MHz, and Bruker Ascend-700 MHz spectrometers, and
are referenced internally to residual solvent signals. HR-DART-MS spectra were recorded on a JEOL AccuTOF
JMS-T100LC instrument. HR-FAB+-MS spectra were recorded on a JEOL JMS-700 instrument. IR spectra were
measured on a Nicolet FT-IR-ATR iS-50 instrument. Optical rotations were measured with a Perkin Elmer 343
Polarimeter at the indicated temperature; concentrations are expressed in g/100 mL. Chiral high-performance liquid
chromatography (HPLC) analyses were performed on either a Jasco LC-4000 Series instrument or a Waters 1525
instrument using the stated Chiral Column.



4.2 Synthesis of nitroalkenes 2

trans-B-Nitrostyrenes were purchased from Merck or synthesized according to reported methodologies.*”

4.2.1 General procedure 1 (GP1) for the synthesis of nitroalkenes with an aryl group (2b,c,f,i)

GP1
1) MeNO,, MeOH
-10 °C, NaOH
(o] > R&/NOZ
2) HCl

Y

2b,c,fii

Based on literature-known procedures,®® a solution of the conjugated aldehyde (1.0 equiv) and nitromethane (1.2
equiv) in methanol (0.5 M) was cooled to -10 °C in a salted ice bath. A solution of NaOH (1.2 equiv) in water (20
M) was then carefully added, keeping the internal reaction mixture temperature below 5 °C; the resulting solution
was stirred for 1 h in the same ice bath. The reaction mixture was poured dropwise into a 2:3 concentrated HCI /
water solution, forming a yellow precipitate. Ethyl acetate was added, and layers were separated. The organic layer
was washed once with saturated NaHCO3 and then with brine, dried over Na,SQg, filtered, and concentrated in vacuo.
If not noted otherwise, the crude product was purified by recrystallization from ethanol.

(E)-1-Bromo-2-(2-nitrovinyl)benzene, 2b.

Following GP1, using 2-bromobenzaldehyde (4.17 mL, 1 equiv), nitromethane (2.37 mL, 1.2 equiv) in methanol
(0.5 M, 70 mL) with NaOH (1.68 g, 1.2 equiv) in water (2.1 mL, 20 M). The crude product was purified by
recrystallization from ethanol to afford the desired product as yellow needles (68%).

TLC: Rf= 0.7 (hexane/EtOAcC = 6:4) [UV, KMnQ4]. The analytical data match those reported in the literature.'®

(E)-1-Bromo-3-(2-nitrovinyl)benzene, 2c.

Following GP1, using 3-bromobenzaldehyde (4.21 mL, 1 equiv), nitromethane (2.37 mL, 1.2 equiv) in methanol
(0.5 M, 70 mL) with NaOH (1.68 g, 1.2 equiv) in water (2.1 mL, 20 M). The crude product was purified by DCVC
using a solvent gradient of 100% hexane to 92:8 hexane/EtOAc to afford the desired product as a yellow solid (45%).

TLC: Re = 0.42 (hexane/EtOAc = 9:1) [UV, KMnQ,]. The analytical data match those reported in the literature.?

(E)-1-Nitro-4-(2-nitrovinyl)benzene, 2f.

Following GP1, using 4-nitrobenzaldehyde (0.76 g, 1 equiv), nitromethane (0.34 mL, 1.2 equiv) in methanol (0.5 M,
10 mL) with NaOH (0.29 g, 1.2 equiv) in water (0.3 mL, 20 M). The crude product was purified by recrystallization
from ethanol to afford the desired product as yellow needles (50%).

TLC: Rs = 0.58 (hexane/EtOAc = 7:3) [UV, KMnQO,] The analytical data match those reported in the literature.™

((1E,3E)-4-Nitrobuta-1,3-dien-1-yl)benzene, 2i.

Following GP1, using cinnamaldehyde (5.1 mL, 1 equiv), nitromethane (2.71 mL, 1.2 equiv) in methanol (0.5 M, 20
mL) with NaOH (2.4 g, 1.2 equiv) in water (2.0 mL, 24 M). The crude product was purified by DCVC using a solvent
gradient of 100% hexane to 9:1 hexane/EtOAc to afford the desired product as an orange solid. Product was further
purified by recrystallization from EtOH/hexane to afford the desired product as yellow needles (45%).

TLC: Rf=0.61 (hexane/EtOAc = 8:2) [UV, Seebach]. The analytical data match those reported in the literature.?



4.2.2 General procedure 2 (GP2) for the synthesis of nitroalkenes with an aliphatic or pyridinyl group (2g, 2h
and 2j):

GP2
1) MeNO,, MeOH
-10 °C, NaOH
() r R/\/ NO,
2) Ac,0, Py

Y

2gh)j

Based on literature procedures,®® a solution of the aldehyde (1.0 equiv) and nitromethane (1.2 equiv) in methanol
(0.5 M) was cooled to -10 °C in a salted ice bath. A solution of NaOH (1.2 equiv) in water (20 M) was carefully
added, while ensuring that the internal temperature of the reaction mixture remained below 5 °C. The resulting
solution was stirred for 1 h at the same temperature. Subsequently, glacial acetic acid (2.5 equiv) was added, and the
reaction mixture was partitioned between saturated NaHCO3 and ethyl acetate. The organic layer was then washed
with saturated NaHCO3 and brine, dried over Na;SOs, filtered, and concentrated in vacuo.

Dehydration was performed by acetylation-elimination using a modified literature procedure.®® Nitroalcohol from
the first step and pyridine (3 equiv) were dissolved in THF (1 M). Acetic anhydride (6 equiv) was added dropwise,
and the resulting reaction mixture was stirred at rt until completion for about 1-6 hours. For aliphatic substrates,
triethylamine (3.6 equiv) was added once acetylation was complete. The reaction mixture was stirred for an additional
30 min. Ethyl acetate was added and the layers were separated. The organic layer was washed twice with saturated
NaHCOs, brine, dried over Na,SOs, filtered, and concentrated in vacuo. Crude product was purified by Dry Column
Vacuum Chromatography (DCVC).

(E)-4-(2-Nitrovinyl)pyridine, 2h*

Following GP2, using isonicotinaldehyde (0.97 mL, 1 equiv), nitromethane (0.68 mL, 1.2 equiv) in methanol (0.5
M, 20 mL) with NaOH (0.51 g, 1.2 equiv) in water (0.5 mL, 20 M). Dehydration of nitroalcohol (0.34 g, 1 equiv)
was performed with acetic anhydride (1.15 mL, 6 equiv) and pyridine (3 equiv, 0.49 mL) in THF (2 mL, 1 M). The
crude product was purified by DCVC using a solvent gradient of 55:45 to 35:65 hexane/EtOAc to afford the desired
product as a yellow solid.

TLC: Rs = 0.41 (hexane/EtOAc = 2:8) [UV, KMnQOy4].
!H NMR: (400 MHz, Chloroform-d) & = 8.79 — 8.72 (m, 2H), 7.93 (d, J = 13.8 Hz, 1H), 7.67 (d, J = 13.8 Hz, 1H),
7.44 —7.37 (m, 2H).

tert-Butyl (E)-3-(2-nitrovinyl)-1H-indole-1-carboxylate, 2g.

Indole-derived nitroalkene was synthesized according to reported methodologies.*” To a solution of (E)-3-(2-
nitrovinyl)-1H-indole* (0.3 mmol) and DMAP (10 mol%) in DCM (1.15 mL, 0.25 M) was added Boc,O (0.45 mmol,
1.5 equiv.) dissolved in 0.6 mL of DCM. The resulting reaction mixture was stirred for about 2 h until complete
transformation. The crude product was adsorbed on celite and purified by flash column chromatography using a
solvent gradient of 95:5 to 85:15 hexane/EtOAc to afford the desired product as a yellowish-orange solid (72 mg,
77%).

TLC: Rf=0.66 (hexane/EtOAc = 7:3) [UV, Seebach]. The analytical data match those reported in the literature.®



(E)-(4-Nitrobut-3-en-1-yl)benzene, 2j.

Following GP2, using dihydrocinnamaldehyde (0.88 mL, 1 equiv), nitromethane (0.41 mL, 1.2 equiv) in methanol
(0.5 M, 12 mL) with NaOH (0.29 g, 1.2 equiv) in water (0.36 mL, 20 M). Dehydration of nitroalcohol was performed
with acetic anhydride (3.44 mL, 6 equiv), pyridine (3 equiv, 1.46 mL), and TEA (3 mL, 3.6 equiv) in THF (6 mL, 1
M). The crude product was purified by DCVC using a solvent gradient of 100% hexane to 92:8 hexane/EtOAc to
afford the desired product as a yellow oil (48%).

TLC: (nitroalcohol) Rf = 0.31 (hexane/EtOAc = 8:2) [UV, KMnQy]; (nitroalkene) Rf = 0.44 (hexane/EtOAC = 8:2)
[UV, KMnO4]. The analytical data match those reported in the literature.®

4.3 Synthesis of piperidine ketoesters 1.

I S S
—_— —_—

N N N

1 HCI 1 HCI |
Bn H Boc

l S1 1-Boc
OH O OH O
Sl fﬁ)L“
N \

1
Bn Ts

1-Bn 1-Ts

Methyl 4-oxopiperidine-3-carboxylate hydrochloride S1.

To a flask containing methyl 1-benzyl-4-oxo-3-piperidinecarboxylate hydrochloride (21.0 g, 70 mmol) and 5% Pd/C
(2 g, 10%uww) under nitrogen atmosphere was added MeOH via syringe (350 mL, 0.2 M). It was purged with hydrogen
and stirred for 4h. After reaction completion, the suspension was filtered through a pad of tightly compacted Celite,
and the solvent evaporated. The residue was suspended in Et,O and filtered to yield the desired product as an off-
white solid (12.6 g, 92%).

!H NMR: (300 MHz, DMSO-d6): & = (enol) = 10.40 (br, 3H), 3.74 (s, 3H), 3.64 (s, 2H), 3.23 (t, J = 6.3 Hz, 2H),
2.59 (t, J = 6.3 Hz, 2H).
13C NMR: (75 MHz, DMSO-d6): 5 = (enol) = 169.3, 167.9, 92.6, 52.0, 39.2, 38.7, 25.4.



1-Benzyl 3-methyl 4-hydroxy-5,6-dihydropyridine-1,3(2H)-dicarboxylate, 1.

The methodology used by Hooper*” was adapted as follows: To a solution of 1-benzyl-4-oxo-3-piperidinecarboxylate
hydrochloride S1 (8.8 g, 43.0 mmol, 1 equiv) in water (215 mL, 0.2 M) was added potassium carbonate (11.9 g, 86
mmol, 2 equiv) and Et,O (215 mL, 0.2 M). The reaction mixture was then cooled to 0 °C and benzyl chloroformate
(6.7 mL, 45.0 mmol, 1.05 equiv) was added. The reaction mixture was left to warm to RT and stirred for 16 h. The
two layers were separated, and the organic layer was washed with saturated NaHCOs and then with brine (50 mL
each). The solution was dried (Na.SOs), filtered and concentrated in vacuo. The crude product was purified by DCVC
using a solvent gradient from 100% hexane to 87:13 hexane/EtOAc. It was obtained as a white amorphous solid after
thorough drying under high vacuum (12.3 g, 42.14 mmol, 98%).

TLC: Rs = 0.46 (hexane/EtOAc = 75:25) [Anisaldehyde, Seebach]

!H NMR: (400 MHz, Chloroform-d): § = 11.97 (s, 1H), 7.36 (m, 5H), 5.16 (s, 2H), 4.14 (s, 2H), 3.78 (s, 3H), 3.68
(t, J=6.0 Hz, 2H), 2.40 (s, 2H).

13C NMR: (100 MHz, Chloroform-d): 6 =171.0, 156.1 136.7, 128.7, 128.3, 128.2, 127.1 67.5, 51.7, 40.6, 40.1, 29.0.
The analytical data match those reported in the literature.®

1-(tert-Butyl) 3-methyl 4-oxopiperidine-1,3-dicarboxylate, 1-Boc.

This compound was obtained according to the reported procedure.’® To a mixture of S1 (10 mmol), potassium
carbonate (10 mmol, 1 equiv.) and MeOH (7.35 mL, 1.36 M), was added BocO (10 mmol, 1 equiv.) dissolved in
MeOH (7.35 mL, 1.36 M). The resulting reaction mixture was stirred for 1 h, then quenched with water and extracted
twice with ethyl acetate. The combined organic layers were washed with brine, dried over Na,;SO,, filtered, and
concentrated in vacuo. The crude product was purified by DCVC using a solvent gradient of 92:8 to 72:28
hexane/EtOAc to afford the desired product as an amorphous white solid after thorough drying (91%). The analytical
data match those reported in the literature.*

TLC: Rf=0.48 (hexane/EtOAc = 75:25) [Anisaldehyde, Seebach].

H NMR: (300 MHz, Chloroform-d): 6 = 11.97 (s, 1H), 4.05 (s, 2H), 3.78 (s, 3H), 3.57 (t, J = 5.9 Hz, 2H), 2.37 (t, J
= 5.9 Hz, 2H), 1.48 (s, 9H).

13C NMR: (75 MHz, Chloroform-d): 8 =171.1, 154.6, 96.1 (br), 80.2, 51.7, 40.8, 40.3, 29.0, 28.5.

Methyl 4-oxo-1-tosylpiperidine-3-carboxylate, 1-Ts.

The methodology used by Stokes? was adapted as follows: To a solution of 1-benzyl-4-oxo-3-piperidinecarboxylate
hydrochloride S1 (0.39 g, 2.0 mmol) in DCM (5 mL, 0.4 M) at 0 °C, were added triethylamine (0.61 mL, 2.2 equiv),
DMAP (0.25 g, 0.1 equiv) and TsClI (0.38 g, 2 equiv). The reaction mixture was stirred at the same temperature for
1 h. When full conversion was reached, saturated aqueous NH4CI solution was added, and the aqueous layer was
extracted with dichloromethane. The combined organic layers were washed with brine, dried over Na;SQy, filtered,
and concentrated in vacuo. The crude product was purified by DCVC using a solvent gradient of 95:5 to 70:30
hexane/EtOAc to afford the desired product as a yellowish solid (72%).

TLC: Re=0.31 (hexane/EtOAc = 75:25) [Anisaldehyde, Seebach]

!H NMR: (400 MHz, Chloroform-d): = 11.93 (s, 1H), 7.69 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 3.77 (s,
3H), 3.76 (m, 2H), 3.26 (t, J = 6.0 Hz, 2H), 2.46 (ddd, J = 7.7, 3.8, 1.6 Hz, 2H), 2.44 (s, 3H).

13C NMR: (100 MHz, Chloroform-d): 6 =170.6, 169.4, 144.0, 133.4, 129.9, 127.7, 95.0, 51.8, 42.4, 42.3, 29.0, 21.7.
HRMS: (DART+): [M+H]+ calcd. for C14H1sNOsS+: 312.09057, found: 312.09076.
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Methyl 1-benzyl-4-oxopiperidine-3-carboxylate, 1-Bn.

Methyl 1-benzyl-4-oxo-3-piperidinecarboxylate hydrochloride S1 (0.15 g, 0.5 mmol) was dissolved in a 0.5 M
Na.COs solution (17 mL). The free amine was extracted from the aqueous phase with DCM (20 mL X 3). The
combined organic layers were dried over Na;SOs, filtered, and concentrated in vacuo. The crude product was
obtained as clear oil and was used directly in Michael addition.

TLC: Rf = 0.43 (hexane/EtOAc = 75:25) [Vanillin, Ninhydrin]

H NMR: (400 MHz, Chloroform-d): § = (enol) = 11.94 (s, 1H), 7.38 — 7.32 (m, 5H), 3.72 (s, 3H), 3.64 (s, 2H), 3.18
(d, J=1.8 Hz, 2H), 2.62 (t, J = 5.8 Hz, 2H), 2.41 (tt, J = 6.0, 1.6 Hz, 2H).

13C NMR: (101 MHz, Chloroform-d): 8 =204.1, 171.5, 170.5, 169.4, 138.0, 137.9, 129.2, 128.9, 128.5, 127.6, 127 .4,
96.8, 62.2,61.7, 56.6, 55.1, 53.2, 52.3, 51.5, 50.0, 48.8, 40.9, 29.5.
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4.4 Preparation of organocatalysts

Reported catalysts Cat-G,?! Cat-F,? Cat-H,?® and Cat-K?* were prepared according to literature procedures. Cat-
A-E were obtained by the addition of the corresponding chiral amine to S2.

0 0 0 0
) 0 ]:f ]:f
j\;ﬁ —> "'N oMe — > "'N N—R
) 1 1
MeO OMe O H O H H
s2

Cat-A-E, L-M

(S)-3-Methoxy-4-((1,2,3,4-tetrahydronaphthalen-1-yl)amino)cyclobut-3-ene-1,2-dione, S2.

(S)-1-Aminotetralin (0.6 mL, 4 mmol, 1 equiv), dimethylsquarate (0.58 g, 4.4 mmol, 1.1 equiv), and triethylamine
(0.56 mL, 4 mmol, 1 equiv) were dissolved in DCM (20 mL, 0.2 M) and stirred at room temperature for 18 h. After
reaction completion, solvent was removed in vacuo. The residue was dissolved in EtOAc and washed twice with
10% aqueous HCI and once with brine. The organic layer was dried with Na.SO., filtered, and concentrated in vacuo.
The crude product was purified by DCVC using a solvent gradient of 60:40 to 47:53 hexane/EtOAc to afford S2 as
an off-white solid (82 %, 0.84 g).

TLC: R = 0.62 (hexane/EtOAc = 40:60) [vanillin, Seebach]

!H NMR: (300 MHz, Chloroform-d): 6 = 7.26 — 7.06 (m, 4H), 6.32 (br, 0.6H), 5.86 (br, 0.3H), 5.38 (br, 0.6H), 4.94
—4.80 (m, 1H), 4.41 — 4.35 (m, 3H), 2.94 — 2.69 (m, 2H), 2.13 (s, 1H), 2.02 — 1.80 (m, 3H).

13C NMR: (75 MHz, Chloroform-d): 3 = 189.0, 183.4, 177.2, 171.4, 137.5, 134.8, 129.6, 128.4, 128.1, 126.5, 77.2,
60.6, 60.5, 53.6, 52.9, 31.6, 31.2, 29.0, 19.5, 19.3.

HRMS (DART+): [M+H]" calcd. for C1sH1sNOs™: 258.11302, found: 258.11319.

12



Cat-A

To a solution of N,N-dimethyl-1R,2R-diaminocyclohexane dihydrochloride? (544.3 mg, 2.53 mmol) and DBU
(10.12 mmol, 4.0 equiv) in MeOH (17 mL, 0.15 M) was added S2 (2.53 mmol, 1 equiv.) at room temperature. After
stirring for 14 h at room temperature, the white precipitate was filtered and washed with cold methanol to yield
squaramide Cat-A as a white powder. To maximize yield, mother liquors were filtered, and the residue was
recrystallized with iPrOH/water. (781.0 mg, 84%).

'H NMR: (300 MHz, DMSO-d): & = 7.92 (d, J = 8.8 Hz, 1H), 7.36 — 7.10 (m, 5H), 5.21 (br, 1H), 3.73 (br, 1H),
2.90 — 2.66 (m, 2H), 2.36 — 2.23 (m, 1H), 2.15 (s, 6H), 2.13 — 1.54 (m, 8H), 1.33 — 1.05 (m, 4H).

13C NMR: (75 MHz, DMSO): § = 182.1, 181.9, 167.4, 166.4, 136.9, 136.4, 129.2, 129.1, 127.5, 126.3, 66.1, 54.1,
50.8, 39.9, 39.8, 34.9, 30.9, 28.4, 24,5, 24.3, 21.2, 18.3.

HRMS (FAB+): [M+H]* calcd. for CxH3oN3O,": 368.2338, found: 368.2345. The analytical data match those
reported in the literature.?®

4.4.1 General procedure 3 (GP3) for the synthesis of Cinchona alkaloid-derived squaramides Cat-B-E, L-M.

Intermediate S2 (44.8 mg, 0.17 mmol, 1 equiv.) was dissolved in 18.8 mL (0.009 M) of methanol. The corresponding
amino alkaloid derivative (0.17 mmol, 1 equiv.) was added, and the reaction mixture was stirred at room temperature
for 18 h. After solvent removal, the crude reaction mixture was dissolved in hot 4:6 hexane/EtOAc with a few drops
of i-PrOH. After allowing the solution to cool to room temperature, some hexane was added to precipitate most of
the catalyst, then filtrated and rinsed with 8:2 hexane/EtOAcC.

Cat-B
According to GP3, S2 (44.8 mg, 0.17 mmol) and the corresponding quinidine derivative?” (55.4 mg, 0.17 mmol)
afforded Cat-B as an orange solid (80.8 mg, 86%).

!H NMR: (300 MHz, DMSO-ds): = 8.76 (dd, J = 4.6, 1.7 Hz, 1H), 7.96 (d, J = 9.2 Hz, 1H), 7.88 — 7.73 (m, 3H),
7.56 (d, J=4.6 Hz, 1H), 7.43 (dd, J = 9.2, 2.5 Hz, 1H), 7.29 (s, 1H), 7.25 - 7.17 (m, 2H), 7.17 — 7.07 (m, 1H), 6.05
(br, 1H), 5.83 (ddd, J = 16.9, 10.5, 5.9 Hz, 1H), 5.23 (d, J = 17.4 Hz, 1H), 5.16 — 5.03 (m, 2H), 3.95 (s, 3H), 3.21
(br, 2H), 3.00 — 2.59 (m, 5H), 2.23 (br, 1H), 1.97 — 1.63 (m, 4H), 1.54 (br, 3H), 1.02 (br, 1H), 0.91 — 0.75 (m, 1H).
13C NMR: (75 MHz, DMSO): 6 = 182.3, 181.7, 166.8, 166.3, 157.8, 147.7, 144.3, 143.9, 140.7, 136.9, 136.0, 131.5,
129.3,129.1, 127.6, 127.4,126.3, 122.1,119.4, 114.5, 101.2, 58.8, 55.6, 51.0, 48.9, 45.5, 39.5, 38.5, 30.7, 28.3, 27.2,
26.1,25.2, 18.2.

HRMS (FAB+): [M+H]* calcd. for CssH37N4Os*: 549.2866, found: 549.2873.

Cat-C
According to GP3, S2 (52.1 mg, 0.18 mmol) and the corresponding quinidine derivative?” (59.6 mg, 0.18 mmol)
afforded Cat-C as an orange solid (74.3 mg, 74%).

IH NMR: (300 MHz, DMSO-ds): & =8.76 (dt, J = 4.6, 1.7 Hz, 1H), 7.96 (dt, J = 9.2, 2.0 Hz, 1H), 7.87 — 7.65 (m,
3H), 7.53 (d, J = 4.6 Hz, 1H), 7.48 — 7.37 (m, 1H), 7.34 — 7.05 (m, 4H), 6.02 (br, 1H), 5.11 (br, 1H), 3.94 (s, 3H),
3.30 — 3.17 (m, 1H), 2.95 — 2.57 (m, 6H), 1.96 — 1.61 (m, 4H), 1.58 — 1.20 (m, 6H), 0.96 (br, 1H), 0.91 — 0.69 (m,
4H).

13C NMR: (75 MHz, DMSO): & = 182.2, 181.7, 166.8, 166.2, 157.7, 147.7, 144.2, 144.2, 136.9, 136.0, 131.5, 129.2,
129.1, 127.6, 127.4, 126.2, 122.0, 119.5, 101.3, 59.0, 55.5, 50.9, 49.0, 48.2, 36.8, 30.7, 28.3, 27.0, 25.6, 25.4, 25.0,
18.2, 11.8.

HRMS (FAB+): [M+H]* calcd. For CasHasN4Os*: 551.3022, found: 551.3009.
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Cat-D

According to GP3, the cinchonine-derived amine?’ (55.4 mg, 0.27 mmol) and S2 (44.8 mg, 0.27 mmol) afforded
squaramide Cat-D as a white powder (95 mg, 68%).

!H NMR: (300 MHz, DMSO-ds): & =8.94 (d, J = 4.3 Hz, 1H), 8.43 (d, J = 8.0 Hz, 1H), 8.07 (d, J = 8.2 Hz, 1H),
7.93 - 7.65 (m, 4H), 7.60 (d, J = 3.3 Hz, 1H), 7.40 — 6.96 (m, 4H), 6.24 —5.93 (m, 1H), 5.93 - 5.67 (m, 1H), 5.26 —
4.92 (m, 3H), 3.31 - 3.00 (m, 2H), 2.98 — 2.57 (m, 5H), 2.20 (s, 1H), 2.05 - 1.59 (m, 4H), 1.50 (br, 3H), 0.92 (d, J =
5.4 Hz, 2H).

13C NMR: (75 MHz, DMSO-Ds): & = 182.2, 182.0, 167.0, 166.3, 150.4, 148.1, 145.6, 140.6, 136.9, 136.0, 130.0,
129.4, 129.2, 129.1, 127.6, 127.1, 126.4, 126.2, 123.3, 119.3, 114.6, 59.4, 50.9, 48.9, 45.9, 39.5, 38.7, 30.7, 28.3,
27.3, 26.0, 25.0, 18.2.

HRMS (FAB+): [M+H]" calcd. for Cs3sH3sN4O2": 519.2760, found: 519.2758.

Cat-E

According to GP3, S2 (74.5 mg, 0.29 mmol) and the hydrogenated cinchonine-derived amine?’ (84.1 mg, 0.28 mmol)
yield catalyst Cat-E as a white solid (81 mg, 55%).

IH NMR: (300 MHz, DMSO-ds): & = 8.94 (d, J = 4.5 Hz, 1H), 8.45 (d, J = 8.5 Hz, 1H), 8.08 (d, J = 8.5 Hz, 1H),
7.96 — 7.66 (M, 4H), 7.61 (d, J = 4.6 Hz, 1H), 7.20 (m, 4H), 6.02 (br, 1H), 5.12 (br, 1H), 3.24 (br, 1H), 3.00 — 2.55
(m, 6H), 2.02 — 1.59 (m, 4H), 1.59 — 1.09 (m, 6H), 0.99 — 0.63 (M, 5H).

13C NMR: (75 MHz, DMSO-Dy): § = 182.1, 182.0, 167.0, 166.3, 150.4, 148.1, 145.7, 136.9, 136.1, 130.0, 129.4,
129.2,129.1, 127.5, 127.1, 126.4, 126.2, 123.2, 119.4, 59.6, 50.9, 48.9, 48.4, 39.5, 36.8, 30.7, 28.3, 26.8, 25.6, 25.2,
24.8,18.2, 11.9.

HRMS (FAB+): [M+H]* calcd. for CasHazN.O,*: 521.2917, found: 521.2924.

Cat-L

According to GP3, ent-S2 (64.3 mg, 0.25 mmol) and the corresponding cinchonidine derivative?’ (0.25 mmol, 1
equiv) yield Cat-L as a white solid (81.7 mg, 63%).

IH NMR: (400 MHz, DMSO-de): & = 8.94 (d, J = 4.5 Hz, 1H), 8.48 (d, J = 8.4 Hz, 1H), 8.07 (dd, J = 8.3, 1.3 Hz,
1H), 7.88 — 7.75 (m, 3H), 7.71 (ddd, J = 8.3, 6.8, 1.4 Hz, 1H), 7.59 (d, J = 4.6 Hz, 1H), 7.27 (br, 1H), 7.25 — 7.17
(m, 2H), 7.17 — 7.10 (m, 1H), 5.97 (br, 1H), 5.88 (ddd, J = 17.6, 10.2, 7.8 Hz, 1H), 5.13 (m, 1H), 4.99 (d, J = 17.2
Hz, 1H), 4.93 (d, J = 10.2 Hz, 1H), 3.34 — 3.23 (m, 2H), 3.16 (dd, J = 13.6, 10.0 Hz, 1H), 2.69 (m, 4H), 2.24 (br,
1H), 1.91 (br, 1H), 1.80 (dt, J = 13.3, 4.7 Hz, 1H), 1.76 — 1.64 (m, 2H), 1.61 — 1.41 (m, 3H), 1.39 — 1.25 (m, 1H),
0.67 — 0.56 (m, 1H).

13C NMR: (100 MHz, DMSO): & = 182.0, 181.9, 166.7, 166.4, 150.4, 148.1, 145.7, 142.1, 136.9, 136.0, 129.9, 129.5,
129.3,129.1, 127.6, 127.1, 126.3, 126.3, 123.5, 114.3, 59.5, 55.5, 50.9, 40.1, 39.8, 39.3, 30.7, 28.3, 27.3, 27.2, 25.9,
18.2.
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4.5 Michael addition of #-ketoesters 1 to nitroalkenes 2.

4.5.1 General procedure 4 (GP4) (enantioenriched adducts, gram scale) 3a, 3b and 3k:

OH 0 00 o/
— Cat-D (1% mol) NO.
2
N Acetone (2 M) N Ph
Pg 40°C,3h Pg
1 or 1-Boc 2a 33, Pg=Cbz
3k, Pg =Boc

To asolution of 2a (1.3 g, 4 mmol, 1 equiv) and catalyst Cat-D (20.7 mg, 1 mol%) in acetone (2 mL, 2 M) was added
1 or 1-Boc (4 mmol, 1 equiv). The solution was stirred at 40 °C in a sealed vial for 4 h. Reaction mixture was then
transferred to Eppendorf tubes and centrifuged for 1 minute at 13300 RPM. The supernatant was carefully pipetted
to a round bottom flask and the pellet was rinsed trice with acetone (94 % of the catalyst was recovered). The solvents
used for rinsing were combined with supernatant and evaporated to dryness. The product was purified through DCVC
using a gradient of hexane/EtOAc indicated to obtain the respective Michael adduct (inseparable diastereomer
mixture, d.r. = 99:1, e.r. = 99:1).

1-Benzyl 3-methyl (S)-3-((S)-2-nitro-1-phenylethyl)-4-oxopiperidine-1,3-dicarboxylate, 3a.
Following GP4 and purified by DCVC with a gradient of 85:15 to 6:4 hexane/EtOAcC to obtain 3a as a clear colorless
glass (1.94 g, 88% vyield).

TLC: Rs = 0.42 (hexane/EtOAc = 65:35) [Seebach]

!H NMR: (400 MHz, Chloroform-d @ 25 °C): § = 7.38 — 7.27 (m, 8H), 7.16 (dd, J = 6.4, 3.1 Hz, 2H), 5.17 — 4.96
(m, 3H), 4.83 (t, J = 12.3 Hz, 1H), 4.41 — 4.14 (m, 2H), 4.10 (d, J = 8.8 Hz, 1H), 3.65 (s, 3H), 3.37 — 3.19 (m, 1H),
3.06 (d, J =13.7 Hz, 1H), 2.69 (ddd, J = 14.2, 10.8, 6.6 Hz, 1H), 2.62 — 2.49 (m, 1H).

!H NMR: (300 MHz, Chloroform-d @ 47 °C): 6 = 7.36 — 7.19 (m, 8H), 7.19 — 7.12 (m, 2H), 5.16 — 4.98 (m, 3H),
4.84 (dd, J =13.7, 10.9 Hz, 1H), 4.34 (dd, J = 13.8, 2.2 Hz, 1H), 4.23 (br, 1H), 4.10 (dd, J = 10.7, 3.6 Hz, 1H), 3.63
(s, 3H), 3.31 (ddd, J = 13.4, 10.5, 4.5 Hz, 1H), 3.10 (d, J = 13.8 Hz, 1H), 2.70 (ddd, J = 14.4, 10.4, 6.5 Hz, 1H), 2.55
(dt, J =14.3, 4.5 Hz, 1H).

13C NMR: (100 MHz, Chloroform-d @ 25 °C): & = 203.6, 168.8, 154.9, 136.2, 134.2, 129.4, 129.0, 128.8, 128.7,
128.6, 128.2, 77.3, 67.8, 63.0, 53.0, 50.8, 45.3, 44.1, 40.2.

HRMS (DART+): [M+H]* calcd. for CasHzsN0;7*: 441.16618, found: 441.16539.

HPLC: Chiralcel OD-H, hexane/EtOH = 8:2, flow = 1 mL/min, A = 210 nm, tg (major enant.) = 27.0 min, tz (minor
enant.) = 22.5 min, (e.r. = 99:1); tg (major diast.) = 19.8 min, tz (minor diast.) = 15.1 min, (d.r. = 99:1).

[a]3® = +60 (c 0.2,CHCl3)

1-Benzyl 3-methyl (S)-3-((R)-1-(2-bromophenyl)-2-nitroethyl)-4-oxopiperidine-1,3-dicarboxylate, 3b.
Following GP4 and purified by DCVC with a gradient of 85:15 to 60:40 hexane/EtOAc to obtain 3b as a white solid
(0.94 g, 91% vyield).

TLC: Rs = 0.41 (hexane/EtOAC = 6:4) [Seebach]

!H NMR: (300 MHz, Chloroform-d): § = 7.57 (dd, J = 7.9, 1.3 Hz, 1H), 7.43 — 7.06 (m, 8H), 5.21 — 4.87 (m, 4H),
4.65 (dd, J =13.5, 11.1 Hz, 1H), 4.51 — 4.21 (m, 2H), 3.74 — 3.52 (m, 3H), 3.28 — 3.01 (m, 2H), 2.72 (ddd, J = 14.3,
11.4, 6.8 Hz, 1H), 2.59 (dt, J = 14.3, 3.7 Hz, 1H).

13C NMR: (75 MHz, Chloroform-d): & = 203.0, 168.8, 154.6, 136.2, 134.2, 133.9, 130.1, 128.9, 128.7, 128.5, 128.4,
128.1,127.1,77.1,67.7, 62.8, 53.0, 49.9, 44.0, 42.0, 40.2.

HRMS (DART+): [M+H]" calcd. for C23H2BrN.O7*: 519.07669, found: 519.07759.

HPLC: Chiralcel OD-H, hexane/EtOH = 8:2, flow = 1.0 mL/min, A = 210 nm, tz (major enant.) = 15.6 min, tz
(minor enant.) = 13.6 min, (e.r. = 99:1); tr (major diast.) = 18.2 min, tz (minor diast.) = 20.0 min, (d.r. = 98:2).
[a]30 = +429.4 (c 0.17,CHCl3)
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1-(tert-Butyl)-3-methyl-(S)-3-((S)-2-nitro-1-phenylethyl)-4-oxopiperidine-1,3-dicarboxylate, 3k.
Following GP4 and purified by DCVC with a gradient of 92:8 to 72:28 hexane/EtOAc to obtain 3k as white solid
(1.454 g, 88% vyield).

TLC: R = 0.53 (hexane/EtOAc = 65:35) [Seebach, anisaldehyde]

!H NMR: (300 MHz @ 25 °C, Chloroform-d): & = 7.34 — 7.27 (m, 3H), 7.20 — 7.17 (m, 2H), 5.01 (dd, J = 13.6, 3.6
Hz, 1H), 4.85 (dd, J = 13.5, 10.9 Hz, 1H), 4.28 — 4.05 (m, 3H), 3.73 (s, 3H), 3.25 (ddd, J = 13.4, 10.4, 4.5 Hz, 1H),
3.01 (d, J=13.7 Hz, 1H), 2.68 (ddd, J = 14.2, 10.3, 6.5 Hz, 1H), 2.55 (dt, J = 14.2, 4.4 Hz, 1H), 1.39 (s, 9H).

!H NMR: (300 MHz @ 55 °C, Chloroform-d): & = 7.34 — 7.26 (m, 3H), 7.23 — 7.16 (m, 2H), 4.99 (dd, J = 13.5, 3.7
Hz, 1H), 4.85 (dd, J = 13.5, 10.6 Hz, 1H), 4.24 (dd, J = 13.8, 2.2 Hz, 1H), 4.17 — 4.01 (m, 2H), 3.71 (s, 3H), 3.25
(ddd, J=13.2,10.1, 4.6 Hz, 1H), 3.05 (d, J = 13.7 Hz, 1H), 2.68 (ddd, J = 14.4, 10.1, 6.5 Hz, 1H), 2.53 (dt, J = 14.4,
4.5 Hz, 1H), 1.39 (s, 9H).

13C NMR: (100 MHz, Chloroform-d): § = 204.2, 168.9, 154.0, 134.4, 129.5, 128.9, 128.7, 80.9, 77.4, 63.1, 52.9,
50.7, 45.3, 43.8, 40.2, 28.2.

HRMS (DART+): [M+H]* calcd. for CxH27N.0O-*: 407.18183, found: 407.182009.

HPLC: Chiralcel IA, hexane/EtOH = 96:4, flow = 0.8 mL/min, A = 208 nm, tr (Mmajor enant.) = 20.9 min, tg (minor
enant.) = 27.8.0 min, (e.r. = 99:1); tr (enantiomeric mixture, minor diast.) = 23.5 min, (d.r. = 99:1).

[a]3% = +65 (c 0.18,CHCI;)

4.5.2 General procedure 5 (GP5) (enantioenriched adducts, milligram scale):

OH 0 00 o/
- Cat-D (1% mol) NO.
N o N 2
N Acetoene 2 M) N R
Cbz 40°C,3h Cbz
1 22 3b, 3l-m

salcameaiegey
@*QTQAKDA*@“

0 0
NO, NO.
r;‘ Ph r;‘ Ph
Bn Ts
3l 3m

To a solution of 2 (0.1 mmol, 1 equiv), and Cat-D (0.5 mg, 1 mol%) in acetone (50 pL, 2 M) was added 1 (29.1 mg,
0.1 mmol, 1 equiv). The solution was stirred at 40 °C in a sealed vial for 4 h. Reaction mixture was then adsorbed in
celite, evaporated to dryness, and purified through FCC using a gradient hexane/EtOAc to afford the respective

compound 3.
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Notes: (1) Racemic standards were prepared by stirring an equimolar mixture of 1 and 2 with rac-Cat-G (5 mol%)
in toluene (0.5 M) for 4 h at room temperature. (2) Decomposition of 3b was observed when dissolved in DMSO-
d6, so all NMR experiments at high temperature were done in CDCls.

1-Benzyl 3-methyl (S)-3-((S)-1-(3-bromophenyl)-2-nitroethyl)-4-oxopiperidine-1,3-dicarboxylate, 3c.
Using GP5 it was purified through FCC using a solvent gradient from 85:15 to 7:3 hexane/EtOAc to give adduct 3c
as an off-white solid (inseparable diastereomer mixture, d.r. =99:1, e.r. = 98:2, 44.6 mg, 84%).

TLC: Rs = 0.38 (hexane/EtOAc = 6:4) [Seebach]

!H NMR: (300 MHz, Chloroform-d): 6 = 7.44 (dt, J = 7.1, 2.0 Hz, 1H), 7.40 — 7.08 (m, 8H), 5.22 — 4.94 (m, 3H),
4.80 (dd, J = 13.9, 10.8 Hz, 1H), 4.40 — 4.18 (m, 2H), 4.05 (dd, J = 10.9, 3.5 Hz, 1H), 3.64 (s, 3H), 3.39 — 3.19 (m,
1H), 3.06 (d, J = 13.7 Hz, 1H), 2.71 (ddd, J = 14.3, 10.7, 6.6 Hz, 1H), 2.57 (dt, J = 14.2, 4.1 Hz, 1H).

!H NMR: (300 MHz, Chloroform-d @ 55 °C): & = 7.47 — 7.39 (m, 1H), 7.39 — 7.28 (m, 4H), 7.28 — 7.21 (m, 2H),
7.17-7.11 (m, 2H), 5.18 - 5.02 (m, 2H), 4.98 (dd, J = 13.8, 3.5 Hz, 1H), 4.81 (dd, J = 13.8, 10.6 Hz, 1H), 4.34 (dd,
J=13.8, 2.2 Hz, 1H), 4.29 — 4.15 (m, 1H), 4.04 (dd, J = 10.6, 3.6 Hz, 1H), 3.62 (s, 3H), 3.31 (ddd, J = 13.2, 10.4,
4.5 Hz, 1H), 3.10 (d, J = 13.7 Hz, 1H), 2.71 (ddd, J = 14.5, 10.4, 6.6 Hz, 1H), 2.55 (dt, J = 14.5, 4.4 Hz, 1H).

13C NMR: (75 MHz, Chloroform-d): 6 = 203.4, 168.7, 154.8, 136.7, 136.1, 132.5, 132.0, 130.5, 128.7, 128.3,
128.2,127.9, 123.0, 77.0, 67.9, 63.0, 53.1, 50.8, 44.9, 44.1, 40.1

HRMS (DART+): [M+H]* calcd. for C23H24N,0;Br*: 519.0767, found: 519.0747.

HPLC: Chiralcel OD-H, hexane/EtOH = 9:1, flow = 1.25 mL/min, A = 210 nm, tz (Major enant.) = 43.2 min, tg
(minor enant.) = 47.8 min, (e.r. = 98:2); tr (major diast.) = 29.0 min, tz (minor diast.) = 22.6 min, (d.r. = 99:1).
[a]3® = +44.4 (c 0.18,CHCl3)

1-Benzyl 3-methyl (S)-3-((S)-1-(4-bromophenyl)-2-nitroethyl)-4-oxopiperidine-1,3-dicarboxylate, 3d.

Using GP5 it was purified through FCC using a solvent gradient from 85:15 to 65:15 hexane/EtOAc to give adduct
3d as an off-white solid (inseparable diastereomer mixture, d.r. =99:1, e.r. = 99:1, 45.4 mg, 86%). Catalyst was not
recovered.

TLC: Rs = 0.40 (hexane/EtOAC = 6:4) [Seebach]

!H NMR: (300 MHz, Chloroform-d): § = 7.46 — 7.17 (m, 7H), 7.12 — 7.02 (m, 2H), 5.19 — 4.93 (m, 3H), 4.79 (dd, J
=13.7,11.0 Hz, 1H), 4.38 — 4.16 (m, 2H), 4.06 (dd, J = 11.0, 3.6 Hz, 1H), 3.64 (s, 3H), 3.31 (td, J=11.4,10.2, 3.8
Hz, 1H), 3.06 (d, J = 13.7 Hz, 1H), 2.70 (ddd, J = 14.2, 10.5, 6.6 Hz, 1H), 2.56 (dt, J = 14.0, 4.3 Hz, 1H).

H NMR: (300 MHz, Chloroform-d @ 55 °C): § = 7.41 (d, J = 8.6 Hz, 2H), 7.37 — 7.30 (m, 3H), 7.30 — 7.21 (m, 2H),
7.08 (d, J = 8.5 Hz, 2H), 5.16 — 5.03 (m, 2H), 4.97 (dd, J = 13.7, 3.6 Hz, 1H), 4.80 (dd, J = 13.7, 10.7 Hz, 1H), 4.34
(dd, J =13.7, 2.2 Hz, 1H), 4.27 — 4.13 (m, 1H), 4.05 (dd, J = 10.7, 3.6 Hz, 1H), 3.62 (s, 3H), 3.33 (ddd, J = 13.2, 10.2,
4.6 Hz, 1H), 3.11 (d, J = 13.8 Hz, 1H), 2.71 (ddd, J = 14.5, 10.3, 6.6 Hz, 1H), 2.55 (dt, J = 14.5, 4.5 Hz, 1H).

13C NMR: (75 MHz, Chloroform-d): & = 203.4, 168.6, 154.8, 136.0, 133.3, 132.2, 131.1, 128.7, 128.4, 127.9, 123.1,
77.0,67.9, 62.9,53.1, 50.7, 44.8, 44.1, 40.1.

HPLC: Chiralcel OD-H, hexane/EtOH = 8:2, flow = 1.0 mL/min, A = 210 nm, tr (major enant.) = 33.2 min, tr
(minor enant.) = 26.4 min, (e.r. = 99:1); tr (major diast.) = 22.7 min, tz (minor diast.) = 15.6 min, (d.r. = 99:1).
[a]3% = +55.4 (c 0.13,CHCI3)

1-Benzyl 3-methyl (S)-3-((S)-1-(4-methoxyphenyl)-2-nitroethyl)-4-oxopiperidine-1,3-dicarboxylate, 3e.
Using GP5 it was purified through FCC using a solvent gradient from 8:2 to 6:4 hexane/EtOAc to give adduct 3e as
a bright yellow solid (inseparable diastereomer mixture, d.r. = 98:2, e.r. = 98:2, 39.0 mg, 82%).

TLC: R = 0.32 (hexane/EtOAC = 6:4) [Seebach]
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!H NMR: (300 MHz, Chloroform-d): § = 7.44 —7.17 (m, 5H), 7.13 - 7.04 (m, 2H), 6.86 — 6.75 (m, 2H), 5.20 — 4.92 (m,
3H), 4.79 (dd, J = 13.4, 11.1 Hz, 1H), 4.40 — 4.16 (m, 2H), 4.05 (dd, J = 11.1, 3.6 Hz, 1H), 3.76 (s, 3H), 3.66 (s, 3H), 3.32
(t,J=11.2 Hz, 1H), 3.08 (d, J = 13.7 Hz, 1H), 2.68 (ddd, J = 14.3, 10.4, 6.5 Hz, 1H), 2.56 (d, J = 14.0 Hz, 1H).

!H NMR: (300 MHz, Chloroform-d @ 55 °C): & = 7.44 — 7.17 (m, 5H), 7.13 — 7.04 (m, 2H), 6.86 — 6.75 (m, 2H),
5.20 - 4.92 (m, 3H), 4.79 (dd, J = 13.4, 11.1 Hz, 1H), 4.40 — 4.16 (m, 2H), 4.05 (dd, J = 11.1, 3.6 Hz, 1H), 3.76 (s,
3H), 3.66 (s, 3H), 3.32 (t, J = 11.2 Hz, 1H), 3.08 (d, J = 13.7 Hz, 1H), 2.68 (ddd, J = 14.3, 10.4, 6.5 Hz, 1H), 2.56
(d, J =14.0 Hz, 1H).

13C NMR: (100 MHz, Chloroform-d): § = 203.7, 168.8, 159.8, 154.9, 136.1, 130.5, 128.6, 128.2, 127.6, 125.8, 114.3,
77.5,67.8, 63.1, 55.3, 53.0, 50.8, 44.6, 44.1, 40.2.

HRMS (DART+): [M+H]* calcd. for C24H27N2Og*: 471.17674, found: 471.17496.

HPLC: Chiralcel OD-H, hexane/EtOH = 8:2, flow = 1.0 mL/min, A = 210 nm, tr (major enant.) = 29.3 min, tg
(minor enant.) = 23.8 min, (e.r. = 98:2); tr (major diast.) = 21.1 min, tz (minor diast.) = 16.1 min, (d.r. = 98:2).
[a]3% = +92.9 (c 0.14, CHCI;)

1-Benzyl 3-methyl (S)-3-((S)-2-nitro-1-(4-nitrophenyl)ethyl)-4-oxopiperidine-1,3-dicarboxylate, 3f.
Using GP5 it was purified through FCC using a solvent gradient from 8:2 to 6:4 hexane/EtOAc to give adduct 3f as
an off-white solid (inseparable diastereomer mixture, d.r. = >99:1, e.r. = 98:2, 40.9 mg, 83%).

TLC: R = 0.32 (hexane/EtOAC = 6:4) [Seebach]

!H NMR: (300 MHz, DMSO-ds @ 120 °C): 6 = 8.14 (d, J = 8.8 Hz, 2H), 7.64 (d, J = 8.9 Hz, 2H), 7.39 — 7.23 (m,
5H), 5.22 (dd, J = 14.2, 3.7 Hz, 1H), 5.16 — 5.07 (m, 1H), 5.06 (s, 2H), 4.27 (dd, J = 10.4, 3.6 Hz, 1H), 4.19 (dd, J =
13.5, 2.1 Hz, 1H), 4.06 (dddd, J = 13.2, 6.7, 4.6, 2.1 Hz, 1H), 3.64 (s, 3H), 3.47 (d, J = 13.5 Hz, 1H), 3.39 (ddd, J =
13.0, 9.9, 4.7 Hz, 1H), 2.73 (ddd, J = 15.3, 9.8, 6.7 Hz, 1H), 2.57 (dt, J = 15.1, 4.7 Hz, 1H).

1BC NMR: (75 MHz, DMSO-ds @ 120 °C): 6 = 202.3, 167.7, 153.7, 147.0, 142.5, 135.9, 130.5, 127.5, 127.1, 126.6,
122.3,76.0, 66.2, 61.6, 52.1, 48.8, 44.1, 42.1, 38.7.

HRMS (DART+): [M+H]* calcd. for C23H24N3Oq*: 486.1513, found: 486.1497.

HPLC: Chiralcel OD-H, hexane/EtOH = 6:4, flow = 1.25 mL/min, A = 210 nm, tz (major enant.) = 20.4 min, tg
(minor enant.) = 15.0 min, (e.r. = 98:2); tr (enantiomeric mixture, diast.) = 10.5 min. (d.r. = >99:1).

[a]3% = +83.7 (c 0.19, CHCl;)

1-Benzyl-3-methyl-(S)-3-((S)-1-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-2-nitroethyl)-4-oxopiperidine-1,3-
dicarboxylate, 3g.

Using GP5 it was purified through FCC using a solvent gradient from 75:25 to 5:5 hexane/EtOAc to give adduct 3g
as a white solid (inseparable diastereomer mixture, d.r. = 96:4, e.r. = 82:18, 7.7 mg, 13%).

TLC: Re=0.21 (hexane/EtOAc = 7:3) [Seebach (revealed instantly)]

!H NMR: (300 MHz, Chloroform-d @ 25 °C): 6 = 8.08 (d, J = 8.1 Hz, 1H), 7.71 — 7.44 (m, 2H), 7.46 — 6.88 (m,
7H), 5.39 (t, J = 12.2 Hz, 0.3H), 5.25 — 4.95 (m, 2.4H), 4.92 — 4.30 (m, 3.3H), 4.28 — 4.04 (m, 1H), 3.74 — 2.93 (m,
5H), 2.90 — 2.32 (m, 2H), 1.68 (d, J = 1.7 Hz, 9H).

!H NMR: (300 MHz, Chloroform-d @ 55 °C): & = 8.09 (d, J = 8.0 Hz, 1H), 7.67 — 7.56 (m, 1H), 7.55 — 7.47 (m,
1H), 7.39 - 7.18 (m, 6H), 7.15 (s, 1H), 5.34 (dd, J = 14.0, 10.0 Hz, 0.2H), 5.15 — 4.98 (m, 2.1H), 4.84 (dd, J = 13.6,
9.9 Hz, 1.2H), 4.74 (dd, J = 13.9, 3.0 Hz, 0.6H), 4.54 — 4.38 (m, 1.7H), 4.19 (dddd, J = 13.2, 6.7, 4.6, 1.9 Hz, 1H),
3.65 (s, 0.8H), 3.59 (s, 2.2H), 3.42 (ddd, J = 13.6, 10.2, 4.6 Hz, 0.8H), 3.28 (d, J = 13.8 Hz, 0.8H), 3.14 — 2.98 (m,
0.5H), 2.79 (ddt, J = 12.2, 10.0, 5.0 Hz, 1H), 2.64 (dt, J = 10.2, 4.7 Hz, 0.7H), 2.42 (dt, J = 14.5, 4.3 Hz, 0.3H), 1.68
(s, 9H).

1BC NMR: (75 MHz, Chloroform-d): 6 = 203.9, 169.1, 149.4, 134.9, 130.7, 130.2, 128.7, 128.6, 128.4, 128.2, 127.8,
125.8,125.4,125.2,125.1, 123.3, 123.1, 118.7, 115.5, 84.5, 77.8, 67.9, 67.7, 64.5, 63.5, 53.5, 53.0, 50.4, 50.0, 44.0,
40.0, 39.9, 35.6, 28.3.
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HPLC: Chiralcel 1A, hexane/EtOH = 85:15, flow = 1.25 mL/min, A = 210 nm, Acpy = 280 nm, tr (major enant.) =
11.4 min, tr (minor enant.) = 13.1 min, (e.r. = 82:18); tr (Major diast.) = 12.6 min, tz (minor diast.) = 10.1 min
(d.r. = 96:4).

1-Benzyl 3-methyl (S)-3-((S)-2-nitro-1-(pyridin-4-yl)ethyl)-4-oxopiperidine-1,3-dicarboxylate, 3h.

Using GP5 it was purified through FCC using a solvent gradient from 6:4 to 35:65 hexane/EtOAc to give adduct 3h
as an orange solid (minor diastereomer was not detected in HPLC. d.r. = >99:1, e.r. = 98:2, 26.7 mg, 66%).

TLC: Rs = 0.47 (hexane/EtOACc = 2:8) [Seebach]

!H NMR: (300 MHz, Chloroform-d): & = 8.59 — 8.50 (m, 2H), 7.42 — 7.19 (m, 5H), 7.19 — 7.10 (m, 2H), 5.19 — 4.93
(m, 3H), 4.85 (dd, J = 14.0, 10.7 Hz, 1H), 4.44 — 4.19 (m, 2H), 4.06 (dd, J = 10.8, 3.5 Hz, 1H), 3.62 (s, 3H), 3.38 —
3.20 (m, 1H), 3.10 (d, J = 13.7 Hz, 1H), 2.74 (ddd, J = 14.5, 10.7, 6.7 Hz, 1H), 2.58 (dt, J = 14.4, 4.1 Hz, 1H).

!H NMR: (300 MHz, Chloroform-d @ 55 °C): & = 8.58 — 8.49 (m, 2H), 7.40 — 7.21 (m, 5H), 7.18 — 7.10 (m, 2H),
5.18 — 5.02 (m, 2H), 4.97 (dd, J = 14.0, 3.7 Hz, 1H), 4.85 (dd, J = 14.0, 10.3 Hz, 1H), 4.38 (dd, J = 13.7, 2.2 Hz,
1H), 4.30 — 4.16 (m, 1H), 4.05 (dd, J = 10.3, 3.7 Hz, 1H), 3.60 (s, 3H), 3.32 (ddd, J = 13.4, 10.4, 4.5 Hz, 1H), 3.14
(d, J=13.7 Hz, 1H), 2.74 (ddd, J = 14.6, 10.4, 6.6 Hz, 1H), 2.56 (dt, J = 14.6, 4.4 Hz, 1H).

13C NMR: (75 MHz, Chloroform-d): & = 203.1, 168.4, 154.8, 150.4, 143.7, 136.0, 128.7, 128.5, 128.0, 124.6, 76.4,
68.0, 62.7,53.2,50.7, 44.7, 44.0, 40.1.

HPLC: Chiralcel OD-H, hexane/EtOH = 6:4, flow = 1.25 mL/min, A = 210 nm, Acp) = 240 nm, tz (major enant.)
= 7.2 min, tg (minor enant.) = 8.1 min, (e.r. = 98:2); Minor diastereomer was not detected.

[a]3® = +29.2 (c 0.12,CHCl3)

1-Benzyl 3-methyl (S)-3-((S,E)-1-nitro-4-phenylbut-3-en-2-yl)-4-oxopiperidine-1,3-dicarboxylate, 3i.
Using GP5 it was purified through FCC using a solvent gradient from 85:15 to 7:3 hexane/EtOAc to give adduct 3i
as a white solid (diastereomer mixture, d.r. = 96:4, e.r. = 96:4, 35.4 mg, 76%). Catalyst was not recovered.

TLC: (Major diast) Rf = 0.32, (minor diast.) Rt = 0.36 (Plate was eluted twice in hexane/EtOAc = 8:2, then once
in hexane/EtOAc = 7:3) [Seebach]

!H NMR: (300 MHz, Chloroform-d): § = 7.43 - 7.16 (m, 10H), 6.51 (d, J = 15.7 Hz, 1H), 6.07 (dd, J = 15.8, 9.9 Hz,
1H), 5.27 - 5.01 (m, 2H), 4.73 (dd, J = 12.7, 3.2 Hz, 1H), 4.66 — 4.39 (m, 2H), 4.23 — 4.02 (m, 1H), 3.74 — 3.25 (m,
6H), 2.77 (ddd, J = 14.6, 9.6, 6.4 Hz, 1H), 2.59 (dt, J = 14.7, 4.8 Hz, 1H).

'H NMR: (300 MHz, Chloroform-d @ 55 °C): § = 7.35 — 7.21 (m, 10H), 6.51 (d, J = 15.8 Hz, 1H), 6.06 (dd, J =
15.8, 9.8 Hz, 1H), 5.24 — 5.05 (m, 2H), 4.72 (dd, J = 12.8, 3.3 Hz, 1H), 4.60 — 4.42 (m, 2H), 4.15 — 4.03 (m, 1H),
3.68 (s, 3H), 3.58 (td, J = 9.9, 3.2 Hz, 1H), 3.50 (td, J = 9.4, 4.9 Hz, 1H), 3.42 (d, J = 13.9 Hz, 1H), 2.77 (ddd, J =
14.7,9.4, 6.4 Hz, 1H), 2.58 (dt, J = 14.8, 5.1 Hz, 1H).

13C NMR: (75 MHz, Chloroform-d): & = 203.9, 168.9, 155.0, 137.5, 135.8, 128.7, 128.7, 128.5, 128.4, 128.1, 126.9,
121.9, 77.0, 68.1, 62.6, 53.1, 50.3, 44.0, 43.9, 40.0.

HRMS (DART+): [M+H]* calcd. for CasH27NO;*: 467.18183, found:467.18167.

HPLC: Chiralcel OD-H, hexane/EtOH = 8:2, flow = 1.0 mL/min, A = 210 nm, Acp) = 235 nm, tr (Major enant.)
= 28.1 min, tr (Minor enant.) = 24.2 min, (e.r. = 94:6); tr (Major diast.) = 18.8 min, tg (minor diast.) = 16.7 min
(d.r. = 96:4).

[a]3® = +30.8 (c 0.12, CHCl;)

1-Benzyl 3-methyl (S)-3-((S)-1-nitro-4-phenylbutan-2-yl)-4-oxopiperidine-1,3-dicarboxylate, 3;j.
Using GP5 it was purified through FCC using a solvent gradient from 9:1 to 7:3 hexane/EtOAc to give adduct 3j as
an off-white solid (inseparable diastereomer mixture, d.r. = 99:1, e.r. = 98:2, 81%). Catalyst was not recovered.

TLC: Rs = 0.30 (hexane/EtOAc = 7:3) [Seebach]
!H NMR: (300 MHz, Chloroform-d @ 25 °C): § = 7.44 — 6.96 (m, 10H), 5.31 — 5.03 (m, 2H), 4.70 — 3.70 (m, 5H),
3.64 (s, 4H), 2.89 (bs, 1H), 2.78 — 2.35 (m, 4H), 2.05 — 1.66 (m, 2H).
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!H NMR: (300 MHz, Chloroform-d @ 55 °C): § = 7.42 — 7.03 (m, 10H), 5.20 (g, J = 12.3 Hz, 2H), 4.60 (dd, J =
14.6, 4.2 Hz, 1H), 4.50 (dd, J = 14.6, 5.7 Hz, 1H), 4.40 — 4.23 (m, 1H), 3.64 (s, 6H), 2.98 — 2.83 (m, 1H), 2.75 - 2.42
(m, 4H), 1.98 — 1.65 (m, 2H).

13C NMR: (75 MHz, Chloroform-d): 6 = 204.4, 169.2, 155.1, 140.7, 136.2, 128.8, 128.7, 128.6, 128.5, 128.2, 126.4,
77.4,68.1, 65.0, 52.9, 48.4, 43.6, 39.3, 38.7, 34.0, 32.9.

HPLC: Chiralpak 1A, hexane/EtOH = 6:4, flow = 1.0 mL/min, A =210 nm, tr (major enant.) = 11.75 min, tr (Minor
enant.) = 8.32 min, (e.r. = 98:2); tr (enantiomeric mixture, diast.) = 9.96 min (d.r. = >99:1).

[a]3% = —38.0 (c 0.15, CHCl,)

Methyl (S)-1-benzyl-3-((S)-2-nitro-1-phenylethyl)-4-oxopiperidine-3-carboxylate, 3I.

Using GP5 with 2a (35.4 mg, 0.15 mmol) and 1-Bn (19.3 mg, 0.15 mmol). It was purified through FCC using a
solvent gradient from 9:1 to 75:25 hexane/EtOAc to give adduct 3l as an orange solid (inseparable diastereomer
mixture, d.r. =99:1, e.r. = 99:1, 44.4 mg, 87%).

TLC: R = 0.22 (hexane/EtOAc = 8:2) [vanillin, ninhydrin]

H NMR: (400 MHz, Chloroform-d): § = 7.28 (d, J = 28.2 Hz, 10H), 5.02 (dd, J = 13.6, 11.2 Hz, 1H), 4.78 (dd, J =
13.6, 3.2 Hz, 1H), 4.26 (dd, J = 11.2, 3.2 Hz, 1H), 3.67 (s, 3H), 3.58 — 3.44 (m, 2H), 3.03 (dd, J = 11.9, 1.8 Hz, 1H),
2.78 (ddt, J=8.4,4.1, 2.2 Hz, 1H), 2.75 - 2.67 (m, 1H), 2.67 — 2.56 (m, 2H), 2.50 — 2.41 (m, 1H).

13C NMR: (100 MHz, Chloroform-d): & = 205.6, 169.7, 137.3, 134.9, 129.6, 129.1, 128.7, 128.5, 127.7, 77.6, 64.5,
61.8, 60.5, 52.8, 52.5, 45.9, 40.4.

HRMS (DART+): [M+H]" calcd. for C22H2sN20s": 397.17635, found: 397.175609.

HPLC: Chiralcel OD-H, hexane/EtOH = 60:40, flow = 1.0 mL/min, A = 210 nm, tr (major enant.) = 14.5 min, tg
(minor enant.) = 5.9 min, (e.r. = 90:10); diastereomer was not observed (d.r. = 99:1).

[a]3% = +1.1 (c 0.18,CHCI;)

Methyl (S)-3-((S)-2-nitro-1-phenylethyl)-4-oxo-1-tosylpiperidine-3-carboxylate, 3m.

Using GP5 with 2a (31.8 mg, 0.1 mmol) and 1-Ts (19.3 mg, 0.1 mmol). It was purified through FCC using a solvent
gradient from 85:15 to 62:38 hexane/EtOAc to give adduct 3m as an off-white solid (inseparable diastereomer
mixture, d.r. = 97:3, e.r. = 94:6, 27.7 mg, 59%).

TLC: Rs = 0.28 (hexane/EtOAc = 65:35) [PMA, anisaldehyde]

!H NMR: (300 MHz, Chloroform-d): 6 =7.51 (d, J = 8.3 Hz, 2H), 7.38 — 7.28 (m, 5H), 7.29 — 7.19 (m, 2H), 4.92
(dd, J=13.6, 10.8 Hz, 1H), 4.80 (dd, J = 13.6, 3.7 Hz, 1H), 4.18 (dd, J = 10.7, 3.7 Hz, 1H), 3.76 (s, 3H), 3.64 (dd,
J=12.2,2.1 Hz, 1H), 3.56 (dddd, J = 10.3, 8.2, 5.1, 2.3 Hz, 1H), 3.09 — 2.94 (m, 1H), 2.82 (ddd, J = 14.3,9.3,5.9
Hz, 1H), 2.76 — 2.65 (m, 2H), 2.43 (s, 3H).

13C NMR: (75 MHz, Chloroform-d): § =202.7, 168.4, 144.6, 133.7, 132.3, 130.1, 129.7, 129.1, 129.0, 127.8, 77.2,
62.9, 53.2,47.1, 45.3, 39.5, 21.7, 14.2.

HRMS (DART+): [M+H]" calcd. for C2:H2sN.07S*: 461.13825, found: 461.13750.

HPLC: Chiralcel OD-H, hexane/EtOH = 6:4, flow = 1.25 mL/min, A = 210 nm, Accpy = 240 nm, tr (Major
enant.) = 9.3 min, tr (minor enant.) = 6.3 min, (e.r. = 94:6); tg (major diast.) = 6.9 min, tz (minor diast.) = 5.6
min, (d.r. = 97:3).

[a]3® = —30.6 (c 0.17,CHCl3)

20



4.6 Synthesis of 1-isomorphans

4.6.1 General procedure 6 (GP6) to reduce ketone 3k and 3a

00 O/ HO © 0/
—»
N Ph MeOH/THF 1:1 N Ph
Pg -5°C, 10 min Pg
3a, Pg=Cbz 4-Boc
3k, Pg =Boc 4-Cbz

To a suspension of 3k (1.27 g, 3.1 mmol) in a 1:1 mixture of THF/MeOH (0.2 M, 15.6 mL) was added sodium
borohydride (0.24 g, 6.2 mmol) in small amounts at 0 °C. After adding the borohydride, the suspension turns into a
clear colorless solution which was stirred for 10 minutes in an open flask. EtOAc (50 mL) was added to the reaction
mixture and washed twice with a saturated ammonium chloride solution, then once with brine. The solution was

dried (Na2SQa), filtered and concentrated in vacuo.

1-(tert-Butyl) 3-methyl (3S)-4-hydroxy-3-((S)-2-nitro-1-phenylethyl)piperidine-1,3-dicarboxylate (4-Boc)
Product 4-Boc was obtained as a white solid (inseparable diastereomeric mixture, d.r. = 0.55:0.45, 1.24 g, 98%).

TLC: R = 0.43 (hexane/EtOAc = 1:1), [Seebach, Anisaldehyde]

!H NMR: (300 MHz, DMSO-d¢ @ 120 °C): 6 =7.35 — 7.26 (m, 3H), 7.21 — 7.10 (m, 2H), 5.22 (ddd, J = 13.4,
4.1, 2.4 Hz, 1H), 5.14 — 4.95 (m, 1.5H), 4.87 (d, J = 5.2 Hz, 0.5H), 4.25 (s, 0.5H), 4.14 (q, J = 4.9 Hz, 0.5H),
3.93 - 3.80 (m, 1.5H), 3.76 — 3.61 (m, 2.6H), 3.58 (s, 1.4H), 3.41 (d, J = 13.5 Hz, 0.5H), 3.31 (d, J = 13.7 Hz,
0.5H), 3.21 (ddd, J = 12.9, 10.9, 3.9 Hz, 0.5H), 3.05 (td, J = 12.8, 3.3 Hz, 0.5H), 2.96 (d, J = 13.2 Hz, 0.5H),
1.89 (dddd, J = 13.9, 10.9, 5.2, 2.8 Hz, 0.5H), 1.75 — 1.62 (m, 1H), 1.56 — 1.47 (m, 0.5H), 1.44 (s, 5H), 1.30 (s,
4H).

BC NMR: (75 MHz, DMSO-Ds @ 120 °C) Both epimers: § =171.3, 152.9, 135.5, 135.3, 128.4, 128.1, 127.5, 127.4,
127.1, 785, 77.7, 76.4, 75.9, 66.4, 64.0, 53.1, 53.0, 50.6, 45.4, 44.4, 43.6, 42.1, 39.5, 37.8, 36.3, 29.6, 27.8, 27.5,
27.4.

HRMS (DART+): [M+H]* calcd. for CaoH29N207*: 409.19748, found: 409.19602.

1-Benzyl 3-methyl (3S)-4-hydroxy-3-((S)-2-nitro-1-phenylethyl)piperidine-1,3-dicarboxylate (4-Cbz)

TLC: R = 0.44 (hexane/EtOAc = 1:1), [Seebach, Anisaldehyde]

!H NMR: (300 MHz, Chloroform-d): 6 = 7.48 — 7.14 (m, 8H), 7.14 — 6.93 (m, 2H), 5.25 — 4.83 (m, 4H), 4.36 (bs,
0.5H), 4.26 — 2.71 (m, 9H), 2.01 — 1.51 (m, 2.5H).

!H NMR: (300 MHz, Chloroform-d @ 55 °C): & = 7.45 — 6.97 (m, 10H), 5.20 — 4.86 (m, 4H), 4.36 (d, J = 3.6 Hz,
0.5H), 4.19 — 3.65 (m, 3.5H), 3.55 (s, 1.2H), 3.43 (s, 1.8H), 3.31 — 2.88 (m, 2H), 2.61 (s, 1H), 1.99 — 1.85 (m, 0.5H),
1.80 — 1.52 (m, 2H).
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Methyl (3S)-4-hydroxy-3-((S)-2-nitro-1-phenylethyl)piperidine-3-carboxylate hydrochloride (5) 4.6.2 from
4-Boc

Ho © o/ . Ho © 0/
NO, HCI (5 equiv) NO,
—_—
N Ph PhMe (1 M) Ph
Boc 80 °C, 15 min H Hcl
4-Boc 5

To asolution of 4-Boc (726.4 mg. 1.8 mmol) in toluene (1.8 mL, 1 M) in an oil bath at 80 °C, was added concentrated
HCI (0.75 mL, 5 equiv.). Reaction mixture was stirred until reactant was no longer detected by TLC for about 15
minutes. After completion, a small amount of MeOH was added to dissolve the precipitate. Solvent was removed
under vacuum, and remaining solvent was thoroughly removed by azeotropic distillation with ethyl acetate. Product
was then filtered and washed with ethyl ether to obtain the desired product as a white-off solid (inseparable
diastereomeric mixture, d.r. = 0.55:0.45, 600.1 mg, 98%).

TLC: (Starting material 4-Boc) Rs = 0.43 (hexane/EtOAc = 1:1), [Seebach, Anisaldehyde]

H NMR (700 MHz, DMSO-ds) Both epimers: § = 9.96 — 9.21 (m, 1.5H), 7.73 (s, 0.5H), 7.43 — 7.28 (m, 4H), 7.17
—7.12 (m, 1H), 6.22 — 6.15 (m, 0.5H), 5.81 (dt, J = 6.0, 3.0 Hz, 0.5H), 5.43 - 5.34 (m, 1H), 5.21 (dd, J = 13.7, 11.8
Hz, 0.5H), 5.03 (ddd, J = 13.6, 12.0, 1.5 Hz, 0.5H), 4.30 — 4.23 (m, 1H), 4.17 (s, 0.5H), 3.84 (dd, J = 12.0, 3.8 Hz,
0.5H), 3.69 (s, 1.5H), 3.67 (s, 1.5H), 3.17 (d, J = 13.6 Hz, 0.5H), 3.14 — 3.00 (m, 2H), 2.96 (dt, J = 11.2, 3.4 Hz,
0.5H), 2.73 (d, J = 13.0 Hz, 0.5H), 2.61 (d, J = 13.4 Hz, 0.5H), 2.11 — 2.03 (m, 0.5H), 1.87 (dq, J = 15.1, 3.0 Hz,
0.5H), 1.80 — 1.74 (m, 0.5H), 1.54 (td, J = 15.2, 4.1 Hz, 0.5H).

13C NMR: (100 MHz, DMSO) Both epimers: & =171.2, 170.8, 135.3, 134.5, 128.6, 128.3, 128.2, 76.1, 75.4, 64.1,
62.0,52.9,52.3,52.1, 51.6, 45.5, 43.0, 42.5, 41.0, 37.4, 37.1, 27.4, 25.4,

HRMS (DART+): [M+H]* calcd. for C1sH2:1N,0s": 309.14505, found: 309.14513.

4.6.4 General procedure 7 (GP7) for the syntheses of isomorphans

O,N
RN RCHO (2 equiv) ON Ph
AcONa (2 equiv) Ph
NO, R
r R +
Ph MeOH, oH Me0,C
N ol 70°C, 24 h Me0,c 7 N/ N,ﬂ
OH
5 6a 7a
d.r.=1:1

To a solution of 5 (35.1 mg. 0.1 mmol) and the corresponding aldehyde (0.2 mmol, 2 equiv.) in methanol (0.5 mL,
0.2 M) was added NaOAc (16.8 mg, 0.2 mmol, 2 equiv). The reaction mixture was stirred in a sealed vial at 70 °C
for 24 h. Water (2 mL) was added to the reaction mixture and the product was extracted with ethyl acetate (3 mL).
Phases were separated and the organic phase was then washed twice with saturated NaHCOs3. Isomorphans were
purified through FCC using a DCM/EtOAC solvent gradient to give products 6 and 7.
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Methyl (1R,2S,3R,4S,5S,6S and 6R)-6-hydroxy-3-nitro-2-(4-nitrophenyl)-4-phenyl-1-azabicyclo[3.3.1]nonane-
5-carboxylate (6a & 7a)

O,N NO,

O;N NO, ph

Ph

OH
Me0,C

Me0,C Nﬂ €0, Nlﬂ

OH

63 73

Following GP7 the compounds were purified using FCC using a solvent gradient from 1:0 to 7:3 DCM/EtOAc to
give products 6a (13.2 mg, 30%) and 7a (21.7 mg, 48%) as yellow solids (total yield = 34.9 mg, 78%).

TLC: Rf (7a) = 0.24 (DCM/EtOAC = 9:1), [UV, CuCl;]; Rf (6a) = 0.39 (DCM/EtOACc = 9:1), [UV, CuCl;]

!H NMR (6a): (300 MHz, Chloroform-d): & = 8.27 (d, J = 8.8 Hz, 2H), 7.71 (d, J = 8.7 Hz, 2H), 7.44 — 7.36
(m, 2H), 7.34 - 7.21 (m, 3H), 6.36 (dd, J = 12.2, 11.1 Hz, 1H), 4.84 (d, J = 11.1 Hz, 1H), 4.38 (dd, J = 12.3, 6.5
Hz, 1H), 4.26 (d, J = 12.2 Hz, 1H), 3.83 — 3.74 (m, 4H), 3.15 — 3.05 (m, 2H), 2.83 — 2.57 (m, 2H), 2.15 - 2.00
(m, 1H), 1.79 (dtd, J = 14.5, 12.3, 7.5 Hz, 1H).

13C NMR (6a): (75 MHz, Chloroform-d): 8 = 174.0, 142.3, 134.3, 130.4, 129.7, 128.6, 128.1, 124.2, 86.4, 72.9,
67.4,59.4,53.4,52.7,51.4, 45.0, 31.7.

H NMR (7a): (300 MHz, Chloroform-d): & = 8.26 (d, J = 8.7 Hz, 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.43 — 7.30 (m,
3H), 7.21 - 7.10 (m, 2H), 6.10 (t, J = 11.5 Hz, 1H), 4.86 (d, J = 11.2 Hz, 1H), 4.49 (s, 1H), 4.22 (d, J = 11.9 Hz, 1H),
3.93 (d, J = 13.5 Hz, 1H), 3.71 (s, 3H), 3.57 (d, J = 13.4 Hz, 1H), 3.08 — 2.92 (m, 2H), 2.50 (dd, J = 15.0, 5.8 Hz,
1H), 2.07 — 1.79 (m, 2H).

13C NMR (7a): (75 MHz, Chloroform-d): & = 173.7, 148.2, 142.7, 133.7, 129.6, 129.3, 129.1, 128.4, 124.1, 87.0,
66.9, 64.8, 53.8, 52.5, 52.4, 50.1, 40.9, 30.8.

HRMS (DART+): [M+H]* calcd. for C,,H24N307*: 442.16142, found: 442.16048.

[a]30 (6a) = —70.0 (c 0.12,CHCl;); [a]3° (7a) = —47.4 (c 0.19,CHCI;)

Methyl (1R,2S,3R,4S,5S, 6S and 6R)-6-hydroxy-2-(4-methoxyphenyl)-3-nitro-4-phenyl-1-azabicyclo[3.3.1]nonane-
5-carboxylate (6b & 7b).

O,N OMe

O,N OMe ph

Ph

OH
Me0,C
Me0,C Nﬁ 0L 7N/
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OH
6b 7b

Following GP7 the compounds were purified using FCC using a solvent gradient from 93:7 to 7:3 DCM/EtOAc to
give products 6b (12.4 mg, 29%) and 7b (18.5 mg, 43%) as off-white solids (total yield =30.9 mg, 72%).

TLC: R¢ (7b) = 0.15 (DCM/EtOAC = 9:1), [UV, CuCl;]; R¢ (6b) = 0.31 (DCM/EtOAC = 9:1), [UV, CuCl;]

!H NMR (6b): (300 MHz, Chloroform-d): & = 7.46 — 7.33 (m, 4H), 7.31 — 7.18 (m, 3H), 6.98 — 6.86 (m, 2H),
6.30 (t, J =11.7 Hz, 1H), 4.70 (d, J = 11.1 Hz, 1H), 4.36 (dd, J = 12.1, 6.4 Hz, 1H), 4.25 (d, J = 12.2 Hz, 1H),
3.88 — 3.68 (m, 7H), 3.14 — 3.01 (m, 2H), 2.96 (dd, J = 15.0, 6.1 Hz, 1H), 2.65 (td, J = 14.1, 4.9 Hz, 1H), 2.11
—1.98 (m, 1H), 1.83 (ddt, J = 19.7, 13.6, 6.2 Hz, 1H).

13C NMR (6b): (75 MHz, Chloroform-d): & = 174.4, 160.0, 134.9, 130.4, 129.9, 128.3, 128.0, 127.1, 114.4,
86.9, 73.2,67.7,59.3, 55.4, 53.4, 52.5,51.4, 44.6, 31.7.
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!H NMR (7b): (300 MHz, Chloroform-d): 6 =7.43 — 7.29 (m, 5H), 7.16 (dd, J = 7.8, 1.9 Hz, 2H), 6.98 — 6.86
(m, 2H), 6.05 (t, J = 11.6 Hz, 1H), 4.71 (d, J = 11.2 Hz, 1H), 4.47 (bks, 1H), 4.21 (d, J = 11.9 Hz, 1H), 3.91 (d,
J = 13.4 Hz, 1H), 3.80 (s, 3H), 3.70 (s, 3H), 3.55 (d, J = 13.4 Hz, 1H), 3.11 — 2.89 (m, 2H), 2.71 (dd, J = 14.8,
6.0 Hz, 1H), 2.01 (ddd, J = 19.6, 12.6, 5.8 Hz, 1H), 1.85 (dd, J = 15.2, 5.1 Hz, 1H).

13C NMR (7b): (75 MHz, Chloroform-d): § = 174.1, 159.9, 134.2, 129.8, 129.2, 128.9, 128.4, 127.4, 114.3,
87.5,67.2, 65.1, 55.4, 53.6, 52.4, 50.1, 40.5, 30.8.

HRMS (DART+): [M+H]* calcd. for Ca3H27N2O¢*: 427.18691, found: 427.18799.

[a]3 (6b) = —48.3 (¢ 0.12,CHCl3); [a]3? (7b) = —52.1 (c 0.14, CHCI,)

Methyl (1R,2S,3R,4S,5S,6S and 6R)-6-hydroxy-3-nitro-2,4-diphenyl-1-azabicyclo[3.3.1]Jnonane-5-carboxylate
(6c & 7¢)
O,N

O,N
2 Ph

Ph

OH
Me0,C

Me0,C Nﬂ €02 Nlﬂ

OH

6¢C 7c

Following GP7 the compounds were purified using FCC using a solvent gradient from 9:1 to 10:0 DCM/hexane,
then from 10:0 to 8:2 DCM/EtOAC to give products 6¢ (10.8 mg, 27%) and 7c (16.1 mg, 40%) as off-white solids
(total yield = 26.9 mg, 67%).

TLC: R¢ (7¢) = 0.14 (DCM/EtOAC = 9:1), [UV, CuCl.]; R¢ (6¢) = 0.33 (DCM/EtOAC = 9:1), [UV, CuCl;]

IH NMR (6¢): (500 MHz, Chloroform-d): § = 7.52 — 7.47 (m, 2H), 7.41 (t, J = 7.5 Hz, 4H), 7.38 — 7.29 (m, 2H),
7.29 - 7.21 (m, 2H), 6.37 (t, J = 11.7 Hz, 1H), 4.76 (d, J = 11.1 Hz, 1H), 4.38 (dd, J = 12.1, 6.3 Hz, 1H), 4.27 (d, J
= 12.3 Hz, 1H), 3.81 — 3.77 (m, 4H), 3.11 (d, J = 2.3 Hz, 1H), 3.09 (d, J = 13.7 Hz, 1H), 2.94 (ddd, J = 15.0, 6.0,
2.1 Hz, 1H), 2.67 (td, J = 15.0, 14.5, 4.9 Hz, 1H), 2.07 (dt, J = 14.3, 5.6 Hz, 1H), 1.85 (tdd, J = 13.9, 12.0, 6.2 Hz,
1H).

13C NMR (6c): (125 MHz, Chloroform-d): & = 174.3, 135.0, 134.8, 130.4, 129.0, 128.7, 128.4, 128.0, 86.5, 73.1,
68.2, 59.4, 53.4, 52.6, 51.4, 44.7, 31.7.

IH NMR (7c): (500 MHz, Chloroform-d): & = 7.50 — 7.46 (m, 2H), 7.43 — 7.29 (m, 6H), 7.20 — 7.15 (m, 2H), 6.12
(t, J=11.6 Hz, 1H), 4.78 (d, J = 11.3 Hz, 1H), 4.49 (s, 1H), 4.22 (d, J = 11.8 Hz, 1H), 3.92 (d, J = 13.3 Hz, 1H),
3.72 (s, 3H), 3.58 (dt, J = 13.3, 1.8 Hz, 1H), 3.06 (s, 1H), 2.97 (td, J = 14.2, 5.0 Hz, 1H), 2.69 (dd, J = 14.9, 6.1 Hz,
1H), 2.08 — 1.99 (m, 1H), 1.86 (ddd, J = 15.4, 4.8, 2.0 Hz, 1H).

13C NMR (7¢): (75 MHz, Chloroform-d): & = 174.0, 135.4, 134.2, 129.2, 129.0, 128.9, 128.9, 128.6, 128.4, 87.2,
67.7, 65.0, 53.8, 52.4, 50.1, 40.6, 30.8.

HRMS (DART+): [M+H]* calcd. for C:HsN20s*: 397.17635, found: 397.17561.

[a]3? (6¢) = —30.8 (c 0.12,CHCl3); [a]Z° (7¢) = —27.1 (c 0.14, CHCI;)

Methyl (1R,2S,3R,4S,55,6S and 6R)-6-hydroxy-3-nitro-4-phenyl-2-(pyridin-4-yl)-1-azabicyclo[3.3.1]nonane-
5-carboxylate (6d & 7d)
ON O,N
2 N
ph| 7 N > /\ )

OH

Me0,C
Me0,C Nﬁ €02 NV
OH

6d 7d
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Following GP7 the compounds were purified using FCC using a solvent gradient from 99:1 to 9:1 DCM/EtOH to
give products 6d (12.6 mg, 26%) as an off-white solid and 7d (18.5 mg, 38%) as a dull yellow solid (total yield =
31.1 mg, 64%).

TLC: R¢ (7d) = 0.24 (DCM/EtOH = 95:5), [UV, CuCl,]; Ry (6d) = 0.32 (DCM/EtOH = 95:5), [UV, CuCl,]

IH NMR (6d): (400 MHz, Chloroform-d): 8 = 8.67 (d, J = 5.0 Hz, 2H), 7.49 — 7.36 (m, 4H), 7.31 — 7.23 (m,
3H), 6.33 (dd, J = 12.3, 11.1 Hz, 1H), 4.75 (d, J = 11.0 Hz, 1H), 4.37 (dd, J = 12.1, 6.4 Hz, 1H), 4.25 (d, J =
12.2 Hz, 1H), 3.79 (s, 4H), 3.15 — 3.06 (m, 2H), 2.78 (dd, J = 15.3, 6.5 Hz, 1H), 2.69 (ddd, J = 15.2, 13.3, 4.8
Hz, 1H), 2.12 — 2.01 (m, 1H), 1.87 — 1.72 (m, 1H).

13C NMR (6d): (75 MHz, Chloroform-d): & = 174.0, 150.7, 144.1, 134.3, 130.4, 128.5, 128.1, 123.4, 86.0, 73.0,
67.0, 59.4, 53.3, 52.7, 51.4, 45.1, 31.7.

!H NMR (7d): (400 MHz, Chloroform-d): § = 8.66 (d, J = 5.4 Hz, 2H), 7.46 — 7.32 (m, 5H), 7.19 — 7.13 (m,
2H), 6.07 (t, J = 11.5 Hz, 1H), 4.77 (d, J = 11.1 Hz, 1H), 4.51 — 4.45 (m, 1H), 4.20 (d, J = 11.9 Hz, 1H), 3.92
(d, J = 13.5 Hz, 1H), 3.71 (s, 3H), 3.56 (dt, J = 13.5, 1.8 Hz, 1H), 3.14 — 2.93 (m, 2H), 2.53 (dd, J = 15.0, 5.9
Hz, 1H), 1.96 (dddd, J = 16.9, 13.3, 6.0, 4.0 Hz, 1H), 1.91 — 1.80 (m, 1H).

13C NMR (7d): (75 MHz, Chloroform-d): 6 =173.7, 150.6, 144.5, 133.8, 129.3, 129.1, 128.4, 123.3, 86.6, 66.4,
64.8, 53.8, 52.5, 52.4, 50.1, 41.0, 30.8.

HRMS (DART+): [M+H]* calcd. for C21H24N305*: 398.17160, found: 398.17259.

[a]3? (6d) = —6.2 (c 0.13,CHCl3); [a]3? (7b) = —12.0 (¢ 0.15,CHCI;)

Methyl (1R,2S,3R,4S,5S,6S)-6-hydroxy-2-(1-methyl-1H-indol-3-yl)-3-nitro-4-phenyl-1-azabicyclo[3.3.1]nonane-5-
carboxylate (6e & 7¢)
ON
Ph| ~N
|
OH
Me0,C Nﬂ
6e

Following GP7 the compounds were purified using FCC using a solvent gradient from 9:1 to 1:0 DCM/hexane, then
from 1:0 to 8:2 DCM/EtOAC to give products 6e (16.8 mg, 19%) as a dull orange solid and 7e (32.0 mg, 36%) as a
dull yellow solid (total yield = 48.8 mg, 55%).

TLC: Rs (7e) = 0.23, Rs (6€) = 0.42, (DCM/EtOAC = 9:1) [Seebach, CuCl;]

IH NMR (6€): (300 MHz, Chloroform-d): § = 7.73 (dt, J = 7.9, 1.1 Hz, 1H), 7.47 — 7.38 (m, 2H), 7.34 — 7.21 (m,
6H), 7.14 (ddd, J = 8.0, 6.7, 1.4 Hz, 1H), 6.19 (dd, J = 12.3, 10.9 Hz, 1H), 5.14 (d, J = 10.9 Hz, 1H), 4.42 — 4.26 (m,
2H), 3.88 — 3.75 (m, 7H), 3.17 — 3.06 (m, 2H), 3.00 (dd, J = 14.9, 6.4 Hz, 1H), 2.64 (td, J = 14.1, 4.9 Hz, 1H), 1.99
(ddd, J = 14.2, 6.6, 3.2 Hz, 1H), 1.77 (qd, J = 13.3, 6.1 Hz, 1H).

1BC NMR (6¢): (75 MHz, Chloroform-d): & = 174.6, 137.5, 135.1, 130.5, 128.3, 128.0, 127.5, 127.1, 122.6, 120.1,
119.8, 109.7, 109.5, 88.4, 73.3, 61.6, 58.5, 53.6, 52.5, 51.4, 44.9, 33.1, 31.7.

'H NMR (7e): (300 MHz, Chloroform-d): 8 = 7.76 (dt, J = 7.9, 1.0 Hz, 1H), 7.42 — 7.08 (m, 9H), 5.95 (t, J = 11.5
Hz, 1H), 5.15 (d, J = 10.9 Hz, 1H), 4.51 — 4.43 (m, 1H), 4.26 (d, J = 11.9 Hz, 1H), 3.95 (d, J = 13.4 Hz, 1H), 3.76
(s, 3H), 3.72 (s, 3H), 3.63 (d, J = 13.8 Hz, 1H), 3.06 (br, 1H), 2.96 (td, J = 14.0, 5.0 Hz, 1H), 2.75 (dd, J = 14.7, 6.1
Hz, 1H), 1.96 (ddt, J = 18.6, 13.3, 4.4 Hz, 1H), 1.77 (dd, J = 15.5, 4.8 Hz, 1H).

13C NMR (7e): (75 MHz, Chloroform-d): & = 174.3, 137.5, 134.4, 129.2, 128.8, 128.4, 127.5, 126.8, 122.6, 120.3,
119.8, 110.3, 109.4, 89.0, 65.2, 61.2, 52.7, 52.4, 49.9, 40.8, 33.1, 30.8.

HRMS (DART+): [M+H]* calcd. for C2sH2sN3Os*: 450.20290, found: 450.20295.

[a]3? (6€) = +1.0 (c 0.1, CHCl,); [a]3° (7e) = —6.3 (c 0.16, CHCl;)
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Methyl (1R,2S,3R,4S,55,6S and 6R)-6-hydroxy-2-isobutyl-3-nitro-4-phenyl-1-azabicyclo[3.3.1]Jnonane-5-
carboxylate (6f & 7f)

O,N
2 Ph

Ph

OH
Me0,C
Me0,C Nﬂ €0, Nlﬂ

OH
5f 7f

Following GP7 the compounds were purified using FCC using a solvent gradient from 80:20 to 1:0 DCM/hexane,
then from 1:0 to 85:15 DCM/EtOAC to give products 6f (26.4 mg, 35%) as a white solid and 7f (43.8 mg, 59%) as a
pale-yellow wax (total yield = 70.2 mg, 94%).

TLC: Rs (7f) = 0.19, Rt (6f) = 0.34, (DCM/EtOAC = 9:1) [UV, CuCl;]

IH NMR (6f): (300 MHz, Chloroform-d): § = 7.32 — 7.16 (m, 5H), 5.49 (dd, J = 12.4, 10.4 Hz, 1H), 4.29 (dd, J =
12.1, 6.5 Hz, 1H), 4.17 (d, J = 12.5 Hz, 1H), 3.76 (s, 3H), 3.57 — 3.42 (m, 2H), 3.27 (dd, J = 15.4, 5.6 Hz, 1H), 3.02
—2.90 (m, 2H), 2.82 (ddd, J = 15.0, 13.6, 4.8 Hz, 1H), 2.03 (dt, J = 14.1, 5.6 Hz, 1H), 1.84 — 1.59 (m, 3H), 1.17 —
1.06 (m, 1H), 0.94 (d, J = 6.6 Hz, 3H), 0.86 (d, J = 6.4 Hz, 3H).

13C NMR (6f): (75 MHz, Chloroform-d): § = 174.5, 135.2, 130.1, 128.1, 128.0, 90.8, 73.1, 62.0, 59.3, 52.5, 51.6,
44.0, 38.3, 31.6, 23.8, 23.7, 20.9.

IH NMR (7f): (300 MHz, Chloroform-d): & = 7.31 — 7.20 (m, 3H), 7.10 — 6.99 (m, 2H), 5.22 (dd, J = 12.1, 10.4 Hz,
1H), 4.34 — 4.27 (m, 1H), 4.11 (d, J = 12.1 Hz, 1H), 3.77 (d, J = 13.4 Hz, 1H), 3.67 (s, 3H), 3.48 (td, J = 10.7, 3.8
Hz, 1H), 3.26 (dt, J = 13.5, 1.7 Hz, 1H), 3.20 — 2.91 (m, 3H), 1.91 — 1.61 (m, 4H), 1.12 (ddd, J = 14.2, 10.3, 3.5 Hz,
1H), 0.91 (d, J = 6.6 Hz, 3H), 0.84 (d, J = 6.4 Hz, 3H).

3C NMR (7f): (75 MHz, Chloroform-d): & = 174.2, 134.4, 129.1, 128.7, 128.3, 91.5, 65.1, 61.6, 53.5, 52.3, 51.8,
50.0, 40.1, 38.8, 30.7, 23.8, 23.7, 20.9.

HRMS (DART+): [M+H]* calcd. for C2oH2sN20s*: 377.20765, found: 377.20678.

[a]30 (6f) = +14.3 (c 0.14, CHCl,); [a]3® (7f) = —2.9 (¢ 0.17, CHCI;)

Methyl (1R,3R,4S,5S,6S)-6-hydroxy-3-nitro-4-phenyl-1-azabicyclo[3.3.1]Jnonane-5-carboxylate (6g & 79)
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Following GP7, using 5 (82.7. 0.2 mmol), formalin (36 pL, 2.0 equiv.), and NaOAc (40.1 mg, 2.0 equiv) in methanol
(0.5 mL, 0.5 M). Products were purified through FCC using 99:1:0.1 DCM/MeOH/NH4OH as mobile phase to give
products 69 (32.2 mg, 42%) and 7g (21.8 mg, 29%) as off-white solids (total yield = 54.0 mg, 71%).

TLC: Rs (7g) = 0.36, R¢ (6g) = 0.49, (DCM/MeOH/NH,OH = 95:5:0.5) [UV, CuCly]

IH NMR (6g): (400 MHz, Chloroform-d): & = 7.33 — 7.19 (m, 5H), 5.90 (ddd, J = 12.6, 11.0, 6.1 Hz, 1H), 4.31 (dd,
J=12.1,6.4 Hz, 1H), 4.18 (d, J = 12.5 Hz, 1H), 3.77 (s, 3H), 3.67 (ddd, J = 13.7, 6.0, 1.6 Hz, 1H), 3.50 — 3.39 (m,
2H), 3.25 — 3.17 (m, 1H), 3.11 (td, J = 14.3, 13.9, 5.1 Hz, 1H), 3.02 (s, 1H), 2.85 (d, J = 13.6 Hz, 1H), 2.11 (dt, J =
14.5,5.7 Hz, 1H), 1.90 (dddd, J = 14.5, 13.4, 12.1, 6.7 Hz, 1H).

13C NMR (6g): (100 MHz, Chloroform-d): § = 174.3, 135.5, 130.0, 128.1, 84.6, 72.9, 57.5, 57.2, 52.5, 51.5, 51.3,
51.2, 31.5.
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IH NMR (79): (400 MHz, Chloroform-d): § = 7.35 — 7.27 (m, 3H), 7.11 — 7.06 (m, 2H), 5.61 (ddd, J = 12.2, 11.0,
6.5 Hz, 1H), 4.35 (bs, 1H), 4.18 (d, J = 12.2 Hz, 1H), 3.72 — 3.65 (m, 5H), 3.49 — 3.32 (m, 2H), 3.22 (dt, J = 13.4,
1.8 Hz, 1H), 3.03 — 2.91 (m, 2H), 2.07 (dddd, J = 13.3, 9.3, 6.4, 4.1 Hz, 1H), 1.91 (ddd, J = 15.5, 4.9, 1.8 Hz, 1H).
13C NMR (7g): (100 MHz, Chloroform-d): & = 174.0, 134.8, 129.2, 128.7, 128.2, 85.0, 64.9, 56.8, 52.4, 51.5, 50.2,
49.9, 47.4,30.5.

HRMS (DART+): [M+H]* calcd. for C16H21N20s": 321.14505, found: 321.14419.

[a]30 (6g) = +2.3 (c 0.13,CHCI,); [a]3® (7g) = —18.7 (¢ 0.15, CHCI;)

Methyl (2R,3R,5S,6R)-4-(2-bromophenyl)-6-hydroxy-2-(4-methoxyphenyl)-3-nitro-1-azabicyclo[3.3.1]Jnonane-
5-carboxylate (6h & 7h) Scheme 7.

6h/7h

The Michael addition to obtain 3b was performed in 2 mmol scale as reported previously in the ESI. The product 3b
(870.2 mg, 1.7 mmol) was suspended in MeOH (0.1 M, 16.7 mL) and sodium borohydride (134.4 mg, 3.35 mmol)
was added in small amounts at 0 °C. After adding the borohydride, the suspension turned into a clear colorless
solution which was stirred for 10 minutes in an open flask. EtOAc (25 mL) was added to the reaction mixture and
washed twice with a saturated ammonium chloride solution, then once with brine. The solution was dried (Na2SO.),
filtered and concentrated in vacuo. Then, a flask containing 4b (815.8 mg, 1.6 mmol), conc. HCI (0.27 mL, 2.1
equiv.) and 5% Pd/C (83.7 mg, 10%uww) under a nitrogen atmosphere, MeOH was added via a syringe (7.82 mL, 0.2
M). It was purged with hydrogen and stirred for 2h. After reaction completion, the suspension was filtered through a
pad of tightly compacted Celite, and the solvent evaporated to dryness. The residue was suspended in 5% EtOAc in
Et,O and filtered to yield hydrochloride 5b as a white solid (mixture of diastereomers, d.r. nearly 1:1). Finally, to a
solution of crude 5b (631.2 mg, 1.49 mmol) and anisaldehyde (0.4 mL, 2.97 mmol, 2 equiv.) in methanol (3 mL, 0.5
M), was added NaOAc (256.0 mg, 2.97 mmol, 2 equiv). The reaction mixture was stirred in a sealed vial at 70 °C
for 24 h. Water (10 mL) was added to the reaction mixture, and the product was extracted with ethyl acetate (25 mL).
Phases were separated, and the organic phase was washed twice with saturated NaHCO3. Isomorphans were purified
through DCVC using a solvent from 7:3 to 6:4 hexane/acetone to give products 6h (335.9 mg, 41% from 3b) and 7h
(274.8 mg, 33% from 3b).

TLC: R (7h) = 0.19, R¢ (6h) = 0.28, (hexane/EtOAc = 1:1) [UV, CuCl,]

H NMR (7h): (400 MHz, Chloroform-d): § =7.58 (dd, J = 8.1, 1.2 Hz, 1H), 7.47 — 7.37 (m, 4H), 7.19 (ddd, J
=8.1, 6.6, 2.3 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 5.92 (t, J = 11.5 Hz, 1H), 4.86 (d, J = 11.6 Hz, 1H), 4.77 (d, J
= 11.2 Hz, 1H), 4.64 (bs, 1H), 3.93 (d, J = 13.8 Hz, 1H), 3.82 (s, 3H), 3.75 — 3.66 (m, 4H), 2.99 (td, J = 14.1,
5.0 Hz, 1H), 2.75 (dd, J = 14.9, 6.2 Hz, 1H), 2.42 (d, J = 4.0 Hz, 1H), 2.14 — 2.00 (m, 1H), 1.89 (ddd, J = 15.2,
4.5,1.9 Hz, 1H).

13C NMR (7h): (75 MHz, Chloroform-d): & = 173.0, 160.0, 134.2, 130.0, 129.7, 128.7, 127.9, 127.2, 126.4,
114.4, 88.4, 67.0, 65.7, 55.4, 53.2, 52.7, 49.5, 48.2, 40.3, 31.2.
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!H NMR (6h): (300 MHz, Chloroform-d): 6 = 8.05 (dd, J = 8.1, 1.6 Hz, 1H), 7.45 (dd, J = 8.0, 1.3 Hz, 1H), 7.38 (d,
J=8.7Hz, 2H), 7.31 (td, J = 7.7, 1.3 Hz, 1H), 7.08 (ddd, J = 8.0, 7.3, 1.6 Hz, 1H), 6.91 (d, J = 8.8 Hz, 2H), 6.18 (t,
J=11.6 Hz, 1H), 4.81 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 11.1 Hz, 1H), 4.22 (dd, J = 11.8, 6.4 Hz, 1H), 3.93 (bs, 1H),
3.89 (dd, J = 14.0, 2.2 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.14 (d, J = 14.1 Hz, 1H), 2.96 (dd, J = 15.1, 6.1 Hz, 1H),
2.68 (ddd, J = 15.0, 13.3, 4.9 Hz, 1H), 2.08 (dt, J = 14.0, 5.6 Hz, 1H), 1.87 (ddt, J = 14.1, 12.0, 6.9 Hz, 1H).

13C NMR (6h): (75 MHz, Chloroform-d): & = 174.4, 160.0, 133.9, 133.5, 132.9, 129.8, 126.9, 126.7, 126.3, 114.3,
88.1,74.1, 67.5, 58.4, 55.4, 52.9, 51.1, 48.4, 44.4, 32.1.

HRMS (DART+): [M+H]* calcd. for CasH26BrN.Os*: 505.09742, found: 505.09795.

[a]3? (6h) = —62.1 (c 0.14,CHCl5); [a]3® (7h) = —44.2 (c 0.12,CHCl3)

Preparative scale of 6a and 7a (Scheme 7)

1 X No
) Ph/\/ 2
23
O,N
OH O Cat-D (1% mol) O,N NO, 2 NO,
Acetone, Ph
40°C,3h Ph
S o~
+
\ 2) NMe,BH, OH Me0,C Nﬂ
Boc 3) HCI (d.r. = 68:32) Me0,C Nﬁ i
4) 4-NO,C¢H,CHO OH
1-Boc AcONa, MeOH 6a 7a
2.5 mmol 70°C, 24 h 154.5mg 605.7 mg

20:80

71% after 1 column chromatography
Michael addition: Following GP4, 1-Boc (645.0 mg, 2.5 mmol), 2a (371.2 mg, 2.49 mmol) and catalyst Cat-D
(13.2 mg, 1 mol%) in acetone (1.25 mL, 2 M) reacted for 3 h. The reaction mixture was diluted and centrifuged for
10 minutes at 3400 RPM. The supernatant was carefully pipetted to a round bottom flask, and the pellet was rinsed
and centrifuged trice with acetone. The solvents used for rinsing were combined with supernatant and evaporated to
dryness. [Circa 2% (19.5 mg) of crude product was purified through FCC to assess stereoselectivity (e.r. = 96:4,
d.r. =98:2)].

Ketone reduction: To a suspension of crude 3k (991.9 mg, 2.44 mmol) in MeOH (0.1 M, 25 mL) was added
tetramethylammonium borohydride (467.5 mg, 5.0 mmol) in small amounts at 0 °C. After adding the borohydride, the
suspension turned into a clear colorless solution, then stirred for 10 minutes in an open flask. EtOAc (25 mL) was added
to the reaction mixture and washed twice with a saturated ammonium chloride solution, then once with brine. The

solution was dried (NazSO.), filtered and concentrated in vacuo, attaining the crude product 4-Boc as a white solid.

Boc removal: To a flask containing crude 4-Boc (974.1 mg. 2.4 mmol) in toluene (2.5 mL, 1 M) in an oil bath at
80 °C, was added concentrated HCI (1.04 mL, 12.5 mmol.). Upon HCI addition, the reaction mixture turned orange,
and a precipitate was quickly formed; thus, to have an efficient agitation, it was added an extra 3 mL of toluene. The
reaction mixture was stirred until the reactant was no longer seen in TLC (about 10 minutes). The solvent was carefully
removed under vacuum, and the remaining water was thoroughly removed by azeotropic distillation, first with toluene
and then EtOAc. Crude product 5 was suspended in the minimum amount of MeOH and precipitated with Et,O. It was

filtered and washed with ethyl ether to obtain 5 as a white-off solid (mixture of diastereomers, d.r. = 68:32).
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Nitro-Mannich: To a solution of crude 5 (712.0 mg, 2.07 mmol) and 4-nitrobenzaldehyde (770.9 mg, 5 mmol) in
methanol (4 mL, 0.5 M), was added NaOAc (417.2 mg, 5 mmol). The reaction mixture was stirred in a sealed vial at
70 °C for 24 h. Water (10 mL) was added to the reaction mixture and the product was extracted with ethyl acetate
(25 mL). Phases were separated and the organic phase was then washed twice with saturated NaHCO3 and once with

brine.

7a-HCl isolation: Crude mixture of 6a & 7a was dissolved in 5 mL of 10% MeOH in EtOAc, then concentrated HCI
(0.22 mL, 2.62 mL) was added. Solvent was concentrated in vacuo, and the remaining oily residue was diluted with
15 mL EtOAc and concentrated under vacuum twice. The remaining oily residue was diluted with 0.5 mL of EtOAc,
and the hydrochloride precipitated with 10 mL of toluene, and 20 mL of diethyl ether. It was filtered, and the solid
was rinsed with diethyl ether. Up to this point, the precipitate consisted predominantly of 7a and was slightly
contaminated with 4-nitrobenzaldehyde and 6a (as can be examined by TLC, 9:1 DCM/EtOACc). Hence, the
precipitate was dissolved in minimum MeOH, diluted with 15 mL EtOAc and concentrated under vacuum twice to
form again an oily residue. Precipitation and filtration of 7a-HCI was repeated as previously described to yield pure
7a-HCI as a yellow solid. Optically pure 7a-HCI is soluble to some extent in EtOAc, and slightly soluble in ethyl
ether. It was liberated from the salt by washing an EtOAc solution of the hydrochloride with saturated NaHCOs3 to
obtain 416.9 mg of free 7a (39% yield from 1-Boc).

Purification of remaining 6a & 7a: Mother liquors from both filtrations were concentrated to dryness, and the oil
was dissolved in ethyl acetate (15 mL). The solution was washed twice with saturated NaHCO3 and once with brine.
Organic phase was dried (Na,SQ.), filtered and concentrated in vacuo. Crude product mixture was adsorbed on celite
and purified through DCVC using a solvent gradient from 1:0 to 7:3 DCM/EtOAC to give products 6a (154.5 mg,
14% vyield from 1-Boc) and 7a (188.8 mg, 18% yield from 1-Boc) as yellow solids (total yield = 760.2 mg, d.r. = 8:2,
71% yield from 1-Boc).
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6. Chiral stationary phase HPLC chromatograms

Compound 3a (98 ee, 99:1 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 80:20, 1 mL/min, 210 nm.

Intensity [pV]

Intersity [pV]

900000 |#|Peak Name |CH |tR [min]| Area%
1| Unknown 5 16.65(30.336
2| Unknown 5 22.74|29.865
3| Unknown 5 28.36)20.191
4| Unknown 5 33.11)19.609
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Compound ent-3a (97 ee, 99:1 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 80:20, 1 mL/min, 210 nm.

Intensity [jV]

Intensity [pV]

900000 |#|Peak Name |CH |tR [mln] Areah
1 | Unknown ] 16.65|30.336
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4 [Unknown ] 33.11(19.608
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Compound 3b (98 ee, 98:2 d.r.) HPLC Chiralcel OD-H 250 x 4.6 mm 5um, hexane/EtOH 80:20, 1 mL/min, 210 nm.
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Compound 3c (98 ee, 99:1 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 90:10, 1.25 mL/min, 210 nm.

Peak Information 3
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Compound 3d (98 ee, 99:1 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 80:20, 1 mL/min, 210 nm.
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Compound 3e (96 ee, 98:2 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 80:20, 1 mL/min, 210 nm.

Peak Information 25.4 39.129
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Compound 3f (98 ee, 99:1 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 90:10, 1.25 mL/min, 210 nm.
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Compound 3g (74 ee, 96:4 d.r.) HPLC Chiralpak 1A, hexane/isopropanol 85:15, 1.25 mL/min, 210 nm.

Peak Information 10.1 24.525
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Compound 3h (97 ee, 99:1 d.r.) HPLC Chiralpak IC, hexane/EtOH 65:35, 1.25 mL/min, 210 nm.
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Compound 3i (92 ee, 96:4 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 80:20, 1 mL/min, 210 nm.

JUUuUuUU
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Peak Information
#|Peak Name |CH |tR [min] |Area [uV-sec]| Area%
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3| Unknown 5| 26.370 19702924 |48.054
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50000
17.9 1.815'5 1.884
0 ,—/\;N v/\[_vf
= g113C-Cinam_80-20-h-Et-ODH-14-10-19_hex-EtOH-80-20_pmp_210_CD235_1ml_40min A
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Retention Time [min]
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Peak Information 28.1 91.964
#|Peak Name |CH [tR [min] |Area [uV-sec]| Area%
600000 [{TUnknown |9 | 16.697 375231] 0818
2 |Unknown 9 | 18.820 1487708 3.242
3| Unknown 9 | 24.260 1824536| 3.976
500000 4| Unknown 9| 28.113 42201359]91.964
400000
200000
200000
100000
18.8 3.242 24.3 3.976
J.Oi 0.0 i%
0 A
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Retention Time [min]

Enantiomerically enriched
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Compound 3j (94 ee, 97:3 d.r.) HPLC Chiralpak 1A, hexane/EtOH 60:40, 1 mL/min, 210 nm.

1.80—: Peak Results
i ¢ Name RT Area % Area | Int Type
1_60—: gJ 1 8.320 | 34228397 | 47.51 | vV
] q 2 9.965| 2101505| 2.92|wv
1_40__ 3 11.867 | 35720500 | 49.58 | Vv
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1 Peak Results
i Name| RT Area % Area | Int Type
ﬁ 1 8.320| o7ss24| 1.77|vB
I:] 2 0055 | 202537| 0.37|wW
'| 3 10.859 | 305540 | 0.55|vv
| || 4 11.753 | 53774259 | 97.31 | vV
‘ |
|
|
|
\
_ A
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Intensity [uV]

Compound 3k (97 ee, >99:1 d.r.) HPLC Chiralpak IA, hexane/EtOH 96:04, 0.8 mL/min, 208 nm.

00009 Paak Information

#|Peak Name|CH |tR [min] [Area [uV-sec]| Area%
1|Unknown 5 22.467 10255676 |38.753
ez 2|Unknown 5 25.537 6525589]24.658
3|Unknown 5 29.503 9682744]36.588
3
200000
= 150000
z >
100000
S0000
0.0 . ”5_‘;' T l‘v"‘““-u:;’;;(. ) 15.0 20.0 25.0 30.0
Retention Time [min]
Racemic
Peak Information
o #|Peak Name|CH |tR [min]|Area [uV'sec]| Area% !
1 {Unknown 5 20.897 22238781]98.225
2|Unknown 2 23.500 107463] 0.475
350000 3|Unknown 5 27.770 294470] 1.301
300000
250000
200000
100000
50000
—— 2 3
v SR
0.0 » }m;;).a . ’4:; . N‘JMGJIOEMJ" . 8.0 10.0 12,0 14.0 16.0 18.0 20.0 22.0 240 26.0 28.0 30.0
Retention Time [min]

Enantiomerically enriched
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Compound 31 (90 ee, 99:1 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 60:40, 1 mL/min, 210 nm.
Peak Information

Intensity [uV]
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on

Peak Name |CH

tR [min] | Area [uV-sec]

Areah

Unknown 5

5.860 1354474

4.749

#
1
2

Unknown 5

14.513 27168889

95.251

0.0

TG AR e E1OH- 0040 _grin_260_COI35_iima_i v

1.0 20

A

30 4.0 5.0 6.0

#|Peak Name [CH|tR [min]

Area [uV-sec]| Area’

Urikriown 5

5.877

19549253 |48.618

6.790

1809132 44589

1
2 |Unkniown 5
3 |Unknown 5

14.783

1B851405 |46.883

8.0 9.0 10.0 11.0 12.0 13.0
Retention Time [min]

Racemic

~

7.0

8.0 9.0 10.0 11.0 12.0 130
Retention Time [min]

Enantiomerically enriched
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Compound 3m (88 ee, 97:3 d.r.) HPLC Chiralpak OD-H, hexane/EtOH 60:40, 1.25 mL/min, 210 nm.

Intersity [WV]

Intersity [V]

Peak Information
400000 |#|Peak Name|CH [tR [min] |Area [uV-sec]| Area% Cl T
1|Unknown 5 5.820 3701771]19.245
2|Unknown 5 6.507 6109491]31.762
350000 BUnknown | 5| 7.153|  3357831]17.457
4|Unknown 5 9.697 6066145]31.537
300000 5.8 19.24%
250000 9.7 31.537
VY2 17.457
200000
150000
100000
50000
0
C142C-6N3Ts_OD-H-60-40-Hx-Et-13-21_hex-EtOH-60-40_pmp_210_CD240_1.25mi_20min
0.0 2.0 4.0 6.0 8.0 10.0 1z
Retention Time [min]
Racemic
Peak Information 9.391.830
700000  [#]peak Name|CH[tR [min] |Area [uV-sec]| Area%
1|Unknown 5 5613 182809| 0.924
2 |Unknown 5 6.273 1116787| 5.642
600000  [3Junknown | 5| 6.897 317503] 1.604
4|Unknown 5 9.283 18175627|91.830
500000
400000
300000
200000
100000 6.3 5.642
8 =,
f—— (143A-6N3Ts_OD-H-60-40-Hx-Et-25-01-22_hex-EtOH-60-40_pmp_210_CD240_1.25mi_15min
0.0 2.0 4.0 8.0 10.0

6.0
Retention Time [min]

Enantiomerically enriched



7. Inverse-phase HPLC chromatograms

Purity for compounds 3d, 3g, 3h, and 3j was assessed by inverse-phase HPLC using the following conditions:
Eclipse XDB-C18 5.0 x 2.1 mm, water/acetonitrile gradient: 9:1 for 25 min, then pure acetonitrile; flow = 0.2
mL/min, A =220 nm.
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Compound 3g:
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Compound 3j:
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8. NMR Spectra

8.1 Nitroalkenes e //—NO2
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Compound 2j.
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8.2 p-ketoesters

Compound S1

9P-0SINQ 052~ M
652 Frt

Phg~ - .
gze Foz
N i} ez
19'€— — w_w.m
v2g’
Ft0o
\
=)
o —
g
=
o \ ZX
r |
\,__
ov0L—
\ -
o ,,_
o -
(3]
=
o ZX

10

11

'H NMR, DMSO-d6, 300 MHz @ 25 °C

59'8~
61'65—

9P-OSING 2568~

Ge'se

€0°2S

S5'C6

207291
06291
12691

0€°66L ——

60

T
120

T
130

T T T T T
190 180 170 160 150

T
200

90

3C NMR, DMSO0-d6, 75 MHz @ 25 °C

51



Compound 1

S9'E—

SWNL00O0-—

ove—

|

8l'¢
v

] 2

_

9€°L

L6 ——

et

6T

=TT

Es9

=80

10

11

12

'H NMR, CDCls, 300 MHz @ 25 °C

€000 TLL

S.9

vz
78zhL

€821
L8zl

Legl—

0951

0L —

40

1;0 1810 1;0 1;0 1;0 14‘»0 1;0 1;0 1;0
3C NMR, CDCl3, 100 MHz @ 25 °C

T
200

o

52



Compound 1-Boc
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J
W |
W _
Sv'z
%4
W'z
W'z
o'z
e §2°E
oz ot -
87 8z°¢
9¢ J
1
0y AN
[
a.h/.L
oy’
\
o
o
o 6 H———
x /) __|©I |
o Nla_\_u I
o

6T
WQ.N

EoT

6'T
%.n.m

oz
Eo'e

60

'H NMR, CDCls, 400 MHz @ 25 °C

i
1902~ :
062 ;
9Ty —=
6Ty _3
I
€815~ =
3
£19a9 9112 ]
056 4
9L 12~
26621
el —3
00 ¥V —-
AL S
59014~ —%
£

200 190 180 170 160 150 140 120 120 110 100 90 80 70 60 50 40 30 20 10
13C NMR, CDCl3, 100 MHz @ 25 °C

210

54



Compound 1-Bn.

¥9'e~

I E—

(4%

(xRl
€874

ver]
vl

—=— =g

e T.a

T T
0.5 0.0

1.0

T T T T
3.0 2.5 2.0 1.5

T
3.5

4.0

'H NMR, CDCls, 400 MHz @ 25 °C

T T T T T T T
7.0 6.5 6.0 5.5 50 45

7.5

T T T
90 385 8.0

9.5

T

T

T
120 115 11.0 105 10.0

6E°LT
9124

9v'6z 3
1
E
0881 S
pebd| 180%
0545 :
0Z'€5¢ ————
0155~ e —
0995 3
8919~
ey’ 3
€902 9K 1L

SU96——

—

61’92l 7

. 4
£6'924
SL6zL’

5

9LEL~
mm.hn_‘v.

mn.mwr/
m—_..eh_._\\|||l”
kLA YA

0L ¥02——

i0

1"“} l?I'D 1‘20 liﬂ II;DD 90 80
13C NMR, CDClI3, 100 MHz @ 25 °C

T
150

T T T
190 180 170

T
200

Lo

55



e,

SEP-

Wy

€L

(17

Compound S2.

3.0 2.5 2.0 1.5 1.0 0.5 0.0

'H NMR, CDCls, 300 MHz @ 25 °C

3.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0

7.5

0£'61~, _
2561
5682~
LT e~
£9'1g”/
€12a2 9L

25924,
FL82L
& AN
S56ZL
8L ¥EL,
0s2E1”

Wiz
VIV
1E°E8 1~ _
20684

190 180 170 160 150 140 130 120 110 100 9% 8 70 60 50 40 30 20 10
3C NMR, CDCls, 75 MHz @ 25 °C

200

56



8.3 Catalysts

Catalyst A.
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Catalyst B.
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Catalyst C.
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Catalyst E.
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8.4 Michael adducts
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Compound 3a.

f

TZ
(4]

'H NMR, CDCls, 300 MHz @ 47 °C

006 —
206~
23]

GL'G—

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 3.0 29 28 27 26 215> 2

'H NMR, CDCls, 300 MHz @ 47 °C

64



o
™
o
<
>
S)
o
IS
S
o

09¢

=]
™~
o
Jjw
i
Y

8Le—

N

LVi--

62—
oFy
Po P
697
Z6'r—
60°5—-

o\

0£'L
95,
85°L—

'H NMR, CDCls, 300 MHz @ 25 °C

Vii—

ov--
1
vy
66—

0es

T

T T T T T T
170 160 150 140 130 120

T

200

210

110

3C NMR, CDCls, 75 MHz @ 25 °C

150 180

65



Compound 3c.

9t

vl
€eL

€L

T

3-’0
'H NMR, CDCls, 300 MHz @ 25 °C

T
35

4.0

£€10a2

L0y —
s
6y
8705~
L'ES—

0°€9—
69—

(NIN

0°€eh
6°L24
Z°8Zh4,
n.wm.ﬂ#
18Tt
S0EL;
02EL.
szek
Logl
19¢h’

T

IS A S S S By S S s S S B S B e

70

I e S SR
100

T

A A (O B S B S S
170 140 130 110

T

LB s e |

20

50 40

60

80

3C NMR, CDCls, 75 MHz @ 25 °C

120 90

150

160

180

190

200

66



Compound 3c.

00

9'e

€57~ _
152
we”
80°¢~ -
gre’”
e

[
(-4

,J

(41} 4

90~ -
VT~
Ve

9cy’

30 -
S6'v— -
eVe—-

eVi— =
[4 5 A
vil— -

Fot
For

kot
Fot

Foe
borg

T
Wo.ﬂ

._”ro..n

0T
[1y4

6T

Fx4
Wo.v
T

3.0

'H NMR, CDCls, 300 MHz @ 55 °C

3.5

T

4.0

T
4.5

5.0

5.5

0.5

1.0

1.5

20

2.5

6.0

6.5

7.0

1.5

8.0

£5C—

—
=
-

eLre—

—
Q
-

()

wy

o~

!
M

80—~

=
-

©
L]
!
—T —1

0T

-
Lar ]
T
|

——
9
o

e

07—~ w .
90— 0T
r— -

by~ )
9y — - 01

18 +lm o1

_
G6p— Lo
£hG— o

53 5.2 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 3.3 3.2 31 3.0 29 28 27 26 25 24

'H NMR, CDCls, 300 MHz @ 55 °C

67



Compound 3d.

¥9'e

S0~
802"

08’y
96—
LG~

0¥

3.0

'H NMR, CDCls, 300 MHz @ 25 °C

T
3.5

4.0

4.5

—
Q
o

Foe

-

0.5

1.0

1.5

2.0

25

5.0

5.5

6.0

6.5

7.0

7.5

1.0

0L
€100a2¢°LL

ezl
3??
7824
182

LVoy—
3 2=
206~
L'ES

6'29—

629

Vigl—
zzen]
e/
09t}

70 60

80

T
100

3C NMR, CDCls, 75 MHz @ 25 °C

T
110

T
120

T T
180 160

200

T
10

68



69

Compound 3d.

] e
=]
L
=]
L2
-
L
-
=]
[~
- [y}
BN = Lot [W
852 Lot
69T 0
60°€~ - Lot | w0
vie” Lo
e Fot . 9
e N
29t =, 0 T
7 =
€0, & o
80%~ = Fo1 [¥ O
ey~ ¢ [o1 @
&y rot )
ey -3 m
'y -
E.vw - Fot o
T ﬁom ra &
(TN oe =
zZ
I~
[y} —
e
(-]
L
[-]
=]
9L oz [N
602 e
€L mo”n
6€'L ¥e Lw 67—
00~
60'G
o (IR
B ©
[T}

50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 3.2 31 30 29 28 27 26 25 24

52 5.1

'H NMR, CDCls, 300 MHz @ 55 °C



Compound 3e.

SWL 000————
€57
857~
197"

orE—
we— -
99°c~
91g —

OMe

90~ |M

0gr—~ M

ey
6.7 -

86'%~ -
b6~~~

M

—
e
m
T T

289”

W

R
Qo
— O
T T

3.0

Feo

Fre
Fze

3.5

4.0

Fot

4.5

Fre

Foz

2.0 1.5 1.0 0.5 0.0

2.5

'H NMR, CDCls, 300 MHz @ 25 °C

7.0 6.5 6.0 5.5 5.0

7.5

’

Tor ;
Y _
i
g05- -
S —
€557
o
819
£1902 1L B
s
71 .
86z
gz —
A ——
98z)/
S0gl s —
[
Vs
865 —
889 ——
80z

10

20

40

1;0 ll‘ll} l;l} 16rD 1!")0 l‘lll} léﬂ liD 12‘[0 ll;ll) Q0
13C NMR, CDCl3, 100 MHz @ 25 °C

T
200

70



SWL000— F

]
[& 9¢ _
TXAN -

71

Compound 3e.

£9e/
St

20~
ghr
SEP-

08'v—
S6F—
Hs—

NO,
OMe

089’
-~ -
0¢' L

00

Fot
Fot

Fot
Fot

FTE
ETE
Bot
Fit

FoT

H/.m.c

0T
w._".n

Foz

kot
T
(4

T ] oo oo .
4.5 4.0 3.5 3.

5.0

5.5

2.0

2.5

7.0 6.5

7.5

1.5

'H NMR, CDCls, 300 MHz @ 55 °C

6.0

8.0

67—
667

806~

We—

T

3.0 29 28 27 26 25

3.2 31

36 35 3.4 33

'H NMR, CDCls, 300 MHz @ 55 °C

40 39 38 37

50 49 48 47 46 45 44 43 4.2 41

33 52 51



Compound 3f.

vee—
we’

9P-0SWQ 05°C~
iy Fot
65 NLE Mlo..n

eLre

Loz

9t

1514

Fot
60

60

0z

90°S
02's—

01
kot

Foz

T

3.0

'H NMR, DMSO-ds, 300 MHz @ 120 °C

3.5

T

4.0

4.5

5.

T

5.5

0.5

1.0

1.5

2.0

2.5

6.0

6.5

7.0

7.5

8.0

186

9P-0SINa §'6E

£

992bF
v —————=

g1z
soeh
65Eh’,
YA

0Lv
LESh~

99—
99—

09.—

Vo

£Wi—%

40

13C NMR, DMSO-ds, 75 MHz @ 120 °C

T
200

72



Compound 3f.
00, /

39.5 DMSO-d6

—38.7

NO,

-—42.1

-—66.2
—52.1
-—48.8

-—44.1

—61.6

T T T T T T T

38 3 36 35

T T T T T T

T T
50 49 48 47 46 45 44 43 42 41 40 3

T T T T T T T T T T

7 66 65 64 63 62 61 60 59 58 57 5 55 54 53 52 5

3C NMR, DMSO-ds, 75 MHz @ 120 °C

uw
@
2
(=]
L)
=
[=]
B2
3 T
- =
“ o
w0 o | I
aa D WO T WO |
it NSNS
| - = =t = )
N/ = ~ \
\‘ v- o
I 1 | |
1
e B T R — — —_— —
= e o o o = ] < = =
- = ol S o — o o — —
T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 29 28 27 26 23 24

T T T
.3 5.2 51 50 49 48 47 46 45 44 42 42 41 40 329 38 37 36 35 34 33 3.2 31

'H NMR, DMSO-ds, 300 MHz @ 120 °C

T
4 5.

73



Compound 3g.

00

Al
€97
e
FO°E-,
0t
9TE—
We—
09°¢

b \—J

8Ly
Wwy—
sy
wr—

¥

80°S

3
=
f&MLJLﬁh

.nm#
/s
87 L~
ey’
50— -
108~
01’3~

Eve

—81

3.0

'H NMR, CDCls, 300 MHz @ 25 °C

3.5

4.0

—01

4.5

5.0

¥

Feo

T

5.3

~T'L

—01

0.0

0.5

1.0

1.5

2.0

2.5

6.0

6.5

7.0

7.5

8.0

8.5

£82

9'5¢
6687
0'0%

qqu
008"
705,
085~
ge5”

€202 7L 7
gL
§¥8—

3C NMR, CDCls, 75 MHz @ 25 °C

74



Compound 3g.

00

gL,
8L
peL—
05'L—
gsL”

‘T

9
T
ﬁ_..n..n

'H NMR, CDCls, 300 MHz @ 55 °C

£

M

97—

L

o
=
L]
I
m

25

tre—

65°€
§9°¢—

L

L

M

6V —

N

S8y—

gln

§0°6—-

b

FES—

MM

—L'0

—L'0

T

9T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
34 33 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 3.0 29 28 27 26 2.5 2.4

'H NMR, CDCls, 300 MHz @ 55 °C

75



Compound 3h.

807
(A
0ge’

€9t

SWL 00°0-—-

80'y—
9Ty~
a
Sep~
96y
Vs
91— —
¥l —

¥5'8~

95'8

S

0T
S's

Fre

5.5

8.0

4.0 25 2.0 25 2.0 15 1.0 0.5 0.
'H NMR, CDCls, 300 MHz @ 25 °C

4.5

5.0

7.0 6.5 6.0

7.5

8.5

9.0

LATAN

Vov-~-
0w~

I'vy
L'06—
Tes”

L'e9—

089

€003 ¢LL

I¥el~
08gh~,

545
R:rA%
oogl”

revk”

. Mmlmim

18 21N

789l —-

bE0Z—

———

30

80 60 40

3C NMR, CDCls, 75 MHz @ 25 °C

90

T T T T T T T
190 180 170 160 150 140 130

T
200

0

76



e

ae/
/

(4

SINL 00°0—

NO,

/

]
7

A

Compound 3h.

SeP,
PEH~
680G~
we’

EVi~ _
wl’

£68—

et

Tw.m

Fre

2.5 2.0 1.5 1.0 0.5 0.0

3.0

'H NMR, CDCls, 300 MHz @ 55 °C

8.0 7.5 7.0 6.5 6.0

8.5

09°¢

0T

—

¥ee— -
69¢—

mhmw it

'H NMR, CDCls, 300 MHz @ 55 °C

4.9 4.8

5.0

5.1

77



Compound 3i.

15T~
19
817"

e =
69°€ I
R % 0T
i
S5y— - _n g1
Vp—- Leo|
9y’
W~ B % zz
8L'g—
For
ot
T4l .
767~ = _voﬂ

Lol

3.0

'H NMR, CDCls, 300 MHz @ 25 °C

3.5

4.0

4.5

T

5.0

0.0

0.5

1.0

1.5

2.0

25

5.5

6.0

6.5

7.0

7.5

04
€000 ¢

6124
6'921
L'8Zh
78Il

5’821
rezy

0851 —
6891 —
6°€0C—

10

40

60

120 110 100
13C NMR, CDCls, 75 MHz @ 25 °C

T
130

T
140

T T T
180 170 160

T
190

T
200

78



Compound 3i.

o~
[=]
4

A
097
917
17
287

or'e,

et

05°c

65°c

89°¢

yral

s~
1vs”

gL

For

For

Feor

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0
'H NMR, CDCls, 300 MHz @ 55 °C

7.0

7.5

e~ -
e
05e”
69°€

AN

s

ot
6'0
€1
0'e

b 6.56.463 626160595857 56555453525150494847464544434241403932837363534333.2213029128127262

'H NMR, CDCls, 300 MHz @ 55 °C

79



604~
8L
9e° L

Compound 3j

S

£9°E~

WL000

LLe—
88e"

§§F—-

Nm.m.-..ﬁ

3.0

T
3.5

40

T
4.5

3.0

3.3

0.0

0.5

1.0

1.5

2.0

2.5

e.0

6.3

7.0

7.5

8.0

L3

'H NMR, CDCls, 300 MHz @ 25 °C

€202 T L~
Vil

059~
189

3C NMR, CDCls, 75 MHz @ 25 °C

V55—

2691

PR

80



61—

SN

B
|
|

99—

3.0

S
H NMR, CDCls, 300 MHz @ 55 °C

ro'E
ele”
i

LR
5z F oy | 9 )
9977 _;.N!A
067~ - .
ﬁl 0T _F
_
“
_
%
!

T

4.3

79°¢ __
tre— [N

3.0

9L

60°L— =
A ~ ¥or

815~ -
e

Compound 3j

81

'H NMR, CDCls, 300 MHz @ 55 °C

T T T T T T

4 5.2 5.2 5.1 5.0 49 4.8 4.7 46 45 44 43 42 41 40 39 3.8 37 36 35 3.4 23 3.2 341 3.0 29 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7




6¢’L

el

0e' L~ -
[TV

| m Ehu
T._“.m

Compound 3k.

Fot
Fot

Foz
Fre

3.0

'H NMR, CDCls, 300 MHz @ 25 °C

3.5

4.0

4.5

5.0

L L

L8l

Tor~
FEF~ l
£y
805~ -
625
beo—
1002 T4
Vi
6087

-

6821
c6zl’
Vel

0psl—

6891 —

ey —

ALl

T
210

T T T T T T
190 180 170 160 150 140

T
200

10

20

30

60

70

3C NMR, CDCls, 75 MHz @ 25 °C

80

T
120

82



Compound 3k.

SINL 000—

LLE

=T'e

o1
_W:
Fot
Fot

Foe

0T
0T
0T
0T

'H NMR, CDCls, 300 MHz @ 55 °C

e

0
(1R 2
wy/
ley— -
1~

e
68— -
e
W

0T

Tﬂ

0T

0Z

0T

0T

0T

45 44 43 42 41 40 329 38 37 36 25 24 323 322 321 30 29 28 27 26 25

4.6

4.8 4.7

1.9

'H NMR, CDCls, 300 MHz @ 55 °C

83



00

Compound 3l

e5e—

9°¢

T y—== L 01

0gy———= = o1
Wws— == - n

STl [ e
%1 —= -t

'H NMR, CDCls, 400 MHz @ 25 °C

€10a2 T LL~

oil

LTl
§'8ZL|

2821
L6zL
962l a_m
6L
grEL’

al

2'69L———3%

sl

960 ——

80 60

180 170 160 150 140 130 10 110 9
13C NMR, CDCls, 75 MHz @ 25 °C

T
190

T
210

84



Compound 3m.

SWL000——

LU,
28y~ -—=
88 v:_.ﬂ .M
96t

9T 4y

[ —

ees

mﬂ.hﬂn J

25t

—V.—...—.

Frz

T
4.5

5.0

T

3.5

6.0

6.3

7.0

7.3

8.0

'H NMR, CDCls, 300 MHz @ 25 °C

il

Ie—

g6t
£Gh~ -
Vv M
zes
m.ma||w
821
0'6ZL
L6Z1 __¥
reeL
LogL
ezeL
resi!
9ppL—
p'89L—
1208—

40

?.II}D léﬂ 1&‘30 1‘70 1&0 1._"30 ll‘ll] léD lil] liﬂ lllll]
13C NMR, CDCl3, 75 MHz @ 25 °C

T
210

85



8.5 Isomorphan intermediates
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8.6 Isomorphans
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