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1. Experimental Section

General Methods

Reagents and solvents were purchased from Aldrich, Merck and Fluka. All reactions were
performed under an inert nitrogen/argon atmosphere. All NMR spectra were recorded on
Bruker AVANCE III 400 MHz or 600 MHz instruments at ambient temperature. Chemical
shifts are expressed in ppm and coupling constants are reported in Hz. DEPT135 experiment.
Thin layer chromatography (TLC) was performed using Merck Kieselgel 60 F254. Crude
compounds were purified with column chromatography using silica gel (60-200 mesh unless
otherwise stated). All solvents were dried using standard procedures. Optical rotations were
recorded on Bellingham + Stanley Polarimeter (Model 440+). High-resolution mass
spectrometry data were obtained using a Bruker micrOTOF-Q II instrument operating at
ambient temperature and a sample concentration of approximately 1 ppm. Agilent 1100

HPLC module equipped with ChiralPak IA/IB column was used for analytical HPLC.
Representative procedure for the Mannich reaction

A mixture of N-Boc protected pyrrolidinone 1 (1.0 eq) and N-Boc-aldimines (1.2 eq) in
toluene (0.5 mL) was stirred for 24 hours, in the presence of catalyst (0.20 eq) at 20 °C. Upon
completion of the reaction as monitored using TLC, the solvent was evaporated under

reduced pressure and the crude product mixture was purified by column chromatography.
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2. Optimization tables

Table S1. Substrate scope for the asymmetric Mannich reaction with isolated yields and

ee respectively

X
T
F
=2z
=z

s //_Q'

MeO

CF;

AN X
N/ N/ CF,
[ [

Entry Solvent Catalyst Yield (%) ee (%)
1 Toluene Cinchonine urea 65 70
2 Toluene Cinchonine thiourea 64 58
3 Toluene Cinchonine urea 68 73
4 THF Cinchonine urea 49 59
5 DCM Cinchonine urea 42 59
6 DMF Cinchonine urea 57 63
7 1.4-Dioxane Cinchonine urea 59 67
8 Ethyl acetate Cinchonine urea 57 67
9 ACN Cinchonine urea 50 65
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Table S2. Substrate scope for the asymmetric Mannich reaction with isolated yields and

ee respectively

Entry R Cat 1 CatII
Yield (%) | ee (%) [Yield (%)|ee (%)

1 Ph(2a) 65 70 68 73
2 4-NO2Ph(2b) 60 79 66 74
3 4-CF3Ph(2c) 56 97 60 82
4 4-CIPh(2d) 80 61 65 76
5 Furfural(2e) 52 95 67 95
6 4-FPh(2f) 68 7.5 - -
7 Benzofuranylimine(2g) 72 91 - -
8 benzyl Cbz(2h) 69 89 - -
9 4-MePh(2i)
10 4-OMePh(2j)
11 5-Bromofuranylimine(2k)
12 5-Chlorofuranylimine(21)
13 5-Nitrofuranylimine(2m)
14 4-Butoxybenzylimine(2n)
15 2,2-dimethylpropylimine(20)
16 2.,4-dinitrobenzylimine(2p)
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3. NMR spectra for products

1-tert-butyl 2-ethyl 2-((tert-butoxycarbonylamino) (phenyl) methyl)-3-oxopyrrolidine-1,2-

dicarboxylate (3a)
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R
= 0.3) to afford the product (65%) as a yellowish oil. [0]*’p = +0.20 (¢ = 0.01 in CH,Cl,). 'H
NMR (400 MHz, CDCls): ¢ 7.22-7.17 (m, 3H), 7.11-7.04 (m, 2H), 6.63-6.26 (m, 1H), 5.74-
5.56 (m, 1H) , 4.30-4.03 (m, 2H); 3.92-3.69 (m, 1H), 3.62-3.44 (m, 1H), 2.64-2.58 (m, 1H),
2.54-2.45 (m, 1H), 1.49-1.33 (m, 18H), 1.22-1.16 (m, 3H);; >C NMR (100 MHz, CDCl3): &
166.1 (CO), 154.9 (CO), 153.1 (CO), 138.7 (C), 128.5 (2CH), 128.0 (CH), 127.3 (2CH), 79.5
(2C) 61.9(CH,), 55.6 (CH), 41.3 (CH,), 36.3 (CH,), 28.3 (6CH3), 14.0 (CH3); HRMS (ESI+)
m/z calcd. for Co4H3sN>O7: 463.2439; found [M+H] 463.2446; The enantiomeric excess was
determined by HPLC with a Chiralpak TA-H column (hexane/2-PrOH = 97/3, 220 nm, 0.7

mL/min); typajor= 11.18 min, tpiner = 13.36 min, 70% ee.
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2-((tert-butoxycarbonylamino) (4-chlorophenyl) methyl)-3-

2-ethyl

1-tert-butyl

oxopyrrolidine-1,2-dicarboxylate (3b)
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R
= 0.4) to afford the product (80%) as a yellowish oil. [0]*p = +0.24 (¢ = 0.01 in CH,Cl,). 'H
NMR (400 MHz, CDCls): ¢ 7.22-7.14 (m, 2H), 7.06-7.00 (m, 2H), 6.34-6.27 (m, 1H), 5.72-
5.60 (m, 1H) , 4.34-4.03 (m, 2H), 3.95-3.48 (m, 1H), 3.62-3.44 (m, 1H), 2.63-2.42 (m, 2H),
1.65-1.27 (m, 18H), 1.20-1.15 (m, 3H); °C NMR (100 MHz, CDCl;): & 205.0 (CO), 166.2
(CO), 155.2 (CO), 153.2 (CO), 137.5 (C), 133.7 (C), 128.7 (2CH), 128.4 (2CH), 104.2 (C),
79.6 (2C), 62.3 (CHy), 55.2 (CH) 41.7 (CH»), 36.5 (CH»), 28.5 (6CH3), 14.0 (CH3) HRMS
(ESI+) m/z calcd. for Cy4H34CIN,O7: 497.2049 [M+H] 497.2050; The enantiomeric excess
was determined by HPLC with a Chiralpak IA-H column (hexane/2-PrOH = 97/3, 254 nm,
0.7 mL/min); tyajor= 12.70 min, tpinor = 14.83 min, 61% ee
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1-tert-butyl 2-ethyl 2-((tert-butoxycarbonylamino)(4-fluorophenyl)methyl)-3-oxopyrrolidine-

1,2-dicarboxylate (3c)

[921.1]
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R¢
= 0.4) to afford the product (68%) as a yellowish oil. [a]*p = +0.04 (c = 0.01 in CH,CL). 'H
NMR (400 MHz, CDCls): 6 7.22-7.14 (m, 2H), 7.06-7.00 (m, 2H), 6.34-6.27 (m, 1H), 5.72-
5.60 (m, 1H) , 4.34-4.09 (m, 2H), 4.03-3.48 (m, 2H), 2.63-2.42 (m, 2H), 1.46-1.32 (m, 18H),
1.27-1.18 (m, 3H); °C NMR (100 MHz, CDCl3): § 208 (CO), 166 (CO), 163 (C), 155 (CO),
153 (CO), 134 (C), 129 (2CH), 115 (2CH), 105 (CH), 79.6 (2C), 62.3 (CH»), 55 (CH), 41.7
(CH,), 36.5 (CH»), 28.3 (6CH3), 14.0 (CH3); HRMS (ESI+) m/z caled. For Co4H34FN,O7:
481.2345; found [M+H] 481.2343; The enantiomeric excess was determined by HPLC with a
Chiralpak IA-H column (hexane/2-PrOH = 93/7, 254 nm, 0.7 mL/min); tmajor = 13.98 min,
tminor = 15.79 min, 7.5% ee.
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1-tert-butyl 2-ethyl 2-((tert-butoxycarbonylamino) (4-nitrophenyl) methyl)-3-oxopyrrolidine-

1,2-dicarboxylate
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R
= 0.3) to afford the product (60%) as a yellowish oil. [0]*’p = +0.04 (¢ = 0.01 in CH,Cl,). 'H
NMR (400 MHz, CDCls): 6 8.28-8.06 (m, 2H), 7.52-7.31 (m, 2H), 6.61-6.41 (m, 1H), 5.92-
5.77 (m, 1H) , 4.38-4.17 (m, 2H), 4.14-4.09 (m, 2H), 3.74-3.52 (m, 1H), 2.70-2.54 (m, 1H),
1.59-1.36 (m, 18H), 1.27-1.22 (m, 3H); °C NMR (100 MHz, CDCls): & 210.5 (CO), 166.2
(CO), 155.1 (CO), 153.0 (CO),148.7 (C), 147.9 (C), 124.6(2CH),123.6 (2CH), 80.1 (2C),
62.8 (CH), 56.3 (CH) 48.1 (CH»), 32.0 (CH,), 28.4 (6CH3), 13.9 (CH3); HRMS (ESI+) m/z
calcd. For Cy4H34N309: 508.2290; found [M+H] 508.2292; The enantiomeric excess was
determined by HPLC with a Chiralpak IA-H column (hexane/2-PrOH = 97/3, 254 nm, 0.7
mL/min); tyajor = 22.65 min, tyiner = 25.61 min, 79% ee.
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1-tert-butyl 2-ethyl 2-((tert-butoxycarbonylamino) (furan-2-yl) methyl)-3-oxopyrrolidine-1,2-

dicarboxylate
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R
= 0.3) to afford the product (52%) as a yellowish oil. [a]*p= +0.04 (c = 0.01 in CH,Cl,). 'H
NMR (400 MHz, CDCls): ¢ 7.30-7.28 (m, 1H), 6.32-6.30 (m, 1H), 6.23-6.05 (m, 2H), 5.90-
5.85 (m, 1H), 4.31-4.12 (m, 2H) , 3.82-3.70 (m, 1H), 2.91-2.83 (m, 1H), 2.77-2.72 (m, 1H),
2.58-2.49 (m, 1H), 1.59-1.43 (m, 18H), 1.30-1.25 (m, 3H); >C NMR (100 MHz, CDCl;): &
209.9 (CO), 166.5 (CO), 154.9 (CO), 153.0 (CO), 151.2 (C), 142.2 (CH), 113.2 (CH), 110.9
(CH), 108.3 (CH) 79.6 (2C), 62.5 (CH,), 50.4 (CH), 47.8 (CH»), 36.4 (CH,), 28.7 (6CH3),
14.2 (CH3); HRMS (ESI+) m/z caled. For CyoH33N,05: 453.2231; found [M+H] 453.2252;
The enantiomeric excess was determined by HPLC with a Chiralpak IA-H column (hexane/2-

PrOH =97/3, 254 nm, 0.7 mL/min); tmajor= 14.91 min, tminer = 15.87 min, 95% ee
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1-tert-butyl 2-ethyl 2-((tert-butoxycarbonylamino) (4-(trifluoromethyl) phenyl) methyl)-3-

oxopyrrolidine-1, 2-dicarboxylate

[921.1]
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R
= 0.5) to afford the product (56%) as a yellowish oil. [0]*p = +0.28 (c = 0.01 in CH,CL). 'H
NMR (400 MHz, CDCls): ¢ 7.55-7.51 (m, 2H), 7.29-7.25 (m, 2H), 6.47-6.42 (m, 1H), 5.85-
5.78 (m, 1H) , 4.28-4.16 (m, 2H), 3.73-3.69 (m, 2H), 2.68-2.46 (m, 2H), 1.59-1.32 (m, 18H),
1.29-1.21 (m, 3H); °C NMR (100 MHz, CDCl3): § 174.6 (CO), 163.2 (CO), 154.9 (CO),
151.2 (CO), 129.8 (C), 127.9 (2CH), 125.4 (2CH), 123.1 (CF), 105 (CH), 85 (2C), 624
(CH»), 55.3 (CH), 38.7 (CHy), 32.1 (CH,), 28.4 (6 CHj3), 14.1 (CH3z); HRMS (ESI+) m/z
calcd. For Cy4H34F3N>,0O7: 531.2313; found [M+H] 531.2316; The enantiomeric excess was
determined by HPLC with a Chiralpak IA-H column (hexane/2-PrOH = 97/3, 254 nm, 0.7

mL/min); tmajor = 8.07 min, tminer = 10.40 min, 97% ee.
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1-tert-butyl 2-ethyl 2-(benzofuran-2-yl (tert-butoxycarbonylamino)methyl)-3-oxopyrrolidine-

1,2-dicarboxylate

[921.1]
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R¢
= 0.4) to afford the product (72%) as a yellowish oil. [0]*p = +0.04 (¢ = 0.01 in CH,CL,). 'H
NMR (400 MHz, CDCls): 6 7.51-7.49 (m, 1H), 7.39-7.33 (m, 1H), 7.25-7.19 (m, 2H), 6.66-
6.58 (m, 1H) , 6.25-6.15 (m, 1H), 6.10-6.00 (m, 1H), 4.28-4.08 (m, 2H), 2.93-2.88 (m, 1H),
28.2-2.75 (m, 1H), 2.66-2.60 (m, 1H); 2.18-2.07 (m, 1H), 1.60-1.32 (m, 18H), 1.29-1.23 (m,
3H); *C NMR (100 MHz, CDCLy): & 209.7 (C0O),166.4 (CO), 156.8 (C), 154.8 (CO), 154.1
(©), 153.2 (C), 152.2 (CO), 128.1 (C), 124.6 (CH), 123.8 (CH), 121.4 (CH), 105.4 (CH),
103.6 (CH), 79.8 (2C), 62.4 (CHy), 50.9 (CH), 41.4 (CH,), 35.9 (CH,), 28.4 (3CHs), 144
(CH3); HRMS (ESI+) m/z caled. For Cy6H3sN,Og: 503.2388; found [M+H] 503.2387; The
enantiomeric excess was determined by HPLC with a Chiralpak IA-H column (hexane/2-

PrOH = 97/3, 254 nm, 0.7 mL/min); tmajor = 13.57 min, tyinor = 15.34 min, 91% ee.
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3-0x0-2-((phenoxycarbonylamino)(phenyl)methyl)pyrrolidine-1,2-

2-ethyl

1-tert-butyl

dicarboxylate
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The crude material was purified by column chromatography (ethyl acetate/hexane, 15:85, R
= 0.3) to afford the product (69%) as a yellowish oil. [a]*p = +0.12 (¢ = 0.01 in CH,Cl,).
Please redo the proton and carbon for this; the proton peaks you listed here look different to
the spectrum above'H NMR (400 MHz, CDCl,): & 7.27-7.7.26 (m, 2H), 7.24-7.14 (m, 6H),
6.64-6.61 (m, 1H), 5.79-5.67 (m, 1H) , 5.0 (m, 1H), 4.20-4.0 (m, 2H), 2.53-2.46 (m, 1H),
2.32-2.26 (m, 1H), 2.19-2.12 (m, 2H); 1.51-1.44 (m, 9H), 1.30-1.25 (m, 3H), *C NMR (100
MHz, CDCl;): 6 211 (CO), 166 (CO), 155 (CO), 153 (CO), 138 (C), 138 (C), 128.6 (4 CH),
128.1 (2CH), 127 (4CH), 82.6 (2C), 67.0 (CH,), 62.3 (CH»), 56.2 (CH), 41.4 (CH>), 36.5
(CH,), 28.3 (3CH3), 14.0 (CH3); HRMS (ESI+) m/z calcd. For C,7H33N>O7: 497.2282; found
[M+H] 497.2270; The enantiomeric excess was determined by HPLC with a Chiralpak [A-H
column (hexane/2-PrOH = 97/3, 254 nm, 0.7 mL/min); tmajor = 30.72 min, tyiner = 32.39, 89%

€c.
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4. Computational Details

The Gaussian 09’ package was used for all calculations carried out. The structures of the
diastereoisomers of 3¢ were fixed (due to time constraints dihedral scans could not be carried
out to determine the conformers for each absolute configuration) at (S,R), (R,S), (S,S) and
(R,R) absolute configurations and optimized using B3LYP/6-31+g(d)." The optimised
B3LYP structures were further optimized at m062x/6-311++g(d)." Then the TDDFT"
calculation at the m062x/6-311++g(d) level was performed to obtain the ECD spectrum. The
ECD spectrum was plotted from the excitation energies and the rotational strengths by
overlapping the Gaussian functions for each transition.” Since the experimental
measurements were carried out in methanol, the self-consistent reaction field (SCRF) with
polarizable continuum model (PCM) was used for the solution state ECD spectra in
methanol.” Similarly, the ECD spectrum for the solution state was plotted from the excitation
energies and the rotational strengths by overlapping the Gaussian functions for each
transition.

Plotting the ECD spectra from velocity rotatory strengths

The ECD spectrum is usually plotted as Ae versus A (excitation wavelength in nm) and
assumes a Gaussian band shape. The equation for a Gaussian band shape is:

Ag, (V) = Agl™e* exp[— (_F_ﬁf] (D

o

where i refers to the electronic excitation of interest; ¥; is the excitation energy

(in wavenumbers) that corresponds to the electronic excitation of interest; A="** is the value

of Ag; at the maximum of the band, i.e. when the energy of the incident radiation # = ¥, ; ¢ is

the standard deviation in wavenumbers (which is related to the width of the simulated band,
particularly it’s the half-width of the Gaussian band at As = As™* /e); and noting that

wavenumbers are the reciprocal of the wavelengths, # = 1 / 7

max
i

The relationship between Aes and the velocity rotatory strengths (R) is shown in the

equation that relates R with Az and 7 :

A

Regs units = 2,296 x 107 [ ¥ (cgs units of erg — esu _.9:2::?3:] 2)
which at the maximum of the band turns into:
R, = 2296 x 10" ¥ AT\ /g = A3)

where again ¢ is the standard deviation, which is related to the width of the band. Using
equation (3) to transform equation (1):

26, () = g ~(=5)] @

1136 10T
The default in GaussView is to use a value for corresponding to a A of 3099.6 nm (0.4 eV).
Only two values from the GO9 output are needed to simulate the spectrum: the velocity
rotatory strengths (Ry) and the wavelength (A;). These two values will give:

R .1 ‘. 1;-' .’_1 . r
- 1714, A S A
Ag (A} = = —1; e Y 5
1 (4] 22362 107" 4% L3000 0 P Y356 ®

o

exp
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Since the region of the spectrum of interest ranged from 400 nm to 195 nm, A&, (4] values for

A were calculated (using equation 5) ranging from 100 to 400 nm, every 2 nm to obtain the
following simulated ECD spectra:
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Figure 1. Calculated ECD spectra for the four diastereoisomers of 3a in gas and solution

(methanol) phase.

Experimental ECD Spectra
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Figure 2. Experimental ECD spectrum of products 3a and 3c-best match to (S,S).

XYZ coordinates of optimised TDDFT structures in the gas phase
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