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Supplementary Method

General remarks

'H NMR spectra were recorded on commercial instruments (400 MHz). Chemical
shifts were recorded in ppm relative to tetramethylsilane and with the solvent
resonance as the internal standard (CDCls3, & = 7.26). Data were reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constants (Hz), integration. *C{*H} NMR data were collected on
commercial instruments (100 MHz) with complete proton decoupling. Chemical shifts
were reported in ppm from the tetramethylsilane with the solvent resonance as
internal standard (CDCls, & = 77.16). Enantiomeric excesses were determined by
chiral HPLC analysis on Daicel Chiralcel ADH, IA, IB, IC, IE, and Phenomenex
Chiralcel Lux 5u Cellulose-2 at 23 °C with UV detector in comparison with the
authentic racemates. Optical rotations were determined after flash column
chromatography purification and reported as follows: [o]p" (c: g/100 mL, in CH,Cl,).
HRMS were recorded on a commercial apparatus (ESI source). All the reactions were
carried out under an atmosphere of nitrogen in over-dried apparatus. All the solvents
were purified by usual methods before use. Chromatography: Qingdao Haiyang silica
gel, HG/T2354-92, H CP. Reagents purchased from commercial suppliers were used:
2-naphthyl isocyanide (Aldrich), 4-nitrophenyl isocyanide (TCI), 4-methoxyphenyl
isocyanide (Aldrich), 2,3-dihydro-6-isocyano-1,4-benzodioxine (Acros), tert-butyl
isocyanide, magnesium trifluoromethanesulfonate (Alfa), trimethylsilyl azide (TCI).
The N,N'-dioxide ligands®? and alkylidene malonates®* were synthesized according to

known procedures.

General procedure for the synthesis of racemic product

General procedure 1: To an oven-dried tube were added Mg(OTf), (0.014 mmol, 14
mol%), 2-(cyclohexylmethylene)malonate 3a (0.20 mmol), TMSN3 2a (0.24 mmol),
2-naphthyl isocyanide 1a (0.20 mmol) and CH,CICH,CI (1.0 mL). The mixure was

stirred in CH,CICH,CI at 30 °C for 3 h and directly purified by flash chromatography
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on silica gel (eluent: petroleum ether/ethyl acetate = 9/1) to afford the racemic product
5a. (For 2-benzylidenemalonate 30, 0.01 mmol NaAr", was added).

General procedure 2: To an oven-dried tube under nitrogen atmosphere were added
Mg(OTf), (0.010 mmol, 10 mol%), racemic RaPr; (0.010 mmol, 10 mol%), dimethyl
2-benzylidenemalonate 30 (0.10 mmol), 5 puL H,O, TMSN; 2a (0.15 mmol)
2-naphthyl isocyanide 1a (0.10 mmol) and CH,Cl; (1.0 mL). The mixture was stirred
at 30 °C for 48 h, and directly purified by flash chromatography on silica gel (eluent:
petroleum ether/ethyl acetate = 9/1) to afford the racemic product 4o.

General procedure 3: To an oven-dried tube under nitrogen atmosphere were added
Mg(OTf), (0.010 mmol, 10 mol%), racemic PiPr, (0.015 mmol, 15 mol%),
2-(cyclohexylmethylene)malonate 3a (0.15 mmol), and 5A MS (10 mg). The mixture
was stirred in CH,Cl, (1.0 mL) at 35 °C for 0.5 h. Subsequently, TMSN3 2a (0.15
mmol) and 2-naphthyl isocyanide 1a (0.10 mmol) were added at —40 °C. The mixture
was stirred at —40 °C for 2 days then at —20 °C for 3 days, and directly purified by
flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 9/1) to
afford the desired product 4a.

General procedure 4: To an oven-dried tube were added Mg(OTf), (0.010 mmol, 10
mol%), dimethyl 2-benzylidenemalonate 30 (0.10 mmol), isoquinoline 7a (0.10
mmol), tert-butyl isocyanide 1e (0.10 mmol) and CH,CICH,CI (0.5 mL). The mixture
was stirred in CH,CICH,CI (1.0 mL) at 35 °C for 48 h, and directly purified by flash
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 9/1) to afford

the racemic product 8a.

Typical procedure for the asymmetric reaction

MeOOC
Mg(OTf),/L-RaPr, N
NC CO,Me (1.4:1.0, 10 mol%)
o OTMSNg + gy L s TR MeOOC
CO,Me CH,CICH,CI, \\ N
N\

30°C,3h
1a 2a 3a 53

General procedure 1: To an oven-dried tube under nitrogen atmosphere were

added Mg(OTf), (0.014 mmol, 14 mol%), L-RaPr, (0.010 mmol, 10 mol%),
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2-(cyclohexylmethylene)malonate 3a (0.20 mmol) and CH,CICH,CI (1.0 mL).
The mixture were stirred in CH,CICH,Cl (1.0 mL) at 35 °C for 0.5 h.
Subsequently, TMSN3 2a (0.24 mmol) and 2-naphthyl isocyanide 1a (0.20 mmol)
were added at 30 °C. The mixture was stirred at 30 °C for 3 h, and directly
purified by flash chromatography on silica gel (eluent: petroleum ether/ethyl

acetate = 9/1) to afford the desired product 5a (91% vyield, 94.5:5.5 e.r.).

COOMe
Mg(OTf),/L-RaPr, MeOOC™\

NC CO,Me (1.0:1.0, 10 mol%) g
+ TMSN; +  pp_ —_ N
Q\COzMe CH,Cly, 5 uL H,0 NN O
30°C, 48 h N Q

1a 2a 30 40
General procedure 2: To an oven-dried tube under nitrogen atmosphere were
added Mg(OTf), (0.010 mmol, 10 mol%), L-RaPr, (0.010 mmol, 10 mol%),
dimethyl 2-benzylidenemalonate 30 (0.10 mmol), 5 uL H,O and CH,ClI; (1.0 mL).
The mixture was stirred in CH,Cl, (1.0 mL) at 35 °C for 0.5 h. Subsequently,
TMSN3 2a (0.15 mmol) and 2-naphthyl isocyanide 1a (0.10 mmol) were added at
30 °C. The mixture was stirred at 30 °C for 48 h, and directly purified by flash
chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 9/1) to

afford the desired product 40 (50% yield, 90.5:9.5 e.r.).

COOMe
Mg(OTf),/L-RaPr, ~ MeOOC

NC . CO,Me (1.0:1.5, 10 mol%) N
Ry W SR e
1a 2 3 sa
General procedure 3: To an oven-dried tube under nitrogen atmosphere were
added Mg(OTf), (0.010 mmol, 10 mol%), L-RaPr, (0.015 mmol, 15 mol%),
2-(cyclohexylmethylene)malonate 3a (0.15 mmol), 5A MS (10 mg) and CH,Cl,
(1.0 mL). The mixture was stirred in CH,CIl, (1.0 mL) at 35 °C for 0.5 h.
Subsequently, TMSN3; 2a (0.15 mmol) and 2-naphthyl isocyanide 1a (0.10 mmol)
were added at —40 °C. The mixture was stirred at —40 °C for 2 days then at —20 °C
for 3 days, and directly purified by flash chromatography on silica gel (eluent:
petroleum ether/ethyl acetate = 9/1) to afford the desired product 4a (91% yield,

95:5e.r).



.
9 o/L-Rakr;
O o -, B

7a 1e 30 8a
General procedure 4: To an oven-dried tube were added Mg(OTf), (0.012 mmol,
12 mol%), L-RaPr, (0.010 mmol, 10 mol%), dimethyl 2-benzylidenemalonate 30
(0.15 mmol) and CH,CICH,CI (0.5 mL). The mixture was stirred in CH,CICH,CI
(0.5 mL) at 35 °C for 0.5 h. Subsequently, isoquinoline 7a (0.10 mmol) and
tert-butyl isocyanide 1le (0.15 mmol) were added at 35 °C. The mixture was
stirred at 35 °C for 48 h, and directly purified by flash chromatography on silica
gel (eluent: petroleum ether/ethyl acetate = 9/1) to afford the desired product 8a
(85% vield, 96.5:3.5 e.1.).

MeOOC  Ph

NO,
8a: 973 eur. 8v: 32%yield, 98:2 e.r.

To an oven-dried tube under hydrogen atmosphere were added 8a (0.1 mmol),
Pd-C (0.02 mmol) and MeOH (1 mL). The mixture was stirred for 2h, directly
purified by flash chromatography on silica gel (eluent: petroleum ether/ethyl
acetate = 1/1) to afford the desired product 8v (32% vyield, 98:2 e.r.).

)</CE)OMe COOBnN
Ph
Z > COOMe MCOOBn

General procedure 3: nr General procedure 1 and 2: messy

Pz Pz = CN
OMe CN

General procedure 4: not detected

Supplementary Figure 1. Unsuccessful substrate scope



Supplementary Tables

Supplementary Table 1. Screening of the metal salts®

COOMe
MeOOC

CO,M MIL-PrPr, Meooc@ "’//N
NC Me 1.0:1.0, 10 mol% $ MeOOC /(
£ TMSN, + oy Ak 1070 Do) N * NZ
COMe i, 35°C, 30 Yo N LN
mmen LGy IO

1a 2a 3a 4a 5a
Entry Metalsalts  Yield of 4a (%)  Yield of 5a (%) e.r. of 4a° e.r. of 5a°
1 Sc(0OTf); mess mess - -
2 Mg(OTf), 29 53 82:18 92.5:7.5
3 Ni(OTf), mess mess - -
4 Zn(OTf), mess mess - -
5 Yb(OTf), mess mess - -

# Reaction conditions: unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a
(0.12mmol), 3a (0.10 mmol) and M/L-PrPr, (1.0:1.0, 10 mol%) in CH,Cl, (1.0 mL) at 35 °C. "

Isolated yield. © Determined by chiral HPLC analysis.

Supplementary Table 2. Screening of the ligand®

COOMe

NC
+ TMSN; +

Mg(OTf),/L
(1.0:1.0, 10 mol%)

CO,Me

MeOOC@
= T NA
cy%cozme CH,Cl,, 35°C, 3 h N:N/N

=

+ MeOOCC fN

RS,

N
5a

1a 2a 3a 4a
Entry Ligand Yield of 4a (%)°  Yield of 5a (%)° e.r. of 4a° e.r. of 5a°
1 L-PrPr, 29 53 82:18 92.5:75
2 L-RaPr; 36 43 72:28 86.5:13.5
3 L-RaPr; 38 46 83.5:16.5 96:4
4 L-RaEt, - 85 - 86.5:13.5
5 L-RaEt,Me 16 72 55.5:44.5 89:11
6 L-RaMe, 44 53 race race
7 L-RaBn - 99 - race
8 L-RaCy - 99 race
9 L-RaAd - 99 45.5:54.5
10 L-PiPr; 41 44 64:36 83.5:16.5
11 L-PiPr, - 97 - 82:18
12 L-PiEt, 33 51 55.5:44.5 85.5:14.5
13 L-PiMe; 15 77 44:56 66.5:33.5
14 L-PiPh - 88 - 45:55




# Reaction conditions: unless otherwise noted, all reaction were carried out with 1a (0.10 mmol), 2a

(0.12mmol), 3a (0.10 mmol) and Mg(OTf),/L (1.0:1.0, 10 mol%) in CH,Cl, (1.0 mL) at 35 °C. "

Isolated yield. © Determined by chiral HPLC analysis.

Supplementary Table 3. Investigating the ratio of the metal salts and ligand®

1a

2a

NC CO,Me
+ TMSN; + ¢
’ yvkcone

3a

CH,Cl,, 35°C, 3 h

COOMe

Mg(OTf),/L-RaPr, MeOOC@

x:y, 10 mol% 3
(xzy o) NA +

)
2ave

4a

MeOOC
N\

L0
0D

5a

Entry Ratioof M:L  Yield of 4a (%)° Yield of 5a (%)° e.r. of 4a° e.r. of 5a°
1 1.5:1.0 - 88 - 94:6

2 1.2:1.0 18 72 83.5:16.5 95.5:4.5
3 1.0:1.0 36 43 72:28 86.5:13.5
4 1.0:1.2 47 37 84:16 97:3

5 1.0:1.5 53 25 88:12 95.5:4.5

& Reaction conditions: unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a

(0.12mmol), 3a (0.10 mmol) and Mg(OTf),/L-RaPr, (10 mol%) in CH,Cl, (1.0 mL) at 35 °C. "

Isolated yield. © Determined by chiral HPLC analysis.

Supplementary Table 4. Optimization of the solvents®

COOMe
MeOOC
Mg(OTf),/L-RaPr, MeOOC@ »,//N

1a

2a

CO,Me

NC
+ TMSN; + ¢

(1.4:1.0, 10 mol%)
A Mot

N/\

-

solvent, 30 °C, 3 h

4a

+  MeOOC /(
W,
1N

5a

Entry  Solvent Yield of 4a (%)°  Yield of 5a (%)° e.r. of 4a° e.r. of 5a°
1 THF - 32 - race

2 Toluene 19 87 70:30 86.5:13.5
3 CH.CI, - 85 - 94.5:5.5
4 CH,CICH,CI - 91 - 94.5:5.5
5 CHCLCHCI, - 88 - 94:6

6° CH,CICH,CI - 91 - 94.5:5.5

& Reaction conditions: unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a

(0.12mmol), 3a (0.10 mmol) and Mg(OTf),/RaPr, (1.4:1.0, 10 mol%) in solvent (1.0 mL) at 30 °C. "
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Isolated yield. ¢ Determined by chiral HPLC analysis. ® Reaction were carried out with 1a (0.20 mmol),
2a (0.24mmol), 3a (0.20 mmol) and Mg(OTf),/L-RaPr; (0.014 mol / 0.010 mmol, 1.4:1.0, 10 mol%)

in CH,CICH,CI (1.0 mL) at 30 °C.

Supplementary Table 5. Screening of the reaction temperature®

COOMe

MeOOC MeOOC, _J
Mg(OTf,/L-RaPr, 5 "\ N

NC . CO,Me (1.0:1.5, 10 mol%) = + MeOOC I
+ TMSN, Cy%cone T omonTe E;N E\\N,N

1a 2a 3a 4a 5a
Entry T (°C) Yield of 4a (%)°  Yield of 5a (%)° e.r. of 4a° e.r. of 5a°
1¢ 35 53 25 88:12 95.5:4.5
2 0 49 49 89:11 95.5:4.5
3¢ -20 65 30 92.5:7.5 96.5:3.5
4 -30 43 - 94:6 -
59 —40 57 - 94.5:5.5 -
6" -20 30 (50) - 93:7 (50) -

# Reaction conditions: unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a
(0.12mmol), 3a (0.10 mmol) and Mg(OTf),/L-RaPr, (1.0:1.5, 10 mol%) in CH,Cl, (1.0 mL) at T °C. "
Isolated yield. ¢ Determined by chiral HPLC analysis. “3 h. © 3 days. " 4 days. ¢ 7 days. " For dimethyl

2-benzylidenemalonate.

Supplementary Table 6. Screening of the reaction additions®

COOMe 79
Mg(OTf),/L-RaPr, MeooC @ Meooe N
e, TMSN; + ¢ ﬁzMe _(1.01.5, 10 mol%) NEN + MEOOCN/
IS ScoMe  cH,C, 40°C N:N'N N:N/N
4a 5,

1a 2a 3a a

Entry  Additive Yield of 4a (%)"  Yield of 5a (%)° e.r. of 4a° e.r. of 5a°
1¢ NaBAr", 47 53 92:8 98:2

2 3AMS 69 - 95:5 -

3 4AMS 72 - 95:5 -

4 5 AMS 73 - 95:5 -

5e 5 AMS 85 - 93:7 -

6" 5 AMS 91 - 95:5 -

# Reaction conditions: unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a
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(0.12mmol), 3a (0.10 mmol) and Mg(OTf),/L-RaPr, (1.0:1.5, 10 mol%) in CH,Cl, (1.0 mL) at —40 °C
for 7 days. ° Isolated yield. ¢ Determined by chiral HPLC analysis. ¢ 2 days. © —20 °C for 4 days. |
Reaction were carried out with 1a (0.10 mmol), 2a (0.15mmol), 3a (0.15 mmol) and Mg(OTf),/RaPr;

(1.0:1.5, 10 mol%) in CH,Cl, (1.0 mL) at —40 °C for 2 days, then —20 °C for 3 days.

Supplementary Table 7. Screening of the ligand®

Ph

MeOOC
COOMe Mg(OTH)/L MeOOC— ¢ )4
N oL J< . (1.0:1.0, 10 mol%) =
N CN ~ >COOMe — . __ » N
Z CH,CICH,CI, 35 °C
=
7a 1e

Ph

30 >19:1d.r. 8a

Entry Ligand Yield (%)° er’

1 L-RaPr, 42 96:4

2 L-PrPr, 19 71.5:28.5
3 L-PiPr, 36 60:40

4 L-RaPr; 12 95:5

5 L-RaEt, 20 85:15

6 L-RaMe, 37 race

7 L-RaPh 88 47.5:52.5
8 L-RaAd 68 43.5:56.5

& Unless otherwise noted, all reactions were carried out with 7e (0.10 mmol), e (0.15mmol), 30 (0.10
mmol) and Mg(OTf),/L-RaPr, (1.0:1.0, 10 mol%) in CH,CICH,CI (0.5 mL) at 35 °C for 2 days. °

Isolated yield. © Determined by chiral HPLC analysis.

Supplementary Table 8. Optimization of the solvents®
MeOOC Ph

e Mg(OTf),/L-RaPr, MeOOC 3
@é . J< . H(fOM (1?0:1.0,10 mol%) \N%
=N CN ~ CooMe solvent, 35 °C N
Fh > 19:1 dr &
7a 1e 30 U 8a

Entry Solvent Yield (%)° er’
1 CH,Cl, 41 95.5:4.5
2 CH,CICH,CI 42 96:4
4 THF nr -
5 Toluene trace -
6 Ethyl acetate trace -

& Unless otherwise noted, all reactions were carried out with 7a (0.10 mmol), 1e (0.15 mmol), 30 (0.10
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mmol) and Mg(OTf),/L-RaPr; (1.0:1.0, 10 mol%) in solvent (0.5 mL) at 35 °C for 2 days. ° Isolated

yield. ¢ Determined by chiral HPLC analysis.

Supplementary Table 9. Investigating the ratio of the metal salts and ligand®

Mg(OTf),/L-RaPr, M Moeooco g
~N  CN ~ COOMe  ~ . CIcH,Cl, 35 °C N
Ph >19:1 d.r. &
7a 1e 30 8a
Entry Ratio of M:L Yield (%)° e.r’
1 1.5:1.0 61 90.5:9.5
2 1.2:1.0 57 95.5:45
3 1.0:1.0 42 96:4
4 1.0:1.2 40 96:4
5 1.0:1.5 31 96:4
6" 1.2:1.0 85 96.5:3.5

# Unless otherwise noted, all reactions were carried out with 7e (0.10 mmol), 1e (0.15mmol), 30 (0.10
mmol) and Mg(OTf),/L-RaPr, (x:y, 10 mol%) in CH,CICH,CI (0.5 mL) at 35 °C for 2 days. ° Isolated

yield. ¢ Determined by chiral HPLC analysis. “ 30 was 0.15 mmol.
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Deuterated toluene

MeOOC,
COOMe
N@OMe
[’\j/
Ns N
N QOMe
SV L JL

T T T T T T T T T T T T T T T T T
52 50 48 46 44 42 40 38 36 34 32 3.0 28 26 24 22 20 16 14 12 10 08 06

Deuterated chloroform

.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.£

Ly

T T T
48 46 44 42 40 38 3.6 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06 04 0

Deuterated methanol
A . 2% — M jt
. T . T
1.0 0

Dimethyl sulfoxide-d

4.5 4.0 3.5 3.0 2.5 2.0 1.5

Supplementary Figure 2. NMR spectra of four-molecule tetrazole 5z in different

deuterium solvents
Supplementary Discussion 1. The NMR spectra could reversibly change in different
solvents. It indicates rotamers exists in solution of four-molecule product.”®

MeO,C OMe
N

MeOZC
N=—
“N

5z: 91% vyield, 85:15 e.r.
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Deuterated toluene 25C

I\ YI_JC

1.0 1.0 21 9.5 9.0
T

T T
52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 1.0 0.8 0.6
Deuterated toluene 50C

b b JMM‘—L J J\v
HU 1. o) ) A
; ; ; ; : ; ; ;
20 18 16 14 12 10 08 0.6

52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22

Deuterated toluene 75C

D |

144
4

46 44 42 4.0 3.4 3.0 2.6 24 22 20 18 1.6 1
Supplementary Figure 3. NMR spectra of four-molecule tetrazole 5z in dlfferent
temperature
Supplementary Discussion 2. The NMR spectra could reversibly change in different
temperature. It indicates rotamers exists in solution of four-molecule product.
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Supplementary Figure 4. HMBCGP of four-molecule tetrazole 5z Supplementary
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Figure 5. HSQCGP of four-molecule tetrazole 5z
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Supplementary Figure 6. COSYGPSW of four-molecule tetrazole 5z
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Supplementary Figure 7. NOESYPHSW of four-molecule tetrazole 5z
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1: 3.59, 52.6;
3:4.13, 53.8;
5:169.7;

7. 35.8;

9: 150.3;

11: 6.95, 125.6;
13: 160.5;

15: 155.3;
17:6.15, 120.7;
19: 157.2;

2:169.3;

4: 3.70, 52.8;
6:4.10, 56.2;

8: 1.08, 28.5;

10: 127.0;

12: 6.73, 114.0;
14: 3.81, 55.6;
16: 141.9;
18: 6.47, 114.0;
20: 3.69, 55.4;
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L minority

1: 3.75,53.1; 2:170.3;
3:4.64, 52.4; 4: 3.75, 53.1;
5:169.3; 6: 4.18, 48.4,
7. 35.2; 8: 0.58, 28.4;
9: 152.7; 10: 128.0;

11: 7.00, 113.7; 12:7.44,128.5;
13:160.7; 14: 3.88, 55.6;
15: 155.0; 16: 141.3;
17:6.86, 121.1; 18: 6.86, 114.0;
19: 156.8; 20: 3.78, 55.3;

16




The analytical and spectral characterization data of products

Dimethyl 2-{cyclohexyl[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4a)

CO,Me
MeO,C

1N
N A
4a

Coreless oil; 91% yield, 95:5 e.r.; [a]*'p = —23.2 (c = 0.76 in CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 9.05 min, tg (major) = 11.05 min.

IR (neat): 2928, 1744, 1441, 1263, 1159, 819 and 752 cm™.

'H NMR (400 MHz, CDCls) & = 8.26 (s, 1H), 8.10 — 8.02 (m, 1H), 8.01 — 7.92 (m,
2H), 7.81 — 7.82 (m, 1H), 7.67 — 7.55 (m, 2H), 4.52 (d, J = 11.6 Hz, 1H), 3.93 (dd, J =
11.6, 4.4 Hz, 1H), 3.79 (s, 3H), 3.66 (s, 3H), 1.89 — 1.61 (m, 2H), 1.56 — 1.43 (m, 3H),
1.13-0.82 (m, 5H), 0.56 — 0.34 (m, 1H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.7, 168.3, 155.0, 133.6, 133.0, 131.7, 130.1,
128.8, 128.1, 128.0, 127.6, 125.4, 123.2, 53.5, 53.2, 40.4, 39.3, 31.7, 27.4, 26.3, 26.1,
25.8.

HRMS (ESI-FT) calcd for CosHasN4O4" ([M+H']) = 423.2027, Found 423.2021.
Chiral HPLC spectrum 4a:

0.08-
2° ([ .

Retention Time Area % Area
1 9.110 1187777 48.21
2 11.149 1275855 51.79
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Diethyl 2-{cyclohexyl[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4b)

CO,Et
EtO,C

N=—
|

0
RS
4b

Coreless oil; 87% yield, 96.5:3.5 e.r.; [o]*p = —31.9 (c = 0.54 in CH,Cl,).
HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A =254 nm, tg (minor) = 7.83 min, tg (Major) = 9.72 min.

IR (neat): 2932, 2857, 1742, 1445, 1306, 1101, 1026, 862, 819 and 752 cm™.

'H NMR (400 MHz, CDCl3) & = 8.27 (s, 1H), 8.10 — 8.03 (m, 1H), 8.02 — 7.92 (m,
2H), 7.84 — 7.73 (m, 1H), 7.72 —7.44 (m, 2H), 4.47 (d, J = 11.6 Hz, 1H), 4.34 — 4.18
(m, 2H), 4.16 — 4.05 (m, 2H), 3.94 (dd, J = 11.6, 4.4 Hz, 1H), 1.81 (d, J = 11.8 Hz,
1H), 1.70 (d, J = 11.6 Hz, 1H), 1.58 —1.43 (m, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.19 (t, J
=7.2 Hz, 3H), 1.10 - 0.77 (m, 5H), 0.52 — 0.33 (m, 1H).

BC{*H} NMR (101 MHz, CDCls) & = 168.3, 168.0, 155.1, 133.6, 133.1, 131.7, 130.1,
128.8, 128.1, 128.0, 127.5, 125.4, 123.2, 62.2, 62.1, 53.8, 40.4, 39.3, 31.8, 27.4, 26.4,
26.1, 25.8, 14.2, 14.0.

HRMS (ESI-FT) calcd for CasHsiN4O4* ([M+H*]) = 451.2340, Found 451.2336.
Chiral HPLC spectrum 4b:
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Diisopropyl 2-{cyclohexyl[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4c)

CO,'Pr
iPrOZC

)

1N

WO
4c

Coreless oil; 52% yield, 96.5:3.5 e.r.; [o]*p = —32.0 (c = 0.34 in CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 5.93 min, tg (Major) = 7.22 min.

IR (neat): 2982, 2932, 2857, 1740, 1512, 1447, 1370, 1267, 1103, 822 and 752 cm™.
'H NMR (400 MHz, CDCl3) & = 8.29 (s, 1H), 8.10 — 8.03 (m, 1H), 8.02 — 7.93 (m,
2H), 7.85 — 7.86 (m, 1H), 7.69 — 7.58 (m, 2H), 5.21 — 5.03 (m, 1H), 5.01 — 4.84 (m,
1H), 4.41 (d, J = 11.6 Hz, 1H), 3.93 (dd, J = 11.6, 4.4 Hz, 1H), 1.85 — 1.63 (m, 2H),
1.57 — 1.42 (m, 3H), 1.28 (dd, J = 6.4, 3.2 Hz, 6H), 1.17 (dd, J = 6.4, 3.2 Hz, 6H),
1.11—0.80 (m, 5H), 0.50 — 0.34 (m, 1H).

B3C{*H} NMR (101 MHz, CDCls) & = 167.9, 167.7, 155.2, 133.6, 133.1, 131.8, 130.1,
128.9, 128.1, 127.9, 127.5, 125.3, 123.3, 69.9, 69.7, 54.3, 40.4, 39.2, 31.8, 27.4, 26.4,
26.1,25.9,21.8,21.7, 21.6, 21.5.
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HRMS (ESI-FT) calcd for Co7H3sN4O,4" ([IM+H™]) = 479.2653, Found 479.2646.
Chiral HPLC spectrum 4c:

0.60

- 0.404

= ] <
0.20
0.00-

Retention Time Area % Area
1 5.968 8328302 49.42
2 7.309 8524263 50.58
““““““““““““““““““““““ b f\A =
Retention Time Area % Area
1 5.933 105489 3.48
2 7.219 2925446 96.52

Dibenzyl 2-{cyclohexyl[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4d)

COan
BnOzC

- ~

l /N

"N e A
4d

Coreless oil; 80% yield, 97:3 e.r.; [a]*p = —15.0 (c = 0.67 in CH.Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tg (minor) = 11.52 min, tg (Major) = 12.60 min.

IR (neat): 2930, 2855, 1744, 1506, 1449, 1265, 905, 746 and 698 cm™.

'H NMR (400 MHz, CDCl3) & = 8.18 (s, 1H), 8.07 — 8.00 (m, 1H), 8.00 — 7.91 (m,
2H), 7.75 — 7.70 (m, 1H), 7.68 — 7.58 (m, 2H), 7.37 — 7.28 (m, 8H), 7.24 — 7.19 (m,
2H), 5.20 (dd, J = 30.0, 12.0 Hz, 2H), 5.12 — 5.02 (m, 2H), 4.61 (d, J = 11.6 Hz, 1H),
3.95 (dd, J = 11.6, 4.4 Hz, 1H), 1.79 — 1.72 (m, 1H), 1.64 — 1.55 (m, 1H), 1.47 — 1.33
(m, 3H), 0.99 — 0.78 (m, 5H), 0.49 — 0.27 (m, 1H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.0, 167.6, 154.9, 135.0, 134.9, 133.6, 133.0,

131.6, 130.1, 128.8, 128.7, 128.7, 128.6, 128.5, 128.1, 128.0, 127.5, 125.3, 123.2,
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67.8, 53.8,40.1, 39.4, 31.7, 27.3, 26.2, 25.8, 25.7.
HRMS (ES|-FT) calcd for (:35H35N4O4Jr ([M+H+]) =575.2653, Found 575.2653.

Chiral HPLC spectrum 4d:
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Dimethyl 2-{cycloheptyl[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4¢e)

CO,Me
M902C
| /N
", )
4e

Coreless oil; 22% yield, 96:4 e.r.; [a]*'p = —26.2 (c = 0.13 in CH.Cly).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 8.59 min, tg (major) = 10.31 min.

IR (neat): 2928, 2857, 1746, 1603, 1512, 1439, 1312, 1184, 1024, 864 and 750 cm™.
'H NMR (400 MHz, CDCls) & = 8.29 (s, 1H), 8.10 — 8.03 (m, 1H), 8.03 — 7.93 (m,
2H), 7.82 — 7.84 (m, 1H), 7.69 — 7.56 (m, 2H), 4.52 (d, J = 11.6 Hz, 1H), 3.98 (dd, J =
11.6, 3.6 Hz, 1H), 3.79 (s, 3H), 3.67 (s, 3H), 1.99 — 1.86 (m, 1H), 1.68 — 1.50 (M, 2H),
1.29 - 1.20 (m, 9H), 0.80 — 0.62 (m, 1H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.7, 168.4, 155.0, 133.6, 133.1, 131.9, 130.2,
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128.9,128.1, 128.0, 127.6, 125.3, 123.2, 77.48, 54.0, 53.2, 41.5, 40.2, 33.7, 28.6, 27.9,
27.6, 26.7, 26.3.

HRMS (ESI-FT) calcd for CasHagN4O4" ([M+H*]) = 437.2183, Found 437.2180.
Chiral HPLC spectrum 4e:

2=t (| A

N
3 020 l‘ \
i
0104 ‘l I‘
[

0. U. 1‘00. . ?I 3' . .7IUU.

Retention Time Area % Area
1 8.557 5983793 50.94
2 10.297 5762979 49.06
040 é
030 /\\
3 020 I
0104 § }r 1‘\
L S — — . 7. f’ \
000 "1.00 200 300 400 500 600 7.00 gto 800 om0 1m0
MN
Retention Time Area % Area
1 8.586 368369 3.99
2 10.307 8868054 96.01

Dimethyl 2-{cyclopentyl[1-(naphthalen-2-yl)-1H-tetrazol-5-ylmethyl}malonate (4f)

COzMe
MeOZC

e, ~
I /N
4f

Coreless oil; 90% yield, 94:6 e.r.; [a]*p = —35.5 (¢ = 0.54 in CH.Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tz (minor) = 10.97 min, tg (major) = 11.78 min.

IR (neat): 2928, 2857, 1746, 1506, 1450, 1312, 1024, 865, 819 and 749 cm™.

'H NMR (400 MHz, CDCl3) & = 8.26 (s, 1H), 8.10 — 8.04 (m, 1H), 8.03 — 7.93 (m,
2H), 7.81 — 7.75 (m, 1H), 7.69 — 7.59 (m, 2H), 4.40 (d, J = 11.2 Hz, 1H), 4.02 (dd, J =
11.2, 6.4 Hz, 1H), 3.79 (s, 3H), 3.67 (s, 3H), 2.12 — 1.91 (m, 1H), 1.64 — 1.52 (m, 1H),
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1.46 — 1.29 (m, 6H), 0.75 — 0.51 (m, 1H).
B3C{*H} NMR (101 MHz, CDCls) & = 168.5, 168.4, 155.6, 133.7, 133.1, 131.5, 130.2,
128.8, 128.1, 128.0, 127.6, 125.4, 123.2, 55.5, 53.2, 43.0, 37.5, 30.6, 27.6, 24.7, 24.0.
HRMS (ESI-FT) calcd for Co,H2sN404" ([IM+H']) = 409.1870, Found 409.1866.
Chiral HPLC spectrum 4f:
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Dimethyl 2-{cyclobutyl[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (49)

COZMG
MeO,C

N/ O
| /N4~
49

Coreless oil; 51% yield, 90:10 e.r.; [o]*p = —=59.7 (¢ = 0.51 in CH,Cl,).
UPC? Phenomenex CHIRALCEL IC-3, CO,/ CHsOH = 90/10, flow rate = 2.0

mL/min, A =254 nm, tg (minor) = 4.73 min, tg (Major) = 5.98 min.
IR (neat): 2955, 1746, 1512, 1439, 1314, 1250, 820 and 752 cm™,
'H NMR (400 MHz, CDCI3) 6 = 8.22 (s, 1H), 8.12 — 8.05 (m, 1H), 8.05 — 7.91 (m,

2H), 7.78 — 7.72 (m, 1H), 7.72 — 7.54 (m, 2H), 4.26 (d, J = 11.2 Hz, 1H), 3.86 (dd, J =
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10.8, 8.8 Hz, 1H), 3.75 (s, 3H), 3.66 (s, 3H), 2.62 (dd, J = 16.4, 8.0 Hz, 1H), 1.82 —
1.29 (m, 6H).

BCc{*H} NMR (101 MHz, CDCl3) & = 168.4, 168.1, 155.7, 133.7, 133.1, 131.4, 130.3,
128.9, 128.2, 128.1, 127.7, 125.5, 123.2, 54.3, 53.1, 39.1, 38.5, 27.4, 25.4, 18.2.
HRMS (ESI-FT) calcd for CpiHasNsOs™ ([M+H']) = 395.1714, Found 395.1710.
Chiral HPLC spectrum 4g:
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Dimethyl 2-{cyclopropyl[1-(naphthalen-2-yI)-1H-tetrazol-5-ylJmethyl}malonate (4h)

CO,Me
MeOZC
- ~
| /N
e O
4h

Coreless oil; 30% yield, 55:45 e.r.; [o]*p = —17.0 (¢ = 0.19 in CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tg (minor) = 12.58 min, tg (major) = 20.87 min.

IR (neat): 2957, 1744, 1440, 1315, 1267, 1026 and 752 cm™.

'H NMR (400 MHz, CDCl3) & = 8.23 -8.16 (m, 1H), 8.10 — 8.04 (m, 1H), 8.04 —7.91
24



(m, 2H), 7.73 (dd, J = 8.8, 2.0 Hz, 1H), 7.70 — 7.53 (m, 2H), 4.47 (d, J = 11.2 Hz, 1H),
3.79 (s, 3H), 3.69 (s, 3H), 3.29 — 3.18 (m, 1H), 1.11 — 0.98 (m, 1H), 0.52 — 0.41 (m,
1H), 0.33 - 0.23 (m, 1H), 0.00 — -0.06 (m, 1H), -0.21 — -0.33 (m, 1H).

B3C{H} NMR (101 MHz, CDCls) & = 168.4, 168.3, 156.8, 133.8, 133.1, 131.3, 130.3,
128.8, 128.2, 128.1, 127.7, 125.4, 123.1, 77.48, 55.7, 53.1, 53.0, 38.6, 14.3, 5.2, 2.3.
HRMS (ESI-FT) calcd for CaoH21N4O4" ([M+H']) = 381.1557, Found 381.1554.
Chiral HPLC spectrum 4h:
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Dimethyl (S)-2-{2-methyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]propyl}malonate (4i)

COzMe
M802C

-0
| /N
RARS

4i

White solid; m.p. 124-126 °C; 72% yield, 96:4 e.r.; [a]*> = —78.0 (c = 0.47 in
CHCL).
HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A = 254 nm, tg (minor) = 9.06 min, tg (major) = 11.70 min.
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IR (neat): 2960, 1746, 1512, 1440, 1308, 1265, 864, 814 and 752 cm™.

'H NMR (400 MHz, CDCl3) & = 8.27 (s, 1H), 8.10 — 8.02 (m, 1H), 8.02 — 7.89 (m,
2H), 7.81 — 7.74 (m, 1H), 7.71 — 7.57 (m, 2H), 4.49 (d, J = 11.6 Hz, 1H), 3.96 (dd, J =
11.6, 4.0 Hz, 1H), 3.79 (s, 3H), 3.69 (s, 3H), 2.01 — 1.79 (m, 1H), 0.93 (d, J = 6.8 Hz,
3H), 0.50 (d, J = 6.8 Hz, 3H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.6, 168.3, 154.5, 133.7, 133.1, 131.7, 130.2,
128.8,128.1, 128.0, 127.6, 125.5, 123.2, 54.1, 53.2, 39.6, 30.2, 21.3, 16.9.

HRMS (ESI-FT) calcd for CxoH23N4O4" ([M+H™]) = 383.1714, Found 383.1708.
Chiral HPLC spectrum 4i:
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Dibenzyl 2-{2-methyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]propyl}malonate (4j)

CO,Bn
BnO,C
)
| /N
4

Coreless oil; 84% yield, 96:4 e.r.; [a]*'b

71.8 (c = 0.62 in CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0

26



mL/min, A =254 nm, tg (minor) = 10.85 min, tz (major) = 13.06 min.

IR (neat): 2967, 1746, 1504, 1462, 1377, 1265, 1175, 748 and 698 cm™.

'H NMR (400 MHz, CDCls) & = 8.18 (s, 1H), 8.05 — 8.00 (m, 1H), 8.00 — 7.88 (m,
2H), 7.75 — 7.68 (m, 1H), 7.68 — 7.54 (m, 2H), 7.37 — 7.13 (m, 10H), 5.18 (s, 2H),
5.10 — 4.99 (m, 2H), 4.57 (d, J = 11.6 Hz, 1H), 3.98 (dd, J = 11.6, 4.0 Hz, 1H), 1.91 —
1.75 (m, 1H), 0.88 (d, J = 6.8 Hz, 3H), 0.42 (d, J = 6.8 Hz, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 167.9, 167.6, 154.4, 135.0, 134.9, 133.6, 133.0,
131.6, 130.1, 128.8, 128.7, 128.7, 128.6, 128.3, 128.1,, 128.0, 127.6, 125.3, 123.2,
67.9, 67.8, 54.4, 39.6, 30.2, 21.3, 16.9.

HRMS (ESI-FT) calcd for CsHaiN4O4" ([M+H']) = 535.2340, Found 535.2335.
Chiral HPLC spectrum 4j:
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Dimethyl 2-{1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]ethyl}malonate (4k)

CO,Me
MeOZC

Coreless oil; 70% yield, 86.5:13.5 e.r.; [a]*'p
27

=—66.0 (¢ = 0.34 in CH,CL,).



HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tg (minor) = 15.30 min, tzg (major) = 24.69 min.

IR (neat): 2961, 1744, 1510, 1439, 1246, 1036 and 825 cm™,

'H NMR (400 MHz, CDCl3) & = 8.12 — 8.04 (m, 2H), 8.01 — 7.89 (m, 2H), 7.74 —
7.59 (m, 3H), 4.32 (d, J = 11.2 Hz, 1H), 3.88 — 3.82 (m, 1H), 3.77 (s, 3H), 3.66 (s,
3H), 1.23 (d, J = 6.8 Hz, 3H).

BCc{*H} NMR (101 MHz, CDCl3) & = 168.1, 158.0, 133.8, 133.1, 131.0, 130.5, 128.7,
128.2,127.8, 125.1, 122.7, 56.0, 53.2, 53.1, 29.4, 18.3.

HRMS (ESI-FT) calcd for CigHisNsOs™ ([M+H']) = 355.1401, Found 355.1404.
Chiral HPLC spectrum 4k:
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Dibenzyl 2-{3-methyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]butyl}malonate (4I)

Bn02C

N7 N

1
N=N

4|

Coreless oil; 93% yield, 86:14 e.r.; [o]*p = —34.8 (¢ = 0.81 in CH,Cl,).
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HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tg (minor) = 18.17 min, tzg (major) = 13.15 min.

IR (neat): 2961, 1750, 1601, 1506, 1450, 1377, 1258, 1175, 820, 746 and 698 cm™.
'H NMR (400 MHz, CDCls) & = 8.15 (s, 1H), 8.08 — 8.00 (m, 1H), 7.99 — 7.88 (m,
2H), 7.74 — 7.56 (m, 3H), 7.37 — 7.15 (m, 10H), 5.26 — 4.98 (m, 4H), 4.39 (d, J = 11.2
Hz, 1H), 3.99 — 3.84 (m, 1H), 1.76 — 1.66 (m, 1H), 1.29 — 1.18 (m, 1H), 1.00 — 0.81
(m, 1H), 0.60 (d, J = 6.8 Hz, 3H), 0.17 (d, J = 6.8 Hz, 3H).

B3C{*H} NMR (101 MHz, CDCls) & = 167.6, 167.4, 157.3, 135.0, 134.9, 133.6, 133.0,
131.3, 130.2, 128.8, 128.7, 128.6, 128.1, 128.1, 128.0, 127.6, 125.1, 122.9, 77.48,
67.8, 56.6, 43.1, 32.8, 25.3, 23.5, 20.7.

HRMS (ESI-FT) calcd for CssHasN4O4* ([M+H™]) = 549.2496, Found 594.2502.
Chiral HPLC spectrum 4l:
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Dibenzyl 2-{1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]pentyl}malonate (4m)

COan

L

N=N
4m
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Coreless oil; 56% yield, 88.5:11.5 e.r.; [a]*'p = —38.8 (¢ = 0.45 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 6.36 min, tg (Major) = 8.32 min.

IR (neat): 2957, 1746, 1504, 1452, 1377, 1174, 746 and 698 cm™.

'H NMR (400 MHz, CDCl3) & = 8.08 (s, 1H), 8.06 — 8.00 (m, 1H), 7.95 (dd, J = 17.2,
7.6 Hz, 2H), 7.71 — 7.57 (m, 3H), 7.38 — 7.14 (m, 10H), 5.19 (d, J = 12.8 Hz, 2H),
5.11 — 4.99 (m, 2H), 4.44 (d, J = 11.2 Hz, 1H), 3.93 — 3.77 (m, 3.8 Hz, 1H), 1.73 —
1.58 (m, 1H), 1.50 — 1.40 (m, 1H), 0.99 — 0.67 (m, 4H), 0.61 (t, J = 6.8 Hz, 3H).
BC{*H} NMR (101 MHz, CDCl3) & = 167.6, 167.5, 156.9, 135.0, 134.9, 133.7, 133.0,
131.2, 130.2, 128.8, 128.7, 128.6, 128.5, 128.1, 127.7, 125.3, 123.0, 67.8, 55.8, 34.3,
32.7,28.2,22.2, 13.6.

HRMS (ESI-FT) calcd for CssHasNsO4F ([M+H']) = 549.2496, Found 549.2494.
Chiral HPLC spectrum 4m:
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Dimethyl 2-{cyclohexyl[1-(4-nitrophenyl)-1H-tetrazol-5-ylJmethyl}malonate (4n)
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White solid; m.p. 92-96 °C; 50% vyield, 90.5:9.5 e.r.; [a]*’o = —97.0 (c = 0.27 in
CH,CL).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 14.14 min, tzg (major) = 15.73 min.

IR (neat): 2930, 1744, 1605, 1531, 1443, 1346 and 860 cm™.

'H NMR (400 MHz, CDCls) & = 8.61 — 8.34 (m, 2H), 8.18 — 7.86 (m, 2H), 4.49 (dd, J
= 11.6, 1.6 Hz, 1H), 3.95 — 3.74 (m, 4H), 3.65 (s, 3H), 1.75 (dd, J = 26.0, 12.8 Hz,
2H), 1.59 — 1.47 (m, 3H), 1.14 — 0.80 (m, 5H), 0.44 — 0.27 (m, 1H).

BC{*H} NMR (101 MHz, CDCl3) & = 168.9, 168.1, 155.1, 148.7, 139.3, 127.2, 125.4,
53.4,40.4, 39.6, 31.9, 27.3, 26.3, 26.0, 25.7.

HRMS (ESI-FT) calcd for C19H24NsOs™ ([M+H*]) = 418.1721, Found 418.1719.
Chiral HPLC spectrum 4n:

- R \
I

SN
2.00 400 600 800 10/00 1200 1400 16000 1800
MN

Retention Time Area % Area

1 14.207 4694704 49.89

2 15.841 4714854 50.11
1

0.20

0.15] fits)

2 0.107

0.05

me

0.00 i 7
- — T T T T T T T T T T T —r T
0.00 1.00 2.00 3.00 400 5.00 6.00 7.00 8.00 9.00 1000 1100 1200 1300 1400 1500 1600 17.00 18.00
MIN

Retention Time Area % Area
1 14.143 668070 9.34
2 15.726 6482836 90.66

31



Dimethyl 2-{[1-(naphthalen-2-yl)-1H-tetrazol-5-yl](phenyl)methyl}malonate (40)

CO,Me
MeO,C

1N
A
40

Coreless oil; 50% yield, 90.5:9.5 e.r.; [a]*°p = —25.6 (¢ = 0.75 in CH,Cl,).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 1.0

mL/min, A =254 nm, tg (minor) = 7.70 min, tg (Major) = 7.77 min.

IR (neat): 1746, 1597,1440, 1307, 1261, 1184, 864,820 and 750 cm™.

'H NMR (400 MHz, CDCls) & = 8.02 — 7.93 (m, 2H), 7.86 — 7.81 (m, J = 7.7, 1H),
7.78 — 7.74 (m, 1H), 7.67 — 7.58 (m, 2H), 7.40 (dd, J = 8.8, 2.4 Hz, 1H), 7.27 — 7.22
(m, 3H), 7.19 — 7.13 (m, 2H), 4.88 — 4.82 (m, 1H), 4.79 — 4.70 (m, 1H), 3.71 (s, 3H),
3.42 (s, 3H).

3C{*H} NMR (101 MHz, CDCls) & = 167.9, 167.2, 155.9, 134.7, 133.8, 132.9, 130.7,
130.2, 129.1, 128.8, 128.7, 128.6, 128.1, 127.7, 125.2, 122.8, 57.0, 53.3,, 52.8, 40.8.
HRMS (ESI-FT) calcd for Co3H2N4O," ([IM+H']) = 417.1557, Found 417.1551.
Chiral HPLC spectrum 4o:
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Dimethyl 2-{[1-(naphthalen-2-yl)-1H-tetrazol-5-yl](p-tolyl)methyl}malonate (4p)

CO,Me
MeO,C Me

L

I /N

O
4p

Coreless oil; 51% yield, 90.5:9.5 e.r.; [a]*°5 = +63.7 (¢ = 0.35 in CH,Cly, A = 405 nm).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 7.21 min, tg (major) = 7.90 min.

IR (neat): 1746, 1516, 1439, 1305, 1261, 1163, 812 and 750 cm™.

'H NMR (400 MHz, CDCl3) & = 8.03 — 7.93 (m, 2H), 7.87 — 7.83 (m, 1H), 7.80 —
7.78 (m, 1H), 7.69 — 7.56 (m, 2H), 7.42 (dd, J = 8.4, 2.0 Hz, 1H), 7.05 (s, 4H), 4.84 —
4.78 (m, 1H), 4.78 — 4.69 (m, 1H), 3.70 (s, 3H), 3.44 (s, 3H), 2.29 (s, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 168.0, 167.3, 156.1, 138.6, 133.8, 132.9, 131.6,
130.8, 130.2, 129.9, 128.6, 128.2, 128.1, 127.7, 125.2, 122.9, 57.1, 53.3, 53.2, 52.8,
40.5, 21.2.

HRMS (ESI-FT) calcd for CosH23N4O," ([IM+H']) = 431.1714, Found 431.1709.
Chiral HPLC spectrum 4p:
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Dimethyl 2-{[1-(naphthalen-2-yl)-1H-tetrazol-5-yl](m-tolyl)methyl}malonate (4q)

CO,Me
MeOZC

| /N
SRR
4q

Coreless oil; 45% yield, 89:11 e.r.; [a]*®5 = —24.0 (c = 0.34 in CH,Cl,).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 1.0

mL/min, A =254 nm, tg (minor) = 6.28 min, tg (Major) = 6.52 min.

IR (neat): 1746, 1439, 1306, 1261, 1161 and 822 cm™.

'H NMR (400 MHz, CDCls) & = 8.02 — 7.95 (m, 2H), 7.86 — 7.81 (m, 1H), 7.76 —
7.73 (m, 1H), 7.68 — 7.58 (m, 2H), 7.41 (dd, J = 8.4, 2.0 Hz, 1H), 7.16 — 7.04 (m, 2H),
6.99 — 6.96 (m, 1H), 6.94 — 6.89 (M, 1H), 4.82 — 4.77 (m, 1H), 4.77 — 4.71 (m, 1H),
3.70 (s, 3H), 3.43 (s, 3H), 2.23 (s, 3H).

3C{*H} NMR (101 MHz, CDCls) & = 168.0, 167.3, 156.0, 139.0, 134.6, 133.8, 132.9,
130.8, 130.1, 129.5, 129.3, 129.0, 128.6, 128.2, 128.1, 127.7, 125.9, 125.3, 122.9,
57.01, 53.3, 52.8, 40.8, 21.4.

HRMS (ESI-FT) calcd for CosHasN4O4* ([M+H™]) = 431.1714, Found 431.1707.
Chiral HPLC spectrum 4qQ:
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Dimethyl 2-{(4-bromophenyl)[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4r)

COZMe
MeO,C Br

| /N
L
4r

Coreless oil; 61% yield, 92.5:7.5 e.r.; [a]*°p = +63.3 (¢ = 0.51 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 7.69 min, tg (major) = 8.33 min.

IR (neat): 1746, 1483, 1439, 1306, 1258, 1184, 1018, 860, 812 and 750 cm™.

'H NMR (400 MHz, CDCls) & = 8.04 — 7.96 (m, 2H), 7.90 — 7.85 (m, 1H), 7.81 —
7.78 (m, 1H), 7.70 — 7.60 (m, 2H), 7.43 — 7.35 (m, 3H), 7.07 — 7.01 (m, 2H), 4.85 —
4.80 (m, 1H), 4.76 — 4.68 (m, 1H), 3.71 (s, 3H), 3.47 (s, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 167.7, 167.1, 155.6, 133.9, 133.7, 132.9, 132.4,
130.6, 130.4, 130.3, 128.6, 128.3, 128.2, 127.9, 125.3, 123.0, 122.7, 56.8, 53.4, 53.0,
40.2.

HRMS (ESI-FT) calcd for CosHao°BrN4O4* ([M+H']) = 495.0062, Found 495.0658;
CasH2o'BrN,O,* ([M+H"]) = 497.0642, Found 497.0638.

Chiral HPLC spectrum 4r:
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Dimethyl 2-{(4-chlorophenyl)[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4s)

COQMe
MeO,C Cl

N - O
1N
4s

Coreless oil; 56% yield, 91.5:8.5 e.r.; [a]*°p = +27.5 (c = 0.35 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 6.18 min, tg (Major) = 6.62 min.

IR (neat): 1746, 1483, 1439, 1306, 1258, 1184, 812 and 750 cm™.

'H NMR (400 MHz, CDCls) & = 8.05 — 7.95 (m, 2H), 7.91 — 7.85 (m, 1H), 7.79 (d, J
= 2.0 Hz, 1H), 7.70 — 7.60 (m, 2H), 7.40 (dd, J = 8.8, 2.0 Hz, 1H), 7.25 — 7.19 (m,
2H), 7.16 — 7.05 (m, 2H), 4.86 — 4.80 (m, 1H), 4.76 — 4.68 (m, 1H), 3.71 (s, 3H), 3.47
(s, 3H).

B3C{*H} NMR (101 MHz, CDCls) 8 = 167.7, 167.1, 155.7, 134.9, 133.9, 133.2, 132.9,
130.6, 130.4, 130.1, 129.4, 128.6, 128.3, 128.2, 127.9, 125.3, 122.7, 56.9, 53.4, 53.4,
53.0, 40.1.

HRMS (ESI-FT) calcd for CosHao®CIN4O4" ([M+H']) = 451.1168, Found 451.1168;
CasHa0¥ CIN4O4" ([M+H']) = 453.1138, Found 453.1139.

Chiral HPLC spectrum 4s:
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Retention Time % Area % Height
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Dimethyl 2-{(3-chlorophenyl)[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4t)

CO,Me
M602C

Coreless oil; 40% yield, 88.5:11.5 e.r.; [0]*®°p = —11.1 (c = 0.25 in CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 9.02 min, tg (major) = 14.87 min.

IR (neat): 1748, 1439, 1302, 1260, 1186, 1161, 820, 754 and 696 cm™.

'H NMR (400 MHz, CDCls) & = 8.06 — 7.94 (m, 2H), 7.90 — 7.86 (m, 1H), 7.80 —
7.77 (m, 1H), 7.70 — 7.60 (m, 2H), 7.40 (dd, J = 8.4, 2.0 Hz, 1H), 7.28 — 7.24 (m, 1H),
7.22 —7.16 (m, 2H), 7.10 — 7.04 (m, 1H), 4.86 — 4.78 (m, 1H), 4.77 — 4.67 (m, 1H),
3.71 (s, 3H), 3.47 (s, 3H).

BC{*H} NMR (101 MHz, CDCls) & = 167.7, 167.0, 155.5, 136.7, 135.1, 133.9, 132.9,
130.6, 130.4, 129.1, 129.0, 128.6, 128.3, 128.2, 127.9, 127.0, 125.3, 122.7, 56.9, 53.4,
53.0, 40.4.

HRMS (ESI-FT) calcd for Co3Ho0°CINGO," ([M+H']) = 451.1168, Found 451.1161;
CasH20 " CIN,O," ([M+H]) = 453.1138, Found 453.1138.

Chiral HPLC spectrum 4t:
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Dimethyl 2-{(2-chlorophenyl)[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4u)

CO,Me
MEOZC

W
1N
4u

Coreless oil; 33% yield, 77:23 e.r.; [0]*5 = —55.7 (c = 0.34 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 8.16 min, tg (Major) = 9.53 min.

IR (neat): 1746, 1439, 1303, 1250, 1184, 1163, 1036, 862, 820 and 756 cm™.

'H NMR (400 MHz, CDCl3) & = 8.03 — 7.92 (m, 2H), 7.90 — 7.85 (m, 1H), 7.83 —
7.79 (m, 1H), 7.67 — 7.57 (m, 3H), 7.43 (dd, J = 8.8, 2.4 Hz, 1H), 7.28 — 7.13 (m, 3H),
5.60 (d, J = 12.0 Hz, 1H), 4.75 (d, J = 11.8 Hz, 1H), 3.74 (s, 3H), 3.45 (s, 3H).
3C{*H} NMR (101 MHz, CDCls) & = 167.9, 166.6, 156.1, 133.9, 133.8, 133.0, 132.5,
130.8, 130.6, 130.2, 130.0, 129.9, 128.7, 128.1, 127.9, 127.6, 125.5, 122.9, 56.8, 53.3,
52.8, 36.0.

HRMS (ESI-FT) calcd for CasHa0 CINAOs™ ([M+H']) = 451.1168, Found 451.1163;
CasHa20>"CIN,O," ([M+H"]) = 453.1138, Found 453.1140.

Chiral HPLC spectrum 4u:
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Dimethyl 2-{naphthalen-2-yI[1-(naphthalen-2-yl)-1H-tetrazol-5-ylJmethyl}malonate (4v)

COzMe
S
| /N

4v

Coreless oil; 39% yield, 88:12 e.r.; [0]®p = +73.0 (¢ = 0.22 in CH,CL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 80/20, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 8.71 min, tg (Major) = 9.96 min.

IR (neat): 1746, 1439, 1312, 1265, 1161, 816 and 748 cm™.

'H NMR (400 MHz, CDCls) § = 8.02 — 7.94 (m, 2H), 7.82 — 7.73 (m, 4H), 7.70 —
7.57 (m, 4H), 7.72 — 7.44 (m, 2H), 7.39 (dd, J = 8.8, 2.0 Hz, 1H), 7.33 (dd, J = 8.8,
2.0 Hz, 1H), 5.05 — 4.97 (m, 1H), 4.92 — 4.81 (m, 1H), 3.73 (s, 3H), 3.36 (s, 3H).
BC{*H} NMR (101 MHz, CDCl3) & = 167.9, 167.3, 156.0, 133.9, 133.3, 133.1, 132.9,
132.1, 130.8, 130.2, 129.1, 128.6, 128.4, 128.2, 128.1, 127.8, 127.8, 126.9, 126.8,
125.8,125.4, 122.9, 57.1, 53.4, 52.9, 41.0.

HRMS (ESI-FT) calcd for C,7H23N4O," ([IM+H']) = 467.1714, Found 467.1709.
Chiral HPLC spectrum 4v:
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Dimethyl 2-{(1S,3S)-3,7-dimethyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]oct-6-en-1-yl}

malonate (4w)

COzMe
WCO Me
N~ N/“
N=N
4w

Coreless oil; 47% yield, 2.8:1 d.r.; [a]®p = -59.51 (¢ = 0.37 in CH,Cl,).
IR (neat): 1752, 1737, 1437, 1274, 1254, 1155, 1104, 818 and 750 cm™.

'H NMR (400 MHz, CDCls) & = 8.28 — 8.20 (m, 1H), 8.10 — 8.04 (m, 1H), 8.01 —
7.92 (m, 2H), 7.81 (dd, J = 8.8, 2.2 Hz, 0.74H), 7.75 (dd, J = 8.8, 2.2 Hz, 0.29H), 7.69

—7.58 (m, 2H), 4.82 (td, J = 7.0, 3.4 Hz, 0.26H), 4.35 — 4.28 (m, 1H), 4.23 (td, J = 7.0,

6.2, 3.4 Hz, 1H), 4.05 — 3.90 (m, 1H), 3.78 (s, 3H), 3.67 (s, 3H), 1.87 — 1.60 (M, 4H),

1.53 — 1.40 (m, 3H), 1.30 (s, 2H), 1.23 — 1.13 (m, 1H), 0.88 — 0.71 (m, 1H), 0.62 (d, J

= 6.4 Hz, 2H), 0.24 (d, J = 6.4 Hz, 0.78H).

BC{*H} NMR (101 MHz, CDCl3) & = 168.4, 168.2, 157.4, 157.3, 133.7, 133.1, 131.8,
131.4, 131.2, 130.4, 130.3, 128.8, 128.2, 128.1, 127.7, 125.3, 124.9, 124.0, 123.9,
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123.0, 122.7, 56.3, 53.2, 41.9, 41.4, 37.6, 35.4, 32.5, 30.4, 29.6, 25.8, 25.6, 25.1, 25.0,
20.2,18.4,17.8, 17.4.
HRMS (ESI-FT) calcd for CagHasNsO4* ([M+H*]) = 465.2496, Found 465.2496.

Dimethyl 2-{1-cyclohexyl-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yI]-2-(naphthalen-2-ylimino)

ethyl}malonate (5a)

Yellow solid; m.p. 54-56 °C; 91% vyield, 94.5:5.5 e.r.; [o]*p = —158.8 (c = 0.67 in
CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tg (minor) = 9.13 min, tg (Major) = 11.64 min.

IR (neat): 2930, 2855, 1738, 1630, 1510, 1439, 1265, 1155, 856, 814 and 745 cm™.

'H NMR (400 MHz, CDCls) § = 7.70 — 7.69(m, 1H), 7.57 — 7.46 (m, 4H), 7.36 — 7.27
(m, 3H), 7.26 — 7.20 (m, 1H), 7.03 (dd, J = 18.4, 8.4 Hz, 2H), 6.73 (d, J = 8.8 Hz, 1H),
6.27 (s, 1H), 6.07 (d, J = 8.6 Hz, 1H), 4.35 (d, J = 8.8 Hz, 1H), 4.13 (dd, J = 8.8, 4.8
Hz, 1H), 3.79 (s, 3H), 3.72 (s, 3H), 2.21 (s, 1H), 2.06 — 1.85 (m, 4H), 1.78 — 1.72 (m,
1H), 1.41 - 1.19 (m, 5H).

BC{*H} NMR (101 MHz, CDCls) & = 169.8, 169.3, 156.7, 150.1, 145.7, 133.3, 133.2,
132.6, 131.0, 129.1, 128.5, 128.3, 127.7, 127.6, 127.4, 127.4, 127.2, 126.4, 125.5,
122.9, 121.0, 119.3, 115.9, 53.3, 53.0, 52.8, 52.5, 40.0, 31.3, 29.3, 27.0, 26.9, 26.4.
HRMS (ESI-FT) calcd for Ca4H34NsO," ([IM+H']) = 576.2605, Found 576.2604.
Chiral HPLC spectrum 5a:
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Dimethyl 2-{1-cycloheptyl-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-ylimino)

ethyl}malonate (5b)

MeO,C
A
MeO,C
N/
e,
5b

Yellow solid; m.p. 100-102 °C; 84% yield, 93.5:6.5 e.r.; [a]*> = —184.3 (c = 0.78 in
CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 8.64 min, tg (major) = 12.34 min.

IR (neat): 2926, 1738, 1510, 1439, 1265, 1152, 1028, 858, 814 and 746 cm™.

'H NMR (400 MHz, CDCl3) & = 7.74 — 7.70 (m, 1H), 7.57 — 7.44 (m, 4H), 7.39 —
7.27 (m, 3H), 7.12 — 7.00 (m, 1H), 7.10 — 7.01 (m, 2H), 6.28 (s, 1H), 6.08 (d, J = 8.2
Hz, 1H), 4.30 — 4.40 (m, 1H), 4.28— 4.16 (m, 1H), 3.80 (s, 3H), 3.69 (s, 3H), 2.40 (s,

1H), 2.00 (s, 2H), 1.82 (s, 2H), 1.69 — 1.45 (m, 8H).
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BC{'H} NMR (101 MHz, CDCls) & = 169.6, 169.3, 156.8, 149.9, 145.5, 133.3, 133.2,
132.6, 130.9, 130.9, 129.2, 128.5, 128.3, 127.7, 127.6, 127.5, 127.4, 127.3, 126.4,
1255, 122.9, 121.0, 119.3, 116.0, 54.2, 52.9, 52.8, 52.6, 41.2, 32.4, 30.1, 27.7, 27.6,
275, 27.5.

HRMS (ESI-FT) calcd for CasHasNsOs* ([M+H']) = 590.2762, Found 590.2756.
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Chiral HPLC spectrum 5b:
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Dimethyl 2-{1-cyclopentyl-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-ylimino)

ethyl}malonate (5¢)

MeO,C
A
MeO,C
N/
)
5c

Yellow solid; m.p. 52-54 °C; 98% yield, 90:10 e.r.; [o]*p = +10.0 (c = 1.02 in
CH,CI).
HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 70/30, flow rate = 1.0
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mL/min, A =254 nm, tg (minor) = 11.00 min, tg (major) = 11.48 min.

IR (neat): 2955, 1740, 1510, 1439, 1267, 1157, 858, 816 and 746 cm™.

'H NMR (400 MHz, CDCl3) & = 8.12 (s, 0.24H), 7.94 — 7.84 (m, 1H), 7.75 — 7.62 (m,
2.52H), 7.58 — 7.12 (m, 9.26H), 7.01 (d, J = 8.0 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H),
6.78 (d, J = 8.4 Hz, 1H), 6.25 (s, 1H), 6.05 (d, J = 8.8 Hz, 1H), 4.59 (d, J = 9.6 Hz,
0.22H), 4.20 (d, J = 4.4 Hz, 1H), 4.00 (dd, J = 9.6, 4.4 Hz, 1.25H), 3.80 (s, 3H), 3.72
(m, 3.76 — 3.67, 1.32H ), 2.84 — 2.46 (m, 1H), 2.61 — 2.55 (m, 0.21H), 2.18 — 2.06 (m,
1H), 2.02 — 1.92 (m, 1H), 1.87 — 1.75 (m, 2.75H), 1.72 — 1.59 (m, 2.97H), 1.41 (m,
1H), 0.99 — 0.69 (m, 1.5H).

3C{*H} NMR (101 MHz, CDCls) 8 = 170.1, 169.0, 157.3, 150.5, 146.0, 133.2, 133.1,
132.7, 131.2, 131.0, 128.9, 128.5, 128.4, 127.6, 127.4, 127.4, 126.3, 125.5, 123.0,
121.1, 119.1, 115.6, 54.9, 53.0, 43.2, 31.2, 30.9, 25.3, 25.1.

HRMS (ESI-FT) calcd for CasHsoNsO4* ([M+H*]) = 562.2449, Found 562.2445.
Chiral HPLC spectrum 5c:
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Dimethyl 2-{1-cyclobutyl-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-ylimino)

ethyl}malonate (5d)

MeO,C O
A
MeOZC
NS
N
5d

Yellow solid; m.p. 48-52 °C; 91% vyield, 83:17 e.r.; [o]*'> = -93.12 (c = 0.87 in
CH.CL).
HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A =254 nm, tg (minor) = 9.93 min, tg (major) = 13.45 min.

IR (neat): 2953, 1740, 1508, 1437, 1267, 1157, 1022, 858, 816 and 746 cm™.

'H NMR (400 MHz, CDCls) § = 8.11 (s, 0.5H), 7.93 — 7.81 (m, 1.5H), 7.78 — 7.66 (m,
3H), 7.57 — 7.24 (m, 9.5H), 7.23 — 7.15 (m, 1.5H), 7.04 — 6.91 (m, 2.5H), 6.85 — 6.75
(m, 1H), 6.25 (s, 1H), 6.09 — 6.00 (m, 1H), 4.55 (d, J = 10.8 Hz, 0.5H), 4.20 — 4.13 (m,
1H), 4.08 (d, J = 6.6 Hz, 1H), 3.96 (t, J = 10.8 Hz, 0.5H), 3.87 — 3.63 (m, 9H), 3.27 —
3.09 (m, 1.5H), 2.27 — 2.11 (m, 2H), 2.08 — 1.76 (m, 5H), 1.76 — 1.66 (m, 1H), 1.54 —
1.45 (m, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.4, 169.1, 169.0, 156.4, 155.2, 150.9, 149.9,
145.7, 133.8, 133.4, 133.3, 133.2, 133.1, 132.8, 132.6, 131.0, 130.9, 129.1, 128.9,
128.5, 128.4, 128.0, 127.8, 127.6, 127.5, 127.4, 127.2, 126.6, 126.3, 125.5, 125.2,
124.8, 123.3, 122.8, 120.8, 120.1, 119.2, 116.0, 115.2, 53.9, 53.6, 53.4, 53.1, 52.9,
47.5, 38.3, 38.2, 28.6, 28.1, 27.4, 27.3, 27.0, 18.4, 18.2.

HRMS (ESI-FT) calcd for C3,H3oNs04" ([M+H"]) = 548.2292, Found 548.2299.
Chiral HPLC spectrum 5d:
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Dimethyl 2-{3,3-dimethyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-1-(naphthalen-2-ylimino)

butan-2-yl}malonate (5e)

MeO,C O
A
MeOZC
N/
AL
5e

Yellow solid; m.p. 50-54 °C; 92% yield, 87:13 e.r.; [a]*p = —330.56 (c = 0.67 in
CH,CI).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tz (minor) = 8.88 min, tg (major) = 12.04 min.

IR (neat): 2961, 1740, 1506, 1292, 1217, 1157, 858, 816 and 745 cm™.

'H NMR (400 MHz, CDCl3) & = 8.11 (s, 0.38H), 8.03 — 7.89 (m, 1.36H), 7.78 — 7.57

(m, 3.73H), 7.57 — 7.19 (m, 9.42H), 7.14 — 7.08 (m, 1H), 7.00 (d, J = 8.6 Hz, 1H),
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6.92 — 6.84 (M, 1.33H), 6.40 (s, 1H), 6.20 (dd, J = 8.6, 2.0 Hz, 1H), 4.73 (d, J = 10.4
Hz, 0.36H), 4.33 (d, J = 8.0 Hz, 1H), 4.28 — 4.23 (m, 1.36H), 3.82 (s, 1H), 3.76 — 3.70
(M, 4H), 3.65 (s, 3H), 1.22 (s, 9H), 0.65 (s, 3.35H).

B3C{*H} NMR (101 MHz, CDCls) & = 170.3, 169.9, 169.6, 156.7, 155.8, 152.8, 150.7,
146.1, 145.6, 133.8, 133.6, 133.4, 133.1, 133.0, 132.6, 132.6, 131.4, 131.1, 131.0,
129.0, 128.8, 128.7, 128.6, 128.5, 128.4, 128.1, 127.9, 127.7, 127.6, 127.6, 127.5,

127.4, 127.2, 126.4, 126.3, 125.5, 125.2, 1245, 123.5, 121.3, 120.5, 119.4, 115.9,

115.5, 56.5, 54.1, 53.4, 53.3, 53.0, 52.9, 52.8, 49.1, 36.1, 35.4, 28.8, 27.0.
HRMS (ESI-FT) calcd for CsHzNsO4" ([M+H']) = 550.2449, Found 550.2444.
Chiral HPLC spectrum 5e:
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Dimethyl 2-{4-methyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-1-(naphthalen-2-ylimino)

pentan-2-yl}malonate (5f)

MeOzC

MeOZC

[}j/
N=N/
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Yellow solid; m.p. 40-42 °C; 99% vyield, 87:13 e.r.; [a]?p = —141.5 (c = 0.92 in
CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tg (minor) = 6.93 min, tg (major) = 8.00 min.

IR (neat): 3057, 2957, 1738, 1597, 1508, 1437, 1265, 1159, 858, 816, 742 and 476
cm™.

'H NMR (400 MHz, CDCl3) & = 8.13 (s, 0.40H), 7.98 — 7.84 (m, 1.40H), 7.81 — 7.68
(m, 3H), 7.62 — 7.21 (m, 10.60H), 7.16 — 7.04 (m, 2.40H), 6.93 (d, J = 8.4 Hz, 0.40H),
6.78 (d, J = 8.4 Hz, 1H), 6.31 (s, 1H), 6.10 (d, J = 8.4 Hz, 1H), 4.64 (d, J = 11.0 Hz,
0.40H), 4.31 (d, J = 7.6 Hz, 1H), 4.20 — 4.12 (m, 1.40H), 3.84 — 3.74 (m, 8.40H), 2.20
—2.11 (m, 1.40H), 1.99 — 1.88 (m, 1H), 1.85 — 1.73 (m, 1H), 1.33 — 1.29 (m, 0.80H),
1.11 (d, J = 6.4 Hz, 3H), 1.04 (d, J = 6.4 Hz, 1H), 0.75 (d, J = 5.6 Hz, 1.20H), 0.26 (d,
J =5.6 Hz, 1.20H).

3C{*H} NMR (101 MHz, CDCls) & = 169.1, 168.9, 157.3, 157.0, 150.9, 149.6, 145.5,
145.4, 133.7, 133.5, 133.3, 133.2, 132.8, 132.6, 131.0, 130.9, 130.7, 129.2, 128.9,
128.5, 128.4, 128.0, 127.8, 127.7, 127.6, 127.5, 127.4, 127.2, 126.6, 126.4, 125.6,
125.2, 124.8, 123.4, 122.8, 120.8, 119.8, 119.3, 116.3, 115.1, 54.8, 54.6, 53.1, 52.8,
46.5,41.5,40.2, 39.6, 27.0, 26.2, 25.3, 23.4, 23.1, 22.7, 21.6.

HRMS (ESI-FT) calcd for Ca;HsNsO4" ([M+H']) = 550.2449, Found 550.2446.

Chiral HPLC spectrum 5f:

Retention Time Area % Area

1 6.915 7697531 50.02

2 7.990 7690613 49.98
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Retention Time Area % Area
1 6.927 2155528 20.00
2 8.004 8623933 80.00

Dimethyl 2-{3-methyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-1-(naphthalen-2-ylimino)

butan-2-yl}malonate (5g)

MeO,C O
A
MQOQC
- ~
I/N
W)
59

Yellow solid; m.p. 88-90 °C; 93% vyield, 93:7 er.; [a]*b = —132.8 (c = 0.81 in
CH,Cl,).
HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A =254 nm, tg (minor) = 9.79 min, tg (major) = 12.44 min.

IR (neat): 2963, 1740, 1263, 1155, 1026, 858, 814, 750 and 474 cm™.

'H NMR (400 MHz, CDCls) & = 7.72 — 7.68 (m, 1H), 7.56 — 7.53 (m, 4H), 7.38 —
7.27 (m, 3H), 7.25 — 7.18 (m, 1H), 7.03 (dd, J = 18.8, 8.0 Hz, 2H), 6.84 — 6.57 (m,
1H), 6.27 (s, 1H), 6.18 — 5.90 (m, 1H), 4.32 (d, J = 8.8 Hz, 1H), 4.11 (dd, J = 8.8, 4.8
Hz, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 2.80 — 2.51 (m, 1H), 1.23 (dd, J = 16.4, 6.8 Hz,
6H).

BC{*H} NMR (101 MHz, CDCls) & = 169.7, 169.3, 156.7, 150.1, 145.6, 133.3, 133.2,
132.6, 131.0, 130.9, 129.1, 128.5, 128.4, 127.7, 127.6, 127.4, 127.2, 126.4, 125.6,
123.1, 121.0, 119.2, 115.9, 53.7, 53.0, 52.8, 52.5, 29.9, 27.0, 20.8, 18.8.

HRMS (ESI-FT) calcd for Ca;H3oNs0," ([IM+H']) = 536.2292, Found 536.2289.
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Chiral HPLC spectrum 5g:
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Dibenzyl 2-{1-[1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1H-tetrazol-5-yI]-1-[(2,3-

dihydrobenzo[b][1,4]dioxin-6-yl)imino]-3-methylbutan-2-yl}malonate (5h)

BnO,C O
NA

Bn02C O
N=—
N 0
N\N >

Yellow solid; m.p. 42-44 °C; 92% yield, 91:9 er.; [a]*’o = —110.1 (¢ = 0.76 in
CHCL).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A = 254 nm, tg (minor) = 12.03 min, tg (major) = 18.20 min.
IR (neat): 2970, 1734, 1587, 1504, 1460, 1377, 1306, 1064, 895, 812, 743 and 698

cm™.

'H NMR (400 MHz, CDCly) § = 7.34 — 7.22 (m, 10H), 6.71 — 6.65 (m, 1H), 6.59 —

6.47 (m, 2H), 6.39 (d, J = 8.4 Hz, 1H), 5.76 — 5.63 (M, 1H), 5.56 — 5.43 (m, 1H), 5.19
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—5.00 (M, 4H), 4.37 — 4.10 (m, 9H), 4.03 — 3.92 (m, 1H), 2.53 — 2.35 (m, 1H), 1.06
(dd, J = 20.4, 7.0 Hz, 6H).

BCc{*H} NMR (101 MHz, CDCl3) & = 168.8, 168.3, 155.3, 149.8, 145.0, 143.6, 142.1,
141.6, 135.5, 135.1, 128.7, 128.5, 128.5, 128.3, 128.2, 128.0, 127.0, 117.7, 117.2,
117.0, 113.5, 112.6, 109.3, 67.6, 67.5, 67.3, 64.4, 64.3, 64.2, 53.2, 53.0, 29.8, 20.3,
18.8.

HRMS (ESI-FT) calcd for CagHagNsOs™ ([M+H*]) = 704.2715, Found 704.2711.
Chiral HPLC spectrum 5h:
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Dimethyl 2-{1-cyclohexyl-2-[1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1H-tetrazol-5-yl]-2-

[(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)imino]ethyl}malonate (5i)

Yellow solid; m.p. 58-62 °C; 93% vield, 90.5:9.5 e.r.; [a]*'5 = —103.7 (c = 0.50 in
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CH.CL).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 21.55 min, tz (major) = 25.52 min.

IR (neat): 2932, 1738, 1587, 1505, 1306, 1064, 893, 812 and 737 cm™.

'H NMR (400 MHz, CDCl3) & = 6.76 — 6.68 (m, 1H), 6.61 — 6.45 (m, 2H), 6.41 (d, J
= 8.6 Hz, 1H), 5.72 (s, 1H), 5.58 (d, J = 8.6 Hz, 1H), 4.31 — 4.23 (m, 5H), 4.15 (d, J =
6.2 Hz, 4H), 3.94 (dd, J = 8.8, 3.8 Hz, 1H), 3.74 (s, 3H), 3.70 (s, 3H), 2.01 (s, 1H),
1.93 - 1.74 (m, 4H), 1.35 — 1.06 (m, 6H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.6, 169.1, 155.5, 149.9, 145.1, 143.7, 143.6,
142.2, 141.6, 127.1, 117.8, 117.2, 117.1, 113.5, 112.5, 109.3, 64.5, 64.4, 64.3, 53.2,
52.8,52.5, 40.1, 31.0, 29.3, 27.0, 26.8, 26.4.

HRMS (ESI-FT) calcd for C3oHz4NsOg" ([M+H"]) = 592.2402, Found 592.2396.
Chiral HPLC spectrum 5i:
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Diethyl 2-{1-cyclohexyl-2-[1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1H-tetrazol-5-yl]-2-

[(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)imino]ethyl}malonate (5j)

Yellow solid; m.p. 50-52 °C; 91% vyield, 93:7 e.r.; [a]*> = —119.7 (c = 0.89 in
CH,CL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 6.97 min, tg (Major) = 7.39 min.

IR (neat): 2932, 1732, 1587, 1504, 1373, 1306, 1065, 891, 864, 810, 739 and 615

cm™,

'H NMR (400 MHz, CDCl3) = 6.72 (d, J = 8.4 Hz, 1H), 6.66 — 6.45 (m, 2H), 6.44 —
6.40 (m, 1H), 5.90 — 5.68 (m, 1H), 5.67 — 5.42 (m, 1H), 4.32 — 4.12 (m, 13H), 3.95
(dd, J = 9.2, 4.0 Hz, 1H), 2.06 — 1.75 (m, 5H), 1.71 — 1.64 (m, 1H), 1.60 — 1.45 (m,
1H), 1.31 — 1.16 (m, 10H).

BC{*H} NMR (101 MHz, CDCls) § = 169.3, 168.7, 155.6, 150.0, 145.0, 143.6, 142.3,
1415, 127.2, 117.7, 117.1, 117.0, 113.5, 112.5, 109.3, 64.5, 64.3, 64.2, 61.8, 61.6,
53.0, 52.9, 40.2, 30.9, 29.5, 27.0, 26.9, 26.4, 14.2, 14.1.

HRMS (ESI-FT) calcd for C3,H3sNsOg" ([M+H"]) = 620.2715, Found 620.2713.
Chiral HPLC spectrum 5j:
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Diisopropyl 2-{1-cyclohexyl-2-[1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1H-tetrazol-5-yl]

-2-[(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)imino]ethyl}malonate (5k)

'PrO,C O
AL

iPr02C O

Yellow solid; m.p. 52-54 °C; 88% vield, 87.5:12.5 e.r.; [o]*'p = —140.3 (c = 0.80 in
CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 5.95 min, tg (Major) = 6.34 min.

IR (neat): 2982, 2932, 1728, 1587, 1504, 1458, 1306, 1103, 1065, 895, 812 and 739
cm™.

'H NMR (400 MHz, CDCl3) & = 6.83 — 6.66 (m, 1H), 6.59 — 6.50 (m, 2H), 6.49 —
6.32 (m, 1H), 5.76 — 5.66 (m, 1H), 5.63 — 5.49 (m, 1H), 5.22 — 4.75 (m, 2H), 4.40 —
4.01 (m, 8H), 3.93 (dd, J = 10.0, 4.0 Hz, 1H), 2.06 — 1.73 (m, 7H), 1.32 — 1.05 (m,
15H).

BC{*H} NMR (101 MHz, CDCls) & = 168.7, 168.4, 155.6, 150.0, 145.0, 143.6, 142.3,
141.5, 127.2, 119.5, 117.7, 117.1, 117.0, 113.6, 112.9, 112.6, 109.3, 109.0, 69.2, 64.5,
64.3, 64.2, 53.6, 52.6, 40.4, 30.8, 29.5, 27.1, 27.0, 26.4, 21.8, 21.7, 21.6, 21.5.

HRMS (ESI-FT) calcd for CsHaoNsOs' ([M+H']) = 648.3028, Found 648.3033.

54



Chiral HPLC spectrum 5k:
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Dibenzyl 2-{1-cyclohexyl-2-[1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1H-tetrazol-5-yl]

-2-[(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)imino]ethyl}malonate (51)

Yellow solid; m.p. 48-52 °C; 92% vield, 95.5:4.5 e.r.; [o]*p = —149.5 (c = 0.94 in

CH,Cl,).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A = 254 nm, tg (minor) = 20.56 min, tg (major) = 22.74 min.
IR (neat): 2928, 1732, 1503, 1375, 1063, 893, 810, 746 and 696 cm™.

'H NMR (400 MHz, CDCls) & = 7.32 (s, 5H), 7.24 (s, 5H), 6.71 — 6.62 (m, 1H), 6.60
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— 6.43 (m, 2H), 6.41 — 6.32 (m, 1H), 5.70 (s, 1H), 5.52 (d, J = 8.4 Hz, 1H), 5.23 —
5.10 (m, 3H), 5.06 (d, J = 13.2 Hz, 1H), 4.34 (d, J = 9.2 Hz, 1H), 4.30 — 4.12 (m, 8H),
4.02 —-3.94 (m, 1H), 1.92 (s, 1H), 1.83 — 1.56 (m, 5H), 1.27 — 1.02 (m, 5H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.8, 168.4, 155.3, 149.9, 145.0, 143.6, 142.2,
141.5, 135.5, 135.1, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.0 127.0, 117.7,
117.2, 117.0, 113.5, 112.6, 109.3, 67.5, 67.2, 64.4, 64.3, 64.2, 53.0, 40.1, 30.7, 29.5,
26.9, 26.7, 26.2.

HRMS (ESI-FT) calcd for C4H42Ns0s" ([M+H']) = 744.3028, Found 744.3020.
Chiral HPLC spectrum 5I:
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Dibenzyl 2-{1-cyclohexyl-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-ylimino)

ethyl}malonate (5m)
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Yellow solid; m.p. 46-50 °C; 88% yield, 92:8 e.r.; [a]*b = -173.9 (c = 0.84 in
CH,CL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 6.90 min, tg (Major) = 9.60 min.

IR (neat): 2930, 2855, 1734, 1504, 1452, 1267, 1022, 856, 814, 745, 698 and 476
cm™.

'H NMR (400 MHz, CDClg) & = 7.98 (s, 0.1H), 7.93 — 7.82 (m, 1H), 7.71 — 7.67 (m,
1.1H), 7.56 — 7.112 (m, 19.1H), 7.00 (dd, J = 22.4, 8.4 Hz, 2H), 6.87 (d, J = 8.0 Hz,
0.1H), 6.73 (d, J = 8.8 Hz, 1H), 6.21 (s, 1H), 5.99 (d, J = 8.8 Hz, 1H), 5.33 — 4.98 (m,
4.4H), 4.78 (d, J = 9.6 Hz, 0.1H), 4.44 (d, J = 9.2 Hz, 1H), 4.22 — 4.08 (m, 1H), 3.97 —
3.94 (m, 0.1H), 2.17 — 2.04 (m, 1.1H), 1.98 — 1.96 (m, 2.2H), 1.84 — 1.72 (m, 2.2H),
1.70 — 1.6 (m, 1.1H), 1.37 — 1.13 (m, 5.5H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.0, 168.5, 156.6, 150.1, 145.7, 135.4, 135.1,
133.3, 133.1, 132.6, 131.0, 130.9, 129.1, 128.8, 128.7, 128.5, 128.4, 128.3, 128.1,
127.6, 127.5, 127.4, 127.2, 126.3, 125.5, 123.0, 121.0, 119.4, 116.0, 67.6, 67.4, 53.2,
52.9,40.1, 31.1, 29.5, 27.0, 26.8, 26.3.

HRMS (ESI-FT) calcd for CagHaaNsO4™ ([M+H*]) = 728.3231, Found 728.3233.
Chiral HPLC spectrum 5m:

9.623

Retention Time Area % Area

1 6.923 22450730 49.12

2 9.623 23252280 50.88
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MMMMMMM

Retention Time Area % Area
1 6.904 5697486 8.08
2 9.600 64793579 91.92

Dibenzyl 2-{1-cyclohexyl-2-[1-(4-methoxyphenyl)-1H-tetrazol-5-yl]-2-[(4-methoxyphenyl)

imino]ethyl}malonate (5n)

Yellow solid; m.p. 46-50 °C; 80% yield, 92.5:7.5 e.r.; [a]*'p = —220.9 (c = 0.62 in
CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 7.05 min, tg (major) = 12.46 min.

IR (neat): 2928, 1738, 1605, 1508, 1452, 1252, 1028, 833, 746 and 698 cm™.

'H NMR (400 MHz, CDCls) & = 7.36 — 7.20 (m, 13.3H), 6.96 — 6.86 (m, 2.9H), 6.81
—6.74 (m, 1.3H), 6.72 — 6.65 (M, 2H), 6.43 (d, J = 8.8 Hz, 2H), 5.99 (d, J = 8.8 Hz,
2H), 5.25 — 4.93 (m, 5.2H), 4.73 (d, J = 10.2 Hz, 0.3H), 4.34 (d, J = 9.4 Hz, 1H), 4.01
—3.87 (m, 1.3H), 3.85 — 3.60 (m, 7.8H), 2.05 — 1.89 (m, 1.3H), 1.80 — 1.68 (m, 3.9H),
1.63 — 1.45 (m, 2.6H), 1.26 — 0.96 (m, 6.5H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.9, 168.8, 168.6, 168.4, 160.7, 160.5, 157.4,
156.9, 155.5, 155.3, 151.7, 149.9, 141.6, 135.5, 135.2, 135.1, 128.7, 128.6, 128.5,
128.4, 128.3, 128.2, 128.0, 127.8, 126.7, 125.5, 121.1, 120.9, 114.2, 114.1, 113.9,
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67.6, 67.5, 67.2, 55.8, 55.7, 53.9, 53.0, 52.8, 45.9, 41.1, 39.9, 31.2, 30.9, 30.6, 29.4,

26.9, 26.7, 26.3, 26.2, 25.9.

HRMS (ESI-FT) calcd for CaoHazNsOg* ([M+H*]) = 688.3130, Found 688.3132.

Chiral HPLC spectrum 5n:
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Methyl 4,4-dimethyl-3-{[1-(naphthalen-2-yl)-1H-tetrazol-5-yl](haphthalen-2-ylimino)

Methyl}pentanoate (6e)

N= N

MeOZC

Yellow oil; 70% vield, 85:15 e.r.; [a]*'p = —
UPC? Phenomenex CHIRALCEL IC-3, CO,/CH;OH =

59

106.2 (¢ = 0.26 in CH,Cl).

90/10, flow rate
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mL/min, A =254 nm, tg (minor) = 11.99 min, tz (major) = 12.23 min.

IR (neat): 2961, 1732, 1628, 1207, 1107, 856, 814, 746 and 474 cm™.

'H NMR (400 MHz, CDCl3) & = 7.77 — 7.68 (m, 1H), 7.56 — 7.28 (m, 6H), 7.24 —
7.18 (m, 1H), 7.14 — 7.05 (m, 2H), 7.01 (d, J = 8.6 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H),
6.37 (s, 1H), 6.17 (d, J = 8.4 Hz, 1H), 3.84 (d, J = 10.4 Hz, 1H), 3.68 (s, 3H), 3.31 —
3.18 (m, 1H), 2.87 (d, J = 17.2 Hz, 1H), 1.22 (s, 9H).

BC{*H} NMR (101 MHz, CDCl3) & = 173.9, 146.0, 133.4, 132.6, 130.9, 129.1, 128.5,
128.2,127.7,127.6, 127.4, 127.2, 126.3, 125.4, 123.1, 121.0, 119.5, 116.0, 53.8, 52.0,
35.5, 35.4, 28.6.

HRMS (ESI-FT) calcd for C3oHzoNs0;" ([M+H"]) = 492.2394, Found 492.2392.
Chiral HPLC spectrum 6e:
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Dimethyl 2-{2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-ylimino)-1-

phenylethyl}malonate (50)
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Yellow solid; m.p. 50-52 °C; 99% vield, 94.5:5.5 e.r.; [o]®p = —272.2 (¢ = 0.90 in

CH,Cl).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A =330 nm, tg (minor) = 6.39 min, tg (Major) = 11.26 min.

IR (neat): 1744, 1502, 1437, 1302, 1265, 1149, 1030, 860, 816,750 and 702 cm™.

'H NMR (400 MHz, CDCls) § = 7.89 — 6.92 (m, 15H), 6.48 — 6.19 (m, 2H), 6.16 —

6.01(m, 1H), 6.00 — 5.76 (M, 1H), 5.41 (d, J = 12.0 Hz, 1H), 4.85 (d, J = 12.4 Hz, 1H),

3.78 (s, 3H), 3.53 (s, 3H).

B3C{'H} NMR (101 MHz, CDCls) & = 168.2, 167.9, 167.2, 155.9, 155.8, 149.6, 145.1,
134.7, 133.8, 133.3, 133.1, 132.8, 132.3, 131.1, 130.7, 130.2, 129.5, 129.1, 128.9,

128.7, 128.7, 128.6, 128.5, 128.1, 127.7, 127.6, 127.5, 127.4, 127.2, 126.5, 125.7,

125.2, 122.8, 122.6, 120.7, 119.3, 116.6, 57.0, 55.2, 54.36, 53.1, 52.7, 40.8.

HRMS (ESI-FT) calcd for CasHagNsO,* ([M+H*]) = 570.2136, Found 570.2133.

Chiral HPLC spectrum 5o:
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Retention Time Area % Area

1 6.394 367458 5.59

2 11.261 6208176 94.41

Dimethyl 2-{1-(4-methoxyphenyl)-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-

ylimino)ethyl}malonate (5p)

OMe

MeO,C
A
MeOQC
N=—
| Nﬁ
W )
5p

Yellow solid; m.p. 50-52 °C; 93% vield, 84.5:15.5 e.r.; [0]*®> = —233.4 (c = 0.99 in
CH,Cl,).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A =330 nm, tg (minor) = 8.14 min, tg (major) = 14.18 min.

IR (neat): 1744, 1605, 1510, 1437, 1302, 1258, 1182, 1032, 858, 816 and 748 cm™.
'H NMR (400 MHz, CDCl3) & = 7.70 — 7.66 (m, 1H), 7.60 — 7.30 (m, 7H), 7.29 —
7.26 (m, 1H), 7.21— 7.16 (m, 1H), 7.09 (t, J = 8.8 Hz, 2H), 7.00 — 6.91 (m, 2H), 6.44
(s, 1H), 6.36 —6.28 (m, 1H), 6.17 — 6.07 (m, 1H), 6.02 -5.90 (m, 1H), 5.34 (d, J =
12.0 Hz, 1H), 4.79 (d, J = 11.6 Hz, 1H), 3.82 (s, 3H), 3.77 (s, 3H), 3.55 (s, 3H).
BC{*H} NMR (101 MHz, CDCl5) & = 168.3, 168.0, 160.0, 156.0, 149.7, 145.2, 133.4,
133.2, 132.4, 131.0, 130.7, 130.2, 129.1, 128.6, 128.1, 127.7, 127.5, 127.4, 127.2,
126.5, 126.2, 125.7, 122.7, 120.8, 119.4, 116.6, 114.9, 55.4, 55.3, 53.6, 53.0, 52.7.
HRMS (ESI-FT) calcd for C3sH3oNsO0s" ([M+H™]) = 600.2241, Found 600.2238.
Chiral HPLC spectrum 5p:
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Retention Time Area % Area
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Dimethyl 2-{1-(4-cyanophenyl)-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-

ylimino)ethyl}malonate (5q)

CN

MeO,C
AL
MeOZC
N/
L
5q

Yellow solid; m.p. 68-72 °C; 97% vyield, 95:5 e.r.; [a]*°s = —199.4 (c = 1.07 in
CHCL).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A =330 nm, tg (minor) = 10.87 min, tz (major) = 24.29 min.

IR (neat): 1744, 1508, 1437, 1302, 1267, 1150, 1030, 856, 816 and 746 cm™.

'H NMR (400 MHz, CDCl3) & = 7.77 — 7.42 (m, 9H), 7.39 — 7.32 (m, 2H), 7.30 —
7.23 (m, 1H), 7.09 (t, J = 9.6 Hz, 2H), 6.83 (s, 1H), 6.30 (s, 1H), 6.28 — 6.18 (M, 1H),
6.14 — 6.96 (m, 1H), 5.35 (d, J = 11.6 Hz, 1H), 4.76 (d, J = 11.6 Hz, 1H), 3.84 (s, 3H),
3.54 (s, 3H).

BC{*H} NMR (101 MHz, CDCl5) & = 168.1, 167.4, 154.4, 149.2, 144.7, 140.6, 133.2,
132.9, 132.4, 131.2, 130.4, 130.1, 129.2, 128.8, 128.1, 127.8, 127.7, 127.5, 127.4,
126.7,126.0, 122.8, 120.6, 119.0, 118.3, 116.7, 112.8, 55.7, 54.1, 53.3, 53.0.
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HRMS (ESI-FT) calcd for CssH27NgO4" ([M+H™]) = 595.2088, Found 595.2082.
Chiral HPLC spectrum 5Q:
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Dimethyl 2-{1-(4-chlorophenyl)-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-

ylimino)ethyl}malonate (5r)

Cl

MeO,C O
AL
MeO2C
W ~
N
)
5r

Yellow solid; m.p. 56-60 °C; 98% yield, 94:6 e.r.; [a]*°s = —266.4 (c = 0.93 in
CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =330 nm, tz (minor) = 7.76 min, tg (major) = 13.78 min.

IR (neat): 1744, 1649, 1495, 1437, 1302, 1265, 1096, 1024, 858, 814 and 745 cm™.
'H NMR (400 MHz, CDCl3) & = 7.73 — 7.67 (m, 1H), 7.60 — 7.50 (m, 2H), 7.49 —

7.33 (m, 6H), 7.31 — 7.19 (m, 3H), 7.11 (t, J = 9.2 Hz, 2H), 6.56 (s, 1H), 6.38 — 6.25
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(m, 1H), 6.22 — 5.94 (m, 2H), 5.34 (d, J = 11.6 Hz, 1H), 4.77 (d, J = 11.6 Hz, 1H),
3.79 (s, 3H), 3.56 (s, 3H).

BC{*H} NMR (101 MHz, CDCl5) & = 168.2, 167.7, 155.3, 149.5, 144.9, 135.0, 133.4,
133.3, 133.2, 132.4, 131.2, 130.9, 130.2, 129.7, 129.2, 128.7, 128.1, 127.8, 127.7,
127.6, 127.5, 127.3, 126.6, 125.9, 122.8, 120.8, 119.3, 116.7, 55.5, 53.7, 53.2, 52.9.
HRMS (ESI-FT) calcd for CasHy7°CINsO4* ([M+H]) = 604.1746, Found 604.1741.
HRMS (ESI-FT) calcd for CasHo7*'CINsO," ([M+H™]) = 606.1717, Found 606.1721.
Chiral HPLC spectrum 5r:
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Dimethyl 2-{1-(3-chlorophenyl)-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-

ylimino)ethyl}malonate (5s)
Cl
MeO,C
AL
MGOZC
1N
W HAD
5

S
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Yellow solid; m.p. 46-48 °C; 95% yield, 92:8 e.r.; [a]*°p = —238.3 (c = 1.00 in

CH,Cl).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0

mL/min, A =330 nm, tg (minor) = 5.96 min, tg (major) = 10.32 min.

IR (neat): 1744, 1649, 1495, 1435, 1298, 1265, 1150, 1030, 815, 748 and 696 cm™.

'H NMR (400 MHz, CDCls) & = 7.72 — 7.67 (m, 1H), 7.60 — 7.50 (m, 3H), 7.48 —
7.30 (m, 6H), 7.28 — 7.19 (m, 2H), 7.09 (t, J = 8.8 Hz, 2H), 6.60 — 6.50 (m, 1H), 6.39

—6.24 (m, 1H), 6.21 — 5.95 (m, 2H), 5.39 (d, J = 11.6 Hz, 1H), 4.76 (d, J = 11.6 Hz,

1H), 3.78 (s, 3H), 3.58 (s, 3H).

B3C{*H} NMR (101 MHz, CDCl3) 8= 168.1, 167.7, 155.1, 149.3, 144.9, 136.9, 135.3,
133.3, 133.2, 132.4, 131.2, 130.7, 130.2, 129.2, 128.7, 128.2, 127.8, 127.7, 127.4,

127.3, 126.6, 125.9, 122.7, 120.7, 119.2, 116.7, 55.4, 53.9, 53.2, 52.9.

HRMS (ESI-FT) calcd for CasHzCINsO,* ([M+H']) = 604.1746, Found 604.1744.

HRMS (ESI-FT) calcd for Cs4Ha7*'CINsO,* ([M+H*]) = 606.1717, Found 606.1724.

Chiral HPLC spectrum 5s:
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Dimethyl 2-{1-(2-chlorophenyl)-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-

ylimino)ethyl}malonate (5t)

Cl

MeO,C
AN
MeO,C
N/
| Nﬁ
W)
5t

Yellow solid; m.p. 46-48 °C; 62% vyield, 76.5:23.5 e.r.; [0]*®5 = —133.30 (c = 0.87 in
CH,CLy).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =330 nm, tg (minor) = 6.28 min, tg (Major) = 8.84 min.

IR (neat): 1742, 1649, 1512, 1437, 1300, 1265, 1148, 1036, 860, 815 and 750 cm™.
'H NMR (400 MHz, CDCls) & = 7.75 — 7.30 (m, 11H), 7.29 — 7.21 (m, 1H), 7.16 —
7.07 (m, 1H), 7.00 — 6.12 (m, 1H), 6.40 — 5.89 (m, 4H), 4.97 — 4.66 (m, 1H), 3.82 (s,
3H), 3.56 (s, 3H).

BC{*H} NMR (101 MHz, CDCls) 6= 168.3, 167.5, 149.1, 144.9, 135.9, 133.3, 133.2,
132.5, 131.2, 130.7, 130.3, 130.0, 129.7, 129.2, 128.7, 128.3, 127.7, 127.6, 127.5,
127.3,126.6, 125.8, 122.7, 120.9, 119.3, 116.8, 100.1, 55.7, 53.1, 52.8, 49.2.

HRMS (ESI-FT) calcd for CasHy7°CINsO4* ([M+H']) = 604.1746, Found 604.1742.
HRMS (ESI-FT) calcd for CasHo7°'CINsO." ([M+H]) = 606.1717, Found 606.1722.
Chiral HPLC spectrum 5t:
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Dimethyl 2-{1-(3,4-dichlorophenyl)-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalene

-2-ylimino)ethyl}malonate (5u)

Cl

N= N

u

Cl

MeO,C

MeO,C

Yellow solid; m.p. 48-52 °C; 92% yield, 93:7 e.r.; [a]*°s = —221.0 (c = 0.91 in
CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =330 nm, tg (minor) = 6.92 min, tg (major) = 12.08 min.

IR (neat): 1744, 1649, 1510, 1467, 1296, 1265, 1143, 1031, 860, 816 and 745 cm™.
'H NMR (400 MHz, CDCls) & = 7.75 — 7.68 (m, 1H), 7.66 — 7.61 (m, 1H), 7.60 —
7.43 (m, 4H), 7.40 — 7.29 (m, 3H), 7.29 — 7.22 (m, 2H), 7.11 (t, J = 8.4 Hz, 2H), 6.71
(s, 1H), 6.42 — 6.28 (m, 1H), 6.26 — 6.00 (m, 2H), 5.31 (d, J = 11.6 Hz, 1H), 4.71 (d, J
=11.6 Hz, 1H), 3.80 (s, 3H), 3.59 (s, 3H).

BCc{*H} NMR (101 MHz, CDCls) 5= 168.0, 167.5, 154.7, 149.3, 144.8, 135.3, 133.5,
133.3, 133.2, 132.4, 131.3, 131.1, 130.2, 129.3, 128.8, 128.2, 127.8, 127.7, 127.6,
127.5,127.4,126.7, 126.0, 122.8, 120.7, 119.2, 116.8, 55.7, 53.3, 53.2, 53.0.

HRMS (ESI-FT) calcd for CssHz>>CloNsO," ([M+H']) = 638.1356, Found 638.1351.
HRMS (ESI-FT) calcd for CsqHas CIF'CINsO," ([M+H']) = 640.1327, Found
640.1328.
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HRMS (ESI-FT) calcd for CasHzs> Cl.NsO," ([M+H']) = 642.1297, Found 642.1313.
Chiral HPLC spectrum 5u:
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Dimethyl 2-{2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-ylimino)-1-(m-tolyl)

ethyl}malonate (5v)

Yellow solid; m.p. 44-46 °C; 84% yield, 89:11 e.r.; [a]®p = -227.1 (c = 0.83 in
CHCL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =330 nm, tz (minor) = 5.63 min, tg (major) = 10.29 min.

IR (neat): 1744, 1649, 1512, 1437, 1300, 1267, 1150, 1034, 860, 815, 750 and 705

cm™.
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'H NMR (400 MHz, CDCl3) & = 7.71 — 7.65 (m, 1H), 7.59 — 7.49 (m, 2H), 7.46 —
7.28 (M, 5H), 7.26 — 7.14 (m, 4H), 7.09 (t, J = 7.6 Hz, 2H), 6.47 — 6.18 (m, 2H), 6.18

— 6.04 (M, 1H), 6.01 — 5.85 (m, 1H), 5.37 (d, J = 12.0 Hz, 1H), 4.83 (d, J = 12.0 Hz,
1H), 3.77 (s, 3H), 3.55 (s, 3H), 2.38 (s, 3H).
BC{'H} NMR (101 MHz, CDCls) &= 168.3, 167.9, 156.0, 149.6, 145.2, 139.3, 134.5,
133.4, 133.1, 132.4, 131.0, 130.2, 129.7, 129.4, 129.0, 128.6, 128.2, 127.7, 127.6,

127.5, 127.4, 127.2, 126.5, 125.7, 122.7, 120.8, 119.3, 116.6, 55.2, 54.3, 53.1, 52.7,

21.6.

HRMS (ESI-FT) calcd for CasHaoNsO,* ([M+H*]) = 584.2292, Found 584.2291.

Chiral HPLC spectrum 5v:
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Dimethyl 2-{1-(naphthalen-2-yl)-2-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-2-(naphthalen-2-

ylimino)ethyl}malonate (5w)
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Yellow solid; m.p. 56-60 °C; 97% vield, 92.5:7.5 e.r.; [o]*p = —218.3 (c = 0.84 in
CH,CL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =330 nm, tg (minor) = 8.51 min, tg (major) = 14.47 min.

IR (neat): 1744, 1597, 1510, 1437, 1300, 1267, 1153, 1028, 893, 860, 815 and 750
cm™,

'H NMR (400 MHz, CDCl3) & = 8.00 — 7.19 (m, 26H), 7.16 — 7.01 (m, 2H), 7.01 —
6.86 (M, 2H), 6.41 — 6.32 (m, 1H), 6.25 (s, 1H), 6.20 — 6.12 (m, 1H), 5.92 — 5.80 (m,
1H), 5.58 (d, J = 11.6 Hz, 1H), 5.05 — 4.93 (m, 1.62H), 4.90 — 4.85 (m, 0.62H), 3.80
(s, 3H), 3.72 (s, 2H), 3.48 (s, 3H), 3.35 (s, 2H).

BC{*H} NMR (101 MHz, CDCl5) §= 168.3, 167.9, 167.2, 155.9, 155.8, 149.7, 145.2,
133.8, 133.7, 133.4, 133.3, 133.1, 132.9, 132.2, 132.0, 131.9, 131.1, 130.7, 130.2,
130.1, 129.3, 129.2, 129.1, 129.0, 128.7, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0,
127.8, 127.7, 127.6, 127.6, 127.4, 127.1, 127.0, 126.9, 126.8, 126.5, 125.8, 125.3,
122.9,122.6, 120.8, 119.4, 116.7, 57.0, 55.4, 54.5, 53.3, 53.1, 52.8, 40.9.

HRMS (ESI-FT) calcd for CagHaoNsO4* ([M+H']) = 620.2292, Found 620.2289.
Chiral HPLC spectrum 5w:

0.404

0.301 b

2 0.20]

0.104

O'OOHH\HH\HH\HHMHwHHw‘HMHw‘HwH‘wHH\HH\HHw‘HMHw‘H‘\HH\HH\HH\HH

0.00 1.00 200 3.00 400 500 6.00 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Minutes

14.499

Retention Time Area % Area
1 8.515 6567129 49.27
2 14.499 6762011 50.73

71



0.067 ©
2 0.044 8
= o

0.024 /K
0.00

0.00 1.00 200 3.00 400 500 6.00 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
Minutes

Retention Time Area % Area
1 8.506 208683 7.35
2 14.471 2628949 92.65

Dimethyl 2-{1-(4-cyanophenyl)-2-[1-(4-methoxyphenyl)-1H-tetrazol-5-yI]-2-[ (4-

methoxyphenyl)imino]ethyl}malonate (5x)

CN

Yellow solid; m.p. 66-70 °C; 92% yield, 93:7 e.r.; [a]*p = —237.05 (c = 0.89 in
CH,CL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 10.32 min, tzg (major) = 25.23 min.

IR (neat): 2956, 1738, 1606, 1517, 1437, 1302, 1275, 1251, 1181, 1029, 833 and 750
cm™
'H NMR (400 MHz, CDCl3) & = 7.68 — 7.58 (m, 2H), 7.52 — 7.46 (m, 2H), 6.64 —
6.58 (M, 1H), 6.54 — 6.47 (m, 2H), 6.41 — 6.30 (M, 2H), 6.14 — 6.04 (m, 2H), 5.14 (d,
J =12.0 Hz, 1H), 4.66 (d, J = 11.6 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.70 (s, 3H),
3.50 (s, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 167.9, 167.5, 160.9, 158.1, 152.7, 149.1, 140.6,
132.8, 130.3, 125.8, 125.1, 121.5, 118.4, 114.3, 114.2, 112.6, 55.8, 55.6, 55.5, 54.1,
53.2,52.9.

HRMS (ESI-FT) calcd for CagHa7NgOs" ([M+H']) = 555.1987, Found 555.1989.
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Chiral HPLC spectrum 5x:
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Dimethyl 2-{1-[1-(4-methoxyphenyl)-1H-tetrazol-5-yl]-1-[(4-methoxyphenyl)imino]-3,3-

dimethylbutan-2-yl}malonate (52)

Yellow solid; m.p. 38-42 °C; 91% vyield, 85:15 e.r.; [a]*p

CH,Cl).

= -352.99 (c = 0.34 in

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =254 nm, tg (minor) = 15.53 min, tz (major) = 19.39 min.

IR (neat): 2956, 1754, 1734, 1606, 1516, 1504, 1466, 1437, 1276, 1251, 1168, 1030,
832 and 749 cm™.

'H NMR (400 MHz, CDCls) § = 7.49 — 7.43 (m, 1.36H), 7.04 — 6.94 (m, 3.55H), 6.88

(s, 2.58H), 6.77 — 6.72 (m, 2H), 6.53 — 6.44 (m, 2H), 6.22 — 6.13 (M, 2H), 4.65 (d, J =
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10.4 Hz, 0.68H), 4.23 — 4.06 (m, 2.75H), 3.90 (s, 2H), 3.83 (s, 3H), 3.80 (s, 2H), 3.77
(s, 4H), 3.72 (s, 3H), 3.71 (s, 3H), 3.61 (s, 3H), 1.10 (s, 8H), 0.60 (s, 6H).

BC{'H} NMR (101 MHz, CDCl) & = 170.5, 169.9, 169.5, 160.8, 160.6, 157.4, 157.0,
1555, 155.1, 152.9, 150.5, 142.0, 141.4, 128.7, 128.2, 127.6, 127.2, 125.8, 121.3,

120.8, 114.2, 113.8, 56.4, 55.8, 55.56, 55.5, 54.0, 53.3, 53.0, 52.8, 52.7, 52.5, 48.6,

35.9,35.4, 28.6, 28.5, 27.7.

HRMS (ESI-FT) calcd for CasHaNsOg* ([M+H*]) = 510.2347, Found 510.2343.

Chiral HPLC spectrum 5z:
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Dimethyl 2-{(2S,4S)-4,8-dimethyl-1-[1-(naphthalen-2-yl)-1H-tetrazol-5-yl]-1-(naphthalen-2-

ylimino)non-7-en-2-yl)malonate (5y)

MeOZC—é_\_<
Ns N
T O

weord v ()
=

5y: 96% yield, 2.0:1 d.r.
ent-L-RaPr,: 95% yield, 1:4.0 d.r.
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Yellow oil; 96% (95%) yield, 2.0:1 (1:4) d.r.; [o]*p = —66.59 (+135.66) (c = 0.34 in
CH,Cly).

IR (neat): 2988, 1734, 1625, 1596, 1505, 1437, 1411, 1275, 1258, 764 and 750 cm™.
'H NMR (400 MHz, CDCl3) & = 8.14 — 8.06 (m, 0.46H), 7.95 — 7.83 (m, 1.45H), 7.77
— 7.63 (m, 3H), 7.58 — 7.43 (m, 5.47H), 7.41 — 7.28 (m, 3.75H), 7.24 — 7.18 (m, 1H),
7.14 —7.09 (m, 0.50H), 7.06 — 6.98 (m, 2H), 6.94 — 6.87 (m, 0.47H), 6.78 — 6.70 (m,
1H), 6.30 — 6.23 (m, 1H), 6.11 — 6.03 (m, 1H), 5.14 — 5.07 (m, 0.70H), 5.05 — 5.00 (m
0.35H), 4.91 — 4.84 (m, 0.15H), 4.69 — 4.56 (m, 0.5H), 4.42 — 4.35 (m, 0.32H), 4.32 —
4.22 (m, 1H), 4.21 — 4.12 (m, 1H), 3.81 — 3.68 (m, 9H), 2.33 — 2.21 (m, 0.5H), 2.09 —
1.91 (m, 4H), 1.82 — 1.72 (m, 1H), 1.70 — 1.41 (m, 12H), 1.09 (d, J = 6.4 Hz, 1.26H),
1.02 (d, J = 6.4 Hz, 2.70H), 0.62 (d, J = 6.4 Hz, 0.8H), 0.17 (d, J = 5.2 Hz, 0.35H)
B3C{*H} NMR (101 MHz, CDCls) & = 169.2, 169.1, 169.0, 157.4, 157.3, 149.7, 149.5,
145.3, 133.2, 133.2, 132.6, 131.7, 131.6, 131.0, 130.9, 130.7, 129.2, 129.1, 128.9,
128.4, 128.0, 127.8, 127.7, 127.6, 127.5, 127.4, 127.3, 127.2, 126.6, 126.4, 125.6,
125.2, 124.8, 124.6, 124.4, 123.4, 122.9, 120.8, 119.3, 116.3, 115.3, 55.0, 54.4, 52.8,
46.2, 46.2, 38.9, 38.8, 37.7, 37.0, 30.6, 30.4, 30.3, 25.9, 25.7, 25.5, 25.4, 25.2, 19.9,
19.8,19.5,17.8, 17.7.

HRMS (ESI-FT) calcd for Ca7H4Ns0," ([IM+H']) = 618.3075, Found 618.3070.

Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-phenyl-2,3-dihydropyrrolo[2,1-a]isoquinoline-
1,1(10bH)-dicarboxylate (8a)

MeOOC @

~
~

MeOOC_| - ><
=N

White solid; m.p. 134-138 °C; 85% yield, 96.5:3.5 e.r.; [a]®p = +213.6 (c = 0.55 in
CH,CLy).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
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mL/min, A =350 nm, tg (major) = 4.14 min, tg (Minor) = 4.76 min.

IR (neat): 2963, 1738, 1672, 1630, 1450, 1352, 1304, 1267, 1211, 1072, 775 and 709
cm™.
'H NMR (400 MHz, CDCl3) & = 7.33 — 7.27 (m, 3H), 7.23 — 7.22 (m, 1), 7.20 — 7.13
(m, 3H), 7.12 — 7.06 (m, 1H), 7.01 — 6.95 (m, 1H), 6.94 — 6.89 (M, 1H), 5.96 (s, 1H),
5.63 (d, J = 7.6 Hz, 1H), 4.68 (s, 1H), 3.53 (d, J = 5.2 Hz, 6H), 1.08 (s, 9H).

BCc{*H} NMR (101 MHz, CDCl3) & = 169.3, 168.3, 151.3, 135.0, 133.6, 128.8, 128.4,
128.0, 127.2, 126.8, 125.6, 124.8, 124.6, 105.7, 67.1, 59.0, 53.7, 53.2, 52.7, 52.5, 31.7.
HRMS (ESI-FT) calcd for Co6HoN204" ([M+H™]) = 433.2122, Found 433.2120.

Chiral HPLC spectrum 8a:
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Diethyl (2S,10bS,E)-3-(tert-butylimino)-2-phenyl-2,3-dihydropyrrolo[2,1-a]isoquinoline-

1,1(10bH)-dicarboxylate (8b)

Pale yellow oil; 86% yield, 94.5:5.5 e.r.; [a]®p = +115.16 (¢ = 0.49 in CH.CL,).
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HPLC DAICEL CHIRALCEL ODH, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 3.58 min, tg (Minor) = 3.93 min.

IR (neat): 2972, 2930, 1736, 1672, 1630, 1458, 1406, 1304, 1263, 1204, 1070, 773
and 708 cm™.

'H NMR (400 MHz, CDCl3) & = 7.31 — 7.25 (m, 3H), 7.24 — 7.21 (m, 2H), 7.20 —
7.16 (m, 2H), 7.11 — 7.05 (m, 1H), 7.00 — 6.94 (m, 1H), 6.92 — 6.87 (m, 1H), 6.00 (s,
1H), 5.60 (d, J = 7.8 Hz, 1H), 4.68 (s, 1H), 4.10 — 3.83 (m, 4H), 1.15 (t, J = 7.2 Hz,
3H), 1.08 (s, 9H), 0.95 (t, J = 7.2 Hz, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 168.9, 167.9, 151.4, 135.1, 133.6, 128.8, 128.3,
128.0,127.4,127.3, 125.4, 124.9, 1245, 105.2, 66.9, 62.0, 61.7, 59.0, 53.7, 53.0, 31.8,
13.9, 13.8.

HRMS (ESI-FT) calcd for CogH33N,0," ([IM+H']) = 461.2435, Found 461.2433.
Chiral HPLC spectrum 8b:
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Dimethyl (2S,10bS,E)-2-(4-bromophenyl)-3-(tert-butylimino)-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8c)
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Pale yellow oil; 79% vield, 95:5 e.r.; [a]*°p = +98.28 (c = 0.35 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.19 min, tg (Minor) = 4.86 min.

IR (neat): 2965, 2858, 1738, 1672, 1630, 1449, 1406, 1435, 1271, 1211, 1072, 943,
773 and 735 cm™.

'H NMR (400 MHz, CDCl3) & = 7.47 — 7.41 (m, 2H), 7.23 — 7.17 (m, 2H), 7.13 —
7.08 (m, 1H), 7.06 — 7.03 (m, 2H), 7.02 — 6.97 (m, 1H), 6.95 — 6.90 (m, 1H), 5.90 (s,
1H), 5.64 (d, J = 7.8 Hz, 1H), 4.63 (s, 1H), 3.57 (s, 3H), 3.53 (s, 3H), 1.08 (s, 9H).
BC{*H} NMR (101 MHz, CDCl3) & = 169.1, 168.1, 150.7, 134.2, 133.5, 132.1, 128.2,
127.0,126.8, 125.7, 124.7, 124.6, 122.5, 105.9, 66.9, 58.9, 53.8, 52.8, 52.6, 52.5, 31.8.
HRMS (ESI-FT) calcd for CogHas°BrN,O4* ([M+H']) = 511.1227, Found 511.1228,
CosHas BIrN,O,* ([M+H']) = 513.1206, Found 513.1208.

Chiral HPLC spectrum 8c:
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Dmethyl (2S,10bS,E)-3-(tert-butylimino)-2-(4-chlorophenyl)-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8d)

Cl

MeOOC 2

MeOOC %
N N

Z 8d

Pale yellow oil; 90% vield, 95:5 e.r.; [0]*°p = +154.03 (¢ = 0.37 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.16 min, tg (Minor) = 4.90 min.

IR (neat): 2965, 2864, 1738, 1672, 1630, 1489, 1449, 1406, 1354, 1306, 1269, 1211,
1084, 947, 773 and 731 cm™,

'H NMR (400 MHz, CDCls) & = 7.32 — 7.27 (m, 2H), 7.22 — 7.17 (m, 2H), 7.14 —
7.08 (m, 3H), 7.02 — 6.96 (m, 1H), 6.94 — 6.90 (m, 1H), 5.90 (s, 1H), 5.64 (d, J = 7.8
Hz, 1H), 4.65 (s, 1H), 3.57 (s, 3H), 3.54 (s, 3H), 1.08 (s, 9H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.1, 168.1, 150.7, 134.4, 133.7, 133.5, 130.6,
129.1, 128.2, 127.0, 126.8, 125.7, 124.7, 124.6, 105.9, 66.9, 58.9, 53.7, 52.8, 52.6,
52.4,31.8.

HRMS (ESI-FT) calcd for CagHasCIN,O4* ([M+H']) = 467.1732, Found 467.1729,
CasH2s° CINL,O4" ([M+H™]) = 469.1703, Found 469.1724.

Chiral HPLC spectrum 8d:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(3-chlorophenyl)-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8e)

Cl

Pale yellow oil; 88% yield, 92:8 e.r.; [a]*°p = +159.44 (c = 0.60 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 3.87 min, tg (Minor) = 4.94 min.

IR (neat): 2965, 1740, 1672, 1630, 1406, 1354, 1306, 1271, 1209, 1072, 951, 891,
775 and 706 cm™.

'H NMR (400 MHz, CDCls) 8§ = 7.28 — 7.25 (m, 2H), 7.24 — 7.16 (m, 3H), 7.13 —
7.04 (m, 2H), 7.02 — 7.96 (m, 1H), 6.95 — 6.90 (m, 1H), 5.91 (s, 1H), 5.64 (d, J =
7.8Hz, 1H), 4.64 (s, 1H), 3.60 (s, 3H), 3.54 (s, 3H), 1.09 (s, 9H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.0, 168.1, 150.5, 137.2, 134.7, 133.5, 130.2,
128.6, 128.2, 126.9, 126.8, 125.7, 124.7, 124.6, 105.9, 58.9, 53.8, 52.8, 52.6, 31.8.
HRMS (ESI-FT) calcd for CosHas > CIN,O4" ([M+H']) = 467.1732, Found 467.1738,
CosHas> CIN,O4" ([M+H']) = 469.1703, Found 469.1712.

Chiral HPLC spectrum 8e:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(p-tolyl)-2,3-dihydropyrrolo[2,1-a]isoquinoline-

1,1(10bH)-dicarboxylate (8f)

Pale yellow oil; 83% vyield, 95.5:4.5 e.r.; [a]*°p = +183.11 (¢ = 0.60 in CH.Cl,).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.21 min, tg (Minor) = 4.89 min.

IR (neat): 2963, 1738, 1672, 1627, 1449, 1406, 1352, 1304, 1265, 1207, 1072, 943,
773 and 727 cm™.

'H NMR (400 MHz, CDCls) § = 7.25 — 7.18 (m, 2H), 7.12 — 7.07 (m, 3H), 7.06 —
7.02 (m, 2H), 7.00 — 7.96 (m, 1H), 6.94 — 7.89 (m, 1H), 5.94 (s, 1H), 5.63 (d, J = 7.8
Hz, 1H), 4.64 (s, 1H), 3.54 (d, J = 7.6 Hz, 6H), 2.31 (s, 3H), 1.08 (s, 9H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.4, 168.3, 151.5, 138.1, 133.6, 131.8, 129.5,
128.0, 127.3, 126.8, 125.6, 124.8, 124.6, 105.6, 67.1, 59.0, 53.6, 52.8, 52.7, 52.4, 31.7,
21.3.

HRMS (ESI-FT) calcd for C27H31N,04" ([M+H™]) = 447.2278, Found 47.2282.

Chiral HPLC spectrum 8f:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(m-tolyl)-2,3-dihydropyrrolo[2,1-a]isoquinoline-

1,1(10bH)-dicarboxylate (8g)

Pale yellow oil; 91% yield, 95:5 e.r.; [a]*p = +175.36 (¢ = 0.82 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 3.77 min, tg (Minor) = 4.21 min.

IR (neat): 2963, 1740, 1672, 1630, 1450, 1408, 1352, 1306, 1256, 1207, 1072, 957,
775 and 729 cm™.

'H NMR (400 MHz, CDCl3) & = 7.26 — 7.23 (m, 1H), 7.21 — 7.16 (m, 2H), 7.12 —
7.06 (m, 2H), 7.01 — 6.89 (m, 4H), 5.96 (s, 1H), 5.63 (d, J = 7.8 Hz, 1H), 4.65 (s, 1H),
3.54 (d, J = 2.4 Hz, 6H), 2.32 (s, 3H), 1.09 (s, 9H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.3, 168.3, 151.5, 138.4, 134.8, 133.6, 129.1,
128.6, 128.0, 127.2, 126.9, 125.6, 124.8, 124.6, 105.5, 67.1, 59.0, 53.6, 53.1, 52.7,
52.4,31.7, 21.6.

HRMS (ESI-FT) calcd for C,7H33N,04" ([M+H"]) = 447.2278, Found 447.2282.
Chiral HPLC spectrum 8g:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(naphthalen-2-yl)-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8h)

White solid; m.p. 76-78 °C; 93% vield, 97:3 e.r.; [o]*p = +88.95 (c = 0.38 in CH.Cl,).
HPLC DAICEL CHIRALCEL ODH, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.18 min, tg (Minor) = 5.23 min.

IR (neat): 2965, 1738, 1672, 1630, 1449, 1406, 1354, 1306, 1263, 1209, 1072, 901,
775 and 743 cm™,

'H NMR (400 MHz, CDCl3) & = 7.85 — 7.78 (m, 3H), 7.68 — 7.63 (m, 1H), 7.52 —
7.46 (m, 2H), 7.34 — 7.27 (m, 2H), 7.23 — 7.18 (m, 1H), 7.14 — 7.09 (m, 1H), 7.02 —
6.92 (m, 2H), 6.08 (s, 1H), 5.69 (d, J = 7.8 Hz, 1H), 4.87 (s, 1H), 3.57 (s, 3H), 3.49 (s,
3H), 1.09 (s, 9H).

BC{*H} NMR (101 MHz, CDCls) & = 169.3, 168.2, 151.3, 133.6, 133.4, 133.0, 132.5,
128.6, 128.1, 127.8, 127.2, 126.9, 126.6, 125.6, 124.8, 124.6, 105.7, 67.3, 59.1, 53.7,
53.2,52.8, 52.5, 31.8.

HRMS (ESI-FT) calcd for CaoHaiN,O4" ([M+H™]) = 483.2278, Found 483.2277.
Chiral HPLC spectrum 8h:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-7-nitro-2-phenyl-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8i)

MeOOC @

MeOOC s

-y

NO, gj

Orange red oil; 53% vyield, 97:3 e.r.; [a]*° = +86.19 (c = 0.42 in CH.Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.63 min, tg (Minor) = 6.64 min.

IR (neat): 2963, 2926, 2858, 1740, 1682, 1612, 1524, 1462, 1402, 1350, 1269, 1213,
1072 and 763 cm™.

'H NMR (400 MHz, CDCl3) & = 7.87 — 7.81 (m, 1H), 7.60 — 7.52 (m, 2H), 7.48 —
7.41 (m, 3H), 7.28 — 7.23 (m, 2H), 7.16 (t, J = 8.0 Hz, 1H), 6.44 (d, J = 8.0, 1H), 6.07
(s, 1H), 4.82 (s, 1H), 3.73 (s, 3H), 3.68 (s, 3H), 1.20 (s, 9H).

BC{*H} NMR (101 MHz, CDCl3) & = 168.7, 168.0, 149.8, 144.6, 134.5, 131.3, 129.5,
129.3, 129.1, 129.0, 128.7, 124.9, 124.6, 98.5, 67.0, 58.6, 54.1, 53.1, 53.0, 52.7, 31.5.
HRMS (ESI-FT) calcd for CasHasN3Os* ([M+H™]) = 478.1973, Found 478.1964.

Chiral HPLC spectrum 8i:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(4-methoxyphenyl)-7-nitro-2,3-dihydropyrrolo

[2,1-a]isoquinoline-1,1(10bH)-dicarboxylate (8j)

OMe

Orange red oil; 40% vyield, 98:2 e.r.; [a]*° = +32.24 (c = 0.37 in CH.Cly).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 5.26 min, tg (Minor) = 10.72 min.

IR (neat): 2965, 1738, 1682, 1612, 1518, 1463, 1350, 1263, 1070, and 770 cm™.

'H NMR (400 MHz, CDCl3) & = 7.75 — 7.68 (m, 1H), 7.47 — 7.38 (m, 2H), 7.07 —
6.98 (m, 3H), 6.87 — 6.80 (M, 2H), 6.30 (d, J = 8.0 Hz, 1H), 5.91 (s, 1H), 4.64 (s, 1H),
3.79 (s, 3H), 3.59 (d, J = 1.2 Hz, 6H), 1.08 (s, 9H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.8, 168.2, 159.7, 150.0, 144.6, 131.3, 130.2,
129.6, 129.3, 129.2, 126.1, 124.9, 124.6, 114.4, 98.5, 67.1, 58.6, 55.3, 54.0, 53.1, 52.7,
52.3, 31.5.
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HRMS (ESI-FT) calcd for Co7H3oN307" ([M+H™]) = 508.2078, Found 508.2081.
Chiral HPLC spectrum 8;j:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(4-cyanophenyl)-7-nitro-2,3-dihydropyrrolo

[2,1-a]isoquinoline-1,1(10bH)-dicarboxylate (8k)

CN

MeOOC )

MeOOC—| %
=N

NO, 8k

Orange red oil; 60% vyield, 96:4 e.r.; [a]*° = +13.54 (c = 0.58 in CH.Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.35 min, tg (Minor) = 10.10 min.

IR (neat): 2967, 2232, 1740, 1682, 1612, 1522, 1462, 1404, 1350, 1271, 1213, 1070,
768 and 733 cm™.

'H NMR (400 MHz, CDCls) § = 7.75 — 7.70 (m, 1H), 7.67 — 7.61 (m, 2H), 7.44 —
7.37 (m, 2H), 7.29 (d, J = 8.2 Hz, 2H), 7.06 (t, J = 8.0 Hz, 1H), 6.32 (d, J = 8.0 Hz,
1H), 5.88 (s, 1H), 4.74 (s, 1H), 3.60 (d, J = 5.8 Hz, 6H), 1.06 (s, 9H).

BC{*H} NMR (101 MHz, CDCls) & = 168.2, 167.6, 148.4, 144.8, 140.3, 132.7, 131.3,
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129.9, 129.1, 128.9, 128.8, 125.2, 124.8, 118.1, 112.8, 99.1, 66.8, 58.5, 58.5, 54.2,
53.3,53.0, 52.6, 31.5.

HRMS (ESI-FT) calcd for Co7H27N4Og" ([M+H"]) = 503.1925, Found 503.1921.
Chiral HPLC spectrum 8:
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Dimethyl (2S,10bS,E)-2-(4-bromophenyl)-3-(tert-butylimino)-7-nitro-2,3-dihydropyrrolo

[2,1-a]isoquinoline-1,1(10bH)-dicarboxylate (8I)

Br

NO, 8l

Orange red oil; 72% yield, 97.5:2.5 e.r.; [0]*p = +17.01 (c = 0.78 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.91 min, tg (Minor) = 7.66 min.

IR (neat): 2965, 1738, 1682, 1612, 1523, 1350, 1273, 1213, 1072 and 766 cm™.

'H NMR (400 MHz, CDCls) § = 7.74 — 7.70 (m, 1H), 7.49 — 7.38 (m, 4H), 7.08 —

6.98 (m, 3H), 6.31 (d, J = 8.4, 1H), 5.88 (s, 1H), 4.65 (s, 1H), 3.60 (d, J = 2.0 Hz, 6H),
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1.07 (s, 9H).

B3C{*H} NMR (101 MHz, CDCls) & = 168.5, 167.9, 149.1, 144.7, 133.7, 132.3, 131.3,
130.7,129.3, 129.1, 129.0, 125.0, 124.7, 122.9, 98.8, 66.8, 58.5, 54.1, 53.2, 52.9, 52.3,
31.5.

HRMS (ESI-FT) calcd for CasHy7°BrNsOs* ([M+H™]) = 556.1078, Found 556.1083,
CasH27*'BrN3Os" ([M+H*]) = 558.1057, Found 558.1062.

Chiral HPLC spectrum 8l:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(4-chlorophenyl)-7-nitro-2,3-dihydropyrrolo

[2,1-a]isoquinoline-1,1(10bH)-dicarboxylate (8m)

Cl

MeOOC

MeOOC—| & ><
=N

NO, 8m

Orange red oil; 65% vield, 98:2 e.r.; [o]*p = +29.03 (¢ = 0.62 in CH.CL,).
HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0

mL/min, A =350 nm, tg (major) = 4.79 min, tg (Minor) = 7.77 min.
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IR (neat): 2965, 1740, 1680, 1612, 1524, 1462, 1350, 1273, 1093, 766 and 733 cm™.
'H NMR (400 MHz, CDCls) § = 7.75 — 7.68 (m, 1H), 7.45 — 7.38 (m, 2H), 7.33 —
7.29 (m, 2H), 7.12 — 7.00 (m, 3H), 6.31 (d, J = 8.0 Hz, 1H), 5.89 (s, 1H), 4.67 (s, 1H),
3.59 (s, 3H), 1.07 (s, 9H).

BC{*H} NMR (101 MHz, CDCl5) & = 168.5, 167.9, 149.2, 144.7, 134.7, 133.1, 131.3,
130.4, 129.3, 129.1, 129.0, 125.0, 124.7, 98.8, 66.9, 58.5, 54.1, 53.2, 52.9, 52.2, 31.5.
HRMS (ESI-FT) calcd for CsHz7 CIN3Os™ ([M+H']) = 512.1583, Found 512.1285,
CasH27"CIN3O6™ ([M+H]) = 514.1553, Found 514.1563.

Chiral HPLC spectrum 8m:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-(3-chlorophenyl)-7-nitro-2,3-dihydropyrrolo

[2,1-a]isoquinoline-1,1(10bH)-dicarboxylate (8n)

Cl

MeOOC @
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Orange red solid; m.p. 78-82 °C; 63% vield, 97:3 e.r.; [a]*°> = +89.41 (c = 0.34 in
CH,CL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.53 min, tg (Minor) = 7.56 min.

IR (neat): 2965, 1740, 1680, 1612, 1526, 1466, 1402, 1350, 1273, 1213, 770 and 735
cm™.

'H NMR (400 MHz, CDCl3) & = 7.75 — 7.68 (m, 1H), 7.46 — 7.39 (m, 2H), 7.33 —
7.27 (m, 2H), 7.16 — 7.13 (m, 1H), 7.08 — 6.99 (m, 2H), 6.31 (d, J = 8.0 Hz, 1H), 5.89
(s, 1H), 4.67 (s, 1H), 3.63 (s, 3H), 3.60 (s, 3H), 1.09 (s, 9H).

3C{*H} NMR (101 MHz, CDCls) & = 168.4, 167.8, 149.0, 144.7, 136.6, 134.9, 131.4,
130.4, 129.3, 129.1, 129.0, 128.9, 125.0, 124.7, 98.7, 66.9, 58.6, 54.2, 53.2, 52.9, 52.4,
31.5.

HRMS (ESI-FT) calcd for CosHpr CIN3Os™ ([M+H']) = 512.1583, Found 512.1589,
Co6H273 CIN3Og" ([M+H']) = 514.1553, Found 514.1561.

Chiral HPLC spectrum 8n:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-7-methoxy-2-phenyl-2,3-dihydropyrrolo

[2,1-a]isoquinoline-1,1(10bH)-dicarboxylate (80)
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OMe 8o

White solid; m.p. 64-68 °C; 38% vyield, 97.5:2.5 e.r.; [o]*p = +188.33 (c = 0.24 in
CH,CL).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 4.95 min, tg (Minor) = 8.13 min.

IR (neat): 2963, 1738, 1672, 1570, 1468, 1308, 1261, 1211, 1069 and 754 cm™.

'H NMR (400 MHz, CDCl5) & = 7.33 — 7.26 (m, 3H), 7.23 — 7.13 (m, 3H), 6.95 (t, J
= 8.0 Hz, 1H), 6.83 — 7.77 (m, 1H), 6.72 — 6.45 (m, 1H), 6.05 (d, J = 8.0 Hz, 1H),
5.93 (s, 1H), 4.67 (s, 1H), 3.79 (s, 3H), 3.55 (s, 3H), 3.51 (s, 3H), 1.07 (s, 9H).
BC{*H} NMR (101 MHz, CDCl3) & = 169.3, 168.3, 153.5, 135.1, 128.8, 128.4, 128.3,
126.1, 124.0, 123.0, 119.2, 110.1, 99.5, 67.1, 59.0, 55.8, 53.7, 53.3, 52.8, 52.4, 31.7.
HRMS (ESI-FT) calcd for C7H31N,0s™ ([M+H*]) = 463.2227, Found 463.2227.
Chiral HPLC spectrum 8o:
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Dimethyl (2S,10bS,E)-3-(tert-butylimino)-8-cyano-2-phenyl-2,3-dihydropyrrolo
[2,1-a]isoquinoline-1,1(10bH)-dicarboxylate (8p)

MeOOC @

~
<

Y

NC

White solid; m.p. 72-76 °C; 59% yield, 99:1 e.r.; [a]®p = +269.15 (c = 0.47 in
CH,CL).

HPLC DAICEL CHIRALCEL IC, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 10.73 min, tg (minor) = 13.44 min.

IR (neat): 2965, 2232, 1740, 1678, 1624, 1491, 1443, 1273, 1209, 1072, 937, 733 and
706 cm™.

'H NMR (400 MHz, CDCl5) & = 7.33 — 7.26 (m, 3H), 7.23 — 7.13 (m, 3H), 6.95 (t, J
= 8.0 Hz, 1H), 6.83 — 7.77 (m, 1H), 6.72 — 6.45 (m, 1H), 6.05 (d, J = 8.0 Hz, 1H),
5.93 (s, 1H), 4.67 (s, 1H), 3.79 (s, 3H), 3.55 (s, 3H), 3.51 (s, 3H), 1.07 (s, 9H).
B3C{*H} NMR (101 MHz, CDCls) & = 168.8, 168.0, 150.3, 135.2, 134.5, 131.8, 129.0,
128.7, 128.6, 127.8, 127.3, 126.9, 118.9, 112.1, 103.4, 66.9, 58.9, 53.9, 53.0, 52.9,
52.7, 31.6.

HRMS (ESI-FT) calcd for Co7HasN304" ([M+H™]) = 458.2074, Found 458.2072.
Chiral HPLC spectrum 8p:
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Dimethyl (2S,10bS,E)-3-(adamantan-1-ylimino)-7-nitro-2-phenyl-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8q)

MeOOC @

Orange red oil; 73% vield, 98:2 e.r.; [0]*p = +140.97 (c = 0.62 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0

mL/min, A =350 nm, tg (major) = 4.78 min, tg (Minor) = 6.82 min.

IR (neat): 2909, 2853, 1740, 1682, 1612, 1524, 1404, 1346, 1265, 1219, 1090, 766,

735 and 708 cm™.

'H NMR (400 MHz, CDCl3) § = 7.76 — 7.67 (m, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.44 —
7.70 (m, 1H), 7.36 — 7.28 (m, 3H), 7.16 — 7.02 (m, 2H), 7.03 (t, J = 8.0 Hz, 1H), 6.31
(d, J = 8.0 Hz, 1H), 5.92 (s, 1H), 4.71 (s, 1H), 3.60 (s, 3H), 3.56 (s, 3H), 1.98 — 1.90
(m, 3H), 1.68 — 1.63 (m, 3H), 1.59 — 1.47 (m, 9H).
BBC{'H} NMR (101 MHz, CDCl3) & = 168.8, 168.0, 149.2, 144.6, 134.8, 131.3, 129.6,
129.3,129.2, 129.0, 128.6, 124.8, 124.6, 98.5, 67.0, 58.5, 54.7, 53.5, 53.1, 52.7, 44.2,

36.5, 29.8.

HRMS (ESI-FT) calcd for CsrHsaN3Og™ ([M+H']) = 556.2442, Found 556.2444.

Chiral HPLC spectrum 8q:
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Dimethyl (2S,10bS,E)-3-(isopropylimino)-7-nitro-2-phenyl-2,3-dihydropyrrolo[2,1-a]
isoquinoline-1,1(10bH)-dicarboxylate (8r)

MeOOC @

~
<

MeOOC- < >\
=N

N02 8r

Orange red oil; 75% vield, 89:11 e.r.; []®p = +51.62 (¢ = 0.37 in CH.CL,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A =350 nm, tg (major) = 5.19 min, tg (Minor) = 8.24 min.

IR (neat): 2965, 2874, 1740, 1678, 1614, 1524, 1462, 1406, 1271, 1177, 1074, 768,
735 and 704 cm™.

'H NMR (400 MHz, CDCl3) & = 7.75 — 7.70 (m, 1H), 7.45 — 7.37 (m, 2H), 7.35 —
7.29 (m, 3H), 7.19 — 7.14 (m, 2H), 7.07 (t, J = 8.0 Hz, 1H), 6.32 (d, J = 8.0, 1H), 6.08
(s, 1H), 4.67 (s, 1H), 3.59 (s, 3H), 3.50 (s, 3H), 3.42 (p, J = 6.0 Hz, 1H), 1.12 (d, J =
6.0 Hz, 3H), 0.66 (d, J = 6.0 Hz, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 168.7, 168.0, 153.9, 144.8, 134.2, 131.2, 129.5,
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129.1, 129.0, 128.8, 128.7, 125.2, 124.7, 99.0, 66.7, 60.5, 53.2, 52.7, 51.6, 51.0, 24.6,
24.0.

HRMS (ESI-FT) calcd for CasHagN3Os™ ([M+H']) = 464.1816, Found 464.1809.
Chiral HPLC spectrum 8r:
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Dimethyl (E)-3-((2-methoxy-2-oxoethyl)imino)-7-nitro-2-phenyl-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8s)

Orange red oil; 81% yield, 50:50 e.r.;

IR (neat): 2955, 2853, 1738, 1676, 1620, 1526, 1462, 1445, 1406, 1350, 1275, 1211,
1184, 1088, 843, 770, 737 and 702 cm™.

'H NMR (400 MHz, CDCl3) & = 7.78 — 7.70 (m, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.36 —
7.29 (m, 3H), 7.20 — 7.14 (m, 2H), 7.10 (t, J = 8.0 Hz, 1H), 6.39 (d, J = 8.0 Hz, 1H),
6.15 (s, 1H), 4.63 (s, 1H), 4.04 — 4.00 (m, 1H), 3.85 — 3.78 (m, 1H), 3.60 (s, 6H), 3.47

(s, 3H).
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B3C{'H} NMR (101 MHz, CDCls) & = 171.1, 168.4, 167.8, 159.0, 145.1, 132.4, 131.1,
129.6, 129.2, 129.1, 128.0, 125.8, 124.8, 100.5, 66.6, 61.1, 53.4, 52.8, 52.2, 52.1, 52.0.
HRMS (ESI-FT) calcd for CosHo4N3Og* ([M+H']) = 494.1558, Found 494.1562.

Dimethyl (2S,10bS,E)-3-(tert-butylimino)-2-cycloheptyl-7-nitro-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8t)

Orange red oil; 21% vield, 77:23 e.r.; [a]*p = +48.89 (c = 0.12 in CH,Cl,).

UPC? Phenomenex CHIRALCEL IA, CO,/CH;CH,OH = 90/10, A = 254 nm, flow
rate = 1.5 mL/min, tg (major) = 3.57 min, tg (Minor) = 4.20 min.

IR (neat): 2360, 1733, 1616, 1522, 1458, 1276, 1259, 764 and 750 cm™,

'H NMR (400 MHz, CDCls) & = 7.70 (d, J = 8.0 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H),
7.29 — 7.22 (m, 2H), 7.04 (t, J = 8.0 Hz, 1H), 6.20 (d, J = 8.0 Hz, 1H), 5.71 (s, 1H),
3.89 (s, 3H), 3.59 — 3.48 (m, 4H), 1.78 — 1.63 (m, 9H), 1.63 — 1.50 (m, 3H), 1.48 —
1.41 (m, 1H), 1.32 (s, 9H).

BC{*H} NMR (101 MHz, CDCl3) & = 169.8, 169.0, 148.9, 144.4, 131.4, 129.9, 129.6,
1294, 124.6, 1245, 97.6, 67.1, 58.9, 54.2, 53.6, 52.9, 40.6, 34.3, 33.1, 31.9, 28.0,
27.5, 27.1.

HRMS (ESI-FT) calcd for Co7H3sN3Og" ([M+H™]) = 498.2599, Found 498.1600.
Chiral HPLC spectrum 8t:
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Dimethyl (2S,10bS,E)-3-(naphthalen-2-ylimino)-7-nitro-2-phenyl-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8u)

N02 8u

Orange red oil; 68% vield, 73:27 e.r.; [a]*'b = +89.19 (c = 0.67 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, tg (major) = 23.87 min, tg (minor) = 37.11 min.

IR (neat): 2361, 1733, 1672, 1623, 1526, 1276, 1259, 764 and 750 cm™.

'H NMR (400 MHz, CDCls) § = 7.82 — 7.77 (m, 1H), 7.74 — 7.68 (m, 1H), 7.58 —
7.43 (m, 4H), 7.39 — 7.28 (m, 3H), 7.24 — 7.13 (m, 3H), 6.93 — 6.85 (M, 2H), 6.79 —
6.76 (M, 1H), 6.72 (dd, J = 8.6, 2.1 Hz, 1H), 6.53 (dd, J = 8.0, 0.7 Hz, 1H), 6.28 (s,
1H), 4.54 (s, 1H), 3.67 (s, 3H), 3.39 (s, 3H).

BC{*H} NMR (101 MHz, CDCl3) & = 168.6, 167.9, 157.1, 147.1, 145.2, 134.1, 133.9,
131.2, 130.2, 129.7, 128.9, 128.7, 128.4, 127.7, 127.6, 127.6, 127.2, 126.0, 126.0,
124.9,124.3, 122.5, 117.4, 101.5, 66.7, 61.2, 53.4, 52.7, 52.4.

HRMS (ESI-FT) calcd for CaHa6N306" ([M+H']) = 548.1816, Found 548.1816.
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Chiral HPLC spectrum 8u:
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Dimethyl (2S,10bS,E)-7-amino-3-(tert-butylimino)-2-phenyl-2,3-dihydropyrrolo[2,1-a]

isoquinoline-1,1(10bH)-dicarboxylate (8v)

NH, 8v

Coreless oil; 32% yield, 98:2 e.r.; [a]*'p = +114.13 (c = 0.18 in CH,Cl,).

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 70/30, flow rate = 1.0
mL/min, A = 254 nm, tg (major) = 4.96 min, tg (Minor) = 6.39 min.

IR (neat): 2965, 1740, 1682, 1612, 1526, 1466, 1350, 1263, 770 and 735 cm™.

'H NMR (400 MHz, CDClg) & = 7.34 — 7.27 (m, 3H), 7.24 — 7.20 (m, 1H), 7.18 —
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7.12 (m, 2H), 6.81 (t, J = 7.8 Hz, 1H), 6.67 — 6.62 (m, 1H), 6.50 (d, J = 7.8 Hz, 1H),
5.90 (s, 1H), 5.65 (d, J = 7.8 Hz, 1H), 4.65 (s, 1H), 3.66 — 3.52 (m, 5H), 3.50 (s, 3H),
1.07 (s, 9H).

BC{*H} NMR (101 MHz, CDCl5) & = 169.4, 168.3, 151.4, 140.2, 135.2, 129.3, 128.8,
128.6, 128.3, 126.3, 124.0, 119.6, 117.8, 115.7, 99.8, 67.0, 59.1, 53.7, 53.4, 52.7, 52.4,
31.7.

HRMS (ESI-FT) calcd for CagHsoNsO4" ([M+H']) = 448.2231, Found 448.2237.
Chiral HPLC spectrum 8v:
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0.00 050 1.00 150 200 250 3.00 350 400 450 500 550 600 650 7.00 7.50 800 850 9.00 9.50 10.00

Minutes
Retention Time Area % Area
1 4.960 1911210 50.58
2 6.383 1867712 49.42
0.12]
0.101
0.081
2 0.06
0.04 ™
(o))
0.02] N
(o]
0.00 .
000 050 100 150 200 250 300 350 400 450 500 550 6.00 650 7.00 7.50 800 850 9.00 9.50 10.00
Minutes
Retention Time Area % Area
1 4.959 1096958 98.17
2 6.393 20398 1.83
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Supplementary Table 10. Control experiment 1
COOMe

Mg(OTf),/L-RaPr. Cy
1 \/?\OOMe (10 mzol%) * MeooC Cy Meooe n-R'
R'NC + TMSN3 + Cy._ _~
y COOMe CHCly - . MeOOC -
I N-R' r N-R'
N=y N=y
1a 2a 3a 4a 5a
R' = Naphthyl
Entry Conditions Results
1 No 2a, 30 °C, 3h mess
2 No 3a, 30 °C, 3h nr
3 No 1a, 30 °C, 3h nr

Reactions were carried out with [la (0.20 mmol), 2a (0.24 mmol), 3a (0.20 mmol)] and
Mg(OTf),/L-RaPr; (1.4:1.0, 10 mol%) in CH,Cl, (1.0 mL) at 30 °C for 3 h.

Supplementary Discussion 3. It was proved that in the presence of chiral Lewis acid catalyst,
no reaction occurred after mixing la and 2a or mixing 2a and 3a. Isocyanide la could reacted
with 3a smoothly, however, only messy mixture was obtained at the end of reaction. These results
implied that it is the addition of isocyanide la to 3a catalyzed by chiral Lewis acid which
triggered this type of MCRs.

COOMe Cy
Mg(OTf),/L-RaPr, D Meooc_P
COOMe . .2 MeOOC cy R
; TSN \)\ (1.4:1.0, 10 mol%) N
1) RINC + + Cc o T MeOOC
) 37 SIS Scoome CD,Cly N . MeOOC
1 N-R I N-R'
N:N N‘N
1a 2a 3a 4a: 16% yield, 0% D 5a: 73% yield, 0% D
COOMe 5 oy
Mg(OTf),/L-RaPr, D MeOOC
COOMe  (14:1.0, 10 moloe) Me0°C Cy N-R'
2) RINC + TMSN3 + cy. A — MeOOC
COOMe  CH,Cl,, 5uL D,0 N= . T N= ’
I IN*R I IN*R
N=p Ny
1a 2a 3a 4a: 45% yield, 50% D 5a: 32% yield, 70% D
Cy D Cy
MeOOC ; Mg(OTf),/L-RaPr, MeOOC ]
3) N-RT (1.4:1.0, 10 mol%) N-R —
MeOOC — > MeOOC = Naphthy
N=N=R? CHCl,, D20 NZN R R = Cyclohexyl
N:N’ N:NI
5a: 0% D 5a:0% D
c
meooc Py meooc, DY
4) N-R . N-R’
MeOOC Silica gel MeOOC
N/ —_— =
I N-R' CH,Cl, NTN-=R!
Nsp Ny
5a: 70% D 5a: 35% D

Supplementary Figure 8. Control experiment 2
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Supplementary Discussion 4.

1) Reactions were carried out with 1a (0.10 mmol), 2a (0.12mmol), 3a (0.10 mmol) and
Mg(OTT),/L-RaPr; (1.4:1.0, 10 mol%) in CD,Cl, (1.0 mL) at 30 °C for 3 h.

It proved that the hydrogen source of the product does not come from CD,Cl,.

2) Reactions were carried out with 1a (0.10 mmol), 2a (0.12mmol), 3a (0.10 mmol), 5uL D,O
and Mg(OTf),/L-RaPr;, (1.4:1.0, 10 mol%) in CH,CI, (1.0 mL) at 30 °C for 3 h. The products
were separated by silica gel column chromatography.

This observation not only indicated that the proton transfer was facilitated by a trace amount
of water but also suggested water has a remarkable influence on the pathway.

3) Reactions were carried out with 5a (0.10 mmol), 5uL D,0 and Mg(OTf),/L-RaPr, (1.4:1.0,
10 mol%) in CH,Cl, (1.0 mL) at 30 °C for 3 h.

4) Reactions were carried out with 5a (70% deuterium) and silica gel in CD,Cl, (1.0 mL) at 30
°C for 3 h.

It explained the reason of different deuterium of 4a and 5a in the reaction 2 and the deuterium
is not stable.

r”\ “
O 3T

30% 70%

AU L oo

i g T

T T T T T T T T T T T T T T T T T T T T T
80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40

Supplementary Figure 9. *H spectra for deuterated 5a
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Supplementary Figure 10. *H spectra for deuterated 5a
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T T T
.8 56 54 52 50 48 46 44 42 40 38 36 34 32 3.0 28

3 & Tdd

3 0 2929

- o -Mmom
P ‘ ‘ e N
46 4.4 42 40 38 3.6 3.4 3.2 3.0 2

T T T
86 84 82 80 7.8 76 74 7.2 7.0 68 66 64 6.2 6.0 58 56 54 52 50 438

Supplementary Figure 11. *H spectra for deuterated 4a
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MeO O,N COOMe z\:gﬁ'l;)f)z:;-;zi/rz
\©\ + \©\ + TMSN; + @ A41.0, o)
NC NG COOMe CH,Cl,
1c 1b 2a 3a

COOMe COOMe
MeOOC MeOOC

N= NZ N=
e N NO, e N OMe N N
N N N NO,

4B 4A

5B
HRMS (ESI-FT) calcd for C1gHp4N506* HRMS (ESI-FT) calcd for CpoHp7N4O5* HRMS (ESI-FT) calod forCagHasN7Og"
([M+H*]) = 418.1722, Found 418.1716. ([M+H*]) = 403.1976, Found 403.1978. (IM+H*]) = 566.1994, Found 566.1996.
MeOOC MeOOC
MeOOC N@ OMe
MeOOC N OMe
N @ N= (NO,)
- 1
Ns N N°N’N\©\
N OMe NO,
(OMe)
5A: main product 5C, 5D

HRMS (ESI-FT) calcd for CogHasN5Og* HRMS (ESI-FT) calcd for Co7HsqNgO7*
(IM+H"]) = 536.2504, Found 536.2512. (IM+H"]) = 551.2249, Found 551.2252.

Supplementary Figure 12. Control experiment 3
Reactions were carried out with 1b (0.10 mmol), 1c (0.10 mmol) 2a (0.24mmol), 3a (0.20 mmol)
and Mg(OTf),/L-RaPr, (1.4:1.0, 10 mol%) in CH,ClI, (1.0 mL) at 30 °C for 3 h.

Supplementary Discussion 5.

It proved the reaction both three-molecule reaction pathway and four-molecule reaction pathway
shared with the same intermediate. Moreover, the results mentioned above also illustrated that
electron-rich isocyanides were more reactive than electron-poor isocyanides in current system.
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T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.

Supplementary Figure 13. *H spectra for product mixture 1

/
rs\N/ / — —r — 7
© 3.08 3.18 2.83 3.03

T T T T T T T T T T T T T T T
3.92 3.90 3.88 3.86 3.84 3.82 3.80 3.78 3.76 3.74 3.72 3.70 3.68 3.66 3.64 3.62 3.60

U | Y

& & L

e @ S-®Qo

N - M ON®
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Supplementary Figure 14. *H spectra for product mixture 2
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XQ-3-203-2 #543 RT. 485 AV:1 NL:9.29ES
T: FTMS + ¢ ESI Full ms [120.0000-1000.0000]

100 4031978 COOMe

95 MeOOC

65 HRMS (ESI-FT) calcd for CooHz7N4Os"
60 (IM+H*]) = 403.1976, Found 403.1978.

55 COOMe

25 404.2009

2 HRMS (ESI-FT) calcd for C1gHz4N5Og"
(IM+H*]) = 418.1722, Found 418.1716.

4181716
834
57 398.1107 405.2041

3001061 4021374 407.1265 4112353
o

415.2120
422.1865

421.1
419.1750 ‘

4:
427.2493

29.2462

430.2501
I

434.2030

398 400 402 404 406 408 410 412 414 416 418 420 422 424 426
m/z

Supplementary Figure 15. HRMS for 4A

XQ-3-203-2#109 RT: 0.98 AV:1 NL:2.86ES5
T: FTMS + ¢ ESI Full ms [120.0000-1000.0000]

H
3
T

180

1404

1307 5C,5D

El HRMS (ESI-FT) calcd for Co7Ha1NgO7*
1107 (IM+H"]) = 551.2249, Found 551.2252.
551.2252

1 552.2278

104 550.2656

428

430

432

434 436

553.2307

438

440

442

444

Supplementary Figure 16. HRMS for 5C and 5D
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XQ-3-203-X #109 RT: 0.98 AV: 1 NL: 8.00E6
T: FTMS + ¢ ESI Full ms [120.0000-1000.0000]

100+ 536.2512
MeOOC,
MeOOC N@OMe
N=
0 —
Ny, N—(
5A: main product
HRMS (ESI-FT) calcd for CogHaqNsOg*
(IM+H"]) = 536.2504, Found 536.2512.
558.2329
822.8456
832.3348
360.1803
314.6182 4031978 513.1990 5742067 7508237
159.0133 335.6418 . :
] L 241.06?3 282‘\601415\ \hj/ il \414\1887 4886978 ‘\ " \\ ‘\ |E?4'\2185 6762458 734’810“ 808.7665 867'\381? 9491324
- L L . L . i | . \
e B B A B e o e e S e B A e
150 200 250 300 350 400 50 500 550 600 650 700 750 800 850 900 950 1000
miz
XQ-3-203-S #101 RT: 0.91 AV: 1 NL: 183E5
T: FTMS + ¢ ESI Full ms [120.0000-1000.0000]
750
7004
650
600
550
500]
MeOOC
N=
Ns, N
N NO,
5B
2504
2004 HRMS (ESI-FT) calcd forCogHagN70g*
] (IM+H"]) = 566.1994, Found 566.1996.
1504
100] 566.1996
509 5672031
R s e A A s e e M e R o e A o e e e e e M et
565.4 565.6 565.8 566.0 566.2 566.4 566.6 566.8 567.0 567.2 567.4 567.6 567.8
miz

Supplementary Figure 18. HRMS for 5B
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Supplementary Table 11. Influence of metal saults and base

COOMe

MeOOC MeooC
Mg(OTf),/L-RaPr, N
Ne, \/(E)zMe (1.0:1.0, 10 mol%) N » MeOOC
+ 3 + C _ _— - -
4 COMe  GH,CICH,CI, 30 °C, Ney' Q Ny’ Q
3h

1a 2a 3a 4a 5a
Entry  Additive Yield of 4a (%)°  Yield of 5a (%)° e.r.of4a°® e.r. of 5a°
1 - 38 51 83.5:16.5 96:4
2 Ca(0Tf), - 81 . 94:6
3 LiOTf - 88 - 94:6
4° NaOTf - 86 - 94:6
5 Mg(CIO.), - 75 ; 92.5:7.5
6 Mg(NTf),  no 92 ; 90.5:9.5
7 Et;N 53 no 86:14 -
8 'Pr,NEt 45 32 82:16 91.5:85
9 DMAP 44 35 82:16 96:4
10 DBACO 76 - 86:14 -
11° Et;N 52 - 70:30 -

# Reaction conditions: Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a
(0.15mmol), 3a (0.15 mmol), additive (0.005 mmol) and Mg(OTf),/L-RaPr, (1.0:1.0, 10 mol %) in
CH,CICH,CI (1.0 mL) at 30 € for 3 h. " addtitive is 0.01 mmol. ¢ The reaction was performed in
CH,Cl, at -40 °C for 2days and -20 °C for 3 days. no= not detect

Supplementary Discussion 6. Excess metal salts play a role in accelerating the production of
products. Excess L-RaPr, plays similar roles to base, but the enantioselectivity decreases when
the temperature decreases to Et3N.
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Supplementary Figure 19. HSQCGP of 4k
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Supplementary Figure 20. COSYGPSW of 4k
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Supplementary Figure 23. HSQCGP of 5x
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Supplementary Figure 24. COSYGPSW of 5x
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Vs

1:3.77,53.0; 2:168.0;
3:4.31, 56.0; 4:167.9;
5:3.67, 53.1; 6: 3.86, 29.3;
7:1.24,18.1, 8: 157.8;

1:3.77,53.0; 2:167.7;

3: 4.66, 55.4; 4:3.50, 52.8;
5:167.3; 6: 5.14, 53.9;
7:140.3; 8:7.49, 130.1;
9: 7.64, 132.6; 10: 112.5;

11: 118.4; 12: 148.9;

13: 140.4; 14: 6.10, 121.3;
15: 6.50, 114.1; 16: 157.9;
17:3.70, 55.4; 18: 152.6;

19: 125.7; 20: 6.35, 125.0;
21:6.61, 114.0; 22:160.7;

23: 3.79, 55.6;
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Supplementary Figure 27. *H NMR spectra for product 4a
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Supplementary Figure 28. **C NMR spectra for product 4a
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Supplementary Figure 132. 3C NMR spectra for product 8b
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Supplementary Figure 169. *H NMR spectra for product 8u
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Supplementary Figure 170. *C NMR spectra for product 8u
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Supplementary Figure 171. *H NMR spectra for product 8v
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Supplementary Figure 173. ORTEP drawing of 4i

Supplementary Table 12. Crystal date and structure refinement for 4i

Empirical formula CyoH2,N4O4
Formula weight 382.41
Temperature/K 141.00(10)
Crystal system orthorhombic
Space group P2:2:2,

alA 8.5315(2)

b/A 8.95968(18)

c/A 24.5736(6)

a/° 90

B/° 90

v/° 90

Volume/A3 1878.39(8)

z 4

Peatcg/cm’ 1.352

w/mm™ 0.792

F(000) 808.0

Crystal size/mm? 0.6 x0.3 x0.2
Radiation CuKoa (A =1.54184)
20 range for data collection/° 7.194 to 130.094
Index ranges -10<h<8,-7<k<10,-28<1<24
Reflections collected 9525

Independent reflections 3199 [Rin; = 0.0414, Rgigma = 0.0400]
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Data/restraints/parameters
Goodness-of-fit on F?
[[>=20 (D]
Final R indexes [all data]
Largest diff. peak/hole / e A®0.21/-0.27
0.04(16)

Final R indexes

Flack parameter

3199/0/257
1.031

R1 =0.0492, wR; = 0.1262
R; =0.0542, wR;, = 0.1309
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Supplementary Figure 174. ORTEP drawing of 5a

Supplementary Table 13. Crystal date and structure refinement for 5a

Identification code

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

(e]

o/
pre

v/°
Volume/A®
Z

Pcalcglcm3

P-1

fxm-xg-3-up
C34H33N504
575.65
296.6(5)
triclinic

10.2260(4)
12.3951(5)
13.4645(6)

65.391(4)
77.344(4)
80.504(3)

1508.69(12)

2

1.267
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w/mm™

F(000)
Crystal size/mm?
Radiation

0.684

608.0

0.6 x0.4 %0.15
CuKa (L= 1.54184)

20 range for data collection/<11.386 to 145.288

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=26 (I)]
Final R indexes [all data]

-12<h<12,-12<k<15,-13<1<16
16498

5850 [Rint = 0.0256, Rsigma = 0.0213]
5850/0/390

1.038

R1 =0.0637, wR, = 0.1893

R, =0.0748, wR, = 0.2049

Largest diff. peak/hole / e A 0.53/-0.23

- Prob = 50
i Temp = 293
R
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Supplementary Figure 175. ORTEP drawing of 8a
Supplementary Table 14. Crystal date and structure refinement for 8a

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

fxm-xg-35
Ca2sH28N204
432.50
293.01(10)
monoclinic
P2,
9.6898(5)
8.0279(5)
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c/A 14.9828(8)

o/ 90

B/ 97.027(5)

v/ 90

Volume/A? 1156.75(12)

Z 2

peaicg/em’ 1.242

w/mm™ 0.677

F(000) 460.0

Crystal size/mm? 0.7 0.4 x0.2
Radiation CuKo (A =1.54184)
20 range for data collection/°9.196 to 145.778
Index ranges -11<h<11,-8<k<9,-16<1<18
Reflections collected 11806

Independent reflections 4045 [Riy = 0.0326, Rgigma = 0.0291]
Data/restraints/parameters ~ 4045/1/294

Goodness-of-fit on F? 1.056

Final R indexes [[>=2c (I)] R;=0.0516, wR, =0.1294

Final R indexes [all data] R; =0.0531, wR,=0.1326

Largest diff. peak/hole / e A 0.19/-0.32

Flack parameter 0.01(13)
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