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Table S1. Effect of alkyl group on chiral diazolium salt®

Cu(acac); (3.0 mol%)

PPN Azolium salt (1.1 mol%) Et
+ .

Ph OPO(OEt), * EfaZn THE, rt. 3 h PN
1 (R)-2

Q;N }NH

oo
A d L e

(RR; S,S)-
Entry Azolium salt R = Yield [%] ee [%]
1 (R,R; §,5)-L.1 Bu 91 83
2 L8 (‘Bu) ‘Bu 98 79
3 L9 (‘Bu) ‘Bu 75 73
4 L10 (‘Pr) Pr 99 70
5 L11 (Bn) Bn 97 55
6 L12 (CH») H 53 39

2 To a solution of Cu(acac), (3 mol%) and azolium salt (1.1 or 2.3
mol%) in THF (6 mL), Et,Zn (3 mmol) was added first, then 1 (1
mmol). The reaction mixture was stirred at room temperature for 3
h.

L8 (°Bu)

IH-NMR (DMSO-d6 at 80 °C): 6 10.60 (br, 2H), 8.52 (d, J = 8.8 Hz, 2H), 7.92 (br, 2H),
7.68 (d, J =8.4 Hz, 2H), 7.40-7.29 (m, 4H), 5.78 (br, 2H), 5.34 (d, J = 16.0 Hz, 2H), 5.25
(d, J =16.0 Hz, 2H), 4.60 (br, 2H), 3.68-3.61 (m, 2H), 3.50 (br, 4H), 2.60 (br, 2H), 2.45
(br, 1H), 2.42 (br, 1H), 2.04 (br, 2H), 1.84 (br, 2H), 1.64-1.56 (m, 2H), 1.46-1.37 (m, 2H),
1.13-1.06 (m, 2H), 0.85 (d, ] = 6.4 Hz, 6H), 0.80 (t, ] = 7.4 Hz, 6H); Failure of '°C NMR
measurement was observed. HRMS (ESI**): m/z calcd for CisHs:NeO4>": 316.2020;
found: 316.2019.
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L9 (‘Bu)

1H-NMR (DMSO-d6 at 80 °C): 6 10.56 (br, 2H), 8.35 (d, ] = 9.2 Hz, 2H), 7.90 (br, 2H),
7.69 (d, J=8.0 Hz, 2H), 7.39-7.31 (m, 4H), 5.74 (br, 2H), 5.38 (d, J = 16.0 Hz, 2H), 5.29
(d, ] = 16.0 Hz, 2H), 4.52 (br, 2H), 3.66-3.61 (m, 4H), 3.49-3.44 (m, 2H), 2.59 (br, 2H),
2.45 (br, 1H), 2.42 (br, 1H), 2.04 (br, 2H), 1.90-1.78 (m, 2H), 0.88 (s, 18H); Failure of
3C NMR measurement was observed. HRMS (ESI*"): m/z calcd for CisHs2NgOa>":
316.2020; found: 316.2025.

L10 (Pr)

IH-NMR (DMSO-d6 at 80 °C): & 10.42 (br, 2H), 8.35 (d, J = 8.8 Hz, 2H), 7.83 (br, 2H),
7.66 (d, ] = 8.0 Hz, 2H), 7.42-7.30 (m, 4H), 5.69 (br, 2H), 5.32 (d, ] = 16.0 Hz, 2H), 5.22
(d,J=16.0 Hz, 2H), 4.57 (t,J = 5.6 Hz, 2H), 3.64-3.58 (m, 2H), 3.48 (t, ] = 5.0 Hz, 4H),
2.57 (br, 2H), 2.46 (br, 1H), 2.43 (br, 1H), 2.06 (br, 2H), 1.88-1.83 (m, 4H), 0.87 (d, J =
6.4 Hz, 3H), 0.85 (d, J = 6.4 Hz, 3H); Failure of *C NMR measurement was observed.
HRMS (ESI*): m/z calcd for C34HasNsO4*": 302.1863; found: 302.1863.

L11 (Bn)
IH-NMR (DMSO-d6 at 80 °C): & 10.50 (br, 2H), 8.76 (d, J = 8.4 Hz, 2H), 7.85 (br, 2H),
7.44 (d,J = 8.4 Hz, 2H), 7.31-7.12 (m, 14H), 5.73 (br, 2H), 5.18 (s, 4H), 4.83 (t, ] = 5.6
Hz, 2H), 4.01-3.94 (m, 2H), 3.46 (t, ] = 5.0 Hz, 4H), 2.88 (dd, J = 6.0 and 13.6 Hz, 2H),
2.71 (dd, J = 8.2 and 13.6 Hz, 2H), 2.57 (br, 2H), 2.42 (br, 1H), 2.39 (br, 1H), 2.03 (br,
2H), 1.82 (br, 2H); Failure of '*C NMR measurement was observed. HRMS (ESI**): m/z
calcd for C42H4sNsO4>*: 350.1863; found: 350.1865.

L12 (CHa)

'H-NMR (DMSO-d6 at 80 °C): 8 10.52 (br, 2H), 8.74 (br, 2H), 7.93 (br, 1H), 7.69 (d, J =
7.6 Hz, 2H), 7.42-7.35 (m, 4H), 5.77 (br, 2H), 5.26 (d, ] = 16.4 Hz, 2H), 5.20 (d, ] = 16.4
Hz, 2H), 4.69-4.65 (m, 2H), 3.53-3.48 (m, 4H), 3.25-3.21 (m, 4H), 2.56 (br, 2H), 2.44 (br,
2H), 2.05 (br, 2H), 1.83 (br, 2H); Failure of *C NMR measurement was observed. HRMS
(ESI?"): m/z caled for CasH36N6O4*": 260.1394; found: 260.1394.
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3-Phenyl-1-pentene (3)
Enantiomeric excess was determined by Chiral GLC (Supelco B-Dex 120, 65 °C, N gas,
linear velocity of 27.5 cm/s, Rt = 67 min (R), 69 min (S))

Racemic compound

Intensity
4000 Z 3
3000
2000
1000
0
-1000
66 67 68 69 70 71
min
Retention time  Area Conc.
67.640 156991 50.124
69.223 156211 49.876

Table 1, entry 6: (R)-2 (74% ee)

Intensity
10000 -
7500
5000
2500 2
0
66 67 68 69 70 71
min

Retention time ~ Area Conc.

67.265 503650 87.105

69.478 74560 12.895
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Table 2, entry 2: (R)-2 (77% ee)

Intensity
7500
5000
2500
0
66 67 68 69 70 71

Retention time  Area Conc.

67.482 459647 88.561

69.662 59370 11.439

Table 2, entry 4: (R)-2 (75% ee)

Intensity

7500

5000

2500

0
66 67 68 69 70
Retention time  Area Conc.

67.382 450766 87.336
69.483 65360 12.664

S12
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Table 3, entry 2: (R)-2 (83% ee)

Intensity
10000 .
7500
5000
2500
0
66 67 68 69

Retention time  Area Conc.

67.527 489522 91.712

69.680 44236 8.288

Table 3, entry 3: (R)-2 (81% ee)

Intensity
7500
5000
2500
0
66 67 68 69

Retention time  Area Conc.

67.736 417428 90.601

69.868 43304 9.399

S13
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Table 3, entry 4: (R)-2 (84% ee)

Intensity
7500
5000
2500
0 -
66 67 68 69
Retention time  Area Conc.
67.421 441714 91.839
69.581 39254 8.161

Table 3, entry 11: (S)-2 (86% ee)

Intensity
7500 2
5000
2500
0
-2500
66 67 68 69
Retention time  Area Conc.
67.561 36240 6.938
68.443 486134 93.062

S14
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Table 5, entry 8: (S)-2 (80% ee)

Intensity

7500

5000

2500

65.202 /

64 65

Retention time  Area

65.202 52515
66.013 468226

66.013

66
Conc.

10.085
89.915

S15
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3-(2-Naphthalenyl)-1-pentene!®

Enantiomeric excess was determined by chiral LC (OJ-H, Hexane, Flow rate: 1.0 mL/min,

Rt = 14-15 min (R), 15-16 min (5)).
100- DAD1 A, Sig=254,4 Ref=500,100
904
804
704
60
504
404
30
204
104

15175
9969 8

RT Area Area%
[min]
15.175 9969.8486 50.5326

16.813 9759.7080 49.4674

14 1425145 1475 15 1525 1565 1575 16

Scheme 1: (R)-Product (75% ee)

100- DAD1 A, Sig=254,4 Ref=500,100

90+
80+
704
60+
504
404
304
20+
104

1625 165 1675 17 1725175 1775 18 1825 185 1875 19

RT Area Area%
[min]
13.493 11458.2256 87.3898
15.480 1653.3998 12.6102

%

[Te]

04 : : T ! ) : ) ; \ ! : ] ) ) , ) : ] : —
13 132 134 136 138 14 142 144 146 148 15 152 154 156 158 16 162 164 166 168 17

Scheme 1: (S)-Product (76% ee)

100- DAD1 A, Sig=254,4 Ref=500,100

90+
80+
704
60+
504
404
30+
204
104

RT Area Area%
[min]
13.951 1151.0223 11.7810
14.880 8619.1465 88.2190

0+ ] . : ] : ~ - : :
13 132 134 136 138 14 142 144 146 148

15 152 154 156 158 16 162 164 166 168 17
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3-(3’-Methylphenyl)-1-pentene!*!
Enantiomeric excess was determined by chiral LC (OJ-H, Hexane, Flow rate: 1.0 mL/min,
Rt =7.5 min (R), 8.5 min (S)).

100 DAD! A, 5ig=254,4 Ref=500,100

90
80 -
704
60 -
504

RT Area Area%
[min]

7.589 781.4559 49.4065
8.127 800.2291 50.5935

404
304
204
104

S T 3 T G896 T 08 09

8 81 82 83 84 85 86 87 88 89 ¢
B [min]

Scheme 1: (R)-Product (73% ee)

DAD1 B, Sig=210,4 Ref=500,100

100
90 RT Area Area%
504 [min]

104 8.790 296.3110 86.6676
o0 9.798 45.5826 13.3324
50+

404

30+

20+

b g2 84 885 S8 g G094 06 8 0——(0D2. 108 =106 108 . 11

B fH [min]

Scheme 1: (S)-Product (77% ee)
DAD! B, Sig=210,4 Ref=500,100

0

100
o RT Area Area%
80+ [min]
704 7.779 59.3986 11.3587
60+ 8.291 463.5369 88.6413
B0
40+
30+
20+
= ﬁé‘\
0
0797 72 73 7% 75 75 17 76 79 B &1 82 93 84 ©5 8% 87 89 59 9

BER [min]
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3-(4’-Methylphenyl)-1-pentene!®!

Enantiomeric excess was determined by Chiral GLC (Supelco B-Dex 120, initially at
50 °C, isotherm 15 min, then increase at the rate of 5 °C/min to 90 °C, isotherm 30 min,
then increase at the rate of 5 °C/min to 120 °C, N2 gas, linear velocity of 27.5 cm/s, Rt =
53 min (R), 54 min (S))

Intensity

53.617 /
34116 /

12500
10000
7500
5000
2500
0
53 Retention time  Area Conc. 54 55
53.677 213696 18.742 min
54.116 224729 51.258
Scheme 1: (R)-Product (76% ee)
Intensity
25000 =
20000
15000
10000
5000 =
(o]
53 Retention time  Area Conc. 54 55
53.513 1841399 88.009 min
54.078 65997 11.991

Scheme 1: (S)-Product (82% ee)

Intensity

25000

54,006 /

20000

15000

10000+

5000

53,715/

53 i . 54 55
Rctention time Arca Conec. min
53.715 47565 8.908
54.006 486414 91.092
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3-(4’-Chlorophenyl)-1-pentene!”
Enantiomeric excess was determined by Chiral GLC (Supelco B-Dex 120, 75 °C, N gas,
linear velocity of 27.5 cm/s, Rt =49 min (R), 50 min (S))

Intensity
5000 ;j
2500
(o]
—2500
48 49 50 51 52 53
min
Retention time Area Conc.
49.419 175060 49.446
50.555 178982 50.554
Scheme 1: (R)-Product (70% ee)
Intensity
12500 g
10000
7500
5000
2500 z
0
48 49 50 51 52 _53
Recliention time Area Conc. T
49.488 450464 84.820
51.032 80617 15.180
Scheme 1: (S)-Product (77% ee)
Intensity
15000 &
10000
5000 z
0
47 48 49 50 51 a2
Rctention timc Arca Conc. min
48.719 79108 11.381
49.412 615980 88.619
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