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General Information. All reactions were carried out in oven dried Schlenk tubes. 

CuBr (98%) was purchased from Acros and kept in a glove box; (R,R)-N-Pinap 3 

(97%) was purchased from Stream Chemicals and kept in the glove box; 4 Å 

molecular sieves was purchased from Alfa Aesar and kept in the glove box after 

activation (heated at 450  ℃ for 10 h in a Muffle furnace, taken out after cooling to 

200 ℃ and then kept in glove box to allow to cool to room temperature). Aldehydes 

were distilled right before use. Toluene and THF were dried over sodium wire and 

distilled right before use with benzophenone as the indicator. Et3N was distilled over 

sodium hydroxide. Other reagents were used as received without further treatment. 

All the temperatures are referred to the oil baths used. The petroleum ether (30-60 ℃) 

for chromatography was distilled before use. 

Experimental details and analytical data 

(1) Preparation of (S)-5-(1-Pyrrolidinyl)-5-phenyl-2-methyl-3-pentyn-2-ol 

((S)-4aa) (fw-5-113) 

 

Typical procedure: To a flame-dried Schlenk tube were added CuBr (14.8 mg, 0.1 

mmol, 98%) and (R,R)-N-Pinap 3 (63.6 mg, 0.11 mmol, 97%) inside a glove box. 

Toluene (3 mL) was then added under Ar atmosphere outside of the glove box. The 

Schlenk tube was then stirred 25 ℃for 1 h. 4 Å molecular sieves (600.2 mg), 1a 
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(169.0 mg, 2.0 mmol)/toluene (1 mL), 2a (223.0 mg, 2.1 mmol)/toluene (0.5 mL), and 

pyrrolidine (149.9 mg, 2.1 mmol)/toluene (0.5 mL) were then added sequentially 

under Ar atmosphere. The Schlenk tube was then stirred at 25 ℃ until completion of 

the reaction as monitored by TLC (19 h). The crude reaction mixture was filtrated 

through a short pad of silica gel eluted with ether (30 mL). After evaporation, the 

residue was purified by chromatography on silica gel to afford (S)-4aa (456.3 mg, 

93%) (eluent: 30-60 ℃ petroleum ether/ ethyl acetate/ Et3N = 400 mL/40 mL/0.26 

mL to 250 mL/50 mL/0.13 mL, it should be noted that the column packed with silica 

gel was eluted with a mixture of petroleum ether (50 mL) and Et3N (0.25 mL) before 

loading the sample) as a liquid: 98% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 100/1, 1.0 mL/min, λ = 214 nm, tR(major) = 18.3 min, tR(minor) = 

22.2 min); [α]D
20 = -39.0 (c = 1.00, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 

7.53-7.47 (m, 2 H, Ar-H), 7.37-7.23 (m, 3 H, Ar-H), 4.63 (s, 1 H, CHC≡C), 2.61-2.54 

(m, 4 H, from two CH2), 2.17 (bs, 1 H, OH), 1.83-1.69 (m, 4 H, from two CH2), 1.57 

(s, 6 H, OC(CH3)2); 
13C NMR (75 MHz, CDCl3) δ = 139.0, 128.1, 127.9, 127.3, 91.7, 

78.7, 64.7, 58.3, 50.0, 31.6, 23.1; MS (ESI) m/z = 244 (M+H+); IR (neat): v = 3373, 

2973, 2932, 2876, 2807, 1603, 1492, 1452, 1360, 1345, 1302, 1266, 1229, 1166, 1131, 

1076, 1025 cm-1; HRMS (ESI) calcd for C16H21NO [M+]: 243.1623, found : 243.1624. 

  The following compounds ((S)-4ab-(S)-4am in Table 1 and (S)-4bm-(S)-4dm in 

Table 2) were prepared according to this Typical procedure. All the racemic products 

were also prepared according to this procedure in the absence of the chiral ligand. The 

absolute configurations of propargylic amines were assigned based on our previous 
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study.1 

(2) (S)-5-(1-Pyrrolidinyl)-5-(4-bromophenyl)-2-methyl-3-pentyn-2-ol ((S)-4ab) 

(fw-5-126) 

 

The reaction of CuBr (14.8 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.9 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.7 mg), 1a (167.5 mg, 2.0 mmol), 2b (387.9 

mg, 2.1 mmol), pyrrolidine (149.4 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4ab (574.8 mg, 90%) (eluent: petroleum ether (30~60 ℃)/ ethyl acetate/ Et3N = 

400 mL/40 mL/0.26 mL to 250 mL/50 mL/0.13 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 98% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR(major) 

= 6.9 min, tR(minor) = 5.2 min); [α]D
23 = -32.1 (c = 1.06, CHCl3); 

1H NMR (300 MHz, 

CDCl3) δ = 7.48-7.36 (m, 4 H, Ar-H), 4.60 (s, 1 H, CHC≡C), 2.62-2.49 (m, 4 H, from 

two CH2), 2.14 (bs, 1 H, OH), 1.83-1.69 (m, 4 H, from two CH2), 1.57 (s, 6 H, 

OC(CH3)2); 
13C NMR (75 MHz, CDCl3) δ = 138.1, 131.0, 129.8, 121.2, 92.1, 78.0, 

64.7, 57.6, 49.9, 31.6, 23.2; MS (ESI) m/z = 324 (M(81Br)+H+), 322 (M(79Br)+H+); IR 

(neat): v = 3363, 2973, 2932, 2875, 2809, 1591, 1485, 1459, 1398, 1374, 1360, 1286, 

1262, 1229, 1166, 1131, 1071, 1030, 1011 cm-1; HRMS (ESI) calcd for C16H21
79BrNO 
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[M+H+]: 322.0801, found : 322.0805. 

(3) (S)-5-(1-Pyrrolidinyl)-5-(4-chlorophenyl)-2-methyl-3-pentyn-2-ol ((S)-4ac) 

(fw-5-127) 

 

The reaction of CuBr (14.7 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.7 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.1 mg), 1a (167.5 mg, 2.0 mmol), 2c (295.3 

mg, 2.1 mmol), pyrrolidine (149.9 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4ac (489.0 mg, 88%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 

400 mL/40 mL/0.26 mL to 250 mL/50 mL/0.13 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 98% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR(major) 

= 6.6 min, tR(minor) = 5.0 min); [α]D
23 = -35.9 (c = 1.06, CHCl3); 

1H NMR (300 MHz, 

CDCl3) δ = 7.48-7.41 (m, 2 H, Ar-H), 7.33-7.26 (m, 2 H, Ar-H), 4.62 (s, 1 H, 

CHC≡C), 2.60-2.48 (m, 4 H, from two CH2), 2.08 (bs, 1 H, OH), 1.83-1.69 (m, 4 H, 

from two CH2), 1.57 (s, 6 H, OC(CH3)2); 
13C NMR (75 MHz, CDCl3) δ = 137.7, 

133.1, 129.4, 128.2, 92.1, 78.2, 64.9, 57.6, 49.9, 31.7, 23.2; MS (ESI) m/z = 280 

(M(37Cl)+H+), 278 (M(35Cl)+H+); IR (neat): v = 3360, 2974, 2932, 2876, 2809, 1595, 

1578, 1489, 1460, 1403, 1374, 1360, 1288, 1263, 1228, 1166, 1132, 1089, 1030, 1015 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 

S6 
 

cm-1; HRMS (ESI) calcd for C16H21
35ClNO [M+H+]: 278.1306, found: 278.1313. 

(4) (S)-5-(1-Pyrrolidinyl)-5-(4-benzyloxyphenyl)-2-methyl-3-pentyn-2-ol ((S)-4ad) 

(fw-5-139) 

OH
+

N
H

+

CuBr (5 mol%)
(R,R)-N-Pinap 3 (5.5 mol%)

OH

N

1a

2d

(S)-4ad1.05 equiv
1.05 equiv

CHO

OBn BnO

80%, 98% ee

4 Å MS (120 mg/mL)
toluene, 25 °C, 22 h

N

PPh2

HN Ph

Me

(R,R)-N-Pinap 3

 

The reaction of CuBr (14.8 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.9 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.1 mg), 1a (168.4 mg, 2.0 mmol), 2d (445.8 

mg, 2.1 mmol), pyrrolidine (150.0 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4ad (560.0 mg, 80%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 

400 mL/80 mL/0.26 mL, it should be noted that the column packed with silica gel was 

eluted with a mixture of petroleum ether (50 mL) and Et3N (0.5 mL) before loading 

the sample) as a liquid: 98% ee (HPLC conditions: Chiralcel AD-H column, 

hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR(major) = 19.4 min, tR(minor) = 

12.3 min); [α]D
20 = -20.3 (c = 1.02, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 

7.46-7.28 (m, 7 H, Ar-H), 6.97-6.90 (m, 2 H, Ar-H), 5.06 (s, 2 H, OCH2), 4.58 (s, 1 H, 

CHC≡C), 2.62-2.49 (m, 4 H, from two CH2), 1.97 (s, 1 H, OH), 1.83-1.69 (m, 4 H, 

from two CH2), 1.57 (s, 6 H, OC(CH3)2); 
13C NMR (75 MHz, CDCl3) δ = 158.1, 

136.9, 131.8, 129.3, 128.5, 127.9, 127.4, 114.3, 91.4, 79.3, 69.9, 65.1, 57.8, 50.1, 31.7, 

23.3; MS (ESI) m/z = 350 (M+H+); IR (neat): v = 3373, 2973, 2931, 2874, 2806, 1609, 
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1584, 1508, 1455, 1418, 1377, 1360, 1345, 1301, 1269, 1235, 1170, 1132, 1112, 1013 

cm-1; HRMS (ESI) calcd for C23H27NO2 [M
+]: 349.2042, found: 349.2031. 

(5) (S)-5-(1-Pyrrolidinyl)-5-(3-methylphenyl)-2-methyl-3-pentyn-2-ol ((S)-4ae) 

(fw-5-130) 

 

The reaction of CuBr (14.7 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.9 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.2 mg), 1a (168.8 mg, 2.0 mmol), 2e (252.0 

mg, 2.1 mmol), pyrrolidine (149.7 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4ae (490.5 mg, 95%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 

400 mL/40 mL/0.26 mL to 250 mL/50 mL/0.13 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 99% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR(major) 

= 5.1 min, tR(minor) = 4.5 min); [α]D
19 = -33.9 (c = 1.01, CHCl3); 

1H NMR (300 MHz, 

CDCl3) δ = 7.29 (d, J = 6.0 Hz, 2 H, Ar-H), 7.25-7.18 (m, 1 H, Ar-H), 7.09 (d, J = 7.5 

Hz, 1 H, Ar-H), 4.57 (s, 1 H, CHC≡C), 2.63-2.49 (m, 4 H, from two CH2), 2.35 (s, 3 

H, Ar-CH3), 2.05 (bs, 1 H, OH), 1.83-1.69 (m, 4 H, from two CH2), 1.57 (s, 6 H, 

OC(CH3)2); 
13C NMR (75 MHz, CDCl3) δ = 139.1, 137.7, 128.8, 128.2, 127.9, 125.2, 

91.4, 79.1, 65.0, 58.5, 50.2, 31.7, 23.2, 21.3; MS (ESI) m/z = 258 (M+H+); IR (neat): 
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v = 3380, 2973, 2931, 2875, 2807, 1608, 1487, 1458, 1374, 1360, 1345, 1304, 1270, 

1227, 1166, 1131, 1090, 1031 cm-1; HRMS (ESI) calcd for C17H24NO [M+H+]: 

258.1852, found 258.1858. 

(6) (S)-5-(1-Pyrrolidinyl)-5-(2-methylphenyl)-2-methyl-3-pentyn-2-ol ((S)-4af) 

(fw-5-135) 

 

The reaction of CuBr (14.8 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.9 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.0 mg), 1a (168.7 mg, 2.0 mmol), 2f (252.8 

mg, 2.1 mmol), pyrrolidine (150.0 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4ae (432.4 mg, 84%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 

400 mL/20 mL/0.26 mL to 400 mL /40 mL/0.26 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 91% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 90/10, 0.7 mL/min, λ = 214 nm, tR(major) 

= 8.1 min, tR(minor) = 7.6 min); [α]D
19 = -24.5 (c = 1.03, CHCl3); 

1H NMR (300 MHz, 

CDCl3) δ = 7.58-7.52 (m, 1 H, Ar-H), 7.22-7.10 (m, 3 H, Ar-H), 4.79 (s, 1 H, 

CHC≡C), 2.65-2.45 (m, 4 H, from two CH2), 2.41 (s, 3 H, Ar-CH3), 2.03 (bs, 1 H, 

OH), 1.80-1.65 (m, 4 H, from two CH2), 1.57 (s, 6 H, OC(CH3)2); 
13C NMR (75 MHz, 

CDCl3) δ = 137.6, 136.6, 130.4, 128.0, 127.3, 125.5, 91.5, 79.0, 65.2, 55.4, 50.0, 31.7, 
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23.4, 19.0; MS (ESI) m/z = 258 (M+H+); IR (neat): v = 3373, 2972, 2932, 2875, 2806, 

1487, 1460, 1374, 1360, 1345, 1265, 1229, 1165, 1131, 1051, 1030,  cm-1; HRMS 

(ESI) calcd for C17H24NO [M+H+]: 258.1852, found: 258.1858. 

(7) (R)-5-(1-Pyrrolidinyl)-5-(2-furyl)-2-methyl-3-pentyn-2-ol ((R)-4ag) (fw-5-123) 

 

The reaction of CuBr (14.8 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.7 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.0 mg), 1a (168.2 mg, 2.0 mmol), 2g (202.2 

mg, 2.1 mmol), pyrrolidine (149.5 mg, 2.1 mmol) and toluene (5 mL) afforded 

(R)-4ag (367.5 mg, 79%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 

400 mL/40 mL/0.26 mL to 250 mL/50 mL/0.13 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 99% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 95/5, 1.0 mL/min, λ = 214 nm, tR(major) = 

8.9 min, tR(minor) = 8.1 min); [α]D
19 = -26.3 (c = 1.02, CHCl3); 

1H NMR (300 MHz, 

CDCl3) δ = 7.40-7.36 (m, 1 H, Ar-H), 6.38-6.35 (m, 1 H, Ar-H), 6.34-6.30 (m, 1 H, 

Ar-H), 4.81 (s, 1 H, CHC≡C), 2.70-2.55 (m, 4 H, from two CH2), 2.15 (bs, 1 H, OH), 

1.80-1.72 (m, 4 H, from two CH2), 1.57 (s, 6 H, OC(CH3)2); 
13C NMR (75 MHz, 

CDCl3) δ = 152.2, 142.2, 109.8, 107.9, 90.7, 76.3, 64.9, 51.7, 49.6, 31.5, 23.3; MS 

(ESI) m/z = 234 (M+H+); IR (neat): v = 3380, 2975, 2933, 2877, 2813, 1502, 1460, 
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1374, 1360, 1347, 1293, 1228, 1169, 1142, 1073, 1031, 1006 cm-1; HRMS (ESI) calcd 

for C14H19NO2 [M
+]: 233.1416, found: 233.1415. 

(8) (S)-5-(1-Pyrrolidinyl)-2-methyl-3-nonyn-2-ol ((S)-4ah) (fw-5-118) 

 

The reaction of CuBr (14.7 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.7 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.5 mg), 1a (168.9 mg, 2.0 mmol), 2h (181.0 

mg, 2.1 mmol), pyrrolidine (150.0 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4ah (399.9 mg, 89%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 

400 mL/40 mL/0.26 mL to 250 mL/50 mL/0.13 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 99% ee (HPLC conditions: 

Chiralcel PC-2 column, hexane/i-PrOH = 100/1, 1.0 mL/min, λ = 214 nm, tR(major) = 

12.8 min, tR(minor) = 15.0 min); [α]D
22 = -7.0 (c = 1.03, CHCl3); 

1H NMR (300 MHz, 

CDCl3) δ = 3.43 (dd, J1 = 8.9 Hz, J2 = 5.6 Hz, 1 H, CHC≡C), 2.73-2.50 (m, 4 H, from 

two CH2), 1.95 (bs, 1 H, OH), 1.85-1.24 (m, 16 H, from five CH2 and OC(CH3)2), 

0.91 (t, J = 7.1 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ = 90.4, 79.5, 64.3, 54.3, 

49.3, 34.3, 31.8, 28.7, 23.2, 22.2, 13.8; MS (ESI) m/z = 224 (M+H+); IR (neat): v = 

3405, 2958, 2931, 2873, 2862, 2808, 1459, 1373, 1359, 1323, 1293, 1226, 1167, 1136, 

1105, 1031 cm-1; HRMS (ESI) calcd for C14H25NO [M+]: 223.1936, found: 223.1934. 
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(9) (S)-5-(1-Pyrrolidinyl)-2-methyl-3-undecyn-2-ol ((S)-4ai) (fw-5-119) 

    

The reaction of CuBr (14.8 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.8 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.3 mg), 1a (168.4 mg, 2.0 mmol), 2i (239.6 

mg, 2.1 mmol), pyrrolidine (150.0 mg, 2.1 mmol) toluene (5 mL) afforded (S)-4ai 

(477.5 mg, 95%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 200 

mL/20 mL/0.13 mL to 250 mL/50 mL/0.13 mL, it should be noted that the column 

packed with silica gel was eluted with a mixture of petroleum ether (50 mL) and Et3N 

(0.5 mL) before loading the sample) as a liquid: > 99% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR(major) 

= 25.3 min); [α]D
20 = -1.7 (c = 1.03, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 3.43 

(dd, J1 = 8.9 Hz, J2 = 5.6 Hz, 1 H, CHC≡C), 2.70-2.50 (m, 4 H, from two CH2), 2.03 

(bs, 1 H, OH), 1.84-1.72 (m, 4 H, from two CH2), 1.69-1.22 (m, 16 H, from five CH2 

and OC(CH3)2), 0.88 (t, J = 6.8 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ = 90.4, 

79.4, 64.3, 54.3, 49.3, 34.5, 31.8, 31.5, 28.8, 26.4, 23.2, 22.4, 13.8; MS (ESI) m/z = 

252 (M+H+); IR (neat): v = 3405, 2957, 2928, 2872, 2858, 2809, 1459, 1360, 1323, 

1293, 1228, 1168, 1137, 1109, 1033 cm-1；HRMS (ESI) calcd for C16H29NO [M+]: 

251.2249, found: 251.2255. 

(10) (S)-5-(1-Pyrrolidinyl)-2-methyl-3-dodecyn-2-ol ((S)-4aj) (fw-5-111) 
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The reaction of CuBr (14.7 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (64.0 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.1 mg), 1a (168.9 mg, 2.0 mmol), 2j (269.8 

mg, 2.1 mmol), pyrrolidine (150.0 mg, 2.1 mmol) and toluene (5 mL) afforded (S)-4aj 

(473.2 mg, 89%) (eluent: petroleum ether/ ethyl acetate/ Et3N = 500 mL/50 mL/0.35 

mL to 250 mL/50 mL/0.13 mL, it should be noted that the column packed with silica 

gel was eluted with a mixture of petroleum ether (50 mL) and Et3N (0.5 mL) before 

loading the sample) as a liquid: 98% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR(major) = 14.4 min, tR(minor) = 

13.1 min); [α]D
19 = -2.2 (c = 1.02, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 3.43 (dd, 

J1 = 9.0 Hz, J2 = 5.7 Hz, 1 H, CHC≡C), 2.72-2.50 (m, 4 H, from two CH2), 2.2 (bs, 1 

H, OH), 1.85-1.71 (m, 4 H, from two CH2), 1.69-1.22 (m, 18 H, from six CH2 and 

OC(CH3)2), 0.88 (t, J = 6.2 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ = 90.2, 80.0, 

64.8, 54.4, 49.5, 34.7, 31.8, 31.7, 29.3, 29.1, 26.6, 23.3, 22.6, 14.0; MS (ESI) m/z = 

266 (M+H+); IR (neat): v = 3408, 2957, 2926, 2856, 1459, 1360, 1323, 1294, 1227, 

1168, 1137, 1111, 1031 cm-1; HRMS (ESI) calcd for C17H31NO [M+]: 265.2406, found: 

265.2403. 

(11) (S)-5-(1-Pyrrolidinyl)-2,6-methyl-3-heptyn-2-ol ((S)-4ak) (fw-5-112) 
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The reaction of CuBr (14.8 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.7 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.7 mg), 1a (168.5 mg, 2.0 mmol), 2k (151.9 

mg, 2.1 mmol), pyrrolidine (149.8 mg, 2.1 mmol) toluene (5 mL)afforded (S)-4ak 

(381.5 mg, 91%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 200 

mL/20 mL/0.13 mL to 250 mL/50 mL/0.13 mL, it should be noted that the column 

packed with silica gel was eluted with a mixture of petroleum ether (50 mL) and Et3N 

(0.5 mL) before loading the sample) as a liquid: ≥99% ee (HPLC conditions: Chiralcel 

AD-H column, hexane/i-PrOH = 100/1, 0.5 mL/min, λ = 214 nm, tR(major) = 25.2 

min); [α]D
20 = -28.4 (c = 1.02, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 3.01 (d, J1 = 

7.8 Hz, 1 H, CHC≡C), 2.68-2.48 (m, 4 H, from two CH2), 1.99 (bs, 1 H, OH), 

1.87-1.71 (m, 5 H, from two CH2 and CH), 1.53 (s, 6 H, OC(CH3)2), 1.01 (d, J = 6.9 

Hz, 3 H, CH3), 0.98 (d, J = 6.6 Hz, 3 H, CH3); 
13C NMR (75 MHz, CDCl3) δ = 90.3, 

79.5, 64.9, 61.8, 50.2, 31.7, 31.4, 23.3, 20.1, 19.0; MS (ESI) m/z = 210 (M+H+); IR 

(neat): v = 3368, 2962, 2932, 2872, 2807, 1462, 1362, 1229, 1165, 1137, 1109, 1038 

cm-1; HRMS (ESI) calcd for C13H23NO [M+]: 209.1780, found: 209.1781. 

(12) (S)-5-(1-Pyrrolidinyl)-2,7-methyl-3-octyn-2-ol ((S)-4al) (fw-5-116) 
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The reaction of CuBr (14.7 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.8 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.7 mg), 1a (167.9 mg, 2.0 mmol), 2l (181.0 

mg, 2.1 mmol), pyrrolidine (150.0 mg, 2.1 mmol) and toluene (5 mL) afforded (S)-4al 

(410.2 mg, 92%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 400 

mL/40 mL /0.26 mL to 250 mL/50 mL/0.13 mL to 330 mL/110 mL/0.26 mL, it should 

be noted that the column packed with silica gel was eluted with a mixture of 

petroleum ether (50 mL) and Et3N (0.5 mL) before loading the sample) as a liquid: 

≥99% ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 100/1, 0.5 

mL/min, λ = 214 nm, tR(major) = 13.4 min, tR(minor) = 17.0 min); [α]D
18 = -8.3 (c = 

1.01, CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 3.56 (dd, J1 = 9.9 Hz, J2 = 5.7 Hz, 1 H, 

CHC≡C), 2.72-2.50 (m, 4 H, from two CH2), 1.94 (bs, 1 H, OH), 1.87-1.70 (m, 5 H, 

from two CH2 and CH), 1.62-1.39 (m, 8 H, from OC(CH3)2 and CH2), 0.94 (d, J = 6.6 

Hz, 3 H, CH3), 0.90 (d, J = 6.6 Hz, 3 H, CH3);; 
13C NMR (75 MHz, CDCl3) δ = 90.4, 

79.6, 64.6, 52.3, 49.2, 43.6, 31.9, 25.2, 23.3, 21.6; MS (ESI) m/z = 224 (M+H+); IR 

(neat): v = 3359, 2956, 2928, 2873, 2811, 1463, 1386, 1370, 1358, 1315, 1293, 1280, 

1223, 1159, 1134, 1107, 1090, 1035 cm-1; HRMS (ESI) calcd for C14H25NO [M+]: 

223.1936, found: 223.1936. 

(13) (S)-5-(1-Pyrrolidinyl)-5-cyclohexyl-2-methyl-3-pentyn-2-ol ((S)-4am) 
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(fw-5-108) 

 

The reaction of CuBr (14.6 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (64.1 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.7 mg), 1a (167.3 mg, 2.0 mmol), 2m (236.1 

mg, 2.1 mmol), pyrrolidine (150.0 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4am (469.2 mg, 95%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N 

= 200 mL/ 20 mL/ 0.13 mL to 250 mL/ 50 mL/ 0.13 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 98% ee (HPLC conditions: 

Chiralcel OD-H column, hexane/i-PrOH = 200/1, 1.0 mL/min, λ = 214 nm, tR(major) 

= 12.7 min, tR(minor) = 11.1 min); [α]D
20 = -17.6 (c = 1.01, CHCl3); 

1H NMR (300 

MHz, CDCl3) δ = 3.11 (d, J = 8.1 Hz, 1 H, CHC≡C), 2.70-2.48 (m, 4 H, from two 

CH2), 2.02-1.80 (m, 3 H, from Cy and OH), 1.79-1.60 (m, 7 H, from Cy and 

pyrrolidine ), 1.55-1.40 (m, 7 H, from Cy and OC(CH3)2 ), 1.32-0.95 (m, 5 H, from 

Cy); 13C NMR (75 MHz, CDCl3) δ = 90.4, 79.6, 65.0, 60.5, 49.9, 40.9, 31.8, 30.5, 

29.8, 26.5, 26.1, 26.0, 23.3; MS (ESI) m/z = 250 (M+H+); IR (neat): v = 3393, 2977, 

2950, 2925, 2881, 2868, 2852, 2824, 1449, 1361, 1315, 1260, 1221, 1172, 1164, 1115, 

1078, 1054, 1022 cm-1; HRMS (ESI) calcd for C16H27NO [M+]: 249.2093, found: 

249.2091. 
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(14) (S)-5-(3,4-dihydroisoquinolin-2(1H)-yl)-5-cyclohexyl-2-methyl-3-pentyn-2-ol 

((S)-4an) (fw-7-68) 

 

The reaction of CuBr (14.2 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.5 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.0 mg), 1a (168.4 mg, 2.0 mmol), 2m (236.0 

mg, 2.1 mmol), 1,2,3,4-tetrahydroisoquinoline (279.2 mg, 2.1 mmol), and toluene (5 

mL) afforded (S)-4an (573.8 mg, 92%) (eluent: petroleum ether  (30~60 ℃)/ ethyl 

acetate = 20/1) as a liquid: 96% ee (HPLC conditions: Chiralcel OD-H column, 

hexane/i-PrOH = 95/5, 0.8 mL/min, λ = 214 nm, tR(major) = 7.4 min, tR(minor) = 8.2 

min); [α]D
30 = -24.2 (c = 1.80, CHCl3); 

1H NMR (300 MHz, CDCl3) δ = 7.15-7.01 (m, 

4 H, Ar-H), 3.78 (d, J = 15.0 Hz, 1 H, one proton from NCH2Ar), 3.61 (d, J = 15.0 Hz, 

1 H, one proton from NCH2Ar), 3.14 (d, J = 10.2 Hz, 1 H, CH from CHC≡C), 

2.92-2.81 (m, 3 H, from NCH2CH2), 2.65-2.52 (m, 1 H, from NCH2CH2), 2.13 (bs, 1 

H, OH), 2.10-1.98 (m, 2 H, from Cy), 1.81-1.52 (m, 4 H, from Cy), 1.50 (s, 6 H, 

OC(CH3)2), 1.35-0.80 (m, 5 H, from Cy); 13C NMR (75 MHz, CDCl3) δ = 135.5, 

134.6, 128.5, 126.6, 125.8, 125.4, 91.3, 78.7, 65.2, 62.8, 52.1, 47.0, 39.5, 31.9, 31.1, 

30.3, 29.5, 26.6, 26.1, 25.9; MS (ESI) m/z = 312 (M+H+); IR (neat): v = 3362, 2979, 

2923, 2851, 1497, 1449, 1362, 1326, 1164, 1132 cm-1; HRMS (ESI) calcd for 

C21H30NO [M+H+]: 312.2322, found: 312.2320. 
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Comparison of different stereochemistry-dictating groups 

(1) (S)-4-(1-Pyrrolidinyl)-4-cyclohexyl-2-butyn-1-ol ((S)-4bm) (fw-5-150) 

 

The reaction of CuBr (14.8 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.9 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.7 mg), 1b (112.8 mg, 2.0 mmol), 2m (234.9 

mg, 2.1 mmol), pyrrolidine (149.8 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4bm (399.0 mg, 90%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N 

= 400 mL/ 40 mL/ 0.26 mL to 250 mL/ 50 mL/ 0.13 mL, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 84% ee (HPLC conditions: 

Chiralcel AD-H column, hexane/i-PrOH = 90/10, 0.7 mL/min, λ = 214 nm, tR(major) 

= 4.8 min, tR(minor) = 4.1 min); [α]D
22 = -16.1 (c =1.02, CHCl3); 

1H NMR (300 MHz, 

CDCl3) δ = 4.31 (d, J = 1.5 Hz, 2 H, OCH2), 3.14 (d, J = 8.1 Hz, 1 H, CHC≡C), 

2.70-2.48 (m, 4 H, from two CH2), 2.38 (bs, 1 H, OH), 1.99 (d, J = 12.6 Hz, 1 H, from 

Cy), 1.90-1.60 (m, 8 H, from Cy and pyrrolidine ), 1.57-1.40 (m, 1 H, from Cy), 

1.32-0.95 (m, 5 H, from Cy); 13C NMR (75 MHz, CDCl3) δ = 84.1, 82.8, 60.9, 50.6, 

50.1, 40.9, 30.5, 29.6, 26.5, 26.1, 26.0, 23.2; MS (ESI) m/z = 222 (M+H+); IR (neat): 

v = 3142, 2970, 2918, 2881, 2844, 1449, 1355, 1317, 1275, 1262, 1224, 1186, 1145, 

1117, 1078, 1065, 1050, 1026 cm-1; HRMS (ESI) calcd for C14H24NO [M+H+]: 
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222.1852, found: 222.1851. 

(2) (S)-1-(1-Cyclohexyl-3-(trimethylsilyl)prop-2-ynyl)pyrrolidine ((S)-4cm) 

(fw-5-138) 

     

The reaction of CuBr (14.7 mg, 0.1 mmol, 98%), (R,R)-N-Pinap 3 (63.7 mg, 0.11 

mmol, 97%), 4 Å molecular sieves (600.1 mg), 1c (200.8 mg, 2.0 mmol, 98%), 2m 

(236.1 mg, 2.1 mmol), pyrrolidine (149.9 mg, 2.1 mmol) and toluene (5 mL) afforded 

(S)-4cm (471.2 mg, 89%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N 

= 300 mL/ 10 mL/ 0.13 mL, it should be noted that the column packed with silica gel 

was eluted with a mixture of petroleum ether (50 mL) and Et3N (0.5 mL) before 

loading the sample) as a liquid. The enantioselectivity was 91% ee as determined by 

HPLC analysis of the corresponding phenylacetylene derivative 6. [α]D
20 = -13.7 (c = 

1.02, CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 3.10 (d, J = 8.4 Hz, 1 H, CHC≡C), 

2.70-2.48 (m, 4 H, from two CH2), 1.99 (d, J = 12.6 Hz, 1 H, from Cy), 1.87 (d, J = 

14.1 Hz, 1 H, from Cy), 1.80 -1.60 (m, 7 H, from Cy and pyrrolidine ), 1.54-1.38 (m, 

1 H, from Cy), 1.32-0.95 (m, 5 H, from Cy), 0.16 (s, 9 H, TMS); 13C NMR (75 MHz, 

CDCl3) δ = 104.4, 89.4, 61.5, 49.9, 41.0, 30.6, 30.0, 26.7, 26.20, 26.16, 23.5, 0.3; MS 

(ESI) m/z = 264 (M+H+); IR (neat): v = 2958, 2923, 2876, 2852, 2808, 2157, 1449, 

1348, 1248, 1219, 1130, 1112 cm-1; HRMS (ESI) calcd for C16H30NSi [M+H+]: 
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264.2142, found: 264.2150. 

Synthesis of (S)-6 for determining the ee of (S)-4cm (fw-5-143, fw-5-147) 

    

To a Schlenk tube were added (S)-4cm (442.3 mg, 1.7 mmol), K2CO3 (346.0 mg, 

2.5 mmol) and MeOH (5 mL). The reaction mixture was stirred at room temperature 

for 2 h. The crude reaction mixture was filtrated through a short pad of silica gel 

eluted with ether (30 mL). After evaporation, the residue was purified by 

chromatography on silica gel to afford (S)-5 (295.3 mg, 92%) (eluent: petroleum ether  

(30~60 ℃)/ ethyl acetate/ Et3N = 300 mL/ 10 mL/ 0.13 mL, it should be noted that 

the column packed with silica gel was eluted with a mixture of petroleum ether (50 

mL) and Et3N (0.5 mL) before loading the sample) as a liquid: [α]D
20 = -24.5 (c = 1.02, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 3.15 (dd, J1 = 8.7 Hz, J2 = 2.1 Hz, 1 H, 

CHC≡C), 2.70-2.48 (m, 4 H, from two CH2), 2.24 (d, J = 2.4 Hz, 1 H, C≡CH), 2.03 (d, 

J = 12.6 Hz, 1 H, from Cy), 1.91 (d, J = 12.6 Hz, 1 H, from Cy), 1.84-1.38 (m, 8 H, 

from Cy and pyrrolidine ), 1.32-0.95 (m, 5 H, from Cy); 13C NMR (75 MHz, CDCl3) 

δ = 81.7, 73.0, 60.3, 49.6, 41.0, 30.4, 30.1, 26.6, 26.08, 26.05, 23.4. 

To a flame-dried Schlenk tube were added Pd(PPh3)2Cl2 (15.1 mg, 0.02 mmol), 

(S)-5 (191.3 mg, 1.0 mmol), the iodobenzene-derivative (290.6 mg, 1.1 mmol), Et3N 

(202.7 mg, 2.0 mmol), THF (2.0 mL) and CuI (3.7 mg, 0.02 mmol) sequentially under 
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Ar atmosphere. The Schlenk tube was then stirred at 25 ℃ until completion of the 

reaction as monitored by TLC (19 h). The crude reaction mixture was filtrated 

through a short pad of silica gel eluted with ether (30 mL). After evaporation, the 

residue was purified by chromatography on silica gel to afford (S)-6 (262.0 mg, 80%) 

(eluent: petroleum ether  (30~60 ℃)/ ethyl acetate = 40:1, it should be noted that the 

column packed with silica gel was eluted with a mixture of petroleum ether (50 mL) 

and Et3N (0.5 mL) before loading the sample) as a liquid: 91% ee (HPLC conditions: 

Chiralcel OD-H column, hexane/i-PrOH = 400/1, 0.7 mL/min, λ = 220 nm, tR(major) 

= 10.8 min, tR(minor) = 9.8 min); [α]D
22 = -15.9 (c = 1.05, CHCl3); 7.40 (dd, J1 = 7.5 

Hz, J2 = 1.8 Hz, 1 H, Ar-H), 7.25-7.18 (m, 1 H, Ar-H), 7.06 (dd, J1 = 8.4 Hz, J2 = 0.6 

Hz, 1 H, Ar-H), 6.94 (td, J1 = 7.5 Hz, J2 = 1.2 Hz, 1 H, Ar-H ), 5.22 (s, 2 H, OCH2), 

3.50 (s, 3 H, OCH3 ), 3.41 (d, J = 8.4 Hz, 1 H, CHC≡C), 2.81-2.60 (m, 4 H, from two 

CH2), 2.15 (d, J = 12.0 Hz, 1 H, from Cy), 1.97 (d, J = 13.2 Hz, 1 H, from Cy), 

1.85-1.50 (m, 8 H, from Cy and pyrrolidine), 1.35-1.05 (m, 5 H, from Cy); 13C NMR 

(75 MHz, CDCl3) δ = 157.6, 133.4, 128.8, 121.6, 115.0, 114.2, 94.7, 92.2, 81.6, 61.4, 

56.1, 49.8, 41.4, 30.6, 30.3, 26.7, 26.2, 23.6; MS (ESI) m/z = 328 (M+H+); IR (neat): 

v = 2921, 2849, 1597, 1574, 1489, 1449, 1402, 1348, 1308, 1276, 1252, 1226, 1196, 

1152, 1112, 1079, 1043 cm-1; HRMS (ESI) calcd for C21H30NO2 [M+H+]: 328.2271, 

found: 328.2272. 

(S)-1-(1-Cyclohexylprop-2-yn-1-yl)pyrrolidine (S-5) from 1a on 20 mmol scale 

(fw-5-61, fw-5-65) 
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 To a 100 mL flame-dried Schlenk tube were added CuBr (73.2 mg, 0.5 mmol, 

98%) and (R,R)-N-Pinap 3 (317.8 mg, 0.55 mmol, 97%) inside a glove box. Toluene 

(10 ml) was then added under Ar atmosphere outside of the glove box. The Schlenk 

tube was then stirred 25 ℃for 2 h. 4 Å molecular sieves (3.0001 g), 1a (1.6860 g, 20 

mmol)/toluene (10 mL), 2m (2.4704 g, 22 mmol)/toluene (10 mL) were then added 

sequentially under Ar atmosphere. Pyrrolidine (1.8 mL, 22 mmol) was added 

dropwise within 30 min via syringe at 0 ℃. The resulting mixture was allowed to 

warm to 25 ℃ with stirring. After 15 h, the reaction was complete as monitored by 

TLC. The crude reaction mixture was filtrated through a short pad of silica gel eluted 

with ether (100 mL). After evaporation, the crude product was used in the next step 

without further treatment.  

To a 100 mL flame-dried, three-necked flask were added NaOH powder (2.4001 

g, 60 mmol), the above crude product dissolved in toluene (10 mL) (transferred to the 

flask via a syringe) under Ar atmosphere, and toluene (40 mL). The flask was then 

equipped with a condenser and placed in a pre-heated oil bath at 120 ℃ with stirring. 

After 18 h, the reaction was complete as monitored by TLC. After cooling to room 

temperature, a saturated aqueous NH4Cl (20 mL) solution and ether (200 mL) were 

then added. The organic layer was separated, washed with H2O (20 mL×3) and brine 

(10 mL×3), and dried over anhydrous MgSO4. After filtration and evaporation, the 
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residue was purified by chromatography on silica gel to afford (S)-5 (2.9038 g, 77%) 

(eluent: petroleum ether/ ethyl acetate/ Et3N = 400 mL/ 4 mL/ 0.26 mL, it should be 

noted that the column packed with silica gel was eluted with a mixture of petroleum 

ether (50 mL) and Et3N (0.5 mL) before loading the sample) as a liquid: [α]D
20 = -25.4 

(c = 1.02, CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 3.15 (dd, J1 = 8.6 Hz, J2 = 2.0 Hz, 

1 H, CHC≡C), 2.70-2.48 (m, 4 H, from two CH2), 2.24 (d, J = 2.7 Hz, 1 H, C≡CH), 

2.03 (d, J = 12.6 Hz, 1 H, from Cy), 1.91 (d, J = 12.6 Hz, 1 H, from Cy), 1.84 -1.60 

(m, 7 H, from Cy and pyrrolidine ), 1.56-1.38 (m, 1 H, from Cy), 1.32-0.95 (m, 5 H, 

from Cy); 13C NMR (75 MHz, CDCl3) δ = 81.7, 73.0, 60.3, 49.6, 41.0, 30.4, 30.1, 

26.6, 26.08, 26.05, 23.4; MS (ESI) m/z = 192 (M+H+); IR (neat): v = 3306, 2921, 

2876, 2851, 2812, 1449, 1349, 1148, 1131, 1112, 1032 cm-1; HRMS (ESI) calcd for 

C13H22N [M+H+]: 192.1747, found: 192.1751. 

 

Synthetic applications of (S)-5  

(1) Preparation (S)-1-(1-Cyclohexyl-3-(2-(methoxymethoxy)phenyl)prop-2-yn-1- 

yl)pyrrolidin-e 

    

To a flame-dried Schlenk tube were added Pd(OAc)2 (4.7 mg, 0.02 mmol), PPh3 

(15.6 mg, 0.06 mmol), the iodobenzene-derivative (541.3 mg, 2.05 mmol), (S)-5 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 

S23 
 

(382.0 mg, 2.0 mmol), Et3N (4 mL) and CuI (7.8 mg, 0.04 mmol) sequentially under 

Ar atmosphere. The Schlenk tube was then stirred at 80 ℃ until completion of the 

reaction as monitored by TLC (11 h). The crude reaction mixture was filtrated through 

a short pad of silica gel eluted with ether (30 mL). After evaporation, the residue was 

purified by chromatography on silica gel to afford (S)-6 (460.9 mg, 70%) (eluent: 

petroleum ether/ ethyl acetate = 40:1, it should be noted that the column packed with 

silica gel was eluted with a mixture of petroleum ether (50 mL) and Et3N (0.5 mL) 

before loading the sample) as a liquid: 98% ee (HPLC conditions: Chiralcel OD-H 

column, hexane/i-PrOH = 400/1, 0.7 mL/min, λ = 220 nm, tR(major) = 11.8 min, 

tR(minor) = 10.6 min); [α]D
22 = -17.5 (c = 1.02, CHCl3); 7.40 (dd, J1 = 7.5 Hz, J2 = 1.8 

Hz, 1 H, Ar-H), 7.25-7.18 (m, 1 H, Ar-H), 7.06 (dd, J1 = 8.3 Hz, J2 = 0.5 Hz, 1 H, 

Ar-H), 6.94 (td, J1 = 7.6 Hz, J2 = 1.0 Hz, 1 H, Ar-H ), 5.22 (s, 2 H, OCH2), 3.50 (s, 3 

H, OCH3 ), 3.41 (d, J = 8.7 Hz, 1 H, CHC≡C), 2.81-2.60 (m, 4 H, from two CH2), 

2.15 (d, J = 12.3 Hz, 1 H, from Cy), 1.97 (d, J = 13.2 Hz, 1 H, from Cy), 1.85-1.50 (m, 

8 H, from Cy and pyrrolidine), 1.35-1.05 (m, 5 H, from Cy); 13C NMR (75 MHz, 

CDCl3) δ = 157.5, 133.4, 128.8, 121.6, 114.9, 114.2, 94.6, 92.2, 81.6, 61.3, 56.0, 49.8, 

41.4, 30.6, 30.3, 26.7, 26.2, 23.5. 

(2)  Preparation of (S)-4-(1-Pyrrolidinyl)-4-cyclohexyl-2-butyn-1-ol ((S)-4bm) 

(fw-5-175) 

N

(S)-5

1) n-BuLi (1.5 equiv)
THF, -78 °C, 30 min

2) CH2O (1.5 equiv)
-78 °C to rt, 23.5 h

N

OH

(S)-4bm
81%, 98% ee  
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Propargylamine (S)-5 (380.8 mg, 2.0 mmol) was dissolved in dry THF (10 mL) 

and cooled to -78 ℃. n-BuLi (1.9 mL, 1.6 M in hexane, 3.0 mmol) was added 

dropwise via a syringe and the resulting mixture was stirred for 30 min at this 

temperature. Paraformaldehyde (90.9 mg, 3.0 mmol) was added in portions and then 

THF (15 mL) was added. Stirring was continued for 30 min at -78 ℃ and then at RT 

for 23.5 h. A sat. aqueous solution of NH4Cl (5 mL) and ether (50 mL) were added to 

the reaction mixture sequentially. The organic layer was separated, washed with H2O 

(5 mL×3), and dried over anhydrous MgSO4. After filtration and evaporation, the 

residue was purified by chromatography on silica gel to afford (S)-4bm (355.6 mg, 

81%) (eluent: petroleum ether  (30~60 ℃)/ ethyl acetate/ Et3N = 400 mL/40 

mL/0.26 mL to 250 mL/50 mL/0.13 mL, it should be noted that the column packed 

with silica gel was eluted with a mixture of petroleum ether (50 mL) and Et3N (0.5 

mL) before loading the sample) as a liquid: 98% ee (HPLC conditions: Chiralcel 

AD-H column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR(major) = 4.9 min, 

tR(minor) = 4.3 min); [α]D
22 = -19.7 (c = 1.03, CHCl3); 

1H NMR (300 MHz, CDCl3) δ 

= 4.31 (d, J = 1.2 Hz, 2 H, OCH2), 3.14 (d, J = 8.1 Hz, 1 H, CHC≡C), 2.70-2.48 (m, 5 

H, from two CH2 and OH), 1.99 (d, J = 12.6 Hz, 1 H, from Cy), 1.90 -1.41 (m, 9 H, 

from Cy and pyrrolidine ), 1.32-0.95 (m, 5 H, from Cy); 13C NMR (75 MHz, CDCl3) 

δ = 84.0, 83.2, 60.9, 50.8, 50.1, 40.9, 30.5, 29.7, 26.5, 26.13, 26.06, 23.3. 

(3) Preparation of (S)-Methyl 4-(1-pyrrolidinyl)-4-cyclohexyl-2-butynoate ((S)-7) 

(fw-5-71) 
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Propargylamine (S)-5 (766.4 mg, 4.0 mmol) was dissolved in dry THF (20 mL) 

and cooled to -78 ℃. n-BuLi (2.5 mL, 1.6 M in hexane, 4.0 mmol) was added 

dropwise slowly via a syringe and the resulting mixture was stirred for 44 min at this 

temperature. Methyl chloroformate (0.945 mL, d = 1.223 g /mL, 1.134 g, 12.0 mmol) 

was added dropwise to the reaction mixture via a syringe pump over 2 h. The mixture 

was allowed to warm up to rt for 23 h. A saturated aqueous solution NH4Cl (5 mL) 

and ether (50 mL) were added to the reaction mixture. The organic layer was 

separated, washed with H2O (5 mL x 3 ), and dried over anhydrous MgSO4. After 

filtration and evaporation, the residue was purified by chromatography on silica gel to 

afford (S)-7 (863.1 mg, 86%) (eluent: petroleum ether/ ethyl acetate = 50:1) as a 

liquid: 98% ee (HPLC conditions: Chiralcel AD-H column, hexane/i-PrOH = 100/0, 

1.0 mL/min, λ = 214 nm, tR(major) = 6.46 min, tR(minor) = 6.03 min); [α]D
24 = -19.3 

(c = 1.02, CHCl3); 
1H NMR (300 MHz, CDCl3) δ = 3.77 (s, 3 H, COOCH3) 3.32 (d, J 

= 9.3 Hz, 1 H, CHC≡C), 2.70-2.51 (m, 4 H, from two CH2), 2.06-1.90 (m, 2 H, from 

Cy), 1.84-1.46 (m, 8 H, from Cy and pyrrolidine ), 1.34-0.88 (m, 5 H, from Cy); 13C 

NMR (75 MHz, CDCl3) δ = 153.9, 87.1, 77.6, 60.1, 52.4, 49.4, 40.6, 30.4, 30.2, 26.4, 

25.8, 23.3; MS (ESI) m/z = 250 (M+H+); IR (neat): v = 2925, 2852, 2810, 2220, 1714, 

1449, 1434, 1349, 1236, 1134, 1111, 1083, 1045 cm-1; HRMS (ESI) calcd for 

C15H24NO2 [M+H+]: 250.1802, found: 250.1807. 
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