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1. General Information 

NMR spectra were recorded at room temperature on the following spectrometers: Agilent (400 

MHz) and VARIAN (400 MHz). Chemical shifts are given in ppm and coupling constants in Hz. 
1
H spectra were calibrated in relation to the reference measurement of TMS (0.00 ppm).

 13
C spectra 

were calibrated in relation to deuterated solvents, namely CDCl3 (77.16 ppm). The following 

abbreviations were used for 
1
H NMR spectra to indicate the signal multiplicity: s (singlet), d 

(doublet), t (triplet), q (quartet) and m (multiplet) as well as combinations of them. When 

combinations of multiplicities are given the first character noted refers to the largest coupling 

constant. High performance liquid chromatography (HPLC) was carried out with Agilent 1260 

Infinity on a UV spectrophotometric detector (Agilent). For ESI
+
-spectra an EI

-
HR (GC-TOF) 

spectrometer was applied. Infrared Spectroscopy (IR) was processed on an FT-IR spectrometer 

named Nicolet 380. The method is denoted in brackets. For the most significant bands the wave 

number ṽ (cm
-1

) is given.  

 

Chemicals were purchased from commercial suppliers. Unless stated otherwise, all the substrates 

and solvents were purified and dried according to standard methods prior to use. Reactions 

requiring inert conditions were carried out in glove box. Buta-1,3-diene is purchased in a THF (1.5 

M) solution and the exact concentration was measured by 
1
H NMR in the presence of diethyl 

phthalate. CF3I is purchased in gas tank and bubbled and stored in THF solution, the concentration 

is measured to be 0.4 M by 
19

F NMR in the presence of (trifluoromethyl)-benzene.  
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2. Experimental details 

(1). General Procedure  

 

To a mixture of anhydrous chromium(II) chloride (1.2 mg, 0.01 mmol, 5 mol %), 

1,8-bis((S)-4-isopropyl-4,5-dihydrooxazol-2-yl)-9H-carbazole
[1]

 ( L1, 7.8 mg, 0.02 mmol, 10 

mol %) and Proton sponge (4.3 mg, 0.02 mmol, 10 mol %) was added THF (0.5 mL) under an 

nitrogen atmosphere. The mixture was stirred vigorously at room temperature for 2 hours. Then 

phthalocyaninecobalt (II) (0.3 mg, 0.0005 mmol, 0.25 mol %) and manganese powder (22.0 mg, 

0.4 mmol, 2.0 equiv.). Then TMSCl (21.7 mg, 0.2 mmol, 1.0 equiv.), aldehyde (0.2 mmol, 1.0 

equiv.), 1,3-diene (0.6 mmol, 3.0 equiv.) and alkyl iodides (0.6 mmol, 3.0 equiv.) were added in 

succession. The resulting suspension was stirred at -10 
o
C for 12 h. After the full consumption of 

aldehyde, the mixture was diluted with undried ethyl acetate, then aqueous n-Bu4NF (1 M) was 

added, stirred at room temperature and the resulting suspension was filtered over a pad of silica gel 

using ethyl acetate (EtOAc) as eluent. Volatiles were evaporated in vacuo. The residue was purified 

by chromatography (Petroleum ether / ethyl acetate = 15/1 to 10/1) afforded the product. 

 

(2). Synthesis and Characterization of Ligand and Products 

Synthesis of 1,8-bis((4R,5S)-4,5-diphenyl-4,5-dihydrooxazol-2-yl)-9H-carbazole (L6) 

 

Complex a (prepared by the reference, (Eur. J. Org. Chem. 2010, 2121), report methods), (353.1 

mg, 0.5 mmol), Pd(OAc)2 (5.6 mg, 0.05 mmol), iPr-HCl (38.3 mg, 0.1 mmol) and K2CO3 (138.2 

mg, 1.0 mmol) were placed in a screw-cap tube equipped with a magnetic stir. Then 5 mL of 

N,N-dimethylacetamide (DMA) was added. The reaction was heated under 140
 o
C for 12 h. After 

the reaction was judged by TLC, the heat source was removed and the reaction mixture was 

allowed to be quenched by water. The resulting suspension was extracted with EtOAc. The 

combined extracts were washed with brine, dried over Na2SO4, and concentrated in vacuo. The 

crude mixture was purified by silica gel chromatography (hexanes/EtOAc = 10/1) to afford 

1,8-bis((4R,5S)-4,5- diph-enyl-4,5-dihydro oxazol-2-yl)-9H-carbazole (L6) (76.2 mg, 0.125 mmol), 

as bright yellow powder in 25% yield
[1]

. Recrystallization with a mixture of Toluene and Hexane 

afforded pale yellow needles as the ideal product. 
1
H NMR (400 MHz, CDCl3) δ 12.33 (s, 1H), 8.28 

(d, J4 = 7.7 Hz, 2H), 8.07 (d, J = 7.4 Hz, 2H), 7.44 – 7.32 (m, 12H), 7.29 – 7.16 (m, 10H), 5.43 (d, 

J = 8.2 Hz, 2H), 5.25 (d, J = 8.2 Hz, 2H). 
13

C NMR (101 MHz, CDCl3) δ 163.2, 141.9, 140.4, 139.4, 

129.0, 128.6, 128.6, 127.5, 126.7, 126.3, 126.2, 124.1, 123. 7, 119.1, 110.2, 88.2, 78.5. IR (neat) 

cm
-1

 ṽ: 3344, 3061, 2088, 1643, 1495, 1132 753, 696. HRMS (ESI
(+)

) : C42H32N3O2 [M+H]
+
: calcd. 

610.2489, found: 610.2479. [α]D
31

 = -61.3, (c = 0.81, CH2Cl2). 
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Synthesis of (1S,2S)-1-(3,5-bis(methoxymethoxy)phenyl)-4-methyl-2-vinylpentan-1-ol (4a’) 

 

(1S,2S)-1-(3,5-bis(methoxymethoxy)phenyl)-4-methyl-2-vinylpentan-1-ol (4a’) 

 

According to the general procedure, 4a’ (51.8 mg, 0.16 mmol) was prepared from 

3,5-bis(methoxymethoxy)benzaldehyde (45.3 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 ul, 0.6 

mmol, 3.0 equiv.) and 2-iodopropane (102.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 73% yield 

with spectral properties identical to that reported in the literature, which is confirmed by single 

crystal X-Ray analysis.
[2]

 The absolute configuration of the product was assigned to be (1S, 2S).  

Synthesized 4a’ [α]D
30

 = -10.66 (c = 0.48, CHCl3), ee = 76%; Reported: [α]D 
20

 = -16.28 (c = 0.86, 

CHCl3), ee = 94%. 

The anti-diastereoselectivity of this reaction is in agreement with the well-known behavior of 

allylic chromium reagents as Type III species (i.e. anti-diastereoconvergent agents). The 

stereochemistry outcome is also in agreement with the results reported in our previous studies.
[1]

  

4a’, 
1
H NMR (400 MHz, CDCl3) δ 6.73 – 6.65 (m, 3H), 5.77 – 5.56 (m, 1H), 5.29 – 5.20 (m, 1H), 

5.18 – 5.14 (m, 4H), 4.28 (d, J = 7.7 Hz, 1H), 3.47 (s, 6H), 2.38 (td, J = 11.2, 3.7 Hz, 1H), 2.21 (s, 

1H), 1.58 – 1.40 (m, 1H), 1.26 – 1.12 (m, 1H), 0.97 – 0.85 (m, 1H), 0.82 (d, J = 6.7 Hz, 3H), 0.74 

(d, J = 6.5 Hz, 3H). HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 97:3, 1.0 mL/min, 210 nm), 

tminor = 23.0 min, tmajor = 20.2 min, ee = 76%. 

 

 

The stereochemistry of the series of products was assigned by analogy. The ee was determined by 

HPLC analysis with Chiralcel OD-H and IE-H et al. columns. 

 

(3R,4S)-1-phenyl-4-(2,2,2-trifluoroethyl)hex-5-en-3-ol (4a) 

 

According to the general procedure 4a (41.3 mg, 0.16 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and trifluoroiodomethane 

(117.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 80% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.29 

(t, J = 7.5 Hz, 2H), 7.20 (t, J = 7.4 Hz, 3H), 5.91 – 5.64 (m, 1H), 5.33 – 5.14 (m, 2H), 3.63 (dd, J = 

8.2, 4.0 Hz, 1H), 2.95 – 2.73 (m, 1H), 2.73 – 2.62 (m, 1H), 2.48 (ddd, J = 13.0, 8.7, 4.3 Hz, 1H), 
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2.43 – 2.16 (m, 2H), 1.85 – 1.66 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 141.7, 135.5, 128.7, 

128.5, 127.1 (d, J = 276.6 Hz), 126.2, 119.0, 72.7, 44.0, 36.7, 35.6 (q, J = 27.5 Hz), 32.3. 
19

F NMR 

(376 MHz, CDCl3) δ -66.35 (t, J = 10.9 Hz, 3F). IR (neat) cm
-1

 ṽ: 3389, 2926, 1377, 1271, 1249, 

1131, 924. HRMS (EI
(+)

, 70 eV): C14H17OF3 [M]
+
: calcd: 258.1232, found: 258.1230. [α]D

22
 = 19.2, 

(c = 0.45, CH2Cl2). HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 95:5, 0.80 mL/min, 214 

nm), tminor = 9.6 min, tmajor = 14.1 min, ee = 94%, dr = 15:1. 

 

(3S,4R)-3-(2,2,2-trifluoroethyl)dec-1-en-4-ol (4b) 

 

According to the general procedure 4b (41.8 mg, 0.16 mmol) was prepared from heptanal (22.8 mg, 

0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and trifluoroiodomethane (117.6 

mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 81% yield.
 1
H NMR (400 MHz, CDCl3) δ 5.80 – 5.64 

(m, 1H), 5.22 (dd, J = 10.2, 1H), 5.16 (d, J = 17.2 Hz, 1H), 3.59 (d, J = 4.0 Hz, 1H), 2.56 – 2.41 (m, 

2H), 2.32 – 2.20 (m, 1H), 1.46 – 1.39 (m, 2H), 1.37 – 1.21 (m, 8H), 0.88 (t, J = 6.7 Hz, 3H). 
13

C 

NMR (101 MHz, CDCl3)
 
δ 135.7, 127.13 (d, J = 279.3 Hz), 118.8, 73.3, 43.7, 35.7 (d, J = 27.3 Hz), 

34.9, 31.9, 29.4, 25.9, 22.7, 14.2.
 19

F NMR (376 MHz, CDCl3) δ -66.35 (t, J = 11.0 Hz, 3F). IR 

(neat) cm
-1

 ṽ: 2963, 1260, 1191, 1019, 798. HRMS (EI
(+)

, 70 eV): C12H19F3 [M-H2O]
+
: calcd: 

220.1439, found: 220.1432. [α]D
22

 = 14.7, (c = 2.20, CH2Cl2). After converting into the 

corresponding 3,5-dinitro-benzoyl ester
[3]

, enantiomeric ratio was determined by HPLC (Chiralcel 

OD-H column, CO2:i-PrOH = 90:10, 1.3 mL/min, 214 nm), tminor = 6.9 min, tmajor = 7.8 min, ee = 

90%, dr = 15:1. 

 

(1S,2S)-1-phenyl-2-(2,2,2-trifluoroethyl)but-3-en-1-ol (4c) 

 

According to the general procedure 4c (28.1 mg, 0.12 mmol) was prepared from benzaldehyde 

(21.2 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and trifluoroiodomethane 

(117.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 61% yield. Major isomer: 
1
H NMR (400 MHz, 

CDCl3) δ 7.40 – 7.34 (m, 2H), 7.31 (dd, J = 6.4, 3.7 Hz, 3H), 5.76 – 5.61 (m, 1H), 5.23 (dd, J = 

27.1, 13.8 Hz, 2H), 4.59 (d, J = 5.5 Hz, 1H), 2.74 (ddd, J = 12.8, 9.6, 4.7 Hz, 1H), 2.17 – 1.96 (m, 

2H). 
13

C NMR (101 MHz, CDCl3) δ 140.0, 136.1, 128.5, 127.7 (dd, J = 109.3, 91.4 Hz), 126.6, 

119.5, 118.2, 75.5, 46.1, 35.0 (q, J = 27.7 Hz).
 19

F NMR (376 MHz, CDCl3) δ -63.05 (t, J = 10.9 Hz, 

3F). IR (neat) cm
-1

 ṽ: 3413, 2926, 1376, 1252, 1133, 1051, 922, 702. HRMS (EI
(+)

, 70 eV): 

C12H11F3 [M-H2O]
+
: calcd: 212.0813, found: 212.0819. [α]D

22
 = -21.7, (c = 1.04, CH2Cl2). HPLC 

(Chiralcel OD-H column, CO2:i-PrOH = 98:2, 1.3 mL/min, 214 nm), tminor = 21.8 min, tmajor = 16.0 

min, ee = 83%, dr = 4:1. 

 

(3R,4S)-7,7,7-trifluoro-1-phenyl-4-vinylheptan-3-ol (4d) 

 



S 6  
 

According to the general procedure 4d (92.6 mg, 0.34 mmol) was prepared from 3-phenylpropanal 

(53.7 mg, 0.4 mmol, 1.0 equiv.), 1,3-diene (800 uL, 1.2 mmol, 3.0 equiv.) and 

1,1,1-trifluoro-2-iodoethane (251.9 mg, 1.2 mmol, 3.0 equiv.) as colorless oil in 85% yield. 
1
H 

NMR (400 MHz, CDCl3) δ 7.34 – 7.27 (m, 2H), 7.23 – 7.17 (m, 3H), 5.86 – 5.57 (m, 1H), 5.27 (dd, 

J = 10.3, 1.8 Hz, 1H), 5.20 – 5.10 (m, 1H), 3.63 – 3.46 (m, 1H), 2.93 – 2.75 (m, 1H), 2.68 (ddd, J = 

13.7, 9.4, 6.8 Hz, 1H), 2.23 – 2.03 (m, 2H), 2.00 (d, J = 5.6 Hz, 1H), 1.87 – 1.70 (m, 3H), 1.68 – 

1.58 (m, 1H).
 13

C NMR (101 MHz, CDCl3) δ 142.0, 136.9, 128.6, 128.5, 127.4 (d, J = 276.1 Hz), 

126.0, 119.5, 73.1, 49.7, 36.7, 32.2, 31.96 (q, J = 28.5 Hz), 23.24 (dd, J = 5.4, 2.6 Hz). 
19

F NMR 

(376 MHz, CDCl3) δ - 66.32 (t, J = 10.9 Hz, 3F). IR (neat) cm
-1

 ṽ: 3399, 3066, 2928, 1603, 1495, 

1252, 1130, 803, 699. HRMS (EI
(+)

, 70 eV): C15H19F3O [M]
+
: calcd: 254.1282, found: 254.1283. 

[α]D
22

 = 25.2, (c = 0.96, CH2Cl2). HPLC (Chiralcel IC-H column, CO2:i-PrOH = 98:2, 1.3 mL/min, 

230 nm), tminor = 10.8 min, tmajor = 13.9 min, ee = 92.5%, dr = 10:1. 

 

(4S,5R)-1,1,1-trifluoro-4-vinylundecan-5-ol (4e) 

 

According to the general procedure 4e (42.9 mg, 0.17 mmol) was prepared from heptanal (22.8 mg, 

0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 1,1,1-trifluoro-2-iodo- ethane 

(126.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 83% yield. 
1
H NMR (400 MHz, CDCl3) δ 5.63 

(dt, J = 17.3, 9.8 Hz, 1H), 5.25 (d, J = 10.3 Hz, 1H), 5.13 (d, J = 17.2 Hz, 1H), 3.50 (d, J = 4.2 Hz, 

1H), 2.22 – 1.93 (m, 3H), 1.84 – 1.71 (m, 1H), 1.71 – 1.58 (m, 1H), 1.48 – 1.20 (m, 10H), 0.88 (t, J 

= 6.4 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 137.1, 127.4 (d, J = 276.3 Hz), 119.3, 73.9, 49.4, 

35.0, 32.2, 31.9, 29.4, 25.8, 23.4, 22.8, 14.2.
19

F NMR (376 MHz, CDCl3) δ - 66.35 (t, J = 10.9 Hz, 

3F). IR (neat) cm
-1

 ṽ: 3365, 2929, 2858, 1495, 1386, 1252, 1143, 919. HRMS (EI
(+)

, 70 eV): 

C13H21F3 [M-H2O]
+
: calcd: 234.1595, found: 234.1602. [α]D

22
 = 26.2, (c = 0.91, CH2Cl2). After 

converting into the corresponding 3,5-dinitro-benzoyl ester
[3]

, enantiomeric ratio was determined 

by HPLC (LUX 5u(Amylose-2, 0.46*25 cm, 5 um) column, CH3CN:H2O = 80:20, 0.7 mL/min, 

214 nm), tminor = 8.2 min, tmajor = 20.6 min, ee = 92%, dr = 10:1. 

 

(2S,3S)-1-(benzyloxy)-3-(2,2,2-trifluoroethyl)pent-4-en-2-ol (4f) 

 

According to the general procedure 4f (43.2 mg, 0.15 mmol) was prepared from 

2-(benzyloxy)acetaldehyde (30.0 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 

equiv.) and 1,1,1-trifluoro-2-iodoethane (126.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 75% 

yield. 
1
H NMR (400 MHz, CDCl3) δ 7.45 – 7.27 (m, 5H), 5.72 – 5.63 (m, 1H), 5.19 (dd, J = 10.3, 

1.6 Hz, 1H), 5.07 (dd, J = 17.2, 1.7 Hz, 1H), 4.54 (s, 2H), 3.78 (td, J = 7.6, 3.9 Hz, 1H), 3.52 – 3.41 

(m, 2H), 2.18 – 2.07 (m, 2H), 2.04 – 1.95 (m, 1H), 1.82 – 1.62 (m, 2H). 
13

C NMR (101 MHz, 

CDCl3) δ 137.9, 136.8, 128.6, 128.0, 127.9, 127.4 (d, J = 275.9 Hz), 118.8, 73.6, 72.8, 72.4, 46.2, 

31.9 (d, J = 28.5 Hz), 23.3. 
19

F NMR (376 MHz, CDCl3) δ -66.27 (t, J = 10.9 Hz, 3F). IR (neat) 

cm
-1

 ṽ: 3457, 2926, 1259, 1097, 1021, 799. HRMS (EI
(+)

, 70 eV): C15H19O2F3 [M]
+
: calcd: 

288.1337, found: 288.1338. [α]D
20

 = 15.3, (c = 2.07, CH2Cl2). HPLC (Chiralcel AD-H column, 
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CO2:i-PrOH = 99:1, 1.5 mL/min, 214 nm), tminor = 33.9 min, tmajor = 29.0 min, ee = 89%, dr = 8:1. 

 

2-((3R,4R)-7,7,7-trifluoro-3-hydroxy-4-vinylheptyl)isoindoline-1,3-dione (4g) 

 

According to the general procedure 4g (51.2 mg, 0.15 mmol) was prepared from 

3-(1,3-dioxoisoindolin-2-yl)propanal (40.6 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 

3.0 equiv.) and 1,1,1-trifluoro-2-iodoethane (126.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 75% 

yield. 
1
H NMR (400 MHz, CDCl3) δ 7.86 (dd, J = 5.4, 3.1 Hz, 2H), 7.74 (dd, J = 5.5, 3.0 Hz, 2H), 

5.73 – 5.61 (m, 1H), 5.22 (dd, J = 10.3, 1.6 Hz, 1H), 5.09 (dd, J = 17.2, 1.2 Hz, 1H), 3.94 – 3.79 (m, 

2H), 3.50 (dd, J = 4.2, 2.7 Hz, 1H), 2.87 (s, 1H), 2.18 – 1.90 (m, 3H), 1.80 – 1.66 (m, 4H).
 13

C 

NMR (101 MHz, CDCl3) δ 169.1, 136.6, 134.3, 132.1, 127.4 (d, J = 276.3 Hz), 123.5, 119.3, 70.6, 

49.3, 34.8, 34.1, 32.0 (q, J = 28.5 Hz), 23.7. 
19

F NMR (376 MHz, CDCl3) δ -66.33 (t, J = 10.9 Hz, 

3F). IR (neat) cm
-1

 ṽ: 3519, 2962, 1709, 1398, 1260, 1019, 798. HRMS (EI
(+)

, 70 eV): 

C17H18NO3F3 [M+1]
+
: calcd: 341.1239, found: 341.1244. [α]D

22
 = 12.9, (c = 0.75, CH2Cl2). HPLC 

(Chiralcel IE-H column, hexanes:i-PrOH = 95:5, 1.0 mL/min, 210 nm), tminor = 22.7 min, tmajor = 

19.2 min, ee = 94% dr = 10:1. 

 

(1S,2S)-5,5,5-trifluoro-1-phenyl-2-vinylpentan-1-ol (4h) 

 

According to the general procedure 4h (39.1 mg, 0.16 mmol) was prepared from benzaldehyde 

(21.2 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

1,1,1-trifluoro-2-iodoethane (126.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 82% yield. 
1
H 

NMR (400 MHz, CDCl3) δ 7.41 – 7.27 (m, 5H), 5.77 – 5.54 (m, 1H), 5.31 (d, J = 10.2 Hz, 1H), 

5.20 (d, J = 17.2 Hz, 1H), 4.48 (d, J = 7.5 Hz, 1H), 2.41 – 2.28 (m, 1H), 2.09 – 2.03 (m, 1H), 1.97 – 

1.82 (m, 1H), 1.54 – 1.34 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 141.7, 137.6, 128.4, 128.0, 

127.1 (d, J = 276.4 Hz), 126.7, 120.0, 76.7, 51.5, 31.74 (dd, J = 57.2, 28.6 Hz), 22.76 (q, J = 2.7 

Hz). 
19

F NMR (376 MHz, CDCl3) δ - 66.34 (t, J = 10.9 Hz, 3F). IR (neat) cm
-1

 ṽ: 3413, 2948, 2876, 

1454, 1254, 1133, 1038, 921,700. HRMS (EI
(+)

, 70 eV): C13H13F3 [M-H2O]
+
: calcd: 226.0969, 

found: 229.0971. [α]D
22

 = -19.8, (c = 0.42, CH2Cl2). HPLC (Chiralcel OD-H column, 

hexanes:i-PrOH = 98:2, 1.0 mL/min, 210 nm), tminor = 17.1 min, tmajor = 13.3 min, ee = 89%, dr = 

6:1. 

 

(1S,2S)-5,5,5-trifluoro-1-(p-tolyl)-2-vinylpentan-1-ol (4i) 

 

According to the general procedure 4i (85.3 mg, 0.33 mmol) was prepared from 

4-methylbenzaldehyde (48.1 mg, 0.4 mmol, 1 equiv.), 1,3-diene (800 uL, 1.2 mmol, 3.0 equiv.) and 

1,1,1-trifluoro-2-iodoethane (251.9 mg, 1.2 mmol, 3.0 equiv.) as colorless oil in 81% yield. 
1
H 

NMR (400 MHz, CDCl3) δ 7.21 – 7.09 (m, 4H), 5.65 – 5.57 (m, 1H), 5.27 (dd, J = 9.6, 2.0 Hz, 1H), 
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5.17 (dd, J = 17.2, 0.8 Hz, 1H), 4.40 (d, J = 7.3 Hz, 1H), 2.34 (s, 3H), 2.28 (dd, J = 13.7, 6.7 Hz, 

1H), 2.16 – 1.99 (m, 1H), 1.98 – 1.80 (m, 1H), 1.58 – 1.47 (m, 1H), 1.45 – 1.31 (m, 1H). 
13

C NMR 

(101 MHz, CDCl3) δ 138.9, 137.9, 137.7, 129.2, 127.5 (dd, J = 258.1, 57.8 Hz), 126.8, 119.8, 76.60, 

51.58, 31.84 (q, J = 28.5 Hz), 22.84 (d, J = 2.9 Hz). 
19

F NMR (376 MHz, CDCl3) δ - 66.32 (t, J = 

10.9 Hz, 3F). IR (neat) cm
-1

 ṽ: 3415, 2978, 1387, 1254, 1134, 1041, 791, 649. HRMS (EI
(+)

, 70 eV): 

C14H15F3 [M-H2O]
+
: calcd: 240.1126, found: 240.1128. [α]D

20
 = -21.9, (c = 0.38, CH2Cl2). HPLC 

(Chiralcel IE-H column, hexanes:i-PrOH = 98:2, 0.6 mL/min, 210 nm), tminor = 10.3 min, tmajor = 

11.3 min, ee = 88%, dr = 5:1. 

 

(1S,2S)-5,5,5-trifluoro-1-(m-tolyl)-2-vinylpentan-1-ol (4j) 

 

According to the general procedure 4j (85.2 mg, 0.33 mmol) was prepared from 

3-methylbenzaldehyde (48.1 mg, 0.4 mmol, 1 equiv.), 1,3-diene (800 uL, 1.2 mmol, 3.0 equiv.) and 

1,1,1-trifluoro-2-iodoethane (251.9 mg, 1.2 mmol, 3.0 equiv.) as colorless oil in 82% yield. 
1
H 

NMR (400 MHz, CDCl3) δ 7.23 (t, J = 6.0 Hz, 1H), 7.13 – 7.07 (m, 3H), 5.66 – 5.57 (m, 1H), 5.29 

(dd, J = 10.2, 1.5 Hz, 1H), 5.18 (dd, J = 17.2, 1.1 Hz, 1H), 4.40 (dd, J = 7.3, 1.6 Hz, 1H), 2.35 (s, 

3H), 2.30 (dd, J = 13.9, 6.9 Hz, 1H), 2.16 – 2.02 (m, 1H), 1.95 – 1.82 (m, 1H), 1.56 – 1.48 (m, 1H), 

1.45 – 1.38 (m, 1H). 
13

C NMR (101 MHz, CDCl3) δ 141.8, 138.23, 137.8, 128.9, 128.4, 127.3 (d, J 

= 271.4 Hz), 124.0, 120.0, 76.8, 51.6, 31.9 (q, J = 28.5 Hz), 22.9 (d, J = 2.8 Hz). 
19

F NMR (376 

MHz, CDCl3) δ - 66.32 (t, J = 10.9 Hz, 3F). IR (neat) cm
-1

 ṽ: 3424, 2874, 1387, 1254, 1134, 1039, 

921, 817. HRMS (EI
(+)

, 70 eV): C14H17OF3 [M]
+
: calcd: 258.1232, found: 258.1236. [α]D

20
 = -20.3, 

(c = 0.40, CH2Cl2). HPLC (Chiralcel AD-H column, CO2:i-PrOH = 98:2, 1.3 mL/min, 220 nm), 

tminor = 12.0 min, tmajor = 12.5 min, ee = 85%, dr = 5:1. 

 

(1S,2S)-5,5,5-trifluoro-1-(naphthalen-2-yl)-2-vinylpentan-1-ol (4k) 

 

According to the general procedure 4k (1.50 g, 5.11 mmol) was prepared from 2-naphthaldehyde 

(1.00 g, 6.40 mmol, 1.0 equiv.), 1,3-diene (12.8 mL, 19.20 mmol, 3.0 equiv.) and 

1,1,1-trifluoro-2-iod-oethane (4.03 g, 19.20 mmol, 3.0 equiv.) at r.t. for 24 h, as yellow oil in 80% 

yield. 
1
H NMR (400 MHz, CDCl3) δ 7.90 – 7.82 (m, 3H), 7.75 (s, 1H), 7.56 – 7.48 (m, 2H), 7.45 

(dd, J = 8.5, 1.3 Hz, 1H), 5.71 – 5.62 (m, 1H), 5.31 (d, J = 10.2 Hz, 1H), 5.20 (d, J = 17.1 Hz, 1H), 

4.62 (d, J = 7.2 Hz, 1H), 2.54 – 2.36 (m, 2H), 2.16 – 2.05 (m, 1H), 2.00 – 1.85 (m, 1H), 1.65 – 1.42 

(m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 139.3, 137.5, 133.3, 133.2, 128.4, 128.1, 127.8, 127.2 (d, J 

= 276.2 Hz), 126.3, 126.1, 126.0, 124.5, 120.1, 76.8, 51.5, 31.8 (q, J = 28.5 Hz), 23.0. 
19

F NMR 

(376 MHz, CDCl3) δ - 66.23 (t, J = 10.9 Hz, 3F). IR (neat) cm
-1

 ṽ: 3427, 2958, 2899, 1256, 1135, 

1043,820. HRMS (EI
(+)

, 70 eV): C17H17OF3 [M]
+
: calcd: 294.1232, found: 294.1229. [α]D

20
 = -19.3, 

(c = 1.24, CH2Cl2). HPLC (Chiralcel IE-H column, hexanes:i-PrOH = 99:1, 0.4 mL/min, 210 nm), 

tminor = 31.4 min, tmajor = 33.8 min, ee = 86%, dr = 7:1. 
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(3R,4S)-8,8,8-trifluoro-1-phenyl-4-vinyloctan-3-ol (4l) 

 

According to the general procedure 4l (45.8 mg, 0.16 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

1,1,1-trifluoro-2-iodoethane (134.4 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 80% yield. 
1
H 

NMR (400 MHz, CDCl3) δ 7.33 – 7.27 (m, 2H), 7.22 – 7.17 (m, 3H), 5.70 – 5.57 (m, 1H), 5.23 (dd, 

J = 10.3, 1.8 Hz, 1H), 5.13 (dd, J = 17.2, 1.8 Hz, 1H), 3.56 – 3.44 (m, 1H), 3.00 – 2.73 (m, 1H), 

2.72 – 2.62 (m, 1H), 2.10 – 1.97 (m, 3H), 1.84 – 1.57 (m, 4H), 1.51 – 1.38 (m, 2H). 
13

C NMR (101 

MHz, CDCl3) δ 142.2, 137.8, 128.7, 128.6, 127.3 (d, J = 229.0 Hz), 126.0, 119.0, 73.1, 50.4, 36.7, 

33.8 (d, J = 28.3 Hz), 32.3, 29.9, 20.0. 
19

F NMR (376 MHz, CDCl3) δ - 66.29 (t, J = 11.0 Hz, 3F). 

IR (neat) cm
-1

 ṽ: 3395, 2935, 1252, 1135, 920, 699. HRMS (EI
(+)

, 70 eV): C16H19F3 [M-H2O]
+
: 

calcd: 268.1439, found: 268.1432. [α]D
20

 = 20.2, (c = 0.50, CH2Cl2). HPLC (Chiralcel AD-H 

column, hexanes :i-PrOH = 99:1, 0.6 mL/min, 214 nm), tminor = 21.7 min, tmajor = 23.0 min, ee = 

89%, dr = 10:1.  

 

(5S,6R)-1,1,1-trifluoro-5-vinyldodecan-6-ol (4m) 

 

According to the general procedure 4m (38.9 mg, 0.15 mmol) was prepared from heptanal (22.8 mg, 

0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 1,1,1-trifluoro-2-iodoethane 

(134.4 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 73% yield. 
1
H NMR (400 MHz, CDCl3) δ 5.63 

(dt, J = 17.2, 9.8 Hz, 1H), 5.22 (dd, J = 10.3, 1.8 Hz, 1H), 5.11 (dd, J = 17.2, 1.8 Hz, 1H), 3.47 (dd, 

J = 7.0, 3.6 Hz, 1H), 2.06 (ddd, J = 17.4, 11.7, 6.7 Hz, 3H), 1.70 – 1.59 (m, 2H), 1.55 – 1.40(m, 5H) 

1.37 – 1.16 (m, 7H), 0.88 (t, J = 6.4 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 137.9, 127.3 (d, J = 

276.3 Hz), 118.6, 73.8, 50.1, 35.0, 33.8 (d, J = 28.4 Hz), 32.0, 30.0, 29.5, 25.8, 22.8, 20.1, 14.2. 
19

F 

NMR (376 MHz, CDCl3) δ -66.41 (t, J = 10.9 Hz, 3F). IR (neat) cm
-1

 ṽ: 3388, 2929, 2857, 1388, 

1254, 1141, 998. HRMS (EI
(+)

, 70 eV): C14H23F3 [M-H2O]
+
: calcd: 248.1752, found: 248.1745. 

[α]D
20

 = 18.3, (c = 0.27, CH2Cl2). After converting into the corresponding 3,5-dinitro-benzoyl 

ester
[3]

, enantiomeric ratio was determined by HPLC (Chiralcel IE-H column, hexanes:i-PrOH = 

99.6:0.4, 0.36 mL/min, 210 nm), tminor = 19.7 min, tmajor = 20.6 min, ee = 94%, dr = 10:1. 

 

(3R,4S)-7,7-difluoro-1-phenyl-4-vinylheptan-3-ol (4n) 

 

According to the general procedure 4n (35.6 mg, 0.14 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

1,1-difluoro-2-iodoethane (115.2 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 69% yield. 
1
H NMR 

(400 MHz, CDCl3) δ 7.28 (t, J = 7.6 Hz, 2H), 7.21 – 7.13 (m, 3H), 5.85 (dt, J = 56.9, 4.3 Hz, 1H), 

5.72 – 5.55 (m, 1H), 5.24 (dd, J = 10.2, 1.1 Hz, 1H), 5.13 (dd, J = 17.2, 0.9 Hz, 1H), 3.51 (dd, J = 

8.4, 4.1 Hz, 1H), 2.92 – 2.75 (m, 1H), 2.75 – 2.57 (m, 1H), 2.05 (ddd, J = 14.3, 9.4, 4.5 Hz, 1H), 



S 10  
 

1.96 – 1.63 (m, 5H), 1.56 – 1.41 (m, 1H). 
13

C NMR (101 MHz, CDCl3) δ 142.0, 137.3, 128.4, 

125.9, 119.1, 117.4 (t, J = 238.9 Hz), 73.0, 49.9, 36.6, 32.2 (t, J = 20.9 Hz), 31.9, 23.11. 
19

F NMR 

(376 MHz, CDCl3) δ -116.00 (dtd, J = 56.8, 17.6, 5.0 Hz, 2F). IR (neat) cm
-1

 ṽ: 3466, 3027, 2931, 

1453, 1402, 1112, 918. HRMS (EI
(+)

, 70 eV): C15H18F2 [M-H2O]
+
: calcd: 236.1377, found: 

236.1383. [α]D
20

 = 26.0, (c = 0.89, CH2Cl2). HPLC (Chiralcel IC-H column, CO2:i-PrOH = 95:5, 

1.3 mL/min, 214 nm), tminor = 8.2 min, tmajor = 10.7 min, ee = 92%, dr = 15:1.  

 

(4S,5R)-1,1-difluoro-4-vinylundecan-5-ol (4o) 

 

According to the general procedure 4o (33.2 mg, 0.14 mmol) was prepared from heptanal (22.8 mg, 

0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 1,1-difluoro-2-iodoethane 

(115.2 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 71% yield. 
1
H NMR (400 MHz, CDCl3) δ 5.86 

(dt, J = 56.8, 4.2 Hz, 1H), 5.70 – 5.57 (m, 1H), 5.23 (dd, J = 10.3, 1.9 Hz, 1H), 5.12 (dd, J = 17.2, 

1.9 Hz, 1H), 3.50 (d, J = 3.7 Hz, 1H), 2.11 – 1.98 (m, 1H), 1.95 – 1.75(m, 2H), 1.72 – 1.64 (m, 2H), 

1.57 – 1.39 (m, 4H), 1.29 (dd, J = 19.4, 10.1 Hz, 6H), 0.88 (t, J = 6.8 Hz, 3H). 
13

C NMR (101 MHz, 

CDCl3) δ 137.5, 118.8, 117.2, 73.7, 49.7, 34.8, 32.1, 31.8, 29.3, 25.7, 23.2, 22.6, 14.1. 
19

F NMR 

(376 MHz, CDCl3) δ -115.95 (dtd, J = 56.9, 17.5, 2.9 Hz, 2F). IR (neat) cm
-1

 ṽ: 3389, 2956, 2857, 

1458, 1402, 1252, 1120, 916. HRMS (EI
(+)

, 70 eV): C13H22F2 [M-H2O]
+
: calcd: 216.1690, found: 

216.1692. [α]D
20

 = 20.2, (c = 1.76, CH2Cl2). After converting into the corresponding 

3,5-dinitro-benzoyl ester
[3]

, enantiomeric ratio was determined by HPLC (Chiralcel AD-H column, 

CO2:i-PrOH = 99:1, 1.3 mL/min, 214 nm), tminor = 20.8 min, tmajor = 23.4 min, ee = 95%, dr > 15:1. 

 

(3R,4S)-7-((tert-butyldimethylsilyl)oxy)-6,6-difluoro-1-phenyl-4-vinylheptan-3-ol (4p) 

 

According to the general procedure, 4p (66.1 mg, 0.17 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

(2-bromo-2,2-difluoroetho-xy)(tert-butyl)dimethylsilane (165.1 mg, 0.6 mmol, 3.0 equiv.); 

ZrCp2Cl2 (60.0 mg, 0.2 mmol, 1.0 equiv.) instead of TMSCl (21.7 mg, 0.2 mmol, 1.0 equiv.), as 

colorless oil in 86% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 7.5 Hz, 2H), 7.22 (d, J = 7.4 

Hz, 3H), 5.93 – 5.66 (m, 1H), 5.18 (dd, J = 17.0, 14.1 Hz, 2H), 3.73 (t, J = 12.5 Hz, 2H), 3.62 (dd, 

J = 8.4, 4.2 Hz, 1H), 2.95 – 2.76 (m, 1H), 2.76 – 2.59 (m, 1H), 2.60 – 2.41 (m, 1H), 2.25 – 2.06 (m, 

2H), 1.82 – 1.69 (m, 2H), 0.92 (s, 9H), 0.10 (s, 6H). 
13

C NMR (101 MHz, CDCl3) δ 142.1, 137.7, 

128.5, 126.0, 123.6, 118.0, 73.0, 64.77 (t, J = 34.3 Hz), 44.1, 36.6, 34.6 (t, J = 23.1 Hz), 32.4, 25.9, 

18.3, -5.4. 
19

F NMR (376 MHz, CDCl3) δ -102.52 – -103.88 (m, 1F), -103.96 – -104.95 (m, 1F). IR 

(neat) cm
-1 

ṽ: 2963, 1409, 1261, 1090, 1020, 799. HRMS (EI
(+)

, 70 eV): C21H34O2F2Si [M]
+
: calcd: 

384.2296, found: 384.2302. [α]D
22

 = 13.9, (c = 2.27, CH2Cl2). HPLC (Chiralcel AD-H column, 

CO2:i-PrOH = 98:2, 1.3 mL/min, 214 nm), tminor = 12.1 min, tmajor = 17.2 min, ee = 89%, dr > 15:1. 
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(4S,5R)-1-((tert-butyldimethylsilyl)oxy)-2,2-difluoro-4-vinylundecan-5-ol (4q) 

 

According to the general procedure, 4q (58.3 mg, 0.16 mmol) was prepared from heptanal (22.8 mg, 

0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

(2-bromo-2,2-difluoroethoxy)-(tert-butyl)dimethylsilane (165.1 mg, 0.6 mmol, 3.0 equiv.); 

ZrCp2Cl2 (60.0 mg, 0.2 mmol, 1.0 equiv.) instead of TMSCl (21.7 mg, 0.2 mmol, 1.0 equiv.), as 

colorless oil in 80% yield. 
1
H NMR (400 MHz, CDCl3) δ 5.90 – 5.66 (m, 1H), 5.25 – 5.05 (m, 2H), 

3.72 (t, J = 12.5 Hz, 2H), 3.56 (dd, J = 7.0, 3.4 Hz, 1H), 2.43 (td, J = 8.8, 4.5 Hz, 1H), 2.26 – 1.96 

(m, 3H), 1.55 – 1.19 (m, 12H), 0.90 (s, 9H), 0.08 (s, 6H). 
13

C NMR (101 MHz, CDCl3) δ 137.9, 

123.6, 117.4 (t, J = 238.9 Hz), 73.7, 64.8 (t, J = 34.3 Hz), 43.9, 34.8, 34.6, 31.9, 29.5, 25.92, 25.86, 

22.8, 18.4, 14.2, -5.3. 
19

F NMR (376 MHz, CDCl3) δ -102.82 – -103.82 (m, 1F), -103.84 – -104.86 

(m, 1F). IR (neat) cm
-1

 ṽ: 2963, 1261, 1092, 1020, 799. HRMS (EI
(+)

, 70 eV): C19H38O2F2Si [M]
+
: 

calcd: 364.2609, found: 364.2603. [α]D
20

 = 17.1, (c = 1.84, CH2Cl2). After converting into the 

corresponding 3,5-dinitro-benzoyl ester
[3]

, enantiomeric ratio was determined by HPLC (Chiralcel 

OD-H column, hexanes:i-PrOH = 90:10, 0.70 mL/min, 214 nm), tmajor = 7.6 min, tminor = 8.6 min, ee 

= 92%, dr = 10:1. 

 

(3R,4S)-7-fluoro-1-phenyl-4-vinylheptan-3-ol (4r) 

 

According to the general procedure 4r (25.5 mg, 0.11 mmol) was prepared 3-phenylpropanal (26.8 

mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 1-fluoro-3-iodopropane 

(104.4 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 54% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.29 

(t, J = 7.5 Hz, 2H), 7.23 – 7.15 (m, 3H), 5.64 (dt, J = 17.2, 9.8 Hz, 1H), 5.22 (dd, J = 10.3, 1.7 Hz, 

1H), 5.13 (d, J = 17.2 Hz, 1H), 4.43 (dt, J = 47.2, 5.9 Hz, 2H), 3.55 – 3.47 (m, 1H), 2.89 – 2.78 (m, 

1H), 2.74 – 2.59 (m, 1H), 2.11 – 2.00 (m, 1H), 1.87 – 1.63 (m, 5H), 1.51 – 1.37 (m, 1H). 
13

C NMR 

(101 MHz, CDCl3) δ 142.1, 138.0, 128.42, 128.38, 125.8, 118.7, 84.0 (d, J = 164.4 Hz), 73.0, 50.2, 

36.6, 32.1, 28.4, 28.2, 26.3, 26.3. 
19

F NMR (376 MHz, CDCl3) δ -218.23 – -218.91 (m, 1F). IR 

(neat) cm
-1

 ṽ: 2963, 1407, 1260, 1088, 1019, 798. HRMS (EI
(+)

, 70 eV): C15H19F [M-H2O]
+
: calcd: 

218.1471, found: 218.1463. [α]D
22

 = 26.3, (c = 0.40, CH2Cl2). HPLC (Chiralcel IE-H column, 

hexanes:i-PrOH = 99:1, 0.5 mL/min, 210 nm), tminor = 26.9 min, tmajor = 27.5 min, ee = 92%, dr = 

15:1. 

 

(4S,5R)-1-fluoro-4-vinylundecan-5-ol (4s) 

 

According to the general procedure 4s (26.4 mg, 0.12 mmol) was prepared from heptanal (22.8 mg, 

0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.), and 1-fluoro-3-iodopropane (104.4 

mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 61% yield. 
1
H NMR (400 MHz, CDCl3) δ 5.64 (dt, J = 

17.5, 9.7 Hz, 1H), 5.21 (dd, J = 10.3, 1.3 Hz, 1H), 5.11 (dd, J = 17.3, 1.2 Hz, 1H), 4.44 (dt, J = 47.2, 
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5.7 Hz, 2H), 3.48 (dd, J = 10.1, 5.9 Hz, 1H), 2.07 – 2.01 (m, 1H), 1.84 – 1.58 (m, 3H), 1.56 – 1.22 

(m, 11H), 0.88 (t, J = 6.3 Hz, 3H). 13
C NMR (101 MHz, CDCl3) δ 138.2, 118.3, 84.1 (d, J = 164.4 

Hz), 73.7, 49.9, 34.8, 31.8, 29.4, 28.3, 26.3, 25.7, 22.6, 14.1. 
19

F NMR (376 MHz, CDCl3) δ 

-218.22 – -218.78 (m, 1F). IR (neat) cm
-1

 ṽ: 3394, 3074, 2956, 2856, 1460, 1000, 913. HRMS (EI
(+)

, 

70 eV): C13H23F [M-H2O]
+
: calcd: 198.1784, found: 198.1780. [α]D

22
 = 22.5, (c = 1.58, CH2Cl2). 

After converting into the corresponding 3,5-dinitro-benzoyl ester
[3]

, enantiomeric ratio was 

determined by HPLC (Chiralcel ID-H column, hexanes:i-PrOH = 99:1, 0.7 mL/min, 214 nm), tminor 

= 9.2 min, tmajor = 10.2 min, ee = 93%, dr = 15:1. 

 

(3R,4S)-6,6,7,7,8,8,9,9,9-nonafluoro-1-phenyl-4-vinylnonan-3-ol (4t) 

 

According to the general procedure 4t (65.3 mg, 0.16 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

1,1,1,2,2,3,3,4,4-nonafluor-o-4-iodobutane (207.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 80% 

yield. 
1
H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 7.6 Hz, 2H), 7.20 (t, J = 6.9 Hz, 3H), 5.86 – 5.69 

(m, 1H), 5.20 (dd, J = 21.9, 13.7 Hz, 2H), 3.66 (dd, J = 8.4, 4.1 Hz, 1H), 2.90 – 2.75 (m, 1H), 2.73 

– 2.55 (m, 2H), 2.34 – 2.13 (m, 2H), 1.81 – 1.70 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 141.5, 

137.5, 135.7, 128.5, 128.4, 126.1, 118.6, 118.0, 73.1, 42.4, 36.5, 36.0, 32.2. 
19

F NMR (376 MHz, 

CDCl3) δ -81.08 (m, 3F), -110.93 – -112.44 (m, 1F), -113.04 – -114.52 (m, 1F), -123.07 – -124.99 

(m, 2F), -125.71 – -126.17 (m, 2F). IR (neat) cm
-1

 ṽ: 3438, 2944, 1354, 1218, 1130, 1048, 698. 

HRMS (EI
(+)

, 70 eV): C17H17OF9 [M]
+
: calcd: 408.1136, found: 408.1132. [α]D

22
 = 14.3, (c = 0.10, 

CH2Cl2). HPLC (LUX 5u (cellulose-1, 0.46*25 cm, 5 um ) column, CH3CN:H2O = 90:10, 0.7 

mL/min, 254 nm), tminor = 5.2 min, tmajor = 6.0 min, ee = 86%, dr = 15:1. 

 

(3R,4S)-6,6,7,7,7-pentafluoro-1-phenyl-4-vinylheptan-3-ol (4u) 

 

According to the general procedure 4u (48.1 mg, 0.16 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

1,1,1,2,2-pentafluoro-2-iodo-ethane(147.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 78% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 7.4 Hz, 2H), 7.21 (t, J = 7.1 Hz, 3H), 5.83 – 5.69 (m, 

1H), 5.21 (dd, J = 23.1, 13.8 Hz, 2H), 3.73 – 3.57 (m, 1H), 2.92 – 2.75 (m, 1H), 2.74 – 2.56 (m, 

2H), 2.45 – 2.06 (m, 2H), 1.97 – 1.69 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 141.7, 137.5, 135.8, 

128.6, 128.5, 126.2, 118.8, 118.1, 73.1, 42.6, 36.6, 32.4, 32.0 (t, J = 21.6 Hz).
 19

F NMR (376 MHz, 

CDCl3) δ -85.86 (s, 3F), -116.59 (m, 2F). IR (neat) cm
-1

 ṽ: 3456, 2943, 1453, 1190, 1049, 924,698. 

HRMS (EI
(+)

, 70 eV): C15H17OF5 [M]
+
: calcd: 308.1200, found: 308.1202. [α]D

23
 = 29.1, (c = 0.66, 

CH2Cl2). HPLC (Chiralcel AD-H column, CO2:i-PrOH = 95:5, 1.3 mL/min, 214 nm), tminor = 5.9 

min, tmajor = 7.1 min, ee = 95%, dr = 15:1. 
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(4S,5R)-1,1,1,2,2-pentafluoro-4-vinylundecan-5-ol (4v) 

 

According to the general procedure 4v (44.3 mg, 0.16 mmol) was prepared from heptanal (22.8 mg, 

0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 1,1,1,2,2-pentafluoro-2-io-do- 

ethane(147.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 81% yield. 
1
H NMR (400 MHz, CDCl3) 

δ 5.88 – 5.59 (m, 1H), 5.20 (dd, J = 23.8, 13.8 Hz, 2H), 3.73 – 3.47 (m, 1H), 2.59 (m, 1H), 2.45 – 

2.09 (m, 2H), 1.54 – 1.21 (m, 10H), 0.89 (t, J = 6.4 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 137.7, 

135.8, 118.4, 117.6, 73.6, 42.2, 34.7, 31.9 (t, J = 20.6 Hz), 31.7, 29.2, 25.8, 22.6, 14.0. 
19

F NMR 

(376 MHz, CDCl3) δ -85.98 (s, 3F), -116.69 (m, 2F). IR (neat) cm
-1

 ṽ: 3387, 2930, 1464, 1193, 

1056, 922, 700. HRMS (EI
(+)

, 70 eV): C13H19F5 [M-H2O]
+
: calcd: 270.1407, found: 270.1406. 

[α]D
23

 = 21.4, (c = 0.86, CH2Cl2). After converting into the corresponding 3,5-dinitro-benzoyl 

ester
[3]

, enantiomeric ratio was determined by HPLC (Chiralcel OJ-H column, CO2:i-PrOH = 98:2, 

1.3 mL/min, 254 nm), tminor = 6.2 min, tmajor = 6.6 min, ee = 95.5%, dr > 15:1. 

 

(1S,2S)-4,4,5,5,5-pentafluoro-1-phenyl-2-vinylpentan-1-ol (4w) 

 

According to the general procedure 4w (39.2 mg, 0.14 mmol) was prepared from benzaldehyde 

(21.2 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

1,1,1,2,2-pentafluoro-2-iodo-ethane (147.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 72% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.40 – 7.32 (m, 2H), 7.32 – 7.25 (m, 3H), 5.84 – 5.53 (m, 1H), 5.16 

(dd, J = 32.9, 13.7 Hz, 2H), 4.61 (d, J = 3.8 Hz, 1H), 2.84 (dt, J = 8.7, 4.2 Hz, 1H), 2.32 – 1.91 (m, 

2H). 
13

C NMR (101 MHz, CDCl3) δ 140.9, 139.2, 136.2, 128.2 (t, J = 21.6 Hz), 128.0, 126.5, 119.2, 

118.0, 75.8, 44.6, 31.4 (t, J = 20.6 Hz). 
19

F NMR (376 MHz, CDCl3) δ -86.0 (s, 3F), -115.0 – -1183. 

(m, 2F). IR (neat) cm
-1

 ṽ: 2962, 1452, 1392, 1197, 1043, 925, 702. HRMS (EI
(+)

, 70 eV): C13H11F5 

[M-H2O]
+
: calcd: 262.0781, found: 262.0791. [α]D

22
 = -17.9, (c = 1.36, CH2Cl2). HPLC (Chiralcel 

OD-H column, hexanes:i-PrOH = 95:5, 1.0 mL/min, 214 nm), tminor = 6.5 min, tmajor = 8.9 min, ee = 

86%, dr = 15:1. 

 

(3R,4S)-6,6,7,7,8,8,8-heptafluoro-1-phenyl-4-vinyloctan-3-ol (4x) 

 

According to the general procedure 4x (57.3 mg, 0.16 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

1,1,1,2,2,3,3-heptafluoro-3-iodopropane (177.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 80% 

yield. 
1
H NMR (400 MHz, CDCl3) δ 7.29 (t, J = 7.5 Hz, 2H), 7.20 (t, J = 6.8 Hz, 3H), 5.81 – 5.69 

(m, 1H), 5.20 (dd, J = 21.9, 13.8 Hz, 2H), 3.65 (dd, J = 8.6, 4.2 Hz, 1H), 2.85 – 2.74 (m, 1H), 2.73 

– 2.56 (m, 2H), 2.44 – 2.07 (m, 2H), 1.84 – 1.67 (m, 2H). 
13

C NMR (101 MHz, CDCl3) δ 141.5, 

137.5, 135.7, 128.5, 128.4, 126.1, 118.7, 73.1, 42.4, 36.5, 36.1, 31.87 (dd, J = 35.1, 13.8 Hz). 
19

F 

NMR (376 MHz, CDCl3) δ -80.42 (t, J = 9.8 Hz, 3F), -109.73 – -117.08 (m, 2F), -127.84 (s, 2F). IR 
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(neat) cm
-1

 ṽ: 3418, 2945, 1496, 1222, 1172, 923, 700. HRMS (EI
(+)

, 70 eV): C16H17OF5 [M]
+
: 

calcd: 358.1168, found: 358.1181. [α]D
23

 = 16.9, (c = 1.06, CH2Cl2). HPLC (Chiralcel OD-H 

column, CO2:i-PrOH = 90:10, 1.3 mL/min, 214 nm), tminor = 4.8 min, tmajor = 6.6 min, ee = 96%, dr 

= 15:1. 

 

(3R,4S)-6,6-dimethyl-1-phenyl-4-vinylheptan-3-ol (4y) 

 

According to the general procedure 4y (43.4 mg, 0.18 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

2-iodo-2-methylpropane (110.4 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 88% yield. 
1
H NMR 

(400 MHz, CDCl3) δ 7.28 (t, J = 7.4 Hz, 2H), 7.24 – 7.14 (m, 3H), 5.68 (dt, J = 17.4, 9.8 Hz, 1H), 

5.12 (dd, J = 20.2, 13.8 Hz, 2H), 3.45 – 3.30 (m, 1H), 2.91 – 2.75 (m, 1H), 2.66 (ddd, J = 13.7, 10.1, 

6.5 Hz, 1H), 2.23 – 2.11 (m, 1H), 1.89 – 1.78 (m, 1H), 1.73 – 1.60 (m, 1H), 1.35 (dd, J = 11.9, 4.1 

Hz, 2H), 0.89 (s, 9H).
 13

C NMR (101 MHz, CDCl3) δ 142.4, 141.4, 128.6, 128.5, 125.9, 117.6, 74.2, 

47.2, 44.8, 36.4, 32.5, 31.3, 30.3. IR (neat) cm
-1

 ṽ: 3384, 3066, 1495, 1222, 910,698. HRMS (EI
(+)

, 

70 eV): C17H26O [M]
+
: calcd: 246.1984, found: 246.1992. [α]D

31
 = 43.4, (c = 0.90, CH2Cl2). HPLC 

(Chiralcel AD-H column, hexanes:i-PrOH = 99.5:0.5, 0.6 mL/min, 210 nm), tminor = 16.3 min, tmajor 

= 18.7 min, ee = 91%, dr > 15:1. 

 

(3R,4S)-6-methyl-1-phenyl-4-vinylheptan-3-ol (4z) 

 

According to the general procedure 4z (39.9 mg, 0.17 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 2-iodopropane 

(102.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 86% yield. 1
H NMR (400 MHz, CDCl3) δ 7.28 

(t, J = 7.4 Hz, 2H), 7.23 – 7.14 (m, 3H), 5.60 (dt, J = 17.3, 9.9 Hz, 1H), 5.14 (ddd, J = 18.5, 13.7, 

1.4 Hz, 2H), 3.46 – 3.37 (m, 1H), 2.87 – 2.76 (m, 1H), 2.66 (ddd, J = 13.7, 10.0, 6.5 Hz, 1H), 2.19 

– 2.03 (m, 1H), 1.89 – 1.77 (m, 1H), 1.76 – 1.65 (m, 1H), 1.55 (ddd, J = 17.2, 11.8, 6.6 Hz, 1H), 

1.36 – 1.10 (m, 2H), 0.86 (dd, J = 21.4, 6.6 Hz, 6H). 
13

C NMR (101 MHz, CDCl3) δ 142.5, 139.0, 

128.6, 128.5, 125.9, 118.1, 73.3, 48.6, 40.0, 36.7, 32.3, 25.4, 24.0, 21.4. IR (neat) cm
-1

 ṽ: 3408, 

3067, 1454, 914, 699. HRMS (EI
(+)

, 70 eV): C16H22 [M-H2O]
+
: calcd: 214.1722, found: 214.1729. 

[α]D
31

 = 21.9, (c = 1.60, CH2Cl2). HPLC (Chiralcel AD-H column, hexanes:i-PrOH = 99.6:0.4, 0.6 

mL/min, 210 nm), tminor = 19.7 min, tmajor = 22.2 min, ee = 93%, dr = 15:1. 

 

(3R,4S)-4-(cyclohexylmethyl)-1-phenylhex-5-en-3-ol (4aa) 

 

According to the general procedure 4aa (39.0 mg, 0.14 mmol) was prepared from 3-phenylpropanal 

(26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and iodocyclohexane 

(126.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 72% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.29 
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(t, J = 7.4 Hz, 2H), 7.19 (dd, J = 14.0, 7.3 Hz, 3H), 5.60 (ddd, J = 18.3, 17.2, 9.8 Hz, 1H), 5.15 (dd, 

J = 33.8, 13.8 Hz, 2H), 3.42 (dd, J = 8.6, 5.2 Hz, 1H), 2.88 – 2.76 (m, 1H), 2.72 – 2.61 (m, 1H), 

2.24 – 2.10 (m, 1H), 1.89 – 1.78 (m, 1H), 1.78 – 1.55 (m, 7H), 1.33 – 1.06 (m, 7H). 13
C NMR (101 

MHz, CDCl3) δ 142.5, 139.1, 128.6, 128.5, 125.9, 118.1, 73.3, 47.7, 38.6, 36.7, 34.9, 34.7, 32.4, 

32.3, 26.8, 26.5, 26.3. IR (neat) cm
-1

 ṽ: 3459, 3065, 1261, 1172, 913, 699. HRMS (EI
(+)

, 70 eV): 

C19H28O [M]
+
: calcd: 272.2140, found: 272.2145. [α]D

31
 = 35.1, (c = 0.99, CH2Cl2). HPLC 

(Chiralcel OJ-H column, CO2:i-PrOH = 95:5, 1.3 mL/min, 214 nm), tmajor =10.8 min, tminor = 11.5 

min, ee = 90%, dr = 15:1. 

 

(3R,4S)-1-phenyl-4-vinylheptan-3-ol (4ab) 

 

According to the general procedure 4ab (14.0 mg, 0.064 mmol) was prepared from 

3-phenylpropanal (26.8 mg, 0.2 mmol, 1.0 equiv.), 1,3-diene (400 uL, 0.6 mmol, 3.0 equiv.) and 

iodoethane (93.6 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 32% yield. 
1
H NMR (400 MHz, 

CDCl3) δ 7.29 (t, J = 7.5 Hz, 2H), 7.20 (dd, J = 14.1, 7.1 Hz, 3H), 5.70 – 5.54 (m, 1H), 5.15 (dd, J 

= 32.2, 14.4 Hz, 2H), 3.47 (dd, J = 7.5, 4.8 Hz, 1H), 2.92 – 2.77 (m, 1H), 2.75 – 2.61 (m, 1H), 2.15 

– 1.94 (m, 1H), 1.77 (ddd, J = 14.1, 9.5, 5.8 Hz, 2H), 1.43 – 1.21 (m, 4H), 0.88 (t, J = 6.9 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 142.5, 138.9, 128.6, 128.5, 125.9, 118.2, 73.1, 50.5, 36.7, 33.0, 32.3, 

20.6, 14.2. IR (neat) cm
-1

 ṽ: 3438, 3067, 1495, 913 699. HRMS (EI
(+)

, 70 eV): C15H20 [M-H2O]
+
: 

calcd: 200.1565, found: 200.1563. [α]D
31

 = 26.8, (c = 1.30, CH2Cl2). HPLC (Chiralcel AD-H 

column, hexanes:i-PrOH = 99.5:0.5, 0.6 mL/min, 210 nm), tminor = 20.95 min, tmajor = 23.98 min, ee 

= 85%, dr = 15:1. 

 

(3R,4S)-6-methyl-1-phenyl-4-(prop-1-en-2-yl)heptan-3-ol (4ac1) and (3R,4S)-4,6-dimethyl-1- 

phenyl-4-vinylheptan-3-ol (4ac2) 

 

According to the general procedure 4ac1 and 4ac2, (4ac1/4ac2 = 3.3/1), (30.1 mg, 0.12 mmol) , 

was prepared from 3-phenylpropanal (26.8 mg, 0.2 mmol, 1.0 equiv.), isoprene (40.9 mg, 0.6 mmol, 

3.0 equiv.) 2-iodopropane (102.0 mg, 0.6 mmol, 3.0 equiv.) as colorless oil in 61% yield.  

4ac1: 
1
H NMR (400 MHz, CDCl3) δ 7.29 (t, J = 7.3 Hz, 2H), 7.25 – 7.15 (m, 3H), 4.99 (s, 1H), 

4.87 (s, 1H), 3.45 (t, J = 8.6 Hz, 1H), 2.95 – 2.83 (m, 1H), 2.68 (ddd, J = 13.6, 10.6, 6.1 Hz, 1H), 

2.19 (ddd, J = 11.8, 8.3, 3.7 Hz, 1H), 1.98 – 1.86 (m, 1H), 1.68 (s, 3H), 1.66 – 1.60 (m, 1H), 1.45 

(ddd, J = 13.5, 6.6, 3.4 Hz, 1H), 1.39 – 1.29 (m, 1H), 1.15 – 1.04 (m, 1H), 0.89 (d, J = 6.7 Hz, 3H), 

0.83 (d, J = 6.5 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 145.3, 142.7, 128.6, 128.5, 125.9, 115.7, 

71.4, 52.2, 38.1, 36.8, 32.2, 25.6, 24.3, 21.3, 18.7. HRMS (EI
(+)

, 70 eV): C17H24 [M-H2O]
+
: calcd: 

228.1878, found: 288.1876. HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 98:2, 1.0 mL/min, 

210 nm), tminor = 5.4 min, tmajor = 8.4 min, ee = 98%, dr > 15:1. 

According to the general procedure without chair ligand L1 and Proton sponge, 4ac1 and 4ac2, 

(4ac1/4ac2 = 1/2), (32.0 mg, 0.13 mmol), was prepared from 3-phenylpropanal (26.8 mg, 0.2 mmol, 
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1.0 equiv.), isoprene (40.9 mg, 0.6 mmol, 3.0 equiv.) 2-iodopropane (102.0 mg, 0.6 mmol, 3.0 

equiv.) as colorless oil in 65% yield. 4ac2: 
1
H NMR (400 MHz, CDCl3) δ 7.29 (t, J = 7.3 Hz, 2H), 

7.20 (dd, J = 16.6, 7.5 Hz, 3H), 5.76 (dd, J = 17.6, 10.8 Hz, 1H), 5.20 (d, J = 10.8 Hz, 1H), 5.06 (d, 

J = 17.6 Hz, 1H), 3.22 (d, J = 10.4 Hz, 1H), 3.02 – 2.86 (m, 1H), 2.66 – 2.50 (m, 1H), 1.87 – 1.74 

(m, 1H), 1.63 – 1.52 (m, 2H), 1.32 – 1.17 (m, 2H), 0.98 (s, 3H), 0.86 (dd, J = 12.8, 6.7 Hz, 6H). 
13

C 

NMR (101 MHz, CDCl3) δ 145.1, 142.7, 128.6, 128.5, 125.9, 115.3, 77.0, 46.3, 45.8, 33.6, 32.9, 

25.4, 25.1, 24.6, 16.7. HRMS (EI
(+)

, 70 eV): C17H24 [M-H2O]
+
: calcd: 228.7878, found: 288.1881. 

HPLC (Chiralcel OD-H column, hexanes:i-PrOH = 98:2, 1.0 mL/min, 210 nm), tminor = 5.8 min, 

tmajor = 10.5 min, ee = 18%, dr > 15:1. 

 

(3S,4R)-6-phenyl-3-(3,3,3-trifluoropropyl)hexane-1,4-diol (5) 

 

A screw-cap tube equipped with a magnetic stir, solution of 4d (54.4 mg, 0.2 mmol, 1.0 equiv.) in 5 

mL of THF, was added a solution of 9-BBN in THF solution (1.2 mL, 0.5 M, 0.6 mmol, 3.0 equiv.). 

The solution was then heated to reflux for 3 h. The reaction mixture was cooled at 0 °C and H2O 

(0.7 mL), sodium perborate (277.7 mg, 1.8 mmol, 9.0 equiv.) and sodium hydroxide (66.7 mg, 1.8 

mmol, 9.0 equiv.) were added, after which the mixture was stirred at 50 °C in an oil bath for 4 h. 

The phases were then separated and the aqueous layer was extracted with ethyl acetate (3*15 mL). 

The organic extracts were combined, dried (MgSO4), and concentrated. The residue was purified by 

column chromatography (silicagel, Petroleum ether / ethyl acetate = 3/1 to 1/1) to 5 (44.1 mg, 0.15 

mmol) as a yellow oil in 75% yield
[4]

. 
1
H NMR (400 MHz, CDCl3) δ 7.34 – 7.27 (m, 2H), 7.23 – 

7.17 (m, 3H), 3.73 – 3.61 (m, 2H), 3.60 – 3.54 (m, 1H), 3.12 (s, 2H), 2.87 – 2.74 (m, 1H), 2.70 – 

2.60 (m, 1H), 2.17 – 2.01(m, 3H), 1.84 – 1.70 (m, 4H), 1.67 – 1.52 (m, 2H). 
13

C NMR (101 MHz, 

CDCl3) δ 142.0, 128.6, 18.5,
 
127.25 (d, J = 259.1 Hz), 126.1, 72.5, 59.4, 40.5, 36.7, 32.7, 31.8 (d, J 

= 28.4 Hz), 31.18, 22.75 (d, J = 2.8 Hz). IR (neat) cm
-1

 ṽ: 3336, 2944, 1495, 1454, 1257, 1141, 

1054, 700, 656. HRMS (EI
(+)

, 70 eV): C15H19OF3 [M-H2O]
+
: calcd: 272.1388, found: 272.1396. 

[α]D
33

 = 13.5, (c = 0.91, CH2Cl2). 

 

(5S,6R)-6-phenethyl-5-(3,3,3-trifluoropropyl)-5,6-dihydro-2H-pyran-2-one (6) 

 

To a solution of 4d (108.8 mg, 0.4 mmol, 1 equiv.) in CH2Cl2 (5.0 mL) at 0 °C, then was added 

dropwise DIPEA (0.4 mL, 2.4 mmol, 6 equiv.) followed by acryloyl chloride (0.15 mL, 1.2 mmol, 

3 equiv.). The resulting reaction mixture was stirred at room temperature for 2 h and quenched with 

water (10 mL). The aqueous layer was extracted with CH2Cl2 (2*20 mL). The combined organic 

layers were dried over anhydrous MgSO4, filtered and concentrated under reduced pressure to 

afford the desired ester. Then, to a solution of the corresponding ester (0.40 mmol, 1.00 equiv.) in 

anhydrous toluene (0.02 M) was added Hoveyda-Grubb II (3 mol %, 75.2 mg). Resulting mixture 
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was heated at 80 °C for 6 h. After this time, all volatiles were removed under reduced pressure. 

Crude was purified by column chromatography by using appropriate eluent to afford the desired 

α,β-unsaturated lactone 6 (95.4 mg, 0.32 mmol) in 80% yield
[5]

. 
1
H NMR (400 MHz, CDCl3) δ 7.35 

– 7.27 (m, 2H), 7.22 (dd, J = 10.3, 4.5 Hz, 3H), 6.72 (dd, J = 9.9, 3.7 Hz, 1H), 6.07 (dd, J = 9.9, 1.8 

Hz, 1H), 4.28 – 4.15 (m, 1H), 2.91 (ddd, J = 14.2, 9.2, 5.2 Hz, 1H), 2.83 – 2.70 (m, 1H), 2.20 – 

2.03 (m, 3H), 2.01 – 1.91 (m, 1H), 1.90 – 1.76 (m, 1H), 1.73 – 1.58 (m, 2H). 
13

C NMR (101 MHz, 

CDCl3) δ 162.9, 147.0, 140.7, 128.7, 128.60, 128.56, 126.6 (d, J = 276.4 Hz), 126.4, 121.8, 80.2, 

36.8, 35.1, 31.2, 30.5 (d, J = 29.3 Hz), 23.80. IR (neat) cm
-1

 ṽ: 3027, 2960, 1725, 1496, 1257, 1142, 

1028, 800, 702, 656. HRMS (EI
(+)

, 70 eV): C16H17O2F3 [M]
+
: calcd: 298.1181, found: 298.1184. 

[α]D
33

 = 55.4, (c =0.65, CH2Cl2). 
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3. Copies of NMR specta and HPLC chromatographs 

1,8-bis((4R,5S)-4,5-diphenyl-4,5-dihydrooxazol-2-yl)-9H-carbazole (L6)-
1
H NMR 

 

 

 

1,8-bis((4R,5S)-4,5-diphenyl-4,5-dihydrooxazol-2-yl)-9H-carbazole (L6)-
13

C NMR 
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4a’ -
1
H NMR 

 

 

 

4a’ - HPLC (racemic) 
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4a’ -HPLC (76% ee) 
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4a-HPLC (racemic) 

 

 

 

4a-HPLC (94% ee) 
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4b-
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4b-
19

F NMR 

 

 

 

4b-HPLC (racemic) 
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4b-HPLC (90% ee) 
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4c-
13

C NMR 
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4c-HPLC (racemic) 

 

 

 

4c-HPLC (83% ee) 
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4d-
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H NMR 
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4d-
19

F NMR 

 

 

 

 

4d-HPLC (racemic) 
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4d-HPLC (92.5% ee) 
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4e-
13

C NMR 
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4e-HPLC (racemic) 

 

 

 

4e-HPLC (92.5% ee) 
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4f-
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4f-
19

F NMR 

 

 

4f-HPLC (racemic) 
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4f-HPLC (89% ee) 
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4g-
13

C NMR 
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4g-HPLC (racemic) 

 

 

 

4g-HPLC (94% ee) 

 

 



S 38  
 

4h-
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H NMR 

 

 

 

4h-
13

C NMR 

 

 

 

 



S 39  
 

4h-
19

F NMR 

 

 

4h-HPLC (racemic) 
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4h-HPLC (89% ee) 
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