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General Information

Unless otherwise stated, all reagents were purchased from commercial suppliers and used without
further purification. All solvents used in the reactions were distilled from appropriate drying
agents prior to use. Dichloromethane and trichloromethane were distilled from phosphorus
pentoxide immediately prior to use. THF and toluene were distilled from sodium benzophenone
ketone. Thionyl chloride and liquid aldehydes were purchased commercially and distilled before
use. The 4 A molecular sieves were purchased in a powder form, crushed, sieved at 100 mesh
screen and then activated at 200°C for 4 h. Reactions were monitored by thin layer
chromatography (TLC) was performed on silica gel GF 254 (Qingdao, China). The TLC plates
were visualized by exposure to ultraviolet light and/or immersion in a staining solution
(phospho-molybdic acid) followed by heating on a hot plate. Flash column chromatography was
undertaken on silica gel (200-300 mesh; Qingdao, China) using a proper eluent. Melting points
were determined on a Yanaco MP-S3 micro melting point apparatus and are uncorrected. *H NMR
and **C NMR was recorded on a Varian Inova-400 in deuterated solvent. *H chemical shifts are
reported in ppm () with the TMS or solvent resonance employed as the internal standard (TMS, &
0.00 ppm; CDCls, 6 7.24 ppm). Data are reported as follows: chemical shift, number of equivalent
nuclei (by integration), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet,
br = broad, brs = broad singlet), coupling constant (Hz) and assignment. **C chemical shifts are
reported in ppm (8) with the TMS or solvent resonance employed as the internal standard (TMS, &
0.00 ppm; CDCl3, 6 77.0 ppm). Optical rotations were measured on a Autopol VI automatic
polarimeter (Rudolph Research Analytical) and are reported as follows: concentration (c = g/dL),
and solvent. The enantiomeric ratios were determined by high performance liquid chromatography
(HPLC, Shimadzu LC-20AB) analysis employing a chiral stationary phase column specified in the
individual experiment, by comparing the samples with the appropriate racemic mixtures.

The following abbreviations are used throughout: ethyl acetate (EtOAc), dichloromethane
(CHCl,), chloroform (CHCIs), tetrahydrofuran (THF), isopropanol (IPA), enantiomeric excess
(ee), trimethylsilylchloride (TMSCI), melting point (m.p.), tetra-n-butylammonium fluoride

(TBAF), 2,6-bis(oxazolinyl)pyridine (Pybox).
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Catalyst Synthesis

Representative procedure for the synthesis of ligand PyBox-1~Pybox-4 (Scheme 1)

® S
o) o)
A i OH Y “N" > OH Ox L~ -0
| P N \)T L ii Cl N Cl
cloc” >N” >cocl Ry MNAE RizH KrNH HN.
1 R 2 R R 3 R

2a:R =i-Pr,R'=Ph

2b:R=Bn,Ri=ph R =Phlji iv
2c:R=i-Pr,R'=H

2d:R=Bn,Rl=H

B [
— P
Ph O N AP o |5
Ph>$/N N—/ ~Ph §/N N—
R R R R
Pybox-1: R =i-Pr Pybox-3: R =i-Pr
Pybox-2: R =Bn Pybox-4: R =Bn

i) amino alcohol, CH,Cl,, Et3N; ii) MSOH, CH,Cl,, reflux; iii) SOCI,, CHCIj3, reflux; iv) NaOH, MeOH, rt
Scheme 1 synthesis of Pybox 1~Pybox 4

Pyridine-2,6-Dicarbonyl Dichloride (1) ™. Pyridine-2, 6-dicarboxylic acid (0.418 g, 2.5 mmol)
was dissolved in thionyl chloride (5 mL ), the mixture was refluxed with stirring for 24 h under a
nitrogen atmosphere until a homogenous brown solution was obtained.. The excess thionyl
chloride was removed by distillation. The residue was placed under high vacuum for several hours
to afford pyridine-2,6-dicarbonyl dichloride (0.501 g, 98.2%) as pale cream crystals (m.p. 55-58
°C). The product was moisture sensitive and used directly in the next procedure.

Amido Alcohols (2) 2. To a stirred solution of (S)-amino alcohol ™ (2.0 mmol) and Et;N (5.0
mmol, 0.7 mL) in CH,Cl, (10 mL) was added dropwise a solution of pyridine-2,6-dicarbonyl
dichloride (1.0 mmol, 0.204 g) in 10 mL of CH,ClI, at 0 °C, and the mixture was stirred for 12 h (0
°C to rt). The reaction mixture was diluted with CH,Cl, (10 mL) and then washed sequentially
with aqueous NaHCO; (15 mL), water (30 mL) and brine (15 mL). The organic layer was dried
with anhydrous Na,SO,. The filtrate was concentrated in vacuo, the residue was purified by
column chromatography over silica gel to give corresponding pure amido alcohols 2.
2,6-bis((S)-4,5-dihydro-4-isopropyl-5,5-diphenyloxazol-2-yl)pyridine (Pybox-1) . Compound
2a (0.11 mmol, 70.6 mg) and methansesulfonic acid (0.66 mmol, 63.4 mg) were dissolved in
CH,CI, (3 mL), the solution was refluxed for 6 h while keeping CaH, in an addition funnel for

removing the water generated during the reaction. The reaction mixture was diluted with CH,Cl,

S2



New Journal of Chemistry

(3 mL), washed sequentially with aqueous NaHCOs, water, and brine. The organic phase was
dried with anhydrous Na,SO,. The filtrate was concentrated in vacuo, the residue was purified by
column chromatography over silica gel to get the pure cyclized product Pybox-1(57.3 mg, yield
86%). White solid, m.p. 66-67 °C; [a]®p -252° (¢ 0.100, CHCls); Ry= 0.48 (4:1 hexane:EtOAC);
'H NMR (CDCls, 400 MHz): & (ppm) 8.22 (2H, dd, J = 8.0 Hz, J = 3.6 Hz, H-3), 7.92 (1H, t, J =
8.0 Hz, H-4), 7.63 (4H, d, J = 7.6 Hz, J = 7.2 Hz, Ph), 7.42-7.31 (8H, m, Ph), 7.30-7.22 (8H, m,
Ph), 4.89 (2H, d, J = 4.8 Hz, H-4"), 1.95-1.90 (2H, m, CHCH,), 1.06 (6H, d, J = 6.8 Hz, CH3),
0.67 (6H, d, J = 6.4 Hz, CHs); *C NMR (100 MHz, CDCl,): & (ppm) 160.3 (C, C-2'), 146.8 (C,
C-2), 144.9 (C, Ph), 140.3(C, Ph), 137.7 (CH, C-4), 128.3(CH, Ph), 127.9 (CH, Ph), 127.7 (CH,
Ph), 127.3 (CH, Ph), 126.9 (CH, Ph), 126.3 (CH, Ph), 125.4 (CH, C-3), 93.7 (CH,, C-5", 80.3
(CH, C-4'), 30.3 (CH, CHCHs), 21.9 (CHs), 17.3 (CHs).
2,6-bis((S)-4-benzyl-4,5-dihydro-5,5-diphenyloxazol-2-yl)pyridine (Pybox-2) B*. Using a
procedure similar to that described above for the preparation of Pybox-1 from bisamide 2b,
bisamide 2b (0.1 mmol, 73.8 mg) was treated with methansesulfonic acid (0.6 mmol, 57.7 mg) to
afford Pybox-2 (56.9 mg, 81%). White solid, m.p. 93-95 °C; [a]*°p -361° (¢ 0.100, CHCL); R =
0.4 (4:1 hexane:EtOAc); *H NMR (CDCls, 400 MHz): & (ppm) 8.21 (2H, d, J = 7.6 Hz, H-3), 7.89
(1H, t, J = 8.0 Hz, H-4), 7.54 (4 H, dd, J = 8.4 Hz, J = 3.2 Hz, Ph), 7.37-7.09 (26H, m, Ph), 5.24
(2H, t, J = 7.2 Hz, J = 6.0 Hz, H-4"), 2.67 (4H, d, J = 6.8 Hz, CH,Ph). *C NMR (100 MHz,
CDCl3): & (ppm) 161.0 (C, C-2), 147.3 (C, C-2), 143.8 (C, Ph), 140.3 (C, Ph), 138.8 (C, Ph),
137.3 (CH, C-4), 129.3 (CH, Ph), 128.4 (CH, Ph), 128.1 (CH, Ph), 127.9 (CH, Ph), 127.8 (CH,
Ph), 127.6 (CH, Ph), 127.1 (CH, Ph), 126.5 (CH, Ph), 126.1 (CH, Ph), 125.9 (CH, C-3), 93.7 (CH,
C-5'), 67.0 (CH, C-4"), 40.0 (CH,, CH,Ph).
2,6-bis((S)-4,5-dihydro-4-isopropyloxazol-2-yl)pyridine (Pybox-3) 81, Thionyl chloride (25.0
mmol, 1.9 mL) was added with stirring to a solution of compound 2¢ (2.0 mmol, 0.675 g) in
chloroform (15 mL). The mixture was heated under reflux for 3 h, then cooled in ice bath. Water
was added through the top of the condenser to quench the excess thionyl chloride and the aqueous
layer was extracted with dichloromethane (3x20 mL). The combined organic phases were washed
with saturated aqueous NaHCO;3; (15 mL), water (30 mL) and brine (15 mL). The organic layer
was dried with anhydrous NaSQ,. The filtrate was removed at reduced pressure to give compound

3 as a cream solid. The solid was dissolved in MeOH (15 mL) and treated immediately with
S3
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aqueous NaOH (5.3 mL, 3 mol-L™). The mixture was stirred at room temperature under a nitrogen
atmosphere for 3 days, and then extracted with dichloromethane (2x30 mL). The extract was
washed with water, brine and then dried with NaSQO,. The filtrate was concentrated in vacuo, the
residue was purified by column chromatography over silica gel to get the pure cyclized product
Pybox-3 (0.374 g, yield 62%). White solid, m.p. 150-153 °C; [a]*p +124° (c 0.100, CH,Cl,); Ry
= 0.31 (2:1, CH,Cl,:EtOAC); *H NMR (CDCls, 400 MHz): & (ppm) 8.22 (2H, d, J = 8.0 Hz, H-3),
7.87 (1H, dd, J = 8.0 Hz, J = 7.6 Hz, H-4), 4.54 (2H, dd, J = 9.6 Hz, J = 8.4 Hz, H-5'A), 4.25-4.22
(2H, m, H-5'B), 4.18-4.12 (2H, m, H-4), 1.87 (2H, m, CHCHj), 1.05 (6H, d, J = 6.8 Hz, CHj),
0.94 (d, J = 6.4 Hz, 6H); *C NMR (100 MHz, CDCl3): 5 (ppm) 162.2 (C, C-2"), 146.9 (C, C-2),
137.2 (CH, C-4), 125.7 (CH, C-3), 72.9 (CH,, C-5", 71.0 (CH, C-4"), 32.8 (CH, CHCH3), 19.1
(CHs), 18.3 (CHs).

2,6-bis((S)-4-benzyl-4, 5-dihydrooxazol-2-yl)pyridine (Pybox-4) ®l. Using a procedure similar
to that described above for the preparation of Pybox-3 from bisamide 2d, bisamide 2d (0.5 mmol,
0.396 g) was treated with thionyl chloride to afford Pybox-4 (0.134 g, 67%).. White solid, m.p.
155-156 °C; [a]®p -58° (c 0.100, CH,Cl,); Ry = 0.25 (2:1 CH,Cl,:EtOAc); *H NMR (CDCls, 400
MHz): & (ppm) 8.22 (2H, d, J = 7.6 Hz, H-3), 7.89 (1H, t, J = 8.0 Hz, J = 7.6 Hz, H-4), 7.33-7.22
(10H, m, Ph), 4.67-4.61 (2H, m, H-4'), 4.46 (2H, t, J = 8.8 Hz, H-5'A), 4.26 (2H, dd, J = 8.8 Hz, J
= 7.6 Hz, H-5'B), 3.27 (2H, dd, J = 13.6 Hz, J = 5.2 Hz, CHaHgPh), 2.74 (2H, dd, J = 13.6 Hz, J =
8.8 Hz, CHAHgPh); BC NMR (100 MHz, CDCls): 6 (ppm) 162.6 (C, C-2"), 146.7 (C, C-2), 137.6
(C, Ph), 137.3 (CH, C-4), 129.1 (CH, Ph), 128.5 (CH, Ph), 126.5 (CH, Ph), 125.7 (CH, C-3), 72.5
(CH,, C-5'), 68.0 (CH, C-4"), 41.6 (CH,, CH,Ph).

Representative procedure for asymmetric allylation of aldehydes

To an oven dried 10 mL round-bottom flask equipped with a magnetic stirring bar was added
Ce(OTf); (23.5 mg, 0.04 mmol), 4A molecular sieve (80 mg) and anhydrous CH,Cl, (1 mL).
Pybox-1 (26.7 mg, 0.044 mmol) in CH,ClI, (0.1 mL) was added and the mixture was stirred under
nitrogen atmosphere at room temperature for 2 hours to afford a light white suspension. A mixture
of benzaldehyde (21.2 mg, 0.2 mmol) and TMSCI (30.4 uL, 0.24 mmol) in CH,ClI, (0.2 mL) was
added to the resulting suspension. The mixture was then cooled to 0 °C followed by the addition of
allyltrimethylsilane (63.5 uL, 0.4 mmol). The reaction mixture was stirred at room temperature for

30 h, then was quenched with saturated sodium bicarbonate solution (2 mL). The mixture was
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extracted with CH,Cl, (3x10 mL), washed with brine, dried over Na,SO, filtered and
concentrated in vacuo. The residual crude product was purified via silica gel (20:1 hexane:EA)
chromatography to afford the homoallylic alcohol as colorless oil.

OH

o

Compound 2a, (R)-1-phenylbut-3-en-1-ol, C1oH1,0, M=148.2, colorless viscous oil, [c]*°p +50°
(c 0.100, CHCI5) ). *H NMR (400 MHz, CDCls): & (ppm) 7.40-7.35 (3H, m, Ph), 7.32-7.28 (2H,
m, Ph), 5.87-5.79 (1H, m, H-3), 5.22-5.15 (2H, m, H-4), 4.76 (1H, dd, J = 7.6 Hz, J = 7.2 Hz,
H-1), 2.59-2.48 (2H, m, H-2), 2.08 (1H, brs, OH). *C NMR (100 MHz, CDCl5): & (ppm) 143.8 (C,
Ph), 134.4 (CH, C-3), 128.4 (CH, Ph), 127.5 (CH, Ph), 125.8 (CH, Ph), 118.4(CH,, C-4), 73.3
(CH, C-1), 43.8 (CH,, C-2). Enantiomeric excess was determined by HPLC (Chiracel OD-H, 99:1
hexanes: isopropanol, 1.0 mL/min, 230 nm): t, (major) = 18.9 min, t, (minor) = 21.4 min.

OH

HSC\©/\/\

Compound 2b, (R)-1-m-tolylbut-3-en-1-ol, Cy;H1,0, M=162.2, colorless viscous oil, [o]*°p +40°
(c 0.100, CH,Cl,) 1. 'H NMR (400 MHz, CDCls): & (ppm) 7.24 (1H, dd, J = 7.6 Hz, J = 7.2 Hz,
Ar), 7.19-7.14 (2H, m, Ar), 7.09 (1H, d, J = 7.6 Hz, Ar), 5.85-5.77 (1H, m, H-3), 5.30-5.13 (2H, m,
H-4), 4.71 (1H, dd, J = 8.0 Hz, J = 5.6 Hz, H-1), 2.54-2.48 (2H, m, H-2), 2.37 (3H, s, CHs), 2.04
(1H, s, OH). *C NMR (100 MHz, CDCls): & (ppm) 143.9 (C, Ar), 138.1 (C, Ar), 134.6 (CH, C-3),
128.4 (CH, Ar), 128.3 (CH, Ar), 126.5 (CH, Ar), 122.9 (CH, Ar), 118.3 (CH,, C-4), 73.4 (CH,
C-1), 43.8 (CH,, C-2), 21.5 (CHj3). Enantiomeric excess was determined by HPLC (Chiracel
OD-H, 98:2 hexanes:isopropanol, 0.6 mL/min, 254 nm): t; (major) = 16.5 min, t. (minor) = 22.1
min.

H
/©/\/\
H,;C

Compound 2¢, (R)-1-p-tolylbut-3-en-1-ol, C11H1,0, M=162.2, colorless viscous oil, [a]*p +60°

IIIO

(c 0.100, CH,Cl,) 1. 'H NMR (400 MHz, CDCls): & (ppm) 7.25 (2H, dd, J = 6.0 Hz, J = 2.0 Hz,
Ar), 7.16 (2H, dd, J = 6.0 Hz, J = 2.0 Hz, Ar), 5.86-5.76 (1H, m, H-3), 5.19-5.11 (2H, m, H-4),

4.69 (1H, t, J = 6.4 Hz, H-1), 2.52-2.48 (2H, m, H-2), 2.35 (3H, s, CH3), 2.04 (1H, brs, OH). **C
S5
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NMR (100 MHz, CDCly): & (ppm) 140.9 (C, Ar), 137.1 (C, Ar), 134.6 (CH, C-3), 129.0 (CH, Ar),
125.7 (CH, Ar), 118.1 (CH,, C-4), 73.2 (CH, C-1), 43.7 (CH,, C-2), 21.1 (CHs3). Enantiomeric
excess was determined by HPLC (Chiracel AS-H, 98:2 hexanes:isopropanol, 0.7 mL/min, 254 nm):
t. (major) = 14.1 min, t; (minor) = 15.8 min.

OH

E;(\/\
OCHjs

Compound 2d, (R)-1-(2-methoxyphenyl)but-3-en-1-ol, C1;H14,0,, M=178.2, colorless viscous oil,
[a]®p +42° (¢ 0.100, CH,Cl,) B *H NMR (400 MHz, CDCly): & (ppm) 7.33 (1H, dd, J = 7.6 Hz, J
= 1.6 Hz, Ar), 7.26-7.22 (1H, m, Ar), 6.96 (1H, td, J = 7.6 Hz, J = 1.2 Hz, Ar), 6.87 (1H, dd, J =
8.0 Hz, J = 1.2 Hz, Ar), 5.90-5.79 (1H, m, H-3), 5.16-5.08 (2H, m, H-4), 4.98-4.94 (1H, m, H-1),
3.85 (3H, s, OCH3), 2.62-2.46 (3H, m, H-2 and OH). *C NMR (100 MHz, CDCls): 5 (ppm) 156.3
(C, Ar), 135.2 (CH, C-3), 131.7 (C, Ar), 128.2 (CH, Ar), 126.8 (CH, Ar), 120.6 (CH, Ar), 117.5
(CH,, C-4), 110.4 (CH, Ar), 69.6 (CH, C-1), 55.2 (OCHj3), 41.8 (CH,, C-2). Enantiomeric excess
was determined by HPLC (Chiracel OD-H, 98:2 hexanes:isopropanol, 0.8 mL/min, 254 nm): t;
(minor) = 16.8 min, t, (major) = 18.5 min.

C:)H

N

OCH,
Compound 2e, (R)-1-(3-methoxyphenyl)but-3-en-1-ol, C1;H140,, M=178.2, colorless viscous oil,
[0]%°5 +48° (¢ 0.100, CH,Cl,) . 'H NMR (400 MHz, CDCls): § (ppm) 7.25 (1H, t, J = 8.0 Hz,
Ar), 6.94-6.91 (2H, m, Ar), 6.81 (1H, qd, J = 8.0 Hz, J = 2.8 Hz, J = 1.2 Hz, Ar), 5.85-5.75 (1H, m,
H-3), 5.19-5.12 (2H, m, H-4), 4.70 (1H, dd, J = 8.0 Hz, J = 1.6 Hz, H-1), 3.81 (3H, s, OCHj),
2.54-2.46 (2H, m, H-2), 2.09 (1H, brs, OH). *C NMR (100 MHz, CDCls): & (ppm) 159.7 (C,
Ar),145.6 (C, Ar), 134.4(CH, C-3), 129.4 (CH, Ar), 118.3 (CH, Ar), 118.0 (CH,, C-4), 112.9 (CH,
Ar), 111.3 (CH, Ar), 73.2 (CH, C-1), 55.2 (OCHjy), 43.7 (CH,, C-2). Enantiomeric excess was
determined by HPLC (Chiracel OD-H, 98:2 hexanes:isopropanol, 1.0 mL/min, 254 nm): t, (major)

= 26.7 min, t, (minor) = 34.2 min.

OH

O
HsCO
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Compound 2f, (R)-1-(4-methoxyphenyl)but-3-en-1-ol, C;;H140,, M=178.2, colorless viscous oil,
[0]%°5 +56° (¢ 0.100, CHCI3) ™. *H NMR (400 MHz, CDCls): & (ppm) 7.28 (1H, dd, J = 6.8 Hz, J
= 2.0 Hz, Ar), 6.88 (1H, dd, J = 6.8 Hz, J = 2.0 Hz, Ar), 5.84-5.74 (1H, m, H-3), 5.18-5.11 (2H, m,
H-4), 4.68 (1H, t, J = 6.4 Hz, H-1), 3.80 (3H, s, OCH3), 2.52-2.48 (2H, m, H-2), 2.02 (1H, brs,
OH). *C NMR (100 MHz, CDCls): & (ppm) 159.0 (C, Ar), 136.0 (C, Ar), 134.6 (CH, C-3), 127.0
(CH, Ar), 118.2 (CH,, C-4), 113.8 (CH, Ar), 72.9 (CH, C-1), 55.2 (OCHj3), 43.7 (CH,, C-2).
Enantiomeric excess was determined by HPLC (Chiracel OD-H, 95:5 hexanes:isopropanol, 0.8

mL/min, 230 nm): t, (minor) = 13.1 min, t, (major) = 13.9 min.

OH

/©f\/\
HsC CH

3
Compound 2g, (R)-1-(2,4-dimethylphenyl)but-3-en-1-ol, C1,H160, M=176.3, colorless viscous oil,
[a]®b +63° (c 0.100, CHCI3). *H NMR (400 MHz, CDCls): & (ppm) 7.36 (1H, d, J = 8.0 Hz,
Ar), 7.04 (1H, d, J = 8.0 Hz, Ar), 6.96 (1H, s, Ar), 5.91-5.80 (1H, m, H-3), 5.20-5.13 (2H, m, H-4),
5.94 (1H, m, H-1), 2.52-2.41 (2H, m, H-2), 2.31 (3H, s, CH3), 2.30 (3H, s, CH3), 1.89 (1H, brs,
OH). *C NMR (100 MHz, CDCl5): & (ppm) 138.9 (C, Ar), 136.8 (C, Ar), 134.9 (CH, C-3), 134.3
(C, Ar), 131.1 (CH, Ar), 126.9 (CH, Ar), 125.2 (CH, Ar), 118.1 (CH,, C-4), 69.6 (CH, C-1), 42.6
(CH,, C-2), 20.9 (CHj3), 18.9 (CHj3). Enantiomeric excess was determined by HPLC (Chiracel
OD-H, 95:5 hexanes:isopropanol, 0.8 mL/min, 220 nm): t, (major) = 8.0 min, t, (minor) = 8.8 min.
OH

O/\)\/\

Compound 2h, (R)-1-phenylhex-5-en-3-ol, C1,H;60, M=176.3, colorless viscous oil, [a]*p +4° (c
0.100, CHCI3) P *H NMR (400 MHz, CDCls): & (ppm) 7.31-7.25 (2H, m, Ph), 7.22-7.17 (3H, m,
Ph), 5.87-5.77 (1H, m, H-5), 5.17-5.13 (2H, m, H-6), 3.68 (1H, m, H-3), 2.85-2.78 (1H, m, H-1A),
2.73-2.65 (1H, m, H-1B), 2.36-2.29 (1H, m, H-4A), 2.22-2.14 (1H, m, H-4B), 1.82-1.76 (2H, m,
H-2), 1.64 (1H, s, OH). *C NMR (100 MHz, CDCls): & (ppm) 142.0 (C, Ph), 134.6 (CH, C-5),
128.4 (CH, Ph), 128.3 (CH, Ph), 125.8 (CH, Ph), 118.3 (CH,, C-6), 69.9 (CH, C-3), 42.0 (CH,, C-4),
38.4 (CH,, C-2), 32.0 (CH,, C-1). Enantiomeric excess was determined by HPLC (Chiracel OD-H,

95:5 hexanes:isopropanol, 1.0 mL/min, 254 nm): t; (major) = 5.5 min, t; (minor) = 10.5 min.

S7



New Journal of Chemistry

Compound 2i, (R)-1-(naphthalen-5-yl)but-3-en-1-ol, C14H140, M=198.3, colorless viscous oil,
[a]®p +176° (c 0.100, CHCI3) ™. 'H NMR (400 MHz, CDCls): & (ppm) 8.08 (1H, d, J = 8.0 Hz,
Ar), 7.88 (1H, dd, J = 7.6 Hz, J = 1.6 Hz, Ar), 7.79 (1H, d, J = 8.4 Hz, Ar), 7.67 (1H, d, J = 7.2 Hz,
Ar), 7.56-7.47 (3H, m, Ar), 5.99-5.89 (1H, m, H-3), 5.53 (1H, m, H-1), 5.25-5.18 (2H, m, H-4),
2.80-2.74 (1H, m, H-2A), 2.65-2.58 (1H, m, H-2B), 2.28 (1H, d, J = 2.8 Hz, OH). *C NMR (100
MHz, CDCls): & (ppm) 139.4 (C, Ar), 134.7 (CH, C-3), 133.7 (C, Ar), 130.2 (C, Ar), 128.9 (CH,
Ar), 127.9 (CH, Ar), 125.9 (CH, Ar), 125.4 (CH, Ar), 125.3 (CH, Ar), 122.9 (CH, Ar), 122.8 (CH,
Ar), 118.2 (CH,, C-4), 69.9 (CH, C-1), 42.8 (CH,, C-2). Enantiomeric excess was determined by
HPLC (Chiracel OD-H, 90:10 hexanes:isopropanol, 1.0 mL/min, 254 nm): t; (major) = 8.1 min, t;
(minor) = 13.9 min.

=
S

OH
Compound 2j, (R)-1-(thiophen-2-yl)but-3-en-1-0l, CgH100S, M=154.2, colorless viscous oil,

[0]%°5 +38° (¢ 0.100, CH,Cl,) . *H NMR (400 MHz, CDCls): 5 (ppm) 7.25 (1H, dd, J = 4.8 Hz, J
= 1.6 Hz, Ar), 6.99-6.96 (2H, m, Ar), 5.88-5.78 (1H, m, H-3), 5.22-5.14 (2H, m, H-4), 5.05-4.96
(1H, m, H-1), 2.64-2.60 (2H, m, H-2), 2.34 (1H, d, J = 4.0 Hz, OH). *C NMR (100 MHz, CDCly):
d (ppm) 147.8 (C, Ar), 133.8 (CH, C-3), 126.6 (CH, Ar), 124.5 (CH, Ar), 123.7 (CH, Ar), 118.8
(CH,, C-4), 69.3 (CH, C-1), 43.7 (CH,, C-2). Enantiomeric excess was determined by HPLC
(Chiracel OD-H, 97:3 hexanes:isopropanol, 0.6 mL/min, 220 nm): t, (major) = 19.8 min, t, (minor)

=21.5 min.
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Copys of HPLC analysis of homoallylic alcohols
Compound 2a: (R)-1-phenylbut-3-en-1-ol

Peak Ret. Time Area Height Area %
1 18.941 23239 305.7 26.4689
2 21.353 24547 295.4 73.5311
p P
¥
" II
" =,
- |
M b
B 4 l'\,, o . B
Peak Ret. Time Area Height Area %
1 20.186 29443 78.3 100.000
Compound 2b: (R)-1-m-tolylbut-3-en-1-ol
5 #!\ f
- x \
: / \ /'
. / |I : II|
o . n
:. L S ;‘Pl(__“_ ——-_____../ Ill\..__ o l\_ -
Peak Ret. Time Area Height Area %
1 19.892 15116.5 175.2 49.555
2 26.415 15388.1 166.3 50.445
|! I
Peak Ret. Time Area Height Area %
1 16.478 190.7 7 11.159
2 22.071 1518.2 54.7 88.841
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Compound 2c: (R)-1-p-tolylbut-3-en-1-ol

= i ,@ ff
' i
. .f \ 1
A j u/ \
n:_'_/“k—m_/ - o . -
Peak Ret. Time Area Height Area %
1 14.568 3559.7 79.3 50.768
2 16.302 3490.9 84.3 49.232
o :i
Peak Ret. Time Area Height Area %
1 14.085 832934 1627.8 94.765
2 15.788 4601.2 113 5.235
Compound 2d: (R)-1-(2-methoxyphenyl)but-3-en-1-ol
= T
' LA 4
Peak Ret. Time Area Height Area %
1 16.178 2033.2 76.3 48.676
2 17.356 2143.9 75.4 51.324
,,-I"" |
Peak Ret. Time Area Height Area %
1 16.765 14 5.5E-1 4.225
2 18.476 316.6 12.4 95.775
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Compound 2e: (R)-1-(3-methoxyphenyl)but-3-en-1-ol

Peak Ret. Time Area Height Area %
1 25.046 525.4 11.9 50.098
2 32.278 523.3 9.3 49.902

= aﬁ,
- _Ir \ 2
> | I|I w
I\
— L\

Peak Ret. Time Area Height Area %
1 26.701 592.4 10.3 77.556
2 34.237 171.4 3.2 22.444

Compound 2f: (R)-1-(4-methoxyphenyl)but-3-en-1-ol
== 4 —
%
- , ’, _I;

Peak Ret. Time Area Height Area %
1 11.426 42335 2080.7 48.512
2 12.807 44932.6 1815.1 51.488

- A
!
g -{\I
. fooA
; [
. )
‘ S/ \

o e S —
Peak Ret. Time Area Height Area %
1 13.139 18.5 9.7E-1 6.787
2 13.909 254.6 11.6 93.213
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Compound 2g: (R)-1-(2,4-dimethylphenyl)but-3-en-1-ol

= i 7 i &
¥ 'y
Peak Ret. Time Area Height Area %
1 8.060 30095 1954.2 43.818
2 8.82 31552.5 1892 51.182
0. I"‘;,““‘
= I
[
a0 l |
[ 1
n I: '
Peak Ret. Time Area Height Area %
1 7.975 8486.1 737 94.897
2 8.769 456.3 37 5.103
Compound 2h: (R)-1-phenylhex-5-en-3-ol
Peak Ret. Time Area Height Area %
1 85 1618 1145 50.445
2 12.404 1589.4 73.8 49.555
-— }’f‘,
« |
o r s:‘"
. .n._h-J\ J"\._/I A R T Pl ;':'__
Peak Ret. Time Area Height Area %
1 5.476 5650.8 594.1 93.064
2 10.51 421.1 21.2 6.936
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Compound 2i: (R)-1-(naphthalen-5-yl)but-3-en-1-ol

:; i i E-\‘;I
1
- | | |
"o ‘ [ [\
[ | LN
Peak Ret. Time Area Height Area %
1 7.933 36028.3 1995.4 47.267
2 13.111 40194.1 1433.2 52.733
-
00 Ii ||
||
e | |
| |
2 |
- I| |I
= A )

Peak Ret. Time Area Height Area %
1 8.109 9374.3 626.4 90.917
2 13.979 936.6 35.9 9.083

Compound 2j: (R)-1-(thiophen-2-yl)but-3-en-1-ol
s s -
¢
= |
= |
Peak Ret. Time Area Height Area %
1 18.566 65656.1 1654.3 49.236
2 20.320 6793.9 1531.1 50.764
;'“!f"{;
|
= [
- [
Peak Ret. Time Area Height Area %
1 19.836 2752.4 108.5 97.787
2 21.513 62.3 2.1 2.213
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Copys of *H NMR and **C NMR spectra

winjtang daxue varian inova-400 1H-4N
zhaosong-2Z5-3-1-huangyan in CDC13

axpl  sZpul
SAMPLE SPECIAL
date  Apr 14 2014 temp not used
solvent COC13  gain 30
file exp spin 20
ACQUISITION hst 0.008
W 6000.2 pwil 10.800
at 3.794 alfa .600
np 44928 FLAGS
fu ao00 i1 n
s in n
ol 2.000 dp ¥
nt 20 hs
ct PROCESSING
TRANSMITTER not used
tn DISPLAY
sfrq 399.740 sp -498.1
tof a00.0 wp 4574.5
tpwr 59 rfl G04.1
({53 5.000 rfp 0
DECOUPLER rp =-12.4
n ¢13 1p =4.5
dof 0 PLOT
dm nnn we 180
dmm [ 14 0
dpwr 45 ws 135
dmf 20056 th B
nm ph |
|
®
s
2h P N YO P
>h N N—/ Pt
PyBox-1
1
|
|
| |
| |
{ |
|
|
|
|
|
i ! !
J—— | e . i L . WL O L W .
T — T T T T T T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 4 1 =0 ppm
L T L - o
o e | o;me - = o = =
N o= m ome [ o I
o = T om. & - « w @
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exp? sZpul

T EONROOOTARNNS w  woo e m o e

TS ANmENBEY ~ @-S® ® S ®

sxinjiang daxue varian inova-400 13C-4aN R B e i B © Ao o e
osong-Z5-C-4-huangyan i 13 S BT OSSN o S~ & o
EhagsongySES=6 oy i C0C BT T T OO NN NN NN m @~~~ oo
R e e R e R e e | | | |

%
/7
S

F

SAMPLE SPECIAL
date Sep 30 2014 temp not used
solvent cpc13  gain 40
file exp spin 20
ACQUISITION hst 0.008
W 25000.0 pw30 10.800
at 1.158 alfa 20.000
np 59968 FLAGS
b 14000 i1 n
bs 16 in n
d1 2,000 dp ¥
nt 1000 hs
ct 100 PROCESSING
TRANSMITTER 1.
tn C13 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp =-1518.7
tpwr 56 wp 24999.2
5.000 rf1 9259.0
DECOUPLER rfp 7739.6
n H rp 126.2
dof 400.0 dp =244.6
dm ¥YY PLOT
dmm W WC 0
dpwr 42 sc 0
dmf 12400 vs 115
th 13
nm ph
|
| =
|
Ph O N O _Ph '
Ph N N Ph |
2 |
I | ]
PyBox-1 | |
| |
| |
| !
| |
| oy

L L L L L L O L I i L L R R R RN R A AN R EEEE R

220 200 180 160 140 120 100 80 60 40 20 ppm

S16



New Journal of Chemistry

xinjiang daxue varian ino
zhaosong-Z5-5-huangyan in

wva=400 1H-4N
copcis

—=0.000

expl s2pul
SAMPLE SPECIAL
date Sep 26 2014 temp not used
solvent cpc13  gain 20
file exp spin 20
ACQUISITION hst 0.008
5w 6999.7 pw3l 10.800
at 744 al 6.600
np sza1z2 FLAGS
fb 4000 i1 n
bs 4 in n
dl 3.000 dp ¥
nt 20 hs nn
ct 20 PROCESSING
TRANSMITTER fn not used
tn H1 DISPLAY
sfrg 399.740 sp -503.9
tof q400.0 wp 4585.1
tpwr 53 rfl 1110.8
W 3.000 rfp 0
DECOUPLER rp -108.1
dn ci13 1 =5.6
dof PLOT
dm nnn - wo 180
dmm [ 14 0
dpwr 45 ws 136
dmf 20056 th 7
nm ph
®
Ph O N YO _Ph
Ph N N Ph
Bn n
PyBox-2
R |
L e e e s e
10 9

2.00
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#injiang daxue varian inova-400 13C-4N
zhaosong-Z58-5-huangyan in CDC13

exp? sZpul
SAMPLE
date Sep 26 2014
solvent cociz
file exp
ACOUISITION
W 25000.0
at 1.199
np 59968
b 14000
bs 16
dl 3.000
nt 1500
ct 1500
TRANSMITTER
tn c13
sfrg 100.525
tof 1500.0
tpwr 56
5.000
DECOUPLER
dn H1
dof 400.0
dm Yy
dmm W
dpwr az
dmf 13400

temp
gain
spin

pwan
alfa

SPECIAL
not used
a0

20
0.008
10.800
20.000
FLAGS
n
n
¥

PROCESSING

1.00

not used
DISPLAY
=1

o
=~ o
=~ B3 G0
0000 U1 o e
@0 w e e

PLOT

[
]
v
- ey
B e senna
WROS NMEOR

-
-~

ph

161.041
147.279
143.757
140.273
138.808
137.306
129.252
128.364

b

" o

128.129

93.714

77.319
-77.000
-76.879

/—
{
\_76.681

/
5

—67.034
—39.997

W —

o

, |

LAREERS REE}

220

200 180 160

S18

140

120

100

60 4

ILARES N

[T T T T T T[T T I T rrT e
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®injiang daxue varian inova-400 1H-4N
zhaosong-Z5-L-3-huangyan in CDC13

expl sZpul
SAMPLE

date Dec 2 2014
solvent coci13
file exp
ACQUISITION
W 69939.7
at 3.744
np 52412
fb 4000
bs 4
dl 3.000
nt 20
ct
TRANSMITTER

tn
sfrg 399.740
tof 400.0
tpwr 59

.y 3.000

DECOUPLER

n
dof []
dm nnn
dmm [
dpwr 45
dmf 20056

SPECIAL
temp not used
gain 10
spin 20
hst -oos
pwao 10.800
alfa 6.600
FLAGS
il n
in n
dp %
hs nn
PROCESSING
fn not used
DISPLAY
sp -474.9
wp 4554.1
rfl 1092.0
rfp 0
rp 109.8
p -3.0
PLOT
wWe 180
sC o
Vs 143
th 3
nm ph
®
P
N
PyBox-3

_B.235

/—8.215

7.885
7.866

< {c

7.8486
—7.278

1.063
1.0486
935

—,—0.851
0.

=

| —
=
-

0.000

S19
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xinjiang daxue varian inova-400 13C-4N
25-L-3~-h DC13

expZ sZpul
SAMPLE

date Dec & 2014

solvent cociz

file ax

ACQUISITION

sW 25000.0

at 1.199

np 59968

fb 14000

bs 16

di 3.000

nt 1000

ct 1000

TRANSMITTER

tn c13

sfrg 100.525

tof 1500.0

tpwr 56
5.000

DECOUPLER

dn

dof 400.0

dm ¥yy

dmm w

dpwr q2

dmf 13400

gyan in

SPECIAL
temp not used
gain 40
spin 20
hst 0.008
pwa0 10.800
alfa 20.000
FLAGS
in n
dp ¥
hs
PROCESSING
.00
fn not used
DISPLAY
sp -1511.4
wp 24999.2
rfl 1512.1
rfp ]
rp 208.5
1p =-220.6
PLOT
we 180
sC [
vE 119
th 15
nm ph
®
O N/
|
N
PyBox-3

S20

- w - r~ Tne osn - o 0
g 2 3 z BEzE 2 23
g 2 5§ g rRsss S ==
= 5 7 8 (U] U
|O
N
.
[
PRI S ' .
220 200 180 160 140 120 100 80 60 40 20 ppm
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®injiang daxue varfan inova-400 1H-4N
zhaosong=-Z5-1-huangyan in CDC13

expl sZpul
SAHPLE SPECIAL

date Nov 13 2013 temp not used
solvent Ccoc12  gain 30

] exp spin 20

ACQUISITION hst 0.008
k0 6000.2 pwid 10.800
at 3.749 alfa 6.600
np 44928 FLAGS
fb 3000 n
bs 4 in n
d1 3.000 dp v
nt 100 h
ot 00 PROCESSING

TRANSMITTER fn not used
tn H1 DISPLAY
sfrg 399.740 sp -482.9
tof 400.0 wp 4545 .7
tpwr 59 rf1 598.6

3.000 rfp

DECOUPLER rp =10.4
dn ci3 p -
dof L] PLOT
dm nnn - we 180
dmm C sC 0
dpwr 45 wvs 209
dmf 20056 th 5

nm ph
|
N
Bn

Y —17.313

.r'f
/L

—7.303
—7.237
7.253
7.227

g

N

Ay \\§
N

—7.263
~7.235

A

7.219
- 7.216

)

B
W

—

~~0.008

o
=
=
=
i

o

1.983 <«

1.02 €

4:51 £

S21

o |4

2.01 €

z.00 {



New Journal of Chemistry

xinjiang daxue varian inova-400 13C=-4N
zhaosong-Z5-2-huangyan in CDC13

exp2 sZpul
SAMPLE
date Sep 22 2014
solvent cocis
file ex
ACQUISITION
5w 25000.0
at 1.133
np 59968
fb 14000
bs 6
dl 3.000
nt 1z00
ct 1z
TRANSMITTER
tn C1
sfrg 100.525
tof oo.
tpwr 56
P L1
DECOUPLER
dn H1
dof 400.0
dm ¥yY
dmm w
dpwr 42
dmf 13400

SPECIAL
temp not used
gain 40
spin 20
hst 0.008
pwan 10.800
alfa 20.000
FLAGS
i n
in n
dp ¥
hs nn
PROCESSING
fn not used
DISPLAY
sp =1520.2
wp 24999.2
rfl 9260.6
rfp 7739.8
rp 126.2
p -244.6
PLOT
we 130
5C 0
Vs 136
th B
nm ph

®
CTLN/J

T

M/

o PyBox-4 o

137.617
137.290
129.138
128.531
126.527
125.723

—162.642
—145.702

=

/=

N
/

76,681

=
N7z,
\__68.005

—77.319
77.000

72.506
41.598

220

200

180 160 140 120 100 80

S22

R R R L RN AR AR RS AR R R R

TTTTT T[T T rTTT

60

40

20

ppm



New Journal of Chemistry

POE" L
B0E° L
BOE"L
PIE L
T28"¢
ZRETL
2LETL

98E" L
6652

®injiang daxue varian inova-400 1H-4N
sipul

expld

eauﬁhl._ ', 1 =
MNM,M\\ a
VEEZ" L ‘\
008" ¢ /s

/)

/
veET L \\\
2eE L \\

58478 r/
85— !
£08°s
0Te s
tze°s
228§
9ve°s

[T4- 0

A

1

TOO®WOO CE:XE T SROSORT OORG
THNNS OO c o -
w Sme W RS 00 = -
= s S RO e

Sow 2 Two "
- - (=]

=40 HOx

T wia =

=] 7 1 o

o [ -

w P Qo W o

o w S =

w ® o

o

Bect o«
Bom e i ~-a
Sganwz- ~Sow £ Dakkoo pows
SOV ERG ~-TLE & WIFkkb~ FuFe
MmO ~TOCTO0S HOOMO MOCUWS
~X THO CBw IT e - £ Twm
Qwe mrTe o ~o o O & =
=] R = =]
O zoon « ® oT o o

ow wom [-4

w - E = i

= - —

@ = =] a

= =

< =1 5 =

e S = o
£ & = w
® O =]
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O= I+ oDumss nquD.W. n.m.m m
W WECWOTCU Hwad k- ©

OH

ppm

x

- RO°T

- 202

w
_. T6°7T

Foit

10

S23



New Journal of Chemistry

®injiang daxue varian inova-400 13C-4N
zhaosong=25=C=7-huangyan in CDC13

expz sipul
SAHPLE

date Jun 13 2014
solvent cociz
file exp

ACOUISITION
W 25000.0
at 1.1%9
np 59968
b 11000
bs 16
dl 3.000
nt 200
t 300

TRANSHITTER
tn c13
sfrg 100.525
tof 1500.0
tpwr 56
5.000

DECOUPLER
n H1
dof 400.0
dm ¥¥Y
dmm W
dpwr 42
dmf 13400

SPECIAL
not used
50

20
0.008
10.800
20.000
FLAGS
n
n
¥

nn
PROCESSING
1.00

not used

1
a

(X} o

w N R Wk

SO O NNONNWG

ph

OH

AR B A ol

—143.848
—134.429

128.379
127.506
- 125.783

r

—118.352

76.681

f77.000
\_73.273

A

—17.319

43.784

220

T
200

TTTTTT

180

160

TTTTTT

100

u

AT

RN R RN RS RAR RN RAREARRRS RARRE LAREN LR AR

80

60

40

20

ppm
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xinjifang daxuc varian inova-400 1H-4N

expl  szZpul

SAMPLE
solvent CcDCc13

file exp
ACQUISITION
Sw 6000.2

at 3.711
np 41926
b 3000
bs 4
dl 3.000
nt a0
ct

TRANSHITTER
tn
sfrg 399.740
tof a00.0
tpwr 59
pw 5.00

DECOUPLER

dn c13
dof
dm nnn
dmm
dpwr 45
dmf 20056

SPECIAL
temp -not used
gain 30
spin 20
hst 0.008
pwao 10.800
alfa 6.600
FLAGS
n
in n
dp ¥
hs
PROCESSING
not used
DISPLAY
sp -493.5
wp A562.2
rfl 599.0
rfp o
rp 67.9
il =-10.9
PLOT
wWe 180
sC 0
Vs 115
th 3
nm ph
HsC

OH
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*injiang daxue varian inova-400 13C-4N
zhaosong=-Z5-C-4-huangyan in CDC13

exp? sZpul
SAMPLE
date Jun 13 2014
solvent cpcis
file exp
ACQUISITION
W 25000.0
at 1.199
np 59968
fb 14000
bs 16
dl 3.000
nt 600
ct 600
TRANSMITTER
tn c13
sfrg 100.525
tof 1500.0
tpwr
5.000
DECOUPLER
H1
dof 400.0
dm ¥yY
dmm W
dpwr 42
dmf 13400

SPECIAL
temp not used
gain 50
spin 20
hst 0.008
pwiio 10.8&00
alfa en.oon
FLAGS
n
in n
dp ¥
hs nn
PROCESSING
b 1.0
fn not used
DISPLAY
sp -1509.1
wp 24999.2
rfl 1509.9
rfp 0
rp =-51.9
1 -252.5
PLOT
we 180
sC 0
vs 107
th 6
nm ph
HaC.

O N D m S D@ FE k] ~ -
S2ERERES 8ERS = <
52238583 555 - g
L)) N
|
S
o
- :
|
| |
| ]
|
L L L L L L B I L B R L B R NN N R RN RN RN LR LA R
220 200 180 160 140 120 100 80 60 40 20

ppm
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#injiang daxue varian inova-400 1H-4N

expl s2pul
SAMPLE
s07vent
e exp
ACQUISITION
W 6999.7
at 3.744
np 52412
fb 4000
bs 4
dl 3.000
nt 20
ct
TRANSHITTER
tn H1
sfrg 399.740
tof 400.0
tpwr 59
5.000
DECOUPLER
dn Cc13
dof 0
dm nnn
dimm c
dpwr 45
dmf 20056

alfa

e TodN TSN TO N AN TN O T TN S DS WNN®E M
MO TM AN TSRO T T T TN MmN SN —-mOO®m®
4 O D O D 00 P P P o e o e o o o P @00 DD DD T T
e e e U U8 U U U U U R R R R R R R S S S B T T T O O O O
| | | | | |
SPECIAL AN / o
not used = rrr S
-+ = ‘x\\\ E“K\R ——
20 [
0.008 [¢ |’
10.800 [[ f . | ,
6.600 | |
FLAGS J ,/‘ J I i J
n
n
¥
nn
PROCESSING
not used
DISPLAY
-471.9
4550.2
1101.2
0
-92.7
-19.8
PLOT
180
0
124
5
ph
OH
\"“-.
IﬁC
S — [,
—1 B T e T T T
10 9 8 7 6 5 4 3 2
v - oy iy
o = w = T e W
N = = = oo o
e - “ - wem o

—0.009
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xinjiang daxue varian inova-400 13C-4aN
zhaosong-25-C-5-huangyan in CDC13

exp2 s2pul

SAHPLE
date Jun 13 2014

solvent copcis
file exp

ACQUISITION
B 25000.0
at 1.1599
np 59968
fb 14000
bs 16
dl 3.000
nt 400
ct 400

TRANSHMITTER
tn €13
sfrg 100.525
tof 1500.0
tpwr 56
5.000

DECOUPLER

n

dof 400.0
dm yyy
dmm W
dpwr a2z
dmf 13400

SPECIAL
not used
50
20
0.008
i0.800
20.000
FLAGS

¥

nn
PROCESSING
1

not used

1
]
o
r

MICD MOS0 S

ph

—140.896
~—137.139

—134.573

-129.040
-125.738
118.147

77.313
77.000
76.681
73.159

N

=

43.693

—-21.059

T
160 140

T T T

120

100

80

60

40

YT

TTTTT

20

T

T T
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AN

AN

NMM.MH,/ &MW/% ,/
A

A
T08° 2 VM/,//%///

\

. / rt
S09° 2
N
w—__”.HJ T P.rr._

N

L1 T T
518" 5 I

s

SPECIAL
FLAGS

temp

gain

7 pwil

3.744 alfa
52412

spin
hst

i1

Jun 26 2014
cDpcis
exp
69958,
4000

s2pul
SAMPLE

®injiang daxue varian inova-400 1H-4N
zhaosong-25-H-18-huangyan in CDC13
ACQUISITION

expl
date

EE:mE
€

PROCESSING

H1

TRANSMITTER

OH

OCH3,

ppm

M~

10

4
9279

T 188
453

S29
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P~ SN oo w i —Ballad o "
[ mNTL M P~ -ome = e
xinjiang daxue varian inova=-100 13C-4N & wealhoin 0 uoam ~ =
zhaosong-ZS-C-18-huangyan in CDC13 = poooor o nhme n z
Eugh | eou - PR Qe i e e 1777 i
a1 LLe bl oS 2
SAHPLE SPECIAL
date Jun 30 2014 temp not used
solvent CDC13 gain 50
file exp spin 20
ACQUISITION hst 0.008
W 25000.0 pws0 10.800
at 1.133 alfa 20.000
np 59968 FLAGS
fb 14000 i1 n
bs 16 in n
d1 2.000 dp ¥
nt 200 hs nn
ct 200 PROCESSING
TRANSMITTER 1b .0
tn ci3 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp -1516.4
Lpwr 56 wp 24999.2
5.000 rf1 9256.7
DECOUPLER rfp 7739.6
n rp -55.9
dof 400.0 1p -241.6
dm YYY PLOT
dmm W WC
dpwr a2 sc
dmf 13400 vs 90
th 18
nm ph
OH
\
OCH;3

-TTTT TTT T T B B B M N RN AN E R R R T T TTTTTTTITTTToTT]

220 200 180 160 140 120 100 80 60 40 20 ppm
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o o - W -, @ NN w -
xinjiang daxue varian inova-400 13-4N - o Ao HE=Re
zhaosong-£5-H-11-huangyan in CDC13 s b -4 [@Ea= “ @

- - R R R i | |
exp2 sZpul 11 L | [

SAMPLE SPECIAL
date Jun 24 2014 temp not used
solvent CDC13 gain 50
file exp spin 20
ACOUISITION hst 0.008
5w 25000.0 pwi0 10.800
at 1.199 alfa 20n.000
np 59968 FLAGS
fb 14000 11 n
bs 16 in n
dl 3.000 dp ¥
nt 200 h n
ct 300 PROCESSING
TRANSHITTER b 1.0
tn €13 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp -1517.2
tpwr 56 wp 24999.2
5.000 rfl 9257.5
DECOUPLER rfp 7739.6
dn H1 rp =53.5
dof 400.0 1p =-241.6
dm Yy PLOT
dmm W WC 180
dpwr 42 sc o
dmf 12400 ws 95
th 8
nm ph
‘ !
|
OH |
|
=
OCH;

L L I I e R R L R L R L R I N AR RS LN R LR LR L R

220 200 180 160 140 120 100 80 60 40 20 ppm
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xinjtang daxue varian inova-400 1H=-AN o B S e B R B A S Bt e ok i ooy S i n S B Bl v B M Bl ot il B i
zhaosong-Z5-H-14-huangyan in CDC13 MO EBoORWANN noW0 MNUNDNTTTNNNNNNNAS o
W 19999997177 15 1
e B N e T '
= e s
SAMPLE SPECTAL = ///’//l'// o
date  Jun 26 2014 temp not used e ]
solvent COC13  gain 20 Jl / 7/ //////
file exp spin 20 ) I o
ACQUISITION hst 0.008 e
sw £999.7 pwiD 10.800 ?X//f/
at 3.744 aifa 6.600 -
np 52412 FLAGS
fb 4000 i1 n
bs 4 in n
d1 3.000 dp ¥
nt 20 hs
ct 20 PROCESSING
TRANSHITTER fn not used
tn H1 DISPLAY
sfry 399,740 sp -481.3
tof A00.0 wp 4561.3
tpwr 53 rfl 1099.9
5.000 rfp 0
DECOUPLER rp 161.5
n c13 1p -5
dof 0 PLOT
dm nnn - wWe 180
dmm c scC 0
dpwr 45 wvs 380
dmf 20056 th 9
nm ph
OH
=
HyCO
_J.l_-
AL B S I s ) S e T e e e e e L S
10 9 8 7 6 5 4 3 2 1 =0
oo = f, o Py
oom i . = L} 2 = =
- . - — - “w - o~ (-]
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winjiang daxue varian inova-4100 13C-4N
zhaosong-Z5-H-14-huangyan in CDC13

expl3d sZpul
SAMPLE

date Jun 26 2014

solvent coclsE

file sexport/home/~
viomrl/NMR-ceshi /ne~
iyang/huangyan/zha~
osong,/C13-AN-CDC13~
-20140626-zhaosong~

=Z5-H-14-huangyan.~
fid
ACQUISITION
W 25000.0
at 1.1938
np 59968
fb 14000
bs 16
ol 3.000
nt 500
ct 50
TRANSHNITTER
tn 1
sfrg 100.525
tof 1500.0
tpwr 56
pw 5.00
DECOUPLER
n H
dof 400.0
dm yyy
dmm W
dpwr a2z
dmf 13400

SPECIAL
temp not used
gain 50
spin 20
hst 0.008
pwa 0 10.800
alfa 20.000
FLAGS
il n
in n
dp Y
I nn
PROCESSING
b 1.00
fn not used
DISPLAY
sp -1513.4
wp 249992
rfl 9253.7
rfp 7739.6
rp =53.5
p -241.6
PLOT
wWe 180
sC o
vs 130
th 14
nm prh
H;CO

OH

159.0086

220

200

RS En e e e R Rl RS AR AR LR LA

180

160

—136.030
_134.588

—127.043

118.201
113.768

140

120

100

77.000

N\ 76.661
_72.947

77.318

!

55.246

43.724
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*injiang daxue varian inova-400 1H-4N
zhaosong=-2Z5-H-17-huangyan in CDC13

expl sZpul
SAMPLE SPECIAL
date Jun 26 2014 temp not used
solvent | COC13  gain 20
file exp  spin 20
ACQUISITION hst 0.008
W 6593.7 pwid 10.800
at 3.744 alfa 6.600
np 52412 FLAGS
fb 4000 n
s 4 in n
dl 3.000 dp ¥y
nt 20
ct PROCESSING
TRANSHITTER fn not used
tn DISPLAY
sfrg 399.740 sp =-505.0
tof 400.0 wp 4595.1
tpwr 53 rfil 1100.5
5.000 rfp
DECOUPLER rp 157.1
n c13 1p -7.
dof PLOT
dm nnn - we 180
dmm c sC o
dpwr 45 wvs 382
dmf 20056 th q
nm ph
OH
e
HsC Hs
/
JULIY \___4|-HU{ ot L-L—:-|| et ——
™7 B I | 7T T I TV B R e S T TR T . T ey [ oo iz
10 9 8 7 6 5 4 3 2 1 -0 ppm
oy e Py o U
= - - i o o =
= == o ——s— w = -
o~ (\;‘; E\; -h-l-t\l‘.” ng o~
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xinjiang daxue varian inova-400 13C-4N
1

5-C-17~ gyan in CDC13
exp2 sZpul
SAMPLE SPECIAL
date Jun 30 2014 temp not used
solvent cDC13  gain 50
ile exp  spin 20
ACQUISITION hst 0.008
5w 25000.0 pw30 10.800
at 1.199 alfa 20.000
np 59968 FLAGS
fb 14000 1 n
bs 16 in n
d1 3.000 dp ¥
nt 2000 hs nn
ct 2000 PROCESSING
TRANSNITTER 1.
tn ci3 fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp =1511.8
tpwr wp 248989.2
5.000 rfl 9252.2
DECOUPLER rfp 7739.6
n H1 rp -55.9
dof ADD.0  p =241.6
dm ¥yy PLOT
dmm W We B8
dpwr 42 sc
dmf 13400 wvs 302
th 18
nm ph

138.960
136.820

!
f

,—134.861
134.292

AL

220

T

200

180

160

T

140

S _131.142
\\126.307
\125.169

TP TTT

120

—118.147

TITTTT

42 .654

20.953
—18.964

100

60

40

20

TTTT

T

ppm
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xinjiang daxue varian inova-400 13C-AN
zhaosong-25%-H-9-huangyan in CDC13

exp2 s2pul
SAMPLE
date Jun 24 2014
solvent cpci13
file exp
ACQUISITION
W 25000.0
at 1.193
np 59968
fb 14000
bs 16
dl 3.000
nt s00
ct 500
TRANSMITTER
tn ci3
sfrg 100.525
tof 1500.0
tpwr S8
pw 5.000
DECOUPLER
dn H1
dof 400.0
dm vy
dmm W
dpwr 42
dmf 13400

SPECIAL
temp not used
gain 50
spin 20
hst 0.008
pwad 10.800
alfa 20.000
FLAGS
1
in n
dp y
hs n
PROCESSING
1b 1.
f t used
DISPLAY
sp -1513.4
wp 24999 .2
rfi 9253.7
rfp 7739.6
rp =-53.5
1p -241.6
PLOT
wWC 180
sC [}
Vs 133
th 17
nin ph

N/

T meso m o oo m
M mH~o S -ome Mo
S hTen~ O Mmoo’ ow o
N Toon o r~ - oo R
o+ Mol ] Tm o
g - - S | J |

OH

S RRRREEEEEEEEERERRARN T

160 14 120 100 80 60 a0 20

R R R R RN AR RS AR R

Ppm

TTTTT

220

AR E A EE LA RN R R

200 180

S38



New Journal of Chemistry

A\
A

hY
nmm.m/
S067 S
906§\ \
S
N

- , \
BES 5 Y
BES"§—\\ ,//

W

ppm

o
A
3 N
mwa.mH//
m;.mH///
52675\
LT
092" L
T\
L8R LT
6L 2
B6L" L

AN

A /.
/WMW/

AN
A\

-~

|

B
985" ¢ \m

BES 2 \ ,
ess e/
255" 2 /
S_u,hl\\ /

/
\w
zeot L — .___‘
M”w@\%
_:z.nl\‘

f

TOCOMES ECRHE T ~ODASH SSK©
= AN SS E @ e @ &
= w Smw W OHSoER o
i 3 I =z mweewni
o sow =] THneo-
e - - e lTTN

2] = o
o EE g 2= 5
= o m WG =
[y o o [T e =
g o o == a
> “w = o
ac e
Cm acec oc
- Ew== @y —-a

] $gouxs ~—cow £ aakraoc guwce
m #ORZARAE —=TL & WILLL~ Fuds
Lz THO MTNSTOOS HOOOe MetUne
o He¥ ¥ HS o6 ET NS o £ Tw
>l SUY SnTe o = 2 O o =]
- 27-1 @ ow = =
@ 0O Zoon L ® oT wn o™
=x o =1 woe o
x wed = - @ w
= - = = =
= s &£ - (=] o

a xX= L2l x =

oo o g0 - ] =
< w oW o+ D = o
= c o < [}
- =] e =]
- - >0 [ L
c a - ——— [ b DW.T
e X GO I+ oalwvmsssy LCwOnx COEECE
XN @ T+ WOCWITCOCU +weLPd TTTTTT

OH

AW

T et

20° 2
60°2

1 i

I go°z

o | 86T

10

S39



New Journal of Chemistry

NN OO NS T HeAM "
SRRRSESIREES el =
xinjiang daxue varian inova-400 13C-4N b Sl g
zhaosong-2S-C-16-huangyan in CDC13 - e e Ekel g
Hed S L] 1
4ige Gepll Ll T o
e
SAMPLE SPECIAL ‘“:‘“‘:‘“:; -
date Jun 30 2014 temp not used
solvent CDC132 gain 50
file exp spin 20
ACQUISITION hst 0.008
sw 25000.0 pwiD 10.800
at 1.199 alfa 20.000
np 59968 FLAGS
fb 14000 i1 n
bs 16 in n
dl 32.000 dp Y
nt 300 hs nn
ct 300 PROCESSING
TRANSHITTER b 1.00
tn Ciz fn not used
sfrg 100.525 DISPLAY
tof 1500.0 sp -1518.7
tpwr 56 wp 24999.2
5.000 rfil 9259.0
DECOUPLER rfp 7739.6
dn H1 rp -58.2
dof 400.0 1p -211.6
dm Yy PLOT
dmm W W 180
dpwr 12 sc []
dmf 13400 wvs 90
th 14
nm ph

L L B B B L R RN SRR RN R REREE RERE

N R R R R NN RS AR R RN EEEEE R LN MRS LR L

-
220 200 130 160 140 120 100 80 60 40 20 ppm
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e
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3 e

T
10

EC»cC
c

not used

n in CDC13
DISPLAY

SPECIAL
FLAGS
FROCESSING

temp
gain
spin
hst

Z25-H=-13-}
Jun 26 2014
coci3

exp

20

H1

a
sZpul
SAMPLE

TRANSMITTER

xinjiang daxue varian inova=-400 1H-aN

expl
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xinjiang daxue varian inova-400 13C-4N
zhaosong=28-H-13-huangyan in CDC13

exp2 szpul
SAMPLE
date Jun 26 2014
solvent cDcisz
file ex
ACOUISITION
5W 25000.0
at 1.199
np 59968
b 14000
bs 16
dl 3.000
nt 1200
ct 1200
TRANSMITTER
tn C13
sfrg 100.525
tof 1500.0
tpwr 56
pw 5.000
DECOUPLER
dn
dof 400.0
dm ¥yy
dmm W
dpwr 42
dmf 13400

SPECIAL
temp not used
gain 50
spin 20
hst 0.008
pwao 10.800
alfa 20.000
FLAGS
il n
in n
dp ¥
hs nn
PROCESSING
b 1.0
fn not used
DISPLAY
sp -1514.1
wp 24999.2
rfi 9254.5
rfp 7739.6
rp =-53.5
1p -241.6
PLOT
we 180
sC 0
vE 154
th 22
nm ph

LA |

TTTTTT

220

TTTTT

200

IRAEEE RER R

180

TTTT

160

T

147 .765

T

EEH:
Ny L] ‘
i
|
i
Aty il e it " LI'H',.. L. S AT R AL AR
140 120 100 80 60 40 20 ppm
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