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General Information: Thin-layer chromatography (TLC) carried out on 0.25 mm silica gel
platesvisualized with UV light and/or by staining with ethanolic phosphomolybdic acid (PMA) or
iodine. Flash column chromatography was performed on silica gel (300-400 mesh). NMR
spectraswere recorded on Bruker AM500 (500 MHz). Chemical shifts (6) are given in ppm
relative to TMS, coupling constants (J) in Hz. Optical rotations were taken on JASCO P1030.
High-resolution mass spectra were recorded on Bruker ApeXIll 7.0 TESLA FTMS. Enantiomeric
excesses were determined by chiral HPLC using a Shimadzu instrument.

General Procedure for Copper-catalyzed Enantioselective Propargylic Substitution:

OPiv 5 mol % Cu(CH;CN)4BF; EtO,C
EtO,C.__CO,Et 3-NaBa 2 CO Et
2 2 + 6 mol % sec-butyl-pybox Q/ 2
Ph N
CO,Et A
: 2w ores o
la 2c s 3ac

Under an atmosphere of nitrogen, a 25 mL dry Schlenk flask was placed with Cu(CH3;CN),BF,
(3.1 mg, 0.01 mmol) and ligand A (3.95 mg, 0.012 mmol). Anhydrous MeOH (0.5 mL) was added,
and the mixture was magnetically stirred at 20 <C for 15 min. Then the mixture was kept at -20 C
while stirring. Next, a solution of 1-phenylprop-2-ynyl pivalate 2c (0.24 mmol), triethyl
methanetricarboxylate 1a (0.2 mmol) and diisopropylethylamine (0.07 mL, 0.4 mmol) in MeOH
(0.5 mL) were added dropwise. The reaction flask was kept at -20 <C for 20 h. After la was
completely consumed as monitored by TLC, H,O (10 mL) was added to quench the reactoin. The
resulted mixture was then extracted three times with diethyl ether (10 mL x 3). The combined
organic layer was dried over Na,SO,. After evaporation of the volatile solvent under reduced
pressure, the residue was purified by flash chromatography on silica gel to afford pure 3ac (66 mg,
0.19 mmol) as a paint yellow oil in a yield of 95%.



Screening of bases and solvents®

X
\
10 mol % Cu(CH3CN),BF CO,Et o] = o]
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A
entry base solvent time (h) yield (%)° ee (%)°
1 DIPEA MeOH 20 96 90
2 TEA MeOH 30 89 82
3 DBU MeOH 20 80 67
44 DIPEA THF 48 - -
54 DIPEA DCM 48 - -
6¢ DIPEA Toluene 48 - -
7 DIPEA EtOH 40 43 54

4General conditions: 1a (0.2 mmol), 2c (0.24 mmol), Copper salt (10 mol %), ligand (12 mol %)
and base (2 equiv) in solvent (1.5 mL). "lsolated yield. “Determined by chiral HPLC analysis.

No formation of 3ac as determined by TLC.

CO,Et
EtO,C. | CO,Et

PhN
3ac

(R)-triethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3ac: faint yellow oil, actual mass 66 mg, yield 95%.
'H NMR (500 MHz, CDCl,): 6 7.61-7.53 (m, 2H), 7.32-7.21 (m, 3H), 4.80 (s, 1H), 4.25-4.10 (m, 6H),
2.35 (s, 1H), 1.30-1.15 (m, 9H).
3C NMR (125 MHz, CDCly): 6 165.1, 135.4, 130.3, 128.0, 127.8, 82.0, 72.7, 69.9, 62.2, 40.7, 13.8.
HRMS (ESI) calcd. for (C1oH22NaOg)* 369.1309, found 369.1317.
[a]p? +18.21 (c 0.43, CHCIs).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 16.90 min (major enantiomer), tz = 18.54 min (minor enantiomer).

CO,Me
MeO,C. | CO,Me

PhN
3bc

(R)-trimethy! 2-phenylbut-3-yne-1,1,1-tricarboxylate 3bc: faint yellow oil, actual mass 53 mg, yield
87%. 'H NMR (500 MHz, CDCl,): 6 7.58-7.51 (m, 2H), 7.33-7.23 (m, 3H), 4.82 (m, 1H), 3.72 (s, 9H),
2.38 (s, 1H).
3C NMR (125 MHz, CDCls): 6 165.4, 135.1, 130.1, 128.2, 127.9, 81.8, 72.8, 70.1, 53.1, 40.9.
HRMS (ESI) calcd. for (CysH16NaOg)* 327.0839, found 327.0844.
[a]p?*+9.15 (¢ 0.20, CHClIy).



HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, A =220 nm):
tr = 16.06 min (major enantiomer), tz = 26.84 min (minor enantiomer).

CO,Et
Et0,C. | CO,t-Bu

PhN

3cc
(R)-1-tert-butyl 1,1-diethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3cc: faint yellow oil, actual mass 65
mg, yield 87%. 'H NMR (500 MHz, CDCly): 6 7.64-7.57 (m, 2H), 7.31-7.20 (m, 3H), 4.73 (s, 1H),
4.24-4.08 (m, 4H), 2.34 (s, 1H), 1.40 (s, 9H), 1.30-1.15 (m, 6H).
3C NMR (125 MHz, CDCly): 6 165.42, 165.41, 163.8, 135.8, 130.5, 127.9, 127.8, 83.5, 82.4, 72.6,
70.2, 62.0, 61.9, 40.6, 27.6, 13.8.
HRMS (ESI) calcd. for (C,1H,sNaOg)* 397.1622, found 397.1630.
[0]p®* +9.76 (c 0.24, CHCI,).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A =220 nm):
tr = 15.74 min (minor enantiomer), tg = 16.91 min (major enantiomer).

CO,Me
MeO,C. | CO,t-Bu

Ph/\
3dc

(R)-1-tert-butyl 1,1-dimethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3dc: faint yellow oil, actual mass
60 mg, yield 86%. 'H NMR (500 MHz, CDCls): § 7.61-7.55 (m, 2H), 7.35-7.28 (m, 3H), 4.75 (s, 1H),
3.72 (s, 6H), 2.36 (s, 1H), 1.41 (s, 9H).
3C NMR (125 MHz, CDCls): ¢ 165.96, 165.91, 163.6, 135.5, 130.3, 128.0, 127.9, 83.8, 82.2, 72.7,
70.6, 52.8, 40.6, 27.6.
HRMS (ESI) calcd. for (C1oH2,NaOg)* 369.1309, found 369.1315.
[a]p®* +12.05 (c 0.10, CHCls).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 18.77 min (major enantiomer), tz = 23.80 min (minor enantiomer).

CO,Et
Et0,C.| -CO,Bn

Ph/\

3ec
(R)-1-benzyl 1,1-diethyl 2-phenylbut-3-yne-1,1,1-tricarboxylate 3ec: faint yellow oil liquid, actual
mass 69 mg, yield 85%. *H NMR (500 MHz, CDCly): 6 7.60-7.52 (m, 2H), 7.40-7.22 (m, 7H),
5.20-5.10 (m, 2H), 4.83 (s, 1H), 4.22-4.05 (m, 6H), 2.33 (s, 1H), 1.17-1.08 (m,6H).
B3C NMR (125 MHz, CDCl5): 6 164.91, 164.88, 135.3, 134.8, 130.3, 128.45, 128.40, 128.1, 127.9, 81.9,
72.9,69.9,67.8,62.3,40.8, 13.7.
HRMS (ESI) calcd. for (C,sH24NaOg)* 431.1465, found 431.1469.
[a]p®* +3.84 (¢ 0.78, CHCI,).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 19.69 min (minor enantiomer), t; = 22.18 min (major enantiomer).



CO,Et
EtO,C. | CO,Et

o>
F 3ad
(R)-triethyl 2-(4-fluorophenyl)but-3-yne-1,1,1-tricarboxylate 3ad: faint yellow oil, actual mass 67 mg,
yield 92%. 'H NMR (500 MHz, CDCl,): § 7.61-7.53 (m, 2H), 7.00-6.91 (m, 2H), 4.77 (s, 1H),
4.26-4.11 (m, 6H), 2.36 (s, 1H), 1.28-1.15 (m, 9H).
3C NMR (125 MHz, CDCls): ¢ 164.9, 162.5(d, J = 246 Hz), 132.2 (d, J = 8.3 Hz), 131.2 (d, J = 2.8
Hz), 114.7 (d, J = 21 Hz), 81.8, 73.0, 69.8, 62.3, 39.9, 13.8.
HRMS (ESI) calcd. for (CyoH»FNaOg)* 387.1214, found 387.1211.
[0]p?® +15.5 (c 0.23, CHCI,).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 19 : 1, Flow rate = 0.8 mL/min, A =220 nm):
tr = 15.41 min (major enantiomer), tz = 18.68 min (minor enantiomer).

CO,Et
EtO,C. | CO,Et

I
Cl

3ae

(R)-triethyl 2-(4-chlorophenyl)but-3-yne-1,1,1-tricarboxylate 3ae: faint yellow oil, actual mass 71 mg,
yield 94%. *H NMR (500 MHz, CDCly): ¢ 7.57-7.50 (m, 2H), 7.27-7.21 (m, 2H), 4.76 (s,1H),
4.26-4.12 (m, 6H), 2.36 (s, 1H), 1.25-1.15 (m, 9H).

BC NMR (125 MHz, CDCly): 6 164.9, 134.1, 134.0, 131.9, 128.0, 81.6, 73.1, 69.7, 62.4, 40.1, 13.8.
HRMS (ESI) calcd. for (CyH,;CINaOg)* 403.0919, found 403.0926.

[0]p?® +10.01 (c 0.24, CHCly).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 19.98 min (major enantiomer), tg = 22.42 min (minor enantiomer).

CO,Et
EtO,C. | COEt

SO
Br 3af

al

(R)-triethyl 2-(4-bromophenyl)but-3-yne-1,1,1-tricarboxylate 3af: faint yellow oil, actual mass 81 mg,
yield 96%. 'H NMR (500 MHz, CDCls): ¢ 7.49-7.42 (m, 2H), 7.42-7.35 (m, 2H), 4.73 (s, 1H),
4.25-4.10 (m, 6H), 2.36 (s, 1H), 1.23-1.15 (m, 9H).

3C NMR (125 MHz, CDCly): 6 164.9, 134.5, 132.2, 130.9, 122.3, 81.5, 73.1, 69.7, 62.4, 40.1, 13.8.
HRMS (ESI) calcd. for (C1oH2BrNaOg)* 447.0414, found 447.0419.

[0]p®® +17.05 (c 0.46, CHCls).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A =220 nm):
tr = 24.17 min (minor enantiomer), tz = 25.46 min (major enantiomer).

CO,Et
EtO,C. | CO,Et

o~
Fs;C

3ag



(R)-triethyl 2-(4-(trifluoromethyl)phenyl)but-3-yne-1,1,1-tricarboxylate 3ag: faint yellow oil, actual
mass 75 mg, yield 90%. 'H NMR (500 MHz, CDCls): § 7.76-7.72 (m, 2H), 7.60-7.54 (m, 2H), 4.84 (s,
1H), 4.28-4.12 (m, 6H), 2.39 (s, 1H), 1.25-1.19 (m, 9H).

3C NMR (125 MHz, CDCl,): § 164.8, 139.6, 130.9, 130.8, 130.3 (q, J = 31 Hz), 124.7 (g, J = 3.6 Hz),
124.0 (q, J = 270 Hz), 81.2, 73.4, 69.7, 62.4, 40.4, 13.7.

HRMS (ESI) calcd. for (C,oHx1F3NaOg)" 437.1182, found 437.1188.

[a]p?+9.77 (¢ 0.22, CHCIy).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tgr = 16.53 min (minor enantiomer), tg = 18.74 min (major enantiomer).

CO,Et
EtO,C. | CO,Et

o>
H3C

3ah

(R)-triethyl 2-p-tolylbut-3-yne-1,1,1-tricarboxylate 3ah: faint yellow oil liquid, actual mass 64 mg,
yield 89%. *H NMR (500 MHz, CDCly): 6 7.44 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 4.76 (s,
1H), 4.26-4.11 (m, 6H), 2.36 (s, 1H), 2.28 (s, 3H), 1.25-1.17 (m, 9H).

3C NMR (125 MHz, CDCl,): ¢ 165.1, 137.8, 132.4, 130.2, 128.6, 82.2, 72.6, 69.9, 62.2, 40.4, 21.1,
13.8.

HRMS (ESI) calcd. for (C,oH24NaOg)* 383.1465, found 383.1472.

[0]p?® +14.05 (c 0.26, CHClIs).

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 14.93 min (minor enantiomer), tg = 17.39 min (major enantiomer).

CO,Et
EtO,C. | CO,Et

o>
MeO i

3ai

(R)-triethyl 2-(4-methoxyphenyl)but-3-yne-1,1,1-tricarboxylate 3ai: faint yellow oil, actual mass 70 mg,
yield 94%. *H NMR (500 MHz, CDCly): § 7.52-7.45 (m, 2H), 6.83-6.76 (m, 2H), 4.74 (s, 1H),
4.25-4.11 (m, 6H), 3.76 (s, 3H), 2.34 (s, 1H), 1.25-1.17 (m, 9H).

3C NMR (125 MHz, CDCl,): ¢ 165.1, 159.3, 131.5, 127.3, 113.2, 82.3, 72.6, 69.9, 62.2, 55.2, 40.0,
13.8.

HRMS (ESI) calcd. for (C,0H24NaO;)* 399.1414, found 399.1422.

[0]p®® +11.75 (c 0.8, CHCIy).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, A =220 nm):
tr = 29.81 min (minor enantiomer), tg = 33.18 min (major enantiomer).

CO,Et

EtO,C.| CO,Et

o>
OMOM
3aj

(R)-triethyl 2-(2-(methoxymethoxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3aj: faint yellow oil, actual
mass 67 mg, yield 82%. *H NMR (500 MHz, CDCl,): 6 7.83-7.78 (m, 1H), 7.24-7.16 (m, 1H),



7.07-7.02 (m, 1H), 6.99-6.94 (m, 1H), 5.36 (s, 1H), 5.21 (d, J = 6.5 Hz, 1H), 5.13 (d, J = 6.5 Hz, 1H),
4.24-4.15 (m, 6H), 3.50 (s, 3H), 2.22 (s, 1H), 1.22-1.14 (m, 9H).

3C NMR (125 MHz, CDCly): 6 165.5, 155.0, 130.4, 129.1, 126.1, 121.9, 114.1, 95.2, 82.8, 71.0, 69.3,
62.2, 56.3, 32.6, 13.7.

HRMS (ESI) calcd. for (C,;Ha6NaOg)* 429.1520, found 429.1527.

[0]p®~12.92 (c 1.0, CHCI5).

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol =49 : 1, Flow rate = 0.6 mL/min, A = 220 nm):
tgr = 15.77 (minor enantiomer), tz = 16.92 min (major enantiomer).

CO,Et
EtO,C. | CO,Et

MOMO '
\©/\

3ak

(R)-triethyl 2-(3-(methoxymethoxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3ak: faint yellow oil, actual
mass 65 mg, yield 80%. 'H NMR (500 MHz, CDCl,): § 7.28-7.14 (m, 3H), 6.94-6.90 (m, 1H), 5.13 (s,
2H), 4.76 (s, 1H), 4.25-4.11 (m, 6H), 3.44 (s, 3H), 2.35 (s, 1H), 1.24-1.17 (m, 9H).

3C NMR (125 MHz, CDCls): § 165.0, 156.8, 136.9, 128.8, 123.9, 118.7, 115.7, 94.5, 81.9, 72.9, 69.8,
67.9,62.2,55.9, 40.6, 13.8.

HRMS (ESI) calcd. for (C,;H26NaOg)* 429.1520, found 429.1531.

[o]p?® +11.33(c 0.20, CHCIs).

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol =49 : 1, Flow rate = 0.6 mL/min, A = 220 nm):
tgr = 17.85 (minor enantiomer), tz = 26.39 min (major enantiomer).

CO,Et
EtO,C. | CO,Et

o~
MOMO

3al

(R)-triethyl 2-(4-(methoxymethoxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3al: faint yellow oil, actual
mass 68 mg, yield 84%. *H NMR (500 MHz, CDCl,): 6 7.52-7.45 (m, 2H), 6.96-6.89 (m, 2H), 5.13 (s,
2H), 4.74 (s, 1H), 4.25-4.11 (m, 6H), 3.43 (s, 3H), 2.34 (s, 1H), 1.24-1.17 (m, 9H).

3C NMR (125 MHz, CDCly): 6 165.1, 157.0, 131.5, 128.6, 115.4, 94.3, 82.2, 72.7, 69.90, 62.2, 40.0,
13.8.

HRMS (ESI) calcd. for (C,;Ha6NaOg)* 429.1520, found 429.1526.

[0]p?®+12.77 (c 0.83, CHCIs).

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol = 49 : 1, Flow rate = 0.6 mL/min, A = 220 nm):
tr = 17.85 (minor enantiomer), tg = 26.17 min (major enantiomer).

CO,Et
E0,C.[_co,Et

o>
BnO

3am
(R)-triethyl 2-(4-(benzyloxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3am: faint yellow oil, actual mass
80 mg, yield 89%. 'H NMR (500 MHz, CDCls): § 7.55-7.47 (m, 2H), 7.44-7.28 (m, 5H), 6.92-6.85 (m,
2H), 5.04 (s, 2H), 4.76 (s, 1H), 4.26-4.11 (m, 6H), 2.35 (s, 1H), 1.24-1.17 (m, 9H).



3C NMR (125 MHz, CDCl): ¢ 165.1, 158.5, 136.9, 131.6, 128.6, 128.0, 127.6, 127.5, 114.1, 82.3,
72.6, 70.0, 70.0, 62.2, 40.0, 13.8.

HRMS (ESI) calcd. for (C,sHsNaO;)* 475.1727, found 475.1722.

[0]p?°+8.95 (c 0.54, CHCI,).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A =220 nm):
tr = 46.04 min (minor enantiomer), tg = 53.37 min (major enantiomer).

CO,Et
EtO,C {/ CO,Et

SO

(R)-triethyl 2-(naphthalen-2-yl)but-3-yne-1,1,1-tricarboxylate 3an: faint yellow oil, actual mass 74 mg,
yield 94%. 'H NMR (500 MHz, CDCls): § 8.16-8.09 (m, 2H), 7.86-7.73 (m, 2H), 7.57-7.42 (m, 3H),
5.70 (s, 1H), 4.13-4.05 (m, 6H), 2.32 (s, 1H), 1.11-1.04 (m, 9H).

3C NMR (125 MHz, CDCls): 6 165.4, 133.6, 132.6, 131.8, 128.9, 128.6, 128.1, 126.2, 125.4, 125.4,
123.0, 82.7, 72.0, 69.6, 62.3, 35.2, 13.6.

HRMS (ESI) calcd. for (C,3H24NaOg)* 419.1465, found 419.1472,

[0]p®® —17.89 (c 0.52, CHCIs).

HPLC (Daicel CHIRALPAK 0J-H, Hexane : Isopropanol = 19 : 1, Flow rate = 0.5 mL/min, A = 220
nm): tg = 19.81 min (minor enantiomer), tg = 22.99 min (major enantiomer).

CO,Et
EIOZC\LCOZEI

\/\/\

3a0
(R)-triethyl 2-ethynylhexane-1,1,1-tricarboxylate 3ao: faint yellow oil, actual mass 55 mg, yield 84%.
'H NMR (500 MHz, CDCly): ¢ 4.27 (g, J = 7.0 Hz, 6H), 3.28-3.22 (m, 1H), 2.11-2.14 (m, 1H),
1.78-1.52 (m, 4H), 1.46-1.30 (m, 2H), 1.28 (t, J = 7.0 Hz, 9H), 0.90 (t, J = 7.2 Hz, 3H).
3C NMR (125 MHz, CDCl,): 6 165.7, 83.0, 71.1, 68.5, 62.2, 35.7, 30.7, 30.1, 22.1, 13.9.
HRMS (ESI) calcd. for (C17H,sNaOg)* 349.1622, found 349.1633.
[o]o®® +3.85 (¢ 0.21, CHCI,).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 16.74 min (major enantiomer), tz = 21.61 min (minor enantiomer).

CO,Et
EtOZC\LCOZEt

o>
Br o
3ap

(R)-triethyl 2-(4-(3-bromobenzyloxy)phenyl)but-3-yne-1,1,1-tricarboxylate 3ap: faint yellow oil, actual
mass 96 mg, yield 91%. '*H NMR (500 MHz, CDCly): ¢ 7.58-7.55 (m, 1H), 7.54-7.47 (m, 2H),
7.45-7.42 (m, 1H), 7.34-7.30 (m, 1H), 7.27-7.21 (m, 1H), 6.89-6.82 (m, 2H), 5.00 (s, 2H), 4.75 (s, 1H),
4.26-4.11 (m, 6H), 2.35 (s, 1H), 1.21 (t, J = 7.5 Hz, 9H).

3C NMR (126 MHz, CDCls): § 165.1, 158.2, 139.3, 131.6, 131.0, 130.3, 130.2, 127.9, 125.8, 122.7,
114.1,82.2,72.7,69.9, 69.0, 62.2, 40.0, 13.8.



HRMS (ESI) calcd. for (C,sH,;BrNaO;)* 553.0832, found 553.0841.

[0]p?® +8.75 (c 0.2, CHCIy).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 44.87 min (major enantiomer), tg = 52.23 min (minor enantiomer).

CO,Et
EIOZC\LCOZEI

F3C
g o~
e
3aq

Compound 3agq: faint yellow oil, actual mass 111 mg, yield 93%. 'H NMR (500 MHz, CDCls): 6
7.74-7.30 (m, 9H), 7.26-7.20 (m, 1H), 6.95-6.82 (m, 2H), 5.17-4.97 (m, 2H), 4.76 (s, 1H), 4.26-4.12 (m,
6H), 2.36 (s, 1H), 1.26-1.16 (m, 9H).

BC NMR (125 MHz, CDCly): ¢ 165.1, 158.4, 158.2, 144.4,, 140.2, 139.3, 137.8, 131.6, 131.0, 130.3,
130.2, 129.5 (g, J = 31.8 Hz), 129.3, 128.6, 127.9, 127.3, 126.9, 126.5 (g, J = 271 Hz), 126.3, 125.8,
125.7 (q, J = 3.7 Hz), 122.7, 114.1, 82.2, 72.7, 69.9, 69.0, 62.2, 40.0, 13.8.

HRMS (ESI) calcd. for (Cs3HsFsNaO;)" 619.1914, found 619.1919.

[o]p®® +7.92 (c 0.47, CHCI,).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 85 :15, Flow rate = 1 mL/min, A = 220 nm):
tr = 10.40 min (major enantiomer), tg = 12.40 min (minor enantiomer).

CO,Et
EtOZC{/COZEt

T

? 3ar
(R)-triethyl 2-(3-(cyclopentyloxy)-4-methoxyphenyl)but-3-yne-1,1,1-tricarboxylate 3ar: faint yellow
oil, actual mass 86 mg, yield 94%. *H NMR (500 MHz, CDCls): 6 7.20 (d, J = 2.2 Hz, 1H), 7.09 (dd, J
=8.4,2.2 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 4.78-4.70 (m, 2H), 4.24-4.09 (m, 6H), 3.80 (s, 3H), 2.36 (s,
1H), 2.01-1.75 (m, 6H), 1.65-1.52 (m, 2H), 1.19 (t, J = 7.1 Hz, 9H).
BC NMR (126 MHz, CDCly): 0 165.1, 149.7, 146.8, 127.6, 122.6, 117.2, 110.9, 82.3, 80.4, , 72.7, 70.0,
62.2,56.0,40.3,32.9,32.7,24.1, 13.8.
HRMS (ESI) calcd. for (C,sH3;,NaOg)* 483.1989, found 483.1996.
[0]p®® +10.23 (c 0.51, CHCly).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 19 :1, Flow rate = 0.8 mL/min, A = 220 nm):
tr = 10.64 min (major enantiomer), tz = 11.73 min (minor enantiomer).

General procedure for decarboxylation of 3

CO,Et oc. o
EtO,C. | COEt  Napypron F'O2C~COF

Ph/\ THF, 0 °C PhN
3ac

4ac
Dry ethanol (12 ul, 0.2 mmol) was added dropwise to a suspension of NaH (8 mg, 60% dispersion
in mineral oil, 0.2 mmol) in THF (1 mL), and the solution was stirred at rt for 30 min, then stirred
at 0 <C for 5min. A solution of 3ac (35 mg, 0.1 mmol) in THF (1 ml) was added dropwise. The
mixture was stirred at 0 <C for 1 h and acidified with 1IN HCI and diluted with ether (20 mL),



washed with water, sat. NaHCO3 and brine successively. The organic layer was dried over Na,SOj.
After evaporation of the volatile solvent under reduced pressure, the residue was purified by flash
chromatography on silica gel to afford pure 4ac (26 mg, 0.095 mmol) as a faint yellow oil in a
yield of 95%.

EtO,C.__CO,Et
PhN
4ac

(S)-diethyl 2-(1-phenylprop-2-ynyl)malonate 4ac: faint yellow oil, actual mass 26 mg, yield 95%. *H
NMR (500 MHz, CDCls) & 7.41-7.35 (m, 2H), 7.35-7.21 (m, 3H), 4.40 (dd, J = 10.5, 2.5 Hz, 1H), 4.25
(9, J = 7.0 Hz, 2H), 4.01-3.92 (m, 2H), 3.77 (d, J = 10.5 Hz 1H), 2.29 (d, J = 2.5 Hz, 1H), 1.28 (t, J =
7.0 Hz, 3H), 1.02 (t, J = 7.0 Hz, 3H).

3C NMR (125 MHz, CDCls): ¢ 167.0, 166.6, 137.4, 128.6, 128.2, 127.8, 125.8, 82.8, 72.3, 61.8, 61.6,
59.1, 374, 14.1, 13.8.

HRMS (ESI) calcd. for (CygH190.)" 275.1278, found 275.1286.

[a]p?® +11.22 (c 0.60, CHCIs).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 :1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 21.06 min (major enantiomer), tg = 24.42 min (minor enantiomer).

EtO,C._ CO,Et

IS
=

4ad
(S)-diethyl 2-(1-(4-fluorophenyl)prop-2-ynyl)malonate 4ad: faint yellow oil, actual mass 27 mg, yield
93%. *H NMR (500 MHz, CDCl5): § 7.41-7.33 (m, 2H), 7.05-6.96 (m, 2H), 4.39 (dd, J = 10.0, 2.5 Hz,
1H), 4.26 (g, J = 7.0 Hz, 2H), 4.04-3.96 (m, 2H), 3.73 (d, J = 10.0 Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H),
1.29 (t, J = 7.0 Hz, 3H), 1.06 (g, J = 7.0 Hz, 3H).
3C NMR (125 MHz, CDCl5): 6 166.8, 166.5, 162.3 (d, J = 246 Hz), 133.3, 130.0 (d, J = 8.3 Hz), 115.5
(d, J=21.9 Hz), 82.6, 72.5, 61.9, 61.7, 59.1, 36.7, 14.0, 13.8.
HRMS (ESI) calcd. for (CygH1sFO4)* 293.1184, found 293.1189.
[o]p®® +6.95 (c 0.30, CHCIs).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 :1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 19.83 min (major enantiomer), tz = 21.88 min (minor enantiomer).

EtO,C._ CO,Et

/©/\
al

(S)-diethyl 2-(1-(4-chlorophenyl)prop-2-ynyl)malonate 4ae: faint yellow oil, actual mass 29 mg, yield
96%. 'H NMR (500 MHz, CDCl5): 6 7.37-7.23 (m, 4H), 4.39 (dd, J = 10.0, 2.5 Hz, 1H), 4.30-4.18 (m,
2H), 4.08-3.94 (m, 2H), 3.73 (d, J = 10.0 Hz, 1H), 2.31 (d, J = 2.5 Hz, 1H), 1.33-1.19 (m, 3H),
1.09-1.02 (m, 3H).

3C NMR (125 MHz, CDCls): 6 166.8, 166.4, 136.0, 133.7, 129.7, 128.8, 82.3, 72.7, 62.0, 61.8, 58.9,
36.8,14.1,13.8.

HRMS (ESI) calcd. for (C15H15Cl0,)* 309.0888, found 309.0897.



[0]p®® +4.62 (¢ 0.29, CHCI,).
HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 :1, Flow rate = 0.5 mL/min, A = 220 nm):
tr = 17.94 min (major enantiomer), tz = 18.84 min (minor enantiomer).

Et0,C._CO,Et

MOMO ~
\©/\
4dak

(S)-diethyl 2-(1-(3-(methoxymethoxy)phenyl)prop-2-ynyl)malonate 4ak: faint yellow oil, actual mass
30 mg, yield 91%. 'H NMR (500 MHz, CDCl3): 6 7.25-7.20 (m, 1H), 7.09-7.00 (m, 2H), 6.99-6.90 (m,
1H), 5.15 (s, 2H), 4.38 (dd, J = 10.0, 2.5 Hz, 1H), 4.25 (q, J = 7.0 Hz, 2H), 4.01 (g, J = 7.0 Hz, 2H),
3.77 (d, J = 10.0 Hz, 1H), 3.47 (s, 3H), 2.30 (d, J = 2.5 Hz, 1H), 1.27 (t, J = 7.0 Hz, 3H), 1.06 (t, J =
7.0 Hz, 3H).

BC NMR (125 MHz, CDCly): ¢ 166.9, 166.5, 157.4, 139.0, 129.6, 116.5, 115.5, 94.5, 82.6, 72.4, 61.9,
61.7,59.0, 56.0, 37.3, 14.0, 13.8.

HRMS (ESI) calcd. for (C15H2306)" 335.1489, found 335.1496.

[0]p*® —29.38 (¢ 0.32, CHCIs).

HPLC (Phenomenex cellulose-1, Hexane : Isopropanol = 49 : 1, Flow rate = 0.6 mL/min, A = 220 nm):
tr = 14.61 (minor enantiomer), tz = 15.55 min (major enantiomer).

EtO,C._ CO,Et

L~
BnO

4am

(S)-diethyl 2-(1-(4-(benzyloxy)phenyl)prop-2-ynyl)malonate 4am: faint yellow oil, actual mass 36 mg,
yield 94%. *H NMR (500 MHz, CDCls): 6 7.45-7.27 (m, 7H), 6.96-6.89 (m, 2H), 5.04 (s, 2H), 4.37 (dd,
J=10.0, 2.5 Hz, 1H), 4.26 (q, J = 7.0 Hz, 2H), 4.05-3.94 (m, 2H), 3.74 (d, J = 10.0 Hz, 1H), 2.30 d, J
= 2.5 Hz, 1H), 1.30 (t, J = 7.0 Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H).

BC NMR (125 MHz, CDCly): 6 167.0, 166.7, 158.3, 136.9, 129.7, 129.4, 128.6, 128.0, 127.5, 114.9,
83.1,72.2,70.0,61.9,61.6,59.3,36.7, 14.1, 13.9.

HRMS (ESI) calcd. for (C,3H250s)" 381.1697, found 381.1710.

[0]p®® +16.05 (c 0.73, CHClIy).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol =49 : 1, Flow rate = 0. mL/min, A = 220 nm):
tr = 43.66 (minor enantiomer), tz = 54.93 min (major enantiomer).

EtO,C._ CO,Et

o~
Br\©/\ o
4ap

(S)-diethyl 2-(1-(4-(3-bromobenzyloxy)phenyl)prop-2-ynyl)malonate 4ap: faint yellow oil, actual mass
43 mg, yield 94%. *H NMR (500 MHz, CDCl,): 6 7.58 (s, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.36-7.28 (m,
3H), 7.24 (t, J = 8.5 Hz, 1H), 6.93-6.86 (m, 2H), 5.01 (s, 2H), 4.36 (dd, J = 10.0, 2.5 Hz, 1H), 4.26 (q, J
= 7.0 Hz, 2H), 4.02-3.95 (m, 2H), 3.74 (d, J = 10.0 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H), 1.29 (t, J=7.0
Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H).

3C NMR (125 MHz, CDCls): § 167.0, 166.6, 158.0, 139.2, 131.1, 130.3, 130.2, 130.1, 129.5, 125.8,
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122.7,114.9, 83.0, 72.2,69.1, 61.9, 61.7, 59.2, 36.7, 14.1, 13.9.

HRMS (ESI) calcd. for (C,3H,,BrOs)" 459.0802, found 459.0805.

[0]p®® +26.05 (c 0.24, CHCIs).

HPLC (Daicel CHIRALPAK IA, Hexane : Isopropanol = 49 : 1, Flow rate = 0.3 mL/min, A =220 nm):
tg = 72.55 (minor enantiomer), tg = 91.64 min (major enantiomer).

Et0,C._ CO,Et

F3C /@/\

O o

4aq

Compound 4agq: faint yellow oil, actual mass 48 mg, yield 92%. *H NMR (500 MHz, CDCl,): 6
7.72-7.62 (m, 5H), 7.59-7.42 (m, 3H), 7.36-7.28 (m, 2H), 6.98-6.87 (m, 2H), 5.12 (s, 2H), 4.38 (dd, J =
10.0, 2.5 Hz, 1H), 4.26 (q, J = 7.0 Hz, 2H), 4.03-3.93 (m, 2H), 3.75 (d, J = 7.0 Hz 1H), 2.29 (d, J = 2.5
Hz, 1H), 1.29 (t, J = 7.0 Hz, 3H), 1.05 (t, J = 7.0 Hz, 3H).
BC NMR (125 MHz, CDCly): ¢ 167.0, 166.6, 158.2, 144.4, 140.2, 137.8, 131.1, 130.3, 129.9, 129.55
(9, J =31 Hz), 129.50, 129.3, 128.6, 127.5, 127.2, 127.0, 126.6 (q, J = 275 Hz), 126.3, 125.7 (9, J = 3.6
Hz), 125.4,123.2, 122.7, 114.9, 83.0, 72.2, 69.9, 61.9, 61.6, 59.2, 36.7, 14.1, 13.8.
HRMS (ESI) calcd. for (C5H,sF305)" 525.1883, found 525.1888.
[a]p?® +11.52 (c 0.42, CHCIs).
HPLC (Daicel CHIRALPAK 1A, Hexane : Isopropanol = 85 : 15, Flow rate = 1 mL/min, A = 220 nm):
tr = 8.94 (minor enantiomer), tg = 10.45 min (major enantiomer).

Et0,C._ CO,Et

T

MeO

4ar

(S)-diethyl 2-(1-(3-(cyclopentyloxy)-4-methoxyphenyl)prop-2-ynyl)malonate 4ar: faint yellow oil,
actual mass 37 mg, yield 95%. *H NMR (500 MHz, CDCl5): § 6.93-6.85 (m, 2H), 6.79-6.76 (m, 1H),
4.78-4.72 (m, 1H), 4.32 (dd, J = 10.5, 2.5 Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 4.02-3.93 (m, 2H), 3.80 (s,
3H), 3.72 (d, J = 10.5 Hz, 1H), 2.29 (d, J = 2.5 Hz, 1H), 1.99-1.76 (m, 6H), 1.66-1.54 (m, 2H), 1.28 (t,
J=7.0Hz, 3H), 1.04 (t, J = 7.0 Hz, 3H).
BC NMR (125 MHz, CDCls): 6 167.0, 166.6, 149.5, 147.6, 129.7, 120.4, 115.0, 111.8, 83.1, 80.4, 72.1,
61.8,61.6,59.3,56.0,37.1,32.8,32.7,24.1, 24.0, 14.1, 13.8.
HRMS (ESI) calcd. for (C,H06)" 389.1959, found 389.1969.
[0]p®® +13.55 (c 0.70, CHCls).
HPLC (Daicel CHIRALPAK 1A, Hexane : Isopropanol = 19 : 1, Flow rate = 0.8 mL/min, A = 220
nm): tg = 10.71 (minor enantiomer), tg = 11.75 min (major enantiomer).

Determination of absolute stereochemistry of 3ac by correlation

CO,Et COLEt
EtOng/cozEth/C ;. E10,C. [ CO,Et 1) NaOH, CHsO0H ~ _-CO.H
: , M2 H 18 T

PhN MeOH Ph/\/ 2) AcOH, reflux PR "
3ac

A solution of 3ac (100 mg, 0.29 mmol) in MeOH (5 mL) was stirred under hydrogen
atmoasphere in the presence of 10% Pd/C (10 mg) at room temperature for 10 h. Then, the
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reaction mixture was filtered through a short pad of silica gel eluting with EtOAc. The solvent was
removed under reduced pressure. The residue was purified by flash chromatography on silica gel to
afford pure triester (81 mg, 0.23 mmol) in a yield of 79%.

A solution of the triester in MeOH (2 mL) was treated with a solution 3 N NaOH (0.6 mL, 2
mmol) in water, the resulting mixture was stirred at room temperature and monitored by TLC.
When no starting material remained, volatiles were removed in vacuo and the crude tris-acid was
taken up in AcOH (2 mL) and heated to reflux. The reaction was monitored by TLC analysis, and
when no starting material remained (12 hrs), solvent was concentrated in vacuo. The resultant
crude acid was dissolved in water (3 mL), extracted with EtOAc (5 mL x 3), and the combined
extracts were dried (Na,SO,4) and concentrated in vacuo to give acid product (29 mg, 0.16 mmol)
in a yield of 71%.

CO,Et
EtOzCQ/cozEt

P

(R)-triethyl 2-phenylbutane-1,1,1-tricarboxylate: colourless oil, actual mass 81 mg, yield 79%. 'H
NMR (500 MHz, CDCl3): ¢ 7.39-7.33 (m, 2H), 7.28-7.16 (m, 3H), 4.21-4.06 (m, 6H), 3.49-3.44 (m,
1H), 2.03-1.92 (m, 1H), 1.89-1.76 (m, 1H), 1.18 (t, J = 7.0 Hz, 9H), 0.73 (t, J = 7.0 Hz, 3H).

_COH
P
(S)-3-phenylpentanoic acid: colourless oil, actual mass 29 mg, yield 71%. *H NMR (500 MHz,
CDCly): § 7.33-7.15 (m, 5H), 3.02-2.95 (m, 1H), 2.72-2.52 (m, 2H), 1.85-1.55 (m, 2H), 0.82-0.75 (m,
3H).
[a]p® +34.55 (¢ 0.33, CHCIy), {literature data: [a]p?° ~41.7 (¢ 0.30, CHCI3)} for R-isomer (J. Org.
Chem. 2006, 71, 7763).

General procedure for preparation of propargylic alcohol derivatives:
OPiv

(0]

| n BuLi, THF PivCl, TEA
©) " m T ©)\TMS '\él:ggs t ©)\ DMAP DCM @i\

c
n-BuLi (19.7 mL, 31.5 mmol; 1.60 M solution in hexane) was added to a solution of

trimethylsilylacetylene (4.67 mL, 33 mmol) in anhydrous THF (60 mL) at -70 <C and the mixture
was stirred for 25 min. Benzaldehyde (3.18 g, 30 mmol) was then added dropwise, and the
resulting solution was stirred for 0.5 h at -70 <C. After the reaction was warmed up to room
temperature, water (30 mL) was added to quench the reaction. The organic materials were
extracted with Et,O (30 mL x 3). The organic layer was dried over MgSQO,, filtered, and
concentrated under vacuum. The residue was dissolved in MeOH (50 mL), then K,CO3(4.14 g, 30
mmol) was added while stirring. The reaction was allowed to stir at room temperature for 2 h. The
solid was removed by filtration through a pad of celite and washed with DCM. The filtrate was
washed with aqueous ammonium chloride and brine successively, and dried over Na,SO,4. After
evaporation of the solvent, the residue was purified by column chromatography on silica gel ( PE :
EA=10: 1) to afford the corresponding propargylic alcohol (3.3 g, 25 mmol) in 85% yield over 2
steps.
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To a solution of propargylic alcohol (1.06 g, 8 mmol) in anhydrous DCM (20 mL), EtzN (1.22
mL, 8.8 mmol) and DMAP (97 mg, 0.8 mmol) were added successively. The reaction mixture was
cooled with an ice bath for 5 min. Then PivCl (1.03 mL, 8.4 mmol) was added dropwise. The
reaction was gradually warmed to room temperature and stirred for 3 h at this temperature. After
complete consumption of 1-phenylprop-2-yn-1-ol as followed by TLC, water (20 mL) was added
to quench the reaction. The organic phase was isolated, and the aqueous phase was extracted with
DCM (15 mL % 2). The combined organic layers were washed with brine, dried over MgSO,, filtered
and evaporated under reduced pressure. The residue was purified by flash chromatography on silica
gel to afford pure 2c¢ (1.50 g, 6.94 mmol) as a pale yellow oil in a yield of 87%.

OPiv
N
2c
1-Phenylprop-2-ynyl pivalate 2c¢ (known compound: Angew. Chem. Int. Ed. 2013, 52, 5880): a pale
yellow oil. *H NMR (500 MHz, CDCl,): d 7.55-7.48 (m, 2H), 7.43-7.32 (m, 3H), 6.44 (d, J = 2.5 Hz,
1H), 2.63 (d, J = 2.5 Hz, 1H), 1.23 (s, 9H).

OPiv
A

F 2d
1-(4-Fluorophenyl)prop-2-ynyl pivalate 2d: a pale yellow oil. *"H NMR (500 MHz, CDCls): ¢ 7.53-7.46
(m, 2H), 7.11-7.02 (m, 2H), 6.40 (d, J = 2.5 Hz, 1H), 2.63 (d, J = 2.5 Hz, 1H), 1.23 (s, 9H).
3C NMR (125 MHz, CDCly): § 177.1, 162.9 (d, J = 246 Hz), 132.8 (d, J = 2.5 Hz), 129.3 (d, J = 7.5
Hz), 115.6 (d, J = 22.5 Hz), 80.2, 75.3, 64.4, 38.7, 26.9.
HRMS (ESI) calcd. for (Cy4HisFNaO,)* 257.0948, found 257.0956.

OPiv
N
Cl 2e
1-(4-Chlorophenyl)prop-2-ynyl pivalate 2e: a pale yellow oil. 'H NMR (500 MHz, CDCls): § 7.49-7.41
(m, 2H), 7.39-7.32 (m, 2H), 6.39 (d, J = 2.5 Hz, 1H), 2.64 (d, J = 2.5 Hz, 1H), 1.21 (s, 9H).
3C NMR (125 MHz, CDCly): 6 177.0, 135.4, 134.8, 128.9, 128.8, 80.0, 75.5, 64.4, 38.7, 26.9.
HRMS (ESI) calcd. for (C14H15CINa0,)* 273.0653, found 273.0662.

OPiv
A
Br 2f
1-(4-Bromophenyl)prop-2-ynyl pivalate 2f: a pale yellow oil. *"H NMR (500 MHz, CDCls): § 7.50 (d, J
=8.5Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 6.37 (d, J = 2.5 Hz, 1H), 2.63 (d, J = 2.5 Hz, 1H), 1.21 (s, 9H).
3C NMR (125 MHz, CDCly): 6 177.0, 135.9, 131.8, 129.1, 123.0, 79.9, 75.5, 64.4, 38.7, 26.9.
HRMS (ESI) calcd. for (C14H1sBrNaO,)* 317.0148, found 317.0160.
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OPiv
S

FsC 29
1-(4-(Trifluoromethyl)phenyl)prop-2-ynyl pivalate 2g: a pale yellow oil. *H NMR (500 MHz, CDCl5):
5 7.68-7.60 (m, 4H), 6.46 (d, J = 2.5 Hz, 1H), 2.66 (d, J = 2.5 Hz, 1H), 1.23 (s, 9H).
3C NMR (125 MHz, CDCly): § 176.9, 140.7, 131.0 (q, J = 32.7 Hz), 127.6, 127.1, 125.7 (q, J = 3.6
Hz), 123.9 (g, J = 270.8 Hz), 79.7, 75.8, 64.3, 38.8, 26.9.
HRMS (ESI) calcd. for (CysH1sFsNaO,)* 307.0916, found 307.0924.

OPiv
N

H3C 2h

1-p-Tolylprop-2-ynyl pivalate 2h: a pale yellow oil. *H NMR (500 MHz, CDCls): ¢ 7.40 (d, J = 8.0 Hz,

2 H), 7.19 (d, J = 8.0 Hz, 2 H), 6.39 (d, J = 2.5 Hz, 1H), 2.61 (d, J = 2.5 Hz, 1H), 2.36 (s, 3H), 1.22 (s,

9H).

3C NMR (125 MHz, CDCly): 6 177.2, 138.7, 134.0, 129.3, 127.3, 80.7, 74.9, 65.0, 38.7, 27.0, 21.2.

HRMS (ESI) calcd. for (Cy5H1gNa0,)* 253.1199, found 253.1205.

OPiv

N
MeO 2i
1-(4-Methoxyphenyl)prop-2-ynyl pivalate 2i: a pale yellow oil. ‘H NMR (500 MHz, CDCL): 6 7.44 (d,
J = 8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 6.38 (d, J = 2.0 Hz, 1H), 3.81 (s, 3H), 2.62 (d, J = 2.0 Hz,
1H), 1.20 (s, 9H).
B3C NMR (125 MHz, CDCly): 6 177.2, 160.0, 129.0, 128.9, 113.4, 80.7, 74.9, 64.8, 55.3, 38.7, 27.0.
HRMS (ESI) calcd. for (Cy5H1sNaO3)* 269.1148, found 269.1158.

MOMO  OPiv
N

2]
1-(2-(Methoxymethoxy)phenyl)prop-2-ynyl pivalate 2j: a pale yellow oil. '"H NMR (500 MHz, CDCl5):
5 7.68-7.63 (m, 1H), 7.35-7.28 (m, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.05 (t, J = 8.0 Hz, 1H), 6.76 (d, J =
2.0 Hz, 1H), 5.25-5.15 (m, 2H), 3.47 (s, 3H), 2.57 (d, J = 2.0 Hz, 1H), 1.22 (s, 9H).
BC NMR (125 MHz, CDCl3): 6 177.0, 154.3, 130.2, 128.3, 125.8, 121.8, 114.2, 94.4, 80.6, 74.32, 74.3,
60.2, 56.2, 38.7, 27.0.
HRMS (ESI) calcd. for (CigHaoNaO,4)* 299.1254, found 299.1255.

OPiv

MOMO
S

2k
1-(3-(Methoxymethoxy)phenyl)prop-2-ynyl pivalate 2k: a pale yellow oil. ‘H NMR (500 MHz, CDCls):
07.29 (t, J=7.9 Hz, 1H), 7.21-7.11 (m, 2H), 7.05-7.00 (m, 1H), 6.39 (d, J = 2.0 Hz, 1H), 5.20-5.13 (m,
2H), 3.46 (s, 3H), 2.63 (d, J = 2.0 Hz, 1H), 1.23 (s, 9H).
3C NMR (125 MHz, CDCly): § 176.9, 157.4, 138.3, 129.6, 120.6, 116.4, 115.1, 94.4, 80.3, 75.1, 64.7,
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55.9, 38.7, 26.9.
HRMS (ESI) calcd. for (CisH20NaO,)* 299.1254, found 299.125.

OPiv
X

MOMO ol
1-(4-(Methoxymethoxy)phenyl)prop-2-ynyl pivalate 2I: a pale yellow oil liquid. *H NMR (500 MHz,
DCl,): 6 7.65 (dd, J = 8.0, 2.0 Hz, 1H), 7.33-7.28 (m, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.04 (t, J = 8.0 Hz,
1H), 6.76 (d, J = 2.0 Hz, 1H), 5.24-5.15 (m, 2H), 3.46 (s, 3H), 2.56 (d, J = 2.0 Hz, 1H), 1.21 (s, 9H).
3C NMR (125 MHz, CDCl,): 6 177.0, 154.3, 130.2, 128.3, 125.7, 121.8, 114.2, 94.4, 80.5, 74.4, 60.2,
56.1, 38.7, 27.0.
HRMS (ESI) calcd. for (CysHoNaO,4)* 299.1254, found 299.1260.

OPiv
A

BnO 2m

1-(4-(Benzyloxy)phenyl)prop-2-ynyl pivalate 2m: a pale yellow oil. *H NMR (500 MHz, CDCls): §

7.50-7.31 (m, 7H), 7.03-6.96 (m, 2H), 6.40 (d, J = 2.0 Hz, 1H), 5.08 (s, 2H), 2.63 (d, J = 2.0 Hz, 1H),

1.23 (s, 9H).

3C NMR (125 MHz, CDCly): 6 177.2, 159.2, 136.8, 129.3, 128.9, 128.7, 128.1, 127.5, 114.9, 80.7,

74.9,70.1, 64.8, 38.7, 27.0.

HRMS (ESI) calcd. for (C,;H2,NaO3)* 345.1461, found 345.1466.

O OPiv
i
2

n
1-(Naphthalen-1-yl)prop-2-ynyl pivalate 2n: a pale yellow oil. '"H NMR (500 MHz, CDCly): §
8.25-8.19 (m, 1H), 7.94-7.84 (m, 3H), 7.64-7.47 (m, 3H), 7.10 (d, J = 2.5 Hz, 1H), 2.73 (d, J = 2.5 Hz,
1H), 1.27 (s, 9H).
3C NMR (125 MHz, CDCly): 6 177.2, 134.1, 132.1, 130.6, 130.0, 128.9, 126.6, 126.4, 126.1, 125.2,
123.8, 80.4, 75.9, 63.9, 39.0.
HRMS (ESI) calcd. for (CigH1sNaO,)* 289.1199, found 289.1209.

OPiv

S
20

Hept-1-yn-3-yl pivalate 20: a pale yellow oil. ‘H NMR (500 MHz, CDCls): ¢ 5.33-5.26 (m, 1H), 2.40
(d, J =2.5 Hz, 1H), 1.82-1.70 (m, 2H), 1.46-1.28 (m, 4H), 1.20 (s, 9H), 0.89 (t, J = 7.0 Hz, 3H).

3C NMR (125 MHz, CDCly): 6 177.4, 81.5, 73.0, 63.5, 38.7, 34.2, 27.0, 26.5, 22.2, 13.9.

HRMS (ESI) calcd. for (C1,HoNaO,)* 219.1356, found 219.1363.

OPiv

A
BI‘\©/\O
2p
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Compound 2p: a pale yellow oil. *"H NMR (500 MHz, CDCl): § 7.60 (s, 1H), 7.48-7.43 (m, 3H),
7.37-7.33 (m, 1H), 7.28-7.23 (m 1H), 6.96 (d, J = 8.5 Hz, 2H), 6.38 (d, J = 2.0 Hz, 1H), 5.04 (s, 2H),
2.62 (d, J=2.0 Hz, 1H), 1.21 (s, 9H).

3C NMR (125 MHz, CDCly): 6 177.2, 158.9, 139.1, 131.1, 130.3, 130.2, 129.6, 129.0, 125.9, 122.7,
114.9, 80.6, 75.0, 69.1, 64.8, 38.7, 27.0.

HRMS (ESI) calcd. for (C,;H»BrNaO3)* 423.0566, found 423.0571.

OPiv

FsC
g ~
e
2q

Compound 2q: a pale yellow oil. *H NMR (500 MHz, CDCly): 6 7.70-7.48 (m,10H), 7.42-6.94 (m, 2H),
6.9 (d, J=2.0 Hz, 1H), 5.19-4.98 (m, 2H), 2.62 (d, J = 2.0 Hz, 1H), 1.22 (s, 9H).

BC NMR (125 MHz, CDCls): ¢ 177.2, 159.1, 158.9, 144.4, 140.2, 139.1, 137.6, 131.5, 130.4, 130.2,
130.19, 129.7, 129.6, 129.5, 129.43, 129.35, 129.0, 128.8 (q, J = 36.5 Hz), 128.1, 127.53, 127.48,
127.3, 127.1, 126.4, 125.86, 125.80 (q, J = 3.6 Hz), 124.3 (q, J = 269.7 Hz), 122.8, 114.91, 114.88,
80.63, 80.61, 74.9, 69.9, 69.2, 64.80, 38.7, 27.0.

HRMS (ESI) calcd. for (CosH,sF3NaO3)* 489.1648, found 489.1656.

OPiv

1-(3-(Cyclopentyloxy)-4-methoxyphenyl)prop-2-ynyl pivalate 2r: a pale yellow oil. *"H NMR (500
MHz, CDCl3): § 7.08-6.99 (m, 2H), 6.83 (d, J = 8.0 Hz, 1H), 6.36 (d, J = 2.5 Hz, 1H), 4.81-4.74 (m,
1H), 3.83 (s, 3H), 2.62 (d, J = 2.5 Hz, 1H), 1.99-1.77 (m, 6H), 1.66-1.54 (m, 2H), 1.20 (s, 9H).

BC NMR (125 MHz, CDCl,): 6 177.2, 150.4, 147.6, 129.2, 119.9, 114.0, 111.5, 80.7, 74.9, 65.0, 56.0,
38.7,32.8,27.0,24.1.

HRMS (ESI) calcd. for (C,oH26Na0,4)* 353.1723, found 353.1732.
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OMOM

EtO0C
EtO0C

S
COOEt

B (V) — —

4.184
4.176
4.173
4.170
3.495

L

\
/
|

2.224
2.218

<

1.201

1.187
1.173

HG3-54
\ PROTON CDC13

E WXY20150518

CNO 1
te_ 20150518
16.39

HOHODnE MO EN ST SO e

285.
1.00000000
1

== CHANNEL f1

1H

14.14

1.00

1 500.1330885
32768

500.1300126 »
no

]
0.00
]

moruEnnnoos |

1.00

T T T T T
60 55 50 45 4.0

b

5
0
39
05
GE]

| VT
OMOM
EtOOC S
S
EtOOC COOEL

71.01
——69.26
18

&
I

o
@

R
HG3-54 Cl
C13CPD dbCl3

WXY20150519

15

20150518

g

2
00000000 sec
03000000 sec
59939998 sec

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

30 20 10 0 ppm




CO,Et

EtOzC\iLcozEt
OMOM
3aj
mV
300 | FEM5A 220nm
200; 2 i
100 ‘,‘I "‘.I ‘II Iﬂl
(}__ - - - —/!." \ |
10.0 12‘. lél. 0 I 17. “0'. 0
Peak# |Ret. Time Area Height Area%
1 15. 804 3062589 155703 49, 097
2 17.079 3175262 186311 20. 903
Sl 6237851 342014 100. 000
mV
4000+ R MZEA 22000
3000—: /'\f
_ n
2000#_ | l‘
| |
] 2 |
1000+ = ‘l ‘||
1 Il I‘I‘
o] - )\
10.0 l?‘. 5 15|. 0 ‘ l?l‘ ) I ?OI. 0 I 122..5
ﬁéak: Ret. Time Area Height Area%
1 15. 769 15059822 773196 15. 063
2 16. 924 84918491 3002555 84. 937
p=ans 99978313 J7757b1 100. 000
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CO,Et
EtO,C. | CO,Et

MOMO :
\©/\

3ak

DFNOENDODNADO~NNO HMEOATFONNT-OMO N — o
DWONSOE WM NN NN OO0 OO T wy =
NN AA AN DN AN NN A A A A A A A AT ™M ™
Lol Sl Sl Sl Sl il agi = Jl e LS R R [To B s s U U s s U S e o o™
e N R s Vo \V

OMOM

EtOOC
EtOOC

COOEt FE 296.0

1 1.00000000
Do 1
f—===== CHANNEL f1 =

uc1 bt

1 14.14

L1 1.00
FFO1 500.1330885

32768

P 500.1300125 Miz

oW no

SB 0

B 0.00 Hz
B 0
C 1.00

I N R D e

T T T T T T T T T T T T T T T T T T T T
90 85 80 .0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 ppm
g

| I I | EER P G
OMOM
EtOOC
S
S
EtOOC COOEt

In i |

T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm
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CO,Et
EtO,C. | CO,Et

MOMO '
\©/\

3ak
mV
15007 R ZEA 220m]
1000~ |’I|~
7 |
|
| |
500 ‘I
] | -
] i S
1 A - B
10 1|5 ElO 2|5 3‘0 .
ﬁ%ak: Ret. Time Area Height Area%
1 17. 292 19359472 1063838 48. 183
2 25.070 20819651 150183 51. 817
ST 40179123 1214021 100. 000
mV
1007 R 7EA 220n]
30(%2 =
200—: {\
100—: = ‘I""'-.
:‘ II‘"\
N AN \
l-OI - 1‘5 o SIO SIS I ISIO ‘3‘5‘ o I-IlO
Peak# |[Ret. Time Area Height Area%
1 17. 848 1438914 26307 1. 364
2 26. 391 31532001 236101 95. 636
St 32970915 262408 100. 000
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CO,Et
EtO,C. | CO,Et

o~
MOMO

3al
“m Mo CM@ON IO MDD T o _ ~ o
o~ ™ MO A0 ON@Or™ O T m < ™M — O @
= = o O NN N A A A A A A ™ ™M [ ]
~~ 9w A e NN —~ —HE3-73
\/ \/ ‘\x\ == \/ \|/P'ROION cDCL3
NAME] WXY20150622
EXP! 2
PROCNO 1
Dat 20150622
OMOM Timel 16.39
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
Ds 2
EtQ0OC SWH 10330.578 &
__\ ;éDRES 30115 : Zec
Et00C ) 11720107 =
COOEt o 49,400 usec
DE 6.00 usec
TE 295.5 K
D1 1.00000000 sec
DO 1
===—f—=== CHANNEL f1
NUC1 1H
P1 14.14 usec
PL1 1.00 dB
Sroy 500.1330885 MHz
SI 32768
SF 500.1300124 MHz
WoW
S5B Q
LB 0.00 Hz
GB 0
PC 1.00
D N l JL e Y S L
T T T T T T T T T T T T T T T T T T T T
90 85 8.0 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0 ppm
/ ol lo / A ||
3y [z g g [z 5 3 8
o™ o ™ - w (3] (=] o
e 8 ad - -4 8 dz ¢ = E hg3-73
|| | | | | | cizcen cpels
OMOM
EtOOC S
EtOOC T
COOEt
i, {2
N . |
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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CO,Et
EtO,C. | CO,Et

o>
MOMO

3al
mV
20007 f M4FA 220nm
1500{
10001 |“|ﬁ
|
500+ | -
f R
0_:_, | II\-_ —- __,/,_ ] T
10.0 12.5 Ilél. 0 I1| 5 IEOI. D‘ 22. 5I _BI. OI IET BI SD 0
Peak#i|Ret. Time Area Height Area%
1 17. 292 21017809 1070124 50. 237
2 25.070 20819651 150183 49, 763
St 41837461 1220307 100. 000
mV
1500 i FEMZEA 2200
1000 i
:"I/\‘-‘
500 . I""I \“'-‘.
o 1 ..‘I "\\7__ _//' '\\‘
10 ‘ 1I5 20 2|5 SID I SIS I ‘ %0
PeakZ |[Eet. Time Area Height Area%
1 17. 845 6842053 176861 4. 908
2 26. 169 132577099 891892 95. 092
Sl 139419152 1068753 100. 000




CO,Et
Et0,C.[_co,Et

Y
BnO
3am
ONYNA0TONIITDOM>TOMA™M MO OO N OM™MWYWR — D W~
OO N AOWMEWUNM™MNN AN MOUNNA—OMN0 WM™~ W s ) = o] = O
B e e A A N o % Thes-1s
[ e e e e e e e Lt I e o e =~ hpoToN CDC13
e o — S
S SRR V N
NANE WXY20150417
EXFPNO 2
PR{YCNO 1
e
OBn IN§TRUM spect
PRYBHD 5 mm PATXO 19F
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
Ds 2
SW! 10330;579 {Z
g00c, A s R
EtOOC 3
COOEt
0
PC 1.00
JA M u J [
T T T T T T T T T T T T T T T T T T T T
9.0 8.5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0 ppm
BEE B g 8
ol o o - o - @
- o omERN S g sgg o g HC3-150
AN ‘ \ c13cPD|cpe13
OBn
EtOOC S
EtOOC =
COOEt
125.7
1.40
T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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CO,Et
Et0,C.[_co,Et

o~
BnO

3am
mV

1506_ M 2A 220nm
1000; -
500 I,fll \ ”“ﬂ“

o AN N

20 E% Bb o 3% 4b iﬁ 50

Egékﬁ.EeT. Time Area Height Area%

1 37. 754 H7639339 719882 50. 454

2 43. 630 56602430 002962 49, 546
FEans 114241769 1272845 100. 000

mV
20007 oA 220ng
1500{
1000{ fgf
500{ - \
f__:- \
N \-_5,
30 I 39 I 45 o I 4% o I Sb I 55 IQO
Peakfi |Ret. Time Area Height Area%
1 46. 040 9525942 119200 6. 932
2 03. 374 127894462 1032186 93. 068
Sl 137420404 1151385 100. 000
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CO,Et
EtO,C \l/ CO,Et

N

EtO0C
EtOOC

vl

COOEt

<5.697

é

4.107
4.101
4,092
4,087
4.078
4.072
4.064
4,058

2.326
2.321

1.076
1.061

.047

-

s 38

PROTON CDCL13

WKY20150504

1

20150504

18.35

INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPRDG zg30
65536

SOLVENT CDC13
NS 16
DS H
SWH 10330.578
FIDRES 0.157632
2Q 3.1720407
RG 90.5
oW 48.400
DE 6.00
TE 295.5
D1 1.00000000
TDO 1

CHANNEL f1

14.14

1.00
500.1330885
32768
500.1300127
no

o
0.00
o

1.00

dB
MHz

MHZ

L S | -
T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
B Eeh -4 3 8 8
ol ||| - o o 3
HG3-38
\\\\\/ // | C13CPD CDJ:lS
COOEt NAME WXY-HG-C
Et00C P e 4
= Date_ 20150503
Et00C INSTRUM :
PROBED S
PULPROG
A
NS
PL13 6.50 dB
SF02 Booos Miiz
S1 68
SF
[WDW
558
LE 1.
cE
PC 1.
h . 1 i
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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CO,Et
EtO,C \L CO,Et

SO

3an
mV
5007 FE i #5A 220nn]
1001
300 Z
] i
100- 1
4 | |I __E\i
O_E_ B - "‘;___ _,/ ‘\\k_»
1(;.0 12|5 o ‘15|.0 IlTI.E IEOI.O 22l‘5 ho‘. OI IQTI. 5‘ I ISd.IO
Peak#z|Ret. Time Area Height Area%
1 20. 269 4331189 232039 50. 593
2 23.947 4229667 41761 49, 407
Sl 8060856 273800 100. 000
mV
i i 2%A 220nn
1000
50—5 %
500é I."‘If \.‘.\"\.
95(; § ‘,.‘"‘I‘ \
s AN
0 "1'5"“:‘0””:'5""3‘0""3'5""?0
Peakf|Ret. Time Area Height Area%
1 19. 809 8147229 110725 9. 319
2 22. 988 79279064 089715 90. 681
Sl 87426293 700439 100. 000
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CO,Et
Et0,C.[_co,et

\/\/\

3a0

HG3-85
PROTON CDC13

NAME WX¥20150610
EXPNO 1

| | PROCNO
Date_
Time

EtOOC INSTRUM
PROBHD 5
Eio OC PULPROG
COOEt Sonvent
NS

294.6 K
1.00000000 sec
1

T T T T
75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0 ppm

6.02
-
0.99
0.99

&

o

——382.96

HAME WXy
EXENO
PROCNO

| | FULEROG
EtOOC :ﬁéwal{r

EtOOC =
COOEt géa—.gs

sFOL 125.77

CHANNEL T
CPDERGZ w
MUC2
pceb2
pL2
PLIZ
L13
0z

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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CO,Et
EtO,C \L CO,Et

\/\/\

3ao0
mV
o M E5A 220nm
1000-]
500 : ffj
250—: ‘I" ‘I"*.,‘ ‘I."II I""'-.‘II
kI )N SN ]
10.0 12. 5 lBI. 1] o lTI. 5 EOI. 0 o 22‘. b _5‘. OI .
Peakf#|Ret. Time Area Height Area%
1 17. 483 24172813 648331 49. 701
2 22. 948 24463848 523324 50. 299
St 48636662 1171655 100. 000
mV
15007 Bl 2EA 220mm]
1000 ﬁg
] || II,
500 | h 3
] | ]
] : K f}
N | N\ N
10. OI 1 | 5 ‘15|. 0 IlTI. al I IEOI. 0 I ISE’I. 5 5 0‘ IE’TI. SI I ISOI.IO
Peak#|Ret. Time Area Height Area%
1 16. 740 34490746 987899 3. 251
2 21. 614 12607770 296348 26. 769
St 47098516 1284247 100. 000
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CO,Et
Et0,C-[_co,Et

Br

~ o O NNNWOWO NTNEO MWD w o

w0 SHBHNASSRH®OE-OW0WT w0

@ @ SN NN A A A A Ao I Xul

0w W) ST S S S S P S S S o~
- [ ) 3

<

Br

EtOOC_COOEt
EtOOC
(0]
%

500.1330885
3276

500.1300126 MHz

- S| S

AU i

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 UID ppl‘l‘lI
st i s 2"
D B a2 P s @
aE3-43%
‘ N | ‘ ['\/ C13CPD [cDC13
COOEt
Br CoBE!

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



CO,Et
EtOZC{/COZEt

e

o~
(6]

3ap

mV
30007 FE M 34 220nn
QOOCF_ r\g o
| I.‘ \-.‘ ::c
] ||‘ I\I"-.‘ I.‘"f\:
1000 | I'all‘ ‘Ilu‘ \"'-.‘
| | BN
|I \ JII
N \ _
so0 85 40 45 50 55 60 ‘6|5I
PeakZ |Ret. Time Area Height Area%
1 45. 893 211832868 1966173 48. 997
2 24. 968 220502840 1439259 51.003
Sl 432335707 3405432 100. 000
mV
1 fE 34 220nm
2000
LSOCF: i
1 ‘,'(\-,\-
1000+ 'I \'\I
] I‘| :\\I‘
| N \__
30 o SIB o I —Lb o -llo I 5|0 T 5|5 I SIO 65 I TO
Peak#|Ret. Time Area Height Area%
1 44, 873 10545162 130242 5. 889
2 22,226 168523323 1320563 94,111
ot 179068485 1450805 100. 000
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CO,Et
Etozc\LCOzEt

F3C
DO
e
3aq

EtOOC, COOEt
EtOOC

74

2.358
2.353

<

—
—
o
~BE3-48

\l}ROTON CcDCl13

WXY20150519
1

1

20150519
Tine 16.05

: spect
PRJBED 5 mm PATXO 19F
30

4K
D1 1.00000000
1

CHANNEL f1

1H
14.14

usec
1.00 dB

500. 133‘3 MHz

500. 130‘]
5
0.00 Hz
0
1.00
[ ‘JLJ‘_ L ) - l A
T T T T T T T T T T T T T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm
|| (LS .
28 i 5E @ g d
clslslsl o ail 1= < = 4
| \,‘ v/ 7 C13CPD CDC13
EtOOC Ct)Ei
,/J/,::t:;W[:::::il\\ ’l,\‘\Wllllllz”flllllll//(:FE
[ JJ‘ \J ‘ ‘ A N
T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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CO,Et

EtO:C.|_co,Et
FaC .
A ST
O
3aq
mV
20007 .n el 754 2200
4000—5 \; §
2000 I"I‘ "-.‘ \
1000—f | ‘I""'-\,. \
1 \ \
o \»- I _/ \
IlDI. 0 - Il OI. 5‘ I lll. OI lll. 5} ‘l_l. D‘ - ].ZI‘ ol o ‘13. Q IlS‘. 5 ‘l-ll.‘ 0
Peak# |[FKet. Time Area Height Area%
1 10. 335 65335710 3810862 49, 051
2 12. 365 67862794 33256505 50. 949
) 133198504 7136517 100. 000
mV
20007 B Rl A 220nm]
1500—: \2
1000{ I"I‘I
500{ o
O_i__ L /“E\ - - _/’ff \ _
I ].‘O o o 1‘1 I 1|2 lIS ‘ lll ‘ I I I }5
Peak#i|Ret. Time Area Height Area%
1 10. 402 1832010 114445 5. 744
2 12. 401 30060598 1509744 94. 256
Sl 31892608 1624189 100. 000




CO,Et
EtOZC\l/COZEt

I 3ar
DTONON I VN TOATONOATONONOWO ATACT NOTNC NAODM N TWD OO NT NN QT
C oMU T ITMANMANNCNNXEE AN PNMAUONNNEONMAN—AODONT AN~ DD OO
NNOCoORREREEEEANN A A A A A A A A A= M MDD 0O MO MO W E N
e T T I T YT TSI TS T ITTONN A A A A A A A A A A A o A o
\\v \/ . . L o '&‘}\N/ '____/____;:..-—m-*:_ fahan
HG3-104
PROTON CDC13
NAME WHY20150629
| ‘ EXPNO 3
PROCHO 1
Date_ 20150629
0 COOEt Time 16.15
INSTRUM spect
PROBHD 5 mm PATXO 18F
%%OEt PULBROG 2930
COOEt 65536
0] SOLVENT cpci3
| NS 16
DS 2
SWH 10330.578 Hz
FIDHES 0.157632 Hz
2O 3.1720407 sec
RC 80.6
oW 48.400 usec
DE 6.00 usec
TE 295.7 K
D1 1.00000000 sec
TDO 1
CHANNEL
1H
14.14 usec
1.00 dB
500.1330885 MHz
32768
500.1300125 MHz
no
0
0.00 Hz
0
1.00
l \ AW
T T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm
|
N | \ /
5B g e g R e
Slel e o @ © S -1 o
- 0 m S omm
- G ® 5 @ « o ow w0 w oo o oo @ @
: . i an £e - S 2 -
“ o P . ] . . :
& e 5 & 5 2 o oo PR S e < B
A I3 9 9 o = 38 s g 7 ER & bt
|| | o | Ve
‘ C13CPD CDC13
w
| ‘ PROCND
(0] COOEt 5 mm
OFEt
& COOEY
(@]
0.
1.
®
il
sfor 125
-
x’
B
b3
P
el
s
5
5
W
s
@
B
" ;
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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CO,Et
EtO,C.|_co,Et
o B
SHS
? 3ar
mV
10007 I #5A 220nm
T50—i 5}
500+ |‘ﬁ'\ i“
] |
_ 1)
250—: || ll\l ll‘l ‘I".
()—ik_ B - ,\Il .‘II I‘"\\_ - - ]
5.0 T.IB IOI. 0 ‘ I 1 ‘ 15I. 0 ITI. 5 SIO.‘O
PeakZ |Ret. Time Area Height Area%
1 11. 227 9212088 601023 49. 448
2 12. 205 9417888 32719 50. 552
FSanh 18629975 1033742 100. 000
mV
20007 Bl %A 220nd]
150(%: ."\:.
i
1000{ lx
| ".
500—: 3 ||‘ '|‘
N |
0 / R
5.0 T.lé lOI. 0 I l?l. 5} 15‘.0 ]I.?.Ié
ETeah: Ret. Time Area Height Area%
1 10. 641 3128444 181544 9. 698
2 11. 734 29130225 1485726 90. 302
St 32258669 1667270 100. 000
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EtO,C._ CO,Et

Ph AN
4ac
O NYNNYNNONTD MM O LU OWUN®OO WMWY N~ A w ™M w
O~ A1 O0O0VOOOWT M A OO~ ~ O U e oS o o —
MMM MO NN NN NN MO NNNND o AN~ [a o] (=]
N N N T B R Rl N eI S e S P HE2-61-0
| = - - = AV, $OION cocl3
WNXY20150504
4
1
| | 2015050%
18.46
5 mm
COOEt
COOEt
:E
usec
295.1 K
1.00000000 sec
1
CHANNEL f1
14.1
1.00 dB
500.1330885 MHz
32768
500.1300126 MHz
o
0.00 Hz
0
1.00
U A Lo
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
]
e ESEE E 2l
cileil= Alal sl 12 = &l o
b3 m S85E B 8 zzz 5 HG2-61-C =1
c13ceD copdl3
N | YV
EtOOC._ __COOEt
4
:s-FZ
= 522;
o
0
9740
2.00000040
0.03000040
1.89995998
1
\ T T T \ \ T T \ T T T \ I T T T \ T T \
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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EtO,C._ CO,Et

mV
| I ZEA 22000
1500+
1000—: g
500—: I""I .‘"‘r\‘..
15.0 17. EOI. 0 I I S?I. 5 25.. 0
PeakZ|Ret. Time Area Height Area%
1 19. 053 17353901 760136 50. 170
2 20. 923 17236286 620009 49, 830
St 34590187 1380146 100. 000
mV
20007 FE I Z5A 2200
1500{ %
N
1000{ ;h
I
500 | |
] N 3
] R 3
0_:_ - A —
15.0 lTI. 5 _0‘. 0 ‘ _SI. 5 _SI. 0 I DT“ 5 ‘ 30 0
E%ﬁkﬁ.ﬂet. Time Area Height Area%
1 21. 063 20743605 1295617 94. 760
2 24. 424 1147050 40873 5. 240
1 21890654 1336490 100. 000
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EtO,C._ CO,Et

S
F 4ad
o LT MO O NTOMOVNEOATONAO o @ ormao
W W N o Oy 0 COOWWO WM OGO N — O O W~ D s
MMM Mo oo O TE M MONNNNOO OO O m ™ MNNNO OO
B e R R e e e R K R oo R
L o [ ] 1|
. =)
=y VNG
PROTON CDC13
Et00C COOEt NAME WXY20150401
EXPNO 1
PROCNO 1
Date 20150401
- Time 1607
= INSTRUM spdet
PROBHD 5 mm PATXO JoF
F PULBROG 20
D 36
SOLVENT 3
DS
SWH
FIDRES
AQ
RG
DW
DE
TE 294.
pL 1.00000
oo
CHANNEL f1 <
14
1]
500.1330g85 MHz
32768
F 500.1300)f29 Mz
jiow no
SB 0
B 0fdo Bz
B o
C 1do
T T T T T T T T T T T T T T T T T T T T
90 85 80 75 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
(]
4 EIE T
o™ o Ll IS R o @ ¢
mo n e ro
25 age he w o e
oo mon W 9 9 e
28 aan aa o o Sdo
vV v v [
EtOOC.__COOEt
=
11 0.03000000 sec
DELTA 1.899995898 sec
TDO 1
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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EtO,C._ CO,Et

mV
2300: M 2EA 220nm]
QDOOé
1500—5 o
1000—2 z ﬁ
500_5 ‘|I‘ Il‘ul ‘|I‘I II
ol / | - B
10.0 IQI. 5 ‘15‘. 0 IlT‘. 5 IEOI. 0 QE‘I. 5 .3‘. OI IQTI. 5‘ ‘ ISOI..O
E%ﬁkﬁ.ﬂet. Time Area Height Area%
1 19,132 29884586 1027402 49, 195
2 21.914 30862724 940529 20. 805
peans 60747310 1967932 100. 000
mV
750 M 35A 220nm
500—_ %
| N
250 .""‘I \
o AN N
15I. 0 ].TI. 5 20.0 o | L‘EI. b 25“ 0 I ‘
E%ékﬁ.ﬂet. Time Area Height Area%
1 19. 828 19490475 384663 95. 055
2 21. 881 1018360 29925 1. 965
=it 20508835 414588 100. 000
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Cl

Et0,C._CO,Et

N

F4.399
4,394

|
[

NAME WXYZ0150611
EXPNQ 1

EtOOC.__COOEt

1
1

=
Cl
Hz
}{:_
&
MHz
EF 500.1300126 MHz
NDW| no
3 0
LE 0.00 Hz
B 1]
'C 1.00
! | S L l
T T T T T T T T T T T T T T T T T T T
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SOLVENT| €DC13
NS 1€
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SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 20.5
oW 48.400 usec
DE 6.00 usec
TE 295.5
D1 1.00000000 sec
DO 1
| cHANNEL f1
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500.1330885 Miz
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0
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BC 1.00
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PROBHD 5 mm PATXO 19F
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SOILVENT CDC13
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Ds 4
ME WH 30030.029 Hz
FIORES 0.458222 Hz
AQ 1.0912410 sec
DW 16.650 usec
DE 6.00 usec
TE 297.8 K
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DELTA 1.89999998 sec
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== Date| 20150123
Time 16.14
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PROBED 5 mm PATXO 19F
PULFROG 2930
D 65536
SOLVENT €pc13
NS 16
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
20 3.1720407 sec
RG 57
D 48.400 usec
DE 6.00 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
14.14
500.1330885 MHz
32768
500.1300127 MHz
i
0.00 Hz
[
1.00
. - ~ AI ._J . — L. .
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: INSTRUM spect
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T SOLVENT €DCl3
IS NS 1024
DS 1
SWH 30030.029 Hz
MeO FIDRES 0.458222 Hz
AQ 1.0812410 sec
RG 143.7
LW 6.650 usec
DE .00 usec
TE 298.4 K
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.88993998 sec
00 1
HANNEL f1
NUC1
Bl 9.50 usec
BL1 -0.50 dB
sFOL 125.7703643 Maz
HANNEL f2
CPDPRG2 walt
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PL2 1.00 de
PL12 16.05 dB
PL13 16.50 dB
sFO2 500.1320005 Maz
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LB 1.00 Hz
I 0
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PROCNOY 1
Date_ 20150420
e Time 17.40
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PROBHDY 5 mm PATXO 18F
EULPROG zg30
oMOoM ) Gao3c
SOLVENT cDC13
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 57
DW 48.400 usec
DE 6.00 usec
TE 295.4 K
Dl 1.00000000 sec
D0 1

SFO1 500.1330885 MHz
51 32768
SF 500.1300123 MHz
WoW no
SSB 0
LB 0.00 Hz
CB ]
BC 1.00
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TE 7.6 K
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1
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3.1720407 sec
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LB 0.00 Hz
GB 0
PC 1.00
,,l l“ 1,, _ l I A I ‘bL.. ,l.,
T T T T T T T T T T T T T T T T T T T T
9.0 85 8.0 75 70 65 6.0 55 50 45 4.0 35 30 25 20 1.5 1.0 05 0.0 ppm
o e R g B H
] i & o b &
= i T 3 E b g 5
|
| T | | -
C13geD CDC13
OPiv
R
MOMO
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

79



OPiv

N
BnO 2m
0 ™ @ =
@ ™ ™~ ™
(=] W o o~
0 BE -
HG3-1p
OPiv PROTON CDC13
S
BnO
FHANNEL £1 --;
14,
500. ZE
32
500.1300
J|\ J ) | u*‘u_f |
T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 ppm
cET- I i g 3
<leil=| [ei P o = o
| | 1 #c3l 12
C13CPD CDCL3
OPiv
S
BnO
298.3
2.00000000 se
0.03000000 se
l,Sﬂ????i‘? k!
HANMEL f1
T EL £2 =——————
waltzlé
1H
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

80



2n
e D D DN S T O D WO ® T o @ o ~
LR AN C a8 ERSI9R852855¢8 & m G
SR R A AN e B s o a
B e e e e i e -
E—— : | r_:_-_‘:::-*—;Jl— v HGE—IlZ
PROTON CDC13
NAME WXY20150720
EXPNO 9
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PIVO Time 17.
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PROBHDY 5 mm PATXO 109]
PULPROG zg3
SOLVENT CDC13
NS 16
Ds 2
SWH 10330.578
FIDRES 0.157632 Hz
AQ 1720407 sec
RG 32
oW 48.400 usec
DE 00 usec
TE 295.6 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
Pl 14.14 usec
PL1 1.00 dB
SFO1 500.1330885 MHz
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SF 500.1300119 MHz
WDW
55B 0
1B 0.00 Hz
CB 0
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EXPNO| 8
FROCNP 1
OPiv Date_| 20150720
Time 17.13
INSTRpM spect
2 PROBHD 5 mm PATXO 19F
RS PULPRDG zg30
™ 65536
SOLVENT cDc13
NS 16
Ds 2
SWH 10330.578 Hz
FIDREF 0.157632 Hz
AQ 3.1720407 sec
RG 57
oW 48.400 usec
DE 6.00 usec
TE 285.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
NUC1 E
P1 14.14 usec
PL1 1.00 dB
SFO1 500.1330885 MHz
sI 32768
SF 500.1300129 MHz
WDW
558 0
1B 0.00 Hz
GB 0
BC 1.00
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SWH 30030.029 Hz
FIORES 0.458222 Hz
AQ 1.0912410 sec
RG 11
DW 16.650 usec
DE 6.00 usec
TE 297.2 K
Dl 2.00000000 sec
diif 0.03000000 sec
DEITA 1.89999998 sec
TD 1
CHANNEL f1
NUJQ1
Pl
FL -0.50 dB
SFq1 [125.7703643 MHz
CHANNEL f2 =
CPOPRGE waltzlé
Nud2 1H
PCHD2 80. 00 usec
PLY 1.0 ds
PLI2 16.05 dB
PLI3 16.5 ds
sFdp I500. 1320005 MHz
5I 3 8
SF [125.7577890 MHz
WD EM
S5H 0
LB 0.50 Hz
GE 0
. . PC 1.40
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20 3.1720407 sec
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oW 48.400 usec
DE 6.00 usec
TE 205.5 K
D1 1.00000000 sec
DO
CHANNKEL f1
14.14 usec
1.00 d8
500.1330885 MHz
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o
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o
1.00
Jn_J *_ L JL - ue . _L_._Ju_,_ L
T T T T T T T T T T T T T T T T T
85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm
\
el s e s hER 3
=l == |ed - ol - -3
= @ R
S 2 bt R 2 e =& o 5
= © o e =
= 2 B gan = R B w
5 a a3 ] = g 5 %z 3 &
HG3-41
C13CPD CDC13
OPiv
X -
Br FuLoios
(9] D
SOLVENT
NS
DS 4
SWH 30030.029 Hz
FIDRES ). 458222 Hz
1.0912410 sec
ne 203.2
Il
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

83



2q
OO TONOWE ANOAMANC A oM WDe N O w0
COECNONE YOO TENT AT WA T M ooy —
LWV ST STONNNNOONDOOM O L] ZHT7-3&5
[ S N e Sl S S e S S i N e I - L - I T- R Yo o~ PROTAN CDC13
= =\ v
NAME WXY20150519
EXPNO 2
PROCNO 1
Date_ 20150519
Time 16.10
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SH He
FIDRES He
AQ 7 sec
RC 3
oW usec
DE usec
TE 295.9 K
D1 1.00000000 sec
TDO 1
JCHANNEL £1
wucL 1H
Pl 14.14 usec
PL1 1.00 dB
SFO1 500.1330885 MHz
ST 32768
SE 500.1300127 MHz
WDW
SSB 0
18 0.00 Hz
cB 0
BC 1.00
§ ___._;J_ n.d_ﬁ _ JL . uJL i SR Y. 1
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CHANNEL £2
waltzlé
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80.00 usec
1.00 d
16.05 dB
16.50 dB
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