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General Methods.

'H NMR (270 MHz) and *C NMR (67.8 MHz) spectra were measured on a JEOL Excalibur 270
spectrometer using CDClI3 as a solvent unless otherwise noted. = HPLC analyses were performed on
Hitachi L-7100 and GL-7410 apparatuses equipped with a UV detector using 25 cm x 4.6 mm DAICEL
Chiralcel OJ-H, OD, Chiralpak IC, ID columns. Elemental analyses were performed at
Microanalytical Center of The University of Tokyo.  Mass spectra were measured on a JEOL JMS-
700 mass spectrometer.  Specific rotations were measured on a JASCO DIP-1000 polarimeter.

All reactions were carried out under a dry nitrogen atmosphere.  Solvents were dried by the usual
methods, then distilled under N2 and degassed before use.  Optically active ligands (L2, L5), CuOTf-
1/2CsHes, diisopropylethylamine, and (S)-1-phenylprop-2-yn-1-ol are commercially available reagents.
Pybox ligands (L1, L3,5% L4, L6,%%), PNN ligands (L7,5* L8,5%), propargylic acetates (1a,%° 1b%),

and (R)-5-phenylpent-1-yn-3-ol” were prepared according to the literature procedures.

Preparation of Propargylic Carbonates (3).

1) ——MgBr 4
Ph._~ 2) Boc,O Ph
CHO >
THF OBoc

3b

A typical experimental procedure for the preparation of tert-butyl (5-phenylpent-1-yn-3-yl)
carbonate (3b) is described below.  In a 50 mL Schlenk flask were placed 3-phenylpropanal (0.870
mL, 6.60 mmol) and anhydrous THF (30 mL) under N..  Ethylylmagnesium bromide (0.5 M in THF,
20.0 mL, 10.0 mmol) was added to the solution at 0 °C and the mixture was allowed to warm to room
temperature.  After stirring for 1 h, the solution was cooled to 0 °C and di-tert-butyl dicarbonate (2.91

0, 13.3 mmol) was added to the solution. ~ The mixture was kept at room temperature for 3 h and then
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the reaction was quenched by saturated aqueous NH4CI (20 mL).  The resulting mixture was extracted
with diethyl ether (15 mL x 3) and the combined organic layers were dried over anhydrous MgSOQOa.
The solvent was removed under reduced pressure and the residue was purified by column
chromatography (SiO2) with hexane/ethyl acetate (95/5) to give 3b%®as a colorless oil (838 mg, 3.22
mmol, 48% yield).

Spectroscopic characterization of 3a,° 3b,% and 3f%8 is described elsewhere.  Spectroscopic data
of other propargylic carbonates are described below:

=
Ph
OBoc

3c
3c: A colorless oil. tH NMR § 7.31-7.25 (m, 2H), 7.19-7.16 (m, 3H), 5.17-5.15 (m, 1H), 2.65 (t, J = 6.8
Hz, 2H), 2.48 (d, J = 1.9 Hz, 1H), 1.84-1.82 (m, 4H), 1.49 (s, 9H). *C NMR § 152.6, 141.7, 128.38,
128.35, 125.9, 82.8, 80.8, 74.1, 66.5, 35.2, 34.2, 27.7, 26.6. HRMS (EI) Calcd. for C17H2,03 [M]:
274.1569. Found: 274.1580.

Ph é
OBoc
3d
3d: A colorless oil. tH NMR § 7.30-7.25 (m, 2H), 7.20-7.15 (m, 3H), 5.15 (dt, J = 2.2 and 6.8 Hz, 1H),
2.63 (t,J=7.6 Hz, 2H), 2.47 (d, J = 2.2 Hz, 1H), 1.88-1.80 (m, 2H), 1.72-1.61 (m, 2H), 1.57-1.44 (m,
11H). 3C NMR § 152.6, 142.2, 128.33, 128.25, 125.7, 82.7, 80.9, 74.0, 66.6, 35.7, 34.5, 30.9, 27.7,
24.5. HRMS (EI) Calcd. for C1gH2503 [M+H]: 289.1804. Found: 289.1793.

\/\/\/\/\/
OBoc
3e
3e: A colorless oil. 'H NMR § 5.14 (dt, J = 2.1 and 6.7 Hz, 1H), 2.47 (d, J = 2.1 Hz, 1H), 1.84-1.75 (m,
2H), 1.50 (s, 9H), 1.26 (br, 14H), 0.88 (t, J = 6.6 Hz, 3H). **C NMR § 152.6, 82.7, 81.0, 73.9, 66.7, 34.7,

31.8,29.43, 29.39, 29.2, 29.0, 27.7, 24.8, 22.6, 14.1. HRMS (EI) Calcd. for C17H3103 [M+H]: 283.2273.

Found: 283.2266.
/@/\/
B
MeO OBoc

3g
3g: A colorless oil. 'H NMR & 7.19 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 5.30 (dt, J = 2.1 and
7.0 Hz, 1H), 3.78 (s, 3H), 3.12-2.96 (m, 2H), 2.48 (d, J = 2.1 Hz, 1H), 1.46 (s, 9H). 3C NMR & 158.7,
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152.4,130.7, 127.5, 113.8, 82.8, 80.5, 74.8, 67.4, 55.2, 40.3, 27.7. HRMS (EI) Calcd. for C1sH2004 [M]:

276.1362. Found: 276.1355.
/©/\/
Br OBoc

3h

3h: A colorless oil. 'H NMR § 7.43 (d, J = 8.6 Hz, 2H), 7.16 (d, J = 8.6 Hz, 2H), 5.32 (dt, J = 2.1 and
6.9 Hz, 1H), 3.13-2.98 (m, 3H), 1.46 (s, 9H). *C NMR § 152.2, 134.4, 131.44, 131.40, 121.1, 83.0, 80.0,
75.2, 66.7, 40.4, 27.7. HRMS (EI) Calcd. for C1sH1sBrOs [M+H]: 325.0439. Found: 325.0440.

Me

=
OBoc

3i
3i: A colorless oil. 'H NMR § 7.25-7.21 (m, 1H), 7.16-7.11 (m, 3H), 5.38 (dt, J = 2.2 and 7.3 Hz, 1H),
3.21-3.05 (m, 2H), 2.47 (d, J = 2.2 Hz, 1H), 2.37 (s, 3H), 1.44 (s, 9H). **C NMR § 152.3, 136.9, 133.7,
130.5, 130.3, 127.1, 125.8, 82.8, 80.5, 74.7, 66.3, 38.4, 27.7, 19.5. HRMS (EI) Calcd. for C16H2003 [M]:
260.1412. Found: 260.1404.

CbzN

OBoc
3j
3j: A yellow solid, m.p. = 107.4-108.8 °C. *"H NMR & 7.38-7.30 (m, 5H), 5.13 (s, 2H), 5.05 (dd, J = 2.1
and 6.1 Hz, 1H), 4.26 (brd, J = 10.8 Hz, 2H), 2.76 (brt, J = 12.4 Hz, 2H), 2.50 (d, J = 2.1 Hz, 1H), 1.96-
1.72 (m, 3H), 1.52-1.33 (m, 11H). **C NMR § 155.2, 152.6, 136.8, 128.5, 127.9, 127.8, 83.0, 79.0, 75.3,
69.8, 67.1, 43.6. 43.5, 40.1, 27.7, 27.5, 27.0. HRMS (EI) Calcd. for C21H27NOs [M]: 373.1889. Found:
373.1872.

S3



Copper-Catalyzed Enantioselective Propargylic Etherification of Propargylic Carbonates (3) with
Aliphatic Alcohols.
5 mol% CuOTf-1/2C¢Hg

10 mol% L1
7z _ gz
Ph 7 1.2 equiv "Pr,NEt PhV\‘//
OBoc MeOH, -10 °C, 72 h OMe
3b 2b

A typical experimental procedure for the reaction of tert-butyl (5-phenylpent-1-yn-3-yl) carbonate
(3b) with methanol is described below.  In a 20 mL Schlenk flask were placed CuOTf=1/2CesHs (2.6
mg, 0.010 mmol) and (S)-Me-pybox (L1) (5.0 mg, 0.020 mmol) under N..  Anhydrous methanol (1.0
mL) was added, and the mixture was magnetically stirred at 60 °C for 1 h.  After the solution was
cooled to -10 °C, 3b (52.0 mg, 0.200 mmol) in anhydrous methanol (1.0 mL) and diisopropylethylamine
(42.0 uL, 0.240 mmol) were added under N2, and the mixture was keptat -10 °C for 72h.  The reaction
mixture was concentrated under reduced pressure, and the residue was purified by the column
chromatography (SiO,) with hexane/diethyl ether (97/3) to give (3-methoxypent-4-yn-1-yl)benzene
(2b)S° as a pale yellow oil (29.5 mg, 0.169 mmol, 85% yield). [a]*p = —12.3 (¢ = 0.460, CHCI3). The
enantiomeric excess of 2b was determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/'PrOH
= 97/3, flow rate = 1.0 mL/min, A = 254 nm, retention time: 6.7 min (minor) and 7.3 min (major), 81%
ee.

Isolated yields and spectroscopic data of other products (2 and 4) are described below:

/\/\‘/
Ph

2c
2¢: 89% Yield. A colorless oil. *H NMR & 7.30-7.27 (m, 2H), 7.25-7.14 (m, 3H), 3.97-3.91 (m, 1H),
3.39 (s, 3H), 2.65 (t, J = 7.2 Hz, 2H), 2.42 (d, J = 1.9 Hz, 1H), 1.85-1.72 (m, 4H). 3C NMR § 142.1,
128.4, 128.3, 125.8, 82.6, 73.8, 70.9, 56.4, 35.5, 35.0, 26.9. HRMS (EIl) Calcd. for Ci3H10 [M]:
188.1201. Found: 188.1200. [a]®p = —34.1 (c = 0.820, CHCI3). The enantiomeric excess of 2c was
determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/'PrOH = 98/2, flow rate = 1.0 mL/min,

A =254 nm, retention time: 8.2 min (minor) and 9.3 min (major), 78% ee.

Ph\/\/\/
OMe
2d

2d: 88% Yield. A colorless oil. *H NMR § 7.30-7.25 (m, 2H), 7.19-7.14 (m, 3H), 3.93 (dt, J=2.0 and
6.5 Hz, 1H), 3.40 (s, 3H), 2.62 (t, J = 7.6 Hz, 2H), 2.43 (d, J = 2.0 Hz, 1H), 1.80-1.44 (m, 6H). 3C NMR
6 1425, 128.4, 128.3, 125.7, 82.7, 73.7, 71.0, 56.4, 35.8, 35.4, 31.2, 24.9. HRMS (El) Calcd. for
C14H150 [M]: 202.1358. Found: 202.1349. [a]®p = —26.3 (¢ = 1.86, CHCIs). The enantiomeric excess
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of 2d was determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/PrOH = 100/0, flow rate =

1.0 mL/min, A = 254 nm, retention time: 25.8 min (major) and 30.6 min (minor), 79% ee.

é

OMe
2e
2e: 91% Yield. A colorless oil. *H NMR & 3.93 (dt, J = 2.0 and 6.6 Hz, 1H), 3.41 (m, 3H), 2.43 (d, J =
2.0 Hz, 1H), 1.76-1.64 (m, 2H), 1.27 (br, 14H), 0.90-0.85 (brm, 3H). 3C NMR & 82.8, 73.6, 71.1, 56.4,
35.5, 31.9, 29.5, 29.30, 29.29, 25.1, 22.7, 14.1. HRMS (EI) Calcd. for C13sH240 [M]: 196.1827. Found:
196.1832. [a]*p = —38.5 (c = 0.605, CHCls). The enantiomeric excess of 2e was determined by HPLC

analysis after conversion of 2e into triazole 2e’ (vide infra).

/\/
Ph

OMe
2f

2f: 65% Yield. A pale yellow oil. *H NMR & 7.33-7.23 (m, 5H), 4.14 (dt, J = 2.2 and 6.8 Hz, 1H), 3.41
(s, 3H), 3.10-2.94 (m, 2H), 2.45 (d, J = 2.2 Hz, 1H). *3C NMR § 137.0, 129.6, 128.2, 126.6, 82.1, 74.6,
72.0, 56.6, 42.0. HRMS (EI) Calcd. for C11H;20 [M]: 160.0888. Found: 160.0895. [a]®s = —24.6 (¢ =
0.790, CHCIs). The enantiomeric excess of 2f was determined by HPLC analysis; DAICEL Chiralcel
0J-H, hexane/'PrOH = 100/0, flow rate = 1.0 mL/min, A = 254 nm, retention time: 18.5 min (major) and

24.7 min (minor), 94% ee.

A

OMe
2g
29: 73% Yield. A pale yellow oil. *H NMR 7.19 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 4.09 (dt,
J=2.0and 6.7 Hz, 1H), 3.79 (s, 3H), 3.41 (s, 3H), 3.03-2.88 (m, 2H), 2.45 (d, J = 2.0 Hz, 1H). 13C
NMR 6 158.4, 130.6, 129.1, 113.6, 82.2, 74.6, 72.3, 56.6, 55.2, 41.1. HRMS (EI) Calcd. for C12H140>
[M]: 190.0994. Found: 190.0988. [a]®o = —12.3 (c = 1.74, CHCIs3). The enantiomeric excess of 2g was
determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/'lPrOH = 97/3, flow rate = 1.0 mL/min,

A =254 nm, retention time: 13.1 min (major) and 20.6 min (minor), 95% ee.

MeO

=

OMe
2h

Br
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2h: 72% Yield. A pale yellow oil. *H NMR & 7.41 (d, J = 8.5 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 4.10
(dt,J=2.1and 6.5 Hz, 1H), 3.40 (s, 3H), 3.03-2.89 (m, 2H), 2.46 (d, J = 2.1 Hz, 1H). ®*C NMR § 135.9,
131.4, 131.3, 120.7, 81.7, 74.9, 71.6, 56.6, 41.3. HRMS (EIl) Calcd. for C11H11BrO [M]: 237.9993.
Found: 237.9988. [a]®*p = —18.0 (c = 1.16, CHCls). The enantiomeric excess of 2h was determined by
HPLC analysis; DAICEL Chiralpak 1D, hexane/'PrOH = 99/1, flow rate = 1.0 mL/min, A = 254 nm,
retention time: 10.8 min (major) and 12.8 min (minor), 95% ee.

Me

A\

OMe
2j
2i: 89% Yield. A pale yellow oil. 'H NMR § 7.26-7.21 (m, 1H), 7.15-7.12 (m, 3H), 4.14 (dt, J=1.9 and
7.0 Hz, 1H), 3.42 (s, 3H), 3.13-2.96 (m, 2H), 2.44 (d, J = 1.9 Hz, 1H), 2.35 (s, 3H). 3C NMR & 136.7,
135.3, 130.23, 130.16, 126.8, 125.8, 82.2, 74.4, 71.4, 56.6, 39.0, 19.7. HRMS (EI) Calcd. for C1,H140
[M]: 174.1045. Found: 174.1038. [a]®p = —27.3 (c = 1.86, CHCls). The enantiomeric excess of 2i was
determined by HPLC analysis; DAICEL Chiralcel OD, hexane/'PrOH = 100/0, flow rate = 1.0 mL/min,

A =254 nm, retention time: 15.0 min (major) and 17.1 min (minor), 99% ee.

CbzN
=

OMe

2j
2j: 83% Yield. A colorless oil. *H NMR § 7.37-7.30 (m, 5H), 5.13 (s, 2H), 4.24 (brd, J = 11.9 Hz, 2H),
3.75 (dd, J = 2.0 and 5.8 Hz, 1H), 3.41 (s, 3H), 2.76 (brt, J = 13.0 Hz, 2H), 2.46 (d, J = 2.0 Hz, 1H),
1.85-1.73 (m, 3H), 1.50-1.26 (m, 2H). **C NMR § 155.2, 136.9, 128.4, 127.9, 127.8, 80.8, 75.1, 75.0,
66.9, 56.8, 43.8, 43.7, 40.8, 27.8, 27.3. HRMS (EI) Calcd. for C17H,1NOs [M]: 287.1521. Found:
287.1509. [0]?®p = —13.2 (c = 2.71, CHCls). The enantiomeric excess of 2j was determined by HPLC
analysis; DAICEL Chiralpak IC, hexane/'PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention
time: 26.9 min (major) and 28.2 min (minor), 90% ee.

th\‘/
OEt
4b

4h: 63% Yield. A colorless oil. *H NMR § 7.31-7.26 (m, 2H), 7.21-7.16 (m, 3H), 3.99 (dt, J = 2.2 and
6.8 Hz, 1H), 3.86-3.75 (m, 1H), 3.47-3.36 (m, 1H), 2.80 (t, J = 7.8 Hz, 2H), 2.44 (d, J = 2.2 Hz, 1H),
2.15-1.94 (m, 2H), 1.23 (t, J = 7.0 Hz, 3H). C NMR § 141.4, 128.5, 128.4, 125.9, 83.1, 73.5, 68.3,
64.4,37.2,31.3, 15.1. HRMS (EI) Calcd. for C13H160 [M]: 188.1201. Found: 188.1193. [a]®p =— 18.7
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(c=1.03, CHCIs). The enantiomeric excess of 4b was determined by HPLC analysis; DAICEL Chiralcel
OD, hexane/'PrOH = 100/0, flow rate = 1.0 mL/min, A = 254 nm, retention time: 16.9 min (major) and

27.9 min (minor), 80% ee.

/\/
Ph

4f
4f: 57% Yield. A pale yellow oil. 'H NMR § 7.33-7.19 (m, 5H), 4.21 (dt, J = 1.9 and 6.9 Hz, 1H), 3.87-
3.75 (m, 1H), 3.48-3.37 (m, 1H), 3.11-2.93 (M, 2H), 2.41 (d, J = 1.9 Hz, 1H), 1.20 (t, J = 6.9 Hz, 3H).
BCNMR § 137.2,129.6, 128.1, 126.6, 82.7, 74.1, 70.3, 64.5, 42.2, 15.0. HRMS (EI) Calcd. for C12H1,0
[M]: 174.1045. Found: 174.1040. [a]®o = —23.3 (c = 0.800, CHCls). The enantiomeric excess of 4f was
determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/'PrOH = 100/0, flow rate = 1.0 mL/min,

A =254 nm, retention time: 12.9 min (major) and 18.3 min (minor), 93% ee.

Synthesis of Triazole 2e' from 2e.

15 mol% Cul N=N
= 2.0 equiv Pr,NEt ~/N"Bn
+ Bn—N3 >
OMe THF, rt, 28 h OMe
2e 2¢’

In a 20 mL Schlenk flask were placed 3-methoxydodec-1-yne (2e) (30.1 mg, 0.153 mmol), Cul (4.5
mg, 0.024 mmol), and anhydrous THF (1.5 mL) under N..  Diisopropylethylamine (54.0 pL, 0.310
mmol) and benzyl azide (22.5 mg, 0.169 mmol) were added to the solution at room temperature and the
mixture was stirred for 28 h.  Then, saturated aqueous NH4Cl (5 mL) was added to the solution.
The solution was extracted with diethyl ether (10 mL x 3) and the combined organic layers were dried
over anhydrous MgSO,s.  The solvent was removed under reduced pressure and the residue was
purified by column chromatography (SiO,) with hexane/ethyl acetate (75/25) to give 1-benzyl-4-(1-
methoxydecyl)-1H-1,2,3-triazole (2e') as a white solid (46.8 mg, 0.142 mmol, 93% vyield), m.p. 52.6-
54.5 °C.*™H NMR § 7.38-7.36 (m, 4H), 7.28-7.25 (m, 2H), 5.53 (s, 2H), 4.41 (t, J = 6.5 Hz, 1H), 3.26 (s,
3H), 1.82-1.69 (m, 2H), 1.23 (br, 14H), 0.87 (t, J = 6.6 Hz, 3H). 3C NMR § 150.1, 134.7, 129.1, 128.7,
128.0, 120.7, 76.5, 56.8, 54.2, 35.9, 31.9, 29.5, 29.4, 29.3, 25.4, 22.7, 14.1. Anal. Calcd. for C2H31N3O:
C,72.91; H, 9.48; N, 12.75. Found: C, 72.74; H, 9.23; N, 12.53. [a]®p = —21.6 (¢ = 0.105, CHCls). The
enantiomeric excess of 2e" was determined by HPLC analysis; DAICEL Chiralpak ID, hexane/'PrOH =
85/15, flow rate = 1.0 mL/min, A = 254 nm, retention time: 12.1 min (major) and 16.2 min (minor), 80%

€e.
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Copper-Catalyzed Enantioselective Propargylic Etherification of Propargylic Acetate (1a) with
Methanol.
5 mol% CuOTf-1/2CgHg

10 mol% L1
Ph\/ 1.2 equiv 'ProNEt Ph/
OAc MeOH, -20 °C, 72 h OMe
1a 2a

In a 20 mL Schlenk flask were placed CuOTf=1/2CsHs (2.7 mg, 0.011 mmol) and (S)-Me-pybox
(L1) (5.0 mg, 0.020 mmol) under No.  Anhydrous methanol (1.0 mL) was added, and the mixture was
magnetically stirred at 60 °C for 1 h.  After the solution was cooled to -20 °C, 1a (34.9 mg, 0.200
mmol) in anhydrous methanol (1.0 mL) and diisopropylethylamine (42.0 uL, 0.240 mmol) were added
under N, and the mixture was kept at -20 °C for 72 h.  The reaction mixture was concentrated under
reduced pressure, and the residue was purified by the column chromatography (SiO2) with
hexane/diethyl ether (96/4) to give 1-methoxy-1-phenylprop-2-yne (2a)5 as a pale yellow oil (21.1 mg,
0.144 mmol, 72% yield). [o]®p = —34.6 (c = 0.495, CHCI;). The enantiomeric excess of 2a was
determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/PrOH = 97/3, flow rate = 1.0 mL/min,
A =254 nm, retention time: 15.6 min (minor) and 20.4 min (major), 71% ee.

Copper-Catalyzed Enantioselective Propargylic Etherification of Propargylic Carbonates (3) with

Phenols.
5 mol% CuOTf1/2CgHg
10 mol% L1 /\/
= HO 1.2 equiv Pr,NEt D
L S
OBoc oMe MeOH.-10°C,72h \©\
OMe
3f 6a

A typical experimental procedure for the reaction of tert-butyl (1-phenylbut-3-yn-2-yl) carbonate
(3f) with 4-methoxyphenol is described below. In a 20 mL Schlenk flask were placed CuOTf+=
1/2CsHe (2.5 mg, 0.0099 mmol) and (S)-Me-pybox (L1) (5.0 mg, 0.020 mmol) under N..  Anhydrous
methanol (2.0 mL) was added, and the mixture was magnetically stirred at 60 °C for 1 h.  After the
solution was cooled to -10 °C, 4-methoxyphenol (49.4 mg, 0.398 mmol), 3f (48.9 mg, 0.199 mmol), and
diisopropylethylamine (42.0 uL, 0.240 mmol) were added under N, and the mixture was kept at -10 °C
for 72 h.  The solvent was concentrated under reduced pressure, and the residue was purified by the
column chromatography (SiO2) with hexane/diethyl ether (95/5) to give 4-methoxyphenyl 1-phenylbut-
3-yn-2-yl ether (6a) as a colorless oil (38.0 mg, 0.151 mmol, 76% yield). *H NMR & 7.35-7.21 (m,
5H), 6.95-6.89 (m, 2H), 6.83-6.77 (m, 2H), 4.79 (td, J = 6.6 and 1.9 Hz, 1H), 3.75 (s, 3H), 3.27 (dd, J =
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13.6 and 6.6 Hz, 1H), 3.17 (dd, J = 13.6 and 6.6 Hz, 1H), 2.48 (d, J = 1.9 Hz, 1H). *C NMR & 154.6,

151.5, 136.5, 129.7, 128.3, 126.9, 117.4, 114.5, 81.9, 75.2, 69.9, 55.6, 42.1. HRMS (EI) Calcd. for

C17H1602 [M]: 252.1150. Found: 252.1146. [a]®p = —100.7 (c = 0.775, CHCIs). The enantiomeric

excess of 6a was determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/'PrOH = 95/5, flow

rate = 1.0 mL/min, A = 254 nm, retention time: 20.4 min (major) and 24.5 min (minor), 97% ee.
Isolated yields and spectroscopic data of other products (6) are described below:

=

L
6b OMe

6b: 69% Yield. A colorless oil. 'H NMR & 7.32-7.25 (m, 1H), 7.20-7.13 (m, 3H), 6.94-6.88 (m, 2H),
6.83-6.77 (M, 2H), 4.79 (td, J = 6.9 and 2.0 Hz, 1H), 3.75 (s, 3H), 3.31 (dd, J = 14.0 and 6.9 Hz, 1H),
3.20 (dd, J = 14.0 and 6.9 Hz, 1H), 2.48 (d, J = 2.0 Hz, 1H), 2.39 (s, 3H). **C NMR § 154.6, 151.5,
136.8, 134.9, 130.3, 130.2, 127.0, 125.8, 117.3, 114.4, 82.0, 75.0, 69.4, 55.6, 39.2, 19.7. HRMS (EI)
Calcd. for CisH1s02 [M]: 266.1307. Found: 266.1303. [c]®s = —96.6 (c = 1.50, CHCls). The
enantiomeric excess of 6b was determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/PrOH
= 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention time: 15.9 min (major) and 19.7 min (minor),
98% ee.

AN

ON
Ph

6¢c
6¢: 66% Yield. A colorless oil. *H NMR & 7.32-7.23 (m, 3H), 7.17-7.13 (m, 3H), 7.00-6.93 (m, 3H),
4.89 (td, J = 6.9 and 1.9 Hz, 1H), 3.34 (dd, J = 14.0 and 7.0 Hz, 1H), 3.23 (dd, J = 14.0 and 7.0 Hz, 1H),
2.48 (d, J=1.9 Hz, 1H), 2.40 (s, 3H). ®*C NMR & 157.4, 136.8, 134.7, 130.4, 130.3, 129.3, 127.0, 125.6,
121.5, 115.8, 81.8, 75.2, 68.1, 39.1, 19.7. HRMS (EI) Calcd. for C1;H160 [M]: 236.1201. Found:
236.1200. [a]®p = —88.2 (c = 0.910, CHCIs3). The enantiomeric excess of 6¢ was determined by HPLC
analysis; DAICEL Chiralcel 0J-H, hexane/'PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention

time: 8.6 min (major) and 9.3 min (minor), 99% ee.

th\‘/
RO
6d OMe

6d: 88% Yield. A colorless oil. 'H NMR § 7.32-7.17 (m, 5H), 6.98-6.91 (m, 2H), 6.86-6.80 (m, 2H),
4.61 (td, J = 6.8 and 2.0 Hz, 1H), 3.76 (s, 3H), 2.89 (t, J = 7.7 Hz, 2H), 2.49 (d, J = 2.0 Hz, 1H), 2.35-
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2.12 (m, 2H). *C NMR § 154.5, 151.5, 140.9, 128.53, 128.46, 126.1, 117.2, 114.5, 82.2, 74.7, 67.8,
55.6, 37.3, 31.2. HRMS (EIl) Calcd. for C1sH150, [M]: 266.1307. Found: 266.1305. o] = —89.5 (C =
1.60, CHCIs3). The enantiomeric excess of 6d was determined by HPLC analysis; DAICEL Chiralcel
0J-H, hexane/PrOH = 90/10, flow rate = 1.0 mL/min, A = 254 nm, retention time: 16.7 min (major) and
32.4 min (minor), 91% ee.

\/\/\/\/\‘/
L
6e OMe

6e: 69% Yield. A colorless oil. *H NMR & 6.99-6.93 (m, 2H), 6.86-6.80 (m, 2H), 4.62 (td, J = 6.8 and
2.0 Hz, 1H), 3.77 (s, 3H), 2.46 (d, J = 2.0 Hz, 1H), 1.99-1.83 (m, 2H), 1.58-1.48 (m, 2H), 1.31-1.27 (m,
12H), 0.91-0.86 (m, 3H). ®*C NMR § 154.4, 151.7, 117.2, 114.5, 82.6, 74.2, 68.8, 55.7, 35.8, 31.9, 29.51,
29.49, 29.3, 29.2, 25.1, 22.7, 14.1. HRMS (EI) Calcd. for C19H280, [M]: 288.2089. Found: 288.2095.
[0]?°c = —101.6 (c = 1.28, CHCIs). The enantiomeric excess of 6e was determined by HPLC analysis;
DAICEL Chiralcel OD, hexane/'lPrOH = 99/1, flow rate = 1.0 mL/min, A = 254 nm, retention time: 4.6

min (major) and 5.1 min (minor), 93% ee.

/\‘///
Ph

6f

6f: 82% Yield. A colorless oil. *H NMR & 7.37-7.21 (m, 7H), 7.01-6.94 (m, 3H), 4.89 (td, J = 6.8 and
1.9 Hz, 1H), 3.30 (dd, J = 13.8 and 6.8 Hz, 1H), 3.20 (dd, J = 13.8 and 6.8 Hz, 1H), 2.49 (d, J = 1.9 Hz,
1H). 3C NMR § 157.3, 136.4, 129.7, 129.4, 128.3, 126.9, 121.6, 115.8, 81.6, 75.3, 68.7, 42.1. HRMS
(El) Calcd. for Ci16H140 [M]: 222.1045. Found: 222.1055. [a]®c = —118.3 (¢ = 1.19, CHCI3). The
enantiomeric excess of 6f was determined by HPLC analysis; DAICEL Chiralcel OJ-H, hexane/'PrOH
= 98/2, flow rate = 1.0 mL/min, A = 254 nm, retention time: 11.9 min (major) and 13.6 min (minor),
97% ee.

/\/
Ph OMe
O

69
69: 71% Yield. A colorless oil. 'H NMR & 7.39-7.22 (m, 4H), 7.07-6.84 (m, 4H), 4.94 (td, J = 6.8 and
2.2 Hz, 1H), 3.82 (s, 3H), 3.36 (dd, J = 13.5 and 6.8 Hz, 1H), 3.23 (dd, J = 13.5 and 6.8 Hz, 1H), 2.46
(d, J =2.2 Hz, 1H). C NMR & 150.5, 146.7, 136.5, 129.8, 128.2, 126.8, 122.7, 120.7, 117.3, 112.4,
81.7,75.5,70.3, 56.0, 42.1. HRMS (EI) Calcd. for C17H1602 [M]: 252.1150. Found: 252.1139. [a]*p =
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—98.3 (¢ = 1.67, CHCIs). The enantiomeric excess of 6g was determined by HPLC analysis; DAICEL
Chiralcel OJ-H, hexane/'PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention time: 14.1 min

(minor) and 14.9 min (major), 97% ee.

%

Ph

0] OMe

O

6h: 66% Yield. A colorless oil. *H NMR & 7.35-7.13 (m, 6H), 6.61-6.51 (m, 3H), 4.88 (td, J = 6.7 and
1.9 Hz, 1H), 3.76 (s, 3H), 3.29 (dd, J = 13.6 and 6.7 Hz, 1H), 3.18 (dd, J = 13.6 and 6.7 Hz, 1H), 2.49
(d, J=1.9 Hz, 1H). ®*C NMR § 160.7, 158.5, 136.4, 129.75, 129.68, 128.3, 126.9, 107.8, 107.3, 102.2,
81.5, 75.4,68.7, 55.2, 42.0. HRMS (EI) Calcd. for C17H1602 [M]: 252.1150. Found: 252.1160. [a]*p =
—135.4 (c = 1.33, CHCIs). The enantiomeric excess of 6h was determined by HPLC analysis; DAICEL
Chiralcel OD, hexane/'PrOH = 95/5, flow rate = 1.0 mL/min, A =254 nm, retention time: 5.9 min (major)

and 10.4 min (minor), 96% ee.

/\/
Ph
T
6i B

6i: 50% Yield. A colorless oil. *H NMR & 7.36-7.24 (m, 7H), 6.95-6.89 (m, 2H), 4.85 (td, J = 6.8 and
2.0 Hz, 1H), 3.29 (dd, J = 13.9 and 6.8 Hz, 1H), 3.18 (dd, J = 13.9 and 6.8 Hz, 1H), 2.49 (d, J = 1.9 Hz,
1H), 1.28 (s, 9H). *C NMR § 155.1, 144.2, 136.5, 129.7, 128.3, 126.9, 126.2, 115.7, 81.9, 75.2, 68.7,
42.1,34.1, 31.5. HRMS (EI) Calcd. for C2oH220 [M]: 278.1671. Found: 278.1682. [0 = —105.3 (c =
1.20, CHCIs). The enantiomeric excess of 6i was determined by HPLC analysis; DAICEL Chiralcel OJ-
H, hexane/'PrOH = 98/2, flow rate = 1.0 mL/min, A = 254 nm, retention time: 6.3 min (major) and 9.1

u

min (minor), 94% ee.

/\/
Ph
L
6j Ph

6j: 88% Yield. A white solid, m.p. = 52.9-53.8 °C. *H NMR § 7.46-7.39 (m, 4H), 7.34-7.12 (m, 8H),
7.00-6.94 (m, 2H), 4.84 (td, J = 6.8 and 2.0 Hz, 1H), 3.24 (dd, J = 13.9 and 6.8 Hz, 1H), 3.13 (dd, J =
13.9 and 6.8 Hz, 1H), 2.42 (d, J = 2.0 Hz). **C NMR § 156.9, 140.7, 136.4, 134.6, 129.7, 128.7, 128.3,
128.1,126.9, 126.8, 126.7, 116.1, 81.6, 75.5, 68.8, 42.0. HRMS (EI) Calcd. for C;,H150 [M]: 298.1358.
Found: 298.1349. [a]®p = —129.1 (c = 2.03, CHCIs). The enantiomeric excess of 6j was determined by
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HPLC analysis; DAICEL Chiralcel OJ-H, hexane/'PrOH = 90/10, flow rate = 1.0 mL/min, A = 254 nm,

retention time: 26.2 min (major) and 60.2 min (minor), 96% ee.

/\/
Ph
L
6k Br

6k: 57% Yield. A white solid, m.p. = 87.7-88.9 °C. *H NMR § 7.39-7.22 (m, 7H), 6.89-6.83 (m, 2H),
4.83 (td, J=6.7 and 2.2 Hz, 1H), 3.28 (dd, J = 13.8 and 6.7 Hz, 1H), 3.19 (dd, J = 13.8 and 6.7 Hz, 1H),
2.50 (d, J = 2.2 Hz, 1H). ®*C NMR § 156.4, 136.2, 132.2, 129.7, 128.4, 127.0, 117.7, 113.9, 81.1, 75.7,
69.0, 42.0. HRMS (EI) Calcd. for C1sH13BrO [M]: 300.0150. Found: 300.0143. [a]®p = —104.4 (c =
1.69, CHCI3). The enantiomeric excess of 6k was determined by HPLC analysis; DAICEL Chiralcel
0J-H, hexane/PrOH = 90/10, flow rate = 1.0 mL/min, A = 254 nm, retention time: 9.1 min (major) and

12.5 min (minor), 98% ee.

Investigation of Nonlinear Effect.
Experimental details of catalytic reactions of 3b with methanol using L1 with various ee values are

summarized in Table S1.

Table S1. Nonlinear repationship between the ee value of
L1 and the ee value of 2b.[@

5 mol% CuOTf-1/2CgHg

0,
Ph = 10 mol(o L1 Ph =
1.2 equiv 'PryNEt

2:00 MeOH, -10 °C. 72 h OMe

2b

Entry eeof L1 (%) Yield of 2b(%)! ee of 2b (%)

1 19 67 25
2 42 78 52
3 60 76 67
4 80 82 76
5 100 85 81

[a] Reactions of 3b (0.20 mmol) in the presence of
CuOTf-1/2CgHg (0.01 mmol), L1 (0.02 mmol), and ‘Pr,NEt
(0.24 mmol) was carried out in MeOH (2 mL) at -10 °C [b]
Isolated yield. [c] Determined by HPLC.
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Synthesis of [Cuz(L2)2][OTf]. (5).

In a 50 mL Schlenk flask were placed CuOTf=1/2CsHs (125.6 mg, 0.499 mmol) and anhydrous
CH.CI; (25 mL) under N2.  (S)-Ph-pybox (L2) (185.0 mg, 0.501 mmol) was added to the solution, and
then the mixture was magnetically stirred at room temperature for 1 h. The solution was
concentrated in vacuo to about ca. 2 mL.  Slow addition of diethyl ether (50 mL) to the obtained
solution afforded a brown crystalline solid, which was collected by filtration and washed with diethyl
ether (10 mL x 3) and dried in vacuo to afford [Cuz(L2),][OTf]. (5a)%!? as a brown solid (249.6 mg,
0.214 mmol, 86% yield).

Preparation of Optically Active Propargylic Ethers (R)-2a.

_ 1.1 equiv NaH _
Ph// 1.5 equiv Mel Ph//
: —_— :

OH THF OMe

(S)-2a
36% yield, >99%ee

(S)-1-phenylprop-2-yn-1-ol

In a 20 mL Schlenk flask were placed sodium hydride (60% dispersion in paraffin liquid, 132 mg,
3.30 mmol) and anhydrous THF (15 mL) under N2.  (S)-1-Phenylprop-2-yn-1-ol (326 mg, 2.03 mmol)
was added to the solution at 0 °C and the mixture was stirred at 0 °C for 30 min.  lodomethane (280
pL, 4.50 mmol) was added to the solution and the mixture was stirred at room temperature for 4 h.
Then, the reaction was quenched by saturated aqueous NH4CI (10 mL).  The solution was extracted
with diethyl either (20 mL x 3) and the combined organic layers were dried over anhydrous MgSQO..
The solvent was removed under reduced pressure and the residue was purified by column
chromatography (SiO.) with hexane/ethyl acetate (97/3) to give (S)-1-methoxy-1-penylprop-2-yne ((S)-
2a) as a colorless oil (162 mg, 1.11 mmol, 37% vyield). [a]*®> = +48.6 (¢ = 0.530, CHCI3). The
enantiomeric excess of (S)-2a was determined by HPLC analysis; DAICEL Chiralcel OJ-H,
hexane/'PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm, retention time: 15.6 min (major; the peak of

minor isomer was not observed), >99% ee.
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Preparation of Optically Active Propargylic Ethers (R)-2b.

1.1 equiv NaH
Pho_~_"Z 15equvMel Ph _~_7Z
OH THF OMe
87% ee (R)-2b

81% yield, 90% ee

In a 20 mL Schlenk flask were placed sodium hydride (60% dispersion in paraffin liquid, 89.3 mg,
2.23 mmol) and anhydrous THF (10 mL) under N2.  (R)-5-phenylpent-1-yn-3-ol (326 mg, 2.03 mmol,
87% ee) was added to the solution at 0 °C and the mixture was stirred at 0 °C for 30 min.  lodomethane
(190 pL, 2.99 mmol) was added to the solution and the mixture was stirred at room temperature for 4 h.
Then, the reaction was quenched by saturated aqueous NH4CI (10 mL).  The solution was extracted
with diethyl either (10 mL x 3) and the combined organic layers were dried over anhydrous MgSQO..
The solvent was removed under reduced pressure and the residue was purified by column
chromatography (SiO.) with hexane/ethyl acetate (97/3) to give (R)-(3-methoxypent-4-yn-1-yl)benzene
((R)-2b) as a colorless oil (286 mg, 1.64 mmol, 81% vyield). [a]*p = +13.8 (c = 0.810, CHCIs). The
enantiomeric excess of (R)-2b was determined by HPLC analysis; DAICEL Chiralcel OJ-H,
hexane/'PrOH = 97/3, flow rate = 1.0 mL/min, A = 254 nm, retention time: 6.9 min (major) and 7.6 min
(minor), 90% ee.

X-ray Diffraction Studies.

Crystals of 5 and 6k suitable for X-ray analyses were obtained by recrystallization from CH>Cl»-
Et,O (5) and slow evaporation from Et,O (6k).  Diffraction data were collected for the 2 & range of 6
to 55° on a Rigaku R-AXIS RAPID imaging plate area detector with graphite monochromated Cu-K «
(1 = 0.71075 A) radiation with VariMax optics. Intensity data were corrected for empirical
absorptions, and for Lorentz and polarization effects. Structure solutions and refinements were
carried out by using CrystalStructure package.5" The positions of non-hydrogen atoms were
determined by direct methods (SHELX97 (5), SIR-97 (6k))'* and subsequent Fourier synthesis, and
were refined on F,,? using all the unique reflections by full-matrix least squares with anisotropic thermal
paramteters.  All the hydrogen atoms were placed at the calculated positions with fixed isotropic
parameters.  Anomalous dispersion effects were included in F., and neutral atom scattering factors
and the values for A’ and Af”” were taken from ref. S15.  ORTEP drawings of 5 and 6k are depicted
in Figures S1 and S2.  Refinement of the Flack parameterS'® for 6k was refined to the value of
0.018(9), which clearly suggests that the absolute configuration of the major isomer of 6k is (S) as
shown in Figures S2.  Details of the crystal and data collection parameters are summarized in Table

S2.
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Table S2.

compound

chemical formula
formula weight
crystal size

crystal color, habit
crystal system

space group

a (A)

b (A)

c(A)

o (deg)

/3 (deg)

7 (deg)

V (A%

Z

Dcatcd (g cm~5)

F(000)

Healea (€M)

radiation

temperature (°C)
transmission factors rage
no. measured reflections
no. unique reflections

no. refined parameters

5
Cu8H39CU2FeN6010.50S2
1173.07
0.34x0.21x0.18
orange, block
orthorhombic
P21212; (#19)
15.7607(8)
16.9627(9)
18.295(1)

90

90

90

4890.9(5)

4

1.593

2388.00

10.442

Mo-Ka (4 =0.71075 A)
-150.0

0.341-0.829

39722

10707 (Rint = 0.0690)
690

6k

C16H13Bro
301.18
0.20x0.10 x 0.05
colorless, block
orthorhombic
P212:2; (#19)
4.61(2)

10.41(3)

27.47(7)

90

90

90

1318(6)

4

1.518

608.00

31.130

Mo-Ka (4 =0.71075 A)
-150.0
0.466-0.856
12837

2976 (Rint = 0.0451)
177

R1 (I > 25(1))? 0.1089 0.0289
WR2 (all data)P 0.1899 0.0669
GOF* 1.000 1.000
max/min residual peaks (e /A%)  +2.25/-1.62 +0.70/-0.49

AR1 = Z||Fo|~|Fll/Z[Fo-
b WR2 = [Z(W(Fo?—Fc?)2)/Zw(Fo?)?]¥2; w = 4F2/[pFo*+qo(Fo?)]; p = 0 (5), 0.003 (6k); g = 7.92 (5), 1 (6K).
¢ GOF = [ZW(FOZ_FCZ)Z/(NobS_Nparams)]llz.
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Figure S1. ORTEP drawing of cationic part of 5. All hydrogen atoms were omitted for clarity.

Figure S2. ORTEP drawing of 6k.
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'H and 3C NMR Spectra.

3c:

O~ u 0 Y

o S SO SO S 5

5.174

168

5.150

. 491

0.000

PPM

7} - m o
=L, ; LB
e ) ©
0 o m m
o~ —t <o @
n = N N

W

_\125.{}'-)1

< 0 o
Do
N O &
O 0 ~

/

66.506

~ un
)
o~
[Ty I~
M o™

N

27.747

T™~N_ 26.612

PPM




3d:

Q00" 0
mmq._J/r
GG
PGb 1
£25°1

f A=k
9£G° T

[5G T

2992
I21°S
[STA
0 ) B
rS1°S
LLT S
6L1"S
25T L
[S12] B A
G614
LwZ L
PSZ L
LSZ° L
ELE L
LOE"L

CLS T
1191
6£9°1
G99
969" 1
XN
g6L"1
AR
258" 1
6L8°1
GAr " ¢
LLE 2
965" ¢
629" ¢

._:.N

6L70

-

PPM

—

10

25 12
£2L° L2

18870¢
£0F"kE

GLI°GE

Nz

245799
£20° kL
TES9L
000" £LL
69k LL
288708
669" 28

SN2

moc.mx_l/

15278Z1

S

GZE° 821

Stz Zv1i—

69657251

PPM

25

50

75

|
100

I
125

|
150

|
175




3e

6L870

P9z 1
66k "1
I

200" 0-
000" :yr

PGa 0
M.CQ.:MK
2y AT

]
Z2
0ES "1

peL 1
09471
08L°1
€6L 1
L0871
aratl
FEQT I
£raTl
69k 2

LLW™ 2

SLL*S
£21°9
GET™S
Lb1l"S
Ga1°9

ZLT S

652" L

PO

PPM

—

10

£90° 1
2€9°2¢
e we
LEL"LZ
298° L2
Agn "6z

PPM

2 VA AN YA
Z6£° 62
£EER 62
GEQ'TE

G697 RE

LEL™99
£08° €L
TEG9L
000" LL
69k LL
[Zo"1a
859" 28

L2997 291

S ey

75

I
100

I
125

|
150

|
200




30:

00o0”

GLk”
£8k°
£96°
a66 "
F10°
Zr0°
690°
Fe0”
(3 1
£8L"

89z
QLZ"
£62°
[og”
6lE”
LZE"

Fear”
L6ars
aLr’
ares

992’ L

MMM MMM NN NN

n N oun

)

N un

VARV

[ S ]

- —

a0

60°z ™ -=

il

a0° 1

— i
ar°2
i e

ar- e

PPM

—

10

o6m

aar”

aLe”
roa”
[E€G°
ooo0-”
698"
£L8v*
[8L"

LLL:

618"

LL97

2 0b

LG

0g

N2 |

ELL

o=

OEL—"

GGETZ51
£99°851

PPM

I
50

75




3h:

a900° ClHVI

100" 0-

a5y’
£0F”

GES”
[rS°
6ar "
LeF"
€86°
800°
EEO”
£650°
LLO7
€0t
az1°

™~

RCNOEPERNUE

i\ N

MmO Mmoo M

68Z”°
LeZ”
STE”
22¢€"
opE”
ape”

) N on

n N oun

o1’
ZLT”
AR
09z-
ark”
05k "

Ay U

o O S

668

001

PPM

—

LS9 12
LERTOF ——
£8aag
06164 J/r
[£6°9L Hﬂw
Q00" LL #
LLBT L L\ﬁ
£10° 08 L\W
L8628
ZLO T2T—
_:v._m_HV|
va._m_L\l
616" bEl
avz"z51

PPM

25

50

75




3i:

i

00s*
FLE®
a9k’
Fib”
£50°
180"
SOT1°
ZEL®
astr’
€81
are-s

05¢e”
1G€ "
LLE”
GaE”
Ok "
FA N
ZLL"
0ET”
v’
Lst*
E9E:
€12’
0ze-”
aze”
arz-”

AL

M MMM MM M

66" _af

21

PPM

—

10

95€"

Zre
1L

TESG S

N
TLL W
7

000
6917
0Ll "

0647

=o°
(472
162"
LES®

G697

LED7C

90£ "¢

(X4

[==]
~

L]

L

LL
ag

PPM

I
50




FEE”
PeE”"
ek’
a5k "
rel”
fAAT
8z9°"

1

FeL”
LeL”®
rZa”
Ligrs
a966°”
a6k’
0§ "
¥ 5 A
asL”
€08’
(0]
08e”
[£0"
aeo”
£50°
[90°
92z1°

0az-
S6e”
[og”
£E£E”
ase”
65E°

SLE?

- -

n

) N N

[ts}

P~~~ -

g2 WS g haan i

[ 5o

£L0°6G

PPM

—

"LZ
TLZ

LSO"
628"
LkE
LES
Qoo”
69"
oF0-”
Z10°

apg-”
6E6 "
LSE*
218"

oS "
a91”

L2
el
e
5T ER

"SL
9L

£9

69

LL
T A
6L
£

S VP

PPM

I
50

75

I
100

I
125




2cC:

00o0”

124"
65L"
noL”
£aL”
spa”
0zb”
LLy”
FALR
9pa -

[

N = o o -

L9’
Pee”
£16°
LEG”
66567

896"

e’
£ L
€6l”
ke

892" 4

aog”
FOE"

o~

A L

M MMM M

AL

001

PPM

Zr0

I 115

906"
B 608 -"
£29°
— 000
SR

- 6557

64L"

3

|72

B9g
TR
Bhas

*9E€

mN_I/I

[GE"

SLOT

—

C.\_I\l

a1

vl

PPM

I
50

75

I
100

I
125




2d:

aoo”
SER”
LR
L8k
a808”
£rS”
raq”
009 -°
A
FG9 "
£59°
689"
LOLT
ZEL®
aGL”
Ll ”

agL’
rog-
£Zr”
0Lk "
G687
A
[G9°
PO "
668"
906"
£26°
[E6"
Lwe”
G667

A A0

e 05

90" €

PPM

LLB VT ——

- LLESVE g
EIETEE
— e G18°G¢

L6670L A/I
3 LZLTEL I/I

£25°94

— 000" LL

Gab"LL \.

B L9 28

2597 GZT\
| SN.:N_V

99€£°821

05 2T

—

PPM

I
50

75

|
100

I
125

|
150




2e:

64870
Z06°0
997"
LbbT 1
Ghed

.

Gk € g

£99°
FL9 "
£89°
a69°
Z1L"
ZEL’
[wL”
LGL”
TR A

N T I G e S e

¥

_MQHNI&

Ol €
868" ¢
906" £
£Z67 ¢
0€6" £
LbGTE

G667 £

292 L

PPM

—

6L0° b1
LG9 NN|/|
A .n&u//
G0Z16+ /N
VAl 7 I\\
[S15) 7 GN\I
940 :x\
ITe e
66E79G
0zt1” :./l
maq_.:W/u
£26° 947
000" L4
2;.2.\.
908" 28

PPM

I
50

75




2f:

ooo-*

LES”®

Evl”
[Sk°

76"
996" 2

266" ¢

L1O”7

EETan

[

ZL0°
L60°
£1r”
orr-
2 A o
QET”
£ 2 B
oar-

6ZZ° L
6oz L
992" L
1%L
08¢ L
a6z L
0EE" L

a0 " €

PPM

—

10

996"

G66°

910’
6657
9L

LE£S

000
(5320 o
280"

ZL
L

LL
LL
28

A

PPM

I
50

75

I
100

I
125




29:

0oo-*

FASN
Ebl”
a5k "
Z2aa-°
L0067
ZE6"
a56°"

£86°

0o

260

T : =
802 IJ.JJ.J.

P

FEO”
BOR £
Z64L°
290°
690"
980"
Fe0”
1594 52
6L

[T SO

N

Y

660

PPM

—

aL0°

ael”
LS

892"

000
S0
90z"

SF9-°

a0k "

68T

0Ll

a91

PPM

I
50

75




2h:

}|
ok

/

£6°0

96" 1

900"
[£0°
[Ok"
ZL0°
0ao-”
L6607
rOt "
A
az1°

O£l
291
£L92
00
[ER"

g 5
A _
s g—H6" 1 |.|||ﬁ

;.HW 26" 1 )

L
J

L~ O B~ i~ (L ok~ L 0 TR L 3

PPM

—

262"

ae9

Les”
£06”
[EG"

0o0a-
LLE"
QZL”

699

98ez”

02t

LE]

89¢g”
Z2E6°

LE1
SET

PPM

I
50

75




2i

2€9° T
PSE"Z
QER "2
5 2 A
a6 2
066" 2
STO0"E
IO E
a5
[80° €
LOT°E
ZET"E
SIk°E
FA R
S8 0
QEl "W
apr°v
[ZER I
I B

2 B B A
ORl "4
LST* L
602" L4
LTZ L
922" L
vEZ" L
ke L
962" L

Sy 280 L9859 )

I
7
. e s——
10
O 2670
L0°2Z =
EQ €
\A -F_ »Jllllol’-l.'i
16
2 -
—— =Y
6E°T

PPM

—

€996l ——

6E0"6E —

Er9°949

80k 1L
92w kL

£25°9L

Q00" LL
69" LL
aez"ea

S

_mh.mm_l/l
£9L7921T

641 .cm_wl

EEZT0ET

me.mm_u\\l

ETL79E]

PPM

I
50

75

|
100

I
125

|
150




Q00" 0——

21w
ZEL
0L
PSL
[9L"E
fAA A
9921

e21°s

4
A
q08°2
%
"€
o 5
34

092" L
00€" £
ZeE L
0S€° LY
096" £
Q9E° L
6IE" L

002

PPM

10

9EE° L2
128" LEZ

£28° 0k
SELTER
LIL ER

NV

8LLT9G
FEG"99
LLG6 " RL
G21°SL
£2G6°9L
000" L1
69" LL
064708

e |

vhb.m.x_l/

988 n..o_l\

66£°021
€689

BT 641

PPM

75

|
100

I
125

|
150

|
175




4b:

Z00° n_lyl
0000

MY D= m
L H TN
i - - R R

3
o
Z
LeL’?Z
9z8°"¢
98€" €
S6E"E
£
: {5
£
£
; ¢
LT E
SLLE
2L E
108" €
608" £
9287 €
GEaQ"E

G670
G0

PPM

—

881 " LE

ZGE" K9
LOET89
L2G°EL
(G ag

PPM

000" LL
69" LL
arr-ea

S0/

m_Au.mN_l/

FLe azl
P16 821

21 S B R

75

|
100

I
125

|
150

|
200




4f:

aooto

GLTTT
T0Z°1
9zZZ "1
£€9°1
60k "2
9Tk "¢ -
1€6°2
L5672
2867 ¢
g00°¢
£€0°€

a50°¢
Fa0 e
HOTZET
[LEE— =
LBETE
Zin e
€l "¢
Gk "€
0% E
€84 °E
6LL°E
08 "€
£ra°e
6E07¢

LT "I
917k
102 "1
90Z '

Léc ﬂlﬂ

FEZ
061" L
g0z L
FAPFAN R
082" L
§92°L
08z "L
FLSY A,
Z0E° L
CEETL

A

PPM

[— o

600751 —

a1 "2k

051 "9
F1E0L W
1T 1L =

[£5°9L

0007 L1

691 " LL I\l

a1Lza

249 ..:N_I(

clcammara
I\I

a19°6Z1

991 LE]

PPM

75

I
100




2e":

aoo-”

apa’
LLe”
9G6H1

[ T

0
:%
o—"

At

ez
666"
£69
b L
0af
a6L"
[SARZE

9z

agg”
0rE”
FER”

[SYAT

S}y
292°

¥ Ar AR

29€E”°
OLE"

P

=

A
L

L
L

2

80" ¢

aa- e

U

PPM

—

aa0 " k#71
£659°2¢
FGETGZ
LLZ 62
LIt 6e
bl "6Z
T
968°G¢

S\

291 ° kS
L4799

\/

LS 9L

1£5°9L

000" LL
69" LL

N2

OTL 02T e

966" L2
mCh.rN_I/IMI
a0t .SNdI\I

069" RFET

LL070G1

PPM

I
50

75




6a

000" 0—

060

i

9€6°79
669

0GE" 4

|
!
|

00" €

PPM

—

LET" 2k

FE9" GG

L2669
L0Z°SL
LEG 9L
000" LL
6" LL
FEGT T8

Sy

a1
T

BLE L=

mmm_.ux_l/

YASY v
S

069671
6pGacT—"

e IeT——

L9G BST—

PPM

I
100

I
125

|
150




6b:

ooo” :I/'

ZL070

0aqg* |/| T e
FeE" 2

Liv ¢

G8k" ¢

6ST° €

€81 " € II.
112" ¢ B
GEZ" ¢

GLZ ¢

Z0E" € = 2
L2E"€ e 160

PQETE

[GL" € =
FOL™ =
[LL

064" b 00" € s
LeLT T

AR R

2481

ZLL9 g =
9849

FeL™9

018°"9

6189

2€8°9

64879

£68°9

20679

a16°9

92679

621" 4

9P1° L

28T L

€9T° L

5 5] '

are" L

(0 [=}. A A

€92 L

ELZ°L

182" L

06Z" L

Z0E "L

a0g" L

PPM

10

GZL 6l

L1 6L

£F9°6S

£6E769
920764
[EG 9L
000" £LL
B9k LL
16028

Sy

pEb " b1l

apET LT T——
[pa ,m_J/r
256" 921—=
GEZ 0ET
:qm.cM_L\1
G5 el
9GL AE]
65 16T ——
LG BGT—

PPM

75

|
100

I
125

|
150




6C

000" 0—

€15°1
otz
Lik "2
OR "z
681 "€
Rlzoc

877 S
99z7€
L6Z°E
£Z€°¢
6lE"E
GLE'E
099 "7
L9871
G087
26071
T16°1
a16 "1
E6™9
ge6'9
£96°9
16679
2007 L
GZT°L
TeT"L
arT L
65
691 "L
§e¢Z°L
LEZTL
apZ "L
992 "L
€92 L
0Lz L
98z "L
G6Z7L
£0E° L
0TE L
TZ2E"L

-

VR S P W a5

PEM

[— a

arL el —

FOT"6E —

b60"89 ~\
BLTGL

[£G° 9L HMH
000" L4 Hmm
GO LL L\ﬁ
0LL718

mwm.cm_L\ﬁ

LEL FEL
Z1879¢€1

ZLETLST

PPM

25

50

75

150

175



6d:

aoo” CI/I
£L07 CI(

0ag°1
FA R A
ELT" 2
961" 2
P02 2
222'2
L22°2
ZE2°2
(5] A

9LZ'2
£0E° 2
LZE"Z
agr " 2
96k 2
998" ¢

vGo- Nuw

L4672
PAL"E
aLs

‘v
Sas°k
£09°
609" 1
929"V

£E9°
608°9
argta
FEa"9
£r8°9
968°9
PI659
LZ6"9
9€6:%9
£5679
[96°9
GL679
OLT" L
G614
1Z22° L
0FZ" L
[92°L
ELZ" L
S8Z° L
GLE™L

.‘:u._‘_rfJJ =

6671 >
[0°2

PPM

—

v 1e ——
292°LE —

F€9 7G99

AGL7 L9
969" kL
[EGT9L
000" LL
69" LL
68128

N

POr PIT——
P T e ) ) e

Pa0T 9z~ _

PPM

G891 C.o_l\.

[£G78Z1

Or6e "0k

e IeT——

ST rST—

25

50

75

100

125

150

175



be:

) &
o

) —o
28870
50670 i 960" 1
2L §99°22
PTE"T
LLbT

682762

PPM

[6k 62
L0S° 62
9487 T¢
6FLGE

\
j

1999

un

)
-
un

Zr8° a9
L QZZ kL

N

T == :n.:bw
e ol

A

Q00" L4
LLT LA
2697

001 Y T

50

75

100

o
is]
> O~ R~ S~ - G~ R o B o AN o I B | R

619

96 C6F P11
6£9 —w 06T L11
apg

0

SOL TST——
1T bST—"
—

125




6f:

0000

Lo 0—"
AR
LBS T
06b " Z
L6V
RIS
pal" €
112" €
9£2'€
£€92° ¢
602" €
pIE €
6EEE
298"
0£L8°"
L£08° v
S68° b

£16°
cNo.qHﬂ
26679 f
9p6 "9
zL67 9
086797
Lee” ,n.J
6669

G00" L

06°0

002

PPM

—

10

ee0er T

699789
GEETGL
LEG 9L

Q00" L4
69F " LL
g€£9°18

4

[r8 STT_
ELS T2\
2067921\ _

LIE"RZT——

mmm.ox_u\
m_n.oN_L\1

9Zr°9€l

LBFET LS

PPM

75

I
100

I
125

|
150

|
200




69:

0000
GG
a5k "2
ol "z

161"
LTZE
e €
L9z’
Lagy
15
LLE"E
1ok
Z2za”
406"
G161
ZE671
6E6 I

%

060

6670
660

a5o v

are "9
66"

GL6°

94679
00" L
a0 L
690" L
Lie L
6RZ L
#s%
£92°L
6927 L
9Lz L
P8z L

6

g T e

PPM

=]

— ™

= ol

a0ty ——

00" 9g

862" 0L |/|
G676 |/|
TEG 9L N\

000° LL

LI LL |\w

FOLTTE

GUE el _I/I
NNM.:_I/l
m_:..:N_I/I

9TL"ZZT—~Z
2107921 ———

:m_l\
0£g” c\_l\u

005 "9€1
QEL 9T ——
L6l 051

PPM

75




6h:

000" 0
TEGT
06l "2
L6172
LETTE
OLT €
L617E
12Z2°¢€
ape e
pLZ €
662 ¢
|/ TASES
6GL7E
681
958 "1
Loy
199°1

R

/

0"

6601
906 "1

059
60579
S15°9
59
g ‘
9559
£L57°9
28979
£09°9
409°9
=

1ta 9
ZET L

@nta o
261"
| A
LEGS
AT
192°
raz-”
wLe”
192"
LeZ"
aQg "
a1e”
L2EL
ape- L

L
L
L
T
L
L
L
L
L
L
L
L

00°E

PEM

— ™

— o

166711

apz 59 —

c:n:: J/r
a0g " g1

1€S 9L HMW
000" LL %
6al " L1 .L\w

arsti1e

1€£2°20T—~_
952" L0T~_
#98 " L0T

\

20679¢1
60€ 821

Z _.oN_N
aw L .cm_l\|

296791

0SS "85 1T ™~—

PEM

I
100




6i:

ooo*

rae

GO8°
6l ”
(A7
ar-
261"
91z
6lre”
BLe”
6627
§Ze”
0ze”
gz8-
Sre-”
£98°
0L8"
g.8°
2689
1706 "¢
[16°¢
62674
9£6°9
are”
9ge”
6ke”
692"
99z
91z
£62°
rog-
LTE"
ree”
LrE”
§GE”"

96

00°T ™ 9

a0 Sies S

67" L {IFLIJ =

PPM

— a

X9l Pl

960"

GELT
Ll

LES "
LL
LL
g

aoo”
691"
016"

L£aT=

PST”

190 °¢

a9

G

Z62°
LOLT

2EG " T

S0¢°

a1r-g

PEM

50




oo "o

Lag” _|/|
6l "2
FRATREA
60" €
a11°€
Gk17E
691°€
L6T7E
[ A
17 F A
Lz €
118t
a18°'r
9c£g "
Zr8k
1989 "1
g9g
69
G56°9
£96°9
08679

681" L
661°

PEM

h

P60

60"z ﬁ

L)

€T
G921
182" L
QLE" L
EEETL
60E "L
00F " L
a0 " L
9zl " L
1€k "L
bl " L
aGk " L

19 " L

[— o

PEM

60T ey ——

T1£5

G50°911
0€L 7921
£9L°921
GE6°9Z21
_hn..D bl ¥ b |
£€€°9¢1
1997021
LOLT6Z]
69 REl
09€°9€1
697011
0L8°991

!

75

I
100




6k:

0007 0™~—_
1La°0

o

AT YA S
09¢°¢
|FSY A
6TE"E
08 "1
118"t
aza°1
9cg "I
£989°¢1
190 "1
££0
arg
£50
1L8°¢
6,879
160°¢
122
6EZ° L

- ol

=

=

s el

060

i i - =
902 ~

00°T s

e

0 @ = Mo
=~ W0 un ¥ NN
MMM mm

e e el B e b e

PPM

=]

RS )

[— a

GL6TIF —

£20°69

000" LL
69 " LL
ozZr 1o

9961, 1/|
1€5 9L 1/.

LTeSETT=—

9LL LT

6007 LZ1 I/I

99¢ "gZ1———

Fraoal

061 .ﬁ._u\x

LLL YE]

A7 P

PPM

75




HPLC Charts.

2b:

MS~638

2b(rac):

CH.

1 C.5

OT-H  hexane(IPA = 3 hooowtfun

5.88 ATT 7 OFFs5 B BBs32-80

5p

5:83

5 .68

D-2588

METHOD =

FILE:

NO .
7 5 .68
3 7 .26

TRE: 43 CH: 1

8 CALC-METHOD: RRERAX% TRBLE: 8

RT ARER
294532
277337

CONC
9.5688
98 .408

BC
BY
UB

TOTARL

PERK

M

385739
10888

186 .898
REJ =

S~ Goo

CH.

O1-H

t C.5

hexave/ IPA = 2743

3.88 ATT 7 OFFS B8

D-25@88a

METHOD: TRG: 13 CH:

FILE: 8 CALC-METHOD: RRERZ TRBLE:
NO . RT
4 6.12
3 6 .59

TOTAL

RARER
128723
123875

CONC
58 .559
49 .441

BC
BU
uB

234598
3Bgan

188 .888
PERK REJ :

CONC:

1

(000 wl/win

B3-30-289

8

20:47

Ba-32-88

RRER

B3:13

CONC:

B3-3B/28

RRER

28:47 -

B3:18

O<c1i —600€

(®
@



2C:

ms-692-2  OF-H hexone/ IPA*=P8/2 (060 /i -

CH. 1 C.5 2.58 RTT 8 OFF5 8 98-s33%/80 22319

z28 9.38
p-2508 PB-39-8@ 22:19
METHOD: TAG: 51 CH: 1
FILE: @ CALC-METHOD: RREAZ TABLE: @ CONC: ARER
MO . RT ARER CONC BC

7 8.20 532683 18.847 BB

8 9.38 561184 39.153 BB
TOTAL

629372 188 .288

PEAK REJ : 50000

2c(rac):

MS~604 . OF-H  hexone/IPA = 9¥2 (060 nl/min

CH. 1 C.5 2.50 ATT 7 OFFS 9 08/34/00 00:26
9 .43

1y

19.32
D-2500 PB/34/,08 00:26
METHOD: TAG: 42 CH: 1
FILE: ® CALC-METHOD: AREA% TABLE: @ CONC: AREA
NO . RT AREA CONC BC
18 7.91 90590 51.981 BUY
12 9.19 83686 48.819 BB

TOTAL
174276 100 .000
PERK REJ = 50008



2d:

Ms-'70] OF-H  hexane /IPA= (00 /0 (60wl

CH. 1 C.5 1.25 ATT 7 OFFS B BB/48/880 B2:42

5:8%
P3N

18:55
2010
23.16

25.738
D-2508 BB-/4B-88 B2:42
METHOD = TRG: 54 CH: 1
FILE: @ CALC-METHOD: ARERZX TRBLE: 8 CONC: RARER
NO . RT ARER CONC BC

18 25.78 1132383 39.721 BB

11 38.56 135585 19.279 BB
TOTAL

1313388 198 .8880

PERK REJ : 58889

2d(rac):

MS-700-2  GT-H hexane (TPh =000 (000wl s, -

CH. 1 C.5 1.25 ATT 8 OFF5 B 83-48-88 Bi:17

9 .30
tEH
23 .63
26 .25
3 .72
D-2508
B8/48-080 @1:17
METHOD: TRG: 32 CH: 1
FILE: @ CALC-METHOD: ARERAX TABLE: B  CONC: ARERA
ND . RT ARER C
ONC  BC
i? 53.26 328663 48 .431 BB
.72 962911
. 51.569 BB

1891574 188,
PERK REJ : 500888 oee

o2l —600€




2f:

MS-686-8-2 oT-H hexone /TPA = (oo /0 [.000 wd/mwn
CH. 1 C.5 2.580 ATT 8 O0OFFS B ©B,/29.808 23:23
A3
4.32 i
6.91 8
8.89
r ®
|
t3:43 ey
) N
0
18 .47 0
F @
24 .68
27 .11
a
D-2500 8B/29,00 23:23
METHOD: TAG: 48 CH: 1
FILE: @ CALC-METHOD: AREA% TABLE: @ CONC: RARER
NOD . RT ARERA CONC  BC
5 8.89 71424 4.641 BB
8 18.47 1424943 92.599 BB
9 24.563 42461 2.759 BB
TOTAL ,
1538828 100 .980
PERK REJ : 20000
2f(rac):
MS‘ 614~B OJ-~H hexane (07 |coo Wl
CH. 1 C.5 2.58 ATT 7 OFFS ® ®88,11,88 B2:31
g:eg
?.P sgé
13.92
19.38
24 .35
S.P 1688
D-2588 88-11-88 @2:31
METHOD: TAG: 14 CH:
FILE: 8 CALC-METHOD: AREAZ TRBLE: @ CONC: RARER
NO . RT ARERA CONC BC
9 9.33 71893 25.451 UB
11 19.38 185383 37.275 BB
12 24.35 185300 37.274 BB
TOTAL
282581 198 .280
PERK REJ : 560880




29:

2g(rac):

MS-126  OFH  hexae/IPA= ¥7/3 (000 wlfuim

CH. 1 C.5 1.25 ATT 9 OFF5 B ©8B-s58s,9@ 23:32

i

{—— 13.12
p-2588
METHOD: TAG: 31 CH: 1
FILE: @ CRALC-METHOD: RRERX TRBLE: @ CONC:
NO . RT RRER CONC BC

12 13.12 2953468 97 .429 BV

16 28.58 78342 2.571 BB
TOTAL

3846882 198 .8809

PERK REJ = 50808

MS‘ Y25 OFH ,\W/IPA: 9k (ooowd fvin

BR-58/88

ARER

CH. 1 C.5 1.25 ATT 38 OFFS 8 8B3s/56-88 20:33

b-2500
METHOD: TRG: 73 CH: 1
FILE: @ CRALC-METHOD: ARERX TRABLE: 8 CONC:
ND . RT ARER CONC  BC

12 13.48 548609 48 .629 BB

15 28.15 BFB717 51.371 BB
TOTAL

1317326 188 .888

PERK REJ = 58888

B8B-56-88

RRER

JOg2 1l —600€



2h:

MS-T2-2 ID heane /IPA = 92/ 000 wl/un

FILE & s¥s 1 SEQ 4
CH.1¢D3 C.S 2.5¢ ATT 7 OFFS @ 82/81/14 17:21
8. 4
o
—;§§£§§====_ 18. 81
f’ 12. 83
D 7562 INTECRATOR REPORT
ANALYZED: 92/81/14 17:21 REPORTED: 92-81/14 17:
SYSTEM : 1
METHOD : OPERATOR:
CHANNEL : 1 <DICITAL> SE : 4
FILE 1 8 MODULE T PROG : DETECTOR=
CALC METHOD: AR/HI% <AREA>  COMPONENT TBL : @
HO. RT ARES CONC  BC
5 12.8 238882 97.6982 UV
5 12.83 22816 2.312 TBB
TOTAL
852886 1488, 600
PEAK REJ : 20600
2h(rac):
Ms-1il-2 ID  hexane/IPA = 9% (000 wl/win
FILE @ SYS 1 SEQ 5
CH.1<D> C.§& 2.5 ATT & OFFS & @1/3es14 21:37
3.71
9.52 o ae
Z—::> 11*%.44‘4
D 7522 INTEGRATOR REPORT
ANALYZED: ©1/38/14 21:37 REPORTED: £1/28-14 21:54
SYSTEM : 1
METHOD OPERATOR:
CHANNEL : 1 <DIGITAL> SEQ 5
FILE ;@ MODULE T PROC : DETECTOR= 1
CALC METHOD: ARSHI% <AREA>  COMPONENT TBL : &
HO. AT ATRES CORC  BC
3 18,42 1327144 47,878 Wy
4 11.7 1456026 52.33% UB
TOTAL



2i:

PS-Wit 0D hexae/IPA= l0o/ 0 [.000 Wf/min

CH.

1t c.5 2.58 ATT 7 OFFS 8 ©8-98-,88 23:39
4.91
14 .95
17 .87
p-2588 AB-98-88 23:39
METHOD: TRG: 183 CH: 1
FILE: @ CALC-METHOD: RAREA% TRBLE: @ CONC: ARERA
NO . RT ARER CONC BC
2 14.95 1527668 99.369 BUY
3 17.87 9695 8.631 TBB
TOTAL
1537363 108 .080
PERK REJ : 58809
2i(rac):
M3—743 oD hexane /LPA = (00 (0 (.00 wd/ min
CH. 1 C.5 2.58 ATT 8 OFF5 @ 8@8s3%/88 22:39
4 .80
12 .34
13.22
8715 .86
16 .48
D-2588 pB,89,08 22:39
METHOD: TRG: 187 CH: 1
FILE: ® CALC-METHOD: ARERX TABLE: @ CONC: ARER
MO . RT ARER CONC BC
5 15.86 777244 48 .592 BY
6 16.43 822300 51.488 UB
TOTAL
1599544 1988 .980
PEAK REJ : 50880



Dl (Cooud/m
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4b:

4b(rac):

MS- 693  OD  hexone [IPA =[00/ 0 (000 wl/an
CH. 1 C.5 1.25 ATT 7 0OFFS B ©Bs35-98 B2:18
4.30
1112. 3344
16 .88
19 .38
27 .98
D-2588 B8-35-88
METHOD: TARG: 44 CH: 1
FILE: @ CALC-METHOD: RAREAX TABLE: @ CONC: RARER
NO . RT ARER CONC  BC
4 16.88 447198 39.889 BB
6 27.98 583088 18.111 BB
TOTAL
497498 180 .000
PEAK REJ = 50088
MS-682-2 OD  hewme [IPA = [00/0  [0ODWL/nin
CH. 1 C.5 1.25 ATT 7 OFFS @ ©@-23.80 B82:43
3 .4%
13145
15.67
20 .78
26 .19
38 .83
D-2588 BB/28-00
METHOD: TAG: 35 CH: 1
FILE: 8 CALC-METHOD: RREAX TABLE: 8 CONC: ARER
NO . RT ARER CONC BC
6 15.67 393486 47 .821 BB
8 26.19 429338 52.179 BB
TOTAL
322324 190 .080
PERK REJ : 508809

a2:113

B2:43

80021 —6

800¢&1 -

]!




4f:

MS-72

CH. 1 C.5 2.58 ATT 7 OFFS

T
Hp

b-2588

METHOD : TRG:

FILE: 8 CRALC-METHOD: RRERX

MO . RT

7 12.98

8 18.27
TOTAL

ARER
997688
33846

1831454

PERK REJ = IBeag

4f(rac):

MS-722  OF-H

CH. 1 C.5 2.58 ATT 8

b-25809
METHOD:

FILE: 8 CALC-METHOD:

ND . RT

18 13.27

13 19.76
TOTAL

ARER
399274
538514

1157783

PERK REJ : 50980

hexane / TPA = (00/0

TRG: 74

RRERAZ%

0J-H hexane [ IPA = (000 (000 7

B BBs/61-88 BB:00

BB/561-88

85 CH: 1

TABLE: 8 CONC: ARER

CONC BC

96 .719 BB
3.281

BB

198 .889

[.000 pl/im

OFF5S B BBs56-88

B82:43

B@:98

BB-/56-008

CH: 1

TRABLE: 8 CONC: AREA

CONC  BC
51.768 Yy
48 .248 BB

166 .889

B2:43

300€



MS-1277-2 1D hexane/IPA~ /5 [.coomb/um
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Aol

i

1B6:42

DETECTOR

]

82,21/14 16:21
\REPORTED: #2/21/14

OFFS 5]
OPERATOR:
SEQ
MODULE T-PROG
COMPONEHNT TBL
COHC  BC
49. 414 BB
5@.586 BB
195, 868

SEQ

aTT 5

D-7586 INTEGRATOR REPORT

<ARE& >
AREA
25798
26414
52268

1.25
28008

s
S

S¥S5 1
C
B2/21/14 1B:21

1
1 <DIGITAL>
5]
RT
11.88
15 B4

MS~720-2 ID heane/TPA= &5 [000mlfmn

FILE &
CALC-METHOD: AR/HI%Z

CH. 1<D>
ANALYZED
SYSTEM
METHOD
CHANNEL
PEAK REJ :

FILE

2e'(rac):



2a:

MS~ 674  oF-H  herone /TPA = /s (oomllvin

CH. 1 C.5 1.25 ATT 8 OFFS 8 B88-s14s-90 B8B:12
8.14

D-2588 BB-s14/88 BB:12
METHOD: TRG: 19 CH: 1
FILE: 8 CALC-METHOD: ARERZ TABLE: B COWC: RARER
NO . RT ARER CONC BC
11 15.862 173996 14 .489 BB
13 28 .43 1833517 85.591 BB
TOTAL

1287513 188 .888
PERK REJ : 3Iaees

2a(rac):

MS- 676-~3  oF-H h/I= ™ Looordjm

CH. 1 ©.5 1.25 ATT 7 OFFS B BB-/15/08 B8:83

=——§;§§ 9.72

2rgq 429

(1590 4000
LE 28 28 .74

D-2588 8B-15-88 BB3:83
METHOD = TRG: 23 CH: 1
FILE: 8 CALC-METHOD: RARERX TABLE: B8 COMC: RRER
MO . RT RRER CONC BC

5 9.72 487434 41 .4831 WU

9 15.54 34393738 29.278 BB

11 28.74 343738 23 .249 BB
TOTAL

1175288 196 .8088
PERK REJ : 588848



6a:

2004 T/f . pry—332
0T=H . hex[1PA = 9575, [.000 I/ mainn

CH. 1 C.5 1.25 ATT 7 OFFS 8 B8vs29714 15319

11.11
28 .39
24 .51
26 .96
D-2588 B7-29714 15:19
METHOD = TAG: 34 CH: 1
FILE: 8 CALC-METHOD: RARERX TABLE: B CONC: RRER
MO . RT ARER CONC  BC
5 11.11 20850 1.368 BB
5  28.39 1436580 97 .452 BB
7 24.51 17518 1.1338 BB
TOTAL
1474148 162 .08
PERK REJ : 15888

6a(rac):

20(4-”(2? PN 33|
03-H . hex [1PA=95/5 [.000u)fimin

CH. 1 C.5 1.25 ATT 7 UF#S 8 B80-s24/880 17:82

§:44

28 .78
24 .27
D-2508 B8-24,80 17:82
METHOD : TRGE: 33 CH: 1
FILE: ® CALC-METHOD: ARER% TABLE: B CONMC: RRER
ND . RT ARER CONC  BC
9 2B.78 584755 49 .799 BB
19 24 .27 689548 o9 .281 BB

TOTAL

1214483 190 .008
PERK REJ : eBBn



6b:

2004 /1t PN — e 304
07 -H o hex!1PA= 975, [.000 W0/ maina

CH. 1 C.5 1.25 ATT 9 O0OFFS B @Bs11-s,88 13:32

15.84
L-2588 gBs11-88 13852
METHOD: TRG: 18 CH: 1
FILE: 8 CALC-METHOD: RARERAX TABLE: B  CONC: RARER
ND . RT ARER CONC  BC

4 3.95 21359 B.785 WU

5 3.08 39551 1.453 WU

9 7 .96 429186 1.577 UB

11 19.34 254355 B.935 BB

12 15.84 2378336 94 .466 BB

13 19.568 21316 B.783 BB
TOTAL

2721124 100 .00

PERK REJ : 21308

6b(rac):

20 -y pl-30f
0J-H . hex/2PA= I5/5, | .o00 kO[IM"V\

CH. 1 C.5 1.25 ATT 9 OFFS B B8Bs11-80 13:17

A

13 .86

C- 16 .35
19 .62
26 .78
S5.B2L600
D-2588 BBs11-88 13:17
METHOD: TRG: 17 CH: 1
FILE: @ CALC-METHOD: RARER% TABLES: B  CONC: ARER
MO . RT ARER CONC  BC
14 16.35 321257 49 .551 BB
15 19.562 327876 50 .449 BB

TOTAL

548333 100 .08
PERK RE.J ¢ 50008



6c:
20047/ PN—2e0&
0J-H , kex/lPA-—ﬁ't'/?, I.ooo‘\Q/w}“

’

CH. 1 C.5 5.8@ ATT 9 OFFS 3 B8/8B/808 BB:A7

3.18

3:83

p— 8.63
9.34
L-2588 BB 88,00 BB:a7
METHOD : TRG: 3 CH: 1
FILE: ® CALC-METHOD: RRER% TRABLE: B CONC: ARER
MO . RT ARER CONC  BC

1 3.18 2939 8.781 BB

2 4 .23 382 8.214 BB

3 4 .69 4832 1.288 BY

4 4 .94 4378 1.325 WU

=] 5.2% 65938 1.358 UB

6 8.63 3520836 93 .879 BY

7 9.34 2486 . B.663 TBB
TOTAL

375044 198 .208

PERK REJ @ 180

6c(rac):

20l -4 .20 PN-297
0I=H | hex[IPA = IS/T - 0000/ min

CH. 1 C.5 5.80 ATT 9 0OFFS B B1s89/00 28816

3458

§:2%

6 .44

D-2500 @1,89/,80 20:16
METHOD TAG: 177 CH: 1
FILE: ® CALC-METHOD: AREAY% TABLE: B CONC: ARERA
NOD . RT ARERA CONC  BC
6  8.97 594547 49.218 BY
7 9.568 613450 50.782 UB
TOTAL

1207997 ° 100 .200
PERK REJ & 30000



6d:

1.25 ATT

2004 - 8y PN-293
0T-H . hex(1PA=90/10, [l.000 [ min

3 0OFFS B B8B8s22-14 16351
<
Lgf
1602 16 .66
22.71
27 .58
32535
37 .98
b-2588 B8s22714 16851
METHOD: TRE: 45 CH: 1
FILE: 8 CALC-METHOD: RARER% TABLE: B3 CONC: ARER
ND . RT RRER CONC  BC
12 16 .66 3588972 95 .634 UB
15 J2.35 159833 4 .366 BB
TOTAL
3668305 168 .008
PERK REJ : 492800
6d(rac):
ICE <2/z:. H\/"Zfz
0J-H . hex(1FA= fo/j0, .00 ;J?/wm.
CH. 1 C.5 1.25 ATT 7 O0OFFS B BBrs22s14 15:533
448
6 G i |
17 .11
-2580 B8-,22714 15:58
METHOD @ THG: 44  CH: 1
FILE: @ CALC-METHOD: RAREA% TRABLE: B  COMNC: RRER
ND . RT ARER COMC BC
7 1711 682998 o8 .B27 BB
25 31.52 682254 49,973 BB
TOTAL
1365258 188 .88
PERK REJ = 40808



6e:

6e(rac):

2004 - 1319 PN - 385
LI, hex (2PA = 99/ o Jbee %O/M;h
ob
CH. 1 C.5 5.88 ATT 18 OFFS B ©8-54.00 ©B1:31
f 5.56 4 .58
W08 90/54/80 B1:31
METHOD: TAG: 52 CH: 1
FILE: ® CALC-METHOD: AREAZ TABLE: @ CONC: AREA
ND . RT ARER CONC  BC

5  4.56 4391385 96 .726 BU

6  5.86 148629 3.274 TBB
TOTAL

4539934 199 .980
PERK REJ : 198090
w04 219 PN=37/
45 0D, her (1A= 9/1, [ oo0ullmin
CH. 1 C.5 S5.880 ATT 1® OFFS ©® @8/54/08 92:22
2.86
3.82 433
D-2500 BR/54/,98 B2:22
METHOD: TRG: 53 CH: 1
FILE: ® CALC-METHOD: RRER% TRABLE: ©® CONC: AREA
NOD . RT ARER CONC  BC

3 4.39 1584531 49.574 BU

4  4.38 1611739 58 .426 UB
TOTAL

3196270 1009 .908

PEAK REJ : 19008



6f:

2. Yis PN 344
0J-H ( hex (1PA= &/2, [ voo m@/mh/l

CH. 1 C.5 2.58 ATT 18 OFFS 8 @89%9/18-,14 11:13

El

b .48
3.48
5Rp 389
11.88
13 .56
14 .64
D-2588 29/18-14 11:15
METHOD TAG: 74 CH: 1
FILE: ® CALC-METHOD: RAREA% TABLE: ? CONC: ARER
MO . RT ARER CONC  BC
7 6 .48 | 519993 3.322 UB
18 11.88 12637226 94,527 BUY
11 13.56 220657 1.651 TBB
TOTAL
13368876 199 .808
PEAK REJ 500019

6f(rac):

204 1y PH-35%
00-H  hex[1PA = 78/2 ; (008 W/ Win

CH. 1 C.5 2.5 ATT 8 OFFS B B9-/18s14 1B:32

£

8.30
= 13 %f2
—
D-2588 B9-,18714 18:32
METHOD: TRG: 72 CH: 1
FILE: @ CALC-METHOD: AREA% TABLE: @ CONC: AREA
MO . RT ARER CONC  BC
9 12.82 1727226 49.564 YU
18 13.71 1757598 50 .436 UB

TOTAL

3484324 190 .280
PERK REJ @ 50803



69:

2014 - 1[4 PR —31]
0I-H « l‘le_)(/(PA’:q;/r ;| o0 wD/W\;V\

CH. 1t C.5 2.5@ ATT 3 OFFS5 B B8s11-88 B4:358

13:88

! 14 .88
17 .54
D-2500 PB/11,08 D4:58
METHOD ¢ TAG: 11 CH: 1
FILE: @ CALC-METHOD: AREA% TABLE: @ CONC: ARER
N . RT AREA CONC  BC
13 14 .86 78993 1.388 U
14 14 .88 5996138 98.798 LU
TOTAL

6BT5136 180 .088
PERK REJ = 50888

6g(rac):

2ot - U1/ ¢ PR~ 380
03-H .+ hex/ 1PA = 95/% , [ 000 W0/ min

CH. L C.5 2.58 ATT 18 OFFS B B8-s11-88 B4:28

2
4
§

M ® IS
REE NHOEA

1
!
13 .54

%—— 14 .74

b-2588 BB-11/80 B4:23
METHOD TRG: 18 CH: 1
FILE: 8 CALC-METHOD: RRERA% TABLE: B  COMC: ARER
ND . RT RRER CONC  BC
13 13.54 73543961 58 .836 BV
1 14.74 7935224 49 .964 UB
TOTAL

15881135 160 .980
PERK REJ : 58883



6h:

264 - {z/lq PN - 383

oD , hex (A =45/S , (000 w0/ min
CH. 1t C.5 2.59 ATT 18 OFF5 D BBs/54-80 B3:53
¢
- 5.88
(4"
19°4%
11 .87
b-2588 8B/54-,89 B3:53
METHOD: TRG: 56 CH: 1
FILE: B CALC-METHOD: RARERX TABLE: B CONC: RRER
NOD . RT ARER CONC BC
9 5.88 59983882 93 .816 WU
13 18 .43 141668 1.984 BUY
TOTAL
7148558 198 .088
PERK REJ = 140808
6h(rac):
PN-38 ] 201 [2/19
0D . hex[TPA= 95/S 1 [-eon b/ min
CH. 1 C.5 2.50 ATT 9 OFFS 8 ©8-54-00 03:25
5.99
raaR BB-/54,00 B3:26
METHOD: TAG: 55 CH: 1
FILE: 8 CALC-METHOD: ARRERA% TABLE: 8@ CONC: ARER
ND . RT ARER CONC  BC
7 5.98 1234934 49.977 Uy
12 19 .48 1236899 58 .823 BWY
TOTAL
2471024 188 .008
PERK REJ :

428089



6i:

03-H  hex{1PA= f§/2, [.000 W0/ min

PRi-sd6 2014 - lo/y
CH. 1 ©.5 2.5 ATT 9 OFFS B BB-R4-88 BI:3I3
l il
:48 .26
9 .85
18:98
b-2508 BB-904-80 P5:33
METHOD = TRAG: 2 CH: 1
FILE: B CALC-METHOD: RRERZ TABLE: B CONC: RRER
MO . RT ARER CONC  BC
3 5 .26 TB34877 97 .1886 Ly
18 9.85 203634 2.814 BUY
TOTAL
F237711 190 .88
PERK REJ : S8889
6i(rac):
214 Y1s PN 356
09-H . hex (1A =T8/2 , [ ooe wd/min
CH. 1 C.5 2.58 ATT 9 OFF5S A B9-18714 1.1 E32
1.36
%.83
4:94 6 .24
C 8.96
D-2508 P9-/18-14 11932
METHOD: TRG: ¥S5 CH: 1
FILE: ® CALC-METHOD: ARERX TABLE: » COMC: RRER
NOD . RT ARER CONC BC
rd 6 .24 3697506 49 .419 UB
-8 3.96 3784517 58 .581 BB
TOTAL
7482823 180 .808
PERK REJ 58808



6j(rac):

2004 - (950 PRI=37
03-H, hex/1PA= $o/t0 , |.000 W\Q/wﬁv\

CH. 1 C.5 1.25 ATT 18 OFFS 3 BBsB3I-B0 21:41
]
]
L]
S.RY gl
1459
19.83
21.38
23 .42
— 26,23
5-Bplage
34 :48
49 .34
47 .55
53 .87
50 .24
r-2508 PR B3-80 2141
METHOD® TRAG: 5 CH: 1
FILE: ® CALC-METHOD: RREAX TABLE: B CONC: RRER
MO . RT ARER CONC  BC
21 26.23 44592404 98.283 BU
38 60 .24 817833 1.797 BB
TOTAL
45516237 109 .880
PERK REJ & 50809

CH. 1 €.5 1.25 RATT 9

20041005 PN—36]
0T-H + hex (1PA > 95/10 ¢ [ 000 ul /prin

OFFS B BAs1B-BB B5:15

i
5.py tGR0
{485
17.99
20 .83
— 25.95
S.P 1680
32.94
48 .35
48:29
52.49
F:::::» 56.96
D-2588 BB-18-08 B5:15
METHODD TAG: 11 CH: |
FILE: @ CALC-METHOD: AREAX TABLE: @ CONC: ARER
NO . RT ARER CONC  BC
17 25.95 5525978 49.489 BB
23 56.96 5639747 58.511 BB
TOTAL
11165325 188 .988
PEAK REJ 2009809



6k:

6k(rac):

CH.

2004 - ¥/2¢ PN — 340
1-H , hex [1PA= Qof0, [.000 &0 [

1 C.5 2.59 ATT 6 OFFS B B3-25-714 15:19
9 .88
b-2580 B8-,25714 15:19
METHOD @ TRE: 49 CH: 1
FILE: ® CALC-METHOD: RARERAX% TRBLE: B CONC: RRER
MO . RT RRER CONMC BC
7 9 .88 515926 93 .844 UB
3 12 .54 5836 1.156 TBB
TOTAL
; 521962 198 .809
PERK REJ : 5008
.20!‘-[. %/ P~ 3¢2
0T=H « hex (IPA=90/ 10, [ ove ) [imin
CH. 1 C.5 2.580 ATT & 0OFFS B B88s21-14 12:54
-
:
8.:98 5 b
[:}B.BE
f7 12 .75
D-25808 B8s21714 12:54
METHOD # TRGE: 42 CH: 1
FILE: @ CALC-METHOD: RAREA% TRABLE: 8 CONC: RARER
MO . RT ARER CONC  BC
18 9.26 426742 49 .77 BB
12 12,75 43B679 5@ .23 BB
TOTRL
857421 198 .,88012
PERK REJ : 200880



