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1 General Remarks

'H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDClz. Chemical shifts
are reported in ppm with the internal TMS signal at 0.0 ppm as a standard. The data are reported as
(s = single, d = double, t = triple, q = quartet, m = multiple or unresolved, and brs = broad single).
13C NMR spectra were recorded on a Bruker 75 MHz or 100 MHz spectrometer in CDCls. Chemical
shifts are reported in ppm with the internal chloroform signal at 77.0 ppm as a standard. Commercially
available reagents were used without further purification. All reactions were monitored by TLC with
silica gel-coated plates. Diastereomeric ratios were determined from crude *H NMR or HPLC
analysis. Enantiomeric ratios were determined by HPLC, using a chiralpak AS-H column, a chiralpak
IC-H column or a chiralcel IE-H column with hexane and i-PrOH as solvents, and Azoalkenes* and
fulvene? were prepared according to the literature procedure. The absolute configuration of 3f were
determined unequivocally according to the X-ray diffraction analysis, and those of other adducts were

deduced on the basis of these results.

2 General Procedure for Catalytic Asymmetric IEDDA reaction of Fulvene with

Azoalkenes Catalyzed by Cu(l)/'Bu-Box

Under argon atmosphere, ‘Bu-Box (6.5 mg, 0.022 mmol) and CuOTf+1/2 PhH (5.0 mg, 0.020 mmol)
were dissolved in 1.0 mL of DCM, and stirred at room temperature for about 0.5 h. After the reaction
temperature was dropped to -20 °C, a-halogeno-hydrozone 2 (0.2 mmol), Na2COs (0.5 mmol) were
added sequentially. Then, the fulvene 1 (0.3 mmol) in 1.0 mL of DCM was added. Once starting
material was consumed (monitored by TLC), the organic solvent was removed and the residue was
purified by column chromatography to give the cycloaddition product, which was then directly

analyzed by HPLC to determine the enantiomeric excess.
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((4aS,7aR)-3a)

(4aS,7aR)-phenyl(3-phenyl-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 1): Yield (73%); white solid; m.p. = 126
°C; [a]?°p = -591.0 (c 0.23, CH,Cl); H NMR (400 MHz, CDCls) & 7.76 — 7.73 (m, 2H), 7.58 — 7.56
(m, 2H), 7.42 — 7.31 (m, 6H), 6.51 — 6.49 (m, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.54 (d, J = 7.2 Hz, 1H),
3.26 —3.20 (m, 1H), 2.93 — 2.87 (m, 1H), 2.30 — 2.24 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). *C NMR
(101 MHz, CDCls) 6 171.7, 151.1, 140.6, 136.6, 135.5, 134.0, 131.7, 130.3, 129.9, 129.3, 128.4,
127.3, 125.6, 124.0, 58.7, 36.0, 26.0, 21.1, 20.8. HRMS (ESI+) Calcd. For C23HzN2O ([M+H]"):
343.1805, found: 343.1798. The product was analyzed by HPLC to determine the enantiomeric excess:
98% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm); t,= 7.13

and 10.43 min.
o\\l/Ph
N
N
| ‘ ((4aS,7aR)-3b )

(4aS,7aR)-(3-(4-chlorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 2): Yield (80%); white solid; m.p.
=138 °C; [a]*°p = -612.5 (c 0.23, CH2Cly); *H NMR (400 MHz, CDCl3) 6 7.73 — 7.70 (m, 2H), 7.50
—7.39 (m, 5H), 7.29 — 7.26 (m, 2H), 6.51 — 6.49 (m, 1H), 6.19 (d, J = 5.6 Hz, 1H), 5.52 (d, J = 7.6
Hz, 1H), 3.24 — 3.18 (m, 1H), 2.89 — 2.83 (m, 1H), 2.25 — 2.18 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H).
13C NMR (101 MHz, CDCl3) § 171.7, 149.3, 140.5, 135.4, 135.2, 135.1, 134.0, 131.6, 130.4, 129.9,
128.6, 127.3, 126.8, 124.1, 58.5, 35.7, 25.8, 21.2, 20.8. HRMS (ESI+) Calcd. For C23H22CIN20
([M+H]"): 377.1415, found: 377.1407. The product was analyzed by HPLC to determine the
enantiomeric excess: 96% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A

=254 nm); t=6.31 and 9.27 min.
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((4aS,7aR)-3c)

(4aS,7aR)-(3-(3-chlorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 3): Yield (89%); white solid; m.p.
=122 °C; [a]®p = -148.9 (¢ 0.23, CH2Cl,); *H NMR (400 MHz, CDCls) & 7.74 — 7.72 (m, 2H), 7.54-
7.41 (m, 5H), 7.26 — 7.23 (m, 2H), 6.51 — 6.49 (m, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.52 (d, J = 8.0 Hz,
1H), 3.23- 3.17 (m, 1H), 2.89 — 2.83 (m, 1H), 2.23 — 2.16 (m, 1H), 1.87 (s, 3H), 1.83 (s, 3H). 1*C
NMR (101 MHz, CDCl3) 6 171.7, 148.7, 140.4, 138.5, 135.3, 134.5, 134.1, 131.6, 130.4, 129.9, 129.7,
129.1,127.4,125.8,124.2,123.6,58.4, 35.5, 25.8, 21.2, 20.8. HRMS (ESI+) Calcd. For C23H22CIN20
([M+H]"): 377.1415, found: 377.1400. The product was analyzed by HPLC to determine the
enantiomeric excess: 92% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A

= 254 nm); t-=6.34 and 8.90 min.

@) Ph
T
Y0

Cl

((4aS,7aR)-3d )

(4aS,7aR)-(3-(2-chlorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 4): Yield (93%); white solid; m.p.
=132 °C; [a]*° = -377.8 (c 0.23, CHCl,); *H NMR (400 MHz, CDCl3) § 7.74 — 7.72 (m, 2H), 7.42
—7.35(m, 4H), 7.29 — 7.22 (m, 3H), 6.54- 6.52 (m, 1H), 6.25 (d, J = 5.6 Hz, 1H), 5.49 (d, J = 7.6 Hz,
1H), 3.34 — 3.28 (m, 1H), 2.92 — 2.87 (m, 1H), 2.24 — 2.17 (m, 1H), 1.80 (s, 3H), 1.81 (s, 3H). 13C
NMR (101 MHz, CDClz) & 172.4, 154.5, 140.2, 137.4, 135.4, 133.8, 132.4, 131.8, 130.5, 130.02,
129.95, 129.9, 127.4, 127.0, 124.2, 59.9, 36.9, 30.4, 21.0, 20.9. HRMS (ESI+) Calcd. For
C23H22CIN2O ([M+H]"): 377.1415, found: 377.1407. The product was analyzed by HPLC to
determine the enantiomeric excess: 97% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate

1.0 mL/min, A =254 nm); t,= 7.28 and 10.22 min.
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((4aS,7aR)-3e)

(4aS,7aR)-(3-(4-fluorophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 5): Yield (93%); white solid; m.p.
=124 °C; [0]®b = -654.8 (¢ 0.23, CH2Cl2); 'H NMR (400 MHz, CDCls) § 7.74 — 7.72 (m, 2H), 7.58
—7.41 (m, 5H), 7.03-6.98 (m, 2H), 6.52 — 6.50 (M, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.55 — 5.53 (m, 1H),
3.27—3.21 (m, 1H), 2.90 — 2.84 (m, 1H), 2.29 — 2.22 (m, 1H), 1.87 (s, 3H), 1.83 (s, 3H). 3C NMR
(101 MHz, CDClz) 6 171.6, 164.7, 162.2, 149.9, 140.5, 135.5, 134.0, 132.79, 132.76, 131.7, 129.8,
127.5, 127.4, 127.3, 124.0, 115.5, 115.3, 58.5, 35.9, 26.0, 21.1, 20.8. HRMS (ESI+) Calcd. For
C23H22FN20 ([M+H]™): 361.1711, found: 361.1708. The product was analyzed by HPLC to determine
the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min,

A =254 nm); t= 6.68 and 10.26 min.

Oy Ph
et

N
Y0

((4aS,7aR)-3f )

(4aS,7aR)-(3-(4-bromophenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 6): Yield (73%); white solid; m.p.
=151 °C; [a]*°p = -539.2 (c 0.23, CH2Cly); *H NMR (400 MHz, CDCl3) § 7.72 — 7.70 (m, 2H), 7.46
—7.38 (m, 7H), 6.51 — 6.49 (m, 1H), 6.19 (d, J = 5.2 Hz, 1H), 5.51 (d, J = 7.6 Hz, 1H), 3.23 — 3.18
(m, 1H), 2.88 — 2.83 (m, 1H), 2.24 — 2.18 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 3C NMR (101 MHz,
CDCI3) 6 171.7,149.3, 140.5, 135.5, 135.4, 134.0, 131.62, 131.58, 130.4, 129.9, 127.4, 127.1, 124.1,
123.6, 58.5, 35.6, 25.7, 21.2, 20.8. HRMS (ESI+) Calcd. For Ca3sH22BrN,O ([M+H]"): 421.0910,
found: 421.0910. The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee
(Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm); t,= 6.65 and 9.20

min
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((4aS,7aR)-3g )

(4aS,7aR)-phenyl(5-(propan-2-ylidene)-3-(p-tolyl)-4,4a,5,7a-tetrahydro-1H-
cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 7): Yield (80%); white solid; m.p. =137
°C; [a]?°p = -687.9 (c 0.23, CH,Cl); H NMR (400 MHz, CDCls) & 7.75 — 7.72 (m, 2H), 7.48 — 7.38
(m, 5H), 7.13 (M, 2H), 6.51 — 6.49 (m, 1H), 6.19 (d, J = 5.2 Hz, 1H), 5.54 (d, J = 7.6 Hz, 1H), 3.27 -
3.21 (m, 1H), 2.90 — 2.85 (m, 1H), 2.34 (s, 3H), 2.30 — 2.24 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 13C
NMR (101 MHz, CDCl3) 8 171.6, 151.5, 140.7, 139.5, 135.6, 134.0, 133.8, 131.8, 130.3, 130.0, 129.2,
127.3,125.6,123.9, 58.8, 36.2, 26.1, 21.2, 21.1, 20.8. HRMS (ESI+) Calcd. For C2sH2sN20 ([M+H]*):
357.1961, found: 357.1965. The product was analyzed by HPLC to determine the enantiomeric excess:
99% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A = 254 nm); t;= 6.77
and 8.52 min.

((4aS,7aR)-3h)

(4aS,7aR)-phenyl(5-(propan-2-ylidene)-3-(m-tolyl)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 8): Yield (73%); white solid; m.p. =90 °C;
[0]?°> = -236.1 (c 0.23, CH2Cl,); *H NMR (400 MHz, CDCl3) § 7.76 — 7.74 (m, 2H), 7.45 — 7.36 (m,
5H), 7.21 — 7.15 (m, 2H), 6.51 — 6.49 (m, 1H), 6.19 (d, J = 5.2 Hz, 1H), 5.54 (d, J = 7.6 Hz, 1H), 3.26
—3.20 (M, 1H), 2.91 — 2.85 (m, 1H), 2.31 (s, 3H), 2.30 — 2.23 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 1*C
NMR (101 MHz, CDClz) 6 171.6, 151.3, 140.6, 138.0, 136.5, 135.5, 134.0, 131.7, 130.3, 130.05,
135.00, 128.3, 127.2, 126.3, 123.9, 122.8, 58.7, 36.1, 26.1, 21.4, 21.1, 20.8. HRMS (ESI+) Calcd.
For CosH2sN20 ([M+H]"): 357.1961, found: 357.1960. The product was analyzed by HPLC to
determine the enantiomeric excess: 98% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate

1.0 mL/min, A =254 nm); t,=5.95 and 7.86 min.
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((4aS,7aR)-3i )

(4aS,7aR)-phenyl(5-(propan-2-ylidene)-3-(o-tolyl)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone (table 2, entry 9): Yield (75%); white solid; m.p. = 128
°C; [a]®p = -552.0 (¢ 0.23, CH2Cl2); H NMR (400 MHz, CDCls3) & 7.66 —7.64 (m, 2H), 7.39 - 7.34
(m, 3H), 7.20 — 7.13 (m, 4H), 6.55 — 6.54 (m, 1H), 6.17 (d, J = 5.2Hz, 1H), 5.61 (d, J = 7.6 Hz, 1H),
3.39 - 3.34 (M, 1H), 2.72 — 2.66 (M, 1H), 2.37 — 2.31 (m, 1H), 2.18 (s, 3H), 1.81 (s, 3H), 1.79 (s, 3H).
13C NMR (101 MHz, CDCl3) § 172.4, 157.0, 140.5, 137.5, 135.9, 135.8, 133.8, 132.3, 130.9, 130.1,
129.4,128.5, 128.0, 127.4, 125.7, 124.1, 59.0, 37.6, 30.5, 21.0, 20.8, 20.7. HRMS (ESI+) Calcd. For
C24H25N20 ([M+H]"): 357.1961, found: 357.1951. The product was analyzed by HPLC to determine
the enantiomeric excess: 93% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min,

A =254 nm); t=6.98 and 17.65 min.

Oy Ph
et

N
IPw

((4aS,7aR)-3j)

OMe

(4aS,7aR)-(3-(3-methoxyphenyl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 10): Yield (82%); white solid; m.p.
=138 °C; [0]%% = -660.0 (c 0.23, CH2Cl2); *H NMR (400 MHz, CDCls) § 7.76 — 7.73 (m, 2H), 7.44
—7.39 (m, 3H), 7.23 — 7.21 (m, 1H), 7.15 — 7.13 (m, 2H), 6.89 — 6.88 (M, 1H), 6.51 — 6.49 (M, 1H),
6.20 (d, J = 5.2 Hz, 1H), 5.51 (d, J = 7.2 Hz, 1H), 3.68 (s, 3H), 3.23 — 3.17 (m, 1H), 2.92 — 2.86 (m,
1H), 2.24 - 2.18 (m, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 3C NMR (101 MHz, CDCls) & 171.7, 159.6,
150.1, 140.5, 137.9, 135.7, 134.0, 131.6, 130.1, 129.8, 129.3, 127.2, 124.0, 118.0, 115.8, 109.9, 58.5,
55.0, 35.7, 25.8, 21.1, 20.8. HRMS (ESI+) Calcd. For C4HzsN20; ([M+H]*): 373.1911, found:

373.1905. The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee
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(Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A =254 nm); t,=7.64 and 10.34

min.

((4aS,7aR)-3k )

(4aS,7aR)-(3-(naphthalen-2-yl)-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone (table 2, entry 11): Yield (59%); white solid; m.p.
=130 °C; [a]®p = -618.6 (¢ 0.23, CH2Cl,); *H NMR (400 MHz, CDCI3) § 7.95 (s, 1H), 7.79 — 7.70
(m, 6H), 7.46 — 7.41 (m, 5H), 6.50 — 6.48 (m, 1H), 6.22 (d, J = 5.2 Hz, 1H), 5.53 (d, J = 7.2 Hz, 1H),
3.22 — 3.17 (m, 1H), 3.04 — 2.98 (m, 1H), 2.34 — 2.28 (m, 1H), 1.88 (s, 3H), 1.81 (s, 3H). 3C NMR
(101 MHz, CDCI3) ¢ 171.7, 150.3, 140.6, 134.1, 134.0, 131.6, 130.3, 130.0, 128.4, 128.1, 127.6,
127.3, 126.7, 126.3, 125.3, 124.0, 123.0, 58.7, 35.8, 25.7, 21.1, 20.8. HRMS (ESI+) Calcd. For
Ca7H2sN20 ([M+H]"): 393.1961, found: 393.1954. The product was analyzed by HPLC to determine
the enantiomeric excess: 98% ee (Chiralpak AS-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min,

A =254 nm); tr=6.69 and 9.73 min.

@) Ph
et
N

N”

((4aS,7aR)-3I)

(4aS,7aR)-(5-(pentan-3-ylidene)-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (95%); white solid; m.p. = 90 °C; [o]*°c = -561.8 (c 0.23, CH.Cl.); *H
NMR (400 MHz, CDCI3) § 7.75 (m, 2H), 7.59 — 7.57 (m, 2H), 7.42 — 7.41 (m, 3H), 7.33 — 7.32 (m,
3H), 6.53 — 6.51 (M, 1H), 6.26 — 6.18 (M, 1H), 5.52 (d, J = 7.3 Hz, 1H), 3.24 — 3.18 (M, 1H), 2.92 —
2.87 (m, 1H), 2.27 — 2.20 (m, 5H), 1.12 (t, J = 7.5 Hz, 3H), 1.03 (t, J = 7.5 Hz, 3H). 3C NMR (101
MHz, CDCI3) ¢ 171.7, 150.5, 140.0, 136.6, 136.1, 135.5, 134.6, 131.5, 130.3, 130.0, 129.3, 128.4,
127.3,125.6,58.4, 35.3, 26.7, 25.4, 24.4, 13.9, 13.5. HRMS (ESI+) Calcd. For C2sH27N20 ([M+H]"):

371.2118, found: 371.2116. The product was analyzed by HPLC to determine the enantiomeric excess:
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97% ee (Chiralpak IE-H, i-propanol /hexane = 4/96, flow rate 1.0 mL/min, A =254 nm); tr= 7.32 and
8.03 min.

0 Ph
1w

N

((4aS,7aR)-3m)

(4aS,7aR)-(5-cyclobutylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (87%); white solid; m.p. = 120 °C; [a]?°b = -650.3 (c 0.23, CH2Cl.);
IH NMR (400 MHz, CDCl3) & 7.71 (m, 2H), 7.59 — 7.57 (m, 2H), 7.39 — 7.31 (m, 6H), 6.22 — 6.21
(m, 1H), 6.12 (d, J = 5.6 Hz, 1H), 5.60 (d, J = 8 Hz, 1H), 3.30 — 3.29 (m, 1H), 2.76 — 2.74 (m, 1H),
2.72 - 2.70 (M, 4H), 2.57 — 2.50 (m, 1H), 2.10 — 2.06 (m, 2H). 3C NMR (101 MHz, CDCl3) § 171.4,
153.8, 137.3, 136.3, 135.4, 132.9, 132.6, 131.8, 130.3, 129.8, 129.4, 128.4, 127.2, 125.6, 59.3, 36.5,
30.1, 29.7, 25.7, 17.5. HRMS (ESI+) Calcd. For C24H23N20 ([M+H]"): 355.1805, found: 355.1797.
The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IC-H,

i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A =254 nm); t,= 16.71 and 17.38 min.

O Ph
T

-

((4aS,7aR)-3n)

(4aS,7aR)-(5-cyclopentylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (73%); white solid; m.p. = 122 °C; [a]?°b = -289.7 (c 0.23, CH2Cl,);
IH NMR (400 MHz, CDCl3) & 7.74 (m, 2H), 7.58 — 7.56 (m, 2H), 7.41 — 7.39 (m, 3H), 7.32 - 7.30
(m, 3H), 6.36 — 6.34 (m, 1H), 6.16 (d, J = 5.2 Hz, 1H), 5.56 (d, J = 7.6 Hz, 1H), 3.19 — 3.13 (m, 1H),
2.92 - 2.86 (M, 1H), 2.39 — 2.32 (m, 5H), 1.74 — 1.70 (m, 4H). 3C NMR (101 MHz, CDCl3) § 171.6,
152.2, 136.8, 136.5, 135.4, 135.3, 133.03, 132.97, 130.3, 129.9, 129.9, 129.3, 128.4, 127.3, 125.6,
59.1, 37.3, 31.0, 30.8, 26.6, 26.4, 25.1. HRMS (ESI+) Calcd. For CzsH2sN20 ([M+H]™): 369.1961,
found: 369.1959. The product was analyzed by HPLC to determine the enantiomeric excess: 98% ee

(Chiralpak 1C-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A =254 nm); t,= 16.83 and 18.44
S9



min.

((4aS,7aR)-30)

(4aS,7aR)-(5-cyclohexylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (92%); white solid; m.p. = 110 °C; [a]®p = -596.4 (c 0.23, CHCl.);
IH NMR (400 MHz, CDCls)  7.76 — 7.74 (m, 2H), 7.57 — 7.56 (m, 2H), 7.41 — 7.39 (m, 3H), 7.32 —
7.30 (M, 3H), 6.54 — 6.52 (m, 1H), 6.20 (d, J = 5.2 Hz, 1H), 5.55 — 5.52 (M, 1H), 3.28 — 3.22 (m, 1H),
2.82—2.81 (m, 1H), 2.30 — 2.25 (m, 5H), 1.61 (d, J = 14.8 Hz, 6H). 3C NMR (101 MHz, CDCls3) &
171.6,151.0,137.7, 136.4, 135.4,134.1, 132.5, 131.1, 130.2, 129.9, 129.2, 128.3, 127.2, 125.5, 58.5,
35.3, 31.8, 31.3, 28.1, 27.9, 26.7, 26.5. HRMS (ESI+) Calcd. For C26H27N20 ([M+H]*): 383.2118,
found: 383.2115. The product was analyzed by HPLC to determine the enantiomeric excess: 98% ee
(Chiralpak IC-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A =254 nm); tr= 16.52 and 18.15

min.

((4aS,7aR)-3p )

(4aS,7aR)-(5-cycloheptylidene-3-phenyl-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazin-1-

yl)(phenyl)methanone: Yield (89%); white solid; m.p. = 125 °C; [a]?°b = -582.3 (¢ 0.23, CHCly);
IH NMR (400 MHz, CDCl3) § 7.76 — 7.74 (m, 2H), 7.59 — 7.57 (m, 2H), 7.42 — 7.41 (m, 3H), 7.33 -
7.32 (m, 3H), 6.53 (dd, J = 6.0, 2.4 Hz, 1H), 6.23 — 6.22 (m, 1H), 5.51 (d, J = 7.6 Hz, 1H), 3.23 —
3.17 (m, 1H), 2.92 (dd, J = 16.0, 6.0 Hz, 1H), 2.42 — 2.40 (m, 4H), 2.23 (dd, J = 16.0, 9.2 Hz, 1H),
1.72 - 1.64 (m, 3H), 1.57 — 1.55 (m, 5H). **C NMR (101 MHz, CDCl3) 8 171.7, 150.6, 140.5, 136.6,
135.5,134.1, 133.9, 131.5, 130.3, 129.9, 129.3, 128.4, 127.3, 125.6, 58.5, 35.5, 32.9, 32.1, 29.7, 28.9,
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28.1, 27.9, 26.1. HRMS (ESI+) Calcd. For C27H29N20 ([M+H]"): 397.2274, found: 397.2265. The
product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IE-H, i-

propanol /hexane = 20/80, flow rate 1.0 mL/min, A =254 nm); tr= 13.90 and 14.48 min.

Os_-Ph
e
N

N

((4aS,7aR)-3q )

(4aS,7aR)-phenyl(3-phenyl-5-(tetrahydro-4H-pyran-4-ylidene)-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)methanone: Yield (72%); white solid; m.p. = 118 °C; [a]*% = -293.6
(c 0.23, CH2Cl2); *H NMR (400 MHz, CDCls) & 7.76 — 7.74 (m, 2H), 7.58 — 7.56 (m, 2H), 7.49 —
7.39 (m, 3H), 7.35 — 7.32 (m, 3H), 6.51 (dd, J = 5.6, 2.0 Hz, 1H), 6.28 (d, J = 5.2 Hz, 1H), 5.57 (d, J
= 7.6 Hz, 1H), 3.87 — 3.67 (M, 4H), 3.32 — 3.27 (m, 1H), 2.84 (dd, J = 16.0, 6.4 Hz, 1H), 2.45 — 2.43
(m, 4H), 2.31 (dd, J = 16.0, 8.8 Hz, 1H). 23C NMR (101 MHz, CDCls) § 171.7, 150.9, 139.7, 136.4,
135.6, 135.4, 130.6, 130.4, 130.0, 129.4, 128.5, 127.4, 126.7, 125.6, 68.9, 68.7, 58.4, 35.4, 32.2, 31.8,
26.7. HRMS (ESI+) Calcd. For C2sH25N202 ([M+H]*): 385.1911, found: 385.1900. The product was
analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IE-H, i-propanol

/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm); t;= 18.86 and 22.82 min.

(4aS,7aR)-(E)-(5-(4-methoxybenzylidene)-3-phenyl-4,4a,5,7a-tetrahydro-1H-

cyclopenta[c]pyridazin-1-yl)(phenyl)methanone(Z/E = 0.7 : 1): Yield (79%); white solid; m.p. =
158 °C; [a]®p = -796.4 (c 0.23, CH2Cl2); *H NMR (400 MHz, CDCls3) § 7.74 — 7.60 (m, 5.1H), 7.43
—7.24 (m, 15.3H), 6.96 — 6.86 (M, 4.1H), 6.48 — 6.26 (m, 4.4H), 5.82 (d, J = 7.6 Hz, 1H), 5.68 (d, J
=7.6 Hz, 0.7H), 3.98 (q, J = 6.4 Hz, 1H), 3.85 (s, 3H), 3.81 (s, 2.1H), 3.46 (g, J = 6.8 Hz, 0.7H), 2.95
—2.60 (m, 3.4H). 13C NMR (101 MHz, CDCI3) 6 171.5, 158.47, 158.45, 154.6, 153.4, 146.3, 146.1,
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138.9, 138.1, 136.2, 136.1, 135.3, 134.3, 131.9, 130.55, 130.49, 130.1, 130.0, 129.6, 129.5, 129.4,
129.2,128.5, 128.4, 127.4, 125.8, 121.9, 120.5, 114.2, 113.9, 60.3, 58.5, 55.3, 40.2, 37.2, 28.4, 25.0.
HRMS (ESI+) Calcd. For C2sH2sN202 ([M+H]"): 421.1911, found: 421.1901. The product was
analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AS-H, i-propanol

/hexane = 25/75, flow rate 1.0 mL/min, A = 254 nm); t,= 11.55, 14.16, 17.50, 22.49 min.

3 Synthetic Transformations

@) Ph
Ty
N

6 N KOH |
MeOH, 80 °C Ph \

4a, 85% yield
99% ee

3a, 98% ee

To methanol (10 mL) was added 3a (0.3 mmol) and KOH (6 mmol), and the reaction mixture
was heated to 80 °C until the starting material was consumed (monitored by TLC). Then, the reaction
mixture was neutralized by 1 N HCI and extracted by DCM, the combined organic solvent was dried
with Na>SO4 and was concentrated in vacuum. The residue was purified by column chromatography

to give the product, which was then directly analyzed by HPLC to determine the enantiomeric excess.

O+__Ph
Y H Pd(OAc),
N (0.5 mol%)

CH,N,/Et,0

O Ph

Ph

5a, 99% yield

3a, 98% ee >20:1 d.r, 99% ee

3a (0.3 mmol) was added to a dry solution of diazomethame (prepare from 100 mg N-methyl-N-
nitrosourea, 1 mL ethyl ether) at 0 °C. Then catalytic amount of Pd(OAc). was added in one portion
and gas evolution was observed. After 1 h vigorous stirring at 0 °C, the organic solvent was

concentrated in vacuum. The residue was purified by column chromatography to give the product,

S12



which was then directly analyzed by HPLC to determine the enantiomeric excess.

| (4aS,7aR)-4a

(4aS,7aR)-3-phenyl-5-(propan-2-ylidene)-4,4a,5,7a-tetrahydro-1H-cyclopenta[c]pyridazine:

Yield (85%); brown solid; m.p. = 21 °C; [a]**p = -198.0 (¢ 0.23, CHCl,); *H NMR (400 MHz, CDCls)
§7.67 —7.56 (m, 2H), 7.39 — 7.30 (m, 3H), 6.49 (dd, J = 5.6, 1.2 Hz, 1H), 5.73 (d, J = 4.8 Hz, 1H),
4.46 (d, J = 8.4 Hz, 1H), 3.32 — 3.27 (m, 1H), 2.80 (dd, J = 14.0, 6.4 Hz, 1H), 2.36 (dd, J = 14.0, 6.8
Hz, 1H), 1.84 (s, 3H), 1.78 (s, 3H). 1*C NMR (101 MHz, CDCl3) § 155.1, 141.5, 137.8, 134.0, 133.4,
128.4, 128.3, 125.1, 123.3, 61.9, 40.3, 27.3, 21.00, 20.9. HRMS (ESI+) Calcd. For CieH1oN2
([M+H]"): 239.1543, found: 239.1543. The product was analyzed by HPLC to determine the
enantiomeric excess: 99% ee (Chiralpak AD-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A

=254 nm); tr=7.95, 10.37 min.

Os_-Ph

N

(4aS,5aS,6aR,6bR)-5a

phenyl((4aS,5aS,6aR,6bR)-3-phenyl-5-(propan-2-ylidene)-4a,5,5a,6,6a,6b-

hexahydrocyclopropa[4,5]cyclopenta[1,2-c]pyridazin-1(4H)-yl)methanone: Yield (99%); white
solid; m.p. = 42 °C; [a]*% = -88.0 (c 0.23, CH2Cl,); *H NMR (400 MHz, CDCls) § 7.82 — 7.73 (m,
2H), 7.56 — 7.54 (m, 2H), 7.46 — 7.42 (m, 3H), 7.35 — 7.27 (m, 3H), 4.99 (dd, J = 9.2, 5.2 Hz, 1H),
3.16 —2.94 (m, 2H), 2.57 — 2.43 (m, 1H), 2.13 — 2.05 (m, 1H), 2.03 — 1.93 (m, 1H), 1.86 (s, 3H), 1.77
(s, 3H), 0.73 - 0.68 (m, 1H), 0.59 — 0.56 (m, 1H). 23C NMR (101 MHz, CDCls) § 171.8, 145.3, 137.3,
136.9, 135.8, 130.04, 129.96, 129.0, 128.4, 127.3, 125.2, 123.6, 52.5, 30.6, 26.8, 23.7, 21.2, 20.7,
20.3, 11.1. HRMS (ESI+) Calcd. For C2sH24N2NaO ([M+Na]*): 379.1781, found: 379.1781. The
product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD-H, i-

propanol /hexane = 10/90, flow rate 1.0 mL/min, A =230 nm); t-= 6.03, 8.92 min.
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5 NMR and HPLC spectra
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Data File D:WLOWDATANSZMYSZM-5-45%52M-5-45-50 2016-05-15 13-38-50%071-0201.D
Sample Hame: SZIM-5-45-1

Aoy, Operator : WEF Seq. Line z
Acg. Instrument : Instrument 1 Location @ Wial 71
Injection Date : 5 L5/2016 2:11:3% PM Inj 1

Inj Yolume : 5 pl

Aciq. Method ¢ DALCYDATAY SEM 3EM-5-45% SEZM-5-45-50 2016-05-15 13-36-50%A5H-20-50- 1ML~

25 4NM- 30MIN .M
Last changed tO5fL5F2016 136020 PM by WET

Analysis Method : D:A\LCYDATA, SZMh SZM-5-45% 3ZM-5-45-50 Z016-05-15 13-38-50%071-0201L.D4DAM

ASH-20-50-1ML-2 540 - 30MIN. M)
Last changed o 5f 1572016 10:11:1% PM by WEF
(modified afcer loading)

SADT A, iEelength=254 nm {OALCAOAT A S ot §- 45 5064560 2016-05- 15 13-38-600071-0201.00)
mal £
S00
400
=
=
300
200
100
D -
T T T T
1] ] 0 15 20 min

Area Percent Report

Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000

Use Moltiplier & Dilution Factor with ISTDs

Sigmal 1: WID1 A&, Wavelength=254 nm

Pealr RetTime Type TWidth Area Height Area
# [min] [min] mar *5 [maT 1 ]

il R b [====]-===--- |---=------ === |---=----- |
1 7.138 VB 0.3751 1.43769e4 SE5.TIE5E 49,9861
2 10,197 BV 0.6560 1.4354%4 J29.TREEI0 50,0139

Totals Z.876 1804 B95. 50674

Instrument 1 5/15/2016 10:11:25 PM WZF
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Data File D:WLOWDATANSZMYSZM-5-45452M-5-45-50 2016-05-15 13-38-50%075-0601.1
Sample Hame: SZM-5-50-1

Aoy, Operator : WEF Seq. Line B
Acg. Instrument : Instrument 1 Location @ Wial 75
Injection Date : 5 L15/2016 4:17:54 P Inj 1
Inj Yolume : 5 pl
Acyg. Method ¢ DA LCYDATA, SZMy SZM-5-45% SZM-5-45-50 2016-05-15 13-38-50%A5H-20-80- 1ML-
25 4NM-30MIN .8
Last changed tO5fL5F2016 136020 PM by WET

Analysis Method : D%\ LCWDATRA, SZMy SZM-5-45% SZM-5-45-50 2Z016-05-15 13-38-50%075-0601.D4DA.M |
ASH-20-50-1ML-2 540 - 30MIN. M)

Last changed i 5F 1572016 10:14:56 PM by WEF
(modified afcer loading)

SADT A, iiEelength=2454 nm (DAL CAOAT AR S ot §- 45 5064560 2016-05- 15 13-38-600075-060 1.0
mal ki
2000
1500
1000
500
-
=2
=
o L L,
T T T
1] 0 15 20 25 min

Area Percent Report

Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000

Use Moltiplier & Dilution Factor with ISTDs

Sigmal 1: WID1 A&, Wavelength=254 nm

Pealr RetTime Type TWidth Area Height Area
# [min] [min] mar *5 [maT 1 ]

il R b [====]-===--- |---=------ === |---=----- |
1 7.128 BE 0.4274 B.51754ed  2422.3593% 99,2040
2 10,434 BV 0.6287 547.02545  1Z.71287 0.7960

Totals E.5TZ25ed Z2435.07224

Instrument 1 5/15/2016 10:14:40 PM WZF Tage 1 of 1
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Data File D4 LCWDAT A S2MYSZM-5-45432M-5-45-C
Sample Name: 5ZM-5-435-C

Anig. Operator . LHC
Apg. Instrument : Instrument 1

Injection Date : 373072016 1L:03:33 PH

Acig. Method
Z5ANM- Z0MIF .
Last changed

JAEGS2016 1102044 AM by LHC

Z016-03-30 23-02-E24061-0101.D

Seg. Line : 1
Location : “Wial &1

Inj : 1

Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-45% SZM-5-45-C Z016-03-30 23-02-2:2% ASH-20-80-1ML-

Inalysis Method @ D:WLCYDATAY SZM0 SZM-5-45 3ZM-5-45-C Z016-03-30 23-02-224081-0101.1%DA.M |
ASH-20-50-1ML-2 54 -20MIN. M)

Last changed

5/14/2016 1000246 PH by WIF

[modified after loading)

S19

WD A, i elength=254 nm (DA LCDATANE A0S A6 -4 S -b-45-C Z016-03-30 23-02-22081-0101.0)
mAL 2

a00

<00

300

200 ~

100

04 4} T T
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By H Sigmal
Multiplier H 1.0000
Dilution H l.0000
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] ]

Bl L I--=-1------- === |---=------ |--=----- |

1 6,399 \EB 0.4054 1.424988e4  529.30829 S0.Z465

2 9.464 EE 1.0937 L.43565ed  202.114%% 49,7535
Totals @ 2.88552e8  T31.423Z8

Instrument 1 5/ 14/2016 10:02:51 FM WZF Page 1 of 1



Data File DInSLCWDAT AN SZMNSZM-5-50%3ZM-5-50-4 20016-03-28 11-30-544052-0101.D
Sample Name: SZM-5-50-4

Anig. Operator

Apg. Instrument :

Injection Date
Acig. Method

Last changed

Analysis Method :

Last changed

. LHC Seg. Line : 1

Instrument 1 Location : Wial &2
32872016 1103215 AM Inj : 1
Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-4 Z016-03-26 11-30-54% ASH-20-80-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 SZM-5-50-4 2016-03-28 11-30-54, 082-0101.0%DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

571472016 10:26:44 FM by WEF

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -G0S -5-60-4 2016-03-28 11-30-64082-0101.00
mal i ol
200
600
<00
200
Ll
b
om
D 1
T T T T T
1] 2 4 5] g 10 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution : L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]
Bl L I--=-1------- === |---=------ |--=----- |
1l B.31Z BV 0.4461 2.90942ed  995.96508 97.7392
2 9.2T2 NE 0.9512 BTZ.98792 .50165F Z2.ZE08
Totals 2.976T1ed  1007.46973

Instrument 1 571472016 10:26:50 PM WZF
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Data File D:WLOWDATANSZMYSZM-5-45%52M-5-45-50 2016-05-15 13-38-50%073-0401.D
Sample Hame: SZIM-5-45-F

Aoy, Operator : WEF Seq. Line 4
Acg. Instrument : Instrument 1 Location @ Wial 73
Injection Date : 5 L5/2016 3:14:38 PM Inj 1

Inj Yolume : 5 pl

Aciq. Method ¢ DALCYDATAY SEM 3EM-5-45% SEZM-5-45-50 2016-05-15 13-36-50%A5H-20-50- 1ML~

25 4NM- 30MIN .M
Last changed tO5fL5F2016 136020 PM by WET

Analysis Method : D:A\LCYDATA, SZMh SZM-5-45% 3ZM-5-45-50 Z016-05-15 13-38-50%073-0401.DADAM |

ASH-20-50-1ML-2 540 - 30MIN. M)
Last changed o 5f 1572016 10:12:55 PM by WEF
(modified afcer loading)

SADT A, iEelength=254 nm {OALCAOAT A S ot §- 45 5064560 2016-05- 15 13-38-600073-0401.00)
mal o
1000
200
W
W
L]
(=
GO0
<400
200
1] ‘J T
T T T T
1] 0 15 20 25 min

Area Percent Report

Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000

Use Moltiplier & Dilution Factor with ISTDs

Sigmal 1: WID1 A&, Wavelength=254 nm

Pealr RetTime Type TWidth Area Height Area
# [min] [min] mar *5 [maT 1 ]

il R b [====]-===--- |---=------ === |---=----- |
1 B.ETL W 0.3680 2.77251ed  1106.7T3330 49,5976
Z 9.555 \E 0.6630 Z.T8385ed B40.27997 50,1024

Totals 5.55638e8  1747.03326

Instrument 1 5/15/2016 10:13:00 PM WZF
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Data File InWLCWDATANSEMYSZM-5-50%5EM-5-50-3
SZM-5-50-3

Sample FName:
Anig. Operator

Ay,
Injection Date

Acig. Method

Last changed

Analysis Method :

Last changed

Instrument :

Z016-03-28 11-05-024061-0101.D

. LHC Seg. Line : 1
Instrument 1 Location : “Wial &1
J28F2016 1Li06:37 AM Inj : 1

Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-3 Z016-03-26 11-05-02% ASH-20-80-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 5ZM-5-50-3 2016-03-28 11-05-024081-0101.04%DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

571472016 10:21:1%9 FM by WEF

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -G0S -5-60-3 201603-28 11-05-02081-0101.00
mal 2
600
A00
<400
300+
200+
100
o
%
0+ —
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution : L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]
Bl L I--=-1------- === |---=------ |--=----- |
1l 6.34Z EB 0.3871 L.65897Ted  R4Z.5593% 05,7155
2 G898 W 0.5656 T42Z.60004  19.2285%  4.2345
Totals 1.73323e4  EEL.78797

Instrument 1 571472016 10:21:24 PM WZF
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Data File D:WLOWDATANSZMYSZM-5-45%52M-5-45-50 2016-05-15 13-38-50%072-0301.D
Sample Hame: SZIM-5-45-4

Aoy, Operator : WEF Seq. Line 3
Acg. Instrument : Instrument 1 Location @ Wial 72
Injection Date : 5 L5/2016 2:43:05 P Inj 1

Inj Yolume : 5 pl

Aciq. Method ¢ DALCYDATAY SEM 3EM-5-45% SEZM-5-45-50 2016-05-15 13-36-50%A5H-20-50- 1ML~

25 4NM- 30MIN .M
Last changed tO5fL5F2016 136020 PM by WET

Analysis Method : D:A\LCYDATA, SZMh SZM-5-45% 3ZM-5-45-50 Z016-05-15 13-38-50%072-0301.DADAM |

ASH-20-50-1ML-2 540 - 30MIN. M)
Last changed ¢ 5F 1572016 10:12:1% PM by WEF
(modified afcer loading)

WD A, Mianelength=2454 nm (DAL COAT AL Gt 5- 45050054850 2016-05- 15 13- 28500720201, 00

mAl z

2460+

200

11.221

140

100

a0

T T
1] 4 10 15 20

min

Area Percent Report

Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000

Use Moltiplier & Dilution Factor with ISTDs

Sigmal 1: WID1 A&, Wavelength=254 nm

Pealr RetTime Type TWidth Area Height Area
# [min] [min] mar *5 [maT 1 ]

il R b [====]-===--- |---=------ === |---=----- |
1 7.346 \E 0.4998 2149, 66797 279.53934 50,0163
2 1l.2Z1 EE 0.8298 9143,70312 168.08777 49,9837

Totals 1.52934e4 44762711

Instrument 1 5/15/2016 10:12:25 PM WZF
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Data File DiSZLCADATANSZMASZIM-5-500%5EM-5-50-2 2016-03-28 17-24-20%063-0101.D

Sample Name: 3SZM-5-50-

Anig. Operator
Apg. Instrument :
Injection Date

Acig. Method

Last changed
Analysis Method :

Last changed

Z

. LHC Seg. Line : 1

Instrument 1 Location @ Wial &3
3P28FE018 5i26:15 PM Inj : 1
Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-2 Z016-03-26 17-24-20% ASH-20-80-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 SZM-5-50-2 2016-03-28 17-24-20%083-0101.0%DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

571472016 10:13:07 PM by WEF

[modified after loading)

WD A, i elength=254 nm (DA LCDAT AN A0S A6 -G0S -5-60-2 2016-03-28 17-24200083-0101.00
mAL 2
1000
200+
600~
<00 o
200
=
™
=2
D I
T T T T T
1] Z 4 ] g 10 12 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution : L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]
Bl L I--=-1------- === |---=------ |--=----- |
1 T.280 \EB 0.6559 4,57TTRZed 10TT.05020 98.56381
2 10.2Z0 EB 0.7376 BEL, 98889  L2.78951  1.4319
Totals @ 4.604]1%e4  1089.86371

Instrument 1 571472016 10:1&:12 PM WZF
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Data File DS LCWDAT AN SZMNSZM-5-45432M-5-45-C 2016-03-30 23-02-224087-0701.D
Sample Name: SZM-5-45-7

Anig. Operator . LHC Seg. Line : 7
Apg. Instrument : Instrument 1 Location @ ‘“Wial &7
Injection Date @ 3/ 3L/2016 1:12:36 AM Inj 1
Inj Wolume : 5§ pl
Acg. Method ¢OD A LOYDATAY SEM, SZM-5-454 SZM-5-45-0 2016-03-30 23-02-224 ASH-20-50-1ML -
Z5ANM- Z0MIN .1
Last changed V32872016 11002044 MY by LHC

Analysis Method : D:SWLCYWDATA, SZM0, SEM-5-45, SZM-5-45-C Z016-03-30 23-02-224087-0701.14DA.M |
ASH-20-50-1ML-254RI-20MIN. M)

Last changed v 541472016 10:14:13 PM by WIF
[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S At S-S -b-45-C Z016-03-30 23-02-221087-0701.0)
mAL a
1000
200
600~
-y
=
<00
200+
o - J .
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By H Sigmal
Multiplier H 1.0000
Dilution H l.0000
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]

e P EEEr l=mmmmmee =mmmmmmmn l=ommmmm- [
1 6.8EZ0 BE 0.4071 2.87210ed 1045.0513% 50.0zZZ5
& 10.544 BE 1.0142 Z.8p952ed 430, 144587 49.8775

Totals 5.7416Zed  1487.1962Z6

Instrument 1 5/ 1472016 10:14:17 PM WZF Page 1 of 1
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Data File InWLCWDATANSEMYSZM-5-50%5EM-5-50-4
SZM-5-50-11

Sample FName:
Anig. Operator
Ay,
Injection Date

Acig. Method

Last changed

Analysis Method :

Last changed

+ LHC
Instrument :

Z016-03-31 17-09-56%0683-0301.D

Seg. Line : 3

Instrument 1 Location @ Wial &3
33LFE0le 5:54:01 PM Inj : 1
Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-8 Z016-03-31 17-09-56% ASH-20-50-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 5ZM-5-50-8 2016-03-31 17-09-56%083-0301.00DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

571472016 10:31:00 FM by WEF

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -G0S -5-60-8 2016-03-231 17-09-66'083 030100
mald ] b
200
600~
<00
200+
W
&
=2
D 1 1
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution : L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]
Bl L I--=-1------- === |---=------ |--=----- |
1l B.RE3 EB 0.3995 2,55972ed  952.40466 99,4755
2 10.265 EB 0.6722 134.96884 2.3839F  0.5245
Totals @ 2.57322ed  054.73859

Instrument 1 571472016 10:31:05 PM WZF
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Data File InWLCWDATANSEMYSIM-5-45%5EM-5-45-C
SZM-5-45-G

Sample FName:

Anig. Operator . LHC
Apg. Instrument : Instrument 1
Injection Date ALFE0Lle 1202929 AM

Z016-03-30 23-02-E24065-0501.D

Seg. Line : 5
Location @ ‘Wial &5

Inj : 1

Inj Wolume : 5§ pl

Acig. Method

VDALY DATAY SEM, SEM-5-45% SZM-5-45-C Z016-03-30 23-02-2:2% ASH-20-80-1ML-

Z5ANM- Z0MIF .
Last changed 325872016 11:02:44 AM by LHC
Analysis Method :
ASH-20-80-1ML-254FM-20MIN. M)
571472016 10:12:54 PM by WIF

[modified after loading)

Last changed

DeWLOYDATAY S0 3ZM-5-45 3ZM-5-45-C Z016-03-30 23-02-224085-0501. 15 DA.M |

S31

WD A, i elength=254 nm (DA LCDATANE A0S At S-S -b-45-C Z016-03-30 23-02-22085-0501.0)
mal o

250

200

150 E

100

A0

1] T
T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution : L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] ]

Bl L I--=-1------- === |---=------ |--=----- |

1l  B.T51 BV 0.4718 S908.26563 283.23007 50,3720

2 9.504 VE 1.0035 7T6.6TTT3  L3Z2.85991 49,8280
Totals 1.T684%e4  416.1199%

Instrument 1 5/ 14/2016 10:12:57 FPM WZF Page 1 of 1



Data File InWLCWDATANSEMYSZM-5-50%5EM-5-50-4
SZM-5-50-§

Sample FName:
Anig. Operator
Ay,
Injection Date

Acig. Method

Last changed

Analysis Method :

Last changed

Instrument :

Z016-03-31 17-09-564%061-0101.D

. LHC Seg. Line : 1
Instrument 1 Location : “Wial &1
3F3LFE01le 5:11:35 PM Inj : 1

Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-8 Z016-03-31 17-09-56% ASH-20-50-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 5ZM-5-50-8 2016-03-31 17-09-564081-0101.04%DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

571472016 10:29:56 FM by WEF

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -G0S -5-60-8 Z016-03-21 17-09-66'081-0101.00
mAL 2
Fo0
600
a00
<00
2004
200+
100
fr=]
=
o
0l L
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution : L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]
Bl L I--=-1------- === |---=------ |--=----- |
1l B.R30 EB 0.4530 2.37782ed  T93.55023 98,2326
2 9.196 EE 0.7535 427.82095 T.145865 1.76874
Totals 2.42080e4  B00.B2883

Instrument 1 571472016 10:30:00 PM WZF
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Data File DS LCWDAT A SZMSZM-5-45432M-5-45-C 2016-03-30 23-02-224054-0401.D
Sample Name: 5SZM-5-45-F

Anig. Operator H
Apg. Instrument : Instrument 1 Location : “Wial &4
Injection Date  3/31/2016 12:07:58 AN Inj 1
Inj Wolume : 5§ pl
Acg. Method ¢OD A LOYDATAY SEM, SZM-5-454 SZM-5-45-0 2016-03-30 23-02-224 ASH-20-50-1ML -
Z5ANM- Z0MIN .1
Last changed V32872016 11002044 MY by LHC

Analysis Method @ DeWLCYDATAY SZM0 SZM-5-45 3ZM-5-45-C Z016-03-30 23-02-224084-0401.15DAM |

ASH-20-50-1ML-2 54 -20MIN. M)

Last changed D5/ 1472016 100 12:20 PM by WIF

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S At 6 -4 S -b-45-C Z016-03-30 23-02-22084-0401.07
mal | o
200 &
=]
-
150
100
501
1]
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By H Sigmal
Multiplier H 1.0000
Dilution H l.0000
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]
Bl L I--=-1------- === |---=------ |--=----- |
B.TT2 BW 0.4503 T8E1.43926 247.16179 49,9803
8,522 VE 0.BBL0 TET3.83447 181.3138% 50,0392
Totals @ 1.573583ed  425.47568
Instrument 1 5/ 14/2016 10:12::24 FPM WZF Page 1 of 1
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Data File DS LCWDAT A SZMNSZM-5-50%3ZM-5-50-7 2016-03-30 10-44-534051-0101.D
Sample Name: 5ZM-5-50-7

Anig. Operator

Apg. Instrument :

Injection Date
Acig. Method

Last changed

Analysis Method :

Last changed

. LHC Seg. Line : 1
Instrument 1 Location : “Wial &1
3072018 1004627 AM Inj : 1

Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-T Z016-03-30 10-44-58% ASH-20-50-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 SZM-5-50-7 2016-03-30 10-44-58,081-0101.04%DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

11720/ 2017 7:13:32 PM by LHC

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -GS -5-60-7 2016-03-30 10-44-68081-0101.00
mal ] =
360 4
300+
250
200+
150
100
50 ":G‘
w2
o
0 'ﬂs’-
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] ]
Bl L I--=-1------- === |---=------ |--=----- |
1l GB.RT3 EB 0.4702 1.1%242ed  3E0.TETLT 99.9055
2 §.345 MM 0.4232 11.27725 4.44163e-1  0.0945
Totals 1.18355e4  381.23133
Instrument 1 1L/20/2017 7:13:42 PH LHC Page 1 of 1
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Data File D4 LCWDAT A S2MYSZM-5-45432M-5-45-C
Sample Name: 5ZM-5-435-E

Anig. Operator . LHC
Apg. Instrument : Instrument 1
Injection Date : 373072016 1L 46:32 PH

Z016-03-30 23-02-E240683-0301.D

Seg. Line : 3
Location @ Wial &3
Inj : 1

Inj Wolume : 5§ pl

Acig. Method

VDALY DATAY SEM, SEM-5-45% SZM-5-45-C Z016-03-30 23-02-2:2% ASH-20-80-1ML-

Z54NM-Z0MIF .1

Last changed 325872016 11:02:44 AM by LHC

Inalysis Method @ DeWLCYDATAY SZM0 SZM-5-454 3ZM-5-45-C Z016-03-30 23-0Z-224083-0301.15DA.M |

ASH-20-80-1ML-254FM-20MIN. M)
571472016 10:11:52 FM by WEF
[modified after loading)

Last changed

WD A, i elength=254 nm (DA LCDATANE A0S At S-S -b-45-C Z016-03-30 23-02-22053-0301.0)
mal A Z
200
=
wr
=
600 -
<00~
200
0+ L
T T T T T T
1] 25 ] 7h 0 125 15 min

Area Percent Report

Sorted By H Sigmal
Multiplier H 1.0000
Dilution H l.0000

Tse Multiplier & Dilution Factor with I[STDs

Sigmal 1: WWD1 A, Wavelength=254 nm

Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]

Bl L I--=-1------- === |---=------ |--=----- |
1 E.059 BW 0.3345 2.18704ed 950055292 S0.0591
2 T.863 VE 0.5022 2.18188ed ES0. 16644 49,9408

Totals 4.36892ed  1R30.7T1936

Instrument 1 571472016 10:11:56 PM WZF

S37
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Data File DoSLCWDAT AN SZMNSZM-5-50%3ZM-5-50-5 2016-03-30 21-43-344052-0201.D
Sample Name: 5SZM-5-50-6

Anig. Operator . LHC Seg. Line : 2
Apg. Instrument : Instrument 1 Location @ YWial &2
Injection Date : 373072016 l0@06:28 PH Inj 1
Inj Wolume : 5§ pl
Acg. Method ¢OD ALY DATAY SEM, SZM-5-500 SZM-5-50-5 2016-03-30 21-43-34 ASH-20-50-1ML-
Z5ANM- Z0MIN .1
Last changed V32872016 11002044 MY by LHC

Analysis Method : D:SWLCYWDATA, SZMM, SEM-5-50% SZM-5-50-5 Z016-03-30 21-43-344082-0201.04DA.M |
ASH-20-50-1ML-254RI-20MIN. M)

Last changed D5/ 14/2016 10:28:32 PM by WIF
[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -G0S -5-60-5 2016-03-30 21-43-34082 02010
mALl Z
200+
600 4
<00~
200+
=
&
o — M r-
T T T T T T T
1] 25 ] 7h 0 125 15 175 min

Area Percent Report

Sorted By H Sigmal
Multiplier H 1.0000
Dilution H l.0000

Tse Multiplier & Dilution Factor with I[STDs

Sigmal 1: WWD1 A, Wavelength=254 nm

Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]

|
1 5,949 W 0.3302 Z2.04086ed  930.22241 98.96:4
i T.860 VB 0.4731 213.97714 G.E3669  L.0378

Totals Z.0B6225e4d 936.45910

Instrument 1 5/ 1472016 10:28:36 PM WZF Page 1 of 1
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Data File DS LCWDAT A SZMNSZM-5-45432M-5-45-C 2016-03-30 23-02-224082-0201.D
Sample Name: 5ZM-5-435-D

Anig. Operator . LHC Seg. Line : 2
Apg. Instrument : Instrument 1 Location @ YWial &2
Injection Date : 373072016 1L25:01 PH Inj 1
Inj Wolume : 5§ pl
Acg. Method ¢OD A LOYDATAY SEM, SZM-5-454 SZM-5-45-0 2016-03-30 23-02-224 ASH-20-50-1ML -
Z5ANM- Z0MIN .1
Last changed V32872016 11002044 MY by LHC

Analysis Method : D:SWLCYWDATA, SZMM, SEM-5-45, SZM-5-45-C Z016-03-30 23-02-224082-0201.1%DA.M |
ASH-20-50-1ML-254RI-20MIN. M)

Last changed v 541472016 10:11:04 PM by WIF
[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S At S-S -b-45-C Z016-03-30 23-02-22052-0201.0)
mal ] =
o0+
600
A00
<00
200
oo
&
200 =
100 J
D_ 1 1
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By H Sigmal
Multiplier H 1.0000
Dilution H l.0000
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] ]
Bl L I--=-1------- === |---=------ |--=----- |
1 T.007 WE 0.4036 2.136T1ed  TEE.3TZ01 50.5964
2 17.56% BEA  1.7334 Z.08633ed  179.46415 49,4036
Totals @ 4.22304e4  967.83617
Instrument 1 5/ 14/2016 10:11:05 FM WZF Page 1 of 1
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Data File InWLCWDATANSEMYSZM-5-50%5EM-5-50-5
SZM-5-50-5

Sample FName:
Anig. Operator
Ay,
Injection Date

Acig. Method

Last changed

Analysis Method :

Last changed

Instrument :

Z016-03-30 21-43-344061-0101.D

LHC Seg. Line : 1
Instrument 1 Location : “Wial &1
3072018 904512 PM Inj : 1

Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-5 Z016-03-30 21-43-34 ASH-20-80-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 5ZM-5-50-5 2016-03-30 Z1-43-34,081-0101.04%DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

571472016 10:27:43 PM by WEF

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -G0S -5-60-5 2016-03-30 21-43-34081-0101.00
mAL =
1400 -
1200
1000 -
300+
600
<00
200 -
&
o . =
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution L.oo00

Tse Multiplier & Dilution Factor with I[STDs

Sigmal 1: WWD1 A, Wavelength=254 nm

Pealr BetTime Type

# [min]

____| _______ I___
1l 5.976 BB
& 17.85Z BEA

Totals :

Instrument 1 571472016 10:27:48 PM WZF

Tidth Area Height Area
[min] mar *s [manr ] k]
-l------- === |---=------ |--=----- |
0.41048 4,1565%ed  1521.63916 OR.4436
l.2822 1532.74951 14.:20427  3.5564

4.30985ed  1535.54343

S41

Page 1 of 1




OMe

0000—

SLgL
158'L
6LLZy
70Tz,
6127
t8e T,
LIST
20677
162
are’

SL9€—

S05'g~

£798,
WM“#

005'9
205'9

188'9

mmw.o/
188'9

zevif
sel'Lf
zsb L
107 L1

8zz'L

1881
90t L
8Ly L]
gev 1]
LeL L]
SELL
[T
sgL 1t

FgL'g

FsoL

EpoL
FsoL

=60'¢

FroL

=001
=00°L

oL
Fhe

[
hzee
yEHT

90 85 80 75 70 65 B0 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

9.5

08402~
62112
18's2”

€0L'gE—

2e0'ss—
8rs'8s—

Nmm.oh
ooo....hwﬂ
8LELL

SZ6'601
9185k
050°8LL
ZB6'EZL|
60Z'LZL4
0LE'6ZI
rra'6zL
L0L0EL
9.5 LELL
Z2OVEL~
Bo.mm_.w
SLELEL
8ESOVL
£60°06L—

985’651 —

PSO'LLL—

J-uw-mm

11|0 9r0
1 {(ppm)
S42

120




Data File DnSLCWDAT A SZMNSZM-5-45432M-5-45-C 2016-03-30 23-02-224086-0601.D
Sample Name: SZM-5-435-H

Anig. Operator . LHC Seg. Line : B
Apg. Instrument : Instrument 1 Location @ YWial 8B
Injection Date 373172016 12:51:02 AM Inj 1
Inj Wolume : 5§ pl
Acg. Method ¢OD A LOYDATAY SEM, SZM-5-454 SZM-5-45-0 2016-03-30 23-02-224 ASH-20-50-1ML -
Z5ANM- Z0MIN .1
Last changed V32872016 11002044 MY by LHC

Analysis Method : D:SWLCYWDATA, SZMM, SEM-5-45, SZM-5-45-C Z016-03-30 23-02-22%086-060L1.I4DA.M |
ASH-20-50-1ML-254RI-20MIN. M)

Last changed D5/ 14/2016 10:15:37 PM by WIF
[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S At S-S -b-45-C Z016-03-30 23-02-22085-0601.07
mAL =
260+
x
2004 had
1504
100+
A0
D___________;_rﬂJ\_ﬂru—
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By H Sigmal
Multiplier H 1.0000
Dilution H l.0000
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]

e P EEEr l=mm o mmee =mmmmmmmee l==mmmmm- [
1 7.733 BE 0.4658 8571.19141 EBT.33536 51.098%
£ 10.384 WE 0.6404 8I02.44R29 185.23439 48.8008

Totals 1.6T736ed 452. 56975

Instrument 1 5/ 1472016 10:13:41 PM WZF Page 1 of 1
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Data File InWLCWDATANSEMYSZM-5-50%5EM-5-50-4
SZM-5-50-9

Sample FName:
Anig. Operator
Ay,
Injection Date

Acig. Method

Last changed

Analysis Method :

Last changed

Instrument :

Z016-03-31 17-09-564062-0201.D

. LHC Seg. Line : 2
Instrument 1 Location : Wial &2
33LFE01le 5:32:49 PM Inj : 1

Inj Wolume : 5§ pl

VDALY DATAY SEM, SEM-5-500 SZM-5-50-8 Z016-03-31 17-09-56% ASH-20-50-1ML-

Z5ANM- Z0MIF .

325872016 11:02:44 AM by LHC

O:4WLOWDATA, SZM, SZM-5-500 5ZM-5-50-8 2016-03-31 17-09-56%082-0Z01.00%DA.M |
ASH-20-80-1ML-254FM-20MIN. M)

571472016 10:30:24 FM by WEF

[modified after loading)

WD A, i elength=254 nm (DA LCDATANE A0S A6 -G0S -5-60-8 Z016-03-31 17-09-66'082 020 1.0
mal prs

350

300+

250 4

200+

1504

100

50 1 w

B
1] T = T
T T T T T T T
1] 25 ] 7h 0 125 15 175 min
Area Percent Report
Sorted By Sigmal
Multiplier 1.0000
Dilution : L.oo00
Tse Multiplier & Dilution Factor with I[STDs
Sigmal 1: WWD1 A, Wavelength=254 nm
Pealr BetTime Type Tidth Area Height Area
# [min] [min] mar *s [manr ] k]

Bl L I--=-1------- === |---=------ |--=----- |

1 T.k44 EE 0.4523 1.11106ed4  359.477T60 98,2102

2 10.33% EB 0.567T0 Z0Z.43689 4.89565% 1.7898
Totals @ 1.13131ed  364.373L5

Instrument 1 571472016 10:30:31 PM WZF
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Data File D:WLOWDAT AN SZMY SZM-5-45452M-5-45-50 2016-05-15 13-38-50%074-0501.0
Sample Hame: SZM-5-45-1

Aoy, Operator : WEF Seq. Line 5
Acg. Instrument : Instrument 1 Location @ Wial 74
Injection Date : 5 L5/2016 3:46:16 PM Inj 1

Inj Yolume : 5 pl

Aciq. Method ¢ DALCYDATAY SEM 3EM-5-45% SEZM-5-45-50 2016-05-15 13-36-50%A5H-20-50- 1ML~

25 4NM- 30MIN .M
Last changed tO5fL5F2016 136020 PM by WET

Analysis Method : D:AWLCYDATA SZMh SZM-5-45% 3ZM-5-45-50 Z016-05-15 13-38-50%074-0501.D4DA.M

ASH-20-50-1ML-2 540 - 30MIN. M)
Last changed : 5F 1572016 10:15:56 PM by WEF
(modified afcer loading)

WD A, Mianelength=2454 nm (DAL COAT AL Gt 5- 45050054850 2016-05- 156 13-28-5007404501. 0

T T
1] 4 10 15 20

min

Area Percent Report

Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000

Use Moltiplier & Dilution Factor with ISTDs

Sigmal 1: WID1 A&, Wavelength=254 nm

Pealr RetTime Type TWidth Area Height Area
# [min] [min] mar *5 [maT 1 ]

il R b [====]-===--- |---=------ === |---=----- |
1 7.194 MM 0.5579 3121.38794  93.2552% 49.6454
201 T7E M 1.0224 3165.97461  51.6093% 50,3546

Totals E28T.36200 144.8R467

Instrument 1 5/15/2016 10:14:00 PM WZF
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Data File D:WLOWDATANSZMYSZM-5-50%532M-5-50-10 2016-04-05 16-13-274041-0101.0
Sample Hame: SZM-5-50-10

Aoy, Operator : LHC Seq. Line 1
Acg. Instrument : Instrument 1 Location @ Wial 81
Injection Date : & 572016 4:15:15 PH Inj 1
Inj Yolume : 5 pl
Acyg. Method ¢ DA LCYDATA, SZMy SZM-5-50% SZM-5-50-10 2016-04-05 16-13-274ASH-20-80- 1ML-
25 4NM-Z0MIN N
Last changed T3S 28/2016 11:02: 44 AM by LHC

Analysis Method : D%\ LCWDATA, SZMy SZM-5-50% SZM-5-50-10 2016-04-05 16-13-274081-0101.D4DA.M |
ASH-20-50-1ML-2 54N -20MIN. M)

Last changed D 5f 1472016 10:31:43 PM by WEF
(modified afcer loading)

SADT A, iEelength=2454 nm {OALCAOAT A S Aot &S00 5-5-50-10 2016-04-05 16-13-27021-0101.00
mal | =

1000

200

GO0

<00

200

&
o
04—t
1] 215 5| ?I,ﬁ 0 12|,‘5 1|5 1?I,‘5 min
Area Percent Report
Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000
Use Moltiplier & Dilution Factor with ISTDs
Sigmal 1: WID1 A&, Wavelength=254 nm
Pealr RetTime Type TWidth Area Height Area
# [min] [min] mir *=s [maT 1 ]

il R b [====]-===--- |---=------ === |---=----- |

1l hK.691 EE 0.4311 3.42152ed4 1191.64990 99,0898

Z 9.727 VB 0.6935 314.28152 £.04935 0.9102
Totals 3.45295e4  1197.899Z2F

Instrument 1 5/14/2016 10:31:54 PM WZF Page 1 of 1
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Data File DoY) LCWDATANWLATL-FULWENEY WL-3-WOTONG-RAC 2016-12-13 05-20-26%054-0101.D

Sample Name: WL-3-WUTONG-RAC

Acqg. Operacor : LHC 3eq. Line : 1
Ao, Instrumert @ Instriment 1 Location @ Wial 54
Irjection Date @ 1271372016 9:21:51 AM Inj : 1
Inj Volume : 5 pl
Acg. Method t DeNLOADATANWLAWL- FULVENEY WL-3-WUT ONG-RAC 2016-12-13 09-20-26%IE-56-4-
245MM-30MT. M
Last changed 1 1271372016 9:20:36 AM by LHC

(modified after loading)

Amalysis Method : Do LOWDATANWLAUL-FULVENE, UL -3-WUT DMG-PAC 2016-12-13 05-20-204054-0101.10

DA.M (IE-56-4-Z45HM-30MIN.HM)

Last changed : 11/20/2017 7:08:40 FM by 25
(modified afrer loading)
AT A, i vekengthe 254 nm (D AL COAT AL FUCVENEWIL3-WWUT ONG- RACZ016-12-13 DA-20-260540101 09
mall =
Ix:
700 §
L=3
500
A00
400
300
200
100 _J
T T T T T T T T
0 1 2 ] 4 5 i T g mir|

Sorted By H Sigmal
Multiplier H 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigral 1: VD1 A, Wavelength=254 rm

Peak RPetTime Type TUWidch Area Height Area
# [min] [min] mAlT *s [mar ] ]
e e Dl ol el el Kt |
1 7324 W 0. 2006 9676.86914 726.25989 48.8577

2

g.032 W 0. 2327 1.012%4ed4  650.27550 51.1423

Instriment 1 11/20/2017 7:08:58 PM X3

S49

Page 1 of 2



Data File D@y LCWDATANWLAUL-FULVENEY, WL-3-UUTNG-0PT 2016-12-13 20-52-454,055-0101.D
Sample Name: WL-3-WUTONG-OPT

Acqg. Operacor : LHC 3eq. Line : 1
Ao, Instrumert @ Instriment 1 Location @ Wial 55
Irjection Date @ 12/13/2016 8:54:21 ™M Inj : 1
Inj Volume : 5 pl
Acg. Method ¢ DeNLOADATANWLAWL-FULVENEY WL-3-WUT ONG-0FT 2016-12-13 20-52-459'IB-56-4-
245MM-30MT. M
Last changed 1 1271372016 8:51:25% FM by LHC

Analysis Method @ D:%LO\DATANLAWL-FULVENEY WL-3-WOTONG-0PT 2016-12-13 20-52-458%055-0101.I0
DA.M (IE-965-4-Z451M-30MIN.M)

Last changed 112042017 70717 P by 3X5
(modi fied afrer loading)

2500

00

1500

000

00+

2
|:| 1 1
T T T T T
1] 2 4 5] g 10 miry
Area Percent Report
Sorted By H Simmal
Multiplier H 1.0000
Dilution : 1. 0000
Use Multiplier & Dilution Factor with ISTD=
Sigmal 1: VD1 A, Wavelength=254 rm
Pealr PetTime Type Widch Area Height Area
# [min] [min] maAlT *s [mar ] k]

- | [ ]

1 7867 W 0.2565 95858.%0131  a60.421358  1.7406

2 B.e0& W 0.3252 5.582582e4 267Z.65042 05,2504
Totals : L.6814led 2733.08080

Instriment 1 1172072017 7:07:20 PM 343 Page 1 of 2
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Data File D:WLCWDAT AN SZMYSZM-5-59%532M-5-59-C-D-E 2016-05-03 21-22-364%071-0101.D
Sample Hame: szm-5-59-c

Aoy, Operator : MEF Seq. Line 1
Acg. Instrument : Instrument 1 Location : Wial 71
Injection Date : 5/ 3/Z016 9:23:55 PM Inj 1
Inj Yolume @ 5 pl
Acyg. Method ¢ DA LCYDATA SZM SZM-5-59% SZM-5-59-C-D-E 2016-05-03 21-22-36% ICH-20-580-1ML-
25 4NM-25MIN.M
Last changed &S EES2016 356030 PM by WET

Analysis Method : D:\LCYDATA, SZMy SEZM-5-59% 5ZM-5-59-C-D-E 2016-05-03 £1-22-364%071-0101.0%DA. M
[ICH-Z0-50- 1ML- 25 40M-2 SIT IR .M

Last changed tO5f14F2016 9056018 PM by WET
[modified after loading)

SADT A, MiEelergth=254 nm (DAL CDAT AN oS b 5- 500 525 50-C-0-E 2016-05-03 21-22-26'07 10101 .00

mal =

.
1000
200
GO0
400
200

1]
T T T T
] i) 1] 15 i) mn

Sorted By H Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tge Moltiplier & Dilution Factor with ISTDs

Signal 1: WID1 A&, Tavelength=254 nm

Pealr RetTime Type TWidth Area Height Area
# [min] [min] mar *5 [maT 1 ]

1 16,706 W 0.4051 £.91916e4 1112.79346 48,0660
2 1T.381 \E 0.4477 3.15408e4 1068.7T2375 51.9340

Totals B.0T3z5ed 2181.51721

Instrument 1 5/14/2016 9:56::23 PM TWZIF Tage 1 of 1
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Data File D:%LCADATAYSZMYSEM-5-604%32M-5-60-A-FE-C 2016-04-25 16-57-35%083-0301.0
Sample Name: SEM-5-60-C

¢ 2T Jeg. Line 3

Aoy, Operator

Aoy, Instrument :

Injection Date
A, Method

Last changed
Analysis Method

Last changed

Location @ Wial 83
Inj : 1
Inj Wolume @ 5 ul

Instrument 1
47 28/2016 5:51:42 PM

v DeWLCYDATEN SZIT 32M-5-6 04 SZM-5-60-A-B-C Z016-04-28 16-57-35 ICH-Z0-60-1ML-

L5 ARM- Z5HMIN. M
4 E3/E006 315830 PO by WET

v DeWLCY DATAN SZID SZM-5-604 SZM-5-60-A-B-C Z0L16-04-28 16-57-35083-0301.D%DA.H

[TCH-20-80-1MML-254WM-2 S IN .M
51472006 9:49: 28 PM by WET
[modified after loadin

mAl

600~

500+

00~

300+

200 4

1004

]
A0 A, Miwelength=254 nm {DALCDATAAS S b 5-600504-6-60-% B-C 2016-04 28 16-67-36053-0501.07

—

ﬁ

15 G9G

Area Percent Beport

Sorted By
Multiplier
Dilution

Signal
1.0000
1. 0000

Tee Multiplier & Dilution Factor with ISTDs

Signal 1: WDl &, Wavelength=254 nm
Peale RetTime Type Tidth Area Height Area
# [min] [min] mir *= [maT ] ]

1 15.8%6 BV 0,346 T1.9429%6 Z2.86218  0.3734
2 11171 WE 0.4459 1.91947e4  GBRS.LITTE0 99.6Z66

Totals : 1.9266Red  BEE.03999

Instroment 1 5/ 14/2016 9:4%9:33 PM WZF

S53
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bData File DiSLCADATA\SZMYSIM-5-59%352M-5-59-4-F Z016-04-28 15-59-044%051-0101.D
Sample Mame: SZIM-5-59-4

Aoy, Operator v WET Seq. Line 1
Acig. Instrument @ Instrument 1 Location @ Yial 81
Injection Date : 47 28/2016 4:00::29 PM Inj : 1

Inj Yolume : 5 ul

Arq. Method Vo DeSLODATAE, 3EIT, SEM-5-59% SZM-5-50-A-F Z016-04-2% 15-59-04 ICH-Z0-80-1ML-

254M-25MIN. M
Last changed LA ZE/2016 3:58:30 PM by WEF

dnalysis Method : DiALCYDATAN SZMD SZM-5-59 SZM-5-59-A-F Z016-04-26 15-59-0&,081-0101.D4DAM |

ICH-20-50-1ML -2 S4RM-25MIN. M)
Last changed vo5/ 14720168 9:53: 29 PH by TWEF
(modified after loadin

1]
WD A, WEwelergth=25 nm [ DALC DAT A8 2S5 -S0520 5-50-A B 2016-0428 15.58-06051-0101 009
mal

120+
100+
a0

G0

20

min

Sorted By : Sigmal
Multiplier : 1.0000
Dilution : l.0000
Use Multiplier & Dilution Factor with ISTDE

Signal 1: VD1 A, Wavelength=254 nm
Pealr RetTime Type TWidth Area Height Area

#  [min] [min] maT *s  [maU ] %

1 16.834 M 0.4516 3533.96387 132.82325 S0.58ZZ
£ 15,444 MM 0.5433 3745.700E0  114.90802 49.4178

Totals : THT9.6E 406 Z47.53127

Instrument 1 5/ 1472016 9:53%:33 PM WEF

S55

Page 1 of 1



Data File DSy LCWDAT AN SZMNSZM-5-604%52ZM-5-60-A-B-C 2016-04-28 16-57-354%081-0101.D
Sample Wame: 3ZM-5-60-4

Acyg. Operator : WEF Seq. Line 1
Acg. Instrument : Instrument 1 Location @ Wial &1
Injection Date : &' Z8/2016 4:58:47 PH Inj : 1

Inj Wolume : 5 pl

Aciq. Method U DALCYDATAY SEM SZM-5-604 S5ZM-5-60-A-EF-C 2016-04-2§ 16-57-35% ICH-20-80-1ML-

Z54NM-Z5MIF .M
Last changed DO&FEESEZ016 3058030 PM by WEIF

Analysis Method : D:ALCYDATA, SEMD SZM-5-60%5IM-5-60-A-E-C Z016-04-28 16-57-354051-0101.0% DA

[ICH-20-50-1ML-2540M-2 5 IN.M)
Last changed 5/ 1472016 9:45:09 PM by WEZF
[modified after loading)

AN 7, Tarelength=254 nm (0L COAT AE e 2t - BIatA 5 B0-% B-C Z016-09 28 16-67-35081-0701 07

mal -
&00 - ]
700 4
00 -
&00

400 4

300 4

200+

1004

min

Area Percent Report

Sorted By H Signal
Moltiplier : l.o0000
Dilution : l.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1. VWWD1 A, Tavelength=Z54 nm

Peal RetTime Type TWidth Area Height Area
# [min] [min] mi&l *=s [mar 1 ]
Bl L [====]-====-- === === |=-==---- |
1 16.933 BW 0.42450 Z8R.03B6E 9.56381 1.103F
Z 18.471 wB 0.4790 2.56322e4  B25.27850 98.8964

Totals 2.5918%ed B37.94231

Instrument 1 5/ 14/2016 9:45: 15 PM WZF

S56
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Data File D:WLCWDATANSZMYSZM-5-59%532M-5-59-A-B 2016-04-2§ 15-59-044082-020L1.D
Sample Hame: 5SZIM-5-59-F

Ao, Operator : MEF Seq. Line Z
Acg. Instrument : Instrument 1 Location :
Injection Date 4 287E0LE 4:26: 47 P Inj : 1

Inj Yolume @ 5 pl

Ao, Method

25 4NM-Z5MIN .M
Last changed 4 2872016 3158030 PM by WEF
Analysis Method :
ICH-Z0-50-1ML -2 54 -Z5MIN.IT)
5/ 142016 9:54: 57 PM by WZT

[modified after loading)

Last changed

¢ DALCYDATAY SEM SEM-5-59% JEM-5-59-A-F 2016-04-28 15-59-04% ICH-20-50-1ML-

IiALCYDATAY 3TN SZM-5-59 SZM-5-59-A-F 2016-04-28 15-59-04082-0201.00DALM

SADT A, Wiaelength=254 nm (DAL COAT AL S 5- 500 505602 B 2016-04-22 15-60-0p022-0201.00
mAl 3

2

=
200
150 A
100 o
a0 -
04

T T T T T T T T T
] il i} A 0 125 15 174 ] ekl min

Sorted By Signal
Mnltiplier 1.0000
Dilution 1.0000

Use Moltiplier & Dilution Factor with ISTDs

Sigmal 1: WID1 &, Wavelength=254 nm

Peak RetTime Type TWidth Area Height Area
# [min] [min] mdr *= [mar 1 H
il R b [====]-==--- |---=------ === |---=----- |
1 16,523 BV 0.4347 6473.54395 229.95941 50.ZRT1
L 1§.149 VB 0.42529 B404.75293 2Z04.73798 49,7329
Totals 1.28783ed  434.E9737

Instrument 1 571472016 9:55:01 PM TWZF

S58
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Data File D:SLCWDAT &3 ZMN3ZM-5-6043E2M-5-R0-A-BE-C 2016-04-28 16-57-35%08Z-0201.D
Sample Fame: 5ZM-5-60-B

Acg. Operator : WEF Seq. Line Z
Acig. Instrument : Instrument 1 Location @ Vial 82
Injection Date : 42872016 5:25:31 FPH Inj : 1

Inj Yolume : 5 pnl

Acg. Method ¢ DA LCYDATAN SZM0 SEM-5-60% 3ZM-5-60-A-B-C Z016-04-28 16-57-35% ICH-20-80-1ML-

25 4RM-25MIN .M
Last changed 4P RBS2016 3:55: 30 PM by WEF

Analysis Method : DA\ LCYDATA, SZM0 SZM-5-60% 3ZM-5-60-A-B-C Z016-02-28% 16-57-35408Z-0201.0%DA.M

[ICH-20-50-1ML- 25 4WM-2 SM I . M)
Last changed o 5F 1472016 9:45: 44 PH by WEF
(modified afcer loading)

WD A, Widelength=244 nm (DALCADAT A0S A0S St 660053l -5-60-% B-C 2016-04-28 16-57-3R0582-0201.00
mal =2

200+

600

400

200+
o
Z
w

D 1 = 1
T T T
1] 5 10 15 20 min

Sorted By : Sigmal
Multiplier : 1.0000
Dilution H 1.0000

Tse Multiplier & Dilution Factor with I3TDs

Gignal 1: VWDl &, Wavelength=Z54 nm

Peal RetTime Type Width Area Height Area
# [min] [min] miT *s [maly ] ]

B il el B el il kel
1 15.695 BV 0.4133 256.11285 9.55233  0.3848
2 17.115 WB 0.4636 2.86958ed  956.46973 99.1154

Totals Z.89520ed  96E.0ZEZ05

Instrument 1 571472016 9:45: 4% PM WIF
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Data File D:yLCYDATANWLAUL-FULVENE,WL-FULVENE-Z 2016-11-16 20-06-10%041-0101.D
Sample Name: WL-Heptane

Acqg. Operacor : LHC 3eq. Line : 1
Ao, Instrumert @ Instriment 1 Location @ Wial 41
Irjection Date @ 1171672016 8:07:31 M Inj : 1
Inj Volume : 5 pl
Acg. Method + DN LOADATANWLAWL-FULVENEYWL-FULVENE-2 2016-11-16 20-06-10%IE-80-20-30MIN-
245MM.M
Last changed 1 1171642016 8:05:10 FM by LHC

Analysis Method @ D:%LO\DATANULAWL-FULVENEYWL-FULVENE-2 20l6-11-16 20-06-10%041-0101.0%DA. I
(IE-50-20-30MIN-Z 4500 1)

Last changed 112042017 7l0:12 FH by 3X5
(modi fied afrer loading)

kS

250 =

200+

150+

100

m -

o L
T T T T T T T T
1] 2 4 i g 1] 12 14 13 miry
Area Percent Report
Sorted By H Simmal
Multiplier H 1.0000
Dilution : 1. 0000
Use Multiplier & Dilution Factor with ISTD=
Sigmal 1: VD1 A, Wavelength=254 rm
Pealr PetTime Type Widch Area Height Area
# [min] [min] maAlT *s [mar ] k]

- | [ ]

1 13.5%04 W 0.310% 5407.17432 271.58078 45.%69%

2 14,435 VE 0.3556 5634,65067 241.1647%  51.0301
Totals : 1.10418e4  512.74557

Instriment 1 11/720/2017 7:10:15 PM 33 Page 1 of 2
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Daca File D:% LOADATANWLATWL-FUOLVENENWL-0PT Z016-11-17 15-03-414045-0101.T
Sample Name: wl-heptane

Aeog. Operator : HR Seq. Line : 1
Ao, Instrument : Instriment 1 Location @ Vial 45
Injection Date @ 11/17/2016 3:04:55 FM Ing : 1
Inj Volume : 5 ul
Acg. Method ¢ Doy LOZDATANTLAWL-FULVENEYWL-0PT 2016-11-17 15-03-41%IE-80-20-30MIN-245101.
)
Last changed 1141642016 S:05:10 FM by LHC

Analysis Method : D% LOSDATANULAWL-FULVENENWL-OPT 2016-11-17 15-03-414045-0101.D%DAVI (IE-
§0-Z20-30M I -2 45101, 1)

Last changed 1172072017 7:11:36 FM by 25
(modified after loadineg)

5

7] g K WL-OF B-T1- ATDEO0T.
mall =
700 ; \@“Q
rbl"
600
A00
<00
300 4
200
100
o4
T T T T T T T T T
1] 2 4 ] 2 1] 12 14 15 12 miry
Area Percent Report
Sorted By H Signal
Multiplier H 1. 0000
Dilution : 1. 0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VDL &, Wavelength=2Z54 nm
Pealr FetTime Type Widch Area Height Area
# [min] [min] mdT *= [malr ] %
= | === |-——————- | === |-——=-—- |
1 14.012 MF 0.1486 131.31300 14.72354  0.7845
2 14.335 FM 0.3203 l.66000e4 7058.53008 59.2152
Totals : 1.67515e4 723.55361

Instrument 1 1172042017 7:11:40 PM 33 Page 1 of 2
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Data File D:\LCADATA\ULAWL-FUOLVENEY FYRAN 2016-12-01 10-37-33,041-0101.D

Sample Name: pvran-rac

Acg. Operator : LHC
Acef, Imstrmert @ Instrument 1
Injection Date @ 127172016 10:358:41 AM

Aceg, Method

Last chandged ¢ 1171772016 3:01:35 PM by HE

Seq. Line :
 VWial 41

Location

Inj :
Inj Volime :
t Doy LOSDATANWLAWL-FULVENEY FYRAN 2016-12-01 10-37-33\IE-T70-30-30MIN-254NM. M

1

=

Analysis Method = Do LCAVDATANWLAWL-FULVENEY, FYRAN 2016-12-01 10-37-334041-0101.I0DA.M (IE-

70-30-30MIN-2 54N, )
 11/20/2017 6:57:56 FM b 345
(modified after loading)

Last chaneed

AN A, iErekengthe 254 nm (0L COAT AL FOGENER TRAH Z0T6-T207 10-37 7 0H 107 .0
mall o
200 4 =
g

1504

100

m_

. —n .
T T T T
1] ] o 15 20 miny
Airea Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilucion : 1. 0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VD1l &, Wavelengcih=254 rm
Pealk RetTime Type THidch Area Height Area
# [mir] [min] mdy *= [mAT ] ]

il b | === == | == | === |

1 18.863 EE 0. 4535 T371.16406 235.03664 45,5453

2 22.8l18 EE 0.59580 7415.71777 188.81071 50.1507

Instrument 1 11/20/2017 6:57: 5% FPH 3x5 Page 1 of 2
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Data File D:%LOA\DATANULAWL-FULVENEY FYRAN 2016-12-01 10-37-334042-0201.D
Sample Name: pvran-opt

Acg. Operator : LHC Seq. Line : z
Acef, Imstrmert @ Instrument 1 Location : Wial 42
Injection Date @ 12/1/2016 11:10:06 AM Inj : 1
Inj Volume : 5 pl
Acg. Method t Doy LOSDATANWLAWL-FULVENEY FYRAN 2016-12-01 10-37-33\IE-T70-30-30MIN-254NM. M
Last changed 1171772016 3:01:35 FM b HRE

Analysis Method = Do LCVDATANWLAWL-FULVENEY, FYRAN 2016-12-01 10-37-334042-0201.I0DA.M (IE-

70-30-30MIN-2 54N, )
Last changed  l1/20/2017 6:58:26 PM b 3435
(modified after loading)

AN A, MiEekengthe 254 nim (0L COAT AL FOGENER TRAH Z0T6-T207 10-37 r 0E0207 I
malLl =
350 - iy
2004 W
2460
200
150+
1004
ﬂ] -
1]
T T T T T
1] ] o 15 20 25 miny
Airea Percent Report
Sorted By Signal
Multiplier 1. 0000
Dilucion 1. 0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VD1l &, Wavelengcih=254 rm
Pealk RetTime Type THidch Area Height Area
# [mir] [min] mdy *= [mAT ] ]
il b | === == | == | === |
1 18.78Z EE 0. 4554 1.10444e4  352.02325 100.0000
Instrument 1 11/20/2017 6:58:28 FPM 35 Page 1 of 2

S65



)

-3r

(4aS,7aR)

~

OMe

000°0- —

999'g
589'G

608'S

w«m.m/

152°9

192°9

08g'9

oLv'e .
Lop'g-~ 999'S ~

08k / ¢89'6—
ye6'9\

§56'9

18271

pess M 608'S ~
Jpes [ 828'S—
'L

8zZv'L

8zv'L

6LLL

9sL'L

= T ozq
e1g

= T

—

5.90 5.85 5.80 5.75 5.70 5.65 5.60
f1 (ppm)

— SL'g
B ﬂ N

F ey

= Tv.mr

. % 62°G

0.0

0.5

0

1.5

2.0

2.5

7.5 7.0 6.5 6.0 55 5.0 4.5

8.0

f1 (ppm)

896'VZ—
Lyv'8T—

[4: 1A
z8lor—
0oe'ss

F—.m.ww/
§82°09

cL8ELL
00z'viL
6250zt
8ze’lel
6.L°9T)

Liv ich
orv'8zl
L6v'8Zl
svz ezl
z9t'6Zt
9z9'6Z)
v65'621
696621
9Z1'0¢ L
88v°0¢)
9¥5°0¢L
9Z6'LEL
99Z'vEL
8LT'E
0LE'SELT
8LL'9gl %
[N
Li118eL]
188'8¢L
gehovl] [
sie'ovl
y8e'esl
269'¥9L
yS'8gL
6.¥'89L-

8bs'LLL

=

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 3 20 10 0 -10
1 (ppm)

P

10

PS

S66



Data File DoY) LCWDATANWLAWL-FULVENEY WL-FP-0ME-RAC 2016-12-10 16-35-474051-0101.D

Sample Name: WL-p-0Me-RAC

Acqg. Operacor : LHC 3eq. Line :
Ao, Instrumert @ Instriment 1 Location :
Irnjection Date @ 12/10/2016 4:35:58 FM Inj :
Inj Volume :
Acg. Method ¢ DeNLOADATANWLAWL-FULVENEY WL-P-0OME-RAC 2016-12-10 16-35-474A5-75-25-40MIN-
245MM.M
Last changed 1 1271042016 4:35:56 FM by LHC

(modified after loading)

Amalysis Method : Do LOWDATANWLAUL-FULVENE\UL-P-0ME-RAC 20l6-12-10 16-35-47%051-0101.D0DA N

(A5 -T75-25 -4 OMII-Z 4510 1)
Last changed 1172042017 F:13:52 FM by 3X5
(modified afrer loading)

AT A, MG wekengthe 254 nm D ALCDAT AL WL FUBENEWUL-P- OhE- RAC 2016-12- 10 16-36-400610101.00
mall 2 B
ﬁ _
m _
15 H
0 4
5 -
D -
T T T T
1] 10 i i) a0 mir|
Area Percent Report
Sorted By H Simmal
Multiplier H 1.0000
Dilution : 1. 0000
Use Multiplier & Dilution Factor with ISTD=
Sigmal 1: VD1 A, Wavelength=254 rm
Pealr PetTime Type Widch Area Height Area
# [min] [min] maAlT *s [mar ] k]
- | [ ]
1 11.553 EE 0.5065 15358.503591  26.569%F 22.0773
2 14,160 EY 1.0342 2018.63831  26.92502% 25.9672
317,455 W 1. 5073 1528.81152 11.51370 21.5382
4 22,487 VE 1.5151 1882.75879  14.75334 27.0173

Instrument 1 11/20/2017 7:13:56 PM X3

S67
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Data File D:yLCYDATANWLAUL-FULVENE,WL-F-0ME-OFT 2016-12-12 09-45-114052-0101.D
Sample Name: WL-p-0Me-0PT

Acqg. Operacor : LHC 3eq. Line : 1
Ao, Instrumert @ Instriment 1 Location @ Wial 52
Irjection Date @ 1271272016 9:49:21 AM Inj : 1
Inj Volume : 5 pl
Acg. Method ¢ DeNLOADATANWLAWL-FULVENEYWL-P-OME-OPT 20l6-12-12 09-45-114A5-75-25-40MIN-
245MM.M
Last changed 1 1171642016 3:54:18 FM by LHC

Analysis Method @ D:%LOADATANULAWL-FULVENEYUL-P-OME-OPT 20l6-12-12 09-48-114052-0101.04DA I
[AS5-T75-25-4 0MIN-Z 4500 1)

Last changed o 11/2042017 7i12:55 P by 3X5
(modi fied afrer loading)

160
10
120
100+
z
aj_ :
m_
f_ﬂ_
]
o )
1] 21‘5 5: ?|5 I:J 125 1I5 17.5 22I5 miry
Area Percent Report
Sorted By H Simmal
Multiplier H 1.0000
Dilution : 1. 0000
Use Multiplier & Dilution Factor with ISTD=
Sigmal 1: VD1 A, Wavelength=254 rm
Pealr PetTime Type Widch Area Height Area
# [min] [min] maAlT *s [mar ] k]
- | [ ]
1 14.0258 W 1.0577 1.225%7e4  170.11163 55.5214
2 17.138 VE 1. 6252 3663, 42773 79.316324 44,0786
Totals : 2.19232ed4 24042787
Instriment 1 1172072017 7:12:58 PM 33 Page 1 of 2
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Data File E:\DATAY Z0WE0-10-63% 20-10-63 2015-01-19 15-03-33\CC-3-92-2-0FT.D
Jample Name: Z(-10-63-rac

Acg. Operator : SYSTEM Seq. Line : 1
Aog. Instrument : 1260 Location : 71
Injection Date @ 1/719/20135 6:05:01 PH Inj : 1
Inj Wolume : 5.000 nl
Acg. Method : E:AZDATAY Z0420-10-53% 20-10-53 20158-01-19 18-03-33\AD-530-20-Z254NM-15MIN.M
Last changed 1 1/19/20158 6:15:15 PM by 3YITEM

(modified after loading)

dnalysis Method : E:\DATAY Z0%Z0-10-83%20-10-53 2018-01-19% 15-03-33%AD-50-20-254NM-15MIN. M |
Sedquence Methaod)

Lazt changed 1 173042018 5:36:34 PM by SYSTEM
[modified after loading)

Additional Info : Peaki(s) mnanually integrated

0AD1 B, Sig=254 4 Ref=360,100 (EMDAT AZ0F0-10-6020-10-63 2018-01-19 18-03-330VCC-3-92-2-0PT.O0
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Lrea Percent Report
Sorted By : 3ignal
Maltiplier H 1.0000
Dilurion : 1.000o0
Do not use Multiplier & Dilution Factor with ISTDs
3ignal 1: DAD] B, Sig=zZ54,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mald*s] [mATT] %
el e [====]=====-- [ === | === |-====-=- |
1 7.953 BB 0.3615 l0O83.79163 44, 59405 51,2522
Z 10.374 BB 0.4594 1030.83118 34.31964 45,7478
Totals : 2114, 62280 75.91369
1260 1/30/2018 5:36:35 PM SYSTEM Page 1 of 2
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Data File E:\DATAY Z0WE0-10-63% 20-10-563 2018-01-15 21-47-39\X3M 20150115.D
Jample Name: Z(0-10-63-opt

Acg. Operator : SYSTEM Seq. Line : 1
Aog. Instrument : 1260 Location : 79
Injection Date @ 1/718/20135 9:49:12 PH Inj : 1
Inj Volume : 10,000 pl
Acg. Method : E:AZDATAY Z0420-10-53% 20-10-53 20158-01-158 21-47-39\AD-530-20-Z254NM-15MIN.M
Last changed t 171872018 10:02:47 PM by 3YSTEM

(modified after loading)

dnalysis Method : E:\DATAY Z04Z0-10-83%20-10-53 2018-01-18 21-47-39%AD-50-20-254NM-15MIN.M |
Sedquence Methaod)

Lazt changed 1 173042018 5:41:09 PM by SYSTEM
[modified after loading)

Additional Info : Peaki(s) mnanually integrated

DADT B, Sig=154.4 Ref=2360,100 (EADAT MZ0W0-10-63020-10-623 2018-01-18 21-47-200005M 20 120112.00
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Sorted By : 3ignal
Maltiplier H 1.0000
Dilurion : 1.000o0

Do not use Multiplier & Dilution Factor with ISTDs

Signal l: DAD] B, 5ig=254,4 Ref=3&0,100

Peak RetTime Type Width Area Height Area
# [win] [min] [mdlT*=] [malT] 5

el e [====]=====-- [ === | === |-====-=- |
1 7.991 EE 0.3144 111.74111 4, 45542 0.3669
Z 10.519 EE 0.4973 3.03475e4d 921.258625 99.6331

Totals : 3.04595e4 925.744687

1260 1/30/2018 5:41:13 PM SYVSTEN Page 1 of 2
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Drata File E:%DATAYWLYWL-15-56%WL-15-586L 2015-01-27 00-02-06%WL-18-5861.1
Sample Name: HUANE INGUAN-RALC

4Lcg. Operator . AYATEM Seq. Line : 2
Aog. Instrument @ 1260 Location : L]
Injection Date  L/27/72015 l2:30:02 AN Inj : 1
Inj Woluwme : 5.000 ul
Acg. Method : E:\DATAWLA\WL-15-56% TL-15-86L 2015-01-27 00-02-06%AdH-90-10-Z254NH-25nin. M
Last changed v l/27/2018 12:45:10 AM by 3YSTEM

(modified after loading)

Analysis Method : E:\DATA\WLYWL-13-36%WL-13-36L 2013-01-27 00-02-06%AdH-90-10-254NM-25nin.M |
Sequence HMethod)

Last changed v 173072018 4:36:22 PM by 3YSTEM
(modified after loading)

Additional Info : Peaki(s) mamually integrated

DADT O, Sig=230 4 Ref=360,100 (EADAT AdLArL- 13-360/L- 18-26L 2013-01- 27 00 -0Z-06WL- 13-861.00
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Lrea Percent Report
Sorted By H Higmal
Multiplier H 1.0000
Dilution H 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Sigmal 1: DAD1 D, 3ig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mATT] %
e |====]======= | === |=======——- |========
1 &.030 MF 0.2571 1e7l.15250 105.33324 22,2053
2 7.616 BE 0.2681 2109.69629 115.28862 Z25.0320
3 9.035 BB 0.3079 1625, 4435397 T9.37770  Z1.5976
4 10,497 BB 0.3515 2119.71777 0.7603% 24§.1651
Totals : T526.04055 396.75995
1260 1/30/2018 4:36:44 PM SYSTEM Page 1 of 2
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Data File E:\DATA\WLY\WL-18-86%WL-15-86L 2015-01-27 00-0Z-06%WL-18-863.D
Sample Name: HUANEINGUAN-O0FT-2

Log. Operator 1 SYSTEN Geqg. Line : 4
Lo, Instrument @ 1260 Location : l0a
Injection Date @ 1/27/2018 1:03:15 AM Inj : 1
Inj Wolume : 5.000 pl
Aog. Method : E:Z\DATA\WLYWL-15-86YWL-15-86L 2018-01-27 00-0Z-06%AdH-90-10-2540M-250nin. M
Lazt changed p 12772018 12:45:10 AM by STSTEM

Analysis Method : E:4YDATA,WLA\WL-15-56%WL-15-56L 2Z015-01-27 00-02-06%AdH-90-10-254NM-25nin. M |
Jequence Methaod)

Lazt changed : 1/30/2018 4:39:07 FM by SYATEM
modified after loading)

Additional Info : Peak(s) mammally integrated

OADOT O, Sig=230 4 Ref=360,700 (E ADAT AT - T3-8600T- T5-86 1 Z075-07-27 00 -02-06VWL- T8-865 .
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Area Percent Eeport
Jorted By H Aignal
Multiplier : 1.0000
Dilution H 1.0000
Do not use Multiplier & Dilution Factor with I3TDs
Gigmal 1: DAD1 D, 3ig=230,4 Ref=360,100
Peak RetTime Tvype Width Area Height Area
# [min] [min] [mial*=] [mwiIr] %
el B [ | - |-=—- |-==—=——= |
L 6.031 MF 0.2593 6565.56592 441,22797 99,6523
2 8.920 MM 0.3964 21.87943 9.19872e-1 0.3177
Totals : AEE7T. 44534 44214784
#%% End of Feport #%%
1260 17430420158 4:39:11 PM SYSTEM Page 1 0f 1

S75



