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1. General Remarks

"H NMR spectra were recorded on a VARIAN Mercury 300 MHz spectrometer
in CDCl3. 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). *C NMR spectra were
recorded on a Bruker 100 MHz or 75 MHz spectrometer in CDCIl3. 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 IB-H column, a chiralpak AD-H column or a
chiralcel AS-H column with hexane and i-PrOH as solvents and Azoalkenes' and
chiral ligands L4-L7° were prepared according to the literature procedure. The
absolute configuration of 3aa were determined unequivocally according to the X-ray
diffraction analysis, and those of other adducts were deduced on the basis of these

results.

I1. N-acyl Substituent Hydrazones Screening for Catalytic Asymmetric IEDDA of

enol ethers with Azoalkenes

Table S-1. Optimization Results?

FI’G
NH Cu(I/L4 (10 mol %)

N_..O
)NI\/ * o] Na,COs3 (2 equiv) )\J j<
Ph cl W DCM, rt Ph

5: PG =Ac 2a 5a-8a
6: PG = Isobutyryl

7: PG = Piv

8:PG=Ts
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Entry Hydrazone Time/h Yield/%" Ee/%°
1 5 12 78 0
2 6 12 67 0
3 7 12 11 n.d
4 8 12 trace n.d

2 All reactions were carried out with 0.20 mmol of hydrazone and 0.50 mmol of 2a in 2.0 mL of CH2Cl,. Isolated

yield. ¢ Ee was determined by HPLC analysis.

ITI. General Procedure for Catalytic Asymmetric IEDDA of Enol Ethers with
Azoalkenes Catalyzed by Cu(I1)/(S,Sp)- 'Bu-Phosferrox

Under argon atmosphere, (S,Sp)-‘Bu-Phosferrox (11 mg, 0.022 mmol) and
Cu(OT1)2 (7.2 mg, 0.020 mmol) were dissolved in 2 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 (0.4 mmol) were added sequentially.
Then, the Enol Ether 1 (0.8 mmol) 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.

Bz

|
_N_ .OB
NTN Y
l (3aa)

(R)-(6-(tert-butoxy)-3-phenyl-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methanone
(Table 2, entry 2): Yield (83%); white solid; [a]*’p = -218.7 (¢ 0.88, CH2Cl); 'H
NMR (CDCls, TMS, 300 MHz) 7.74 (d, J = 6.3 Hz, 2H), 7.63-7.60 (m, 2H), 7.47-7.39
(m, 3H), 7.33-7.30 (m, 3H), 6.39 (s, 1H), 2.99-2.85 (m, 1H), 2.72-2.64 (m, 1H),
2.19-2.12 (m, 1H), 1.90-1.79 (m, 1H), 1.31 (s, 9H); '*C NMR (CDCls, TMS, 75 MHz)
d 169.3, 148.3, 137.1, 135.4, 130.0, 129.5, 129.0, 128.1, 127.1, 125.2, 74.5, 68.9,
28.4,25.1, 18.5. HRMS: calcd. for C21H24N202 + H': 337.1871, found: 337.1909. The

product was analyzed by HPLC to determine the enantiomeric excess: 94% ee
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(Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t: =
5.31 and 7.19 min.

Bz

|
_.N_ OB
YT

(3ba)

MeO
(R)-(6-(tert-butoxy)-3-(4-methoxyphenyl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl

ymethanone (Table 2, entry 3): Yield (83%); white solid; [a]*p = -211.6 (c 0.50,
CH2Cl2); 'TH NMR (CDCls, TMS, 300 MHz) 7.75 (d, J = 6.9 Hz, 2H), 7.57 (d, J = 8.1
Hz 2H), 7.45-7.42 (m, 3H), 7.33-7.31 (m, 3H), 6.85 (d, J = 8.1 Hz, 2H), 6.34 (s, 1H),
3.82 (s, 3H), 2.94-2.84 (m, 1H), 2.69-2.62 (m, 1H), 2.18-2.11 (m, 1H), 1.91-1.80 (m,
1H), 1.32 (s, 9H); '3C NMR (CDCl3, TMS, 75 MHz) § 160.3, 148.3, 135.6, 135.2,
130.8, 129.9, 129.5, 127.2, 126.7, 113.5, 74.5, 68.9, 55.2, 28.5, 25.3, 18.5; HRMS
Calcd. For C22H26N203 + H™: 367.1977, found: 367.2041. The product was analyzed
by HPLC to determine the enantiomeric excess: 92% ee (Chiralpak IB-H,

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t:= 6.99 and 9.41 min.

Bz

T
_N_ .OB
Nl WO'Bu
(3ca)

(R)-(6-(tert-butoxy)-3-(p-tolyl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methanon
e (Table 2, entry 4): Yield (90%); white solid; [a]*p = -220.5 (¢ 0.88, CHCl3); 'H
NMR (CDCls, TMS, 300 MHz) 7.74 (d, J = 6.3 Hz, 2H), 7.51 (d, J = 8.1 Hz, 2H),
7.46-7.40 (m, 3H), 7.14-7.10 (m, 2H), 6.38 (s, 1H), 2.90-2.83 (m, 1H), 2.70-2.62 (m,
1H), 2.34 (s, 3H), 2.17-2.10 (m, 1H), 1.88-1.82 (m, 1H), 1.31 (s, 9H); *C NMR
(CDCl3, TMS, 75 MHz) o 169.4, 148.6, 139.1, 135.5, 134.5, 130.0, 129.5, 128.9,
127.2, 125.3, 74.6, 69.0, 28.5, 25.3, 18.6; HRMS Calcd. For C22H26N202 + H™:
351.2028, found: 351.2065. The product was analyzed by HPLC to determine the
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enantiomeric excess: 94% ee (Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0

mL/min, A =254 nm); t:= 6.63 and 10.56 min.

Bz

|

_N_ OB
YT
(3da)

(R)-(6-(tert-butoxy)-3-(m-tolyl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methano

e (Table 2, entry 5): Yield (71%); white solid; [a]*p = -201.5 (¢ 1.02, CHCl3); 'H
NMR (CDCls, TMS, 300 MHz) 7.76 (d, J = 6.9 Hz, 2H), 7.45-7.41 (m, 5H), 7.24-7.12
(m, 2H), 6.38 (s, 1H), 3.00-2.84 (m, 1H), 2.72-2.63 (m, 1H), 2.32 (s, 3H), 2.18-2.13
(m, 1H), 1.87-1.78 (m, 1H), 1.31 (s, 9H); *C NMR (CDCIls, TMS, 75 MHz) § 169.5,
148.7, 137.8, 137.2, 135.5, 130.1, 129.8, 129.7, 128.2, 127.2, 126.1, 122.5, 74.7, 69.0,
28.6, 25.3, 21.5, 18.7; HRMS Calcd. For C22HasN202 + H': 351.2028, found:
351.2066. The product was analyzed by HPLC to determine the enantiomeric excess:
87% ee (Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254
nm); tr=5.04 and 6.80 min.

Bz

|
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| (3ea)

(R)-(6-(tert-butoxy)-3-(o-tolyl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methanon
e (Table 2, entry 6): Yield (82%); white solid; [a]*p = -239.5 (¢ 0.92, CHCl3); 'H
NMR (CDCl3, TMS, 300 MHz) 7.62 (d, J = 6.0 Hz, 2H), 7.36-7.24 (m, 4H), 7.19-7.10
(m, 3H), 6.40 (s, 1H), 3.01-2.87 (m, 1H), 2.45-2.37 (m, 1H), 2.13 (s, 3H), 2.10-2.06
(m, 1H), 1.94-1.87 (m, 1H), 1.33 (s, 9H); '*C NMR (CDCls, TMS, 75 MHz) § 169.7,
152.8, 138.1, 136.0, 135.7, 130.9, 129.7, 129.0, 128.1, 127.6, 127.3, 125.5, 74.6, 68.6,
28.5, 25.6, 22.6, 20.5; HRMS Calcd. For C2H26N202 + H': 351.2028, found:

351.2065. The product was analyzed by HPLC to determine the enantiomeric excess:
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90% ee (Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254
nm); tr=5.22 and 5.98 min.

Bz
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Br
(R)-(3-(4-bromophenyl)-6-(tert-butoxy)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)
methanone (Table 2, entry 7): Yield (92%); white solid; [a]*’p = -214.1 (¢ 0.54,
CH2Cl2); '"H NMR (CDCls, TMS, 300 MHz) 7.71 (d, J = 6.6 Hz, 2H), 7.49-7.39 (m,
7H), 6.37 (s, 1H), 2.95-2.82 (m, 1H), 2.66-2.58 (m, 1H), 2.19-2.11 (m, 1H), 1.88-1.79
(m, 1H), 1.31 (s, 9H); *C NMR (CDCls, TMS, 75 MHz) § 169.4, 147.4, 136.1,
135.3, 131.3, 130.1, 129.5, 127.3, 126.9, 123.3, 74.7, 68.9, 28.5, 25.1, 18.4; HRMS
Caled. For C21H23BrN202 + H™: 415.0976, found: 415.1011. The product was
analyzed by HPLC to determine the enantiomeric excess: 92% ee (Chiralpak IB-H,
I-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t:= 7.60 and 11.58 min.

Bz

|

N_ .OB
N| WO'Bu
(3g9a)

Cl
(R)-(6-(tert-butoxy)-3-(4-chlorophenyl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)
methanone (Table 2, entry 8): Yield (92%); white solid; [a]*p = -201.5 (C 0.84,
CHCl3); '"H NMR (CDCl3, TMS, 300 MHz) 7.71 (d, J = 6.6 Hz, 2H), 7.49-7.39 (m,
7H), 6.37 (s, 1H), 2.95-2.82 (m, 1H), 2.66-2.58 (m, 1H), 2.19-2.11 (m, 1H), 1.88-1.79
(m, 1H), 1.31 (s, 9H); *C NMR (CDCls, TMS, 75 MHz) § 169.4, 147.3, 135.6,
135.3, 134.9, 130.1, 129.5, 128.4, 127.3, 126.6, 74.7, 68.9, 28.5, 25.1, 18.5; HRMS
Calcd. For C21H23CIN202 + H™: 371.1482, found: 371.1519. The product was
analyzed by HPLC to determine the enantiomeric excess: 93% ee (Chiralpak IB-H,
I-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t:= 7.19 and 10.80 min.
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(R)-(6-(tert-butoxy)-3-(3-chlorophenyl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)
methanone (Table 2, entry 9): Yield (78%); white solid; [a]*p = -226 (¢ 0.06,
CH:Cl2); '"H NMR (CDCl3, TMS, 300 MHz) 7.73 (d, J = 6.3 Hz, 2H), 7.60 (m, 1H),
7.49-7.41 (m, 4H), 7.30-7.20 (m, 2H), 6.38 (s, 1H), 2.95-2.82 (m, 1H), 2.67-2.58 (m,
1H), 2.18-2.12 (m, 1H), 1.88-1.77 (m, 1H), 1.31 (s, 9H); '*C NMR (CDCls, TMS, 75
MHz) 6 169.4, 147.3, 135.6, 135.3, 134.9, 130.1, 129.5, 128.4, 127.3, 126.6, 74.7,
68.9, 28.5, 25.1, 18.5; HRMS Caled. For C21H23CIN202 + H™: 371.1482, found:
371.1519. The product was analyzed by HPLC to determine the enantiomeric excess:
72% ee (Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254
nm); tr="7.11 and 11.39 min.

Bz
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Cl
(R)-(6-(tert-butoxy)-3-(2-chlorophenyl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)
methanone (Table 2, entry 10): Yield (90%); white solid; [a]*p = -208.1 (¢ 0.97,
CHCl3); 'TH NMR (CDCls, TMS, 300 MHz) 7.74 (d, J = 6.3 Hz, 2H), 7.51 (d, J = 8.1
Hz, 2H), 7.46-7.40 (m, 3H), 7.14-7.10 (m, 2H), 6.38 (s, 1H), 2.90-2.83 (m, 1H),
2.70-2.62 (m, 1H), 2.34 (s, 3H), 2.17-2.10 (m, 1H), 1.88-1.82 (m, 1H), 1.31 (s, 9H);
BC NMR (CDCl3, TMS, 75 MHz) § 169.5, 151.6, 137.9, 135.1, 132.2, 130.1, 129.9,
129.7, 129.5, 128.6, 127.2, 126.6, 74.7, 69.1, 28.6, 25.4, 22.7; HRMS Calcd. For
C21H23CIN202 + H': 371.1482, found: 371.1519. The product was analyzed by HPLC
to determine the enantiomeric excess: 94% ee (Chiralpak IB-H, i-propanol/hexane =

5/95, flow rate 1.0 mL/min, A =254 nm); tr= 6.37 and 7.71 min.
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(R)-(6-(tert-butoxy)-3-(naphthalen-1-yl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)
methanone (Table 2, entry 11): Yield (85%); white solid; [a]*p = -48.4 (C 0.64,
CH2Cl2); 'H NMR (CDCl3, TMS, 300 MHz) 8.03 (s, 1H), 7.80-7.69 (m, 6H),
7.48-7.45 (m, 5H), 6.42 (s, 1H), 3.05-2.98 (m, 1H), 2.88-2.79 (m, 1H), 2.23-2.19 (m,
1H), 1.95-1.87 (m, 1H), 1.33 (s, 9H); '3C NMR (CDCl3, TMS, 75 MHz) & 157.6,
148.4, 135.5, 134.8, 133.6, 132.9, 130.2, 129.7, 128.4, 127.9, 127.6, 127.3, 126.6,
126.2, 125.2, 122.9, 74.8, 69.1, 28.6, 25.3, 18.5; HRMS Calcd. For C2sH26N202 + H':
387.2028, found: 387.2064. The product was analyzed by HPLC to determine the
enantiomeric excess: 86% ee (Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0

mL/min, A =254 nm); t:= 6.83 and 9.33 min.

Bz

|
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(R)-(6-(tert-butoxy)-3-(naphthalen-2-yl)-5,6-dihydropyridazin-1(4H)-yl)(phenyl)

methanone (Table 2, entry 12): Yield (88%); white solid; [a]*p = -200.5 (¢ 0.44,
CH2CL); '"H NMR (CDCl3, TMS, 300 MHz) 8.03 (m, 1H), 7.80-7.69 (m, 6H),
7.48-7.45 (m, 5H), 6.42 (s, 1H), 3.82 (s, 3H), 3.05-2.98 (m, 1H), 2.88-2.79 (m, 1H),
2.23-2.18 (m, 1H), 1.93-1.88 (m, 1H), 1.33 (s, 9H); '*C NMR (CDCls, TMS, 75 MHz)
d 169.5, 148.3, 135.5, 134.7, 133.5, 132.9, 130.1, 129.6, 128.3, 127.8, 127.5, 127.3,
126.5, 126.2, 125.2, 122.8, 74.7, 69.1, 28.6, 25.3, 18.5; HRMS Calcd. For
CasH26N202 + H': 387.2028, found: 387.2064. The product was analyzed by HPLC to
determine the enantiomeric excess: 84% ee (Chiralpak IB-H, i-propanol/hexane =

5/95, flow rate 1.0 mL/min, A =254 nm); t:= 6.82 and 9.33 min
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((4S,6R)-6-(tert-butoxy)-4-chloro-3-phenyl-5,6-dihydropyridazin-1(4H)-yl)(phen

yl)methanone (Table 2, entry 16): Yield (62%); white solid; [a.]*’p = -230.5 (¢ 0.80,
CHCl3); '"H NMR (CDCls, TMS, 300 MHz) 7.77 -7.69 (m, 4H), 7.48-7.33 (m, 6H),
6.41 (s, 1H), 497 (d, J = 5.7 Hz, 1H), 2.78-2.73 (m, 1H), 2.37-2.32 (m, 1H),
2.19-2.11 (m, 1H), 1.88-1.79 (m, 1H), 1.35 (s, 9H); *C NMR (CDCls, TMS, 75 MHz)
O 169.8, 143.7, 134.5, 130.6, 129.7, 129.5, 128.3, 127.4, 126.2, 75.3, 68.1, 40.9, 34.2,
28.5; HRMS Calcd. For C21H23CIN202 + H': 371.1482, found: 371.1520. The product
was analyzed by HPLC to determine the enantiomeric excess: 83% ee (Chiralpak
IB-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t:= 7.36 and

10.60 min

Bz

|
-N__.OEt
N .

| (3ab)

(R)-(6-ethoxy-3-phenyl-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methanone
(Scheme 2): Yield (88%); white solid; [a]*p = -184.6 (¢ 0.94, CHCI3); 'H NMR
(CDCl3, TMS, 300 MHz) 6 7.77 (d, J = 7.5 Hz, 2H), 7.62-7.61 (m, 2H), 7.50-7.41 (m,
3H), 7.33-7.31(m, 3H), 6.19 (s, 1H), 3.81-3.71 (m, 2H), 2.84-2.65 (m, 2H), 2.35-2.30
(m, 1H), 1.91-1.85 (m, 1H), 1.20 (t, J = 7.2 Hz, 3H); '3*C NMR (CDCls, TMS, 75
MHz) 170.8, 148.0, 136.9, 134.9, 130.1, 129.7, 129.0, 128.1, 127.1, 125.2, 74.1, 63.9,
23.1, 18.3, 15.1. The product was analyzed by HPLC to determine the enantiomeric
excess: 90% ee (Chiralpak IB-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A
=254 nm); tr=5.42 and 7.01 min.
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(3ac)

(R)-phenyl(3-phenyl-6-propoxy-5,6-dihydropyridazin-1(4H)-yl)methanone

(Scheme 3): Yield (94%); white solid; [a]*p = -130.5 (¢ 0.88, CH2Clz); 'H NMR
(CDCl3, TMS, 300 MHz) 7.77 (d, J = 7.8 Hz, 2H), 7.62-7.60 (m, 2H), 7.49-7.41 (m,
3H), 7.33-7.31 (m, 3H), 6.18 (s, 1H), 3.74-3.59 (m, 2H), 2.85-2.68 (m, 2H), 2.38-2.31
(m, 1H), 1.90-1.83 (m, 1H), 1.62-1.52 (m, 2H), 0.89 (t, J = 7.2 Hz, 3H); '*C NMR
(CDCl3, TMS, 75 MHz) ¢ 170.8, 148.1, 136.9, 134.9, 130.1, 129.7, 129.0, 128.1,
127.1, 125.3, 74.3, 70.0, 23.0, 22.8, 18.3, 10.4. The product was analyzed by HPLC to
determine the enantiomeric excess: 90% ee (Chiralpak IB-H, i-propanol/hexane =

5/95, flow rate 1.0 mL/min, A =254 nm); tr= 6.19 and 7.53 min

(3ad)

(R)-(6-butoxy-3-phenyl-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methanone

(Scheme 2): Yield (95%); white solid; [a]*p = -124.7 (¢ 0.66, CH2Clz); '"H NMR
(CDCl3, TMS, 300 MHz) 7.77 (d, J = 7.8 Hz, 2H), 7.63-7.60 (m, 2H), 7.49-7.41 (m,
3H), 7.33-7.31 (m, 3H), 6.18 (s, 1H), 3.70 (q, J1 = 6.9 Hz, J2 = 19.2 Hz, 2H),
2.84-2.71 (m, 2H), 2.35-2.30 (m, 1H), 1.92-1.80 (m, 1H), 1.57-1.52 (m, 2H),
1.35-1.29 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H); '*C NMR (CDCls, TMS, 75 MHz) &
170.9, 148.2, 137.0, 135.0, 130.2, 129.7, 129.1, 128.2, 127.2, 125.3, 74.3, 68.3, 31.7,
23.2, 19.2, 18.4, 13.8. The product was analyzed by HPLC to determine the
enantiomeric excess: 88% ee (Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0

mL/min, A =254 nm); t:= 5.96 and 7.25 min
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(R)-(6-(2-chloroethoxy)-3-phenyl-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methan
one (Scheme 2): Yield (93%); white solid, [a]*’p = -94.5 (¢ 0.60, CH2Cl2); 'H NMR
(CDCl3, TMS, 300 MHz) 7.77 (d, J = 6.6 Hz, 2H), 7.62-7.60 (m, 2H), 7.50-7.41 (m,
3H), 7.34-7.31 (m, 3H), 6.21 (s, 1H), 4.07-3.93 (m, 2H), 3.70-3.60 (m, 2H), 2.91-2.68
(m, 2H), 2.45-2.37 (m, 1H), 1.95-1.88 (m, 1H); 3*C NMR (CDCl3, TMS, 75 MHz) &
171.1, 148.5, 136.8, 134.6, 130.5, 129.9, 129.3, 128.3, 127.3, 125.3, 74.5, 68.5, 43.0,
23.0, 18.3; HRMS Calcd. For CioH19CIN202 + H™: 343.1169, found: 343.1205. The
product was analyzed by HPLC to determine the enantiomeric excess: 90% ee
(Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t;=
10.61 and 14.02 min.

Bz

|
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N .

| (3fb)

Br
(R)-(3-(4-bromophenyl)-6-ethoxy-5,6-dihydropyridazin-1(4H)-yl)(phenyl)methan
one (Scheme 2): Yield (95%); white solid, [a.]*p =-184.5 (¢ 0.71, CH2Cl2); '"H NMR
(CDCl3, TMS, 300 MHz) 7.73 (d, J = 6.6 Hz, 2H), 7.51-7.42 (m, 7H), 6.17 (s, 1H),
3.82-3.70 (m, 2H), 2.87-2.74 (m, 1H), 2.68-2.60 (m, 1H), 2.37-2.30 (m, 1H),
1.91-1.81 (m, 1H), 1.23 (t, J = 6.6 Hz, 3H); '°C NMR (CDCls, TMS, 75 MHz) §
170.7, 147.1, 135.9, 134.9, 131.3, 130.3, 129.6, 127.3, 126.8, 123.3, 74.1, 64.1, 23.1,
18.2, 15.1; The product was analyzed by HPLC to determine the enantiomeric excess:
90% ee (Chiralpak IB-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254
nm); tr=7.73 and 10.02 min.
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IV. Procedure for Transformation of 3ae

IBZ IT%z
NN paic Hy B0atm) NN O
Ph)l\J MeOH Ph)\J
3ae 4ae
90% ee 95% vyield, 90% ee
>20:1dr

A suspension of Pd/C (10 mg) and 3ae (0.3 mmol) in MeOH (5 mL) was stirred
at 40 °C under 30 atm hydrogen atmosphere. After being stirred for 15 h, the mixture
was filtrated through a pad of Celite and the filtration was concentrated in vacuo, the
residue was purified by column chromatography on silica gel to afford the desired the
product 4ae in 95% yield (dr > 20:1), which was then directly analyzed by HPLC to

determine the enantiomeric excess.

Ll%z

|j\I;NJ\\O\/\CI
4ae
Ph ( )

((3R,6R)-6-(2-chloroethoxy)-3-phenyltetrahydropyridazin-1(2H)-yl)(phenyl)meth
anone (Scheme 3): Yield (95%); white solid; [a]*’p = -195.5 (¢ 0.80, CHCl3); 'H
NMR (CDCl3, TMS, 300 MHz) 7.69 (d, J = 6.9 Hz, 2H), 7.41-7.38 (m, 3H), 7.27-7.26
(m, 6H), 6.00 (s, 1H), 4.18-4.14 (m, 1H), 4.00-3.91 (m, 2H), 3.79-3.69 (m, 3H),
2.23-2.01 (m, 4H); *C NMR (CDCl3, TMS, 75 MHz) § 167.6, 139.8, 130.1, 128.3,
128.4, 127.6, 1274, 126.6, 76.1, 67.8, 60.1, 28.8, 24.3; HRMS Calcd. For
C1oH21CIN202 + H': 345.1325, found: 345.1363. The product was analyzed by HPLC
to determine the enantiomeric excess: 90% ee (Chiralpak IB-H, i-propanol/hexane =

5/95, flow rate 1.0 mL/min, A =254 nm); tr= 10.12 and 12.02 min.
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VI. 'TH NMR and '3C NMR spetra
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NOE spectrum of 3la
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COSY and ROESY Spectra of 4ae
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VII. HPLC Chromatograms
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Last changed
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Seq. Line : 1
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¢ Do LCY DATA WLY WL- 4- INWL-4-1-2 2013-12-06 18-39-17% IBH-5-95- 1ML -2 54HM-

ZOMIF.M

31972003 4:45: 39 AM by TL

I:4LCY DATA, WL WL-4-14TL-4-1-2 Z013-1Z-06 1&-39-1T083-0101.I0DA.M (IEH-5-
95-1ML -2 5ANM- 2Z0MIN. M)

4 2972008 10008021 AM by LJ

[modified after loading)

WD A, MiEwelength=284 nm (OALCDAT AR LWL 1000041 -2 2013- 1206 18-33-17033-0100.07
mAl o
L
200+
L
oy
=
240 4
2004
160+
100 4
50
: — L
T T T T T T
o 25 i 75 0 125 14 174 min
Area Percent Report
Sorted By Signal
Mltiplier 1.0000
Dilution 1.0000

Tse Multiplier & Dilution Factor with ISTDs

Signal 1@ WUD1 A, Wavelength=254 nm

Peal RetTime Type TWidth Area Height Area

# [min] [min] mal *s  [mAU | 3

1 5.212 % 0.1157 2490.40967 329.88075 50.3038

2 7.023 VB 0.1453 2460.32837 257.67664 49.6952
Totals : 4950, 73604 587, 56738

Instrument 1 & 2972014 10:08:25 AM LJ

S-52

Page 1 of 1
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Data File D:WLOADATAWWLAWL-4-44TL-4-4 £013-12-07 19-35-38%085-0201.0

Sample Fame: TL-4-4

Acg. Operator

Ao, Instrument :
Injection Date

Acg. Method
Last changed
Analysis Method :

Last changed

L Jeq. Line : Z
Instrument 1 Location @ Wial &5
L2fT72003 T:48:01 PH Inj : 1

Inj Yolume @ 5 nl

U DALCYDATAES TLATL- 4- $WL-4-4 Z015-12-07 19-35-38\ [EH-5-95- ITL-Z 54R-10MIN. K

3162013 2:34:08 AM by LJ

DALY DATA, ULATL- 4- 1, WL-4-4 2013-12-07 19-35-38\055-02Z01.04 DAL (IBH-5-95-
IML-2540M-10M IN . M)

42972014 11:20:32 MM by LJ

(modified afrer loading)

WA A, Mianelength=244 nm (OALCOAT AR DAL P-4 2013-12-07 19-25-38°0258-0201. 00
mAL k)
GO0~ ﬁ
A00
400
200+
200+
i
100 L
o @
=
o
1] “{—\'1——'—
T T T T
i} 2 4 fi g min

Area Percent Report

Sorted By
Multiplier
Dilution

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: YD1 &,

Pealr RetT ime Type

# [min]
____| _______ |____
1 5,312 MM
z T.195 W
Totals

**% End of Report ***

Wavelength=254 nm

Width Area Height Area
[min] m&T %z [mAT ] 3
------- e b b L L L L |
0.1204 187.83296 25.99990 2.9383
0.1521 G204.70947 RES.T4530 97.0617
B392.54243 651.74520

Instrument 1 4/28/2014 11:20:37 AM LJ

S-53
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Data File D:%LCYDATA\WLY WL-4-2 53 WL-P-0ME 2014-04-30 13-40-00%051-0201.D
Sample Fame: WL-P-0ME

Acg. Operator Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 51
Injection Date : & 30/2014 1:52:04 PM Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA WL TL- 4- 254 WL-P-0ME 2014-04-30 13-40-00% IEH-5-95-1ML- 25 40M-
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analyesis Method : D:S\LCYDATA ULAWL-4-25\WL-F-0ME 2014-04-30 13-40-00%051-0201.0%DA.M | IBH-5-
95-1ML-2 54M-20MIN. M)

Last changed DO&AI0 2014 2059017 PM by WL
(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AR DAL 2500 L-P- OWE 201 4-04-30 1340-00°051-0201.00
mAl ] k=]
YO0
&
=

GO0

A00

<00

200+

200

1004

. e M
T T T T T T T
1] 25 5 75 10 125 15 175 min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g

el ==mm fommmmms =mmmmmmmem [==mmmmme l-mmmmme
1 6.705 VE 0.1621 3593, 84181 T9T7.E9364 50.43586
Z 9,134 VB 0.Z086 3443.77930 nml3.eedd40 49.5614

Totals 1.70370ed  1410.96204

Instrument 1 4/30/2014 2:5%:23 PM L Page 1 of 1

S-54
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Data File D:WLOAWDATAWWLY WL-4-Z65\TL-4- 2653 Z014-01-20 11-Z2&-544%013-0401.D
Sample Fame: TL-4-26-P-0Me

Acg. Operator Jeq. Line : 4
Aoig. Instrument @ Instrument 1 Location @ Wial 13
Injection Date @ LAZ0/2014 12::22:47 PM Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA, TLYTL- 4- 264 WL -4-2653 2014-01-2Z0 11-Z5-54%IEH-5-95-1ML-Z 540~
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : DiALCYDATA, ULAWL-4-Z65WL-4-2653 Z2014-01-20 11-26-54%013-0401.D4DA.M (IEH-

5-95-1ML-2540M- 20MIN.M)
Last changed DOLAESS 2014 1100656 AT by LT
(modified after loading)

SAWDT A, iarelength=254 nm (DALCDAT AU WL 4260042653 201401-20 11-23-54013-0401.00

maAl =

200 %

YO0+
GO0
500

400

300+

200

100

175

min

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i

6. 956 MM 0.1314 5§31.36639  4§.82938  3.97:4
L 9,407 VB 0.2286 L.2845Zed 850,552 Q6.0ZT6

Totals 1.3376R6ed  399.395238

Instrument 1 4/23/2014 11:07:01 &AM LJ

S-55

Page 1 of 1
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Data File DiWLOWDATAWWLAWL-4-264%1 2014-04-29 15-19-464041-0EZ01.D
Sample Fame: TL-P-Me

Acg. Operator Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 41
Injection Date : & 2972014 3:31:52 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALOCYDATA TLATL- 4-26% 1 2014-04-29 15-19-46% IBH-Z-96- WIL-Z54MI-Z 0 IN.M
Last changed D LA4f2014 11:34: 16 AM by TL

Analysis Method : DiALCYDATA ULAUL-4-26% 1 Z014-04-29 15-19-464041-0201.0%DA.M (IBH-2Z-98- 1ML -

254NM-Z0MIN. M)
Last changed D 4Y30/2014 2:55:31 PM by WL
(modified afrer loading)

SADT A, iiEelength=244 nm (DALCAOAT AR LA 268 20140428 15- 19-46'041 0201 .00
mal ﬂ..
300
o
&
2460 2
200
150 1
100
a0
1]
T T T T T T T T T T T T
1] 2 4 5] g i) 14 min
Area Percent Report
Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Sigmal 1: VID1 A, Wavelength=254 nm
Pealr RetTime Type Width Area Height Area
# [min] [min] m&r *s [mar 1 i
bl EELL L [====]====-=- === |====------ |====-=-- |
1 B.422 BV 0.1654 3800.10181 347.43890 50.1161
L 10.Z49 %W 0.E2413 3762.49390 239.13953 49.8539
Totals THGZ. 59570 586.57843
**% End of Report ***
Instrument 1 4/ 30/2014 2:55:36 PM WL Page 1 of

S-56
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Data File DiWLCWDATAWWLA WL -4-205TL-4-20 Z013-12-16 17-09-05%017-0101.D

Sample Fame: TL-4-20

Acg. Operator L Jeq. Line : 1
Aoig. Instrument @ Instrument 1 Location @ Wial 17
Injection Date 12/ 16/ 2013 5:09:50 PH Inj 1

Inj Yolume @ 5 nl

Acg. Method

Last changed
Analysis Method :

Last changed

U DALCYDATES LA TL- 4- 208 WL-4-20 £015-12-16 17-09-05 IEH-Z-9§- 1ML -2 S54RI -

ZOMIN. M

L2/ 14720013 B:08:52 P by WL

DA LCYDATEN WLATL-4- 204 WL -4-20 2013-12-16 17-09-00017-0101.INDA.M | IBH-2-
95 - 1ML -2 540N~ 20MIN. M)

4 E9FEQLE 100 E3: 36 M by LJ

(modified after loading)

WD A, MiEnelength=254 nm (OALCOAT AR DAL 2000 L4-20 2013-12-16 17-02-0R017-0101.00
mAl 2
350 - $ é\\@
.-é..
i
300 4
260 4
200
160+
1004
o
404 - @»3‘
o S
o
1] v'r\\.— L
1] 2|5 5I ?Iﬁ I:J 12I5 1|5 l?lﬁ min
Area Percent Report
Sorted By Signal
Mnltiplier 1.0000
Dilution 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1  B.RZ6 MM 0.193% 151.81018  15.62860  2.9549
2 10,559 MM 0.2805 5971.04932 354.79544 97.0451
Totals E152,.85950 370.42404
Instrument 1 4/ 28/2014 10:E3:40 AN LT Page 1 of

S-57
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Data File D:WLCYDATANWLY WL-4-5%TL-4-8 2013-12-0%9 19-54-08%001-0201.D
Sample Fame: TL-4-&C

Acg. Operator L Jeq. Line Z
Aoig. Instrument @ Instrument 1 Location @ Wial 1
Injection Date : L2/9/2013 &:06:06 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D SLCY DATA TLYTWL- 4- 84 WL-4-8 20153-12-09 19-54-08\ [EH-5-95- 1ML-Z 54RM-Z0MIN. M
Last changed D319/ 2015 4:45:39 AM by TL

Analysis Method : DiALCYDATA ULAUL-4-8\WL-4-8 Z013-1Z-09 19-54-08\001-0Z01.04DA.M (IBH-5-25-

1ML-25 4NM-20M 1IN M)
Last changed D429 2014 12:29:29 PM by LJ
(modified afrer loading)

SADT A, iiEelength=2454 nm {DALCAOAT AR LU 3L 48 20 13-12-09 19-54-08%0 10201, 00
mAl =
=]
100+
L=1
=
wr
804
60
40_
204
1]
T T T T T T T T T
1] 25 5 Th 10 125 15 174 min
Area Percent Report
Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Sigmal 1: VID1 A, Wavelength=254 nm
Pealr RetTime Type Width Area Height Area
# [min] [min] m&r *s [mar 1 i
bl EELL L [====]====-=- === |====------ |====-=-- |
1 5.082 BV 0.1157 #45.01178 111.98994 49.9524
z 6. 590 VB 0.1450 &45.60645 §T7.24610 50.017A
Totals 1690.61823 199.Z36035
**% End of Report ***
Instrument 1 4/ 28/2014 18 E9:43 PM LT Page 1 of

S-58
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Data File D:WLCYDATANWLY WL-4-5%TL-4-8 2013-1:2-0%9 Z0-31-42\002-0101.D
Sample Fame: TL-4-3C

Acg. Operator L Jeq. Line 1
Aoig. Instrument @ Instrument 1 Location @ Wial 2
Injection Date : L2/9/2013 &:32:56 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D SLCY DATA TLYTWL- 4- 84 WL-4-8 20153-12-09 20-31-42% [EH-5-95- 1ML-Z 54RM-10MIN. M
Last changed DONLES2003 2:34:08 AM by LI

Analysis Method : DiALCYDATA ULAUL-4-8\WL-4-8 Z013-1Z-09 Z0-31-42v002-0101.04DA.M (IBH-5-25-

1ML-2540M-10M I .M
Last changed D429 2014 12:31:29% PM by LJ
(modified afrer loading)

DT A, G welength=254 nm [ DAL CADAT A0 UL -5V Z013-12-08 -3 142002010100
mAl E P
500 - o
f
i
400
300
200
100 4 .;._,'.Cf]
g "
L=l
: A
T T T
i 2z 4 i min
Area Percent Report
Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Sigmal 1: VID1 A, Wavelength=254 nm
Pealr RetTime Type Width Area Height Area
# [min] [min] m&r *s [mar 1 i
bl EELL L [====]====-=- === |====------ |====-=-- |
1 5.037 MM 0.1153 338.22537 48.90854 6.6103
z 6. 795 MM 0.1561 4775.44727 5Sl0.15604 93.3587
Totals 5116.67264 S59.06Z58
**% End of Report ***
Instrument 1 4/28/2014 1&:31:35 PM LT Page 1 of

S-59
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Data File D:WLCYDATANWLY WL-4-254WL-4-257 2014-01-08 16-25-1T051-0201.D
Sample Fame: TL-4-25J

Acg. Operator Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 51
Injection Date : Lf8/:2014 4:40:53 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA WL TL- 4- 254 WL-4-2 57 2014-01-08 16-28-1Th IEH-5-95-1ML-Z54NHM-
10MIN. M
Last changed DO LESZ0L3 2:34:08 AM by LJ
Analyesis Method : D:SLCYDATA WLAWL-4-25,WL-4-257 2014-01-08 Ll6-28-1T051-0201.0%DAM | IBH-5-
95-1ML-2 540M-10MIN. M)
Last changed OLAESS 2014 10053019 M by LT
(modified after loading)
WD A, MiEnelength=254 nm (OALCDAT AU DAL--2 500 L4250 201401023 16-28-17051-0201.00
mAl &
00 } ]
-
700 A
[
500
400
200
200
100 4
1] ZI =|1 é é min

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 5.186 BV 0.1Z08 BSZ5.46240 §17.9494F 50.3514
z 5,952 VB 0.1350 B442,49365 TE9.RSTOR  49.BAE5A
Totals 1.29710e4 1547.60742

Instrument 1 4/28/2014 100 53:25 AM LJ Page 1 of 1

S-60
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Data File D:WLCYDATANWLY WL-4-254WL-4-257 2014-01-08 16-25-1T052-030L1.D
Sample Fame: TL-4-261

Acg. Operator Jeq. Line : 3
Aoig. Instrument @ Instrument 1 Location @ Wial 52
Injection Date : LF8/2014 4:52:09 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA WL TL- 4- 254 WL-4-2 57 2014-01-08 16-28-1Th IEH-5-95-1ML-Z54NHM-
10MIN. M
Last changed DO LESZ0L3 2:34:08 AM by LJ

Analysis Method : DiALCYDATAN ULAWL-4-25\WL-4-25T7 2014-01-08 Ll6-28-1T052-0301.0%DAM | IEH-5-

95-1ML -2 540M- L0MIN. M)

Last changed OLFESSZ014 100 55:04 AT by LT
(modified after loading)
WD A, MiEelength=254 nm (OALCDAT AU DL--2 500 L4250 201401023 16-28-17052-0301.00
mAl 2 k.
W
LY
00 - &
500
400
300
200 A
F
100 %@‘J
. A
1] ZI =|1 é é min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 5.izz MM 0.1Z67 ZTH.E507T0  36.40430  4.3999
z 5,952 MM 0.1467 BOLL. 00830 BE3.L0138 95.6001

Totals E28T.65900 T19.505638

Instrument 1 4/ 2872014 10:55:08 AM LJ Page 1 of 1
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Data File D:WLCAYDATAWWLY WL-4-Z5\WL-4-25D1-2 Z014-01-08 Z1-30-5T4032-0201.D
Sample Fame: TL-4-25D

Acg. Operator Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 32
Injection Date : LIES2Z014 9:42:52 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCY DATA, WL TL- 4- 254 WL-4-2501-2 2014-01-06 21-30-57% IEH-Z-95-1ML-Z 540M-
20MIN.M
Last changed D L4/ 2014 11:34: 16 AM by WL

Analysis Method : D:S\LCYDATA, ULAWL-4-Z5\WL-4-Z5DI1-2 2014-01-06 21-30-574032-0201.D0DAM |
IBEH-2-96-1ML-254FM- 20M TN .M

Last changed OLAESSZ014 10052014 AT by LT
(modified after loading)

WD A, MiEelength=254 nm (DALCDAT AU DL-4-2 500 L4250k 2 2014-01-06 21-20-57032-0201.0)
mal 4

340~

300 A 5

2460

200

1560

100 4

50 - \/\J
1] fL T
T T T T T T T
1] 25 5 75 10 125 15 175 min
Area Percent Report

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 7.443 BB 0.1956 4395, 01807 387.46234 50.3587
£ 1l.361 \E 0.E773 4926, 52666 2T71.35916 49.6415

Totals 9924, 84473 E58.82150

Instrument 1 4/28/2014 10 52:19 &AM LJ Page 1 of 1
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Data File DiWLCWDATAWWLY WL -4-Z26\TL-4- Z6EF Z014-01-07 19-46-18W0ZZ-0E01.D

Sample Fame: TL-4-26E

Acg. Operator
Ao, Instrument :
Injection Date
Acg. Method

Last changed
Analysis Method :

Last changed

Jeq. Line :
Instrument 1 Location @ Wial 22
Lr7/2014 T 58:08 P Inj : 1

Inj Yolume @ 5 nl

U DALCYDATAES TLYTL- 4- 6% WL -4-26EF £014-01-07 19-46-18% IEH-Z-9§-1ML-Z 540~

20MIN.M

If 4/ 2014 11:34: 16 AM by TL

I SLCY DATAY TLATL-4-264 WL-4-26EF 2014-01-07 19-46-18%022-0201.D4DALM | IEBH-
2-93-1ML-2540M- Z0MIN.M)

4 2972014 11:10:45 AT by LJ

(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AR DAL 2600 L4 26 B 2004-01-07 19-46- 18022-0201.00
mAl 2
160 i
140
1204
100+
804
60
40 4
o
.
u@ )
D_
1] 23 é ?3 lb 155 1% Ifﬁ min
Area Percent Report
Sorted By Signal
Mnltiplier 1.0000
Dilution 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 T.501 MM 0.1970 121.39237  10.2T183F 3.9337
2 1l.580 \E 0.2769 2964, 54126 L1EZ.504T5 96,0663
Totals 3085.93363 17Z.7TE38

Instrument 1 472872014 11:10:53 &AM LJ

S-63

Page 1 of 1



Bz

|
le N ‘\\OtBU
(3ga)

C

Data File D:WLCOWDATAWWLY WL-4-Z5\WL-4-25D1 2014-01-04 10-25-28%052-0301.D
Sample Fame: TL-4-251

Acg. Operator Jeq. Line : 3
Aoig. Instrument @ Instrument 1 Location @ Wial 52
Injection Date : Lf4" 2014 10:58:30 AM Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA, TLYTL-4- 254 WL-4-2501 2014-01-04 10-Z5-28%IBH-Z-9§-1ML-Z 540~
20MIN.M
Last changed L2714/ 2013 B:08:52 PM by WL

Analysis Method : D:SLCYDATA, WLAWL-4-Z5\WL-4-Z5D1 2014-01-04 l0-25-284052-0301.0%DA.M | IBH-
2-95-1ML-2540M- 20MIN.M)

Last changed OLAESSZ014 10050045 AT by LT
(modified after loading)

WD A, MiEnelength=254 nm (DALCDAT AU DWL-4-2 500 L4 25 DN 201 401-04 10-25-22°0520301.00
mAl &
124 J
10+ =
=
=2

8_

i

4

2_

D_

T T T T T T T
1] 25 5 75 10 125 15 175 min
Area Percent Report

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea

#  [min] [min] mal *s  [mAU | 8
S CEEEE [====|-====-- R [==-==--=-- [==-=----
1 7.185 BB 0.1844 160.06166 13.26579 50.6135

2 10,918 BE  0.2538 154.93663  9.45452 49.1865

Totals 31499849 ZZ.T2031

Instrument 1 4/ 2372014 10:50:57 AM LJ Page 1 of 1
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Data File DiWLCWDATAWWLY WL-4-Z26\TL-4- Z6EF Z014-01-07 19-46-18%0&3-0301.D

Sample Fame: TL-4-2Z6F

Acg. Operator Jeq. Line : 3
Aoig. Instrument @ Instrument 1 Location @ Wial 23
Injection Date L7/ zZ014 §:19:09 PH Inj 1

Inj Yolume @ 5 nl

Acg. Method

Last changed
Analysis Method :

Last changed

U DALCYDATAES TLYTL- 4- 6% WL -4-26EF £014-01-07 19-46-18% IEH-Z-9§-1ML-Z 540~

ZOMIN. M

LA47E014 11:34:16 AM by WL

DA LCYDATE WLYTL- 4- 264 WL -4-26EF 2014-01-07 1%-46-18%023-0301.DWDA.M | IEH-
£-95-1ML-2540M- 20MIN. M)

47 E9/E0LE 110 12:09 M by LJ

(modified after loading)

=

SAWDT A, NEvelength=254 nm (DALCDAT AN L 2600426 BF 20014-01-07 19-46- 18063-0201.00
mAl
200
600
<00
200 @5‘
£ 3 ‘J
0 VAN
T T T T T
1] 3 4 -] o n

T
14 min

Area Percent Report

Sorted By Signal
Mnltiplier 1.0000
Dilution l.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 7.156 MM 0.1957 6Ll1.33374  5Z.07383 3.7350
L 10,801 VE 0.EZ6E9 L.57564ed  911.24R22 96.ZR50
Totals L.E36TTed  963.3Z005

Instrument 1 4/25/2014 11:1:2:14 AM LJ
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Data File D:WLCYDATANWLY WL-4-214WL-4-214 Z013-12-16 16-01-16%016-0101.1
Sample Fame: TL-4-214

Acg. Operator L Jeq. Line : 1
Aoig. Instrument @ Instrument 1 Location @ Wial 16
Injection Date : L2/16/2013 4:02:19 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA WL TL- 4- 214 WL-4-21& 2013-12-16 16-01-16% IEH-2-95-1ML- 25 40M-
20MIN.M
Last changed L2714/ 2013 B:08:52 PM by WL

Analyesis Method : D:S\LCYDATA ULAWL-4-21NWL-4-2Z14 2013-12-16 16-01-16%016-0101.0%DA.M | IBH-Z-
95 -1ML-2 5ANM-20MIN. M)

Last changed OLAESS 2014 100 ES1E AT by LT
(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AR DAL -2 T L4-2 1420 13-12- 16 1601-16'018-0101.00
mad ] pr]

A0
=
2
@

a0 b

304

04

10 4

N I NS
T r T T T T T
1] 25 5 75 10 125 15 175 min

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 7.354 BB 0.191% T771.19611 60.72404 50.2937
£ 11.930 BE 0.ET63 THE.19025  42.19497 49.7063

Totals 1533. 38630 102.91902

Instrument 1 4/28/2014 100 E5:22 AM LJ Page 1 of

S-66
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Data File D:WLOAWDATAWWLY WL-4-Z5264TL-4-26 Z013-12-2% 17-29-28%02%-0301.D
Sample Fame: TL-4-2Z64

Acg. Operator L Jeq. Line : 3
Aoig. Instrument @ Instrument 1 Location @ Wial 29
Injection Date : LZ/ZZ/2013 5:52:34 PO Inj 1
Inj Yolume @ 5 nl
Acq. Method U D ALCYDATA, WL TL- 4- 25264 WL -4-26 20153-12-22 17-Z9-28%IBH-Z-9§-1ML-Z 540~
20MIN.M
Last changed L2714/ 2013 B:08:52 PM by WL

Analysis Method : D:S\LCYDATA, WLAWL-4-Z526%WL-4-26 2013-12-22 17-29-284%029-0301.0%DA.M (IEBH-
2-95-1ML-2540M- 20MIN.M)

Last changed DOLAESSZ014 110030 35F M by LT
(modified after loading)

SANDT A, ViEnelength=2% nim (DALCADAT A L2526 WL 5 201 3-12-22 17- 20280200301 )
mAl o =
175
150
134
100
75
o
o
50 4 ety
25
1] —‘—.—r-._)rmk_ T
T r T T T T T
i 25 5 75 10 125 15 175 min

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 7.113 MM 0.1950 541.40942  4r.27402 13.919A
L 1l.391 VB 0D.EBE0 3345.13721 195.858508 G§6.0504

Totals 3889, 54663  Z42.13260

Instrument 1 4/28/2014 11:03:43 AM LJ Page 1 of

S-67
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Data File D:WLCYDATANWLY WL-4-214WL-4-21F Z013-12-17 17-46-40% 0L&-0201.D
Sample Fame: TL-4-218

Acg. Operator L Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 18
Injection Date : L2/17/2013 5:58:34 PU Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA WL TL- 4- 214 WL-4-21F 2013-12-17 17-46-40% IEH-2- 95 - 1ML- 25 40M-
20MIN.M
Last changed L2714/ 2013 B:08:52 PM by WL

Analyesis Method : D:S\LCYDATA ULAWL-4-21NWL-4-2Z1B 2013-12-17 17-46-40%018-0201.0%DAM | IBH-Z-
95 -1ML-2 5ANM-20MIN. M)

Last changed OLAES/Z014 10:41:55 AT by LT
(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AW DANL- -2 TO0L4-2 10 2013-12-17 17-46-40'012-0201.00
mAl =
2504 [
Ll
o=
o
300 4 T
260
200
1560
100+
A0
1]
T T T T T T T
1] 2 4 -] g 10 12 14 min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 i

6. 476 W 0.1674 3927.07189% 35T7.85637 49.85830
L T.993 B 0.1993 3945.48730 300.49277 50.1170

Totals TETZ. 55858 E58.14914

Instrument 1 4/ 2872014 100 42:05 AM LJ Page 1 of

S-68
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Data File D:WLOAWDATAWWLY WL-4-Z5264TL-4-26 Z013-12-2% 17-29-28%028-0201.D
Sample Fame: WL-4-26F

Acg. Operator L Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 2§
Injection Date : LZ/ZZ/2013 5:41:15% PO Inj 1
Inj Yolume @ 5 nl
Acq. Method U D ALCYDATA, WL TL- 4- 25264 WL -4-26 20153-12-22 17-Z9-28%IBH-Z-9§-1ML-Z 540~
10MIN. M
Last changed L2/ 1442013 B:08:33 PM by WL

Analysis Method : D:S\LCYDATA, WLAWL-4-Z526%WL-4-26 2013-12-22 17-29-284%028-0201.0%DA.M (IBH-
2-95-1ML-2540M- 10MIN.M)

Last changed OLAESSZ014 1100142 AT by LT
(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AU LA -2 52600 -4 26 2013-12-22 17-20-28'0220201.00
mAl
2500
2000 4
1500
1000
500
1]
T T T T
1] 2 4 i g min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 6.371 MM 0.15%5 1019.12268 10R.4TROE  2.8511
z T.714 MM 0D.EZE8 3.49785ed ZR1R.99414 97.1R59

Totals 3.59976ed  ZT23.47110

Instrument 1 4/25/2014 11:01:47 AM LJ Page 1 of

S-69
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Data File D:WLCAWDATAWWLY WL-4-Z655C-20131230 2014-04-2% 13-14-53 042-0301.D
Sample Fame: TL-1-NAP-RAC

Acg. Operator Jeq. Line : 3
Aoig. Instrument @ Instrument 1 Location @ Wial 42
Injection Date : & 29/2014 1:47:51 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCY DATA, WL TL- 4- 26% 3C-20131250 2014-04-29 13-14-53%IEH-5-95-1ML-Z 540M-
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : DiALCYDATA ULAWL-4-26%5C-20131230 2014-04-29 13-14-53%042-0301.DADAM |

IBEH-5-95-1ML-254FM- 20M [N .M )
Last changed O&FESSZ014 3:17:05 PM by WL
(modified after loading)

WD A, Miaelength=254 nm (OALCDAT AU DAWL--260S C- 20131220 201 4-04-29 12 14520420301 .00
mAl 2
200
175 2
b
L=

1604

125 4

1004

754

40 o

264

1] T
T T T T T T
1] 25 5 75 10 125 175 min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g

el =mmm fommmmme =mmmmmmmem [=mmmmmme l-mmmmme
1 6.800 BV 0.1661 ZE55.38159 E05.12259 49.3754
Z 9.385 BB 0.2189 Z312.44043 1e0.60Z6Z 50.6246

Totals 4567, 82202 3E5.T2501

Instrument 1 4/ 2372014 3:17:09 PM TL

S-70
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Data File D:WLCAVDATAWWLY WL-4-Z655C-20131230 2014-04
Sample Fame: TL-1-HAP

Acg. Operator
Aoig. Instrument @ Instrument 1
Injection Date : & 29/2014 2:08:53 PH

| (3ja)

-£8 13-14- 53 043-0401.D

Jeq. Line : 4
Location @ Wial 43
Inj 1

Inj Yolume @ 5 nl

Acy. Method ¢ D ALCY DATA, WL TL- 4- 26% 3C-20131250 2014-04-29 13-14-53%IEH-5-95-1ML-Z 540M-
ZOMIN. M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : DiALCYDATA ULAWL-4-26%5C-20131230 2014-04-29 13-14-53%043-0401.D0DAM |

IBEH-5-95-1ML-254FM- 20M [N .M )
Last changed OLFES/Z014 3:15:45 PM by WL
(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AU DAWL--260S C- 20131220 201 4-04-29 13- 14520430401 .00
mAl A
1000
200
GO0
400
gb
R
00 g
!
0 L/\_J
1] 23 é ?3 lb 155 13 lfﬁ min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
E.526 MM 0.1783 1145,42334 107.33015 7.0653
Z 9.328 VB 0.2166 1.5105%e4 1054.43152 92.9347

Totals 1.62544e4 11E1.TRIGT

Instrument 1 4/ 2372014 3:15:52 PM TL

S-71
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Data File D:WLCAVDATAWWLY WL-4-Z655C-20131230 2014-04-2% 13-14-53 044-0501.D
Sample Fame: TL-2-NAP-RAC

Acg. Operator Jeq. Line : 5
Aoig. Instrument @ Instrument 1 Location @ Wial 44
Injection Date : & 2972014 2:30:02 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCY DATA, WL TL- 4- 26% 3C-20131250 2014-04-29 13-14-53%IEH-5-95-1ML-Z 540M-
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : D:SLCYDATA, WLATWL-4-Z6%5C-2Z0131230 2014-04-29 13-14-534044-0501.D0DAM |
IBEH-5-95-1ML-254FM- 20M [N .M )

Last changed OLFERS 2014 Fi120E0 PM by WL
(modified after loading)

WD A, Mianelength=254 nm (OALCDAT AU DAWL-4-260S C- 20131220 201 4-04-29 13- 14-52'044-0501 .00
mAl &
1740
=
=
L=
1500
1250 4
1000
a0
500
2460
1]
T T T T T T T
1] 25 5 75 10 125 15 175 min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g

B.BET W 0,174 £.1414%ed  1837.24854 49.4301
L8310 W 0.Z180 Z.18556e4 1513.33411 50.5089

Totals 4.3269%e4  3350.58264

Instrument 1 4/ 28/2014 3:12::25 PM TL Page 1 of 1
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Data File D:WLCAVDATAWWLY WL-4-Z655C-20131230 2014-04-2% 13-14-53 045-0601.D
Sample Fame: TL-2-HAP

Acg. Operator Jeq. Line : B
Aoig. Instrument @ Instrument 1 Location @ Wial 45
Injection Date : & 29/2014 2:51:03 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCY DATA, WL TL- 4- 26% 3C-20131250 2014-04-29 13-14-53%IEH-5-95-1ML-Z 540M-
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : D:S\LCYDATA, WLATWL-4-Z6%5C-2Z0131230 2014-04-29 13-14-534045-0601.D0DAM |
IBEH-5-95-1ML-254FM- 20M [N .M )

Last changed LA ESSZ014 3015041 PM by WL
(modified after loading)

WD A, Mianelength=254 nm (OALCDAT AU DAWL--260S C- 20131220 201 4-04-29 13- 14-52'045-0601 .00
mAl 5
1200 4
1000
200
GO0
400
13
-
P
200 =
0 L L
T T T T T T T
1] 25 5 75 10 125 15 175 min

Area Percent Report

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 B.HEZ1 MM 0.1743 1613.99902 153.85608  T7.9Z50
z 9,325 W 0.Z167 L.G7520ed L1308.09534 9Z.0750

Totals 2.03660e4 1461.95142

Instrument 1 4/23/2014 3:13:45 PM TL Page 1 of 1

S-73



Data File D:%LCYDATAZWLY WL-4-114WL-4-11 2013-12-10 10-50-464%007-0201.D
Sample Fame: TL-4-11

Acg. Operator L Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 7
Injection Date : 12/10/2013 11:02:42 M Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCY DATA, TLYTWL-4- 114 WL-4-11 2015-12-10 10-50-46 IEH-5-9 5- 1ML -Z 540 -
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : D:SLCYDATA, WLAWL-4-11%WL-4-11 2013-12-10 10-50-464%007-0201.04DA.M (IBH-5-
95-1ML-2 54M-20MIN. M)

Last changed DOLAESS 2014 1001636 AT by LT
(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AR DAL-41 0L 11 2013-12-10 10-50-460007-0201.00
mAl )
0
P
50 =
ET
304
204
10+
0+ .
T T T T T T T
1] 25 5 75 10 125 15 175 min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g

el ==mm emmmmme =mmmmmmem [ l-mmmmme [
1 T.38E WE 0.1642 T736.11414 6&.77456 50.4536
i 10.6Z4 BE 0.2318 TZZ.0L031  47.34%43 49.5164

Totals 1455, 12445 116.12399

Instrument 1 4/23/2014 10:16:41 AM LJ Page 1 of

S-74



Data File D:WLCYDATANWLY WL-4-18VWL-4-18 2013-12-13 16-51-1TW0L13-0201.D
Sample Fame: TL-4-13

Acg. Operator L Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 13
Injection Date : L2/13/2013 5:03:11 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALOCY DATA, TLYTL- 4- 184 WL-4-18 20153-12-13 16-51-17% IEH-5-95- 1ML -Z 540 -
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : D:SLCYDATA, ULAWL-4-18\WL-4-1% 2013-12-13 16-51-1T013-0201.00DA.M (IBH-5-
95-1ML-2 54M-20MIN. M)
Last changed OLAESSZ014 100200 1T AT by LT
(modified after loading)
WD A, MiEnelength=254 nm (OALCDAT AW DAL- - 1300 L4 18 2003-12-13 16-51-1R013-0201.00

mAl o 2 4,

a0

70

L1y

a0

Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 7.357 MM 0,175 1Z5.44329% 1Z.1Z0867 §.51Z6
L 10,600 MM 0.EZ568 L345.17187  8T7.48651 91.4574

Totals 1473, 61517 99.B0743

Instrument 1 4/28/2014 100 20:25 AM LJ Page 1 of

S-75
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Data File D:WLOAVDATAWWLY WL-3-1044LOH-12-240 2013-11-11 19-29-15 044-0201.D
Sample Fame: TWL-3-1054

Acg. Operator

Ao, Instrument :

Injection Date
Acg. Method

Last changed

Analysis Method :

Last changed

eq. Line : Z

Instrument 1 Location @ Wial 44
117115 200% T:41:47 PM Inj : 1
Inj Yolume @ 5 nl

U DALCYDATAES TLATL-3- L04YLQH-12-44D 2015-11-11 19-29%-15%ADH-10-90- 10ML-

254WM- Z0MIN .M

L1A11A200F 7028027 PM by WL

I SLCY DATA TLATL-3-1044LOH-12-44D0 2013-11-11 19-29-15%044-0201.D5DAM |
ADH-10-90-10ML- 25 4NM-20M IN M)

ILEFEOLS 10029020 AT by HR

(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AL 3-100L0H- 12-440 201 3-11-11 19-23-1R044-0201 .00
mAl &
200 1 -
180
100 4
a0+
D 1
1] 2|5 é ?Iﬁ I:J 12I5 1I5 l?l.ﬁ min
Area Percent Report
Sorted By Signal
Mnltiplier 1.0000
Dilution 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 5.455 EE 0.1838 2535, 54687 ZZ9.8813% 49,9962
Z 1.115 EE 0.2377 2835.97607 L76.01826 50.003%
Totals SETT.HZE85  405.89958
Instrument 1 3/ 1e/20Ll5 10:E9:%4 AN HR Page 1 of

S-76
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Data File DiSLCADATANTILY UL-3-129% FX-9-111A-00H 2013-11-2§ 15-24-10%043-020L1.D
Sample Mame: TL-3-129

q. Operator ¢ LT Seq. Line :

H
Aoy, Instrument @ Instrument 1 Location @ Vial 43
Injection Date 1172872013 3:36:51 PM Inj : 1
Inj Wolume : 5 pl
Acqg. Method U DS LCY DATAY WLAWL-3- 1294 FX-9- 111A-00H 2013-11-2& 15-Z4-10%ADH-10-90-10ML-
Z54WM- 10MIF .1
Last changed ¢ 1171172013 B:42:33 PM by UL

dnalyesis Method @ D:S\LCYDATA\WLAWL-3-129%FX-9-111A-0JH 2013-11-28 15-24-10%043-0201.D4DA.M |
ANH-10-90-10ML-2540M-10M IN .M
Last changed VOB LESEZ01S L0 ES:0L AM by HR

[modified after loading)
WD A, i nelength= 254 nm DA LCDAT AR LWL 3-1 20008 11 1A DJH 201 3-11-228 15- 241000430201 .00

mAl >

3000~

2500~

2000+

1500 4

1000

500

Sorted By H Signal
Multiplier H l.0000
Dilution H L.o000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VD1 A, Wavelength=254 nm

Peal RetTime Type Tidth Area Height Area
# [min] [min] mdT “*= [malr ] %
Bl Rt I--=-1------- === |=====----- |---=----- |
1 5.4lv MM 0.1954 3606.04150 30Z.93976  4.G7R9
Z T.01% VE 0.3072 T.0334%9ed  3521.93457 95.1231

Totals : T.3940%ed  3324.87433

Instrument 1 3/ 1272015 10:25:07 AM HR Tage 1 of

S-77
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Data File D:WLCAYDATAWWLY WL-4-595TL-4-59E-2 2014-02-25 21-10-354004-0201.D
Sample Fame: TL-4-59F

Acg. Operator L Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 4
Injection Date : Z/25/2014 9:23:12 PH Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCY DATA, WL TL- 4- 594 WL -4-596-2 2014-02-25 21-10-3 5% IEH- 5-95- 1ML- Z5 40M-
10MIN. M
Last changed DO LESZ0L3 2:34:08 AM by LJ

Analyeis Method : D:S\LCYDATA ULAWL-4-594WL-4-59E-2 2014-02-25 21-10-35,004-0201.04DA.M | IBH-
5-95-1ML-2540M- 10MIN.M)

Last changed DOLAESSZ014 11 ET 4D AT by LT
(modified after loading)

WD A, MiEelength=254 nm (OALCDAT AU DL 5900 L4-59 B-2 2014-02-25 21-10-35'004-0201.000
mAd i
o
g
1000 -
200
GO0
400
200
D 1 1
1] ZI =|1 é é min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
B 222 W 0.1375 l.06314ed 1175.9613% 49,7857
Z T.682 VB 0.1647 Ll.0722%e4  986.3T4l5F 50.2143
Totals 2.13543e8  Z1EZ.35547
Instrument 1 4/ 28/2014 11 E7:46 AN LT Page 1 of

S-78
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Data File DiWLCWDATAWWLA WL -4-605\TL-4-59 Z014-0Z-24 19-Z2-07W064-0301.D

Sample Fame: WL-4-60F

Acg. Operator
Ao, Instrument :
Injection Date

Acg. Method

Last changed
Analysis Method :

Last changed

Instrument 1
22472014 T:46:07 PH

LOMIN. M
ILEFENLT £:34:08 AM by LJ

Jeq. Line : 3
Location @ Wial 64
Inj 1

Inj Yolume @ 5 nl

U DALCYDATAES TLATL- 4- 608 WL-4-59 Z014-02-24 19-22-0T\ IEH-5-95- 1ML -2 54RM-

D WLCYDATE LAY TL-4- 604 WL-4-59 2014-02-24 19-22-0M064-0301.I0DA.M [ IBH-5-

95-1ML -2 540M- 10MIN. M)
4 2972004 11032011 AM by LJ
(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AR DAL HG000L-4-59 20140224 19-22-070640201.00
mAl &
1400
1200
1000
200
600
<00
2
W
o &
200 i@m
0 J&, 1
i i 4 & 5 min
Area Percent Report
Sorted By Signal
Mnltiplier 1.0000
Dilution 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
E. 156 MM 0.1328 &36.26691 104.93655  5.06E65
Z T. 528 W 0.1613 L.56697ed4 1430.587635 94,9335
Totals 1.6505%e4 1585.52419
Instrument 1 4/28/2014 11 3E:20 AN LT Page 1 of

S-79
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N,N O~

| (3ad)

Data File DiWLCWDATAWWLY WL-4-594TL-4-59 Z014-0Z-24 15-Z1-13%084-0Z01.D

Sample Fame: TL-4-594

Acg. Operator
Ao, Instrument :
Injection Date

Acg. Method

Last changed
Analysis Method :

Last changed

L Jeq. Line : Z
Instrument 1 Location @ Wial &4
22472014 3:33:13 PH Inj : 1

Inj Yolume @ 5 nl

U DALCYDATAES TLATIL- 4- 59 WL -4-59 Z014-0:2-24 15-21-13\IEH-5-95- 1ML -2 54RM-

ZOMIN. M

31972013 4:45:39 AN by TL

D WLCYDATE ULATL-4- 584 WL -4-59 2014-02-24 15-21-197064-020 1. INDA. M [ IBH-5-
95-1ML -2 540N~ 20MIN. M)

47 E9/E0LE 110 E8:10 M by LJ

(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AR DAL 5000 L-4-59 20140224 15-21- 10024020100
mAL I
(=]
&
200 =
GO0
400
200
D 1 1
i i 4 5 & 1 5 mn
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 5,951 ME 0.1299 7995, 51250 939.34564 49,9769
Z T.359 W 0.1564 3007,22217 T87.9%041 50.0231
Totals 1.6007T0ed  1727.32E05
Instrument 1 4/28/2014 11:E9:14 AN LT Page 1 of

S-80
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N,N O~

| (3ad)

Data File D:WLOWDATAWWLY WL -4-606WL-2- 59 2014-02-24 19-22-07T4063-0201.D
Sample Name: TL-4-604

A, Operator H I Jeqg. Line : Z

Aoy, Instrument @ Instrument 1 Location @ Vial 63
Injection Date : Z/24/2014 7:34:32 PH Inj : 1
Inj Wolume : 5 pl
Acqg. Method v DS LC DATE, TLYWL-4-604 TL-4-59 2014-02-24 19-ZZ-074 IEH-5-95- 1ML -2 5401 -
10MIN. M
Last changed C3RS20LF 2:34:08 AM by LJ

Analyesis Method : D:S\LCYDATA,TLAWL-4-604TL-4-59 2014-02-24 19-22-0T063-0201.I0DA.M (IBH-5-
95-1ML-2540M- L0MIR. M)

Last changed LA EA/E014 11033051 AT by LT
[modified after loading)

SO A, gvelength=254 nm (DA LCDAT AWCTWL-4-5000L<4-59 2014-02 24 19-22-00E-0201.00
mal z
1740 4
1500 4
1240+
1000
7504
5004
L=1 '\"ia
2604 s
it
: AN
T T T T
0 2 4 fi 2 min

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : l.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: VID1 A, Wavelength=254 nm

Peal RetTime Type Tidth Area Height Area
# [min] [min] mar *g [mar ] ]
e el el B el Ll el
1 5.960 MM 0.1349 1193.19312 147.42174 6.0378
Z TLE50 W 0.1550 1.85690ed 1827.17287 83.9EZZ

Totals : 1.9Th2Zed 1974.59471

Instrument 1 4/ 29/2014 11:35:55 AM LJ Tage 1 of

S-81
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Data File InWLOWDATAAWLY WL-4-265\WL-4- 2653 Z014-01-E0 L1-Z8-54%014-0501.D

Sample Name: TL-4-53B

A, Operator :
Aoy, Instrument
Injection Date
A, Method

Last changed :
Mnalysis Method

Last changed

Jeqg. Line : 5

Instrument 1 Location @ Yial 14
1/20/2014 12:43:53 PO Inj : 1

Inj Wolume : 5 pl

Vo DeALCY DATAE WL WL- 4- 264 WL -4-2653 2014-01-20 11-Z8-54% IEH-5-95-1ML -2 54T

ZOMIN. M

IF19/201F 4:45:39 AM by TL

D: 4L DATA, WLYWL-4- 264 L-4-2653 2014-01-20 11-28-54%014-0501.04DA.M (IEH-
5-95-1ML-2540M- Z0MIN. M)

442805014 11: 0920 AM by LJ

[modified after loading)

WAND A, ianelength= 254 nm (DA LCDAT AR LWIL-4-2 600 L4 2653 201401-20 11-28-540 140501 .00
mAl =]
700 ?
fr=]
&0 1 Z
A00
400 -]
300
200
100
D 1 1
T T T T T T T
1] 25 ] 75 10 125 15 175 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution l.0000

Use Multiplier & Dilution Factor with I3TDs

Signal 1: VDL A,

Peal RetTime Type
# [min]

_—— |_______|____
1 10.515 EBE
£ 14.096 BE

Totals :

Wavelength=254 nm

Width Area Height Area
[min] mdr *s [mar ] ]
| e il Ltk |
0.Z410 1.17575ed  T35.54564 50.091:Z
0.3252 1.17147ed  541.40094 49,9085

Z.3472%ed  1280.24858

Instrument 1 4/ 29/2014 11:09:26 AM LJ Tage 1 of 1

S-82
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Data File DiWLCWDATAWWLA WL -4-Z26\TL-4- 2653 Z014-01-20 11-Z&-54%015-0601.D

Sample Fame: TL-4-534

Acg. Operator
Ao, Instrument :
Injection Date

Acg. Method

Last changed
Analysis Method :

Last changed

Jeq. Line : B
Instrument 1 Location @ Wial 15
I 2072014 1:04: 48 PH Inj : 1

Inj Yolume @ 5 nl

U DALCYDATAES TLATL- 4- 6% WL -4-2653 Z014-01-20 11-2&-54°IEH-5-95-1ML-Z 540~

20MIN.M

1972013 4:45: 39 AM by TL

I SLCY DATAY ULATL-4-264 WL-4-2653 2014-01-20 11-25-545015-0601.D4DALM | IEBH-
5-95-1ML-2540M- Z0MIN.M)

4 29720104 11:05:40 AT by LJ

(modified after loading)

WD A, MiEnelength=254 nm (OALCDAT AU LAWL-26 0L 2663 201401-20 11-28-540150601.00
mAl =
200
YOO A
GO0
500
400
300
200 =]
s &
100 4 §§?'
D Jlﬁ\k 1
1] 23 é ?3 lb 155 1% Ifﬁ min
Area Percent Report
Sorted By Signal
Mnltiplier 1.0000
Dilution 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 10,610 MM 0.2550 1056,08972  69.03258  5.1071
2 14.0Z1 EE 0.3383 L.96227ed  B73.7ThE43 94,8920
Totals Z.06TE5ed  94Z.80101

Instrument 1 4/25/2014 11:058:45 AM LJ

S-83

Page 1 of 1
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Br

Data File D:WLOAWDATAWWLY WL-4-Z5\WL-4-254F Z013-12-1& 15-50-27T4044-0301.D
Sample Fame: TL-4-3

Acg. Operator L Jeq. Line : 3
Aoig. Instrument @ Instrument 1 Location @ Wial 44
Injection Date : L2/18/2013 4:33:26 PM Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA, TLYTL- 4- 254 WL -4-2 54F 20153-12-18% 15-50-27% IBEH-5-95-1ML-Z 540~
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analyesis Method : D:SLCYDATA, WLAWL-4-Z5\WL-4-Z5AF 2013-12-18 15-50-274044-0301.0%DA.M | IBH-
5-95-1ML-2540M- 20MIN.M)

Last changed O3S LEFZO01S 10:41: 36 AT by HR
(modified after loading)

WD A MiEelength=254 nm (OALCDAT AU DL -2 500142588 2013 12-18 15-50-27'044-0201.000
mal ] =
100+ =
=1
=]

80+

0

40_

204

0 .

T T T T T T T
1] 25 5 75 10 125 15 175 min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000
Tse Moltiplier & Dilution Factor with ISTDs
Signal 1: WUD1 &, Wavelength=254 nm
Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [malT 1 g

el ==mn ommmmee =mmmmmmmem == mmmme l-mmmmme
1 T.697 \E 0.1736 L30&.98180 114.4087Z 50.0180
i 10.01% \WE 0.ZZ6Z 1301.99097  87.38954 49.8510

Totals 2604, 97217 Z01.7982Z6

Instrument 1 371272015 10:41:39 AM HR Page 1 of

S-84
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Data File D:WLOAWDATAWWLY WL-4-Z5\WL-4-254F 2013-12-1& 17-12-324%045-0201.D
Sample Fame: TL-4-3EF

Acg. Operator L Jeq. Line : Z
Aoig. Instrument @ Instrument 1 Location @ Wial 45
Injection Date : L2/18/2013 5:34:29 PO Inj 1
Inj Yolume @ 5 nl
Acq. Method ¢ D ALCYDATA, TLYTL- 4- 254 WL -4-2 54F 20153-12-16 17-12-32%IEH-5-95-1ML-Z 540~
20MIN.M
Last changed PO319/2015 4:45:539 AM by TL

Analysis Method : D:S\LCYDATA WLAWL-4-Z5\WL-4-Z5AE 2013-12-18 17-12-324045-0201.0%DA.M | IBH-
5-95-1ML-2540M- 20MIN.M)
Last changed O3S LESZO0LS 10044120 AT by HR

(modified after loading)
WD A, MiEelength=254 nm (OALCDAT AU DL 2500142588 2013 12-18 17-12-32'045-0201.000

mAl 2
]
10+
a4
6_
4
24
D——’_—L‘M—
1] 2|5 é ?Iﬁ I:J 12I5 1I5 l?l.ﬁ min
Area Percent Report
Sorted By : Signal
Mnltiplier : 1.0000
Dilution : 1.0000

Tse Moltiplier & Dilution Factor with ISTDs

Signal 1: WUD1 &, Wavelength=254 nm

Pealk RetTime Type TWidth Area Height Lrea
# [min] [min] mdr *= [mar 1 i
bl EEL L [====]-===--- |=====----- |---=------ |====-=--- |
1 7.7Z9% MM 0.1524 G.38163 T.E831lle-1  4.99Z5
£ 10.07Z BE 0D.EEZ82 159.49309  10.6TRSE  95.0072

Totals 16T.87472 11.44238

Instrument 1 371272015 10:44:24 AM HR Page 1 of

S-85



I?z

HN,N \\O\/\Cl

(4ae)

OData File D:%LCADAT ALY UL-5-8 8 WL- 5-54-HYDROGERAT I0F Z014-07-16 19-40-00%042-0201.0
Sample Mame: TWL-5-54-RAC

q. Operator ¢ LT Seq. Line : Z

Aoy, Instrument @ Instrument 1 Location @ Vial 42
Injection Date : T/16/2014 T:52::26 PH Inj : 1
Inj Wolume : 5 pl
Acqg. Method VDL DATAY WLAWL- 5- 84 TL-5-5 4-HYDROGEFATION Z014-07-16 19-40-00% ASH-10-90-
IML- 25 40M. 1
Last changed T leS2014 13820 PM by LJ

dnalyesis Method @ D:A\LCYDATA,WLAWL-5-544TL-5-8 4-HYDROGENATION 2014-07-16 19-40-00%042Z-0201.
I DAM [ ASH-10-90-1ML-2540M. M)

Last changed VOB ELSEZ015 B 2T 09 PU by HR
[modified after loading)

WD A, i nelength= 254 nm (DA LCDAT A LWL-5-8 400 L-8-24-H YDRO G BATION 201 4-07- 16 19-40-000042-0201 .00
mal =2
25
20
15 4
104
5 _
Fax_\hﬁuthu___‘/
T T T T T T T
] g 10 12 14 16 15 min
Area Percent Report
Sorted By H Signal
Multiplier H l.0000
Dilution H L.o000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VD1 A, Wavelength=254 nm

Peal RetTime Type Tidth Area Height Area
# [min] [min] mdT “*= [malr ] %
Bl Rt I--=-1------- === |=====----- |---=----- |
1 10.170 WE 0.5242 §72.50244  Z5.33277 50.4454
£ 1i.01Z BE 0.7THET  G5T.04962  15.BE5ER 49.551F

Totals : 1729, 61206 40. 95603

Instrument 1 3/ 2472015 §:27:14 PM HR Tage 1 of 1

S-86
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HN,N \\O\/\Cl

(4ae)

Data File DiSLCADATAAXITWEZY-Z-18WWL-5-54-0PT 2014-07-16 Z0-26-45%043-0101.D
Sample Mame: wl-5-84-opt

q. Operator ¢ LT Seq. Line : 1

Aoy, Instrument @ Instrument 1 Location @ Vial 43
Injection Date : T/16/2014 5:28:37 PH Inj : 1
Inj Wolume : 5 pl
Acqg. Method DALY DATAVEEZT EEY-2-16M WL -5-84-0PT 2014-07-16 Z0-Z6-49%ASH-10-90- 1ML~
Z54WM. M
Last changed T leS2014 13820 PM by LJ

dnalyesis Method @ IALOWVDATAVKEVXEIT-2-18WWL-5-84-0PT 2014-07-16 Z0-26-40%043-0101.D4DALH |

ASH-10-90-1ML-2 540 .M)
Last changed VOB ELSEZ015 824038 P by HR
[modified after loading)

WD A, el ength= 254 nm (DA LCODAT AR WS- 2 18001 5-24 OPT 2014-07- 16 20-26-460043-0101.00)
mal = k.
i ! o
&
s
o

120

100+

20

Gl

40 _

ol
20 ’
. .
T T T T T T
1] 25 ] 75 10 125 15 min
Area Percent Report

Sorted By H Signal
Multiplier H l.0000
Dilution H L.o000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VD1 A, Wavelength=254 nm

Peal RetTime Type Tidth Area Height Area
# [min] [min] mdT “*= [malr ] %
Bl Rt I--=-1------- === |=====----- |---=----- |
1 10,12z MM 0.5858 4305, 50586 139.57521 94.5179
£ lE.0Ll7 M 0.7964 Z6G.1024% §5.61045  5.18Z1

Totals : 5173.60834  145.18566

Instrument 1 3/ 2472015 §:24:43 PM HR

S-87
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