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1. General remarks

Unless otherwise noted, all reagents and solvents were purchased from
commercial suppliers and used without further purification. Anhydrous solvents were
purchased from Sigma-Aldrich, J&K Chemical Technology company, and transferred
by syringe. *H NMR and *C NMR spectra were recorded on a Bruker ADVANCE Il
(400 MHz) spectrometer with CDClIs as the solvent and tetramethylsilane (TMS) as
the internal standard. Chemical shifts are reported in parts per million (ppm, § scale)
downfield from TMS at 0.00 ppm and referenced to the CDCl3 at 7.26 ppm (for H
NMR) or 77.0 ppm (for 3C NMR). Data are reported as: multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet), coupling constant in hertz (Hz) and
signal area integration in natural numbers. 3C NMR analyses were run with
decoupling. Enantiomeric excess values were determined by Daicel chiral column on
an Agilent 1260 Series HPLC instrument. Optical rotations [o]p Were measured on a
PERKIN ELMER polarimeter 343 instrucment. Column Chromatography was
performed with silica gel (300-400 mesh).

2. General procedure for the synthesis of substrate
The substrates of aryl-substituted benzothiophene 1,1-dioxides according were

synthesized to the method A:

R\i |
_OH \ 7/ R _H202 AcOH R
Nt : ) 100 °C, 2 h )
g OH Pd(PPh3),, NaHCO3, 1,4-dioxane, reflux S ’ <
7, \S

1

Step 1:™21 Aromatic iodide (10.00 mmol, 1.0 eq.) was added under argon at r.t. to
a solution of Pd(PhsP)4 (58 mg, 0.05 mmol, 0.005 eq.) in dry 1,4-dioxane (50 mL) and
stirred for 20 min. After this time saturated NaHCO3 (ag., 14.0 mL) and commercially
available 1-benzothiophene-2-boronic acid (979 mg, 11.0 mmol, 1.1 eq.) were added
and the resulting reaction mixture was refluxed overnight. The reaction mixture was
then allowed to cool to r.t. and diluted with H.O (80 mL) and extracted with CH2Cl>
(3>60 mL). The combined organic extracts were washed with NaOH (ag. 1 M, 40 mL)
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and then with brine, dried over MgSO4 and concentrated in vacuo to give a brown
crystalline solid that was purified by flash chromatography to give the corresponding
product S1.

Step 2:B1 S1 (1.00 eq.) was suspended in glacial AcOH (concentration = 0.9 M)
and H20> (30% ag. solution, 6.5 eq.) was slowly added. The mixture was heated to
100 <C and, at this temperature, it became a clear solution. Stirring at 100 T was
continued for 3 h and GC-MS analysis showed full conversion. The mixture was
allowed to cool to r.t. and partitioned between CH>Cl» and saturated NaHCO3 (ag. so
to bring the pH of the aq. phase to = 9), the layers were separated and the aq. phase
was extracted three times with CH2Cl,. The combined organic extracts were dried
over MgSO4 and concentrated in vacuo to give the crude product that was purified by

flash chromatography (silica gel, petroleum ether—EtOAC).

2-phenylbenzo[b]thiophene 1,1-dioxide 1a

(0
S

/7 \\

White crystalline solid; *H NMR (400 MHz, CDCls) & 7.85-7.83 (m, 2H), 7.77 (d,
J=17.6 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.52-7.45 (m, 4H), 7.44-7.40 (m, 1H), 7.29
(s, 1H); 3C NMR (100 MHz, CDCls) & 142.54, 137.02, 133.76, 131.10, 130.34,
129.91, 129.22, 127.10, 126.52, 125.02, 123.66, 121.48. The characterization data of

compound 1a is in accordance with the reported data in the literature.[?

2-(4-methoxyphenyl)benzo[b]thiophene 1,1-dioxide 1b

S

/7 \\

Yellow crystalline solid; *H NMR (400 MHz, CDCls) § (ppm) 7.79-7.77 (m, 2H),
7.74 (d, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.36 (d, J
= 7.6 Hz, 1H), 7.15 (s, 1H), 7.00-6.97 (m, 2H), 3.85 (s, 3H); 3C NMR (100 MHz,
CDCls) 6 161.19, 142.23, 136.70, 133.72, 131.53, 129.36, 128.10, 124.66, 121.38,

121.25, 119.54, 114.72, 55.42. The characterization data of compound 1b is in
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accordance with the reported data in the literature.[?l

2-(4-fluorophenyl)benzo[b]thiophene 1,1-dioxide 1c

Co-O
S

/7 A\

Pale yellow crystalline solid; *H NMR (400 MHz, CDClz) & 7.85-7.81 (m, 2H),
7.76 (d, J = 7.6 Hz, 1H), 7.60-7.56 (m, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.40 (d, J = 7.6
Hz, 1H), 7.23 (s, 1H), 7.20-7.15 (m, 2H); 3C NMR (100 MHz, CDCls) & 163.77 (d, J
= 251.0 Hz), 141.54, 136.76, 133.85, 131.00, 129.97, 128.65 (d, J = 9.0 Hz), 125.03,
123.51 (d, J = 2.0 Hz), 123.36 (d, J = 4.0 Hz), 121.54, 116.52 (d, J = 22.0 Hz). The
characterization data of compound 1c is in accordance with the reported data in the

literature.[?!

2-(o-tolyl)benzo[b]thiophene 1,1-dioxide 1d

(0
S

77\

White crystalline solid; *H NMR (400 MHz, CDCl3) § 7.77 (d, J = 7.2 Hz, 1H),
7.69 (d, J = 7.6 Hz, 1H), 7.60-7.56 (m, 1H), 7.53-7.49 (m, 1H), 7.41-7.39 (m, 1H),
7.36-7.27 (m, 3H), 7.04 (s, 1H), 2.45 (s, 3H); 3C NMR (100 MHz, CDCls) & 142.59,
138.06, 136.29, 133.66, 131.06, 130.09, 130.06, 129.47, 128.18, 126.40, 126.19,
125.00, 121.70, 20.67. The characterization data of compound 1d is in accordance

with the reported data in the literature.?!

2-(m-tolyl)benzo[b]thiophene 1,1-dioxide 1e

(3
S

77\

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.76 (d, J = 7.6 Hz, 1H),
7.65-7.62 (m, 2H), 7.58-7.51 (m, 1H), 7.49-7.47 (m, 1H), 7.40-7.34 (m, 2H), 7.27 (s,
2H), 2.41 (s, 3H); 3C NMR (100 MHz, CDCls) § 142.69, 139.02, 137.04, 133.72,

131.22, 129.81, 129.10, 127.00, 124.94, 123.71, 123.50, 121.46, 21.46. The
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characterization data of compound 1e is in accordance with the reported data in the

literature.[?!

2-(4-(tert-butyl)phenyl)benzo[b]thiophene 1,1-dioxide 1f

(0
S

7\

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.79-7.75 (m, 3H),
7.59-7.55 (m, 1H), 7.51-7.47 (m, 3H), 7.40 (d, J = 7.2 Hz, 1H), 7.25 (s, 1H), 1.35 (s,
9H); 3C NMR (100 MHz, CDCls) & 153.85, 142.60, 136.98, 133.72, 131.37, 129.67,
126.30, 126.26, 124.86, 124.21, 122.64, 121.48, 34.93, 31.09. HRMS calculated for
CisH1sNa0>S* [(M+Na)*] = 321.0922, found: 321.0919.

2-(3-chlorophenyl)benzo[b]thiophene 1,1-dioxide 1g

O A\
A CI

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.78-7.73 (m, 3H),
7.61-7.57 (m, 1H), 7.57-7.51 (m, 1H), 7.44-7.42 (m, 3H), 7.32 (s, 1H); 3C NMR (100
MHz, CDCIs) 6 141.24, 136.97, 135.24, 133.89, 130.70, 130.49, 130.37, 130.33,
128.80, 126.46, 125.30, 12499, 124.66, 121.59. HRMS calculated for

C1HsCINaO,S* [(M+Na)*] = 298.9907, found: 298.9903.

2-(naphthalen-2-yl)benzo[b]thiophene 1,1-dioxide 1h

X Q
7\
OO0

White crystalline solid; *H NMR (400 MHz, CDCls) § 8.15 (s, 1H), 7.91-7.80 (m,
6H), 7.68 (s, 1H), 7.54-7.47 (m, 2H), 7.39-7.31 (m, 2H); 3C NMR (100 MHz, CDCls)
o 142.56, 137.08, 133.81, 133.10, 131.24, 129.89, 129.18, 128.97, 127.72, 127.56,
126.96, 126.73, 125.03, 124.24, 123.65, 123.05, 121.52. HRMS calculated for
CisH12Na02S* [(M+Na)*] = 315.0456, found: 315.0450.



3-phenylbenzo[b]thiophene 1,1-dioxide 1m

o
g%

/7 \\

White crystalline solid; 'H NMR (400 MHz, CDCls) § 7.83-7.79 (m, 1H),
7.60-7.48 (m, 8H), 6.65 (s, 1H); 3C NMR (100 MHz, CDCls) & 145.95, 138.08,
133.29, 131.90, 130.99, 130.59, 130.47, 129.16, 127.95, 125.60, 124.28, 121.62. The
characterization data of compound 1m is in accordance with the reported data in the

literature.[?!

3-(4-methoxyphenyl)benzo[b]thiophene 1,1-dioxide 1n

OMe

O
g8

AN

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.81-7.79 (m, 1H),
7.59-7.53 (m, 3H), 7.50-7.47 (m, 2H), 7.05-7.03 (m, 2H), 6.58 (s, 1H), 3.89 (s, 3H);
13C NMR (100 MHz, CDCls) & 161.35, 145.60, 138.24, 133.17, 132.06, 130.44,
129.47, 124.25, 124.22, 123.14, 121.50, 114.55, 55.43. The characterization data of

compound 1n is in accordance with the reported data in the literature.[?

3-(m-tolyl)benzo[b]thiophene 1,1-dioxide 10

o
L

/7 \\

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.82-7.79 (m, 1H),
7.59-7.55 (m, 2H), 7.53-7.49 (m, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.33 (t, J = 7.2 Hz,
3H), 6.63 (s, 1H), 2.44 (s, 3H); ¥C NMR (100 MHz, CDCls) § 146.12, 139.07,
138.10, 133.26, 132.01, 131.23, 130.94, 130.53, 129.01, 128.51, 125.39, 125.03,
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124.34, 121.57, 21.45. The characterization data of compound 1o is in accordance

with the reported data in the literature.[?l

3-(p-tolyl)benzo[b]thiophene 1,1-dioxide 1p

(D
g%

/7 \\

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.81-7.79 (m, 1H),
7.58-7.56 (m, 2H), 7.53-7.50 (m, 1H), 7.42 (d, J = 7.6 Hz, 2H), 7.33 (d, J = 8.0 Hz,
2H), 6.62 (s, 1H), 2.45 (s, 3H); 3C NMR (100 MHz, CDCls) & 145.98, 140.86,
138.16, 133.22, 132.03, 130.49, 129.82, 128.06, 127.88, 124.96, 124.29, 121.54,
21.44. The characterization data of compound 1p is in accordance with the reported

data in the literature.[?

3-(4-fluorophenyl)benzo[b]thiophene 1,1-dioxide 1r

F

o
g8

/7 \\

White crystalline solid; *H NMR (400 MHz, CDCl3) § 7.82-7.80 (m, 1H),
7.60-7.58 (m, 2H), 7.54-7.46 (m, 2H), 7.47-7.46 (m, 1H), 7.25-7.21 (m, 2H), 6.64 (s,
1H); 3C NMR (100 MHz, CDCls) & 163.91 (d, J = 250.0 Hz), 144.91, 138.07, 133.35,
131.74,130.72, 129.98 (d, J= 8.0 Hz), 127.03 (d, J = 3.0 Hz), 125.77, 124.06, 121.71,
116.44 (d, J = 21.0 Hz). The characterization data of compound 1r is in accordance

with the reported data in the literature.?!

3-(3-chlorophenyl)benzo[b]thiophene 1,1-dioxide 1s



o
gs
S

AN

White crystalline solid; *H NMR (400 MHz, CDCls) § (ppm) 7.81-7.80 (m, 1H),
7.61-7.59 (m, 2H), 7.52-7.40 (m, 5H), 6.68 (s, 1H); 3C NMR (100 MHz, CDCls) &
(ppm) 144,51, 137.93, 135.23, 133.44, 132.72, 131.39, 130.83, 130.55, 130.53,
127.97, 126.53, 126.12, 124.03, 121.79. HRMS calculated for C14H9CINaO.S*
[(M+Na) ] = 298.9907, found: 298.9903.

3-(4-chlorophenyl)benzo[b]thiophene 1,1-dioxide 1t

Cl

g%
SN
(/)/ (0]

White crystalline solid; *H NMR (400 MHz, CDCls) § (ppm) 7.82-7.80 (m, 1H),
7.60-7.58 (m, 2H), 7.53-7.44 (m, 5H), 6.66 (s, 1H); 3C NMR (100 MHz, CDCls) &
(ppm) 144.79, 138.02, 136.68, 133.38, 131.53, 130.78, 129.52, 129.40, 129.28,
126.04, 124.02, 121.76. HRMS calculated for C14aHsCINaO.S™ [(M+Na)*] = 298.9908,

found: 298.9903.

3-(naphthalen-2-yl)benzo[b]thiophene 1,1-dioxide 1u
L
S

d o

White crystalline solid; *H NMR (400 MHz, CDCls) & (ppm) 8.03 (s, 1H), 7.98 (d,
J = 4.2 Hz, 1H), 7.93-7.91 (m, 2H), 7.85-7.81 (m, 1H), 7.61-7.55 (m, 6H), 6.74 (s,
1H); BC NMR (100 MHz, CDCls) § (ppm) 145.97, 138.16, 133.93, 133.30, 132.96,
131.99, 130.60, 129.03, 128.39, 128.34, 127.87, 127.56, 127.11, 125.82, 124.81,
124.37, 121.62. HRMS calculated for C1gH12NaO2S* [(M+Na)*] = 315.0455, found:
315.0450.



The synthesis of substrate 6-methoxy-3-phenylbenzo[b]thiophene 1,1-dioxide

according to the method B:

O
Br
—_—
~o sH EtOH, H,0 ~o s BF3.Et,0

H,0,/AcOH

_—
Sl i be

Step 1:1 Methoxybenzenethiol (1.12 g, 8.0 mmol) was added to a round-bottom
flask charged with a freshly prepared solution containing 6 mL ethanol, 14 mL water,
and KOH (0.51 g, 9.0 mmol). The solution was cooled in an ice-water bath, and a
solution of 2-bromo-1-phenylethan-1-one (1.59 g, 8.0 mmol) in 10 mL ethyl acetate
was slowly added. The reaction mixture was monitored by TLC until completion. The
solvents were evaporated under reduced pressure, and the residue mixture was
partitioned between water and ethyl acetate. The combined organic phase was washed
with brine, and dried by Na2SO4 to give
2-((4-methoxyphenyl)thio)-1-phenylethan-1-one, which was used in the next step
without further purification.

Step 2:°' BF; OEt, (70 mL) was slowly added to a flask charged with
2-((4-methoxyphenyl)thio)-1-phenylethan-1-one (2.0 g) under argon atmosphere in an
ice bath. The reaction mixture was stirred until starting material was consumed as
monitored by TLC. The reaction mixture was poured into saturated
NaHCOs/ice-water, stirred 30 min, and extracted with dichloromethane. The crude
product was purified by silica gel chromatography (5% dichloromethane in petroleum
ether). The combined fractions from the column were concentrated and recrystallized
in ethanol to give pale yellow solid (0.5 g).

Step 3. 5-methoxy-3-phenylbenzo[b]thiophene (1.00 eq.) was suspended in
glacial AcOH (concentration ~ 0.9 M) and H20. (30% ag. solution, 6.5 eq.) was
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slowly added. The mixture was heated to 90 <C and, at this temperature, it became a
clear solution. Stirring at 90 <C was continued for 3 h and GC-MS analysis showed
full conversion. The mixture was allowed to cool to r.t. and partitioned between
CH2Cl; and saturated NaHCO3 (aq. so to bring the pH of the aq. phase to = 9), the
layers were separated and the ag. phase was extracted three times with CH2Cl,. The
combined organic extracts were dried over MgSO4 and concentrated in vacuo to give
the crude product that was purified by flash chromatography (silica gel, petroleum

ether-EtOAC).

6-methoxy-3-phenylbenzo[b]thiophene 1,1-dioxide 1q

0
\O S

d o
White crystalline solid; *H NMR (400 MHz, CDCls) & (ppm) 7.52 (s, 5H), 7.39 (d,
J=8.0 Hz, 1H), 7.34 (d, J = 1.2 Hz, 1H), 7.04-7.01 (m, 1H), 6.54 (s, 1H), 3.91 (s, 3H);
13C NMR (100 MHz, CDCls) & (ppm) 161.93, 146.24, 140.00, 131.32, 130.40, 129.10,
127.89, 125.42, 123.93, 123.82, 118.48, 107.51, 56.05. HRMS calculated for
C1sH12NaOsS* [(M+Na)*] = 295.0402, found: 295.0399.

The substrates of 2-alkyl-substituted benzothiophene 1,1-dioxides 1li-I according
were synthesized to the method C:

@E\> n-Buli RBr m H,0,, AcOH mR
R——m
s -78°C, THF S 100°C,2h >S.

o’ "o

Step 1:11 To a cold (-78 <C) solution of benzo[b]thiophene (2.00 mL, 17.1
mmol, 1.00 eq.) in THF (40 mL) was added n-BuLi (1.6 M in hexane, 21.4 mL, 34.3
mmol, 2.00 eq.) dropwise via dropping funnel (over 30 min) under Ar. The dropping
funnel was rinsed twice with 5 mL Et,O. Stirring was continued at -78 <C for 45 min
and then the mixture was allowed to slowly warm to r.t. and stirred at this temperature

for another 45 min (at r.t. the reaction mixture turned from colorless to yellow). After

10



this time the reaction mixture was cooled again to -78 <C and bromoalkanes (51.4
mmol, 3.00 eq.) was slowly added via dropping funnel. The mixture was stirred for 30
min at -78 < (formation of a lump of white solid was observed) and then the
temperature was slowly raised to 0 <C (vigorous gas evolution and formation of a
white suspension). After 20 min of stirring at r.t., an aqueous solution of NaOH (66
mmol in 15 mL of H.O) was added, the layers were separated and the organic phase
was washed with water (10 mL). The combined organic extracts were dried over
Na>SO4 and concentrated in vacuo to give a colorless oil that was purified by flash
chromatography (silica gel, petroleum ether) to give 2-alkyl benzo[b]thiophene as
white crystalline solid.

Step 2: 2-alkyl benzo[b]thiophene (1.00 eq.) was suspended in glacial AcOH
(concentration = 0.9 M) and H20- (30% ag. solution, 6.5 eq.) was slowly added. The
mixture was heated to 100 <C and, at this temperature, it became a clear solution.
Stirring at 100 <C was continued for 3 h and after this time GC-MS analysis showed
full conversion. The mixture was allowed to cool to r.t. and partitioned between
CH2Cl; and NaHCO3 (aq. sat. so to bring the pH of the aq. phase to ~ 9), the layers
were separated and the ag. phase was extracted three times with CH2Cl.. The
combined organic extracts were dried over MgSO4 and concentrated in vacuo to give
the crude product that was purified by flash chromatography (silica gel, petroleum

ether—ethyl acetate).

2-benzylbenzo[b]thiophene 1,1-dioxide 1i

(0 -

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.72 (d, J = 8.0 Hz, 1H),
7.49-7.31 (m, 7H), 7.19 (d, J = 8.0 Hz, 1H), 6.41-6.40 (m, 1H), 3.85 (s, 2H); *C
NMR (100 MHz, CDClz) & 145.21, 136.84, 134.99, 133.63, 131.42, 129.45, 129.41,
128.95, 127.37, 126.31, 124.52, 121.55, 29.61. The characterization data of

compound 1i is in accordance with the reported data in the literature.[?!
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2-ethylbenzo[b]thiophene 1,1-dioxide 1j

A\

22\

White crystalline solid; *H NMR (400 MHz, CDCls) § 7.70 (d, J = 7.6 Hz, 1H),
7.54-7.50 (m, 1H), 7.45-7.41 (m, 1H), 7.29 (d, J = 7.6 Hz, 1H), 6.76-6.75 (m, 1H),
2.65-2.59 (m, 2H), 1.35 (t, J = 7.6 Hz, 3H); 1*C NMR (100 MHz, CDCls) & 146.71,
136.77, 133.57, 131.61, 129.30, 124.31, 124.27, 121.43, 17.14, 11.14. The
characterization data of compound 1j is in accordance with the reported data in the

literature.[?!

2-propylbenzo[b]thiophene 1,1-dioxide 1k

R

22\

White crystalline solid; *H NMR (400 MHz, CDCl3) § 7.69 (d, J = 7.6 Hz, 1H),
7.53-7.49 (m, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 6.76-6.75 (m,
1H), 2.58-2.53 (m, 2H), 1.81-1.74 (m, 2H), 1.05 (t, J = 7.6 Hz, 3H); 1*C NMR (100
MHz, CDCI3) 6 145.00, 136.57, 133.51, 131.55, 129.25, 125.07, 124.28, 121.27,
25.82, 20.21, 13.61. The characterization data of compound 1k is in accordance with

the reported data in the literature.!?!

2-butylbenzo[b]thiophene 1,1-dioxide 1l

Co

/7 \\

White crystalline solid; *H NMR (400 MHz, CDCl3) § 7.68 (d, J = 7.2 Hz, 1H),
7.50 (td, J = 7.6 Hz, 1.2Hz, 1H), 7.42 (m, J = 7.6 Hz, 0.8 Hz, 1H), 7.27 (d, J = 5.2 Hz
1H), 6.75 (d, J = 0.8 Hz, 1H), 2.59-2.55 (m, 2H), 1.76-1.68 (m, 2H), 1.50-1.41 (m,
2H), 0.96 (t, J = 7.6 Hz, 3H); 1*C NMR (100 MHz, CDCls) § 145.38, 136.65, 133.54,
131.63, 129.27, 124.89, 124.26, 121.38, 28.83, 23.56, 22.25, 13.67. HRMS calculated

for C12H1aNa0,S* [(M+Na)*] = 245.0608, found: 245.0606.
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The synthesis of substrates 3-alkyl-substituted benzothiophene 1,1-dioxides 1v-x

according to the method D:

(0}

n-BuLi/Et,0 rt R)km H;O*
[ :,\s/ TMEDA,-10°C  12h  Et,0,-78°C

R R
Hzoz/ACOH
Y e )
g 100 °C <
S2

Step 1:1'1 To a vigorously stirred solution of methyl(phenyl)sulfane (2.48 g, 20.0

mmol), anhydrous TMEDA (2.28 g, 22.0 mmol), and anhydrous Et,O (50 mL) cooled
to -10 <C, 2.4 M solution of n-BuLi in hexane (60 mL) is gradually added under N,
and stirring is continued at the room temperature for 12 h. The mixture is then cooled
to -78 <C and a solution of the acyl chloride (19.0 mmol) in anhydrous Et,O (10 mL)
is gradually (30 min) added under N». The resultant mixture is stirred at -78 <C for 1 h,
then allowed to warm to room temperature, stirred for 16 h, and poured into H20 (50
mL). The pH is adjusted to 4-5 by addition of 10% aqueous HCI. The organic layer is
separated, and the aqueous layer extracted with EtO (2>60 mL). The organic phases
are combined, dried by Na>SOs, and concentrated. The crude product was purified by
silica gel chromatography to obtain S2.

Step 2: S2 (1.00 eq.) was suspended in glacial AcOH (concentration = 0.9 M)
and H202 (30% ag. solution, 6.5 eq.) was slowly added. The mixture was heated to
100 <C and, at this temperature, it became a clear solution. Stirring at 100 T was
continued for 3 h and after this time GC-MS analysis showed full conversion. The
mixture was allowed to cool to r.t. and partitioned between CH>Cl, and NaHCOs (aq.
sat. so to bring the pH of the aq. phase to = 9), the layers were separated and the aq.
phase was extracted three times with CH2Cl.. The combined organic extracts were
dried over MgSOs and concentrated in vacuo to give the crude product that was

purified by flash chromatography (silica gel, petroleum ether—-EtOAC).

3-methylbenzo[b]thiophene 1,1-dioxide 1v

13



o,

o o

White crystalline solid; *H NMR (400 MHz, CDCls) & 7.73-7.71 (m, 1H),
7.62-7.58 (m, 1H), 7.56-752 ( m, 1H), 7.41 (d, J = 7.6 Hz, 1H), 6.48-6.47 (m, 1H),
2.28 (d, J = 1.2 Hz, 3H); 3C NMR (100 MHz, CDCls) & 142.83, 137.48, 133.45,
133.07, 130.41, 125.71, 122.23, 120.90, 13.84. The characterization data of

compound 1v is in accordance with the reported data in the literature.[?l

3-ethylbenzo[b]thiophene 1,1-dioxide 1w

A\
S
7

g o

White crystalline solid; *H NMR (400 MHz, CDCls) & (ppm) 7.72-7.70 (m, 1H),
7.60-7.52 (m, 2H), 7.43-7.41 (m, 1H), 6.45-6.44 (m, 1H), 2.67-2.61 (m, 2H), 1.31 (t, J
= 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) § (ppm) 148.72, 137.77, 133.39, 132.71,
130.43, 124.04, 122.07, 121.00, 21.15, 10.95. HRMS calculated for CioH10NaO.S*

[(M+Na)*] = 217.0294, found: 217.0293.

3-propylbenzo[b]thiophene 1,1-dioxide 1x

N

23
o)

White crystalline solid; *H NMR (400 MHz, CDCls) § (ppm) 7.72-7.70 (m, 1H),

0]

7.60-7.51 (m, 2H), 7.43-7.41 (m, 1H), 6.44-6.43 (m, 1H), 2.60-2.56 (m, 2H),
1.75-1.70 (m, 2H), 1.07 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3)  (ppm)
147.04, 137.72, 133.36, 132.76, 130.40, 124.61, 122.19, 121.03, 29.79, 20.12, 13.82.
HRMS calculated for C11H12NaO>S* [(M+Na)*] = 231.0458, found: 231.0450.

The synthesis of substrate 3-fluoro-2-phenylbenzo[b]thiophene 1,1-dioxide 3a
according to the method E:
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@I Br
S OH  (Ph4P),Pd, NaHCO3, 1,4-dioxane, reflux S DMF, rt, 12 h I
F F
1) n-BuLli, -78 °C H20,
2) NFSI, -78 °C-rt, 1 h [ AcOH, 90 °C /,S\

Step 1: The 2-phenylbenzo[b]thiophene was synthesized through the procedure

according to the method A.

Step 2:[1 2-phenylbenzo[b]thiophene (1.00 g, 4.76 mmol, 1.00 eq.),
N-bromosuccinimide (933 mg, 5.24 mmol, 1.10 eq.), and DMF (10 mL) were
combined in a 50 mL round-bottom flask and allowed to stir at room temperature for
12 h. Purification of the crude reaction mixture by filtration through a silica gel plug,
eluting with ether, followed by recrystallization of the resulting solid from MeOH,
provided 3-bromo-2-phenylbenzo[b]thiophene as a pale yellow solid.

Step 3:1 3-bromo-2-phenylbenzo[b]thiophene (578 mg, 2 mmol, 1.0 eq.),
n-BuLi (2.5 M in hexanes, 0.9 mL, 2.2 mmol, 1.10 eqg.), NFSI (758 mg, 2.4 mmol,
1.20 eq.), and THF (15 mL) were combined and allowed to stir at room temperature
for 1 h. The 3-fluoro-2-phenylbenzo[b]thiophene was purified by flash
chromatography (340 mg, 74% yield) as a white solid. *H NMR (400 MHz, CDCls) §
(ppm) 7.78-7.74 (m, 4H), 7.47-7.34 (m, 5H). The characterization data of compound
is in accordance with the reported data in the literature. (€]

Step 4: The substrate 3a was synthesized through oxidation reaction in the
method A: White crystalline solid; *H NMR (400 MHz, CDCls) § (ppm) 7.91-7.89 (m,
2H), 7.83-7.81 (m, 1H), 7.69-7.66 (m, 1H), 7.63-7.59 (m, 2H), 7.53-7.43 (m, 3H); 3C
NMR (100 MHz, CDCls) § (ppm) 155.96 (J = 290.0 Hz), 137.50 (J = 3.0 Hz), 133.72,
131.15, 129.96 (J = 2.0 Hz), 129.20, 127.54 (J = 5.0 Hz), 126.86 (J = 28.0 Hz),
124.47 (J = 4.0 Hz), 121.18 (J = 3.0 Hz), 120.81 (J = 6.0 Hz), 120.53. HRMS
calculated for C14HoFNaO,>S* [(M+Na)*] = 283.0197, found:281.0199.

The synthesis of substrate 3-methyl-2-phenylbenzo[b]thiophene 1,1-dioxide 3b:

15



Br
CC - ="t 03O - 0
s~ — DMF, 130 °C, 18 h S S

AcOH, 100 °C S S

()// \O ()// \\O
3b

a1

Step 1:®1 An oven-dried 50 mL screw-capped vial was charged with
(2-bromophenyl)(methyl)sulfane (1.217 g, 6.0 mmol), prop-1-yn-1-ylbenzene (1.043
g, 9.0 mmol), Pd(OAc). (133.89 mg, 0.6 mmol), PPhs (480 mg, 1.8 mmol), DBU
(2.736 g, 18 mmol), and DMF (18 mL) under a gentle stream of nitrogen. The vessel
was then sealed and heated at 130 <C for 18 h. The mixture was cooled to rt and
filtered through a short pad of silica gel, eluting with EtOAC.

Step 2: The substrate 3b was synthesized through oxidation reaction according to
the method A: The mixtures of compounds 3b and 3b’ were recrystallized several
times in ethanol to get pure compound 3b. White crystalline solid; *H NMR (400
MHz, CDCl3) & (ppm) 7.78 (d, J = 7.4 Hz, 1H), 7.66-7.60 (m, 3H), 7.55-7.46 (m, 5H),
2.28 (s, 3H); 3C NMR (100 MHz, CDCls) & (ppm) 137.42, 136.01, 135.38, 133.56,
133.37, 129.91, 129.75, 129.36, 128.97, 127.03, 122.26, 121.04, 12.01. HRMS
calculated for C1sH130,S* [(M+H)*] = 257.0635, found: 257.0630.

The synthesis of substrate 2,3-dimethylbenzo[b]thiophene 1,1-dioxide 3c:

Br Br
Br, n-BuLi, CHsl n-BuLi, CHjl
S CHCIj, rt, overnight I -78°C -1t S -78 °C-rt <
AcOH, 100 °C S

d o
3c

Step 1:1% To a stirred solution of of 2,3-benzo[b]thiophene (1.01 g, 7.5 mmol,
1.0 eq.) in 20 mL CHCls, bromine (0.8 mL, 15 mmol, 2.0 eq.) in 20 mL CHCls was

added dropwise at room temperature over 1 h. After stirring for 18 h in the dark, solid
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NaHCOz; was added to neutralize the hydrobromic acid until gas evolution ceased.
The organic phase was washed with water and 10% aqueous Na»S»O3 solution,
extracted with CHCIs, and dried over MgSOs. After evaporation of the solvent,
crystallization from methanol gave 2,3-dibromobenzo[b]thiophene (2.03 g, 91% yield)
as a white solid.

Step 2:11% 2 3-dibromobenzo[b]thiophene (2.03 g, 7.0 mmol, 1.0 eq.) was
dissolved in 10 mL dry degassed THF under argon. The solution was cooled to -78<C
before n-BuLi (4.8 mL, 7.7 mmol, 1.6 M in hexane, 1.1 eq.) was added, and the
mixture was stirred for 30 min before iodomethane (0.5 mL, 7.9 mmol, 1.1 eq.) was
added. The mixture was allowed to warm to room temperature, washed with water,
extracted with ethyl acetate and dried over MgSOa4. A short column chromatography
(silica, petroleum ether 100%) gave the product as white solid.

Step 3:1Y1 3-Bromo-2-methylbenzothiophene (1.0 g, 4.4 mmol) was dissolved in
THF (25 mL). 3 mL n-BuLi (1.6 M in hexane, 4.8 mmol) was added slowly with
stirring at -78 <C. Reaction mixture was stirred for 30 min and then methyl iodide (4.8
mmol) was added. After stirring for 1h, the mixture was warmed to room temperature
and stirred for 2 h at room temperature. After completion of reaction, H20 was added.
The mixture was extracted with CH2Cl2 (2 x 25 mL), dried over MgSQu, filtered and
the solvents were removed. The residue was purified by chromatography on silica gel
to give 2 ,3-dimethylbenzo[b]thiophene (642 mg, 90 % yield).

Step 4: The substrate 3c according was synthesized through oxidation reaction
according to the method A: White crystalline solid; *H NMR (400 MHz, CDCls) &
(ppm) 7.72 (d, J = 7.4 Hz, 1H), 7.58-7.54 (m, 1H), 7.48-7.44 (m, 1H), 7.36 (d, J = 7.6
Hz, 1H), 2.14 (s, 6H); *C NMR (100 MHz, CDCls) & (ppm) 135.90, 134.09, 133.91,
133.47, 129.12, 121.50, 120.90, 10.92, 6.83. HRMS calculated for CigH110.S*
[(M+H)*] = 195.0476, found: 195.0474.

3. General procedure for asymmetric hydrogenation
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R"

R
N\ RANBD)BF(L2 (10mol%) - N
R R . R
g TFE:CH,Cl, = 10:1, ~g
d o H, (50 atm), 70 °C, 40 h d o
1 2

A stock solution was made by mixing Rh(NBD).BFs with N-methylated
ZhaoPhos L2 in a 1:1.1 molar ratio in CH2Cl2 at room temperature for 40 min in a
argon-filled glovebox. An aliquot of the catalyst solution (0.1 mL, 0.001 mmol) was
transferred by syringe into the vials charged with different substrates (0.1 mmol for
each) in anhydrous CF3CH>OH (1.0 mL). The vials were subsequently transferred
into an autoclave into which hydrogen gas was then charged. The reaction was then
stirred under Hx (50 atm) at 70<C for 40 h. After completed, the hydrogen gas was
released slowly and carefully. The solution was concentrated and passed through a
short column of silica gel (eluant: EA) to remove the metal complex. The ee values of
all compounds were determined by HPLC analysis on a chiral stationary phase.

The absolute configurations of products 2a, 2n and 2v were determined by
comparison of analytical data with the literatures (optical rotation data). @ The

absolute configuration of others was assigned by analogy.

(R)-2-phenyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2a

A

27N

Colorless crystalline solid; >99% conv., 98% yield, 24.0 mg, >99% ee; [a]p® =
-75.0 (c = 0.5, CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 54.6 min (major), 74.7 min (minor). *H NMR (400 MHz,
CDCl3) & (ppm) 7.80 (d, J = 8.0 Hz, 1H), 7.64-7.60 (m, 1H), 7.53-7.50 (m, 1H),
7.49-7.42 (m, 6H), 4.68 (t, J = 8.4 Hz, 1H), 3.65 (d, J = 8.4 Hz, 2H); 3C NMR (100
MHz, CDCl3) & (ppm) 138.30, 136.30, 133.42, 129.99, 129.39, 129.31, 129.05,
128.97, 127.01, 122.32, 67.33, 32.78. The characterization data of compound 2a is in

accordance with the reported data in the literature.[?!
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(R)-2-(4-methoxyphenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2b

0O

7N

Colorless crystalline solid; >99% conv., 98% yield, 26.8 mg, 97% ee; [o]p % =
-57.8 (¢ = 0.6, CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tg = 36.6 min (minor), 54.5 min (major). 'H NMR (400 MHz,
CDCl3) & (ppm) 7.79 (d, J = 7.7 Hz, 1H), 7.63-7.59 (m, 1H), 7.50 (t, J = 7.4 Hz, 1H),
7.44 (d, J = 7.6 Hz, 1H), 7.41-7.38 (m, 2H), 6.98-6.94 (m, 2H), 4.63 (t, J = 8.5 Hz,
1H), 3.83 (s, 3H), 3.61-3.59 (m, 2H); 3C NMR (100 MHz, CDCls) § (ppm) 160.39,
138.25, 136.36, 133.34, 130.50, 128.99, 126.97, 122.33, 121.57, 114.40, 66.82, 55.30,
32.82. The characterization data of compound 2b is in accordance with the reported

data in the literature.?

(R)-2-(4-fluorophenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2c

O

Y

Colorless crystalline solid; >99% conv., 99% yield, 25.9 mg, 97% ee; [a]p % =
-57.9 (¢ = 0.62, CHCIl3); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV
detection at 220 nm; tgr = 47.9 min (minor), 55.2 min (major). *H NMR (400 MHz,
CDCl3) & (ppm) 7.80 (d, J = 7.7 Hz, 1H), 7.65-7.61 (m, 1H), 7.52 (t, J = 7.6 Hz, 1H),
7.48-7.44 (m, 3H), 7.16-7.11 (m, 2H), 4.68-4.64 (m, 1H), 3.69-3.55 (m, 2H); 13C
NMR (100 MHz, CDCls) & (ppm) 163.35 (d, J = 248.0 Hz), 138.10, 136.06, 133.51,
131.12 (d, J = 8.0 Hz), 129.16, 127.01, 125.76 (d, J = 3.0 Hz), 122.36, 116.07 (d, J =
21.0 Hz), 66.54, 32.97. The characterization data of compound 2c is in accordance

with the reported data in the literature.[?

(R)-2-(o-tolyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2d
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Colorless crystalline solid; >99% conv., 98% yield, 25.3 mg, 97% ee; [a]p % =
-191.8 (c = 0.44, CHCIs3); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV
detection at 220 nm; tzr = 30.0 min (minor), 35.0 min (major). 'H NMR (400 MHz,
CDCls) & (ppm) 7.78 (d, J = 7.7 Hz, 1H), 7.64-7.60 (m, 1H), 7.52 (t, J = 7.6 Hz, 1H),
7.46 (d, J = 7.7 Hz, 1H), 7.35 (d, J = 7.3 Hz, 1H), 7.30-7.22 (m, 3H), 5.06 (t, J = 7.9
Hz, 1H), 3.65 (d, J = 7.5 Hz, 2H), 2.55 (s, 3H); 3C NMR (100 MHz, CDCls) & (ppm)
138.54, 138.32, 136.69, 133.40, 130.92, 129.04, 129.00, 128.85, 127.84, 126.91,
126.47, 122.29, 62.93, 33.10, 20.24. The characterization data of compound 2d is in

accordance with the reported data in the literature. [l

(R)-2-(m-tolyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2e

o//S\\O E

Colorless crystalline solid; >99% conv., 98% yield, 25.3 mg, 97% ee; [a]p % =
-71.7 (c = 0.67, CHCIlz); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 40.4 min (major), 56.9 min (minor).*H NMR (400 MHz,
CDCls) & (ppm) 7.80 (d, J = 7.7 Hz, 1H), 7.63-7.59 (m, 1H), 7.51 (t, J = 7.3 Hz, 1H),
7.44 (d, J = 7.6 Hz, 1H), 7.33 (t, J = 7.5 Hz , 1H), 7.28-7.23 (m, 3H), 4.65 (t, J = 8.5
Hz, 1H), 3.64 (d, J = 8.1 Hz, 2H), 2.39 (s, 3H); 2*C NMR (100 MHz, CDCl3) & (ppm)
138.67, 138.31, 136.33, 133.37, 130.19, 130.04, 129.75, 128.99, 128.82, 126.99,
126.24, 122.28, 67.29, 32.65, 21.41. The characterization data of compound 2e is in

accordance with the reported data in the literature.[?!

(R)-2-(4-(tert-butyl)phenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2f
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Colorless crystalline solid; >99% conv., 98% yield, 29.4 mg, 96% ee; [a]p % =
-26.7 (c = 0.80, CHClz); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV
detection at 220 nm; tgr = 29.1 min (minor), 31.1 min (major). 'H NMR (400 MHz,
CDCls) & (ppm) 7.79 (d, J = 7.6 Hz, 1H), 7.62-7.58 (m, 1H), 7.50 (t, J = 7.3 Hz, 1H),
7.47-7.39 (m, 5H), 4.66 (t, J = 8.5 Hz, 1H), 3.62 (d, J = 8.4 Hz, 2H), 1.33 (m, 9H);
13C NMR (100 MHz, CDCls) & (ppm) 152.42, 138.35, 136.42, 133.34, 129.01, 128.98,
127.00, 126.74, 125.96, 122.30, 67.09, 34.66, 32.78, 31.20. HRMS calculated for
C18H20Na0,S* [(M+Na)*] = 323.1078, found: 323.1076.

(R)-2-(3-chlorophenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 29
CQ

o o

Colorless crystalline solid; >99% conv., 98% yield, 27.2 mg, 98% ee; [a]p % =
-58.8 (¢ = 0.53, CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 42.3 min (major), 48.3 min (minor). 'H NMR (400 MHz,
CDCl3) & (ppm) 7.80 (d, J = 7.7 Hz, 1H), 7.65-7.61 (m, 1H), 7.53 (t, J = 7.5 Hz, 1H),
7.46-7.44 (m, 2H), 7.42-7.36 (m, 3H), 4.64 (t, J = 8.0 Hz, 1H), 3.69-3.56 (m, 2H); 3C
NMR (100 MHz, CDCls) & (ppm) 138.04, 135.89, 134.83, 133.60, 132.03, 130.17,
129.59, 129.39, 129.21, 127.56, 127.04, 122.32, 66.67, 32.70. HRMS calculated for
C14H11CINa0,S* [(M+Na)*] = 301.0059, found: 301.0060.

(R)-2-(naphthalen-2-yl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2h

Colorless crystalline solid; >99% conv., 98% yield, 28.8 mg, 95% ee; [a]p % =
-79.1 (c = 0.67, CHCIz); The enantiomeric excess was determined by HPLC on
Chiralcel OD-H column, hexane: isopropanol = 85:15; flow rate = 1.0 mL/min; UV

detection at 220 nm; tg = 35.4 min (major), 52.5 min (minor). *H NMR (400 MHz,
21



CDCls) 5 (ppm) 7.94-7.81 (m, 5H), 7.64 (t, J = 7.1 Hz, 1H), 7.58-7.47 (m, 5H), 4.85
(t, J = 8.4 Hz, 1H), 3.82-3.69 (m, 2H); 3C NMR (100 MHz, CDCls) & (ppm) 138.33,
136.29, 133.57, 133.47, 133.13, 129.23, 129.08, 128.78, 128.08, 127.71, 127.41,
127.04, 126.79, 126.54, 126.03, 122.33, 67.45, 32.78. HRMS calculated for
Ci1sH14NaO,S* [(M+Na)*] = 317.0610, found: 317.0606.

(+)-2-benzyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2i

N

o O

Colorless crystalline solid; >99% conv., 98% yield, 25.3 mg, 83% ee; [a]p % =
+27.2 (c = 0.66, CHCIs3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tz = 53.8 min (major), 68.0 min (minor). H NMR (400 MHz,
CDCl3) & (ppm) 7.77 (d, J = 7.7 Hz, 1H), 7.57-7.53 (m, 1H), 7.47 (t, J = 7.4 Hz, 1H),
7.38-7.35 (m, 2H), 7.31-7.27 (m, 4H), 3.77-3.69 (m, 1H), 3.54 (dd, J = 14.0, 4.7 Hz
1H), 3.22 (dd, J = 16.3, 7.5 Hz 1H), 3.05 (dd, J = 16.3, 8.1 Hz, 1H), 2.90 (dd, J =
14.0, 10.7 Hz, 1H); *C NMR (100 MHz, CDClIs) & (ppm) 138.85, 136.53, 136.31,
133.41, 128.98, 128.93, 128.79, 127.17, 127.10, 121.93, 62.37, 33.15, 31.83. The
characterization data of compound 2i is in accordance with the reported data in the

literature.[?!

(+)-2-ethyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2]

d o

White solid; >99% conv., 99% yield, 19.4 mg, 88% ee; [a]o?° = +20.0 (c =0.58,
CHCI); The enantiomeric excess was determined by HPLC on Chiralpak AS-H
column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220
nm; tr = 28.9 min (major), 65.0 min (minor). '*H NMR (400 MHz, CDCls) & (ppm)
7.74 (d, J = 7.7 Hz, 1H), 7.55 (td, J = 7.5, 1.0 Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H), 7.34
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(d, J = 7.7 Hz, 1H), 3.45-3.35 (m, 2H), 3.00-2.93 (m, 1H), 2.23-2.12 (m, 1H),
1.85-1.74 (m, 1H), 1.19 (t, J = 7.5 Hz, 3H); 3C NMR (100 MHz, CDCl3) & (ppm)
139.17, 136.41, 133.26, 128.69, 126.98, 121.79, 62.94, 32.19, 21.08, 11.60. The
characterization data of compound 2j is in accordance with the reported data in the

literature.l2

(+)-2-propyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2k

N

White solid; >99% conv., 98% vyield, 20.6 mg, 92% ee; [o]po® = +19.2 (¢ =0.5,
CHCI3); The enantiomeric excess was determined by HPLC on Chiralpak AS-H
column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220
nm; tr = 27.2 min (major), 50.6 min (minor). *H NMR (400 MHz, CDCls) § 7.76 (d, J
= 7.6 Hz, 1H), 7.58-7.54 (m, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.34 (d, J = 7.7 Hz, 1H),
3.51-3.38 (m, 2H), 3.02-2.96 (m, 1H), 2.17-2.08 (m, 1H), 1.78-1.71 (m, 1H),
1.64-1.60 (M, 2H), 1.04 (t, J = 7.3 Hz, 3H); 3C NMR (100 MHz, CDCls) & (ppm)
139.10, 136.46, 133.22, 128.64, 126.97, 121.74, 61.24, 32.37, 29.48, 20.27, 13.88.
The characterization data of compound 2k is in accordance with the reported data in

the literature.[?

(+)-2-butyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2I

Co

White solid; >99% conv., 98% yield, 22.0 mg, 91% ee; [a]o2° = +20.8 (c =0.72,
CHCIs3); The enantiomeric excess was determined by HPLC on Chiralpak AS-H
column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220
nm; tr = 30.2 min (major), 47.7 min (minor). *H NMR (400 MHz, CDCls) & (ppm)
7.74 (d, J = 7.7 Hz, 1H), 7.57-7.52 (m, 1H), 7.45 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 7.7
Hz, 1H), 3.46-3.38 (m, 2H), 3.02-2.94 (m, 1H), 2.16-2.10 (M, 1H), 1.76-1.71 (m, 1H),

1.61-1.51 (m, 2H), 1.45-1.39 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H): 3C NMR (100 MHz,
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CDCIs) & (ppm) 139.14, 136.47, 133.23, 128.66, 126.97, 121.79, 61.57, 32.44, 29.07,
27.20, 22.54, 13.78. HRMS calculated for C12H1sNaO2S* [(M+Na)*] = 247.0766,
found: 247.0763.

(R)-3-phenyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2m

o
L,

/7 \\

Colorless crystalline solid; >99% conv., 99% vyield, 24.2 mg, >99% ee; [a]p%° =
+9.4 (c = 0.5, CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 58.9 min (major), tr = 39.6 min (minor). *H NMR (400 MHz,
CDCl3) & (ppm) 7.82-7.80 (m, 1H), 7.57-7.50 (m, 2H), 7.41-7.32 (m, 3H), 7.26-7.24
(m, 2H), 7.10 (d, J = 7.4 Hz, 1H), 4.79 (t, J = 7.8 Hz, 1H), 3.93 (dd, J = 13.5, 8.0 Hz,
1H), 3.51 (dd, J = 13.5, 7.8 Hz, 1H); *C NMR (100 MHz, CDCls) & (ppm) 141.00,
139.70, 139.02, 133.71, 129.29, 129.11, 128.21, 128.10, 127.21, 121.15, 58.93, 43.96.
The characterization data of compound 2m is in accordance with the reported data in

the literature.[?

(R)-3-(4-methoxyphenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2n

O/

&
®

/7 \\

Colorless crystalline solid; >99% conv., 99% vyield, 27.2 mg, >99% ee; [a]p?° =
+6.7 (¢ = 0.7, CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 82.7 min (major), tr = 55.4 min (minor). *H NMR (400 MHz,
CDCls) & (ppm) 7.81-7.78 (m, 1H), 7.56-7.48 (m, 2H), 7.17-7.14 (m, 2H), 7.11-7.10

24



(m, 1H), 6.92-6.88 (m, 2H), 4.75 (t, J = 7.9 Hz, 1H), 3.89 (dd, J = 13.5, 7.9 Hz, 1H),
3.82 (s, 3H), 3.46 (dd, J = 13.5, 7.9 Hz, 1H); $3C NMR (100 MHz, CDCls) & (ppm)
159.28, 141.39, 138.97, 133.66, 131.59, 129.28, 129.01, 127.14, 121.08, 114.58,
59.06, 55.31, 43.22. The characterization data of compound 2n is in accordance with

the reported data in the literature.?!

(R)-3-(m-tolyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 20

o
L,

AN

Colorless crystalline solid; >99% conv., 99% vyield, 25.6 mg, >99% ee; [a]p % =
+6.26 (c = 0.33 CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 41.4 min (major), tz = 28.0 min (minor). *H NMR (400
MHz, CDCls) & (ppm) 7.81-7.79 (m, 1H), 7.56-7.49 (m, 2H), 7.28-7.25 (m, 1H), 7.15
(d, J = 7.5 Hz, 1H), 7.10 (d, J = 7.5 Hz, 1H), 7.04-7.02 (m, 2H), 4.75 (t, J = 7.9 Hz,
1H), 3.91 (dd, J =13.5, 8.0 Hz, 1H), 3.50 (dd, J = 13.5, 7.9 Hz, 1H), 2.34 (s, 3H); 3C
NMR (100 MHz, CDCls) & (ppm) 141.13, 139.61, 139.11, 138.99, 133.69, 129.14,
129.04, 128.84, 127.23, 125.27, 121.10, 58.94, 43.90, 21.38. The characterization data

of compound 20 is in accordance with the reported data in the literature.?!

(R)-3-(p-tolyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2p

(D
(L

/7 \\

Colorless crystalline solid; >99% conv., 99% vyield, 25.6 mg, >99% ee; [a]p?° =
+8.5 (¢ = 0.75, CHCI3); The enantiomeric excess was determined by HPLC on

Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
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detection at 220 nm; tr = 40.3 min (major), tr = 33.9 min (minor). *H NMR (400 MHz,
CDCl3) & (ppm) 7.80-7.78 (m, 1H), 7.56-7.48 (m, 2H), 7.19 (d, J = 7.9 Hz, 2H),
7.13-7.09 (m, 3H), 4.75 (t, J = 7.9 Hz, 1H), 3.90 (dd, J =13.5, 7.9 Hz, 1H), 3.48 (dd,
J =135, 7.9 Hz, 1H), 2.36 (s, 3H); 3C NMR (100 MHz, CDCls) & (ppm) 141.27,
139.01, 137.93, 136.64, 133.66, 129.93, 129.02, 128.07, 127.17, 121.11, 59.02, 43.60,
21.07. The characterization data of compound 2p is in accordance with the reported

data in the literature.?

(-)-6-methoxy-3-phenyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2q

\OO S

7N

Colorless crystalline solid; >99% conv., 99% vyield, 27.1 mg, >99% ee; [a]p?° =
-10.56 (c =3.00, CH30H); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tgr = 36.8 min (minor), tr = 39.5 min (major). *H NMR (400
MHz, CDCls) & (ppm) 7.39-7.30 (m, 3H), 7.24-7.22 (m, 3H), 7.08 (dd, J = 8.6, 2.5 Hz,
1H), 6.98 (d, J = 8.6 Hz, 1H), 4.72 (t, J = 7.7 Hz, 1H), 3.93 (dd, J = 13.5, 8.0 Hz, 1H),
3.87 (s, 3H), 3.50 (dd, J = 13.5, 7.4 Hz, 1H); 3C NMR (100 MHz, CDCls) & (ppm)
160.31, 140.11, 139.98, 132.74, 129.23, 128.13, 128.07, 128.00, 122.24, 103.37,
59.60, 55.83, 43.22. HRMS calculated for CisH1aNaOsS* [(M+Na)*] = 297.0558,
found: 297.0555.

(R)-3-(4-fluorophenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2r

F

»
5

AN

Colorless crystalline solid; >99% conv., 99% vyield, 26.0 mg, >99% ee; [a]p?° =
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+7.7 (¢ = 0.7, CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 43.8 min (minor), tr = 63.9 min (major). *H NMR (400 MHz,
CDCl3) & (ppm) 7.82-7.80 (m, 1H), 7.59-7.51 (m, 2H), 7.24-7.20 (m, 2H), 7.11-7.05
(m, 3H), 4.79 (t, J = 7.7 Hz, 1H), 3.92 (dd, J = 13.5, 8.0 Hz, 1H), 3.46 (dd, J =13.5,
7.5 Hz, 1H); 13C NMR (100 MHz, CDCls) & (ppm) 162.35 (d, J = 246.0 Hz), 140.71,
139.03, 135.60 (d, J = 3.0 Hz), 133.81, 129.84 (d, J = 8.0 Hz), 129.27, 127.11,
121.24, 116.25 (d, J = 21.0 Hz), 58.88, 43.23. The characterization data of compound

2r is in accordance with the reported data in the literature.[l

(R)-3-(3-chlorophenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2s

e
77N,

J o

Colorless crystalline solid; >99% conv., 99% vyield, 27.5 mg, >99% ee; [a]p % =
+2.03 (c = 0.59, CHCIs3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tgr = 35.5 min (minor), tr = 61.5 min (major); *H NMR (400
MHz, CDCls) § (ppm) 7.83-7.80 (m, 1H), 7.60-7.52 (m, 2H), 7.34-7.30 (m, 2H), 7.25
(d, J = 0.8 Hz, 1H), 7.15-7.11 (m, 2H), 4.77 (t, J = 7.8 Hz, 1H), 3.92 (dd, J = 13.5, 8.1
Hz, 1H), 3.48 (dd, J = 13.5, 7.5 Hz, 1H); 3C NMR (100 MHz, CDCl3) § (ppm)
141.81, 140.08, 139.09, 135.13, 133.90, 130.63, 129.43, 128.40, 128.37, 127.15,
126.39, 121.34, 58.62, 43.59. HRMS calculated for C14H11CINaO,S*™ [(M+Na) *] =
301.0063, found: 301.0060.

(R)-3-(4-chlorophenyl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2t
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Colorless crystalline solid; >99% conv., 98% yield, 27.2 mg, 94% ee; [a]p % =
+1.60 (c = 0.56, CHCI3); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 54.8 min (minor), tr = 59.5 min (major). *H NMR (400
MHz, CDCls) & (ppm) 7.81-7.79 (m, 1H), 7.58-7.50 (m, 2H), 7.37-7.33 (m, 2H),
7.20-7.17 (m, 2H), 7.10-7.08 (m, 1H), 4.77 (t, J = 7.7 Hz, 1H), 3.91 (dd, J = 13.5, 8.1
Hz, 1H), 3.45 (dd, J = 13.5, 7.4 Hz, 1H); 3C NMR (100 MHz, CDCl3) & (ppm)
140.37, 139.04, 138.33, 134.06, 133.84, 129.54, 129.48, 129.34, 127.10, 121.28,
58.69, 43.33. HRMS calculated for C14H11CINaO2S*™ [(M+Na)*] = 301.0062, found:

301.0060.

(-)-3-(naphthalen-2-yl)-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2u

$ o

Colorless crystalline solid; >99% conv., 99% vyield, 29.1 mg, >99% ee; [a]p?° =
-49.64 (c = 0.56, CHCIs); The enantiomeric excess was determined by HPLC on
Chiralpak AS-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 37.5 min (minor), tr = 56.2 min (major); *H NMR (400
MHz, CDCl3) & (ppm) 7.87-7.82 (m, 4H), 7.77 (d, J = 1.3 Hz, 1H), 7.55-7.51 (m, 4H),
7.27-7.25 (m, 1H), 7.12-7.10 (m, 1H), 4.96 (t, J = 7.9 Hz, 1H), 3.98 (dd, J = 13.6, 8.0
Hz, 1H), 3.61 ( dd, J = 13.6, 7.8 Hz, 1H); 3C NMR (100 MHz, CDCls) & (ppm)
140.89, 139.12, 136.85, 133.75, 133.31, 132.83, 129.48, 129.19, 127.75, 127.73,
127.70, 127.31, 126.75, 126.51, 125.16, 121.21, 58.75, 44.14. HRMS calculated for

C18H14NaO.S* [(M+Na)*] = 317.0609, found: 317.0606.
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(R)-3-methyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2v

d o

Colorless crystalline solid; >99% conv., 97% yield, 17.7 mg, 97% ee; [a]p % =
+30.7 (c = 0.41, CHCIs3); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV
detection at 220 nm; tr = 26.1 min (major), 27.7 min (minor). *H NMR (400 MHz,
CDCls) & (ppm) 7.73 (d, J= 7.8 Hz, 1H), 7.64-7.60 (m, 1H), 7.49 (t, J = 7.5 Hz, 1H),
7.44 (d, J = 7.8 Hz, 1H), 3.74-3.65 (m, 2H), 3.17-3.10 (m, 1H), 1.54 (d, J = 6.8 Hz,
3H); 3C NMR (100 MHz, CDCls) & (ppm) 142.34, 138.63, 133.64, 128.79, 125.52,
121.28, 57.90, 32.57, 19.83. The characterization data of compound 2v is in

accordance with the reported data in the literature.[?l

(R)-3-ethyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2w

o

Colorless crystalline solid; >99% conv., 98% yield, 19.0 mg, 98% ee; [o]p % =
+81.73 (c = 0.46, CHCIs); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 95:5; flow rate = 0.3 mL/min; UV
detection at 220 nm; tr = 83.0 min (major), tr = 87.2 min (minor); *H NMR (400
MHz, CDCls) & (ppm) 7.72 (d, J = 7.8 Hz, 1H), 7.62-7.58 (m, 1H), 7.48 (t, J = 7.5 Hz,
1H), 7.43-7.41 (m, 1H), 3.62 (dd, J = 13.0, 7.8 Hz, 1H), 3.56-3.50 (m, 1H), 3.20 (dd,
J =13.0, 5.3 Hz, 1H), 2.08-2.05 (m, 1H), 1.76-1.74 (m, 1H), 1.04 (t, J= 7.4 Hz, 3H);
13C NMR (100 MHz, CDCl3) & (ppm) 141.17, 138.99, 133.45, 128.89, 125.99, 121.41,
55.47, 39.40, 27.32, 11.55. HRMS calculated for CioH12NaO.:S* [(M+Na)*] =
219.0450, found: 219.0450.

(R)-3-propyl-2,3-dihydrobenzo[b]thiophene 1,1-dioxide 2x
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Colorless crystalline solid; >99% conv., 98% yield, 20.6 mg, 96% ee; [a]p % =
+36.87 (¢ = 1.33, CHCIs); The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 95:5; flow rate = 0.3 mL/min; UV
detection at 220 nm; tr = 69.1 min (major), tr = 73.2 min (minor). *H NMR (400 MHz,
CDCls) & (ppm) 7.72 (d, J = 7.8 Hz, 1H), 7.62-7.58 (m, 1H), 7.47 (t, J = 7.5 Hz, 1H),
7.42 (d, J = 7.8 Hz, 1H), 3.64-3.56 (m, 2H), 3.22-3.17 (m, 1H), 2.03-1.95 (m, 1H),
1.71-1.63 (m, 1H), 1.50-1.41 (m, 2H), 1.00 (t, J =7.3 Hz, 3H); 3C NMR (100 MHz,
CDCl3) 6 (ppm) 141.48, 138.85, 133.45, 128.86, 125.98, 121.42, 55.88, 37.80, 36.67,
20.57, 13.85. HRMS calculated for C1:H14NaO>S* [(M+Na)*] = 233.0609, found:
233.0606.

F
{ Rh(NBD),BF /L2 (2.0 mol%) O - O
O O TFE:CH,Cl, = 10:1, s
H (70 atm), 70 °C, 24 h g o

3a 4a

83% conv.
>25:1 dr
98% ee

Colorless crystalline solid; 83% conv., >25:1 dr, 98% ee; [a]o % = +56.00 (c =
0.35, CHCIs3); The dr value was analyzed by *H NMR spectroscopy; The enantiomeric
excess was determined by HPLC on Chiralcel OD-H column, hexane: isopropanol =
90:10; flow rate = 1.0 mL/min; UV detection at 220 nm; tr = 35.0 min (major), tr =
71.3 min (minor). 'H NMR (400 MHz, CDCls) & (ppm) 7.93 (d, J = 7.5 Hz, 1H),
7.79-7.73 (m, 3H), 7.58-7.55 (m, 2H), 7.50-7.43 (m, 3H), 6.11 (dd, J = 53.3, 5.1Hz,
1H), 4.70 (dd, J = 24.0, 5.1Hz, 1H); 3C NMR (100 MHz, CDCls) & (ppm) 139.80 (d,
J = 3.0 Hz), 134.00 (d, J = 3.0 Hz), 133.60 (d, J = 18.0 Hz), 132.43 (d, J = 3.0 Hz),
131.78 (d, J = 3.0 Hz), 129.75, 128.72, 128.15, 126.32, 122.45, 87.11 (d, J = 190.0
Hz), 69.87 (d, J = 20.0 Hz). HRMS calculated for C14H11FNaO,S*™ [(M+Na)*] =

285.0356, found: 285.0355.
30



4. General procedure for the high TON experiment

) (D

Rh(NBD),BF,/L2

A\ S/C=5 000
g TFE:CH,Cl, = 12:1, <

g \\O H, (50 atm), 70 °C 4 \\O
1m 2m
1.21g >99% conv.
99% yied

99% ee

A stock solution was made by mixing [Rh(NBD)2]BFs with N-methylated
ZhaoPhos L2 in a 1:1.1 molar ratio in CH2Cl2 at room temperature for 40 min in a
nitrogen-filled glovebox. An aliquot of the catalyst solution (0.001 mmol) was
transferred by syringe into a hydrogenated vial charged with 1m (5.0 mmol, 1.21 g) in
anhydrous CF3CH>OH :CH2Cl> = 12:1 (8 mL). The cup was subsequently transferred
into an autoclave into which hydrogen gas was charged. The reaction was then stirred
under H (50 atm) at 70 °C for 120 h. After completed, the hydrogen gas was released
slowly and carefully. The product 2m was obtained by a column of silica gel

(petroleum ether—EtOAC).

5. General procedure for Job plot

In order to inspect the possible catalytic model, the experiments for the
investigation of the nonlinear effect and 'H NMR titration were conducted. The
asymmetric hydrogenation of substrate 1m was performed in the presence of ligand
L2 with different ee values (Table S1). As shown in Figure S1, no nonlinear effect
was observed in this Rh-catalyzed asymmetric hydrogenation, which displayed that it
should be no catalyst self-aggregation or ligand-substrate agglomeration in this

catalytic system.

Table S1. Nonlinear effect for Rh/ligand L2-catalyzed asymmetric hydrogenation of 1m.
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Rh(NBD),BF4/L2 (1.0 mol%), Hy (50 atm)

O N\ TFE:CH,Cl, = 10:1, 70 °C, 40 h O
S

d o RS
1m 2m
entry ee of L2 (%) conv. (%) ee (%)

1 0 >99 0
2 10 >99 11
3 20 >99 20
4 40 >99 40
5 60 >99 60
6 80 >99 80
7 90 >99 91
8 100 >99 >99

110 4

100

ee of 2m product (%)

40 0 10 20 30 40 50 60 70 8 90 100
ee of N-Me-ZhaoPhos L2 (%)

Figure S1. Nonlinear effect of the hydrogenation of substrate 1m using ligand L2 with different

ee values

A series of *H NMR titration experiments were conducted in chloroform-d, which
was dried with potassium carbonate and degassed. The total concentration of the host
(1m) and the guest (ligand L2) was 0.02 M. The proportion of the concentration of
the host vs the total concentration varied, the chemical shifts of the proton on the
2-position of 1m were recorded (Table S2). A Job plot was drawn (Figure S2) and the

curve suggests a 1:1 binding pattern between ligand L2 and substrate 1m.
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Table S2. Data for Job plot.

NO. c1(1m) c2(L2) 8 (H-1m) AS (H-1m) AS*10%*¢1/0.02

1 0.02 0 6.6569 0 0

2 0.016 0.004 6.6556 0.0013 10.4
3 0.014 0.006 6.6551 0.0018 12.6
4 0.012 0.008 6.6547 0.0022 13.2
5 0.01 0.01 6.6542 0.0027 135
6 0.008 0.012 6.6538 0.0031 124
7 0.006 0.014 6.6532 0.0037 11.1
8 0.004 0.016 6.6527 0.0042 8.4

Figure S2. Job plot of ligand L2 and 1m, x = ¢ (1m)/[c (ligand L2)+c (1m)], y = A8~10*c (Im)/[c

TN

0.2 0.3

0.4 ' 0.5 ' 0.6
Job plot

(ligand L2)+c (1m)]

0.7 0.8

6. General computational calculation (DFT) details

DFT calculations were performed using the MO06-L method 1?2 with the
Gaussian09 program 31, The 6-31G(d) basis set was used for the C, H, N, O, F, S and
P, and the SDD basis set was used for the Rh and Fe. Solvent effect and Grimme’s
dispersion correction 'l were applied during geometry optimization. The parameter
of int=ultrafine was used. Mixture of 2,2,2-trifluoroethanol and dichloromethane
(10:1) was employed as the solvents. The solvent effects were considered using SMD

continuum solvation model [*°1. Frequency calculations at the same level of theory
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have been performed to identify all of the stationary points as minima (zero imaginary

frequencies) and to provide free energies at 298.15 K.

Rh(I11)HH-1a-pro-(S) I:

Thermal correction to Gibbs Free Energy=

Sum of electronic and thermal Free Energies=

Fe

o o o o o o o o o m m o m o mo o mo o m o oZ 2 O

2.42478900
-2.37544200
-0.71879400
-2.84536300
-5.53705100
-7.11988100
-7.44382800
-7.53634000
-6.88382000
-8.58921800
0.49554100
-1.96880800
-4.20819800
-6.01663600
-6.44170900
-6.52050300
-7.36751300
0.63905200
0.84556500

-3.29284100
-3.34083100
-1.31952700
-0.67979800
2.33804900
1.02373800
2.27296300
-2.55549300
-3.89657400
-2.59159300
-2.16166100
-1.73402200
-0.69686200
0.41187800
-1.59913200
1.51364800
-2.65649400
-2.91215700
-4.32081000
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0.852493

-4887.807460
-0.46493600
1.17685000
1.79913300
1.31749800
-1.45188100
-2.14819800
-0.41196400
2.91741500
1.35078400
1.01899300
1.69788600
1.44467700
0.99626000
-0.16062100
1.06322200
-1.03853800
1.57946100
0.39735600
0.29792900
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1.03949300
0.95086200
0.70964300
3.86182600
3.87529600
4.10787400
4.22294800
4.05692800
-2.41516600
1.27855200
1.10386200
3.73179300
4.12963000
4.35020100
4.08551600
0.66496000
0.62358300
-0.12802700
1.63526000
1.30941900
-0.52604700
-0.26182000
-1.43404600
0.27906100
0.89349300
0.61641600
3.73328200
1.35413100
0.62698900
2.64680200

-4.66873900
-3.48158800
-2.37537300
-1.92386400
-2.99731700
-4.21708600
-3.92460000
-2.52205500
0.22941900
-5.65653700
-3.40545700
-2.88663700
-5.20360100
-4.65010100
-1.99608600
-3.03749400
-2.42492700
-3.78963600
-3.54645400
-1.41783000
-0.07928200
0.76795900
0.19049800
-0.21997800
-5.00495400
-0.64642400
-0.15979700
-0.69326200
-1.21344700

-0.20996400
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-1.06493700
-1.83797300
-0.95188800
-0.05943900
0.90439300
0.20999500
-1.17938700
-1.35910400
1.15669800
-1.44347000
-2.90916100
1.97430900
0.65991200
-1.97539800
-2.30744600
2.93133700
3.83874600
2.98464200
2.91432600
1.72053400
2.53926400
1.88518300
3.08481800
3.26849700
1.13822000
-1.49618600
0.34140500
-3.18369900
-4.26466200
-3.41988300
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1.18611100
-0.38600500
3.20771100
3.23028300
2.47773500
0.60702700
4.21494900
2.91058800
5.16731900
6.26758700
5.20855700
7.38033000
6.25920600
6.32392800
4.36304900
7.40974200
8.22456500
6.34030500
8.27772000
-1.15345000
-1.58592000
-2.04946600
-2.88283400
-0.89458800
-3.35259400
-1.73167300
-3.76707400
-3.20679000
-4.04326800
-4.78366100

-1.26096200
-1.58429300
-0.25775400
0.20886400
-0.78390600
-1.66949300
0.12347300
-0.81687500
0.58636400
-0.20425100
1.96636700
0.37724400
-1.27702200
2.54110200
2.59221000
1.74775000
-0.24845700
3.61255000
2.19784900
-0.44162700
0.78373900
-1.51595100
0.91907000
1.62841900
-1.36958900
-2.47376600
-0.15777200
1.86923200
-2.20969000

-0.04487100
36

-5.53827300
-4.11045700
-4.69418600
-2.60070500
-5.75680900
-6.36375500
-4.85125500
-6.75435100
-0.50949100
-0.87307400
-0.75317900
-1.47479300
-0.69087600
-1.35350000
-0.47231900
-1.71928700
-1.75549700
-1.54015400
-2.19612000
-1.92756200
-2.45360800
-1.87726000
-2.94106500
-2.50635800
-2.34754100
-1.47038900
-2.89282400
-3.36096200
-2.28503300
-3.26565800
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4.14329500
3.26277800
5.34934400
3.56349000
2.34815100
5.65681100
6.04689200
4.75709800
2.86279400
6.59780400
4.99309000
1.81463300
2.70665000
2.50620200
-1.36644600
0.00094100
0.20926400
0.85375900
-1.56893800
-2.24412600
-2.09541600
-6.91262900
-7.95482200
-4.68154200
-3.98804600
-5.10269000
-4.76129900
-2.35746400
-3.41111000
-1.95277500

-0.16577100
0.33739800
-0.75145800
0.22073300
0.84912200
-0.84370000
-1.14504900
-0.37082000
0.60541200
-1.29381400
-0.45710400
0.89782600
1.94566700
1.53102100
3.96053900
4.02747500
3.63843000
3.86545900
3.59952200
4.67971700
2.23140400
-0.57412500
-0.53976100
0.35988700
1.12193200
-1.66630300
-2.46991100
4.12064100
4.06708500

4.35173500
37

2.12460400
3.08745500
2.53742600
4.44362600
2.78556600
3.88963000
1.79810700
4.84558000
5.18204100
4.19779600
5.90395200
-0.03977500
0.79395800
-1.24652500
-0.96667000
-1.26446500
1.07740200
-0.09614900
0.75950800
1.48276600
0.92856700
0.25298500
-0.05156300
0.20729400
-0.13993200
1.44874300
2.09137200
-1.91398500
-1.64841000
-3.23396100
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Rh(lI1)HH-1a-pro-(R) I1:

Thermal correction to Gibbs Free Energy=

-2.70409700
-0.59783100
-0.30362600
0.38852400
1.44421000
0.71816700
-0.10486900
2.06260500
0.40440200
-1.14788600
2.56337400
2.71135100
1.73685700
-0.24614700
3.60462900
2.13302200
1.93361300

Sum of electronic and thermal Free Energies=

Fe

m Zz Z u!m

2.07779300
-2.83940600
-1.13541300
-3.19818000
-5.68749000

4.48968400 -4.00768400
4.39861000  -3.56267400
456817100  -4.59552400
424051200  -2.58677900
4.28679900  -2.84754400
3.51264800 2.42902300
3.07790800 3.48283300
3.82574200 2.70801800
2.94791900 4.77020600
2.82750600 3.29571000
3.69848600 3.99482400
4.17878300 1.90835600
3.25915700 5.03132000
2.60567200 5.57188700
3.94352500 4.19275300
3.16235000 6.04000400
3.97413600  -0.16895000
0.860058
-4887.800670
-2.57936200  -2.16863700
-3.14830900 -1.01451700
-2.07720900 0.77621900
-1.13528100 0.75469500
3.08071500 0.28774400

38
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-6.90541500
-7.77036500
-8.43638700
-7.30997300
-8.82764600
0.06670200
-2.37741400
-4.54295000
-6.24880700
-6.81460200
-6.64625700
-7.84304900
0.27130400
0.28305500
0.60495200
0.79698700
0.60831000
3.57886400
3.36396200
3.54552000
3.87133800
3.88696000
-2.69937000
0.74588900
1.10744200
3.10121700
3.40501000
4.02324300
4.09452100
0.12667000

2.48062600
2.52611500
-2.87969700
-3.77804300
-2.28138000
-2.71555400
-2.10292800
-0.87847000
0.78964100
-1.53673700
2.21942000
-2.61790500
-2.47971400
-3.52856000
-2.99071200
-1.59371500
-1.24699700
-2.02752700
-3.45047700
-3.99680900
-2.93287800
-1.71711100
-0.31938400
-3.55396400
-0.90951700
-4.00298000
-5.03750800
-3.01890100
-0.73193000

-4.18785100
39

-1.40461200
0.57910700
1.07338600

-0.54437300

-0.97161900

0.19022600
0.21495100
0.46690100

0.09237700
0.01200300

-0.10075700

-0.11404900

-1.28663600

-2.25715900

-3.52862500

-3.37674300

-1.99148800

-0.95149900

-0.87863700

-2.17904100

-3.06801900

-2.32750300
1.11045300

-4.44454800

-4.15856600

0.01660900

-2.44975100

-4.13835300

-2.73100500
0.58030500
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0.09754500
-0.72616200
1.04922600
0.88936300
-0.95421100
-0.49889300
-1.91254000
-0.30304300
0.11346000
0.77824100
3.53161300
1.82550300
1.27720200
3.17265900
2.05388500
0.23089100
3.95164300
3.63891100
3.39249900
1.60685000
4.99525500
3.99569200
5.17997700
6.22927500
5.43310700
7.49331800
6.06246000
6.69800800
4.64161900
7.72994400

-4.29558600
-4.72850400
-4.65465800
-2.19407500
-1.67479000
-0.68339100
-1.66119200
-2.39987800
-4.57682500
0.47415700
-0.87636400
1.28160300
1.62283300
1.58416600
2.24225500
1.40784800
2.20466200
1.32894400
2.53834900
2.49786100
2.42842300
3.03041500
-0.07932800
-0.72036000
1.14888900
-0.14005100
-1.67462400
1.72622800
1.66220600

1.08544300
40

1.67005500
0.15839300
0.22145600
0.70930900
2.16499100
2.24901200
2.68774500
2.66786500
-2.03803600
-1.41141000
0.44835800
-2.69365600
-3.94032000
-2.45969000
-4.91463000
-4.15060900
-3.43317100
-1.50950600
-4.66354600
-5.87280700
-3.22063800
-5.42336500
0.34803300
-0.32819400
0.97505400
-0.38007200
-0.82345800
0.91901200
1.51686300
0.23767600
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8.29381500
6.87216500
8.71663900
-0.86900200
-1.02733900
-1.97521400
-2.28108800
-0.16170300
-3.22526100
-1.86629300
-3.38745000
-2.38938200
-4.07585400
-4.36967000
3.61570400
2.65636400
4.64065200
2.70108900
1.86952700
4.69103500
5.39972300
3.71779700
1.94176700
5.49250300
3.75782900
1.83493300
2.88618700
2.83078900
-0.39214800
0.99821200

-0.64991900
2.68216200
1.54057100

1.15440900
2.53683300
0.31890400
3.07798700
3.19194000
0.86178500
-0.76211400
2.24209600
4.15651900
0.19651200
2.66354400

-2.00285600

-1.93483200

-2.95508800

-2.81544600

-1.18100100

-3.82597400

-3.01737500

-3.76262100

-2.75385900

-4.55845200

-4.45037000
0.74917400
0.66674500
1.69601600

1.50837700

1.56872000
41

-0.91134100
1.40770100
0.18793200

-1.81883700

-1.96783800

-1.99549900

-2.23415700

-1.89993600

-2.28287000

-1.93292200

-2.38130400

-2.33812800

-2.42719100

-2.58687000

1.88582300
2.90108000
1.97711600
3.97943200
2.86116000
3.05975700
1.19743000
4.05800900
4.75678400
3.12337200
4.89974200
0.80345600
2.00927600
0.17387400
3.52036300
3.60044100
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0.71897100
1.62517600
-0.96848700
-1.69719100
-1.65536400
-7.20328600
-8.23063900
-4.93156500
-4.18750900
-5.49773900
-5.21458100
-1.18193500
-2.26538200
-0.53218700
-1.11559000
0.86116500
1.35016700
1.63532700
2.72150600
0.95562700
-0.08926500
2.27349200
0.17488400
-1.12191700
2.53312100
3.11461600
1.48252300
-0.65784900
3.56359000
1.68491800

2.67372100
2.23353200
2.32081900
1.37446700
3.56647700
-0.20573000
0.05170100
0.46347800
1.24556600
-1.88384300
-2.92581300
0.89026900
0.85724700
0.30954600
-0.18422400
0.36341400
-0.09534900
0.98610300
1.00404000
3.86819400
4.66602800
4.24706000
5.78602700
4.41452800
5.35725000
3.66080100
6.13483400
6.38244900
5.61440300

7.00366100
42

1.44159800
2.44297100
2.05376200
1.18973200
2.41623300
-0.10643000
-0.35076900
0.38457400
0.51594100
0.30344400
0.39753900
4.47790100
4.38181600
5.56611400
6.33897300
5.67283600
6.52894600
4.69668600
4.77262000
0.60089500
0.11029400
0.28447000
-0.67372100
0.32956600
-0.50724100
0.65363000
-0.99451400
-1.04133800
-0.74322000
-1.61667900



Rh(I11)HH-1m-pro-(S) II:
Thermal correction to Gibbs Free Energy=

2.56490600

2.76248700

Sum of electronic and thermal Free Energies=

Fe

O o o o o o o o o o o m o m o m o m o Mmoo mo o Z Z O

-1.54599200

3.29097800
1.41556100
3.44443700

5.83109800

6.75696800

7.95208900

8.78870900

7.73892900

9.17042300
0.32259700
2.69477100
4.78582500
6.42820900
7.10588400
6.74126700
8.19563200
0.18995600
0.33369200
0.02886700

-0.30978600

43

2.59413000

0.856984
-4887.806304
-3.56938500 0.59663800
-2.88152200 -0.63516500
-1.19075800  -1.58445300
-0.24485500 -1.17125200
3.23665800 1.41969400
1.74299800 2.68931100
2.79611800 1.22042400
-1.09874500  -2.44351600
-2.84753100  -1.71084100
-1.82013600  -0.43753900
-2.18110800  -1.43675700
-1.40134300  -1.15900200
-0.10197600  -0.79454200
1.17204600 0.43340100
-0.74740400  -0.83014900
2.24403800 1.42845600
-1.63248200  -1.35094800
-2.80460800  -0.06899100
-4.20457700 0.17832500
-4.47678600 1.53579000
-3.25058600 2.16308000
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-0.22358000
-3.16194400
-2.78217100
-2.82965200
-3.23868400
-3.44065000
2.89397100
-0.00607900
-0.64103400
-2.49975800
-2.54875900
-3.32649900
-3.74897500
0.39030900
0.33295600
1.33113400
-0.43807500
-0.58094400
1.10243500
0.49470800
2.01589500
0.53942800
0.59459300
-0.61844600
-3.34255800
-1.63160800
-1.01201600
-3.02268100
-1.76732300
0.06973900

-2.19310600
-2.62996800
-3.72872000
-4.92438500
-4.58735900
-3.17977700
0.60163300
-5.45642900
-3.13361300
-3.64900400
-5.91093600
-5.27331600
-2.62141800
-3.20977800
-2.71584100
-3.76662100
-3.92133800
-1.56657600
-0.14938400
0.65440100
0.28662100
-0.59217600
-4.94176100
-0.46894800
-0.89687800
-0.61205300
-0.88599800
-0.45895300
-1.01164000

-1.00162500
44

1.18798200
-0.14458400
-0.99280200
-0.22349600

1.09883400

1.16064100

-1.03102400

1.99954100

3.18890500
-2.03679300
-0.57574800

1.93420700

2.03776400
-2.56087900

-3.53680800
-2.50938000
-2.49680300
-1.59359800
-2.55791700
-2.12568500
-2.96492700
-3.38867400
-0.57265700
1.61214400
-0.65293600

3.13954300

4.36849500

3.11417700

5.53051000

4.41814200
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-3.77956900
-3.53638200
-3.15249000
-1.26836100
-4.85969100
-3.73989500
-5.05170700
-6.00103200
-5.44285500
-7.30976600
-5.71708300
-6.75213100
-4.72249200
-7.68844300
-8.03352800
-7.03396200
-8.71073500
0.95218700
0.94139100
2.16208500
2.12742200
-0.00226400
3.34702100
2.18659100
3.33581000
2.10693700
4.28456500
4.26452100
-3.40213200
-2.55702600

-0.58379700
-0.24602900
-0.86028100
-1.22537100
-0.45930900
-0.95271900
-0.54719100
-1.58134600
0.73774700
-1.32530600
-2.59538000
0.98944400
1.55289900
-0.04078800
-2.13712800
1.99459300
0.15371200
0.17586700
1.37113200
-0.49260700
1.90441200
1.87258200
0.04014900
-1.43570700
1.24452300
2.83391500
-0.49176300
1.66282300
-1.02078200

-0.23322900
45

4.27652000
2.17805500
5.48850400
6.47319100
4.22726300
6.39937100
-0.09591700
-0.07141800
0.29758400
0.32379100
-0.34752900
0.69828000
0.29880800
0.71041000
0.33677300
1.00571800
1.02737100
2.28274500
3.01538100
2.07986200
3.50727600
3.23041300
2.58429800
1.53418200
3.28372600
4.07249300
2.42493400
3.66587700
-2.47827400
-3.26902900
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-4.28043200
-2.57313400
-1.88444200
-4.30427200
-4.94670600
-3.44672800
-1.90410400
-4.99386000
-3.46441400
-1.82541200
-2.95372500
-2.79832900

0.28684300
-1.10983500
-0.77801900
-1.73857800
-0.89755900
-2.95328900
-4.16432400
-2.85790300
-5.25011700
-4.27404200
-3.94748300
-1.91452900
-5.14601700
-6.18522700
-3.85314300
-5.99839200

0.86777400

1.77238900

-1.91517100
-0.34586100
0.48903300
-2.01851200
-2.53789200
-1.23959000
0.27158900
-2.71265300
-1.32843600
0.83678200
1.36260200
1.21803600
3.24546900
3.24177200
2.66267200
3.05006900
2.93286600
3.83265200
3.71824200
4.77896800
4.52252800
2.96058700
5.58133600
4.90809700
5.45571700
4.40686900
6.31000900
6.07950200
2.98270800

1.82235100
46

-3.10598800
-4.65725900
-2.80460600
-4.49240800
-2.51046000
-5.26989600
-5.25376600
-4.96725800
-6.35381900
-0.05643700
-1.07714700
1.04594500
-1.78136100
-1.82074000
0.50000700
-0.47857800
1.54592400
-0.11472300
-0.81028800
0.91417700
-0.48463400
-1.58633500
1.24301800
1.44242700
0.54624000
-1.02862500
2.04505900
0.80609000
-0.12548600
-0.12028000
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Rh(I11)HH-1m-pro-(R) IV:

Thermal correction to Gibbs Free Energy=

1.35013200
7.43660500
8.46175200
5.11289200
4.32659000
5.79422500
5.55250400
1.08078100
2.16654800
0.43696600
1.02467400

-0.95873700

-1.44864800

-1.73799600

-2.82258700

4.21788700
0.30818700
0.45331500
0.98006600
1.64881300

-0.95865600

-1.78198900
3.38250200
3.36868800
3.52732800
3.63528600
3.53649600
3.64861900
3.39981500

3.39984200

Sum of electronic and thermal Free Energies=

Fe

m M Z Z u!m

1.63346300

-3.15750800

-1.26996100
-3.29064200
-5.52707900
-6.99279100

0.50383900
0.01708100
0.34683700
0.02641400
0.36936800
-1.24317700
-1.90587300
-2.91009700
-2.83838900
-4.13711300
-5.04504900
-4.20393500
-5.16816400
-3.05745700
-3.13563300

0.855831
-4887.790620
3.29458000 1.49130300
3.29098400  -0.19192500
1.84388300 -1.45788900
0.82758800  -1.29871500
-3.30789400 0.12406900
-2.43980500 1.47105700

47
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-7.58264100
-8.74962000
-7.63826600
-8.98742600
-0.15492800
-2.55579100
-4.63324400
-6.25102400
-6.96512600
-6.57912000
-8.07775100
-0.07366900
-0.17167500
0.02145500
0.24253400
0.20172700
3.27823100
3.05063800
3.07178900
3.30396200
3.42095300
-2.73234000
0.06177800
0.47961200
2.88744300
2.88633600
3.32500800
3.58628200
-0.11467100
-0.07851000

-3.02817600
1.89518300
3.38835800
2.03369900
2.70773200
1.95624600
0.55742400

-1.09447600
1.13115300

-2.46837100
2.11649400
2.89755800
4.16220300
3.98056600
2.59803700
1.90215300
2.53456500
3.89267900
4.73043800
3.91311800
2.56089700

-0.01918000
4.76566100
2.14991400
4.21378400
5.79898700
4.24947800
1.70136300

4.01039000

3.80375400
48

-0.52537500
-2.17613400
-1.06275100
-0.02920200
-1.00214900
-1.01370900
-1.01117700
-0.31224400
-0.83884600
0.18212800
-1.02282100
0.49142400
1.14715400
2.54091200
2.77617300
1.51766600
0.61061400
0.18380400
1.33309900
2.47653500
2.04639800
-1.40647200
3.28814800
3.73477900
-0.83935100
1.33747000
3.50742700
2.68762200
-1.78959900
-2.86499000
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9. HPLC spectra

HPLC of racemic-2a
Data File D:\DATA\LGY\LGY-1-43\LGY-1-43 29018-09-11 14-49-28\011-0301.D

Sample Name: LGY-1-43-1

Acq. Operator : Seq. Line : 3
Acq. Instrument : Instrument 1 Location : Vvial 11
Inj : 1

: 9/11/2018 3:15:08 PM

Injection Date
Inj Volume : 5.008 pl
D:\DATA\LGY\LGY-1-43\LGY-1-43 2018-89-11 14-49-28\VWD-AS(1-6)-80-20-1ML-5UL

Acq. Method
-220NM-80MIN.M

1 9/11/2018 4:37:46 PM
(modified after loading)

Analysis Method : D:\METHOD\LG\VWD-AD(1-2)-99-1-8.2ML-2UL-220NM-18MIN.M

Last changed 1 9/12/2018 9:50:51 AM

(modified after loading)

Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=220 nm (D:\DATA\LGY\LGY-1-43\LGY-1-43 2018-09-11 14-49-28\011-0301.D)

Last changed

mAU ']
80
éfp
5 &
el
60 - Tt &
\ 2 &
[ s
40| | A
\ / \
\ \
\ / \
20 f \ / \
f / \\\\H
0- _J ‘ Vi o
T T T T T T
40 45 50 55 60 65 70 75 80 85 miny
Area Percent Report
Sorted By Retention Time
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=220 nm

Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %

ceee]esneees R |+emmneee- |+mnnee- |
1 54.891 1 MM 8200.96387 60.20780 50.3200
2 73.318 1 MP 8096.65479  48.65597 49.6800

Totals : 1.62976e4  108.86377

Page 1 of 2

Instrument 1 9/12/2018 9:51:45 AM
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HPLC of 2a

Jdid L11E LI Z\VALIA\LGIZLUIT1IT1UD\LULITLI=1UD ZULDTUL~UD 1D"H4£L=1I\ULI~UIUL.U

Sample Name: LGY-1-106-3

Acg. Operator : SYSTEM Seq. Line : 5
Acq. Instrument : 1260HPLC-VWD Location : Vvial 23
Injection Date : 2/3/2018 8:47:02 BPM Inj : 1
Inj Veolume : 5.000 pl
Acg. Method : E:\DATA\LGY\LGY-1-106\LGY-1-106 2018-02-03 16-42-19\VWD-AS(1-6)-80-20-1ML~-
5UL-220NM-90MIN.M
Last changed : 2/3/2018 4:42:20 PM by SYSTEM

Analysis Method : E:\DATA\LGY\LGY-1-106\1LGY-1-106 2018-02-03 16-42-19\VWD-AS(1-6)-80-20-1ML-
5UL-220NM-90MIN.M (Sequence Method)

Last changed : 9/14/2018 3:37:19 PM by SYSTEM
(modified after loading)

Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=220 nm (E:\DATA\LGY\LGY-1-106\LGY-1-106 2018-02-03 16-42-19\023-0501.D)
mAU ]
140+
1 b
] o
&
120 = S
] ?;?@“
100 +
80+
60—
40—
20+ ’L@"
| g &
] = G
o] T . T
T T T T T T T T T T T T
40 45 50 55 60 65 70 75 80 85
Area Percent Report
Sorted By H Signal
Multiplier : 1.0000
Dilution H 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3
il Bttt | ===l |=========- |====m==- |======== |
1 54.617 MM 2.2089 1.40164e4 105.75460 99.5222
2 74.745 MM 1.6222 67.29838 6.91447e-1 0.4778
Totals : 1.40837e4 106.44605
1260HPLC-VWD 9/14/2018 3:37:27 PM SYSTEM Page 1 of 2
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HPLC of racemic-2b

Data File E:\DATANLXX\YC-CN-3\CL-BER-CN-R&C-AD 2017-11-20 14-41-194011-1501.D
Sample MName: LGY-1-30-1-RE-Z

Ahcg. Operator
hcg. Instrument :
Injection Date
Acg. Method

Last changed
Analvysis Method

Last changed

Additional Info

SYITEM Zeqg. Line : 15
1260HFPL C-YVTD Location @ Wial 11
11/21/2017 12:11:03 M Inj : 1

Inj Wolumwe : 5.000 pl

¢ EDATAN LYY C-CH-3\CL-BR-CN-FAC-AD Z017-11-2Z0 14-41-19%WWD-AD(l-Z)-80-

Z20-1ML- 5UL-220NM-120MIN. M

11/20/2017 7:15:44 PM by S5YSTEM

E:NDATENLXFNYC-CHN-34CL-BER-CN-FAC-AD 2017-11-20 14-41-19\WWD-AD(1-2)-80-
Z0-1ML-5UL-220NM-120MIN. M (Sequence Method)

471372018 10:38:59 AM by 5YSTEM

jmodified after loading)

Peak (5] manually integrated

medl

2480

200

WANT A awelen gth=Z200 nm (EADATAL OO T- CH- AC L BR-CH-RAC-AD 2017-14-20 14-41-19°011- 1501 D)

35.427

2185

Sorted By
Multiplier
Dilution

Do not use Multiplier & Dilution Factor with ISTDs

Sigmal 1: VD1 A, Wavelength=220 nm

Peak RetTime Type
# [min]

Width Area Height hArea
[min] [mdlT*s] [ malr] %

1l 35.427 BB
Z 5Z.186 BE

0.8183 5Z44,05957 96.45979 49,9559
l.2062 5253.11182 65.18310 50.0431

Totals 1.04972e4 161.64289
**#% End of Report #%%
1260HPLC-YWD 471372015 10:39:03 AM 5VSTEM Page 1 of 1
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HPLC of 2b

Data File E:\DATANLGYYLGY-1-95YLGYV-1-95 2018-01-11 09-00-254046-2101.D
Sample Name: LGY-1-95-6

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

Last changed
Analysis Method :

Last changed

Additional Info

S3YSTEM Seg. Line :
1 Z60HPLC-VID Location :
1/11 /2018 10:45:07 PN Inj

Inj Volume

STUL-Z2Z0NM-70MIN. B
171172018 9:3Z:22 AN by 3YSTEHM

21

Vial 46
1

5.000 ul

¢ EADATANLGYNLGY-1-954LGY-1-95 2015-01-11 09-00-29YWWD-4D(1-2)-850-20-1ML-

E\DATAVLGYV\LGY-1-954LGV-1-95 2018-01-11 09-00-Z9\VIID-4AD(1-2) -80-20-1ML-

SUL-ZZ0NM-70MIN.M | Sequence Method)
4413 /2015 11:11: 59 AM by SVSTEM
(modified after loading)

Peak (3] manually integrated

WD A, W avelen gt 220 nm (EADATAL LGy -5 G 195 20453 01-11 05-00-280045-2 101.0)
mél ]
GO0
500
400 1 ar
oo
=R
=+
300
200
100
oo
i
w
()
o T
T T T T
a0 30 <0 50 G0 min
Area Percent Report
Jorted By Signal
Multiplier 1.0000
Dilutieon 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal l: VWDl &, Wawvelength=220 nm

Peak RetTime Type
# [min]

Midch Area Height Area
[wmin] [walT*s] [ malr] %

1 36.635 BB
Zz 54.465 MM

Totals

0.95879 444, 26672 6.31377 1.7395
1.36885 Z.50952ed 301.22711 94§. 2605

Z.55395e4 307.54088

***%* End of Report ***

1Z60HPLC-VWD 4/13/2018 11:1:2:06 AM FVATEM
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HPLC of racemic-2c

Data File E:\DATAVLGYV\LGY-1-300VLGY-1-30 2017-11-18 09-16-49,002-0301.D0
Sample Name: LGY-1-30-Z-FE

Acg. Operator : 3¥STEHN Seq. Line : 3
Aeg. Instrument : 1Z60HPLC-VWD Location : Vial 2
Injection Date @ 11/1872017 11:29:08 &M Inj : 1
Inj Wolumwe : 5.000 nul
Acg., Method : EZDATANLGY,LGY-1-304LGY-1-30 2017-11-15 09-16-493WID-4AD1-2)-90-10-1ML-
EUL-220NM-120MIN.M
Lazst changed : 11/18/2017 9:16:49 AM by S¥5TEM

Analysiszs Method : E:\DATANLGYVLGY-1-304LGY-1-30 2017-11-18 09-16-49\VIUD-AD1-2)-90-10-1ML-
SUL-220NM-120MIN.M (Secquence Method)

Lazst changed : 471342018 11:15:55 AM by S¥5STEM
(modified after loading)

Additional Info : Peakis) manually integrated

WD AL avelen gth= 220 nm (EADATANL G ALGY 1-300L &Y 1-30 20497- 11-18 0915 95000203010

mAl

4 TED

0

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1. 0000

Do not use Multiplier & Dilution Factor with ISTDs=

Signal 1: VD1 A4, Wawvelength=220 nn

Peak RetTime Type Width Area Height Area
# [min] [min] [wmalT*s] [ AT ] %

1 47.760 BE 1.0081 Z0Z3. 27917 30.18014 49,5983
Z 54.997 BE 1.15835 Z036, 71033 Ze.21724  50.1037

Totals : 4064, 95950 56.39738

%% End of Report %%

1260HPLC-VWD 4713 /2018 11:17:17 AM 3¥3TEM Page 1 of 1
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HPLC of 2¢

Data File E:\DATAWLGY\LGY-1-95VLGY-1-95 Z018-01-11 09-00-29%051-2301.D

Sample Name: LGY-1-95-

Acg. Operator
Aog. Instrument :
Injection Date
Lcog. Method

Lazst changed
Analysis Method :

Lazst changed

Additional Info

7

SYATEM Jeq. Line :
1260HPLC-VWD Location :
171272018 12:09: 45 AM Inj

Irnj Volume

SUL-2Z0NM-70MIN. B
171172018 9:57:00 &AM by STSTEM

23

¥ial 51
1

5.000 pl

: EDATANLGYAVLGY-1-954LGYV-1-95 2016-01-11 09-00-29%WiID-AD(1-2) -90-10-1ML-

E:\DATANLGYYLGY-1-95\LGYV-1-55 2016-01-11 09-00-29%WWD-4D(1-2)-50-10-1ML-

SUL-220NM-T70MIN. M | Sequence Method)
471372018 11:25: 57 AM by S5V3STEM
[modified after loading)

Peak (3] manually integrated

mAl

280 1

200

280

200

150 1

400

47918

WE A avel en gth=Z200 nm (EADOATAN Gl Gy 1-050 GYE 1-05 2018 01-11 090025005 4-2201.0)

Sorted By
Multiplier
Dilution

Do not use Multiplier & Dilution Factor with IATDs

Signal 1: VD1 A, Wavelength=220 nn

Peak RetTine Type
# [win]

1 47.918 EE
2 55.Z4]l MM

Totals

Width Area Height Area
[min] [wdT#*s] [ Al ] k]

0.8864 Z01.08968l1 3.24308 1.3724
1.3502 1.44513e4d 178.37892 D08.6276

1l.465:24e4 181.62200

1260HPLC-VIWID 471372018

*#% End of Report *%%

11: 26:05 AM 3Y3TEM
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HPLC of racemic-2d

Data File E:\DATAWLGY\LGY-1-48\LGY-1-48 Z017-11-2Z8 0&-45-45%001-0Z01.D

Sample Name: LGY-1-45

Acg. Operator

Aog. Instrument :

Injection Date
Lcog. Method

Lazst changed

Analysis Method :

Lazst changed

Additional Info

SYATEM Jeq. Line :
1260HPLC-VWD Location :
11/258/20017 8:59:15 AM Inj

Irnj Volume

SUL-2Z0NM-60MIN. B
11/26/2017 G:45:45 AM by 3V3TEM

z
¥ial 1

1
5.000 pl

: EDATANLGYALGY-1-484LGYV-1-458 2017-11-28 08-45-453WiID-AD(1-2)-90-10-1ML-

E:\DATANLGYYLGY-1-458\LGV-1-45 2017-11-28 05-45-45YWWD-4D(1-2) -50-10-1ML-

SUL-220NM-60MIN. M [ Sequence Method)
471372018 2:34:27 PM by STVSTEM
[modified after loading)

Peak (3] manually integrated

WD AL avelen gthEZ20 nm (EADATALG LG 1-4300 G 1-48 2017 11-28 058-45-450001-0201.0)
maAl |
100
o g
A 2
o
&
D -
Rk
-100 T T T T
i) 25 =0 28 90 45 min

Sorted By
Multiplier
Dilution

Do not use Multiplier & Dilution Factor with IATDs

Signal 1: VD1 A, Wavelength=220 nn

Peak RetTine Type
# [win]

1l £9.838 EBE
2 34.839 BB

Totals

Width Area Height Area
[min] [wdT#*s] [ Al ] k]

0.6488 4745,65092 110.33386 50.03Z1
0.7584 4739, 50514 94,30391 49,9879

94385, 28906 204.63777

*#% End of Report *%%

1260HPLC-VIWID 471372018 2:34:39 PM S¥YSTEM
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HPLC of 2d

Data File E:\DATANLGY\LGY-1-95\LGY-1-95 2018-01-11 09-00-2594052-2401.D
Sample Name: LGY-1-95-5

Acg., Operator : 3YSTEM Seq. Line @ 24
bdog., Instrument : 1260HPLC-VULD Location : Vial 52
Injection Date @ 171272018 1:20:36 AM Inj : 1
Inj Volume : 5.000 nl
Acg, Method : E:ZDATANLGYSLGY-1-95%LGF-1-95 2015-01-11 09-00-29\VWD-AD(1-2)-30-10-1ML-
SUL-2Z0NM-60MIN. M
Last changed t 1/A11/2018 9:58:22 AM by SYV3ITEM

Analysis Method : E:ZDATANLGYANLGY-1-95VLGY-1-95 2018-01-11 09-00-29\WWD-AD(1-2)-90-10-1ML-
SUL-Z2Z0NM-60MIN. M [ Sequence Method)

Last changed 471372018 2:41:55 PM hy ATSTEM
(nodified after loading)

Addditional Info : Peak(s) manually integrated

WG A, WU avelen gth=Z200 nm (EADATALGALG Y 1-B5WL G- 1-05 2045 01-11 0900 20h052-2401.0)

mAll

500+

500+

2018

20

200+

jeafnes]

26 L] a0 2] jeis) i) 40 fa =¥} 45 min

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl &, Wavelength=2Z0 nn

Peak RetTiwme Type Width Area Height Area
# [min] [min] [mdl*=] [whTr] %
il b |====l-=—=-=- |--—=—=-=-= l-=-=--=-—- |-=—--=-- |
1l 30.029 EBE 0.6273 273.22952 6.62337 1.5151
2 35.019 EBE 0.7703 1.77611led 347.47635 95, 4549

Totals : 1.80343e4 354,09975

%% End of Report *%%

1Z60HPLC-YWD 471372018 Z2:42:05 PM 3Y3TEM Page 1 of 1
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HPLC of racemic-2e

Data File E:\DATA\LGY\LGY-1-43-REVLGY-1-43-RE 2017-11-21 20-17-16%001-0201.D
Sample Name: LGY-1-43-Z2

Acg. Operator 1 SYSTEM Zeq. Line : 2
Acg. Instrument : 1260HPLC-VUD Location : Wial 1
Injection Date @ 11/21/2017 &:Z258:50 PM Inj : 1
Inj Volume : 5.000 npl
Acg. Hethod : EZDATANLGYAVLGY-1-43-REVLGY-1-43-RE 2017-11-21 20-17-16%WWD-AD(1-2)-90-
10-1ML-50L-220NM-S0MIN. M
Last changed r 1172142017 8:17:16 PM by SVSTEM

Analysis Method : E:\DATAVLGYVLGY-1-43-REVLGY-1-43-RE 2017-11-21 20-17-16\VWD-AD(1-2)-20-
10-1ML-5UL-220NM-80MIN. M (Sequence Method)

Last changed 1 471372018 2:45:27 PM by SYVSTEM
jmodified after loading)

Additional Info : Peak(s) marmally integrated

WD A avelen gth=Z200 nm (EADATAL GALGY1-43-RBELGY 1-42-RE 2017-11-21 20-17-16'001-0201 0]
mAl

120

00 1

40303

&
1
6502

Sorted By H Gigmal
Multiplier H 1.0000
Iilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VD1 A, Wavelength=220 nn

Peak RetTime Type Width Area Height Area
# [win] [min] [mdT#s] [ &Il ] %
=== |====l-==---- |—====——-= | === === |=====-=- |
1 40.305 EE 0.5700 2695, 65695 4(,.55027 49,7331
2 568.502 EBE 1.2107 2727.62354 33.54262 50,2669

Totals : 5426, 28052 80.39289

*#% End of Report *+%*

1Z60HPLC-VITD 441372018 2:45:37 PM 3YATEM Page 1 of 1
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HPLC of 2e

Data File E:\DATAZLGYYLGY-1-95\LGY-1-95 2018-01-11 09-00-294053-2501.D

Sample Name: LGY-1-95-

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

Last changed
Analysis Method :

Last changed

Additional Info

9

SYSTEM Seg. Line :
1 260HPLC-VID Location :
1712720158 2:21:26 AN Inj

Inj Volume

STUL-Z2Z0NM-70MIN. B
171172018 9:57:00 AN by 3YSTEHM

25

Vial 53
1

5.000 ul

: ENDATANLGYWLGY-1-950LGY-1-95 2018-01-11 09-00-29°\VD-AD(1-2)-90-10-1ML-

ENDATAVLGYVLGY-1-954LGY-1-95 2018-01-11 09-00-Z29°\VIID-AD (1-2)-90-10-1ML-

SUL-ZZ0NM-70MIN. M | Sequence Method)
4413 /2015 2:52:00 PH by 3YT3TEM
(modified after loading)

Peak (3] marually integrated

VUKD A, WY avelen gtheZ20 nm (EADATAL GvALE Y- 1-890 Y 1495 2048-01-11 0200 20053-2501.0)
mall ]
600 +
500 4
400
)
o
s
300 L
200
100 4
o4
&
o
=]
o
T T T T T T
1] 35 40 i) 50 s ] [55] min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multipl

ier & Dilution Factor with ISTDs

Signal l: VWDl &, Wawvelength=220 nm

Peak FetTime Type
# [min]

1 40.417 MM
Z ©5§6.882 BB

Totals

Tidth Area Height Area
[wmin] [walT*s] [ malr] %

1.0239 1.60755e4d 261.68358 9§, 2730
l.1743 282, 50827 Z2,90835 1.7270

1.63560e4 264,59194

1Z60HPLC-VWD 471372018

**#% End of Report #*#*%

2:152:24 PM SYSTEN
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HPLC of racemic-2f

Data File E:\DATA\LGY,LGY¥-1-304LGY¥-1-30 2017-11-18 0%9-16-45%003-0701.D
Sample Name: LGY-1-30-3

bdcg. Operator 1 3Y¥LTEM Seq. Line : 7
bdog. Inmstrument : 1Z260HPLC-VUD Location : ¥Wial 3
Injection Date : 11/18/2017 2:32:24 PM Inj : 1
Irnj Volume : 5.000 ul
Acg., Method : E:ANDATANLGYNLGY-1-304LGY-1-30 2017-11-158 09-16-494VWD-AD1-2)-90-10-1ML-
SUL-Z20NM-1=20MIN.M
Last changed + 1171872007 3:20:37 PM by 3YSTEN

(modified after loading)

dralysis Method : E:\DATANLGY,LGY-1-304LGY-1-30 2017-11-18 09-16-49\WWD-AD1-2)-50-10-1ML-
SUL-Z20NM-120MTIN.M (Secquence Method)

Last changed 1 4/13/2018 2:55:30 FM by SYSTEM
(modified after loading)

ddditional Info : Peak(s) manually integrated

WD A, W avelen gthe 220 nm (EADATALG LG Y. 1-300LGY- 1-30 2017- 11-18 09-16-40003-0701.00
mall ]
240
200
150 4 .
o 8
& =
o o
100 -
50
0
—T T T — T T — — T T
22 249 26 28 30 7] a4 &
Area Percent Beport
Sorted By H Sigmal
HMultiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1l: WDl 4, Wawvelength=2Z0 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mald*=s] [ malr] %
e |-—-=l-=-=-—- |-—-==-——— | === === |-======- |
1 29.Z17 BY 0.7095% 5531.45459 115.23405 49,8165
Z 31.436 VB 0.7460 5572.14600 113.45072 50.1832

Totalz : 1.11036e4 231.88477

1260HPLC-VUD 471372018 2:55:40 PM SYSTEM Page 1 of 1
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HPLC of 2f

Data File E:\DATANLGYZWLGY-1-99%WLGY-1-99 2018-01-17 23-25-414011-0301.D
Sample Name: LGY¥-1-99-1
Aoy, Operator : 3TSTEM Seq. Line : 3
Aeog. Instrument @ l=260HPLC-WID Location : ¥ial 11
Injection Date : 171872018 12:11:03 AM Inj : 1
Inj Wolume : 5.000 pl
Acg., Method : EZDATANLGYYLGY-1-994LGY-1-99 2015-01-17 23-28-414WWD-AD(1-2)-90-10-1ML-

SUL-2Z0NM-40MIN. H

Last changed : 1717720158 11:28:41 PM by 3YITEM
Analysis Method : E:Z\DATALZLGYYVLGY-1-994LGYV-1-99 2018-01-17 23-28-41\WWD-AD(1-2)-90-10-1ML-

SUL-ZZ0NM-40MIN. N | Sequence Method)

Last changed r 471372018 3:01:00 PM by SYSTEM

jmodified after loading)

Additional Info : Peak(s) manually integrated

maAl

780

1500

1280

000 4

Fa0+

500

280 4

WD AU avel engtheZ20 nm (EADATAL GYALG v 1-20L G- -89 201980117 23-28-41011-0201.00

3z

28.051

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1l.0000
Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wawvelength=2Z0 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mall*s] [ malr] %
=== | --==l-=-===-- |-======--= | === == |-=-===--- |
1 Z9.051 BV 0.6723 909.31097 20.34970 Z.0434

z 31

1Z60HPLC -¥D

082 WE 0.7529 4,35509e4 §73.90997 97,9566

4,45002Ze4d §94,25967

*#%% End of Report *+%

4/13/2016 3:01:09 FPM 3YRTEM Page 1 of 1
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HPLC of racemic-2g

Data File E:\DATANLGYALGY-1-43-RE-1YLGY-1-43-FE-1 2017-11-22 08-15-14,001-0401.D
Sample Name: LGY-1-43-3--RE

hcg. Operator
Adcg. Instrument :
Injection Date
hcg., Method

Last changed
Analysis Method

Last changed

Additional Info

STATEM Seg. Line : 4
1260HPLC-VTD Location : ¥Wial 1
11/22/2017 10:40:29 AN Inj : 1

Irj Wolumwe : 5.000 pl

: EWVDATANLGYNLGY-1-43-RE-14LGYV-1-43-FE-1 2017-11-22 0&-15-14WVWWD-AD1-2) -

90-10-1ML-5SUL-ZZ0NM-120MIN. X

11/22/2017 10:25:44 AM by SYSTEHM
E:NDATAVLGYV\LGY-1-43-RE-1\VLGY-1-43-RPE-1 2017-11-22 08-15-14\VWD-AD1-2) -
90-10-1ML-5SUL-ZZ0NM-120MIN. M (Sequence Method)

471372018 3:11:26 PM by 5SYVATEM

[modified after loading)

Peak (3] manually integrated

mll

WD AL gvelen gth=220 nm (EADATAL GALGY-1-43-RE WG 1-42-RE1 2017-11- 22 02-1518004-0401. 0

%:2?
(=t

Sorted By
Multiplier
Dilution

Do not use Maltiplier & Dilution Factor with ISTDs

Signal 1l: VD1l A, Wavelength=220 nmn

Peak RetTime Type
# [min]

1 42,227 MM
2 485.635 BB

Width Area Height hArea
[min] [mdlT*s] [ malr] %

0.9985 1946,67358 32.49449 49, 5317
1.04559 1983, 45608 Z8.43331 50. 4683

Totals 3930.15967 60.92780
%% End of Report *#%%
1260HPLC-YWD 4713720158 3:11:31 PM 3YV5STEM Page 1 of 1
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HPLC of 29

Data File E:\DATANLGYYLGY-1-993LGYV-1-99 2018-01-17 23-28-414012-0401.D
Sample Name: LGY-1-99-2

bLcg. Operator 1 3YSTEM Seg. Line : 4
Aoy, Instrument : 1260HPLC-VWD Location : Wial 12
Injection Date : 1/18/72018 1Z:51:51 AM Inj : L
Inj Wolume : S5.000 pl
Aoy, Method : E:ZDATANLGYVZLGY-1-99,LGY-1-99 2015-01-17 23-25-41\WWD-AD(1-2)-90-10-1ML-
SUL-Z2Z0NM-60MIN. M
Last changed : 1/17/2018 11:25:42 PM by 3YITEN

Analysis Method : E:\DATA\LGYV\LGY-1-99,LGY¥-1-99 2018-01-17 23-28-41\WWD-AD{1-2)-90-10-1ML-
SUL-ZZ0NM-c0MIN. M | Sequence Method)

Lazt changed r 471372018 3:16:25 PM by 3YSTEM
(modified after loading)

Additional Info : Peak(s) manually integrated

WD A, W avelen gt 220 nm (EADATAL LGy 1-200 Gy 190 2048 01-17 25328401 2-0901.0)
mél ]
1400
1200
000
-
o
200 I
G0
00
200
2
3]
%
0 L L
T T T T T
0 35 il 45 50 g5
Area Percent Report
Jorted By H Signal
Multiplier H 1.0000
Dilutieon : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal l: VWDl &, Wawvelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [wal*=] [ mall] %
LI EEE L e [-=mmm oo - e [-=------ |
1 42.271 BB 0.9493 4.63056e4 739.79163  95.5203
2 48.283 BB 0.9826 552.505838 8.31575 1.1737
Totals : 4. 6861424 748.10738
***%* End of Report ***
1260HPLC-VWD 471372018 3:16:32 PM 5YATEM Page 1 of 1
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HPLC of racemic-2h

Data File E:\DATANLGY\LGY-1-62-RAC-2YWLGY-1-62-RAC-2 2017-12-20 09-19-39%005-0301.D
Sample MName: LGY-1-62Z-1

hcg. Operator : 3YSTEM Seg. Line : 3
Adcg. Instrument : 1260HPLC-DAD Location : Wial 5
Injection Date : 1272072017 10:43:46 &AM Inj : 1
Irnj Woluwe : 7.000 pl
heog. Method : EZDATANLGYYLGY-1-62-RAC-2V\LGY-1-AZ-RAC-2 Z017-12-20 09-19-39\DAD-0D(1-2
1-85-15-1ML-7UL-ALL-70MIN. M
Last changed P l2/20/2007 9 19: 39 AM by 3YITEM

Analysziz Method : E:NVDATANLGYWLGY-1-62-RAC-ZWLGY-1-62-RAC-2 2017-12-20 09-19-39\DAD-0D(1-Z
1-85-15-1ML-7UL-ALL-70MIN.M (Secquence Method)

Last changed 1 471372018 3:25:12 PM by SYVATEM
[modified after loading)

Additional Info : Peak(s) manually integrated

DADT A Sig=220.4 Refoff (EADATALG LG 1-82-RAC-2LGY-1-62- RAC- 2 2017 12- 20 02183200 5-0301.0)

mll

1756 4

FEedz

75

55.753

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1. 0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal l: DaDl A, Sig=ZEZ0,4 Ref=off

Peak RetTime Type Width Area Height hArea
# [min] [min] [mill*=] [ malr] %

1l 38.84Z EBE 1.3572 Tedl.99365 T9.09193  50.3339
Z &§5.753 BE 1.5096 7580, 05252 59.13079 49,6661

Totals @ 1.52621e4 135.22271

%% End of Report *#%%

1Z60HPLC-VWD 4713720168 3:25:17 PM ATITEM Page 1 of 1
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HPLC of 2h

Data File E:\DATA\YCCANYCC-2018-01-17\YCC-233 2018-04-12 08-57-37,004-5001.D
Sample Name: LGY-1-99-3

Acg. Operator 1 SYSTEM Zeq. Line : 50
Acg. Instrument : 1260HPLC-DAD Location : Wial 4
Injection Date @ 471372018 §:35:57 AM Inj : 1
Inj Volume : 7.000 npl
Acg. Hethod : E:ZDATANYCOCVYCC-2015-01-17V\¥COC-233 2018-04-12 08-57-37\DAD-0D (1-2)-85-15
-1ML-7UL-ALL-70MIN. M
Last changed r 471272018 8:57:25 PM by SVITEM

Analyziz Method : E:\DATANYCOANYCC-Z018-01-17WYCC-E233 2018-04-12 08-57-37\DAD-0D (1-Z)-85-15
=1ML-7UL-ALL-70MIN. M | Sequernce Method)

Last changed 1 471372018 3:30:25 PM by SYVSTEM
jmodified after loading)

Additional Info : Peak(s) marmally integrated

DADT A, Sig=220 & Ret off (EADATATD VD G- 2015 01 PG G- 223 201504 12 (B-67-3 70046001 .0
mall |
2000 4
1500 E
#
1000 o
500
w
0
i
a . .
T T T T T T T T
25 o) %5 4 45 =] 55 &0 =3 min

Sorted By H Gigmal
Multiplier H 1.0000
Iilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
# [win] [min] [mdT#s] [ &Il ] %
=== |====l-==---- |—====——-= | === === |=====-=- |
1l 35.413 EBE 1.2040 1.1373%e5 1290.56545 97.4011
2 5Z.515 EBE 1.2785 3034, 50559 27.77357 Z. 59589

Totals : 1.16774e5 1318.63905

*#% End of Report *+%*

1Z60HPLC-VUD 441372018 3:30:36 PM 3YRTEM Page 1 of 1
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HPLC of racemic-2i

Data File E:\DATA\LGY\LGY-1-89%LGY-1-589 2017-12-28 08-35-124041-0201.D
Sample Name: LGY-1-59-RAC

Acg. Operator
Acdg. Instrument :
Injection Date
Acg. Method
Last changed
Analysis Method :

Last changed

Additional Info

SYSTEM Zeq. Line :
1260HPLC-VWD Location :
12/25/2017 9:09:00 AM Inj

Inj Volume

SUL-2Z0NM-90MIN. X
12/28/2017 10:31:49 AM by S5YS5TEM
jmodified after loading)

z

Tial 41
1

5.000 pl

¢ EVDATANLGYYWLGY-1-89VLGY-1-89 2017-12-28 08-35-12\VWD-AS(l-6)-50-Z0-1HML-

E:\DATANLGYYLGY-1-89\LGYV-1-89 2017-12-28 0§-35-12%WWD-43(1-6)-50-20-1ML-

SUL-Z20MM-90MIN. M | Sequence Method)
471372018 3:35:12 FPM by SYSTEM
(modified after loading)

Peak (5] manually integrated

WD A, 0 awel ength=2Z20 nm (EADATALGALGY 1-8000 Gy -89 2017 12-28 05-35- 12041-0201.00
mel ]
180
140
120 4
100
&0
&
g I
o] & o &
& o
=0
) L L
T — T T T —— T T — T T T
=25 40 45 a1 55 55 i min
Area Percent Report
Sortced By Gigmal
Multiplier 1. 0000
Dilution l.0000

Do not use Multiplier & Dilution Factor with I3TDs

Signal 1l: VWDl 4, Wavelength=2Z0 nn

Peak RetTine Type
# [win]

Width Area Height Area
[min] [wmdT*s] [ Al ] %

1 46.942 EE
2 58.755 MM

Totals

1.3121 3043, 568368 34.98038 50.08ZZ
1.9540 3036, 00506 25.50352 49,9378

6079, 57642 60.45391

1Z60HFLC-VUID 4/153/2018 3:35:23 PM 5Y3TEM
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HPLC of 2i

Data File E:\DATA\LGY\LGY-1-95VLGY-1-95-RE 2018-01-13 09-06-534045-0801.D
Sample Name: LGY-1-95-11-RE

Acg. Operator 1 SYSTEM Zeq. Line : g
Acg. Instrument : 1260HPLC-VUD Location : Wial 45
Injection Date @ 171372018 3:01:51 PM Inj : 1
Inj Volume : 5.000 npl
Acg. Hethod : EZDATANLGYAVLGY-1-954LGY-1-95-RE 2018-01-13 09-06-53YWWD-A43(1-6)-830-20-
1ML-5UL-220NM-75MIN. M
Last changed : 171372018 9:06:54 AM by SVSTEM

Analysis Method : E:NVDATAVLGYVLGY-1-95\LGY-1-95-RE 2018-01-13 09-06-53\VWD-A%(1-6)-30-20-
1ML-5UL-Z2Z0NM-75MIN. M (Sequence Method)

Last changed 1 471372018 3:50:00 PM by SYVSTEM
jmodified after loading)

Additional Info : Peak(s) marmally integrated

VUKD A, W awel en gth=220 nm (EADATALGALG Y 1-850GY- 1-85-RE 2015-01- 13 09-06-53045-0501.0)
meal ]
160
140
120
100 1 &
E 4
83 -
&0
a0
e";?
20 - B
=] s
i
0
T T T T T T
a0 il S0 55 =] 55
Sorted By H Gigmal
Multiplier H 1.0000
Dilution H 1. 0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VD1 A, Wavelength=220 nn
Peak RetTime Type Width Area Height Area
# [win] [min] [mdT#s] [ &Il ] %
=== |====l-==---- |—====——-= | === === |=====-=- |
1 53.764 MM 2.0249 1.034587e4 §5.17576 9l.6677
2 B7.979 MM Z.4511 940,655581 6.31878 §.3323
Totala : 1.128594e4d 91.49755
*#% End of Report *+%*
1260HPLC-VWD 4/13/2018 3:50:20 PM SY¥STEM Page 1 of 1
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HPLC of racemic-2j

Data File E:Z\DATANLGYYWLGY-1-95VLGY-1-95-RE 2018-01-13 15-47-334064-0701.D
Sample Name: LGYV-1-94-1-Fa

Acg. Operator : SYSTEM Seqg. Line : 7
Aog. Instrument : 1260HPLC-VUD Location : Vial 64
Injection Date : 1/14/2018 2:53:45 4M Inj : 1
Inj Wolume : 5.000 nl
Aeog., Method : E:ZDATANLGYYLGY-1-954LGY-1-95-RE 2015-01-13 15-47-33\WWD-45(1-6)-50-20-
1ML-5UL-ZZ0NM-S0MIN.M
Last changed t 1713742018 6:47:33 PM by SYSTEM

Analysis Method : E:\DATAVLGYYLGY-1-354L5Y-1-95-RE 2015-01-13 15-47-33\VUD-AS5(1-6)-80-20-
1ML-50L-2Z0NM-20MIN. M [(Sequence Method)

Last changed 1 471372018 5:11:04 PM by SYSTEM
jmodified after loading)

Additional Info : Peak(s) manually integrated

VAT A, Y avelengthe 220 nm (EADATALGALGY:1-85'L &7 1-95 RE 20118:01- 13 18-47-33064-0704 .00
mAl |
200
150 2
2]
b
100 4 w
in} éﬁ
g
e
&0
0
T T T T T
20 30 40 =0 =8
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl &, Wavelength=2ZZ0 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mal+*s] [waT] %
=== l-—-=1-=---—= |---==—-—- | === === |-=-=-—-- |
1l 26.31% BE 0.7423 6276.417453 127.73354 50,2344
2 57.365 MM l.6722 6217.55449 61.97150 49,7656
Totals : 1.24943e4 189.70504
**% End of Report *+%
1260HPLC-VWD 471372018 5:11:14 PM 3V3TEM Page 1 of 1
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HPLC of 2j

Data File E:\DATANLGYZWLGY-1-99%LGY-1-99 2018-01-15 15-45-434012-0801.D
Sample Name: LG¥-1-99-5-RE-1

Aoy, Operator
Aog. Instrument :
Injection Date
bAcg. Method

Last changed
Analysis Method

Last changed

Addicional Info

STATEM Seq. Line :
1260HPLC-VTD Location :
1/19/2018 12:35:40 AM Inj

Inj Volume

SUL-2Z0NM-70MIN. H
1/16/2018 6:45:44 PH by 3YSTEH

g

vial 12
1

5.000 nl

: EVDATANLGYYWLGY-1-99%LGY-1-99 2015-01-18 18-43-43%WWD-43(1-6)-80-20-1ML-

E:N\DATANLGYVLGY-1-99YLGY-1-99 2018-01-18 18-48-43\WWD-A3(1-6)-30-20-1ML-

SUL-ZZ0NM-70MIN.H (Sequence Method)
471372018 5:15:55 PM by 3Y3ITEM
jmodified after loading)

Peak (5] manually integrated

WD A, U gvelen gtheZ20 nm (EADATAL GYALG Y-S0 Gy 14909 20150118 18-98-4201 2-0201.0)
mal
280+
200
1580 g
g
100
&0 -
o
0 L L
T T T T
o a0 40 50 =[x} min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1l.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wawvelength=2Z0 nm

Peak RetTime Type
# [win]

1l Z8.935 BB
Z £4.945 EBE

Width Area Height Area
[min] [wdT*s] [ malr] %

0.5552 6747.79638 119.24654 93,9595
1.2595 431.48953 4,0353549 G6.0102

7179, 28592 123.28502

*#%% End of Report *+%

1Z60HPLC-VIWID 4/13/2016 S:1a6:41 FPM STVATEM
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HPLC of racemic-2k

Data File E:\DATA\VIX\T¥IX-1-93 ¥ Ix-1-93 2018-03-28 09-24-45%041-1301.D
Sample Name: LGY-1-130-Ra

bdcg. Operator 1 3Y¥LTEM Seq. Line @ 13
bdog. Inmstrument : 1Z260HPLC-VUD Location : Wial 41
Injection Date : 372872018 3:52:49 PM Inj : 1

Irnj Volume : 5.000 ul

Acg. Method PESNDATANTIXAYIX-1-95\TI¥-1-53 Z015-053-25 09-24-453\WWD-45(1-6)-80-20-1ML-

SUL-ZZ0MM- 20MIN. M
Last changed To3/258/20018 9:59:05 AM by 3YSTEN

analysisz Method : E:AVDATANYIXANYIN-1-93%FJX-1-93 2018-03-258 09-Z24-45\WWD-AS(1-6)-80-Z0-1HL-

SUL-Z20NM-90MIN. M (Aequence Method)
Last changed 1 472672018 9:45:39 PM by SYVATEM
(modified after loading)
Addditional Info : Peak(s) manually integrated

WD A, WY avelen gth= 2200 nm (EADATAR NG -0 300G 1-002 201802 22 00-24-420091-1201.0)
mAll
140 1

120

2449

00

43422

min

Sorted By H Sigmal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1l: WDl 4, Wawvelength=2Z0 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mill*=] [mwdlr] %

1 £4.479 BE 0.6556 4785.81572 111.09396 49,9677
Z 43.48Z BE 1.1908 4791.80513 60.91084 50.03Z3

Totals : a577.42090  17Z.00451

**#% End of Report ***

1260HPLC-VIWD 4/26 /2018 9:45:50 PHM SYSTEM
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HPLC of 2k

Data File E:\DATA\LGY\LGY-1-1534LGY-1-153 2018-04-19 21-33-46%022-3301.D
Sample Name: LGY-1-154-2

Acg. Operator 1 3YSTEHM Jeq. Line : 33
Aog. Inmstrument : 1Z60HPLC-VUL Location : Vial 22
Injection Date : 472172018 1lZ:45:12 AM Inj : 1
Irnj Volume : 5.000 npl
Acg., Method : EZDATANLGYYLGY-1-1534LGY-1-153 2015-04-19 21-33-464VUD-45(1-6)-80-20-
1ML-5UL-Z220NM-00MIN .M
Last changed : 471972018 9:33:47 PM by 3VSTEM

Aralysis Method : E:\DATAVLGY\LGY-1-153%LGY-1-153 2015-04-19 21-33-464VUD-A5(1-6)-80-20-
1ML-5UL-ZZ0MNM-S0MIN. M (Sequence Method)

Last changed 1 472672018 9:53:18 PM by SYVSTEM
[modified after loading)

Additional Info : Peak(s) mamially integrated

VUKD A, awel en gth=220 nm (EALATALG LG 1- 153G 1- 153 2018 04 19 21-33- 46022 3301.0)
meal ]
500
400 4
300 ﬁ
Fi
200
00 1
o
fz
(]
w
u] . T
T T T T T T T
o 25 a0 €] 40 496 50 55
Sorted By H Gigmal
Multiplier H 1. 0000
Dilution : 1. 0000
Do not use Multiplier & Dilution Factor with IATDs
Signal 1: VD1 A, Wavelength=220 nn
Peak RetTime Type Width Area Height Area
# [min] [min] [malT*s] [ Al ] k]
=== |====l-==---- |—====——-= | === === |=====-=- |
1 Z7.236 BE 0.7504 1.32302e4 259.66959 0L, 8221
2 50.573 BE 1.1083 576, 54585 7.01531 4, 1779
Totals : 1.35071ed 266.65490
*#% End of Report *%%
1Z60HPLC-VUWD 4/26/2018 9:53:26 PM 3¥STEM Page 1 of 1
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HPLC of racemic-2I

Data File E:\DATANLGY,LGY-1-1614LGY-1-161 Z2015-04-25 10-36-344011-0301.D
Sample Name: LGY-1-161

Acg. Operator : 3YSTEM Seq. Line : 3
Aog. Instrument : 1260HPLC-VUD Location : Wial 11
Injection Date : 4/25/2018 11:21:353 4M Inj : 1
Irj Woluwe : 5.000 pl
Aceg., Method : EZDATANLGYLZLGY-1-161%LGY-1-161 2015-04-25 10-36-34, VD -45 (1-6)-50-20-
1ML-5UL -220NM-90MIN. M
Last changed r 472572018 10:36: 35 AM by 3YITEM

Analysis Method : E:ZDATANLGYVLGY-1-161%LGY-1-161 Z015-04-25 10-36-34\VID-4% (1-6)-50-20-
1ML-5UL-Z20NM-90MIN. M (Secquence Method)

Last changed 1 472672018 9:55:57 PM by SYVATEM
jmodified after loading)

Additional Info : Peak(s) manually integrated

WD AL avelen gth=Z200 nm (EADATAL LG Y- 18105 1- 161 201204 25 103624001 1-0201.0)

mhill

GO0

A0

200 A

.71

2001

Sorted By H Simmal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with I3TDs

Signal 1l: VD1l 4, Wavelength=220 nm

Peak RetTime Type Width Area Height hArea
# [min] [min] [mill*=] [ malr] %

1 &27.139 BE 0.8775 Z.18521e4 375.71609 49,9349
Z 41.731 BE 1.4134 Z.190590e4 231.87233 50.0651

Totals @ 4,37611e4 607.56542

**% End of REeport *%*

1260HPLC-VWD 4/26 /2018 9:56:06 PM 3V3ITEM Page 1 of 1
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HPLC of 2I

Data File E:\DATANLGYYLGY-1-162%1LGY-1-162 2018-04-26 14-42-05%072-0401.D
Sample Name: LGY-1-162-2

bLcg. Operator 1 3YSTEM Seg. Line : 4
Aoy, Instrument : 1260HPLC-VWD Location : Wial 72
Injection Date : 4/26/2018 4:25:20 PM Inj : L
Inj Wolume : S5.000 pl
Aoy, Method : E:ZDATANLGYVZLGY-1-162Y%LGY-1-162 2018-04-26 14-42-054VUD -45 (1-6)-80-20-
1NL-5UL-220NM-60MIN. M
Last changed : A/26/2018 Z2:42:05 PHM by 3Y3TEHM

Analysis Method : E:\DATA\LGV\LGYV-1-162%LGYV-1-162 2018-04-26 14-42-05\VUD-4% (1-6)-580-20-
1ML-5UL-220NM-60MIN.M (Sequence Method)

Lazt changed r 472620158 10:00:14 PM by SYSTEM
(modified after loading)

Additional Info : Peak(s) manually integrated

WD A, W avelen gthmZ20 nm (EADATAL G LG 1- 1620 1- 162 2018 04 25 14420507 2-0901. 0
el ]
260
200 4
2680 b
&
=]
o
200 4
160
100
a0
g
i
a T T
T T T T T T T
a0 25 30 25 40 A5 50 g5
Area Percent Report
Jorted By H Signal
Multiplier H 1.0000
Dilutieon : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal l: VWDl &, Wawvelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [wal*=] [ mall] %
LI EEE L e [-=mmm oo - e [-=------ |
1 30.237 BB 0.9804 1.37557=4 212.17454 95,6042
2 47.742 BB 1.2271 632.47374 7.195835 4, 3958
Totals : 1. 4385814 219.37319
***%* End of Report ***
1260HPLC-VWD 4/26/20158 10:00:29 FPM 3Y5TEM Page 1 of 1
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HPLC of racemic-2m

Data File E:\DATAWISWN\WIW-2-162-FACE-23\XZC-171205-1 Z2017-12-06 09-37-46%\00Z-0801.D

Sample Name: LGY-1-47

Acg. Operator
Acdg. Instrument :
Injection Date
Acg. Method

Last changed
Analysis Method :

Lazst changed

Additional Info

SYSTEM Zeq. Line :
1260HPLC-VWD Location :
12/6/2017 1:15:36 PM Inj

Inj Volume

1 -60-20-1ML-5UL- 220NN~ 100MIN . M
12/6/2017 9:52:57 AM by 3Y3TEM

5.000 pl

¢ EVDATAANWIWNWET-2-162-FACE-2\KEC-1T71205-1 Z017-1Z2-06 09-37-46\WWD-43(1-6

E:ZDATANWEINTST-2-162-FACE-2\XZC-171205-1 Z2017-12-06 09-37-46\VWD-A5(1-6
1 -60-20-1ML-5TUL-2Z0NM-100MIN. M (Sequence Method)

471372018 5:20:12 PM by SYVSTEM
jmodified after loading)
Peak (5] manually integrated

WD A, U el angtheZ20 i (E-D AT AU SIPMTS: 2162 R AL E- 20 G- 171206 1 2017-12-06 09-37 - H600z- e 0
meal ]
200 4
150 1
[
0
100 - % nf*
: 7
o |
0+ T
T T T T T
2 40 a0 &0 70 min

Sorted By
Multiplier
Dilution

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VD1 A, Wavelength=220 nn

Peak RetTine Type
# [nin]

Width Area Height Area
[min] [mdT#s] [ &Il ] %

1l 39.57Z BB
2 58.904 MM

1.392]1 §638Z. 41602 94,48367 49.637Z
Z.2334 8809, 3536591 65.74026 50.36Z8

1.74918e4d 160.22354

*#% End of Report *+%*

1Z60HFLC-VUD 4/153/2018 5:21:15 PM 5Y3TEM
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HPLC of 2m

Data File E:\DATAVLGYV\LGY-1-933VLGY-1-93 2018-01-04 11-23-37v023-1201.D
Sample Name: LGY-1-92-4

Acg. Operator

Aeg. Instrument :

Injection Date
Leog. Method

Lazst changed

Analysis Method :

Lazst changed

Additional Info

3Y3TEM Seq. Line :
1260HPL C-VWD Location :
17472018 7:00:13 PM Inj

Inj Volume

SUL-220NM-70MIN. 1
17472018 11:27:15 &M by SYSTEM

1z

Vial 23
1

5.000 pl

: EVDATANLGY,LGY-1-934LGYV-1-93 2018-01-04 11-23-37\WIID-45(1-6) -30-20-1ML-

EZDATANLGYYWLGY-1-93534L56Y-1-93 2016-01-04 11-23-37\VWD-43(1-6)-50-20-1ML-

SUL-220NM-T70MIN. M [ Sequence Method)
471372018 5:25:11 PM hy SVSTEM
(modified after loading)

Peak (3] manually integrated

mAl

175

180

WANE AL avelen gth= 220 nm (EADATAN G ALGY -0 Gy 183 20498 01-04 11-23- 37023120100

Sorted By
Multiplier
Dilution

Do not use Multiplier & Dilution Factor with ISTDs=

Signal 1: VD1 A4, Wawvelength=220 nn

Peak RetTime Type
# [min]

1l 59.730 MM

Tidth Area Height Area
[win] [wdlT*s] [ AT ] %

Z2.4132 1.35007e4 93.24087 100. 0000

1.3500%e4d 93.24087

***% End of Report *+%

1260HPLC-VWD 4713 /2018 5:25:17 PM 3Y3TEM
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HPLC of racemic-2n

Data File E:\DATANLGYYLGY-1-53-RE-34LGY-1-53-RE-3 E017-12-01 08-52-484002-0401.D
Sample Name: LGY-1-54

bLcg. Operator 1 3YSTEM Seg. Line : 4
Aoy, Instrument : 1260HPLC-VWD Location : Wial 2
Injection Date @ 127172017 11:08:34 AM Inj : L
Inj Wolume : S5.000 pl
Aoy, Method : E:NDATANLGYYLGY-1-53-RE-34LGY-1-53-RE-3 2017-12-01 05-52-48\WWD-45(1-6)-
80-20-1ML-5SUL-2Z20MNM-120MIN. M
Last changed : 127172017 8:52:49 AWM by S3¥Y3TEM

Analysis Method : E:\DATA\LGYV\LGY-1-53-RE-34LGV-1-53-BE-3 Z017-12-01 08-5Z2-48\VUD-45(1-6)-
G0-20-1ML-SUL-220NM-120MIN. M (Sequence Method)

Lazt changed r 471372018 5:26:51 PM by 3YSTEM
(modified after loading)

Additional Info : Peak(s) manually integrated

WD A, W avelen gt 220 nm (EADATAL G LG 1-83-RE S1LGY 1-63-RES 2017-12-01 05-52-4830002-0401. 1)
el
100
a:' .
&0
a1 8
4
-
o
zj .
0 T
T T T T T
0 50 [=1] 7o 0 =] min
Area Percent Report
Jorted By H Signal
Multiplier H 1.0000
Dilutieon : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal l: VWDl &, Wawvelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [wal*=] [ mall] %
LI EEE L e [-=mmm oo - e [-=------ |
1 55.446 EE 1.8387 5016.63232 37.12011 45, 9658
2 82.725 BB 2.5774 5023. 459561 26.50241 50.034z2
Totals : 1.00401e4 E3.62252
***%* End of Report ***
1260HPLC-VWD 4713720158 5:26:59 PM 5YATEM Page 1 of 1
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HPLC of 2n

Data File E:\DATA\LGY,LGY¥-1-954LG¥-1-95 2018-01-11 0%-00-25%041-1501.D
Sample Name: LGY-1-95-1

bdcg. Operator 1 3Y¥LTEM Seq. Line @ 15
bdog. Inmstrument : 1Z260HPLC-VUD Location : Wial 41
Injection Date : 1/11/2018 3:18:34 PM Inj : 1
Irnj Volume : 5.000 ul
Acg., Method : E:ANDATANLGYLLGY-1-95YLGY-1-95 2015-01-11 09-00-29%WWD-45(1-6)-80-20-1ML-
SUL-Z20NM-100MIN.M
Last changed + 171172018 9:00:30 AM by 3Y3TEN

Analysis Method : E:\DATAVLGYVLGY-1-95%LGY-1-95 2015-01-11 09-00-29\¥WWD-A5(1-6)-30-20-1ML-
SUL-Z20NM-100MTIN .M (Secuence Method)

Last changed 1 471372018 5:44:37 PM by SVATEM
(modified after loading)

Addditional Info : Peak(s) manually integrated

WD AW avelengthm2Z20 nm (EADATALGALG Y 1-2500 G 1-05 2012-01-11 0900200041 1501.00
mall ]
100
33 -
< (]
= 5
o
o
43 -
-0 -
D 7 T
T T T T T
40 50 G0 7o 20 o
Sorted By H Sigmal
Multiplier H 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1l: WDl 4, Wawvelength=2Z0 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mill*=] [ mdir] %
e |-—-=l-=-=-—- |-—-==-——— | === === |-======- |
1 &4.922 BB 2.6560 1.072593e4 50.53551 100, 0000
Totals : 1.072%93e4 50.53551
*%% End of Report #%%
1Z260HPLC-VWD 4/13 /2018 5:44:40 PM SY¥STEM Page 1 of 1
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HPLC of racemic-20

Data File E:\DATA\LGY,LGY-1-72-RACENYIX-1-19-0 2017-12-16 19-17-14%002-0401.D
Sample Name: LGY-1-72-2

bdcg. Operator
bdog. Instrument :
Injection Date

Acg. Method

Last changed
Analysis Method :

Lazt changed

Additional Info

STLTEM Seq. Line : 4
1260HPLC-VTL Location : Wial 2
12/16/2017 9:11:48 MM Inj : 1

Irnj Volume : 5.000 ul

P EADATANLGY\LGY-1-72-RACENYIX-1-19-0 2017-12-16 189-17-14\WWD-45(1-6)-50-

20-1ML-5UL-220NM-70MIN. M

1271672017 7:17:15 PM by SYRTEM

E:\DATANLGYYLGY-1-TZ-RACENYIX-1-19-0 2017-12-16 19-17-14\WWD-4%(1-6)-30-
20-1ML-5UL-Z220NM-70MIN. M (Sequence Method)

4/14/2018 7:46:00 FPM by SYVATEM

(modified after loading)

Peak (3] manually integrated

mAll

280+

200

150

400

WD A, WY avelen gth= 2200 nm (EADATAL LG Y 1-T2- RACEWU X A1-18- 0 2047 - 12- 16 19 17- 1p00E- 001,00

27 ag2

41.375

min

Sorted By
Multiplier
Dilution

Do not use Multip

Sigmal 1: VWDL &,

Peak RetTime Type
# [min]

1l E27.983 BE
Z 41.375 BE

lier & Dilution Factor with ISTDs

Wawvelength=220 nm

Tidth Area Height Area
[wmin] [wall*z] [mwdlr] %

0.9953 9999, 52246 153.72Z369 49,6051
l.4506 1.01587e4 106.13880 50,3949

Totals 2.01583e4 259.56250
**#% End of Report ***
1Z260HPLC-DAD 4/14/2018 7:46:12 PM SY¥STEM Page 1 of 1
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HPLC of 20

Data File E:\DATA\LGY\LGY-1-95VLGY-1-95-RE 2018-01-13 09-06-534042-0501.D
Sample Name: LGY-1-95-4-FE

Acg. Operator 1 SYSTEM Zeq. Line : 5
Acg. Instrument : 1260HPLC-VUD Location : WVial 42
Injection Date @ 171372018 11:55:11 AM Inj : 1
Inj Volume : 5.000 npl
Acg. Hethod : EZDATANLGYAVLGY-1-954LGY-1-95-RE 2018-01-13 09-06-53YWWD-A43(1-6)-830-20-
1ML-5UL-220NM-c0MIN. M
Last changed : 171372018 9:06:54 AM by SVSTEM

Analysis Method : E:NVDATAVLGYVLGY-1-95\LGY-1-95-RE 2018-01-13 09-06-53\VWD-A%(1-6)-30-20-
1ML-5UL-Z2Z0NM-60MIN. M (Sequence Method)

Last changed 1 471472018 7:50:03 PM by SYVSTEM
jmodified after loading)

Additional Info : Peak(s) marmally integrated

WE A avel en gth=Z200 nm (EADATAL GaLGY -0 Gy 1-095- RE 2018-01- 13 09-05-530042- 0501 .0)

mAl

200+

280 4

200 1

42101

180

400 +

Sorted By H Gigmal
Multiplier H 1.0000
Iilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VD1 A, Wavelength=220 nn

Peak RetTime Type Width Area Height Area
# [win] [min] [mdT#s] [ &Il ] %
=== |====l-==---- |—====——-= | === === |=====-=- |
1 42,101 EE 1.5025 1.50565e4 151.55403 100.0000

Totals : 1. 5056524 151.558403

*#% End of Report *%%

1Z260HPLC-DAD 471472018 7:50:059 PM 3YATEM Page 1 of 1
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HPLC of racemic-2p

Data File E:\DATANLGYV\LGY-1-53-RE-3VLGY-1-53-FE-3 Z017-12-01 08-52-48\003-0601.D

Sample Name: LGY-1-55

Acg. Operator
Acqg. Instrument :
Injection Date
Acg. Method

Last changed
Analysis Method :

Lazst changed

Additional Infa

STATEM Seg. Line &l
1 Z60HPLC-VWD Location : ¥Wial 3
127172017 1:20:12 PM Inj : 1

Inj Wolume : 5.000 ul

P EWVDATANLGYYWLGY-1-553-RE-3%LGY-1-53-RE-3 Z017-12-01 0&8-52-48\VUD-A5(1-6)-

80-20-1ML- 5L -Z20NM-120MIN. X

127172017 5:52:4%9 aAM by S3T3ITEM

E:\DATANLGYYLGY-1-53-RE-34LGY-1-55-FE-3 Z2017-12-01 05-52-48\VUD-45(1-6)-
§0-20-1ML-SUL-ZZ0NM-120MIN.M (Sequence Method)

471472018 7:53:32Z PM by SVSTEM

(modified after loading)

Peak (3] manually integrated

maAl

175

180

125

100

Th 4

WD ALY avelength= 220 nm (EADATANL G LGS 1-63- RE- LG 1 63-RE-3 2017-12- 01 02-52-420003-0501.0)

B

BES
%"'Ev
g
o,

g
%

Sorted By
Multiplier
Dilution

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1l: VD1 &4, Wavelength=2ZZ0 nn

Peak RetTime Type
# [min]

Tidth Area Height Area
[win] [wdT*s] [maT] %

1l 33.866 MM
2 40.30% MN

1.3651 5413, 44727 66.095348 43, 4639
1.61059 5756,62109 59.55768 51.5361

Totals 1.11701e4d 125.65114
*** End of Report *%%
1260HFPLC-DAD 471472018 7:53:39 PM 5Y5TEM Page 1 of 1
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HPLC of 2p

Data File E:\DATANLGYYWLGY-1-994YLGY-1-99 2018-01-15 15-45-434011-0701.D
Sample Name: LGY-1-99-4-FE-1

Acg. Operator
Aog. Instrument :
Injection Date

Aog. Method

Lazt changed
Analysizs Method

Lazt changed

Additional Info

SYITEM Seqg. Line :
1260HPLC-WUD Location :
1/18/72018 11:34:54 PM Inj

Inj Volume

SUL-ZE0NM- 60MIN. M
171672018 6:45:44 PM by 3YRTEM

SUL-Z20NM-60MIN. M [ Sequence Method)
471472018 7:57:47 PM by SYSTEM
jmodified after loading)

Peak (8] marually integrated

7

Tial 11
1

5.000 ul

¢ EZDATANLGYSLGY-1-994L5GY-1-99 Z0156-01-18 16-46-43VWWD-A5(1-6) -50-20-1ML-

¢ EZDATANLGYSLGY-1-994L5GY-1-99 Z0156-01-18 16-46-43VWWD-A5(1-6) -50-20-1ML-

meal)

700

GO0

S00 1

200

200

100 4

2587

WD A, W avelen gthe 220 nm (EADATAL GG 1-990 G 1-00 20183 01-18 18-42-430011-0701.00

Sorted By
Multiplier
Dilution

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl &, Wavelength=2ZZ0 nm

Peak RetTime Type
# [win]

1l 39.587 BB

Width Area Height Area
[wmin] [wall*s] [waT] %

1.6551 3.82501led 356.390Z6 100.0000

3.82501ed 356.390Z8

*%% End of Report *+%

1Z60HPLC-DAD 471472018 7:558:00 PN 3YSTEM
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HPLC of racemic-2q

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\031-2701.D

Sample Name: LGY-2-32-RE

Acq. Operator : Seq. Line : 27
Acq. Instrument : Instrument 1 Location : vial 31
Injection Date : 9/8/2018 2:57:05 PM Inj : 1

Inj Volume : 5.000 pl

Acq. Method
1ML-5UL-220NM-68MIN. M

Last changed 1 5/31/2018 10:45:35 AM
Analysis Method : D:\METHOD\LG\VWD-AD(1-2)-99-1-8.2ML-2UL-228NM-18MIN.M
1 9/10/2018 10:22:01 PM

(modified after loading)
: Peak(s) manually integrated

Last changed

D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-87 16-23-54\VWD-AS(1-6)-80-20-

Additional Info :
VWD1 A, Wavelength=220 nm (D:\DATALLGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\031-2701.D)

mAU ]
175
150 |
©
125-| o
P ®
& ~ o
] s 2
- P
100 f\ e
A N\
| \ / \
75 [ \
] | \ |
/ \ { \
50 f \ f \
| \
\
] | \ H \
N | | K
/
/
0 - S _
25 2?1.5 30 32|.5 35 375 4|0 42|.5 4|5 47|.5 miny
Area Percent Report
Sorted By : Retention Time
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
coeefemnneee e |- |-oeeee- !
1 36.452 1 MF 8113.15771 182.32487 49.4933
2 39.507 1 FM  8279.27539 91.44144 50.5067
Totals : 1.63924e4 193.76551
Page 1l of1l

Instrument 1 9/10/2018 10:22:83 PM
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HPLC of 2q

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\032-2801.D

Sample Name: LGY-2-73-7

Acq. Operator
Acq. Instrument :
Injection Date

Acq. Method
1ML-5UL-220NM-68MIN. M

: 9/8/2018 4:51:09 PM

Last changed
(modified after loading)

Seq. Line : 28
Instrument 1 Location : vial 32

1 9/8/2018 3:57:57 PM Inj : 1
Inj Volume : 5.000 pl

: D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\VWD-AS(1-6)-80-20-

Analysis Method :
1 9/10/2018 10:24:16 PM

Last changed

Additional Info :

D:\METHOD\LG\VWD-AD(1-2)-99-1-8.2ML-2UL-220NM-18MIN.M

(modified after loading)
Peak(s) manually integrated

VWD1 A, Wavelength=220 nm (D:ADATALLGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-541032-2801.D)

mAU |
200 |
150 - 19
j - X
i 5 g
| g
N
100 -| ’f \
|
[\
/ \
50| / \\
g \
A
N
g o K
4 ey
o S &) ‘
T T T T T T T T T
25 275 30 325 35 37. 40 425 45 475 min
Sorted By Retention Time
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mau] %
L R B R |-mmmmmeees |-mmmeees |
1 36.784 1 MM 9.91978 1.69177e-1 ©.0880
2 39.547 1 MM 1.82384e4 113.831490 99.9120
Totals : 1.82474e4 114.80058
Page 1 of 2

Instrument 1 9/10/2018 10:24:23 PM
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HPLC of racemic-2r

Data File E:\DATANLGYWLGY-1-95V\LGY-1-95-RE 2015-01-13 15-47-334065-0801.D
Sample Name: LGY¥-1-53-Ra

Aoy, Operator : 3TSTEM Seq. Line : 3
Aeog. Instrument @ l=260HPLC-WID Location : ¥Vial 65
Injection Date @ 1/14/72018 4:24:33 AM Inj : 1
Inj Wolume : 5.000 pl
Aog. Method : E:ZDATANLGYYLGY-1-954LGY-1-95-RE 2018-01-13 18-47-33\VWD-AS(1l-6)-50-20-
1ML-50UL-2Z20NM-90MIN.
Last changed : 1/13/2018 6:47:33 PM by 3¥3TEHM

Analysiaz Method : E:\DATAVLGYYLGY-1-95,LGY-1-95-RE 2018-01-13 18-47-33\VWD-AS(1-6)-80-20-
1ML-5UL-ZZ0NM-90HMIN.M (fequence Method)

Last changed r 471372018 9:31:55 PM by SYSTEM
jmodified after loading)

Additional Info : Peak(s) manually integrated

WD A, U gvel en gtheZ20 nm (EADATAL GOLGY -850 Gy 1-95-RE 2018-01- 12 18-47-32065-0201.0)
mAl
200
150
i
100 + 1 i?‘@
g g 4
50
[ L L
T T T T T T T
25 40 45 a0 55 =] =) 0
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1l.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wawvelength=2Z0 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mall*s] [ mall] %
=== | --==l-=-===-- |-======--= | === == |-=-===--- |
1 43.728 EE 1.5127 §5895. 925871 88.6585258 49,3181
2 683.335 MM 2.1875 9144, 65723 69.67457 50,6509
Totals : l.80436ed 158.35955
*#%% End of Report *+%
1260HPLC-VWD 471372018 9:32:05 PM SYSTEM Page 1 of 1
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HPLC of 2r

Data File E:ZDATANLGY,LGY-1-95-24LGY-1-95-2-RE 2015-05-07 07-47-014063-0201.D
Sample Name: LGY-1-95-2Z-FE

bdcg. Operator 1 3Y¥LTEM Seq. Line : 2
bdog. Inmstrument : 1Z260HPLC-VUD Location : Wial &3
Injection Date : 5/7/2018 8:01:25 AM Inj : 1
Irnj Volume : 5.000 ul
Acg., Method : E:NDATANLGYLLGY-1-95-24LGY-1-95-2-RE 2015-05-07 07-47-01\¥WWD-45(1-6)-50-
20-1ML-5UL-220NM-90MIN. M
Last changed P 57720108 7047101 AM by 3YETEHM

Analysis Method : E:\DATAVLGYVLGY-1-95-2%LGY-1-95-2-RE 2018-05-07 O07-47-01L\WWD-45(1-6)-30-
20-1ML-5UL-Z220NM-90MIN. M (Sequence Method)

Lazt changed : 5/7/2018 7:15:25 PM by SYSTEM
(modified after loading)

Addditional Info : Peak(s) manually integrated

WD A, W avelen gthe 220 nm (EADATALG LG Y. 1-25- LG 1-85-2- RE 2018-05-07 07-47-0 1W53-0201.00)

mAll
140 4

120

@5b

400

?.851
7

30 40 a0 [=]u] 70 min

Sorted By H Sigmal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1l: WDl 4, Wawvelength=2Z0 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mill*=] [mwdlr] %

1 43.787 MM 0.64585 34,55308 6.31873e-1 0.311%9
Z B63.851 MM 2.1334 1.10433e4 86.27399 99,8881

Totals : 1.10775e4 §6.90556

**#% End of Report ***

1260HPLC-VUWD 5/7/2018 7:15:31 PM 3V3TEHM Page 1 of 1
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HPLC of racemic-2s

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-

Sample Name: LGY-2-62-2

09-07 16-23-54\011-1101.D

Acq. Operator
Acq. Instrument :
Injection Date :

Instrument 1
9/8/2018 1:33:26 AM

Acq. Method
1ML-5UL-220NM-8@MIN.M

Last changed : 5/26/2018 3:44:58 PM

Analysis Method :
Last changed : 9/10/2018 9:48:14 PM
(modified after loading)

Additional Info : Peak(s) manually integrated

Seq. Line : 11

Location : vial 11
Inj : 1
Inj Volume : 5.000 pl

: D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-87 16-23-54\VWD-AS(1-6)-88-20-

: D:\METHOD\LGY\VWD-AD(1-2)-95-5-8.3ML-5UL-220NM-188MIN.M

mAU |

120

60 |/ ‘I\

40 |

VWD1 A, Wavelength=220 nm (D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\011-1101.D)

min

Sorted By : Retention Time
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=220 nm

49,8878
50.1122

Peak RetTime Sig Type Area Height
# [min] [mAU*s] [mAU]
Rl EEEEE R B |--emeee |--mmme-- |
1 35.462 1 MM 6002.12256 76.84860
2 62.763 1 MM  6029.10986  38.34726
Totals : 1.20312e4  115.19587

Instrument 1 9/10/2018 9:48:17 PM

Page
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HPLC of 2s

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\042-3401.D

Sample Name: LGY-2-73-10@

Acq. Operator

Acq. Instrument :
: 9/8/2018 11:41:08 PM

Injection Date
Acq. Method

Last changed

Analysis Method :

Last changed

Additional Info :

Instrument 1

1ML -5UL-22@NM-88MIN.M
9/8/2018 10:08:46 PM
(modified after loading)

D:\METHOD\LG\VWD-AD(1-2)-99-1-0.2ML-2UL-22@NM-18MIN.M
: 9/18/2018 10:32:41 PM

(modified after loading)
Peak(s) manually integrated

Seq. Line : 34
Location : Vial 42
Inj : 1
Inj Volume : 5.800 pl

: D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-087 16-23-54\VWD-AS(1-6)-80-20-

VWD1 A, Wavelength=220 nm (D:\DATALLGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\042-3401.D)

mAU
225
200
) 2
175 ] )
] o P
] 0 g
] w"
150 -
_ A
125 [ \
] |
100 | \
75] / ‘
50
: |
] A
25 0 .59' }
;;?so"y {
o4 : S -
30 40 50 60 70 il
Area Percent Report
Sorted By Retention Time
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
el DR B R o |-emmmeeee |-omnnees |
1 35.495 1 MM 101.77962 1.28853 0.3890
2 61,522 1 MM 2.60648e4 149.35780 99.6110
Totals : 2.61665e4  150.64634
Page 1 of 2

Instrument 1 9/10/2018 10:32:47 PM
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HPLC of racemic-2t

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-89-87 16-23-54\005-0601.D
Sample Name: LGY-2-62-1

Acq. Operator Seq. Line : 6
Acq. Instrument : Instrument 1 Location : vial 5
Inj : 1

Injection Date : 9/7/2018 9:19:02 PM
Inj Volume : 5.800 ul

: D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-089-87 16-23-54\VWD-AS(1-6)-80-20-

1ML-5UL-220NM-8OMIN.M

Last changed 1 5/26/2018 3:44:58 PM

Analysis Method : D:\METHOD\LGY\VWD-AD(1-2)-95-5-8.3ML-5UL-226NM-186MIN.M

Last changed 1 9/10/2018 9:42:43 PM
(modified after loading)

Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=220 nm (D:\DATALGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\005-0601.D)

Acq. Method

mAU ]
175
150 |
125
] A
2 4§§ QP
100 -| 5;5? E _§§
4 o
] %éa
o] A |
A |
o I |
. \ x
// /
. N J J
35 40 45 50 55 60 65 70
Area Percent Report
Sorted By Retention Time
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=220 nm

Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
Rl EEEEEE R B R |--emeeeee |-=-mme-- |
1 52.213 1 MM 1.07907e4 89.78436 50.1836
2 60.083 1 MM  1.07118e4 80.76544 49.8164

Totals : 2.15025e4  170.54980

Instrument 1 9/10/2018 9:42:46 PM Page 1 of 1
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HPLC of 2t

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-87 16-23-54\036-3201.D
Sample Name: LGY-2-73-9

Acq. Operator : Seq. Line : 32
Acq. Instrument : Instrument 1 Location : Vial 36
Inj : 1

Injection Date : 9/8/2018 8:39:25 PM
Inj Volume : 5.800 pl

Acq. Method : D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-087 16-23-54\VWD-AS(1-6)-80-20-
1ML-5UL-220NM-8@MIN.M

: 9/8/2018 8:41:54 PM
(modified after loading)

Analysis Method : D:\METHOD\LG\VWD-AD(1-2)-99-1-8.2ML-2UL-220NM-18MIN.M

Last changed : 9/10/2018 10:30:13 PM

(modified after loading)

Additional Info : Peak(s) manually integrated
VWDT A, Wavelength=220 nm (D:\DATALGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\036-3201.D)

Last changed

65 70

55 60

Sorted By Retention Time

Multiplier 1.0000

Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=220 nm

Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mau] %

1 54.843 1 MM 326.74197 3.44832  2.9820
2 59.528 1 MM 1.06305e4 80.87628 97.0180

Totals : 1.99572e4 84.32460

Instrument 1 9/18/2018 10:3@:15 PM Page 1 of 2
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HPLC of racemic-2u

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\003-0401.D
Sample Name: LGY-2-53-4

Acq. Operator : Seq. Line : 4
Acq. Instrument : Instrument 1 Location : vial 3
Injection Date : 9/7/2018 6:37:24 PM Inj : 1
Inj Volume : 5.000 pl
Acq. Method : D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-89-87 16-23-54\VWD-AS(1-6)-80-20-
1ML-5UL-220NM-80MIN. M
Last changed : 5/26/2018 3:44:58 PM
Analysis Method : D:\METHOD\LGY\VWD-AD(1-2)-95-5-@.3ML-5UL-220NM-180MIN.M
Last changed 1 9/10/2018 9:36:41 PM

(modified after loading)
Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=220 nm (D:\DATALGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\003-0401.D)
mAU |
500;
500 |
] >
] 69'
400 | § kS
300 | ﬁﬂ @ gﬁ?
| < 5
[ &
[ &
| 1
200 , \ f\\
| \
\. [
i | / \
100 -] ‘ \\ | \
j } \ /
ol ) L ./
T T T T T T T
25 30 35 40 45 50 55 60 65
Area Percent Report
Sorted By : Retention Time
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
ol P e |---eee |
1 37.625 1 MM 3.25994e4 345.56903 50.1893
2 56.836 1 MM 3.23535e4 238.93916 49.8187
Totals : 6.49529%e4 584.50819
Instrument 1 9/18/2018 9:36:46 PM Page 1 of 1

146



HPLC of 2u

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\034-3001.D
Sample Name: LGY-2-73-8

Acq. Operator

Acq. Instrument :
: 9/8/2018 6:13:42 PM

Injection Date
Acq. Method

Last changed

Analysis Method :

Last changed

Additional Info :

Instrument 1

Seq. Line :
Location :
Inj :

: 5.000 pl

Inj Volume

30
vial 34
1

1ML-5UL-22@0NM-80MIN. M

: 9/8/2018 6:39:09 PM

(modified after loading)

D:\METHOD\LG\VWD-AD(1-2)-99-1-0.2ML-2UL-228NM-10MIN.M
: 9/10/2018 10:26:57 PM

(modified after loading)
Peak(s) manually integrated

: D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\VWD-AS(1-6)-80-20-

VWD1 A, Wavelength=220 nm (D:\DATALGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\034-3001.D)
mAU |
1000 |
800
- v
g &
- B
i B
600 /{\\
[
400 / \
R
200 [\
ol '
f o /
) g
. . _J
T T T T
25 30 35 40 45 50 55 60 65 min
Sorted By Retention Time
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=220 nm

Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mau] %
L R B |-mmmmmeee |-mmmeees |
1 37.547 1 MM 198.74828 2.21174 9.2348
2 56.186 1 MM  B.44642e4 595.49066 99.7652
Totals : 8.46630e4 597.70240

Instrument 1 9/10/2018 10:27:82 PM
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HPLC of racemic-2v

Data File E:\DATANLGYZ\LGY-1-1014LGY-1-101 2018-01-20 15-54-034,041-0301.D

Sample Name: LGY-1-101

heog., Operator 1 SYSTEHM Seqg. Line : 3
Ao, Instrument : 1Z260HPLC-VUD Location : Wial 41
Injection Date @ 172072015 4:36:17 FPM Inj 1
Inj Wolume 3.000 nl
Aoy, Method ! EZDATANLGYYLGY-1-101Y%LGY-1-101 Z015-01-20 15-54-03YVWD-4AD (1-2)-95-5-1ML

-30L-ZZ0NM-60MIN. M

Last changed : 172042018 3:54:03 PM by 3Y3TEHM
Analysis Method : E:Z\DATALZLGYYVLGY-1-101%LGY-1-101 2015-01-20 15-54-03\VWD-AD(1-2)-95-5-1ML
—30L-220MM-60MIN.M (Sequence Method)
Last changed r 4714720158 5:00:08 PM by 3YSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated

WD A U gvelengtheZ20 nm (EADATAL GALE S - 10 MLE Y - 101 2018 04- 20 1554 03 0<H-0201.00
madl ]
280
200
B o
o =
g8 r
o
150
100
50
0
T T T T T
10 15 20 25 30 il min
Area Percent Report
Sorted By H Gigmal
Multiplier H 1.0000
Lilution H 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl 4, Wawvelength=2Z20 nnm

Peak FetTime Type Width Area
# [win] [min] [whT*3]

1l Z6.Z95 BV 0.5457 6153, 86152
2 27.908 VB 0.5753 6232.27979

Totals : 1.23861led

Height

Area

165.66835 49,6554
l6z.20204 50,3166

330.67039

#%*% End of Report **%*

1Z60HPLC-DAD 4s14/2018 8:00:32 PM 3YVITEM
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HPLC of 2v

Data File E:\DATANLGY,LGY-1-101%LGY-1-101 2015-01-20 15-54-034y042-0401.D
Sample Name: LGY-1-99-0

Acg. Operator
Aog. Instrument :
Injection Date

hcg., Method

Last changed
Analysis Method

Last changed

Additional Info

STATEM Seq. Line :
1260HPL C-VUD Location :
1/20/2018 5:37:01 PM Inj

Irnj Volume

=-30L-Z2 0NM-60MIN .0
172072018 3:54:03 FM by 3YV3TEM

4

Vial 42
1

3.000 pl

¢ EWVDATANLGYWLGY-1-101%LGY-1-101 2015-01-20 15-54-03\VUD-4D (1-2)-95-5-1ML

E:\DATANLGYVLGY-1-101%LGY-1-101 2018-01-2Z0 15-54-03\VUD-AD (1-2)-95-5-1HL

=30L-22 0MM-60MTIN. M (Secquence Method)
471472018 8:06:25 PM by SYVATEM
jmodified after loading)

Peak (3] manually integrated

mhill

200 A

200

26.109

2773

WD AL avelen gth=Z200 nm (EADATAL GALGE Y- 101LS Y 1- 104 2012 01- 20 1554020420490 1.0

min

Sorted By
Multiplier
Dilution :
Do not use Multiplier & Dilution Factor with I3TDs

Sigmal 1: VWDL &,

Peak RetTime Type
# [min]

1l Z6.10% BV
Z &27.TZ3 VB

Totals

Wavelength=220 nm

Width Area Height hArea
[min] [mdlT*=] [ malr] %

0.5409 1.04457e4 290.,20370 95,5545
0.5486 153.20755 4,02Z011 1.4455

1.0595%:4 294,223582

**% End of REeport *%*

1260HPLC-DAD 471472018 S:06:42 PM 3V3ITEM
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HPLC of racemic-2w
Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-089-87 16-23-54\0813-1401.D

Sample Name: LGY-2-35-1

Seq. Line : 14
Location : Vvial 13
Inj : 1
Inj Volume : 5.000 pl
: D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-89-87 16-23-54\VWD-AD(1-2)-95-5-8.
3ML-5UL-220NM-100MIN.M

Acq. Operator
Acq. Instrument : Instrument 1
Injection Date : 9/8/2018 4:36:06 AM

Acq. Method

Last changed 1 9/7/2018 3:24:25 PM
Analysis Method : D:\METHOD\LGY\VWD-AD(1-2)-95-5-@.3ML-5UL-220NM-180MIN.M
Last changed 1 9/10/2018 9:53:01 PM

(modified after loading)

Additional Info : Peak(s) manually integrated
VWD1 A, Wavelength=220 nm (D:\DATALGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\013-1401.D)

mAU |
140
120
100 & g
2 W ,\?g"'
@ o o
@&
& o 8
80 -| n G
4 \\ /\
] / \ [
60 | | ;' \*.
f \ I

BN
20 ’| \ | \

-20
65 70 ?"5 Bb 8‘5 dO QIS
Area Percent Report
Sorted By Retention Time
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
coeefemneee- e |- |-ommeeee !
1 82.983 1 MF 1.10910e4 104.12796 49.8553
2 B86.978 1 FM 1.11554e4 99.01752 50.1447

Totals : 2.22464e4  2083.14548

Instrument 1 9/18/2018 9:53:15 PM Page 1 of 1

150




HPLC of 2w

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-87 16-23-54\044-3701.D

Sample Name: LGY-2-73-11

Seq. Line : 37

Acq. Operator
Acq. Instrument :

Injection Date :
Acq. Method

Last changed

Analysis Method :

Last changed

Instrument 1 Location : vial 44
9/9/2018 3:13:50 AM Inj : 1
Inj Volume : 5.000 pl

D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-87 16-23-54\VWD-AD(1-2)-95-5-0.

3ML-5UL-228NM-160MIN.M
: 9/7/2018 3:24:25 PM

1 9/10/2018 10:35:32 PM
(modified after loading)
Peak(s) manually integrated

D:\METHOD\LG\VWD-AD(1-2)-99-1-8.2ML-2UL-228NM-18MIN.M

Additional Info :
VWD1 A, Wavelength=220 nm (D:\DATALLGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\044-3701.D)

mAU ]
600 |
500;
] A
00 g &
8 &
j %—?sab
300 | f\
j \
200 | ﬂ
— [
1 l
] f \
100 | | '
f
0 ! ///— —
T N N N N T N N T N T T T T N " N T " T N T T T T T
70 75 80 85 90 95 mir]
Area Percent Report
Sorted By : Retention Time
Multiplier : 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
Rl EEEEE R B |--emmeee |--mmme-- |
1 82.990 1 MM  3.52177e4  328.70041 99.1334
2 87.193 1 MM 307.85239 3.58854 0.8666
Totals : 3.55255e4  332,28895
Page 1 of 1

Instrument 1 9/10/2018 10:35:36 PM
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HPLC of racemic-2x

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\015-1601.D
Sample Name: LGY-2-64

Acq. Operator : Seq. Line : 16
Acq. Instrument : Instrument 1 Location : vial 15
Injection Date : 9/8/2018 7:57:49 AM Inj : 1
Inj Volume : 5.000 pl
Acq. Method : D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-89-87 16-23-54\VWD-AD(1-2)-95-5-8.
3ML-5UL-228NM-98MIN. M
Last changed : 6/14/2018 9:07:28 PM
Analysis Method : D:\METHOD\LG\VWD-AD(1-2)-99-1-8.2ML-2UL-228NM-18MIN.M
Last changed 1 9/10/2018 10:17:07 PM

(modified after loading)
Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=220 nm (D:\DATALLGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-541015-1601.D)

mAU |
250 |
200 |
j A
150 & <
& . &
& S 4
& R
100 | ff\\ //\\
[\ [\
i / / .
[\ [\
\ !
50| / \ /
/
/ \//
0 _
T T T T T T T T T
60 62 64 66 68 70 72 74 78 78 miny
Area Percent Report
Sorted By : Retention Time
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
ceeefennneee e |- |--mmmeev !
1 68.994 1 MF 1.84667e4 118.64645 49.6986
2 72,998 1 FM 1.85937e4 112.75227 50.3014
Totals : 2.10604e4 231.39873
Instrument 1 9/10/2018 18:17:11 PM Page 1 of 1
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HPLC of 2x

Data File D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\046-3901.D
Sample Name: LGY-2-73-12

Acq. Operator : Seq. Line : 39
Acq. Instrument : Instrument 1 Location : Vial 46
Injection Date : 9/9/2018 6:25:37 AM Inj : 1
Inj Volume : 5.800 pl
Acq. Method ¢ D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-87 16-23-54\VWD-AD(1-2)-95-5-0.
3ML-5UL-220NM-98MIN.M
Last changed : 6/14/2018 9:07:28 PM
Analysis Method : D:\METHOD\LG\VWD-AD(1-2)-99-1-@.2ML-2UL-22BNM-10MIN.M
Last changed : 9/10/2018 10:38:13 PM

(modified after loading)
Additional Info : Peak(s) manually integrated

VWD1 A, Wavelength=220 nm (D:\DATA\LGY\LGY-2-73-RE\LGY-2-73-RE 2018-09-07 16-23-54\046-3901.D)
mAU |
400
E)
N
Q \;‘Q
300 g 4"
S
/ \
200 ﬂf \
| f \
| \
1 [ \
] \
100 f/
A
/ f'b\
] / e W
/ = &
4 w&
0| —
66 68 70 72 74 78 min
Area Percent Report
Sorted By : Retention Time
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=220 nm
Peak RetTime Sig Type Area Height Area
# [min] [mAU*s] [mAU] %
i EEEEEE R R R |--emeeee |--mmme-- |
1 69.860 1 MF  2.41019e4  271.55933 98.1979
2 73.175 1 FM 442.31656 4.69764  1.8021
Totals : 2.45442e4  276.25696
Page 1 of 1

Instrument 1 9/10/2018 10:38:16 PM
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HPLC of racemic-4a

Data File D:yDATAY LGV LGY-2-155-(2)4LG¥-2-155-(2) 2018-11-26 09-15-18%001-0201.D
Sample MName: LGY¥-Z-155

ALcg. Operator H Seq. Line : 2
Aog. Instrument @ Instrument 2 Location : Wial 1
Injection Date : 11/26/2018 9:28::20 AM Inj : 1
Inj ¥Wolume : 5.000 ul
Acg., Method : D:\DATA LGY,LGY-2-155-(2)\LGYV-2-155-(2) 2018-11-26 09-15-184DAD-0D(1-2)-90-
10-1ML-5UL-ALL-30MIN.M
Laszt changed r 5/26/2018 3:40:32 PM
Analysiz Method @ D:A\METHODATLADAD-0OJ(1-6)-80-20-1ML-3UL-ALL-10MIN. ¥
Laszt changed r 127472018 9:40:39 AM

(modified after loading)
Additional Info Peak (=) maruaally integrated

TAOT . §|g-21UZRFEHED’ﬂETMGY\LGY TR AL G T-2- 195 (2] Z0T5- T1-26 09-15- 10010207100
mAkl
140
120
~
i
100 P2l
#0
L
™)
60 - = ”Efs)’
Lo
g\?‘é}
a0 -
0
D_
T T T T T
30 40 50 1] 70
Area Percent Beport
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Sigmal 1: DAD]1 C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [milT*=] [mwair] 5
e |====]-====-= e |-===-=—-—= |--=------ |
1 35.137 BB 0.8992 Al42.919%9:2 91.04142 46,5551
2 69.617 FH Z2.602%9 7052.0z2148 45.15573 53.4449
Totals : 1.31949e4 136.19715
Instrument 2 12/4/2Z015 9:40:49 AN Page 1 of 2
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HPLC of 4a

Data File D:“\DATA\ L¥H,LYH-3-606%LYH-3-606 20158-12-03 15-33-424011-0801.D
Sanple Name: LGY-3-14-1

Acg. Operator H Seqg. Line : &
Acg. Instrument : Instrument 2 Location : ¥Vial 11
Injection Date @ 127372015 5:16:10 PM Inj : 1
Inj Wolume : 5.000 nl
Acog. Method : D:NDATAY LYHYLYH-3-606%LYH-3-606 2015-12-03 15-33-42\DAD-0D(1-2)-20-10-1ML-
SUL-ALL- 0MIN.M
Lazt changed T 5/26/2018 3:40:32 PM
Analysis Method : D:\METHODNTLADAD-0J(1-6)-80-20-1ML-3UL-ALL-10MIN. N
Last changed : 12/3/2015 8:08:37 PM

(modified after loading)
Additional Info : Peak(s) manually integrated

OADT T, Gig=210 & Fer off (O WOAT AL THEL TH-3-506L TH-3-606 Z015-12-0% 15-30-40071 1-0607 07
makl ]
350 4
300 @5\"\
g 0
250 4 M
200
150 -
100 |
0 h
g
L]
04 . \\ ,:}527@
T T T T T
a0 40 a0 1] To
Area Percent Report
Sorted By H Simmal
Multiplier H 1.0000
Iilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Gignal l: DaDl C, 5ig=210,4 Ref=off
Feak FetTime Type Width Area Height Lrea
#  [min] [min] [milr*s] [malr] 5
il bt |-===]-===—- | === | === |-=====—- |
1 35.026 MM 1.1786 1.75011ed 253.14673 98.5191
Z 71.333 MM 1.9375 Z213.91448 1.34013 1.15809
Totals : 1.81150ed 254. 98685
Instrument 2z 124372018 8§:20:22 PM Page 1 of 2
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