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1. General

All reactions were carried out under an atmosphere of nitrogen using the standard Schlenk
techniques, unless otherwise noted. Commercially available reagents were used without further
purification. Solvents were treated prior to use according to the standard methods. '"H NMR, "*C
NMR *'P NMR and ""F NMR spectra were recorded at room temperature in CDCly on 400 MHz
instrument with tetramethylsilane (TMS) as internal standard. Optical rotations were measured
with JASCO P-1010 polarimeter. Flash column chromatography was performed on silica gel
(200-300 mesh). All reactions were monitored by TLC analysis. Cyclic a-ketiminophosphonates

1a-1r and 3a-3e could be conveniently synthesized according to the known literature procedure."!

2. General Procedure for Synthesis of a-Ketiminophosphonates

a-Ketiminophosphonates were synthesized according to the known literature procedure,' among
them, 1a-f, 1j-r and 3a-e are the known compounds.

OH 0 O« '(')_ O. 9_
CISO,NH, O.4_y __ HPO(OR), $=0  Mno, $=0
T NH —> _N
CHO DMA _N Et;N/Toluene CH,Cl,
PO(OR), PO(OR),

5 6 7 1

To a solution of salicylaldehyde (15 mmol) in dimethylacetamide (100 mL) at 0 °C was
carefully added freshly prepared chlorosulfonamide (40 mmol) in small portions and the resulting
solution was stirred for 12 h. The reaction was quenched carefully with ice-cold water (100 mL)
and the mixture was transferred to a separating funnel containing dichloromethane (200 mL). The
aqueous layer was separated and extracted with dichloromethane (3%50 mL), and the combined
organic layers were washed with saturated sodium bicarbonate solution (100 mL), dried over
sodium sulfate, filtered through a short pad of silica using dichloromethane as eluent and
concentrated in vacuo. The residue was heated to 180 °C under vacuum to remove volatile
impurities to get benzoxathiazine-2,2-dioxide 6.

To a suspension of the corresponding benzoxathiazine-2,2-dioxide (25 mmol) and the
corresponding dialkyllphosphite (30 mmol) in toluene (50 mL) was added triethylamine (2.5
mmol). The solution was stirred and refluxed in toluene for 24 h until disappearance of benzo-
xathiazine-2,2-dioxide. The solution was allowed to cool to room temperature and purification was
performed by a silica gel column eluted with dichloromethane to give pure product 7.

To a solution of the above product (1.0 mmol) in dichloromethane was added freshly prepared
manganese dioxide (10 mmol) (the manganese dioxide must be freshly prepared, or the reaction
yield will be low). The solution was stirred and refluxed at 50 °C for 4-8 h. The solution was
allowed to cool to room temperature and purification was performed by a silica gel column eluted

with dichloromethane to give pure product 1.

Diisopropyl (6-fluoro-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)phosphonate
(7g) : The reaction was conducted by using 6-fluorobenzo[e][1,2,3]oxathiazine 2,2-dioxide (0.604
o g, 3.0 mmol), affording 1.023 g (93% yield) of 7g as a white solid, m.p. =

O\,é/=0 151-152 °C, Rs = 0.70 (petroleum ether/ethyl acetate 1/1). '"H NMR (400

F NH MHz, CDCl3) 6 7.54 (d, J = 9.1 Hz, 1H), 7.15-6.87 (m, 2H), 6.47 (s, 1H),
POOPN2 501 (d, J = 21.1 Hz, 1H), 4.91-4.79 (m, 1H), 4.78-4.66 (m, 1H), 1.42-1.32

(m, 9H), 1.21 (d, J = 6.2 Hz, 3H); *C NMR (100 MHz, CDCl;) & 159.2 (dd, Jpc = 245.1 Hz , Jpc
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=2.5 Hz), 147.8 (dd, Jpc = 8.9 Hz, Jyc = 2.7 Hz), 120.6 (d, Jrc = 8.4 Hz), 118.3 (dd, Jpc = 8.2 Hz,
Jre = 3.7 Hz), 116.9 (dd, Jec = 23.9 Hz, Jpc = 1.8 Hz), 114.6 (dd, Jec = 26.5 Hz, Jpc = 3.0 Hz),
74.1 (d, Jpc = 7.1 Hz), 73.9 (d, Jpc = 7.0 Hz), 54.3 (d, Jpc = 155.7 Hz), 24.2 (d, Jpc = 3.4 Hz), 24.1
(d, Jpc = 4.0 Hz), 23.9 (d, Jpc = 4.9 Hz), 23.7 (d, Jpc = 5.3 Hz); "’F NMR (376 MHz, CDCl;) &
~115.2; *'P NMR (162 MHz, CDCly) & 13.9. HRMS Calculated for C;3H,0)FNOGPS [M+H]
368.0727, found 368.0727.

Diisopropyl (6-chloro-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)phosphonate
(7h) : The reaction was conducted by using 6-chlorobenzo[e][1,2,3]oxathiazine 2,2-dioxide (0.653
g, 3.0 mmol), affording 0.995 g (86% yield) of 7h as a white solid, m.p. = 147-148 °C, Ry = 0.70
(petroleum ether/ethyl acetate 1/1). 'H NMR (400 MHz, CDCls) ¢ 7.78 (s,

(0]
O\ 1
$=0 1H), 7.34-7.22 (m, 1H), 6.95 (d, J = 8.8 Hz, 1H), 6.60 (brs, 1H), 5.00 (d, J
cl N =21.1 Hz, 1H), 4.91-4,79 (m, 1H), 4.78-4.65 (m, 1H), 1.42-1.36 (m, 6H),

POOPN: 134 (d, J = 6.2 Hz, 3H), 1.23 (d, J = 6.2 Hz, 3H); °C NMR (100 MHz,
CDCl3) & 150.4 (d, Jpc = 8.9 Hz), 130.6 (d, Jpc = 2.6 Hz), 130.0 (d, Jpc = 1.8 Hz), 127.7 (d, Jpc =
3.0 Hz), 120.5, 118.3 (d, Jpc = 3.6 Hz), 74.2 (d, Jpc = 7.1 Hz), 74.0 (d, Jpc = 7.0 Hz), 54.1 (d, Ipc
=156.3 Hz), 24.2 (d, Jpc = 3.4 Hz), 24.1 (d, Jpc = 3.9 Hz), 23.9 (d, Jpc = 5.0 Hz), 23.7 (d, Jpc =
5.4 Hz); >'P NMR (162 MHz, CDCl3) & 13.9. HRMS Calculated for C;3H,0CINOGPS [M+H]"
384.0432, found 384.0437.

Diisopropyl (6-bromo-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)phosphonate
(7i) : The reaction was conducted by using 6-bromobenzo[e][1,2,3]oxathiazine 2,2-dioxide (0.786
g, 3.0 mmol), affording 1.093 g (85% yield) of 7i as a white solid, m.p. = 133-134 °C, R = 0.70

o (petroleum ether/ethyl acetate 1/1). "H NMR (400 MHz, CDCl3) & 7.91 (s,

O\Ié/=0 1H), 7.43 (d, J = 8.7 Hz, 1H), 6.89 (d, J = 8.7 Hz, 1H), 6.76 (brs, 1H), 4.99

Br NH (d, J=21.2 Hz, 1H), 4.91-4,79 (m, 1H), 4.78-4.64 (m, 1H), 1.44-1.36 (m,
POOPN:  6H), 1.34 (d, J = 6.2 Hz, 3H), 1.25 (d, J = 6.2 Hz, 3H); >C NMR (100 MHz,

CDCl;) 8 150.9 (d, Jpc = 8.9 Hz), 132.9 (d, Jpc = 1.7 Hz), 130.6 (d, Jpc = 3.0 Hz), 120.8, 118.7 (d,
Jpc = 3.4 Hz), 118.0 (d, Jpc = 2.6 Hz), 74.2 (d, Jpc = 7.1 Hz), 74.0 (d, Jpc = 7.1 Hz), 54.0 (d, Jpc =
156.9 Hz), 24.3 (d, Jpc = 3.4 Hz), 24.1 (d, Jpc = 3.9 Hz), 23.9 (d, Jpc = 5.1 Hz), 23.7 (d, Jpc = 5.3
Hz); *'P NMR (162 MHz, CDCl;) & 13.9. HRMS Calculated for C;3HyBrNOGPS [M+H]"

427.9927, found 427.9924.

Diisopropyl (6-fluoro-2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)phosphonate (1g): The
reaction was conducted by using 7g (0.868 g, 2.4 mmol), affording 0.084 g (10% yield) of 1g as a
white solid, m.p. = 71-72 °C, R¢ = 0.40 (dichloromethane/methanol 80/1). '"H NMR (400 MHz,

o P CDCl;) 6 8.32-8.20 (m, 1H), 7.53-7.42 (m, 1H), 7.37-7.29 (m, 1H), 5.03-4.85

379 (m,2H), 149-1.38 (m, 12H); "C NMR (100 MHz, CDC3) § 172.8 (dd, Jpc =

F P/O op 200.8 Hz, Jgc = 2.5 Hz), 159.1 (d, Jpc = 248.4 Hz), 150.4 (dd, Jpc = 8.3 Hz,

(©FD, Jrc = 2.5 Hz), 125.1 (d, Jpc = 24.4 Hz), 120.9 (dd, Jgc = 8.0 Hz, Jpc = 3.1 Hz),

117.4 (d, Jpc = 26.3 Hz), 116.4 (dd, Jgc = 24.0 Hz, Jpc = 8.8 Hz), 75.5 (d, Jpc = 7.2 Hz), 24.1 (d,

Jec = 3.9 Hz), 23.9 (d, Jpc = 5.3 Hz); "’F NMR (376 MHz, CDCl;) § -112.2; *'P NMR (162 MHz,
CDCls) § -1.3. HRMS Calculated for C,3H, FN,OgPS [M+NH,]" 383.0436, found 383.0841.

Diisopropyl (6-chloro-2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)phosphonate (1h): The
reaction was conducted by using 7h (0.840 g, 2.2 mmol), affording 0.164 g (20% yield) of 1h as a
white solid, m.p. = 62-63 °C, Ry = 0.40 (dichloromethane). '"H NMR (400 MHz, CDCl;) & 8.50 (s,
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1H), 7.68 (d, J = 8.6 Hz, 1H), 7.26 (d, J = 8.6 Hz, 1H), 4.99-4.84 (m, 2H),

(0]
O.!
S0 1.48-137 (m, 12H); 13C NMR (100 MHz, CDCl3) & 172.7 (d, Jpc = 200.9
al N Hz), 152.7 (d, Jpc = 8.4 Hz), 137.6, 131.9, 130.7, 120.6 (d, Jpc = 3.1 Hz),

POOPN2 1165 (d, Jpe = 24.1 Hz), 75.4 (d, Jpc = 7.1 Hz), 24.1 (d, Jpc = 3.8 Hz), 23.8
(d, Jpc = 5.3 Hz); 3'p NMR (162 MHz, CDCl3) 6 -1.4 (t, J = 7.0 Hz). HRMS Calculated for
C13H,1CIN,OGPS [M+NH,]" 399.0541, found 399.0545.

Diisopropyl (6-bromo-2,2-dioxidobenzo|e][1,2,3]oxathiazin-4-yl)phosphonate (1i): The
reaction was conducted by using 7i (0.922 g, 2.2 mmol), affording 0.300 g (32% yield) of 1i as a
white solid, m.p. = 48-49 °C, Ry = 0.40 (dichloromethane). '"H NMR (400 MHz, CDCl;) &
0 8.71-8.61 (m, 1H), 7.91-7.77 (m, 1H), 7.20 (d, J = 8.8 Hz, 1H), 5.10-4.85

ONy/8
$0  (m, 2H), 1.51-1.39 (m, 12H); *C NMR (100 MHz, CDCl;) 6 172.7 (d, J =
N
Br = 201.2 Hz), 153.3 (d, J = 8.4 Hz), 140.4, 133.8, 120.9 (d, J = 3.1 Hz), 119.2,
PO(O'Pr),

117.1 (d, J=24.1 Hz), 75.5 (d, J = 7.2 Hz), 24.2 (d, J = 3.8 Hz), 23.9 (d, J =
5.4 Hz); *'P NMR (162 MHz, CDCl;) & -1.3. HRMS Calculated for C3H,BrN,OgPS [M+NH,4]"
443.0036, found 443.0035.

3. Pd-Catalyzed Asymmetric Arylation of Cyclic a-Ketiminophosphonates

ofs
_N

/: 2
Z-.
Z o

o

Pd(OCOCF3), (1 mol %)

PO(OR), (S)Bu-Phox (1.5 mol %) 2 A” "PO(OR),
o + ArB(OH), o
2,0 TFE, 70 °C w0
s S
(L » [l
3 PO(OR), 4 A° PO(OR),

Pd(OCOCF3), (0.7 mg, 0.002 mmol) and (S)-Bu-Phox (1.2 mg, 0.003 mmol) were placed in a
dried Schlenk tube, and degassed anhydrous acetone (1 mL) was added. The mixture was stirred at
room temperature for 0.5 h, then, the solvent was removed under vacuum to give the catalyst. In
air, to the mixture of iminophosphonates (1 or 3, 0.20 mmol) and arylboronic acids (0.40 mmol)
was added the above catalyst with 2,2,2-trifluoroethanol (4.0 mL). The solution was stirred at 70
°C for 12-48 h. The reaction mixture was cooled to room temperature, and the solvent was
removed by rotary evaporation. Flash chromatography on silica gel using dichloromethane as the

eluent gave the quaternary a-aminophosphonates products.

(S)-(+)-Diisopropyl(2,2-dioxido-4-phenyl-3,4-dihydrobenzo|e][1,2,3]oxathiazin-4-yl)phosp
honate (2a): 81 mg, 95% yield, 99.9% ee, [a]zoD =+70.84 (c 1.66, CHCIl;), unknown compound,
white solid, m.p. = 184-185 °C, Ry = 0.30 (dichloromethane/methanol 80/1). "H NMR (400 MHz,

0 CDCl3) 6 7.87-7.66 (m, 3H), 7.48-7.18 (m, 6H), 7.12 (d, J = 8.0 Hz, 1H),
$=0 4.80-4.60 (m, 1H), 4.60-4.40 (m, 1H), 1.27 (d, J=5.9 Hz, 3H), 1.22 (d,J=5.9
Hz, 3H), 1.15 (d, J = 5.9 Hz, 3H), 0.86 (d, J = 5.8 Hz, 3H); *C NMR (100
MHz, CDCl3) 8 151.2 (d, Jpc = 8.3 Hz), 137.4 (d, Jpc = 0.9 Hz), 130.7 (d, Jpc =
3.4 Hz), 130.3 (d, Jpc = 1.8 Hz), 128.7 (d, Jpc = 2.1 Hz), 128.5 (d, Jpc = 5.5 Hz), 128.3 (d, Jpc =
1.5 Hz), 124.8 (d, Jpc = 2.2 Hz), 120.6 (d, Jpc = 6.0 Hz), 119.9, 74.8 (d, Jpc = 7.7 Hz), 74.1 (d, Jpc
= 7.8 Hz), 67.5 (d, Jpc = 155.5 Hz), 24.5 (d, Jpc = 2.3 Hz), 24.2 (d, Jpc = 3.1 Hz), 23.5 (d, Jpc =
5.8 Hz), 22.9 (d, Jpc = 6.5 Hz); *'P NMR (162 MHz, CDCl;) & 15.1. HPLC: Chiralcel AD-H
column, 220 nm, 30 °C, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 18.7 min

PR PO(OPY),
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and 22.5 min (maj). HRMS Calculated for C19H,5sNOgPS [MJrH]+ 426.1135, found 426.1137.

(S)-(+)-Diethyl(2,2-dioxido-4-phenyl-3,4-dihydrobenzo|e][1,2,3]oxathiazin-4-yl)phosphona
te (2b): 77 mg, 97% yield, 99.8% ee, [a]*’p = +62.09 (¢ 1.72, CHC3), unknown compound, white
solid, m.p. = 168-169 °C, R¢= 0.50 (dichloromethane/methanol 80/1). '"H NMR (400 MHz, CDCls)

O\S//C-)o 6 7.81 (d, J = 8.0 Hz, 1H), 7.75-7.65 (m, 2H), 7.43 (t, J = 7.8 Hz, 1H),
NH 7.40-7.32 (m, 3H), 7.32-7.27 (m, 1H), 7.15 (d, J = 8.2 Hz, 1H), 6.53 (s, 1H),

4.13-3.96 (m, 3H), 3.87-3.75 (m, 1H), 1.22 (t,J=7.1 Hz, 3H), 1.13 (t, J="7.1
Hz, 3H); *C NMR (100 MHz, CDCl3) & 151.2 (d, Jpc = 8.3 Hz), 136.7 (d, Jpc
= 1.8 Hz), 130.6 (d, Jpc = 3.5 Hz), 130.5 (d, Jpc = 2.1 Hz), 128.9 (d, Jpc = 2.1 Hz), 128.6 (d, Jpc =
5.7 Hz), 128.5 (d, Jpc = 2.1 Hz), 125.2 (d, Jpc = 2.3 Hz), 121.2 (d, Jpc = 4.9 Hz), 120.0 (d, Jpc =
0.8 Hz), 67.5 (d, Jpc = 154.2 Hz), 65.2 (d, Jpc = 6.8 Hz), 65.1 (d, Jpc = 6.8 Hz), 16.4 (d, Jpc = 5.7
Hz), 16.3 (d, Jpc = 5.4 Hz); °'P NMR (162 MHz, CDCl;) § 16.7. HPLC: Chiralcel AS-H column,
220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 9.8 min (maj) and
18.1 min. HRMS Calculated for C,7H, NOgPS [M+H]" 398.0822, found 398.0824.

PR PO(OEL),

(S)-(+)-Diisopropyl(7-methyl-2,2-dioxido-4-phenyl-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4
-yl)phosphonate (2¢): 78 mg, 89% yield, 99.9% ee, [a]ZOD = +57.59 (¢ 1.62, CHCl3), unknown
compound, white solid, m.p. = 173-174 °C, R, = 0.50 (dichloromethane/methanol 80/1). "H NMR

o (400 MHz, CDCl3) 6 7.74 (d, J = 7.0 Hz, 2H), 7.67 (d, J = 7.5 Hz, 1H),
\,Sllzo 7.40-7.28 (m, 3H), 7.08 (d, J = 8.0 Hz, 1H), 6.94 (s, 1H), 6.72 (s, 1H),
e 4.70-4.57 (m, 1H), 4.56-4.44 (m, 1H), 2.39 (s, 3H), 1.27 (d, J = 6.1 Hz,
3H), 1.23 (d, J=6.1 Hz, 3H), 1.15 (d, J = 6.1 Hz, 3H), 0.89 (d, J= 6.1 Hz,
3H); *C NMR (100 MHz, CDCl3) & 151.1 (d, Jpc = 8.3 Hz), 141.0 (d, Jpc = 2.3 Hz), 137.4 (d, Jpc
= 1.2 Hz), 130.4 (d, Jpc = 3.5 Hz), 128.7 (d, Jpc = 2.1 Hz), 128.6 (d, Jpc = 5.5 Hz), 128.3 (d, Jpc =
1.7 Hz), 125.9 (d, Jpc = 2.3 Hz), 120.1 (d, Jpc = 0.8 Hz), 117.6 (d, Jpc = 5.7 Hz), 74.5 (d, Jpc = 7.8
Hz), 74.1 (d, Jpc = 7.8 Hz), 67.3 (d, Jpc = 155.3 Hz), 24.5 (d, Jpc = 2.4 Hz), 24.3 (d, Jpc = 3.0 Hz),
23.5 (d, Jpc = 6.0 Hz), 23.1 (d, Jpc = 6.3 Hz), 21.2; *'P NMR (162 MHz, CDCl3) 6 15.3. HPLC:
Chiralcel AD-H column, 220 nm, 30 °C, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min,
retention time 14.1 min and 25.1 min (maj). HRMS Calculated for CyyH,7;NO¢PS [M+H]+
440.1291, found 440.1295.

Me (0]

PR PO(O'PI),

(S)-(+)-Diisopropyl(8-methoxy-2,2-dioxido-4-phenyl-3,4-dihydrobenzo[e][1,2,3]oxathiazin-
4-yl)phosphonate (2d): 81 mg, 89% yield, 99.9% ee, [oc]zOD =+77.53 (¢ 1.50, CHCl3), unknown
compound, white solid, m.p. = 206-207 °C, R¢ = 0.50 (dichloromethane/methanol 80/1). 'H NMR

ome (400 MHz, CDCLy) & 7.76-7.70 (m, 2H), 7.45-7.39 (m, 1H), 7.39-7.30 (m, 3H),
ONZo  7.20(t, =82 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 6.58 (brs, 1H), 4.71-4.58 (m,

I
NH 1H), 4.57-4.45 (m, 1H), 3.90 (s, 3H), 1.28 (d, J = 6.2 Hz, 3H), 1.24 (d, J = 6.2

PR PO(OPR), Hz, 3H), 1.17 (d, J = 6.2 Hz, 3H), 0.88 (d, J = 6.2 Hz, 3H); *C NMR (100
MHz, CDCl3) & 149.80, 141.1 (d, Jpc = 8.9 Hz), 137.2 (d, Jpc = 1.9 Hz), 128.7 (d, Jpc = 2.3 Hz),
128.6 (d, Jpc = 5.5 Hz), 128.3 (d, Jpc = 1.8 Hz), 124.5 (d, Jpc = 2.2 Hz), 122.2 (d, Jpc = 5.2 Hz),
121.7 (d, Jpc = 3.4 Hz), 112.8 (d, Jpc = 2.1 Hz), 74.7 (d, Jpc = 7.7 Hz), 74.1 (d, Jpc = 7.9 Hz), 67.8
(d, Jpc = 155.2 Hz), 56.6, 24.5 (d, Jpc = 2.4 Hz), 24.2 (d, Jpc = 3.3 Hz), 23.6 (d, Jpc = 5.8 Hz),
23.0 (d, Jpc = 6.4 Hz); 3'p NMR (162 MHz, CDCl;) 6 15.1. HPLC: Chiralcel AD-H column, 220
nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 20.0 min and 36.6 min
(maj). HRMS Calculated for Co0H,,NO;PS [M+H]" 456.1240, found 456.1239.
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(S)-(+)-Diisopropyl(7-methoxy-2,2-dioxido-4-phenyl-3,4-dihydrobenzo[e][1,2,3]oxathiazin-
4-yl)phosphonate (2¢): 83 mg, 91% yield, 99.9% ee, [a]*’p = +46.89 (c 1.74, CHCls), unknown
compound, white solid, m.p. = 162-163 °C, R¢ = 0.50 (dichloromethane/methanol 80/1). "H NMR
(400 MHz, CDCls) 6 7.74 (d, J = 6.6 Hz, 2H), 7.69 (d, J = 8.8 Hz, 1H),
7.39-7.28 (m, 3H), 6.88-6.79 (m, 1H), 6.77 (s, 1H), 6.65 (s, 1H),
4.71-4.57 (m, 1H), 4.57-4.42 (m, 1H), 3.84 (s, 3H), 1.27 (d, J = 6.1 Hz,
3H), 1.24 (d, J = 6.1 Hz, 3H), 1.17 (d, J = 6.1 Hz, 3H), 0.90 (d, J = 6.1
Hz, 3H); *C NMR (100 MHz, CDCl3) & 160.9 (d, Jpc = 1.8 Hz), 152.1 (d, Jpc = 8.2 Hz), 137.6,
131.4 (d, Jpc = 3.3 Hz), 128.7 (d, Jpc = 2.1 Hz), 128.5 (d, Jpc = 5.5 Hz), 128.3 (d, Jpc = 1.7 Hz),
112.1 (d, Jpc = 6.0 Hz), 111.7 (d, Jpc = 2.2 Hz), 104.5, 74.6 (d, Jpc = 7.8 Hz), 74.1 (d, Jpc = 7.8
Hz), 67.0 (d, Jpc = 155.7 Hz), 55.9, 24.5 (d, Jpc = 2.4 Hz), 24.3 (d, Jpc = 3.1 Hz), 23.6 (d, Jpc =
5.9 Hz), 23.1 (d, Jpc = 6.3 Hz); *'P NMR (162 MHz, CDCl;) & 15.4. HPLC: Chiralcel AD-H
column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.7 min
and 25.5 min (maj). HRMS Calculated for C,0H,7NO;PS [MJrH]+ 456.1240, found 456.1244.

MeO o. P
$=0
NH
PR PO(O'Pr),

(S)-(+)-Diisopropyl(6-methoxy-2,2-dioxido-4-phenyl-3,4-dihydrobenzo|e][1,2,3]oxathiazin-
4-yl)phosphonate (2f): 78 mg, 86% yield, 99.5% ee, [0]*’p = +81.46 (c 1.50, CHCls), unknown
compound, white solid, m.p. = 164-165 °C, Ry = 0.50 (dichloromethane/methanol 80/1). "H NMR

0 (400 MHz, CDCl;) 6 7.80-7.72 (m, 2H), 7.40-7.31 (m, 4H), 7.06 (d, J =
\§//=O 9.0 Hz, 1H), 6.98-6.91 (m, 1H), 6.63 (s, 1H), 4.66-4.51 (m, 2H), 3.80 (s,

NH 3H), 1.29 (d, J = 6.2 Hz, 3H), 1.23 (d, J = 6.1 Hz, 3H), 1.16 (d, J = 6.2
Hz, 3H), 0.95 (d, J = 6.2 Hz, 3H); >C NMR (100 MHz, CDCL3) 5 156.3
(d, Jpc = 2.5 Hz), 145.0 (d, Jpc = 8.5 Hz), 137.0 (d, Jpc = 1.6 Hz), 128.8 (d, Jpc = 2.2 Hz), 128.6 (d,
Jpc = 5.5 Hz), 128.4 (d, Jpc = 1.7 Hz), 122.0 (d, Jpc = 5.6 Hz), 120.6 (d, Jpc = 0.8 Hz), 116.1 (d,
Jpc = 2.1 Hz), 115.2 (d, Jpc = 3.4 Hz), 74.5 (d, Jpc = 7.9 Hz), 74.3 (d, Jpc = 7.7 Hz), 67.6 (d, Jpc =
155.0 Hz), 56.0, 24.5 (d, Jpc = 2.6 Hz), 24.3 (d, Jpc = 3.1 Hz), 23.5 (d, Jpc = 6.0 Hz), 23.1 (d, Jpc
= 6.2 Hz), 3P NMR (162 MHz, CDCl3) & 15.1. HPLC: Chiralcel AD-H column, 220 nm, 30 °C,
n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.9 min and 16.3 min (maj).
HRMS Calculated for C,0H,,NO,PS [M+H]" 456.1240, found 456.1242.

(0]

MeO R _
Ph PO(O'Pr),

(S)-(+)-Diisopropyl(6-fluoro-2,2-dioxido-4-phenyl-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-

yDphosphonate (2g): 82 mg, 92% yield, 99.9% ee, [a]ZOD = +71.56 (c 1.60, CHCl;), unknown
compound, white solid, m.p. = 142-143 °C, R; = 0.60 (dichloromethane/methanol 80/1). "H NMR
0 (400 MHz, CDCl3) 6 7.75 (d, J = 3.3 Hz, 2H), 747 (d, J = 9.4 Hz, 1H),
’\.IS:O 7.42-7.32 (m, 3H), 7.20-7.05 (m, 2H), 4.82-4.65 (m, 1H), 4.64-4.46 (m, 1H),
1.28 (d, J= 6.2 Hz, 3H), 1.22 (d, J = 6.1 Hz, 3H), 1.17 (d, J = 6.2 Hz, 3H),
0.91 (d, J = 6.2 Hz, 3H); *C NMR (100 MHz, CDCL3) & 158.7 (dd, Jpc =
244.6 Hz, Jpc = 2.8 Hz), 147.2 (dd, Jpc = 8.0 Hz, Jgc = 2.6 Hz), 137.2, 128.9 (d, Jpc = 1.9 Hz),
128.5 (d, Jpc = 1.5 Hz), 128.4 (d, Jpc = 5.7 Hz), 122.6, 121.1 (d, Jec = 8.8 Hz), 117.3 (d, Jpc =
29.5 Hz), 117.3 (d, Jgc = 22.8 Hz), 75.1 (d, Jpc = 7.8 Hz), 74.4 (d, Jpc = 7.8 Hz), 67.5 (d, Jpc =
156.6 Hz), 24.3 (d, Jpc = 2.5 Hz), 24.2 (d, Jpc = 3.2 Hz), 23.5 (d, Jpc = 5.8 Hz), 23.0 (d, Jpc = 6.3
Hz); ’F NMR (376 MHz, CDCl;) & -115.8; *'P NMR (162 MHz, CDCl3) & 14.4. HPLC: Chiralcel
AD-H column, 220 nm, 30 °C, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time
19.4 min and 24.2 min (maj). HRMS Calculated for Ci9HysFNO¢PS [M+H]+ 444.1040, found
444.1045.

PR PO(O'PY),
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(S)-(+)-Diisopropyl(6-chloro-2,2-dioxido-4-phenyl-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-
yl)phosphonate (2h): 82 mg, 89% yield, 99.9% ee, [a]*’p = +65.79 (¢ 1.64, CHCI3), unknown
compound, white solid, m.p. = 190-191 °C, R = 0.40 (dichloromethane/methanol 80/1). "H NMR
0 (400 MHz, CDCl3) 8 7.84-7.64 (m, 3H), 7.45-7.29 (m, 5H), 7.08 (d, J = 8.7
70 Hz, 1H), 4.78-4.64 (m, 1H), 4.62-4.47 (m, 1H), 1.29 (d, J = 6.1 Hz, 3H),
1.22 (d, J= 6.1 Hz, 3H), 1.18 (d, J = 6.2 Hz, 3H), 0.94 (d, J = 6.2 Hz, 3H);
3C NMR (100 MHz, CDCl3) & 149.8 (d, Jpc = 8.2 Hz), 136.9, 130.4 (d, Jpc
= 3.4 Hz), 130.3 (d, Jpc = 2.1 Hz), 130.2 (d, Jpc = 2.7 Hz), 129.0 (d, Jpc = 2.0 Hz), 128.5 (d, Jpc =
1.5 Hz), 128.4 (d, Jpc = 5.5 Hz), 122.6 (d, Jpc = 6.2 Hz), 121.1, 75.0 (d, Jpc = 7.8 Hz), 74.4 (d, Jpc
= 7.8 Hz), 67.4 (d, Jpc = 155.8 Hz), 24.3 (d, Jpc = 2.7 Hz), 24.2 (d, Jpc = 3.2 Hz), 23.5 (d, Jpc =
5.8 Hz), 23.1 (d, Jpc = 6.1 Hz); *'P NMR (162 MHz, CDCl;) & 14.4. HPLC: Chiralcel AS-H
column, 220 nm, 30 °C, n-hexane/i-propanol = 95/5, flow = 0.7 mL/min, retention time 17.2 min
(maj) and 22.6 min. HRMS Calculated for C;9HsCINOgPS [MJrH]+ 460.0745, found 460.0748.

CI S B
Ph PO(O'Pr),

(S)-(+)-Diisopropyl(6-bromo-2,2-dioxido-4-phenyl-3,4-dihydrobenzo|e][1,2,3]oxathiazin-4-
yl)phosphonate (2i): 74 mg, 73% yield, 99.9% ee, [a]*’p = +65.00 (¢ 1.48, CHCl3), unknown
compound, white solid, m.p. = 192-193 °C, Ry = 0.30 (dichloromethane/methanol 80/1). "H NMR

o (400 MHz, CDCl;) 6 7.91 (s, 1H), 7.71 (d, J = 5.0 Hz, 2H), 7.53 (d, J = 8.6
\,S//=O Hz, 1H), 7.45-7.32 (m, 3H), 7.02 (d, J = 8.7 Hz, 1H), 4.78-4.63 (m, 1H),
<H 4.62-4.46 (m, 1H), 1.29 (d, J = 6.1 Hz, 3H), 1.22 (d, J = 6.1 Hz, 3H), 1.18
(d, J= 6.1 Hz, 3H), 0.95 (d, J = 6.1 Hz, 3H); °C NMR (100 MHz, CDCl;)
8 150.4 (d, Jpc = 7.9 Hz), 136.8 (d, Jpc = 1.4 Hz), 133.3 (d, Jpc = 3.3 Hz), 133.2 (d, Jpc = 2.0 Hz),
129.0 (d, Jpc = 1.9 Hz), 128.6 (d, Jpc = 1.4 Hz), 128.5 (d, Jpc = 5.5 Hz), 123.0 (d, Jpc = 6.2 Hz),
121.5, 117.6 (d, Jpc = 2.9 Hz), 75.0 (d, Jpc = 8.0 Hz), 74.5 (d, Jpc = 7.8 Hz), 67.3 (d, Jpc = 155.6
Hz), 24.3 (d, Jpc = 2.8 Hz), 24.2 (d, Jpc = 3.2 Hz), 23.6 (d, Jpc = 5.8 Hz), 23.1 (d, Jpc = 6.1 Hz);
3P NMR (162 MHz, CDCl;) & 14.4. HPLC: Chiralcel AD-H column, 220 nm, 30 °C,
n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 21.1 min (maj) and 25.3 min.
HRMS Calculated for C;oH,,BrNOGPS [M+H]" 504.0240, found 504.0244.

o]

Br 3 )
Ph PO(O'Pr),

(S)-(+)-Diisopropyl(2,2-dioxido-4-(p-tolyl)-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)phos
phonate (2j): 78 mg, 89% yield, 99.0% ee, [a]*’p = +59.77 (c 1.74, CHCls), unknown compound,
white solid, m.p. = 150-151 °C, R¢ = 0.60 (dichloromethane/methanol 80/1). "H NMR (400 MHz,

0.£, ~ CDClL)87.81(d,J=8.0Hz IH).7.60 (d,J=68 Hz, 2H), 741 (. )= 7.8 Hz,
o 1H), 7.30-7.22 (m, 1H), 7.18-7.09 (m, 3H), 6.57 (brs, 1H), 4.68-4.58 (m, 1H),

N PO(OPY), 4.56-4.46 (m, 1H), 2.33 (s, 3H), 1.27 (d, J = 6.2 Hz, 3H), 1.23 (d, J = 6.1 Hz,
Q 3H), 1.17 (d, J = 6.2 Hz, 3H), 0.89 (d, J = 6.2 Hz, 3H); *C NMR (100 MHz,
Mé CDCl;) 6 151.3 (d, Jpc = 8.3 Hz), 138.6 (d, Jpc = 2.4 Hz), 134.2 (d, Jpc = 1.6
Hz), 130.7 (d, Jpc = 3.5 Hz), 130.3 (d, Jpc = 2.0 Hz), 129.1 (d, Jpc = 1.7 Hz), 128.5 (d, Jpc = 5.6
Hz), 125.0 (d, Jpc = 2.3 Hz), 121.0 (d, Jpc = 5.6 Hz), 119.9 (d, Jpc = 0.8 Hz), 74.5 (d, Jpc = 7.7
Hz), 74.1 (d, Jpc = 7.8 Hz), 67.4 (d, Jpc = 155.2 Hz), 24.5 (d, Jpc = 2.5 Hz), 24.3 (d, Jpc = 3.0 Hz),
23.6 (d, Jpc = 6.0 Hz), 23.0 (d, Jpc = 6.3 Hz), 21.3; *'P NMR (162 MHz, CDCl3) 6 15.3. HPLC:
Chiralcel AD-H column, 220 nm, 30 °C, n-hexane/i-propanol = 60/40, flow = 0.6 mL/min,
retention time 14.2 min and 44.4 min (maj). HRMS Calculated for C;yH,7NO¢PS [M+H]+

440.1291, found 440.1291.
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(S)-(+)-Diisopropyl(4-(4-methoxyphenyl)-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin
-4-yl)phosphonate (2k): 82 mg, 90% yield, 99.7% ee, [a]*’p = +63.08 (c 1.62, CHCls), unknown
compound, white solid, m.p. = 172-173 °C, R¢ = 0.50 (dichloromethane/methanol 80/1). "H NMR

0\5{80 (400 MHz, CDCls3) 6 7.80 (d, J = 7.5 Hz, 1H), 7.64 (d, J = 7.9 Hz, 2H), 7.41

NH (t, J=17.3 Hz, 1H), 7.30-7.22 (m, 1H), 7.12 (d, J = 7.9 Hz, 1H), 6.86 (d, J =

s PO(O'P), 8.4 Hz, 2H), 6.74 (brs, 1H), 4.75-4.60 (m, 1H), 4.60-4.40 (m, 1H), 3.80 (s,

3H), 1.27 (d, J = 5.9 Hz, 3H), 1.24 (d, J = 5.9 Hz, 3H), 1.18 (d, J = 5.9 Hz,

MeO 3H), 0.89 (d, J = 5.9 Hz, 3H); *C NMR (100 MHz, CDCl3) & 159.8 (d, Jpc =

1.9 Hz), 151.3 (d, Jpc = 8.3 Hz), 130.6 (d, Jpc = 3.4 Hz), 130.3 (d, Jpc = 1.9 Hz), 129.9 (d, Jpc =

5.6 Hz), 129.2 (d, Jpc = 1.6 Hz), 124.9 (d, Jpc = 2.2 Hz), 121.0 (d, Jpc = 5.5 Hz), 119.9, 113.7 (d,

Jpc = 1.4 Hz), 74.6 (d, Jpc = 7.8 Hz), 74.0 (d, Jpc = 7.9 Hz), 67.2 (d, Jpc = 156.4 Hz), 55.4, 24.5 (d,

Jpc = 2.3 Hz), 24.3 (d, Jpc = 3.2 Hz), 23.6 (d, Jpc = 5.8 Hz), 23.1 (d, Jpc = 6.3 Hz); *'P NMR (162

MHz, CDCl3) 8§ 15.2. HPLC: Chiralcel AD-H column, 220 nm, 30 °C, n-hexane/i-propanol =

60/40, flow = 0.6 mL/min, retention time 17.1 min and 53.3 min (maj). HRMS Calculated for
C,0H2,NO,PS [M+H]" 456.1240, found 456.1242.

(S)-(+)-Diisopropyl(2,2-dioxido-4-(m-tolyl)-3,4-dihydrobenzo[e][1,2,3] oxathiazin-4-yl)phos
phonate (21): 71 mg, 81% yield, 99.9% ee, [a]*’p = +70.56 (c 1.42, CHCl;), unknown compound,
white solid, m.p. = 180-181 °C, R = 0.50 (dichloromethane/methanol 80/1). '"H NMR (400 MHz,

O\S/EO CDCl;) 8 7.86-7.80 (m, 1H), 7.56-7.49 (m, 2H), 7.46-7.37 (m, 1H), 7.31-7.19

NH (m, 2H), 7.13 (t, J = 7.2 Hz, 2H), 6.82 (brs, 1H), 4.74-4.59 (m, 1H), 4.57-4.42

$ PO(OPY), (m, 1H), 2.33 (s, 3H), 1.28 (d, J = 6.2 Hz, 3H), 1.23 (d, J = 6.2 Hz, 3H), 1.16 (d,

J=6.2 Hz, 3H), 0.86 (d, J = 6.2 Hz, 3H); °C NMR (100 MHz, CDCl;) & 151.3

Me (d, Jpc = 8.4 Hz), 137.9 (d, Jpc = 1.8 Hz), 137.0 (d, Jpc = 1.8 Hz), 130.7 (d, Jpc

= 3.5 Hz), 130.2 (d, Jpc = 2.0 Hz), 129.5 (d, Jpc = 2.2 Hz), 129.1 (d, Jpc = 5.5 Hz), 128.2 (d, Jpc =

1.7 Hz), 125.7 (d, Jpc = 5.4 Hz), 124.8 (d, Jpc = 2.2 Hz), 120.8 (d, Jpc = 5.8 Hz), 119.9, 74.7 (d,

Jpc = 7.8 Hz), 74.0 (d, Jpc = 7.9 Hz), 67.5 (d, Jpc = 154.7 Hz), 24.5 (d, Jpc = 2.2 Hz), 24.2 (d, Jpc

=3.2 Hz), 23.6 (d, Jpc = 5.9 Hz), 22.9 (d, Jpc = 6.5 Hz), 21.8; *'P NMR (162 MHz, CDCl3)  15.2.

HPLC: Chiralcel AD-H column, 220 nm, 30 °C, n-hexane/i-propanol = 60/40, flow = 0.6 mL/min,

retention time 10.5 min (maj) and 13.9 min. HRMS Calculated for C,;)H;;NO¢PS [M+H]"
440.1291, found 440.1295.

(S)-(+)-Diisopropyl(4-(3-methoxyphenyl)-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin
-4-yl)phosphonate (2m): 84 mg, 92% yield, 99.9% ee, [a]*’p = +61.01 (c 1.68, CHCl3), unknown
compound, white solid, m.p. = 129-130 °C, R, = 0.40 (dichloromethane/methanol 80/1). "H NMR

0. L (400 MHz, CDCL;) 8 7.85 (d, J = 8.0 Hz, 1H), 7.34-7.29 (m, 1H), 7.29-7.23 (m,
NH 2H), 7.27 (d, J = 6.6 Hz, 2H), 7.13 (d, J = 8.2 Hz, 1H), 6.87 (d, J = 7.9 Hz, 1H),

ooy, 6.26 (brs, 1H), 4.70-4.58 (m, 1H), 4.56-4.43 (m, 1H), 3.77 (s, 3H), 1.28 (d, J =

6.2 Hz, 3H), 1.25 (d, J = 6.2 Hz, 3H), 1.17 (d, J = 6.2 Hz, 3H), 0.88 (d, J = 6.2

OMe Hz, 3H); *C NMR (100 MHz, CDCls) § 159.5 (d, Jpc = 1.3 Hz), 151.2 (d, Jpc

= 8.2 Hz), 138.9 (d, Jpc = 0.8 Hz), 130.6 (d, Jpc = 3.5 Hz), 130.3 (d, Jpc = 1.9 Hz), 129.3 (d, Jpc =
1.7 Hz), 124.9 (d, Jpc = 2.1 Hz), 120.9 (d, Jpc = 5.2 Hz), 120.6 (d, Jpc = 5.9 Hz), 119.8, 114.8 (d,
Jpc = 5.8 Hz), 113.9 (d, Jpc = 1.9 Hz), 74.8 (d, Jpc = 7.7 Hz), 74.1 (d, Jpc = 7.9 Hz), 67.5 (d, Ipc =
155.0 Hz), 55.40, 24.5 (d, Jpc = 2.3 Hz), 24.2 (d, Jpc = 3.2 Hz), 23.6 (d, Jpc = 5.7 Hz), 23.0 (d, Jpc
= 6.5 Hz); *'P NMR (162 MHz, CDCl3) § 15.1. HPLC: Chiralcel AD-H column, 220 nm, 30 °C,
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n-hexane/i-propanol = 60/40, flow = 0.6 mL/min, retention time 13.7 min (maj) and 20.7 min.
HRMS Calculated for C,oH,7NO,PS [MJrH]+ 456.1240, found 456.1244.

(S)-(+)-Diisopropyl(4-(3,5-dimethylphenyl)-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiaz
in-4-yl)phosphonate (2n): 82 mg, 90% yield, 99.6% ece, [a]*n = +70.42 (c 1.64, CHCl3),
unknown compound, white solid, m.p. = 200-201 °C, Ry = 0.60 (dichloromethane/methanol 80/1).

O\ngo 'H NMR (400 MHz, CDCl3) & 7.85 (d, J = 8.0 Hz, 1H), 7.41 (t, J = 7.8 Hz,

NH 1H), 7.32-7.23 (m, 3H), 7.11 (d, J = 8.2 Hz, 1H), 6.94 (s, 1H), 4.70-4.56 (m,

N poo'py, 1H), 4.55-4.41 (m, 1H), 2.27 (s, 6H), 1.27 (d, J = 6.2 Hz, 3H), 1.23 (d, ) =

Me@ 6.2 Hz, 3H), 1.17 (d, J = 6.2 Hz, 3H), 0.85 (d, J = 6.2 Hz, 3H); °C NMR

Me (100 MHz, CDCl3) 6 151.2 (d, Jpc = 8.4 Hz), 137.7 (d, Jpc = 1.8 Hz), 136.7

(d, Jpc = 2.0 Hz), 130.7 (d, Jpc = 3.5 Hz), 130.5 (d, Jpc = 2.2 Hz), 130.2 (d, Jpc = 2.0 Hz), 126.3 (d,

Jpc = 5.5 Hz), 124.8 (d, Jpc = 2.2 Hz), 120.9 (d, Jpc = 5.2 Hz), 119.8, 74.6 (d, Jpc = 7.7 Hz), 73.9

(d, Jpc = 7.9 Hz), 67.5 (d, Jpc = 154.3 Hz), 24.5 (d, Jpc = 2.1 Hz), 24.2 (d, Jpc = 3.1 Hz), 23.5 (d,

Jpc = 6.0 Hz), 22.9 (d, Jpc = 6.5 Hz), 21.7; *'P NMR (162 MHz, CDCl3) § 15.3. HPLC: Chiralcel

AD-H column, 220 nm, 30 °C, n-hexane/i-propanol = 60/40, flow = 0.6 mL/min, retention time

7.2 min (maj) and 12.9 min. HRMS Calculated for C,;HyyNOgPS [M+H]+ 454.1448, found
454.1450.

(S)-(+)-Diisopropyl(4-(4-fluorophenyl)-2,2-dioxido-3,4-dihydrobenzo|e][1,2,3]oxathiazin-4
-yl)phosphonate (20): 85 mg, 96% yield, 99.9% ee, [oc]ZOD = +63.48 (¢ 1.78, CHCl3), unknown
compound, white solid, m.p. = 186-187 °C, R, = 0.50 (dichloromethane/methanol 80/1). "H NMR

o (400 MHz, CDCl;) 6 7.86 (d, J = 7.8 Hz, 1H), 7.77-7.66 (m, 2H), 7.44 (t, J =

O\IS//=O 7.6 Hz, 1H), 7.30 (d, J = 7.7 Hz, 1H), 7.15 (d, J = 8.2 Hz, 1H), 7.03 (t, J =84

R NH _ Hz, 2H), 6.14 (brs, 1H), 4.71-4.57 (m, 1H), 4.55-4.42 (m, 1H), 1.36-1.22 (m,

\ POOPI2 61 1.19 (d, J = 6.1 Hz, 3H), 0.89 (d, J = 6.1 Hz, 3H); °C NMR (100 MHz,
Q CDCl;) 6 162.9 (dd, Jpc = 248.7, Jpc = 2.2 Hz), 151.3 (d, Jpc = 8.2 Hz), 133.3,
F 130.7, 130.6 (d, Jpc = 2.7 Hz), 130.5 (d, Jpc = 3.6 Hz), 125.0, 120.5 (d, Jpc =
5.9 Hz), 120.0, 115.2 (d, Jpc = 22.8 Hz), 74.9 (d, Jpc = 7.8 Hz), 74.2 (d, Jpc = 7.9 Hz), 67.0 (d, Jpc
= 156.0 Hz), 24.4 (d, Jpc = 2.4 Hz), 24.2 (d, Jpc = 3.3 Hz), 23.6 (d, Jpc = 5.7 Hz), 23.1 (d, Jpc =
6.3 Hz); "’F NMR (376 MHz, CDCl3) 6 -113.3 (d, Jpr = 3.4 Hz); *'P NMR (162 MHz, CDCl;) &
14.8. HPLC: Chiralcel OJ-H column, 220 nm, 30 °C, n-hexane/i-propanol = 95/5, flow = 0.6
mL/min, retention time 13.1 min and 17.5 min (maj). HRMS Calculated for C;oH;sFNO¢PS

[M+H]" 444.1040, found 444.1040.
(S)-(+)-Diisopropyl(4-(4-chlorophenyl)-2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4

-yl)phosphonate (2p): 79 mg, 86% yield, 99.9% ee, [a]*’p = +50.63 (¢ 1.58, CHCls), unknown
compound, white solid, m.p. = 186-187 °C, R¢ = 0.50 (dichloromethane/methanol 80/1). 'H NMR

0., (400 MHz, CDCLy) 8 7.81-7.73 (m, 1H), 7.71-7.63 (m, 2H), 7.47-7.38 (m, 1H),
o 7.35-7.27 (m, 3H), 7.13 (d, J = 8.2 Hz, 1H), 4.79-4.60 (m, 1H), 4.60-4.40 (m,

ooy, 1H), 1.28(d, J=6.2 Hz, 3H), 1.23 (d, J = 6.2 Hz, 3H), 1.18 (d, J = 6.2 Hz, 3H),

0.91 (d, J = 6.2 Hz, 3H); °C NMR (100 MHz, CDCls) § 151.3 (d, Jpc = 8.2

cl Hz), 136.1 (d, Jpc = 1.6 Hz), 134.9 (d, Jpc = 2.6 Hz), 130.6 (d, Jpc = 2.0 Hz),
130.5 (d, Jpc = 3.5 Hz), 130.0 (d, Jpc = 5.5 Hz), 128.5 (d, Jpc = 1.7 Hz), 125.0 (d, Jpc = 2.2 Hz),
120.2 (d, Jpc = 5.9 Hz), 120.0, 75.0 (d, Jpc = 7.9 Hz), 74.3 (d, Jpc = 7.9 Hz), 67.0 (d, Jpc = 155.3
Hz), 24.4 (d, Jpc = 2.5 Hz), 24.2 (d, Jpc = 3.3 Hz), 23.6 (d, Jpc = 5.7 Hz), 23.1 (d, Jpc = 6.3 Hz);
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3P NMR (162 MHz, CDCl;) & 14.6. HPLC: Chiralcel IC-H column, 220 nm, 30 °C, n-hexane/
i-propanol = 90/10, flow = 0.7 mL/min, retention time 16.6 min and 22.2 min (maj). HRMS
Calculated for C;oH,4CINOGPS [M+H]" 460.0745, found 460.0742.

(S)-(+)-Diisopropyl(4-(4-bromophenyl)-2,2-dioxido-3,4-dihydrobenzo[e] [1,2,3] oxathiazin-4
-yl)phosphonate (2q): 92 mg, 91% yield, 99.9% ee, [0]*’p = +46.03 (¢ 1.84, CHCls), unknown
compound, white solid, m.p. = 192-193 °C, Ry = 0.70 (dichloromethane/methanol 80/1). "H NMR

O\S/S—‘)O (400 MHz, CDCl;) & 7.84-7.62 (m, 3H), 7.42 (t, J = 7.7 Hz, 1H), 7.31-7.24 (m,

NH 2H), 7.13 (d, J = 8.2 Hz, 1H), 7.03 (t, J = 8.5 Hz, 2H), 4.78-4.64 (m, 1H),

Shoopry, 458444 (m, 1H), 1.28 (d, 3= 6.1 Hz, 3H), 1.22 (d, J = 6.1 Hz, 3H), 1.17 (d,

J = 6.1 Hz, 3H), 0.90 (d, J = 6.1 Hz, 3H); >C NMR (100 MHz, CDCl;) &

Br 151.2 (d, Jpc = 8.2 Hz), 136.8 (d, Jpc = 1.1 Hz), 131.5 (d, Jpc = 1.6 Hz), 130.5

(d, Jpc =2.0 Hz), 130.5 (d, Jpc = 3.4 Hz), 130.3 (d, Jpc = 5.5 Hz), 125.0 (d, Jpc = 2.2 Hz), 123.1 (d,

Jpc =2.7 Hz), 120.1 (d, Jpc = 6.0 Hz), 120.0, 75.0 (d, Jpc = 7.8 Hz), 74.3 (d, Jpc = 7.9 Hz), 67.1 (d,

Jpc = 155.8 Hz), 24.4 (d, Jpc = 2.5 Hz), 24.2 (d, Jpc = 3.3 Hz), 23.6 (d, Jpc = 5.8 Hz), 23.1 (d, Jpc

= 6.3 Hz); >'P NMR (162 MHz, CDCls) & 14.5. HPLC: Chiralcel IA-H column, 230 nm, 30 °C,

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.0 min and 19.2 min (maj).
HRMS Calculated for C;oH,,BrNOGPS [M+H]" 504.0240, found 504.0246.

(S)-(+)-Diisopropyl(4-([1,1'-biphenyl]-4-yl)-2,2-dioxido-3,4-dihydrobenzo|e][1,2,3]oxathiaz
in-4-yl)phosphonate (2r): 95 mg, 95% yield, 99.2% ee, [a]*p = +51.00 (c 2.00, CHCls),
unknown compound, white solid, m.p. = 172-173 °C, R¢ = 0.50 (dichloromethane/methanol 80/1).

oy '"H NMR (400 MHz, CDCL3) § 7.81 (t, J = 7.9 Hz, 3H), 7.57 (t, = 7.7 Hz, 5H),
S 7.45-7.36 (m, 3H), 7.36-7.23 (m, 2H), 7.13 (d, J = 8.2 Hz, 1H), 4.81-4.68 (m,

S po(oipr), 1H),4.61-4.47 (m, 1H), 1.27 (d, J = 6.1 Hz, 3H), 1.24 (d, J = 6.1 Hz, 3H), 1.18

@ (d, J = 6.1 Hz, 3H), 0.89 (d, J = 6.1 Hz, 3H); °C NMR (100 MHz, CDCl;) &
PH 151.2 (d, Jpc = 8.1 Hz), 141.3 (d, Jpc = 2.0 Hz), 140.4, 136.6, 130.7 (d, Jpc =
3.3 Hz), 130.3 (d, Jpc = 1.3 Hz), 129.0, 129.0, 127.7, 127.2, 126.9 (d, Jpc = 1.3 Hz), 124.9 (d, Jpc
= 1.7 Hz), 120.6 (d, Jpc = 6.0 Hz), 119.9, 74.9 (d, Jpc = 7.8 Hz), 74.2 (d, Jpc = 7.8 Hz), 67.4 (d,
Jpc = 156.2 Hz), 24.4, 24.3 (d, Jpc = 3.1 Hz), 23.6 (d, Jpc = 5.9 Hz), 23.0 (d, Jpc = 6.5 Hz); *'P
NMR (162 MHz, CDCl3) 8 14.9. HPLC: Chiralcel AD-H column, 254 nm, 30 °C, n-hexane/
i-propanol = 60/40, flow = 0.6 mL/min, retention time 16.5 min and 36.7 min (maj). HRMS
Calculated for C,5sH,oNOGPS [M—FH]+ 502.1448, found 502.1450.

(S)-(-)-Diisopropyl(1,1-dioxido-3-phenyl-2,3-dihydrobenzo[d]isothiazol-3-yl)phosphonate
(4a): 80 mg, 98% yield, 99.0% ee, [a]*’p = -12.62 (¢ 1.60, CHCls), unknown compound, white
solid, m.p. = 181-182 °C, R¢= 0.30 (dichloromethane/methanol 80/1). '"H NMR (400 MHz, CDCls)

Q0 §7.98-7.88 (m, 3H), 7.77 (d, J = 7.7 Hz, 1H), 7.64 (¢, J = 7.6 Hz, 1H), 7.56 (t,
NH J =75 Hz, 1H), 7.38-7.27 (m, 3H), 6.19 (brs, 1H), 4.74-4.60 (m, 1H),
Doy, 4-56-437 (m, 1H), 127 (d, J = 6.2 Hz, 6H), 0.99 (d, J = 6.2 Hz, 3H), 0.82 (d,
@ J=6.2 Hz, 3H); *C NMR (100 MHz, CDCl3) 5 137.4 (d, Jpc = 1.9 Hz), 137.3

(d, Jpc =4.3 Hz), 134.9 (d, Jpc = 5.8 Hz), 133.1 (d, Jpc = 2.2 Hz), 130.0 (d, Jpc
= 1.9 Hz), 128.8 (d, Jpc = 1.0 Hz), 128.6 (d, Jpc = 1.6 Hz), 127.3 (d, Jpc = 5.3 Hz), 127.0 (d, Jpc =
2.9 Hz), 121.5 (d, Jpc = 0.9 Hz), 74.1 (d, Jpc = 7.6 Hz), 73.8 (d, Jpc = 7.5 Hz), 67.0 (d, Jpc = 159.5
Hz), 24.5 (d, Jpc = 2.6 Hz), 24.3 (d, Jpc = 2.9 Hz), 23.3 (d, Jpc = 6.2 Hz), 23.0 (d, Jpc = 5.8 Hz);
3'p NMR (162 MHz, CDCl;) & 15.2. HPLC: Chiralcel AD-H column, 220 nm, 30 °C,

S9



n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 14.6 min (maj) and 19.6 min.
HRMS Calculated for C9H,5sNOsPS [MJrH]+ 410.1186, found 410.1186.

(S)-(-)-Diisopropyl(1,1-dioxido-3-(p-tolyl)-2,3-dihydrobenzo[d]isothiazol-3-yl)phosphonate
(4b): 83 mg, 98% yield, 99.4% ee, [a]*’p = -13.19 (¢ 1.66, CHCl3), unknown compound, colorless
oil, R¢ = 0.40 (dichloromethane/methanol 80/1). "H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 8.0 Hz,
1H), 7.84-7.71 (m, 3H), 7.68-7.59 (m, 1H), 7.55 (t, J="7.5 Hz, 1H), 7.12 (d, J

(0}
‘§sz = 8.2 Hz, 2H), 6.10 (brs, 1H), 4.78-4.59 (m, 1H), 4.54-4.39 (m, 1H), 2.30 (s,
(" 3H), 127(d,J= 62 Hz, 6H), 1.01 (d, J = 6.2 Hz, 3H), 0.83 (d, J = 6.2 Hz,
R TOOPz 31 130 NMR (100 MHz, CDCly) 8 138.4 (d, Jpe = 1.7 Hz), 137.6 (d, Jpc =
Q 5.1 Hz), 134.8 (d, Jpc = 5.7 Hz), 134.4 (d, Jpc = 3.0 Hz), 133.1 (d, Jpc = 2.1
Mé Hz), 129.9 (d, Jpc = 1.9 Hz), 129.5 (d, Jpc = 0.9 Hz), 127.1 (d, Jpc = 5.4 Hz),

127.0 (d, Jpc = 2.9 Hz), 121.5 (d, Jpc = 0.9 Hz), 74.0 (d, Jpc = 7.6 Hz), 73.7 (d, Jpc = 7.5 Hz), 66.9
(d, Jpc = 159.9 Hz), 24.5 (d, Jpc = 2.7 Hz), 24.4 (d, Jpc = 2.8 Hz), 23.4 (d, Jpc = 6.2 Hz), 23.0 (d,
Jpc = 5.8 Hz), 21.2; *'P NMR (162 MHz, CDCl;) 6 15.3. HPLC: Chiralcel AD-H column, 220 nm,
30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 19.7 min (maj) and 25.3
min. HRMS Calculated for C,0H,,NOsPS [M+H]" 424.1342, found 424.1335.

(S)-(-)-Diisopropyl(3-(4-methoxyphenyl)-1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)p
hosphonate (4¢c): 85 mg, 97% yield, 98.5% ece, [0]*’» = -4.82 (¢ 1.70, CHCl;), unknown
compound, colorless oil, Ry = 0.50 (dichloromethane/methanol 80/1). "H NMR (400 MHz, CDCl;)

Q0 67.90 (d, J=7.9 Hz, 1H), 7.84-7.72 (m, 3H), 7.69-7.60 (m, 1H), 7.55 (t, J =

S‘NH 7.5 Hz, 1H), 6.83 (d, J = 8.9 Hz, 2H), 6.18 (brs, 1H), 4.78-4.59 (m, 1H),
4.56-4.37 (m, 1H), 3.75 (s, 3H), 1.27 (d, J= 6.1 Hz, 3H), 1.26 (d, J = 6.2 Hz,
3H), 1.02 (d, J = 6.2 Hz, 3H), 0.84 (d, J = 6.2 Hz, 3H); °*C NMR (100 MHz,
CDCl;) 6 159.7 (d, Jpc = 1.4 Hz), 137.6 (d, Jpc = 5.0 Hz), 134.9 (d, Jpc = 5.7
Hz), 133.1 (d, Jpc = 2.1 Hz), 129.9 (d, Jpc = 1.9 Hz), 129.4 (d, Jpc = 3.0 Hz),
128.7 (d, Jpc = 5.4 Hz), 126.9 (d, Jpc = 2.8 Hz), 121.5 (d, Jpc = 0.6 Hz), 114.1 (d, Jpc = 0.5 Hz),
74.1 (d, Jpc = 7.6 Hz), 73.7 (d, Jpc = 7.6 Hz), 66.7 (d, Jpc = 160.9 Hz), 55.4, 24.5 (d, Jpc = 2.6 Hz),
243 (d, Jpc = 2.9 Hz), 23.4 (d, Jpc = 6.2 Hz), 23.1 (d, Jpc = 5.8 Hz); *'P NMR (162 MHz, CDCl;)
8 15.4. HPLC: Chiralcel AD-H column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7
mL/min, retention time 23.5 min (maj) and 31.2 min. HRMS Calculated for C,,H,7NO¢PS
[M+H]" 440.1291, found 440.1291.

2 PO(O'Pr),

MeO

(S)-(-)-Diisopropyl(3-(4-bromophenyl)-1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)pho
sphonate (4d): 93 mg, 95% yield, 99.5% ee, [a]*’p = -14.03 (¢ 1.86, CHCl3), unknown compound,
white solid, m.p. = 169-170 °C, R¢ = 0.80 (dichloromethane/methanol 40/1). '"H NMR (400 MHz,

9o CDCl3) 6 7.90 (d, J=7.9 Hz, 1H), 7.83-7.73 (m, 3H), 7.69-7.62 (m, 1H), 7.58

S; (t, J=17.5Hz, 1H), 7.44 (d, J = 8.6 Hz, 2H), 6.49 (brs, 1H), 4.76-4.63 (m, 1H),

N+ 4.56-4.42 (m, 1H), 1.28 (d, J = 6.2 Hz, 6H), 1.03 (d, J = 6.2 Hz, 3H), 0.86 (d,

J = 6.2 Hz, 3H); C NMR (100 MHz, CDCl;) & 136.9 (d, Jpc = 5.4 Hz),
136.6 (d, Jpc = 3.1 Hz), 134.9 (d, Jpc = 5.7 Hz), 133.3 (d, Jpc = 2.0 Hz), 131.9
Br (d, Jpc = 0.9 Hz), 130.2 (d, Jpc = 1.8 Hz), 129.1 (d, Jpc = 5.2 Hz), 126.8 (d,
Jpc = 2.8 Hz), 123.0 (d, Jpc = 2.2 Hz), 121.6, 74.4 (d, Jpc = 7.6 Hz), 74.1 (d, Jpc = 7.6 Hz), 66.4 (d,
Jpc = 159.6 Hz), 24.5 (d, Jpc = 2.7 Hz), 24.3 (d, Jpc = 3.0 Hz), 23.4 (d, Jpc = 6.2 Hz), 23.1 (d, Jpc
= 5.7 Hz);, 3'P NMR (162 MHz, CDCl;) 4 14.7. HPLC: Chiralcel AD-H column, 220 nm, 30 °C,

< PO(O'PY),

S10



n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 18.3 min (maj) and 30.2 min.
HRMS Calculated for C;9H,4BrNOsPS [MJrH]+ 488.0291, found 488.0293.

(S)-(-)-Diisopropyl(6-methyl-2,2-dioxido-4-phenyl-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-
yl)phosphonate (4e): 81 mg, 95% yield, 99.4% ee, [a]*’p = -7.34 (¢ 1.54, CHCI;), unknown
compound, white solid, m.p. = 173-174 °C, R¢ = 0.20 (dichloromethane/methanol 80/1). "H NMR

20 (400 MHz, CDCl3) 6 7.95 (d, J = 7.6 Hz, 2H), 7.73 (s, 1H), 7.66 (d, J =

/©/\S<\NH 8.0 Hz, 1H), 7.41-7.27 (m, 4H), 5.77 (brs, 1H), 4.83-4.56 (m, 1H),

Me Do, 4.55-4.34 (m, 1H), 2.47 (s, 3H), 1.28 (d, J = 6.1 Hz, 3H), 1.28 (d, J=6.1

@ Hz, 3H), 1.00 (d, J = 6.2 Hz, 3H), 0.83 (d, J = 6.2 Hz, 3H); °C NMR

(100 MHz, CDCls) & 144.3 (d, Jpc = 1.9 Hz), 137.8 (d, Jpc = 4.8 Hz),

137.7 (d, Jpc = 3.2 Hz), 132.2 (d, Jpc = 5.6 Hz), 131.1 (d, Jpc = 2.0 Hz), 128.8, 128.6 (d, Jpc = 1.4

Hz), 127.2 (d, Jpc = 5.4 Hz), 127.1 (d, Jpc = 3.0 Hz), 121.2, 73.9 (d, Jpc = 7.0 Hz), 73.8 (d, Jpc =

7.3 Hz), 66.8 (d, Jpc = 158.4 Hz), 24.4 (d, Jpc = 2.7 Hz), 24.4 (d, Jpc = 3.0 Hz), 23.4 (d, Jpc = 6.0

Hz), 23.0 (d, Jpc = 5.8 Hz), 22.1; *'P NMR (162 MHz, CDCl;) & 15.3. HPLC: Chiralcel AD-H

column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 14.1 min
(maj) and 15.7 min. HRMS Calculated for C,oH,7;NOsPS [M+H]+ 424.1342, found 424.1345.

4. Determination of the Absolute Configuration of (+)-2a

Based on the single crystal X-ray diffraction analysis, the absolute configuration of product
(+)-2a was determined to be (S)-(+)-diisopropyl(2,2-dioxido-4-phenyl-3,4-dihydrobenzo[e][1,2,3]
oxathiazin-4-yl)phosphonate 2a. The CCDC number is 1469544. These details can be obtained
free of charge via www.ccdc.com. ac.uk/data request/cif from the Cambridge Crystallographic
Data Centre.

(0]
(ON/
20
NH et

PR PO(O'PN);,

X-ray Single Crystal Structure of (S)-(+)-2a
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19F NMR ZY-4-55A in CDCI3
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Data File C:%\CHEM32Y1%DATANZHOU-15,YZIN009546.0

Sanple MName:

Z¥-3-57B (+-]

Acg. Operator

Acg. Instrument :

Injection Date
Acg. Method
Last chanced

Anglvysis Method :

Last changed

FJawple Info

Instrument 1 Location : Vial 1
972642015 4:01:38 PM

C: 4 CHEM3Z2Y 1\ METHOD SVDEF_LC.M

972642015 3:48:39 PM

(modified after loading)

C:CHEM32Y 1ZMETHOD S\DEF_LC.H

12/26/2015 4:45:48 PH

(modified after loadineg)

: AD-H, H/1i-Pr0OH = 80/20, 0.7nl/min, 30 o, Z22Z0nm

DT rwlen gehe 220 i [ ZH 0 0-15% ZH00 9548 1]
Nam. 7]
250
200
150 o
2
2 @
= &
= i
&
100 o
50 -
0 .
T T T T T T T T T
i} 25 5 78 10 125 18 175 0 226 roir)
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
o. 2
Sigmal 1l: VDL &, Wawvelength=2:20 nm \S’:O
I
Peak RetTime Type Width Area Height Area NH
# fwinl min] mall 2 [wal 1 %
Rl et l----]===---- | | | | i
L 18.680 BB 0.5353 4107.44141 113.63403 49.9213 Ph PO(O'Pr)2
2 22.535 BBA 0.58089 4120.38916 108.97152 50.0787
(+1)-2a
Totals : 8227.83057 Z22.60555

Instrument 1 12/26/2015 4:48: 55 PM

*%*% End of Report *++%

Page 1 of 1

Data File C:\CHEM3Z)1\DATAYZHOU-13\YZINOOS547.D

Sanple Name: Z¥-3-57B

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

Last chandged

Analysis Method :
Last changed

Jauwple Info

Instrument 1 Location : ¥ial 1
942672015 4:28:07 PH

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

9/26/2015 4:25:21 PH

(modified after loading)

C:4CHEM32% 1\METHOD S\DEF_LC.H

12/26/2015 4:47:41 PH

(modified after loading)

: AD-H, H/i-Pr0OH = 80/20, 0.7wl/min, 30 of, ZZ0nm

g Elen g2 20 i (ZH O TET7 ZHO0 D587 Iy
Farm. ]
350 A
3004
250
g
o
00 o
150 4
100 H
504
o L
T T T T T T T T T
o 25 5 7.8 10 12.5 15 175 20 22,5 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
0.2
Signal 1: ¥ND1 &, Wavelength=220 nm \S:O
|
Peak RetTime Type Width Area Height Area NH
# mind winl wdUT ¥z [y 1 % $ .
] [l | | | | Ph po(o'pr)2
1l 22.547 BB 0.6060 7934,42236 197.29561 100.0000
(+)-2a
Totala 7934.42236  197.29561

Instrument 1 12/26/2015 4:47:46 PN

S103

*** End of Report **%
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Data File C:%\CHEM32Y1%DATANZHOU-15,YZIN009538.0
Sample Name: Z¥-3-594(+-)

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

Last chanced

Instrument 1 Location : Vial 1
972542015 7:11:57 PM

C: 4 CHEM3Z2Y 1\ METHOD SVDEF_LC.M

972542015 6:49:20 PM

(modified after loading)

C:CHEM32Y 1ZMETHOD S\DEF_LC.H

12/26/2015 4:26:23 PH

(modified after loadineg)

i AS-H, H/1-PrOH = 70430, 0.7 mL/min, 30 o, ZZ0nm

Anglvysis Method :
Last changed

FJawple Info

Data File C:\CHEM3Z)1\DATA,ZHOU-13\¥ZINOOS539.D
Sanple Name: Z¥-3-554

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

Last chandged

Instrument 1

942572015 7:46:06 PH

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M
9/25/2015 7:44:43 PH
(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC. 1
12/26/2015 4:24:05 M
(modified after loadineg)

Analysis Method :
Last changed

Jauwple Info

Location : ¥ial 1

© A%-H, H/i-PrOH = 70/30, 0.7 ml/win, 30 oC, Z20mm

PO &, Wavelen G220 i (ZHO - TET ZHO0SEE 07 IVET A, Wavelen qihe2 20 fim [ ZH 001 50 ZHO0 9530 17
Nam. 7] Farm. ]
700+
500
600 o
400
500~ o
&
#
=
300+ 400
=
b3
o
3004
200
; 00
100 H
1004
o . o L L
T T T T T T T T T T T
o 25 5 75 o 125 14 1745 20 min| o 25 i3 75 j[1] 125 1% 175 20 min|
Area Percent Report Area Percent Report
Gorted By Gimmal Jorted By Gimmal
Multiplier: H 1.0000 Maltiplier: H 1.0000
Dilution: H 1.0000 Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs Use Multiplier & Dilution Factor with ISTDs
O
Sigmal 1l: VDL &, Wawvelength=2:20 nm O\S”:O Signal 1: ¥ND1 &, Wavelength=220 nm
I
Peak RetTime Type Width Area Height Area NH Peak RetTime Type Width Area Height Area
# fwinl min] mall 2 il 1 % # winl fnin] wdU 2 gL 1 % R
e e l----]===---- | | | | il |---=]-=mm- | | | | N
1 9.843 EE 0.5010 7719.98975 230,75404 49.39459 Ph PO(OEUZ 1 9.785 VB 0.4966 1.43535ed 433.90518 99.8773 Ph PO(OEt)Z
2 18.01% BE 0.9816 7736.71924 121.99339 50.0541 2 18.117 BB 0.6853 17.63156 3.13486e-1 0.1227
(+-)-2b (+)-2b
Totals : 1.54567e4 352.74743 Totals 1.43711e4d 434.21867

*%*% End of Report *++%

Instrument 1 12/26/2015 4:26: 33 PM

**#% End of Report *++

Page 1 of 1 Instrument 1 12/26/2015 4:24: 25 FH

S104
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Instrument 1 12/26/2015 4:30: 20 PM

Data File C:%\CHEM32Y1%DATANZHOU-15,YZIN009542.0
Sanple MName:

Z¥-3-59B (+-)

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

Last chanced

Instrument 1 Location : Vial 1
972642015 9:14:27 AM

C: 4 CHEM3Z2Y 1\ METHOD SVDEF_LC.M

972642015 8:32:04 AM

(modified after loading)

C: 4 CHEM32Y 1ZMETHOD S\DEF_LC.H

12/26/2015 4:30:12 PH

(modified after loadineg)

: AD-H, H/1i-Pr0OH = 80/20, 0.7nl/min, 30 o, Z22Z0nm

Anglvysis Method :
Last changed

FJawple Info

T walen gEhe 220 i (ZH O 0-1 50 2009542 17
HNam. 7]
340 4
300 o
250 o
=
2
200 i
150 o
=
2
i
100 o N
50 o
0 L .
T T T T T
o ] 10 15 20 26 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
(0]
Sigmal 1l: VDL &, Wawvelength=2:20 nm Me O\S/I_O
|
Peak RetTime Type Width Area Height Area NH
# fwinl min] mall 2 [wal 1 %
e e l----]===---- | | | | i
1l 14,150 EE 0.3133 3674.01555 1580,4019% 50.0541 Ph PO(O Pr)Z
2 25.192 BE 0.5837 3661.68286 97.50363 49.5159
(+1)-2¢
Totals : 7335.70142 277.90562

*%*% End of Report *++%

Page 1 of 1

Data File C:\CHEM3Z)1\DATA,ZHOU-13\¥ZINOOS543.D
Sanple Name: Z¥-3-59B

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

Last chandged

Instrument 1 Location : ¥ial
942672015 10:01:17 MM

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

9/26/2015 9:57:24 AN

(modified after loading)

C:4CHEM32% 1\METHOD S\DEF_LC.1

12/26/2015 4:25:55 PH

(modified after loading)

¢ AD-H, H/i-Pr0OH = 80720, 0.7nl/min, 30 of, ZZ0nm

Analysis Method :
Last changed

Jauwple Info

1

g Elen g2 20 i (ZH O TET7 ZHO0 D543 Iy
Farm. 7]
200+
700
800
b=
500 =)
B
400
300
200 -
100+
@
pal
*
[
T T T T T
o 5 o 14 20 26 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=22Z0 nm Me O\S”_O
1
Peak RetTime Type Width Area Height Area NH
# winl fnin] wdU 2 [y 1 % R
] |---=]-=m- | | | | s i
1l 14,129 VB 0.3180 8.79107 4.18331le-1 0.0454 Ph PO(O Pr)z
2 25.062 BB 0.6177 1.681607e4 457.30035 99.9516
(+)-2c
Totals 1.81695e4 457.71868

**#% End of Report *++

Instrument 1 12/26/2015 4:29:08 PN

S105
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Data File C:%CHEM32Y1\DATAYZHOU-15,YZ0088829.D
Sample Name: Z¥-3-60E(+-)

Acg. Operator ¢ ZHOU

Acg. Instrument : Instrument 1 Location : Vial 1
Injection Date : LOS13/2015 6:26:16 AN
Acg. Method = C:“HPCHEMY 14 METHODS\DEF LC.M
Last chanced : 10/13/2015 5:57:22 AM hy ZHOO
(modified after loading)
Anslvysis Method : C:3CHEM3Z)\14METHODSWDEF_LC.M
Last changed : 12/26/2015 4:35:54 FPM
(modified after loading)
Sample Infao : AD-H, H/i-PrOH = 70430, 0.7 nlL/min, 30 oC, 220 mm
DT 7, Wavelen gihe 220 nm (ZHOU- 157 200585 0.07
Narm. 7]
250
200
150 o
3
=
100 o
I
=~
&
50 -
[ : T
T T T T T T T
i} ] 10 18 20 25 a0 35 i
Area Percent Report
Gorted By H Gimmal
Multiplier: H 1.0000
Dilution: : 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs
OMe
o O
Sigmal 1: VD1 &, Wawvelength=220 nm \S/I:O
U
Feak RetTime Type Width Area Height Area NH
§  [min] [min] mAll *s  [whlD ] 5
e el B | | | | i
I 19.991 BB 0.5085 3693.26538 113.27541 49.9493 Ph PO(O'Pr),
2 37.172 BB 0.9726 3700.76392 58.8388% 50,0507

Totals : 7394.02930  172.11430

*** End of Report **+*

Instrument 1 12/26/2015 4:36: 23 PM

(+1-)-2d

Page 1 of 1

S106

Data File C:%CHEM3Z)L1\DATA,ZHOU-15\YZ008825.D
Sanple Name: Z¥-3-60E

Acg. Operator ¢ ZHOU
Acg. Instrument : Instrument 1 Location : Wial 1
Injection Date : 9/30/2015 12:33:37 PH
Acg. HMethod ¢ C:WHPCHEM 1ZWMETHOD 3\DEF LC.IT
Last chandged : 9/30/2015 11:29:45 AM hy ZHOO
(modified after loading)
Analysis Method : C:%CHEM32%1\METHOD5\DEF_LC.M
Last changed 1 12/26/2015 4:33:25 PM
(modified after loadineg)
Sample Info : AD-H, H/i-Pr0OH = 70430, 0.7 ml/min, 30 oC, Z20 nm
“FIVET A, Viavelen gihe 2 20 im (ZHO0-1 50 20 03525 07
Narm. ]
00
700
600 |
=
500 =
B
400 -
300
00
100
[
T T T T T T T
o 8 10 18 20 25 30 35 i)
Area Percent Report
Jorted By H Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
OMe
; (ON 2
Signal 1: ¥WD1 A, Wavelength=22Z0 nm S=0
|
Peak RetTime Type Width Area Height Area NH

# [min] [min] wdlT *5 [malr 1 %
il el | ail ettt | 1 |
1 36.621 BB 1.1113 3.35395e4 457.60403 100.0000

Totals : 3.35395e4  457.60403

PR PO(O'Pr),
(+)-2d

**#% End of Report *++

Instrument 1 12/26/2015 4:33:37 PN

Page 1 of L



Data File C:%\CHEM32Y1%DATANZHOU-154YZIN009560.0
Sample Name: Z¥-3-60C(+-)

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

Last chanced

Instrument 1 Location : Vial 1
972842015 3:4L:50 PM

C: 4 CHEM3Z2Y 1\ METHOD SVDEF_LC.M

972842015 3:38:57 PM

(modified after loading)

C:CHEM32Y 1ZMETHOD S\DEF_LC.H

12/26/2015 4:41:40 PH

(modified after loadineg)

: AD-H, H/1i-PrOH = 70430, 0.7 mL/min, 30 o, 220 nm

Anglvysis Method :
Last changed

FJawple Info

DT 7, Wavelen gie 220 nm (ZHOU- 157 ZHO0 3560 107
HNam. 7]
250
300
250
-
200 H B
=
150
~
=
100 bt
£
50
0 .
T T T T T
i} & 10 18 20 25 i
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm MeO. O\S//C_)O
Peak RetTime Type Width Area Height Area ’I\IH
# fwinl min] mall 2 [wal 1 %
R e l----]===---- | | | |
1 12.664 EB 0.34589 3916.77856 174.72066 49.9633 Ph" PO(O'Pr),
2 25.687 BB 0.7386 3921.75269 §1.96679 50.0317
(+-)-2e
Totals : T83B.53125 E256.70745

*%*% End of Report *++%

Instrument 1 12/26/2015 4:41:45 PM

Page 1 of 1

S107

Data File C:\CHEM3Z\L1\DATA,ZHOU-13\¥ZINOOS561.D
Sanple Name: Z¥-3-60C

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

Last chandged

Instrument 1 Location : ¥ial 1
942872015 4:12:48 PH

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

9/28/2015 4:11:05 PH

(modified after loading)

C:4CHEM32% 1\METHOD S\DEF_LC.H

12/26/2015 4:42:55 PH

(modified after loadineg)

+ AD-H, H/i-Pr0OH = 70730, 0.7 wl/min, 30 oC, 220 mm

Analysis Method :
Last changed

Jauwple Info

IVET A, Wavelen qihe2 20 fim (ZH O0-1 5 ZHO0 G55 T 17
Farm. ]
500+
400+
g
w
£
300
00
00+
@
&
&
o
o : L
T T T T T
o 4 10 1% 20 25 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: ¥OD1 A, Wavelength=220 nm MeO. O/
S=0
Peak RetTime Type Width Area Height Area |
#  Tmin] fwinl WAl %2 [wdl | 5 NH
il |---=]-=m- | | | | s .
1l 12.656 EB 0.3155 6.26127 3.04634e-1 0.0368 Ph PO(O'Pr)z
2 25.531 BB 0.8004 1.69944e4 319.68434 99.9632
(+)-2e
Totals 1.70007=4 3200188397

**#% End of Report *++

Instrument 1 12/26/2015 4:43:02 PN

Page 1 of L



Data File C:%CHEM32Y1\DATANZHOU-15,YZ008826.D Data File C:%\CHEM3Z)L1\DATA,ZHOU-15\YZ008827.D

Sample Name: Z¥-3-60F(+-) Sanple Name: Z¥-3-60F
Acg. Operator ¢ ZHOU Acg. Operator ¢ ZHOU
Acg. Instrument : Instrument 1 Location : Vial 1 Acg. Instrument : Instrument 1 Location : Wial 1
Injection Date : 9/30/2015 11:46:49 PH Injection Date : 1lO/Ll/2015 12:29:26 AN
Acg. Method = C:“HPCHEMY 14 METHODS\DEF LC.M Acg. HMethod ¢ C:WHPCHEM 1ZWMETHOD 3\DEF LC.IT
Last chanced : 9/30/2015 11:27:58 PM hy ZHOU Last chandged : 9/30/2015 11:27:58 PM by ZHOO
(modified after loading) (modified after loading)
Anslvysis Method : C:3CHEM3Z)\14METHODSWDEF_LC.HM Analysis Method : C:ZCHEM32Y1\METHOD5\DEF_LC.M
Last changed : 12/28/2015 10:07:05 AM Last changed : 12/28/2015 10:05:03 AM
(modified after loading) (modified after loadineg)
Sample Infao : AD-H, H/i-PrOH = 70430, 0.7 nlL/min, 30 oC, 220 mm Sample Info : AD-H, H/i-Pr0H = 70730, 0.7 wl/min, 30 oC, 220 nm
DT 7, Wavelen G220 nm (ZHOU- 157 2005625 07 “FIVET A, iavelen gihe 2 20 im (ZHO0-1 5 2003527 07
Nam. 7] Farm. 7
250
800 |
200
600 -|
=)
#
150 -| o
2
=
o 400
g
100 - -
200
50 -
@
&
&
o
1} L [ +
T T T T T T T T T T T
i} 24 ] 75 1 125 16 175 | o 25 5 7.4 10 12.5 15 175 i)
Area Percent Report Area Percent Report
Gorted By H Gimmal Jorted By H Gimmal
Multiplier: H 1.0000 Maltiplier: H 1.0000
Dilution: H 1.0000 Dilution: H 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.) Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs Use Multiplier & Dilution Factor with ISTDs
Sigmal 1: VD1 &, Wawvelength=220 nm o) ,p Signal 1: ¥WD1 A, Wavelength=22Z0 nm
~
S=0
Feak RetTime Type Width Area Height Area I{IH Peak RetTime Type Width Area Height Area
# min min] mill  *s AT % # min min wdll  *s5 ATl E
T L LT MeO ) L E LT MeQ
1 12.90% EE 0.2977 2132.28027 112.07968 49.8541 Ph po(olpr)z 1 12.925 VW 0.9021 27.60604 3.71405e-1 0.2353
2 16.472 EB 0.3800 2136.1999% 86.89104 50,0459 2 16.330 VB 0.3923 1.17032e4 465.50668 99,7647
(#1-)-2f
Totals : 4268.48022  198.97073 Totals : 1.17308e4d 465.87809
*** End of Report **+* *** End of Report *++
Instrument 1 1272872015 10:07:11 AM Page 1 of 1 Instrument 1 1272872015 10:05:16 AM Pags L of 1
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Data File C:%CHEM3214DATAYZHOU-16%YZI010663.1
Sample Name: Z¥-4-578(+-)

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

Last chanced

Instrument 1

6/18/2016 10:39:51 AM
C:YHECHEM, 14 METHOD S\DEF LC.H
671842016 10:18:09 AM by
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
6/30/2016 9:42:43 PN
(modified after loadineg)

Anglvysis Method :
Last changed

FJawple Info

Location :

Tial 1

@ AD-H, H/i-PrOH = 80420, 0.7 ml/min, 30 oC, 220 mm

DT A, Wavelen gth=Z 30 nm (ZH O0- 160 20 1066 2.0,

140

120 o

100 o

40

19,366

2403

Area Percent Report

Gorted By
Multiplier: 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs

Gimmal

Sigmal 1l: VDL &, Wawvelength=2:20 nm

Peak RetTime Type Width Area Height Area

# fwinl min] mall 2 [wal 1 %
R e l----]==---- | | |

1 19.366 ¥B 0.5971 1495.350945 39.88867 50,3105

2 24.031 BB 0.6515 1480.31140 35.15281 49.6895
Totals : 2879.12085 75.04147

*%*% End of Report *++%

Instrument 1 673072016 9:43:08 PH

o}
O\IS’I:O
NH
PH PO(O'Pr),
(+/-)-29

Page 1 of 1

Data File C:%\CHEM3Z)L1\DATA,ZHOU-16%YZ010865.D
Sanple Name: Z¥-4-578

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

Last chandged

Instrument 1

6/1872016 11:43:09 AN
C:\HPCHEMY 1\METHOD 5\DEF LC.M
6/18/2016 10:18:09 AM by
(modified after loading)
C:%CHEM32% 1\METHOD S\DEF_LC. 1
6/30/2016 9:44:45 PHM
(modified after loading)

Analysis Method :
Last changed

Jauwple Info

Location :

Wial 1

1 AD-H, H/i-Pr0OH = 80/20, 0.7 wl/mwin, 30 oC, 220 mm

DT A iEvelen gth=T 20 nm (ZH OU- 160720 1066500

250+

200+

150+

1004

24171

Area Percent Report

Jorted By
Maltiplier: 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs

Gimmal

Signal 1: ¥ND1 &, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
# winl fnin] wdU 2 [y 1 %
il |---=]-=m—- | | |
1l 24.171 VB 0.7646 6101.17139 120.66354 100.0000
Totala 6101.17139 120.66354

*** End of Report **%

Instrument 1 6/30/2016 9:44:56 FM

S109
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Data File C:%CHEM32Y1\DATAYZHOU-16%YZ010688.1

Sanple MName:

Z¥-4-598 (+-]

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

Instrument 1
6/24/2016 1:09:13 PM

C:YHECHEM, 14 METHOD S\DEF LC.H

672442016 1:01:50 PM hy
(modified after loading)

C:4CHEM32Y 1ZMETHOD S\DEF_LC.H

6/30/2016 9:46:16 PN
(modified after loadineg)

Location :

Tial 1

: AS-H, H/1i-PrOH = 95/5, 0.7 nl/min, 30 o, 220 nuw

AT velen =230 nm (ZH O U-TEW 20 1055 8.0,
HNam. 7]
176 4
150 o
125 o
100 o
Ti4
g 2
&
7 = i
154
. A .
T T T T T
o ] 10 15 20 26 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs o
o -
S=0
Sigmal 1l: VDL &, Wawvelength=2:20 nm |
NH

Peak RetTime Type
#  Twin]

1 17.492 EB
2 22.573 EB

Totals :

Tidth Area Height Area

fwin] mwhl <+ [whl 1 5

——————— | |

1.5178 4273.965875 39.29910 50,6365

1.5023 4166.51709 40.13602  49.3635
68440, 48584 78.43512

*%*% End of Report *++%

Instrument 1 673072016 9:46:29 FPH

Cl

PH PO(O'PY),
(+1-)-2h

Page 1 of 1

S110

Data File C:%\CHEM3ZYL1\DATA,ZHOU-16%YZ010859.D

Sanple Name:

Z¥-4-598

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

Last chandged

Analysis Method :
Last changed

Jauwple Info

Instrument 1 Location :
642472016 1:41:09 PH

C:\HPCHEMY 1\METHOD 5\DEF LC.M

6/24/2016 1:01:50 PM hy

(modified after loading)

C:%CHEM32% 1\METHOD S\DEF_LC. 1

6/30/2016 9:46:16 PM

(modified after loadineg)

Wial 1

© A%-H, H/i-PrOH = 95/5, 0.7 nl/min, 30 oC, 220 mm

AT velen gith=120 nm (ZH OU-TE 20 1065 9.00
Farm. ]
176 4
150 4
125 4
100 H
o
&
754 i
50
154
o b —
T T T T T
o 5 o 14 20 26 min|
Area Percent Report
Jorted By dimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs O_~»
|=O
Signal 1: ¥WDL A, Wavelength=220 nm al NH
Peak RetTime Type Width Area Height hrea Ph: PO(OiPr)Z
# winl fnin] wdU = [y 1 %
il it |=-==l==m-—- | | | | (+)-2h
1l 17.2zZ2 BB 1.43584 6917.11035 67.67933 100.0000
Totala 6917.11035 B7.67933

Instrument 1 673072016 9:47:32 FH

*** End of Report **%

Page 1 of L




Data File C:%\CHEM32Y1%DATANZHOU-16%YZIN001700.0

Sanple MName:

Z¥-4-608 (+-)

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

: AD-H, Hex/i-Pr0OH =

Instrument 1

6/25/2016 8:24:04 PM

C: 4 CHEM3Z2Y 1\ METHOD SVDEF_LC.M
672542016 8:11:00 PM
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
6/30/2016 9:49:28 PN
(modified after loadineg)

Location :

Tial 1

§0/20, 0.7 nl/min, 300C, 220 nm

AT velen gER=2 30 nm (ZH 0 O-TEvy 2400 1700 .0
HNam. 7]
176 4
150 o
125 o
100 o 2
=
@ 8
75 &
50
154
[ S N
T T T T T
o 5 10 14 20 26 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
0.2
Sigmal 1l: VDL &, Wawvelength=2:20 nm .S_O
NH
Peak RetTime Type Width Area Height Area Br
#  Twin] fwin] mwhl <+ [whl 1 5 Ph PO(OiPI’)Z
R e l----]===---- | | |
1 2l.266 EE 0.6711 3825.08299 §5.85781 50.1308 (+/_)_2i
2 25.270 BE 0.7517 3805.12964 77.13310 49.8694
Totals : 7630.19263  165.98091

*%*% End of Report *++%

Instrument 1 673072016 9:459:32 PH

Page 1 of 1

S111

Data File C:\CHEM3Z)1\DATAZHOU-16%\YZNOO1701.D

Sanple Name: Z¥-4-60B

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

Last chandged

Analysis Method :
Last changed

Jauwple Info

: AD-H, Hex/i-Pr0H =

Instrument 1 Location : ¥ial 1
642572016 8:54:05 PHM

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

6/25/2016 B:5Z:54 PHM

(modified after loading)

C:%CHEM32% 1\METHOD S\DEF_LC. 1

6/30/2016 9:50:37 PM

(modified after loading)

§0/20, 0.7 wlk/min, 300C, 220 nm

AT welen gith=2 20 nm (ZH OU-TEW ZH00 1707 )
Farm. ]
500+
400+
#
0 4 =
bl
00
00+
0 L
T T T T T
o 4 10 1% 20 25 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs o_ 7
|=O
Signal 1: ¥WDL A, Wavelength=220 nm B NH
r S
Peak RetTime Type Width Area Height Area Ph: PO(inr)z
# winl fnin] wdU 2 [y 1 %
il [ R | | | | (+)-2i
1l 21.143 BB 0.9963 1.82910e4 274.30804 100.0000
Totala 1.82910e4d 274.30804

Instrument 1 6/30/2016 9:50:459 FM

*** End of Report **%

Page 1 of L




Data File C:%CHEM32Y1\DATAYZHOU-15,YZ008821.D
Sanple MName:

Z¥-3-600 (+-)

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

Last chanced

ZHOT
Instrument 1
973042015 7:08:31 AM

(modified after loading)
Anglvysis Method :
Last changed 12/268/2015 10:10:10 AM
(modified after loadineg)

Sample Infao : AD-H, H/i-PrOH = 60/40, 0.6

Location : Vial 1

C:YHECHEM, 14 METHOD S\DEF LC.H
973042015 6:52:09 AM hy ZHOO

C:4CHEM32Y 1ZMETHOD S\DEF_LC.H

mlL/min, 30 oC, 220 mm

DT rwelen gehe 220 i (ZHO U- 15 200382 .07
HNam. 7]
400
o
#
=+
300 n
200
.
3
100 o ¥
1}
T T T T T T T T
i} & 10 18 20 5 30 2% an 45 min
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: 1.0000 0
Jample Amount: H 1.00000  [ng/ul] (not used in calc.) O
Use Maltiplier & Dilution Factor with ISTDs S=0
|
NH

Sigmal 1: VD1 &, Wawvelength=220 nm

Feak RetTime Type Width Area Height Area
§  [min] [win] mill *s  [wal ] %
e e B | | | |
1 14.483 VB 0.3752 7211.51709 295.37463 49.8745
2 44,447 BB 1.2885 7247.81934 88.40045 50,1255
Totals : 1.44593e4 386.77509

*** End of Report *

Instrument 1 12/28/2015 10:11:40 AM

L

i PO(O'P),

Me

(+1)-2j

Page 1 of 1

Data File C:%\CHEM3Z)L1\DATA,ZHOU-15\YZ008823.D
Sanple Name:

Z¥-3-60D

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

Last chandged

ZHOU
Instrument 1
943072015 8:59:47 AM

(modified after loading)
Analysis Method :
Last changed 12/28/2015 10:10:10 AM
(modified after loadineg)

Jauwple Info

C:\HPCHEMY 1\METHOD 5\DEF LC.M
9/30/2015 B:57:09 AM hy ZHOT

C:4CHEM32% 1\METHOD S\DEF_LC.H

Location :

Wial 1

i AD-H, H/i-Pr0OH = 60/40, 0.6 ml/min, 30 oC, 220 mm

PV elen qih= 2 20 nm (ZH O 0- T30 20 03323 07
Narm. |

4010 -

00 | o
=
=+
T

00

100 4

2
=
N i
[
T T T T T T T T
o 5 10 18 20 25 a0 35 a0 45 min
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: ¥WD1 A, Wavelength=22Z0 nm
Peak RetTime Type Width Area Height Area
# [min] [min] wdU *s  [mdll ] 5
il et |l it | 1 | 1
1 14.Z04 BB 0.6387 117.06583 2.57232 0.50683
2 44,412 BB 1.3543 2.29154ed 258.56592 99,4917 Me
(+)-2j
Totals : 2.30325e4 261.13823

***% End of Report *

Instrument 1 1272872015 10:10:26 AM

T

Page 1 of L



Data File C:%CHEM32Y14DATAYZHOU-15,YZ008875.D
Sample Name: Z¥-3-624(+-)

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

Last chanced

ZHOT

Instrument 1

1071172015 1la:20:00 AM
C:YHECHEM, 14 METHOD S\DEF LC.H

(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
12/28/2015 10:14:59 AM
(modified after loadineg)

Anglvysis Method :
Last changed

FJawple Info

Location : Vial 1

101042015 11:49:45 PM hy ZHOU

@ AD-H, H/i-PrOH = 60/40, 0.6 mL/min, 30 oC, 220 mm

DT rwelen gihe 220 i (ZHO U- 150 200387 5.07
Narm. 7|
400
300
o
s
=
200
100 &
2
=
@
T T T T T
i} 10 20 20 a0 i) i
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.) o)
Use Maltiplier & Dilution Factor with ISTDs O\S//_O
|
; . _ NH
Sigmal 1: VD1 &, Wawvelength=220 nm
Peak RetTime Type Width  Area Height  Area PO(O'Pr),
§  [min] [win] mill *s  [wal ] 5
e el Bt | | | |
1 17.143 VB 0.4490 6325.97852 218.10677 50.2315
2 53.504 EB 1.5109 6267.66504 63.91665 49,7685 MeO
(+1-)-2k
Totals : 1.25936e4 282.02342

*** End of Report **+*

Instrument 1 12/28/2015 10:15:13 AM

Page 1 of 1

S113

Data File C:%\CHEM3Z,1\DATA,ZHOU-15\YZ008876.D
Sanple Name: Z¥-3-524

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

Last chandged

ZHOU

Instrument 1

1071172015 1:28:07 AN

C: W HPCHEMY 1\ METHOD 34 DEF LC.M

(modified after loading)
C:\CHEM32Y 1\METHOD 5\DEF_LC.H
12/28/2015 10:16:21 AM
(modified after loading)

Analysis Method :
Last changed

Jauwple Info

Location : ¥ial 1

1041042015 11:49:45 PM by ZHOT

i AD-H, H/i-PrOH = 60/40, 0.6 nl/min, 30 oC, 220 mm

PO Felen gihe 2 20 nm (ZHO -5 200337 6.07
Narm. 7]
250
200
150 =
=l
2
@
1004
50
@
2
&
~
1 .
T T T T T
o 10 20 a0 a0 0 i
Area Percent Report
Jorted Bv Fimmal
Maltiplier: H 1.0000
Dilution: 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.) o)
Use Multiplier & Dilution Factor with ISTDs O\S/I_O
|
: NH
Signal 1: ¥WD1 &, Wavelength=22Z0 nm R
N i
Pesk RetTime Type Width  Area Height  Area PO(O'Pr),
# [min] [win] mdU *s  [mall ] 5
R [ R I | I |
1 17.058 ¥V 0.7171 22.663064 3.94335e-1 0.1654
2 53.269 BB 1.6607 1.36774ed 125.02090 99,8346 MeO
(+)-2k
Totala 1.37000e4 125.41523

*** End of Report *+F

Instrument 1 12/28/2015 10:16:27 AM

Page 1 of 1



Data File C:%\CHEM32Y1%DATANZHOU-15,YZIN00967L.0
Sample Name: Z¥-3-628(+-)

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

Last chanced

Instrument 1 Location : Vial 1
10/12/2015 B:l5:42 PH

C: 4 CHEM3ZY 1\ METHOD S\DEF_LC.
1041272015 7:46:55 FPM
(modified after loading)
C:4CHEM32Y 1ZMETHOD S\DEF_LC.H

12/28/2015 10:22:44 AM

(modified after loadineg)

: AD-H, H/1i-PrOH = 60440, 0.6 mL/min, 30 o, 220 nm

=

Anglvysis Method :
Last changed

FJawple Info

PO &, Wavelen g2 20 i (ZHO - TE ZHO0a6T T .07
HNam. 7]
700 4
600
00 o
400 +
300
3
&
2 5
200 H =
=3
100
0 . L
T T T T T T T
o 2 4 L] 8 10 12 14 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: : 1.0000 o 0
Use Multiplier & Dilution Factor with ISTDs \S/:O
|
NH
Sigmal 1l: VDL &, Wawvelength=2:20 nm
i
Peak RetTime Type Width Area Height Area PO(O Pr)z
# fwinl min] mall 2 [wal 1 %
R e l----]-=---- | | | |
1 10.534 BY 0.2326 3160.62376 208.04991 50.1699
2 13.187 BV 0.3100 3139.21924 156.32187 49.8301 Me
(+1-)-2l
Totals : 6299.84302  364.37178

*%*% End of Report *++%

Instrument 1 12/28/2015 10:23:10 AM

Page 1 of 1

Data File C:\CHEM3Z)1\DATA,ZHOU-13\YZINOOS676.D
Sanple Name: Z¥-3-6ZB

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

Last chandged

Instrument 1 Location : ¥ial 1
1041372015 1l:14:24 AM

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

104132015 11:13:22 AM

(modified after loading)

C:4CHEM32% 1\METHOD S\DEF_LC.H

12/28/2015 10:18:14 AM

(modified after loadineg)

: AD-H, H/i-Pr0H = 60740, 0.6 wl/min, 30 oC, 220 mm

Analysis Method :
Last changed

Jauwple Info

IVET A, Wavelen qihe2 20 fim [ ZH 001 50 ZHO0 9675 17
Farm. 7
800
600 -
£
=
400+
200 A
=
E
2
=2
o . L
T T T T T T
o 2 4 -] 8 10 12 14 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000 0]
Use Multiplier & Dilution Factor with ISTDs O\S/’:O
|
NH

Signal 1: ¥ND1 &, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
# winl fnin] wdU 2 [y 1 %
il |---=]-=m-—- | | | |
1l 10.453 VB 0.2533 8076.81152 498.01129 99,9576
2 13.896 BB 0.3343 3.42285 1.59838e-1 0.0424
Totals 8080.23437 495.17113

**#% End of Report *++

Instrument 1 12/28/2015 10:18:25 AM

S114

Y PO(OiPr),

(+)-21

Page 1 of L




Data File C:%\CHEM32Y1%DATANZHOU-15,YZIN009928.0
Sample Name: Z¥-3-674(+-)

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

Instrument 1

11/6/2015 3:36:20 PM

C: 4 CHEM3Z2Y 1\ METHOD SVDEF_LC.M
11/6/2015 3:34:50 PM
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
12/28/2015 11:14:06 AM
(modified after loadineg)

Location :

Tial 1

@ AD-H, H/i-PrOH = 60/40, 0.6 mL/min, 30 oC, 220 mm

T walen gEhe 220 i (ZH O 0-1 50 2009078 17
HNam. 7]
176 4
150 o
125 o
100 o
75 B
=3
]
50 <
2
154
0 N,
T T T T
o ] o 15 20 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000 0o
Dilution: H 1.0000 Ot/
Use Multiplier & Dilution Factor with I3TDs S=0
U
NH
Sigmal 1l: VDL &, Wawvelength=2:20 nm
PO(O'P),
Peak RetTime Type Width Area Height Area
# fwinl min] mall 2 [wal 1 %
e e l----]===---- | | | |
1l 13.671 EE 0.5685 2330.20630 62,5615l 50.6564 OMe
2 20.668 BE 0.68211 2269.81812 39.71776  49.3436
(+/-)-2m
Totals : 4600.02441  102.27956

*%*% End of Report *++%

Instrument 1 12/25/2015 11:14:10 AM

Page 1 of 1

S115

Data File C:\CHEM3Z)1\DATA,ZHOU-13\YZINOOS927.D

Sanple Name: Z¥-3-574

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

Last chandged

Analysis Method :
Last changed

Jauwple Info

Instrument 1
11/6/2015 2:55:08 PHM

Location :

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

11/6/2015 2:53:47 PH
(modified after load:

ing)

C:4CHEM32% 1\METHOD S\DEF_LC.1
12/28/2015 11:11:54 AN

(modified after load:

iner)

Wial 1

i AD-H, H/i-Pr0OH = 60/40, 0.6 ml/min, 30 oC, 220 mm

DT A, vl

00+

600+

500 o

400

3004

00

100+

& gtk

T i (200130 ZHO0 0027 0

13722

Area Percent Report

Jorted By
Maltiplier:
Dilution:

Gimmal
H 1
H 1

L0000
.oooo

Use Multiplier & Dilution Factor with ISTDs

Signal 1: WUD1 A,

Peak RetTime Type
#  Twin]

PR P [J—
1l 13.723 BB

Tavelength=220 nm

Width Area
fwin] wdU  #2
|===---- |

BTy
|

Height Area
1 5

0.3940 1.0290524

1.02905e4

391.4763% 100,0000

391.47638

*#*% End of R

Instrument 1 12/28/2015 11:12:04 AM

epore FEY

X PO(OPr),

OMe
(+)-2m

Page 1 of L




Data File C:%\CHEM32Y1%DATANZHOU-154YZIN009999.0

Sanple MName:

Z¥-3-T1A(+-)

Acg. Operator

Acg. Instrument :

Injection Date
Acg. Method
Last chanced

Anglvysis Method :

Last changed

FJawple Info

Instrument 1 Location : Vial 1
11/18/2015 2:43:03 PH

C: 4 CHEM3ZY 1\ METHOD S\DEF_LC.
11412720158 2:25:12 PM
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H

12/28/2015 11:15:24 AM

(modified after loadineg)

: AD-H, H/1i-PrOH = 60440, 0.6 mL/min, 30 o, 220 nm

=

T walen gEhe 220 i (ZH O 0-1 50 ZH00 9050 17
HNam. 7]
1750 o
1500 o
1250 o -
=
=
1000
750
¥
b3
500 o o
250
1}
T T T T T T T
o 2 4 L] 8 10 12 14 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000 0o
Dilution: H 1.0000 O/
Use Multiplier & Dilution Factor with I3TDs S=0
|
NH
Signal 1: VWDl A, Wavelength=220 nm .
PO(O'PY),
Peak RetTime Type Width Area Height Area Me
# fwinl min] mall 2 [wal 1 %
e e l----]-=---- | | |
1 T.187 WV 0.1899 1.3566led 10582.45422 49.6519 Me
2 12.844 BE 0.4431 1.37563e4 458.66183  50.3481
(+-)-2n
Totals : 2.73224e4  1541.11606

*%*% End of Report *++%

Instrument 1 1272872015 11:18:32 AM

Page 1 of 1

S116

Data File C:\CHEM3Z\1\DATAYZHOU-13\¥ZNO10000.D

Sanple Name:

Z¥-3-T1A

Acg. Operator

Acg. Instrument :

Injection Date
Acg. Method
Last chandged

Analysis Method :

Last changed

Jauwple Info

Instrument 1 Location : ¥ial 1
1171272015 3:06:05 PH

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

11/12/2015 3:04:45 PM

(modified after loading)

C:4CHEM32% 1\METHOD S\DEF_LC.HM

12/28/2015 11:17:12 AM

(modified after loadineg)

: AD-H, H/i-Pr0H = 60740, 0.6 wl/min, 30 oC, 220 mm

AT welen gith=1 20 nm (ZH OU- T30 ZH0T 0000 Iy
Farm. ]
3600 4
3000
2500 o
=
2
2000 - "
1500 o
1000 o
500+
=
T
3
o
o L L
T T T T T T T
o 2 4 -] 8 10 12 14 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: : 1.0000 o 0
Use Multiplier & Dilution Factor with ISTDs \S’zo
U
NH
Signal 1: ¥ND1 &, Wavelength=220 nm R
N i
Peak RetTime Type Width Area Height Area PO(O PI’)Z
#  luinl fwinl wAU  *z  [wkU ] B Me
] |---=]-=mm- | | | |
1 7.199 V¥ 0.1934 z2.56e60led  1961.77734 99,8181
2 12.944 BB 0.3333 46, 748681 2.07088 0.1819 Me
(+)-2n
Totals 2.57068e4  1963.04822

Instrument 1 1272872015 11:17:22 AM

**#% End of Report *++

Page 1 of L



Data File C:%CHEM3214DATAYZHOU-16%YZ009035.D
Sample Name: Z¥-3-63C(+-)

ZHOT

Instrument 1

11/4/2015 7:2l:42 AM
C:YHECHEM, 14 METHOD S\DEF LC.H
11/4/2015 6:33:08 AM hy ZHOO
(modified after loading)
C:CHEM32Y 1V METHOD S\DEF_LC.H
3/16/2016 10:08:35 PH
(modified after loadineg)

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

Location : Vial 1

a7, Hfi-PrOH = 25/5, 0.6mL/min, 30 oC, 220 nm

DT rwelen gehe 220 i (ZHO U- 160 200903 5.0)
Narm. 7]
250
200
150 o
.
Z
&
100 4 S
@
&
50 - =
.
0 A
T T T T
i} ] 10 18 20 i
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs
0.2
Sigmal 1: VD1 &, Wawvelength=220 nm $_O
NH
Feak RetTime Type Width Area Height Area
§  [min] [win] mill *s  [wal ] 5 PO(O'Pr),
il et |ttt Rt 1 1 1 1
1 13.057 BB 0.9655 5939.86670 92.93832 51.32z22 O
2 17.836 EB 2.0406 5633.82178 38.04663 48.6778
Totals : 1.15737e4 130,98495 F
(+1)-20

*** End of Report **+*

Instrument 1 371872016 10:09: 42 PM

Page 1 of 1

S117

Data File C:%CHEM3Z)L1\DATA,ZHOU-15\YZ009036.0
Sanple Name: Z¥-3-63C

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

Last chandged

ZHOU

Instrument 1

117472015 8:20:19 AM
C:\HPCHEMY 1\METHOD 5\DEF LC.M
114442015 £:33:08 AW hy ZHOT
(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC.H
12/28/2015 10:29:05 AM
(modified after loading)

0J, H/i-PrOH = 95/5, O.6unl/min,

Analysis Method :
Last changed

Jauwple Info

Location : ¥ial 1

30 oC, Z20 nm

DT Frlan quh= T 20 i (ZH 00 T3 2 D00 F6 07

250+

200+

150+

1004

17 489

Area Percent Report

Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
O. I/(_)
Signal 1: ¥WD1 A, Wavelength=22Z0 nm |S_O
NH
Peak RetTime Type Width Area Height Area 8
# [min] [min] wdU *s  [mdll ] % N PO(O'P),
R R [ R I | |
1 17.489 VB 2.3315 1.14597e4 74.81992 100.0000
Totals 1.14597=4 74.81992 F
(+)-20

**#% End of Report *++

Instrument 1 12/28/2015 10:29:19 AM

Page 1 of L




Data File C:%CHEM32Y14DATAYZHOU-15,YZ008931.D

Sanple MName:

Z¥-3-63D0 (+-)

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

ZHOT

Instrument 1

1071772015 11:44:38 AM
C:YHECHEM, 14 METHOD S\DEF LC.H
104172015 10:41:43 &M hy ZHOT
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
12/28/2015 10:39:36 AM
(modified after loadineg)

IC-H, HAL-Pr0OH = 90410, 0.7 nl/nin, 30 oC, 220 mum

Location : Vial 1

Data File C:%CHEM3Z)L1\DATA,ZHOU-15\YZ008532.D

Sanple Name: Z¥-3-63D

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

Last chandged

Analysis Method :
Last changed

Jauwple Info

ZHOU

Instrument 1

101872015 5:55:56 MM
C:\HPCHEMY 1\METHOD 5\DEF LC.M
104182015 5:29:38 AM hy ZHOO
(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC.1
12/28/2015 10:40:55 AM
(modified after loadineg)
IC-H, H/i-Pr0OH = 30/10, 0.7 wl/min, 30 oC, 220 mm

Location : ¥ial 1

DT rwelen gihe 220 i (ZHO U- 15 200303 1.07 PV velen gih= 2 20 nm (ZH O 0- T30 20 D393 207
Nawm. 7] Narm. ]
175 176
150 - 150
125 125
&
100 & 100
75 75
=
=
= =
50 a 50 T
i
*,
25 25
. i o I
T T T T T T T T T T T T
i} 5 10 18 a0 25 0 i o & 10 18 20 25 20 i)
Area Percent Report Area Percent Report
Gorted By Gimmal Jorted By Gimmal
Multiplier: H 1.0000 Maltiplier: H 1.0000
Dilution: 1.0000 Dilution: 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.) Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs o) Use Multiplier & Dilution Factor with ISTDs o (0]
(O] ~do
~s=0 $=0
Sigmal 1: VD1 &, Wawvelength=220 nm I\IIH Signal 1: ¥WD1 A, Wavelength=22Z0 nm NH
Peak FetTime Type Width Area Height Area . Peak RetTime Type Width Area Height Area N i
¢ [min] [win] wdU  *s  [wd0 ] 4 PO(O'Pr), 4 [nmin] [min] wdU  *s  [mall ] 4 PO(O'Pr);
e el B | | | | R R [ R I | I |
1 16.624 BE 0.9536 6575.19727 91.16359 52.8017 1 =22.160 BB 1.8070 7268.64657 50.47561 100.0000
2 22.238 BB 1.86841 5877.43701 40.65810 47,1983
Totals 7288.64687 50.47561 Cl
Totals : 1.24526e4  131,32169 (+)-2p

*** End of Report **+*

Instrument 1 12/28/2015 10:39:51 AM

(+-)-2p

Page 1 of 1

S118

Instrument 1 12/28/2015 10:41:05 AM

**#% End of Report *++
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Data File CiY
Sanple MName:

CHEM32Y 1\DATAY ZHOU-154FZ006 944, D
Z¥-3-63E (+-)

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

ZHOT

Instrument 1

1072072015 5:05:03 AM
C:YHECHEM, 14 METHOD S\DEF LC.H
10/20/2015 4:52:10 AM by ZHOT
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
12/28/2015 10:44:31 AM
(modified after loadineg)
Ii-H, HA1-Pr0OH = 70430, 0.7 nl/min, 30 oC, 230 mum

Location : Vial 1

i} FoElen e 230 rm (ZH OO T3 Z0Eaad 1)
Nawm. 7]
175
150
125
g
o
100 o ; £
2
75
50
25
0 L
T T T T
i [ 10 18 20 i
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs o /O
U
\$:O
Sigmal 1: VD1 &, Wawvelength=230 nm NH
Feak RetTime Type Width Area Height Area i
#  [min] [mwin] m&T *5  [wdD ] % O PO(O'Pr),
e e | | | |
1 12.008 BE 1.1157 7299.03906 93.66808 50.2285
2 19.075 EB 1.1820 7232.54541 87.56483 49,7712 Br
Totals : 1.45316e4  181,25291 (+/-)-2q

Instrument 1 1272872015 10:44:37

*** End of Report **+*

AM

Page 1 of 1

S119

Data File C:%\CHEM3Z)L1\DATA,ZHOU-15\YZ008545.D

Sanple Name:

Z¥-3-63E

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

Last chandged

Analysis Method :
Last changed

Jauwple Info

ZHOU

Instrument 1

102072015 5:45:08 AN
C:\HPCHEMY 1\METHOD 5\DEF LC.M
104202015 4:52:10 AM by ZHOO
(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC.1
12/28/2015 10:43:22 AM
(modified after loading)
IA-H, H/i-Pr0OH = 70/30, 0.7 wl/min, 30 oC, 230 mm

Location : ¥ial 1

PV el gih= 2 30 nm [ZH O 0- 150 20 03545 07
Haym.
140 o
120
100
T
30 3
=
60
40
204
o L
T T T T
o 5 10 15 20 i)
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs o /O
A
SI—O
Signal 1: ¥WD1 A, Wavelength=230 nm NH
Peak RetTime Type Width Area Height Area S i
# [min] [min] wdl *s  [wdll ] 5 PO(O'Pr),
il i | ail ettt | 1 | 1
1 18.194 BB 1.23868 5899.458779 70.05099 100.0000
Totals 5899.45773 70.050939 Br
(M-29
**#% End of Report *++
Instrument 1 12/28/2015 10:43:31 AM Pags L of 1




Data File C:%\CHEM3ZY1%DATANZHOU-15,YZIN009790.0
Sample Name: Z¥-3-64H(+-)

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

Last chanced

Instrument 1

1072372015 10:37:58 AM

C: 4 CHEM3ZY 1\ METHOD S\DEF_LC.
1042372015 10:36:42 AW
(modified after loading)
Anslvysis Method : C:3CHEM3Z)\14METHODSYWDEF_LC.HM
Last changed : 12/28/2015 10:47:46 AW
(modified after loadineg)

=

FJawple Info

Location :

Tial 1

@ AD-H, H/i-PrOH = 60/40, 0.6 mlL/min, 30 oC, 254 mm

T wElen gEhe 254 i (ZH O 0-1 50 ZH00Ta0 17
Nam. 7]
1200 o
1000 o
@
00 &
=
600
=
400 g
P
I3
200 H
0 .
T T T T T T T
o ] j[1] 15 20 i3 0 26 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: : 1.0000 @]
Use Multiplier & Dilution Factor with ISTDs O\S/’_O
1
NH
Sigmal l: VUDL &, Wavelength=254 nm
i
Peak RetTime Type Width Area Height Area PO(O Pr)Z
# fwinl min] mall 2 [wal 1 %
e e l----]-==---- | | | |
1 16.528 BV 0.5364 Z.56655ed 713.02032 49.9914
2 37.058 BB 1.2265 2.56743e4 324.27612 50.0086 Ph
(+1-)-2r
Totals : 5.13398e4  1037.28645

*%*% End of Report *++%

Instrument 1 12/28/2015 10:47:56 AM

Page 1 of 1

S120

Data File C:\CHEM3Z)L1\DATAYZHOU-13\¥ZINOOS731.D
Sanple Name: Z¥-3-54H

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

Last chandged

Instrument 1

102372015 2:08:13 PH

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

104232015 1:41:16 PM

(modified after loading)

Analysis Method : C:ZCHEM32Y1\METHOD5\DEF_LC.M

Last changed 1 12/26/2015 10:46:19 AM
(modified after loadineg)

Jauwple Info

Location :

i AD-H, H/i-Pr0OH = 60/40, 0.6 ml/min, 30 oC, 254 mm

VIVET A, Wavelen ihe2 58 fim (ZH O0-1 5 ZHO0 7T 17
Farm. 7]
LI
50+
o
404 I
<
@
304
104
104
-
o
o] e =
T T T T T
o 5 10 15 20 30 6 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000 0]
Use Multiplier & Dilution Factor with ISTDs O\S/’:O
1
NH
Signal 1: ¥ND1 &, Wavelength=254 nm R
N i
Peak RetTime Type Width Area Height Area PO(O PI’)Z
# winl fnin] wdU 2 [y 1 %
] |---=]-=mm—- | | | |
1l 16.517 EB 0.4410 11.59417 3.9887z2e-1 0.4178
2 36.723 BB 1.2361 2764.75342 34.78006 99.5624 Ph
(+)-2r
Totals 2776.34753 35.17885

**#% End of Report *++

Instrument 1 12/28/2015 10:46:28 AM

Page 1 of L



Data File C:4CHEM32%1\DATAYZHOU-154F¥ZN009394.D
Z¥-3-T2A(+-)

Sanple MName:

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

Instrument 1
1171172015 9:30:57 PH

C: 4 CHEM3ZY 1\ METHOD S\DEF_LC.

1141172015 9:06:46 FPM

(modified after loading)

=

C:CHEM32Y 1ZMETHOD S\DEF_LC.H

12/28/2015 10:55:21 AM
(modified after loadineg)
: AD-H, H/1i-PrOH = 70430, 0.7 mL/min, 30 o, 220 nm

Location :

Tial 1

T wElen gEhe 220 i (ZH O 0-1 50 ZH00 9054 17
HNam. 7]
1000 o
800
o
2
600 =
2
b
=4
400
200 H
1}
T T T T T T
o 25 5 T 10 128 15 176 20 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: H 1.0000 o)
Use Multiplier & Dilution Factor with ISTDs \\,/O
S
. _ NH
Sigmal 1l: VDL &, Wawvelength=2:20 nm
Peak RetTime Type Width Area Height Area PO(OiPr)Z
#  lwin] fwinl mAl %5 [whl % O
] e l----]===---- | |
1 14.692 EEB 0.3457 1.29592e4 575.70093 49,9083
2 19.668 BE 0.4544 1.30068e4 415.727659  50.0917
(+1)-4a
Totals : 2.59660e4d 994, 42062

*%*% End of Report *++%

Instrument 1 12/28/2015 10:58:29 AM

Page 1 of 1

S121

Data File C:\CHEM3Z)1\DATA,ZHOU-13\¥ZINOOS935.D

Sanple Name:

Z¥-3-TZA

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

Last chandged

Analysis Method :
Last changed

Jauwple Info

Instrument 1
1171172015 9:57:44 PH

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M

11/11/2015 9:52:54 PM

(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC.H
12/28/2015 10:558:21 AM
(modified after loadineg)

Location :

Wial 1

i AD-H, H/i-Pr0H = 70/30, 0.7 wl/win, 30 oC, 220 nm

g elen g2 20 i (ZH O TET7 ZHO0 D095 Iy
Farm. 7]
1000 o
800
g
hos
600
400
00+
5
=
AN z
o L L
T T T T T T
o 25 4 75 10 12.5 15 wE min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000 I6)
Use Multiplier & Dilution Factor with ISTDs w0
v
S,
Signal 1: ¥ND1 &, Wavelength=220 nm NH
Pedak RetTime Type Width Area Height Area < PO(OiPr)Z
# winl fnin] wdU 2 [y 1 %
] |---=]-=m- | | | |
1l 14.642 EB 0.3532 1.41325e4 620.11041 99,5107
2 19.627 BB 0.45827 69.49609 2.21367 0.45893
()-4a
Totals 1.4z2020e4 622.32408

**#% End of Report *++

Instrument 1 12/28/2015 10:59:36 AM

Page 1 of L




Data File C:%CHEM32Y14DATANZHOU-15,YZ009126.1
Sample Name: Z¥-3-72B(+-)

Acg. Operator H|

Acg. Instrument : Instrument 1

Injection Date 11/15/2015 7:03:09 AN

Acg. Method C:3HPCHEMY 1\METHOD 3\DEF LC.H
Last chanced 11/15/2015 6:36:02 AM by 3
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
12/28/2015 11:02:56 AM
(modified after loadineg)

: AD, Hfi-Pr0OH = 70/30, 0.70 nl/min, 30 oC, 220 nm

Location : Vial 1

Anglvysis Method :
Last changed

FJawple Info

DT 7, Wavelen gihe 220 nm (ZHOU- 157 2008126 07
Narm. 7|
1000
a00 -
&=
&
E3
600 | £
G
&
400
200
0 L L
T T T T T
i} 5 1 15 ] 5 i
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs o
w0
154
Sigmal 1: VD1 &, Wawvelength=220 nm \NH
Peak RetTime Type Width Area Height Area .
#  [win] [win] mall  *s  [whl ] 5 PO(O'Pr),
e el R | | | |
1 19.737 BE 0.5058 2.17435e4 671.73767 49.9558
2 25.273 BB 0.6622 2.17820e4 512.07880 50.0442
Totals : 4,35255e4  1183.81647
(+1)-4b

*** End of Report **+*

Instrument 1 12/28/2015 11:03:03 AM

Page 1 of 1

S122

Data File C:%\CHEM3Z)1\DATA,ZHOU-15\YZ009127.D
Sanple Name: Z¥-3-72B

Acg. Operator H|

Acg. Instrument : Instrument 1

Injection Date 1141572015 7:40:43 AN

Acg. HMethod C:\HPCHEMY 1\METHOD 3\DEF LC.H
Last chandged 11/15/2015 6:36:02 AM by 3
(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC. 1M
12/28/2015 11:01:36 AM
(modified after loading)

i AD, H/1-PrOH = 70430, 0.70 nl/min, 30 of, 220 nm

Location : ¥ial 1

Analysis Method :
Last changed

Jauwple Info

“FIVET A, Viavelen gihe2 20 im (ZHOU- 15 2003127 07
HMarm.
1400 o
1200
1000
=}
~
=
200
600
400
200
@
E
&
&
o L
T T T T T
o & 10 18 20 25 i)
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs [o)
¥°
Signal 1: ¥WD1 A, Wavelength=22Z0 nm \NH
Peak RetTime Type Width Area Height Area $ h
# [min] [win] wdlU *s5  [wdll ] % S "PO(O'Pr),
R R [ I | I |
1 18.701 BB 0.5106 2.64735e4 807.17657 99.6786
2 25.309 BB 0.68539 85.35922 1.95938 0.3214
Totala 2.65588e4d 809.13595 Me ( ) b

*** End of Report *++

Instrument 1 1272872015 11:01:46 AM

Page 1 of L



Data File C:%CHEM32Y1\DATAYZHOU-15,YZ009128.1
Sample Name: Z¥-3-73C(+-)

Acg. Operator H|
Acg. Instrument : Instrument 1 Location : Vial 1
Injection Date 11/15/2015 B:14:31 AM
Acg. Method C:YHECHEM, 14 METHOD S\DEF LC.H
Last chanced 11/15/2015 6:36:02 AM by 3
(modified after loading)

Anslvysis Method : C:3CHEM3Z)\14METHODSYWDEF_LC.HM
Last changed 12/268/2015 11:06:09 AM

(modified after loadineg)
: AD, Hfi-Pr0OH = 70/30, 0.70 nl/min, 30 oC, 220 nm

FJawple Info

DT 7, Wavelen gihe 220 nm (ZHOU- 15 2008128 07
Nawm. 7]
250
300
250
@
¢
o
&
200 H
I
hick
=
150
100 o
50
1} T
T T T T T T
i} 5 10 18 a0 25 0 i
Area Percent Report
Gorted By H Gimmal
Multiplier: H 1.0000
Dilution: : 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs fo)
w0
Sigmal 1: VD1 &, Wawvelength=220 nm \NH
Peak RetTime Type Width Area Height Area .
§  [min] [win] mill *s  [wal ] 5 PO(O'Pr),
il |l R 1 1 1 1
1 23.485 VB 0.5588 8022.50732 207.86746 50.0107
2 31.133 BY 0.8045 8019.05859 153,51097 49.9893
Totals : l.6041l6ed 361.37843
(+1)-4c

*** End of Report **+*

Instrument 1 12/25/2015 11:06:14 AM Page 1 of 1

Data File C:%CHEM3Z)L1\DATA,ZHOU-15\YZ009129.D
Sanple Name: Z¥-3-73C

Acg. Operator H|
Acg. Instrument : Instrument 1 Location : Wial 1
Injection Date 1141572015 8:53:45 AN
Acg. HMethod C:\HPCHEMY 1\METHOD 5\DEF LC.M
Last chandged 11/15/2015 6:36:02 AM by 3
(modified after loading)

Analysis Method : C:ZCHEM32Y1\METHOD5\DEF_LC.M
Last changed 12/28/2015 11:04:31 AN

(modified after loading)
i AD, H/1-PrOH = 70430, 0.70 nl/min, 30 of, 220 nm

Jauwple Info

“FIVET A, Viavelen gihe 2 20 im (ZHO0- 15 2003 12307
Narm. |
1000 o
800 | -
4
o
=
600
400
200 |
8
[ + ;
T T T T T T
o & 10 18 20 25 20 i)
Area Percent Report
Jorted By H Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs o
w, O
14
Signal 1: ¥WD1 A, Wavelength=22Z0 nm \NH
Peak RetTime Type Width Area Height Area A .
#  [min] [win] il *s  [wdl ] % < "PO(O'PY),
e R [ R I | I |
1 23.477 VB 0.6141 2.67050e4 661.87137 99.2472
2 3l.1% Vv l.0z200 202.56876 2.71189 0.7528
Totals @ 2.69076e4  £84,68327 MeO
(-)-4c

*** End of Report *++

Instrument 1 12/28/2015 11:04:44 AM Page L of 1




Data File C:%CHEM32Y14DATAYZHOU-15,YZ009130.1
Sample Name: Z¥-3-73D(+-)

Acg. Operator H|

Acg. Instrument : Instrument 1

Injection Date 11/15/2015 9:48:09 AN

Acg. Method C:3HPCHEMY 1\METHOD 3\DEF LC.H
Last chanced 11/15/2015 6:36:02 AM by 3
(modified after loading)
C:4CHEM32Y 1ZMETHOD S\DEF_LC.H
12/28/2015 11:09:50 AM
(modified after loadineg)

Anglvysis Method :
Last changed

FJawple Info

Location : Vial 1

T AD, Hfi-ProOH = 70/30, 0.70 ml/min, 30 o, 220 nm

DT welen gihe 220 i (ZHO U- 15 200913 0.0)
Narm. 7]
250
200
@
o=
@
150 o
o
=
100 o =2
50 -
1}
T T T T T T
i} 5 10 18 a0 25 0 i
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: 1.0000
Jample Amount: H 1.00000  [ng/ul] (not used in calc.)
Use Maltiplier & Dilution Factor with ISTDs o
1w O
5
Sigmal 1: VD1 &, Wawvelength=220 nm \NH
Feak RetTime Type Width Area Height Area
§  [min] [win] mill *s  [wal ] 5 PO(O'Pr),
il ettt |ttt R 1 1 1
1 1&.31z2 BV 0.4642 4863.51563  163.19772 49.8653
2 30.193 EB 0.8029 4870.27148 94,38426 50,0347
Totals : 9733.78711 257.58199 Br
(+1)-4d

*** End of Report **+*

Instrument 1 12/28/2015 11:09:55 AM

Page 1 of 1

Data File C:%CHEM3Z)1\DATA,ZHOU-15\YZ009132.D
Sanple Name: Z¥-3-73D

Acg. Operator H|

Acg. Instrument : Instrument 1

Injection Date 1141572015 11:32:44 Al

Acg. HMethod C:\HPCHEMY 1\METHOD 3\DEF LC.H
Last chandged 11/15/2015 6:36:02 AM by 3
(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC.1
12/28/2015 11:058:05 AM
(modified after loading)

Analysis Method :
Last changed

Jauwple Info

Location : ¥ial 1

i AD, H/i-PrOH = 70/30, 0.70 nl/min, 30 oC, 220 mm

PV velen gih= 2 20 nm (ZH O 0- T3 2003 T3 207
Narm. |
4010 -
00 |
ud
=
00
100 4
=
=
A 2
0 - L
T T T T T T
o & 10 18 20 25 20 i)
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: 1.0000
Sample Amount: H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs o
v, 0
15
Signal 1: ¥WD1 A, Wavelength=22Z0 nm \NH
Peak RetTime Type Width Area Height Area B .
# [min] [win] wdl *s  [mk0 ] % £ PO(O'PI),
il et |l | 1 1
1 18.313 VB 0.4658 7280.01807 243.46350 99.7391
2 30.170 vB 0.6440 159.07194 3.79880e-1 0.2e09
Totala 7309.09000  243.84338 Br
()-4d

*** End of Report *++

Instrument 1 1272872015 11:08:13 AM

S124

Page 1 of L



E¥-3-65

Data File C:%\CHEM32Y1%DATANZHOU-154YZIN009684.0
Sanple MName:

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

Last chanced

Anglvysis Method :
Last changed

FJawple Info

Instrument 1

1041372015 9:11:13 PH

C: 4 CHEM3ZY 1\ METHOD S\DEF_LC.

=

1041372015 8:42: 55 FPM
(modified after loading)
C:CHEM32Y 1ZMETHOD S\DEF_LC.H
12/28/2015 10:51:11 AM
(modified after loadineg)

Location :

Tial 1

@ AD-H, H/i-PrOH = 70430, 0.7 ml/min, 30 oC, 220 mm

T wElen gEhe 220 i (ZH O 0-1 50 ZH00 9654 17
HNavm. 7]
1600 o
1400
1200 o
1000 o
200
-
600 o g o
* 4
]
400 o
200
0 "
T T T T T T
o 2 4 g 10 12 14 16 min|
Area Percent Report
Gorted By Gimmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs 0] o
n
S\
Signal 1: VWDl A, Wavelength=220 nm NH
Peak RetTime Type Width Area Height Area Me PO(O'P
#  Twin] fminl mAU  *z  [wAD ] 5 (O'Pr),
i e l----]-=----- | | |
1 14,004 ¥V 0.3396 1.07398ed 490,98856 49,9772 O
2 15.582 VB 0.3915 1.07496e4 426.69989 50.0228
(+/-)-4e
Totals : 2.14894ed 919.68045

*%*% End of Report *++%

Instrument 1 1272872015 10:51:31 AM

Page 1 of 1

S125

Data File C:\CHEM3Z)1\DATAYZHOU-13\YZINOOS656.D

Sanple Name:

Z¥-3-65

Acg. Operator

Acg. Instrument :

Injection Date
Acg. Method
Last chandged

Analysis Method :

Last changed

Jauwple Info

Instrument 1

1041372015 10:20:45 PM

C: 4 CHEM32Y 1\METHOD 5\DEF _LC.M
104132015 10:03:54 PM
(modified after loading)
C:4CHEM32% 1\METHOD S\DEF_LC.H
12/28/2015 10:49:15 AM
(modified after loadineg)

+ AD-H, H/i-Pr0OH = 70730, 0.7 wl/min, 30 oC, 220 mm

Location : ¥ial 1

g Elen g2 20 i (ZH O TET7 2000555 Iy
Haym.
1400 o
1200 o
1000
@
&
800 - 7
800+
400+
00+
o
2
2
ko)
o L
T T T T T T T T
o 2 4 -] g 10 12 14 16 min|
Area Percent Report
Jorted By Gimmal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
2,0
S,
Signal 1: ¥WDL A, Wavelength=220 nm NH
Me 3 .
Peak REtTlmE Type H1x?1th Area Height Area s PO(O'PI’)
#  Twin] fwin] wdU  #2 Twdl 1] 5 2
il |---=|-=m—- | | | |
1l 14.085 BV 0.34862 1.64625%e4 742.17401 99,6923 @
2 15.686 VB 0.399%9 50.806680 1.93231 0.3077
-)-4e
Totals 1.55137=4 74410632 ()
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