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1. General

Commercially available reagents were used without further purification. Solvents were treated
prior to use according to the standard methods. "H NMR and >C NMR spectra were recorded at
room temperature in CDCl; or DMSO on 400 MHz instrument with tetramethylsilane (TMS) as
internal standard. Enantiomeric excess was determined by HPLC analysis, using chiral column
described below in detail. Optical rotations were measured by polarimeter. Flash column chromate-
graphy was performed on silica gel (200-300 mesh). All reactions were monitored by TLC analysis.
The chiral thiourea and squaramide organocatalysts were prepared according to the known
methods.!"!
2. General Procedure for Synthesis of Azadienes 1

Heterocyclic enones 7 could be conveniently synthesized according to the known literature
procedures.”) Among them, 7a-l and 7n-p™** are the known compounds.

0]
ALO, Q
+ AlICHO ——»
R X DCM R X Ar
6X=0,S 7

Aluminium oxide (65.0 g, activated, basic) was added to a solution of ketone 6 (20 mmol) and
aldehydes (40 mmol) in dichloromethane (80 mL). The mixture was thoroughly stirred at room
temperature under exclusion of light. The progress of the reaction was monitored by TLC analysis.
The suspension was filtered off, the residue washed with dichloromethane, and the washes were
combined with the filtrate. The solvent was evaporated in vacuo. The residue was purified by flash
chromatography on silica gel and recrystallized from ethyl acetate/hexanes to give pure enones 7.

Azadienes could be conveniently synthesized according to the known literature procedures.”!

Among them, 1a-e, 1h-k and 1n " are the known compounds.
0 RN
. TiCly, Et;N )
+ RNH, ————>
N — toluene —
R Ar R X Ar
7X=0,S 1

Heterocyclic enones 7 (5.0 mmol) and sulfamides (5.0 mmol) were added in a round bottom flask
under N, in toluene (50 mL) and cooled to 0 °C. Triethylamine (10.0 mmol) and TiCl, (5.0 mmol)
were then successively added. The reaction mixture was heated for reflux under nitrogen overnight.
The solution was then cooled to room temperature, quenched with water and extracted with
dichloromethane. The combined organic phase was dried over sodium sulfate and concentrated. The
residue was purified by flash chromatography on silica gel and recrystallized from ethyl acetate/
hexanes to give pure azadienes 1.

N-tosylimine 1q could be synthesized according to the known literature procedures.!”?

(2)-2-(4-(tert-Butyl)benzylidene)-6-methylbenzofuran-3(2H)-one (7m): 3.5 mmol scale, 70%
yield, pale yellow solid, new compound, mp = 110-112 °C, Rs = 0.60 (hexanes/ethyl acetate = 10/1);
0 'H NMR (400 MHz, CDCl;) 5 7.85 (d, J = 8.3 Hz, 2H), 7.67 (d, J = 7.8 Hz, 1H),

/@ﬁgz\ 7.48 (d, J = 8.3 Hz, 2H), 7.11 (s, 1H), 7.01 (d, J = 7.8 Hz, 1H), 6.86 (s, 1H), 2.48 (s,
O Ar 3H), 1.35 (s, 9H); °C NMR (101 MHz, CDCly) 5 184.5, 166.7, 153.5, 149.0, 147.2,

Ar=4tBuCeHs 1314, 129.7, 126.0, 124.9, 124.4, 119.5, 113.2, 112.8, 35.1, 31.3, 22.8; HRMS (ESI)
m/z Calculated for C,oH,;0, [M+H]+ 293.1536, found 293.1538.
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N-((E)-2-((Z)-4-1sopropylbenzylidene)benzofuran-3(2H)-ylidene)-4-methylbenzenesulfonami
de (1f): 3.0 mmol scale, 45% yield, new compound, yellow solid, mp = 123-124 °C, R¢ = 0.65
Ts, (hexanes/ethyl acetate = 3/1). "H NMR (400 MHz, CDCl3) 3 8.77 (d, J = 8.0 Hz,
1H), 8.00 (d, J = 8.2 Hz, 2H), 7.82 (d, J = 8.2 Hz, 2H), 7.71-7.60 (m, 1H), 7.37 (d,
J=8.1 Hz, 2H), 7.33-7.23 (m, 4H), 7.11 (s, 1H), 3.00-2.86 (m, 1H), 2.46 (s, 3H),
1.26 (d, J = 6.9 Hz, 6H); *C NMR (101 MHz, CDCLy) & 165.2, 164.8, 152.0,
ipr 1493, 1434, 139.2, 137.6, 132.0, 131.1, 130.1, 129.6, 127.3, 127.1, 123.8, 118.6,
116.3, 112.4, 34.3,23.8, 21.7. HRMS (ESI) m/z Calculated for C»sH»sNO;S [M+H]" 418.1471, found
418.1470.

N-((E)-2-((Z)-4-(tert-butyl)benzylidene)benzofuran-3(2H)-ylidene)-4-methylbenzenesulfona
mide (19): 3.0 mmol scale, 37% yield, new compound, yellow solid, mp = 171-173 °C, Ry = 0.65
(hexanes/ethyl acetate = 5/1). '"H NMR (400 MHz, CDCl;) § 8.78 (d, J = 8.0 Hz,
1H), 8.00 (d, J = 8.2 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H),
7.45 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.3 Hz, 1H), 7.26 (t,
J =79 Hz, 1H), 7.12 (s, 1H), 2.46 (s, 3H), 1.33 (s, 9H); °C NMR (101 MHz,
CDCl;) 6 165.2, 164.8, 154.2, 1494, 143.4, 139.2, 137.6, 131.8, 131.1, 129.7,
129.6, 127.1, 126.1, 123.8, 118.5, 116.2, 112.4, 35.1, 31.2, 21.7. HRMS (ESI) m/z Calculated for
C6H26NO;S [M+H]" 432.1628, found 432.1628.

N-((E)-2-((Z)-3-Bromobenzylidene)benzofuran-3(2H)-ylidene)-4-methylbenzenesulfonamide
(11): 43% yield, new compound, yellow solid, mp = 183-185 °C, R; = 0.50 (hexanes/ethyl acetate =
3/1); "H NMR (400 MHz, CDCl;) 6 8.76 (d, J = 7.8 Hz, 1H), 8.00-7.98 (m,
3H), 7.75 (d, J = 7.7 Hz, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.47 (d, J = 7.8 Hz,
1H), 7.37 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.4 Hz, 1H), 7.30-7.25 (m, 2H),
6.95 (s, 1H), 2.46 (s, 3H); *C NMR (101 MHz, CDCl;) & 165.0, 164.8, 150.3,
143.7, 138.8, 138.0, 134.4, 134.0, 133.0, 131.2, 130.4, 130.1, 129.6, 127.2,
124.1, 123.1, 118.2, 113.4, 112.5, 21.8; HRMS (ESI) m/z Calculated for C,,H;7;BrNO;S [MJrH]+
454.0107, found 454.0107.

N-((E)-2-((Z)-4-(tert-Butyl)benzylidene)-6-methylbenzofuran-3(2H)-ylidene)-4-methylbenzen
esulfonamide (1m): 2.0 mmol scale, 17% yield, new compound, yellow solid, mp = 226-228 °C, Rs
= 0.60 (hexanes/ethyl acetate = 5/1). '"H NMR (400 MHz, CDCl;) & 8.63 (d, J
= 8.3 Hz, 1H), 8.00 (d, J = 8.2 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.45 (d, J =
8.5 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.11-7.06 (m, 3H), 2.50 (s, 3H), 2.46 (s,
3H), 1.34 (s, 9H). C NMR (101 MHz, CDCl3) & 165.4, 164.9, 153.9, 150.1,
149.8, 143.2, 139.3, 131.6, 130.6, 129.8, 129.4, 127.0, 126.0, 125.2, 116.2,
115.6, 112.4, 35.0, 31.1, 22.7, 21.6. HRMS (ESI) m/z Calculated for C,7H,sNO;S [MJrH]+ 446.1784,
found 446.1779.

N-((E)-2-((Z2)-Benzylidene)benzofuran-3(2H)-ylidene)-4-nitrobenzenesulfonamide (10): 3.0
mmol scale, 21% yield, new compound, yellow solid, mp = 197-199 °C, R¢ = 0.75 (hexanes/ethyl
Ns acetate = 3/1); '"H NMR (400 MHz, CDCls) & 8.69 (d, J = 8.0 Hz, 1H),

;N 8.46-8.37 (m, 2H), 8.34-8.24 (m, 2H), 7.91-7.88 (m, 2H), 7.76-7.70 (m, 1H),
@Eg; 7.49-7.39 (m, 3H), 7.36 (d, J = 8.4 Hz, 1H), 7.34-7.29 (m, 1H), 7.12 (s, 1H); °C
© P NMR (101 MHz, CDCl;) 6 166.2, 165.1, 150.1, 149.5, 147.5, 138.5, 132.1, 132.1,

131.0, 130.8, 129.2, 128.5, 124.3, 124.2, 118.4, 117.4, 112.7; HRMS (ESI) m/z
Calculated for C5H;5N,0sS [M+H]" 407.0696, found 407.0696.

Ns = 4'02NC6H4SOZ
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N-((E)-2-((Z2)-Benzylidene)benzo[b]thiophen-3(2H)-ylidene)-4-methylbenzenesulfonamide
(1p): 2.5 mmol scale, 21% yield, new compound, red solid, mp = 160-162 °C, Rs = 0.35 (hexanes/
Ts ethyl acetate = 7/1); 'H NMR (400 MHz, CDCl;) & 8.94 (d, J = 8.2 Hz, 1H), 8.17 (s,
N 1H), 8.01 (d, J = 8.3 Hz, 2H), 7.65 (d, J = 7.3 Hz, 2H), 7.61-7.54 (m, 1H), 7.50-7.32
@qu (m, 7H), 2.48 (s, 3H); *C NMR (101 MHz, CDCl;) § 170.5, 147.6, 143.2, 140.1, 136.1,
S Ph 1355 134.6,132.7, 132.3, 131.3, 130.6, 129.6, 129.2, 128.7, 126.8, 126.0, 123.5, 21.8;
HRMS (ESI) m/z Calculated for C»,H;sNO,S, [M+H]" 392.0773, found 392.0776.

3. General Procedure for Hydrophosphonylation of Azadienes 1

/N NHR'
. 9 Na,COs, cat. 5a { P(O)(OR),
>=\ ~ H-P(OR),
R X Ar toluene, -20 °C R X Ar
1X=0,8 2 3

To a solution of azadienes 1 (0.15 mmol), sodium carbonate (7.9 mg, 0.075 mmol) and quinine
(2.4 mg, 7.5 umol) in toluene (1.0 mL), phosphorus nucleophiles 2 (0.45 mmol) was added at -20 °C
and stirred for 1-8 days. Water was added to the reaction mixture, and aqueous layer was extracted
with dichloromethane. The combined organic extracts were dried over sodium sulfate, filtered, and
concentrated under reduced pressure to give the crude product, followed by purification with
chromatography using hexanes/ethyl acetate as eluent to give the chiral products 3.

(8)-(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(phenyl)methyl)phospho

nate (3aa): 89 mg, 97% yield, 91% ee, [a]*’p = -50.00 (c 0.89, CHCls), new compound, white solid,
m.p. = 91-92 °C, Ry = 0.20 (hexanes/ethyl acetate = 3/1). '"H NMR (400 MHz, CDCl3) § 7.55-7.53 (m,

NHTS 3H), 7.43-7.40 (m, 2H), 7.33-7.31 (m, 4H), 7.26 (d, J = 7.9 Hz, 1H), 7.21-7.16
O N OOPY2 1 3H). 7.14-7.03 (m, 5H), 7.00 (d, J = 8.2 Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H),
o 6.83 (d, J = 8.4 Hz, 2H), 4.82 (d, J = 26.8 Hz, 1H), 2.31 (s, 3H); °C NMR

Q (101 MHz, CDCLy) § 153.6 (d, J = 1.0 Hz), 150.2 (d, J = 9.9 Hz), 150.1 (d, J =

9.4 Hz), 146.4 (d, J = 11.9 Hz), 143.7, 136.7, 131.3 (d, J = 6.8 Hz), 130.3 (d, J = 7.1 Hz), 129.7, 129.6,
129.6, 128.6 (d, J = 1.8 Hz), 128.1 (d, J = 2.5 Hz), 127.4, 125.7 (d, J = 2.6 Hz), 125.4, 125.3, 124.9, 123.3,
120.5 (d, J = 4.4 Hz), 120.3 (d, J = 4.3 Hz), 119.9, 116.1 (d, J = 10.1 Hz), 111.5, 43.1 (d, J = 139.4 Hz),
21.5; *C DEPT-45° NMR (101 MHz, CDCls) & 130.3 (d, J = 7.1 Hz), 129.7, 129.6, 129.6, 128.6 (d, J =
1.8 Hz), 128.2 (d, J = 2.6 Hz), 127.4, 125.4, 125.3, 124.9, 123.3, 120.5 (d, J = 4.4 Hz), 120.3 (d, J = 4.3
Hz), 119.9, 111.5, 43.1 (d, J = 139.4 Hz), 21.5; *'P NMR (162 MHz, CDCl;) § 14.2. HPLC: Chiralcel IC
column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 14.3 min
and 15.5 min (maj). HRMS Calculated for C34H;9NOgPS [M+H]+ 610.1448, found 610.1449.

(2)-Diphenyl(2-benzylidene-3-((4-methylphenyl)sulfonamido)-2,3-dihydrobenzofuran-3-yl)p
hosphonate (4aa): new compound, white solid, m.p. = 190-191 °C, Ry = 0.25 (hexanes/ethyl acetate
=3/1). '"H NMR (400 MHz, CDCly) & 7.55 (d, J = 7.7 Hz, 1H), 7.43-7.35 (m, 3H), 7.34-7.06 (m, 12H),
TSHN poyophy, 7-04-6.98 (m, 4H), 6.93 (d, J=8.1 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 6.33-6.32 (m,
1H), 5.90 (d, J = 5.7 Hz, 1H), 2.15 (s, 3H); °*C NMR (101 MHz, CDCl;)  158.2
(d, J=8.2 Hz), 150.2 (d, J = 10.1 Hz), 150.1 (d, J = 9.7 Hz), 149.4 (d, J = 2.0 Hz),
143.8 (s), 138.0 (d, J = 1.8 Hz), 133.7 (d, J = 4.7 Hz), 131.4 (d, J = 2.9 Hz), 129.8
(d, J=0.6 Hz), 129.6, 129.3, 128.9 (d, J = 1.8 Hz), 128.2 (d, J = 3.5 Hz), 128.1, 127.5, 127.0 (d, J = 0.9
Hz), 125.7 (d, J = 0.8 Hz), 125.6 (d, J = 0.9 Hz), 122.4 (d, J = 2.9 Hz), 120.5 (d, J=4.1 Hz), 120.3 (d, J =
4.2 Hz), 120.0 (d, J = 8.7 Hz), 110.3 (d, J = 2.0 Hz), 108.2 (d, J = 8.6 Hz), 65.9 (d, J = 171.5 Hz), 21.4;
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C DEPT-45° NMR (101 MHz, CDCls) & 131.4 (d, J = 2.9 Hz), 129.8 (d, J = 0.8 Hz), 129.6 (d, J = 0.5
Hz), 129.3, 128.9 (d, J = 1.8 Hz), 128.2 (d, J = 3.5 Hz), 128.1, 127.5, 127.0 (d, J = 0.9 Hz), 125.7 (d, J =
0.9 Hz), 125.6 (d, J = 0.8 Hz), 122.4 (d, J = 2.9 Hz), 120.5 (d, J = 4.1 Hz), 120.3 (d, J = 4.2 Hz), 110.3 (d,
J =2.0 Hz), 108.2 (d, J = 8.6 Hz), 21.4; *'P NMR (162 MHz, CDCl;) 6 6.2. HRMS Calculated for
C34H3,N,06PS [M+NH,4]" 627.1713, found 627.1711.

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(e-tolyl)methyl)phosphonate
(3ba): 89 mg, 95% vyield, 92% ee, [a]*’p = -11.98 (¢ 0.86, CHCl;), new compound, white solid, m.p.
= 202-203 °C, R = 0.35 (hexanes/ethyl acetate = 3/1). '"H NMR (400 MHz, CDCl;) § 8.03-7.94 (m,

NHTSs 1H), 7.57 (d, J = 8.3 Hz, 2H), 7.41 (s, 1H), 7.33 (d, J = 8.3 Hz, 1H), 7.24-7.06
O N\ ©OOPY2 (1 9H), 7.06-6.98 (m, 5H), 6.90 (d, J = 8.3 Hz, 2H), 6.80 (d, J = 8.3 Hz, 2H),
o 5.53 (d, J = 27.3 Hz, 1H), 2.30 (s, 3H), 2.24 (s, 3H); *C NMR (101 MHz,

Q CDCly) & 153.5, 150.4 (d, J = 9.8 Hz), 150.3 (d, J=9.7 Hz), 147.3 (d, J = 11.6

Hz), 143.8, 137.3 (d, J = 8.8 Hz), 137.1, 130.8 (d, J = 1.7 Hz), 130.6 (d, J = 4.7 Hz), 130.3 (d, J = 6.4 Hz),
129.7,129.7, 129.6, 128.2 (d, J = 2.7 Hz), 127.5, 126.4 (d, J = 2.7 Hz), 125.5 (d, J = 2.0 Hz), 125.4, 125.2,
124.9,123.2, 120.6 (d, J = 4.4 Hz), 120.4 (d, J=4.3 Hz), 119.8, 116.1 (d, J=10.2 Hz), 111.6, 38.9 (d, J =
141.0 Hz), 21.6, 20.0; *'P NMR (162 MHz, CDCl3) § 15.0. HPLC: Chiralcel IC column, 220 nm, 30 °C,
n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 9.8 min and 13.6 min (maj). HRMS
Calculated for C3sH3NOGPS [M+H]" 624.1604, found 624.1605.

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl) (m-tolyl)methyl)phosphonat
e (3ca): 93 mg, 99% yield, 92% ee, [a]*p = -62.74 (c 0.91, CHCl;), new compound, white solid,
m.p. = 139-140 °C, Ry = 0.35 (hexanes/ ethyl acetate = 3/1). '"H NMR (400 MHz, CDCl;) & 7.57 (d, J =

NHTs 8.2 Hz, 2H), 7.45 (s, 1H), 733 (d, J = 8.4 Hz, 2H), 7.26-7.17 (m, 5H),
O \_FOOPN2 515909 (m, 6H), 7.07-7.00 (m, 3H), 6.90 (d, J = 8.1 Hz, 2H), 6.84 (d, J = 8.1
0 Hz, 2H), 4.65 (d, J = 26.9 Hz, 1H), 2.33 (s, 3H), 2.33 (s, 3H); *C NMR (101

Q MHz, CDCL) § 153.7 (d, J = 1.1 Hz)., 150.2 (d, J = 9.9 Hz), 150.2 (d, J = 9.1

Hz), 146.3 (d, J = 11.6 Hz), 143.7, 138.3 (d, J = 1.8 Hz), 137.0, 131.1 (d, J = 7.6 Hz), 131.0 (d, J = 6.8
Hz), 129.8, 129.7, 129.6, 129.1 (d, J = 2.6 Hz), 128.6 (d, J = 1.8 Hz), 127.5, 127.5 (d, J = 7.4 Hz), 125.9
(d, J=2.7 Hz), 1254, 125.3, 125.0, 123.4, 120.6 (d, J = 4.4 Hz), 120.3 (d, J = 4.3 Hz), 120.0, 116.1 (d, J
= 10.0 Hz), 111.6, 43.2 (d, J = 138.9 Hz), 21.6, 21.6; *'P NMR (162 MHz, CDCl;) § 14.4. HPLC:
Chiralcel IC column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention
time 13.6 min and 15.2 min (maj). HRMS Calculated for C;sH;NOgPS [M+H]+ 624.1604, found
624.1602.

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(p-tolyl)methyl)phosphonate
(3da): 90 mg, 96% yield, 91% ee, [a]*’p = -56.58 ( 0.85, CHCl3), new compound, white solid, m.p.
=171-172 °C, Ry = 0.35 (hexanes/ethyl acetate = 3/1). '"H NMR (400 MHz, CDCl;) & 7.55 (d, J = 8.2

NHTSs Hz, 2H), 7.43 (s, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.29-7.17 (m, 5H), 7.17-7.08
O N\ JOOPN2 (m, 6H), 7.06-7.02 (m, 3H), 6.91 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 8.1 Hz, 2H),
o) 4.62 (d, J = 26.9 Hz, 1H), 2.36 (s, 3H), 2.34 (s, 3H); °C NMR (101 MHz,

Q CDCly) § 153.7 (d, J = 1.1 Hz), 150.2 (d, J = 10.0 Hz), 150.2 (d, J = 9.2 Hz),

146.4 (d, J = 11.4 Hz), 143.8, 138.1 (d, J = 2.7 Hz), 136.9, 130.3 (d, J= 7.2
Hz), 129.8, 129.7, 129.4 (d, J = 1.7 Hz), 128.0 (d, J = 6.9 Hz), 127.5, 125.9 (d, J = 2.7 Hz), 125.5, 125 .4,
124.9,123.4, 120.6 (d, J =4.4 Hz), 120.4 (d, J = 4.3 Hz), 120.0, 116.0 (d, J=10.0 Hz), 111.6,42.9 (d, J =
139.4 Hz), 21.6, 21.3; *'P NMR (162 MHz, CDCl3) § 14.6. HPLC: Chiralcel IC column, 220 nm, 30 °C,
n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 15.0 min and 16.7 min (maj).

HRMS Calculated for C35sH3NOgPS [M+H]" 624.1604, found 624.1603.
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(-)-Diphenyl([1,1'-biphenyl]-4-yI(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)p
hosphonate (3ea): 102 mg, 99% yield, 91% ee, [a]*’p = -29.10 (¢ 1.00, CHCl;), new compound,
white solid, m.p. = 85-87 °C, Ry = 0.25 (hexanes/ethyl acetate = 3/1). 'H NMR (400 MHz, CDCl5) &

NHTSs 7.61-7.43 (m, 11H), 7.40-7.32 (m, 2H), 7.28-6.99 (m, 11H), 6.95-6.86 (m, 4H),

PO)OPh)2 487 (d, J = 26.8 Hz, 1H), 2.30 (s, 3H); *C NMR (101 MHz, CDCl3) & 153.7,

150.3 (d, J = 9.8 Hz), 150.2 (d, J = 9.4 Hz), 146.5 (d, J = 11.9 Hz), 143.9,

141.1 (d, J=2.7 Hz), 140.5, 136.8, 130.8 (d, J = 7.1 Hz), 130.3 (d, J = 6.9 Hz),

Ph 129.8, 129.74 (s), 129.7, 129.0, 127.7, 127.5, 127.3 (d, J = 1.3 Hz), 127.2,

125.8 (d, J=2.4 Hz), 125.5, 125.4, 125.0, 123.5, 120.5 (d, J = 4.3 Hz), 120.4 (d, J=4.3 Hz), 119.9, 116.2

(d, J = 10.0 Hz), 111.6, 42.9 (d, J = 139.4 Hz), 21.6; *'P NMR (162 MHz, CDCl;) & 14.1. HPLC: IC

column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 16.6 min
and 18.5 min (maj). HRMS Calculated for C4oH33NO¢PS [M+H]" 686.1761, found 686.1760.

(-)-Diphenyl((4-isopropylphenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)p
hosphonate(3fa): 94 mg, 96% yield, 93% ee, [a]*’p = -38.48 (¢ 0.92, CHCl3), new compound,
white solid, m.p. = 73-75 °C, Ry = 0.35 (hexanes/ethyl acetate = 4/1). '"H NMR (400 MHz, CDCl;) &

3

NHTSs 7.58 (d, J = 7.3 Hz, 2H), 7.42-7.02 (m, 17H), 6.89-6.79 (m, 4H), 4.67 (d, J =

O N\ ©OOPN2 268 Hz, 1H), 3.00-2.83 (m, 1H), 2.35 (s, 3H), 1.26 (d, J = 6.2 Hz, 6H); 1*C
o NMR (101 MHz, CDCl;) § 153.7, 150.3 (d, J = 9.8 Hz), 150.2 (d, J = 9.3 Hz),

Q 149.0 (d, J = 2.7 Hz), 146.5 (d, J = 11.6 Hz), 143.8, 136.9, 130.4 (d, J = 7.2

Pr Hz), 129.8, 129.72 (s), 129.6, 128.2 (d, J = 6.9 Hz), 127.5, 126.8 (d,J = 1.0
Hz), 125.9 (d, J = 2.4 Hz), 125.4, 125.3, 124.9, 123.4, 120.6 (d, J = 4.2 Hz), 120.3 (d, J = 4.2 Hz), 119.9,
116.0 (d, J = 10.0 Hz), 111.6, 42.9 (d, J = 139.3 Hz), 33.9, 24.1, 21.6; *'P NMR (162 MHz, CDCl;) & 14.5.
HPLC: Chiralcel TIA column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min,
retention time 24.1 min and 45.6 min (maj). HRMS Calculated for C37H3;5NOgPS [MJrH]+ 652.1917,
found 652.1917.

(-)-Diphenyl((4-(tert-butyl)phenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl

)phosphonate (3ga): 99 mg, 99% yield, 93% ee, [a]*p = -35.77 (¢ 0.97, CHCl3), new compound,
white solid, m.p. = 74-76 °C, Ry = 0.40 (hexanes/ ethyl acetate = 4/1). '"H NMR (400 MHz, CDCl;) &

NHTs 7.59 (d, J = 8.1 Hz, 2H), 7.36-7.30 (m, 7H), 7.24-7.20 (m, 3H), 7.16-7.00 (m,

O N\ ©O©OPN2 7H), 6.89 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.0 Hz, 2H), 4.64 (d, J = 26.8 Hz,
o 1H), 2.37 (s, 3H), 1.33 (s, 9H); '*C NMR (101 MHz, CDCl3)  153.7 (d, J =

Q 1.0 Hz), 151.3 (d, J = 2.7 Hz), 150.3 (d, J = 9.9 Hz), 150.2 (d, J = 9.4 Hz),

Bu 146.5 (d, J=11.4 Hz), 143.9, 137.0, 130.2 (d, J= 7.2 Hz), 129.8, 129.8, 129.6,
127.8 (d,J=6.9 Hz), 127.5, 125.9 (d, J =2.7 Hz), 125.7 (d, J = 1.7 Hz), 125.5, 125.3, 125.0, 123.5, 120.6
(d, J=4.4 Hz), 120.3 (d, J = 4.3 Hz), 119.9, 115.9 (d, J = 10.1 Hz), 111.7, 42.9 (d, J = 139.3 Hz), 34.7,
31.4, 21.7; *'P NMR (162 MHz, CDCl;) & 14.4. HPLC: Chiralcel IA column, 220 nm, 30 °C,
n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 17.5 min and 35.8 min (maj).
HRMS Calculated for C3sH3,NOgPS [M+H]" 666.2074, found 666.2073.

(-)-Diphenyl((4-methoxyphenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)p
hosphonate (3ha): 95 mg, 99% yield, 92% ee, [0a]*’p = -45.00 (¢ 0.94, CHCL3), new compound,
NHTs white solid, m.p. = 162-163 °C, Ry = 0.20 (hexanes/ethyl acetate = 3/1). 'H
POXOP2  NMR (400 MHz, CDCls) § 7.55 (d, J = 8.1 Hz, 2H), 7.42 (s, 1H), 7.35-7.26 (m,
4H), 7.24-7.02 (m, 10H), 6.92 (d, J = 8.2 Hz, 2H), 6.87-6.84 (m, 4H), 4.68 (d,
J =26.9 Hz, 1H), 3.81 (s, 3H), 2.34 (s, 3H); *C NMR (101 MHz, CDCl;) &
OMe  159.6 (d, J = 2.4 Hz), 153.6, 150.2 (d, J = 10.0 Hz), 150.2 (d, J = 9.3 Hz),

3
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146.7 (d, J = 11.0 Hz), 143.8, 136.9, 131.6 (d, J = 7.3 Hz), 129.8, 129.7, 127.5, 125.9 (d, J = 2.8 Hz),
125.5,125.4,124.9, 123.4, 123.1 (d, J= 6.8 Hz), 120.6 (d, J = 4.4 Hz), 120.4 (d, J=4.3 Hz), 119.9, 115.9
(d, J=9.9 Hz), 114.1 (d, J = 1.5 Hz), 111.6, 55.4, 42.4 (d, J = 139.8 Hz), 21.6; *'P NMR (162 MHz,
CDCl3) & 14.6. HPLC: Chiralcel IC column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7
mL/min, retention time 17.8 min and 20.1 min (maj). HRMS Calculated for C;sH; NO;PS [M+H]"
640.1553, found 640.1551.

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(naphthalen-2-yl)methyl)ph
osphonate (3ia): 97 mg, 98% yield, 90% ee, [a]*’p = -48.92 (c 0.93, CHCl;), new compound, white
solid, m.p. = 211-212 °C, Ry = 0.25 (hexanes/ethyl acetate = 3/1). '"H NMR (400 MHz, CDCl;) &
7.86-7.74 (m, 4H), 7.63 (s, 1H), 7.59 (d, J = 8.7 Hz, 1H), 7.52-7.48 (m, 4H),
7.35-7.32 (m, 2H), 7.24 — 7.19 (m, 1H), 7.17-7.00 (m, 7H), 6.90-6.86 (m, 6H),
5.02 (d, J =26.9 Hz, 1H), 2.17 (s, 3H); *C NMR (101 MHz, CDCl;) & 153.7
(d, J=0.9 Hz), 150.2 (d, J = 9.9 Hz), 150.1 (d, J = 9.4 Hz), 146.2 (d, J = 11.9
Hz), 143.7, 136.6, 133.2 (d, J = 2.0 Hz), 132.8 (d, J = 1.8 Hz), 129.6, 129.6,
129.5, 129.5 (d, J = 9.4 Hz), 128.9 (d, J = 7.0 Hz), 128.2 (d, J = 1.1 Hz), 128.1, 127.7, 127.6 (d, J = 7.4
Hz), 127.4, 126.5, 126.4, 125.8 (d, J = 2.5 Hz), 125.4, 125.3, 125.0, 123.4, 120.4 (d, J = 4.4 Hz), 120.3 (d,
J =43 Hz), 120.1, 116.4 (d, J = 10.0 Hz), 111.5, 43.2 (d, J = 139.2 Hz), 21.4; >'P NMR (162 MHz,
CDCl;) & 14.2. HPLC: Chiralcel IC column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7
mL/min, retention time 15.9 min and 18.0 min (maj). HRMS Calculated for CssH3NOgPS [MJrH]+
660.1604, found 660.1608.

(-)-Diphenyl((3-chlorophenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)pho
sphonate (3ja): 95 mg, 98% yield, 88% ee, [a]*’p = -45.50 (c 0.89, CHCl3), new compound, white
solid, m.p. = 69-70 °C, Ry = 0.30 (hexanes/ethyl acetate = 4/1). "H NMR (400 MHz, CDCl;) & 7.63 (s,

\bTe 1H), 7.52 (d, J = 7.8 Hz, 2H), 7.44 (d, J = 6.5 Hz, 1H), 7.34-7.05 (m, 13H),

PO)OPh), 7.00 (d, J=7.6 Hz, 2H), 6.92-6.87 (m, 4H), 4.82 (d, J = 26.8 Hz, 1H), 2.32 (s,

O > 3H); “C NMR (101 MHz, CDCl3) 8 153.7, 150.1 (d, J = 9.6 Hz), 150.0 (d, J =

Q cl 8.9 Hz), 145.6 (d, J = 12.8 Hz), 143.9, 136.6, 134.3, 133.4 (d, J = 6.7 Hz),

130.3 (d, J = 7.4 Hz), 129.9 (d, J = 1.5 Hz), 129.8, 129.7, 128.5 (d, J = 7.0 Hz),

128.4 (d, J=2.2 Hz), 127.4, 125.6 (d, J = 4.4 Hz), 125.6, 125.5, 125.2, 123.5, 120.4 (d, J = 4.4 Hz), 120.3

(d, J = 4.2 Hz), 120.1, 116.6 (d, J = 10.0 Hz), 111.6, 42.7 (d, J = 139.4 Hz), 21.6; *'P NMR (162 MHz,

CDCl3) 6 13.3. HPLC: Chiralcel IC column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7

mL/min, retention time 11.6 min and 14.2 min (maj). HRMS Calculated for C;4HsCINOgPS
[M+H]" 644.1058, found 644.1059.

(0]

(-)-Diphenyl((4-chlorophenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)pho
sphonate (3ka): 94 mg, 97% yield, 87% ee, [a]*’p = -22.89 (¢ 0.90, CHCl;), new compound, white
solid, m.p. = 193-194 °C, Ry = 0.65 (hexanes/ethyl acetate = 6/1). '"H NMR (400 MHz, CDCL;) § 7.54

NHTs (s, 1H), 7.49 (d, J = 7.9 Hz, 2H), 7.41 (d, J = 7.4 Hz, 2H), 7.31-7.28 (m, 3H),
O \ S ©OXOPM2 721-7.01 (m, 9H), 7.00-6.82 (m, 6H), 4.99 (d, J = 26.7 Hz, 1H), 2.30 (s, 3H);
B3C NMR (101 MHz, CDCl;) 8 153.6, 150.2 (d, J = 9.9 Hz), 150.1 (d, J = 9.5

(6]
Q Hz), 146.3 (d, J = 12.1 Hz), 143.9, 136.6, 134.2 (d, J = 3.3 Hz), 131.6 (d, J =
cl 6.9 Hz), 130.3 (d, J = 6.7 Hz), 129.8, 129.7, 129.6, 128.8 (d, J = 1.6 Hz), 127.5,

125.5, 1254, 125.1, 123.4, 120.4 (d, J = 4.7 Hz), 120.4 (d, J = 4.6 Hz), 119.9, 116.4 (d, J = 10.1 Hz),
111.6, 42.4 (d, J = 139.9 Hz), 21.6; *'P NMR (162 MHz, CDCl;) & 13.4. HPLC: Chiralcel IA column,
220 nm, 30 °C, n-hexane/i-propanol = 60/40, flow = 1.0 mL/min, retention time 51.1 min and 95.9
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min (maj). HRMS Calculated for C34,H,sCINOGPS [M+H]" 644.1058, found 644.1058.

(-)-Diphenyl((3-bromophenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)pho
sphonate (3la): 93 mg, 90% yield, 89% ee, [a]*’p = -46.20 (¢ 0.87, CHCl3), new compound, white
solid, m.p. = 65-67 °C, Ry = 0.30 (hexanes/ethyl acetate = 4/1). '"H NMR (400 MHz, CDCl;) & 7.54 (d,

T J = 8.1 Hz, 2H), 7.52-7.41 (m, 3H), 7.34-7.32 (m, 3H), 7.25-7.22 (m, 4H),

{_pOx0Pn;  7.20-7.00 (m, TH), 6.93-6.87 (m, 4H), 4.67 (d, J =267 Hz, 1H), 2.35 (s, 3H);

O g 3C NMR (101 MHz, CDCl3) & 153.7 (d, J = 1.0 Hz), 150.1 (d, J = 9.8 Hz),

Q Br  150.0 (d, J =9.1 Hz), 1454 (d, J = 12.1 Hz), 144.0, 136.8, 133.4 (d, J = 6.7

Hz), 133.2 (d, J = 7.9 Hz), 131.4 (d, J = 2.6 Hz), 130.2 (d, J = 2.0 Hz), 129.9,

129.8, 129.8, 129.0 (d, J = 6.5 Hz), 127.5, 125.8 (d, J = 2.7 Hz), 125.7, 125.5, 125.2, 123.6, 122.5 (d, J =

1.8 Hz), 120.5 (d, J = 4.4 Hz), 120.3 (d, J = 4.4 Hz), 120.1, 116.5 (d, J = 9.9 Hz), 111.6, 42.7 (d, J = 139.0

Hz), 21.8; *'P NMR (162 MHz, CDCl;) & 13.4. HPLC: Chiralcel IC column, 220 nm, 30 °C,

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 11.8 min and 14.9 min (maj).
HRMS Calculated for C3,H,sBrNOGPS [M+H]" 688.0553, found 688.0550.

(-)-Diphenyl((4-(tert-butyl)phenyl)(6-methyl-3-((4-methylphenyl)sulfonamido)benzofuran-2-
yl)methyl)phosphonate (3ma): 83 mg, 81% yield, 94% ee, [a]*’p = -44.02 (¢ 0.72, CHCls), new
compound, white solid, m.p. = 85-87 °C, Ry = 0.60 (hexanes/ethyl acetate = 3/1). "H NMR (400 MHz,

NHTs CDCly) 6 7.57 (d, J = 8.1 Hz, 2H), 7.44 (s, 1H), 7.37- 7.29 (m, 4H), 7.20-

O N\ ONOPM2 699 (m, 10H), 6.90 (d, J = 8.2 Hz, 1H), 6.87 (d, J = 8.1 Hz, 2H), 6.78 (d, J
o = 8.1 Hz, 2H), 4.76 (d, J = 26.8 Hz, 1H), 2.38 (s, 3H), 2.33 (s, 3H), 1.32 (s,

Q 9H); *C NMR (101 MHz, CDCl;) & 154.1 (d, J = 0.9 Hz), 151.1 (d, J=2.9

Bu  Hz), 150.3 (d, J = 10.0 Hz), 150.2 (d, J = 9.5 Hz), 145.8 (d, J = 11.8 Hz),
143.7,136.9, 135.2 (d, 3 = 1.0 Hz), 130.0 (d, J = 7.1 Hz), 129.7, 129.7, 129.6, 128.1 (d, J = 6.7 Hz), 127.5,
125.6 (d, J = 1.6 Hz), 125.3, 125.2, 124.8, 123.3 (d, J = 2.5 Hz), 120.6 (d, J = 4.3 Hz), 120.4 (d, J=4.3
Hz), 119.4, 115.9 (d, J = 10.2 Hz), 111.8, 42.7 (d, J = 139.7 Hz), 34.6, 31.4, 21.7, 21.6; *'P NMR (162
MHz, CDCl3) § 14.5. HPLC: Chiralcel IC column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow
= 0.7 mL/min, retention time 12.4 min (maj) and 14.8 min. HRMS Calculated for C3;oH39NOgPS
[M+H]" 680.2230, found 680.2234.

(-)-Diphenyl ((3-(methylsulfonamido)benzofuran-2-yl)(phenyl)methyl)phosphonate (3na): 78
mg, 98% yield, 87% ee, [a]*’p = -4.17 (¢ 0.36, CHCL;), new compound, white solid, m.p. = 211-212
°C, Ry = 0.20 (hexanes/ethyl acetate = 3/1). '"H NMR (400 MHz, CDCl;) § 7.82-7.73 (m, 2H), 7.56 (d, J

NHMs = 7.7 Hz, 1H), 7.46-7.28 (m, 5H), 7.25-7.14 (m, 5H), 7.12-7.05 (m, 2H),
O N\ ©OIOPN2  §97.6.94 (m, 3H), 6.92-6.87 (m, 2H), 5.47 (d, J = 26.6 Hz, 1H), 2.80 (s, 3H);
o 5C NMR (101 MHz, CDCls) & 153.8 (d, J = 1.0 Hz), 150.4 (d, J = 9.9 Hz),

Q 150.2 (d, J = 9.6 Hz), 147.7 (d, J = 10.9 Hz), 132.1 (d, J = 5.9 Hz), 130.3 (d, J

=173 Hz), 129.8, 129.8, 129.1 (d, J = 1.5 Hz), 128.5 (d, J = 2.3 Hz), 125.5, 125.4 (d, J = 2.5 Hz), 123.9,
120.5 (d, J=4.4 Hz), 120.4 (d, J = 4.4 Hz), 119.5, 115.9 (d, J = 9.9 Hz), 112.1,43.4 (d, J = 141.1 Hz),
40.1.; ' NMR (162 MHz, CDCly) & 13.7. HPLC: Chiralcel IC column, 220 nm, 30 °C,
n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 21.9 min (maj) and 24.2 min.
HRMS Calculated for CogHosNOgPS [M+H]" 534.1135, found 534.1136.

(-)-Diphenyl  ((3-((4-nitrophenyl)sulfonamido)benzofuran-2-yl)(phenyl)methyl)phosphonate
(30a): 90 mg, 94% yield, 87% ee, [0(]20]3 =-0.62 (c 0.80, CHCIl3), new compound, white solid, m.p.
= 126-127 °C, Ry = 0.35 (hexanes/ethyl acetate = 3/1). '"H NMR (400 MHz, CDCl;) § 8.59 (s, 1H), 7.72
(d, J= 8.5 Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H), 7.35-7.07 (m, 14H), 7.05-6.99 (m, 1H), 6.97-6.84 (m, 4H),
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5.24 (d, J=27.3 Hz, 1H); *C NMR (101 MHz, CDCl3) 8 153.7, 150.4 (d, J = 10.1 Hz), 150.0 (d, J = 10.3

NHNs Hz), 149.8, 145.9 (d, J = 13.0 Hz), 144.8, 132.1 (d, J = 7.4 Hz), 129.9, 129.8,

O N\ S ©OOPN2 1295 (d, J=6.0 Hz), 128.6 (d, J =2.2 Hz), 128.5, 128.3 (d, J = 2.9 Hz), 125 8,

o 125.6, 125.6, 124.9 (d, J = 1.3 Hz), 123.8, 123.5, 120.7 (d, J = 4.2 Hz), 120.5

Q (d, J=4.3Hz), 120.4, 116.5 (d, J=10.5 Hz), 111.4, 42.7 (d, J = 139.2 Hz).; *'P

Ns = 4-0,NCgH,SO, NMR (162 MHz, CDCl3) & 14.3. HPLC: Chiralcel IC column, 220 nm, 30 °C,

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.6 min and 28.6 min (maj).
HRMS Calculated for C33H,6N,OgPS [M+H]" 641.1142, found 641.1143.

(+)-N-(2-((Diphenylphosphoryl)(phenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonami
de (3ab): 69 mg, 80% yield, 66% ee, [a]*’p = +9.36 (¢ 0.63, CHCl3), new compound, white solid,
m.p. = 210-212 °C, Ry = 0.40 (hexanes/ethyl acetate = 1/1). "H NMR (400 MHz, DMSO) & 9.79 (s,

NHTSs 1H), 7.86-7.69 (m, 4H), 7.57-7.33 (m, 7H), 7.27 (d, J = 8.2 Hz, 2H), 7.25 -7.07

O N\ Oz 9H), 7.04-6.99 (m, 3H), 5.69 (d, J = 11.6 Hz, 1H), 2.18 (s, 3H); *C NMR

o (101 MHz, DMSO) 6 153.2, 148.3 (d, J =9.6 Hz), 143.6, 136.4, 133.7 (d,J =4.9

Q Hz), 132.8 (d, J = 36.6 Hz), 132.4 (d, J = 2.4 Hz), 132.2 (d, J = 2.5 Hz), 131.8 (d,

J=36.5Hz), 131.5 (d, J = 8.8 Hz), 131.0 (d, J = 9.2 Hz), 130.2 (d, J = 4.8 Hz), 129.8, 129.0 (d, J = 11.5

Hz), 128.7 (d, J =11.6 Hz), 128.4, 127.4 (d, J = 1.2 Hz), 127.0, 125.1, 124.8, 123.1, 120.3, 116.3 (d, J =

7.1 Hz), 111.6, 44.5 (d, J = 61.9 Hz), 21.4; *'P NMR (162 MHz, DMSO) & 28.1. HPLC: Chiralcel IC

column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 18.1 min
and 27.1 min (maj). HRMS Calculated for C34H,9NO4PS [M+H]+ 578.1549, found 578.1550.

(-)-Dibenzyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(phenyl)methyl)phosphonate
(3ac): 77 mg, 80% yield, 80% ee, [a]*’p = -34.32 (¢ 0.74, CHCl;), new compound, white solid, m.p.
=61-63 °C, Ry = 0.15 (hexanes/ethyl acetate = 3/1). 'H NMR (400 MHz, CDCl;) § 7.54 (d, J = 8.2 Hz,

NHTSs 2H), 7.51-7.43 (m, 1H), 7.33 (d, J = 8.5 Hz, 2H), 7.30-7.11 (m, 13H),

O \__ OBz 710693 (m, 6H), 4.93-4.71 (m, 4H), 4.51-4.38 (m, 1H), 2.32 (s, 3H); °C
o NMR (101 MHz, CDCl3) § 153.6, 147.1 (d, J = 11.6 Hz), 143.7, 136.9, 135.8

Q (d, J=5.7 Hz), 135.8 (d, J = 5.9 Hz), 131.8 (d, J = 6.4 Hz), 130.2 (d, J = 6.8

Hz), 129.7, 128.6, 128.6, 128.5, 128.5, 127.9, 127.9, 127.5, 125.9 (d, J = 2.6 Hz), 124.8, 123.4, 120.2,
115.8 (d, J = 9.6 Hz), 111.6, 68.9 (d, J = 7.1 Hz), 68.6 (d, J = 7.1 Hz), 43.3 (d, J = 137.7 Hz), 21.6; *'P
NMR (162 MHz, CDCl;) § 22.6. HPLC: Chiralcel 1A column, 220 nm, 30 °C, n-hexane/i-propanol =
60/40, flow = 1.0 mL/min, retention time 22.2 min and 60.6 min (maj). HRMS Calculated for
C36H33NOGPS [M+H]™ 638.1761, found 638.1763.

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzo[b]thiophen-2-yI)(phenyl)methyl)phosp

honate (3pa): 88 mg, 94% yield, 87% ee, [a]*’p = -153.11 (¢ 0.77, CHCl;), new compound, pale
yellow solid, m.p. = 80-82 °C, Ry = 0.20 (hexanes/ethyl acetate = 5/1). 'H NMR (400 MHz, CDCl;) &

NHTSs 8.46 (s, 1H), 7.85 (d, J = 7.5 Hz, 1H), 7.63-7.58 (m, 3H), 7.40-7.24 (m, 7H),

O N\ S OOPN2 755701 (m, 8H), 6.87 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.1 Hz, 2H), 4.44 (d, J
s = 25.4 Hz, 1H), 2.38 (s, 3H); °C NMR (101 MHz, CDCl3) 5 149.9 (d, J = 10.4

O Hz), 149.8 (d, J = 8.4 Hz), 143.8, 138.05 (s), 137.2 (d, J = 3.5 Hz), 136.8 (d, J

=1.9 Hz), 134.1 (d, J=9.6 Hz), 133.4 (d, J = 6.3 Hz), 129.9, 129.8 (d, J = 8.3 Hz), 129.8, 129.7, 129.0,
128.7 (d, J=1.4 Hz), 127.4, 126.5 (d, J = 9.6 Hz), 125.7, 125.5, 125.2 (d, J = 1.0 Hz), 124.7, 123.4, 121.9
(d, J=1.1 Hz), 120.7 (d, J = 4.3 Hz), 120.2 (d, J = 4.3 Hz), 44.2 (d, J = 138.8 Hz), 21.5; *'P NMR (162
MHz, CDCl;) § 17.1. HPLC: Chiralcel IC column, 220 nm, 30 °C, n-hexane/i-propanol = 70/30, flow
= 0.7 mL/min, retention time 13.7 min and 18.5 min (maj). HRMS Calculated for C;4H,9NOsPS,
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[M+H]" 626.1219, found 626.1216.

(E)-Diphenyl (1-((4-methylphenyl)sulfonamido)-1,3-diphenylallyl)phosphonate (3ga): 10 mg,
11% yield, new compound, white solid, m.p. = 61-63 °C, Ry = 0.10 (hexanes/ethyl acetate = 7/1). 'H
NMR (400 MHz, CDCls) & 7.89-7.76 (m, 2H), 7.52 (d, J = 8.1 Hz, 2H), 7.38-7.25 (m, 6H), 7.24-7.06 (m,

TsHN_ P(O)(OPh), 8H), 7.00 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 6.87-6.74 (m, 3H),

O x O 6.56-6.49 (m, 1H), 6.04 (d, J = 7.0 Hz, 1H), 2.31 (s, 3H); *C NMR (101 MHz,

CDCly) 8 150.4 (d, J = 10.6 Hz), 150.3 (d, J = 10.4 Hz), 143.1, 139.5, 137.8 (d,

J=11.6 Hz), 135.7 (d, J = 3.0 Hz), 134.5 (d, J = 2.8 Hz), 129.7, 129.7, 129.4 (d, J = 5.5 Hz), 129.2, 128.5,

128.5, 128.2 (d, J = 2.5 Hz), 127.4, 127.0 (d, J = 1.2 Hz), 125.4, 122.6 (d, J = 10.0 Hz), 120.4 (d, J = 4.3

Hz), 120.3 (d, J = 4.2 Hz), 67.1 (d, J = 154.5 Hz), 21.5; '*C DEPT-45° NMR (101 MHz, CDCl;) 5 137.8

(d, J=11.5 Hz), 129.7, 129.7, 129.4 (d, J = 5.5 Hz), 129.2, 128.5, 128.5, 128.2 (d, J = 2.5 Hz), 127.4,

127.0 (d, J = 1.2 Hz), 125.4, 122.6 (d, J = 10.0 Hz), 120.4 (d, J = 4.3 Hz), 120.3 (d, J = 4.2 Hz), 21.5; °'P

NMR (162 MHz, CDCls) & 11.5. HRMS Calculated for C3,H30KNOsPS [M+K]" 634.1214, found
634.1217.

4. Determination of the Absolute Configuration of (-)-3aa

The absolute configuration of product diphenyl ((3-((4-methyl- phenyl)sulfonamido)benzofuran-
2-yl)(phenyl)methyl)phosphonate (-)-3aa was assigned as (S) based on the X-ray diffraction analysis
after recrystallization from mixture solvent ethyl acetate/n-hexane to upgrade ee to > 99%. The
configurations of the other chiral products are assigned by analogy. The CCDC number is 1588669.
These details can be obtained free of charge via www.ccdc.com. ac.uk/data request/cif from the
Cambridge Crystallographic Data Centre.
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Figure S1. X-ray Single Crystal Structure of (-)-3aa
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6. Copy of NMR and HPLC for the Compounds
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31P NMR ZG-2-64B in CDCI3
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31P NMR ZG-2-71A in CDCI3
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31P NMR ZG-2-71Cin CDCI3
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31P NMR ZG-3-36A in CDCI3

17.08

NHTs

(2

P(O)(OPh) ,

e
3pa

31p NMR (162 MHz, CDCL)

a0

50

40

30

20

10

0 -10
1 (ppm)

S84

-20

-30

-40

-50

-60

-70

T

-80



olez—

bLE0'G
gaED &-
958.'9
86889
66069
L1669
BLLO'.
8lvlL
e85l L
€8Ll'L
vE6L L
8642 L
599z
0207 1
9087 .-
865E L1
LibS L
OvGe L
G0LG /-
8055 /-
8161 L
9908 .-

Ny

1H NMR ZG-3-38B in CDCI3

TSHN P(O)©OPh),

Ph

A

Ph

3ga
IH NMR (400 MHz, CDCly)

~4 PO

=00

or0L
+90€
2702
.02
TEP 8
lpeg
‘ooz
FL02

4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 -

2.0 4.5
1 (ppm)

9.5 9.0 8.5 8.0 75 7.0 8.5 8.0 5.5

10

S85



LV LE—

6299~
AR
0€'0Z 1
€02}
L8071
0522}
0922}
ST
L6971
86'92 11
b LZ )
918211
818z}
88z 11
€58z
AT
96T}

Lr'6TL
6962
RN |

13C NMR ZG-3-38B in CDCI3

ik T

TsHN P(O)(OPh),

Ph

A

Ph

3ga
13C NMR (101 MHz, CDCE)

oy

L

&l
il

o
and

10

20

30

40

50

60

70

=
]
E
oo \O
0
= n
—l
.

170 160 150 140 130 120 110 100

30



LV LE—

9Z0e 1
02 0Z 1
£e 021
LE0E L
05221
09ZZ |1
eP'Sel
LEDE |
86'9E 1
ericl
aL'BEL
8L'Bgl1
grecl
€5 BE ﬁﬁ
[ A |
STy |
(8 ST 3

mw.mm_. M.
PLBC)
PLLEL
58LE) 7

13C DEPT-45 NMR ZG-3-38B in CDCI3

TSHN P(O)OPh),

A

Ph

Ph

3ga
13C DEPT-45° NMR (101 MHz, CDCl)

-

e

PRt

Al

ok Vi

10

20

30

40

50

60

70

o
oo
E
oo S
o0
= n
=
s

170 160 150 140 130 120 110 100

30



31P NMR ZG-3-38B in CDCI3
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Data File C:3CHEM32%1%DATAYZHOU-17\TZN004505.D
Fample Name: ZG-Z-6lAi+/-)

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

Last changed

Instrument 1

6/19/2017 12:00:08 PH
C:WCHEM32Y INMETHOD SA\DEF LC.M
6/19/2017 10:34:53 AM by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 8:36:17 PM
(wodified after loading)

Analysis Method :
Last changed

Sample Infao

IC, Hexane/i-PrOH = 70430, 0.7 unL/min,

Location : Vial 1

30 oC, 220 nm

Data File C:%CHEM32Y1%DATANZHOU-174YEZNO04506.D
Hawple Name: ZG-Z-6lA4

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1

6/19/2017 12:28:04 PH
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
6/19/2017 12:21:40 PM by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/342017 8:37:53 PM
(wodified after loading)

Analysiz Method :
Last changed

Sample Info

Location :

: IC, Hexane/i-PrOH = 70430, 0.7 nl/min,

Vial 1

30 oC, 220 nm

WO A TWavelengih=2 20 im (ZHO0-1 77 ZND0 3505 17 WV A, Wavelen gih=2 20 nim (ZHOU-1 77 ZND0 4506 17
Harm. ] Harm.
1400 -
700
1200
600
8 =
4 = 1000 E
00 b3 &
300
400
200 600
200 400 4
100 - 200
2
&
*
o e
T T T T T T o T T T T T T T
o 25 5 75 10 125 15 17.5 | i 25 5 75 10 125 15 175 |
Area Percent Report Area Percent Report
Sorted By Hiognal Sorted By Hignal
NHTs NHTs
Multiplier: H l.0000 Multiplier: : l.0000
Dilution: H 1.0000 P(O)(OPh) 2 Dilution: H 1l.0000 P(O)(OPh) 2
Tse Multiplier & Dilution Factor with ISTDs \ Use Multiplier & Dilution Factor with ISTDs \
O (0]
Signal 1: VWDl A, Wavelength=ZZ0 nm Q Signal 1: VWDl &, Wavelength=ZZ0 mm Q
Peak RetTime Type Width Area Height Area / Peak RetTime Type Width Area Height Area
# [uin] fwinl mdll  *s  [wAD 1 % (+-)-3aa $ [uin] fmin] =AU #s  [wdU 1 (S)r()-32a
el |-—==|--m—- | | | | e R |-——=|--m—-- | |
1 14.326 BV 0.4261 1.39347=4 503.79327 49,3786 1 14.339 BV 0.4300 1214.60071 43. 77455 4.5288
2 15,579 VB 0.4547 1.42849e4 452.31406 50.6204 2 15.548 VB 0.4556 2.55990e4 G§69.39563 95,4702
Totals : 2.58z2198e4 956. 10733 Totala : 2.68136e4 913.17018

*** End of Report **%

Instrument 1 11/3/2017 B:36:25 PM

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 §:35:01 PO

S89

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17\TZN004533.D
Sample Name: ZG-Z-6Z4(+/-)

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

Last changed

Instrument 1

6/21/2017 9:02:51 PM
C:WCHEM32Y INMETHOD SA\DEF LC.M
6/2L/2017 8:2Z:30 PM by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 8:44:17 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70/30, 0.

Analysis Method :
Last changed

Sample Infao

Location : Vial 1

7 ulL/min, 30 oC, 220 nm

Data File C:%CHEM32Y1%DATANZHOU-174YENO04536.D
Hawple Name: ZG-Z2-624

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1

6/21/2017 10:34:01 PH
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
6/21/2017 10:28:51 PM by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/3/2017 8:45:41 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70430, 0.7 unl/min,

Location : Vial 1

Analysiz Method :
Last changed

Sample Info 30 oC, 220 nm

DT A Mawelength=2 20 rim (ZHO0- 177 ZN00 533 17 PRI A, Wavelen gt =220 rirm (2077 ZN00 536 107
Harm. Harm,
1200 4 1600
1400
1000 =
3 2
[ 1200 o i
o
a0 o
1000 o
2
600 b= 200 -
600
400 o
400 o
200
00 o -
=
"
a
0 o
T T T T T T T T T T T T T T T
o 2 4 [ 8 10 12 14 18 in| i 2 4 [ 8 10 12 14 18 in|
Area Percent Report Area Percent Report
Sorted By Sigmal Sorted By Signal
Multiplier: H l.0000 NHTs Multiplier: : l.0000 NHTs
Dilution: : 1.0000 P(O)(OPh) » Dilution: : 1.0000 P(O)(OPh) 2
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O \
(0] . [¢]
Signal l: VWDl A, Wavelength=22Z0 mm Q Signal 1: VWDl &, Wavelength=220 mm Q
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] fwin] wdll *s  [od0 1 5 (+/)-3ba # Iminl [min] mall *s  [wdl ] % (S)-()-3ba
el Rl |==== |- | | | | il B | ====| === | | | |
1 9.754 V¥ 0.2686 1.50305=4 859.36847 49,9381 1 9.751 BV 0.2796 1317.13318 71.77303 3.9725
2 13.658 BB 0.4215 1.50872e4 549.60808 50,0808 2 13.827 EV 0.4243 3.15394ed4 1157.30808 96,0275
Totals : 3.00877e¢4  1408.97656 Totals 3.31566e4  1220.08211

*** End of Report **%

Instrument 1 11/3/2017 8:44:23 PM

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 §:45:43 PN Fage 1 of 1

S90



Data File C:Y\CHEM32%1%DATAYZHOU-17\TZN004554.D
Famwple Nawme: ZG-Z-6ZEB(+/-)

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

Last changed

Instrument 1

6/21/2017 9:31:52 P
C:WCHEM32Y INMETHOD SA\DEF LC.M
6/2L/2017 9:26:35 PH by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 8:47:12 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70430, 0.7 unL/min,

Location : Vial 1

Analysis Method :
Last changed

Sample Infao 30 oC, 220 nm

Data File C:%CHEM32Y1%DATANZHOU-174YENO04563. D
Zawple Name: ZG-Z-62B

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1

6/24/2017 1:20:05 P
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
6/24/2017 1:15:30 P by
(modified after loading)
Analvsis Method : C:\CHEM32Y1\METHODS\DEF_LC.H
Last changed : 11/3/2017 8:48:53 PN
(wodified after loading)

Sample Info IC, Hewxane/i-PrOH = 70,30,

0.7 mL/min,

Location : Vial 1

30 oC, 220 nm

WWOT Frelength=2 20 i (ZHO0- 1717 ZNO0 3539 07 VWO relengi=2 20 ri (ZHO0- 1777 ZNO0 3563 07
Harm. Harm. 7
1400 o
1200 200
1000 o o
=}
R o0 1 g
&00 = @
600 400 -
400
200
200 -
2
G
_;'.'\ =
o o +
T T T T T T T T T T T T T
o 25 5 75 10 125 15 175 | i 2 4 ] ] 10 12 14 18 |
Area Percent Report Area Percent Report
Sorted By Sigmal Sorted By Signal
Multiplier: H l.0000 NHTs Multiplier: : l.0000 NHTs
Dilution: : 1.0000 P(O)(OPh) 2 Dilution: : 1.0000 P(O)(OPh) ,
Use Multiplier & Dilution Factor with ISTDs O N\ Uze Multiplier & Dilution Factor with ISTDa O N\
(0] (©]
Signal 1: VWDl A, Wavelength=ZZ0 nm Q Signal 1: VWDl &, Wavelength=ZZ0 mm Q
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [uinl [win] mAU  *s  [md0 ] 5 (+/-)-3ca #  Iminl fminl mAU  #*s  [wdU ] % (S)-()-3ca
e |-—==|--m—- | | | | i R |-=—= |- | | | |
1 13.505 BV 0.4100 2.28360=4 856.71830 49,6412 1 13.570 BB 0.4118 635.46277 23.81252 4.1004
2 15,115 VB 0.4516 2.31670e4 792.64319 50,3588 2 15.153 EEB 0.4461 1.43620e4 514.863782 95,5996
Totals : 4.60038e4  1649.36157 Totala : 1.54975e4 538.45034

*** End of Report **%

Instrument 1 11/3/2017 B8:47:22 PM

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 §:49:07 P

S91

Fage 1 of 1



Data File C:3\CHEM32%1%DATAYZHOU-17\TZN004535.D
Fample Name: ZG-Z-6ZC(+/-)

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

Last changed

Instrument 1

6/2L/2017 10:02:03 PH
C:WCHEM32Y INMETHOD SA\DEF LC.M
6/2L/2017 9:57:33 PM by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 8:50:15 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70430, 0.7 unL/min,

Analysis Method :
Last changed

Sample Infao

Location :

Wial 1

30 oC, 220 nm

Data File C:%CHEM32Y1%DATANZHOU-174YEZNO04574.D
Famwple Name: ZG-Z2-62C

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1
6/25/2017 11:38:22 PH
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
6/25/2017 11:08:59 PM by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/342017 8:52:36 PM
(wodified after loading)
IC, Hewxane/i-PrOH = 70,30,

Analysiz Method :
Last changed

Sample Info

0.7 mL/min,

Location : Vial 1

30 oC, 220 nm

WWOT Frelength=2 20 i (ZHO0- 1717 ZN00 3535 07 VWO relengir=2 20 ri (ZHOU- 177 ZNO0 574 07
Harm. ] Harm. 7
&0 300 -
700 To0
600 - H g 500
I & o
2 = g
00 | 500 =
400 - 400 -
300 300
00 - 00 o
100 100 b4
4
3
o o
T T T T T T T T T T T T T T T T
o 25 ] 75 10 125 15 175 0 | i 25 5 75 10 125 15 175 20 min|
Area Percent Report Area Percent Report
Sorted Bv Sigmal S Sorted By Signal NHTs
Maltiplier: : 1,0000 P(O)(OPh) 2 Multiplier: : 1.0000 P(O)(OPh) »
Dilution: H 1.0000 N Dilution: H 1l.0000 AN
Tse Multiplier & Dilution Factor with ISTDs Use Multiplier & Dilution Factor with ISTDs
(0] (¢]
Signal 1: VWDl A, Wavelength=ZZ0 nm O Signal 1: VWDl &, Wavelength=ZZ0 mm Q
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [mwinl win] nd  *s mdl 1 % (+/-)y-3da #  [minl [min] mwAll  *s wdl 1 % (S)-()-3da
===l |-—==]--m—- | | | | e R |-——=|--m—-- | | | |
1 15.008 wW 0.4980 1.72616=4 528.54193 49,4916 1 14.934 BV 0.5045 72497223 21.96547 4.4257
2 16,752 VB 0.51758 1.761l65e4 525.51593 50,5084 2 16.853 VB 0.5046 1.56561ed 477.71994 95,5743
Totals : 3.458783e4  1054.05786 Totala : 1.63810e4 499, 65541

*** End of Report **%

Instrument 1 11/3/2017 8:51:14 PM

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 §:52:43 PN

S92

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17TZN0048E5.D

Sauwple Name:

Z0-2-TAh(+/-)

Acg. Operator

Ao, Instrument @

Injection Date
Acg. Method
Last changed

Analysis Method :

Last changed

Sample Infao

Instrument 1 Location : Vial 1
7/20/2017 5:41:29 PH

C:WCHEM32Y INMETHOD SA\DEF LC.M

7/20/2017 5:12:36 PH by

jmodified after loading)

C:WCHEM3ZY INMETHOD S\DEF_LC. M

11/3/2017 9:49:15 PM

(wodified after loading)

IC, Hexane/i-PrOH = 7030, 0.7 uL/min, 30 oC, 220 nm,

Data File C:%CHEM32Y1%DATANZHOU-174YZNO04917.D

Hawple Name: ZG-2-T94

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Analysiz Method :
Last changed

Sample Info

Instrument 1 Location : Vial 1
7/23/2017 10:38:02 PH

C:\CHEM3Z2\ I\METHODSA\DEF LC.M

772372017 10:27:36 PHM by

(modified after loading)

C:\CHEM3Z\ I\METHOD S\DEF_LC.H

11/342017 9:50:41 PM
(wodified after loading)
IC, Hewxane/i-PrOH = 70,30,

0.7 mL/min, 30 oC, Z20 nm

WWOT Frelength=2 20 i (ZHO0- 177 ZNO0 4985 07 VWO relengi=2 20 ri (ZHO0- 177 ZNO0 4317 07
Harm. 7] Harm. 7
600 -|
1000 -
=
£
2
@
500 "
200
400 -
g g
= = 600
300
400
200
100 200 o
o
o
N M . ~
T T T T T T T T T T T T T T T T T
o 25 ] 75 10 125 15 175 0 | i 25 5 75 10 125 15 175 0 235 min)
Area Percent Report Area Percent Report
Sorted By Sigmal NHT: Sorted By Signal NHT
Multiplier: H 1.0000 S Multiplier: H 1l.0000 S
Dilution: : 1.0000 P(O)OPh) 2 Di lutions : 1.0000 P(O)(OPh) 2
Tse Multiplier & Dilution Factor with ISTDs O AN Use Multiplier & Dilution Factor with ISTDs O \
(0] (¢]
Signal 1: VWDl A, Wavelength=ZZ0 nm O Signal 1: VWDl &, Wavelength=ZZ0 mm O
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] min] wmATT *5 [md1T 1 % # Tminl [min] mAll *s5 [T 1 % Ph
el R | === | =mmmmm e I I I | (+/-)-3ea e e [l Rttt | | I | (S)-(-)-3ea
1 16.496 BV 0.5911 1.24889=4 323.85488 49,3376 1 1le.51z BV 0.5190 1605.08569 38.67850 4.4112
2 18.443 VB 0.6145 1.25243e4 321.07635 S0.68E24 2 15.506 VB 0.6222 3.47813e4 §59.33435 95,5888
Totals : 2.53131e4 644.93124 Totala : 3.63864e4 §99.01285

Instrument 1 11/3/2017 9:49:20 PM

*** End of Report **%

Fage 1 of 1

Instrument 1 11/3/2017 9:50:52 PN

S93

*** End of Report ++%

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17\TZNO04896.D
Sauwple Nawme: ZG-Z-T9B(+/-)

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

Last changed

Instrument 1 Location : Vial 1
7/2L/2017 3:37:45 PN

C:WCHEM32Y INMETHOD SA\DEF LC.M
7/2L/2017 3:20:33 PM by

jmodified after loading)

C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 9:53:09 PM

(wodified after loading)

I4, Hexane/i-PrOH = 70430, 1.0 unL/min,

Analysis Method :
Last changed

Sample Infao 30 oC, 220 nm,

Data File C:%CHEM32%1%DATANZHOU-174YZNO04901.1
Zawple Name: ZG-2-T79B

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1 Location : Vial 1
772172017 9:2Z:16 P

C:\CHEM3Z2\ I\METHODSA\DEF LC.M
7/21/2017 5:33:40 PH by

(modified after loading)

C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/3/2017 9:54:45 PM

(wodified after loading)

T4, Hexane/i-PrOH = 70430, 1.0 mlL/min,

Analysiz Method :
Last changed

Sample Info 30 oC, 220 nm,

WWOT Frelength=2 20 i (ZHO0- 177 ZNO0 4995 07 VWO relengi=2 20 ri (ZHO0- 177 ZNO0 4507 Iy
Harm. 7] Harm. ]
350 5
500
300
400
250 - E
@
¥
300 = 200
g
3
150 o
200
o
@
E 100
100 o
50 =
=1
Ju_ A
BT ] — A
o 1] o 30 40 i o 10 0 ) 4 ]
Area Percent Report Area Percent Report
Sorted By Sigmal NHT Sorted By Signal NHT
Multiplier: H 1l.0000 S Multiplier: : 1l.0000 S
Dilution: : 1.0000 P(O)(OPh)2 Di lutions : 1.0000 P(O)(OPh) 2
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O AN
(®] (0]
Signal 1: VWDl A, Wavelength=ZZ0 nm Q Signal 1: VWDl &, Wavelength=ZZ0 mm Q
Peak RetTime Type Width Area Height Area . Peak RetTime Type Width Area Height Area
# [min] min] wmATT *5 [md1T 1 % 'Pr # Tminl [min] mAll *s5 [T 1 % 'Pr
el R l-—==|--m=—- | | | | (+/-)-3fa i R |-===|--==-- | | | | (S)-(-)-3fa
1 24.050 BB 0.8035 1.29011=4 24797955 50,1460 1 24.086 BB 0.8014 84853730 1g.28760 3.7385
2 45.752 BB 1.5342 1.25260e4 129.15497 49,5540 2 45.556 EE L1.5357 &.158428e4 219.86537 96,2605
Totals : 2.57271e4 377.13452 Totala : 2.26914eq 235.95617

*** End of Report **%

Instrument 1 11/3/2017 9:53:14 PH

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 9:54:45 PN

S94

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-174TZN004900.D

Sauwple Name:

ZG-2-TAC(+/-)

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

Last changed

Analysis Method :
Last changed

Sample Infao

Instrument 1

7/2L/2017 5:18:27 P
C:WCHEM32Y INMETHOD SA\DEF LC.M
7/2L/2017 5:14:28 PH by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 9:56:00 PM
(wodified after loading)

I4, Hexane/i-PrOH = 70430, 1.0 unL/min,

Location : Vial 1

30 oC, 220 nm,

Data File C:%CHEM32Y1%DATANZHOU-174YZNOO04902. D

Zawple Name: ZG-2-79C

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Analysiz Method :
Last changed

Sample Info

Instrument 1
772172017 10:20:16 PH
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
772172017 10:14:25 PM by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/342017 9:57:38 PM
(wodified after loading)
1A, Hewxane/i-PrOH = 70,30,

Location :

1.0 mlL/min,

Vial 1

30 oC, 220 nm,

WWOT Frelength=2 20 i (ZHO0- 177 ZNO0 4500 07 VWO relenge=2 20 ri (ZHO0- 1777 ZNO0 4302 07
Harm. 7] Harm.
700 o
500
600 o
400 B 500 3
o+ W
~ 3
400
300
300 o
=
00 &
et
n 200
100 o
100 4 2
5
[ )
0" o
T T T T T T T T T T T T T T
o i 10 15 20 5 30 35 | i [ 10 15 b1 5 30 35 |
Area Percent Report Area Percent Report
Sorted By Sigmal NHT Sorted By Signal NHT
Multiplier: H 1.0000 S Multiplier: H 1.0000 S
Dilution: : 1.0000 P(O)(OPh) , Dilution: : 1.0000 P(O)(OPh)
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O \
(0] (0]
Signal 1: VWDl A, Wavelength=ZZ0 nm O Signal 1: VWDl &, Wavelength=ZZ0 mm Q
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  Tminl fuinl wdU  *s  [wdU 1 % 'Bu #  Iwinl fwinl wdll  *s  [wdU ] 5 'Bu
e |-—==|--m=—- | | | | +/-)-30a i R |-===|--m—-- | | | (-)-
1 17.456 BB 0.5598 1.27732=4 351.17428 50.0533 (+)-39 1 17.508 BB 0.5624 1305.030L5 35.90387 3.5574 (Sr()-3g2
2 35.869 BB 1.1959 1.27409e4 163.78157 49,9367 2 35.BZZ BB 1.2127 3.53803e4 450.05505 96,4426
Totals : 2.55141e4 514.95586 Totala : 3.66854e4 455.95872

*** End of Report **%

Instrument 1 11/3/2017 9:56:07 PM

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 9:57:42 PN

S95

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17TZN004560.D

Sauwple Name:

Z6-2-64h(+/-)

Acg. Operator

Ao, Instrument @

Injection Date
Acg. Method
Last changed

Analysis Method :

Last changed

Sample Infao

Instrument 1
6/24/2017 11:42:51 AM
C:WCHEM32Y INMETHOD SA\DEF LC.M
6/24/2017 11:24:57 AM by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 8:53:47 PM
(wodified after loading)

IC, Hexane/i-PrOH =

Location :

70430, 0.7 ulL/min,

Wial 1

30 oC, 220 nm

Data File C:%CHEM32Y1%DATANZHOU-17YENO04626.D

Hawple Name: ZG-Z2-644

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Analysiz Method :
Last changed

Sample Info

Instrument 1 Location : Vial 1
673042017 5:10:27 P

C:\CHEM3Z2\ I\METHODSA\DEF LC.M

673042017 7:43:45 P by

(modified after loading)

C:\CHEM3Z\ I\METHOD S\DEF_LC.H

11/342017 8:55:07 PM
(wodified after loading)
IC, Hewxane/i-PrOH = 70,30,

0.7 mL/min, 30 oC, Z20 nm

WWOT Frelength=2 20 i (ZHO0- 177 ZNO0 4560 07 VWO relengi=2 20 ri (ZHOU- 1777 ZN00 4626 )
Harm. Harm. ]
500
350 5
300
400 -
o
2
= g 250 z
g 3
300 =
200
200 J 150 o
100
100
50 g
=
, A , .
T T T T T T T T T T T T T
o 5 10 15 30 | i 25 5 75 10 125 15 175 20 135 in|
Area Percent Report Area Percent Report
Sorted By Sigmal NHT Sorted By Signal NHT
Multiplier: H l.0000 S Multiplier: : 1l.0000 S
Dilution: : 1.0000 P(O)(OPh), Di lutions : 1.0000 P(O)(OPh)
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O \
[©] (o]
Signal 1: VWDl A, Wavelength=ZZ0 nm Q Signal 1: VWDl &, Wavelength=ZZ0 mm Q
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] win] wAl *5 [md1 1 % OMe # Tminl [min] mAll *s5 [T 1 % OMe
el |-—==|--m—- | | | [ +/-)-3ha il et | ====l-==-- | | | | -(-)-3h
1 17.773 BV 0.6083 1.30803=4 328.05274 49,3512 ) 1 17.647 BB 0.56106 354.34619 8.94556 3.8561 (8-0)-3na
2 20,038 VB 0.6565 1.34242e4 312.77750 50,6488 2 20.084 BB 0.6430 8834.94531 211.56477 96,1439
Totals : 2.65045e4 640.54024 Totala : 9189.20150 220.51033

Instrument 1 11/3/2

*** End of Report **%

017 8:53:54 FPM

Fage 1 of 1

Instrument 1 11/3/2017 §:55:11 PN

S96

*** End of Report ++%

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17\TZN004561.D

Sauwple Name:

Z6-2-64B (+/-)

Acg. Operator

Data File C:%CHEM32%1%DATANZHOU-174YEZNO04575.D

Fawple Name: ZG-Z-64B

Acg. Operator

Ao, Instrument @ Instrument 1 Location : Vial 1 Aog. Instrument @ Instrument 1 Locarion : ¥ial 1
Injection Date 6/24/2017 12:24:38 PN Injection Date 672642017 12:07:19 AM
Acg. Method C:WCHEM32Y INMETHOD SA\DEF LC.M Acg. Method C:\CHEM3Z2\ I\METHODSA\DEF LC.M
Last changed 6/24/2017 1Z:16:40 PM by Last changed 672642017 12:00:03 AM by
jmodified after loading) (modified after loading)
Analysiz Method : C:WCHEM32YLA\METHODS\DEF_LC.M Analvsis Method : C:\CHEM32Y1\METHODS\DEF_LC.H
Last changed 11/3/2017 8:57:07 PM Last changed 11/342017 8:58:17 PM
fmodified after loading) (wodified after loading)
Sample Infao IC, Hexane/i-PrOH = 70430, 0.7 mL/min, 30 oC, Z20 nm Sample Info IC, Hewane/i-PrOH = 70430, 0.7 mL/min, 30 oC, Z20 nm
WWOT Frelength=2 20 i (ZHO0- 1717 ZNO0 56T 7 VWO relengir=2 20 ri (ZHO0- 177 ZNO0 3575 )
Harm. 7] Harm. 7]
1200 1200
2
5
e 2
1000 o = 1000 - B
=
=
200 200
600 - 600 -
400 400
00 - 200
ad
2
o o
T T T T T T T T T T T T T
o 5 10 15 0 | i 3.5 5 75 10 125 15 175 20 |
Area Percent Report Area Percent Report
Sorted By Hiognal Sorted By Signal
Multiplier: H l.0000 Multiplier: : l.0000
Dilution: 1.0000 Dilution: 1l.0000

Tse Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=ZZ0 nm

Peak RetTime Type

#  [mwinl

1 15.953 WV
2 18.160 VB

Totals :

Width Area Height Area
Tmin] wAU *s  [wdU ] %

|
0.5472 3.55877=4 99778674 49,6116
0.5920 3.61449e4 938.58997 50,3884

7.17327e4  1936.37671

(+)-3ia

*** End of Report **%

Instrument 1 11/3/2017 B8:57:14 PM

Fage 1 of 1

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl &, Wavelength=ZZ0 mm
Peak RetTime Type Width Area Height Area
# [min [min]l mAl *5 [udl 1 k3
i R | === |--m—-- | |
1 15.913 W 0.5487 177963215 45.4z2228 5.1928
2 15.040 VB 0.5814 3.24954e4 §61.20795 94,8072
Totala : 3.42753e4 910.83022

! (S))-3ia

*** End of Report ++%

Instrument 1 11/3/2017 §:58:21 PN

S97

Fage 1 of 1



Data File C:3\CHEM32%1%DATAYZHOU-17\TIN004739.D
Sample Name: ZG-Z-TLA(+/-)

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

Last changed

Instrument 1

7/10/2017 3:39:50 P
C:WCHEM32Y INMETHOD SA\DEF LC.M
7/10/2017 3:08:26 PH by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 9:12:09 PM
(wodified after loading)

Analysis Method :
Last changed

Sample Infao

Location :

Wial 1

IC, Hexane/i-PrOH = 70430, 0.7 mL/min, 30 oC, Z20 nm

Data File C:%CHEM32Y1%DATANZHOU-174YZNO04745.D
Hawple Name: ZG-2-T1l4

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1

771042017 9:17:55 P
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
771042017 5:44:27 P by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/342017 9:13:26 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70430, 0.7 unl/min,

Location : Vial 1

Analysiz Method :
Last changed

Sample Info 30 oC, 220 nm

WO A TWavelengih=2 20 im (ZHO0-1 77 ZND0 4730 17 WV A, Wavelen gih=2 20 nim (ZHOU-1 777 ZN00 3745 17
Harm. 7] Harm. 7]
1200
1000 o
2
z 1000 4 ~
- =
200 x*
;_ 200
600 -|
600
400
400
200
200 Ee
i
1] o
T T T T T T T T T T T T T T T
o z 4 ] 3 10 1z 14 1i | i 4 4 ] 3 10 12 14 |
Area Percent Report Area Percent Report
Sorted By Hiognal Sorted By Hignal
Multiplier: H 1.0000 NHTs Multiplier: H 1.0000 NHTs
Dilution: ; 1.0000 P(O)(OPh) Dilution: : 1.0000 P(O)(OPh) »
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O \
(¢} o
Signal 1: VWDl A, Wavelength=ZZ0 nm O cl Signal 1: VWDl &, Wavelength=ZZ0 mm Q cl
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] min] wmATT *5 [md1T 1 % # Tminl [min] mAll *s5 [T 1 %
el l-—==|--m=—- | | | | (+/-)-3ja e R |-=—=|--m=-- | | | | (S)-(-)-3ja
1 1ll.654 BE 0.3329 1.744660=4 809.70850 49,9776 1 11.574 BB 0.3262 1502.61543 70.23960 5.9586
2 14.411 BE 0.4289 1.74625e4 B28.57990 50.0224 2 14.217 EE 0.4155 2.371682ed G66l.69421 94,0414
Totals : 3.49093e4  1438.28857 Totala : 2.5z2lleq 951.93382

*** End of Report **%

Instrument 1 11/3/2017 9:12:15 PM

Fage 1 of 1

*** End of Report ++%

Instrument 1 117372017 2:13:33 PN Fage 1 of 1

S98



Data File C:3CHEM32%1%DATAYZHOU-17\TZNO0048351.D
Sample Nawme: ZG-Z-TLlE(+/-)

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

Last changed

Instrument 1

7/16/2017 10:53:18 P
C:WCHEM32Y INMETHOD SA\DEF LC.M
7/16/2017 10:47:43 PM by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 9:15:52 PM
(wodified after loading)

Analysis Method :
Last changed

Sample Infao

Location :

I4, Hexane/i-FrOH = 60/40, 1.0 ulL/min,

Wial 1

30 of, 220nm

Data File C:%CHEM32%1%DATANZHOU-174YENOO04632.D
Zample Name: ZG-2-T1B

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1

T/L7/2017 12:41:22 AM
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
771742017 12:36:20 AM by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/3/2017 9:42:02 PM
(wodified after loading)

T4, Hexane/i-PrOH = 60740, 1.0 unl/min,

Location : Vial 1

Analysiz Method :
Last changed

Sample Info 30 oC, 220mm

WO A, TWavelengih=2 20 im (ZHO0-1 77 ZN00 4537 17 WO A, Wavelen gih=2 20 fim (ZHOU-1 77 ZND0 4592 17
Harm. 7] Harm. 7]
300
200 +
50
150 4
200
g @
d 2
150 g 100 E
1001 2
5
3 0
@
50 kS
=
D,JA_A—\i 0
T T T T T T T T T T
o 0 40 a0 30 | i 20 40 a0 30 |
Area Percent Report Area Percent Report
Sorted By Sigmal Sorted By Signal T
Maltiplier: : 1.0000 S Multiplier: : 1.0000 S
Dllutﬁun: : 1.0000 P(O)(OPh) Dilut,lijun: H 1.0000 P(O)(OPh)
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O \
(0] (0]
Signal 1: VWDl A, Wavelength=ZZ0 nm Q Signal 1: VWDl &, Wavelength=ZZ0 mm O
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  min] fwin] ndl  *s  [md0 1 Cl #  Iminl fmin] mal0  *s  [wdU ] 5 Cl
el R l-—==|--m=—- | | +/-)-3ka ininintel il | === === | | | 1 S)-(-)-3ka
1 49.758 BB 2.2621 2.15155=4 141.47200 49,4385 ¢y 1 51.148 BB 1.9269 Z067.60786 15.33591 6.3255 (816
2 94,968 MM R 5.1479 Z.zZ0042ed 71.23990 50,5615 2 95.873 MM R 5.6323 3.08225eq 90.81561 93,6745
Totals : 4.35197e4 212.71198 Totala : 3.26903e4 105.95151

*** End of Report **%

Instrument 1 11/3/2017 9:16:38 PM

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 9:42:23 PN Fage 1 of 1

S99



Data File C:3CHEM32%1%DATAYZHOU-17\TIN004741.D
Samwple Name: ZG-Z-TLCi(+/-)

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

Last changed

Instrument 1
7/10/2017 4:34:2Z PM
C:WCHEM32Y INMETHOD SA\DEF LC.M
7/10/2017 4:24:43 PH by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 9:45:30 PM
(wodified after loading)

IC, Hexane/i-PrOH =

Analysis Method :
Last changed

Sample Infao

70430, 0.7 ulL/min,

Location : Vial 1

30 oC, 220 nm

Data File C:%CHEM32%1%DATANZHOU-174YENOO4752.D
Fawple Name: ZG-2-T1C

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1
771172017 4:41:135 MM
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
771172017 4:37:58 P by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/3/2017 9:46:43 PM
(wodified after loading)
IC, Hewxane/i-PrOH = 70,30,

Analysiz Method :
Last changed

Sample Info 0.7 mL/min,

Location :

Vial 1

30 oC, 220 nm

WWOT Frelength=2 20 i (ZHO0-T7 T ZNO0 4741 7 VWO relengi=2 20 ri (ZHOU- 177 ZNO0 4752 07
Harm. ] Harm. 7]
700 600 ]
600
00
00 % §
N 400 =
400 2
w
n 300 5
300
200 o
00
100 ] 100+ 2
=
o 1] AN —
T T T T T T T T T T T T T T T T T
o 2 4 ] 3 10 12 14 16 18 in| i b 4 [ i 10 12 14 16 |
Area Percent Report Area Percent Report
Sorted By Hiognal Sorted By Signal
Multiplier: H 1.0000 NHTs Multiplier: H 1.0000 Ts
Dilution: : 1.0000 P(O)(OPh), Dilution: : 1.0000 P(0)(OPh)
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O \
(6] o
Signal 1: VWDl A, Wavelength=ZZ0 nm Q Br Signal 1: VWDl &, Wavelength=ZZ0 mm Q Br
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] min] wmATT *5 [md1T 1 % # Tminl [min] mAll *s5 [T 1 %
el R |-—==|--m=—- | | | | (+/-)-3la e R |-=—=|--m=-- | | | | (S)-()-3la
1 11.978 BE 0.3428 1.01966=4 45783871 50,1758 1 11.833 BB 0.3392 664.41431 28.91925 5.6047
2 15,179 VB 0.4553 1.01254=4 342.79211 49,5241 2 14.850 VB 0.4352 1.10028e4 390.23569 94,3053
Totals : 2.03z222e4 &00.63083 Totala : 1.1867ze4 420.15494

*** End of Report **%

Instrument 1 11/3/2017 9:45:34 PH

Fage 1 of 1

*** End of Report ++%

Instrument 1 11/3/2017 9:46:48 P

S100

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17\TZN005213.D
Sauwple Name: ZG-Z-86(+/-)

Data File C:%CHEM32%1%DATANZHOU-174YENOO05215.D
Zample Name: ZG-2-36

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

Last changed

Instrument 1

§/23/2017 11:01:54 P
C:WCHEM32Y INMETHOD SA\DEF LC.M
§/23/2017 10:42:0Z PM by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 10:07:57 PM
(wodified after loading)

Analysis Method :
Last changed

Sample Infao

IC, Hexane/i-PrOH = 70430, 0.7 unL/min,

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Vial 1 Instrument 1

8/24/2017 12:00:0Z2 AM
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
872342017 11:57:15 PM by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/3/2017 10:12:26 PM
(wodified after loading)

Location :

Analysiz Method :
Last changed

30 oC, 220 nm Sample Info

IC, Hexane/i-Pr0OH = 70430, 0.7 mL/min,

f Vial 1

30 oC, 220 nm

DT A Tawelength=2 20 rim (ZHO0- 177 ZN00 52 T3 107 PN A, Wavelen gi= 220 rim (20177 20052 15 107
Harm. ] Harm. 7]
800 4
2000 4
700
2500
600
00 2000
=
400 4 &
[ 1500 o b
2
B
00 N g
b
z 1000
200 4
100 00 o
=
2
I | . :
o =
T T T T T T T T T o T T T T T T
o 3 4 [ E 0 12 14 16 15 min] i 2 4 [ 12 14 16 min|
Area Percent Report Area Percent Report
Sorted By Sigmal Sorted By Signal
Multiplier: H l.0000 NHTs Multiplier: : l.0000 NHTs
Dilution: 1.0000 P(O)(OPh) , Dilution: 1.0000 P(0)(OPh) »

Tse Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=ZZ0 nm

Use Multiplier & Dilution Factor with ISTDs

P
o

Signal 1: VWDl &, Wavelength=ZZ0 mm

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height
# [min] win] wAl *5 [md1 1 % Bu # Tminl [min] mAll *s5 [T 1
===l |-—==]--m=—- | | | (+/-)-3ma e R | === |--mm-- | | |
1 12,397 W 0.3755 7269.55176 290.856407 49,3350 1 12.358 W 0.3728 3.46924ed4 1432, 46265
2 14.745 VB 0.4955 7465.53662 225.62668 50,6650 2 14.750 VB 0.5051 1131.08177 33.95209
Totals : 1.47351e4 528.49077 Totala : 3.58234e4  1466.41474

*** End of Report **%

Instrument 1 11/3/2017 10:0&:04 PH

0
[¢]

(S)-(--3ma

*** End of Report ++%

Fage 1 of 1 Instrument 1 11/3/2017 10:12: 36 FI

S101

Fage 1 of 1



Data File C:3\CHEM32%1%DATAYZHOU-17\TINO04722.D
Famwple Nawme: ZG-Z-69E(+/-)

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

Last changed

Instrument 1 Location : Vial 1
74772017 7:27:18 PH

C:WCHEM32Y INMETHOD SA\DEF LC.M

74772017 7:08:57 PH by

jmodified after loading)

C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 9:04:58 PM

(wodified after loading)

IC, Hexane/i-PrOH = 80/20, 0.7 unL/min,

Analysis Method :
Last changed

Sample Infao 30 oC, 220 nm

Data File C:%CHEM32Y1%DATANZHOU-174YEZNOO4721.D
Zawple Name: ZG-Z-69B

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1
77742017 6:33:29 PN
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
7/7/2017 6:16:57 PH by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
12/3/2017 9:20:36 PM
(wodified after loading)
IC, Hewxane/i-PrOH = 80/20,

Analysiz Method :
Last changed

Sample Info

Location :

0.7 mL/min,

Vial 1

30 oC, 220 nm

WWOT Frelength=2 20 i (ZHO0-T7 T ZNO0 4722 07 VWO relengi=2 20 ri (ZHOU- 177 ZNO0 4721 17
Harm. 7] Harm. 7]
300 300
5
2
50 60 ] A
200 = 200
5
.
*
150 o 150
1001 100
50 50 -
b
I S :
[ L o
T T T T T T T T T T
o ] 1o 15 b1 25 | i 5 10 15 i) 25 |
Area Percent Report Area Percent Report
Sorted By Sigmal Sorted By Signal
Multiplier: H l.0000 Multiplier: : l.0000
Dilution: : 1.0000 NHMSP(O)(OPh) Di lutions : 1.0000 NHMSP(O)(OPh)
Tse Multiplier & Dilution Factor with ISTDs O \ 2 Use Multiplier & Dilution Factor with ISTDs O \ 2
Signal 1: VWDl A, Wavelength=ZZ0 nm o Q Signal 1: VWDl &, Wavelength=ZZ0 mm o O
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] min] wmATT *5 [md1T 1 % # Tminl [min] mAll *s5 [T 1 %
S R — [ —— I I I I (+/-)-3na S [ — I | I (S)()-3na
1 Z1.915 BE 0.5617 £100.78270 168.71190 50.0207 1 21.897 BB 0.5653 8761.415835 241.01743 93,6506
2 24.194 BE 0.6362 6095.72852 148.92519 49,9793 2 24.22Z7 BB 0.6576 583.21368 13.95498 6.3414
Totals : 1.z21965e4 317.64009 Totala : 9354.63263 254.97241

*** End of Report **%

Instrument 1 11/3/2017 2:05:03 PM

*** End of Report ++%

Fage 1 of 1 Instrument 1 12/3/2017 9:20:43 PN

S102

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17\TZNO04652.D
Sample Name: ZG-Z-69C(+/-)

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

Last changed

Instrument 1

7/3/2017 5:44:36 PN
C:WCHEM32Y INMETHOD SA\DEF LC.M
7/3/2017 5:41:47 PH by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 9:08:28 PM
(wodified after loading)

Analysis Method :
Last changed

Sample Infao

IC, Hexane/i-PrOH = 70430, 0.7 unL/min,

Location : Vial 1

30 oC, 220 nm

Data File C:%CHEM32Y14%DATANZHOU-174YENO04725.D
Fawple Name: ZG-2-69C

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1

77742017 §:22:57 PN
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
7/7/2017 7:58:558 PN by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/342017 9:10:25 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70430, 0.7 unl/min,

Location : Vial 1

Analysiz Method :
Last changed

Sample Info 30 oC, 220 nm

DT A Mawelength=2 20 rim (ZHO0- 177 ZN0n 52 17 PN A, Wavelen gi= 220 rim (ZH00- 177 2004723 107
Harm. 7] Harm. 7]
1000 250
bt 200 o
800 o a
a
3
1504 5
600 o #
100
400 o M
A
50 =
200 4 =
] N
o LN S—
T T T T T T T T T T T T
o [ 10 15 20 pi3 k] min| i 5 10 15 a0 25 30 min|
Area Percent Report Area Percent Report
Sorted By Sigmal Sorted By Signal
Multiplier: H l.0000 NHNs Multiplier: H 1.0000 NHNs
Iilution: : 1.0000 P(O)(OPh), Dilution: : 1.0000 P(O)(OPh) ,
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O A\
(0] (0]
Signal l: ViDLl A, Wavelength=220 mm Q Signal l: VWDL 4, Wavelength=220 mm Q
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [minl min] wal *s [malr 1 % (+/.)_30a # minl [min] wAl *3 [ a1 1 % (s)_(_)_30a
el Rl |-=== |- | | | | il Bt | ====| === | | |
1 12,651 WV 0.4072 1.98057=4  735.85510 50.3692 Ns =4-NO,C¢H4SO, 1 12.612 BB 0.4104 629.26440  23.35532  6.4788 Ns = 4-NOCgH4SO2
2 29,118 EBE 1.0295 1.95153e4 293.35913 49,6308 2 2B.839 EEB l.0064 8083.40137 138.58795 93,5212
Totals : 3.93210e4  1025.21423 Totala : 9712.66577 161.94327

*** End of Report **%

Instrument 1 11/3/2017 2:08:40 PHM

Fage 1 of 1

*** End of Report ++%

Instrument 1 117372017 2:10:31 PN Fage 1 of 1

S103



Data File C:3CHEM32%1%DATAYNZHOU-17\TZN0049135.D
Fauwple Name: ZG-Z2-80-2(+/-)

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

Last changed

Instrument 1

7/E23/2017 7:2Z:00 PH
C:WCHEM32Y INMETHOD SA\DEF LC.M
T/E23/2017 7:14:35 PH by
jmodified after loading)
C:WCHEM3ZY INMETHOD S\DEF_LC. M
11/3/2017 10:00:26 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70/30, 0.

Analysis Method :
Last changed

Sample Infao

Location : Vial 1

7 ulL/min, 30 oC, 220 nm

Data File C:%CHEM32%14%DATANZHOU-174YZNO04915.D
Zawple Name: ZG-2-80-2

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Instrument 1

772372017 9:15:41 MM
C:\CHEM3Z2\ I\METHODSA\DEF LC.M
772372017 9:10:47 P by
(modified after loading)
C:\CHEM3Z\ I\METHOD S\DEF_LC.H
11/342017 10:01:50 PM
(wodified after loading)

IC, Hexane/i-PrOH = 70430, 0.7 unl/min,

Location : Vial 1

Analysiz Method :
Last changed

Sample Info 30 oC, 220 nm

T Freln gif=2 20 rim (ZHO-T 7oy 2RO 9873 107 T Frelen gif=2 20 rm [ZHO-T 77 200 98 75 107
Harm. Harm.
1400 o
1000
1200
o
4
500 - a
g &
s 1000 o
600 o 300
=
Z
el
W 600 -
400 H
2
400 o S
]
200 4
200
0 o
T T T T T T T T T T T T T
o 5 10 15 b1} 5 30 | i 5 10 15 0 5 a0 in|
Area Percent Report Area Percent Report
Sorted By Sigmal Sorted By Signal
Multiplier: H l.0000 Multiplier: : l.0000
Dilution: : L1.0000 NH Sbo)Ph Dilution: : L.0000 S bo)Ph
Tse Multiplier & Dilution Factor with ISTDs (O) 2 Use Multiplier & Dilution Factor with ISTDs (O) 2
5 5
Signal 1: VWDl A, Wavelength=ZZ0 nm (0] Signal 1: VWDl &, Wavelength=ZZ0 mm (0]
Peak RetTime Type Width Area Height Area O Peak RetTime Type Width Area Height Area Q
# [min] min] wmATT *5 [md1T 1 % # Tminl [min] mAll *s5 [T 1 %
e el I I I I (+1-)-3ab R Rl I I I I (S)-(+)-3ab
1 18.095 BE 0.6281 2.77871=4 678.72095 50,0668 1 15.109 BB 0.6256 1.32833e4 324.84781 15,9808
2 &7.189 VB 0.9652 2.7712%e4 439.74289 49,9331 2 27.079 VB 0.9631 6.49052e4  1035.09045 53,0112
Totals : 5.55000e4  1118.46384 Totala : 7.81885e4  1350.93826

*** End of Report **%

Instrument 1 11/3/2017 10:00:31 PH

Fage 1 of 1

*** End of Report ++%

Instrument 1 117372017 10:02:04 PM Fage 1 of 1

S104



Data File C:3\CHEM32%1%DATAYZHOU-17\TZN004854.D
Samwple Nawme: ZG-Z-6lE(+/-)

Acg. Operator

Ao, Instrument @

Injection Date
Acg. Method
Last changed

Analysis Method :

Last changed

Sample Infao

Instrument 1 Location : Vial 1
T/ALT/2017 4:16:27 AM

C:WCHEM32Y INMETHOD SA\DEF LC.M

7/L7/2017 4:13:00 AM by

jmodified after loading)

C:WCHEM3ZY INMETHOD S\DEF_LC. M

11/3/2017 8:40:12 PM

(wodified after loading)

I4, Hexane/i-PrOH = 60s40, 1.0 mL/min, 30 oC, ZZ0nm

Data File C:%CHEM32Y1%DATANZHOU-174YZNOO04635.D
Zawple Name: ZG-Z-6l1B

Acg. Operator
Log. Instrument @
Injection Date
4cg. Method

Last changed

Analysiz Method :
Last changed

Sample Info

Instrument 1 Location : Vial 1
7/17/2017 5:28:0L1 AM

C:\CHEM3Z2\ I\METHODSA\DEF LC.M

T/L7/2017 5:24:25 AM by

(modified after loading)

C:\CHEM3Z\ I\METHOD S\DEF_LC.H

11/342017 8:42:10 PM

(wodified after loading)

1A, Hewane/i-PrOH = 60/40, 1.0 mL/min, 30 oC, Z20nm

WWOT Frelength=2 20 i (ZHO0- 177 ZN00 4939 07 WO A, Wavelen gih=2 20 nim (ZHOU-1 777 ZN00 4535 17
Harm. 7] Harm. 7
400 -
250
350 -
00 - 300 -
z
= =
= =
5 =]
o 250 o
150+
200 -
100 o 150 ]
z
z o
= 100
501
50
1 I I .
T T T T T T T T T T T T
o 10 0 30 40 50 i) | i 10 a0 30 40 50 Jil] |
Area Percent Report Area Percent Report
Sorted By Hiognal Sorted By Hignal
Multiplier: H l.0000 NHTs Multiplier: : l.0000 NHTs
Di lution: : 1.0000 P(O)(©BN), Dilution: : 1.0000 P(O)(©OBnN)2
Tse Multiplier & Dilution Factor with ISTDs O \ Use Multiplier & Dilution Factor with ISTDs O \
(0] (0]
Signal 1: VWDl A, Wavelength=ZZ0 nm O Signal 1: VWDl &, Wavelength=ZZ0 mm Q
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] min] wmATT *5 [md1T 1 % # Tminl [min] mAll *s5 [T 1 %
S — [ —— I I I I (+-)-3ac S [ I | I I (8)r()-3ac
1 Z2z.204 BB 0.7184 7087.72754 152.50095 50,1958 1 22,181 VB 0.7161 4683.87158 100.83031 10,1725
2 BZ.246 BB 2.0746 7032.43213 48,96262 49,8042 2 e0.808 EEB 2.4110 4.13605e4 252.23161 B9.8275
Totals : l.4lz02e4 202. 468357 Totala : 4,60443e4 353.08192

Instrument 1 11/3/2017 8:40:18 PM

*** End of Report **%

Fage 1 of 1

S105

*** End of Report ++%

Instrument 1 11/3/2017 §:42:13 P

Fage 1 of 1



Data File C:3CHEM32%1%DATAYZHOU-17\TIN006314.D
Samwple Name: ZG-3-364(+/-)

Acg. Operator ©ome-

Ao, Instrument @ Instrument 1
Injection Date 11/22/2017 6:42:11 P

Acg. Method C:WCHEM32Y INMETHOD SA\DEF LC.M
Last changed 11/22/2017 5:48:44 PM bv mc-
jmodified after loading)
C:WCHEM32Y INMETHOD S\DEF LC. M
12/1/2017 2:51:56 PM by -
(wodified after loading)

IC, Hexane/i-PrOH =

Analysis Method :
Last changed

Sample Infao

Location :

Wial 1

70430, 0.7 ul/min, 30 oC, Z20 nm

Data File C:%CHEM32Y1%DATANZHOU-174YENOO6315.D
Hawple Name: ZG-3-364

Acg. Operator @ me-

Aog. Instrument @ Instrument 1
Injection Date 11/22/2017 7:17:22 PH
Acg. Method C:\CHEM3Z2\ I\METHODSA\DEF LC.M
Last changed 11/22/2017 7:05:10 PH by mc-
(modified after loading)
C:\CHEM3Z2\ I\METHODS\DEF LC.M
127142017 2:54:50 PM by hoe-
(wodified after loading)
IC, Hewxane/i-PrOH = 70,30,

Analysiz Method :
Last changed

Sample Info

Location :

Vial 1

0.7 mL/min, 30 oC, 220 nm

WWOT Frelength=2 20 i (ZHO0- 17T ZNO063 13 07 VWO relengi=2 20 ri (ZHOU- 177 ZNO0 63 15 07
Harm. 7] Harm. 7
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600 -|
To0
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600 - -
b4
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400 © 500
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=
300 - 400
=
=
300
200
200
100+ @
100 b
“
] AT 0 L AN
o s 3 s 10 125 1 175 o i 0 25 s 75 10 125 15 175 o i
Area Percent Report Area Percent Report
Sorted By Hiognal Sorted By Hignal
Multiplier: H l.0000 Multiplier: : l.0000
Dilution: H 1.0000 NHTs Dilution: H 1l.0000 NHTs
Tse Multiplier & Dilution Factor with ISTDs P(O)(OPh) , Use Multiplier & Dilution Factor with ISTDs P(O)(OPh) 2
0 0
Signal 1: VWDl A, Wavelength=ZZ0 nm S Signal 1: VWDl &, Wavelength=ZZ0 mm S
Peak RetTime Type Width Area Height Area O Peak RetTime Type Width Area Height Area O
# [min] min] wmATT *5 [md1T 1 % # Tminl [min] mAll *s5 [T 1 %
el |-—==]--m—- | | | | i R |-=—=|--=—-- | | | |
1 13.678 BB 0.4215 8926.28006 324.38126 50.0338 (+/-)-3pa 1 13.739 BB 0.4367 1317.66174 45. 54960 6.4537 (9)-(-)-3pa
2 18.419 BE 0.5713 8914.24316 240.19218 49,9662 2 15.474 BB 0.5752 1.90994e4 S511.78677 93,5463
Totals : 1.78405e4 564, 57344 Totala : 2.04170e4 557.40637

*** End of Report **%

Instrument 1 12/1/2017 2:52:07 FM hx-

Fage 1 of 1

*** End of Report ++%

Instrument 1 12/1/2017 2:54:57 PN hx-

S106

Fage 1 of 1



