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1. General experimental details:

Commercially available reagents were used without further purification. Solvents were
treated prior to use according to the standard methods. *H NMR, **C NMR and *F NMR spectra
were recorded at room temperature in CDCl; or DMSO-dg 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 chromatography was performed on silica gel (200-300 mesh). All
reactions were monitored by TLC or NMR analysis.

2. General Procedure for substituted 4-Fluoroisoquinoline 1

2.1. Synthesis of Substituted 4-Fluoroisoquinoline 1a, 1d-f, 1h-n.

4-Fluoroisoquinoline derivatives can be conveniently synthesized from the easily accessible
starting materials 2-bromobenzaldehydes according to the known literature procedure.® The
compounds 3-butyl-4-fluoroisoquinoline (1a), 3-cyclopropyl-4-fluoroisoquinoline (1e), 3-butyl-
4,7-difluoroisoquinoline (1j) are known compounds.

P R3 R3
1 1 = 1 .
" j@[Br _ PdCh(PPhy Cul R j@( BuNH, j@{

+ =R —= ¢
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. F—N/ 2 AgNO3, L|2003 X
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7 NFSI 1

Typical procedure for the syntheses of 4-fluoroisoquinoline derivatives: PdCI,(PPhs),
(0.280 g, 0.40 mmol) and Cul (0.057 g, 0.30 mmol) was added to a solution of 2-Bromo-
benzaldehyde (3.700 g, 20.00 mmol) and 1-heptyne (2.308 g, 24.00 mmol) in Et;N (100 mL), and
the resulting mixture was stirred at 50 °C for 5 h. The reaction was filtered, concentrated, and
purified by silica gel column chromatography (hexane/EtOAc = 40:1), which furnished 2-(hept-1-
ynyl) benzaldehyde (7.41 g, 99% yield) as orange oil.

To a mixture of 4A MS (2.000 g) and tert-butylamine (25 mL) was added 2-(hept-1-ynyl)
benzaldehyde at room temperature. The mixture was stirred overnight. Then the mixture was
filtered and the filtrate was concentrated to get the pure imine derivative.

Under N,, Li,CO; (1.470 g, 19.90 mmol), NFSI (9.41 g, 29.90 mnol), AgNO; (0.679 g, 4.00
mmol) were dissolved in dry N,N-dimethyl acetamide (DMA, 50 mL), then the imine derivative
was added. The mixture was stirred at room temperature, and the reaction was monitored by thin
lay chromatography (TLC). After the reaction completed (5~10 hrs), water was added. The
mixture was extracted with Et,0. The combined organic extracts were concentrated under vacuum
and the residue was purified by silica gel column chromatography (hexane/EtOAc = 20:1)
affording the product 4-fluoro-3-pentylisoquinoline 1f (3.157 g, 73% yield) as pale yellow oil.

1. Xu, T.; Liu, G. Org. Lett. 2012, 14, 5416.
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4-Fluoro-3-propylisoquinoline (1d): pale yellow oil, 51% vyield, Ry = 0.45 (petroleum
ether/EtOAc 20/1); "H NMR (400 MHz, CDCl,) & 8.98 (s, 1H), 7.98 (d, J = 8.1 Hz, 1H), 7.89 (d, J
© =63 Hz 1H), 7.66 (m, 1H), 7.52-7.51 (m, 1H), 2.97 (t, J = 7.4 Hz, 2H),
@ij\(m 1.94-1.74 (m, 2H), 1.01 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls)  152.4
N (d, Yrc = 257.1 Hz), 147.3 (d, *Jec = 6.0 Hz), 140.6 (d, 2Jec = 15.8 Hz), 130.4,
128.9 (d, *Jec = 2.3 Hz), 127.1, 126.9, 126.6 (d, *Jec = 16.6 Hz), 119.4 (d, *Jc = 4.6 Hz), 33.1 (d,
3Jec = 1.6 Hz), 22.4, 14.0; °F NMR (376 MHz, CDCls): & -140.7 (s). HRMS Calculated for
C1,H1sFN [M+H]" 190.1032, found 190.1024.

4-Fluoro-3-pentylisoquinoline (1f): pale yellow oil, 72% yield, Ry = 0.40 (petroleum
ether/EtOAc 10/1); "H NMR (400 MHz, CDCl5) & 8.98 (s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.89 (d, J
F = 8.0 Hz, 1H), 7.68-7.64 (m, 1H), 7.54-7.50 (m, 1H), 2.97 (td, J = 8.1, 1.8 Hz,
@i\(npe”t 2H), 1.87-1.71 (m, 2H), 1.36-1.35 (m, 4H), 0.88 (t, J = 6.5 Hz, 3H); °C NMR
N (100 MHz, CDCl3) 8 152.4 (d, “Jec = 257.2 Hz), 147.4 (d, *Jc = 6.1 Hz), 141.0
(d, 2Jec = 15.8 Hz), 130.5, 129.0 (d, “Jec = 2.5 Hz), 127.1, 127.0 (d, “Jec = 1.8 Hz), 126.7 (d, *Jec
= 16.7 Hz), 119.5 (d, *Jec = 4.6 Hz), 31.8, 31.2 (d, “Jec = 1.7 Hz), 29.0 (d, *Jec = 1.2 Hz), 22.7,
14.2; F NMR (376 MHz, CDCls): & -140.7 (s); HRMS Calculated for CiHizFN [M+H]
218.1345, found 218.1333.

4-Fluoro-3-phenethylisoquinoline (1h): pale yellow oil, 52% vyield, R; = 0.50 (petroleum
ether/EtOAc 10/1); *H NMR (400 MHz, CDCl5)  9.05 (s, 1H), 8.03 (d, J = 8.9 Hz, 1H), 7.98 (d, J

F = 8.1 Hz, 1H), 7.75-7.71 (m, 1H), 7.63-7.59 (m, 1H), 7.27 (m, 5H), 7.20 (s, 1H),
Nr"SBn 3.31(t, J=7.2 Hz, 2H), 3.12 (t, J = 7.7 Hz, 2H); *C NMR (100 MHz, CDCl3)
N § 152.6 (d, “Jec = 257.8 Hz), 147.6 (d, %Jc = 6.1 Hz), 141.8, 139.8 (d, “Jec =

15.8 Hz), 130.7 (d, “Jec = 1.5 Hz), 129.2 (d, “Jec = 2.5 Hz), 128.7, 128.6, 127.4, 127.2 (d, *Jec =
2.0 Hz), 126.8 (d, 2Jrc = 16.5 Hz), 126.2, 119.6 (d, %Jrc = 4.6 Hz), 35.3 (d, *Jrc = 1.4 Hz), 33.1 (d,
*Jec = 1.9 Hz); F NMR (376 MHz, CDCls): & -140.3 (s); HRMS Calculated for C;7HisFN
[M+H]* 252.1189, found 252.1182.

3-Butyl-4,6-difluoroisoquinoline (1i): pale yellow oil, 72% vyield, R; = 0.30 (petroleum
ether/EtOAc 20/1); *H NMR (400 MHz, CDCl3) & 8.99 (s, 1H), 7.98 (ddd, J = 8.7,5.2, 1.5 Hz, 1H),
F 7.62 (dd, J = 9.4, 2.0 Hz, 1H), 7.37-7.32 (m, 1H), 2.99 (td, J = 8.0, 2.9 Hz, 2H),
F NP 1.83-1.72 (m, 2H), 1.49-1.37 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H); ®C NMR (100
=N MHz, CDCl3) & 163.5 (dd, YJrc = 253.1 Hz, “Jec = 1.2 Hz), 152.1 (dd, “Jgc =
257.0, “Jec = 5.5 Hz), 147.0 (dd, “Jec = 6.0 Hz, *Jec = 1.1 Hz), 142.0 (dd, 2Jrc = 15.4 Hz, *Jec =
1.1 Hz), 130.3 (dd, *Jec = 9.9 Hz, “Jec = 2.0 Hz), 128.1 (dd, 2Jec = 16.9 Hz, %Jc = 10.4 Hz), 126.2
(dd, *Jrc = 2.4 Hz, “Jec = 0.8 Hz), 117.9 (d, Jrc = 26.1 Hz), 103.6 (dd, 2Jec = 23.4 Hz, 3Jec = 5.0
Hz), 31.3 (d, *Jec = 1.4 Hz), 30.9 (d, “Jrc = 1.7 H2)., 22.7, 14.1; F NMR (376 MHz, CDCls) &
-105.6 (d, J = 5.9 Hz), -140.0 (d, J = 5.7 Hz); HRMS Calculated for C;3Hy,F,N [M+H]* 222.1094,
found 222.1102.

3-Butyl-4-fluoro-6-methylisoquinoline (1k): pale yellow oil, 70% vyield, Ry = 0.30

(petroleum ether/EtOAc 20/1); *H NMR (400 MHz, CDCls) & 8.94 (s, 1H), 7.83 (d, J = 8.4 Hz,

F 1H), 7.79 (s, 1H), 7.39 (d, J = 8.4 Hz, 1H), 2.98 (td, J= 8.2, 2.7 Hz, 2H), 2.56

Me N 2Y (s, 3H), 1.82-1.71 (m, 2H), 1.48-1.37 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H); BC

N NMR (100 MHz, CDCls) & 152.2 (d, “Jec = 256.2 Hz), 147.0 (d, *Jec = 5.9

Hz), 141.1 (d, “Jec = 1.5 Hz), 140.9 (d, *Jec = 15.8 Hz), 129.5, 127.6 (d, Jec = 2.8 Hz), 127.0 (d,
S2
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2Jrc = 16.2 Hz), 126.9 (d, “Jec = 2.1 Hz), 118.2 (d, *Jec = 4.4 Hz), 31.4 (d, *Jec = 1.5 Hz), 30.9 (d,
*Jec = 1.7 Hz), 22.7, 22.4, 14.1; **F NMR (376 MHz, CDCls)  -140.1 (s); HRMS Calculated for
C1H7FN [M+H]" 218.1345, found 218.1349.

3-Butyl-6-chloro-4-fluoroisoquinoline (11): pale yellow oil, 54% vyield, Rs = 0.30 (petroleum

ether/EtOAc 20/1); *H NMR (400 MHz, CDCls) & 8.99 (s, 1H), 8.02 (s, 1H), 7.90 (dd, J = 8.8, 1.6

F Hz, 1H), 7.52 (dd, J = 8.8, 1.7 Hz, 1H), 3.00 (td, J = 7.9, 3.0 Hz, 2H),

c NP 1.82-1.73 (m, 2H), 1.48-1.37 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H): °C NMR (100

N MHz, CDCl,) 6 151.5 (d, *Jec = 258.2 Hz), 147.2 (d, *Jec = 6.2 Hz), 142.4 (d,

2Jec = 15.6 Hz), 137.2 (d, *Jec = 1.5 Hz), 128.9 (d, “Jec = 1.9 Hz), 128.5 (d, *Jc = 0.5 Hz), 127.5

(d, 2Jec = 16.6 Hz), 127.2 (d, *Jec = 2.0 Hz), 118.9 (d, *Jec = 4.8 Hz), 31.3 (d, *J¢c = 1.4 Hz), 31.0

(d, “Jec = 1.8 Hz), 22.7, 14.1; **F NMR (376 MHz, CDCl5) & -141.3 (s); HRMS Calculated for
C13H1FNCI [M+H]" 238.0799, found 238.0791.

4-Fluoro-6-methyl-3-propylisoquinoline (1m): pale yellow oil, 63% vyield, Rf = 0.40

F (petroleum ether/EtOAc 20/1); *H NMR (400 MHz, CDCl;) 6 8.93 (s, 1H),

Me X" 7.82(dd, J=8.4, 1.4 Hz, 1H), 7.77 (s, 1H), 7.38 (d, J = 8.4 Hz, 1H), 2.96 (td,

N J=78,29Hz 2H), 2.55 (s, 3H), 1.88-1.77 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H);

B3C NMR (100 MHz, CDCls) 6 152.3 (d, “Jgc = 256.3 Hz), 147.1 (d, %Jc = 6.0 Hz), 141.1 (d, *Jrc

= 1.5 Hz), 140.7 (d, *Jec = 15.8 Hz), 129.5, 127.6 (d, 3Jc = 2.8 Hz), 127.0 (d, 2Jec = 17.2 H2),

126.9 (d, “Jec = 2.1 Hz), 118.3 (d, *Jec = 4.4 Hz), 33.2 (d, J = 1.8 Hz), 22.6 (d, J = 1.4 Hz), 22.4,

14.1; F NMR (376 MHz, CDCl3) & -141.3 (s); HRMS Calculated for CisHyisFN [M+H]
204.1189, found 204.1175.

3-(Diethoxymethyl)-4-fluoroisoquinoline (1n): pale yellow oil, 78% yield, Ry = 0.35
(petroleum ether/EtOAc 20/1); *H NMR (400 MHz, CDCl3) 6 9.12 (s, 1H), 8.12 (d, J = 8.4 Hz,

F 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.79-7.75 (m, 1H), 7.69-7.65 (m, 1H), 5.99 (s,
\\~CH(OEY 1H), 3.87-3.80 (m, 2H), 3.78-3.68 (m, 2H), 1.28 (t, J = 7.1 Hz, 6H); °C
N NMR (100 MHz, CDCly) & 152.7 (d, *Jgc = 263.9 Hz), 148.0 (d, 3Jrc = 5.8

Hz), 136.0 (d, 2Jrc = 11.6 Hz), 130.9 (d, *Jec = 1.5 Hz), 130.3 (d, “Jsc = 3.0 Hz), 128.5, 127.1 (d,
*Jec = 2.0 Hz), 126.9 (d, 2Jec = 16.0 Hz), 120.2 (d, ®Jec = 4.8 Hz), 98.4, 62.8, 15.4; “°F NMR (376
MHz, CDCls) & -140.4 (s); HRMS Calculated for Ci,H:sFNO,Na [M+Na]" 272.1063, found
272.1071.

2.2. Synthesis of Substituted 4-Fluoroisoquinoline 1b, 1c, 1g

2.2.1. Synthesis of 4-fluoroisoquinoline-3-carbaldehyde 10°

F F
CHO
N CH(OEt), TsOH-H,0O X
_N H,O/Acetone ~N
1n 10

A mixture of 1n (7.50 g, 30.00 mmol) and p-TsOH-H,O (0.286 g, 1.50 mmol) in
H,O/acetone (1:1, 150 mL) was heated under reflux for 3 h. After the reaction cooled to room
temperature, saturated NaHCO3; was added, and the solution was extracted with diethyl ether (50
mL X 3). The organic layer was washed with brine (20 mL), dried (Na,SO,). After filtration and

2 Abbiati, G. et al. Eur. J. Org. Chem. 2009, 17, 2852.
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evaporation, the residue was purified by silica gel column chromatography (petroleum
ether/EtOAc 10/1) to yield the product 1o.

4-Fluoroisoquinoline-3-carbaldehyde (10): 85% vyield, pale yellow solid, m.p. 88-89 °C, R¢
= 0.30 (petroleum ether/EtOAc 5/1); *H NMR (400 MHz, CDCls) & 10.48 (s, 1H), 9.18 (s, 1H),

F 8.29 (d, J = 7.3 Hz, 1H), 8.12 (d, J = 7.2 Hz, 1H), 7.93-7.87 (m, 2H); *C NMR
X CHO (100 MHz, CDCls) & 188.6, 158.3 (d, 1Jec = 280.7 Hz), 149.0 (d, *Jrc = 5.4 Hz),
N 132.4 (d, *Jec = 4.7 Hz), 132.1 (d, Jec = 5.8 Hz), 131.9 (d, “Jec = 1.5 Hz), 131.5,

127.6 (d, “Jec = 1.9 Hz), 126.7 (d, *Jec = 15.9 Hz), 121.7 (d, *Jec = 5.1 Hz); *°F NMR (376 MHz,
CDCl,): 6 -136.1 (s); HRMS Calculated for C;0HsFNONa [M+Na]" 198.0331, found 198.0326.

2.2.2. Synthesis of 4-fluoro-3-methylisoquinoline 1b

F F

1) NaBH,, MeOH
X CHO  2)PBr,, CHC, X Me
~-N 3) Pd/C, MeOH, H, (1 atm) ~-N

1o 1b

To a solution of 1o (0.500 g, 2.85 mmol, 1 eg.) in methanol (15 mL) was added sodium
borohydride (0.270 g, 2.5 eq.) at 0 °C. After 30 min, the mixture was allowed to room temperature
and stirred for another 1 h. After being quenched by water (10 mL), the solvent was evaporated,
and the mixture was extracted by dichloromethane (20 mL X 3), then the organic layer was dried
(MgSOy), filtered, and concentrated to yield a white powder.

Under N, the white powder was dissolved in chloroform (80 mL). To the solution was added
phosphorus tribromide (1.6 mL, 6 eq.), then the mixture was heated under reflux for 14 h. After
being cooled to 0 °C, the medium was hydrolyzed with saturated NaHCO; to pH 8. The phases
were separated, and the aqueous phase was extracted with dichloromethane (30 mLX3). The
combined organic phases were dried (MgSQO,), filtered, and concentrated. The crude product was
pure enough for further reaction.

To the solution of the crude product in methanol (4 mL) was added Pd/C (4 mol%) and the
mixture was stirred under H, (1 atm) for 15 h. After carefully releasing the hydrogen, the reaction
mixture was neutralised by saturated NaHCO; and then filtered through Celite. The product was
extracted with CH,Cl, (5 mLX3), and the combined organic layer was dried (Na;SO,). After
filtration and evaporation, the residue was purified by silica gel column chromatography
(petroleum ether/EtOAc 10/1) to yield the product 1b.

4-Fluoro-3-methylisoquinoline (1b): pale yellow oil, 45% yield, Ry = 0.50 (petroleum
ether/EtOAc 10/1); *H NMR (400 MHz, CDCl5) § 9.00 (s, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.96 (d, J
F = 8.2 Hz, 1H), 7.75-7.71 (m, 1H), 7.61-7.57 (m, 1H), 2.68 (d, J = 3.4 Hz, 3H);

S Me 3¢ NMR (100 MHz, CDCly) 6 152.7 (d, "Jrc = 256.8 Hz), 147.3 (d, %Jec = 6.2

N Hz), 136.9 (d, 2Jec = 16.8 Hz), 130.7, 129.1 (d, “Jec = 2.0 Hz), 127.2, 127.1,

126.7 (d, “Jec = 2.0 Hz), 119.4 (d, %Jec = 4.4 Hz), 17.5; **F NMR (376 MHz, CDCl5): § -139.0 (s);

HRMS Calculated for C;o0HgFN [M+H]" 162.0719, found 162.0698.
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2.2.3. Synthesis of 3-ethyl-4-fluoroisoquinoline 1c

F F

1) CH3|, Mg, Etzo
X CHO  2)PBr, CHCI B
~N 3) Pd/C, MeOH, H, (1 atm) ~-N

10 1c

To a solution of 1o (0.500 g, 2.85 mmol, 1.0 eq.) in THF/Et,O (1:1, 20 mL) was added the
Et,0 solution of methyl magnesium iodide (1.2 eq.) dropwise at -70 °C. After 2 h, the mixture was
allowed to warm to room temperature and stirred overnight. The reaction was quenched by
addition of saturated aqueous NH4CI solution. The phases were separated, and the aqueous phase
was extracted with dichloromethane (30 mLX3). The combined organic phases were dried
(NaS0Q,), filtered, and concentrated to to yield a pale yellow powder.

Under N, the pale yellow powder was dissolved in chloroform (80 mL). To the solution was
added phosphorus tribromide (1.6 mL, 6 eq.), then the mixture was heated under reflux for 14 h.
After being cooled to 0 °C, the medium was hydrolyzed with saturated NaHCO; to pH 8. The
phases were separated, and the aqueous phase was extracted with dichloromethane (30 mL X 3).
The combined organic phases were dried (MgSQO,), filtered, and concentrated. The crude product
was pure enough for further reaction.

To the solution of the crude product in methanol (4 mL) was added Pd/C (4 mol%) and the
mixture was stirred under H, (1 atm) for 15 h. After carefully releasing the hydrogen, the reaction
mixture was neutralized with saturated NaHCO3 and then filtered through Celite. The product was
extracted with CH,Cl, (5 mLX3), and the combined organic layer was dried (Na,SO,). After
filtration and evaporation, the residue was purified by silica gel column chromatography
(petroleum ether/EtOAc 10/1) to yield the product 1c.

3-Ethyl-4-fluoroisoquinoline (1c): colorless oil, 26% vyield, Ry = 0.40 (petroleum
ether/EtOAc 10/1); "H NMR (400 MHz, CDCl5) & 8.99 (s, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.90 (d, J
F = 8.3 Hz, 1H), 7.69-7.65 (m, 1H), 7.55-7.51 (m, 1H), 3.01 (qd, J = 7.6, 2.8 Hz,
Qé(a 2H), 1.35 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) & 152.2 (d, *Jgc =
=N 257.4Hz), 147.5 (d, *Jrc = 6.1 Hz), 142.0 (d, 2Jec = 15.7 Hz), 130.5 (d, “Jec = 1.6
Hz), 129.0 (d, *Jec = 2.5 Hz), 127.2 (d, *Jec = 0.7 Hz), 127.1 (d, “Jec = 2.1 Hz), 126.8 (d, 2Jec =
16.5 Hz), 119.5 (d, *Jrc = 4.6 Hz), 24.5 (d, *Jrc = 1.3 Hz), 13.5 (d, “Jec = 1.5 Hz); *F NMR (376
MHz, CDCly): & -141.0 (s); HRMS Calculated for C1;H1;FN [M+H]" 176.0876, found 176.0862.

2.2.4. Synthesis of 3-Benzyl-4-fluoroisoquinoline 1g®

F
1) NaBH,, MeOH
X MO 2)PBr,, CHCI, X BN
_N 3) PhB(OH),, Pd(OAc),, PPh, _N
K3PO4, PhMe
10 19

To a solution of 1o (0.500 g, 2.85 mmol, 1 eq.) in methanol (15 mL) was added sodium
borohydride (0.270 g, 2.5 eq.) at 0 °C. After 30 min, the mixture was allowed to room temperature
and stirred for another 1 h. After being quenched by water (10 mL), the solvent was evaporated,
and the mixture was extracted by dichloromethane (20 mL X 3), then the organic layer was dried
(MgS0,), filtered, and concentrated to yield a white powder.

3 Monteiro, A. L. et al. Tetrahedron Lett. 2004, 45, 8225.
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Under N, the white powder was dissolved in chloroform (80 mL). To the solution was added
phosphorus tribromide (1.6 mL, 6 eq.), then the mixture was heated under reflux for 14 h. After
being cooled to 0 °C, the medium was hydrolyzed with saturated NaHCO; to pH 8. The phases
were separated, and the aqueous phase was extracted with dichloromethane (30 mLX3). The
combined organic phases were dried (MgSO,), filtered, and concentrated. The crude product was
pure enough for further reaction.

To a mixture of the crude product, phenylboronic acids (1.5 eg.), PPhs (2.0 mol%), Pd(OAc),
(1.0 mol%) and K3PO, was added toluene (5 mL). The mixture was stirred for 21 h at 80 °C,
filtered through Celite, and the filter cake was washed with CH,Cl, (5 mLx3). The combined
organic layers were washed with H,O and brine, and dried over Na,SO,. After filtration, the
solvent was removed under reduced pressure and the residue was purified by silica gel column
chromatography (petroleum ether/ CH,CI, 1/1) to give the product.

3-Benzyl-4-fluoroisoquinoline (1g): colorless oil, 33% yield, R; = 0.10 (petroleum ether/
CH,Cl, 1/1); *H NMR (400 MHz, CDCl5) § 9.02 (s, 1H), 8.05 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.2
F Hz, 1H), 7.74-7.70 (m, 1H), 7.60-7.56 (m, 1H), 7.37 (d, J = 7.6 Hz, 2H), 7.27 (dd,
@B” J =13.4, 6.1 Hz, 2H), 7.20-7.16 (m, 1H), 4.36 (d, J = 2.7 Hz, 2H); **C NMR (100
N MHz, CDCls) § 152.6 (d, “Jgc = 258.6 Hz), 147.9 (d, “Jrc = 6.1 Hz), 139.5 (d, “Jrc
= 1.2 Hz), 139.4, 130.8 (d, “Jec = 1.5 Hz), 129.4 (d, “Jec = 2.4 Hz), 129.2, 128.7, 127.2, 127.2,
127.0 (d, 2Jec = 16.3 Hz), 126.5, 119.7 (d, %Jec = 4.4 Hz), 37.7 (d, *Jc = 1.6 Hz); "°F NMR (376
MHz, CDCly): 6 -139.4 (s); HRMS Calculated for C;gH13FN [M]+ 238.1032, found 229.1019.

3. General Procedure for Asymmetric Hydrogenation of Substituted
4-Fluoroisoquinolinium Salt 1-HCI
F F
R! R [Ir(cod)Cl],/(R)-SynPhos, H, (40 bar) R' R3
5 _N-HCI DCDMH (5 mol%), 30 °C, 20 h ) NH
R Dioxane/’PrOH (5:1) R
1-HCI then basic workup 2

To a stirred solution of the substituted 4-Fluoroisoquinoline 1 (0.500 g, 2.4 mmol) in Et,O
(10 mL) was added 1.0 mL of HCI conc. (or 2 N diethylether solution) at room temperature. A
white solid formed immediately, and the reaction mixture was stirred at room temperature for
around 30 min. All volatiles were removed under reduced pressure to give corresponding
4-fluoroisoquinolinium salt 1-HCI as a white solid.

In a nitrogen-filled glove box, a mixture of [Ir(cod)Cl], (1.3 mg, 0.0020 mmol) and (R)-Syn-
Phos (2.8 mg, 0.0044 mmol) in 1,4-dioxane/ isopropanol (5:1, V/V, 1.0 mL) was stirred at room
temperature for 15-20 min, the mixture was transferred by a syringe to a stainless steel autoclave,
in which substrate 1-HCI (0.20 mmol) and DCDMH (2.0 mg, 0.01 mmol) had been placed
beforehand. Dioxane/isopropanol (5:1, V/V, 2.0 mL) was then added to the mixture. The
hydrogenation was performed at 30 °C under H, (40 bar) for 20 h. After carefully releasing the
hydrogen, EtzN (56 pL, 0.40 mmol) was added and the mixture was stirred for 30 min. The
organic layer was separated and extracted with CH,Cl, twice, and the combined organic extracts
were dried over Na,SO, and concentrated in vacuo. Purification was performed on a silica gel
column eluted with hexane/EtOAc (10:1-2:1) to give the desired product 2.

A mixture of 4-bromobenzoyl chloride (66 mg, 0.30 mmol) and Et3N (56 uL, 0.40 mmol) and
2 dissolved in 3 mL of CH,ClI, was stirred for 30 min. After concentrating in vacuo, the resulting
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precipitate was directly purified by column chromatography on silica gel using hexane/EtOAc
(20:1-10:1) to give the corresponding N-4-bromobenzoyl derivative 3, the enantiomeric excesses
of which was then determined by chiral HPLC.

(3R,4R)-3-Butyl-4-fluoro-1,2,3,4-tetrahydroisoquinoline (2a): colorless oil, 93% vyield,
93% ee, [0]%p = -71.45 (c 0.62, CHCI5), Ry = 0.40 (petroleum ether/EtOAc 2/1); *H NMR (400
F MHz, CDCl3) 6 7.39 (d, J = 7.4 Hz, 1H), 7.35-7.31 (m, 1H), 7.28-7.24 (m, 1H),
’BU 710 (d, J = 7.5 Hz, 1H), 5.20 (d, J= 52.1 Hz, 1H), 4.06 (dd, J = 30.3, 17.0 Hz,
NH  1H), 4.06 (dd, J = 35.4, 17.0 Hz, 1H), 2.84 (dtd, J = 28.4, 7.2, 1.2 Hz, 1H),
1.79-1.59 (m, 3H), 1.56-1.46 (m, 2H), 1.46-1.34 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCl3) 6 137.9 (d, *Jec = 3.7 Hz), 132.2 (d, “Jgc = 17.3 Hz), 131.4 (d, “Jec = 2.8 Hz), 129.7
(d, *Jec = 4.3 Hz), 126.8 (d, “Jec = 3.5 Hz), 126.0 (d, *Jrc = 2.7 Hz), 86.8 (d, *Jrc = 170.3 Hz),
57.3 (d, 2Jec = 20.9 Hz), 48.4, 31.6 (d, %Jec = 4.7 Hz), 28.6, 23.0, 14.3; °F NMR (376 MHz,
CDCl,): § -172.5 (s); HRMS Calculated for C13H1oFN [M+H]" 208.1502, found 208.1507; HPLC
(corresponding N-4-bromobenzoyl derivative): Chiralcel OD-H column, 254 nm, 30 °C,
n-hexane/i-propanol = 90/10, flow = 0.8 mL/min, retention time 7.3 min and 8.9 min (maj)..

(4-Bromophenyl)((3R,4R)-4-fluoro-3-methyl-3,4-dihydroisoquinolin-2(1H)-yl)methanon
e (3b): colorless oil, 92% yield, 93% ee, [0]*p = -5.50 (¢ 1.00, CHCl5) R; = 0.30 (petroleum

F ether/EtOAC 10/1); *H NMR (400 MHz, DMSO-ds, 80 °C) 5 7.88 (d, J
@Cr'\"e Br =8.0 Hz, 2H), 7.67-7.62 (dd, J = 14.3, 6.3 Hz, 3H), 7.59-7.52 (m, 2H),
Np 7.45 (d, J = 4.0 Hz, 1H), 6.05 (dd, J = 51.1, 5.9 Hz, 1H), 5.07-5.03(m,

o) 1H), 4.91 (brs, 1H), 4.65 (d, J = 17.2 Hz, 1H), 1.31 (d, J = 6.2 Hz, 3H);

B3C NMR (100 MHz, DMSO-dg) & 169.01, 134.9 (d, 2Jrc = 21.8 Hz), 132.0 (d, *Jrc = 4.2 H2),
131.7 (d, 2Jec = 18.8 Hz), 131.5 (d, *Jpc = 3.6 Hz), 128.7, 128.1 (d, *Jec = 1.9 Hz), 127.0 (d, “Jec =
3.3 Hz), 125.7, 125.6 (d, “Jec = 2.7 Hz), 123.1 (d, 2Jec = 9.4 Hz), 86.5 (d, "Jrc = 179.6 Hz), 11.2 (d,
3Jrc = 2.5 Hz); *F NMR (376 MHz, DMSO-ds) & -186.4 (s); HRMS Calculated for C17H;6BrFNO
[M+H]" 348.0399, found 348.0389; HPLC: Chiralcel OD-H column, 254 nm, 30 °C,
n-hexane/i-propanol = 90/10, flow = 0.8 mL/min, retention time 12.8 min and 14.3 min (maj).

(4-Bromophenyl)((3R,4R)-3-ethyl-4-fluoro-3,4-dihydroisoquinolin-2(1H)-yl)methanone
(3c): colorless oil, 94% yield, 93% ee, [0]*% = +2.10 (¢ 1.00, CHCI3), R; = 0.35 (petroleum

F ether/EtOAC 10/1); *H NMR (400 MHz, DMSO-ds, 80 °C) & 7.89 (d, J =
@Cﬁt Br 8.2 Hz, 2H), 7.68 (d, J = 4.7 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H), 7.57-7.52
Nj(© (m, 2H), 7.44 (s, 1H), 6.14 (dd, J = 51.3, 5.4 Hz, 1H), 5.06 (brs, 1H),

0 4.73 (brs, 1H), 457 (d, J = 17.9 Hz, 1H), 1.79 (brs, 1H), 1.64-1.53 (m,

1H), 1.09 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, DMSO-dg) & 169.5, 134.8, 131.9 (d, *Jsc = 1.5
Hz), 131.8 (d, ZJFC = 16.6 Hz), 131.3, 128.6, 127.7, 126.7, 125.2, 125.1, 122.8, 86.1 (d, 1JFC =
179.6 Hz), 17.7, 9.5; *F NMR (376 MHz, DMSO-ds) & -187.0 (s); HRMS Calculated for
C1gH17BrFENO [M+H]+ 362.0556, found 362.0552; HPLC: Chiralpak IC-H column, 254 nm, 30 °C,
n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, retention time 10.5 min and 11.3 min (maj).

(3R,4R)-4-fluoro-3-propyl-1,2,3,4-tetrahydroisoquinoline (2d): colorless oil, 93% yield,
92% ee, [0]*°p = -86.90 (c 1.00, CHCI5), R; = 0.30 (petroleum ether/EtOAc 2/1); *H NMR (400
F MHz, CDCls) § 7.38 (d, J = 7.2 Hz, 1H), 7.34-7.30 (m, 1H), 7.27-7.24 (m, 1H),
©5J’Pr 7.10 (d, J = 7.3 Hz, 1H), 5.19 (d, J = 52.0 Hz, 1H), 4.11-3.98 (m, 2H), 2.86 (dt, J
NH =284, 6.5 Hz, 1H), 1.90 (brs, 1H), 1.79-1.61 (m, 2H), 1.62-1.49 (m, 2H), 1.00 (t,
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J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl5) & 138.0 (d, %Jgc = 4.0 Hz), 132.3 (d, 2Jgc = 17.7 Hz),
131.4 (d, “Jec = 2.8 Hz), 129.7 (d, *Jec = 4.3 Hz), 126.8 (d, *Jec = 3.5 Hz), 126.0 (d, *Jec = 2.7 H2),
86.8 (d, “Jec = 170.3 Hz), 57.0 (d, “Jrc = 21.0 Hz), 48.4 (d, “Jec = 1.6 Hz), 34.0 (d, *Jec = 4.7 Hz),
19.6, 14.4; °F NMR (376 MHz, CDCIly): & -172.5 (s); HRMS Calculated for C;,Hy7,FN [M+H]*
194.1345, found 194.1337; HPLC (corresponding N-4-bromobenzoyl derivative): Chiralcel OD-H
column, 254 nm, 30 °C, n-hexane/i-propanol = 90/10, flow = 0.8 mL/min, retention time 8.3 min
and 10.3 min (maj).

(3R,4R)-3-cyclopropyl-4-fluoro-1,2,3,4-tetrahydroisoquinoline (2e): colorless oil, 79%
yield, 90% ee, [a]®p = -74.68 (c 0.32, CHCls), Ry = 0.30 (petroleum ether/EtOAc 2/1); *H NMR
F (400 MHz, CDCl)  7.41 (d, J = 7.4 Hz, 1H), 7.34-7.30 (m, 1H), 7.28-7.24 (m,
w 1H), 7.10 (d, J = 7.4 Hz, 1H), 5.29 (d, J = 51.9 Hz, 1H), 4.07 (dd, J = 56.2, 16.6
NH Hz, 1H), 4.06 (dd, J = 62.0, 16.6 Hz, 1H), 2.04 (dd, J= 27.7, 9.2 Hz, 1H), 1.94

(brs, 1H), 1.22 (m, 1H), 0.76-0.59 (m, 2H), 0.42-0.30 (m, 2H); **C NMR (100 MHz, CDCls) &
137.4 (d, *Jec = 4.1 Hz), 132.2 (d, %Jgc = 17.6 Hz), 131.3 (d, “Jec = 2.8 Hz), 129.7 (d, *Jec = 4.3
Hz), 126.9 (d, *Jec = 3.4 Hz), 126.1 (d, *Jec = 2.7 Hz), 87.6 (d, "Jec = 170.8 Hz), 63.2 (d, 2Jrc =
19.7 Hz), 48.7, 12.8 (d, *Jec = 6.7 Hz), 4.1, 2.7; **F NMR (376 MHz, CDCl,): & -169.4 (s); HRMS
Calculated for CyHisFN [M+H]" 192.1189, found 192.1182; HPLC (corresponding

N-4-bromobenzoyl derivative): Chiralcel OD-H column, 254 nm, 30 °C, n-hexane/i-propanol =
90/10, flow = 0.8 mL/min, retention time 9.7 min and 11.8 min (maj).

(3R,4R)-4-Fluoro-3-pentyl-1,2,3,4-tetrahydroisoquinoline (2f): colorless oil, 97% vyield,
90% ee, [a]®p = -7.80 (c 1.00, CHCIs), R; = 0.40 (petroleum ether/EtOAc 2/1); *H NMR (400
F MHz, CDCls) & 7.39 (d, J = 7.5 Hz, 1H), 7.36-7.30 (m, 1H), 7.28-7.24 (m, 1H),
@é)"’em 7.11 (d, J = 7.5 Hz, 1H), 5.20 (dd, J = 52.1, 1.0 Hz, 1H), 4.06 (dd, J = 30.5, 17.1
NH Hz, 1H), 4.06 (dd, J = 35.5, 17.0 Hz, 1H), 2.84 (dtd, J = 28.4, 7.1, 1.6 Hz, 1H),
1.79-1.58 (m, 3H), 1.53 (dt, J = 15.0, 7.7 Hz, 2H), 1.43-1.30 (m, 4H), 0.92 (t, J = 6.8 Hz, 3H); ©*C
NMR (100 MHz, CDCl3) & 137.9 (d, *Jc = 3.8 Hz), 132.3 (d, *Jec = 17.6 Hz), 131.4 (d, “Jgc = 2.9
Hz), 129.7 (d, *Jec = 4.3 Hz), 126.8 (d, *Jec = 3.6 Hz), 126.0 (d, *Jec = 2.7 Hz), 86.8 (d, “Jec =
170.2 Hz), 57.3 (d, 2Jec = 21.1 Hz), 48.4 (d, *Jec = 1.8 Hz), 32.2, 31.9 (d, *Jec = 4.7 Hz), 26.1,
22.8, 14.3;F NMR (376 MHz, CDCl): & -172.5 (s); HRMS Calculated for Cy4H,,FN [M+H]*
222.1658, found 222.1647; HPLC (corresponding N-4-bromobenzoyl derivative): Chiralcel OD-H
column, 254 nm, 30 °C, n-hexane/i-propanol = 90/10, flow = 0.8 mL/min, retention time 7.0 min
and 8.2 min (maj).

(3R,4R)-3-Benzyl-4-fluoro-1,2,3,4-tetrahydroisoquinoline (2g): colorless oil, 95% vyield,
93% ee, [0]®p = -29.50 (c 1.00, CHCI5), Ry = 0.20 (petroleum ether/EtOAc 5/1); *H NMR (400
F MHz, CDCls) § 7.38-7.29 (m, 6H), 7.29-7.21 (m, 2H), 7.11 (d, J = 7.9 Hz, 1H),
©é(5” 5.07 (d, J = 52.3 Hz, 1H), 4.08 (dd, J = 35.4, 16.8 Hz, 1H), 4.07 (dd, J = 40.9,
NH 17,0 Hz, 1H), 3.15 (dt, J = 27.1, 7.5 Hz, 1H), 3.01 (d, J = 7.3 Hz, 2H); *C NMR

(100 MHz, CDCls) & 138.6, 137.6 (d, *Jec = 3.9 Hz), 131.9 (d, “Jgc = 17.5 Hz), 131.4 (d, “Jec = 2.8
Hz), 129.8 (d, *Jec = 4.3 Hz), 129.6, 128.8, 126.9 (d, “Jec = 3.6 Hz), 126.7, 126.1 (d, *Jec = 2.7
Hz), 85.9 (d, "Jgc = 171.0 Hz), 59.1 (d, 2Jec = 20.7 Hz), 48.5 (d, “Jec = 1.7 Hz), 38.3 (d, *Jgc = 5.0
Hz); F NMR (376 MHz, CDCly): & -171.9 (s); HRMS Calculated for CigHyFN [M+H]
242.1345, found 242.1336; HPLC (corresponding N-4-bromobenzoy! derivative): Chiralcel OD-H
column, 254 nm, 30 °C, n-hexane/i-propanol = 90/10, flow = 0.8 mL/min, retention time 11.0 min
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and 15.8 min (maj).

(3R,4R)-4-Fluoro-3-phenethyl-1,2,3,4-tetrahydroisoquinoline (2h): colorless oil, 88%
yield, 88% ee, [a]?p = -47.66 (c 0.90, CHCIs), Ry = 0.25 (petroleum ether/EtOAc 5/1); *H NMR
F (400 MHz, CDCl,) 6 7.37 (d, J = 7.4 Hz, 1H), 7.35-7.22 (m, 6H), 7.22-7.15 (m,
E;é/\% 1H), 7.09 (d, J = 7.5 Hz, 1H), 5.19 (d, J = 52.1 Hz, 1H), 4.04 (dd, J = 41.4,
NH 17.1 Hz, 2H), 4.02 (dd, J = 46.9, 17.1 Hz, 2H), 2.94-2.74 (m, 3H), 2.12-1.91

(m, 2H); *C NMR (100 MHz, CDCls) & 142.1, 138.0 (d, Jec = 3.9 Hz), 132.2 (d, 2Jec = 17.6 H2),
131.4 (d, “Jgc = 2.9 Hz), 129.8 (d, *Jrc = 4.2 Hz), 128.7, 128.7, 126.9 (d, “Jec = 3.6 Hz), 126.1,
126.0 (d, *Jec = 2.7 Hz), 87.0 (d, Jec = 170.3 Hz), 56.4 (d, 2Jrc = 20.9 Hz), 48.4 (d, “Jec = 1.8 H2),
33.5 (d, %Jc = 4.6 Hz), 32.5; °F NMR (376 MHz, CDCly):  -172.1 (s); HRMS Calculated for
CiHigFN [M+H]" 256.1502, found 256.1508; HPLC (corresponding N-4-bromobenzoyl

derivative): Chiralpak 1C-H column, 254 nm, 30 °C, n-hexane/i-propanol = 90/10, flow = 0.8
mL/min, retention time 11.2 min and 15.0 min (maj).

(3R,4R)-3-butyl-4,6-difluoro-1,2,3,4-tetrahydroisoquinoline (2i): colorless oil, 99% vyield,
91% ee, [a]*p = -82.11 (c 0.52, CHCI3), Rs = 0.35 (petroleum ether/EtOAc 2/1); *H NMR (400
3 MHz, CDCl3) 6 7.12 -7.00 (m, 3H), 5.15 (d, J = 51.8 Hz, 1H), 4.02 (dd, J =
me 30.8, 16.8 Hz, 1H), 4.00 (dd, J = 45.5, 16.7 Hz, 1H), 2.82 (dt, J = 28.2, 7.1 Hz,
NH " 1H), 1.80 (s, 1H), 1.75-1.58 (m, 1H), 1.55-1.46 (m, 1H), 1.45-1.34 (m, 1H),

0.95 (t, J = 7.2 Hz, 1H); *C NMR (100 MHz, CDCl5) & 161.4 (dd, *Jec = 245.3 Hz, *Jec = 4.1 Hz),
134.1 (dd, 2Jec = 17.8 Hz, *Jgc = 7.1 Hz), 133.7-133.5 (M), 127.6 (dd, *Jec = 7.7 Hz, “Jec = 2.5
Hz), 117.5 (dd, 2Jec = 20.8 Hz, *Jgc = 2.7 Hz), 117.0 (dd, 2Jec = 21.5 Hz, *Jec = 4.1 Hz), 86.4 (d,
Yrc = 170.6 Hz), 57.1 (d, 2Jrc = 20.9 Hz), 47.9 (d, “Jec = 1.7 Hz), 31.4 (d, *Jrc = 4.8 Hz), 28.6,
23.0, 14.2; F NMR (376 MHz, CDCl3): & -116.0 (s), -173.7 (s); HRMS Calculated for C15H:5F;N
[M+H]" 226.1407, found 226.1413; HPLC (corresponding N-4-bromobenzoyl derivative):

Chiralpak IC-H column, 254 nm, 30 °C, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min,
retention time 8.2 min and 9.8 min (maj).

(3R,4R)-3-butyl-4,7-difluoro-1,2,3,4-tetrahydroisoquinoline (2j): colorless oil, 93% vyield,
91% ee, [0]®p = -70.23 (c 0.86, CHCI5), Ry = 0.35 (petroleum ether/EtOAc 2/1); *H NMR (400

F MHz, CDCl3) § 7.37 (ddd, J = 8.1, 5.7, 2.2 Hz, 1H), 6.98-6.93 (m, 1H), 6.81 (d,
BU' J=8.9Hz 1H), 5.18 (d, J = 52.3 Hz, 1H), 4.04 (dd, J = 34.1, 17.2 Hz, 1H),
F NH 4,02 (dd, J = 39.40, 17.2 Hz, 1H), 2.80 (dt, J = 27.2, 6.5 Hz, 1H), 1.81-1.58 (m,

3H), 1.56-1.46 (m, 2H), 1.45-1.34 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
§ 163.3 (dd, “Jec = 249.2 Hz, *Jec = 4.4 Hz), 140.5 (dd, *Jec = 7.2, *Jgc = 3.8 Hz), 133.3 (dd, *Jec
= 8.5 Hz, *Jec = 2.7 Hz), 128.4 (dd, *Jec = 18.3 Hz, “Jec = 3.0 Hz), 114.2 (dd, 2Jec = 21.8 Hz, “Jrc
= 3.5 Hz), 112.5 (dd, 2Jec = 21.2 Hz, “Jec = 2.8 Hz), 86.1 (d, “Jec = 170.7 Hz), 57.4 (d, 2Jec = 21.1
Hz), 48.5 (t, “Jec = 1.8 Hz), 31.6 (d, *Jec = 4.7 Hz), 28.6, 23.0, 14.2; F NMR (376 MHz, CDCls)
§ -111.1 (d, ®Jg = 8.5 Hz), -171.1 (d, ®Je = 8.4 Hz); HRMS Calculated for CysHigF,N [M+H]*
226.1407, found 226.1408; HPLC (corresponding N-4-bromobenzoyl derivative): Chiralpak 1C-H
column, 254 nm, 30 °C, n-hexane/i-propanol = 90/10, flow = 0.8 mL/min, retention time 8.0 min
and 10.8 min (maj).
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(3R,4R)-3-butyl-4-fluoro-6-methyl-1,2,3,4-tetrahydroisoquinoline (2k): colorless oil, 97%
yield, 91% ee, [a]®p = -57.00 (c 1.00, CHCls), Ry = 0.30 (petroleum ether/EtOAc 5/1); *H NMR
F (400 MHz, CDCls) & 7.20 (s, 1H), 7.14 (d, J = 7.8 Hz, 1H), 7.00 (d, J = 7.8
Me JBU  Hz, 1H), 5.16 (d, J = 52.2 Hz, 1H), 4.02 (dd, J = 32.8, 16.8 Hz, 1H), 4.01 (dd,
NH J = 38.3, 16.7 Hz, 1H), 2.82 (dt, J = 28.4, 7.0 Hz, 1H), 2.35 (s, 3H),
1.80-1.58 (m, 3H), 1.56-1.45 (m, 2H), 1.45-1.31 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCl5) 6 136.4 (d, *Jrc = 3.6 Hz), 134.8 (d, *Jc = 4.0 Hz), 132.1 (d, 2Jrc = 17.5 Hz), 131.8
(d, “Jec = 2.9 Hz), 130.6 (d, *Jec = 4.3 Hz), 125.9 (d, *Jc = 2.8 Hz), 87.0 (d, "Jc = 170.1 Hz),
57.4 (d, *Jec = 21.0 Hz), 48.2 (d, *Jec = 1.8 Hz), 31.6 (d, *Jec = 4.7 Hz), 28.6, 23.0, 21.2, 14.3; F
NMR (376 MHz, CDCls) & -172.6 (s); HRMS Calculated for CisH,:FN [M+H]" 222.1658, found
222.1653; HPLC (corresponding N-4-bromobenzoyl derivative): Chiralcel OD-H column, 254 nm,
30 °C, n-hexane/i-propanol = 90/10, flow = 0.8 mL/min, retention time 6.9 min and 7.7 min (maj).

(3R,4R)-3-butyl-6-chloro-4-fluoro-1,2,3,4-tetrahydroisoquinoline (2I): colorless oil, 90%
yield, 93% ee, [a]®p = -55.00 (¢ 0.90, CHCIs), Ry = 0.15 (petroleum ether/EtOAc 2/1); *H NMR
F (400 MHz, CDCl,) 6 7.38 (s, 1H), 7.34-7.23 (m, 1H), 7.05 (d, J = 8.2 Hz, 1H),
ci JBu 515 (d, J = 51.6 Hz, 1H), 4.02 (dd, J = 40.0, 17.1 Hz, 1H), 4.00 (dd, J = 45.4,
NH 17.1 Hz, 1H), 2.81 (dt, J = 28.1, 6.9 Hz, 1H), 1.82-1.57 (m, 3H), 1.55-1.45 (m,
2H), 1.45-1.35 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) & 136.4 (d, *Jrc =
3.4 Hz), 134.0 (d, 2Jrc = 16.8 Hz), 132.3 (d, Jrc = 3.7 Hz), 131.1 (d, “Jrc = 2.9 Hz), 129.8 (d, *Jrc
= 4.1 Hz), 127.5 (d, *Jgc = 2.5 Hz), 86.2 (d, *Jec = 171.9 Hz), 57.1 (d, 2Jec = 20.9 Hz), 47.9, 31.4
(d, 3Jec = 4.8 Hz), 28.6, 23.0, 14.3; *F NMR (376 MHz, CDCl,) & -173.7 (s); HRMS Calculated
for C13H1sFNCI [M+H]" 242.1112, found 242.1119; HPLC (corresponding N-4-bromobenzoyl
derivative): Chiralpak IC-H column, 254 nm, 30 °C, n-hexane/i-propanol = 80/20, flow = 0.8
mL/min, retention time 8.3 min and 9.9 min (maj).

(3R,4R)-4-fluoro-6-methyl-3-propyl-1,2,3,4-tetrahydroisoquinoline (2m): colorless oil,
91% yield, 91% ee, [0]*’b = -22.86 (¢ 0.97, CHCIs), R; = 0.30 (petroleum ether/EtOAc 2/1); *H
F NMR (400 MHz, CDCl5) 6 7.20 (s, 1H), 7.14 (d, J = 7.8 Hz, 1H), 7.00 (d, J =
Me\Cé,”Pr 7.8 Hz, 1H), 5.16 (d, J = 52.1 Hz, 1H), 4.02 (dd, J = 32.0, 16.8 Hz, 1H), 4.01
NH  (dd, J = 37.5, 16.9 Hz, 1H), 2.94-2.74 (m, 1H), 2.35 (s, 3H), 1.82-1.44 (m,

5H), 0.99 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) & 136.4 (d, “J-c = 3.7 Hz), 134.8 (d,
2Jec = 4.0 Hz), 132.1 (d, *Jec = 17.5 Hz), 131.8 (d, “Jec = 2.9 Hz), 130.6 (d, %Jec = 4.3 Hz), 125.9
(d, *Jec = 2.7 Hz), 87.0 (d, “Jec = 170.1 Hz), 57.0 (d, “Jrc = 21.0 Hz), 48.1 (d, *Jec = 1.8 Hz), 34.0
(d, %Jec = 4.7 Hz), 21.2, 19.6, 14.4; **F NMR (376 MHz, CDCl3) & -172.6 (s); HRMS Calculated
for Ci3HisFN [M+H]" 208.1502, found 208.1490; HPLC (corresponding N-4-bromobenzoyl

derivative): Chiralcel OD-H column, 254 nm, 30 °C, n-hexane/i-propanol =90/10, flow = 0.8
mL/min, retention time 7.6 min and 8.6 min (maj).
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4. The Determination of Absolute Configuration of 2d

F F
JPr 4-Bromobenzoyl Chloride JPr Br
NH Et;N, DCM, RT N
O
(R,R)-(-)-2d cis-(R,R)~(-)-3d
92% ee >99% ee after recrystallization

with Dichloromethane/Hexane

A solution of 4-bromobenzoyl chloride (0.544 g, 2.48 mmol), Et;N (0.50 mL, 3.30 mmol)
and (-)-2d (0.319 g, 1.65 mL) in CH,CI, (25 mL) was stirred for 30 min. After concentrating in
vacuo, the resulting precipitate was directly purified by column chromatography on silica gel to
give the corresponding N-4-bromobenzoyl derivative of (-)-3d.

The N-4-bromobenzoyl derivative (-)-3d was recrystallized from hexane/dichloromethane
twice to give a colorless crystal with 99.8% ee. The structure of (-)-3d was determined by X-ray
crystallographic analysis which showed that the absolute configuration at the C-3,4 positions are
(3R,4R). The configurations of the other compounds are proposed by analogy. CCDC 917645
contains the supplementary crystallographic data for this paper. These can be obtained free of
charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk.

(4-bromophenyl)((3R,4R)-4-fluoro-3-propyl-3,4-dihydroisoquinolin-2(1H)-yl)methanone
((-)-3d): colorless solid, 98% yield (before recrystallization), 99.3% ee, [a]®p = -4.70 (c 1.00,

F CHCly); Rf = 0.70 (petroleum ether/EtOAc 5/1); *H NMR (400 MHz,
Cérnpr Br  DMSO-dg, 80 °C) § 7.91 (d, J = 8.3 Hz, 2H), 7.74-7.68 (m, 1H), 7.66 (d,
Np J= 8.3 Hz, 2H), 7.61-7.52 (m, 2H), 7.46 (s, 1H), 6.16 (dd, J = 51.2, 5.6

o Hz, 1H), 5.06 (brs, 1H), 4.88 (brs, 1H), 4.61 (d, J = 17.3 Hz, 1H),

1.68-1.50 (m, 2H), 1.11-1.05 (m, 3H); **C NMR (100 MHz, DMSO-dg) & 169.3, 134.7, 131.8 (d,
2Jec = 13.0 Hz), 131.8 (d, *Jec = 4.0 Hz), 131.3, 128.6, 127.7 (d, “Jec = 1.9 Hz), 126.6, 125.2,
125.1 (d, *Jec = 8.5 Hz), 122.9, 85.9 (d, “Jec = 180.7 Hz), 26.4, 18.0, 13.2; *°F NMR (376 MHz,
DMSO-dg) 5 -186.9 (s); HRMS Calculated for C19H,BrFNO [M+H]" 376.0712, found 376.0700;
HPLC: Chiralcel OD-H column, 254 nm, 30 °C, n-hexane/i-propanol = 90/10, flow = 0.8 mL/min,
retention time 8.1 min and 10.1 min (maj).

Figure 1.The Absolute Configuration of (-)-3d.
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5. Copy of NMR and HPLC for Racemic and Chiral Compounds
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f1 (ppm)
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Data File C:\HPCHEM\1\DATAWZHOU-12M¥Z003418.D Sample Name: NG-3-12B Data File C:VWCHEM3Z2)\1\DATANZHOU-12VY¥ENOOZODG7.D
0D-H, H/i-Pr0OH = 50410, 0.8 mL/min, 30 oC, 254 nm Jample Name: NG-3-374
Iniection Date : 14/11/2012 09:13:04 Acg. Operator 1 ZC
Sauple Name : NG-3-1ZB Location : Vial 1 Acg. Instrument : Instrument 1 Location : Vial 1
Acg. Overator i EX Injection Date : 12/7/2012 3:35:51 PM
Acua. Method @ £ AHPCHEM 1LMETHODS 517, Acg. Method : C:\CHEM32\ 1\METHODS\DEF LC.M
Last changed i 14/11/2012 09:07:54 by ZX Last changed @ 12/7/2012 3:30:57 PH by IC
(modified after loading) (modified after loading)
dnalysis Method : L:3\HPCHEM: 1A METHODS\SU. I Analveis Method : C:yCHEM3Z\1\METHODSDEF LC.M
Last changed 1370172013 20:11:30 bv ZHR Last ch 1 T 1713/2013 8:12:53 PM by UH
tmodified after loading) &St change i fed Pldi it
(wodified after loading)
Samnle Infao : OD-H, H/i-Pr0OH = 90410, 0.8 uL/min, 30 o, 254nm
AT #, Mawelengthe2564 nm (ZHO0-12+1 2003413 0}
ma 5
1000 PIIOT &, Woavalen g =254 rim (ZH -T2 T ZHO 2067 1)
mALl b
= :
S
s
500
200
600
150
400
200 o 100
0 A
T T T T T 50
0 3 H 8 8 10 mirl
N
o
o
Ares Percent Report )
T T T T T
Sorted By : Siemal L 2 4 L] L 10 _min|
Multiplier H 1.0000
Dilution H l.o0000 L
Area Percent Report
Sigmal l: VWDL A, Wawelength=254 nm ==
Peak RetTime Type Width Area Height Area Sorted Bv H Simmal
# wini [minl iU *2 [wAl 1 % F Hultiplier: H 1.0000
-——=1 I-——=1 | | | | Dilution: H 1.0000 F
1 7.227 WV 0.1645 1.08263e4 1020.63330 49,9854 B Use Multiplier & Dilution Factor with ISTDs
z 8.781 ¥V 0.2084 1.083zZ6ed G805.13129 50.0148 n-Bu n_Bu
Totals : 2.1658924 1825,76459 N Signal 1: VWDL &, Wavelength=254 mm
; ; . ~ N
Results obtained with enhanced integrator! PG Peak RerTime Type Widch Area Height Lrea ‘PG
# [mind [minl mdlT *s5 [ ma1r 1 &
**% End of Report ***% :
B cis-(*)-3a -1 1--—-1 | I- I- [ (3R,4R)-(-)-3a
1 7.254 BE 0.1674 121.85497 11.09875 3.6103 ’
PG = 4-Bromobenzoyl z §.893 BE  0.2135 3253.3217% 235.57579 96.3897
PG = 4-Bromobenzoyl
Totals : 3375.17674 246.67554
*** End of Report ***%
Instrument 1 1/13/2013 S:12:55 PM WH Fage 1 of 1
Instrument 1 13/01/2013 20:21:01 GZHR Page 1 of 1
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Data File C:%ZCHEM3Z\1WDATANZHOU-134Y¥ZNODZ641.D
Sauple Name: NG-4-7+-

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Acg. Operacor

Acg. Instrument :

Injection Date
acg. Method
Last changed

Analysis Method :

Last changed

Sample Info

: WH

Instrument 1

472042013 3:54:21 P
C:\CHEM32%\ 1\METHODS\DEF LC.H
472042013 2:30:38 PN by WH
(modified after loading)
C:\CHEM32Y 1\METHODS\DEF LC.H
472172013 3:48:23 PN by WH
(modified after loading)

Location : Vial 1

Ob-H, H/i-PrOH = 90710, 0.8 wLfmin, 30 oC, 254 nm

Data File C:%CHEM32%1\DATA\ZHOU-134Y¥INOOZE23.D

Sample Name: NG-4-7

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

Last changed

Analysis Method :
Last changed

Jample Info

: WH

Instrument 1

471672013 1:14:10 PM
C:NCHEM3 24 LNMETHODSWDEF LC.IT
471672013 1:12:55 PM by WH
(modified after loading)
C:%CHEM3 24 LN\METHOD S, DEF LC.IT
472172013 3:48:23 PM by WH
(modified after loadineg)

Location : Vial 1

Ob-H, H/i-PrOH = 90710, 0.8 wlh/min, 30 oC, 254 mm

0T velen g =254 nm (ZH OO T Z R0 2647 05 PO 7, Wavelen gh =254 nm (200 TN Z62E 07
mau 2 mal o
£
80
“ 380
70 "
300+
B0 o
250
504
200+
40
30 150
0 100
10 50 5
o
o /\ o
T T T T T T T T T T T T T T T T
1] 2 4 [ 8 0 12 14 18 min| 1] 2 4 L} 8 0 12 14 16 min|
Area Percent Report Area Percent Report
dorted By Fimmal Jorted Bv Giomal
Multiplier: H 1.0000 Multiplier: H 1.0000
Dilucion: H 1.0000 Dilution: H 1.o000
Use Multiplier & Dilution Factor with ISTDs Use Multiplier & Dilution Factor with ISTDs
F F
Fignal 1: VD1 4, Wavelength=254 nm Fignal 1: VWDl A, Wavelength=254 mm
Peak RetTime Type Width Area Height Area Me Peak RetTime Type Width Area Height Area Me
# [minl [minl m&ll *5 [ malr 1 k3 # [minl [min] wAl *s5 [ mATr 1 %
-1 ---= | - I- | -1 |----1 | I- I- |
1 12.838 VB 0.3077 1640.059741 §1.97593 50.0555 N‘PG 1 12.797 VB 0.2882 330.77353 17.79214 3.6391 N\
2 14.511 EE 0.3609 1836.45586 69.42700 49,9445 2 14.232Z BB 0.3437 B87558.69629 389.774%0 96,3609 PG
Totals : 3276.55627 151.40293 cis-(*)-3b Totals : 9089, 46982  407.56704 (3R,4R)-(-)-3b

PG = 4-Bromobenzoyl PG = 4-Bromobenzoy!

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

Instrument 1 4/21/2013 3:50:02 PH WH Fage L of 1 Instrument 1 4/21/2013 3:48:26 PH UH Fage 1 of L
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Data File C:%CHEM3Z%1%\DATAYZHOU-13%¥ZINOOZG55.D
Sanple Name: NG-4-8+-

Acg. Operator : WH

Acg. Imstrument Instrument 1 Location : Wial 1
Injection Date 5/642013 10:48:12 AM
Acg. Method 4 CHEM3 24 1\METHODSYDEF LC.H
Last changed 5/6/Z013 10:23:47 AM by WH
(modified after loading)
Analysis Method : C:\CHEM3Z\1\METHODSYLEF LC.M
Last changed 5/6/2013 11:12:41 AM by WH
(modified after loading)
Sample Info IC-H, H/i-Pr0OH = 80/20, 0.8 ml/min, 30 oC, 254 mm
RANDT welen gth=754 nm (ZHOU- T3WZNO0 7688 T
Al o
LR
2
2
30 A
o2
154
204
154
104
54
o
T T T T T T T T
0 2 4 L] 8 10 12 14 min|
Area Percent Report
Sorted By Gimmal
Multiplier: : 1.0000
Dilution: 1.0000

Use Mulrtiplier & Dilution Factor with ISTDs

3ignal l: VDL A, Wavelength=254 nm

Peak RerTime Type Width Ares Height Ares
# minl minl wal *3 [ ikl 1 %
----1 I--==1 | [ [ |
1 10.58Z BE 0.2003 455.74945 35.26851 48.7055
2 13.333 BE 0.2651  479.97632 28.05778  51.2045
Totals : 935.72577 63.32629

Et

N.
PG

cis-(%)-3c
PG = 4-Bromobenzoyl

*%% End of Report #%%

Instrument 1 5/6/2013 11:12:47 AM WH

Page 1 of 1

S53

Data File C:)CHEM32%1%\DATA\ZHOU-134FZN0026590.D
Sawple Nawme: NG-4-8

Acg. Operator : WH
Acg, Instrument @ Instrument 1 Location : ¥ial 1
Injection Date 57642013 11:35:04 AN
Acg. HMethod C:%CHEMZ2% 1\METHODS\DEF LC.1
Last changed 5/6/2013 11:29:22 AM bv WH
imodified after loadindg)
Analysis Method : C:%WCHEM3Z2Y1VMETHODSVDEF LC.M
Last changed 5/6/2013 11:12:41 AM by WH
(modified after loading)
Samnle Infao Ic-H, H/i-PrOH = 80720, 0.8 mL/min, 30 oC, 254 mm
VDT Felen g =25 i (ZH 00 T3 WZNO0 2600 07
mAM =
o
60
50
40
30
204
10 @
2
=
N Y o VAN
T T T T T T T T
] 2 4 ] 3 10 12 14 nin|
Ares Percent Report
Sorted By Himmal
Mualrtiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDL A, Wavelength=254 nm F
Peak RetTime Type Width Area Height Area Et
# [win] fwin]l wdU  *3 [ malr 1 %
-1 1----1 I- I- | N
1 10.538 BB 0.1919 37.56007 3.04561 3.4023 \PG
Z 13.277 EB 0.25583 1066.41125 64,04317 98,5977
Totals : 1103.97132  67.08873 (3R,4R)-(-)-3¢c

PG = 4-Bromobenzoyl

*** End of Report **%

Instrument 1 5/6/2013 12:06:23 PM WH

Fage 1 of 1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Data File H:\YZ003730.D Data File H:WY¥Z003607.D
Jample Name: NG-Z-55B Jample Name: NG-3-43D
Acg. Dperator ¢ UH Acg. Operator : EX
Acg. Instrument : Instrument 1 Location : ¥Wial 1 Acg. Instrument : Instrument 1 Location : Vial 1
Injection Date : 1/15/2013 3:21:45 AN Injection Date 12/23/2012 2:50:11 AM
Aci. Method ¢ C:\HPCHEM\ 1N METHODSY 5W. 1 Ao, Method C:\HECHEM 1, METHOD S 5. 1
Last changed t 1715720013 3:19:14 AM by WH Last changed f 1272372012 2:48:57 AM by IX
(modified after loading) imodified after loading)
Analvysiz Method : C:%CHEM3Z)1ZMETHODSWDEF LC.M Analvsis Method : C:)\CHEM32%1\METHODZYDEF LC.M
Last changed 1 5/272013 9:48:56 AM by TWH Last changed 1 57272013 9:40:44 AM by WH
(modified after loading) (modified after loading)
Samnle Info : OD-H, Hf1i-PrOH = 90410, 0.8 nL/min, 30 o, 254 nm Samnle Infao : OD-H, H/1i-Pr0OH = 90410, 0.8 wl/min, 30 o, 254 nm
UVTOT &, Wavelen gh=25 4 nin (RO 2003730 07 “FIVD 7, Wavelen gi=130 nm (AW 20 03607 00
Al = AL @
160 X 500 1
140 o 2
=
400+
120 4
100
300
80
60 00 4
40
100
204 =
5
o
) 0 . :
T T T T T T T T T T T T T
o z 4 5 ] 10 12 i o 2 4 ] 2 10 12 14 min
Area Percent Report Area Percent Report
Sorted By : SGimmal Sorted By H Hiemal
Multiplier: H 1.0000 Multiplier: H 1.0000
Dilution: H 1.0000 Dilution: : 1.0000
Use Multiplier s Dilution Factor with ISTD= Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=254 nm Sigmal 1: VWDLl 4, Wavelength=230 nm
n-Pr n-Pr
Peak RetTime Type Width Area Height Area Peak RetTime Type Widch Area Height Lrea
# [mind [mind  mall *5 [ mall 1 % N # [mind minl mall *s5 [ ma1r 1 & N
- [----1 | I- I- | ~ ---- I--—-1 | I- I- | N
1 §.119 BE 0.1853 1926.42432 160.39706 49,6410 PG 1 8.267 VB 0.1560 324.07059 25.30988 3.9137 PG
Z 10.153 BB 0.2373 1935.71204 1E26.33086 50.15380 Z 10.32Z6 BB 0.2424 7958.32080 50B8.07111 96.0883
cis-()-3d (3R.4R)~(-)-3d
Totals : 3865.13635 ZB86.72Z794 Totals : 5280.39139 533.38099
PG = 4-Bromobenzoyl PG = 4-Bromobenzoyl
*** End of Report **+% *** End of Report ***%
Instrument 1 5/2/2013 9:45:59 AM WH Fage 1 of 1 Instrument 1 5/2/2Z013 S8:40:47 AM WH Fage 1 of 1
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Data File H:\¥Z003415.D
Sample Name: NG-3-12D

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Acg. Operator : ZX
Acg. Instrument : Instrument 1 Location : Wial 1
Injection Date 1141572012 1:26:32 AN
Acg. Method C:\HPCHEM 1NMETHODSY 50 1
Last changed 11/15/2012 1:23:55 AN by IX
(modified after loading)
Analysis Method : C:\CHEM3Z2%1\METHOD3\DEF LC.M
Last changed S/2/2013 9:27:48 AM by WH
(modified after loading)
Sample Info 0D-H, H/i-Pr0OH = 80/10, 0.8 ml/min, 30 of, 254 nm
Ll rwelen g =25 4 i (RO 20034 0.0
mall @
+
120 x4
100
80
&0
40
20+
o] N .
T T T T T T T
] 2 4 ] 3 10 12 14 min]

Area Percent Report

SJorted By Hignal
Mualrtiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with ISTD=

F
Signal 1: VWDl &4, Wavelength=Z54 nm
Peak RetTime Type Width Area Height Area
# fwinl [nin] il *g [ iU 1 %
-1 1----1 [ - - I N.
1 9.455 BE 0.21587 1574.51123 130.6£9537 49,6595 PG
2 11.534 BE 0.2621 1900.21362 111.94729 50.3405
is-(*)-
Totals : 3774.724535 Z4Z.64Z668 cis (_) 3e

PG = 4-Bromobenzoyl

***% End of Report *+*

Instrument 1 57272013 9:27:52 AN WH

Fage L of 1

S55

Data File C:%CHEM3ZY1%DATA\ZHOU-1ZN\YEZNOOZ145.D
Sample Name: NG-3-41B

Acg. Operator
Acg. Instrument
Injection Date
Acg. Method
Last changed

Zc

Instrument 1

12/18/2012 2:53:112 PH
C:%CHEM32Y INMETHODS\DEF LC.M
12/18/201Z Z:16:48 PH by ZC
(modified after loading)
C:%CHEM32%1\METHODS\DEF LC.M
1/13/2013 8:15:10 PM by UWH
(modified after loading)

Analysis Wethod :
Last changed

Sample Infa

Location :

Vial 1

0D-H, H/i-ProH =90/10, 0.8 nl/min, 30 of, 254 nm

DT rrelen =258 T (ZAO- T ZHO0 2 145 17
mall =
i
400
350
300
250
00
150
100 o
504 é
=
] AN
T T T T T T
o 2 4 L] g o 1z min|
Area Percent Report
SJorted By Himmal
Mualrtiplier: : 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with I3TDs

Signal 1: WDl &, Wawelength=254 nm

Peak RetTime Type Width Area Height Area
# fwinl fwin] wAT g [ maT 1 %
-1 1--—1 1 - 1-
1 9.661 BE 0.2596 426.54144 24.58785 4.8968
2 11.759 ¥E 0.2999 5254,37402 422,95459 95,1034
Totals : §710.91547 447.54244

N.
PG

(3R,4R)-(-)-3e
PG = 4-Bromobenzoyl

***% End of Report **%

Instrument 1 171372013 §:15:15 PN WH

Page 1 of 1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Data File C:‘\HPCHEMN\1\DATA\ZHOU-13\YZ003959.D
0D-H, H/i-PrOH = 80/10, 0.8 wl/win, 30 of, 254 mu

Sample Name: NG-3-90+-

Iniection Date 11/03/2013 22:24:25

Sauple Wame WG-5-90+- Location : Wial 1
Acyg. Operator TH
Aco. Method :WHPCHEM LVMETHOD SN SW. M
Last changed 11/03/2013 22:22:38 by WH
(modified after loadineg)
dnalysis Method : C:3WHPCHEMY, 1\METHODS 51. M
Last changed 11/03/2013 22:37:47 bw WH
(modified after loading)
WA A, Wavelength=254 nm (ZHOLU- 1307 2003988 0)
mall 5
300 g
a
=
240
200
150 -
100 -
50 H
]
T T T T T
0 2 4 & 8 18 min|
Area Percent Report
Sorted By Simmal
Multiplier 1.0000
Dilution 1.0000
Sigmnal 1: VDL &, Wawelength=254 nm
n-Pent
Peak RetTime Twpe Width Area Height Area
# minl [nin] wAl *a [wATr 1 %
- |———- | 1 1 | N.
1 6.943 VB 0.1517 3316.77905 339.88205 49,9245 PG
2 §.228 BB 0.1904 3326.80908 269.83517 50.0755
Totals : 664358813 609.71722 cis-(+)-3f

Results obtained with enhanced integrator!

PG = 4-Bromobenzoyl

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

Inatrument 1 1170372013 22:40:59 WH

Page 1 of 1

Data File C:\HPCHEM\1\DATA\ZHOU-13\YZ003990.D
0D-H, H/i-PrOH = 90/10, 0.5 wl/win, 30 of, 254 nu

Sample Name: NG-3-30

Iniection Date 11/03/2013 22:40:32

Sauple Wame @ NG-3-30 Location : Vial 1
Acyg. Operator : WH
Aco. Method CiWHPCHEM INMETHODS S SW.L M
Last changed 1170372013 22:38:29 by WH
fmodified after loading)
dnalysis Method : C:ZHPCHEMA 1WMETHODSY 5. M
Last chanced 11/03/2013 23:00:13 bwv WH
(modified after loading)
AN A, Wavelength=254 nm (ZHOU-13%7 2003390, 0)
mAll &
240
200 4
150
100 -
50
@
E
=
]
T T T T T T
o 2 4 L} 8 0 12 min|
Area Percent Report
Sorted By Hirmal
Multiplier 1.0000
Dilution 1.0000
Sigmal 1: VD1 &, Wawvelength=254 rm
’ n-Pent
Peak RetTime Type Width Area Height Area
# minl fwin] wal *2 7L 1 %
-1 -1 | I | N.
1 B.952 VV 0.1534 161.13788 16.26775 4,7892 PG
2 §.225 BB 0.1927 3203.49682% 260.98846 95.2105
Totals : 3364.63617 27725621 (3R,4R)-(-)-3f

Results cbtained with enhanced intedgrator!

PG = 4-Bromobenzoyl

*** End of Report %%

Ingtrument 1 1170372013 23:00:49 WH

S56
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Data File C:“HPCHEMM1%DATANZHOU-13\Y¥Z004057.D

0D-H, H/i-PrOH = 90710, 0.8 unl/min, 30 ol, 254 mm

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Sauple Name: NG-3-954

Injection Date 22/03/2013 17:07:03
5h

Gample Hame ¢ HG-3-9 Location : Vial 1
Acg. Operator
Acoa. Method C:“HFCHEM\ 1\METHOD'S 511 M
Last changed 22/03/2013 17:04:18 by WH
(modified after loading)
Analysiz Method : Ci\HPCHEM' 1\METHODSYSW. M
Last chanoed 22/03/2013 21:17:52 hv WH
(modified after loadine)
VDT A, Wavelength=254 nm (ZHOU-TAVZ004057.0)
mall
100 -
&0
B0
i
3
El
an -
0
[
T T T
i i 10 18 20 35 mi
Area Percent Report
Sorted By Sigmal
Multiplier L1.0000
Dilution 1.0000
F
Signal 1: VD1 i, Wawvelength=Z2Z54 mm Bn
Peak RetTime Type Width Area Height Area
# fminl [minl wAU  *3 [F AU % N
- -1 1 1 | <
1 10.942Z BE 0.3110 2235.03955 1l09.61023 50.5418 PG
2 16.0z22 PE 0.7246 2190.06030 44.13142  49.4552
Totals : 4428,09985 153, 74165 cis-(£)-3g

Results obtained with enhanced inteorator!

PG = 4-Bromobenzoyl

**%* End of Report *+%

Instrument 1 22/03/2013 21:17:55 WH

Fage 1 of 1

S57

Data File C:“HPCHEM\1\DATA\ZHOU-13“VZ004056.D

0D-H, Hf1i-Pr0OH = 20410, 0.5 nml/min, 30 of, 254 nm

Fanple Nawme: NG-3-95E

Injection Date 22/03/2013 16:27:25
Seuple Hame + NG-3-95B

Acg. Operator : WH

Aca. Method C:\HPCHEM\ INMETHOD S S0 M
Last changed ZZ/03/2013 16:23:08 bv UH
(modified after loading)
C:WHECHEMY, 14 METHOD 5% ST M
ZZ/03/2013 Z1:17:56 bw UH
(modified after loading)

dnalysis Method :
Last chanoed

Location :

¥ial 1

WD A, uizvelangth=254 nm (ZHOU-13\YZD04056. 00

T
15 a0 35 min|

i 5 10
Area Percent Report
Gorted By HGignal
Multinlier 1.0000
Dilution 1.0000
F
Signal l: VDl &, Wavelength=254 nm Bn
Peak RetTime Type Width Area Height Area
# minl min]  mdll 3 [ a1 1 %

] [pe— | | | N.

1l 1l.0Z1 EE 0.321z 173.21402 8§.1355L1 3.7411 PG

2 15.845 VB 0.6916 4456.53936 92.75796 96,2589
Totals : 4630.05338 10089346 (3R.4R)-(-)-39

Results obtained with enhanced intearator!

PG = 4-Bromobenzoyl

**% End of Report *#%*%

Instrument 1 22/03/2013 21:18:59 WH

Fage 1 of 1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Data File C:)CHEM32Y1%DATA\ZHOU-13\YEN00Z395.D Data File C:\CHEM3Z2%1\DATA\EHOU-131YZN00Z386.D
Sample Name: NG-3-7d4 Sauple Name: NG-3-74C
Acg. Operator @ WH Aceg. Operator 1 TH
Acg, Instrument : Instrument 1 Location : Vial 1 Acg. Instrument : Instrument 1 Location : Vial 1
Injection Date : 1/28/2013 10:19:24 PN Injection Date : 1/28/2013 10:55:05 PN
Acg. Method : C:ZCHEM3 2V 1\METHODS\DEF LC.M Acig. Method : C:\CHEM3Z%\1\METHODS'\DEF LC.M
Last changed : 1/28/2013 10:10:16 PM by TH Last changed : 1/28/2013 10:44:45 PM by WH
(modified after loadineg) (modified after loadineg)
Analysis Method : C:)CHEM32)1\METHODS\DEF LC.M Analysis Method : C:\CHEM32\IN\METHODSA\DEF LC.M
Last changed : 1/28/2013 11:15:1% PM by TH Last changed t 172842013 11:15:18 PN by WH
(modified after loading) (modified after loading)
Sample Info : IC-H, H/i-PrOH = 80720, 0.8 nL/min, 30 of, 254 nm Sample Info ¢ IC-H, H/i-PrOH = 80/20, 0.8 nl/min, 30 of, 254 nm

WAUNDT A, WWavelen gth=244 nm (ZHOU-12WINO0 23946 00 SAWDT A Wiavelen gth =254 nm (ZHOU-13WZHN00 2396 00
_— g ma 2
100+ 70
Z
2 e
=

40 -

a 2 4 5 ] 10 12 14 16 min| ] 2 4 5 E 10 12 14 16 rin]
Area Percent Report Area Percent Report
Sorted By H Signal Sorted By H Sigmal
Multiplier: H 1.0000 Multiplier: H 1.0000
Dilution: H 1.0000 Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTD= Use Multiplier & Dilution Factor with ISTDs
F F
Signal 1: VWDl &, Wawelength=254 nm Signal 1: WDl i, Wavelength=254 nm
Peak RetTime Tvpe WUidth Area Height Area Bn Feak RetTime Type Width Area Height Area Bn
# [min] [min] maT *s5 [ maTT ] % N # [min] [uwin] nal *a [ mwar 1 %
===l [====1 I- I- | N -1 I--—-1 | I- - | N.
1l 11.245 BE 0.2283 1608.30042 109.36912 49,9648 PG 1 11.244 BB 0.ze90 101.29011 6.91893 5.9180 PG
2 15.034 BB 0.3218 1610.56885 77.73566  50.0352 2 15.038 BE 0.3226 1610.25781 77.46608 94,0820
is-(%)- (=)=
Totals : 3218.86926  187.10478 cis-()-3h Totals : 1711.54792  64.38501 (3R.4R)-()-3h
PG = 4-Bromobenzoyl PG = 4-Bromobenzoy!
*** End of Report *#*% *** End of Report **%
Ingtrument 1 1/28/2013 11:16:43 PM WH Bage 1 of 1 Instrument 1 172872013 11:15:23 PN WH Fage 1 of 1
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Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Data File C:)CHEM3ZY1)\DATAYZHOU-13,FIN002287.D Data File C:)CHEM3Z%14DATAYEZHOU-134¥ENOOZ295.D
Sample Name: NG-3-654 Sauple Name: NG-3-63B
Acg. Operator : WH Acg. Operator : WH
Acq. Instrument Instrument 1 Location : ¥Wial 1 Acq. Instrument : Instrument 1 Location : Wial 1
Injection Date 1/14/2013 7:15:05 P Injection Dace @ 1/14/2013 7:42:124 PM
Acg. HNethod C:\CHEM3 2\ 1NMETHODSVDEF LC.H Acg. HNethod ¢ C:NCHEM32NL\METHODSWDEF LC.M
Last changed : 1/14/2013 6:54:45 PM by WH Last changed : 1/14/2013 7:38:50 PM by WH
(modified after loading) (modified after loading)
Analysis Method : C:\CHEM32\1\METHODSYDEF LC.M Analysis Method : C:3ZCHEM3 2\ 1\METHODS\DEF LC.M
Last changed : 1/14/2013 §:24:23 PM by WH Last changed : 1/14/2013 §:24:23 PM by WH
(modified after loading) (nodified after loading)
Sample Info : IC-H, H/i-Pr0OH = 80/20, 0.8 ml/min, 30 of, 254 nm Sample Info : IC-H, H/i-Pr0H = 80/20, 0.8 mL/min, 30 oC, 254 rm
VIVET %, Wavelen gh=25 8 rin (ZA D U-T3 T2 N00 2287 7 VWD A, Wavelen gh=254 nm (ZHO0- T3 w200 2203 07
mal = mal =
30 - 300
¥
=
@
15+ 250
10+ 200 o
15 150
104 100 -
5 504 o
&
o
@
0 1} j{\'.
T T T T T T T T T T T T T T
o 2 4 L] 3 1o 1z 14 min| o b 4 L] g 1o 12 14 min|
Area Percent Report Area Percent Report
Sorted Ev : 4iognal Sorted By H Higmal
Mulriplier: H 1.0000 Mulriplier: : 1.0000
Dilution: : 1.0000 Dilution: H 1.0000
Use Multiplier & Dilution Factor with I3STDs Use Multiplier & Dilution Factor with I3TDs
F F
Signal 1: VWDl &4, Wavelength=254 nm Signal 1: WDl &, Wawvelength=254 nm
F n-Bu F n-Bu
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# win [nin] nal *2 [ wATr 1 B # fwinl fwin] whU *a [TAL 1 %
-==-1 1--—-1 1 1- - | N. -==-1 1--—1 1 - - 1 N.
1 8.278 BE 0.1581 327.08359 31.73967 49,1968 PG 1 8.230 ¥E 0.1561 197.85497 19.51814 4. 6467 PG
2 9.5843 BE 0.1968 337.76309 26.48734 50,8032 2 9.758 BE 0.1935 4060.07324 324.91684 B95.3533
is=(£)-3i AR
Totals : 664, 54665 58.22701 cis (_) 3' Totals : 4Z57.92821 344.43498 (3R’4R) ( ) 3i
PG = 4-Bromobenzoyl PG = 4-Bromobenzoyl
*** End of Report ***% **#%* End of Report *7%
Instrument 1 171472013 §:24:27 P WH Page 1 of 1 Instrument 1 171472013 §:27:44 FM WH Fage 1 of 1
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Data File C:3CHEM3241%
Zawple Name: NG-3-674

DATAYZHOU-134TZN002310.1

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

Last changed

Analysis Method :
Last changed

Sample Info

@ WH

Instrument 1

1/16/2013 10:36:44 AN
C:WCHEM32\ I\METHODSYDEF LC.M
1/16/2013 10:20:40 AN by WH
(modified after loading)
C:CHEM32\ I\METHODSYDEF LC.H

Location : Vial 1

: 171642013 10:58:50 AM hy UH

(wodified after loading)
ICc-H, Hfi-Pr0H = 80420, 0.8 mL/min, 30 oC, 254 nm

PO . Mavelen g =25 4 i (200 T3 200 23100
mAL 2
260 o
200 + é
2
150
100
50
o
T T T T T T T
i 3 4 ] 3 10 12 14 min)
Area Percent Report
Sorted By Simmal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
F
Sigmal 1: VWDl &, Wavelength=254 rm
n-Bu
Peak RetTime Type Width Area Height Area
# [minl [min] mdl  *3 [ marr 1 %
-1 ! I- I- I N.
1 &.075 BY 0.1519 2536.66675 250.77432  49.9056 F PG
2 1l0.88l ¥E 0.2171 2545.27051 182.17052 50.0544
Fen(+)-3i
Totals : S086.93726  441.94484 cis (_) 3j

PG = 4-Bromobenzoyl

Instrument 1 1/16/Z013

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

10:55:52 AM WH

Fage 1 of 1

Data File C:\CHEM3Z2%1\DATAY\ZHOU-13,FENO0Z393.D
Sample Name: NG-3-67C

Acg. Operator ¢ UH
Acg, Instrument : Instrument 1 Location : Vial 1
Injection Date 172872013 8:46:10 FPH
Acg. Method C:"CHEM3 2\ 1\METHOD3\DEF LC.M
Last changed 1/28/2013 7:54:01 PM bv WH
(modified after loadineg)
Analvysis Method : C:\CHEM3Z\1\METHODS\DEF LC.M
Last changed 1/728/2013 9:02:52 PM by WH
(modified after loadineg)
Sample Info IC-H, H/i-Pr0OH = 80/20, 0.5 mL/min, 30 oC, 254 nm
AT F, Wavelen gh=154 nm (ZAO0- T3 ZHO0 730709
mAL a
180
1a0
120
100 -
a0
a0
40
204 g
@
. A
T T T T T T y
o 2 4 5 2 10 12 14 rmin
hrea Percent Report
Sorted By Gigmal
Maltiplier: H 1.0000
Dilution: H 1.0000
TUse Multiplier & Dilution Factor with ISTDs
Sigmal 1: VWDl &, Wawelength=254 nm
n-Bu
Peak RecTiwme Type Width Area Height Area
# fuinl fwinl wAU  *3 I wAlr 1 kS
----1 J-===1 [ - - I N.
1 8.030 BY  0.1489 109.94628  11.40597  1.6267 F PG
2 10.77Z BB 0.z2141 Z2266.39551 163.56224 95,3733
e (3R.4R)-()-3]
otals : 2376.34179  174.96821

PG = 4-Bromobenzoyl

*%% End of Report ###

Inatrument 1 1/28/2013 9:02:56 PM WH
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Data File C:\HPCHEM\1\DATAYZHOU-13%Y¥Z003837.D

OD-H, H/i-PeOH = 890710, 0.8 wl/uin, 30 of, 254 o

Sauple Nawme: NG-3-T73h+-

Injection Date

23/01/2013 22:51:57

Gample Name : HG-3-73A+- Location : Vial 1
Acg. Operator : WH
Aca. Method C: \HPCHEM\ 1\ METHOD 3\ 5W. I
Lazt changed 2370172013 22:22:35 bv WH
(modified after loading)
Analysis Method : C:)\HPCHEM1%METHODS) 50N
Last changed 24/01/2013 21:57:17 bv WH
(modified after loading)
D A, Wawelength=254 nm (ZHOU-13.7 2003637 0)
mAl a8
160 -]
g
"
140 -
120 -
100 -
20
60
a0 ]
0
0
T T T T
0 2 4 [ ] 18 mi
Area Percent Report
Jorted Bv Gigmal
Multiplier 1.0000
Dilution 1.0000
Signal 1: VWDL 4, Wawvelength=254 nm
Peak RetTime Tvpe Width Area Heicht Area
#  [min] fmin] milT %z w0 ] 5
-1 1-—— 1 1 1
1 6.920 BV 0.163% 1746.07202 165.50052 49.8952
2 7.748 VE 0.1888 1753.12292 143.85197 50,1008 F
Totals : 3499.19495 309.35249
Me n-Bu
Results obtained with enhanced integrator!
+#% End of Report *++ N\
cis-(%)-3k

Ingtrument 1 2470172013 Z1:57:20 WH

PG = 4-Bromobenzoyl

Page 1 of 1

S61

Data File C:3ZCHEM32\L\DATA\EHOU-13V¥ZNO0DZ2387.D
Sample Name: NG-3-73C

Acg. Operator HEL:S
Acg. Instrument : Instrument 1 Location : ¥Wial 1
Injection Date 1/26/2013 4:38:17 FHM
Ace. Method C:4CHEM324 1YMETHOD S, DEF LC.M
Lazt changed 1/26/2013 4:37:44 PM by WH
imodified after loading)
Analvziz Method : C:%CHEM32Y,1YMETHODZWDEF LC.H
Last changed 1/286/2013 4:38:25% FM by WH
(modified after loading)
Samnle Info 0D-H, H/i-PrOH = 90710, 0.5 mlfmin, 30 oC, 254 mm
DT A, Wavelengh =254 nm (ZHOU- 13 WZNO0 2387 0
mal ] =
72
350
300
50
00 -
150
100
50 =
&
0 TiN :
T T T T T
i} 2 4 ] 3 10 |
Area Percent Report
Sorted By SGimmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier s Dilution Factor with ISTDs
F
Hignal 1: VD1 A, Wavelength=254 nm
’ Me n-Bu

Peak RetTime Type Width Area Height Area

# Twinl [min] mATT *s5 [ mIl 1 %
-1 1===-1 I - - I
1 6.866 BE 0.1583 220.48716 21.35744 4. 4492
Z 7.708 BE 0.1851 4735.14355 391.88520 B85.5508
Totals : 49855.63074  413.34Z63

N\PG

(3R,4R)~(-)-3k
PG = 4-Bromobenzoyl

*#*% End of Report #+%

Instrument 1 1/26/2013 4:55:34 PN WH
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Data File C:\CHEM321\DATAYZHOU-13\¥ZN002311.D

Sanple Name: NG-3-654

Acg. Operator ¢ UH

Acg, Instrament Instrument 1 Location : ¥ial 1
Injection Date 1/16/2013 10:53:57 4N
Acg. HMethod :4CHEM3 2% 1\METHODS\DEF LC.H
Last changed 1/16/2013 10:52:09 AW by WH
(modified after loadineg)
Analvsis Method : C:%\CHEM3Z\1NMETHODSADEF LC.H
Last changed 1/16/2013 10:58:50 AM by WH
(modified after loading)
Sample Info IC-H, H/i-Pr0H = 80/20, 0.8 mL/min, 30 oC, 254 mm
FIVOT A, Wiavelen gh=254 hm (ZHUU- T3 WZRI0 23 1T .07
mAl h=
100 o b
=3
a
30
60
40 o
20
.
T T T T T T T
] 2 4 ] k] 10 13 14 min
Ares Percent Report
Sorted Bv Himal
Mualrtiplier: H 1.0000
Dilution: H 1.0000
Usze Mulriplier s Dilution Factor with ISTDs
Signal 1: VWDl &, Wavelength=254 rm F
Peak RetTime Type Width Area Height Area CI n-BU
# fuinl fninl niT %3 wad 1 %
-1 I----1 I- I- | N
1 8.291 BB 0.1615 1192.84119 113.88027 50.0457 \PG
z 9.866 BB 0.1989 1180.68162 92.08605 49,9543
Totals : 2383.50281  205.97632 cis-(£)-3I

PG = 4-Bromobenzoyl

#*% End of Report *+%

Instrument 1 1/16/2013 11:10:50 AM WH

Page 1 of 1
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Data File C:\CHEM3Z2Y1\DATA\ZHOU-13%¥ZN0O0Z354.D

Sample Name: NG-3-65C

Acg. Operator

¢ WH

Acg. Instrument : Instrument 1 Location : ¥ial 1
Injection Date 1/26/2013 9:47:37 FM
Ace. Method + C:iWCHEM3 2V 1WMETHODSSDEF LC.H
Last changed 1/26/2013 9:00:54 PM hy WH
(modified after loading)
Analysis Method : C:ZCHEM32),1\METHODS\DEF LC.HM
Lazt changed 172572013 10:18:19 FM by WH
imodified after loading)
Sanple Info IC-H, H/i-Pr0OH = 80/20, 0.5 wl/min, 30 of, 254 mm
NANDT A, Wavelength =254 nm (ZHOU-T33WZN00 239400
mal 7]
400
300 3
00
100
E
3
&
©
1]
T T T T T T
i} z 4 ] 3 10 12 |
Area Percent Report
sorted By Ficmal
Multiplier: H 1.0000
Dilucion: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VD1 &, Wavelength=2Z54 nm
Feak RetTime Type Width Area Height Ares
# [win] [min] wAT *a [ wilr 1 %
-1 I----1 - I- | F
1 §.329 BE 0.1622 198.26138 15.82419 S.0z00
2 9.913 BB 0.2037 3751.20581 283.86139 94.9800 C| n-Bu
Totals : 3949.46719 302.58558

*** End of Report *+%

Instrument 1 1/28/2013 10:15:33 PM WH

(3R,4R)-(-)-3I
PG = 4-Bromobenzoyl

Page 1 of 1
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Data File C:\HPCHEM\1\DATAYZHOU-134YZ003967.D
OD-H, H/i-PeOH = 830710, 0.8 wl/uin, 30 of, 254 nuw

Sample Name: NG-3-89+-

Injection Date : 1Ll/03/2013 21:49:01

Gample Name : HG-3-8594+- Location :
Acg. Operator : WH

Aca. Method : C:\VHPCHEM\ 1% METHOD V3. M

Lazt changed : 1170342013 21:12:46 by WH

(modified after loading)
Analysis Method : C:\HPCHEM),1%METHODS)3W.H
Last changed : 11/0342013 22:36:57 bv WH

(modified after loading)

Vial 1

AT A, Wiavelength=254 nm (ZHOU-13.7 2003857 . 0)
mal
E =
o

6

LI

a0

I

0

10

o
T T T T
0 2 4 [ 18 mi
Area Percent Report
Jorted Bv H Gigmal
Multiplier H 1.0000
Dilution H 1.0000
F
Signal l: VWDl A, Wavelength=254 nm Me n-Pr
Peak RetTime Type TWidth Area Heicht Area
#  lwin] fmin] milT %z w0 ] 5 N
-1 1-——- 1 1 1 1 \PG
1 7.653 EB 0.1787 823.67267 70.65521 49.7751
2 §.671 EE 0.2042 831.11646 B2.B6L05 50,2248 .
cis-(*)-3m

Totals : 1654.76912 133.31629

Results obtained with enhanced integrator!

PG = 4-Bromobenzoyl

*%*% End of Report *++%

Ingtrument 1 11/03/2013 2Z:36:5% WH

Page 1 of 1

Data File C:\HPCHEM\1\DATA'\ZHOU-L13VYZ003985.D

Sawple Name: NG-3-89
0D-H, H/i-PrOH = 90710, 0.8 nl/min, 30 of, 254 mm

Iniection Date 11/03/2013 22:06:19

Samuple Name HG-3-89 Location : Wial 1
Acg. Operator WH

Acag. Method C:\HPCHEM\ INMETHODS 510, 1

Last changed ¢ l1/03/2013 22:04:18 bv WH

(modified after loadineg)
Analysis Method : C:\HPCHEM' 1\METHODSY 50}
Last chandged ¢ L1/03/2013 22:37:39 bv WH

(modified after loading)

VDT A Wavelength=254 nm (ZHOU-TAVZ002988.00

&0 o

&0 o

0 o

Area Percent Report

Sorted By Hignal

Mulriplier 1.0000

Dilution H l.0000

F
ignal 1: ¥WDLl A, Wavelength=254 mm Me n-Pr
Peak RetTime Type Width Area Heicght Area
# [winl fmin] whU %= (w0 ] ] N
| | | >

! PG
(3R,4R)-(-)-3m
PG = 4-Bromobenzoyl

1 7.647 VB 0.1856  62,28733 5.22785 4.7179
2 8.645 BB 0.2011 1257.94385 96.80502 95.2321

Totals : 1320.23118 102.03288

Results obtained with enhanced integrator!

##% End of Report %%

Instrument 1 1170372013 22:37:47 UWH Page 1 of 1
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Data File C:\HPCHEM\1‘DATA\ZHOU-12\YZ003030.D
Ob-H, Hfi-PrOH = 90710, 0.8 wlh/min, 30 oC, 220 mm

Data File H:3Z¥ZO0O3730.D FGample Name: HNG-2Z-5943

Sauple Name: NG-Z-59B

Acg. Operator H

Iniection Date 30/08/201l2 21:04:24

Sample Name : NG-Z-594%3 Location : Vial 1
Acg. Instrument : Instrument 1 Location @ ¥ial 1 Acg. Operator P
Injection Date 1/15/2013 3:21:45 AN Aca. Method C:\HPCHEMY 1\METHODS\SW. 1
Acg. Method £ YHFCHEMY L\METHODSY 5W. I Laat changed 30/08/2012 20:32:02 by ZX
Last changed 1/15/2013 3:19:14 AM by WH (modified after loading)
(modified after loading) Analysis Method @ C:\HFCHEM 14METHOD S S0, M
Analysis Method C: % CHEM3 2% 1\METHOD S DEF LC.1 Last changed 13/01/2013 20:31:08 bv ZHR
Laszt changed 57272013 9:48:56 AM by WH (modified after loading)
(modified after loadineg)
Sample Info 0D-H, H/i-Pr0H = 90710, 0.5 wl/min, 30 of, 254 mm
SAID A, Wavelength=220 nm (ZHOU- 1207 2003030, 0
mAll ]
AT elen gth =25 i (A 20T 600 ]
mAl puad
160 -| T
500
140 @
= 400 |
120 -
300
100+
00
20
100 -
&0
2
&
I
4n 0]
T T T T T T
0 2 4 i} 8 10 12 minl
20
Area Percent Report
o
0 : 3 8 Y 10 12 min| Jorted Bv Gigmal
Maltiplier 1.0000
Dilution 1.o000
Area Percent Report F
== F Signal 1: VWDl A, Wavelength=2Z0 mm
dorved By Hdimmal n-Pr Peak RetTime Tvpe Width Area Height Area n-Pr
Multiplier: H 1.0000 # [mind min]l mdld *s [md1T 1 %
Dilution: : 1.0000 -l l====1 ! ! | N
Use Multiplier & Dilution Factor with ISTDs N 1 7.933 VW 0.2623 8.47553 4.64741e-1 0.0351 \PG
\PG 2 9.896 YV 0.2Z223 890Z.21484 62ZZ.07227 99.9048
Signal 1: VUDL A, Tavelength=254 nm js-(£)-3d Torals : 891069037 622. 53701 (3R,4R)-(-)-3d
CIs=(X)~- . X . . .
Feak RetTime Type Width Airea Height Area Fesults obtained with enhanced intesrator! after recrysta|||zat|on
# [minl fninl wal  *3 [EEAL. % = 4- -
s — | ! - | PG = 4-Bromobenzoyl *++ End of Report *++ PG = 4-Bromobenzoyl
1 §.119 BE 0.1553 1926.42432 160.39708 49,5410
2 10.153 BE 0.2373 1935.71204 126.33086 S50.1590
Totals : 3B65.13635 2B6.72794

**%* End of Report #+%

Instrument 1 57272013 9:48:59 AM WH

Page 1 of L
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Instrument 1 13/01/2013 Z0:31:12 ZHR

Fage 1 of 1



