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General Information: *H and *C NMR spectra were obtained using a Bruker 300
instrument and chemical shifts are reported in ppm on the & scale relative to TMS or
solvent. Electrospray iodization (ESI) high resolution mass spectra (HRMS) were
obtained on JEOL double sector IMS-AX505HA mass spectrometer (University of Notre
Dame, IN). Analytical chiral HPLC was performed on an Agilent 1200 (Agilent, Santa
Clara, CA) equipped with a diode array detector and a chiralpak column (4.6 x 150 mm,
80A). Optical rotation was determined using JASCO P-2000 polarimeter. All reagents
were purchased from Sigma-Aldrich (St. Louis, MO) and used as received unless
otherwise noted. All solvents for chromatography were purchased from VWR (Radnor,
PA).

General procedure for Friedel-Crafts reaction: To the suspension of AICI; (2.2 equiv)

in toluene (1 mL), secondary B-amino halide 1, 2, or 3 (1 equiv) in toluene (2 mL) was
added dropwise over 10 to 20 min at 0 °C. The resulting reaction mixture was gradually
warmed to room temperature over 2 h and then heated to reflux for 2h while monitored
by TLC. After completion of the reaction, the mixture was cooled to room temperature
and quenched by H,O (10 mL). The reaction mixture was extracted with ethyl acetate (2
x 10 mL). The organic layer was dried over MgSO, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (60-230 mesh) with 1%-
1.5% ethyl acetate in hexanes to afford the desired product 5. Enatiomeric excess of 5 (50
ML, 1 mg of sample in 10 mL of hexanes) was determined by chiral HPLC (Chiralpak®
AD-H, isocratic, 230 nm, 22 °C) using the following chromatographic conditions: method
A (3/97 = i-PrOH/Hexanes at a flow rate of 1 mL/min); method B (1/99 = i-
PrOH/Hexanes at a flow rate of 1 mL/min); method C (1/99 = i-PrOH/Hexanes at a flow

rate of 0.5 mL/min); method D (0.4/99.6 = i-PrOH/Hexanes at a flow rate of 1 mL/min).
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Table 1. Synthesis of THIOQ analogues (R)-5a and (R)-5b

(Table 1, entry 1)

(4R)-2-Benzyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline((R)-5a). To the suspension of
AICI; (38.6 mg, 0.29 mmol) in toluene (1 mL), (R)-1a (50 mg, 0.13 mmol) in toluene (2
mL) was added dropwise over 15 min at 0 °C. The reaction was complete after addition
of (R)-1a. After the work-up, the residue was purified by column chromatography on
silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford pure (R)-5a (31.5
mg, 81.0%). *H NMR (CDCls, 300 MHz) & 2.70 (dd, J = 11.4, 7.8 Hz, 1H), 3.10 (dd, J =
11.7, 5.4 Hz, 1H), 3.70 (s, 2H), 3.77 (dd, J = 18.3, 15.3 Hz, 2H), 4.28 (dd, J = 6.6, 6.6 Hz,
1H), 6.92 (d, J = 6 Hz, 1H), 7.07-7.33 (m, 14H); **C NMR (CDCls, 300 MHz) § 45.9 (d),
56.5 (t), 59.3 (t), 62.6 (t), 126.0 (d), 126.3 (d), 126.4 (d), 127.1 (d), 128.2 (d), 128.3 (d),
128.9 (d), 129.2 (d), 129.6 (d), 135.4 (s), 137.6 (s), 138.3 (s), 145.0 (5). [a]®p = — 29.5°
(c = 2.3, CHCIs). HRMS (ESI) Calcd for CyoHooN [M + H]™ m/z 300.1747. Found: [M +
H]* m/z 300.1738. HPLC (method A), tg = 3.0 min (R, major) and 2.3 min (S, minor),
71% ee.

(Table 1, entry 2)

To the suspension of AlICI3(23.2mg, 0.17mmol) in toluene (1 mL), (R)-1a (30 mg, 0.079
mmol) in toluene (2 mL) was added dropwise over 10 min at — 70 °C. The reaction

mixture was kept at -70 °C for 30 min. Then the reaction mixture was slowly warmed to
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— 20 °C over 15 min. The reaction was kept at —20 °C for 15 min. After the work-up, the
residue was purified by column chromatography on silica gel (60-230 mesh) with 1.5%
ethyl acetate in hexanes to afford pure (R)-5a (11.7 mg, 49.5%).

[a]?®° = — 40.5° (c = 0.59, CHClIs). HPLC (method A), 79% ee.

(Table 1, entry 3)

To the suspension of AICl3 (19.5mg, 0.15 mmol) in toluene (1 mL), (R)-1a (25.2 mg,
0.066 mmol) in toluene (2 mL) was added dropwise over 10 min at — 20 °C. The reaction
mixture was kept at -20 °C for 15 min. After the work-up, the residue was purified by
column chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes
to afford pure (R)-5a (10.8 mg, 54.7%).

[a]?®°p = — 38.8° (c = 0.54, CHCls). HPLC (method A), 70% ee.

(Table 1, entry 4)

To the suspension of AICI; (43.7 mg, 0.33 mmol) in toluene (1 mL), (R)-2a (50 mg, 0.15
mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The reaction was
complete after addition of (R)-2a. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford
pure (R)-5a (33.6 mg, 75%).

[a]?®°b = —30.2° (c = 1.03, CHClI3). HPLC (method A), 63% ee.

(Table 1, entry 5)

To the suspension of AlICl; (34.4 mg, 0.26 mmol) in toluene (1 mL), (R)-3a (50 mg, 0.12
mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The reaction was
complete after addition of (R)-3a. After the work-up, the residue was purified by column

chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford
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pure (R)-5a (25.9 mg, 72%). [a]*°p = — 31.1° (¢ = 1.3, CHCly).

sele

(R)-5b

HPLC (method A), 61% ee.

(Table 1, entry 7)

(4R)-2-benzyl-4-methyl-1,2,3,4-tetrahydroisoquinoline ((R)-5b). To the suspension of
AIClI; (35.2 mg, 0.264 mmol) in toluene (1 mL), (R)-1b (38.2 mg, 0.12 mmol) in toluene
(2 mL) was added dropwise over 10 min at 0 °C. The resulting reaction mixture was
gradually warmed to room temperature over 2 h and then heated to reflux for 2 h. After
the work-up, the residue was purified by column chromatography on silica gel (60-230
mesh) with 1% ethyl acetate in hexanes to afford desired (R)-5b (25.5 mg, 90%). *H
NMR (CDCls, 300 MHz) & 1.33 (d, J = 6.9 Hz, 3H), 2.45 (dd, J = 11.4, 6.3 Hz, 1H), 2.82
(dd, J = 11.1, 4.8 Hz, 1H), 3.02-3.09 (m, 1H), 3.59-3.75 (m, 4H), 7.01 (d, J = 7.5 Hz, 1H),
7.10-7.32 (m, 4H), 7.36 (dd, J = 6.9, 6.9 Hz, 2H), 7.44 (d, J = 6.6 Hz, 2H); °C NMR
(CDCl3, 300 MHz) § 21.0 (q), 33.2 (d), 56.9 (t), 58.1 (t), 62.9 (t), 125.6 (d), 126.3 (d),
126.5 (d), 127.1 (d), 127.7 (d), 128.3 (d), 129.0 (d), 134.7 (s), 138.7 (s), 139,9 (s). [a]%p
= + 24.5° (c = 1.3, CHCI3). HRMS (ESI) Calcd for C17HoN [M + H]* m/z 238.1590.
Found: [M + H]" m/z 238.1601. HPLC (method A), tg = 2.3 min (S, minor) and 3.1 min

(R, major), 97.0% ee.
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Effect of Catalyst on the formation of (R)-5a and (S)-5b (Table 2)

(Table 2, entry 1)

See the result described above (Table 1, entry 1)

(Table 2, entry 2)

To the suspension of FeBr; (85.6 mg, 0.29 mmol) in toluene (1 mL), (R)-1a (50 mg, 0.13
mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The reaction was
complete after addition of (R)-1a. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford
(R)-5a (23 mg, 59.2%). [a]?°p = — 32.1° (¢ = 1.4, CHCI3). HPLC (method A), 83% ee.
(Table 2, entry 3)

To the suspension of InCl; (63.3 mg, 0.29 mmol) in toluene (1 mL), (R)-1a (50 mg, 0.13
mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The reaction was
stirred at room temperature for 20 h and quenched by H,O (10 mL). After the work-up,
the residue was purified by column chromatography on silica gel (60-230 mesh) with
1.5% ethyl acetate in hexanes to afford pure product (R)-5a (30.2 mg, 77.7%).
[0]®0=—40.1° (c = 1.0, CHCls3). HPLC (method A), 77.0% ee.

(Table 2, entry 4)

To the solution of TiCl, (290 uL, 0.29 mmol, 1M solution in toluene) in toluene (1 mL),

(R)-1a (50 mg, 0.13 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C.
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The reaction was stirred at room temperature for 15 h and quenched by H,O (10 mL).
After the work-up, the residue was purified by column chromatography on silica gel (60-
230 mesh) with 1.5% ethyl acetate in hexanes to afford pure product (R)-5a (28 mg,
72%). [0]*®5 = — 42.5° (¢ = 0.7, CHCls5). HPLC (method A), 81% ee.

(Table 2, entry 5)

To the suspension of SnCl, (75.5 mg, 0.29 mmol) in toluene (1 mL), (R)-1a (50 mg, 0.13
mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The reaction mixture
was slowly warmed to room temperature. The reaction was complete after 2.5 h stirring
at room temperature and quenched by H,O (10 mL). After the work-up, the residue was
purified by column chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate
in hexanes to afford pure product (R)-5a (11.2 mg, 29%).

[a]?®p = — 51.4° (¢ = 0.8, CHCI3). HPLC (method A), 81% ee.

(Table 2, entry 6)

(4S)-2-Benzyl-4-methyl-1,2,3,4-tetrahydroisoquinoline ((S)-5b). To the suspension of
AICl; (46.9 mg, 0.35 mmol) in toluene (1 mL), secondary B-amino bromide (S)-1b (50
mg, 0.16 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The resulting
reaction mixture was gradually warmed to room temperature over 2 h and then heated to
reflux for 2 h. After the work-up, the residue was purified by column chromatography on
silica gel (60-230 mesh) with 1% ethyl acetate in hexanes to afford desired (S)-5b (35.2

mg, 93%). 'H and *C NMR data are identical to (R)-5b.
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[a]®p = — 15.8° (c = 1.26, CHCl3). HPLC (method A), tg = 2.2 min (S, major) and 2.7

min (R, minor), 96.9% ee.

C
(S)-5b

(Table 2, entry 7)
To the suspension of FeBrs (103 mg, 0.35 mmol) in toluene (1 mL) and molecular sieves
(4 beads), (S)-1b (50 mg, 0.16 mmol) in toluene (2 mL) was added dropwise over 5 min
at 0 °C. The resulting reaction mixture was gradually warmed to room temperature over 2
h and then heated to reflux overnight. After the work-up, the residue was purified by
column chromatography on silica gel (60-230 mesh) with 1.0% ethyl acetate in hexanes
to afford (S)-5b (9.6 mg, 25.3%).
[0]?®p = — 13.8° (¢ = 0.3, CHCls5). HPLC (method A), 85% ee.
(Table 2, entry 8)
To the suspension of InCl; (77.4 mg, 0.35 mmol) in toluene (1 mL) and molecular sieves
(4 beads), (S)-1b (50 mg, 0.16 mmol) in toluene (2 mL) was added dropwise over 15 min
at 0 °C. The resulting reaction mixture was gradually warmed to room temperature over 2
h and then heated to reflux for 4 days. After the work-up, the residue was purified by
column chromatography on silica gel (60-230 mesh) with 1.0% ethyl acetate in hexanes
and then was purified by prep-TLC with 5% ethyl acetate in hexanes to afford pure
product (S)-5b (8.5 mg, 22.4%).

[0]®p=— 15.3° (c = 0.6, CHCl3). HPLC (method A), 97% ee.
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Effect of solvents on the formation of THIQ analogues (R)-5a and (S)-5b (Table 3)

(Table 3, entry 1)

See the result described above (Table 1, entry 1)

(Table 3, entry 2)

To the suspension of AICI3 (38 mg, 0.29 mmol) in benzene (1 mL), (R)-1a (50 mg, 0.13
mmol) in benzene (2 mL) was added dropwise over 10 min at 0 °C. The reaction was
complete after addition of (R)-1a. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford
pure product (R)-5a (31.6 mg, 81.3%).

[a]®5 = — 26.5° (¢ = 1.3, CHCI3). HPLC (method A), 58.9% ee.

(Table 3, entry 3)

To the suspension of AICl; (38.6 mg, 0.29 mmol) in p-xylene (1 mL), (R)-1a (50 mg,
0.13 mmol) in p-xylene (2 mL) was added dropwise over 10 min at 0 °C and then
warmed to room temperature The reaction was complete after warming up to room
temperature (~10 min). After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford
pure product (R)-5a (26.8 mg, 70%). [0]*°5 = — 39.0° (c = 1.1, CHCI3). HPLC (method
A), 69% ee.

(Table 3, entry 4)
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To the suspension of AICI; (38.6 mg, 0.29 mmol) in 1,2-dichloroethane (1 mL), (R)-1a
(50 mg, 0.13 mmol) in 1,2-dichloroethane (2 mL) was added dropwise over 15 min at O
°C. The reaction was complete after addition of (R)-1a. After the work-up, the residue
was purified by column chromatography on silica gel (60-230 mesh) with 1.5% ethyl
acetate in hexanes to afford pure product (R)-5a (37 mg, 95.2%).

[0]?°p = — 34.6° (¢ = 1.1, CHClIs5). HPLC (method A), 77.9% ee.

(Table 3, entry 5)

To the suspension of AICI; (23 mg, 0.17 mmol) in CH,ClI, (1 mL), (R)-1a (30 mg, 0.079
mmol) in CH,Cl, (2 mL) was added dropwise over 10 min at 0 °C. The reaction was
complete after addition of (R)-1a. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford
pure pure product (R)-5a (21.4 mg, 90.6%).

[0]®p = — 34.4° (c = 1.0, CHCl5). HPLC (method A), 75% ee.

(Table 3, entry 6)

To the suspension of AlICI; (23 mg, 0.17 mmol) in CHCI3 (1 mL), (R)-1a (30 mg, 0.079
mmol) in CHCI; (2 mL) was added dropwise over 10 min at 0 °C. The reaction was
complete after addition of (R)-1a. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford
pure pure product (R)-5a (22.2 mg, 94%).

[a]®p=—32.5° (c = 1.0, CHCl3). HPLC (method A), 62% ee.

COQ

(S)-5b

S10



(Table 3, entry 10)

See the result in (Table 2, entry 6).

(Table 3, entry 11)

To the suspension of AICl;3 (46.9 mg, 0.35 mmol) in benzene (1 mL), (S)-1b (50 mg, 0.16
mmol) in benzene (2 mL) was added dropwise over 10 min at 0 °C. The resulting reaction
mixture was gradually warmed to room temperature over 2 h and then heated to reflux for
2 h. After the work-up, the residue was purified by column chromatography on silica gel
(60-230 mesh) with 1% ethyl acetate in hexanes to afford pure product pure product (S)-
5b (33.1 mg, 87.3%). [a]*°p = — 19.2° (c = 0.9, CHCls3). HPLC (method A), >99% ee.
(Table 3, entry 12)

To the suspension of AICI; (46.7 mg, 0.35 mmol) in p-xylene (1 mL) and molecular
sieves (4 beads), (S)-1b (50 mg, 0.16 mmol) in p-xylene (2 mL) was added dropwise over
15 min at room temperature and kept stirring for 2 h and then heated to reflux for 40 min.
After the work-up, the residue was purified by column chromatography on silica gel (60-
230 mesh) with 1% ethyl acetate in hexanes pure product (S)-5b (27.8 mg, 73%).

[a]®p = — 22.9° (c = 1.0, CHCI3). HPLC (method A), 98.3% ee.

Table 4. Substrate scope for the synthesis of various THIO analoques 5

(Table 4, entry 1)
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See the result described above (Table 1, entry 1)

CO

(S)-5a
(4S)-2-Benzyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline ((S)-5a). To the suspension of
AICI; (38.6 mg, 0.29 mmol) in toluene (1 mL), (S)-1a (50 mg, 0.13 mmol) in toluene (2
mL) was added dropwise over 10 min at 0 °C. The reaction was complete after addition
of (S)-1a. After the work-up, the residue was purified by column chromatography on
silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford pure product (S)-5a

(30.8 mg, 79.2%). [a]*®p = + 38.6° (¢ = 2.1, CHCl3). HPLC (method A), 76% ee.

([
COo

(rac)-5a
2-Benzyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline((rac)-5a). To the suspension of
AICl; (38.6 mg, 0.29 mmol) in toluene (1 mL), (rac)-1a (50 mg, 0.13 mmol) in toluene
(2 mL) was added dropwise over 15 min at 0 °C. The reaction was complete after
addition of (rac)-la. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.5% ethyl acetate in hexanes to afford

pure (rac)-5a (30.7 mg, 79%). *H and **C NMR data are identical to (R)-5a.
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sevse

(R)-5b
(Table 4, entry 2)

See the result described above (Table 1, entry 7)

sevs

(S)-5b

See the result described above (Table 2, entry 6)

seve

(rac)-5b
2-benzyl-4-methyl-1,2,3,4-tetrahydroisoquinoline (rac-5b). To the suspension of AICI;
(46.9 mg, 0.35 mmol) in toluene (1 mL), (rac)-1b (50 mg, 0.16 mmol) in toluene (2 mL)
was added dropwise over 15 min at 0 °C. The resulting reaction mixture was gradually
warmed to room temperature over 2 h and then heated to reflux for 2 h. After the work-up,
the residue was purified by column chromatography on silica gel (60-230 mesh) with 1%
ethyl acetate in hexanes to afford desired (rac)-5b (27.4 mg, 72%). *H and **C NMR data

are identical to (R)-5b.

O

(R)-5¢

(Table 4, entry 3)
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(4R)-2-Benzyl-4-propyl-1,2,3,4-tetrahydroisoquinoline ((R)-5c). To the suspension of
AICI; (42.4 mg, 0.32 mmol) in toluene (1 mL), (R)-1c (50 mg, 0.144 mmol) in toluene (2
mL) was added dropwise over 15 min at 0 °C. The resulting reaction mixture was
gradually warmed to room temperature over 2 h and then heated to reflux for 2 h. After
the work-up, the residue was purified by column chromatography on silica gel (60-230
mesh) with 1.0% ethyl acetate in hexanes to afford desired (R)-5¢ (30 mg, 78.5%). ‘H
NMR (CDCls, 300 MHz) § 0.92 (t, J = 7.2 Hz, 3H), 1.24-1.36 (m, 1 H), 1.62-1.82 (m,
3H), 2.61 (dd, J = 11.4, 4.5 Hz, 1H), 2.70 (dd, J = 11.4, 4.2 Hz, 1H), 2.77-2.83 (m, 1H),
3.51 (d, J = 15.0 Hz, 1H), 3.60 (d, J = 13.2 Hz, 1H), 3.76 (d, J = 13.5 Hz, 2H), 7.00 (d, J
= 7.2 Hz, 1H), 7.08-7.14 (m, 1H), 7.17 (d, J = 7.2 Hz, 2H), 7.28-7.31 (m, 1H), 7.35 (dd, J
=75, 7.5 Hz, 2H), 7.41 (d, J = 6.9 Hz, 2H);. HRMS (ESI) Calcd for C1gHasN [M + H]*
m/z 266.1903. Found: [M + H]" m/z 266.1905. [a]?*°s = + 12.7° (c = 0.8, CHCI3). HPLC

(method A), tgr = 2.1 min (S, minor) and 2.6 min (R, major), >99% ee.

O

(S)-5¢
(4S)-2-Benzyl-4-propyl-1,2,3,4-tetrahydroisoquinoline ((S)-5c). To the suspension of
AICl3 (42.4 mg, 0.32 mmol) in toluene (1 mL), (S)-1c (50 mg, 0.144 mmol) in toluene (2
mL) was added dropwise over 10 min at 0 °C. The resulting reaction mixture was
gradually warmed to room temperature over 2 h and then heated to reflux for 2 h. After
the work-up, the residue was purified by column chromatography on silica gel (60-230
mesh) with 1.0% ethyl acetate in hexanes to afford desired (S)-5¢ (25 mg, 65.5%). ‘H

NMR and *C NMR are identical to those of (R)-5c. [a]*®5 = — 12.9° (c = 1.2, CHCly).
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HPLC (method A), tr = 2.2 min (S, major) and 2.6 min (R, minor), >99% ee.

e

(rac)-5¢
2-Benzyl-4-propyl-1,2,3,4-tetrahydroisoquinoline ((rac)-5c). To the suspension of
AICl; (42.2 mg, 0.32 mmol) in toluene (1 mL), (rac)-1c (50 mg, 0.144 mmol) in toluene
(2 mL) was added dropwise over 10 min at 0 °C. The resulting reaction mixture was
gradually warmed to room temperature over 2 h and then heated to reflux for 2 h. After
the work-up, the residue was purified by column chromatography on silica gel (60-230
mesh) with 1.0% ethyl acetate in hexanes to afford desired (rac)-5¢ (23.5 mg, 61%). *H

and "*C NMR data are identical to those of (R)-5c.

o

(R)-5d

(Table 4, entry 4)

(1R)-1-Methyl-3-(naphthalen-2-ylmethyl)-1H,2H,3H,4H-benzo[f]isoquinoline  ((R)-
5d). To the suspension of AICI; (35.2 mg, 0.264 mmol) in toluene (1 mL), (R)-1d (50
mg, 0.12 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The resulting
reaction mixture was gradually warmed to room temperature over 2 h and then heated to
reflux for 2 h. After the work-up, the residue was purified by column chromatography on
silica gel (60-230 mesh) with 0.5% ethyl acetate in hexanes to afford desired (R)-5d
(19.6 mg, 48.6%). *H NMR (CDCls, 300 MHz) ¢ 1.56 (d, J = 6.9 Hz, 3H), 2.66 (dd, J =
11.1, 3.6 Hz, 1H), 3.00 (d, J = 11.1 Hz, 1H), 3.48-3.58 (m, 1H), 3.59 (d, J = 15.6 Hz, 1H),
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3.83 (d, J = 13.2 Hz, 1H), 4.00 (d, J = 13.2 Hz, 1H), 4.10 (d, J = 15.6 Hz, 1H), 7.11 (d, J
= 8.7 Hz, 1H), 7.42-7.55 (m, 4H), 7.65 (dd, J = 9.3, 9.3 Hz, 2H), 7.81-7.88 (m, 5H), 8.02
(d, J = 8.4 Hz, 1H); **C NMR (CDCls, 300 MHz) ¢ 21.7 (q), 30.7 (d), 57.1 (t), 57.3 (t),
123.3 (d), 124.8 (d), 125.3 (d), 125.6 (d), 125.9 (d), 126.0 (d), 126.2 (d), 127.3 (d), 127.4
(d), 127.7 (d), 127.8 (d), 128.7 (d), 131.5 (s), 131.6 (s), 132.7 (s), 132.9 (s), 133.4 (9),
135.0 (s), 136.6 (s). [0]*°p = + 84.2° (c = 0.6, CHCl3). HRMS (ESI) Calcd for CpsHaN
[M + H]" m/z 338.1903. Found: [M + H]" m/z 338.1920. HPLC (method B), t = 6.9 min

(S, minor) and 6.0 min (R, major), >99% ee.

(S)-5d

(1S)-1-Methyl-3-(naphthalen-2-ylmethyl)-1H,2H,3H,4H-benzo[f]isoquinoline  ((S)-
5d). To the suspension of AICI3 (35 mg, 0.26 mmol) in toluene (1 mL), (S)-1d (50 mg,
0.120 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The resulting
reaction mixture was gradually warmed to room temperature over 2 h and then heated to
reflux for 2 h. After the work-up, the residue was purified by column chromatography on
silica gel (60-230 mesh) with 0.5% ethyl acetate in hexanes to afford desired (S)-5d (21.5
mg, 53.1%). *H and *C NMR data are identical to those of (R)-5d. [a]*s = — 93.1° (c =
0.9, CHCI3). HPLC (method B), tg = 6.9 min (S, major) and 6.0 min (R, minor), >99% ee.
( (]
>eNe
(rac)-5d

1-Methyl-3-(naphthalen-2-ylmethyl)-1H,2H,3H,4H-benzo[f]isoquinoline ((rac)-5d).
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To the suspension of AICI; (35.4 mg, 0.26 mmol) in toluene (1 mL), (rac)-1d (50 mg,
0.12 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The resulting
reaction mixture was gradually warmed to room temperature over 2 h and then heated to
reflux for 2 h. After the work-up, the residue was purified by column chromatography on
silica gel (60-230 mesh) with 0.5% ethyl acetate in hexanes to afford desired (rac)-5d

(28.4 mg, 70%). *H and **C NMR data are identical to those of (R)-5d.

sevel

(R)-5e

(Table 4, entry 5)
(4R)-5-Bromo-2-[(3-bromophenyl)methyl]-4-methyl-1,2,3,4-tetrahydroisoquinoline
((R)-5e). To the suspension of AICI; (30.9 mg, 0.23 mmol) in toluene (1 mL), (R)-1e (50
mg, 0.11 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The resulting
reaction mixture was gradually warmed to room temperature over 2 h and then heated to
reflux for 2 h. After the work-up, the residue was purified by column chromatography on
silica gel (60-230 mesh) with 1.0% ethyl acetate in hexanes to afford desired (R)-5e (23.5
mg, 54%). *H NMR (CDCl3, 300 MHz) 6 1.40 (d, J = 6.6 Hz, 3H), 2.49 (dd, J = 11.1, 3.3
Hz, 1H), 2.80 (d, J = 11.1 Hz, 1H), 3.08-3.10 (m, 1H), 3.33 (d, J = 15.0 Hz, 1H), 3.63 (dd,
J=30.6, 13.5 Hz, 2H), 3.90 (d, J = 15.0 Hz, 1H), 6.94 (d, J = 6.6 Hz, 1H), 6.99 (dd, J =
7.8, 7.8 Hz, 1H), 7.21 (dd, J = 7.8, 7.8 Hz, 2H), 7.35 (d, J = 7.8 Hz, 1H), 7.39-7.42 (m,
1H), 7.58 (s, 1H);"*C NMR (CDCls, 300 MHz) 5 20.5 (q), 34.5 (d), 56.2 (t), 57.0 (t), 62.1
(t), 122.5 (s), 124.8 (s), 125.8 (d), 127.1 (d), 127.4 (d), 130.2 (d), 130.4 (d), 130.8 (d),

131.8 (d), 136.8 (s), 138.8 (s), 141.9 (s). HRMS (ESI) Calcd for Ci7H1gBrN [M + H]*
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m/z 393.9801. Found: [M + H]* m/z 393.9819. [a]*5 = + 27° (c = 1.0, CHCI3). HPLC
(method C), tr = 4.5 min (S, minor) and 4.7 min (R, major), 77.8% ee.
Br :
m\/@\&

(S)-5e
(4S)-5-Bromo-2-[(3-bromophenyl)methyl]-4-methyl-1,2,3,4-tetrahydroisoquinoline
((S)-5e). To the suspension of AICI; (15.1 mg, 0.11 mmol) in toluene (1 mL), (S)-1le
(24.5 mg, 0.05 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The
resulting reaction mixture was gradually warm to room temperature over 2 h and then
was heated to reflux for 2 h. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 1.0% ethyl acetate in hexanes to afford
crude product which was further purified by prep-TLC with hexanes to provide pure
product (S)-5e (10.1 mg, 51%). *H and *C NMR data are identical to those of (R)-5e.

[a]®p = — 35.5° (¢ = 0.5, CHCl3). HPLC (method C), tg = 4.5 min (S, major) and 4.7 min

seveN

(rac)-5e

(R, minor), 86.2% ee.

5-Bromo-2-[(3-bromophenyl)methyl]-4-methyl-1,2,3,4-tetrahydroisoquinoline ((rac)-
5e). To the suspension of AICI; (30.9 mg, 0.23 mmol) in toluene (1 mL), (rac)-1e (50 mg,
0.11 mmol) in toluene (2 mL) was added dropwise over 10 min at 0 °C. The resulting
reaction mixture was gradually warm to room temperature over 2 h and then was heated

to reflux for 2 h. After the work-up, the residue was purified by column chromatography
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on silica gel (60-230 mesh) with 1.0% ethyl acetate in hexanes to afford crude product
which was further purified by prep-TLC with hexanes to provide pure product (rac)-5e

(19.4 mg, 45%). *H and **C NMR data are identical to those of (R)-5e.

(R)-5f
(Table 4, entry 6)

(4R)-4-phenyl-2-(prop-2-en-1-yl)-1,2,3,4-tetrahydroisoquinoline  ((R)-5f). To the
suspension of AICl3 (44.5 mg, 0.33 mmol) in DCE (1 mL), secondary -amino bromide
(50 mg, 0.15 mmol) in DCE (2 mL) was added dropwise over 15 min at 0°C. The
reaction was done after addition of the bromide and was quenched by H,O (10mL) and
then extracted with ethyl acetate (10mL X 2). The organic layer was dried over MgSO,4
and concentrated in vacuo to provide crude product which was purified by column
chromatography on silica gel (60-220mesh) with 5% ethyl acetate in hexanes to afford
pure product (15.4 mg, 41%). [a]®p = — 4.8 (c = 1.0, CHCls5). HPLC (method D), tz = 3.8

min (S, minor) and 4.6 min (R, major), 18.6% ee.

@\l\/\

(S)-5f
(4S)-4-Phenyl-2-(prop-2-en-1-yl)-1,2,3,4-tetrahydroisoquinoline  ((S)-5f). To the
suspension of AlCI; (44.5 mg, 0.33 mmol) in 1,2-dichloroethane (1 mL), (S)-1f (50 mg,

0.15 mmol) in 1,2-dichloroethane (2 mL) was added dropwise over 15 min at 0 °C. The
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reaction was complete after addition of (S)-1f. After the work-up, the residue was
purified by column chromatography on silica gel (60-230 mesh) with 5% ethyl acetate in
hexanes to afford (S)-5f (13.6 mg, 36%). '"H NMR (CDCls, 300 MHz) § 2.60 (dd, J =
11.7, 9.0 Hz, 1H), 3.11-3.15 (m, 1H), 3.18 (d, J = 6.6 Hz, 2H), 3.67 (d, J = 15.0 Hz, 1H),
3.85 (d, J = 15.0 Hz, 1H), 4.28 (dd, J = 6.0, 6.0 Hz, 1H), 5.16-5.25 (m, 2H), 5.85-5.98 (m,
1H), 6.87 (d, J = 7.5 Hz, 1H), 7.05-7.33 (m, 8H); *C NMR (CDCls, 300 MHz) ¢ 45.9 (d),
56.5 (t), 59.5 (t), 61.2 (t), 117.9 (t), 126.0 (d), 126.3 (d), 126.4 (d), 126.5 (d), 128.3 (d),
129.2 (d), 135.1 (d), 135.2 (d), 137.6 (s), 144.7 (s). HRMS (ESI) Calcd for CigHaoN [M +
H]* m/z 250.1590. Found: [M + H]" m/z 250.1582.

[a]®p = + 12.4° (c = 0.65, CHCI3). HPLC (method D), tg = 3.8 min (S, major) and 4.6

min (R, minor), 46.9% ee.

(Table 4, entry 7)

(4R)-2-methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline ((R)-5g). To the suspension of
AICl3 (29 mg, 0.22 mmol) in DCE (1 mL), secondary B-amino bromide 1g (30 mg, 0.1
mmol) in DCE (1 mL) was added dropwise over 10 min at -20 °C. The reaction mixture
was slowly warm to -10 °C over 10min. After which period, the reaction was done and
was quenched by H,O (10mL) and then extracted with ethyl acetate (10 mL x 2). The
organic layer was dried over MgSO, and concentrated in vacuo to provide pure (R)-5g
(15.1 mg, 68%). *H NMR (CDCls, 300 MHz) & 2.46 (s, 3H), 2.60 (dd, J = 11.4, 9.0 Hz,

1H), 3.09 (dd, J = 12.3, 6.4 Hz, 1H), 3.65 (d, J = 14.7 Hz, 1H), 3.82 (d, J = 14.7 Hz, 1H),
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4.32 (dd, J = 6.3, 6.3 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 7.05-7.36 (m, 8H); *C NMR
(CDCls, 300 MHz) ¢ 45.7 (q), 45.8 (d), 58.3 (t), 61.6 (1), 125.9 (d), 126.1 (d), 126.2 (d),
126.4 (d), 129.1 (d), 129.4 (d), 129.6 (d), 134.9 (s), 137.0 (s), 144.5 (s). HRMS (ESI)
Calcd for CigHi7N [M + H]" m/z 224.1434. Found: [M + H]" m/z 224.1387.

[0]*°n=— 1.3 (c = 0.78, CHCls3). HPLC (method B), tz = 2.9 min (S, minor) and 3.2 min
(R, major), 2.1% ee. (S)-5g was reported in the literature. [a]®p = + 17.2° (c = 0.80,

CHCly).

L

Bn
(rac)-5h

(Scheme 4)

2-Benzyl-4-(3-phenylpropyl)-1,2,3,4-tetrahydroisoquinoline  ((rac)-5h). To the
suspension of AICI3 (34.7 mg, 0.26 mmol) in toluene (1 mL), 1h (50 mg, 0.118 mmol) in
toluene (2 mL) was added dropwise over 15 min at 0 °C. The resulting reaction mixture
was gradually warmed to room temperature over 2 h and then heated to reflux for 2 h.
After the work-up, the residue was purified by column chromatography on silica gel (60-
230 mesh) with 1.0% ethyl acetate in hexanes to afford pure product (rac)-5h (26.7 mg,
66.3%). 'H NMR (CDCls, 300 MHz) 51.57-1.65 (m, 2H), 1.69-1.90 (m, 2H), 2.57-2.64
(m, 3H), 2.69-2.75 (m, 1H), 2.78-2.84 (m, 1H), 3.54 (dd, J = 17.7, 13.2 Hz, 2H), 3.77
(dd, J = 15.0, 4.2 Hz, 2H), 7.00 (d, J = 6.9 Hz, 1H), 7.09-7.22 (m, 6H), 7.27-7.42 (m,
7H); 3C NMR (CDCls, 300 MHz) & 29.4 (t), 35.8 (t), 36.2 (t), 38.6 (d), 54.2 (t), 56.8 (t),
62.9 (t), 125.6 (d), 125.7 (d), 126.1 (d), 126.4 (d), 127.1 (d), 128.3 (d), 128.5 (d), 129.0
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(d), 135.0 (s), 138.8 (5), 139.2 (s), 142.6 (s). HRMS (ESI) Calcd for CosHaN [M + H]*
m/z 342.2216. Found: [M + H]" m/z 342.2215.

Ph

O

(R)-7a

Scheme 1

(4R)-4-phenyl-1,2,3,4-tetrahydroisoquinoline (7a).> To a solution of (R)-5a (63 mg,
0.21 mmol) in anhydrous methanol (3 mL), 10% Pd/C (63 mg) and ammonia formate
(133 mg, 2.1 mmol) were added sequentially. The reaction mixture was stirred at room
temperature for 3 h and then heated to reflux for 10 min. The resulting mixture was
filtered through celite and evaporated to dryness. The residue was treated with saturated
NaHCOg3 (5 mL) and extracted with CHCI3; (2 x 5 mL). The organic layer was washed
with H,0 (2 x 5 mL). The organic layer was dried over MgSO, and evaporated to dryness.
The residue was purified by prep-TLC using 10% ethyl acetate in hexane to give pure
product (R)-7a (15.7 mg, 35%). *H NMR (CDCls, 300 MHz) 6 2.06 (br, 1H) 3.11 (dd, J =
12.9, 6.3 Hz, 1H), 3.42 (dd, J = 12.9, 6.3 Hz, 1H), 4.13 (dd, J = 24.9, 17.1 Hz, 2H), 6.92
(d, J = 7.5 Hz, 1H), 7.1-7.33 (m, 8H); *C NMR (CDCls, 300 MHz) & 44.9 (d), 48.5 (t),
52.3 (t), 125.9 (d), 126.3 (d), 126.4 (d), 128.5 (d), 128.9 (d), 130.3 (d), 136.3 (s), 137.4

(s), 144.9 (s). [a]®p = + 4.4° (¢ = 0.8, CHCI3). Lit.?[a]®p = + 11.1° (c = 0.73, CH30H).

set

(R)-7b

Scheme 1
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(4R)-4-methyl-1,2,3,4-tetrahydroisoquinoline (7b).®> To a solution of (R)-5b (15 mg,
0.063 mmol) in anhydrous methanol (2 mL), 10% Pd/C (15 mg) and ammonia formate
(39.9 mg, 0.63 mmol) were added sequentially. The reaction mixture was stirred at room
temperature for 3 h and then heated to reflux for 10 min. The resulting mixture was
filtered through celite and evaporated to dryness. The residue was treated with saturated
NaHCOg3 (5 mL) and extracted with CHCI; (2 x 5 mL). The organic layer was washed
with H,O (2 x 5 mL). The organic layer was dried over MgSO4 and evaporated to
dryness. The residue was purified by prep-TLC using 10% ethyl acetate in hexane to give
pure product (R)-7b (4.5 mg, 48.6%). *H NMR (CDCls, 300 MHz) 6 1.29 (d, J = 6.6 Hz,
3H), 1.88 (br, 1H), 2.78-2.90 (m, 2H), 3.22 (dd, J = 12.3, 4.5 Hz, 1H), 4.01 (s, 2H), 7.00
(d, J = 7.2 Hz, 1H), 7.10-7.26 (m, 3H); *C NMR (CDCls, 300 MHz) 6 20.6 (q), 32.1 (d),
48.8 (t), 51.1 (t), 125.7 (d), 126.0 (d), 126.3 (d), 128.2 (d), 135.6 (), 140.1 (5).

[a]®p = + 21.4° (c = 0.1, CHCly). Lit.® [0]*°p = + 47.2° (¢ = 0.5, CHCl5).

Synthesis of B-haloamines (Scheme 2)

Ry NCS,NBS or NIS Ry
>_\ PPh3
Rp—N  OH CHCl, X R
Rs 0°Ctort R3
(R)-8 or (S)-8 (R)-1-3 or (S)-1-3

General procedure for synthesis of secondary -amino halide 1, 2 and 3. To a solution
of N,N-dialkylated alcohol 8 (1 equiv) and triphenyl phosphine (1.2 equiv) in CHCIl3 was
added NCS, NBS or NIS (1.2 equiv) portionwise at 0 °C over 10 min. The resulting

mixture was stirred for 4 h while being maintained at 0 °C. The ice bath was removed,
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and the reaction mixture was warmed to room temperature and stirred for 1 h and
evaporated to dryness. The residue was purified via column chromatography on silica gel

(60-230 mesh) eluting with 5-10% ethyl acetate in hexanes.

)

Br/_\N C

(R)-1a
Dibenzyl[(2R)-2-bromo-2-phenylethyl]Jamine ((R)-1a). To a solution of (S)-8a* (200
mg, 0.63 mmol) and PPhsz (199.1 mg, 0.76 mmol) in CHCI;3 (10 mL) was added NBS
(135.3 mg, 0.76 mmol) portionwise at 0 °C over 20 min. After the work-up, the residue
was purified via column chromatography on silica gel (60-230 mesh) eluting with 5%
ethyl acetate in hexanes to afford pure (R)-1a (150 mg, 62.3%). *"H NMR (CDCls, 300
MHz) 6 3.22 (d, J = 7.6 Hz, 2H), 3.61(dd, J = 41.4, 13.5 Hz, 4H), 4.91 (dd, J = 7.6, 7.6
Hz, 1H), 7.19-7.31 (m, 15H); *C NMR (CDCls, 300 MHz) ¢ 52.7 (d), 58.9 (t), 61.6 (t),
127.1 (d), 128.1 (d), 128.3 (d), 128.3 (d), 128.5 (d), 129.0 (d), 139.0 (s), 140.1 (s).
[]®5 = — 60.0° (c = 1.0, CHCIl3). HRMS (ESI) Calcd for Co,H24NO [M - Br + H,0]" m/z

318.4321. Found: [M - Br + H,0]" m/z 318.1870.

)

Z

3

(R)-2a
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Dibenzyl[(2R)-2-chloro-2-phenylethyl]amine ((R)-2a). To a solution of (S)-8a* (165
mg, 0.52 mmol) and PPhs (162.4 mg, 0.62 mmol) in CHCI3 (5 mL) at 0 °C was added
NCS (85 mg, 0.62 mmol). After 1 h at 0 °C, additional 0.4 equiv of PPh3(55.0 mg, 0.21
mmol) and NCS (27.8 mg, 0.21 mmol) was added. After the work-up, the residue was
purified by silica gel column chromatography eluted with 5% ethyl acetate in hexanes to
afford (R)-2a (44.5 mg, 25%) as a colorless oil. *H NMR (CDCls;, 300 MHz) ¢ 3.12 (d, J
= 7.3 Hz, 2H), 3.65 (dd, J = 40.1, 13.6 Hz, 4H), 4.85 (dd, J = 7.4, 7.4 Hz, 1H), 7.23-7.37
(m, 15H); **C NMR (CDCls, 300 MHz) 6 59.0 (t), 61.1 (d), 61.9 (t), 127.1 (d), 127.6 (d),
128.3 (d), 128.6 (d), 128.9 (d), 129.2 (d), 139.0 (s), 140.4 (s).

[a]®o= — 47.3° (c = 1.0, CHCI5). HRMS (ESI) Calcd for Cy,HosNO [M -Cl +H,0]* m/z

318.4321. Found: [M — Br + H,0]" m/z 318.1865.

(R)-3a
Dibenzyl[(2R)-2-iodo-2-phenylethylJamine ((R)-3a). To a solution of (S)-8a* (250 mg,
0.79 mmol) and PPh; (248.9 mg, 0.95 mmol) in CHCI; (7 mL) at 0 °C was added NIS
(212.7 mg, 0.95 mmol). After 1 h at 0 °C, additional 0.4 equiv of PPh; (82.8 mg, 0.32
mmol) and NIS (71.7 mg 0.32 mmol) was added. After the work-up, the residue was
purified by silica gel column chromatography eluted with 5% ethyl acetate in hexanes to
afford (R)-3a (202.2 mg, 60%) as a yellow oil. 'H NMR (CDCls, 300 MHz) ¢ 3.21 (dd, J

= 13.8, 9.0 Hz, 1H), 3.36 (dd, J = 13.5, 6.6 Hz, 1H), 3.67 (dd, J = 31.2, 13.5 Hz, 4H),
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5.22 (dd, J = 8.8, 6.8 Hz, 1H), 7.25-7.43 (m, 15H); *C NMR (CDCls, 300 MHz) ¢ 32.5
(d), 58.7 (t), 63.0 (t), 128.1 (d), 128.6 (d), 128.7 (d), 128.8 (d), 129.2 (d), 129.3 (d), 139.0
(s), 142.3 (s).

[a]®b=—85.7° (c = 1.0, CHCI3). HRMS (ESI) Calcd for C2,H24NO [M - Br + H,0]" m/z

318.4321. Found: [M — | + H,0]" m/z 318.1881.

RN
(S)-1a
Dibenzyl[(2S)-2-bromo-2-phenylethyl]amine ((S)-1a). General procedure was followed.
To a solution of (R)-8a> (160 mg, 0.5 mmol) and PPh; (159 mg, 0.61 mmol) in CHCl5 (10
mL) was added NBS (108 mg, 0.61 mmol) portionwise at 0 °C over 20 min. After the
work-up, the residue was purified via column chromatography on silica gel (60-230 mesh)

eluting with 5% ethyl acetate in hexanes to afford pure (S)-1a (104 mg, 55%).*H and **C

NMR are identical to those of (R)-1a. []*5 = + 51.0° (c = 1.0, CHCls).

Br N C
(rac)-1a
Dibenzyl(2-bromo-2-phenylethyl)amine ((rac)-1a). General procedure was followed.
To a solution of (rac)-8a° (500 mg, 1.58 mmol) and PPhs (620 mg, 2.36 mmol) in CHCl;

(10 mL) was added NBS (421 mg, 2.36 mmol) portionwise at 0 °C over 20 min. After the
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work-up, the residue was purified via column chromatography on silica gel (60-230 mesh)
eluting with 5% ethyl acetate in hexanes to afford pure (rac)-1a (400 mg, 66%).'H and

3C NMR data are identical to those of (R)-1a.

Br/_\% C
(R)-1b
Dibenzyl[(2R)-2-bromopropyl]amine ((R)-1b).” To a solution of (S)-8b® (2 g, 7.8 mmol)
and PPhz (2.46 g, 9.4 mmol) in CHCI3 (30 mL) at 0 °C was added NBS (1.68 g, 9.4
mmol). After the work-up, the residue was purified by silica gel column chromatography
eluted with 5% ethyl acetate in hexanes to afford (R)-1b (1.9 g, 76%) as a white solid. *H
NMR (CDCls, 300 MHz) 61.65 (d, J = 6.6 Hz, 3H), 2.73 (dd, J = 13.5, 8.1 Hz, 1H), 2.92
(dd, J = 13.2, 6.0 Hz, 1H), 3.65 (dd, J = 35.7, 13.5 Hz, 4H), 4.07-4.14 (m, 1H), 7.26-7.42

(m, 10H); C NMR (CDCls, 300 MHz) § 24.0 (q), 47.9 (d), 59.1 (t), 62.7 (t), 127.2 (d),

128.3 (d), 129.0 (d), 139.1 (s). [a]*®> = + 18.9° (c = 1.0, CHClIs).

(S)-1b
Dibenzyl[(2S)-2-bromopropyl]amine ((S)-1b).? To a solution of (R)-8b* (536mg, 2.1
mmol) and PPh3 (661 mg, 2.5 mmol) in CHCI3 (10 mL) at 0 °C was added NBS (445 mg,
2.5 mmol). After the work-up, the residue was purified by silica gel column

chromatography eluted with 5% ethyl acetate in hexanes to afford (S)-1b (500 mg, 76%)
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as a white solid. *H and *3C NMR data are identical to those of (R)-1b.

[0]®°p=—16.2° (c = 1.0, CHCl5).

—
Br N@

(rac)-1b
Dibenzyl(2-bromopropyl)amine ((rac)-1b). To a solution of (rac)-8b (974 mg, 3.8
mmol) and PPh; (1.2 g, 4.6 mmol) in CHCI3 (25 mL) at 0 °C was added NBS (819 mg,
4.6 mmol). After the work-up, the residue was purified by silica gel column
chromatography eluted with 5% ethyl acetate in hexanes to afford (rac)-1b (840 mg,

69.5%) as a white solid. *H and *C NMR data are identical to (R)-1b.

(R)-1c
Dibenzyl[(2R)-2-bromopentylJamine ((R)-1c). To a solution of (S)-8c'* (95 mg, 0.34
mmol) and PPhs (89 mg, 0.34 mmol) in CHCI3 (3 mL) at 0 °C was added NBS (60.5 mg,
0.34 mmol). After the work-up, the residue was purified by silica gel column
chromatography eluted with 5% ethyl acetate in hexanes to afford (R)-1c (52.9 mg, 45%)
as a colorless oil. *H NMR (CDCls, 300 MHz) 6 0.88 (t, J = 7.4 Hz, 3H), 1.26-1.45 (m,
3H), 1.46-1.64 (m, 1H), 1.89-1.97 (m, 1H), 2.78-2.94 (m, 2H), 3.67 (dd, J = 33.0, 13.5
Hz, 4H), 4.00-4.05 (m, 1H), 7.25-7.41 (m, 10H); *C NMR (CDCl3, 300 MHz) § 13.5 (q),
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20.3 (t), 38.2 (t), 54.8 (d), 59.2 (t), 61.4 (), 127.2 (d), 128.3 (d), 129.0 (d), 139.1 (s).
[a]®p =+ 16.0° (c = 1.0, CHCIl3). HRMS (ESI) Calcd for C19Hz6NO [M — Br + H,0]* m/z

284.4158. Found: [M - Br + H,0]" m/z 284.2027.

Br N C

(S)-1c
Dibenzyl[(2S)-2-bromopentyl]lamine ((S)-1c). General procedure was followed. To a
solution of (R)-8c (214 mg, 0.76 mmol) and PPh3 (238 mg, 0.91 mmol) in CHCI3 (7 mL)
was added NBS (162 mg, 0.91 mmol) portionwise at 0 °C over 20 min. After the work-up,
the residue was purified by column chromatography on silica gel (60-230 mesh) eluting
with 5% ethyl acetate in hexanes to afford pure (S)-1c (138 mg, 52%). ‘H and *C NMR

data are identical to those of (R)-1c. [a]*°p = — 14.5° (c = 1.0, CHCls).

» -
(rac)-1c
Dibenzyl(2-bromopentyl)amine ((rac)-1c). General procedure was followed. To a
solution of (rac)-8c (300 mg, 1.06 mmol) and PPhs (416.6 mg, 1.59 mmol) in CHCI; (10
mL) was added NBS (283 mg, 1.59 mmol) portionwise at 0 °C over 20 min. After the

work-up, the residue was purified by column chromatography on silica gel (60-230 mesh)

eluting with 5% ethyl acetate in hexanes to afford pure (rac)-1c (150 mg, 40.9%). *H and
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3C NMR data are identical to those of (R)-1c.

(R)-1d
[(2R)-2-Bromopropyl]bis(naphthalen-2-ylmethyl)amine ((R)-1d). To a solution of (S)-
8d (284 mg, 0.80 mmol) and PPhs (251 mg, 0.96 mmol) in CHCI; (7 mL) was added
NBS (170 mg, 0.96 mmol) portionwise at 0 °C over 20 min. After the work-up, the
residue was purified via column chromatography on silica gel (60-230 mesh) eluting with
5% ethyl acetate in hexanes to afford pure (R)-1d (241 mg, 72%). *H NMR (CDCls, 300
MHz) ¢ 1.65 (d, J = 6.6 Hz, 3H), 2.81 (dd, J = 13.5, 7.8 Hz, 1H), 3.07 (dd, J = 13.2, 6.3
Hz, 1H), 3.83 (dd, J = 30.6, 13.5 Hz, 4H), 4.13-4.20 (m, 1H), 7.45-7.54 (m, 4H), 7.62 (d,
J =8.4 Hz, 2H), 7.81 (s, 2H), 7.84-7.88 (m, 6H); 3C NMR (CDCl;, 300 MHz) 6 24.0 (q),
47.9 (d), 59.4 (t), 62.7 (t), 125.7 (d), 126.1 (t), 127.3 (d), 127.6 (d), 127.7 (d), 128.1 (d),
132.9 (s), 133.3 (s), 136.7 (5). [0]®p = — 5.4° (c = 1.0, CHCIl3). HRMS (ESI) Calcd for

CasH26NO [M — Br + H,0]" m/z 356.4800. Found: [M - Br + H,0]" m/z 356.2006.

(S)-1d

[(2S)-2-Bromopropyl]bis(naphthalen-2-ylmethyl)amine ((S)-1d). To a solution of (R)-
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8d (78 mg, 0.22 mmol) and PPh3 (86.3 mg, 0.33 mmol) in CHCI;3 (1 mL) was added NBS
(58.8 mg, 0.33 mmol) portionwise at 0 °C over 10 min. After the work-up, the residue
was purified via column chromatography on silica gel (60-230 mesh) eluting with 5%
ethyl acetate in hexanes to afford pure (S)-1d (37 mg, 40%). *H and **C NMR data are

identical to those of (R)-1d. [a]*p= +5.2° (c = 1.0, CHCl5).

(rac)-1d
(2-Bromopropyl)bis(naphthalen-2-ylmethyl)amine ((rac)-1d). To a solution of (rac)-
8d (680 mg, 1.9 mmol) and PPh3 (602 mg, 2.3 mmol) in CHCI3 (8 mL) was added NBS
(409 mg, 2.3 mmol) portionwise at 0 °C over 10 min. After the work-up, the residue was
purified via column chromatography on silica gel (60-230 mesh) eluting with 5% ethyl
acetate in hexanes to afford pure (rac)-1d (523 mg, 65.9%). *H and **C NMR data are

identical to those of (R)-1d.

Br/_\N i:i

Br (R)-1e
Bis[(3-bromophenyl)methyl][(2R)-2-bromopropyl]amine ((R)-1e). To a solution of
(S)-8e (509 mg, 1.2 mmol) and PPh;z (378 mg, 1.4 mmol) in CHCI;3 (7 mL) was added
NBS (249 mg, 1.4 mmol) portionwise at 0 °C over 20 min. After the work-up, the residue
was purified via column chromatography on silica gel (60-230 mesh) eluting with 5%
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ethyl acetate in hexanes to afford pure (R)-1le (466 mg, 82%). 'H NMR (CDCls, 300
MHz) 6 1.64 (d, J = 6.6 Hz, 3H), 2.67 (dd, J = 13.5, 7.2 Hz, 1H), 2.86 (dd, J = 13.5, 6.9
Hz, 1H), 3.58 (dd, J = 18.9, 13.8 Hz, 4H), 4.09 (dd, J = 13.8, 6.9 Hz, 1H), 7.18 (dd, J =
7.5, 7.5 Hz, 2H), 7.33 (d, J = 7.5 Hz, 2H), 7.40 (d, J = 7.8 Hz, 2H), 7.51 (s, 2H); **C
NMR (CDCls, 300 MHz) ¢ 24.0 (q), 47.3 (d), 58.41 (t), 62.5 (t), 122.5 (s), 127.5 (d),
130.0 (d), 130.3 (d), 131.9 (d), 141.2 (s). [a]*°s = + 1.1° (c = 1.0, CHCIl3). HRMS (ESI)
Calcd for Ci7H20BrNO [M - Br + H,O]" m/z 414.1548. Found: [M - Br + H,0]" m/z

414.9917.

>_\ Br
Br N @

Br (S)-1e
Bis[(3-bromophenyl)methyl][(2S)-2-bromopropyllamine ((S)-1e). To a solution of
(R)-8e (92 mg, 0.22 mmol) and PPh3 (87.6 mg, 0.33 mmol) in CHClI3 (1 mL) was added
NBS (59.5 mg, 0.33 mmol) portionwise at 0 °C over 5 min. After the work-up, the
residue was purified via column chromatography on silica gel (60-230 mesh) eluting with
5% ethyl acetate in hexanes to afford pure (S)-1e (77 mg, 73.5%). *H and **C NMR data

are identical to those of (R)-1e. [0]*®5 = — 1.6° (c = 1.0, CHClIs).

>j Br

Br
(rac)-1e

Bis[(3-bromophenyl)methyl](2-bromopropyl)amine ((rac)-1e). To a solution of (rac)-
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8e (200 mg, 0.48 mmol) and PPh3 (152 mg, 0.58 mmol) in CHCI3 (5 mL) was added NBS
(103.4 mg, 0.58 mmol) portionwise at 0 °C over 10 min. After the work-up, the residue
was purified via column chromatography on silica gel (60-230 mesh) eluting with 5%
ethyl acetate in hexanes to afford pure (rac)-1e (142 mg, 62.1%). 'H and **C NMR data

are identical to those of (R)-1e.

Br N \=

(S)-1f
Benzyl[(2S)-2-bromo-2-phenylethyl](prop-2-en-1-yl)amine ((S)-1f). To a solution of
(R)-8f (150 mg, 0.56 mmol) and PPh3 (175.5 mg, 0.67 mmol) in CHCI; (6 mL) was
added NBS (119.9 mg, 0.67 mmol) portionwise at 0 °C over 20 min. After the work-up,
the residue was purified via column chromatography on silica gel (60-230 mesh) eluting
with 5% ethyl acetate in hexanes to afford pure (S)-1f (108.7 mg, 59%). *H NMR (CDCls,
300 MHz) § 3.13 (dd, J = 6.3, 0.9 Hz, 2H), 3.24 (dd, J = 6.9, 5.4 Hz, 2H), 3.66 (dd, J =
27.0, 13.5 Hz, 2H), 4.98 (dd, J = 8.1, 7.2 Hz, 1H), 4.96-5.22 (m, 2H), 5.75-5.88 (m, 1H),
7.21-7.42 (m, 10H); **C NMR (CDCls, 300 MHz) § 53.1 (d), 57.3 (t), 58.8 (t), 61.4 (1),
117.8 (t), 128.1 (d), 128.2 (d), 128.3 (d), 128.5 (d), 128.7 (d), 128.9 (d), 135.4 (d), 139.1
(s), 140.8 (s). [0]*®> = + 88.6° (c = 0.5, CHCIl3). HRMS (ESI) Calcd for C1gH,,NO [M —

Br + H,0]" m/z 268.3734. Found: [M — Br + H,0]" m/z 268.1724.
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Br/_\N/\¢

(R)-1f
Benzyl[(2R)-2-bromo-2-phenylethyl](prop-2-en-1-yl)amine ((R)-1f). To a solution of
(S)-8f (150 mg, 0.56 mmol) and PPh3 (178.2 mg, 0.68 mmol) in CHCI3 (6 mL) was added
NBS (121.04 mg, 0.68 mmol) portionwise at 0 °C over 20 min. The resulting mixture
was stirred for 4 h while being maintained at 0 °C. The ice bath was removed, and the
reaction mixture was warmed to room temperature and stirred for 1 h and evaporated to
dryness. The residue was purified via column chromatography on silica gel (60-230 mesh)
eluting with 5% EtOAc in hexanes to afford (R)-1f (89.2 mg, 48.5%). [¢]*p = — 41.0 (c =

1.0, CHCI5). *H and **C NMR data of (R)-1f are identifical to those of (S)-1f.

)

S

Br N—

(R)-19
Benzyl[(2R)-2-bromo-2-phenylethylJmethylamine ((R)-1g). To a solution of (S)-8g
(140 mg, 0.16 mmol) and PPh3 (183.4 mg, 0.70 mmol) in CHCI3 (10mL) was added NBS
(124.6 mg, 0.70 mmol) portionwise at 0 °C over 20 min. The resulting mixture was
stirred for 4 h while being maintained at 0 °C. The ice bath was removed, and the

reaction mixture was warmed to room temperature and stirred for 1 h and evaporated to
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dryness. The residue was purified via column chromatography on silica gel (60-230 mesh)
eluting with 5% EtOAc in hexanes to afford pure (R)-1g (75 mg, 43%). *H NMR (CDCls,
300 MHz) & 2.28 (s, 3H), 3.04-3.20 (m, 2H), 3.58 (dd, J = 15.2, 14.0 Hz, 2H), 5.04 (dd, J
= 6.7, 6.7 Hz, 1H), 7.20-7.39 (m, 10H); **C NMR (CDCls, 300 MHz) § 42.5 (q), 52.5 (d),
62.4 (t), 64.5 (t), 127.1 (d), 127.9 (d), 128.2 (d), 128.4 (d), 128.7 (d), 129.0 (d), 138.6 (s),

140.7 (s). [0]*®> = — 47.2 (c = 1.0, CHClI5).

RN
1h
Dibenzyl(2-bromo-5-phenylpentyl)amine (1h). To a solution of (rac)-8h (200 mg, 0.56
mmol) and PPhs (175.1 mg, 0.67 mmol) in CH3CN (5 mL) was added NBS (118.58 mg,
0.67 mmol) portionwise at 0 °C over 20 min. After the work-up, the residue was purified
via column chromatography on silica gel (60-230 mesh) eluting with 5% ethyl acetate in
hexanes to afford pure (rac)-1h (140 mg, 60%). *H NMR (CDCls, 300 MHz) 6 1.60-1.70
(m, 2H), 1.82-1.89 (m, 1H), 2.06-2.14 (m, 1H), 2.61-2.65 (m, 2H), 2.81-3.00 (m, 2H),
3.64 (dd, J = 42.0, 13.5 Hz, 4H), 4.03-4.05 (m, 1H). 7.21-7.38 (m, 15H); *C NMR
(CDCl3, 300 MHz) 6 28.8 (t), 35.2 (t), 35.5 (t), 54.7 (d), 59.3 (t), 61.5 (t), 125.9 (d), 127.2
(d), 128.4 (d), 128.5 (d), 129.1 (d), 139.1 (s), 142.0 (s). HRMS (ESI) Calcd for CosHzoNO

[M - Br + H,0]" m/z 360.5118. Found: [M — Br + H,0]" m/z 360.2337.
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Synthesis and characterization of optically active aziridinium ions (Scheme 2)

Ry
RL AgCIO, v
h or AgBF ©
B  NBn, — N® v y= BF, or ClO,
CDCly /\
la-d _g5oC Bn Bn
9a-d

General synthesis of aziridinium ions 9. To a stirred solution of 3-amino bromide la-d
in CDClj3 at -5 °C was added silver perchlorate (5 equiv), silver tetrafluoroborate (1 equiv)
or silver triflate (5 equiv). The resulting mixture was continuously stirred at — 5 °C, while
the reaction progress was monitored using TLC. After completion of the reaction, silver
bromide was filtered. The aziridinium ions obtained was characterized by ‘H and *C

NMR and optical rotation.

o
clo,
®N

v

(S)-9aa
(S)-1,1-Dibenzyl-2-phenylaziridinium perchlorate ((S)-9aa). The general procedure
was followed for the reaction of (R)-1a (50 mg, 0.13 mmol) and AgCIlO,4 (136.2 mg, 0.66
mmol) in CDCI3 (1 mL) for 15 min. After completion of the reaction, silver bromide was
filtered, and the filtrate was immediately characterized by *H and **C NMR and optical
rotation. *H NMR (CDCl3, 300 MHz) & 3.55 (d, J = 14.5 Hz, 1H), 3.83 (dd, J = 8.3, 4.9
Hz, 1H), 3.95 (d, J = 14.5 Hz, 1H), 4.02 (dd, J = 7.7, 5.0 Hz, 1H), 4.38 (d, J = 13.5 Hz,
1H), 4.60 (d, J = 13.5 Hz, 1H), 4.85 (dd, J = 8.2, 8.2 Hz, 1H), 7.13-7.26 (m, 2H), 7.36-

7.44 (m, 13H): ®C NMR (CDCls, 300 MHz) 6 42.0 (t), 53.6 (d), 56.3 (t), 61.5 (1), 125.1
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(s), 128.7 (s), 129.0 (s), 129.6 (d), 129.7 (d), 129.8 (d), 129.9 (d), 130.2 (d), 130.9 (d),

131.3 (d), 131.5 (s), 131.7 (s). [0]*°p = + 20.3° (c = 1.1, CDCls).

(R)-9aa
(R)-1,1-Dibenzyl-2-phenylaziridinium perchlorate ((R)-9aa). The general procedure
was followed for the reaction of (S)-1a (50 mg, 0.13 mmol) and AgCIO, (136.2 mg, 0.66
mmol) in CDCI3 (1 mL) for 15 min. After completion of the reaction, silver bromide was
filtered, and the filtrate was immediately characterized by *H and **C NMR and optical
rotation. [a]*®> = — 22.1° (c = 0.82, CDCls). *H and *C NMR data of (R)-9aa are

identical to those of (S)-9aa.

)
BF,
®N

O
(S)-9ab
(S)-1,1-Dibenzyl-2-phenylaziridinium tetrafluoroborate ((S)-9ab). The general
procedure was followed for the reaction of (R)-1a (50 mg, 0.13 mmol) and AgBF, (25.6
mg, 0.13 mmol) in CDCl;3 (1 mL) for 15 min. After completion of the reaction, silver
bromide was filtered, and the filtrate was immediately characterized by *H and **C NMR
and optical rotation. [0]%°p = + 24.8° (c = 1.0, CDCls). *H NMR (CDCls, 300 MHz) ¢

3.54 (d, J = 14.5 Hz, 1H), 3.80 (dd, J = 8.2, 4.8 Hz, 1H), 3.88-4.05 (m, 2H), 4.34 (d, J =
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13.5 Hz, 1H), 4.68 (d, J = 13.5 Hz, 1H), 4.82 (dd, J = 8.1, 8.1 Hz, 1H), 7.13-7.18 (m, 2H),
7.36-7.43 (m, 13H); *C NMR (CDCls, 300 MHz) § 42.0 (t), 53.5 (d), 56.2 (t), 61.4 (1),
125.2 (s), 128.7 (s), 128.9 (s), 129.7 (d), 129.8 (d), 129.9 (d), 130.1 (d), 130.8 (d), 131.2

(d), 131.6 (d). *H and **C NMR data of (S)-9ab are almost identical to those of (S)-9aa.

S
Neo Clo,

(S)-9ba
(S)-1,1-Dibenzyl-2-methylaziridinium perchlorate ((S)-9ba). The general procedure
was followed for the reaction of (R)-1b (40 mg, 0.13 mmol) and AgCIO, (130.2 mg, 0.63
mmol) in CDCl3 (0.8 mL) for 5 min. After completion of the reaction, silver bromide was
filtered, and the filtrate was evaporated and dried in vacuo. The residue was characterized
by 'H and **C NMR and optical rotation. *H NMR (CDCls, 300 MHz) 6 1.80 (d, J = 6.1
Hz, 3H), 3.21 (dd, J = 8.2, 3.7 Hz, 1H), 3.31 (dd, J = 7.4, 3.8 Hz, 1H), 3.54-3.61 (m, 1H),
4.18 (dd, J = 18.8, 13.9 Hz, 2H), 4.39 (dd, J = 13.7, 9.4 Hz, 2H), 7.22 (d, J = 6.4 Hz, 2H),
7.28-7.49 (m, 8H); *C NMR (CDCls, 300 MHz) J 11.9 (q), 43.0 (t), 47.9 (d), 56.3 (1),
61.1 (t), 128.1 (s), 129.1 (s), 129.6 (d), 129.7 (d), 130.1 (d), 130.2 (d), 130.6 (d), 131.0

(d). [a]®®p = + 17.2° (c = 1.3, CHCl5).

.
Ve CO

(R)-9ba
(R)-1,1-Dibenzyl-2-methylaziridinium perchlorate ((R)-9ba). The general procedure

was followed for the reaction of (S)-1b (40 mg, 0.13 mmol) and AgCIO, (130.2 mg, 0.63
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mmol) in CDClI; (0.8 mL) for 5 min. After completion of the reaction, silver bromide was
filtered, and the filtrate was evaporated and dried in vacuo. The residue was characterized
by *H and *C NMR and optical rotation. [a]*°p = — 19.4° (c = 0.93, CHCl3). 'H and *°C

NMR data of (R)-9ba are identical to those of (S)-9ba.

Ne ClO,

(S)-9ca
(2S)-1,1-Dibenzyl-2-propylaziridin-1-ium  perchlorate ((S)-9ca). The general
procedure was followed for the reaction of (R)-1c (30 mg, 0.088 mmol) and AgCIO, (89
mg, 0.43 mmol) in CDClI; (0.8 mL) for 5 min. After completion of the reaction, silver
bromide was filtered, and the filtrate was evaporated and dried in vacuo. The residue was
characterized by *H and **C NMR and optical rotation. ‘"H NMR (CDCls, 300 MHz) ¢
0.95 (t, J = 7.3 Hz, 3H), 1.47-1.54 (m, 2H), 1.87-1.92 (m, 1H), 2.17-2.24 (m, 1H), 3.26-
3.46 (m, 2H), 3.45-3.65 (m, 1H), 4.16 (dd, J = 13.8, 6.7 Hz, 2H), 4.41 (dd, J = 13.6, 10.8
Hz, 2H), 7.19-7.32 (m, 2H), 7.32-7.54 (m, 8H); *C NMR (CDCls;, 300 MHz) § 13.5 (q),
20.0 (t), 28.2 (t), 43.4 (t), 51.6 (d), 56.2 (t), 61.4 (t), 128.4 (s), 129.1 (s), 129.6 (d), 129.8

(d), 130.0 (d), 130.3 (d), 130.7 (d), 131.0 (d). [0]*°> = + 20.1° (c = 1.1, CHCl5).

L

z

W@ ClO,4

(R)-9ca
(2R)-1,1-Dibenzyl-2-propylaziridin-1-ium perchlorate ((R)-9ca). The general
procedure was followed for the reaction of (S)-1c (30 mg, 0.088 mmol) and AgCIlO, (89
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mg, 0.43 mmol) in CDCI; (0.8 mL) for 5 min. After completion of the reaction, silver
bromide was filtered, and the filtrate was evaporated and dried in vacuo. The residue was
characterized by *H and **C NMR and optical rotation. [¢]*°p = — 24.8° (c = 0.89, CHCIs).
'H and *C NMR data of (S)-9ca are almost identical to those of (S)-9ca.

Lewis acid-promoted debenzylation of $-amino bromide 10 (Scheme 3)

AIC,

Ts-N Br foluene Ts-N  Br
! reflux, 6h [

Bn
10 H 11

N-[(2S)-1-Bromopropan-2-yl]-4-methylbenzene-1-sulfonamide (12). To the
suspension of AICIl; (19.2 mg, 0.14 mmol) in toluene (1 mL), B-amino bromide 10 (25
mg, 0.065 mmol) in toluene (2 mL) was added dropwise over 15 min at 0 °C. The
resulting reaction mixture was gradually warm to room temperature over 2 h and then
was heated to reflux for 6 h. After the work-up, the residue was purified by column
chromatography on silica gel (60-230 mesh) with 15% ethyl acetate in hexanes to afford
11 (18.5 mg, 97.5%). *H NMR (CDCls, 300 MHz) § 1.17 (d, J = 6.6 Hz, 3H), 2.43 (s, 3H),
3.33-3.38 (M, 2H), 3.58-3.62 (m, 1H), 4.87 (d, J = 8.1 Hz, 1H), 7.32 (d, J = 8.3 Hz, 2H),
7.78 (d, J = 8.3 Hz, 2H); 3C NMR (CDCls, 300 MHz) 6 20.1 (q), 21.6 (q), 39.3 (t), 49.4
(d), 127.0 (d), 129.8 (d), 137.6 (s), 143.7 (s). [a]®> = — 33.6 (c = 0.8, CHCIls). HRMS
(ESI) Calcd for CyoH14BrNNaO,S [M + Na]® m/z 313.9821. Found: [M + Na]® m/z

313.9856.

> \ TsCl, EtgN > oH

HN OH ————> Ts-N
| CH2C|2 S |
Bn Bn

16 17
(2S)-N-Benzyl-1-hydroxy-S-(4-methylphenyl)propane-2-sulfonamido  (17).?> To a
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solution of 16" (120 mg, 0.73 mmol) and triethylamine (88.9 mg, 0.88 mmol) in CH,Cl,
(5 mL) at 0 °C was added tosyl chloride (152.5 mg, 0.8 mmol) portionwise in over 20
min. After the work-up, the residue was purified via chromatography on silica gel (60-
230 mesh) eluted with 30% ethyl acetate in hexanes to afford 17 (172.5 mg, 74%). 'H
NMR (CDCls, 300 MHz) § 0.91 (d, J = 6.9 Hz, 3H), 1.75 (t, J = 6.3 Hz, 1H), 2.44 (s, 3H),
3.27 (t, J = 6.3 Hz, 2H), 3.99-4.06 (m, 1H), 4.16 (d, J = 15.6 Hz, 1H), 4.67 (d, J = 15.6
Hz, 1H), 7.25-7.36 (m, 5H), 7.42 (d, J = 6.9 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H); **C NMR
(CDCls, 300 MHz) ¢ 14.1 (q), 21.6 (q), 47.5 (t), 56.0 (d), 64.8 (t), 127.1 (d), 127.8 (d),
127.9 (d), 128.8 (d), 129.8 (d), 137.7 (s), 138.1 (s), 143.5 (5).

[a]®5 = +33.5 (c = 0.6, CHCls).

—\ NBS, PPh, ) \

Ts-N OH CHCI Ts-ll\l Br
Bn Bn
17 10
N-Benzyl-N-[(2S)-1-bromopropan-2-yl]-4-methylbenzene-1-sulfonamide (10). To a
solution of 17*% (150 mg, 0.47 mmol) and PPh; (146.7 mg, 0.56 mmol) in CHCI; (5 mL)
was added NBS (100.4 mg, 0.56 mmol) portionwise at 0 °C over 20 min. The resulting
mixture was stirred for 4 h while being maintained at 0 °C. The ice bath was removed,
and the reaction mixture was warmed to room temperature and stirred for 2 d and
evaporated to dryness. The residue was purified via column chromatography on silica gel
(60-230 mesh) eluting with 5% ethyl acetate in hexanes to afford pure 10 (76.5 mg,
42.6%). *H NMR (CDCls, 300 MHz) ¢ 1.15 (d, J = 6.9Hz, 3H), 2.44 (s, 3H), 2.88 (t, J =
9.9 Hz, 1H), 3.30 (dd, J = 9.9, 5.4Hz, 1H), 4.10-4.14 (m, 1H), 4.18 (d, J = 15.6Hz, 1H),

4.62 (d, J = 15.6 Hz, 1H), 7.26-7.39 (m, 7H), 7.73 (d, J = 8.1 Hz, 2H); *C NMR (CDCls,

300 MHz) J 16.6 (q), 21.6 (q), 35.6 (t), 48.0 (t), 55.6 (d), 127.1 (d), 128.0 (d), 128.2 (d),
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128.7 (d), 129.8 (d), 137.6 (s), 137.7 (5), 143.5 (s). [0]*®5 = — 21.9° (c = 1.0, CHClI5).
HRMS (ESI) Calcd for Cy7H20BrNNaO,S [M + Na]* m/z 404.0290. Found: [M + Na]”
m/z 404.0320.

Synthesis of B-amino alcohols 8 (Scheme 2)

R

R2Br, K,CO4
RHN  OH CHLCN R1—|}1 OH
15 RZ 8
R!=H or CH,Ar R, R2= CH,Ar

General Procedure for synthesis of N,N-bisubstituted p-amino alcohols 8. To a
solution of 15 (1 equiv) and K,COs (2.2 equiv) in CH3CN (15 mL) at 0 °C was added
dropwise a solution of an alkylating agent (2.2 equiv) in CH3CN (5 mL) over 20 min. The
mixture was allowed to room temperature and stirred for 24 h and filtered. The filtrate
was subject to evaporation in vacuo, and the residue was purified via chromatography on

silica gel (60-230 mesh) eluted with 5-10% ethyl acetate in hexanes to afford pure 8.

Bn—ll\l OH
Bn

(S)-8a
(2S)-2-(Dibenzylamino)-2-phenylethan-1-ol ((S)-8a).* To a solution of (S)-15a (2 g,
14.6 mmol) and K,CO3 (4.2 g, 30.6 mmol) in CH3sCN (15 mL) at 0 °C was added
dropwise a solution of benzyl bromide (5.1 g, 29.9 mmol) in CH3CN (2 mL) over 20 min.
After the work-up, the residue was purified via chromatography on silica gel (60-230
mesh) eluted with 5% ethyl acetate in hexanes to afford (S)-8a (2.5 g, 54%).

[a]®p = + 136.9° (¢ = 1.0, CHCIs). *H NMR (CDCls, 300 MHz) ¢ 3.12 (br, 1H), 3.20 (d,
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J =13.2 Hz, 2H), 3.66-3.69 (m, 1H), 3.96-4.00 (m, 3H), 4.20 (dd, J = 10.5, 10.5 Hz, 1H),
7.32-7.47 (m, 15H); *C NMR (CDCls, 300 MHz) J 53.6 (t), 60.5 (t), 63.1 (d), 127.4 (d).

128.1 (d), 128.5 (d), 128.7 (d), 129.1 (d), 129.4 (d), 135.1 (s), 139.2 (s).

),

-

/\
Bn—l}l OH
Bn

(R)-8a
(2R)-2-(Dibenzylamino)-2-phenylethan-1-ol ((R)-8a).° To a solution of (R)-15a (1.58 g,
11.5 mmol) and K,CO3 (2.68 g, 25.3 mmol) in CH3CN (15 mL) at 0 °C was added
dropwise a solution of benzyl bromide ( 4.04 g, 29.9 mmol) in CH3CN (5 mL) over 20
min. After the work-up, the residue was purified via chromatography on silica gel (60-
230 mesh) eluted with 5% ethyl acetate in hexanes to afford (R)-13a (1.2 g, 32.9%).
[a]®p = — 128.6° (c = 1.0, CHCIs). *H and *C NMR data of (R)-8a are essentially

identical to (S)-8a.

Bn—l}l OH

Bn  (rac)-8a
2-(Dibenzylamino)-2-phenylethan-1-ol ((rac)-8a).° To a solution of (rac)-15a (700 mg,
5.1 mmol) and K,COs (1.55 g, 11.2 mmol) in CH3CN (2 mL) at 0 °C was added dropwise
a solution of benzyl bromide (1.74 g, 10.2 mmol) in CH3CN (3 mL) over 20 min. After
the work-up, the residue was purified via chromatography on silica gel (60-230 mesh)
eluted with 5% ethyl acetate in hexanes to afford (rac)-13a (911 mg, 56%). *H and **C

NMR are identical to those of (S)-8a.
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Bn—l}l OH
Bn

(S)-8b
(2S)-2-(Dibenzylamino)propan-1-ol ((S)-8b).2 To a solution of (S)-15b (2.5 g, 34 mmol)
and K,COj3 (5.64 g, 40.8 mmol) in CH3CN (15 mL) at 0 °C was added dropwise a
solution of benzyl bromide (6.98 g, 40.8 mmol) in CH3CN (5mL) over 20 min After the
work-up, the residue was purified via chromatography on silica gel (60-230 mesh) eluted
with 15% ethyl acetate in hexanes to afford (S)-8b (5.99 g, 69.1%).

[a]?®p = + 109.0° (¢ = 1.0, CHCIl3). *H NMR (CDCls, 300 MHz) § 1.01 (d, J = 6.6 Hz,
3H), 2.99-3.06 (m, 1H), 3.20 (br, 1H), 3.39 (d, J = 13.2 Hz, 3H), 3.50 (dd, J = 10.2, 10.2
Hz, 1H), 3.86 (d, J = 13.2 Hz, 2H), 7.28-7.34 (m, 10H); **C NMR (CDCls, 300 MHz) ¢

8.7 (q), 53.0 (1), 54.2 (d), 62.8 (t), 127.3 (d), 128.5 (d), 129.0 (d), 139.3 (s).

/N
Bn—l?l OH
Bn

(R)-8b
(2R)-2-(Dibenzylamino)propan-1-ol ((R)-8b)."° To a solution of (R)-15b (530 mg, 7.1
mmol) and K,COj3 (2.0 g, 15 mmol) in CH3CN (13 mL) at 0 °C was added dropwise a
solution of benzyl bromide (2.5 g, 14.6 mmol) in CH3CN (2 mL) over 20 min. After the
work-up, the residue was purified via chromatography on silica gel (60-230 mesh) eluted
with 15% ethyl acetate in hexanes to afford (R)-8b (1.6 g, 88.3%).

[a]®p = — 86.4° (¢ = 1.0, CHCI3). 'H and *C NMR data of (R)-8b are essentially

identical to those of (S)-8b.
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Bn—N  OH
Bn
(rac)-8b
2-(Dibenzylamino)propan-1-ol ((rac)-8b). To a solution of (rac)-15b (1.0 g, 13.3 mmol)
and K,CO3 (3.9 g, 27.9 mmol) in CHsCN (20 mL) at 0 °C was added dropwise a solution
of benzyl bromide (4.6 g, 27.3 mmol) in CH3CN (15 mL) over 20 min. After the work-up,
the residue was purified via chromatography on silica gel (60-230 mesh) eluted with 15%

ethyl acetate in hexanes to afford (rac)-8b (2.0 g, 60%). *H and **C NMR are essentially

identical to those of (S)-8b.

Bn—[l\l OH

BN 9)-8c

(2S)-2-(Dibenzylamino)pentan-1-ol ((S)-8c)."* To a solution of (S)-15c (45.6 mg, 0.44
mmol) and K,COs (135.24 mg, 0.98 mmol) in CH3CN (2 mL) at 0 °C was added
dropwise a solution of benzyl bromide (153.9 mg, 0.9 mmol) in CH3CN (1 mL) over 10
min. After the work-up, the residue was purified via chromatography on silica gel (60-
230 mesh) eluted with 15% ethyl acetate in hexanes to afford (S)-8c (99 mg, 80%).

[a]®p = +82.0° (c = 1.0, CHCl5). *H NMR (CDCls, 300 MHz) & 0.96 (t, J = 6.9 Hz, 3H),
1.19-1.38 (m, 3H), 1.69-1.74 (m, 1H), 2.80-2.83 (m, 1H), 3.23 (br, 1H), 3.40-3.53 (m,
4H), 3.84 (d, J = 13.2 Hz, 2H), 7.24-7.36 (m, 10 Hz); **C NMR (CDCl;, 300 MHz) &

14.5 (q), 20.4 (1), 27.2 (1), 53.2 (t), 58.7 (d), 60.9 (t), 127.4 (d), 128.5 (d), 129.1 (d), 139.4

(s).
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Bn—l}l OH

BN R)-8c
(2R)-2-(Dibenzylamino)pentan-1-ol ((R)-8c). To a solution of (R)-15¢ (197 mg, 1.9
mmol) and K,COj3 (554 mg, 4.0 mmol) in CH3CN (4 mL) at 0 °C was added dropwise a
solution of benzyl bromide (666 mg, 3.9 mmol) in CH3CN (2 mL) over 10 min. After the
work-up, the crude mixture was purified via chromatography on silica gel (60-230 mesh)
eluted with 15% ethyl acetate in hexanes to afford (R)-8c (490 mg, 91%).
[a]®p = — 82.7° (c = 1.0, CHCIs). *H and *C NMR data of (R)-8¢c are essentially

identical to those of (S)-8c.

Bn—lTl OH
Bn
(rac)-8c

2-(Dibenzylamino)pentan-1-ol ((rac)-8c). To a solution of (rac)-15c¢ (500 mg, 4.85
mmol) and K,COs (1.5 g, 10.7 mmol) in CH3zCN (6 mL) at 0 °C was added dropwise a
solution of benzyl bromide (1.66 g, 9.7 mmol) in CH3CN (4 mL) over 10 min. After the
work-up, the crude mixture was purified via chromatography on silica gel (60-230 mesh)
eluted with 15% ethyl acetate in hexanes to afford (rac)-8c (952 mg, 69.4%). *H and **C

NMR data of (rac)-8c are identical to those of (S)-8c.
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(S)-8d
(2S)-2-[Bis(naphthalen-2-ylmethyl)amino]propan-1-ol ((S)-8d). To a solution of (S)-
15d (288 mg, 3.8 mmol) and K,CO;3 (1.2 g, 8.4 mmol) in CH,Cl, (4 mL) at 0 °C was
added dropwise a solution of 2-bromomethyl naphthalene (1.68 g, 7.6 mmol) in CH,Cl;
(2 mL) over 20 min. After the work-up, the residue was purified via chromatography on
silica gel (60-230 mesh) eluted with 15% ethyl acetate in hexanes to afford (S)-8d (600
mg, 50%). [a]®p = — 48.0° (¢ = 1.0, CHCI3). '"H NMR (CDCls, 300 MHz) 6 1.07 (d, J =
6.6 Hz, 3H), 3.05-3.12 (m, 1H), 3.19 (br, 1H), 3.34-3.39 (m, 1H), 3.58 (d, J = 13.2 Hz,
2H), 4.03 (d, J = 13.2 Hz, 2H), 7.44-7.52 (m, 6H), 7.74 (s, 2H), 7.80-7.85 (m, 6H); **C
NMR (CDCls, 300 MHz) ¢ 8.8 (q), 53.2 (t), 54.2 (d), 62.8 (t), 125.8 (d), 126.1 (d), 127.0
(d), 127.6 (d), 127.8 (d), 127.9 (d), 128.5 (d), 132.8 (s), 133.3 (s), 136.8 (5). HRMS (ESI)

Calcd for C5H26NO [M + H]" m/z 356.2009. Found: [M + H]" m/z 356.2017.

(R)-8d
(2R)-2-[Bis(naphthalen-2-ylmethyl)amino]propan-1-ol ((R)-8d). To a solution of (R)-
15d (42 mg, 0.56 mmol) and K,COj3 (170 mg, 1.23 mmol) in CH3CN (1 mL) at 0 °C was

added dropwise a solution of 2-bromomethyl naphthalene (272 mg, 1.23 mmol) in
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CH3CN (1 mL) over 20 min. After the work-up, the residue was purified via
chromatography on silica gel (60-230 mesh) eluted with 15% ethyl acetate in hexanes to
afford (R)-8d (84 mg, 42%). [0]*° = + 41.8° (¢ = 1.0, CHCI5). 'H and **C NMR data of

(R)-8d are identical to those of (S)-8d.

o

2-[Bis(naphthalen-2-ylmethyl)amino]propan-1-ol ((rac)-8d). To a solution of (rac)-

(rac)-8d

15d (808 mg, 10.8 mmol) and K,COs (3.1 g, 22.6 mmol) in CH3CN (10 mL) at 0 °C was
added dropwise a solution of 2-bromomethyl naphthalene (4.88 g, 22.1 mmol) in CH3CN
(10 mL) over 20 min. After the work-up, the residue was purified via chromatography on
silica gel (60-230 mesh) eluted with 15% ethyl acetate in hexanes to afford (rac)-8d (1.7

g, 44.3%). 'H and *C NMR are identical to those of (S)-8d.

N
=93

(S)-8e

Br

(2S)-2-{Bis[(3-bromophenyl)methyl]lamino}propan-1-ol ((S)-8e). To a solution of (S)-
15e (207 mg, 2.8 mmol) and K,COs (800 mg, 5.8 mmol) in CH3CN (5 mL) at 0 °C was
added dropwise a solution of 3-bromobenzyl bromide (1.4 g, 5.7 mmol) in CH3CN (2 mL)

over 20 min. After the work-up, the residue was purified via chromatography on silica gel
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(60-230 mesh) eluted with 15% ethyl acetate in hexanes to afford (S)-8e (814 mg, 70%).
'H NMR (CDCls, 300 MHz) 6 0.99 (d, J = 6.6 Hz, 3H), 2.77 (br, 1H), 2.93-3.00 (m, 1H),
3.38 (d, J = 13.5 Hz, 2H), 3.46 (dd, J = 21.0, 10.8 Hz, 2H), 3.76 (d, J = 13.5 Hz, 2H),
7.16-7.24 (m, 4H), 7.36-7.40 (m, 4H); **C NMR (CDCls, 300 MHz) ¢ 9.0 (q), 52.8 (1),
54.9 (d), 62.9 (t), 122.6 (s), 127.5 (d), 130.2 (d), 130.5 (d), 132.0 (d), 141.5 (s).

[a]®> = + 43.8° (c = 1.0, CHCI3). HRMS (ESI) Calcd for C17H19Br,NO [M]" m/z

413.1469. Found: [M]* m/z 413.9880.

N OH

Br
(R)-8e

(2R)-2-{Bis[(3-bromophenyl)methyl]Jamino}propan-1-ol ((R)-8e). To a solution of
(R)-15e (41 mg, 0.55 mmol) and K,COs (166 mg, 1.2 mmol) in CHzCN (1 mL) at 0 °C
was added dropwise a solution of 3-bromobenzyl bromide (300 mg, 1.2 mmol) in CH;CN
(ImL) over 20 min. After the work-up, the residue was purified via chromatography on
silica gel (60-230 mesh) eluted with 5% ethyl acetate in hexanes to afford (R)-8e (100 mg,

44%).'H and *C NMR are identical to (S)-8e. [a]*° = — 41.2° (¢ = 1.0, CHCls).

"~

Br
(rac)-8e
2-{Bis[(3-bromophenyl)methyl]Jamino}propan-1-ol ((rac)-8e). To a solution of (rac)-

15e (219 mg, 2.9 mmol) and K,COj3 (846 mg, 6.1 mmol) in CH3CN (5 mL) at 0 °C was
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added dropwise a solution of 3-bromobenzyl bromide (1.49 g, 5.9 mmol) in CH3;CN (2
mL) over 20 min. After the work-up, the residue was purified via chromatography on
silica gel (60-230 mesh) eluted with 5% ethyl acetate in hexanes to afford (rac)-8e (740

mg, 61.8%). *H and **C NMR are identical to (S)-8e.

N OH
O N
(S)-8f
(2S)-2-[Benzyl(prop-2-en-1-yl)amino]-2-phenylethan-1-ol ((S)-8f). To a solution of
(S)-15f (250 mg, 1.1 mmol) and Na,CO3 (140 mg, 1.32 mmol) in CH3CN (6 mL) at 0 °C
was added dropwise a solution of allyl bromide (159.7 mg, 1.32 mmol) in CH3CN (2 mL)
over 20 min. After the work-up, the residue was purified via chromatography on silica gel
(60-230 mesh) eluted with 5% ethyl acetate in hexanes to afford (S)-8f (177.5 mg, 60%).
'H NMR (CDCls, 300 MHz) & 2.84(dd, J = 14.1, 8.4 Hz, 1H), 3.16(d, J = 13.8 Hz, 2H),
3.41-3.47 (m, 1H), 3.68 (dd, J = 9.0, 3.6 Hz, 1H), 3.97-4.16 (m, 3H), 5.22-5.30 (m, 2H),
5.86-5.91 (m, 1H), 7.27-7.47 (m, 10H);**C NMR (CDCl;, 300 MHz) & 52.6 (t), 53.6 (1),
60.6 (t), 63.5 (d), 118.1 (t), 127.3 (d), 128.0 (d), 128.4 (d), 128.6 (d), 128.8 (d), 128.9 (d),
129.2 (d), 135.6 (s), 136.5 (d), 139.3 (s). [a]*° = + 134.9 (c = 1.0, CHCIl3). HRMS (ESI)

Calcd for C1gH2,NO [M + H]* m/z 268.1696. Found: [M + H]" m/z 268.1710.

&,

-

VI
N_ OH

N
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(R)-8f
(2R)-2-[benzyl(prop-2-en-1-yl)amino]-2-phenylethan-1-ol ((R)-8f). To a stirred
solution of (R)-15f (250 mg, 1.10 mmol) in CH3CN (3 mL) was added K,COj3 (227.7 mg,
1.65 mmol) at 0 °C. Then the solution of allyl bromide (263.5 mg, 1.65 mmol) in CHsCN
(2 mL) at 0 °C was added dropwise. The reaction mixture was gradually warmed to RT
and stirred for 24 h while the reaction progress was continuously monitored using TLC.
The reaction mixture was filtered and concentrated in vacuo. The crude N-benzyl, N-
methyl amino alcohol was purified via column chromatography on silica gel (60-230
mesh) eluted with 10% Ethyl acetate in hexanes to afford pure diakylated amino alcohol
(184 mg, 62.5%). [0]*°o=—99.9 (c = 2.1, CHCl5).

'H and °C NMR data of (R)-8f are essentially identical to those of (S)-8f.

Bn—l}l OH
(S)-8g

CHs
(2S)-2-[benzyl(methyl)amino]-2-phenylethan-1-ol ((S)-8g).** To a stirred solution of
15g™ (250 mg, 1.10 mmol) in CHsCN (5 mL) was added Na,COj3 (140 mg, 1.32 mmol) at
0 °C. Then the solution of dimethyl sulfate (166.5 mg, 1.32 mmol) in CH3CN (3 mL) at 0
°C was added dropwise. The reaction mixture was gradually warmed to RT and stirred for
24 h while the reaction progress was continuously monitored using TLC. The reaction
mixture was filtered and concentrated in vacuo. The crude N-benzy, N-methyl amino
alcohol was purified via column chromatography on silica gel (60-230 mesh) eluted with

15% Ethyl acetate in hexanes to afford pure diakylated amino alcohol (154.4 mg, 60%).

'H NMR (CDCls, 300 MHz) § 2.18 (s, 3H), 3.27 (br, 1H), 3.40 (d, J = 13.2 Hz, 1H),
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3.65-3.76 (m, 2H), 3.90 (dd, J = 9.6, 5.1 Hz, 1H), 4.11 (dd, J = 9.9, 9.9 Hz, 1H), 7.28-
7.46 (m, 10H); **C NMR (CDCls, 300 MHz) ¢ 36.8 (q), 58.5 (t), 60.7 (t), 68.1 (d), 127.1

(d), 128.0 (d), 128.3 (d), 128.4 (d), 128.9 (d), 129.1 (d), 135.3 (s), 138.9 ().

Qj%

Bn—[?] OH
Bn

[a]*°5=+ 7.6 (c = 1.0 CHCIy).

8h

2-(Dibenzylamino)-5-phenylpentan-1-ol (8h). To a solution of 15h (200 mg, 1.1 mmol)
and K,CO3z (339 mg, 2.46 mmol) in CHsCN (4 mL) at 0 °C was added dropwise a
solution of benzyl bromide (420 mg, 2.5 mmol) in CH3CN (1 mL) over 20 min. After the
work-up, the residue was purified via chromatography on silica gel (60-230 mesh) eluted
with 5% ethyl acetate in hexanes to afford 8h (400 mg, 100%). ‘H NMR (CDCls, 300
MHz) 6 1.29-1.33 (m, 1H), 1.60-1.71 (m, 2H), 1.76-1.83 (m, 1H), 2.66 (dd, J = 7.5, 7.5
Hz, 2H), 2.84-2.88 (m, 1H), 3.44 (d, J = 13.5 Hz, 2H), 3.50-3.58 (m, 1H), 3.84 (d, J =
13.5 Hz, 2H), 7.20-7.37 (m, 15H); *C NMR (CDCls, 300 MHz) 6 24.7 (t), 28.8 (t), 36.1
(t), 53.3 (t), 59.1 (d), 61.0 (t), 126.0 (d), 127.3 (d), 128.4 (d), 128.5 (d), 128.6 (d), 128.8
(d), 129.1 (d), 139.3 (s), 142.0 (s). HRMS (ESI) Calcd for CysH3NO [M + H]" m/z

360.2322. Found: [M + H]" m/z 360.2350.
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'H and *C NMR spectra of THIQ analogues 5
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(R)-5¢
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'H and *C NMR spectra of THIQs 7
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'H and *C NMR spectra of substituted p-haloamines 1, 2, 3, 10, and 11
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'H and *C NMR spectra of Aziridinium ions 9
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'H and *C NMR spectra of f-amino alcohols 8
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1" 10 9 8 7 6 5 4 3 2 1 ppm

Il C

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Bn,N OH
8h

1" 10 9 8 ¥ 6 5 4 3 2 1 ppm

et iy oAy Ay ' i

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 o0 80 70 @60 50 40 30 20 10 ppm
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Chiral HPLC chromatograms of THIQ analogues 5

(J
CO

(R)-5a

(Table 1, entry 1, temp: 0 °C, 71% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 012113\002-0501.D)

mAU 7 % A
] &
800 s
500 — _ &Lv‘?‘b
400 — ?N?
200 |
] ‘l A R
01— A
2 2 6 8 10 12 % mir
Peak RetTime Type Width Lrea Height LArea
# [min] [min] [MAU*s ] [mAU] %
—— |- |- === | ———— - |- |-
1 2.321 MM 0.0775 1570.25269 337.68329 14.5012
2.953 MM 0.1511 9258.16797 1020.87604 85.4988

(Table 1, entry 2, temp: — 70 °C to — 20 °C, 79% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 020213-1\013-0601.D)

mAU § A
700 Tﬂ ‘éf'?'
500 \?;@""
500 |
0 sL
200 f&s‘
100 f
D S — g' - — — e : — R S
é 4|1- é E‘l 1ID 1‘2 1‘4 min
Peak RetTime Type Width LArea Height Area
# [min] [min] [MAU* s ] [mAU] %
R R R |~ | = | == |
1 2.541 MM 0.0785 728.53448 154.67%6c6c 10.4791
byl

.964 MM 0.1238 €223.72461 837.79950 89.5209

S77



(Table 1, entry 3, temp: — 20 °C, 70% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 012113-1\002-0101.D)
mAU o i

3503 & q"‘(ﬁ:
3003 ﬂ‘ @;g:
2507 \y
200% - QLQP‘P%
1503 8 5|
1004 T?s A
504 1N
04— _A;_JI \,_-‘ N I S _ — -
> ' 1 5 R I 12 %
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU* s ] [mAU] %
el e | == === | —————— | ——————- |-
1 2.337 MM 0.0995 ©45.95313 108.14835 15.2340
2 2.977 MM 0.1548 3594.26123 387.06531 84.7660
(Table 1, entry 4, temp: 0 °C, 63% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 012113-1\003-0201.D)
mAU é 0
fot
400 | &
&
300 5 5
200 “.\IRSZ | ‘l‘
00 (.
\l I"\ “ \\.JA'\,,_ _
O e — — — —_— —_ — — —
‘ ﬁ I 4‘1 é é WIO 1|2 1|4 min
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAU*s] [mAU] %
—— == | ——= == | —————— |- |- |
1 2.331 MM 0.0881 1059.87646¢ 200.44795 18.5803
2 2.985 MM 0.1521 4644.43115 508.86456¢ 81.4197
(Table 1, entry 5, temp: 0 °C, 61% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 012113-1\004-0301.D)
mAU*é % q?Q)
=) g
E R
300
2503 2 a'zsﬁ’%
200 ‘r“‘s ‘ l‘
I
1003 ( Lol
50 U
od — P B R A o o R .
- 2 L 5 3 10 12 14 min
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Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU* s ] [mAU] %
R R | = R I |
1 2.331 MM 0.0835 948.00537 189.20534 19.2935
2 3.011 MM 0.1506 3965.59424 438.929%96 80.7065

O

(R)-5b

(Table 1, entry 7, temp: 0 °C to reflux, 97.0% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 012413-3\017-0801.D)

mAU 2 )
B P
500 ‘.,9‘0
400 Tv‘e’ro
300+ |
2004 | P
100 '§0,$Lgo
03— _7_,-\,_‘\851.I \ _ DA -
|2 I zll I é I é 'IID 1‘2 II4 min
Peak RetTime Type Width Area Height Area
& [min] [min] [mAU*s ] [mAU] %
R N |~ |~ |~
1 2.107 MM 0.0856 44.58078 8.6732€0 1.4873
2 2.559 MM 0.0858 2952.93457 573.347€60 98

(Table 2, entry 2, FeBrs;, 83% ee)
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DAD1 C, Sig=230,16 Ref=360,100 (CYW 012113-1\005-0401.D)

mAU b ©
&
350 o
300 ﬂ)@q‘rrg\
250 H?S
200 3
150 2 rgTL'&
100 ;:’,q,g@"’" ‘,‘
50 S -
04— U AN W A . o . o
' R T ™
Peak RetTime Type Width Lrea Helight Area
T [min] [min] [mMAU*s ] [mAU] %
- | —— === | === | —————— |- |
1 2.345 MM 0.0849 342.76675 67.27968 8.3632
2 3.063 MM 0.1598 3755.74707 391.77582 91.6368
(Table 2, entry 3, InCl; 77% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 012113-1\006-0501.D)
mAU & pl
E %,@9
200—; HY@"’
150 S
100—E 3 4 ‘L“w
| W
50—: ‘I\I‘I ‘ “". -
o N~
2 3 & 8 10 12 I
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAU*s ] [mAU] %

] B | ———= | —m— - | —mm - e e
1 2.364 MM 0.0948 339.86703 59.76844 11.3544
2 3.129 MM 0.1674 2653.40283 264.24896 88.6456

(Table 2, entry 4, TiCly, 81% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 012413-31011-0201.D)

mAU U3
- b
] % 4%
100*: “Y@""
80 |
q i~
60 “{i\h
40 g ol
] o |
20 Wl
1 f v —
ol e J NN A N~ o - o v
——— .
2 4 5 8 10 12 14 min
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Peak RetTime Type Width LArea Height
¥ [min] [min] [MAU*s] [mMAU]

1 2.473 MM 0.0763 95.27595 20.81837

Area
%

9.5955

2 3.046 MM 0.1193 897.64337 125.40724 90.4045
(Table 2, entry 5, SnCl,, 81% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 020213-1\012-0501.D)
mAU '% ‘;\%
60 TP é\‘\'
50 | @
40 ||‘y3
30 ‘ Lt@"“
10 ‘\'WsT I“'\ e"'\‘\
0 - J \_/'I“\_J‘ A R A / ~_ -
é ‘ 4‘1 éi ‘ é 1|0 1‘2 1I4 mir
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAU*s ] [mAU] %
- e e | —————————- |-———————— - |
1 2.553 MM 0.0969 6l1.10302 10.51288 9.568¢6
2 3.007 MM 0.1459 577.47833 £5.94¢12 90.4314
Effect of catalyst on the synthesis of (S)-5b (Table 2)
CO
(S)-5b
(Table 2, entry 7, FeBr; 85% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 021613011-0501.D)
maU ] 2 o
E I &
] b
BOD—: éqff"
600 ‘
4004 ‘ &
] | N _‘??‘\‘
200 | b oF
] oo
o4 S B N N e _
> 4 6 5 10 2 4 mn
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Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s] [mAU] %
____| _______ |____ ___________________________________
1 2.120 MM 0.0635 4105.35010 1078.04407 92.3269
2 2.674 MM 0.0835 341.18890 £8.13349 7.6731

(Table 2, entry 8, InCl3 97% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 0205131003-0401.D)

mAU 2 Q@
g s
= ¥
300 ¥
250 ‘
200
150 | n;i‘?’
e
58 S A L\.,__f:'?s@_ . -
S T
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MATU*s ] [MAU] %
S R | == il I |
1 2.169 MM 0.07e7 206l.116d4e 447.71838 98.3620
2 2.868 MM 0.1734 34.32275 3.29979 1.6380

(R)-5a
(Table 3, entry 2, Benzene, 59% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 1103121012-0201.D)
mAU g o
70 oo &V
: A
50 5‘\&5@'2" | T“
40 I |
30 “‘ I
20 ‘|ﬂ| ‘I ‘
10 I
04— ./\/.‘ o . - e -
I 2 6 8 ' 10 o 4 min
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAT*5] [MAU] 3
=== l-—— | == |- | ——————— |
1 2.312 MM 0.1117 279.83545 41.76924 20.5402
2 3.020 MM 0.2266 1082.54529 79.62730 79,4598

(Table 3, entry 3, p-xylene, 69% ee)

DAL1T C, S1g=230,16 Ret=360,100 (CYW 012413-3\013-U501.D)

mAU el &

140 %7@?

120 ‘|$

100 (-

80 © %ﬁ

60 T o

40 ‘??s ‘ ‘l‘

20 |“‘. | I\‘ -

0 N _JI M o e e _T o e — R ,

é £|1 é g 1ID 1|2 1L1 mir
Peak RetTime Type Width Lrea Height Area
¥ [min] [min] [MAU* 3] [mAU] %

1 2.476 MM 0.0867 218.85783 42.08460 15.3329
2 3.043 MM 0.1224 1208.51392 1e4.55754 B84.6671

(Table 3, entry 4, (CH,Cl,),, 78% ee)

DAL C, 51g=230,16 Ret=360,100 (CYwW 081112 | ES1We3-U801.0)

mAU 2 "
175 3 % §§
150 4 e
125 |V‘ o
100 N
754 g4ﬁp
2 |
50 &l
253 A
1 J A N S — — — -
2 6 ) "o T T 2 T T T
Peak RetTimes Typs Width Lrea Height Lrea
£ [min] [min] [mRU*s] [mART] %
- | === ] = |- R |- |
1 2.534 MM 0.0B%2 184.01&39 34.385307 11.0738
2 3.005 mM 0.122%9 1477.705%84 200.4708% B88.59262

(Table 3, entry 5, CH,Cl,, 75% ee)
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DAD1 C, Sig=230,16 Ref=360,100 (CYW 012413-3\014-0601.D)
mAU - 2

?‘b
soo—f \‘ ,o.f\q:bb
600—: ‘Fa
] P
400 5 ,#\%
] < Q0|
200 T'é I
0_: ,,,,A,"“"\gl ‘I\\., ~ I S S R
N -
Peak RetTime Type Width Area Height Area
T [min] [min] [mAU*s ] [mAU] %
R R R | = R I |
i 2.4¢7 MM 0.0802 1013.35077 210.57399 12.2833
2 2.988 MM 0.1204 7236.47900 1002.09631 87.7167
(Table 3, entry 6, CHCI3; 62% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 012413-31015-0701.D)
mAU © W
B
500 | &
400 \v_“fo“’
300 § @“‘g"b
200 T\’@ ‘I
100 \‘\ ‘ ‘t
AN
04— e — —— — —
2 ] g 8 10 12 -
Peak RetTime Type Width Lrea Height Area
# [min] [min] [MAU*s ] [MAU] %
el EECEE | === | = |- - R el EEEE ST |
1 2.480 MM 0.0837 0988.05609 196.62846 18.8734
2 2.961 MM 0.1112 4247.11084 636.60175 81.1266

Solvent effect on the synthesis of (S)-5b (Table 3)

C
(S)-5b

(Table 3, entry 11, Benzene, >99% ee)
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DAD1 D, Sig=230,16 Ref=360,100 (CYW 062112\CYW F-C 2012-06-21 17-04-18\008-1001.D)

mAU ] ] o
E i
200 ‘?;"J@
150% |
100% “‘I
50 “.
0 N e N R
I S T S o 14 min
Peak RetTime Type Width Area Height Lrea
¥ [min] [min] [MAU*s ] [MAU] %
N |~ | | e |~ |~ |
1 2.343 MM 0.0867 1413.95300 271.96436 100.0000
(Table 3, entry 12, p-xylene, 98.3% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYVV 020213\002-0201.D)
mAUé "’
200% %
150—2 \
100 “
5o—§ ‘.‘
Ué’—n—w,_,,f_/\wJ ."\.,k,f_ - __,,/'/\,,,_ o o B
‘ 2 & T T T T T s 12 1 mie
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
el B | ——————- R | —m— - | - |
1 2.243 MM 0.0876 1465.42590 278.96753 99.1263
2 2,731 MM 0.0879 12.91653 2.4484¢6 0.8737

Table 4. Substrate scope

(Table 4, entry 1, 71% ee)

S85



DAD1 C, Sig=230,16 Ref=360,100 (CYW 0121131002-0501.D)

mAU 2 A

] i P
800 ﬁzg‘gp
600 \ﬁ}

] S
400 N
200£ “' ‘ I‘.

1 o,

.-

2 2 6 8 10 12 R

Peak RetTime Type Width LArea Height Area

# [min] [min] [MAU*3 ] [mAU] %

e | === | === R | -———mm - |-——————-
1 2.321 MM 0.0775 1570.25269 337.68329 14.5012
2 2.953 MM 0.1511 9258.16797 1020.87604 85.4988

O
CO

(S)-5a
(76% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 0121131004-0701.D)
mAU o b &>
1000 % 7@“’“'
bl &
800 |v5
6007; ‘ N
400—; ‘| R /\‘9@5’
200 | “. 8&&"‘
0l — S B N AN I .
3 T 6 8 10 12 1 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 2.311 MM 0.0771 5364.84180 1159.46667 88.0276
2 3.033 MM 0.1489 729.65656 8l.e7146 11.9724
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DAD1 D, Sig=230,16 Ref=360,100 (CYW 042713\CHISSO-DTPA-GA 2013-04-27 10-06-031011-1801.D)
mAU ;

350 i
3003 W‘
2503
200 ‘ |
150 ‘
1003 ‘ |

503 { I
0 E - ’““LJ L\' —t / S — = —

T i T T L i T T T L T T T T
2 4 6 8 10 12

0
tr = 2.5 min (S-isomer), 3.5 min (R-isomer)
e

(R)-5b

(Table 4, entry 2, 97.0% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 012413-31017-0801.D)

mAU 2 ©
500 $_,g;b\(?
400 ‘vs‘a’b'
300 ‘
200 ‘I‘
100 I\
o3 N PVANEE R I o
L Y S S -
Peak RetTime Type Width LArea Height Area
# [min] [min] [MAU*s ] [mAU] %
- === |-—————————- | -————————- | ———————-
1 2,107 MM 0.085¢6 44 .,58078 8.675¢60 1.4873
2 2.559 MM 0.0858 2952.93457 573.347e0 98.5127

(S)-5b

(96.9% ee)
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DAD1 C, Sig=230,16 Ref=360,100 (CYW 012413-31019-0901.D)

mAU & o

500 'e:;ﬁ:“"

400 ¥

300 |

2003 M

100 ‘I‘.“

o}+—- N S NP S e~ T— S - —
2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU* 5] [mAU] %

|- | - |- |- |- |
1 2.229 MM 0.0787 2844.25903 €02.23199 98.4300
2 2.629 MM 0.1652 45.36733 4.57738 1.5700

e

(rac)-5b
DAD1 C, Sig=230,16 Ref=360,100 (CYW 013013\005-0801.D)
mAU % E '@: R
i %\b‘ (;\
[ ¥
400 vsafbl?sdb
300 ‘ \
\
200 ‘| ‘|
Ll
100 I [
0 __ -— 7 \\,_,‘ l\k, o - /\,/\y _ ~ S S 7_,77/
T T T T T T T
2 4 6 8 10 12 14 mir

tr = 2.2 min (S-isomer), 2.7 min (R-isomer)

(R)-5¢

(Table 4, entry 3, >999% ee)
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DAD1 D, Sig=230,16 Ref=360,100 (CYW_F-C_021211\DEF_LC 2011-02-12 17-11-54\069-1301.D)

mAU ] ° N
Jenn g NG
o § e
1200 |‘?“
1000
800
600—; ‘
400—; ‘|
200 \
o+ N A —
S S "
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU* 5] [MATU] %
B | === | === |~ R R |
1 2.830 MM 0.0791 8331.21191 1755.75012 100.0000
CO 3
(S)-5¢
(>99% ee)
DAD1 D, Sig=230,16 Ref=360,100 (CYW 082112\CYW F-C 2012-086-21 17-04-18\018-2001.D)
mAU b i
QY
250 T o
200 vse'
150 ‘
100 ‘|
50 l‘,
e SO o E— -

é} é ‘ 4‘1 é Ell 1ID ‘I|2 ‘II4 min|
Peak RetTime Type Width Area Height Areag
T [min] [min] [(MAU*s] [mAU] %
e R |~ |~ |- |

1 2.231 MM 0.0638 1171.26965 306.17804 100.0000

L)

(rac)-5¢
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DAD1 D, Sig=230,16 Ref=360,100 (CYW 042713\CHISSO-DTPA-GA 2013-04-27 10-06-03\008-1501.D)
mAU 8

1 T3
250 Tr“"{‘
200 \
150 ‘|
100 H “I

50 ||‘.

o}

T T T T T T T T T T T T T T T T
0 2 4 6

(Table 4, entry 4, >99% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 020113-11002-0901.D)
mAU 3
300 f
2503 '
200 .
150 3 [
100 [
50 |
e —

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

1 6.005 BB 0.2642 ©493.06250 350.36359 100.0000

(>99% ee)
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DAD1 C, Sig=230,16 Ref=360,100 (CYW 020113-1\003-1001.D)

mAU ] 2 A

500 ﬁ bb'brb'
400 ! ‘;‘I@v

] [
300 [
200 — I \
100 — J‘.‘I \\\,_

04 — — —_— —
2 J 6 5 10 R 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

Chiral HPLC of a mixture of (R)-5d and (S)-5d (co-injection of the R and S isomer)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 020113-1\004-0801.D)

mAU 3
1603
1203 \
100
80
80
40
20 J )

e :

6743

tr = 6.1 min (R-isomer), 6.7 min (S-isomer)

(R)-5e

Br

(Table 4, entry 5, 78% ee)

DAD1 D. Sig=230,15 Ref=360,100 (CYW_F-C 042812\DEF_LC 2012-04-28 14-04-55\022-1801.D)
mAU S
140 I
120 |
100 \
|
60 /|
2l
20 3\
o . I AN —
o 5 T4 TG 8 10 ‘ 12 4 mi
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Peak RetTime Type Width LArea Height Area

# [min] [min] [MAU*s ] [mAU] %
-— |- |-——= - | -—————————= |- -
1 4,516 BV 0.1286 138.01517 15.40079 11.0906
2 4,724 VB 0.10e3 1106.4212¢ 156.92093 88.9094
Br :
(S)-5e
(86% ee)
DAD1 D, Sig=230,16 Ref=360,100 (CYW_F-C 042812\DEF_LC 2012-04-28 14-04-55\021-1701.D)
mAU 2
100 %
80 |
f
0 |
] \
] lie
207 R
0 e PN oo o
N e
Peak RetTime Type Width Lrea Height Area
# [min] [min] (mAU* 5 | [mAU] %
e | === |- R | == | m -
1 4.535 BV 0.1013 758.66046 114.55817 93.0818
2 4.746 VB 0.1052 56.38680 7.72517 ©.9182

Chiral HPLC of a mixture of (R)-5e and (S)-5e (co-injection of the R and S isomer)

DAD1 D, Sig=230,16 Ref=360,100 (CYW_F-C 042812\DEF_LC 2012-04-28 14-04-55\023-1601.D)
mAU 3 o
70 g
603 N
50 ‘|
40 |
30 \
203 |
10 A
o ~ JI\ - -
04— — N S N . i S .
0 2 4 6 8 10 12 14 mir

tr = 4.5 min (S-isomer), 4.7 min (R-isomer)
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(Table 4, entry 6, 18.6% ee)

DAD1 C, Sig=230,16 Ref=360,100 (CYW 091512-1\062-1301.D)

mAU 3 A
4 %

300 % {&{bq)’l«

250 I‘YSQ

200 |‘ ,;?Cb

150 ‘ I‘u % {;Prg‘b

100 ‘ “".‘. -

50 ‘ '\ ‘.‘" \

0 o . I S | 4 e—— o o

> i e 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [MAT] %

1 3.639 MM 0.1933 3925.22437 338.47012 59.2772
2 4.567 MM 0.5493 2696.58545 81.82365 40.7228

(S)-5f
(46.9% ee)
DAD1 C, Sig=230,16 Ref=360,100 (CYW 091512-11063-1401.D)
mAU 1 St A
] < Cel B
E ] \ \‘@'\
| L '& ‘ ‘ﬂéfr‘
40 | &
] Ll
30 | [
] A
20 \ \
:\ ] | \ ‘l \\
A
LR L N .
0 1 - A A —
[ T I [ | T T T T
2 4 6 8 10 12 14 min
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Peak RetTime Type Width Area Height Area

# [min] [min] [MAU*s ] [mAU] %
I B | == | - | - | ==
1 3.834 MM 0.2555 586.58435 38.26030 Z26.5629
2 4.601 MM 0.5578 16€21.70105 43.45588 73.4371

(R)-59
(Table 4, entry 7, 2.1% ee)

DAD1 D, Sig=230,16 Ref=360,100 (DEF_LC 2011-04-23 17-32-22\015-0301.D)

E © g
mAU E ﬁ %; ’\q;b:mqu
4003 ‘ é_u'; »
3003 | |v8+43$“
il
100 RIA
E e N _ -
T L Y N Y
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* s ] [mAU] %

el B R | == mm oo | = mm - | ———m— - |
1 2.923 MM 0.1323 4172.33887 525.67554 48,9447
2 3.226 MM 0.1449 4352,25195 500.44461 51.0553
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