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(25*6S*-Phenyl 2-methyl-4-oxo0-6-phenylpiperidine-1-carboxylate (4).

A mixture of dihydropyridone 3 (5.0 g, 7.0 mmol) and CuBr-Me,;S (7.0 g 34.1
mmol) was stirred at rt in THF (25 mL, 0.14 M) for 30 minutes. The solution was
cooled to -78 °C, BF3OEt, (4.32 mL, 34.1 mmol) was added dropwise, and
stirring was continued for 45 min. A 3.0 M solution of MeMgBr (11.4 mL, 34.08
mmol) in diethyl ether was added drop wise at -78 °C over a period of 2 h. After
the addition was complete, the solution was allowed to stir at -78 °C for 9 h and
then quenched with 1/1 saturated NH4Cl/25% NH4OH solution. The crude
reaction mixture was extracted with Et,O (3 x 70 mL). The combined organic
extracts were washed with portions of HO (2 x 30 mL) and brine (30 mL), dried
over MgSQ;, filtered, and concentrated under reduced pressure. The crude oil
was purified by radial PLC (5-30% EtOAc/hexanes) to give 3.28 g (62%) of the
major isomer and 0.89 g (17%) of the impure minor isomer. The major isomer 4
was isolated as a clear oil: '"H NMR (CDCls, 300 MHz) & 1.24 (d, 3H, J = 6.9 Hz),
2.39 (dd, 1H, J =5.7, 16.8 Hz), 2.74 (dd, 1H, J = 6.6, 16.5 Hz), 2.91 (dd, 1H, J =
6.6, 17.1 Hz), 3.16 (dd, 1H, J = 4.8, 17.1 Hz), 4.81 (septet, 1H, J = 6.6 Hz), 5.8 (t,
1H, J = 5.6 Hz), 7.05 (d, 2H, J = 7.8 Hz), 7.12-7.43 (m, 8H): >*C NMR (CDCl;,
100 MHz) § 23.0, 43.7, 45.7, 49.2, 54.8, 121.9, 125.8, 126.4, 127.8, 129.1, 129.6,

142.2, 151.4, 154.9, 207.4; IR (neat) 751, 948, 1029, 1074, 1163, 1206, 1270,



1323, 1337, 1353, 1393, 1454, 1495, 1594, 1714, 2916, 1974, 3032, 3063 cm;

HRMS calcd for C1gH1gNO3 (M+H)": 310.1443, found 310.1458.

(2S*4R*6S%-1,2-Dimethyl-6-(S)-phenylpiperidin-4-ol (5). To compound 4
(608 mg, 1.97 mmol) in THF (50 mL) was added portion wise LiAlIH4 (443 mg,
11.82 mmol). The reaction flask was fitted with a reflux condenser, and the
mixture was refluxed for 6 h and monitored by TLC to observe the disappearance
of starting material. Once complete, the reaction was cooled to 0 °C and 0.68 mL
of water was added slowly drop wise, followed by the addition of 1.35 mL of
aqueous 25% NaOH solution. Celite (13 g) was added and the mixture was
allowed to warm to rt. After stirring for 1.5 h, the slurry was filtered through a pad
of Celite, and the filtrate was concentrated under reduced pressure. The crude
product was purified by radial PLC (CH2Cl,/MeOH, 4:1 (v/v)) to give 296 mg
(73%) of 5 as a white solid, mp 82-84 °C; "H NMR (CDCls, 300 MHz) & 1.77 (d,
3H, J =4 Hz), 1.52 (q, 1H, J = 16.8 Hz), 1.62 (q, 1H, J = 16.4 Hz), 1.95 (s, 3H),
1.92-1.99 (m, 2H), 2.12-2.19 (m, 1H), 2.24 (br s, 1H), 7.20-7.3 (m, 5H); "°C NMR
(CDCls, 75 MHz) 6 21.6, 39.9, 44.2, 45.3, 58.3, 68.6, 69.3, 127.3, 127.7, 128.7,
144.7; IR (neat) 700, 757, 820, 967, 1026, 1085, 1138, 1178, 1232, 1304, 1372,
1453, 1493, 2777, 2845, 2936, 2970, 3334 cm™; HRMS: (M+H)" calcd for

C13H1gNO, 206.1545; found 206.1536.



(2S*4R*6S*-4-(tert-Butyldimethylsilyloxy)-1,2-dimethyl-6-phenylpiperidine
(6). To a solution of 5 (983 mg, 4.78 mmol) in 90 mL of CH2Cl, was added
imidazole (16.3 mg, 0.24 mmol), TEA (704 mg, 5.6 mmol), and TBSCI (2.17 g,
14.4 mmol). The mixture was allowed to stir at rt for 18 h. The reaction mixture
was quenched with saturated NaHCO3 (10 mL) and extracted with CH,Cl, (3 x 60
mL). The extracts were combined, washed with H,O (50 mL) and brine (2 x 50
mL), dried over MgSQ,, filtered and concentrated under reduced pressure. The
crude oil was purified by radial PLC (30% EtOAc/hexanes) to give 1.2 g (78%) of
6 as a clear oil. '"H NMR (CDCls, 300 MHz) & 0.05 (d, 6H, J = 7.5 Hz), 0.87 (s,
9H), 1.18 (d, 3H, J = 6.3 Hz), 1.53 (quart, 1H, J = 11.7 Hz), 1.70 (quart, 1H, J =
11.1 Hz), 1.87 (m, 2H), 1.90 (s, 3H), 2.11-2.17 (m, 1H), 2.95 (dd, 1H, J = 3, 12
Hz), 3.66-3.76 (m, 1H), 7.20-7.36 (m, 5H); °C NMR (CDCls, 75 MHz) & -4.13,
18.3, 21.7, 261, 40.1, 44.8, 45.8, 58.4, 69.5, 127.2, 127.8, 128.7, 145.1; IR
(neat) 806, 957, 1005, 1054, 1103, 1254, 1360, 1379, 1457, 1469, 1603, 1650,
1746, 2671, 2778, 2858, 2888, 2934, 2935, 3029, 3064, 3423 cm™; HRMS: (M +

H)* calcd for formula +H, C1gH13NOSi (M+H)" 320.2410; found, 320.2413.
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(2S*4R* 6R*)-6-Bromo-4-(tert-butyldimethylsilyloxy)-N-isocyano-N-methyl-6-
phenylhexan-2-amine (7). To piperidine 6 (120 mg, 0.38 mmol) in CH.Cl, (8 mL)
was added BrCN (0.63 mL, 1.8 mmol, 3.0 M in CH2Cl,), and the solution was
warmed to reflux. The reaction progress was monitored by TLC analysis. After 3
h, the reaction was cooled and concentrated under reduced pressure to give a
light yellow solid. The crude solid was recrystallized from hexanes to give 7 (158
mg, 98%) as a white crystalline solid, mp 94 °C; '"H NMR (CDCls, 300 MHz) & 0.1
(s, BH), 0.9 (s, 9H), 1.21 (d, 3H, J=8.8 Hz), 1.53 (m, 1H), 1.89 (m, 1H), 2.17 (m,
1H), 2.56 (m, 1H), 5.03 (dd, 1H, J = 5.1, 9.6 Hz), 7.26-7.40 (m, 5H); °C NMR
(CDCls, 75 MHz) & -4.2, -3.7, 18.2, 36.9, 41.9, 47.7, 51.1, 54,5, 68.2, 117.3,
127.4, 128.8, 129.1, 142.1; IR (neat) 720, 836, 906, 925, 1005, 1071, 1158,
1253, 1298, 1361, 1388, 1457, 1472, 1496, 1508, 1560, 1655, 1685, 2209, 2362,
2857, 2896, 2930, 2954, 3032 cm™”: HRMS: (M+H)" calcd for CyH33BrN2OSi:

425.1624; found, 425.1629.

(1S*3R*5S*)-3-(tert-Butyldimethylsilyloxy)-5-(isocyano(methyl)amino)-1-

phenylhexyl benzoate (8). To bromide 7 (16 mg, 0.04 mmol) in 0.5 mL of



DMPU was added sodium benzoate (7 mg, 0.05 mmol). The reaction mixture
was stirred at rt for 22 h, then 2 mL of brine and 2 mL of Et,O were added. The
layers were separated, and the aqueous layer was extracted with Et;O (3 X 3
mL). The combined organic extracts were washed with H,O (2 X 3 mL) and brine
(1 X3 mL), dried over MgS Oy, filtered and concentrated under reduced pressure.
The crude product was purified by radial PLC (100% hexanes-60%-
hexanes/EtOAc) to give 8 (13 mg, 77%) as a clear oil. "H NMR (CDCls, 300 MHz)
d -0.01 (d, 6H, J = 6 Hz), 0.89 (s, 9H), 1.24 (d, 3H, J = 6.6 Hz), 1.62 (m, 1H),
1.91(m, 1H), 2.04 (m, 1H), 2.24 (m, 1H), 2.24 (m, 1H), 2.76 (s, 3H), 3.12 (m, 1H),
3.88 (m, 1H), 5.99 (dd, 1H, J = 6.3, 1.8 Hz), 7.29-7.58 (m, 8H), 8.06 (dd, 2H, J =
0.6, 7.2 Hz), 3C NMR (CDCls, 75 MHz) 6 -4.2, 18.3, 26.1, 37.7, 42.8, 45.3, 54.6,
66.3, 741, 117.3, 126.7, 128.4, 128.6, 128.9, 129.8, 130.5, 133.3, 140.8, 165.9;
IR (neat) 715, 774, 834, 1070, 1110, 1270, 1451, 1645, 1716, (bs) 2103, 2208,

3515 cm™; HRMS: (M+H)" calcd for C27H3gN203Si, 467.2730; found, 467.2745
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(2S*4R*6S*)-6-Azido-4-(tert-butyldimethylsilyloxy)-N-isocyano-N-methyl-6-
phenylhexan-2-amine (9). Bromide 7 (81 mg, 0.19 mmol) was stirred in 3 mL of
freshly distilled DMSO with NaN3 (62 mg, 0.95 mmol) at room temperature for 17

h. Brine was added (3 mL), the layers were separated, and the aqueous layer



was extracted with Et,0 (3 X 3 mL). The combined organic extracts were washed
with H,O (3 X 3 mL) and brine (1 X 3 mL), dried over MgSQy, filtered, and
concentrated under reduced pressure. The crude product was purified by radial
PLC (100% hexanes-50%-hexanes/EtOAc) to give 68 mg of 9 (93%) as a clear
oil. "H NMR (CDCls, 300 MHz) & 0.06 (d, 6H, J = 20 Hz), 0.9 (s, 9H), 1.22 (dd,
3H, J = 6.8 2.0 Hz), 1.56 (m, 1H), 1.84 (m, 1H), 2.77 (s, 3H), 3.02 (m,1H), 3.85
(m, 1H), 4.59 (m, 1H), 7.32-7.41 (m, 5H): °C NMR (CDCls, 75 MHz) 6 -4.1, 18.2,
26.1, 37.3, 42.9, 44.7, 546, 62.9, 666, 117.3, 127.2, 128.7, 129.2, 139.8; IR
(neat) 702, 775, 836, 1252, 2096, 2360, 2857, 2930, 2953 cm™; HRMS: (M+H)*

calcd for CooHa3NsOSi: 388.2533; found, 388.2541.

tert-Butyl-(1S,3S,5S)-3-(tert-butyldimethylsilyloxy)-5-

(isocyano(methyl)amino)-1-phenylhexylcarbamate (10). To azide 9 (45 mg,
0.12 mmol) in 3 mL of EtOAc was added Pearlman’s catalyst (Pd(OH).) (7 mg,
0.05 mmol) and Boc,0 (31 mg, 0.14 mmol). The suspension was placed under a
balloon atmosphere of hydrogen gas. The mixture was stirred at rt for 15 h,
filtered through a Celite pad, and concentrated to give a yellow oil. Purification by
radial PLC gave 10 (51 mg, 96%) as a white solid, mp 84 °C; '"H NMR (CDCl,

300 MHz) & 0.05 (d, 6H, J = 19.8 Hz); 0.92 (s, 9H); 1.21 (d, 3H, J = 6.3 Hz); 1.39



(s, 9H); 1.66 (m, 1H): 1.88 (m, 3H); 2.77 (s, 3H): 3.09 (bs, 1H); 3.82 (bs, 1H);
4.66 (bs, 1H): 5.50 (bs, 1H): 7.26-7.36 (m, 5H); '*C NMR (CDCls, 75 MHz) & -4.8,

-3.9, 18.2, 26.2, 28.6, 37.0, 41.5, 446, 546, 67.0, 117.3, 126.3, 127.5, 128.9,

204.4 ; IR (neat) 836, 1170, 1365, 1701, 2209, 2360, 2857, 2934, 2961 Cm-1;

HRMS: (M+H)" calcd for 462.3152; found, 462.3128.

(2S*,3R*)-Phenyl 3-methyl-4-oxo-2-phenyl-3,4-dihydropyridine-1(2H)-
carboxylate (11). A solution of dihydropyridone 3 (2.2 g, 7.48 mmol) in 100 mL
of freshly distilled THF was cooled to -78 °C. Drop wise addition of a THF
solution of LIHMDS (1.0 M, 8.23 mL, 8.23 mmol) was performed at -78 °C. The
reaction was stirred at -78 °C for 30 min. lodomethane (1.4 mL, 22.4 mmol) was
added in one portion and then the reaction mixture was allowed to warm to -23
°C and stirred for 8 h. The reaction was quenched with 30 mL of brine and
allowed to warm to rt. The aqueous layer was extracted with Et,O (3 X 50 mL).
The combined organic extracts were washed with H,O (2 X 25 mL) and brine (1
X 25 mL), dried over MgSQO4 and concentrated to give a crude yellow oil which
was purified using a Biotage purification system (silica gel, hexanes/ EtOAc, 7/3)

to give compound 11 as a yellow oil (2.3 g, 99%). '"H NMR (CDCls, 300 MHz) &



1.47 (d, 3H, J = 7.2 Hz), 2.87 (q, 1H, J = 7.2 Hz), 5.43 (d, 1H, J = 4.2 Hz), 5.51
(s, 1H), 7.07 (d, 2H, J = 2.8 Hz), 7.25-7.39 (m, 8H), 8.07 (dd, 1H, J = 1.2 Hz, J =
8.4 Hz); *C NMR (CDCls, 100 MHz) 6 18.7, 46.5, 63.22, 107.2, 121.5, 126.3,
126.7, 128.4, 129.0, 129.2, 129.8, 138.4, 141.3, 150.6, 196.7; IR (neat) 735, 905,
1198, 1265, 1329, 1611, 1677, 1743, 2975, 3065 cm™; HRMS: (M+H)" calcd for

C19H17NO3, 308.1287; found, 308.1296.
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(2S*3R*6S*-Phenyl 3,6-dimethyl-4-oxo-2-phenylpiperidine-1-carboxylate
(12). A mixture of dihydropyridone 11 (3.93 g, 12.8 mmol) and CuBr-Me,S (5.26
g, 265.6 mmol) in 300 mL of dry THF was stirred at rt for 30 min. The solution
was cooled to -78 °C and BF3-OEt, (2.06 g, 14.5 mmol) was added drop wise.
After stirring for an additional 30 min at this temperature, a THF solution of
MeMgBr (8.5 mL, 25.6 mmol) was added drop wise over 1 h via syringe pump.
The mixture was allowed to stir at -78 °C for 7 h upon which it was deemed by
TLC analysis that the reaction was complete. The reaction mixture was
quenched with 1/1 saturated NH4CI/25%NH4OH solution (75 mL) and allowed to
warm to room temperature. The aqueous layer was extracted with Et,O (3 X 250
mL). The organic layers were combined, washed with water (2 X 150 mL) and

brine (150 mL), dried over MgSQO4 and concentrated. The yellow oil was purified



by radial PLC (hexanes/EtOAc) to give 12 (2.96 g, 72%) as a clear oil. '"H NMR
(CDCl3, 300 MHz) & 1.25 (d, 3H, J = 6.6 Hz), 1.39 (d, 3H, J = 6.9 Hz), 2.34 (dd,
1H, J =6.3 Hz, J = 17.4 Hz), 2.75 (dd, 1H, J = 6.9 Hz, J = 17.4 Hz), 3.19 (quin,
1H, J = 7.2 Hz), 4.72 (sextet, 1H, J = 6.6 Hz), 5.37 (d, 1H, J = 5.7 Hz), 6.95 (d,
2H, J=7.8Hz), 7.2 (t, 1H, J = 0.9 Hz), 7.27-7.43 (m, 7H); °C NMR (CDCls, 75
MHz) & 15, 23.3, 44.3, 46.1, 486, 61.7, 121.8, 125.7, 127, 127.8, 129, 130, 142,
151; IR (neat) 1204, 1332, 1392, 1712, 2878, 2935, 2974 cm-1; HRMS: (M+H)"

caled for CooH21NO3, 324.1600; found, 324.1624.

\605/
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(258*%3S*5R*6S*-Phenyl 2,3,5-trimethyl-4-oxo-6-phenylpiperidine-1-
carboxylate (13). Substituted piperidone 12 (1.4 g, 4.3 mmol) was dissolved in
150 mL of dry THF and then cooled to —78 °C. LIHMDS (1.0 M in THF, 4.75 mL,
4.75 mmol) was added drop wise. After 30 min, 20 mL of freshly distilled HMPA
was added followed by Mel (1.83 g, 12.9 mmol). The reaction mixture was slowly
warmed to rt, allowed to stir for 18 h, and then 100 mL of H,O was added. The
aqueous layer was extracted with Et;O (3 X 125 mL). The combined organic
extracts were washed with H,O (2 X 100 mL) and brine (100 mL), dried over
MgSOQy, filtered, and concentrated under reduced pressure. The crude product
was purified using a Biotage column (silica gel, 8/2, hexanes/EtOAc) to give 966

mg (67%) of 13 as a clear oil. "H NMR (CDCls, 300 MHz) 6 1.18 (d, 3H, J=6.6



Hz), 1.23 (d, 3H, J = 7.2 Hz), 1.49 (d, 3H, 6.6), 2.45 (quint, 1H, J = 6.6 Hz), 4.26
(quint, 1H, J = 6.6 Hz), 5.33 (d, 1H, J = 5.4 Hz), 6.95 (d, 2H, J = 7.8 Hz), 7.18-
7.44 (m, 8H): °C NMR (CDCls, 75 MHz) 6 14.4, 14.9, 22.6, 45.5, 47.7, 55.2,
61.6, 112.1, 121.8, 125.7, 127.0, 127.8, 128.9, 129.2, 141.8, 151.3, 155.3, 204.9,
211.5; IR (neat) 738, 989, 1205, 1326, 1455, 1494, 1712, 2879, 2979 cm™;

HRMS: (M+H)" calcd for C21H23NOs, 338.1756; found, 338.1776.
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(28*%3S*4S*5R*6S*-Phenyl 4-hydroxy-2,3,5-trimethyl-6-phenylpiperidine-
1-carboxylate (14). A solution of piperidinone 13 (535 mg, 1.56 mmol) in dry
THF (50 mL) was cooled to -78 °C and then L-Selectride (3.12 mL, 3.12 mmol)
was added drop wise. The mixture was stirred for 10 h at -78 °C, quenched with
saturated aqueous NH4CI (25 mL), and allowed to warm to room temperature.
The crude mixture was extracted with Et,O (3 X 35 mL). The combined organic
extracts were washed with water (2 X 25 mL) and brine (1 x 30 mL), dried over
MgSO4, and concentrated to give an oil. Purification by column chromatography
(silica gel, EtOAc/hexanes) gave 31 mg (74%) of 14 as a yellow oil. '"H NMR
(CDCl3, 300 MHz) & 1.11 (d, 3H, J =6.9 Hz), 1.22 (d, 3H, J =6.9 Hz), 1.45 (d,
3H, J=6.6 Hz), 1.79 (m, 1H), 2.06 (m, 1H), 3.74 (m, 1H), 3.99 (m, 1H), 4.80 (d,
1H, J = 9.6 Hz), 6.84 (d, 2H, J = 7.2 Hz), 7.08 (m, 1H, ), 7.22-7.41 (m, 7H); '°C

NMR (CDCls, 75 MHz) & 17.1, 17.7, 23.3, 40.9, 42.6, 53.4, 61.5, 72.9, 122.0,



125.2,127.1, 128.1, 128.4, 129.3, 143.5; IR (neat) 750, 1207, 1346, 1695, 2879,
2932, 2968, 3464 cm™: HRMS: (M+H)" calcd for C1HsNOs 340.1913; found,

340.1925.

YOHT
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(25*3S*45*5R*6S%-1,2,3,5-Tetramethyl-6-phenylpiperidin-4-ol (15). To
piperidinol 14 (135 mg, 0.40 mmol) in 13 mL of dry THF was added LiAlH (45
mg, 1.2 mmol) portion wise under an atmosphere of argon. The mixture was
brought to a gentle reflux and stirred for 6 h, cooled to 0 °C, and slowly quenched
with a 1 M solution of NaOH (0.6 mL). Celite was added (1 g) and the cloudy
gray suspension was allowed to warm to rt and stirred for 1.5 h. The mixture was
filtered through a pad of Celite, and the solids were washed with hot THF. The
fitrate was concentrated to give a crude white solid which was triturated with
CH2Cl; and filtered through Celite. Concentration gave pure 15 (91.5 mg, 98%)
as a white solid, mp 77-78 °C: 'H NMR (CDCls, 300 MHz) 6 0.623 (d, 3H, J=7.2
Hz), 1.07 (d, 3H, J=6.9 Hz), 1.15 (d, 3H, J = 6.6 Hz), 1.43 (s, 1H), 1.75 (m, 1H),
1.92 (m, 1H), 1.99 (s, 3H), 2.28 (m, 1H), 3.07 (d, 1H, J = 10.5 Hz), 3.66 (s, 1H),
7.17-7.30 (m, 5H); *C NMR (CDCls, 75 MHz) 0.2, 16.1, 16.7, 18.1, 40.9, 41.9,

42.5, 59.2, 75.2, 122.0, 127.1, 128.5, 150.1; IR (neat) 735, 966, 1453, 1603,



2781, 2876, 2930, 2961, 3416 cm’; HRMS: (M+H)" calcd for C4sHxsNO,

234.1858; found, 234.1864.

OH Br

N-((25*3S*4S*5S*6R*-6-Bromo-4-hydroxy-3,5-dimethyl-6-phenylhexan-2-
yl)-N-methylcyanamide (16). To 15 (93 mg, 0.4 mmol) in 10 mL of CHxCl, was
added BrCN (0.67 mL, 2.0 mmol), and the reaction was stirred at rt for 3 h. The
reaction was concentrated and the residue purified by radial PLC (silica gel,
EtOAc/hexanes) to give 91 mg (67%) of compound 16 as a clear oil. '"H NMR
(CDCls, 300 MHz) & 1.02 (m, 6H), 1.25 (d, 3H, J = 6.9 Hz), 1.97 (m, 2H), 2.49
(bs,1H), 2.78 (s, 3H), 3.20 (m, 1H), 3.5 (bs, 1H), 5.62 (d, 1H, J = 3.6 Hz), 7.26-
7.44 (m, 5H); *C NMR (CDCls, 75 MHz) 6 12.8, 13.0, 14.5, 37.7, 38.0, 44.1,
57.0, 60.3, 118.1, 128.1 128.5, 128.6, 140.9; IR (neat) 701, 1207, 1453, 1707,
2209, 2934, 2975, 3435 cm™; HRMS: (M+H) calcd for C1eH23BrN2O, 339.1072;

found, 339.1081.



Z0°7
08°T 58°9

00°t

80°T

80°1

90°T
r~— e T B et

07T

0

wdd

(ZHW 00F ‘©1DaD) HAIN H,
v
HdZO’.Zl)
[’Ngd\qd

.382
.374
.358
.340

~—7.312

.294
277
.260
.223
.205
. 186

-7.054

- D.018

S14

s

o

-

a}&@



002

08T

00T 02T 0T 097
NI W I AT IS A VAT AT T N P T RS T i

08

09

or
vl ISR A
1mrmr*—1

0e

0

wdd

| I BT R |

1

il

|

— - 207 .384

.

— —151.376

~77.767

— EE?(.‘]‘]B
e 77 .130

——T - %11

49.194

43.683

L i 22.964

-45.683

515

[ 128.612
) /. 129.087
E————— —  — 127.823
{ %__126.405
" 125,821
1 \_121.878

(ZHW 001 ‘©10aD) HIAN Og,;

b7
Ud¢o9o

N

ud

"r

oy~

fd



80°T WL°E €071

8€°5
P S S S S

911

A

L —

ud

(ZHW 00¢g ‘€10aD) HAIN H,

7.317
7.302
o 7.286
L s
_ e e
— = f—7.255
e T \ N7 .248
7.241
\ 7.233
Y _7.225
7.218
e ——
f%;;:::;_ —
l:} \‘“u-.\\
:____‘_ \“--—-._._
- BN
- &
— 'M:N
.
' S -

-

W

\-1.208
1.182
. .=0.006

S16



09 03 00T 02T ovT 097 08T 022
TN NN B A A i BTSN PN I B B A | |

0w

02

TR S T B OO0 RN

wdd

002

id

| I

)
O
=
=
e
S o —z
Q
@w
\l
[6)]
=
T
N

% 144,651

. '

{ - N 127.277

% 77.727

= = 27.306

{ \_ 76.880

—69.319

é __68.616

= _ 58.332

§ . 45.283

= .- 44.170

i —39.870

¥§ 21.604

§ S17

128.708
127.710



OTBS

P "N~ ‘Me 2
| I
6 A X
H NMR (CDCls, 300 MHz)
!
i
,
S / ey, \ ) )
| m__D__ | ___ | :
N L____ \3(6 _r_.__:;__p_{lt_ N N R
s 5 o sz L 0 ppm
o u.w.m__. ._m.om 2.13 - m,._o._n e
1.00 1.08 2.18 3.07

—1.198
—1.177
—0.864

—0.065
—0.056

—0.040

—0

S13




ot 09 08 00T 02T 0T 09T 08T 002
I AT A A A | TR I B AR

02

wdd

[

I I AT AT A AT T

| SR

I

£l 1y

—
(95
3 o
3 = o
H < =)
: my)
1‘ —_—
Q —z To)
o e
®) \ vs)
E @ §i~ w
~l
o, D
-
3 €I
4 N
l 145.104
128.664
— = ———/ 127.762
N\ _127.171
77.585
?{Eﬁﬁ
L _76.948
69.501
5yA53 |
_  58.385
_ ,—45.782
- ———————__44.788
— 40.147
]
1
,—26.187
- — 26,103
: . 21.728
18.384
3
1 -4.312
_-4.327
]
E
i S19




S20

T &
Z /!
= —Z2
uy)
’6 ~l
o
O T o)
@ I By
W —
o we) oY)
o ') =
= 3
T
N
L—_-_-__-A-_ . S __LJ_L?.?.a____y 368
p—— 7.341
fE ~
= ~
o
- 2.822
~
~
= e
\
E L _—1.218
= —=__1.196
Q X -
ﬁ \__0.888
i
L _ o —0.095
po— 1 }::




0z2

TR A B B A A A A

02 ﬂ? 09 e 00T 0271 ovT 097 08T 002
FERE IR [INETEE I B B AN A AT A I A A I I I A A A N NN NN [ B A AR

wdd

P T O |

—
[
O
=
<
v
—
O
)
@)
@
'\l
[6)]
=
€I
N
e
- _142.137
129.069
128.765
\__127.440
117.323
72.212
-;;fi%s?
76.861
- 68.241
e _ - 54.542
_ 51.082
. a7.728
41.892

— - . 36.909

Sdl=4H L

—18.224

~—=3.697
T —4.217

S21

N
“ON

g HO

ud

26,112




558°2

SLTLT

re-

kb2

68" € vs 2

LeLTve

9€°2

12°S

e —t——

FAR ]

—

ve°sT

1

[

wdd

=
T O
= —Z
=
)
(o)
o o (@]
9 e
(9]
- e
g /g
g.07a ©O =4 U N
L [ s.072 = 1
— e\ [ et
. =—\_38.050 T o
\_8.048 N
g
7.438
l{: \\‘ ";_?.42?
—_— /7360
e T T \_7.358
£ 7.258
7.255
Te— .
o o
f_, 2.762
L S L < {2.?59
:E‘-e— N
=
C )
e ——— YY)
£ ' .
f\___ \ —0.887
[— = " U.BB5
-?'—T 3 _;—-0'003
- T =__-0.023

S22



70 HO

wdd

EE 3
2 B = —_ %
7 (4]
] (@) /
. = —Z
] =
o ] == X
= — —
Si== o
i O [o4)
. O
1 w .y
[
& -] g I
= — T
: = w -
] I w
3 N
R 165.851 ~
= ] 2
o
=
- ] 140.842
B —— _ 133.251
= /—130.531
1 // —129.840
_ '/ /— 128,898
N % ——t /128,644
= — ~—128.401
T 126.737
-
i
e 1. 117.319
| %
.
g_‘ i -77.682
/ 2L 256
1 == ] \__76.831
? h__74.081
1 == - 66.307
m:%
= -
:§ — 54.603
] .45.298
1 = —42.784
=
< 1 37.114
] 26.116
™~ ]
o7 _ 18.251
o -
] -4.152




£0

EE"E
S6°%
P

€

op*

971
e s e

T0°0T

wdd

=H

7.414
7.410
7.395 L

/_7?.393 N
—7.377

—— 7.347

\ \_7.336

7.332
\ 7.319
\_

N 00€ ‘€10Q0) HAN H,
6

sdl

N—7.315
7.255

4.606

/—a.592
_—Gx.saa

\\__4.584

4.570

3.851

{:3.84?

3.016

é::3.003

el Rl Sl e s g Ty S LY

e

3

N“ON

ud

775
770
.873
.868
.860
.857
.849
.846
.8386
.826
.813
.810
.805
.792
.575
.557
.231
.226
.214

219

N HO

\&:

0.
0.

/.

S24

; 0.
.034

937
304
899
892
886
094
090
033



02¢e

(3]
=
(=]

0e 00T 02T orT 09t 087
METEE N A A A S

09
IILil'

0v

De

PN N N T S I

wdd

|
i

ﬂﬂ%WmWﬁNWWWﬁ#ﬁHWWMWWMMMWWMHWF

I

__139.817
~-129.198
{_128.701
\__127.197
117.262
..77.705
27.279
\__76.858
66.566
62.893
54.633
— A4 664
42.856
37.312
i 18.209
% -4.122

(ZHIN SZ ‘€10a2) HIAN Og,

- 26208

=d

sdal

N“ON

ud

N HO



S8°§
—

iy

wdd

N =
T O
=z —2Z
<
e
[
o = @)
05_3 )
‘00 X
" |IZ
o
) — =
mw 5 @
= ¢ - 9
T (@]
N
7.358
/ 7.334
L_‘_‘_______ \_‘_‘—‘ e —— /;_3_1_&
T T 7.287
( 7.261
> \ e 5.438
? \ . 4.661
(\/' \ __  3.819
F \\ 3.086
- \ < 2.771
(, 1.892
\ e _.1.843
1.704
_1.676
S 7.—\ 1.251
. \:1.554
= 1.395
fﬁg% N1 508
s 1.202
N 0.922
FF \_0.879
0.081
L — — 0.015
( T \_-0.004

S26



022

17 09 089 00T 027 0vT 08T 08T 002
Lo b v v g b gy

02

MWWMWMW

0

wdd

WMMWWW“MW

.204.451
204.413
128.885
— 127.451
\_126.321
117,298
_77.688
[ 77.262
\__76.837
67.035
—54.643
44,6549
41.526
—— 37.026
28.561
26.126
18.223
~—-3.963
" -4.479

(ZH SZ €10a0) HINN O,

=d Ol

Sdl

N“ON

ud

90gHN HO



IT°01
—— —_—

be"1

oo°T

s0°

LASE

Sb g

I
=
-
= =)
m "-
I3
g 2 92
Qa MO
& g
- T -
w = »
o
o
=
xI
N
.7.399
7.374
_//:?.351
- 7.331
—_— '-"'}:?.El]?
e \_7.260
7.211
__.—_\ 7.187
7.163
\}s.sss
6.941
—5.384
= —\_5.368
4.758
[/ a3
= 4.715
\__4.693
3.216
—_— 3185
\__3.174
2.794
2.771
"5 737
\_2.715
2.433
= 5.419
\—2.381
\__2.361
.1.547
— 1.394
—/ 1.372
. 1.267
T\ _1.244
-0 001

wdd

S28



022

09 0e 00T ovt 09T 08T 002
PRI T R AT B B T B A S A v b v v b v s v b by e b b g Lo b g Ly

17

02

wdd

02t

204.592

~—129.545

/ . 128.961

—127.806

""'_"ﬁ\jms.an
-125.740

\——121.?8?

(ZHWN SZ #10a0) HAIN Og,

zL
Ud00

Jud

N

I"

77
/77

.669
.449

61.673

48.647

46.144

—_ 144,329

-—-23.308

14.985

D.241

S29

\\\_{{

76

L
.822



BZ°1

ire
e e

£L°1

00°1
-1

1470

L1

[
e

g

T

(ZHIN 00€ ‘€1DaD) HINN H,
gl
ud09d

~—7.448

.420
.397
370
.361
.335

.316
.309

[0 S

}‘(

r“*~*~wﬁ"'**“ﬂ4*“w

\
(LI

.270

7.213
W 7.188
.164
\j.usz!
7.031
6.96%
6.942

-183

.160

.505
.483
.441
.378
.332

.310

.293

1.266

.251

.228

.194

171
.148
.106
.086
.054
.032
.010

977

0.
N 0.891
.0.011



0ce

ovT 09T 08T 002
I A A B B [ENER I rala

0271

00T

Lolos

02 1N/ 09 0®
peb

wdid

Loy

ISR Lo v a dau

~—204.915
T ~-204.877

(ZH SZ €10a0) HIAN D¢,

€l

141.782

—128.523

_ L /——128.945

= ..127.783

\ N_127.054

. - " 125.691
\ 121.775
77.665
/__?? 443
—77.243
76.818
S —-61.570
55.217
47.743
- — 45.529
22.640
—14.908
— T 14.369
.—=-18.892
—  '_-18.937 531



2670

vs5'z 95°2 1870

92" ¢

'_Jﬂ_‘_|

5870

19°2 ¢6°T L8°0
trh e

P

iy

—=

-

I S TR T SR W R S

wdd

(ZHW 00€ €1DaD) HINN H,

—
O
® 0
n
%
=
7.386
f_7.327
—— - /_?-324
15555;:__~—————q~\
e . 7.259
. \ A\ \—7.255
—_— ~ \ - 7.252
1 , 7.249
—_— 7,224
4 \L_ﬁ.ass
6.830
e \\
{___, H
=
e \
i.a— N
L —1.542
A . /—1.462
= E—
’é —1.232
-

=0.000

_/_—i'l 003

"T

S32

\__-g.007



002

AN ENER RN SRS N N A

087

097

00T 0271 vt

0

vl b e b v b v by b e by

0s

02 117
NS RS A S BRI S B SR B SRR B

|

wdd

129.279

__/ —128.407

———_128.050
~\_.127.085
N 125.222

\121.991

—77.562

N.72.891

61.486

-—53.387

~42.551

—————— ~.-40.838

S33

=t .77.244
\\. -76.925



ve

T

12

K

S¢-

10°T

s |

]

(zHW 00€ €10aD) HAIN H,

=" T T N7.258

3 .655

Sl

994

S34

1.433

I

.161
.139
. 085
.062

.63%5
.611



—
i )
-3 222.380 O
5 z
] e
=1 _— —
- ~—205.640 (@) P
205,608 O
™ .
= @)
[— w
. ~
; (€}
o =
2 N
[
[=p]
(=]
150.116

ovT

128.477
————————— " 127.098
= 121.979
[ -
o 4
[
o -
p=
oo 1
= —77.674
] N\ \__76.827
...75.263
7] \_70.439
o -
o 59.187
] F—Aa2.469
N 41,943
B
=] \—40.900
~ ] 18.118
—18.
= . 16.5678
7 N_16.173
] 0.238

S35

wdd
|||III



2V E
E6°T

N“ON

(zHW 00€ “€10aD) HAIN H,

—
[+2] QO
X
o
=
o
=
_7.432
/ 7.408
/ //:?.406
: }_?'35]2' 329
— = 3 7.
; ™ .7.304
7.282
_7.258
5.625
—— —_— s 613
f
13
=
\'\--\‘
k(- _ . . 2 775
L \\-\
\“-\-‘_‘_—-—-.
E H\
e 1.257
= -/ 1.234
1.038
C ______ fl 016
— “N\__p.934

i‘

S36

=-0.009



(ZHIN G2 ‘©1DaD) HIAN O,

91

128.572

~N
N
o -
- 205.252
N
= ]
=
-
o -
=
[
o —
- 4
-
= R 140.945
= 4
. /_129.012
. . 128.105
[
™ -
= 118.132
-
=
[—=]
o /_??.?39
o] —77.435
| - —77.317
] 76.892
o -
& 60.250
i 57.003
44.068
&
5 —387.957
] TT_87.676
.
N
i P 14.457
i 13.040
] N_12.824
=

wdd

—128.511

N \ON

Ud

19 HO



X-ray (ORTEP) of Bromide 7
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X-ray (ORTEP) of Piperidine 17
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Note: Enantiomer shown in ORTEP
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