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General. All reactions were carried out in flame-dried glassware under N, atmosphere and
stirred via magnetic stir-plates. IR spectra were recorded as thin films or as solids in KBr pellets.
'H (400 MHz) and **C NMR (100 MHz) spectra were obtained with TMS as internal standard.
'H and **C NMR signals of compounds were assigned by using HMQC, HMBC, COSY, and *C
off-resonance techniques. Column chromatography was performed on silica gel (Fuji Sylisia
FL100DX). Yields were determined by *H NMR using internal standards.

Materials.

Dehydrated CH,Cl, (stabilized with 2-methyl-2-butene) was used as obtained. GeCl,-dioxane
was prepared according to the literature method.™ Zn, Sml, (0.1M solution in THF), and SnCl.
were commercialy available, and used as obtained. All catalysts in Table 1 were commercialy
available. Bromoketone 4c, Imine la-b, and 1f were commercially available, and used as
obtained. All other reagents and starting materials, unless otherwise noted, were commercially
available and used as obtained.

Preparation of imines. Imines 1c-e, and 1g-i were prepared according to the reported method!?
with slight modification. Imines 1j and 1k were prepared according to the literature method.!®

N-M ethylimines 1c-e; general procedure.

Methylamine (100 mmol, commercially available as 2M MeOH solution) was slowly added for
60 min to a stirred suspension of the aldehyde (65 mmol) and MS 3A (20 g) in CH,Cl, (50 mL)
at room temperature. After 12 h, the reaction mixture was filtered off, evaporated, and crude
product was purified by distillation (1d-1e) or recrystalization in toluene/ hexane (1c).

N-Methylimines 1g-i; general procedure.

The amine (105 mmoal) in CH,Cl, (15 mL) was slowly added for 30 min to a stirred suspension
of the adehyde (100 mmol) and MgSO, (30 g) in CH,Cl, (75 mL) at room temperature. After 12
h, the reaction mixture was filtered off, evaporated, and crude product was purified by
distillation.

Prepara[lg]ion of bromoketones. Bromoketones 4a-b were prepared according to the literature
method.

3,6-Dibromo-2-hexanone (4d) ©°
Br

Br\/\/\[( MeSiBr/ DMSO Br\/\)\ﬂ/
o MeCN O ad
MesSIBr (26 mmol) in MeCN (10 mL) was slowly added for 10 min to a stirred solution of
6-bromohexanone® (20 mmol) and DMSO (22 mmol) in MeCN (10 mL) at room temperature.
After 4 h, the mixture was poured into Et,O (50 mL) and brine (50 mL). The resulting mixture was
extracted with Et,0 (30 mLx3) and the collected organic layer was dried over MgSO,. The solvent
was evaporated and the residue was purified by digtillation to give the product as a dightly




yellowish liquid. (10.7 mmol, 54%)

Analytical data: bp: 57 °C /0.18 mmHg; *H NMR: (400 MHz, CDCls) 4.28 (dd, J = 8.3, 5.8 Hz,
1H, 3-H), 3.44 (t, J = 6.3 Hz, 1H, 6-H.), 2.39 (s, 3H, 1-H3), 2.26-2.02 (m, 3H, 4-H, and 5-H"),
1.99-1.82 (m, 1H, 5-H®); *C NMR: (100 MHz, CDCl3) 201.3 (s, C-2), 53.0 (d, C-3), 32.4 (t,
C-6), 31.7 (t, C-4), 30.1 (t, C-5), 26.5 (g, C-1); IR: (neat) 1720 (C=0); MS: (El, 70 eV) 260 (M*
+4,0.2), 258 (M" + 2, 0.5), 256 (M*, 0.3), 179 (M* + 2 - Br, 15), 177 (M* - Br, 16), 43 (MeCO,
100); HRMS: (El, 70 eV) Calculated (CgH10Br>0) 255.9098 (M) Found: 255.9096

Variousreductants (Zn, SnCl,, and Sml ;) mediated reaction of 4a with 1b. (Table 1, entries

1-4)
Ph. _H Reductant (X equiv) Ph
DI
N.
Me O e H O
1b 4a 5ba
Entry  Reductant Solvent X (equiv) Condition Catalyst Yield [%)]
1 Zn THF 15 68°C,2h none <1
2 SnC|2 CH2C|2 1.5 RT, 2h none <1
3 Sml, THF 3.0 -78°C,2h none 14
4 Sml, THF 3.0 -78 °C to RT, 2 h none <1
Zn

3-Bromo-3-methyl-2-butanone 4a (0.9 mmol) was added to a stirred suspension of Zn (0.9
mmol) and N-benzylidenemethylamine 1b (0.6 mmol) in THF (2 mL) at room temperature. The
reaction was stirred at 68 °C for 2 h, and then saturated ag. NaHCO;3 (10 mL) was added. The
mixture was extracted with Et,O (10 mLx3), dried (MgSO,), and evaporated. No aminoketone
5ba was observed by 'H NMR.

SnCl;

3-Bromo-3-methyl-2-butanone 4a (0.9 mmol) was added to a stirred suspension of SnCl, (0.9
mmol) and N-benzylidenemethylamine 1b (0.6 mmol) in CH,Cl, (2 mL) at room temperature.
The reaction was stirred at room temperature for 2 h, and then saturated agq. NaHCO; (10 mL)
was added. The mixture was extracted with Et,O (10 mLx3), dried (MgSO,), and evaporated. No
aminoketone 5ba was observed by *H NMR.

Sml, (-78 °C, 2 h)

Sml, (1.8 mmol, 0.1IM solution in THF) was sowly added to a stirred solution of
3-bromo-3-methyl-2-butanone 4a (0.9 mmol) and N-benzylidenemethylamine 1b (0.6 mmol) in
THF (2 mL) at -78 °C. The reaction was stirred at -78 °C for 2 h, and then saturated ag. NaHCO3
(10 mL) was added. The mixture was extracted with Et,O (10 mLx3), dried (MgSO,), and
evaporated to yield the product 5ba in 14%.



Sml, (-78 °C to room temperature, 2 h)

Sml; (1.8 mmol, 0.1M solution in THF) was sowly added to a stirred solution of
3-bromo-3-methyl-2-butanone 4a (0.9 mmol) and N-benzylidenemethylamine 1b (0.6 mmol) in
THF (2 mL) at -78 °C. After 30 min, the addition was completed, and the reaction mixture was
warmed to room temperature. The reaction was stirred at room temperature for 1.5 h, and then s
saturated ag. NaHCO;3; (10 mL) was added. The mixture was extracted with Et,O (10 mLx3),
dried (MgSOs,), and evaporated. No aminoketone 5ba was observed by *H NMR.

General procedure. (Table 2, entry 1)

3-Bromo-3-methyl-2-butanone 4a (4.6 mmol) was added to a dtirred suspension of
N-benzylidenemethylamine 1b (3.1 mmol), Yb(OTf); (0.3 mmol), and GeCl,-dioxane (4.5
mmol) in CH,Cl, (10 mL) at room temperature. The mixture was stirred for 2 h at room
temperature, and then saturated ag. NaHCO;3; (100 mL) was added. The mixture was extracted
with Et;O (50 mLx3), dried (MgSQO,), and evaporated. The crude product was purified by silica
gel chromatography [solvent; hexane 100 mL, hexane/EtOAc = 90/10 (100 mL), 80/20 (100 mL),
70/30 (100 mL), and 60/40 (100 mL)] to afford the aminoketone 5ba as a colorless solid (2.61
mmol, 84%).

Characterization of B-aminoketones

3,3-Dimethyl-4-(methylamino)-4-phenylbutan-2-one (5ba)
Analytical data: mp: 74-77 °C; *H NMR: (400 MHz, CDCls) 7.34 (t, J = 7.4
, 1 Hz,2H,mPn), 7.28 (t, J = 7.4 Hz, 1H, p-Ph), 7.23 (d, J = 7.4 Hz, 2H, 0-Ph),
3 3.81 (s, 1H, 4-H), 2.21 (s, 3H, 1-Hs), 2.18 (s, 3H, NMe), 1.50 (brs, 1H, NH),
veNH O 1.02(s, 3H, 3-MeY), 0.96 (s, 3H, 3-Me®); *C NMR: (100 MHz, CDCl3) 213.3
5ba (s, C-2), 138.5 (s, i-Ph), 128.8 (d, 0-Ph), 127.7 (d, m-Ph), 127.1 (d, p-Ph), 70.2
(d, C-4), 52.0 (s, C-3), 34.6 (g, NMe), 25.5 (g, C-1), 23.9 (q, 3-M€®), 17.8 (q,
3-MeY); IR: (KBr) 3344 (NH), 1701 (C=0); MS: (Cl, 200 eV) 206 (M* + 1, 33), 175 (M" -
NHMe, 17), 120 (PhCHNHMe, 100); HRMS: (CI, 200 eV) Calculated (CisH2oNO) 206.1545
(M* + 1); Found: 206.1543; Analysis: C13H1gNO Calcd: C, 76.06; H, 9.33; N, 6.82 Found: C,

75.99; H, 9.22; N, 6.80

4

3,3-Dimethyl-4-(methylamino)-4-(4-nitrophenyl)butan-2-one (5ca)
O,N Bromoketone 4a (2.76 mmol) was added to a stirred suspension of imine
P 1c (1.81 mmoal), Y b(OTf)3(0.18 mmol), and GeCl,-dioxane (2.70 mmol)
m 321 in CH.CI, (6 mL) at room temperature. The mixture was stirred for 15
_NH O min at room temperature, and then saturated ag. NaHCO; (50 mL) was
Me™ 5ca added. The mixture was extracted with Et,O (50 mLx3), dried (MgSO.),
and evaporated to give the crude product (86%). Purification by silicagel
chromatography [solvent; hexane/EtOAc, 90/10 (200 mL) and then 50/50 (200 mL)] to afford

the aminoketone 5ca as ayellow solid (1.43 mmol, 79%).



Analytical data: mp: 118-121 °C; 'H NMR: (400 MHz, CDCls) 8.21 (d, J = 9.1 Hz, 2H, m-Ph),
7.46 (d, J = 9.1 Hz, 2H, 0-Ph), 3.95 (s, 1H, 4-H), 2.22 (s, 3H, 1-H3), 2.18 (s, 3H, NMe), 1.54 (brs,
1H, NH), 1.05 (s, 3H, 3-M€*), 0.98 (s, 3H, 3-Me®): 3C NMR: (100 MHz, CDCl3) 212.6 (s, C-2),
147.2 (s), 147.1 (s), 129.8 (d, o-Ph) , 123.0 (d, m-Ph), 69.8 (d, C-4), 51.8 (s, C-3), 34.7 (g, NMe),
25.8 (g, C-1), 23.9 (g, 3-M€®), 18.2 (g, 3-M€"); IR: (KBr) 3344 (NH), 1701 (C=0); MS: (Cl, 200
eV) 251 (M* + 1, 25), 165 (4-NO,CsH4sCHNHMe, 100), 87 (24); HRMS: (Cl, 200 eV) Calculated
(C13H19N203) 251.1396 (M™ + 1); Found: 251.1388; Analysis: Ci3H1gN»Os Caled: C, 62.38; H,
7.25; N, 11.19 Found: C, 62.42; H, 6.96; N, 11.14

4-(4-M ethoxyphenyl)-3,3-dimethyl-4-(methylamino)butan-2-one (5da)
Bromoketone 4a (4.51 mmol) was added to a stirred suspension of imine

MeO5 1d (3.02 mmol), Yb(OTf); (0.30 mmol), and GeCl,-dioxane (4.49
m 4482, mmol) in CHxCI> (10 mL) at room temperature. The mixture was stirred

° NH O for 2 h at room temperature, and then saturated ag. NaHCO; (100 mL)

Me~ Eda was added. The mixture was extracted with Et,O (50 mLx3), dried

(MgS0,), and evaporated to give the crude product (97%). Purification
by silicagel chromatography [solvent; hexane/EtOAc, 90/10 (200 mL) and then 50/50 (200 mL)]
to afford the aminoketone 5da as a colorless solid (2.52 mmol, 83%).
Analytical data: mp: 50-52 °C; *H NMR: (400 MHz, CDCl5) 7.14 (d, J = 8.8 Hz, 2H, o-Ph), 6.88
(d, J=8.8 Hz, 2H, m-Ph), 3.82 (s, 3H, OMe), 3.76 (s, 1H, 4-H) 2.19 (s, 3H, 1-H3), 2.17 (s, 3H,
NMe), 1.50 (brs, 1H, NH), 1.01 (s, 3H, 3-M€"), 0.95 (s, 3H, 3-Me®); °C NMR: (100 MHz,
CDCl3) 213.6 (s, C-2), 158.7 (s, p-Ph), 130.4 (s, i-Ph), 129.8 (d, o-Ph), 113.1 (d, m-Ph), 69.6 (d,
C-4), 55.1 (g, OMe), 52.2 (s, C-3), 34.6 (g, NMe), 25.6 (g, C-1), 23.9 (g, 3-Me®), 17.9 (q,
3-Mé&"); IR: (KBr) 3348 (NH), 1701 (C=0); MS: (Cl, 200 eV) 236 (M* + 1, 21), 205 (M* + 1 -
OMe, 20), 150 (4-MeOCgH,CHNHMe, 100); HRMS: (Cl, 200 eV) Calculated (Ci4H2NO,)
236.1651 (M™ + 1); Found: 236.1645; Analysis. C14H»NO, Calcd: C, 71.46; H, 8.99; N, 5.95
Found: C, 71.17; H, 9.28; N, 5.74

4-(4-Bromophenyl)-3,3-dimethyl-4-(methylamino)butan-2-one (5ea)
Br Bromoketone 4a (4.46 mmol) was added to a stirred suspension of imine
le (2.96 mmol), Yb(OTf)3(0.30 mmol), and GeCl,-dioxane (4.51 mmol)
i3 1 inCH.CI, (10 mL) at room temperature. The mixture was stirred for 1 h at
_NH O room temperature, and then saturated agq. NaHCO3 (100 mL) was added.
® 5ea The mixture was extracted with Et,O (50 mLx3), dried (MgSQO,), and
evaporated to give the crude product (89%). Purification by silica gel
chromatography [solvent; hexane (100 mL) and hexane/EtOAc, 90/10 (100 mL), 80/20 (100 mL)
and then 70/30 (200 mL)] to afford the aminoketone 5ea as a colorless solid (2.49 mmol, 84%).
Analytical data: mp: 93-95 °C; 'H NMR: (400 MHz, CDCls) 7.47 (d, J = 8.3 Hz, 2H, m-Ph), 7.13
(d, J=8.3Hz, 2H, 0-Ph), 3.77 (s, 1H, 4-H), 2.19 (s, 3H, 1-H3), 2.16 (s, 3H, NMe), 1.49 (brs, 1H,
NH), 1.01 (s, 3H, 3-M€e™), 0.95 (s, 3H, 3-Me®); 3C NMR: (100 MHz, CDCls) 213.0 (s, C-2),
137.7 (s, i-Ph), 130.8 (d, o-Ph), 130.5 (d, m-Ph), 120.9 (s, p-Ph), 69.6 (d, C-4), 51.8 (s, C-3), 34.5
(0, NMe), 25.6 (g, C-1), 23.8 (g, 3-Me®), 17.8 (g, 3-M€"); IR: (KBr) 3344 (NH), 1701 (C=0);
MS: (CI, 200 eV) 286 (M* + 3, 38), 284 (M™ + 1, 41), 200 (4-BrCeH4sCHNHMe + 2, 94), 198
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(4-BrCsH,CHNHMe, 100), 87 (33); HRMS: (CI, 200 eV) Calculated (Ci3H10BrNO) 284.0650
(M™ + 1); Found: 284.0648; Analysis. C13H1sBrNO Calcd: C, 54.94; H, 6.38; N, 4.93; Br, 28.12
Found: C, 54.94; H, 6.21; N, 4.80; Br, 27.96

4-(Benzylamino)-3,3-dimethyl-4-phenylbutan-2-one (5fa)
Bromoketone 4a (4.49 mmol) was added to a stirred suspension of imine 1f
4 X 2 (2.97 mmoal), Yb(OTf)s; (0.30 mmol), and GeCl,-dioxane (4.47 mmol) in
CHCl, (10 mL) at room temperature. The mixture was stirred for 2 h at room
NH O temperature, and then saturated ag. NaHCOs; (100 mL) was added. The
5fa mixture was extracted with Et,O (50 mLx3), dried (MgSO,), and evaporated
to give the crude product (96%). Purification by silica gel chromatography
[solvent; hexane (100 mL) and hexane/EtOAc, 90/10 (100 mL), 80/20 (100
mL) and then 70/30 (200 mL )] to afford the aminoketone 5fa as a pale yellow liquid (2.46 mmol,
83%).
Analytical data: bp: 180 °C /0.3 mmHg; *H NMR: (400 MHz, CDCls) 7.36 (t, J = 7.3 Hz, 2H,
4-Ph(m)), 7.33-7.15 (m, 8H, 4-Ph(o, p) and NCH.Ph), 3.90 (s, 1H, 4-H), 3.63 (d, J = 13.3 Hz, 1H,
4-NCH™), 3.38 (d, J = 13.3 Hz, 1H, 4-NCH®), 2.08 (s, 3H, 1-Hs), 1.82 (brs, 1H, NH,
D,0-exchangenable), 1.01 (s, 3H, 3-Me?), 0.93 (s, 3H, 3-Me®); *C NMR: (100 MHz, CDCls)
213.2 (s, C-2), 140.0 (s, NCH2Ph(i)), 138.5 (s, 4-Ph(i)), 129.0 (d, NCH,Ph(0)), 128.3 (d, 4-Ph(0)),
128.1 (d), 127.9 (d), 127.3 (d, 4-Ph(p)), 126.9 (d, NCH,Ph(p)), 67.0 (d, C-4), 52.0 (s, C-3), 51.2 (t,
NCH,), 25.3 (g, C-1), 24.0 (g, 3-M€®), 17.7 (g, 3-M€"); IR: (neat) 3344 (NH), 1701 (C=0); MS:
(ClI, 200 eV) 282 (M* + 1, 27), 196 (PhCHNHCH,Ph, 100), 87 (23); HRMS: (CI, 200 eV)
Calculated (Ci9H2sNO) 282.1858 (M* + 1); Found: 282.1863; Analysis. CigH»sNO Calcd: C,
81.10; H, 8.24; N, 4.98 Found: C, 80.88; H, 7.95; N, 5.05

4-(Allylamino)-3,3-dimethyl-4-phenylbutan-2-one (5ga)
Bromoketone 4a (4.55 mmol) was added to a stirred suspension of imine 1g

% (3.01 mmol), Yb(OTf); (0.30 mmol), and GeCl,-dioxane (4.52 mmol) in

377 1 CH.CI, (10 mL) at room temperature. The mixture was stirred for 2 h at room
~NH O temperature, and then saturated ag. NaHCO3 (100 mL) was added. The

5ga mixture was extracted with Et;O (50 mLx3), dried (MgSO,), and evaporated
to give the crude product (91%). Purification by silicagel chromatography [solvent; hexane (100
mL) and hexane/EtOAc, 90/10 (100 mL), 80/20 (100 mL) and then 70/30 (100 mL)] to afford the
aminoketone 5ga as a pale yellow liquid (2.47 mmol, 82%).
Analytical data: bp: 135 °C /0.4 mmHg; *H NMR: (400 MHz, CDCls) 7.34 (t, J = 6.8 Hz, 2H,
m-Ph), 7.28 (t, J = 6.8 Hz, 1H, p-Ph), 7.22 (d, J = 6.8 Hz, 2H, 0-Ph), 5.79 (dddd, J = 17.8, 9.7, 6.9,
5.4 Hz, 1H, NCH,CH), 5.06-4.98 (m, 2H, NCH,CHCHy), 3.95 (s, 1H, 4-H), 3.09 (ddt, J = 14.2,
5.4, 1.6 Hz, 1H, 4-NCH"), 2.86 (ddt, J = 14.2, 6.9, 1.2 Hz, 1H, 4-NCH®), 2.21 (s, 3H, 1-Hs), 1.66
(brs, 1H, NH, D,O-exchangenable), 1.02 (s, 3H, 3-Me?), 0.96 (s, 3H, 3-Me®); °C NMR: (100
MHz, CDCl3) 213.0 (s, C-2), 138.6 (s, i-Ph), 136.5 (d, NCH,CH), 128.7 (d, o-Ph), 127.7 (d, m-Ph),
127.1 (d, p-Ph), 115.8 (t, NCH,CHCH,), 66.9 (d, C-4), 51.9 (s, C-3), 49.8 (t, NCH,), 25.4 (q, C-1),
23.9 (g, 3-Me®), 17.8 (g, 3-M€&™); IR: (neat) 3344 (NH), 1701 (C=0); MS: (Cl, 200 eV) 232 (M* +
1, 58), 146 (PhCHNHCH,CHCH,, 100); HRMS: (Cl, 200 eV) Caculated (CisH22NO) 232.1701
(M* + 1); Found: 232.1712; Analysis. C;sHNO Calced: C, 77.88; H, 9.15; N, 6.05 Found: C,
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77.60; H, 8.87; N, 6.10

3,3-Dimethyl-4-phenyl-4-(phenylamino)butan-2-one (5aa)
Bromoketone 4a (2.72 mmol) was added to a stirred suspension of imine la
a M o (2.80 mmoal), Yb(OTf); (0.18 mmoal), and GeCl,-dioxane (2.72 mmol) in
3 1 CH.CI; (6 mL) at room temperature. The mixture was stirred for 2 h at room
NH O temperature, and then saturated ag. NaHCO; (100 mL) was added. The
©/ mixture was extracted with Et,O (50 mLx3), dried (MgSQO,), and evaporated
Saa to give the crude product (93%). Purification by silica gel chromatography
[solvent; hexane 100 mL, hexane/EtOAc = 90/10 (100 mL), 80/20 (100 mL) and 70/30 (100
mL)] to afford the aminoketone 5aa as a colorless solid (1.45 mmol, 81%).
Analytical data: mp: 167-170 °C; *H NMR: (400 MHz, CDCl3) 7.32-7.20 (m, 5H, 4-Ph), 7.04 (dd,
J=8.2, 7.5 Hz, 2H, NPh(m)), 6.60 (t, J = 7.5 Hz, 1H, NPh(p)), 6.46 (d, J = 8.2 Hz, 2H, NPh(0)),
455 (d, J = 7.1 Hz, 1H, 4-H), 4.46 (brd, J = 7.1 Hz, 1H, NH, D,0O-exchangenable), 2.13 (s, 3H,
1-Hs), 1.18 (s, 3H, 3-M€&"), 1.07 (s, 3H, 3-Me®); *C NMR: (100 MHz, CDCl3) 213.1 (s, C-2),
146.4 (s, NPh(i)), 138.6 (s, 1-Ph(i)), 129.0 (d, NPh(m)), 128.4 (d, 4-Ph(0)), 128.0 (d, 4-Ph(m)),
127.4 (d, 4-Ph(p)), 117.5 (d, NPh(p)), 113.3 (d, NPh(0)), 63.4 (d, C-4), 51.6 (s, C-3), 25.7 (q, C-1),
24.4 (g, 3-M€e"), 18.8 (g, 3-Me®); IR: (KBr) 3406 (NH), 1693 (C=0); MS: (El, 70 V) 267 (M*, 2),
182 (PhCHNHPh, 100); HRMS: (El, 70 eV) Calculated (CisH»NO) 267.1623 (M™); Found:
267.1625; Analysis: C1gH2:NO Calcd: C, 80.86; H, 7.92; N, 5.24 Found: C, 80.63; H, 7.73; N, 4.96

4-(1sopropylamino)-3,3-dimethyl-6-phenylhexan-2-one (5ha)
Bromoketone 4a (4.51 mmol) was added to a stirred suspension of
6 ~a X 2 imine 1h (3.01 mmol), Y b(OTf)3(0.30 mmol), and GeCl,-dioxane (4.51
SY 3y 1 mmol) in CH,CI, (10 mL) at room temperature. The mixture was stirred
YNH O for 1 h at room temperature, and then saturated ag. NaHCOj3 (100 mL)
5ha was added. The mixture was extracted with Et,O (50 mLx3), dried
(MgSQy), and evaporated to give the crude product (66%). Purification
by silicagel chromatography [solvent; hexane (100 mL) and hexane/EtOAc, 90/10 (100 mL) and
then 80/20 (200 mL)] to afford the aminoketone 5ha as a pale yellow liquid (1.20 mmol, 40%).
Analytical data: bp: 155 °C /0.3 mmHg; *H NMR: (400 MHz, CDCl3) 7.28 (t, J = 8.2 Hz, 2H,
m-Ph), 7.22-7.15 (m, 3H, o, p-Ph), 2.90 (qg, J = 6.2, 6.2 Hz, 1H, 4-NCH), 2.87-2.78 (m, 2H, 4-H
and 6-H"), 2.60 (ddd, J = 13.8, 10.9, 6.0 Hz, 1H, 6-H®), 2.11 (s, 3H, 1-Hs), 1.71 (dddd, J = 14.2,
11.1, 6.0, 3.1 Hz, 1H, 5-H%), 1.46 (dddd, J = 14.2, 10.9, 8.7, 5.4 Hz, 1H, 5-H®), 1.10 (s, 3H,
3-Mé"), 1.05 (s, 3H, 3-Me®), 1.05 (d, J = 6.2 Hz, 3H, 4-NCHME"), 0.99 (d, J = 6.2 Hz, 3H,
4-NCHMe®); °C NMR: (100 MHz, CDCl3) 214.3 (s, C-2), 142.1 (s, i-Ph), 128.2 (d), 128.1 (d),
125.7 (d, p-Ph), 59.9 (d, C-4), 53.0 (s, C-3), 47.6 (d, 4-NCH), 35.7 (t, C-6), 34.3 (t, C-5), 26.2 (q,
C-1), 24.1 (q), 23.2 (9), 21.3 (q), 20.7 (g); IR: (neat) 1701 (C=0); MS: (CI, 200 eV) 262 (M* + 1,
7), 218 (M* - CHMe,, 13), 176 (PhCH.CH,CHNHCHMe,, 100), 87 (35); HRMS: (Cl, 200 eV)
Calculated (Ci7H2sNO) 262.2171 (M* + 1); Found: 262.2168; Analysis. Ci7H,sNO Calcd: C,
78.11; H, 10.41; N, 5.36 Found: C, 78.09; H, 10.13; N, 5.40



4-(1sobutylamino)-3,3-dimethylheptan-2-one (5ia)
7 Bromoketone 4a (4.55 mmol) was added to a stirred suspension of imine 1i
64321 (3.01 mmol), Yb(OTf); (0.16 mmol), and GeCl,-dioxane (4.55 mmol) in
NH O CHCl, (10 mL) at room temperature. The mixture was stirred for 2 h at room
)/\ _ temperature, and then saturated ag. NaHCO3; (100 mL) was added. The
Sia mixture was extracted with Et,O (50 mLx3), dried (MgSO,), and evaporated
to give the crude product (65%). Purification by silicagel chromatography [solvent; hexane (100
mL) and hexane/EtOAc, 90/10 (100 mL) and then 80/20 (200 mL)] to afford the aminoketone
Sia asapaleyedlow liquid (1.31 mmol, 44%).
Analytical data: bp: 110 °C /0.4 mmHg; *H NMR: (400 MHz, CDCls) 2.67-2.58 (m, 2H, 4-H and
4-NCH?), 2.29 (dd, J = 11.0, 7.2 Hz, 1H, 4-NCH®), 2.14 (s, 3H, 1-Hs), 1.64-1.45 (m, 2H,
4-NCH,CH and 6-H*), 1.42-1.26 (m, 2H, 5-H* and 6-H®), 1.23-1.11 (m, 1H, 5-H®), 1.08 (s, 3H,
3-Me"), 1.04 (s, 3H, 3-Me®), 0.92 (t, J = 7.2 Hz, 3H, 7-Hs), 0.89 (d, J = 6.8 Hz, 3H,
4-NCH,CHM€"), 0.88 (d, J = 6.8 Hz, 3H, 4-NCH,CHMEe®); *C NMR: (100 MHz, CDCls) 214.5 (s,
C-2), 64.0 (d, C-4), 59.2 (t, 4-NCH,), 53.1 (s, C-3), 35.3 (t, C-5), 29.4 (d, 4-NCH,CH), 26.2 (q,
C-1), 21.2, 21.1, 20.6, 20.6, 20.6, 14.3 (q, C-7); IR: (neat) 1701 (C=0); MS: (CI, 200 eV) 214 (M*
+ 1, 22), 128 (CH3CH,CH,CHNHCH,CH(CHs),, 100), 87 (31); HRMS: (Cl, 200 eV) Calculated
(C1sH2sNO) 214.2171 (M + 1); Found: 214.2160

Determination of the stereochemistry of 5bb, 5gd, and 5fd.

1. The stereoconfiguration of 5bb was determined based on the coupling constant between
hydrogens on chira centers after a conversion to b-aminoalcohol 9bb. The product exists as an
intramolecularly hydrogen bonded six-membered ring. The ring has a chair conformation in
which the substituents tend to locate in an equatrial position.!”

2. The stereoconfiguration of 5gd was assigned by analogy to 5bb.

3. The stereoconfiguration of 5fd was determined based on the coupling constant between
hydrogens on chiral centers.

(3R*,1’ S*)-2-Methyl-3-[1-(methylamino)-1-phenylmethyl]hexan-2-ol (anti-9bb)

Pr;)\n/ MeMgBr (5 equiv) Pri:l\%
THF H

Me t, 16 h v \H - OH
5bb 9bb

(dr =83:17) 49% anti:syn = 91:9
H To a stirred solution of 5bb (0.3 mmol, dr =
H _Mels 17:83) in THF (3 mL) was added MeMgBr
_ /O Pr 113 He (1.5 mmol) at room temperature. After the
B H/’\Il\/le Ph ' mixture was stirred for 16 h at this
Me = L temperature, H,O (30 mL) was added. The
9bb anti mixture was extracted with Et,O (10 mLx3),



dried (MgS0O,), and evaporated to yield the product 9bb in 49% (anti:syn = 91:9). The crude
product was purified by silicagel chromatography [solvent; hexane (100 mL) and hexane/EtOAC,
90/10 (100 mL), 80/20 (100 mL), 70/30 (100 mL), 60/40 (100mL), and then 50/50 (100mL)] on
silicagel to give thetitled product.

Analytical data: "H NMR: (400 MHz, CDCl3) 7.35 (t, J = 7.3 Hz, 2H, m-Ph), 7.27 (t, J = 7.3 Hz,
1H, p-Ph), 7.22 (d, J = 7.2 Hz, 2H, 0-Ph), 3.33 (d, J= 11.3 Hz, 1H, 1'-H), 2.18 (s, 3H, NMe), 1.70
(ddd, J = 11.3, 3.8, 3.8 Hz, 1H, 3-H), 1.26 (s, 3H, 1-H3), 1.25 (s, 3H, 2-Me), 1.04-0.77 (m, 3H,
4-H, and 5-H%), 0.73-0.58 (m, 1H, 5-H?), 0.50 (t, J = 7.2 Hz, 3H, 6-H3); *C NMR: (100 MHz,
CDCl3) 141.9 (s, i-Ph), 128.4 (d, m-Ph), 127.6 (d, o-Ph), 127.3 (d, p-Ph), 74.2 (s, C-2), 69.0 (d,
C-1'),52.6 (d, C-3), 33.5 (g, NMe), 32.5 (t, C-4), 29.7 (g, 2-Me), 24.8 (q, C-1), 23.0 (t, C-5), 14.4
(g, C-6); IR: (neat) 3267 (NH); MS: (Cl, 200 eV) 236 (M" + 1, 100), 218 (M* - OH, 5), 120
(PhCHNHMe, 44); HRMS: (Cl, 200 eV) Calculated (CisH26NO) 236.2014 (M* + 1) Found:
236.2010

(3R*,1'R*)-2-M ethyl-3-[ 1-(methylamino)-1-phenylmethyl|hexan-2-ol (syn-9bb)
The compound was a minor product in the

H Me reaction of Sbb with MeMgBr and was not

/O 2, Ry purely isolated. Selected signals were shown

) H/)N D a3p, PElow. 'H NMR: (400 MHz, CDCl3) 4.21 (d,

NH O Me 'V'eH ' J = 3.3 Hz, 1H, 1'-H), 2.35 (s, 3H, NMlg),
Me/gbb syn 1.47 (s, 3H, 1-H3), 1.17 (s, 3H, 2-Me); —°C

NMR: (100 MHz, CDCls) 140.9 (i-Ph), 73.2
(C-2), 64.4 (C-1'), 52.9 (C-3), 33.7, 30.9, 28.3, 25.5, 24.6, 13.9 (C-6)

(3R*,1' S*)-3-[1-(M ethylamino)-1-phenylmethyl]hexan-2-one (anti-5bb)
Bromoketone 4b (4.44 mmol) was added to a stirred suspension of imine 1b
(3.04 mmoal), Yb(OTf); (0.30 mmol), and GeCl,-dioxane (4.44 mmol) in
CH,CI, (10 mL) at room temperature. The mixture was stirred for 2 h at room
temperature, and then saturated ag. NaHCO3 (100 mL) was added. The
mixture was extracted with Et,O (50 mLx3), dried (MgSO,), and evaporated
to give the crude product (71%, anti:syn = 73:27). Purification by silica gel
Sbb chromatography [solvent; hexane (100 mL) and hexane/EtOAc, 90/10 (100
mL), 80/20 (100 mL) and then 70/30 (100 mL )] to afford the aminoketone 5bb as a pale yellow
liquid (1.54 mmol, 51%, anti:syn = 82:18).
Analytical data: bp: 140 °C/ 0.3 mmHg; *H NMR: (400 MHz, CDCls) 7.36 (t, J = 7.2 Hz, 2H,
m-Ph), 7.28 (t, J = 7.2 Hz, 1H, p-Ph), 7.22 (d, J = 7.2 Hz, 2H, o-Ph), 3.56 (d, J = 10.2 Hz, 1H,
1'-H), 2.70 (ddd, J = 10.2, 10.2, 3.5 Hz, 1H, 3-H), 2.19 (s, 3H, 1-H3), 2.12 (s, 3H, NMe), 1.46-1.33
(m, 1H, 4-H?), 1.22-1.00 (m, 3H, 4-H®and 5-Hy), 0.75 (t, J = 7.2 Hz, 3H, 6-H3); *C NMR: (100
MHz, CDCl3) 2125 (s, C-2), 141.2 (s, i-Ph), 128.4 (d, m-Ph), 127.4 (d, o-Ph), 127.3 (d, p-Ph), 67.1
(d, C-1'),59.9 (d, C-3), 34.0 (g, NMe), 31.9 (t, C-4), 29.3 (q, C-1), 20.3 (t, C-5), 13.9 (g, C-6); IR:
(neat) 3332 (NH), 1709 (C=0); MS: (CI, 200 eV) 220 (M* + 1, 76), 189 (M* - NHMe, 5), 120
(PhCHNHMe, 100), 101 (40); HRMS: (Cl, 200 eV) Calculated (C14H22NO) 220.1701 (M™ + 1)
Found: 220.1698




(3R*,1'R*)-3-[1-(M ethylamino)-1-phenylmethyl]hexan-2-one (syn-5bb)

The compound was a minor product in the reaction of 1b with 4b and was not
purely isolated. Selected signals were shown below. 'H NMR: (400 MHz,
CDCl3) 3.60 (d, J=7.7 Hz, 1H, 1'-H), 2.83 (ddd, J = 10.6, 7.7, 3.7 Hz, 1H, 3-H),
2.22 (s, 3H), 1.84 (s, 3H), 0.87 (t, J = 7.2 Hz, 3H, 6-H3); *C NMR: (100 MHz,
CDCl3) 212.1 (C-2), 141.3 (i-Ph), 66.4 (C-1'), 59.6 (C-3), 34.4 (NMe), 31.7,
30.8, 21.0 (C-5), 14.2 (C-6)

'H NMR data for the determination of stereochemistry of compound 5gb

62y 5(*H)/ ppm

ph.1 A 2 1 R anti/syn 1-H 3-H 6-Hs
3 anti 356 (J=102Hz) 270 (J=10.2,10.2,35Hz) 0.75
g NH O 5bb  Me  syn 360 (J=7.7Hz) 2.83 (3J=10.6,7.7,37Hz)  0.87
Sani- dyn  -0.04 -0.13 0.12

major 370 (J=103Hz) 2.69 (J=105,103,35Hz) 0.74 — anti

5gb allyl _minor 3.77 J=8.0Hz) 2.83 (J=9.9,8.0,4.2Hz) 0.88 > syn
Omaj- Omin  -0.07 -0.14 -0.14

(3R*,1' S¥)-3-[1-(Allylamino)-1-phenylmethyl]hexan-2-one (anti-5gb)
Bromoketone 4b (4.50 mmol) was added to a stirred suspension of imine 1g
6 (3.01 mmoal), Yb(OTf); (0.30 mmol), and GeCl,-dioxane (4.51 mmol) in
CH.CI, (10 mL) at room temperature. The mixture was stirred for 2 h at room
1 temperature, and then saturated ag. NaHCO;3; (100 mL) was added. The
3 mixture was extracted with Et;O (50 mLx3), dried (MgSO.), and evaporated
A~ NH O to give the crude product (80%, anti:syn = 83:17). Purification by silica gel
5gb anti chromatography [solvent; hexane (100 mL) and hexane/EtOAc, 90/10 (100
mL), 80/20 (100 mL) and then 70/30 (100 mL)] to afford the aminoketone 5gb
asapaeyellow liquid (1.82 mmol, 60%, anti:syn = 92:8).
Analytical data: bp: 145 °C /0.4 mmHg; *H NMR: (400 MHz, CDCl3) 7.36 (t, J = 7.2 Hz, 2H,
m-Ph), 7.28 (t, J = 7.2 Hz, 1H, p-Ph), 7.21 (d, J = 7.2 Hz, 2H, o-Ph), 5.75 (dddd, J = 17.1, 10.5, 6.7,
5.5 Hz, 1H, NCH,CH), 5.07-4.99 (m, 2H, NCH,CHCH,), 3.70 (d, J = 10.3 Hz, 1H, 1'-H), 3.01
(ddt, J = 14.2, 5.5, 1.6 Hz, 1H, 1'-NHCH?"), 2.84 (ddt, J = 14.2, 6.7, 1.2 Hz, 1H, 1’-NHCH?), 2.69
(ddd, J = 10.5, 10.3, 3.5 Hz, 1H, 3-H), 2.20 (s, 3H, 1-H3), 1.55 (brs, 1H, NH, D,O-exchangenable),
1.45-1.33 (m, 1H, 4-H"), 1.20-0.99 (m, 3H, 4-H® and 5-Hy), 0.74 (t, J = 7.0 Hz, 3H, 6-H3); **C
NMR: (100 MHz, CDCl3) 212.3 (s, C-2), 141.4 (s, i-Ph), 136.5 (d, NCH,CH), 128.4 (d, m-Ph),
127.4 (d, o-Ph), 127.3 (d, p-Ph), 115.8 (t, NCH,CHCHy), 64.0 (d, C-1"), 60.0 (d, C-3), 49.3 (t,
NCHy), 31.8 (t, C-4), 29.0 (g, C-1), 20.3 (t, C-5), 13.8 (g, C-6); IR: (neat) 3325 (NH), 1709 (C=0);
MS: (Cl, 200 eV) 246 (M™ + 1, 86), 146 (PhCHNHCH,CHCH,, 100), 101 (35); HRMS: (CI, 200
eV) Calculated (C16H24NO) 246.1858 (M™ + 1) Found: 246.1852; Analysis. CisH2sNO Calcd: C,
78.32; H, 9.45; N, 5.71 Found: C, 78.11; H, 9.41; N, 5.52
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(3R*,1'R*)-3-[1-(Allylamino)-1-phenylmethyl]hexan-2-one (syn-5gb)

6 The compound was a minor product in the reaction of 1g with 4b and was not
purely isolated. Selected signals were shown below. 'H NMR: (400 MHz,
CDCl3) 5.82 (dddd, J = 17.3, 10.4, 6.8, 5.3 Hz, 1H, NCH,CH), 3.77 (d, J = 8.0
Hz, 1H, 1’-H), 3.09 (ddt, J = 14.3, 5.3, 1.6 Hz, 1H, 1'-NHCH"), 2.92 (ddt, J =
14.3, 6.8, 1.1 Hz, 1H, 1’-NHCH®), 2.83 (ddd, J = 9.9, 8.0, 4.2 Hz, 1H, 3-H),
AN 0183 (s 3H, 1-H3), 0.88 (t, J = 7.0 Hz, 3H, 6-Hs); *C NMR: (100 MHz, CDCl5)

5gb syn 212.0 (C-2), 141.6 (i-Ph), 136.6 (NCH,CH), 115.9 (NCH,CHCH,), 63.3 (C-1"),
60.0 (C-3), 49.7 (NCH,), 31.7, 30.7, 21.0 (C-5), 14.2 (C-6)

2-M ethyl-3-(methylamino)-1,3-diphenylpropan-1-one (major isomer) (5bc)
Bromoketone 4c¢ (4.55 mmol) was added to a stirred suspension of imine
O O 1b (2.96 mmal), Yb(OTf)3(0.30 mmol), and GeCl,-dioxane (4.51 mmol)
in CH,CI, (10 mL) at room temperature. The mixture was stirred for 2 h at
o NH O room temperature, and then saturated ag. NaHCOs; (100 mL) was added.
5bc The mixture was extracted with Et,O (50 mLx3), dried (MgSO,), and
evaporated to give the crude product (97%, dr = 55:45). Purification by
silicagel chromatography [solvent; hexane (100 mL) and hexane/EtOAc, 90/10 (100 mL), 80/20
(100 mL) and then 70/30 (100 mL)] to afford the aminoketone 5bc as a pale yellow liquid (2.87
mmol, 97%, dr = 55:45).
Analytical data: bp: 160 °C/ 0.35 mmHg; *H NMR: (400 MHz, CDCls) 8.02 (d, J = 7.2 Hz, 2H,
1-Ph(0)), 7.58 (t, J = 7.2 Hz, 1H, 1-Ph(p)), 7.48 (d, J = 7.2 Hz, 2H, 1-Ph(m)), 7.38-7.34 (m, 4H,
3-Ph(o, m)), 7.32-7.25 (m, 1H, 3-Ph(p)), 3.92 (d, J = 9.8 Hz, 1H, 3-H), 3.75 (dqg, J = 9.8, 7.3 Hz,
1H, 2-H), 2.14 (s, 3H, NMe), 1.66 (brs, 1H, NH, D,O-exchangenable), 0.92 (d, J = 7.3 Hz, 3H,
2-Me); °C NMR: (100 MHz, CDCl3) 204.3 (s, C-1), 141.2 (s, 3-Ph(i)), 136.9 (s, 1-Ph(i)), 133.1 (d,
1-Ph(p)), 128.6 (d), 128.4 (d), 128.3 (d), 128.0 (d), 127.4 (d, 3-Ph(p)), 67.9 (d, C-3), 47.5 (d, C-2),
34.6 (q, NMe), 16.2 (q, 2-Me); IR: (neat) 3332 (NH), 1678 (C=0); MS: (Cl, 200 eV) 254 (M™ + 1,
33), 223 (M" - NHMe, 94), 135 (M" - PhCHNHMe, 85), 120 (PhCHNHMe, 100); HRMS: (Cl, 200
eV) Calculated (C17H20NO) 254.1545 (M™ + 1) Found: 254.1539

2-M ethyl-3-(methylamino)-1,3-diphenylpropan-1-one (minor isomer) (5bc)

The compound was a minor product in the reaction of 1b with 4c and was not purely isolated.
Selected signal's were shown below. *H NMR: (400 MHz, CDCl5) 7.85 (d, J = 8.1 Hz, 2H, 1-Ph(0)),
3.92 (d, J = 5.8 Hz, 1H, 3-H), 3.75 (qd, J = 6.8, 5.8 Hz, 1H, 2-H), 2.23 (s, 3H, NMe), 1.26 (d, J =
6.8 Hz, 3H, 2-Me); *C NMR: (100 MHz, CDCl3) 203.7 (C-2), 141.9 (3-Ph(i)), 136.5 (1-Ph(i)),
132.9 (1-Ph(p)), 127.1 (3-Ph(p)), 66.0 (C-3), 47.3 (C-2), 34.7 (NMe), 12.6 (2-Me)

3,3-Dimethyl-4-(2-phenylethylamino)butan-2-one (5ja)
H Bromoketone 4a (4.51 mmol) was added to a stirred suspension of
\>3<%(1 imine 1j (3.01 mmol), Bi(OTf)3(0.30 mmol), and GeCl,-dioxane (4.53
Ej/V o mmol) in CH.Cl, (10 mL) at room temperature. The mixture was
5ja stirred for 30 min at room temperature, and then saturated agq. NaHCOs
(100 mL) was added. The mixture was extracted with Et,O (50 mLx3),
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dried (MgSO,), and evaporated to give the crude product (67%). Purification by silica gel
chromatography [solvent; hexane (100 mL) and hexane/EtOAc, 80/20 (100 mL) and then 50/50
(200 mL)] to afford the aminoketone 5ja as apae yellow liquid (1.77 mmol, 58%).

Analytical data: bp: 140 °C /0.2 mmHg; *H NMR: (400 MHz, CDCl3) 7.27 (t, J = 7.7 Hz, 2H,
m-Ph), 7.22-7.15 (m, 3H, o, p-Ph), 2.83 (t, J = 7.1 Hz, 2H, NCH,CH,), 2.74 (t, J = 7.1 Hz, 2H,
NCH,CHy), 2.69 (s, 2H, 4-Hy), 2.11 (s, 3H, 1-H3), 1.10 (s, 6H, 3-Mey); **C NMR: (100 MHz,
CDCl3) 213.7 (s, C-2), 140.0 (s, i-Ph), 128.6 (d, o-Ph), 128.3 (d, m-Ph), 126.0 (d, p-Ph), 58.3 (t,
C-4), 51.9 (t, NCH.CHy), 48.5 (s, C-3), 36.2 (t, NCH,CHy), 25.2 (g, C-1), 23.0 (g, 3-Mey); IR:
(neat) 3332 (NH), 1705 (C=0); MS: (Cl, 200 €V) 220 (M* + 1, 100), 134 (PhCH,CH,NHCH,, 69),
128 (CH3COC(CH3),CH,NHCHo, 15); HRMS: (Cl, 200 eV) Calculated (C14H2NO) 220.1701 (M*
+ 1); Found: 220.1696

3-[(2-Phenylethylamino)methyl]hexan-2-one (5jb)

6 Bromoketone 4b (4.49 mmol) was added to a stirred suspension of

2 imine 1 (3.01 mmol), Bi(OTf)3(0.30 mmol), and GeCl,-dioxane (4.48

H 4 , 1 Mmmol) in CHxCl> (10 mL) at room temperature. The mixture was

3 stirred for 30 min at room temperature, and then saturated ag. NaHCO3

©N o} (100 mL) was added. The mixture was extracted with Et,O (50 mLx3),

dried (MgSO,), and evaporated to give the crude product (52%).
Purification by silica gel chromatography [solvent; hexane (100 mL) and hexane/EtOAc, 80/20
(100 mL), 60/40 (100 mL) and then 50/50 (200 mL)] to afford the aminoketone 5ja as a pale
yellow liquid (1.32 mmol, 44%).

Analytical data: bp: 140 °C /0.15 mmHg; *H NMR: (400 MHz, CDCls) 7.29 (t, J = 7.6 Hz, 2H,
m-Ph), 7.23-7.15 (m, 3H, o, p-Ph), 2.90-2.60 (m, 7H, 3-H, 3-CH,;N, NCH,CH, and NCH,CH,),
2.13 (s, 3H, 1-H3), 1.61-1.49 (m, 1H. 4-H"), 1.42-1.20 (m, 3H, 4-H® and 5-Hy), 0.90 (t, J = 7.3
Hz, 3H, 6-Hs); *C NMR: (100 MHz, CDCl3) 212.3 (s, C-2), 139.9 (s, i-Ph), 128.6 (d), 128.3 (d),
126.0 (d, p-Ph), 53.1 (d, C-3), 51.3 (t), 50.8 (t), 36.2 (t, NCH,CH,), 32.0 (t, C-4), 29.2 (q, C-1),
20.5 (t, C-5), 14.1 (g, C-6); IR: (neat) 1709 (C=0); MS: (Cl, 200 eV) 234 (M* + 1, 100), 134
(PhCH,CH,;NHCH,, 28); HRMS: (Cl, 200 eV) Calculated (C15H24NO) 234.1858 (M™ + 1);
Found: 234.1854

(2R*,3S*)-3-Acetyl-N-benzyl-2-phenylpiperidine (cis-5fd)
3,6-Dibromohexan-2-one 4d (0.6 mmol) was

o added to a stirred suspension of

2 13 _ GeCl,-dioxane (0.6 mmol),
- N-benzylidenebenzylamine 1f (0.284 mmol)

N5 and Yb(OTf)s (0.014 mmol) in CHyCl, (2

mL) at room temperature. After the mixture

5fd cis was dtirred for 2 h at this temperature,

saturated ag. NaHCO;3 (5 mL) was added. The

mixture was stirred for 8 h at 50 °C, extracted with Et,O (three times) and the organic layer was

dried over MgSO,. The solvent was removed under reduced pressure to give the product (83%,

cistrans = 84:16). Column chromatography [solvent; hexane (100 mL) and hexane/EtOAcC,
90/10 (100 mL) and then 80/20 (100 mL)] was performed for the purification.
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Analytical data: *H NMR: (400 MHz, CDCl3) 7.38-7.20 (m, 10H, 2-Ph and NCH.Ph), 3.85 (d, J =
5.2 Hz, 1H, 2-H), 3.70 (d, J = 14.1 Hz, 1H, NCH"Ph), 3.20 (d, J = 14.1 Hz, 1H, NCH®Ph), 3.07
(ddd, J = 6.4, 5.2, 5.2 Hz, 1H, 3-H), 2.94 (ddd, J = 11.9, 8.3, 3.7 Hz, 1H, 6-H"), 2.23 (ddd, J = 11.9,
7.1, 3.7 Hz, 1H, 6-H®), 2.13-1.95 (m, 2H, 4-H" and 5-H"), 1.79-1.68 (m, 1H, 4-H®), 1.74 (s, 3H,
COMe), 1.64-1.52 (m, 1H, 5-H®); **C NMR: (100 MHz, CDCl3) 210.3 (s, CO), 140.0 (s, 2-Ph(i)),
139.1 (s, NCH,Ph(i)), 128.7 (d), 128.5 (d), 128.3 (d), 128.2 (d), 127.3 (d), 126.7 (d), 66.2 (d, C-2),
59.2 (t, NCH,Ph), 53.0 (d, C-3), 49.8 (t, C-6), 31.0 (g, COMe), 24.2 (t, C-4), 22.3 (t, C-5); IR:
(neat) 1712 (C=0); MS: (El, 70 eV) 293 (M*, 8), 292 (M* - H, 11), 250 (M* - MeCO, 6), 222 (32),
216 (M* - Ph, 15), 202 (M* - PhCH,, 100), 194 (31), 91 (PhCH,, 89); HRMS: (ElI, 70 eV)
Calculated (CoH23sNO) 293.178 (M*) Found: 293.1777

(2R* ,3R*)-3-Acetyl-N-benzyl-2-phenylpiperidine (trans-5fd)
The compound was a minor product in the

6 1 ;3” H2 reaction of 1f with 4d and was not purely

N isolated. Selected signals were shown below. *H

= 2 Ac  JI00HZ \MR: (400 MHzZ, CDCI3) 3.70 (d, J = 13.8 Hz,
5 |3 1H, NCH?Ph), 3.32 (d, J = 10.0 Hz, 1H, 2-H),

2.80 (d, J = 13.8 Hz, 1H, NCH®Ph), 1.62 (s, 3H,
5fd trans COMe); ®C NMR: (100 MHz, CDCls) 2115
(CO), 142.0, 139.4, 69.7 (C-2), 58.8, 58.4, 52.4,

31.1 (COMe), 28.0, 24.7

Be-2254 synthesis.

M ethylidene-2-[4-(tert-butyldimethylsiloxy)]phenylethylamine (1k)
H H

HCI-HN 1) tBuMe,SiCl HzN (CH,0), N
imidazole MgSO, \/\©\
OH OSiMe,tBu OSiMe,tBu

2) NaHCOg3 agq.
6 7 1k
2-[4-(tert-butyldimethylsiloxy)] phenylethylamine (7)
tBuMe&,SICl (15.0 mmol) was added to a stirred suspension of

o]

H,N i m tyramine hydrogen chloride 6 (10.1 mmol) and imidazole (20.3
\/\©\p mmol) in CH,Cl, (30 mL) at room temperature. After the mixture
OSiMe,tBu was stirred for 13 h at room temperature, it was slowly poured into

7 saturated ag. NaHCOs (100 mL) at 0 °C. The mixture was extracted

with CH,Cl, (50 mLx3). This extract was washed with saturated ag.
NaHCO;3; (30 mL) and brine (30 mL), dried (MgSO,), and evaporated. The crude product was
purified by silica gel chromatography [solvent; hexane 200 mL, hexane/EtOAc = 80/20 (200
mL), 50/50 (200 mL), EtOAc (200 mL), and MeOH (100 mL)] to afford the amine 7 (8.79 mmol,
87%). Further purification was performed by distillation to give pure 7 (8.55 mmol, 84%).
Analytical data: bp: 135 °C /0.4 mmHg; *H NMR: (400 MHz, CDCls) 7.05 (d, J = 8.7 Hz, 2H,
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0-Ph), 6.77 (d, J = 8.7 Hz, 2H, m-Ph), 2.92 (t, J = 6.9 Hz, 2H, 1-H,), 2.67 (t, J = 6.9 Hz, 2H,
2-Hy), 1.25 (brs, 2H, NH,, D,O-exchangenable), 0.98 (s, 9H, 'Bu), 0.19 (s, 6H, SiMe,); *C
NMR: (100 MHz, CDCls) 153.9 (s, p-Ph), 132.4 (s, i-Ph), 129.6 (d, o-Ph), 120.0 (d, m-Ph), 43.7
(t, C-1), 39.3 (t, C-2), 25.7 (g, SiCMey), 18.2 (s, SICMey), -4.5 (g, SIMey); IR: (neat) 3371 (NH);
MS: (El, 70 eV) 251 (M™, 4), 222 (63), 221 (M* - NH,CH,, 38), 177 (24), 165 (100), 73 (45);
HRMS: (El, 70 eV) Caculated (C14HsNOSI) 251.1705 (M*) Found: 251.1707; Anaysis:
CuH2sNOSi Caled: C, 66.87; H, 10.02; N, 5.57 Found: C, 66.59; H, 9.91; N, 5.69

M ethylidene-2-[4-(tert-butyldimethylsiloxy)] phenylethylamine (1k)
H__H Paraformal dehyde (45 mmol) was added to a stirred suspension of
hig .0 amine 7 (34.4 mmol) and MgSO, (10g) in CH,Cl, (60 mL) at room
N m temperature. After the mixture was stirred for 11 h at room
pOS_M 5 temperature, it was filtered and rinsed with CH,Cl,. The resulting
Me21BU hale yellow solution was evaporated to yield the titled compound
1k 1k asacolorless solid (33.2 mmol, 96%).
Analytical data: bp: 170 °C /0.4 mmHg; mp: 70-73 °C; 'H NMR:
(400 MHz, CDCl3) 7.04 (d, J = 8.5 Hz, 2H, 0-Ph), 6.74 (d, J = 8.5 Hz, 2H, m-Ph), 3.41 (brs, 2H,
N=CH,), 2.73-2.61 (m, 4H, NCH,CH>), 0.97 (s, 9H, 'Bu), 0.18 (s, 6H, SiMe,); **C NMR: (100
MHz, CDClI3) 153.7 (s, p-Ph), 132.9 (s, i-Ph), 129.5 (d, 0-Ph), 119.8 (d, m-Ph), 74.5 (t, N=C), 54.7
(t, NCH,CHy), 33.7 (t, NCH,CHy), 25.6 (g, SICMe3), 18.1 (s, SICMey), -4.5 (g, SMey); IR: (neat)
1254 (O-Si); MS: (El, 70 eV) 263 (M", 47), 221 (M* - CH,NCH,, 95), 206 (88), 177 (100), 73
(32); HRMS: (EI, 70 eV) Calculated (C15H2sNOSi) 263.1705 (M™) Found: 263.1700; Analysis:
CisH2sNOSI Caled: C, 68.38; H, 9.56; N, 5.32 Found: C, 68.43; H, 9.65; N, 5.38

2-{2-[4-(tert-Butyldimethylsiloxy)phenyl]ethylaminomethyl}-1-tetr alone (5ke)
2-Bromo-1-tetralone 4e (1.8 mmol) was added to a

5,4
6 23 stirred suspension of imine 1k (1.2 mmol), Bi(OTf)s
O‘ N i 2 m (0.12 mmol), and GeCl,-dioxane (1.8 mmol) in
g 82l 2 \/\©ﬂ CHCI; (4 mL) at room temperature. The mixture was
© Ske OSiMe,tBu Stirred for 5 min at room temperature, and then

saturated ag. NaHCO; (30 mL) was added. The
mixture was extracted with Et,O (20 mLx3), dried (MgSO,), and evaporated to give the crude
product (0.64 mmol, 53%). Purification by silica gel chromatography [solvent; hexane 100 mL,
hexane/EtOAc = 90/10 (100 mL), 80/20 (100 mL), 70/30 (100 mL), and 60/40 (100 mL)]
afforded the pure product 5ke as a pale yellow liquid (0.36 mmol, 30%).
Analytical data: *H NMR: (400 MHz, CDCl3) 8.00 (d, J = 7.8 Hz, 1H, 8-H), 7.45 (dd, J = 7.8,
7.8 Hz, 1H, 6-H), 7.29 (t, J = 7.8, 7.8 Hz, 1H, 7-H), 7.22 (d, J = 7.8 Hz, 1H, 5-H), 7.07 (d, J =
8.5 Hz, 2H, NCH,CH,Ph(0)), 6.77 (d, J = 8.5 Hz, 2H, NCH,CH,Ph(m)), 3.11 (dd, J = 11.9, 6.6
Hz, 1H, 2-CH”N), 3.07-2.81 (m, 4H, 4-H, and NCH,CH,), 2.80-2.71 (m, 3H, 2-CH®N and
NCH,CH,), 2.71-2.62 (m, 1H, 2-H), 2.18 (dddd, J = 12.4, 4.4, 4.4, 4.4 Hz, 1H, 3-H"), 1.93 (dddd,
J =124, 12.4, 12.4, 5.1 Hz, 1H, 3-H®), 1.66 (brs, 1H, NH), 0.98 (s, 9H, tBu), 0.19 (s, 6H,
SiMey); *C NMR: (100 MHz, CDCl3) 200.1 (s, C-1), 153.8 (s, NCH2CHPh(p)), 144.0 (s, C-4a),
133.3 (d, C-6), 132.7 (s), 132.5 (s), 129.5 (d, NCH,CH,Ph(0)), 128.6 (d, C-5), 127.2 (d, C-8),

14



1265 (d, C-7), 119.9 (d, NCH,CH,Ph(m)), 51.8 (t, NCH»CH,), 50.2 (t, 2-CH,N), 47.9 (d, C-2),
35.6 (t, NCH,CHy), 28.7 (t, C-4), 27.6 (t, C-3), 25.6 (g, SICMe) , 18.1 (s, SICMey), -4.5 (g,
SiMey); IR: (neat) 3329 (NH), 1682 (C=0); MS: (Cl, 200 eV) 410 (M* + 1, 7), 252 (66), 159
(M* - 4-(tBuMe&;SiO)CeH4CH,CH,NH, 100); HRMS: (CI, 200 eV) Calculated (CasHzsNO,Si)
410.2515 (M* + 1); Found: 410.2502

2-[2-(4-Hydroxyphenyl)ethylaminomethyl]-1-tetralone hydrochloride (Be-2254)
5 424 Aminoketone 5ke (0.57 mmol) was suspended in 5M HCI
6 5 HHa . (aqueous, 8 mL). After the reaction mixture was stirred at 100
7 Fx kN ; m °C for 18 h, cooled to room temperature, Et,O (10 mL) was
8 o \/\©\p added. The phases separated, the organic phase was extracted
OH with HO (10 mLx2). The combined agqueous layers were
Be-2254 (8ke) concentrated in vacuo to give the titled compound 8ke (83%).
Recrystallization from EtOH/hexane gave the pure product as a colorless solid (0.37 mmol, 64%).
Analytical data: mp: 165-167 °C; *H NMR: (400 MHz, CDsOD) 7.92 (d, J = 7.5 Hz, 1H, 8-H),
7.49 (dd, J = 7.5, 7.5 Hz, 1H, 6-H), 7.31-7.24 (m, 2H, 5-H and 7-H), 7.09 (d, J = 8.5 Hz, 2H,
NCH,CH,Ph(0)), 6.74 (d, J = 8.5 Hz, 2H, NCH,CH,Ph(m)), 3.44 (dd, J = 12.6, 8.6 Hz, 1H,
2—CHAN), 3.28-2.89 (m, 8H, 2-H, 4-H, 2-CHEN and NCH,CH>), 2.23 (dddd, J = 12.8, 3.6, 3.6,
3.6 Hz, 1H, 3-H*), 1.85 (dddd, J = 12.8, 12.8, 12.8, 4.3 Hz, 1H, 3-H®); *C NMR: (100 MHz,
CDs0D) 200.2 (s, C-1), 157.7 (s, NCH.CH,Ph(p)), 145.7 (s, C-4a), 135.4 (d, C-6), 132.7 (s,
C-8a), 130.8 (d, NCH,CH,Ph(0)), 130.1 (d, C-5), 128.3 (s, NCH,CH,Ph(i)), 128.1 (d), 127.8 (d),
116.7 (d, NCH,CH,Ph(m)), 51.0 (t, NCH,CHy,), 45.5 (d, C-2), 32.3 (t, NCH,CH,), 29.7 (t, C-4),
28.5 (t, C-3); IR: (KBr) 3437 (OH), 2800 (NH,"), 1674 (C=0); MS: (Cl, 200 eV) 296 (M* + 1 -
HClI, 3), 159 (M" - 4-(HO)CsH4CH.CH,NH, 100), 138 (46); Analysis: C1gH2>CINO, Calcd: C,
68.77; H, 6.68; N, 4.22 Found: C, 68.59; H, 6.51; N, 4.46

Computational method.

We applied the HF/DFT hybrid method referenced as B3PW91 three parameter hybrid
functional ¥ All calculations were performed with Gaussian 03 revision C.02.! For basis sets,
6-31+G(d,p) was employed. Solvent effects were included viaa PCM mode with atomic radii of
the United force field (referenced as UAOQ). All energies were calculated including the zero point
energy correction.

Total energies for al of the calculated species (in hartree). All energies includes zero point
vibration energy correction.

la -556.37849
1b -364.748832
2a -200.016252
2b -275.20438
2c -3647.973358
3a -756.394236

3b -564.743173
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3c
3d
3e
3f

-831.593859
-639.942753
-4204.390071
-4012.759995
&
L"\-\. 7 & .I. [
L 2 % Q
e ./
\ M ‘. N ?0.:8%,2?582)'&
. - ‘9 “g@c2 006779
“N 01-%. & C1'(0.16617)
0 % cz @ (:0.36276)
o W& Gz
L cy Cs5' (-0.26536)
3a C6' (-0.32048)
¥ . Qb '(o ‘
ci 1796 A
85 b sy
ji{ce L O(0.61085)
¥ S
g | ce N CI® (-0.44069)

C1'(0.13988)
C2' (-0.25453)
C3' (-0.25364)

L_ﬁl
-y
- e
Li
3b
<
C|2O-'5‘__

* Nunbers in parentheses are NBO charges.

Geometries (PDB)

la

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

0 J 0 Uk WwWwNh R

NAaZrHnonrroDQToTCNToQNN

C g

3e C6' (-0.24769)

UNK 1 -2.702 1
UNK 1 -1.845 0
UNK 1 -4.086 1
UNK 1 -2.278 2
UNK 1 -2.398 -1
UNK 1 -4.626 -0
UNK 1 -4.742 1.
UNK 1 -3.778 -1
UNK 1 -1.733 -1
UNK 1 -5.707 -0
UNK 1 -4.200 -2
UNK 1 -0.397 0
UNK 1 -0.084 1.
UNK 1 0.462 -0
UNK 1 1.833 -0
UNK 1 2.365 0.

.207
.160
.049
.150
.053
.159

868

.209
.864
.286
.151
.371

367

.535
.232

987

16

.454
.081
.384
.801
0.366
0.060
.675
0.434
.656
.116
.780
.170
.524
.122
.069
0.526

Li-N = 1.900 A

“ N (-1.00322)
0 (-0.67851)
Li (0.94035)

Ge-N=1788A
N (-0.93238)

0 (-0.61523)
CI(-0.38481)
CI? (-0.37505)
CI® (-0.45734)

.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00



ATOM
ATOM
ATOM
ATOM
ATOM
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ATOM
ATOM
ATOM
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
MASTER
END
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ATOM 17 H UNK 1 4.196 -0.447 -0.879 1.00 0.00
ATOM 18 H UNK 1 3.826 1.065 0.000 1.00 0.00
CONECT 1 2 3 4

CONECT 2 1 5 12

CONECT 3 1 6 7

CONECT 4 1

CONECT 5 2 8 9

CONECT 6 3 8 10

CONECT 7 3

CONECT 8 5 6 11

CONECT 9 5

CONECT 10 6

CONECT 11 8

CONECT 12 2 13 14

CONECT 13 12

CONECT 14 12 15

CONECT 15 14 16 17 18
CONECT 16 15

CONECT 17 15

CONECT 18 15

MASTER 0 0 0 0 0 0 0 0 18 0 18 0
END

2a

ATOM 1 C UNK 1 0.495 1.429 0.009 1.00 0.00
ATOM 2 H UNK 1 1.535 1.741 0.045 1.00 0.00
ATOM 3 H UNK 1 -0.269 2.204 -0.018 1.00 0.00
ATOM 4 C UNK 1 0.154 0.107 -0.014 1.00 0.00
ATOM 5 C UNK 1 1.241 -0.954 0.020 1.00 ©0.00
ATOM 6 H UNK 1 1.154 -1.604 -0.859 1.00 0.00
ATOM 7 H UNK 1 2.248 -0.528 0.045 1.00 0.00
ATOM 8 H UNK 1 1.108 -1.594 0.902 1.00 0.00
ATOM 9 O UNK 1 -1.068 -0.358 -0.065 1.00 0.00
ATOM 10 Li UNK 1 -2.856 -0.282 0.105 1.00 0.00
CONECT 1 2 3 4

CONECT 2 1

CONECT 3 1

CONECT 4 1 5 9

CONECT 5 4 6 7 8

CONECT 6 5

CONECT 7 5

CONECT 8 5

CONECT 9 4

MASTER 0 0 0 0 0 0 0 0 10 0 10 0
END

2b

ATOM 1 C UNK 1 0.177 1.640 0.003 1.00 0.00
ATOM 2 H UNK 1 -0.843 2.000 0.005 1.00 0.00
ATOM 3 H UNK 1 0.980 2.369 0.005 1.00 0.00
ATOM 4 C UNK 1 0.509 0.318 -0.001 1.00 0.0O0
ATOM 5 O UNK 1 1.672 -0.229 -0.004 1.00 0.00
ATOM 6 Li UNK 1 1.312 -2.086 0.011 1.00 0.00
ATOM 7 O UNK 1 -0.481 -0.687 -0.003 1.00 O0.00
ATOM 8 C UNK 1 -1.850 -0.309 0.000 1.00 0.00
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ATOM 36 H UNK 1 -4.469 -2.627 0.676 1.00 0.00
CONECT 1 2 3 4

CONECT 2 1 5 12

CONECT 3 1 6 7

CONECT 4 1

CONECT 5 2 8 9

CONECT 6 3 8 10

CONECT 7 3

CONECT 8 5 6 11

CONECT 9 5

CONECT 10 6

CONECT 11 8

CONECT 12 2 24 26 31

CONECT 13 14 15 24

CONECT 14 13 16 17

CONECT 15 13 18 19

CONECT 16 14 20 21

CONECT 17 14

CONECT 18 15 20 22

CONECT 19 15

CONECT 20 16 18 23

CONECT 21 16

CONECT 22 18

CONECT 23 20

CONECT 24 12 13 25

CONECT 25 24

CONECT 26 12 27 28 29

CONECT 27 26

CONECT 28 26

CONECT 29 26 30 32

CONECT 30 29

CONECT 31 12

CONECT 32 29 33

CONECT 33 32 34 35 36

CONECT 34 33

CONECT 35 33

CONECT 36 33

MASTER 0 0 0 0 0 0 0 0 36 0 36 0
END

3d

ATOM 1 C UNK 1 1.895 -0.352 1.246 1.00 0.00
ATOM 2 C UNK 1 1.054 0.271 0.315 1.00 0.00
ATOM 3 C UNK 1 2.845 -1.294 0.845 1.00 0.00
ATOM 4 H TUNK 1 1.807 -0.093 2.303 1.00 0.00
ATOM 5 C UNK 1 1.205 -0.057 -1.036 1.00 0.00
ATOM 6 C UNK 1 2.976 -1.623 -0.507 1.00 0.00
ATOM 7 H UNK 1 3.487 -1.768 1.587 1.00 0.00
ATOM 8 C UNK 1 2.153 -0.997 -1.447 1.00 0.00
ATOM 9 H ©UNK 1 0.571 0.455 -1.758 1.00 0.00
ATOM 10 H UNK 1 3.720 -2.352 -0.825 1.00 0.00
ATOM 11 H UNK 1 2.258 -1.236 -2.505 1.00 0.00
ATOM 12 C UNK 1 -0.019 1.286 0.768 1.00 0.00
ATOM 13 N UNK 1 -0.416 2.267 -0.192 1.00 0.00
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