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1. General

All anaerobic and moisture-sensitive manipulations were carried out with standard Schlenk
techniques under predried nitrogen or argon. NMR spectra were recorded on a Mercury 300
spectrometer (300 MHz for 'H), and Variant MR-400 (100 MHz for °C). Chemical shifts are
reported in & ppm referenced to an internal SiMe4 standard for '"H NMR and chloroform-d (&
77.00) for 5C NMR. Optical rotations were measured on a Perkin-Elmer 241 MC polarimeter.
HPLC was performed on a JASCO 2000 instrument by using Daicel columns. LC-MS are
performed on a Agilent 1100 instrument by column 20RBAX SB-C18 (4.6X30mm, 3.5um)

2. General Procedure for the Synthesis of Amines 2

2.1 General Synthetic Procedure for Amines 2a-j

R CO,Me R'
Br H2N_< e HCI R
R

N~

Br NaHCO3; COOMe
CH3CN, reflux

R'

\

1 2

To a 50 mL flask was added dibromo compound 1' (440 mg, 1 mmol), methyl amino acid
hydrogen chloride (1.5 mmol), NaHCOs5 (330 mg, 3 mmol) and 20 mL of acetonitrile. The reaction
was stirred under reflux for about 4 hours and monitored by TLC for completion. The mixture was
then cooled to room temperature, diluted with CH2Cl2, and filtrated through Celite. The filtrate
was washed three times with water and brine, dried over anhydrous Na2SOs4, and concentrated.
Purification by flash column chromatography on silica gel afforded the corresponding
N,N-disubstituted amine product 2.

(S)-2a, light yellow solid, yield 99%;
OO 'H NMR (300 MHz, CDCly) & 3.22 (d, 1H, J = 162 Hz,
- CH,-COOMe), 3.30 (d, 2H, J = 12.3 Hz, Ar-CH,), 3.44 (d, 1H, J =
OO COOMe 16.2 Hz, CH,-COOMe), 3.76 (d, 2H, J = 12.3 Hz, Ar-CH,), 3.78 (s,
3H, COOCHz;), 7.26-7.29 (m, 2H, Ar-H), 7.44-7.49 (m, 4H, Ar-H),
7.57 (d, 2H, J = 8.4Hz, Ar-H), 7.95(d, 4H, J = 8.1 Hz, Ar-H).

Ph (S)-2a’, colorless oil yield 94%;
OO '"H NMR (300 MHz, CDCl3) & 2.81(dd, 2H, J = 18.9Hz, 16.2 Hz,
N CH,-COOMe). 3.16(d, 2H, J = 12.6 Hz, ArCH,), 3.42(s, 3H,

OO COOMe  COOCH;), 4.01(d, 2H, J = 12.6 Hz, ArCH,), 7.26-7.32 (m, 2H, Ar-H),
Ph 7.40-7.60 (m, 10H, Ar-H), 7.61 (d, 4H, J = 6.9 Hz, A-H), 7.95-7.98(m,
4H, Ar-H)

' T. Ooi, M. Kameda, K. Maruoka, J. Am. Chem. Soc., 2003, 125, 5139.
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(S, L)-2b (S for the confirmation of Chiral auxiliary, L for the

OO confirmation of amino acid), colorless oil, yield 95%;
N COOMe 'H NMR (300 MHz, CDCl3) & 1.54 (d, 3H, J = 6.9 Hz, CH-CHs),
OO 3.42 (d, 2H, J = 12.6 Hz, Ar-CH,), 3.40- 3.48 (m, 1H, CH-CHj), 3.67

(s, 3H, COOCH3), 3.90 (d, 2H, J = 12.6 Hz, Ar-CH,), 7.25-7.28 (m,
2H, Ar-H), 7.46-7.51 (m, 4H, Ar-H), 7.60 (d, 2H, J = 8.4 Hz, Ar-H), 7.98 (d, 4H, J = 8.4 Hz,
Ar-H). C NMR (100 MHz, CDCly) § 16.6, 51.9, 53.2, 61.4, 125.4, 125.7, 127.4, 128.1, 128.2,
128.3, 131.2, 133.1, 135.0, 174.5 ppm.

(S, rac)-2b , colorless oil, yield 94% (including two isomers);
OO 'H NMR (300 MHz, CDCl3) 6 1.39 and 1.54 (d, 3H, J = 6.9 Hz,
N CH-CH,), 3.37- 3.48 (m, 3H, Ar-CH,, CH-CH3), 3,66 and 3.74 (s, 3H,
OO COOMe  cOOCHS;), 3.79 and 3.90 (d, 2H, J = 12.6 Hz, Ar-CH,), 7.23-7.28 (m,

2H, Ar-H), 7.44-7.51 (m, 4H, Ar-H), 7.57-7.62 (m, 2H, Ar-H),
7.95-7.99 (m, 4H, Ar-H).

(S, L)-2¢, colorless oil, yield 92%;

OO 'H NMR (300 MHz, CDCl3) & 3.18 (d, 2H, J = 7.5 Hz, Ph-CH,),
\ 3.42 (s, 3H, COOCH3), 3.57 (d, 2H, J = 12.0 Hz, Ar-CH,), 3.71 (1,

cooMe  1H, J = 7.5 Hz, CHCOOMe), 3.92 (d, 2H, J = 12.3 Hz, Ar-CH,),

OO 7.20-7.28 (m, 7H, Ar-H), 7.42-748 (m, 4H, Ar-H), 7.55 (d, 2H, J =

8.4 Hz, Ar-H), 7.94 (dd, 4H, J = 8.1 Hz, 8.1 Hz, Ar-H). °C NMR
(100 MHz, CDCls) & 37.1, 51.4, 53.2, 68.4, 125.4, 125.7, 126.4,
127.5,128.1, 128.2, 128.3, 128.4, 129.2, 131.2, 133.1, 133.2, 134.9, 137.7, 172.9 ppm

(S, rac)-2d, colorless oil, yield 99% (including two isomers);
OO 4< 'H NMR (300 MHz, CDCl;) & 0.86-1.01 (m, 6H, CH(CH,),),
N{é 1.65-1.79 (m, 3H, CH,CH(CHj3),, 3.30-3.40 (m, 1H, N-CH), 3.46 and
OO COOMe 3 55 (d, 2H, J = 12.3 Hz, Ar-CH,), 3.55 and 3.58 (s, 3H, COOCH3),
3.80 and 3.84 (d, 2H, J = 12.3 Hz, Ar-CH,), 7.22-7.28 (m, 2H, Ar-H),
7.43-7.48 (m, 4H, Ar-H), 7.54 and 7.58 (d, 2H, J = 8.1 Hz, Ar-H), 7.95 (d, 4H, J = 8.1 Hz, Ar-H).

(S,L)-2e, colorless oil, yield 94%;
OO 'H NMR (300 MHz, CDCl) & 2.14-2.21 (m, 2H, Ph-CH,-CH,),
2.73 (t, 2H, J = 7.8 Hz, Ph-CH,), 3.31 (t, 1H, J = 7.5Hz, N-CH),
O O N 3.55 (d, 2H, J = 12.6 Hz, Ar-CH,), 3.58 (s, 3H, COOCHj), 3.81 (d,

COOMe
2H, J = 12.6 Hz, Ar-CH,), 7.24-7.35 (m, 7H, Ar-H), 7.35-7.51 (m,
4H, Ar-H), 7.60 (d, 2H, J = 8.4 Hz, Ar-H), 7.96-8.01 (m, 4H, Ar-H).
3C NMR (100 MHz, CDCly) & 31.9, 32.0, 51.4, 51.7, 65.0, 125.4, 125.7, 126.0, 127.5, 128.2,
128.3, 128.4, 128.5, 131.2, 133.0, 133.4, 134.8, 141.5, 173.7 ppm.

(S,L)-2f, light yellow powder, yield 90%;

OO S— 'H NMR (300 MHz, CDCLy) & 2.06-2.11 (m, 2H, S-CH,-CH,), 2.11
N (s, 3H, S-CHj), 2.53-2.60 (m, 2H, S-CH,-CH,), 3.45-3.50 (m, 1H,

OO COOMe N-CH), 3.51 (d, 2H, J = 12.6 Hz, Ar-CH,), 3.54 (s, 3H, COOCHj),
3.77 (d, 2H, J = 12.6 Hz, Ar-CH,), 7.21-7.28 (m, 2H, Ar-H),
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7.41-7.48 (m, 4H, Ar-H), 7.54 (d, 2H, J = 8.4 Hz, Ar-H), 7.94 (d, 4H, J = 8.4 Hz, Ar-H). °C NMR
(100 MHz, CDCls) 6 15.5, 29.6, 30.5, 51.5, 52.7, 64.4, 125.4, 125.7, 127.5, 128.1, 128.2, 128.4,
131.2, 133.0, 133.3, 134.8, 173.5 ppm.

(S,L)-2g’, white solid, yield 96%;
OO oH 'HNMR (300 MHz, CDCl;) & 3.44-3.49 (m, 1H, N-CH), 3.49 (s,
N COOMe 3H, COOCHj;), 3.65 (d, 2H, J = 12.6 Hz, Ar-CH,), 3.80 (d, 2H, J =
OO 12.3 Hz, Ar-CH), 3.80-3.94 (m, 2H, CH,OH), 7.23-7.28 (m, 2H,

Ar-H), 7.41-7.49 (m, 2H, Ar-H), 7.52 (d, 2H, J = 8.7 Hz, Ar-H),
7.92-7.97 (m, 4H, Ar-H). C NMR (100 MHz, CDCL) § 51.5, 52.5, 59.6, 65.7, 125.6, 125.8,
127.5,127.9, 128.2, 128.6, 131.3, 133.0, 133.1, 134.9, 172.4 ppm.

OO COOCH;  moMmcl OO COOCH,3

(o e 26
OH DIEA OMOM
92%

29' 29

To a 25 mL flask was added 2g’ (40 mg, 0.1 mmol), DIEA(70 uL, 4 eq), MOMCI (12 pL,
1.5 eq) and CH,Cl, (5 mL). The reaction was stirred under room temperature and monitored by
TLC for completion. The mixture was then quenched with NH,4Cl (aq, saturated), extracted for
three times with CH,Cl,. The organic layer was washed with water and brine, dried over
anhydrous Na,SO,, and concentrated. Purification by flash column chromatography on silica gel
(eluted with 5:1 hexane/ethyl acetate) afforded the MOM-protected product 2g (40 mg, 92%)

'H NMR (300 MHz, CDCl3) & 3.39 (s, 3H, OCH,OCH;), 3.48 (d, 2H, J = 12.0 Hz, Ar-CH,),
3.53-3.57 (m, 1H, CH,OMOM), 3.68 (s, 3H, COOCHs), 3.78 (d, 2H, Ar-CH,), 3.79-3.84 (m, 1H,
CH,OMOM), 3.95-4.01 (m, 1H, N-CH), 4.62 (s, 1H, OCH,OCH;), 7.25-7.28 (m, 2H, Ar-H),
7.43-7.48 (m, 4H, Ar-H), 7.58 (d, 2H, J = 8.4 Hz, Ar-H), 7.93-7.97 (m, 4H, Ar-H). >C NMR (100
MHz, CDCls) § 51.8, 53.3, 55.3, 65.7, 66.7, 96.6, 125.5, 125.7, 127.4, 128.1, 128.2, 128.4, 131.2,
132.9, 133.1, 134.9, 172.2 ppm.

(S,L)-2h, white solid, yield 91%;
OO OH 'HNMR (300 MHz, CDCl3) 6 3.03 (d, 2H, J = 6 Hz, Ph-CH),),
N COOMe 3.46 (d, 2H, J = 12.3 Hz, Ar-CH,), 3.48 (s, 3H, COOCH3),
OO 3.44-3.49 (m, 1H, N-CH), 3.85 (d, 2H, J = 12.4 Hz, Ar-CH,),

6.70 (d, 2H, J = 8.1Hz, Ph-H), 7.00 (d, 2H, J = 8.1Hz, Ph-H),
7.23-7.29 (m, 2H, Ar-H), 7.44-7.49 (m, 4H, Ar-H), 7.57 (d, 2H, J = 8.4 Hz, Ar-H), 7.97 (d, 4H, J =
8.4 Hz, Ar-H). °C NMR (100 MHz, CDCLy) § 36.2, 51.6, 53.3, 68.8, 115.3, 125.5, 125.7, 127.5,
128.15, 128.24, 128.4, 129.2, 130.3, 131.2, 133.0, 133.1, 134.9, 154.4, 173.1 ppm
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COOMe 3.54-3.70 (m, 2H, Ar-CH,), 3.86-4.01 (m, 2H, Ar-CH,),
7.0-7.3 (m, 6H, Ar-H), 7.47-7.52 (m, 4H, Ar-H), 7.58-7.70 (m,
3H, Ar-H), 7.98 (d, 2H, J = 8.4 Hz, Ar-H), 8.17 (b, 1H, NH).

13C NMR (100 MHz, CDCl;) 26.5, 51.4, 53.2, 67.4, 111.0, 111.6, 118.7, 119.3, 121.9, 122.7, 125.4,

125.7, 127.4, 127.5, 128.2, 128.2, 128.4, 131.2, 133.0, 133.3, 134.9, 136.0, 173.4 ppm.

(S,L)-2i, white solid, yield 92%;
OO '"H NMR (300 MHz, CDCl;) & 3.0-33 (m, 2H, Ph-CHy),
Y \_NH  3.47-3.50(m, 1H, N-CH) 3.42 and3.45 (s, 3H, COOCH),

S,L)-2j, white solid, yield 93%;
( 1 ) J? 9 y b

OO 'H NMR (300 MHz, CDCl;) & 3.19 (d, 2H, J = 12.3 Hz, ArCH,), 3.63

(s, 3H, COOCH3), 3.77 (d, 2H, J = 12.0 Hz, ArCH,), 4.01 (s, 1H,

O ‘ N co,me NCHCOOMe), 7.21-7.27 (m, 2H, Ar-H), 7.38-7.48 (m, 9H, Ar-H),
2]

7.65 (d, 2H, J = 6.9 Hz, ArH), 7.94 (d, 4H, J = 8.1 Hz, ArH). °C NMR

(100 MHz, CDCl3) 52.4, 53.9, 71.8, 125.5, 125.7, 125.5, 125.7, 127.4,

128.0, 128.3, 128.3, 128.6, 128.6, 128.9, 131.2, 132.8, 133.2, 135.1,
136.0, 172.5 ppm.

2.2 Synthetic Procedure for Amine 2k

OO COOMe LiIHMDS OO COOMe
N— N
99 = 0 y
Br
2a 2k

Under nitrogen atmosphere, to a solution of (S)-2a (36.5 mg, 0.1 mmol) in dry THF at -78°C
was added LiHMDS (1.0 M in THF, 0.15 mL, 1.5 eq). The mixture was allowed to warm and
stirred at 0°C for 1h, and then cooling to -78°C again, 1-bromo -4-(bromomethyl)-benzene (50 mg,

2 eq) was added and the mixture was allowed to warm to room temperature slowly and stirred for
another 6h. The reaction was quenched with water, and extracted with ethyl acetate for 3 times.
The organic layer was washed with NaHCO; (aq, saturated) and brine, dried over anhydrous
Na,S0s, and concentrated. Purification by flash column chromatography on silica gel (eluted with
10:1 hexane/ethyl acetate) afforded a colorless oil 2k (36 mg, 67%).

'H NMR (300 MHz, CDCl3) & 2.95-3.18 (m, 2H, Ph-CH,), 3.44 (s, 3H, COOCHs3), 3.42-3.51 (m,
1H, N-CH), 3.50 (d, 2H, J = 12.3 Hz, Ar-CH,), 3.82 (d, 2H, J = 12.4 Hz, Ar-CH,), 7.05 (d, 2H, J
= 8.4Hz, Ph-H), 7.24-7.27 (m, 2H, Ar-H), 7.37 (d, 2H, J = 8.4Hz, Ph-H), 7.42-7.47 (m, 4H, Ar-H),
7.54 (d, 2H, J = 8.4 Hz, Ar-H), 7.94 (d, 2H, J = 8.4 Hz, Ar-H). >C NMR (100 MHz, CDCL;) &
36.4, 51.4, 53.0, 59.0, 67.9, 71.7, 120.3, 125.5, 125.7, 127.4, 127.6, 128.0, 128.2, 128.4, 130.8,
131.0, 131.2, 131.3, 131.5, 133.01, 133.04, 133.2, 134.8, 134.9, 136.8, 172.7 ppm.
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2.3 Synthetic Procedure for Amine 21

(1) LiHMDS,

COOMe OO COOMe
5% N Q
(2) HCI, acetone OHC

2|

Under nitrogen atmosphere, to a solution of (S)-2a (36.5 mg, 0.1 mmol) in dry THF at -78°C
was added LiHMDS (1.0 M in THF, 0.15 mL, 1.5 eq). The mixture was allowed to warm and
stirred at 0°C for 1h, and then cooling to -78°C again, 2-(2-(bromomethyl)phenyl)-1,3-dioxolane
(48 mg, 2 eq) was added and the mixture was allowed to warm to room temperature slowly and
stirred for another 6h. The reaction was quenched with water, extracted with ethyl acetate for 3
times. The organic layer was washed with NaHCO; (aq, saturated) and brine, dried over anhydrous
Na,SOy4, and concentrated.

The above obtained residue was dissolved in acetone and drops of concentrated HCI was
added. After further stirring at room temperature for 3h, the reaction was quenched with NaHCO;
(aq, saturated), extracted with ethyl acetate. The organic layer was washed with brine and dried
over anhydrous Na,SOy, and concentrated. Purification by flash column chromatography on silica
gel (eluted with 10:1 hexane/ethyl acetate) afforded a colorless oil 21 (30 mg, 62%). "H NMR (300
MHz, CDCls) 6 3.23-3.27 (m, 2H, Ph-CH,), 3.39 (s, 3H, COOCHs;), 3.44-3.50 (m, 1H, N-CH),
3.62 (d, 2H, J = 12.3 Hz, Ar-CH,), 3.92 (d, 2H, J = 12.4 Hz, Ar-CH,), 7.26-7.30 (m, 2H, Ar-H),
7.43-7.59 (m, 10H, Ar-H), 7.96 (d, 4H, J = 7.8 Hz, Ar-H), 10.26 (s, 1H, -CHO)

3. General Procedure for the Synthesis of Ammonium Salts

. B~

COOMe

COOMe CH3CN rt

To a 25 mL flask was added the amine substrates 2 (0.2 mmol), allyl bromide (0.4 mmol)
and 5 mL of acetonitrile. The reaction was stirred at room temperature for 1-2 days, monitored by
TLC for completion. The mixture was then diluted with CH,Cl,, concentrated under vacuum,
removing the solvent and allyl bromide. The residue was purified by flash column
chromatography on silica gel afforded the corresponding ammonium salts 3.

OO Br 3a, white solid, yield 96%;
+/\/ '"H NMR (300 MHz, CDCl3) & 3.77 (d, 2H, J = 12.0 Hz), 3.78 (s, 3H),

N\ 425 (dd, 1H, J = 7.2 Hz, 13.5 Hz), 4.44 (d, 1H, J = 17.4 Hz), 4.72 (dd,

OO cooMe 1H,J=7.5Hz, 13.5 Hz), 5.30 (d, 1H, J = 13.2 Hz), 5.48 (d, 1H, J =
17.7 Hz), 5.66 (d, 1H, J = 17.7 Hz), 5.75 (d, 1H, J = 9.3 Hz), 5.87 (d,

1H, J = 12.9 Hz), 6.40-6.54 (m, 1H), 7.38-7.44 (m, 4H), 7.59-7.62 (m, 2H), 7.74 (d, 1H, J = 7.8
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Hz), 8.01-8.05 (m, 2H), 8.13 (d,2H, J = 8.4 Hz), 8.26 (d, 1H, J = 7.8 Hz); '>C NMR (100 MHz,
CDCly) § 53.2, 57.2, 62.6, 63.1, 64.2, 124.6, 125.6, 125.9, 127.2, 127.3, 127.4, 127.5, 127.6, 127.7,
127.8, 128.1, 128.5, 128.6, 129.2, 130.2, 130.6, 131.0, 131.1, 134.37, 134.44, 136.5, 137.0 ppm.
ESI-MS: 408.1 (M"-Br); HRMS (ESI) for CosHyN;0, (M"-Br) : calcd 408.1964, found 408.1954.

Ph 3a’, white solid, yield 82%;
OO Br "H NMR (300 MHz, CDCls) & 3.28 (s, 3H), 3.34 (d, 1H, J = 8.1 Hz),
COOMe

.y 3.52-3.59 (m, 2H), 375-3.83 (m, 2H), 4.57-4.70 (m, 1H), 4.93 (dd, 2H,
OO J=14.7 Hz, 16.8 Hz), 5.11 (d, 1H, J = 9.9 Hz), 5.48 (d, 1H, J = 12.9
o\ Hz), 5.70 (d, 1H, J = 14.1 Hz), 7.26-745 (m, 10H), 7.58-7.67 (m, 6H),

8.01-8.06 (m, 3H), 8.11 (s, 1H); ">C NMR (100 MHz, CDCl3) & 52.3,
54.1,56.7, 58.6, 60.3, 123.0, 123.7, 123.8, 127.3, 127.5, 127.6, 127.7,
127.9, 128.0, 128.2, 128.4, 128.5, 130.0, 130.5, 130.7, 131.0, 131.4, 134.0, 137.8, 138.4, 138.6,
138.7, 139.7, 140.8, 164.9 ppm. ESI-MS: 560.2 (M"-Br); HRMS (ESI) for C40H34N;0, (M"-Br):
calcd 560.2590, found 560.2614.

3a’

3b, white solid, yield 91%;
OO Br-COOMe '"H NMR (300 MHz, CDCl3) & 3.87 (d, 3H, J=7.2 Hz), 3.92 (s, 3H),

N* 3.98 (dd, 2H, J = 6.0 Hz, 6.9 Hz), 4.43-4.50 (m, 1H), 4.62-4.69 (m,
O‘ { 1H), 4.88 (d, 1H, J = 7.2 Hz), 5.55-5.69 (m, 3H), 5.82 (d, 2H, J = 12.6
\ Hz), 6.18-6.32 (m, 1H), 7.32-7.36 (m, 4H), 7.57-7.60 (m, 2H), 8.02 (d,

3b 2H, J = 8.4 Hz), 8.06-8.13 (m, 3H), 8.25 (d, 1H, J = 8.7 Hz); "°C

NMR (100 MHz, CDCl5) & 14.1, 53.6, 61.2, 62.3, 63.6, 67.0, 125.1, 126.2, 126.8, 126.9, 127.0,
127.2,127.3,127.4, 127.46, 127.54, 127.9, 128.2, 128.4, 128.5, 128.8, 130.0, 130.9, 131.0, 134.1,
134.2, 136.4, 136.5, 168.5 ppm, ESI-MS: 422.1 (M"-Br); HRMS (ESI) for CHsN;0, (M"-Br):
calcd 422.2120, found 422.2134.

Bh 3b’, white solid, yield 74%;
OO Br 'H NMR (300 MHz, CDCl3) & 1.14 (s, 3H), 3.48-3.54 (m, 4H), 3.80
" COOMe (4, 2H, J = 14.2 Hz), 4.06-4.12 (m, 1H), 4.32 (d, 1H, J = 14.7 Hz),
4.53-4.59 (m. 1H), 4.99 (d, 1H, J = 10.2 Hz), 5.21-5.37 (m, 1H), 5.65
OO Ph< (d, 1H, J = 16.2 Hz), 5.83 (d, 1H, J = 12.0 Hz), 7.39-7.67 (m, 16H),
8.02-8.10 (m, 4H); C NMR (100 MHz, CDCls) & 14.1, 22.6, 31.9,
53.0,55.8, 65.6, 123.8, 124.7, 127.4, 127.5, 127.6, 127.7, 128.3, 128.4,
128.5, 129.5, 130.7, 131.1, 133.9, 140.0, 138.47, 138.53, 140.6 ppm. ESI-MS: 574.1 (M"-Br);
HRMS (ESI) for C4;H3sN;0, (M™-Br) : caled 574.2746, found 574.2740.

3b*

3¢, white solid, yield 81%;
OO Br_COOMe 'H NMR (300 MHz, CDCl3) & 3.20 (t, 1H, J = 12.0 Hz), 3.39 (s, 2H)
N* 3.52 (s, 3H), 3.85-3.90 (m, 1H), 3.97 (d, 1H, J = 13.5 Hz), 4.16 (d,
OO { 1H, J = 12.6 Hz), 4.42-4.49 (m. 1H), 4.57-4.64 (m, 1H), 4.87 (dd,
\ 1H, J= 3.3 Hz, 8.4 Hz), 5.54 (dd, 2H, J = 11.1Hz, 15.0 Hz), 5.69 (d,
3¢ 1H, J = 13.8 Hz), 5.82 (d, 1H, J = 12.9 Hz), 6.24-6.38 (m, 1H),

7.14-7.19 (m, 5H), 7.27-7.33 (m, 4H), 7.53-7.58 (m, 2H), 7.96-7.99 (m, 2H), 8.05 (dd, 2H, J = 8.4
Hz, 13.8 Hz), 8.20 (dd, 2H, J = 8.7 Hz, 12.3 Hz); *C NMR (100 MHz, CDCl;) § 33.6, 53.1, 61.1,
63.5,64.9,73.6, 125.1, 126.0, 127.0, 127.1, 127.4, 127.5, 127.6, 128.2, 128.5, 128.6, 128.8, 129.5,
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130.0, 130.1, 131.01, 131.03, 132.8, 134.1, 134.2, 136.46, 136.54, 167.2 ppm. ESI-MS: 498.1
(M*-Br); HRMS (ESI) for C3sH3,N;0, (M"-Br) : calcd 498.2433, found 498.2441.

3d, white solid, yield 96%;

OO Br '"H NMR (300 MHz, CDCl;) § 0.86 (d, 3H, J = 6.3 Hz), 0.93 (d, 3H,
ol OO 5= 6.3 Hy), 156 (br, TH), 2.11-2.32 (m, 2H), 3.79 (d, 1H, J = 12.3
<—< Hz), 4.03 (d, 1H, J = 14.1 Hz), 4.06 (s, 3H), 4.39 (d, 1H, J = 11.1 Hz),
O‘ < 4.50 (dd, 1H, J = 7.2 Hz, 13.8 Hz), 4.72 (dd, 1H, J = 6.9 Hz, 13.8 Hz),
5.24 (d, 1H, J = 13.5 Hz), 5.55 (d, 1H, J = 9.9 Hz), 5.63 (d, 1H, J =
17.1 Hz), 5.86 (d, 1H, J = 12.3 Hz), 6.26-6.40 (m, 1H), 7.33-7.37 (m,
4H), 7.59-7.62 (m, 2H), 7.98-8.16 (m, 5H), 8.33 (d, 1H, J = 8.4 Hz); *C NMR (100 MHz, CDCly)
6 20.1, 22.9, 25.7, 35.2, 53.3, 61.4, 63..1, 63.6, 71.3, 125.6, 126.1, 126.2, 126.7, 126.8, 127.2,
127.3,127.4, 127.8, 128.0, 128.28, 128.32, 128.7, 129.6, 129.8, 130.7, 130.8, 133.9, 134.0, 136.3,
136.4, 167.5 ppm. ESI-MS: 464.1 (M"-Br); HRMS (ESI) for C3,H34N,0, (M "-Br): calcd 464.2590,

found464.2581.

3d

3e, white solid, yield 80%;
OO B ~0oMe 'H NMR (300 MHz, CDCl;) 6 2.29-2.37 (m, 1H), 2.78-2.80 (m,

N* 2H), 2.88-2.95 (m, 1H), 3.16 (d, 1H, J = 12.6 Hz), 3.90 (d, 1H, J =
OO z 13.5 Hz), 4.02 (s, 3H), 4.37-4.48 (m, 2H), 4.60 (dd, J = 6.6 Hz, 13.2
\ Hz), 5.33 (d, 1H, 13.5 Hz), 5.57 (dd, 2H, J = 11.1 Hz, 19.6 Hz),

5.74 (d, 1H, J = 12.6 Hz), 6.30-6.44 (m, 1H), 6.66 (d, 1H, J = 6.6

Hz), 6.80 (d, 2H, J = 6.3 Hz, 7.5 Hz), 7.04 (d, 2H, J = 7.5 Hz),
7.24-7.36 (m, 4H), 7.53-7.63 (m, 2H), 7.91-8.07 (m, 5H), 8.17 (d, 1H, J = 7.5 Hz); >C NMR (100
MHz, CDCl;) § 28.9, 31.9, 53.8, 61.1, 62.6, 63.8, 70.0, 125.4, 126.0, 126.3, 126.8, 126.9, 127.2,
127.3, 127.4, 127.5, 127.6, 128.0, 128.2, 128.3, 128.4, 128.5, 128.8, 129.9, 130.9, 134.1, 136.2,
136.3, 138.0, 168.2 ppm. ESI-MS: 512.1 (M"-Br); HRMS (ESI) for C3sH3N,0, (M'-Br) : calcd
512.2590, found 512.2583.

3e

3f, light yellow solid; yield 95%; (contains some inseparable

OO Br sulfur-allylation compounds);
COOMe

\* 'H NMR (300 MHz, CDCl3) & 2.04 (s, 3H), 2.35-2.38 (m, 2H), 3.30

(s, 3H), 3.48-3.60 (m, 3H), 3.74-3.82 (m, 2H), 3.96 (d, 2H, J = 12.3

OO l\ ST Hz), 4.09-4.13 (m, 2H), 4.50-4.73 (m, 1H), 5.55-5.61 (m, 1H),

5.78-5.87 (m, 1H), 7.23-7.25 (m, 2H), 7.35-7.46 (m, 4H), 7.56 (d, 2H,

3f J = 8.1 Hz), 7.92-8.01, 4H); *C NMR (100 MHz, CDCl;) & 214,

24.7, 31.3, 52.6, 60.3, 62.8, 62.9, 64.3, 123.5, 124.0, 125.3, 125.6, 125.8, 127.3, 127.6, 127.7,

127.8, 127.9, 128.0, 128.1, 128.3, 128.5, 131.1, 132.5, 132.6, 132.9, 134.7, 172.3 ppm. ESI-MS:
482.2 (M"-Br); HRMS (ESI) for C3;H3,N;0,S; (M"-Br): calcd 482.2154, found 482.2162.

3g, white solid, yield 78%;
OO Br COOMe 'H NMR (300 MHz, CDCl3) 6 3.76-3.78 (m, 1H), 3.88 (s, 3H),
N* 3.96-4.06 (m, 2H), 4.28 (s, 3H), 4.63-4.85 (m, 4H), 5.50 (d, 1H, J =

OO z OMOM 167 Hyz), 5.57 (d, 1H, J = 13.2 Hz), 5.69 (d, 1H, J = 9.9 Hz), 6.05 (s,
\ 2H), 6.29-6.38 (m, 1H), 6.48 (d, 1H, J = 13.5 Hz), 7.29-7.34 (m,

5 4H), 7.59-7.61 (m, 2H), 7.92 (d, 1H, J = 8.7 Hz), 8.04 (d, 2H, J =
g
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8.1 Hz), 8.14 (d, 2H, J = 8.4 Hz), 8.49 (d, 1H, J = 8.4 Hz); '°*C NMR (100 MHz, CDCl3) § 53.2,
55.2, 61.5, 64.9, 66.5, 71.1, 96.5, 124.9, 125.9, 126.9, 127.2, 127.4, 127.5, 127.7, 128.2, 128.3,
128.5, 128.6, 130.1, 130.2, 131.1, 131.3, 134.3, 136.2, 136.7, 166.8 ppm. ESI-MS: 482.0 (M"-Br);
HRMS (ESI) for C3,H3,N;0,4 (M"-Br): caled 482.2331, found 482.2334.

3h, white solid, yield 72%;
OO Br COOMe 'H NMR (300 MHz, CDCl;) 6 3.11 (t, 1H, J = 12.6 Hz),
N* 3.47-3.55 (m, 4H), 3.99 (dd, 2H, J =9.6 Hz, 13.5 Hz), 4.34 (d,
OO z OH 1H, J=9.6 Hz), 4.43-4.50 (m, 1H), 4.61-4.69 (m, 1H), 4.99 (d,
\ 1H, J = 12.3 Hz), 548 (d, 1H, J = 9.9 Hz), 5.56 (d, 1H, J =

16.5 Hz), 5.82 (d, 1H, J = 12.3 Hz), 6.14-6.28 (m, 1H), 6.58 (d,
2H, J = 8.1 Hz), 6.77 (d, 2H, J = 8.1 Hz), 7.29-7.36 (m, 4H),
7.52-7.57 (m, 2H), 7.88-8.09 (m, 5H), 8.28 (d, 1H, J = 8.4 Hz), 8.71 (br, 1H); "C NMR (100
MHz, CDCl;) & 32.6, 53.3, 62.0, 63.2, 64.0, 74.0, 116.1, 122.5, 125.3, 125.7, 126.3, 127.0, 127.1,
127.4, 127.6, 128.0, 128.6, 128.7, 129.0, 130.1, 131.0, 131.1, 134.2, 134.3, 136.5, 156.8, 167.0
ppm. ESI-MS: 514.1 (M'-Br); HRMS (ESI) for C3sH3,N;0; (M™-Br): caled 514.2382, found

3h

514.2388.
3i, white solid, yield 80%;
OO . 'H NMR (300 MHz, CDCly) 3 3.34 (s, 3H), 3.41-3.52 (m, 2H),
oM 3.80 (d, 1H, J = 12.9 Hz), 3.95 (d, 1H, J = 13.2 Hz), 436 (d, 1H,
/ =75 Hz), 4.49-4.56 (m, 1H), 4.65-4.72 (m, 1H), 4.87 (d, 1H,
OO z\ N J=132 Hz), 5.50 (dd, 2H, J = 11.1 Hz, 17.4 Hz), 5.95 (d, 1H, J
§ — 12.6 Hz), 6.10-6.19 (m, 1H), 6.56 (t, 1H, J = 7.5 Hz), 6.75 (t,
|

1H, J=7.8 Hz), 6.85 (d, 1H, J = 6.9 Hz), 6.86 (s, 1H), 7.34-7.43
(m, 5H), 7.58 (dd, 2H, J = 8.4 Hz, 6.6 Hz), 7.79 (d, 1H, J = 8.4 Hz), 7.95-8.04 (m, 4H), 8.13 (d,
1H, J = 8.4 Hz), 8.41 (d, 1H, J = 8.1 Hz), 10.47 (s, 1H); *C NMR (100 MHz, CDCL3) 5 23.1, 53.3,
62.1, 62.8, 63.4, 72.6, 104.7, 112.0, 117.1, 118.6121.1, 124.9, 125.4, 126.0, 126.1, 126.4, 126.9,
127.0, 127.3, 127.4, 127.5, 127.6, 127.7, 128.1, 128.5, 128.9, 130.1, 130.9, 134.1, 134.2, 135.8,
136.4, 136.5, 167.2 ppm. ESI-MS: 537.1 (M*-Br); HRMS (ESI) for C3;H;;N>0, (M™-Br): caled
537.2542, found 537.2515.

3j, white solid, yield 85%;

OO B coome 'H NMR (300 MHz, CDCl3) § 3.64 (s, 3H), 4.00 (dd, 1H, J = 14.7 Hz,
R 14.4 Hz), 4.28-4.32 (m, 1H), 4.65 (d, 1H, J = 12.6 Hz), 5.29 (d, 1H,
O‘ {b 6.3 Hz), 5.60 (d, 2H, J = 12.6 Hz), 5.85 (d, 1H, J = 16.5 Hz), 6.32 (d,
\ 1H, J = 14.1 Hz), 6.49-6.60 (m, 2H), 7.16-7.57 (m, 10H), 7.76-8.15

(m, 7H); C NMR (100 MHz, CDCl) & 53.2, 53.3, 58.0, 59.6, 62.4,

3 66.0, 66.3, 66.8, 72.0, 73.2, 124.9, 125.2, 125.5, 126.0, 126.3, 126.6,

126.7, 126.9, 127.0, 127.1, 127.16, 127.2, 127.36, 127.40, 127.43, 127.5, 127.6, 127.8, 128.17,

128.20, 128.22, 128.33, 128.36, 128.39, 128.43, 128.5, 128.7, 128.8, 129.4, 130.1, 130.2, 130.4,

131.0, 131.2, 131.3, 131.5, 132.3, 133.3, 133.9, 134.12, 134.16, 135.4, 136.2, 136.4, 136.8, 167.3,

167.8 ppm. ESI-MS: 484.1 (M'-Br); HRMS (ESI) for C33H3N,0, (M -Br): calcd 484.2277,
found 484.2299.
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3k, light yellow solid, yield 84%;

'H NMR (300 MHz, CDCl3) & 3.12 (t, 1H, J = 12.0 Hz), 3.53 (s,

3H), 3.87-4.67 (m, 5H), 5.17 (d, 1H, J = 9.6 Hz), 5.51 (d, 1H, J
B = 16.8 Hz), 5.59 (d, 1H, J = 10.2 Hz), 5.74 (d, 1H, J = 12.6 Hz),

5.99 (d, 1H, J = 13.8 Hz), 6.26-6.40 (m, 1H), 7.22-7.40 (m, 8H),

7.57-7.61 (m, 2H), 7.98-8.11 (m, 5H), 8.29 (d, 1H, J = 8.4 Hz);

5C NMR (100 MHz, CDCl3) § 33.2, 53.0, 60.8, 63.6, 65.5, 73.0,
121.9, 124.8, 125.8, 127.1, 127.2, 127.5, 127.57, 127.61, 127.7, 127.8, 128.4, 128.6, 130.2, 130.3,
131.1, 131.6, 131.9, 131.96, 132.02, 134.3, 134.4, 136.7, 167.6 ppm. ESI-MS: 576.1 (M'-Br);
HRMS (ESI) for C3sH3;N;0,Br; (M™-Br): calcd 576.1538, found 576.1530.

3k

31, light yellow solid, yield 67%;

OO B '"H NMR (300 MHz, CDCl5) & 3.60 (s, 3H), 4.08 (d, 1H, J = 13.2
o OOMC M), 423 (d, 1H, 3 = 15.9 Hz), 4.53 (d, 1H, J = 12.6 Hz), 4.67-4.85

(m, 3H), 5.51 (d, 1H, J = 10.2 Hz), 5.61 (d, 1H, J = 16.8 Hz), 5.97

OO z\ onc (d, 1H, J = 11.4 Hz), 6.07-6.18 (m, 1H), 7.26-7.39 (m, SH),
7.53-7.59 (m, 4H), 7.73 (dd, 2H, J = 6.3 Hz, 8.1 Hz), 7.98 (dd, 4H,

3l J=17.5Hz, 8.4 Hz), 8.44 (d, 1H, J = 8.1 Hz), 9.70 (s, 1H); '*C NMR

(100 MHz, CDCL3) & 31.5, 53.4, 61.6, 63.1, 63.9, 71.2, 125.6, 126.8, 127.0, 127.1, 127.4, 127.59,
127.63, 127.8, 128.4, 128.6, 128.8, 129.5, 129.9, 130.1, 131.0, 133.5, 134.2, 134.3, 136.9, 137.0,

175.0, 193.9 ppm. ESI-MS: 526.1 (M"-Br); HRMS (ESI) for C3sH3,N;05 (M'-Br): caled 526.2385,
found 526.2382.

3m, white solid, yield 84%;
OO Br COOMe 'H NMR (300 MHz, CDCl3) 6 0.90-0.98 (m, 6H), 1.66-1.76 (m, 7H)

N* 2.22-2.32 (m, 2H), 3.80-3.86 (m, 1H), 4.02 (d, 1H, J = 8.1 Hz), 4.09 (s,
OO 3H), 4.31 (br, 1H), 4.68 (br, 2H), 5.10 (br, 1H), 5.60-5.70 (m, 1H),
\ 5.92 (br, 1H), 7.36 (d, 4H, J = 8.4 Hz), 7.61 (br, 2H), 8.02-8.27 (m,

3m 5H), 8.47 (br, 1H); *C NMR (100 MHz, CDCls) & 18.8, 20.7, 22.7,

25.0,25.9,34.8,54.7,59.3, 62.1, 62.3, 70.3, 111.5, 125.6, 126.0, 126.1, 126.2, 126.6, 126.8, 127.7,
127.8, 128.7, 129.1, 129.2, 129.9, 130.1, 133.20, 133.23, 135.5, 135.6, 145.8, 166.9 ppm. ESI-MS:
492.1 (M"-Br); HRMS (ESI) for C34H3sN;0, (M -Br): caled 492.2903, found 492.2896.

3n, white solid, yield 87%;
OO B ~0oMe '"H NMR (300 MHz, CDCl;) 6 0.85 (d, 3H, J = 6.6 Hz), 0.91 (d, 3H, J

N* = 6.6 Hz), 1.53-1.61 (m, 1H), 2.20 (dd, 1H, J = 10.2 Hz, 10.5 Hz),
OO 238 (dd, 1H, J = 10.5 Hz, 10.5 Hz), 3.80 (d, 1H, J = 12.6 Hz), 3.98 (s,
\ 3H), 4.12 (d, 1H, J = 13.8 Hz), 441 (d, 1H, J = 10.2 Hz), 4.70 (dd, 1H,

J=7.5Hz, 13.5 Hz), 4.90 (dd, 1H, J = 7.2 Hz, 13.8 Hz), 5.34 (d, 1H,

3n J=13.5 Hz), 6.07 (d, 1H, J = 12.6 Hz), 6.55-6.65 (m, 1H), 6.92 (d,
1H, J = 16.2 Hz), 7.22-7.62 (m, 9H), 7.55-7.63 (m, 2H), 7.94-7.98 (m, 2H), 8.01-8.06 (m, 2H),
8.14 (d, 1H, J = 8.7 Hz), 8.45 (d, 1H, J = 8.1 Hz); >C NMR (100 MHz, CDCls) & 20.9, 23.0, 25.7,
35.3, 53.8, 61.4, 62.8, 63.7, 71.2, 115.7, 125.3, 127.1, 127.2, 127.3, 127.4, 127.8, 127.9, 128.0,
1282, 128.3, 133.9, 134.5, 141.9, 167.8 ppm. ESI-MS: 540.0 (M'-Br); HRMS (ESI) for
CisH3sN, 05 (M-Br): caled 540.2903, found 540.2886.

10
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30, white solid, yield 81%;
OO B ~00Me 'H NMR (300 MHz, CDCl;) 6 0.86 (d, 3H, J = 6.3 Hz), 0.89 (d, 3H, J
N* = 6.6 Hz), 1.56 (br, 1H), 2.11 (dd, 1H, J = 12.9Hz, 12.0 Hz), 2.33 (dd,
OO 1H, J = 10.5 Hz, 11.1 Hz), 3.85 (d, 1H, J = 12.6 Hz), 3.96 (s, 3H),
\ 4.10 (d, 1H, J=13.5 Hz), 4.52 (d, 1H, J=10.8 Hz), 4.62 (dd, 1H, J =
7.2 Hz, 13.5 Hz), 4.83 dd (q, 1H, J = 6.9 Hz), 5.44 (d, 1H, J = 13.5
30 Hz), 6.00 (d, 1H, J = 12.9 Hz), 6.68-6.78 (m, 1H), 6.88 (d, 1H, J =
Br 15.3 Hz), 7.30 (d, 1H, J = 4.2 Hz), 7.36 (br, 6H), 7.53-7.64 (m, 2H),
7.95-8.04 (m, 4H), 8.12 (d, 1H, J = 8.1 Hz), 8.37 (d, 1H, J = 8.7 Hz); *C NMR (100 MHz, CDCls)
d 21.1, 23.1, 25.8, 35.6, 53.8, 61.2, 63.2, 63.8, 71.4, 166.7, 122.9, 126.5, 126.8, 127.0, 127.2,
127.4, 127.5, 127.9, 128.3, 128.4, 128.9, 129.0, 129.7, 129.8, 130.8, 130.9, 131.5, 133.6, 134.0,
136.3, 136.5, 140.5, 168.0 ppm. ESI-MS: 618.0 (M"-Br); HRMS (ESI) for CisH3;N,0,Br,

(M"-Br): calcd 618.2008, found 618.2015.

3.1 Synthetic Procedure for 7a and 7b

OCHj CO;Me

H,CO @ HZN—<R oHCl hco OCH; A
HCO O CHO NaBHCN, CHiOH, 1t O E}(;\/
HsCO CHO H,CO NYR
‘ (2 _~~_Br CHiCN, 1t O COOMe
H3CO H5CO
OCHjs OCHj,

To a 50 mL flask was added dialdehyde compound 6° (440 mg, 1 mmol), methyl amino
acids hydrogen chloride (1.5 mmol), NaBH;CN (330 mg, 3 mmol) and 20 mL of methol. The
reaction was stirred at rt for about 4 hours for completion. The mixture was diluted with EtOAc,
washed with brine, dried over anhydrous Na2SOs, and concentrated. Purification by flash column
chromatography on silica gel afforded the corresponding N,N-disubstituted amine. The amine (0.2
mmol) and allyl bromide (0.4 mmol) was dissolved in 5 mL of acetonitrile, and stirred at room
temperature for about 2 days. The mixture was then diluted with CH,Cl,, concentrated under
vacuum, removing the solvent and allyl bromide. The residue was purified by flash column
chromatography on silica gel (eluted with 10:1 CH,Cl,/CH;0H) to afford the corresponding
ammonium salts 7a or 7b.

7a, white solid, yield 82%;

Voo '"H NMR (300 MHz, CDCLy) & 3.26 (t, 1H, J = 12.0 Hz), 3.61 (s,
O - 3H), 3.72-3.81 (m, 7H), 3.90-4.00 (m, 14H), 4.51-4.66 (m, 2H),

MeO o (COOM 480 (d, 1H, 3= 9.0 Hz), 5.40 (d, 1H, J = 13.2 Hz), 5.56-5.64 (m,

MeO t@ 3H), 6.30-6.43 (m, 1H), 7.24-7.30 (m, SH), 7.53 (s, 1H), 7.67 (s,
O z\ 1H); *C NMR (100 MHz, CDCl) § 32.8, 52.8, 55.9, 56.4, 60.45,

OMe 60.46, 60.57, 60.62 62.9, 64.1, 73.0, 110.3, 111.1, 121.9, 122.8,

OMe

MeO

7a

2 a) C. Zhu, Y. Shi, M.-H. Xu, G-Q. Lin, Org. Lett. 2008, 10, 1243; b) W.-W. Chen, Q. Zhao, M.-H. Xu, G..-Q. Lin,
Org. Lett., 2010, 12, 1072.
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124.8, 127.2, 127.6, 128.2, 129.0, 132.6, 143.2, 143.3, 151.18, 151.24, 153.3, 166.3 ppm. ESI-MS:
578.1 (M"-Br); HRMS (ESI) for C33H,4N;0, (M'-Br): caled 578.2754, found 578.2754.

OMe 7b, white solid, yield 92%;
MeO O o '"H NMR (300 MHz, CDCl;) 6 0.68 (d, 3H, J = 6.3 Hz), 0.72 (d, 3H, J
" cooMe = 6.6 Hz), 1.37 (br, 1H), 1.85-2.05 (m, 2H), 3.31 (d, 1H, J = 12.6

ng N+<_< Hz), 3.51 (s, 6H), 3.57 (d, 1H, 13.8 Hz), 3.73 (s, 3H), 3.75 (s, 6H),
O < 3.80 (d, 6H, J = 1.5 Hz), 4.12 (d, 1H, J = 12.9 Hz), 4.22-4.29 (m, 1H),

MeO 4.39-4.46 (m, 1H), 4.67 (d, 1H, J = 13.5 Hz), 5.34-5.45 (m, 3H),
6.02-6.16 (m, 1H), 7.02 (s, 1H), 7.50 (s, 1H); *C NMR (100 MHz,

7b CDCls) 6 20.8, 22.7, 25.4, 34.6, 53.6, 55.9, 56.5, 60.5, 60.56, 60.61,
62.7,63.2,70.9, 110.0, 111.3, 122.1, 122.3, 122.7, 123.0, 125.4, 127.5, 143.3, 143.4, 151.1, 151 3,

153.0, 153.4, 167.1 ppm. ESI-MS: 544.1 (M"-Br); HRMS (ESI) for C30H4,N,05 (M'-Br): caled
544.2910, found 544.2896.

OMe

4. Optimization of the reaction conditions.

B /
/\/ NaH COOMe
NO R M

Y solvent . H
OO COOMe 4AMS, 0°C OO
3 4
entry? R 4  solvent NaH yield” (%)  de® (%)
(equiv)

1 H (3a) 4a CH,Cl, 1 80 64
2 H (3a) 4a THF 1 74 62
3 H (3a) 4a Et,0 1 trace -
4 H (3a) 4a DME 1 76 76
5 H (3a) 4a DME 1.5 97 34
6 Me (3b) 4b DME 1 70 85
7 Me (3b) 4b DME 1.5 92 85
g’ Me (3b) 4b DME 1.5 93 78
9° Me (3b) 4b DME 1.5 89 85
10 Bn (3¢) 4c DME 1.5 92 98

#Unless otherwise mentioned all reactions were performed on 0.1 mmol scale
with 100 mg of 4A molecular sieves in 5 mL of solvent at 0 °C. ®Yield of
isolated product. “Determined by crude 'H NMR. “Reaction was proceeded at

r.t.. °Reaction was proceeded at -20 °C.
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5. General Procedure for the Asymmetric [2,3]-Rearrangement

/ OO O COOM
NaH COOMe e
N . + N— N
NYR 4A molecular sieve N R’ VA _R?K/\
0,

major

3a-i da-i
Under nitrogen atmosphere, the ammonium salts 3 (0.1 mmol), NaH (amounts as indicated in
Table 2), and 4A molecular sieves (100 mg) was added to a Schlenk flask. Dry DME (4 mL) was
added at 0 °C and the reaction mixture was stirred at the same temperature for 1-3h. The mixture
was then filtrated through Celite before warming to room temperature. The filtrate was washed
with sat. aq. NaHCO; and brine, dried over anhydrous Na,SO,4, and concentrated. Purification by
flash column chromatography on silica gel afforded the corresponding rearrangement product 4 or

8.
4a, colorless oil, yiled 76%;
O CO,Me "H NMR (300 MHz, CDCl;) 6 2.45-2.64 (m, 2H, CH,CH=CH,), 3.32
N—* (dd, 1H, J = 6 Hz, 9 Hz), 3.39 (d, 2H, J = 12.3 Hz, Ar-CHy), 3.61 (s,
C‘ A\ 3H, COOCHa), 3.76 (d, 2H, J = 12.3 Hz, Ar-CH,), 5.08 (dd, 2H, J =

18.6 Hz, 11.1 Hz, CH,CH=CH,), 5.70-5.84 (m, 1H, CH,CH=CH,),
7.19 (dd, 2H, J = 7.8 Hz, 7.5 Hz, Ar-H), 7.37-7.45 (m, 4H, Ar-H), 7.55 (d, 2H, J = 8.4 Hz, Ar-H),
7.90 (dd, 4H, J = 7.8 Hz, 6.4 Hz, Ar-H). >C NMR (100 MHz, CDCl;) § 35.1, 51.5, 3.1, 66.3,
117.6, 125.4, 125.7, 127.4, 128.1, 128.2, 128.3, 128.4, 131.2, 133.06, 133.13, 133.8, 134.9, 173.1
ppm. ESI-MS: 408.0 [M+H]", HRMS (ESI) for CosH,¢N;O, [M+H]": calcd 408.1964, found
408.1971.

Ph 4a’, colorless oil, yield 68%;
OO COOM 'H NMR (300 MHz, CDCl3) & 1.78-1.87 (m, 1H, CH,CH=CH,),
e 2

- 2.12-2.22 (m, 1H, CH,CH=CH,), 3.05 (dd, 1H, J = 5.4Hz, 4.8Hz,
O‘ H ~  CHCOOMe), 3.29 (s, 3, COOCH,), 338 (d, 2H, J = 12.6Hz,
oh Ar-CH,), 4.08 (d, 2H, J = 12.6Hz, Ar-CH,), 4.80 (dd, 2H, J = 17.1Hz,

10.5Hz, CH=CH,), 5.37-5.51 (m, 1H, CH=CH,), 7.26-7.30 (m, 2H,
ArH), 7.39-7.51 (m, 10H, ArH), 7.59 (d, 4H, J = 6.9 Hz, ArH), 7.94-7.96 (m, 4H, ArH). °C NMR
(100 MHz, CDCls) § 33.5, 48.5, 51.1, 66.0, 117.0, 125.7, 125.8, 127.1, 127.5, 128.1, 128.2, 129.4,
130.1, 130.7, 131.7, 132.5, 134.0, 136.2, 140.2, 141.0, 172.0. ESI-MS: 560.1 [M+H]", HRMS
(ESI) for C49H33N;0, [M+H]": caled 560.2590, found 560.2605.

4b, colorless oil, yield 92%;
OO "H NMR (300 MHz, CDCl3) 6 1.37 (s, 3H, CCH3), 2.58-2.78 (m, 2H,
N Eone CH,CH=CH,), 3.47 (d, 2H, J = 12.6 Hz, Ar-CH,), 3.52 (s, 3H,
OO 7<—\\ COOCH3), 3.93 (d, 2H, J = 12.6 Hz, Ar-CH,), 5.12 (dd, 2H, J = 18.6
Hz, 11.1 Hz, CH,CH=CH,), 5.75-5.87 (m, 1H, CH,CH=CH,),
7.21-7.28 (m, 2H, Ar-H), 7.41-7.48 (m, 4H, Ar-H), 7.54 (d, 2H, J = 8.4 Hz, Ar-H), 7.94 (d,4H, J =
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8.4 Hz, Ar-H). >C NMR (100 MHz, CDCls) & 20.8, 42.6, 49.4, 49.7, 51.4, 65.8, 117.8, 125.3,
125.6, 127.2, 127.5, 128.1, 128.3, 130.1, 131.2, 132.9, 134.1, 134.2, 135.0, 175.3 ppm. ESI-MS:
422.1 [M+H]", 444.0 [M+Na]"; HRMS (ESI) for CHN;0, [M+H]": caled 422.2120, found

422.2120.
LC-MS: detected at both 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 7.6 min, 8.7 min (maj).

DAD1 A, Sig=254.1€ Ref=350,100 (CODATADDDCS YN 1002240000250}

al o
4 )
ELE = .*@%
23 | V‘*b
0 II I"-‘
5 o \
LE a @ || \
E o |
i o~ ) \
y T T T T T T
0 2 4 -] -] 10 12 min
DAD1 B, Sig=214.1€ Ref=340,100 (CODATADDDCS YN 100224\X000028.0)
mAu ] .
300 ,E". <&
=0 |I ‘.‘v
200 II \
120 @ |
K g S \
EE + |
1 il \
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 -] 8 10 12 min
Zignal 1: DRD1 A, Sig=254,16 Ref=260,100
Pzak EetTime Type Width Area H=ight Area
# [min] [min] [maT*s] [maTT] %
1 T.602 MM 0.3328 93.74621 4.02141 T.868T7
2 §.722 MM 0.5100 1092.108327 25.286855 5Z.1242
Signal 2: DADL B, 2ig=214,16 Ref=260,100
Pzak EetTime Type Width Erea H=ight Area
# [min] [min] [mAT* =] [mATT] )
1 7.602 MM 0.3782 @8123.1240% 25.23161 T.40a8
2 5.733 MM 0.5051 1.016%1=4d 232 .88657 52.5954
Ph 4b’, colorless oil, yield 90%;

'H NMR (300 MHz, CDCl3) 8 0.832 (s, 3H, CCHs), 1.74 (dd, 1H, J
= 6.9 Hz, J = 7.2 Hz, CH,CH=CH,), 2.17 (dd, 1H, J = 6.9Hz, J =
6.6Hz, CH,CH=CHS,), 3.16 (s,3H, COOCHjy), 3.45 (d, 2H, J = 12.9 Hz,
Ph NCH,), 4.19 (d, 2H, J = 12.9 Hz, NCH,), 4.86 (dd, 2H, J = 17.1 Hz,
9.6 Hz, CH=CHy,), 5.42-5.56 (m, 1H, CH=CH,), 7.22-7.27 (m, 2H, ArH), 7.36-7.49 (m, 10H, ArH),
7.58 (br, 4H, ArH), 7.94 (d, 4H, J = 5.7 Hz). >C NMR (100 MHz, CDCl;) 5 20.9, 40.7, 45.4, 51.1,
66.7, 117.6, 125.6, 125.7, 127.1, 127.5, 128.1, 129.3, 130.3, 132.2, 132.4, 133.9, 136.5, 140.3,
141.2, 174.8 ppm. ESI-MS: 574.3 [M+H]", 596.3 [M+Na]"; HRMS (ESI) for C4;H3sN,0, [M+H]":

calcd 574.2741, found 574.2715.

LC-MS: detected at 254 nm, Retention time: 62.5 min, 63.3 min (maj).
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DAD1 A, Sig=254,4 Ref=360,100 (D:\DATA\20100818\003-ZT56094.D)
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4c, colorless oil, yield 92%;

OO 'H NMR (300 MHz, CDCl3) & 2.38-2.46 (m, 1H, CH,CH=CH,),
\ COMe 5 81-2.88 (m, 1H, CH,CH=CH,), 3.30 (d, 1H, J = 13.5 Hz, PhCH)),

OO \ 338 (5,3H,COOCH,), 445 (d, IH, J = 13.5 Hz, PhCH), 3.53 (d, 211,
J=12.6 Hz, Ar-CH,), 4.13 (d, 2H, J = 12.6 Hz, Ar-CH,), 5.04 (dd, 2H,

J = 18.3 Hz, 12.3 Hz, CH,CH=CH,), 5.88-6.01 (m, 1H, CH,CH=CH,),
7.14-7.29 (m, 7H, Ar-H), 7.44-7.48 (m, 4H, Ar-H), 7.54 (d, 2H, J = 8.4 Hz, Ar-H), 7.94 (d, 4H, J =
8.4 Hz, Ar-H). °C NMR (100 MHz, CDCl;) § 36.0, 39.2, 49.4, 50.8, 68.0, 117.7, 125.3, 125.6,
126.5, 127.5, 128.2, 128.3, 130.1, 131.2, 132.9, 134.0, 135.2, 137.2, 174.3 ppm. ESI-MS: 498.1
[M+H]", 520.1 [M+Na]"; HRMS (ESI) for C35H3,N,0, [M+H]": calcd 498.2433, found 498.2437.

LC-MS: detected at both 254 nm and 214 nm; McOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 3.78 min (maj), 4.15min.

TACT A SIg-254.16 Raf=250,100 D DATADDDCS TN 00225 2 1 512000035 0]
ml
ﬁ «"é
254 M e;.»
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]
0 |
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I Wi — _ o
T T T
] 1 2 3 4 3 m
CACT B, SIg-214.16 Ref=250.100 (CODATADDDCE TN 00225 21512000035 0}
mal E A
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M 4
2004 i ebﬁ)
II A
150 1
= [
| ||
1004 |
| | 0-3?"
1] | ".\ s 7
f / Sl
[ I — — — _nz’_———\f‘"--ﬂ_ I
T T T T T T T T T T T T T
1 3 4 5 13 7 mir|
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Signal 1: DRD1 &, Sig=254,16 Eef=260,100

Pzak EetTime Type Width Rrea H=ight Area
# [min] [min] [nATr~2] [mnATr] &
1 2777 MM 0.2082 376.0015%  30.08663 100.0000

gignal 2: DADL B, Sig=214,16 Ref=260,100

Paak FektTime Type Width Rrea H=ight Ar=a
# [min] [min] [mATT+a] [mRTr] )
1 2.777T MM 0.193&8 2812.72437 241.96628 59%.2235
2 4.151 MM 0.1405 22.01950 2.81202 0.7765

Colorless oil 4d, yield 95%;

OO '"H NMR (300 MHz, CDCls) § 0.76 (d, 3H, J = 6.3 Hz, CHCHs), 0.98
CoMe (d, 3H, J = 6.3 Hz, CHCH;), 1.69-1.91 (m, 3H, CH,CH(CHs),),
NA 2.53-2.61 (m, 1H, CH,CH=CH,), 3.01-3.08 (m, 1H, CH,CH=CH,),

OO N\ 3.30 (s, 3H, COOCH3), 3.40 (d, 2H, J = 12.6 Hz, Ar-CH,), 4.08 (d, 2H,
J = 12.6 Hz, Ar-CHy), 5.07 (dd, 2H, J = 18.6 Hz, 11.1 Hz

CH,CH=CH,), 5.78-5.92 (m, 1H, CH,CH=CH,), 7.23-7.27 (m, 2H, Ar-H), 7.41-7.45 (m, 4H,

Ar-H), 7.51 (d, 2H, J = 8.4 Hz, Ar-H), 7.92 (d, 4H, J = 8.4 Hz, Ar-H). *C NMR (100 MHz, CDCl5)

§ 217, 24.4, 252, 36.1, 42.3, 48.6, 50.6, 65.7, 116.9, 125.3, 125.5, 127.5, 128.1, 128.2, 128.3,
131.2, 132.9, 134.3, 1344, 135.1, 175.5 ppm. ESI-MS: 464.0 [M+H]"; HRMS (ESI) for

C3,H34N,0, [M+H]': caled 464.2584, found 464.2567.
LC-MS: detected at both 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 5.16 min (maj).

DAD1 A, Sig=254.1€ Ref=350,100 (CODATAIDDDCS YNV 00205 ZT SLELICO0SS.C)

ma | o
200 '3"' 4‘“;'
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2004 |I I|
! II
1504 \
1004 / "..
\
a i 2 3 H : H 7 B i
DAD1 B, Sig=214.1€ Ref=350,100 (CODATAIDDDCS YNV D005 ZT SLELIOO0SS.0)
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o] D J N
| — T T T T T T T T T T T T T T T T T T T T T T T T T — T T T T T T T T T T
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Signal 1: DaD1 &, Sig=254,16 Eef=360,100
Pzak REetTime Type Width Erea H=ight Areq
# [min] [min] [mAT+s] [rnATr] &
1 5.164 MM 0.28314 5734 .72021 32389.654320 100.0000
Signal z: DRDL B, Sig=214,16 Eef=2360,100
Pzak REetTime Type Width Area H=ight Arsa
# [min] [min] [mRT* 5] [rnRTr] &
1 5.164 MM 0.3211& 4.598850ad 2460.00952 100.0000
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4e, colorless oil, yield 97%;
OO COOMe 'H NMR (300 MHz, CDCl3) 6 2.18 (dd, 2H, J = 7.5Hz, 9.6Hz,
N—Ax PhCH,CH,), 2.24-2.52 (m, 1H, CH,CH=CH,), 2.78-3.00 (m, 3H,
O‘ N CH,CH=CH,, PhCH,CH>), 3.39, (s, 3H, COOCHj3), 3.49 (d, 2H, J =

12.3 Hz, Ar-CH,), 4.12 (d, 2H, J = 12.3 Hz, Ar-CH,), 5.04 (dd, 2H, J

= 17.1 Hz, 10.5 Hz, CH,CH=CH,), 5.88-6.01 (m, 1H, CH,CH=CH,),

7.23-7.34 (m, 7H, Ar-H), 7.44-7.49 (m, 4H, Ar-H), 7.55 (d, 2H, J =
8.4 Hz, Ar-H), 7.96 (d, 4H, J = 8.4 Hz, Ar-H). °*C NMR (100 MHz, CDCl;) & 29.7, 29.9, 35.3,
374,489, 51.1, 66.5, 117.5, 125.3, 125.6, 126.0, 127.5, 128.1, 128.3, 128.4, 128.5, 131.1, 132.9,
134.1, 134.3, 135.1, 142.1, 174.6 ppm. ESI-MS: 512.0 [M+H]"; HRMS (ESI) for C3sH34N,0,
[M+H]": caled 512.2584, found 512.2579.

LC-MS: detected at both 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,
Retention time: 5.86 min (maj).

"‘:NJ_ D1 A, Sig=254,16 Ref=350,100 (CDATAIDDDCS YN 100226 ZT 551 1000027.0) ﬁ -;\‘_:
e A &
e B : J N\
o] % ra
1300 | vlfs
=
a _ : vy S _
Signal 1: DED1 &, Sig=254,16 Ref=260,100 -
Pzak RetTime Type Width Area H=ight Area
#  [min] [min]  [maU+s] [zt %
1 5.859 MM 0.3150 2042.73289 155.71225 100.0000
gignal 2: DADL B, Sig=214,15 Ref=360,100
Paak RetTime Type Width Rrea H=ight Ar=a
# [min] [min]  [mAU*g] (et §
1 5.85% MM 0.32162 2.6454624 1296 .71497 100.0000
4f, light yellow oil, yield 88%;
OO coome HNMR (300 MHz, CDCl3) & 2.13 (s, 3H, SCH3), 2.13-2.19 (m, 2H,
N—AL N CH,CH,S), 2.30-2.39 (m, 1H, CH,CH,S), 2.64-2.72 (m, 2H,
O‘ CH,CH=CH,, CH,CH,S), 2.80-2.88 (m, 1H, CH,CH=CH.,), 3.36, (s,
S\ 3H, COOCHs), 3.41 (d, 2H, J = 12.3 Hz, Ar-CH,), 4.03 (d, 2H, J =

12.3 Hz, Ar-CH,), 5.14 (dd, 2H, J = 18.3 Hz, 10.5 Hz, CH,CH=CH,),
5.778-6.89 (m, 1H, CH,CH=CH,), 7.21-7.28 (m, 7H, Ar-H), 7.40-7.46 (m, 4H, Ar-H), 7.51 (d, 2H,
J=28.4 Hz, Ar-H), 7.93 (d, 4H, J = 8.4 Hz, Ar-H). BC NMR (100 MHz, CDCl3) 6 15.6, 28.2, 33.1,
37.7,48.9, 51.1, 66.6, 117.8, 125.4, 125.6, 127.5, 128.2, 128.2, 128.3, 131.2, 132.9, 133.9, 133.9,
135.2, 174.1 ppm. ESI-MS: 482.0 [M+H]+, HRMS (ESI) for C;;H3,N;0,S; [M+H]+ : caled
482.2154, found 482.2143.
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LC-MS: detected at both 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 3.36 min (maj).

TR &, SIG=252, 16 RE=350. 00 D 0AT A DO C S TR0 T TS5 15030000 0]
Al B
| <
a0 | 1
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50 |
. I
4p] I'I |
I [
204 [ | 4
A\ S
o S N = . -
T T -7 T T T T
0 1 2 3 5 8 7 5 i |
DAD 5, Sig-213, 16 REi=360.100 [D10ATADDOCS TRO0S0 T2 T 55050-3000011 0]
[ o
00 ﬁ &
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490 fl |I \
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| [
200 I| [
1
[\ [\
= S W . M
T T T T T T T T T
0 1 2 3 4 [ [ 7 H ™

gignal 1: DAD1 A, Sig=254,16 Ref-260,100

B=ak RetTime Type Width Ar=a H=ight
# [min] [min] [mAT*E] [maT] L]

1 z.260 MM 0.1826 1162.250940 106.17855 100.0000
£ignal 2: DAD1 B, Sig=-214,16 Ref=260,100

Peak RetTime Type Width Ar=a
# [min] [min] [mAT*E] [mATT] %
e RESEEE R RS R |mmeneee R |

1 2.260 MM 0.1842 1.0482524 948.661582 100.0000

4g, colorless oil, yield 78%;
OO cooMe 'H NMR (300 MHz, CDCls) 6 2.77-2.85 (m, 2H, CH,CH=CH,),
N=A N 2.92-3.00 (m, 2H, CH,CH=CH,), 3.28 (s, 3H, OCH,OCHs), 3.41 (s,
O‘ OMOM 3H, COOCHs), 3.52 (d, 2H, J=12.3 Hz, Ar-CH,), 3.78 (d, 1H, J = 8.7
Hz, CH,OMOM), 3.95 (d, 2H, J = 12.3 Hz, Ar-CH,), 3.97 (d, 1H, J =

8.7 Hz, CH,OMOM), 4.58 (2H, s, OCH,OCH}3), 5.11 (dd, 2H, J = 17.1 Hz, 9.0 Hz, CH,CH=CH,),
5.78-5.91 (m, 1H, CH,CH=CHy), 7.21-7.28 (m, 2H, Ar-H), 7.41-7.44 (m, 4H, Ar-H), 7.51 (d, 2H,
J=8.4 Hz, Ar-H), 7.92 (d, 4H, J = 8.4 Hz, Ar-H). °C NMR (100 MHz, CDCl5) § 36.0, 49.4, 51.2,
55.4,67.7,68.2,96.8, 117.8, 125.4, 125.6, 127.5, 128.1, 128.2, 128.3, 131.1, 132.9, 133.9, 134.0,
135.0, 173.5 ppm. ESI-MS: 482.2 [M+H]", 504.0 [M+Na]"; HRMS (ESI) for C3;H;,N,04 [M+H]":

caled 482.2331, found 482.2343.
LC-MS: detected at both 254 nm and 214 nm; McOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 7.80 min, 8.49 min (maj).
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DAD1 A, Sig=254,1€ Ref=350,100 (CODATADDDCS YN 0O2240C2000029.0)
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Zignal 1: DRD1 &, Sig=254,16 Ref=260,100
Paak FetTime Type Width Area H=ight Area
# [min] [min] [mATT*3] [raRTr] §

1 B.421 MM

0.4072 400.51784

16.37624 100,0000

OR01 B, Sig=214,16 Ref=360,100

Signal z:
Pzak REetTime Type Width
# [min] [min]
1 T.755% MM 0.3405

2 G.451 MM

COOMe

A

OH

0.410% 2656&.65502

Erea H=ight Areq
[maTT~a] [mATr] %
2T.3174% 1.33713 . 7415
148.30144 99,2585

4h, light yellow oil, yield 85%;

'H NMR (300 MHz, CDCl3) & 2.41-2.49 (m, 1H, CH,CH=CH,),
2.83-2.88 (m, 1H, CH,CH=CHy), 2.94 (d, 1H, J = 13.5 Hz, PhCH,),
3.40, (s, 3H, COOCHa), 3.42 (d, 1H, J = 13.5 Hz, PhCH>), 3.57 (d, 2H,
J=12.6 Hz, Ar-CH,), 4.14 (d, 2H, J = 12.6 Hz, Ar-CHy), 5.10 (dd, 2H,
J = 183 Hz, 123 Hz, CH,CH=CH,), 5.92-6.01 (m, IH,
CH,CH=CH,), 6.69 (d, 2H, J = 8.4 Hz, Ph-H), 7.01 (d, 2H, J = 8.4 Hz,

Ph-H), 7.25-7.30 (m, 2H, Ar-H), 7.44-7.0 (m, 4H, Ar-H), 7.55 (d, 2H, J = 8.4 Hz, Ar-H), 7.96 (d,
4H, J = 8.4 Hz, Ar-H). *C NMR (100 MHz, CDCls) & 35.8, 38.3, 49.1, 51.0, 68.1, 115.1, 117.7,

125.3, 125.6, 127.5, 128.1,

128.2, 128.3, 128.7, 131.1, 132.9, 133.97, 134.03, 135.1, 154.4, 175.0

ppm. ESI-MS: 514.1 [M+H]"; HRMS (ESI) for C3sH3,N;0; [M+H]": caled 514.2382, found

514.2382.

LC-MS: detected at both

254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 1.80 min, 2.05 min (maj).
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DADA1 A, Sig=254,16 Ref=350,100 (CDATAIDDDCS YN 00305 ZTSE041000013.0)
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Zignal 1: DADL A, Sig=254,16 Ref=260,100

Pzak EetTime Type Width AYea H=ight Area
# [min] [min] [rru+a] [rn&Tr] &
1 1.306 MM 0.1075 T.E50566 1.16224 l.6664
2 2.047 MM 0.1357 442.916382 54.41429 55.3334
Pzak RFetTime Type Width Area H=ight Area
# [min] [min] [rrr+a] [rnmr] &
1 1.306 MM 0.1038 58.82017 9.44504 1.6535
2 Z2.047 MM 0.1360 2492 .52710 428.25011 2E&.3465

4i, light yellow solid, yield 91%;
OO cooMe H NMR (300 MHz, CDCl;): & 2.80 (d, 2H, J = 6.6 Hz

N~ CH,CH=CH), 3.26 (d, 1H, J = 15.0 Hz, Indole-CH,), 3.36 (s, 3H,

OO COOCH,), 3.48 (d, 1H, J = 15.0 Hz, Indole-CH,), 3.56 (d, 2H, J =
/ 12.3 Hz, Ar-CHy), 4.21 (d, 2H, J = 12.3 Hz, Ar-CH,), 4.98 (dd, 2H, J

N = 17.4 Hz, 10.2 Hz, CH,CH=CH,), 5.86-6.00 (m, 1H, CH,CH=CH,),

7.08 (dd, 1H, J = 7.2 Hz, 7.2 Hz, indole-H), 7.17 (dd, 1H, J = 7.2 Hz, 7.2 Hz, indole-H), 7.17 (s,
1H, indole-H), 7.25 (dd, 2H, J = 5.1 Hz, 9.3 Hz, Ar-H), 7.34 (d, 2H, J = 8.1 Hz, indole-H),
7.46(dd, 2H, J = 5.1 Hz, 9.3 Hz, Ar-H), 7.53 (d, 2H, J = 8.1 Hz, Ar-H), 7.56 (d, 1H, J = 8.1 Hz,
indole-H), 7.94 (d, 4H, J = 8.1 Hz, Ar-H), 8.04 (s, 1H, NH). °C NMR (100 MHz, CDCLy): & 28.4,
37.0,49.1, 51.0, 68.3, 110.8, 110.9, 117.8, 119.0, 119.2, 121.8, 123.3, 125.3, 125.6, 127.5, 128.1,
128.2, 128.2, 128.3, 131.2, 132.9, 134.1, 134.3, 135.2, 135.5, 174.5 ppm. ESI-MS: 537.3 [M+H]";
HRMS (ESI) for C3;H33N,0, [M+H]": caled 537.2536, found 537.2534.

LC-MS: detected at both 254 nm and 214 nm; McOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 2.69 min (maj).
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DAD1 B, Slg=214,16 Raf=350, 100 [DADATAIDDOCSYMI00401ZTE5053-1000014.0)
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Z2ignal 1: DAD1 A, E2ig-254,16 R=f-260,100
Peak RetTime Type Width Area H=ight Arsa
¥ [min] [min] [mAT+ s ] [manT] ¥
Sl REEE |==mm oo me e R s e |
1 2.682 BER 0.1525 222.622480 22.4014% 100.0000
g2ignal 2: DAD1 B, S24ig-214,16 R=f-260,100
Peak RetTime Type Width Arsa Haight Ares
# [min] [min] [maTr ] [maTT] ¥
Rl R I EREE O e |--emme- |
1 2.682 MM 0.1666 2605.78540 260.624080 100.0000

4j, white solid, yield 92%;

'H NMR (300 MHz, CDCl3): § 2.97-3.15 (m, 1H, CH,CH=CH,), 3.42,
(s, 3H, COOCH,), 3.43 (d, 2H, J =12.6 Hz, Ar-CH,), 4.09 (d, 2H, J =
12.6 Hz, Ar-CH,), 4.85 (dd, 2H, J = 18.0 Hz, 9.0 Hz, CH,CH=CH,),
5.46-5.60 (m, 1H, CH,CH=CH,), 7.23-7.28 (m, 2H, Ar-H), 7.31-7.53
(m, 11H, Ar-H), 7.95 (d, 4H, J = 8.4 Hz, Ar-H). 5C NMR (100 MHz, CDCl3): 6 44.2,49.4, 51.1,
72.8, 118.0, 125.3, 125.6, 127.1, 127.5, 127.7, 127.9, 128.0, 128.2, 128.3, 131.2, 132.9, 133.4,
134.3, 135.1, 141.0, 172.9 ppm.ESI-MS: 483.9 [M+H]"; HRMS (ESI) for C3,H3,N,0, [M+H]":
calcd 484.2271, found 474.2265.

LC-MS: detected at 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min, Retention

time: 3.86 min (maj).
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Zignal 1: DRDL A, Sig=254,15 Ref=3§0,100

Pzak RetTime Type Width Erea H=ight Area
# [min] [min] [mATT*3] [tnATr) %
1 3.857 MM 0.214% 5954.95020 461.T71965 100.0000

Zignal 2: DRDL B, Sig=214,16 Ref=380,100

Pzak RFetTime Type Width Rrea H=ight Area
&# [min] [min] [nATIT* =] [Ty %
1 2.857 MM 0.2551 4.16850=a4 2723.80493 100.0000
4K, colorless solid, yield 92%;
OO coome H NMR (300 MHz, CDCLy) 8 2.41-2.49 (m, 1H, CH,CH=CH,),
N—Ax 2.77-2.85 (m, 1H, CH,CH=CH.), 3.01 (d, 1H, J = 13.5 Hz, PhCH>),
OO N 337(d, 1H, J = 13.5 Hz, PhCH>), 3.39, (s, 3H, COOCH), 3.52 (d,

2H, J = 12.6 Hz, Ar-CHy), 4.12 (d, 2H, J = 12.6 Hz, Ar-CH,), 5.10
(dd, 2H, J = 183 Hz, 12.3 Hz, CH,CH=CH,), 5.85-5.97 (m, 1H,

B
" CH,CH=CH,), 7.08 (d, 2H, J = 8.4 Hz, Ph-H), 7.28-7.30 (m, 2H,

Ar-H), 7.39 (d, 2H, J = 8.4 Hz, Ph-H), 7.45-7.50 (m, 4H, Ar-H), 7.54 (d, 2H, J = 8.4 Hz, Ar-H),
7.96 (d, 2H, J = 8.4 Hz, Ar-H). °*C NMR (100 MHz, CDCls) § 38.1, 38.4, 49.1, 51.0, 67.8, 118.1,
120.5, 125.4, 125.7, 127.5, 128.1, 128.3, 131.1, 131.2, 131.9, 132.9, 133.7, 133.8, 135.1, 136.2,
173.9 ppm. ESI-MS: 576.2 [M+H]", HRMS (ESI) for C3sHy,Br;N,0, [M+H]": caled 576.1533,

found 576.1532.

LC-MS: detected at both 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 6.4 min, 7.0 min (maj).

DAD1 A, Sig=254.1€ Ref=350,100 (CODATAIDDDCS YNV 00205 ZT SE0420000238.0)
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Signal 1: DAD1l A, Sig=254,15 Ref=250,1l00

Pzak REetTime Type Width ARYea H=ight Area
# [min] [min] [mATIT+3] [mATT] &
1 6.403 MM 0.2335 G4 . 26473 4.58751 2.2500
2 T.016 MM 0.4143 2791 .95142 112.31408 S7.7500

Signal 2: DRDL B, Sig=214,16 Ref=280,100

Paak FetTime Type Width Area H=ight Area
# [min] [min] [maTT~a] [mATr] %
1 6.39% MM 0.2342 551.27462 46.32499 2.7989
2 7.01&8 MM 0.4224 2.2620024 880.04189 27.2011
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41, light brown solid, yield 92%;
OO 'H NMR (300 MHz, CDCly): & 2.57-2.72 (m, 2H, CH,CH=CH,), 3.36
(s, 3H, COOCHs), 3.54 (d, 1H, J = 14.4 Hz, ArCH,), 3.54 (d, 2H, J =

12.6 Hz, Ar-CH,), 3.81 (d, 1H, J = 14.4 Hz, ArCH,), 4.11 (d, 2H, J =
OO 12.6 Hz, Ar-CH,), 4.90 (d, 1H, J = 17.1 Hz, CH,CH=CH,), 5.10 (d,
1H, J = 10.2 Hz, CH,CH=CH,;), 5.74-5.85 (m, 1H, CH,CH=CH,),
7.23-7.28 (m, 2H, Ar-H), 7.39-7.49 (m, 6H, Ar-H), 7.53-7.61 (m, 3H, Ar-H), 7.84 (d, 1H, J=17.5
Hz, Ar-H), 7.93-7.97 (m, 4H, Ar-H). BC NMR (100 MHz, CDCls): 8 33.6, 37.9, 49.3, 51.2, 68.9,
118.4, 125.4, 125.6, 127.0, 127.5, 128.2, 128.4, 131.2, 131.7, 132.9, 133.0, 133.4, 133.7, 135.1,
135.3, 139.8, 173.9, 191.7 ppm. ESI-MS: 526.0 [M+H]"; HRMS (ESI) for C3¢H3,N;0; [M+H]":
calcd 526.2376, found 526.2355.

LC-MS: detected at both 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 2.5 min (maj), 3.0 min.

DAD1 A, Sig=254.1€ Ref=350,100 (CODATADDDCS YNV 00205 ZT SE039000053.0)
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Sigmal 1: DRD1 A, Sig=254,16 Eef=360,100
Pzak FetTime Type Width R¥ea H=ight Ar=a
# [min] [min] [mRT*s] [mATT] L
1 Z.453 MM 0.1753 6934.79297 o644.44891 57.335%8
2 Z.932 MM 0.2053 149.489290 12.13669 2.1102
Zignal 2: DAD1 B, Sig=214,16 Ref=360,100
Pzak EetTime Type Width Area H=ight Area
# [min] [min] [maT*s] [maTT] %
1 2.458 MM 0.2022 2.20415=24 2641.37642 35.3041
2 2.92% MM 0.19277 552.75042 46.588232 l.695%

4m, light yellow oil, yield 92%;

'H NMR (300 MHz, CDCl3) § 0.71 (d, 3H, J = 6.3 Hz, CHCHs), 0.85
(d, 3H, J = 6.3 Hz, CHCH,), 1.11 (s, 3H, C(CHs),), 1.16 (s, 3H,
C(CHs)y), 1.62-1.93 (m, 3H, CH,CH(CHs),), 3.59 (d, 2H, J = 12.6 Hz,
Ar-CH,), 3.81 (s, 3H, COOCHs;), 4.12 (d, 2H, J = 12.6 Hz, Ar-CH,),
4.91-4.97 (m, 2H, CH,CH=CH,), 6.11-6.21 (m, 1H, CH,CH=CH,), 7.21-7.27 (m, 2H, Ar-H),
7.42-7.47 (m, 4H, Ar-H), 7.69 (d, 2H, J = 8.4 Hz, Ar-H), 7.93-7.98 (m, 2H, Ar-H). *C NMR (100
MHz, CDCls) 6 23.2, 23.5, 25.1, 25.6, 25.6, 44.2, 46.9, 51.1, 51.7, 111.6, 125.2, 125.4, 127.6,
128.1, 128.1, 129.0, 131.2, 132.7, 134.7, 134.8, 147.3, 176.0 ppm. ESI-MS: 492.1 [M+H]’;
HRMS (ESI) for C33H3sN,0; [M+H]+: calcd 492.2903, found 492.2898.
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LC-MS: detected at both 254 nm and 214 nm; MeOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 6.86 min, 9.95 min (maj).
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£ignal 1: DAD1 A, Eig-254,16 Ref-360,100

Peak RetTime Type Widkh Area H=ight Area

# [min] [min] [maTve] [matT] %
Sl R | -mmm [ rm e O |-mmmmemee |--mmeee |
1 5.856 BB 0.2982 29.558z20 1.52466 4.0108

2 B.851 BB 0.2977 707.40552 27.54025 85,9882

£ignal 2: DAD1 B, S£ig-214,16 Ref-260,100

P=ak RetTims Type Width Ar=a H=ight Ar=a
¥ [min] [mnin] [mATs] [mATr] X

S L O B | emmmmees |mmmmees |=mmmme |

1 6.861 MM 0.2350 274.90417 12.67529 ».0527

2 8.851 MM 0.4212 B720.51267 3237.47147 96.9472

4n, white solid, yield 90%;

OO coome  'HNMR (300 MHz, CDCl3): § 0.69 (d, 3H, J = 6.3 Hz, CHCHj),
0.75 (d, 3H, J = 6.3 Hz, CHCH), 1.26-1.63 (m, 3H, CH,CH(CHs),),

O‘ " 3.65 (s, 3H, COOCH,), 3.67 (d, 2H, J = 12.3 Hz, Ar-CHy), 4.06 (d,
2H, J = 12.3 Hz, Ar-CH,), 4.17 (d, 1H, J = 8.1 Hz) 5.03 (dd, 2H, J =

16.8 Hz, 10.5 Hz, CH,CH=CH,), 6.21-6.34 (m, 1H, CH,CH=CH,), 7.23-7.37 (m, 7H, Ar-H),
7.44-7.50 (m, 6H, Ar-H), 7.96-8.01 (m, 4H, Ar-H). *C NMR (100 MHz, CDCl3): & 24.2, 25.3,
46.1,51.4, 52.7, 55.9, 71.8, 116.5, 125.3, 125.5, 126.2, 127.7, 128.2, 128.3, 128.9, 131.3, 131.5,
131.9, 132.7, 134.3, 134.8, 139.7, 140.4, 176.4 ppm. ESI-MS: 540.0 [M+H]", 561.8 [M+Na]’;

HRMS (ESI) for C33H3sN;0, [M+H]": calcd 540.2897, found 540.2890.
LC-MS: detected at both 254 nm and 214 nm; McOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 9.0 min, 10.6 min, 13.8 min (maj).
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DAD1 A, Sig=254.1€ Ref=350,100 (CODATAIDDDCS YNV 00205 ZT SE036000021.0)
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DAD1 B, Sig=214.1€ Ref=350,100 (CODATAIDDDCS YNV 00205 ZT SE036000021.0)
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Pzak EetTime Type Width Rrea Height Area
#  [min] [min] [z~ a] [mA] %
1 9.017 MM 0.4460  12.27142 4.6235le-1  1.2616
2 10.528 MM 0.50ak5 19.74756 &.472652-1 5.2062
3 13.835 MM 0.6707 347.16954 §.62766 91.5322
Pzak RetTime Type Width RYea H=ight Arsa
#  [min] [min] [matr~a] [matr] &
1 9.03% MM 0.4445 101.03299 3.78668  2.0721
2 1l0.550 MM 0.5465 134.3875& 5.62323209 E.6O&7T
3 13.840 MM 0.6727 3003.27830  74.40588 91,3212
40, white solid, yield 94%;
OO coome '"H NMR (300 MHz, CDCLy): § 0.70 (d, 3H, J = 6.3 Hz, CHCH),
N~ 0.75 (d, 3H, J = 6.3 Hz, CHCH;), 1.29-1.63 (m, 3H,
OO H N CH,CH(CHj3),), 3.65 (s, 3H, COOCHs;), 3.66 (d, 2H, J = 12.3 Hz,
Ar-CH,), 4.02 (d, 2H, J = 12.3 Hz, Ar-CH,), 4.13 (d, 1H, J = 8.1

Br Hz) 5.07 (dd, 2H, J = 16.8 Hz, 10.5 Hz, CH,CH=CH,), 6.19-6.31
(m, 1H, CH,CH=CH,), 7.24-7.29 (m, 4H, Ar-H), 7.41-7.50 (m, 8H, Ar-H), 7.96-8.01 (m, 4H,
Ar-H). ®C NMR (100 MHz, CDCly): § 23.8, 25.1, 45.7, 51.1, 52.5, 55.6, 72.1, 116.3, 120.5, 125.4,
125.6, 127.5, 128.0, 128.1, 128.7, 131.1, 131.2, 131.9, 132.9, 134.3, 134.9, 139.9, 140.2, 176.1
ppm. ESI-MS: 617.8 [M+H]"; HRMS (ESI) for C33sH3;Br;N;O, [M+H]": caled 618.2002 found

618.2001.
LC-MS: detected at both 254 nm and 214 nm; McOH / H,O = 80/20; flow = 1.0 mL/min,

Retention time: 9.2 min, 10.9 min, 14.2 min (maj).
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£ignal 1: DAD1 A, S4g-254,16 Ref-260,100

Peak RetTime Type Width Area H=ight Ares
# [min] [min] [maTra] [maar] ¥
e R L R e |--mmee- |
1 9.212 MM 0.4847 16.44015 5.65260=2-1 2.8871
2 10.807 MM 0.4846 22.26142 7.690482-1 4.0620
2 14.176 MM 0.6744 S511.56802 12.64222 92.94939

£ignal 2: DAD1 B, Sig-214,16 R=f=260,100

Peak RetTime Type Width Ar=a H=ight Ar=a
¥ [mim] [min] [maT*E] [mnaTr] ¥
S R O |=mmemmeee |mmemmeee |mmees |
1 9.219 MM 0.5233 146.46814 4.66516 z.1108
2 10.806 b 0.5057 199.63834 G.58008 d.2401
3 14.175 MM 0.6741 4262.21729 107.84634 92.6490

8a, cololess solid, yield 91%;

veo. L€ 'H NMR (300 MHz, CDCly): 5 0.74 (d, 3H, J = 6.3 Hz, CHCH), 0.96
O cooye  (d:3H.J=63 Hz, CHCH;), 1.64-1.91 (m, 3H, CH,CHCH), 2.51 (dd.

MeO " IH, J = 8.4 Hz, 8.1 Hz, CH,CH=CH.,), 3.05 (dd, 1H, J = 4.2 Hz, 5.7
MeO O ' Hz, CH,CH=CH,). 3.30 (s, 3H, COOCHs). 331 (d. 2H, J = 12.6 Hz,
VO NCH.), 3.68 (s, 6H, 2xArOCHs), 3.82 (d, 2H, J = 12.6 Hz, NCH,),
OMe 3.90 (s, 6H, 2xArOCH), 3.94 (s, 6H, 2xArOCH), 5.12 (dd, 2H, J =

7.5 Hz, 17.7 Hz, CHCH)), 5.82-5.96 (m, 1H, CHCH,), 6.61 (s, 2H, ArH). C NMR (100 MHz,
CDCl3): 621.4,24.4,25.1,35.6,42.1,48.5, 50.1, 55.9, 60.6, 60.8, 65.2, 108.4, 116.7, 122.9, 131.2,
134.4, 141.0, 150.9, 152.4, 175.6 ppm. ESI-MS: 544.3 [M+H]", 566.3 [M+Na]"; HRMS (ESI) for
C30H4,NOg [M+H]+: calcd 544.2905, found 544.2886.

LC-MS: detected at 254 nm, Retention time: 55.3 min, 56.3 min (maj).

MWD1 A, Sig=254,4 Ref=500,100 (E:\DATA20100818\31-£TS6138.D)
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8b, white solid, yield 92%;

MeO T 'H NMR (300 MHz, CDCls): 8 2.35 (dd, 1H, J = 7.5 Hz, 7.2 Hz,
O coome  CH2CH=CH), 2.82 (dd, 1H, J = 5.7 Hz, 5.7 Hz, CH,CH=CH)), 2.96

m:g N « (@ IH, J = 138 Hz, CH:Ph), 3.38-3.47 (m, 6H, CH,Ph, NCH.,
O COOCHs), 3.68 (s, 6H, 2xArOCHs), 3.84-3.91 (m, 14H, NCH,,

MeG 4xArOCH;), 5.07 (dd, 2H, J = 17.1 Hz, 10.2 Hz, CH=CH,), 5.90-6.03
OMe (m, 1H, CH=CH,), 6.61 (s, 2H, ArH), 7.12 (d, 2H, J = 7.8 Hz, Ph-H),

7.20 (t, 3H, J = 7.5 Hz, Ph-H), BC NMR (100 MHz, CDCls): & 35.5, 38.9, 49.0, 50.3, 55.8, 60.5,
60.8, 67.5, 108.3, 117.5, 122.9, 126.5, 128.1, 129.9, 131.0, 133.9, 137.0, 141.1, 150.9, 152.5,
174.2 ppm. ESI-MS: 578.3 [M+H]+; HRMS (ESI) for C33H4N;Og [M+H]+: calcd 578.2754, found
578.2737.

LC-MS: detected at 254 nm, Retention time: 27.2 min, 29.7 min (maj).

DAD1 A, Sig=254 4 Ref=360,100 (D:\DATA\201008194-ZT57047.D)
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{69 1: MWDl A, Sig=254,4 Ref=500,100
e {fREIRE] ERY bEE e (i F U e [ L

[min] [mAU*s] [mAU]

459.85725 0.B562
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6. X-ray Crystal Structure of Rearrangement Product 4a and 4k

Compound 4a

Compound 4k

CCDC 865414 (4a) & 865415 (4Kk) contains the supplementary crystallographic data.
These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data request/cif.
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7. General Procedure for Double Bond Elaboration via Heck Reaction

OO COOMe X PdCI,PPhs (5 mol%) C ‘ ¢OOMe R
N S | //T-R N AN
O‘ | EtsN, DMF, 90°C OO

4d 10,11

Under nitrogen atmosphere, the ammonium salts 4d (46 mg, 0.1 mmol), aryl iodide (0.1
mmol), PAPPh;Cl, (2.2 mg, 5 mol%), Et;N (21 uL, 0.15 mmol) was mixed in dry DMF (5 mL).
The mixture was heated to 90°C and stirred overnight. The solution was then diluted with EtOAc,
washed with NaHCOj; (aq, saturated) and brine, dried over anhydrous Na,SO,4, and concentrated.
Purification by flash column chromatography on silica gel afforded the corresponding products.

10, colorless oil, yield 84%;

OO COOMe OMe 'H NMR (300 MHz, CDCls): & 0.80 (d, 3H, J = 5.7 Hz
N—Ls CH(CH;),), 0.99 (d, 3H, J = 5.7Hz, CH(CHs)),

OO w 1.74-1.97 (m, 3H, CH,CH(CH;),), 2.71 (dd, 1H, J = 7.8
Hz, 8.4Hz, CH,CH=CH,), 3.16 (dd, 1H, J = 5.1 Hz,

4.8Hz, CH,CH=CH,), 3.34 (s, 3H, ArOCH3), 3.47 (d, 2H, J = 12.3 Hz, NCH,), 3.61 (s, 3H,
COOCH3), 4.12 (d, 2H, J = 12.6 Hz, NCHy,), 6.07-6.16 (m, 1H, ArCH=CH), 6.41 (d, 1H, J = 16.5
Hz, ArCH=CH), 6.83 (d, 2H, J = 8.4 Hz, ArH), 7.23-7.29 (m, 4H, ArH), 7.56 (dd, 4H, J = 6.3 Hz,
8.1 Hz, ArH), 7.53 (d, 2H, J = 7.8 Hz, ArH), 7.94 (d, 2H, J = 8.1 Hz, ArH). *C NMR (100 MHz,
CDCls): & 21.9, 24.4, 25.2, 35.5, 42.6, 48.7, 50.7, 55.2, 66.3, 113.8, 124.3, 125.3, 125.5, 127.1,
127.5, 128.1, 128.2, 128.3, 130.7, 131.1, 131.4, 132.9, 134.3, 135.1, 158.6, 175.6 ppm. ESI-MS:
570.3 [M+H]"; HRMS (ESI) for C39H4N;05 [M+H]": caled 570.3008 found 570.3003.

11, colorless oil, yield 82%;

'H NMR (300 MHz, CDCls): 8 0.79 (d, 3H, J = 6.3 Hz,
CH(CH;),), 0.98 (d, 3H, J = 6.0 Hz, CH(CHs),), 1.40
(t, 3H, J = 7.2 Hz, COOCH,CH3;), 1.73-1.99 (m, 3H,
CH,CH(CHjs),), 2.74 (dd, 1H, J = 7.5 Hz, 7.2 Hz,
CH,CH=CH,), 3.20 (dd, 1H, J = 4.2 Hz, 4.8Hz, CH,CH=CH,), 3.35 (s, 3H, COOCHs;), 3.48 (d,
2H, J =12.9 Hz, NCH,), 4.10 (d, 2H, J = 12.3 Hz, NCH,), 4.37 (q, 2H, J = 6.9 Hz, COOCH,CH3),
6.35-6.44 (m, 1H, ArCH=CH), 6.50 (d, 1H, J = 15.9 Hz, ArCH=CH), 7.23-7.28 (m, 2H, ArH),
7.33(d, 2H, J = 8.4 Hz, ArH), 7.45 (dd, 4H, J = 8.7 Hz, 8.1 Hz, ArH), 7.52 (d, 2H, J = 8.4 Hz),
793-7.98 (m, 6H, ArH). *C NMR (100 MHz, CDCls): & 14.3, 21.8, 24.5, 25.2, 35.6, 42.7, 48.8,
50.8, 60.8, 66.2, 125.3, 125.6, 125.8, 127.5, 128.1, 128.2, 128.6, 128.6, 129.8, 131.1, 131.3, 132.9,
134.2, 135.1, 142.2, 166.5, 175.5 ppm. ESI-MS: 612.3 [M+H]"; HRMS (ESI) for C4H4;,N,0,
[M+H]": caled 612.3114 found 612.3107.

COOEt
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8. General Procedure for Removal of Chiral Auxiliary

6.1 Debenzylization via Hydrogenation

OO COOMe 1) Hy, PA/C, MeOH COOMe

X BzHN—X

N
ST |

4a, R=H 5a, 92% yield, 77% ee
4b, R=CH;, 5b, 87% yield, 85% ee
4c, R=Bn 5c, 89% yield, 98% ee
4d, R = CH,CH(CH,), 5d, 87%yield, 99% ee
4e, R = CH,CH,Ph 5e, 88% vyield, 99% ee
4h, R = CH,CgH,4-p-OBz 5e, 88% yield, 97% ee

Amine 4 (0.1 mmol) and Pd/C (10%, 11mg) was added to 5 mL of methanol, and stirred
under H, (4 atm) atmosphere at 30°C. After completion, the reaction mixture was filtrated,
concentrated. The mixture was dissolved in 5 mL of acetone and to this solution was addeded
K,;CO; (27.6 mg, 0.2 mmol), then stirred at room temperature for 1h. After filtration and

concentration, the residue was purified via column chromatography on silica gel, affording
corresponding benzoyl amino acids.

6.2 Debenzylization via Oxidation

OMe
MeO O
MeO (OOMe 1) CAN, CHCN, 1t

N—,

MeO O R 2) BzCl, K,COs, acetone
MeO

OMe 9a, 76% vyield, 96% ee

9b, 82% yield, 98% ee

8a, R=Bn

80, R = CH,CH(CH3),

To a 25 mL flask was added amine 8 (0.1 mmol), CAN (0.6 mmol) and 5 mL of acetonitrile.
The reaction was stirred at room temperature for about 2 hours for completion. The mixture was
then diluted with EtOAc, washed with water and brine, dried over anhydrous Na2SOs, and
concentrated. The residue was dissolved in 5 mL of acetone and K,CO; and BzCl was added.
After stirring at room temperature for 1 hour, the mixture was diluted with EtOAc, and filtrated
through Celite. The filtrate was washed three times with water and brine, dried over anhydrous
Na2S04, and concentrated. Purification by flash column chromatography on silica gel afforded the
corresponding bezoylation product 9.
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COOMe

BzHN
H

Sa, colorless oil, yield 92%, ee 77%;

[a] p'*=-20.0 (c 0.4, CHCl;);."H NMR (300 MHz, CDCl5)  0.92-0.98 (m, 3H,

CH,CH;), 1.38-1.44 (m, 2H, CH,CH;), 1.65-1.82 (m, 1H, CH,CH,CH;),
1.85-1.98 (m, 1H, CH,CH,CHs), 3.77 (s, 3H, COOCH}), 4.82-4.86 (m, 1H, N-CH), 6.74 (b, 1H,

NH), 7.42-7.51 (m, 3H, Ph-H), 7.80 (d, 2H, J = 8.1 Hz, Ph-H).

HPLC: Chiral OD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 90/10; flow =

0.7 mL/min; Retention time: 12.1 min (maj), 16.6 min

Chromatogram (ZT51149. org)

150
140 ol
(3]
130 =
G
120 ~
110 &
100 =
904
% 80
= 70
= 60
50
40
30
20
10
0_ 1
_10_ T T
0 6 8 10 12 14 16 18 20 22
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 12.133 118400977 3305446.250 49.6379
2 16.322 96330.977 3353677.750 50.3621
Total 214731953 6659124000 100.0000
Chromatogram (ZTS-1138-1.org)
320 2
3004 ja
280
260
240
220
2004
180
= 160
= 140
120
100
80 %
60 !
40 N
e /\
0 : L T
'20_| T T T T T T T T
0 6 8 10 12 14 16 18 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 12.132 276716.219 7735855.500 88.7819
2 16.580 26313.008 977468.750 11.2181
Total 303029227 8713324250 100.0000
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5b, white solid, yield 87%, ee 85%;

COOMe

BzHN7K/\

[oa] p2° = +12.7 (c 0.3, CHCL;); 'H NMR (300 MHz, CDCl5) § 0.88-0.92 (m,
3H, CH,CH3), 1.09-1.14 (m, 1H, CH,CH3), 1.28-1.35 (m, 1H, CH,CH3), 1.71

(s, 3H, NCCHs) 1.80-1.89 (m, 1H, CH,CH,CH3), 2.36-2.47 (m, 1H, CH,CH,CHs), 3.79 (s, 3H,
COOCHs), 7.06 (b, 1H, NH), 7.42-7.47 (m, 3H, Ph-H), 7.79 (d, 2H, J = 8.1 Hz, Ph-H).

HPLC: Chiral OD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 90/10; flow =

0.7 mL/min; Retention time: 8.4 min, 9.2 min (maj)

Chromatogram (zts-alanine-racemic.org)

HL I (v

8.440

9273

Peak No. Peak ID

Time(min)
Results

Ret Time Height

Area Conc.

1
2

108815.727
56307.598

8440
9273

63.6885
36.3115

1613260.375
919788.750

Total

165123324

Chromatogram {(zts—alanine-R.org)

2533049125 100.0000

160
150

U ()

9200

Peak No. Peak ID

Time(min)

Results

Ret Time Height

Area Conc.

1
2

11870.838
128648.883

8387
9200

75713
92 4287

169974 203
2074997.750

Total

140519721

2244971953 100.0000
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5c¢, colorless oil, yield 89%, ee 98%;

[a] p> = +102.7. (¢ 0.5, CHCl,); 'H NMR (300 MHz, CDCls) 6 0.89-0.94 (m,
3H, CH,CH;), 1.00-1.11 (m, 1H, CH,CHj;), 1.30-1.41 (m, 1H, CH,CHj),
1.88-1.99 (m, 1H, CH,CH,CH3), 2.75-2.86 (m, 1H, CH,CH,CHj3), 3.16 (d, 2H,
J=13.5 Hz, PhCH,), 3.83 (s, 3H, COOCHs), 3.94 (d, 2H, J = 13.5 Hz, PhCH,),
6.96 (b, 1H, NH), 7.01-7.04 (m, 2H, Ph-H), 7.17-7.19 (m, 3H, Ph-H), 7.41 (q, 2H, J = 7.2 Hz,
Ph-H), 7.49, (q, 1H, J= 7.2 Hz, Ph-H), 7.69 (d, 2H, J = 8.4 Hz, Ph-H).

COOMe
BzHN

HPLC: Chiral AD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 95/5; flow = 0.7

mL/min; Retention time: 7.8 min, 8.4 min (maj)

Chromatogram (zts-pheala-racemic-93_3. org)

110
o
100} 3
o]
90 s
P
80 ™~
70
£ 60
= 50
#
40
304
20
10
0] T
-10_ T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 il
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7757 72843 484 1107720.250 43.2768
2 8440 85836.477 1451896.750 56.7232
Total 158679961 2559617.000 100.0000
Chromatogram (zts-pheala-R.org)
340
320
300
[1u]
280 jurd
260 o
2404
2204
— 2004
=
E 1804
= 160
= 110
120
100
80
60 o
40 ~
204 =
0_ T
T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7.763 2692.691 30984.998 0.8012
2 8438 238964516 3836118.000 99.1988
Total 241657207 3867102998 100.0000
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5d, colorless oil, yield 87%, ee 99%;

[a]p’ = -14.7 (¢ 1.25, CHCls); "H NMR (300 MHz, CDCl3) & 0.77 (d, 3H, J =
6.6 Hz, CH(CHs),), 0.85-0.89, (m, 6H, CH,CH3, CH(CHs),), 0.91-1.00 (m, 1H,
CH,CH3), 1.24-133 (m, 1H, CH,CH;), 1.51-1.62 (m, 1H, CH(CHs)),
1.70-1.77 (m, 2H, CH,CH,CHs;, CH,CH(CH;),), 2.59-2.72 (m, 2H,
CH,CH,CH3, CH,CH(CH3),), 3.80 (s, 3H, COOCH3), 7.35 (b, 1H, NH), 7.43-7.50 (m, 3H, Ph-H),
7.79 (d, 2H, J = 8.4 Hz, Ph-H).

COOMe
BzHN

HPLC: Chiral AD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 95/5; flow = 0.7
mL/min; Retention time: 9.8 min, 10.4 min(maj)

Chromatogram (race-Leu-95-5. org)

904
80 [
707 28
=
60
50
404
% 30
=
2 2[]—:
10
E . .
=104
-204
230
7I T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1 12 13
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 11.607 59684.266 880720.313 49.0877
2 12.032 58009.145 913456.125 50.9123
Total 117653 410 1794176.438 100.0000
Chromatogram (R-Leu-95-5. org)
w0
3501} ¢
=
300
250
=
= 200
o
s
=
= 150
100
50 o
L
@
o]l Ll .
T 1 L LA T T T T T L T L
0 2 4 ] 8 10 12 14 16
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 9.832 143430 1678.633 0.0345
2 10.455 318386.563 4865164.000 99.9655
Total 318529.992 4866842.633 100.0000
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COOMe  Se, colorless oil, yield 88%, ee 99%;

[a] p™ = -10.7 (¢ 0.6, CHCl;); 'H NMR (300 MHz, CDCl;) & 0.78-0.89 (m,
6H), 1.12-1.19 (m, 6H), 1.25-1.40 (m, 2H), 1.61-1.83 (m, 6H), 2.58-2.65 (m,

2H), 3.81 (s, 3H, COOCH3), 7.20 (b, 1H, NH), 7.43-7.49 (m, 3H, Ph-H), 7.80
(d, 2H, J = 8.1 Hz),

BzHN

HPLC: Chiral AD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 90/10; flow =
0.7 mL/min; Retention time: 7.7 min, 8.8 min (maj)

Chromatogram (20090212 FAEE-race-AD-90-10. org)

40
35
30
2 B
L. 254 L »
=
T 20
oh
=
= 154
10
5_
[]_
-5 T T T T N T N N T N N T N T T T
0 2 4 6 8 10 12 14 16 18
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7665 23029.877 290070.031 47.0056
2 8.750 23853.230 327027.188 52.9944
Total 46883.107 617097.219 100.0000
220 Chromatogram (20090212F=F HiE/E-AD-90-10. org)
200 P
(e}
180
160
140
120
g 100
=
= 80
60
40
@
20 g
0 s ||'_,_| -
T T N T T T T T N T N i T T
0 2 4 6 8 10 12 14 16 18
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7752 670265 7796.100 03296
2 8842 172482.172 2357718.750 99.6704
Total 173152437 2365514.850 100.0000
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COOMe 5h, colorless oil, yield 88%, ee 97%;
BzHN 'H NMR (300 MHz, CDCl3) 6 0.89-0.94 (m, 3H, CH,CHj3), 1.04-1.16 (m,
1H, CH,CHj3), 1.33-1.41 (m, 1H, CH,CH3), 1.88-1.99 (m, 1H, CH,CH,CHj3),
2.75-2.86 (m, 1H, CH,CH,CH3), 3.21 (d, 2H, J = 13.5 Hz, PhCH,), 3.84 (s,
og; 3H. COOCHs), 3.97 (d, 2H, J = 13.5 Hz, PhCH,), 6.99 (b, 1H, NH),
7.06-7.08 (m, 4H, Ph-H), 7.43-7.52 (m, 5H, Ph-H), 7.62, (q, 1H, J = 8.1 Hz,
Ph-H), 7.73 (q, 2H, J = 8.1 Hz, Ph-H), 8.17 (d, 2H, J = 8.1 Hz, Ph-H).

HPLC: Chiral AD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 80/20; flow =
0.7 mL/min; Retention time: 16.2 min, 20.3 min (maj)

Chromatogram (20090211E5E B#-race-AD80-20. org)

80
75
704
[13)
65 S
60 = =
o
= 55 8
T 50
|
= 45
40
35
30
B M
: T : T
20
T N T T T N N T T N T M
0 5 10 15 20 25 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 16.208 35155871 984155.563 451780
2 20210 25493158 1017054.125 50.8220
Total 64653.029 2001209.688 100.0000
Chromatogram (20090211855 E8-ADB0-20. org)
260 =
[1p]
240 o
220 T
200
180
160
E 140
4
& 120
= 100
80
601 &
40 &
20 :
0]
T T T L T T T T T T T T L T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 16.235 192599 984 5380005.000 98.4685
2 20272 4177.874 83678.094 15315
Total 196777858 5463683.094 1000000
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COOMe  9a, colorless oil, yield 82%, ee 98%;
BzHN = 'H NMR (300 MHz, CDCls)  0.79 (d, 3H, J = 6.6 Hz, CH(CHs),), 0.89 (d, 3H,
J = 7.2 Hz, CH(CHs),), 1.56-1.65 (m, 1H, CH(CH;),), 1.73-1.80 (m, 1H,
CH,'Pr), 2.49 (dd, 1H, J = 7.8 Hz, 13.8 Hz, CH,'Pr), 2.49 (dd, 1H, J = 5.4 Hz,
14.1 Hz, CH,CH=CH,), 3.44 (dd, 1H, J = 7.2 Hz, 13.8 Hz, CH,CH=CH,), 3.80 (s, 3H, COOCH3),
5.04 (dd, 2H, J = 9.9 Hz, 18.6 Hz, CH,CH=CH,), 5.51-5.65 (m, 1H, CH,CH=CH,), 7.28 (br, 1H,
BzNH), 7.41-7.50 (m, 3H, Ph-H), 7.78 (d, 2H, J = 8.4 Hz, Ph-H)

HPLC: Chiral AD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 90/10; flow =
0.7 mL/min; Retention time: 9.0 min (maj), 10.5 min

Chromatogram (zts7038-1-2. org)

10
g_
8_
?_
6_
sl 5_
=
=4
2 @ o
1_
0_
14
-2
T U T T T T T T T
0 2 4 6 8 10 12 14 16
Time(min)
Results
Pealk No. Peak ID Ret Time Height Area Conc.
1 9.185 11187.462 39759.023 51.1179
2 10.725 2816.981 38020.004 48.8821
Total 14004443 77779.027 100.0000
Chromatogram (zts7057-1(0.7).org)
260 z
240 a
@
220
200
180
160
= 140
= 120
= 100
80
60
40 2
a2
20 (=]
0 —u
720_ T T T T T T T T
0 2 4 6 8 10 12 14
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 9.008 214384.766 2757203.750 99.0984
2 10.550 2008.821 25084.100 09016
Total 216393586 2782287.850 1000000
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COOMe

BzHN

7.68 (d, 2H, J = 7.5 Hz, Ph-H);

~

8b, white solid, yield 76%, ee 96%;
'H NMR (300 MHz, CDCl;) 8 2.71 (dd, 1H, J= 7.2 Hz, 14.1 Hz, CH,CH=CH,),

321 (d, 1H, J = 13.5 Hz,CH,Ph), 3.60 (dd, 1H, J = 7.2 Hz, 13.8 Hz,

CH,CH=CH,), 3.82 (s, 3H, COOCH3), 3.95 (d, 1H, J = 13.5 Hz, CH,Ph), 5.09
(dd, 2H, J = 10.5 Hz, 17.4 Hz, CH,CH=CH,), 5.58-5.72 (m, 1H, CH,CH=CH,),
6.92 (br, 1H, BzZNH), 7.04-7.06 (m, 2H, Ph-H), 7.18-7.20 (m, 3H, Ph-H), 7.38-7.51 (m, 3H, Ph-H),

HPLC: Chiral AD-H column (250 mm); detected at 214 nm; hexane/i-propanol = 90/10; flow =

0.7 mL/min; Retention time: 7.7 min, 8.8 min (maj)

Chromatogram (zts7034-rac. org)

240
220 &
@
200 "~
180
[
3
160 @
— 140
=
= 120
= 100
80
60
40
20
04 . :
T T T 1 T T T T
0 1 3 4 5 6 7 8 9 10 1 12
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7932 191094.906 2239411.250 55.8927
2 8982 140245250 1767217.375 44.1073
Total 3313401356 4006628.625 100.0000
Chromatogram (zts7039-2.org)
40
35
30
25 5
P
= 20 @
= 15
3
10
[
5 =
] [
0] J"i'n T
-5
10
T T 1 T T T T T
0 3 5 6 7 8 9 10 1
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7.707 508.126 4399950 1.7943
2 §.787 18304.143 240824141 98.2057
Total 18812268 245224.090 100.0000
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9. Copies of "H NMR and “C NMR spectra
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