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General Methods. NMR spectra were obtained on a Bruker 300 spectiemnainning at 300 and 75
MHz for *H and*C, respectively. Chemical shiftg)(are reported in ppm relative to residual solvent
signals (CHGJ, 7.26 ppm for'H NMR, CDCk, 77.0 ppm for*C NMR. **C NMR spectra were
acquired on a broad band decoupled mode. Optitations were measured on a Perkin-Elmer 241
polarimeter. All reactions were carried out in attous solvents and under argon atmosphere. THF
and ExO were distilled from sodium-benzophenone undeomrgnd CHCI, was distilled from FOs.
Flash column chromatography was performed usingasigel Merck-60 (230-400 meshThe
enantiomeric ratios were determined with the aitHBL.C analysis with Chiracel IC column (25 cm x

0.46 cm) with mixtures of hexangsropanol as eluents.

Materials. Commercially available starting materials and eontg were used without further

purification. Amines17,™ 18,” 19 65! and nitroderivative0™ had previously been described.

Synthesis of N-protected o-vinylbenzylamines 1
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Synthesis of N-Benzyloxycar bonyl-2-vinylbenzylamine (1a).
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To a solution ofo-vinylbenzyl aminel7 (224 mg, 1.68 mmol) in dioxane (8 mL) was adde€®&;
(348 mg, 2.53 mmol). To this suspension Ci80(0.48 mL, 3.37 mmol) was added dropwise and the
mixture was vigorously stirred for 1 h. Then, solivevas then removed under reduced pressure and the
residue was diluted with 1M HCI (10 mL) and exteatiwith CHCI, (3 x 20 mL). The combined
organic layers were washed with brine (10 mL) andddover anhydrous N80O,. After solvent was
removed, the crude mixture was purified by flashoatatography with hexanes:ethyl acetate 10:1 to
afford 1a (367 mg, 82%) as a yellow solid. M.p. 58-6088:NMR (300 MHz): 4.44 (d,) = 5.6 Hz,
2H), 4.93 (br s, 1H), 5.12 (s, 2H), 5.33 {ds 10.9 Hz, 1H), 5.66 (dd; = 17.3,J,= 1.1 Hz, 1H), 6.95
(dd,J; = 17.3,3,=10.9 Hz, 1H), 7.25-7.37 (m, 8H), 7.50 (& 6.8 Hz, 1H) ppm**C-NMR (75 MHz):
43.5 (CH), 67.3 (CH), 117.3 (CH), 126.6 (CH), 128.4 (CH), 128.5 (CH), 128.9 (CHZ29.0 (CH),
129.1 (CH), 129.4 (CH), 134.0 (CH), 135.3 (C), B3¢C), 137.2 (C), 156.5 (C) ppm. HRMS (EI+)
(m/z) calcd. for G;H17NO, (M™): 267.1259. Found: 267.1252.

X
NH-Boc

1b
Synthesis of N-tert-butoxycar bonyl-2-vinylbenzylamine (1b).
EtN (0.35 mL, 2.51 mmol) and a catalytic amount of BR1(5 mg) were added to a solution asf
vinylbenzyl aminel?7 (111 mg, 0.84 mmol) in Ci€l, (1.5 mL). After 5 min, (BogO (201 mg, 0.92
mmol) was added to the resulting solution and tlr¢ure stirred at rt for 4 h. The solvent was then
removed, the residue diluted with water (8 mL)ddmd with 1M HCI until pH = 5, and extracted with
CH.Cl; (3 x 10 mL). The combined organic layers were wdswith brine (10 mL) and dried over
anhydrous NzB50O,. After the solvent was removed, the crude mixtwas purified by flash
chromatography with hexanes:ethyl acetate 10:¥eowcalb (192 mg, 98%) as a yellow oftH-NMR
(300 MHz): 1.45 (s, 9H), 4.38 (d,= 5.6 Hz, 2H), 4.68 (br s, 1H), 5.34 (dH= 10.9,J= 1.3 Hz, 1H),
5.67 (ddJ;=17.3,),= 1.3 Hz, 1H), 6.96 (ddl; = 17.3,J,=10.9 Hz, 1H) 7.24-7.31 (m, 3H), 7.50-7.53
(m, 1H) ppmXC-NMR (75 MHz): 27.9 (3Ch), 42.1 (CH), 79.0 (C), 116.1 (Ch), 125.6 (CH), 127.4
(CH), 127.5 (CH), 128.3 (CH), 133.3 (CH), 135.0,(@B6.3 (C), 155.1 (C) ppm. HRMS (FAB+)
(m/z) calcd. for G4H20NO, (M+H™): 234.1494. Found: 234.1498.

X
NH-Ts

1c

Synthesis of N-Tosyl-2-vinylbenzylamine (1c).
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KOH (6.63 g, 0.12 mmol) was added to a solutiom-gfnylbenzyl aminel7 (450 mg, 3.38 mmol) in
H,O:CH.Cl, (15 + 15 mL). After 5 min, TsCl (1.61 g, 8.46 mmotlas added to the resulting
suspension and the mixture vigorously stirred.aAfter 1 h, the reaction mixture was hydrolyzedhwi
water (10 mL), extracted with GBI, (3 x 20 mL) and the combined organic layers washighl brine
(10 mL) and dried over anhydrous 4$&y. After solvent evaporation, the crude mixture \wabjected
to flash chromatography with hexanes:ethyl acéiateto afford1lc (726 mg, 75%) as a white solid.
M.p. 124-126°C*H-NMR (300 MHz): 2.45 (s, 3H), 4.16(d,= 5.8 Hz, 2H), 4.43 (br s, 1H), 5.28 (dd,
J;=10.9,J,= 1.3 Hz, 1H), 5.62 (dd], = 17.3,J,= 1.3 Hz, 1H), 6.76 (dd]l; = 17.3,J,= 10.9 Hz, 1H),
7.11-7.24 (m, 3H), 7.31 (d,= 8.2 Hz, 2H), 7.44 (d] = 7.5 Hz, 1H), 7.75 (d, J = 8.2 Hz, 2H) ppHicC-
NMR (75 MHz): 21.5 (CH), 45.2 (CH), 117.3 (CH), 126.2 (CH), 127.2 (CH), 128.0 (CH), 128.6
(CH), 129.5 (CH), 129.7 (CH), 132.7 (C), 133.3 (CH36.5 (C), 137.0 (C), 143.6 (C) ppm. HRMS
(El+) (m/z) calcd. for GgH1/NO,S (M"): 287.0980. Found: 287.0982.

X
NH-Ac

1d
Synthesis of N-tert-Butoxycar bonyl-2-vinylbenzylamine (1d).
Acetic anhydride (2.67 mL, 2.98 mmol) angM{0.30 mL, 2.98 mmol) were added to a solutiomw-of
vinylbenzyl aminel7 (397 mg, 2.98 mmol) in CiLI, (20 mL). The reaction mixture was stirred at rt
for 12 h, then hydrolyzed with water (10 mL) andragted with CHCI, (3 x 20 mL). The combined
organic layers were succesively washed with sadragueous NaHGJ10 mL) and brine (10 mL)
and dried over anhydrous pBO,. After the solvent was removed, the crude mixiwes purified by
flash chromatography with hexanes:ethyl acetated@afford1d (464 mg, 88%) as a light brown solid.
M.p. 83-85°C H-NMR (300 MHz): 1.98 (s, 3H), 4.48 (d,= 5.3 Hz, 2H), 5.35 (ddl;= 10.9,J,= 1.1
Hz, 1H), 5.68 (ddJ; = 17.3,J,= 1.1 Hz, 1H), 6.94 (ddl; = 17.3,J,= 10.9 Hz, 1H) 7.25-7.33 (m, 3H),
7.53 (d,J = 7.0 Hz, 1H) ppm*3C-NMR (75 MHz): 23.1 (Ch), 41.7 (CH), 116.7 (CH), 126.1 (CH),
128.0 (CH), 128.2 (CH), 129.4 (CH), 133.7 (CH), B34C), 136.9 (C), 169.6 (C) ppm. HRMS (El+)
(m/z) calcd. for G1H13NO (M¥): 175.0997. Found: 175.1000.

Synthesis of N-Benzyloxycar bonyl-2-allylaniline 2

CICO,Bn
NHz cho3 NH-Cbz
Dloxane
18 2 (97%)
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Following the previously described procedure fa gneparation ofa, starting fromo-allylaniline 18
(240 mg, 1.80 mmol} was obtained as a yellow oil (240 mg) in 97% yiéNMR (300 MHz): 3.36
(d,J=6.0 Hz, 2H), 5.04 (dd};= 17.3,J,= 1.7 Hz, 1H), 5.14 (dd]};= 9.9,J,= 1.7 Hz, 1H), 5.21 (s,
2H), 5.88-6.02 (m, 1H), 6.65 (br s, 1H), 7.06-7(48 8H), 7.81 (br s, 1H) ppn°C-NMR (75 MHz):
36.5 (CH), 67.0 (CH), 116.7 (CH), 124.5 (CH), 127.5 (CH), 128.2 (CH), 128.3 (CH28.5 (CH),
128.6 (CH), 129.0 (C), 130.1 (C), 135.7 (CH), 13¢X), 136.2 (CH), 153.8 (C) ppm. HRMS (El+)
(m/z) calcd. for G7H17NO, (M™): 267.1259. Found: 267.1253.

Synthesis of N-Benzyloxycar bonyl-2-allylbenzyl amine 3

= ClCOan =
—> _
NH, Dioxane NH-Cbz

19 3 (86%)

Following the previously described procedure fog fireparation ofia, starting fromo-allylbenzyl
amine19 (400 mg, 2.72 mmol} was obtained as a yellow oil (654 mg) in 86% yiel-NMR (300
MHz): 3.43 (d,J = 6.0 Hz, 2H), 4.40 (d] = 5.6 Hz, 2H), 4.94-5.09 (m, 3H), 5.13 (s, 2H),B&R03 (M,
1H), 7.17-7.36 (m, 9H) ppnt3C-NMR (75 MHz): 36.9 (CH), 42.7 (CH), 66.8 (CH), 116.0 (CH),
126.8 (CH), 127.9 (CH), 128.1 (CH), 128.5 (CH), I2@CH), 130.1 (CH), 136.0 (C), 136.5 (C), 136.9
(CH), 137.8 (C), 156.1 (C) ppm. HRMS (El+nfz) calcd. for GgHioNO, (M¥): 281.1415. Found:
281.1418.

Synthesis of N-Benzyloxycar bonyl-2-homoallylaniline 4

CICO,Bn
©\/\/\ ©\/\/\ cho3 ©\/\/\
O, AcOH H, Dloxane NH-Cbz
20 21 4 (81%)

Zinc dust (2.3 g, 33.9 mmol) was added to a sahutib20 (1.0 g, 5.7 mmol) in acetic acid (50 mL).
After the suspension was stirred at rt for 5h, rémction mixture was filtered through a pad of t@eli
and washed with Ci€l,. The solution was diluted with saturated,@@; (15 mL) and extracted with
CH.CI, (3 x 15 mL). The combined organic layers were weshih brine and dried over anhydrous
NaSO,. After evaporation of the solvents under reduceesgure, the resulting oiRl) was used
without further purification in the next step.

From oil 21, following the previously described procedurettoe preparation ofa, 4 was obtained as
a white solid (1.01 g) in 69% yield (2 steps). M48-47°C *H-NMR (300 MHz): 2.39-2.47 (m, 2H),
2.72-2.77 (m, 2H), 5.10-5.19 (m, 2H), 5.31 (s, BH8-6.01 (m, 1H), 6.80 (br s, 1H), 7.17-7.22 (m,
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3H), 7.31-7.52 (m, 5H) 7.85 (br s, 1H) ppiC-NMR (75 MHz): 30.5 (CH), 33.5 (CH), 66.8 (CH),
115.4 (CH), 124.6 (CH), 126.7 (CH), 128.1 (2CH), 128.4 (CH#}8.5 (CH), 129.2 (CH), 130.2 (C),
135.0 (C), 136.0 (C), 137.3 (CH), 153.9 (C) ppm.MR (EI+) (m/z) calcd. for GgH1NO, (M*):
281.1416. Found: 281.1419.

General procedurefor the CM reaction

To a solution of the correspondiigprotected aminé-4 (1 equiv) in CHCI, (0.1 M) under nitrogen,
acrolein (5 equiv) and Hoveyda-Grubbs cata/$b mol %) were added. The resulting solution was
stirred at rt for 12 h and then, the solvents resdoand the crude mixture purified by flash

chromatography with hexanes:ethyl acetate.

X CHO
©i/\l\;—|-0bz

5a
Synthesis of (E)-2-Benzyloxycar bonylaminomethyl cinnamaldehyde 5a.
By means of the general procedure described atbavg2 mg) was obtained frorta (143 mg) as a
white solid in 60% vyield after flash chromatographith hexanes:ethyl acetate 3:1. M.p. 65-67'PE.
NMR (300 MHz): 4.55 (dJ = 5.8 Hz, 2H), 5.05 (br s, 1H), 5.13 (s, 2H), 6(6d, J,= 15.8,J,= 7.7
Hz, 1H), 7.28-7.41 (m, 8H), 7.62-7.64 (m, 1H), 7(85J = 15.8 Hz, 1H), 9.66 (dl = 7.7 Hz, 1H) ppm.
13C-NMR (75 MHz): 42.9 (CH), 67.1 (CH), 127.2 (CH), 128.1 (CH), 128.3 (CH), 128.5 (CH29.7
(CH), 130.6 (CH), 131.1 (CH), 132.9 (C), 136.2 (C€37.4 (C), 149.1 (CH), 155.9 (C), 193.8 (CH)
ppm.HRMS (FAB+) (m/z) calcd. for GgH1gNO3z (M+H™): 296.1287. Found: 296.1296.

X CHO
©i/\l\;—|-Boc

5b
Synthesis of (E)-2-tert-Butoxycar bonylaminomethyl cinnamaldehyde 5b.
By means of the general procedure described alitvé/3 mg) was obtained frortb (93 mg) as a
white solid in 70% yield after flash chromatograpkyh hexanes:ethyl acetate 3:1. M.p. 109-111 °C.
'H-NMR (300 MHz): 1.44 (s, 9H), 4.49 (d= 5.8 Hz, 2H), 4.78 (br s, 1H), 6.66 (dd= 15.8,1,= 7.7
Hz, 1H), 7.32-7.43 (m, 3H), 7.64 (d= 8.1 Hz, 1H), 7.89 (dJ = 15.8 Hz, 1H), 9.72 (d] = 7.7 Hz,
1H) ppm.**C-NMR (75 MHz): 28.3 (3Ch), 42.6 (CH), 79.9 (C), 127.2 (CH), 128.4 (CH), 129.7 (CH),
130.4 (CH), 131.1 (CH), 133.0 (C), 138.0 (C), 14@C%1), 155.3 (C), 193.9 (CH) ppm. HRMS (EI+)
(m/z) calcd. for GsH1gNOs (M™): 261.1365. Found: 261.1367.
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XxCHO
©i/\l\;-l-Ts
5c

Synthesis of (E)-Tosylaminomethyl cinnamaldehyde 5c.
By means of the general procedure described alboud,77 mg) was obtained frodt (231 mg) as a
white solid in 65% yield after flash chromatograpkyh hexanes:ethyl acetate 4:1. M.p. 140-142 °C.
'H-NMR (300 MHz): 2.46 (s, 3H), 4.24 (d= 6.0 Hz, 2H), 4.67 (br s, 1H), 6.60 (dd= 15.8,J,= 7.7
Hz, 1H), 7.23-7.37 (m, 5H), 7.58-7.62 (m, 1H), 7B98 (m, 3H), 9.55 (d, J = 7.7 Hz, 1H) ppHC-
NMR (75 MHz): 21.6 (CH), 45.2 (CH), 127.2 (CH), 127.3 (CH), 129.1 (CH), 129.9 (CHIB0.4
(CH), 130.7 (CH), 131.1 (CH), 133.3 (C), 134.7 (€36.3 (C), 144.0 (C), 148.5 (CH), 193.8 (C) ppm.
HRMS (El+) (m/z) calcd. for G;H17NOsS (M"): 315.0929. Found: 315.0919.

X CHO

5d
Synthesis of (E)-Acetamidomethyl cinnamaldehyde 5d.
By means of the general procedure described albovél,70 mg) was obtained frodd (464 mg) as a
brown solid in 35% vyield after flash chromatograptith hexanes:ethyl acetate 1:3. M.p. 110-112 °C.
'H-NMR (300 MHz): 2.00 (s, 3H), 4.60 (d= 5.6 Hz, 2H), 5.78 (br s, 1H), 6.64 (dd= 15.8,%,= 7.7
Hz, 1H), 7.33-7.44 (m, 3H), 7.64 (d, J = 6.8 Hz)1H86 (d, J = 15.8 Hz, 1H), 9.71 (d, J = 7.7 Hd)
ppm.*C-NMR (75 MHz): 22.7 (CH), 40.9 (CH), 126.8 (CH), 128.2 (CH), 129.7 (CH), 130.1 (CH),
130.7 (CH), 132.6 (C), 137.0 (C), 148.8 (CH), 16&), 193.5 (C) ppm. HRMS (El+)n{/z) calcd. for
C1oH13NO, (M™): 203.0941. Found: 203.0946.

=

NH-Cbz
6

Synthesis of (E)-4-(2-benzyloxycar bonylamino)phenyl-2-butenal 6.

By means of the general procedure described al(H)9 mg) was obtained fro@ (212 mg) as a
yellow oil in 50% vyield after flash chromatograpkth hexanes:ethyl acetate 5*H-NMR (300
MHz): 3.62 (ddJ; = 6.2,J,= 1.7 Hz, 2H), 5.19 (s, 2H), 6.03 (di},= 15.6,J,= 7.9 Hz, 1H), 6.33 (br s,
1H), 6.93 (dt,J; = 15.6,J,= 6.2 Hz, 1H), 7.15-7.17 (m, 2H), 7.26-7.38 (m, BHP5 (br s, 1H), 9.52 (d,
J = 7.9 Hz, 1H) ppm*C-NMR (75 MHz): 35.3 (Ch), 67.8 (CH), 124.6 (CH) 126.2 (CH), 128.7
(CH), 128.8 (CH), 128.9 (CH), 129.0 (CH), 130.6 (CH#30.7 (C), 134.2 (CH), 135.7 (C), 136.3 (C),
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154.4 (C), 155.0 (CH), 193.8 (CH) ppm. HRMS (EI)/£) calcd. for GgH1;NOz (M¥): 295.1208.
Found: 295.1205.

©i/\/\CHO
NH-Cbz

;
Synthesis of (E)-4-(2-benzyloxycar bonylaminomethyl)phenyl-2-butenal 7.
By means of the general procedure described abo{E32 mg) was obtained fro® (210 mg) as a
white solid in 60% yield after flash chromatographiyh hexanes:ethyl acetate 3:1. M.p. 75-77'PE.
NMR (300 MHz): 3.69 (dJ = 5.8 Hz, 2H), 4.35 (d, J = 5.7 Hz, 2H) 4.96 (biH), 5.10 (s, 2H), 5.95
(dd, J, = 15.6,J,= 7.7 Hz, 1H), 6.89-6.98 (m, 1H), 7.15 (m, 1HR727.34 (m, 8H), 9.46 (dl = 7.7
Hz, 1H) ppm**C-NMR (75 MHz): 35.7 (Ch)), 42.8 (CH), 66.9 (CH), 127.6 (CH), 128.2 (CH), 128.4
(CH), 128.5 (CH), 129.2 (CH), 130.4 (CH), 133.5 (CH35.4 (C), 136.1 (C), 136.3 (C), 156.0 (C),
156.1 (CH), 193.5 (CH) ppm. HRMS (El+)n(z) calcd. for GgHigNOz (M¥): 309.1365. Found:
309.1363.

NH-Cbz

8
Synthesis of (E)-5-(2-benzyloxycar bonylamino)phenyl-2-pentenal 8.
By means of the general procedure described at®{@49 mg) was obtained frod (369 mg) as a
yellow oil in 73% yield after flash chromatograpkyth hexanes:ethyl acetate 3*H-NMR (300
MHz): 2.66-2.73 (m, 2H), 2.84-2.89 (m, 2H), 5.30 Z81), 6.20 (dd,); = 15.6,J,= 7.9 Hz, 1H), 6.78
(br s, 1H), 6.88 (dt); = 15.6,J,= 6.8 Hz, 1H), 7.21-7.27 (m, 2H), 7.32-7.36 (m, 1AWX5-7.49 (m,
5H), 7.74 (br s, 1H), 9.55 (d,= 7.9 Hz, 1H) ppm™C-NMR (75 MHz): 29.3 (Ch), 32.4 (CH), 67.1
(CHy), 123.9 (CH), 125.4 (CH), 127.3 (CH), 128.3 (2CH28.5 (CH), 129.2 (CH), 132.0 (C), 133.3
(CH), 135.0 (C), 135.9 (C), 154.2 (CH), 156.8 (€93.8 (CH) ppm. HRMS (El+)nf/z) calcd. for
CiH190NO3 (M+H"): 309.1365. Found: 309.1375.

General procedurefor theintramolecular aza-Michael reaction

In a flame-dried, 10 mL round bottomed flask, uonsated aldehydeS-8 (1 equiv) were dissolved in
dry chloroform (0.1 M) and the solution was cooled30 °C. To this solution, a mixture of catalyst
or Il (20 mol %) and benzoic acid (0.2 equiv) in chlorai was added and the resulting solution was
stirred at this temperature for 12 h (except fdrsstate8, which was maintained for 24 h). The mixture

was then diluted with methanol and NaB{3 equiv) was added in portions. The mixture wasned
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to reach 0°C and, after 30 minutes at this tempezathe reaction was quenched with saturategC\H
and extracted with C¥l, (3 x 10 mL). The organic extracts were washed Veitime, dried over
anhydrous Ng50O, and concentrated to dryness under vacuum. Afsshfchromatography over silica
gel using mixtures of hexane:ethyl acetate as &udme corresponding alcohdl8-13 were obtained
as colorless oils. The enantiomeric ratios wererd@ned with the aid of HPLC analysis with Chiracel

IC column (25 cm x 0.46 cm).

N
] OH

@E:N—Cbz
(+)-10a

Synthesis of (1S)-N-Benzyloxycar bonyl-1-(2-hydroxyethyl)isoindoline 10a.
By means of the general procedure described ald®ae(16 mg) was obtained froa (22 mg) as a
colorless oil in 72% vyield and 98%e with catalystl (68% yield and 99% e with catalystll) after
flash chromatography with hexanes:ethyl acetateTideewas determined by HPLC analysis using a
Chiralpack IC column (hexane:isopropanol 87:13wfrate = 1.1 mL/min,jo=36.9 min, kino—39.2
min. *H-NMR (300 MHz): 1.60-1.69 (m, 2H), 2.16-2.27 (nH)1.3.70 (br s, 1H), 3.96 (br s, 1H), 4.63
(d,J=14.9 Hz, 1H), 4.91 (d] = 14.9 Hz, 1H), 5.22 (s, 2H), 5.38 (@ 10.0 Hz, 1H), 7.21-7.40 (m,
9H) ppm.’*C-NMR (75 MHz): 40.4 (CH), 51.8 (CH), 59.0 (CH), 60.6 (CH), 67.5 (Ch), 122.3 (CH),
122.4 (CH), 127.6 (2CH), 128.0 (CH), 128.2 (CH)81(CH), 135.8 (C), 136.3 (C), 141.3 (C), 156.6
(C) ppm. p]p™: +21.0 € 1.0, CHCE). HRMS (El+) n/z) calcd. for GgHigNO3 (M*): 297.1365.
Found: 297.1360.

N
] OH

@E)N—Boc
(+)-10b

Synthesis of (1S5)-N-tert-Butoxycar bonyl-1-(2-hydr oxyethyl)isoindoline 10b.
By means of the general procedure described alifg9.1 mg) was obtained froBb (14.5 mg) as a
colorless oil in 72% vyield and 94%e with catalystl (68% yield and 91%e with catalystll) after
flash chromatography with hexanes:ethyl acetateThdeewas determined by HPLC analysis using a
Chiralpack IC column (hexane:isopropanol 87:13wfrate = 1.1 mL/min,hjo=12.3 mMin, kino—13.5
min. *H-NMR (300 MHz): 1.51 (s, 9H), 1.55-1.65 (m, 2H)12-2.22 (m, 1H), 3.70 (br s, 1H), 4.29 (m,
1H), 4.53 (ddJ; = 15.0,J,= 2.1 Hz, 1H), 4.80 (dJ = 15.0 Hz, 1H), 5.31 (d] = 10.1, Hz, 1H), 7.21-
7.29 (m, 4H) ppm**C-NMR (75 MHz): 28.1 (3Ch), 40.3 (CH), 51.5 (CH), 58.7 (CH), 59.4 (CH),
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80.1 (C), 122.0 (CH), 127.0 (CH), 135.9 (C), 1443, 155.9 (C) ppm.d]p?> +18.6 € 0.8, CHC}).
HRMS (El+) (m/z) calcd. for GsHoiNOs (M¥): 263.1521. Found: 263.1525.

—\
S OH

®E>N—Ts
(+)-10c

Synthesis of (1S)-N-Tosyl-1-(2-hydroxyethyl)indoline 10c.
By means of the general procedure described aliéed21.7 mg) was obtained frobt (33.8 mg) as
a pale brown oil in 61% yield and 948éwith catalystl (63% yield and 91%ewith catalyst|) after
flash chromatography with hexanes:ethyl acetateTideewas determined by HPLC analysis using a
Chiralpack IC column (hexane:isopropanol 40:6@wfrate = 1.0 mL/min,kjo=18.6 min, %ino=20.3
min. *H-NMR (300 MHz): 1.77-1.87 (m, 1H), 2.15-2.26 (nH)] 2.33 (s, 3H), 2.62 (br s, 1H), 3.70-
3.74 (m, 1H), 4.01-4.08 (m, 1H), 4.65 (s, 2H), 5(d€,J,= 8.7,J,= 3.8 Hz, 1H), 7.08-7.20 (m, 6H),
7.66 (d,J = 8.3 Hz, 2H) ppm**C-NMR (75 MHz): 21.4 (Ch), 40.0 (CH), 53.5 (CH), 58.8 (CH),
63.3 (CH), 122.3 (2CH), 127.3 (CH), 127.7 (CH), B{CH), 129.7 (CH), 134.0 (C), 135.5 (C), 140.5
(C), 143.8 (C) ppm.d]p®> +30.0 € 1.0, CHC}). HRMS (El+) fn/z) calcd. for G/H1gNOsS (MY):
317.1085. Found: 317.1084.

(+)-10d
Synthesis of (1S)-N-Acetyl-1-(2-hydr oxyethyl)isoindoline 10d.
By means of the general procedure described ald®de(7 mg) was obtained frordd (19 mg) as a
pale brown oil in 36% yield and 64%ewith catalystl (28% yield and 58%ewith catalystll) after
flash chromatography with hexanes:ethyl acetat®. T2 eewas determined by HPLC analysis using
a Chiralpack IC column (hexane:isopropanol 90:1w rate = 1.1 mbL/min, #s0=21.3 min,
tmino=17.3 min.*H-NMR (300 MHz): 1.53-1.63 (m, 1H), 2.11-2.24 (nH)1 2.20 (s, 3H), 3.56-3.66 (m,
2H), 4.45 (br s, 1H), 4.77 (d,= 14.3 Hz, 1H), 4.82 (d, J = 14.3 Hz, 1H), 5.53,@d¢ 10.1,J,= 2.6
Hz, 1H), 7.24-7.31 (m, 4H) pprC-NMR (75 MHz): 22.2 (CH), 40.0 (CH), 52.5 (CH), 58.6 (CH),
59.2 (CH), 122.0 (CH), 122.2 (CH), 127.2 (CH), BTCH), 134.6 (C), 141.3 (C), 154.3 (C) ppm.
[a]p® +4.1 € 1.0, CHCE. HRMS (El+) n/z) calcd. for GoHisNO, (M*): 205.1103. Found:
205.1104.
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(+)-11
Synthesis of (2R)-N-Benzyloxycar bonyl-2-(2-hydroxyethyl)indoline 11.
By means of the general procedure described alddvél9 mg) was obtained frod (27 mg) as a
colorless oil in 70% vyield and 93%e with catalystl (67% vyield and 92%e with catalystll) after
flash chromatography with hexanes:ethyl acetateTideewas determined by HPLC analysis using a
Chiralpack IC column (hexane:isopropanol 87:13wfrate = 1.1 mL/min,hjo=16.4 mMin, kino—=19.7
min. *H-NMR (300 MHz): 1.80 (br s, 2H), 2.60-2.80 (m, 1K)40 (dd,J; = 15.6,J,= 9.2 Hz, 1H),
3.58-3.66 (m, 3H), 4.77 (br s, 1H), 5.26-5.33 (iH),26.97-7.02 (m, 1H), 7.17-7.19 (m, 2H), 7.35-7.46
(m, 6H) ppm.**C-NMR (75 MHz): 34.5 (Ch), 38.2 (CH), 56.5 (CH), 58.6 (Ch), 67.9 (CH), 116.6
(CH), 123.3 (CH), 125.2 (CH), 127.4 (CH), 128.2 (CHZ28.3 (CH), 128.4 (CH), 128.6 (CH), 135.8
(C), 137.4 (C), 138.1 (C}154.9 (C) ppm. d]o>> +4.0 € 0.6, CHCE). HRMS (El+) fn/z) calcd. for
CigH1NO3 (M™): 297.1365. Found: 297.1364.

WN\_-OH
Eji]\l\Cbz
(+)-12
Synthesis of (3R)-N-Benzyloxycar bonyl-3-(2-hydroxyethyl)tetrahydro isoquinoline 12.
By means of the general procedure described ald@/él4 mg) was obtained from (21 mg) as a
colorless oil in 67% yield and 99%ewith catalyst (63% yield and 99%ewith catalysti|) after flash
chromatography with hexanes:ethyl acetate Phk ee was determined by HPLC analysis using a
Chiralpack IC column (hexane:isopropanol 87:13wfrate = 1.1 mL/min,nfyjo=14.3 Min, kino=11.6
min. *H-NMR (300 MHz): 1.40-1.48 (m, 1H), 1.61-1.69 (nH)] 2.67 (d,J = 15.8 Hz, 1H), 3.16-3.23
(m, 1H), 3.40-3.57 (m, 3H), 4.29 (d, J = 16.8 Hi),14.70-4.84 (m, 2H), 5.18 (d, J = 12.1 Hz, 1H),
5.26 (d, J = 12.1 Hz, 1H), 7.06-7.22 (m, 4H), 77383 (m, 5H) ppm**C-NMR (75 MHz): 34.0 (CHh),
35.3 (CH), 43.3 (CH), 46.3 (CH), 58.7 (Ch}, 67.7 (CH), 126.0 (CH), 126.4 (CH), 126.9 (CH), 128.0
(CH), 128.2 (CH), 128.6 (CH), 129.1 (CH), 131.6,(@€32.8 (C), 136.4 (C), 157.2 (C) ppna]§>>:
+26.2 € 1.0, CHCh). HRMS(EI+) (m/z) calcd. for GoH21NOs (M¥): 311.1521. Found: 311.1521.

©\/l}lj%/\OH

Chz
(+)-13
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Synthesis of (2R)-N-Benzyloxycar bonyl-2-(2-hydroxyethyl)tetr ahydroquinoline 13.

By means of the general procedure described ald@€l4. mg) was obtained from (22 mg) as a
colorless oil in 70% yield and 92#&ewith catalyst (60% yield and 91%ewith catalysti|) after flash
chromatography with hexanes:ethyl acetate Phk ee was determined by HPLC analysis using a
Chiralpack IC column (hexane:isopropanol 87:13wfrate = 1.1 mL/min,nfajo=17.4 Min, kino=20.6
min. *H-NMR (300 MHz): 1.45-1.75 (m, 3H), 2.28-2.40 (nH)1 2.69 (t,J = 6.6 Hz, 2H), 3.20 (br s,
1H), 3.54-3.65 (m, 2H), 4.74-4.83 (m, 1H), 5.15Jd; 12.4 Hz, 1H), 5.33 (d,= 12.4 Hz, 1H), 7.04-
7.17 (m, 3H), 7.29-7.39 (m, 6H) ppiC-NMR (75 MHz): 24.8 (Ch), 29.7 (CH), 36.1 (CH), 49.7
(CH), 58.8 (CH), 67.8 (CH), 124.7 (CH), 125.5 (CH), 126.1 (CH), 127.8 (CH27.9 (CH), 128.1
(CH), 128.5 (CH), 131.9 (C), 135.8 (C), 136.0 (£95.9 (C) ppm.d]po>> +7.8 € 0.8, CHC}). HRMS
(El+) (m/z) calcd. for GeHoiNOs (M™): 311.1521. Found: 311.1524.

Total synthesis of (+)-Anqustureine 15

| (20 mol %) @(j O 1.PhsPPrBr, Tol Pr
PhCO,H, CHCl, | NaN(TMS)
NH N N "'//) 2 * N "”/)

I -30°C, 24 h I 2. LiAlH,, Et,O h
Chz N Cbz 3. Hy, Pd-C, EtOAC Me
8 14 (68%) 52% (3 steps) 15 [(+)-Angustureine]

Following the previously described General procediar the intramolecular aza-Michael reaction
without addition of NaBlh, compoundl4 (62 mg, 68%) was synthesized and purified by flash
chromatography with hexanes:ethyl acetate 5:1. yWrogphenylphosphonium bromide (385 mg, 1
mmol) was suspended in toluene (5 mL) and then NEM), (1.0 mL, 1.0 mmol, 1.0 M solution in
THF) was added dropwise at 0 °C. After stirring 30r min at rt, the reaction mixture containing the
ylide was cooled with an ice bath and a solutiomldehydel4 (62 mg, 0.2 mmol) in toluene (5 mL)
was added dropwise and the mixture allowed to reacm temperature and stirred for 3 h. The
reaction was hydrolyzed with saturated /&H (10 mL) and extracted with GBI, (3 x 10 mL). The
combined organic layers were washed with brine (10), dried over anhydrous MaO, and
concentrated to dryness under vacuum. After fldasbroatography over silica gel using hexane:ethyl
acetate (10:1) as eluent, the Wittig adduct walsiied as a colorless oil (45 mg, 67%) and redigzblv
in ethyl ether (10 mL) and then, LIAH6 mg, 0.15 mmol) was added at 0 °C. The suspengas
stirred for 3 h at rt and then, p&0O,.10H,0 (200 mg) was added and the mixture vigoroustyestifor

1 h. The reaction mixture was filtered over a pddcelite, washed with ether, and the solvents
removed. The residue was redissolved in ethyl s£€1® mL) and after the addition of Pd-C (40 mg),

the suspension was stirred under atmosphere ofobgdr (1 atm) at rt for 12 h. The mixture was
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filtered over a pad of Celite, and the residue esttied to flash chromatography using hexanesGQEH
(5:1) to afford 23 mg of (+}5 (78%, two steps).op>> +5.6 € 1.0, CHC}). *H-NMR data are in

accordance with the previously described in thezdire?

Synthesis of 3-Amino ester (+)-16.

O 1. NaClO,, KH,PO,, H,0,
\ oy N MeOH/CH:CNH0 N~ - COMe

! 2. TMSCHN,, Tol/MeOH CI:bZ

14 (+)-16 (50%)
Aldehyde 14 (60 mg, 0.2 mmol) was dissolved in a mixture ofQ#e (1 mL), CHCN (1 mL) and
water (1 mL). The solution was cooled down to Ga#d and KHPO, (76 mg, 0.55 mmol) and NaCjO
(38 mg, 0.42 mmol) were added. After the injectodriH,O, (30% solution, 0.6 mL), the mixture was
warmed up to rt and stirred for 2 h. The pH wasustdid to 3 with 1M HCI and saturated ;8@
solution (20 mL) was added. The resulting mixturaswextracted with C¥l, (3 x 10 mL), the
combined organic layers were washed with waterr(ilQ, and dried over anhydrous pD,. The
organic layer was concentrated under vacuum andetsidue was dissolved in toluene (1 mL) and
methanol (3 mL). Trimethylsilyl diazomethane (0.1,n®.2 mmol, 2.0 M inn-hexane) was added
dropwise. The solution was stirred for addition@lriin and quenched with four drops of neat AcOH.
The solvents were evaporated under vacuum andrtitle cesidue subjected to flash chromatography
with hexanes:ethyl acetate (7:1) to afford estgrle-(34 mg) in 50% vyield (two steps) as a pale yellow
oil. 'H-NMR (300 MHz): 1.56-1.66 (m, 1H), 2.22-2.37 (nH)2 2.54-2.63 (m, 3H), 3.52 (s, 3H), 4.86-
4.95 (m, 1H), 5.09 (dJ = 12.4 Hz, 1H), 5.22 (d] = 12.6 Hz, 1H), 6.97-7.09 (m, 3H), 7.23-7.30 (m,
6H) ppm.**C-NMR (75 MHz): 24.7 (CH), 28.9 (CH), 38.3 (CH), 50.5 (CH), 51.6 (CH}, 67.5 (CH),
124.5 (CH), 125.6 (CH), 126.2 (CH), 127.7 (CH), B{CH), 128.0 (CH), 128.5 (CH), 131.4 (C),
136.1 (C), 136.3 (C), 154.4 (c), 171.4 (c) ppmiof> +63.4 € 1.0, CHCE). HRMS m/z) calcd. for
CaoH21NO4 (MY): 339.1521. Found: 339.1524.

[5] C. Theeraladonon, M. Arisawa, M. Nakagawa, Ashita, Tetrahedron: Asymn2005, 16, 827.
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Deter mination of the ee of 10-13 by chiral phase HPL C analysis
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