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1. General experimental information

Chemical reagents were purchased from commercial sources and were used as received unless
mentioned otherwise. Reactions were monitored by thin-layer chromatography (TLC). 'H NMR
(400 MHz) and '*C NMR (101 MHz) spectra were recorded in DMSO-ds. '"H NMR chemical shifts
are reported in ppm relative to tetramethylsilane (TMS), with the solvent resonance employed as
the internal standard (DMSO-ds at 2.50 ppm). Data are reported as follows: chemical shift,
multiplicity (s = singlet, brs = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet),
coupling constants (Hz) and integration. '3C NMR chemical shifts are reported in ppm from
tetramethylsilane (TMS) with the solvent resonance as the internal standard (DMSO-ds at 39.51
ppm). Melting points were recorded on a Biichi Melting Point B-545 unit. The HRMS were recorded
by The HRMS were recorded by Agilent 6545 LC/Q-TOF mass spectrometer.

2. General experimental procedures for synthesis of alkenyl carbamate 1

i X X j X
Cﬁk(l‘\ﬁs wNS (@) NBoc (#HNBZ ()H(I‘\IBS
1a 1b 1c 1d 1e
TsHN \)L/OBOC BzHN\)k/OBoc BocHN \)k/OBoc
1f 1g 1h

2-(lodomethyl)-prop-2-en-1-0 (S2) -2,

HO\)L/OH PPhj, imidazole, I, I\)L/OH

DCM/EA (1:1), 0°C
s1 s2

To a stirring solution of 2-methylenepropane-1,3-diol (5.7 g, 65 mmol), triphenylphosphine
(18.6 g, 71 mmol) and imidazole (4.8 g, 71 mmol) in a 1:1 mixture of dichloromethane/ethyl acetate
(100 mL) at 0 °C was added iodine (16.4 g, 65 mmol) portion-wise during 1 h. The reaction mixture
was left to stir for 9 h at 0 °C before being diluted in ethyl acetate (50 mL) followed by washing
with water (100 mL). The aqueous layer was extracted with ethyl acetate (25 x 3 mL) and the organic
layers combined, dried over anhydrous Na,SOj4 and concentrated to yield crude material which was
purified by flash column chromatography on silica gel (20% ethyl acetate in petroleum ether) to
furnish the product S2 as a colorless oil.
5-methylene-3-tosyl-1,3-oxazinan-2-one (1a)

X
i O~ 'NTs
I\)L/OH . Cl\N/TS DMF, rt TsHN\)L/OH triphosgene, EtzN
! DCM, 0°C
Na
S2 S3 1a

To a solution of S2 (5.0 g, 25 mmol) in DMF (80 mL) was added chloramine-T (8.6 g, 37
mmol). And the reaction mixture was stirred for 30 minutes at room temperature. Then the reaction

was quenched by aq. NaxS;03 (1 M, 100 mL). The mixture was extracted with ethyl acetate and the
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organic layer was washed with water, dried over anhydrous Na,SOa. After evaporation of solvent,
the obtained crude product S3 is proceeded directly to the next step without purification.

A solution of triphosgene (7.4 g, 25 mmol) in CH>Cl, (100 mL) was slowly added to a solution
of N-(2-(hydroxymethyl)allyl)-4-methylbenzenesulfonamide S3 (4.6 g, 25 mmol) and triethylamine
(35 mL, 250 mmol, 10 equiv) in CH>Cl, (100 mL) at 0 °C over 30 min. The resulting mixture was
stirred for 1 h. After completion of the reaction, as indicated by TLC, the reaction was quenched
with aq. NH4Cl and extracted with CH2Cl, (80 mL x 3). The organic layer was dried over Na;SOs,
filtered, and concentrated under vacuum. The residue was chromatographed on silica gel with
(PE/EA/DCM = 1:1:1) and the crude product thus obtained was purified by the recrystallization to
afford compound 1a as a white solid.
5-methylene-3-tosyl-1,3-oxazinan-2-one (1a): White solid;

'H NMR (600 MHz, CDCls) 5 8.08 — 7.78 (m, 2H), 7.33 (d, J = 8.1 Hz, 2H), 5.35 — 5.29 (m, 1H),
5.30-5.25 (m, 1H), 4.66 (s, 2H), 4.50 (t, J = 1.6 Hz, 2H), 2.43 (s, 3H).

5-methylene-3-((4-nitrophenyl)sulfonyl)-1,3-oxazinan-2-one) (1b) ['-2]
o

K,CO3 triphosgene, Et3N OANNS
I OH + H,N-Ns ——— > NsHN OH —M——>
MeCN, reflux DCM, 0°C
S2 S4 1b

In a reaction tube equipped with a magnetic stirring bar, the solution of S2 (2.0 g, 10 mmol) in
MeCN (40 mL) was at 80 °C, followed by addition of K»COs3 (2.8 g, 20 mmol, 2.0 equiv) and NsNH>
(2.0 g, 10 mmol, 1.0 equiv). The resulting mixture was stirred for 1 h, filtered, and thus the filtrate
obtained was concentrated in vacuo. Then the residue was purified by column chromatography
(PE/EA/CHCl; = 1:1:1) to afford the compound S4 as a white solid (1.2 g, 44% yield).

A solution of triphosgene (445 mg, 1.5 mmol, 1.5 equiv) in CH>Cl, (10 mL) was slowly added
to a solution of N-(2-(hydroxymethyl)allyl)-4-nitrobenzenesulfonamide S4 (272 mg, 1.0 mmol) and
triethylamine (1.4 mL, 10 mmol, 10 equiv) in CH>Cl, (10 mL) at 0 °C over 30 min. The resulting
mixture was stirred for 30 min. After completion of the reaction, as indicated by TLC. The reaction
was quenched with aq. NH4Cl and extracted with CH>Cl> (30 mL % 3). The organic layer was dried
over anhydrous Na;SQOs, filtered, and concentrated under vacuum. The residue was
chromatographed on silica gel with (PE/EA = 1:3) and the crude product thus obtained was purified
by the recrystallization to afford compound 1b as a white solid.

5-methylene-3-((4-nitrophenyl)sulfonyl)-1,3-0xazinan-2-one (1b): White solid;
'H NMR (600 MHz, CDCls) 6 8.42 — 8.34 (m, 2H), 8.32 — 8.19 (m, 2H), 5.39 (t, J = 1.6 Hz, 1H),
5.37 —5.33 (m, 1H), 4.72 (t, J = 0.9 Hz, 2H), 4.55 (t, J = 1.6 Hz, 2H).

3-((A’-methyl)(4’-oxidaneyl)boraneyl)-5-methylene-1,3-oxazinan-2-one) ) (1c) "]
o) o)

S (Boc),0 (2.0 equiv) S
\)&m AgOCN (1.5equiv) O "NH  DMAP (0.2 equiv) 0~ “NBOC
toluene, 110 °C THF, 0°C ~ 1t, 16 h
s2 S5 1c

A solution of S2 (5 g, 25 mmol, 1.0 equiv) in dry toluene (20 mL) was added AgOCN (5.7 g,

11 mmol, 1.5 equiv). the resulting mixture was refluxed in toluene (50 mL) for 14 h. Then, the

mixture was filtered and the precipitate was washed with ethyl acetate, and concentrated in vacuo.
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The product was obtained after purification by column chromatography on silica gel (PE/EA =1:1)
to provide S5 as a white solid.

A solution of S5 (452 mg, 4 mmol) in THF (10 mL), DMAP (0.98 g, 0.8 mmol) was added,
followed by adding dropwise the solution of di(zert-butyl) carbonate (1.74 g, 8 mmol) at 0 °C. After
completion of the reaction, as indicated by TLC, the reaction was quenched with aq. NH4ClI and
extracted with ethyl acetate (20 mL x 2). The organic layer was dried over anhydrous Na>SOs,
filtered, and concentrated under vacuum. The residue was chromatographed on silica gel with
petroleum ether / ethyl acetate = 5/1 to afford compound 1¢ as a yellow oil.
3-((A'-methyl)(A’-oxidaneyl)boraneyl)-5-methylene-1,3-oxazinan-2-one) ) (1¢): White solid;

'H NMR (400 MHz, CDCl;) 8 5.18 (d, J= 6.1 Hz, 2H), 4.63 (s, 2H), 4.28 (s, 2H), 1.51 (s, 9H).
3-benzoyl-5-methylene-1,3-oxazinan-2-one (1d) 1

o o]
J 9 i
o NH TEA (2.0 equiv) A
. cl DMAP (0.2 equiv) 0" 'NBz
HH DCM, 0 °C ~ 20 °C, 16 h Y
S5 1d

A solution of S5 (452 mg, 4 mmol) in DCM (10 mL), DMAP (0.12 g, 1.0 mmol) was added,
followed by adding dropwise the solution of triethylamine (1.1 mL, 8 mmol) at 0 °C, After
completion of the reaction, as indicated by TLC, the reaction mixture was quenched with HCI (1M,
30 mL), concentrated under reduced pressure, diluted with water, and extracted with DCM (15 mL
x 3). The combined organic layers were dried over anhydrous Na,SOs, filtered, and concentrated
under vacuo. The product was obtained after purification by column chromatography on silica gel
(PE/EA = 2:1) to give the desired product 1d as a white solid. Compound 1e was prepared by the
same method.
3-benzoyl-5-methylene-1,3-0xazinan-2-one (1d): White solid;

'"H NMR (400 MHz, CDCl;) 6 7.60 (d, J = 7.7 Hz, 2H), 7.53 —7.50 (m, 1H), 7.46 —7.38 (m, 2H),
5.35-5.27 (m, 2H), 4.84 (s, 2H), 4.50 (d, /= 2.1 Hz, 2H).

5-methylene-3-(phenylsulfonyl)-1,3-0xazinan-2-one (1e): White solid;

'"H NMR (400 MHz, CDCl3) 5 8.16-7.96 (m, 2H), 7.70 — 7.62 (m, 1H), 7.62 — 7.50 (m, 2H), 5.32

(d, J=1.8 Hz, 1H), 5.30 — 5.25 (m, 1H), 4.67 (s, 2H), 4.52 (t, J= 1.7 Hz, 2H);

tert-butyl (2-(((4-methylphenyl)sulfonamido)methyl)allyl) carbonate (1f) )%

B DMAP
HO\)L/OH (Boc);0, DMAF_ HO\)k/OBoc CBrq, PPhs Br\)k/OBoc
c

DCM MeCN
s1 S6 s7

TsNH,, K;COg, K
— > TsHN OBoc

MeCN, 80 °C
1f

To a solution of S1 (4.0 g, 45 mmol) in DCM (40 mL) was added DMAP (0.6 g, 5 mmol),
followed by adding dropwise the solution of di(tert-butyl) carbonate (11.4 mL, 49.5 mmol) in
CHxClL (50 mL) at 0 °C. After completion of the reaction, as indicated by TLC, the solution was
concentrated under reduced pressure and the mixture was dissolved in MeCN (50 mL) followed by
adding CBrs (15.7 g) at room temperature. Then the mixture was added PPh; in partially. After
completion monitored by TLC, the reaction was concentrated in vacuo and purified by column
chromatography (PE/EA = 100:1) to afford the product S7.

The solution of S7 (5 mmol, 1.25 g) in CH3CN (20.0 mL) was heated with oil bath and refluxed
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at 82 °C, followed by addition of K,CO3 (1.4 g, 10 mmol, 2.0 equiv), KI (10 mg) and TsNH> (1.7 g,
10.0 mmol). Maintaining the reaction stirring at the same temperature until S7 consumed as
monitored by TLC. Then, the suspension was filtered through a short of celite column and the filtrate
was concentrated, purified by column chromatography (PE/EA = 5:1) to afford the product 1f as a
white solid.

tert-butyl (2-(((4-methylphenyl)sulfonamido)methyl)allyl) carbonate (1f): White solid;

'H NMR (400 MHz, CDCl3) § 7.74 (d, J= 7.8 Hz, 2H), 7.29 (d, J= 7.8 Hz, 2H), 5.16 (s, 2H), 4.86
(t,J=6.5Hz, 1H), 4.45 (s, 2H), 3.60 (d, J= 6.5 Hz, 2H), 2.42 (s, 3H), 1.46 (s, 9H).
2-(benzamidomethyl)allyl tert-butyl carbonate (1g)

NaN,;, DMF
Br\)L/OBoc 53—> N3\)L/OBOC & HZN\)L/OBOC

0 °C
s7 s8 THF/H,0 S9
BzCl
—_— BzHN \)L/OBOC
DMAP, DCM
19

To a stirring solution of S7 (2.0 g, 8 mmol, 1.0 equiv) was dissolved in dry DMF (40 mL),
NaN3 (1.0 g, 16.0 mmol, 2.0 equiv) was added dropwise for 10 min at 0 °C. The reaction was heated
at 50 °C for 12h. After completion of the reaction (confirmed by TLC analysis), a precipitate mixture
formed upon cooling the reaction mixture to room temperature, then quenched by water. The
aqueous phase was extracted by ethyl acetate (20 mL x 3), and the combined extracts washed with
brine. The organic phase was dried over anhydrous Na>SO4 and evaporated in vacuo. The obtained
crude product S8 is proceeded directly to the next step without purification.

To a solution of S8 (0.7 g, 3.4 mmol) in THF (20 mL) was heated with oil bath and added PPh3
(2.52 g, 9.6 mmol) in partially at 50 °C for 5 h. The solution was cooled to room temperature and
added H>O (1 mL). Maintaining the reaction stirring at 3 hours until S8 consumed as monitored by
TLC. The solvent was concentrated under reduced pressure. The DCM (40 mL), DMAP (0.6 g, 5
mmol) was added, followed by adding dropwise the solution of benzoyl chloride (0.3 mL, 2.7 mmol)
in CH2Cl> (5 mL) at 0 °C. After completion of the reaction, as indicated by TLC, the solution was
concentrated under reduced pressure and the residue was purified by flash chromatography on silica
gel (PE/EA=10:1to 5:1) to give the desired product 1g as colorless oil. Compound 1h was prepared
by the same method.
2-(benzamidomethylallyl tert-butyl carbonate (1g): White solid;

'H NMR (400 MHz, CDCl3) 6 7.81 (d, J = 7.5 Hz, 2H), 7.65 - 7.31 (m, 3H), 6.61 (d, J = 6.3 Hz,
1H), 5.28 (s, 2H), 4.63 (s, 2H), 4.14 (d, J = 5.7 Hz, 2H), 1.49 (s, 9H).

tert-butyl (2-(((tert-butoxycarbonyl)oxy)methyl)allyl)carbamate (1h)

'H NMR (400 MHz, CDCl3) 6 5.17 (d, J = 11.3 Hz, 2H), 4.77 (s, 1H), 4.56 (s, 2H), 3.78 (d, ] =
5.1 Hz, 2H), 1.49 (s, 9H), 1.45 (s, 9H).

3. General experimental procedures synthesis of a-substituted cyanoacetates 2

The benzaldehyde are known compounds, which were prepared according to literature 2a-2p
(2a as the example)41,
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N CO,Et NaBH CO,Et
X abhy
H + NC~co,et —H— _—
EtOH CN EtOH CN
____________________________________________________________ S0 AR
cl
CO,Et CIWCOZEt CO,Et CO,Et
CN
CN CN o CN Br
2b 2¢ 2d 2e
CO,E Ve
ON COLEt Meo\©/\/CO2Et ? CO,Et
CN
CN CN MeO CN
2f 29 2h 2i
Me CO,Et /@/\(COZEt MeO CO,Et Me CO,Et
CN CN CN
Me MeO CN Me
2j 2k 2| 2m
CO,Et CO,Et
< 2 CO,Et CO,Et
S CN CN
CN CN
2n 20 2p 2q

Step 1:

To a stirring solution of benzaldehyde (2.0 mL, 20 mmol, 1.0 equiv), ethyl cyanoacetate (2.2
mL, 21 mmol, 1.05 equiv) in ethanol (10 mL), was added the piperdine (0.1 mL, 1 mmol, 0.05
equiv) dropwise at room temperature. The reaction mixture was stirred for 24 h at room
temperature. Then, the mixture was filtered and the precipitate was washed with ethanol to
afford pure product S10 as white solid. The obtained crude product S10 is proceeded directly to
the next step without purification.

Step 2:

To a stirring solution of S10 (2.3 g, 11 mmol, 1.0 equiv) was dissolved in dry ethanol (15
mL), sodium borohydrate (0.5 g, 13.2 mmol, 1.2 equiv) was slowly added dropwise for 10 min
at 0 °C. After completion of the reaction, as indicated by TLC. The reaction was quenched with aq.
NH,4CI and extracted with ethyl acetate. The organic layer was dried over anhydrous Na,SOs,
filtered, and concentrated under vacuum. Then the residue was purified by column chromatography
(PE/EA 10:1) to afford the compound 2a as a colorless oil.
2a: 'H NMR (400 MHz, CDCls) § 7.38 — 7.33 (m, 1H), 7.34 — 7.23 (m, 4H), 4.23 (9, J = 7.2 Hz,
2H), 3.72 (dd, J = 8.4, 5.8 Hz, 1H), 3.28 (dd, J = 13.8, 5.8 Hz, 1H), 3.19 (dd, J = 13.8, 8.4 Hz, 1H),
1.26 (t, J = 7.2 Hz, 3H).
2b: '"H NMR (400 MHz, CDCl;3) & 7.43 —7.38 (m, 1H), 7.36 — 7.32 (m, 1H), 7.28 — 7.25 (m, 2H),
4.27 (qd, J=7.2, 1.5 Hz, 2H), 3.91 (dd, J=9.5, 6.3 Hz, 1H), 3.52 (dd, J = 13.8, 6.3 Hz, 1H), 3.21
(dd, J=13.8,9.5 Hz, 1H), 1.30 (t, /= 7.1 Hz, 3H).
2¢: 'TH NMR (400 MHz, CDCl3) 6 7.31 — 7.24 (m, 3H), 7.21 — 7.14 (m, 1H), 4.24 (qd, J=7.1, 0.8
Hz, 2H), 3.73 (dd, J= 8.3, 5.9 Hz, 1H), 3.29 — 3.11 (m, 2H), 1.27 (t, /= 7.2 Hz, 3H).
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2d: '"H NMR (400 MHz, CDCls) 6 7.33 — 7.28 (m, 2H), 7.24 — 7.19 (m, 2H), 4.23 (q, J = 7.1 Hz,
2H), 3.71 (dd, J = 8.2, 5.8 Hz, 1H), 3.20 (qd, J = 13.9, 7.0 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H).

2e: '"H NMR (400 MHz, CDCls) § 7.49 — 7.44 (m, 2H), 7.18 — 7.13 (m, 2H), 4.23 (g, J = 7.2 Hz,
2H), 3.70 (dd, J = 8.2, 5.8 Hz, 1H), 3.19 (qd, J = 14.0, 7.0 Hz, 2H), 1.27 (t, J = 7.2 Hz, 3H).

2f: 'H NMR (400 MHz, CDCls) 6 8.21 — 8.13 (m, 2H), 7.66 (dt, J= 7.8, 1.4 Hz, 1H), 7.55 (t, J =
7.9 Hz, 1H), 4.27 (q, J= 7.1 Hz, 2H), 3.81 (dd, J= 8.0, 5.9 Hz, 1H), 3.43 —3.29 (m, 2H), 1.29 (t, J
=17.1 Hz, 3H).

2g: 'TH NMR (400 MHz, CDCls) § 7.25 (t, J = 7.9 Hz, 1H), 6.87 — 6.80 (m, 3H), 4.28 — 4.19 (m,
2H), 3.80 (s, 3H), 3.72 (dd, J = 8.5, 5.8 Hz, 1H), 3.25 (dd, J = 13.8, 5.8 Hz, 1H), 3.15 (dd, J = 13.8,
8.4 Hz, 1H), 1.27 (t, J= 7.2 Hz, 3H).

2h: '"H NMR (400 MHz, CDCls) 6 7.21 — 7.14 (m, 2H), 6.93 — 6.80 (m, 2H), 4.23 (q, J = 7.2 Hz,
2H), 3.79 (s, 3H), 3.68 (dd, J= 8.2, 5.8 Hz, 1H), 3.21 (dd, J = 13.9, 5.8 Hz, 1H), 3.14 (dd, J = 13.9,
8.2 Hz, 1H), 1.27 (t, J= 7.2 Hz, 3H).

2i:'H NMR (400 MHz, CDCl3) § 7.24 — 7.16 (m, 4H), 4.26 (qd, J=7.2, 0.8 Hz, 2H), 3.68 (dd, J=
9.4, 6.0 Hz, 1H), 3.34 (dd, J = 14.1, 6.0 Hz, 1H), 3.19 (dd, J= 14.1, 9.4 Hz, 1H), 2.37 (s, 3H), 1.29
(t,J=7.1 Hz, 3H).

2j: '"H NMR (400 MHz, CDCls) § 7.23 (td, J = 7.4, 0.9 Hz, 1H), 7.13 — 7.04 (m, 3H), 4.24 (qd, J
=7.2,0.7 Hz, 2H),3.71 (dd, J= 8.5, 5.8 Hz, 1H), 3.24 (dd, J = 13.8, 5.8 Hz, 1H), 3.15 (dd, J = 13.8,
8.5 Hz, 1H), 2.34 (d, J = 0.9 Hz, 3H), 1.27 (t, J= 7.1 Hz, 3H).

2k: '"H NMR (400 MHz, CDCL) 5 7.15 (d, J= 1.1 Hz, 4H), 4.24 (q, J = 7.1 Hz, 2H), 3.69 (dd, J =
8.4, 5.8 Hz, 1H), 3.24 (dd, J= 13.8, 5.8 Hz, 1H), 3.15 (dd, J = 13.8, 8.4 Hz, 1H), 2.33 (s, 3H), 1.28
(t,J= 7.1 Hz, 3H).

21: 'TH NMR (400 MHz, CDCL) § 6.81 (dd, /= 9.9, 1.3 Hz, 3H), 4.23 (q, J= 7.2 Hz, 2H), 3.87 (d,
J=5.0 Hz, 6H), 3.69 (dd, J= 8.3, 5.7 Hz, 1H), 3.30 — 3.02 (m, 2H), 1.28 (t, J= 7.1 Hz, 3H).

2m: 'H NMR (400 MHz, CDCls) § 7.10 (d, J = 7.6 Hz, 1H), 7.05 — 6.98 (m, 2H), 4.25 (g, J= 7.1
Hz, 2H), 3.70 (dd, J = 8.5, 5.8 Hz, 1H), 3.25 — 3.08 (m, 2H), 2.25 (d, J= 4.1 Hz, 6H), 1.29 (t, J =
7.2 Hz, 3H).

2n: '"H NMR (400 MHz, CDCL) § 7.23 (dd, J = 5.1, 1.3 Hz, 1H), 7.02 - 6.95 (m, 2H), 4.27 (q, J=
7.1 Hz, 2H), 3.76 (dd, J = 7.4, 6.0 Hz, 1H), 3.50 — 3.45 (m, 2H), 1.30 (t, J= 7.2 Hz, 3H).

20: 'TH NMR (400 MHz, CDCL) 5 § 7.87 — 7.77 (m, 3H), 7.74 (s, 1H), 7.52 — 7.44 (m, 2H), 7.38
(dd, J=8.4, 1.8 Hz, 1H), 4.23 (q, J= 7.1 Hz, 2H), 3.81 (dd, J = 8.4, 5.9 Hz, 1H), 3.45 (dd, J= 13.9,
5.9 Hz, 1H), 3.36 (dd, J= 13.9, 8.4 Hz, 1H), 1.24 (t, J= 7.1 Hz, 3H).

2p: 'H NMR (400 MHz, CDCls) § 7.37 — 7.28 (m, 2H), 7.27 — 7.18 (m, 3H), 4.24 (q, J = 7.1 Hz,
2H), 3.44 (dd, J = 8.0, 6.5 Hz, 1H), 2.95 — 2.76 (m, 2H), 2.31 — 2.23 (m, 2H), 1.31 (t, J = 7.1 Hz,
3H).

2q: 'H NMR (400 MHz, CDCls) § 7.54 — 7.34 (m, 5H), 4.72 (s, 1H), 4.29 — 4.17 (m, 2H), 1.28 (t,
J=7.1Hz, 3H).
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4. General experimental procedures for asymmetric synthesis of compounds 3

TsN cN sz(db?-)g-CHCI;; (E.s mol%) CN . !
o= + Pk (2.5 mol’h) TSHN \)L/!\/Ph 1 oP N
CO,Et butanone, -30 °C, 15 h H ' !
° 2 COEt \
1a 2a 3a 7?2 ! Ph !

; L3

,,,,,,,,,,,,,,,,,,,,,,,,,

To a flame-dried reaction tube was added Pda(dba);-CHCl; (2.6 mg, 2.5 mol%), L3 (4.5 mg, 7.5
mol%), 1a (26.7 mg, 0.1 mmol) and 2a (24.3 mg, 0.12 mmol) respectively. Then replaced argon
three times quickly, and the reaction mixture was cooled to -30 °C followed by adding butanone (1.0
mL) for stirring 15 h. After completion of the reaction, as indicated by TLC, then the residue was
purified by column chromatography (PE/EA 3:1) to afford the compound 3a as a colorless oil

ethyl (R)-2-benzyl-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate (3a)

CN
TsHN :

CO,Et

The product 3a was purified by flash column chromatography (ethyl acetate /petroleum ether =3:1);
Colorless oil; 47.7 mg, 99% yield; 93% ee; [a]p?® = +12.7 (¢ 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IC, ‘PrOH/hexane = 30/70, flow rate 1.0 mL/min,

A =220 nm, tmajor = 19.2 min, #minor = 21.7 min);

'H NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.9 Hz, 2H), 7.36 — 7.28 (m, 5H), 7.25 (q, J = 4.6, 3.7
Hz, 2H), 5.19 (s, 1H), 5.11 (s, 1H), 4.82 (t, J = 6.6 Hz, 1H), 4.08 (g, J = 7.1 Hz, 2H), 3.65 (dd, J =
15.3, 7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.1 Hz, 1H), 3.17 (d, J = 13.4 Hz, 1H), 3.03 (d, J = 13.4 Hz,
1H), 2.77 (d, J = 14.7 Hz, 1H), 2.54 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 1.10 (t, J = 7.1 Hz, 3H);
13C NMR (101 MHz, CDCls) 6 168.3, 143.7,138.7, 136.8, 133.7, 130.0, 129.9, 128.7, 128.1, 127.3,
119.0, 118.3, 63.1, 50.8, 48.3, 44.0, 40.2, 21.7, 13.9;
HRMS (ESI-TOF) calcd. for C23sH27N204S [M + H]* 427.1686; found: 427.1696.

ethyl (R)-2-benzyl-4-(((4-bromophenyl)sulfonamido)methyl)-2-cyanopent-4-enoate (3b)

CN
BsHN 1

CO,Et

The product 3b was purified by flash column chromatography (ethyl acetate /petroleum ether =3:1);
Colorless oil; 41.4 mg, 99% yield; 93% ee; [a]p?® = +14.2 (c 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IC, ‘PrOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tmajor = 29.6 min, fminor = 32.5 min);

'H NMR (400 MHz, CDCl3) 6 7.79 (d, J = 7.7 Hz, 2H), 7.54 — 7.48 (m, 1H), 7.48 — 7.40 (m, 2H),
7.24 (d, J=5.6 Hz, 3H), 7.17 (d, J = 7.8 Hz, 2H), 5.12 (s, 1H), 5.03 (s, 1H), 4.88 (t, J = 6.5 Hz, 1H),
4.00 (q, J = 7.0 Hz, 2H), 3.60 (dd, J = 15.3, 6.0 Hz, 1H), 3.50 (dd, J = 15.3, 4.8 Hz, 1H), 3.09 (d, J
=13.4 Hz, 1H), 2.96 (d, J = 13.4 Hz, 1H), 2.68 (d, J = 14.7 Hz, 1H), 2.46 (d, J = 14.7 Hz, 1H), 1.03
(t, J=7.1Hz, 3H);
13C NMR (101 MHz, CDCls) 6 168.3,139.9, 138.7,133.7, 132.9, 130.0, 129.3, 128.7,128.1, 127.2,
119.0, 118.4, 63.1, 50.8, 48.2, 44.0, 40.2, 13.9;
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HRMS (ESI-TOF) calcd. for C22H2s5N204S [M + H]* 413.1530; found: 413.1537.

ethyl (R)-2-benzyl-2-cyano-4-(((4-nitrophenyl)sulfonamido)methyl)pent-4-enoate (3c)

CN
NsHN !

CO,Et

The product 3¢ was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 44.7 mg, 98% yield; 91% ee; [a]p?® = +4.0 (¢ 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IB EtOH/hexane = 10/90, flow rate 1.0 mL/min,

A =220 nm, tminor = 21.5 min, tmajor = 22.9 min);

'H NMR (400 MHz, CDCls) 6 8.27 (d, J = 8.3 Hz, 2H), 7.97 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 5.1
Hz, 3H), 7.19 — 7.12 (m, 2H), 5.13 (s, 1H), 5.08 (t, J = 6.7 Hz, 1H), 5.05 (s, 1H), 4.03 (9, J = 7.2
Hz, 2H), 3.69 (dd, J = 15.7, 6.7 Hz, 1H), 3.58 (dd, J = 15.6, 5.7 Hz, 1H), 3.11 (d, J = 13.4 Hz, 1H),
2.98 (d, J =13.3 Hz, 1H), 2.69 (d, J = 14.5 Hz, 1H), 2.44 (d, J = 14.5 Hz, 1H), 1.05 (t, J = 7.2 Hz,
3H);

13C NMR (101 MHz, CDCls) 6 168.2, 150.2, 145.9, 138.3, 133.5, 130.0, 128.8, 128.5, 128.3, 124.6,
119.0, 118.9, 63.2, 50.8, 48.1, 44.0, 40.1, 14.0;

HRMS (ESI-TOF) calcd. for C22H24N306S [M + H]* 458.1380; found: 458.1381.

ethyl (R)-4-(benzamidomethyl)-2-benzyl-2-cyanopent-4-enoate (3d)

CN
BzHN !

CO,Et

The product 3d was purified by flash column chromatography (ethyl acetate /petroleum ether =3:1);
Colorless oil; 31.4 mg, 84% yield; 89% ee; [a]p?® = +12.3 (¢ 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IB EtOH/hexane = 7/93, flow rate 0.8 mL/min,

A =254 nm, tminor = 15.6 min, tmajor = 16.7 min);

'H NMR (400 MHz, CDCls) 6 7.72 (d, J = 7.6 Hz, 2H), 7.47 — 7.40 (m, 1H), 7.40 — 7.32 (m, 2H),
7.22 (d, J =6.0 Hz, 5H), 6.52 (t, J = 6.0 Hz, 1H), 5.19 (s, 1H), 5.10 (s, 1H), 4.07 (dg, J = 14.3, 7.1,
6.6 Hz, 3H), 3.98 (dd, J = 15.9, 5.7 Hz, 1H), 3.15 (d, J = 13.4 Hz, 1H), 3.03 (d, J = 13.4 Hz, 1H),
2.82(d,J=14.6 Hz, 1H), 2.55 (d, J = 14.6 Hz, 1H), 1.05 (t, J = 7.2 Hz, 3H);

13C NMR (101 MHz, CDCls) 6 168.4, 167.4,139.8, 134.2,133.7,131.7, 130.1, 128.7, 128.6, 128.1,
127.1,119.3, 117.1, 63.1, 51.0, 44.8, 44.1, 40.9, 13.9;

HRMS (ESI-TOF) calcd. for C23H2sN203 [M + H]* 377.1860; found: 377.1861.

ethyl (R)-2-benzyl-4-(((tert-butoxycarbonyl)amino)methyl)-2-cyanopent-4-enoate (3¢)

CN
BocHN 1

CO,Et

The product 3e was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 34.8 mg, 94% yield; 82% ee; [a]p?® = +15.7 (¢ 1.00, CH,Cl,);
The ee was determined by HPLC (Chiralpak IC, ‘PrOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tmajor = 9.2 min, fminor = 10.0 min);
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IH NMR (400 MHz, CDCl3) § 7.28 — 7.19 (m, 5H), 5.12 (s, 1H), 5.04 (s, 1H), 4.72 (s, 1H), 4.05
(d, J = 6.8 Hz, 2H), 3.78 — 3.62 (m, 2H), 3.15 (d, J = 13.4 Hz, 1H), 3.02 (d, J = 13.4 Hz, 1H), 2.76
(d, J = 14.6 Hz, 1H), 2.51 (d, J = 14.6 Hz, 1H), 1.38 (s, 9H), 1.06 (t, J = 7.1 Hz, 3H);

13C NMR (101 MHz, CDCls) & 168.4, 155.9, 140.4, 133.9, 130.1, 128.7, 128.1, 119.1, 116.1, 79.7,
77.5,77.2,76.8, 63.0,50.9, 45.5, 44.0, 40.8, 28.5, 14.0;

HRMS (ESI-TOF) calcd. for Ca;HoN,04 [M + H]* 373.2122; found: 373.2122.

ethyl (R)-2-(2-chlorobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate
(31

CN
TsHN :
CO,Et

Cl

The product 3f was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 48.4 mg, 99% yield; 83% ee; [a]p?® = +19.5 (¢ 1.00, CH2CL,);

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tminor = 13.1 min, tmajor = 16.8 min);

'H NMR (400 MHz, CDCls) 6 7.75 (d, J = 7.9 Hz, 2H), 7.30 (dd, J = 15.8, 7.3 Hz, 4H), 7.23 - 7.12
(m, 2H), 5.21 (s, 1H), 5.11 (s, 1H), 4.92 (t, J = 6.5 Hz, 1H), 4.11 (q, J = 7.2 Hz, 2H), 3.65 (dd, J =
15.3, 6.9 Hz, 1H), 3.55 (dd, J = 15.4, 6.1 Hz, 1H), 3.15 (d, J = 13.4 Hz, 1H), 3.00 (d, J = 13.5 Hz,
1H), 2.77 (d, J = 14.6 Hz, 1H), 2.57 (d, J = 14.6 Hz, 1H), 2.43 (s, 3H), 1.13 (t, J = 7.2 Hz, 3H);
13C NMR (101 MHz, CDCls) & 168.0, 143.7, 138.6, 136.8, 135.8, 134.4, 130.0 (2C), 129.9 (2C),
128.4, 128.3, 127.3 (2C), 118.6, 118.5, 63.2, 50.7, 48.2, 43.4, 40.3, 21.6, 14.0;

HRMS (ESI-TOF) calcd. for C23H26CIN204S [M + H]* 463.1296; found: 463.1304.

ethyl (R)-2-(3-chlorobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate
(g

w
TsHN |
s cl

CO,Et

The product 3g was purified by flash column chromatography (ethyl acetate /petroleum ether =3:1);
Colorless oil; 48.6 mg, 99% yield; 91% ee; [a]p?® = +11.3 (¢ 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tminor = 15.2 min, tmajor = 22.6 min);

'H NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.9 Hz, 2H), 7.44 — 7.34 (m, 2H), 7.30 (d, J = 7.9 Hz,
2H), 7.25 (q, J = 4.1 Hz, 2H), 5.21 (s, 1H), 5.11 (s, 1H), 4.90 (t, J = 6.5 Hz, 1H), 4.17 (q,J = 7.2
Hz, 2H), 3.65 (dd, J = 15.4, 7.0 Hz, 1H), 3.55 (dd, J = 15.4, 6.2 Hz, 1H), 3.38 (d, J = 14.0 Hz, 1H),
3.32(d, J=14.0 Hz, 1H), 2.84 (d, J = 14.7 Hz, 1H), 2.52 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 1.18 (t,
J=7.2 Hz, 3H);

13C NMR (101 MHz, CDCl3) 8 168.1, 143.6, 138.7, 136.9, 135.0, 131.9, 131.7, 130.0, 129.8, 129.5,
127.2,127.1, 118.6, 118.5, 63.4, 49.8, 48.2, 39.8, 39.7, 21.6, 13.9;

HRMS (ESI-TOF) calcd. for C23H26CIN204S [M + H]* 461.1296; found: 461.1305.

ethyl (R)-2-(4-chlorobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate
(3h)
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Cl
CN
TsHN :

CO,Et
The product 3h was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 38.7 mg, 84% yield; 92% ee; [a]p?® = +17.2 (¢ 1.00, CH,Cl,);
The ee was determined by HPLC (Chiralpak AS-H, EtOH/hexane = 20/80, flow rate 1.0 mL/min,
A =220 nm, tminor = 17.8 min, tmajor = 26.2 min);
'H NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.9 Hz, 2H), 7.34 — 7.27 (m, 4H), 7.19 (d, J = 8.0 Hz,
2H), 5.20 (s, 1H), 5.10 (s, 1H), 4.86 (t, J = 6.5 Hz, 1H), 4.14 — 4.04 (m, 2H), 3.65 (dd, J = 15.4, 6.9
Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.15 (d, J = 13.5 Hz, 1H), 3.00 (d, J = 13.5 Hz, 1H), 2.76
(d, J=14.6 Hz, 1H), 2.56 (d, J = 14.7 Hz, 1H), 2.43 (s, 3H), 1.13 (t, J = 7.1 Hz, 3H);
13C NMR (101 MHz, CDCls) 6 168.1, 143.8, 138.6, 136.8, 134.2, 132.3, 131.4, 129.9, 128.9, 127.3,
118.8, 118.5, 63.2,50.7, 48.2, 43.1, 40.2, 21.7, 14.0;
HRMS (ESI-TOF) calcd. for C23H26CIN204S [M + H]* 461.1296; found: 461.1301.

ethyl (R)-2-(4-bromobenzyl)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoate
(3i)

Br
CN
TsHN -

CO,Et

The product 3i was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 45.2 mg, 89% yield; 92% ee; [a]p?® = +30.4 (¢ 1.00, CH2CL);
The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tminor = 15.7 min, tmajor = 21.5 min);
'H NMR (400 MHz, CDCls) 8 7.74 (d, J = 7.8 Hz, 2H), 7.45 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9
Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 5.20 (s, 1H), 5.10 (s, 1H), 4.16 — 4.04 (m, 2H), 3.65 (dd, J = 15.4,
7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.2 Hz, 1H), 3.14 (d, J = 13.5 Hz, 1H), 2.99 (d, J = 13.5 Hz, 1H),
2.76 (d, J = 14.6 Hz, 1H), 2.56 (d, J = 14.7 Hz, 1H), 2.43 (s, 3H), 1.14 (t, J = 7.2 Hz, 3H);
13C NMR (101 MHz, CDCls) 6 168.1, 143.7, 138.6, 136.7, 132.8, 131.9, 131.7, 129.9, 127.2, 122.4,
118.8, 118.5, 63.2, 50.6, 48.2, 43.2, 40.2, 21.7, 14.0;
HRMS (ESI-TOF) calcd. for Ca3H26BrN204S [M + H]* 505.0791; found: 505.0797.

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-(3-nitrobenzyl)pent-4-enoate
3i)

w
TsHN |
s : NO

CO,Et 2

The product 3i was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 49.4 mg, 99% yield; 89% ee; [a]p?® = +30.4 (c 1.00, CH2Cly);
The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 40/60, flow rate 1.0 mL/min,

A =220 nm, tminor = 16.3 min, tmajor = 21.1 min);
'H NMR (400 MHz, CDCls) 6 8.23 - 8.14 (m, 1H), 8.09 (s, 1H), 7.75 (d, J = 8.2 Hz, 2H), 7.66 (d,
J =7.6 Hz, 1H), 7.57 — 7.50 (m, 1H), 7.32 (d, J = 7.9 Hz, 2H), 5.23 (s, 1H), 5.20 — 5.07 (m, 2H),
4.20 — 4.08 (m, 2H), 3.67 (dd, J = 15.4, 6.8 Hz, 1H), 3.57 (dd, J = 15.4, 6.2 Hz, 1H), 3.33 (d, J =
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13.7 Hz, 1H), 3.16 (d, J = 13.6 Hz, 1H), 2.82 (d, J = 14.6 Hz, 1H), 2.67 (d, J = 14.6 Hz, 1H), 2.42
(s, 3H), 1.15 (t, J = 7.1 Hz, 3H);

13C NMR (101 MHz, CDCls) § 167.7, 148.3, 143.7, 138.4, 136.7, 136.3, 135.9, 129.8, 129.7, 127.2,
124.8,123.2, 118.7, 118.3, 63.4, 50.7, 48.2, 42.8, 40.2, 21.6, 13.9;

HRMS (ESI-TOF) calcd. for CsHzsNsOsS [M + H]* 472.1537; found: 472.1544.

ethyl (R)-2-cyano-2-(3-methoxybenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-
enoate (3k)

\)L/CQ/@
TsHN !
M

z OMe
CO,Et

The product 3k was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 45.7 mg, 99% yield; 88% ee; [a]p?® = +12.3 (¢ 1.00, CH2CL,);

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tminor = 15.9 min, tmajor = 20.3 min);

'H NMR (400 MHz, CDCl3) 8 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.26 — 7.18 (m,
1H), 6.88 — 6.77 (m, 3H), 5.19 (s, 1H), 5.10 (s, 1H), 4.86 (t, J = 6.6 Hz, 1H), 4.10 (g, J = 7.2 Hz,
2H), 3.79 (s, 3H), 3.65 (dd, J = 15.4, 7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.1 Hz, 1H), 3.15 (d, J = 13.4
Hz, 1H), 3.00 (d, J = 13.4 Hz, 1H), 2.76 (d, J = 14.7 Hz, 1H), 2.54 (d, J = 14.7 Hz, 1H), 2.43 (s,
3H), 1.13 (t, J = 7.1 Hz, 3H);

13C NMR (101 MHz, CDCls) 8 168.3,159.7, 143.7,138.8, 136.9, 135.1, 129.9, 129.7, 127.3, 122.3,
119.0, 118.4, 115.6, 113.7, 63.1, 55.3, 50.8, 48.3, 44.0, 40.2, 21.6, 14.0;

HRMS (ESI-TOF) calcd. for C24H29N20sS [M + H]* 457.1792; found: 457.1782.

ethyl (R)-2-cyano-2-(4-methoxybenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-
enoate (3I)

M
CN OMe
TsHN !

CO,Et
The product 31 was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 46.5 mg, 99% yield; 88% ee; [a]p?® = +13.9 (¢ 1.00, CH,Cl,);
The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,
A =220 nm, tminor = 16.1 min, tmajor = 20.9 min);
'H NMR (400 MHz, CDCls) 8 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.17 (d, J = 8.2
Hz, 2H), 6.85 (d, J = 8.1 Hz, 2H), 5.18 (s, 1H), 5.10 (s, 1H), 4.74 (t, J = 6.5 Hz, 1H), 4.16 — 4.05
(m, 2H), 3.79 (s, 3H), 3.65 (dd, J = 15.4, 7.0 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.13 (d, J =
13.6 Hz, 1H), 2.97 (d, J = 13.6 Hz, 1H), 2.74 (d, J = 14.7 Hz, 1H), 2.52 (d, J = 14.7 Hz, 1H), 2.43
(s, 3H), 1.14 (t, J = 7.1 Hz, 3H);
13C NMR (101 MHz, CDCls) 6 168.4, 159.5, 143.7,138.8, 136.9, 131.2, 129.9, 127.3, 125.7, 119.1,
118.3,114.1, 63.0, 55.4, 51.1, 48.3, 43.3, 40.1, 21.7, 14.0;
HRMS (ESI-TOF) calcd. for C24H29N20sS [M + H]* 457.1792; found: 457.1797.

ethyl (R)-2-cyano-2-(2-methylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-
enoate (3m)
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CN
TsHN !
CO,Et

Me

The product 3m was purified by flash column chromatography (ethyl acetate /petroleum ether =
3:1);

Colorless oil; 42.2 mg, 96% yield; 92% ee; [a]p?® = +139 (c 1.00, CH2CL);

The ee was determined by HPLC (Chiralpak IC, ‘PrOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tmajor = 32.9 min, fminor = 36.4 min);

'H NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 7.23 — 7.11 (m,
4H), 5.20 (s, 1H), 5.11 (s, 1H), 4.85 (t, J = 6.5 Hz, 1H), 4.11 (q, J = 7.2 Hz, 2H), 3.66 (dd, J = 15.3,
7.0 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.22 (d, J = 14.0 Hz, 1H), 3.16 (d, J = 14.0 Hz, 1H),
2.82 (d, J=14.6 Hz, 1H), 2.58 (d, J = 14.6 Hz, 1H), 2.42 (s, 3H), 2.37 (s, 3H), 1.13 (t, J = 7.1 Hz,
3H);

13C NMR (101 MHz, CDCls) 6 168.7, 143.7, 138.8, 137.3, 136.9, 132.3, 131.1, 130.2, 129.9, 128.1,
127.3,126.2, 119.2, 118.4, 63.1, 50.1, 48.3, 40.4, 40.1, 21.6, 20.0, 13.9;
HRMS (ESI-TOF) calcd. for C2sH29N204S [M + H]* 441.1843; found: 441.1847.

ethyl (R)-2-cyano-2-(3-methylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-
enoate (3n)

CN
TsHN 8

z Me
CO,Et

The product 3n was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 42.9 mg, 97% yield; 91% ee; [a]p?® = +11.4 (¢ 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IC, ‘PrOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tmajor = 34.1 min, fminor = 40.0 min);

'H NMR (400 MHz, CDCls) 8 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.23 — 7.17 (m,
1H), 7.11 (d, J = 7.7 Hz, 1H), 7.04 (d, J = 6.5 Hz, 2H), 5.19 (s, 1H), 5.10 (s, 1H), 4.86 (t, J = 6.6
Hz, 1H), 4.09 (q, J = 7.2 Hz, 2H), 3.64 (dd, J = 15.3, 7.0 Hz, 1H), 3.54 (dd, J = 15.4, 6.1 Hz, 1H),
3.13(d, J=13.4 Hz, 1H), 2.99 (d, J = 13.4 Hz, 1H), 2.76 (d, J = 14.7 Hz, 1H), 2.53 (d, J = 14.7 Hz,
1H), 2.42 (s, 3H), 2.33 (s, 3H), 1.15—-1.08 (m, 3H);

13C NMR (101 MHz, CDCls) 6 168.3, 143.7, 138.8, 138.3, 136.9, 133.6, 130.7, 129.9, 128.8, 128.6,
127.3,127.0, 119.0, 118.3, 63.0, 50.8, 48.3, 44.0, 40.2, 21.6, 21.4, 13.9;
HRMS (ESI-TOF) calcd. for C24H29N204S [M + H]* 441.1843; found: 441.1850.

ethyl (R)-2-cyano-2-(4-methylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-
enoate (30)

cN Me
TsHN 1

CO,Et
The product 3o was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 40.4 mg, 92% yield; 91 % ee; [a]p?* = +2.0 (¢ 1.00, CH2CL);
The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 15/85, flow rate 1.0 mL/min,
A =254 nm, tminor = 16.7 min, tmajor = 20.0 min);
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IH NMR (400 MHz, CDCls) 3 7.74 (d, J = 7.8 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 7.12 (s, 4H), 5.18
(s, 1H), 5.09 (s, 1H), 4.89 (t, J = 6.6 Hz, 1H), 4.14 — 4.04 (m, 2H), 3.63 (dd, J = 15.4, 7.0 Hz, 1H),
3.53 (dd, J = 15.4, 6.1 Hz, 1H), 3.13 (d, J = 13.4 Hz, 1H), 2.98 (d, J = 13.5 Hz, 1H), 2.74 (d, J =
14.7 Hz, 1H), 2.52 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 2.32 (s, 3H), 1.12 (t, J = 7.2 Hz, 3H);

13C NMR (101 MHz, CDCls) 5 168.4, 143.7, 138.8, 137.8, 136.9, 130.6, 129.9, 129.8, 129.4, 127.3,
119.0, 118.2, 63.0, 50.9, 48.2, 43.6, 40.1, 21.6, 21.2, 13.9;

HRMS (ESI-TOF) calcd. for C2sHaoN,04S [M + H]* 441.1843; found: 441.1851.

ethyl (R)-2-cyano-2-(3,4-dimethoxybenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-
enoate (3p)
TsHN .
ot oM

The product 3p was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 43.4 mg, 89% yield; 89% ee; [a]p?’ = +2.0 (¢ 1.00, CH2CL);
The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 30/70, flow rate 1.0 mL/min,
A =254 nm, tminor = 11.6 min, fmajor = 13.7 min);
'H NMR (400 MHz, CDCls) 6 7.74 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.85 — 6.76 (m,
3H), 5.19 (s, 1H), 5.10 (s, 1H), 5.02 — 4.90 (m, 1H), 4.18 — 4.03 (m, 2H), 3.86 (d, J = 2.3 Hz, 6H),
3.64 (dd, J = 15.3, 6.8 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.14 (d, J = 13.6 Hz, 1H), 2.99 (d,
J=13.6 Hz, 1H), 2.76 (d, J = 14.7 Hz, 1H), 2.55 (d, J = 14.7 Hz, 1H), 2.42 (5, 3H), 1.14 (t, J=7.1
Hz, 3H);
13C NMR (101 MHz, CDCls) 6 168.4, 148.8, 148.8, 143.6, 138.8, 136.9, 129.8, 127.2, 126.2, 122.3,
119.2,118.1, 113.1, 111.1, 63.0, 55.9, 55.8, 51.0, 48.2, 43.7, 40.1, 21.6, 14.0;
HRMS (ESI-TOF) calcd. for C2sH31N206S [M + H]* 487.1897; found: 487.1902.

ethyl (R)-2-cyano-2-(3,4-dimethylbenzyl)-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-
enoate (3q)
TsHN !
The product 3q was purified by flash column chromatography (ethyl acetate /petroleum ether =3:1);
Colorless oil; 45.5 mg, 99% yield; 91% ee; [a]p?® = +15.1 (¢ 1.00, CH,Cl,);
The ee was determined by HPLC (Chiralpak AS-H, EtOH/hexane = 20/80, flow rate 1.0 mL/min,
A =220 nm, tminor = 13.3 min, tmajor = 15.4 min);
'H NMR (400 MHz, CDCl3) $ 7.74 (d, J = 7.9 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.07 (d, J = 7.6
Hz, 1H), 7.01 — 6.94 (m, 2H), 5.18 (s, 1H), 5.10 (s, 1H), 4.82 (t, J = 6.5 Hz, 1H), 410 (9, J = 7.1
Hz, 2H), 3.64 (dd, J = 15.4, 6.9 Hz, 1H), 3.54 (dd, J = 15.3, 6.1 Hz, 1H), 3.12 (d, J = 13.4 Hz, 1H),
2.95(d, J=13.4 Hz, 1H), 2.74 (d, J = 14.7 Hz, 1H), 2.51 (d, J = 14.7 Hz, 1H), 2.42 (s, 3H), 2.23 (s,
6H), 1.14 (t, J = 7.2 Hz, 3H);
13C NMR (101 MHz, CDCls) 6 168.5, 143.7, 138.8, 136.9, 136.8, 136.5, 131.2, 131.0, 129.9, 129.8,
127.4,127.3, 119.0, 118.2, 63.0, 50.9, 48.2, 43.6, 40.1, 21.6, 19.8, 19.5, 14.0;
HRMS (ESI-TOF) calcd. for C2sH31N204S [M + H]* 455.1999; found: 455.2006.
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ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-(thiophen-2-ylmethyl)pent-4-
enoate (3r)

CN S \
TsHN PN

CO,Et

The product 3r was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 34.5 mg, 80% yield; 89% ee; [a]p?’ = +8.7 (¢ 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tminor = 15.2 min, tmajor = 25.5 min);

'H NMR (400 MHz, CDCls)  7.74 (d, J = 7.9 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 7.23 (d, J = 5.1
Hz, 1H), 7.04 — 6.94 (m, 2H), 5.21 (s, 1H), 5.12 (s, 1H), 4.74 (t, J = 6.5 Hz, 1H), 4.16 (9, J = 7.2
Hz, 2H), 3.66 (dd, J = 15.4, 7.0 Hz, 1H), 3.56 (dd, J = 15.4, 6.2 Hz, 1H), 3.43 (d, J = 14.5 Hz, 1H),
3.27 (d,J=14.5Hz, 1H), 2.74 (d, J = 14.5 Hz, 1H), 2.59 (d, J = 14.6 Hz, 1H), 2.43 (s, 3H), 1.20 (t,
J=7.2Hz, 3H);

13C NMR (101 MHz, CDCls) 5 168.1, 143.8, 138.7, 136.9, 134.9, 129.9, 128.5, 127.3 (2C), 125.9,
118.9, 118.7, 63.3,51.2, 48.2, 40.0, 38.1, 21.7, 14.0;

HRMS (ESI-TOF) calcd. for C21H2sN>04S: [M + H]* 433.1250; found: 433.1257.

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-(naphthalen-2-ylmethyl)pent-
4-enoate (3s)

CN
TsHN :

CO,Et

The product 3s was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 53.3 mg, 99% yield; 89% ee; [a]p?® = +11.7 (¢ 1.00, CH,Cl,);

The ee was determined by HPLC (Chiralpak IC, ‘PrOH/hexane = 30/70, flow rate 1.0 mL/min,

A =220 nm, tmajor = 22.5 min, fminor = 25.1 min);

'H NMR (400 MHz, CDCls) & 7.84 —7.77 (m, 3H), 7.76 — 7.68 (m, 3H), 7.47 (dd, J = 6.3, 3.2 Hz,
2H), 7.37 (d, J = 8.4 Hz, 1H), 7.27 (d, J = 11.8 Hz, 2H), 5.20 (s, 1H), 5.12 (s, 1H), 493 (t, J= 6.5
Hz, 1H), 4.12 — 3.99 (m, 2H), 3.65 (dd, J = 15.4, 6.9 Hz, 1H), 3.55 (dd, J = 15.4, 6.1 Hz, 1H), 3.34
(d, J=13.4 Hz, 1H), 3.19 (d, J = 13.4 Hz, 1H), 2.81 (d, J = 14.7 Hz, 1H), 2.58 (d, J = 14.7 Hz, 1H),
2.40 (s, 3H), 1.04 (t, J = 7.1 Hz, 3H);

13C NMR (101 MHz, CDCls) 6 168.3, 143.7, 138.7, 136.8, 133.3, 132.9, 131.3, 129.8, 129.2, 128.4,
127.9,127.7,127.7, 127.2, 126.4, 126.3, 119.0, 118.3, 63.1, 50.9, 48.2, 44.0, 40.3, 21.6, 13.9;
HRMS (ESI-TOF) calcd. for C27H29N204S [M + H]* 477.1843; found: 477.1852.

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-phenethylpent-4-enoate (3t)

CN
TsHN !
CO,Et

The product 3t was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 43.0 mg, 98% yield; 81% ee; [a]p?® = +1.6 (¢ 1.00, CH,Cl,);
The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 20/80, flow rate 1.0 mL/min,

A =220 nm, tminor = 11.9 min, fmajor = 20.8 min);
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IH NMR (400 MHz, CDCl3) § 7.79 — 7.72 (m, 2H), 7.33 — 7.27 (m, 4H), 7.23 (d, J = 7.2 Hz, 1H),
7.17 (d, J=7.5Hz, 2H), 5.19 (s, 1H), 5.09 (s, 1H), 4.86 (t, J = 6.5 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H),
3.65 (dd, J = 15.4, 6.9 Hz, 1H), 3.55 (dd, J = 15.4, 6.2 Hz, 1H), 2.88 (td, J = 12.8, 4.7 Hz, 1H), 2.69
2,51 (m, 3H), 2.40 (s, 3H), 2.21 (td, J = 12.7, 5.2 Hz, 1H), 2.03 (td, J = 12.8, 4.7 Hz, 1H), 1.29 (t,
J=7.1Hz, 3H);

13C NMR (101 MHz, CDCls) § 168.5, 143.7, 139.5, 138.8, 136.8, 129.9, 128.7, 128.5, 127.2, 126.7,
119.1, 118.3, 63.2, 49.1, 48.2, 40.3, 39.9, 31.7, 21.6, 14.1;

HRMS (ESI-TOF) calcd. for C2sHaoN204S [M + H]* 441.1843; found: 441.1850.

ethyl (R)-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)-2-phenylpent-4-enoate (3u)

CN
TsHN \)L/._Lph

CO,Et

The product 3u was purified by flash column chromatography (ethyl acetate /petroleum ether = 3:1);
Colorless oil; 31.1 mg, 75% yield; 23% ee; [a]p?® = -8.1 (¢ 1.00, CH2CL);
The ee was determined by HPLC (Chiralpak IC EtOH/hexane = 10/90, flow rate 1.0 mL/min,

A =220 nm, tmajor = 26.8 min, fminor = 29.3 min);
'H NMR (400 MHz, CDCls) 8 7.73 — 7.65 (m, 2H), 7.50 (dd, J = 7.8, 1.9 Hz, 2H), 7.44 — 7.34 (m,
3H), 7.28 (d, J = 8.0 Hz, 2H), 5.18 (s, 1H), 5.09 (s, 1H), 4.76 — 4.68 (m, 1H), 4.29 — 4.14 (m, 2H),
3.47—3.30 (m, 2H), 3.10 (d, J = 14.8 Hz, 1H), 2.77 (d, J = 14.8 Hz, 1H), 2.42 (s, 3H), 1.22 (t, J =
7.1 Hz, 3H);
13C NMR (101 MHz, CDCls) 6 167.4, 143.6, 138.5, 136.9, 134.2, 129.8, 129.4, 129.2, 127.3, 126.1,
119.1, 118.3, 63.7, 53.7, 48.6, 40.9, 21.6, 13.9;
HRMS (ESI-TOF) calcd. for C22H2sN204S [M + H]* 413.1530; found: 413.1537.

5. Scale-up experiment

TSN on  Pda(dba)gCHCI; (2.5 mol%) N 3 :
L3 (7.5 mol%) ! N

o + TsHN \)L/'\/Ph w - !
:<o F)h\/‘\COZEt butanone, -30 °C, 15 h : Y >
1a 2a 3a COAEt ! Ph 1

2.5 mmol 3 mmol 1069 . L, 3,,,,,,,,J

99% vyield, 92% ee

In a flame-dried round bottom flask equipped with a magnetic stirring bar, the solution of 5-
methylene-3-tosyl-1,3-oxazinan-2-one la (667mg, 2.5 mmol, 1.0 equiv), ethyl 2-cyano-3-
phenylpropanoate 2a (607 mg, 3 mmol, 1.2 equiv) in butanone (30.0 mL) was stirred at -30 °C. And
then, the mixture was stirred at the same temperature for the specified time (about 15 h). After
completion of the reaction, as indicated by TLC, the solvent was concentrated under reduced
pressure and the residue was purified by flash chromatography on silica gel with PE/EA = 3:1 to
give the desired product 3a (1.06 g, 99% yield, 92% ce).

6. The procedure for the synthesis of compound 5.

N LiOH (1.1 equiv) §N
TsHN : Ph TsHN 5 Ph

Go,Et  0°C, THF/H;0=4:1 GoH

3a 5
S15



In an ordinary vial equipped with a magnetic stirring bar, 3a (42.6 mg, 0.1 mmol, 1.0 equiv)
was dissolved in THF/H>O (2 mL/0.5 mL) and the mixture was cooled to 0 °C. LiIOH-H>O (8.1 mg,
0.39 mmol, 1.1 equiv) was added and the mixture was stirred at 0 °C for 30 min. After the reaction
was completed, the reaction mixture was added 1M HCl until pH = 2 and then extracted with EA
(10 mL x 2). The combined organic extracts were washed with brine, dried over anhydrous Na;SOs,
and removed under reduced pressure. Then the crude product was purified by flash column
chromatography (DCM /MeOH = 20:1) to afford the desired products S as a colorless 0il (77% yield,
96% ee).

(R)-2-benzyl-2-cyano-4-(((4-methylphenyl)sulfonamido)methyl)pent-4-enoic acid (5)

CN
TsHN \)L/k/Ph

CO,H

The product 5 was purified by flash column chromatography (DCM /MeOH = 20:1);

Colourless oil; 30.7 mg, 77% yield; 96% ee; [a]p?® = -10.1 (¢ 1.00, CH2CL);

The ee was determined by HPLC (Chiralpak AD-H, 'PrOH/hexane = 15/85, flow rate 1.0 mL/min,
A =220 nm, tmajor = 23.4 min, fminor = 33.7 min);

'H NMR (400 MHz, D;0) 6 7.73 — 7.61 (m, 2H), 7.42 — 7.28 (m, 5H), 7.25 — 7.15 (m, 2H), 5.11
(s, 1H), 5.02 (s, 1H), 3.63 — 3.44 (m, 2H), 3.03 (d, J = 13.4 Hz, 1H), 2.74 (d, J = 13.5 Hz, 1H), 2.49
(d, J=14.9 Hz, 1H), 2.32 (s, 3H), 2.13 (d, J = 14.9 Hz, 1H);

13C NMR (101 MHz, D,0) § 171.0, 142.5, 137.2, 133.3, 133.2, 127.8, 127.7, 126.2, 125.3, 124.6,
120.1, 114.4,51.8, 45.6, 40.7, 37.0, 18.5;

HRMS (ESI-TOF) calcd. for C21H23N204S [M + H]* 399.1373; found: 399.1379.

7. The procedure for the synthesis of compound 6.

0
AlMe, Ts CN

CcN
TsHN \)L/k/Ph MeNH, HCI N YBn

Go,Et  PhMe, 50°C,60h

3a 6

A freshly prepared stock solution of trimethylaluminum amine complex was prepared by
adding trimethylaluminum (0.5 mL, 2M in toluene) to methyl anmine hydrochloride (67.5 mg, 1
mmol) in toluene (4.5 mL) at 0 °C and allowed to warm to ambient temperature. After the methane
evolution ceased (about 1 hour), the aluminum amine complex solution (0.9 mL, 0.18 mmol, 3.0
equiv) was then added to ester 3a (25.6 mg, 0.06 mmol, 1.0 equiv) in toluene (2 mL) at room
temperature and immediately heated to 50 °C. The reaction was maintained at 50 °C for three days.
After completion of the reaction (confirmed by TLC analysis). The reaction was quenched with aq.
NH4CI and extracted with CH,Cl,.The organic layer was dried over Na,SOg, filtered, and
concentrated under vacuum. The residue was chromatographed on silica gel with (PE/EA 2:1) to
afford compound 6 as a white solid (77% yield, 90% ee).

(R)-3-benzyl-5-methylene-2-oxo-1-tosylpiperidine-3-carbonitrile (6)

CN
Ts<
N “1Bn
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The product 6 was purified by flash column chromatography (ethyl acetate /petroleum ether = 4:1);
White solid; 17.6 mg, 77% yield; 90% ee; [a]p*® = +9.2 (¢ 1.00, CH2Cl,); m.p. 127.6-128.4 °C
The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 mL/min,

A =220 nm, tminor = 21.8 min, tmajor = 23.2 min);

'H NMR (400 MHz, CDCls) $ 7.90 — 7.82 (m, 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.22 (dd, J = 5.0, 2.0
Hz, 3H), 7.12 — 7.06 (m, 2H), 5.26 (s, 1H), 5.10 (s, 1H), 4.58 (dt, J = 14.6, 1.5 Hz, 1H), 4.40 (dt, J
=14.6,1.6 Hz, 1H), 3.21 (d, J = 13.9 Hz, 1H), 3.02 (d, J = 13.9 Hz, 1H), 2.57 (d, J = 14.4 Hz, 1H),
2.48 (d, J = 14.4 Hz, 1H), 2.40 (s, 3H);

13C NMR (101 MHz, CDCls) 6 164.9, 145.9, 134.7,133.3, 132.5, 130.5, 129.8, 129.1, 128.9, 128.2,
117.9,117.4,47.9,41.0, 37.1, 29.8, 21.9;

HRMS (ESI-TOF) calcd. for C21H21N203S [M + H]* 381.1267; found: 381.1273.

8. X-ray crystal structure of compounds 6

Single crystals of C21H20N203S 6 was prepared from the mixture solvent of EtOH at room
temperature by slow evaporation of solvent. A suitable crystal was selected for structure
determination on a SuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal was kept at
170.1(3) K during data collection. Using Olex2 [, the structure was solved with the SHELXS 2
structure solution program using Direct Methods and refined with the SHELXL [ refinement
package using Least Squares minimisation.

[1] Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J, Howard, J. A. K.; Puschmann, H. J. 4ppl.
Cryst. 2009, 42, 339-341.

[2] Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122.

[3] Sheldrick, G. M. Acta Cryst. 2015, C71, 3-8.

Ts CN N !
N7 Bn m 2
p—i V(e N )
— f?_ f_f}:\ bt
6 X-ray of 6

CCDC 2294266

ORTEP of 6 (at 50% level)
Crystal data and structure refinement for 6

Identification code 6
Empirical formula C21H20N203S
Formula weight 380.45
Temperature/K 99.96(16)
Crystal system orthorhombic
Space group P2:212;
alA 7.46283(5)
b/A 13.94255(10)
c/A 18.09638(13)
a/° 90
pre 90
v/° 90
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Volume/A3
VA
peaicg/cm?
wmm-*
F(000)
Crystal size/mm3
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack/Hooft parameter

1882.94(2)
4
1.342
1.727
800.0
0.16 x0.12 x0.1
CuKo (A=1.54184)

8.006 to 148.658
-9<h<4,-16<k<17,-22<1<15
9403
3718 [Rint = 0.0136, Rsigma = 0.0135]
3718/0/254
1.051
R1=0.0230, wR2 = 0.0620
R1 =0.0231, wR; = 0.0621
0.21/-0.23
0.009(5)/-0.005(3)
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9. The copies of *H NMR, *C NMR and HPLC spectra for compounds 3, 5, 6

H NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3a
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HPLC spectra of 3a
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 3b
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HPLC spectra of 3b

uVv
75000+
CN
50000 BsHN s
CO,Et 2 .
25000
[]—.———Mk—/w\‘
T T T T T — T 1
0 5 10 15 20 25 30 35
min
1 DetAChl/220nm
Detector A Chl 220nm
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 3¢
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HPLC spectra of 3¢
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Detector A Chl 220nm
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Total 8989489 283436 100.000 100.000
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3d
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HPLC spectra of 3d
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3e
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HPLC spectra of 3e
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl5) of 3f
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HPLC spectra of 3f
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3g
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HPLC spectra of 3g
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1 Det.AChl/ 220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 15.238 9001603 251257 49 874 61.537
2 22.540 9046940 157047 500126 38.463
Total 18048543 408304 100000 100.000
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Total 23636839 411196 100.000 100.000
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3h
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HPLC spectra of 3h
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1 DetAChI/220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 17.832 6117205 162843 49 228 65.6458
2 26.254 6309120 85213 500772 34352
Total 12426324 248056 100,000 100,000
uVv
175000
150000
125000 CN cl
1 TsHN !
100000 COAEt s
75000
50000
25000 <
o] q fJLM JaN
T T T I T T I T | T I T T T i T T T T T
0 5 10 15 20 25 30 35
min
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1 17.844 264684 7107 3.980 7.648
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Total 6651105 92922 100.000 100.000
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 3i
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HPLC spectra of 3i
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Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 15.632 15795580 421147 50.088 59.116
2 21.452 15740195 291266 49912 40.884
Total 31535775 712412 100.000 100.000
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Totall 12249153 231122 100.000 100.000

536



IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 3j
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uVv

HPLC spectra of 3j
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1 Det.AChl /254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 16.213 759701 21212 50.967 57.279
2 21.098 730863 15820 49.033 42.721
Total 1490564 37032 100.000 100.000
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Peak# Ret. Time Area Height Area % Height %
1 16.295 185913 5612 5.381 7.763
2 21.159 3268852 66672 94,619 92.237
Total 3454765 72283 100.000 100.000

H NMR (400 MHz, CDCls) and 3C NMR (101 MHz, CDCls) of 3k
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HPLC spectra of 3k
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1 DetAChl/220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 16.390 6271503 166496 49.871 55.933
2 20.374 6303917 131174 50.129 44.067
Total 12575420 297669 100.000 100.000
“Yo0000
300000
\/U\/CKN/@
TsHN : OMe g
CO,Et i
200000
100000
5
N I\
U S S B B L L B I B
0.0 25 5.0 75 10.0 12.5 15.0 17.5 200 225 25.0
min
1 DetAChl/220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 15910 734597 22745 6.106 8.928
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Total 12031682 254770 100.000 100.000
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 3
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HPLC spectra of 31
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Peak# Ret. Time Area Height Area % Height %
1 15912 4311445 117516 50.047 58.200
2 20.868 4303385 84403 49953 41.800
Total 8614830 201918 100.000 100.000
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1 16.069 1472187 42669 6.220 9.489
2 20.892 22196615 406985 93.780 90.511
Total 23668803 449655 100.000 100.000




IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3m
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HPLC spectra of 3m
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0 510 5 20 25 30 35 40
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1 Det.A Chl /220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 32.681 9271417 139919 50.108 53.069
2 36.053 9231593 123737 49.892 46.931
Total 18503010 263655 100.000 100.000
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1 32.935 8472304 127283 95.843 95.959
2 36.432 367426 5360 4.157 4.041
Totall 8839730 132643 100.000 100.000
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3n
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HPLC spectra of 3n
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 30
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HPLC spectra of 30
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 3p

TTTil Y
10711
6LST'T
o1Tr'e

00£S°C

9995°C

9LEL'T

YPLL'T

SIL6T
$S00°€ 1
€811°¢ 1
12s1°¢ §
gsise |
s0gse |
sesse |
8895°€ |
1219°€ |
£679°€ |
$0S9°€ |
€L99°¢ |
8LS8°E |
$€98°€
£250°%
€190°%
10L0°%
68L0F
7960
LETT
1zely
PIETY
(e84
SLE6Y
LTS6'Y
€196
€896
L1836
7866t
7860°S
LLBT'S

T e

ri—

e R e

S69L°9
€ELL9
€06L°9
086L°9
mN_w,c\
06189

16T L~
wieL”

S0SL'L~
TsLL”

OMe

CN

OMe

TsHN

CO,Et

Feoe

£1 (ppm)

S6'El —

8S°1C —

1oy —
69'€h ~
ST8Y A\
PO'IS N
16'ss
v6'ss

66'C9 —

8°9L
wﬁw»W
8Y'LL

SUTIIN
90°€11 ~
€811
91611~
s€TTL—~
91921~
1z°LTl

es6tt 7
L8'9ET ~
18861~
€9°EP1 ~
£8°871

S8°8Yl

8€'891 —

OMe

CN

OMe

TsHN

CO,Et

110

140

£1 (ppm)

549



HPLC spectra of 3p
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'TH NMR (400 MHz, CDCls) and 13C NMR (101 MHz, CDCls) of 3q
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HPLC spectra of 3q

“% 00000
250000
B
200000 CN Me o
TsHN Me
CO,Et 2
150000 b
100000
500001
o—
i 'I'('-\"&r‘\""I“"I"“I""' T T T
0.0 25 50 75 10.0 125 15.0 175 20.0 225
min
1 Det.AChl/220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 13.297 5377928 192660 49.243 58.038
2 15.519 5543201 139295 50.757 41.962
Total 10921129 331955 100.000 100.000
"Y100000-
600000
500000
] CN Me
1 TsHN 8 Me 3
400000 CO,Et “
300000
200000
100000 -
] =
"
U_OI . ‘z?sl - ‘5‘.0I . I’f_ls ‘10_0. ‘12‘.5 15|.0. 17.5 I20|.0 ‘22|.5I
min
1 DetAChl /220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Area % Height %
1 13.302 702035 26066 4337 6.650
2 15.384 15486907 365925 95.663 93.350
Total 16188942 391991 100.000 100.000

'"H NMR (400 MHz, CDCls) and '3C NMR (101 MHz, CDCls) of 3r
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HPLC spectra of 3r
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'"H NMR (400 MHz, CDCls) and '3C NMR (101 MHz, CDCls) of 3s
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HPLC spectra of 3s
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCl3) of 3t
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HPLC spectra of 3t
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 3u
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HPLC spectra of 3u

uV

S60

uVv
s —
: 1
75000
CN
TsHN MPh
CO,Et
50000
25000
0——[\_»“»'\'—
T T T T — T ‘ T
0 5 10 15 20 25 30
min
1 Det.AChl/220nm
Detector A Ch1 220nm
Peak# Ret. Time Area Height Area % Height %
1 26.607 3850711 90380 50.007 52.398
2 29.041 3849609 82107 49993 47.602
Total 7700320 172487 100.000 100.000
400000+ =
3000004
CN 2
200000 TsHN \)J\/'-?Ph
CO,Et
100000
0 N n
0 I5 IIO l|5 ZID I ZIS 3|0 I 3‘5
min
Det.A Chl /220nm
Detector A Chl 220nm
Peak# Ret. Time Area Height Arca % Height %
1 26.817 16525680 384628 61.369 63.364
2 20,282 10402732 222381 38.631 36.636
Total 26928412 607009 100.000 100.000



H NMR (400 MHz, D,0) and 3C NMR (101 MHz, D;0) of 5
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HPLC spectra of 5
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IH NMR (400 MHz, CDCls) and *C NMR (101 MHz, CDCls) of 6
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HPLC spectra of 6
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