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1. General information

All air-sensitive procedures were conducted by Schlenk techniques under argon. Unless otherwise
indicated, all commercially available starting materials and dry solvents were purchased and used
directly without further purification. *H, 3C and °F NMR spectra were acquired on 400 MHz Bruker or
500 MHz Agilent instruments at Shanghai Institute of Organic Chemistry. For High-resolution mass
spectra: ESI mass spectra were recorded on Thermo Scientific Q Exactive HF Orbitrap-FTMS; MALDI
was measured on VVoyager-DE STR; EI mass spectra were recorded on Waters Premier GC-TOF MS; FI
mass spectra were recorded on JEOL-AccuTOF-GCv4G-GCT MS. Optical rotation was measured using
a 1 mL cell with 1.0 dm path length on a JASCO P-1030 polarimeter. HPLC analysis was conducted on
a Shimadzu HPLC system equipped with Daicel or Chiralpak chiral-stationary-phase columns (¢ 4.6
mmx250 mm). Chemical shifts are reported in 6 (ppm) referenced to an internal TMS standard or CHCl3
in CDCls (7.26 ppm) for *H NMR, CDCls (5 = 77.10 ppm) for *C NMR, and CFCls (0 ppm) for *°F
NMR. Coupling constants (J) are reported in Hz. Multiplicities are reported using the following
abbreviations: br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Column
chromatography was performed with 300-400 mesh silica gel using flash column chromatography
technique. The X-ray crystal structure was measured on Bruker D8 VENTURE.

2. Synthesis of substrates
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2.1 Synthesis of fluorinatedesters

Dienes 1a-1l were known compounds.[!

P(OE); o LIHMDS(1.4 eq)
Br” " COOEt EtO. L~y COOEt _THF, -78°Ctort = _ X -COOEt
100°C,1.5h Eio” R
7 8 RCHO 1

General procedure A: To a 25 mL flask with ethyl (E)-4-bromobut-2-enoate 7 (1.4 g, 7.0 mmol) was
added triethyl phosphite (1.6 g, 9.8 mmol) under nitrogen. The reaction was stirred under refluxing for
1.5 h. After this time, the solution was directly condensed to provide the crude 8. To another 100 mL
Schlenk tube with 8 in dry THF (20 mL) was added LiIHMDS (1 M in THF, 7.0 mL, 7.0 mmol)
dropwise at -78 <C. The resulting mixture continued to stir at -78 < for 30 min. Then aldehyde (5.0
mmol) in THF (15 mL) was added to the reaction and the resulting mixture was stirred at room
temperature for 2 h. After this time, the reaction was quenched by 20% aqueous citric acid solution (30
mL), extracted with diethyl ether (3 <20 mL), washed with saturated NaHCO3 aqueous solution (20 mL),
and dried over anhydrous magnesium sulfate, condensed and purified by flash column chromatography
to provide pure 1.

(e}

\/\/\/Wj\o/\

Ethyl (2E,4E)-undeca-2,4-dienoate (1w)
Colorless oil, 588 mg, 40% yield. *H NMR (500 MHz, chloroform-d) § 7.29 — 7.21 (g, J = 15.4 Hz, 1H),
6.19 - 6.08 (m, 2H), 5.77 (d, J = 15.4 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 2.15 (q, J = 6.9 Hz, 2H), 1.40 (q,
J=75Hz 2H), 1.28 (t, J = 7.2 Hz, 9H), 0.87 (t, J = 6.9 Hz, 3H). **C NMR (126 MHz, chloroform-d) &
167.4, 145.2, 144.9, 128.4, 119.2, 60.2, 33.1, 31.7, 28.9, 28.7, 22.6, 14.4, 14.1. HRMS (FI): [M]" calcd
for C13H220," 210.1614, found 210.1608.

o o)

J\/\/\ DCC(1.1 equiv), DMAP(10 mol%)
HO NG + ROH R\OJ\/\/\

9 DCM, rt f

General procedure B: To a solution of sorbic acid 9 (4.4 mmol, 0.49 g, 1.1 eq), alcohol (4.0 mmol, 1.0
eq) and DMAP (0.40 mmol, 49 mg, 10 mol%) in CH2Cl> (20 mL) at 0 <C was added DCC (4.4 mmol,
0.91 g, 1.1 eq) in five portions over 5 min. Then the reaction was stirred at room temperature for 12 h.
After this time, the reaction was filtered through a pad of celite using CH.Cl; as the eluent, concentrated,
and purification by flash column chromatography to provide the pure 1.

o
MOC\/LJ]\/\/\
€0y o N

(R)-4-Methoxy-4-oxobutan-2-yl (2E,4E)-hexa-2,4-dienoate (1m)

Yellow oil, 297 mg, 35% yield. *H NMR (500 MHz, chloroform-d) § 7.19 (dd, J = 15.4, 9.8 Hz, 1H),
6.20 — 6.03 (m, 2H), 5.69 (d, J = 15.4 Hz, 1H), 5.38 — 5.20 (m, 1H), 3.63 (s, 3H), 2.65 (dd, J = 15.5, 6.3
Hz, 1H), 2.49 (dd, J = 15.5, 6.3 Hz, 1H), 1.81 (d, J = 5.6 Hz, 3H), 1.29 (d, J = 6.3 Hz, 3H). 3C NMR
(126 MHz, chloroform-d) 6 170.7, 166.4, 145.2, 139.5, 129.7, 118.9, 67.1, 51.7, 40.7, 20.0, 18.6. HRMS
(E1): [M]” calcd for C11H1604" 212.1043, found 212.1048.
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\_o
Furan-2-ylmethyl (2E,4E)-hexa-2,4-dienoate (1n)

Colorless oil, 599 mg, 78% yield. *H NMR (500 MHz, chloroform-d) & 7.41 (d, J = 1.8 Hz, 1H), 7.27
(dd, J = 15.4, 9.8 Hz, 1H), 6.40 (d, J = 3.2 Hz, 1H), 6.34 (dd, J = 3.2, 1.8 Hz, 1H), 6.21 — 6.01 (m, 2H),
5.77 (d, J = 15.3 Hz, 1H), 5.11 (s, 2H), 1.83 (d, J = 5.6 Hz, 3H).3C NMR (126 MHz, chloroform-d) &
166.9, 149.7, 145.8, 143.2, 139.9, 129.8, 118.3, 110.6, 57.9, 18.7 (one aromatic carbon signal was not
observed). HRMS (EI): [M]” calcd for C11H1,03” 192.0781, found 192.0779.

o

/WJ\O/\/O\Ph

2-Phenoxyethyl (2E,4E)-hexa-2,4-dienoate (10).

White solid, 622 mg, 67% yield. Mp = 57-59 °C; 'H NMR (500 MHz, chloroform-d) § 7.29 (t, J=7.5
Hz, 1H), 6.97 (t, J = 7.3 Hz, 1H), 6.93 (d, J = 8.1 Hz, 2H), 6.25 — 6.05 (m, 2H), 5.82 (d, J = 15.4 Hz,
1H), 4.49 (t, J = 4.7 Hz, 2H), 4.20 (t, J = 4.7 Hz, 2H), 1.85 (d, J = 5.7 Hz, 3H). *C NMR (126 MHz,
chloroform-d) 6 167.2, 158.6, 145.7, 139.9, 129.8, 129.5, 121.2, 118.4, 114.7, 66.0, 62.7, 18.7. HRMS
(E1): [M]” calcd for C14H1603" 232.1094, found 232.1100.

(0] (0]
/Wj\o/\)]\o/
3-Methoxy-3-oxopropyl (2E,4E)-hexa-2,4-dienoate (1p).

Colorless oil, 444 mg, 56% yield. *H NMR (500 MHz, chloroform-d) § 7.27 — 7.20 (m, 1H), 6.23 — 6.06
(m, 2H), 5.75 (d, J = 15.4 Hz, 1H), 4.40 (t, J = 6.4 Hz, 2H), 3.70 (s, 3H), 2.68 (t, J = 6.4 Hz, 2H), 1.84
(d, J =5.4 Hz, 3H). ®C NMR (126 MHz, chloroform-d) § 171.3, 167.1, 145.6, 139.9, 129.8, 118.5, 59.7,
52.0, 33.9, 18.8. HRMS (FI): [M]? calcd for C10H1404" 198.0887, found 198.0884.

NN
(-

Cyclohexylmethyl (2E,4E)-hexa-2,4-dienoate (1q).

Colorless oil, 582 mg, 70% yield. *H NMR (500 MHz, chloroform-d) § 7.24 (dd, J = 15.4, 10.0 Hz, 1H),
6.23 - 6.09 (m, 2H), 5.77 (d, J = 15.4 Hz, 1H), 3.94 (d, J = 6.6 Hz, 2H), 1.85 (d, J = 5.9 Hz, 3H), 1.79 -
1.62 (m, 6H), 1.35 — 1.11 (m, 3H), 0.98 (qd, J = 13.3, 12.6, 3.8 Hz, 2H). C NMR (126 MHz,
chloroform-d) & 167.6, 144.9, 139.3, 129.9, 119.2, 69.5, 37.3, 29.8, 26.5, 25.8, 18.7. HRMS (El): [M]”
calcd for C13H2002° 208.1458, found 208.1463.

o Fn

2-((3r,5r,7r)-Adamantan-1-yl) ethyl (2E,4E)-hexa-2,4-dienoate (1r)

White solid, 690 mg, 63% yield. Mp = 59-60 °C; *H NMR (500 MHz, chloroform-d) & 7.23 (dd, J =
15.4, 10.2 Hz, 1H), 6.25 — 6.04 (m, 2H), 5.76 (d, J = 15.4 Hz, 1H), 4.19 (t, J = 7.4 Hz, 2H), 1.97 — 1.92
(m, 3H), 1.85 (d, J = 6.0 Hz, 3H), 1.73 — 1.68 (m, 3H), 1.65 — 1.59 (m, 3H), 1.53 (d, J = 2.9 Hz, 6H),
1.45 (t, J = 7.4 Hz, 2H). *C NMR (126 MHz, chloroform-d) § 167.6, 144.9, 139.3, 129.9, 119.2, 60.8,
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42.6, 42.6, 37.4, 35.0, 31.9, 28.7, 25.5, 18.7. HRMS (EI): [M]" calcd for C1gH2602" 274.1927, found
274.1929.

o
OO",OJ\/\/\
(S)-tetrahydrofuran-3-yl (2E,4E)-hexa-2,4-dienoate (1s)

Yellow oil, 255 mg, 35% vyield. *H NMR (500 MHz, chloroform-d) § 7.24 (dd, J = 15.4, 9.9 Hz, 1H),
6.26 —5.98 (m, 2H), 5.75 (d, J = 15.4 Hz, 1H), 5.35 (td, J = 4.6, 2.3 Hz, 1H), 3.95 — 3.89 (m, 2H), 3.87 —
3.81 (m, 2H), 2.18 (dtd, J = 14.7, 8.4, 6.3 Hz, 1H), 2.02 (dddd, J = 13.5, 6.6, 4.4, 1.7 Hz, 1H), 1.84 (d, J
= 5.4 Hz, 3H). ®C NMR (126 MHz, chloroform-d) & 167.0, 145.6, 139.9, 129.7, 118.6, 74.6, 73.2, 67.1,
32.8,18.7. HRMS (FI1): [M]" calcd for C10H1403" 182.0937, found 182.0934.

\7\7\[1/0\/\/F

(0]
3-Fluoropropyl (2E,4E)-hexa-2,4-dienoate (1t)

Colorless oil, 440 mg, 64% yield. *H NMR (500 MHz, chloroform-d) § 7.24 (dd, J = 15.4, 9.8 Hz, 1H),
6.24 — 6.06 (m, 2H), 5.76 (d, J = 15.4 Hz, 1H), 4.58 (t, J = 5.8 Hz, 1H), 4.49 (t, J = 5.8 Hz, 1H), 4.26 (t,
J = 6.3 Hz, 2H), 2.05 (dp, J = 24.8, 6.1 Hz, 1H), 1.84 (d, J = 5.7 Hz, 3H). 3C NMR (126 MHz,
chloroform-d) 6 167.2, 145.4, 139.8, 129.8, 118.6, 80.7 (d, J = 165.1 Hz), 60.2 (d, J = 5.5 Hz), 29.9 (d, J
=19.8 Hz), 18.7. %F NMR (376 MHz, chloroform-d) & -222.2 (tt, J = 47.0, 25.6 Hz). HRMS (El): [M]®

calcd for CoH1302F? 172.0895, found 172.0894.

P NN
T

2-Ethylbutyl (2E,4E)-hexa-2,4-dienoate (1u)

Colorless oil, 486 mg, 62% yield. *H NMR (500 MHz, chloroform-d) & 7.27 — 7.20 (g, J = 15.4, 10.0 Hz,
1H), 6.23 — 6.07 (m, 2H), 5.78 (d, J = 15.4 Hz, 1H), 4.06 (d, J = 5.9 Hz, 2H), 1.85 (d, J = 5.9 Hz, 2H),
1.59 (s, 1H), 1.54 (dq, J = 12.4, 6.3 Hz, 1H), 1.37 (p, J = 7.3 Hz, 4H), 0.90 (t, J = 7.3 Hz, 6H). *C NMR
(126 MHz, chloroform-d) 6 167.6, 144.9, 139.3, 129.9, 119.2, 66.4, 40.5, 23.4, 18.7, 11.1. HRMS (EI):
[M]" calcd for C12H200,” 196.1458, found 196.1461.

]

\/\/\OJ\M\
Pent-4-en-1-yl (2E,4E)-hexa-2,4-dienoate (1v)

Colorless oil, 454 mg, 63% yield. *H NMR (500 MHz, chloroform-d) & 7.32 — 7.13 (m, 1H), 6.31 — 6.04
(m, 2H), 5.96 — 5.65 (m, 2H), 5.23 — 4.92 (m, 2H), 4.15 (t, J = 6.6 Hz, 2H), 2.23 — 2.07 (m, 2H), 1.85 (d,
J =5.9 Hz, 3H), 1.80 — 1.73 (m, 2H). *3C NMR (126 MHz, chloroform-d) & 167.5, 145.1, 139.4, 137.7,
129.9, 119.0, 115.3, 63.6, 30.2, 28.0, 18.7. HRMS (FI): [M]” calcd for C11H160," 180.1145, found
180.1143.
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3. Development of reaction conditions

0]

[Pd(ally)Cll, (2.5 mol%)
Cu(MeCN),BF 4 (5 mol%)

W . Ph N _COLE! L1 (5.5 mol%), L3 (5.5 mol%) 0 NH,
Eto1 _ D ’ NaBArT, (5 mol%) Etowcoz'ff
a (2.0 equiv) Ph 2a base (2 equiv) Et
solvent, 50 °C, 48 h 3a
then citric acid
('Bu),R 4 PPh
Z, Me (‘Bu),R PPh, 2
- 'Me C o) (0]
S PAn @J\PCH Fe r\ul Fe N
Fe < Ph =
Ar = 1-naphthyl
L1 L2 L3 L4
Entry? Solvent Base Yield (%)° dr ee (%)°
1 PhCF3 EtsN 85 14:1 99
2b PhCF3 EtzN 60 5:1 95
3¢ PhCF3 EtsN 80 13:1 99
4 PhCF3 PrNEt, 36 7:1 99
5 PhCF3 Cs2C03 n.d.
6 PhCF3 DBU n.d.
7 PhCF3 ‘BuOK n.d.
8 hexane EtsN trace
9 THF EtsN 50 5:1 99
10 DMSO EtsN n.d.
11 CH3CN EtsN n.d.
12 m-Xylene EtsN 90 >20:1 99

3lsolated yields. The yield and dr values were determined by *H NMR. The ee was determined by HPLC

analysis. "L2 was used instead of L1.°L4 was used instead of L3. n.d., not detected.

S6



4. General procedure for stereodivergent 1,5-conjugate addition

[Pd(allyl)Cl], (2.5 mol%)
Cu(MeCN)4BF4 (5 mol%)

Q Ph. N _CO,Et L1(55mol%) L3 (55mol%) Ve
R1OJ\/\/\R2 A R10J\/\/v\co Et
Ph NaBAr", (5 mol%) -, 2
1a (2.0 equiv) 2a EtsN (2 equiv) R
m-Xylene, 50 °C 3a-3w

then citric acid

In a No-filled glovebox, to a 4 mL vial with Cu(MeCN)4BF4 (1.6 mg, 0.0050 mmol), L3 (2.8 mg,
0.0055 mmol) and nucleophilic 2a (0.10 mmol) was added dry m-Xylene (0.20 mL). The resulting
mixture was stirred at room temperature for 0.5 h. To another 4 mL vial with [Pd(;3-allyl)CI]2 (0.9 mg,
0.0025 mmol), L1 (3.5 mg, 0.0055 mmol) and sodium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate
(NaBArf4, 4.4 mg, 0.0050 mmol) was added dry m-Xylene (0.20 mL), and the resulting mixture was
stirred at room temperature for 0.5 h. Then to the vial with copper complex above were added EtsN (28
L, 0.20 mmol) and diene 1la (0.20 mmol), and the resulting mixture continued to stir at room
temperature for 5 min. After this time, the vial with palladium complex solution were transferred to the
vial with copper solution aforementioned. The resulting mixture was stirred at 50 °C for 48 h. After this
time, to the reaction was added citric acid solution (2 mL, 20 wt.%) and THF (1 mL). The mixture was
stirred at room temperature for 3 h. Then the mixture was neutralized with solid K.CO3 and extracted
with EtOAc (10 mL x 3). The combined organic extracts were dried over MgSOa, concentrated, and
purified by flash column chromatography to give the pure product 3a-3w.

o) NH,
EtOWCozEt
\Me

Diethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate ((R,R)-3a)

Pd/L1 and Cu/L3 were used. Yellow oil, 20 mg, 84% yield, >20:1 dr, [a]o?® -2.59 (¢ 0.73, CHClIs3) for 99%
ee; 'H NMR (400 MHz, chloroform-d) & 6.75 (dd, J = 15.7, 9.5 Hz, 1H), 5.84 (d, J = 15.7 Hz, 1H), 4.39
—4.03 (M, 4H), 3.64 — 3.43 (m, 1H), 2.49 (dt, J = 9.5, 4.3 Hz, 1H), 1.67 — 1.41 (m, 4H), 1.28 (tt, J = 7.0,
1.4 Hz, 6H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz, chloroform-d) & 166.1, 147.4, 124.1, 61.2,
60.5, 24.0, 14.4, 14.3, 11.9 (one carbonyl carbon and two alkyl carbon signals were not observed).
HRMS (ESI): [M+H]® calcd for C12H2204N" 244.1543, found 244.1542. HPLC analysis: Chiracel IF-3
column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 56.2
min, 60.3 min, 86.4 min, 102.0 min. The ee value was determined based on peaks at 82.3 min (major)
and 99.0 min (minor).
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VWD1A, Wavelength=210 nm

VWDIA, Wavelength=210 nm

Number Time Area¥
1 56.215 20. 63 Number Time Area%
= ©0. 298 21. 52 1 82. 246 99. 99
3 86. 125 29. 77
4 102. 013 28. 08 2 98. 959 0. 01
o NH,
EtOWCOzEt
\Me

Diethyl (4R,5S,E)-5-amino-4-ethylhex-2-enedioate ((R,S)-3a)

Pd/L1 and Cu/ent-L3 were used. Yellow oil, 18 mg, 72% vyield, 10:1 dr, [o]p?®> +22.09 (c 0.76, CHCl5)
for 99% ee; 'H NMR (500 MHz, chloroform-d) & 6.79 (dd, J = 15.6, 9.6 Hz, 1H), 5.86 (d, J = 15.6 Hz,
1H), 4.16 (dqg, J = 12.0, 7.1 Hz, 4H), 3.47 (d, J = 5.5 Hz, 1H), 2.39 (tt, J = 9.6, 4.7 Hz, 1H), 1.78 (s, 2H),
1.67 — 1.37 (m, 2H), 1.26 (dt, J = 11.8, 7.1 Hz, 6H), 0.86 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz,
chloroform-d) & 174.3, 166.1, 148.2, 123.7, 61.0, 60.4, 57.7, 48.9, 22.7, 14.30, 14.26, 11.9. HRMS (ESI):
[M+H]“ calcd for CioH2204N® 244.1543, found 244.1545. HPLC analysis: Chiracel IF-3 column;
detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min; The ee value was determined
based on peaks at 56.9 min (major) and 61.4 min (minor).

VWD1A, Wavel h=210 o .
ave ength nm VWD1A, Wavelength=210 nm

Numbexr Time Area¥%
1 56. 215 20. 63 Number Time Area%
= 60. 298 21. 52 1 56. 904 99. 77
3 86. 425 29. 77
4 102. 012 28, OR 2 61. 393 0.23
o) NH,
EtOJ\/\{\CozEt
Me

Diethyl (4S,5R,E)-5-amino-4-ethylhex-2-enedioate ((S,R)-3a)

Pd/ent-L1 and Cu/L3 were used. Yellow oil, 19 mg, 78% vyield, 9:1 dr, [a]p?® -23.16 (c 0.90, CHClIs) for
99% ee; HPLC analysis: Chiracel IF-3 column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow
= 1.0 mL/min; The ee value was determined based on peaks at 57.6 min (minor) and 61.5 min (major).
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VWD1A, Wavelength=210 nm

VWD1A, Wavelength=210 nm

Number Time Area¥%
1 56. 215 20. 63 Number Time Area%
= 60. 293 21. 52 1 57. 590 0.12
3 86, 425 29, 77
4 102. 013 28. 08 2 61. 494 99, 88
] NH»
EtOJ\/\(\CozEt
Me

Diethyl (4S,5S,E)-5-amino-4-ethylhex-2-enedioate ((S,S)-3a)

Pd/ent-L1 and Cu/ent-L3 were used. Yellow oil, 21 mg, 87% yield, >20:1 dr, [0]p®® +6.56 (¢ 0.72,
CHClI3) for 99% ee; HPLC analysis: Chiracel IF-3 column; detected at 210 nm, 20 °C; 10% 'PrOH in n-
hexane; flow = 1.0 mL/min; The ee value was determined based on peaks at 86.9 min (minor) and 102.4

min (major).

VWD1A, Wavelength=210 nm

VWD1A, Wavelength=210 nm

Number Time Area% 3
1 56. 215 20. 63 Number Time Area%
= £0. 298 21. 52 1 86. 944 0.17
3 86. 425 29. 77
4 102. 013 28. 08 2 102, 411 99, 83
o) NH,
BnOWCOgEt
\Me

Denzyl 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3b)

Yellow oil, 19 mg, 63% yield, 15:1 dr, [0]o?® -9.80 (¢ 0.72, CHClIs) for 99% ee; *H NMR (400 MHz,
chloroform-d) § 7.43 — 7.29 (m, 5H), 6.82 (dd, J = 15.6, 9.2 Hz, 1H), 5.90 (d, J = 15.6 Hz, 1H), 5.17 (s,
2H), 4.19 (tq, J = 7.1, 3.3 Hz, 2H), 3.64 (s, 1H), 2.55 (s, 1H), 1.73 — 1.34 (m, 3H), 1.26 (t, J = 7.1 Hz,
4H), 0.90 (t, J = 7.4 Hz, 3H).*C NMR (126 MHz, chloroform-d) & 165.9, 148.2, 136.0, 128.6, 128.3,
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128.3, 123.7, 66.3, 61.2, 60.5, 23.9, 14.3, 11.9 (one carbonyl carbon and one alkyl carbon signals were
not observed). HRMS (ESI): [M+H]" calcd for C17H2404N“ 306.1700, found 306.1702. HPLC analysis:
Chiracel IF-3 column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min;
Retention time: 19.7 min, 20.9 min, 36.4 min, 37.4 min. The ee value was determined based on peaks at
26.4 min (major) and 37.8 min (minor).

x10 2

VWD1A, Wavelength=210 nm VWD1A, Wavelength=210 nm
Number Time Area% ]
1 19. 722 200 67 Numher Tlm& AI"B&%
2 20. 903 21.42 1 26. 347 99. 82
3 26. 398 28. 95
4 37. 362 28. 96 2 37. 797 0.18
o] NH,
/)/\OJ\/\:)\COZH
\Me

6-Ethyl 1-(2-ethylbutyl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3c)

Yellow oil, 25 mg, 83% vyield, >20:1 dr, [0]p?® -3.10 (¢ 0.99, CHCIs) for 95% ee; 'H NMR (400 MHz,
chloroform-d) 6 6.74 (dd, J = 15.6, 9.4 Hz, 1H), 5.84 (d, J = 15.6 Hz, 1H), 4.18 (p, J = 7.0 Hz, 2H), 4.07
—3.99 (m, 2H), 3.69 — 3.38 (m, 1H), 2.50 (s, 1H), 1.63 — 1.43 (m, 3H), 1.35 (p, J = 7.1 Hz, 4H), 1.26 (t,
J =7.1 Hz, 4H), 0.89 (td, J = 7.5, 4.3 Hz, 10H). *C NMR (126 MHz, chloroform-d) & 166.3, 147.3,
124.1, 66.6, 61.1, 40.3, 23.9, 23.4, 23.4, 14.3, 14.2, 11.9, 11.1 (one carbonyl carbon signal was not
observed). HRMS (ESI): [M+H]" calcd for C1sH3004sN“ 300.2169, found 300.2168. HPLC analysis:
Chiracel (OD-H) + (OD-H) column; detected at 210 nm, 20 °C; 5% 'PrOH in n-hexane; flow = 1.3
mL/min; Retention time: 11.7 min, 12.8 min, 13.5 min. The ee value was determined based on peaks at
12.8 min (minor) and 13.5 min (major).

|
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VWD1A, Wavelength=210 nm

VWD1A, Wavelength=210 nm

e e Aroch Number Time Area%
1 11. 668 46. 97
2 12. 748 27. 21 1 12. 776 1.92
3 13. 474 25. 82 2 13. 490 98. 08
Cb\ 0 NH,
OWCOZE’(
-\Me

1-(2,3-Dihydro-1H-inden-2-yl) 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3d)

Yellow oil, 30 mg, 90% yield, >20:1 dr, [a]p?® -1.78 (c 0.56, CHCIs) for 99% ee; *H NMR (400 MHz,
chloroform-d) 6 7.30 — 7.06 (m, 4H), 6.75 (dd, J = 15.6, 9.3 Hz, 1H), 5.81 (d, J = 15.6 Hz, 1H), 5.58 (dt,
J=6.6,3.3Hz, 1H), 4.17 (qd, J =7.1, 2.6 Hz, 2H), 3.54 (s, 1H), 3.34 (dd, J = 17.0, 6.6 Hz, 2H), 3.05 (dt,
J=17.0, 3.9 Hz, 2H), 2.48 (s, 1H), 1.70 — 1.43 (m, 3H), 1.25 (t, J = 7.1 Hz, 4H), 0.89 (t, J = 7.3 Hz, 3H).
13C NMR (126 MHz, chloroform-d) & 174.5, 166.0, 147.8, 140.5, 126.8, 124.7, 124.7, 75.4, 61.2, 57.4,
48.4, 39.7, 23.9, 14.3, 11.9. HRMS (ESI): [M+H]® calcd for C1gH2604N° 332.1856, found 332.1853.
HPLC analysis: Chiracel (AD-H) + (AD-H) column; detected at 210 nm, 25 °C; 10% 'PrOH in n-hexane;
flow = 1.0 mL/min; Retention time: 25.8 min, 26.9 min, 40.5 min. The ee value was determined based
on peaks at 25.9 min (major) and 39.4 min (minor).
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VWD1A, Wavelength=210 nm 1,{-'“-“1&‘ Ih"la"‘rEIEIIgtIl:?lD nm

Number Time Area% Number Time Area%
1 25. 795 39. 06
5 Py——— 70 58 1 25. 891 99, 39
3 40. 467 30. 36 2 39,422 0. 61
o] NH,
AOJ\/\i)\cozEt
_\Me

Cyclopropyl 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3e)

Yellow oil, 18 mg, 70% yield, 10:1 dr, [0]o?® -4.76 (c 0.86, CHClIs) for 99% ee; *H NMR (500 MHz,
chloroform-d) § 6.73 (dd, J = 15.7, 9 .5 Hz, 1H), 5.79 (d, J = 15.7 Hz, 1H), 4.17 (ttd, J = 13.6, 6.9, 3.8
Hz, 3H), 3.50 (d, J = 5.0 Hz, 1H), 2.47 (tt, J = 9.5, 5.2 Hz, 1H), 1.64 — 1.44 (m, 2H), 1.43 (s, 2H), 1.26 (t,
J =72 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H), 0.79 — 0.66 (m, 4H). 13C NMR (126 MHz, chloroform-d) &
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166.9, 147.9, 123.7, 61.2, 48.9, 23.9, 14.4, 11.9, 5.18, 5.16 (one carbonyl carbon and one alkyl carbon
signals were not observed). HRMS (ESI): [M+H]® calcd for Ci3H220sN" 256.1543, found 256.1546.
HPLC analysis: Chiracel IF-3 column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0
mL/min; Retention time: 17.3 min, 18.5 min, 28.3 min, 29.5 min. The ee value was determined based on
peaks at 28.8 min (major) and 29.6 min (minor).
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VWD1A, Wavelength=210

nm

VWD1A, Wavelength=210 nm

Number Time Area¥% ]
1 7. 265 7. 72 Number Time Area%
2 18. 456 17. 71 1 28. 748 0. 02
3 28. 336 30. 71
0 NH,
[:7/A\O/ﬂ\¢?%\?/l\COZEt
~

Me
1-(Cyclobutylmethyl) 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3f)

Yellow oil, 25 mg, 86% yield, >20:1 dr, [a]po®® -2.36 (¢ 0.70, CHCIs) for 99% ee; *H NMR (400 MHz,
chloroform-d) & 6.74 (dd, J = 15.7, 9.4 Hz, 1H), 5.84 (d, J = 15.7 Hz, 1H), 4.18 (qd, J = 7.1, 5.0 Hz, 2H),
4.09 (d, J = 6.8 Hz, 2H), 3.52 (s, 1H), 2.62 (p, J = 7.4 Hz, 1H), 2.49 (dt, J = 9.3, 4.3 Hz, 1H), 2.05 (dtd,
J=12.6,74,6.9, 2.8 Hz, 2H), 1.95 - 1.71 (m, 4H), 1.66 — 1.42 (m, 3H), 1.27 (t, J = 7.2 Hz, 4H), 0.89 (t,
J=7.4 Hz, 3H). 3C NMR (126 MHz, chloroform-d) & 174.5, 166.3, 147.5, 124.1, 68.4, 61.2, 57.4, 48.3,
34.1, 24.9, 23.9, 18.5, 14.3, 11.9. HRMS (ESI): [M+H]® calcd for CisH20sN“ 284.1854, found
284.1857. HPLC analysis: Chiracel AD-H column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane;
flow = 1.0 mL/min; Retention time: 7.9 min, 8.7 min, 12.3 min. The ee value was determined based on
peaks at 9.1 min (major) and 12.2 min (minor).

VWD1A, Wavelength=210 nm
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VWD1A, Wavelength=210 nm

Number Time Area% Number Time Area%
1 7.920 37. 06
—— - 1 9,137 99. 98
2 8. 725 31. 06
3 12. 365 31. 88 2 12. 185 0.02
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~

Me
1-(Cyclohexylmethyl) 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3g)

Yellow oil, 23 mg, 73% yield, >20:1 dr, [a]o® -5.10 (c 0.86, CHClIs3) for 99% ee; 'H NMR (500 MHz,
chloroform-d) 6 6.75 (dd, J = 15.7, 9.4 Hz, 1H), 5.85 (d, J = 15.7 Hz, 1H), 4.24 — 4.14 (m, 2H), 3.93 (d,
J = 6.6 Hz, 2H), 3.52 (d, J = 5.1 Hz, 1H), 2.50 (tt, J = 9.6, 5.2 Hz, 1H), 1.77 — 1.50 (m, 10H), 1.29 —
1.16 (m, 6H), 0.97 (qd, J = 10.7, 9.5, 5.0 Hz, 2H), 0.90 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz,
chloroform-d) 6 166.2, 147.4, 124.1, 69.7, 61.2, 37.1, 29.7, 26.4, 25.7, 23.9, 14.3, 11.9. (one carbonyl
carbon and two alkyl carbon signals were not observed because of overlapping). HRMS (ESI): [M+H]”
caled for C17H3004N" 312.2169, found 312.2170. HPLC analysis: Chiracel (AD-H) + (AD-H) column;
detected at 210 nm, 20 °C; 5% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 19.6 min, 21.7
min, 23.1 min, 43.5 min. The ee value was determined based on peaks at 22.9 min (major) and 43.4 min
(minor).

- _ ™S

VWDLA, Wavelength=210 nm VWD1A, Wavelength=210 nm
Number Time Area% .
1 19. 563 26. 10 Number Time Area%
= 21051 26. 37 1 22. 909 99. 96
3 23. 092 23. 60
4 43. 459 23. 93 2 43. 380 0. 04
(0] NH»
@AOWCOZH
© \Me

6-Ethyl 1-(furan-2-ylmethyl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3h)

Yellow oil, 19 mg, 65% yield, >20:1 dr, [a]p?® -5.22 (c 0.94, CHCIs) for 99% ee; 'H NMR (400 MHz,
chloroform-d) 6 7.42 (d, J = 1.8 Hz, 1H), 6.80 (dd, J = 15.6, 9.5 Hz, 1H), 6.41 (d, J = 3.3 Hz, 1H), 6.36
(dd, J=3.3, 1.8 Hz, 1H), 5.86 (d, J = 15.6 Hz, 1H), 5.11 (s, 2H), 4.17 (qd, J = 7.2, 2.2 Hz, 2H), 3.51 (s,
1H), 2.49 (tt, J = 9.6, 5.2 Hz, 1H), 1.66 — 1.39 (m, 4H), 1.26 (t, J = 7.1 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H).
13C NMR (126 MHz, chloroform-d) § 165.6, 149.5, 148.5, 143.3, 123.4, 110.8, 110.6, 61.2, 58.1, 57.4,
48.4, 23.9, 14.3, 11.9 (one carbonyl carbon signal was not observed). HRMS (ESI): [M+H]" calcd for
CisH20sN " 296.1493, found 296.1493. HPLC analysis: Chiracel IF-3 column; detected at 210 nm, 20
°C: 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 21.6 min, 23.4 min, 32.6 min, 36.0 min.
The ee value was determined based on peaks at 33.0 min (major) and 37.1 min (minor).
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VWD1A, Wavelength=210 nm

VWD1A, Wavelength=210 nm

Number Time Area¥%
1 > 1. 600 >1. 31 Number Time Area%
= 23. 359 22. 31 1 32. 981 99, 52
3 32. 508 27. 87
4 36. 006 28. 51 2 37. 108 0. 48

0 NH,
Wchoza
\Me

6-Ethyl 1-(pent-4-en-1-yl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3i)

Yellow oil, 23 mg, 80% vyield, >20:1 dr, [o]p?® -3.04 (¢ 0.67, CHCIs) for 99% ee; 'H NMR (400 MHz,
chloroform-d) 6 6.75 (dd, J = 15.7, 9.5 Hz, 1H), 5.90 — 5.62 (m, 2H), 5.15 — 4.91 (m, 2H), 4.33 — 3.99
(m, 4H), 3.53 (s, 1H), 2.50 (tt, J = 9.5, 5.2 Hz, 1H), 2.28 — 2.03 (m, 2H), 1.83 — 1.69 (m, 2H), 1.66 —
1.47 (m, 4H), 1.27 (t, J = 7.1 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz, chloroform-d) §
1745, 166.1, 147.6, 137.6, 124.0, 115.4, 63.9, 61.2, 57.4, 48.3, 30.1, 27.9, 23.9, 14.4, 11.9. HRMS
(ESI): [M+H]® calcd for CisH260sN“ 284.1856, found 284.1857. HPLC analysis: Chiracel AD-H
column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 8.3
min, 8.9 min, 11.9 min. The ee value was determined based on peaks at 8.8 min (major) and 11.7 min
(minor).

VWD1A, Wavelength=210 nm VWD1A, ;l'i'aw'elerlgtl1=21{) nm

Num;:uer ;i;g: f:::: —y— Time -y
2 8. 852 27. 89 1 8. 769 99. 42
3 11. 889 27. 64 2 11. 690 0. 58
0 NH,
Meozc\/\OWCOZEt
_\Me

6-Ethyl 1-(3-methoxy-3-oxopropyl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3j)
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Yellow oil, 20 mg, 65% yield, >20:1 dr, [a]p®® -12.62 (¢ 1.04, CHCI3) for 99% ee; *H NMR (400 MHz,
chloroform-d) & 6.76 (dd, J = 15.7, 9.5 Hz, 1H), 5.87 — 5.74 (d, J = 15.7 Hz, 1H), 4.39 (t, J = 6.4 Hz,
2H), 4.17 (qt, J = 7.3, 3.7 Hz, 2H), 3.70 (s, 3H), 3.51 (d, J = 5.1 Hz, 1H), 2.68 (t, J = 6.4 Hz, 2H), 2.48
(tt, J = 9.6, 5.1 Hz, 1H), 1.69 — 1.43 (m, 4H), 1.27 (t, J = 7.2 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H). 3C NMR
(126 MHz, chloroform-d) & 170.7, 165.1, 147.8, 123.9, 67.4, 61.2, 60.4, 51.8, 40.7, 23.8, 19.9, 14.3,
11.8 (one carbonyl carbon signal was not observed because of overlapping). HRMS (ESI): [M+H]®
caled for C14H2406N " 302.1598, found 302.1596. HPLC analysis: Chiracel (OD-H) + (OD-H) column;
detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 37.3 min, 39.0
min, 40.3 min, 49.0 min. The ee value was determined based on peaks at 37.4 min (minor) and 47.6 min
(major).

40 41 42 43 44 45 46 47 48 49 50 51 52 53 B4 55 56 57 BB 50 6D 30 31 32 33 M 35 36 37T 38 39 40 41 42 43 44 45 4G 47 48 49 50 51 52 53 54 55 56 57 58 59 60
i t [min]

VWD1A, Wavelength=210 nm

VWD1A, Wavelength=210 nm

Number Time Area¥%
1 37. 329 16. 88 Number Time Area%
2 29. 037 32. 72 ) 37,374 0. 05
3 40. 289 16. 92
4 49. 026 33. 48 2 47. 562 99. 95
o) NH,
™ M A
N I e
\Me

6-Ethyl 1-(2-(trimethylsilyl)ethyl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3k)

Yellow oil, 30 mg, 95% yield, >20:1 dr, [a]p?® -3.64 (c 0.81, CHCIs) for 99% ee; *H NMR (400 MHz,
chloroform-d) 6 6.72 (dd, J = 15.6, 9.3 Hz, 1H), 5.81 (d, J = 15.6 Hz, 1H), 4.30 — 3.89 (m, 4H), 3.71 —
3.35 (m, 1H), 2.49 (s, 1H), 1.71 — 1.39 (m, 3H), 1.26 (t, J = 7.1 Hz, 4H), 1.00 (dd, J = 9.2, 7.6 Hz, 2H),
0.89 (t, J = 7.4 Hz, 3H), 0.03 (s, 9H). 13C NMR (126 MHz, chloroform-d) & 174.5, 166.2, 147.3, 124.3,
62.7, 61.2, 57.5, 48.3, 24.0, 17.4, 14.4, 11.9, -1.4. HRMS (ESI): [M+H]" calcd for CisH3004NSi”
316.1939, found 316.1937. HPLC analysis: Chiracel (AD-H) + (AD-H) column; detected at 210 nm, 20
°C: 5% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 16.2 min, 17.0 min, 18.4 min, 33.0 min.
The ee value was determined based on peaks at 18.6 min (major) and 33.5 min (minor).
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VWD1A, Wavelength=210

VWD1A, Wavelength=210 nm

Number Time Area% .
1 16. 223 18. 18 Number Time Areak
= 17. 027 18, 37 1 18. 563 99. 65
3 18. 392 32. 82
4 32. 963 30. 63 2 33. 487 0. 35
o} NH,
F/\/\OWCOZEt

\Me

6-Ethyl 1-(3-fluoropropyl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3I)

Yellow oil, 22 mg, 80% yield, >20:1 dr, [a]p?® -4.05 (c 1.04, CHCIs) for 99% ee; *H NMR (400 MHz,
chloroform-d) & 6.77 (dd, J = 15.6, 9.5 Hz, 1H), 5.84 (d, J = 15.6 Hz, 1H), 4.59 (t, J = 5.8 Hz, 1H), 4.47
(t, J =5.8 Hz, 1H), 4.25 (t, J = 6.3 Hz, 2H), 4.18 (tq, J = 7.2, 4.1 Hz, 2H), 3.52 (d, J = 5.0 Hz, 1H), 2.49
(tt, J = 9.6, 5.2 Hz, 1H), 2.04 (dp, J = 25.6, 6.1 Hz, 2H), 1.66 — 1.39 (m, 4H), 1.27 (t, J = 7.1 Hz, 3H),
0.90 (t, J = 7.4 Hz, 3H). C NMR (126 MHz, chloroform-d) & 174.4, 165.9, 148.1, 123.6, 80.7 (d, J =
165.3 Hz), 61.2, 60.4 (d, J = 5.4 Hz), 57.4, 48.3, 29.8 (d, J = 20.1 Hz), 23.9, 14.3, 11.9.°F NMR (376
MHz, chloroform-d) § -222.2 (tt, J = 49.1, 25.2 Hz). HRMS (ESI): [M+H]" calcd for Ci3H2304NF*
276.1606, found 276.1605. HPLC analysis: Chiracel (AD-H) + (AD-H) column; detected at 210 nm, 20
°C: 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 22.7 min, 25.0 min, 32.5 min. The ee
value was determined based on peaks at 25.0 min (major) and 32.7 min (minor).

o0 = x10 3
1 : L1

VWD1A, Wavelength=210 nm VWD1A, Wavelength=210 nm

Number Time Area% Number Time Area%
1 22. 705 38. 47
d 1 95. 024 99. 81
2 24. 992 30. 75
3 32. 504 30. 78 2 32. 678 0.19
OWCOzEt
\Me

1-(2-((3R,5R,7R)-Adamantan-1-yl)ethyl) 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3m)

Yellow oil, 23 mg, 62% yield, >20:1 dr, [a]p?® -5.20 (c 0.88, CHCls) for 99% ee; 'H NMR (400 MHz,
chloroform-d) & 6.74 (dd, J = 15.6, 9.4 Hz, 1H), 5.83 (d, J = 15.6 Hz, 1H), 4.33 — 4.10 (m, 4H), 3.48 (dt,
J =104, 7.1, 3.7 Hz, 1H), 2.51 (s, 1H), 2.04 — 1.87 (m, 4H), 1.78 — 1.57 (m, 8H), 1.53 (d, J = 2.9 Hz,
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7H), 1.45 (t, J = 7.4 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz,
chloroform-d) & 166.2, 147.3, 124.2, 61.2, 61.0, 42.6, 42.4, 37.1, 31.8, 28.6, 24.0, 14.4, 11.9 (one
carbonyl carbon and two alkyl carbon signals were not observed because of overlapping). HRMS (ESI):
[M+H]" calcd for C22H3s04N" 378.2639, found 378.2635. HPLC analysis: Chiracel (AD-H) + (AD-H)
column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 17.4
min, 18.3 min, 20.0 min, 39.7 min. The ee value was determined based on peaks at 20.0 min (major) and
39.8 min (minor).

15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 4D 41 42 43 44 45 46 47 48 49 50

VWD1A, Wavelength=210

nim

VWDIA, Wavelength=210 nm

MNumber Time Area% .
- — Number Time Area%
1 17. 390 21. 66
2 18. 295 23, 34 1 19. 976 99. 75
3 19. 949 26. 96 . -
2 39,778 0. 25
4 39. 683 28. 04
MeO
e \©\/\/\ i 1
OWCOZEt
\Me

6-Ethyl 1-(4-(4-methoxyphenyl)butyl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3n)

Yellow oil, 34 mg, 90% yield, >20:1 dr, [a]p?® -1.80 (c 0.39, CHCIs) for 99% ee; *H NMR (500 MHz,
chloroform-d) 6 7.09 (d, J = 8.1 Hz, 2H), 6.83 (d, J = 8.3 Hz, 2H), 6.75 (dd, J = 15.7, 9.5 Hz, 1H), 5.84
(d, J=15.7 Hz, 1H), 4.22 — 4.12 (m, 4H), 3.79 (s, 3H), 3.53 (s, 1H), 2.59 (t, J = 6.9 Hz, 2H), 2.54 — 2.45
(m, 1H), 1.67 (dt, J = 8.0, 3.7 Hz, 4H), 1.62 — 1.52 (m, 4H), 1.27 (t, J = 7.1 Hz, 3H), 0.91 (t, J = 7.3 Hz,
3H). 3C NMR (126 MHz, chloroform-d) § 166.2, 157.8, 147.5, 134.2, 129.4, 124.1, 113.8, 64.5, 61.2,
55.3, 34.6, 28.2, 28.0, 23.9, 14.4, 11.9 (one carbonyl carbon and two alkyl carbon signals were not
observed). HRMS (ESI): [M+H]" calcd for C21H3,0sN " 378.2275, found 378.2273. HPLC analysis:
Chiracel (AD-H) + (AD-H) column; detected at 210 nm, 20 °C; 10% 'PrOH in n-hexane; flow = 1.0
mL/min; Retention time: 32.9 min, 33.9 min, 35.6 min, 49.5 min. The ee value was determined based on
peaks at 37.9 min (major) and 51.6 min (minor).
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VWD1A, Wavelength=210 nm VWD1A, wavelength:2la nm

Number Time Area¥%
1 32. 932 18. 64 Number Time Area%
= 53 818 2152 1 37.903 99. 99
3 35. 601 29. 72
4 19. 535 30. 12 2 51. 563 0.01
i 1
OWCOzEt
\Me

1-(2-((1S,5R)-6,6-Dimethylbicyclo[3.1.1]hept-2-en-3-yl)ethyl) 6-ethyl (4R,5R,E)-5-amino-4-
ethylhex-2-enedioate (30)

Yellow oil, 33 mg, 90% yield, >20:1 dr, [a]p® -22.30 (¢ 1.12, CHClI3); *H NMR (500 MHz, chloroform-
d) §6.73 (dd, J = 15.7, 9.5 Hz, 1H), 5.81 (d, J = 15.7 Hz, 1H), 5.28 (dd, J = 3.0, 1.5 Hz, 1H), 4.27 — 3.92
(m, 4H), 3.50 (d, J = 5.0 Hz, 1H), 2.48 (dt, J = 9.3, 4.4 Hz, 1H), 2.38 — 2.27 (m, 3H), 2.27 — 2.14 (m,
2H), 2.05 (dtd, J = 11.5, 5.7, 3.8 Hz, 2H), 1.64 — 1.42 (m, 4H), 1.31 — 1.23 (m, 6H), 1.13 (d, J = 8.6 Hz,
1H), 0.89 (t, J = 7.4 Hz, 3H), 0.80 (s, 3H). 3C NMR (126 MHz, chloroform-d) & 166.0, 147.4, 144.2,
124.1, 118.9, 62.8, 61.1, 57.4, 48.3, 45.7, 40.7, 38.0, 36.0, 31.7, 31.4, 26.3, 24.0, 21.2, 14.3, 11.8 (one
carbonyl carbon signal was not observed). HRMS (ESI): [M+H]" calcd for C21H34OsN® 364.2482,
found 364.2477.

o) NH,
PhO J A~
N0 NN 0,

\Me

1-(2-(Benzyloxy)ethyl) 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3p)

Yellow oil, 27 mg, 81% yield, 16:1 dr, [0]o?® -4.35 (¢ 1.22, CHClI3); *H NMR (400 MHz, chloroform-d)
§7.33 —7.24 (m, 2H), 6.96 (t, J = 7.3 Hz, 1H), 6.91 (d, J = 8.1 Hz, 2H), 6.80 (dd, J = 15.7, 9.5 Hz, 1H),
5.88 (d, J =15.7 Hz, 1H), 4.53 — 4.34 (m, 2H), 4.17 (dq, J = 14.2, 4.0, 3.1 Hz, 4H), 3.58 — 3.46 (m, 1H),
2.49 (it, J = 9.5, 5.2 Hz, 1H), 1.64 — 1.41 (m, 4H), 1.25 (t, J = 7.2 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H).*C
NMR (126 MHz, chloroform-d) 6 174.4, 165.9, 158.6, 148.5, 129.6, 123.5, 121.2, 114.7, 65.9, 62.9,
61.2, 57.4, 48.4, 23.9, 14.4, 11.9. HRMS (ESI): [M+H]" calcd for CigH260sN ® 336.1806, found
336.1808. HPLC analysis: Chiracel (OD-H) + (OD-H) column; detected at 210 nm, 20 °C; 5% 'PrOH in
n-hexane; flow = 1.0 mL/min; Retention time: 53.6 min, 56.3 min, 63.6 min, 67.1 min. The ee value was
determined based on peaks at 56.8 min (minor) and 64.1 min (major).
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VWD1A, Wavelength=210

VWD1A, Wavelength=210 nm

Numbex Time Area%
1 53. 588 24. 68 Number Time Area%
2 56. 346 25. 34 ) 56. 794 0. 03
3 63. 610 25. 37
4 67. 056 24. 61 2 64. 087 89, 97

@ o) NH,
o7 N <~ “CO,Et
~

Me
6-Ethyl 1-((S)-tetrahydrofuran-3-yl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3q)

Yellow oil, 25 mg, 89% yield, >20:1 dr, [a]o® -12.6 (¢ 1.04, CHClI3); 'H NMR (400 MHz, chloroform-d)
0 6.77 (dd, J = 15.7, 9.5 Hz, 1H), 5.83 (d, J = 15.7 Hz, 1H), 5.33 (ddd, J = 6.6, 4.4, 2.2 Hz, 1H), 4.18 (dq,
J=17.0, 3.9 Hz, 2H), 4.02 - 3.73 (m, 4H), 3.51 (d, J = 5.1 Hz, 1H), 2.49 (dt, J = 9.3, 4.3 Hz, 1H), 2.34 -
2.11 (m, 1H), 2.09 — 1.93 (m, 1H), 1.82 — 1.43 (m, 4H), 1.27 (t, J = 7.2 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H).

13C NMR (126 MHz, chloroform-d) § 174.4, 165.7, 148.3, 123.7, 74.9, 73.2, 67.1, 61.2, 57.3, 48.3, 32.8,

23.9, 14.3, 11.9. HRMS (ESI): [M+H]" calcd for C14H240sN" 286.1649, found 286.1648.

0 NH

MOC\/LJ\/\)\

€2 0" N co,Et
L

Me
6-Ethyl 1-((R)-4-methoxy-4-oxobutan-2-yl) (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3r)

Yellow oil, 19 mg, 61% yield, >20:1 dr, [a]p® -9.85 (c 0.83, CHCI3); 'H NMR (400 MHz, chloroform-d)
5 6.74 (dd, J = 15.7, 9.4 Hz, 1H), 5.80 (d, J = 15.6 Hz, 1H), 5.30 (h, J = 6.4 Hz, 1H), 4.17 (qt, J = 7.0,
3.6 Hz, 2H), 3.66 (s, 3H), 3.52 (d, J = 5.0 Hz, 1H), 2.68 (dd, J = 15.4, 7.1 Hz, 1H), 2.59 — 2.34 (m, 2H),
1.73 (s, 2H), 1.58 (dt, J = 13.7, 6.8 Hz, 1H), 1.48 (dt, J = 14.2, 7.6 Hz, 1H), 1.31 (d, J = 6.4 Hz, 3H),
1.26 (t, J = 7.1 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz, chloroform-d) & 170.8, 165.2,
147.8, 124.0, 67.4, 61.2, 60.5, 51.8, 40.7, 23.9, 21.0, 20.0, 14.3, 11.9 (one carbonyl carbon signal was
not observed because of overlapping). HRMS (ESI): [M+H]” calcd for CisH2s06N“ 316.1755, found
316.1755.

)\/\/E\/\ i 1
X OWCOZEt

\Me

1-((S)-3,7-Dimethyloct-6-en-1-yl) 6-ethyl (4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3s)

Yellow oil, 24 mg, 68% yield, >20:1 dr, [a]p®® +11.6 (c 0.11, CHClI3); *H NMR (400 MHz, chloroform-d)
0 6.74 (dd, J = 15.7, 9.3 Hz, 1H), 5.84 (d, J = 15.7 Hz, 1H), 5.14 — 4.90 (m, 1H), 4.33 — 3.94 (m, 4H),
3.77 — 3.35 (m, 1H), 2.51 (s, 1H), 1.98 (tq, J = 15.0, 7.5, 7.1 Hz, 2H), 1.67 (s, 4H), 1.60 (s, 3H), 1.57 —
1.32 (m, 7H), 1.30 — 1.13 (m, 5H), 0.95 — 0.86 (m, 5H). *3C NMR (126 MHz, chloroform-d) & 174.4,
166.1, 147.4, 131.4, 124.6, 124.1, 63.1, 61.1, 57.4, 48.3, 37.0, 35.4, 29.6, 25.7 25.4, 23.9, 19.4, 17.7,
14.3, 11.8. HRMS (ESI): [M+H]" calcd for C2oH3s04N" 354.2639, found 354.2642
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DB PS
-,,OWCOZH
\Me

1-((3S,8S,9S,10R,13R,14S,17R)-10,13-Dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl) 6-ethyl
(4R,5R,E)-5-amino-4-ethylhex-2-enedioate (3t)

Yellow oil, 55 mg, 95% yield, >20:1 dr, [a]o® -14.8 (¢ 1.38, CHClI3); *"H NMR (500 MHz, chloroform-d)
0 6.73 (dd, J = 15.6, 9.4 Hz, 1H), 5.82 (d, J = 15.6 Hz, 1H), 5.37 (d, J = 5.0 Hz, 1H), 4.66 (td, J = 10.1,
9.2,4.2 Hz, 1H), 4.19 (qd, J = 7.2, 4.2 Hz, 2H), 3.51 (d, J = 5.1 Hz, 1H), 2.63 — 2.41 (m, 1H), 2.34 (d, J
= 7.0 Hz, 2H), 2.07 — 1.75 (m, 5H), 1.73 — 0.80 (m, 43H), 0.67 (s, 3H). °C NMR (126 MHz,
chloroform-d) & 174.4, 165.5, 147.2, 139.7, 124.6, 122.7, 74.1, 61.2, 57.4, 56.8, 56.2, 50.1, 48.3, 42.4,
39.8, 39.6, 38.2, 37.1, 36.7, 36.3, 35.9, 32.0, 31.9, 28.3, 28.1, 27.9, 24.4, 23.92, 23.89, 22.9, 22.6, 21.1,
19.4,18.8, 14.4, 11.93, 11.91. HRMS (ESI): [M+H]" calcd for C37Hs204N" 584.4673, found 584.4672.

o) NH,

EtoJ\/\)\CozEt

\LPh

Diethyl (4R,5R,E)-5-amino-4-(3-phenylpropyl)hex-2-enedioate (3u)

Yellow oil, 27 mg, 80% yield, >20:1 dr, [a]po® -22.9 (c 1.34, CHCI3); *H NMR (400 MHz, chloroform-d)
5 7.27 (t, J=7.4 Hz, 2H), 7.20 — 7.12 (m, 3H), 6.75 (dd, J = 15.6, 9.6 Hz, 1H), 5.82 (d, J = 15.6 Hz, 1H),
4.17 (qdd, J = 8.1, 5.3, 2.9 Hz, 4H), 3.49 (s, 1H), 2.60 (d, J = 7.6 Hz, 3H), 1.71 — 1.46 (m, 6H), 1.27 (dt,
J =10.4, 7.1 Hz, 6H). *C NMR (126 MHz, chloroform-d) & 174.3, 166.0, 147.3, 142.0, 128.4, 128.4,
125.9, 124.1, 61.2, 60.5, 57.7, 46.6, 35.8, 30.5, 29.2, 14.3, 14.2. HRMS (ESI): [M+H]® calcd for
Ci19H2504N" 334.2013, found 334.2010. HPLC analysis: Chiracel (AD-H) + (AD-H) column; detected

at 210 nm, 25 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 19.7 min, 20.7 min, 24.5
min. The ee value was determined based on peaks at 20.9 min (major) and 24.7 min (minor).

VWD1A, Wavelength=210 nm VWD1A, Wavelength=210 nm
Number Time Area% .
- Number Time Area%
1 19. 721 39. 79
2 20. 724 30. 89 1 20. 875 99, 82
3 24. 446 29. 31 2 24. 700 0.18
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o) NH,

EtOWCOZEt

Lo

Diethyl (4R,5R,E)-5-amino-4-heptylhex-2-enedioate (3v)

Yellow oil, 20 mg, 65% yield, >20:1 dr, [a]p® -12.12 (c 0.84, CHClI3); *H NMR (400 MHz, chloroform-
d) 3 6.74 (dd, J = 15.6, 9.4 Hz, 1H), 5.82 (d, J = 15.6 Hz, 1H), 4.17 (g, J = 6.9 Hz, 4H), 3.51 (s, 1H),
2.57 (qd, J =9.8, 6.5, 5.2 Hz, 1H), 1.68 — 1.35 (m, 4H), 1.27 (ddd, J = 9.9, 6.5, 3.1 Hz, 16H), 0.86 (t, J =
6.7 Hz, 3H). *3C NMR (126 MHz, chloroform-d) & 166.1, 147.7, 123.9, 61.1, 60.5, 57.7, 46.7, 31.8, 30.9,
29.5, 29.2, 27.3, 22.7, 14.32, 14.27, 14.1 (one carbonyl carbon signal was not observed). HRMS (ESI):
[M+H]" calcd for C17H3204N" 314.2326, found 314.2326. HPLC analysis: Chiracel (AD-H) + (AD-H)
column; detected at 210 nm, 25 °C; 10% 'PrOH in n-hexane; flow = 1.0 mL/min; Retention time: 11.6
min, 12.4 min, 14.3 min. The ee value was determined based on peaks at 12.4 min (major) and 14.3 min
(minor).

VWDIA, Wavelength=210 nm VWDIA, Wavelength=210 nm
Ni Ti Ar .

umber i ea% Number Time Area%
1 11. 634 42. 68
2 12. 446 29. 15 L 12. 423 99. 89
3 14. 266 28. 18 2 14. 293 0.11

o) NH,
EtOWCOZEt

Diethyl (4R,5R,E)-5-amino-4-((S)-3,7-dimethyloct-6-en-1-yl)hex-2-enedioate (3w)

Yellow oil, 23 mg, 66% yield, >20:1 dr, [a]po® -4.74 (c 1.05, CHCI3); *H NMR (400 MHz, chloroform-d)
8 6.75 (dd, J = 15.7, 9.5 Hz, 1H), 5.81 (d, J = 15.7 Hz, 1H), 5.07 (t, J = 7.2 Hz, 1H), 4.29 — 4.03 (m, 4H),
3.50 (d, J = 4.9 Hz, 1H), 2.54 (dt, J = 9.3, 4.4 Hz, 1H), 1.94 (qd, J = 14.9, 7.3 Hz, 2H), 1.67 (s, 3H), 1.58
(s, 5H), 1.48 —1.33 (m, 3H), 1.27 (td, J = 7.1, 2.9 Hz, 8H), 1.09 (tdd, J = 18.3, 8.0, 5.8 Hz, 2H), 0.86 (d,
J = 6.5 Hz, 3H). 13C NMR (126 MHz, chloroform-d) 6 174.4, 166.0, 147.6, 131.2, 124.8, 123.9, 61.1,
60.4, 57.6, 46.9, 36.8, 34.5, 32.4, 284, 25.7, 25.5, 19.5, 17.7, 14.3, 14.2. HRMS (ESI): [M+H]® calcd
for Ca0H3604N“ 354.2639, found 354.2635.

5. Gram-scale test and transformations
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5.1 Gram-scale test

o it 0 NH
standard condition 2
)J\/\/\ + Ph\r/N\/COZEt )J\/\/'\
EtO EtO CO,Et

Ph 1.7g Z

1a (2.0 equiv) 2a 87% yield Et
99% ee

In a No-filled glovebox, to a 4 mL vial with Cu(MeCN)4BF4 (0.13 g, 0.40 mmol), L3 (0.22 g, 0.44
mmol) and nucleophilic 2a (8.0 mmol) was added dry m-Xylene (16 mL). The resulting mixture was
stirred at room temperature for 0.5 h. To another 4 mL vial with [Pd(;2-allyl)Cl]2 (72 mg, 0.20 mmol),
L1 (0.28 g, 0.44 mmol) and sodium NaBAr", (0.35 g, 0.40 mmol) was added dry m-Xylene (16 mL),
and the resulting mixture was stirred at room temperature for 0.5 h. Then to the vial with copper
complex above were added EtsN (2.2 mL, 16 mmol) and diene 1a (16 mmol), and the resulting mixture
continued to stir at room temperature for 5 min. After this time, the vial with palladium complex
solution were transferred to the vial with copper solution aforementioned. The reaction mixture was
stirred at 50 °C for 48 h. To the reaction mixture was added citric acid solution (160 mL, 20 wt.%) and
THF (80 mL) and the mixture was stirred for 6 h. The mixture was neutralized with solid K2CO3 and
extracted with EtOAc (500 mL x 3). The combined extracts were dried over MgSO4 and concentrated in
vacuo to afford a residue. The residue was then purified by SiO2 column chromatography (PE/EA = 1:1)
to give the product 3a (1.7 g) in 87% yield and >20:1 dr, 99% ee.

5.2 Transformations

0
=
EtO 7 SCOEt —>
Et then reflux Y CO,Et
3a Et

4, 62% yield, >20:1 dr

Ethyl (2R,3R)-3-ethyl-6-oxopiperidine-2-carboxylate (4) A stirred solution of 3a (0.20 mmol, 49
mg) in THF (2 mL) was added Pd/C (10 mg) under the atmosphere of H>. The mixture was stirred at
room temperature for 8 h, and then the mixture was refluxed directly at 70 °C for 12 h. After completion
of the reaction indicated by TLC, the mixture to a silica gel chromatography column (silica gel,
PE/EtOAcC = 1/1) to afford the desired 4 (25 mg) in 62% vyield as yellow oil. [«]po%° -18.2 (c 1.01, CHCI3),
'H NMR (500 MHz, chloroform-d) & 6.34 (s, 1H), 4.20 (q, J = 7.1 Hz, 2H), 3.83 (dd, J = 5.4, 2.6 Hz,
1H), 2.48 — 2.24 (m, 2H), 2.03 — 1.83 (m, 2H), 1.62 (ddt, J = 15.0, 13.6, 6.4 Hz, 2H), 1.42 (ddd, J = 15.0,
13.3, 7.5 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H), 0.97 (t, J = 7.4 Hz, 3H).'3C NMR (126 MHz, chloroform-d)
5 172.0, 171.8, 61.8, 59.3, 36.2, 28.8, 24.4, 22.9, 14.2, 11.4. HRMS (ESI): [M+Na] “ calcd for

C10H1803N” 200.1281, found 200.1275.

EtO.__O
o] NH, DCC, DMAP o] e
amino acid )W
EtOWCOQEt —————————— EO )
- = H z Me
Et Et NHBoc

3a
5, 82% yield, >20:1 dr
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Diethyl (4R,5R,E)-5-((S)-2-((tert-butoxycarbonyl)amino)-3-(p-tolyl)propanamido)-4-ethylhex-2-
enedioate (5) To a solution of sorbic acid amino acid (0.12 mmol, 33 mg, 1.1 eq), 3a (0.10 mmol, 24
mg, 1.0 eq) and DMAP (1.2 mg, 10 mol%) in CH2Cl2 (2 mL) at 0 <C was added DCC (0.11 mmol, 23
mg, 1.1 eq) in five portions over 5 min. Then the reaction was stirred at room temperature for 12 h. After
this time, the reaction was filtered through a pad of celite using CH2Cl as the eluent, concentrated, and
purification by flash column chromatography to provide the pure 5 (41 mg) in 82% vyield as a white solid.
Mp = 112-114 °C; [a]o® -24.8 (¢ 0.28, CHCls); *H NMR (500 MHz, chloroform-d) § 7.10 (d, J = 3.0 Hz,
4H), 6.49 (dd, J = 15.6, 9.3 Hz, 1H), 6.44 — 6.38 (m, 1H), 5.75 (d, J = 15.6 Hz, 1H), 4.99 (s, 1H), 4.73
(dd, J=9.0, 3.9 Hz, 1H), 4.36 (s, 1H), 4.26 — 4.03 (m, 4H), 3.01 (d, J = 7.1 Hz, 2H), 2.58 (tt, J = 9.3, 4.7
Hz, 1H), 2.30 (s, 3H), 1.40 (s, 10H), 1.26 (dt, J = 14.2, 7.1 Hz, 6H), 1.16 (p, J = 7.5 Hz, 1H), 0.82 (t, J =
7.4 Hz, 3H); C NMR (126 MHz, chloroform-d) § 171.6, 170.5, 165.7, 145.8, 136.7, 133.3, 129.5,
129.1, 1245, 80.3, 61.7, 60.5, 56.0, 54.6, 47.6, 46.6, 37.9, 28.3, 23.0, 21.1, 14.3, 14.2, 11.8; HRMS
(ESI): [M+Na]“calcd for C27H4107N>" 505.2908, found 505.2909.

6. References

1. Wang, Y.-C.; Xiao, Z.-X.; Wang, M.; Yang, S.-Q.; Liu, J.-B.; He, Z.-T. Angew. Chem. Int. Ed. 2023,
62, €202215568
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7. Copies of 'H NMR, 3C NMR and **F NMR spectra

S24



980
80
68°0
YTl
9z'1 _
[T1
vy
8T'1 /) —
0€'1 4
161
161
e ﬁ —
8¢'1 4
ov1
1
Tas
€1 ;
QTH P71 ;
ere ]
sred
orz |

LT

]
oty —
8TY
61
\t44
jf44

9L'S
6LS
809
609
19
119
4%
Y19
919
L19
619
L
Tl
9T'L
€10ad9T'L
LTl

—— e e e e
/

o

X

1w, '"H NMR

CDCly

8Te

FSE6
ksee

Feoz

1T

0.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

7.0

7.5

f1 (ppm)

AN

gev1/

v9'ze
\

YL 8T
a‘wNV.

L1

L0°€€

€009 —

€[0aD $8'9L

=
€[00 S€°LL

LT'6TT —

8€'8TT —

88 PP N
1wsht/

LT —

o

XX

1w, '3C NMR

cDCl,

Y0 00 0 O

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S25



8T'T

=S1°¢

6T'1

08T

pggJLA .

181
Lyt
8¥'T
05T
[4°%4
€9'C
9T
99T
9T

P01
EGo'1

T

N
9T'§
LTS
LTS
8T'S
0€'S

1€°6
(439
89'G
L6
909
L09
809 %
609 \w
o194
119
vy
€19
1794
s19
(19
or ]
Ei
0z
1]
€10ad9T’L

—

—

(0]
1m, '"H NMR

A

LI

— ESTT

ot

== [goc

CDCly

|

HOO'T

1.0

2.0

2.5

4.0

5.5

6.0

9.5

f1 (ppm)

¥9°81

96°61

LTS —

€000 $8'9L
==

Al
€000 9¢°LL \

L8QTT —

09°6€T —

TS —

8€99T —
YL0LT —

O/

(0]
1m, '3C NMR

A

CDCl,

P A5 W 0 T A

110

150

f1 (ppm)

S26



8L'T
il

mwé\
161

s
me
8L’
80°9
019
:.@g
19
:L
P9
19
191
9191

19
mﬁog
|
vm.@g
pE9 |
569,
03\
179
oL
€[00 9L
9e'L
[Tt
6TL
or'L
e

CDCl,

00T
0T
~

=60

pE0'1
586'0

2.0 1.5 1.0

2.5

4.5

5.0
f1 (ppm)

6.0

10.0

69'81 —

G8'LS —

€100 $8'9L /
€[0AD OT'LL —
Doaomm.R \

95°0TT —

TEQIT —

SL6TT —

SE6ET
TTEVT ~
9LSYT S
et/

98991 —

CDCly

10

T T
190 180

T
200

210

(ppm)

S27



100 —

8T'1T

671 v.

691

7T\

E AN

v

0Ty
0Ty

sry~,

wy—> T
zj

v
05y
08
€8'
19
g
€19 T
ot —
mﬁw\w
919
119

T

619 J ﬂ

oz |

o] - _
269
169
$6'9 4
1691
86'9 4
€10a0 9L
gz ]
gzL]
6cL ]
12

(0]

O

10, 'TH NMR
CDCly

XX

160

S6'T
UMmo.ﬁ

keoe

(ppm)

€L8T —

0429 ~
86'59 —

€00aD $8°9L /
€100 0T°LL
€0AD S€°LL \

SOPIT ~
TV8TT ~
ST'12T

¥56T1

16z /

68'6€T —

YLSYT —

95°8ST —

TTL9T —

(o}

O

XX

10, '3C NMR

cDCl,

20 10

30

50

T
60

70

90
f1 (ppm)

110

T T
170 160 150

180

S28



9T~
81
sg1/

0Le \

19T
e )

LG

J

6¢Y
W
W
LA
LLG
0191
Tr9+
Sj
mﬁj
mﬁo)
E.m;
99
Lr9f
L19
61'9
079
L
L V
€L
sTL
sTL
£€10a0 9z'L
el

[

o

O/

XX

1p, "H NMR

CDCl,

=66'C

HoO'T

Feoe

2.0

2.5

3.0

3.5

6.0

6.5

7.0

7.5

f1 (ppm)

9L'8T —

88°€€ —

9615 —

1965 —

€100 S8'9L /

===
€10a0 9¢LL \

SP8TT —

8L°6T1 —

L86ET —

€9'SPT —

80°L9T —
TETLT —

(0]

S

1p, 13C NMR

CDCly

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S29



960
L6°0
660
660
ST'T
0z'1
11T —¢
4l
vel
vo
1]
97T
iag
651
591
591
99
99'T ]
291
501§
891
891
T
T
T
781
€LT
LT
L
o1
oLT
oL
|
L
L1 ﬁ
g1
981
16°¢
S6°¢
s ] ﬂ
6rs |
179
crol
oﬁw;
g0
17
crL
ol
€A 9T'L
o)

/|

|

CDCly

0T

\M_ FOE'T

2.0

3.5 2.5

4.0

4.5
f1 (ppm)

6.0

9.0

vLg1/
st
Lot/
L6t/
LTLE N

7569 N
€100 $8'9L
€[0aD 01°LL V

€[0aD S€LL

ST6TT —

L8671 —

0€°6ET —

Y6 rvT —

L5191 —

Pz
, 8C NMR
CDCly

(6]
1q

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S30



At
iag
me
mmj
ﬁo.ﬁg
ﬁoéa
1} —
€91-% —_—
vor
wf% E—
891
691
6911
i
781
g1
61
v6'1
o1
ARs
617
[ —

LS

R.L
mo.L
0194
:Aj
Ns;

mﬁf —
Y9

91’9 )W /
819

619

179

0T'L

L
€TL—= ~
STl

€[0d0 9TL

CDCly

184

=

ot

1.5

2.0

2.5

4.0

5.5

6.0

f1 (ppm)

YL8T —
€9°6T /
998T /
88°1¢
00°5¢
\

60°LE

95Tk
wmde

7809 —

€10a0 9¢7LL

YToTT —

68671 —

6T°6ET —

1671 —

LS°L9T —

]

AN

(0]

1r, 3C NMR

CDCly

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

170

S31



8LT

-
8’1 g
ﬁodg
No.Ng
mo.j
€07 1
0T

wo.NM
mo,N)

Cy-

=00°¢

@ﬁm;ﬁ —
et

LT'T
61°C
0Tt
233
e
€8
v8E |
8E
og'€ #
ogE ——
06°¢ ﬂ

06°¢ |
16°¢
ﬁwmg
76°¢
6°¢
c6'¢ |
v6°€ )
XY
res
ve's % R

ses
ses ~—
%L
¢rs
o5
mﬁog
719
s19
919
919
(19
ﬁN.m;
€TL
vrLd
€A 9T'L
9zt ]

———

ot
Fro1

e

— hootz

o
1s, 'TH NMR
CDCl,

XX

o'l

1.5

2.5

4.5

6.0

6.5

7.5

8.5

f1 (ppm)

YLgT —

88'CE —

€9'81T —

€L6T1 —

1676617 —

8G'SPT —

¥0°L9T —

o]

L

G

Y

oV
1s, '3C NMR
CDCl,

XX

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

f1 (ppm)

S32



[/
8T
98T
00T
10°C

€0 M (/

ST
90T
L0T
80T
0r'e

STy
9Ty
LTy

8ty -
6r't /

05/, _—

LSy
85°¥
097
LS
LLS
01’9

L

_

119
9
€19

F

S1'9
91’9
81’9
619
19
L
YTl
STL
€[0dd 9TL
LTl

/

1t, 'TH NMR
CDCly

|
|
|

T

E0°€

Fso

££0T

M\NOA

0T

Foot

Feoz

o't

0.5

2.5

3.0

4.5
f1 (ppm)

6.0 5.5

6.5

7.0

TLgl —

0862 \
9667/

€1°09
L1009 v.

muoumm,ﬁ
€10aD 0T'LL M
epanseis /.
L0'08 \

8€18

85811 —

SL6TT —

SL6ET —

et —

1TL9T —

F

(0]

NS

o

1t, '3C NMR

cDCly

S |

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

170

S33



-222.03
-222.10
-222.16
-222.17
-222.23
-222.28
-222.29
-222.35
-222.42

|

O

1t, 1F NMR
CDCly

140 120 100 80 60 40 20 0 -20

T T T T T T T T T T T T T T T T T T
-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -30!

f1 (ppm)

S34



880
06'0 Uy

Rd\
ey
91 f
LET %
651

e Z
ngg
et |
s
951 4
151
mmi
va;
oyt

S0t~
0%/
oL's
6L
oﬁ.og
:.@4
19
S.L
3.@;
5194
919 /W
819
619
179

1L
i\

ng
€10a0 9L

/

1u, 'TH NMR

CDCl,

HIET

2.0

2.5

3.0

4.0

4.5

5.5

6.0

9.0

10.0

f1 (ppm)

4RI
€L91~
V€T~

oY oy —

€10a0 S€LL

61611 —

98671 —

6T°6ET —

06'vPT —

S9'L9T —

CDCly

11

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)

S35



09
€14
se
A
91
8L

RL
581
991+
e
e
e
€1T ]
cre
vz
sz
sl

91'C g
€T

sy

ory

6%,
867 |
867 |
86 1
667 |
00'S 1

006}

00°S /]
205 ]
205
g0
soc |
906 4
906 |
o5 ]
65 ]
6L
186
795
bg's |
19 ]
org |
mﬁ.w;
619
(4R
veLd
sze ]
€A 9T'L

f TTT——

/

nNL

(0]
(6]
1v, TH NMR

CDCly

Lot

Froe

Feet

2.0 1.5

3.5 2.5

4.5
f1 (ppm)

6.0

8.0 7.5

8.5

YL81 —

86°LT ~_
L10€

GLE9—

€0AD S€°LL /

TESTT —
00°6TT —

Sg'6T1
S9°LET
AN
Pr6ET —
60°SPT <

9r'L9T —

NS

(0]
1v, '3C NMR

A

cDCl,

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

S36



€[0d0 9TL

NH,

CO,Et
Me

(R,R)-3a, "H NMR

v

EtO

CDCl,

TE

F00'T

Foo't

f1 (ppm)

68°T1T
€71 /
9EVT V

96€C —

9709~
L9/

€10aD $8'9L

TUyer —

YLyt —

NH,
CO,Et
Me
, ’C NMR

CDCly

o/

L0°991 —

EtO

(R,R)-3a

0N 0 A

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S37



$8°0
98°0
88°0
680
€T
STl
9T
9T'1
LT'1
6T'1
or'1
1
W
W
(34
1
14!
o1
691
09'T
09'T
191
79'T
€91
€9'1
8L'T
8€'C
6€T
or'e
9p'e
Lre
(487
(284
(384
1494
STV
9r'Yy
Lty
Lry
8Ty
61V
61y
S8's
88'S
9L'9
8L9
6L9
189

€10ad 9L

i

S

(R,S)-3a, 'TH NMR

CDCl,

M o1

Toot

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.5

68°T1T
9T¥1 /
0ev1 V.

L9'TT —

S8'87 —

99°LS \
07°09 ~_
poo/

€[0d0 892
===

€[0dD 9¢°LL

99°€TT —

LTV —

€1°991 —

1EVLT —

(R,S)-3a, '°C NMR

CDCl,

0 o O OB o

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S38



88
=

|

|

/

- Teve

= w\:%

-

L
z

NH,
CO,Et
\Me
3b, '"H NMR

BnO

cDCl,

0.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

9.0

8811
L\

STHI

(241 V.

6'€T —

87709

€T'19 /

€699/
€10aD S8'9L

€10ad om.?\

yLeet /
0€°8TI
yeget
98t
L6°S€T \

1T8YT —

98'59T —

NH,
CO,Et
Me

3b, '3C NMR

o/

BnO

cDCly

SO It

-10

110

150

210

f1 (ppm)

S39



80
880
880
06
om.ox
160
YTl
STl
971
g1
(41 g
et
et ﬁ
61
6c1 |
o1 ;
1]
o1
61
051
1971 dm
(4N
€51
561
551
161
15T
651
09'1
197 ﬁ
91
0S'C
€0y
vy
Yoy ﬁ
€1y
A8
STy
91y
A4
61
ozy
1y
2g's
98°S
L9
€19
L9

LL9
€[0d0 9TL

-

/]

NH,

CO,Et

Me

i/

3c, '"H NMR

cDCl,

ot

2.0

2.5

3.5

4.5

5.0
f1 (ppm)

9.5

90° 11
STl %
€Tyl
0€vT V.
SeeT

Le€T
§8°€T

ey —

€T'19 —
65799 —
€10d0 $8°9L /

muouz,tw
€100 9€'LL \

80'¥TT —
YELYT —
I}
N
O
N
I © Wv
z
ST°99T —

i/ x
=
b4
O
(2]

©) .
o @

cDCly

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)

sS40



80
880
06'0
€Tl
ST'1
LT1
et
6%
151
PeT
161
651
10°¢
20¢
£€0°€
90°¢
90°¢ =
L0€ \
€€
€ee
see
g€
(R4
(82
9rh
9Tt
AR
8T
61t
95
15 —
8SS
85°S T
65
6LG
€8S
W
K.o\
9L9
LU=
8TL \w/
wfhg
61
0z,
1wed
L]
e
vl
€100 9z’L

fm——— )

/
NH,

Tz
WQA.N

W&ﬁm

T 60

Rz

Fsot
Too't

Foot

Ferv

2.5 2.0 1.5 1.0 0.5

3.0

4.5 4.0 3.5
f1 (ppm)

5.0

5.5

7.0 6.5

7.5

06°TT ~
€EYT

L8€T —

89°6¢ —
Segy —

LS —
81’19 —

LESL
€10ad mm.on/

L

«CQLS \
€[0aD SELL

(AR 441
\

Ty -

£€8'9C1 \

S orT —

6L LYT —

10°99T —

Lyl —

CO,Et

2

\Me

3d, '3c NMR

cDCly

wwwmwwmwmwmwmmwwm

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S41



€[0d0 9TL

NH,

CO,Et

o/

3e, '"H NMR

CDCly

-

i

Ao

=

=601
=0'¢

ySEE
01T

hor

£66°0

oot

1.5

2.0

2.5

f1 (ppm)

91
srs)
88T —
sevr /.

¥6€C —

¥6'8y —
0’19 —

€10a0 S8'9L

W,

€10a0 S€°LL \

90°00T —

89°€CT —

16°LvT —

88991 —

NH,
CO,Et

=

()

A

\Me

3e, 1C NMR

CDCly

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)

542



fao)
Q

I

880
68°0
16°0
Tt
STl

LTT L

8T'1 \

671 /]
151
157
e
S5
s
951
L1
8S'T ;
091 ]
09'1 ]
24
24
A
9L'1
9L'1T
8LT
8L'T
98'1
88'
06'T
€0'C
vo'c
s0T
s0T
L0t
Lot
£k
80
60
9T
9T’
8T'Y
91
61
0Ty
'S
98°S
1£9
L9
SL9
LL9

NH,
CO,Et

o/

ao9TLl

Me

3f, TH NMR

CDCly

2.0 1.5 1.0

2.5

3.0

5.0
f1 (ppm)

5.5

06'TT
SEVT —
0581 —

Wt

06°€T N

98T

P1ve —

ey —

s/
8119/
9€'89~

€10a0 S$8'9L /

===

mcoumm.k\
L0¥TT _H_%_
3
N
T [}
z =
/o
y 2z
O
L a
LyLyT — (@) - O
o &
82°991 — -
6 yLT —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

543



€10dd om.ng

mwdg
om.f
260 4
mm.m:
96°0
na.OQ
w@ﬁ:
[£A

mNAL
9T
8T°1
61
[

///

/

0S'1
151
51 4
51
€51
851
wmé;
651 4
m@é;
991§
99'1 |

wi]
691 4
141 4 ﬁ
11

/

J

[

TLT
€41
€L
(758
SLT
5.1
05z
15°¢
z5€
26°¢
€6'¢
L1
61
0T'¥ 4 ~N
€864
98'6 J
29

ol
VAR
1L9]

/

NH,

CO,Et

Me

4

3g, '"H NMR

CDCl,

60°¢
80°C

T 179

TE

I 660

860

00T

Fvoz

00T

T oot

=

[S)

0
3

8.0

£1 (ppm)

88T~
4%

88°€T
st
;.ON*
vL6e

e/

LT 19 —

L9°69~
€00AD $8°9L
€0AD 0T'LL M

€0aD 9€°LL

60'¥T1 —

9ELYT —

07991 —

NH,

CO,Et

Me

o/

3g, '5C NMR

CDCly

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S44



180

68°0

060

eTb—
vT
Cr—
WN.T%
a F—
ey
81 ]
g1
05T —
05T ﬁ

251
251
€51 ]
ST ; ~—
[0 ;
961
LS'T
8G'1
651
09'1
191
6v'T ﬁ —

—

15 |
82
iy |
ot ] ﬁ ™
]
g1+ o
8T
0Ty
(a4
:Am;
vg's
895 ]
59 )
o@o;
Omdg
269
o]
w9
o]
6L9
189
€89
€10a0 97'L
i
WL

/

\AA Feeo

B10T

1ot

NH,

cDCl,

1.0

2.0

2.5

3.5

6.0 5.0 4.5
f1 (ppm)

6.5

7.0

10.0

98'TT ~
0EvT —

G€T —

6€8Y —
Se'LS N

9085 "
6119/

€10a0 ¥8'9L

€1000 0144 /
€10a0 SELL \

ooty
Lot/

Preer —

TEERT
6t'8p1

A\
8r6v1 —

85°G91 —

NH,
CO,Et

\Me

3h, 18C NMR

CDCly

B 1 I

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170

S45



880
680
060
160
T6°0
ST1
LT

D —

6T = T

191

151
51
651
ooég
1977
€1
5.1
so1 )
1]
oﬁ,N;
:AN;
NﬁN;

057

ﬁ —

ﬁ T

mﬁw;
1y
(484

YUy —

ST )
o1t
Ly )
gr7 ]
STt
ozv |
ozt )
96+
67 4
667 4
667 |
ooAm;
ﬁoAm;
605 |
s ]
616 4
18°6 |
s |
9g's )
el
79
994

ﬂ

/

891
€10aD 97'L

NH,

<" CO,Et
~

3i, '"H NMR

cDCly

proe

Foot

1.0

2.0

2.5

3.0

3.5

5.0

8.0

f1 (ppm)

68'TT ~_
9EVT

T6°€T~
98'LT ~_
y1°0€

€87 —
LS~
8T'19 ~

¥6:€9

€000 S8'9L

565
€10a0 9¢°LL

PESIT —

0T —

9G°LET —

SSLYT —

60991 —

Sy —

3C NMR
CDCl,

3i

-10

20

50

60

110

130

210

f1 (ppm)

546



80
68°0
16°0
YT
ST'1
LT1
8T'1
ge1]
QTHOV'T
L]
ot
A
61 4
051 4
051
st |
€61 ;
vt

c:

r

T

Foot
Rz

N . Fe60

HoT'e

99'1
L9°1
851
09'1
09'T
8¥'T
99C
89C
69°C
0S¢
(4543
0L'¢
STV
184
184
LTy
a4
61y
0Ty
8EY
6¢Y
Wy
18°S
18°S
¥8'S
98°'S
€L9
SL9
LL9
6L9

€[0d0 9TL

NH,
CO,Et

~N
3, 'THNMR Me
CDCls

MeO,C._~

f1 (ppm)

98'IT —
i/
86°6T —
G8'€T —

L0V —

7816 —

9709 —
m:o\

L9 —

€000 S8'9L

e
€10a0 S€°LL

S6'€TT —

18°LYT —

91991 —

LLOLT —

NH,

|

]
@]
O

Me

3j, 5C NMR

MeO,C._~

CDCly

f1 (ppm)

S47



£0'0
)
v80 )
180
68°0

16°0
wm.j
mm,j
00T
00T

10T -7
201 \
YTl
YTl
971 ]
8T'T g
s
L1
as ﬁ
g
0S'1 ;
(4N ;
pert |
951
951
-
651
09'1T
191 H—
e
5o
Ty
482
st
o1t |
v
e ﬁ
e
61
0Ty
1wy
1Ty 4
w0y
€Ty
625 ]
e |
69'9 4
29
€9 ]
srol
€A 9T'L

e

J

NH,
CO,Et
e

=
S ..__\

3k, "H NMR
CDCly

Frot

-0.5

0.0

0.5

1.5 1.0

2.0

2.5

4.0
f1 (ppm)

6.5 6.0 5.5 5.0

7.0

88°TT ~
LEYT

SELT /S

86°€T —

Tegy —
oF'LS N
LTT19 ~

8979/

€10a0 S8'9L

€10aD SE°LL \

vever —

STLYT —

177991 —

6V vLT —

NH,

0]

TMS\/\O

3k, '3C NMR

CDCl,

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S48



© @
0w
——

/

089
€[0d0 9TL

f

NH,

CO,Et

Me

an/

O

31, "TH NMR

CDCl,

Frot

1.0

3.5 3.0 2.5 2.0

4.0

5.0
f1 (ppm)

6.5 6.0

7.0

9.0 8.5 8.0

9.5

ST~

[42 4

88°€T~_

16T
L8'6T V.

€[0aD 0T'LL

€10ad 9¢°LL
T0°08
€18

\
)
7
€10ad m@wm%
/

79°¢TT —

SO'8YT —

88'59T —

8EVLT —

NH,

A o

CO,Et

Me

an/

3¢ NMR
CDCly

31,

50

60

110

T
190

T
200

f1 (ppm)

549



n N o < O N o
I T
LU o A o A O o A o A
N N d 4 d dQ
MR

o) NH,

F/\/\OWCOZEt

Me

/In

31, 19F NMR
CDCl,

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
-195 -200 -205 -210 -215 -220 -225 -230 -235 -240

—
-150 -155 -160 -165 -170 -175 -180 -185 -190
f1 (ppm)

S50



88°0
060
16°0
60'T
01T —
ﬁ;/
ST1 - —_
iay -—
sork—
e
ce1] D—
9T
T8
1 N
o1 |
9&1
s ]
g5 ]
561
L8 /
85T
09'T
291 JE —
€91
91
91
89'1
69'T
0LT
|73
W
06'1 ~
161 ﬁ
€6'1
761
S6'1
vy ﬁ N
STy
L1y
L1y
8TY
81Y
61
0Ty
0Ty
08'
78S
049
TL9
£10aD 9z'L

CO,Et

v

3m, "H NMR

Feee

+IL€
£€0T
Ay

€8
Reey

TS

0.5

1.0

1.5

2.0

2.5

3.0

3.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)

98°'TT ~
SEYT —

$6€T —
€9°8T ~_
€8'1€ ~
S0°LE \

ey
a4 V.

543/
8119 /

€10aD S8'9L

I i

€[0aD 0T°LE

€10dD ¢ LL

€Ther —

€CLYT —

81991 —

NH,
CO,Et

o/

Me

3m, 13C NMR

CDCly

SO S B

50

110

170

f1 (ppm)

S51



880
680
160
60
ST1
97’1 /

BN,HN -

T

671
67'1 4
051/
751
cort ]
LST
851
85T ]
651 |
19'1 \;
b1
1]
L9'T
891 ﬁ /
691
omAN;
sz |
65
ﬁoAN;
€5¢
6L¢ ]
[as 2
c1v
sty
E;L
Aed
v 4
61+
0Ty
Ty
1wy
egs ]
98' J
w9 F S~
vL9d
9L9]
829
29 ]
€8'9
89 ]
60°L
orz ]
€0aD 9T'L

J

P60
Rorz

CDCly

e

NO,H
1T

pere

1.0

1.5

f1 (ppm)

06°TT ~_
9eVT

€6°€T ~
€0°8T ~_

12°8¢C \

651¢ —

eSS
6119~
PP~

€10d0 ¥8'9L
————

€10d0 S€°LL

TYEIT —

CO,Et

NH
\Me

2

Sover
GE6TT —

0TVET ~_

€S LYT —

3n, '3C NMR

€8°LST —

ST°99T —

MeO

CDCly

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S52



€[0d0 9TL

NH,

CO,Et
e

p=
o/

30, "H NMR
CDClj4

=8¢
Rgre
Rer'T
Agtg

Tg
m\moAN
mNAN

e
hgeo

LS60

Twﬁ

0.5

1.0

2.0

2.5

3.0

3.5

4.5

5.0

7.0

f1 (ppm)

Y811
EPT /

LT'1T
mm.m/
ﬁm.oN/
or1e
\

69°1¢ —
96'G¢ —
vo'ge /.

vLor /
orsy /.
vEgy \
6675~
TUI9~
MACES

€A SE°LL /

G881T —

80'¥TT —

0THPT ~
YLy —

L6591 —

NH,

CO,Et

Me

/

30, '3C NMR

CDCly

S |t

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

90

S53



£€10dd 9L

980
180
680
160
ve
STt /

=
AR RN

Rt K7
61
6714
0S'1 g
167
€61 S~
v ;

g1
951
5]
851
6z .
15°¢

15°¢

STy

91Y ﬁ/
Lrv

o

nes
g
9.1
Q;L
o't
vy
Ha2

98°
06' W T
LL9

6L9

089

€89

069 A\ ~
23—
69 Rﬂ

8.& —
169 ‘ ﬂ

seLd
e

8L
sz
0sL ]
oct )

NH,

CO,Et

Me

o/

PhO__~,

3p, '"H NMR

o€

H¥e

o

Feso

860

700'T
Feo¢

0.5

1.0

1.5

2.0

3.0

5.0

6.0

7.5

8.0

8.5

f1 (ppm)

68°TT ~
SEYT

06'€T —

6€'8y —

WS
DSC
679
8859/

€[0aD S8°9L /
aan

€[0AD 9€°LL

LOYTT
TTITT ~_
0§°€TT —
65°6T1

67871 —

66851 —

16°591 —

YrvLT —

NH
\Me

CDCly

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

90

S54



L80
680
160
YTl

ST1
LT1

81/

E;{

SS1
51
519
651 ]
09'T
091 4
791
S04
9174

gre )

(4%

18°€
NwAm;
mwAm;
e
8¢
g€ ]
98¢ |
63°c |
o6¢ |
16 |
16°€
6€
£6°€
£€6°€
9T'Y
LTy
LTy
STV
61
0Ty
€es
€66
ve's
18°S
g's
L9
9L'9
8L'9

089
€[0d0 9TL

NH,

CO,Et

m/:m
S8TE
M\@oé
Rigt

Rgor
H\wmd

o
Toé
m\ﬁo&

o1

oot

2.0

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

9.0

9.5

f1 (ppm)

98°TT ~
€T

88°€T —

08'7¢ —

08y —

vELS
61'19 /
0T°L9 /
Eﬁ/

mwi/
€10ad 3«&/

g o

€100 SELL

89°€TT —

8TYYT —

€691 —

9e VLT —

NH,

CDCly

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S55



fan)
Q

do 9Tl

L8°0
68°0
16°0
YTt

hgo¢

(39
HITE
Tm.m
6T

ST'1
9T'1
wugqu
161 /
il —
et
g1
o1}

Nm.Lm T
561 —
151
wmﬁg
097 4
e -
S.NLT

e

6vc ]
05z
¢z
vz
59
L9t
69
17
19°¢
283

99°¢ ﬁ
sty
Sty
91y
b ﬁ —
8IY

61y
Ty

T66'1
ot

1460
Rere

—

/

f

CO,Et

Foot

NH,

1wy
LTS
6T'S
1¢°6
(4%
8L'S
(4]
L9
€L9
SL9
LL9

0]

3r, '"H NMR
CDClj4

MeOZC\/L

f1 (ppm)

98I
TEPT —
661

86Ty
86°0T
sgec/

1L07 —

¥815 —

97°09 —

6119 /

YrL9 —
€10a0 5894 /
SSca0

wim

e —

€[0AD 9€°LL \

S6°€TT —

18°LVT —

91'S9T —

LLOLT —

CO,Et

o/

weo,c L
ey o

Me
3r, '3C NMR

CDCly

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S56



060
16°0
60
6T'T
0z’
szl
92’1
Lz
61
(498
veT ]
yeT
9¢'T |
et
Has
11
61’1 ]
0s1]
0S'T

51

€91

a1

991

LST

T

e

IR |

09'1
L9
89T
69'1
0L'1
S6'1
L6'T
66'1
00T
(284
1494
STV
STV
9T'Y
AS4
JAR4
8T'Y
61V
42
T
80°G
80°S
(43
S8's

€[0d0 9TL

NH,
CO,Et

CDCl,

Foot

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

6.0

6.5

7.0

f1 (ppm)

68'TT

LEYT /
vLLT /
0561 M
€66~

gr'sef
owﬁm*
€9°6¢

32\
80°LE

8y —
SrLS~
6119~

£1€9

€[0aD v8'9L

i
€[0aD S€°LL

STYTT ~
9vel \
PrIeT —

vl —

81°99T —

YrvLT —

NH,
CO,Et
Me

o/

=

0O

o)
3s, 15C NMR

CDCly

110

T T
190 180

T
200

f1 (ppm)

S57



L9°0
mwdy
mwd;

98°0

I8 0

88°0

060
160
86°0
660
2014
Lot
60'1 ]
ort
et ]
48 ]
€11
AN
AN
St
9T'1
vzl
9T'1
iat
6T1
(431
€€'T
veT
9b'1
A
A
671
151
1
el
991
LST
89T
09'T
L9°1
L8'T
L8'T
€€'T
144
LTV
184
(1974
ot
08'

¥8'S

—

NH,

\Me

CDCly

% 8¢S

et
oot

F oot

W €17

Fsot

E o1

001

Foot

T

3.5

0.5

1.0

1

2.0

2.5

3.0

4.0

5.0

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)

ome
ﬁ

€10dD S8'9L
€[0aDor'LL

€100 9¢°4L
gLeet

SSpTt
YL6ET —

LULYT —

ATIE

LT —

CDCly

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S58



€1,
YT
9T |
o
hNAy
wN.H)

i _
18 I\

451 \7

761
o1
51
o1 |
L51
167 — _
wmgg
mwl
oog;

————

91 ;
9’1 ;

6574 f
197 |

w9t
SN

\ M@

1Y
sty
sty )
o1t
ARE
ARZ
HER
g7 |
6rv |

om;# /
0Ty

08
g’

TL9 ol
=1

99 5 //
wm.@\

YUL~
f

W —

NH,
CO,Et

CDCl,

L
3u, '"H NMR ~pp,

5

91'L /| ﬁ
oz J
e
6Lk
s}
€A 9T'L
Lz
6L

EET9

%ﬁo,o

To.m

-

Fery

Fo60

Foot

H\NoAm

Rree

0.5

.0

2.0

3.0

3.5

4.0

5.0

6.0

6.5

7.0

8.0

8.5

f1 (ppm)

1444

8TY1

9T°6T ~_
6ros /-

YL 5¢

85°9Y —

SN
P09~

Y119 \

€10aD 8'9L
S

€10ad €€°LL

90'¥T1 /
Lg'STT

96071
&

6¢°8TI N

S6'TPT —

TELYT —

96'59T —

6TYLT —

NH,
CO,Et
R™>pPn

S

M

3u, ’CN

EtO

cDCl,

WMWMMWMWWWWMMWWWW

50

80

110

150

180

f1 (ppm)

S59



1454
9Ty
STV
Ty
Ty
jtad

—_— ———

w0y

08'S N
g5/

L9
ﬁ@%
mﬁ@\
8L'9

€[0d09TL —

NH,

EtO

3v, "HNMR

CDCly

Jo

|

M

e

ot

% Yoy

[ 960

—
2
=]

F cov

F oot

F oot

f1 (ppm)

6997 —

915
S709~
Y119 7

€10d0 S8'9L

265
£10a0 S€°LL

88°€TT —

LY —

01991 —

NH,

o

CO,Et

=

EtO

3v, 13C NMR

CDCl,

wwL-—tmnthmmmmeww ROV STROTROON | W S

f1 (ppm)

S60



980
L8°0
L0°T
80'T
01'1

4y
ve1d
o1
9zt 4
Pt
8T
621
o
€T ;
€T ]
€T ;
9€'1
8€T
661
w1
W
W
[
991
95T
85T
091
19T
16'T
€61
561
161
6T
05°€
15°€
STy
STy
91
AR
8Ty
0Ty
L0°S
0g's |
mw;L
29
o]
929 ]
st9 ]

—
T ~& //

NH,
CO,Et

EtO

€[0d0 9TL

Rere
T:

m\mm 8

TZ
p8es
Ayee

Tmﬁu

Feso

ot

Foo't

Fror

0.5

1.0

2.5 2.0

3.0

3.5

4.0
f1 (ppm)

4.5

5.0

6.5 6.0

7.0

8.0

6T11
SEVI

0L'LT
\

8561 "
1952
L5t
e/
ovze /)
cm.ﬁ,\
g€

€69y —

'LS
99 \

SH09 ~_
or19/

€10a0 S8°9L

N

b
€[0AD SE€LL

16°€TT —

18vC1 \

STICT —

0L LYT —

L0991 —

Y yLT —

NH,

EtO

wwmwwmwwwmw .

CDCly

e

o
o
A
o
Q
o
@
°)
<
o
[}
)
©
o
=
o
3
o
&
m. —
g& O
e (%]
e
o
=
a
o
Q
-
)
@
—
o)
=
s
o
n
~
)
©°
—
°
=
-
o
@
1
)
&
)



$6°0
L60
86°0
€TT
97’1

LT1
6z

or'T —
11
w1 ]
e1
mwgg
1

oY1

86T
mwl
191
191

f

7091 ;
791
€91
79’1
591
591
98'T
98'T
8T
L8'1
88'T
86'T
66T
00T
10T
67T
€
€€T
€T
seC
9¢'T ﬁ
LET
€8¢
%3
'€
¥8°¢
81
61
1wy
wy

%L
€0ao 9T'L

1]

NH
CO,Et

CDCly

Hre

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

f1 (ppm)

LETT ~

1Ty —

68'CC

LEvT \

9L'8T /
1T°9€ ~_

6765 ~

SL19 —

€10d0 S8°9L
e

VAN A A

€10d0 9¢°LL

CO,Et

AV
961L1/

CDCl,

o
o
=
o
Q
o
Ll
o
+
o
)
o
©
o
=
o
3
g
a, o
o& Vo)
&
o (%]
—
°
S
A
o
=
A
o
Q
=
)
@
=
o
<
M
o
)
-
o
©
-
o
=
-
o
%
-



080
80

—

LT —
wm&\
65T
oo.mx
20°¢

(AR 2
i;
srv
ST
Iy ;w
91'Y
Ly )
LS
STV gﬁ
617 4 i
617
9¢t 4
oy
v
2
v |
667
el
L6 |
:\og
o
9 gﬁ
Ly9 4
69 4
059 |
59 )
80, 4
60 4
2&;
Nﬁm;

€A 9T'L

[

—_—

S

o/

S

Fosre

F 860

L 861

F oot
W 960
90'1

Fosvy

f1 (ppm)

08°TI N
j(aqt N
8TYI

80°1C

T0°€T \

i

LT8T

LgLE —
om,ﬁ/
€9'Ly —
T9Ys \
109§ —
6¥°09 —

E.Ao\

SUDUmwbm
SIgnor /

£0ad mm.k\
€08

orvEIy
€I'621

g6zt v
0€€ET
sooe1/

08'SY1T —

€LS9T~_
IS0LT
85 1L/

CDCly

N 1

110

f1 (ppm)

S63





