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1. General remarks

'H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCls. Chemical shifts
are reported in ppm with the internal TMS signal at 0.0 ppm as a standard. **C NMR spectra were
recorded on a Bruker 101 MHz spectrometer in CDCl3z. Chemical shifts are reported in ppm with the
internal chloroform signal at 77.0 ppm as a standard. '°F NMR spectra were recorded on a Bruker
376 MHz spectrometer in CDCls. Chemical shifts are reported in ppm with the internal CF3COOH
signal at -76.55 ppm. The data are reported as (s = single, d = double, t = triple, g = quarter, m =
multiple or unresolved, br s = broad single, coupling constant(s) in Hz, integration). High resolution
mass spectra (HR-MS) were recorded on a LTQ-Orbitrap Elite mass spectrometer with MeOH as
solvent mixture for the measurements. Commercially obtained reagents were used without further
purification. Solvents were purified prior to use according to the standard methods. Unless otherwise
noted, all reactions were carried out under argon atmosphere. The enantiomeric excesses (ee) and
diastereomeric ratio (dr) of the products were determined by high-performance liquid
chromatography (HPLC) analysis performed on Agilent 1200 and 1260 Series chromatographs using
a Diacel chiral column (25 cm). Optical rotations were measured on a Rudolph Research Analytical
Autopol VI polarimeter with [a]p values reported in degrees; concentration (¢) is in g/100 mL. The
racemic products were obtained by running reactions with racemic [Ru]-catalyst and racemic ligand.
The chiral catalyst [Ru]-1' and [Ru]-2! and known chiral ligands L1?, L5-L9? and ligand L2* and
ligands L4,* L10-L11* were prepared according to the literature procedure. Commercially available
chiral ligands (L.3) were purchased and used without further purification. Diphenyl ketimine esters 1,
racemic 1,3-dienyl carbinols 2° and 1,3,5-trienyl carbinols 4° were prepared according to the literature
procedure. The absolute configuration of (2R,7S,E)-trans-10 and (2R,7R,E)-cis-10 was determined
by X-ray analysis, and those of other trans- and cis-products were deduced on the basis of these

results.
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2. Preparation of racemic 1,3-dienyl carbinols and 1,3,5-trienyl carbinols

0] O OH 0O

o LDA .
N o _FPTSAH0 P
| -78 OC, THF DCM, reflux
| I
OH
NaBH4, MeOH . N
0°C~rit.
2a

To a stirred solution of i-ProNH (33 mmol, 1.1 eq.) in dry THF (33 mL), was add n-BuL.i (33
mmol, 2.5 M in hexane, 1.1 eq.) dropwise at -78 °C. The mixture was stirred for 30 min at the same
temperature then acetophenone (30 mmol, 1.0 eq.) in THF (10 mL) was added to the generated LDA
solution at —78 °C and the reaction was allowed to stir for 30 min. A solution of acrolein in THF (10
mL) was added and the mixture was stirred for 1 h. The reaction was quenched with sat. aq. NH4Cl
solution when the starting material was completely consumed. The organic layer was separated and
the aqueous layer was extracted with EtOAc (2 %30 mL). The combined organic layers were dried
over NaxSO4 and concentrated. The alcohol product I was isolated via silica gel column
chromatography as a yellow liquid in 75% yield.

To a solution of I (22 mmol, 1.0 eq.) in DCM (44 mL) at room temperature was added PTSA
(11 mmol, 0.5 eq.). The reaction system was heated to 40 °C and refluxed for 3 h. The mixture was
diluted with DCM and washed with water (2 <40 mL). Dried organic layer was evaporated. The
product IT was isolated via silica gel column chromatography as a yellow liquid in 80% yield.

To a stirred solution of IT (17.6 mmol, 1.0 eqg.) in MeOH (40 mL), was added CeClz 7H,0. The
mixture was cooled to 0 °C and NaBHa4 was added slowly at 0 °C. After stirring for 1 h, the reaction
was quenched with H>O and MeOH was removed in vacuo. The mixture was extracted with EtOAc
(3 <40 mL). The combined organic layer was dried over Na2SO4 and concentrated. The substrate 2a

was isolated via silica gel column chromatography as a yellow liquid in 90% yield.
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Under Argon, to a suspension of AICl3 (33 mmol, 1.1 eq.) in dry DCM (30 mL) was added
benzoyl chloride (30 mmol, 1.0 eq.) in DCM (10 mL) and 6-chloro-1-hexyne (30 mmol, 1.0 eq.) in
DCM (10 mL) simultaneously at 0 °C. The reaction was quenched by H>O after 15 min. The organic
layer was separated and the aqueous layer was extracted with EtOAc (2 %30 mL). The combined
organic layers were dried over NaxSO4 and concentrated. The product IIT was isolated via silica gel
column chromatography as a yellow liquid in 65% yield.

A dry flask was charged with III (5 mmol, 1.0 eq.) and PPh3z (0.5 mmol, 0.1 eq.) under argon.
To this flask was added dry DCM (10 mL) followed by EtzN (1.5 mmol, 1.5 eq.) at room temperature.
The mixture was continued to stir until reaction was completed. The reaction was quenched with H2O
(10 mL), extracted with DCM (3 <10 mL), and dried with Na>SO4. The product I'V was isolated via
silica gel column chromatography as a yellow liquid in 30% yield.

4a was synthesized from IV in the same method as that used for the substrate 2a from II.

OH
©)\M
2a
(E)-1-phenylpenta-2,4-dien-1-o0l (2a): colorless liquid.
"H NMR (400 MHz, Chloroform-d) § 7.33 — 7.27 (m, 4H), 7.24 — 7.20 (m, 1H), 6.33 — 6.22 (m, 2H),
5.89 - 5.77 (m, 1H), 5.23 — 5.15 (m, 2H), 5.09 — 5.02 (m, 1H).
3C NMR (101 MHz, Chloroform-d) & 142.7, 136.2, 135.5, 131.3, 128.6, 127.8, 126.3, 118.1, 74.7.

OH
@W
F 2b
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(E)-1-(4-fluorophenyl)penta-2,4-dien-1-o0l (2b): colorless liquid.

TH NMR (400 MHz, Chloroform-d) & 7.29 — 7.22 (m, 2H), 6.99 — 6.92 (m, 2H), 6.32 — 6.16 (m, 2H),
5.84 -5.69 (m, 1H), 5.22 — 5.13 (m, 2H), 5.09 — 5.03 (m, 1H), 2.05 (brs, 1H).

13C NMR (101 MHz, Chloroform-d) & 162.3 (d, J = 246.7 Hz), 138.4 (d, J = 3.4 Hz), 136.0, 135.2,
131.5,128.0 (d, J=8.3 Hz), 118.4, 115.4 (d, /= 21.3 Hz), 74.0.

19F NMR (376 MHz, Chloroform-d) -114.76 — -114.78 (m).

Sah
F

2c
(E)-1-(2-fluorophenyl)penta-2,4-dien-1-ol (2¢): colorless liquid.
TH NMR (400 MHz, Chloroform-d) § 7.51 — 7.41 (m, 1H), 7.30 — 7.26 (m, 1H), 7.20 — 7.12 (m, 1H),
7.09 — 6.98 (m, 1H), 6.41 — 6.25 (m, 2H), 5.97 — 5.84 (m, 1H), 5.62 — 5.51 (m, 1H), 5.30 — 5.21 (m,
1H), 5.17 — 5.09 (m, 1H), 2.10 (brs, 1H).
13C NMR (101 MHz, Chloroform-d) & 159.9 (d, J = 247.3 Hz), 136.0, 134.0, 131.5, 129.7 (d, J =
13.1 Hz), 129.2 (d,J=8.2 Hz), 127.6 (d, /=4.3 Hz), 124.4 (d, /= 3.6 Hz), 118.4, 115.4 (d, J=21.5
Hz), 68.7 (d, /= 3.1 Hz).
'F NMR (376 MHz, Chloroform-d) & -119.06 —-119.20 (m).

OH

Cl
2d

(E)-1-(3-chlorophenyl)penta-2,4-dien-1-o0l (2d): colorless liquid.

TH NMR (400 MHz, Chloroform-d)  7.41 — 7.34 (m, 1H), 7.31-7.24 (m, 3H), 6.41 — 6.25 (m, 2H),
591-5.76 (m, 1H), 5.31 — 5.20 (m, 2H), 5.19 — 5.11 (m, 1H), 1.99 (brs, 1H).

13C NMR (101 MHz, Chloroform-d) & 144.6, 135.9, 134.7, 134.4, 131.9, 129.8, 127.8, 126.4, 124.4,
118.7, 74.1.
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J ot
Cl

2e
(E)-1-(4-chlorophenyl)penta-2,4-dien-1-o0l (2e): colorless liquid.
'TH NMR (400 MHz, Chloroform-d) & 7.34 — 7.29 (m, 4H), 6.39 — 6.25 (m, 2H), 5.90 — 5.76 (m, 1H),
5.30-5.21 (m, 2H), 5.17 = 5.11 (m, 1H), 2.00 (s,1H).
13C NMR (101 MHz, Chloroform-d) & 141.1, 135.9, 135.0, 133.4, 131.7, 128.7, 127.6, 118.6, 74.0.

OH

o
Br

2f
(E)-1-(4-bromophenyl)penta-2,4-dien-1-ol (2f): colorless liquid.
TH NMR (400 MHz, Chloroform-d) & 7.54 — 7.44 (m, 2H), 7.29 — 7.24 (m, 2H), 6.42 — 6.22 (m, 2H),
5.91-5.74 (m, 1H), 5.31 = 5.19 (m, 2H), 5.18 — 5.11 (m, 1H), 2.00 (brs, 1H).
13C NMR (101 MHz, Chloroform-d) 141.6, 135.9, 134.9, 131.8, 131.6, 128.0, 121.6, 118.6, 74.0.

(E)-1-(o-tolyl)penta-2,4-dien-1-o0l (2g): colorless liquid.

TH NMR (400 MHz, Chloroform-d) 8 7.48 — 7.43 (m, 1H), 7.24 —7.10 (m, 3H), 6.39 — 6.22 (m, 2H),
5.86 (dd, J=14.6, 6.2 Hz, 1H), 5.44 (d, J= 6.4 Hz, 1H), 5.22 (dd, J=16.4, 2.0 Hz, 1H), 5.10 (dd, J
=9.8, 1.8 Hz, 1H), 2.34 (s, 3H), 1.94 (brs, 1H).

13C NMR (101 MHz, Chloroform-d) & 140.6, 136.2, 135.2, 134.7, 131.3, 130.5, 127.6, 126.3, 125.8,
117.9,71.4, 19.1.

OH

2h
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(E)-1-(m-tolyl)penta-2,4-dien-1-o0l (2h): colorless liquid.

TH NMR (400 MHz, Chloroform-d) § 7.25 —7.21 (m, 1H), 7.19 — 7.14 (m, 2H), 7.12 — 7.08 (m, 1H),
6.40 — 6.28 (m, 2H), 5.93 — 5.84 (m, 1H), 5.28 — 5.20 (m, 2H), 5.14 — 5.09 (m, 1H), 2.36 (s, 3H), 1.96
(brs, 1H).

I3C NMR (101 MHz, Chloroform-d) 6 142.7,138.3,136.2, 135.6, 131.1, 128.53, 128.50, 126.9, 123.3,
118.0, 74.7, 21.4.

OH

/@W

2i
(E)-1-(p-tolyl)penta-2,4-dien-1-ol (2i): white solid.
TH NMR (400 MHz, Chloroform-d) & 7.26 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.42 — 6.21
(m, 2H), 5.97 — 5.80 (m, 1H), 5.29 — 5.19 (m, 2H), 5.16 — 5.07 (m, 1H), 2.34 (s, 3H), 1.89 (brs, 1H).
13C NMR (101 MHz, Chloroform-d) & 139.8, 137.5, 136.2, 135.6, 131.1, 129.3, 126.2, 117.9, 74.5,
21.1.

W
~o

2j
(E)-1-(4-methoxyphenyl)penta-2,4-dien-1-ol (2j): colorless liquid.
TH NMR (400 MHz, Chloroform-d) & 7.22 (d, J = 7.2 Hz, 2H), 6.82 (d, J= 7.2 Hz, 2H), 6.33 — 6.19
(m, 2H), 5.87 - 5.76 (m, 1H), 5.21 — 5.12 (m, 2H), 5.07 - 5.01 (m, 1H), 3.73 (s, 3H), 1.84 (d,J=3.2
Hz, 1H).
13C NMR (101 MHz, Chloroform-d) § 159.2, 136.2, 135.7, 135.0, 131.0, 127.6, 117.9, 114.0, 74.2,
55.3.

2k
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(E)-1-(thiophen-2-yl)penta-2,4-dien-1-o0l (2k): orange liquid.

TH NMR (400 MHz, Chloroform-d) § 7.28 — 7.24 (m, 1H), 7.02 — 6.92 (m, 2H), 6.45 — 6.30 (m, 2H),
6.03 -5.86 (m, 1H), 5.47 (dd, J=6.6, 3.8 Hz, 1H), 5.32 — 5.23 (m, 1H), 5.20 - 5.12 (m, 1H), 2.28 (d,
J=4.0 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) 8 146.7, 135.9, 134.4, 131.8, 126.8, 125.2, 124.3, 118.6, 70.4.

OH
S

2]
(E)-1-(naphthalen-1-yl)penta-2,4-dien-1-ol (21): sticky yellow liquid.
'TH NMR (400 MHz, Chloroform-d) 4 8.21 — 8.14 (m, 1H), 7.91 — 7.85 (m, 1H), 7.81 (d, J= 8.0 Hz,
1H), 7.63 (d, J= 6.8 Hz, 1H), 7.55 — 7.45 (m, 3H), 6.46 — 6.30 (m, 2H), 6.15 — 6.04 (m, 1H), 6.02 —
5.97 (m, 1H), 5.28 - 5.19 (m, 1H), 5.15—-5.08 (m, 1H), 2.12 (brs, 1H).
13C NMR (101 MHz, Chloroform-d) & 138.2, 136.2, 135.0, 133.9, 131.7, 130.6, 128.8, 128.5, 126.2,
125.7,125.4,123.9, 123.7, 118.1, 71.7.

SO

2m
(E)-1-(naphthalen-2-yl)penta-2,4-dien-1-0l (2m): white solid.
TH NMR (400 MHz, Chloroform-d) 8 7.92 — 7.75 (m, 4H), 7.54 — 7.42 (m, 3H), 6.44 — 6.29 (m, 2H),
6.04 — 5.89 (m, 1H), 5.46 — 5.39 (m, 1H), 5.31 - 5.21 (m, 1H), 5.17 — 5.09 (m, 1H), 2.09 (d, J=3.2
Hz, 1H).
13C NMR (101 MHz, Chloroform-d) & 140.0, 136.2, 135.4, 133.3, 133.0, 131.5, 128.3, 128.0, 127.6,
126.2,125.9, 124.8, 124.5, 118.2, 74.7.

2n
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(E)-1-(benzo|b]thiophen-2-yl)penta-2,4-dien-1-ol (2n): white solid.

TH NMR (400 MHz, Chloroform-d) § 7.78 — 7.68 (m, 1H), 7.67 — 7.60 (m, 1H), 7.29 — 7.20 (m, 2H),
7.13 (s, 1H), 6.38 — 6.25 (m, 2H), 5.98 — 5.84 (m, 1H), 5.51 — 5.43 (m, 1H), 5.27 — 5.18 (m, 1H), 5.15
—5.08 (m, 1H), 2.19 (d, /=4.4 Hz, 1H).

I3C NMR (101 MHz, Chloroform-d) 6 147.4,139.7,139.5, 135.8, 133.8, 132.4, 124.30, 124.26, 123.6,
122.5,120.7, 119.0, 71.1.

OH
O)\/\/

2q
(E)-1-cyclohexylpenta-2,4-dien-1-0l (2q): colorless liquid.
TH NMR (400 MHz, Chloroform-d) 8 6.42 — 6.28 (m, 1H), 6.25 — 6.14 (m, 1H), 5.72 (dd, J = 15.2,
7.2 Hz, 1H), 5.21 (dd, J=16.8, 1.6 Hz, 1H), 5.09 (dd, /= 10.0, 1.6 Hz, 1H), 3.89 (t,J= 6.6 Hz, 1H),
1.89 — 1.82 (m, 1H), 1.79 — 1.71 (m, 2H), 1.70 — 1.63 (m, 2H), 1.47 — 1.38 (m, 1H), 1.29 — 1.24 (m,
1H), 1.23 - 1.19 (m, 1H), 1.18 — 1.11 (m, 1H), 1.05 — 0.94 (m, 2H).
13C NMR (101 MHz, Chloroform-d) & 136.4, 135.3, 131.8, 117.3, 43.8, 28.8, 28.5, 26.5, 26.1, 26.0.

OH
a4

Me
2s

(E)-2-methyl-1-phenylpenta-2,4-dien-1-ol (25):

TH NMR (400 MHz, Chloroform-d) 8 7.39 — 7.29 (m, 4H), 7.29 — 7.25 (m, 1H), 6.68 — 7.51 (m, 1H),
6.37 - 6.27 (m, 1H), 5.28 (dd, /= 16.4, 2.0 Hz, 1H), 5.20 — 5.08 (m, 2H), 1.99 (s, 1H), 1.63 (d, J =
1.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 8 141.9, 139.6, 132.6, 128.4, 127.6, 126.4, 126.1, 117.7, 78.8,
12.8.

S9



OH

4a

(2E AE)-1-phenylhepta-2,4,6-trien-1-o0l (4a): white solid.

TH NMR (400 MHz, Chloroform-d) § 7.39 — 7.33 (m, 4H), 7.31 — 7.26 (m, 1H), 6.41 — 6.21 (m, 4H),
5.94 - 5.86 (m, 1H), 5.30 — 5.21 (m, 2H), 5.14 — 5.09 (m, 1H), 1.98 (d, /= 3.2 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) & 142.7, 136.7, 135.6, 134.1, 132.1, 130.6, 128.6, 127.8, 126.3,
117.8, 74.8.

OH

4b

(2E ,4E)-1-(p-tolyl)hepta-2,4,6-trien-1-ol (4b): white solid.

TH NMR (400 MHz, Chloroform-d) & 7.26 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.43 — 6.19
(m, 4H), 5.89 (dd, J = 14.8, 6.8 Hz, 1H), 5.29 — 5.19 (m, 2H), 5.11 (dd, J = 10.0, 1.6 Hz, 1H), 2.34
(s, 3H), 1.90 (brs, 1H).

13C NMR (101 MHz, Chloroform-d) & 139.8, 137.5, 136.8, 135.8, 133.9, 132.3, 130.3, 129.2, 126.2,
117.7,74.6, 21.1.

OH

4c
(2E,4E)-1-(4-fluorophenyl)hepta-2,4,6-trien-1-ol (4¢): white solid.
TH NMR (400 MHz, Chloroform-d) & 7.39 — 7.30 (m, 2H), 7.10 — 6.97 (m, 2H), 6.41 — 6.18 (m, 4H),
5.86 (dd, J=14.6, 6.6 Hz, 1H), 5.30 — 5.21 (m, 2H), 5.13 (dd, /=9.8, 1.4 Hz, 1H), 2.01 (brs, 1H).
13C NMR (101 MHz, Chloroform-d) 8 162.3 (d, J = 246.6 Hz), 138.4 (d, J= 3.0 Hz), 136.7, 135.3,
134.4,131.9, 130.8, 128.0 (d, J= 8.2 Hz), 118.1, 115.4 (d, J=21.4 Hz), 74.1.
19F NMR (376 MHz, Chloroform-d) 6 -114.6 —-114.8 (m).
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3. Typical procedure for stereodivergent synthesis of chiral {-hydroxy amino ester

General procedure for preparation of enantiomeric products:

Ph [CUJ/L7 (5 mol %) OH o

OH [Ru]-1 (2 mol %) /k/\/\)l\ t
PN OBu 4 > R X Y TOBu
Ph N/\g/ RW KsPO,, 20 °C, THF PhYN

1a trans-3 Ph

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.01 mmol) and L7 (0.011
mmol) and degassed THF (1 mL). The reaction mixture was stirred at 20 °C for 30 min. Then, [Ru]-
1 complex (0.004 mmol), imino ester 1a (0.20 mmol), dienyl carbinols 2 (0.60 mmol), K3PO4 (0.20
mmol) and THF (1 mL) were added into the Schlenk tube under argon. The reaction mixture was
continuously stirred at 20 °C. Once starting material was consumed (monitored by TLC), the organic
solvent was removed and the residue was purified by column chromatography to give the desired
trans-products, which were then directly analyzed by chiral HPLC to determine the dr value and the
enantiomeric excess.

The corresponding cis-3 was obtained by changing [Ru]-1 with ent-[Ru]-1 under otherwise
identical conditions. Four stereodivergent products were produced with four different sets of catalyst
combinations: [Cu/(R,R,R,)-L7]/[Ru]-1; [Cu/(R,R,Rp)-L7]/ent-[Ru]-1; [Cu/(S,S,Sp)-L7]/[Ru]-1;
[Cu/(S,S,Sp)-L7)/ent-[Ru]-1.

General procedure for preparation of racemic products:

[Cul/(rac)-BINAP OH 0 §
/II oH (5 mol %) : "
o
OBu . [Ru]-2 (2 mol %) . R X O'Bu
1a (rac)-2 3 Ph I

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.01 mmol) and (rac)-
BINAP (0.011 mmol) and degassed THF (1.0 mL). The reaction mixture was stirred at 20 °C for 30

S11



min. Then, [Ru]-2 complex (0.004 mmol), imino ester 1a (0.20 mmol), dienyl carbinols 2 (0.60 mmol),
K3PO4 (0.20 mmol) and THF (1.0 mL) were added into the Schlenk tube under argon. The reaction
mixture was continuously stirred at 20 °C overnight. Then the organic solvent was removed and the

residue was purified by column chromatography to give the desired rac-products.

4. Optimization of rection conditions

Table S1. Evaluation of solvent ¢

PPh,

OH 0 §
Ph [Cul/L1 (5 mol %) /k/\/\)]\ : N
/J*N/\ﬂ/orBu * )oi/\/ R @mol %) Ph N7 OBul Fe o—7

Ph Cs,C03, 20 °C, Solvent Ph N |

Ph

o he :
1a (rac)-2a trans_3§h ’ L1
Solvent yield (%) ° dr ee (%) ¢
THF 93 4:1 >99
Toluene mess - -
DCM 70 4:1 98
1,4-Dioxane mess - -
MTBE 83 2:1 96
EtO 64 1:1 91
2-Me-THF 45 1:1 33

¢ All reactions were carried out with 0.20 mmol of 1a, 0.60 mmol of 2a, 0.005 mmol of [Cu], 0.0055 mmol of L1
and 0.20 mmol of Cs>CO3 in 2 mL of solvent at 20 °C. The reaction was monitored by TLC. [Cu] = Cu(MeCN)4BF.
bIsolated yield. © The dr and ee values were determined by HPLC analysis.

Table S2. Evaluation of base ¢

OH o PPh,
oo, RO s, S
i NAg/ ' PhW base, 35°C, THE PhYlfl éy
1a (rac)-2a trans—3z!|D n L4
Base yield (%)” dre ee (%) ©
‘BuOK 38 1:1 0
Cs2COs 74 11:1 99
K3PO4 72 13:1 99
Na,COs3 = - -
EtsN - - -
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DBU trace - -

¢ All reactions were carried out with 0.20 mmol of 1a, 0.60 mmol of 2a, 0.005 mmol of [Cu], 0.0055 mmol of L4
and 0.20 mmol of the base in 2 mL of THF at 35 °C. The reaction was monitored by TLC. [Cu] = Cu(MeCN)4BF4.
b Isolated yield. ¢ The dr and ee values were determined by HPLC analysis.

Table S3. Evaluation of temperature “

OH o § PPh,
Ph oH [Cul/L4 (5 mol %) /k/\/\)]\ ; NMe,
o'Bu [Rul1 (2mol %) Ph X Y~ “OBu !
Ph/J%N/\ﬂ/ ’ PhW KsPO4, TOC, THF Ph N é
o 3F U4, ) \r f

1a (rac)-2a trans-3a" L4
T (°C) \ yield (%) dre¢ ee (%) €

0 \ 17 16:1 99

20 \ 72 9:1 97

35 \ 42 4:1 96

¢ All reactions were carried out with 0.20 mmol of 1a, 0.60 mmol of 2a, 0.005 mmol of [Cu], 0.0055 mmol of L4
and 0.20 mmol of K3PO4 in 2 mL of THF at T °C. The reaction was monitored by TLC. [Cu] = Cu(MeCN)4BF4.?
Isolated yield. ¢ The dr and ee values were determined by HPLC analysis.
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Table S4. Evaluation of chiral ligand

OH 0
Ph [Cu)/L* (5 mol %) )\/\/\)J\
P oBu . )Oi/\/ [Rul-1(2mol%)  Ph XY oBu
N/\ﬂ/ P NN K3POy, T°C, THF Ph 2N
1a (rac)- trans &
PPh,
©\( PPh,
Fe Oj i PPh2
<
(R.R,)-L1 RRR)
20 °C, [Ru]-1, 93% yield, 4:1 dr, >99% ee (R)-L3
20 °C, e,,[t_[gu“ 850}; yield, 1:4 dr. ~09% ee 35 °C, [Ru]1 56% yield, 1:1 dr 35 °C, [Ru]-1, 60% yield, 1:1 dr
PPh, PPh, PPh, PPh,
@(NM62 ©\(j N @\(jmph @(Q“‘Ph
(S,Rp)-L4 (R,Rp)-LS (R,Rp)-LG (RR,R,)-L7
20 °C, [Ru}-1, 72% yield 20 °C, [Ru]-1, 93% yield 20 °C, [Ru]-1, 99% yield
13:1 dr, >99% ee 4:1 dr, >99% ee

PPh, PPh,
S e S
Fe j Fe j
) )
= =
(R,R,)-L8

(R,R,)-L9

20 °C, [Ru]-1, 42% vyield
5:1dr, 98% ee

20 °C, [Ru]-1, 65% yield
3:1dr, 98% ee
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20 °C, [Ru]-1, 99% yield
6:1dr, >99% ee [Ru] o yie

24:1 dr, >99% ee
20 °C, ent-[Ru]-1, 99% yield

1:23 dr, >99% ee
PPh, PPh,
NHMe NH,
Fe Fe
- -
(S,Rp)-L10 (S,Rp)-L11
20 °C, [Ru]-1, 89% yield

20 °C, [Ru]-1, 85% vyield
2:1dr, 96% ee

6:1dr, 99% ee



5. Characterization data for the products

OH 0]

X Y T0Bu
PhYN

Ph
(2R,7S,E)-3a

tert-butyl (2R,78,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate
((2R,7S,E)-3a): yield (90 mg, 99%); colorless oil; [a]*’p = +24.8 (c 0.48, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak
IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; = 26.30, 29.76, 31.69 and 47.59
min.

TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.61 (m, 2H), 7.67 — 7.41 (m, 3H), 7.40 — 7.28 (m, 7H),
7.25 —-7.19 (m, 1H), 7.17 — 7.11 (m, 2H), 5.58 — 5.39 (m, 2H), 4.62 (dd, J = 8.4, 4.4 Hz, 1H), 3.99
(dd,J=7.2,5.6 Hz, 1H), 2.69 —2.53 (m, 2H), 2.48 — 2.41 (m, 1H), 2.41 —2.31 (m, 1H), 1.44 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 170.9, 170.1, 143.9, 139.6, 136.6, 130.5, 130.2, 128.8, 128.7,
128.5,128.4,128.3, 128.0, 127.8, 127.3, 125.7, 81.1, 73.0, 66.0, 43.0, 37.1, 28.0.

HRMS (ESI+) caled. For C30H3aNO3 ([M+H]"): 456.2533, found: 456.2540.

HPLC chromatogram of compound (2R,7S,E)-3a

fb
2 & 3
?:'th ;M@ ;a
e =
o
A
o
o 8 e v
ol
30 )
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
S |==== | ——=———= | ——m |mmmmmm e | mm b [min] [min] [mAU*=] [mAU] %
1 1.4934 1391.01367  15.52366 22.4279 e [====l====- === === [ === I
2 1.3096 1696 21. 27.3588 1 1.0018 1.4 4 224.75534
3 1.3572 1716.8 21.08306 27.6819 2 1.0623 23 357 3.69139 3:
4 1.9347 1397.4 12.03840 22.5315 3 1.2477 234.74864 3.13584 1.5286
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X OBu
Ph Y N
Ph
(2S,7R,E)-3a
tert-butyl (28,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate

((28,7R,E)-3a): yield (90 mg, 99%); colotless oil; [a]*’p = -24.6 (¢ 0.68, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak
IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t. = 26.30, 29.76, 31.69 and 47.59
min.

HRMS (ESI+) caled. For C30H3aNO3 ([M+H]"): 456.2533, found: 456.2539.

HPLC chromatogram of compound (28,7R,E)-3a

&
& Lo -
g g &
& g . &
S
& &
=ty
=
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s] [mAU]

25 21. 3 27.3588 1 29.405 MF
3 31. 21.08306 27.6819 2 31.223 M
4 47, 12.03840 22.5315 3 46.448 MM

(2R, 7S,E)-3b
tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-(4-fluorophenyl)-7-hydroxyhept-4-enoate
((2R,7S,E)-3b): yield (89 mg, 94%); colorless oil; [a]'°p = +17.5 (¢ 0.58, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee
(Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t, = 17.36, 19.09, 20.90
and 29.52 min.
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'TH NMR (400 MHz, Chloroform-d) 8 7.66 — 7.61 (m, 2H), 7.46 — 7.37 (m, 4H), 7.35 — 7.30 (m, 2H),
7.28 —7.24 (m, 2H), 7.17 - 7.11 (m, 2H), 7.00 — 6.93 (m, 2H), 5.55 - 5.41 (m, 2H), 4.60 (dd, J= 8.2,
4.6 Hz, 1H), 3.98 (dd, /= 6.8, 5.6 Hz, 1H), 2.65 — 2.54 (m, 2H), 2.44 — 2.38 (m, 1H), 2.37 — 2.33 (m,
1H), 1.44 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 170.9, 170.2, 162.0 (d, J = 245.9 Hz), 139.6 (d, J = 3.0 Hz),
139.5, 136.5, 130.8, 130.3, 128.8, 128.6, 128.5, 128.4, 128.0, 127.7, 127.3 (d, J = 8.0 Hz), 115.0 (d,
J=21.4Hz), 81.2,72.3,65.9,43.1, 37.1, 28.0.

19F NMR (376 MHz, Chloroform-d) & -115.41 —-115.69 (m).

HRMS (ESI+) caled. For C30H33FNO3 ([M+H]"): 474.2439, found: 474.2440.

HPLC chromatogram of compound (2R,7S,E)-3b

D1 A& Waverngme254 nm (D HPLC DTa20:

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]

16.329 MF
2 17.920 FM
3 19.€17 BB

F OH 0
X Y~ “OBu
PhYN
Ph
(2R,7S,E)-3¢

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-(2-fluorophenyl)-7-hydroxyhept-4-enoate
((2R,7S,E)-3¢): yield (91 mg, 96%); colorless oil; [a]*°p = +13.6 (¢ 0.52, CH2Cly); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 11:1 dr, 99% ee (Chiralpak
IF + Chiralpak IF, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t. = 18.77, 19.68,
20.47 and 22.37 min.
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TH NMR (400 MHz, Chloroform-d) & 7.68 — 7.61 (m, 2H), 7.47 — 7.41 (m, 4H), 7.40 — 7.31 (m, 3H),
7.23 —7.14 (m, 3H), 7.12 - 7.07 (m, 1H), 7.00 — 6.93 (m, 1H), 5.57 — 5.45 (m, 2H), 4.95 (dd, J = 8.6,
4.2 Hz, 1H), 4.00 (dd, J = 6.4, 6.4 Hz, 1H), 2.67 — 2.57 (m, 2H), 2.44 — 2.26 (m, 2H), 1.45 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 170.9, 170.2, 160.0 (d, J = 123.2 Hz), 139.5, 136.6, 131.0,
130.8, 130.8, 130.3, 128.8, 128.6, 128.53, 128.47, 128.0, 127.8, 127.1 (d, J=4.4 Hz), 124.1 (d, J =
3.6 Hz), 115.1 (d, /= 21.4 Hz), 81.2, 67.0, 66.0, 41.7, 37.1, 28.1.

1YF NMR (376 MHz, Chloroform-d) & -119.64 —-119.87 (m).

HRMS (ESI+) caled. For C30H33FNO3 ([M+H]"): 474.2439, found: 474.2443.

HPLC chromatogram of compound (2R,7S,E)-3¢

ETEE
s . B N . n;f"ﬁ
&
i &
; & g ¢ &
- = b
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min) [mAU*=] [mAU] % ¥ [min] [min] [mAU*s] [mAU] %

il Rt [========= | === | === | === |- el R i | === | === | === |

1 18.765 MF 11 1 18.788 MF 0.3540 194.02628 9.13515 4.6484

2 19.678 MF 8 2 19.661 MF 0.3721 5.71179 2.55812e-1 0.1368

3 20.468 MF 73.37386 21.4075 3 20.478 MF 0.4252 3820.47852 149.75595 91.5304

4 22,367 FM 100.91523 29.1881 4 22.437 FM 0.4623 153.78445 5.54425 3.6843

OH 0]
Cl
X Y "OBu
Ph\fN
Ph
(2R,7S,E)-3d

tert-butyl (2R,7S,E)-7-(3-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7S,E)-3d): yield (90 mg, 92%); colotless oil; [a]'>p = +16.3 (¢ 0.61, CH2Cl,); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, >
99% ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t,= 18.04, 22.19,
24.45 and 52.05 min.

'TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.60 (m, 2H), 7.48 — 7.41 (m, 3H), 7.40 — 7.36 (m, 1H),
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7.36 — 7.30 (m, 3H), 7.22 — 7.12 (m, 5H), 5.61 — 5.35 (m, 2H), 4.60 (dd, J = 8.5, 4.2 Hz, 1H), 3.99
(dd, J=6.4, 6.0 Hz, 1H), 2.64 —2.54 (m, 2H), 2.46 —2.41 (m, 1H), 2.36 — 2.28 (m, 1H), 1.44 (s, 9H).
13C NMR (101 MHz, Chloroform-d) § 170.9, 170.2, 146.0, 139.5, 136.6, 134.2, 131.1, 130.3, 129.5,
128.8, 128.6, 128.5, 128.3, 128.0, 127.7, 127.3, 125.9, 123.9, 81.2, 72.2, 65.9, 43.0, 37.1, 28.0.
HRMS (ESI+) caled. For C30H33CINO; ([M+H]Y): 490.2143, found: 490.2147.

HPLC chromatogram of compound (2R,7S,E)-3d

WO A. Wavelengine=254 nm (0. HPLC Data 202401130 2022-01-13 08-25-501A1 0 VWD A, Wavelengin=254 nem (D \HPLC Dala 202401134 2022-D1-13 0B 25 54142 D)
......

0 I
i i
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area

—_——— | m————— | === === | # [min] [min] [mAU*s] [mAU

2 22.192 BV

k : 1 17.442 BB
64.96114 28.7620 2 20.359 BB

3 24.450 VB :
4 52.047 BB 18.81717 21.5461 3 25.249 MF
OH (0]
W ofeu
o Ph Y N
Ph
(2R,7S,E)-3e
tert-butyl (2R,7S,E)-7-(4-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7S,E)-3e): yield (80 mg, 82%); colorless oil; [a]"’p = +18.1 (¢ 0.53, CH2Clo); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, >
99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t, = 23.48, 24.58,
25.91 and 28.76 min.

TH NMR (400 MHz, Chloroform-d) 8 7.59 — 7.53 (m, 2H), 7.40 — 7.34 (m, 3H), 7.33 — 7.29 (m, 1H),
7.28 —7.23 (m, 2H), 7.19 — 7.15 (m, 4H), 7.09 — 7.03 (m, 2H), 5.50 — 5.32 (m, 2H), 4.53 (dd, /= 8.2,
4.6 Hz, 1H), 3.91 (dd, /= 6.8, 5.6 Hz, 1H), 2.58 —2.47 (m, 2H), 2.38 —2.32 (m, 1H), 2.28 —2.22 (m,
1H), 1.37 (s, 9H).
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13C NMR (101 MHz, Chloroform-d) § 170.9, 170.2, 142.4, 139.5, 136.6, 132.9, 131.0, 130.3, 128.8,
128.6, 128.5, 128.4, 128.3, 128.0, 127.8, 127.1, 81.2, 72.3, 65.9, 43.0, 37.1, 28.1.
HRMS (ESI+) caled. For C3oHa3CINOs ([M+H]Y): 490.2143, found: 490.2146.

175

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
== | === === | =======—— | === | ======= | # [min] [min] [mAU*s] [mAT] %
1 23.483 BV 0 3204 25.0628

2 24.584 vv : 1 23.613 MF 8.94613 1.5754
3 25.907 VB 59 2 24.335 FM 183.04245 96.1425
4 28.761 BB 66 3 28.831 BB 4.21133 2.2821
OH O
//[:::::]//1\\\,/’§§§¢,/”\\E//1L\c)q3u
Br Ph \f N
Ph
(2R, 7S,E)-3f
tert-butyl (2R,7S,E)-7-(4-bromophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7S,E)-31): yield (98 mg, 92%); colorless oil; [a]'’p =+9.4 (¢ 0.47, CH2CL); The product
was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 99% ee
(Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; = 24.47, 25.66, 26.95
and 30.03 min.

'TH NMR (400 MHz, Chloroform-d) 8 7.64 (d, J= 7.2 1H), 7.46 — 7.37 (m, 6H), 7.36 — 7.31 (m, 2H),
7.19 — 7.11 (m, 4H), 5.56 — 5.40 (m, 2H), 4.59 (dd, J = 8.4, 4.4 Hz, 1H), 3.98 (dd, J = 6.4, 6.4 Hz,
1H), 2.65 — 2.54 (m, 2H), 2.45 — 2.38 (m, 1H), 2.35 — 2.30 (m, 1H), 1.44 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 170.8, 170.2, 142.9, 139.5, 136.5, 131.3, 131.0, 130.3, 128.8,
128.6, 128.5, 128.3, 128.0, 127.7, 127.5, 121.0, 81.2, 72.3, 65.9, 43.0, 37.1, 28.0.

HRMS (ESI+) calcd. For C30H33BrNO;3 ([M+H]"): 534.1638, found: 534.1644.
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HPLC chromatogram of compound (2R,7S.,E)-3f

¥ ,‘,7:@
P o F
Moy B 3 i
&’ ge i
;’f
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAU] % Peak RetTime Type Width Area Height Area
——— | ——————- | === | m—————— | —————————— [ | === | ¥ [min] [min] [mAU*s] [mAU]
1 24.465 MF E 2 49.42738 24.8648
2 25.655 FM 40.10333 23.1028
3 26.947 FM 36 37.66394 23.¢ 2 25.321 FM
4 30.033 FM 1.0899 2673.94165 40.88910 28.049 3 30.081 BB
Me OH 0]
X Y~ “O'Bu
Ph Y N
Ph
(2R,7S,E)-3g
tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(o-tolyl)hept-4-enoate

((2R,7S,E)-3g): yield (88 mg, 94%); colorless oil; [a]"°p = +18.4 (c 0.48, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee
(Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t, = 25.14, 27.38, 31.10
and 41.29 min.

TH NMR (400 MHz, Chloroform-d) 8 7.68 — 7.62 (m, 2H), 7.47 — 7.41 (m, 4H), 7.39 — 7.30 (m, 3H),
7.20 — 7.11 (m, 4H), 7.09 — 7.05 (m, 1H), 5.56 — 5.47 (m, 2H), 4.84 (dd, J = 8.4, 4.0 Hz, 1H), 4.00
(dd, J=6.4,6.0 Hz, 1H), 2.68 —2.57 (m, 2H), 2.45 — 2.38 (m, 1H), 2.34 — 2.28 (m, 1H), 2.26 (s, 3H),
1.45 (s, 9H).

I3C NMR (101 MHz, Chloroform-d)  170.9, 170.1, 142.0, 139.5, 136.6, 134.2, 130.34, 130.25, 130.2,
129.1, 128.8, 128.6, 128.4, 128.0, 127.8, 127.0, 126.2, 125.1, 81.1, 69.5, 65.9, 41.7, 37.1, 28.0, 19.0.
HRMS (ESI+) caled. For C31H36NO3 ([M+H]"): 470.2690, found: 470.2691.

521



’ 200
50 o
3 A .
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] ‘ Peak RetTime Type Width Area Height Area
————m—————— | ———— | m—————— T ———. [ [ | # [min] [min] [mMAU*s] [mAUT] 5
1 25.142 BY e [====]====-=- | ====mm—-- |=========- |=======-
2 27.381 VB 24.527 MF .0551 865 70 136.72385 95.2062
3 31.101 BB 2 26.510 FM 0.8466 33. 7102 4.60074 2.5707
4 41.294 BB 3 30.444 BB 0.8716 202.10471 2.78842 2.2232
OH 0]
Me
X Y T0Bu
Ph\fN
Ph
(2R,7S,E)-3h
tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(m-tolyl)hept-4-enoate

((2R,7S,E)-3h): yield (88 mg, 94%); colorless oil; [a]*°p = +22.9 (¢ 0.62, CH,Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ece
(Chiralpak IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, A = 254 nm); t; =
35.60, 37.08, 42.17 and 48.43 min.

TH NMR (400 MHz, Chloroform-d) § 7.67 — 7.61 (m, 2H), 7.47 — 7.41 (m, 3H), 7.39 — 7.35 (m, 1H),
7.35-7.29 (m, 2H), 7.20 — 7.12 (m, 4H), 7.10 — 7.03 (m, 2H), 5.56 — 5.43 (m, 2H), 4.59 (dd, /= 8.4,
4.4 Hz, 1H), 3.99 (dd, J=17.0, 5.4 Hz, 1H), 2.66 — 2.54 (m, 2H), 2.47 — 2.41 (m, 1H), 2.40 — 2.34 (m,
1H), 2.33 (s, 3H), 1.44 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 170.9, 170.1, 143.9, 139.6, 137.9, 136.6, 130.4, 130.2, 128.9,
128.8, 128.5, 128.4, 128.2, 128.1, 128.0, 127.8, 126.4, 122.8, 81.1, 73.1, 66.0, 43.0, 37.1, 28.0, 21.4.
HRMS (ESI+) caled. For C31H36NO3 ([M+H]"): 470.2690, found: 470.2693.
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HPLC chromatogram of compound (2R,7S,E)-3h

5 4
&
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
== I====1====="" | === [ === | === | # [min] [min] [mAU*=] [mAU] &
1 35.596 BV £ —————— | === | m—————— | m————————— | ————— e | e |
2 37.076 VB 1 36.201 MF 1.0514 1.2511¢6ed 198.32797 95.0704
3 42.172 BB 2 37.684 FM 0.6492 400.34705 10.27870 3.0421
4 48.428 BB 3 43.210 BB 0.9008 248.40707 3.33951 1.8875
OH o}
X~ Y "0Bu
Ph. N
Me Y
Ph
(2R,7S,E)-3i
tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(p-tolyl) hept-4-enoate

((2R,7S,E)-3i): yield (90 mg, 96%); colorless oil; [a]"’p = +7.1 (¢ 0.70, CH2Clz); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99% ee
(Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t. = 25.91, 27.81, 29.17
and 34.37 min.

TH NMR (400 MHz, Chloroform-d) 8 7.59 — 7.53 (m, 2H), 7.38 — 7.33 (m, 3H), 7.32 — 7.22 (m, 3H),
7.14 —7.10 (m, 2H), 7.08 — 7.00 (m, 4H), 5.47 — 5.35 (m, 2H), 4.52 (dd, J = 8.2, 4.6 Hz, 1H), 3.90
(dd, J=7.2, 5.6 Hz, 1H), 2.58 — 2.46 (m, 2H), 2.39 — 2.32 (m, 1H), 2.32 — 2.27 (m, 1H), 2.24 (s, 3H),
1.36 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 170.9, 170.1, 141.0, 139.6, 136.9, 136.6, 130.4, 130.2, 129.0,
128.9, 128.8, 128.5, 128.4, 128.0, 127.8, 125.7, 81.1, 73.0, 66.0, 42.9, 37.1, 28.0, 21.1.

HRMS (ESI+) caled. For C31H36NOs3 ([M+H]"): 470.2690, found: 470.2697.
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HPLC chromatogram of compound (2R,7S,E)-3i

VWD1 A, Wavelength=254 nm (DLC\DATAI20230407\8 2023-04-07 14-38-0218.0) =254 nm (DLC'DATAZ0230407\8 2023-04-07 14-38-02B81.0)
au |
600
AUU:
100 i{y\
5 3
&
%
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] Peak RetTime Type Width Area Heigl Area
——————————— |====|======= | | = e | # [min] [min] [mAU*s] [mAU]
1 25.907 BV ).6941 3178.03271 - [y
2 27.806 vV ).7500 2674.96216 38 1 2 92 MF 0.6774 592.82404 14.58477 3.807
3 29.172 VW R 0.7896 2815.60278 .5916 23.5125 2 27.307 FM 0.8967 1.47143e4 273.47815 94.4974
4 34.370 BB 0.9142 3306.31348  52.36954 27.6103 3 34.269 BB 0.6827 263.98740 4.59955  1.6954
OH 0
X Y “oBu
Ph. N
MeO Y
Ph

(2R,7S,E)-3j

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(4-methoxyphenyl)hept-4-

enoate ((2R,7S,E)-3j): yield (84 mg, 86%); colorless oil; [a]'*p =+28.1 (¢ 0.51, CH,Cl,); The product

was analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee

(Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A =254 nm); t; = 22.66, 24.13, 26.13

and 29.62 min.

TH NMR (400 MHz, Chloroform-d) 8 7.64 (d, J= 7.2 Hz, 2H), 7.46 — 7.41 (m, 3H), 7.40 — 7.36 (m,

1H), 7.35 — 7.30 (m, 2H), 7.24 — 7.20 (m, 2H), 7.17 — 7.10 (m, 2H), 6.83 (d, J = 8.0 Hz, 2H), 5.54 —

5.42 (m, 2H), 4.58 (dd, J= 7.8, 5.0 Hz, 1H), 3.98 (dd, J = 7.0, 5.4 Hz, 1H), 3.78 (s, 3H), 2.66 — 2.54

(m, 2H), 2.45 — 2.33 (m, 2H), 1.44 (s, 9H).

13C NMR (101 MHz, Chloroform-d)  170.9, 170.1, 158.9, 139.6, 136.6, 136.1, 130.4, 130.2, 128.9,

128.8, 128.6, 128.4, 128.0, 127.8, 127.0, 113.7, 81.1, 72.7, 66.0, 55.2, 42.9, 37.1, 28.0.

HRMS (ESI+) caled. For C31H3gNOs ((M+H]): 486.2639, found: 486.2641.
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HPLC chromatogram of compound (2R,7S,E)-3j

T 7, Waveiengine254 nim (DAFPLCIDSIE 202401 1510 2022:01-15 2092 9805.0) TWWOT A WavelRngine 254 i (DA LCIDS 202401150 2022-01-18 20429605.0]
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e &
P T T "
Peak RetTime Type Width Area Are:
# [min] [min] [mAU*s] % Peak RetTime Type Width Area Height Area
== |==== === | ===—=———— | === | ——=———- # [min] [min] [mAU*s] [mAU]
1 22.664 MF 0.9178 3350.02563 33315 29.0475 | |-=-==|====——~ | =——— | = —————— | =————————— | == ———————e | =——————— |
2 24,132 FM 1.2391 2252.3 1 22.677 MF 2 164.58478  3.895 14 2.2501
3 26.133 MF 1.1783 3677.58057 2 24.119 MF 13271 95.1484
4 29.615 FM 1.2585 2252.94653 3 26.000 FM 4150 2.601

OH 0O

\_s PhYN
Ph
(2R,7S,E)-3k

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(thiophen-2-yl)hept-4-enoate
((2R,7S,E)-3K): yield (81 mg, 88%); colorless oil; [a]"°p = +45.4 (c 0.48, CH,Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 4:1 dr, > 99% ee (Chiralpak
IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; = 31.16, 35.55, 37.47 and 51.84
min.

H NMR (400 MHz, Chloroform-d) & 7.58 — 7.54 (m, 2H), 7.37 — 7.23 (m, 6H), 7.14 — 7.10 (m, 1H),
7.09 — 7.05 (m, 2H), 6.85 — 6.81 (m, 2H), 5.50 — 5.39 (m, 2H), 4.81 (dd, J = 7.6, 4.8 Hz, 1H), 3.91
(dd, J= 6.8, 5.6 Hz, 1H), 2.55 — 2.49 (m, 2H), 2.48 — 2.39 (m, 2H), 1.36 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 170.9, 170.2, 147.9, 139.5, 136.6, 131.0, 130.3, 128.8, 128.6,
128.4, 128.1, 128.0, 127.8, 126.5, 124.3, 123.4, 81.4, 69.3, 65.9, 42.9, 37.1, 28.0.

HRMS (ESI+) caled. For C2sH3NO3S ([M+H]"): 462.2097, found: 462.2100.
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HPLC chromatogram of compound (2R,7S,E)-3k

w= )
o &
g 3’?#'?
m’\&‘
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
il Bt |====]======- [====—m—=—= | === |======= | # [min] [min] [mAU*s] [mAU] %
1 31.157 BB 1.1441 2053.90918 )¢ R . Y . [ [ ——— [P
2 35.548 BV 1.1126 2153.87036 1 28.135 BB 1.0004 7548.41748 112.55023 81,1150
3 37.472 VB 1.2723 2654.13403 2 32.090 MF 0.9747 109.44960 1.87144 1.1761
4 51.838 MF 1.9049 1877.50952 3 33.933 FM 1.6682 1647.95313  16.46454 17.7088
OBu

Zin

Ph_
Ph

(2R, 7S,E)-3l
tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-1-yl)hept-4-
enoate ((2R,7S,E)-31): yield (83 mg, 82%); colorless oil; [a]'’>p = +4.1 (¢ 0.51, CH,Cl»); The product
was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99% ee
(Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A =254 nm); t,= 14.21, 15.59, 17.97
and 26.85 min.
'TH NMR (400 MHz, Chloroform-d) 4 8.03 — 7.95 (m, 1H), 7.87 — 7.82 (m, 1H), 7.77 — 7.72 (m, 1H),
7.68 — 7.59 (m, 3H), 7.47 — 7.40 (m, 6H), 7.39 — 7.30 (m, 3H), 7.19 — 7.13 (m, 2H), 5.65 — 5.51 (m,
2H), 5.40 (dd, J = 8.8, 3.6 Hz, 1H), 4.02 (dd, J = 6.4, 6.4 Hz, 1H), 2.66 — 2.61 (m, 2H), 2.54 — 2.39
(m, 2H), 1.45 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 170.9, 170.2, 139.5, 139.4, 136.6, 133.7, 130.5, 130.3, 130.2,
129.2, 128.9, 128.8, 128.6, 128.5, 128.0, 127.8, 127.7, 125.9, 125.4, 125.4, 123.0, 122.8, 81.2, 69.9,
66.0, 42.0, 37.1, 28.0.
HRMS (ESI+) caled. For C34H36NO3 ([M+H]"):506.2690, found: 506.2694.
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HPLC chromatogram of compound (2R,7S,E)-31

=
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L 5
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
——— | | - | ——————— | mm———————— [ —— | ———————— | # [min] [min] [mAU*s] [mAU]
1 14.211 BV 0.5389 1112.84277 0764 | === l=mmmmmm [====]======= | === | —=—=m- | === I
2 15.594 VB 0.6128 1443.15125 28.6290 1 14.198 FM 0.6112 1.04
3 17.974 BB 0.7040 1367.06213 27.1196 2 15.651 ME 0.7044 34€ 3
4 26.853 BB 1.0606 1117.81140 22.1750 3 18.015 MF 0.7661 266.02963

OH 0]

X Y~ TOBu
PhY
Ph

(2R,7S,E)-3m

Zn

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-2-yl)hept-4-
enoate ((2R,7S,E)-3m): yield (77 mg, 76%); colorless oil; [0]'°p =+6.3 (¢ 0.53, CH2Cl,); The product
was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, > 99% ee
(Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A =254 nm); t. = 18.25, 19.37, 20.79
and 22.73 min.

H NMR (400 MHz, Chloroform-d) & 7.82 — 7.76 (m, 4H), 7.67 — 7.62 (m, 2H), 7.46 — 7.37 (m, 7H),
7.35 —7.30 (m, 2H), 7.16 — 7.11 (m, 2H), 5.59 — 5.46 (m, 2H), 4.80 (dd, J = 8.2, 4.2 Hz, 1H), 3.99
(dd, J=7.0, 5.4 Hz, 1H), 2.65 — 2.57 (m, 2H), 2.57 — 2.51 (m, 1H), 2.48 — 2.42 (m, 1H), 1.44 (s, 9H).
13C NMR (101 MHz, Chloroform-d) 8 170.9, 170.2, 141.3, 139.5, 136.6, 133.2, 132.8, 130.7, 130.3,
128.8, 128.7, 128.6, 128.4, 128.0, 127.9, 127.8, 127.8, 127.6, 126.0, 125.7, 124.3, 124.1, 81.2, 73.1,
65.9,42.9, 37.1, 28.0.

HRMS (ESI+) caled. For C34H36NO3 ([M+H]"):506.2690, found: 506.2697.
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HPLC chromatogram of compound (2R,7S,E)-3m

& .
zv K - @;‘5 g
E F a8
5 L &
2
Peak RetTime Type Width
# [min] [min] Peak RetTime Type Width Area Height Area
=== [==== === | === | === | === | # [min] [min] [mAU*s] [mAU] g
1 18.254 MF CT-J [ S — S [ [ [E——
2 19.367 MF 1 18.567 MF 4.2037
3 20.790 MF 19.115 MF 33,0547
4 22,729 FM 3 22.661 MF 2.7416
OH 0]

N

Ph_—
1
(2R,7S,E)-3n
tert-butyl (2R,7S,E)-7-(benzo[b]thiophen-2-yl)-2-((diphenylmethylene)amino)-7-hydroxyhept-
4-enoate ((2R,7S,E)-3n): yield (85 mg, 87%); colorless oil; [a]""p = +17.2 (¢ 0.50, CH2Cly); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 6:1 dr, > 99%
ee (Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t; = 17.02, 18.66,
19.62 and 21.63 min.
H NMR (400 MHz, Chloroform-d) & 7.72 — 7.68 (m, 1H), 7.60 — 7.54 (m, 3H), 7.36 — 7.29 (m, 4H),
7.27 —7.19 (m, 4H), 7.07 — 7.02 (m, 3H), 5.55 — 5.40 (m, 2H), 4.87 (dd, J = 7.6, 4.4 Hz, 1H), 3.91
(dd, J= 6.8, 5.6 Hz, 1H), 2.55 — 2.52 (m, 2H), 2.51 — 2.43 (m, 2H), 1.35 (s, 9H).
I3C NMR (101 MHz, Chloroform-d)  170.9, 170.2, 148.6, 139.5, 139.3, 136.6, 131.38, 131.35, 130.3,
128.8, 128.6, 128.5, 128.0, 127.8, 127.7, 124.2, 124.0, 123.4, 122.4, 119.9, 81.2, 69.7, 65.9, 42.5,
37.1, 28.0.
HRMS (ESI+) caled. For C3H34NOs3S ([M+H]): 512.2254, found: 512.2255.
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HPLC chromatogram of compound (2R,7S,E)-3n

-
50
300
2
250 3 &
!
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mAU] % Peak RetTime Type Width Area Height Area
=== === |====|======= [====————— |========= |======= # [min] [min] [mAU*s ] [mAU] 5
1 17.017 BV 5 ( 62.12012 24 17| oo o [ P [ - ——
2 18.657 VWV 55.94752 24 1 16.817 MF 0.5770 1139.34851  32.91150 11.9556
3 19.624 VB 56 955 26 2 18.354 MF 0.6635 8229.24219 206.70213 86.3522
4 21.625 BB 49 4 3 21.445 BB 0.6324 161.27008 3.75248  1.6923
OH O
)\/\/\)J\otsu
Ph. N
Ph
(2R,7R,E)-30

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxyoct-4-enoate ((2R,7R,E)-30):
yield (62 mg, 79%); colorless oil; [a]*p = +78.0 (c 0.42, CH2Cl»); The product was analyzed by
HPLC to determine the dr value and the enantiomeric excess: 1.7:1 dr, 98% ee (Chiralpak AD-H, i-
propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t; = 6.06, 6.67, 7.88 and 9.97 min.

TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.58 (m, 2H), 7.48 —7.39 (m, 3H), 7.39 — 7.28 (m, 3H),
7.21-7.09 (d, J= 6.6 Hz, 2H), 5.53 — 5.37 (m, 2H), 4.05 — 3.92 (m, 1H), 3.82 — 3.65 (m, 1H), 2.70
—2.51 (m, 2H), 2.22 — 2.11 (m, 1H), 2.11 — 2.00 (m, 1H), 1.442 (s, 2.83H, minor), 1.436 (s, 6.02H,
major), 1.14 (d, /= 6.4 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 171.0, 170.9, 170.11, 170.06, 139.59, 139.57, 136.6, 130.2,
130.1, 130.0, 129.1, 129.0, 128.7, 128.55, 128.52, 128.43, 128.41, 128.0, 127.81, 127.77, 81.1, 81.0,
67.0, 66.9, 66.0, 42.5,37.1, 28.1, 22.6.

HRMS (ESI+) caled. For C2sH3NOs3 ([M+H]"): 394.2377, found: 394.2378.
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HPLC chromatogram of compound (2R,7R,E)-30

o
o g .y?'?r
P S
S
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mMAU*s] [mAU]

—mmm|mmmme |====| === |===mmmmmm- |===mmmmm- |===mmm- | I e — [ ===l | == | === |-—--——- \
1 6.059 BV 0.2591 2837.15674 167.20161 17.0600 1 6.031 MF 0.2742 1.44744e4 879.72296 62.2570
2 6.674 VV 0.2088 5511.17139 307.41818 33.1390 2 6.651 FM 0.2967 8430.17676 473.49783 36.2596
3 7.876 VB 0.3251 5659.89893 251.51981 34.0334 3 7.848 FM 0.3423 210.76344 10.2e361 0.9065
4 9.971 MF 0.3471 2622.21802 125.90105 15.7676 4 9.931 BB 0.3222 134.12590 6.09728 0.5769

OH O

\/k/WJ\OtBU

Ph. _N

T

Ph
(2R,7R,E)-3p

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxynon-4-enoate ((2R,7R,E)-3p):
yield (57 mg, 70%); colorless oil; [a]*p = +57.0 (c 0.41, CH>Cl,); The product was analyzed by
HPLC to determine the dr value and the enantiomeric excess: 1:1 dr, 91% ee (Chiralpak IC, i-
propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t, = 18.62, 20.28, 22.70 and 27.13 min.
TH NMR (400 MHz, Chloroform-d) 8 7.68 — 7.60 (m, 2H), 7.48 — 7.41 (m, 3H), 7.39 — 7.28 (m, 3H),
7.20 — 7.12 (m, 2H), 5.56 — 5.39 (m, 2H), 4.05 — 3.94 (m, 1H), 3.53 — 3.39 (m, 1H), 2.68 — 2.46 (m,
2H), 2.26 — 2.18 (m, 1H), 2.10 — 1.99 (m, 1H), 1.50 — 1.46 (m, 2H), 1.443 (s, 4.15H, minor), 1.437
(s, 5.08H, major), 0.93 — 0.86 (m, 3H).

13C NMR (101 MHz, Chloroform-d) & 170.99, 170.96, 170.10, 170.05, 139.6, 136.6, 130.2, 129.9,
129.2,129.0, 128.8, 128.5, 128.43, 128.41, 128.0, 127.82, 127.79, 81.07, 81.03, 72.1, 72.0, 66.1, 66.0,
40.3,40.2,37.2,37.1,29.4, 28.1, 10.0.

HRMS (ESI+) caled. For C26H34NO3 ([M+H]"): 408.2533, found: 408.2534.
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HPLC chromatogram of compound (2R,7R,E)-3p

mAU

18239
T,

& 5 &
& o Py &
50
25 -
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
+ [min] [min] [mAU*s] [mATT] % i [min] [min] [mAU*s] [mAU]

1 18.239 FM 0.7197 3913.60840 90.63604 48.7228
19.837 VB ]2 69.03400 46,3350
3 22.297 BB 4.12692 2.6322

4 26.736 BB 3.04313 2.3100

(2R,7S,E)-3q
tert-butyl (2R,7S8,E)-7-cyclohexyl-2-((diphenylmethylene)amino)-7-hydroxyhept-4-enoate
((2R,7S,E)-3q): yield (74 mg, 80%); colorless oil; [a]*°p = +30.4 (¢ 0.56, CH,Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 6:1 dr, >99% ee (Chiralpak
IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, A = 254 nm); t. = 28.24, 30.19,
33.25 and 35.83 min.

TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.61 (m, 2H), 7.47 — 7.41 (m, 3H), 7.39 — 7.29 (m, 3H),
7.19 —7.13 (m, 2H), 5.53 — 5.40 (m, 2H), 3.98 (dd, /= 6.8, 5.6 Hz, 1H), 3.33 — 3.23 (m, 1H), 2.67 —
2.54 (m, 2H), 2.26 —2.19 (m, 1H), 2.08 — 1.98 (m, 1H), 1.84 — 1.61 (m, 7H), 1.44 (s, 9H), 1.20 - 1.14
(m, 2H), 1.07 — 0.95 (m, 2H).

13C NMR (101 MHz, Chloroform-d) 8 170.9, 170.1, 139.6, 136.6, 130.2, 129.9, 129.7, 128.8, 128.5,
128.4, 128.0, 127.8, 81.1, 74.7, 66.0, 42.9, 37.5, 37.2, 29.1, 28.2, 28.1, 26.5, 26.2, 26.1.

HRMS (ESI+) caled. For C30H4oNO3 ([M+H]"): 462.3003, found: 462.3010.
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HPLC chromatogram of compound (2R,7S.E)-3q

&
2 &
P
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] (mAU]J Peak RetTime Type Width Area Height Area

il Sttt Bl Rttt ===l | ====———=1 #  [min] [min] [mAU*=] [mAU]

1 28.242 BB 0.7407 518.53638 10.75115 20.0971 | |eceojoooeoo |mm—— | m—————— [

2 30.188 BB 0.7958 4 13.98249 2 € 1 28.937 BB

3 33.246 BB 0.9167 . 156 12.9 2 31.064 MF

4 35.826 BB 0.9223 526.05438 : 3 34.172 FM

OH 0
N o)
<N
T
Ph

(2R,7S,E)-Gly-Gly-3r

tert-butyl ((2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)glycinate
((2R,7S,E)-Gly-Gly-3r): yield (78 mg, 76%); colorless oil; [0]*’p = -85.0 (¢ 0.62, CH,Cl>); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, >
99% ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t; = 9.77,
10.64, 12.47 and 13.94 min.

TH NMR (400 MHz, Chloroform-d) 8 7.70 — 7.66 (m, 2H), 7.53 — 7.48 (m, 1H), 7.46 — 7.41 (m, 4H),
7.40 — 7.35 (m, 2H), 7.32 — 7.27 (m, 4H), 7.24 — 7.20 (m, 1H), 7.14 — 7.09 (m, 2H), 5.54 — 5.38 (m,
2H), 4.59 (dd, J=9.0, 3.8 Hz, 1H), 4.11 — 4.03 (m, 2H), 3.92 (dd, /= 18.0, 5.2 Hz, 1H), 2.54 — 2.41
(m, 3H), 2.33 — 2.24 (m, 1H), 1.48 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 172.9, 169.5, 168.8, 144.1, 139.1, 135.6, 130.7, 130.0, 129.3,
128.9, 128.73, 128.67, 128.2, 127.6, 127.1, 125.6, 82.0, 72.6, 65.8, 43.4, 41.6, 39.1, 28.0.

HRMS (ESI+) caled. For C3H37N204 ([M+H]Y): 513.2748, found: 513.2749.
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HPLC chromatogram of compound (2R,7S,E)-Gly-Gly-3r

DAD A, Sg-25+4 Ref=350 100 (0 WPLCDRa 2023 102818 2023 10.27 19,25 35004 0] DA A, 5-2594 Ref=330 100 [0 HPLCDA203 1026 2023 1027 18.26-3507 B
u au
70
250
1 &0
20 =00
. . a0 : o
L S
':'ﬂ,s‘? p 300
. h\f’ 3 ."’q:
g 7 & l
B g Q.@;“ 00
0 £ty
00 R &
5 ¥ 3 @
) ) = pE
2 1 1 1 16 18 m 8 10 18 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU] % Peak RetTime Type Width Area Height Area
| [y P | —mmmm [ — [ — | 4 [min] [min] [mAU*=] [mAU]
0.5676 3455.29468 101.46545 === === |====]======= | === | === [ === I
0.6758 2514. 4 62.02573 1 9.871 MF 0.3590 320.46637 14.87823 2.5835
0.792 7 72.00500 2 10.492 FM 0.6514 1.19196e4 304.97012 96.0928
0 44.,12298 3 12.404 FM 0.7856 164.19832 3.48343 1.3237

Ph N

Ph
(2S,7R,E)-Gly-Gly-3r

tert-butyl ((2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)glycinate
((28,7R,E)-Gly-Gly-3r): yield (79 mg, 77%); colorless oil; [a]*°p = +86.1 (¢ 0.45, CH2Cl,); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, >
99% ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t; = 9.77,
10.64, 12.47 and 13.94 min.

HRMS (ESI+) caled. For C3H37N204 ([M+H]Y): 513.2748, found: 513.2747.

HPLC chromatogram of compound (28,7R,E)-Gly-Gly-3r

DAD1 A, Sig=254,4 Ref=350,100 (D \HPLC\Data'20231026'E 2023-10.27 19.25.35\D4 D) DAD1 A, Sig=254,4 Ref=360,100 (D HPLC\Datal20231026\E 2023-10-27 19-28-3506.0)
AU mAU
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0 400
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| ® oy
0
8 il i} 1 16 18 i 8 10 1; 1. 3 18 __ min|
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Peak RetTime Type Width Area Height Area

; [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
=== |- | === === | === | === | === | # [min] [min] [mAU*s] [mAU]
).5676 3455. 101.46545 28.7964 ————| - | === === | === | === | === |
). 6758 2514. 62.02573 20.9588 1 9.722 BB 0.3939 128.06172 82186
).77920 3421.5346 72.00500 2 12.342 MF 0.9489 411.46701
4 13.936 FM 0.9849 2607.36938 44.12298 21.7298 3 13.618 FM 0.9027 1.09064e4
OH 0]
X Y TOBu
Me PhYN
Ph
(2R,7S,E)-3s
tert-butyl (2R,7S8,E)-2-((diphenylmethylene)amino)-7-hydroxy-6-methyl-7-phenylhept-4-

enoate ((2R,7S,E)-3s): yield (70 mg, 75%); colorless oil; [a]*p = +12.1 (¢ 0.42, CH2CL); The
product was analyzed by '"H NMR to determine the dr value: 1.3:1 dr.

TH NMR (400 MHz, Chloroform-d) & 7.69 — 7.59 (m, 2H), 7.49 — 7.40 (m, 3H), 7.39 — 7.28 (m, 5H),
7.25—-17.11 (m, 5SH), 5.64 — 5.51 (m, 0.59H, minor), 5.49 — 5.35 (m, 1.42H, major), 4.56 (d, J=5.2
Hz, 0.38H, minor), 4.22 (d, /= 8.4 Hz, 0.57H, major), 4.02 (dd, J= 7.2, 5.6 Hz, 0.58H, major), 3.96
(dd, J=17.2, 5.6 Hz, 0.42H, minor), 2.67 — 2.52 (m, 2H), 2.46 — 2.28 (m, 1H), 1.45 (s, 4.52H, major),
1.44 (s, 4.02H, minor), 0.90 (d, J = 6.8 Hz, 1.29H), 0.77 (d, J = 6.8 Hz, 1.72H).

I3C NMR (101 MHz, Chloroform-d) § 170.9, 170.1, 170.0, 142.4, 142.3, 139.61, 139.57, 136.6, 135.3,
134.7, 130.3, 130.2, 129.1, 128.8, 128.6, 128.54, 128.51, 128.4, 128.1, 128.0, 127.9, 127.8, 127.7,
127.54, 127.49, 127.1, 127.0, 126.4, 81.2, 81.1, 77.9, 76.9, 66.2, 65.9, 45.8, 43.7, 37.3, 37.1, 28.1,
16.8, 14.0.

HRMS (ESI+) caled. For C3H3eNOs ([M+H]"): 470.2690, found: 470.2689.

OH 0]

v OBu
Y
Ph

(2R, 7S,E)-3t

;

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-4-methyl-7-phenylhept-4-
enoate ((2R,7S,E)-3t): yield (67 mg, 71%); colorless oil; [a]*’p =+54.4 (c 0.41, CH2Cl,); The product

was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, > 99% ee
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(Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t, = 23.93, 28.07, 32.10
and 34.49 min.

'"H NMR (400 MHz, Chloroform-d) 8 7.66 — 7.58 (m, 2H), 7.44 — 7.39 (m, 3H), 7.39 — 7.26 (m, 7H),
7.24 - 7.21 (m, 1H), 7.14 — 7.06 (m, 2H), 5.25 (dd, /= 7.6 , 7.6 Hz, 1H), 4.61 (dd, J = 8.0, 4.8 Hz,
1H), 4.06 (dd, J = 8.0, 5.2 Hz, 1H), 2.64 (dd, J = 13.2, 5.2 Hz, 1H), 2.53 (dd, J = 13.2, 8.0 Hz, 1H),
2.47 —2.33 (m, 2H), 1.45 (s, 9H), 1.40 (s, 3H).

I3C NMR (101 MHz, Chloroform-d) & 171.3, 169.7, 144.1, 139.7, 136.4, 135.5, 130.2, 128.7, 128.5,
128.3, 128.3, 128.0, 127.9, 127.3, 125.7, 123.2, 81.1, 73.6, 64.9, 44.0, 38.4, 28.1, 16.5.

HRMS (ESI+) caled. For C31H36NO3 ([M+H]"): 470.2690, found: 470.2691.

HPLC chromatogram of compound (2R,7S,E)-3t

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]
il Bttt | === === | ======== | === [mmmmmm
1 23.734 BB 0.7510 130.68596 2.2891¢
¢

2 27.713 BB 1.0329 1.05208e4 151. 7.4860

4 34.487 FM 3 31.857 BB 0.8839 140.63211 1 1.3031
OH Me O
X Y TOBu
Ph Y N
Ph
(2R,7S,E)-3u
tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-3-methyl-7-phenylhept-4-

enoate ((2R,7S,E)-3u): yield (62 mg, 66%); colorless oil; [a]*’p = +34.6 (c 0.46, CH2Cl,); The
product was analyzed by "H NMR to determine the dr value: 2.5:1 dr.

TH NMR (400 MHz, Chloroform-d) 8 7.69 — 7.60 (m, 2H), 7.45 —7.39 (m, 3H), 7.39 — 7.27 (m, 7H),
7.25 —7.23 (m, 1H), 7.16 — 7.07 (m, 2H), 5.84 — 5.72 (m, 0.67H, minor), 5.60 — 5.39 (m, 1.30H,
major), 4.68 (dd, J = 8.4, 4.0 Hz, 0.66H, major), 4.61 (dd, J = 8.8, 4.0 Hz, 0.31H, minor), 3.83 (d, J
=5.2 Hz, 0.64H, major), 3.79 (d, J= 6.8 Hz, 0.29H, minor), 2.95 - 2.77 (m, 1H), 2.63 — 2.45 (m, 1H),

2.45-2.17 (m, 2H), 1.44 (s, 2.31H, minor), 1.43 (s, 6.68H, major), 1.05 (d, /= 6.8 Hz, 0.82H, minor),
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0.98 (d, J= 6.8 Hz, 2.13H, major).

13C NMR (101 MHz, Chloroform-d) & 170.8, 170.7, 170.4, 170.1, 144.1, 144.0, 139.6, 137.1, 136.8,
136.6, 130.2, 128.8, 128.51, 128.46, 128.42, 128.40, 128.3, 128.0, 127.8, 127.2, 126.3, 126.2, 125.8,
125.7, 81.1, 81.0, 73.0, 72.9, 71.0, 70.8, 43.2, 42.9, 41.2, 40.8, 28.1, 17.4, 16.7.

HRMS (ESI+) caled. For C31H3sNO3 ([M+H]"): 470.2690, found: 470.2696.

v~ TOBu

A
PhY
Ph
(2R,7R,E)-3a

Zn

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate
((2R,7R,E)-3a): yield (87 mg, 96%); colorless oil; [a]*’p = +78.7 (c 0.57, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak
IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t. = 26.30, 29.76, 31.69 and 47.59
min.

"H NMR (400 MHz, Chloroform-d) 8 7.64 (d, J= 7.6 Hz, 2H), 7.46 — 7.29 (m, 10H), 7.25 — 7.22 (m,
1H), 7.19 - 7.13 (m, 2H), 5.59 — 5.43 (m, 2H), 4.63 (dd, /=8.2, 4.6 Hz, 1H), 4.00 (t, /= 6.4 Hz, 1H),
2.66 —2.55 (m, 2H), 2.48 — 2.35 (m, 2H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 171.0, 170.1, 143.9, 139.6, 136.6, 130.7, 130.2, 128.8, 128.5,
128.4, 128.3, 128.0, 127.8, 127.3, 125.7, 81.1, 73.1, 66.0, 42.9, 37.0, 28.0.

HRMS (ESI+) caled. For C30H34NO3 ([M+H]"): 456.2533, found: 456.2540.

HPLC chromatogram of compound (2R,7R,E)-3a

““““
00
0 0
200
@
g & 4 50
SR B
[
o
z &
&
Peak RetTime Type Width Area Height Area - —
# [min] [min] [mAU*s] [mAU] . Peak RetTime Type Width Area Height Area
S [ P | mmmmmm e |mmmmmm e | mm # [min] [min] [mAU*s] [mAU] %
1.4934 1391.01367  15.52366 22.4279 | [-===l-===-=- I====l=mmm [=mmmmmee U |
1.3096 1696.83582 21.59413 27.35 1 4 MF 0.7280 238.21719 5.45374  1.7430
1.3572 1716. 3 21.08306 27.6819 2 29.715 FM 1.2220 1.31410e4 179.22752  96.1510
1.9347 1397.43835  12.03840 22,5315 3 47.499 BB 1.3212 287.82278 2.59463  2.1060
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OH 0]

X O'Bu
Ph Y N
Ph
(2S,7S,E)-3a
tert-butyl (28,78,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoate

((28,7S,E)-3a): yield (86 mg, 96%); colorless oil; [0]*°p = -77.6 (c 0.57, CH,Cl,); The product was
analyzed by HPLC to determine the dr value and enantiomeric excess: > 20:1 dr, > 99% ee (Chiralpak
IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t. = 26.30, 29.76, 31.69 and 47.59
min.

HRMS (ESI+) caled. For C30H3aNO3 ([M+H]"): 456.2533, found: 456.2537.

HPLC chromatogram of compound (2S8,7S,E)-3a

300
7
£ % 280
o 2 2
wf’ . 200
=
g 4
&
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
R — | —==m | m—m———— [ | mmmmm e | m e # [min] [min] [mAU*s] [mAU] %
15.52366 22,4279 | |77 7lm0mm00o L e R | ===mmmmmm | ===
21.59413 27.3588 6.336 0.9886 226.17250 3.81289  1.5918
21.08306 27.6819 1.1521 1.37537e4 179.87622 96.7981
12.03840 22.5315 1.3099 228.77431 2.04857 1.6101
OH 0
X Y TOBu
Pho_N
F Y
Ph
(2R,7R,E)-3b
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-(4-fluorophenyl)-7-hydroxyhept-4-

enoate ((2R,7R,E)-3b): yield (77 mg, 81%); colorless oil; [o]'*p = +87.1 (¢ 0.52, CH,Cl); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99%

ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t, = 18.31, 20.12,
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22.05 and 30.93 min.

TH NMR (400 MHz, Chloroform-d) 8 7.69 — 7.60 (m, 2H), 7.45 — 7.30 (m, 6H), 7.28 — 7.25 (m, 2H),
7.17=7.13 (m, 2H), 7.00 — 6.94 (m, 2H), 5.60 — 5.40 (m, 2H), 4.61 (dd, J= 7.8, 4.6 Hz, 1H), 4.00 (t,
J=6.2 Hz, 1H), 2.65 — 2.53 (m, 2H), 2.46 — 2.31 (m, 2H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 171.0, 170.2, 162.0 (d, J = 245.7 Hz), 139.6 (d, J = 2.9 Hz),
139.6, 136.6, 130.9, 130.3, 128.8, 128.5, 128.4, 128.2, 128.0, 127.8, 127.4 (d, J = 8.0 Hz), 115.1 (d,
J=21.2Hz),81.1,77.2,72.5,65.9,42.9, 37.0, 28.1.

19F NMR (376 MHz, Chloroform-d) & -115.42 — -115.64 (m).

HRMS (ESI+) caled. For C30H33FNO3 ([M+H]"): 474.2439, found: 474.2432.

HPLC chromatogram of compound (2R,7R,E)-3b

f’“ &
»
i&‘a\
0 32 34 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width
| - i [min] [min] [mAU*s
43.42568 23 37 ———— | m——————- [ e
47.51143 93 1 18.579 MF 0.9187 492. 05
43.96163 27.4019 2 20.488 FM 0.8453 7479.0 33

23.94411 21.1900 3 31.449 MM 1.3189 153.19603

F OH 0
X Y~ "OBu
PhYN
P

(2R,7R,E)-:c
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-(2-fluorophenyl)-7-hydroxyhept-4-
enoate ((2R,7R,E)-3¢): yield (76 mg, 80%); colorless oil; [a]'>p = +86.9 (¢ 0.53, CH2Cly); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 11:1 dr, 99%

ee (Chiralpak IF + Chiralpak IF, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; =
18.77, 19.68, 20.47 and 22.37 min.
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'TH NMR (400 MHz, Chloroform-d) 8 7.66 — 7.62 (m, 2H), 7.45 — 7.36 (m, 5H), 7.35 — 7.30 (m, 2H),
7.23 -=7.19 (m, 1H), 7.18 = 7.15 (m, 2H), 7.10 — 7.05 (m, 1H), 7.01 — 6.95 (m, 1H), 5.60 — 5.45 (m,
2H), 4.96 (dd, J= 8.4, 4.0 Hz, 1H), 4.00 (dd, /= 7.0, 5.4 Hz, 1H), 2.62 — 2.47 (m, 3H), 2.39 — 2.32
(m, 1H), 1.44 (s, 9H).

I3C NMR (101 MHz, Chloroform-d) 171.0, 170.1, 159.6 (d, J=246.4 Hz), 139.6, 136.6, 131.0, 130.2,
128.8, 128.6, 128.5, 128.4, 128.2, 128.0, 127.8, 127.2 (d, /= 4.4 Hz), 124.1 (d, /= 3.5 Hz), 115.1 (d,
J=219Hz),81.1,67.0 (d, J = 2.5 Hz), 66.0, 41.5, 37.0, 28.1.

19F NMR (376 MHz, Chloroform-d) § -119.69 — -119.81 (m).

HRMS (ESI+) caled. For C30H33FNO3 ([M+H]"): 474.2439, found: 474.2437.

HPLC chromatogram of compound (2R,7R,E)-3¢

WWD1 A, Wavelength=254 nm (DLCIDATAI202404100A 2024-04-10 22-12-31141.0)
o &
;‘MP r =
& & L
g ¢
A 200 |
o %f =¥
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] % # [min] [min] [mAU*s] [mAU]
il Bttt [====|======- |========== | === | === I
1 18.705 MF 0.3545 7T84: 578 368.96945 91.2901
2 19.651 MF 0.4049 37¢ 8 15.59919 4.4072
3 20.441 FM 0.4698 318.89145 11.31284 3.7090
4 21.741 FM 0.4322 51.04554 1.96861 0.5937
OH 0
Cl A
X Y T0OBu
Ph._N
Ph
(2R,7R,E)-3d
tert-butyl (2R,7R,E)-7-(3-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate((2R,7R,E)-3d): yield (95 mg, 97%); colorless oil; [a]°p = +73.0 (¢ 0.57, CH2CL); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99%

ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; = 18.04, 22.19,
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24.45 and 52.05 min.

H NMR (400 MHz, Chloroform-d) & 7.67 — 7.61 (m, 2H), 7.46 — 7.30 (m, 7H), 7.23 — 7.13 (m, SH),
5.62 —5.40 (m, 2H), 4.60 (dd, J=8.2, 4.2 Hz, 1H), 4.01 (t,J= 6.0 Hz, 1H), 2.65 — 2.55 (m, 2H), 2.48
—2.41 (m, 1H), 2.34 — 2.30 (m, 1H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 171.0, 170.2, 146.1, 139.5, 136.6, 134.2, 131.3, 130.3, 129.5,
128.8, 128.6, 128.4, 128.0, 127.8, 127.4, 125.9, 123.9, 81.1, 72.3, 65.9, 42.8, 37.0, 28.1.

HRMS (ESI+) caled. For C3oHa3CINOs ([M+H]Y): 490.2143, found: 490.2147.

HPLC chromatogram of compound (2R,7R,E)-3d

D1 A Wavesngie254 nm (O HPLC Dat@202401 1314 2022-01-13 08-25-501A1.D) VWD &, Wavelengin=254 nm (D FPLC D020 15k 2022-01-13 062554147 D]
"

Peak RetTime Type Width Area Height Area

# [min] [mAU] % Peak RetTime Type Width Area Height Area
- | === === | ==—== | === | === | # [min] [min] [mAU*s] [mAU]
1 18.044 BB 50 62 7 21.5644
2 22,192 BV 66 28.1275 1 0 2 6
3 24.450 VB 64,96114 1620 2 0.7705 8464.11133
4 52.047 BB 18.81717 21.5461 1.3725 242.32547
OH o)
X Y~ “O'Bu
Ph N
cl Y
Ph
(2R.7R,E)-3e
tert-butyl (2R,7R,E)-7-(4-chlorophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-

enoate ((2R,7R,E)-3e): yield (91 mg, 93%); colorless oil; [a]'>p = +82.8 (¢ 0.53, CH2Cly); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99%
ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t, = 23.48, 24.58,
25.91 and 28.76 min.

TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.61 (m, 2H), 7.46 — 7.41 (m, 3H), 7.41 — 7.36 (m, 1H),
7.41 —17.36 (m, 2H), 7.26 — 7.21 (m, 4H), 7.18 — 7.12 (m, 2H), 5.60 — 5.39 (m, 2H), 4.61 (dd, J = 8.0,
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4.4 Hz, 1H), 4.00 (t, J= 6.2 Hz, 1H), 2.63 — 2.54 (m, 2H), 2.46 — 2.39 (m, 1H), 2.36 — 2.31 (m, 1H),
1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 171.0, 170.2, 142.4, 139.5, 136.6, 132.8, 131.1, 130.3, 128.8,
128.6, 128.43, 128.38, 128.0, 127.8, 127.1, 81.1, 72.3, 65.9, 42.8, 37.0, 28.0.

HRMS (ESI+) caled. For C3H33CINO; ([M+H]): 490.2143, found: 490.2140.

HPLC chromatogram of compound (2R,7R,E)-3e

175
150
125
s
g &
7 g m
50
2% 2
S P
&
E T T T T "
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 2 Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*=] [mAU]
e e | === | =mmm - | -mmmmmmm - | =mmmmmm- |==mmmmm- |
1 23.253 MF 8573 1.06238e4 206 2.1492
2 24.498 MF 0.4165 615.21277 18. 5.3363
3 26.020 FM 0.9477 289,90277 2.5146

OH 0]

W o
Ph_N
Br \\f’

Ph
(2R,7R,E)-3f

tert-butyl (2R,7R,E)-7-(4-bromophenyl)-2-((diphenylmethylene)amino)-7-hydroxyhept-4-
enoate ((2R,7R,E)-3f): yield (100 mg, 94%); colorless oil; [a]""p = +85.0 (¢ 0.44, CH>Cl,); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99%
ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; = 24.47, 25.66,
26.95 and 30.03 min.

'TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.61 (m, 2H), 7.46 — 7.31 (m, 8H), 7.20 — 7.11 (m, 4H),
5.60 —5.38 (m, 2H), 4.59 (dd, J=7.8, 4.6 Hz, 1H), 4.00 (t,J= 6.2 Hz, 1H), 2.64 -2.52 (m, 2H), 2.46
—2.39 (m, 1H), 2.37 -2.31 (m, 1H), 1.43 (s, 9H).

I3C NMR (101 MHz, Chloroform-d) & 171.0, 170.2, 142.9, 139.5, 136.6, 131.3, 131.1, 130.3, 128.8,
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128.6, 128.4, 128.02, 127.99, 127.8, 127.5, 121.0, 81.1, 72.4, 65.9, 42.8, 37.0, 28.0.
HRMS (ESI+) caled. For C30H33BrNO; ([M+H]"): 534.1638, found: 534.1633.

HPLC chromatogram of compound (2R,7R,E)-3f

a0
) . 200 5
s & # . 2
2 ;&11 0 150
w i}?'
—_——
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAU] % Peak RetTime Type Width Area Height Area
| # [min] [min] [mAU*s] [mAU] §
1 24.465 MF 0.7993 2370.32544 49.42738 24.8648 | |- |-——————— |==== === | === | === | === |
2 25.655 FM 0.9 2202.36450 40.10333 23.1028 1 24.110 MF 0.8874 7994.24707 150.14470 92.0963
3 26.947 FM 1.0117 2286.24121 37.66394 23.9827 2 25.349 MF 0.3982 437.39340 14.20834 5.0389
4 30.033 FM 1.0899 2673.94165 40.88910 28.0497 3 26.894 FM 1.0130 248.67134 4.09144 2.8648
Me OH 0
X Y~ TOBu
Ph N
Ph
(2R,7R,E)-3g
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(o-tolyl)hept-4-enoate

((2R,7R,E)-3g): yield (70 mg, 75%); colorless oil; [a]'°p = +85.5 (c 0.48, CH,Cl»); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, 98% ee (Chiralpak
IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t. = 25.14, 27.38, 31.10 and 41.29
min.

'TH NMR (400 MHz, Chloroform-d) & 7.67 — 7.62 (m, 2H), 7.45 — 7.40 (m, 4H), 7.39 — 7.30 (m, 3H),
7.21 —7.13 (m, 4H), 7.12 — 7.09 (m, 1H), 5.60 — 5.48 (m, 2H), 4.85 (dd, J = 8.4, 4.0 Hz, 1H), 4.01
(dd,J=7.4,5.4Hz, 1H), 2.67 —2.56 (m, 2H), 2.45 — 2.39 (m, 1H), 2.35 — 2.30 (m, 1H), 2.28 (s, 3H),
1.44 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 171.0, 170.1, 142.0, 139.6, 136.6, 134.2, 130.5, 130.2, 128.9,
128.8, 128.5, 128.4, 128.0, 127.8, 127.0, 126.2, 125.1, 81.1, 69.6, 66.0, 41.5, 37.1, 28.1, 19.0.
HRMS (ESI+) caled. For C31H36NO3 ([M+H]"): 470.2690, found: 470.2694.
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HPLC chromatogram of compound (2R,7R,E)-3g

T & Waverengh=254 m (0 HPLC DA 20240t 150
au
300
o #
g,
3 _ &
E B
EF g o g A"
& g ol
) 1‘0 0 R T S
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAU] % # [min] [min] [mAU*s] [mAU] g
=== - |======- | === | === | === | ininiaial Rttt |====] === | ========== === [ |
1 25.142 BV 0.9046 1314.24036 1 24.269 MM 0.9643 235 4.07226 2.4841
2 27.381 VB 1.0323 2185.32861 2 26.209 MF 1.1042 888 566 134.05222 93.6390
3 31.101 BB 1.1250 1943.81995 3 28.296 FM 0.7892 96.11207 2.02963 1.0134
4 41.294 BB 1.4303 1406.99451 4 40.052 MM 1.9306  271.58871 2.34461 2.8635
OH 0
Me s
X Y~ ~OBu
Ph\fN
Ph
(2R,7R,E)-3h
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(m-tolyl)hept-4-enoate

((2R,7R,E)-3h): yield (75 mg, 80%); colorless oil; [o]°p = +86.7 (¢ 0.50, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, > 99% ee
(Chiralpak IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, A = 254 nm); t; =
35.60, 37.08, 42.17 and 48.43 min.

H NMR (400 MHz, Chloroform-d) § 7.67 — 7.61 (m, 2H), 7.46 — 7.40 (m, 3H), 7.39 — 7.30 (m, 3H),
7.21 —7.13 (m, 4H), 7.10 — 7.04 (m, 2H), 5.58 — 5.43 (m, 2H), 4.59 (dd, J = 8.2, 4.6 Hz, 1H), 4.00
(dd, J=7.2, 5.6 Hz, 1H), 2.65 — 2.55 (m, 2H), 2.49 — 2.36 (m, 2H), 2.33 (s, 3H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 171.0, 170.1, 143.9, 139.6, 137.9, 136.6, 130.5, 130.2, 128.8,
128.7,128.5, 128.4, 128.2, 128.1, 128.0, 127.8, 126.4, 122.8, 81.0, 73.2, 66.0, 42.8, 37.0, 28.1, 21.4.
HRMS (ESI+) caled. For C31H36NO3 ([M+H]"): 470.2690, found: 470.2696.
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HPLC chromatogram of compound (2R,7R,E)-3h

o e
g & g 4
O H
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
———— | ——————— |————]-- - # [min] [min] [mAU*3] [mAU] §
1 35.596 BV ) |- | —===| === |--—-
2 37.076 VB 0.993 3 E 3 1 36.126 FM 0.7375
3 42.172 BB 1.1217 4668.31738 2 37.189 FM 1.0929 1 5 3
4 48.428 BB 1.2574 3613.95337 48.909 MF 1.7696 371.95813 3.50319 3.3940
OH o)
X Y "OBu
Ph N
Me \(
Ph
(2R,7R,E)-3i
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(p-tolyl)hept-4-enoate

((2R,7R,E)-3i): yield (83 mg, 88%); colorless oil; [a]"’p = +77.6 (¢ 0.52, CH2Cl»); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 12:1 dr, > 99% ee
(Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t. = 35.66, 38.51, 40.38
and 48.37 min.

'TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.61 (m, 2H), 7.45 — 7.40 (m, 3H), 7.39 — 7.30 (m, 3H),
7.20 — 7.13 (m, 4H), 7.12 — 7.09 (m, 2H), 5.57 — 5.42 (m, 2H), 4.59 (dd, /= 7.8, 5.0 Hz, 1H), 3.99
(dd, J=7.2, 5.2 Hz, 1H), 2.65 — 2.55 (m, 2H), 2.45 — 2.35 (m, 2H), 2.32 (s, 3H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 171.0, 170.1, 141.0, 139.6, 136.9, 136.7, 130.4, 130.2, 129.0,
128.8, 128.7, 128.5, 128.4, 128.0, 127.8, 125.7, 81.0, 73.1, 66.0, 42.8, 37.0, 28.0, 21.0.

HRMS (ESI+) caled. For C31H36NO3 ([M+H]"): 470.2690, found: 470.2688.
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HPLC chromatogram of compound (2R,7R,E)-3i
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| (min] | (min] | (mAU*2] ‘ fAs | B | # [min] [min] [mAU*s] [mAU] 3
_______________ ey
; . el ettt |====== [========== === | ====—===
1 35.656 MF 2101.2553 5
: ) e . i 1 1.2991 1.01663e4 130.42726 92
2 38.511 MF 1719.55811 - Se08 AR 40110 R 2 .
T 40.381 FM 1939.48169 2 1.3508 545.40112 6.72925 1.9456
) = 3 ‘ 316.3828 .63393 2.868
4 48,371 MF 2239 3 1.4511 316.38281 3.63393 2.86
OH o)
X Y "OBu
Ph.__N
MeO Y
Ph

(2R,7R,E)-3j
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(4-methoxyphenyl)hept-4-
enoate ((2R,7R,E)-3j): yield (81 mg, 84%); colorless oil; [a]"°p = +79.3 (¢ 0.47, CH2Cly); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, > 99%
ee (Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t, = 22.66, 24.13,
26.13 and 29.62 min.
TH NMR (400 MHz, Chloroform-d) & 7.64 (d, J = 7.6 Hz, 2H), 7.46 — 7.40 (m, 3H), 7.39 — 7.30 (m,
3H), 7.24 — 7.20 (m, 2H), 7.18 — 7.13 (m, 2H), 6.83(d, J= 8.4 Hz, 2H), 5.57 — 5.41 (m, 2H), 4.58 (dd,
J=7.6,5.2Hz, 1H), 3.9 (t, /= 6.4 Hz, 1H), 3.78 (s, 3H), 2.64 — 2.54 (m, 2H), 2.45 — 2.34 (m, 2H),
1.43 (s, 9H).
13C NMR (101 MHz, Chloroform-d) § 171.0, 170.1, 158.9, 139.6, 136.6, 136.1, 130.4, 130.2, 128.8,
128.7, 128.5, 128.4, 128.0, 127.8, 127.0, 113.7, 81.0, 72.9, 66.0, 55.2, 42.7, 37.0, 28.0.
HRMS (ESI+) caled. For C31H36NO4 ([M+H]"): 486.2639, found: 486.2645.
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HPLC chromatogram of compound (2R,7R,E)-3j

7 . Waveiengin=254 am (DHPLCIDAE 202201150 2022 0115 204298105.0) VWO A WavenatheT5 nm (B LG D 0e
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Peak RetTime Type Width Area
# [min] [min] [mAU*s] Peak RetTime Type Width Area Height Area
=== === [====]======= el el ot # [min] [min] [mAU*s] [mAU] ‘
1 22.664 MF 0.9178 3350.02563
2 24.132 FM 1.2391 2252.3 94.5775
3 26.133 MF 1.1783 3677.58057 2 24.044 FM 0.5661 384 11.30920 2.7843
4 29.615 FM 1.2585 2252.94653 2 MM 1.2420 63 4.88440 2.6382

OH 0
~r X v~ ~OBu
\_s Ph\fﬂ
Ph
(2R,7R,E)-3k

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(thiophen-2-yl)hept-4-enoate
((2R,7R,E)-3Kk): yield (83 mg, 90%); colorless oil; [a]°p = +72.5 (¢ 0.56, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 9:1 dr, > 99% ee (Chiralpak
IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; = 31.16, 35.55, 37.47 and 51.84
min.

H NMR (400 MHz, Chloroform-d) & 7.67 — 7.60 (m, 2H), 7.46 — 7.30 (m, 6H), 7.22 — 7.18 (m, 1H),
7.17 —7.12 (m, 2H), 6.94 — 6.89 (m, 2H), 5.61 — 5.45 (m, 2H), 4.92 — 4.85 (m, 1H), 4.00 (dd, J= 7.0,
5.4 Hz, 1H), 2.64 — 2.57 (m, 2H), 2.57 — 2.45 (m, 2H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 171.0, 170.2, 147.9, 139.6, 136.6, 131.1, 130.2, 128.8, 128.5,
128.4, 128.0, 127.9, 127.8, 126.5, 124.4, 123.5, 81.1, 69.3, 65.9, 42.7, 37.0, 28.0.

HRMS (ESI+) caled. For C2sH3NO3S ([M+H]Y): 462.2097, found: 462.2090.

546



HPLC chromatogram of compound (2R,7R,E)-3k

mAL

g &
a
s &
N
o %
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] :
|- | === === | === | === | === |
1 27.440 MF 72.59235
2 32.796 MM 1.2927 7514.54736
3 45.809 BB 1.2687 238.74200

Pho N

Ph
(2R,7R,E)-3

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-1-yl)hept-4-
enoate ((2R,7R,E)-31): yield (86 mg, 85%); colorless oil; [a]'’p = +96.2 (¢ 0.61, CH,Cl,); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 17:1 dr, 98%
ee (Chiralpak IC, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t, = 14.21, 15.59,
17.97 and 26.85 min.

TH NMR (400 MHz, Chloroform-d) & 8.05 —7.98 (m, 1H), 7.87 — 7.83 (m, 1H), 7.77 — 7.72 (m, 1H),
7.68 —7.59 (m, 3H), 7.49 — 7.40 (m, 6H), 7.39 — 7.30 (m, 3H), 7.19 — 7.13 (m, 1H), 5.65 — 5.54 (m,
2H), 5.42 (dd, J=8.6, 3.8 Hz, 1H), 4.02 (t,/=6.2 Hz, 1H), 2.72 - 2.58 (m, 3H), 2.53 — 2.45 (m, 1H),
1.44 (s, 9H).

I3C NMR (101 MHz, Chloroform-d)  171.0, 170.2, 139.6, 139.4, 136.6, 133.7, 130.6, 130.25, 130.22,
128.9, 128.8, 128.5, 128.4, 128.0, 127.8, 127.7, 125.9, 125.42, 125.37, 123.0, 122.8, 81.1, 69.9, 66.0,
41.8,37.1, 28.1.

HRMS (ESI+) caled. For C34H3sNO3 ([M+H]"):506.2690, found: 506.2686.
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HPLC chromatogram of compound (2R,7R,E)-31
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# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU]
------------- el e Sttt Bt | B el e B e I et Bttt
1 14.211 BV 0.5389 1112.84277 1 c 0.6837 457.€9583 11.1580¢
2 15.594 VB 0.6128 1443.15125 2 0.5426 82.23348 2.
3 17.974 BB 0.7040 1367.06213 3 0.7773 1.20916e4 259.27
4 26.853 BB 1.0606 1117.81140 4 0.8597 242.12468
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(2R,7R,E)-3m

>

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-(naphthalen-2-yl)hept-4-
enoate ((2R,7R,E)-3m): yield (86 mg, 85%); colorless oil; [a]"°p = +80.8 (¢ 0.58, CH,Cl,); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 10:1 dr, > 99%
ee (Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t, = 18.25, 19.37,
20.79 and 22.73 min.

H NMR (400 MHz, Chloroform-d) & 7.82 — 7.76 (m, 4H), 7.67 — 7.63 (m, 2H), 7.47 — 7.37 (m, 7H),
7.35-7.30 (m, 2H), 7.17 — 7.13 (m, 2H), 5.63 — 5.45 (m, 2H), 4.80 (dd, J = 8.0, 4.4 Hz, 1H), 4.00
(dd, J= 6.8, 5.6 Hz, 1H), 2.64 — 2.57 (m, 2H), 2.57 — 2.51 (m, 1H), 2.51 — 2.42 (m, 1H), 1.43 (s, 9H).
13C NMR (101 MHz, Chloroform-d) 8 171.0, 170.2, 141.4, 139.6, 136.6, 133.2, 132.8, 130.8, 130.3,
128.8, 128.5, 128.4, 128.04, 128.01, 127.9, 127.8, 127.6, 126.0, 125.7, 124.3, 124.0, 81.1, 73.2, 65.9,
42.8,37.1, 28.0.

HRMS (ESI+) caled. For C34H36NO3 ([M+H]"):506.2690, found: 506.2688.
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HPLC chromatogram of compound (2R,7R,E)-3m

5’<‘“ o
b &8
g o o g
2 gﬁf e
&
8
B X
Peak RetTime Type Width Area Height Area
i [min] [min] AU* s [mAU] Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] ]

1 17.987 FM
2 19.361 MF
3 20.635 FM

Ph__N
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Ph
(2R,7R,E)-3n

tert-butyl (2R,7R,E)-7-(benzo[b]thiophen-2-yl)-2-((diphenylmethylene)amino)-7-hydroxyhept-
4-enoate ((2R,7R,E)-3n): yield (96 mg, 94%); colorless oil; [a]'’p = +67.1 (¢ 0.56, CH2CL); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 6:1 dr, > 99%
ee (Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t; = 17.02, 18.66,
19.62 and 21.63 min.

TH NMR (400 MHz, Chloroform-d) & 7.78 (d, J = 7.6 Hz, 1H), 7.69 — 7.60 (m, 3H), 7.44 — 7.36 (m,
4H), 7.35 - 7.26 (m, 4H), 7.17 — 7.09 (m, 3H), 5.66 — 5.46 (m, 2H), 4.95 (t, /= 6.2 Hz, 1H), 4.00 (t,
J=62 Hz, 1H), 2.62 — 2.57 (m, 3H), 2.56 — 2.50 (m, 1H), 1.42 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 170.9, 170.2, 148.6, 139.6, 139.5, 139.3, 136.6, 131.4, 130.3,
128.8, 128.5, 128.4, 128.0, 127.8, 127.5, 124.1, 124.0, 123.4, 122.4, 119.9, 81.1, 69.7, 65.8, 42.4,
37.0, 28.0.

HRMS (ESI+) caled. For C3H34NOs3S ([M+H]): 512.2254, found: 512.2255.
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HPLC chromatogram of compound (2R,7R,E)-3n
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s] [mAU]
e R | === | mmmm e === | ==mmmm e [===mmmms !
1 16.689 MF 0.5916 1.00094<4 281.99188 86.1665
2 18.400 MF 0.6789 1241.61768 30.47942 10.6885
3 19.369 FM 0.6596 365.32611 9.23127 3.144¢

Ph
1,
(2R,7S,E)-30

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxyoct-4-enoate ((2R,7S,E)-30): yield
(42 mg, 53%); colorless oil; [a]*p = +69.7 (c 0.47, CH,Cl,); The product was analyzed by HPLC to
determine the dr value and the enantiomeric excess: 1.3:1 dr, 98% ee (Chiralpak AD-H, i-
propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t; = 6.06, 6.67, 7.88 and 9.97 min.
'"H NMR (400 MHz, Chloroform-d) § 7.67 — 7.57 (m, 2H), 7.48 — 7.40 (m, 3H), 7.37 (d, J= 7.0 Hz,
1H), 7.35 —7.28 (m, 2H), 7.21 — 7.09 (m, 2H), 5.54 — 5.39 (m, 2H), 4.04 — 3.94 (m, 1H), 3.79 — 3.66
(m, 1H), 2.67 —2.51 (m, 2H), 2.21 —2.13 (m, 1H), 2.11 - 1.99 (m, 1H), 1.442 (s, 4.81H, major), 1.436
(s, 3.99H, minor), 1.14 (d, /= 6.0 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) & 171.0, 170.9, 170.11, 170.06, 139.60, 139.57, 136.6, 130.2,
130.1, 130.0, 129.1, 129.0, 128.7, 128.5, 128.43, 128.411, 128.0, 127.81, 127.77, 81.1, 81.0, 67.0,
66.9, 66.0,42.6,42.5,37.13,37.10, 28.1, 22.6.
HRMS (ESI+) caled. For C2sH3NOs3 ([M+H]"): 394.2377, found: 394.2382.

HPLC chromatogram of compound (2R,7S,E)-30
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Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [MAU*s] [mAU] 2
=== |====|====== |========== |========== [======== W{--—I-—-—-- | === | === | === | === |

1 6.059 BV 0.2591 2837.15674 167.20161 17.0600 1 6.082 MF 0.2934 4722.30469 268.28632 41.8783
2 6.674 VV 0.2688 5511.17139 307.41818 33.1390 2 6.712 FM 0.2866 6389.21484 371.52213 56.6608
3 7.876 VB 0.3251 5659.89893 251.51981 34.0334 3 7.901 FM 0.3403 58.31115 2.85550 0.5171
4 9.971 MF 0.3471 2622.21802 125.90105 15.7676 4 10.000 VB R 0.3171 106.41431 4.82227 0.9437
OH 0
\/\/\/\:)J\OtBu
Ph\fN
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(2R,7S,E)-3p

tert-butyl (2R,7S,E)-2-((diphenylmethylene)amino)-7-hydroxynon-4-enoate ((2R,7S,E)-3p):
yield (53 mg, 65%); colorless oil; [a]*p = +52.3 (¢ 0.44, CH2Cl»); The product was analyzed by
HPLC to determine the dr value and the enantiomeric excess: 1.6:1 dr, 97% ee (Chiralpak IC, i-
propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t, = 18.62, 20.28, 22.70 and 27.13 min.
TH NMR (400 MHz, Chloroform-d) 7.69 — 7.64 (m, 2H), 7.48 — 7.41 (m, 3H), 7.40 — 7.30 (m, 3H),
7.20 —7.12 (m, 2H), 5.54 — 5.41 (m, 2H), 4.06 — 3.91 (m, 1H), 3.56 — 3.40 (m, 1H), 2.68 — 2.55 (m,
2H), 2.24 — 2.17 (m, 1H), 2.12 — 2.01 (m, 1H), 1.49 — 1.47 (m, 2H), 1.440 (s, 5.93H, major), 1.435
(s, 2.95H, minor),.

13C NMR (101 MHz, Chloroform-d) & 170.99, 170.96, 170.11, 170.06, 139.6, 136.6, 130.2, 129.9,
129.2,129.0, 128.7, 128.530, 128.526, 128.43, 128.40, 128.0, 127.81, 127.78, 81.1, 81.0, 72.1, 72.0,
66.1, 66.0, 40.3, 40.2,37.2, 37.1,29.4, 28.1, 9.9.

HRMS (ESI+) caled. For C26H34NO3 ([M+H]"): 408.2533, found: 408.2535.

HPLC chromatogram of compound (2R,7S,E)-3p
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OBu

tert-butyl (2R,7R,E)-T7-cyclohexyl-2-((diphenylmethylene)amino)-7-hydroxyhept-4-enoate
((2R,7R,E)-3q): yield (60 mg, 65%); colorless oil; [o]°p = +61.7 (¢ 0.60, CH2Cl,); The product was
analyzed by HPLC to determine the dr value and the enantiomeric excess: 11:1 dr, > 99% ee
(Chiralpak IC + Chiralpak IE, i-propanol/hexane = 10/90, flow rate 0.75 mL/min, A = 254 nm); t; =
28.24,30.19, 33.25 and 35.83 min.

TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.61 (m, 2H), 7.45 — 7.40 (m, 3H), 7.40 — 7.29 (m, 3H),
7.19 —7.13 (m, 2H), 5.53 — 5.44 (m, 2H), 3.99 (dd, J= 7.2, 5.2 Hz, 1H), 3.31 — 3.24 (m, 1H), 2.67
2.55 (m, 2H), 2.26 — 2.19 (m, 1H), 2.09 — 2.01 (m, 1H), 1.85 — 1.59 (m, 7H), 1.44 (s, 9H), 1.19 — 1.13
(m, 2H), 1.04 — 0.93 (m, 2H).

13C NMR (101 MHz, Chloroform-d) § 171.0, 170.0, 139.6, 136.7, 130.2, 129.9, 129.5, 128.7, 128.5,
128.4, 128.0, 127.8, 81.0, 77.2, 74.9, 66.1, 42.8, 37.5, 37.1, 29.0, 28.2, 28.1, 26.5, 26.2, 26.1.
HRMS (ESI+) caled. For C30H4oNO3 ([M+H]"): 462.3003, found: 462.3002.

HPLC chromatogram of compound (2R,7R,E)-3q
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Ph
(2R, 7R,E)-Gly-Gly-3r

tert-butyl ((2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-
enoyl)glycinate ((2R,7R,E)-Gly-Gly-3r): yield (69 mg, 73%); colorless oil; [a]*’p = -6.0 (c 0.44,
CH2Cl,); The product was analyzed by HPLC to determine the dr value and the enantiomeric excess:
13:1 dr, > 99% ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm);
t:=9.77, 10.64, 12.47 and 13.94 min.

TH NMR (400 MHz, Chloroform-d) 8 7.65 — 7.57 (m, 2H), 7.45 —7.27 (m, 8H), 7.24 — 7.21 (m, 3H),
7.17 — 7.14 (m, 1H), 7.11 — 7.00 (m, 2H), 5.47 — 5.39 (m, 1H), 5.37 — 5.20 (d, J = 7.5 Hz, 1H), 4.59
(dd, J="7.6, 4.4 Hz, 1H), 4.00 (t, J= 6.2 Hz, 1H), 3.91 (dd, J = 5.6, 2.8 Hz, 1H), 2.47 —2.27 (m, 4H),
1.40 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 172.9, 169.7, 168.8, 144.1, 139.1, 135.7, 132.4, 130.7, 130.0,
129.9, 128.8, 128.7, 128.2, 127.6, 127.1, 125.7, 82.1, 72.8, 65.8, 42.5, 41.7, 38.7, 28.0.

HRMS (ESI+) caled. For C32H37N204 ([M+H]"): 513.2748, found: 513.2749.
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HPLC chromatogram of compound (2R,7R,E)-Gly-Gly-3r

DAD1 A, Sig=254 4 Ref=350,100 (D'HPLCIData'20231026\E 2023-10-27 19-25-351D4 D} DAD1 A, Sig=254 4 Ref=360,100 (D' HPLC\Data\20231026\E 2023-10-27 19-25-3506.0)
Ay
250 500
20 400
50 » 0 ‘p‘ré"
o h\h%-v g ,*"L 200
2 ¥ che® &
S 3 Q;a‘
w0 S 100
g o
B H
T T 0 V_ —
8 hl i} 1 16 18 10 14 18 m
Peak RetTime Type Width Height Area
§ [min] [min] [mAU] % Peak RetTime Type Width Area Height Area
————|m————— | === | === | ==———————- | ——— | === | # [min] [min] [mAU*s] [mAU] %
1 9.774 MF 0.5676 3455.: 101.46545 28.7964 [ [--——I---—--- e |——— |———— \
2 10.639 FM 0.6758 2514.¢ 62.02573 9.714 MF 0.5622 7537.85400 223.44754 93.0862
3 12.468 0.7920 3421. 72.00500 2 10.408 FM 0.3393 346.29477 17.00795 4.2764
4 13.936 FM 0.9849 2607.36938 44.12298 3 13.903 BB 0.5977 213.56754 4.20403 2.6374

OH

A

Ph N

b

Ph

O
N

OBu

(2S,7S,E)-2-Gly-Gly-3r

tert-butyl

(2S,78,E)-7-cyclohexyl-2-((diphenylmethylene)amino)-7-hydroxyhept-4-enoate

((28,78,E)-Gly-Gly-3r): yield (72 mg, 70%); colorless oil; [a]*’p = +6.2 (¢ 0.69, CH2Clz); The

product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, > 99%

ee (Chiralcel OD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t, =9.77, 10.64,

12.47 and 13.94 min.

HRMS (ESI+) caled. For C3,HisN,04 ([M+H]'): 513.2748, found: 513.2742.

HPLC chromatogram of compound (28,7S,E)-Gly-Gly-3r
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Peak RetTime Type Width Area Height Area

I (min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
——— |- |———= | ——————— | mm———————— | m————————— | =——————— | * [min] [min] [mAU*s] [mAU]
1 3455. 101.46545 === |- |====1--
2 0 2514. 62.02573 20 1 10.718 MF
3 0.7920 3421.534¢6 72.00500 2 12.470 ME 0 852 8597.3 50 82.4877 93.0846
4 0.9849 2607.36938 44.12298 21.7298 3 14.014 FM 0.8213 362.00897 7.346006 3.9195
OH o)
X Y TOBu
Me Ph\fN
Ph
(2R,7R,E)-3s
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-6-methyl-7-phenylhept-4-

enoate ((2R,7R,E)-3s): yield (74 mg, 79%); colorless oil; [a]*p = +74.3 (c 0.39, CH,Cl,); The
product was analyzed by '"H NMR to determine the dr value and the enantiomeric excess: 1:1 dr.

TH NMR (400 MHz, Chloroform-d) § 7.69 — 7.57 (m, 2H), 7.48 — 7.40 (m, 3H), 7.39 — 7.35 (m, 1H),
7.35-7.28 (m, 3H), 7.27 — 7.20 (m, 4H), 7.19 — 7.12 (m, 2H), 5.67 — 5.53 (m, 0.50H, minor), 5.49 —
5.31 (m, 1.47H, major), 4.56 (d, J = 4.8 Hz, 0.45H, minor), 4.23 (d, J = 8.0 Hz, 0.47H, major), 4.07
~3.91 (m, 1H), 2.67 — 2.51 (m, 2H), 2.45 — 2.21 (m, 1H), 1.44 (s, 4.21H, minor), 1.43 (s, 4.39H,
major), 0.89 (d, /= 6.8 Hz, 1.51H), 0.80 (d, /= 6.8 Hz, 1.50H).

13C NMR (101 MHz, Chloroform-d) & 171.0, 170.9, 170.2, 170.1, 142.44, 142.41, 139.64, 139.56,
136.7, 136.6, 134.9, 134.5, 130.3, 130.2, 129.2, 128.8, 128.5, 128.4, 128.1, 128.01, 127.98, 127.90,
127.8, 127.6, 127.5, 127.1, 126.9, 126.4, 81.1, 81.0, 77.9, 66.1, 66.0, 45.6, 43.6, 37.13, 37.06, 28.1,
16.9, 14.1.

HRMS (ESI+) caled. For C3H3eNOs ([M+H]"): 470.2690, found: 470.2691.

OH 0]

v~ ~OBu

Ph
T

Ph
(2R,7R,E)-3t

Zin

tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-4-methyl-7-phenylhept-4-
enoate ((2R,7R,E)-3t): yield (76 mg, 81%); colorless oil; [a]*p = +105.5 (¢ 0.41, CH2Cl,); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, >
99% ee (Chiralpak IC, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A =254 nm); t,=23.93, 28.07,
32.10 and 34.49 min.
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'H NMR (400 MHz, Chloroform-d) § 7.63 (d, J = 7.0 Hz, 2H), 7.46 — 7.39 (m, 3H), 7.39 — 7.26 (m,
7H), 7.22 (q, J = 3.8 Hz, 1H), 7.14 (dd, J = 6.5, 2.9 Hz, 2H), 5.30 — 5.13 (m, 1H), 4.60 (dd, J = 8.0,
5.1 Hz, 1H), 4.06 (dd, J = 8.1, 5.2 Hz, 1H), 2.62 (dd, J = 13.4, 5.3 Hz, 1H), 2.55 (dd, J = 13.4, 8.0
Hz, 1H), 2.49 — 2.31 (m, 2H), 1.44 (s, 9H), 1.42 (s, 3H).

13C NMR (101 MHz, Chloroform-d) 5 171.3, 169.8, 144.1, 139.6, 136.4, 135.4, 130.2, 128.7, 128.5,
128.32, 128.28, 128.0, 127.9, 127.3, 125.7, 123.2, 81.0, 73.7, 64.9, 43.89, 38.3, 28.0, 16.6.

HRMS (ESI+) caled. For C31H3eNOs ([M+H]"): 470.2690, found: 470.2690.

HPLC chromatogram of compound (2R,7R,E)-3t

2 3
]
s o R
S L&
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU]
———— = [==== | === | = | === | === || |Peak RetTime Type Width Area Height Area
1 23.926 BB 0.8571 2047.70337 34.97396 28.9281 # [min] [min] [mAU*3] [mAU] k.
2 28.067 BB 1.0231 1490.34656  21.28062 21.05 i Rt [l Bl e | ========== [=====—
3 32.104 MF 16443 25.32477 2 1 28.117 BB 0.9447 374.76321 5.41353 4.0979
4 34.487 FM 1.5080 1585.38269 17.52140 22 2 32.134 BB 1.2027 8770.46875 107.62825 95.9021
OH Me O
N Y~ ~OBu
Ph\fN
Ph
(2R,7R,E)-3u
tert-butyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-3-methyl-7-phenylhept-4-

enoate ((2R,7R,E)-3u): yield (81 mg, 86%); colorless oil; [a]*’p = +108.2 (¢ 0.46, CH,Cl,); The
product was analyzed by 'H NMR to determine the dr value: 2:1 dr.

TH NMR (400 MHz, Chloroform-d) & 7.69 — 7.62 (m, 2H), 7.46 — 7.44 (m, 3H), 7.39 — 7.29 (m, 7H),
7.25-7.21(d,J=6.5Hz, 1H), 7.17 — 7.07 (m, 2H), 5.86 — 5.76 (m, 0.64H, minor), 5.55 — 5.39 (m,
1.32H, major), 4.63 (dd, /= 8.4, 4.0 Hz, 1H), 3.85 (d, /= 4.8 Hz, 0.62H, major), 3.81 (d, /= 6.4 Hz,
0.33H, minor), 2.94 — 2.78 (m, 1H), 2.64 — 2.17 (m, 3H), 1.43 (s, 6.04H, major), 1.42 (s, 3.00H,
minor), 1.07 (d, J = 6.8 Hz, 0.98H, minor), 0.96 (d, J = 6.8 Hz, 3H, major).

13C NMR (101 MHz, Chloroform-d) & 171.0, 170.6, 170.5, 170.3, 144.1, 144.0, 139.64, 139.59,
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137.03, 136.98, 136.8, 136.7, 130.2, 128.8, 128.5, 128.44, 128.39, 128.35, 128.28, 128.23, 128.0,
127.8, 127.3, 127.2, 126.2, 125.9, 125.8, 125.7, 81.0, 73.1, 72.9, 71.0, 70.9, 43.2, 42.8, 41.2, 40.9,
28.1,17.8, 16.5.

HRMS (ESI+) caled. For C31HzgNOs ([M+H]"): 470.2690, found: 470.2692.

OH 0]
X

Ph\f
Ph

(2R,4E B6E,9S)-5a

OBu

Zn

tert-butyl (2R, 4E,6E,95)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate
((2R,4E,6E,95)-5a): yield (91 mg, 94%); colorless oil; [0]*’p = +10.2 (¢ 0.45, CH,Cly); The product
was analyzed by HPLC to determine the dr value and the enantiomeric excess: 16:1 dr, > 99% ece
(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t. = 7.94, 8.54,
13.55 and 21.26 min.

TH NMR (400 MHz, Chloroform-d) & 7.59 — 7.53 (m, 2H), 7.37 — 7.22 (m, 10H), 7.19 — 7.16 (m,
1H), 7.10 — 7.02 (m, 2H), 6.05 — 5.89 (m, 2H), 5.52 — 5.34 (m, 2H), 4.61 (dd, J = 7.2, 5.6 Hz, 1H),
3.92 (dd, J=7.4, 5.4 Hz, 1H), 2.63 — 2.49 (m, 2H), 2.47 — 2.36 (m, 2H), 1.36 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 170.8, 170.2, 143.8, 139.7, 136.6, 133.7, 132.5, 130.2, 129.1,
128.8, 128.5, 128.3, 128.0, 127.9, 127.7, 127.5, 125.7, 81.0, 73.6, 66.0, 42.7, 36.9, 28.0.

HRMS (ESI+) caled. For C32H36NOs3 ([M+H]"): 482.2690, found: 482.2695.

HPLC chromatogram of compound (2R,4E,6E,95)-5a
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Jh i,
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAT] % Peak RetTime Type Width Area Height Area

== | [====]=====- [ === === |======== # [min] [min] [mAU*s] [mAU]
7.939 MF 0.2998 1627.

z 8.544 FM 0.3227 17
3 13.546 BB 0.4673 1576.
4 21.260 BB 0.7761 1564.
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OH 0O

X OBu

Ph N

T

Ph
(2S,4E,6E,9R)-5a

tert-butyl (25,4E,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate
((2S,4E,6E,9R)-53): yield (95 mg, 99%); colorless oil; [a]*’p = -10.9 (c 0.64, CH2Cl); The product
was analyzed by HPLC to determine the dr value and the enantiomeric excess: 16:1 dr, > 99% ee
(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t. = 7.94, 8.54,
13.55 and 21.26 min.

HRMS (ESI+) caled. For C32H36NOs3 ([M+H]"): 482.2690, found: 482.2689.

HPLC chromatogram of compound (25,4E,6E,9R)-5a

VWD A, Wavenngih=254 nm (D HFLC\DAt 2023 1020 VA 2023-10-20 03-51- 35 AT7 D)

......

EF
]
1 2
0 g
= =
T.E )
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAU] % Peak RetTime Type Width Area Height Area
it Rttt [==== === | === | === | ======= # [min] [min] ] %
7.939 MF 0.2998 5 ———]m————— | === | ——————- [—
Z 8.544 FM 0.322 1 7.848 MM
3 13.546 BB 0.4673 2 13.511 BB

4 21.260 BB 0.776 3 21.363 MM

Ph
(2R,4E,6E,9R)-5a

tert-butyl 2R,4E,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate
((2R,AE,6E,9R)-53): yield (89 mg, 92%); colorless oil; [a]*’p = +54.4 (¢ 0.66, CH,CL,); The product
was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, > 99% ee

(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t, =7.94, 8.54,
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13.55 and 21.26 min.

TH NMR (400 MHz, Chloroform-d) 8 7.59 — 7.53 (m, 2H), 7.37 — 7.33 (m, 3H), 7.32 — 7.29 (m, 1H),
7.27 = 7.22 (m, 6H), 7.19 — 7.16 (m, 1H), 7.09 — 7.03 (m, 2H), 6.03 — 5.91 (m, 2H), 5.49 — 5.38 (m,
2H), 4.61 (dd, J= 7.6, 5.2 Hz, 1H), 3.92 (dd, /= 7.6, 5.2 Hz, 1H), 2.63 — 2.50 (m, 2H), 2.46 — 2.36
(m, 2H), 1.36 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 170.8, 170.2, 143.8, 139.6, 136.6, 133.7, 132.5, 130.2, 129.1,
128.8, 128.5, 128.4, 128.0, 127.9, 127.7, 127.5, 125.7, 81.0, 73.6, 66.0, 42.6, 36.9, 28.0.
HRMS (ESI+) caled. For C3H36NOs3 ([M+H]"): 482.2690, found: 482.2696.

HPLC chromatogram of compound (2R,4E,6E,9R)-5a

..... Al
500
-y K
& 5 L
e’
i u- ﬁ';}-‘
S
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width
il ittt [====]======= | === | === | === # [min] [min]
7.939 MF 0.2998 1627.10864 90.44197 25.0979 ——— | ————— |———— | ——————— | ——-
8.544 FM 0.3227 1715.321¢€6 38 1 7.920 MFE 2841 51 9
3 13.546 BB 0.4673 1576.5898 49 2 5.426 FM 0.2460 263.29657
4 21.260 BB 0.7761 1564.02295 29 3 13.567 BB 0.4561 120.45333
OH (0]
X
O'Bu
PhYN

Ph
(2S,4E,6E,9S)-5a

tert-butyl (2S4E,6E,95)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-dienoate
((2S,4E,6E,95)-5a): yield (89 mg, 92%); colorless oil; [a]*’p = -54.6 (c 0.45, CH2Cl,); The product
was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, 99% ee
(Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t. = 7.94, 8.54,
13.55 and 21.26 min.

HRMS (ESI+) caled. For C3H3gNO3 ([M+H]"): 482.2690, found: 482.2695.
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HPLC chromatogram of compound (25,4E,6E,95)-5a

LEX b
g
& vh‘\h $
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % ¥ [min] [min] [mAU*s] [mAU] %
e R [ === | === [========| | ---- R e |-=—mmmm R R R
L 7.939 MP - 0.2998 1627.1 1 7.992 MF 0.2740  11.12695 6.768 855
. 8.544 FM 0.3227 1715 > 8.606 MF 0.3069 176, 25 ]
3 13.546 BB 0.4673 1576 3 13.725 MM 0.5199 239.99019 0
4 21.260 BB 0.7761 1564.0 4 21.732 MM 0 5 5572.09619 104.05132 92.8797
OH (0]
XX
Y~ ~OBu
Ph. N
Me Y
Ph
(2R,4E,6E,9S)-5b
tert-butyl (2RAE,6E,95)-2-((diphenylmethylene)amino)-9-hydroxy-9-(p-tolyl)nona-4,6-

dienoate ((2R,4E,6E,95)-5b): yield (92 mg, 93%); colorless oil; [0]°p =+14.6 (¢ 0.52, CH2Cl»); The
product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1 dr, >
99% ee (Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; = 11.32,
12.92, 20.27 and 32.18 min.

H NMR (400 MHz, Chloroform-d) & 7.68 — 7.59 (m, 2H), 7.44 — 7.29 (m, 6H), 7.23 — 7.18 (m, 2H),
7.16 —7.07 (m, 4H), 6.10 — 5.97 (m, 2H), 5.57 — 5.43 (m, 2H), 4.69 — 4.61 (m, 1H), 3.98 (dd, J = 7.6,
5.2 Hz, 1H), 2.70 — 2.55 (m, 2H), 2.52 — 2.44 (m, 2H), 2.32 (s, 3H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 170.8, 170.1, 140.9, 139.7, 137.1, 136.6, 133.6, 132.5, 130.2,
129.0, 128.8, 128.5, 128.4, 128.0, 127.92, 127.88, 125.7, 81.0 73.5, 66.0, 42.7, 36.9, 28.0, 21.1.
HRMS (ESI+) caled. For C33H3sNO3 ((M+H]"): 496.2846, found: 496.2843.
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HPLC chromatogram of compound (2R, 4E,6E,95)-5b

avelength=254 nm (D'LCIDATAR02312228 2023-12-22 17-19-141B6.0) VWD1 A, Wavelength=254 nm (DLCIDATAR0231222\B 2023-12-22 17-15-14:84.0]
120
100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]
RS | ——mm | mmm e [ | Peak RetTime Type Width Area Height Area
1 11.315 BB 1623.52759 ¥ [min] [min] [mAU*s] [mAT]
2 12.921 MF 1797.41577 B |====l==m=- L e [======= ‘
3 20.274 BV R 0 1676.85083 1 10.797 V¥ R 0.4894 272.22079 8.22655  2.3673
4 32.179 BB 1569.3319] 12.278 VB 0.4874 1.12268e4  350.38440 97.6327
OH o)
s X
Y~ ~OBu
Ph N
e Y
Ph
(2R,4E,6E,9R)-5b
tert-butyl (2R,4AE,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-(p-tolyl)nona-4,6-

dienoate ((2R,4E,6E,9R)-5b): yield (82 mg, 83%); colorless oil; [a]'’p = +63.7 (¢ 0.52, CH2Cl);
The product was analyzed by HPLC to determine the dr value and the enantiomeric excess: > 20:1
dr, > 99% ee (Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm); t; =
11.32,12.92,20.27 and 32.18 min.

'H NMR (400 MHz, Chloroform-d) 8 7.66 — 7.61 (m, 2H), 7.43 — 7.30 (m, 6H), 7.23 — 7.19 (m, 2H),
7.16 —7.10 (m, 4H), 6.10 — 5.98 (m, 2H), 5.56 — 5.46 (m, 2H), 4.66 (t, J = 6.4 Hz, 1H), 3.99 (dd, J =
7.6, 5.2 Hz, 1H), 2.70 — 2.57 (m, 2H), 2.53 — 2.44 (m, 2H), 2.33 (s, 3H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 8 170.8, 170.1, 140.9, 139.6, 137.1, 136.6, 133.6, 132.5, 130.2,
129.03, 129.01, 128.8, 128.5, 128.4, 128.0, 127.89, 127.86, 125.7, 81.0, 73.5, 66.0, 42.6, 36.9, 28.0,
21.1.

HRMS (ESI+) caled. For C33H3sNOs ([M+H]"): 496.2846, found: 496.2845.
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HPLC chromatogram of compound (2R,4E,6E,9R)-5b

-
120 700
600
5 & \@{:‘
0
K 9“@
Peak RetTime Type Width Area
# [min] [min] [mAU*s]
RS —— | === | ——————— Sy [ [ || |Peak RetTime Type Width Area Height Area
1 11.315 BB 0.! 5 1623.52759 # [min] [min] [mAU*s] [mAU] %
2 12.921 MF 0. 1797.41577 === |- |====|======= |=====——=—- |=======—-- |=======- |
3 20.274 BV R 0.8320 1676.85083 11.257 MF 0.5449 1.08125e4 330.74567  96.0499
4 32.179 BB 1.4294 1569.33191 2 12.945 MF 0.7911 444.67429 9.36854 3.9501

OH @)

NN OBu

. PhYN

Ph
(2R,4E,6E,9S)-5¢

tert-butyl  (2R,4E,6E,9S5)-2-((diphenylmethylene)amino)-9-(4-fluorophenyl)-9-hydroxynona-
4,6-dienoate ((2R,4E,6E,9S5)-5c¢): yield (95 mg, 95%); colorless oil; [a]'*p =+18.1 (¢ 0.50, CH,Cl,);
The product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 19:1 dr, >
99% ee (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t, = 7.63,
8.32, 12.19 and 18.41 min.

TH NMR (400 MHz, Chloroform-d) & 7.65 — 7.60 (m, 2H), 7.44 —7.26 (m, 8H), 7.15 — 7.09 (m, 2H),
7.02 — 6.95 (m, 2H), 6.09 — 5.97 (m, 2H), 5.55 — 5.43 (m, 2H), 4.67 (t,J = 6.4 Hz, 1H), 3.99 (dd, J =
7.6,5.2 Hz, 1H), 2.69 — 2.56 (m, 2H), 2.50 — 2.41 (m, 2H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 170.8, 170.2, 162.1 (d, J = 246.4 Hz), 139.7, 139.5 (d, J=2.9
Hz), 136.6, 134.0, 132.4, 130.2, 129.4, 128.8, 128.5, 128.4, 128.0, 127.9, 127.4 (d, J= 8.1 Hz), 127.3,
115.1 (d,J=21.2 Hz), 81.0, 72.9, 66.0, 42.8, 36.9, 28.0.

YF NMR (376 MHz, Chloroform-d) § -115.12 —-115.28 (m).

HRMS (ESI+) caled. For C3H3sFNO3 ([M+H]): 500.2595, found: 500.2602.
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HPLC chromatogram of compound (2R,4E,6E,9S)-5¢

175
150
25 o |
Eo
zzzzz 5
Peak RetTime Type Width Area Height Area - — =
# [min] [min] [mAU*=] [mAU] S Peak RetTime Type Width Area Height Area
___________ [— __'_____|__________|__________‘________ # [min] [min] [mAU*s] [mAU]
1 7.628 BV 0.2591 1649.11743  94.72486 24.1325( [T777I77277~7l=-==l=mmmmmm|mmmmmmemm s mmm oo m oo [==mm==l
2 8.319 MF  0.3529 1¢ 5608  B6.33602 26.7481 Lo 7.eos e 0.3041 47831306 37144
3 12.193 BB 0.4424 1708.19067  56.87701 24.9970 20 8.339 M 0.3345 1.22342e4 95.0071
4 18.412 BB 0.6866 1648.42371  35.57173 24.1224 3 18.319 BB 0.6340 164.62610 2784
OH o]
A X
Y~ "OBu
Ph N
F Y
Ph
(2R,4E,6E,9R)-5¢

tert-butyl (2R, 4E,6E,9R)-2-((diphenylmethylene)amino)-9-(4-fluorophenyl)-9-hydroxynona-
4,6-dienoate ((2R,4E,6E,9R)-5¢): yield (87 mg, 87%); colorless oil; [a]'°p =+60.4 (¢ 0.52, CH2Cl,);
The product was analyzed by HPLC to determine the dr value and the enantiomeric excess: 13:1 dr, >
99% ee (Chiralpak AD-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm); t, = 7.63,
8.32,12.19 and 18.41 min.

TH NMR (400 MHz, Chloroform-d) 8 7.67 — 7.59 (m, 2H), 7.44 —7.26 (m, 8H), 7.17 — 7.10 (m, 2H),
7.04 — 6.95 (m, 2H), 6.10 — 5.97 (m, 2H), 5.57 — 5.43 (m, 2H), 4.68 (dd, J = 7.4, 5.4 Hz, 1H), 3.99
(dd, J=17.6,5.2 Hz, 1H), 2.70 — 2.56 (m, 2H), 2.53 — 2.41 (m, 2H), 1.43 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 170.8, 170.2, 162.1 (d, J = 245.9 Hz), 139.6, 139.5 (d, /= 3.0
Hz), 136.6, 134.0, 132.4, 130.2, 129.3, 128.8, 128.5, 128.4, 128.0, 127.9, 127.4 (d, /= 8.1 Hz), 127.3,
115.1 (d,J=21.4 Hz), 81.0, 72.9, 66.0, 42.8, 36.9, 28.0.

19F NMR (376 MHz, Chloroform-d) -115.09 —-115.31 (m).

HRMS (ESI+) calcd. For C3H3sFNO3 ([M+H]Y): 500.2595, found: 500.2600.
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HPLC chromatogram of compound (2R,4E,6E,9R)-5¢

7 A, WavelRngm= 254 nm (D HPLC DS 0RI01020 20220702 1615203 0 TWDT A, Wavelengine254 ren (D HPLCIDRZ0240T 02 A 202201 02 15-15-20AT D)
"
175
150
] F &
o
=g g &
— -
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width
----------- el [l el el # [min]
1 7.628 BV 0.2591 1649.11743 24,1325 |====l===7=—~ Il el Il il b
2 8.319 MF 5608 02 26.7481 1 7.575 MF
3 12.193 BB 19067 24.9970 2 8.201 FM
4 18.412 BB 42371 3 24.1224 3 12.063 MF
OH 0]
X (0]
Y N
H

Ph__N 0'Bu

(2R,4E,6E,9S)-Gly-Gly-5d
tert-butyl (2RA4E,6E,95)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-
dienoyl)glycinate ((2R,4E,6E,95)-Gly-Gly-5d): yield (89 mg, 83%); colorless oil; [a]'*p =-80.9 (¢
0.53, CH2Cly); The product was analyzed by HPLC to determine the dr value and the enantiomeric
excess: > 20:1 dr, > 99% ee (Chiralcel IC-AD-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min,
A =254 nm); t, = 34.72, 38.71, 42.65 and 45.90 min.
TH NMR (400 MHz, Chloroform-d) 8 7.68 — 7.63 (m, 2H), 7.46 — 7.39 (m, 5H), 7.38 — 7.35 (m, 2H),
7.32 = 7.27 (m, 4H), 7.25 — 7.20 (m, 1H), 7.08 — 7.02 (m, 2H), 6.07 — 5.91 (m, 2H), 5.53 — 5.35 (m,
2H), 4.71 — 4.64 (m, 1H), 4.09 (dd, J=7.2, 4.8 Hz, 1H), 4.01 (dd, J=18.2, 5.4 Hz, 1H), 3.94 (dd, J
=18.0, 5.2 Hz, 1H), 2.58 — 2.44 (m, 4H), 1.47 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 172.9, 169.9, 168.7, 143.8, 139.3, 135.7, 133.6, 132.7, 130.6,
128.8, 128.71, 128.65, 128.6, 128.3, 128.1, 127.9, 127.8, 127.5, 125.7, 82.0, 73.5, 65.7, 42.8, 41.7,
38.6, 28.0.
HRMS (ESI+) calced. For C34H3oN204 ([M+H]Y): 539.2904, found: 539.2909.

S64



HPLC chromatogram of compound 2R 4E,6E,9S5)-Gly-Gly-5d

s
0 &
o ie
&L F &
B 5 FACH
S
&

g & B
o EXy
3

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
——————————— il Rt e el Dt k [min] [min] [mAU*s] [mAU]

1 34.724 FM 1
2 38.714 FM 1
3 42.646 FM 2.
4 45.895 FM 2

L7654 2762.776416

19.88074 24.1252

Ph__N

Ph
(2R,4E 6E,9R)-Gly-Gly-5d

tert-butyl (2RA4E,6E,9R)-2-((diphenylmethylene)amino)-9-hydroxy-9-phenylnona-4,6-
dienoyl)glycinate ((2R,4E,6E,9R)-Gly-Gly-5d): yield (88 mg, 82%); colorless oil; [a]'’p = -43.1 (¢
0.50, CH2Cly); The product was analyzed by HPLC to determine the dr value and the enantiomeric
excess: > 20:1 dr, > 99% ee (Chiralcel IC-AD-H, i-propanol/hexane = 20/80, flow rate 1.0 mL/min,
A =254 nm); t, = 34.72, 38.71, 42.65 and 45.90 min.

TH NMR (400 MHz, Chloroform-d) 8 7.68 — 7.63 (m, 2H), 7.46 — 7.38 (m, 5H), 7.38 — 7.35 (m, 2H),
7.33 —7.28 (m, 4H), 7.26 — 7.20 (m, 1H), 7.10 — 7.04 (m, 2H), 6.10 — 5.91 (m, 2H), 5.55 — 5.37 (m,
2H), 4.73 — 4.65 (m, 1H), 4.09 (dd, /= 6.4, 5.2 Hz, 1H), 4.02 (dd, J=18.2, 5.4 Hz, 1H), 3.94 (dd, J
=18.2, 5.4 Hz, 1H), 2.58 — 2.41 (m, 4H), 1.47 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 172.9, 169.8, 168.7, 143.8, 139.2, 135.7, 133.7, 132.7, 130.6,
128.8, 128.7, 128.6, 128.3, 128.2, 127.9, 127.8, 127.5, 125.7, 82.0, 73.6, 65.8, 42.7, 41.7, 38.6, 28.0.
HRMS (ESI+) caled. For C33H39N204 ([M+H]"): 539.2904, found: 539.2897.
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Peak RetTime Type Width Area
# [min] (min] [mAU*s] Peak RetTime Type Width Area Height Area

___________ ‘-___l__-_f__ _'_7____7_'_‘-__f___'__‘___'____ # [min] [min] [mAU*s] [mAU] %

1.7654 2762.76416 : 3 B P T | ommmmee [mommmmmmmm |mmmmmmem |

19261 2886, 78058 1 34.461 FM 1.6152 1.14479e4  118.12802 96.1744

2.1735 279 2 38.448 FM 1.8662 305.58432 2.72905  2.5672

2.2513 2685.427 3 42.437 MM 1.8444 149.78949 1.35354  1.2584

OH (0]
OMe
AN v N/'ﬁw/
= H
Ph\fN 0]
Ph
(2R,7S,E)-L-3v

methyl (2R,7S8,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-

alaninate ((2R,7S,E)-L-3v): yield (48 mg, 50%); colorless oil; > 20:1 dr; [a]*°p = -95.0 (¢ 0.54,
CH2Cl).

TH NMR (400 MHz, Chloroform-d) & 7.64 —7.57 (m, 2H), 7.55 — 7.46 (m, 1H), 7.44 —7.23 (m, 9H),
7.21 -7.11 (m, 2H), 7.08 — 6.98 (m, 2H), 5.49 —5.32 (m, 2H), 4.60 — 4.47 (m, 2H), 3.96 (t, /= 6.4 Hz,
1H), 3.71 (s, 3H), 2.51 — 2.29 (m, 3H), 2.24 — 2.14 (m, 1H), 1.38 (d, /= 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 173.4, 172.6, 169.2, 144.2, 139.0, 135.6, 130.7, 129.8, 129.5,
128.9, 128.8, 128.6, 128.25, 128.19, 127.5, 127.1, 125.6, 72.6, 65.6, 52.4, 47.6, 43.5, 39.1, 18.1.
HRMS (ESI+) caled. For C30H33N204 ([M+H]"): 485.2435, found: 485.2440.

Ph
(2S,7R,E)-D-3v
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methyl ((28,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-
alaninate ((2S,7R,E)-D-3v): yield (46 mg, 48%); colorless oil; > 20:1 dr; [a]*’p = 95.6 (c 0.45,
CH:CD).

HRMS (ESI+) calced. For C30H33N204 ([M+H]"): 485.2435, found: 485.2434.

OH 0
' N - N/'\”/OMe
Ph\fﬂ H oo

Ph
(2R,7R,E)-L-3v

methyl (2R, 7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-
alaninate ((2R,7R,E)-L-3v): yield (45 mg, 47%); colorless oil; > 20:1 dr; [a]*’p = -9.2 (c 0.53,
CHxCl).

TH NMR (400 MHz, Chloroform-d) 8 7.72 — 7.64 (m, 2H), 7.58 — 7.51 (m, 1H), 7.48 — 7.42 (m, 4H),
7.41 —7.36 (m, 2H), 7.33 — 7.26 (m, 4H), 7.25 - 7.18 (m, 1H), 7.16 — 7.06 (m, 2H), 5.56 — 5.47 (m,
1H), 5.44 —5.30 (m, 1H), 4.71 —4.57 (m, 2H), 4.04 (t, J= 6.0 Hz, 1H), 3.77 (s, 3H), 2.54 — 2.33 (m,
4H), 1.45 (d, J=17.2 Hz, 3H).

I3C NMR (101 MHz, Chloroform-d) 6 173.4, 172.5, 169.4, 144.1, 139.0, 135.7, 130.7, 129.7, 128.85,
128.76, 128.7, 128.6, 128.3, 128.2, 127.5, 127.1, 125.6, 72.8, 65.6, 52.5, 47.7, 42.6, 38.7, 18.3.
HRMS (ESI+) caled. For C30H33N204 ([M+H]"): 485.2435, found: 485.2434.

OH 0O =

i _OMe
X N
O Y
T
Ph
(28,7S,E)-D-3v
methyl ((28,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-

alaninate ((25,7S,E)-D-3v): yield (43 mg, 45%); colorless oil; > 20:1 dr; [a]*’o = +9.9 (c 0.55,
CHxCl).
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HRMS (ESI+) caled. For C3oHa3N204 ([M+H]"): 485.2435, found: 485.2437.

OH 0]

N N/H(OMe
PhYN H o

Ph
(2S,7S,E)-L-3v

methyl ((28,7S,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-
alaninate ((25,7S,E)-L-3v: yield (57 mg, 59%); colorless oil; 20:1 dr; [a]*’p =+13.9 (¢ 0.59, CH:Cl,).
'TH NMR (400 MHz, Chloroform-d) § 7.66 — 7.55 (m, 2H), 7.48 — 7.29 (m, 7H), 7.25 — 7.19 (m, 4H),
7.18 = 7.01 (m, 3H), 5.47 — 5.37 (m, 1H), 5.37 — 5.20 (m, 1H), 4.65 — 4.49 (m, 2H), 3.94 (t, /= 6.2
Hz, 1H), 3.67 (s, 3H), 2.46 — 2.25 (m, 4H), 1.38 (d, /= 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 173.3, 172.3, 170.0, 144.0, 139.1, 135.7, 130.7, 129.9, 128.9,
128.7,128.6, 128.6, 128.2, 127.6, 127.2, 125.7, 72.8, 65.8, 52.4, 47.7, 42.4, 38.8, 18.6.

HRMS (ESI+) caled. For C30H33N204 ([M+H]"): 485.2435, found: 485.2440.

OH 0 =
X ‘__OMe
Ph Y N o}
Ph
(2R,7R,E)-D-3v
methyl (2R,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-

alaninate ((2R,7R,E)-D-3v): yield (58 mg, 60%); colorless oil; 20:1 dr; [a]*’p = -14.2 (c 0.71,
CHxCl).
HRMS (ESI+) calced. For C30H33N204 ([M+H]"): 485.2435, found: 485.2431.
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N N OMe
Ph N H 0]
Ph
(2S,7R,E)-L-3v
methyl ((28,7R,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-L-

alaninate ((2S,7R,E)-L-3v): yield (52 mg, 54%); colorless oil; 20:1 dr; [a]*’p = +97.8 (c 0.52,
CH2Cl).

TH NMR (400 MHz, Chloroform-d) 8 7.68 — 7.53 (m, 3H), 7.42 — 7.29 (m, 6H), 7.27 — 7.20 (m, 4H),
7.18 —7.12 (m, 1H), 7.10 — 6.99 (m, 2H), 5.48 — 5.29 (m, 2H), 4.61 — 4.49 (m, 2H), 3.94 (t, /= 6.6
Hz, 1H), 3.68 (s, 3H), 2.46 — 2.31 (m, 3H), 2.26 — 2.17 (m, 1H), 1.41 (d, /= 7.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 173.2, 172.3, 169.8, 144.0, 139.1, 135.7, 130.7, 130.1, 129.2,
128.9, 128.7, 128.6, 128.2, 127.5, 127.2, 125.6, 72.6, 65.7, 52.4, 47.7, 43.4, 39.2, 18.7.

HRMS (ESI+) caled. For C30H33N204 ([M+H]"): 485.2435, found: 485.2441.

OH O H
A_OMe
N
PhYN O
Ph
(2R,7S,E)-D-3v
methyl (2R,78,E)-2-((diphenylmethylene)amino)-7-hydroxy-7-phenylhept-4-enoyl)-D-

alaninate ((2R,7S,E)-D-3v): yield (55 mg, 57%); colorless oil; 20:1 dr; [a]*’p = -98.9 (c 0.54,
CHxCl).
HRMS (ESI+) calced. For C30H33N204 ([M+H]"): 485.2435, found: 485.2436.
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6. Scale-up experiments and synthetic transformations

Scheme S1. Scale-up experiments.

a) OH (0]
Ph [Cul/L7 (2.5 mol %) /k/\/\)j\
A O'Bu OH [Rul-1 (1 mol %) Ph X oy
Ph N/\n/ )\M o ” Ph N
0 + Ph K3POy, 20 °C, THF Y
1a, 2 mmol (rac)-2a, 6 mmol Ph

(2R,7S,E)-3a, 91% yield
>20:1 dr, 99% ee

S
|IO

H o)
Ph [Cu]/L7 (2.5 mol %) /\/\/\)j\
/& O'Bu OH ent[Rul-1 (1mol%)  Ph X Y~ ~O'Bu
Ph NAﬂ/ )\/\/ o Ph__N
Ph K3POy,, 20 °C, THF Y

|

O +
1a, 2 mmol (rac)-2a, 6 mmol Ph

(2R, 7R,E)-3a, 93% yield
>20:1 dr, 99% ee

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.05 mmol) and L7 (0.055
mmol) and degassed THF (10 mL). The reaction mixture was stirred at 20 °C for 30 min. Then, [Ru]-
1 or ent-[Ru]-1 complex (0.02 mmol), imino ester 1a (2 mmol), dienyl carbinol 2a (6 mmol), K3PO4
(2 mmol) and THF (10 mL) were added into the Schlenk tube under argon. The reaction mixture was
continuously stirred at 20 °C. Once starting material was consumed (monitored by TLC), the organic
solvent was removed and the residue was purified by column chromatography to give the desired

enolate products, which were then directly analyzed by chiral HPLC to determine the dr value and

the enantiomeric excess.

Scheme S2. Synthetic transformations.

Ph
8 g
°N Ph/K/\/\/COZtBU OH )

H " H I A~_CO,Bu

P~ COZBU Ph. _NH Ph Y

H NHTs
Ph*N Ph
o X-ray (CCDC 2328948)
cis-6, 80% yield, >20:1 dr trans-9, 80% yield, >20:1 dr trans-10, 78% yield, >20:1 dr
OH
f b
Ph/K/\/\E/COZ Bu (a) (b) ©
Ph. N
b (d) ®
Ph
(2R,7S,E)-3a NH, | |
>20:1 dr, 99% ee o A ANA_CO,Bu © WH; . W\_-CO,'Bu ; CO,Bu
op AN 0078 . C'/V
Ph*N H \—O Nﬁ/Ph \—O Nﬁ/Ph
NH, < S
Ph Ph Ph Ph' (n0e) pn

cis-7, 76% yield, >20:1 dr cis-8, 83% yield, >20:1 dr 11, 45% yield + 11", 27% yield

Reaction conditions: (a) i. DIAD, DPPA, PPh, THF, ii. DIPEA, Cul, DMF, phenylacetylene; (b) Pd/C, H,, EtOAc; (c) i. 15% citric acid, THF, ii. TsCI, Et;N, DMAP;
(d) i. DIAD, DPPA, PPh3, THF, ii. PPhs, THF, H,O; (e) 15% citric acid, THF, H,O; (f) I, NaHCO3, MeCN, -20 °C.
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(2R,7S,E)-3a (76 mg, 0.2 mmol) and PPhs (105 mg, 0.4 mmol) were dissolved in dry THF (5 mL)
under an argon atmosphere, DIAD (81 mg, 0.4 mmol) was added dropwise under 0 °C and stirred for
10 min. Then DPPA (111 mg, 0.4 mmol) was added dropwise at the same time. The reaction mixture
was stirred at room temperature for 16 h. Then the solution was concentrated under reduced pressure.
The crude product was obtained by silica-gel column chromatography.

Another flame-dried Schlenk tube was cooled to room temperature and evacuated and backfilled
with argon for three times. To this Schlenk tube were added the crude product (96 mg, 0.2 mmol),
Phenylacetylene (27 mg, 0.26 mmol), Cul (3.8 mg, 0.02 mmol), DIPEA (52 mg, 0.4 mmol) and
degassed DMF (2 mL). The mixture was stirred overnight at 30 °C. And then the mixture was
concentrated in vacuo and purified by silica-gel column chromatography to give cis-6 in 80% overall

yield with > 20:1 dr.

H t
B
Ph/\/\/\i/002 u
Ph.__N

b

Ph
cis-6

tert-butyl  (2R,7R,E)-2-((diphenylmethylene)amino)-7-phenyl-7-(4-phenyl-1H-1,2,3-triazol-1-
yl)hept-4-enoate (cis-6): yield (92 mg, 80%); sticky liquid; > 20:1 dr; [0]*’p = +38.7 (¢ 0.72, CH,Cl,);
The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralcel AD-H,
i-propanol/hexane = 25/75, flow rate 1.0 mL/min, A =220 nm); t, = 7.89 and 9.54 min.

TH NMR (400 MHz, Chloroform-d) & 7.72 — 7.66 (m, 2H), 7.55 — 7.51 (m, 3H), 7.35 — 7.28 (m, 6H),
7.27-7.19 (m, 8H), 7.05 — 7.00 (m, 2H), 5.52 — 5.43 (m, 2H), 5.35 - 5.26 (m, 1H), 3.85 (dd, J="7.0,
5.8 Hz, 1H), 3.21 — 3.08 (m, 1H), 2.98 —2.83 (m, 1H), 2.51 —2.38 (m, 2H), 1.32 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 170.8, 170.2, 147.6, 139.5, 138.5, 136.5, 130.8, 130.6, 130.2,
129.0, 128.8, 128.7, 128.6, 128.4, 128.01, 127.99, 127.8, 127.1, 127.0, 125.7, 118.9, 81.0, 65.7, 65.3,
38.3, 36.8, 28.

HRMS (ESI+) caled. For C3gH3oN4O2 ([M+H]"): 583.7580, found: 583.7588.

HPLC chromatogram of compound cis-6
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Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
| # [min] [min]

(2R,7S,E)-3a (76 mg, 0.2 mmol) and PPhs (105 mg, 0.4 mmol) were dissolved in dry THF (5 mL)
under an argon atmosphere, DIAD (81 mg, 0.4 mmol) was added dropwise under 0 °C and stirred for
10 min. Then DPPA (111 mg, 0.4 mmol) was added dropwise at the same time. The reaction mixture
was stirred at room temperature for 16 h. Then the solution was concentrated under reduced pressure.
The crude product was obtained by silica-gel column chromatography.

A flame-dried Schlenk tube was cooled to room temperature and evacuated and backfilled with
argon for three times. To this Schlenk tube were added the crude product (96 mg, 0.2 mmol), PPhs
(105 mg, 0.4 mmol), H20 (0.2 mL) and THF (2 mL). The mixture was stirred overnight at 40 °C. And
then the mixture was concentrated in vacuo and purified by silica-gel column chromatography to give

cis-7 in 76% overall yield with > 20:1 dr.

NH»
: ¢
/\/\/\/CO B
Ph NN A02BY
Ph_N
Ph
cis-7

tert-butyl (2R,7R,E)-7-amino-2-((diphenylmethylene)amino)-7-phenylhept-4-enoate (cis-7):
yield (68 mg, 76%); colorless oil; > 20:1 dr, [a]*°p = +74.0 (¢ 0.27, CH,Cl,); The product was
analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak IC, i-propanol/hexane
=10/90, flow rate 1.0 mL/min, A =254 nm); t. = 15.50 and 19.13 min.

'TH NMR (400 MHz, Chloroform-d) 8 7.58 — 7.54 (m, 2H), 7.38 — 7.33 (m, 3H), 7.31 — 7.19 (m, 7H),
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7.16 — 7.06 (m, 3H), 5.43 — 5.30 (m, 2H), 3.90 (dd, J = 7.6, 5.6 Hz, 1H), 3.81 (dd, J= 8.2, 5.0 Hz,
1H), 2.57 — 2.46 (m, 2H), 2.34 — 2.26 (m, 1H), 2.22 — 2.13 (m, 1H), 1.36 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 171.0, 170.1, 145.8, 139.6, 136.6, 130.2, 129.63, 129.56, 128.7,
128.5, 128.4, 128.3, 128.0, 127.8, 126.9, 126.3, 81.0, 66.0, 55.4, 43.0, 37.0, 28.0.

HRMS (ESI+) caled. For C3oHisN20, ([M+H]): 455.2693, found: 455.2695.

HPLC chromatogram of compound cis-7

““““

f%
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % Peak RetTime Type Width Area Height Area
e | === | === | [ ====——— | # [min] [mAU*s] [mAU]
1 15.497 MF 0.6272 5182.27393 137.71826 49.2885
2 19.133 MF 0.7893 5331.88281 112.58241 50.7115 1 15.771 MF 0.6305 7699.51904 203.53770 100.0000

The compound cis-7 was dissolved in THF (2 mL) and 15% citric acid (1 mL) was added. The tube
was sealed, and the mixture was stirred for 2 h. The mixture was then neutralized by adding sat. aqg.
NaHCOz. The resulting solution was extracted with EtOAc (3 <2 mL). The organic phases were
collected and dried over Na>SOs. After filtration, the solvent was removed under reduce pressure, and
the crude product was purified by silica gel chromatography to give cis-8 in 83% yield with > 20:1
dr.

NH,
- Cco,B
Ph/\/\/\i/ 2 bu

NH,
cis-8
tert-butyl (2R,7R,E)-2,7-diamino-7-phenylhept-4-enoate (cis-8): yield (48 mg, 83%); colorless
oil; > 20:1 dr; [a]*’p = +64.2 (¢ 0.27, CH2CL).
TH NMR (400 MHz, Chloroform-d) 8 7.38 — 7.21 (m, 5H), 5.56 — 5.42 (m, 2H), 4.08 (dd, J=9.0, 5.0
Hz, 1H), 3.36 (dd, J=8.2, 5.0 Hz, 1H), 2.56 — 2.40 (m, 3H), 2.31 — 2.23 (m, 1H), 1.37 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 173.0, 141.3, 130.1, 129.4, 128.8, 127.9, 126.7, 81.8, 55.3,
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53.7,40.7, 36.9, 28.0.
HRMS (ESI+) caled. For C17H27N20, ([M+H]"): 291.2067, found: 291.2061.

A flame-dried Schlenk tube was cooled to room temperature and evacuated and backfilled with
hydrogen for three times. To this Schlenk tube were added (2R,7S,E)-3a (91 mg, 0.2 mmol), Pd/C (3
mg, 10 wt%), EtOAc (2 mL) and the reaction mixture was stirred under 1 atm hydrogen gas pressure
at room temperature overnight. Then the resulting mixture was concentrated and purified by flash

column chromatography to afford the desired product trans-9 in 80% overall yield with > 20:1 dr.

OH
e~ ~_CO,Bu
Ph 2
Ph. _NH
Ph
trans-9

tert-butyl (2R,7S)-2-(benzhydrylamino)-7-hydroxy-7-phenylheptanoate (rans-9): yield (74 mg,
80%); colorless oil; > 20:1 dr; [a]*’p = -0.9 (¢ 0.45, CH,CL).

TH NMR (400 MHz, Chloroform-d) 8 7.36 — 7.33 (m, 2H), 7.30 — 7.25 (m, 4H), 7.25 — 7.07 (m, 9H),
4.70 (s, 1H), 4.56 (dd, J= 7.4, 5.8 Hz, 1H), 2.95 (dd, J=7.4, 5.8 Hz, 1H), 1.86 — 1.58 (m, 5H), 1.54
—1.45 (m, 2H), 1.39 (s, 9H), 1.34 — 1.28 (m, 2H).

I3C NMR (101 MHz, Chloroform-d) & 175.1, 144.8, 144.5,142.9, 128.5, 128.44, 128.39, 127.7, 127.5,
127.3, 127.1, 125.8, 80.9, 74.5, 65.5, 59.7, 38.9, 33.7, 28.2, 25.7, 25.6.

HRMS (ESI+) caled. For C30H3sNO3 ([M+H]"): 460.2846, found: 460.2842.

To a solution of (2R,7S,E)-3a (0.2 mmol) in THF (0.1 mL) was added 15% citric acid (1 mL). The
mixture was stirred at room temperature for 1 h, quenched with sat. aq. NaHCOs and extracted with
EtOAc (3 %2 mL). The organic layers were combined and dried over Na;SO4. The solvent was
removed and the crude product amine was obtained. To a solution of crude product in DCM (2 mL)
was added triethylamine (61 mg, 0.6 mmol) and TsCI (114 mg, 0.6 mmol) followed by DMAP (7.5
mg, 0.06 mmol). The mixture was stirred overnight and then the resulting mixture was concentrated

and purified by flash column chromatography to afford the desired product trans-10 in 78% overall
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yield with > 20:1 dr.

OH
1y
B
Ph/'\/\/\/coz u

HTs

Zn

trans-10
tert-butyl (2R,7S,E)-7-hydroxy-2-((4-methylphenyl)sulfonamido)-7-phenylhept-4-enoate
(trans-10): yield (63 mg, 78%); white solid; m.p. 88-90 °C; > 20:1 dr; [a]'’> =-53.9 (¢ 0.53, CH2CL).
TH NMR (400 MHz, Chloroform-d)  7.64 (d, J= 8.0 Hz, 2H), 7.35 — 7.28 (m, 3H), 7.25 — 7.14 (m,
4H), 5.48 — 5.31 (m, 2H), 5.19 (d, /= 9.2 Hz, 1H), 4.63 (dd, J = 8.0, 4.8 Hz, 1H), 3.83 — 3.74 (m,
1H), 2.41 —2.33 (m, 3H), 2.32 (s, 3H), 2.31 — 2.25 (m, 1H), 1.19 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 170.0, 143.9, 143.5, 137.0, 131.3, 129.6, 128.4, 127.5, 127.3,
127.0, 125.7, 82.6, 73.2, 55.8, 42.5, 36.7, 27.7, 21 4.
HRMS (ESI+) caled. For C24H3:NOsS ([M+H]"): 446.1996, found: 446.1990.

To a solution of (2R,7R,E)-3a (0.2 mmol) in THF (0.1 mL) was added 15% citric acid (1 mL). The
mixture was stirred at room temperature for 1 h, quenched with sat. ag. NaHCOs3 and extracted with
EtOAc (3 %2 mL). The organic layers were combined and dried over Na.SO4. The solvent was
removed and the crude product amine was obtained. To a solution of crude product in DCM (2 mL)
was added triethylamine (61 mg, 0.6 mmol) and TsClI (114 mg, 0.6 mmol) followed by DMAP (7.5
mg, 0.06 mmol). The mixture was stirred overnight and then the resulting mixture was concentrated
and purified by flash column chromatography to afford the desired product cis-10 in 77% overall

yield with > 20:1 dr.

OH
H 4
B
Ph/\/\/\:/coz u
HTs

Zn

cis-10
tert-butyl (2R,7R,E)-7-hydroxy-2-((4-methylphenyl)sulfonamido)-7-phenylhept-4-enoate (cis-
10): yield (62 mg, 77%); white solid; m.p. 100-102 °C; > 20:1 dr; [a]'’ = +17.8 (c 0.47, CH2CL,).

'"H NMR (400 MHz, Chloroform-d) 8 7.64 (d, J = 8.4 Hz, 2H), 7.30 — 7.27 (m, 4H), 7.23 — 7.19 (m,
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3H), 5.48 — 5.31 (m, 2H), 5.09 (d, J= 9.2 Hz, 1H), 4.61 (dd, J = 8.4, 4.8 Hz, 1H), 3.82 — 3.75 (m,
1H), 2.44 — 2.33 (m, 3H), 2.32 (s, 3H), 2.31 — 2.26 (m, 1H), 1.18 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 170.1, 143.8, 143.5, 136.9, 131.3, 129.6, 128.4, 127.5, 127.3,
127.1, 125.7, 82.6, 73.0, 55.8, 42.8, 36.7, 27.7, 21 4.

HRMS (ESI+) caled. For C2aH3NOsS ([M+H]'): 446.1996, found: 446.1997.

To a solution of (2R,7S,E)-3a (137 mg, 0.3 mmol) and NaHCO3 (51 mg, 0.6 mmol) in MeCN (3
mL)was added 1> (229 mg, 0.9 mmol) at -20 °C. The mixture was stirred for 12 h before quenched by
addition of sat. aq. Na>SOs. The aqueous layer was extracted with EtOAc (3 %5 mL). The combined
organic layers were concentrated, and purified using flash chromatography to give the desired product

11 in 45% yield with > 20:1 dr and 11” in 27% yield with > 20:1 dr.

1"
tert-butyl (R)-2-((diphenylmethylene)amino)-3-((2S,3R,5S)-3-iodo-5-phenyltetrahydrofuran-2-
yl)propanoate (11): yield (79 mg, 45%); white solid; m.p. 140-142 °C; > 20:1 dr; [a]"*p = -18.0 (¢
0.56, CH2CD).
"H NMR (400 MHz, Chloroform-d) 8 7.91 (d, J= 7.6 Hz, 2H), 7.41 —7.27 (m, 10H), 7.18 — 7.11 (m,
3H), 5.07 (dd, J=12.6, 2.6 Hz, 1H), 4.30 — 4.23 (m, 2H), 3.98 (dd, /=9.0, 6.6 Hz, 1H), 2.92 — 2.83
(m, 1H), 2.41 —2.30 (m, 1H), 1.89 — 1.78 (m, 1H), 1.71 — 1.64 (m, 1H), 1.20 (s, 9H).
13C NMR (101 MHz, Chloroform-d) 8 172.7, 147.6, 142.4, 142.0, 129.0, 128.4, 128.2, 128.0, 127.6,
127.5,127.3,126.6, 92.1, 80.6, 71.6, 65.8, 63.2,42.9, 32.1, 27.8, 23.9.
HRMS (ESI+) caled. For C30H33INO3; ([M+H]"): 582.1500, found: 582.1492.
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11"
tert-butyl (R)-2-((diphenylmethylene)amino)-3-((2R,3S5,55)-3-iodo-5-phenyltetrahydrofuran-2-
yl)propanoate (11°): yield (47 mg, 27%); white solid; m.p. 68-70 °C; > 20:1 dr; [a]*’p = +132.9 (¢
0.44, CH2CD).
TH NMR (400 MHz, Chloroform-d) 8 7.55 — 7.45 (m, 4H), 7.44 —7.26 (m, 8H), 7.24 — 7.16 (m, 3H),
4.60 (dd, J=11.6, 2.4 Hz, 1H), 4.14 — 4.06 (m, 1H), 3.93 (d, J = 8.8 Hz, 1H), 3.90 — 3.84 (m, 1H),
2.72 -2.62 (m, 1H), 2.40 — 2.32 (m, 1H), 2.14 - 2.07 (m, 1H), 1.96 — 1.86 (m, 1H), 1.19 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 173.7, 143.0, 142.8, 142.1, 128.3, 128.2, 127.8, 127.7, 127.6,
127.4,126.1,92.5, 80.3, 72.7, 65.4, 62.6, 42.3, 37.7, 27.7, 23.2.
HRMS (ESI+) caled. For C30H33INO3 ([M+H]"): 582.1500, found: 582.1502.
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7. Kinetic resolution studies

Scheme S3. Kinetic resolution studies.

H
(a) [CUJILT (5 mol %) )O\/\/\/ ,
/FQ OH [Ru]-1 (2 mol %) OH Ph N _CO,Bu
+ )\/\/ > H + 2
P SN"CO,Bu P NENF K3PO,, 20 °C, THF ph NNF NQrPh
1a, 0.20 mmol rac-2a, 0.38 mmol (R)-2a trans-(2R, 7S, E)-3a
31% yield, 93% ee  90% yield, >20:1 dr, 99% ee
H
(b) [CUJILT (5 mol %) )O\/\/\/ ,
/FQ OH [Rul-1 (2 mol %) OH Ph N _CO,Bu
¥ )\/\/ > - * Y
P SN"CO,Bu phT NENF K3PO,, 20 °C, THF ph NNF NQrPh
1a, 0.30 mmol rac-2a, 0.20 mmol (R)-Za trans-(2R, 73,[:-)_';2
43% yield, 89% ee  45% yield, >20:1 dr, 99% ee
H
© [CU/L7 (5 mol %) 9 t
/FJ’\\h OH ent-[Rul-1 (2 mol %) OH Ph X\ C02BU
* )\/\/ > )\/\/ ¥ X
P SN"CO,Bu phT NN KsPO,, 20 °C, THF ph” NNF NQrPh
1a, 0.20 mmol rac-2a, 0.38 mmol (S)-2a cis-2RTRE)-3a"

29% yield, 89% ee

91% yield, >20:1 dr, 99% ee

(d) [Cu)/L7 (5 mol %) ?H ¢
/FQ OH ent-[Ru]-1 (2 mol %) OH Ph/\/\/\_/c:o2 Bu
+ > + Z
P N7CO,Bu PhW K3POy, 20 °C, THF PhW N?Ph
1a, 0.30 mmol rac-2a, 0.20 mmol (S)-2a cis-(2R, 7R,E)-3|;h

40% yield, 81% ee

45% yield, >20:1 dr, 99% ee

Under argon, to a flame dried Schlenk tube were added Cu(MeCN)4BF4 (0.01 mmol) and L7

(0.01 mmol) and degassed THF (1 mL). The reaction mixture was stirred at 20 °C for about 30 min.
Then, [Ru]-1 (0.004 mmol), imino ester 1a (0.2 mmol), dienyl carbinol 2a (0.38 mmol), K3PO4 (0.2
mmol) and THF (1 mL) were added into the Schlenk tube under argon. The reaction mixture was
continuously stirred at 20 °C. Once starting material was consumed (monitored by TLC), the organic
solvent was removed by rotary evaporation. The whole residue was further purified by column
chromatography to give the desired product 3a, which was analyzed by HPLC to determine the dr
value and enantiomeric excess. The recovered 2a was analyzed by HPLC to determine the
enantiomeric excess. We can get the trans-(2R,7S,E)-3a in 90% yield (> 20:1 dr, 99% ee) and (R)-2a
in 31% yield (93% ee) (Scheme S3a). By the same operation, but using 0.2 mmol 2a and 0.3 mmol
1a, we can only get the trans-(2R,7S,E)-3a in 45% yield with > 20:1 dr and 99% ee, and (R)-2a in

43% yield with 89% ee (Scheme S3b). By the same operation, but using ent-[Ru]-1 instead of [Ru]-
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1, we can get the cis-(2R,7R,E)-3a in 91% yield with > 20:1 dr and 99% ee, and (S)-2a in 29% yield
with 89% ee (Scheme S3c¢). When we use 0.20 mmol 2a and 0.30 mmol 1a with ent-[Ru]-1, the cis-
(2R, 7R,E)-3a in 45% yield with > 20:1 dr and 99% ee, and (S)-2a in 40% yield with 81% ee will be

obtained. Thus, the bimetallic copper/ruthenium relay catalysis undergoes kinetic resolution process.

(R)-2a
(R,E)-1-phenylpenta-2,4-dien-1-ol ((R)-2a): yield (30 mg, 31%); colorless oil; [a]*’p =-35.8 (¢ 0.51,
CH:Cly); The product was analyzed by HPLC to determine the enantiomeric excess: 93% ee
(Chiralpak OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, A = 254 nm); t; = 19.65 and 24.02
min.

HPLC chromatogram of compound (R)-2a

60 g
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAU] % # [min] [min] :
——————————— |==—==]==——— | | [ il ittt Bl el B il Bttt
1 19.646 BB 0.5101 1328.04858 39.12090 49.8424 1 19.360 EB 0.4830 2467.29248 96
2 24.020 BB 0.6084 1336.44556 32.86478 50.1576 2 23.683 BB 0.4526 81.87313 2.22864 3.2118
OH
W
Ph
(S)-2a

(S,E)-1-phenylpenta-2,4-dien-1-ol ((S)-2a): yield (28 mg, 29%); colorless oil; [a]*’p =+31.1 (¢ 0.67,
CH:Cly); The product was analyzed by HPLC to determine the enantiomeric excess: 89% ee

(Chiralpak OD-H, i-propanol/hexane = 3/97, flow rate 1 mL/min, A = 254 nm); t; = 19.65 and 24.02

min.
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HPLC chromatogram of compound (S)-2a

DAD1 B, Sig: Ref=off (D/\HPLC\Dat#\202308 1618 2023-08-16 10-16-46:83.D) DAD1 B, 5ig=234 4 Ref=off (D HPLC\Data\ 202308 16\8 2023-08-16 10-16-4652.0)
Ay mAU
180
100
140
80 120
100
&0
- 50 o
n
) 3
B s 8
[ 0 = —
16 18 20 2 24 26 28 ing 6 18 20 22 2 26 28
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height
# [min] [min] [mAT* s [mAT] % # [min] [min] [MAU*s ] [mAU]
——————————— R ettt L B Rty O O O Ay Py POy PO
1 19.646 BB 0.5101 1328.04858 39.12090 49.8424 19.460 FM 0.5 5.7026
2 24,020 BB 0.6084 1336.44556 32.86478 50.1576 2 23.778 BB 0. 94.2974
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8. X-ray structures of (2R,7S,E)-trans-10 and (2R,7R,E)-cis-10

Figure S1. X-ray structure of (2R,7S,E)-trans-10.

Crystal data for (2R,7S,E)-trans-10: 2(C24H31NOsS), M;= 891.11, T= 100 K, monoclinic, space
group P 121 1, a = 18.8686(2), b = 5.43670(10), ¢ = 22.9849(2) A, a= 90, = 94.9320(10), y = 90,
V =2349.13(5) A3, Z = 2, 8325 unique reflections, final R = 0.0362 and wR> = 0.0991 for 8532
observed [/>20(])] reflections, Flack y = 0.023(13). CCDC 2328948 contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12,

Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk).

Figure S2. X-ray structure of (2R,7R,E)-cis-10.
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Crystal data for (2R,7R,E)-cis-10: C24H31NOsS, M;=445.56, T=100 K, monoclinic, space group
P1211,a=12.6662(4), b = 5.60080(10), c = 36.6350(11) A, a =90, B = 116.175(4), y =90, V =
2332.40(13) A3, Z=4, 5635 unique reflections, final R; = 0.0615 and wR> = 0.1710 for 7349 observed
[[>2c(])] reflections, Flack y= 0.042(15). CCDC 2328949 contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12,

Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk).
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