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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers and
used without further purification. Column chromatography was performed on silica gel
(200~300 mesh). Diastereomeric ratios (dr) were determined by*H NMR (400 MHz).
Enantiomeric excesses (ee) were determined by HPLC using corresponding
commercial chiral columns as stated at 30 <C with UV detector at 254 nm. Optical

rotations were reported as follows: [o]h (c g/100 mL, solvent). All *H NMR spectra

were recorded on Bruker Avance II 400 MHz. '°F NMR spectra were recorded on
Bruker Avance II 377 MHz and. 3C NMR spectra were recorded on Bruker Avance I
101 MHz with chemical shifts reported as ppm (in CDCls, TMS as internal standard).
Data for *H NMR are recorded as follows: chemical shift (5, ppm), multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet, br = broad singlet, dd = double doublet,
coupling constants in Hz, integration). HRMS (ESI) was obtained with a HRMS/MS
instrument (LTQ Orbitrap aXLTM). The absolute configuration of 3aa was assigned
by the X-ray analysis.

2. General experimental procedures

Starting Materials. All solvents, inorganic reagents were from commercial sources
and used without purification unless otherwise noted. f,y-alkynyl-a-imino esters and
isoxazol-5(4H)-ones were prepared following the literature procedures.’

2.1 Experimental procedures and characterization of compounds 1
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The substrates 1 containing drug fragments were prepared based on literature
procedures.?

Into a 100 mL round-bottom flask equipped with a magnetic stir-bar was added
solution of oxalyl chloride (2.0 equiv) in DCM (20 mL). The mixture was stirred at
0 °C, and a solution of an appropriate Drug (1.0 equiv) in dry DCM (0.3 M) was added
drop-wise over 30 min. When the addition was completed, the mixture was allowed to
warm to room temperature for 2 h. Excess oxalyl chloride was removed by vacuum
distillation. The alkyloxyoxalyl chloride S1 was used for the next step without
purification.

A two necked round bottomed flask was charged with Cul (10 mol%) and THF (0.3
M), trimethylamine (2.0 equiv), alkyne (1.0 equiv) and ethyl 2 —chloro-2- oxoacetate
(1.5 equiv) were added sequentially and the resulting mixture was stirred at room
temperature for 24 hours. The reaction was quenched by saturated NaHCO3 aqueous
solution and the aqueous phase was extracted with ethyl acetate. The organic phases
were combined, dried over Na2SO4 and concentrated under vacuum. The crude product
was purified by silica gel chromatography (PE/ ethyl acetate 20:1) to give the S2.

An oven-dried round bottom flask was added ketoesters S2 (1.0 equiv), N-Boc
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triphenyliminophosphorane or N-Cbztriphenyliminophosphorane (1.2 equiv) and
toluene. The mixture was heated to 120 °C using an oil bath and stirred for 24 - 72hrs.
After cooling to room temperature, the mixture was concentrated under vacuum. The
residue was purified by silica gel chromatography (PE/ ethyl acetate 10:1) to give the
(1S,2R,45)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl-2-((tert-
butoxycarbonyl)imino)-4-phenylbut-3-ynoate (1))

NBoc

Hi .0
A
o] Ph
1j

The product was obtained as a white oil (23% yield); [a]}; = 6.480 (c 0.89, CH2Cl2);

'H NMR (400 MHz, CDCl3) 6 7.54 (d, J = 7.1 Hz, 2H), 7.48 (m, J = 7.5 Hz, 1H), 7.40
(m,J=7.4Hz,2H),5.10 (d, J =9.8 Hz, 1H), 2.47 (tt, J = 14.1, 4.3 Hz, 1H), 2.16 (ddd,
J=13.1,9.3,4.3 Hz, 1H), 1.83 - 1.74 (m, 2H), 1.60 (s, 9H), 1.47 — 1.38 (m, 1H), 1.36
—1.29 (m, 1H), 1.15 (dd, J = 14.0, 3.4 Hz, 1H), 0.96 — 0.91 (m, 9H).

13C NMR (101 MHz, CDCl3) 6 160.97, 160.31, 145.18, 132.81, 131.00, 128.78, 120.09,
100.72, 84.07, 83.27, 81.29, 49.30, 48.01, 44.93, 36.57, 28.15, 27.98, 27.06, 19.69,
18.89, 13.56.

HRMS (ESI): exact mass calculated for [M+Na]"(C2sH31NOs+Na®) requires m/z
432.2151, found m/z 432.2146.

2.2 General Procedure for the synthesis of products 3
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To a solution of DCM (2.0 mL) were added f,y-alkynyl-a-imino esters 1 (0.1 mmol),
pyrazolone 2 (0.12 mmol) and catalyst (DHQ)2PYR (0.01 mmol). The reaction mixture
was stirred at -20 °C for 12-24 h and then the solvent was removed under vacuum. The
residue was purified by silica gel chromatography to yield the desired product 3.

2.3 Gram-scale synthesis of product 3am
[0} COOEt

Ph
.Boc B N Bn
N o " N -}\NHBOC
~~ "COOEt  + o Br  (DHQ),PYR Ph
P N 0
DCM, - 20 °C
Br
1a 2m 3am

2.2 mmol 2.6 mmol 1.02 g, 66% vyield, >20:1 dr, 89% ee

662mg 1066 mg

To a solution of DCM (24.0 mL) were added B,y-alkynyl-a-imino esters 1a (2.2
mmol), pyrazolone 2m (2.6 mmol) and catalyst (DHQ)2PYR (0.22 mmol). The reaction
mixture was stirred at -20 °C for 12 h and then the solvent was removed under vacuum.
The residue was purified by silica gel chromatography to yield the desired product 3am.
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2.4 Synthetic Transformations of product 4

pn. 2 COOEt ph. © COOEt
N Bn )\ CgHsB(OH), N Bn 2\
l o NHBoc | . NHBoc
N Na,COs, Pd(PPhg), N
Ph
THF : H,0=10:1 Ph
70 °C, 5h
Br Ph
3am 4

91% vyield, >20:1 dr, 87% ee

To an oven-dried round-bottom flask, equipped with a magnetic stir bar, compound
3am (70.5 mg, 0.1 mmol, 1.0 equiv) was taken and treated with Pd(PPh3)s (23.1 mg,
0.02 mmol, 20 mol %), phenylboronic acid (24.4 mg, 0.2 mmol, 2 equiv), and NaxCO3
(15.9 mg, 0.15 mmol, 1.5 equiv) in THF/H>O (1 mL, 10:1). The reaction mixture was
stirred at 70 °C for 8 h. Upon completion of the reaction, the reaction was quenched
with brine and extracted with DCM. The combined organic layers were dried and
concentrated under reduced pressure. Then, the reaction mixture was purified using
silica gel flash column chromatography to afford the product 4 as a white solid (64.00
mg, 91% yield, 87% ee).
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3. Optimization of reaction conditions

.Boc

Ph on O COOEt
N o Cat. N Bn .,
N>\j _ N\c“ * NHBoc
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Ph Ph Ph
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CICL, CCL,

C8, Ar = 2,4,6-PryCH, €10, Ar = 9-phenanthryl €13, Ar = 2-naphthyl

GO -aCRICHy I A Sprens

Entry“ Cat. Solvent t[h] Yield[%]” dre ee[%]“

1 DPP DCE 72 49 5:1 -
2 C1 DCE 12 72 >20:1 -36
3 C2 DCE 12 68 10:1 58
4 C3 DCE 12 71 >20:1 54
5 C4 DCE 12 66 >20:1 51
6 C5 DCE 12 36 1.1:1 32
7 C5 DCE 12 74 >20:1 64
8 C7 DCE 10 94 >20:1 78
9 C8 DCE 72 45 3:1 6
10 Cc9 DCE 72 43 5:1 6
11 C10 DCE 72 47 2:1 22
12 1 DCE 72 42 5:1 30
13 C12 DCE 72 45 5:1 34
14 C13 DCE 72 46 1:1 -10
15 C7 DCM 9 78 >20:1 80
16 C7 EtOAC 10 9 >20:1 79
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17 C7 THF 12 84 >20:1 75

18" C7 DCM 10 80 >20:1 70
19 C7 DCM 11 91 >20:1 82
20 C7 DCM 12 77 >20:1 81
219 C7 DCM 10 80 >20:1 81
22i C7 DCM 11 84 >20:1 84
23ie C7 DCM 11 93 >20:1 84
24K C7 DCM 12 87 >20:1 87
25k C7 DCM 12 93 >20:1 88
26 C7 DCM 12 88 >20:1 90
274 C7 DCM 21 85 >20:1 90
28\ C7 DCM 21 85 >20:1 88
204 C7 DCM 16 86 >20:1 90

“The reaction was conducted with 1a (0.1 mmol), 2a (0.12 mmol) and Cat. (10 mol %)
in solvent (1.0 mL) at rt.” Isolated yield. ¢ Determined by 1H NMR of the crude mixture.
4 Detected by chiral HPLC analysis. ¢ 2a (1.5 equiv) was added.” DCM (2.0 mL) was
used.#DCM (0.5 mL) was used. " catalyst (20 mol%) was used. ’ catalyst (5 mol%) was
used.’/ The temperature is 0 °C. ¥ The temperature is -20 °C. ' DCM (4 mL) was used.

4. Characterization Data

ethyl(R)-4-((S)-4-benzyl-5-0xo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)a-mino)-4-phenylbuta-2,3-dienoate (3aa)

O COOEt

Ph_
N Bn 2.
lil <~ “NHBoc

//

Ph Ph

3aa

yellow solid, 88% yield, dr > 20:1, mp 95.3-96.5°C; [a]}y = 30.488 (c 0.57, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.25 — 8.16 (m, 2H), 7.43 (d, J = 7.3 Hz, 2H), 7.38 —
7.31 (m, 3H), 7.24 - 7.17 (m, 4H), 7.06 — 6.99 (m, 4H), 6.91 (m, J = 14.5, 7.0 Hz, 3H),
6.73 (d, J = 6.7 Hz, 2H), 6.41 (s, 1H), 4.38 (dq, J = 10.6, 7.1 Hz, 1H), 4.24 (dq, J =
10.6, 7.1 Hz, 1H), 3.50 — 3.40 (m, 2H), 1.49 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H).

I3C NMR (101 MHz, CDCl3) 8 202.68, 172.72, 164.76, 157.91, 151.72, 137.64, 134.72,
134.26, 131.17, 130.34, 129.85, 128.74, 128.50, 128.23, 127.86, 127.80, 127.67,
127.38, 127.23, 125.62, 120.27, 115.96, 105.62, 81.00, 63.46, 62.85, 42.27, 28.42,
14.39.

HRMS (ESI): exact mass calculated for [M+Na]*(CasH37N3Os+Na*) requires m/z
650.2631, found m/z 650.2624. The enantiomeric excess was determined to be 90% by
HPLC. [IE+ID column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 14.4 min
(minor), 19.5 min (major).
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ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(2-fluorobenzyl)-5-oxo-1,3-
diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ab)

S

Ph Ph
3ab

white solid, 84% vyield, dr > 20:1, mp 93.3-93.9°C; [a]}y = 45.310 (c 0.76, CH2Cl2);

'H NMR (400 MHz, CDCl3) 6 8.29 (dd, J = 6.7, 2.9 Hz, 2H), 7.60 (d, J = 8.1 Hz, 2H),
7.45-7.38 (m, 3H), 7.34 — 7.26 (m, 4H), 7.13 (dd, J = 19.4, 5.7 Hz, 4H), 6.98 (m, J =
14.8, 7.1 Hz, 2H), 6.75 (q, J = 9.0, 8.0 Hz, 2H), 6.51 (s, 1H), 4.52 — 4.43 (m, 1H), 4.37
—4.28 (m, 1H), 3.74 (d, J = 13.2 Hz, 1H), 3.56 (d, J = 13.5 Hz, 1H), 1.58 (s, 9H), 1.48
(t, J=7.1Hz, 3H).

I3C NMR (101 MHz, CDCls) § 202.64, 172.57,164.72, 164.67, 162.30, 159.84, 158.01,
151.70,137.69, 134.61, 134.56, 131.90, 131.86, 130.85, 130.29, 129.11, 129.03, 128.78,
128.49,128.23,127.83, 127.36, 125.55, 123.49, 121.69, 121.53, 120.04, 115.97, 115.24,
115.02, 105.77, 81.05, 62.88, 62.78, 34.81, 28.40, 14.34.

YF NMR (377 MHz, CDCls) § -114.34.

HRMS (ESI): exact mass calculated for [M+Na]"(C3s9H3sFN3Os+Na*) requires m/z
668.2531, found m/z 668.2527. The enantiomeric excess was determined to be 71% by
HPLC. [IE+ID column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 16.2 min
(minor), 20.4 min (major).

ethyl (R)-4-((S)-4-(3-bromobenzyl)-5-0xo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-
4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ad)

Ph Ph

3ac

yellow solid, 78% yield, dr > 20:1, mp 152.5-152.8 °C; [o]} = 25.68 (¢ 1.17, CH2Cl2);

IH NMR (400 MHz, CDCl3) & 8.20 — 8.16 (m, 2H), 7.47 (d, J = 7.4 Hz, 2H), 7.36 (dd,
J=53,2.0Hz, 3H), 7.25 (m, J = 7.8 Hz, 2H), 7.19 (dd, J = 6.7, 3.0 Hz, 2H), 7.09 (d,
J=7.4Hz, 2H), 7.05 - 7.01 (m, 3H), 6.84 (s, 1H), 6.76 (m, J = 7.8 Hz, 1H), 6.66 (d, J
= 7.7 Hz, 1H), 6.41 (s, 1H), 4.38 (dg, J = 10.6, 7.1 Hz, 1H), 4.26 (dg, J = 10.6, 7.1 Hz,
1H), 3.44 — 3.35 (m, 2H), 1.50 (s, 9H), 1.38 (d, J = 14.3 Hz, 3H).

13C NMR (101 MHz, CDCls) § 202.55, 172.49, 164.64, 157.76, 151.70, 137.45, 136.64,
134.55, 132.85, 130.97, 130.52, 130.35, 129.38, 128.86, 128.81, 128.52, 128.44,
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128.30, 127.77, 127.35, 125.78, 121.77, 120.31, 115.64, 105.68, 81.08, 77.43, 77.11,
76.79, 63.20, 62.89, 41.62, 28.41, 14.36.

HRMS (ESI): exact mass calculated for [M+Na]*(C3sH3sBrN3zOs+Na*) requires m/z
728.1731, found m/z 728.1726. The enantiomeric excess was determined to be 82% by
HPLC. [ID+IF column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 18.1 min
(minor), 21.7 min (major).

ethyl  (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(3-methylbenzyl)-5-oxo-1,3-
diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ac)

pPh Ph

3ad

white solid, 86% yield, dr > 20:1, mp 139.8-140.5°C; [a]!y = 30.610 (c 0.97, CH2Cl2);

TH NMR (400 MHz, CDCl3) & 8.30 — 8.23 (m, 2H), 7.57 — 7.52 (m, 2H), 7.42 (dd, J =
5.2,2.0 Hz, 3H), 7.34 — 7.27 (m, 4H), 7.17 — 7.09 (m, 4H), 6.90 — 6.82 (m, 2H), 6.62 —
6.56 (m, 2H), 6.50 (s, 1H), 4.46 (dq, J=10.7, 7.1 Hz, 1H), 4.35 (dq, J= 10.6, 7.1 Hz,
1H), 3.49 (d, J=2.2 Hz, 2H), 1.99 (s, 3H), 1.58 (s, 9H), 1.47 (t, J= 7.1 Hz, 3H);

13C NMR (101 MHz, CDCl3) § 203.11, 173.28, 165.12, 158.45, 152.07, 138.04, 137.67,
135.11, 134.43, 131.66, 130.89, 130.64, 129.07, 129.04, 128.86, 128.57, 128.26,
128.15, 128.02, 127.76, 127.19, 125.94, 120.62, 116.31, 105.95, 81.33, 63.78, 63.19,
42.63, 28.77, 21.43, 14.74.

HRMS (ESI): exact mass calculated for [M+Na]*(CaoH3sN3Os+Na*) requires m/z
664.2782, found m/z 664.2784. The enantiomeric excess was determined to be 90% by
HPLC. [IF+IG column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 13.4 min
(minor), 15.2 min (major).

ethyl  (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(4-(tert-butyl)benzyl)-5-oxo-
1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ae)

ph Ph

3ae

white solid, 82% yield, dr > 20:1, mp 145.3-145.8°C; [a]!y = 40.467 (c 0.77, CH2Cl2);

IH NMR (400 MHz, CDCls) & 8.30 — 8.24 (m, 2H), 7.42 — 7.33 (m, 5H), 7.27 — 7.20
(m, 4H), 7.10 — 7.04 (m, 4H), 6.96 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H), 6.47
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(s, 1H), 4.44 (dg, J=10.5, 7.1 Hz, 1H), 4.28 (dg, J = 10.5, 7.1 Hz, 1H), 3.53 — 3.39 (m,
2H), 1.53 (s, 9H), 1.42 (t, J = 7.1 Hz, 3H), 1.11 (s, 9H).

13C NMR (101 MHz, CDCls) § 202.88, 172.78, 164.78, 157.95, 151.73, 150.00, 137.61,
134.81, 131.35, 131.14, 131.03, 130.29, 129.59, 128.75, 128.66, 128.52, 128.21,
127.76, 127.39, 125.72, 124.68, 120.70, 115.97, 105.69, 80.97, 63.47, 62.84, 41.93,
34.37, 31.29, 28.43, 14.41.

HRMS (ESI): exact mass calculated for [M+Na]*(CasHsN3Os+Na®) requires m/z
706.3251, found m/z 706.3256. The enantiomeric excess was determined to be 89% by
HPLC. [IF+IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 13.7 min (minor),
15.5 min (major).

ethyl (R)-4-((S)-4-(4-bromobenzyl)-5-oxo-1,3-diphenyl-4,5-dihydro-1H-pyrazol-
4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3af)

white solid, 86% yield, dr > 20:1, mp 98.4-98.9 °C; [o]} = 31.289 (c 1.29, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.20 (dd, J = 6.9, 2.9 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H),
7.34 (d, J=6.6 Hz, 3H), 7.24 (m, J = 7.8 Hz, 2H), 7.17 (dd, J = 6.8, 3.0 Hz, 2H), 7.10
—6.99 (m, 6H), 6.59 (d, J = 8.0 Hz, 2H), 6.41 (s, 1H), 4.37 (dq, J = 10.6, 7.1 Hz, 1H),
4.24 (dg, J =10.9, 7.1 Hz, 1H), 3.40 (q, J = 13.0 Hz, 2H), 1.49 (s, 9H), 1.38 (t, J = 7.1
Hz, 3H).

13C NMR (101 MHz, CDCls) 6 202.53, 172.51, 164.65, 157.70, 151.72, 137.50, 134.56,
133.41, 131.57, 130.98, 130.95, 130.50, 128.83, 128.51, 128.29, 127.77, 127.32,
125.77,121.37, 120.16, 115.73, 105.66, 81.06, 63.23, 62.87, 41.50, 28.41, 14.36.
HRMS (ESI): exact mass calculated for [M+Na]*(C3sH3sBrN3zOs+Na*) requires m/z
728.1731, found m/z 728.1727. The enantiomeric excess was determined to be 90% by
HPLC. [IC column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 6.0 min (major), 7.2
min (minor).

ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-(4-chlorobenzyl)-5-o0xo-1,3-
diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ag)
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white solid, 65% yield, dr > 20:1, mp 93.0-93.8°C; [a]}y = 11.000 (c 0.10, CH2Cl2);

'H NMR (400 MHz, CDCls) & 8.25 — 8.16 (m, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.34 (d,
J=5.4Hz, 3H), 7.24 (m, J = 7.8 Hz, 2H), 7.20 — 7.14 (m, 2H), 7.09 — 6.99 (m, 4H),
6.87 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 8.0 Hz, 2H), 6.41 (s, 1H), 4.36 (dg, J =14.4,7.0
Hz, 1H), 4.24 (dq, J = 14.2, 7.6 Hz, 1H), 3.42 (q, J = 13.0 Hz, 2H), 1.49 (s, 9H), 1.38
(t, J=7.1Hz, 3H).

13C NMR (101 MHz, CDCls) § 202.55, 172.54, 164.66, 157.73, 151.73, 137.53, 134.57,
133.14, 132.90, 131.21, 130.97, 130.50, 128.83, 128.52, 128.29, 128.03, 127.77,
127.33, 125.75, 120.13, 115.75, 105.66, 81.06, 63.31, 62.87, 41.46, 28.41, 14.36.
HRMS (ESI): exact mass calculated for [M+Na]*(Cs9H3sCIN3Os+Na*) requires m/z
684.2241, found m/z 684.2229. The enantiomeric excess was determined to be 91% by
HPLC. [IC column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 5.8 min (major), 6.8
min (minor).

ethyl (R)-2-((tert-butoxycarbonyl)amino)-4-((S)-4-methyl-5-oxo-1,3-diphenyl-4,5-
dihydro-1H-pyrazol-4-yl)-4-phenylbuta-2,3-dienoate (3ah)

Ph. 0O COOEt

N ‘1

O /' ‘NHBoc
N

pp Ph

3ah

white solid, 89% yield, dr > 20:1, mp 134.8-135.8°C; [a]y = 96.167 (c 0.86, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.31 (dd, J = 7.4, 2.3 Hz, 2H), 7.99 — 7.95 (m, 2H), 7.44
—7.39 (m, 5H), 7.25 - 7.19 (m, 3H), 7.11 (dd, J = 5.1, 1.9 Hz, 3H), 6.46 (s, 1H), 4.45
—4.36 (M, 1H), 4.35-4.26 (m, 1H), 1.74 (s, 3H), 1.55 (s, 9H), 1.42 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, CDCls) 6 202.89, 173.87, 164.75, 160.26, 151.62, 138.31, 134.66,
130.43, 130.13, 128.94, 128.66, 128.52, 128.19, 127.51, 127.46, 125.34, 119.38,
116.31, 105.45, 80.89, 62.78, 57.45, 28.36, 22.94, 14.24.
HRMS (ESI): exact mass calculated for [M+Na]*(CssH33N3Os+Na*) requires m/z
574.2318, found m/z 574.2310. The enantiomeric excess was determined to be 91% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 9.6 min (minor),
10.6 min (major).
ethyl (R)-4-((S)-4-benzyl-3-(2-fluorophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3aj)
Ph. 0 COOEt
N\ Bn /'
N

. Ph

“"NHBoc

3ai

white solid, 86% yield, dr > 20:1, mp 82.5-83.3°C; [o]} = 3.810 (¢ 1.05, CH2Cl2);
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'H NMR (400 MHz, CDCl3) 6 8.62 (m, J = 8.7 Hz, 1H), 7.45 (d, J = 7.3 Hz, 2H), 7.33
—7.28 (m, 1H), 7.25 - 7.20 (m, 5H), 7.07 — 7.03 (m, 4H), 7.02 — 6.90 (m, 4H), 6.73 (d,
J = 6.9 Hz, 2H), 6.39 (s, 1H), 4.36 (dg, J = 10.5, 7.1 Hz, 1H), 4.25 (dg, J = 10.8, 7.1
Hz, 1H), 3.41 (d, J = 2.8 Hz, 2H), 1.47 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 202.62, 172.10, 164.65, 161.72, 159.13, 154.60, 154.54,
151.68, 137.55, 134.52, 134.12, 131.51, 131.42, 131.12, 129.55, 128.75, 128.56,
128.32, 128.03, 127.82, 127.33, 125.70, 124.53, 124.49, 120.29, 119.37, 119.28,
116.82, 116.61, 115.82, 105.61, 80.98, 63.91, 62.85, 41.93, 28.39, 14.35.

F NMR (377 MHz, CDCls) 6 -107.68.

HRMS (ESI): exact mass calculated for [M+Na]"(C3s9H3sFN3Os+Na*) requires m/z
668.2531, found m/z 668.2526. The enantiomeric excess was determined to be 80% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 11.1 min (minor),
13.0 min (major).

ethyl  (R)-4-((S)-4-benzyl-5-ox0-1-phenyl-3-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-
yD-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ai)

Ph o] COOEt
\N Bn /'

Ph

“’NHBoc

3aj

white solid, 80% yield, dr > 20:1, mp 124.5-125.1°C; [a]}y = 37.822 (c 0.85, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.10 (d, J = 7.8 Hz, 1H), 7.84 (s, 1H), 7.45 (d, J = 7.3
Hz, 2H), 7.24 (dd, J = 9.8, 7.6 Hz, 3H), 7.20 — 7.16 (m, 2H), 7.13 (d, J = 7.2 Hz, 1H),
7.07 — 7.00 (m, 4H), 6.95 — 6.88 (m, 3H), 6.75 (d, J = 6.7 Hz, 2H), 6.42 (s, 1H), 4.38
(dg, J=10.6, 7.1 Hz, 1H), 4.24 (dqg, J = 10.5, 7.1 Hz, 1H), 3.52 - 3.39 (m, 2H), 2.34 (s,
3H), 1.48 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 202.74, 172.68, 164.83, 158.10, 151.66, 138.41, 137.67,
134.90, 134.33, 131.25, 131.04, 129.89, 128.74, 128.66, 128.46, 128.15, 127.83,
127.73, 127.20, 127.04, 125.59, 124.95, 120.27, 116.05, 105.56, 80.86, 63.39, 62.84,
42.44,28.37, 21.47, 14.35.

HRMS (ESI): exact mass calculated for [M+Na]*(CaoH3sN3Os+Na*) requires m/z
664.2782, found m/z 664.2789. The enantiomeric excess was determined to be 89% by
HPLC. [IE+ID column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 13.9 min
(minor), 15.3 min (major).

ethyl (R)-4-((S)-4-benzyl-5-0x0-1-phenyl-3-(m-tolyl)-4,5-dihydro-1H-pyrazol-4-
yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ak)
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O COOEt

Ph\N Bn }
D “"NHBoc
N
Ph
3ak

white solid, 82% yield, dr > 20:1, mp 123.6-124.1°C; [a]}y = 35.445 (c 0.82, CH2Cl);

'H NMR (400 MHz, CDCls) 6 8.09 (d, J = 7.8 Hz, 1H), 7.84 (s, 1H), 7.45 (d, J = 8.8
Hz, 2H), 7.22 (dq, J = 16.6, 8.5, 8.1 Hz, 5H), 7.13 (d, J = 7.6 Hz, 1H), 7.06 — 6.99 (m,
4H), 6.91 (m, J=14.1, 6.9 Hz, 3H), 6.78 — 6.72 (m, 2H), 6.42 (d, J = 2.2 Hz, 1H), 4.42
—4.33 (m, 1H), 4.24 (dq, J = 10.6, 7.1 Hz, 1H), 3.46 (q, J = 12.9 Hz, 2H), 2.33 (s, 3H),
1.47 (s, 9H), 1.37 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, CDCls) § 202.76, 172.69, 164.83, 158.10, 151.67, 138.42, 137.68,
134.91, 134.34, 131.26, 131.05, 129.90, 128.74, 128.67, 128.47, 128.17, 127.84,
127.74, 127.21, 127.04, 125.59, 124.96, 120.27, 116.06, 105.57, 80.87, 63.41, 62.85,
42.46, 28.38, 21.48, 14.36.
HRMS (ESI): exact mass calculated for [M+Na]*(CaoH3sN3Os+Na*) requires m/z
664.2782, found m/z 664.2783. The enantiomeric excess was determined to be 88% by
HPLC. [IE+IF column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 14.1 min (minor),
15.8 min (major).
ethyl  (R)-4-((S)-4-benzyl-5-0xo-1-phenyl-3-(p-tolyl)-4,5-dihydro-1H-pyrazol-4-
yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3al)

0 COOEt

N\ B 2.
1 X+ "NHBoc

Ph

3al

yellow solid, 96% yield, dr > 20:1, mp 184.2-184.8°C; [a]}y =43.783 (¢ 1.13, CH2Cl2);

'H NMR (400 MHz, CDCls3) 6 8.09 (d, J = 7.9 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 7.25
—7.12 (m, 7H), 7.04 (dd, J = 10.3, 5.7 Hz, 4H), 6.92 (m, J = 14.6, 7.1 Hz, 3H), 6.75 (d,
J=7.4Hz, 2H), 6.40 (s, 1H), 4.39 (dg, J = 14.1, 7.2 Hz, 1H), 4.30 — 4.21 (m, 1H), 3.44
(9, J =12.8 Hz, 2H), 2.31 (s, 3H), 1.51 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 202.68, 172.63, 164.78, 157.94, 151.68, 140.45, 137.67,
134.74, 134.31, 129.87, 129.48, 128.69, 128.46, 128.16, 127.79, 127.28, 127.16,
125.51, 120.26, 116.03, 105.54, 80.92, 63.41, 62.81, 42.29, 28.41, 21.71, 14.37.
HRMS (ESI): exact mass calculated for [M+Na]*(CaoH39N3Os+Na*) requires m/z
664.2782, found m/z 664.2778. The enantiomeric excess was determined to be 91% by
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HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 6.1 min (major), 7.3
min (minor).

ethyl (R)-4-((S)-4-benzyl-3-(4-bromophenyl)-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3am)

Ph. O 5 COOEt
N n o,
[ . NHBoc
N=<
Ph
Br
3am

yellow solid, 74% yield, dr > 20:1, mp 185.9-186.5°C; [a]}y = 63.405 (¢ 0.70, CH2Cl2);

'H NMR (400 MHz, CDCls) & 8.09 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.42
(d,J=7.4Hz,2H), 7.22 (m, J =7.9 Hz, 2H), 7.14 (m, J = 4.7, 2.9 Hz, 2H), 7.08 — 7.02
(m, 4H), 6.93 (m, J =14.4,7.0 Hz, 3H), 6.73 (d, J = 7.5 Hz, 2H), 6.43 (s, 1H), 4.38 (dq,
J=10.5,7.1 Hz, 1H), 4.24 (dqg, J = 10.6, 7.1 Hz, 1H), 3.43 (s, 2H), 1.50 (s, 9H), 1.38
(t, J=7.1Hz, 3H).
13C NMR (101 MHz, CDCls) § 201.58, 171.50, 163.49, 155.87, 150.70, 136.38, 133.50,
132.93, 131.77, 130.93, 128.95, 128.64, 127.74, 127.67, 127.46, 127.21, 126.82,
126.54, 126.23, 124.67, 123.71, 119.16, 114.59, 104.65, 80.06, 62.11, 61.78, 41.25,
27.33, 13.25.
HRMS (ESI): exact mass calculated for [M+Na]*(C3sH3sBrN3zOs+Na*) requires m/z
728.1731, found m/z 728.1727. The enantiomeric excess was determined to be 90% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 5.6 min (major), 6.4
min (minor).
ethyl (R)-4-((S)-4-benzyl-3-(4-chlorophenyl)-5-0xo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3an)

O COOEt

N Bn .,
i X7 “NHBoc

Ph

Cl 3an

white solid, 87% yield, dr > 20:1, mp 181.4-181.9°C; [a]y = 69.522 (c 1.11, CH2Cl2);

IH NMR (400 MHz, CDCls) § 8.16 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 7.4 Hz, 2H), 7.31
(d, J=8.7 Hz, 2H), 7.24 (m, J = 7.9 Hz, 2H), 7.17 — 7.13 (m, 2H), 7.10 — 7.03 (m, 4H),
6.94 (m, J=14.5,7.0 Hz, 3H), 6.74 (d, J = 6.7 Hz, 2H), 6.43 (s, 1H), 4.39 (dg, J = 10.6,
7.1 Hz, 1H), 4.25 (dg, J = 10.6, 7.1 Hz, 1H), 3.43 (s, 2H), 1.51 (s, 9H), 1.39 (t, J = 7.1
Hz, 3H).
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13C NMR (101 MHz, CDCl3) § 202.65, 172.59, 164.59, 156.89, 151.78, 137.47, 136.23,
134.59, 134.03, 129.72, 129.60, 129.04, 128.76, 128.62, 128.54, 128.29, 127.90,
127.64, 127.31, 125.75, 120.26, 115.68, 105.72, 81.14, 63.23, 62.88, 42.32, 28.42,
14.33.

HRMS (ESI): exact mass calculated for [M+Na]*(Cs9HzsCIN3Os+Na*) requires m/z
684.2241, found m/z 684.2239. The enantiomeric excess was determined to be 90% by
HPLC. [IC column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 5.5 min (major), 6.3
min (minor).

ethyl (R)-4-((S)-4-benzyl-3-(naphthalen-2-yl)-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ao)

0 COOEt
Bn

N 3

17 "NHBoc

Ph

white solid, 85% yield, dr > 20:1, mp 110.2-110.9°C; [o]} = 135.910 (c 0.84, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.90 (s, 1H), 8.41 (d, J=7.0 Hz, 1H), 7.98 (dd, J = 8.7,
1.8 Hz, 1H), 7.70 (m, J = 7.9 Hz, 2H), 7.50 (d, J = 7.2 Hz, 2H), 7.44 — 7.37 (m, 2H),
7.26 —7.18 (m, 4H), 7.09 - 7.04 (m, 1H), 6.99 — 6.90 (m, 4H), 6.86 (m, J = 7.4 Hz, 2H),
6.73 (d, J = 6.9 Hz, 2H), 6.51 (s, 1H), 4.39 (dq, J = 10.6, 7.1 Hz, 1H), 4.25 (dq, J =
10.5, 7.1 Hz, 1H), 3.63 — 3.47 (m, 2H), 1.55 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 202.78, 172.74, 164.85, 157.91, 151.90, 137.74, 135.05,
134.26, 134.19, 133.76, 132.89, 129.95, 129.88, 128.81, 128.55, 128.28, 128.17,
128.05, 127.88, 127.64, 127.60, 127.26, 127.22, 125.96, 125.67, 123.35, 120.29,
116.43, 105.68, 80.98, 63.40, 62.95, 43.04, 28.45, 14.37.

HRMS (ESI): exact mass calculated for [M+Na]*(CasH3sN3Os+Na*) requires m/z
700.2787, found m/z 700.2787. The enantiomeric excess was determined to be 88% by
HPLC. [IE+IF column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 14.8 min (minor),
16.5 min (major).

ethyl (R)-4-((S)-4-benzyl-5-oxo0-1-phenyl-3-(thiophen-2-yl)-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ap)

Ph_

3ao

O COOEt

Ph B

E\\\ ) “““NHBoc
Ph
3ap

yellow solid, 85% yield, dr > 20:1, mp 92.8-93.5°C; [a]}y = 28.893 (c 1.02, CH2Cl2);
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'H NMR (400 MHz, CDCls) & 8.39 (d, J = 3.8 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.29
(d, J=5.0 Hz, 1H), 7.22 — 7.17 (m, 4H), 7.07 — 7.01 (m, 5H), 6.96 (q, J = 7.4, 6.4 Hz,
3H), 6.82 (d, J = 5.8 Hz, 2H), 6.40 (s, 1H), 4.38 (dq, J = 10.5, 7.1 Hz, 1H), 4.23 (dt, J
=10.6, 7.1 Hz, 1H), 3.47 — 3.39 (m, 2H), 1.47 (s, 9H), 1.38 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 203.07, 172.14, 164.64, 154.48,151.76, 137.35, 134.62,
134.53, 134.02, 130.97, 129.81, 128.70, 128.56, 128.46, 128.25, 128.10, 127.98,
127.78, 127.33, 125.66, 120.35, 115.54, 105.63, 81.08, 63.83, 62.85, 42.74, 28.33,
14.36.

HRMS (ESI): exact mass calculated for [M+Na]"(Cs7H3sN3OsS+Na*) requires m/z
656.2195, found m/z 656.2188. The enantiomeric excess was determined to be 91% by
HPLC. [IC column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 6.9 min (major),
12.1 min (minor).

ethyl  (R)-4-((S)-4-benzyl-5-ox0-3-phenyl-1-(o-tolyl)-4,5-dihydro-1H-pyrazol-4-
yD)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3aq)

white solid, 88% yield, dr > 20:1, mp 85.0-85.6 °C; [o] = 9.323 (¢ 1.14, CH2Cl2);

'H NMR (400 MHz, CDCl3) 6 8.29 (dd, J=7.5, 2.2 Hz, 2H), 7.43 - 7.37 (m, 3H), 7.28
(dd, J=6.7, 3.0 Hz, 2H), 7.09 (dd, J = 5.1, 1.9 Hz, 3H), 7.06 — 6.92 (m, 6H), 6.81 (d, J
= 6.9 Hz, 2H), 6.43 - 6.33 (m, 2H), 4.41 (dq, J = 10.6, 7.1 Hz, 1H), 4.28 (dq, J = 10.6,
7.1 Hz, 1H), 3.58 — 3.36 (m, 2H), 1.53 (s, 3H), 1.48 (s, 9H), 1.41 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, CDCls) 6 202.31, 172.71, 164.93, 157.36, 135.64, 135.31, 134.80,
134.70, 131.66, 130.98, 130.35, 130.29, 128.94, 128.49, 128.45, 128.35, 128.27,
128.09, 127.38, 127.25, 126.35, 126.22, 115.79, 105.03, 80.92, 62.84, 41.30, 28.41,
17.71, 14.44.

HRMS (ESI): exact mass calculated for [M+Na]*(CaoH3sN3Os+Na*) requires m/z
664.2782, found m/z 664.2781. The enantiomeric excess was determined to be 80% by
HPLC. [ID+IG column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 18.2 min
(minor), 21.3 min (major).

ethyl (R)-4-((S)-4-benzyl-1-(2-fluorophenyl)-5-oxo0-3-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ar)

white solid, 92% yield, dr > 20:1, mp 98.0-98.7 °C; [o]} = 43.762 (¢ 1.07, CH2Cl);
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'H NMR (400 MHz, CDCls) 6 8.19 (dd, J = 6.6, 2.9 Hz, 2H), 7.38 — 7.27 (m, 5H), 7.15
—7.04 (m, 5H), 6.96 (m, J =27.7, 7.5 Hz, 4H), 6.80 (d, J = 7.1 Hz, 2H), 6.57 — 6.50 (m,
1H), 6.42 (s, 1H), 4.37 (dg, J = 10.4, 7.1 Hz, 1H), 4.22 (dq, J = 10.6, 7.1 Hz, 1H), 3.55
—3.39 (m, 2H), 1.50 (s, 9H), 1.36 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 202.55, 172.78, 164.78, 158.51, 158.33, 155.80, 151.70,
134.64, 134.33, 131.10, 130.35, 130.18, 129.61, 129.54, 128.77, 128.44, 128.26,
128.01, 127.96, 127.51, 127.31, 127.26, 124.69, 124.57, 124.26, 124.22, 116.78,
116.59, 115.82, 105.58, 80.98, 62.82, 62.55, 41.98, 28.42, 14.39.

F NMR (377 MHz, CDCl3) 6 -118.41.

HRMS (ESI): exact mass calculated for [M+Na]"(C3s9H3sFN3Os+Na*) requires m/z
668.2531, found m/z 668.2527. The enantiomeric excess was determined to be 82% by
HPLC. [IC column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 7.8 min (major),
12.4 min (minor).

ethyl (R)-4-((S)-4-benzyl-1-(4-bromophenyl)-5-oxo-3-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3as)

Br
\Q 0 COOEt
B

N n "
DR «“""NHBoc
Nx<

3as

white solid, 65% yield, dr > 20:1, mp 175.6-176.3°C; [a]}y = 2.906 (c 0.93, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.29 (dd, J = 6.7, 3.0 Hz, 2H), 7.51 — 7.40 (m, 7H), 7.24
(ddd, J=8.5,5.6, 3.2 Hz, 2H), 7.13 - 7.09 (m, 3H), 7.03 (m, J = 7.3 Hz, 1H), 6.98 (m,
J=7.4Hz, 2H), 6.79 (d, J = 7.1 Hz, 2H), 6.49 (s, 1H), 4.47 (dq, J = 10.5, 7.1 Hz, 1H),
4.34 (dq, J =10.8, 7.2 Hz, 1H), 3.59 — 3.46 (m, 2H), 1.58 (s, 9H), 1.48 (t, J = 7.1 Hz,
3H).

I3C NMR (101 MHz, CDCls) 6 202.69, 172.68, 164.64, 158.25, 151.68, 136.68, 134.62,
134.11,134.08, 131.71, 130.91, 130.52, 129.75, 128.77, 128.50, 128.40, 128.25, 128.18,
127.85, 127.72, 127.41, 127.27, 126.91, 121.24, 118.38, 115.67, 105.66, 81.03, 63.58,
62.85,42.28, 28.39, 14.35.

HRMS (ESI): exact mass calculated for [M+Na]*(C3sH3sBrN3zOs+Na*) requires m/z
728.1731, found m/z 728.1734. The enantiomeric excess was determined to be 88% by
HPLC. [IC+IC column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 14.8 min
(major), 17.2 min (minor).

ethyl (R)-4-((S)-4-benzyl-1-methyl-5-0x0-3-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-
2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3at)

0 COOEt

l}l Bn
Nii

Ph Ph

3at

«“""NHBoc
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yellow solid, 66% yield, dr > 20:1, mp 78.3-78.9°C; [a]y = 87.387 (c 0.44, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.25 - 8.14 (m, 2H), 7.40 (dd, J = 5.2, 1.9 Hz, 3H), 7.25
—7.21 (m, 2H), 7.16 — 7.03 (m, 6H), 6.79 (d, J = 6.9 Hz, 2H), 6.46 (s, 1H), 4.47 (dq, J
=10.6, 7.1 Hz, 1H), 4.33 (dq, J = 10.5, 7.0 Hz, 1H), 3.50 — 3.35 (m, 2H), 3.04 (s, 3H),
1.57 (s, 9H), 1.49 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 202.54, 174.05, 164.79, 157.37, 151.63, 134.75, 134.44,
131.24, 129.98, 129.80, 128.68, 128.39, 128.10, 127.72, 127.68, 127.11, 126.97,
115.81, 105.38, 80.89, 62.76, 62.30, 41.87, 31.24, 28.37, 14.32.

HRMS (ESI): exact mass calculated for [M+Na]* (CssH3sN3Os+Na*) requires m/z
588.2474, found m/z 588.2474. The enantiomeric excess was determined to be 79% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 13.4 min (major),
16.4 min (minor).

ethyl (R)-4-((S)-4-benzyl-1-(naphthalen-2-yl)-5-oxo-3-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3au)

o coom
B

N n »
FN " “NHBoc

N=<
\I|3h Ph

3au

white solid, 75% vyield, dr > 20:1, mp 94.7-95.3°C; [a]}y =-14.811 (c 1.01, CH2Cl2);

'H NMR (400 MHz, CDCl3) 6 8.25 (d, J = 6.9 Hz, 2H), 7.99 (s, 1H), 7.68 (dq, J = 17.4,
8.7 Hz, 4H), 7.39 — 7.29 (m, 5H), 7.25 - 7.19 (m, 2H), 7.06 — 6.98 (m, 3H), 6.90 (m, J
=14.3,6.6 Hz, 3H), 6.76 (d, J = 6.4 Hz, 2H), 6.42 (s, 1H), 4.40 (m, J =9.9, 7.3, 3.7 Hz,
1H), 4.28 (m, J = 14.6, 7.1, 3.5 Hz, 1H), 3.55 — 3.38 (m, 2H), 1.50 (s, 9H), 1.42 (t, J =
7.1 Hz, 3H).

I3C NMR (101 MHz, CDCl3) 8 202.73, 172.94, 164.74, 158.10, 151.71, 135.26, 134.71,
134.24, 133.42, 131.33, 131.14, 130.41, 130.13, 129.84, 128.78, 128.53, 128.24,
128.06, 127.88,127.79, 127.63, 127.45,127.24, 126.37, 125.48, 119.35, 117.30, 115.96,
105.67, 81.02, 63.60, 62.87, 42.36, 28.42, 14.42.

HRMS (ESI): exact mass calculated for [M+Na]*(CasH3sN3Os+Na*) requires m/z
700.2787, found m/z 700.2786. The enantiomeric excess was determined to be 88% by
HPLC. [IC column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 9.8 min (major), 8.7
min (minor).

ethyl (R)-4-((S)-4-benzyl-5-oxo0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-(2-chlorophenyl)buta-2,3-dienoate (3ba)
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3ba

yellow solid, 81% yield, dr > 20:1, mp 129.5-130.1°C; [a]}y =66.635 (¢ 1.04, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.20 — 8.14 (m, 2H), 7.53 (d, J = 7.5 Hz, 2H), 7.34 —
7.29 (m, 3H), 7.26 — 7.20 (m, 3H), 7.16 — 7.12 (m, 1H), 7.04 (m, J = 7.4 Hz, 1H), 6.97
—6.85 (m, 5H), 6.77 (d, J = 6.6 Hz, 2H), 6.20 (s, 1H), 4.20 (pq, J = 7.7, 4.4, 3.5 Hz,
2H), 3.86 (d, J = 13.2 Hz, 1H), 3.45 (d, J = 13.2 Hz, 1H), 1.39 (s, 9H), 1.31 (t, J =7.1
Hz, 3H).
13C NMR (101 MHz, CDCls) § 204.38, 172.51, 164.53, 157.53, 151.41, 137.77, 134.46,
133.21, 132.79, 131.05, 130.28, 130.16, 129.90, 129.23, 128.67, 128.36, 127.86,
127.55, 127.10, 126.53, 125.39, 120.02, 111.29, 105.63, 80.81, 63.19, 62.61, 41.50,
28.23, 14.24.
HRMS (ESI): exact mass calculated for [M+Na]*(Cs9H3sCIN3Os+Na*) requires m/z
684.2241, found m/z 684.2237. The enantiomeric excess was determined to be 88% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 10.0 min (minor),
12.2 min (major).
ethyl (R)-4-((S)-4-benzyl-5-ox0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-(3-fluorophenyl)buta-2,3-dienoate (3ca)

0 COOEt

Bn .
\ «“ "NHBoc

3ca

yellow solid, 73% yield, dr > 20:1, mp 139.6-140.1°C; [a]}y =31.230 (¢ 0.92, CH2Cl2);

'H NMR (400 MHz, CDCl3) 6 8.18 (dd, J = 6.7, 3.0 Hz, 2H), 7.44 (d, J = 7.6 Hz, 2H),
7.35(dd, J=5.1, 1.9 Hz, 3H), 7.23 (m, J = 7.8 Hz, 2H), 7.06 (m, J = 7.4 Hz, 1H), 6.99
—6.89 (m, 6H), 6.73 (d, J = 7.5 Hz, 3H), 6.43 (s, 1H), 4.40 (dq, J = 10.6, 7.1 Hz, 1H),
4.30 — 4.24 (m, 1H), 3.47 — 3.38 (m, 2H), 1.50 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H).

I3C NMR (101 MHz, CDCl3) 8 203.10, 172.56, 164.46, 163.73, 161.28, 157.75, 151.71,
137.50, 136.93, 136.85, 134.00, 130.97, 130.46, 130.03, 129.95, 129.81, 128.81,
128.76,127.87,127.29, 127.26,125.73, 123.12, 123.09, 120.29, 115.36, 115.32, 115.13,
115.11, 114.95, 114.93, 106.03, 81.22, 63.21, 62.97, 42.36, 28.38, 14.35.

19F NMR (377 MHz, CDCl3) 6 -112.45.

HRMS (ESI): exact mass calculated for [M+Na]*(CsgH3sFN3Os+Na*) requires m/z
668.2531, found m/z 668.2534. The enantiomeric excess was determined to be 86% by
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HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 7.0 min (minor), 7.8
min (major).

ethyl (R)-4-((S)-4-benzyl-5-ox0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-(m-tolyl)buta-2,3-dienoate (3da)

0 COOEt

3da

yellow solid, 79% yield, dr > 20:1, mp 140.6-141.1°C; [a]y =31.010 (c 1.12, CH2Cl2);

'H NMR (400 MHz, CDCls) & 8.23 — 8.16 (m, 2H), 7.44 (d, J = 7.4 Hz, 2H), 7.33 (dd,
J=5.0,2.4Hz, 3H), 7.23 (d, J = 7.8 Hz, 2H), 7.07 — 6.98 (m, 3H), 6.91 (dd, J = 21.0,
7.0 Hz, 4H), 6.81 (d, J = 7.6 Hz, 1H), 6.74 (d, J = 6.5 Hz, 2H), 6.41 (s, 1H), 4.38 (dq,
J=10.5,7.1 Hz, 1H), 4.24 (dg, J = 10.6, 7.1 Hz, 1H), 3.49 — 3.39 (m, 2H), 2.01 (s, 3H),
1.49 (s, 9H), 1.38 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 202.55, 172.81, 164.80, 158.03, 151.73, 137.92, 137.66,
134.54, 134.32, 131.20, 130.95, 130.28, 129.86, 129.03, 128.74, 128.70, 128.45,
128.36, 127.85, 127.42, 127.20, 125.63, 124.86, 120.34, 116.05, 105.55, 80.95, 63.38,
62.80, 42.20, 28.40, 21.42, 14.40.

HRMS (ESI): exact mass calculated for [M+Na]*(CaoH3sN3Os+Na*) requires m/z
664.2782, found m/z 664.2783. The enantiomeric excess was determined to be 90% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 8.0 min (minor), 9.3
min (major).

ethyl (R)-4-((S)-4-benzyl-5-ox0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-(3-methoxyphenyl)buta-2,3-dienoate (3ea)

0 COOEt

Bn .
\ «“ NHBoc

OMe

3ea

white solid, 88% yield, dr > 20:1, mp 93.7-94.3°C; [0]} = 39.386 (c 1.14, CH2Cl2);

IH NMR (400 MHz, CDCls) & 8.22 — 8.17 (m, 2H), 7.47 (d, J = 7.3 Hz, 2H), 7.34 (d,
J=5.6 Hz, 3H), 7.22 (m, J = 7.8 Hz, 2H), 7.05 (m, J = 7.4 Hz, 1H), 6.96 — 6.88 (m,
4H), 6.82 (s, 1H), 6.76 (dd, J = 11.7, 7.5 Hz, 3H), 6.56 (d, J = 5.8 Hz, 1H), 6.42 (s, 1H),
4.39 (dg, J = 10.5, 7.1 Hz, 1H), 4.24 (dt, J = 10.6, 7.1 Hz, 1H), 3.43 (d, J = 17.0 Hz,
5H), 1.50 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) §202.59, 172.71, 164.69, 159.35, 157.92, 151.75, 137.68,
135.94, 13422, 131.14, 130.31, 129.82, 129.44, 128.73, 128.69, 127.85, 127.37,
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127.22, 125.56, 120.11, 119.86, 115.88, 114.78, 112.94, 105.63, 81.00, 63.43, 62.84,
54.91,42.28,28.39, 14.37.

HRMS (ESI): exact mass calculated for [M+Na]*(CaoH3sN3Os+Na®) requires m/z
680.2737, found m/z 680.2729. The enantiomeric excess was determined to be 88% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 9.1 min (minor),
12.1 min (major).

ethyl (R)-4-((S)-4-benzyl-5-0x0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-(4-chlorophenyl)buta-2,3-dienoate (3fa)

COOEt
B >
n /' ‘NHBoc

3fa

yellow solid, 65% yield, dr > 20:1, mp 194.8-195.1°C; [a]y =41.678 (c 0.74, CH2Cl2);

'H NMR (400 MHz, CDCl3) 6 8.18 (dd, J = 6.7, 3.0 Hz, 2H), 7.45 (d, J = 7.5 Hz, 2H),
7.38—-7.34 (m, 3H), 7.24 (m, J = 7.9 Hz, 2H), 7.13 (d, J = 8.6 Hz, 2H), 7.08 (m, J =
7.4 Hz, 1H), 7.01 (d, J = 8.5 Hz, 2H), 6.93 (m, J = 14.5, 7.0 Hz, 3H), 6.73 (d,J = 7.1
Hz, 2H), 6.42 (s, 1H), 4.40 (dq, J = 10.6, 7.1 Hz, 1H), 4.26 (dg, J = 10.4, 7.0 Hz, 1H),
3.47 - 3.39 (m, 2H), 1.51 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, CDCls) § 202.84, 172.55, 164.48, 157.73, 151.70, 137.50, 134.19,
134.01, 133.24, 130.95, 130.46, 129.78, 129.11, 128.80, 128.77, 128.73, 127.87,
127.28, 127.24, 125.71, 120.16, 114.93, 105.90, 81.16, 63.32, 62.93, 42.29, 28.38,
14.35.
HRMS (ESI): exact mass calculated for [M+Na]*(Cs9H3sCIN3Os+Na*) requires m/z
684.2241, found m/z 684.2233. The enantiomeric excess was determined to be 86% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 7.0 min (minor), 8.3
min (major).
ethyl (R)-4-((S)-4-benzyl-5-ox0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-(p-tolyl)buta-2,3-dienoate (3ga)
Ph. O COOEt

S o “"""NHBoc

white solid, 94% yield, dr > 20:1, mp 98.1-98.9 °C; [0]} = 28.231 (c 0.59, CHzCl2);
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'H NMR (400 MHz, CDCls) & 8.25 - 8.18 (m, 2H), 7.46 (d, J = 7.2 Hz, 2H), 7.35 (dd,
J=5.2,2.0Hz, 3H), 7.23 (m, J = 7.9 Hz, 2H), 7.08 (m, J = 7.3 Hz, 3H), 6.92 (m, J =
14.4,7.0 Hz, 3H), 6.84 (d, J = 7.9 Hz, 2H), 6.73 (d, J = 6.7 Hz, 2H), 6.40 (s, 1H), 4.39
(dg, J=10.6, 7.1 Hz, 1H), 4.25 (dq, J = 10.6, 7.1 Hz, 1H), 3.49 — 3.38 (m, 2H), 2.09 (s,
3H), 1.50 (s, 9H), 1.40 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 202.50, 172.76, 164.80, 157.99, 151.67, 138.02, 137.66,
134.28, 131.71, 131.16, 130.27, 129.83, 129.23, 128.71, 127.80, 127.58, 127.38,
127.17,125.54,120.24,115.91, 105.43, 80.90, 63.38, 62.77, 42.27, 28.40, 21.13, 14.36.
HRMS (ESI): exact mass calculated for [M+Na]*(CaoH3sN3Os+Na*) requires m/z
664.2782, found m/z 664.2777. The enantiomeric excess was determined to be 88% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 9.8 min (minor),
11.7 min (major).

ethyl (R)-4-((S)-4-benzyl-5-ox0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-(4-(tert-butyl)phenyl)buta-2,3-dienoate (3ha)
COOEt

BN~ NHBoc

3ha

yellow solid, 94% yield, dr > 20:1, mp 96.9-97.3°C; [a]y =30.333 (¢ 1.02, CH2Cl2);

'H NMR (400 MHz, CDCls)  8.25 —8.18 (m, 2H), 7.43 — 7.39 (m, 2H), 7.36 (dd, J =
5.3, 1.9 Hz, 3H), 7.22 (m, J = 7.9 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 7.09 — 7.03 (m,
3H), 6.96 (m, J = 7.3 Hz, 1H), 6.90 (m, J = 7.2 Hz, 2H), 6.73 (d, J = 6.8 Hz, 2H), 6.40
(s, 1H), 4.41 (dq, J = 10.6, 7.1 Hz, 1H), 4.30 — 4.22 (m, 1H), 3.48 — 3.38 (m, 2H), 1.50
(s,9H), 1.41 (t, J = 7.1 Hz, 3H), 1.09 (s, 9H).

13C NMR (101 MHz, CDCl3) 6 202.67, 172.79, 164.82, 158.07, 151.67, 151.05, 137.63,
134.25, 131.46, 131.26, 130.28, 129.84, 128.74, 128.69, 127.79, 127.44, 127.38,
127.17, 125.60, 125.51, 120.40, 115.98, 105.45, 80.89, 63.30, 62.79, 42.24, 34.50,
31.17, 28.40, 14.40.

HRMS (ESI): exact mass calculated for [M+Na]*(CasHsN3Os+Na*) requires m/z
706.3251, found m/z 706.3252. The enantiomeric excess was determined to be 88% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 6.8 min (major), 7.8
min (minor).

methyl  (R)-4-((S)-4-benzyl-5-0x0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (3ia)

P, O N /(")OOMe

R «“"NHBoc

~
~N

/

Ph Ph
3ia
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yellow solid, 87% yield, dr > 20:1, mp 151.5-151.9°C; [a]}y =41.772(c 1.34, CH2Cl2);

'H NMR (400 MHz, CDCls) 6 8.18 (dd, J = 6.7, 2.9 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H),
7.33 (dd, J =5.3, 2.0 Hz, 3H), 7.26 — 7.17 (m, 4H), 7.08 — 7.00 (m, 4H), 6.91 (m, J =
14.5, 7.0 Hz, 3H), 6.74 (d, J = 7.0 Hz, 2H), 6.42 (s, 1H), 3.86 (s, 3H), 3.51 — 3.40 (m,
2H), 1.50 (s, 9H).

I3C NMR (101 MHz, CDCls) 6 202.85, 172.92, 165.29, 158.13, 151.70, 137.58, 134.60,
134.12, 131.00, 130.35, 129.83, 128.75, 128.70, 128.53, 128.28, 127.84, 127.70,
127.34,127.25, 125.67, 120.23, 116.09, 105.59, 81.06, 63.30, 53.73, 42.49, 28.40.
HRMS (ESI): exact mass calculated for [M+Na]*(CssH3ssN3Os+Na*) requires m/z
636.2474, found m/z 636.2468. The enantiomeric excess was determined to be 88% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 10.5 min (minor),
12.7 min (major).

(1S,25,45)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl (R)-4-((S)-4-benzyl-5-0xo0-1,3-
diphenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-
phenylbuta-2,3-dienoate (3ja)

H

Iy,

O

O
P Lo T
\ Z
N/ka

“NHBoc

S
N

/

Ph Ph

3ja
white solid, 87% yield, dr > 20:1, mp 120.3-120.9°C; [o]}; =-18.841 (c 0.28, CH2Cl);

'"H NMR (400 MHz, CDCl3) 6 8.22 (dd, /= 6.7, 3.1 Hz, 2H), 7.46 (dd, J= 8.3, 3.4 Hz,
2H), 7.36 (dd, J = 5.3, 2.2 Hz, 3H), 7.25 — 7.17 (m, 4H), 7.07 — 6.99 (m, 4H), 6.97 —
6.88 (m, 3H), 6.74 (d, J= 7.0 Hz, 2H), 6.44 (s, 1H), 5.13 — 4.92 (m, 1H), 3.59 — 3.42
(m, 2H), 2.30 (m, J = 15.8, 11.6, 4.9 Hz, 2H), 1.70 — 1.61 (m, 2H), 1.49 (s, 9H), 1.34
(dt,J=10.8, 5.5 Hz, 2H), 1.03 (d, J = 3.8 Hz, 2H), 0.86 (d, /= 11.5 Hz, 6H).

13C NMR (101 MHz, CDCl3) 6 202.41, 172.26, 165.25, 157.53, 151.72, 137.75, 134.87,
134.36, 131.34, 130.26, 129.85, 128.72, 128.68, 128.44, 128.15, 127.85, 127.78,
127.46, 127.16, 125.37, 119.97, 116.20, 105.88, 83.53, 80.89, 63.61, 49.39, 48.26,
44.96, 42.09, 36.54, 28.42, 27.94, 27.11, 19.90, 19.01, 13.82.

HRMS (ESI): exact mass calculated for [M+Na]*(C47H49N3Os+Na*) requires m/z
758.3570, found m/z 758.3562.

ethyl (R)-4-((S)-3-([1,1'-biphenyl]-4-yl)-4-benzyl-5-0x0-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)-2-((tert-butoxycarbonyl)amino)-4-phenylbuta-2,3-dienoate (4)
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Ph_

Ph

white solid, 91% yield, dr > 20:1, mp 180.8-181.3°C; [a]}y =111.335 (c 1.04, CH2Cl2);

'H NMR (400 MHz, CDCl3) 6 8.28 (d, J =8.1 Hz, 2H), 7.59 (dd, J = 13.8, 7.6 Hz, 4H),
7.44 (d, J=8.0 Hz, 2H), 7.36 (m, J = 7.6 Hz, 2H), 7.29 — 7.19 (m, 5H), 7.08 — 7.02 (m,
4H), 6.93 (m, J = 14.2, 7.0 Hz, 3H), 6.78 (d, J = 7.1 Hz, 2H), 6.43 (s, 1H), 4.39 (dq, J
=10.5, 7.1 Hz, 1H), 4.25 (dq, J = 10.3, 7.0 Hz, 1H), 3.48 (g, J = 12.9 Hz, 2H), 1.51 (s,
9H), 1.39 (t, J = 7.1 Hz, 3H).

I3C NMR (101 MHz, CDCls) 6 202.80, 172.77, 164.77, 157.69, 151.79, 142.64, 140.52,
137.62, 134.73, 134.25, 130.15, 129.90, 129.58, 128.97, 128.77, 128.56, 128.28,
127.90, 127.83, 127.34, 127.28, 127.03, 125.70, 120.37, 115.98, 115.42, 105.69, 81.05,
63.48, 62.89, 42.37, 28.45, 14.40.

HRMS (ESI): exact mass calculated for [M+Na]*(CasH41N3Os+Na*) requires m/z
726.2944, found m/z 726.2937. The enantiomeric excess was determined to be 87% by
HPLC. [IE column, 254 nm, n-hexane:'PrOH = 75:1, 0.8 mL/min]: 9.1 min (minor),
10.9 min (major).
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5. HPLC Analysis

) COOEt

Ph_ B

N n 2,
4 «“""NHBoc

=~

Ph Ph

3aa

HPLC using an IE-H + ID-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\24080305.D)
Norm.
175
150
125
100
75
,\?9"% g
g & o
< & D g
25 - :‘?@
; - N
T T T T T
0] 5 10 15 20 min
Peak RetTime Type Width Area Height Are&
e [min] [min] mAU *35 [mAU ] %

1 14.853 MM 0.6845 957.46460 23.31254 49.9763
2 17.370 MM 0.9179 958.37378 17.40067 50.0237

VWD1 A, Waveleﬁgth=254 nm (ZZH\24081401.D)

250
200
150 -
100 4

50

Peak RetTime Type Width Area Height Area
E [min] [min] mAU *3 [mAU ] %

1 14.376 MM 0.4000 388.93243 16.20718 5.0625
2 15.494 MM 0.6378 7293.64893 190.60555 ©94.9375

S23



Ph Ph

3ab
HPLC using an IE-H + ID-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\24072504.D)
Norm.
175
150
125
100
75 &
% g e,'é"\@? 5 _'\@6‘3
° M ﬁse?-
0 R
6 tl'y WID 1I5 ZID min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
Sl R it | ===mmmmm | —=mmm - | === - |
1 16.012 MM 0.8467 1020.82245 20.09473 50.3611

2 20.107 MM 1.5268 1006.18542 10.98349 49.638°%

VWD1 A, Wavelength=254 nm (ZZH\24081903.D)
Nom. ]
400
300
200 —
9 6Jci‘?“@
100 — 2 s q:&cb% é?@‘
j 59'?@"‘
0 T
0 é 1ID 1‘5 ZID min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
e | === | === | === | === | === |
1 16.249 MM 0.9837 921.09827 15.e067e 13.4350

2 20.435 MM 1.2435 5934.88379 79.54350 86.5650
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3ac
HPLC using an ID-H + IF-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8

mL/min
VWD1 A Wavelength=254 nm (ZZH\25050407.D)
Norm. ]
350
300+
250+
200+
- §?§}
150 | & ° N
¥ o &
g
P
100 a@
0 ) -
0 IE 1h ﬂ‘ﬁ 2‘0 2‘5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU 1 %

e e B R | ===mmmmmee | ===mmmem !
1 18.231 MM 0.8476 6199.01904 121.89616 49.8464
2 21.916 MM 1.2408 6237.21094 B3.77977 50.1536

VWD1 A, Wavelength=254 nm (ZZH\25050406.D)
Norm. ]

350
300—-
250
200
150
100;

50

525



Peak RetTime Type Width Area Height Area
# [min] [min] mAD *3 [mAD ] %
el il Bt | == —m - e | === |
1 18.062 MM 0.7920 1213.67688 25.54013 8§.9746
2 21.698 MM 1.2865 1.23098e4 159.46886 91.0254

Ph Ph

3ad
HPLC using an IF-H + IG-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\24080304.D)

Norm. ]
160

1404
1204
100
80
60 ~
™ .
40 E‘:’* g
20 o
0
-20 T T T T
0 5 10 15 20 min

Peak RetTime Type Width Area Height Area
& [min] [min] mAU *g [mAU ] %
il Bttt | ====|======= | === | === | ======—- |
1 13.422 MM 0.6063 1006.26495 27.65995 50.0451
2 15.497 MM 0.8089 1004.45154 20.69582 49.9549

VWD1 A, Wavelength=254 nm (ZZH\24081901.D)

400+

300

200
=

100 SR

wn

S

2 &

il L
n I‘_Y.I\

T T T T
0 5 10 15 20 min|

Peak RetTime Type Width Area Height Area
* [min] [min] mAU *g [mAU ] %
=== |- | ====|======= | === | === | === |
1 13.375 MM 0.4755 189.06381 6.62747 5.1963
2 15.188 MM 0.7941 3449.38281 72.39834 94,8037

S26



HPLC using an IF-H + IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8
mL/min

VWD1 A, Wavelengih=254 nm (ZZH\24081307 D)

Norm,_:
400
300
200 -]
100 —
0
T T T T T i
Peak RetTime Type Width Area Height Area
# [min] [min] mAU * g [mAU ] %
=== | === === | === | === | ——====== I
1 12.974 MM 0.4172 3477.53101 138.93565 49.9995
2 14.104 MM 0.5184 3477.5939%9 111.80254 50.0005
VWD1 A, Wavelength=254 nm (ZZH\24081902.D)
Norm. ]
400—5
300%
200—5
100;
0 ;
T A T T
Peak RetTime Type Width Area Height Area
) [min] [min] mAU *3 [(mAU ] %
e B Rl s |—=—= - |———=mm—- e |
1 13.669 MM 0.3517 356.13141 16.87637 5.5079
2 15.523 MM 0.5443 6109.75391 187.08218 94.4921
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HPLC using an IC-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25011802.D)
Norm. |
250 —|
EDﬂi
1507-
100 —|
-
0
0 1 2 3 4 5 6 7 8 9 min
Peak RetTime Type Width Area Height Area
# [min] [(min] mAU *g [mAU ] %
- | ———= === | ————————- | —————————= | ———————= |
1 6.064 MM 0.2904 1506.12659 86.44693 50.1047
2 7.202 MM 0.4584 1499.83167 54.52889 49,8953
VWD1 A, Wavelength=254 nm (ZZH\25011901.D)
Norm. "]
500
400 |
300
200
100+
o
0 1 2 3 4 5 6 7 8 9 min

528



Peak RetTime Type Width Area Height Area
# (min] [min] mAU *s (mAU ] %
e | === | === | == | === | === |
1 6.046 MM 0.3043 5354.0004%9 293.19586 95.9672
2 7.154 MM 0.3679 224.98814 10.19347 4.0328

HPLC using an IC-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\24123104.D)

Norm.

800

600

400

200 +

0

0 1 2 3 4 8 9 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
Il B |====|======= |—===—=== | === | === I
1 5.751 MM 0.2625 3548.46045 225.29529 50.0128

2 6.615 MM 0.3780 3546.64502 156.36909 49.9872
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VWD1 A, Wavelength=254 nm (ZZH\25010904.D)
Norm. 7]

800

600~

400+

200+

0

0 1 2 3 4 5 6 7 8 9 min|

Peak RetTime Type Width Area Height Area
> [min] [min] mAU *s [mAU ] %
| mm - | === == | —=——m————- | === | == |
1 5.81% MM 0.2892 4623.92627 266.47314 95.5164

2 6.756 MM 0.3210 217.05194 11.26861 4.,4836

) COOEt
Ph\N /'
Nes “"NHBoc

Ph Ph
3ah

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (£ZH\25050509.D)
Norm. ]

700

600

500 +

400 +

300

200 —

100

0

0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *g [mAU ] %

el R R | —=——m - | == === | —=====- |
1 8.581 MM 0.4382 8804.80176 334.91064 50.0290
2 10.578 MM 0.5126 8794.58887 285.85285 49.9710
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VWD1 A, Wavelength=254 nm (ZZH\25050510.D)

Norm
700 —
&)
600 %@.@q@
ge.
500
400 -}
300
200 -
)
100 g.f\@@
&
0 A~
I T T T 8 0 12 7 44 mi
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *s [mAU ] %
——==| === | ====]======= | === | === |======== |
1 8.605 MM 0.4324 790.69946 30.47791 4.4579
2 10.604 MM 0.5224 1.69463e4 540.67267 95.5421
Ph. OBn COOEt
i X __ “NHBoc
INESS
F Ph
3ai

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25050510.D)
Norm. ]
800
600+
400 -
&
2 ,6‘?6 W
qe’,b. - ng-;\
® 8 ,®
200 &
0 ; N ;
T T T T T T T T T T T T
0 2 4 6 8 10 12 14 min
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Peak RetTime Type Width Area Height Area
g [min] [min] mAU *35 [mAU ] %
e e | ========== | === | ========
1 11.348 MM 0.5004 6366.95166 212.06699 50.0608
2 13.364 MM 0.6518 6351.47754 162.41649 45.9392

VWD1 A, Waveleﬁglh=254 nm (ZZH\25050602.D)

800 —

600 —

400 . 6‘;\:{-"

200
< \@@
S
¥

0 /\&
R . S S S min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *g [mAU ] %

T e | -——= | -=————- | ————-—--— | —m=—mm - | ———-—-—- |
1 11.124 MM 0.4855 1159.03162 39.79158 10.0452

2 13.038 MM 0.6196 1.03792e4 279.18295 89.9548

Ph. O - COOEt
7
I \ o NHBoc
N=<
Ph
3aj
HPLC using an IE-H +ID-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8
mL/min
VWD1 A, Wavelength=254 nm (ZZH\24072501.D)
Norm. ]
350%
300%
250—;
200 &

5 e &
150 8 o
1[)[2‘—E = g § {6_'1(,5%

| ﬁ_ng_AZ\sziL_r
50—

D* ™
0 5l ‘ 1‘0 | | ‘ | 1l5 I I | 2‘0 min|
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Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU ] %
i | === =====- | === === | == === | === |
1 13.826 MM 0.4791 2948.12183 102.54867 49.9011
2 15.167 MM 0.7511 2959.80566 65.67534 50.0989

VWD1 A, Wavelength=254 nm (ZZH\24081904.D)

200 o P
] R 4
P
) _: g% K
=&
s
0 - .
0 5 10 15 20 min|
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *3 [mAU ] %

e | ===~ l======= | === | === | === |
1 13.936 MM 0.4327 302.55029 11.65475 5.5582
2 15.279 MM 0.7555 5140.77734 113.40039 94.4418

O COOEt

Ph_ Bn

R /' “’NHBoc

Ph

3ak
HPLC using an IE-H +IF-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\24072506.D)

100 %.?@6"(\ g @(\@‘5\
50 ] G
. SVAWAN |
0 é ' 1ID ‘ ‘ ‘ ' 1I5 I ‘ 2[[) min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *35 [mAU ] %

e T P — R — | == |
1 14.509 MM 0.5128 1764.76147 57.35728 49.9687

2 15.809 MM 0.7432 1766.97229 39.62490 50.0313
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VWD1 A, Wavelength=254 nm (£ZZH\24081905.D)
Norm. ]
400 |
300—:
200 E
100
0o
0o 5 T 5 T Ty " min
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *s [mAU ] %
e B e e | === mmm - | === | === === |
1 14.147 MM 0.4431 533.67639 20.07552 6.0398
2 15.752 VB 0.6679 8302.26172 188.61220 893.9602
Ph\N O] - COOEt
1 X "NHBoc
N=<
Ph
3al

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWWD1 A, Wavelength=254 nm (ZZH\25011001.D)

Nom
mn—:
ann—:
500
400
300
] &
200 = 6_'5"’ Kl
1 Ty &
3 i@é_@f
mu_: M
0 T T L S A S — T T T
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %

1 6.111 MM 0.3816 3255.54517 142.17850 49.8028
2 7.348 MM 0.6208 3281.32349 88.09888 50.1972
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VWD1 A, Wavelength=254 nm (ZZH\25011002.D)

700 —

600

500 —

400 |

300 —|

200 —|

100

0 T T

0 2 4 10 12 14 min
Peak RetTime Type Width Height Area
= [min] [min] mAU *s [mAU ] %

1 6.082 MM 0.4123 4639.18604 187.51526 95.4965
2 7.261 MM 0.5671 218.77727 6.42914 4.5035

o) COOEt
Ph. )
i X __ “NHBoc

Ph

Br
3am

HPLC using an IC-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25010402.D)
Norm. ]

500+

400

300+

200+

100
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Peak RetTime Type Width Area Height Area
H [min] [min] mAU *5 [mAU ] %
= e | === === | === === | == === |
1 5.554 MM 0.2419 2129.91309 146.76863 49.9675
2 6.343 MM 0.3512 2132.68164 101.21317 50.0325

VWD1 A, Wavelength=254 nm (ZZH\25010906.D)

500

400

300

200

100

Gram-scale preparation of 3am

Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *s [mAU ] %
=== | === === | === | == === | === |
1 5.587 MM 0.2352 5532.45166 392.08133 94.9766
2 6.402 MM 0.2697 292.61768 18.08373 5.0234

Gram-scale of 3am

VWD1 A, Wavelength=254 nm (ZZH\25011801.D)
Norm. ]

700 —
600
500 —
400 —
300
200-|
100

0 1

T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 min

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU ] %

1 5.643 MM 0.2400 4986.18994 346.20059 94.5035
2 6.445 MM 0.2874 290.00589 16.81933 5.4965
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O COOEt

N Bn “r
i X _+ “NHBoc
N=<
Ph
Cl 3an

HPLC using an IC-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25010902.D)

Norm. "]
400

300+

200

100

0

0 1 2 R T T A 2 SRR T

Peak RetTime Type Width Area Height Area

4 [min] [(min] mAU *35 [mAU ] %

e I | === === R R |
1 5.520 MM 0.2278 2028.55347 148.41714 49.9187

2 6.285 MM 0.3004 2035.15796 112.93128 50.0813

VWD1 A, Wavelength=254 nm (ZZH\25010903.D)

800

600

400

200+
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Peak RetTime Type Width Area
& [min] [min] mAU *3
e R P |- |-
1 5.516 MM 0.2238 5591.75586
2 6.285 MM 0.2594 298.39938
Ph\N O - COOEt
. “"NHBoc
N2
O Ph
3ao

416.39645
19.17167

94.9339
5.0661

HPLC using an IE-H + IF-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8

mL/min
VWD1 A, Wavelength=254 nm (ZZH\24072507.D)
Norm. ]
350
300
250
200 -
150 S @Té\%; _qga"q"'@
100 o ; &
50 -
. ANV
0 fI: 1‘[) 1‘5 ZID min|
Peak RetTime Type Width Area Height Area
5 [min] [(min] mAU *3 [mAU ] %
———= |- |———= === | ——————=—— | - | ——=————= |
1 15.220 MM 0.6836 2918.49780 71.15408 50.0543
2 16.807 MM 0.8054 2912.16284 60.26203 49.9457
VWD1 A, Wavelength=254 nm (ZZH\24081906.D)
Norm. ]
350
300
250
200 -
s
150 - § . é\é‘-"
100 ] @?gv@?'
I
0 |
0 2!5 LI’: 7,|5 1I0 12|,5 1‘5 17!.5 min|
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *s3 [mAU ] %
el |==== === | === | === | === I
1 14.753 MM 0.5097 245.624472 8.03156 6.2190
2 16.460 MM 0.8269 3703.94043 74.65293 93,7810
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N Bn 1,
P <~ "NHBoc
N

Ph
ST

3ap

HPLC using an IC-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25050304.D)

Norm.

800

600

400

'\q:\bp% g;’
g@b- o _-O:\h
200 é\z,‘b'
0 . &V\
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
4 [min] [(min] mAU *g [mAU ] %
e il s | =======-= |===== - | ====—=-- |
1 6.886 MM 0.8636 1.27408e4 245.87285 49.9716
2 12.113 MM 1.2208 1.27553e4 174.12833 50.0284
VWD1 A, Wavelength=254 nm (ZZH\25050303.D)
Norm. |
800
600
400
&
200 Eﬁz@'
&
g ¥
Q@
0 L T
1] é ti (IS Eli 1ID IIZ 1I4 min|
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Peak RetTime Type Width Area Height Area
A [min] [min] mAU *s [mAU ] %
e B R . |- - | === e |
1 6.877 MM 0.8829 1.00743e4 190.18083 95.4503
2 12.081 MM 1.0335 480.18525 7.74382 4.5497

@ 0 COOEt
N\ B .
N:«V) 'NHBoc

3aq
HPLC using an ID-H + IG-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8
mL/min
VWD1 A, Wavelength=254 nm (ZZH\25050209.D)
Norm. ]
500 —
400
300—: .\»:-(\
A
] &
200 . \@0_?
B 50
%Q-
1DD—i
]
0 tl', 1b 1|5 2‘0 2‘5 min
Peak RetTime Type Width Area Height Area
“ [min] [min] mAU *35 [mAU ] %

e e | === | === | —===——=- |
1 17.771 MM 0.6286 8214.76563 217.47247 50.2084

2 20.583 MM 1.1116 8146.564%94 122.13978 49.7816
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VWD1 A, Wavelength=254 nm (ZZH\25050210.D)

Norm
500 —
400 |
300+
200+
100 —
0
0 é WID 1I5 ZID 2I5 min|
Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *3 [mAU ] %

1 18.255 MM 0.6588 1718.25488 43.46891 10.042%
2 21.312 MM 1.1779 1.53910e4 217.76854 89.9571

F
[::Ij 0O COOEt
B

n 3
\__+"""NHBoc

N
3ar

HPLC using an IC-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25011809.D)

Norm.

80—

60

40

& )
o v\'\'\ 2 ,\\"
=+ 5 x5
20| F<y ¥
0 M
-20 T T T T T T T T
0 2 4 6 8 10 12 14 16 min|
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Peak RetTime Type Width Area Height Area
& [min] [(min] mAU *s5 [mAU ] %
e o | === l======- |========—= | === | ==—====- |
1 7.840 MM 1.1065 1111.93469 16.74901 49.9317
2 12.404 MM 1.2018 1114.97791 15.46262 50.0683

VWD1 A, Wavelength=254 nm (ZZH\25011902.D)

175

150

125

100

754

50

254

0 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Area
4 [min] [min] maU *g [mAU ] %

el R R | ===m - | -mmmm e
1 7.794 MM 1.1816 4651.22217 65.60494 91.0950

2 12.391 MM 0.9987 454.67841 7.58785 8.9050

Br
\[:iL 0] COOEt
B

n
="
I \ o NHBoc
qu
Ph Ph

3as

HPLC using an IC-H + IC-H column, n-hexane / ‘PrOH = 75/1, flow rate = 0.8
mL/min
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B VWD1 A, Wavelength=254 nm (ZZH\25050607.D)
Norm
350 *-
300 —i
250 -]
200
150 N
100 —f
50 -]
1]
0 é 1ID 1 ‘5 Zb 2‘5 min
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %

e S B |~ === | —==mm |~ |
1 14.175 MM 0.8227 6127.31250 124.12262 50.0061

2 16.448 MM 0.8450 6125.82373 120.81930 49.9939

VWD1 A, Wavelength=254 nm (ZZH\25050608.D)
Norm. ]
250
200+
150
100
50—
0
0 ‘.I’> 1ID 1I5 ZID 2‘5 min|
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *3 [mAU ] %
el e . R | === | —————-—- |
1 14.844 MM 1.0058 6090.45020 100.92268 93.9396
2 17.239 MM 0.8489 392.92062 7.71435 6.0604
-7 COOEt
N B "
R n"‘4’/"NHBoc
N3
Ph Ph
3at
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HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A Waveleﬁglh=254 nm (ZZH\25050507.D)

Norm.
BDD;
GDD;
400;
20[)—-
0
0 é 1ID 1|5 Zb 2‘5 min|
Peak RetTime Type Width Area Height Area
a [min] [(min] mAU *3 [mAU ] %

e R P . | ~====== |
1 13.178 MM 0.5780 9981.67578 287.84473 50.0629

2 15.863 MM 0.3693 9956.58691 449.37958 49.9371

VWD1 A, Wavelength=254 nm (ZZH\25050508.D)

1400

1200

1000

800 &2
g i°
600 \s
400
3 &*"}{5
200 é 5
D T —— T T T
0 ‘5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

e | -——= | -=——-—- | —-—=mm - | -——m—mm - | -——m— - |
1 13.451 MM 0.5839 2.12858e4 607.58350 89.4958

2 16.438 MM 0.3177 2498.33301 131.06386 10.5042
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N n .
1 X __+ “NHBoc
N§|\\

Ph Ph

3au

HPLC using an IC-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25010204.D)

Norm. |
800 —
600
400 f
200 " o0 ) .@033""
& ﬁ&
0 . — —
0 1 2 3 4 5 6 7 8 0
Peak RetTime Type Width Area Height Area
i [min] [(min] mAU *g [mAU ] %
e e e it | == =======- | ==== === | == === |
1 6.267 MM 0.4212 2101.77002 8§3.15883 50.0352

2 7.568 MM 0.4730 2098.81689 73.96039 495.9648

VWD1 A, Wavelength=254 nm (ZZH\25010905.D)

800 —

600 —

400

200
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93.9778

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

e e | ====m=—mm- | =======-=- | -======- |
1 6.755 MM 0.5995 8180.92187 227.44434
2 8.692 MM 0.7270 524.24561 12.01822

COOEt

Bn ",
«“"NHBoc

3ba

6.0222

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25043010.D)

Norm.
1800 —

1600
1400
1200
1000

800

500 “’ﬁ’\%l o qo?@
4004 $a.
ZDD—:
0 T T T T T 7\ T T
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
“ [min] [min] mAU *g [mAU ] %
il et | === ======- | === |——======—- | —======= |
1 9.648 MM 0.3180 9015.01563 472.44955 50.1561
2 11.692 MM 0.3705 8958.89160 403.03043 49.8439
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VWD1 A, Wavelength=254 nm (ZZH\25050208.D)

Norm
800 —
600 —
-]
3
400 | 9@
200+
~ Q;\b:l?l
0
0 2 4 6 8 10 12 14 6 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *g [mAU ] %

1 9.997 MM 0.3246 614.23993 31.54284 5.9425
2 12.204 MM 0.4178 9722.13477 387.80310 94.0575

0 COOEt

Bn >
«“"“"NHBoc

F
3ca
VWD1 A, Wavelength=254 nm (ZZH\25050112.D)
Norm. ]|
500+
400 |
&\&
@ &
300+ QLB
i+ >
&
200 %2?"
0 — T T
L I L L A — T — T
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU * g [mAU ] %

e | ===~ ======= DT |=====—==m= | —======= |
1 7.409 MM 0.4379 6901.02734 262.66187 50.0685

2 g8.966 MM 0.6351 6882.14307 180.861353 49.9315
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VWD1 A, Wavelength=254 nm (ZZH\25050205.D)

Norm
1000
800
600
400 |
200
0 A
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *s [mAU ] %
e B | === | === | === | === | === |
1 7.058 MM 0.3133 985.66602 52.44098 7.0683
2 7.845 MM 0.3558 1.29592e4 607.10730 92.9317

0 COOEt

3da

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25043002.D)
Norm.
1400 —

1200

1000

800 —

600 —

400 —

200

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

1 7.678 MM 0.3442 8652.61621 418.00735 49.8318
2 8.547 MM 0.4071 8711.03418 356.64206 50.1682

VWD1 A, Wavelength=254 nm (ZZH\25050102.D)
Norm.
1400

1200 +

1000 —

800 —

600

400

200 .3? X q?’é)
< q"‘?‘ az’?.f\
B L
0 % T T
0 é tlt é é 1 b 1 ‘2 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *3 [mAU ] %
——==| === | === === | —===—====- | === | ======== |
1 7.984 MM 0.4790 94.91843 3.30281 5.0392

2 9.268 MM 0.6647 1788.68286 44.85073 94.9608

0 COOEt

Bn .
«“""NHBoc

OMe

3ea

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min
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Norm.
1400 —

1200 —

1000 +

800 —

VWD1 A, Wavelength=254 nm (ZZH\25043014.D)

o2 A
v
600 -} & ﬁep-
400
200
0 >
0 2 4 6 8 0 12 14 16 min
Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *5 [mAU ] %
e === === | =======-—- | =====-==== | === |
1 9.100 MM 0.3945 1.3578¢6e4 573.62183 49.9888
2 12.185 MM 0.4336 1.35847e4 522.12103 50.0112
VWD1 A, Wavelength=254 nm (ZZH\25050207.D)
Norm. ]|
800
600
400 A®
8
$'2-
200
o
5 W
0 : -
0 2 4 - 8 0 12 14 16 min
Peak RetTime Type Width Area Height Area
& [min] [min] mAU *s [mAU ] %
il ettt |====|======= | === | === m=——=- | ======== |
1 9.067 MM 0.3736 413.25677 18.43521 6.0595
2 12.072 MM 0.4129 6406.78076 258.58331 93.9405
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3fa
HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavsleﬁglh=254 nm (ZZH\25043015.D)

Norm.
800 —
600 —
4 .
400 o 6’;\6 &
& 5 &
& b ¥
2
200
0
0 2 4 6 g 10 12 14 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *3 [mAU ] %

1 7.082 MM 0.3282 6375.04395 323.78406 50.0897
2 8.547 MM 0.3653 6352.21094 289.78165 49.9103

VWD1 A, Wavelength=254 nm (ZZH\25050502.D)
Norm.

1400
1200 -
1000

800 Q)

@fa
o N
¥
600
400 -
N
200 Q,\w
5 N
&
&
&
0 VAN L
T T T T T T T
0 2 4 6 8 10 12 14 min
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Peak RetTime Type Width Area Height Area
4 [min] [min] mAD *3 [mAU ] %

1 6.991 MM 0.3283 1014.09753 51.48822 7.0589
2 8.302 MM 0.3658 1.33521e4 608.32684 92.9411

0 COOEt

o “NHBoc

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25043001.D)

Norm.

400 —

300+

200

; g
N é@;
100
0
0 2 4 & B 10 2 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *g [mAU ] %

1 8§.772 MM 0.4370 3446.03174 131.42622 50.3223
2 10.040 MM 0.4784 3401.89355 118.52341 49.6777
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VWD1 A, Wavelength=254 nm (ZZH\25050101.D)

350

300+

250

200

150

100

504

0

0 2 4

Peak RetTime Type Width Area Height Area
i [min] [min] mAU *s [mAU ] %
el e | =====m==—- | === | =======-
1 9.825 MM 0.6734 231.97688 5.74131 6.1180
2 11.666 MM 0.7333 3559.70874 80.90701 93.8820
0o COOEt

B pBos

3ha
HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

min|

VWD1 A, Wavelength=254 nm (ZZH\25050610.D)

Norm.

800 —

600

400

200

min|
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Peak RetTime Type Width Area Height Area
& [min] [min] mAU *g [mAU ] %

1 6.750 MM 0.3209 5684.08594 2985.25189 49.9005
2 7.765 MM 0.4802 5706.75635 198.08862 50.0985

VWD1 A, Waveler;gth=254 nm (ZZH\25050611.D)

800 —

600 —

400 -

200+

0 2 4 10 12 14 min|
Peak RetTime Type Width Area Height Area
& [min] [min] mAU *s [mAU ] %

1 6.759 MM 0.3188 8130.89746 425.08722 95.4926
2 7.775 MM 0.3981 383.79514 16.06600 4.5074

0O
Ph. COOMe

/

N B >
’1‘ \ n./' ‘NHBoc

Ph Ph
dia

HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min
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VWD1 A, Wavelength=254 nm (ZZH\25050206.D)
Norm.
1800 —
1600
1400 -
] °
1200 . °§’3;\
g N
2P
1000 | N *
g,
800 | &
600 -
400 —
200
0 — T 1 T T — - T
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *3 [mAU ] %

e R | =======mm- | === |======== |
1 10.661 MM 0.3564 1.60014e4 748.26276 50.0211

2 12.826 MM 0.2773 1.59879e4 960.92285 49.8789

VWD1 A, Wavelength=254 nm (ZZH\25050501.D)

Norm.
2000 —
1500 —|
x
S q?':{\
NS
1000 — $e’
500 —
2 &ﬁ
&
0 T T T T T T T 7 T T — T ./‘L", T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *5 [mAU ] %

el e | —=======—= | === | —==—=——- |
1 10.509 MM 0.3463 1274.92944 61.35424 5.8431

2 12.720 MM 0.3430 2.01774e4 980.49896 94.0569

on O /?OOEt
\N Bn .,
i X _+ “NHBoc
N
Ph
Ph
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HPLC using an IE-H column, n-hexane / 'PrOH = 75/1, flow rate = 0.8 mL/min

VWD1 A, Wavelength=254 nm (ZZH\25043012.D)
Norm. |
1400—-
1200—-
1000 —
Bﬂﬂ;
600;
400;
ZDH-_
n 7 T T T T T T T T
0 2 ‘4 6 EIS
Peak RetTime Type Width Area Height Area
= [min] (min] mAU *3 [mAU ] %
- I | === | === | === |
1 9.118 MM 0.3412 1.14223e4 557.80918 51.1744

2 10.857 MM 0.4020 1.08980e4 451.84204 48.8256

VWD1 A, Wavelength=254 nm (ZZH\25043013.D)
Norm.
1400
1200
1000
©
e
800 — g R
C
600
400
1\’\
200 o &
0 A,_ .
0] 2I ﬂ‘f 6 8 1b 1‘2 14 min
Peak RetTime Type Width Area Height Area

# [min] [min] mAU *s5 [mAU ] %

e | === === | === | === | === |
1 9.139 MM 0.3203 1199.76843  62.43250  6.4928
2 10.885 MM 0.4271 1.72786ed  674.21155 93.5072

6. NMR Analysis

S56



16707
2601
¥6°0 1
€11
PIT
9T'T 1
LTTY
0€1
1€1A
1€°1
e
€€l
sel ]
6€°1
ov'1 1
AR
091 1
SLTH
9,11
LU
08’1
181
€1'C
v1'e
SI'C
91'C
L1'T
81°C
L¥'T
84'C
80°S |

s’

8¢'L
ov.h% £

WL
9L
8t'L
0s°L ]

W

NBoc

mm.h%
YS'L

il

W

M |

01

Loo.m
$00°1
Hfo.m

£1 (ppm)

95°€1
mw.f/
%.2%
90°LT\
86'LT
S1°8C
LS'9€
€67~
S.w%
0€'6v

6C'18 \
LT €8
LO'V8

L0001 —

60°0TT
8L°8CI

00°T€1 M
18°7€1 7

8I'SYI —

1€091\
L6091

NBoc

£1 (ppm)

S57



LET
€T |
0t 1
YR
05T 1
bhe
9b'c
ST
9T
9t
8¢
19
2L
b9
89
689
1691
€69
p6'9]
oos;

1

10°L
oL
€0°L 1
0L
90°L 1
ST'L1
61°LA
61°LY
1T LA
€T LA

€€ LA
€cLr
SE°L
L
vhL
61'8
0Z'8
17’8
17’8
T8

/7

COOEt
o -)”NHBOC
Ph
3aa

o]
Ph

==

Ph

#00°¢
5006

F66'1

vC0’1
Mo'T

£1 (ppm)

6EvI —
r'8C—

LTTY
$8°79
9v'€9
00187

29°S01 1

96'S11 1

LT 0TI ;

79°ST1 |

€TLTI
8€°LT1

LYLTI ;

08°LT1 1

98,71

€8Tl

0S'8TI
bLSTI
ss6z1
bE0gl

LUTEL]

9T PET |

NEA;

bOLET

LSt

16°LST ]

9Lv91

e

—

COOEt

89°C0T— _

T
60

T
70

T T T T T
190 180 170 160 150 140 130 120 110

T
200

210

£1 (ppm)

S58



LE T
6€1 1
ov'1 g L2
671
'€ | e
o1t — S L€
€9°¢] LT6
99°¢§
ST
9TV
LEY
8E€T 1 Fo
9
999
899
L89
00°L
10°L
T0°L 1
SO'LA
L1'LA Fa
SI°LY
mﬂ.f -
0T'L Y
1T LA
€T LA

/

T

ST LA —
=,

-~ 0
/ u@@.o

=730 [
%9071 2

/7

0€’L
€L
ceL
0s'L
Is°L
618
618
0C'8
18

£1 (ppm)

S59



vVl
6£'8C1
08¢
wn.mog
887791
mo.zﬁ
LL'SOT
CO'STIT

PTSTH
96°ST1 1
S0°0TI 1
StETT
6b° €T 1
95°ST1 1
9€'LTI
T8'LTI
€T'8CI :
6¥'8C1 {
8L°8C1 1
€0°6CT {
11°62T {
62°0¢1 ¢
#8°0€1 1
98 1€ 4
06 T€T
09°¥€1 3
89°LETA

0L ISTA
T0°8S 1\
£8°651 ~
0£791 7
L9l

rszen’

¥9°C0C —

-10

£1 (ppm)

vEVILl-—

]
o
Q
O

4

-160 -170  -180

5

T
1c

-130  -140

-120

-110

10

£1 (ppm)

S60



LET)
0¥ 11
0S°1 {
6€°¢
(Y
€r'¢
vy
STy
9Ty
8CTY
SEV
LEY
8EY
ov.vg
179
S99
L9°9
YL'9
9L9
8L9
89
€0°L
€0°L
0L
80°L
0T°L 1
811
61°L
0T'L
1TLA
€TLA
STLA
LT LA
SELY
9€"L
LE L
LE LA

8€' L~

8Y'L
LT'8
81’8
618
618
0T'8

I/

—
~
~

—_

—
_—
m

w
©
o]
&)

~

S01°€
2206

748
5601

01
0’1
0’1
10°1
0'¢
#80°C
16°1
1'c
0'¢
6'1
=61

1 (ppm)

9€ VI —
1¥'8C—

9 1p—
6879
07°€9
80181
89°S01 1
PO STI |
1£°021 ]
LL1TT
8L°STI 1
seLT1
LLLTT
0€'821 1
STl |
75821 1
18°821
98'371 Y
3€°6T1
SE0€1 4
TS°0€T
L6°0¢1 ]
$8'TEl
SSpET |
%.om;
ShLET
0L IS
c:m;
$9'po1
orzLl?

e —

=

§SC0T—

w
[}
=]
]

-10

1 (ppm)

S61



=0°¢

S~
~

U Yo'

F0°€

= HO0'C

== 7CO°1

%01

NWm.o
300°C
#10°C
S0
¥66'¢
266

6'1

F00'C

1 (ppm)

vLY1
v 1T —
LL'ST

€9y —

61°€9\
8.°€97

€€°18
mm.moj/
1€°911 1
79°021 1
$6'STT ]
61°LTT
9L°LTT ;
20821 |
ST'8TI Y
97'8T1
LS'STI A
98'871 ]
¥0'621 7
L0°6TT ]
¥9°0€1
%.omi
99'I¢€1

rvel ]
T1°S€T
LOLET ]
$0°8€1 |
LO'TST
SH'8ST 1
T1Is91 Q
8TELI

11°€0C —

S

-10

130

140

1 (ppm)

S62



[INE
171
Tl
1248
€51 7
er'e
8¥'¢
8Tt
0E'y
Iy
(574
LY'9
L9
vL'9
S6'9
L6'9
SO'L
SO'L
90°L
LOL
LOL
80°L
80°L
or'L
1T°L
mN.:
vm.:
YTL
STL
STLT
9T'L A
vEL
YELA
vm.hg
9€°L
9€°L
LE LA

s

65°LA
e/
9z's
97’8
97’8
37’8
37’8
37’8

w
o]
=]
9]

¥00'6
P0°€
86'8

Fooc

o'l
o1

/860

0'C
o
o'y
50y

w,@o.m

=o'l

£1 (ppm)

vyl —

€V'8C~
6T 1€
hm‘vm\
€61~

879\
Ly'€97

L6'08
69°50T 7
L6'STI T
0L°0TT {
89°¥CT 1
TLSTIA
6€°LTT ;
9L°LTIN
12°821 §
7871
99'8T1
SL8TI
656217
6T°0€T 7
€0'1€T ]
PITET
setel
1841
19°L€T
00°0ST
€LIST
s6Ls1 ]
8Lv91 |
8LTLT?

S
—

88'C0C —

w
<
o
o

2

-10

S63

£1 (ppm)

Ph
Jae

Ph




9€'1
8€T 1
6511
6v'1 1
se'e
6€'€
s
St's
(1A%
€Ty
YT

STy
hN.*j
mm.*j
9EY ]
LEV
8€'Y
6€Y
9

869

099

10°L

0L

€0°L

€0°L

mo.:
LO°L
60°L
91°LA
LTLA
SI'L1
61°L
CTLA
vm.bg
9T'L
YeL
SELA

9€L~f
8EL7
SY'L
LY'L
61°8
61°8
0T'8
178

~
~

#10°¢
5506

Fooc

= 801
Beor

FOO0'[
566°'1
109
WMO.N
0°¢C
H/Nc.m
61

6l

£1 (ppm)

9e€ VI —
1¥'8C—

0S¥ —

L8779\
€re9’

90'18 —
99°501 |
LS
91°021 |
LETTT |
LL'STIN
TELTIA
LL'LTTA
6T'8TI A
1$'8T1
€8°8C1 7
0S°0€1 4
S6°0€1 7
wo.omi
cser]
Ireer
95 el ;

I

—

i

S————

onhmi
cLsT
0L'LST
@.voi

1S°CLT

€5°C0C—

COOEt

-

-10

£1 (ppm)

S64



9¢€'1
8¢€1
611
o1
LEE
ot'¢
mv.j
hv.mg
Nm.j
vm.v#
mm.j
9TV
SEV
9¢Y |
LEY
6€Y
Iv'9

99 ﬁ
999
98°9
889
10°L
10°L
oL
SO°L
LO'L
80°L
91°LA
ST°L1
61°LY
CTLY
YT LY
9T LA

- #0°€

peL
seL
StL
YL
61°8
07’8
1278

~
~

Jf&

=0T

0T
Mﬁo;

£1 (ppm)

9eVvI —
I8¢ —

o 1v —

L8779~
1€€9”
90°18

99'S01

SLSTI

€1°0T1

SLSTI Y

€eLTl |

LLLTIA

€0°8TI 4

67821

TS°8TIA

€8'8C1 7

0S°0€1

L60E1 ]

121€n ]

0621 ]

PIEET ]

LSPET

€5°LET

€L151
€L°LST

99491

¥STLT

§Sc0c—

—_

W
m
ﬁ

N

[EE——

L
o
o]
]

-10

£1 (ppm)

S65



oy 1
T
44N
ST
VLT
8TY
6T’V
o€y
ey

ey
vm.vi R
LEY
8€Y |
(Uaa
ISaa
ad
ISaa
9¥°91
0r'L
L
TIL
L]
0T'L
1

/!

L
L
€L
YT LA
6€ L1
6€ L1
o:i -
9L
L
by LA
96°L
86°L
86°L
0€'8 .
1€°8 .
€8 g
€e'8

COOEt

)

JLO'E
Fl'6

coe

11
o1

£1 (ppm)

<245
¥6'CC~
9¢'8C~

SY'LS —
8LC9 —

6808 —
St'so1
1€911
8E°611
PE'STI |
9b°LTI |
1S°LT1 4
61'8T1
zssclf
99'8z1 |
6821
€1°0€1 |
r0E1 |
oﬁm;
1¢8¢1
29 1SI %
97091
J
]

e

SLY91
L8 ELIL

COOEt

3ah

£1 (ppm)

S66



. St vl
Mm.: . 6£8T]
op1 L €6'11 1
e _ $8'79 1
obs L 16°€9 |
'€ w@.ow;
vTb 2 19°501 1
o . wsn 1
o 2 199111
Py v - N _ 90°¢ . 8911 %
9¢p JWO.O = 62C°0CI 1
mm.og A
ol S €SvTl
s _ousz |
069 o eLan
00 LTy
60 S |

o ) TE8TI ]
969 — SEUT 96821
MM.W L SL'STIY
00'L S et |
o7 | = USRI
S.L AR TRIEEENCATIR

) 1STTET
oL SEENARZIE
€0°L | )
oL | o Tswely
0] [ SSTLET
90°L 1 B
i oo
L U - Lo 09°vS1
€L — 10y 2.02\
. E— 0¥L:  zi191
vm.TW } mr ENM . 842\
mmi ¢ ! Ho i vzt
6T'L Y 5 . 3
ogL] ey _ " E
iui ON‘MT@ . T9T0T—
Sy S b

Ly & HO'I ;
798 i £

£1 (ppm)

S67




89°L0I-—

COOEt

-160 -170  -180

5

T
18

-120  -130 -140

-110

£1 (ppm)

R #C0°¢

COOEt

590°6

E— =86'C

//
=
)

£1 (ppm)

S68



SEvI
Ly 1T —
LEST~
Ty

¥8°79

mm.mL
9808
95501 1
SO'911 1
LTOTI |
S6HTI ;
65°STI 1

$0°LTI |
0T'LTT ]
€L°LT1 ;
€8°LT1

S1'STT
9%°8¢1 |
99871 A
vL°871 ¢
68621
YO 1€1 %
sTien ]
€EPET ]
06€1 |
%.2;
1+°8€1

99151
01'8ST
€891
89°7L1

—

——————

YLC0C—

L
o
=]
]

£1 (ppm)

N
L
©

s

3ak

- 0°¢

06

R

HW F9o'C

=01
=301

£1 (ppm)

S69



9E P~
8p 17—
8€'8T~
9TH
$8°79
:%L
L8081
LS'SOT |
90911 |
LT0TI |
96'4C1 ;
65°STI
vO'LTI |
17°L2l
pLLTI ;
P8°LTI
L18T1
Ly'STT
L9°8T1 A
pL8T1 ¥
06621
SO 1€l
97 1ET
PEPEL ]
16€1 |
wo.?;
Tr8€l
L9711
]
J

—

01°'8S1
€8 1V91
69°CLI

9L°C0C—

i
O
Q
&)

=

3ak

1 (ppm)

8€°T
6€1 1
P14
1671
1€
€r'e
Sy'e
8¢
€Y
vy
ST¥
9T¥
LTY
LETV
6€Y
or'v
IV
or'9
vL'9
9L'9
689
069
26’9
691
969 1
L6791
C0°L Y
€0°L 7
vo.j
90
E.n)
O1"LA
61°LA
0C'L
1T°L
mN.n&
L

vy L

80°8

0l'8

=

COOEt

Bn
Y -)”NHBDC
3al

Ph.

1 (ppm)

S70



9¢°1 |
o 8€T
A%
7 E 0S°1 1 ]
L epe
LEYT T T . @y
11T~ E oy
187~ . o vew
3 ST
] . 9EY V — #30°¢
6T Th— TS J»wo.o
EEN 124
ad
18729\ B e €p9
17'€9” ; _wo
T pLo
= |
) . — - 20T
5 €69
7$'501 _% S6'9
mo.o:/ ] o969 _ 00T
97021 = T0L] 3 = g0
1$°sTly ] €0°L |
91'LTIA -] = b0
8TLTIA s _90L]
oL LT f e = 80°L
91'871 1 f— e €1°L7
9t°8T1 T T pTLY
69871 o e I 01
8v6cl | N ST°LA - %o.m
186zl 91 X3
1EPEL T . 0TLy — I'y
E.vm; — TTTL i 50T
S,ZJ = vTLS 4 8 1T
syovi| s L] g = %o.m
89'1ST 1 - el O c 20T
v6'LST o= 3 . WLl =\ g @ =0T
mZ&J w\fm — S 2 NS -
mc,mi\o < — = 808 i A v ‘
gozor) TR S
o

1 (ppm)

S71




STeEl—

€€°LT
STV
w:J
1129 |
90708 1
S9YOT 1|
65Vl
9611 1
1L°€T1 ;
L9PTI |
€7°9C1 |
¥S°9TI 1
78921 ;
1T°LTI
9y LTI
LYLTI Y
YLLTIA
$9°8TI
$6'8T1 7
26°621
€6°0€1 ]
LLiery
€6°C€1 i
0s° €€ ;
|

——

8€9€T
0,081
L8551 ]
6v°€91 |
0S'1L1)

8S'10C—

i)
=]
(o]
9]

£1 (ppm)

LET
6€11
ITAR
16711
13783
STy
9T'v
LTV
LEY
6eY

Iu|

N . - #00°¢

ov't |
€19

€L°9

R

06'9

26'9

v6'9

9691
86°9
v0'L
b0'L
0L
80°L
60°L
P1LT
PI°L
S1L 1
STL 1
9T L1
91°L ]
LT
7T LA
bTLA

STL
0€’L
€EL
L
evL
SI'8
81'8

COOEt

) €06

- - #00°C

== 790°1
=501

1/

60

. fioz
c0'¢
10V
F10'C
2€0°C
0'¢C

0'¢C

0T

£1 (ppm)

S72



eEvl —
r'8C —

e —
38°79
£7°€9
P18

ZL'SO1

89°SI1 |

97°0T1 ;

LTI

€221

b9°LTI
06'LTI ;
62°8T1

b 8TI

29'8T1 1

9L°8T1

v0°6C1 -]

09621 %

IRIAR

€0HET ]

65 €T |

€7°9¢1 %

Ly LET

8LIST

%.om;

65 ¥91

65ZL1)

e

§9°C0C—

w
Q
(=]
@]

T T T
190 180 170 160 150

T
200

210

£1 (ppm)

9€'T
8€°T |
oF'1
$S'1
8v'¢ |
1s°€
8s°¢
19°¢
LEY

|

#0°¢

1S9
L9
YL'9
89
989
889
16'9
€69
S6'9
69
969
L69
90°L 1
61°L1
61°L1
0T'L
1TLY
TTLY
YT LA
9T LA
(U

Y LA

6v'LT

IS°L
89°L
0LL
L6'L
L6'L
66'L
66'L
06'8

COOEt

1/

!

206

=10t

¥S0'1
o'l

£1 (ppm)

S73



LT VL
SH'8T
v0'EP |
$6291
0b'€9 1
w@.ow;
89°501

6701 k
seezl

L9°STI

96°ST1 k
zTLTl
9T LT1
s |
b9'LT1 ]
88'LTI |
so'szi |
LU'STI
87871 |
$S'8TI |
18°8T1 1
ww,%%
$6°621 |
9L €€ ]
61FEl
9THET |
sosel
vLLETS

061517
16°LST7
S8 VoI —
VLTLT ~

COOQEt

T T T T
200 190 180 170 160 150

210

£1 (ppm)

LET
8€1 1
ov'T
LY
6¢€°¢
e
vv.j
hv.mg
NN;Q

2|

STy
LTV
9¢¥y
8€Y 1
651
1v'¥
or'9
18°9
€89
€69
S6°9
L69
669
0L
€0°L
0L
SO'L 1
SO'L 1
90°L
80°L1
8I°L
61°LA
1TLA

T L
8T'L
6T'L
SEL
8¢°L

wm.w\
6€'8

S~
~

COOEt

01°€
%60°6

F60°C

¥90'1
501

Jeo

=001

£1 (ppm)

S74



9eVI —
£E€'8C—

YL Th—
$8'79
€8°€9
80181
£€9°501
YSSIT T
SE€0T1
99°6TI 1
€€°LT1
8L°LTI
86°LT1 ]
01°'8CI 1
sT8TI
981
95871

——

0L'8T1
18621
L60ET
20HEl
£5PEl 4
S.vm;
seLer
9L 1ST
b pS1 -
%.vo;
PITLY

LO€0C—

i}
=)
o]
)

=
A

3ap

£1 (ppm)

6€°1
1v°11
€71 |
8Y°1 |
€51 1
BE'E |
1v°€
€€
9s°¢€
8T

) H M\oo.m

0EF]
8EY ]
ad
9€°9

8€'9
6€°9
089
789 W
$6'9

86'9
oo.é
0L
€0°L |
v0°L |
90°L |
60°L ]
60°L |
0T°L]
01°L ;
9TL 1
LT LA
8T LA
6T'L Y
6€ L~

L
8T8
8C'8
6C’8
0€'8

//

€06
Joo.m

—hoz

=011
%00°1

o'l

£1 (ppm)

S75



A4
ILLT /
I8¢~

oS Iy —
¥8'291
26°08 g/
€0°S0T 1
6LSII 1
TT 9Tl |
$E9T1
STLTI |
8€°LTT 1
60'8T1
LT8TT
SE€'8TIH
st'8ziy
6t°821 Y
¥6'8T1 Y
6T0€T 7
SE0€T
86°0€1
99'1€1 ]
oL bEl |
08'¥€l :
IS¢l :
$9°5€1
9€°LST i
€691
127

——

—

|
m

1€720C—

COOEt

£1 (ppm)

veT)
9¢1 |
LET
0S'1 1
ov'e
€v'e
6v°¢
4553 ]
mm.j
Y& 4

- - #00°¢

LEY]
w9
$$9
6L9
18°9
€69
86°9
00°L W
0L
SO'L
90°L f
LOL
80°L
80°L
60°L 1
0r°L T
€1°LT
8TL1
6C L1
0€'L
0€°L Y
1€
€€LA

PeLt
mm.L
SeL
818
318
61°8
0z'8

S/

COOEt

o6

—=1looc

rC0' 1
520'1

60
%@‘o
00T
Moy
ﬁo.m
ﬁo.m

861

£1 (ppm)

S76



or vl
8T
86° 111
$6°291
8791
w@.ow;
857501 |
egsiny
65911 1
SL9TT |
Tyl k
9THTI |
9T°LTI |
Syl |
1§°LT1 ]
96'LT1 ]
s |
9T'8T1 |
by'8TI
LL'STI
vs6Tl |
19621 |
8T°0€1 1
SE0ET
0T 1€ Y
£EPEl
POpEl

0L7TST~
08°SST~
€E'8C1
16°8S1

8LV91
8L'CLT /

-10

£1 (ppm)

IV 8I1-—

COOEt

-160 -170  -180

5

T
1c

-130  -140

-120

-110

10

£1 (ppm)

S77



LY’ T,
8Y'1 |
05T {
8S'T
wv.j
IS¢
vSe
LS €
1494
9€y

I

- - - #00°¢

9
Lt
6t°9
8L°9
089
96'9
86'9
669 W
0L
€0°L
1L f

]

1

'L

1L

L
YT LA
YT L
YT LY
ST LA
9T LA
0¥"Ly
T LA
VLY
YL

A
8Y'L
0S'L
8T'8
8T'8
6T'8
0€'8

Br.

€06

—~ === HO0'C

- g 7T0°1
/ L/:Z

H\oo.ﬁ
0T
%o.m

01
$0°€

H/om

10°L

r00°C

£1 (ppm)

TLLTT
S8°LTI
81'8T1 |
ST'8TI |
0t'8TI 4
0$'821 1
LL8zI
SL6T1
zsost
16°0¢1
1L71E ]
S0bET |
TTPET
T9PEL
89°9¢T
89151 |
78Sl |
p9b91 |
89°7L1
69707 —

e

1)
(o)
o
o

Er.

10

90

100
£1 (ppm)

T T T T T T
200 190 180 170 160 150 140 130 110

210

S78



[
o~
O

NHBoc

s/

J10°€

Y06

F00°¢
Foc

¥SO'1
Mot

F00' T
0T

109
w_o.m
500°€

0T

£1 (ppm)

eyl —

LEBT
vole
L8 IV ~

0€779\
9,797

68708 —
€501

18511

L6'9T1 |
LTl
89421 1
ULz
01'8TI
6£'8T1
89°871
08'6C1
86°671 |
vz Ie ]
brpEl A
SLPET

€9°1ST |
LELST %
6L¥91

S0bL1 !

ﬁ
[
|
|

¥$C0C —

T
60

T
70

T T T T T
190 180 170 160 150 140 130 120 110

T
200

210

£1 (ppm)

S79



s
|
A
0s°1 |
8¢
0s°€
LTy
8TY
6€F
ot .

17
9

SL'9

LL9

L8°9

689

169

2691
69
$6'9
10,
0L
€0°L
7L
L
€T LA
6T L1
1L
€671
9€L |
LELT
9L
v9°L |
L9°L

692\
1L
€LL
%s\
T8
9z'8

S/

i,

COOEt
k e -}"NHBDC
Ph
3au

o)
Fh

N ﬁ

66T
206

tooz

¥00'1
Yo0'1

£1 (ppm)

crvi
Tr'8T ]
9€Th |
L8779
09°€91
20°18 ;
L9°S0T |
0ELIT 1
SE6IT
8¥°STT |
LE9TT k
YT LTI
SYLTI
s |
6L°LTI
88°LTI |
908T1 |
vT'8TT
€5°871 |
8L'8TI |
¥8°6C1 1
s |
PITEL |
€CTIEN |
TP EET N
PTPET
1LvET
ozser’

IL1s17
01°'8ST~
YLYIT —
Y6 TLT

€L°C0CT—

COOEt

£1 (ppm)

S80



6T’
1€11
40
6¢1 1
1443
LY €
68°¢
SI'Y
6l

om.j
ﬁm,j
0C9
9L'9
8L9
889
069
169
€69
v6'9
69
S6'9
969
969
SO'L
CI'LA
0T 'L
€T L
YTL
YT LY
0€°L Y
€LY
TEL
Nm.j
S LA

9181t
L1'8
L1'8
L1'8
31°8
31°8

i
s}
s}
s}

70°€
€06

%660
860
1T

€60
Eo.m
¥50°S
2€0°1
01
0°¢
LO°E
0'¢C
Hro.m

£1 (ppm)

yovl—
€C8C—

0S 1% —
1929
61°€9
18708
€9°601
6T 1111
207021 |
6€°ST1 |
€5°921
01°LTI
SS'LTI
98°LT1 |
9¢'8T1 |
L9871
gceTt |
F
i
[

06'6T1 7
9T1°0€T
8T°0€1
SO'1ET ]
6LTEN ]
1zeet |
Y HET
LLLET
1S
€6 LT
€5p91 |
15zt

——

8€¥0C —

L
(=}
<
o

£1 (ppm)

S81



6Tt |k - S 46T
LEY] %606

— —==180'C

. == vEl'l
969 =
R0T

/!

H\oouﬁ
H\w@ 4

ot

“£0'C
220°¢
70'C

| —

wv

N

o~
COOEt

=00°C

3ca

1 (ppm)

sEvI
8E'8T

9€°Th |

L6'T9 ]

1T°€91

T8

£0°901 1
mo.ii
S6H1T |
11°STT
€1°STT
TESI
9€°S 11|
]

=

——

6T°0T1
60°€T1 |
TIETl
€L°ST1 1
9T'LTI
6T°LT |
s |
9L°8T1 1
18°8T1 |
18621 |
$6'6T11
€0°0€T
9y 0<1 7
L6°0E1
00'vEl
S8'9€1
£6'9€1
0S°LE1
:;2\
SLLST
8T'191
€L°€91
e
95°TLI

L
<
<
o

3ca

£1 (ppm)

S82



Sy Cll-—

i
o]
o)
o

3ca

T
-160 -170 -180 -190 -200 -210

-150

£1 (ppm)

- #00°€¢

206

~
/

*00°¢

——==HoC

=< 790°1
= teo1

01
Joz
60
300y
Reog
260°C
0°€
20T

F00'C

£1 (ppm)

S83



S'8T1 |
0L'8TI
PL8TI
el |
98°61 |
8T'0€E1 1
S6'0€1
0T IE1Y

cevel
ysvel
99°LEl
co'LE]
€LIST”
€0'8S1 7
08'v91 —
I8°CLI ~

§ecoc—

£1 (ppm)

81 |
6€1 1
1571 1
(S
1€
pe
she
sTh
LTy
Nd |

8€ |
6]
)
95'9
LS9
€L°9
L9
oL9
8L'9
789
wwo;
06'9 1
2691
£€6'9 1
$6'91
0L
LO°L T
0T'L 1
TTL
vTL
€€°L7
€LY
9€°L Y

LYy LA
8y'L—
81°8
mﬁw/
0T'8
0T'8
178

~
~

J0°€
006

F00°S

+Z0°'T
Mo'1

01
60

0'€
Mﬂqﬁ
20t
z0'1
10T

0'€¢

10T
=0T

£1 (ppm)

S84



LEPT—
6€'8C
wm‘mj/
1675 |
¥8°29 ?
£7°€9 |
00°18 1

£9°501 1

P6TIL |l

8LbIT ]

88°ST1 ;

98°611 1

11°021 |

95°ST1 1

TLT

LELTI

$8°LTI

69°8T1 |

€L°8T1 1

PP 6TIA

78'621

1€°0€1

pIIEn ]

TTEL

b6'SET |

wosm;

SLIST

T6°LST

X8

69491 |

1rzen’

=

———

65°C0C —

£1 (ppm)

wm.:
611
1914
1$°11
e
£v'e
9T
LTV
8T
ey

mm.j
ov.j
w9
L9
YL9
689
169
26’9 ﬁ
S6'9
969
oo.hg
NO.E
90°L Y
80°L
60°L 1
Cl'LA
Y1'LA
ST'LA
CT LY
YT LY
9T L
SEL
9¢"L
9¢ L~

V'L
LT'8
LT'8
81'8
61'8

i
O
O
O

I/

£0°€
€06

F60'C

01l
c0'C

0.

£1 (ppm)

S85



SEVI —
8¢€'8C —

6T Th —
€6'79
7€°€9
91°18
06'S0T |
€6'p11 1
91°071 ;
1,52l ]
bTLTI
8T'LTI
L8LTI ;
€L°8TI
LLSTI
08°8T1 1|
11°621 Y
8L°6T1 7
9v°0€1
$6°0¢1 ]
YT EET
10bET |
61FE %
0S°LET
0L 1ST
€LLST]
SHH91

e

mm.Nbl

COOEt

-10

10

o
]

£1 (ppm)

8¢€'T
or'1
1
0S'1
60'C
a3
She
STh
LTY
LEY W —
8¢
6€'Y k
0t'9

w9
vL'9
€89
$8°'9
6891
06'9
269
¥6'9 W
96'9

90°L
80°L
or'L
1L
€TL
STL
veL
Se'L
Se'L
9¢'L
LEL
SHL
Ly'L
0T'8

0T'8

178

e

e

I/

w
O
O
O

- Z10°¢

%006

F00°¢

—=100T

= rC0’'1
=501

10T

£1 (ppm)

S86



9e€VIL~
eriec—
0¥'8C~

LTTY —

LLTO~\
8¢9/
06°08
£7°501 )
16°ST1 1
vT0TT 1
pS'STI |
LULTI
8€°LTT
8S°LT1 ]
08°LTI A
1L°8T1 A
€T°621
€8°6C1
LTOET ]
9T IEI |
1Lren
8T HE |
99°LET 1
Z0°'SET
Lo'161 1
66'LS1 1
08491 |
oLzLr!
0$'20T —

]
o]
<
s

Q

I}

i}

I

=z

/, B
=
m

==

Ph

10

150

£1 (ppm)

60°1
6€1 1
111
At
051 ]
e
PrE ]
9T¥

#€0'6

wN.*j
mm.*j
o?j
(A%
L9
€L9
689
069
269
69
969
SO'L
oo.:
wo.hg
YI'L
91"LA
0T’ LA
CT LA
YT LA
SELY
SELY
9¢€°L
LE LA
0L

- mmao.m

1¥'L
:u.h$
L
178
178
8
€T8
[

i)
(=}
o
O

I/

3ha

S1'6

ro'c

1 (ppm)

S87



o'yl —

0t'8T~
LI1ES
osve/
voer
6L°79
0€°€9
6808 1
SH'S0T
86°S11 g/
00T |
1S°STI
09°STI |
LILTI
gerz1]
YP LTI |
6L°LTI
69821
YL 8TIA
¥8°6C1
8T'0€T
9z’ 1€
9 1€ |
STPEl ]
€o'LEl ]
SO'IST
L9151 ]
LO'8ST |
2891
6LTLT’

————

L9°T0C—

w
(=}
o
O

c

g

@

I

z
=\
R

m

3ha

10

110

110 130

150

1 (ppm)

0511
I¥'e
vr'e
LY'¢
om.mg
ow.j
w9
L9
€L'9
SL9
L89
689
069
169
€69
S6'9
L6'9
co’L
90°L
80°L
L1'L
8L
61°L Y
0T LA
1T°LA
€CLY
mN.hg
CEL
CE LA
€€ LA
PE LA
L7
wv.h\
L1'8

LT'8

81'8

61°8

COOMe

Bn-//]"NHBoc

i

z-=

Ph_

Ph

Ph

Jia

_J

006

90T

0t

£1 (ppm)

S88



01°8¢C

ovzr’
€L€S~
0£°€9
90°18
657501 7
607911 ]
€2°02T 1
L9°STI 1
STLTI
veLe|
0L'LT1
¥8°LTT A
8T'8TI 7
€5°8TT A
0L°8CI
SL'8TI
€8°621 ]
SE0ET ]
00 1€ |
METIE
09 €l
8SLET
0L 1ST
€1°8ST
67591
T6'TLT

————————

|
J
J

COOMe

£1 (ppm)

$8°01
L8°0 1
201
€01 1
mm.ﬁg
6v'1
91 1
€9 T L
os el

15°¢1
v'9
€L'9
SL'9
069
169
26’9
€69
S6'9
10°L
{5
€0°L
0L
SO'LT
61°L Y
61°L1
0T LA
1TLY
mm,j
SELY
SELY
9¢"L A
LE LA

YyL
SY'L
'L
LY'L
178
'8
€C'8
vT'8

J00°9
-10C
v10°C
}00'6

H/a@.ﬁ

hoz

Hoz

foo't

Loo;
0T
so'e
70’V
H0'p
2o¢

10'C

ro'c

£1 (ppm)

S89



(23RN
10°61 1
06°61 1
LT
v6'LT |
8T
vS°9€
60Tt |
9671 |
9T'8% 1
6€°61
19'€9)
6808 1
£5°€8 |
88'S01 |
L6611
LE'ST
91°LT1 ;
Y’ LTI
8L°LTI
$8°LTl |
SI'8T1
py'8T1
89:8T1
eLsely
$8°6TI N
om,om%
pEIEl

- T

LISt
€S LST
STS91 —
9T TLT ~

1+°C0C—

£1 (ppm)

LETY
6€°1
ov'1
1671
ov'e
0S¢
Y 4
LTV
9¢'y

wm.v#
[ )
LL9
6L9
689
169
€69
69 ﬁ
969
0L

€0°L

€0°L f
v0'L
SO°L
LOLA
0C'L1
T LY
YT LA
LT LT
8T'L1
vE LA
9€° LA
8E€ LA

evL~
mv.h\
9¢°L
8S°L
6S°L
19°L
LT8
6C'8

COOEt

I/

#£0°¢

%00°6

= [00'C

= 7C0'1
= 5001

£1 (ppm)

S90



or'vi—

SH'8T— =
LETH
68291
877€9 |
S0'18

69°S01

THSTT

86°ST1

ﬁ

LEOTI |
0L'STI |
€0°LTT
8T LTI
vELTI ;
€8°LT11
06'LT1 1|
8T'8TI |

——
J

95°871 A
LL'STI
L6°8T1
85671
06°621
sroct } —
sThel ] ]
CELYET 4

T9LET
zsovi
Y9 TH |
6L 1ST
69°LST
LLYIT
LLTLLY o7
Zz=Z

08C0C- ¢

o

COOEt

& '%NHBOC

Ph

m

£1 (ppm)

S91



7. X-ray crystal structure of 3ac

3ac

CCDC 2527277

Table 1 Crystal data and structure refinement for 1.

Identification code 1

Empirical formula C3gH35BrNsOg
Formula weight 706.62
Temperature/K 120.00

Crystal system orthorhombic
Space group P212,24

a/A 9.3276(12)

b/A 12.7751(17)

c/A 29.524(4)

af® 90

B/e 90

v/° 90

Volume/A? 3518.1(8)

z 4

Pealc/cm® 1.334

p/mm-L 1.216

F(000) 1464.0

Crystal size/mm? 0.2x02x0.18
Radiation MoKa (A =0.71073)
20 range for data collection/°4.216 to 51.468
Index ranges -11=sh<11,-15sk<15,-36<1<36
Reflections collected 77053

Independent reflections 6718 [Rint = 0.1205, Rgjgma = 0.0583]
Data/restraints/parameters 6718/0/441

Goodness-offit on F2 1.069

Final R indexes [I>=20 (1}] R; =0.0383, wR, =0.0677

Final Rindexes [all data] R;=0.0554, wR; =0.0753

Largest diff. peak/hole / e A3 0.25/-0.33
Flack parameter 0.016(5)
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