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EXPERIMENTAL SECTION

1. General Information

Solvents were purified and dried by standard procedures before use; petroleum ether of boiling range 60—
80 °C was used. Melting points are uncorrected. Optical rotations were measured using sodium D line on
a polarimeter. '"H NMR and “C NMR were recorded on 200, 400, 500 MHz NMR spectrometers. HRMS
data for new compounds were recorded using Orbitrap mass analyzer associated with Accela 1250 pump.
HPLC was performed with variable wavelength detector. Column chromatography was carried out by
using silica gel of the selected particle size of 100-200 mesh or 230-400 mesh. D-proline, L-proline and
diazadicarboxylates were purchased from Sigma-Aldrich. Racemic proline was prepared by mixing of

both the enantiomers before use.

2. General Experimental Procedure:

(a) Preparation of sulfur ylide: NaH (5 mmol, previously washed with petroleum ether to remove oil)
was added to an oven-dried three-necked flask, followed by the addition of dry DMSO (15 mL) through a
septum to it, and the whole slurry was stirred at 25 °C under N, atmosphere. Then trimethyloxosulfonium
iodide (5 mmol) was added to the slurry over a period of 5 min via a solid addition funnel and stirred until

it became a homogenous solution.

(b) Sequential o—Amination/Wittig Olefination/Corey—Chaykovsky Reaction: To a cold solution of
azadicarboxylate (2.5 mmol) and L—proline (10 mol %) in dry CH;CN (25 mL) at 0 °C was added

aldehydes (2a-k, 3 mmol) and the mixture was stirred for 3 h at 0 °C. Then ethyl 2-(triphenyl-A’-



phosphanylidene) acetate (3.75 mmol) was added and stirred further for 45 min. This was followed by the
addition of a solution of dimethyloxosulfonium methylide (5 mmol) in dry DMSO at 25 °C and allowed
to stir for 2 h at the same temperature. The progress of the reaction can be monitored by TLC. It was then
quenched by the addition of an aq. NH,ClI solution. The mixture was concentrated in vacuum to remove
acetonitrile, and concentrate was extracted with EtOAc (3 x 30 mL). The combined organic layers were
washed with brine, dried over anhyd Na,SO,, and concentrated under reduced pressure to give the crude
products, which were then purified by flash column chromatography (230-400 mesh) using petroleum

ether and ethyl acetate as eluents to afford the pure products 4a-k.

(c) Sequential o—Amination/Wittig Olefination/N—alkylation/Michael Reaction: To a cold solution of
azadicarboxylate (2.5 mmol) and L—proline (10 mol %) in dry CH3;CN (25 mL) at 0 °C was added
aldehydes (2, 2.5 mmol) and the mixture was stirred for 3 h at 0 °C. Then ethyl 2-(triphenyl- A’-
phosphanylidene) acetate (3.75 mmol) was added and stirred further for 45 min. This was followed by the
addition of ethyl bromoacetate (3.75 mmol) and Cs,CO; (6.25 mmol) and allowed to stir for 6 h at 50 °C.
The progress of the reaction can be monitored by TLC. It was then quenched by the addition of an aq.
NH,CI solution. The mixture was concentrated in vacuum to remove acetonitrile, and concentrate was
extracted with EtOAc (3 x 30 mL). The combined organic layers were washed with brine, dried over
anhyd Na,SO,, and the concentrated under reduced pressure to give the crude products, which were then
purified by flash column chromatography (230-400 mesh) using petroleum ether and ethyl acetate as

eluents to afford the pure products Sa-h.

(d) Synthesis of 1,3-diamino acid 7 by N-N reduction of pyrazolidines 4: NH; was bubbled into a
solution of pyrazolidine 4 (0.2 mmol) in THF (10 mL) at -78 °C, until approximately 10 mL were
condensed. Excess Na was added and the solution turned dark blue. The resulting mixture was stirred at -
40 °C for 1 h. Then the reaction was quenched by careful addition of solid NH4Cl, and NH; was allowed

to evaporate slowly. The residue was diluted with EtOAc (15 mL) and filtered, and the solvents were



evaporated in a rotary evaporator. The resulting residue was purified by flash chromatography over SiO,,
with hexane/ethyl acetate/NEt; 20/1/1 as eluent, to give 1,3-diamino acid 7 as spectroscopically pure,

colorless syrup.

Diisopropyl (3R,4S)-3-benzyl-4-(2-ethoxy-2-oxoethyl) pyrazolidine-1,2-dicarboxylate (R” = 'Pr, 4a)

Q CO,Et
N

N—
iPr02C COzIPr

Yield: 841 mg, 80%; gum,; [(X,]DZS +17.156 ( ¢ 1.2, CHCl3); 86% ee ( Chiracel OD-H 250 x 4.6 mm), n-
hexane/i-PrOH, 95:5, 0.5 mL/min, 220 nm), t, = 18.190 min (major), t, = 20.973 min (minor); IR (CHClI;,
em ') vy 701, 741, 921, 1029, 1197, 1187, 1238, 1316, 1340, 1375, 1467, 1701, 1733, 2981, 2358; 'H
NMR (200 MHz, CDCl;): 6 1.12-1.31 (m, 15H), 2.18 (d, J = 7.5 Hz, 2H), 2.54-2.60 (dd, J = 4.1, 7.2 Hz,
1H), 2.61-2.70 (dd, J = 4.6, 11.2 Hz, 1H), 2.90-3.00 (m, 2H), 4.03-4.28 (m, 4H), 4.82-5.05 (m, 2H), 7.24-
7.28 (m, 5H); *C NMR (50 MHz, CDCly): § 14.0, 21.6, 21.7, 21.9, 37.2, 40.2, 41.3, 51.7, 60.4, 65.4,
69.6,69.8, 126.4, 128.2, 129.2, 137.3, 156.0, 156.2, 170.7, HRMS (ESI) Calcd for C»H3;06N, [M + H]"

421.2333; Found 421.233.

Diethyl (3R,45)-3-benzyl-4-(2-ethoxy-2-oxoethyl) pyrazolidine-1,2-dicarboxylate (R’ = Et, 4a)

CO,Et

NN,
Et0,C  COEt



Yield: 775 mg, 79%; gum; [oc]D25 +5.76 ( ¢ 0.5, CHCl3); 81% ee ( Chiracel AD-H, 250 x 4.6 mm), n-
hexane/i-PrOH, 90:10, 0.5 mL/min, 220 nm), t, = 23.547 min (major), t, = 27.613 min (minor); IR
(CHCl3, cm™") vy 702, 744, 925, 1030, 1198, 1188, 1237, 1313, 1347, 1378, 1466, 1708, 1739, 2988,
2355; '"H NMR (200 MHz, CDCl;): ¢ 1.16- 1.35 (m, 9H), 2.16 (d, J = 6.3 Hz, 2H), 2.54-2.61 (m, 1H),
2.63- 2.73 (dd, J = 7.1, 13.4 Hz, 1H), 2.90-3.03 (m, 2H), 4.02-4.29 (m, 8H), 7.24-7.27 (m, 5SH); “C
NMR (50 MHz, CDCly): 8 14.13, 14.35, 37.12, 40.33, 41.35, 51.98, 60.60, 62.22, 65.61, 77.32, 126.60,
128.36, 129.35, 137.29, 156.64, 156.78, 170.87; HRMS (ESI) Calcd for CHyOsN, [M + H]* 393.2020;

Found 393.2019.

Di-tert-butyl (3R,4S)-3-benzyl-4-(2-ethoxy-2-oxoethyl) pyrazolidine-1,2-dicarboxylate ( R’ = ‘Bu, 4a)

CO,Et

//,,é

N-N_
BuO,C  CO,'Bu

Yield: 785 mg, 70%; gum,; [(X]D25 +6.606 ( ¢ 1.18, CHCI;); 80% ee ( Chiracel AD-H 250 x 4.6 mm), n-
hexane/i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 7.2 min (minor), t, = 30.6 min (major); IR (CHCl;,
em ') Vi 705, 745, 926, 1023, 1191, 1189, 1232, 1317, 1349, 1374, 1466, 1707, 1739, 2982, 2350; 'H
NMR (200 MHz, CDCl,): 6 1.23 (t, J = 7.07 Hz, 3H), 1.37-1.50 (m, 18H), 2.19 (d, J = 7.5 Hz, 2H), 2.53-
2.71 (m, 2H), 2.83-2.99 (m, 2H), 3.99-4.22 (m, 4H), 7.19-7.26 (m, 5H); *C NMR (50 MHz, CDCl;): §
14.11, 27.97, 28.14, 37.39, 40.19, 41.32, 51.40, 60.51, 65.35, 80.86, 126.39, 128.21, 129.37, 137.67,

155.26, 155.63, 171.00; HRMS (ESI) Calcd for CosH3606N, [M + Na]*471.2466; Found 471.2465.

Diisopropyl (3R,45)-4-(2-ethoxy-2-oxoethyl)-3-(4-methylbenzyl) pyrazolidine-1,2-dicarboxylate (4b)

iPro,C  CO,iPr



Yield: 771 mg, 71%; gum; [(X]D25 +4.812 ( ¢ 1.08, CHCls); 84% ee ( Chiracel AD-H 250 x 4.6 mm), n-
hexane/i-PrOH, 90:10, 0.5 mL/min, 220 nm), t, = 16.253 min (minor), t, = 17.317 min (major); IR
(CHCl3, cm ™) vy 760, 920, 1105, 1181, 1240, 1369, 1508, 1730, 2355; '"H NMR (400 MHz, CDCl;): &
1.15-1.30 (m, 15H), 2.16 (d, J = 7.5 Hz, 2H), 2.31 (s, 3H), 2.57-2.66 (m, 2H), 2.92-2.96 (m, 2H), 4.05-
4.11 (m, 3H), 4.21-4.24 (dd, J =7.9, 10.9 Hz, 1H), 4.88-4.95 (quint. J = 6.4 Hz, 1H), 4.97-5.01 (quint. J =
6.4 Hz, 1H), 7.07 (d, J = 7.8 Hz, 2H), 7.12-7.14 (d, J = 8.2 Hz, 2H); *C NMR (50 MHz, CDCLy): §
14.18, 21.08, 21.84, 22.06, 37.39, 39.94, 41.33, 51.88, 60.60, 65.60, 69.83, 69.96, 129.09, 129.24,134.34,

135.91, 156.29, 156.46, 170.96; HRMS (ESI) Calcd for Co3H;506N, [M + H]"435.2490; Found 435.2490.

Diisopropyl (3R,4S5)-4-(2-ethoxy-2-oxoethyl)-3-(4-methoxybenzyl) pyrazolidine-1,2-dicarboxylate (4c¢)

MeO

CO,Et

NN,
iPro,Cc  CO2iPr

Yield: 754 mg, 67%; gum; [(x]D25 +6.031 (¢ 1.16, CHCls); 87% ee ( Chiracel AD-H 250 x 4.6 mm), n-
hexane/i-PrOH, 90:10, 0.5 mL/min, 220 nm), t, = 26.780 min (minor), t, = 29.630 min (major); IR
(CHCl;, em™") vy 760, 921, 1108, 1180, 1247, 1380, 1375, 1513, 1734, 2361; "H NMR (200 MHz,
CDCl3): 6 1.20-1.31 (m, 15H), 2.16-2.20 (d, J = 6.2 Hz, 2H), 2.54-2.64 (m, 2H), 2.84-2.99 (m, 2H), 3.78
(s, 3H), 4.01-4.17 (m, 4H), 4.86-5.01 (m, 2H), 6.78-6.82 (d, J = 8.7 Hz, 2H), 7.15-7.19 (d, J = 8.7 Hz,

2H); “C NMR (100 MHz, CDCl): & 14.20, 21.88, 37.35, 39.45, 41.31, 51.86, 55.07, 60.64, 65.73, 69.67,



69.85, 69.97, 113.80, 114.06, 129.55, 130.32, 156.43, 158.37, 171.03; HRMS (ESI) Calcd for C,3H3,07N,

[M + Na]*473.2258; Found 473.2254.

Diisopropyl (3R,45)-4-(2-ethoxy-2-oxoethyl)-3-(4-(methylthio)benzyl) pyrazolidine-1,2-dicarboxylate

(4d)
MeS

iPro,C  COLiPr

Yield: 875 mg, 75%; gum,; [(X]DZS +5.280 ( ¢ 1.06, CHCIl3); 77% ee ( Chiracel AS-H 250 x 4.6 mm), n-
hexane/i-PrOH, 90:10, 0.5 mL/min, 220 nm), t, = 16.2 min (minor), t, = 18.6 min (major); IR (CHCl;,
cm ) Vinax 760, 922, 1040, 1147, 1192, 1258, 1319, 1341, 1359, 1477, 1711, 1738, 2980, 2359 ; '"H NMR
(200 MHz, CDCl5): 6 1.12- 1.31 (m, 15H), 2.22 (d, J = 7.4 Hz, 2H), 2.46 (s, 3H), 2.55-2.69 (m, 2H), 2.81-
3.00 (m, 2H), 4.04-4.15 (q, J = 6.9 Hz, 2H), 4.17-4.27 (m, 2H), 4.85-5.07 (m, 2H), 7.18 (s, 4H); ®C
NMR (100 MHz, CDCl;): 6 14.16, 15.99, 21.77, 37.33, 39.73, 41.38, 51.76, 60.65, 65.53, 69.98, 126.82,
129.85, 134.47, 136.37, 156.31, 170.95; HRMS (ESI) Calcd for Cy;H3404N,S [M + Na]*489.2030; Found

489.2027.

Diisopropyl (3R,45)-3-((6-cyanobenzo[d][1,3]dioxol-5-yl)methyl)-4-(2-ethoxy-2-oxoethyl) pyrazolidine-

1,2-dicarboxylate (4e)
N
? 0

C
1,
N—N

Pro,C  CO,iPr

O,Et

Yield: 795 mg, 65%; brownish gum; [a]p> +42.775 (¢ 1.0, CHCl3); 81% ee ( Chiracel AD-H 250 x 4.6
mm), n-hexane/i-PrOH, 80:20, 0.5 mL/min, 254 nm), t, = 27.337 min (minor), t, = 30.393 min (major); IR

7



(CHCLs, em™") vy 760, 928, 1035,1107, 1181, 1237, 1271, 13401, 1468, 1487, 1506, 1732, 2222, 2983;
'H NMR (200 MHz, CDCLy): 8 1.06-1.34 (m, 15H), 2.29-3.17 (m, 6H), 4.08-4.30 (m, 4H), 4.75-5.09 (m,
2H), 6.03 (s, 2H), 6.98 (s, 1H), 7.05 (s, 1H); *C NMR (50 MHz, CDCLy): § 14.16, 21.67, 21.80, 22.06,
36.91, 38.61, 42.13, 51.85, 60.85, 64.97, 69.99, 70.28, 102.12, 104.76, 110.93, 111.64, 117.93, 138.43,
146.58, 151.39, 156.06, 170.77; HRMS (ESI) Calcd for CyHsyOsN; [M + Na]*512.2003; Found

512.2004.

Diisopropyl (3R,45)-4-(2-ethoxy-2-oxoethyl)-3-((6-nitrobenzo[d][ 1,3]dioxol-5-yl)methyl) pyrazolidine-

O™\
O
CO,Et
14
N

N_
Pro,C  CO,iPr

1,2-dicarboxylate (4f)

Yield: 879 mg, 69%; yellow gum; [OL]D25 -4.640 ( ¢ 1.12, CHCIl3); 92% ee ( Chiracel AD-H 250 x 4.6
mm), n-hexane/i-PrOH, 80:20, 0.5 mL/min, 254 nm), t, = 25.400 min (minor), t, = 28.067 min (major); IR
(CHCl3, cm™") v 760, 817, 871, 926, 1034, 1106, 1179, 1259, 1327, 1382, 1485, 1521, 1704, 1731,
2981; "H NMR (200 MHz, CDCl): 8 1.07-1.38 (m, 15H), 2.39-2.76 (m, 5H), 2.90-2.99 (dd, J = 7.8, 11.6
Hz, 1H), 3.42-3.50 (dd, J = 2.4, 13.1 Hz, 1H), 4.17 (q, J = 7.2 Hz, 3H), 4.29-4.38 (dd, J = 7.5, 11.6 Hz,
1H), 4.73 (sep, J = 6.0 Hz, 1H), 5.00 (sep, J = 6.3 Hz, 1H), 6.08 (s, 2H), 7.04 (s, 1H), 7.65 (s, 1H); °C
NMR (50 MHz, CDCly): 6 14.14, 21.53, 21.67, 21.93, 22.04, 30.76, 36.65, 39.18, 43.05, 52.05, 60.78,
64.82, 69.70, 70.27, 102.71, 105.35, 112.57, 131.19, 142.68, 146.79, 151.53, 156.18, 170.93; HRMS

(ESI) Calcd for Co3H3040N3 [M + Na]* 532.2333; Found 532.2331.



Di-tert-butyl (3R,45)-4-(2-ethoxy-2-oxoethyl)-3-((6-nitrobenzo[d][1,3]dioxol-5-yl)methyl) pyrazolidine-

1,2-dicarboxylate (4g)

o/\O

C
/I:,
N—N

Bu0,C  CO,Bu

O,Et

Yield: 887 mg, 66%; yellow solid; mp: 130 — 132 °C; [a]p> -3.796 ( ¢ 1.0, CHCls); 90% ee ( Chiracel
AD-H 250 x 4.6 mm), n-hexane/i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 29.292 min (minor), t, =
34.651 min (major); IR (CHCls, cm—1 ) vy 3 769, 876, 936, 1054, 1140, 1194, 1269, 1337, 1386, 1490,
1531, 1714, 1741, 2990; '"H NMR (200 MHz, CDCl;): 8 1.25-1.32 (m, 12H), 2.38-.70 (m, 4H), 2.90-2.99
(m, 1H), 3.35-3.43 (dd, J = 2.5, 13.1 Hz, 1H), 4.13-4.31 (m,4H), 6.08 (s, 2H), 7.10 (s, 1H), 7.54 (s,1H);
C NMR (50 MHz, CDCly): § 14.28, 27.95, 28.38, 37.05, 39.06, 43.04, 60.87, 80.98, 81.55, 102.69,
105.48, 112.86, 131.41, 142.84, 146.74, 151.45, 155.52, 171.10; HRMS (ESI) Calcd for C,sH350,0N5 [M

+ Na]"560.2215; Found 560.2214.

Diisopropyl (3R,45)-4-(2-ethoxy-2-oxoethyl)-3-(naphthalen-2-ylmethyl) pyrazolidine-1,2-dicarboxylate

(4h)

iPro,C  CO,iPr



Yield: 800 mg, 68%; gum; [oc]D25 -5.247 ( ¢ 0.8, CHCI5); 83% ee ( Chiracel OD-H 250 x 4.6 mm), n-
hexane/i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 16.741 min (minor), t, = 18.284 min (major); IR
(CHCl3, cm ") vy 760, 923, 1110, 1240, 1375, 1510, 1733, 2359; '"H NMR (200 MHz, CDCl;): & 1.13 (t,
J =7.1Hz, 3H), 1.22-1.35 (m, 12H), 2.62-2.68 (m, 1H), 2.88-3.06 (m, 2H), 3.61 (br s, 1H), 3.91-4.01 (q,
J =7.2 Hz, 2H), 4.24-4.39 (m, 2H), 4.85-5.10 (m, 2H), 7.36- 8.24 (m, 8H); “C NMR (50 MHz, CDCl;):
o 13.85, 21.49, 21.61, 21.85, 36.72, 38.34, 41.83, 52.05, 60.27, 63.82, 69.50, 69.91, 123.55, 125.39,
125.94, 127.39, 127.50, 128.59, 131.79, 133.29, 133.67, 155.61, 156.49, 170.60; HRMS (ESI) Calcd for

Ca6H3406N; [M + Na]™493.2309; Found 493.2305.

Diisopropyl (3R,45)-3-(2-bromo-3,4,5-trimethoxybenzyl)-4-(2-ethoxy-2-oxoethyl) pyrazolidine-1,2-

OMe
MeO CO,Et
MeO /”-(Q

Br N—N

iPro,C COLiPr

dicarboxylate (4i)

Yield: 1.061 g, 72%; gum; [(X]D25 +26.867 ( ¢ 1.54, CHCly); 94% ee ( Chiracel AD-H 250 x 4.6 mm), n-
hexane/i-PrOH, 95:5, 0.5 mL/min, 220 nm), t, = 40.837 min (major), t, = 66.290 min (minor); IR (CHCl;,
cm ') Vinax 760, 922, 1109, 1182, 1249, 1377, 1389, 1515, 1737, 2365; "H NMR (200 MHz, CDCl;): §
1.02-1.31 (m, 15H), 2.22-2.46 (m, 2H), 2.58-2.81 (m, 2H), 2.94-3.04 (m, 2H), 3.86 (s, 6H), 3.88 (s, 3H),
4.07-4.32 (m, 4H), 4.81 (quint, J = 6.2 Hz, 1H), 5.00 ( quint, J = 6 Hz, 1H), 6.85 (s, 1H); ®C NMR (50
MHz, CDCl5): § 14.06, 21.53, 21.72, 21.91, 21.97, 37.00, 40.37, 41.89, 52.05, 56.17, 60.63, 60.70, 60.81,
63.61, 69.61, 69.88, 110.50, 110.95, 132.57, 141.75, 150.46, 152.35, 155.89, 159.21, 170.82; LC-MS

(BSD) m/z: 591.2 [M + 1]*

Diisopropyl (3R,45)-3-(3-(benzyloxy)propyl)-4-(2-ethoxy-2-oxoethyl) pyrazolidine-1,2-dicarboxylate

(4)

10



CO,Et

BnO N—N
iPro,C  CO,iPr

Yield: 837 mg, 70%; gum; [OL]D25 +4.597 ( ¢ 1.0, CHCl3); 92% ee ( Chiracel AD-H 250 x 4.6 mm), n-
hexane/i-PrOH, 90:10, 0.5 mL/min, 220 nm), t, = 25.810 min (major), t, = 30.130 min (minor); IR
(CHCl3, em™") vy 760, 920, 1113, 1179, 1246, 1374, 1386, 1512, 1738, 2363; '"H NMR (200 MHz,
CDCl;): 6 1.20-1.29 (m, 15H), 1.62-1.77 (m, 4H), 2.27-2.52 (m, 3H), 2.90-2.98 (dd, J = 5.4, 11.5 Hz,
1H), 3.93-3.99 (m, 1H), 4.07-4.48 (m, 3H), 4.48 (s, 2H), 4.87- 5.02 (m, 2H), 7.30 (s, SH); >C NMR (50
MHz, CDCl;): 6 14.01, 21.80, 26.27, 30.34, 37.54, 41.48, 51.36, 60.46, 63.90, 69.55, 69.65, 72.61, 77.20,
127.25, 128.08, 138.37, 156.45, 156.65, 170.91; HRMS (ESI) Calcd for CsH330,N, [M + Na]* 501.257;

Found 501.2568.

Diisopropyl (3R,45)-4-(2-ethoxy-2-oxoethyl)-3-propylpyrazolidine-1,2-dicarboxylate (4K)

EtO,C

N-N_

iPro,C  COgiPr
Yield: 735 mg, 79%; gum; [a]p> -1.143 (¢ 1.0, CHCLy); IR (CHCl;, cm™") vinae 1238, 1512, 1611, 1735;
"H NMR (200 MHz, CDCl;): § 0.945 (t, J = 5.6 Hz, 3H), 1.22-1.30 (m, 15H), 1.35-1.46 (m, 4H), 2.28-
2.55 (m, 3H), 2.89-2.98 (dd, J = 5.3, 11.5 Hz, 1H), 3.94 (br s, 1H), 4.09-4.22 (m, 3H), 4.90-5.02 (m, 2H);
BC NMR (50 MHz, CDCly): § 13.65, 14.18, 19.31, 21.95, 35.96, 37.82, 41.58, 51.52, 60.59, 63.98,

69.58, 77.35, 156.69, 171.12; HRMS (ESI) Calcd for CsH3304N, [M + H]*373..2333; Found 373.2333.
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Diisopropyl (3R,4S5)-4-(2-ethoxy-2-oxoethyl)-3-methylpyrazolidine-1,2-dicarboxylate (41)

EtO,C

//,' %

/N—N\
iPrO,C  COaPr
Yield: 688 mg, 80%; gum; [a]p” -1.817 (¢ 1.1, CHCL); Vi 1236, 1518, 1617, 1736; 'H NMR (200
MHz, CDCl;): § 1.24-1.31 (m, 18H), 2.29-2.47 (m, 3H), 2.86-2.93 (m, 1H), 3.88- 3.96 (m, 1H), 4.14 (q, J
= 7.2 Hz, 2H), 4.96 (sep, J = 6.2 Hz, 2H); *C NMR (50 MHz, CDCl;): § 14.05, 19.64, 21.82, 21.90,
36.67, 43.25, 51.81, 59.94, 60.53, 69.52, 69.71, 77.20, 155.97, 156.82, 170.94; HRMS (ESI) Calcd for

C19H2006N, [M + H]* 345.2020; Found 345.2019.

1,2-di-tert-butyl 3-ethyl (35,4R,5R)-5-benzyl-4-(2-ethoxy-2-oxoethyl)pyrazolidine-1,2,3-tricarboxylate

(5a, R’ = +-Bu)
_CO,Et

7\ CO,E
NN
'BuO,C  CO,Bu

Yield: 650 mg, 50%; gum; [a]D25 +36.7 (¢ 1.2, CHCl3); 86% ee (Chiracel OD-H (250 x 4.6 mm), n-
Hexane:i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 29.1 min (minor), t, = 39.7 min (major); IR (CHCl;,
em ') Vo 741, 1061, 1621, 1738; 'H NMR (500 MHz, CDCl5) 8: 1.19-1.37 (m, 15H), 1.46 - 1.51 (m,
9H), 2.46 (dd, J =17.1, 8.9 Hz, 1H), 2.52 - 2.57 (m, 1H), 3.11 - 3.17 (m, 2H), 4.07 - 4.28 (m, 5H), 4.42 (br
s, 1H), 4.52 (d, J =10.1 Hz, 1H), 7.19 (d, J = 6.7 Hz, 1H), 7.22 - 7.27 (m, 3 H), 7.27 - 7.30 (m, 1H); °C
NMR of (126 MHz, CDCl;) 6: 14.1, 14.2, 27.8, 28.3, 30.9, 33.7, 41.7, 60.9, 61.4, 62.6, 63.1, 80.9, 81.2,
126.0, 127.8, 128.1, 129.8, 138.8, 153.1, 155.3, 168.7, 170.4; HRMS (ESI) Calcd for C,;H4N,Og

[M+Na]"543.2677; Found 543.2670.
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Triethyl (35,4R,5R)-5-benzyl-4-(2-ethoxy-2-oxoethyl)pyrazolidine-1,2,3-tricarboxylate (5a, R’ = Et)

_-COEt

c -l‘COzEt
N-N
EtO,C \COQEt

Yield: 836 mg, 72%; gum; [(x]D25 +26.7 (c 1.34, CHCls); 96% ee (Chiracel OD-H (250 x 4.6 mm), n-
Hexane:i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 10.2 min (minor), t, = 11.1 min (major); IR (CHClI;,
em ') Vo 740, 1065, 1620, 1735; 'H NMR (500 MHz, CDCl;) &: 1.09 (br s, 3H), 1.29 (t, J = 7.0 Hz,
6H), 1.33 (t, /=7.0 Hz, 3H), 2.42-2.51 (m, 2H), 2.58 -2.64 (1H), 3.16 (br s, 2H),4.02  (d, J = 6.4 Hz,
2H), 4.16-4.29 (m, 6H), 4.56 (br s, 2H), 7.17 (d, J = 4.5 Hz, 1H), 7.25 (br s, 4H); °C NMR of (126 MHz,
CDCl) &: 14.0, 14.1, 14.3, 14.5, 30.9, 33.5, 41.8, 60.8, 60.9, 61.5, 62.0, 62.5, 63.4, 126.1, 128.0, 129.5,
138.2, 154.1, 157.3, 168.5, 170.2; HRMS (ESI) Calcd for C,3H3;N,Op [M+Na]* 487.2051; Found

487.2045.

triethyl (35,4R,5R)-4-(2-ethoxy-2-oxoethyl)-5-(4-methoxybenzyl)pyrazolidine-1,2,3-tricarboxylate (Sb)
_-CO,Et
~"\,..CO,Et

MeO EtO,C \COZEt

Yield: 952 mg, 77%; gum,; [a]Dzs +22.8 (¢ 1.2, CHCl5); 96% ee (Chiracel OD-H (250 x 4.6 mm), n-
Hexane:i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 15.1 min (minor), t, = 12.5 min (major); IR (CHClI;,
em ) Vo 739, 1068, 1622, 1738; 'H NMR (500 MHz, CDCl;) &: 1.12 (br s, 3H), 1.29 (t, J = 7.0 Hz,
6H), 1.33 (t, J/ = 7.0 Hz, 3H), 2.41-2.62 (m, 3H), 3.07-3.15 (m, 2H), 3.77 (s, 3H), 4.04 (br s, 2H), 4.14-

4.28 (m, 6H), 4.48 (s, 1H), 4.53 (d, J = 8.5 Hz, 1H), 6.78 (d, J = 7.9 Hz, 2H), 7.15 (d, J = 6.1 Hz, 2H); "°C
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NMR of (126 MHz, CDCl;) 6: 14.1, 14.1, 14.6, 30.9, 32.6, 41.8, 55.0, 60.8, 61.0, 61.5, 62.1, 62.6, 63.6,
77.0, 96.1, 113.5, 130.4, 154.0, 157.5, 158.1, 168.5, 170.3; HRMS (ESI) Calcd for Co,H3,N,Oy [M+Na]*

517.2157; Found 517.2151.

triethyl (3S5,4R,5R)-4-(2-ethoxy-2-oxoethyl)-5-(4-fluorobenzyl)pyrazolidine-1,2,3-tricarboxylate (5c¢)

_-COEt

- -\‘COzEt

F EtOZC/ \COZEt

Yield: 772 mg, 64%; gum; [a]Dzs +31.9 (c 0.5, CHCl3); 95% ee (Chiracel OD-H (250 x 4.6 mm), n-
Hexane:i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 93.6 min (minor), t, = 86.0 min (major); IR (CHClI;,
em ) Vyay 740, 1066, 1621, 1740;'H NMR (400 MHz, CDCl5) &: 1.12 (br s, 3H), 1.29 (t, J = 7.0 Hz, 6H),
1.33 (t, / = 7.0 Hz, 3H), 2.41-2.62 (m, 3H), 3.07-3.15 (m, 2H), 3.77 (s, 3H), 4.04 (br s, 2H), 4.14-4.28 (m,
6H), 4.48 (s, 1H), 4.53 (d, J = 8.5 Hz, 1H), 6.78 (d, J = 7.9 Hz, 2H), 7.15 (d, J = 6.1 Hz, 2H); °C NMR of
(101 MHz, CDCl,) 8: 14.0, 14.2, 14.5, 33.6, 39.3, 44.2, 60.9, 61.3, 62.0, 62.3, 62.8, 64.4, 115.2, 115.4 (d,
J =20.8 Hz), 131.0 (d, J = 7.7 Hz), 132.5, 156.0, 160.7 (d, J = 245.0 Hz), 168.4, 170.5; HRMS (ESI)

Calcd for Cp3H4 FN,Og [M+Na]"505.1957; Found 505.1955.

triethyl (35,4R,5R)-5-(3,4-dimethylbenzyl)-4-(2-ethoxy-2-oxoethyl)pyrazolidine-1,2,3-tricarboxylate (5d)

\/COZEt
- -\‘COZEt
N-N
EtO,C \COZET

14



Yield: 924 mg, 75%; gum; [a]D25 +12.3 (¢ 1.2, CHCl»); 94% ee (Chiracel OD-H (250 x 4.6 mm), n-
Hexane:i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 19.8 min (minor), t, = 14.3 min (major); IR (CHClI;,
em ') Uy 741, 1061, 1624, 1739; "H NMR (500 MHz, CDCl;) &: 1.21 -1.28 (m, 9H), 1.31 (t, J = 7.0 Hz,
3H), 1.85-1.95 (m, 1H), 2.09 (br s, 1H), 2.22 (s, 1H), 2.68 (dd, J = 12.8, 8.2 Hz, 1H), 2.77 -2.82 (m, 1H),
3.10 (s, 1H), 4.02 (d, J = 4.5 Hz, 1H), 4.07-4.27 (m, 8H), 4.96 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 7.3 Hz,
1H), 7.00 (s, 1H),7.02 (s, 1H); °C NMR of (126 MHz, CDCl;) &: 13.9, 14.0, 14.4, 19.3, 19.6, 33.6, 39.9,
444, 60.6, 61.1, 62.0, 62.1, 62.7, 64.2, 126.7, 129.7, 134.0, 134.7, 136.4, 156.1, 168.4, 170.45 ; HRMS

(ESI) Calcd for CpsH3sN,Og [M+Na]*515.2364; Found 515.2360.

triethyl (3S,4R,5R)-5-(4,5-dimethoxy-2-nitrobenzyl)-4-(2-ethoxy-2-oxoethyl)pyrazolidine-1,2,3-

tricarboxylate (Se)
~/COZEt

NO,

-\\COZEt

N-N
EtO,C \C02Et
OMe

MeO

Yield: 911 mg, 64%; yellow gum; [a]D25 -1.19 (c 0.1, CHCl3); 88% ee (Chiracel OD-H (250 x 4.6 mm),
n-Hexane:i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 34.0 min (minor), t, = 30.4 min (major); IR (CHClI;,
em ') Vg 740, 1064,1197, 1273, 466, 1522, 1618, 1736, 2345; '"H NMR (500 MHz, CDCl3) &: 0.99 (br
s, 2 H), 1.09 (t, J = 6.7 Hz, 1H), 1.25 (d, J = 7.0 Hz, 3H), 1.31 - 1.36 (m, 6H), 2.43 - 2.52 (m, 1H), 2.71
(dd, J=17.2,6.3 Hz, 1H), 3.0 (t, J = 12.5 Hz, 1H), 3.26 (d, J = 13.1 Hz, 1H), 3.33 - 3.40 (m, 1H), 3.93 (s,
3H), 3.93-4.03 (m, 2H), 4.03 (m, 3H), 4.14 - 4.32 (m, 6H), 4.60 - 4.64 (m, 1H), 4.67 (d, J = 10.0 Hz, 1H),
7.12 (s, 1H), 7.60 (s, 1H); °C NMR of (126 MHz, CDCl5) &: 14.1, 14.2, 14.4,31.2, 31.7, 42.4, 56.2, 56.8,
61.2, 61.3, 61.7, 61.8, 62.0, 62.6, 107.5, 116.8, 129.1, 140.5, 147.5, 153.1, 153.5, 156.1, 170.0, 170.1;

HRMS (ESI) Calcd for C,5sH3sN30;, [M+Na]*592.2113; Found 592.2106.
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triethyl  (35,4R,5R)-4-(2-ethoxy-2-oxoethyl)-5-(naphthalen-2-ylmethyl)pyrazolidine-1,2,3-tricarboxylate
(59
_CO,Et

~7N,.1CO,EL

EtO,C \COzEt

Yield: 1016 mg, 79%; gum; [a]Dzs +60.3 (c 1.6, CHCls); 94% ee (Chiracel OD-H (250 x 4.6 mm), n-
Hexane:i-PrOH, 90:10, 0.5 mL/min, 254 nm), t, = 29.1 min (minor), t, = 24.0 min (major); IR (CHCl;,
em ) Uy 738, 1061, 1622, 1740; 'H NMR (500 MHz, CDCl3) &: 1.15 (t, J = 7.0 Hz, 3H), 1.19 (t, J = 7.0
Hz, 3H), 1.28- 1.34 (m, 6H), 1.77 (br s, 1H), 2.87-2.93 (m, 2H), 3.99 (d, J = 5.6 Hz, 3H), 4.05-4.12 (m,
3H), 4.23-4.36 (m, 6H), 5.05 (d, J = 7.9 Hz, 1H), 7.35 (d, J = 6.7 Hz, 2H), 7.48 (t, J = 7.0 Hz, 1H), 7.57
(s, 1H), 7.74 (dd, J = 7.0, 2.1 Hz, 1H), 7.82 (d, J = 7.9 Hz, 1H), 8.33 (s, 1H); °C NMR of (126 MHz,
CDCly) 8: 13.9, 14.0, 14.4, 33.4, 39.0, 45.3, 60.5, 61.1, 62.2, 62.9, 64.2, 124.1, 125.3, 125.8, 126.4, 127.3,
127.8, 128.6, 131.9, 133.1, 133.7, 156.3, 157.6, 168.2, 170.2; HRMS (ESI) Calcd for Cy;H3N,Os

[M+Na]*537.2207; Found 537.2205.

triethyl (3S,4R,5R)-4-(2-ethoxy-2-oxoethyl)-5-pentylpyrazolidine-1,2,3-tricarboxylate (5g)

_-COEt

WWH‘COQE‘I
N

Et0,C°  Co,Et

Yield: 800 mg, 72%; [0] s +1.5 (¢ 2.0, CHCLy); IR (CHCLs, cm ™): vy 1620, 1624, 1732, 1736; '"H NMR
(400 MHz, CDCl;) 8: 0.88 (t, J = 6.7 Hz, 3H); 1.25-1.31 (m, 17H), 1.39-1.45 (m, 2H), 1.58-1.65 (m, 1H),
2.33(dd, J=8.7, 17.0 Hz, 1H), 2.42 (dd, J = 6.7, 16.8 Hz, 1H), 2.78 (q,J = 6.7, 14.8 Hz, 1H), 3.94 (q, J
= 5.7Hz, 1H), 4.13-4.27 (m, 8 Hz), 4.94 (d, J = 8.0 Hz, 1H); °C NMR of (101 MHz, CDCl;) &: 14.1,
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14.2, 145, 145, 22.5, 25.2, 31.6, 33.7, 33.9, 44.4, 60.9, 61.2, 62.2, 62.2, 62.7, 63.7, 156.4, 158.0, 168.6,

170.8; HRMS (ESI) Calcd for CyH36N,Og [M+Na]*467.2364; Found 467.2367.

triethyl (3S,4R,5R)-4-(2-ethoxy-2-oxoethyl)-5-methylpyrazolidine-1,2,3-tricarboxylate (Sh)

_COEt

- : COLEt
\9‘ )

Et0,C  CO,Et
Yield: 602 mg, 62%; gum; [a]°»s -11.6 (¢ 1.7, CHCI,); IR (CHCl3, cm™'): vy 1197, 1618, 1736,1738; 'H
NMR (200 MHz, CDCl3) &: 1.24 - 1.33 (m, 15 H), 2.34 - 2.52 (m, 2 H), 2.99 - 3.15 (m, 1 H), 4.04 - 4.61
(m, 10 H); *C NMR of (50 MHz, CDCl;) &: 13.7, 13.9, 14.0, 14.33, 14.39, 30.9, 41.4, 43.9, 46.4, 56.4,
60.8, 61.3, 61.9, 62.7, 64.0, 96.0, 153.7, 156.8, 170.2, 170.5; HRMS (ESI) Calcd for Cj;H,N,Os

[M+Na]"411.1738; Found 411.1732.
Diisopropyl (R,E)-1-(5-ethoxy-5-0x0-1-phenylpent-3-en-2-yl)hydrazine-1,2-dicarboxylate (6)

X COLEt
mziPr
N

Pro,C )
H

Yield: 912.6 mg, 90%; gum; 'H NMR (200 MHz, CDCl3) &: 1.16-1.31 (m, 15H), 2.92-3.10 (m, 2H), 4.17
(q, J = 7.07 Hz, 2H), 4.81-5.02 (m, 2H), 5.88 (d, J = 16.29 Hz, 1H), 6.12 (br s, 1H), 6.89-7.00 (dd, J =
2.7, 18.3 Hz, 1H), 7.17-7.32 (m, 5H); °C NMR (126 MHz, CDCl;) &: 14.2, 21.88, 21.94, 37.73, 60.31,

69.88, 70.32, 122.84, 126.71, 128.60, 128.97, 137.06, 144.55, 154.90, 165.86.

17



(35,4R)-4-((ethoxycarbonyl)amino)-3-(((ethoxycarbonyl)amino)methyl)-5-phenylpentanoic acid (7)

COOH

NH HN_
EtOQC COZEt

Yield: 56 mg, 60%; gum; [a]p> -1.490 ( ¢ 1.12, CHCl;); "H NMR (400 MHz, DMSO-Dy): 8 1.07 (t, J =
7.3 Hz, 3H), 1.20 (t, J = 7.3 Hz, 3H), 2.14-2.30 (m, 2H), 2.42-2.47 (m, 1H), 2.75 (t, J = 5.5 Hz, 2H), 2.89-
2.94 (dd, J = 7.3, 10.9 Hz, 2H), 3.96-4.12 (m, 7H), 7.18-7.30 (m, 5H), 8.31 (s, 1H), 12.31 (s, 1H); *C
NMR (50 MHz, DMSO-Dy): & 14.19, 14.40, 36.04, 41.02, 51.44, 61.59, 61.75, 65.32, 126.30, 128.10,

129.38, 137.83, 156.37, 172.83; LC-MS (ESI) m/z: 365.2 [M - 1]*

18



CHLOROFORM-d

§8'Y
mw.v%
16'9~E

§0'G

ve'L
om.n%
82'L

Q (gcozEt

iPr)

4a (R'

2.08 2.00 15.20
—l —I —

2.05

—l

4.03

5.04

I

Fo

T
4.0

Chemical Shift (ppm)

CHLOROFORM-d |

carbon tetrachloride ‘

yOvi—
1912
mmém%.
l6°'le

02,6~
9209~
e b

0L 1S—

9v'09—
Gr69—
89°69-
29697
000Ls
vos)

00'96—

!
mm.wm_w
262l —

6€°LE81—

80°9G}
wm.wer

6L°0L1—

Chemical Shift (ppm)

iPr)

'H & PC spectra of 4a (R’

19



CHLOROFORM-d

9LvE

6e'Y

ve'lL
9¢'LF
NN.N\

CO,Et

= Et)

4a (R'

Bt

-0.5

Fo

9.09
—
T

2.00
]

T
35

Chemical Shift (ppm)

5.16
1]
T

0wl
mm.iw
el
008~
1207
€2 -
98'1G—

= 8709~

2| 0128

>

z 2229).

g erse/

s

9

w/

SN 00 22—

3

g

g

g

5
86'56—
1792~
v2'82h—
cz6zt/
9L LeL—
25961
99'9a) -
L0 —

S -

A daed e
Lt g

dde
kd

Chemical Shift (ppm)

'H & C spectra of 4a (R’ = Et)

20



CHLOROFORM-d

0zt
£z Lﬂ
JraARs

N
-
o5t/
81z
122
152
192
9z
892
12
182
0672%
g6
962
66

)

%
L0¥
oLy
574
54
1404
LYy
8Ly
14

SN S S

el
el
9¢’L
LgL—=

18.05 3.00
1 Ll

/|
2.00

Il
2.01
| S — I

|
2.01

> = mH_
i A
! O
O P
8} O3
z" @
zZ 1]
3 % 3
@
=}
a <

4.0

T
4.5

7.0

75

Chemical Shift (ppm)

Hvl—

16'L2
14 _..mNV

6€°L6~
610~
ey

0¥ 16—

16°09—
GE'G9—
9€'9L
oo.RW
02'LL

€927
9808~

Carbon tetrachloride| [CHLOROFORM-d |

G0'96—

66921
&8»
L8621~

AR

92'6S1
mo‘mm_vV

00" L=

Chemical Shift (ppm)

'H & *C spectra of 4a (R’ = t-Bu)

21



EN

LI}
cch
€ct
9c't
8¢t
(o1

§l'e
Lle
(3%
95°¢
A4
8G°C
692
692
09'¢
¢9'c
c6'c
¥6'¢
G6'¢
96'¢

e s |

S0y
L0y
607
LEp-E
6L v~
X%
[19%
vev
88y
68'v
167
mm;n\
86'%
00'S
L0°G

CHLOROFORM-d
~
o
~

CO,Et
COLiPr

4b

li,,

iPrOZC

15.19
—I

I

1.96 215 3.191.92
—_l

1.003.02

I

2.10
—I

T T
35

4.0

o

Chemical Shift (ppm)

CHLOROFORM- |

carbon tetrachloride |

8LVl
80l
G8'le
96°12
90°22

6€°LE~
¥6'66~
€8y

88'1G—

09°09—
0969~
€869
wm.me
9€'9/
00°ZLL
mm.RW

G1'96—

mo.mm_
¥2'6¢ L.
SEVElI—
16°GE1L"

62951
9v°9g PV

96°0L1—

Chemical Shift (ppm)

'H&Bc spectra of 4b

22



Gl

987

861
10°§

8.9
6.9
18'9
89—
Sl
9l
81
61
9L

CO,Et
COziPr

1y,

MeO
iPro,C

4c

2.04 2.07 211
| S gy — Ll
T
3.0

Chemical Shift (ppm)

3.05
I

417
—

211
—

-1.0

Fo

No.v_.
wo.v_.W
012
mm.—mw.
68'12

LV LE~
Lg6E—
ey

69'1G—
68'vG—

9y'09—
SG'G9
6769
B_mmw
6,69
89'9/
oo_RW
VL.

carbon tetrachloride ‘ CHLOROFORM-d ‘

16°G6—

Nm.m—_.\
ww.m:\

LE'62}
GL'0€ FW

GC'9G I~
61'8G1—

G8'0L1—

N

A

Chemical Shift (ppm)

'H&Bc spectra of 4c

23



CHLOROFORM-d

s8ef
262
62
962
00'¢
0P
807
ey
iy
eas
iy
€2y
8y
88y
167
2675
6P
67
867
L0’

S
w_,.nV
XA

CO,Et
COgiPr

11y,

MeS
PrO,C

4d

15.00

200 2113.02 2.06

4.01
| S —)

2.04

4.06

—I

—

-0.5

Fo

Chemical Shift (ppm)

80wl
16'G L~
69'12
812

91z

G2 LE~
G966~
081y

69°1G—

1509~
Sv'59—
6.'69

1669/
89'9/

oo.RH
_m.R\

carbon tetrachloride | [CHLOROFORM-d |

20'96—

vL9cl— -

LL62—

6E VeI
0€°9€1—

€295 —

18°0L1—

Chemical Shift (ppm)

'H&Bc spectra of 4d

24



CHLOROFORM-d

10}
9l
611
€21
92’1
AR
0’}
€}
€'}
g€’}
02
e
052
€5
652
092
69
A
62
1625
8.%
£0°s
or'e
gh'g
Lhe
80°Y
8y
i2y
2y
82y
08-S
ey
9Ly
6L
%«W
g8y
wﬁ\
367
867
10
60°

€0°9—
66'9—

G0°L/
13—

4e

| —

1.09 1.06

212
=]

=]

1.02 1.14
I

Chemical Shift (ppm)

4.0

CHLOROFORM-d |

carbon tetrachloride ‘

80V~
69'LC
cl'le
68'Lc
86’12

€8'96—
€586
§0'er—

LLVG—

1009—
6879—
0669~
61027
0oL
g9 s

€0'96—

¥0°20}—
89'v01—

5804 —
e
veLL—

GE'8E1—

0G'9%1—
LE LG I—
86'GG1—

69°0L1—

Chemical Shift (ppm)

'H&Bc spectra of 4e

25



CHLOROFORM-d

160
00'}
L0°}
oKt
AN
821
!
el
e’}
682
0wz
e
e
9T
S.%
152
992
£L2
%2
e
£r°g

(LR

Ly
mﬁv%
61y~

mm.v\
mm.v%
§E'Yy

0Ly~

9Ly
96’y
00§
€0'G
90°G
£09
£09
809
809

¥0'L—
LS L—

GG L—

15.02

1.09 2.01 2.00

1

1.07

—

carbon tetrachloride | [CHLOROFORM-d |

Chemical Shift (ppm)

1.02 4.08
| — 1
4.0

1.09

2.00
=]

1.14

1

1.00

—

Oy~
ov'ie

vm._,m%
08'le

Nm.rmw.
€9°06—
€5°96—
90'66—
€6'cr—

€6'1G—

59'09—
69'79—
8969~
vios/
00 20:
e

G6'G6—

6G¢0t—
€2°601—

Syehl—

90'IE+—

9G'eyl—
99971 —
WG —
G0'9G1—

18°0L1—

26

Chemical Shift (ppm)

'H & C spectra of 4f




CHLOROFORM-d

i
82 %
!

882
662
&g
e
Sz
S.&
92
0Le
962
662
GEE
1867
Nv.&
ere

ey

9 P.Lw
6Ly

om.vv
€y
Gy
Ly
307

609
wo.oV

0bL—
9¢'L—

vS'L—

COztBU

\

(6]
CO,Et
iy,
/N—N
tBUOzC

—

12.01

4.09

1.03

| S ) S—

4.08

= tBu)

4 (R'

2.02
=)

1.00

1.02

—I

-0.5

Fo

T
35
Chemical Shift (ppm)

4.0

45

75 7.0

8.0

CHLOROFORM-d |

carbon tetrachloride ‘

0Cyi—

18'L¢
om.wNV

96°9€~
86'86—

S6°ch—

8/°09—

6992
oo.mmW
Nm.mm\
06°08
wv. —m\

L1'96—

19°¢0t—
6€°G01—

LLCh—

€e' 11—

9Levl—
99'9Y 1 —
LE1G1—
Y651 —

0L —

27

Chemical Shift (ppm)

'H & C spectra of 4f




CHLOROFORM-d

16°¢
¥6'¢
86'C
0¥
vy
Gy
9Cv—¢
Ly
0g'y
vey
Gey
£6'77
10°G
v0'G
L0G
0Le

[Tl
9¢'L
181
68L
'l
LAY
5L/
oy
Ll
8L
€8/
181
028
28

CO,Et

N—N

iPI'OzC

Iy,

4g

1.14

2.00 1.00 210
—_ —

213 211
— —

Fo

4.5

Chemical Shift (ppm)

Carbon tetrachloride | [CHLOROFORM-d |

G8'€l—

l9'1e
mw.FNV

cL 98—
€8¢~
8 v—

0'2G—

1£2°09—
89—

05'69—
1669
1890
002
v9'LL

c6'G6—

§gg'ect
LVSel
6€'Gel
¥6'Get
6€°Lcl
om.mm—w
mm.mm—\
6L°1€1
m‘m.mm—%
L9°€El

19°GG 1
wv.wm—W

09°0L1—

T
96
Chemical Shift (ppm)

'H&c spectra of 4g

28



CHLOROFORM-d

S0}

G8'9—

8¢'L—

MeO

OMe

MeO

CO,Et

4h

15.06

2.09 2.03

2.03

| S | —

4.05 3.01 6.00

—1 Ll

1.00 1.00

1

1.00

Ll

Fo

Chemical Shift (ppm)

carbon tetrachloride | [CHLOROFORM-d |

90V~
€9'1e
eL'1e

1612
mm;mﬂ

0026~
LE0V~
68 Ly—

Y026~
1198

£9°09,"
02709

18'097_
19°e9”
19°69
88'69
LE°9L

0022 "
vo.s)

86'G6—

0904}
G60} _V

LG7CE—

SLl—

97051
6§25~
68551~
12'951 7

28'0L1—

Fo

T
96

Chemical Shift (ppm)

'H&Bc spectra of 4h

29



CHLOROFORM-d

€ct
€ct
vet
Ge't

9c't
gL
62}

S92
K.F\
L
LL}
o
mm.m%
ov.w\
8¥'c
06'c~
1425
Ly'E
05°¢
€5°¢
€6'C
L0y
0Ly
3%
A\

vy
LY
8Ly

mv.v\
06y
267\
6%
S6'v
96y
86V

9L
ww%
0e'L/

-05

I

15.12

4.18

1 —

0.93 1.87
CHLOROFORM- |

0.88

| e—

2.08

—

carbon tetrachloride |

[N R
4.0 ..
Chemical Shift (ppm)

3.02 0.97

2.05
=l

CO,Et
2.09

—

4i

513
=l

Ovi—

08'1g—
12'92—
¥€'06—

¥9'L6—
8y Iy—

9¢'1G—

9709~
06'€9—
6660+
6569
969
l9°2L
9g'9.f
00'LL
£9'LL

¥6'G66—

e /2l—
L0824

LE°8E1—

€v'9G1
mm.om—V

16°0L1—

LU

Adad LA L‘hJ

Chemical Shift (ppm)

30

|
|
e L —J

'H&Bc spectra of 4i




EN.

CHLOROFORM-d

060
€60
960
Al
€zl
Tl
el
8z’
gt
o'l
Wk
el
822
262
92
162
0z
wv%
152

682~
26 f
mm%
862

R T NI

¥6°€
16'€

60’7
2 _.L¢
9kt

m_;nﬁ
NN&\
06’y
a6y
€6’y
G6'y
96'v—¢
86’7
66’7
10°g
20’9

62'L—

EtO,C

CO2iPr

iPrOzC

3.16
—

4.0415.13
i

2.94
1

3.04 0.98 0.91
| S — 1

2.01
| E—

Fo

4.0

Chemical Shift (ppm)

6¥°€l

mo.w_.V
91'61—
08'le—

18'GE~
A WA
oy iv—

L871G—

£709—
289~
2r'69

25697
989,
8&%
£9°LL

carbon tetrachloride| [CHLOROFORM-d |

¥6'G6—

€5°9G1—

96'0L1—

Chemical Shift (ppm)

'H&Bc spectra of 4j

31



CHLOROFORM-d

yel
92’}

LT Vf
62’}
el

62 L—

EtO,C

18.07
| —

3.04

1.00

1.10
|

212

2.00

Fo

T T
35

T
4.0

6.5

Chemical Shift (ppm)

S0vI—
G961~
[4: M

om.&N

1£9'98—

Seer—

8 lG—

¥6'69
mm.omV

2569
169
vL9L
00°2L
seLL)

carbon tetrachloride | [CHLOROFORM-d |

16'G6—

L6°SG 1
¢8'99 FW

¥6'0L1—

Fo

T
96
Chemical Shift (ppm)

'H & C spectra of 4k

32



Thu2av500#017.001.001.1r.esp

—0.00 %

M~ W0 00~ © OO ANON~NOVOMOAN OFTMO— DO~ OAN LONODD~D

R © NNN====9Q —QEOLWDYIY ANNRNNS

NNN N + SIS maadadaaaaaa —_———.—

e Ak A AL R i e o
|

_CO,Et
= 12av500#017.001 .oowr.esp

%)

-I\CO2Et ‘

26.20 1.00

| VARALAASAS Rkl AL MARAEAAAA RAAALLAAA] WAAALLALAY LALLAARA |
3.25 3.20 3.15 3.10 3.05 3.00 295 290
Chemical Shift (ppm)

VY

a7 i
5.10 1.85 6.191.88 1.88 1.011.96 3.015.972.88
I I N [ [ [ e gy
R T R R R R N AR RS RN R e RN S RN S S Bl
6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)
Thu2av500#017.003.001.1r.esp Garbon tetrachloride | [CHLOROFORM-d |
© ™M © o D < = <
(SR Te} [P o no— o o QI - © <t 00 o o < ™ — 00 © ©
<X} N~ @ o 0 © - NG Jeomna® * 0 ® ee-e
~ © 0 @ N © ~ NOANN—OO — (i =} <~ S <
—— —_ - — —_—— P ~ © © © © O © < ™ ® —_——
I ¢ (I ST I I

_J
T

|
" J " ‘A:L LA e " o L m L o N l l Ly " W
I Y WAL Pr——— YT VIR g TP —— L "

Al bl U TR

160 150 140 130 120 110 100 90
Chemical Shift (ppm)

'H and ®C NMR of 5a (R’ = Et)

33




W ed2av500408HROFROE A REAR

—0.00 %

O DO MmN D SN OUOITO——OOT MNOAN OFTANOOWLNDR—DOOTM— DT O

OANNN N~ — LD ANNNNNN—— ——+ OVOOIITTOLITITONDONN —

NNNNNNNN Y FTFFTSFSFSISISY 0B adaadadadad~——— =~

e 2 L LS —s e e e e

|
//(;C)zEt
~\..CO,Et
NN
\
‘BuO,C CO,'Bu
5a
|
|
|
|
I »
f
[
|
I
| ‘I‘
\(/ ‘}( |
| / /
—f = 8 s g :
0.943.031.05 0.820.824.93 1.72 1.091.08 8.9314.86
H Ll Hl LB e —l L L [
R e o e B B B L B o e B LA B o o o B B B R S S RARRRE
3.0 25 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

Frisav2#123Q0ED01 1resp oy o ] RS ™ o< 00N @ o~ <t O~ —_—o
S 0 0 0 © & O N W6 - N -0 0o © M~oal N
~ © r g 2] IS R ENEN © - o O — o - Moo <<
—— —— — —_—— o o © © © © © < Lo R R EN] ——
[ (e S A — =N | ==l I~

L Wi

AR I N I B o AR o o R ARNERRREEERR SN RRENS
180 170 160 150 140 130 120 110 100
Chemical Shift (ppm)

'H and ®C NMR of 5a (R’ = 'Bu)

34




Sat4av500#005.001.001 [iTREDROFORM-d

1.35
1.33
1.32
1.30
1.29
1.27
1.12

—0.00 %

4.54
4.53
4.28
4.23
4.22
417
417
4.16
4.15
414
4.04
3.77
3.15
3.14
3.12
3.09
3.07
_2.59
2.57
2.49
2.46
2.45
2.41

/
5
X
N

t

%én%gﬁ\‘négg/J

6

17

_~7.27
7.16
715
6.80
6.78

Sat4av5004605:009.@B1,1r.esp
|

MeO

3.
Chemical Shift (ppm)

| | )‘/ J

S
1.816.241.78 297 1.83 2.87 9.122.95
e — — [y
H"m‘mw‘m‘mw‘m‘mWm_m_m_mwwmWm_m_m_‘H_m_m_m_mw‘wHHw‘WH‘W‘WH‘_m_mwwmwmWm_m_m_mwuw
7.5 7.0 6.5 6.0 5. . K . . 1.0 0.5 0 -0.5
Chemical Shift (ppm)
Sat4av500#005.003.001.1r.esp
CHLOROFORM-d
Al oo < —
[SoRTe) —0o < 0 [32) o ANY—©O©—LO< o [foRTo] oo
S 0 O N < o © - N QO < © ©
~ © [‘oNTonte} [s2) — [{=] ~ MOANN~——OLWw ~— oo ~ < <
— —— — — I+ ~ ©©© OO < mom ——
I l— N I N -

R LR R L e e L e S B B B L S A I L e e N R
40 30 20 10

180 170 160 150 140 130 120 110 100 90
Chemical Shift (ppm)

'H and *C NMR of 5b

35



Fri3av400#008.001. 06 HIGROFORM-d

—0.00 %

©YTNNO®©© © ONOUOLTONr——OOWN—DND OO A — DN N LM

NNNNN DD H N O®NOOXONNN —OOMOANNN NN

NNNNN OGO ¥ YT IITFTFryoaadaaaaaa Ao~ ===

RIS IR S R e e ety i i e N R W R I T
|

0.79 9.09 0.971.88 2.00 12.24
| [ I
e A SR
6.0 5. 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0. 0 0.5

Chemical Shift (ppm)

Fri3av400#008.003.001.1r.esp Carbon tetrachloride
CHLOROFORM-d

<tTO <O W [ToRVoNco) <t ™
nusT ~N~ O n—o < AN — O WO TM™M D o w0 ™ — ©O
oW Mmoo © Q= — [ToRTe) N S YOomMond N o © nwNo
NGO OO Wn m|mm — © N S AN~ O < (2] ™ < < <
—_—_— o - - > N~ ©©©Ooo <+ ™ o —-———
(A — ~ \ |5 Fr =
|
|

| i | ‘
b |
[I ! I | [

bkl N A o .

R A A a e e A R B o A n A R A L AR Ea R A man A a e e
180 170 160 150 140 130 120 110 100 90
Chemical Shift (ppm)

'H and *C NMR of 5¢

36



DO NOOONOODD ONOOONOONOND N-ODITON -
Tuedav500£023 083 B oo 0 Nrrrrr000 ~WONNKNNOGON® MMONNNNNN
<

NN OO I ITTTT OANNNANNNNNNTT "~ 7+ 1+
2 Y TIIIIITY QAR RSSO T IS
_CO,Et
~N\.1CO,Et
EtO,.C  Co,Et |
5d
/|
‘\
|
|
\
[ |
| @
1
| )
2.95 0.84 9.07 088 185 608206 296890
L L - I R R

. 0.5
Chemical Shift (ppm)

Tue4av500#023.003.001.1r.esp
CHLOROFORM-d

n o — ~NIOAN— O

< < ~— TN~ O O~ =] o < AN S © o wn N — — N~ <
S © © O+ O®© e < aAN—o—© X o «© ©on Yoo
~ © [Te) MOMmMMmAN AN © ~ TANN— O <t O ™ oo <t ™
—— - e > ~ © © © © © O <+ ™ » e e
I 7 PR sk T

SRR o RN R R R R e N RA R R R AR SRR NN SRR R AR
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

'H and ®C NMR of 5d

37



W ed3av500#019.00 1 PL.OFRSPORM-d

<
©
~

.\

7.60

~

(\l

N~
I

~6.88

Al
~
¢

NO,

MeO

4.69

_-COEt
esp 1 by
CO,Et 2793 71.82
N I Iy I
\ I|IIII|IIII|IIII|IIII|III
CO,Et 3.10 3.00

Chemical Shift (ppm)

NONMOOANOMNMOOMOUONDVOTAN—OL T AN
CANNNNNOROANOOIMMMONNNN
TSI TTTOOOOONN T 77— 7 v+

Y Y Y Y PO PP ONN T T T ®

&

0.99

o

Q

o
|

5e
I
J A J
0.97 1.08 1 805 98 7791 930 960 931 .085.97 3. 092 97
b — e T e I = e e o
\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
Wed3av500#019.003.001.1r.esp
So ©om N O I © ™~ - Q OO NANN®© N ~— QAN
SEoeLe 505 d -2 8 R Soo50088 § &Hp  ¥EY
- — [ . e e | —
|
[
[ ! [ |
ded ———
bbb _
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

'H and C NMR of 5e

38




W ed4av500#006.001.001.1r.esp

—0.00 %

DTN T O ON ©LW0 N —COVWMNMODNODANN— OO DD ~NY— OON©OWLOY
MOONNNNLS TMm® SO MOAAN—-S OSSR MNH R D© NOMm N- e
NN 8 YYYYYYIIyeddaggdd  rg Trgry

y
\
(@)
o
N
m

W ed4av500#006.001001.1 r.esp

I
o
N1

G0'G—

35.92
L | L |

~667— |-
CL6%— |-

5.10 5.05 5.00 4.95
Chemical Shift (ppm)

/]
/!
o /Lfg,i:ﬂfiij ) i //L,,,,‘ / P
1.071.08 1.020.911.072.02 0.99 5.622.732.77 1.81 1.08 6.026.07
I K ool Ll H = 1 kKl =l [
SRR
9.0 8.5 8.

Chemical Shift (ppm)

W ed4av500#006.003.001.1r.esp

Carbon tetrachloride | [ CHLOROFORM-d |

© © o DOODLIDON— O

<X ~ © M — WSSO LWL T - < NN Lo @ S % Yoo

~ © [ OoOoANNANA NN © ~ Yaa~o v @ )

—_— —_— —_———————— — > ~ © © © w© O ~ ™ ™ —_——

|7 S S ee—— \ Y T Ry
|

|
Wik A o bl . N N J ot et il desd N

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

'H and C NMR of 5f

39




Tue3av400#8PA-BFH RO RIvesH

—0.00 ﬁ

2o} O < LMO— OO O DOV OTONONL NO—O—OMDMOMN OO O IS
S £33 AUHNZT==o=d  RERRSISISN0 88330V SDS
N~ <+ <+ AR SRS RS I s B - g e ] AN ANANANANANANN —r T T OO0
\ AR AL LAS LSS LR R sl A
|
_CO,Et
W-|\002Et
N=-N
EtO,C CO,Et

| |

S .
0.85 8.211.00 0.92 1.000.93 0.97 2.0917.083.00
Ll =l sl e S =l [ =l Ll

R I L A e
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
Chemical Shift (ppm)

Tue3av400#009.003.001.1r.esp Carbon tetrachloride
CHLOROFORM-d

S N © - S RKoAd-Aa® < ®OO =1 ¥-9
N~ © 0w © ~ MOANN—O < DM LN <
- - o ~ ©©©©©Oo < ON®m AN ~—r
(e S | 5 | ~ 7 b=
|
|
|
|
Iy |
|
|
|
|
i A o .
S S S UES U SS S SEESSESISS U E
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

'H and "*C NMR of 5g

40




Fri1a{2He6 ROFOHM cEsP

—7.26
4.54
4.49
4.25
4.23
4.22
4.21
4.20
4.18
417
415
4.14
3.15
3.11
3.07
3.07
3.02
2.52
2,51
2.48
2.46
2.43
2.39
2.38
2.34
2.5
1.33
1.31
1.30
1.29
1.28
1.25
1.24
1.24

|
x
|

—0.00 %

N-2.99

i
k
|
|

\___/».\COZEt |

II\I\N
EtO,C  CO,Et
5h

Fri1av2#056.001.001.1r.esp

[ 6.18 1.00 1.08 1.0012.05
 INS— | E— L | Sy I
—_———————

3.00 2.75 2.50 2.25

Chemical Shift (ppm)
|

10.00 0.96 2.00
| — |
L o B LA o B L A I o o AL B o B B N RRmES
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

Chemical Shift (ppm)

Mon2av2#129.002.001.1r.esp Carbon tetrachloride
CHLOROFORM-d

~— ©O o N~

(Yo NaV) @ N~ — o < 00 O O WO v 0 +— O [s2] M~ O W0
So S S S Sronew 5o o NS N
M~~~ 0w © ~ TN~ — O © O oM~ o <ttt m
— — (e} ~ O ©O© O OO <t <+ < [s2] —_——
| [ | = Ny =

o I YL —

180 170 160 150 140 130 120 110 100
Chemical Shift (ppm)

'H and *C NMR of 5h

41




=
o
[}
s
Q
o
(e}
2
I
[§)

9l
m_.—ﬁ
velat

821
e

26'C
om.NW
0Le—

4584
o;M
617
mm.w\
187
98’y
681
267t
G6'v-F
mm.w%
20’

786~
c6'G—

99—

15.16
—

2.86

0.97
—

0.87

1.00
—

5.22
—

Fo

20

25

4.0
Chemical Shift (ppm)

CHLOROFORM-d|

carbon tetrachloride |

0cyi—
88'leT -~
wm. FNN

€L'LE—

1€°09—
8869
mm.onV

00'LL—

01'96—

y8'¢cl—
(YRI5
09'821—+
B.wm—\
90'LE1—

SSvvl—
06'vS}—

98'G91—

T
96

Chemical Shift (ppm)

'H & C spectra of 6

42



DEUTERIUM OXIDE

WF 00—

DMSO-d6

501
01
60'
8Ll
0zt
A1
812
022
522
om.mw
vL'g
5L+
ae)
£e'e
prods
10y
20y
g0yt
10y
607
oLy
oy

8L
0T,
[
92'L
82,
(USWA

1€'8—

12—

L

I
]
[y

COOH

/,,

NH HN

CO,Et

EtO,C

1]

3.12 3.02

[T ]

1.08 217 1.13 2.05
1]

5.01
1]

0.73

Fo

o

o

Fo

F~

o

Fo

Chemical Shift (ppm)

6Lyl
ov.v_.w

¥0°96—
15°66—
201y

Yy IS—

%.5\
et
28597

08921
e.mm_w
88'621—

€8°LE1—

L89G 1—

€8'¢Ll—

Chemical Shift (ppm)

'H&Bc spectra of 7

43



DEUTERIUM OXIDE

15.20

[—

2.07

[}

197

0.97

[

44

=]

WF 000— i w 4 e 00'0— -
g S .
—C1 ¢
Lo
S0t e ° 90°}
90k Q L gLl
gLl 2 T i
SLL s _ = 91t _
LEL i - mg AN —= =
61 1-F - = 4 611
02’k 0zt
[ Lo 2k
rAl! Tl
. b 922
92C .
. = 122 _J
g it J Flop
g ece E %1 N =
2N 052 - 5| BN stz
= mw.m/ - _F2 = A~
mo.mw —~< g |E soeT }
s _J o S _
mmw = 2L |8 262 ~
26T n €62
v6'2 - ), FOE 56'2
&r g 60°¢
0€'e 0 Z
2Le Fo 2LE
96°€ B _J a4l 3 16 m/ - —
16'€ ST E 66 m% w
00F _ .5 Loyt _ L
20p= = ﬂ = €0 % -
Y0¥ S0
90°¥ 3 90"
697 o 697
WY 3 WY
Ly o - oLy~
6 " E Sl vy " & |
6Ly o o 08 _fe
18'% rs Y8 Y £
28y m 98’ Mp
ey 92— £ 92— 5 mm
@ Fa 92— - g
. ® £
99— S ([ge 2
q [ § E o©
97— G a
FS
89¢—
o L0 M m °
ﬂ © Aysueu| paziewioN
. 18'9 !
MWMV T T T \\ 81F mw.wV ==
] o o &
[S] [S] o
Rususlu| pazifewion N - _
91’ L—+ —= 5] “T =
o) a-f LV
L©
N

3.08
T
Chemical Shift (ppm)

'H NMR spectra of 4c in DMSO-d; at 27 °C and 70 °C

4.01
T
4.0

L

2.07

I

2.05
=]

2.02

[




Sat1av400#014.001.001.1r.esp

JUL

DMSO-d6

—2.51

J
) N \
2.002.03 0.76 9.02 0.961.97 1.040.82 12.41
e — —_— bl Kl —
I I R R R R R R R o B B R R
7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15
Chemical Shift (ppm)
Sat1av400#014.002.001.1r.esp
DMSO-d6 @
© 0~ WM O 0 m M-~ O0DONLTANDTIIMNM—O0OMNMANONVNOWOO-ITANTOOMNOOO o
RRRRNRENN VR OO CRAVOONIIINONNNNNN T = =~ <
NNNNNNNN R A A R R e e B N I N N N N o T N N B N o N o N e S
Y O T e e L R A N L e S o \
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Chemical Shift (ppm)

'H NMR spectra of 5¢ in DMSO-dg at 27 °C and 70 °C respectively
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Sat1av400#013.001.001.1r.esp
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TPIT i
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] |1 I |
T T T
3.4 .
Chemical Shift (ppm)
[T
[
I
I
I
it H‘H | ‘
\f/
L - e
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[ 4 [ H Ll — [ Ll | [

Chem}cal Shift (ppm)

"H NMR spectra of 5f in DMSO-dg at 21 °C and 70 °C respectively
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D:\Data\HYDROCIN-DIADCC

12/6/2014 1:58:38 PM

HYDROCIN-DIADCC #1015 RT: 4.52 AV: 1 NL: 1.95E9
T: FTMS + p ESI Full ms [66.70-1000.00]
421.2331
R=54707
C22H33 Og N2 =421.2333 COZEt
5 0.5221 ppm
o5
90 11y,
85
80 N——N
/ N\ .
75 .
iPrO,C CO,iPr
70
5 (R
65 443.2148 4a (R'=iPr)
R=53607
u 60 Oe N2 Na = 443.2153
8§ ss 0.9343 ppm
=]
5
2 50
2
£ a5
©
= 40
35
| 30
25
20
15
10 407.2174
R=51706 .
5 C21Hay Og N2 = 407.2177 429.2002 | 459.1886 4562909 473.2385 480.3072
- -0.6535 ppm | R=51506 | R=51107 R=46302 R=43600 R=43505
380 390 400 410 420 430 440 450 460 470 480
miz
A\HYDROCIN-DEADCC 12/5/2014 2:20:58 PM
DCIN-DEADCC #949 RT: 4.23 AV: 1 NL: 2.20E9
S + p ESI Full ms [66.70-1000.00]
393.2019
R=56907
C20 H2o Og N2 = 393.2020
el CO,Et
Iy,
\
EtO,C CO,Et
151837

379.1864
R=56907
C1oH2z O¢ N2 = 379.1864
0.1012 ppm
f

160

54807

R
C20 Hzs Os N2 Na = 415.1840

395 400

m/z

-0.7297 ppm

4a (R' = Et)

431.1577
R=53907
C23 Hz24 Os N2 Na = 431.1577 452.2756
-0.0654 ppm R=47300
425 430 435 440 445 450

HRMS of 4a (

R’ = iPr, Et)

50




NHYDROCIN-DBADCC 12/5/2014 2:09:48 PM

)CIN-DBADCC #1137 RT: 5.06 AV: 1 NL: 1.59E9
S + p ESI Full ms [66.70-1000.00]
471.2465
R=52107
C 24 Has Oe N2 Na = 471.2466
-0.0785 ppm CO Et
‘ "
/ \
\ tBuO,C CO,tBu
¥
4a (R' = Bu)
)
) ‘
) 472.2495
R=51302
5
)
5
2 4492642 o
g R=50407 ;715;3;4
i st Cowtler Ciaibls B aci080 468.2386 s 483.2451 487.2204 494 3214
3 i i -0.9407 ppm R=40805 | R=42502 R=49507 R=45407
430 435 440 445 450 ass 480 465 470 475 480 485 490 495 500 505
miz
H3-DIADCC 12/5/2014 3:05:47 PM
)CC #1083 RT: 4.83 AV: 1 NL: 1.67E9
+ p ESI Full ms [66.70-1000.00]
435.2490
R=54007
C23 Has O N2 = 435.2490
0.0682 ppm
457.2307 COZEt
R=52707
‘ C23 Haa O6 N2 Na = 457.2309
| -0.4265 ppm
\ I
/ \ .
iPro,C CO,iPr
\ \
|
|
Il 454.2227
| 473.2050
43 2
| | Heaa0s R=82507 ‘ | R=50207
‘ | | C22H3206N2Na=4432153 459 2420 ‘ \ C1aHau Og Nz Na S = 4732081
| -1.5540 ppm R=47200 | [ | . -6.5034 ppm
120 425 430 435 440 445 450 455 460 465 470 475
miz

HRMS of 4a ( R’ = tBu) and 4b

5
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J-CH3-DIADCC

IADCC #998 RT: 445 AV: 1 NL: 1.78E9
+ p ESI Full ms [66.70-1000.00]

12/5/2014 1:47:30 PM

473.2254
R=52107
C2a Has O7 N2 Na = 473.2258
-0.9514 ppm

MeO
CO,Et
iy,

Pro,C  COLiPr

4512436 4c
R=53207
C23 Has O7 N2 = 4512439
-0.7026 ppm
470.2176
R=51707
449.1586 459.2097 463.2112 467.2386 | 478.2021 485.2263 489.1992 497 8527
R=39800 | \ R=51107 R=44306 R=47806 Ll . R=49400 R=49107 R=50005 R=21300
435 440 445 450 455 460 465 470 475 480 485 490
m/z
CH3-DIADCC 12/5/2014 2:54:33 PM
DCC #1071 RT: 4.77 AV: 1 NL: 147E9
p ESI Full ms [66.70-1000.00)
489.2027
R=51307
C23Has O N2 Na S = 4892030 MeS
0.5117 ppm
CO,Et
1y,
467.2209 P O C/ \CO iPr
R=51907
C23Has Oo N2 S = 467.2210 FrOy 2
-0.1855 ppm ad
|
|
‘ 491.1982
R=35700
‘468 2240
R=51602 |
| 486.1948
443.1761 R=50607
R=46805
C22Hao Os N Na S =443.1737 469.2160 4.5 5053 505.1764 5122789 526.2944 540.3097
5.5453 ppm R=63600 R_45200 ol AL R=49707 R=46507 R=44906 R=44807
430 440 450 460 470 480 490 500 510 520 530 540
miz

HRMS of 4c and 4d
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IPERCN-DIADCC 12/5/2014 2:32:08 PM

.DIADCC #929 RT: 4.14 AV: 1 NL: 1.69E9
+ p ESI Full ms [66.70-1000.00)
512.2004
R=50007
C24 Has O N3 Na = 512.2003
0.2019 ppm O/\
§ CO,Et
/ N .
iPrO,C CO,iPr
4e
490.2187
R=50907
502.1846 N ‘
477.2067
R=48602 ‘ R=48807 [ 520.1660 5281746 5352758 5492904 563.3089 574 17'130
f | | \ R=45604 R=46807 R=43702 R=39502 R=40406 R=46607
480 490 500 510 520 530 540 550 560 570
m/z
IPERNO2-DBADCC 12/5/2014 3:17:01 PM
2-DBADCC #1034 RT: 461 AV: 1 NL: 1.43E9
+ p ESI Full ms [66.70-1000.00]
560.2214
R=47707 O/\
Has O 10 Na Na = 5660.2215 O
0.0532 ppm
| CO,Et
O,N
liy,
‘ / N\
‘ tBUOzC COztBU
4f (R' = tBu)
557.2136
438.1869 507.1866 Re=48R07 ‘
R=53707 R=48807
Ca20Hz2s Os Na = 438.1871 C23 Hzo O 10 N3 = 507.1847 628.2088
-0.4601 ppm 3.7462 ppm ‘ ‘ 676.1952 611.3289 p_aasn7  656.1805 690.1796 758.1664
X R=45807 R=42707 é R=33400 R=40302 R=37506
100 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760
m/z

HRMS of 4e and 4f (R’ = tBu)
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100
MeO
OMe

MeO
CO,Et

Br

"
(

300 400

"MSD1 SPC, time=1.308:1.355 of D:\DATAI2014\JAN_MSDI030114 1MSD 2014-01-03 08-49

o

(#)]
n

wn
=
=

111059-6601.0 ES-API, Scan, Frag; 70

700

12/5/2014 1:25:08 PM

IAPH-DIADCC

aADCC #1094 RT: 4.88 AV: 1 NL: 1.64E9
+ p ESI Full ms [66.70-1000.00)

455 465

485

471.2487
R=52007
C26 Has Og N2 = 471.2490
-0.5846 ppm
479.2154
R=40500
‘ C25Haz O N2 Na = 479.2153
| 0.2185 ppm
470 475 480

493.2305
R=51107
C26 Has O6 N2 Na = 493.2309
-0.8904 ppm

490.2225
R=50307
‘ 498.2077 5052077 509.2044
| ‘ R=38400 R=45606 R=49107
490 495 500 505 510
m/z

516.3066
R=47607

515

LC-MS and HRMS of 4g and 4h
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DBN-PENT-DIADCC

12/5/2014 1:36:20 PM

\T-DIADCC #1064 RT: 4.74 AV: 1 NL: 2.81E9
+ p ESI Full ms [66.70-1000.00]
501.2568
R=50607
C25 Has O7 N2 Na = 501.2571
-0.6937 ppm
CO,Et
/\///“
479.2750 _
R=51507 BnO /N N\
C25 Hag O7 N2 = 479.2752 . .
e iPrO,C CO,iPr
4i
|
|
|
|
|
465.2593
R=50207
446.3526 C24 Ha7z O7 N2 = 465.2595 487.2408 ‘ 517.2310 524.3328 538.3476 552.3636
R=39400 -0.4730 ppm R=50507 R=47807 R=44806 R=44200 R=38705
450 460 470 480 490 500 510 520 530 540 550
m/z
WALER-DIADCC 12/5/2014 3:39:19 PM
DIADCC #1013 RT: 4.51 AV: 1 NL: 1.84E9
3 + p ESI Full ms [66.70-1000.00]
373.2333
CO,Et
C 18 Haz Oe N2 =373.2333
-0.0169 ppm
A
395.2151
N__N R=56107
, N C1s Haz Og N2 Na = 395.2153
. f -0.3529 ppm
iPro,C CO,iPr
|
392.2069
R=56507
362.9909 367.1849 381.1992 384.2176 | |
5 R=39800 R=41300 fo -l R=54407 R=53705 | )
360 365 370 375 380 385 390 395 400
miz

HRMS of 4i and 4j
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PROPIO-DIADCC 12/5/2014 3:28:09 PM

-DIADCC #937 RT: 4.18 AV: 1 NL: 2.71E9
5 + p ESI Full ms [66.70-1000.00]
3452019
R=60603
C16 Hze Os Nz = 345.2020
-0.2267 ppm
|
331.1863
R=50605
C15Hzr Og N2 = 3311864 343.1608
-0.2528 ppm R=47500 |
330 335 340 345

CO,Et

iy,

'CO,iPr
4k

iPro,C

353.1678
R=57607

Cis Has Os N2 Na = 353 1683

1.4782 ppm
355 360

367.1837

R=58207
Cis Hze

-0.6589 ppm
364.1754
R=57607
[

365

Os N2 Na = 367.1840

HRMS of 4k
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Relative Aburdance

‘.‘:(" " ‘
CO,Et
. CO,Et
I}I\N
\
BuO,C  CO,'Bu
5a

HRMS of 5a (R’ = Et or '‘Bu)
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P

<
v
B
o

al

)

undanoe

60
A6

5¢c

CO,Et
CO,Et

CO,Et

HRMS of 5b and 5c¢
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427A 91 RY | 33E
TMS + p ESIFU
515
Re%02¢
Iy Op N3 Na
. op
3 160 2842
S1o07
< 40 Je . %
4 ppm
J"l 163 2 T Re43207
o R =458 R
& 4 475 40 4 4 :
#£341 AT 4 I NL e
+ D ES 1000.00)
A
NiNa
100
o
: 5e
5
0
>
ReATE
« Ms s N
5€
SAl
H N3 Na (
& ot 4 1 ~
4 R

HRMS of 5d and 5e
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RO-4

TF

Retativ

B #1038 RT: 4.85
S + p ESI Full ms |66

1 NL 897ER
0-1000.00]

™

537
R=48807

5152388
07
= 515 2380

Cas M3 Og Ny = 487 2075

R=4
0 3826 ppm

48 490 500 510 820 530 540

5490

RD

Relative Abuncerce

-312 2495 RT
T FTMS + p ESI Fy

4452539
5 R=563607
. N
5 Cat Har O3 Nz = 4452
45 12728 ppm

483 20
10 o
Cas Mae Og Nz Na = 483 2313

-44 9858 ppm

<00 40 430 420 440 450 a“|o 470 480 490

miz

HRMS of 5f and 5g
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100 400

COOH

/,"

NH HN
EtO,C

"CO,Et

HRMS of 7h and 9
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CO,Et

liy,

/N_N\
iPrO,C CO,iPr
Racemic Sample: 4a (R = iPr)
ﬁentiun Time E
100 = I 100
= ]
£ 0 L =0
] s I
] [ L
[+ [om] | (4]
] | = I
w12 14w as 20z oz = 23 i
Mruies
Retention Time Area Area % Height
18.757 84618996 49.69 1825321
21.453 85657844 50.31 1321061
Enantio-enriched sample: 86% ee
= ' Retention Time e
500 L 500
. ]
250 ] E [ 250
: = -
o I = Lo
2 T _I4 T 'IE| T _I5 T 2':| T 2I2 T 2I4 T :,_\5
Mrukes
Retention Time Area Area % Height
18.190 1002409191 93.76 11991940
20.973 78236881 6.24 1297069
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O,Et

(C
N—N

EtO,C  CO,Et
4a (R' = Et)
Racemic sample:
1000 1 - - i feadion Tame i 1
£ 500 | 500
b= L
= 5
=} =
.:._..—-"""""_‘-\"“"-— —_— I 5'3 | T R i}
2 =z oz 24 25 0w oz B 29 30
Mrutes
Retention Time Area Area % Height
23.880 659119152 47.80 15911939
27.497 719688844 52.20 14078455
Enantio-enriched sample: 81% ee
ﬂentiun Time
1000 ] [ 1000
= R L
£ sl E_ 500
] o i
a 1 F«-i' ] I_.-"'/‘_H“\"“"--._ | [ i)
02 2 23 24 | 25 28 2 2 29 3D
Mnutes
Retention Time Area Area % Height
23.547 1017434138 90.44 21970544
27.613 107570511 9.56 2654812
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O,Et

c
N-N

iPro,C  CO,iPr

Racemic sample: 4b
W00 T —— £ 3000
Retention Time :
2-:-:-:|_§ é_z-:-:-:l
2 1 -
£ 1 E
1000 E 1000
1 8 2 -
=} & ;
LE I = = o
_'4' T T '_|5 T '_:5' T '_|_Ir' T |5 T _|5' T 25
Mruies
Retention Time Area Area % Height
16.000 1495482427 36.60 43252175
16.983 2590137720 63.40 46412467
Enantio-enriched sample: 84% ee
@entiun Time -
2000 2000
s E‘
2 om0 o E 1000
] o N
= s
- - - -
] TN i g
.:._; — I I t ;_.:.
_4' T -I5 LI _:5 I_Ir T T I5 T T _Ia' T 2:|
Mruies
Retention Time Area Area % Height
16.253 127949994 7.96 4800475
17.317 1479570056 92.04 40616457
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Wil



MeO
i

@ (gcozEt
N-N

Pro,C  COuiPr
Racemic sample: 4c
000 ' @entiun Time ' 2000
z-:»:»:l_é E_z-}:»:l
= 1 i
2 ] i
1000 E 1000
2 @ i
] = |/ = g
07 I G 1 ™ -0
2 24 2 2 2z | 28 =\ = @ 32 | m
Mruies
Retention Time Area Area % Height
25.143 3281681142 43.84 48695184
28.013 4204639512 56.16 47665050
Enantio-enriched sample: 87% ee
750 _ Retention Time _ 750
200 ] 00
. ] _
N o [
250 § FE _—2_5':'
& = i
O it ieielel § g | -0
| [ T [
4 m ' 28 ' " ' E3 ' 24
WMrutes
Retention Time Area Area % Height
26.780 48849942 6.52 993265
29.630 660992825 93.48 14060767

65

Wil

Wil



o\

O
CO,Et
N—N

iPro,C  CO,iPr
4e
Racemic sample:
Em_‘ Retentian TiEe '_Em
4 R L
= ] I
2 zE0d L 250
] -
] | i | :
¢ T T " —°
% 2 2= 2 3 a1 a2 3w 35
Mruies
Retention Time Area Area % Height
27.417 306923430 39.80 6158411
31.517 464169000 60.20 9048503
Enantio-enriched sample: 81% ee
2'}}:"; Retention Time ;'2'}}:'
E --:-:—:l_f ﬁ f_-.:.:.:.
& ;
] /\ 8 g
% 21 22 2 a0 321 a2 a3 a3
Mrutes
Retention Time Area Area % Height
27.337 262934762 9.66 7342472
30.393 2460238647 90.34 32571042
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O
CO,Et
OoN
li,,
/N—N\
iPro,C CO,iPr
Racemic sample: 4f (R' = 'Pr)
‘*:’:’:'-E Retention Time 4000
E 2-:»:»:-_5 [ 2000
] b g ]
] F =]
ad =t | - | O
: ™ I L&}
- Y ) R
Mrukes
Retention Time Area Area % Height
24.787 3107985469 48.94 67448379
27.893 3242276467 51.06 57271731
Enantio-enriched sample: 92% ee
2.:.:.:._5 @entiun Time ;_2.:.:.:.
8 o] -
2 ':':':": o - 000
] = i
E el = u
0 ] i N o — : 0
] [ ™ ;
w0 oz Y % = o 32
Mruies
Retention Time Area Area % Height
25.400 71363378 4.17 2237840
28.067 1640468138 95.83 34610990
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iPrOzC COziPr
Racemic sample: g
ﬁentiun Time [
750 [ 750
o 507 - 500
b= 1 r
280 4 250
] :
; = | ;
a4 ol - R Lo
] o 3 r
E) ' 0 ENE ) )
Mutes
Retention Time Area Area % Height
42.190 1035684039 34.02 13350151
64.450 2008736351 65.98 14628097
Enantio-enriched sample: 94% ee
2000 ] - Retention Time 200
2000 L 2000
= ]
g E 3
1000 = E 1000
] &
1 & g
a ; In | _._._ﬂ_;_ i)
) o 40 ' 0 e T o m
Mutes
Retention Time Area Area % Height
40.837 5055800703 97.17 50698385
66.290 211276274 2.83 1857010
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Racemic sample:

@entiun Time
500 | S . [ 500
4 % E -
& bl
2 e L 250
:._:*‘“Huf—-——— — i I _;.
0 ' z Y N 0 a4
Mutes
Retention Time Area Area % Height
26.147 230752367 49.27 5136672
29.723 237610219 50.73 4523819
Enantio-enriched sample: 92% ee
5:_:'_' Retention Time -E»:~:|
a8
2 150 L 250
2]
o g :
o L
o o ] :_1\_]: e | i
20 ' 2 ' 24 ' P ' 28 20 ' 12 ' 24
Mrules
Retention Time Area Area % Height
25.810 452815957 95.95 8587946
30.130 19116198 4.05 449632

69

ot

Wil



Racemic Sample:

4000 4000

@enﬁun Time g E
Area = [re]
7] Area Percent s = I
Z 20004 ] E [ 2000
: 5 g
0 T T r:J T L T IT.: ] — T - [kl T o
15 20 25 0 15 40 45 50 55
Mirrses
Retention Time Area Area % Height
29.037 17974317947 49.42 50173222
37.873 18396455646 50.58 49320278
Enantio-enriched sample: 86 % ee
4000 — 4000
Retention Time w0 E
Area g %' [
1 AreaPercent I r
2 zo00d § ﬁ :-2-:»:~:|
: g 5 |
0 T T "/iﬁﬂ\ l | T 0: T T T l T : a
5 20 25 ] 35 40 45 50 55
Mindes
Retention Time Area Area % Height
29.193 709630337 7.02 10738881
39.763 9392293939 92.98 45406319
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Racemic Sample:

—_— Retention Time .
| o a
500 ] = = [ 500
2 ] =2 =
250 ] L 250
o : , , : , , : , , , o
30 55 100 10.5 10 15 20 125 130 135 140
MimRes
Retention Time Area Conc. Height
10.110 144551914 44.12 5436080
11.130 183100775 6000627
Enantio-enriched sample: 96% ee
— Retention Time [ 750
] g
=00 - L 500
£ ]
250 ] @ L 220
: 3
:| : 7 - T F F - : : ; :|
20 55 100 10.5 1.0 15 120 125 130 1.8 14.0
Kirates
Retention Time Area Conc. Height
10.233 4980694 229461
11.197 231657212 97.90 7181886
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CO,Et

CO,Et
N
MeO CO,Et
5b
Racemic sample:
ﬁentiun Time E
400 i |- 400
. ] a
£
200 4 200
0 . L 0
10 z 3 4 15 & ] 9 20
MR es
Retention Time Area Conc. Height
12.650 249172903 42.05 5529972
15.230 343374744 57.95 6341927
Enantio-enriched sample: 96 % ee
E&nﬂun Time =
400 ] = [ a00
. ] a
g
200 4 200
:| = I = |‘_ II :|
0 2 3 4 i5 L} z 2 20
Mirstes
Retention Time Area Conc. Height
12.530 244951558 98.33 5128098
15.123 4168475 1.67 83636
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CO,Et

CO,Et
N\
CO,Et
5c
Racemic sample:
. S 200
Retention Time
] E 2 L
- 3
E 100 _: L 100
:| : - ; - + - + - + - + - + - + :|
B4 5 88 50 52 54 56 58 100
Minfes
Retention Time Area Conc. Height
87.447 381012622 54.30 2095550
94.963 320714209 45.70 1982892
Enantio-enriched sample: 95% ee
00— 1000
Retention Time
g = _ L 500
0. i e : 0
B4 2 28 50 52 24 56 58 100
Mirates
Retention Time Area Conc. Height
86.007 2207902336 97.49 13887984
93.603 56955538 2.51 527171
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CO,Et

CO,Et

N-N
\
EtO,C CO,Et

5d

Racemic sample:

400 _E E&I’Iﬂ on Time o [ 400
g mm _ L 200
0 1] e\ = | o
0 5 0 15 20 5 ]
Mimsies
Retention Time Area Conc. Height
14.413 337981933 48.29 6997053
18.920 361975051 51.71 4187736

Enantio-enriched sample: 94% ee

Eenti on Time

500 L 500

ot

255 | | 250

=
1

] A?'maa?
=

Retention Time Area Conc. Height

14.363 612546105 96.72 10911976
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19.887 20741660 3.28 374813

5e
Racemic sample:
4 ﬂenﬂun Time E_ = -7
- :
£ = L 50
25 Lzg
22 20 22 24 2 1 40
MimRes
Retention Time Area Conc. Height
31.610 86274582 51.54 671354
35.800 81118792 48.46 532527
Enantio-enriched sample: 88 % ee
ﬂenﬂun Time
400 1 [ 400
. ] a
£
200 ] - —
. S
i g % -
& |
0 . . : . e SN . T 0
22 20 22 24 2 1 40
MimRes
Retention Time Area Conc. Height
30.467 747787806 94.00 7954334
34.077 47766301 6.00 511065
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Racemic sample:

ﬂ&rrtiun Time F
400 4 :-4-3'3
& 1 E % 3 &
k= & ; g
200 ] P20
0 ' ' ' 0
23 24 25 28 ZI'I' 28 29 20 I =
MireRes
Retention Time Area Conc. Height
24.680 195736780 48.25 3938803
28.643 209044985 51.75 3282065
Enantio-enriched sample: 94% ee
Eentiun Time
4000 L 4000
& ] ]
2 ]
2000 ] [ 2000
o . - | a
2 2 24 25 28 77 23 2% 20
Mimses
Retention Time Area Conc. Height
24.017 4883290118 97.22 67088890
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Crystal data of 4f:

—

(1]

T

o

o

[

[

| ‘a
= l‘ 09 '.l
© g
o = "*; Y/ cea
i 24 .o 7 ez
o
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@

T

=

o

=

@

=

Z -850 py O7 P2I1)2(112(1)1R = 0.08 FES= O 0 X
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4f

Mol. Formula

Cys H34 N3 Oy

Mr

536.55

Temp. (K)

296(2)
Crystal System Orthorhombic
Space group P2(1)2(1)2(1)
alA 10.9122(16)
b/A 11.4715(18)
c/A 23.486(3)
of° 90
pl° 90
/° 90
VIA® 2939.9(8)
Z.Dea/g cm” 4,1.212
u/mm’ 0.094
F (000) 1140
6 max/° 25.00
Absor.correction multi-scan
Refln. collected 11426
Unique Refln. 5061
Observed Refln. 3619
R in 0.0749
No. of Parameter 350

R]_ObS, R] _Clll

0.0774, 0.1004

wR,_obs, wR;_all

0.1916, 0.2113

GoF

1.043

Ap malx’Apmin/eI&_3

0.343 , -0.287
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Crystal data table:



