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1. General Information

Reactions were carried out in a round-bottom flask with vigorous stirring at room temperature with open-air
condition, unless otherwise noted. Tetrahydrofuran (THF), tert-Butanol (2-BuOH), acetonitrile (MeCN),
dichloromethane (DCM) and N,N-Dimethylformamide (DMF) were used as received without further
purification unless otherwise noted. FeBr, and CeBr; were purchased from Sigma-Aldrich and dried under
vacuum before use. 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 5,5-
Dimethyl-1-pyrroline N-oxide (DMPO) and H,'®0 were purchased from Sigma-Aldrich. Solvents were used as
received from commercial suppliers without prior purification for workup, extraction and column
chromatography. Reactions were monitored by thin-layer chromatography (TLC, 0.25 mm) on pre-coated silica
gel plates. Flash chromatography was performed with silica gel 60 (particle size 0.040—0.062 mm). *H- and *3C-
NMR spectra were recorded on a 400 MHz spectrometer (400 MHz for *H, 100 MHz for *3C). Chemical shifts
are reported in parts per million (ppm) as values relative to the internal chloroform (7.26 ppm for *H and 77.16
ppm for *C). Abbreviations for signal coupling are as follows: s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet. HRMS spectrometry was detected by CI/ESI-TOF. Infrared spectrometry was recorded on ALPHA
FTIR (Bruker). Electron paramagnetic resonance (EPR) spectrum was recorded on Bruker ESP300E.
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2 Screening of metal catalysts for the oxidation of 1a with H.O, as the oxidant.

[M]: 0.1 eq NBoc
| KBr: 0.1 eq
N NBoc Hzoz 3eq
H

THF/HZO 10/1
1a

General Procedure A: To a stirred solution of the compound 1a* (27.2 mg, 0.1 mmol) in THF/H,O (10/1, 0.6
mL) were added KBr (1.2 mg, 0.01 mmol), metal catalyst (0.01 mmol) and H,O, (30%, 30 uL, 0.30 mmol).
After completion of the addition, the reaction mixture was allowed to stir at RT for 3 h. The reaction was
guenched by dilute aqueous Na,S;0s (0.1 M, 5 mL) and ethyl acetate (10 mL). The organic fractions were
collected, and the aqueous phase was extracted with ethyl acetate (2x10 mL). The combined organic fractions
were washed with H,O, dried over Na,SO., filtered, and concentrated under reduced pressure. Yield was
determined by *H NMR of the crude reaction mixture using CHBr; as the internal reference.

entry Cat. (0.1eq) Yield (%) entry Cat. (0.1eq) Yield (%)

1 ScCls 28 21 SnCl; 12
2 TiO; trace 22 SbCls 27
3 NH;VO3 15 23 TaCls 62
4 CrOs; trace 24 WCls 44
5 MnBr, trace 25 KReO4 trace
6 FeCls 47 26 K20s04 trace
7 CoCl, trace 27 (NH.)2[IrClg] trace
8 NiCl trace 28 PtCl4 8

9 CuCl, 7 29 HgSO, trace
10 ZnBr; trace 30 PbCl; trace
11 GaCls 6 31 BiCls trace
12 YCl; trace 32 LaCls; trace
13 ZrCly 35 33 CeCls 52
14 NbCls 64 34 PrCls trace
15 MoCls 49 35 NdCls trace
16 RuCls 6 36 SmCls trace
17 Pd(PPhs)s trace 37 GdCls; trace
18 AgOAcC trace 38 ThCl3 trace
19 CdCl, trace 39 DyCls trace
20 InCls trace 40 YbCls trace
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3. Optimization of the iron and cerium catalysis system.

[Fe] or [Ce]: 0.1 eq NBoc
| KBr: 0.1 eq
N NBoc H20,:3eq o
H Solvent/H,0 10/1 H
1a 2a

General Procedure: To a stirred solution of compound 1a (27.2 mg, 0.1 mmol) in Solvent/H,O (10/1, 0.6 mL)
were added KBr (with or without, 1.2 mg, 0.01 mmol), [Fe] or [Ce] (0.01 mmol) and H20; (30 wt%, 30 uL,
0.30 mmol). After completion of the addition, the reaction mixture was allowed to stir at RT for 3 h. The reaction
was quenched by dilute aqueous Na,S>Os solution (0.1 M, 5 mL) and ethyl acetate (10 mL). The organic
fractions were collected, and the aqueous phase was extracted with ethyl acetate (2x10 mL). The combined
organic fractions were washed with H,O, dried over Na,SOy, filtered, and concentrated under reduced pressure.
Yield was determined by *H-NMR of the crude reaction mixture using CH2Br- as the internal reference.

entry MXn (0.1 eq) + KBr (0.1 eq) Solvent Yield® (%0)
1 Fe phthalocyanine +  KBr THF/H>0 <5
2 Hemin Chloride @+  KBr THF/H>0 <5
3 Cp:Fe + KBr THF/H>0 <5
4 Fe(acac); + KBr THF/H>0 <5
52 Fe,(CO)y + KBr THF/H>0 <5
6 Fe(NOs); + KBr THF/H.0 66
7 FeSOs + KBr THF/H.0 28
8 FeCl; + KBr THF/H.0 47
9 FeCl, + KBr THF/H.0 59
10° FeBrs THF/H.0 68
11° FeBr; THF/H20 73
12 Ce(acac); + KBr THF/H-O <5
13 Ce(NOs3); + KBr THF/H>O 56
14 Ce(OTf); + KBr THF/H,O 62
15 CeCl; + KBr THF/H,O 52
16° CeBr; THF/H,0 90
17 CeBr; MeCN/H20 93
18 CeBr; t-BuOH/H,O 85

30.005 mmol metal catalyst was added. "Reaction time was 0.5 h. °Yield was determined by *H NMR of the
crude reaction mixture using CH2Br- as the internal reference.

sS4



4. Preparation of indole substrates.

Substrates 1al, 1b?, 1c?, 1d?, 1e-f4, 1h®, 1k* 1n% 1o0% 1p* 1q°, lac’, 1ad®, 1ae®, 1ag¥, lah!!, 1aj'? and lam-
an®® were prepared according to the published procedures.

R2 RZ
2-Thiophenecarbonyl chloride
NH or Boc,0 NRs
A\ A\
62-78%
N R4 ° N R1
H H
$1: Ry =H, R, = CO,Me 1i: Ry = H, R, = CO,Me, R3 = 2-Thiophenecarbonyl
$2: Ry =Me, R;=H 1j: Ry = Me, Ry = H, Ry = Boc
$3: Rq = 2-phenylethyl, R, = H 1I: Ry = 2-phenylethyl, R, = H, R3 = Boc
S4: R, = 3-cyanopropyl, R, = H 1m: R, = 3-cyanopropyl, R, = H, R3 = Boc

4.1. Preparation of 1i, 1j, 11 and 1m: To a stirred solution of the compound S1* (691 mg, 3 mmol), S2* (559
mg, 3 mmol), S3* (829 mg, 3 mmol) or S4* (718 mg, 3 mmol) in DCM (15 mL) was added EtsN (836 uL, 6
mmol) at 0 °C. Then 2-thiophenecarbonyl chloride (385 uL, 3.6 mmol) or Boc,O (827 uL, 3.6 mmol) was added,
and the resulting mixture was stirred for 3 h at RT. The mixture was quenched by H>O (100 mL), and extracted
with DCM (4 x 50 mL). The combined organic fractions were washed with brine, dried over Na;SOy, filtered,
and concentrated under reduced pressure. The resulting residue was purified by flash column chromatography
to give compound 1i, 1j, 11 and 1m, respectively.

(S)-Methyl 2-(Thiophene-2-carbonyl)-1,2,3,4-tetrahydro-9H-pyrido|3,4-b]indole-3-carboxylate (1i)

COMe 1i (797 mg, 78%) was purified by flash column chromatography (ethyl
2

w s\ acetate/hexane = 15 t0 2:1) as a white solid. M.P. 114-116 °C; 'H-NMR (400
N NW)Q MHz, CDCls) §: 8.68 (d, J=90.8 Hz, 1H), 7.82—-7.23 (m, 4H), 7.23-7.03 (m, 3H),
H . o) 6.23-4.45 (m, 3H), 3.65 (s, 3H), 3.56 (d, J = 15.6 Hz, 1H), 3.31-3.14 (m, 1H).
13C-NMR (100 MHz, DMSO-d6) &: 170.9, 164.8, 164.1, 136.8, 136.3, 130.5,

130.0,129.4, 127.4,126.2,121.2, 118.7, 117.7,111.2, 104.6, 57.2, 52.6, 51.9, 44.1,23.2, 22.5. IR 3389.2, 3290.8,
2952.5,2911.6, 2853.6, 1735.2, 1606.0, 1520.0, 1429.6, 1318.0, 1270.8, 1229.3, 1196.1, 1109.8, 1019.5, 997.5,

886.0, 851.1, 813.5, 734.1, 648.5 cm’'; HRMS (CI*) (m/z) caled. for CsH7N>0sS [M+H]* 341.0954; found
341.0948.

tert-Butyl 1-Methyl-1,2,3,4-tetrahydro-9H-pyrido|3,4-b]indole-2-carboxylate (1j)
1j (644 mg, 75%) was purified by flash column chromatography (ethyl acetate/hexane =
NBoc 1:5 to 2:1) as a light yellow oil. 'H-NMR (400 MHz, CDCls) &: 8.22 (d, J = 247.1 Hz,
1H), 7.49 (d, J = 7.6 Hz, 1H), 7.36-7.29 (m, 1H), 7.21-7.06 (m, 2H), 5.33 (d, J = 84.8
Hz, 1H), 4.41 (d, J = 63.3 Hz, 1H), 3.18 (brs, 1H), 2.92-2.62 (m, 2H), 1.54 (brs, 9H),
1.48 (d, J = 6.7 Hz, 3H). BC-NMR (100 MHz, CDCl;) &: 154.8, 136.2, 135.7, 135.1,

127.0,121.8,119.5, 118.2, 111.0, 108.9, 108.0, 80.1, 47.4, 46.9, 38.6,37.4, 28.7,21.7, 19.7. IR 3317.6, 2958.5,
S-5
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2921.2,2860.7, 1670.0, 1459.6, 1415.3, 1369.0, 1317.9, 1264.7, 1165.9, 1108.3, 1057.5, 1012.8, 922.3, 860.0,
746.1 cm’'; HRMS (CT") (m/z) calcd. for C17H2N>O2 [M]* 286.1676; found 286.1685.

tert-Butyl 1-Phenethyl-1,2,3,4-tetrahydro-9H-pyrido[3,4-b]indole-2-carboxylate (11)
11 (745 mg, 66%) was purified by flash column chromatography (ethyl

NB
O N\ °° acetate/hexane = 1:5 to 2:1) as a white solid. M.P. 158-160 °C; '"H-NMR (400 MHz,
N CDCL) 5: 8.22 (d,J = 268.6 Hz, 1H), 7.52 (d, /= 7.5 Hz, 1H), 7.38=7.04 (m, 8H),
" Q 537 (d, J = 65.1 Hz, 1H), 4.70-4.21 (m, 1H), 3.30-3.10 (m, 1H), 2.99-2.62 (m,

4H), 2.13 (brs, 2H), 1.58 (brs, 9H). 3C-NMR (100 MHz, CDCL) &: 155.6, 155.1,
141.8, 136.2, 134.8, 134.1, 128.7, 128.4, 127.0, 126.2, 125.9, 121.9, 121.7, 119.6, 119.4, 118.3, 118.1, 111.1,
109.1, 108.1, 80.2, 51.7, 51.0, 38.9, 37.8, 36.9, 36.5, 32.9, 32.6, 28.6, 21.6, 21.3. IR 3318.7, 2957.1, 2921.8,
2857.5, 1667.9, 1461.1, 1414.3, 1367.4, 1318.6, 1263.6, 1164.2, 1107.1, 1036.1, 1005.7, 963.7, 901.7, 865.7,
745.7,700.0 cm'; HRMS (CI) (m/z) caled. for CasHaoN2O4 [M+H]™ 377.2224; found 377.2219.

tert-Butyl 1-(3-cyanopropyl)-1,2,3,4-tetrahydro-9H-pyrido|3,4-b]indole-2-carboxylate (1m)
Im (631 mg, 62%) was purified by flash column chromatography (ethyl
NBoc acetate/hexane = 1:5 to 2:1) as a light yellow oil. '"H-NMR (400 MHz, CDCl;) &:
N 8.43 (d, J=215.7 Hz, 1H), 7.49 (d, J= 7.7 Hz, 1H), 7.32 (d, J = 7.9 Hz, 1H), 7.14
: N (dt, J=23.3, 7.2 Hz, 2H), 5.47-5.07 (m, 1H), 4.64—4.19 (m, 1H), 3.15 (brs, 1H),
2.86 (ddd, J = 16.8, 11.7, 5.4 Hz, 1H), 2.71 (dd, J = 15.4, 4.0 Hz, 1H), 2.35 (brs,
2H), 2.14-1.62 (m, 4H), 1.54 (brs, 9H). *C-NMR (100 MHz, CDCl3) 8: 155.7,136.2, 134.0, 126.8, 122.0, 119.7,
119.6, 118.1, 111.1, 108.5, 80.5, 50.0, 38.9, 33.2, 28.6, 22.0, 21.5, 16.8. IR 3322.4, 2956.9, 2922.6, 2861.5,
2245.7,1672.0, 1461.2, 1414.9, 1368.2, 1264.9, 1164.1, 1108.0, 1010.3, 908.6, 854.3, 751.2 cm™'; HRMS (CI")

(m/z) calcd. for C20H2sN30, [M]*339.1941; found 339.1948.

Me o Ac0 or Mel or TBSCI Me
or Allyl bromide OR 1r:R=Me
N 75-88% N 1t: R = allyl

Me Me
S5

1m

4.2. Preparation of 1r and 1t: To a stirred solution of the compound S5 (1.05 g, 6 mmol) in anhydrous THF
(20 mL) was added NaH (60%, 576 mg, 14.4 mmol) at 0 °C under N,. After completion of the addition, the
reaction mixture was allowed to stir for 0.5 h. Then Mel (1.25 mL, 20 mmol) or allyl bromide (2.34 mL, 27
mmol) was added, and the above residue was stirred at RT for 3 h. The mixture was quenched by saturated
NH4CI solution (100 mL) and ethyl acetate (100 mL) at 0 °C. The organic fractions were collected, and the
aqueous phase was extracted with ethyl acetate (4 x 50 mL). The combined organic fractions were washed with
brine, dried over Na,SQ, filtered, and concentrated under reduced pressure. The resulting residue was purified
by flash column chromatography to give compound 1r or 1t.
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1,3-Dimethyl-2-methoxymethyl-1H-indole (1r)

Me 1r (908 mg, 80%) was purified as a light yellow oil by flash column chromatography
©\_/|K/0Me (ethyl acetate/hexane = 1:5 to 1:1). "H-NMR (400 MHz, CDCl;) &: 7.69 (dt, /= 7.8, 1.0
N Hz, 1H), 7.41-7.32 (m, 2H), 7.23 (ddd, J = 7.9, 6.5, 1.5 Hz, 1H), 4.71 (s, 2H), 3.83 (s,
r 3H), 3.43 (s, 3H), 2.48 (s, 3H). *C-NMR (100 MHz, CDCls) &: 137.2, 131.5, 127.8,
122.1, 119.1, 118.7, 110.5, 108.9, 63.5, 57.1, 29.7, 8.8. IR 2979.6, 2818.4, 1469.9,
1410.5, 1372.9, 1357.3, 1338.4, 1266.3, 1189.8, 1151.0, 1123.7, 1082.5, 1010.2, 946.9, 900.5, 863.4, 733.6 c’

I, HRMS (CI") (m/z) calcd. for C12HsNO [M+H]* 190.1226; found 190.1223.

1,3-Dimethyl-2-(allyloxymethyl)-1H-indole (1t)

Me 1t (1.06 g, 82%) was purified as a light yellow oil by flash column chromatography
m/o (ethyl acetate/hexane = 1:5 to 1:1). 'H-NMR (400 MHz, CDCls) &: 7.65 (d, J=7.8
N TN Hz, 1H), 7.38-7.28 (m, 2H), 7.19 (ddd, J=17.9, 6.7, 1.3 Hz, 1H), 6.01 (ddt, J=17.3,
1t 10.4, 5.6 Hz, 1H), 5.38 (dq, J=17.2, 1.7 Hz, 1H), 5.29 (dq, /= 10.4, 1.4 Hz, 1H),
475 (s, 2H), 4.05 (dt, J = 5.6, 1.5 Hz, 2H), 3.82 (s, 3H), 2.42 (s, 3H). BC-NMR
(100 MHz, CDCls) 6: 137.3, 134.81, 134.78, 131.68, 127.8, 122.1, 119.1, 118.8, 117.3, 110.4, 108.9, 70.1, 61.2,
29.9, 8.9. IR 3050.7, 2922.9, 2858.1, 1470.5, 1411.7, 1367.8, 1337.2, 1264.4, 1193.2, 1123.2, 1061.7, 1001.4,

925.9, 863.9, 736.6 cm™!; HRMS (CI") (m/z) caled. for C14H;7NO [M]* 215.1310; found 215.1303.

4.3. Preparation of 1s: To a stirred solution of the compound S5 (1.05 g, 6 mmol) in MeCN (30 mL) were
added EtsN (1.67 mL, 12 mmol) and TBSCI (995 mg, 6.6 mmol). After completion of the addition, the reaction
mixture was allowed to stir for 2 h. Then the mixture was quenched by saturated aqueous NaHCOj3 solution (50
mL) and ethyl acetate (50 mL). The organic fractions were collected, and the aqueous phase was extracted with
ethyl acetate (2 x 50 mL). The combined organic fractions were washed with brine, dried over Na,SOj, filtered,
and concentrated under reduced pressure. The resulting residue was purified by flash column chromatography
to give compound 1s.

1,3-Dimethyl-2-(((fert-butyldimethylsilyl)oxy)methyl)-1H-indole (1s)
Me 1s (1.53 g, 88%) was purified as a light yellow oil by flash column chromatography
©\—/|K/OTBS (ethyl acetate/hexane = 1:20 to 1:5). 'TH-NMR (400 MHz, CDCls) &: 7.62 (dt, J= 7.9,
I\N/Ie 1.0 Hz, 1H), 7.35 (dt, /= 8.1, 0.9 Hz, 1H), 7.29 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.17
1s (ddd, J=17.9, 6.8, 1.2 Hz, 1H), 4.91 (s, 2H), 3.84 (s, 3H), 2.40 (s, 3H), 0.98 (s, 9H),
0.13 (s, 6H). *C-NMR (100 MHz, CDCls) 6: 137.2, 134.6, 128.0, 121.8, 119.1, 118.7,
108.8,107.9,55.3,30.0,26.0, 18.4,8.9,-5.1. IR 2929.3,2857.5, 1468.4, 1409.3, 1396.5, 1358.4, 1253.0, 1193 4,
1050.8, 947.0, 835.7, 773.6, 735.0, 671.9 cm™'; HRMS (CI") (m/z) calcd. for C17H2sNOSi [M+H]* 290.1935;

found 290.1929.
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OH OR,
N OH 70-77% N  OR
H R4 2

S6 1u:R1=Me, R2=Me
1v: R1 =H, R2 =Ac

4.4. Preparation of 1u. Compound 1u (1.08 g, 77%) was prepared from S6' (1.15 g, 6 mmol) and Mel (1.49
mL, 24 mmol) in the presence of NaH (60 wt%, 960 mg, 24 mmol) and DMF (20 mL) and purified by flash
column chromatography (ethyl acetate/hexane = 1:10 to 1:2) as a light yellow oil. 'H-NMR (400 MHz, CDCl;)
6: 7.68 (dt, J=17.9, 1.0 Hz, 1H), 7.38-7.24 (m, 2H), 7.18 (ddd, /= 7.9, 6.9, 1.2 Hz, 1H), 4.69 (s, 2H), 3.80 (s,
3H), 3.64 (t,J = 7.5 Hz, 2H), 3.42 (d, J = 7.6 Hz, 6H), 3.16 (t, J= 7.5 Hz, 2H). ?*C-NMR (100 MHz, CDCl;) &:
137.3, 132.6, 127.1, 122.1, 119.01, 118.96, 111.4, 109.1, 73.5, 63.6, 58.7, 57.4, 29.8, 25.1. IR 3049.5, 2976.7,
2926.0, 2872.8, 2818.1, 1468.6, 1411.9, 1371.2, 1339.5, 1266.4, 1221.5, 1186.6, 1081.9, 1012.2, 949.6, 899.6,
817.8, 736.4 cm™'; HRMS (CI") (m/z) caled. for CisH0NO, [M+H]" 234.1489; found 234.1474.

4.5. Preparation of 1v. Compound 1v (1.16 g, 70%) was prepared from S6'° (1.15 g, 6 mmol) and Ac,O (1.70
mL, 18 mmol) in the presence of Et;N (3.35 mL, 24 mmol) and acetonitrile (30 mL) and purified by flash
column chromatography (ethyl acetate/hexane = 1:10 to 1:1) as a light yellow oil. 'H-NMR (400 MHz, CDCl;)
d: 8.68 (brs, 1H), 7.63 (d, J= 8.0 Hz, 1H), 7.34 (d, J = 8.2 Hz, 1H), 7.23 (ddd, J= 8.2, 7.0, 1.2 Hz, 1H), 7.14
(ddd, J=8.0,7.0, 1.1 Hz, 1H), 5.27 (s, 2H), 4.29 (t, /= 7.1 Hz, 2H), 3.16 (t, J= 7.1 Hz, 2H), 2.09 (d, J = 14.3
Hz, 6H). 3C-NMR (100 MHz, CDCl;) 6: 172.2, 171.2, 135.8, 130.2, 127.4, 123.0, 119.7, 119.1, 111.6, 111.2,
64.7,57.4,23.6,21.1,21.0. IR 3392.2,2957.1, 1731.1, 1452.5, 1372.5, 1235.8, 1031.7, 961.1, 753.1, 601.9 cm
I HRMS (CI") (m/z) calcd. for CisHisNOs [M+H]* 276.1230; found 276.1225.

Me 1) MeNH, Me 2) Ac,0 or TsCl Me R,
@E\g, or Allylamine @E\g_l-}N—m or 2-Furoyl chloride @E\g_/N—I%
CHO ————>
N N -749 N
Me Me 65-74% for 2steps Me
S7 S8: Ry =allyl 1w: Ry = allyl, R, = Ac
S9: Ry =Me 1x: Ry =Me, R, =Ts

1y: R4 = Me, R, = 2-Furoyl

4.6. Preparation of 1w, 1x, and 1y: To a stirred solution of the compound S7** (1.04 g, 6 mmol) in MeOH (20
mL) was added allylamine (674 uL, 9 mmol) or MeNH- (40% aqueous solution, 775 uL, 9 mmol) at RT. After
completion of the addition, the reaction mixture was allowed to stir for 10 h. Then NaBH, (454 mg, 12 mmol)
was added at 0 °C, and the above reaction mixture was stirred for 0.5 h. The reaction was quenched by saturated
aqueous NH.CI solution (100 mL), and the reaction mixture was extracted with ethyl acetate (4 x 50 mL). The
combined organic fractions were washed with brine, dried over Na,SOs, filtered, and concentrated under
reduced pressure. To a stirred solution of the above residue S8 or S9 in DCM (30 mL) was added EtsN (1.67
mL, 12 mmol) at RT. Then Ac.O (681 pL, 7.2 mmol), tosyl chloride (TsCl, 1.37 g, 7.2 mmol) or 2-Furoyl
chloride (711 pL, 7.2 mmol) was added at 0 °C, and the above reaction mixture was stirred for 1 h. The mixture
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was quenched by saturated aqueous NaHCO; solution (100 mL) and DCM (50 mL). The organic fractions were
collected, and the aqueous phase was extracted with DCM (4 x 50 mL). The combined organic fractions were
washed with brine, dried over Na,SOq, filtered, and concentrated under reduced pressure. The resulting residue
was purified by flash column chromatography to give compound 1w, 1x or 1y.

N-Allyl-V-((1,3-dimethyl-1H-indol-2-yl)methyl)-acetamide (1w)
Me 1w (1.14 g, 74% for 2 steps) was purified as a light yellow oil. by flash column
m/gc chromatography (ethyl acetate/hexane = 1:10 to 1:1) '"H-NMR (400 MHz, CDCl;)
N N 5757 (d, J=17.8 Hz, 1H), 7.32-7.23 (m, 2H), 7.14 (ddd, J = 7.9, 6.6, 1.4 Hz, 1H),
1w 5.75-5.60 (m, 1H), 5.30-5.10 (m, 2H), 4.89 (s, 2H), 3.72 (dt, J = 4.8, 1.9 Hz, 2H),
3.67 (s, 3H), 2.33 (s, 3H), 2.17 (s, 3H). *C-NMR (100 MHz, CDCl5) 8: 170.9, 137.2,
132.3, 130.8, 127.8, 122.1, 118.9, 118.7, 116.5, 111.0, 109.0, 48.0, 36.8, 30.0, 21.6, 8.9. IR 3051.0, 2972.4,
2924.5,2864.6, 1639.3, 1468.0, 1415.9, 1369.6, 1332.8, 1264.7, 1233.9, 1189.7, 1140.5, 1047.5, 1008.9, 980.7,
928.0, 860.6, 799.7, 734.1, 631.3 cm’'; HRMS (CI*) (m/z) caled. for Ci¢HaN,O [M+H]" 257.1648; found

257.1647.

Me

N-((1,3-Dimethyl-1H-indol-2-yl)methyl)-/V,4-dimethylbenzenesulfonamide (1x)
1x (1.44 g, 70% for 2 steps) was purified as a white solid by flash column
©\—/|L/I\rflle chromatography (ethyl acetate/hexane = 1:10 to 1:2). M.P. 150-152 °C; "H-NMR (400
N "Ts  MHz, CDCls) §: 7.84-7.75 (m, 2H), 7.55 (dt, J= 7.9, 1.0 Hz, 1H), 7.43 (d, J = 8.0 Hz,
1x 2H), 7.35 (dt, J= 8.2, 1.0 Hz, 1H), 7.32-7.25 (m, 1H), 7.14 (ddd, /= 8.0, 6.8, 1.1 Hz,
1H), 4.28 (s, 2H), 3.89 (s, 3H), 2.51 (d, J= 1.3 Hz, 6H), 2.21 (s, 3H). *C-NMR (100
MHz, CDCIl;) o: 143.9,137.4,132.8, 130.0, 128.0, 127.8, 127.5,122.3, 118.93, 118.85, 111.0, 109.1, 43.9, 33.6,
30.0,21.7,8.8.1R 2953.4,2919.0, 2860.4, 1463.5, 1340.5, 1267.7, 1195.5, 1161.3, 1090.5, 1027.6,963.3,914.2,
810.7, 753.5, 664.2 cm™'; HRMS (CI") (m/z) calcd. for C19H2N>O,S [M]* 342.1397; found 342.1395.

N-Methyl-V-((1,3-dimethyl-1H-indol-2-yl)methyl)-furan-2-carboxamide (1y)
1y (1.10 g, 65% for 2 steps) was purified as a light yellow oil. by flash column

Me
©\_/|&'Y'e O™\ chromatography (ethyl acetate/hexane = 1:10to 1:2) 'H-NMR (400 MHz, CDCl;)
N SN
N~ 5:7.61 (d, J = 7.8 Hz, 1H), 7.55 (d, J = 1.7 Hz, 1H), 7.35-7.23 (m, 2H), 7.16
y ° (ddd, J=7.9, 6.4, 1.4 Hz, 1H), 7.09 (d, J = 3.4 Hz, 1H), 6.53 (dd, J=3.5, 1.8 Hz,

1H), 5.01 (brs, 2H), 3.68 (brs, 3H), 3.06 (brs, 3H), 2.42 (brs, 3H). *C-NMR (100
MHz, CDCl3) 5: 160.1, 147.8, 144.2, 137.2, 130.1, 127.8, 122.1, 118.9, 118.8, 116.7, 111.3, 110.9, 109.0, 40.5,
34.3,29.9, 8.9. IR 2919.4, 2861.9, 1619.5, 1571.1, 1478.7, 1395.4, 1331.3, 1274.8, 1239.1, 1186.9, 1152.1,
1067.8, 1015.3,954.0, 925.8, 884.4, 848.8, 738.8, 675.0 cm’'; HRMS (CI*) (m/z) caled. for C17H;sN20, [M+H]*
283.1441; found 283.1436.
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OTIPS
OH OTIPS 2) MeNH, _ N\
N CHO 1) TIPSCI N\ CHO 3) 2-Thiophenecarbonyl chloride ,’\\‘,I /N—R
e
N N 56-58% for 3 steps Me

Me Me

S10 S11 1z: R = 2-Thiophenecarbonyl
1aa: R =Ac

4.7. Preparation of 1z and laa: To a stirred solution of the compound S10% (1.22 g, 6 mmol) in N,N-
dimethylformamide (DMF, 20 mL) were added imidazole (817 mg, 12 mmol) and triisopropylsilyl chloride
(TIPSCI, 1.93 mL, 9 mmol) at RT. After completion of the addition, the reaction mixture was allowed to stir
for 2 h. The mixture was quenched by H,O (100 mL), and the mixture was extracted with ethyl acetate (4 x 50
mL). The combined organic fractions were washed with brine, dried over Na.SQO., filtered, and concentrated
under reduced pressure. To a stirred solution of the unstable aldehyde S11 in MeOH (30 mL) was added MeNH,
(40% aqueous solution, 775 uL, 9 mmol) at RT. After completion of the addition, the reaction mixture was
allowed to stir for 10 h. Then NaBH4 (454 mg, 12 mmol) was added at 0 °C, and the above residue was stirred
for 0.5 h. The mixture was quenched by saturated NH4Cl solution (100 mL), and the mixture was extracted with
ethyl acetate (4 x 50 mL). The combined organic fractions were washed with brine, dried over Na.SO., filtered,
and concentrated under reduced pressure. To a stirred solution of the above residue in DCM (30 mL) was added
EtsN (1.67 mL, 12 mmol) at RT. Then Ac20O (681 pL, 7.2 mmol) or 2-thiophenecarbonyl chloride (770 pL, 7.2
mmol) was added at 0 °C, and the resulting reaction mixture was stirred for 1 h before quenched by H,O (100
mL). The reaction mixture was extracted with DCM (4 x 50 mL). The combined organic fractions were washed
with brine, dried over Na;SO,, filtered, and concentrated under reduced pressure. The resulting residue was
purified by flash column chromatography to give compound 1z and laa.

N-Methyl-N-((3-(((triisopropylsilyl)oxy)ethyl)-1H-indol-2-yl)methyl)-thiophene-2-carboxamide (1z)
OTIPS 1z (1.58 g, 56% for 3 steps) was purified by flash column chromatography (ethyl
acetate/hexane = 1:10 to 1:1) as a white solid. M.P. 130132 °C; 'H-NMR (400
Me s\ MHz, CDCls) 8: 9.23 (brs, 1H), 7.59 (d, J=7.8 Hz, 1H), 7.50 (d, J= 5.0 Hz, 1H),
N 7.44(d,J=3.7Hz 1H), 7.37 (d,J= 8.0 Hz, 1H), 7.24-7.16 (m, 1H), 7.16-7.02
o} (m, 2H), 4.79 (brs, 2H), 3.94 (t, J = 7.4 Hz, 2H), 3.25 (brs, 3H), 3.11 (t, /= 7.4
Hz, 2H), 1.23-0.96 (m, 21H). 3C-NMR (100 MHz, CDCl;) &: 165.8, 137.5, 135.9,
131.5,130.1,129.9, 127.7,127.1,122.3,119.2, 118.7, 111.3, 110.9, 64.3,44.2, 37.6, 28.5, 18.1, 12.1. IR 3265.5,
2951.4,2920.7, 2860.8, 1645.2, 1598.5, 1527.0, 1454.6, 1389.3, 1274.1, 1091.9, 1057.0, 1005.4, 964.7, 879.7,
853.0, 814.7, 727.6, 679.3, 632.1 cm™!; HRMS (CI") (m/z) calcd. for CaHisN20,SSi [M]* 470.2418; found

470.2419.

1z

N-Methyl-N-((3-(((triisopropylsilyl)oxy)ethyl)-1H-indol-2-yl)methyl)-acetamide (1aa)
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OTIPS laa (1.40 g, 58% for 3 steps) was purified by flash column chromatography (ethyl
OjC acetate/hexane = 1:10 to 1:1) as a white solid. M.P. 112-114 °C; '"TH-NMR (400 MHz,
H “'T/‘I;AC CDCl3) &: 9.16 (brs, 1H), 7.58 (dd, J = 7.9, 1.0 Hz, 1H), 7.36-7.30 (m, 1H), 7.18

(ddd, J=8.2,7.0,1.2 Hz, 1H), 7.11 (td, J=7.5, 7.1, 1.1 Hz, 1H), 4.65 (s, 2H), 3.92

(t,J=7.5Hz, 2H), 3.09 (t, J= 7.5 Hz, 2H), 3.03 (s, 3H), 2.14 (s, 3H), 1.17-1.03 (m,

21H). BC-NMR (100 MHz, CDCl;) &: 172.2, 135.8, 132.1, 127.6, 122.1, 119.1, 118.6, 111.1, 110.2, 64.3, 42.9,
36.4,28.4,21.8,18.1,12.0. IR 3261.2,2926.8, 2862.9, 1634.1, 1459.5, 1407.0, 1340.2, 1269.4, 1204.1, 1097.3,

1012.9, 929.9, 882.8, 818.9, 738.0, 681.7 cm™'; HRMS (CI") (m/z) caled. for C23H39N,0,Si [M+H]" 403.2775;
found 403.2792.

1aa

R R Ry

R NH, 1) Methyl chloroformate \-Me Boc,0 or Ac,0 \-Me
2 N 2) LiAIH, R, b Et;N Rz :
A\ Ny Rj
H H 67-69% for 3 steps H
$12:R; =H, R, = OMe $14: R, = H, R, = OMe 1ai: Ry = H, R, = OMe, Rs = Boc
$13: Ry = CO,Me, R, = H 815: Ry = CH,OH, R, = H 1ak: Ry = CH,0Ac, Ry = H, R = Ac

4.8. Preparation of 1ai: To a stirred solution of the compound S12¢ (1.14 g, 6 mmol) in toluene (20 mL) and
saturated NaHCOs aqueous solution (20 mL) was added methyl chloroformate (510 pL, 6.6 mmol). After
completion of the addition, the reaction mixture was allowed to stir for 3 h at RT. Then the organic fractions
were collected, and the aqueous phase was extracted with ethyl acetate (2 x 30 mL). The combined organic
fractions were washed with brine, dried over Na;SOy, filtered, and concentrated under reduced pressure. To a
stirred solution of the above residue in THF (30 mL) were added lithium aluminium hydride (LiAlH4, 1.02 g,
27 mmol) at 0 °C under N». After completion of the addition, the reaction mixture was allowed to reflux for 4
h. Then the mixture was quenched by saturated NH4Cl solution (100 mL) and ethyl acetate (100 mL). The
organic fractions were collected, and the aqueous phase was extracted with ethyl acetate (2 x 50 mL). The
combined organic fractions were washed with brine, dried over Na,SOs, filtered, and concentrated under
reduced pressure to give crude S14. To a stirred solution of the above residue in DCM (30 mL) were added
trimethylamine (EtzN, 2.5 mL, 18 mmol) and di-tert-butyl dicarbonate (Boc,O, 1.52 mL, 6.6 mmol). After
completion of the addition, the reaction mixture was allowed to stir for 3 h at RT. Then the mixture was
guenched by H,O (100 mL) and DCM (100 mL). The organic fractions were collected, and the aqueous phase
was extracted with DCM (2 x 30 mL). The combined organic fractions were washed with brine, dried over
Na»SOy, filtered, and concentrated under reduced pressure. The resulting residue was purified by flash column
chromatography (ethyl acetate/hexane = 1:20 to 1:5) to give compound lai (1.26 g, 69% for 3 steps) as light
yellow oil. 'H-NMR (400 MHz, CDCI5) 8: 8.42 (brs, 1H), 7.26-7.20 (m, 1H), 7.06 (s, 1H), 6.95 (s, 1H), 6.86
(dd, J=8.7, 2.4 Hz, 1H), 3.88 (s, 3H), 3.53 (s, 2H), 2.95 (t, J = 7.3 Hz, 2H), 2.88 (s, 3H), 1.60-1.20 (m, 9H).
BC-NMR (100 MHz, CDCl;) &: 156.0, 153.9, 131.7, 127.9, 123.0, 112.8, 112.0, 100.7, 79.3, 56.1, 49.6, 34.4,
28.4,24.0.1R 3316.4,2955.4,2921.5, 1669.4, 1584.8, 1480.7, 1452.5, 1395.8, 1365.5, 1302.0, 1261.3, 1212.9,
1165.4,1061.1, 1032.0, 920.7, 876.4, 828.7, 795.9, 758.4, 636.1 cm™'; HRMS (CI") (m/z) calcd. for C17H24N>0;3

[M]" 304.1781; found 304.1773.
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N-Methyl-V-[(S)-1-acetoxymethyl-2-(1H-indol-3-yl)-ethyl]-acetamide (1ak)
lak (1.16 g, 67% for 3 steps) was prepared as a light yellow oil from S2%7 (1.31 g, 6
mmol) by following the identical procedure for the synthesis of 1ai. "TH-NMR (400
N(Ac)Me  MHz, CDCls) 6: 8.65 (d, J = 38.7 Hz, 1H), 7.58 (dd, J = 27.2, 7.8 Hz, 1H), 7.35 (tt,
N\ J=28.4,09 Hz, 1H), 7.24-7.07 (m, 2H), 7.04-6.86 (m, 1H), 5.35-5.20 (m, 0.5 H),
H 1ak 4.41-4.33 (m, 0.5 H), 4.33-4.25 (m, 1H), 4.18 (ddd, /= 11.6, 8.2, 4.4 Hz, 1H), 3.08—
2.91 (m, 2H), 2.86 (d, J=24.2 Hz, 3H), 2.05 (d, J = 2.2 Hz, 3H), 2.04 (s, 1.5 H), 1.77 (s, 1.5 H). *C-NMR (100
MHz, CDCl3) 6: 171.9,171.8,171.1,170.8, 136.4, 136.3, 127.4, 126.9, 122.9, 122.4,122.3, 122.0, 119.7, 119.4,
118.5,117.9, 111.7, 111.4, 111.1, 110.3, 63.9, 63.6, 57.2, 52.3, 31.3, 26.6, 25.3, 24.6, 22.6, 21.5, 21.0, 20.9. IR
3272.3,2955.5,2922.4, 2860.9, 1735.5, 1622.5, 1450.3, 1407.4, 1369.6, 1235.1, 1098.7, 1039.7, 979.8, 751.2,
601.4 cm™; HRMS (CI") (m/z) caled. for C16H21N,O3 [M+H]* 289.1547; found 289.1544.

OAc

5. Oxidation of Indoles to 2-oxindoles with H.O»/FeBr, or H,O,/CeBrs.

General Procedure: To a stirred solution of indole 1 (0.4 mmol) in THF/H.O (10/1, 2.2 mL) was added FeBr;
(8.62 mg, 0.04 mmol) or CeBrs (12.2 mg, 0.032 mmol). Then aqueous H,O; (30 wt%, 88 uL, 0.88 mmol) was
added to the solution. After completion of the addition, the reaction mixture was stirred at RT for 0.5-3 h before
quenched by dilute aqueous Na,S,0O3 solution (0.1 M, 10 mL) and ethyl acetate (20 mL). The organic fractions
were collected, and the aqueous phase was extracted with ethyl acetate (2x10 mL). The combined organic
fractions were washed with H,O, dried over Na,SO, filtered, and concentrated under reduced pressure. The
resulting residue was purified by flash column chromatography to give compound 2. Slight modifications
including solvents, equivalent of H,O, and the catalyst may be used for different types of substrates as specified
below.

1’-(tert-Butoxycarbonyl)spiro[indoline-3,3'-pyrrolidin]-2-one (2a)
NBoc 2a* was prepared according to General Procedure and purified by flash column
chromatography (ethyl acetate/hexane = 1:5 to 2:1) as a light yellow oil (FeBr: 86.5 mg,
O 75%; CeBrs: 107 mg, 93%). 'H-NMR (400 MHz, CDCls) 6: 9.46 (d,J=34.7 Hz, 1H), 7.26—
7.10 (m, 2H), 7.08-6.91 (m, 2H), 3.93-3.50 (m, 4H), 2.41 (dt, J=12.6, 8.3 Hz, 1H), 2.15-

2.00 (m, 1H), 1.48 (d,J=24.4 Hz, 9H). *C-NMR (100 MHz, CDCls) &: 180.7, 180.4, 154.6,
140.5, 140.4, 133.2, 132.8, 128.5, 123.0, 122.8, 110.3, 80.0, 79.9, 54.4, 53.9, 53.5, 52.5, 45.6, 45.3, 36.4, 35.6,
28.6, 28.5. IR 3211.4, 2975.0, 1691.4, 1620.0, 1472.1, 1399.8, 1338.8, 1224.0, 1166.4, 1126.2, 878.2, 735.9,

576.9 cm™'; HRMS (CI") (m/z) caled. for Ci16H20N203 [M]" 288.1468; found 288.1473.

N
H
2a

1’-Tosylspiro[indoline-3,3’-pyrrolidin]-2-one (2b)
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NTs 2b* was prepared according to General Procedure and purified by flash column
chromatography (ethyl acetate/hexane = 1:5 to 2:1) as a light yellow oil (FeBr: 111 mg, 81%;
O CeBrs: 129 mg, 94%). 'H-NMR (400 MHz, CDCl3) §: 9.00 (s, 1H), 7.76 (d, J = 8.0 Hz, 2H),
7.36 (d,J= 7.9 Hz, 2H), 7.20 (td, J = 7.5, 1.6 Hz, 1H), 7.01-6.90 (m, 2H), 6.88 (d, J = 7.7
Hz, 1H), 3.71 (dt, J= 9.4, 7.5 Hz, 1H), 3.60-3.50 (m, 2H), 3.46 (d, /= 9.8 Hz, 1H), 2.45 (s,
3H), 2.29 (dt, J = 12.6, 7.9 Hz, 1H), 2.10-2.00 (m, 1H). *C-NMR (100 MHz, CDCl;) &: 179.5, 144.0, 140.0,
133.3,132.8, 129.9, 128.6, 127.8, 123.2, 123.1, 110.2, 56.0, 53.0, 47.4, 36.3, 21.7. IR 3283.3, 1710.9, 1617.0,
1471.9,1337.9,1224.2,1157.6,1015.2, 1015.2, 811.3, 747.1, 662.8, 590.7, 548.8 cm™'; HRMS (CT") (m/z) calcd.
for C1sH1sN2O3S [M+H]" 343.1111; found 343.1118.

2b

1’-Acetylspiro[indoline-3,3’-pyrrolidin]-2-one (2¢)
2¢* was prepared according to General Procedure (THF/AcOH/H,O = 10/10/1, 2.1 mL, when
FeBr, was used) and purified by flash column chromatography (ethyl acetate/hexane = 1:5 to
O  3:1)as a light yellow oil (FeBr2: 62.6 mg, 68%; CeBrs: 75.5 mg, 82%). '"H-NMR (400 MHz,
” 2¢ CDCl) 6: 9.82-9.66 (m, 1H), 7.21 (qd, J=7.8, 1.2 Hz, 1H), 7.12 (dd, J = 7.6, 4.2 Hz, 1H),
7.05-6.91 (m, 2H), 4.03-3.91 (m, 1H), 3.90-3.75 (m, 2H), 3.76-3.55 (m, 1H), 2.49-2.33 (m,
1H), 2.27-2.01 (m, 4H). *C-NMR (100 MHz, CDCI3) &: 180.5, 179.5, 169.8, 169.6, 140.9, 140.6, 132.4, 131.7,
128.7, 128.6, 122.9, 122.8, 122.5, 110.5, 110.4, 55.4, 53.6, 53.5, 51.9, 46.7, 45.2, 36.4, 35.0, 22.6, 22.4. IR
3197.1, 1709.1, 1612.9, 1460.1, 1418.9, 1338.9, 1190.0, 728.3 cm™'; HRMS (CI") (m/z) calcd. for Ci3H14N2O,

[M]" 230.1050; found 230.1059.

NAc

1’-(Methoxycarbonyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2d)
NCO,Me 2d* was prepared according to General Procedure (THF/AcOH/H,O = 10/10/1, 2.1 mL,
when FeBr, was used) and purified by flash column chromatography (ethyl
o acetate/hexane = 1:5 to 2:1) as a light yellow oil (FeBrz: 73.9 mg, 75%; CeBr;: 84.7 mg,
2d 86%). 'H-NMR (400 MHz, CDCl;) 8: 9.54 (d, J=21.5 Hz, 1H), 7.22 (t,J = 7.8 Hz, 1H),
7.14(dd, J=7.6,3.4 Hz, 1H), 7.02 (t, J= 7.6 Hz, 1H), 6.95 (d, /= 7.8, 1H), 3.94-3.54
(m, 7H), 2.41 (ddt,J=16.6, 11.7, 5.3 Hz, 1H), 2.15-2.00 (m, 1H). *C-NMR (100 MHz, CDCl;) 8: 180.5, 180.2,
155.6, 155.5, 140.6, 140.5, 132.6, 132.3, 128.6, 123.0, 122.9, 122.7, 110.4, 54.3, 54.0, 53.4, 52.8, 52.7, 52.5,
45.8,45.3,36.4,35.5.1R 3229.3,1679.2, 1618.1, 1456.2, 1388.8, 1191.4, 1128.1, 744.7 cm™'; HRMS (CT") (m/z)
calcd. for Ci3H14N2O3 [M]" 246.0999; found 246.1002.

N
H

1-Methyl-1’-(methoxycarbonyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2¢)
NCO,Me 2¢* was prepared according to General Procedure and purified by flash column
o chromatography (ethyl acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBrz: 75 mg,
N 72%; CeBrs: 84.3 mg, 81%). '"H-NMR (400 MHz, CDCl3) &: 7.32-7.22 (m, 1H), 7.18—

Me
2e 7.10 (m, 1H), 7.03 (t, J= 7.6 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 3.91-3.47 (m, 7H), 3.20
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(brs, 3H), 2.44-2.30 (m, 1H), 2.10-1.90 (m, 1H). 3C-NMR (100 MHz, CDCL) &: 177.5, 177.1, 155.4, 155.3,
142.9, 142.8, 132.3, 131.9, 128.5, 123.04, 122.99, 122.4, 108.3, 54.4, 54.0, 52.8, 52.6, 51.9, 45.7, 45.2, 36.3,
35.4, 26.4. IR 3508.4, 2952.3, 2884.2, 1694.8, 1610.3, 1453.5, 1380.0, 1196.5, 1128.5, 1092.6, 756.8 cm™;
HRMS (CT") (m/z) calcd. for C14HsN2O3 [M]* 260.1155; found 260.1165.

1-Benzyl-1’-(methoxycarbonyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2f)
NCO,Me 2f* was prepared according to General Procedure and purified by flash column
chromatography (ethyl acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBrz: 82.1 mg,
N O 61%; CeBrs: 94.2 mg, 70%). '"H-NMR (400 MHz, CDCl3) &: 7.38-7.25 (m, 5H), 7.24—
Bn  2f 7.17 (m, 2H), 7.05 (t,J= 7.5 Hz, 1H), 6.78 (dd, J= 8.1, 3.3 Hz, 1H), 4.94 (brs, 2H), 4.02—
3.60 (m, 7H), 2.49 (dt, J = 12.7, 8.5 Hz, 1H), 2.25-2.05 (m, 1H). *C-NMR (100 MHz, CDCl;) &: 177.8, 177.4,
155.4, 142.1, 142.0, 135.7, 132.3, 131.8, 128.9, 128.5, 127.8, 127.2, 123.12, 123.07, 122.5, 109.4, 54.6, 54.2,
52.9,52.7,52.6,51.9,45.8, 45.3, 43.90, 43.85, 36.4, 35.6. IR 2952.3, 2883.0, 1697.7, 1609.2, 1452.0, 1353.7,
1184.5, 1124.9, 963.9, 740.8, 549.5 cm™'; HRMS (CI") (m/z) calcd. for C20H2N203 [M]" 336.1468; found

336.1467.

5-Methoxy-1’-(methoxycarbonyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2g)
NCO,Me 2g* was prepared according to General Procedure (THF/AcOH/H,O = 10/10/1,

MeO 2.1 mL, when FeBr, was used) and purified by flash column chromatography
N © (ethyl acetate/hexane = 1:5 to 2:1) as a light yellow oil (FeBrz: 95.0 mg, 86%;
H 2g CeBr3: 91.7 mg, 83%). 'H-NMR (400 MHz, CDCl;) 6: 9.60-9.42 (m, 1H), 6.85

(d, J=8.4 Hz, 1H), 6.74 (brs, 2H), 3.96-3.51 (m, 10H), 2.45-2.30 (m, 1H), 2.15—
2.00 (m, 1H). *C-NMR (100 MHz, CDCl3) &: 180.4, 180.1, 156.13, 156.07, 155.5, 133.9, 133.8, 133.7, 112.7,
112.5, 110.7, 110.6, 110.3, 110.1, 55.8, 54.3, 53.9, 53.8, 52.9, 52.7, 45.7, 45.2, 36.3, 35.5. IR 3225.7, 2953.1,
1684.2, 1450.5, 1388.8, 1307.9, 1193.0, 1033.2, 812.6, 729.5 cm!; HRMS (CI*) (m/z) calcd. for C14H16N2Oy
[M]* 276.1105; found 276.1108.

(5°S,3R)-1’~(tert-Butoxycarbonyl)-5’-(methoxycarbonyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2h)
co,Me 2h* was prepared according to General Procedure and purified by flash column
ENBOC chromatography (ethyl acetate/hexane = 1:5 to 3:1) as a light yellow oil (FeBr2: 109 mg,
79%; CeBrs: 118 mg, 85%). [a]3? =-11.3 (c 1, MeOH). 'H-NMR (400 MHz, CDCls)
©\N 0 6:9.44 (d, J=10.9 Hz, 1H), 7.26-7.20 (m, 1H), 7.10 (t, /= 7.5 Hz, 1H), 7.06-7.00 (m,
H2h 1H), 6.97 (dd, J= 7.8, 4.4 Hz, 1H), 4.79-4.57 (m, 1H), 3.87-3.66 (m, 5H), 2.55 (ddd, J
=14.6,12.7, 9.0 Hz, 1H), 2.44-2.31 (m, 1H), 1.45 (d, J = 12.6 Hz, 9H). *C-NMR (100
MHz, CDCls) &: 178.4, 178.3, 172.6, 172.3, 154.4, 153.5, 140.10, 140.07, 133.3, 133.1, 128.8, 123.2, 123.1,
122.4, 110.6, 81.0, 59.1, 58.7, 55.4, 54.8, 53.2, 52.6, 52.4, 52.3, 40.5, 39.6, 28.4. IR 3254.5, 2977.0, 1697.3,
1619.3, 1470.4, 1207.1, 1161.5, 900.4, 739.3 cm™'; HRMS (CI") (m/z) caled. for CisH»N>Os [M]* 346.1523;

found 346.1530.
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(5’S,3R)-1’(Thiophene-2-carbonyl)-5’-(methoxycarbonyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2i)
COzMg 2i was prepared according to General Procedure and purified by flash column
N chromatography (ethyl acetate/hexane = 1:5 to 3:1) as a white solid (FeBr»: 98.4
@""" | P mg, 69%; CeBrs: 128 mg, 90%). M.P. 88-90 °C; [a]4?* =+51.2 (c 1, MeOH). 'H-
” o) NMR (400 MHz, CDCls) &: 9.75 (brs, 1H), 7.52-7.36 (m, 2H), 7.18 (td, J = 7.7,
2i 1.2 Hz, 1H), 7.08-6.90 (m, 4H), 5.16 (dd, /= 10.2, 7.8 Hz, 1H), 4.32 (d, /= 10.1
Hz, 1H), 4.05 (d, J=10.1 Hz, 1H), 3.72 (s, 3H), 2.60 (dd, J = 12.6, 10.4 Hz, 1H),
2.40(dd,J=12.7, 8.1 Hz, 1H). *C-NMR (100 MHz, CDCls) 8: 176.9, 171.3, 162.5, 140.1, 137.2, 132.3, 130.90,
130.87,128.8,127.4,123.0,122.2,110.7,59.6, 57.6, 53.7,52.6, 38.4. IR 3209.6, 2953.6,2921.1,2876.8, 1715.7,
1608.5, 1520.2, 1470.9, 1430.1, 1396.3, 1341.4, 1267.6, 1204.2, 1100.8, 1032.2,910.7, 854.6, 731.7, 672.0 cmx’

' HRMS (CI') (m/z) caled. for CisHi7N204S [M+H]* 357.0904; found 357.0915.

w

1’-(tert-Butoxycarbonyl)-2’-methylspiro[indoline-3,3’-pyrrolidin]-2-one (2j)

NBoc 2j was prepared according to General Procedure using THF/AcOH/H,O (10/10/1, 2.1 mL)
N Me as the solvent and purified by flash column chromatography (ethyl acetate/hexane = 1:5 to
©\N © 2:1) as a light yellow oil (FeBra: 64.2 mg, 53.1%; CeBrs: 59.0 mg, 48.8%). 'H-NMR (400
: 2j MHz, CDCls) &: 9.55 (brs, 1H), 7.20 (t, J=7.8 Hz, 1H), 7.10 (d, /= 7.4 Hz, 1H), 7.01 (t, J
=7.5 Hz, 1H), 6.93 (d, J= 7.8 Hz, 1H), 4.17-3.59 (m, 3H), 2.63-2.25 (m, 1H), 2.10-2.00
(m, 1H), 1.48 (brs, 9H), 1.29 (d, J = 6.5 Hz, 3H). BC-NMR (100 MHz, CDCl;) &: 179.7, 179.2, 154.5, 140.5,
133.2, 132.3, 128.4, 122.8, 122.6, 110.0, 79.9, 60.9, 56.8, 45.4, 44.7, 34.1, 33.3, 28.6, 16.6, 15.5. IR 3238.7,
2968.5,2924.0, 1693.7, 1620.4, 1468.1, 1395.8, 1337.6, 1255.4, 1169.1, 1131.7, 1109.3, 1019.3, 980.3, 860.8,

744.8, 674.5, 638.0 cm™'; HRMS (CI") (m/z) calcd. for C17H2:N>03 [M]" 302.1625; found 302.1635.

1’-(tert-Butoxycarbonyl)-2’-methylspiro[indoline-3,3’-pyrrolidin]-2-one (2j’)
NBoc 2j’ was prepared according to General Procedure using THF/AcOH/H,0O (10/10/1, 2.1 mL)
wN_ “Me as the solvent and purified by flash column chromatography (ethyl acetate/hexane = 1:5 to
©\N © 2:1) as a light yellow oil (FeBr2: 22.9 mg, 18.9%; CeBrs: 26.9 mg, 22.2%). 'H-NMR (400
H 2j° MHz, CDCl;) &: 9.41 (brs, 1H), 7.22 (d, J = 7.9 Hz, 2H), 7.03 (t,J= 7.6 Hz, 1H), 6.96 (d, J
=7.7 Hz, 1H), 4.20-3.57 (m, 3H), 2.31 (dt, /= 12.6, 8.1 Hz, 1H), 2.08 (brs, 1H), 1.48 (brs,
9H), 1.10 (brs, 3H). *C-NMR (100 MHz, CDCl5) : 180.8, 155.1, 141.1, 129.9, 128.5, 125.1, 122.4,110.4, 79.9,
59.0, 58.1, 45.9, 33.9, 28.6, 17.8. IR 3237.1, 2966.3, 2923.3, 1696.6, 1621.3, 1467.1, 1393.4, 1336.7, 1251.5,
1223.7,1171.2, 1134.7, 1103.7, 1025.1, 860.8, 750.1, 704.3, 673.7, 638.9, 600.8 cm™'; HRMS (CI") (m/z) calcd.

for C17H2:N203 [M]* 302.1625; found 302.1629.

1’-(tert-Butoxycarbonyl)-2’-(isobutyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2k)



NBoc 2k* was prepared according to General Procedure using THF/AcOH/H,O (10/10/1, 2.1

» mL) as the solvent and purified by flash column chromatography (ethyl acetate/hexane =
©\N o Pr 1:5 to 2:1) as a light yellow oil (FeBr,: 58.2 mg, 42.2%; CeBrs: 59.2 mg, 43.0%). 'H-
2k NMR (400 MHz, CDCl;) &: 8.75 (brs, 1H), 7.25-7.17 (m, 1H), 7.12-6.96 (m, 2H), 6.92
(d,J=7.7Hz, 1H), 4.08-3.56 (m, 3H), 2.52 (brs, 1H), 2.10-1.98 (m, 1H), 1.85 (brs, 1H),
1.60-1.30 (m, 11H), 0.82 (brs, 6H). *C-NMR (100 MHz, CDCls) &: 178.5, 154.8, 139.5, 134.9, 128.2, 123.1,
122.7,109.9, 80.3, 63.7, 55.9, 44.0, 40.3, 34.0,28.7,25.2,23.1, 22.8. IR 3229.8,2961.3, 1693.6, 1619.5, 1469.7,
1395.6, 1167.3, 1116.9, 743.7 cm™!; HRMS (CI") (m/z) caled. for C20H2sN>O3 [M]* 344.2094; found 344.2089.

H

1’-(tert-Butoxycarbonyl)-2’-(isobutyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2k’)
NBoc 2k’* was prepared according to General Procedure using THF/AcOH/H>O (10/10/1, 2.1
Ry mL) as the solvent and purified by flash column chromatography (ethyl acetate/hexane =
©\N o P 1:5 to 2:1) as a light yellow oil (FeBra: 34.2 mg, 24.8%; CeBrs: 53.7 mg, 39.0%). 'H-
H o 2k NMR (400 MHz, CDCls) &: 9.32 (s, 1H), 7.26 (ddd, J = 8.0, 3.9, 1.2 Hz, 2H), 7.05 (td, J
=7.6, 1.1 Hz, 1H), 6.97 (dd, J = 8.1, 1.0 Hz, 1H), 4.14 (d, J = 78.5 Hz, 2H), 3.60 (ddd, /= 11.2, 8.6, 7.1 Hz,
1H), 2.33 (dt, J = 12.4, 8.5 Hz, 1H), 2.05-1.98 (m, 1H), 1.76 (s, 1H), 1.52 (s, 9H), 1.38 (s, 1H), 1.02 (s, 1H),
0.85 (d, J = 6.4 Hz, 3H), 0.60 (d, J = 6.5 Hz, 3H). *C-NMR (100 MHz, CDCl;) &: 181.4, 155.4, 140.9, 130.1,
128.4,125.2,122.2,110.4, 80.0, 61.2, 57.4, 45.8, 41.0, 35.8, 28.7, 24.7, 23.4, 22.0. IR 3238.2, 2961.0, 1699.8,
1620.0, 1468.7, 1393.0, 1168.1, 1108.8, 745.9 cm™'; HRMS (CI") (m/z) caled. for C20H2sN>O5 [M]" 344.2094;

found 344.2101.

1’-(tert-Butoxycarbonyl)-2’-(phenylethyl)spiro[indoline-3,3’-pyrrolidin]-2-one (21)

NBoc 21 was prepared according to General Procedure using THF/AcOH/H.O (10/10/1,

D 2.1 mL) as the solvent and purified by flash column chromatography (ethyl
©\\ O acetate/hexane = 1:5 to 2:1) as a light yellow oil (FeBr2: 61.5 mg, 39.2%; CeBrs:
H . 47.6 mg, 30.3%). '"H-NMR (400 MHz, CDCls) &: 9.14 (brs, 1H), 7.25-7.00 (m, 8H),

6.93 (d, J= 7.7 Hz, 1H), 4.23-3.69 (m, 3H), 2.51 (brs, 3H), 2.30-1.90 (m, 3H),
1.48 (brs, 9H). *C-NMR (100 MHz, CDCls) &: 179.2, 178.7, 154.8, 142.0, 139.6, 134.7, 133.9, 128.5, 128.4,
125.8, 123.2, 122.7, 110.1, 80.3, 79.9, 65.2, 64.9, 55.9, 45.1, 44.2, 35.7, 34.3, 33.8, 33.3, 32.9, 28.6. IR 3233.3,
2963.9, 2925.8, 1950.3, 1691.3, 1617.9, 1469.0, 1393.9, 1249.4, 1166.3, 1119.8, 1029.3, 989.0, 868.0, 740.6,
696.9, 636.1 cm’!; HRMS (CI*) (m/z) caled. for CasHasN>O3 [M]* 392.2094; found 392.2108.

1’-(tert-Butoxycarbonyl)-2’-(phenylethyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2I’)
NBoc 20’ was prepared according to General Procedure using THF/AcOH/H,O (10/10/1,
\gﬂ/ 2.1 mL) as the solvent and purified by flash column chromatography (ethyl
N O/\© acetate/hexane = 1:5 to 2:1) as a white solid (FeBr2: 27.9 mg, 17.8%; CeBrs: 34.1
H 9 mg, 21.7%). M.P. 98-100 °C; 'H-NMR (400 MHz, CDCI;) &: 9.27 (s, 1H), 7.35~
7.26 (m, 2H), 7.15 (t, J="7.0 Hz, 2H), 7.12-7.05 (m, 2H), 7.02 (d, /= 7.7 Hz, 1H),
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6.85-6.79 (m, 2H), 4.13 (d, J = 65.3 Hz, 2H), 3.63 (ddd, J = 11.2, 8.5, 7.1 Hz, 1H), 2.50-2.11 (m, 3H), 2.11—
1.60 (m, 3H), 1.50 (s, 9H). "C-NMR (100 MHz, CDCL) &: 181.2, 155.4, 141.8, 141.0, 129.8, 128.7, 128.4,
128.3, 125.8, 125.3, 122.5, 110.5, 80.0, 63.1, 57.3, 46.0, 35.7, 34.6, 32.4, 28.6. IR 3236.2, 2957.0, 2920.9,
2866.8, 1701.7, 1620.1, 1464.2, 1391.3, 1337.6, 1263.2, 1224.1, 1165.9, 1115.2, 1020.9, 974.8, 857.1, 750.6,
700.4 cm™; HRMS (CIY) (m/z) caled. for CaaHasN,O5 [M]* 392.2094; found 392.2101.

1’-(tert-Butoxycarbonyl)-2’-(cyanopropyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2m)

NBoc 2m was prepared according to General Procedure using THF/AcOH/H,O (10/10/1,

o CN 21 mL) as the solvent and purified by flash column chromatography (ethyl
©\N ° acetate/hexane = 1:2 to 3:1) as a light yellow oil (FeBr.: 61.6 mg, 43.3%; CeBr;:
H 2m 53.3 mg, 37.5%). '"H-NMR (400 MHz, CDCls) &: 9.43 (s, 1H), 7.25-7.15 (m, 1H),

7.05-6.90 (m, 3H), 4.05-3.61 (m, 3H), 2.58-2.37 (m, 1H), 2.29 (brs, 2H), 2.11-1.74
(m, 3H), 1.70-1.40 (m, 11H). *C-NMR (100 MHz, CDCls) &: 178.7, 178.2, 154.7, 139.7, 139.6, 134.2, 133.6,
128.4,123.1, 122.3,119.6, 110.2, 80.6, 80.1, 64.3, 63.9, 5.7, 55.4, 44.8, 44.0, 35.0, 33.8, 30.6, 30.4, 28.5, 22.8,
22.6, 17.1, 17.0. IR 3246.2, 2965.1, 2929.1, 2247.2, 1692.6, 1619.7, 1470.9, 1395.8, 1338.7, 1264.3, 1169.5,
1124.8, 1028.4, 985.9, 879.3, 746.3, 635.1 cm™'; HRMS (CI') (m/z) caled. for CaoHasN3Os [M]* 355.1890; found
355.1884.

1’-(tert-Butoxycarbonyl)-2’-(cyanopropyl)spiro[indoline-3,3’-pyrrolidin]-2-one (2m”)
NBoc 2m’ was prepared according to General Procedure using THF/AcOH/H,O (10/10/1,
N ~CN 2.1 mL) as the solvent and purified by flash column chromatography (ethyl
©\N © acetate/hexane = 1:2 to 3:1) as a white solid (FeBra: 30.8 mg, 21.7%; CeBr3(53.3
2m' mg, 37.5%). M.P. 176-178 °C; 'TH-NMR (400 MHz, CDCl;) &: 9.49 (brs, 1H), 7.28—
6.83 (m, 4H), 4.15-3.50 (m, 3H), 2.55-1.87 (m, 6H), 1.60—1.20 (m, 11H). *C-NMR
(100 MHz, CDCl;) 6: 181.0, 155.5, 154.7, 141.1, 128.8, 128.4, 125.0, 123.0, 122.4, 122.3, 119.4, 110.5, 110.2,
80.1, 61.9, 56.3,45.5, 34.8, 31.3, 28.5, 21.9, 16.9. IR 3248.4, 2973.0, 2940.2, 2248.8, 1688.0, 1620.0, 1470.5,
1393.6, 1336.9, 1262.6, 1231.3, 1166.2, 1122.6, 1027.4, 884.2, 868.8, 735.8, 638.2 cm™'; HRMS (CI") (m/z)

calcd. for C20H2sN303 [M]* 355.1890; found 355.1895.

2-Methyl-4,5-dihydro-2H-spiro[furan-3,3’-indolin]-2’-one (2n)
2n* was prepared according to General Procedure and purified by flash column

N
H
2n

'O chromatography (ethyl acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBr2: 60.1 mg,
O,/Me 74%; CeBrs: 72.3 mg, 89%). 'H-NMR (400 MHz, CDCI5) 3: 9.04 (brs, 1H), 7.30-7.18 (m,
2H), 7.14-7.02 (m, 1H), 7.02-6.91 (m, 1H), 4.37-4.09 (m, 3H), 2.73 (ddd, J = 12.7, 9.5,
6.6 Hz, 1H), 2.24 (ddd, J=12.6, 8.2, 5.6 Hz, 1H), 0.94 (d, J = 6.2 Hz, 3H). 3*C-NMR (100

MHz, CDCl) 6: 180.2, 140.3, 131.8, 128.1, 124.7, 122.8, 110.1, 82.4, 67.3, 58.4, 38.2, 15.2. IR 3230.3, 2978.0,



2877.6, 1707.5, 1619.7, 1471.8, 1344.7, 1224.7, 1106.2, 1046.2, 751.3 cm™'; HRMS (CI") (m/z) caled. for
Ci2Hi3NO;2 [M]* 203.0941; found 203.0943.

2-Phenyl-4,5-dihydro-2H-spiro[furan-3,3’-indolin]-2’-one (20)

20* was prepared according to General Procedure and purified by flash column
chromatography (ethyl acetate/hexane = 1:10to 1:1) as a light yellow oil (FeBr,: 81.7 mg,
77%; CeBrs: 96.6 mg, 91%). 'H-NMR (400 MHz, CDCl;) &: 9.63 (brs, 1H), 7.20-7.14
(m, 3H), 7.13-6.99 (m, 4H), 6.92 (td, J= 7.6, 1.1 Hz, 1H), 6.75 (d, J= 7.7 Hz, 1H), 5.29
(s, 1H), 4.52 (td, J = 8.3, 6.9 Hz, 1H), 4.43 (td, J=9.2, 5.4 Hz, 1H), 2.90 (ddd, J=12.5,
9.4, 6.9 Hz, 1H), 2.38 (ddd, J = 12.5, 8.0, 5.4 Hz, 1H). *C-NMR (100 MHz, CDCI3) &: 180.3, 139.9, 136.6,
131.2,127.8,127.6,127.5,125.4,124.7,122.2,109.7, 87.5, 67.3, 59.8, 38.1. IR 3223.7,2882.3, 1702.2, 1618.0,
1471.7, 1219.5, 1061.4, 479.9, 704.8 cm™'; HRMS (CI") (m/z) calcd. for C7H;sNO, [M+H]" 266.1176; found
266.1178.

2-Cyclohexyl-4,5-dihydro-2 H-spiro[furan-3,3’-indolin]-2’-one (2p)

2p* was prepared according to General Procedure using THF/AcOH/H,O (10/10/1,
@" /E/ 2.1 mL) as the solvent and purified by flash column chromatography (ethyl

acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBr2: 76.0 mg, 70%; CeBr;: 95.5
mg, 88%). 'H-NMR (400 MHz, CDCI;) §: 8.64 (brs, 1H), 7.30-7.20 (m, 2H), 7.06
(td, J=17.6, 1.0 Hz, 1H), 6.95 (d, J= 7.7 Hz, 1H), 4.26-4.07 (m, 2H), 3.81 (d, J =
9.8 Hz, 1H), 2.64 (ddd, J = 12.5, 9.3, 7.4 Hz, 1H), 2.09 (ddd, J = 12.6, 7.8, 5.1 Hz, 1H), 2.00 (d, /= 12.1 Hz,
1H), 1.65 (dd, J=12.0, 4.3 Hz, 1H), 1.48 (d, J = 12.0 Hz, 1H), 1.43-1.27 (m, 2H), 1.15-0.94 (m, 3H), 0.91—
0.64 (m, 3H). *C-NMR (100 MHz, CDCl5) 8: 180.6, 140.0, 132.1, 128.0, 124.7, 122.8, 110.1, 90.1, 66.4, 56.6,
40.6,39.4,31.1,27.4,26.2,25.5. IR 3224.6,2925.3, 1705.0, 1618.6, 1471.3, 1344.1, 1222.4,1073.1, 750.4 cmw’
I; HRMS (CI") (m/z) caled. for Ci7H21NO, [M+H]" 272.1645; found 272.1649.

2p

2,2-Dimethyl-4,5-dihydro-2H-spiro[furan-3,3’-indolin]-2’-one (2q)

2q [FeBrx(55.6 mg, 64%), CeBr3(66.1 mg, 76%)] was prepared according to General
Procedure using THF/AcOH/H»O (10/10/1, 2.1 mL) as the solvent and purified by flash
column chromatography (ethyl acetate/hexane = 1:10 to 1:1) as white solid. mp 128130
°C; 'TH-NMR (400 MHz, CDCl3) &: 9.50 (brs, 1H), 7.28-7.23 (m, 1H), 7.20 (td, J = 7.7,
1.3 Hz, 1H), 7.01 (td, J=7.6, 1.1 Hz, 1H), 6.95 (d, J= 7.7 Hz, 1H), 4.28 (td, J=9.0, 5.6 Hz, 1H), 4.18 (td, J =
8.9,5.9 Hz, 1H), 2.65 (ddd, J=12.7, 9.3, 5.9 Hz, 1H), 2.32 (ddd, J=12.7, 9.1, 5.6 Hz, 1H), 1.34 (s, 3H), 1.11
(s, 3H). PC-NMR (100 MHz, CDCl;) &: 180.8, 141.0, 131.6, 128.1, 124.9, 122.3, 110.0, 84.8, 64.4, 60.1, 35.9,
24.4,23.3.1R 3247.4,2961.0, 2924.2, 2883.2, 1703.3, 1619.9, 1376.2, 1333.4, 1224.2, 1182.8, 1152.0, 1109.9,
1047.5, 972.0, 885.0, 834.8, 743.3, 691.0, 635.1 ¢cm'; HRMS (CI") (m/z) caled. for Ci3HigNO> [M+H]*
218.1176; found 218.1186.
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1,3-Dimethyl-3-(methoxymethyl)indolin-2-one (2r)
Me 2r'® was prepared according to General Procedure using MeCN/H,O (10/1, 2.2 mL) as
WOMe the solvent and purified by flash column chromatography (ethyl acetate/hexane = 1:5 to
I\N/Ie ¢ 1:1) as a light yellow oil (FeBr2: 64.9 mg, 79%; CeBrs: 73.9 mg, 90%). 'H-NMR (400
2r MHz, CDCls) 6: 7.29-7.22 (m, 2H), 7.05 (td, /= 7.5, 1.0 Hz, 1H), 6.85-6.80 (m, 1H),
3.62 (s, 2H), 3.20 (d, J = 3.1 Hz, 6H), 1.32 (s, 3H). 3*C-NMR (100 MHz, CDCl5) &:
179.1, 143.5, 132.8, 128.0, 122.9, 122.5, 108.0, 77.1, 59.5, 49.4, 26.3, 19.8. IR 3501.4, 2928.3, 2880.0, 2826.1,
1703.2, 1609.5, 1462.4, 1346.6, 1309.3, 1249.9, 1104.6, 970.8, 748.6 cm™'; HRMS (CI") (m/z) caled. for

Ci2HisNO> [M]" 205.1097; found 205.1107.

1,3-Dimethyl-3-(((tert-butyldimethylsilyl)oxy)methyl)indolin-2-one (2s)

Me 2s'® was prepared according to General Procedure using MeCN/H,O (10/1, 2.2 mL)
MOTBS as the solvent and purified by flash column chromatography (ethyl acetate/hexane =
I\N/Ie 0] 1:10 to 1:2) as a light yellow oil (FeBr2: 97.8 mg, 80%; CeBrs: 86.8 mg, 71%). 1H-

2s NMR (400 MHz, CDCls) &: 7.30-7.20 (m, 2H), 7.03 (td, J = 7.5, 1.0 Hz, 1H), 6.83-

6.78 (m, 1H), 3.78 (d, J = 1.2 Hz, 2H), 3.18 (s, 3H), 1.32 (s, 3H), 0.71 (s, 9H), -0.08
(s, 3H), -0.15 (s, 3H). 3C-NMR (100 MHz, CDCls) &: 179.3, 143.8, 133.2, 127.8, 123.2, 122.2, 107.7, 68.2,
50.7, 26.1, 25.6, 18.4, 18.0, -5.5, -5.7. IR 2933.4, 2857.9, 1714.4, 1612.4, 1465.8, 1377.5, 1347.7, 1253.2,
1106.6, 842.1, 777.0, 746.4 cm*; HRMS (CI*) (m/z) calcd. for C17H2sNO,Si [M+H]* 306.1884; found 306.1893.

1,3-Dimethyl-3-(allyloxymethyl)indolin-2-one (2t)

Me 2t was prepared according to General Procedure using MeCN/H,O (10/1, 2.2 mL)
w\o/\/ as the solvent and purified by flash column chromatography (ethyl acetate/hexane
Rl/le o =1:10 to 1:1) as a light yellow oil (FeBr»: 72.2 mg, 78%; CeBrs: 84.2 mg, 91%).

2t 'H-NMR (400 MHz, CDCls) &: 7.30-7.22 (m, 2H), 7.04 (td, J = 7.5, 1.0 Hz, 1H),

6.82 (d,J=7.7 Hz, 1H), 5.72 (ddt, J= 17.2, 10.5, 5.4 Hz, 1H), 5.16-5.03 (m, 2H),
3.93-3.79 (m, 2H), 3.72-3.58 (m, 2H), 3.19 (s, 3H), 1.33 (s, 3H). *C-NMR (100 MHz, CDCl;) &: 178.9, 143.4,
134.5,132.9, 127.9, 123.0, 122.3, 116.6, 107.9, 74.3, 72.2, 49.3, 26.2, 19.6. IR 3055.5, 2971.2, 2927.9, 2857.9,
1707.8, 1611.5, 1468.3, 1429.5, 1350.2, 1258.5, 1094.9, 1026.8, 999.5, 927.2, 741.5, 700.0, 641.6 cm™'; HRMS
(CI") (m/z) caled. for C14H;sNO, [M+H]" 232.1332; found 232.1341.

1-Methyl-3-methoxymethyl-3-(methoxyethyl)indolin-2-one (2u)

S-19



OMe 2u was prepared according to General Procedure using MeCN/H,O (10/1, 2.2 mL) as

the solvent and purified by flash column chromatography (ethyl acetate/hexane = 1:10

OMe to 1:1) as alight yellow oil (FeBr,: 84.8 mg, 85%; CeBrs: 90.7 mg, 91%). 'H-NMR (400

N~ X0 MHz, CDCl) 6: 7.30-7.20 (m, 2H), 7.06 (t, J = 7.5 Hz, 1H), 6.83 (d, /= 7.7 Hz, 1H),

lee 3.67 (d, J=8.8 Hz, 1H), 3.58 (d, J = 8.8 Hz, 1H), 3.20 (d, J = 6.0 Hz, 6H), 3.15-2.99

(m, 5H), 2.23 (dt, J=13.7, 7.8 Hz, 1H), 2.04 (ddd, J = 13.7, 6.9, 4.6 Hz, 1H). *C-NMR

(100 MHz, CDCls) 6: 178.2, 144.2, 130.3, 128.1, 123.4, 122.2, 107.9, 76.8, 68.3, 59.5, 58.4, 51.9, 33.0, 26.2.

IR 2980.0, 2925.6, 2880.5, 2823.6, 1707.7, 1609.9, 1465.2, 1376.9, 1346.9, 1261.3, 1194.5, 1107.5, 1023.3,

961.2,927.5,840.7,747.2,696.9, 641.2 cm™'; HRMS (CI") (m/z) calcd. for C1aHxNOs; [M+H]" 250.1438; found
250.1451.

3-Acetoxymethyl-3-(acetoxyethyl)indolin-2-one (2v)
OAc 2v was prepared according to General Procedure using MeCN/H,O (10/1, 2.2 mL) as
the solvent and purified by flash column chromatography (ethyl acetate/hexane = 1:2 to
OOAC 5:1) as a white solid (FeBr,: 53.6 mg, 46%; CeBrs: 59.4 mg, 51%). M.P. 124-126 °C;
'H-NMR (400 MHz, CDCl;) &: 8.48 (brs, 1H), 7.25-7.18 (m, 2H), 7.06 (td, /= 7.5, 1.0
Hz, 1H), 6.93 (d, /J="7.8 Hz, 1H), 4.51 (d, J=10.7 Hz, 1H), 4.17 (d, /= 10.8 Hz, 1H),
3.99 (dt,J=11.9, 6.2 Hz, 1H), 3.83 (ddd, /=113, 7.5, 6.5 Hz, 1H), 2.33 (dt, J= 14.1, 7.0 Hz, 1H), 2.22 (dt, J
=14.1,6.2 Hz, 1H), 1.90 (s, 3H), 1.84 (s, 3H). *C-NMR (100 MHz, CDCls) 8: 179.2, 170.7, 170.5, 141.2, 129.0,
128.9, 124.1, 122.9, 110.1, 67.5, 60.3, 51.2, 31.9, 20.70, 20.67. IR 3276.7, 2955.4, 2919.7, 2856.4, 17334,
1623.3, 1466.0, 1373.0, 1231.8, 1047.5, 755.5 cm™'; HRMS (CI") (m/z) caled. for CisHi7sNOs [M]" 291.1101;

found 291.1101.

N
H
2v

N-Allyl-NV-((3-methyl-2-oxoindolin-3-yl)methyl)-acetamide (2w)
Ac 2w was prepared according to General Procedure using MeCN/H-O (10/1, 2.2 mL)

\

: Me ,N_\: as the solvent and purified by flash column chromatography (ethyl acetate/hexane

=1:5t0 2:1) as a light yellow oil (FeBr2: 68.6 mg, 63%; CeBrs: 83.9 mg, 77%). 'H-

I\N/Ie © NMR (400 MHz, CDCl3) &: 7.30 (dd, J=7.4, 1.2 Hz, 1H), 7.23-7.10 (m, 1H), 7.05—

2w 6.98 (m, 1H), 6.75 (dd, J=17.5,7.8 Hz, 1H), 5.58-5.33 (m, 1H), 5.05-4.90 (m, 1H),

4.85-4.70 (m, 1H), 4.20 (d, J = 14.0 Hz, 1H), 3.92-3.52 (m, 2H), 3.43 (d, /= 14.0 Hz, 1H), 3.20-3.05 (m, 3H),

2.00-1.75 (m, 3H), 1.35-1.20 (m, 3H). *C-NMR (100 MHz, CDCls) &: 180.0, 178.5, 171.55, 171.50, 143.4,

1429, 132.7, 132.4, 131.6, 131.5, 128.7, 128.0, 124.4, 123.1, 122.5, 122.4, 116.6, 115.9, 108.5, 107.6, 53.5,

51.1,50.0,49.5,49.3,48.1,26.3,26.2,22.4,22.0,21.6,21.1. 1R 2971.1,2928.6, 1701.7, 1642.9, 1614.7, 1467 .2,

1416.1, 1349.0, 1296.2, 1246.6, 1163.5, 1119.0, 1027.4, 985.7, 924.0, 872.0, 750.0, 696.9, 644.5, 600.2 cm’';
HRMS (CT") (m/z) calcd. for Ci6H21N20, [M+H]" 273.1598; found 273.1613.

N-((1,3-Dimethyl-2-oxoindolin-3-yl)methyl)-/V,4-dimethylbenzenesulfonamide (2x)
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Me s 2x was prepared according to General Procedure using MeCN/H»O (10/1, 2.2 mL) as

w\'\.‘ the solvent and purified by flash column chromatography (ethyl acetate/hexane =1:10

I\N/Ie o Me to 1:1) as a light yellow oil (FeBrz: 71.7 mg, 50%; CeBrs: 84.6 mg, 59%). 'H-NMR

2x (400 MHz, CDCls) &: 7.50-7.41 (m, 2H), 7.38 (dd, /= 7.4, 1.2 Hz, 1H), 7.29 (td, J =

7.8, 1.3 Hz, 1H), 7.23 (d, J= 8.1 Hz, 2H), 7.10 (td, /= 7.5, 1.0 Hz, 1H), 6.84 (d, J =

7.8 Hz, 1H), 3.77 (d, /= 13.9 Hz, 1H), 3.22 (d, /= 13.9 Hz, 1H), 3.18 (s, 3H), 2.45 (s, 3H), 2.37 (s, 3H), 1.37

(s, 3H). BC-NMR (100 MHz, CDCls) &: 179.3, 143.4, 143.2, 134.5, 131.3, 129.6, 128.3, 127.5, 124.5, 122.8,

108.1, 55.7, 48.9, 36.8, 26.4, 22.2, 21.5. IR 3055.6, 2967.9, 2925.9, 1706.0, 1609.4, 1480.6, 1462.7, 1378.5,

1339.1, 1265.4, 1219.3, 1159.0, 1125.8, 1093.7, 994.1, 922.8, 876.7, 811.3, 731.8, 651.1 cm™'; HRMS (CT*)
(m/z) calcd. for C1oH23N203S [M+H]" 359.1424; found 359.1417.

N-Methyl-V-((1,3-dimethyl-2-oxoindolin-3-yl)methyl)-furan-2-carboxamide (2y)
Me o 2y was prepared according to General Procedure using MeCN/H>O (10/1, 2.2 mL)
w\w)@ is the solvent and pl:lrlﬁed by ﬂas.h column chromatography (ethyl acetate/hexane
N Me =1:10 to 1:1) as a light yellow oil (FeBrz: 87.1 mg, 73%; CeBrs: 96.6 mg, §1%).
Me 2y "H-NMR (400 MHz, CDCl3) &: 7.37-7.10 (m, 3H), 6.93-6.72 (m, 3H), 6.35 (brs,
1H), 4.58 (d, J = 14.0 Hz, 1H), 3.90-3.36 (m, 1H), 3.19 (s, 3H), 2.92 (brs, 3H),
1.36 (s, 3H). “C-NMR (100 MHz, CDCls) &: 180.0, 160.4, 147.6, 143.8, 143.1, 131.1, 128.3, 124.2, 122.7,
116.3, 111.2, 107.9, 53.4, 49.5, 37.6, 26.4, 22.2. IR 2968.0, 2928.2, 1704.2, 1615.4, 1573.7, 1485.1, 1384.8,

1348.2, 1282.0, 1159.9, 1116.6, 1074.0, 1021.2, 938.2, 886.1, 835.9, 740.8, 699.7, 632.7 cm™'; HRMS (CI")
(m/z) calcd. for C17H19N203 [M+H]" 299.1390; found 299.1407.

N-Methyl-N-((3-(((triisopropylsilyl)oxy)ethyl)-2-oxoindolin-3-yl)methyl)-thiophene-2-carboxamide (2z)

OTIPS 2z was prepared according to General Procedure using MeCN/H,O (10/1, 2.2 mL)
] as the solvent and purified by flash column chromatography (ethyl acetate/hexane
|}1 \ S/ = 1:5 to 2:1) as a white solid (FeBr,: 115 mg, 59%; CeBrs: 111 mg, 57%). M.P.
Me

134-136 °C; '"H-NMR (400 MHz, CDCl;) 3: 9.43 (brs, 1H), 7.35-7.20 (m, 2H),
7.14 (t, J = 7.7 Hz, 1H), 6.98-6.78 (m, 4H), 4.66 (d, J = 13.8 Hz, 1H), 3.67 (s,
1H), 3.58-3.38 (m, 2H), 2.93 (s, 3H), 2.35-2.20 (m, 1H), 2.11 (brs, 1H), 0.93—
0.88 (m, 21H). *C-NMR (100 MHz, CDCl3) &: 182.1, 165.2, 141.4, 137.3, 129.3, 129.0, 128.7, 128.4, 126.6,
125.0, 122.4, 109.9, 59.3, 54.2, 52.8,39.2, 38.5, 17.9, 11.9. IR 3221.3, 2934.8, 2863.8, 1712.1, 1613.7, 1523.7,
1464.1,1391.0, 1336.8, 1289.1, 1265.3, 1191.4, 1104.5, 1058.9, 1003.1,921.0, 882.1, 849.8, 807.7, 743.5, 680.6,
649.4 cm''; HRMS (CIY) (m/z) caled. for CasH3oN,05SSi [M+H]* 487.2445; found 487.2438.

Iz

2z

N-Methyl-NV-((3-(((triisopropylsilyl)oxy)ethyl)-2-oxoindolin-3-yl)methyl)-acetamide (2aa)
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OTIPS 2aa was prepared according to General Procedure using MeCN/H,O (10/1, 2.2 mL) as
the solvent and purified by flash column chromatography (ethyl acetate/hexane = 1:5

N’AC to 2:1) as a light yellow oil (FeBr,: 100 mg, 60%; CeBrs: 109 mg, 65%). 'H-NMR (400

0 Me MHz, CDCl3) 8: 9.26 (d, J=27.8 Hz, 1H), 7.31-7.07 (m, 2H), 7.05-6.92 (m, 1H), 6.87
(dd, J=15.8,7.7 Hz, 1H), 4.20 (dd, J=207.9, 14.2 Hz, 1H), 3.75-3.31 (m, 3H), 2.78—

2.57 (m, 3H), 2.32-2.16 (m, 1H), 2.12-2.02 (m, 1H), 2.00-1.75 (m, 3H), 0.96-0.84

(m, 21H). ®C-NMR (100 MHz, CDCls) 6: 182.2, 180.5, 171.9, 171.3, 141.8, 141.3, 129.6, 129.5, 128.8, 128.2,
1253, 124.2, 122.3, 122.2, 110.6, 109.6, 59.3, 59.2, 57.6, 53.1, 52.8, 52.6, 38.4, 37.8, 37.2, 35.8, 21.6, 21.5,
17.9,11.9. 1R 3199.1, 2934.5, 2864.6, 1713.2, 1625.5, 1467.4, 1398.8, 1336.0, 1259.2, 1192.1, 1104.4, 1000.6,
915.2, 882.4, 808.0, 741.4, 679.8, 650.4 cm™'; HRMS (CI") (m/z) calcd. for C23H39N,O5Si [M+H]* 419.2724;

found 419.2737.

N
H
2aa

3-Methylindolin-2-one (2ab)
Mo 2ab* was prepared according to General Procedure with FeBr, (4.3 mg, 0.02 mmol) or CeBr;
(3.1 mg, 0.008 mmol) as the catalyst and using tert-butanol/H,O (20/1, 2.1 mL) as the solvent
©\/Ng:0 and purified by flash column chromatography (ethyl acetate/hexane = 1:5 to 3:1) as a light
H yellow oil (FeBr2: 52.4 mg, 89%; CeBrs: 51.2 mg, 87%). 'H-NMR (400 MHz, CDCl5) 8: 9.69
(s, 1H), 7.21 (t, J = 7.6 Hz, 2H), 7.07-7.00 (m, 1H), 6.96 (d, /= 7.8 Hz, 1H), 3.49 (q, J= 7.7
Hz, 1H), 1.52 (d, J = 7.7 Hz, 3H). *C-NMR (100 MHz, CDCIl;) &: 182.2, 141.5, 131.3, 127.9, 123.8, 122.4,

110.0, 41.3, 15.3. IR 3150.6, 1680.2, 1613.9, 1461.6, 1332.4, 1215.4, 1169.6, 791.3, 741.7, 657.3, 543.9 cm';
HRMS (CI") (m/z) caled. for CoHoNO [M]* 147.0679; found 147.0687.

2ab

1,3-Dimethylindolin-2-one (2ac)

Me 2ac* was prepared according to General Procedure with FeBr, (4.3 mg, 0.02 mmol) or CeBr;
©jg:0 (3.1 mg, 0.008 mmol) as the catalyst and using tert-butanol/H>O (20/1, 2.1 mL) as the solvent
N and purified by flash column chromatography (ethyl acetate/hexane = 1:5 to 1:1) as a light
2ac yellow oil (FeBr: 56.7 mg, 88%; CeBr3(63.2 mg, 98%). 'H-NMR (400 MHz, CDCI3) &: 7.29—
7.19 (m, 2H), 7.04 (t, J=7.5 Hz, 1H), 6.81 (d,J= 7.8 Hz, 1H), 3.41 (q,J=7.7 Hz, 1H), 3.19
(s,3H), 1.46 (d,J=7.7 Hz, 3H). BC-NMR (100 MHz, CDCl5) &: 178.6, 143.9, 130.6, 127.8, 123.4, 122.3, 107.9,
40.5,26.1,15.3.1R 3502.9,2971.9,2932.9, 1702.7, 1610.2, 1463.8, 1345.9, 1255.6, 1093.2, 754.0 cm™'; HRMS

(CT") (m/z) calcd. for C1oHiiNO [M]* 161.0835; found 161.0845.

1-Benzyl-3-methylindolin-2-one (2ad)
Me 2ad* was prepared according to General Procedure with FeBr (4.3 mg, 0.02 mmol) or CeBr;
©\/g: (3.1 mg, 0.008 mmol) as the catalyst and using tert-butanol/H,O (20/1, 2.1 mL) as the solvent
N © and purified by flash column chromatography (ethyl acetate/hexane = 1:5 to 1:1) as a light
yellow oil (FeBr2: 90.2 mg, 95%; CeBr;: 82.6 mg, 87%). 'H-NMR (400 MHz, CDCl;) §: 7.36—
7.31 (m, 4H), 7.29 (ddt, J=8.9, 5.5, 1.7 Hz, 2H), 7.19 (tt, J= 7.7, 1.1 Hz, 1H), 7.06 (td, J =
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7.5, 1.0 Hz, 1H), 6.76 (d, J = 7.8 Hz, 1H), 4.95 (s, 2H), 3.57 (q, J = 7.6 Hz, 1H), 1.58 (d, J = 7.7 Hz, 3H). ’C-
NMR (100 MHz, CDCls) 6: 178.8, 143.1, 136.1, 130.7, 128.8, 127.8, 127.6, 127.3, 123.6, 122.5, 109.0, 43.7,
40.6, 15.7. IR 2053.9, 2972.5, 2927.4, 1706.7, 1608.9, 1480.9, 1458.4, 1350.9, 1166.5, 973.7, 743.8, 699.8 cm
!; HRMS (CI") (m/z) calcd. for C16H2sNO [M]* 237.1148; found 237.1150.

3-(((tert-butyldimethylsilyl)oxy)ethyl)indolin-2-one (2ae)

2ae'’ was prepared according to General Procedure with FeBr, (4.3 mg, 0.02 mmol) or

OTBS
o CeBrs (3.1 mg, 0.008 mmol) as the catalyst and using fert-butanol/H,O (20/1, 2.1 mL)
N as the solvent and purified by flash column chromatography (ethyl acetate/hexane =1:10
H
2236 to 1:1) as a light yellow oil (FeBrz: 99.1 mg, 85%; CeBrs: 97.9 mg, 84%). 'H-NMR (400

MHz, CDCl3) 6: 9.68 (s, 1H), 7.26-7.16 (m, 2H), 7.01 (td, J=7.5, 1.0 Hz, 1H), 6.94 (d,
J=71.7Hz, 1H), 3.88-3.76 (m, 2H), 3.62 (t,J = 6.4 Hz, 1H), 2.23 (dq, /= 13.8, 6.2 Hz, 1H), 2.11 (dq, J= 13.5,
6.6 Hz, 1H), 0.87 (s, 9H), 0.01 (d, J = 4.7 Hz, 6H). *C-NMR (100 MHz, CDCl;) &: 181.6, 142.0, 129.6, 127.9,
124.4,122.1,110.0,59.8,43.1, 33.3, 26.0, 18.3,-5.36,-5.41. IR 3205.7, 2934.0, 2858.4, 1703.7, 1619.6, 1469.9,
1248.4, 1101.1, 946.0, 833.4, 776.1, 742.8, 661.9 cm™'; HRMS (CI") (m/z) caled. for CisH2sNO2Si [M]*
291.1649; found 291.1645.

7-Ethyl-3-(((fert-butyldimethylsilyl)oxy)ethyl)indolin-2-one (2af)

2af was prepared according to General Procedure with FeBr: (4.3 mg, 0.02 mmol) or

OTBS CeBrs (3.1 mg, 0.008 mmol) as the catalyst and using fert-butanol/H,O (20/1, 2.1 mL)
o .
N as the solvent and purified by flash column chromatography (ethyl acetate/hexane =1:10
M H to 1:1) as a white solid (FeBrz: 105 mg, 82%; CeBrs: 93.3 mg, 73%).M.P. 6668 °C; 'H-
e 2af

NMR (400 MHz, CDCL3) &: 10.2 (s, 1H), 7.10 (t, J = 8.5 Hz, 2H), 6.99 (t, J = 7.5 Hz,
1H), 3.96-3.79 (m, 2H), 3.65 (t, J = 6.6 Hz, 1H), 2.70 (q, J = 7.6 Hz, 2H), 2.25-2.10 (m, 2H), 1.30 (t, J = 7.6
Hz, 3H), 0.89 (brs, 9H), 0.04 (d, J = 4.2 Hz, 6H). *C-NMR (100 MHz, CDCL) &: 182.1, 140.3, 129.5, 127.4,
125.8,122.2,121.7,59.9, 43.3, 33.6,26.0, 24.0, 18.4, 14.2, -5.3, -5.4. IR 3184.4,2954.1, 2928.8, 2860.7, 1703.7,
1623.1, 1455.0, 1389.1, 1333.2, 1258.4, 1203.0, 1104.3, 1078.7, 1006.2, 946.0, 837.2, 750.9, 671.5 cm™'; HRMS
(CI*) (m/z) caled. for CisHzNO,Si [M+H]* 320.2040; found 320.2038.

Benzyl N-methyl-N-(2-(2-oxoindolin-3-yl)ethyl)carbamate (2ag)

2ag'® was prepared according to General Procedure with FeBr; (4.3 mg, 0.02 mmol)

N(Cbz)Me

o or CeBr3 (3.1 mg, 0.008 mmol) as the catalyst and using zert-butanol/H,O (20/1, 2.1

” ) mL) as the solvent and purified by flash column chromatography (ethyl
ag

acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBr2: 112 mg, 86%; CeBrs: 126
mg, 97%). '"H-NMR (400 MHz, CDCl3) &: 9.34 (d, J = 32.3 Hz, 1H), 7.40-7.30 (m, 6H), 7.18 (t, /= 7.8 Hz,
1H), 7.12-6.98 (m, 1H), 6.90-6.85 (m, 1H), 5.18-5.00 (m, 2H), 3.76-3.27 (m, 3H), 2.92 (s, 3H), 2.30-2.05 (m,
2H). BC-NMR (100 MHz, CDCl5) &: 180.4, 180.1, 156.2, 141.8, 136.9, 136.7, 129.2, 128.9, 128.5, 128.0, 127.8,
124.3,123.9,122.5,122.4,110.0, 67.2, 67.1,46.3,45.7, 43.8, 34.8, 34.2, 28 .4, 28.2. IR 3218.6, 2930.1, 1698.6,
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1618.3, 1471.8, 1403.2, 1188.0, 1135.8, 739.1, 695.2 cm™'; HRMS (CI") (m/z) caled. for CioH0N203 [M]*
324.1468; found 124.1465.

tert-Butyl N-methyl-NV-(2-(2-oxoindolin-3-yl)ethyl)carbamate (2ah)

2ah was prepared according to General Procedure with FeBr: (4.3 mg, 0.02 mmol)

N(Boc)Me
o or CeBr; (3.1 mg, 0.008 mmol) as the catalyst and using tert-butanol/H,O (20/1, 2.1
H mL) as the solvent and purified by flash column chromatography (ethyl
2ah acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBr2: 96.4 mg, 83%; CeBrs: 112

mg, 96%). "H-NMR (400 MHz, CDCls) &: 9.42-9.07 (m, 1H), 7.50-7.10 (m, 2H),
7.01 (t,J=7.5 Hz, 1H), 6.91 (brs, 1H), 3.68-3.21 (m, 3H), 2.84 (brs, 3H), 2.30-1.98 (m, 2H), 1.42 (s, 9H). 1*C-
NMR (100 MHz, CDCl3) 5: 180.5, 180.2, 155.8, 141.8, 141.7, 129.4, 129.2, 128.1, 124.5, 124.0, 122.5, 110.0,
109.9,79.7, 79.6, 46.0, 45.8,43.9, 34.4, 28.5. IR 3233.7,3056.1,2978.2, 2932.4, 1692.9, 1620.7, 1472.5, 1396.9,
1326.2, 1264.6, 1230.0, 1163.3, 1050.4, 877.1, 733.3 cm™!; HRMS (CI*) (m/z) caled. for C1HasN,O5 [M+H]*
291.1703; found 291.1705.

tert-Butyl N-methyl-V-(2-(5-methoxy-2-oxoindolin-3-yl)ethyl)carbamate (2ai)

.Boc 2ai was prepared according to General Procedure with FeBr; (4.3 mg, 0.02 mmol)

MeO N :
© O'\Vle or CeBrs (3.1 mg, 0.008 mmol) as the catalyst and using tert-butanol/H,O (20/1,
H 2.1 mL) as the solvent and purified by flash column chromatography (ethyl
2ai acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBr,: 100 mg, 78%; CeBrs:

118 mg, 92%). '"H-NMR (400 MHz, CDCls) &: 9.58 (d, J = 35.9 Hz, 1H), 7.06-6.59 (m, 3H), 3.73 (s, 3H), 3.63—
3.15 (m, 3H), 2.80 (s, 3H), 2.13 (brs, 2H), 1.39 (brs, 9H). *C-NMR (100 MHz, CDCls) &: 180.5, 180.1, 155.7,
135.3, 130.5, 112.6, 112.2, 111.5, 110.2, 79.5, 55.8, 45.9, 45.6, 44.3, 34.3, 28.4. IR 3233.6, 2956.4, 2923.1,
2870.8, 1689.4, 1605.0, 1483.3, 1451.7, 1395.1, 1367.0, 1302.6, 1269.0, 1205.0, 1146.4, 1033.0, 874.8, 809.8,
759.4, 646.3, 606.4 cm™'; HRMS (CI") (m/z) calcd. for C17HasN,O4 [M+H]" 321.1809; found 321.1817.

tert-Butyl N-benzyl-NV-((S)-1-methoxycarbonyl-2-(2-oxoindolin-3-yl)ethyl)carbamate (2aj)
CO,Me  2aj was prepared according to General Procedure with FeBr; (4.3 mg, 0.02 mmol)
N(Boc)Bn or CeBr3 (3.1 mg, 0.008 mmol) as the catalyst and using tert-butanol/H,O (20/1,
NS0 2.1 mL) as the solvent and purified by flash column chromatography (ethyl
H acetate/hexane = 1:10 to 1:1) as a light yellow oil (FeBrz: 153 mg, 90%; CeBrs:
156 mg, 92%). 'H-NMR (400 MHz, CDCls) &: 8.83 (d, J = 44.5 Hz, 1H), 7.48—
7.11 (m, 6H), 7.05-6.80 (m, 3H), 5.15-4.03 (m, 3H), 3.66-3.27 (m, 4H), 2.80-2.50 (m, 1H), 2.49—-1.95 (m, 1H),
1.63-1.33 (m, 9H). *C-NMR (100 MHz, CDCl;) &: 180.5, 180.2, 171.9, 171.8, 155.8, 141.6, 141.3, 138.0,
129.6, 129.3, 129.0, 128.4, 128.3, 128.1, 127.5, 123.9, 122.5, 110.0, 109.8, 81.1, 56.8, 56.5, 52.1, 52.0, 51.7,
42.8, 42.0, 31.5, 28.5. IR 3271.1, 2923.2, 2867.1, 1696.5, 1619.9, 1464.1, 1363.6, 1326.6, 1247.7, 1220.7,
1160.6, 1007.7, 863.3, 745.0, 699.0, 667.0 cm™'; HRMS (CI") (m/z) caled. for Co4H2sN>Os [M]"424.1993; found

424.1993.

2aj
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N-Methyl-V-[(S)-1-acetoxymethyl-2-(2-oxoindolin-3-yl)-ethyl]-acetamide (2ak)
2ak was prepared according to General Procedure with FeBr, (4.3 mg, 0.02 mmol)

or CeBr; (3.1 mg, 0.008 mmol) as the catalyst and using tert-butanol/H>O (20/1,

OAc

N(Ac)Me 21 mL) as the solvent and purified by flash column chromatography (ethyl

” O acetate/hexane = 1:1 to 5:1) as a light yellow oil (FeBrz: 92.5 mg, 76%; CeBrs:

2ak 106 mg, 87%). 'H-NMR (400 MHz, CDCl3) 8: 9.84-9.45 (m, 1H), 7.44-7.04 (m,

2H), 7.03-6.73 (m, 2H), 5.22-3.87 (m, 3H), 3.46-3.13 (m, 1H), 2.89-2.69 (m, 3H), 2.40-2.20 (m, 1H), 2.00—

1.92 (m, 4H), 1.91 (s, 1.5 H), 1.66 (s, 1.5 H). *C-NMR (100 MHz, CDCl5) 6: 179.8, 179.5, 179.0, 172.6, 172.1,

171.8,170.6, 170.4, 142.5, 142.2, 141.9, 129.1, 128.5, 128.1, 128.0, 127.9, 124.5, 123.7, 123.6, 122.3, 122.19,

122.16, 110.4, 110.0, 109.9, 64.0, 63.9, 63.4, 53.0, 43.3, 43.0, 42.1, 28.9, 28.74, 28.67, 26.8, 22.2, 22.1, 20.73,

20.70, 20.60. IR 3223.1, 2955.9, 2924.5, 1707.9, 1621.5, 1472.4, 1403.3, 1372.4, 1334.8, 1231.2, 1102.8,

1039.0, 980.8, 752.7, 664.7, 600.7 cm™'; HRMS (CI") (m/z) caled. for CisH21N,O4 [M+H]" 305.1496; found
305.1510.

Indolin-2-one (2al)
2al?® was prepared according to General Procedure with FeBr, (17.2 mg, 0.08 mmol) or CeBr;
m (24.4 mg, 0.064 mmol) and H20, (30%, 176 pL, 1.76 mmol) and purified by flash column
H ° chromatography (ethyl acetate/hexane = 1:5 to 3:1) as a light yellow oil (FeBrz: 35.2 mg, 66%;
CeBrs: 26.1 mg, 49%). '"H-NMR (400 MHz, CDCl3) &: 9.22 (brs, 1H), 7.25-7.16 (m, 2H), 7.01
(td, J=17.5, 1.0 Hz, 1H), 6.92-6.85 (m, 1H), 3.54 (s, 2H). *C-NMR (100 MHz, CDCl;) &: 178.3, 142.7, 128.0,
125.4, 124.7, 122.4, 110.0, 36.4. IR 3139.5, 3074.8, 1680.7, 1616.1, 1470.1, 1386.8, 1329.0, 1231.9, 1202.6,
863.3,734.7, 672.1, 541.8 cm™'; HRMS (CI") (m/z) calced. for CsH;NO [M]* 133.0522; found 133.0526.

2al

1-(Methyl)indolin-2-one (2am)

2am?! was prepared according to General Procedure with FeBr, (17.2 mg, 0.08 mmol) or
m CeBrs (24.4 mg, 0.064 mmol) and H»0, (30%, 176 uL, 1.76 mmol) and purified by flash
,\N,,e O column chromatography (ethyl acetate/hexane = 1:5 to 2:1) as light yellow oil (FeBrz: 31.2 mg,
2am 53%; CeBrs: 34.2 mg, 58%). *H-NMR (400 MHz, CDCls) &: 7.30-7.18 (m, 2H), 7.02 (td, J =
7.5, 1.0 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 3.48 (s, 2H), 3.18 (s, 3H). *C-NMR (100 MHz, CDCl3) §: 175.1,
145.2,127.9,124.5,124.3,122.4,108.1, 35.8, 26.2. IR 3388.3, 3057.4, 1695.9, 1611.2, 1464.8, 1346.0, 1263.0,

1125.9, 1089.0, 753.7, 655.4 cm™*; HRMS (CI*) (m/z) calcd. for CoHsNO [M]* 147.0679; found 147.0687.

1-(Benzyl)indolin-2-one (2an)

(24.4 mg, 0.064 mmol) and H,O: (30%, 176 pL, 1.76 mmol) and purified by flash column
Bn chromatography (ethyl acetate/hexane = 1:5 to 2:1) as a light yellow oil (FeBrz: 49.1 mg, 55%;
CeBr3: 50.0 mg, 56%). 'H-NMR (400 MHz, CDCl;) 8: 7.37-7.23 (m, 6H), 7.17 (td, J=17.8,1.2
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Hz, 1H), 7.01 (td, J= 7.5, 1.0 Hz, 1H), 6.74 (d, J= 7.8 Hz, 1H), 4.93 (s, 2H), 3.62 (s, 2H). *C-NMR (100 MHz,
CDCls) 6: 175.1, 144.3, 135.9, 128.8, 127.8, 127.6, 127.4, 124.5, 124.4, 122.4, 109.1, 43.7, 35.7. IR 3442.7,
3032.4,2920.0, 1701.4, 1608.3, 1460.6, 1347.8, 1224.2, 1195.5, 1162.1, 877.0, 737.6, 600.9, 615.1, 544.7 cm"
I, HRMS (CI") (m/z) caled. for CisHi3sNO [M]" 223.0992; found 223.0996.

4-Methylindolin-2-one (2ap)
Me 2ap? was prepared according to General Procedure with FeBr, (17.2 mg, 0.08 mmol) or
CeBr; (24.4 mg, 0.064 mmol) and H,O; (30%, 176 pL, 1.76 mmol) and purified by flash
N0 column chromatography (ethyl acetate/hexane = 1:5 to 3:1) as a light yellow oil (FeBr»: 49.5
H mg, 84%; CeBrs: 45.9 mg, 78%). '"H-NMR (400 MHz, CDCl;) &: 8.90 (brs, 1H), 7.12 (t, J =
7.8 Hz, 1H), 6.84 (d, J= 7.8 Hz, 1H), 6.74 (d, J= 7.7 Hz, 1H), 3.42 (s, 2H), 2.25 (s, 3H). *C-
NMR (100 MHz, CDCls) &: 178.0, 142.3, 134.4, 128.0, 124.3, 123.6, 107.4, 35.4, 18.7. IR 3082.4, 2911.8,

2836.9, 1722.4, 1663.3, 1463.3, 1463.0, 1317.4, 1258.7, 761.9 cm’'; HRMS (CT") (m/z) caled. for CoHoNO
[M+H]" 148.0757; found 148.0759.

2ap

6-Fluoroindolin-2-one (2aq)
2aq was prepared according to General Procedure with FeBr, (17.2 mg, 0.08 mmol) or
. m CeBr3 (24.4 mg, 0.064 mmol) and H,O; (30%, 176 pL, 1.76 mmol) and purified by flash
Me column chromatography (ethyl acetate/hexane = 1:5 to 2:1) as a white solid (FeBr: 46.9
mg, 71%; CeBr3: 48.9 mg, 74%). M.P. 98-100 °C; 'H-NMR (400 MHz, CDCls) 8: 7.13 (dd,
J=17.7,5.3 Hz, 1H), 6.68 (ddd, J=10.1, 8.1, 2.4 Hz, 1H), 6.52 (dd, J = 8.9, 2.4 Hz, 1H), 3.44 (s, 2H), 3.15 (s,
3H). “C-NMR (100 MHz, CDCls) &: 175.4, 161.8 (d, Jcr = 243 Hz), 146.6 (d, Jcr = 11.5 Hz), 125.1 (d, Jor =
9.5 Hz), 119.6 (d, Jcr = 3 Hz), 108.2 (d, Jor = 22 Hz), 96.8 (d, Jor = 27.5 Hz), 35.2, 26.3. IR 3063.5, 2952.7,
2921.4,1712.2,1659.5,1616.1, 1501.2, 1459.5, 1374.3, 1334.7, 1294.6, 1259.7, 1209.9, 1121.7, 1065.7, 961.3,
869.2, 799.2, 651.8, 608.7 cm™'; HRMS (CI") (m/z) caled. for CoHoFNO [M+NH,4]" 183.0928; found 183.0929.

6. Gram-scale oxidation of indole 1ab using H.O,/FeBr, or H,O,/CeBr3; at RT under open-air condition

Open-air

1.2% Cat. Me
RT
- O
N
H

2ab
FeBr,: 83%
CeBrs: 81%

To a stirred solution of compound 1ab (1.00 g, 7.62 mmol) in t-BuOH/H,O (20/1, 21 mL) was added FeBr;
(49.6 mg, 0.23 mmol) or CeBrs (34.6 mg, 0.091 mmol). A solution of H20> (30%, 1.68 mL, 16.8 mmol) in t-

BuOH/H;0 (20/1, 4.2 mL) was added dropwise to the reaction mixture. After completion of the addition, the
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resulting mixture was allowed to stir for additional 1-5 h. The reaction was quenched by dilute aqueous Na;S,03
solution (0.3 M, 100 mL) and ethyl acetate (100 mL). The organic fractions were collected, and the aqueous
phase was extracted with ethyl acetate (2x40 mL). The combined organic fractions were washed with H;O,
dried over Na,SOs, filtered, and concentrated under reduced pressure. The resulting residue was purified by
flash column chromatography (ethyl acetate/hexane = 1:2 to 3:1) to give compound 2ab (FeBr.: 931 mg, 83%);
CeBrs3: 909 mg, 81%).

7. Green chemistry metrics analysis:
E-Factor for 2ab using H2O2/FeBr (This Work):

Me Me

©j + FeBry(Cat) + H,0, NI Open-ar m +  H,0
H 4.3 mg 29.3 mg 89% H o waste
1ab 2ab
52.5 mg 52.4 mg

Total amount of reactants: 52.5 mg + 4.3 mg + 29.3 mg = 86.1 mg
Amount of final product: 52.4 mg

Amount of waste: 86.1 mg —52.4 mg = 33.7 mg

E-Factor = Amount of waste/Amount of product = 33.7/52.4 = 0.64

AE for 2ab using H.O/FeBr; (This Work):

Me Me

©\_/|( +  H,0, RT, Open-air . H,0
H MW = 34 89% H o waste
1ab 2ab
MW =131.2 MW = 147.2

Molecular weight of product: 147.2
Sum of molecular weight of reagent: 131.2 + 34 = 165.2
Atom economy = Molecular weight of product/Sum of molecular weight of reagent = 147.2/165.2 = 89.1%

RME for 2ab using H20./FeBr, (This Work):

Me Me
FeBr, (Cat.
CLT o« w222 (O 4 o
H 29.3 mg RT, 89% ” 0 waste
1ab 2ab
52.5 mg 52.4 mg

Mass of product: 52.4 mg
Total mass of reagent: 52.5 mg + 29.3 mg = 81.8 mg
RME = Mass of product/Total mass of reagent = 52.4/81.8 = 64.1%

PMI for 2ab using H202/FeBr, (This Work):
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Me Me

RT, -ai
©j + FeBry(Cat) + Hy0, » Open-air m +  H0
N 89% NS0

H 4.3 mg 29.3 mg H waste
1ab 2ab
52.5 mg 52.4 mg

Total mass in process: 52.5 mg + 4.3 mg + 29.3 mg = 86.1 mg
Mass of product: 52.4 mg
PMI = Total mass in process/Mass of product = 86.1/52.4 = 1.64

Green chemistry metrics for other compounds and protocols were calculated following the above procedures,
which were similar to compound 1ab.

8. Controlled experiments for indole oxidation.

x @)

[Fel/ NBoc

H,0, + mB - % |ice]
oc o
O v e - Uy

1a 2a
(a) KBr/H,0,: < 5% (No [Fe]/[Ce])
(b) FeSO4/H,0,: < 5% (No Br’) (f) Ce(NO3)3/H,0,: < 5% (No Br’)
(b') FeSO4/H,0, + KBr: 28% () Ce(NO3)3/H,0, + KBr: 56%
(c) FeCly/H,0,: < 5% (9) CeCl3/Hp05: < 5%
(C') FeC|2/H202 + KBr: 59% (9" CeCI3/H202 + KBr: 52%

(h) Ce(OTf)3/H,0,: < 5%

L 0,
(d) FeClg/H,0,: < 5% (h') Ce(OTf)3/H,0, + KBr: 62%

(d") FeCly/H,0, + KBr: 47%

(e) Fe(NO3)3/H,0,: < 5%

(') Fe(NO3)3/H,0, + KBr: 66%
To a stirred solution of compound 1a (27.2 mg, 0.1 mmol) in THF/H,O (10/1, 0.6 mL) were added KBr (with
or without, 1.2 mg, 0.01 mmol), metal catalyst (0.01 mmol) and H;O, (30 wt%, 30 uL, 0.3 mmol). After
completion of the addition, the reaction mixture was allowed to stir 3 h at RT. The reaction was quenched by
dilute aqueous Na;S,0;3 solution (0.1 M, 5 mL) and ethyl acetate (10 mL). The organic fractions were collected,
and the aqueous phase was extracted with ethyl acetate (2x10 mL). The combined organic fractions were washed
with H2O, dried over Na,SOy, filtered, and concentrated under reduced pressure. Yield was determined by *H-

NMR of the crude reaction mixture using CH,Br; as the internal reference.

9. Radical trapping (ABTS) experiments for indole oxidation.

NBoc
| Radical trap: ABTS
—
N NBoc o
H HzOz + FeBrzlceBr3 N
H
2a

1a
(a) FeBry/H,0,5: 73%
(a') FeBry/H,0,/ABTS: <5%
(b) CeBr3/H,05: 90% (d) Oxone/KBr: 91% (Br*)
(b') CeBry/H,0,/ABTS: 14% (d') Oxone/KBr/ABTS: 82%
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Procedure using H.O2/FeBr; or CeBr; protocol: To a stirred solution of compound 1a (54.5 mg, 0.2 mmol)
in THF/H-0 (10/1, 1.2 mL) were added ABTS (with or without, 110 mg, 0.2 mmol), and the mixture was stirred
for 5 min. Then H,0, (30%, 60 uL, 0.6 mmol) and FeBr, (0.02 mmol) or CeBr; (0.02 mmol) were added, and
the resulting solution was stirred at rt for 3 h. The reaction was quenched by dilute aqueous Na,S>O; solution
(0.1 M, 4 mL) and ethyl acetate (10 mL). The organic fractions were collected, and the aqueous phase was
extracted with ethyl acetate (2x4 mL). The combined organic fractions were washed with H,O, dried over
NazSOQ, filtered, and concentrated under reduced pressure. Yield was determined by *H-NMR of the crude
reaction mixture using CH:Br- as the internal reference.

Procedure using Oxone protocol: To a stirred solution of compound 1a (54.5 mg, 0.2 mmol) in MeCN/H;0
(10/1, 2 mL) were added ABTS (with or without, 110 mg, 0.2 mmol), and the mixture was stirred for 5 min.
Then Oxone (MW = 307, 73.7 mg, 0.24 mmol) and KBr (1.2 mg, 0.01 mmol) were added at 0 °C, and the
resulting solution was stirred at RT for 3 h. The reaction was quenched by dilute aqueous Na,S,0j3 solution (0.1
M, 4 mL) and ethyl acetate (10 mL). The organic fractions were collected, and the aqueous phase was extracted
with ethyl acetate (2x4 mL). The combined organic fractions were washed with H,O, dried over Na,SQ,, filtered,
and concentrated under reduced pressure. Yield was determined by *H-NMR of the crude reaction mixture using
CH2Br as the internal reference.

10. EPR spectrum for MBry-H,0, with the presence of DMPO:

Me ’T‘ Me 'Tj H
O DMPO FeBr; or CeBr3-H,0,; 0" DMPO-OH

15 r pMPO-OH 015 - pmPO-OH

1 - . . 0.1 -
0.5 0.05 - o -

0 0 MMWMWMW
05 005

A FeBr,/H,0, o1 | CeBr;/H,0,

Conc. 1 mM ) Conc. 1 mM

15 ‘ ‘ ‘ : ) 0415 ‘ ‘ ' ' |

3460 3480 3500 3520 3540 3560 3460 3480 3500 3520 3540 3560

Experimental procedure: The above spectra were obtained with a solution containing DMPO (33 mM), H20>
(10 mM), FeBrz (1 mM) or CeBrs (1 mM) in distilled water. To a solution of FeBr; or CeBr; and DMPO in
distilled water was added H»O, and the incubation time was 1 min (FeBrz) or 10 min (CeBrs) before EPR
spectrum were recorded.

11. RBS trapping and isotopic experiments.
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NHBoc

NHBoc FeBry (1.5 eq)or
CeBr; (0.4 eq)
H30, (3 eq)
S 71-85%
MeCN, RT

Br p:0>20:1
3 4

11.1. Preparation of compound 4: To a stirred solution of arene 324 (58.0 mg, 0.3 mmol) in MeCN (1.5 mL)
was added FeBr; (97.1 mg, 0.45 mmol) or CeBr; (79.8 mg, 0.21 mmol). To the reaction mixture was added
aqueous HO» (30 wt%, 99 uL, 0.99 mmol when FeBr, was used; or 30 wt%, 66 uL, 0.66 mmol when CeBrs;
was used) portionwise in 4 time over 1 h. After completion of the addition, the reaction mixture was stirred at
RT for 0.5-1 h. The reaction was quenched by dilute aqueous Na.S,03 solution (0.1 M, 10 mL) and ethyl acetate
(20 mL). The organic fractions were collected, and the aqueous phase was extracted with ethyl acetate (2x10
mL). The combined organic fractions were washed with H,O, dried over Na SO, filtered, and concentrated
under reduced pressure. The resulting residue was purified by flash column chromatography to give compound
4.

N-(tert-Butoxycarbonyl)-4-bromoaniline (4)

4% was purified by flash column chromatography (ethyl acetate/hexane = 1:10 to 1:4) as a light

yellow oil (FeBr2: 58.0 mg, 71%; CeBrs: 69.4 mg, 85%). 'H-NMR (400 MHz, CDCls) &: 7.39 (d, J

= 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.65 (s, 1H), 1.53 (s, 9H). *C-NMR (100 MHz, CDCl;) &:
Br 152.7, 137.6, 131.9, 120.2, 115.5, 81.0, 28.4. IR 3365.3, 2980.1, 1693.6, 1589.4, 1515.4, 1392.7,
4 1238.4, 1159.0, 1061.8, 816.5, 765.7, 615.2, 528.7 cm™'; HRMS (CI") (m/z) calcd. for C1iH14BrNO,

[M]" 271.0202; found 271.0205.

NHBoc

FeBr,/CeBrs (Cat.) NBoc
H,°0
@@O‘IBOC #» o718
H THF/H,"%0 N
H
1a 2a

11.2. Isotopic experiment using H»'®O: To a stirred solution of indole 1a (27.2 mg, 0.1 mmol) in THF/H,**0
(2/1, 0.6 mL) was added FeBr; (2.16 mg, 0.01 mmol) or CeBr; (3.80 mg, 0.01 mmol). Then aqueous H,O; (30
wit%, 22 uL, 0.22 mmol) was added to the solution. After completion of the addition, the reaction mixture was
stirred at RT for 3 h before quenched by dilute aqueous Na,S,Os solution (0.1 M, 3 mL) and ethyl acetate (20
mL). The organic fractions were collected, and the agueous phase was extracted with ethyl acetate (2x10 mL).
The combined organic fractions were washed with HO, dried over Na;SO,, filtered, and concentrated under
reduced pressure. The resulting residue was purified by flash column chromatography to give compound 2a
(FeBra: 17.6 mg; CeBrs: 23.1 mg). HRMS (ESIY) (m/z) caled. for Ci6H20N20,Na’®0 [M+Na]* 313.1409; found
FeBr,: 313.1405; CeBrs: 313.1404.
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NAME zgxl27
i EXPNO 2
PROCNO 1
Date_ 20200424
Time 18.17
INSTRUM spech
PROBHD 5 mm PABRO BB/
PULPROG zg30
TD 65536
SOLVENT CHe13
SIS 1
i Ds 0
SWH 8012.820 Hz
CO,Me | FIDRES 0.122266 Hz
A0 4.0894966 sec
S \ RG 31.55
| D 62.400 usec
N ~ ' DE 6.30 usec
N TE 293.9 K
H ! Dl 1.00000000 sec
(0] TBa 1
1i )
smmmm=e=s CHANNEL £l soeosssms
SFOL 400.1324710 MHz
NUCL 1H
Pl 14.50 usec
ST 65536
' SF 4£00.1300094 MHz
: WEW EM
| G5B Q
! LB .30 Hz
GB 0
BC 1.00
b
£
i
AN A .
L B e L A A T T H L B LA R S LR T L N
105 10.0 95 9.0 8.5 8.0 7.5 7.0 8.5 6.0 55 50 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
[ f
B 8 e e | Y e
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—170.90

__—164.79
T~ 164.13

" b

—57.19

_/'52.56

—44,11

T~-51.93
_—23.19
T~—22.48

NAME
EXPNO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

AL R

200 180 160

140 120 100 80 60 40 20 0 ppm
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zgwl27—-y—13C
1

1

20210215
2.49

spect

5 mm PABBQ BB/
zgpg30
65536

DMSO

2689

2
24038.461
0.366798
1.3631988
196.92
20.800
6.50

297.8
2.00000000
0.03000000

CHANNEL fl1 ====

100.6228298
13C

9.70

32768
100.6128182
EM

0
1.00
0
1.40



——8.5256
7.9065
7.4949
7.4758
7.3244
7.3046
71770

—5.4364

—5.2213

—4.4805

——4.3283

NBoc

3.1885
1.4841
1.4673

~

NAME zagn22—yl
EXPNO 1
PROCNO 1
Date_ 20200321
Time 15.54
INSTRUM spect
PROBHD 5 mm PARBRC BR/
BULEROG zg30

TD 65536
SOLVENT ChCil

NS 3

D3 o]

SWH 8012.820 H=z
FIDRES 0.122266 H=z
AQ 4.0894266 sec
RG 70,27

DW 62.400 usec
DE 6.50 usec
TE 296.4 K
D1 1.08000000 sec
TDO 1

wee CHANNEL £1 == ]
400.1324710 MH=

1H
| 14,50 usec
; 65536
404 .1300097 MHE=z
EM
i S5B 0
LB 0.30 H=z
i GhB 4]
BC 1.00
|
|
A
| i i !
A A Fa__ M b
L R AR e L I B S SO S B IR R T B B —
10.0 9.5 9.0 .0 7.5 7.0 6.5 6. 1.0 0.5 0.0 ppm

8.5 8
B

e
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NAME zgwlS6—yl
EXPNO 3
PROCNG 1
Date_, 20200314
Time 21.42
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDCL3
NS 4
s 0
SWH 8012.820 H=z
| NBoc FIDRES 0.122266 H=z
AQ 4.0894966 sec
RG 27.78
N oW 62.400 usec
H DE 5.50 usec
TE 297.6 K
11 Dl 1.00000000 sec
THo 1
mmmmmmmm CHANNEL £l s=essmms
| SEol 400.1324710 MH=
NUC] IH
i Pl 14.50 usec
ST 65536
3F 400.13000%6 MH=z
! WDW EM
SSB 0
LB 0.30 Hz
b CE o
i | PC 1.00
1 H
i
A , : I :
Jb\ i
- ___J\L i
1 I A N R A T A T IR SR I I A N L T A A I B
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
e -t
TETT AR B8 ER=SIN -
& @M o & &2 g > <
< ~| id <3 < — —ed o [+
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—155.584

NBoc

=TIz

—-128.357
——126.939

O
(e o]
o
(e 0]
o~
i

126.174
125.829

N

155.58
155.09
141.74

\

136.21

134.83

134.12
128.69
128.36

126.94

126.17

125.83

119.56

121.84
121.63
119.34

_—121.840
T~121.630

118.27

118.03
111.12
108.99
107.99

S e

_—119.560
" T~119.335

_—118.271
™118.031

122

120

rrm

—80.18

|

NAME
EXPNO
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
D3

SWH
FIDRES

AQ
RG
DwW
DE

|
200

|
180

T
160

|
140

|
120

|
100

80

S-38

ppm

zgwl56—-y—-13C-11
1

1

20210215
12.27
spect

5 mm PABEBC BR/
zgpg30
65536
CDC13
10000

2
24038.461
0.366798
1.3631988
196.92
20.800
6.50

297.0
2.000000Q00
0.03000000

CHANNEL f1 ====
100.6228298
13C
9.70
32768
100.6127701
EM
0
1.00
0
1.40

Hz



—8.6959
———8.1573
7.5002
74811
7.3264
7.3085
7.2601
7.1905
71725
7.1535
7.1318
71131
7.0951
e 5, 3702
— 15,2082
——4,4990
43330
31742
2.5032
2.8899
2.8636
28519
2.8356
27322
27233
2.6940
2.6849
2.3450
1.5049
1.8930
1.7324
1.5441

T 4,3086
=-.28222

AN

T

Ere

e

NAME Zgwll-YL
EXPNG 1
PROCNO 1
Date_ 20200318
| Time 17.02
INSTRUOM spect
PROBHD 5 mm PABBCO BB—
PULBPRCG 230
¢ sl 65536
SOLVENT CDhC13
NS 3
DS ]
SWH 8223.685 H=z
FIDRES 0.125483 Hz
AQD 3.9846387 sec
\ NBoc RG 114
DwW 80,800 usec
DE 5.00 usec
N TE 295.8 %
D1 1.00000000 sec
H CN TR0 1
1m
mmmmemee CHANNEL £l sse===es
NUCL 18
Pli 15.80 usec
PL1 -1.00 4B
PL1W 12.17474240 W
SFOL 400.1324710 MH=z
ST 32768
3F 400.1300091 MHz
; WHW BEM
558 G
| LB 0.30 Hz
i GB O
PC 1.00

i

T T T T T T T T \ T T T T T T
10.0 956 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5. .5 1.0 0.5 0.0 -05 ppm
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5 - B s o 5 8 Qi 33K e zgwl1-YL
[T DO NN~ O o o2 @ 03 B N EXPNO 2
— —r— —— T — — @©x =F [az] C’)(g\l(\le— PROCNO 1
\/ \\\// // | ' P \/ ( Date_ 20200318
! Loy Time 17.0%
INSTRUM spect
PROBHD 5 mm PABBO BR-
PULFPROG zgpg30
n 65538
SOLVENT CDC13
NS 183
Dg 8]
SWH 24038.461 Hz
FIDRES 0.3566798 Hz
AD 1.3631988 sec
RG 181
DW Z0.800 usec
DE 6.00 usec
TE 296.1 K
o3l 2.00000000 sec
D11 0.03400000 sec
TDO 1
NBoc
sm====== CHANNEL {1l ===s====
NUCL 13¢
N Pl 8.60 usec
H CN 2L ~-3.00 ae
PL1W 60.64365387 W
1m SFO1 100.6228298 MHz
======== CHANNEL f2 ========
CPDPRGZ waltzlé
NUC2 iH
PCPDZ 80.00 usec
PLZ -~1.00 dB
! PLLZ 14.39 dB
PLL3 18.00 ae
PL2W 12.17476240 W
PLL2W 0.35193357 W
i PL13W 0.15327126 W
SEO2 400.1316005 MH=z
! 5T 32768
! SF 100.6127641 Mz
WhwW M
358 0
E ' | LB 1.00 Hz
GRE 0
pC 1.40
IRRAEEE R L HEREA R R R I o HRE R R ' [N AERERL R R A e EEARRERRN R & HERRN SRR L I i proverTTrrr e rprreRrTTR TR
210 200 19C 180 170 160 1560 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME zgx143
EXPNG 4
PROCNG 1
RDate 20200429
Time 14.08
INSTRUM spaech
PROBRHD 5 mm PARBO BR-—
PULPROG zg30
D 65536
SOLVENT CDCl3
Me NS 1%
D3 0
| SWE 8223.685 Hr
OMe FIDRES 0.125483 Hz
N AQ 3.9846387 sec
Me RG 64
DR 50.800 usec
1r PE 5.00 usec
TE 294.7 K
D1 1.00000000 sec
TDO 1
mmmmmmes CHANNEL {1 ss=s=s=s
NUCL 18
Pi 15.80 usec
PL1 ~1.00 dB
PL1W 12.17476940 W
SFOL 400.1324710 MEz
| ST 32768
5P 400.1300090 MHz
WHW EM
SSB 0
LB 0.30 Hz
GB 0
FC 1.00
N ! JL i _Jk it l Lk
" e e L B A T [ T e f T T L B R N B
9.5 9.0 8.5 8.0 7.5 7.0 6.5 8.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
< < - o e —
Rl b v o [an] L [an]
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N W~ OS~ Ko ® 2 b @
H oaaz2ees RS @ % NAME zgx143
— T T w1 o w0 EXPND 5
RINAY N ;
{ Date 20200429
Time 14.11
INSTRUM spect
PROBHD 5 mm PARBC BE-
PULPROG zgpg30
XN 65536
SOLVENT ChbCis
NS 38
DS 0
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 128
oW 20,800 usec
DE 6,00 usec
Me TE 295.2 K
- D1 2.00000000 sec
<N | D1t 0.03000000 sec
o @ OMe | i D0 1
— — N |
i i Me f ‘ ======== (HANNEL fl ========
NUCL 13C
1r Pl 2.60 usec
| PLL ~%.00 dg
PLiW 60.64365387 W
| SFCL 100.6228298 MHz
======== (HANNEL {2 ========
CPDRPRGZ waltzl6
NUC2 1H
pCPDZ 80.00 usec
PLZ ~1.00 dB
PL1Z 14.39 dB
PL13 18.00 dB
I PLZW 12.17476940 W
| i PL1ZW 0.35183357 W
PL13W 0.15327126 W
SFO2 400.1316005 MHz
; ST 32768
SF L00.6127774 MHz
WO M
$SB 0
T LB 1.00 Hz
ppm B 0
<l 1.40
i o A erdihmiery " g o T T e " s T
I I [ [ I t H i I ! i 1 [ i { I o [ 1
210 200 190 180 170 160 150 140 130 120 110 100 ©0 8C 70 60 50 40 30 20 10 4] ppm
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NAME zgrld o
EXPNO 5
PROCNO 1
Date_ 20200429
Time 16.13
INSTRUM spect
PROBHD 5 mm PARBO BR/
PULPROG zg 30
65536
SOLVENT [elnlol Bc]
NS 4
DS 0
Me swH 8012.820 Hz
| FIDRES 0.122266 Hz
A 4.0894866 sec
OTBS RG 22.47
N DW 62.400 usec
Me DE 5.50 usec
B 295.0 K
1s D1 1.00000000 sec
DO 1
e e CHANNEL £1 mee
400, 1324710 MH
NUCL iH
Pl 14.5% usec
ST 65536
s 400.1300097 MH=z
WDW EM
388 o
LB .30 H=z
GB 0
‘E BC 1.00
J I L b il Ju
I D I T T L B T ] I SRR — T ] — T T T T — — T ] L L S B
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
B e I N
[e2 D> o o o [2¥] —
S| ] i vJ o3 o3 ¢
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119,112
- 118. 686

119 ppm

———137.19
——134.58¢
——128.02{

12183

Me

Me
1s

119.11"
118.68¢

~

OTBS

.
"

_—108.84
T~107.94

55,321t

- 30,043¢
—— 25.995:

.
i

——18.380¢

——8.9393

¢
:

- 5,149

NAME
EXPNC
PROCHNO
Date .
Time
INSTRUM
PROBHD
PULPROG
TE
SOLVENT
NS

D5

SWH
FIDRES
B

RG

Dw

D

TE

T m
210 200

T
190

e e
180 170 160

T
150

e
140 130

™
120

110

A AR
100 90

|
80

e
70

S-44

T
60

i
50

T
40

T
30

il
20

10

zgnl46
3

1

20200429
16.08
apect

5 mm PABBO BB/
zgpa30
65536
CDCL3

33

0
24038.461
0.3667098
1.3631988
196.92
z0.800
6.50

295.3
2.00000000
¢.03000000

CHANNEL fl ====

100.6228298
13C

9.740

32768
140.6127643
EM
0
1.00
g
1.40
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NAME zgy3~94
EXPNG 1
PROCNO 1
Date 20200509
Time 17.16
INSTRUM spect
PROBHD 5 mm PABBC EB-
PULPROG 2930
™ 65536
Me SOLVENT CcDC13
NS é
| oS 0
SWH 8223.685 Hz
N O FIDRES 0.125483 Hz
Me AQ 3.9846387 =zec
RG 64
1 oW 60.800 usec
t DE 6.00 usec
} TE 294.7 ®
Dl 1.00000060 sec
DO 1
e CHANNEL £l s
NUCL 1H
Pl 1.5.80 usec
PL1 ~1.00 dB
PL1W 12.17476240 W
| SFC1 400.1324710 Miiz
t 5T 32768
sF 400.1300093 MHz
ﬁ WOW EM
i 358 0
LB 0.30 Hz
" GB 0
b PC 1.00
|
\
i |
N JUJ ) LA b l
Il 4 I H I I 1 H I 1 t § 1 3 I i 13
9.0 8.5 8.0 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 c.5 0.0 (.5 ppm
g s g B2 B EM g
S |oe = alg S gl e 8
— (AR ot R —— o o4 o @
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EfdfrNQooN o pel o k5 NAME 7gy3-24
DO NN T~ O <3 — o3 EXPNO 2
B R i it N =~ [{a] ™ (10} SROCNO 1
N ‘ [ \\// // ‘ ] Date. 20200500
Time 17.21
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG zgpg30
H 65536
SOLVENT CDCL3
NS 39
DS 0
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1,3631988 sec
RG 128
DW 20.800 usec
DE 6.00 usec
TE 295.1 K
Me b1 2.00000000 sec
| D1l 0.03000000 sec
o TDO 1
N \/\
M s CHANNEY, €1 sesossmmmsees
e NUCT 130
1t 21 8.60 usec
i ! PL1 -3.00 4B
PL1W 60.64365387 W
| SFOL 100.6228298 MHz
‘ | = == CHANNEL 2 ===
CPDPRG2 waltzlb
HUC2 18
FCPDZ2 80.00 usec
PL2 ~1.00 dB
P opriz 14,39 dB
; PL13 18.00 dB
i PL2W 12.17476940 W
‘ PLLZW 0.35193357 W
PL13W 0.15327126 W
SFO2 400,1316005 MHz
8T 32768
S 100.6127707 MHz
WDW EM
S8R 0
LB 1.00 Hz
GB 0
PC 1.40

] TIPSR TR

: ‘
210 200 180 180 170 160 150 140 130 120 110 100 80 8 70 60 50 40 30 20 10 0 ppm

RSN AN AR RN REARRE AR S = ARy RN AR AR A AL T v R L AN 1 T BEAARRRARS LR AR LA
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7.6911
76714
7.3414
7.3152
7.3128
7.2980
7.2854
7.2776
7.2752
7.1948
7.1924
71782
7.1580
7.1556
~——4.6854
3.7964
3.6582
3.6397
3.6207
3.4326
3.4137
3.1829
3.1640
3.1454

OMe
|
OMe
N
Me
1u !

NAME
BEXPNC
PROCNG
Date_
Time
INSTROM
PROBHD
BPULEROC
TD
SOLVENT
N3

D8

SwWg
FIDRES
A

RG

oW

DE

TE

o1

TDO

zZgxrl4 9

13

1
20200430
14,10
spaect

5 mm PABRO BB-
zg 30
65536
CnC13

F

g
8223.685
0.125483
3.9846387
144
60.800
6.00
294.9
1.90¢000600
1

© CHANNEL £1 e

1EH

15.80

-1.0¢
L2.17476940
400.1324710
32768
400.13000820
EM

g

0.30

9

1.00
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R% acN\sgsg :8 3 o o0 N o 1o NAME 2gxi149
— — —— T o Ea) WO W NNEX?NO 14
T IANY Y || groowe :
Date_ 20200430
Time 14.12
ITHNSTRUM spect
PROBHD 5 mm PABB(O BB-
PULPROG zgpag30
D 55536
SOLVENT [Slntel k!
NS 43
DS ¢
SWH 24038,461 Hz
FIDRES 0.366798 Hz
AQ 1.2631988 sec
RG 161
DW 20.800 usec
DE £.00 usec
TE 295.0 XK
OMe D1 2.00000000 sec
~ D11 0.030006000 sec
S | TR 1
=9 OMe
@@ N == CHANNEL £l =swe=smes
inln Me 13C
\/ 3.60 usec
1u It f -3.00 dB
; 60.64365387 W
100.6228298 MH=z
b e CHANNEL £2 ==——=——=
CEDERGZ waltzlé
NUC2 1H
PCPD2 80.00 usec
i PL2 -1.00 4B
P! | ; PLIZ 14.39 dB
i | PL13 18.00 dB
PL2W 12.17476940 W
] PLIZW 0.35193357 W
PLIZW 0.15327126 W
5F02 400.1316005 MHz
! ST 32768
SF 100.6127737 MHz
WDW BEM
S3B G
LB 1.00 Hz
GEB ¢!
BC 1,40

L DRI e

R e L B e B L L L B L e e B R R AR S RS

2t0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1C ppm
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NAME zgunT2—2
EXPNC 3
PROCNG 1
Date_. 20200405
Tinme 20.43
INSTRUM spect
PROBED S mm PARRBO BB/
PULPROG zg30
OAc ™D 65536
SOLVENT CDCi13
\\ NS 4
s o
N OAc SWH 8012.820 H=z
H FPIDRES 0.122266 Hz
A 4.08949686 sec
1v ! RG 27.78
DW 62.400 usec
DE $5.50 usec
TE 296.5 K
Dl 1.40000000 sec
Do 1
mmmmmmmm CHANNEL £l s
SEol 400.1324710 MH=
NUC IH
21 14.50 usec
ST 65536
SF 400.1300085 MH=
WD EM
$58 O
LB 0.30 H=
i GB g
PC 1.00
!

JL i Ll JJF e

" N -

A B —r— T L I T B e T T ] T T L I R T

105 100 95 9.0 85 80 75 70 65 60 55 50 45 490 3.5 3.0 5 1:0 05 0.0 -05 ppm

ER g
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NAME zgxI2=-2
EXPNG 4
PROCNO 1
Date_ 20200405
Time 20.44
INSTROM spect
PROBHD 5 mm PABBO BB/
PULPROG zapy 30
OAc D 65536
AN SOLVENT CHCL13
NS 36
DS O
H OAc SWH 24038.461 Hz
FIDRES 0.366798 Hz
1v AQ 1.3631988 sec
RG 196.92
D 20.800 usec
DE .50 usec
; i TE 296,9 K
f | Di 2.00000000 sec
: pil 6.030060000 sec
[ TDO 1
| e CHANNET, £1 mosseee
SFOL 100.6228298 MHz
HUCL 13C
i Pl 2.70 usec
ST 32768
5F 100.61276%0 MHz
! WDW EM
i SO o
) 1.00 Hz
GB o
It BC 1.40
[ ol I H " I v I i i 1 I F I I i i 1 [ t I
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME zgy4-151
EXPNO 1
PROCNO 1
Date_ 20200509
Time 17.26
INSTRUM spect
PROBHD 5 mm PABRBO BB-—
Me PULDROG zg30
Ac TD 65536
| | SOLVENT ol nlonict
NE 3
N N\/\ Ds ¢
M SWH 8223,685 Hz
e FIDRES 0.123483 Hz
AQ 3.82846337 sec
1w RG 161
DW 60.800C usesc
DE £.00 usec
TE 294.9 K
Dl 1.40000000 sec
DO 1
smmmmmmm CHANNEL fl =s======
NuC1 iH
Pl 1%.80 usec
PL1 ~1.00 dB
PLIW 12.17476940 W
| SEOL 400.1324710 MHz
‘ 8T 32768
SF 400.1300093 MHz
WOW M
i 388 ¢
{ LB 0.3 Hz
| GB 0
| ;i' PC 1.00
£
| ;”E
j
_A AN ine
L S L A L E A I B 1 T ' LI A L R R
9.0 8.5 8.0 7.5 7.0 8.5 6.0 55 5.0 4.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
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2 TN GO0 T OO = - 5 b2 o NAME zgy4-151
o ool oI ol 00 06O g < Ll E S 8 exene >
~ O 00 0O OF O v e e O o <ol [=2] e 3
i —_rm T < & & o o PROCNG 1
Date 20200509
Time 17.28
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zgpg30
TD 65536
SCLVENT ChC13
NS 26
DS ]
SWH 24038 .461 Hz
FIDRES 0.360798 H=z
AQ 1..36319288 sec
RG 8G.5
DW 24.800 usec
=z = DE 6.00 usec
s = MeA T8 295.1 K
@ | |C D1 2.00000000 sec
- N D1l 0.030460000 sec
l | N ~ X TDO 1
Me mwmmmmmams CHANNEL £1 sssossmmess
NUCL 13C
i 1w PL 8.60 usec
| PLL -3.00 4B
PLAW a0 .64365387 W
SEOL1 100.6228298 MHz
| i ! ======== CHANNEL {2 ========
CPDPRG2 waltzlg
‘ NUC2 1H
I pcpp2 80.00 usec
PL2 -1.00 dB
i PL1Z2 14.39 dB
| Tp—— FPL13 18.00 4B
PR { 13 | PLAW 12.17476240 W
| * PLL2H 0.35193357 W
PL13W 0.15327126 W
1 SE02 400.1316005 MH=
ST 32768
sy 168.6127713 MH=z
WIW EM
SS8EB g
iB 1.00 Hz
GRB a
PC 1.40
T
; i T T 1 f i ¥ i 1 T 1 T i ¥ 1 1 T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10 0 ppm
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NAME zgx106
EXPHNO i3
PROCNG 1
i bPate, 20200415
Time 13.5%
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zZg 30
D 65536
SOLVENT ChCL3
N3 3
|oF] 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.,0894266 sec
RG 27.78
Me oW 62.400 usec
Me DE 6.50 usec
| I TR 295.1 K
N. Dl 1.000000600 sec
N Ts kuste 1
Me | "
s CHANNEL £1 e s
1x SFOL 400.1324710 Mixz
NUCL 1H
Pl 14.50 usec
SI 65536
SF 400.1300097 MHz
WO EM
I S5B 0
LB 0.30 Hz
GB Q
j=Ie 1.00
|
!
T H T T T i T T 1 I I I I * } F 1 I [
9.5 9.0 8.5 8.0 6.5 5.0 55 5.0 45 4.0 3.5 3.0 2 2.0 1.5 1.0 0.5 0.0 ppm
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NAME zgxlio
EXPNG 4
PROCNG i
Date 20200415
Time 13.5¢6
Me INSTRUM spect
Me PROBHD 5 mm PABEC BE/
| I PULPROG Zapg30
N. TD 65536
N Ts SOLVENT cDC13
Me NS 25
DS 0
1x SwH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
oo o = p i RG 186.92
S 0 o © DW 24,800 usec
e o DR 6.50 usec
P ] TE 295.6 K
D1 2.00000000 sec
E D1l Q.030C0000 sec
Do 1
| smmmmm== CHANNEL f1 =
SFGL 1Q00.6228298 MH=z
NUCL 13C
Fi 9.70 usec
| | E ST 32768
i | | SF 100.61276920 MH=z
| | WDW M
: I 558 0
LB 1.00 Hz
B 0

PC 1.40

I EASRARAR Aaa T Ty T T T SRR T T I RABRSARIAZ SRR IAABARAS: T ARRE ™ T IBaS T T ARA AR 7

210 200 190 180 170 160 150 140 130 120 1i0 100 90 80 70 60 50 40 30 20 10 0 ppm
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MNAME zgxllo
EXPNG 1
PROCNO 1
Cate . 20200427
Time 16.21
INSTRUM spect
PROBHD 5 mm PABBCO BB/
PULPROG zg30
Th 65536
Me SOLVENT CBRC13
Me O \ N8 10
| | oS 0
N = SWH 8012.820 Hz
N FIDRES 0.12226% Hz
Me pite] 4.0894966 sec
o) RG 22.47
1y DW 62.400 usec
DE 6.50 usec
TE 2924 .9 K
Dl 1.00000000 sec
THO 1
I ======== CHANNEL fl ========
SFOL 4030.1324710 MH=z
i NuCi 1H
Pl 14.50 usec
51 65536
SE 400.,1300091 MH=z
WhW M
558 0
LB 0.30 H=z
GB 0
PO 1.00
y . O
L T T [ T T T R T i T TP T L
9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm
olo|mic|o =] o — =1 —
v o ] O] e [ e - o o3 o3 221
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111.34

—160.07
— 147.83
—— 144,16
- 137.16
130.07
127.81
122.06
118.91
110.91
108.00

N

Me
Me O
| I \
N AN
N
Me o '
i
1y
e
8 e 5 & | |

——40.494
——34.278
—— 29,895

8.8938

NAME zZgxrl39
EXPNO 3
PROCNOC 1
Date_ 20260427
Time i6.28
INSTRUM spact
FROBHD 5 mm PARBO BB/
PULPROG zgpyg 30
D 65536
SOLVENT CDels
N3 152
DS 4
SWH 24038.461
PIDRES 0.366798
AQ 1.3631988
RG 196,92
DW 20.800
DE 6.50
TE 295.8
D1 2.00050000
D11 0.03000000
TD(Q 1
e CPHAMNMET, £1 oo
SEOL 100.6228298
NUCL 13¢C
P21l 9.7%
ST 32768
SF 100.6127766
WDW EM
5SB O
LB 1.00
GB i
PC 1.40

N N NN RS

AR AR B EAREE LR prerT !
210 2060 190 180 170 160 150 140 130 120 110 100 9O 80
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e § D90
7.6000
7.5804
7.5041

74918
7.442%
7.4334
7.3761
7.3561
7.1881
7.1788
7.1355
74170
7.0984

\-7.0808

I
//
2
i\§
| A"
|
‘%::

7.0702
-7.0598
—4.7876
3.9582
3.9397
3.9212
3.2505
3.1303
3.1119
3.0935

1.1462
11317
-1.1251
1.1101

1.0984

/
ke

1.0845
1.0716

NAME zgxl86
EXPNO 3
PROCHNC 1
Date_ 20200508
Time 14.55
INSTRUM spect
PROBHD 5 mm PABB(O BB-
PULPROG g 30
O 65536
SOLVENT CDCL13
NS 8
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 128
oW 60.800 usec
DE 6.00 usec
OTIPS TE 300.0 K
Dl 1.000600000 sec
THO 1
s e CHANNEL £1
'Yle S \ NUCL
| Bl 15.80 usec
N AN PLi —1.00 dB
N BPLIW 12.17476%40 W
H SFOL 400.1324710 MHz
O | f ST 32768
1z a¥F 400.1300092 MHz
| Wow M
S5B 0
LB 0.30 Hz
J GB 8]
PC 1.00
I f
| {
] Pl ]
|
\
J{ J L
i H 1 1 I f 1 I } ] T I
11 10 9 8 7 6 5 4 3 1 0 -1 ppm
= (OO O] I~ w0 — [<ejieo] Te)
« QLI < — - o
— =i —]ed ol ol o3 by
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R Rl e AR e S L Sl T S ({a) <t (15 [3Y] R  ERPNC il
// PROCNO 1
Date_ 20200508
Time 14.56
INSTRUM spect
PROBHD 5 mm PABRO BB~
PULPROG zgpg30
D 65536
SOLVENT CDCL3
NS 223
DS 0
SWH 24038.,461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 80.6
DW 20.800 usec
OTIPS DE 6.00 usec
TH 300.0 K
ol 2.00000000 sec
DLl 0.03000000 sec
- o DO 1
£E8 Yo PN 3 3
o o N =~ a3 0% mmmmmmms CHANNEL £l s=wmsmwsms
@ o N - NUCL 13c
T H e Pl 8.60 usec
| [ e} ; l I PLl ~3.00 dB
1z PL1W 60.564365387 W
; SFOL 100.6228298 MHz
Py m=mmmamms CHANNEL {2 =s=s=oms
f CPDPREG2 waltzl6
NUC2 1H
! PCED2 80.00 usec
i PL2 -1.00 dB
BL12 14.39 dB
] PL13 18.00 48
PLZW 12.17476940 W
P PLL2W 0.35193357 W
PL13W 0.15327126 W
8F02 400.1316005% MHz
ST 32768
sF 100.6127620 MH=z
LA AN WoW EM
ppm SEB o
| LB 1.00 Hz
GB o
! i BC 1.40
T T ] T \ T T T \ ; T T ; \ ; T T
210 200 190 180 170 160 150 140 130 120 110 100 90O 80 70 60 50 40 30 20 10 c ppm
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9.1633

~7.5881
7.5686
7.3423

I
%
\
\

7.3222
7.2019
7.1995
7.1819
7.1645
7.1617
7.1270
7.1248
7.1073
7.0898
7.0877

-~ 4. 6538

3.9381

&
£
£
AN

3.9195
3.9006
3.1086
3.0898
3.0710
3.0320
—2.1432
1.1024
1.0874
1.0746
1.0682

10

8
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e

7
[
S
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NAME zgxlh4
BXPNO
PROCNO 1
Date_ 20200502
Time 13.24
INSTRUM spect
PROBHD 5 mm PARBBO BB—
PULPROG zg30
T 65536
SOLVENT CDCL3
PR 2
DS 8]
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 64
DW 60.800 usec
DB 6.00 usec
TE 294.6 K
Di 1.00000000 sec
Do 1
- CHANNEL £1 =
IH
! 15.80 usec
-1.00 4B
12,17476240 W
400.1324710 MH=z
32768
400.1300083 MH=
B
{ 0
0.30 H=z
0
1.00
1 o
T L L S A L L S T T [T
4 3 2 1 0 -1 ppm
- wrn [{a) =
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~ SEJNETECE < o ® @O r© o NAME zgx154
— —— o T — — — o <3 (441 [aX] o — — FRPNO il
\ 5 PROCNO 1
Date, 202005802
Time 15.30
INSTRUM spect
PROBHD 5 mm PABECO BE-
PULPRGG zgpg30
D 65536
SOLVENT cDCL3
NS 79
D8 0
SYH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 161
DwW 20.800 usec
DB &.00 usec
OTIPS TE 205,2 K
Dl 2.00000000 sec
| D1l 0.03000000 sec
DO 1
N I ~Ac
H e mmmmm=—= CHANNEL £l ===ss===
NUCL 13c
1aa el 8.60 usec
PL1 -3.00 dB
PLIW 60.64365387 W
SFO1 100.6228298 MH=
s e CHANNEL £2
CPDPRG2 waltzlé
NUC2 1H
i i PCPDR2 80.00 usec
PL2 ~1.00 dB
! | PLLZ 14.39 i
/ I | PL13 18.00 dB
| | PL2W 12.17476940 W
! PLLEW 0.35193357 W
PL13W 0.15327126 W
SFO2 400.13160605 MHz
{ ST 32768
SF 100.6127676 MHz
WHW EM
f3a):) 0
LB 1.00 H=z
GB 0
PC 1.40
TP SPRTTERTTRRHIPRROIPSIITRRRTRON o . hahpen " ,1.qmunﬂu«munmﬁmdhmwmmhmmuﬂunmhﬁanmud , RN ——
210 200 190 180 170 160 150 140 130 120 110 100 @90 80 70 60 50 40 30 20 10 0 ppm
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TAME zgrB5H
EXENO i
PROCNG 1
Date_ 20200408
Time 14,23
INSTRUM spect
PROBHD 5 mm PABRO BE/
N(B M PULPROG z¢30
ocC)lvle TD 65536
MeO ( ) SOLVENT cpeia
A\ NS 2
D5 0
N SwWH 8012.820 H=z
H FIDRES 0.122266 Hz
. AL 4,08294966 sec
1ai RG 25.32
DW 62.400 usec
DE 6.530 usec
TE 294.9 K
D1l 1.00000000 sec
TDO 1
= CHANNEL £1 ==
A00.1324710 MH=z2
1H
14.50 usec
; 55538
400.1300096 MHz
EM
0
4.30 H=
\ 0
i 1.00
H
i
; \ ] ]
. - A
N T TPt d T T R L Tt g T T R Er R TTTTTT
105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 8.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
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NAME zgx85
EXPNG 2
PROCNO 1
Date_ 20200408
Time 14.26
INSTRUM spect
PROBHD 5 mm PABRBO BB/
PULPROG 2gpg30
MeO N(Boc)Me Th 65536
\\ SOLVENT Cbil
NS 77
N ; DS 0
H SWH 24038.461 Hz
PIDRES 0.366798 Hz
1ai AQ 1.3631988 sec
RG 196.92
DW 20.800 usec
! DE 6.50 usec
TE 295.6 K
| i 33 2.00000000 sec
D1l 0.03000000 sec
: TR0 L
mr=mmmm= CHANNEL £l ========
SFO1 100.6228298 MHz
NUCl 13C
21 9.70 usec
51 32768
5K 100.6127655 MHz
WEW EM
55B 0
LB 1.00 Hz
B 0
PC 1.40
|
Yy I ! ey 1 1 I T | 1 1 T N e ! e ! I ey
210 200 180 180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 0 ppm
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171.93
171.80

171.05
170.84
136.40
136.30
127.44
126.87
122.85
122.37
122.28
122.02
119.69

Z
§
\

119.41

118.45
117.90
111.74
111.37
111,07
110.33

__~63.927
T—63.610

——57.162
——52.287
31.347
26.587
25.283
24.570
22.562
21.497
20.979
20.851

MNAME zgxB4
EXPNO z
PROCNO 1
Date_ 20200407
Time 20.10
OAc TNSTRUM spect
PROBHD 5 mm PAEBO BE/
PULPROG zgpg30
D £5536
N(Ac)Me SOLVENT CDC13
A\ N 111
O D3 Q
N ISR ) SWH 24038.461
H o FIDRES 0.366798
1ak w© o AQ 1.3631988
[calisa) RG 196.92
od e pw 20,800
&S oo DE §.50
oV O oo \ / TE 295.7
Ce o1 2.00000000
ol e et O D11 0.03606000
v et el el Do 1
P SFPOL 100.6228298
t | | NUC1L 13¢
| | { P1 ©.70
(! E , | ST 32768
I s 100.6127628
1 WDW EM
i 1 SERB 0
LB 1.00
1 | ‘ CB 0
| f pC 1.40
PEPm Fem
i
Ll 1 1 o)
I 1 T I 1 I I T I 1 I [ T T I I i F
2160 200 190 180 170 160 150 140 130 120 +11iCc 100 90 80 70 60 50 40 30 20 10 C popm
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NAME Zzgwl2 9
EXPNG I
PROCHNO 1
Date_ 202060226
Time 22.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG =g 30
TD 65536
SOLVENT ChCL3
NS 4
Ds g
SWH 8012.820 H=z
FIDRES 0.122266 Hz
AQ 4.0894%966 sec
RG 31.56
DW 82,400 usec
DE 5.50 usec
THE 296.6 K
D1 1.00060000 sec
NBoc g I
CHANNEL f1 s=wwwmwws
400.1L324710 MH=z
O 18
N 1i4.50 usec
H 65536
400.1300096 MH=z
EM
2a o
0.30 H=z
G
1.00
b by i
t I |
f i | 4
1
| / UJ\WL
1 i i I t I T I { i t I t I 1 { t t
11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -065 ppm
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NAME zgwll29
EXPNO 3
PROCNO 1
Date_ 20200226
Time 22,42
IMSTRUM spect
PROBHD 5 mm PABEC BE/
PULPROG zgpyg30
D £5534
SOLVENT ChC13
N3 118
DS 0
SWH 24038.461 H=z
FIDRES .366798 Hz
RO 1.3631988 sec
NBoc RG 196.92
P 20.800 usec
DE 6.50 usec
TE 297.5 K
O D1 2.00000000 sec
N oil G.03500000 sec
TDO 1
H
2a | mmmmmmms CHANNEL £l s==m=m==
SPOL 100.6228298
NUC1 13C
1 Pl 2.70 usec
ST 32768
SE 100.6127613 MHz
WDW EM
] 558 0
] i LB 1.00 Hz
GB o]
P 1.40
]
T T T T T T ; T T ] T T T ] T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ) -10 ppm
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NAME zgxl?
BEXPNC 2
PROCNO i
NT: Date 20200320
S Time 15.58
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zg30
(0] TD 65536
SOLVENT cDCiz
N NS z
H ns o
2b SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
| RG 128
LW 60.800 usec
I ! DE 6.00 usec
I TE 294.7 K
DL 1.00000000 sec
‘ DO 1
t
; mammmmen CHANNEL £l ssssssss
NUC1 1H
| PLl 15.80 usec
PL1 ~1.00 dB
PL1W 12.17476940 W
SFOL 400.1324710 MHz
ST 32768
SF 400.1300094 MHz
WOW EM
I 8B o
| LB 0.30 Hz
t ﬂ GB O
| ! PC 1.00
15 w i
JL_A,-)W AJ Jl. .

L S e s B [ t L e s S s S B e L e L AN AN s e o s AL B A e B S L L S

10.5 100 95 9.0 8.5 8.0 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 1.0 058 0.0 ppm

E B EE kg EeN
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2 Z88SAXFIR 2 S~ P — NAME zgxl 7
— —_rrTrrT T T T — wnuw < (3] N EXPNO 4
WS 2 7T TR |

Date_ 20200320

Time 16.01

INSTRUM spaect

PROBHD 5 mm BABBQ BB~

PULPROG zgpg30

™ 65536

SOLVENT CpCL3

NS 36

ns 0

SWH 24038.461

NTs FIDRES 0.366798

AQ 1.3631988

RG 228

DW 20.800

(0] DR 6.00

N TR 295.2

H D1 2,00000000

D1l 0.03600000

2b TRO 1
‘I ======== CHANNEL f1 ====

NUCL 13C

Pl 8.60

PL1 -3.00

PL1W 60.64365387

SPQL 100.6228298
mmmmmmmm CHANNEL £2 ===

CPDPRGZ waltzlé

NUCZ2 1H

PCPD2 80.00

1 OPL2 -1.00

P12 14,39

i 1 PL13 18.00

i i i E PL2W 12.17476940

| PL12W 0.35193557

| PL13W 0.15327126

| I 1 SFO2 400.1316005
| ST 32768

gF 100.6127837

WDW EM

S8B 0

s 1.00

GB 0

PC 1.40

T [ARAERRAEE B MR B T[T TR | NEARARARE RERRERRESE SRARRAAARE RAARREARRN] RS LR [P TR N TTTPTTTETTTEETET R N | A AR
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 pom

Miz

MH=z

Hz
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NAME zgwiSl
BEPNG 4
PROCNO 1
Date_ 20240313
Time i6.51
INSTRUM spect
PROBHD 5 mm PARBO BR/
PULPROG zg30
D 65536
SOLVENT CDC13
N3 4
NAc DS 0
SwWH 8012.820 H=
FIDRES 0.122266 H=z
AL 4.08249606 sec
O RG 31.55
DWW 62.400 usec
N DE 6.50 usec
H TE 285.2 K
2 D1 1.00040000 sec
c TDO 1
mommmewm CHANNEL £l sssmmmms
SFPOL1 400.,1324710 MHz
NUCL 1H
Bl 14,50 usec
ST 65536
S8 A00.1300097 MH=
WDW EM
558 g
B 0.30 H=z
GB O
BC 1,80
b
1 . A
L B T R R Y e L I A B I | I i U L A | I B
105 10.06 9.5 9.0 8.5 8.0 7.5 7.0 6.5 8.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

T8
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—— 180.54
T~ 179.45
_—36418
T 35.031

NAME zgwl51
EXPNO 5
PROCNG 1
Date_ 20200313
Time 16.54
INSTRUM spect
PROBHED 5 mm PABBO BB/
PULPROG zgpg30
D 65536
SOLVENT CDCL3
NAc NS 74
i) 0
SWH 24038.461 H=z
FIDRES $.366798 H=
O AQ 1.3631988 sec
RG 196.92
N DW 20.800 usec
H DE 6.50 usec
2 TE 296.0 K
c D1 2.00000000 sec
D11 0.43000000 sec
Tho .
H =mmmmmems CHANNEL £l ===—=m==
Srol 100.6228298 MHz
i NUC1 13C
i Pl 9.70 usec
g N It [ B 32768
SE 100.6127685 MH=z
{ WDW EM
SSBE O
LE 1.00 H=z
GB 8]
PC 1.40

W S o i S g o Ak o

T F f T T T T T T T 1 T T T T T i 7 f T T T T

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME Zgwl53
t EXPNG 13
PROCHNO 1
Date_ 20200313
Time 22.27
INSTRUM spech
PROBHD 5 mm PARBO BR/
PULPROG zg30
TD 65536
SOLVENT ChC13
NS 3
D5 0
SWH 8012.820 H=z
FIDRES 0.12226%6 Hz
A0 4,08940266 sec
RG 31.55
DW 02.400 usec
DE 6.50 usec
NCO,Me TE 296.6 K
D1 1.00000000 sec
TBd 1
(@) memmmwws CHANNEL L1 =eeommmes
N SF0O1 A400.1324710 MHE=z
Nuci 1H
H = 14.5%0 usec
2d a1 65536
| sF 400.1300097 MHz
WDW EM
‘ HSB 0
LB .30 H=z
GB a
BPC 1.00
b

.

L 0 e e e I B B AL 1y L S et 1 -y + T v f ot L L s e B e S L e A B

10.5 16O 85 90 85 80 75 70 65 60 55 60 45 40 35 30 25 20 15 1.0 05 00 -05 ppm
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NAME zgwl53
EXPNO 14
PROCNO 1
Date_ 20200313
Time 22.31
INSTRIM spect
PROBHD 5 mm PABBO BB/
PULPROG zZgpg30
TD £5536
NCO,Me SOLVENT CRC13
NS 93
D3 0
SWe 24038.401 Hez
(@) FIDRES $.366798 Hz
AD 1.3631988 sec
N RG 196.92
H ow 20.800 usec
2d DE 6.50 usec
TE 297.4 K
o1 2.00000000 sec
b i D11 0.03000000 sec
DD 1
======== (HANNEL 1 ========
SFOL 100,6228298 MH=z
; NUC1 130
! t Pl 2.70 usec
| 571 32768
| l 5F 100.6127647 Miz
i WDW EM
| 358 0
i i LB 1.00 Hz
i GB o]
PC 1.440

Y

T T ; IRARRRARSS i T T TP Ty T I ARARRRRRRS T T RARRRRARSS T T T T T

210 200 180 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0 -10 pp

S-72



s R g s s R Ts o —O OO M~ O0DNE 0D DM A © o < o <F
S P D G v W D OF DO OGO v @O0 v G QDI v 50D
AN ™ =000 R BAOF M~ OO~ TARONAOIOCLRD®
[ S S e M N R ] Sodododmdosddoddodadadanaaaaoied s
i TP N
NAME zgnR32
EXPNO 11111
PROCNG 1
Date_ 20200325
i Tire 13.12
INSTRUM spect
PROBHD S mm PABRO BB/
PULPROG zg30
; b 65536
SOLVENT ChC13
NS 3
DS 0
NCO,Me SWH 8012.820 Hz
FIDRES 0.1l22266 H=z
AT 4.08949%68 sec
0 RG 27,78
DW 6Z2.400 usec
N DE 6.50 usec
Me TE 294.4 K
Di 1.00000000 sec
2e TR0 1
memmmmmeme CHANNEL £1 sssmmmmes
SEOL 400.1324710 MH=z
NUCL 1H
Pl 14.50 usec
5T 65836
S 400.1300095 MH=z
WDW EM
| | 558 0
1 ; ‘ L 0.30 Hz
] GB 0
1| l PC 1.00
§l
j I
L T © ' 1 N I ' T © ' ' R ' I T f ' T T T T T T TR T ’ ' 1 T N ' T F ’
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
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17745
155.38
155.33
142,93
142.80

17714
——128.50
123.04
122.99
122.36
——108.31
54.378
53.987
52.827
52.565
51.866
45727
45216
36.273
35.421
—26.424

NAME ZGgx3I2
EXPNC 22222
PROCNG 1
Date 20200325
Time 13.15
i INSTRUM spect
PROBHD 5 mm PABBO BB/
| PULPROG zgh‘?gBO
D 65534
SOLVENT CDCI3
N3 150
NCO,Me o 7
2 SWH 24038.461 H=
4 FIDRES 0.366798 H=z
e 1.3631988 sec
0] RG 196.92
DWW 20.800 usec
N DE 6.50 usec
Me TE 295.1 K
51 2.00000000 zec
2e Dli 0.03000000 sec
THo 1
e CHANNEL £l =—eeeeee
SFOL 100.6228298 MHz
NoCl 13¢C
; Bl 9.70 usec
51 32768
| 5F 100.6127682 MHz
i EM
¢]
1.00 H=
0
1.40

R R L B R R RN RN RN N RN LN RN NS AR RN NS R NN RN E) AR RN NS SRR RERS SAR RN A RALARARARN LA RRAL [ T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME zgx30
EXBPNC 123
i PROCNG 1
Date_ 20200325
Time 18.02
INSTRUM spectk
PRORBHD S mm RPABRO BB/
PULPROG 30
i D 65836
SOLVENT ChCl3
NS 2
DS 0
NCOzMe ] SWs 8012.820 H=z
FIDRES 0.122266 Hz
G 4.,0824966 sec
RG 27.78
0] DW 62.400 usec
DE 6.50 usec
N i TE 294.1 K
Bn D1 1.000086000 sec
TDO 1
2f
= CHANNEIL £1  ooosesocscesoo
400.1324710 MHz
10
14.50 usec
65536
400.1300000 MH=
EM
0
0.30 Hz
0
H 1.00
L]
Ay
A S . N
| T TP 1 T T " ' T N F ' R I B ' A B | ' L 1 ' ' ' ' | '
9.0 8.5 8.0 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 Q.0 -0.5 ppm
e s W Bl
Oi— | L) o [ar) (=73 [)
[T EaY] S . o.ig ~ [=3 o
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NAME zgx30
EXENQ 124
PROCNO 1
Date | 20200325
Time 18.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CIC13
NS 997
NCO,Me f pa 0
SWi 24038.461 Hz
! FIDRES 0.366798 Hz
O 2O 1.3631988 sec
RG 196.92
N f oW 20.800 usec
Bn DE 6.50 usec
TE 294.8 K
2f n1 2.00000000 sec
D11 0.03000000 sec
TDO 1
=mmmmm=m QHANNEL 1 ==m==m=m=
8F01 100.6228298 MHz
NUC1 13C
Pl 9.70 usec
ST 32768
SE 100.0127662 MHz
! | WDH EM
| | | 58 0
LB 1.00 Hz
E ? ! GB 0
! PC 1.40
i ! 1i I
. " e N ’ ; PR N e
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0 =10 ppm
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NAME e pogd
EXPNO z
PROCNG 1
| Date,. 20200316
Time 22.40
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULPROG =g 30
D 655346
SOLVENT CDCL3
NS 2
| DS 0
SWH 8012.,820 Hz
FIDRES 0.122266 Hz
NCO,Me A0 4.0894966 sec
RG 25,32
MeO oW 62.400 uses
DE 6.50 usec
(@] TE 296.5 K
N D1 1.00000000 sec
TDO 1
H
29 mmmsmeee CHANNEL £1 sssseeee
SFOL 400.1324710 MHz
NUCL 1H
P11 14.530 usec
s1 65536
| ‘ s 400.1300096 MHz
WOW EM
i f S58 0
| LB 0.30 Hz
GB 0
1 BC 1.00
|
[ oy
‘ pl' o
|
|
a LA i

f l [ | F [ f b | B t I i 1 1 ! 1 I T I

10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 ppm
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NAME zgd
EXPNG 3
PROCNG 1
Date 202060316
Time 22,42
INSTRUM spect
PROBHD 5 mm PABBO BR/
oW o o oG < 0O 0 PULPROG Zgpg30
=N O - ALY S v pis 65536
o @ = =« s s SOLVENT CDCL3
aRal i S0 oo 2
oo
el el el SWH Z4038.461 Hz
\ [ / \ \/ \ / NCO,Me FIDRES 0.366798 Hz
2O 1.363198%8 sec
MeO RG 196.92
o) Dw 243,800 usec
DE 6.50 usec
N TE 297.0 K
! H D1 2.00000000 sec
| 2 pil 0.030G0600 sec
i 9 | DO L
CHANNET, £1 ===
100.6228298
13C
I 9.70 usec
134 ppm | t 32768
', l 100.6127666 MHz
| [ EM
j ‘ 1 0
1.00 Hz
g
1.40

Ui o v

T T T T | T T T ERRR AR T RS RRRSARRRS AARRRREESRAR I T T T T T T T T | T FERRRRAN T T IARRRRARRRR)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 26 10 0 -10 pg
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NAME zgxl28
EXPNO 12
PROCNOG 1
Date_ 20200423
Time 22.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
Th 65536
SOLVENT ChCi3
N3 2
COsMe D3 0
SWH 8012.820 H=z
FIDRES G.122266 Hz
A0 4.0894966 sec
NBoc RG 31.55
T W 52.400 usac
DE 6.50 usec
TE 285.9 K
N O ol 1.00000000 sec
H Do 1
2h mommmmmm CHANNEL £l =s===mmm
SFO1 400.1324710 MH=z
NUC1 1H
Pl 14.50 usec
ST 65536
sE 400.13000%96 MHz
WDW EM
388 o]
LB .30 Hz
H P GR O
' PC 1.00
; N z
[iH |
| i | |
i 1 g [
[
_ _
A R T H R H R B A P [ N B [T T N T T T T
10.5 160 95 9.0 8.5 8.C 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 c.5 6.0 ~05 ppm
s g e ERs e o
=4 DS =i < )10 oS e
- S i ~ 3o s ] e >
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NAME zgx128
EXPNO i3
PROCNO 1
Date 20200423
Time: 22.21
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT ChC13
CO,Me N3 160
! 03 0
SWH 24038,461 H=z
FIDRES $.366798 Hz
NBoc A AQ 1.3631988 sec
i) I 0wy s RG 196.92
O . [ D 20.800 ussec
(ﬁ O? | o3 N DE 6.50 usec
oo N @) | W0 TE 296.7 K
P~ H l \\k Dl 2.000600200 sec
vl e Di1 0.03000000 sec
\/ 2h DA 1

== CHANNEL f1 ==

| SFOL 100.6228298 MH=z
NUCL 13C

i i i 2.70 usec

;o s¥ 32768

SF 100.6127615 MHz
I WO EM
S5B 0

LB 1.00 Hz
GB 0
P 1.40

[SRRARRRRAS RAR TP L R S R I I S A SRS S AL AR R AR AR NS LRSS

I R ! HA A A A R ! BN AR SR
210 200 180 180 170 160 150 140 130 120 110 100 90O 80 70 60 50 40 30 20 10 0 -10 ppm
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NAME zZgx131
EXPNG 21
PROCHNO 1
Date_ 20200425
Time 17.15
IRSTRUM spect
PROBHD 5 mm PABRBO BB/
CO2M8 PULPROG 2g30
TD 655346
SOLVENT CDC13
N us 2
e S D3 Q
/ SWH 8012.820 Hz
7 FIDRES 0.122266 Hz
AQ 4.08249646 sec
H o RG 1a.7
| DW 62.400 usec
2i } DE 6.50 usec
I TE 294.7 K
Dl 1.00000000 sec
THO 1
=——mmamee CHANNEL §l ——=—==—====
SFOL 400.1324710 MH=z
NUCL 1H
f Pl 14,50 usec
51 65536
SE 400.1300093 MHz
! WDW EM
] 558 0
It LE .30 Hz
GB Q
| PC 1.00
1 i -
1
f ] p i
i
T T T T T T T T T T T T T T T T T T T T
10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 8.5 5.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 ppm
gl 8 g e gy
= 2 ifﬁ“? = Qo O Gy
— IR — —i lest led olie
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MAME zgxi3l
EXPNO 22
PROCNO 1
Date_ 20200425
Time 17.17
INSTRUM spect
CO,Me PROBHD 5 mm PABBO BB/
PULEROG zgpg30
TD 65536
— L N SOLVENT CRCL3
<o S N3 47
D [ARRRENE / no 0
- SWH 24038.461 Hz
e N X0 % FIDRES 0.366798 Hz
— AQ 1.3631988 sec
H RG 196.92
\/ 2i DWW 20.800 usec
| DE 6.50 usec
T 295.5 K
D1 2.,00000000 sec
{ D11 0.03000000 sec
| TDO 1
memmeses QHANNEL £l s
SFO1 100.6228298 MHzZ
| | NUCL 13C
I Pl 2.70 usec
Pl | 51 32768
| t SF 100.6127828 MHz
EM
9]
1.00 Hz
a
1.40

[ i [ i f I 1 I 1 ! I t e { I

T \ T e
210 200 190 180 170 160 150 140 130 120 110 100 90 B8O 70 60 50 40 30 20 10 G ppm
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NAME wgr22—1
EXENG 1
PROCHNO 1
Date,. 242400323
Time 19.04
INSTRUM spaect
PROBHD 5 mm PARBO BR/
PULPROG zg3G

D 65536
SOLVENT CpCLl3

NS 4

D5 a

SWH 8012.820 H=z
FIDRES 0.122266 Hz
AQ 4.08242966 sec
RG 22047

Dw 62.400 usec
DE 6.50 usec
TE 296.2 K
DL 1.0000600400 sec
TDO 1

semem e CGHANNET, £1 0 meee
SFOL 400.1L324710
NUCL 13

2L 14.50 usec
ST 65536

SF 400.1300097 MH=z
WDW EM

38B O

B 0.30 Hz
GB ]

BC 1.00

R L B L L L T T T [ AR

106 100 95 9.0 8.5 8.0 7.5 7.0 6.5 B.0 55 50 45 40 3.5 3.0 2.0 1.5

" siss o Wl
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NAME zgx22—1
BRENO 2
PROCNO 1
Date_. 20200323
Time 12.07
INSTRUM spect
NBoc PROBHD 5 mm PABBO BE/
PULPROG zgpg30
» | D 65536
v Me SOLVENT chClL3
NS 452
N L 0
H SWH 24038.461 Hz
. FIDRES 0.366798 Hz
2j A0 1.3631988 sec
fm" N RG 186.92
O DW 20.800 useg
v . o3 N DE 6.50 usec
=2 N O i TE 296.3 K
o e t Dl 2.00000000 sec
o o D11 0.03000000 sec
‘ 1 = TRO 1
—f i
memmmmws CHANNEL £1 === =
SFOL 100.6228298 MHz
i NUCL 13C
Pl ©.70 usecg
51 32768
SF 100.6127671 MHz
] p i WoW EM
358 0
! LB .00 Hz
GB Q
PC 1.40
e, Wﬁ“}"“ﬂ“’“‘:‘“’f‘w“"‘“ﬁ““ﬁ‘“\‘
pem a ! I ‘
[! Prm I | | | |
¢
b e ‘JMT " ,Wmm:h-rz,'ﬁw'm!‘,i -LL - " Yt i L : ok JL«»WA >
R LA L A AR SRR A B B RS Ml KNSR MR AN EnS A SRR AN NSRS RAAARARIA) ERRAAAN IAARAARIA) RALRAAARN RS KA NN AR RRAS) REAAARRAY
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10 0 ppm
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NAME ZgRZ2~2
BXPNG 1
PROCNO 1
Date 20200324
Time 12.03
INSTRUM spech
PROBHD 5 mm PABRC BBR-
PULPROG zg30
TD 65536
NBoc SOLVENT CDC13
Mg 2
‘, s 0
nwy Me SWH 8223.685 Hz
C) FIDRES 0.125483 He
AQ 3.9846387 sec
N RG 128
H D 60,800 usec
. DE 6.00 usec
2j TH 294.9 K
DL 1.00000000 sec
ThO 1
m=mmmmmmm CHANNEL £l s==m==ms
NUC1 1H
= 15.80 usec
PL1 ~1.00 dB
PLIW 12.17476940 W
SFOL 400.1324710 MH=z
SI 32768
i sF 400.1300093 MHz
W M
2S5k a
LB 0.30 H=
=B 0
PC 1.00
| §
N -
Ty ; Ty L T S L L " A B " LR LA A [ ) E L B L B B
105 100 95 9.0 8.5 8.C 7.5 7.0 6.5 5.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 o 05 ppm
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R - - e T P~ (Yol e) <+ (o N o ¥ ] O RYONG 2
TN Vool T T |
i Date_ 20200324
Time 12.07
INSTRUM spact
PROBHD 5 mm FABB(O BB-—
PULPROG zgpa30
™ 65536
SOLVENT CDCL3
NS 822
Ds 0
SwH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 128
DW 20.800
NBoc 5 DE 6.00
] TR 295.3
" s D1 2.00000000
! éye ! Dl1 0.03000000
TH0 1
N
H ; mmmm—=== CHANNEL £1 =w==
" NUCL 13C
2j P1 8.60
PL1 -3.08
PL1W 60.64365387
SFO1 100.6228298
======== CHAMNEL {2 ====
CPDPRGZ waltz1l6
NUC2 14
PCPDZ 80.00
PLZ ~1.00
PLL2 14.39
PL13 18.00
PL2W 12.17476940
PLIZ2W 0,35193357
PLL3W 0.15327126
SFO2 400.1316005
ST 32768
5P 100.6127598
WOW EM
$5B 0
; LB 1.00
GB g
h*ﬁé PC 1.40
Wb WMWWW
A AR ARAS AL AR R R R L AR SRR SERAR R e A A
200 19C 180 170 160 150 130 120 110 30 20 10 G ppm

Hz
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NAME Zgwli3Z~-1
EXENG 10
PROCNG 1
Date_ 20200228
Time 22.23
ITNESTRUM spect
PROBHED 5 mm PABRO BB/
PULPROG zg30
T 5536
SOLVENT CDC13
NG 16
D3 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
A 4.0884%966 sec
RG 62,93
P oow 62.400 usec
DE 6.50 usec
NBoc TE 296.5 K
Di 1.00000000 =sec
" DO 1
o -Pr CHANNEL £1 .
N 400.1324710 MHz
1H
H 2k 14.50 usec
65538
400.1300098 MHz
1 EM
i o
G.30 Hz
0
| ! 1.00
|

N B VAL (N VAW j

T L I RS T

LR e L s e S s e B s s S s S B

‘ T T
10.¢ 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1
S 5|8|S 23! = i@
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NAME zgwl32-1
EXPNO 11
f PROCNG 1
Date_ 20200228
Time 22.2%
INSTRUM spech
PROBHD 5 mm PABRO BB/
PULPROG zgpg30
NB D 65536
oc SOLVENT CRCl3
NS 873
WY ; D5 2
fm swWn 24038.401 Hz
@) -Pr !] g FIDRES 0.366798 Hz
N AQ 1.36319%88 sec
(=] H RG 196,92
- o 2k oW 20.800 usec
PR DE 6.50 usec
o oy TE 296.8 K
(SN N D1 2.00000000 sec
D11 Q.03000000 sec
| i
======== (HANNEL f} ========
SFPO1 100.6228298 MH=
NUCL 13¢
; Pl 9.70
i 51 32768
SF 100.61275%60
WDW EM
538 0
llllllllllllllllll LB 1.00
T I GB 0
23 pem PC 1.40
T ™7 T AR SRR & A T SRR AARRRRRRE! T AR RS RN ™7 ARAR AARARAREAS T o ARARRARARE!
210 200 190 180 170 160 150 140 130 120 11¢ 100 g0 80 70 60 50 40 30 20 10 4] ppm
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NAME zgwl3Z-2
EXPNO 10
PROCND 1
Bate_ 20200229
Time 17.11
INSTRUM spact
PROBHD 5 mm PARBO BB/
PULPROG zg30
D 55536
SOLVENT CDCL13
NS 4
DS G
SWH 8012,820 H=z
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34,77
DWW 62.400 usec
NBoc DE 6.50 usec
! oo TE 295.9 K
e Dlo 1.00000002 sec
o -Pr "
N ======== CHANNEL {1 ss=ss===
SECL 400,1324710 MH=
H NUCL 18
v | P 14.50 uasec
2k SI 65536
5F 400.1300097 MHz
g WDW EM
S3B a
Loe 0.30 Hz
GB ]
PC 1.00
!
'y
' 4
i

9.0 8.5 8.0 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 0.0 -05 ppm
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NAME, zgwl32-2
EXPNG 11
PROCNO 1
Date 20200229
Time 17,15
INSTRUM spect
[ [se] o~ M | PROBHD 5 mm PABBO BR/
£ 0 o @ PULPROG zZapg3
< ™ o D 65536
SOLVENT CbCL13
2 - - WS 272
DS a
! i E SWH 24038.461
FIDRES 0.360798
Ag 1.3631988
RG 196.92
D 20.800
I NBoc DE 6.50
[ . TE 296.7
; o \ D1 2.00000000
o -Pr pil 0.03000000
TR0 1
N
H o CHANMNEL £1 ===
SFQL 160.6228298
‘ T I 2k NUCL 13C
el m Pl 2.70
PP 50 PP St 327638
i sF 100.6127579
WDW EM
| S558B O
by | ] LB 1.00
! GB 0
| | BC 1.40
‘ |
g i
| |
e | i il [ " 1. P i ’
" . " o
T T T T T T T T T T T T T T T T T T T ; T
210 200 190 180 170 160 150 140 130 120 1110 100 90 80 70 60 50 40 30 20 10 0 ppm
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9.1368
7.2252
7.2087
71382
7.0936
7.0487
7.0325
7.0139
6.9362
6.9181
4.1206
3.9853
3.8101
3.7825
37370
37165
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NAME zgwlb7-1
EXPNG 1
PROCNO 1
Date,.. 20200314
Time 17.17
f INSTRUM spect
PROBHD 5 mm PABRO BR/
PULPROG zg30
D 65536
SOLVENT CDCi3
NS 3
DS 0
I SWH 8012.820 Hz
NBoc FIDRES 0.122266 Hz
AQ 4.,.0894966 sec
D RG 34.77
w DW 62.400 usec
O DE 6.50 usec
TE 296.3 K
N ) 1.00000004 sec
H Do 1
2i = CHANNEL £1 -
400.1324710 MH=z
iH
f 14.50 usec
65536
400.1300098 MHz
EM
o
! 0.30 Hz
| i G
i 1.00
|
:
E i
AN J t |
— 1 T T T I T i ‘ — '
10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0 -05 ppm

s e
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128 ppm

¢

142.027¢
139.613

134.730¢
133.9481
128.458!

_—179.214;
T 178.662¢
——154.778¢

/
o
v
<L

NBoc

w'

Iz

2

-
v
E
.

128.353

T 125.835¢

X

123.178¢
122.665¢

—110.0621

80,283
—-79.891

__~80.2834
T~ 79.8908

45,0089
44.2146
33.7505
33.3452
32.9399
28.6259

__—65.2250

T 54.9446
—— 55,9456

<
/
X

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

Dw

DE

TE

ZgwlihT-1

2

1

20200314
17.41
spect

5 mm PABBO BB/
zgpg30
65536
cRCL3

T3

g

24038, 4601
0.366798
1.3631988
196,92
24,800
6.5%0

297.5
2.000000400
G.03000000

CHANNEL f1
100.6228298
13C

2.70

32768
100.6127591
EM

g

1.00

G

1.44

T

;
210 200

180

150 140

T T
180 170 160

T

,‘
130

T

120

110

160
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NAME agwlBh7-2
BEXPNO 1
PROCNO 1
Date,,, 20200314
Time 21.24
INSTRUM spach
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 4
Ds 0
NBoc SWH 8012.820 Hz
, FIDRES 0.122Z2606 H=z
W 7, A 4.0824586% sec
e} RG 39.48
DW 62.400 usec
N DE 6.50 usec
H TE 2927.5 K
. D1 L.00000000 sec
2| TGO 1
s pe e G ANTEY, £1  smes
400.1324710
1H
14.50 usec
65536
400.1300098 MHz
EM
: 0
4.30 Hz
0
| 1.00
J
i ! [
.
H F I T I I i F I I { T T t I f I I 1 H I
i0.5 100 95 9.0 8.5 8.0 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 0.0 -05 ppm
: sk Wkl s
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181.186(

— 155.361¢

NBoc

V2 M N o N W T
BH B DD O G -
G W WIS oM 0
NS OGN® NS
o O 00 90 0O WO ol
o OO
Yy -

e 10,5196

80.0158

——63.0847
—57.2544

——45.8545

357159
“—34.6414
T-32.3829
28,6176

NAME Zgwlb7-2
EXPNO 2
PROCNG 1
Date_ 20200314
Time 21.27
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULEROG zgpg30
TD 65536
SOLVENT CDC13
NS 225
Bk 0
SWH 24038.4061
FIDRES G.366798
AQ 1.3631988
RG 196.92
oy 20.800
DE 6.50
TE 298.2
Dl 2.00000000
D11 0.030600000
DO 1
mmmmmemme CHANNEL £1 ===
SFO1 100.6228298
NUC1 13C
Pl 2.70
51 32768
SF 100.6127593
WOW EM
SSB 0
LB 1.00

Q
1.40

Hz
Hz
sec

usec
usec

210

200

1

190

180

t

170

1

160

]

150

T

140

F

130

120

110

100

90

S-94

80

70

60

50

40

30

20 10 0

-10 ppm
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NAME zgxnl&-1
EXPNO 2
PROCNG T
Date 20200320
Time 12.069
INSTROM speat
PROBHD 5 mm PABBC BB/
| PULPROG 2930
™D 65536
SOLVENT CbCi3
E N& 2
Dg 0
NBoc L swH 8012.820 Hz
FIDRES 0.122266 Hz
\ CN 20 4.0894966 sec
e RG 22.47
(@) DW 62,400 usec
DE .50 usec
N TE 294.7 E
H D1 1.00000000 sec
TDO L
| 2m
—======= CHANNEL fl1 ========
‘ SFO1 400,132471Q0 MHz
NUCL 1
2L 14.50 usec
ST 65538
E 400.1300095 MHz
WDW EM

558 0
LB 0.30 Hz
GB 0

L [ S LI S S S e s B E T B L L e S s s B LA A B S L S L L s S L I

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 8.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5  ppm
[ [0k I ey 2]
fac] o] | - < | b
1-‘% —i|e3 jmr —|lod 3
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NAME zgxlb-1
EXPNO 3
t PROCNGO 1
Date_ 20200320
Time 19,12
INSTRUM spect
PROBHD 5 mn PABRO BB/
PULPRQG zgpg30
TD 65536
SOLVENT CDC13
NS 278
DS 0
SWH 24038.461 Hz
NBoc FIDRES 0.366798 Hz
A 1.3631988 sec
AW CN RG 196,92
O DW 20.800 usec
DE 6.50 usec
N TE 294.8 ¥
H D1 2.00000000 sec
2m D11 0.03000000 sec
I TDO 1

mmm===== CHANNEI f] ========

S¥FO1 100,6228298 MH=z
NUCL 13c
Pl 2.70 usec
3T 32768
SF 100,6127693 MHz
EM
4]
1.00 #z
0
1.40

T T B e UAAASEARARAALAY AL AL T T T T BASEasE T EEAESEEEAS T T

2t0 200 180 180 170 160 150 140 13C 120 110 100 SO
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8.4875
7.2440
7.2386
7.2196
7.0557
7.0368
7.0178
8,987
8.9815
6.9629
6.9436
8.9154
2.1050
20533
1.3855
1.2774
1.2332
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NAME zgxl6=2
EXPNO 1
PROCNGC 1
Date 20200320
Time 22.04
INSTRUM specht
PROBHD 5 mm PABBO BB~
PULPROG z2g30
TD 65536
SOLVENT coCciz
NG 3
D5 0
SWH 8223.685 Hz
NBoc FIDRES 0.125483 mz
e 3.9846387 sec
e 1, -~ CN RG 64
D 60.800 usec
(0] DE 6.00 usec
N TE 298.8 K
H Dl 1.000040000 sec
om' TEQ 1
m
=== COHANNEL £1 e
NUCL 180
|28 15.80 usec
PLL —1.00 dB
PLIW 12.17476%40 W
SFO1 400,1324710 MH=z
5T 32768
SE 400.,13040921 MHz2
WDW EM
I S58B ¢]
| LR .30 Hz
GB a
; PC 1.00
i

T 1 '
105 10.0 9.0 8.5 80 7.56 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3¢ 25 20

9.5 15 10 05 00 -05 pprm
&5 R E] ~ o | [

S-97



1]
-
~
4

O} ) (#}] — [ R S e e - Y
™~ Q& [ T o B B g B o M ol T B [#)] o [} oF O — — D
od 2o 2 o } W OO MNOMS— O (40 w O n 0~ oy Od
[ L P~ S PO 0NMD e - [ P~ ~ P~ O o
— L . — ool oo o - or ™ ~ N G D NAME ZgriH-2
s s PRI B N i i 3 o 8 B 358 & £ ExenO 2
PROCNG 1
Voo NN\ I N A Rt
Time 22.06
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zZgpg3y
D 65536
% SOLVENT CDO13
NG 385
D8 0
SWH 24038.461 Hz
FIDRES 0.366798 Hz
o < R =] AQ 1.3631988 sec
I B - 0,0
y w R . usec
S & SRR NBoc DE 6.00 usec
\/ E \ \/ CN TE 299.0 K
\ ‘Y, D1 2.00000000 sec
w 1N D11 0.03000000 sec
(@) TDO 1
] N e e (O ARNNFT, £1 e o e
i H NUCL 130
2m' P 8.60 usec
| PL1 -3,00 dB
PL1W 60.64365387 W
SFOL 100.62258298 MHz
|
memmm=ss CHANNEL 2 s======w=
CPDPRGZ waltzl6
T J T T NUCZ 1H
128 1ze 124 ppm BCED2 80.00 usec
PL2 -1.00 dB
; pL1z 14.39 dB
FL13 18.00 dB
| [ FL2W 12.17476940 W
PLIZW 0.35193357 W
PL13W 0.15327126 W
SFOZ 400.1316005 MHz
51 32768
SF 100.6127685 MHz
; | WD BEM
; S5B 0
LB 1.00 Hz
! i GB 0
k BC 1,40
MNP A i MMMWM Mwmmm

A S AR LS S L A A R I L RS L S R S R L S W I A A LA L AR LA R RS AR AR

210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0 ppm
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9.0431
7.2841
7.2810
7.2781
7.2614
7.2428
7.1049
7.0872
7.0683
6.9933
6.9742

43126

-4.2915
4.2747
4.2539
4.2448
4.2092
4.2084
4.2136
4.2003
41870
4.1788
4.1648
2.7666
2,7501
2‘7430
2.7350
2.7265
2.7185
27115
2.6950
2.2681
22541
2.2476
2.2346
2.2925
2.2160
22019
0.9452
0.9297
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NAME zaxliT
EXPNO 1
PROCHND 1
Date_ 202480418
Time 16.07
INSTRUM spect
PROBHD 5 mm PABRO BR/
PULFROG zg30
TD 65536
SOLVENT CDC13
NS G
DS G
{ SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
1 RG 1463.52
DwW 62 .400 usec
DE 6.50 usec
TE 2905.1 K
D1 1.00000000 sec
TDO 1
i o | g mmmmeeees CHANNEL £1 ssmessae
- i SFQl 400.1324710 MHz
NUCL iH
Me P 14.50 usec
N~ ~O ; st 65536
H sF 400.1300000 MH=
WD EM
2n £ SSB 0
LB .30 H=z
| iz} 0
PC 1.00
AN N
L L L L | I B L L L H T
10 9 8 7 6 5 1 O ' ppm
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NAME zgxll7
EYXPNO 2
PROCNO 1
Date_ 20200418
Time 16.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TE 65536
SOLVENT CDCLE3
N3 54
DS 0
SWH 24038.461
PIDRES 0.366798
AQ 1.3631988
RG 196.92
O D 20.800
e DE 6.50
“ TE 295.3
Me D1 2.00000000
N (@] D11 0.03000000
H THO 1
2n e CHANNEL £] ===
Py SFOL 100.6228298
| NUCL 13C
i I p1 9,70
S 32768
i S 100.6127575
WDW M
’ 348 o
LE 1,400
GR 0
BC 1.40
i) £ gl B i n !
IERRE R T e T T P T T e ey ey A SRREERELRE R ERAR ER ALY RERRRLE RN LA R o ey ' e B LR ERER R e g et i
210 200 190 180 170 16C 150 140 130 20 110 100 90 280 70 60 50 40 30 20 10 0 ppm
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NAME zgx1l18
EXPNG 1
PROCNO 1
Date 20200418
Tame 18.07
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zg30
D 65536
BOLVENT CDC13
NS 3
DS 0
SWH BOL12.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
@) RG 17.38
i, oW 62,400 usec
., DE 6.50 usec
]gh TE 295.5 K
i DL 1.00000000 sec
N o ! TDO 1
H
2 CHANNEL f£1 ==
o ; 400.1324710 MHz
1H
[ 14.50 usec
65536
400, 1300093 MH=
£M
i 0
i | .30 H=z
0
1.00
i“
1
| [
;ﬁv i
lm W li J.A_.-.._Mﬁ\ Jil

L I N0 A B s S S e e — 1 et i sy rry LA A S A N A 2 e et s Ry e B S e ey Tty

10.6 100 8.5 9.0 8.5 8.0 7.5 70 65 60 55 680 45 40 35 30 25 20 1.5 1.0 .5 c0 05 ppm
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180.28
131.22
127.79
127.63
127.48
122,20
~109.73
87.461
—§7.293
—59.798
38.052

-
7
<

—127.797
—127.632

—127.482

NAME
EXPNO
BPROCNO
Date .
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWiH
FIDRES
20

RG

DW

DE

bl 4 oo

CHANNEL £1

Zgxl118
2

1
20200418
18.08
spect
5 mm PABBO BB/
zgpg30
65536
CBCl3
22
0
24038.461 Hz
¢.366798 Hz
1.3631988 sec
196.92
20.800
6.50

usec
usec

296.2 K
2,00000000
0.030006000

1

s8cC
sec

100.6228298
13C
2.70
32768
100.6127762
EM
0
1.00 H=

Q

1.40

usec

MHz
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ppm
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PROCNO 1
EE RS VA | VNN pate
Time 12,54
INSTRUM spect
PROBHD 5 mm PABBO BB-
FPULPROG zgpg30
D 65536
SOLVENT CcDC13
N3 120
DS GO
SWH 24038.461 Hz
FIDRES 0,366798 Hz
AQ 1,36312888 sec
RG 161
DW 26.800 usec
DE £.00 usec
TE 295.5 K
O Dl 2.00000000 sec
I D1t 4.03000000 sec
“, TDO 1
N X0 m =—======= CHANNEL fl ========
H NUCL 13C
Pl 8.64 usec
2p PLL ~3.00 4B
PL1W 6G.64365387 W
SEOL 1¢0,6228288 MHz
t ======== (HANNEL {2 ========
CELDPRG2 waltzl6
NUCZ 1H
PCPD2Z 80.00 usec
PL2Z -1.00 dB
PLLZ 14.39 gB
ot PLL3 18.00 dB
[ ! I P PLZW 12.17476940 W
! PL12W 0.35193357 W
PL13W G.15327126 W
5502 440.1316005 MHzZ
51 32768
t sE 100.6127563 MHz
WDW EM
558 G
LB 1.00 H=z
GB O
PC 1.40
AR AR AN SRR AALS MR ARS AR AR RAAD AR RN LARARRRN (AARARAARN AR AR R R R A R R R R RS AR A AR AR R AR AR R LA RS R AR AR RS
210 200 190 180 170 180 150 140 130 120 110 100 90 80 70 80 50 40 30 26 10 4] ppm
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NAME zgx137
EXPNG 21
PROCNG 1
Date.. 20200426
Time 14.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG =g 30
™D 65536
SOLVENT CDCL3
[RRERNNN) NS 2
Me judal 2
SWH 8012.820 H=
N 0 e FIDRES 0.122266 Hz
AD 4.0894966 sec
H RG 39.46
DW 62.400 usec
2q DE 6.50 usec
TE 295.0 K
Dl 1.400000000 sec
TDE 1
CHANNEL f1 s
i 400.1324710 MH=z
iH
14.50 usec
65536
400.31300086 MHz
BM
0
0.30 Hz
0
1.00
|
@
W
T 1 T T i ¥ I T T I
11 10 9 8 7 6 5 4 3 2 1 0 —1 ppm
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180.77

Iz

2q

140,97

——— 131,56
-——~128.08
——124.85
122,25

—109.99
84.846

o 64441
——60.120
—35.935

_——24.359
T-23.328

MNAME z2gx137
EXPNO z22
PROCNO 1
Date_ 20200426
Time 14.57
IMSTRUM speclh
PROBHD 5 mm PABBO BB/
PULEROG Zapg30
D 65536
SOLVENT ChC13
NS 43
Ds 0
SWE 24038,461
FIDRES 0.366798
AQ 1.3631988
| RG 196.92
D 20,800
DE 6.50
TE 295.6
lopi 2.00000000
f Diy 0.03000000
i TDO 1
mmmmmmmm CHANNEL £1 ===
SFOL 100.6228208
NUCL 13C
Pl 9.70
ST 32768
SE 100.6127642
WDW EM
388 i
LB 1.00
Ga 0
PC 1.40

o AT AN

T i
210 200 190

¥
180 170 160 150

T
140

]

130

T
120

[ T 1

i
110 100 90 80
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7.2811
7.9782
7.2600
7.0415
7.0721
7.0701
7.0532
7.0346
7.0327
6.8396
6.8210

\.6.8185

}

—3.6189
3.2080
3.2003
1.3153

NAME zgxl44
EXPNG 3
PROCNO 1
Date_ 20200420
Time 13.56

L INSTRUM spect
PROEBHD 5 mm PABBO BB~
PULPROG =g30
TD 65336
SOLVENT CDC13
NS 4
D5 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 64
DW 60,800 usec
DR 6.00 usec
TR 294.7 K
D1 1.000006000 sec
TLO 1
mmmmmmme CHANNEL £l e
NUCL 1H
P 15.80 usec
PL1 ~1.00 4B
PL1W 12.17476940 W
SFOL 400.1324710 MHz
5% 32768
SE 400.1300109 MH=
WD EM
S8R 0
LB $.30 HB=
G a
BC 1.00

S-107
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oY L ] B ;
i Date_ 20200429
Time 14,02
ENSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG zgpa30
T 65536
SOLVENT CDCL3
NS 67
D3 Q
S%WH 24038.461 H=
FIDRES 0.366798 Hz
fite] 1.3631988 sec
RG 144
DwW 20.800 usec
DE 6.00 usec
Me | TE 295,33 K
DL 2.00000000 sec
OMe | DLl 003000000 sac
1 TDO i
N @]
Me 1 = = CHANNEL £1
| NUCL 130
2r Pl §.60 usec
; PLL ~3.00 dB
PL1W 60.64365387 W
SFOL 100.62282%8 MHz
' =m==m=== (HANNEL £2 ss=s====
CPDPRGZ waltzals
Nucz IH
PCPDZ 80.00 usec
BPLZ -1.00 dB
pLl2 14.39 dB
: PL13 18.00 dB
PL2W 12.17476940 W
PLI2W 0.35193387 W
PL13W 0.15327126 W
SEOZ 400.1316005 MHz
s 32768
SF 100,.6127663 MH=z
WDW EM
S5B 0
LB 1.00 Hz
GB O
BC 1.40

T F f T F f T T T 1 T i T T T f f T T

210 200 t90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME zgx1l48
EXPNO 12
PROCNO i3
Date 20200430
Time 14.02
INSTRUM spect
PROBED 5 mm PABBO BB~
PULPROG z2g30
TD 65536
SOLVENT CDC13
“Ae NG i3
DS O
OTBS SWH 223.685 Hz
FIDRES $.125483 Hz
AQ 3.9846387 sec
N o RG 64
Me D 60.800 usec
DE &.00 usec
2s TE 294.7 K
DL 1L.00000000 sec
TR0 ix
====w=mmee CHANNEL £l ========
NUCL 18
Pl 15.80 usec
PL1 -1.00 dB
PLAV 12.17476940 W
SEQL 400.1324710 MH=
51 32768
SF 400.1300054 MH=z
WDW EM
S8EB Q
LB 0.30 Hez
by cB 0
i BPC 1.00
i
|
S

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0
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NAME
EXENG
PROCNO
\/ Date
Time
INSTRIM
PROBHD
PULPROG
T
SOLVENT
N3
DS
SWH
FIDRES
BQ
RG
DW
DE
Me TE
D1
OTBS i D11

| TDG

179.29
e {4384
—133.20
—127.79
_—123.23
T~122.20
——107.65
—— 68,224
— 50.657
26,420
T 25597
__~18.438
T~ 17.961

-5.534

-5.735

736

s

5,535
<77

= 38.439
17,962

Me NUCL
P1
2s PL1
PLI1W
SEOL

[ r T ¥ T T T T T T T T e e
i8 1e 14 12 10 8 6 4 2 0 =2 -4 ~& ppn CEDPRE?
| NUCz

| | | P pepp2

I pL2

[ FPL12
PL13
PL2W
PL1ZW
PL13W
SEOZ2

S1

! gF

W
558

B

GB

BC

LS N SPRBITPRNNRRSRSIE, WAV SRS THPNIEUICRI SRS ATV S,

R L B e R a s A L R L A L A A s e O L L B AR AR RN RN AY EARAL AL N R AR

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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zgx148

13

1

20200430
14.03
spect

5 mm PABBO BB~
zgpg30
65536
CDCL3

41

0
24038.461
0.366798
1.3631288
114

20.800
6.04

295.1
2.00000000
0,03000000

CHANNEL fl ====

-3,00
60.64365387
100.62282098

CHANNEL f£2 ====

waltzlé

iH

80.00

-1.00

14.39

1%.00
12,17476940
0.35193357
0.15327126
400.1316005
32768
100.6127640
fiM

0
1.00
0
1.40
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NAME v 6
EXPNG 5
PROCHO 1
Date 20200509
Time 22.26
INSTRUM spect
FPROBHD 5 mm PABBO BB~
PULPROG =g 34
D 65536
SOLVENT CDCL13
N3 2
DS O
N (@) SWH 8223.685 Hz
“Ae [ FIDRES 0.125483 H=z
AQ 3.9846387 sec
2t RG 64
I DW 60.800 usac
DE: 6.00 usec
TE 296.3 K
D1 1.080G0G00 sec
TGO 1
NUCL 1H
Pl 15.80 usec
§ PL1 ~1.00 dB
PL1W 12.174769240 W
| SFOL 400.1324710 MH=z
H H 51 32768
5F 400.1300054 MH=z
J WDW EM
| 55B a
LB 0.30 H=z
&) g
PC 1.00
] M
_Jﬁ k‘l J.JL_X il

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
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] EXPNG 4]
AR | LR 1
Date 20200509
Time 22.28
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG zgpg 30
Te 65536
SOLVENT CBCl3
NS 60
s O
SWH 24038.491 Hz
FIDRES 0.366798 Hz
Me AQ 1.3031988 sec
_ RG 161
O/\/ DW 20,800 usec
! | f DE 6.00 usec
TE 206.8 K
N 0] ‘ D1 2.60000000 sec
{ D11 0.03000008 sec
Me [ OO 1
2t i
======== CHANNEL fl ========
NgCci 13C
P1 8.60 usec
PL1 -3,00 4B
PLIW 60.64365387 W
SFO1 100.6228298 MHz
i ======== (CHANNEL f? ========
CPDRPRG2 waltzlb
NgC2Z iH
PCPDZ 80.040 usec
BL2 ~1.00 dB
PL12 14,3% dB
PL13 18.040 dB
PLZ2W 12.17476940 W
PLL2W 0.35L93357 W
PL13W 0.15327126 W
EFO2 400.1316005 MHz
ST 32768
SF 10G.6127743 MHz
WOW EM
SSEB ¢
LB 1.00 He
GB G
PC 1.40
i T \ " T ; I T i N R \ T o I T 1 I T e 1
210 200 190 180 70 160 150 140 130 1120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME zgxibl
EXPNO 3
PROCHO 1
Bate.. 20200430
Time 20.28
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zZg3Q
D 65536
SQLVENT CDCL3
N3 7
ns o]
SWH 8012.820 H=z
FIDRES 0.122266 Hz
AQ 4.0894%66 sec
RG 1.7
DW 62.400 usec
DE 5.50 usec
TE 295.5 K
D1 1.06000G00 sec
DO 1
mmmm e CHANNETL £1 o
SEQL 400.1324710 MH=
NUCL 1H

. P31 14.50 usec
5X 65536
SE 404.1300000 MH=
WOW EM
S55B Q

i B 0.30 Hz
GB Q
BC 1.00

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 0.5 ppm
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NAME zgxl151
i EXPNO 4
PROCNO 1
Date_ 20200430
Time 20.29
INSTRUM spect
PROBHD 5 mm PARBBC BR/
PULPROG zapg 30
D 65536
SOLVENT CRCL3
OMe NE 46
8] 4]
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
OMe RG 196,92
bW 20,800 usec
N (@) i DE 6.50 usec
Me TE 295.9 K
i ; 51 2.00000000 sec
2u D11 0.03000000 sec
i | i DO 1
| ======== {HANNEL ]l ========
SFO1 100.6228298 MH=z
NUCL 13C
Pl 2.70 usec
ST 32768
S5F 100.6127710 MH=z
WDW EM
38B 4]
LB 1.00 Hz
i GB Q
PC 1,40

N A AR T T i j j A T T T L R AARRARE A T j T AR i [N T T
210 200 180 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0 -10 ppm
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NAME zgxB3
EXPNO 3
PROCHNO 1
Date 20200406
Time 22.12
INSTRUM spect
FROBHD 5 mm PABBO BB/
OAc PULPROG zg30
D 65536
SOLVENT Chal3
NS i
OAC oS 0
N (e SWH 8012.820 Hz
H FIDRES 0.1222866 He
AQ 4.0894966 sec
2v RG 142.88
DWW &2 .400 usec
D 6.530 usec
TE 295.6 K
[BRR 1.00000000 sec
T 1
e CHANNET, £1 s e
SFOL 400.1324710 MH=z
NUQL 1a
Pl 14.3530 usec
ST 65536
SF 400,1300100 Mz
WDW EM
E5:) 0
LB 0.30 Hz
GB 0
pC 1.00
il
H il
i 1
I | | ‘ A I J
t t t I T I I I I I I I I I t T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 8.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
L
g TeREk e (e a2 88
S &S e es|o S | Ssio &S| (&
— S i—i—lo — —li—i= — || tedied
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NAME zgx83
BXPNQ 4
FROCNO 1
Date_ 20200406
Time 22.14
INSTRUM spect
PROBED 5 mm PABRO BB/
OAc PULPROG Zgpg30
TH 55536
SOLVENT CDCL3
NS 749
N C)CV\C s 0
H SWH 24038.461 H=z
FIDRES 0.366798 Hz
AG 1.3631988 sec
2v e 195.92
DW 20.800 usec
DE 6.50 usec
TE 29%5.7 K
D1 2.80000000 sec
D11 0.03000000 sec
THO 1
======== (CHANNEL fl ========
SECL 100.6228298 MH=
| b NUC1 13C
i E I Pl 2.70 usec
i | 3T 32768
SE 100.6127555 MH=
WDw BM
S&B 0
LE 1.00 H=z
GB 0
1.40

T SAAS RERRER ESAARAAAMIN T T T ARSI T T T IARSARNSARAL T T ERaRR T T EERas 5 T S RARRERERRE

210 200 19C¢ 180 170 160 150 140 130 1é0 110 100 ©0 80 70 60 50 40 30 20 10 0 ppm
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9.0

mr
-
L]

|

=

S-117



_—180.0%
—178.50

53.521
51,065
49.981
49,527
49.277
48.088

/
\

Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

it

DE

TH

D1

Dli

DO

CPDPRG2
NUC2
PCPD2
PLZ
PL12
PLL3
PL2W
PLIZ2W
PL13W
SEOZ
5T

SEF
WD
S8R
LB

GB

PC

z2gy8
7

1
20200510
13.52
spact
5 mm PABBO BB-
zgpg 30
68536
CDhCL3
59
0
24038.461 Hz
0.366798 Hz
1.3631988 sec
144
20.800 usec
6.00 usec
295.0 K
2,00000000 sec
0.03000000 sec

8.60 usec
~3.00 dB
60.64365387 W
100.6228298 MH=z

CHANNEL f£2 ========
waltzl6é
1H
80.00 usec
-1.00 deB
14.392 dB
18.00 dB
12,17476940 W
0.35193357 W
0.18327126 W
400.1316005 MH=z
32768
100.6127761 MHz
EM
0
1.00 Hz
0
1.40

i

130

¥
120 110 100

s T T 1 e

80 70 60 50 40

S-118
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_——3.7844
T 3.7496
24501
23720

1.3719

NAME zgxlil
BAPNO 1
PROCND 1
Date_ 20200416

Time 18.14
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG zg30

TD 63536
SOLVENT cnCcis

N3 1

s o

SWH 8012.820 Hz
FIDRES $.122266 H=z
AQ 4.0894966 sec
RG 25.32

LW 62.400 usec
DE 6.50 usec
TE 296.92 K

D1 1.00000000 sec
DO 1
mmmmsmmm CHANNEL fl =s=oso==
SFC1 400.1324710 MH=z
NUCl iH

Pl 14.50 usec
ST 65536

SE 400.132000%4 MHz
WDW EM

388 O

LB 0.30 Hz
GB O

PC 1.00

S-119
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55,661

—48.840

—36.820

- 26.366
22,183

[

D

-
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NAME zgxlll
EXPNG 2
PROCNG 1
Date 20200416
Time 18.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg 30
D 65536
SOLVENT CDCl3
N3 45
DS o]
SWH 24038.461 Hz
FIDRES 0.366798 Hg
E:Xe) 1,3631988 sec
RG 126.92
DW 20.800 usec
DE 6.50 usec
TE 297.5 K
DL 2,00000000 sec
D1l $.03000000 sec
RO 1
s CHANNEL 1 =ememmwme
SFO1 100.6228298 MHz
NUCL 13C
PL 9.70 usec
51 32768

b gw 166.6127690 MHez
WO EM
SE8B g
LB 1.00 Bz
GB {
PC 1.40

T | ; | T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80

S-120

T
50

F
20 10 0 ppm
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Me
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—3.1802
_—2.9241
29122

1.3622

NAME
EXPNO
PROCNO
Date,.
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
N3

ns

SWH
FIDRES
AQ

RG

DW

E

TE

ol

TDO

zgxldl
i2
1
20200428
12.46
spect
5 mm PABBO BR-
=g 30
65536
CDCL3
2
0
8223.685 H=
0.125483 Hz
3.9846387 sec
203
60.800 usec
5.00 usec
294.68 K
1.480000000 sec

CHANNEL f1 ===

15.80 usmec
~-1.00 dB
12.37476240 W
400.1324710 MH=z
32768
400.1300021 MH=
EM

0
0.30 Hz
o

1.00

1

;
5.5 5.0 4.5 4.0 3.5

-

S-121

2.0 8.5 8.0

I

T
3.0 2.5
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179.96
—— 160.40
e 147,62
14375
T~ 143.08
_—131.05
——128.28
e 124,21
T 122,69
——116.27
——111.16
—-—107.90

@ N = o
g5 3 T & NAME zgxl4l
o g ~ g o] BXPNC 14
o= © N AN procno 1
‘ ‘ 1 ; ] Date.. 20200428
Time 12.49
INSTRUM apact
PROBHD 5 mm PABBO BBE-—
PULRROG zZgpg 30
D 65536
SOLVENT CDCLl3
NS 253
DS 0
SWH 24038.4¢61 H=z
FIDRES 0.366728 Hz
AQ 1.3631988 sec
RG 114
DwW 20.800 usec
DE 6.00 usec
TH, 294.8 K
D1 2.00400000 sec
Dil 0.03000000 sec
TDO 1
======== (CHANNEL fl ========
NUCL 13C
i 8.60 usec
PL1 ~3.00 dB
PL1W 650.64365387 W
SFOL 100.6228298 MH=
e GHANNET, £2 oo
CPDPRG2 waltzlo
Nuc2 1H
PCpPN2 80.00 usec
PL2 ~1.00 dB
PLLZ 14.39 4B
PL13 18.00 dB
PL2W 12.17476240 W
' PLLZW 0.35193357 W
PL13W D.15327126 W
i SF0O2 400.1316005 MH=z
51 32768
SF 100.6127672 MH=z
WHW EM
858 0
LR 1.00 H=z
GB 0
BC 1.40

TP P TR T T T

L A L S A S B B S R A S S N A SR S A R AR RS R SS LAY RAR AR SRR

116 100 90 80 70 60 50 40 30 20 10 G -~10 ppm
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MAME OV
i EXPNO 2
PROCNO i
Date 20200508
Time 19.59
ENSTRUM spect
PROBED 5 mm PABBO BRE-
PULPROG 230
TD 65536
SOLVENT CDC13
NS 5
ns ¢}
SWH 8223.685 H=zm
OTlPS FIDRES 0.125483 Hsz
0] AQ 3.9846387 sec
RG 128
oW 60.800 usec
N S | DR %.00 usec
| \ TH 294.7 K
M / DI 1.00000000 sec
N o e TDO 1
H mamaamsssemese OHANNEL £1 s
2z NUC 1H
Pl 15.80 usec
PL1 ~1.00 dB
PL1W 12.17476240 W
| SEFOL 400.1324710 MH=z
1 ST 32768
SE 400.13000%4 MH=z
f ; WO EM
55B 0
| LB 0.30 Hz
| GB 8}
! : ! PC 1.00
r
E J j\u Y | )\.AJL‘L
T H T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 0 -1 ppm
H
T i {uajon] ¢ ) o~ — [Taifa] o
o Rt Rt et o @) |\ - o3 =
=] R =R =] [=111aY] o3 | o
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o G B R e SR ™ o @ @ NAME 25y 2
® S FTodddINaN S 38 33 N EXENO 3
PROCNO 1
| L \\\\//// 1 1 \/ \/ ] [ Date.. 20200508
Time 20.04
INSTRUM spact
PROBHD 5 mm PARBBO BE-
PULPROG Zgpg30
D 65536
SOLVENT CDCL3
NS 280
DS 4
SWH 24(38,461 Hz
FIDRES 0.35668798 Hz
AQ 1.3631988 sec
RG 128
DW 20,800 usec
DE 6,00 usec
TE 295,40 K
OTIPS t ol 2.006000000 sec
0O 11 0.03000000 sec
DG 1
- 0 O o
D oet (N S
e N ======== CHANNEL fl ===s====
a8 | \ / , NUCL 130
ettt Me PL §.60 usec
\ & ! { N PL1 ~3.00 dB
H PLI1W 50.64365387 W
2z SFOl 100.6228298 ME=
|
l smmmmmes CHANNEL £2 sessssss
3 CPDPRG2 waltzl6
o NUC2 1
= e PCPDZ 80.00 usec
i PL2 ~1.00 dB
; o Al PL12 14.39 dB
i PL13 18.00 dg
| | J PL2W 12,17476940 W
PL12W 0.35193357 W
{ PL13W 0.15327126 W
! SFO2 400.1316005 MHz
ST 32768
| ! 5F 100,6127641 MHz
woW EM
f | 3B o
LB 1.00 H=
T ;,JU GB &
128 ppm ™ $x
I PP ‘ | e PC 1.4¢
T T \ T ; 1 T I 1 T ; ; \ T r* T 1 \ ; ¥
210 200 1920 180 170 160 150 140 130 120 110 100 QO 80 70 60 50 40 30 20 10 0 ppm
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cees'd

zgxrl56

3

1

20200303

15.53

spect

5 mm PABBO BB—
zg30

65536

coDeLa

INSTRUM
PROBHD
SOLVENT

PULPROG
NS

PROCNO
Date
™

NAME
EXPNO
Time

2
0

8223.685 Hz
0.125483 Hz
3.9846387 sec

D5

SWH
FIDRES

A

usec

&.00
294.7 K
1.400000000 sec
1
if
15.840 usec
-1.00 aB
EM
O
0.30 Hz
o
1.00

654
60.800 usec
12.17476240 W

32768

400.1324710 MH=z
400.1300024 MH=

51

RG
DwW
DE
TE
D1
Do
SE
WowW
558
LB
GB
e

0867°E )
1215e
£625°¢
mm%i\
Bmm.m‘mﬂ
%a.i
memi
16Evy -

9gELyy-

OTIPS

N,Ac

ZT

2aa

ppm
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b @ R R el bt bl NEEIR29828 LE§ 3
88 T TEALJZQINNES BB 5O G LG o e NAME zgx156
ey g B i R T i W DD WD WD 000000 NNWWEX?NO 4
YR NS NN VT T 1
Date,_. 20200503
Time 15.56
INSTRUM spact
PROBHD 5 mm PABRO BB
PULPROG Zgpg30
™ 65536
SOLVENT CDCL3
NS 97
Ds o
SWH 24038.461 Hz
o e o o FIDRES 0.366798 Hz
- e oo @ 2 AQ 1.3631988 sec
- gy PO w RG 128
Il ¢ M ™5 DW 20.800 usec
AR DE 6,00 usec
l \ TE 295.1 ¥
oo - w D1l 2.00000000 sec
oTIPS e 5 = D11 0.03000000 sec
o e o o DG 1
03 o3 I o i
N,Ac e 7 o = e CHANNEL £1
] | ;
Me Pl
N~ O ! ; PLL -3.00
H | PLIW 60,64365387 @
2aa SFOL 100.6228298 MHz
! ======== CHANNEL {2 ========
H I IR T T H CPDPRGZ waltzldg
i 53 o] 38 37 pem NUC2 1H
| PCED2 80.00 usec
PL2 -1.00 dB
PL1Z 14.39 dB
PL13 18.00 dB
| PL2W 12.17476940 W
e e e eyttt PLIZW 0.35193357 W
129 pom ] PL13W 0.15327126 W
| ‘ Pyl | | SFOZ 400.1316005% MH=z
: i N 32768
| 100.6127617 MHz
i | EM
i t f 0
i 1.00 Hz
o
1.40
T i i f 1 i T T T T T i ] f H f i f i f
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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NAME zgx6
BXPNG 2
DPROCNO 1
Date_ 20200317
Time i7.22
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPRCG zg30
TD 65536
SOLVENT CDC13
N3 2
DS g
SwH 8223.685 H=
Me FIDRES 0.125483 H=z
pate) 3.9846387 sec
RG 114
DWW 60.800 ussc
(0] DE 6.00 usec
N TE 294.7 K
H D1 1.000460000 sec
TDO 1
| 2ab mmmo=mms CHANNE]L £l sosos===
NUCL 1g
Pl 15.80 usac
| PL1 -1.00 4B
| PL1W 12.17476940 W
i SFOL 400.1324710 MH=z
ST 22768
SE 450.1300090 MHz
[ WD EM
S38B O
LB 0.30 Hz
i GB {
PC 1.00
i
BANLH A . MMLWJL
L L B B L I | N | | B S B [T N B B A I I B
10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 4.5 4.C 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 05 ppm
S Sich|ch — —
v PG S - fed
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= 8 Jgcs 8 i 5 ;
— - - o e : o~ o~ NAME e 4
& T HREA = - W EXPHO 3
e - R S e <t e PROCNO 1
§ \ \ \/ ; Date 20200317
{ Time 17.25
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULEPROG zgpg30
D 65536
SOLVENT CDCi3
NS iz
D3 0
SWH 24038.461 Hz
FIDRES {.366798 Hz
pate] 1.3631988 sec
RG 128
DW 20.800 usec
DE 6.00 usec
e 295.1 K
D1 2,.00000000 sec
D1l ¢.03000000 sec
Me TDO 1
mmmmmmme CHANNEL £1  sssomsms
O NUCl 13C
Pl 8.60 usec
N PLL -3.00 dB
H PL1W 60.64365387 W
2ab SEOL 100, 0228298 MH=z
CRPDPRGZ
| ) NUC2
| PCPD2
PLZ
I PL12
PL13 18.00 dB
| PL2W 12.17476%40 W
PL12W 0.35193357 W
PLL3W 0.15327126 W
SEO2 400.,1316005 MH=z
t i 5T 32768
Sr 100.6127650 MHz
WDW EM
558 0
LB 1.00 Hz
GB 0
PC 1.40
L i i Lo leiiudi
T i I T T [ I T ! I T i T T T 1 ¥ T ]
210 200 19¢ 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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- 1.4504
14312

NAME
EXPNG
PROCNO
Date,.
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
N3

ns

SWH
FIDRES
AQ

RG

DW

zgx38
3
1
20200327
17.50
spect
5 mm PABBO BB/
=g 30
65536
CDCL3
4
o
8012.820 H=z
0,122266 Hz
4.08949266 sec
22.47
62 .400 usec
6.50 usec
296.0 K
1.460000000 sec

CHANNEL £1 e
400.1324710 MHz
iH
14.50 usec
65536
400.31300084 MHz
BM

0
0.30 Hz
0

1.00

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
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NAME zgx38
EXPNO 4
PROCNG i
Date_ 20200327
Time 1i7.51
INSTROM spect
PROBHD 5 mm PABBO BB/
PULPROG zapy 30
TD 55536
SOLVENT CPCL3
NS 23
DS o
SWH 24038.461
Me FIORES 0.366798
AQ 1.363198%
RG 196.92
0] D 20.800
DE 6.50
N TE 296,3
Me D1 2.00000000
2ac D1l 0.03000000
TDO 1
| 1 s CHANNETL, £ e
I srol 100.6228298
P i NUCL 13C
| P1 9.70
31 32768
SF 100, 6121744
WDW EM
S58 o
LB 1.00
GB 9
PC 1.40
f
A A A AP A NSO S e
I [ I I P { I i I I 1 [ I " [ " 1 1 I I I
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o ppm

S-130



3.5633
3.5443

DO v NN — —

— ) <F oo o0 Uy F

b R LAY RN o B SRS e o]

[ S S S N N
L.

7.2090
7.2067
7.1918
7.1898
71726
7.1705
7.0750
7.0727
h-7.0560
7.0544
7.0375
7.0353
6.7663
6.7469
4.9456
3.6014
3.5824
_——1.5880
15689

A
<

NAME zgxrd
EXPRO 3
PROCNO 1
Date_ 20200327
Time 17.432
INSTRUM spect
PROBED 5 mm PABRBO BB/
PULPROG zg30
D 65536
BOLVENT CDCL3
NS 4
s o]
SWH S012.820 H=
Me FIDRES ,122266 H=z
AQ 4,.08984966 sec
RG 31.55
DW 62.400 usec
o DE 6.50 usec
N TE 298.0 K
B Dl 1.030000000 sec
n TDO 1
zad e e CEHANNET, £1 s o e
SFOL 400.1324710 MH=z
NuCl iH
Pl 14.50 usec
ST 65536
sF 400.1300000 MHe
| WDW EM
f 588 [
LB 0.30 H=
GE &
it PC 1.00
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MNAME zgx40
EXPNG 4
I PROCND 1
Date 20200327
Time 17.45
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULPROG zgpg30
TE 65536
SOLVENT CC13
NS 45
DS o]
SWH 24038.461
FIDRES 0.366798
Me AQ 1.3631988
RG 126.92
DW 20.800
DE 6.50
®) TE 296.5
N Dl 2.00000000
Bn D1t 0.03600000
\ | THO 1
2ad | I
CHANNEL £1 =
SFOL1 100.6228298
NUCL 13C
Pl 9.70
5T 32768
SF 100.6127659
WDW EM
i 358 Q
i LB 1.00
GB Q
PC 1.40
M O N A T A S A AN S N S i
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 490 30 20 10 0 ppm
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BN e Ny =V
TR e
NAME Zgx51
EXPNO 3
PROCNO 1
Date_ 20200329
Time 17.35
INSTRUM spect
PROBHD S mm PARBO BR/
PULPROG 230
D 65536
SOLVENT cnel3
ISES 3
DS 0
SWH §012.820 Hz
FIDRES 0.122266 Hz
OTBS AQ 4.0894965 sec
RG 22.47
O DWW 62.400 usec
DE £.50 usec
N TE 295.,5 K
H DL 1.00000000 sec
DO 1
2ae
mmmmmm=s CHANNEL £l ====ss=s
3FO1 400,1324710 MH=z
NUCIT 1H
P1 14,50 usec
| ST 65536
; aF 400.1300097 MHz
t WOW EM
Ay SSB 0
| i B 0.30 Hz
cB 0
BC 1.00

T T T T et L L L N LN

1 G -1 -2 ppm
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NAME zgx5l
FRENG 4
PROCHNO 1
Date 20260329
Time 17.38
INSTRUM spact
PROBHD 5 mm PABRO BB/
PULPROG zgpg30
TD 653536
SOLVENT CHhel3
NS 59
Dg {
SWH 24038.461 Hz
OTBS PIDRES 0.366798 Hz
BOQ 1.3631988 sec
e} RE 196.92
DW 20.800 usec
N DE .50 ussc
H ;. TE 296.3 K
b1 2.00000000 sec
2ae pDil 0,03000000 sec
| TDO 1

i emmmmm= CHANNEL £1 ===

SFOL 100.6228298 MHz

NUCT 13¢

Pl 9,70 usec
i ST 32768

SP 100.6127612 MHz

WDW EM

SSB ¢

LB 1.00 Hz

GB O

PC 1.40

O U S R T iy AR S N N A NI

\ 1 \ T T T T i \ 1 » \ T \ T i \ I
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 5BO 40 30 2¢ 10 O ppm
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10.172
- 7.2598
7.1194
7.0895
7.0773
7.0114
6.9928
6.6739

0.0344

(34 o [22] jua s e oL 09 P~ o P~ L=}
TSN PEE8ECRERRENZR -8R EIES
O3 e L3 Q0 P LD E 4 e L0 LD 00 0 e D P F O OO 00 P WO 0D O e O P D <t
o g R R R R R R B B A N G N B e LR R X R R
R OICINDOIOILDOTOTOLN OO OECE N OISO OO O v v o OO
e i} 1] ; o + N

MAME zgx56-1
EXPNG 1
PROCNO 1
Date,, 20200331
Time 16.08
IHSTRUM speat
PROBHED 5 mm PABBO BB~
PULPROG wg30
™ 655386
SOLVENT CDE13
NS 1
D5 0
sSwWa §223.685 Hz
PIDRES 06.125483 Hz
OTBS A 3.9846387 sec
R G4
DWW G0.800 usec
O i DE .00 usec
N TR 284.7 K
H D3 1.00060006 sec
00 3
Me e == CHANNEL £1
2af NUCL
Pl 15.80 uzec
PL1 -1.00 dB
| PL1W 12.17476940 W
i SFOL 400.1324710 MHz
i S1 32768
sE 400.13000832 MHz
WOW =M
i 588 o
¢ LB $.30 Hz
GB o
i i PC .00
i
f f
k
f U
A H S kL .JJM
I B T i T R R e ' ' BRI H N B T T i [T
11 10 9 g8 - —~ ppm
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- 8 23933 2 E 3 ExR8 S K
by 9 se2ys & i 8 53888 &9 NAME ZgxS6-1
: T do8dE % g @ gze= ¢ EXENO 2
, i A BROCND 1
1 \\/ /// E t 1 \/ b \/ Date. 202003231
! o Time 16.10
TMSTRUM spect
PROBHD 5 mm PABRO BB
PULEPROG zgpg 30
D 65535
SOLVENT ChCL3
NS 22
DS o
SWH 24038€.461 Bz
FIDRES 0.366798 Hz
2Xe] 1L.3631988 sec
RG 114
oW 26.800 useo
DE 6.00 usec
| TE 294.2 K
21 2.00000000 sac
D1y 0.03000000 sec
DO 1
OTBS s CHANNETL, £71 sseeeee
NUC1 13cC
@) Pl §.60 uv=eac
N PLI -3.00 dB
H PLIW 60.64365387 W
SEOL 100.6228298 MHzZ
Me 2af CHANNEL £2 ========
CPDERG2 waltzl
NULZ 1H
BQER2 £0.00 usec
pL2 —-1.00 dg
®LiZ 14.32 dB
PL1L3 18.00 dB
PL2W 12.174769540 W
PL1Z2W G.385183357 W
BLL3EW G.15327128 W
SEO2 400.1316005 MHz
S1 32768
SF 1L00.6127505 MHz
WDW BM
55B 0
LB 1.40 Hz
GB 0
BEC 1.40
b
1 T H SRR AR TrerTTee HARRAARAASY Y AR ARAS AR AL AR AL A ™ prreTer e i FEEARARALAS SAARARAAE I T
210 200 190 180 170 160 150 140 130 120 110 00 90 8C 70 60 50 40 30 20 10 G ppm
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——9.3887
~—-0.3053

5.1486
51184
2.2006
21936

MNAME zgxT3
BEXPNO 3
FROCHO T
Date 20200403
Times 22.37
INSTRUM spech
PROBHD 5 mm PABRO BE-—
PULPROG zg30
N(CbZ)Me ™ 65524
SOLVENT Cpe13
(0] M8 T
N D3 Y]
H SwWil B223.680 Hz
FIDRES G.125482 H=
AQ 3.98446387 sec
2ag RG 228
DwW £3.800 usec
DE 6.00 usec
TE 255.3 K
D1 1.00000000 sec
To0 1
s s mene ORANNE], £ s e
NUCi 18
Bl 15.80 usec
PLL —1.00 dB
| PLIW 12.17476940 W
§ 3F0L 00, 1324710 MHz
5% 32768
S SF 400.13G0093 Mz
i WD EM
% jtayat 4]
{ LB G.30 Hz
E GB Q
I ; PC i.00
|
!
i
bﬁ@ ' i | : i
| [ YU S L .
T T T T T " T T T i
7 6 5 4 3 2 1 G -1 ppm
N
wrlenins | gl 1y ) ey
SOy o ohi v—»[ ] }c:)
3 e b v ezt =) o3 ol
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€0 0 i M MNNMONO NN QNQN O P~ P~ © W e e e NAME zgxr'l3
- o B R i L T S [<s BN {w3 <t < =t mmNNEX?NO 4
v RSN VERRNVARAY - :
Date_ 20200403
Time 22.39
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zapg30
D 65536
SOLVENT CpC13
NS 253
D3 0
SWH 24038.461 Hz
NgE g FIDRES 0.366798 Hz
N(Cbz)Me « = » <= AQ 1.3531988 sec
o o w0 e - RG 161
0 IR B DWW 20.800 usec
DE £.00 usec
N [ l } \] THE 295.5 K
H ok! 2.00000000 sec
2ag o 0 oo o1t 0.03000000 sec
0 o o e & b “a Do 1
g H oo .. . .
= e PraRte) = s |
oo nE o ol akal m====a== (HANNEL fl s=ss====
& % @ o NUC1 13C
[ l \/ Pi 8.60 usec
\/ l , PL1 -3.00 4
| | PLIW 60.64365387 W
SFOL 100.6228298 MHz
| il =w= CHANNEL £2 ====
hn«ﬁwlkJ CPDPRGZ2 waltzlé
L il NUC2 1H
P Rip S50 @t
;! B29 128 ppm PLl12 14.39 dB
'y 1 i PLL3 18.00 dB
T v PL2W 12.17476940 W
e
137 ppn 124 123 ppm ‘ | PLLZW 0.35193357 W
" PLL3W 0.15327126 W
i ‘ SFO2 400.1316005 MHz
L 51 32768
———————y ] SEF 100.6127668 MHz
WOW M
S5B 0
LB 1.00 Hz
GB 0
pC 1.40
f T f T T I T T I I T f I I f f f
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10 ppm
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N(Boc)Me
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2ah
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NAME zuxb6
EXPNQ 3
PROCND 1
Date, 20200402
Time 13.02
INSTRUM spect
PROBHD 5 mr PABBO BB/
DULFROG z2g30

TE 65536
SOLVENT CDC13

N3 4

ns 0

SWH 8012.820 H=z
FIDRES 0.122266 Hz
AQ 4.0824906 sec
RG 34.77

DW 62.400 usec
DE 6.50 usec
TE 294.8 K
Dl 1.00006000 sec
TEO 1

= CHANNEL £1

SFOL 400,.1324710 MH
NUCL 1H

Pl 14.50 usec
5T 655346

SF 400.1300097 MHz
WDW EM

5358 Q

LB 0.30 Hz
GB 0

BPC 1.00

\
105 100 95 20 85 80 75 70 65 60 5H5 50 45 40 36 30 25 20 1.5
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NAME ZgxR66
o e o © o EXPHO 4
PRI o= PROCNO 1
<ot i N &) Date . 20200402
N(Boc)Me o o e Time 13.15
Y h OO = <3 INSTRUM spect
(0] NN o PROBHD 5 mm PABBO BR/
N o PULPROG zapg30
H \/ ‘ \ / R 0 65536
e~ SOLVENT CDCL3
o s 2ah A NS 986
o3 O D3 a
SR = = SWH 24G38.461 Hz
& < oy \/ PIDRES 0.366798 Hz
o0 o0 Oy v AQ 1.3631988 sec
et .= RG 196.92
o — DWW 20.800 usec
R DE 6.50 usec
— TH 295.7 K
DL 2.006000000 sec
D1l 0.03000000 sec
i | TDO 1
i E : j m=m=—==— CHANNEL 1 ===
m ! SFOL 100.6228298 MHz
! ! PP NUCL 13C
i ! Pl 9.70 usec
| ST 3IZTER
! sF 100.6127597 MHz
ppm | LB 1.00 He
| g
f 1.40
i

e

[N R BRI AR AAREAEERE AR REENAREE R RN EAANARAE REEEEEE MRS MU AR RN AR B BAAARRARE DAY R AR HEEARE DR AR |
216 200 190 180 170 186C 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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———9.6277
T 0.5367

——3.7268
—-3.5450
- 3.3944

—3.2512
—2.8045

——2.1302
———1.9987

———1.3899

NAME ROR9D2
| EXENO 4
PROCNO 1
Date_ 20200408
Time 2z2.24
INSTRUM spect
PROBHD mm PABRBBO BB
PULPROG zg30
N(B )M TD 65536
oC e SOLVENT chCciz
MeO e z
(0] D3 0
SWH 8223.685 Hz
N FIDRES 0.125483 Hz
H A0 3.9846387 sec
RG 114
2ai D 80.800 usec
DE 6.00 usec
TH 295.2 K
D1 1.00000000 sec
DO 1
smrmememases CHANNET 1 soeeeesses
NUC1 1H
Fi 15.80 usec
PL1 =1.00 aB
PL1W 12.17476940 W
SEOL 400.1324710 MH=
51 32768
S¥ 400.1300091 MH=
WDW EM
358 0
LB 0.30 Hz
GE 0
5‘1 i | PC 1.00
I
JiN WAV e N
, ) i
I S L R LA S A B L B L B L L IR L T L S R L B T T L 7T
16.5 100 95 9.0 8.5 8.0 7.5 8.0 55 50 4.5 4.0 2.0 1.5 1.0 0.5 .0 05 ppm

7

[and
<

-

f

7.0 65
k-1
5]
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Sa © > o Z & - ~NOo - oy
& < — o < ) Wy § Lon ] wn o@D [~ o
~f v P~ & W D <o D w0 e O v
o 13 el ol — i e s N NAME zgx92
K@ o L2 TrC-r 2 B gw3 I & sxewo 6
PROCNO 1
V | N | | N/ peeel
Time 22.30
INSTRUM spect
PROBHED 5 mm PABBD BB~
PULPROG zgpg 30
D 65536
SOLVENT Cpel3
NS 177
DS 0
SWH 24038.461 Hz
FIDRES 0.366798 Hz
MeO N(Boc)Me A0 1.3631988 sec
RG 128
(@) DW 20.800 usec
N DE £.00 usec
TE 295.8 K
H D1 2.00000000 sac
. Dil 0.03000000 sec
2ai DO 1
[t I
o o e CHANNET, £l e
A . NUCL 13¢C
= - o Pl 8.60 usec
2D A 0 BLL ~3.00 dB
=3 E e BPLIW 60.64365387 W
\ [ & 8FPO1 100.6228298 MHz
\/ = e CHANNEL f2 s
| CPDPRG2 waltzlé
Nucz 1E
BPCPD2 80,00 usec
! ! i PL2 ~-1.00 dB
! PL1Z2 14.39 aB
| PLL3 18.00 aB
PL2W 12.174769%940 W
PL12W 0,35193357 W
PL13W 0.15327126 W
SFO2 400.1316005 MHz
" S 51 32768
B m SP 100.6127679 Miz
WDW M
558 0
LB 1.00 Hz
GB 0
PC 1.40Q

I B i L I S e B R S B B I e ) AR RS e A B A AR RS LR A RS LSS AR RR RS ARLAS AR

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 ppm
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8.8841
87730
7.3586
7.3409
7.3018
7.2840
7.2599
7.2397

g\&:;:EVémﬁsé;&

CO,Me

N(Boc)Bn

4.5918
45525
4.4858
4.4128
41383

[
~t
3
<t

w2 AT

T ;
105 100 95

7.0
c:rwhm
&\ fin
e i
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NAME zgxr96
EXPNOC 1234
PROCNO 1
Date 20200531
Time 14.24
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG z2g30
TD 65536
SCLVENT ChCl3
N5 1
D& 0
SwWH 8223.685 H=z
FIDRES 9.125483 Hz
AD R.9846387 sec
RG 181
DW 60 .800 usec
D 6.00 usec
TE 294 .6 K
D1 1.00000000 sec
TDG 1
e CHANNET £1 =
NUC1 1H
Pl 15.80 usec
PL1 -1.00 dB
PL1W 12.17476%40 W
SFQ1 400.1324710 MH=
ST 32768
aF 400.1300096 MH=z
WD EM
358 0
LB 0.30 Hz
GB 0
BPC i.60

I ¥ T T
10 05 00 ~0.5 ppm



180.46
180.21
171.88
171.75

~Z

CO,Me

N(Boc)Bn

Iz

2aj

—155.75

141.60

141.26

138.02

129.58

129.25

129.02

128.38

128.30

100.83

r~
@
o
=]
=

128.07
127.46
123.88
122.48

SR

81.130

IRBARRRRR

NAME
EXPNO
BPROCNG
Date_
Time
INSTRUM
‘ PROBHD
PULPROG
D
SOLVENT
NS

DS

SWE
PIDRES
AQ

RG

DW

DE

——31.49%
——28.466

CPDPRG2
NUC2
PCPDZ
PL2

i PL12
PLL3
PL2W
PL12W

: PL13W
SEOZ2

SI

5%

WowW

SSB

LB

GE
pC

Zgx96

1235

1

20200531
14.31
spact

5 mm PABBO BB-
zgpg30
65536
CDCL3

1308

0
24038.461
0.3667598
1.3631988
9¢.5
20.800
6.00

294.8
2.00000000
0.,03000000

50.64365387
100.622825%

CHANNEL f£2 ===

80.00

~1.00

14.39

18.08
12.17476940
0.35193357
0.15327126
400.1316005
32768
100.6127584
BEM

0
1.00
0
1.40

AR A AR R R AR A B R
210 200 18¢ 180 170 160 150 140¢

T —
130

T T

; -
120 110 100

90
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\ L L e Lo b ¢ A . X ] I s | . -
NAME zgx%0
EXP NG 5
PROCNG 1
Date_ 2¢200408
Time 17.43
INSTRUM spect
PROBHD 5 mm PARBD BR—
()AC PULRPROG zg30
TD 65536
SOLVENT ChCl3
N(AC)Me ws 3
Ds 0
N e} SWH H8223.685 H=z
FIDRES 0.125483 Hz
H 20 3.9846387 sec
RG &4
2ak DW 60.800 usec
DR 6.00 usec
TE 294.6 K
DL 1.00000000 sec
TO 1
s CHANNEL £1
NUCL
P 15.80 usec
PL1 -1.40 dB
PL1W 12.174769240 W
SFOL 4001324710 MH=z
ST 32768
S 400.13000920 MH=z
WDW BEM
SEB 0
p=) .30 H=
GB 4]
PC 1.00
L J'UU v
Jlod /\ s e
T ; ™ " " T P T t e T o g T T e P P
9.¢ 85 8.0 7.5 7.C 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 . . 1.0 0.5 0.6 ppm

o e 0 E e W E e
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179.76
179.47
178.98
172.61
17212
171.82
170.64
170.42
142.46
142.24

/
X
/
/

OAc

N(AC)Me

Iz

2ak

127.92
124,52

%

141.89
129.06
128.45
128.18
127.99

123.68
123.56
122.30
12219
122.16
110.40

N

110.03
109.89
—53.031
43.336
42.957
28.881
28.736
28.667
———26.778

42110

A

Time
INSTRUM
PRUOBED
PULPROG
T
SOLVENT
NS

D5

SWR
FIDRES
AQ

RG

DWW

DE

TE

CPDPRG2
NUCZ2
PCPDZ
PLZ
PL12
PL13
PLZ2W
PL1ZW
PLL3W
SFQ2
3I

sSw
WDW
25B
LR

GB

PC

simee CHANNEL £2 s

zgu S0

5

1

20200408
17.49
speact

5 mm PABBO BB-
zgpg3u
65536
Ccncl3

i2g

8
24038.461
0.366798
1.363198%8
228

20.800
6.00

295.2
Z2.00000000
Q.03004000

-3.00
60.64365387
100.6228298

waltz16

18

8¢.00

-1.00

14.39

18.00
12,17476940
0.35193357
0.15327126
400.1316005
32768
100.6127752
EM

O

1.00

G

1.40

1 l I

T
190 180 170 180 150

i T
130 120 110 100




9.2170
7.2599
7.2251
7.2063
7.1878
7.0273
7.0257
7.0072
6.9899
6.9880
6.9072
6.8879
3.5304

NAME zgxl55h
EXPNO 4
PROCNO 1
Date_ 20200502
Time 22.311
INSTRUM spect
PROBHD 5 mm PABRBO BBR-—
PULPROG zg30
TD 65536
SOLVENT [elsToh ¥k
jigs] 2
DS 0
SWH 8223 ,685 Hz
N O FIDRES 0.125483 Hz
H F:Xs] 3.9846387 sec
RG 287
2al DwW 60.800 usec
DE 6.00 usec
TE 296.2 K
Dl 1.408600000 sec
Do 1
m=mmmmmm CHANNEL fl =s===mm=
NuC1 in
Pl 1%.80 usec
i PL1 ~1.00 dB
PLIW 12.17476940 W
| SEOL 400.1324710 MHz
1 31 32768
1 SF 400.1300096 MH=z
WOW HM
S8R ¢
! LB 0.30 Hz
] GB 0
P 1.00

A | N N, .

N S S B B S ML Ty L B e e e | Ty T ™7 L B B T ] L I e B ™ [ S S I S S

105 1060 ©5 90 85 80 75 7.0 865 8.0 556 50 45 40 35 30 25 20 1.5 1.6 05 00 -05 ppm

&l g3 8
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by 2 398X 3 &
© o 0w ol D ~ NAME 2gx155
~ 2 Naas 9 g EXPNO 5
i PROCNO 1
; \\\/// J i Date.. 20200502
! Timea 22.15
INSTRUM spect
PROBHD 5 mm PARBO BR—
PULPROG zgpal3l
D 65536
SOLVENT CDCL3
NS 43
s o
SWE 24038.461 Hz
FTIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 144
DW 20.800 usec
DE 5.00 usec
TE 296.7 K
Dl 2.00000000 sec
D11 0.03000000 sec
N (@] DO 1
H
======== (CHANNEL £} ========
2al NUCL 130
P21 8.60 usec
PLL -3.00 4B
PLIW 60.64365387 W
8FOL 100.6228298 MHz
‘ i 1 mmmmmemss CHANNEL £2 oo
\ CPDPRG2 waltzié
NUC2 18
§ PCPD2 80.00 usec
PL2 ~1.00 dB
PL1Z 14.39 dB
PL13 18.00 dB
PL2W 12.17476940 W
PL12W 0.35193357 W
| PL13W 0.15327126 W
SF02 400.1316005 MH=z
i ST 32768
{ s 100.8127590 MHz
| WDwW M
| SSE o
i LB 1.00 Hz
i GB 3
E BC 1.40
b 3
” AR SRS R ARAS AR T T T T T T K il i T T T T T 1
190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0 10 pprr
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3.4981
~---3.1965

NAME zgxlel
BEXPNO 3
g PROCNG 1
Date_ 20200505
Time 14.16
INSTRUM spect
PROBHD 5 mm PARBC BB
PULPRCG zg30
D 65536
SOLVENT CDC13
NS i
Dg o
N o) SWH 8223.685 H=
FIDRES 0,.125483 Hz
Me RO 3.9846387 sec
RG 144
2am oW 60.800 usec
DE 6.00 usec
TE 294.6 K
D1 1.00000000 sec
oo 1
=2 CHANNEL £1 =
1H
15.80 usec
-1.00 dB
12.17476940 W
400.1324710 MH=z
32768
400,.1300054 MHz
M
[y
0.30 Hz
G
1.00
J‘«d"J L} dl
i v ' i T T T T T F T T I T R T T I I T T [
9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
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o N HB83 = N 2
7o) 1 ] 0 ™~ ™ NAME zg=163
= s NNNA 2 3 & Exewo 4
PROCNO i
‘ \5\/// I ‘ E Date.. 20200505
Time 14,24
IMNSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG zopg30
D 65536
SOLVENT CDe13
NS 83
i D8 0
! SWH 24038.461 Hz
FIDRES 0.366798 He
! B 1.3631988 sec
RG 161
| I DW 23.800 usec
DE 6.00 usec
" 295.4 K
Di Z.00000000 sec
N o) ?éé 0.03000002 sec
s A Me
7o mm=m==== CHANNEL fl =====——-
A 2am MUCT 130
I ; P1 8.60 usec
PL1 -3.00 db
PLiW 60.64365387 W
SFOL 160.6228298 MHz
mmmm e O ANNET, F£2 svemmmomemeoe
CPDPRG2 waltz1§
| NUC2 1H
BPCPD2 80.00 usec
PL2 ~1,.00 dB
PL12 14.39 dB
PLi3 18,00 dB
PL2W 12.17476940 W
i PLIZW 0.35193357 W
PL13W 0.15327126 W
SPOZ 400.1316005 MHz
ST 32768
gF 100.6127651 MHz
WOW M
S5B 0
LB 1.00 Hz
aB 0
PC 1,40

AR an T AR AR T BAARSRRRARAREAS LAY

T i I I o T K T T A T T i T LA
200 190 180 170 160 150 140 130 120 110

- 7
210 100 90 80 70 60 50 40 30 20 10 O -10 ppm
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O DY DD v e L) OF 0D vy O DM €3S w o4
T GO~ @M F DI Al DD =F [
MDD~ O EOHDIE D) — b N o —
IO EIN N OO = v = OO OO @ «w
R e T S e N e N e N N =] < ©
—
;
NAME zgxi65
EXPNG 3
PROCHG 1
Date, . 20200505
Time 12.00
INSTRUM spect
FPROBHD 5 mrn PABBO BB~
PULPROG =g 34
T 65536
SOLVENT CDCL3
N3 4
DS O
N o) SWH 8223.685 Hz
FIDRES 0.125483 H=z
Bn aQ 3.9846387 sec
RG 64
2an DW 60.800 usec
DE: 6.00 usec
TE 294.9 K
D1 1.08000G00 sec
TGO 1
NUCT
Pl 15.80 usec
PL1 ~1.00 dB
PL1W 12.174769240 W
SFOL 4G0.1324710 MH=z
51 32768
5F 400.13000%1 MH=z
WDW EM
55B {
LB 0.30 H=z
&) g
PC 1.40
N SR
¥ 7 T f T T T T ¥ I f H T
8.5 a.0 8.5 8.0 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
!
< =
o it
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— (= o] S W OO M WO 0 [= 5]
; o oohh-moqv:rm <9 % Q NAME 165
Ly QO I~ D~ I b o=f O o9 - - 3 Ao F
2 I 8dgaldds 8 2 8 mewo 5
PROCNG 1
N ] R
Time 12.08
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG zgpg30
D 65536
SOLVENT CDOL3
ng 57
D3 o
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 181
D 20.800 usec
DE 6.00 useg
TE 295.4 K
f D1 2.00000000 sec
N 0 ! gég o.oaooooag sec
Bn :
I
2an
| Pi 8.60 usec
PLL -3.00 aB
o - oo PL1W 60.64365387 W
i AR SEOl 100.6228298 MHz
§ 555\3 mzzz=czz CHANNEL {2 =—=so=z==
; CEDPRG2 waltzl6
\l NUCZ 1E
BCPL2 80.00 usec
§ PLZ2 ~1.00 AR
i PL1Z 14.392 8B
PL13 18.00 dB
| PL2W 12.17476940 W
PL12W B.3%519335%7 W
PLLAW 0.15327126 W
i SFO2 400.1316005 MHz
37 32768
SF 100.6127739 MHz
WIYW M
SSE ¢
LB 1.00 Hz
T T GB 4]
129 128 ppm B 1.40
WWWWWMWMWWWW&MWWMM&MMMWWW
I I f F 1 1 H H I " 1 1 ? T F F 1 | [ A 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10 O 10 ppi
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8.8998

Me

2ap

7.1435
7.1241

s L

3.4232

I

2.2542

AL

NAME zgxrl 78
EXPNO 1z
BROCNO 1
Date,. 20200507
Time 16.34
INSTRUM speact
PROBED 5 mm PABRO BB-
PULPROG zg30

TD 55536
SOLVENT CRC13

NS 2

DS 0

SWH 8223.685 Hz
FIDRES 0.125483 H=z
AQ 3.9846387 sec
RG 724

DW 60G.800 usec
DE 6.00 usec
TR 294.5 K
Dt 1.000G0000 sec
T30 1

o CHANNEL £ s

NUCL 1iH

PL 15.80 usec
PL1 ~1.00 dB
PL1W 12.174763%40 W

SFOL 400.1324710 MHz
51 32768
SE 4430.1300097 MH=z
WOW EM
358 0
1.5 0.30 Hz
GB 0
PC 1.460

10.5

L A e 2 ™

10.0

9.5

9.0 8.5
L
o

L S B S T

8.0 7.5 7.0 6.5 8.0 5.5

elfee

LA s S e e

50 45 4.0
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T
35

L S L

3.0

2.5

2.0

1.5 1.0 0.5

0.0 ppm



= o o D © I o
[wn) [25] < O N W [25] w bl
o od < ol ood I @ ™~ NAME zgxl78
~ ¥OQ pou 2 & ® ExPNO 14
PROCNO i
Ty | | Eoow
Time 16.42
INSTRUM spect
PROBHD S mm PABBO BB-—
PULBPROG Zgng30
D 65536
SOLVENT CpC13
NS 5%
D% 0
SWH 24038.46L H=z
FIDRES 0.366798 Hz
e} 1.3631988 sec
RG 20.5
DW 20.800 usec
DR 6.00 usec
Me 1E 285.1 K
DL 2.00000000 s=c
D1t 4.03000000 sec
™0 T
N 0] mommen e CHANNEL £1 ssmeese
H NUC1 13¢
Bl 8.60 usec
2ap PL1 3,00 dB
PLIW £0,64365387 W
SEOL 100.6228228 Miz
mmmmmamme CHANNEL (2 —==s====
CPDPRG2 waltz16
NUC2 1H
E PCPDZ 80.00 usec
' } FL2 ~1.00 dB
PLLE2 14.39 dB
| i PL13 18.00 di
PL2W 12.17476940 W
PLI2W 0.35193357 W
PLI3W 0.15327126 W
SFOZ 400.1316005 MHz
ST 327468
] aF 100.6127572 MHz
f i WDW EM
388 0
iR 1.00 Hz
GB 0
PC 1.40
o i [ [ N ] Y t I I 1 1 I f | I [ t [ ]
210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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6.7008
6.6950
6.6800
6.6756
6.6713
6.6564
6.6506
6.5373
6.5316
6.5150
-6.5094
——3.4350
—3.1510

j
%
|

NAME zgxl85
EXPNQ 3
PROCNG 1
Date_ 20200508
Time 14.44
IS TRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG zg30
iyal 65536
SOLVENT CoC13
™S 3
DS 0
SWH B223.685 Hz
FIDRES 0.125483 H=z
AQ 3.9846387 sec
RG 144
Dw 60.800 usec
DE 5.00 usec
TE 301.9 ®
ol 1.00000000 sec
TGO 1
wemmmmee GCHANNEL £1
WUCcL 1H
Pl 15.80 usec
PLI ~1.00 dB8
PLIW 12.17476240 W
SFOL 400.1324710 Mi=z
51 32768
3F 400.1300092 MH=z
WEW BEM
558 0
LB .30 H=z
GB 0
BC 1.00
1 I ! t
3.5 0.5 0.0 -05 ppm
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= n R o= HEHN O ¥E I~ W ™
< el < NHF — P~ o3 @ o -
N o8 00 B 9 —Qo@wo &0 G = © 2 NAME zgxrl85
o < v @ D W MO 0o < w - o
[ © 0 < < IO T DO = @ 7] @ BHPNO 5
— - - ——— & H 5] A pPROCNG 1
vV NV VY OTES e
Time 14.50
TNSTRUM spect
PROBAD 5 mm PABBO BB~
PULPROG zgpg3{
D 65536
SOLVENT CDCL3
NS 41
D5 g
SWH Z4038.461 Hz
FIDRES 0.366798 H=z
AQ 1.3631988 sec
RG 128
oW 24,800 usec
DE 65.00 usec
TE 201.2 KR
D1 2,00000000 sec
D13 0.03000000 sec
TDO 1
F N~ O s CHANNET, §1 =
Me I wueca 13¢
Pl 8.60 usec
2aq PLL ~3.00 4B
PLiW 60,64365387 W
SFOL1 100.6228298 MHz
| ======== (CHANNEL {2 ========
; CPDPREZ waltzl6
| NUC2 1B
PCPDZ 80.00 usec
PL.Z =1.00 dB
Li2 14.39 ¢gB
PL13 18.00 4B
PL2W 12.17476240 W
PLLZW §.35193357 W
! PL13W 0.15327126 W
SFO2 400.1316005 MH=
ST 32768
8F 100.6127020 MH=z
WDW EM
558 o
LE 1.0¢ Hz
GB O
BC 1.40

IARRARERRS T T T T T SRR T BERAAREREERE AL AREES SRS T T T T AERES RARREAREAS T EAREERSRAR T T T T T T T

210 200 190 1806 1170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 ppm
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