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1. General Information

Unless otherwise noted, all commercially available components, as well as reagents,
and solvents, were obtained from suppliers and used without further purification. Analytical
thin layer chromatography (TLC) was performed using a Merck 60 F,s4 precoated silica gel
plate (0.2 mm thickness). After elution, plates were visualized using UV radiation (254 nm).
Further visualization was possible by staining with a basic solution of potassium permanganate
or an acidic solution of ceric molybdate. Column chromatography was carried out through
silica gel (100-200 mesh) using EtOAc/n-Hexane as an eluent. 'H NMR (400 MHz) and *C
NMR (100MHz) spectra were measured on Bruker AMX 400 spectrometers with CDCl; as
solvent and tetramethylsilane (TMS) as internal standard. Chemical shifts were reported in
units (ppm) by assigning TMS resonance in the 'H spectrum as 0.00 ppm and CDCI; resonance
in the 13C spectrum as 77.00 ppm. All coupling constants (J values) were reported in Hertz
(Hz). Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quartet); dd (doublets
of doublet); ddd (doublets of doublets of doublet); dt (doublets of triplet); or m (multiplets),
coupling constants (Hz) and integration. Chemical shifts of common trace 'H NMR impurities
(ppm): H,0: 1.56, CHCl;: 7.26. HRMS (ESI) spectra were recorded using a Bruker Impact
HD quadrupole plus ion trap at the CIF, S. P. Pune University. Melting points were determined
with a Buchi B-540 capillary melting point apparatus in open capillaries and were uncorrected.
An oil bath was used as a heating source. The starting compounds 1!, 2a%, 4a3, 6a*, and 9a°

have been synthesized using the reported procedure.



Table S1: Optimisation of reaction conditions for synthesis of spiro-pyrrolidine derivatives
using alkylidine pyrazolones?

Ph, Ph
] NN e~ Base PhO%E/N\N
Ph
1a 2a 3a

ST. 2a base solvent yield dr*
no | (equiv.) (%)?

1 1.5 K,CO;4 MeCN 80 5:1
2 1.5 Cs,CO; MeCN 70 5:1
3 1.5 K;5POy4 MeCN 78 5:1
4 1.5 Et;N MeCN 74 5:1
5 1.5 DBU MeCN 69 3:1
6 1.5 NaH MeCN 76 5:1
7 1.5 -BuOK MeCN 75 5:1
8 1.5 K,COs3 Toluene 15 4:1
9 1.5 K,CO; THF 35 11:1
10 1.5 K,CO3 1,4-dioxane 10 11:1
11 1.5 K,CO4 DMF 54 10:1
12 1.5 K,COs3 DCE 35 9:1
13 1.5 K,CO; Acetone 86 10:1
14 1.5 K,CO4 DMSO nr -
15 1.5 K,CO;4 EtOAc 30 8:1
16 1 K,CO; Acetone 79 10:1
17 2 K,CO; Acetone 86 10:1
18 1.5 K,CO; Acetone 814 10:1
19 1.5 K,CO; Acetone 83¢ 10:1

3All reactions were performed with 1a (0.19 mmol, 1.0 equiv.), 2a (0.29 mmol, 1.5 equiv.), and base (0.48 mmol, 2.5
equiv.) in solvent (2.0 mL) at room temperature (rt) for 6 h. Pisolated yields, ‘determined by 'H NMR of the crude
reaction mixture, dK2C03 (0.53 mmol, 2.0 equiv.). °(K2C0O3 (0.80 mmol, 3.0 equiv.), nr = no reaction.




Table S2: Optimisation of reaction conditions for synthesis of spiro-piperidine derivatives
using alkylidine pyrazolone®

Ph, Ph
N—r{l /‘/N—t;l
ofﬁ)\ MeHN" " Br base (2.5 equiv), o=,
+ solvent, rt Ph
Ph N
Ms
1a 4a 5a
Sr.no base solvent | timet | yield dr¢
(h) (%)°
1 K,CO3 MeCN 14 35 1.3:1
2 DBU MeCN 1 15 1.6:1
3 K3P0, MeCN 2 70 1:1
7 t-BuOK | MeCN 18 64 1.8:1
5 Cs,C03 | MeCN 1 72 1.6:1
6 NaH MeCN 16 60 1.8:1
7 Et3N MeCN 24 nr -
8 Cs,CO;3; | Acetone 1 65 1.5:1
9 Cs,CO0;5 DMF 2 32 1.2:1
9 C52C03 DMSO 24 nr -
10 Cs,CO0; THF 12 54 1.3:1
11 Cs,CO0;3 DCM 12 44 1.4:1
12 Cs,C0O;3 | toluene 12 21 1.2:1

3All reactions were performed with 1a (0.19 mmol, 1.0 equiv.), 4a (0.29 mmol, 2.0 equiv.), and base (0.48 mmol, 2.5
equiv.) in solvent (2 mL) at room temperature (rt), Yisolated yields for both distereomers, ‘determined by 'H NMR of
the crude reaction mixture, nr= no reaction.




Table S3. Optimization of Reaction Conditions for the synthesis of spiro-pyrrolidine using

methyleneindolinone?

base (2.5 equiv.),

solvent, rt
7a
solvent time yield dr¢
(h) (%)P
1 K,COs3 MeCN 12 22 5.8:1
2 DBU MeCN 3 42 7:1
3 Cs,CO; MeCN 12 15 5.6:1
4 Et;N MeCN 12 18 5:1
5 NaH MeCN 12 20 4.5:1
6 K;3POy MeCN 12 27 6:1
7 t-BuOK MeCN 12 32 8.5:1
8 DBU 1,4-dioxane 12 15 -
9 DBU DMF 12 nr -
10 DBU DMSO 12 nr 3.4:1
11 DBU THF 12 35 6:1
12 DBU DCE 12 trace -
13 DBU toluene 12 23 6:1
14 DBU EtOAc 12 20 5.5:1
15 DBU acetone 12 36 3:1

2All reactions were performed with 6a (0.22 mmol, 1.0 equiv.), 2a (0.32 mmol, 1.5 equiv.), and base (0.54 mmol, 2.5
equiv.) in solvent (2 mL) at room temperature (rt), Pisolated yields. ‘determined by 'H NMR of the crude reaction
mixture, nr= no reaction.




Table S4. Optimization of Reaction Conditions for the synthesis of spiro-piperidine using

methyleneindolinone?

base (2.5 equiv),

O MsHN._~__Br

Solvent, rt

4a ga'
ST. base solvent | timet | yield dr¢
no (h) (%)
1 Cs,CO3 MeCN 18 82 1.4:1
2 DBU MeCN 3 41 2.5:1
3 K5P0O,4 MeCN 48 58 2:1
7 t-BuOK MeCN 12 trace -
5 K,CO3 MeCN 48 68 1.4:1
6 NaH MeCN 12 nr -
7 EtsN MeCN 12 nr -
8 Cs,CO3 acetone 2 63 1.4:1
9 Cs,CO3 DMF 12 32 1.4:1
9 Cs,CO3 DMSO 3 36 1.3:1
10 | Cs,CO3 THF 12 31 2:1
11 | Cs,CO3 DCM 12 38 1.3:1
12 | Cs,CO5 toluene 12 32 1.4:1

3All reactions were performed with 6a (0.22 mmol, 1.0 equiv.), 4a (0.32 mmol, 2.0 equiv.), and base (0.54 mmol, 2.5
equiv.) in solvent (2 mL) at room temperature (rt), Yisolated yields for both distereomers, ‘determined by 'H NMR of
the crude reaction mixture, nr= no reaction.




Table S5: Optimisation of reaction conditions for synthesis of spiro-pyrrolidine 1,3-
indandione derivatives?

Base (2.5) equiv.),

MSHN._~
2a Solvent, rt

ST 2a base solvent
no | (equiv.)

1 1.5 K,COs MeCN
2 1.5 DBU MeCN 1 25
3 1.5 Cs,CO; MeCN 2 99
4 1.5 Et;N MeCN 3 95
5 1.5 NaH MeCN 4 94
6 1.5 K;3POy MeCN 2 98
7 1.5 t-BuOK MeCN 4 42
8 1.5 Cs,CO;4 1,4-dioxane 2 60
9 1.5 Cs,CO, DMF 2 50
10 1.5 Cs,CO4 DMSO 6 40
11 1.5 Cs,CO, THF 2 92
12 1.5 Cs,CO, DCE 1 90
13 1.5 Cs,CO;4 toluene 5 40
14 1.5 Cs,CO, EtOAc 3 65
15 1.5 Cs,CO;5 acetone 2 85
17 1 Cs,CO, MeCN 2 80
18 2 Cs,CO, MeCN 2 92
19 1.5 Cs,COs MeCN 2 99c

3All reactions were performed with 9a (0.21 mmol, 1.0 equiv.), 2a (0.32 mmol, 1.5 equiv.), and base (0.53 mmol, 2.5
equiv.) in solvent (2 mL) at room temperature (i.e., 25 °C) (rt), bisolated yields, base (0.64 mmol, 3.0 equiv.), nr= no
reaction.




Table S6: Optimisation of reaction conditions for synthesis of spiro-pyrrolidine 1,3-
indandione derivatives?

Base (2.5) equiv),
+ MsHN™ " Br

Solvent (2 mL),
rt

9a NO, 4a

Sr.no base solvent time t yield
(h) (%)"

1 Cs,CO3 MeCN 4 91

2 DBU MeCN 1 42

3 K5PO, MeCN 4 90

7 t-BuOK MeCN 5 85

5 K,CO3 MeCN 8 89

6 NaH MeCN 6 80

7 Et3N MeCN nr nr

8 Cs,CO3 acetone 4 63

9 Cs,C03 DMF 5 40

9 Cs,C03 DMSO 8 35

10 Cs,C03 THF 6 75

11 Cs,CO3 DCM 2 68

12 Cs,CO0;5 toluene 9 27

3All reactions were performed with 9a (0.21 mmol, 1.0 equiv.), 4a (0.32 mmol, 1.5 equiv.), and base (0.53 mmol, 2.5
equiv.) in solvent (2 mL) at room temperature (i.e., 25 °C) (rt), Pisolated yields, nr= no reaction.




2. Relative configuration determination

The relative configuration of diastereomers 3a/3a’, 5a/5a’, 7a, and 8n/8n’ was determined by
2D NOE and 1D NOE spectra of the isolated compound. For diastereomers 3a, 5a’, 7a, and
8n’, there are no significant cross-peaks between H-CHj; (3a, and 5a’) and H,-H, (7a, and 8n”)
as shown in 2D NOE spectra. Whereas, in the case of diastereomers 3a’ and 5a, there are
significant cross-peaks between H-CH; (3a’ and S5a) and H,-Hy, (8n) as shown in 2D NOE
spectra. Also, the relative configuration of the diastereomers 7a was determined by 1D NOE
spectra, which did not show significant cross-peaks between H,-Hy,.
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4. General experimental procedures and characterization data for the synthesis of
compounds 3 and 5

Ph
N—t;l . Br K,CO; (2.5 equiv.), N= N-Ms _
o ™ NHms i NTNCN.
| n Acetone (2mL), pp- Y b OR /N\\{ < "Ms
=1,2 Ph H
R n=h ", o o0 R
1 2/4 3 5

General experimental procedure: To an oven-dried 50 mL round bottom flask was added
alkylidene pyrazolone (0.19 mmol, 1.0 equiv.), haloamines (0.29 mmol, 1.5 equiv.), and base
(0.48 mmol, 2.5 equiv.) in solvent (2.0 mL), and the resulting solution was stirred at room
temperature until the starting completely consumed. After completion of the reaction, the
reaction mass was diluted with water (10.0 mL) and extracted with EtOAc (3%x10 mL). The
organic layers were collected and dried over anhydrous Na,SO,4. The combined organic layer
was concentrated under reduced pressure. The resultant crude material was purified by column
chromatography on silica gel using n-hexane/EtOAc as an eluent.

Characterization of the products:
Ph

(5R* 65*)-4-methyl-7-(methylsulfonyl)-2,6-diphenyl-2,3,7-triazaspiro[4.4non-3-en-1-one
(3a); Pinkish solid, 63 mg, 86% yield, 10:1 dr, Rf = 0.5, column chromatography on silica gel
(n-hexane/EtOAc 80:20), mp 162—164°C; 'TH NMR (400 MHz, CDCl;) : 6 8.08 — 7.69 (m,
2H), 7.42 (dd, J= 8.5, 7.5 Hz, 2H), 7.36 (d, /= 8.2 Hz, 3H), 7.26 (s, 2H), 7.22 (s, 1H), 5.05 (s,
1H), 4.06 (dd, J=9.1, 6.9 Hz, 1H), 3.99 (dd, J= 7.7, 3.7 Hz, 1H), 3.09 (s, 3H), 2.48 (ddd, J =
13.1,8.9,7.8 Hz, 1H), 2.24 (ddd, /= 13.0, 6.9, 3.7 Hz, 1H), 1.21 (s, 3H).;'3C NMR (101 MHz,
CDCly): 6 174.8, 159.1, 138.8, 137.7, 129.1, 129.1, 128.8, 126.5, 125.7, 118.9, 68.6, 63.4,
47.3, 35.6, 31.3, 14.9; HRMS (ESI) calcd for: C,0H,,N303S: [M + H]+, 384.1376 found:
384.1373.

Ph_
)
[
Ms
(5R* 6R *)-4-methyl-7-(methylsulfonyl)-2,6-diphenyl-2,3,7-triazaspiro[4.4]non-3-en-1-one
(32’) (minor); White solid, 6 mg, 8% yield, 10:1 dr, Rf= 0.5, column chromatography on silica

gel (n-hexane/EtOAc 80:20), mp 166-168°C; 'H NMR (400 MHz, CDCls) : 5 7.37 (dd, J =
8.7, 1.1 Hz, 2H), 7.25 — 7.15 (m, 7TH), 7.07 — 6.99 (m, 1H), 5.16 (s, 1H), 4.18 — 4.09 (m, 2H),
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2.71 (s, 3H), 2.34 — 2.23 (m, 5H);13C NMR (101 MHz, CDCl;): 6 171.8, 158.8, 137.3, 135.4,
128.9, 128.8, 128.6, 126.9, 125.4,119.2, 67.2, 64.6,47.9, 41.5, 32.8, 13.8.;HRMS (ESI) calcd
for: C,0H,N305S: [M + H]+, 384.1376 found: 384.1373.

MeO o=,

Ms
(5R* 65*)-6-(4-methoxyphenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3b); Yellow solid, 56 mg, 79% vyield, 10.5:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 158—160°C;'H NMR (400 MHz,
CDCl;3) : 6 7.94—-7.79 (m, 2H), 7.42 (dd, J=11.4, 4.6 Hz, 2H), 47.27 — 7.17 (m, 3H), 6.88 (d,
J=8.9 Hz, 2H), 5.01 (s, 1H), 4.04 (dd, J=9.2, 7.0 Hz, 1H), 4.00 — 3.92 (m, 1H), 3.79 (s, 3H),
3.07 (s, 3H), 2.48 (dt,J=13.0, 8.4 Hz, 1H), 2.23 (ddd, J=13.0, 6.9, 3.6 Hz, 1H), 1.29 (s, 3H).;
I3C NMR (101 MHz, CDCl3): 6 174.8, 159.9, 159.2, 137.7, 130.8, 129.1, 127.7, 125.6, 118.9,
114.5, 68.2, 63.5, 55.4, 47.2, 35.5, 31.2, 15.1; HRMS (ESI) calcd for: C,,HpeN304S: [M +
H]+, 414.1482 found: 414.1494.
Ph_
N—N

\
N

Me

(5R* 65*)-4-methyl-7-(methylsulfonyl)-2-phenyl-6-(p-tolyl)-2,3,7-triazaspiro[4.4 Jnon-3-en-
1-one (3¢); White solid, 60 mg, 83% yield, 10:1 dr, Rf= 0.5, column chromatography on silica
gel (n-hexane/EtOAc 80:20), mp 136—138°C;'H NMR (400 MHz, CDCl;) : 6 7.99 — 7.75 (m,
2H), 7.42 (dd, J=8.5, 7.6 Hz, 2H), 7.25 - 7.09 (m, 5H), 5.02 (s, 1H), 4.14 — 3.88 (m, 2H), 3.07
(s, 3H), 2.47 (ddd, J = 13.0, 8.8, 7.9 Hz, 1H), 2.33 (s, 3H), 2.23 (ddd, J = 13.0, 6.9, 3.7 Hz,
1H), 1.25 (s, 3H); 3C NMR (101 MHz, CDCl3) : 6 174.9, 159.2, 138.6, 137.7, 135.8, 129.8,
129.1, 126.4, 125.6, 118.9, 68.4, 63.5, 47.2, 35.6, 31.3, 21.3, 15.1; HRMS (ESI) calcd for:
C21H24N305S: [M + H]+, 398.1533 found: 398.1539.

(5R*,65%)-6-(4-(tert-butyl)phenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3d); White solid, 49 mg, 71% vyield, 3:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 156—158°C;'H NMR (400 MHz,
CDCly): 6 7.88 (dd, J=8.7, 1.0 Hz, 2H), 7.47 — 7.32 (m, 4H), 7.21 (d, J = 7.5 Hz, 3H), 5.04
(s, 1H), 4.02 (dtd, J=12.7,9.9, 5.2 Hz, 2H), 3.08 (s, 3H), 2.54 —2.42 (m, 1H), 2.27 - 2.17 (m,
1H), 1.30 (s, 9H), 1.17 (s, 3H); 3C NMR (101 MHz, CDCl;): & 174.9, 159.2, 151.9, 137.7,
135.7,129.1, 126.2, 125.9, 125.6, 118.9, 68.3, 63.4,47.2, 35.6, 34.7,31.4, 31.3, 14.7, HRMS
(ESI) calcd for: Co4H30N305S: [M + H]+, 440.2002 found: 440.2012.
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02N O/ ‘s,

(5R*,65%*)-4-methyl-7-(methylsulfonyl)-6-(4-nitrophenyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3e); White solid, 51 mg, 73% vyield, 3.3:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 188—190°C;'H NMR (400 MHz,
CDClL): 6 8.22 (d, J=9.0 Hz, 2H), 7.97 — 7.78 (m, 2H), 7.44 (dd, J = 8.5, 7.6 Hz, 4H), 7.26
(dt,J=12.8,4.3 Hz, 1H), 5.13 (s, 1H), 4.15 — 3.94 (m, 2H), 3.11 (s, 3H), 2.51 — 2.40 (m, 1H),
2.39-2.29 (m, 1H), 1.36 (s, 3H).; 3C NMR (101 MHz, CDCl;): 6 173.9, 157.9, 148.1, 145.7,
137.4,129.2,127.5,125.9, 124.3, 118.9, 68.2, 63.6, 47.7, 35.2, 31.9, 15.4; HRMS (ESI) calcd
for: C,0H,1N4O5S: [M + H]+, 429.1227 found: 429.1236.

O,N N

(5R*,65%*)-4-methyl-7-(methylsulfonyl)-6-(3-nitrophenyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3f); White solid, 54 mg, 77% yield, 7:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 184—186°C; 'TH NMR (400 MHz,
CDCly): 6 8.35 - 8.08 (m, 2H), 7.86 (d, /= 7.8 Hz, 2H), 7.62 (s, 1H), 7.55 (t, J= 7.9 Hz, 1H),
7.43 (t,J=8.0 Hz, 2H), 7.28 — 7.20 (m, 1H), 5.13 (s, 1H), 4.06 (ddd, /=9.9, 8.8, 2.6 Hz, 2H),
3.11 (s, 3H), 2.47 (dt,J=13.3, 7.7 Hz, 1H), 2.39 — 2.28 (m, 1H), 1.35 (s, 3H).;'3C NMR (101
MHz, CDCl3): 6 173.9, 157.9, 148.7, 141.0, 137.4, 132.5, 130.2, 129.2, 125.9, 123.8, 121.5,
119.1, 68.1, 63.5, 47.6, 35.3, 31.7, 15.4; HRMS (ESI) calcd for: CyH,1N4O5S: [M + H]+,
429.1227 found: 429.1229.

Ph,

(5R* 65%*)-4-methyl-7-(methylsulfonyl)-2-phenyl-6-(3-(trifluoromethyl)phenyl)-2,3,7-
triazaspiro[4.4]non-3-en-1-one (3g); White solid, 54 mg, 79% yield, 4.8:1 dr, Rf=0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 128—130°C; 'TH NMR (400 MHz,
CDClLy) : 6 7.93 —7.79 (m, 2H), 7.74 — 7.47 (m, 4H), 7.47 — 7.39 (m, 2H), 7.24 (dd, J=10.7,
4.3 Hz, 1H), 5.10 (s, 1H), 4.16 — 3.94 (m, 2H), 3.11 (s, 3H), 2.53 —2.40 (m, 1H), 2.34 — 2.24
(m, 1H), 1.28 (d, J="7.7 Hz, 3H); 13C NMR (101 MHz, CDCl;) : 6 174.3, 158.3, 139.9, 137.5,
131.7, 131.4, 129.9, 129.7, 129.2, 125.9, 125.7 (d, J = 3.7 Hz), 123.3 (d, J = 3.8 Hz), 119.0,
68.3,63.5,47.5,35.4,31.5,15.0; ’F NMR (377 MHz, CDCl): 6 -62.66; HRMS (ESI) ca3lcd
for: C21H21F3N303SI [M + H]+, 452.1250 found: 452.1261.
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/
Ms

(5R* 65*)-6-(3-fluorophenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3h); White solid, 55 mg, 77% vyield, 6:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 150—152°C; 'TH NMR (400 MHz,
CDCly): 6 7.98 — 7.73 (m, 2H), 7.50 — 7.37 (m, 2H), 7.33 (td, /= 8.0, 5.8 Hz, 1H), 7.23 (ddd,
J=28.5,2.5,1.5Hz, 1H), 7.04 (dt, J = 8.3, 5.3 Hz, 3H), 5.03 (s, 1H), 4.12 —3.91 (m, 2H), 3.10
(s, 3H), 2.61 —2.36 (m, 1H), 2.25 (ddd, J=13.1, 6.9, 3.8 Hz, 1H), 1.29 (s, 3H)."3C NMR (101
MHz, CDCL) : 6 174.6, 164.5, 161.9, 158.5, 141.5 (d, J = 6.8 Hz), 137.6, 130.8 (d, J = 8.2
Hz), 129.2, 125.8, 122.2 (d,J=2.9 Hz), 118.9, 115.8 (d, /= 21.2 Hz), 113.8 (d, /= 22.7 Hz),
67.9 (d, J = 1.8 Hz), 63.3, 47.3, 35.5, 31.5, 14.9; F NMR (377 MHz, CDCl;): 5 -111.25;
HRMS (ESI) calcd for: C,0H, FN3O5S: [M + H]+, 402.1282 found: 402.1291.

cl o=,

/
Ms
(5R* 65%*)-6-(4-chlorophenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3i); White solid, 55 mg, 78% vyield, 6.8:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 150—152°C;'H NMR (400 MHz,
CDCly): 6 7.98 — 7.77 (m, 2H), 7.43 (dd, J=10.8, 5.2 Hz, 2H), 7.34 (d, /= 8.3 Hz, 2H), 7.24
(dd, /=129, 5.7 Hz, 3H), 5.01 (s, 1H), 4.12 — 3.93 (m, 2H), 3.08 (s, 3H), 2.44 (dt, J = 14.0,
8.0 Hz, 1H), 2.33 — 2.20 (m, 1H), 1.33 (s, 3H).3C NMR (101 MHz, CDCl;) : 5 174.5, 158.6,
137.6, 137.3, 134.7, 129.3, 129.2, 127.9, 125.8, 118.9, 68.1, 63.5, 47.4, 35.4, 31.5, 15.2;
HRMS (ESI) calcd for: Cy0H,;CIN;05S: [M + H]+, 418.0987 found: 418.0998.
Ph
N-N
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N
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(5R* 65*)-6-(4-bromophenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3j); White solid, 54 mg, 80% yield, 6:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 170—172°C; 'TH NMR (400 MHz,
CDCly) : 6 7.87 (dd, J= 8.5, 0.9 Hz, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.46 — 7.39 (m, 2H), 7.29
—7.14 (m, 3H), 5.00 (s, 1H), 4.12 — 3.89 (m, 2H), 3.08 (s, 3H), 2.44 (dt, /= 13.1, 8.0 Hz, 1H),
2.26 (ddd, J = 13.0, 7.0, 4.2 Hz, 1H), 1.33 (s, 3H).;13C NMR (101 MHz, CDCl3): 6 174.5,
158.6,137.8,137.6, 132.3,129.2, 128.2, 125.8, 122.8, 118.9, 68.2, 63.4,47.4,35.4,31.5, 15.3;
HRMS (ESI) calcd for: C,0H,;BrN;O3S: [M + H]+, 462.0482 found: 462.0492.
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(5R* 65%*)-6-(4-(benzyloxy)phenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3k); Yellow solid, 48 mg, 72% yield, 4:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 150—152°C; 'TH NMR (400 MHz,
CDCly) : 6 7.87 (dd, J= 8.7, 1.0 Hz, 2H), 7.50 — 7.28 (m, 7H), 7.26 — 7.16 (m, 3H), 6.96 (d, J
= 8.9 Hz, 2H), 5.05 (s, 2H), 5.00 (s, 1H), 4.13 — 3.90 (m, 2H), 3.07 (s, 3H), 2.56 — 2.38 (i,
1H), 2.22 (ddd, J = 12.9, 6.8, 3.5 Hz, 1H), 1.27 (s, 3H); '3C NMR (101 MHz, CDCl;) : 3
174.8,159.2,159.1,137.7,136.8, 131.2, 129.1, 128.7, 128.2, 127.7,127.7, 125.6, 118.9, 115.5,
70.3, 68.2, 63.5, 47.2, 35.5, 31.2, 15.1; HRMS (ESI) calcd for: C,;HgN304S: [M + HJ+,
490.1795 found: 490.1798.
Ph,
N—N
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(5R* 65%*)-4-methyl-7-(methylsulfonyl)-6-(4-phenoxyphenyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (31); White solid, 50 mg, 75% vyield, 8.5:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 180—182°C; 'TH NMR (400 MHz,
CDCl;): 0 7.94 —7.80 (m, 2H), 7.42 (t,J= 8.0 Hz, 2H), 7.34 (t, J=7.9 Hz, 2H), 7.24 (dq, J =
14.9, 7.3 Hz, 3H), 7.12 (t, J= 7.4 Hz, 1H), 7.05 — 6.91 (m, 4H), 5.04 (s, 1H), 4.11 — 4.01 (m,
1H), 4.00 - 3.90 (m, 1H), 3.09 (s, 3H), 2.47 (dt,J=13.1, 8.2 Hz, 1H), 2.24 (ddd, J=12.9, 6.8,
3.7 Hz, 1H), 1.34 (s, 3H); 3C NMR (101 MHz, CDCl3): 5 174.7, 158.9, 157.8, 156.7, 137.6,
133.4,129.9,129.1,127.9, 125.7,123.9, 119.3, 119.1, 118.9, 68.2, 63.5, 47.3, 35.5,31.3, 15.1;
HRMS (ESI) calcd for: Cy6HyN304S: [M + H]+, 476.1639 found: 476.1645.

Ph
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(5R* 65*)-4-methyl-7-(methylsulfonyl)-2-phenyl-6-(4-(trifluoromethoxy)phenyl)-2,3,7-
triazaspiro[4.4]non-3-en-1-one (3m); White solid, 54 mg, 80% yield, 5.8:1 dr, Rf=0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 176—178°C; 'TH NMR (400 MHz,
CDCl3) : 6 7.99 — 7.76 (m, 2H), 7.53 — 7.40 (m, 2H), 7.36 (d, /= 7.9 Hz, 2H), 7.27 — 7.19 (m,
3H), 5.05 (s, 1H), 4.21 — 3.89 (m, 2H), 3.11 (s, 3H), 2.46 (dt, J=13.1, 8.1 Hz, 1H), 2.28 (ddd,
J=13.1,6.9, 4.1 Hz, 1H), 1.29 (s, 3H); 3C NMR (101 MHz, CDCl3): 5 174.5, 158.5, 149.5
(q, /=19 Hz), 137.6, 137.4, 129.2, 128.0, 125.9, 121.5, 118.9, 68.0, 63.5, 47.4, 35.4, 31.5,
15.1;F NMR (377 MHz, CDCl;) & -57.90.;HRMS (ESI) calcd for: C;;H; F3N;0,4S: [M +
H]+, 468.1199 found: 468.1199.
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(5R*,65%)-6-(3,4-dimethoxyphenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3m); Yellow solid, 52 mg, 76% yield, 9.5:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 148—150°C; '"TH NMR (400 MHz,
CDCly) : 6 7.88 (d,J=7.7 Hz, 2H), 7.42 (t, J= 8.0 Hz, 2H), 7.22 (t, J= 7.4 Hz, 1H), 6.89 (dd,
J=29.1, 8.1 Hz, 2H), 6.71 (s, 1H), 5.01 (s, 1H), 4.15 —4.02 (m, 1H), 3.98 (dt, J=9.9, 5.0 Hz,
1H), 3.87 (s, 3H), 3.81 (s, 3H), 3.09 (s, 3H), 2.55 — 2.39 (m, 1H), 2.26 (ddd, J=12.8, 6.8, 4.2
Hz, 1H), 1.35 (s, 3H); 13C NMR (101 MHz, CDCl;): 6 174.7, 159.3, 149.5, 149.4, 137.7,
131.1, 129.2, 125.7, 118.8, 118.7, 111.5, 109.4, 68.6, 63.7, 56.1, 56.1, 47.4, 35.5, 31.4, 15.2;
HRMS (ESI) calcd for: CypHy6N304S: [M + H]+, 444.1588 found: 444.1593.
Ph

(5R* 65%*)-4-methyl-7-(methylsulfonyl)-2-phenyl-6-(3,4,5-trimethoxyphenyl)-2,3,7-
triazaspiro[4.4]non-3-en-1-one (30); White solid, 56 mg, 83% yield, 10.3:1 dr, Rf = 0.5,
column chromatography on silica gel (n-hexane/EtOAc 80:20), mp 104—106°C; TH NMR (400
MHz, CDCl): 76 7.88 (dd, J = 8.7, 1.0 Hz, 2H), 7.51 — 7.35 (m, 2H), 7.26 — 7.17 (m, 1H),
6.50 (s, 2H), 5.00 (s, 1H), 4.07 (ddd, /=9.9, 8.2, 7.2 Hz, 1H), 3.97 (ddd, J=10.2, 7.4, 4.6 Hz,
1H), 3.81 (d, J=11.3 Hz, 9H), 3.11 (s, 3H), 2.53 — 2.38 (m, 1H), 2.34 — 2.20 (m, 1H), 1.37 (d,
J=19.9 Hz, 3H); 13C NMR (101 MHz, CDCl;): 5 174.6, 159.3, 153.8, 138.3, 137.6, 134.1,
129.2, 125.7, 118.8, 103.3, 68.9, 63.8, 61.1, 56.4, 47.7, 35.3, 31.6, 15.1; HRMS (ESI) calcd
for: Co3HpgN306S: [M + H]+, 474.1693 found: 474.1699.
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(5R* ,6R*)-6-(2,4-dichlorophenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3p); White solid, 51 mg, 75% yield, 4:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 110—112°C;'H NMR (400 MHz,
CDClLy) : 6 7.94—-7.77 (m, 2H), 7.71 (d, J=9.0 Hz, 1H), 7.42 (dd, J=17.1, 8.8 Hz, 4H), 7.23
(d, J=7.4 Hz, 1H), 5.34 (s, 1H), 4.11 — 3.89 (m, 2H), 3.15 (s, 3H), 2.45 (ddd, /= 13.0, 10.2,
8.1 Hz, 1H), 2.21 (ddd, J = 13.0, 6.0, 2.3 Hz, 1H), 1.30 (s, 3H); 3C NMR (101 MHz, CDCls)
: 61749, 157.6, 137.5, 135.4, 135.3, 133.1, 130.1, 129.6, 129.2, 127.9, 125.9, 119.21, 64.6,
62.3, 46.8, 34.9, 31.9, 14.6; HRMS (ESI) calcd for: C,0H»0C1,N305S: [M + H]+, 452.0597
found: 452.0599.

Ph
N
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(5R*,65%)-6-(benzo[d][1,3]dioxol-5-yl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-
triazaspiro[4.4]non-3-en-1-one (3q); Yellow solid, 56 mg, 80% yield, 7.7:1 dr, Rf = 0.5,
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column chromatography on silica gel (n-hexane/EtOAc 80:20), mp 174—176°C; "TH NMR (400
MHz, CDCl): 6 7.94 — 7.80 (m, 2H), 7.42 (dd, J= 8.5, 7.6 Hz, 2H), 7.26 — 7.18 (m, 1H), 6.78
(d, J=17.8 Hz, 3H), 5.97 (s, 2H), 4.95 (s, 1H), 4.08 — 3.92 (m, 2H), 3.08 (s, 3H), 2.54 — 2.43
(m, 1H), 2.27 — 2.16 (m, 1H), 1.36 (s, 3H); 3C NMR (101 MHz, CDCl;): 5 174.8, 158.9,
148.4, 147.9, 137.6, 132.9, 129.1, 125.7, 119.9, 118.9, 108.9, 107.1, 101.6, 68.2, 63.4, 47.1,
35.5,31.1, 15.1; HRMS (ESI) calcd for: C,;H»,N505S: [M + H]+, 428.1275 found: 428.1284.

(5R* 65%*)-4-methyl-7-(methylsulfonyl)-6-(naphthalen-2-yl)-2-phenyl-2,3,7-triazaspiro
[4.4]non-3-en-1-one (3r); White solid, 52 mg, 75'% yield, 10.6:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 178—180°C; 'H NMR (400 MHz,
CDCl): 6 8.01 — 7.71 (m, 6H), 7.58 — 7.40 (m, 4H), 7.37 — 7.19 (m, 2H), 5.23 (s, 1H), 4.26 —
3.93 (m, 2H), 3.13 (s, 3H), 2.62 — 2.47 (m, 1H), 2.35 - 2.21 (m, 1H), 1.16 (s, 3H); 13C NMR
(101 MHz, CDCl;): & 174.8, 158.9, 137.6, 136.1, 133.4, 133.2, 129.2, 129.1, 128.4, 127.9,
126.8,126.7,125.7,125.7, 124.1, 118.9, 68.7, 63.6, 47.4, 35.5, 31.6, 15.2; HRMS (ESI) calcd
for: C,4H,4N505S: [M + H]+, 434.1533 found: 434.1541.

(5R* 6R *)-6-(furan-2-yl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro[4.4 Jnon-3-
en-1-one (3s); White solid, 48mg, 65% yield, 15.5:1 dr, Rf = 0.5, column chromatography on
silica gel (n-hexane/EtOAc 80:20), mp 130—132°C; 'TH NMR (400 MHz, CDCl;): 6 7.92 —
7.80 (m, 2H), 7.47 — 7.35 (m, 3H), 7.24 — 7.15 (m, 1H), 6.42 (d, /= 3.3 Hz, 1H), 6.38 (dd, J =
3.3, 1.8 Hz, 1H), 4.99 (s, 1H), 4.00 (td, J = 9.3, 7.1 Hz, 1H), 3.90 (ddd, J = 9.3, 8.2, 2.9 Hz,
1H), 3.00 (s, 3H), 2.64 (ddd, J = 12.9, 9.3, 8.2 Hz, 1H), 2.27 (ddd, J = 12.9, 7.0, 2.9 Hz, 1H),
1.52 (s, 3H); 13C NMR (101 MHz, CDCl;): 5 173.9, 158.6, 150.9, 142.7, 137.6, 129.1, 125.6,
118.9, 111.3, 109.6, 62.1, 61.5, 46.2, 36.4, 31.5, 13.9; HRMS (ESI) calcd for: C;sH,oN304S:
[M + H]+, 374.1169 found: 374.1175.

(5R* 6R*)-4-methyl-7-(methylsulfonyl)-2-phenyl-6-(thiophen-2-yl)-2,3,7-triazaspiro

[4.4]non-3-en-1-one (3t); White solid, 52mg, 72% yield, 14:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 166—168°C; 'H NMR (400 MHz,
CDCly): 6 8.09 — 7.68 (m, 2H), 7.41 (dd, J=11.5, 4.6 Hz, 2H), 7.28 (dd, /= 5.0, 1.0 Hz, 1H),
7.21 (dd, J=10.7, 4.2 Hz, 1H), 6.99 (dd, J = 5.0, 3.6 Hz, 1H), 6.97 — 6.86 (m, 1H), 5.28 (s,
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1H), 4.10 — 3.86 (m, 2H), 3.06 (s, 3H), 2.62 (dt, J = 13.0, 8.6 Hz, 1H), 2.27 (ddd, J = 13.0, 6.8,
3.1 Hz, 1H), 1.43 (s, 3H); 3C NMR (101 MHz, CDCLy): § 174.3, 158.9, 143.4, 137.6, 129.1,
127.7, 125.8, 125.8, 125.3, 118.9, 64.3, 63.3, 46.7, 36.2, 31.3, 14.6; HRMS (ESI) calcd for:
CisHaoN305S,: [M + H]+, 390.0941 found: 390.0951.

Ph N
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(5R*,65%*)-6-cyclohexyl-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro[4.4]non-3-
en-1-one (3u); White solid, 46 mg, 63% yield, 2:1 dr, Rf = 0.5, column chromatography on
silica gel (n-hexane/EtOAc 80:20), mp 102—-104°C; "TH NMR (400 MHz, CDCl;): 6 7.76 (dd,
J=28.7,1.0 Hz, 2H), 7.33 (dd,J=11.4, 4.6 Hz, 2H), 7.18 — 7.07 (m, 1H), 4.15 (d, /= 10.3 Hz,
1H), 3.77 —3.57 (m, 2H), 2.98 (s, 3H), 2.13 (s, 3H), 2.04 (dd, /= 11.8, 4.0 Hz, 2H), 1.79 (d, J
=12.3 Hz, 1H), 1.69 (d, J = 12.9 Hz, 1H), 1.57 — 1.45 (m, 2H), 1.20 — 0.95 (m, 6H), 0.78 —
0.68 (m, 1H); 13C NMR (101 MHz, CDCl3): 5 174.0, 161.9, 137.9, 129.0, 125.3, 119.1, 67.8,
61.2,47.9,41.3,39.1,37.8,31.2,30.2, 26.1, 25.9, 25.6; HRMS (ESI) calcd for: C,,H,sN;05S:
[M + H]+, 390.1846 found: 390.1854.
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(5R*,65%*)-6-(tert-butyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro[4.4]non-3-
en-1-one (3v); White solid, 48 mg, 64% yield, 10:1 dr, Rf = 0.5, column chromatography on
silica gel (n-hexane/EtOAc 80:20), mp 120—122°C; 'TH NMR (400 MHz, CDCl;): 3 8.01 —
7.71 (m, 2H), 7.40 (dd, J = 11.5, 4.5 Hz, 2H), 7.25 — 7.12 (m, 1H), 4.42 (s, 1H), 3.95 — 3.81
(m, 1H), 3.71 (td, J = 11.9, 4.7 Hz, 1H), 3.09 (s, 3H), 2.26 (d, J = 6.7 Hz, 1H), 2.24 (s, 3H),
2.13 (dd, J=12.4,4.5 Hz, 1H), 1.10 — 0.99 (m, 9H); 13C NMR (101 MHz, CDCl3): 5 174.9,
162.3, 138.1, 129.1, 125.3, 119.1, 72.6, 61.8, 50.2, 42.2, 38.9, 37.8, 27.5, 13.6; HRMS (ESI)
calcd for: C1gHp¢N305S: [M + H]+, 364.1689 found: 364.1696.
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(5R*,6R*)-4-methyl-7-(methylsulfonyl)-2,6-diphenyl-2,3,7-triazaspiro[4.5]dec-3-en-1-one

(5a); White solid, 55 mg, 72% yield, 1.2:1 dr, Rf = 0.5, column chromatography on silica gel
(n-hexane/EtOAc 80:20), mp 174—176°C; TH NMR (400 MHz, CDCl;): 6 7.79 — 7.59 (m,
2H), 7.45 (t, J=7.9 Hz, 2H), 7.38 (dd, J= 7.1, 1.5 Hz, 4H), 7.34 — 7.26 (m, 2H), 6.30 (s, 1H),
444 - 431 (m, 1H), 4.14 - 4.01 (m, 1H), 3.67 (dt, J=15.5, 4.4 Hz, 1H), 3.10 (ddd, /=154,
10.2, 3.4 Hz, 1H), 2.97 (s, 3H), 2.19 — 2.07 (m, 1H), 2.02 (s, 3H), 1.81 (dddd, J = 15.5, 7.2,
3.6, 1.7 Hz, 1H); 13C NMR (101 MHz, CDCl;): 6 151.5, 147.6, 138.6, 129.1, 129.0, 128.6,
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128.3, 126.7, 122.4, 103.0, 74.5, 56.2, 42.3, 40.9, 28.5, 13.5; HRMS (ESI) calcd for:
C1H24N30;S: [M + H]+, 398.1533 found: 398.1542.
Ph
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(5R* 65*)-4-methyl-7-(methylsulfonyl)-2,6-diphenyl-2,3,7-triazaspiro[4.5]dec-3-en-1-one
(52”) (minor); White solid, 55 mg, 72% yield, 1.2:1 dr, Rf = 0.5, column chromatography on
silica gel (n-hexane/EtOAc 80:20), mp 178—180°C; 'TH NMR (400 MHz, CDCl;): 6 7.79 (dd,
J=1.8, 1.0 Hz, 2H), 7.43 — 7.28 (m, 7H), 7.18 (dd, J=10.8, 4.0 Hz, 1H), 4.95 (s, 1H), 3.91 —
3.75 (m, 2H), 2.78 (s, 3H), 2.65 — 2.49 (m, 1H), 2.31 — 2.16 (m, 1H), 1.97 — 1.82 (m, 2H), 1.53
(s,3H); BC NMR (101 MHz, CDCl;): 8 173.9,160.8, 137.7,129.1, 128.9, 128.9, 128.6, 125.3,
119.1, 60.8, 55.8, 43.1, 39.2, 25.4, 18.5, 16.6; HRMS (ESI) calcd for: C,;H,4N;05S: [M +
H]+, 398. 1533 found: 398.1542.

25
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(5R* 6R *)-4-methyl-7-(methylsulfonyl)-6-(3-nitrophenyl)-2-phenyl-2,3,7-triazaspiro
[4.5]dec-3-en-1-one (5b); White solid, 52 mg, 72% vyield, 1.3:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 170—172°C; 'TH NMR (400 MHz,
CDCl): 6 8.28 (t,J = 1.8 Hz, 1H), 8.15 (ddd, J = 8.2, 2.1, 0.9 Hz, 1H), 7.83 — 7.66 (m, 2H),
7.64 (d, J = 7.8 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.40 — 7.29 (m, 2H), 7.21 — 7.11 (m, 1H),
4.95 (s, 1H), 4.02 — 3.88 (m, 1H), 3.69 (dt, J = 13.6, 5.3 Hz, 1H), 2.91 (s, 3H), 2.44 (qd, J =
8.5,4.9 Hz, 1H), 2.20 —2.10 (m, 1H), 2.06 — 1.96 (m, 2H), 1.82 (s, 3H); 13C NMR (101 MHz,
CDCly): 6 173.4, 159.9, 147.9, 139.2, 137.3, 134.6, 129.7, 128.9, 125.7, 123.9, 123.1, 119.1,
61.7, 56.6, 44.6, 38.5, 26.7, 18.8, 17.5; HRMS (ESI) calcd for: C,;H»;3N405S: [M + HJ+,
443.1384 found: 443.1392.
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(5R* 6R*)-6-(4-methoxyphenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro
[4.5]dec-3-en-1-one (5¢); White solid, 53 mg, 72% yield, 1.2:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 98—100°C; 'H NMR (400 MHz,
CDClLy): 6 7.77 (dd, J=8.7, 1.1 Hz, 2H), 7.41 — 7.28 (m, 4H), 7.22 — 7.11 (m, 1H), 6.84 (d, J
= 8.9 Hz, 2H), 4.85 (s, 1H), 3.90 — 3.81 (m, 1H), 3.76 (s, 3H), 3.73 — 3.67 (m, 1H), 2.72 (s,
3H), 2.61 — 2.47 (m, 1H), 2.28 — 2.15 (m, 1H), 1.97 — 1.85 (m, 2H), 1.65 (s, 3H); 13C NMR
(101 MHz, CDCl): & 173.7, 160.9, 159.9, 137.7, 130.1, 129.2, 128.8, 125.2, 119.1, 114.1,
60.9, 56.1, 55.30, 43.4, 38.9, 25.7, 18.8, 16.8; HRMS (ESI) calcd for: C;pH,6N;04S: [M +
H]+, 428.1639 found: 428.1643.
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(5R*,6R *)-6-(4-(tert-butyl)phenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro

[4.5]dec-3-en-1-one (5d); White solid, 54 mg, 76% vyield, 1.4:1 dr, Rf = 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 150—-152°C; 'TH NMR (400 MHz,
CDClL): 6 7.46 (d, J = 8.0 Hz, 2H), 7.27 (dd, J = 13.0, 7.9 Hz, 4H), 7.18 (d, J = 8.3 Hz, 2H),
7.11 (t,J=17.4 Hz, 1H), 5.19 (s, 1H), 3.99 (ddd, /= 16.3, 11.8, 6.7 Hz, 2H), 2.55 (s, 3H), 2.39
(s, 3H), 2.09 (dt, J=13.3, 8.1 Hz, 4H), 1.23 (s, 9H); 13C NMR (101 MHz, CDCl;): $ 172.3,
162.2,151.7,137.6, 133.1, 128.8, 127.0, 125.6, 125.5, 119.8, 58.9, 56.9, 40.8, 40.5, 34.7, 31.3,
25.4,18.6, 15.5; HRMS (ESI) calcd for: C,5H3,N305S: [M + H]+, 454.2159 found: 454.2168.

Ph,
N—N
o)
MeO o
/N
MeO Ms

(5R* 6R*)-6-(3,4-dimethoxyphenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-
triazaspiro[4.5]dec-3-en-1-one (5e); White solid, 53 mg, 74% yield, 1.5:1 dr, Rf= 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 174—176°C; 'TH NMR (400 MHz,
CDClLy): 6 7.64 (d, J= 7.8 Hz, 2H), 7.31 (t,J = 7.8 Hz, 2H), 7.13 (dd, J = 10.8, 3.9 Hz, 1H),
6.92 (dd, J=8.3,2.0 Hz, 1H), 6.77 (dd, J=15.8, 5.1 Hz, 2H), 5.07 (s, 1H), 3.91 (dd, J=12.4,
5.8 Hz, 2H), 3.83 (s, 3H), 3.73 (s, 3H), 2.53 (s, 3H), 2.39 (s, 3H), 2.14 (ddd, /= 15.8, 10.7, 5.3
Hz, 3H), 2.01 (d, /= 8.0 Hz, 1H); 13C NMR (101 MHz, CDCl3): 6 172.2, 162.4, 149.2, 148.9,
137.7, 128.9, 128.3, 125.3, 120.4, 119.1, 111.0, 110.9, 59.4, 56.8, 56.0, 55.9, 41.1, 40.3, 25.9,
18.8, 15.8; HRMS (ESI) calcd for: C,3H,5N305S: [M + H]+, 458.1744 found: 458.1751.

Ph,
N—N
MeO 4/ \
N
MeO Ms’

(5R* 6R*)-4-methyl-7-(methylsulfonyl)-2-phenyl-6-(3,4,5-trimethoxyphenyl)-2,3,7-
triazaspiro[4.5]dec-3-en-1-one (5f); White solid, 51 mg, 73% yield, 1.5:1 dr, Rf= 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 144—-146°C; '"H NMR (400 MHz,
CDCl;): 6 7.76 — 7.61 (m, 2H), 7.45 (t, J= 7.9 Hz, 2H), 7.31 (t,J = 7.4 Hz, 1H), 6.58 (s, 2H),
6.23 (s, 1H), 4.51 —4.31 (m, 1H), 4.08 (ddd, J = 11.5, 8.1, 3.1 Hz, 1H), 3.82 (s, 9H), 3.76 —
3.60 (m, 1H), 3.14 (ddd, J = 13.9, 10.2, 3.2 Hz, 1H), 2.96 (s, 3H), 2.12 (d, J = 5.9 Hz, 1H),
2.08 (s, 3H), 1.83 (ddd, J = 11.8, 5.0, 3.4 Hz, 1H); '3C NMR (101 MHz, CDCl): 6 153.7,
151.4, 147.7, 138.5, 138.1, 134.2, 129.2, 126.8, 122.3, 105.8, 102.7, 74.6, 60.9, 56.5, 56.2,
42.3, 41.2, 28.4, 13.6; HRMS (ESI) calcd for: Cy4H30N304S: [M + H]+, 488.1850 found:
488.1861.
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(5R* 6R*)-6-(benzo[d][1,3]dioxol-5-yl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-
triazaspiro[4.5]dec-3-en-1-one (5g); White solid, 47 mg, 65% yield, 1.3:1 dr, Rf= 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 144—-146°C; '"H NMR (400 MHz,
CDCl): 6 7.67 (d, J = 7.7 Hz, 2H), 7.44 (t, J = 7.9 Hz, 2H), 7.29 (dd, J = 14.4, 7.0 Hz, 1H),
6.89 (s, 1H), 6.79 (d, J = 0.6 Hz, 2H), 6.19 (s, 1H), 5.99 (s, 2H), 4.46 — 4.31 (m, 1H), 4.17 —
4.01 (m, 1H), 3.67 (ddd, J = 14.8, 10.4, 5.2 Hz, 1H), 3.21 — 3.03 (m, 1H), 2.95 (s, 3H), 2.12
(ddd, J=10.7, 7.3, 4.0 Hz, 1H), 2.03 (s, 3H), 1.81 (ddd, /= 15.2, 7.3, 4.1 Hz, 1H); 3C NMR
(101 MHz, CDCl;): o 151.5, 148.5, 147.7, 147.6, 138.5, 132.4, 129.1, 126.7, 122.5, 122.2,
108.9, 108.4, 103.2, 101.5, 74.8, 56.1, 42.2, 41.1, 28.5, 13.5; HRMS (ESI) calcd for:
CpHyuN;30sS: [M + H]+, 442.1431found: 442.1441.

Ph\N/N\
e

(5R* 65%*)-6-(2,4-dichlorophenyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-
triazaspiro[4.5]dec-3-en-1-one (Sh); White solid, 52 mg, 74% yield, 1.5:1 dr, Rf= 0.5, column
chromatography on silica gel (n-hexane/EtOAc 80:20), mp 182—184°C; 'TH NMR (400 MHz,
CDCly): 6 7.80 (dd, J = 8.6, 1.0 Hz, 2H), 7.61 (d, J = 8.5 Hz, 1H), 7.46 — 7.33 (m, 3H), 7.28
(dd, J=8.5, 2.2 Hz, 1H), 7.20 (t, J = 7.4 Hz, 1H), 5.57 (s, 1H), 3.98 — 3.85 (m, 2H), 3.01 (s,
3H), 2.51 (ddd, J=15.6, 11.8, 5.2 Hz, 1H), 2.09 (ddd, J = 8.2, 6.9, 4.5 Hz, 1H), 1.95 — 1.82
(m, 2H), 1.59 (s, 3H); 13C NMR (101 MHz, CDCl;): 6 173.9, 160.1, 137.7, 136.0, 135.2,
134.1, 130.0, 129.0, 127.8, 125.7, 119.3, 55.1, 54.7, 44.6, 39.6, 26.5, 18.2, 15.8; HRMS (ESI)
calcd for: C;;H,CILN305S: [M + H]+, 466.0753 found: 466.0761.

Ph<,,-N

B N
TN
Ms

(5R* 6R*)-6-cyclohexyl-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro[4.5]dec-3-
en-1-one (5i); White solid, 68 mg, 90% yield, 1.5:1 dr, Rf = 0.5, column chromatography on
silica gel (n-hexane/EtOAc 80:20), mp 182—184°C; "TH NMR (400 MHz, CDCl3): 5 7.83 (d,
J=8.3 Hz, 2H), 7.40 (dd, J = 11.1, 4.5 Hz, 2H), 7.20 (dd, J = 6.4, 4.8 Hz, 1H), 4.09 (d, J =
10.7 Hz, 1H), 3.55 (d, J=4.0 Hz, 2H), 3.17 — 2.80 (m, 3H), 2.35 - 2.19 (m, 3H), 2.15 (dd, J =
21.4,10.5 Hz, 1H), 2.10 - 1.88 (m, 3H), 1.74 (d, J=11.1 Hz, 2H), 1.57 (dd, J=23.7, 10.3 Hz,
3H), 1.38 — 0.86 (m, 5H), 0.70 (d, J = 11.4 Hz, 1H); 13C NMR (101 MHz, CDCl;: 6 173.45,
164.36, 138.14, 129.01, 125.37, 119.35, 60.88, 55.53, 40.73, 39.18, 37.66, 31.43, 29.34, 27.82,
26.14,25.77,25.50, 16.62, 13.91.;HRMS (ESI) calcd for: C;;H30N3;03S: [M + H]+, 404.2002
found: 404.2016.
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(5R* 6R *)-6-(tert-butyl)-4-methyl-7-(methylsulfonyl)-2-phenyl-2,3,7-triazaspiro[4.5]dec-3-
en-1-one (5j); White solid, 72 mg, 92% yield, 1.4:1 dr, Rf = 0.5, column chromatography on
silica gel (n-hexane/EtOAc 80:20), mp 182—184°C; 'TH NMR (400 MHz, CDCl): 6 7.83 (d,
J=8.3 Hz, 2H), 7.40 (dd, J = 11.1, 4.5 Hz, 2H), 7.20 (dd, J = 6.4, 4.8 Hz, 1H), 4.09 (d, J =
10.7 Hz, 1H), 3.55 (d, J=4.0 Hz, 2H), 3.17 — 2.80 (m, 3H), 2.35 - 2.19 (m, 3H), 2.15 (dd, J =
21.4,10.5 Hz, 1H), 2.10 - 1.88 (m, 3H), 1.74 (d, J=11.1 Hz, 2H), 1.57 (dd, J=23.7, 10.3 Hz,
3H), 1.38 — 0.86 (m, 5H), 0.70 (d, J = 11.4 Hz, 1H); 13C NMR (101 MHz, CDCl;: 6 173.45,
164.36, 138.14, 129.01, 125.37, 119.35, 60.88, 55.53,40.73, 39.18, 37.66, 31.43, 29.34, 27.82,
26.14,25.77,25.50, 16.62, 13.91; HRMS (ESI) calcd for: C19HsN30;S: [M + H]+, 378.1846
found: 378.1852.
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5. General experimental procedures and characterization data for the synthesis of
compounds 7 and 8:

R4 =3 Ms
/ . OEt
MsHN
R’ o “n ox _ Base \g
N 2/4 Solvent, rt 0
R? 2,n=14n=2
6 X = Br, 2a, X = Cl, 2b,

General experimental procedure: To an oven-dried 50 mL round-bottom flask was charged the
corresponding methyleneindolinones 6 (0.22 mmol, 1.0 equiv.), and haloamines 2/4 (0.42 mmol, 1.5
equiv.) were dissolved in anhydrous solvent (2.0 mL). Then base (0.54 mmol, 2.5 equiv.) was added to
the reaction mixture, and the resulting solution was stirred for 3 h at room temperature. After completion
of the reaction, it was extracted with EtOAc (3x10 mL). The organic layer was collected and dried over
Na,SO,. The combined organic layer was concentrated under reduced pressure. The resultant crude

material was purified by column chromatography on silica gel using EtOAc/n-hexane as an eluent.

Characterization of the products:

ethyl (2'R* 35*)-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxylate (7a); White solid, 64 mg, 42% yield, 7:1 dr, R,= 0.3, column chromatography on
silica gel (n-hexane/EtOAc 75:25), mp 122-124°C; 'H NMR (400 MHz, CDCl;): 6 7.34 (td, J
=7.8, 1.2 Hz, 1H), 7.18 (dd, J= 7.5, 0.7 Hz, 1H), 7.06 (td, J = 7.6, 1.0 Hz, 1H), 6.88 (d, J =
7.8 Hz, 1H), 4.60 (s, 1H), 4.05 (ddd, J = 9.5, 7.4, 6.2 Hz, 1H), 3.94 — 3.80 (m, 3H), 3.25 (s,
3H), 3.12 (s, 3H), 2.43 — 2.26 (m, 2H), 0.85 (t, J = 7.1 Hz, 3H); 3C {{H} NMR (101 MHz,
CDCl): 06 176.9, 169.2, 143.6, 129.6, 127.2, 123.9, 123.0, 108.6, 66.9, 61.4, 55.9, 47.5, 38.5,
36.06,26.7, 13.7, HRMS (ESI) calcd for: C,;cH,N,OsS: [M + H]*, 353.1166 found: 353.1205.

ethyl (2'R*,35%*)-6-chloro-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-
2'-carboxylate (7b). White solid, 51 mg, 35% yield, 6:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 134-136°C; 'TH NMR (400 MHz, CDCl3): & 7.09
(d, J=8.0 Hz, 1H), 7.03 (dd, /= 8.0, 1.8 Hz, 1H), 6.88 (d, /= 1.7 Hz, 1H), 4.58 (s, 1H), 4.04
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(ddd,J=9.4,7.4,6.3 Hz, 1H), 3.99 - 3.79 (m, 3H), 3.22 (d,J=9.5 Hz, 3H), 3.11 (s, 3H), 2.43
—2.27 (m, 2H), 0.92 (t, J = 7.1 Hz, 3H); 3C {{H} NMR (101 MHz, CDCl;): 5 176.7, 169,
144.8, 135.5, 125.4, 124.8, 122.7, 109.3, 66.6, 61.4, 55.4,47.8, 38.4, 35.8, 26.7, 13.7, HRMS
(ESI) calcd for: C;¢H,0CIN,OsS: [M + H]*, 387.0776 found: 387.0783.

ethyl (2'R*,35%*)-5-bromo-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-
pyrrolidine]-2'-carboxylate(7¢). White solid, 56 mg, 40% yield, 7:1 dr, R, = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 132-134°C; '"H NMR (400 MHz,
CDCly): 6 7.48 (dd, J= 8.3, 1.9 Hz, 1H), 7.29 — 7.26 (m, 1H), 6.76 (d, J = 8.3 Hz, 1H), 4.55
(s, 1H), 4.07 —3.93 (m, 3H), 3.85 (dt, J=9.4, 6.6 Hz, 1H), 3.23 (s, 3H), 3.11 (s, 3H), 2.37 (td,
J=1.0, 1.7 Hz, 2H), 0.94 (t, J = 7.1 Hz, 3H); 13C {{H} NMR (101 MHz, CDCl): § 176.4,
169.1, 142.7, 132.4, 129, 127.2, 115.6, 110, 66.6, 61.7, 55.7, 47.3, 38.4, 35.7, 26.8, 13.9;
HRMS (ESI) calcd for: C;¢H,0BrN,OsS: [M + H]*, 431.0271 found: 431.0276.

ethyl (2'R*,35*)-5-chloro-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-
2'-carboxylate (7d). White solid, 44 mg, 30% yield, 7:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 136-138°C; 'TH NMR (400 MHz, CDCl3): § 7.33
(dd, J=8.3,2.1 Hz, 1H), 7.15 (d, J=2.0 Hz, 1H), 6.81 (d, J= 8.3 Hz, 1H), 4.57 (s, 1H), 4.08
—4.01 (m, 1H), 3.96 (qd, J = 7.1, 3.7 Hz, 2H), 3.85 (ddd, J = 13.2, 8.2, 4.7 Hz, 1H), 3.24 (s,
3H), 3.12 (s, 3H), 2.42 — 2.30 (m, 2H), 0.92 (td, J = 7.1, 3.4 Hz, 3H); 3C {{H} NMR (101
MHz, CDCl;): 6 176.4, 169.1, 142.2, 129.5, 128.6, 128.4, 124.4, 109.5, 66.6, 61.6, 55.8, 47.3,
38.4, 35.7, 26.8, 13.8; HRMS (ESI) calcd for: C;sH,CIN,O5S: [M + H]*, 387.0776 found:
387.0783.

ethyl (2'R*,35*)-5-fluoro-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-
2'-carboxylate (7e). White solid, 48 mg, 32% yield, 7:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 96-98°C; 'TH NMR (400 MHz, CDCl3): 6 7.06 (td,

30



J=8.8,2.5 Hz, 1H), 6.95 (dd, J = 8.0, 2.4 Hz, 1H), 6.82 (dd, J= 8.5, 4.1 Hz, 1H), 4.59 (s, 1H),
4.08 —4.01 (m, 1H), 3.94 (dt, J= 13.6, 6.7 Hz, 2H), 3.83 (dt, J= 9.4, 6.7 Hz, 1H), 3.24 (s, 3H),
3.12 (s, 3H), 2.45 - 2.30 (m, 2H), 0.91 (t, /= 7.1 Hz, 3H); 3C {'H} NMR (101 MHz, CDCL,):
§176.5, 169.1, 159.2 (d, J = 241.9 Hz), 139.6 (d, J = 2.0 Hz), 128.6 (d, /= 8.1 Hz), 115.8 (d,
J=23.4Hz), 1123 (d, J = 25.5 Hz), 109.1 (d, J = 8.1 Hz), 66.7, 61.5, 56, 47.3, 38.5, 35.9,
26.8, 13.8; F NMR (377 MHz, CDCL): & -119.3, -119.4; HRMS (ESI) calcd for:
C16H20FN,O5S: [M + HJ*, 371.1071 found: 371.1079.

ethyl (2'R*,35*)-4-bromo-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-
pyrrolidine]-2'-carboxylate (7f). White solid, 45 mg, 32% yield, 5:1 dr, R, = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 132-134°C; 'H NMR (400 MHz,
CDClLy): 6 7.27 — 7.19 (m, 2H), 6.81 (dd, J = 7.4, 1.2 Hz, 1H), 5.54 (s, 1H), 4.20 — 4.06 (m,
2H), 3.99 — 3.87 (m, 2H), 3.25 (s, 3H), 3.18 (s, 3H), 2.91 (td, J = 12.1, 8.1 Hz, 1H), 2.02 (dd,
J=12.5,5.2 Hz, 1H), 1.06 (t, J= 7.1 Hz, 3H); 13C {IH} NMR (101 MHz, CDCl;): 6 177,
169.6, 145.5, 130.6, 127.5,127.1, 118.8, 107.4, 64, 61.6, 58.6, 47, 42.1, 34.4, 26.5, 14; HRMS
(ESI) calcd for: C;¢H,0BrN,OsS: [M + H]*, 431.0271 found: 431.0278.

ethyl (2'R*,35*)-5-methoxy-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-
pyrrolidine]-2'-carboxylate (7g). White solid, 50 mg, 35% yield, 7:1 dr, R, = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 118-120°C; 'H NMR (400 MHz,
CDCl): 6 6.85 (dd, J = 8.5, 2.5 Hz, 1H), 6.78 (dd, J = 8.1, 5.5 Hz, 2H), 4.57 (s, 1H), 4.08 —
3.94 (m, 2H), 3.93 —3.81 (m, 2H), 3.77 (s, 3H), 3.22 (s, 3H), 3.11 (s, 3H), 2.44 — 2.23 (m, 2H),
1.63 (s, 1H), 0.90 (t, J = 7.1 Hz, 3H); 13C {{H} NMR (101 MHz, CDCl;): & 176.7, 169.2,
156.3, 137.1, 128.3, 113.5, 111.8, 108.9, 66.8, 61.4, 56.1, 56, 47.5, 38.2, 35.9, 26.7, 13.8;
HRMS (ESI) calcd for: Ci7H,3N,06S: [M + HJ*, 383.1271 found: 383.1278.
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ethyl  (2'R*,35%)-1,5-dimethyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxylate (7h). White solid, 51 mg, 34% yield, 7:1 dr, R;= 0.3, column chromatography on
silica gel (n-hexane/EtOAc 75:25), mp 134-138°C; 'TH NMR (400 MHz, CDCl;): 6 7.13 (t,J
=6.7 Hz, 1H), 6.98 (d, /= 5.6 Hz, 1H), 6.82 — 6.67 (m, 1H), 4.54 (d, J= 6.3 Hz, 1H), 4.02 (dq,
J=94, 6.8 Hz, 1H), 3.96 — 3.80 (m, 3H), 3.22 (d, /= 6.3 Hz, 3H), 3.11 (d, J = 6.4 Hz, 3H),
2.46 —2.33 (m, 2H), 2.31 (d, J = 6.3 Hz, 3H), 0.86 (q, J = 6.9 Hz, 3H); 13C {{H} NMR (101
MHz, CDCl;): 6 177, 169.3, 141.2, 132.6, 129.8, 127, 124.7, 108.3, 66.7, 61.3, 55.8, 47.5,
38.1,35.9,26.7,21.2, 13.8; HRMS (ESI) calcd for: C;7H,3N,05S: [M + H]", 367.1322 found:
367.1327.

e
/=0
N

.

ethyl (2'R*,35%)-1-ethyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxylate (7i); Yellow liquid, 69 mg, 46% yield, 7.5:1 dr, Rf= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25); 'TH NMR (400 MHz, CDCl3): 8 7.31 (t,J= 7.7 Hz, 1H),
7.17 (d, J=7.4 Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 7.8 Hz, 1H), 4.62 (s, 1H), 4.04
(ddd, J=9.5, 7.6, 5.6 Hz, 1H), 3.88 — 3.74 (m, 5H), 3.11 (s, 3H), 2.40 (dt, /= 12.8, 7.4 Hz,
1H), 2.25 (dt,J=12.4, 6.1 Hz, 1H), 1.27 (t,J= 7.2 Hz, 3H), 0.80 (t, /= 7.1 Hz, 3H); 13C {H}
NMR (101 MHz, CDCl;): 6 176.3, 169.1, 142.6, 129.4, 127.6, 124, 122.7, 108.6, 77.4, 77.1,
76.8,66.8,61.3,55.8,47.5, 38.6, 36.1, 35.1, 13.6, 12.6; HRMS (ESI) calcd for: C;7H,3N,0s5S:
[M + HJ", 367.1322 found: 367.1327.

ethyl (2'R*,35%)-1-allyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxylate (7j). Yellow semisolid, 56 mg, 38% vyield, 7:1 dr, Rf = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25); 'H NMR (400 MHz, CDCl;): 6 7.32
—7.27 (m, 1H), 7.19 (dd, J= 7.5, 0.7 Hz, 1H), 7.05 (td, J = 7.6, 0.9 Hz, 1H), 6.87 (d, J="7.8
Hz, 1H), 5.90 — 5.80 (m, 1H), 5.27 (t, J= 1.4 Hz, 1H), 5.23 (dd, J= 7.4, 1.0 Hz, 1H), 4.65 (s,
1H), 4.42 — 4.30 (m, 2H), 4.06 (ddd, J = 9.6, 7.5, 5.7 Hz, 1H), 3.95 — 3.81 (m, 3H), 3.13 (s,
3H), 2.44 (dt, J = 12.6, 7.3 Hz, 1H), 2.36 — 2.28 (m, 1H), 0.83 (t, J= 7.1 Hz, 3H): B3C {!H}
NMR (101 MHz, CDCl;): 6 176.7, 169.2, 142.8, 131, 129.4, 127.4, 124, 123, 118, 109.4, 67,
61.5, 55.9, 47.6, 42.7, 38.6, 36.4, 13.7; HRMS (ESI) calcd for: C;sH,3N,05S: [M + HJ,
379.1322 found: 379.13209.
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Ethyl (2'R*,35*)-1'-(methylsulfonyl)-2-oxo0-1-(prop-2-yn-1-yl)spiro[indoline-3,3'-
pyrrolidine]-2'-carboxylate (7k). Yellow liquid, 47 mg, 32% yield, 6.5:1 dr, R;= 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25); 'TH NMR (400 MHz, CDCl3): '"H NMR
(400 MHz, CDCl3) 6 7.41 — 7.27 (m, 5H), 7.25 — 7.16 (m, 2H), 7.01 (td, J= 7.6, 0.9 Hz, 1H),
6.78 (d,J="7.8 Hz, 1H), 5.04 (d,J=15.6 Hz, 1H), 4.83 (d,J=15.6 Hz, 1H), 4.77 (s, 1H), 4.10
(ddd, J=9.7, 7.7, 5.1 Hz, 1H), 3.94 — 3.71 (m, 3H), 3.15 (s, 3H), 2.51 (dt, J=12.5, 7.7 Hz,
1H), 2.35 — 2.16 (m, 1H), 0.75 — 0.54 (m, 3H); 3C {{H} NMR (101 MHz, CDCly): 6 175.8,
169, 141.7, 129.5, 127.3, 124, 123.4, 109.6, 76.5, 72.9, 67, 61.5, 56, 47.5, 38.9, 36.2, 29.7,
13.6.; HRMS (ESI) calcd for: CgH,;N,0O5S: [M + H]*, 377.1166 found: 377.1166.

ethyl (2'R*,35*)-1-benzyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxylate (71). White solid, 59 mg, 42% yield, 7:1 dr, Rf = 0.3, column chromatography on
silica gel (n-hexane/EtOAc 75:25), mp 118-120°C; 1H NMR (400 MHz, CDCI3): 6 7.41 —7.27
(m, 5H), 7.25 - 7.16 (m, 2H), 7.01 (td, J = 7.6, 0.9 Hz, 1H), 6.78 (d, /= 7.8 Hz, 1H), 5.04 (d,
J=15.6 Hz, 1H), 4.83 (d, J=15.6 Hz, 1H), 4.77 (s, 1H), 4.10 (ddd, /=9.7, 7.7, 5.1 Hz, 1H),
3.94 -3.71 (m, 3H), 3.15 (s, 3H), 2.51 (dt, J = 12.5, 7.7 Hz, 1H), 2.35 — 2.16 (m, 1H), 0.75 —
0.54 (m, 3H); 3C {{H} NMR (101 MHz, CDCl;): 6 176.8, 169, 142.6, 135.4, 129.3, 128.9,
127.9, 127.6, 127.4, 123.9, 122.9, 109.5, 67.1, 61.3, 56, 47.6, 44.1, 38.8, 36.5, 13.3; HRMS
(ESI) calcd for: CypH,5N,05S: [M + H]*, 429.1479 found: 429.1485.

1-(tert-butyl) 2'-ethyl (2'R*,35%)-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-
1,2'-dicarboxylate (7m). White solid, 48 mg, 35% yield, 7.5:1 dr, Rf = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 122-124°C; 'H NMR (400 MHz,
CDCl;): 6 7.88 (d, J = 8.3 Hz, 1H), 7.42 — 7.34 (m, 1H), 7.25 — 7.13 (m, 2H), 4.68 (s, 1H),
4.07 (ddd, J=9.6, 7.6, 6.1 Hz, 1H), 3.88 (dddd, J =27.3, 14.3, 7.2, 3.6 Hz, 3H), 3.14 (s, 3H),
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2.55—2.46 (m, 1H), 2.37 (dt, J = 12.9, 6.6 Hz, 1H), 1.68 (s, 9H), 0.88 (t, J = 7.2 Hz, 3H); 13C
{'H} NMR (101 MHz, CDCl,):  175.6, 168.8, 148.9, 139.6, 129.8, 126.2, 124.8, 123.7, 115.3,
85.3, 67.7, 61.6, 56.4, 47.5, 38.8, 36.8, 28.2, 13.6; HRMS (ESI) calcd for: C5oH7N,05S: [M
+ HJ*, 429.1533 found: 429.1538.

ethyl (2'R*,35%*)-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-carboxylate
(7m). Yellow semisolid, 31 mg, 20% yield, 7:1 dr, R,= 0.4, column chromatography on silica
gel (n-hexane/EtOAc 70:30); 'TH NMR (400 MHz, CDCl;): 6 8.63 (s, 1H), 7.29 — 7.25 (m,
1H), 7.17 (d, J= 7.5 Hz, 1H), 7.03 (td, /= 7.6, 0.9 Hz, 1H), 6.94 (d, J= 7.8 Hz, 1H), 4.71 (s,
1H), 4.07 (ddd, J = 9.6, 7.6, 5.6 Hz, 1H), 3.93 —3.82 (m, 3H), 3.14 (s, 3H), 2.46 (dt, J = 12.6,
7.4 Hz, 1H), 2.36 —2.28 (m, 1H), 0.84 (t,J=7.1 Hz, 3H); 13C {{H} NMR (101 MHz, CDCl;):
0 177, 169.2, 140.8, 129.6, 127.9, 124.2, 123, 110.4, 66.9, 61.5, 56.4, 47.6, 38.9, 36.2, 13.7;
HRMS (ESI) calcd for: C;sHoN,OsS: [M + HJ*, 339.1009 found: 339.1009.

tert-butyl  (2'R*,35%)-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxylate (70). White solid, 41 mg, 28% yield, 6:1 dr, Rf = 0.3, column chromatography on
silica gel (n-hexane/EtOAc 75:25), mp 146-148°C; 'H NMR (400 MHz, CDCl;): 6 7.34 (td,
J=1728, 1.0 Hz, 1H), 7.27 (s, 1H), 7.06 (t, /= 7.4 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 4.72 (s,
1H), 4.16 — 4.07 (m, 1H), 3.79 (td, J=9.8, 6.2 Hz, 1H), 3.26 (s, 3H), 3.17 (s, 3H), 2.49 (ddd,
J=12.3,9.3, 8.5 Hz, 1H), 2.10 (ddd, /= 12.3, 6.1, 3.1 Hz, 1H), 1.02 (s, 9H); 13C {H} NMR
(101 MHz, CDCl;): 6 176.3, 167.8, 143.7, 129.4, 128.6, 124.4, 122.9, 108.3, 82.3, 67.7, 56.5,
47.9, 40, 36.6, 27.5, 26.7; HRMS (ESI) calcd for: C;sH,sN,OsS: [M + HJ*, 381.1479 found:
381.1484.

benzyl (2'R*,35%)-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-pyrrolidine]-2'-
carboxylate (7p). White solid, 42 mg, 30% yield, 7:1 dr, Rf = 0.3, column chromatography on
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silica gel (n-hexane/EtOAc 75:25), mp 148-150°C; 'H NMR (400 MHz, CDCls): 6 7.33 —7.28
(m, 1H), 7.26 (dt, J=3.5, 1.6 Hz, 2H), 7.23 (dt, J=5.8, 2.3 Hz, 1H), 7.17 — 7.12 (m, 1H), 7.06
—6.98 (m, 1H), 6.98 — 6.91 (m, 2H), 6.74 (d, J= 7.8 Hz, 1H), 4.86 (d, /= 12.0 Hz, 1H), 4.78
—4.62 (m, 2H), 4.06 (ddd, /=9.5, 7.5, 5.9 Hz, 1H), 3.86 (dt,J=9.5, 6.9 Hz, 1H), 3.12 (s, 3H),
3.04 (s, 3H), 2.40 (dt, J=12.7, 7.2 Hz, 1H), 2.33 — 2.25 (m, 1H); 3C {{H} NMR (101 MHz,
CDCl;): 6 176.6, 169.1, 143.5, 134.7, 129.5, 128.6, 128.6, 128.5, 127.1, 123.8, 123, 108.7,
67.3, 66.9, 55.9, 47.5, 38.6, 35.9, 26.5; HRMS (ESI) calcd for: C,;H»;3N,OsS: [M + HJY,
415.1322 found: 415.1326.

Ms—N CN

CN
O
N
\

I-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2"-pyrrolidine]-3',3'-dicarbonitrile ~ (7r).
White solid, 107 mg, 68% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 80:20), mp 156-158°C; "TH NMR (400 MHz, CDCl): 6 7.66 (d, J = 7.5 Hz,
1H), 7.52 (t,J=7.8 Hz, 1H), 7.24 (dd, J=13.3, 5.7 Hz, 1H), 6.98 (d, /= 7.9 Hz, 1H), 4.28 (t,
J=9.4Hz, 1H), 3.97 (td, J=9.7, 6.6 Hz, 1H), 3.54 (dd, J = 20.5, 10.5 Hz, 1H), 3.28 (s, 3H),
2.89 (s,3H),2.80 (ddd, J=12.7,6.5,2.2 Hz, 1H); 13C {{H} NMR (101 MHz, CDCl;):  171.8,
144.4,132.5,125.1, 123.7,121.3,112.4, 111, 110, 72, 46.4, 44.8, 41.7, 33, 27.2; HRMS (ESI)
calcd for: CsH;5N4O5S: [M + H]*, 331.0859 found: 331.0865.

Ms—N CN

CN
0]
N
\

1,5-dimethyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2'-pyrrolidine]-3',3'-  dicarbonitrile
(7s). White solid, 100 mg, 65% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 80:20), mp 188-190°C; 'H NMR (400 MHz, CDCl;): 5 7.45 (s, 1H), 7.31 (dd,
J=28.0,0.8 Hz, 1H), 6.86 (d, J = 8.0 Hz, 1H), 4.25 (ddd, /=9.8, 9.1, 2.5 Hz, 1H), 3.98 (td, J
=9.6, 6.5 Hz, 1H), 3.53 (dt, J=12.7, 9.1 Hz, 1H), 3.26 (s, 3H), 2.92 (s, 3H), 2.80 (ddd, J =
12.7,6.5,2.4 Hz, 1H), 2.41 (s, 3H); 3C {{H} NMR (101 MHz, CDCl;): 6 171.6, 141.9, 133.6,
132.8, 125.8, 121.5, 112.4, 111, 109.7, 72.1, 46.4, 44.9, 41.5, 33.1, 27.2, 21.4; HRMS (ESI)
calcd for: C1H7N4O5S: [M + H]*, 345.1016 found: 345.1019.

Ms—N CN
O CN
O
N
\
5-methoxy-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2'-pyrrolidine]-3',3'-
dicarbonitrile (7t). White solid, 99 mg, 66% yield, Rf = 0.4, column chromatography on silica
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gel (n-hexane/EtOAc 80:20), mp 168-170°C; 'H NMR (400 MHz, CDCl3): 6 7.45 (s, 1H),
7.31 (dd, J = 8.0, 0.8 Hz, 1H), 6.86 (d, J = 8.0 Hz, 1H), 4.25 (ddd, /= 9.8, 9.1, 2.5 Hz, 1H),
3.98 (td, J=9.6, 6.5 Hz, 1H), 3.53 (dt, J=12.7, 9.1 Hz, 1H), 3.26 (s, 3H), 2.92 (s, 3H), 2.80
(ddd, J=12.7, 6.5, 2.4 Hz, 1H), 2.41 (s, 3H); 3C {{H} NMR (101 MHz, CDCl;): & 171.6,
141.9, 133.6, 132.8, 125.8, 121.5, 112.4, 111, 109.7, 72.1, 46.4, 44.9, 41.5, 33.1, 27.2, 21.4;
HRMS (ESI) calcd for: C;¢H7N404S: [M + HJ*, 361.0965 found: 361.0965.

Ms—N CN

CN
@)

Br

N
\

5-bromo-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2'-pyrrolidine]-3',3'-dicarbo-
nitrile (7u). White solid, 108 mg, 76% yield, Rf = 0.4, column chromatography on silica gel
(n-hexane/EtOAc 80:20), mp 232-234°C; 'HNMR (400 MHz, CDCl3): 6 7.77 (d, J= 1.9 Hz,
1H), 7.67 (dd, J = 8.4, 1.9 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H), 4.28 (ddd, J=9.9, 9.0, 2.5 Hz,
1H), 4.00 (td, J = 9.6, 6.5 Hz, 1H), 3.54 (dt, J = 12.8, 9.1 Hz, 1H), 3.30 (s, 3H), 2.97 (s, 3H),
2.85 (ddd, J = 12.8, 6.5, 2.5 Hz, 1H); 3C {{H} NMR (101 MHz, CDCl3): & 171.2, 143.3,
135.4,128.1,123.7,116.4, 112, 111.4, 110.6, 71.9, 46.4, 44.7, 41.8, 33.2, 27.4; HRMS (ESI)
calcd for: CsH4BrN4O;S: [M + H]', 408.9965 found: 408.9969.

Ms—N CN

CN
O
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5-fluoro-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2'-pyrrolidine]-3',3'-
dicarbonitrile (7v), White solid, 100 mg, 65% yield, Rf = 0.4, column chromatography on silica
gel (n-hexane/EtOAc 80:20), mp 200-202°C; 'H NMR (400 MHz, CDCl;): 6 7.42 (dd, J =
7.5,2.5 Hz, 1H), 7.25 - 7.15 (m, 1H), 6.92 (dd, J = 8.6, 4.0 Hz, 1H), 4.29 — 4.19 (m, 1H), 3.98
(td, J=9.7, 6.5 Hz, 1H), 3.54 (dt, /= 12.7, 9.2 Hz, 1H), 3.28 (s, 3H), 2.95 (s, 3H), 2.81 (ddd,
J=12.8, 6.4,2.3 Hz, 1H); 3C {{H} NMR (101 MHz, CDCl;): 5 171.5, 159.5 (d, J = 244 .4
Hz), 140.2 (d, J=2.2 Hz), 123.2 (d,J= 7.8 Hz), 119 (d, /= 23.5 Hz), 113.4 (d, J = 26.1 Hz),
112.1, 110.8 (d, J = 8.0 Hz), 110.7, 72.1, 46.4, 44.7, 41.5, 33.1, 27.4;'"F NMR (377 MHz,
CDClL): 6 -117.16; HRMS (ESI) calcd for: CsH14FN4O5S: [M + H]", 349.0765 found:
349.0768.

Ms—N CN
CN
0]
N
.

1-ethyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2'-pyrrolidine]-3',3'-dicarbonitrile (7Tw).
White solid, 123 mg, 80% yield, Rf= 0.4, column chromatography on silica gel (n-
hexane/EtOAc 80:20), mp 148-150°C; 'H NMR (400 MHz, CDCl3): 6 7.67 (d, J= 7.6 Hz,
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1H), 7.50 (td, J= 7.8, 1.0 Hz, 1H), 7.23 (dd, J = 16.8, 9.2 Hz, 1H), 6.98 (d, J= 7.9 Hz, 1H),
4.28 (td,J=9.7,1.9 Hz, 1H), 4.01 — 3.71 (m, 3H), 3.55 (dt, /= 12.6, 9.4 Hz, 1H), 3.01 —2.72
(m, 4H), 1.30 (t, J = 7.2 Hz, 3H); 13C {{H} NMR (101 MHz, CDCl;): § 171.5, 143.6, 132.4,
125.4, 1234, 121.4, 1124, 111, 110.1, 71.6, 46.4, 44.8, 41.7, 35.7, 32.9, 11.9; HRMS (ESI)
calcd for: C1gH7N4O5S: [M + H]*, 345.1016 found: 345.1022.

Ms—N CN

CN
O
N

Y

11-benzyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2'-pyrrolidine]-3',3'-dicarbonitrile  (7x).
White solid, 100 mg, 70% vyield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 80:20), mp 152-154°C; 'TH NMR (400 MHz, CDCl3): 6 7.68 (d, J = 7.5 Hz,
1H), 7.39 (s, 1H), 7.37 (s, 2H), 7.35 — 7.27 (m, 3H), 7.19 (t, /= 7.6 Hz, 1H), 6.79 (d, J=7.9
Hz, 1H), 5.01 (d, J = 15.9 Hz, 1H), 4.94 (d, J = 15.9 Hz, 1H), 4.33 (td, /= 9.5, 1.9 Hz, 1H),
3.99 (td, J=9.7, 6.5 Hz, 1H), 3.61 (dt,J=12.5,9.4 Hz, 1H), 2.89 (s, 3H), 2.82 (ddd, J = 12.7,
6.4, 1.9 Hz, 1H); 3C {H} NMR (101 MHz, CDCl;): § 172.1, 143.9, 134.4, 132.4, 129.1,
128.1, 127.5, 125.2, 123.7, 121.2, 112.4, 111.2, 111.1, 71.9, 46.4, 45.1, 44.9, 41.9, 33.1;
HRMS (ESI) calcd for: C,;HoN4O3S: [M + H]*, 407.1172 found: 407.1178.

Ms—N CN
CN
0]
N

/7

1-allyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,2'-pyrrolidine]-3',3'-dicarbonitrile (7y).
White solid, 113 mg, 75% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 80:20), mp 158-160°C; 'H NMR (400 MHz, CDCl;): 3 7.68 (dd, J=17.6, 0.6
Hz, 1H), 7.48 (td, J=7.8, 1.2 Hz, 1H), 7.22 (td, J= 7.7, 0.8 Hz, 1H), 6.96 (d, /= 7.9 Hz, 1H),
5.83 (ddt, J=17.1, 10.5, 5.3 Hz, 1H), 5.32 (ddd, J=13.8, 11.2, 0.8 Hz, 2H), 4.43 — 4.35 (m,
1H), 4.31 —4.23 (m, 1H), 3.97 (td, J = 9.7, 6.4 Hz, 1H), 3.55 (dt, /= 11.5, 9.3 Hz, 1H), 2.89
(s, 3H),2.86 —2.71 (m, 2H); 13C {'H} NMR (101 MHz, CDCl3): 5 171.7,143.7,132.4, 130.2,
125.2, 123.6, 121.2, 118.8, 112.4, 111, 111, 71.8, 46.4, 44.9, 43.4, 41.7, 33; HRMS (ESI)
calcd for: C17H7;N405S: [M + H]*, 357.1016 found: 357.1022.

Ms—N CN

CN
O

N
o

I'-(methylsulfonyl)-2-oxo-1-(prop-2-yn-1-yl)spiro[indoline-3,2'-pyrrolidine]-3',3'-dicarbo
nitrile (7z). White solid, 104 mg, 68% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 80:20), mp 196-198°C; '"H NMR (400 MHz, CDCl3): 4 7.68 (dd, J=7.6, 0.6
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Hz, 1H), 7.48 (td, J=17.8, 1.2 Hz, 1H), 7.22 (td, J=7.7, 0.8 Hz, 1H), 6.96 (d, J= 7.9 Hz, 1H),
5.83 (ddt, J=17.1, 10.5, 5.3 Hz, 1H), 5.32 (ddd, J=13.8, 11.2, 0.8 Hz, 2H), 4.43 — 4.35 (m,
1H), 4.31 —4.23 (m, 1H), 3.97 (td, /= 9.7, 6.4 Hz, 1H), 3.55 (dt, J=11.5, 9.3 Hz, 1H), 2.89
(s, 3H), 2.86 — 2.71 (m, 2H); 13C {IH} NMR (101 MHz, CDCl5): 5 171.0, 142.6, 132.4, 125.2,
123.9,120.9, 118.3, 112.3, 110.9, 110.6, 75.2, 73.5, 55.6, 46.3, 44.7,41.7, 32.9, 30.2; HRMS
(ESI) calcd for: C;7H;5sN4O3S: [M + HJ*, 355.0859 found: 355.0865.

ethyl (2'S*,35%)-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-2'-
carboxylate (8a); White solid, 130 mg, 82% yield, 1.4:1 dr, R;= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 170-172°C; TH NMR (400 MHz, CDCl;): 5 7.71
(d,J=7.5Hz, 1H), 7.34 (t, J= 7.7 Hz, 1H), 7.09 (t, /= 7.6 Hz, 1H), 6.89 (d, /= 7.8 Hz, 1H),
441 (s, 1H), 4.29 — 4.18 (m, 2H), 3.99 (qd, J = 11.8, 4.6 Hz, 2H), 3.22 (s, 3H), 2.81 (s, 3H),
2.41(td,J=13.5,4.4 Hz, 1H),2.25-2.10 (m, 1H), 1.95 - 1.81 (m, 1H), 1.54 (dt,J=13.5,3.5
Hz, 1H), 1.27 (t,J= 7.2 Hz, 3H); 3C {{H} NMR (101 MHz, CDCl;): 3 175.7, 169.6, 142.5,
131.8, 128.8, 125.2, 123.0, 108.5, 61.4, 58.2, 48.3, 41.1, 37.9, 27.8, 26.5, 19.6, 14.1; HRMS
(ESI) calcd for: C7H,3N,05S: [M + HJ*, 367.1322 found: 367.1328.

ethyl (2'$*,35%*)-6-chloro-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-
2'-carboxylate (8b); White solid, 108 mg, 72% yield, 1.3:1 dr, R, = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 160-162°C; 'H NMR (400 MHz,
CDCl): 6 7.63 (dd, J= 8.0, 1.2 Hz, 1H), 7.06 (dd, J = 8.0, 1.9 Hz, 1H), 6.89 (s, 1H), 4.39 (s,
1H), 4.30 — 4.11 (m, 2H), 4.06 — 3.84 (m, 2H), 3.20 (d, /= 1.1 Hz, 3H), 2.81 (d, /= 1.2 Hz,
3H), 2.40 (td, J = 13.5, 3.6 Hz, 1H), 2.19 - 2.01 (m, 1H), 1.89 (d, /= 13.6 Hz, 1H), 1.52 (d, J
= 13.6 Hz, 1H), 1.27 (td, J = 7.1, 1.2 Hz, 3H); 3C {{H} NMR (101 MHz, CDCl;): 6 175.7,
169.2, 143.8, 134.9, 130.1, 126.1, 122.7, 109.2, 61.5, 58.1, 48.1, 40.9, 37.9, 27.7, 26.6, 19.6,
14.1; HRMS (ESI) calcd for: C{7H»,CIN,OsS: [M + H]*, 401.0932 found: 401.0939.
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ethyl (2'S*,35%)-5-bromo-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-
2'-carboxylate (8¢); White solid, 108 mg, 75% yield, 1.4:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 174-176°C; "TH NMR (400 MHz, CDCl3): & 7.80
(d, /J=1.9 Hz, 1H), 7.53 - 7.38 (m, 1H), 6.77 (d, J= 8.3 Hz, 1H), 4.40 (s, 1H), 4.28 — 4.07 (m,
2H), 4.05 - 3.80 (m, 2H), 3.20 (s, 3H), 2.83 (s, 3H), 2.39 (td, /= 13.4, 4.5 Hz, 1H), 2.20 - 2.02
(m, 1H), 1.91 (d, J = 14.3 Hz, 1H), 1.61 — 1.53 (m, 1H), 1.26 (t, J = 7.2 Hz, 3H); 3C {!H}
NMR (101 MHz, CDCl3): 6 175.3,169.3, 141.7, 133.7, 131.8, 128.2, 115.6, 109.9, 61.6, 58.1,
48.6, 41.0, 38.1, 27.7, 26.7, 19.5, 14.1; HRMS (ESI) calcd for: C;;H,BrN,OsS: [M + HJ*,
445.0427 found: 445.0432.

ethyl (2'$*,35%)-5-fluoro-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-
2'-carboxylate (8d); White solid, 125 mg, 81% yield, 1.5:1 dr, R, = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 146-148°C; TH NMR (400 MHz,
CDCl3): '"H NMR (400 MHz, CDCl3) 6 7.47 (dd, J = 8.3, 1.9 Hz, 1H), 7.05 (td, /= 8.7, 1.9
Hz, 1H), 6.81 (dd, J= 8.5, 4.2 Hz, 1H), 4.40 (s, 1H), 4.30 — 4.13 (m, 2H), 4.06 — 3.85 (m, 2H),
3.21 (s, 3H), 2.82 (s, 3H), 2.42 (td, J = 13.5, 4.5 Hz, 1H), 2.08 (ddd, J = 13.2, 11.8, 6.9 Hz,
1H), 1.95 — 1.83 (m, 1H), 1.55 (t, J = 6.8 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H);13C NMR (101
MHz, CDClL): 6 175.3, 169.2, 159.0 (d, J = 241.5 Hz), 145.3, 138.4 (d, J = 2.1 Hz), 133.1,
133.0(d, /J=8.3 Hz), 115.0 (d,/=23.6 Hz), 113.5 (d, /= 25.8 Hz), 108.7 (d, J= 8.5 Hz), 61 .4,
57.9, 48.6, 40.8, 37.8, 27.5, 26.5, 19.4, 14.0, HRMS (ESI) calcd for: C;;H,,FN,0sS: [M +
H]*, 385.1228 found: 385.1231.

ethyl (2'$*,35%*)-4-bromo-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-
2'-carboxylate (8e); White solid, 92 mg, 64% yield, >20:1 dr, R;= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 166-168°C;'H NMR (400 MHz, CDCl3): 6 7.28 —
7.08 (m, 2H), 6.78 (dd, J=7.6, 1.0 Hz, 1H), 5.61 (d, J= 1.2 Hz, 1H), 4.14 — 3.99 (m, 1H), 3.98
—3.83 (m, 2H), 3.66 (m, 1H), 3.18 (s, 3H), 3.11 (s, 3H), 2.76 (ddd, J = 14.0, 12.1, 7.4 Hz, 1H),
2.15-2.04 (m, 1H), 2.04 — 1.92 (m, 1H), 1.51 (dd, J = 14.1, 5.7 Hz, 1H), 1.01 (t, J= 7.2 Hz,
3H); BC {'H} NMR (101 MHz, CDCl3): 5 176.5, 169.7, 144.9, 130.1, 129.8, 127.5, 118.7,
107.2, 61.5, 58.7, 51.2, 40.5, 39.9, 26.4, 25.5, 17.6, 13.8; HRMS (ESI) calcd for:
C17H2,BrN,OsS: [M + H]*, 445.0427 found: 445.0433.
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ethyl (2'S*,35*)-1,5-dimethyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-2'-
carboxylate (8f); White solid, 109 mg, 70% yield, 1.4:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 150-152°C; 'H NMR (400 MHz, CDCl3): 'H NMR
(400 MHz, CDCl;) 6 7.51 (s, 1H), 7.13 (d, J= 7.9 Hz, 1H), 6.77 (d, J = 7.9 Hz, 1H), 4.40 (s,
1H), 4.30 —4.11 (m, 2H), 4.06 — 3.85 (m, 2H), 3.19 (s, 3H), 2.81 (s, 3H), 2.43 — 2.36 (m, 1H),
2.35 (s, 3H), 2.24 - 2.07 (m, 1H), 1.96 — 1.82 (m, 1H), 1.53 (d, /= 13.6 Hz, 1H), 1.26 (t, J =
7.2 Hz, 3H); 3C {{H} NMR (101 MHz, CDCl;): 6 175.7, 169.7, 140.2, 132.5, 132.0, 129.0,
126.0, 108.1, 61.4, 58.3,48.4,41.1, 38.0, 27.9, 26.5, 21.5, 19.6, 14.1; HRMS (ESI) calcd for:
C1sH,sN,05S: [M + HJ", 381.1479 found: 381.1482.

ethyl (2'S*,35*)-5-methoxy-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-
piperidine]-2'-carboxylate (8g); White solid, 114 mg, 75% yield, 1.4:1 dr, Ry = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 152-154 °C; TH NMR (400 MHz,
CDClLy): 6 7.35 (d, J = 2.4 Hz, 1H), 6.86 (dd, J = 8.5, 2.5 Hz, 1H), 6.78 (d, J = 8.5 Hz, 1H),
442 (s, 1H), 4.22 (tdd, J=11.2, 7.2, 3.6 Hz, 2H), 4.09 — 3.90 (m, 2H), 3.79 (s, 3H), 3.19 (s,
3H), 2.81 (s, 3H), 2.41 (td, J=13.5, 4.4 Hz, 1H), 2.16 (tdd, J=18.3, 13.2, 5.3 Hz, 1H), 1.97 —
1.81 (m, 1H), 1.54 (dt, J = 13.5, 3.5 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H); 3C {{H} NMR (101
MHz, CDCl3): 6 175.4,169.5,156.0, 135.98, 133.0, 113.4, 112.6, 108.7, 61.4, 58.1, 56.0, 48.6,
41.0, 38.1, 27.7, 26.6, 19.6, 14.1; HRMS (ESI) calcd for: C;gH»sN,O¢S: [M + H]¥, 397.1428
found: 397.1433.

ethyl (2'$*,35%)-1-ethyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-2'-
carboxylate (8h); White solid, 124 mg, 80% yield, 1.3:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 138-140°C; "TH NMR (400 MHz, CDCls): 5 7.72
(d, J=6.9 Hz, 1H), 7.32 (td, J= 7.8, 1.1 Hz, 1H), 7.07 (td, J = 7.6, 0.9 Hz, 1H), 6.90 (d, J =
7.8 Hz, 1H), 4.40 (s, 1H), 4.26 —4.14 (m, 2H), 4.03 — 3.93 (m, 2H), 3.76 (ddt, J = 25.0, 14.1,
7.1 Hz, 2H), 2.81 (s, 3H), 2.40 (td, J=13.6, 4.3 Hz, 1H), 2.29 - 2.12 (m, 1H), 1.93 — 1.84 (m,
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1H), 1.53 (dt, J = 13.5, 3.5 Hz, 1H), 1.26 (t, J = 5.8 Hz, 6H); 3C {{H} NMR (101 MHz,
CDCl;): 6 175.3,169.7, 141.6, 132.1, 128.8, 125.4, 122.8, 108.6, 61.4, 58.2, 48.2, 41.2, 37.9,
35.0,27.8,19.7, 14.1, 12.8; HRMS (ESI) calcd for: C;gH,sN,OsS: [M + HJ*, 381.1479 found:
381.1480.

ethyl (2'5*,35%)-1-allyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-2'-
carboxylate (8i); White solid, 119 mg, 78% yield, 1.2:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 134-136°C; TH NMR (400 MHz, CDCl;): 6 7.73
(d, J=17.5Hz, 1H), 7.30 (td, J= 7.8, 1.2 Hz, 1H), 7.08 (td, J = 7.6, 0.9 Hz, 1H), 6.87 (d, J =
7.8 Hz, 1H), 5.83 (ddt, J=17.0, 10.3, 5.1 Hz, 1H), 5.21 (ddd, /=11.8, 7.0, 1.2 Hz, 2H), 4.42
(s, 1H), 4.41 — 4.24 (m, 2H), 4.24 — 4.12 (m, 2H), 4.07 — 3.91 (m, 2H), 2.82 (s, 3H), 2.42 (td,
J=13.6,4.3 Hz, 1H), 2.27 — 2.12 (m, 1H), 1.97 — 1.84 (m, 1H), 1.57 (dd, J = 10.2, 6.7 Hz,
2H), 1.25 (t,J=17.2 Hz, 3H); 3C {{H} NMR (101 MHz, CDCl3): 5 175.5, 169.6, 141.6, 131.9,
131.0, 128.8, 125.3, 123.0, 117.6, 109.3, 61.5, 58.3, 48.3, 42.4, 41.2, 37.9, 28.0, 19.7, 14.1;
HRMS (ESI) calcd for: Ci9H,5sN,OsS: [M + HJ*, 393.1479 found: 393.1483.
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ethyl (2'S*,35%)-1'-(methylsulfonyl)-2-oxo0-1-(prop-2-yn-1-yl)spiro[indoline-3,3'-piperidine]-
2'-carboxylate (8j); White solid, 124 mg, 81% yield, 1.2:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 172-174°C; TH NMR (400 MHz, CDCl;): 6 7.73
(d, J=17.1 Hz, 1H), 7.36 (td, J= 7.8, 1.1 Hz, 1H), 7.15 — 7.07 (m, 2H), 4.50 (d, J = 2.5 Hz,
2H), 4.45 (s, 1H), 4.21 (qd, J= 7.2, 3.0 Hz, 2H), 3.98 (dt, /= 11.1, 3.6 Hz, 2H), 2.82 (s, 3H),
2.39 (td, J=13.4, 4.4 Hz, 1H), 2.24 (t, J = 2.5 Hz, 1H), 2.15 (tdd, J = 13.2, 6.8, 3.9 Hz, 1H),
1.93 - 1.86 (m, 1H), 1.62 — 1.56 (m, 1H), 1.26 (t,J= 7.2 Hz, 3H); 13C {{H} NMR (101 MHz,
CDCly): 6 174.8, 169.4, 140.5, 131.6, 128.7, 125.2, 123.3, 109.3, 72.4, 61.4, 58.1, 50.3, 48.2,
41.0,37.9,29.4, 27.8, 19.5, 13.9; HRMS (ESI) calcd for: C19H»;N,05S: [M + HJ", 391.1322
found: 391.1329.
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ethyl (2'S*,35*)-1-benzyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-2'-
carboxylate (8k); White solid, 135 mg, 84% yield, 1.3:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 178-180°C; 'H NMR (400 MHz, CDCl;): 5 7.80 —
7.63 (m, 1H), 7.34 — 7.25 (m, 5H), 7.21 (td, J=7.8, 1.2 Hz, 1H), 7.05 (td, /= 7.6, 1.0 Hz, 1H),
6.77 (d,J=7.8 Hz, 1H), 5.01 (d,J=15.7 Hz, 1H), 4.82 (d, /= 15.7 Hz, 1H), 4.47 (s, 1H), 4.31
—4.16 (m, 2H), 4.12 — 3.93 (m, 2H), 2.83 (s, 3H), 2.47 (td, J = 13.6, 4.3 Hz, 1H), 2.28 — 2.07
(m, 1H), 2.00 — 1.84 (m, 1H), 1.62 (dd, J=13.1, 3.7 Hz, 1H), 1.24 (t,J= 7.2 Hz, 3H); 13C {!H}
NMR (101 MHz, CDCl;): 6 175.9, 169.7, 141.5, 135.6, 131.9, 129.0, 128.8, 127.9, 127.2,
125.3,123.0, 109.5, 61.5, 58.3, 48.4,43.9,41.2,37.9, 28.0, 19.7, 14.0; HRMS (ESI) calcd for:
Cx3H7N,0O5S: [M + H]', 443.1635 found: 443.1637.

I-(tert-butyl) 2'-ethyl (2'§*,35%)-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-
1,2'-dicarboxylate (81); White solid, 88 mg, 62% yield, 7:1 dr, R, = 0.3, column
chromatography on silica gel (n-hexane/EtOAc 75:25), mp 144-146°C; '"H NMR (400 MHz,
CDCl;): 6 7.98 — 7.81 (m, 1H), 7.79 — 7.68 (m, 1H), 7.42 — 7.30 (m, 1H), 7.19 (td, J="7.6, 1.1
Hz, 1H), 4.53 (s, 1H), 4.30 —4.10 (m, 2H), 3.97 (dd, J = 18.7, 5.4 Hz, 2H), 2.84 (s, 3H), 2.34
(td, J=13.3, 4.5 Hz, 1H), 2.14 (ddd, J = 18.4, 12.2, 6.3 Hz, 1H), 1.89 (d, J = 13.8 Hz, 1H),
1.71 (d, J = 15.5 Hz, 1H), 1.64 (s, 8H), 1.32 — 1.20 (m, 3H); 3C {{H} NMR (101 MHz,
CDCl): 6 174.5, 169.3, 149.0, 138.4, 130.9, 129.0, 124.9, 124.8, 115.1, 84.8, 61.6, 58.8, 48.7,
40.9, 38.2,29.0, 28.2, 19.0, 13.9; HRMS (ESI) calcd for: C,;HpsKN,O4S: [M +H], 453.1690
found: 453.1695.

tert-butyl  (2'S*,35%)-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-2'-
carboxylate (8n); White solid, 116 mg, 76% yield, 1.4:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 172-174°C; "TH NMR (400 MHz, CDCls): 6 7.67
(d,J=7.5Hz, 1H), 7.32 (t,J=7.8 Hz, 1H), 7.07 (td, J= 7.6, 0.8 Hz, 1H), 6.87 (d, /= 7.8 Hz,
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1H), 4.34 (s, 1H), 3.96 (dtd, J = 17.4, 12.0, 5.1 Hz, 2H), 3.22 (s, 3H), 2.86 (s, 3H), 2.38 (td, J
=13.0, 4.6 Hz, 1H), 2.25 — 2.04 (m, 1H), 1.87 (dd, J = 8.8, 6.8 Hz, 1H), 1.57 (dt, J = 13.9, 4.1
Hz, 1H), 1.48 (s, 9H); 3C {'H} NMR (101 MHz, CDCl;): 5 175.8, 168.4, 142.6, 132.1, 128.7,
125.1, 122.8, 108.3, 83.0, 59.3, 48.5, 40.9, 38.5, 28.1, 27.9, 26.4, 19.6; HRMS (ESI) calcd for:
C1oH27N,05S: [M + HJ*, 395.1635 found: 395.1639.

benzyl (2'S*,35%)-1-methyl-1'-(methylsulfonyl)-2-oxospiro[indoline-3,3'-piperidine]-2'-
carboxylate (80); White solid, 110 mg, 75% yield, 1.5:1 dr, R,= 0.3, column chromatography
on silica gel (n-hexane/EtOAc 75:25), mp 158-160°C; 'TH NMR (400 MHz, CDCl3): 6 7.70
(d,J=7.1 Hz, 1H), 7.40 — 7.28 (m, 6H), 7.07 (t,J= 7.6 Hz, 1H), 6.86 (d, J= 7.8 Hz, 1H), 5.28
(d,J=12.0 Hz, 1H), 5.08 (d, /= 12.0 Hz, 1H), 4.46 (s, 1H), 4.04 —3.91 (m, 2H), 3.18 (s, 3H),
2.62 (s, 3H), 2.43 (tt, J=10.5, 5.3 Hz, 1H), 2.23 — 2.08 (m, 1H), 1.94 — 1.83 (m, 1H), 1.56 (dt,
J=13.5,3.5Hz, 1H); BC {'H} NMR (101 MHz, CDCl3): 5 175.8, 169.4, 142.5, 135.3, 131.7,
128.9, 128.8, 128.6, 128.6, 125.1, 123.0, 108.5, 67.3, 58.2, 48.3, 41.0, 37.8, 27.8, 26.5, 19.6;
HRMS (ESI) calcd for: C,,H,sN,OsS: [M + HJ*, 429.1479 found: 429.1482.

6. General experimental procedures and characterization data for the synthesis of

compounds 10 and 11
o]

o o]
_— R+ MSHN‘Hn/\X base (2.5 equiv.) N-Ms |
o n=12 solvent (2 ml), rt OR Ms
o R O R
9 2/4 10 1

General experimental procedure: To an oven-dried 50 mL round bottom flask was added
arylidene 1,3 Indandione (0.21 mmol, 1.0 equiv.), haloamines (0.32 mmol, 1.5 equiv.), and
Cs,CO3 (0.53 mmol, 2.5 equiv.) in solvent (2.0 mL), and the resulting solution was stirred at
room temperature until starting completely consumed (based on TLC analysis). After
completion of the reaction, the mixture was diluted with water (10 mL) and extracted with
EtOAc (3x10 mL). The organic layer was collected and dried over anhydrous Na,SO,4. The
combined organic layer was concentrated under reduced pressure. The resultant crude material
was purified by column chromatography on silica gel using n-hexane/EtOAc as an eluent.
Characterization of the products:
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I'-(methylsulfonyl)-2'-(4-nitrophenyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10a); White
solid, 71 mg, 99% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 200—202°C; "TH NMR (400 MHz, CDCl3): 6 8.16 — 7.95 (m, 3H), 7.86 (dd, J =
22.5,1.2 Hz, 2H), 7.76 (s, 1H), 7.32 (d, J= 8.0 Hz, 2H), 5.21 (s, 1H), 4.22 - 4.11 (m, 1H), 4.04
(dd,J=11.7,5.5 Hz, 1H), 3.03 (s, 3H), 2.39 (t, /= 6.9 Hz, 2H); 3C NMR (101 MHz, CDCl;):
0199.9,197.4,147.7,145.2,141.7, 140.8, 137.1, 136.7, 127.8, 124.1, 123.9, 123.7, 67.9, 63.6,
48.9, 36.6, 33.2; HRMS (ESI) calcd for: C19H7N,O¢S: [M + H]+, 401.0802 found: 401.0815.

1I'-(methylsulfonyl)-2'-(2-nitrophenyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10b); White
solid, 70 mg, 98% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 194-196°C; 'H NMR (400 MHz, CDCl;): 5 8.09 — 7.98 (m, 3H), 7.94 — 7.74 (m,
4H), 7.57 — 7.48 (m, 1H), 5.46 (s, 1H), 4.08 (t, /= 8.3 Hz, 1H), 3.84 (ddd, J=11.7,9.1, 6.3
Hz, 1H), 3.16 (s, 3H), 2.55 (ddd, /= 13.1, 11.8, 8.1 Hz, 1H), 2.16 (dd, /= 13.3, 6.0 Hz, 1H);!3C
NMR (101 MHz, CDCl): 6 202.4, 195.9, 146.4, 141.9, 139.2, 136.7, 136.5, 136.2, 134.4,
130.6, 129.1, 125.3, 123.9, 123.6, 64.3, 61.7, 47.6, 35.2, 32.7;HRMS (ESI) calcd for:
Ci9H7N,06S: [M + H]+, 401.0802 found: 401.0816.

CF5
I'-(methylsulfonyl)-2'-(3-(trifluoromethyl)phenyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione
(10c); White solid, 69 mg, 98% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 120—122°C; '"H NMR (400 MHz, CDCl;): 6 8.01 (dd, J= 7.6, 0.6
Hz, 1H), 7.91 — 7.82 (m, 1H), 7.79 (td, J = 7.4, 1.1 Hz, 1H), 7.74 — 7.63 (m, 1H), 7.46 — 7.30
(m, 3H), 7.27 (d, J = 4.5 Hz, 1H), 5.19 (s, 1H), 4.11 (dqd, J = 10.6, 8.6, 7.0 Hz, 2H), 2.99 (s,
3H), 2.38 (t, J = 7.0 Hz, 2H); 13C NMR (101 MHz, CDCl;): 6 200.1, 197.7, 141.9, 140.9,
138.7, 136.8, 136.4, 130.2, 128.9, 125.2, 125.01 (q, J = 3.1 Hz), 123.8, 123.5, 123.48 (q, J =
3.5 Hz), 122.5, 68.5, 63.8, 49.0, 36.9, 32.5; ’F NMR (377 MHz, CDCl;) 6 -62.72; HRMS
(ESI) calcd for: C,0H7F3NO,4S: [M + H]+, 424.0825 found: 424.0834.

CN
4-(1'-(methylsulfonyl)-1,3-dioxo-1,3-dihydrospiro[indene-2,3'-pyrrolidin]-2'-yl)benzonitrile
(10d); Pinkish solid, 72 mg, 98% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 186—188°C; 'TH NMR (400 MHz, CDCls): 6 8.03 (d, /= 7.4 Hz,
1H), 7.87 (dtd, /= 19.9, 7.3, 1.2 Hz, 2H), 7.76 (dd, J = 6.8, 0.7 Hz, 1H), 7.49 (d, J = 8.6 Hz,
2H), 7.26 (d, J = 8.8 Hz, 2H), 5.17 (s, 1H), 4.15 (dd, J = 12.5, 5.3 Hz, 1H), 4.08 — 3.97 (m,
1H), 3.03 (s, 3H), 2.38 (t, J = 6.8 Hz, 2H); 3C NMR (101 MHz, CDCl;): 5 199.9, 197.5,
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143.1, 141.8, 140.8, 137.0, 136.7, 132.2, 127.6, 123.9, 123.9, 118.5, 112.2, 68.2, 63.6, 48.9,
36.6, 33.1; HRMS (ESI) calcd for: C,0H7N,04S: [M + H]+, 381.0904 found: 381.0904.

1I'-(methylsulfonyl)-2'-phenylspiro[indene-2,3'-pyrrolidine]-1,3-dione (10e); Brown solid, 73
mg, 96% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc 70:30), mp
194-196°C; 'TH NMR (400 MHz, CDCl3): 6 8.05 — 7.93 (m, 1H), 7.80 (dtd, J=22.5,7.2, 1.2
Hz, 2H), 7.74 — 7.62 (m, 1H), 7.25 — 7.14 (m, 3H), 7.14 — 7.00 (m, 2H), 5.17 (s, 1H), 4.24 —
4.05 (m, 2H), 2.93 (s, 3H), 2.38 (dd, J = 10.2, 4.4 Hz, 2H);*C NMR (101 MHz, CDCl;):
200.4, 198.2, 142.2, 141.1, 137.2, 136.5, 136.1, 128.5, 128.,4 126.9, 123.7, 123.6, 69.4, 64.2,
48.9, 37.8, 32.4;HRMS (ESI) calcd for: C;oH sNO4S: [M + H]+, 356.0951 found: 356.0964.

I'-(methylsulfonyl)-2'-(p-tolyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10f); Pinkish solid,
69 mg, 93% yield, Rf= 0.4, column chromatography on silica gel (n-hexane/EtOAc 70:30), mp
134-136°C; 'H NMR (400 MHz, CDCly): 6 8.04 — 7.93 (m, 1H), 7.87 — 7.71 (m, 3H), 6.98
(s,4H), 5.13 (s, 1H), 4.11 (dd, /= 7.0, 2.4 Hz, 2H), 2.91 (s, 3H), 2.36 (t, J = 6.9 Hz, 2H), 2.23
(s, 3H); BC NMR (101 MHz, CDCl): 6200.5,198.2,142.2, 1411.,138.1, 136.5, 136.1, 134.2,
129.2, 126.9, 123.7, 123.6, 69.2, 64.2, 48.9, 37.9, 32.3, 21.2; HRMS (ESI) calcd for:
CHy0NO,4S: [M + H]+, 370.1108 found: 370.1115.

OCH;
2'-(4-methoxyphenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10g);
White solid, 69 mg, 94% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 98—100°C; 'TH NMR (400 MHz, CDCl3): 6 8.04 — 7.92 (m, 1H),
7.86 —7.71 (m, 3H), 7.03 (d, J = 8.4 Hz, 2H), 6.70 (d, J= 8.9 Hz, 2H), 5.11 (s, 1H), 4.12 (ddd,
J=174,6.2,4.0 Hz, 2H), 3.71 (s, 3H), 2.89 (s, 3H), 2.43 — 2.29 (m, 2H); 13C NMR (101 MHz,
CDCl): 6 200.4, 198.4, 159.4, 142.2, 141.1, 136.5, 136.1, 129.0, 128.2, 123.7, 123.6, 113.8,
69.1, 64.3, 55.2, 48.9, 37.8, 32.2; HRMS (ESI) calcd for: C,0H,0NOsS: [M + HJ+, 386.1057
found: 386.1068.
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1I'-(methylsulfonyl)-2'-(4-phenoxyphenyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10h);
White solid, 64 mg, 93% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 160—162°C; 'H NMR (400 MHz, CDCl3): 8 7.99 (dd, /= 6.5, 1.2
Hz, 1H), 7.88 — 7.72 (m, 3H), 7.32 — 7.25 (m, 2H), 7.08 (dd, /= 11.3, 4.8 Hz, 3H), 6.95 — 6.84
(m, 2H), 6.79 (d, J = 8.8 Hz, 2H), 5.14 (s, 1H), 4.20 — 4.04 (m, 2H), 2.95 (s, 3H), 2.44 — 2.29
(m, 2H).;3C NMR (101 MHz, CDCl3): § 200.3, 198.3, 157.2, 156.9, 142.2, 141.2, 136.5,
136.2, 131.8, 129.8, 128.4, 123.8, 123.6, 123., 119.1, 118.5, 69.0, 64.3, 48., 37.63, 32.2.;
HRMS (ESI) calcd for: C,5H,NOsS: [M + H]+, 448.1213 found: 448.1219.

2'-(4-bromophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10i); White
solid, 68 mg, 98% vyield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 130—132°C; "TH NMR (400 MHz, CDCly): 5 8.00 (d, J= 7.2 Hz, 1H), 7.93 — 7.79
(m, 2H), 7.76 (d, J= 7.3 Hz, 1H), 7.31 (d, J = 8.2 Hz, 2H), 7.01 (d, J = 8.1 Hz, 2H), 5.11 (s,
1H), 4.20 —4.01 (m, 2H), 2.96 (s, 3H), 2.45 — 2.26 (m, 2H); 13C NMR (101 MHz, CDCl): 3
200.2, 197.9, 142.1, 140.9, 136.8, 136.5, 136.4, 131.6, 128.6, 123.8, 123.8, 122.4, 68.6, 63.9,
48.9, 37.4, 32.8; HRMS (ESI) calcd for: C;oH;7BrNO,4S: [M + H]+, 434.0056 found:
434.0067.

2'-(4-chlorophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'"-pyrrolidine]-1,3-dione (10j); White
solid, 70 mg, 96% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 110-112°C; 'H NMR (400 MHz, CDCl;): 3 8.09 — 7.92 (m, 1H), 7.92 — 7.79 (m,
2H), 7.79 — 7.67 (m, 1H), 7.16 (d, J= 8.7 Hz, 2H), 7.06 (d, /= 8.1 Hz, 2H), 5.13 (s, 1H), 4.24
—4.00 (m, 2H), 2.96 (s, 3H), 2.47 — 2.27 (m, 2H); 13C NMR (101 MHz, CDCl;): 6 200.2,
197.9, 141.9, 140.9, 136.8, 136.4, 135.9, 134.1, 128.7, 128.3, 123.8, 123.8, 68.5, 63.9, 48.9,
37.3,32.7; HRMS (ESI) calcd for: C;oH;7CINO,4S: [M + H]+, 390.0561 found: 390.0572.
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2'-(2-chlorophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10k); White
solid, 69 mg, 95% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 174-176°C; 'H NMR (400 MHz, CDCl): 6 8.01 (d, J=7.3 Hz, 1H), 7.93 — 7.76
(m, 3H), 7.70 (d, J= 7.8 Hz, 1H), 7.39 (t, /= 7.6 Hz, 1H), 7.23 (d, J=7.4 Hz, 1H), 7.17 (d, J
=7.9 Hz, 1H), 5.38 (s, |H), 4.16 —4.00 (m, 1H), 3.94 (dt, /= 16.5, 8.2 Hz, 1H), 3.11 (s, 3H),
2.50 (dt, J=13.1, 8.8 Hz, 1H), 2.19 (ddd, J = 13.0, 6.6, 2.8 Hz, 1H); 1*C NMR (101 MHz,
CDCl,): 6 201.9, 196.2, 142.4, 139.8, 136.6, 136.3, 136.2, 132.2, 129.5, 129.4, 128.9, 127.2,
123.7, 123.6, 64.9, 61.6, 48.1, 35.9, 32.7; HRMS (ESI) calcd for: C;oH;CINO,4S: [M + H]+,
390.0561 found: 390.0565.

2'-(2-bromophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (101); White
solid, 67 mg, 96% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 194-196°C; 'H NMR (400 MHz, CDCl;): 5 8.07 — 7.97 (m, 1H), 7.91 — 7.82 (m,
3H), 7.69 (dd, J = 7.8, 1.6 Hz, 1H), 7.47 — 7.40 (m, 1H), 7.36 (dd, J = 8.0, 1.1 Hz, 1H), 7.17
(td,J=17.6,1.6 Hz, 1H), 5.35 (s, 1H), 4.07 (ddd, J=9.5, 7.9, 2.4 Hz, 1H), 3.91 (td, /=9.9, 6.6
Hz, 1H), 3.12 (s, 3H), 2.53 (ddd, J=13.1, 10.3, 7.9 Hz, 1H), 2.18 (ddd, J = 13.1, 6.6, 2.4 Hz,
1H); 13C NMR (101 MHz, CDCl3): 6 202.1, 196.0, 142.5, 139.7, 137.9, 136.6, 136.2, 132.2,
129.9, 129.7, 127.8, 123.7, 123.6, 122.9, 67.2, 61.5, 48.1, 35.8, 32.7;HRMS (ESI) calcd for:
C19H7sBrNO,4S: [M + H]+, 434.0056 found: 434.0068.

2'-(2,4-dichlorophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione ~ (10m);
White solid, 69 mg, 98% vyield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 182—184°C; "H NMR (400 MHz, CDCl3): 3 8.06 — 7.97 (m, 1H),
7.94 — 7.82 (m, 3H), 7.65 (d, J = 8.4 Hz, 1H), 7.42 — 7.30 (m, 1H), 7.19 (d, J = 2.1 Hz, 1H),
5.29 (s, 1H), 4.05 (ddd, J=9.7, 7.7, 2.9 Hz, 1H), 3.90 (td, /= 9.7, 6.7 Hz, 1H), 3.12 (s, 3H),
2.53 —2.41 (m, 1H), 2.20 (ddd, J = 13.1, 6.7, 2.9 Hz, 1H); 13C NMR (101 MHz, CDCl;):
201.7,196.1, 142.2,139.7, 136.8, 136.4, 135.2, 134.6, 132.6, 130.5, 128.8, 127.6, 123.8, 123.7,
64.5, 61.5, 48.1, 35.7, 32.9;HRMS (ESI) calcd for: C19HcCI,NO,4S: [M + H]+, 424.0172
found: 424.0185.
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2'-(2-bromo-4-methylphenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione
(10n); White solid, 63 mg, 92% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 210-212°C; "TH NMR (400 MHz, CDCl3): 5 8.07 — 7.96 (m, 1H),
7.93 —7.80 (m, 3H), 7.56 (d, J = 7.9 Hz, 1H), 7.22 (ddd, J = 11.7, 6.4, 0.9 Hz, 2H), 5.31 (s,
1H), 4.06 (ddd, J =9.6, 7.9, 2.4 Hz, 1H), 3.90 (td, J = 9.9, 6.6 Hz, 1H), 3.11 (s, 3H), 2.59 —
2.46 (m, 1H), 2.31 (s, 3H), 2.22 — 2.11 (m, 1H);'3C NMR (101 MHz, CDCl;): 5 202.2, 196.2,
142.6, 139.9, 139.7, 136.6, 136.1, 134.8, 132.7, 129.6, 128.7, 123.7, 123.6, 122.6, 67.1, 61.5,
47.9, 35.8, 32.6, 20.9 ;HRMS (ESI) calcd for: Cyo0H;9BrNO,4S: [M + H]+, 448.0213 found:
448.0224.

2'-(2-bromo-5-chlorophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione
(100); White solid, 65 mg, 96% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 188—190°C; "TH NMR (400 MHz, CDCl3): 3 8.06 — 7.98 (m, 1H),
7.93 —7.82 (m, 3H), 7.66 (d, J= 2.5 Hz, 1H), 7.29 (d, J = 8.5 Hz, 1H), 7.16 (dd, /= 8.5, 2.5
Hz, 1H), 5.26 (s, 1H), 4.06 (ddd, J = 9.7, 7.8, 2.1 Hz, 1H), 3.87 (ddd, J = 10.5, 9.6, 6.5 Hz,
1H), 3.14 (s, 3H), 2.53 (ddd, J = 13.2, 10.6, 7.8 Hz, 1H), 2.18 (ddd, J = 13.2, 6.5, 2.1 Hz,
1H);3C NMR (101 MHz, CDCl;): 6 201.9, 195.7, 142.4, 139.9, 139.5, 136.8, 136.3, 134.2,
133.2, 129.9, 129.9, 123.8, 123.7, 120.6, 66.8, 61.3, 47.9, 35.6, 32.9; HRMS (ESI) calcd for:
C19H,BrCINO,4S: [M + H]+, 467.9666 found: 467.9675.

2'-(2-bromo-5-methoxyphenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione
(10p); White solid, 64 mg, 94% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 182—184°C; 'H NMR (400 MHz, CDCl): 6 8.08 — 7.95 (m, 1H),
7.93 —7.77 (m, 3H), 7.57 (d, J = 8.7 Hz, 1H), 6.96 (dd, J = 8.7, 2.6 Hz, 1H), 6.90 (d, J = 2.6
Hz, 1H), 5.30 (s, 1H), 4.05 (ddd, /=9.7, 7.8, 2.7 Hz, 1H), 3.91 (td, /= 9.8, 6.7 Hz, 1H), 3.78
(s, 3H), 3.10 (s, 3H), 2.51 (ddd, J = 13.1, 10.0, 7.8 Hz, 1H), 2.26 — 2.12 (m, 1H);'3C NMR
(101 MHz, CDCl3): & 202.2, 196.4, 159.8, 142.6, 139.9, 136.6, 136.1, 130.4, 129.7, 123.7,
123.6, 122.9, 117.6, 113.7, 66.9, 61.7, 55.6, 48.1, 35.8, 32.5;HRMS (ESI) calcd for:
CyH19BrNOsS: [M + HJ+, 464.0162 found: 464.0179.
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2'-(2-bromo-5-fluorophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione

(10q); White solid, 64 mg, 93% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 194—196°C; "TH NMR (400 MHz, CDCl3): 3 8.14 — 7.97 (m, 1H),
7.96 —7.64 (m, 3H), 7.44 (dd, J=9.4, 3.0 Hz, 1H), 7.33 (dd, /= 8.7, 5.1 Hz, 1H), 6.91 (ddd, J
=8.7,7.8, 3.1 Hz, 1H), 5.26 (s, 1H), 4.06 (ddd, /=9.8, 7.8, 2.1 Hz, 1H), 3.87 (ddd, J = 10.5,
9.5, 6.5 Hz, 1H), 3.14 (s, 3H), 2.52 (ddd, J = 13.2, 10.6, 7.8 Hz, 1H), 2.19 (ddd, J=13.2, 6.5,
2.1 Hz, 1H);13C NMR (101 MHz, CDCl): 5 201.9, 195.8, 163.5, 161.1, 142.4, 140.4 (d, J =
7.2 Hz), 139.5, 136.8, 136.3, 133.4 (d, /= 8.0 Hz), 123.8 (d,/=13.0 Hz), 117.5, 117.2 (d, J =
13.1 Hz), 116.9 (d, J=12.7 Hz), 66.9, 61.3, 47.9, 35.6, 32.9; 1F NMR (377 MHz, CDCl;) §
-112.98;HRMS (ESI) calcd for: C;oHsBrFNO4S: [M + H]+, 451.9962 found: 451.9979.

O,N
2'-(2-chloro-5-nitrophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10r);
Yellow solid, 67 mg, 97% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 220-222°C; 'TH NMR (400 MHz, CDCls): 6 8.57 (d, J= 2.6 Hz,
1H), 8.13 (dd, J= 8.7, 2.7 Hz, 1H), 8.04 (d, J= 7.0 Hz, 1H), 7.90 (ddt, J=11.5, 10.3, 4.2 Hz,
3H), 7.37 (d, J=8.7 Hz, 1H), 5.34 (s, 1H), 4.14 (ddd, /=9.8, 7.8, 2.2 Hz, 1H), 3.91 (d, /= 6.5
Hz, 1H), 3.16 (s, 3H), 2.59 — 2.46 (m, 1H), 2.32 —2.19 (m, 1H);!3C NMR (101 MHz, CDCl;):
0 201.4, 195.9, 147.1, 141.9, 139.5, 139.1, 138.7, 136.9, 136.7, 130.1, 124.8, 124.3, 124.1,
123.8, 64.3, 61.3, 48.0, 35.6, 33.3.;HRMS (ESI) calcd for: C;oH;cCIN,O¢S: [M + H]+,
435.0412 found: 435.0423.

0O
N-Ms

o /S
I'-(methylsulfonyl)-2'-(thiophen-2-yl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10s); Brown
solid, 72 mg, 95% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 156—158°C; 'TH NMR (400 MHz, CDCl;): & 8.07 — 7.96 (m, 1H), 7.91 — 7.79 (m,
3H), 7.17 (dd, J=5.1, 1.2 Hz, 1H), 6.82 (dd, /= 5.1, 3.6 Hz, 1H), 6.72 (ddd, /= 3.6, 1.2, 0.8
Hz, 1H), 5.43 (s, 1H), 4.14 — 4.03 (m, 2H), 2.92 (s, 3H), 2.51 — 2.33 (m, 2H);!3C NMR (101
MHz, CDCl;): 6 199.9, 197.6, 142.2, 141.1, 141.1, 136.6, 136.2, 126.9, 126.1, 125.81, 123.9,
123.7, 64.8, 63.9, 48.3, 38.7, 32.1;HRMS (ESI) calcd for: C17H(NO4S,: [M + H]+, 362.0515
found: 362.0524.
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N-Ms

(O y74N0)

2'-(furan-2-yl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10t); White solid,
74 mg, 96% yield, Rf= 0.4, column chromatography on silica gel (n-hexane/EtOAc 70:30), mp
154-156°C; '"H NMR (400 MHz, CDCl;): 6 8.04 — 7.98 (m, 1H), 7.92 — 7.84 (m, 3H), 7.28 (t,
J=1.3 Hz, 1H), 6.29 (d, /= 1.3 Hz, 2H), 5.08 (s, 1H), 4.00 (dd, J = 7.3, 6.5 Hz, 2H), 2.89 (s,
3H), 2.60 (dt, J = 12.9, 7.5 Hz, 1H), 2.29 (dt, J = 12.8, 6.4 Hz, 1H).;13C NMR (101 MHz,
CDCl;): 6 200.2, 196.8, 150.2, 142.8, 142.1, 140.8, 136.6, 136.3, 123.9, 123.8, 110.8, 109.5,
62.2,62.1,47.9,37.7,31.7.;HRMS (ESI) calcd for: C;;HsNOsS: [M + H]+, 346.0744 found:
346.0756.

I'-(methylsulfonyl)-2'-(naphthalen-2-yl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (10u); White
solid, 61 mg, 86% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 176—178°C; 'H NMR (400 MHz, CDCl;): 4 8.00 (d, J= 7.6 Hz, 1H), 7.83 — 7.76
(m, 1H), 7.68 (ddd, J = 22.5, 10.9, 5.5 Hz, 5H), 7.57 (s, 1H), 7.45 — 7.35 (m, 2H), 7.26 (d, J =
5.7 Hz, 1H), 5.35 (s, 1H), 4.28 —4.13 (m, 2H), 2.93 (s, 3H), 2.42 (dd, /= 10.1, 4.2 Hz, 2H);13C
NMR (101 MHz, CDCls): 6 200.4, 198.1, 142.1, 141.1, 136.5, 136.2, 134.7, 133.2, 133.0,
128.3, 128.2, 127.8, 126.3, 126.3, 124.7, 123.7, 123.7, 69.4, 64.4, 49.1, 37.8, 32.8.;HRMS
(ESI) calcd for: Co3H,0NO,4S: [M + H]+, 406.1108 found: 406.1116.

1I'-(methylsulfonyl)-2'-(p-tolyl)spiro[indene-2,3'-piperidine]-1,3-dione (11a); White solid, 64
mg, 86% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc 70:30), mp
144-146°C; ™H NMR (400 MHz, CDCl;): 6 8.02 (d, /= 8.7 Hz, 3H), 7.85 (dtd, /= 21.2, 7.2,
1.2 Hz, 2H), 7.79 — 7.65 (m, 1H), 7.31 (d, J = 8.6 Hz, 2H), 5.55 (s, 1H), 4.18 — 3.98 (m, 2H),
2.92 (s, 3H), 2.33 — 2.16 (m, 1H), 2.11 — 1.99 (m, 2H), 1.95 — 1.79 (m, 1H);'3C NMR (101
MHz, CDCl;): 6 200.7, 198.9, 147.5, 145.9, 141.1, 140.1, 136.7, 136.5, 127.7, 124.2, 123.9,
123.9, 59.2, 57.5, 41.5, 40.2, 26.8, 19.3;HRMS (ESI) calcd for: C0H9N,O¢S: [M + H]+,
415.0958 found: 415.0969.
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CN
4-(1'-(methylsulfonyl)-1,3-dioxo-1,3-dihydrospiro[indene-2,3'-piperidin]-2'-yl)benzonitrile
(11b); White solid, 65 mg, 85% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 158—160°C; "TH NMR (400 MHz, CDCl3): 3 8.08 — 7.95 (m, 1H),
7.85 (dtd, J=18.9, 7.2, 1.2 Hz, 2H), 7.77 (ddd, /= 7.3, 1.3, 0.8 Hz, 1H), 7.55 — 7.36 (m, 2H),
7.25 (d, J= 8.2 Hz, 2H), 5.48 (s, 1H), 4.20 — 3.93 (m, 2H), 2.90 (s, 3H), 2.31 — 2.17 (m, 1H),
2.09—-1.96 (m, 2H), 1.95 — 1.85 (m, 1H);3C NMR (101 MHz, CDCl;): 5 200.7, 198.9, 143.8,
141.1, 140.2, 136.7, 136.4, 132.4, 127.6, 124.1, 123.9, 118.3, 112.0, 59.5, 57.4, 41.5, 40.1,
26.6, 19.3.;HRMS (ESI) calcd for: C,;H;9N,O4S: [M + H]+, 395.1060 found: 395.1074.

1I'-(methylsulfonyl)-2'-(3-(trifluoromethyl)phenyl)spiro[indene-2,3'-piperidine]-1,3-dione
(11c); White solid, 62 mg, 85% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 118—120°C; TH NMR (400 MHz, CDCly): 6 8.06 — 7.93 (m, 1H),
7.89 —7.76 (m, 2H), 7.76 — 7.67 (m, 1H), 7.34 (dd, J = 23.6, 12.0 Hz, 4H), 5.47 (s, 1H), 4.12
—3.94 (m, 2H), 2.84 (s, 3H), 2.36 — 2.18 (m, 1H), 2.12 — 2.00 (m, 2H), 1.94 (dddd, J=8.8, 7.2,
5.7,2.8 Hz, 1H);'3C NMR (101 MHz, CDCl;): 201.0, 199.3, 141.3, 140.3, 139.3, 136.5, 136.3,
131.0, 130.7, 130.4, 129.2, 124.96 (q, J = 3.8 Hz), 123.7 (q, J = 3.8 Hz), 123.7, 59.7, 57.3,
41.6, 40.3, 26.2, 19.4;""F NMR (377 MHz, CDCl;) 6 -62.95.;HRMS (ESI) calcd for:
C,1HoF3sNO,S: [M + H]+, 438.0981 found: 438.0992.

Br

2'-(4-bromophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-piperidine]-1,3-dione (11d); White
solid, 60 mg, 84% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 142—144°C; '"H NMR (400 MHz, CDCl;): 6 7.99 (dd, /= 4.6, 3.4 Hz, 1H), 7.92 —
7.64 (m, 3H), 7.33 — 7.26 (m, 2H), 7.03 (d, J = 8.4 Hz, 2H), 5.37 (s, 1H), 4.09 — 3.93 (m, 2H),
2.78 (s, 3H), 2.27 (dd, J = 10.5, 6.4 Hz, 1H), 2.03 (dd, J = 8.1, 5.4 Hz, 2H), 1.95 — 1.84 (m,
1H).;3C NMR (101 MHz, CDCl;): 6 200.8, 199.3, 141.3, 140.3, 137.2, 136.4, 136.2, 131.8,
128.9, 124.2, 123.8, 122.3, 59.5, 57.3, 41.4, 40.3, 26.2, 19.6;HRMS (ESI) calcd for:
Cy0H9BrNO4S: [M + H]J+, 448.0213 found: 448.0212.
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2'-(2-chlorophenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-piperidine]-1,3-dione (11e); White
solid, 61 mg, 81% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 196—198°C; 'H NMR (400 MHz, CDCl): 6 7.98 (d, /= 6.9 Hz, 1H), 7.89 — 7.76
(m, 3H), 7.70 (d, J=7.8 Hz, 1H), 7.32 — 7.26 (m, 1H), 7.19 (d, J = 3.9 Hz, 2H), 5.73 (s, 1H),
4.12 -3.93 (m, 2H), 2.90 (s, 3H), 2.41 — 2.26 (m, 1H), 2.12 (ddd, J = 14.4, 10.0, 4.2 Hz, 1H),
2.01 —1.85 (m, 2H);'3C NMR (101 MHz, CDCl;): 6 201.1, 198.9, 141.3, 139.9, 137.6, 136.2,
136.1,132.8,129.7,129.3,129.1, 127.1, 123.8, 123.5, 54.6, 54.6, 43.1,39.8,25.7, 19.2;HRMS
(ESI) calcd for: Cy0H 9CINO,S: [M + H]+, 404.0718 found: 404.0729.

I'-(methylsulfonyl)-2'-phenylspiro[indene-2,3'-piperidine]-1,3-dione (11f); White solid, 57
mg, 72% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc 70:30), mp
188—190°C; 'TH NMR (400 MHz, CDCl3): 6 8.12 — 7.91 (m, 1H), 7.90 — 7.65 (m, 3H), 7.23 —
7.08 (m, 5H), 5.38 (s, 1H), 4.09 — 3.92 (m, 2H), 2.70 (s, 3H), 2.38 — 2.22 (m, 1H), 2.12 - 1.99
(m, 2H), 1.94 (dddd, J = 13.0, 7.8, 5.2, 2.6 Hz, 1H);3C NMR (101 MHz, CDCl3): 5 201.1,
199.5, 141.3, 140.4, 137.7, 136.2, 136.1, 128.6, 128.3, 127.3, 123.9, 123.6, 60.1, 57.3, 41.5,
40.2,25.9, 19.7;HRMS (ESI) calcd for: C,0H,)NO,4S: [M + H]+, 370.1108 found: 370.1119.

I'-(methylsulfonyl)-2'-(p-tolyl)spiro[indene-2,3'-piperidine]-1,3-dione (11g); White solid, 60
mg, 77% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc 70:30), mp
206—208°C; '"H NMR (400 MHz, CDCl;): 6 7.98 (dd, J = 7.3, 0.6 Hz, 1H), 7.88 — 7.67 (m,
3H), 7.12 - 7.01 (m, 2H), 7.01 — 6.86 (m, 2H), 5.32 (s, 1H), 4.05 — 3.89 (m, 2H), 2.66 (s, 3H),
2.40 — 2.28 (m, 1H), 2.22 (s, 3H), 2.14 — 2.06 (m, 1H), 2.02 (dd, J = 14.3, 7.4 Hz, 1H), 1.93
(dtd, J=10.0, 7.1, 3.0 Hz, 1H);3C NMR (101 MHz, CDCl3): 5 200.9, 199.6, 141.3, 140.4,
138.1, 136.1, 135.9, 134.6, 129.3, 127.5, 124.0, 123.6, 59.9, 57.2, 41.4, 40.1, 25.7, 21.2,
19.8.;HRMS (ESI) calcd for: C,;H»,NO,4S: [M + H]+, 384.1264 found: 384.1278.
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OMe
2'-(4-methoxyphenyl)-1'-(methylsulfonyl)spiro[indene-2,3'-piperidine]-1,3-dione (11h);
White solid, 60 mg, 79% yield, Rf = 0.4, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 130—132°C; '"H NMR (400 MHz, CDCl;): § 8.05 — 7.87 (m, 1H),
7.81(dd, J=7.4,3.0 Hz, 1H), 7.79 — 7.69 (m, 2H), 7.19 — 7.05 (m, 2H), 6.79 — 6.61 (m, 2H),
5.25 (s, 1H), 4.05 — 3.87 (m, 2H), 3.70 (s, 3H), 2.64 (s, 3H), 2.33 (ddd, J=12.5, 10.1, 6.6 Hz,
1H), 2.17 — 1.92 (m, 3H);3C NMR (101 MHz, CDCl;): 5 200.9, 199.7, 159.4, 141.3, 140.5,
136.1,135.9,129.5,129.1, 123.9, 123.6, 113.9, 59.8, 57.2, 55.2, 41.5, 40.0, 25.6, 19.9.; HRMS
(ESI) calcd for: C;;H;,NOsS: [M + H]+, 400.1213 found: 400.1221.

2'-(furan-2-yl)-1'-(methylsulfonyl)spiro[indene-2,3'-piperidine]-1,3-dione (11i); White solid,
57 mg, 71% yield, Rf= 0.4, column chromatography on silica gel (n-hexane/EtOAc 70:30), mp
190-192°C; '"H NMR (400 MHz, CDCl3): § 8.02 (dt, J = 7.4, 1.1 Hz, 1H), 7.91 — 7.79 (m,
3H), 7.48 (d, J= 1.2 Hz, 1H), 6.34 (dd, J = 3.2, 1.9 Hz, 1H), 6.19 (dd, J = 3.3, 0.7 Hz, 1H),
5.12 (s, 1H), 3.87 (dd, J = 13.7, 3.9 Hz, 1H), 3.61 (dd, J = 14.0, 10.6 Hz, 1H), 2.57 (s, 3H),
2.56—2.39 (m, 2H), 1.93 — 1.80 (m, 2H).;'3C NMR (101 MHz, CDCl;): 5 199.3, 198.9, 150.7,
143.3, 140.6, 140.5, 136.3, 136.1, 124.3, 123.7, 110.3, 110.3, 54.6, 52.1, 41.7, 38.4, 24.1,
19.9.;HRMS (ESI) calcd for: C1gHgsNOsS: [M + H]+, 360.0900 found: 360.0916.

I'-(methylsulfonyl)-2'-(naphthalen-2-yl)spiro[indene-2,3'-piperidine]-1,3-dione (11j); White
solid, 51 mg, 69% yield, Rf = 0.4, column chromatography on silica gel (n-hexane/EtOAc
70:30), mp 162—164°C; '"H NMR (400 MHz, CDCl3): 6 7.98 (d, J= 7.6 Hz, 1H), 7.76 (dd, J
=10.1, 4.2 Hz, 1H), 7.74 — 7.57 (m, 6H), 7.39 (dd, J = 6.2, 3.2 Hz, 2H), 7.33 — 7.25 (m, 1H),
5.57 (s, 1H), 4.16 (ddd, J=14.0, 10.7, 5.5 Hz, 1H), 4.10 — 3.99 (m, 1H), 2.69 (s, 3H), 2.33 (dd,
J=11.1,5.9 Hz, 1H), 2.15-2.03 (m, 2H), 2.01 — 1.92 (m, 1H).;3C NMR (101 MHz, CDCl;):
0 201.1, 199.4, 141.3, 140.3, 136.2, 136.0, 135.3, 133.1, 132.9, 128.4, 128.2, 127.6, 126.7,
126.4, 124.9, 123.9, 123.6, 60.3, 57.5, 41.6, 40.2, 26.2, 19.8;HRMS (ESI) calcd for:
C4H2NO,4S: [M + HJ+, 420.1264 found: 420.1279.
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7. Experimental procedure for gram-scale synthesis of 3a

To an oven-dried 50 mL round-bottom flask was added arylidene pyrazolone 1a (3.8 mmol,
1.0 equiv.), haloamine 2a (5.7 mmol, 1.5 equiv.), and K,COj3 (9.7 mmol, 2.5 equiv.) in acetone
(10 mL), and the resulting solution was stirred at room temperature until starting completely
consumed. After completion of the reaction, the mixture was diluted with water (10 mL) and
extracted with DCM (3x10 mL). The organic layer was collected and dried over anhydrous
Na,SOy. The combined organic layer was concentrated under reduced pressure. The resultant
crude material was purified by column chromatography on silica gel using n-hexane /EtOAc
as eluent (1.13 gm, 77% yield.

8. Experimental procedure for gram-scale synthesis of 10i

To an oven-dried 50 mL round-bottom flask was added arylidene 1,3 indandione 9a (3.2 mmol,
1.0 equiv.), haloamine 2a (4.8 mmol, 1.5 equiv.), and Cs,CO; (7.9 mmol, 2.5 equiv.) in MeCN
(10 mL), and the resulting solution was stirred at room temperature until starting completely
consumed (based on TLC analysis). After completion of the reaction, the mixture was diluted
with water (10 mL) and extracted with DCM (3x10 mL). The organic layer was collected and
dried over anhydrous Na,SO,4. The combined organic layer was concentrated under reduced
pressure. The resultant crude material was purified by column chromatography on silica gel
using n-hexane /EtOAc as eluent (1.21 gm, 87% yield).

9. General experimental procedures and characterization data for the transformation of
compounds

a) General experimental procedure for oxyacylation of 3a: Solution containing 3a (0.13
mmol, 1.0 equiv.), (diacetoxyiodo)benzene (0.16 mmol, 1.2 equiv.), and Pd(OAc), (0.013
mmol, 0.1 equiv.) in AcOH (0.3ml) and acetic anhydride (0.3ml) was refluxed (110°C) for 2
hours. The reaction mixture was quenched with water and extracted with DCM. The organic
layer was dried with anhydrous Na,SO,. The solvents were removed under reduced pressure
and the resultant crude material was purified by column chromatography on silica gel using n-
hexane/EtOAc as an eluent (n-hexane/EtOAc 70:30) to afford 12 (49 mg) as a white solid in
85% yield.

N; ; 0]
N— o{
/
<=0
Ph
N

ms’

2-((5R*,6S*)-4-methyl-7-(methylsulfonyl)-1-0x0-6-phenyl-2,3,7-triazaspiro[4.4 non-3-en-2-
yl)phenyl acetate (12); White solid, 49 mg, 85% yield, Rf = 0.5, column chromatography on
silica gel (n-hexane/EtOAc 70:30), mp 230-232°C; 'H NMR (400 MHz, CDCl;: 8 7.46 (dd,
J=1728, 1.8 Hz, 1H), 7.36 — 7.19 (m, 7H), 7.16 (dd, J = 7.9, 1.6 Hz, 1H), 4.96 (s, 1H), 4.02 —
3.87 (m, 2H), 2.98 (s, 3H), 2.42 (dt,J=13.0, 8.3 Hz, 1H), 2.25 - 2.08 (m, 4H), 1.10 (s, 3H).;13C
NMR (101 MHz, CDCl3): 6 175.2, 168.4, 159.1, 144.2, 138.8, 129.1, 128.9, 128.7, 128.4,
126.5, 126.4, 126.1, 124.3, 68.5, 62.1, 47.2, 35.5, 31.2, 21.2, 14.8.;HRMS (ESI) calcd for:
C»H»N305S: [M + H]+, 442.1431 found: 442.1439.

b) Synthetic Transformations of the Product 11i (Suzuki Coupling Reaction): Ina 10 mL
oven-dried sealed tube charged with a magnetic bar, aryl halide 11i (0.12 mmol, 1.0 equiv.),
phenylboronic acid (0.17 mmol, 1.5 equiv.), PA(OAc), (3.0 mg, 10 mol %), PPh; (0.05 mmol,
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0.4 equiv.), and K,CO; (3.0 equiv.) were added sequentially in 1,4-dioxane (1 mL), and the
reaction mixture was heated in an oil bath at 80°C. After 12 h, the reaction mixture was cooled
at room temperature, quenched with H,O, and extracted with EtOAc (5 mL x 3). Organic layers
were collectively washed with brine and dried over Na,SO,. After evaporation under vacuum,
the crude product obtained was purified by silica gel column chromatography to afford 13 (19
mg) as a white solid in 38% yield. (n-hexane/EtOAc 70:30).

2'-([1,1'-biphenyl]-4-yl)-1'-(methylsulfonyl)spiro[indene-2,3'-pyrrolidine]-1,3-dione (13);
White solid, 19 mg, 38% yield, Rf = 0.5, column chromatography on silica gel (n-
hexane/EtOAc 70:30), mp 158—160°C; "TH NMR (400 MHz, CDCl;: 3 7.93 (d, J= 7.6 Hz,
1H), 7.79 — 7.63 (m, 3H), 7.51 — 7.37 (m, 2H), 7.37 — 7.24 (m, 4H), 7.20 (d, /= 13.8 Hz, 1H),
7.10(d,J=7.8 Hz, 2H), 5.14 (s, 1H), 4.16 —4.01 (m, 2H), 2.89 (s, 3H), 2.35 - 2.28 (m, 2H).;13C
NMR (101 MHz, CDCl;): 6 200.3, 198.2, 142.2, 141.1, 141.0, 140.5, 136.6, 136.2, 128.8,
127.5, 127.3, 127.1, 123.7, 123.7, 69.1, 64.3, 49.0, 37.7, 32.5; HRMS (ESI) calcd for:
CysHyNO4S: [M + HJ+, 432.1264 found: 432.1269.
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11.'"H NMR, 3C NMR and °F Spectra of Products

vt
90t
90°v

80°%

S0°'S —

[44aya

68°L

'H NMR (400 MHz, CDCl;) - 3a

s

Foo°'T
Foo't

Fooe

Al

AA\M\L
g5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

06'¥T —

¢eTE—
L5°GE—

(TLy—

br'€9 —
95°89 —

S6°8TT
Al

99°S¢T
Nm.oNA/
C8'8CT
:.mNHW
€1°6CT
99°LET ~_
SL8ET

0°6ST —

8 VLT —

13C {'H} NMR (101 MHz, CDCl,)- 3a

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

200

57



(454
4974
494

STV
9TV

91'S —

00°L
70"/
10"/
20+
b0'L |
b0"/
S0°L
E.Dﬁ
AWA

LTl F
8rL
61"
o0z
17,
2L
oc |
oc/
8¢/ |
8cL !

'H NMR (400 MHz, CDCI;) - 32’ (minor)

Ph

N—N

O¢/’/
nw

‘s

M

L)

F0's

=0°€

F0C

=00'T

EO'T

O,
HO0'C

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

9.0

58



P8'ET —

LL7TE—

ST —
98'Ly —

SS'P9 ~
1¢L9—

[C8'8ST —

9L TLT —

13C {IH} NMR (101 MHz, CDCl5)- 32’ (minor)

Oé////
vt

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

200

002
a4
a4
bT'T
CTard
T
8v°C
6v°C

68°L

S/

'"H NMR (400 MHz, CDCl;) — 3b

I

@)
3]
=

Foe

Ho'T

[e0'T

Hoo'e

pE0°E
10'T
10'T

Foo'T

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

85 80 75 70 65 60 55 50 45
f1 (ppm)

9.0

59



TT°ST —

LT'TE—
€5°6¢ —

8T’/ —
bb'SS —

¢5'€9 —
8189 —

oL bTT —
26°8TT —
19's21

8971 -
CTeeT —
eg0er/
89°/ET —

02°68T ~_
06°65T

P8 vLT —

13C {IH} NMR (101 MHz, CDClLy)- 3b

o
3]
=

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

200

f1 (ppm)

L0y
c0°S —

ST+
o1z |
0z'2
0z'2
0z'2
L
€z'L
b2
ov.ﬁﬁ
b/ A
2bL
s
98,

/81

8L

68°L

68°L

/J/

'H NMR (400 MHz, CDCL;) — 3¢

e //

N

M

HOo€

00T

keo't

Ho€

oot

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

60



$0'ST —
8T TC—

8C'TE—
9G8°GE€ —

Ly —

8p'€9 —
89 —

€6'811
09°sz1 -
Hv.oﬁ%
11621
(1671~
GL'SET~
B9'LET
roger/

6T°65T —

S8'bLT —

13C {'H} NMR (101 MHz, CDCl,)- 3¢

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

200

00t
€0y —
S0y
90t
0%
80t

0'S —

[

'H NMR (400 MHz, CDCl;) - 3d

Vv

- $00°€

J ko6

nm HO'T
={ [S0'T

———————=507¢

JTY
)

—== 110°€
== 1ot

Fooz

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
f1 (ppm)

9.0

61



YY1 —

mw.ﬁm
€p°1E A
[48 2%
19'S€ /

1TLy—

'e9 —
E'89 —

6" 8TT ~_

65°SCT
wm.mmﬂv
ST9¢CT

1601/
1,561 —
1251

L6°TST —

68T —

L6'PLT —

13C {'H} NMR (101 MHz, CDCl,)- 3d

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

190

£C'L
SC'L

9CL
L
L

44
EVNW
LA

ov's/
08'L
98,
98/

88°L
88°L
178
£C'8

S

J

S

'H NMR (400 MHz, CDCl;) — 3e
e

LI

-

Hoe
10°T
0T

Hoe

hoe

Foo't

2.5 2.0 1.5 1.0 0.5 0.0

3.0

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

9.0

62



8€'ST —

68'T€ —
LT'SE—

L9'Ly —

65°€9 —
L1°89 —

06'8TT~
9T vTT

86'SZT
2S5 LeT —
et/

0b"LET —

£9°SPT ~
0T'8¥T —

16°LST —

L6°ELT —

13C {{H} NMR (101 MHz, CDCly)- 3e

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

e
SET
LE°C
bp'C
9b'¢C
8v'C -7
mv.N\

ITe—

0’y
€0y
0t
0t

90"t /f
80"t
0T+

1194

€T'S—

[44va
vl
9C’'L

e
mv.m/
St s\

S

'H NMR (400 MHz, CDCL;) - 3f

S Sy

u 150°€

== 10T

—== MO0'1T

Fsoe

-= [e0C

foo't

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.

4.0

f1 (ppm)

8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5

9.0

63



9€'ST —

69'T€ —
T€°6€ —

6S'LY —

05°€9—
089 —

¥0'6TT

wv.ﬁNﬁM
BLETT ~_
£6°SCT —
6T°6CT -~
wﬁ.omﬂx
0S°CET i
6E°LET \
00°T+T

89'8yT —

G8°LST —

66°€LT —

13C {1H} NMR (101 MHz, CDCl)- 3f

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

0€'¢C
ﬁm.mw
(4344
bb'C-F
wv.w\
8v'C

-

TH NMR (400 MHz, CDCl;) - 3g

=0'€

HO'T
ot

rere

Foo'r

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
f1 (ppm)

9.0

64



S © CRT T o0 0MmMoO™m

¢! N QLTaAanN—aN©OmmO NS ® ooa =
< o AN OO O LALLM MmO N 0 < M m S
N 7] MONNNNNANNAN ® ™ N 5 = 5
| N Nee——" (. | [

13C {'H} NMR (101 MHz, CDCls)- 3g

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

90 80 70 60 50 40 30 20 10

-62.66

1F NMR (377 MHz, CDCl;) — 3g

T T T T T T T T T T T T T T T T T
10 0 ~-10 -20 -30 -40 -50 -60 -70 -80 -90 ~-100 -120 -140 -160 -180 -200
f1 (ppm)



T

rr—

'"H NMR (400 MHz, CDCl;) — 3h

T

T o)

60 50 40 30 20 10
66

70

o
FS
| 1
e L66T —
o
[ -
Hoe .
- SHTE—
b Sh'SE—
o
M 9T Lh—
== [20'T
== [eo1 ||
PEEI L
B o mm.Bv
e[ 16°19
= Fe0e
n
F e

\“
&
o
~
T
4.0

45
f1 (ppm)

5.0
™
~
)
—
—

100 90 80
f1 (ppm)

110

120

13C {IH} NMR (101 MHz, CDCly)- 3h

8.5

180 170 160 150 140 130

190

200




STTTT-—

1YF NMR (377 MHz, CDCL;) — 3h

\l

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10

'H NMR (400 MHz, CDCl;) — 3i

S S

L

b

Foe
ot
ot

Hoe

hoe

Foo't

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
f1 (ppm)

9.0

67



ST —

8b'TE —

GE'GE—

8E'Ly —

6v'€9 —
80'89 —

T9'8ST —

8y ¥LT —

13C {IH} NMR (101 MHz, CDCly)- 3i

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

200

651

S S

TH NMR (400 MHz, CDClL;) — 3j

1

Feoe

HoT
ot

Feoe

Foo't

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
f1 (ppm)

9.0

68



SC'ST—

S’ 1E—
GE'SE —

ob'Lb —

bb'€9 —
G189 —

£6'8TT

Q.Nﬁ”
BLISTI -
61'82T "
/1621
SzeET
05'LET
1gse1/

09°8ST —

LY vLT —

13C {'H} NMR (101 MHz, CDCl;)-3j

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

1

VA

08'L
e

98,
mw.m\
68°L

TH NMR (400 MHz, CDCL;) - 3k
r

_ //I

L

0.0

_J Feoe
3

= [20T

—= o1

—= fooe

0T
6T

M

o
c
m

0.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

9.0

69



60°ST —

9T'1€—
¢S'SE—

oT'Ly—

19°€9 —
9189~
L20L—

0v'STT
mm.w:/
S.mﬁ/
09'/21

E.RL,
0z'82T -\

€L°8¢CT
€1°6¢T

oﬁ.ﬂmﬁ
wm.mmﬂ\
L9'LET

HH.mmH
8T°6ST >

P8 VLT —

13C {IH} NMR (101 MHz, CDCl;)-3k

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

200

H NMR (400 MHz, CDCl;) - 31

il

S

w HO0'€

= H0°T
== 110'T

o
<
o

FS0°€

- 10°T
= 10°T

(1874
v10°€
£20°C

oo
Fooz

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
f1 (ppm)

9.0

70



TT'ST—

9T TE—

8b'GE —

Sy —

€5°€9 —
£L1'89 —

€LYLT —

10

20

30

40

50

M

60

70
i

100 90 80
|

f1 (ppm)

110

120

'H NMR (400 MHz, CDCL;) — 3m

130

13C {1H} NMR (101 MHz, CDCl;)-31

140

150

160

170

180

o
<
o

190

200

boe
—

1ot
HoT

Feoe

%HO.N

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
f1 (ppm)
71

9.0




< 2] [=3e)) OM Ao

< o @ a NN g oL — e N ;MmN <
~ wn < < MM ANANANN — 0 M ~ n — n
— — — - o © © <+ ™M™ ™ —
\ \ ~ N~ NI S [ \ [

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)
(=]
()]
~
sl
\
19F NMR (377 MHz, CDCL;) — 3m
T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200

f1 (ppm)




551

'H NMR (400 MHz, CDCL;) — 3n

g S S

@)
[
=

MeO

Fooe

moT

Hot

T00'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

61°'ST—

e —
9'GE—

'Ly —
L0795

€1°9S >
TL€9—
6589 —

€601 -~
i/
L2811

oga11/
99'52T —
01'62T —
90 TET
69°LET ~_

om.mvﬂ
ob 61T >

[CE'69T —

PLYLT —

13C {'H} NMR (101 MHz, CDCl;)-3n

]
[}
=

MeO

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

200

73



9T

00't
90t
90°v
80t

00°'s —

B9 -

SC'L

Tv'L
L4
'L
VA
(8L
Y

8L
mw.m\
68°L

'H NMR (400 MHz, CDCl;) - 30

.

b Joe

@)
3
=

MeO

Feoe

Foo't
Hot

Feoe

0T
10T

Foo'r

0°C

FOO0'T

ko
Fooz

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.0

ST —

91—
ce'SE—

€9 b —

GE°9§ —
20'19—
LL°€9—
£6'89 ~

T€°€0T —

18°8TT —
TL°SCT

D.mmﬁﬁ
C0PET \
C9°LET \
SC'8ET —~

08°€ST —
LT6ST —

€9VLT—

13C {{H} NMR (101 MHz, CDCl;)-30

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

200

74



052
s
laad
a

b
4

YT
ST'€E—
86'€
66°€
66°€
00t

€0v

beES—

[44va
YL
6€°L
Hv.m/

IAWANS

€L°L
¥8'L
98°L
98°L

'H NMR (400 MHz, CDCL;) - 3p

e

A

Feot
Fot

Fooe

=0T

20T
Tm.m

60
w\wm.ﬁ

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

LSPT —

68'T€ —

98'v€ —

¥8°9Y —

CET9~
09'v9 —

8S°LST —

S6'VLT —

13C {'H} NMR (101 MHz, CDCl;)-3p

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

200

75



9T —

[44x4
MN.NW
v
i
DV.NW

0S°¢C

BBE
S6°C
S6°C
96'€
L6°€
86°€
00t
0t
[4\h4
{4
S6'y —

/6'S —

'H NMR (400 MHz, CDCL;) - 3q

Ho€

Ho'T

BHo'1

HO0'E

Fooz

HO0'T

Feoe

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

9.0

f1 (ppm)

PT'ST—

are—
Ly'SE—

90°'LY —

€9 —
89 —

£S'T0T —
bT'L0T~
8'80T —

16'8TT —
26611/
G0'SZT
AR T4
8821
T19'/€T —

86'LbT ~
i

G6°8ST —

08'vLT —

13C {H} NMR (101 MHz, CDCl3)-3q

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

200

76



oT'T—

£C°S —

444
vl
9C’'L

veL
(44

N
byl F
'L
6t°L

18°L
£8°L
68°L
16°L

'"H NMR (400 MHz, CDCl;) — 3r

boe

Foo't
Tz0'T

To.m

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
f1 (ppm)

9.0

LT'ST—

8G°TE€—
€5°6E—

6E' LY —

65°€9 —
1489 —

G6'8TT
bT'veT
99'52T
69°52T
99'9¢1
28'921
167221 ¢
A
B.mﬁ\
ST'62T
bz eeT
b€ €ET
£0'9€T
b9 /€T

86'8ST —

€8'P/T —

13C {{H} NMR (101 MHz, CDCl3)-3r

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

200

77



10t

66"t —

S8,
S8°L
98°L
/8L
88°L

M

s/

'"H NMR (400 MHz, CDCl;) — 3s

N\
< \ //// N/S
— \NI// M
< @)
— O = e

H0'E

ot
Feot

HO€

$00'T
Mo'1

Foo't

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

9.0

f1 (ppm)

86°CT —

6v°'TE —
b€ —

8T'9v —

8519~
L0797

l

13C {IH} NMR (101 MHz, CDCl;)-3s

65°60T ~
€ TIT

S6°8TT

€9°5ZT
0T°62T ~.

9 LET —
€LCHT —

06°0ST —

T9'8ST —

06°€LT —

'
\NI/,/O
c
o = o

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

78



569

T LA
8T,
8C'L+
60,
mm.mp
0b°L
!
VA

08'.
Y

98°L
88°L
88°L
88°L

'H NMR (400 MHz, CDCl;) — 3t

Al

N

Fooe

ot
Too't

Hoe

ot

6°0
0T
0T
0T
FO.N

foo

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

9.0

09T —

SCTE—
81°9¢€ —

99°9% —

PEE€9
PEP9

£6'8TT

9z°5¢T \
S.mﬁw
28'STT

69°LCT
[ANT4} /
6S°LET —

PP EPT —
8L'8ST —

LTPLT —

13C {IH} NMR (101 MHz, CDCl)-3t

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

200

79



mn”og

=)
—
—
i
1

[r .. - / ~

'H NMR (400 MHz, CDCL) — 3u

S -

FS0'T

190°C
A0’
0T
50T
R0'E

=10'€

hoe
Foo't

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

(55T
om.mmw
92
stog
€zIe
oﬁmx
80°6€
[T
Py

LT'19—
8'/9—

TT°61T
PESCT ~
T0'6CT ~

06°LET —

S6°T9T —

00°'VLT —

13C {'H} NMR (101 MHz, CDCl;)-3u

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

80



T1°¢
(494
44
ST'C

G-

1€
8¢
98°€
98°€
/8°C

vy —

(T°L
rAwa
6T,
T¢L
1L

8¢,
wm.m/
0b'L

v
g/
/87
/8,

— Fe0'6

—
I
i
aee
oM~

5 — {ps

| 2o

'H NMR (400 MHz, CDCl;) — 3v

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

9S'€ET —

S LC—

6L7LE~
96'8€
0T~
61°05 —
L[LT9—

95'¢L —

90°6TT
€E€°GTT
S0°6CT ~

90°8ET —

SC'C9T —

Y6 VLT —

13C {1H} NMR (101 MHz, CDCl;)-3v

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

200

81



o
—
™
-
—

™~
e
<

L

—

[
“
N
/

S

™
N
N
[
—

19
39/ ]
99°/
0z
o027

'"H NMR (400 MHz, CDCl;) - 5a

Feo't
0'€

s

0T

Wo'e

oot

== [00'T
~a= 1007
F00'T

0¢
(184
0¢

x4

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

82



16°€T —

05'8¢ —

£6°0b ~_
ogey

¢C9s —

YS'vL—

€0°€0T —

13C {'H} NMR (101 MHz, CDCl;)-5a

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

200

ik

16°T
0C°C

12T ¥
£C°C

SC'C
SS°C
LS°C
09°¢C
8L°C

18°€
Nm.mW
v8°€

TH NMR (400 MHz, CDCl;) - 52’ (minor)

S~ - - T

Foo't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 0.0
f1 (ppm)

9.0

83



§5'9T —
1581/
€557~

ST'6€ —
L0°EYr —

§/'SS —
$8'09 —

1611
€€'SCT

\Y
mm.wNﬂ/
16°8CT
€6°8¢CT
90°6CT
€LLET —

6£°09T —

L8 ELT —

13C {TH} NMR (101 MHz, CDCl3)-5a’ (minor)

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

200

—

e

T

sl

H NMR (400 MHz, CDCL;) — 5b

J

e

Jrisf s
Ph

SIS

Foo't

1.0 0.5 0.0

1.5

4.0 3.5 3.0 2.5 2.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.5 8.0 7.5 7.0

9.0

84



LT~
6,81

99'9¢ —

$9'8€ —
19°vp —

§5°9§ —
€79 —

0T°6TT
€1°czT /
mw.mﬁ%
0£°S2T ~
06°87T —
1ree/
SSbET 7/
wN.R@
OT"6ET

6 LT —

96°6GT —

9 €LT —

13C {1H} NMR (101 MHz, CDCl;)-5b

Aesshoedn

O¢////
Ms/

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

200

]

81"/
1€
cc/ ]
e ]
wmi
8"/

92 ]
YR

B B

8/°L 1
8.°L

'H NMR (400 MHz, CDCL;) - 5¢

Il

10'T
= ms.m
10°T

Ms/

MeO

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

85



18'9T —
os81/
89'57 ~

16'8€ —
9e' ey —

0£'55 ~.
5095/
(809

oo”v: ~
e
e |
ET°0ET
TLLET —

€6'6ST ~_
C6'09T

TLELT—

13C {IH} NMR (101 MHz, CDCly)-5¢

MeO

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

200

£CT—

S0°C
mo.m/
80°C &

SO0v

61°G —

60°L
134
€T°L

61,
SCL-F
LTL
8L
0€°L

St'L
YL

'"H NMR (400 MHz, CDCl;) — 5d

J

S

MeO

Ms/

J"I’Ik

o6

To”v
g0

Foo't

0T
H\oo.N

(184
WNO.N

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

86



G8'9G ~
9685 -~

6L6TT
/t'STT

£9's21 L
20°£TT

szl
oeer /.
05261/

TLTST —
6T°C9T —

ST —

13C {IH} NMR (101 MHz, CDCl;)-5d

N—N

MeO

Ms/

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

/0'S —

59
9291
829
08°9
169
1694
€691
£6'9
L
12 If
ST
ST°L %
62,
T4
ety
€9/ ]
5o/ ]

J) //

'"H NMR (400 MHz, CDCl;) — Se

S St

MeO

Ms/

MeO

100'T
kMot
20°E
Ro'E

Foo't

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

87



08'ST
18817
b6'ST

0€°0b ~_
50Ty~

58'ss
00'95
E.wmw
9£°65

om.o:
b0
TT6TT

2b 07T
€€°52T <
TE'82T ~
88'871/

B9"LET —

wm.wvﬁ
€C6vT >

6€°C9T —

6T°CLT —

13C {'H} NMR (101 MHz, CDCl;)-5e

MeO

Ms/

MeO

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

08°T
18'T
[4:
£8°T

80°C -7
N#.N\

B.iﬁ
80"t 4

60"t
0T |
1
8¢t |
6"t |
0t |
Tv'p
2o |

£C°9—
85°9 —
6L
€L
€€,
[Ara
St'L >

TAra
/9L
89°L

69°L

TH NMR (400 MHz, CDCl;) — 5f

—

— I

//fﬁ

e

o
Ms/

MeO
MeO

RE0'T
heoz
100°

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

88



9S'€ET —

€'8C —

ST'TP~
€eTy

NN.wm
8+'95 7
66'09

Y9'vL —

69°C0T —
9/°S0T —

0€°22T ~.
5921~
ST'62T ~
0TPET
CO'8ET
eS'8ET

69°LYT ~
PP TST ~
L9°EST —

3C {'H} NMR (101 MHz, CDCl3)-5f

o
Ms/

MeO

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

200

L

e

a

89/

'H NMR (400 MHz, CDCL;) - 5g

;o)

S S

J s

Iy

M\w HO'T
H0E

= }60'1

=60

== [80'T
== 11

—e= €07
= T00'T

N,N
)/u,,

Ph<

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

89



0S°€T —

€5°8C —

60 TP ~_
Awad

L0798 —

SLYL—

€5 T0T
12°€0T —
GE'80T ~
£6'80T

S.Nu
ovzzr
IR TATA
Nﬁ.mmﬁw
lbbzeT

bS'8eT
05 26T

89 /b1
E.wiw
8b'1ST

13C {H} NMR (101 MHz, CDCl;)-5g

N

Phy-N
)/”II

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

200

~
N
~
A
—

— N
e n
[l
——

e

TH NMR (400 MHz, CDCL;) — 5h

Iy

0'e
e H0T
o 0T

Ho'T

Cl

Fo0€

L

Hoe

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.0

90



SLST~
91'8T —

$S'9C —

95°6€ —

€9'vb —

LS~
20'sS

€T°09T —

88°ELT —

13C {1H} NMR (101 MHz, CDCly)-5h

L

Cl

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

O
~
—
L
T

~
<
~
_
———

S

TH NMR (400 MHz, CDCL;) — 5i

—J

-/

S~

<-N
PhN

A\

Ms

N|

\
W
N

o

oot

foo

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.0

91



SE'6TT
LESCT ~
T0°6CT ~

PT°8ET —

9€¥9T —

SP'ELT —

13C {'H} NMR (101 MHz, CDCl;)-5i

A

Ph\N/N
Do

\
W
W

Ms

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

200

TCC
HN.NN
[44x4

00°€
B.mw
80-¢
6s°€
6°€
66°€ L
104/
Qe —

'H NMR (400 MHz, CDCL,) — 5j

N

< -N
PhN

S

Fso'6

Foo'T

Fooe

Ho'e

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.0

92



00'vT ~
€991 —

6v'LC~
€6'8C "

€b'6€
2E0p >
oy

6/'SS —

G8€9 —

[CT6TIT
6C°SCT ~_
06°8CT ~_

6T'8ET —

T0'P9T —

PEELT —

13C {'H} NMR (101 MHz, CDCL;)-5j

‘|L
—_—
[%2]
z-=
z 2
\ z ~
> 5 —
P/
e
o

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

200

£8°0
¥8'0 =
ww.o\

6C°C
1€°C
£€°C

9€°C
8€"C

6E°C-F
L4
[32rd

PP'C
e~
S8°€
98°¢
/8°€
88°€
68°€
68°€
09y —

189+
68°9 1
b0/ 4
b0/ |
90°Z
90"/
80°Z 4
80"/ A
(1L
612
612
e/
e/
beL
G/ ]
o |
e

——

/

=

'H NMR (400 MHz, CDCL;) — 7a

|

HT'E

(8'9
687
00,
90,
80'L
80°L

(1t
61
2
ceL
vE'L
GE'L
o€,

50T -
VTO.T
\, .

{

>H0T -
J

= ¥50°T

0T
——= =0T
—= 0T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

93



€L'ET —

£9°9C—

96°G€ ~
9v'8€ —

€5y —

8855
919 —
G8'99-

/S'80T —

20°€TT
€6°€7T —
b2 LT —
85671/

9" EPT —

69T —

68°9/T —

13C {'H} NMR (101 MHz, CDCl3)-7a

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

200

889
889
0L

LTL

—

'H NMR (400 MHz, CDCl;) — 7b

reoe||

Feoz|

$00°€

rooe|r

fooe |

HO0'T

Foot ‘

Po0°T|f
0T

01|

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

9.0

94



CLET—

99'9¢ —

18'GE~
h'8E—

(TLy—
wss/

19~
8599~

€C°60T —

(97T~
LLVTT ~
1ser/

0S'GET —

8L Vb1 —

£6'89T —

99°9/T —

13C {'H} NMR (101 MHz, CDCl;)- 7b

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

S2°9
1197

NN.N
mNNW.
8CL

Ly'L
(YL
6v°L
6v°L

-Tc

(
CDCLy)

'H NMR (400 MHz,

To.ﬁ
10T

ot

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

95



YLET —

€9°9¢—

09°S€ ~
€08 —

0Ly —

95'55
bS'T9 ~
1599~

s

£8°60T —
LP'STT —

b0'LTT ~
£8'8CT —
0€CET

T19°ChT —

£6'89T —

6C°9LT —

13C {IH} NMR (101 MHz, CDCly)- 7c

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

0v'
ThZ
€b'Z
e1E~
BT
v6'
56°€
96'€
g0/

LSV —

'"H NMR (400 MHz, CDCl;) - 7d

/

/]

H0'€

HO'T

HO'T
HOT'T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0

96



8'ET —

8/'9¢ —

PLSE ~
6£'8¢ —

&y —

§L'66
€979 —
09'99~_

15°60T —

T
At W
9'8ZT

6v621/

1T —

90°69T —

PP 9LT —

13C {'H} NMR (101 MHz, CDCl;)- 7d

DOl

U

-

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

060
;.ow
£6°0
0£'Z
1€°C
be'T
9€'C
8€'C
0b'C-F
¢
b
Sb'T
e~
58'c
c6°c
mm.mw
56'c
ot/

65y —

'H NMR (400 MHz, CDCLy)- 7e

/1]

+00°€

Feoz

HITE
2E0'€

ROT
£10'C
hzo't

o't

$50°T
190'T
o't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0

97



6L°€T —

6/°9C—

G8'GE~
Sb'8E —

€€ h—
1095

€519 —
§9'99-

C0'8ST ~
€p°09T —

S0°69T —

€5°9/T —

13C {IH} NMR (101 MHz, CDCLy)- 7e

WMWWWMWWM

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

200

GE'6TT-
PE6TT-

>

1F NMR (377 MHz, CDCL)- 7e

-10 20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10

98



'H NMR (400 MHz, CDCl;) — 7f

¥80°€

e
oz

Ho'T

HO'T

HTC

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

8.5

9.0

99



10°vT —

9p'9¢ —
0b'pE —
90°¢h —

'Ly —

PS'85 ~
9519 —
€6'€9

0b'£0T —

08'8TT —

T1°/CT~
€521~
09°06T

ob'SPT —

£S'69T —

€6°9LT —

3C {{H} NMR (101 MHz, CDCly)- 7f

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

200

%.o
.V
0650
260

0€°C

—

H0'E

0°¢C|t

0T

0.0

50 45 40 35 30 25 20 15 1.0 0.5
f1 (ppm)

5.5

8.5 8.0 7.5 7.0 6.5 6.0

9.0

100



18°€T —

€L'9C—

€6'GE~
0¢'8e—

Sy —
20°9s
:.wmw.

ob'19
9,799 —

58'80T ~_
6L TTT ~
8y ETT

ce'8CT —

90°LET —

8C'9ST —

T1¢°69T —

S9'9LT —

13C {IH} NMR (101 MHz, CDCly)- 7g

200 190 180 170 160 150 140 130 120 11}10( 10)0 90 80 70 60 50 40 30 20 10
ppm

210

H NMR (400 MHz, CDCL;) — 7h

rooe ||

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

101



L ©
S
SLET— wm.o/
| o 080 — H0'E
I — ~ 78°0 u
. 07’1
19°9— ° 71 - - =20°€
L& . \\‘
o fe
078 — | o
¥ Veard
o /€T
0S'Lb o b ¢ . I e
vz — —
78'55 ° 0%
€19 — m - o 44
0099 4
= L 1E— _ £00'€
@) -
2 (L€ =
Q | o 6.°€ I
© . _~
N 08¢ o .
= wef O 0 —— feos
> - & g€ = — EE0'T
= = [me ©
2 g5 98°¢ m
I~ = 9r— 5 — Foo't
16801 — 2= S o
Z r= =
- A
£ -8 z
LOVTI~ =
boLTT— & o
G621 — ra 1H
€9°2€T
2
€TTHT — r= /89
68°9
L B 00°Z
- No.m/ — +10°T
o b0'L -t — £00'T
) B.mw — 00T
81, — 00'T
. o 67'L
2€°69T — rS €L
56941 — . ce'L
-2
o
-
o
L o
o~

75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)
102

8.0

8.5

9.0




6S°CT ~.
99'ET

80°GE~
80°9€ —
95'8c /

8t Lt —
08'55
ST'T9—
¥8'99
9L

wo.mm\
obLL /

85'80T —

59°TTT
86'€7T —
65°L2T —
oc'62T

9S'ChT —

£0°69T —

8C'9LT —

13C {1H} NMR (101 MHz, CDCly)- 7i

anwwww«wmmw PPV IR SO 1 Y A

190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

200

H0'E

==’ 10T
== T07

HE0'E

'H NMR (400 MHz, CDCL;) — 7j

?o.m
01
1€0°T

10°T
14

0T
0T

0T

0T
SA0°T
200'T
290'T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

103



89°€T —

9€°9¢€ —
L5887
0L¢y—
19°Lv—

18857
S 19—
00749~

£b'60T —
10'811

mm.mﬁﬂ
/6°€2T
b /2T~
lbb 67T —
601/

LLTHT —

LT°69T —

89°9/LT —

13C {IH} NMR (101 MHz, CDCly)- 7j

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

90°v

4
i
Sv
£S5y

9S'v
09t
19'v
L9V

£0°L

T1°L
(4
1CL
8L
SEL
SEYL
LEL
8¢

o
S

P

k;

_

'"H NMR (400 MHz, CDClL;) — 7k

/]

//

5/

F0'E

180°C
Feo'T

=10°€
——= Ho€
== F90'T

10T

£00°C
00T
0’1

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

104



P9'ET —

wer—
8T'9E~
£6'8€ ~

€5y —

96'ss /.
8519
26'99 ~
982
6b9L

[C9°60T —

ce'eTT
66T
o€ £2T
15621/

L9 TPT —

€0°69T —
08°SLT —

13C {'H} NMR (101 MHz, CDCl;)- 7k

190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm

200

——

'H NMR (400 MHz, CDCl;) - 71

—

e [C0'T
=== Wmo.ﬂ

A
ey

[
|
—
<
)

== [40'T

WO.H
01

Bot

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

5.0

5.5

6.0

6.5

8.5 8.0 7.5 7.0

9.0

105



€CET —

PS'9€ —
88
80'bh —
19°Lv—

96'SS
PET9—
90°£9~_

S'60T —

88°¢CT
ow.mmﬁ%
8€/CT
9T
c6°LCT
£8'8¢CT
mN.mNﬁ\
9€'SET
wm.mvﬁ\

96°'89T —

¥8°9/T —

13C {{H} NMR (101 MHz, CDCl;)- 71

200 190 180 170 160 150 140 130 120 lflf)( 10;) 90 80 70 60 50 40 30 20 10
ppm

210

[=))
<+
o~
—
=

il
—
[aa}

1

[)
[ee]
[a2]
_
—

-
o
<
L
—

'H NMR (400 MHz, CDCl;) — 7m

//

)/

e

|

H00'€
#90°6

FS0'T
o't

HO'E

Feoe

HO'T

Hot

F60'C
HO0'T

-

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
f1 (ppm)

9.0

106



P9ET —

61'8C—

LL79E~
118

8y Ly —
S€9S

1919 —
89°/9-

pE'S8 —

ZE'STT —
(9°€Tt
Nm.vﬁw
01971
08621/

09°6ET —

98'8vT —

¥8'89T —
6S°'S/LT —

13C {'H} NMR (101 MHz, CDCl;)- 7Tm

200 190 180 170 160 150 140 130 120 lf]io( 1(;0 90 80 70 60 50 40 30 20 10
ppm

210

€691
56'9 1
10° 1
102+
£0°L
€02+
5072
S0°L
oT1°2
81"/ ]
9z,
9z
e
5L
gz )

o

£9'8 —

TH NMR (400 MHz, CDCL;) — 7n

//

=80°¢

—

a3

=80'€

e ke
== I8T'T

B S60°T

— 80T

= =001
g0

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

50 45 4.0
f1 (ppm)

5.5

6.0

6.5

8.5 8.0 7.5 7.0

9.0

107



L9E€T —

€0°9€ ~
6'8€ —

VAWA e

£4°95
PS'T9 —
G899~

9€0TT —

66'22T
CTyer —
26'L2T —
65621 <

9L°0vT —

8T°69T —

T0°LLT —

13C {H} NMR (101 MHz, CDCl3)- 7n

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

200

—

69— J 100'6
80'C
01'C
134
(454
(4%
8b'C ~ = 10T
8T
wmw N = [$0'T
15°C
[T~ - Lu 790°€
95 I— ~eoe
8/'¢
ot ~ =€ 00T

~ == F00'T

889

9€'L

'H NMR (400 MHz, CDCL,) — 7o

/S

$00°T
$00'T

500°T

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

80 75 70 65 60 55 50 45
f1 (ppm)

8.5

9.0

108



0£°9C~_
18227

€9°9€ —
00y —
88/ —

1695 —

89'/9 —

8¢'C8 —

€80T —

v6'22T
b beT —
65'8CT ~
ge 621/

TLEPT —

9/°(9T —

TE€9/.T—

13C {'H} NMR (101 MHz, CDCl;)- 70

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

200

~
o
<
-
——

¥
i
©

—

[ry)
@
[t}
—

SR

'H NMR (400 MHz, CDCL;) — 7p

ol

E0'T
o1

+10°€
R20°€

HO'T
HO'T

1802

0T

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

109



SP'9C—

P6°'SE ~
858 —

YS'LY—
$6'SS —

58'99+
€197

0Bt

08°€CT
6v°8¢T
£S'8¢CT
9'8¢T
15°6CT —

89'PET ~

6v EPT —

60°69T —

65°9/T —

13C {{H} NMR (101 MHz, CDCl;)- 7p

200 190 180 170 160 150 140 130 120 1f110( 10)0 90 80 70 60 50 40 30 20 10
ppm

210

£6'9
66°9
1L
MNNW

9C’L

cS’L
1WA
S9°L
L9°L

'H NMR (400 MHz, CDCl;) — 7r

/

J ]

I

il L) |

CN
CN
O

Ms—N

0T
0'€

Fooe
Feot
oot
o't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

110



LT'LC—
L6'C€ —
69Tt ~_

08t~
LE9Y

96'TL —

00°0TT
G60TT -
ocz1T/

9 T¢T —
TLECT
€1°S¢T /
0S°CET —

Ty vrT —

C8'TLT —

10

20

30

40

50

60

—

70

100 90 80

f1 (ppm)

110

120

'"H NMR (400 MHz, CDCl;) — 7s

130

13C {{H} NMR (101 MHz, CDCl;)- 7r

180 170 160 150 140

190

200

i

L

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
111

8.0

8.5

9.0



1/
12—
SO'EE~

1S TP~
(8PP~
6E°9Y

€L —

b/ 60T
66'0TT
oczr1/

SP TCT —
SL'SCT —
€8CET

09°€eT V

06'THT —

09°'TLT —

13C {{H} NMR (101 MHz, CDCly)- 7s

Ms

CN
CN

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

|

IR

'H NMR (400 MHz, CDCl;) — 7t

[

CN
CN

Ms—N

0T

0T

SR SEE

too't
Roo't
00T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

112



S¢LT—
T0°€E—

EI A AN
P6'vb -~
8v'9p

60'95 —

be?UL—

8E'LET —

99'9ST —

P TLT —

10

20

30

40

50

60

70

120 110 100 90 80
f1 (ppm)

130

13C {'"H} NMR (101 MHz, CDCly)- 7t
CN

CN

140

CN

'"H NMR (400 MHz, CDCl;) — 7u
CN

Ms—N
170 160 150
s—N

J

180
Br

190

200

80T
801

k8ot

0T
0T

75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0
f1 (ppm)
113

8.0

8.5

9.0



SE€LC—
LTEE—
SLTE -~

TL PP~
LE

P8 1L —

8.0:\
@.:H\
66'TTT
bboTT

ereet/
o1'8z1/
GE'SET

CEEPT —

P TLT —

13C {'H} NMR (101 MHz, CDCl;)- 7u

CN
CN

Ms—N

Br

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

(34

'H NMR (400 MHz, CDCly) — 7v

)

/

,

/

CN
CN

Ms—N

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

114



R &3 SNBEERPERERE T ~ Tmm o ©
— =34} SS MmMadmmaANcSS S - T =M
~N O LN T NNAAAAAAAA o~ O < — N
— — - o v o o o o o ~N T T < ™M N
N/ TSN = NI [
13C {IH} NMR (101 MHz, CDCly)- 7v
E Ms—N CN
CN
O
N\
|
I ‘\
|
| |
“ * e i LM«MNWWM Mwwwm
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

=

N

\'

F NMR (377 MHz, CDCl3)- 7v
Ms—N CN
F
CN
O
N\
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

115



TH NMR (400 MHz, CDClL;) — 7w

S ///”

SS ST

CN
CN

Ms—N

0.0

80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5
f1 (ppm)

8.5

9.0

116



Y611 —

v6'7E ~
bL'SE —
0L'Th
08'bb ~.
LE'9Y —

19'1L—

S0°0TT
96'0TT -
et/
65121 —
bt ecT /7
ogszr/
ThZET —

95 EPT —

0S'TLT —

13C {'H} NMR (101 MHz, CDCly)- 7w

CN

Ms—N

CN

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

TH NMR (400 MHz, CDCL;) — 7x

0T
0°€

+20'T
10T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0

117



L0°€E —
(8'TY
Hm.va
mo.m¢\
6€'9t

(8'TL—

ana3:
bz
trett

ARTa: /
b L21
erez
00°621

bozer /.

98°EPT —

0T¢/LT —

13C {'H} NMR (101 MHz, CDCl;)- 7x

CN

Ms—N

CN

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

200

LLT

D
™
n
__
[

'H NMR (400 MHz, CDCL;) — 7y

/

]

.

= 0°¢

Z z
(@) Oo M

zZ - H/oo.ﬁ
Z

Ms—

— 10°€

HO'T

Re0'T

A
et

——~1[80C

== 180'T

0T
m\:.ﬂ

65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

7.0

7.5

8.0

8.5

9.0

118



66'CE —
€LY

mm.va
98'vt -~
mm.ov\

8'TL—

66°0TT
20'TTT
oveIT
VL8TT ~
A4 y
b9 €Tt
6T°GeT !
0Z'0T *
8E"ZET

€L EPT —

69°TLT —

13C {'H} NMR (101 MHz, CDCl;)- 7y

190 180 170 160 150 140 130 120 110 f ](.00 ) 90 80 70 60 50 40 30 20 10
ppm

200

=2}
N
<
L
—Fr=r—n

H NMR (400 MHz, CDCL;) - 7z

I f/ J

il

- £00'T
- LOTT

A10°€

Z —= HIT'T
_ Ty Reot
(%) == 80T

S = =001

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
f1 (ppm)

9.0

119



€€°0€ ~
P0'€E —
68'Tv ~_
£8'vh ~
6€°9%

LL°SS —

19°€L~
PE'SL L

9/°0TT
S.EW
s

Sb'8TT
66°021 /-
8.&%
ze'sTT

Lszer/

L TyT —

LTTLT —

13C {1H} NMR (101 MHz, CDCly)- 7z

Ms—N

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

200

STT,
(2T
67T
75T

e B T

'H NMR (400 MHz, CDCL;) — 8a

YA

s/

80T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

120



80 VT
€9°6T ~

75°9¢
mn.an

06°LE
L0Th
YE'8h

07’85 —
P19 —

9%'80T —

S6°CCT ~
61°S¢T —
18°8¢T —
€8'TET

S CyT —

/S'69T —
CL'SLT—

13C {'H} NMR (101 MHz, CDCl;) — 8a

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

200

—

—

)

'H NMR (400 MHz, CDCL;) — 8b

———

v9'. -

ST

4.0

85 80 75 70 65 60 55 50 45 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

121



SOvT
LS°6T ~

19'9¢
mwNNV

16°L€
¥6°0b /-
€1'8b~

9085 —
¢S’ 19—

€C°60T —

0L¢et —
90°9¢T
L0°0€T —
68'VET ~

08°€EPT —

69T —
L9°SLT —

13C {'H} NMR (101 MHz, CDCl;) — 8b

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

200

08~

IR
—

'H NMR (400 MHz, CDCl;) — 8¢

oo
W
T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00
f1 (ppm)

9.0

122



60vT
PS'6T ~
§9°9¢

CLLT~

TT°8€ ~

96°0v —

§S'8Y —

185 —
6519 —

68°60T —
9'STT —

TC'8CT ~
8L TET ~
CLEET

SO'THT —

8C°69T —
SC'SLT—

13C {1H} NMR (101 MHz, CDCl;) — 8¢

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

123



n
o
o
_
—

[ ] -]

8y,

'H NMR (400 MHz, CDCl;) - 8d

oSS

kot
ot

Fsot

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

9.0

S6°ET
0b'6T ~
$5°9¢

[4WASNS

8/°LE~
¥8°0v —

958y —

88°/5 —
P19 —

13C {'H} NMR (101 MHz, CDCl;) — 8d

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

200

124



——

—_—

'H NMR (400 MHz, CDCL;) — 8¢

S

DAV,

0T
160°E

rotTe
fort
—= 60T

ot
Fooz

0.C

0.5

2.0 1.5 1.0

2.5

80 75 70 65 60 55 50 45 40 35 3.0
f1 (ppm)

8.5

9.0

P8ET —
(ST —
ICETAN
P97

88°6€ ~_
15°0b

0C'1S —

G9'85 ~
¢S T19—

98'vvT —

£9°69T —

¥S9LT —

13C {IH} NMR (101 MHz, CDCl;) — 8¢

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

125



L2'T
145

971+
871+
2514
55°T
987
88T
06T 1
P12
61T
(1T
6121
5€°Z1
867 -
TH'Z

T

'H NMR (400 MHz, CDCl;) — 8f

18°C—

G-

9T'v -

ARE
8T} -
8T}
6T
12
ez ]
c7'h
vzb ]
bTh |
ST'b
op'p
99~
8,97
AW
b1

16°L—

I ]

I J

oSS

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

80°bT ~
2961~
W~
59T~
(8Lt

96°LE
0T/
€58~

E'8G —
0’19 —

1°80T —

96'ST
10621~
20°ZET ~
Spzer

ST'ObT —

59°69T —
89'SLT —

13C {'H} NMR (101 MHz, CDCl;) — 8f

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

200

126



cz'T

TCF

bST

o
—
o~
—
— T

ST}
61t f
0z'v I
AR
'
veb
v
STh ]
9z'p |
Aa

TH NMR (400 MHz, CDCl;) — 8g

e

85 80 75 70 65 60 55 50 45 40 35 3.0 25 2.0 1.5 1.0 05 0.0
f1 (ppm)

9.0

60 YT
6567 ~
85°9¢

YLLT-

50°8€ —
00' Ty —

98y —
$0°9S ~.

€1'85 —
Pr' 19

1£°80T ~.
b9 CTT~
THETT

L6'CET —
86°GET —

<0"9ST —

5691 —
LESLT —

13C {IH} NMR (101 MHz, CDCl;) - 8g

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

200

127



—
@
o~
o
— —

S ST

'H NMR (400 MHz, CDClL;) — 8h

#€0'9
HO'T

%007
ke

RZ20°T
0T
0T

#=0'T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
f1 (ppm)

9.0

78T —
80T/
89°6T —

ssie/
00°5€ ~
1625 —
9T Th —
vT8y\

T¢'88 —
w19 —

G5°80T —

SLTCT ~
Tv°SCT —
8L°8¢T —
E€TCET

65 TvT —

89°69T —
€€°SLT —

13C {'H} NMR (101 MHz, CDCl;) — 8h

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

128



—

T

e

'H NMR (400 MHz, CDCl;) — 8i

I,

S

S/

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00
f1 (ppm)

9.0

SO'PT —
69°6T —

86'LC—

16728 —
8T T —
ey
87’8y —

6C'85 —
6v'19 —

(2601 —
19°LTT~
86'CeT

R.mﬁw
LL8TT

0'TET ~
68'TET 7

19 TvT —

¥9'69T —
0S°'S/LT —

13C {'H} NMR (101 MHz, CDCl;) -8i

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

200

129



—

— — 00
Q0D
—
(e

'H NMR (400 MHz, CDCL;) — 8j

SNro s

f

.

Rog'e

40T
07
1T

¥60'C
90T

HO'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

85 80 75 70 65 60 55 50 45 40
f1 (ppm)

9.0

C6°ET — —
Sb'6T — -

LLLC~

r'6c— B 3

(818~ -
860~
178
€05~ —

§0'85 — _
0P'19—

€eL—

PE'60T —

STECT ~
ST'SCT —
cL'8CT —
09°TET

13C {'H} NMR (101 MHz, CDCl;) - 8j

SPOPT —

9€°69T —
08'v/T —

190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

200

130



[=<)
(o)}
™
T T

s

——n

AV

'H NMR (400 MHz, CDCl;) — 8k

/

I

/
\
_J
|
fJ

0T

2.0 1.5 1.0 0.5 0.0

2.5

3.0

80 75 70 65 60 55 50 45 40 35
f1 (ppm)

8.5

9.0

€0v1/
0L°6T~
€0°8Z

€6'LE~
Ty —
[4x32d
LE°8
TE€8S ~
1819 —

£9°69T —
06°SLT —

13C {1H} NMR (101 MHz, CDCl;) — 8k

-10

9 8 70 60 50 40 30 20 10

100
f1 (ppm)

140 130 120 110

150

160

210 200 190 180 170

131



'H NMR (400 MHz, CDCl;) — 8l

——— —

—

roT'e

wﬂ.m
Aog'T
kot
kot

Fere

bz
Fso'T

FEO'T
Foo't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

P6'ET —
€0'6T —

02'8¢~.
86'8C

PT'8E ~
880 —

98y —

888G —
0919 —

1898 —

SO'STT —

wD\NH
s8b7T >
€0'62T —
06°061 7

9€°8ET —

c06vT —

CE'69T —
1SPLT —

13C {'H} NMR (101 MHz, CDCl;) — 81

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

200

132



989
889
S0°L
S0°L
0L
L0°L

60°L
0€°L
(434
vEL
99°L
89°L

T

e

'"H NMR (400 MHz, CDCl;) — 8n

e — _—

eede
==

-

Hoe

J

Fore

E)

- Foo't

B fo.ﬂ
0’1
-== 1201

) Ho.ﬂ

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

L5°6T ~
€v'9¢
06°L¢
mo.wN >

SP'8E ~
16°0V —
Ly'8Y —

€€'65 —

10°€8 —

8C'80T —

18°CCT ~
£0°SCT —
69'8¢T —
T CET

09°¢rT —

GE'89T —

SL'SLT—

13C {'H} NMR (101 MHz, CDCl;) — 8n

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

133



—

'"H NMR (400 MHz, CDCI;) — 80

I

M 1t
FoO'T
—-— HO'T
— FO'T

Mot
20T

H\*uo.o

=O'T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.0

09°6T —
0S°9¢
mm.mNV

Sl
0Ty
£E'8h~

L1'8G —

peL9—

~

n

©

S

i
I

86°CCT

™
—
n
o
—

<o)
(oY)
——\

65°8¢CT
c9'8¢T
16°8CT
CLTET

Elrad!

™M
[*)

™~
o
n
(32}
—

6€£°69T —
SL'SLT—

13C {'H} NMR (101 MHz, CDCl;) — 80

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

200

134



'H NMR (400 MHz, CDCL;) — 10a

/S

= Hoo'e

J H0'€

e P10'T
== 10T

\||A|M H00'T

= Hotc
- 0'T

0z
— koe

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

PCEE ~
85°9¢€ —

L6'8V —

85°€9 —
16°£9 —

wm.mﬁ
a.mﬁw
20'beT
0821/
€L9ET
50°2€T
SL°0pT 7
bl THT

S.mi\

€L°LPT

P L6T ~
6'66T —

13C {H} NMR (101 MHz, CDCl;)-10a

200 190 180 170 160 150 140 130 120 1f110( 10)0 90 80 70 60 50 40 30 20 10
ppm

210

135



—
\n
~

—

— T

'"H NMR (400 MHz, CDCL;) — 10b

HO0'T

o't
Fo0’e

HO'T
=O'T

Foo't

hoo't

o

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

10.0

£9°CE~
9T'sE—

LSy —

£9°T9~
€€'v9 —

€9°€CT
mm.mmﬂ/
LSt
:.mNﬁW
[CO'0ET -

TP PET
BT'9ET

Vm.mmﬂxﬁ
R.omﬁ\
BT'6ET
96'THT

v ovT

£6°G6T —
S€'C0C —

13C {'H} NMR (101 MHz, CDCl;)-10b

200 190 180 170 160 150 140 130 120 1%{)( 10§) 90 80 70 60 50 40 30 20 10
ppm

210

136



og'e
A

8T

o'

£6'¢
50t
90t
90t
80t

'H NMR (400 MHz, CDCl;) — 10¢

SIS /f

keoe

fsoe

[eoz

Foo't

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

10.0

8b'CE—
98°9€ —

06y —

08'€9 —
589 —

ob°zeT
XA
op°ETT
0s°€2T
bS €T
LL€TT
96°t2T
mm.vﬁw
20°STT 4
50°5¢T 4
15zt
£6'821
cz'0€T
0b'9€T
9,°9€T
b/ 8ET |
98°0bT -
26 TT

69°L6T ~
5000 —

13C {'H} NMR (101 MHz, CDCl;)-10¢

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

137



—-62.72

F NMR (377 MHz, CDCl;) — 10¢

-40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200

f1 (ppm)

138



'H NMR (400 MHz, CDCl;) — 10d

N
~

Foo'z

Fooe

P00'T
20T

40 35 30 25 20 15 10 05 0.0

95 90 85 80 75 7.0 65 60 55 50 45
f1 (ppm)

10.0

0T°ceE—
$9°9€ —

86'8Y —

19°€9—
€089 —

T1G°/6T ~
96°66T —

13C {'H} NMR (101 MHz, CDCl;)-10d

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

139



el
mm.mk
652
0v'2

£6'C —

A%+
A%+
IAN4
1A
oT'v
LTy
LT

LTS —

'H NMR (400 MHz, CDClL;) — 10e

Fooz

Fooe

ot

0.0

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
f1 (ppm)

9.0

140



9€7CE —
€8/ —

668 —

€CY9 —
8€°69 —

0C°86T ~
8E°00C

13C {'H} NMR (101 MHz, CDCl;)-10e

e

L

e

200 190 180 170 160 150 140 130 120 1f10 100 9 80 70 60 50 40 30 20 10
1 (ppm)

210

£C°C
SEC /
9L'C 1
8€°C
16°¢—

€T'S —

bl 'L
o
AN

os L
YR
8/ ]
8/
08°2 ]
18°2 ]
78°L ]
£8°/
8/ ]
36/ |
36"
86°L |
00'8

00'8

00'8

'H NMR (400 MHz, CDCl;) — 10f

il

|

A

-

FS0°E
760'C

80¢

F90'c

oy

Fooe
HO0'T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
f1 (ppm)

9.5

10.5

141



€CTC—

LTTE—
98'LE —

988y —

19—
6169 —

[C9"ECT
om.mmﬁ/
98°9¢T
oy
60°9€T M
ov.omﬂ\
90°8€T
60°THT
€T T

€C°'86T ~
6+°00C

S
=]
i
@
=
®

N
T
=
-
=]
hd
o
=
z
=
¥

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

210

f1 (ppm)

IA4

s —

699
197
0L~
5947
E.Nk
vl
VL L F
8LL
YA
08°2 4
1824
78
8/ |
16°L ]
/6°L ]
/6 |
66°L |
66, 1

s

j

H NMR (400 MHz, CDCl;) — 10g

§

—[00'T

Hoe
Hoe

Fooe
F00'T

40 35 30 25 20 15 1.0 05 0.0

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

142



81—
€8'/6—

98'8y —
T¢°8S —

€€'Y9 —
5069 —

08°ETT —

65°€CT
099°€7T

WZ'8ZT ~
00'62T 7
60°9€T ~_
6v"9€T /-
b THT 7
6T 2HT /

€P'6ST —

€P'86T ~
0¥°00C —~

13C {'H} NMR (101 MHz, CDCl;)-10g

200 190 180 170 160 150 140 130 120 1f10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

—

J

'H NMR (400 MHz, CDCl;) — 10h

—
—
f
—~—

Fso'e

HO0€

T90'z

=00'T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 0.0
f1 (ppm)

10.0

143



TTce—
€9°LE —

86'8v —

b9 —
¢0'69 —

09°€CT
SLECT
LE8CT >
C8'6CT
Nw.ﬂmﬁ /!

D.omﬂ\
mm.oﬂ\

PG 81T
ET'6TT
mm.MNﬂW

ST'THT
TTThT

08°9GT <
TTLsTS

8C'86T ~_
[c€'00C

=
=)
n
@)
=]
Q
N
==
=
-
)
A
&
=
z
=
¥

200 190 180 170 160 150 140 130 120 1%0 100 9 8 70 60 50 40 30 20 10
1 (ppm)

210

1234
e
SEC
9€°C
/E°C
8€°C
96'C —

/0Y
80"t
(4

s —

10°8

'"H NMR (400 MHz, CDCl;) — 10i

l

Feoz

Fooz

Foo't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
f1 (ppm)

9.0

144



08cE—
LE7LE—

86'8Y —

06'€9 —
5589 —

wm.mﬁ
S.mﬁ/
€8'€et
09'82T
CTET

6E9ET
Nm.omﬂw
LL9ET
mm.ovﬁ\
No.NE

86°L6T ~
61°00C

m
n
®
a
©,
N
=
=
v
=
<
o
=
z
=
¥

200 190 180 170 160 150 140 130 120 1f10 100 9 8 70 60 50 40 30 20 10
1 (ppm)

210

Ve
€'
ez
ez
/€T
€2
BEC
967 —
90"
L0
L0
80Y
80H
0Ty

ET'v
STV
oT'v
ET°S —

—
¢
~

L
=

'H NMR (400 MHz, CDCL;) — 10j

hoe

Hoe

— ¢ Hot

10°¢C
6'T

0T
0°¢C
10°'T

40 35 30 25 20 15 1.0 05 0.0

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

145



e —
SCLE—

96'8v —

06'€9 —
[¥'89 —

86°L6T ~
1¢°00C—

M
b
®
a
®
N
=
=
o
(=)
=
o
=
z
=
g

L

200 190 180 170 160 150 140 130 120 1%0 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

Ve

S/

'"H NMR (400 MHz, CDCl;) — 10k

f/f s
[e]
A
S

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

146



69°CE —
06°'S€ —

80'8y —

19719 —
66’9 —

R4l
b/ Tt
172
mm.wﬁ/
:\mﬁw
05°62T
81ze1 /.
0T"9€T

mN.wmﬁN
T9'9€T
6L°6ET

9e ¢r1

8T°96T —
£6°T0C —

13C {IH} NMR (101 MHz, CDCl;)-10k

200 190 180 170 160 150 140 130 120 1f10 100 9 8 70 60 50 40 30 20 10
1 (ppm)

210

0~
Mo
n <
i

[=))

—

~
—

~ E00'T
N == 1201
- < +10°€
-
(=]
-
_
RN === :£0'T
o ~ £0'T
a
@)
N
S
(=3
S - ————— 1007
N
S
Z
=
-
< 3
(]
- o)
- ﬂs\ﬂo
~ 4

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

10.0

147



£97CE ~
8/'G€ —

1087 —

1819 —
6749 —

887l
c9'eet
€L€et
YT
S.mﬁw
26'621
tzeer/
GT'9€T
19°9€T
Gg'/€T
69'6€T
€5°ThT

€0°96T —
0T°20C —

E
®
-
®
N
T
=
=
o
=
Z
=
s

200 190 180 170 160 150 140 130 120 %10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

H NMR (400 MHz, CDCL;) — 10m

N
~

0T
FO'T

FE0'E

0T
0T

Foo't

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

148



L(8°CE~
89°'GE —

0’8y —

0§19~
S'v9 —

89°¢CT
€8°€CT

b9 /2T
%.mﬁ/
1S°0€T

mo.NQM
65 bET —

wH.mmﬁ \
wm.omﬁ
9L'9€T

€L°6ET
T ¢vT

€T°96T —
/10T —

13C {'H} NMR (101 MHz, CDCl;)-10m

200 190 180 170 160 150 140 130 120 %10( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

'H NMR (400 MHz, CDCl;) — 10n

FO'T
50E
H0'T

FS0°€

T00°T
F0O'T

HO'T

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00
f1 (ppm)

10.0

149



96'0C —

(57CE~
8/°S€—

L6'LY—

¥S' 19—
S0°/L9—

LT°96T —
8T°¢0C—

3C {'H} NMR (101 MHz, CDCl;)-10n

200 190 180 170 160 150 140 130 120 lllco( 10()] 90 80 70 60 50 40 30 20 10
1 (ppm

210

—

- 100

CDCly)

'"H NMR (400 MHz,

~

|

HO'T
ko1

H0'€

HO'T
HO'T

oot

40 35 30 25 20 15 1.0 05 0.0

55 50 45
f1 (ppm)

6.0

6.5

95 90 85 80 75 7.0

10.0

150



88°CE ~
09°S€—

€6’y —

60’19 —
6/'99 —

c9°0¢T
0L°€TT
C8'€CT
£8°6CT
86°6¢CT
TCEET
OT'PET ~
TEOET

F
SL9ET \
6v°6ET
G8°6ET

SECPT

=

€4°S6T —
16°T0C —

13C {'H} NMR (101 MHz, CDCl;)-100

200 190 180 170 160 150 140 130 120 fll(() 15)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

—

—

—10p

CDCly)

TH NMR (400 MHz,

S

e

-
~

Ho'T

ot
T00'E

RO'E
£00'T
500’1

=00'T

60
0T

Mot

0'€

40 35 30 25 20 15 10 05 0.0

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

151



¢§'cE~
18°6€ —

sosp/
LSS5 —
0699

\

18°6ST —

SE'96T —
ST'c0C—

13C {1H} NMR (101 MHz, CDCl;)-10p

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

==

—

-10q

CDCly)

'H NMR (400 MHz,

|

foot

)\

To.m
0°T
0T

M

40 35 30 25 20 15 1.0 05 0.0

55 5.0 45
f1 (ppm)

6.0

6.5

95 90 85 80 75 7.0

10.0

152



£8'CE~
65°G€ —

6Ly —

19—
8899 —

6£°9TT
C69TT
ST LT1T
8C°L1T
CS°LTT
0s°€cT >
SE-EE1
b EET
0€°9ET —
SL9ET VA
om.mmﬁ\
ov.ox\
[Ar44"

€0°T9T ~
6v°€9T —

S/°S6T —
6" T0C —

13C {IH} NMR (101 MHz, CDCL;)-10q

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

86°CTT-—

-10q

CDCl)

N
=
=
~
=~
<c
&
>
Z
&

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10

153



9E' /L~
vl
867
16—
08/

mm.w
wm.wv

'H NMR (400 MHz, CDCl;) — 10r

== HO0'T
== HO'T

Fooe

= o't
- HO'T

‘|J.L HO'T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

8CEE~
$9°SE

108y —

8C'T9~
T€P9 —

1
=
o
O
a
o

N
=
=
v
=
<
&
=
z
T
¥

ﬁw.mmﬁ
mo.¢NH
STyl
SLveT —
90°0€T ~
G9°9¢T
G6°9€T B
G9'8ET
90°6€T
CS6ET
98°THT

[AWA4"

16°G6T —
b 10C —

-10

30 20 10

40

60 50

70

80

90

130 120 110 100

160 150 140

210 200 190 180 170

f1 (ppm)

154



9€°C

6€°C
¢

[Ax4
mv.NW
Eld

6'C—

90°Y
L0y
80'Y
60t
60t
0Ty
1194

24
L9
189
189
89

9T°L
9T,
rAa
14

3:94

mm.L
b8, F
b8
8L
58/
98/
/8]
00'8 4
00'8 |
70°8
208 |
20'84

10s

'H NMR (400 MHz, CDCL;) —

JJ

r

l

|

1

.

e

Jl

H0C

Foo't

hoo't
Aot

J00°T

Fo0’€
Ho'T

95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

80CE—
69°8€ —

€€8h —

98°€9
€8'%9

18'SeT
10°92T
t89z1/
bZ'9ET
65 9ET >
10'TH1

2.::\
6T'2H1

bL'ECT
mw.mmﬁ/

09°£6T ~
88°66T

S
T
=
a
o
N
=
=
v
=
S
&
=
z
=S
¥

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

155



80°'G —

8s'/
68
682
06°2]
10'8
10'8
10'8 ]
20°8
€08
c0'g4

'H NMR (400 MHz, CDCl;) — 10t

=0'T

H0'¢

=00'T

#0'E
BO'T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

10.0

0LTE—
wie—
£6'Lh—
79
8179
N
<
—
—~
=
o
a
]
N
S
60T~ S
SL0TT =
S
oLget
vocc1 ) Z,
—
BTOET =
G5'0€T iy
scovi— O
mo.mix =
b8°2hT
61051/
O,
£8'96T —
61002 —

Il

Lo

(0]
=
S

200 190 180 170 160 150 140 130 120 #10( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

156



—10u

CDCly)

TH NMR (400 MHz,

Hoe

Foe

Foo'z

HO'T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 0.0
f1 (ppm)

10.0

LLTE—
¥8'LE—

90°6v —

SEY9—
769 —

89°ECT
€L°ETT
TL'vCT
0€°9¢T
ce9cT
8LLCT
81°8¢T >
LT8¢t
00°€ET
€CEET
TLPET
9T'9€T
PS'9ET
0 THT
0T kT

01°86T ~
6£00C —

3C {'H} NMR (101 MHz, CDCl;)-10u

oy

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

157



'"H NMR (400 MHz, CDCl;) — 11a

o

Lot
F00°2
0'T

Fsoe

Feoe

Hoo'T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

LT6T —

LL9C—

STV~
Elai2d

A AR
€065

mm.mﬁ
mm.mﬁw
oT'HTT
s rer
ZS'9€ET
€295
S0°0vT
80°THT
ww.mE\

8v LbT

16'86T ~
c/°00C

13C {{H} NMR (101 MHz, CDCl;)-11a

200 190 180 170 160 150 140 130 120 1f10( 1(;0 90 80 70 60 50 40 30 20 10
1 (ppm

210

158



T

—

—

v

'"H NMR (400 MHz, CDCl;) — 11b

s IT

Wo'T
kot

Fooe

Foo't

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
f1 (ppm)

10.0

LT6T —

$9°9¢ —

TT°0P
LYY~

6€/S~
9’65 -~

c0CTT
SE'8TT \
/8'€CT
oH.vmﬂ/
8S°/CT
BECET N
PP 9ET
99°9€T
90°0+T Vi
0T THT
Hw.mE /

96'86T ~_
£°00C

13C {IH} NMR (101 MHz, CDCl;)-11b

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

210 200

159



]

[}
—
—

|
@)
a
Q

N
=
=
S
S
N
=4
>
Z
=

Feoe

Foo'T

1.5 1.0 05 0.0

2.0

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25
f1 (ppm)

10.0

br'6T —
9 —

9C'0b -~
19Ty

0€°4S ~
¢L6S —

(]
-
i
®
=
®

S
=
=
-
=]
ht
o
=
z
=
g

89°€7T
Q.QL
GL'€TTA
6L7€TT
00427
06'42T
b6 bTT
8621 -/
10°SZT
6T°62T
0t"0€T
59°0€T /
/6°0€T |
82°9€T
/b9eT
82°6€T
82°0bT
e 1T

S

=T

6C°66T ~_
T0°T0C

0 10

2

30

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

210

160



56'C9-—

'F NMR (377 MHz, CDCl3) — 11¢

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -120 -140 -160 -180 -200
f1 (ppm)

0

10

66°€
00t

Ho;v/
No.vw

Y0t

/'S —

v8°L 1

s Js

'"H NMR (400 MHz, CDCl;) — 11d

—=

FO0'T
keoz
1S0'T

Fooe

ere

HO0'T

40 35 30 25 20 15 1.0 05 0.0

55 50 45
f1 (ppm)

6.0

6.5

95 90 85 80 75 7.0

10.0

161



09'6T —
€09 —

80P~
1324

0€°4S ~
LY'65

mN.Nu
mw.mﬁ/
50°b2T
16'8C1
8.5#
bz oeT
:&ﬂw
ST°LET
Lz 0bT

9C TvT

PE66T ~
68°00C

3C {{H} NMR (101 MHz, CDCl;)-11d

200 190 180 170 160 150 140 130 120 1f10 100 9 8 70 60 50 40 30 20 10
1 (ppm)

210

86°€
66°€
10V —

L0°Y

H NMR (400 MHz, CDCIL;) — 11e

s/

Fsoz
RE0'T
150°T

H0'E

Feoz

Foo't

10T
3201
00T
F90'e
ko1

25 20 15 1.0 05 0.0

3.0

95 90 85 80 75 70 65 60 55 50 45 40 35

10.0

f1 (ppm)

162



€C'6T —
YvL'ST—

18'6€ —
90°€y —

wm.vm
19'vS >

£6°86T ~
£0°T0C—

13C {IH} NMR (101 MHz, CDCl;)-11e

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

163



~

'H NMR (400 MHz, CDCL;) — 11f

J

.

Hoe

H00'T

Feo's

0°€
60

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00
f1 (ppm)

10.0

69'6T —
S8'SC—

91’0~
SP'IY

6C°LS~
T1°09 —

09'€ZT
vo..mﬁ/
o0gL2T
wm.wﬁw
09'821
00'9€T
mSmﬁW
Tl LET
L€70bT
ZETHT

CS66T ~
10°10C "

13C {'H} NMR (101 MHz, CDCl3)-11f

200 190 180 170 160 150 140 130 120 1f10( 1(;0 90 80 70 60 50 40 30 20 10
1 (ppm

210

164



e

96°€

66°€ J
zes!
bl
L7
/L]
os'¢ |
(L]
00
8./
YR

08°L/L

082
182
28]
28,
78,
8/ |
v8'L
16°L 1
86° |

16°¢
36°¢ |

667,
6672 )

1

j /f///

'H NMR (400 MHz, CDCL;) - 11g
J

N

i

SRR E
oo oo
M= M~ -

Tooz

H0'T

0°¢C
0°¢

Fooe

Feo'T

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0
f1 (ppm)

10.0

08'6T ~
9’1
§9's¢—

[UNI 2N
9E' Ty

0245~
£8°65 —

€9°€CT
oo.vmﬁ/
ob°LCT
Nm.mmﬂ%
SSPET /
86°GET >
80°9€T
S0'8ET
edti4"

(43848

C9°66T ~
€6°00C

13C {'H} NMR (101 MHz, CDCly)-11g

200 190 180 170 160 150 140 130 120 1f10( 1(;0 90 80 70 60 50 40 30 20 10
1 (ppm

210

165



¥
2
o

e

11

R
6L
08°2 ]
18"/
8
96/ |
96°/
96/ |
86° |
86, ]

J //

H NMR (400 MHz, CDCL;) — 11h

Two.m

H\oo.m

FS0°€

== [0

A

—————= 1001

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00
f1 (ppm)

10.0

68°€TT —
19°€2T
G6°€CT
L0'6TT
05°62T
66°GET
60"9€T >
9" 0bT -/
e THT \

SE'6ST —

TL'66T -~
88°00C

13C {1H} NMR (101 MHz, CDCl;)-11h

200 190 180 170 160 150 140 130 120 }10 100 90 8 70 60 50 40 30 20 10
1 (ppm)

210

166



'H NMR (400 MHz, CDCLy) — 11i

// J

Fs0¢C
0¢

0°€

801
150°1

Foo'T

WOo'1
ko't

woo.ﬁ

A

0.0

0.5

40 35 30 25 20 15 1.0

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

6661 —
S0'vC—

6£'8€ —
SOy —

90°¢S ~
6S'vS —

mm.o:
T€°0TT >

/9°€TT ~
8T b1~

S0'9ET
627961~
b 0T
S5 0bT
Lz epT
99°05T/

68861
Lz'661 <

13C {'H} NMR (101 MHz, CDCl;)-11i

200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

167



o
—
o~
L
T

= hoo'1
0Z

\ =< hoo'

S
|
|

= 0T
== NO'T

e
Ui |

'H NMR (400 MHz, CDCl;) — 11j

+10°T
keoz
Feo9
%60'T
B10'T

Ve // jf
o

VA

S\CH3

N
VA
o

&

O
o

(T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

8761 —
0C9¢—

0C°0b ~.
191y~

€5°L5~
8¢°09—

b9 €CT
c6°€CT
€6'vCT
0b°9CT
£9°9¢T
€9°LTT
8t 3
6€°8¢CT
om.NmH\
TO'EET
0€°SET
00°9€T
ST'9ET
0€0PT
9 TvT

CH'66T ~
10°T0C

13C {IH} NMR (101 MHz, CDCl;)-11j

200 190 180 170 160 150 140 130 120 1f10( 1(;0 90 80 70 60 50 40 30 20 10
1 (ppm

210

168



C6°€
£6°€
£6°€

(v

H NMR (400 MHz, CDCL;) — 12

-

FOO'T

10°T
0,
200°T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

P8YT —
ST'TC—

8T'TE—
¢5°SE—

¢y —

L0729 —
LV'89 —

SC'PeT
60°9¢T
¥ 9T
[cS'9CT

PP 8CT
om.wmﬁwy

13C {'H} NMR (101 MHz, CDCl;)- 12

£8'8CT

0T°'6CT
6£'8ET —

LT PPT —

HyC

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

200

169



H NMR (400 MHz, CDCL;) — 13

H1'C

=I0°€

Foo'z

F96°0

40 35 30 25 20 15 1.0 05 0.0

55 50 45
f1 (ppm)

6.0

6.5

7.0

¢ScE—
69°LE —

06 —

6C'v9 —
T1°69—

L9°ECT
€L°ecT
£0°LCT
vm.mNﬁW

8p'/CT
08821/
LTOET ~
£S'9eT /.
Sy ovT f
00° THT

0T THT

13C {'H} NMR (101 MHz, CDCl;)- 13

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

150

170

STChT

160

b6,

9.5 9.0 85 80

10.0

86T ~
€€°00C—

|

200 190 180 170

210



