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1. General information

'H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts
were reported in ppm from tetramethylsilane with the solvent resonance as the internal
standard (CDCl3, 6 = 7.26). Spectra were reported as follows: chemical shift (5 ppm),
multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), coupling
constants (Hz), integration and assignment. *C NMR spectra were collected on commercial
instruments (100 MHz) with complete proton decoupling. Chemical shifts are reported in ppm
from the tetramethylsilane with the solvent resonance as internal standard (CDCls, 6 = 77.0).

Enantiomeric excesses (ee) were determined by HPLC analysis using the corresponding
commercial chiralpak column as stated in the experimental procedures at 23 °C.

Optical rotations were reported as follows: [a]o®® (c: g/100 mL, in solvent).
HRMS was recorded on a commercial apparatus (ESI Source).

All catalytic reactions were run in dried glassware. THF, toluene and diethyl ether (Et,0O)
were distilled from sodium benzophenone ketyl. CH,Cl, was distilled over CaH.,.

2. Optimization of the reaction conditions

Table 1: Screening of the metals

‘j\

EtOOC
- / EtO0C Lq .
L1-M (10 mol%, 1:1) N Oz\ i~ o
\ + (@] H N /O_ 70\ N
N N CH,Cl>, 0°C N0 A HN

1a 2a Boc Boc 3a L1: Ar = 2,6-Me,CgHs
ry['f]m Metal Yield [%]™ drt® ee [%]

1 Sc(OT); 17 >99:1 11

2 Yb(OTf), 67 >99:1 20

3 Cu(0TH, 71 >99:1 17

4 Zn(OTf), 78 >99:1 69

5 Co(CIOy) , 6H,0 56 >99:1 80

6 Mg(OT), 78 >99:1 80

7 Ni(OTf), 03 >99:1 85

[a] Unless otherwise noted, the reactions were performed with L1-metal (10 mol%, 1:1),
2a (0.1 mmol) in CH,ClI, (1.0 mL) at 30 °C for 30 min. After cooled to 0 °C, 1a (0.15 mmol,
1.5 equiv) in CH,Cl, (0.2 mL) was added in one-portion. The mixture was reacted at 0 °C for
30 min. [b] Isolated yield. [c] Determined by HPLC and "H NMR analysis of the product
3a.[d] Determined by HPLC analysis (Chiralcel OD-H).
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Table 2. Screening of the counter ion the metal precursors

- /
N + (e}
N N
H \

EtOOC

Etf
L3-Ni(X), (10 mol%, 1:1)

Boc
2a

CH,Cl,, 0°C

Boc
3a

Ar

Q

(0, G
o=" ™\
N L8 s
N0 N=H H-N

L3: Ar = 2,6-iPr,CgHs

o

5

“Ar

Yield

| Metal (06" dr ee [%]™
Ni(BF,), 6H,0 95 >99:1 74
NiBr, 94 >09:1 82

[a] Unless otherwise noted, the reactions were performed with L3-metal (10 mol%, 1:1),
2a (0.1 mmol) in CH,CI, (1.0 mL) at 30 °C for 30 min. After cooled to 0 °C, 1a (0.15 mmol,
1.5 equiv) in CH,ClI, (0.2 mL) was added in one-portion. The mixture was reacted at 0 °C for
30 min. [b] Isolated yield. [c] Determined by HPLC and *H NMR analysis of the product
3a.[d] Determined by HPLC analysis (Chiralcel OD-H).

Table 3. Screening of the solvents

N
H

N solvent, 0 °C

EtOOC

J

L3-Ni(OTf), (10 mol%, 1:1

Boc

esv
- T
N o Ar’

2a Boc 3a L3: Ar = 2,6-Pr,CgHs
Ent Yield drl ee [%6]™
[a] Solvent [b]
ry [%]
1 CH,Cl, 95 >09:1 96
2 THF 70 >09:1 10
3 Et,O 88 >09:1 74
4 Toluene 78 >99:1 70
5 hexane 92 >99:1 6
6 CHCl; 86 >09:1 96
7 Cl,CHCHCI, 92 >09:1 94
8 CICH,CH,CI 97 >09:1 95
9 CICH,CHCICH;, 95 >09:1 93
10 CICHCH,CH,CHCI 95 >09:1 93

[a] Unless otherwise noted, the reactions were performed with L3-Ni(OTf), (10 mol%,
1:1), 2a (0.1 mmol) in the corresponding solvent (1.0 mL) at 30 °C for 30 min. After cooled
to 0 °C, 1a (0.15 mmol, 1.5 equiv) in the solvent (0.2 mL) was added in one-portion. The
mixture was stirred at 0 °C for 30 min. [b] Isolated yield. [c] Determined by HPLC and 'H
NMR analysis of the product 3a. [d] Determined by HPLC analysis (Chiralcel OD-H ).

Table 4. Screening of the reaction temperature
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EtOOC S
®[§+ ©j/%=0 L3-NI(OTR (10 mol%, 1:1) o ‘O 0:{"[%;/331;0
” NB CH,Cl, , temp. O N \oH Ar/N\H/ - *O‘H,N\Ar
1a 2a e Boc 3a
L3: Ar = 2,6-Pr,CeHs
Entry!® Temp. (°C) Yield [%]™ drte ee [%]
1 35 95 >09:1 90
2 30 96 >09:1 96
3 0 95 >09:1 96
4 -20 95 >09:1 93

[a] Unless otherwise noted, the reactions were performed with L3-Ni(OTf), (10 mol%,
1:1), 2a (0.1 mmol) in CH,CI, (1.0 mL) at 30 °C for 30 min. Then 1a (0.15 mmol, 1.5 equiv)
in CH,CI, (0.2 mL) was added at the corresponding temperature in one-portion. The mixture
was stirred for a few minutes (<30 min). [b] Isolated yield. [c] Determined by HPLC and ‘H
NMR analysis of the product 3a. [d] Determined by HPLC analysis (Chiralcel OD-H ).

3. General Procedure for the Diels-Alder reaction with different

methyleneindolinones (2a-2z)

General procedure A for the reaction of methyleneindolinones 2a-2m:

R j
— aan
I Lan (oTf) R Q N
N -Ni(OT#), (10 mol%, 1:1) o0 No~e o
D R P o o S N -\ o 3
N N CH,Clz,30°C, 1omin R L /Ay Al H H’N\Ar
Boc \
Boc
1a 2a-2m 3a-3m L3: Ar = 2,6-iPryCgH3

In a test tube with a magnetic stirring bar, N,N'-dioxide L3 (0.01 mmol, 7.0 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), and the methyleneindolinones (2a-2m) (0.1 mmol) in CHCI,
(1.0 mL) were stirred at 30 °C for 30 min, then 3-vinylindole 1a (0.15 mmol, 1.5 eq) dissolved
in CH,ClI, (0.2 mL) was added in one-portion. The mixture was stirred at 30 °C for a few
minutes (<10 min), the yellow color of the solution disappeared, and the reaction mixture was
further detected by TLC. After completion, flash column chromatography provided the
desired product (3a-3m) with almost quantitative yield and the product was directed for
HPLC and NMR analysis.

General procedure B for the reaction of methyleneindolinone 2n:

MeOC \]
/ ) MeOC ‘ O Q .
Q L3-Ni(OTf), (10 mol%, 1:1) 0" ’\{\/\“N o
N ° LN | e
0 -H - “y-N
N N CH,Cl,, 0°C, 1h o A/ H HNG
Boc Boc
1a 2n 3n L3: Ar = 2,6-iPr,CgH3
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In a test tube with a magnetic stirring bar, N,N'-dioxide L3 (0.01 mmol, 7.0 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), and the methyleneindolinone (2n) (0.1 mmol) in CHCI, (1.0
mL) were stirred at 30 °C for 30 min. Then it was cooled to 0 °C, and 3-vinylindole 1a (0.15
mmol, 1.5 equiv) dissolved in CHCI, (0.2 mL) was added in one-portion. The mixture was
stirred at 0 °C until the yellow color of the solution disappeared, and the reaction mixture was
further detected by TLC.

After completion(<60 min), the reaction mixture was treated with 6 M HCI (0.2 mL) at
room temperature for 15 minutes, and then quenched with saturated aqueous NaHCO;
solution, extracted with DCM, dried over anhydrous Na,SOy, filtered, and concentrated in
vacuo. Flash column chromatography provided the desired product 3n which was directed for
HPLC and NMR analysis.

General procedure C for the reaction of methyleneindolinones 20-2s:

ArOC
_— ) ArOC ‘ O Q .
\ L o LeNi(OTR, (10 moit%, 1:1) O N OQ{;‘ N’E)\/\\\\“‘N o
H MG
N N CH,Cl,, 0°C, 1h N Yo N—H’ N,
: Ar

/
Boc

Boc Ar
1a 20-2s 30-3s L4: Ar = 2,6-iPr,CgH3

In a test tube with a magnetic stirring bar, N,N'-dioxide L4 (0.01 mmol, 6.1 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), and the methyleneindolinones (20-2s) (0.1 mmol) in CH,Cl,
(1.0mL) were stirred at 30 °C for 30 min. Then it was cooled to 0 °C, and 3-vinylindole 1a
(0.15 mmol, 1.5 equiv) dissolved in CH,Cl, (0.2mL) was added in one-portion. The mixture
was stirred at 0 °C for 60 min, until the yellow color of solution disappeared, and the reaction
mixture was further detected by TLC.

The reaction mixture was treated with 6 M HCI (0.2 mL). After stirring at room
temperature for 15 minutes, the mixture was quenched with saturated aqueous NaHCO3
solution, extracted with DCM, dried over anhydrous Na,SO,, filtered, and concentrated in
vacuo. Flash column chromatography provided the desired product (40-4s) which was
directed for HPLC and NMR analysis.

General procedure D for the reaction of methyleneindolinones 2t-2w and 2x:

- %
R + " +
N N ] L3-Ni(OTf), (10 mol%, 1:1) ‘ O o= NN o
N Ri o L N 0 O,
H

Z N CH.Clp,30°C, 12 R L AH A “
Boc i3 r r

oC
1a 2t-2w, 2x 3t3w, 3x L3: Ar = 2,6-/Pr,CgHs

In a test tube with a magnetic stirring bar, N,N’-dioxide L3 (0.01 mmol, 7.0 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), and the methyleneindolinones (2t-2w, 2x) (0.1 mmol) in
CHCI, (1.0 mL) were stirred at 30 °C for 30 min, then 3-vinylindole 1a (0.15 mmol, 1.5 equiv)
dissolved in CHCI, (0.2 mL) was added in one-portion. The mixture was stirred at 30 °C for
12h until the yellow color in solution disappeared. The reaction mixture was further detected
by TLC. After completion, flash column chromatography provided the desired product (3t-3w,
3x) which was directed for HPLC and NMR analysis.

General procedure for the reaction of methyleneindolinones 2y and 2z:
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— R O\‘
) R b
R L3-Ni(OTf), (10 mol%, 1:1) ‘ O fo N \/\\\\\.N o
®E§+ R1_: o | N N M /b— *O‘\
H

Z N CH,Clz,30°C, 120 Riig L AH A H H-N,

Boc Ar
Boc

1a 2y, 2z 3y, 3z L3: Ar = 2,6-iPryCeHs

In a test tube with a magnetic stirring bar, N,N’-dioxide L3 (0.01 mmol, 7.0 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), and the methyleneindolinones (2y, 2z) (0.1 mmol) in CHCI,
(1.0 mL) were stirred at 30 °C for 30 min, then the mixture was cooled to 0 °C, and
3-vinylindole 1a (0.15 mmol, 1.5 equiv) dissolved in CHCI, (0.2 mL) was added in
one-portion. The mixture was stirred at 30 °C for 12 h until the yellow color of the solution
disappeared. The reaction mixture was further detected by TLC.

The reaction mixture was treated with 6 M HCI (0.2 mL). After stirring at room
temperature for 15 minutes, the mixture was quenched with saturated aqueous NaHCO;
solution, extracted with DCM, dried over anhydrous Na,SOy, filtered, and concentrated in
vacuo. Flash column chromatography provided the desired products (4y, 4z) which were
directed for HPLC and NMR analysis.

4. The analytical and spectral characterization data of the products (3a-3z)

Et00C 0 O 1*-tert-butyl 2-ethyl 2'-0x0-2,3,9,9a-tetrahydrospiro
N [carbazole-1,3'-indoline]-1',2-dicarboxylate (3a)
O N Yo" General procedure A; White solid; 96% yield, 96% ee, >99:1dr; [a]p™® =

Boc 38 31 (c 0.97, CH,Cl,); Determined by HPLC analysis [Daicel chiralpak
ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) = 9.08 min, t (minor)
=13.78 min];

'"H NMR (400 MHz, CDCl3) § 7.87 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 7.2 Hz, 1H), 7.27 —
7.20 (m, 1H), 7.16 (d, J = 7.6 Hz, 1H), 6.95 (t, J = 7.6 Hz, 2H), 6.70 (t, J = 7.6 Hz, 1H), 6.42
(d, J =8.0 Hz, 1H), 6.09 (dd, J = 7.2, 3.6 Hz, 1H), 4.95- 4.91 (m, 1H), 3.93 — 3.85 (m, 2H),
3.81(d, J=5.2 Hz, 1H), 3.57 (t, J = 9.6 Hz, 1H), 2.98 -2.94 (m, 2H), 1.68 (s, 9H), 1.01 (t, J =
7.2 Hz, 3H);

0.00

9.073

AU
13.180

-— 7.601

j» 11.800

T T T T T I e e e e BT e e B e e e e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.0C

Retention Area % Area
Time
7.601 12695 0.11
9.073 5880827 49.71
11.800 21634 0.18
13.180 5915145 50.00
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AU

0.50

9.088

l% 13.783

e e L L e o e e e U e B e U SL B
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.0C

Retention Area % Area
Time
9.088 48891602 98.21
13.783 890043 1.79
MeOOG ‘ O 1'-tert-butyl 2-methyl 2'-0X0-2,3,9,9a-tetrahydrospiro
‘\%;’ [carbazole-1,3"-indoline]-1',2-dicarboxylate (3b)
O N ! w General procedure A; White solid; 95% vyield, 96% ee, >99:1dr; [a]D28
Boc

=280 (¢ 0.96, CH,CI,); Determined by HPLC analysis [Daicel chiralpak
ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) = 10.73 min, t (minor)
=20.91 min];

'H NMR (400 MHz, CDCls) § 7.87 (d, J = 8.4 Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 7.26 —
7.21 (m, 1H), 7.18 (d, J = 7.6 Hz, 1H), 6.99 — 6.94 (m, 2H), 6.72 (t, J = 7.6 Hz, 1H), 6.45 (d,
J=8.0 Hz, 1H), 6.08 (dd, J = 7.2, 3.6 Hz, 1H), 4.96 (d, J = 2.4 Hz, 1H), 3.78 (s, 1H), 3.60 (dd,
J=10.4, 8.0 Hz, 1H), 3.48 (s, 3H), 3.05 — 2.85 (m, 2H), 1.69 (s, 9H);

10.99"

7 20.452

5 005
ks

0.00

L U S R B B S By S
12.00 14.00 16.00 18.00

Minutes

(TS
10.00 20.00 22.00 24.00

Retention Area % Area
Time
10.999 4586262 50.11
20.452 4566285 49.89
0.20~ E
Retention Area % Area
Time
10.737 15361300 98.06
20.918 304129 1.94
1'-tert-butyl 2-isopropyl 2'-0x0-2,3,9,9a-tetrahydrospiro
i-PrOOC . i .
‘ O [carbazole-1,3'-indoline]-1',2-dicarboxylate (3c)
N . . .
O A General procedure A; White solid; 97% vyield, 98% ee, >99:1dr; [a]p?
Boc 3¢

=300 (c 1.05, CH,Cl,); Determined by HPLC analysis [Daicel chiralpak

S7



ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =7.40 min, t (minor) =
10.14 min];

'H NMR (400 MHz, CDCls) 6 7.80 (d, J = 8.0 Hz, 1H), 7.22 (d, J = 7.2 Hz, 1H), 7.18 —
7.12 (m, 1H), 7.08 (d, J = 7.2 Hz, 1H), 6.88 (t, J = 7.6 Hz, 2H), 6.63 (t, J = 7.6 Hz, 1H), 6.35
(d, J=8.0 Hz, 1H), 6.02 (dd, J = 7.6, 3.6 Hz, 1H), 4.85 (s, 1H), 4.73 — 4.62 (m, 1H), 3.75 (s,
1H), 3.47 (t, J = 9.2 Hz, 1H), 2.94 — 2.83 (m, 2H), 1.61 (s, 9H), 1.00 (d, J = 6.0 Hz, 3H), 0.72
(d, J=6.0 Hz, 3H).

0.10+

2
Ed
0.054

000 T

L e e B e L B e L s e e e R B e s e L ey e s e e e IR e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.0C

Retention Area % Area

Time

7.597 4179105 49.40

10.115 4279933 50.60

En " :

iho 2bo sbo oo sbo b’ Tk sbo obo 1000 1o 2o 19le

Retention Area % Area

Time

7.401 40076505 98.99

10.149 408994 1.01

LBUOOC O O di-tert-butyl 2'-ox0-2,3,9,9a-tetrahydrospiro
O N [carbazole-1,3"-indoline]-1',2-dicarboxylate (3d)
N0 General procedure A; White solid; 97% yield, 98.0% ee, >99:1dr;

o 3 [a]o? = 290 (c 1.13, CH,Cl,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =6.66 min, t
(minor) = 9.12 min];

'H NMR (400 MHz, CDCls) 5 7.88 (d, J = 8.0 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.23 —
7.21 (m, 1H), 7.14 (d, J = 7.6 Hz, 1H), 6.97 — 6.91 (m, 2H), 6.69 (t, J = 7.4 Hz, 1H), 6.40 (d,
J=8.0 Hz, 1H), 6.10 (dd, J = 8.0, 4.0 Hz, 1H), 4.90 — 4.88 (m, 1H), 3.83 (d, J = 5.8 Hz, 1H),
3.50 (t, J = 8.8 Hz, 1H), 3.06 — 2.97 (m, 1H), 2.89 — 2.81 (m, 1H), 1.67 (s, 9H), 1.12 (s, 9H).

0.40+

2
<
0.20

6.755
8.929

Retention Area % Area
Time
6.755 12732154 49.35
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| 8.929 13065284 50.65
S S
.00 5.00 s 6.00 7.00 8.00 9.00 10.00 11.0C
Retention Area % Area
Time
6.662 45604542 99.04
9.120 442729 0.96

o3
I
N "o

Boc 3e€

=21.93 min];

1'-tert-butyl 2-phenyl 2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1',2-dicarboxylate (3e)

General procedure A; White solid; 95% yield, 96% ee, >99:1dr; [a]p™®
=250 (c 1.08, CH,Cl,); Determined by HPLC analysis [Daicel chiralpak
ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) = 11.55 min, t (minor)

'H NMR (400 MHz, CDCl;) 5 7.88 (d, J = 7.6 Hz, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.28 —

7.21 (m, 4H), 7.12 (t, J = 7.2 Hz, 1H), 7.01 - 6.94 (m, 2H), 6.75 — 6.67 (m, 3H), 6.43 (d, J =
8.0 Hz, 1H), 6.13 (dd, J = 7.6, 3.6 Hz, 1H), 5.04 — 5.02 (m, 1H), 3.86 — 3.82 (m, 2H), 3.17 —
3.00 (m, 2H), 1.52 (s, 9H).

3C NMR (101 MHz, CDCly) & 178.05, 169.66, 152.68, 150.04, 149.04, 140.57, 137.68,
129.44, 128.62, 126.26, 126.00, 125.72, 124.72, 121.15, 120.56, 119.60, 114.78, 112.92,
111.33, 84.41, 67.42,51.77, 45.21, 28.00, 26.38.

HRMS (ESI) calcd for [M+Na]" Cs;H2sN,0sNa, m/z: 531.1896, observed: 531.1896.

AU

0.10+

000 T T T

L L S e e B e e e e e LA B By s B
12.00 14.00 16.00 18.00 20.00 22.00 24.00

Minutes

26.0C

Retention Area % Area
Time

11.800 6832333 51.75

21.821 6369210 48.25

2o olo sko sbo 1o o il 1600 160 200 20 20 2000

Retention Area % Area
Time

11.550 30319306 98.08

22.037 594736 1.92
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BLOOC 0 di-tert-butyl5'-methyl-2'-0x0-2,3,9,9a-tetrahydrospiro
Me O N [carbazole-1,3'-indoline]-1',2-dicarboxylate (3f)
N Yo" General procedure A; White solid; 98% vyield, 98% ee, >99:1dr;

Boe 3T 1a]5® =320 (c 0.97, CH,Cl,): Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =6.62 min, t
(minor) = 8.68 min];
'H NMR (400 MHz, CDCls) § 7.76 (d, J = 8.4 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.01 (dd, J =
7.6, 0.8 Hz, 1H), 6.96 — 6.91 (m, 2H), 6.70 (t, J = 7.2 Hz, 1H), 6.40 (d, J = 8.0 Hz, 1H), 6.09
(dd, J = 7.6, 3.6 Hz, 1H), 4.87 (d, J = 3.6 Hz, 1H), 3.86 (s, 1H), 3.48 (dd, J = 9.6, 7.6 Hz, 1H),
3.10 - 2.95 (m, 1H), 2.91 — 2.78 (m, 1H), 2.16 (s, 3H), 1.67 (s, 9H), 1.12 (s, 9H).
BC NMR (101 MHz, CDCl3) 6 178.28, 170.22, 152.75, 149.36, 138.08, 137.09, 133.94,
129.21, 128.77, 126.42, 126.03, 120.48, 119.35, 114.19, 113.28, 111.18, 84.20, 81.93, 67.85,
52.10, 44.81, 28.19, 27.40, 26.24, 21.27.

HRMS (ESI) calcd for [M+Na]™ C3H34N,OsNa, m/z: 525.2365, observed: 525.2368.

O B e e e L e e L e e e L s e B A L e e B e e LA e ey B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Retention Area % Area

Time

6.709 11602675 50.21

8.613 11507179 49.79

1001 i

1bo 2o s oo b oo 7bo s obo 1000

Retention Area % Area

Time

6.621 27182195 99.20

8.684 220019 0.80

di-tert-butyl 5'-methoxy-2'-0x0-2,3,9,9a-tetrahydrospiro

opuo0C ‘ ) [carbazole-1,3*-indoline]-1',2-dicarboxylate (3g)
O AN General procedure A; White solid; 94% vyield, 98% ee, >99:1dr;

Boc 3g [a]o® = 310 (c 0.98, CH,Cl,) Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =9.09 min, t
(minor) =11.75 min];

'H NMR (400 MHz, CDCI3) & 7.81 (d, J = 8.8 Hz, 1H), 7.28 (d, J = 7.2 Hz, 1H), 6.96 —
6.92 (m, 1H), 6.75 — 6.67 (m, 3H), 6.40 (d, J = 8.0 Hz, 1H), 6.09 (dd, J = 7.6, 4.0 Hz, 1H),
4.88 (s, 1H), 3.86 (s, 1H), 3.62 (s, 3H), 3.48 (t, J = 9.2 Hz, 1H), 3.00 — 2.96 (m, 1H), 2.87 —
2.81 (m, 1H), 1.66 (s, 9H), 1.14 (s, 9H);
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3C NMR (101 MHz, CDCI3) & 178.08, 170.06, 156.50, 152.66, 149.35, 137.23, 134.02,
129.27,127.98, 126.31, 120.48, 119.45, 115.02, 113.23, 112.83, 111.79, 111.13, 84.16, 81.95,
67.79, 55.38, 52.21, 44.85, 28.19, 27.44, 26.27,

HRMS (ESI) calcd for [M+Na]" CH34N,O¢Na, m/z: 541.2315, observed: 541.2316.

L e B L e e LA I
10.00 11.00 12.00 13.00

T
14.00

Retention Area % Area
Time
9.375 24175437 50.57
11.795 23629989 49.43
060} g
Retention Area %
Time Area
9.091 3246296 99.02
3
11.753 320438 0.98
di-tert-butyl 5'-fluoro-2'-0x0-2,3,9,9a-tetrahydrospiro
rE [carbazole-1,3™-indoline]-1',2-dicarboxylate (3h)
O VN General procedure A; White solid; 95% vyield, 97% ee, >99:1dr; [a]p*®
Boc 3h

= 340 (c 0.88, CH,Cl,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =7.10 min, t
(minor) = 9.60 min] ;

'H NMR (400 MHz, CDCls) & 7.88 (dd, J = 8.8, 4.4 Hz, 1H), 7.30 (d, J = 7.2 Hz, 1H),
7.00 — 6.84 (m, 3H), 6.72 (t, J = 7.6 Hz, 1H), 6.37 (d, J = 8.0 Hz, 1H), 6.09 (dd, J = 7.6, 4.0
Hz, 1H), 4.86 (d, J = 3.2 Hz, 1H), 3.87 (s, 1H), 3.49 (t, J = 9.2 Hz, 1H), 3.06 — 2.79 (m, 2H),
1.66 (s, 9H), 1.15 (s, 9H).

3C NMR (101 MHz, CDCls) § 177.69, 169.86, 160.91, 158.50, 152.51, 149.24, 137.12,
136.58, 129.47, 128.49, 126.18, 120.60, 119.69, 115.50, 114.69, 114.46, 113.32, 113.05,
111.19, 84.57, 82.12, 67.77, 52.20, 44.89, 28.16, 27.46, 26.25.

HRMS (ESI) calcd for [M+Na]* CygH3,FN,OsNa, m/z: 529.2114, observed: 529.2120.

1.00

AU
° o
3
7.182
| 9.538
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Retention Area % Area
Time

7.182 32932419 50.53
9.538 32239225 49.47
Retention Area % Area
Time

7.105 24763171 98.50
9.601 376979 1.50

di-tert-butyl 5'-chloro-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3'-indoline]-1',2-dicarboxylate (3i)

t-BuOOC ‘
N Yo General procedure A; White solid; 95% vyield, 98% ee, >99:1dr; [a]p

Boc 3i = 280 (¢ 0.94, CH.CI,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =7.28 min, t
(minor) = 9.31 min];

'H NMR (400 MHz, CDCl3) & 7.85 (d, J = 8.8 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H), 7.20 (dd,
J=8.8,2.4Hz 1H), 7.09 (d, J = 2.4 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 6.73 (t, J = 7.2 Hz, 1H),
6.44 (d, J = 7.6 Hz, 1H), 6.10 (dd, J = 7.2, 3.6 Hz, 1H), 4.95 - 4.82 (m, 1H), 3.82 (d, J = 4.0
Hz, 1H), 3.49 (t, J = 8.8 Hz, 1H), 3.02 — 2.81 (m, 2H), 1.66 (s, 9H), 1.15 (s, 9H);

3C NMR (101 MHz, CDCl;) § 177.46, 169.82, 152.50, 149.10, 139.17, 137.03, 129.81,
129.46, 128.50, 128.27, 126.16, 125.50, 120.68, 119.73, 115.57, 113.33, 111.22, 84.75, 82.17,
67.86, 52.07, 44.89, 28.13, 27.46, 26.25;

HRMS (ESI) calcd for [M+Na]* CygH3,CIN,OsNa, m/z: 545.1818, observed: 545.1818.

0.50

AU

7.219
9.147

Retention Area % Area
Time
7.219 25750237 50.68
9.147 25061513 49.32

[ I R
10.00 11.00

AU

0.00
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Retention Area % Area

Time
7.289 10356924 99.01
9.319 103687 0.99

di-tert-butyl5'-bromo-2'-0x0-2,3,9,9a-tetrahydrospiro
té? [carbazole-1,3"-indoline]-1',2-dicarboxylate (3j)
O N \OH General procedure A; White solid; 93% vyield, 97% ee, >99:1dr; [a]D28
\BOC 3j

= 220 (c 0.86, CH,CI,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =7.04 min, t
(minor) = 9.06 min];

'H NMR (400 MHz, CDCl3) & 7.80 (d, J = 8.8 Hz, 1H), 7.37 (dd, J = 8.8, 2.4 Hz, 1H), 7.32 (d,
J=7.2Hz, 1H), 7.22 (d, J = 2.0 Hz, 1H), 6.99 (t, J = 7.6 Hz, 1H), 6.74 (t, J = 7.6 Hz, 1H), 6.45 (d,
J =8.0 Hz, 1H), 6.10 (dd, J = 7.6, 3.6 Hz, 1H), 4.88 (s, 1H), 3.82 (s, 1H), 3.49 (t, J = 8.8 Hz, 1H),
2.96 — 2.86 (m, 2H), 1.66 (s, 9H), 1.15 (s, 9H);

3C NMR (101 MHz, CDCl;) § 177.33, 169.80, 152.50, 149.08, 139.68, 137.02, 131.23,
129.46, 128.88, 128.23, 126.14, 120.69, 119.74, 117.50, 116.00, 113.30, 111.22, 84.78, 82.18,
67.89, 52.02, 44.91, 28.13, 27.45, 26.24;

HRMS (ESI) calcd for [M+Na]* CygH3,BrN,OsNa, m/z: 589.1314, observed: 589.1318.

7.051
8.741

T
11.00

Retention Area % Area

Time

7.051 24313716 49.88

8.741 24426584 50.12

= g

1k 2o abo o T T el 780 st obo 10 e

Retention Area % Area

Time

7.040 45101404 98.17

9.058 840500 1.83

t-BuOOC

Boc

di-tert-butyl6'-bromo-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1',2-dicarboxylate (3K)

General procedure A; White solid; 94% yield, 96% ee, >99:1dr;
[a]o”® = 280 (c 1.12, CH,Cl,); Determined by HPLC analysis [Daicel

chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =6.44 min, t
(minor) = 9.53 min];
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'H NMR (400 MHz, CDCl3) & 8.12 (d, J = 1.6 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.10
(dd, J=8.0, 1.6 Hz, 1H), 6.98 (dd, J = 14.0, 8.0 Hz, 2H), 6.72 (t, J = 7.2 Hz, 1H), 6.42 (dd, J
=7.6, 3.6 Hz, 1H), 6.10 (dd, J = 7.6, 3.6 Hz, 1H), 4.85 (s, 1H), 3.83 (s, 1H), 3.48 (t, J = 8.8
Hz, 1H), 2.99 — 2.82 (m, 2H), 1.67 (s, 9H), 1.16 (s, 9H);

3C NMR (101 MHz, CDCly) 6 177.57, 169.92, 152.49, 149.03, 141.59, 137.17, 129.47,
127.45, 126.59, 126.18, 125.60, 122.07, 120.50, 119.67, 118.01, 113.43, 111.26, 84.93, 82.19,
67.64, 52.01, 44.84, 28.13, 27.49, 26.29;

HRMS (ESI) calcd for [M+Na]" C,oH3BrN,OsNa, m/z: 589.1314, observed: 589.1318.

Al

Retentio Area % Area
n Time
6.492 59759609 49.80
9.158 60235332 50.20
2 +ho ' ol 7ho ' ™ 100
Retentio Area % Area
n Time
6.446 74718633 98.03
9.530 1502984 197

+BuOOC 0 O
|
LA
N o

\
Boc

(major) =11.73 min];

di-tert-butyl 5'-iodo-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1',2-dicarboxylate (3I)

General procedure A; White solid; 96% yield, 96% ee, >99:1dr; [a]p*®
= 190 (c 1.02, CH.CI,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (minor) = 15.54 min, t

'H NMR (400 MHz, CDCI3) & 7.68 (d, J = 8.4 Hz, 1H), 7.57 (dd, J = 8.8, 2.0 Hz, 1H),
7.38 (d, J = 2.0 Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 6.99 (t, J = 7.2 Hz, 1H), 6.74 (t, J = 7.6 Hz,
1H), 6.47 (d, J = 7.6 Hz, 1H), 6.10 (dd, J = 7.6, 4.0 Hz, 1H), 4.87 (s, 1H), 3.81 (s, 1H), 3.47 (t,
J=8.8 Hz, 1H), 3.01 — 2.83 (m, 2H), 1.66 (s, 9H), 1.14 (s, 9H);

3C NMR (101 MHz, CDCls) § 177.22, 169.83, 152.53, 149.06, 140.42, 137.31, 137.04,
133.88, 129.46, 129.18, 126.17, 120.71, 119.76, 116.48, 113.28, 111.25, 88.15, 84.81, 82.20,

67.92, 51.90, 44.91, 28.14, 27.46, 26.24, 22.35;

HRMS (ESI) calcd for [M+Na]* CyHs;IN,OsNa, m/z: 637.1175, observed: 637.1188.
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0.40

2 |
2 020

18.0C

D'wi“‘w‘ T [T T L L L O o O
.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 Mgns?es 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
Retention Area % Area
Time
11.662 18942532 50.87
15.100 18294061 49.13
0.20 E
1.‘00‘ 2.00 ‘3(‘70‘ o A‘DO 5‘00 o 6‘00‘ 7.00 ‘8(‘)0‘ o ‘91]0‘ Y ‘10,‘00‘ Y ‘11‘00‘ o ‘12‘00‘ Y ‘13,‘00‘ o ‘14‘00‘ o ‘15.‘00‘ Y ‘16‘00‘ v ‘17‘00‘ Y
Retention Area % Area
Time
11.735 15849800 98.00
15.542 323853 2.00

tert-butyl 2-cyano-2'-ox0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (3m)
General procedure A; White solid; 95% yield, 93% ee, >99:1dr; [a]D28 =
210 (c 1.04, CH,Cl,); Determined by HPLC analysis [Daicel chiralpak
ODH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t (major) =12.48 min, t (minor) =
28.91 min];

'H NMR (400 MHz, CDCls) § 7.94 (d, J = 8.0 Hz, 1H), 7.32 — 7.27 (m, 2H), 7.23 (d, J =
6.4 Hz, 1H), 6.98 (t, J = 8.0 Hz, 2H), 6.74 (t, J = 7.2 Hz, 1H), 6.38 (d, J = 7.6 Hz, 1H), 5.99
(dd, J = 7.2, 3.6 Hz, 1H), 4.79 (s, 1H), 3.90 (d, J = 5.2 Hz, 1H), 3.57 (dd, J = 10.8, 6.8 Hz,
1H), 3.04 — 2.96 (m, 1H), 2.90 - 2.88 (m, 1H), 1.66 (s, 9H);

oL T4
CL
N "o

Boc 3m

18.0C

AU

o o

2 8

o o
?28256

0.00 2.60 4.60 6.60 8.60 10.‘00 12.‘00 14.‘00 16.‘00 18.‘00 20.‘00 22.‘00 24.‘00 26.‘00 28.‘00 30.‘00 32.‘00 34.‘00
Sy
Retention Area % Area
Time
12.203 19906717 50.85
28.256 19239181 49.15
0.40-
2
< 0.204 o~
5
&
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Retention Area % Area

Time
12.487 21787293 96.53
28.912 782106 3.47

tert-butyl 2-acetyl-2'-ox0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (3n)

weoe{ ()

N 6M HCl o
N H -
N0 1,3-H shift

3n

Boc

tert-butyl 2-acetyl-2'-0x0-2,3,4,9-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (4n)

General procedure B; White solid; 93% yield, 88% ee, >99:1dr; [a]D23
= 130 (c 0.30, CHCl,); Determined by HPLC analysis [Daicel
chiralpak IB, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, t (major) =7.62 min, t (minor)
= 37.00 min];

'H NMR (400 MHz, CDCl3) § 7.94 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.41 (s, 1H),
7.31 - 7.27 (m, 1H), 7.13 — 7.01 (m, 5H), 3.63 (dd, J = 12.8, 3.2 Hz, 1H), 3.15 — 3.09 (m, 1H),
3.00 — 2.92 (m, 1H), 2.58 — 2.54 (m, 1H), 2.48 — 2.37 (m, 1H), 2.00 (s, 3H), 1.67 (s, 9H);

3C NMR (101 MHz, CDCls) § 176.16, 149.30, 139.30, 136.71, 131.05, 129.77, 128.97,
126.51, 124.73, 124.45, 122.71, 119.65, 118.57, 115.32, 112.66, 111.13, 84.93, 57.28, 51.68,
29.12, 28.17, 22.93, 20.40;

HRMS (ESI) calcd for [M+Na]* CyH,sN,0,Na, m/z: 453.1790, observed: 453.1793.

2 0.10

0.00¢

1 1 L e L B e L s e e B B I B L S R
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

Retention Area % Area
Time
13.784 14139510 48.98
16.402 14726181 51.02
. ) ;
- 2o 0 b T e ek w‘ooMm‘mes‘ Tdo o W ww | @w | aw
Retention Area % Area
Time
13.569 18365235 94.04
17.226 1163179 5.96
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tert-butyl 2-benzoyl-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (30)

oo ()
(LN
N"o

Boc

6M HCl1

30 1,3-H shift

tert-butyl 2-benzoyl-2'-0x0-2,3,4,9-tetrahydrospiro
[carbazole-1,3'-indoline]-1'-carboxylate (40)

General procedure C; White solid; 95% yield, 93% ee, >99:1dr; [a]p®
=120 (c 0.49, CH,Cl,); Determined by HPLC analysis [Daicel chiralpak

IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t (major) =11.34 min, t (minor) =

55.65 min];

'H NMR (400 MHz, CDCly) § 7.67 (d, J = 8.0 Hz, 1H), 7.56 — 7.54 (m, 1H), 7.50 — 7.44 (m,
3H), 7.36 — 7.30 (m, 4H), 7.28 — 7.23 (m, 1H), 7.17 — 7.06 (m, 5H), 4.51 (dd, J = 12.0, 3.2 Hz,
1H), 3.18 — 3.12 (m, 1H), 3.04 — 2.96 (m, 1H), 2.58 — 2.47 (m, 1H), 2.43 — 2.38(m, 1H), 1.50 (s,

9H);

3C NMR (101 MHz, CDCl5) § 200.60, 176.06, 148.46, 138.72, 137.34, 136.73, 132.97,
130.62, 129.12, 128.83, 128.32, 126.62, 125.72, 124.87, 122.68, 119.63, 118.66, 114.82,

113.79, 111.09, 84.54, , 52.53, 51.26, 27.99, 23.70, 19.93;

HRMS (ESI) calcd for [M+Na]" Cs;HsN,04Na, m/z: 515.1947, observed: 515.1948.

1.004

2 050

57.035

Retention Area % Area
Time
11.601 20884077 49.79
57.035 21056811 50.21
0.00- i
Retention Area % Area
Time
11.348 36665921 96.60
55.650 1289128 3.40

tert-butyl 2-(4-methylbenzoyl)-2'-0xo0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (3p)
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()

tert-butyl 2-(4-methylbenzoyl)-2'-o0xo0-2,3,4,9-tetrahydrospiro
[carbazole-1,3'-indoline]-1'-carboxylate (4p)
General procedure C; White solid; 90% yield, 94% ee, >99:1dr; [a]p>® =
120 (¢ 0.75, CH,Cl,); Determined by HPLC analysis [Daicel chiralpak IC,
n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t (major) =13.63 min,
t (minor) = 22.84 min];

'H NMR (400 MHz, CDCl3) & 7.69 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 7.2 Hz, 1H), 7.44 (d, J
= 8.0 Hz, 2H), 7.30 — 7.24 (m, 2H), 7.20 — 7.05 (m, 7H), 4.49 (dd, J = 12.4, 2.8 Hz, 1H), 3.23
—3.08 (m, 1H), 3.07 — 2.94 (m, 1H), 2.63 — 2.47 (m, 1H), 2.44 — 2.37 (m, 1H), 2.35 (s, 3H),
1.51 (s, 9H).

BC NMR (101 MHz, CDCl3) & 199.91, 176.09, 148.45, 143.62, 138.67, 136.71, 134.74,
130.64, 129.11, 129.04, 128.89, 128.37, 126.65, 125.77, 124.82, 122.67, 119.63, 118.65,

114.79, 113.87, 111.04, 84.37, 52.62, 51.00, 27.93, 23.72, 21.62, 19.93;
HRMS (ESI) calcd for [M+Na]" C,sH26N,04Na, m/z: 453.1790, observed: 453.1793.

{ 1,3-H shift
Boc p Boc

' Ni 6M HCI . ° ./NC
Vo " o B
o No

4p

1.00+

AU

050

0.00¢

Retentio Area % Area
n Time

13.815 86527410 50.43

22.235 85034850 49.57
2 ) 5

2k sbo 6bo sbo 1000 b o 1600 1800 2000 20 2o 200

Retentio Area % Area
n Time

13.630 111051443 96.97

22.884 3464522 3.03

tert-butyl 2-(4-methoxybenzoyl)-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (3q)
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MeO

)
O
0
tert-butyl2-(4-methoxybenzoyl)-2'-o0xo0-2,3,4,9-tetrahydrospiro
[carbazole-1,3'-indoline]-1'-carboxylate (4q)
General procedure C; White solid; 90% yield, 92% ee, >99:1dr; [a]o*®
= 130 (c 0.85, CH.CI,); Determined by HPLC analysis [Daicel
chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t
(major) =19.20 min, t (minor) = 29.28 min];

'H NMR (400 MHz, CDCls) & 7.67 (d, J =7.6 Hz, 1H), 7.60 — 7.52 (m, 3H), 7.37 (s, 1H),
7.30-7.24 (m, 1H), 7.17 (dd, J = 7.6, 1.2 Hz, 1H), 7.16 — 7.06 (m, 4H), 6.85 - 6.78 (m, 2H),
4.46 (dd, J =12.0, 2.8 Hz, 1H), 3.81 (s, 3H), 3.15 (ddd, J = 15.8, 5.2, 2.2 Hz, 1H), 3.09 — 2.94
(m, 1H), 2.60 — 2.49 (m, 1H), 2.38 — 2.33 (m, 1H), 1.50 (s, 9H);

BC NMR (101 MHz, CDCls) 6 200.60, 176.06, 148.46, 138.72, 137.34, 136.73, 132.97,
130.62, 129.12, 128.83, 128.32, 126.62, 125.72, 124.87, 122.68, 119.63, 118.66, 114.82,

113.79, 111.09, 84.54, 52.53, 51.26, 27.99, 23.70, 19.93;
HRMS (ESI) calcd for [M+Na]" Cs,H3oN,OsNa, m/z: 545.2052, observed: 545.2060.

6M HCl

o

Boc 4

1,3-H shift

5 020
<

19.898

?

T
10.00

T
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T
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T T T T T
22.00 24.00

T T T
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T T
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T
36.00

Retention Area % Area
Time
19.898 31199453 50.10
28.819 31070392 49.90
0.60 g
0.20 §
0. /ﬁ\
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Retention Area % Area
Time
19.202 75908250 96.00
29.283 3161611 4.00

tert-butyl 2-(4-fluorobenzoyl)-2'-oxo0-2,3,9,9a-tetrahydrospiro

[carbazole-1,3"-indoline]-1'-carboxylate (3r)
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‘ O 6M HCl1
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N \o

(®)
O 1,3-H shift
tert-butyl 2-(4-fluorobenzoyl)-2'-ox0-2,3,4,9-tetrahydrospiro
[carbazole-1,3'-indoline]-1'-carboxylate (4r)

General procedure C; White solid; 90% yield, 90% ee, >99:1dr; [a]p>
= 110 (c 0.85, CH)Cl,); Determined by HPLC analysis [Daicel
chiralpak IB, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t
(major) =8.83 min, t (minor) =7.48 min];

'H NMR (400 MHz, CDCly) 6 7.67 (d, J = 8.4 Hz, 1H), 7.59 — 7.49 (m,
3H), 7.30 — 7.24 (m, 2H), 7.19 — 7.07 (m, 5H), 7.00 (t, J = 8.4 Hz, 2H), 4.46 (dd, J = 12.4, 2.8 Hz,
1H), 3.19 — 3.13 (m, 1H), 3.06 — 2.93 (M, 1H), 2.62 — 2.47 (m, 1H), 2.41 — 2.36 (m, 1H), 1.53 (s,
9H);

B¢ NMR (101 MHz, CDCl3) 6 199.02, 176.06, 166.81, 164.27, 148.32, 138.57, 136.73,
133.72, 130.91, 130.35, 129.22, 128.57, 126.57, 125.79, 124.94, 122.78, 119.70), 118.67, 115.64,
115.42,114.77,113.91, 111.06, 84.77, 52.62, 51.22, 27.93, 23.60, 19.86;

HRMS (ESI) calcd for [M+Na]" Cs1H,7FN,04Na, m/z: 533.1852, observed: 533.1853.

\BOC 3r

AU
° N
8
7.244
| 8.895

T T e e L e e e e e B e N S B e B By R [ R R B B B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.0C

Retentio Area % Area
n Time
7.244 54552984 50.38
8.895 53724574 49.62
i
Retention Area % Area
Time
7.482 3884947 5.00
8.838 73753371 95.00

tert-butyl 2-(4-chlorobenzoyl)-2'-0x0-2,3,9,9a-tetrahydrospir
[carbazole-1,3"-indoline]-1'-carboxylate (3s)
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6M HCl

1,3-H shift

tert-butyl2-(4-chlorobenzoyl)-2'-o0xo0-2,3,4,9-tetrahydrospiro
[carbazole-1,3'-indoline]-1'-carboxylate (4s)

General procedure C; White solid; 94% vyield, 90% ee, >99:1dr;
[a]o® = 140 (c 0.76, CH,Cl,); Determined by HPLC analysis [Daicel
chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t
(major) =8.91 min, t (minor) =18.07 min];

'"H NMR (400 MHz, CDCl3) & 7.67 (d, J = 8.4 Hz, 1H), 7.57 (d, J =
7.2 Hz, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.34 — 7.25 (m, 4H), 7.18 — 7.06 (m, 5H), 4.45 (dd, J =
12.4, 2.8 Hz, 1H), 3.22 — 3.11 (m, 1H), 3.06 — 2.93 (m, 1H), 2.61 — 2.47 (m, 1H), 2.43 - 2.33
(m, 1H), 1.54 (s, 9H);

3C NMR (101 MHz, CDCls) 6 199.40, 175.98, 148.31, 139.39, 138.56, 136.73, 135.65,
130.29, 129.65, 129.26, 128.71, 128.49, 126.55, 125.77, 124.96, 122.80, 119.71, 118.68,
114.78, 113.92, 111.07, 84.83, 52.60, 51.22, 27.95, 23.55, 19.84;

HRMS (ESI) calcd for [M+Na]" Cs;H,,CIN,O,Na, m/z: 521.1608, observed: 521.1612.

1.00+

AU

050

] 717599

L e e e L e e e e e e T S
10.00 12.00 14.00 16.00 18.00 20.00

Retention Area % Area

Time

8.786 39457573 50.03

17.599 39414098 49.97

2o ako 6bo sho who T ko 10 1600 1800 0 20

Retentio Area % Area
n Time

8.912 85414278 96.07

18.075 3490272 3.93
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Q tert-butyl 2'-oxo-2-phenyl-2,3,9,9a-tetrahydrospiro
[carbazole-1,3-indoline]-1'-carboxylate (3t)
O NS .t General procedure D; White solid; 89.0% yield, 95.0% ee, >99:1dr;

Boc [a]o”® = 500 (c 0.12, CH,Cl,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =8.36 min, t
(minor) = 10.79 min];

'"H NMR (400 MHz, CDCl3) & 7.59 (d, J = 8.0 Hz, 1H), 7.51 (dd, J = 3.6, 1.2 Hz, 1H),
7.39 (d, J =7.2 Hz, 1H), 7.27 — 7.22 (m, 1H), 7.14 — 7.07 (m, 2H), 7.06 — 6.98 (m, 3H), 6.79
—6.75 (m,1H), 6.70 — 6.63 (m, 2H), 6.53 (d, J = 8.0 Hz, 1H), 6.15 (dd, J = 7.2, 3.6 Hz, 1H),
5.26 (m, 1H), 3.80 (d, J = 4.8 Hz, 1H), 3.67 (dd, J = 11.2, 6.4 Hz, 1H), 2.97 — 2.70 (m, 2H),
1.47 (s, 9H);

3C NMR (101 MHz, CDCl,) & 176.48, 151.98, 147.30, 139.38, 136.70, 128.28, 127.19,
126.78, 126.41, 125.81, 124.98, 123.32, 119.51, 118.48, 113.96, 113.62, 110.28, 82.75, 64.79,
54.36, 47.14, 29.91, 26.90;

Al

Retention Area % Area
Time
8.619 3929115 49.82
10.773 3957136 50.18
0.00 i T
Retention Area % Area
Time
8.367 37195171 97.71
10.796 870087 2.29

[carbazole-1,3'-indoline]-1'-carboxylate (3u)

O N Yo 4, General procedure D; White solid; 85.0% yield, 97.0% ee, >99:1dr;

Boo [a]o? = 510 (c 0.06, CH,Cl,); Determined by HPLC analysis [Daicel

chiralpak ODH, n-hexane/i-PrOH = 98/2, 1.0 mL/min, A = 254 nm, t (major) =16.48 min, t
(minor) =24.00 min];

'"H NMR (400 MHz, CDCl3) & 7.60 (d, J = 8.0 Hz, 1H), 7.49 (dd, J = 7.2, 0.8 Hz, 1H),

7.38 (d, J =7.6 Hz, 1H), 7.27 — 7.22 (m, 1H), 7.06 — 7.10 (m, 1H), 7.04 — 6.98 (m, 1H), 6.83

(d, J =8.0 Hz, 2H), 6.78 — 6.75 (m, 1H), 6.53 (t, J = 8.0 Hz, 3H), 6.13 (dd, J = 7.2, 3.6 Hz,

Q ‘ O tert-butyl 2'-ox0-2-(p-tolyl)-2,3,9,9a-tetrahydrospiro
N
H
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1H), 5.24 (s, 1H), 3.79 (s, 1H), 3.63 (dd, J = 11.6, 6.4 Hz, 1H), 2.93 — 2.67 (m, 2H), 2.19 (s,
3H), 1.47 (s, 9H);

3C NMR (101 MHz, CDCly) & 177.61, 153.03, 148.38, 140.45, 137.81, 136.95, 134.59,
129.29, 128.48, 128.12, 126.88, 126.05, 124.33, 120.53, 119.48, 115.13, 114.68, 111.30,
83.68, 65.79, 55.46, 47.88, 31.03, 27.90, 20.92 ;

HRMS (ESI) calcd for [M+Na]" Cs;H3oN,03Na, m/z: 501.2154, observed: 501.2157.

5 005
<

0.00

0.00 200

T
10.00

T
12.00

T
14.00

T
16.00

L T s B B By B
18.00 20.00 22.00

Minutes

L
24.00

L UL N By B e B By e
26.00 28.00 30.00 32.00

Retention Area % Area

Time

17.525 7481774 49.98

23.484 7488995 50.02

o] g

o7 T2 T Tel ™ oo™ b Tho” T T Tl o e Tl T ol o T ol el
Retention Area % Area

Time

16.486 29359136 98.65

24.008 402250 1.35

E Q tert-butyl 2-(4-fluorophenyl)-2'-0x0-2,3,9,9a-
tetrahydrospiro[carbazole-1,3-indoline]-1'-carboxylate (3v)
O General procedure D; White solid; 86.0% yield, 94.0% ee, >99:1dr;
[a]o®® = 490 (c 0.05, CH,Cl,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =9.30 min, t
(minor) =15.85 min];

'"H NMR (400 MHz, CDCl3) & 7.60 (d, J = 8.0 Hz, 1H), 7.49 (dd, J = 7.6, 0.8 Hz, 1H),
7.39 (d, J=7.6 Hz, 1H), 7.30 — 7.23 (m, 1H), 7.10 (m, 1H), 7.02 (t, J = 7.6 Hz, 1H), 6.78 (t, J
=7.6 Hz, 1H), 6.72 (t, J = 8.8 Hz, 2H), 6.66 — 6.59 (m, 2H), 6.53 (d, J = 7.6 Hz, 1H), 6.13 (dd,
J=17.2,3.6 Hz, 1H), 5.28 —5.19 (m, 1H), 3.80 (d, J = 4.8 Hz, 1H), 3.66 (dd, J = 10.8, 6.4 Hz,
1H), 2.91 - 2.69 (m, 2H), 1.49 (s, 9H);

3C NMR (101 MHz, CDCls) 6 176.43, 162.28, 159.84, 151.95, 147.20, 139.32, 136.88,
132.42, 128.70, 128.35, 127.39, 125.71, 125.01, 124.69, 123.42, 119.53, 118.52, 113.67,
113.46, 110.30, 83.00, 64.73, 54.36, 46.31, 30.04, 26.89 ;

HRMS (ESI) calcd for [M+Na]* C3H,;FN,O3sNa, m/z: 505.1906, observed: 505.1906.

O o

AN
N o 3v
Boc
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000’#“”“”“‘ ‘ : —
.00 4.00 6.00 8.00 th.ﬁ:mes 12.00 14.00 16.00 18.00 20.00
Retention Area % Area
Time
9.588 2617236 49.96
15.924 2620976 50.04
0.40-
Q( 0.20 ¢ ©
0.00¢ N /T\ AN
2.4‘30 4%}0 ' 6.‘00 ' ' ' 8%}0 ' ' ' 10.‘00 ' ' ' 12‘00 ' ' ' lA.‘DD ' ' ' 16‘00 ' ' ' 18.‘00 ' ' ' 20‘00
Minutes
Retention Area % Area
Time
9.301 22236539 97.11
15.858 661809 2.89

CI

\

Boc

L
N o 3w

tert-butyl 2-(4-chlorophenyl)-2'-0x0-2,3,9,9a-
tetrahydrospiro[carbazole-1,3-indoline]-1'-carboxylate (3w)

General procedure D; White solid; 85.0% yield, 93.0% ee, >99:1dr;
[a]o®® = 460 (c 0.05, CH,Cl,); Determined by HPLC analysis [Daicel

chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =10.27 min, t

(minor) =15.98 min];

'H NMR (400 MHz, CDCls) § 7.60 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 6.4 Hz, 1H), 7.39 (d,
J =76 Hz, 1H), 7.30 — 7.23 (m, 1H), 7.09 (m, 1H), 7.05 — 6.97 (m, 3H), 6.78 (t, J = 7.2 Hz,
1H), 6.59 (d, J = 8.4 Hz, 2H), 6.52 (d, J = 8.0 Hz, 1H), 6.12 (dd, J = 7.2, 3.6 Hz, 1H), 5.27 —
5.18 (m, 1H), 3.79 (d, J = 5.2 Hz, 1H), 3.64 (dd, J = 10.8, 6.4 Hz, 1H), 2.89 — 2.68 (m, 2H),

1.50 (s, 9H):

3C NMR (101 MHz, CDCls) & 176.33, 151.94, 147.14, 139.32, 136.91, 135.21, 132.21,
128.44, 127.43, 126.90, 125.67, 125.00, 124.55, 123.45, 119.54, 118.53, 113.64, 110.31,
83.08, 64.67, 54.24, 46.48, 29.83, 26.88;

HRMS (ESI) calcd for [M+Na]* C3H,;CIN;O3Na, m/z: 525.2365, observed: 525.2368.

AU

10.557

15.951

A

o ' ' ' 2,‘00 ' ' ' 4&?0 ' ' ' 6‘00 ' ' ' 8&?0 ' ' ' 10\.‘00 ' ' ' 12‘00 ' ' ' \14.‘00 ' ' ' 16‘00 ' ' ' 18.‘00 ' ' ' 20‘00
Retention Area % Area
Time

10.557 4235914 50.22

15.951 4198344 49.78
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0.40

2 -{
2 00

0.00

T T —
8.00 10.00 12.00

Retention Area % Area
Time
10.276 26802451 96.67
15.980 922529 3.33

T 1
20.00

0 tert-butyl 2-(naphthalen-1-yl)-2'-o0x0-2,3,9,9a-
Q tetrahydrospiro[carbazole-1,3'-indoline]-1'-carboxylate (3x)
General procedure D; White solid; 86.0% vyield, 92.0% ee, >99:1dr;
O [a]o® = 520 (c 0.06, CH,Cl,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t
(major) =12.03 min, t (minor) =15.06 min];

'H NMR (400 MHz, CDCls) & 7.65 — 7.68 (m, 1H), 7.59 — 7.56 (m, 2H), 7.51 (d, J = 8.4
Hz, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.36 (dd, J = 6.4, 3.2 Hz, 2H),
7.27-7.22 (m, 2H), 7.14 (t, J = 7.6 Hz, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.79 (t, J = 7.6 Hz, 1H),
6.61 (d, J=8.4 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H), 6.17 (dd, J = 7.2, 3.6 Hz, 1H), 5.31 (s, 1H),
3.83 (dd, J =11.6, 5.6 Hz, 2H), 2.93 — 3.03 (m, 1H), 2.89 — 2.75 (m, 1H), 1.19 (s, 9H);

B3C NMR (101 MHz, CDCls) & 177.53, 153.04, 148.10, 140.48, 137.92, 135.21, 132.99,
132.77, 129.37, 128.86, 128.35, 127.83, 127.26, 126.86, 126.06, 125.89 — 125.37, 124.42,
120.59, 119.54, 114.97, 114.72, 111.35, 83.64, 65.73, 55.56, 48.47, 31.04, 27.55;

HRMS (ESI) calcd for [M+Na]* C34H3N,03Na, m/z: 537.2154, observed: 537.2153.

O

N "0
Boc

Retention Area % Area
Time
12.096 23238835 50.07
14.930 23172894 49.93
0.00 /_j\ v
Retention Area % Area
Time
12.038 43234641 96.04
15.061 1783828 3.96
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tert-butyl 2-isopropyl-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (3y)

LN
N O

3y
tert-butyl 2-isopropyl-2'-ox0-2,3,4,9-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (4y)
General procedure E; White solid; 90% yield, 92.0% ee, >99:1dr; [a]o™°
=190 (c 0.15, CH,Cl,); Determined by HPLC analysis [Daicel chiralpak
IB, n-hexane/i-PrOH = 99/1, 1.0 mL/min, A = 254 nm, t (major) =14.29 min, t (minor) =18.02
min,];

"H NMR (400 MHz, CDCI3) & 7.92 (d, J = 8.4 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.32 (t, J
= 7.6 Hz, 1H), 7.25 (s, 1H), 7.19 — 7.01 (m, 5H), 3.08 (dd, J = 16.0, 3.6 Hz, 1H), 2.94 — 2.76
(m, 1H), 2.63 — 2.48 (m, 1H), 2.20 — 2.08 (m, 1H), 2.04 — 1.93 (m, 1H), 1.68 (s, 9H), 1.59 —
1.50 (m, 1H), 0.88 (d, J = 6.8 Hz, 3H), 0.44 (d, J = 6.4 Hz, 3H);

BC NMR (101 MHz, CDCI3) 6 177.40, 149.24, 138.93, 136.64, 132.24, 130.48, 128.73,
126.78, 125.99, 124.46, 122.33, 119.40, 118.49, 115.08, 113.54, 110.97, 84.91, 54.75, 50.39,
28.47, 28.18, 23.48, 21.16, 18.27;

HRMS (ESI) calcd for [M+Na]* C,;H3oN,O3Na, m/z: 453.2154, observed: 453.2152.

6M HCI
1,3 H shift

\
Boc

L B e e B s B B B e e L S S e By B ey B
200 400 6.00 8.00 10.00 12.00 1400 16.00 18.00 20.00 2200 2400 26.0C

Mnutes

Retention Area % Area
Time
12.073 621407 4.95
13.756 626292 4.99
14.983 5369675 42.75
17.409 5943417 47.32
it 2
2 005 s g
’ Yoo Tabe T Tl e Twbo ‘u‘oo‘M‘l‘m.‘oo‘ Tan | ue | kb ak | b ak
Retention Area % Area
Time
14.293 8865164 96.20
18.021 350114 3.80

tert-butyl 2-cyclohexyl-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3-indoline]-1'-carboxylate (3z)
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N 6M HCI
AN 1,3 H shift

tert-butyl 2-cyclohexyl-2'-0x0-2,3,4,9-tetrahydrospiro
[carbazole-1,3"-indoline]-1'-carboxylate (4z)

General procedure E; White solid; 80% vyield, 90.0% ee, >99:1dr;
[a]o”® =130 (c 0.11, CH,CI,); Determined by HPLC analysis [Daicel
chiralpak ODH, n-hexane/i-PrOH = 98/2, 1.0 mL/min, A = 254 nm, t
(major) =7.28 min, t (minor) =10.61 min];

'H NMR (400 MHz, CDCI3) & 7.91 (d, J = 8.4 Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.32 (t, J
=7.6 Hz, 1H), 7.23 (s, 1H), 7.08 (m, 5H), 3.06 (dd, J = 16.0, 4.4 Hz, 1H), 2.92 — 2.76 (m, 1H),
2.50 (d, J = 11.2 Hz, 1H), 2.16 — 2.13 (m,1H), 2.01 (m,1H), 1.68 (s, 9H), 1.44 (d, J = 7.0 Hz,
2H), 1.28 — 0.67 (m, 9H);

BC NMR (101 MHz, CDCI3) 6 177.47, 149.21, 138.90, 136.62, 132.13, 130.66, 128.71,
126.80, 125.88, 124.44, 122.31, 119.38, 118.47, 115.01, 113.53, 110.96, 84.84, 54.72, 50.63,
39.02, 33.45, 28.96, 28.18, 26.97, 26.56, 26.30, 21.90, 21.27;

HRMS (ESI) calcd for [M+Na]" CsH34N,O3Na, m/z: 493.2467, observed: 493.2466.

2.00 3.00 4.00 5.00 6.00 7.00

Retention Area % Area
Time
7.747 7552153 49.94
10.730 7569608 50.06

L e e e L e e e L e L e e e e e e L e e e e e e P L e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

Retention Area % Area
Time
7.286 23691502 95.04
10.616 1236031 4.96

5. General procedure for the Diels-Alder reaction with different 3-vinylindoles

(1b-1e)
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R R
R, I8 t-BuOOC . ! ' j
= / ¢-BUOOC Q .
A L3-Ni(OTf), (10 mol%, 1:1) OQ\\\“‘ N’o «N o
RIT + o Nep - O
H N CH,Cl,, 30 °C Ar Ar
Boc Boc ;
L3: Ar = 2,6-iPr,CgH3
1b-1e 2d 3db-3de

In a test tube with a magnetic stirring bar, N,N'-dioxide L3 (0.01 mmol, 7.0 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), the methyleneindolinone (2d) (0.1 mmol) in CHCI, (1.0 mL)
were stirred at 30 °C for 30 min, then 3-vinylindoles (1b-1e) (0.15 mmol, 1.5 equiv) dissolved
in CHCI, (0.2 mL) was added in one-portion. The mixture was stirred at 30 °C for a few
minutes until the yellow color of the solution disappeared. The reaction mixture was further
detected by TLC. After completion, flash column chromatography was carried out to provide
the desired product 3db-3de with almost quantitative yield. The product was directed for
HPLC and NMR analysis.

6. The analytical and spectral characterization data of the products (3db-3de)

di-tert-butyl 6-chloro-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1',2-dicarboxylate(3db)

White solid; 95% vyield, 96.0% ee, >99:1dr; [a]o*® = 370 (c 0.13,
CH,CI,); Determined by HPLC analysis [Daicel chiralpak ODH,
n-hexane/i-PrOH = 93/7, 1.0 mL/min, X = 254 nm, t (major) =6.59
min, t (minor) = 10.79 min];

'H NMR (400 MHz, CDCls) 5 7.89 (d, J = 8.0 Hz, 1H), 7.28 — 7.20 (m, 2H), 7.10 (dd, J =
7.6, 1.2 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 6.88 (dd, J = 8.4, 2.4 Hz, 1H), 6.31 (d, J = 8.4 Hz,
1H), 6.12 (dd, J = 7.6, 3.6 Hz, 1H), 4.98 — 4.85 (m, 1H), 3.84 (d, J = 4.0 Hz, 1H), 3.48 (t, J =
8.8 Hz, 1H), 3.11 — 2.97 (m, 1H), 2.93 — 2.80 (m, 1H), 1.67 (s, 9H), 1.12 (s, 9H);

3C NMR (101 MHz, CDCls) § 177.91, 169.92, 151.04, 149.24, 140.49, 136.23, 128.96,
128.34, 127.93, 126.33, 125.28, 124.46, 120.47, 114.99, 114.47, 111.94, 84.48, 82.08, 68.08,
52.07, 44.68, 28.16, 27.38, 26.29;

HRMS (ESI) calcd for [M+Na]" C,oH3; CIN,OsNa, m/z: 545.1819, observed: 545.1826.

10.653

Retention Area % Area
Time
6.641 16862995 50.05
10.653 16831215 49.95
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Retention Area % Area
Time
6.641 16862995 50.05
10.653 16831215 49.95

gr 1'-tert-butyl 2-tert-butyl-6-bromo 2'-0x0-2,3,9,9a-tetrahydrospiro
LBUOOG ‘ O [carbazole-1,3-indoline]-1',2-dicarboxylate(3dc)
O N White solid; 95% yield, 96% ee, >99:1dr; [a]o?® = 350 (c 1.14,
N0 CH,Cl,); Determined by HPLC analysis [Daicel chiralpak ODH,
Boc  3de 1 hexane/i-PrOH = 93/7, 1.0 mL/min, A = 254 nm, t (major) =6.64
min, t (minor) =11.03 min];
'H NMR (400 MHz, CDCl3) & 7.89 (d, J = 8.4 Hz, 1H), 7.37 (d, J = 1.6 Hz, 1H), 7.26 — 7.20
(m, 1H), 7.10 (d, J = 3.6 Hz, 1H), 7.04 — 6.95 (m, 2H), 6.29 (d, J = 8.4 Hz, 1H), 6.11 (dd, J = 7.6,
4.0 Hz, 1H), 4.95 — 4.85 (m, 1H), 3.85 (d, J = 4.8 Hz, 1H), 3.48 (t, J = 8.8 Hz, 1H), 3.10 — 2.97 (m,
1H), 2.92 — 2.80 (m, 1H), 1.67 (s, 9H), 1.11 (s, 9H);
BC NMR (101 MHz, CDCl3) 6 177.91, 169.91, 151.47, 149.23, 140.47, 136.06, 131.77,
128.40, 126.31, 125.29, 124,57, 123.38, 115.06, 114.47, 112.44, 111.44, 84.50, 82.09, 68.00,

52.04, 44.66, 28.16, 27.38, 26.29;
HRMS (ESI) calcd for [M+Na]" C,gH3:BrN,OsNa, m/z: 589.1314, observed: 589.1314.

Retention Area % Area
Time
6.619 24853100 50.54
10.746 24326225 49.46
1.00
2 050 b
o I I I I T I ‘\““\_4““\‘
s .00 12.00
Retention Area % Area
Time
6.643 20955579 98.29
11.031 364757 1.71
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t-BuOOC 0
LN
N O

\

Boc

53.16, 32.14, 28.16, 27.38, 21.46;

di-tert-butyl 3-methyl-2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3"-indoline]-1',2-dicarboxylate(3dd)
White solid; 98% yield, 98.0% ee, >99:1dr; [a]*® = 430 (c 0.18,
CH,Cl,); Determined by HPLC analysis [Daicel chiralpak 1A,
n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t (minor) = 5.51
min, t (major) =6.22 min];
'H NMR (400 MHz, CDCls) § 7.90 — 7.83 (m, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.25 — 7.19
(m, 2H), 6.99 — 6.93 (m, 2H), 6.75 — 6.68 (m, 1H), 6.45 (d, J = 8.0 Hz, 1H), 6.01 (t, J = 4.0
Hz, 1H), 4.95 -4.91 (m, 1H), 3.82 (d, J = 5.6 Hz, 1H), 3.33 - 3.26 (m, 1H), 3.06 (d, J = 8.4 Hz,
1H), 1.67 (s, 9H), 1.29 (d, J = 6.8 Hz, 3H), 1.13 (s, 9H).
3C NMR (101 MHz, CDCl,) § 177.56, 169.58, 152.84, 149.23, 140.17, 135.75, 129.31,
128.31, 126.28, 125.75, 124.55, 120.50, 119.52, 114.43, 111.17, 84.40, 81.76, 66.87, 54.46,

HRMS (ESI) calcd for [M+Na]™ C3H34N,OsNa, m/z: 525.2365, observed: 525.2371.

1.00

2
Ed
0.50

Retention Area % Area
Time

5.507 14678894 46.18
6.303 14802597 46.57
8.511 1199175 3.77
9.569 1107294 3.48

ok 1k 1k 2k 2k sk sk R R R R R R

Retention Area % Area
Time

5.518 415308 0.89
6.224 46040887 99.11

t-BuOOC

o

3de

di-tert-butyl 4-methyl-2'-0x0-2,3,9,9a-tetrahydrospiro

[carbazole-1,3'-indoline]-1',2-dicarboxylate(3de)

White solid; 96% yield, 98.0% ee, >99:1dr; [a]po>’ =290 (c 0.07,
CH,Cl,);
n-hexane/i-PrOH = 98/2, 1.0 mL/min, A = 254 nm, t (major) =15.07
min, t (minor) = 13.93 min];

'"H NMR (400 MHz, CDCl;) § 7.88 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.25 —
7.20 (m, 1H), 7.00 — 6.89 (m, 3H), 6.71 (t, J = 7.6 Hz, 1H), 6.44 (d, J = 7.6 Hz, 1H), 4.91 (d,

Determined by HPLC analysis [Daicel chiralpak 1B,



J=2.0Hz, 1H), 3.81 (d, J = 4.8 Hz, 1H), 3.46 (t, J = 8.8 Hz, 1H), 2.87 — 2.82 (M, 2H), 2.20 —
2.10 (m, 3H), 1.68 (s, 9H), 1.12 (s, 9H);

13C NMR (101 MHz, CDCl5) & 178.20, 170.22, 153.11, 149.29, 140.46, 129.78, 128.24,
127.09, 126.73, 125.25, 124.44, 123.62, 119.12, 114.42, 110.61, 84.36, 81.93, 68.64, 52.61,
44.98, 33.11, 28.18, 27.39, 18.77;

HRMS (ESI) calcd for [M+Na]" CH34N,OsNa, m/z: 525.2365, observed: 525.2369.

AU

Retention Area % Area
Time
13.699 14268001 49.31
15.924 14666613 50.69

AU

Retention Area % Area
Time
13.939 538632 0.89
15.077 60323275 99.11

7. Control experiments

t-BuOOC
— t-BuOOC ‘ O
/ Ni(OTf),/L3 (10 mol%, 1:1) N
(L O sy
N N CH,Cl, , 30 °C N O
H H H 7a

1a 6a

4 hours
95% vyield, >99:1 dr,15% ee

__ tBuooC LBUOOGC ‘ O
{ / Ni(OTf),/L3(10 mol%, 1:1) N
+ (o] 0 N H
N N CH,Cl, , 30 °C N\ 0 7
H

t-BuOOC
_ t-BuOOC ‘ O
@\/g / Ni(OTf),/L3(10 mol%, 1:1) O N
+ (0] H
H N CH,Cl, , 30 °C N o

1a

\ 4 hours

1a 6b 22% yield, >99:1 dr, race

COOEt 10 min COOEt T7c¢
6¢c 99% yield, >99:1 dr, 80% ee
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t-BuOOC +-BUOOC 0 O
/ Ni(OTf),/L3(10 mol%, 1:1) N
N + (@] o O N
N N CH,Cl, , 30 °C N O

1 24 Boc 10 min Boc 7d
99% yield, >99:1 dr,75% ee
In a test tube with a magnetic stirring bar, N,N'-dioxide L3 (0.01 mmol, 7.0 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), and the methyleneindolinones (6a-6c¢, 2d) (0.1 mmol) in
CHCI, (1.0 mL) were stirred at 30 °C for 30 min, then 3-vinylindole (1a,1f) (0.15 mmol, 1.5
equiv) dissolved in CHCI, (0.2 mL) was added in one-portion. The mixture was stirred at 30
°C for 10 min, then the reaction mixture was detected by TLC. After completion, flash
column chromatography was carried out to provide the desired product (7a-7d). The product
was directed for HPLC and NMR analysis.

8. The analytical and spectral characterization data of the products (7a-7d)

tert-butyl 2'-0x0-2,3,9,9a-tetrahydrospiro
rBu0oe GO [carbazole-1,3"-indoline]-2-carboxylate  (7a)
O N White solid; 95% vyield, 15.0% ee, >99:1dr; Determined by HPLC
7a

i analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min,
A =254 nm, t (major) =26.71 min, t (minor) = 15.28 min];

'H NMR (400 MHz, CDCl3) 6 8.27 (s, 1H), 7.22 (d, J = 7.6 Hz, 1H), 7.09 — 7.02 (m, 2H),
6.87 — 6.82 (m, 1H), 6.78 (t, J = 7.6 Hz, 2H), 6.62 (t, J = 7.6 Hz, 1H), 6.30 (dd, J = 16.4, 8.0 Hz,
1H), 6.02 (dd, J = 7.2, 3.6 Hz, 1H), 4.81 (s, 1H), 3.79 (s, 1H), 3.44 — 3.33 (m, 1H), 2.91 (m, 1H),
2.87—2.73 (m, 1H), 1.11 (s, 9H);

B3C NMR (101 MHz, CDClg) & 181.10, 170.42, 152.70, 141.40, 137.46, 129.21, 127.99,
126.48, 126.12, 122.60, 120.35, 119.28, 113.34, 111.12, 109.33, 81.65, 66.93, 52.30, 44.48, 27.54,
26.51;

HRMS (ESI) calcd for [M+Na]" C,sH»4N,03Na, m/z: 411.1685, observed: 411.1680.

0.40+

2 =1
< 0.20]

%

0.00 — T 7

000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800  30.00
Syt

Retention Area % Area

Time
15.060 23787091 50.11
26.319 23682534 49.89
I~

_ oz

<
0.10

I
26.71

000! T T T

T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
sreh

Retention Area % Area

Time
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15.289

15260757

4221

26.717

20895368

57.79

t-BuOOC ‘ O
I
N\ "0 7

'H NMR (400 MHz, CDCl3) & 7.40 — 7.29 (m, 3H), 7.07 — 6.97 (m, 2H), 6.86 (d, J = 7.6 Hz,

tert-butyl 1'-methyl-2'-0x0-2,3,9,9a-tetrahydrospiro

[carbazole-1,3-indoline]-2-carboxylate (7b)

White solid; 22.1% vyield, race, >99:1dr; Determined by HPLC analysis
[Daicel chiralpak ODH, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =
254 nm, t; = 13.55 min, t, =17.72 min];

1H), 6.76 — 6.70 (m, 1H), 6.54 (d, J = 7.6 Hz, 1H), 6.29 — 6.25 (m, 1H), 4.86 (s, 1H), 3.89 — 3.74
(m, 1H), 3.18 (s, 3H), 2.98 — 2.89 (M, 2H), 2.48 — 2.35 (M, 1H), 1.08 (s, 9H);
BC NMR (101 MHz, CDCly) § 177.04, 172.06, 152.33, 144.62, 138.47, 131.60, 128.94,

128.57, 126.60, 123.81, 122.42, 120.96, 119.34, 113.14, 110.85, 107.64, 80.79, 65.30, 53.19,
46.25, 27.54, 26.42;
HRMS (ESI) calcd for [M+Na]™ C,sH26N,03Na, m/z:

425.1841, observed: 425.1835.

AU

0.00-

13.107

7 17.273

T T
10.00

Minutes

T
1200

T T
14.00

T
16.00

1
18.00

1
20.00

T
22.00

T
24.00

Retention Area % Area
Time
13.107 9711014 49.94
17.273 9733026 50.06
0.10 o S
2‘00 4,1‘30 61)0 8.1)0 ' 10‘00 ' ' ' 12‘00 ' ' ' 14‘00 ' ' ' 16‘00 ' ' ' 18‘00 s ' 20,‘00 s ' 22‘00 ' ‘H‘ 24.0C
Mnutes
Retention Area % Area
Time
13.555 6167615 50.00
17.725 6168685 50.00

wswooe( ()

IR
N o

COOEt

2-tert-butyl 1'-ethyl 2'-0x0-2,3,9,9a-tetrahydrospiro
[carbazole-1,3-indoline]-1',2-dicarboxylate (7¢)

White solid; 99% vyield, 80%ee, >99:1dr; Determined by HPLC
analysis [Daicel chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0 mL/min,

A =254 nm, t (minor) = 17.55 min, t (major) =10.42 min];

'H NMR (400 MHz, CDCl3) 8 7.96 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.27 - 7.21

(m, 1H), 7.16 (d, J = 7.2 Hz, 1H), 7.02 — 6.91 (m, 2H), 6.70 (t, J = 7.2 Hz, 1H), 6.43 (d, J = 8.0 Hz,

1H), 6.10 (dd, J = 7.2, 3.6 Hz, 1H), 4.92 (d, J = 3.6 Hz, 1H), 4.59 — 4.41 (m, 2H), 3.94 (d, J = 4.8
Hz, 1H), 3.51 (t, J = 8.8 Hz, 1H), 3.08 — 2.96 (m, 1H), 2.94 — 2.83 (m, 1H), 1.46 (t, J = 7.2 Hz,

3H), 1.11 (s, 9H);



C NMR (101 MHz, CDCl3) & 177.04, 169.02, 151.69, 149.95, 139.18, 136.17, 128.28,
127.27, 125.60, 125.27, 124.43, 123.75 , 119.40, 118.40, 113.50, 112.38, 110.12, 80.99, 66.84,

62.36, 51.19, 43.95, 26.35, 25.28, 13.30;
HRMS (ESI) calcd for [M+Na]" C,7H,gN,0sNa, m/z: 483.1896, observed: 483.1897.

0.10- &
v
o
Ei

2

0.05-{

Vi
Retention Area % Area
Time
10.587 5808801 50.88
17.486 5608915 49.12
: : : ‘_H_H_H_#_H_
2 o obo sbo wh " 1o 1600 1800 2000 20
Retention Area % Area
Time
10.420 22961482 90.15
17.553 2508932 9.85

BUOOC ‘ O di-tert-butyl 9-methyl-2'-0x0-2,3,9,9a-tetrahydrospiro
N [carbazole-1,3"-indoline]-1',2-dicarboxylate (7d)
O o ’q White solid; 90% yield, 75%ee, >99:1dr; Determined by HPLC
Boc analysis [Daicel chiralpak ODH, n-hexane/i-PrOH = 93/7, 1.0
mL/min, X = 254 nm, t (major) =5.38 min, t (minor) = 7.60 min];
'H NMR (400 MHz, CDCl5) & 7.86 (d, J = 8.4 Hz, 1H), 7.32 — 7.20 (m, 2H), 7.12 (d, J =
7.6 Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H), 6.95 (t, J = 7.6 Hz, 1H), 6.68 (t, J = 7.6 Hz, 1H), 6.35 (d,
J=7.6Hz, 1H), 6.12 (d, J = 3.6 Hz, 1H), 4.44 (d, J = 3.6 Hz, 1H), 3.52 (t, J = 8.8 Hz, 1H),
3.05-2.79 (m, 2H), 2.62 (s, 3H), 1.66 (s, 9H), 1.13 (s, 9H).

> u|
2 0.20-

Retention Area % Area
Time
5.405 7428248 49.80
7.601 7487353 50.20
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5.384

Retention Area % Area
Time
5.384 11199862 86.66
7.600 1723541 13.34

9. Gram scale experiment

t-BuOOC
- / t-BuOOC 0 O
Q Ni(OTf),/L3 (10 mol%, 1:1)
FCLy Cr
N N CH,Cl, , 30 °C ,5 min N o

1a 2d Boc quantitative yield Boc 3d
4.5mmol,0.643g 3.0 mmol, 1.035¢g >99:1 dr 146 g
98.0% ee

In a test tube with a magnetic stirring bar, N,N'-dioxide L3 (0.3 mmol, 211.5 mg),
Ni(OTf), (0.3 mmol, 107.05 mg), and the methyleneindolinone (2d) (3.0 mmol, 1.035 g) in
CHCI, (30.0 mL) were stirred at 30 °C for 30 min, then 3-vinylindole 1a (4.5 mmol, 0.643 g,
1.5 equiv) dissolved in CHCI; (6.0 mL) was added in one-portion. The mixture was stirred at
30°C for 5 minutes until the yellow color of the solution disappeared. The reaction mixture
was further detected by TLC. After completion, flash column chromatography was carried out
to provide the desired product (3d) with quantitative yield. The product was directed for
HPLC analysis. (99% vyield, >99:1 dr, 98% ee)

10.Determination of the absolute configuration of 3bc by the x-ray crystal

structure
MeOOC Br
. / oo (]
N o Ni(OTf),/L3 (10 mol%, 1:1) ©\ .,,,/N
. H
N N CH,Cl, , 30 °C ,10 min N Yo
1e 2b Boc Boc 3bc

In a test tube with a magnetic stirring bar, N,N'-dioxide L3 (0.01 mmol, 7.0 mg),
Ni(OTf), (0.01 mmol, 3.6 mg), and the methyleneindolinones (2b) (0.1 mmol) in CHCI, (1.0
mL) were stirred at 30 °C for 30 min, then 3-vinylindole 1c (0.15 mmol, 1.5 equiv) dissolved
in CHCI, (0.2 mL) was added in one-portion. The mixture was stirred at 30 °C for a few
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minutes (<10 min) until the yellow color of the solution disappeared. The reaction mixture
was further detected by TLC.

After completion, the reaction mixture was treated with 6 M HCI (0.2 mL) at 0 °C. After
stirred for 30 minutes, the mixture was quenched with saturated aqueous NaHCO; solution,
extracted with DCM, dried over anhydrous Na,SQ,, filtered, and concentrated in vacuo. Flash
column chromatography provided the desired product (4bc) which was directed for HPLC
and NMR analysis.

Br
MeOOC . 6 O MeOOC .
., For HPLC/NMR analysis /
“NON s Ny
o 1,3-H shift

N\ _H
3be N O 4pe
Boc

Br

\
Boc

(1R, 2R)-1'-tert-butyl 2-methyl 6-bromo-2'-o0x0-2,3,4,9-tetrahydrospiro[carbazole-
1,3-indoline]-1',2-dicarboxylate (4bc)

White solid; 99% vyield, 98% ee, >99:1dr; [a]p> = +70.65(c = 0.092 in CH,Cl,);
Determined by HPLC analysis [Daicel chiralpak AD, n-hexane/i-PrOH = 90/10, 1.0 mL/min,
A =254 nm, t (minor) =37.00 min, t (major) =7.62 min];

'H NMR (400 MHz, CDCls)  7.93 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 1.6 Hz, 1H), 7.47 (s, 1H),
7.38—7.30 (M, 1H), 7.23 — 7.12 (m, 2H), 7.07 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 8.8 Hz, 1H), 3.63
(dd, J = 13.2, 4.0 Hz, 1H), 3.33 (s, 3H), 3.08 — 2.98 (m, 1H), 2.91 — 2.79 (m, 1H), 2.59 — 2.49 (m,
1H), 2.38 — 2.27 (m, 1H), 1.67 (s, 9H);

HRMS (ESI) calcd for [M+Na]" C,sH2sBrN,OsNa, m/z: 547.0845, observed: 547.0840.

o
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L B L B B e e e e T
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Time
7.677 5941007 50.14
36.483 5906928 49.86
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Time
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X-ray crystal structure of product 3bc:
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@4
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7.290
7.258
—6.915
—6.682
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6.099
6.089
6.080

|

4879
4870
—2.155
1.666
1122

v

t-BuOOC
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N

H
N"O
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T21:09
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 295.7 C

CHANNEL £ 1

NUC1: 1H
Pl: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
LA_/J SI: 65536

DC: 0.05
LB: 0.30 Hz

g First Point : 0.50
& FT: Hyper Quadrature

1.01L
0971
1.001
1.004 =

5

T T T T T T Phase : Manual

0 25 20 15 10 05 00 P00

Phl: 14.76

T T T T T T T
65 60 55 50 45 40 35
1 (ppm)

I &
0.99-T
w | 1.0
1041
3.0
9.27x
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Current Data Parameters
F2 - Acquisition Parameters
DATE: 2014-04-08T21:40:17
PULPROG : zgpg 30
TD 32768
Solvent : CDC13
NS: 512
DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 296.1 C
CHANNEL £ 1
NUC1: 13C
P1: 9.63 usec
SFO1: undefined MHz
F2 - Processing Parameters
SI: 65536
|y [ j DC: 0.05
W LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual
T T T T T T T T T T T T T T T T T T T T PhO: -59.39
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 Phl: 56.19
£1 (ppm)
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\
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T21:44:13
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 295.8 C

CHANNEL £ 1
NUC1: 1H
Pl: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 0.30 Hz
First Point : 0.50

S FT: Hyper Quadrature
T T T T T T T Phase : Manual

35 30 25 20 15 10 05 00 P07

Phl: 18.55

1.00-%
0.99=
101
3.041
0.971
1.00-T
Lo =
1.00-{
3.031

1 1.051

5]
9.26<

80 75 70 65 6.0 55 50 45 40
1 (ppm)
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— 178.08
— 170.06
—156.50
— 152.66
™~ 149.35
_~137.23
— 134.02
—126.31
_~ 11502
113.23
112.83
11179
11113
— 81.95
— 76.72
—67.79
_~55.38
— 5221
—44.85
28.19
27.44
26.27
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H
N
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\
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-07-20T21:12
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 256

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 299 C

CHANNEL £ 1

NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

Wtibchopomompionin - >S: -
LB: 1.00 Hz

First Point : 0.50

FT: Hyper Quadrature
Phase : Manual

. PhO: -71.68

Phl: 58.35

T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)
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6376
L 6.356
6.104
6.095
6.086
6.076
4.868
4860
3.495
3472
2.955
2,931
2914
2.893
2.873
2.853
2.833
1.662
1.150

}

7.890
7.879
7.868
7.306
7.288
7.257
~6.888
— 6.697
—3.867
3.517
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F

N
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-09T16:11:02
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 295.9 C

CHANNEL £ 1
NUC1: 1H
Pl: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

First Point : 0.50
FT: Hyper Quadrature

< 2 TI F % % FYE Y $ 4

=4 > S =2 g 3§ & N N - “ N

- S @ o= 3 3 s s = « Y o« Phase : Manual
T T T T T T T T T T T T T T T T T PhO: 88.61
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.0 2.5 2.0 L5 Lo 0.5 0.0 Phl: 17.58

1.0
£1 (ppm)
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—177.69
— 169.86
16091
58.5
— 15251
— 149.24
137.12
139:3%
128.45
—126.18
— 11969
11554
11469
11446
113.05
11119
77.04
76.73

|

_~84.57
— 82.12

h

—67.77
—52.20
—44.89

28.16
— 27.46

\ 2625
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-07-20T21:32:38
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 256

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 299 C

F2 - Processing Parameters
SI: 65536
DC: 0.05
" Ll LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual
T T T T T PhO: -78.56
180 170 160 150 140 130 120 110 103 90 80 70 60 50 10 30 20 Phl: 72.06
£1 (ppn

\ "

CHANNEL £ 1
NUC1: 13C
Pl: 9.63 usec
‘ SFO1: undefined MHz
P Vi

]

387
7.201
7.095
6.996
6.958
6.120
6.111
6.102
6.092
4.887
3.822

5
3.491
2.952
2.930
2.912
2.892
2.872
2.851
2.814

1.667
1.152

7867
7

—6.716
— 6.442
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T19:26:49
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 295.7 C

CHANNEL £ 1

NUC1: 1H
Pl: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters

L\LA<,AJ SI: 65536
PN | Wi bC: 0.05
LB: 0.30 Hz

T T PO et matne 0.5
s S £ £
T

1.0

1.00=
1.0+
0.98-1

FT: Hyper Quadrature
T T T T T T T Phase : Manual

.0 55 50 45

o 0981
o | 10o]
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5 30 25 20 15 10 05 00 M0

Phl: 16.04

80 75 70
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—177.46
—169.82
15250
—149.10
13907
—137.03
— 12550

120.68

119.73

11333
11122
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_-84.75
—82.17
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— 67.86

— 52,07

—44.89
28.13

27.46
26.25

\
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T19:57:15
PULPROG : zgpg 30

TD: 32768
Solvent :
NS: 512
DS: undefined
SWH: 24038.5 Hz
BQ: undefined
TE: 296 C

cpel3

CHANNEL £ 1

NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

- Processing Parameters
65536
0.05

1.00
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

Hz

T
210

- 7.814

7792

T T T T T
200 190 180 170 160 150 140 13

-1

7.356
6.118
6.108
6.099
6.090
4.883

°
H
a
2

)

—17.219
—6.929
— 6.647
— 6.448

i

120

T
110

T T T T
100 9 80 T
£1 (ppm)

3

3.509
3.487
3.464
2.935
2.929
2.920
2.910

—3.827

|

o5k
1.02=
1.05T
1.031
1.00-L
1031 ~

1.0

2.899
2.890

2.869

1.666

w4

1.151

9.17<

PhO: -58.86
Phl: 52.69
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N
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T20:01:12
PULPROG : 2930

TD: 32768
Solvent :
NS: 16
DS: undefined
SWH: 8223.7 Hz
BQ: undefined
TE: 295.6 C

cpel3

CHANNEL £ 1

NUC1: 1H
Pl: 9.93 usec
SFO1: undefined MHz

- Processing Parameters
65536
0.05
0.30
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

Hz

sa4

PhO: 88.86
Phl: 16.29
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Current Data Parameters
F2 - Acquisition Parameters

DATE: 2014-04-08T19:57:15
PULPROG : zgpg 30

TD: 32768
Solvent : CDC13
NS: 512

DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 296 C

CHANNEL £ 1
NUC1: 13C

Pl: 9.63 usec

SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: -58.86

Phl: 52.69

t-BuOOC
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1 (ppm)
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1 (ppm)
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T20:01:12
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 295.6 C

CHANNEL £ 1
NUC1: 1H

Pl: 9.93 usec

SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 0.30 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: 88.86

Phl: 16.29



—177.33

— 169.80

_~152.50
— 149.08

_-139.68
— 13193
va
—126.14
—120.69
X 11750
11600
11330
11122
8478
8218
76.71
67.89
—5202
— 4491
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27.45
26.24
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T20:31:36
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 512

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 296.1 C

CHANNEL £ 1

NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
| DC: 0.05

LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

8.127
8.123

J

1.00=

T T
200 190

.25
7.097

7.076

6.977

6.943

— 6.698

T
170

— 6.409

1011

T
160

6.091

T T T T T T T T T
130 120 110 100 9 80 70 60 50
£1 (ppm)

50 14

5
S

6.081
6.072
4.856
—3.833
3.484
3.461
2.931
2.906
2.884
2.864
2.845
2.825
1.674

|

1051 =

g

T T T T T PhO: -66.15
30 20 10 0o 10 Phl: 60.92

1.160

t-BuOOC
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T22:18:31
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 295.8 C

CHANNEL £ 1

NUC1: 1H
Pl: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters

SI: 65536
A I’A R LA_U-U DC: 0.05

LB: 0.30 Hz
First Point : 0.50
FT: Hyper Quadrature

8.0

1045
1216
9.44=

T T T T T
55 50 45 40
1 (ppm)
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—177.57

—169.92

— 15249
— 149.03
— 141.59
13743
122.07
120.50
— 11801
— 11343
11126

j
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_~84.93
— 82.19

X

77.26
76.74

— 67.64

—52.01

—44.84

28.13
27.49
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T22:48:57
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 512

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 296.2 C

CHANNEL £ 1

NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
1 DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

7.557

180

7.553
—1.327
—17.192
— 6.967

160

—6.724

T T T T
150 140 130 120 110

— 6.462
6.103
6.094
6.084
4.879
4.871

{

T
100

90
£1 (ppm)

—3.814

3.500

2912

2.850
2.831

T T T T PhO: -63.84

40 30 20 10 0 Phl: 54.58

1.663
1.147

t-BuOOC

|
N
N "o
Boc

31

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-08T20:35:15
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 295.6 C

CHANNEL £ 1

NUC1: 1H
Pl: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters

w SI: 65536
N i LN J DC: 0.05

LB: 0.30 Hz
First Point : 0.50

9.11=
9.06T

FT: Hyper Quadrature

S47

T T T T Phase : Manual

15 1.0 0.5 0.0 PhO: 91.82

Phl: 10.87
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Current Data Parameters
F2 - Acquisition Parameters

DATE : 2014-04-08T21:05:41
PULPROG : zgpg 30

TD: 32768
Solvent : CDC13
NS: 512

DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 296.1 C

CHANNEL £ 1
NUC1: 13cC
P1: 9.63 usec
SFO1: undefined MHz
F2 - Processing Parameters
| l L SI: 65536
L " " “kl 4 DC: 0.05
A W L i VN W LB: 1.00 Hz

First Point : 0.50

Il

FT: Hyper Quadrature
Phase : Manual

T T T T T T T T T T T PhO: -62.96

100 90 80 70 60 50 40 30 20 10 0 Phl: 60.10

T T
190 180 170

160 150 140 130 120 110
£1 (ppm)
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NC
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Boc

Current Data Parameters

3m

F2 - Acquisition Parameters
DATE: 2014-04-11T18:33:35
PULPROG : zg30

TD: 32768
Solvent : CDCL3
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 296.6 C

NUC1: 1H
P1: 9.93
SFO1: undefined MHz

F2 - Processing Parameters
A P S Y DC: 0.05
)
=
T
5

LB: 0.30 Hz
? T J I m First Point : 0.50
3 5 o
= = 8

FT: Hyper Quadrature

2.0
1.0:
1.0:

1002
Ll?g
1.991
1013
0.92-]

1 102

T T T T T T T T T T Phase : Manual

35 30 25 20 15 10 05 0.0 PhO: 88.43

Phl: 16.88

80 75 7.0 65 60 5. 45 4.0
1 (ppm)
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-15T14:18:46
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 296.7 C

CHANNEL £ 1

NUC1: 1H
P1l: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 0.30 Hz
First Point : 0.50
FT: Hyper Quadrature

T T T T T Phase : Manual

20 15 1.0 05 0.0 %70

Phl: 20.57

0 65 60 55 50 45 40 35 30 2

176.16
— 14930
13930
— 13671
12271
9.
11857
112.66
11113
77.43
76.79
29.12
28.17
—22.93
- 20.40

/ 12897
— 124.45

%
\

—57.28
— 51.68

Y

MeOC /
N

N "o
Boc 4n

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-15T01:47:28
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 256

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 297 C

SI: 65536
| DC: 0.05

CHANNEL £ 1
NUC1: 13C
P1: 9.63 usec
SFO1: undefined MHz
F2 - Processing Parameters
"

LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

T T T T T T T T T T PhO: -66.80

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2 10 0 10 Phl: 68.62
£1 (ppm)
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2014-04-15T13:59:20
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223.7 Hz

BQ: undefined

TE: 296.7 C

CHANNEL £ 1

NUC1: 1H
P1l: 9.93 usec

SFO1: undefined MHz
F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 0.30 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: 88.53

Phl: 19.20
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T T T T T T T T T T T T T T T
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1 (ppm)
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210 200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 -10
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Current Data Parameters
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F2 - Acquisition Parameters
DATE: 2014-04-15T02:06:58

PULPROG : zgpg 30
TD: 32768
Solvent : CDC13
NS: 256

DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 296.9 C

CHANNEL £ 1

NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: -60.75

Phl: 55.64
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101
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|
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Boc

Current Data Parameters
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F2 - Acquisition Parameters
DATE: 2013-07-30T19:17:43
PULPROG : zg30

TD: 32768
Solvent : CDC13
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 299.1 C

CHANNEL £ 1
NUC1: 1H
P1l: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
LB: 0.30 Hz

First Point : 0.50
FT: Hyper Quadrature

11

107

4 1057
S
9.173

1.2
2.8

Phase : Manual

PhO: 84.17
35 3.0 25 2.0 15 1.0 0.5 0.0 pn1: 10,00

MeO

200.60
176.06
— 14846
12841
12822
126.62
12572
124.87
122.68
119.63
11866
11482
113.79
11109
— 8454
77.43
77.11
76.79
_-52.53
5126
27.99
—23.70
~19.93

%

N
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Boc

Current Data Parameters

4q

F2 - Acquisition Parameters
DATE: 2014-04-15T02:06:58
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 256

DS: undefined

SWH: 24038 .
AQ: undefined
TE: 296.9 C

Hz

CHANNEL £ 1 ==

NUC1: 13C

P1l: 9.63 usec

SFO1: undefined MHz

F2 - Processing Parameters
|

SI: 65536
| l DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

T T T T T T T T T PhO: -60.75
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10 Phl: 55.64
f1 (ppm)
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1.001
7.557
7.540
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1.00x
2955
0.92%

7135

—7.063

=

6.835

6.828

6.806
6.799

|

4.481
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/
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—3.808

3.169
3.136

0981 =

1.0
1.0

— 1.504
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Current Data Parameters
F2 - Acquisition Parameters

DATE: 2014-04-15T14:14:55
PULPROG : 2930

TD: 32768
Solvent : CDCL3
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 296.7 C

CHANNEL f 1
NUC1: 1H
P1: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters

SI: 65536
DC: 0.05

LB: 0.30 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

200.60

i

176.06

— 148.46

128.41

A

\

— 8454

3.0

77.43

Y

76.79

N | 098]
0.99-1

o

20

5.
51.26

\/

27.99
—23.70
—19.93

0.0 _6_5 PhO: 86.40

Phl: 20.30

MeO
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Current Data Parameters

4q

F2 - Acquisition Parameters
DATE : 2014-04-15T02:06:58
PULPROG : zgpg 30

TD: 32768

Solvent : CDCL3

NS: 256

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 296.9 C

CHANNEL f 1
NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
l DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

T
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T
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T
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T
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T
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T
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T
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T
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T
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120 110

T
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£1 (ppm)
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F2 - Acquisition Parameters
DATE: 2013-07-30T2
PULPROG : zg30

TD: 32768
Solvent : CDC13
NS: 32
’ﬁ_____mm;\__mm DS: undefined
r SWH: 8223.7 Hz
< ] 2= AQ: undefined
T T T T T TE: 299 C
4.5 4.0 3.5 3.0 2.5
1 (ppm) CHANNEL £ 1
NUCL: 1H

P1l: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 0.30 Kz

FT: Hyper Quadrature
Phase : Manual

2,001
510

T 2.001

11024 =
1.041

4 1.03

PhO: 84.68
5 2.0 1.5 1.0 0.5 0.0 phi: 20.31

1.00~
= | 3.00

First Point : 0.50
"gl"g‘ g irst Poin 0.5
- - ES
T
2.

n
2
>
o
n
o
s
o

.5 5.0 4.

n
w
g
>

38

199.02
—176.06
- 166.81
~164.27
148
125.79
119.70
11867
11564
11542
71.37
77.05
76.73

—27.93
—23.60
—19.86
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Current Data Parameters

4r

F2 - Acquisition Parameters
DATE: 2013-07-30T22:31:
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 299.3 C

SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
Mbsaath i n DC: 0.05

CHANNEL £ 1
NUCl: 13C
‘ Pl: 9.63 usec

LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

R e e L e B L o e T e L LS B B e A PhO. 7303
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 Ph1: 7315
f1 (ppm)
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Current Data Parameters
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F2 - Acquisition Parameters
DATE : 2013-07-30T18:13:54
PULPROG : 2930

TD: 32768
Solvent : CDCL3
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 299.1 C

CHANNEL f 1
NUC1: 1H
P1: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

DC: 0.05

LB: 0.30 Hz

First Point : 0.50
FT: Hyper Quadr.
Phase : Manual
PhO: 84.02
Phl: 19.42

re

N
H

\
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Boc 4s

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-07-30T1
PULPROG : zgpg 30
TD: 32768

Solvent : CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz
AQ: undefined

TE: 299.4 C

CHANNEL £ 1
NUC1: 13C
P1l: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: -61.67

Phl: 54.51
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Current Data Parameters

6.776

~ oeon == R
¢ 883 I h SEE33
E S8 ¢ $ [CRCRv RV F2 - Acquisition Parameters
NN/ N W DATE: 2013-09-02T13:18:36
PULPROG : 2930
< =] -

- - i TD: 32768
T T T Solvent : CDCL3
35 3.0 25 NS: 16
f1 (ppm) DS: undefined

SWH: 8223.7 Hz
AQ: undefined
TE: 298.5 C

. . . . . . . CHANNEL f 1

68 67 66 65 64 63 62 6.1 NUC1: 1H

07
1.04=
bX5
3.1E
1.06L
1.99%

1.
1.

f1 (ppm) P1: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
e bc: 0.05
1B: 0.30 Kz
T I First Point : 0.50
- 3 FT: Hyper Quadrature
h @ Phase : Manual

9 1.00%
1.00=
1021 >

00
071

PhO: 80.64
Phl: 13.42

176.48
—151.98
—147.30
— 136.62
Vs 127.25
12495
11396
113.62
11028
82.75
76.00
75.68
—64.79
—54.36
—47.14
2991
~26.90

X

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-02T14:18:16
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 298.6 C

CHANNEL £ 1
NUC1: 13C

P1: 9.63 usec
SFO1: undefined MHz
' F2 - Processing Parameters

: 6553
" L SI: 65536

DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature

T T T T T T T T T T T T Phase : Manual
200 180 160 140 120 100 80 60 40 20 0 -10 e
1 (ppm) P
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F2 - Acquisition Parameters

DATE: 2013-09-04T13:17:41
PULPROG : 2930

TD: 32768
Solvent : CDCL3
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 298.2 C

CHANNEL f 1
NUC1: 1H
P1: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 0.30 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: 83.48

Phl: 16.74

H
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Boc

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-04T14:17:21
PULPROG : zgpg 30

TD: 32768
Solvent : CDC13
NS: 1024

DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 298.6 C

CHANNEL £ 1
NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 1.00 Hz
First Point :
FT: Hyper Quadr.
Phase : Manual
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-02T14:22:43
PULPROG : 230

TD: 3 8
M Solvent : CDC13

—6.535
~6.516
6.145
6.136
6.127
6.118

/
X

> - NS: 16
T < T T = DS: undefined
4.0 35 3.0 SWH: 8223.7 Hz
j&ﬂ% jﬁt f1 (ppm) AQ: undefined
S S TE: 298.4 C
= T T T T = T T
6.5 6.4 6.3 6. 6.1 6.0 CHANNEL £ 1
f1 (ppm) NUC1: 1

P1l: 9.93 usec

SFO1: undefined MHz

F2 - Processing Parameters

SI: 65536
A DC: 0.05
LB: 0.30 Hz
T I‘ First Point : 0.50
- a
« e

FT: Hyper Quadrature

S

1312
E=
o
f
1.00=
1041 >
0.981
1.051

Phase : Manual

PhO: 79.34
7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 05 0.0 phi. 16.7
f1 (ppm)

176.43
16228
Z159.84
—151.95
—147.20
128.66
127.39
712501
12342
— 11852
113.67
11346
110.30
83.00
76.0T
75.69
—64.73
— 5436
—46.31
—30.04
.09
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-02T15:22:23
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 298.9 C

CHANNEL £ 1
NUC1: 13C
‘ P1l: 9.63 usec
" " . -

SFO1: undefined MHz

F2 - Processing Parameters
N { SI: 65536

DC: 0.05
LB: 1.00 Hz
First Point : 0.50

I

FT: Hyper Quadrature

T T T T r r Phase : Manual
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Current Data Parameters
oM TW 2 2 ®RR )
& XL a2 X xn a3 5
n g g4 9 oL o wwewn = 2 - Acquisiti P £
F R B & Sé ddd G F cquisition Parameters
‘ ‘ ‘ ‘ \ ‘ \‘ \‘ ‘*’V DATE: 2013-09-04T13:17:41
S e S = X
2= N = PULPROG : 2g30
T T T T T TD: 32768
4.0 35 3.0 25 2.0 Solvent : CDCL3
f1 (ppm) NS: 16
DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 298.2 C
2= <= 9 2 = S< < <=
== s = 25 b2 & = chmwEL £1
NUC1: 1H
76 74 72 70 68 66 64 62 60 e
1 (ppm) : 9.93 usec
(ppm) SFO1: undefined MHz
F2 - Processing Parameters
SI: 65536
bc: 0.05

LB: 0.30 Hz
First Point : 0.50

1.01=
1.291

1.02-

FT: Hyper Quadrature
Phase : Manual

PhO: 83.48
.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 pn1. 1674
1l

1 (ppm)
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4
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o 1
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= 3.061
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1.03-1
0.99-1
1.05
3101
9.041

176.33
—151.94
—147.14
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126.90
7 125.00
12345
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1371
11357
11031
83.08
76.01
75.69
— 64.67
— 5424
—46.48
_-29.83
~26.88
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-02T16:26:16
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 299 C

CHANNEL £ 1
NUC1: 13C
P1: 9.63 usec
SFO1: undefined MHz
F2 - Processing Parameters
I SI: 65536

DC: 0.05
LB: 1.00 Hz
First Point : 0.50

FT: Hyper Quadrature
T T T T r r Phase : Manual

200 180 160 140 120 100 80 60 40 20 o -10 oIS
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-04T12:13:49
PULPROG : 2930

TD: 32768
Solvent :
NS: 16
DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 298.2 C

cpel3

CHANNEL £ 1
NUC1: 1H
P1: 9.93 usec
SFO1: undefined Mz
F2 - Processing Parameters
65536
DC: 0.05
0.30 Hz
First Point
FT:
Phase : Manual
PhO: 83.37
Phl: 18.40

0.50
Hyper Quadrature

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-04T13:13:29
PULPROG : zgpg 30

TD: 32768
Solvent :
NS: 1024
DS: undefined
SWH: 24038.5
aQ:
TE:

cpel3

Hz
undefined
298.6 C

CHANNEL £ 1
NUC1: 13C
Pl: 9.63
SFO1: undefined MHz

usec

- Processing Parameters
65536
0.05
1.00 Hz

First Point :

FT:

Phase :

PhO: -75.16

Phl: 71.56

0.50
Hyper Quadrature

Manual
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-11-20T17:43:58
PULPROG : 2930

TD: 32768

Solvent : CDC13

NS: 16

DS: undefined

SWH: 8223
BQ: undefined
TE: 295.2 C

Hz

CHANNEL £ 1
NUC1: 1H
P1: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
L pc: 0.05

1B: 0.30 Hz
T T T‘ First Point : 0.50
S a - =3 FT: Hyper Quadr.
® - - Phase: Manual

re

111
1.2
4.9.

PhO: 88.38
15 1.0 0.5 0.0 Phl: 19.70

1.00-]
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g
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T
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b
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-11-20T18:14:25
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 512

DS: undefined

SWH: 24038 .5 Hz

AQ: undefined

TE: 295.6 C

1

CHANNEL £ 1
NUC1: 13C
P1: 9.63 usec
SFO1: undefined MHz
‘ F2 - Processing Parameters
" " "

SI: 65536
;“mwln Wi oc: 005

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0
f1 (ppm)

PhO: -66.78
Phl: 59.62
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Current Data Parameters
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F2 - Acquisition Parameters
DATE: 2013-11-20T18:19:05
PULPROG : 230

TD: 32768
Solvent :
NS: 16
DS: undefined
SWH: 8223.7
BQ: undefined
TE: 295.2 C

cpel3

Hz

CHANNEL £ 1

NUC1: 1H
P1l: 9.93
SFO1: undefined MHz

usec

F2 - Processing Parameters

65536

LB: 0.30 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase :
PhO: 89.97
Phl: 19.19

Manual

H
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-11-20T18:49:30
PULPROG : zgpg 30

TD: 32768
Solvent :
NS: 512

DS: undefined
SWH: 24038.5
AQ: undefined
TE: 295.6 C

cDpe1 3

Hz

CHANNEL f 1
NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

- Processing Parameters
65536
0.05
1.00 Hz

First Point :

Phl: 57.83
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Current Data Parameters
F2 - Acquisition Parameters

DATE: 2013-08-29T22:02:05
PULPROG : 2930

TD: 32768
Solvent : CDC13
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 299.2 C

CHANNEL f 1

NUC1: 1H
P1l: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 0.30 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: 87.06

Phl: 10.21

Cl

t-BuOOC

N
N o

Boc 3db

Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-08-29T22:17:40
PULPROG : zgpg 30

TD: 32768
Solvent : CDC13
NS: 256

DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 299.5 C

CHANNEL f 1
NUC1: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: -73.36

Phl: 70.50
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Current Data Parameters

F2 - Acquisition Parameters

S63

jif S DATE: 2013-07-16T18:11:57
2 =3 S25E# e B2, — ; ; — ; PULPROG : 2930
mem 88 888538 as =28 ™: 32768
Ll N e e Cw\wv42 40 38 36 34 32 3.0 28 26 .
N | N d——" N] ~— 11 (ppm) Solvent : CDC13
NS: 16
DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 298.6 C
CHANNEL £ 1
S e e = & S NUCL: 1
" T T — = P1: 9.93 usec
74 72 70 68 66 64 62 6.0 SFO1: undefined MHz
f1 (ppm)
F2 - Processing Parameters
SI: 65536
| ”‘M ‘ \ A \ u A DC: 0.05
LB: 0.30 Hz
; g‘h{‘x’% I ; T : m ’;l"r i Jf‘ First Point : 0.50
= === = = X = == = = FT: Hyper Quadrature
- —-— = S - - S o~ \nkal a a Phase: Manual
T T T T T T T T T T T T T T T T T T T PhO: 76.63
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 Rl o1 o1
f1 (ppm)
R 58 5938 8533 oo = o + ¢ © %o
N - =g w2 w2 S =@ =2
= =2 L3 2228 === I 8 a3 &R S
[ N SN = SET [ I~
Br
t-BuOOC
\OH
N
Boc 3dc
Current Data Parameters
F2 - Acquisition Parameters
DATE: 2013-07-17T1. 9:36
PULPROG : zgpg 30
™: 32768
Solvent : CDC13
NS: 256
DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 299.1 C
CHANNEL £ 1
NUC1: 13C
P1: 9.63 usec
SFO1: undefined MHz
F2 - Processing Parameters
L
pC: 0.05
LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual
T T T T T T T T T T T T T T T T T T T T T T T PhO: -82.09
210 200 190 180 170 160 150 140 130 120 lll)f1 (100 )90 8 70 60 50 40 30 20 10 0 -10 Phl: 77.52
ppm)
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Current Data Parameters
DAL = ANDA M NND N D - 4
X TN S = = N -
R R R R R R i 4 =SS S F2 - Acquisition Parameters
[l e - - R e e e
DATE: 2013-09-02T12:14:47
= N NN ~ jﬁ PULPROG : 7530
=N = = TD: 32768
e“ . . - . ._" . . Solvent : CDCL3
NS: 16
3.8 3.6 3.4rI (pp3r|"|2) 3.0 2.8 .6 pS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 298.4 C
EL) S ) N
= o < = -
T T T T T T T T T CHANNEL £ 1
74 72 70 68 66 64 62 60 58 NUC1: 1H
1 (ppm) Pl: 9.93 usec
SFO1: undefined MHz
F2 - Processing Parameters
SI: 65536
[ M A k bC: 0.05
1B: 0.30 Hz
IoLLrriog 1 T T 1org
S Ss  3 5 2 S & S s s a3 FT: Hyper Quadrature
= IR =i - S - = RS

Phase : Manual
T T T T T T T T T PhO: 78.26
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-02T13:14:27
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

AQ: undefined

TE: 298.7 C

CHANNEL £ 1
NUC1: 13C
P1: 9.63 usec
SFO1: undefined MHz
F2 - Processing Parameters
o) SI: 65536
j fwl DC: 0.05

LB: 1.00 Hz
First Point : 0.50

FT: Hyper Quadrature
T T T T T T T T T T T Phase : @an}a]
200 180 160 140 120 100 80 60 40 20 0 ROz -72.91
f1 (ppm) Phl: 65.45
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-09-02T11:10:51
PULPROG : 2930

TD: 32768
Solvent : CDCL3
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 298.2 C

CHANNEL f 1
NUC1: 1H
P1: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

DC: 0.05

LB: 0.30 Hz

First Point : 0.50
FT: Hyper Quadr.
Phase : Manual
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Current Data Parameters

F2 - Acquisition Parameters
DATE : 2013-09-02T12:10:
PULPROG : zgpg 30

TD: 32768
Solvent : CDC13
NS: 1024

DS: undefined
SWH: 24038.5 Ez
AQ: undefined
TE: 298.8 C

CHANNEL £ 1
NUC1: 13C
P1l: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536
n [\ DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

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

f1 (ppm)

T T T PhO: -71.37

20 10 0 -10 Phl: 61.11
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F2 - Acquisition Parameters
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F2 - Acquisition Parameters
DATE: 2013-10-17T04:05:09
PULPROG : 2gpg 30

TD: 32768
Solvent : CDCL3
NS: 1024

DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 298.1 C

CHANNEL £ 1
NUCl: 13C
Pl: 9.63 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

DC: 0.05

LB: 1.00 Hz

First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

PhO: -67.50

Phl: 58.05

t-BuOOC
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N
N o 7b
Current Da\ta Parameters
F2 - Acquisition Parameters

DATE: 2013-10-17T04:09:10
PULPROG : zg30

TD: 32768
Solvent : CDC13
NS: 16

DS: undefined
SWH: 8223.7 Ez
AQ: undefined
TE: 297.6 C

CHANNEL £ 1
NUC1: 1H
P1l: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters
SI: 65536

DC: 0.05

LB: 0.30 Hz

First Point : 0.50

FT: Hyper Quadrature
Phase : Manual

PhO: 84.02

Phl: 12.77
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-10-17T05:08:50
PULPROG :
TD: 32768
Solvent :
NS: 1024
DS: undefined
SWH: 24038.5 Hz
AQ: undefined
TE: 297.9 C

zgpg 30

cpel3

CHANNEL £ 1
13C

9.63 usec

SFO1: undefined MHz

NUC1:
P1:

- Processing Parameters
65536
0.05
1.00 Hz
First Point :
FT:

0.50
Hyper Quadrature
Phase :
PhO:

Manual
-59.36

t-BuOOC

N
N ©
COOEt

Current Data Parameters

7c

F2 - Acquisition Parameters
DATE: 2013-10-17T05:12:25
PULPROG : zg30

TD: 32768
Solvent :
NS: 16
DS: undefined
SWH: 8223.7
AQ: undefined
TE: 297.7 C

cpel3

Hz

SFO1:

undefined MHz

F2
SI:

- Processing Parameters
65536

DC: 0.05

LB: 0.30 Hz

First Point : 0.50

FT: Hyper Quadrature
Phase :
PhO:

Manual
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Current Data Parameters

7c

F2 - Acquisition Parameters
DATE: 2013-10-17T06:12:05
PULPROG : zgpg 30

TD: 32768

Solvent : CDC13

NS: 1024

DS: undefined

SWH: 24038.5 Hz

BQ: undefined

TE: 297.8 C

SI: 65536
! v Ja DC: 0.05

CHANNEL £ 1
NUC1: 13C
P1: 9.63 usec
SFO1: undefined MHz
F2 - Processing Parameters

LB: 1.00 Hz
First Point : 0.50
FT: Hyper Quadrature
Phase : Manual

T T T T T T T
PhO: -66.53

210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 0 -10 S
f1 (ppm) o
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Current Data Parameters

F2 - Acquisition Parameters
DATE: 2013-11-25T16:50:57
PULPROG : zg30

TD: 32768
Solvent : CDCL3
NS: 16

DS: undefined
SWH: 8223.7 Hz
AQ: undefined
TE: 296.3 C

CHANNEL £ 1
NUC1: 1H
P1: 9.93 usec
SFO1: undefined MHz

F2 - Processing Parameters

SI: 65536
L//\‘/ pc: 0.05

LB: 0.30 Hz

Z = ;r‘ Z‘ Z ’I‘ ’;r‘ T ’I‘ 1 ; First Point : 0.50
= maan 2 8 8 S = 4 2 = = FT: Hyper Quadrat
- P R R R e e R - - e 9‘ @ Phase : Manual

T T T T T T T T T T T T T T T T T PhO: 86.67
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4.0
f1 (ppm)
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