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1. General Methods

NMR data were obtained for 'H at 300 MHz or 400 MHz and for *C at 75 MHz or 100 MHz.
Chemical shifts were reported in ppm from tetramethylsilane with the solvent resonance as the internal
standard in CDCl; or DMSO-dg solution. ESI HRMS was recorded on a Waters SYNAPT G, and Water
XEVO G; Q-ToF. UV detection was monitored at 220 nm. TLC was performed on glass-backed silica plates.
Column chromatography was performed on silica gel (200-300 mesh), eluting with ethyl acetate and
petroleum ether. All 2-aryl-3H-indol-3-ones 1 were synthesized as the experimental operation descripted by
Ke-Qing Ling' from the corresponding 2-aryl-indoles C. 2-Phenyl-indole was purchased from aladdin™
while other substituted 2-aryl-indoles were prepared from three different methods (A, B, C) according to the

literature procedures.” Alkynes 2b-2d,* 2i,* 2j-2k’ and 2I° were obtained on the basis of previous reports.

2. Synthesis and Characterization of 2-Aryl-3H-indol-3-ones
2.1. General procedure for the preparation of 2-aryl-indoles C (the corresponding precursors for the

synthesis of 2-aryl-3H-indol-3-ones).

4 B(OH), Pd(OAc), N __

5 X O, (1 atm) Al A\
OIS N, 2 e TR,
6 PN | SR AcOH, rt N R

7 H Z 40% — 82%

A B c
C1:R'=H,R?=p-Me; C7:R'=H, R2= m-Cl; C13: R! = 4-OMe, R?= H;
C2:R'=H,R?=p-CF3; C8: R'=H, R2= m-Br; C14:R'=5-Br, R?=H;
C3:R'=H,R?=p-F;  €9:R'=H, R?=2,4-2Me; C15:R'=5-Cl, R?= H;
C4:R'=H,R?=p-Br; €10:R'=H, R2= 34 5-3F: C16:R'=5-0Me, R?= H;

C5:R'=H,R?=pCl;, C11:R'=H, R2=3-F4-OMe; C17:R'=6-OMe, R?= H;
C6:R'=H,R2=m-Me; C12:R'=H, R?= 1-naphthalene;

General Procedure of Method A: Indole (Al, R'=H) (351 mg, 3.0 mmol, 1.0 equiv), phenyl boronic acid
(B5, R*= p-Cl) (608 mg, 3.9 mmol, 1.3 equiv) and Pd(OAc), (67.4 mg, 0.3 mmol, 0.1 equiv) were added to
a Schlenck flask. AcOH (30 mL) was added by syringe and resulting solution was degassed twice and
refilled with O, (1 atm) The reaction mixture was stirred for 8 h at room temperature. AcOH was recovered
by distillation under reduced pressure, and the residue was dissolved in CH,Cl, (150 mL), washed with
aqueous NaHCO3 (2x60 mL). The organic layer was dried over Na,SO4. After removal of the solvent, the
product C5 was purified by flash chromatography on silica gel eluting with ethyl acetate and petroleum

ether (1:20) to afford 2-(4-chlorophenyl)-1H-indole as a white solid (498 mg, 73%).

Pd(OAc),, Ag,0 N — C18:R'=H, R2=m-CN;
0NO,CeHuCOOH _ s M C19.R' = H R2= m-COMe:
N N R?| c20: R1=6-Cl, R2 = H;
c

/

DMF, 50 °C
20% —70% C21:R'=7-Me, R = H;



General Procedure of Method B: Pd(OAc), (11.2 mg, 5 mol %), Ag,O (174 mg, 0.75 mmol),
2-nitrobenzoic acid (251 mg, 1.5 mmol), 7-methyl-indole (A7, R' = 7-methyl, 131 mg, 1.0 mmol) and
iodobenzene (B16,R*= H, 406 mg, 2.0 mmol) in dry DMF (0.5 M) were stirred at room temperature for 15
h. The reaction mixture was filtered through a plug of silica gel and then evaporated to dryness under

reduced pressure. The crude product was purified by column chromatography (ethyl acetate: petroleum ether

= 1:30) to afford 7-methyl-2-phenyl-1H-indole C21 as a white solid (245 mg, 70%).

NH> B(OH)2 Pd(0Ac), 1 mol %

X Br . N S-Phos 2 mol % A\ \_ ) C22:R2= p-OMe, 70%);
I X2 . R2 = .
I8 | ~ R KPOy, N R2 | €23: R? = o-Et, 56%;
PhMe, 90 °C
A' B Cc

General Procedure of Method C: A 10-mL round-bottomed flask was charged with A’ (554 mg, 1 mmol),
2-ethylbenzeneboronic acid B18 (450 mg, 1.5 mmol), and powdered K;PO43H,0 (2.66 g, 5 mmol). The
reaction mixture was purged with argon for at least 10 mins. A separate 10-mL round-bottomed flask was
charged with Pd(OAc), (9.2 mg, 2 mol %) and S-phos (32.8 mg, 4 mol %), then the flask was purged with
argon for 10 mins. Toluene (5 mL) was added to the catalyst flask, and the mixture was stirred at room
temperature for 3 mins. The homogeneous catalyst solution was cannulated to the reactant flask, and the
heterogeneous mixture was stirred at room temperature for 2 mins and heated to 90 °C for another 6 hours.
Then the mixture was cooled to room temperature and diluted with Et,O (15 mL). After aqueous workup,
the product was purified by flash chromatography (ethyl acetate: petroleum ether = 1:30) to afford

2-(3-methoxyphenyl)-1H-indole C23 as a white crystalline solid (135 mg, 56%).

2.2. General Procedure for Preparation of 2-Aryl-3H-indol-3-ones.

(6] (o]
= H \ 7R2 MeOH, Py L A~N Ar | -MeOH > N/ \ ’<R2
H
C D 1

Typical Procedure: Irradiation of a methanol solution (250 mL) of 2-aryl-indoles (C, 5 mmol) in the
presence of methylene blue (MB, 0.5 mmol) and pyridine (4 mL) was carried out with a tungsten halogen
lamp in a typical immersion apparatus through a cutoff filter solution (1% aqueous of K,Cr,O) at ambient
temperature under oxygen bubbling. After complete disappearance of the 2-aryl-indoles C, the reaction
mixture was concentrated. Then the residuum was diluted with ether and washed with water. The ether layer
was dried over Na,SQy, evaporated to dryness and heated at 100 °C under reduced pressure for 30 mins to

afford a red solid which was chromatographed over silica gel column elution with ethyl acetate:petroleum to



give the 2-aryl-3H-indol-3-ones 1. The Spectral data of representative 2-aryl-3H-indol-3-ones 1 are given.

o) 2-(4-chlorophenyl)-3H-indol-3-one. Red solid; m.p. 162-164 °C; '"H NMR (400 MHz,
C' CDCls): & 8.37 (s, 1H), 8.28 (d, J = 8.0 Hz, 1H), 7.57-7.40 (m, 5H), 7.30-7.26 (m, 1H)

o Et 2-(2-ethylphenyl)-3H-indol-3-one. Red oil; '"H NMR (400 MHz, CDCL): & 7.71 (d, J =

N W, 8.0 Hz, 1H), 7.58-7.54 (m, 2H), 7.45-7.26 (m, SH), 2.99 (q, J = 15.2 Hz, 2H), 1.26 (t, J =

Ne)

.6 Hz, 3H) ppm.

o F 2-(3-fluoro-4-methoxyphenyl)-3H-indol-3-one. Deep red solid; m.p. 171-173 °C; 'H

OMe NMR (400 MHz, CDCl): & 8.25 (d, J = 8.4 Hz, 1H), 8.17 (dd, J = 12.4 Hz, 1.6 Hz,
1H), 7.55-7.52 (m, 2H), 7.38 (d, J = 7.3 Hz, 1H), 7.24 (m, 1H), 7.05 (t, J = 8.6 Hz, 1H), 3.99 (s, 3H) ppm.

o F 2-(3,4,5-trifluorophenyl)-3H-indol-3-one. Red solid; m.p. 146-147°C ; "H NMR (400

F MHz, CDCl3): § 8.10 (t, J = 7.6 Hz, 2H), 7.57 (m, J = 7.6 Hz, 2H), 7.41 (d, J = 7.6 Hz,

F
1H), 7.30 (t, J = 7.6 Hz, 1H) ppm.

o) 2-(naphthalen-1-yl)-3H-indol-3-one. Deep red solid; m.p. 78-79°C; 'H NMR (400 MHz,

/ O CDCl3): 6 9.08 (d, J = 8.8 Hz, 1H), 8.19 (d, J = 7.2 Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.89

N
(d, J= 8.4 Hz, 1H), 7.65-7.50 (m, 7H) ppm.

5-methoxy-2-phenyl-3H-indol-3-one. Red solid; m.p. 128-129 °C; 'H NMR (400

MeO P
MHz, CDCls): & 8.32 (d, J = 8.4 Hz, 2H), 754-7.45 (m, 3H), 7.32 (d, J = 8.4 Hz, 1H),

7.12 (d, J = 2.4 Hz, 1H), 6.99 (dd, J = 8.0 Hz, 2.4 Hz, 1H), 3.85 (s, 3H) ppm.
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3. Figure S1: Natural Products with Spiro indolin-3-ones Structural Unit.
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4. The Study of [RhCp*Cl;], in the Tandem C-H Activation-Grignard-Like Addition Reactions

4.1. Table S1: Optimization of the reaction conditions for synthesis of 3aa under the catalyst of

[Rth*Clz]z.
(0]
Ph [RhCp*Cly]
O e "
N Ph additive, solvent, 80 °C
1a 2a

Screening of additives®

Entry Additive Solvent Time Yield (%)
1 AgSbFg DCE 8h 48

2 AgBF, DCE 8h 23

3 Ag,CO; DCE 8h 7

4 AgCO,CF; DCE 8h 12

5 AgNO; DCE 8h 29

6 Ag,0O DCE 8h trace

7 Cu(OAc), DCE 4h 4333’
8 Cu(acac), DCE 7h trace

9 Cu(OTH), DCE 7h -

10 Cul DCE 7h -

11 CuCl DCE 7h trace
12 Cu(OAc),+ AgSbFs DCE 4h 36"

& General procedure: 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol % [RhCp*Cl,],, additive (AgX 20 mol % or CuX 100 mol %),



2.0 mL of solvent, Ar atmosphere. Yields are reported for the isolated products. ®20 mol % of Cu(OAc), was added.

Screening of solvents®

Entry Additive Solvent Time Yield (%)
1 AgSbFs  DCM 8h 29

2 AgSbFs CHCI, 8h mess
3 AgSbFs  THF 8h 19

4 AgSbFs  EtOH 8h -

5 AgSbFs  Toluene 8h 19

6 AgSbFs DMF 4h -

7 AgSbFs,  DMSO 7h trace
8 AgSbFs  dioxane 7h -

9 AgSbFs MeCN 7h 43
10 AgSbFs  AcOH 4h 18

& General procedure: 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol % [RhCp*Cl,],, 20 mol % of AgSbFg, 2.0 mL of solvent, Ar

atmosphere. Yields are reported for the isolated products.

Screening of acids®

Entry Additive Acid Solvent Time Yield (%)
1 AgSbFs AcOH DCE 4h 60

2 AgSbFs  PivOH DCE 4h 44

3 AgSbFs CF;CO,H DCE 6h 17

4 AgSbFs CF;CH,OH DCE 6h 44

5 AgSbFs  t-AmOH DCE 6h 5

6 AgSbFs  LiOAc DCE 4h 12

& General procedure: 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol % [RhCp*Cl,],, 20 mol % of AgSbFe, 0.1 mmol of acid, 2.0

mL of solvent, Ar atmosphere. Yields are reported for the isolated products.

Screening of co-solvents®

Entry Additive Acid Co-solvent Time Yield (%)
1 AgSbFs AcOH MeCN 18h 68
2 AgSbFs AcOH DCE/MeCN=1/1 6h 68
3 AgSbFs  AcOH DCE/MeCN =2/1 6h 49



4 AgSbFs  AcOH DCE/MeCN=1/2 6h 55

5 AgSbFs - DCE/MeCN/AcOH=1/1/1 6h 57

#General procedure: 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol % [RhCp*Cl,],, 20 mol % of AgSbFe, 0.1 mmol of acetic acid
or acetic acid was used as co-solvent, 2.0 mL of co-solvent mixture, Ar atmosphere. Yields are reported for the isolated
products.

Screening of base®

Entry Additive Co-solvent (1/1) Base Time Yield (%)

1 AgSbFs  DCE/MeCN Cs,CO;  28h  mess
2 AgSbFs  DCE/MeCN CsOAc 28h 26

3 AgSbFs  DCE/MeCN KOH 28 h  mess
4 AgSbFs  DCE/MeCN NaHCO; 28h 16

5 AgSbFs  DCE/MeCN DABCO 28h -

6 AgSbFs DCE/MeCN TEA 28 h  mess

& General procedure: 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol % [RhCp*Cl,],, 20 mol % of AgSbFs, 0.1 mmol of base, 2.0
mL of co-solvent mixture, Ar atmosphere. Yields are reported for the isolated products.

Screening of the ratio of 1a/2a®

Entry Additive Co-solvent (1/1) Acid la/2a Time Yield (%)

1 AgSbFs  DCE/MeCN AcOH 172 6h 68
2 AgSbFs  DCE/MeCN AcOH 1/1.5 7h 64
3 AgSbFs  DCE/MeCN AcOH 1/12 7h 56
4 AgSbFs;  DCE/MeCN AcOH 12/1 7h 78
5 AgSbFs DCE/MeCN AcOH 15/1 6h 82

6 AgSbFs  DCE/MeCN AcOH 2/1 6h 82

& General procedure: 5 mol % [RhCp*Cl,],, 20 mol % of AgSbFe, 1.0 equiv of acid, 2.0 mL of co-solvent mixture, Ar

atmosphere. Yields are reported for the isolated products.

4.2. Table S2: [RhCp*Cl,]; catalyzed [3+2] annulation with 2-aryl-3H-indol-3-ones 1 and alkynes 2. 2



[RhCp*Cl,],, AcOH

(0]
Ph
CoO + r
L, L
1a 2a

DCE/MeCN, 80 °C, Ar

3aa, R=Ph, 6 h, 82%

3ac, R = p-MePh, 6 h, 73%
3ad, R = p-CIPh, 6 h, 62%
3ae, R =n-Bu, 6 h, 57%
3af, R = COOMe, 6 h, 92%

N
H

i)

MR 3ca, R=p-Me, 7 h, 45%

3ea, R=p-F, 7 h, 20%
3fa, R = p-Cl, 8 h, 66%
3ia, R=m-Me, 7 h, 47%

-
Ph  3ja. R=m-Cl, 7 h, 65%

Ph

# General procedure: 0.15 mmol of 1a, 0.1 mmol of 2a, 5 mol % [RhCp*Cl,],, 20 mol % of AgSbFs, 0.1 mmol of acetic acid,

2.0 mL of co-solvent mixture (MeCN/DCE = 1/1), Ar atmosphere. Yields are reported for the isolated products.

5. Table S3: Examination of Reaction Solvents under the Catalyst of RhCp*(MeCN)3(SbFg),*

0]
Ph " S
_— Rth (MeCN)3(SbF6)2 N
O 7 O +Ph/ AcOH, Sol o
N cOH, Solvent, 60 °C, Ar H
1a 2a

Ph
3aa

Solvent DCM CHCI; THF Dioxane MeCN Toluene DMF t-AmOH  Acetone Ethyl acetate
Time (min) 10 5 5 5 120 20 120 120 5 10
Yield (%) 75 81 85 83 82 70 48 82 73 79

General procedure: 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol % of RhCp*(MeCN);(SbFs),, 0.1 mmol of AcOH, 2.0 mL of

solvent, 60 °C, Ar atmosphere. Yields are reported for the isolated products.

6. The Crystal Data of C2-Cyclization Product 3aa.

3aa

Wavelength=0.71073

C-C=0.0027 A

Bond precision:

Cell: a=9.9451(6) b=10.9422(5) c=18.8339(11)
alpha=90 beta=90.772(6) gamma=90
Temperature: 293 K
Calculated Reported




Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx, g cm™
V4

Mu (mm-1)
F000

F000’
h,k,lmax
Nref

Tmin, Tmax

Tmin’

2049.3(2)
P21/n
-P 2yn
C28 HI9NO
C28HIONO
385.44
1.249
4
0.075
808.0
808.32
11,13,22
3745
0.974,0.985
0.974

Correction method = MULTI-SCAN

Data completeness = 0.998
R(reflections)= 0.0453( 2649)

S=1.022

Npar= 271

2049.3(2)
P21/n
-P 2yn
C28 HI9N O
C28HION O
385.44
1.249
4
0.075
808.0

11,13,22
3738
0.974,0.985

Theta(max)= 25.340
wR2(reflections)= 0.1227( 3738)

7. Table S4: Condition Sreening of the Reaction of 1a with 2j.”

1a

N =

(e}

Rth*(MeCN)3(SbF6)2

2j

TMS I
+ — Additive, Sol, 60 °C
/
Ph/

Entry Additive Solvent Time Yield (3aj)°  Yield (5a)"
1 AcOH THF 40 min  34% 32%

2° AcOH THF 40 min  33% 32%

3¢ AcOH THF 40 min  30% 30%

4 PivOH THF 90 min  29% 30%

5 AcONa THF 40 min - -

6 AcOH DCE 4h 20% 20%

7 AcOH MeCN 4h 20% 20%

8° AcOH/H,0" (0.5 equiv) THF 40min  34% 32%



9° AcOD THF 40 min ~ 32% 32%

10° CD;CO,D THF 40 min  34% 31%

& Under the optimal conditions in Table 1 with 1.0 equiv of additive. ® Yields are reported for the isolated products. ¢ Ar

atmosphere. 95.0 Equiv of AcOH. ®No deuterated products were detected.

o ‘ O o8
+
N THF, 60 °C, 40 min N O N O/H b
H

Additive Ph ™S
1a 2] 3aj (6:1) 5a

=0

NS

To get more information about mechanism of the unprecedented [4+2] annulation, isotope-labeling
experiments were designed (Table S4, entries 10—12). Both D,O and H,0'® were failed to affect the isotope
of hydroxy group, which might imply the tertiary alcohol of 5a did not come from water existed in the
solvent. Similarly no deuterium was obtained when the reaction was conducted in AcOD or CD;CO,D,
which indicates that the proton of the hydroxy might be derived from the first C—H bond metalation step.

The real reaction mechanism and the role of the silicon in such annulation still need further study.

8. The Crystal Data of N1-Cyclization Product 5a.

Bond precision: C-C=0.0042 A Wavelength=0.71073
Cell: a=9.6847(7) b=10.6101(8) c=12.7428(10)

alpha=82.268(6) beta=87.114(6) gamma=75.081(7)
Temperature: 170 K

Calculated Reported



Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm™
V4

Mu (mm-1)
F000

F000’
h,k,lmax
Nref

Tmin, Tmax

Tmin’

1253.58(17)
P-1
Pl
C25H23N 02 Si, CHCI3
C26 H24 CI3 N 02 Si
516.90
1.369
2
0.438
536.0
537.22
11,12,15
4600
0.886,0.916
0.832

Correction method = MULTI-SCAN

Data completeness = 0.997
R(reflections)= 0.0556( 3483)

S=1.022

Npar= Npar = 306

1253.59(17)
P-1
P1
C25H23 N 02 Si, CH CI3
C26 H24 CI3 N 02 Si
516.90
1.369
2
0.438
536.0

11,12,15
4585
0.838,0.918

Theta(max)= 25.350
wR2(reflections)= 0.1426( 4585)

9. Figure S2. NMR Experiments and Yield-Time Scheme for C2-Cyclization
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b. Yield-Time scheme
NMR experiments were carried out to study the reaction rate of the [3+2] annulation. Under the optimal
conditions, the reaction process was monitored by employing 1a (0.05 mmol) and 2a (0.05 mmol) (Figure
S2a). Besides, Yield-Time scheme was also depicted to exhibit the high efficiency of this transformation

directly (Figure S2b).

10. General Procedure for Synthesis of Spiro Indolin-3-one Derivatives and Characterization Data

2-Phenyl-3H-indol-3-one la (20.7 mg, 0.1 mmol), diphenylacetylene 2a (21.4 mg, 0.12 mmol),
RhCp*(MeCN)3(SbFs), (1.7 mg, 2 mol %), and AcOH (6 pL, 0.1 mmol) were stirred in THF (2.0 mL) in air
at 60 °C for 10 min. After completion, the reaction mixture was cooled down to room temperature. The
reaction mixture was purified by flash chromatography eluting with ethyl acetate and petroleum ether (1:20)

to give the product 3aa as a bright yellow solid (32.6 mg, 85%).

2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3aa). 10 min, 85% yield; Yellow solid;
m.p. 222-223 °C; 'H NMR (400 MHz, CDCls): § 7.72 (d, J = 8.0 Hz, 1H), 7.50 (t, J = 7.6

Hz, 1H), 7.43-7.26 (m, 7H), 7.13 (t, J = 7.2 Hz, 1H), 7.08-6.99 (m, 6H), 6.95 (d, J = 8.0 Hz,
1H), 6.90 (t, J = 7.6 Hz, 1H), 4.82 (s, 1H) ppm; *C NMR (100 MHz, CDCl;): & 198.1, 161.4, 145.2, 144.0,
143.2,141.6, 137.5, 134.4, 133.6, 129.4, 128.8, 128.7, 128.6, 128.0, 127.8, 127.3, 126.5, 125.7, 122.2, 121.5,
120.5, 119.1, 113.0, 81.4 ppm. ESI HRMS: calcd. for CosH,0NO+H 386.1545, found 386.1544.

2,3-dimethoxyspiro[indene-1,2'-indolin]-3'-one (3ab). 16 h, 60% yield; Yellow
solid; m.p. 106-107 °C; 'H NMR (400 MHz, CDCls): & 7.70 (d, J = 7.6 Hz, 1H),
7.49 (t, J = 7.6 Hz, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.31-7.25 (m, 2H), 7.09 (t, J = 7.2

OMe




Hz, 1H), 7.03 (d, J = 7.2 Hz, 1H), 6.96-6.86 (m, 6H), 6.59 (d, J = 8.8 Hz, 2H), 4.82 (s,1H), 3.83 (s, 3H),
3.67 (s, 3H) ppm; °C NMR (100 MHz, CDCls): & 198.5, 161.4, 159.0, 158.6, 145.5, 143.0, 142.3, 140.5,
137.4,130.7, 130.0, 128.7, 126.8, 126.2, 126.1, 125.6, 122.1, 121.2, 120.4, 119.0, 114.0, 113.5, 113.0, 81.3,
55.2, 55.0 ppm. ESI HRMS: calcd. for C30H23NOs+H 446.1756, found 446.1763 .

2,3-di-p-tolylspiro[indene-1,2'-indolin]-3'-one (3ac). 5 min, 66% yield; Yellow solid;
m.p. 103-104 °C; '"H NMR (400 MHz, CDCl3): § 7.71 (d, J = 7.6 Hz, 1H), 7.50-7.47
ve (m, 1H), 7.32-7.24 (m, 4H), 7.19 (d, J = 7.6 Hz, 2H), 7.12-7.08 (m, 1H), 7.03 (d, J =

7.2 Hz, 1H), 6.93-6.83 (m, 6H), 4.75 (s, 1H), 2.39 (s, 3H), 2.18 (s, 3H) ppm; "°C
NMR (100 MHz, CDCls): § 198.3, 161.4, 145.4, 143.3, 143.1, 141.2, 137.5, 137.4, 137.0, 131.5, 130.7,
129.3, 129.3, 128.8, 128.7, 128.6, 126.2, 125.7, 122.2, 121.4, 120.4, 118.9, 113.0, 81.3, 21.4, 21.1 ppm. ESI
HRMS: caled. for C3HsNO+H 414.1858, found 414.1855.

2,3-bis(4-chlorophenyl)spiro[indene-1,2'-indolin]-3'-one (3ad). 10 min, 90% yield,
Bright yellow solid; m.p. 235-236 °C; "H NMR (400 MHz, CDCl3): 6 7.67 (d, J = 7.2
Hz, 1H), 7.50 (t, J = 8.0 Hz, 1H), 7.38-7.24 (m, 6H), 7.15-7.11 (m, 1H), 7.06-7.02 (m,

3H), 6.96-6.87 (m, 4H), 4.82 (s, 1H) ppm; *C NMR (100 MHz, CDCl3): & 197.6,
161.4, 144.5, 143.3, 142.9, 140.9, 137.7, 134.0, 133.4, 132.4, 131.9, 130.7, 130.0, 129.1, 128.9, 128.5, 126.8,
125.8, 122.0, 121.4, 120.7, 119.4, 113.0, 81.3 ppm. ESI HRMS: calcd. for CosH,,C1,NO+H 454.0765, found
CasH 5> CLNO+H 454.0761, CogH5° CLNO+H 456.0740.

2,3-dibutylspiro[indene-1,2'-indolin]-3'-one (3ae). 20 min, 75% yield; Yellow solid; m.p.
89-91 °C; '"H NMR (400 MHz, CDCls): & 7.64 (d, J = 7.6 Hz, 1H), 7.50 (t, J = 8.0Hz, 1H),

7.72-7.22 (m, 2H), 7.04-6.93 (m, 3H), 6.85 (t, J = 7.6 Hz, 1H), 4.59 (s, 1H), 2.55 (t, J= 7.6
Hz, 2H), 2.22-2.14 (m, 1H), 2.12-2.06 (m, 1H), 1.66-1.51 (m, 2H), 1.50-1.40 (m, 2H), 1.38-1.27 (m, 4H),
0.96 (t, J = 7.2 Hz, 3H), 0.79 (t, J = 7.2 Hz, 3H) ppm; °C NMR (100 MHz, CDCls): § 199.3, 161.5, 146.0,
142.9, 142.4, 141.9, 137.2, 128.4, 125.4, 125.2, 122.1, 120.4, 119.4, 118.7, 112.6, 81.2, 31.3, 30.8, 25.6,
25.5,23.0,22.9, 14.0, 13.7 ppm. ESI HRMS: calcd. for Co4H,,NO-+H 346.2171, found 346.2174.

dimethyl 3'-oxospiro[indene-1,2'-indoline]-2,3-dicarboxylate (3af). 10 min, 98%
yield; Bright yellow solid; m.p. 158-159 °C; 'H NMR (400 MHz, CDCl;): & 7.68 (d, J =

7.6 Hz, 1H), 7.56-7.50 (m, 2H), 7.36 (t, J = 8.0 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 7.07 (d,



J=17.6 Hz, 1H), 7.01 (d, J = 8.0 Hz, 1H), 6.90 (t, J = 7.6 Hz, 1H), 4.85 (s, 1H), 3.96 (s, 3H), 3.62 (s, 3H)
ppm; °C NMR (100 MHz, CDCLy): § 194.9, 164.3, 162.5, 161.3, 144.6, 143.1, 139.3, 137.5, 129.5, 129.3,
125.9, 123.6, 122.0, 121.5, 113.0, 113.0, 78.9, 52.6, 52.2 ppm. ESI HRMS: calcd. for CaoH;sNOs+H
350.1028, found 350.1030.

3-butyl-2-phenylspiro[indene-1,2'-indolin]-3'-one (3ag);
2-butyl-3-phenylspiro[indene-1,2'-indolin]-3"-one (3ag’); (3ag:3ag’ =
3:1), 10 min, 73% yield; Brown oil; 'H NMR (400 MHz, DMSO-d¢): &

7.70 (s, 1H, 3ag and 1H, 3ag’), 7.57-7.50 (m, 1H, 3ag and 1H, 3ag’),
7.47-7.40 (m, 3H, 3ag and 3H, 3ag’), 7.35 (t, J = 7.6 Hz, 1H, 3ag), 7.30-7.26 (m, 2H, 3ag and 1H, 3ag’),
7.24-7.20 (m, 3H, 3ag’), 7.16-7.13 (m, 3H, 3ag), 7.11-7.05 (m, 3H, 3ag’), 6.97-6.90 (m, 2H, 3ag and 1H,
3ag’), 6.78 (t, J = 7.6 Hz, 1H, 3ag’), 6.68 (t, J = 7.6 Hz, 1H, 3ag), 2.60-2.56 (m, 2H, 3ag), 2.21-2.17 (m, 1H,
3ag’), 2.11-2.08 (m, 1H, 3ag’), 1.65-1.53 (m, 2H, 3ag), 1.39-1.32 (m, 2H, 3ag), 1.30-1.18 (m, 2H, 3ag’),
1.15-1.03 (m, 2H, 3ag’), 0.82 (t, J = 7.6 Hz, 3H, 3ag), 0.60 (t, J = 7.2 Hz, 3H, 3ag’) ppm. ESI HRMS: calcd.
for, found C,sH,3NO-+Na 388.1677, found 388.1674.

(R)-3'-0x0-2-phenylspiro[indene-1,2'-indoline]-3-carbaldehyde (3ah). 1 h, 50% yield,
Bright yellow solid; m.p. 217-218 °C; '"H NMR (400 MHz, DMSO-dg): & 9.93 (s,1H),

8.11-8.06 (m, 2H), 7.55-7.51 (m, 2H), 7.41-7.23 (m, 7H), 7.04 (t, J = 8.0 Hz ,2H), 6.79 (t,
J=7.2 Hz ,1H) ppm; *C NMR (100 MHz, DMSO-de): & 196.3, 189.5, 163.0, 162.6, 142.1, 140.1, 138.7,
138.4, 131.0, 130.2, 129.2, 129.0, 128.9, 127.6, 125.5, 123.3, 121.3, 120.0, 118.3, 112.9, 82.2 ppm. ESI
HRMS: calcd. for C»3H sNO,+H 338.1181, found 338.1180.

(R)-3-(diethoxymethyl)-2-phenylspiro[indene-1,2'-indolin]-3'-one (3ah’). Yellow oil;

oo, 'H NMR (400 MHz, CDCls): 8 7.87 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.44 (t,

Ph J=17.6 Hz, 1H), 7.31-7.18 (m, 6H), 7.07 (t, J = 7.6 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H),
6.89-6.82 (m, 2H), 5.34 (s, 1H), 4.75 (s, 1H), 3.98-3.90 (m, 1H), 3.67-3.57 (m, 2H), 3.51-3.44 (m, 1H), 1.29
(t, J=7.2 Hz, 3H), 1.18 (t, J = 7.2 Hz, 3H) ppm; °C NMR (100 MHz, CDCLs): § 197.7, 161.1, 145.1, 142.7,
142.5, 141.0, 137.5, 133.0, 128.7, 128.6, 128.2, 128.0, 126.2, 125.5, 123.8, 121.8, 120.1, 118.9, 112.9, 99.1,

81.9, 63.2,62.1, 15.3, 15.2 ppm. ESI HRMS: calcd. for C,7H,sNOs+Na 434.1732, found 434.1732.

diethyl(3'-oxo-2-phenylspiro[indene-1,2'-indolin]-3-yl)phosphonate (3ai). 20 min,




56% yield; Yellow solid; m.p. 196-198 °C; '"H NMR (400 MHz, CDCls): & 7.66 (d, J = 7.6 Hz, 1H), 7.57
(brs, 2H), 7.49 (t, J = 7.6 Hz, 1H), 7.40-7.39 (m, 3H), 7.28-7.23 (m, 3H), 7.14 (d, J = 7.2 Hz, 1H), 7.03 (d, J
= 8.0 Hz, 1H), 6.86-6.82 (m, 1H), 5.95 (brs, 1H), 3.87-3.78 (m, 1H), 3.74-3.64 (m, 1H), 3.59-3.47 (m, 2H),
0.77 (t, J=7.2 Hz, 3H), 0.71 (t, J = 6.8 Hz, 3H) pm; °C NMR (100 MHz, CDCl;): & 197.1, 161.8, 159.0 (d,
Jep=14.0 Hz), 144.8 (d, Jcp=9.9 Hz), 143.1 (d, Jcp=20.1 Hz), 137.1, 132.6 (d, Jcp= 3.8 Hz), 130.2, 129.0,
128.7,128.7 (d, Jep= 1.9 Hz), 128.6, 128.2, 125.4, 123.0, 122.1, 121.1, 118.2, 112.9, 81.1 (d, Jcp= 12.2 Hz),
62.0 (d, Jep= 6.0 Hz), 61.2 (d, Jcp= 6.1 Hz), 15.3 (d, Jcp= 6.1 Hz), 15.2 (d, Jcp= 7.9 Hz) ppm. EST HRMS:
calcd. for CosHouNO4P+H 446.1521, found 446.1522.

diethyl(3'-o0x0-3-phenylspiro[indene-1,2'-indolin]-2-yl)phosphonate (3ai’). 20 min, 33%

yield; Yellow solid; m.p. 195-197 °C; "H NMR (400 MHz, CDCls): 6 7.85 (d, J = 7.6 Hz,
" PO(OEBZ 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.23-7.11
(m, 6H), 7.02 (d, J = 7.2 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H), 6.79 (d, J = 7.6 Hz, 1H), 5.38 (brs, 1H),
4.13-4.08 (m, 1H), 4.06-4.00 (m, 1H), 3.93-3.87 (m, 1H), 3.78-3.74 (m, 1H), 1.23 (t, J = 6.8 Hz, 3H), 0.98 (t,
J = 6.8 Hz, 3H) ppm; °C NMR (100 MHz, CDCls): § 196.3, 161.9, 158.9 (d, Jcp= 10.7 Hz), 143.0 (d, Jcp=
15.6 Hz), 141.9 (d, Jcp= 12.2 Hz), 137.7, 133.0, 130.2, 129.0, 128.6, 128.5, 127.6, 126.7, 125.5, 123.6,
121.4, 120.8, 118.9, 112.9, 83.5 (d, Jcp= 18.7 Hz), 62.1(d, Jcp= 6.1 Hz), 62.1 (d, Jcp= 6.0 Hz), 16.1 (d, Jcp
= 6.8 Hz), 15.8 (d, Jcp= 6.8 Hz) ppm. ESI HRMS: calcd. for C,6H4NO4P+H 446.1521, found 446.1523.

diethyl((1S,2R,3R)-3"-0x0-3-phenyl-2,3-dihydrospiro[indene-1,2'-indolin]-2-yl)phosph

onate (reduced-3ai’). Yellow solid; m.p. 106-107°C; '"H NMR (400 MHz, CDCls): § 7.67
" PO(ED, (d, J = 6.8 Hz, 1H), 7.49 (d, J = 7.2 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.2 Hz,
1H), 7.31-7.26 (m, 1H), 7.15-7.08 (m, 4H), 6.89 (d, J = 6.8 Hz, 1H), 6.83-6.87 (m, 1H), 5.62 (s, 1H), 4.55
(dd, J = 25.6 Hz, 6.0 Hz, 1H), 4.01 (brs, 1H), 3.97-3.84 (m, 2H), 3.67-3.64 (m, 1H), 3.50-3.49 (m, 1H), 1.18

(t, J= 6.8 Hz, 3H), 1.09 (t, J = 6.8 Hz, 3H) ppm.

2-phenyl-3-(trimethylsilyl)spiro[indene-1,2'-indolin]-3'-one (3aj). 40 min, 34% yield;
Yellow solid; m.p. 164-165 °C; '"H NMR (400 MHz, CDCl): & 7.56 (d, J = 7.6 Hz, 1H),

7.51 (d, J = 7.6 Hz, 1H), 7.39-7.35 (m, 1H), 7.31 (td, J = 7.6 Hz, 1.6Hz, 1H), 7.20-7.18 (m,
3H), 7.14-7.08 (m, 3H), 7.04 (d, J = 7.2 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.76 (t, J = 7.6 Hz, 1H), 4.72 (s,
1H), 0.11 (s, 9H) ppm; '*C NMR (100 MHz, CDCls): & 197.9, 161.5, 156.9, 148.8, 144.2, 143.3, 137.2,
136.2, 129.0, 128.6, 127.8, 127.6, 125.6, 125.2, 123.1, 122.2, 121.1, 118.7, 112.6, 84.1, 0.1 ppm. ESI HRMS:



caled. for C,sH23NOSi+H 382.1627, found 382.1626.

(R)-3-(3-ethylpentan-3-yl)-2-phenylspiro[indene-1,2'-indolin]-3'-one (3ak). 5 h, 41%;
Yellow oil; "H NMR (400 MHz, CDCl3): & 7.56-7.53 (m, 2H), 7.39-7.34 (m, 1H), 7.30 (dt,

J=7.6Hz, 1.2 Hz, 1H), 7.21-7.08 (m, 6H), 7.03 (d, J = 7.6 Hz ,1H), 6.81 (d, J = 8.4
Hz ,1H), 6.76 (t, J = 7.6 Hz ,1H), 4.72 (s, 1H), 0.91 (t, J = 8.0 Hz ,9H), 0.63-0.55 (m, 6H) ppm; *C NMR
(100 MHz, DMSO-dg): 5 197.8, 161.5, 158.5, 149.2, 143.2, 141.7, 137.1, 136.3, 128.9, 128.6, 127.8, 127.5,
125.5, 125.2, 123.1, 122.2, 120.9, 118.7, 112.6, 84.5, 7.5, 3.7 ppm. ESI HRMS: calcd. for CosH3oNOSi+H
424.2097, found 424.2104.

(R)-3-(2-hydroxypropan-2-yl)-2-phenylspiro[indene-1,2'-indolin]-3'-on
e (3al);

(R)-2-(2-hydroxypropan-2-yl)-3-phenylspiro[indene-1,2'-indolin]-3'-on
e (3al’); (3al:3al’ = 3:1), 10 min, 82% yield; Yellow oil; "H NMR (400 MHz, CDCls): & 7.87 (d, J = 7.6 Hz,
1H, 3al’), 7.75 (d, J = 7.2 Hz, 1H, 3al), 7.57-7.30 (m, 5H, 3al and 5H, 3al’), 7.19-7.09 (m, 3H, 3al and 3H,
3al’), 7.04-6.96 (m, 2H, 3al and 2H, 3al’), 6.89 (d, J = 7.2 Hz, 1H, 3al), 6.80 (d, J = 8.4 Hz, 1H, 3al’),
6.75-6.72 (m, 1H, 3al and 1H, 3al’), 4.81 (s, 1H, 3al), 4.71 (s, 1H, 3al’), 2.87 (s, 1H, 3al’), 2.07 (s, 1H, 3al),
1.52 (s, 3H, 3al’), 1.46 (s, 3H, 3al’), 1.39 (s, 3H, 3al), 1.24 (s, 3H, 3al) ppm. ESI HRMS: calcd. for
Cy5H21NO»+Na 390.1470, found 390.1460.

OMe  5-methoxy-2,3-diphenylspiro[indene-1,2'-indolin]-3"-one (3ba). 10 min, 72% yield;
Bright yellow solid; m.p. 166-167 °C; '"H NMR (400 MHz, CDCls): 6 7.70 (d, J = 7.6 Hz,

1H), 7.48 (t, J = 8.0 Hz, 1H), 7.41-7.33 (m, SH), 7.07-7.02 (m, 3H), 6.98-6.89 (m, 4H),
6.87-6.86 (m, 2H), 6.65 (dd, J = 8.0 Hz, 2.0Hz, 1H), 4.78 (s, 1H), 3.75 (s, 3H) ppm; *C NMR (100
MHz,CDCLy): & 198.5, 161.4, 160.6, 146.8, 143.7, 142.8, 137.4, 134.9, 134.3, 133.6, 129.4, 128.8, 128.6,
128.0, 127.8, 127.3, 125.6, 122.0, 121.3, 118.9, 112.9, 111.5, 107.9, 80.8, 55.5 ppm. ESI HRMS: calcd. for
CaoH NO,+H 416.1651, found 416.1653.

Me 5-methyl-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ca). 10 min, 91% yield;
Bright yellow solid; m.p. 206-207 °C; "H NMR (400 MHz, CDCl3): 6 7.72 (d, J = 7.6 Hz,

L ™" 1H),7.49 (t,J = 7.6 Hz, 1H), 7.43-7.35 (m, 5H), 7.12 (s, 1H), 7.10-7.02 (m, 3H), 7.00-6.98
(m, 2H), 6.93-6.90 (m, 3H), 6.89 (t, J = 7.6 Hz, 1H), 4.79 (s, 1H), 2.34 (s, 3H) ppm; °C NMR (100 MHz,



CDCl3): 6 198.4, 161.4, 145.3, 144.0, 141.8, 140.2, 138.7, 137.4, 134.5, 133.7, 129.4, 128.8, 128.6, 128.0,
127.8, 127.2, 127.1, 125.7, 122.3, 122.1, 120.3, 119.0, 112.9, 81.1, 21.6 ppm. ESI HRMS: calcd. for
Cy9H2:NOs+H 400.1701, found 400.1703.

@}

Fs  2,3-diphenyl-5-(trifluoromethyl)spiro[indene-1,2'-indolin]-3"-one (3da). 15 min, 77%
yield; Yellow solid; m.p. 223-224 °C; 'H NMR (400 MHz, CDCls): 6 7.72 (d, J = 8.0 Hz,

" 1H), 7.54-7.51 (m, 2H), 7.41 (brs, 6H), 7.17 (d, J = 7.6 Hz, 1H), 7.13-7.05 (m, 3H),
7.00-6.90 (m, 4H), 4.87 (s, 1H) ppm; °C NMR (100 MHz, CDCl3): & 197.0, 161.3, 146.8, 145.9, 143.4,
143.1, 137.9, 133.5, 132.9, 131.0, 129.3, 128.9, 129.1, 128.8, 128.3, 128.2, 127.8, 125.8, 123.5 (q, Jcr= 4.0
Hz), 121.9, 120.8, 119.4, 118.1(q, Jcr= 3.6 Hz), 113.0, 81.1 ppm. ESI HRMS: calcd. for CyoHoF;NO+H
454.1419, found 454.1420.

¢ 5-fluoro-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ea). 10 min, 78% yield; Yellow
solid; m.p. 215-216 °C; "H NMR (400 MHz, CDCl5): 6 7.71 (d, J= 7.6 Hz, 1H), 7.50 (t, J =

Ph 7.6 Hz, 1H), 7.39-7.35 (m, 5H), 7.10-6.87 (m, 9H), 6.80 (td, J = 9.2 Hz, 2.4 Hz, 1H), 4.81 (s,
1H) ppm; >C NMR (100 MHz, CDCl3): § 197.8, 164.8, 162.4, 161.3, 147.5 (d, Jcr= 9.1 Hz), 143.3 (d, Jcr=
42.4 Hz), 138.4, 137.7, 133.8, 133.2, 129.3, 128.8, 128.1, 127.6, 125.8, 121.9, 121.7 (d, Jcr= 9.1 Hz), 119.2,
113.0, 112.9 (d, Jep= 20.9 Hz), 109.1 (d, Jcr = 24.6 Hz), 80.7 ppm. ESI HRMS: calcd. for CosHsFNO+H
404.1451, found 404.1450.

ct 5-chloro-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3fa). 10 min, 71% yield; Bright
yellow solid; m.p. 230-231 °C; '"H NMR (400 MHz, CDCI3): & 7.70 (d, J = 7.6 Hz, 1H),

L P 750 (t, J = 8.0 Hz, 1H), 7.38-7.35 (m, 5H), 7.27-7.25 (m, 1H), 7.10-7.03 (m, 4H),
6.98-6.87 (m, 5H), 4.81 (s, 1H) ppm; °C NMR (100 MHz, CDCl3): & 197.5, 161.3, 147.0, 143.2, 143.1,
141.3,137.7, 134.8, 133.7, 133.1, 129.3, 128.8, 128.8, 128.1, 127.6, 126.2, 125.8, 121.9, 121.8, 121.6, 119.2,
113.0, 80.9 ppm. ESI HRMS: calcd. for CogH;sCINO+H 420.1155, found CagHio™ CLLN+H 420.1154,
CosH1o’ 'CLLN+H 422.1104.

Br  5-bromo-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ga). 10 min, 78% yield; Pale
yellow solid; m.p. 231-232 °C; '"H NMR (400 MHz, CDCls): & 7.70 (d, J = 7.6 Hz, 1H),

L™ 750 (t, J = 8.0 Hz, 1H), 7.42-7.37 (m, 6H), 7.26-7.24 (m, 1H), 7.09-7.03 (m, 3H),
6.98-6.88 (m, 5H), 4.81 (s, 1H) ppm; *C NMR (100 MHz, CDCls): § 197.3, 161.3, 147.3, 143.1, 143.0,



141.9, 137.7, 133.7, 133.1, 129.3, 129.1,128.8, 128.8, 128.1, 127.7, 125.8,124.6, 122.8, 122.0, 121.9, 119.3,
113.0, 80.9 ppm. ESI HRMS: calcd. for CogH;sBINO+H 464.0650, found CysHjo BrNO+H 464.0653,
CagH 16" BINO+H 466.0621.

Et 7-ethyl-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ha). 10 min, 90% yield; Yellow
solid; m.p. 98-100 °C; '"H NMR (400 MHz, CDCls): & 7.69 (d, J = 7.6 Hz, 1H), 7.43 (t, J =

Ph

8.0 Hz, 1H), 7.33-7.28 (m, 6H), 7.18 (d, J = 7.2 Hz, 1H), 7.07-7.02 (m, 2H), 7.00-6.96 (m,
4H), 6.84-6.80 (m, 2H), 4.80 (s, 1H), 2.36-2.30 (m, 2H), 1.06 (t, J = 7.6 Hz, 3H) ppm; *C NMR (100 MHz,
CDCly): & 199.0, 160.6, 145.7, 144.2, 142.5, 140.3, 140.0, 137.5, 134.2, 133.4, 129.5, 129.1, 128.9, 128.3,
127.9, 127.6, 127.3, 127.2, 124.8, 123.7, 119.0, 118.6, 112.6, 81.6, 24.5, 15.1 ppm. ESI HRMS: calcd. for
CaoH23NO+H 414.1858, found 414.1857.

6-methyl-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ia). 10 min, 72% yield; Yellow
solid; m.p. 99-101 °C; 'H NMR (400 MHz, CDCL): § 7.74 (d, J = 7.6 Hz, 1H), 7.54-7.50
(m, 1H), 7.43-7.33 (m, 5H), 7.20 (d, J= 7.6 Hz, 1H), 7.11-7.02 (m, 4H), 6.99-6.96 (m, 3H),

6.92-6.88 (m, 2H), 4.81 (s, 1H), 2.28 (s, 3H) ppm; “C NMR (100 MHz,CDCls): & 198.4,
161.4, 144.0, 143.4, 142.6, 140.6, 137.5, 136.6, 134.5, 133.7, 129.4, 129.3, 128.8, 128.6, 128.0, 127.8, 127.2,
125.7, 122.2, 121.4, 121.3, 119.0, 113.0, 81.2, 21.4 ppm. ESI HRMS: calcd. for CooH, NO+H 400.1701,
found 400.1703.

6-chloro-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ja). 20 min, 83% yield; Yellow
solid; m.p. 125-127 °C; '"H NMR (400 MHz, CDCl;): & 7.72 (d, J = 7.6 Hz, 1H), 7.52 (t, J =
8.0 Hz, 1H), 7.38-7.34 (m, 5H), 7.28-7.21 (m, 2H), 7.11-7.03 (m, 4H), 6.98-6.89 (m, 4H),

4.83 (s, 1H) ppm; *C NMR (100 MHz, CDCl3): & 197.3, 161.3, 144.8, 143.6, 143.2, 141.9,
137.8,133.9, 133.2, 132.2, 129.3, 128.7, 128.7, 128.1, 128.1, 127.5, 125.8, 122.3, 121.8, 121.2, 119.3, 113.0,
81.0 ppm. ESI HRMS: caled. for CysHigCINO+H 420.1155, found CosHioCINO+H 420.1156,
CasH1o’ 'CINO+H 422.1105.

Br 6-bromo-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ka). 20 min, 70% yield; Yellow
solid; m.p. 186-187 °C; '"H NMR (400 MHz, CDCls): & 7.72 (d, J = 7.6 Hz, 1H), 7.52 (t, J =

en 7.6 Hz, 1H), 7.44-7.35 (m, 6H), 7.19-7.17 (m, 2H), 7.10-7.03 (m, 3H), 6.99-6.90 (m, 4H),
4.84 (s, 1H) ppm; *C NMR (100 MHz, CDCl3): § 197.2, 161.2, 145.0, 144.1, 143.2, 141.9,



137.8, 133.8, 133.1, 131.6, 129.3, 128.7, 128.1,128.1, 127.5, 125.8, 123.9, 122.7, 121.8, 120.1, 119.3, 113.0,
80.9 ppm. ESI HRMS: caled. for ChsH;sBrINO+H 464.0650, found CagHjo 'BINO+H 464.0646,
CagH 16" BINO+H 466.0639.

o %Me (R,E)-methyl 3-(3'-0x0-2,3-diphenylspiro[indene-1,2'-indolin]-6-yl)acrylate (alkeny-
lation of 3ka).To a stirred solution of 3ka (7.0 mg, 0.015mmol, 1.0equiv), palladium
acetate (0.5 mg, 0.0023 mmol) and triphenyl phosphine (2.0 mg, 0.0075 mmol) in DMF

(1.0 mL) was added methyacrylate (3.0 puL, 0.033 mmol) and N,N-Diisopropylethylamine

(8.0 pL, 0.045 mmol) under argon atmosphere at 110 °C. The reaction mixture was stirred
for 20 h and then washed with water and extacted with DCM. After removal of the solvent by concentration,
the residue was purified by flash chromatography on silica gel eluting with ethyl acetate and petroleum ether
(1:10) to afford alkenylation of 3ka as a yellow solid (3.2 mg, 45%); 'H NMR (600 MHz, CDCl;): & 7.75
(d, J=7.8 Hz, 1H), 7.61 (d, J = 15.6 Hz, 1H), 7.56 (t, J = 7.2 Hz, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.40-7.36
(m, 5H), 7.32 (d, J = 7.8 Hz, 1H), 7.23 (s, 1H), 7.11 (t, J = 6.6 Hz, 1H), 7.06 (t, J = 8.4 Hz, 2H), 6.99 (t,J =
7.2 Hz, 3H),6.94 (t, J = 7.8 Hz, 1H), 6.30 (d, J = 15.6 Hz, 1H), 4.84(s,1H), 3.76 (s, 3H) ppm.

NC 3'-0x0-2,3-diphenylspiro[indene-1,2'-indoline]-6-carbonitrile (3la). 6 h, 71% yield;
y

ph 7.60-7.54 (m, 2H), 7.42-7.32 (m, 7H), 7.15-7.06 (m, 3H), 7.00-6.93 (m, 4H), 4.87 (s, 1H)

ppm; *C NMR (100 MHz, CDCls): & 196.3, 161.2, 149.6, 145.6, 143.9, 143.0, 138.1, 133.3,
133.2, 132.5,129.3, 128.9, 128.7, 128.4, 128.2, 128.1, 126.0, 123.8, 121.8, 121.7, 119.7, 119.0, 113.1, 109.2,
81.0 ppm. ESI HRMS: calcd. for CooH;sN,O+H 411.1497, found 411.1489.

(R)-methyl 3'-0x0-2,3-diphenylspiro[indene-1,2'-indoline]-6-carboxylate (3ma). 10 min,
67% yield; Yellow solid; m.p. 140-141 °C; '"H NMR (400 MHz, CDCls): § 8.01 (d, J = 8.0
Hz, 1H), 7.73-7.71 (m, 2H), 7.53 (t, J = 8.4 Hz, 1H), 7.40-7.35 (m, 6H), 7.11-7.04 (m, 3H),

7.01-6.96 (m, 3H), 6.91 (t, J = 7.6 Hz, 1H), 4.89 (s, 1H), 3.84 (s, 3H) ppm; °C NMR (100
MHz, CDCly): & 197.2, 166.9, 161.4, 149.8, 145.1, 143.4, 143.2, 137.8, 133.8, 133.1, 130.8, 129.4, 128.8,
128.7, 128.1, 128.1 128.0, 127.8, 125.8, 122.0, 121.6, 121.1, 119.3, 113.1, 81.1, 52.1 ppm. ESI HRMS:
caled. for C3oH,NOs+H 466.1419, found 466.1416.

4-fluoro-5-methoxy-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one  (3na). 50 min,




23% vyield; Yellow solid; m.p. 160-161 °C; '"H NMR (400 MHz, CDCls): & 7.73 (d, J = 7.6 Hz, 1H),
7.54-7.50 (m, 1H), 7.42-7.37 (m, 5H), 7.09-7.03 (m, 3H), 6.96-6.89 (m, 5H), 6.84 (d, J = 10.0 Hz, 1H), 4.84
(s, 1H), 3.84 (s, 3H) ppm; °C NMR (100 MHz, CDCls): § 197.8, 161.3, 152.7, 150.3, 148.2, 143.2, 142.1,
141.2, 137.7, 134.9, 134.2, 133.3, 129.3, 128.8, 128.7, 128.1, 128.0, 127.4, 125.7, 121.8, 119.2, 112.9, 109.3
(d, Jor = 20.8 Hz), 106.9, 80.8, 56.6 ppm. ESI HRMS: caled. for CasHyFNO,+Na 456.1376, found
456.1377

Me 6-fluoro-5-methoxy-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3na’). 50 min,

F 46% yield; Yellow solid; m.p. 220-222 °C; "H NMR (400 MHz, CDCl;): 6 7.68 (d, J =

7.2 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.40-7.40 (m, 2H), 7.31-7.30 (m, 3H), 7.09-7.00
(m, 3H), 6.94 (d, J = 7.6 Hz, 2H), 6.90-6.85 (m, 2H), 6.75 (d, J = 8.0 Hz, 1H), 6.68 (t, J = 8.0 Hz, 1H), 4.88
(s, 1H), 3.81 (s, 3H) ppm; °C NMR (100 MHz, DMSO-dy): & 197.7, 162.7, 148.5 (d, Jcr = 10.1 Hz), 147.2,
144.7, 144.3, 140.6, 138.3, 135.9, 134.8, 133.4, 131.3 (d, Jcr = 8.3 Hz), 129.4, 128.8, 128.4, 128.2, 128.1,
127.8, 125.2, 120.2, 117.8, 116.8, 112.7, 111.7, 81.0, 56.7 ppm. ESI HRMS: calcd. for Cy9H0FNO,+Na
456.1376, found 456.1377.

Me 5 7-dimethyl-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (30a). 20 min, 72% yield;
Yellow solid; m.p. 283-285 °C; '"H NMR (400 MHz, DMSO-de): & 7.88 (s, 1H),

Ph PN 7.47-7.43 (m, 2H), 7.41-7.37 (m, 2H), 7.35-7.33 (m, 1H), 7.27-7.25 (m, 2H), 7.08-7.07
(m, 3H), 7.00-6.97 (m, 2H), 6.90 (d, J = 8.4 Hz, 1H), 6.85 (d, J = 11.2 Hz, 2H), 6.67 (t, J = 7.6 Hz, 1H), 2.28
(s, 3H), 1.90 (s, 3H) ppm; *C NMR (100 MHz, DMSO-dg): & 198.5, 162.1, 145.8, 143.1, 143.1, 138.2,
138.2, 138.0, 134.2, 133.9, 133.0, 129.5, 129.2, 129.0, 128.9, 128.1, 128.0, 127.6, 124.1, 122.2, 119.1, 117.2,
112.6, 81.4,21.2, 17.2 ppm. ESI HRMS: calcd. for C3;H23sNO+Na 436.1677, found 436.1673.

4,5,6-trifluoro-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3pa). 5 h, 80% yield;
Yellow solid; m.p. 164-165 °C; 'H NMR (400 MHz, CDCL;): 6 7.68 (d, J = 7.6 Hz, 1H),
7.50 (t, J =8.0 Hz, 1H), 7.37-7.36 (m, 2H), 7.32-7.31 (m, 3H), 7.10-7.00 (m, 3H),

6.93-6.88 (m, 4H), 6.74-6.70 (m, 1H), 4.87 (s, 1H) ppm; >C NMR (100 MHz, CDCls): &
196.4, 161.2, 151.2 (d, Jcr = 10.2 Hz), 148.7 (d, Jcr = 11.9 Hz), 146.8 (dd, Jcr = 15.0 Hz, 2.2 Hz), 144.2 (dd,
Jor = 9.1 Hz, 3.5 Hz), 143.4 (d, Jcr = 3.9 Hz), 141.9 (t, Jcr = 15.8 Hz), 140.6 (d, Jcr = 2.4 Hz), 139.4 (t, Jcr
= 15.4 Hz), 138.5 (dd, Jcr = 7.5 Hz, 4.0 Hz), 138.1, 133.8, 132.5, 129.5, 129.5, 128.8, 128.1, 128.1, 127.8,
125.9, 121.3, 119.6, 112.9, 105.6 (dd, Jcr = 19.7 Hz, 3.6 Hz), 81.1 ppm. ESI HRMS: calcd. for



Cy3H17FsNO+H 440.1262, found 440.1265.

2,3-diphenylspiro[cyclopenta[a]naphthalene-1,2'-indoline] (3ga). 1 d, 20% yield; Yellow
solid; m.p. 151-152 °C; '"H NMR (400 MHz, CDCl;): & 7.85 (d, J = 8.0 Hz, 2H), 7.75 (t, J =
7.6 Hz, 1H), 7.56-7.50 (m, 2H), 7.43-7.25 (m, 9H), 7.08-7.02 (m, 4H), 6.94-6.88 (m, 2H),

5.02 (s, 1H) ppm; °C NMR (100 MHz, CDCLy): & 198.2 , 160.9, 144.2, 143.6, 143.2,
137.8, 137.5, 134.1, 133.3,133.0, 129.6, 129.6, 129.2, 128.5, 128.0, 127.8,127.4, 127.2, 125.5,
125.0, 123.3, 122.8, 119.8, 119.0, 113.0, 82.0 ppm. ESI HRMS: calcd. for C3,H, NO+H 436.1701, found
436.1702.

4'-methoxy-2,3-diphenylspiro[indene-1,2'-indolin]-3"-one (3ra). 10 min, 80% yield;
Yellow solid; m.p. 209-212 °C; 'H NMR (400 MHz, CDCls): & 7.42-7.25 (m, 8H),

o 7.11-7.05 (m, 7H), 6.49 (d, J = 8.0 Hz, 1H), 6.27 (d, J = 8.0 Hz, 1H), 4.82 (s, 1H), 3.92 (s,
3H) ppm; C NMR (75 MHz, CDCls): & 194.9, 162.9, 159.5, 145.1, 144.0, 143.4, 141.8, 139.1, 134.4,
133.7, 129.5, 128.9, 128.6, 128.5, 128.0, 127.7, 127.2, 126.3, 121.4, 120.7, 111.0, 104.8, 100.2, 81.6, 55.8
ppm. ESI HRMS: calcd. for CooH2NO,+H 416.1651, found 416.1649.

5'-methoxy-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3sa). 10 min, 76% yield;
Bright yellow solid; m.p. 221-222 °C; 'H NMR (400 MHz, CDCls): § 7.43-7.25 (m,

7H), 7.21-7.00 (m, 9H), 6.93 (d, J = 8.8 Hz, 1H), 4.58 (s, 1H), 3.81 (s, 3H) ppm; "°C
NMR (100 MHz, CDCls): & 198.2, 157.2, 153.5, 145.2, 143.8, 143.4, 141.7, 134.4, 133.6, 129.4, 128.8,
128.7, 128.6, 128.0, 127.8, 127.3, 126.5, 122.6, 121.5, 120.4, 114.6,105.6, 82.3, 55.8 ppm. ESI HRMS:
caled. for CooHy NO,+H 416.1651., found 416.1649.

5'-chloro-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ta). 10 min, 70% yield;
Brown solid; m.p. 73-75 °C; 'H NMR (400 MHz, CDCl;): § 7.66 (d, J = 2.0 Hz, 1H),

Ph 7.44-7.29 (m, 8H), 7.15-7.11 (m, 1H), 7.09-7.05 (m, 4H), 6.96 (d, J = 6.8 Hz, 2H), 6.87
(d, J = 8.4 Hz, 1H), 4.84 (s, 1H) ppm; *C NMR (100 MHz, CDCl3): & 197.0, 159.6,145.1, 144.2, 142.6,
141.1, 137.4, 134.1, 133.4, 129.4, 128.9, 128.7, 128.6, 128.1, 127.9, 127.5, 126.6, 124.9, 124.4, 123.0, 121.7,
120.5, 114.0, 81.9 ppm. ESI HRMS: calcd. for CogH sCINO+H 420.1155, found CaogH o CINO+H 420.1153,
CasH1o’ 'CINO+H 422.1103.



5'-bromo-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3ua). 10 min, 65% yield;
Yellow solid; m.p. 85-87 °C; '"H NMR (400 MHz, CDCl): 6 7.81 (d, J = 1.6 Hz, 1H),

" e 7.55 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 7.41-7.28 (m, 7H), 7.15-7.03 (m, 5H), 6.97-6.94 (m,
2H), 6.83 (d, J = 8.4 Hz, 1H), 4.85 (s, 1H) ppm; *C NMR (100 MHz, CDCl;): & 196.8, 159.9, 145.1, 144.3,
142.6, 141.1, 140.0, 134.1, 133.4, 129.4, 129.0, 128.7, 128.6, 128.1, 128.1, 128.0, 127.5, 126.6, 123.5, 121.7,
120.6, 114.4, 111.3, 81.8 ppm. ESI HRMS: calcd. for CysH;sBrNO+H 464.0650, found CasHio ' BrNO+H
464.0651, CogHy 0" BINO+H 466.0642.
6'-methoxy-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3va). 10 min, 79% yield;
Bright yellow solid; m.p. 216-218 °C; "H NMR (400 MHz, CDCls): § 7.63 (d, J = 8.4

Hz, 1H), 7.43-7.26 (m, 8H), 7.15-7.00 (m, 6H), 6.46 (d, J = 8.4 Hz, 1H), 6.33 (s, 1H),
4.81 (s, 1H), 3.85 (s, 3H) ppm; °C NMR (100 MHz, CDCls): § 195.6, 167.8, 163.7, 145.0, 143.8, 1435,
141.8, 134.4, 133.7, 129.5, 128.8, 128.6, 128.6, 128.0, 127.8, 127.2, 127.1, 126.4, 121.4, 120.6, 115.6, 108.7,
95.2, 81.8, 55.6 ppm. ESI HRMS: calcd. for CaoHa NO»+H 416.1651, found 416.1649.

6'-chloro-2,3-diphenylspiro[indene-1,2'-indolin]-3"-one (3wa). 10 min, 79% yield;
Yellow solid; m.p. 175-176 °C; 'H NMR (400 MHz, CDCls): & 7.59 (d, J = 8.4 Hz, 1H),

"o 7.40-7.27 (m, 7H), 7.15-7.11 (m, 1H), 7.09-7.03 (m, 4H), 6.97-6.95 (m, 2H), 6.90 (s,
1H), 6.83 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 4.88 (s, 1H) ppm; >C NMR (100 MHz, CDCl;): & 196.7, 161.6,
145.0, 144.2, 144.0, 142.7, 141.1, 134.1, 133.4, 129.4, 128.9, 128.7, 128.6, 128.1, 127.9, 127.4, 126.6, 126.5,
121.6, 120.6, 120.4, 119.8, 112.7, 81.6 ppm. ESI HRMS: calcd. for CpsH sCINO+H 420.1155, found
CagH 1o CINO+H 420.1153, CosHyo”'CINO+H 422.1103.

7'-methyl-2,3-diphenylspiro[indene-1,2'-indolin]-3'-one (3xa). 19 h, 89% yield; Bright
yellow solid; m.p. 199-200 °C; "H NMR (400 MHz, CDCls): 6 7.57 (d, J = 7.6 Hz, 1H),

7.43-7.25 (m, 8H), 7.15-7.11 (m, 1H), 7.07-7.00 (m, 6H), 6.83 (t, J = 7.6 Hz, 1H), 4.67 (s,
1H), 2.21 (s, 3H) ppm; °C NMR (100 MHz, CDCL3): & 198.4, 160.7, 145.2, 144.0, 143.4, 141.7, 137.4,
134.4, 133.6, 129.4, 128.8, 128.7, 128.6, 128.0, 127.8, 127.2, 126.5, 123.1, 122.0, 121.7, 121.5, 120.5, 119.1,
81.6, 15.7 ppm. ESI HRMS: caled. for CooHoNO+H 400.1701, found 400.1690.

11. General Procedure of Masked [4+2] Annulation for the Synthesis of Benzo[a]carbazole Derivatives
and Characterization Data

3a (38.5 mg, 0.1 mmol) in dioxane (6.0 mL) was added LiBr (34.8 mg, 0.4 mmol), then NaBH,4 (80 mg, 2.1



mmol) was added partially to the reaction mixture at room temperature. 0.35 mL of HCI (conc.) was added
into the reaction mixture after the consuming of 3a, and then the reaction was stirred at 50 °C for another 5
minutes. The reaction mixture was purified by flash chromatography eluting with ethyl acetate and

petroleum ether (1:20) to give the product 4a as a white solid (29.2 mg, 79%).

Ph Ph 5,6-diphenyl-11H-benzo[a]carbazole (4a). 14 h, 79% yield; Off white solid; m.p.

O OQ 202-203 °C; '"H NMR (400 MHz, CDCl;): 5 8.84 (s, 1H), 8.14 (d, J = 8.0 Hz, 1H), 7.67 (d,

N J = 8.4 Hz, 1H), 7.58-7.50 (m, 2H), 7.42 (d, J = 7.6 Hz, 1H), 7.34-7.19 (m, 11H), 6.95 (t, J

= 7.6 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H) ppm; *C NMR (100 MHz, CDCl5): & 140.0, 139.2, 138.7. 134.8,

134.3, 131.9, 131.7, 130.9, 130.2, 128.2, 127.9, 127.5, 126.8, 126.3, 125.5, 125.2, 124.6, 124.3, 121.9,120.3,
120.2, 119.7, 117.3, 110.8 ppm. EST HRMS: calcd. for Cy9H20FNO,+H 372.1752, found 372.1737.

Ph Ph 11-methyl-5,6-diphenyl-11H-benzo[a]carbazole (Methylation of 4a). Off white solid; 'H
O OQ NMR (400 MHz, CDCI3): & 8.80 (d, J = 8.8 Hz, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.58 (dt, ] =
Me 7.2 Hz, 1.6 Hz, 1H), 7.51 (d, ] = 8.4 Hz, 1H), 7.44-7.36 (m, 2H), 7.30-7.17 (m, 10H), 6.93

(t, ] =7.2 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H), 4.43 (s, 3H) ppm.

nBu_ /Bu 5 6-dibutyl-11H-benzo[a]carbazole (4b). 10 h, 56% yield; Off white solid; m.p. 134-135

O OQ °C; '"H NMR (400 MHz, CDCl;): & 8.73 (s, 1H), 8.21 (d, J = 8.0 Hz, 2H), 8.08 (d, J = 8.0

H Hz, 1H), 7.62-7.52 (m, 3H), 7.47 (t, J = 8.0 Hz, 1H), 7.35 (t, J = 8.0 Hz, 1H), 3.41 (¢, J =

8.4 Hz, 2H), 3.22 (t, J = 8.0 Hz, 2H), 1.91-1.83 (m, 2H), 1.79-1.60 (m, 6H), 1.13-1.07 (m, 6H) ppm; *C

NMR (100 MHz, CDCl5): 6 ppm. 138.6, 134.0, 125.3, 125.3, 124.1, 124.1, 122.1, 120.8, 120.1, 119.8, 111.0,

33.8, 32.3, 30.5, 27.7, 23.4, 23.4, 14.1, 14.1 ppm. ESI HRMS: calcd. For CysHp;N+H 330.2222, found
330.2211.

ph_ Ph 3-methyl-5,6-diphenyl-11H-benzo[a]carbazole (4c). 16 h, 67% yield; Off white solid,

O OQ Me m.p.242-243 °C; 'H NMR (400 MHz, DMSO-dg): 6 12.31 (s, 1H), 8.54 (d, J = 8.4 Hz,

H 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.33-7.17 (m, 12H), 6.83 (t,J =

7.6 Hz, 1H), 6.48 (d, J = 8.0 Hz, 1H), 2.37 (s, 3H) ppm; °C NMR (100 MHz, DMSO-de): & 140.3, 139.4,

139.2, 135.0, 134.9, 134.7, 131.8, 131.5, 130.0, 129.1, 128.1, 127.8, 127.3, 127.0, 126.6, 126.4, 126.4, 124.2,

123.5, 122.2, 120.9, 118.9, 115.7, 111.4, 22.0 ppm. ESI HRMS: calcd. for Cy9H3N+H 386.1909, found
386.1927.



P Ph 8-bromo-5,6-diphenyl-11H-benzo[a]carbazole (4d). 16 h, 73% yield; Off white solid,
Br O OQ m.p. 231-232 °C; 'H NMR (400 MHz, DMSO-dg): 6 12.63 (s, 1H), 8.63 (d, J = 7.2 Hz,
N 1H), 7.69-7.59 (m, 2H), 7.50-7.18 (m, 13H), 6.52 (s, 1H) ppm; °C NMR (100 MHz,
DMSO-de): 6 139.7, 139.0, 138.0, 135.6, 134.3, 131.6, 130.0, 129.9, 128.3, 127.8, 127.3, 127.3, 126.8,
126.7, 126.3, 125.7, 125.2, 123.4, 123.3, 122.2, 120.7, 115.5, 113.5, 111.2 ppm. ESI HRMS: calcd. for

CasH20BrN+H 450.0857, found 450.0857.
12. Derivatization of Special Indoxyl Core 5a and Characterization Data

OOH 12a-hydroxy-6-phenyl-5-(trimethylsilyl)indolo[2,1-a]isoquinolin-12(12aH)-one (5a). 40

O N O min, 32% yield; Yellow solid; m.p. 173-175 °C; 'H NMR (400 MHz, CDCl3): 6 7.77 (d, J =

P s 8.0 Hz, 1H), 7.66-7.59 (m, 3H), 7.54-7.50 (m, 3H), 7.45-7.36 (m, 2H), 7.25-7.23 (m, 1H),

7.07 (t, J = 8.0 Hz, 1H), 6.78 (t, J = 7.6 Hz, 1H), 5.68 (d, J = 8.4 Hz, 1H), 2.98 (s, 1H), 0.03 (s, 9H) ppm;

C NMR (100 MHz, CDCls): 6 197.3, 154.4, 143.5, 138.0, 137.8, 137.7, 130.7, 130.4, 130.0, 129.1, 128.5,

128.4, 127.5, 125.7, 125.0, 124.3, 120.9, 119.7, 117.8, 113.2, 83.7, 1.96 ppm. ESI HRMS: calcd. for
C,5H23NO,Si+Na 420.1396, found 420.1396.

O OOH 12a-hydroxy-6-phenyl-5-(triethylsilyl)indolo[2,1-a]isoquinolin-12(12aH)-one (5b). 5 h,
16% yield; Yellow solid; m.p. 174-176 °C; "H NMR (400 MHz, CDCL): § 7.75 (d, J = 7.2

TS g, 1H), 7.68-7.61 (m, 3H), 7.56-7.50 (m, 3H), 7.44-7.35 (m, 2H), 7.29-7.23 (m, 1H),
7.09-7.05 (m, 1H), 6.78 (t, J = 7.6 Hz, 1H), 5.65 (d, J = 8.4 Hz, 1H), 2.97 (s, 1H), 0.83 (t, J = 8.0 Hz, 9H),
0.58-0.44 (m, 6H) ppm; *C NMR (100 MHz, CDCly): 5 197.2, 154.3, 144.5, 138.4, 137.7, 137.6, 130.8,
130.4, 130.2, 129.1, 128.9, 128.4, 128.4, 127.2, 125.8, 124.9, 124.2, 120.9, 119.8, 115.6, 113.2, 84.0, 7.9,

5.8 ppm. ESI HRMS: calcd. for C,sH29NO,Si+Na 462.1865, found 462.1872.

0 5 12a-hydroxy-6-phenylindolo[2,1-a]isoquinolin-12(12aH)-one (6). To a stirred solution

O N of 5a (12.9 mg, 0.03 mol, 1.0 equiv) was added TBAF (1.5 equiv) in THF (1.0 mL) at
e room temperature and stirred for 3 h. The reaction mixture was then concentrated in
vacuum to remove the solvent and the residue was purified by flash chromatography on silica gel eluting
with ethyl acetate and petroleum ether (1:20) to afford 6 as a yellow solid (9.4 mg, 90%); m.p. 164-165 °C;
'H NMR (400 MHz, CDCLs): & 7.91 (d, J = 7.6 Hz, 1H), 7.75-7.73 (m, 2H), 7.66 (d, J = 7.6 Hz, 1H),

7.50-7.47 (m, 3H), 7.40-7.28 (m, 3H), 7.23-7.18 (m, 1H), 6.85 (t, J = 7.6 Hz, 1H), 6.66 (s, 1H), 6.10 (d, J =



8.4 Hz, 1H), 3.08 (s, 1H) ppm; BC NMR (100 MHz, CDCls): 6 197.3, 155.5, 137.7, 137.5, 135.6, 132.5,
129.5, 129.3, 129.0, 128.6, 127.3, 127.1, 126.4, 125.1, 124.9, 120.9, 113.5, 112.4, 85.1 ppm. ESI HRMS:
calcd. for Cy,H;5sNO,+Na 348.1000, found 348.0995.

o o 12a-hydroxy-5-iodo-6-phenylindolo[2,1-a]isoquinolin-12(12aH)-one (7). To a stirred

O N O solution of 5a (13.1 mg, 0.03 mol, 1.0 equiv) in MeCN (1.0 mL) was added
PH - | N-Iodosuccinimide (20.1 mg, 0.09 mmol) in darkness. The solution was stirred at room
temperature for 2 hours. Then the reaction was quenched with Na,S,;03 (aq. 2.0 mL) and the organic phase
was dried over magnesium sulfate. Flash chromatography (ethyl acetate : petroleum ether = 1:20 to afford 7
as a yellow oil (10.9 mg, 62%). "H NMR (400 MHz, CDCls): & 7.84 (d, J = 7.6 Hz, 1H), 7.79-7.74 (m, 3H),
7.64 (d, J =7.6 Hz, 1H), 7.52-7.46 (m, 4H), 7.35-7.32 (m, 1H), 7.15-7.11 (m, 1H), 6.32 (t, J = 7.2 Hz, 1H),
5.76 (d, J = 8.4 Hz, 1H), 3.25 (s, 1H) ppm; °C NMR (100 MHz, CDCl3): & 196.5, 154.4, 138.7, 138.0,
137.3, 134.9, 132.2, 130.9, 129.9, 129.8, 129.2, 128.6, 128.1, 125.1, 124.3, 121.4, 119.2, 113.1, 83.6, 82.8

ppm. ESI HRMS: calcd. for C2,H4INO,Si+H 473.9967, found 473.9968.

O OH 12a-hydroxy-5-(4-methoxyphenyl)-6-phenylindolo[2,1-a]isoquinolin-12(12aH)-one
N (8). To a 5.0 mL vial was added 7 (7.5 mg, 0.02 mmol, 1.0 equiv),

P 4-methoxyphenylboronic acid (9.2 mg, 0.06 mmol), Cs,CO; (65.2 mg, 0.2 mmol) and

ome (PhsP)4PdCI; (0.7 mg, 0.001 mmol) under argon atmosphere. Then 1,4-dioxane (0.4 mL)
and water (0.1 mL) were added and the mixture stirred for 1.5 h at 50 °C. Flash chromatography (ethyl
acetate : petroleum ether = 1:20) to afford 8 as a yellow solid (5.0 mg, 70%); m.p. 170-171 °C; '"H NMR
(400 MHz, CDCl3): 8 8.01-7.98 (m, 1H), 7.65 (d, J = 7.2 Hz, 1H), 7.40-7.38 (m, 2H), 7.31-7.26 (m, 3H),
7.23-7.11 (m, 6H), 6.87 (d, J = 8.4 Hz, 2H), 6.80 (t, J = 7.6 Hz, 1H), 5.84 (d, J = 8.4 Hz, 1H), 3.81 (s, 3H),
3.20 (s, 1H) ppm; °C NMR (100 MHz, CDCls): & 197.7, 158.5, 155.6, 137.8, 135.5, 134.0, 133.7, 132.7,
130.2, 129.2, 128.3, 128.2, 127.1, 126.0, 126.0, 124.9, 124.8, 123.6, 120.6, 119.2, 113.7, 113.1, 84.0, 55.2
ppm. EST HRMS: caled. for C,oH,1NO3+Na 454.1419, found 454.1413.

0 o (6S)-12a-hydroxy-6-phenyl-5,6-dihydroindolo[2,1-a]isoquinolin-12(12aH)-one (9). To

O N O a stirred solution of 5a (14.9 mg, 0.04 mmol, 1.0 equiv) in DCM (1.0 mL) was added 10
P wt. Pd/C (30%, 4.5 mg) under hydrogenation atmosphere at room temperature. The
reaction mixture was stirred for 5 h and then filtered. After removal of the solvent, the residue was purified

by flash chromatography on silica gel eluting with ethyl acetate and petroleum ether (1:20) to afford 9 as a



yellow solid (6.4 mg, 52%); m.p. 139-141 °C; 'H NMR (400 MHz, CDCls): § 7.65 (t, J = 8.0 Hz, 3H), 7.60
(d, J=7.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.36-7.25 (m, SH), 6.80 (t, J = 7.6 Hz, 1H), 6.44 (d, J = 8.4 Hz,
1H), 4.4 (dd, J = 12.4 Hz, 4.8 Hz, 1H), 3.56-3.49 (m, 1H), 3.15 (s, 1H), 3.09 (dd, J = 15.2 Hz, 5.2 Hz, 1H)
ppm; °C NMR (100 MHz, CDCLy): 5 198.5, 160.4, 142.9, 138.3, 137.0, 134.3, 129.1, 129.0, 128.1, 127.7,
126.8, 126.4, 125.1, 124.6, 119.5, 119.2, 110.8, 87.0, 60.7, 37.6 ppm. ESI HRMS: calcd. for C5,H;7NO,»+Na
350.1157, found 350.1145.

o (6S,12aR)-6-phenyl-5,6-dihydroindolo[2,1-a]isoquinolin-12(12aH)-one (10). Under the

O N 4 O same conditions, product 10 (39%) was also produced along with 9. Yellow solid; m.p.

PR 191-192 °C; 'H NMR (400 MHz, CDCly): & 7.41-7.37 (m, 4H), 7.31-7.26 (m, 2H),

7.20-7.13 (m, 4H), 6.97 (d, J = 7.6 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.70 (t, J = 7.2 Hz, 1H), 4.99 (s, 1H),

4.04-3.93 (m, 2H), 3.23 (dd, J = 12.8 Hz, 5.6 Hz, 1H) ppm; C NMR (100 MHz, CDCl;): & 200.6, 160.8,

143.7, 142.4, 137.3, 136.9, 128.6, 128.3, 128.1, 127.1, 126.8, 125.7, 124.9, 121.9, 120.0, 119.2, 111.5, 80.2,
56.6, 34.6 ppm. ESI HRMS: calcd. for C,,H;7NO+Na 334.1208, found 334.1212.

(S)-6-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline (11). 0.025 mmol of 10 in dioxane (1.0
N

o mL) was added of 0.1 mmol of LiBr, and then 0.6 mmol of NaBH, was added partially to

the reaction mixture at room temperature. The reaction was stirred for 12 hours and poured

into water. The mixture was extracted with ethyl acetate (3x3.0 mL) and the organic layer was dried over
Na,SO4. After removal of the solvent, the crude intermediate was added BF5-Et,O (0.05 mmol) and HSiEt;
(0.055 mmol) in DCM at room temperature. The reaction mixture was poured into NaHCOs (aq. 3.0 mL)
and extracted with ethyl acetate (3x3.0 mL). The organic layer was dried over Na;SO4 and the residue was
purified by flash chromatography on silica gel eluting with ethyl acetate and petroleum ether (1:20) to afford
11 as a white solid (5.8 mg, 78%); m.p. 142-143 °C; "H NMR (400 MHz, CDCls): & 8.33 (brs, 1H), 7.40 (t, J
= 8.0 Hz, 2H), 7.31-7.12 (m, 9H), 6.94-6.93 (m, 2H), 4.49-4.45 (m, 1H), 3.40 (dd, J = 15.6 Hz, 6.8 Hz, 1H),
3.23 (dd, J = 15.6 Hz, 8.8 Hz, 1H) ppm; C NMR (100 MHz, CDCls): & 144.6, 137.1, 135.4, 133.4, 128.6,
128.4, 128.4, 128.0, 127.0, 126.8, 126.5, 122.3, 119.8, 119.8, 119.8, 114.9, 111.0 ppm. ESI HRMS: calcd.

for CyoHi7N+H 296.1439, found 296.1442.



-
< .
P | 2
@) 00°0 |
ko) t
C
(4]
%)
[B)
S
= -l
@)
=
X
m 165°T—
c
- e
©
2
wn
3 Lo
o
N
4]
o]
-
(4]
(&]
~ L
S N
o
N i
C ™
D
nDy 918 b——— rILJ.\ wm
%) boL
2 [
m
si8°9
@ m...m.e“%
(&S]
> | e
S |
= |
Q L
3 L
I<b) ~ | oS
< S == | Wmm
s < | igE
o = Wa
© b 1E3
o ~ | dM
w . ~ wm
Q. ety \ - 0
wn % 004 21—, \\ /
9Tb° L
x = & \\
S k] T/
S 105" 24—
=z = _.Nm.hH\\
. T
™ <4 €272 i
— 0 | o

189792
000" 22/
glgtll— -
Z0p 18—

P96° 27T
0S0°8TT

/
\

£66° 92T LY f——
SIE LZT T\ A
Sm,zﬁ)/

Z00° 82T

8657821/,

vpL 82T

m:.mﬂt\ =
TEr 821/,

ges-gs1—//

ESE BET e -
£6bLET —]
119 T -7/

mmﬁ.mil\

LT0"BbT

PRI EHT

qEPTTST

ZTT 86T

80 60 40 20 ppm

T
1400

=
140




94070

LT

999"
€8

(13-

528"
465"
£98°
288"
S06°
526"
9pe”
SS6°
810"
9g0°"
020"
£80°
s0T1”
8we”
292"
282"
L0€"
ove”
19¢°
Seb”
vep”
£158°
S69°
AT

T

ppm

[Ep

3.67

-
1.00

[
2.13

B e

1.05 2.411.28.82
1.262.621.15

=

599762

566°FS —
SS

081"

rg9-
000"
BIE"
2827

008"
999°8

BIS"

295"
oro”
gER "

29v° 86T

s

L L B B I B B N A e e

00

ppm

20

40

60

80

100

120

140

160

180



§20°

192"

285"

181"
58€°

187

1€8°
258"
£29"
veg”
606"
626"
ogo”
880"
9.0°
620"
960"
it
SIT”
LT
96T
£ve”
9wz
e
292°
282"
162"
ooe”
oze”
99y
£8p°
108"
£0S°
[
12s°

3ac

e

v

iz

| |
/

JuL

ppm

[
1.00

B e ]

L

1.01

4.92.48.21
1.22 2.31.29.63

mwa.ﬂwUI

2ig"Te

189792

000" 2
BIE" L2
66218

S96°2TT
£26°8TT
STP 02T
0Tk 121
SST° 22T
969° 621
£02°921
9267921
9697821
008" 821
10€° 621
982" 621
SZL°0ET
186" TET
B66°9ET
PEE"LET
€L LET
25T°Tp1
TET EPT
€EE"EPT
62b°SPT

9Tk 191

TPE 86T

W

-
=

hill

3ac

e

W

o

"

20

40

60

80

100

120

140

160

180

L L L L L L L B L L B B B [ e e e |

200



228"

898"
288"
216"
vES”
6S6°
zz0°
£bo-°
450"
1325
STT”
TeT"
b1
0ST”
eve”
JA:T
9.2°
b62°
5T€"
9€g"
€5€°
SLg°
28pb”
c0s§”
025
299°
089"

4

ppm

s

0.92 4.184.21.35

1.00

1.162.30.09

289°9L

000"
8r1E”
92g”

£20°
95¢g”
289"
PEE”
G5B~
ELL”
508"
T8p”
LT6°
190"
PED”
8zl
098"’
Tep
60b"
556"
Lvi”
9€6°
606"
692"
150"

28€7 181

S6S°LBT

"

—

i

ppm

40

60

80

100

120

140

Sl
LA e e e B e L B B B [ B e e e e e
20

160

180

00



/s

i/

ppm

3.48

2.57
2.72 5.14

. B e B I
28 1.20
1.15

-

2

3.20

.00

0EL”
veo”

698"
vee”
28G"
£09°
fAs:
oTE"

[4:18
000"
BTIE"
To0g”

288"

659°
E6E"
24
T20°
SLT°
1]
ETb"

ere”

168"
96E"
(14
¥ro°

SbS”

952"

m~HHvuull

I

w

[1

sg—7

L1

[
ﬂmll\

191

(1] S —

L S L B B

j

40

LI L I B B B e I B B L B B L

200

Ppm

20

60

80

100

120

140

160

180



ppm

1297 e—

0967

587

@

8

j
ATy

[}
1.00

WL g L
0.93 1.111.00.09
2.081.181.04

voz-
£85°

289"
000"
ere”
2E6°

966"

181
228°
Zro”
018”
£58°
pEE”
E6b°

89p°
6TE"
LET”
229"

692"
915°
§82°

G26°

[4: qupp —
25

9\
L —
S —

8L

eTT—

611

121
221

g21—
szT—'

621
62T —/

LET
BET

L] —
(222

T
291

a1

PET

ok

PoRT

o

it

kel

e

LN L L L L L L e B B B

ppm

20

40

60

80

100

120

140

160

180



meoonn
TN NS ©
2 oo N
e
T
ppm
-
0.96

N o
883
—
1
-

////
e et

£08° 0™

.ﬁwwél\|§l.|.l.ll|
08’0

2.04 0.75 3.00
2.220.65

Fe o w 413 ) S
; (AT

ses
© 3 £65°

o~
N
m
[ i L - R R
:
i
0.31
0

MM |moN NN
ﬁ
J
4

818"

ppm

[ —
17.64
21.0%5

at

irraditation of H,

989*
9"
02"
5827
efL”
208"
306"
[4d:
286"
056"
696"
e8ro-
690"
980"
et
T
0ET”
Wi
8sT’
BBT"
812
5€2°
baz*
£82°
00g”
BZE”
are”
99¢g"
eop”
ger”
9zr”
L1
vy
210
19%°
Leb*
915"
925"
S5pS°
E9S"
695"
269"

—
6

He

) NOE

CHa2(CHy)2CH3
NOE

r NN S
—
b

1.294.05.8922.331.04
1.58.3912.130.38

i

I [4°] S S S
L pst L

27 2 A
[ 1208

I mmu.mTldj1]

L L69°¢

L N e N o N N L N N N O o T LYY

no NOE
NOE of 3ag

noe of Hy, at
tJ 7.14 ppm
v
s

34.81

noe of H; at
7.43 ppm

\

no noe of Hy a
7.70 ppm



005"

z8g g

bps e
55078/
2808

S0k e

2EBT 6T

ppm

1
1

3ah

T — L
h

10

et

1.23

2.81 1.90

.00

6.95 2.30

2.29

082"
13-
0027
906"
911"

SEZ"

Ll
vEs”
200
492"
1627
9Ll
13-
026"
910"
891"
LEZ"
pro”
Tk
ge9°
b1

¢L0

018"
peo”

£50°
LPA

462"

B8
BET
e
6/
or—
zg —
T
T ——
BTT !

TZL T

£3T N ————
2T

22T T

e

821"

63T 7

mﬂl“.”.‘.i —
05T/

81—

EET e —
esT ) -
orT 7

T A
287 —
£9T—~
581 —
58T
98T

iy

WY

R I A e
140

T T T T T 7
180 160

>

80

100

120

00



o

Fe

=S

o

_vD L0
|

I

r

I 18870
r 02T T\
L EPT T\
| 8T T\
- ST T\
- E6T T
T N
Lzt
vz.ﬂk\
21e° 1
-
o
z8g"
688" L
i
T6E"
£6e” 3 2Lip° 8
86e L Eq.mHV| \
oy e —
- o ﬁﬂﬂ.ﬂ\\l.” /
qz.ml\l|
2€9°¢ g
S59°E & N
LE6°E o)
| - Q2
m + Ir6°E T Ma
=
° I 3}
o
w €84 b
[¢]
4
=
56875

= _
4
Ko m {
£28° 0 I s ™ .. 6189
138 LT — O b I ece9
EvET L — o - = | [ S
ﬁ.m_an | o .
£65° L % e} o m. F 169°9
2~ Ta R \\—
veo'e S o L e © 4 3 emc.n)i
20T g cs g NS.ﬁF|
[ L 817 L
o ® nﬂ.hmm
w S F r 96172
© F e L
© L 562372
T i vezee
r £62°2
e € vapL
a | shb* 2
C o TE9°L
56876, o <) 0592
omm,m\‘ry — =M 5 cog- 2
19676 s (=] v’y
-
] T
© L
-
= r
-3
I
[
-

4.58
3.83

1.812.22.09
1.00 4.63.1%.24

G e i

1.01

10




957" 5T v". —

11851

80°28—
012 69~

9897947

pO0" L o~
818 24— =
806718 %
=
I
O

5

SET 66— S

1587217
unm.mﬂﬁl/

WE._E/
gzzp/a
sER EZT T\
16b" 62—\
207° 92T\
200" 921

9€2' 821
ﬁmaﬁk

g2 g2t/

£66°2€1
02p°L87
§SB"0pT™

208 17
LT
08T SpT—

819° 19T

089" 26T—

T | .
a0 20 ppm

60

T

a0

A e B e e e e e T
160 140 120

180

221
LT
8T
26T
EET”
LEZ”
(13-
Zre”
ez’
rag”
£e8”

noe of H, at

NOE of 3ah’

no noe of H, at
Tf'f

5.33 ppm

irraditation of H, at

7.18 ppm

/

noe of Hy at

)
T T T I 1 T T T T 'r__'F"'r
1 ppm

b

11.32

76

13 .66

A6

7




-

8070

969°0
ETLT 0
0€L°0
FAZAN ]
§94°0
8L°0
T88°0
857°T

Tip'¢€
06b* ¢
S6b° €
FAT
825°¢
SPS'E
298°¢
985°E
BES'E
989°€
LT e
869°¢
6TL°E
8EL’E
LLL'E
11 T
118°€¢
§28°¢
98¢
e’e
p58°e
TiB'E

D

£88°%
216°S
9v6°S
£46°%
900°9
1209
6£e°9
£58°9
958" 9
T20° L
wo" s
6217 L
A 20
2227 L
e e
09274
9z L
06E*L

mmm.nll\
biv-L
ebp L
[21- 3
995" ¢
£59°¢L
2497 ¢

Ui -

J

5

Vooa

/

4/

ppm

[ T

1.08.28.481.09

oo 3.03

1

3.18

.10

1

2.28.371.02

TA%8 11
L8281

81€°51

08T° 19 N
17219
26619/

860°29

T89°9L\
000 {—rm——
GIE" L4

mw_u..nm““ 7

18118

vOE° 21T
6227811
8pT 121
ZET 221
920° €21
qzv°S2T
T6T°82T
1297821
bL9 82t
bR —
mnm.nwﬂwi\
6LT° 08T
2197 ZET
059 2T
02T LET
LL6720T
L:TA %31
T0LTPPT
o8 PRl

mwm.nm."U||

¢90°6ST
8497197

|

v L6T

S
i
o
o)

AL AL NN N B A My B B e B e B B s e S e I B B

ppm

20

40

60

80

100

120

140

160

180



000°0
peo 0

29670

voa.ollJ/|
T00°1T
97771

W&AHw

182°71

The'E
6G2°E
LLLTE
174
£68°E

£76°¢€
TEETET\\
T00°v

Ly, ———
mSé!\IIIIII
bb0° b

£90° b

ve0°y

£0T°%

e

1770

bee"s

U

,//f

Iy

VA4

ppm

[
39

1.26.69.05 .08
0.991.24.91.02

e s

[}
.04

1

£L6°0

284761
pse sy
LEO" 9%

507" 9%

§50°29
sT1” NQT

841729

189792\
000" 22—

BTE 22

CLTN S ) SN—

S8S° €9

2287211
6287811
£82°021
E0V 12T
0297821
£25°621
£99°921
6297221
015821

T

A

s

™

2097821
wmn.anHHVW\\\\\\\\L}\\l
9ST0ET
2v0°2ET
856 28T
Mam.hmﬂ11\
908" TPt
926" THT
9T6°2pT
ZL0TEKT

11

Nnm.quU|
626°8ST
T8 19T .

6527967

L

60 40 20 ppm

a0

160 140 120

130

LS B e e e B I o o o o e B I
100




£90°

9.8
826"
§20°
160"
80T
19T
8LTe
bET"
151
699"

8Lr’
96k "
8€9”
888"
vig*
88"
288"
948"
£68°
016"
826"
96"
896"
800"
v1s°
625"
825"
£65°

6197

8L

208
628

088"
268"
080"
660°
621"
9pT”
85z°
882"
506"
£ve*
T9g°
8.8"
STe*
EEV”
25p°
21
20s°
299"
649"

NN NN~~~ ©®©® oo

|

¥

N

-

W

[

b
P
-

reduced-3ai’

|

P

JJ

W

ppm

10

[A——

2.01 1.08
1.19 1.14

bt =

et

0.87.0368

.872.00

3.95

0.97

0.8106.141.88

pRg T

LR R
oog 9

NOE of reduced-3ai’

irraditation of Hy, at

noe of Hy at

4.01 ppm

6.89 ppm

ppm

10

q.59

.na



ppm

VT

Jor

ppm

.70

- P
L Lo
849°1 - -

(

I
|

p00 b - Lot
/_

A

L18'p ”
825°p
cmm.w|\

028°p

NOE of reduced-3ai'

185°S

irraditation of H, at

|

4.55 ppm

noe of H. at

5.58 ppm

(AT

248
982"
S
15N

-
=
o

l‘~l‘~NNNFFFNFFF\ﬁ%‘kNNNF—P—NNNI\FUUUOO

bel”
280"
T80°
£80°
0or”
Tt
021°
2
e’
BET”
S
987’
T6T"
861"
802"
682"
862"
20¢g”
Tier

~
o
@

oge”
[14°

@ o
vy
@ m

88¢”
(11
€08°
a28°
6bS°L
895°¢

o

e

1.941.13.07 0.98

1.03.@93 1.06



w o o o Mo o @ o Ww o
- ~ ~ o T =3 - o o
= SR Ry 5 R2E =
~ - w o Tm < ~~© =l
2 S 2 3 33 = oann
ebrmmsosmesmeansrsabbebdbre oot bvrechamaprons st
L e L 2 2 B 2 e 2 e e
200 180 160 140 120 100 80 60 40 20 ppm

noe of H, at
7.51 ppm

NOE of 3aj

noe of H. at
7.13 ppm

no noe of Hy
at 4.72 ppm

irraditation of
H, at 0.11 ppm

1I "0 ppm
tho



995"
948"
98s
$6S
209
vT9
929"
€E9°
9ge”
906"
926"

962"

gL’

LELT
§S8¢L°
beL
208"
oF4:
£20°
2ro”
920"
S560°
STT”
021"
981"
GET"
9sT”
£91"
91"
L1
961"
112"
z28z”
rez-
ToE"
€0g"
BTE"
2ze”
rre"
LbE”
s9g”
€8g”
2ES”
TrS”
055"
095"

cocococoeoeoooo

% |

J

e O e da e e N N T -

|

TES

N
e

T —

ppm

589792 \
ono.nh|\|

1€ L2

L9k re

.00

$09° 21T
5497811
TbE° 02T
BEZ° 221
550°€21
v 521

\

I

w €60 52T \

1887 22T\
0447231
2557921
2067921
652" 95T
021’281
(273812

89T EVT -

L

9617601

e e i
1.03.06141.00

1.961.03.151.05

GSb°esT
261" 19T

ESLTLBT T

10

T

20

T

40

B e e

60

L B B s B B

LI T T

L S B B B e B L B S

ppm

80

100

120

140

160

180

200



]
1S =
" o e 92070
[ Py I
588" 0 u e L
[t W
sgL°0 w O ' !
§08+ e e e w T — < )
- )
o ® L 652 T— \ _
< % 488 T
o 5 95k T — uﬁ
- : 915" 1 .
Y R e — co \M\%ﬂ[‘i\ e 699° ] —————
09F i 7 R S, © e
ey 020"z I
L
|
|
i 282 - |k
i S
, [}
675°¢ ke x
1120
218" b
858" £ ——— = 6TL79
52" 9
o= 664" 9 = ©
..m m. 8279 S I
o 808" 9
c o b 1889 /
o) U 66879 \ —
= N~ 1.8 T96°9 R
ety ~ © < T' L .._...‘bﬁ.‘\|.\e 086°9
...“ b~ - _,,v m 966°9
- £ £10°2
S w © mx - ZE0" L uma
- © r 0" 2
w = T 31 06072
o = : g
. z I 4
i "2
| e
H -
I =4 -
e
bipta—, K-
bO8 9 e .
z
. \ | M L - //
B . N
" #mn Se.m /M
—f———= = g
- \ i e Ze‘ni\‘m“ 3
i— © L4 828" L
mmﬁ.mi“ - A e N i)
00t 22— m © 5067 ¢
(10 F A e SO = o 1287 ¢
Rl u— i 52572
Lese o 2 L o bste
o © 895" ¢
o< - Eve- L
c 7 ! 1922
vog-L
£98° ¢
16979 m——— 3|
08 a— |
el
i=
01z W F
|
r
=
| —
r

ppm

1.1B.93
0.8543

s o

e

1.00

.9B.26

0.884.451.7668.35

o e i

0.29 1.36.52.19

10




ppm

rs
[
_
_,.
m
L4
RS [
§52° 1 - o
08E° T _ B |
L — .HF. | e
sr5 1 P - S .
L © -
vea-t ® h | 5
L o 86S°T
£80°2 — I ~E 1.|.,.1..b._|4 n
w'g [ =
o o L '
o I
o & L.
" .=
908z AN g =S S
(oM bm ! @
< L
©
w I L
(®] 5 £ La
P4 o !
Q +
2 s e _ o
— t
- = I bsLE—
S g 2 o S S £
s =Y - [
<) o — Fa—
w © @®© |-
o i
z = r
18270
ey =
®E
29
..um o [ £89°9
[ 859°9
d08- 5 °8 T 3| z £50°9
005" 9— = o 2 — | 3 S
. | 4
Q1 e o @, |||..|w, RS- 958" 9
6527 L c T e £9@°9
Tezt e | pig' g
[ 268°8
) 6068
1+ 0g6° 9
; V58
086°9
L L /7
ZED" L
Z80° ¢
250" ¢ /
- |74 s
@ £€€° 2
0SE" L
SSE"Z
bLETL
865" L
bIb L
= 11103
— 18k 2
[1:1:2
c89° 2
prLL

.

.00

4.90 1.16
3.58.17

L

ot
5.89
25



id-N

589°
000"
61E"
8LL”

88"
GES”
STB"
VB
992"
veo”
L€9°
SZE°
sv8”
910"
2£9°
[ 17
oo
298"
192"
ST6°
SEb”
T84
| 2

bEs”
0zg”

L9%°

1

20T
1T

414 2

eIT
121
NNﬂ\J//II|
S2T
S \—
221
A\

mwﬂplk
831

wwﬂIL\
62T
EET
et
PET
28T
T
vt

il

VO

[ | e ——
Tor

86T

LALLM B L L L L

ppm

210

40

60

80

100

120

140

160

180

00

SEE T

£6L°F

G

ppm

]

[ S —

0.89 5.23 3.3303

.10

1.20 1.87D710



209°T2

09€° 86T

T

L L By B B B B B B S e B

100

LI T B B O

ppm

20

40

60

80

120

140

160

180

600°0

692°1

v6S°T

| 72: 18

8689
976" 8
SE6°8
121
4678
866°9
7103
290°¢L
180°¢
260°L
ST1°¢
2ET°L
€912
(113
89827 ¢
B0k L
5087¢L
926°¢
9€§°¢L
et
1173

—_—

i

T

ppm

e
2.18 1.13%.17

0.98 6.39 3.28.15



LA LR T W
Q00" Z2
GTE" L2
6r1° T8

ra

BT0 ETT
L80°8T1
€21°811
TOW"6TT
0v8° 027
8/8° 12T
€9p°ECT
E0STEZT
[1°2: -1
8LL7L2T
698" 42T
697 82T,
6627 82T
9527837
9887 82T
4217621
£427621
8007 TET
TZ6°28T
LESTEET
vog" LET
290" €p1
BOP EPT
226501
E82° 911
ZEE 101

»ﬁ/

T

RN

v86° 98T

LA L L L B L I B s s e

[N EL A L L B B B I B

‘00

ppm

20

40

60

80

100

120

140

160

180

00070

908’y

;/ ///

0 ppm

e

4.28.14
4.08B.21

0.91 5.42

.00

.16

1



EB6™BOT

BEZ B0T  ————
PSLTETT

§56°3TT——

GBT 6TT

5297 12T

8TL° 12T Wu

9g6" 12T
PSLTSEITT
v197 43T

ﬁﬁnﬁ&L\

ass 871~/

282 621/

0zz Es1—/

T1e° 88T

290 ca1—//

N A e

PESTEVT

T2pr2p1—7
_
—_— T
S

ZIS7 LT

QEE"T9T
g0k 291
Sre pol

187 46T

o

kB L B L L B B

LIS L e L S B B B

ppm

4\

40

60

80

100

120

140

160

180

200

T00°0-

[13: 84

£i8°9
168°9
016°9
22679
£bE9
286°9
18679
620°L
o L

19074
8074
28074

2607 L

860°L

W0T°L

(1T \II

9%°¢L

TzL

05€°L

1887 L

:73 2

::3 2

9157 ¢
1697 L
0ree

NI

ppm

[
1.00



€897 9" \
aco.hhl\‘
mnm.hhllk!l!lt\\l\\\\l\\\\
tigto8

06°211
ErZ 61T
288121
€LL°T2T
p68° 12T
€227 827
£v2° 931
859" ¢21
T2t 82T
0527821 —

reL” mwal\
00€° 62T
PIT EET
v2L°EET
8GL°PET
6027 2ET
PEETTPT
9L0€vT
26T b1
S86°9vT

/%ﬁ//

i1

TIE 19T

SSP°I6T

|

LU

L L L L L L B O L L It B B

ppm

20

40

60

80

100

120

140

160

180

0o

000’0

0es”

218"

88¢”

9/8"
568"
216"
BZ6"
LEB”
056"
PS6°
856"
925"
2%0°
Sbo”
80
2207
vE0"
LET
e
2582°
182"
pie”
[4:o0
a1”
BTb"
28p"
208"
T2s°
b69"
£TL°

T

s —

//Jf]

il

L N N N N L]

)

1.001.11.36 5.71

.13

.3376 3.58

1



188°
opo*
91€"
9€6”

296°
182"
688"
896"
8re”
679"
8L’
259°
Lt
2827
ELT
SET”
692°
£90°
047
81"
68
1€0°
980"
852"

voe"

LbE"

847

LL=7
L A — p—
[134)

BT

LRI A B e

LB L L B ) B I B I

120

200

ppm

20

40

60

80

100

140

160

180

200°0

°p0°T
T90°1
620°7

121871

10£°2
81g”
L3287
9gg”
9bE”
€9¢”

N

66470

108"
AL
9g8°
£G6°
ri6”
£00°
220°
re0”
rso0°
|7
891"
981"
rez”
rez’
627
STE”
gge”
1)
6’
sbb e
089° 4
66972

[ R O e o T T T - -

A
VA

Hp

T—

A

ppm

7.172.782.20
1.521.2A.09

T
e

0.99




[ =]
L& Lo
[ o o
L - |
N © L
L o]
e r I m. "
L= ot P , LY
3 7 o i -
- €L0° T ~
908 p2— L . % n
§ c ™ I
i w £
L vez: o o F
s Ge) § @
2
: [ 6TE" \ . w %
- 188" ..nua. : o
[ sve” — o N ——>» ﬁ
L 1§87 _—
I 69¢° T ©
3 188" m [ i
r vy o
= 9gp” — Lo
| o
18979 L L
000" 22
u:w.tK
5657 IR

1857211
6£9°RIT
ZZ0 61T
€2L°E2T
2627 BT
922" {21
9EE"L2T
2E9° 22T
§98° (21
ELT° 82T
0E£E"8ZT
mmh.mNaU\
9€6° 82T
ErT 6el
5827631
205621
6LEEET
L0277 ¥ET
8257 LET
L66°BET
1827001
1506 2pT
Sy erl
602" SPT

85072\
02072

926° 86T

}
200 180 1es a0 120 100 80
NOE
NOE of 3ha
noe of H, at
7.06 ppm
L 1
L L L
10 9 8 7 6 5 4



s2'1
18T
©
I /
€82°2— _—
. —
)
—_—
Hc I =
™
N
N
/1.
N
.

ppm

ik ) i

1.060F. B50989

Y
0.87 216821 .321.22

£9€°12

P89 9L
000" 24—
:m.:Lx
502718

256211
920" 611 /

P62 T2T T\
00p°TZT N\

. N
£61°221 //

€24°52T

£9T° 22T\ \\
8LL° 23T ll//
220° 82T I/A
mmm.ﬁﬁ)

vaz 8zl —)
0vE 621
T 1] /A —
versei—/
585" bET—//

0657 9ET

T9F " LET —
£19°0pT
1567

2887 EPT
€66 EVT

9k 191

9Ty 861

LN L e e e B e e e e

| B B e e

140

L e e

L L s B

200

ppm

20

40

60

80

100

120

160

180



Sb2 2
092°2 // )
982727\

9T€°2
8€€°2

(12504

288° 9
26072
011" 2L

)
©

e
I
Y
o
<))
[©]
=

£
[}
o
)
®
©

NOE of 3ia

_—

irraditation of

noe of H, at

H, at 2.29 ppm

7.10 ppm

¥ E
I ra
F =%
3
: |
3
E ]
3
i
-
¥ |
F o
o
. L .o
I —
SEEE
E '
£
e o™
L
<
3 r
3
3
2 =
3 L
3 |
> o
4
3
SN
3 +
3
: 48
3 o e
1S
= -
E
i lw
s |
3
x|
F
-
3 ~ o
3 |
= |
| =
4 -
r .
4

o o
vi0°0

6zZe"

68"
eI6”
9E6"
LS6°
6"
Lz0°
0"
£90°
i’
80
160°
607"
212’
£€¢"
182"
1ie”
84e”
e’
£58°
28g”
9LE"
8Bb’
91§°
9e5°
A1
18l

14

0 ppm

0 5.844.32.94

1

B e
[}

1.

.242.632.58



189’
000
s18°
€68°

86"
SEE"
LT
128"
208"
1230
0gg”
T50°
STT"
00¢”
ap2”
2IE”
281"
491"
6T6
13:1'2
606
102"
£28°
95¢°

L92°

0Lz”

€ET
eI —/

TLETT/
“TPT

[131
BTT
121
121
221
521
22t
zr
821
221
ezr

et ———

2eT

L

TT

a8
£bT
wrr

|

191

BT T

20 ppm

LI L B B B B

40

T
160 140 120 100 80 60

L L L L L IO I B L B e B B B B B e

180

r e
e
L o~

S$60°0

LE8° Y

868"
2167
266"
TS6°
0467
886"
1807
apo”
£90°
£80°
001"
LT
€61
1587
poe*
ELE”
bee”
ElF”
91"
£Ep”
LEp°
005"
615"
8£s5”
5T¢°
veLs

ppm

Wit G
1.001.151.8083 44

.05

1.5868.68.19



649"
000
218
Eb6*

626"
S18°
61T
T
G697
fil
218"
SbS”
250"
L2 %
31
208"
LES”
votr”
6EB"
26"
016"
LET”
B8L0°
086"

e’

812"

onV

|

[13:]

21T
611
0z1
121
221
£21
52T
L2t
ezt
-1 Sy
et
62T
TET
€ET
EET
LET
Wt
ErT
(423
vt

ﬂ///fﬁ/

Ll

19

-

L6T

T

ppm

AL s e e B B I L L B

T

T T T T T T T

T
140

LA T S B B 2 S B B

20

40

60

810

100

120

160

180

9L e

74

682"
T1€e”
2€6°
124
L56°
086"
266"
v00*
080°
v90°
90"
S60°
901"
922"
192"
91€"
62¢°
L5¢€°
89¢"
6LE"
€6€°
Top"
ovy”
esp”
eps”
965°
896"
T09°
229"
6€L°
S8LL

alkenylation of 3ka

R

.94

.08

1

L s

1.08.212.22 .2707
1.18132402.2012



627
601
453
440
227
6.285

NOE of alkenylation of 3ka

noe of H, at

noe of Hyat 7-23 ppm

7.45 ppm noe of H, at
irraditation of 6.29 ppm

H, at 7.62 ppm O /

ool A " e l e v
iy ey .\ X i ataaaa i et
T S B L A s e e e S A s s s e e

10 9 8 7 6 5 4
A -
-10pj.00 1.37
.96 0.09
WD MO EEO®NONSNT NN ND»DO - o
TOANDIDDODONIDDMN SN S0WBIDm ~
ARihbehmmMNAadAcccannn® ©
Ll T T ) r~ P~TM B W0wo -

0.073

oS -

\
T ————————
8 7 6 S 4 3
e ] o
0.94 6.09 3.05 1.00

2.091.01 3.88



Sv6 9T
L56°9°

SL6° 9
8869

L00 L

990°¢2
62072
1602

g e

SET L
T

09272

02872

288" L

S6E" LT

Sop LT
LIp° L

08§27
£95°2
5287

L
2657 ¢
50972

9€L LT -
vl T

veg- 9z
aae.nhmmw

etetee—, 0
220718

882"
80"
pe0”
699"
929"
E1L:
£8L°
26"
621"
vre”
beE”
LEL°
628"
686"
162"
£258°
ske”
L3I
2ET"
1€0°
0€6"
v6Ss”
909"

€127 19T

B0E" 96T

"

ppm

T

BRI i e o e R
80 60 40 20

100

160 140

L L e B o e e A i e e e e
180 120

e
[



238"
vse”
89¢"
188"
v6E"
€0v "

irraditation of

H, at 7.32 ppm

-

£29°

268"

968"
PI6”
€E6°
096"
T86°
S00°
obo-
2507
907
060°
001"
01"
952"
15"
Ti8°
08E"
ooy
805"
925"
irs°
80"
92l
966"
910"

1

e

— J&W,JUA_A_

Bl

ppm

i
3.40.23

(ST
1.14
1.75 6.55

[}
0.97

.00

3.23



ppm

ppm

20

S e e

40

6L0° 25— —

e

60

289792

€
R 3 | N«:.m)
cca.hnxl\ﬁ\\ " sp8° g //
— - ‘g
1 .

i1

|

irraditation of
H, at 3.85 ppm

T
100

Ph

NOE
NOE of 3ma

it
vee”
fias
9§8°
ELB”
L£8°
£6¢°
8L6°
LETT
6247
99¢°
9.€"
608"
290"
28"
1T
941"
188"
BOT"
618"

MeOOC

e
120

T
140

160
7.72 ppm

Tep v E—

noe of H; at

2987997 I

180

8.01 ppm

noe of H,, at

T
T

200

EBT BT 3

10

-




810"
85€"
T80
T
STL”
016"
8€6°
186"
T96°
526"
€00°
970"
880"

€1ge"

NOE of 3ma

noe of H, at
3.84 ppm

noe of Hy at

irraditation of

H, at 8.01 ppm L

-0.08

10

810"
060°

0Le”

[34: 0

S€9°

€8’
ave’
[13: M
006"
806"
616"
926"
986"
a1 N
9p6”
856°
296”7
620"
veo”
050"
690"
98i0°
980"
¥60°
692"
zeet
i8¢
VEE"
00
28
69"
vis®
265"
§5€5°
LT
9gL”

T

ppm

—
L —
0

I
1

T

i
M

, - —
-

. L

0 L

9

: L

9 @

9

9 b

9 L

9

q |

9

L] 0 ~ r

NUV| I ==

n|\|||| — rr~

I3 L

I3

: L

L

¢ J— S i

R

. T I

) © —o0

n c

¢ © I

¢ o L

F H

. L

4 L

I3

3 o

I3

T
3. 08,65



3 2 &g & s
L] o~ ~o wn
X SR i e i b S S e b : <
splitting of C, at
109.3 ppm
O o L B o T R T T
0o 180 160 140 120 100 80 60 40 20 ppm
i) I
| |
| |
| |
‘ ‘
| |
|
NOE
NOE of 3na
noe of Hy, at
6.90 ppm
irraditation of H, at
3.8 ppm
‘J\_; —— S - I ——
S : . S — -
10 9 8 7 6 5 3 1

ppm



8€8 €

v68”
206"
506"

£16°
5€6°
2v6°9
L6E° L
pob 2 _
s6v°2—//

L0s 2=/

0zs /)

s12-0—/
see e~

©©oooo

NOE of 3na

noe of H, at

3.84 ppm

/

noe of H. and Hy at
7.72 and 7.40 ppm

irraditation of Hy, at

6.90 ppm

10

608’

68"

969°
929°
v69°
9gL”
962
6v8°
898"
88"
988"
868°
236"
96"
000°
L10°
9€0°
180°
690°
962"
AN
118"
268"
vov*
es5b°
0lp*
06b°
899°
989°

®

-

AARAANRARNRARARRARAROCOOOOOOOOOO®

A

ppm

Ll

[oer)

0.881.88 2.98.02.03

.91

1.05.91 1.90.93



ppm

20

b0 6E
1827 6E
€67 BE
004867 J
208" BE
STT 0V
9z 0% 3

:

40

|

299795

60

ot e

80

86 0g—————————— _ 3

PRI

100

SROTITT
PTL2IT
S6LT9TT
8627 21T
L9T° 02T
T02° 52T
ST8° 227
180" 921
981" 921

——
698" 82T 1
6927821
age” wu.n“/
]
—

299'9—
189t
mmw.mll»ﬂl”*lnil.l
£ 9
09¢° 9~

120

e

mmw.qm«ull

298" TET
Zbb EET
SI8°PET
506" SET

140

962" 8ET
6b9° 0BT
992" vbT
THL PPT
BPZ°LPT
[ 18124
665" 8FT

Bl

160

POL 29T

180

§99° 261

LN S L L L I e O - I B

0o

.

ppm

oA

A

irraditation of H,
at 3.81 ppm

NOE of 3na’

noe of H,, at

|

noe of H; at
6.75 ppm



BTE 8~

NOE of 3na’
noe of H, at

noe of H, at

[4:1: 0

E
o
=
=}
-
o
£ L
p -
o B
S o
(3]
—— b E
- ot _4‘
)
©
o]
I )
5 E :
Q.
S o
o -
- 9
© 9
b=} ~ o
T
] /
-
= -
- =
£ ([ T
p\ i~
o L
n N
~
o -
-
=1}
.=
Lal

o
=
E
o

et Lu
_
J

8p9°
599°
¥89”
(13-
298"
288"

606"
|24
121
11N
L66°
590°
v20°
620°
8ve”
592"
692"
8¢
e’
0L8°
68€"
90k
62b"
A4
S9p°
vee”

Hel 1A -

e

L O T e N - K- R g g g
r

ppm

[

byl iyl

"

19.87

2.83081.49396

.92

0

1.%6133.010.061.00



e
€12

peo”
582"
€6b°
002"
116"
611"
9ze”

[}

62457
AT
£0T"
22z
2L0°
209"
110"
520°
068°
S66°
922"
9gy”
€96°
206"
612"
T0°
602"
[4:1 0
[12%
292

1%

S9p°

LT
154

6E
68
mm\/

6E— —
mmx\\

T

(17

18

(224
21T
611
zz1
P2t
221
82T
821
82T
821
62T
mNa\L\IIIIIIIIII
2ET
€8T
vET
eET
8T
EpT
EvT
Skl

i

il

291

86T

LA L L B e e e

L ML

LA UL e et e

120

LA L L B et e B

200

ppm

20

40

60

80

100

140

160

180

000 0-————————
8.0°0

f98”

T0L”
0zL”
9gl”
6487
°88”
006"
ST6”
626"
100"
BT0"
ee0”

14

9
9
9
9
9
9
9
9
L
4
L

)

A

0907 L/

220"
960"
9ve”
q0e"
518"
28"
£9¢g”
0sg°
6l
[1:1
81§”
££9°
269°

L
L
L
L
L
L
L

M~

i

ppm

o ity et

0.97
.10

3.17

0.932.03

.00

a

.08.07

1



ves 9l

000" 4L
618° 2L
0ET T8

T

995" 60T
F09°S0T
927501
108°50T
L88°2TT
2857 6TT
LEE°TZT
S06°52T
9827221
e11° 821
LETT 82T

ITIRTA:
99p " 62T

06b 62T

U5 2ET
mt.mmﬂl/’

180" 95T

129° 96T\

192" 6ET

Se.mﬁmm

566" 6ET—/

8v9°0bT

056" THT

v80°ZYT

beb EbT

012 by

T0E bbT

054°9bT

902°8KT

528 8VT

L0CTIST

nom.ﬂmﬁ
Qha.ﬂwﬂ

198" 96T

L)y glitl ‘\

LA I N 0 O O O L L L ) [

LA L e e e L 2 S B B e

ppm

20

49

60

80

100

120

140

160

180

000°0
€40°0

£82°1

255°T

8T0°S

4:1:
T06"
(4]
vre”
pao-
€80"
£50°
¥90°
|24
920"
052"
paz”
o8z"
L62°
0zZe"
LEE”
ve”
Sye”
[4: DN
oge”
80p”
Z1p”
azp”
108*
228"
€es"
6ES”
bsS”
e’
2947
se8”
$59°

L T S O e T e A e N N N LR R

|

=

1r /f// A/

ppm

B i

2.23 2.54.971.38.33

.00

1.06 2.35653.99



v89° 9
go.tw

81E€7 4L
vi6T T8

BEO"ETT
966° 81T
TERGTT
5927221
£81£° 821
286" ¥21
£ap- 521
£41° 221
298" £27
294°L21
0967227
9ip-8el
TST 627
EL5°62T
8k9° 621
0r0°E£€T
9T£" €8T
BRI VET
591" LET
1847 LET
88T EVT
#1951
202 bvl

288°007

0€2° 86T

L L L L LN L L L L L L L B B B

ppm

180 160 140 120 100 80 60 40 20

200

£20°0

$52°1

96 e

L1304

192°9
829
b9
b6t 9
WL
8604
4907
P L
014
LA
£5¢°L
592°L
80 L
LUeL
62"
Tt
028" ¢
J1:1:
1)
£98°¢
IBE°L
SBE°L
Tob*L
e
L

e,

|

J//’ e

.

ppm

-
3.17

-00



99,°68 ——

8/6°9L

000°LL

£eriL

£CE'1B

1917007
718 70t
£
£99°0¢1
Ly 1
128" 9¢d1
G0c Lel
Qv el
800°8et
SEG"BeT
809 B¢t
206821
BLp B2t
EELEET
Byy PE
07 '6E7
GpB 177
G0v eVt
£96°EVT
7L0'GYT
005°861
ceb 29l

== |

LIB"vet——

|

S R

g

A

"

T
00

b)

¥8s°1T

E18°6—

LS

£€26°9
56" 9

166789
20072 o
010" ¢ o)
0§02 =
950° 2
050° 2
5907 ¢
2802
20072
2012
s
vl L
21
1"
1L
voT°L
691" L
18172
981" L
£02°¢
012" L
182°2
v8e L
592° 4
208°2
0zEL
5874
£66°L
298°¢L
1887 L
168°¢
Top:¢—
e
bED L

L

A

ppm

bttty

2.8596.2834

3.52

3.0@.812921



£62°8§

8897947
aoe.mml\”
BIE 2L

bre”

Test

979"
GLE"
§e8°
iv9°
L5¥°
92g°
628°
Tro”
PES”
868°
96¢°
140
s19°
(12
E0L"
11
b18°
bST°

29"
91"

PEZ BET

L L O B B S B L BN B B N R L L B e S

200

ppm

20

40

80

100

1210

140

160

180

546°

568°

£€98°
veg”
0S6°
296"
280"
0s0°
0l0°
920"
980"
260"
112
91T’
[xa
2ET"
20
151
ke’
162"
20E°
12g°
€€E”
0sg*
-1
ale”
[1:1
0Ty ”
STP"
2EL”
LEV”
859"
198"

T

4

e o e T T o A o T N N - XX ")

i

N,

ppm

2.38.76.00
5.791.2P.87

]

Y
0.61



£89°
000"
(13N
ave*

4207
k5"
2587
086"
9BE"
826"
b26*
25k
9k6°
0ET”
k29’
204"
b6 "
BSE"
89¢”
oItT”
Log”
LET"
819"
8e2”
§i0°

6¥9°6ST

E66° 96T

P

L L L L B L L L N L B e B L B S e .

\ﬁj//

[

00070~

25871

[14: 00 4

0ze" 9
e g
bbET9
(A2}
v96°9
49679
3E0°L
£50° ¢
20" ¢
6207 ¢
880" ¢
8960° ¢
eIT 4
8IT° L
821" 4
PET" L
b1 2
¢51° L
vre- L
§i2° L
€627 4
80E"2
gge" L
veg 2
158€° ¢
5587 ¢
2eEeT L
88E"L
0P e
2862
LESTL
857 ¢
-5y 4
018" ¢
[48: M3

e

N —_—

pPpm

ety

w

5.081.25.93
0,.992,253.881.04

.67

0



¥89° 9L\
009 Eh\\“

BIE"LL
valtie

E0E"TTT
6T VIT
2857021

ﬁuéﬁ/’
«em.wﬁ
:E.EH
£9p° £2T
956" 221

850°821T

m:.wual)/

089" 82T

m.:.umﬂ|\
596° 827
PIEH2T
65" €8T
60T HET
BL676ET
860°TbT
6957 2pT
LLe Tt
80°SHT

il

B8Z6°6ST

BLL 96T

LGN LA ANLA IL N N L  B B

80

L N L L . o B e e e ey s e e e

(1}

a0 20 ppm

60

W

160

180

H\j}

§00°0
62070

|

092° 1\
nmw.dx|\|1||||||||||||||l
BEE"T

809°1

e E—

608" b

£€E'9
508
2r9
€00° L
17104
§80° ¢
€507 ¢
€l0° L
00T ¢
611°¢
981" L
beT°2
9527 ¢
29¢°¢L
9827 L T ——
S0€° L
veet L
2EE°L
SSE° L
SLE"L
£6€°¢L
L1292
12b° L
(140
£p9°L

/

DI\

|

ppm

W o
1.03

]

1.00 3.38.63

.07

1.06

5.241.2984



209755

2897947

000" nnf\“
BIE" LL

562718

LBT°S6

9L 80T
¢09°ST1
6657031
P2b 121
86€° 921
011" 221
92" 421
PeLL2T
£20° 82T
£55° 82T
eb9* 821
69.°821
50" 621
289°€ET
CLE PET
6187 TPT
S8 EPT
95L°EPT
800°SPT

|l

|

4697 £9T
08" 9T

265°SRT

-

LU U L L L L N D Ak L B S e

‘00

LA L i B I

20

ppm

40

60

80

100

120

140

160

180

£8g’

vig’
s
vee”
8eg”
668"
166°
556"
1i6°
920"
Tvo”
950
00"
0go”
980"
801"
eIT
§21°
EpT"
vt
692"
282"
£0g”
12¢8°
2¢”
Spe”
8pe”
99g”
288"
Top°
£85°
v09°

L T T S S e R o - R NPy

“a

ppm

WL Ly

. @7.84

.19 .26. 9887

0.91 2.4X

5



689794
I
000° 24

GTE 2L
665718

|

£59°2TT
T92°6TT
b1k 021
029°021
9187121
BEG" 92T
2487821
6EV"LZT
8267221
8217821
5097831
9T/° 83T
626" 82T
99E° 62T
20b°€ET
Noa.emﬂi\‘
SPT TET
859°2pl
PeEEPT
6EZ°FDT
220°SPT

e

i

2585°T9T

PELT 96T

S,
168 140 120 100 a0 60 40 20 ppm

180

8.0

Toz”

065"

502"

TL9°

118’
oege”
|ve”
266"
910’
beD”
250°
pi0°
201"
295
821"
(42
T
9wz
0eeg”
82"
90g”
128
9g€”
25€°
198"
18"
268"
ey’
0Eb”
£95°
285"

T

1

—

- )
—

12

9

-\

ppm

L

o

0.965.056.19

.37

3.841.391.15



2kl ST

vesr 9l )
voo 22—/

BTE"LL
. /
955° T8

60T BTT
G0G'02T
T6b TZT
2T TeT
9L6°T2T
£L0°EZT
697" 92T
9pT " L2T

oﬂm.hdeHV
T66" 22T
G657 82T
£1L°82T
88L° 82T
Tiv 82T
v09° EET
TP PET
PEV " LET
vL9°THT
LEV EDT
T00°PRT
912°SbT

T99°09T

88E°86T

N

L e e e e B B

ppm

20

40

60

80

100

120

140

160

180

00

28070 —

BS2°T

T9z2°1
958" 1
195°1

age g
952" 9\
hwm.wj/,/,
969 -
595" //
261" :
802"
vzz”
zb2°
vaz-
982"
L1
sge"
a0p°
vap:
epr”
vos*
vzs*
£vs*
295"
188"
199"
289"
geT”
EST"
Tve”

Ph

Ph

4a

e
JI‘L,,, ;

e
5

P e

1.061.42

1.15
0.99

.07 2.16 11.66

.00



vag”

o000
6TE

£9¢°
20g”
€59°
62z’
oog”
126°
ze’
T8
922’
29p°
892"
LT
1Sk
698"
£ST°
281"
0€6°
STL”
958"
viz:
14
£2L°
8re”
£80°

9.

v

2L

(1129

ppm

20

40

ML e e e e B e

60

80

LA B e A e

T
100

L s e e

120

140

160

180

L R

T

200

T

T0°
680"
20T
LA
0T9"
0E9”
av9”
989"
r89-
4697
ST
B8L7
25L"
T
68L7
0E8”
058"
658"
698"
068"
806"

voz-
vae:
1vz"
068"
otTR”
1€k "

952"
oge”
0SE"
898"
9EL "
LT
veip”
218"
FES”
£585°
295"
825"
285"
966"
919"
0L0°
060"
ez
1z22°
0gL”

ppm

——
0

nBu

nBu

e
i
1

"

6.27

Y
)
e
NP
18
L
[
L
|
™
| L=
e =T r _y.._
e “Il'u\\u r _Zm__
7 | T
|8
i
L
|
b
|
[
-
|
[
o
[ w
i |
| F
k
L
[
|
=~

Jers

J VUL
et
1.08.08
1.a70s

[S—
T
8
1.04

[E—y—

2.12

.00

s
|
i

10




980 .31\/\
SETTPIT

96£° €2,
gy sz—
WA
£267087
152 28—

FE YAl —

Wl

nBu

989° 9,

000" ———
Wi e

nBu

EL6°0TT—
LT BTT ™, L
80T 02T\ L o
862 02T — o .
607221 — it s
160" p27~ yﬂ L 1857 ¢
1217431 .i\ . .
2787521 B E1 ) gy e
i b80° 9"
666 EET [
629 s _M -
“. -

ppm

-0

pre—

noe of nBu from
3.43-1.07 ppm

NOE of 4b

no NOE

irraditation of NH
at 8.73 ppm



02"
nes- e

LEETET

008" L

mﬂm.nut“wm o

. \
Zm.h..L\\\\

wom.hxwx\
unl\\
£55° 8
bs5 B

908721

i
A !
o
] 2
8 L > <
|n$ B
1
|
7 —m
— [
=
-
—w
L <«
~ L3S
[ -
»
N e r 9
e -
o«
-~ S L -2
—— == -
—== T,
r -
~ >
~ r 3=
_ I -
o0
r ~
< —_ | r <
-
— o
| =
—
L
L -
—
o
™ -
18
. i, Le
c

80768
162°6€ /
€05°6€
aﬁm.mmmmV
12668/
621°0p

9" 0b

2ppTI
TpeSIT
2987817
P06 02T
0917221
LESTECT —
L1228 XA

96€° 921 /{

9667921

S20°L2T /|[|.1|
SEETLZTT\
2827121\

ST1 8el— —

SYT 62T/

8207 ¢ET—/

S3S°TET

008" 18T

L9 PET —
T88°bET

€10°6ET

LECTBET

29€7 LT
L2E°0KT

Ph

Ph

Me

L B I

LA B B B B I B

LN A A I

60

LI B S e N o

L s s L L O L B B B I R B B B

ppm

20

40

80

100

1240

140



T05°¢

£88° 6™
96g 6

125"
p8T”
orz”
§e8°
901
eEp”
95k
08p”
L6b°
2657
909"
819"
899°
989"

229°8
opa g—

629 2T

L.

1

Ph

Ph

Br.

T
ppm

10

T
11

1z

—

0.986

0.

2.333.44

18 .68

3.

1.00

PL0°6E
GB7°BE
Mme.mmll/

00768
qqm.mmx\\
BTT 0¥

92e° 0P

902" 11T
280°€11
GE5° 4TI
289° 021
812221
e e2l
2087621
NmN.mNﬁ|J
ﬂeN,muq
816" 921
mmw.mwﬁ
008" a“_.
82" ET
e :"%

P08 /2T

0927871 ——
AT / ||
6207 08T
£v9° 18T
Z0E°peET
£€9° 58T

096" €T
6S6°8ET
8pLT6ET

7

o

ZT

Ph

Br.

-

Sabip
et it

i
g

e
i Aty

"

ks

LA B I S Mt A By

L e I A A

LI S A s B e

T T T

T

100

T T T T T T

[ELIN S e S S B B B R B B B N B

ppm

20

40

60

80

120

140



K\
589°CET
299°LET
b0g"LET /

7 =
L &
a
r 15671
£00°0-— pg s =
— : = R
19070 J | -
|
e
L
. it
eSTI -t |
196" T =
L
... o
©
£86 A B ol T
s
L 8979\
000" 2L~
- BTE" 2L
r< sbete8
L
(%) [
> | T
T = ,
(®) \ S |
o ]
P N} [z
o |
999° m L
189" T 98T ETT
£92° T ¥9L LTI\
z8l" | - 9TL 61T
0og- ! —_— r S £067 02T\
b0° IoF - sTe pel
290" | Le =mm..&~|/
980" (. 1647821
922" [ (1233 S
svz” I bbb 82T
852" T mum.mN.U\
poe” | E0T°62T
£88° | © 810 08T
20p° y —= FS 29€° 08T
zEp” | e
evy” i R
z5p° ) -
206" == L VL6 LET
@ \ = r bo o 805" EVT
9g8" qr.ﬂ..h‘.HUh | 1o m
ves- \ = [ IBZ 066" bST
[21:] \ —_— i g
ves" °
959° e
z9l"
zeL"
=2
- 952" L6T
-

-
ppm

T™MS

140

200




|71

42N
£89°
65"
8LL”
96"
[A2 e
590"
reo”
980"
22"
we”
r9z”
622"
£6E”
2Le”
T6E"
66E"
£2b°
BER "
vy’
S6p°
B80S
L2587
brs
€19°
0€9°
L79°
299"
6497
L82°
§562°

TES

J

ppm

10

1.14

bt

1.08.492.57

reg”
1478

6.88

.81

£89°
000"
(A%

156"

[ATA
865"
9LL”
298"
rie”
LeB”
L6447
k: 1A
19g°
(4114
978
rT
69T
gop-”
847
209°
SELT
vSe”
asp”

2eLe”

.00

3.162.77 1.45

veT”

‘521
.omﬁL\\

g§—
—

9
0

EBT

ETT
STT
BTT T\
0zt JZ,,
PZT Y
VET A\ e
ST\

LT 0N

[ TIan\

“8T —
.wwﬂll&\W\

/Y

'/

S/
oer—"///

T/

LET 7/

se1-"/

ppT—

ST~

26T

lllii] OH
LS

TES

Ph

5b

20

LIS e B e e e I L e B N A

L e L B R

LI LA e S B

200

T

ppm

40

0

6

80

100

120

140

160

180



ppm

Y N J
— T
1

S

985°T e

= |
ﬁz
i
L
|
i
[
Ll ew ©
L ~ —_ 3
. -
1 1897927\
000
= 91" L
O i 860° 58
I L
O, \ © |
o L
18079 Z" ¢ B
80T 9 o il
559°9 L
828" -
9ve- F 95€° 211
59879 | £Sh ETT—
£81°¢ 6E6°02T //H
9812 I 926 02T
MWN.M L nz.mﬂl/
© 2 21b° 921
. I . 2
s22°2 ~ =\ L LyTt LT
”MMM mqm.n:JM
L vE9 82T
£82° L R4 -
e8z )L - 2v0° 621
: —_—— 3= Zm.mﬁum B
9TE"L L T .;e.mﬁl\ul
616" 2 ~ T = 9spr2eT—
mmmm y -~ - 6E9°SET mwlil T
Si8° 2 - L .ﬂ% mmw.hmﬂl
M 7% zzeLET
9E°L =~ Iow
£68°¢ T S a8
29672 L e
oL ~ —_— Iy
v ™ = Fzo
beb- L < — EE 96b° 55T —
LB L o e
15872
02972 [
8zL L k
28l L
8sL L
shete
1502 [
vO6 L L
£26 e bl
r
-9 R Y e —

ppm

T

Lty

20

"
u
LI

40

60

LIS N S e S S e B B

a0

Ph
100

L S B S B

O OH
N O

120

aisc b L
LA L B

140

T

E B e e
160

180

200

LA Tt e S e e



¥S2°T

T6S T

EL A

ave
292"
v18°
(13
058’
60T
[A1%
0ET"
BT’
ST
09z’
1€
818"
SEE”
bse”
L5p°
(13
Liv
66b°
80S°
915"
£2S°
929°
Sp9°
17
£6¢4°
T9s°
692°
gLL”
£6L4°
££8”
258"

)

l

I

i

.
it

L)'Jk-\ AN kAJJ\A_A; —

e ESEL AL S E e

|

"

(a—

ppm

[N}

10

[

.2

L L

1.14.101.33

.87

1

1

.00

3.055.09 1.35

189"
000"
91E”"
re”
T19°

Sp1°
112
ELE
SB¢
2L0
LET
8€9
T2
8€2"
i18°
948"
1970
261"
T08
gze”
bie”
959°

28€"

SSp°

mnHM/

2L
nn\h\

28
€9

E11

._:ﬂ,l/

131

vzl

13

821

921

821

62T

(T4 S\ LA T—

7
mmﬂll\

0ET

ZETL—/

pET—/ _
LET
LET

:13

1421

96T

LN S e S o

20

LI A N L

T

L e B L B L L B

AL e B

L e e e

ppm

40

0

6

80

100

120

140

160

180

200



282°1

S65°T

00Z° €

s08 e

8Z8°§
[374: 0
28’
oog’
(13-
L5887
74
60T "
T
0ET "
ZpT”
ST
9T
S6T"
zoe”
ere”
arz”
gze*
0EZ"
§52°
292"
0ie"
8g”
s82°
o0g"
80¢E"
Lier
ege”
96€"
100"
Zr9”
099~
186°
986"
T66°
T00°
S00°

ﬂ

ppm

B

[T
2.43.10 2.25
1.00 3.21.71 1.25

[

[
0.89

10

LIT'SS

v89°9¢Z
000" 22
027 4L
6TE" 4L

056°€8

T

SYT ETT
LTL7ETT
TI2 617
L9 02T
L19°82T
£LL7 92T
ST6 p2T
896°52T
080* 22T
69T 82T

€92°921 ——
0€2° 62T
022 0ET
T99°2ZET
PILTEET
P66 EET
8BS SET
0087 LET

ﬁﬁﬁ%

L

LL

|

P9 SST
1€5°8ST

20.7 /BT

ppm

20

LI e B e

40

LI s e B e

60

L3 S e e e

OMe
80

100

120

L

T
140

[T

160

180




282"

0257

890"
080"
S0T"
ertr”
0ST"
10
£28°
8257
095°

(2270
9Zv”
Svy -
450"

1eL°
25p°
6227
864"
918"
FA T4
952"
89zg"
182"
182"
862¢°
11E"
prE”
9zg"
828"
EEE"
LEE"

—

EVET LT

psp -
695°

1;J\_

i
|
J

ppm

10

L
211

=
1.00
.13 1.04

IR
3.884.54
2

865"

0TL”

189"
000"
91€"

220"

0627

vetT”
vop"
1r9°
(120
v6e"
ire”
STL”
|74
820"
2L
g€
v86°
e
698"

T2p°

pep”

‘8¢

LE—

09—

uhuﬂ/

hh\\\

L8

097

86T

mmmmmwwl WJWMWMWMN———L‘FWMMWW

LI A B B e B B N N A

LA L L L I B S

LI s S S

T
140

LI L L A B B B e

200

20

40

60

a0

100

120

160

180



T29°1

690" €

180°¢€ M”

2017 8e \

8rT”
mm.—.mt\‘
aum.m\\\|’l
L1128

mpn.m|\|
0Es° ¢

vas'e
mﬂw.wU
SeP P

v

14

bbb "
5SSy

9r9°

O

a
§ ) e

OH
N Hy
NOE of 9

PR

irraditation of H,

noe of H, at

at 3.15 ppm

.38

.03

680"

ps2”

855"

voz"
812"
9g2"
0sz”

296°
2L8°
pro°

066"

£89°
1027
6127
288"
806"
596"
ve6"
821"
125
291"
291"
981"
voz"
82"
T
162"
118"
9g”
E6E"
:{U

1

€
E e

s—7
€

|

L

N
mw
14

L

N H,
PR
10
H

B

a—

ppm

10

L W

4.231.180.97

2.68 0.961.00



5897627

L8 pE

S85°9§

18979,
000" 22—/

91e" d2
szzoe—

88K TTT
L02°6TT
T96°6TT
S26° 12T
(1408 241
STL°S82T
8187921

960° 22T
s21° mmﬂu

662° 821
1857821
PL8T9ET
EPE"LET

E0b" ZPT ——
999 epT—

///FJ

2

H

S62°09T

9197002

| _J A .;M'J.m“.. i

o’
T

u

L)

LS B S S L L B S B B

LI e B

120

160

Lt ot e e e B

ppm

20

40

60

80

100

140

180

200

€L5°T

vEs”
L1
826°

200°

068"
016"
896"
86"
28T
v52°
292"
182"
£6E°
80b "

N
M||

s

O NOE

N Hy,
NOE of 10

PR

noe of Hy at

3.97 ppm

at

e

irraditation of H,
5.07Lppm

ppm

10

J

[a—

11.13



28070

§92°1

e T

981°¢
022°€ 1\
LETTET

gsge—

[T ayy———————

zeg g/
pip-g

TEV"E

E3178 2t
0Lk b
mhv‘vTr

T b

S26°9
TEE 9
9E6°9
8TT" L
S2T° L
1E1° 2
8ET" L
SPT°L
18172
wm«.hL\J
82172
46T L
£12°L
LETAA
LEE LT
vec 2
0S§g° L
vse L
09272
692° L
827
20872
€187 L
08E"L
ook L
6TP L
92€°8

P4

Ph

1"

S/

0 ppm

10

5.0B.24
2.18.811.82

(R ——)

1.19

[ mmUﬁ

0Tk " 6E

€64°9¢L
c:c.hnw

ST2 L

4867017
T88°PTT

98" 92T
5827921
BED " L2T

856 22T —
Z00- 821

£6v° 82T

LT
emm.mmﬁxL\ﬁ14mr;>|;|||\\t
uum.mmﬁxt\\li

bB0O° 8T

T e —

e¢n.mH_HUﬂﬂHH1
vELTBTT _
5287611

2ve Nz)l, B

N
N
PhH
"

LN S L e L S

T T
60

LI B s e e

T
120

T

LI e

L B S L S L R L

0 ppm

20

40

80

100

180 160 140

200



