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I. General Information

Unless otherwise noted, all reagents and solvents were purchased from commercial suppliers and
used without further purification (such as Shanghai Titan Scientific Co., Ltd., Energy Chemical
Corporation, J&K Scientific, Sinopharm Chemical Reagent Corporation etc.). 'H NMR, '3C NMR
and '*F NMR spectra were recorded at 25 °C on a Bruker Advance 400M NMR spectrometers
(CDCls as solvent). Chemical shifts for 'H NMR spectra are reported as & in units of parts per
million (ppm) downfield from SiMes (6 0.00) and relative to the signal of SiMes (6 0.00 singlet).
Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quartet); dd (doublet of doublets);
dt (doublet of triplets); m (multiplets) etc. Coupling constants are reported as a J value in Hz. 13C
NMR spectra are reported as & in units of parts per million (ppm) downfield from SiMes (6 0.00)
and relative to the signal of chloroform-d (6 77.16 triplet). High resolution mass spectral analysis
(HRMS) was performed on Waters XEVO G2 Q-TOF using electrospray ionization (ESI) (Waters
Corporation). Flash chromatography was performed using 200-300 mesh silica gel with the
indicated solvent system. Enantiomeric excesses of chiral compounds were determined by chiral
high-performance liquid chromatography analyses which were performed on an Agilent 1260.
Infinity equipped with a Daicel Chiralpak IB, IC-3 or Chiralcel OJ-3 column. Optical rotations
were recorded on an Anton Paar MCP 200 polarimeter at 589 nm in chloroform. Single crystal
X-ray diffraction data was collected on the Rigaku Oxford Diffraction (ROD) SuperNova
Diffraction System.

Il. Experimental Procedures

Method A: Synthesis of oxindole-derivated 1,6-diynes

R1
_\,

R1
,\’
S . K,CO3 (3.0 equiv) & | —
_— Br ————— 5>
/ CH4CN, 70 °C
N N =
R 2.5 equiv. R

(0] (0]

The 1,6-diynes were prepared according to the reported literature.!

3-Bromoprop-1-yne (5.0 mmol) was added dropwise to a mixture of N-protected 2-oxindole (2.0
mmol), potassium carbonate (6.0 mmol) in anhydrous acetonitrile (6.0 mL). Then, the mixture was
stirred at 70 °C for 6 h. After completion, the reaction mixture was cooled to room temperature and
ethyl acetate was added, then the precipitate was removed by filtration. The resultant solution was
concentrated, and the crude products were purified by column chromatography to give the desired
products.

Method B: Synthesis of 3,3-di(prop-2-yn-1-yl)benzofuran-2(3H)-one (1ak)

KO'Bu (2.2 equiv.)
. /Br 18-crown-6 (25 mol %) —
fo) THF, -50 °C to rt (e} —
o

3.0 equiv. o]

The 1,6-diyne 1ak were prepared according to the reported literature.?
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The mixture of benzofuran-2(3H)-one (5.0 mmol, 670.7 mg), 3-bromoprop-1-yne (15 mmol, 1.784
g) and 18-crown-6 (1.25 mmol, 646.8 mg) in THF (60 mL) was cooled to —50 °C, ‘BuOK (11 mmol,
1.234 g) was added slowly and the mixture was stirred at the same temperature for 1 h. Then, the
mixture was warmed to room temperature and stirred for another 1 h. After completion, ethyl acetate
was added, and the precipitate was removed by filtration. The resultant solution was concentrated,
and the crude products were purified by column chromatography to give the desired product as
white solid in 68% yield (0.715 g).

Synthesis of 4,4-di(prop-2-yn-1-yl)isochroman-3-one (1al)

KO'Bu (2.2 equiv.)
18-crown-6 (25 mol %
+ /\Br - ( o)
-50 °C to rt, THF
(o] [e]

o) 3.0 equiv. ¢}

The mixture of isochroman-3-one (5.0 mmol, 740.8 mg), 3-bromoprop-1-yne (15 mmol, 1.784 g)
and 18-crown-6 (1.25 mmol, 646.8 mg) in THF (60 mL) was cooled to —50 °C, ‘BuOK (11 mmol,
1.234 g) was added slowly and the mixture was stirred at the same temperature for 1 h. Then, the
mixture was warmed to room temperature and stirred for another 1 h. After completion, ethyl acetate
was added, and the precipitate was removed by filtration. The resultant solution was concentrated,
and the crude product was purified by column chromatography to give the desired product as white
solid in 20% yield (0.224 g).

Method C: Synthesis of substituted 1,4-dihydroisoquinolin-3(2H)-one (1w)

NaH (2.4 equiv.) —
B O 3.0 equiv. B O

NaH (60 wt% dispersion in mineral oil, 12 mmol, 172.8 mg) was added to the mixture of 2-benzyl-
1,4-dihydroisoquinolin-3(2H)-one (5.0 mmol, 1.187 g) in DMF (0.75 M) at 0 °C. After 15 min, 3-
bromoprop-1-yne (15 mmol, 1.784 g) was added. Then the mixture was allowed to warm up to room
temperature and stirred at room temperature until complete consumption of the starting material
(monitored by TLC). The reaction mixture was quenched with saturated NH4Cl (5 mL), extracted
with ethyl acetate (20 mLx3). The combined organic layer was dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The crude residue was purified by flash
chromatography and afforded the desired product as colorless crystal in 88% yield (1.376 g).

Method D: Synthesis of 1,1-di(prop-2-yn-1-yl)-3,4-dihydronaphthalen-2(1H)-one (1s)

K2COj3 (3.0 equiv) —
_KoCO5 (3.0 equiv) =
+ z e DMF, rt to 80 °C

© 2.5 equiv. o

3,4-Dihydronaphthalen- 2(1H)-one (5.0 mmol, 730.9 mg) was added to the mixture of K,CO; (15
mmol, 2.073 g) in DMF (25 mL) under argon atmosphere and the resulting solution was stirred at
room temperature for 10 min. Then, a solution of 3-bromoprop-1-yne (12.5 mmol, 1.487 g) in DMF
(5 mL) was added dropwise, the resultant mixture was stirred at 80 °C for 6 h. The reaction was
quenched with saturated NH4Cl (10 mL), extracted with ethyl acetate (20 mLx3). The combined
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The crude residue was purified by flash chromatography and afforded the desired product
as yellow solid in 32% yield (354 mg).
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Method E: Synthesis of products 3

CuTc (5 mol %)
dppe (5.5 mol %)

-R — ) ; R .
. 4 = + PhMe,Si-Bpin Et;N (2.0 equiv) ; 1 ~ ~SiMe,Ph
. — EtOH (1 mL), Ar, 60 °C, 6 h .

) — 2.0 equiv Ry

1 2 3

An oven dried 10-mL Schlenk tube equipped with a stirring bar, was charged with CuTc (0.01 mmol,
1.9 mg), dppe (0.011 mmol, 4.4 mg), EtOH (1.0 mL), EtsN (0.4 mmol. 40.5 mg) and 1,6-diynes (0.2
mmol), in sequence. The reaction mixture was stirred at room temperature for 15 min. Then
Me,PhSi-Bpin (0.4 mmol, 104.9 mg) was added. The mixture was stirred at 60 °C for 6 h. Then,
saturated NH4Cl (5 mL) was added and extracted with ethyl acetate (20 mLx3). The combined
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography and afforded the desired product 3.

Method F: Synthesis of chiral products 4

/ CuCl (10 mol %)
/ // Lg (12 mol %)
o
+ PhMe,Si-Bpin (KOMe (11 mol %)
" . AmylOH (3.0 equiv)
iy 1.5
RS 5’2 o equiv 4AMS (12.5 mg)
1 X =C,N,0 2 Et,0 (2.0 mL), Ar, -10 °C, 24 h

An oven dried 10-mL Schlenk tube equipped with a stirring bar, was charged with CuCl (0.02 mmol,
2.0 mg), KOMe (0.022 mmol, 1.5 mg), 4A MS (12.5 mg), Ls (0.024 mmol, 9.9 mg), Et,O (2.0 mL)
and ‘AmylOH (0.6 mmol, 52.9 mg). The mixture was stirred for 1 h at room temperature. Then 1,6-
diynes (0.2 mmol), Me,PhSi—Bpin (0.3 mmol, 78.7 mg) were added. The solution was stirred at —
10 °C until the complete consumption of the starting material. Then, saturated NH4C1 (5 mL) was
added and extracted with ethyl acetate (20 mLx3). The combined organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography and afforded the desired product 4.

Gram-Scaled Experiment
CuClI (10 mol %)

Lg (12 mol %)
= KOMe (11 mol % . .
=+ PhMe,Si-Bpin — ( o) S~ SiMe,Ph
_N _— . AmylOH (3.0 equiv) N S
Bn 1.5 equiv 4AMS (250 mg), Bn s

Et,0 (0.1 M), Ar, -10 °C, 24 h
1a 4 mmol 2 4a, 72%, ee 91% (1.25 g)

An oven dried 10-mL Schlenk tube equipped with a stirring bar, was charged with CuCl (0.4 mmol,
39.6 mg), KOMe (0.44 mmol, 30.9 mg), 4A MS (250 mg), Ls (0.48 mmol, 199 mg), EtO (40 mL)
and '"AmylOH (12.0 mmol, 1.058 g). The mixture was stirred for 1 h at room temperature. Then 1a
(4.0 mmol, 1.197 g) and 2 (6.0 mmol, 1.573 g) were added. The solution was stirred at —10 °C for
24 h. Then, saturated NH4ClI (20 mL) was added and extracted with ethyl acetate (40 mLx3). The
combined organic layer was dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by flash chromatography and afforded the desired
product 4a in 72% yield and 91% ee (1.25 g).

Method G: Synthesis of product Sa
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COOEt O SiMe,Ph
S~ SiMePh Il K COOEt
N X toluene, 110 °C, 12 h _N
Bn” COOEt Bn COOEt

o i o]
4a,91% ee 1.0 equiv 5a, 76%, dr = 61:39
(1.1 equiv) ee 91% (major), ee 90% (minor)

An oven dried 10-mL Schlenk tube equipped with a stirring bar, was charged with 4a (0.22 mmol,
95.8 mg), diethyl but-2-ynedioate (0.2 mmol, 34.0 mg) and toluene (1.0 mL). The mixture was
stirred at 110 °C for 12 h under argon atmosphere. Then, saturated NH4Cl (5 mL) was added and
extracted with ethyl acetate (20 mLx3). The combined organic layer was dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography and afforded the desired product Sa in 76% yield (91.9 mg, dr = 61:39).

Method H: Synthesis of product 6a

o PhMe,Si o
S SiMePh NJ(N*Ph ST 'T‘//<N Ph
N toluene, rt, 12 h -
N .1, N N
Bn” N W< Bn” \<
o o e}

e}
4a, 91% ee PTAD 6a, 87%, dr = 73:27
(1.1 equiv) 1.0 equiv ee 88% (major), ee 92% (minor)

An oven dried 10-mL Schlenk tube equipped with a stirring bar, was charged with 4a (0.22 mmol,
95.8 mg), PTAD (0.2 mmol, 34.0 mg) and toluene (1.0 mL). The mixture was stirred room
temperature for 12 h under argon atmosphere. Then, saturated NH4Cl (5 mL) was added and
extracted with ethyl acetate (20 mLx3). The combined organic layer was dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography and afforded the desired product 6a in 87% yield (106.2 mg, dr = 27:73).

I11. Screening of ligands

Screening of nitrogen ligands for racemic reaction:

CuTc (5.0 mol %)
ligand (5.5 mol %)

Et3N (2.0 equiv) ~ ~SiMe,Ph
EtOH, Ar, 60 °C, 6 h N N

+ PhMe,Si-Bpin

By ‘Bu

14% 16% 1% 34%

Screening of chiral ligands for asymmetric reaction:
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[Cu]

L,
base
— additive i
=+  PhMe,Si-Bpin 7" "SiMezPh
N — solvent, Ar, 25°C, t/ h A
Bn” Bn”
(0] (0]
1a 2 4a
[Cu] ligand base additive solvent
entry T/°C th  yield (%) ee%
(10 mol %)  (mol %) (22 mol%) (equiv) (1 mL)
1 CuCl L;(12) NaO'Bu MeOH (2.0) THF 25 20 41 66
2 CuCl L>(12) NaOBu  MeOH (2.0) THF 25 20 0 =
3 CuCl L;(12) NaO'Bu MeOH (2.0) THF 25 20 20 10
4 CuCl Ls(12) NaO'Bu MeOH (2.0) THF 25 20 24 0
5 CuCl Ls(12) NaO'Bu MeOH (2.0) THF 25 20 19 7
6 CuCl L6 (12) NaO'Bu MeOH (2.0) THF 25 20 32 76
7 CuCl L;(20) KO'Bu -- MeOH:THF (1:5) 25 20 52 74
8 CuCl Ls (20) KO'Bu -- MeOH:THF (1:5) 25 20 58 77
9 CuCl Ly (20) KO'Bu - MeOH:THF (1:5) 25 20 47 76
10 CuBr Li0(20) KO'Bu - MeOH:THF (1:5) 25 20 42 66
11 CuTe Ly, (20) KO'Bu - MeOH:THF (1:5) 25 20 37 58
12 CuCl Li2(20) KO'Bu (10) - MeOH:THF (1:5) 25 3 37 72
Et_ Et Me_ Me = |
0 ° 00 S0
| | | | N \
Chony ChoNy )
i-Pr “i-Pr t-Bu “t-Bu “ipr
L Lo L3 Ly

Me Et Et n-Pr_  n-Pr

n -Bu i-Bu

3@ 3%36 g N&/ o7 N'J

Lo L1o L1y L1z

IVV. Characterization Data and Spectrums of Substrates and Products
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1-benzyl-5-methyl-3,3-di(prop-2-yn-1-yl)indolin-2-one (1b)
Prepared according to method A. The substrate 1b was obtained as colorless crystal
in 46% vyield (0.287 g).

IH NMR (400 MHz, CDCl3) & 7.37 — 7.32 (m, 3H), 7.30 — 7.17 (m, 3H), 7.00 (ddd, J
=7.9,1.7,0.8 Hz, 1H), 6.62 (d, J = 7.9 Hz, 1H), 4.92 (s, 2H), 2.91 (dd, J = 16.8, 2.6
Hz, 2H), 2.68 (dd, J = 16.8, 2.6 Hz, 2H), 2.33 (s, 3H), 1.90 (t, J = 2.6 Hz, 2H).

13C NMR (101 MHz, CDCls) & 177.4, 140.6, 135.8, 132.3, 130.3, 129.1, 128.7, 127.7, 127.6, 124.6,
109.0, 79.2, 71.3, 49.6, 44.1, 26.2, 21.4.

HRMS (ESI): m/z Calcd. for Co;HoNO [M+H]*: 314.1545, found: 314.1541.

SO T TTONNROENN O T T == — 222 M- AIX—0OVem =90 g
R R I I R I I B B B I I B B B N I I B I e e B B B B e D D e B et S
L O O S e S N e N e e N =R R R R R e B I S I S I S I I I T <
NN e -
s i — ————— |
N =
Bn
o
|
5 NN L_L N
g g & g7
o & S < S o =) 3
e S - o oA e -
T T T T T T T T T T T T . T T T T T T
o 8. 8.0 7.0 6 6.0 o 4.5 4.0 3.5 3.0 2.5 2.0 1 1.0 0.5 0.0 0. 1
f1 (ppm)
A R Bl <
~ S\l S o ®w S o NN owen e = a4 %
= FTomaddaaa 3 NN o ¥ o =
- Ao RdaAas = N N + < o
/N —
Bn’
o

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
£1 (ppm)

S8



1-benzyl-5,7-dimethyl-3,3-di(prop-2-yn-1-yl)indolin-2-one (1c)

Prepared according to method A. The substrate 1c was obtained as light red solid
in 70% yield (0.457 g).

IH NMR (400 MHz, CDCl3) & 7.32 — 7.18 (m, 6H), 6.80 (td, J = 1.5, 0.7 Hz, 1H),
5.19 (s, 2H), 2.91 (dd, J = 16.8, 2.6 Hz, 2H), 2.70 (dd, J = 16.8, 2.6 Hz, 2H), 2.31
(s, 3H), 2.23 (s, 3H), 1.97 (t, J = 2.6 Hz, 2H).

13C NMR (101 MHz, CDCls) & 178.5, 138.6, 137.7, 133.3, 132.3, 131.0, 128.8, 127.3, 126.1, 122.4,

1195, 79.4,71.3, 49.1, 45.3, 26.6, 21.1, 18.8.

XSO OO LCNTTANN—~SOO0C =) NN DX N XX~~~ 0 O =3
RRERRRRRRERERERR RN - aomonVYadaRR 0 <
N N N I M N e A N N CRERCRC RV i ddddaddacaa =~~~ — S
Me
Me =
N =
Bn
o

™

L
=
—

4 d A
=y S =N S o &S o
© - —~ ISERN] e~
T T T T T T T T T T T T T T T T T
0 8. 8.0 7.0 6 6.0 5.0 4.5 1.0 3.5 3.0 2. 2.0 I Lo o 0.0 0. 1
£1 (ppm)
<« O MM O KA~ T
% Bl = %S TN oo - 2 o
= R R R R RS R R NN RS o v o = %
- faZZoo-oe== NN N F < R
SN e Nae— I NS
Me
Me =
N =
Bn'
o
|
| | |
| |
|
‘ nin } I
i L I J
120 110 100 50 80 0 &0 %0 10 o 20 To



1-benzyl-7-bromo-3,3-di(prop-2-yn-1-yl)indolin-2-one (1g)
Prepared according to method A. The substrate 1g was obtained as yellow solid
in 67% yield (0.504 g).

!H NMR (400 MHz, CDCl3) § 7.51 (dd, J = 7.4, 1.2 Hz, 1H), 7.41 (dd, J = 8.2, 1.2
Hz, 1H), 7.34 — 7.18 (m, 5H), 6.97 (dd, J = 8.2, 7.4 Hz, 1H), 5.42 (s, 2H), 2.92 (dd,
J=16.8, 2.6 Hz, 2H), 2.70 (dd, J = 16.8, 2.6 Hz, 2H) 1.95 (t, J = 2.6 Hz, 2H).

13C NMR (101 MHz, CDCls) § 178.3, 140.6, 137.4, 134.9, 133.4, 128.5, 127.2, 126.8, 124.1, 123.0,
102.6, 78.7, 71.8, 49.3, 44.9, 26.5.

HRMS (ESI): m/z Calcd. for C,1H17NOBr [M+H]*: 378.0494, found: 378.0493.

NN =00 N —-—-C0C 0N RVAEEVLCNIIITMNO O NATOODN—0MNI DT 1 e
MR SREREERERRER R R RRREARR R R R R R R MDA IR B B e <
N R I N N e e A N A A N M S N e A A A N R R R R PP PR I IR PN I (PN R =
= ——— = |
Br =
N =
Bn
o]

Ay 4 g Py
33c¢c = S 3 &
— = o oo -
f1 (ppm)
- ctocnan—o .
% S F eSO F e ol Ll B “ n
z SEICAEREIS g Sadge i 2
g€ 552888839 £ gores 23 5
N SN e I

T T T T T T T T T T T T T T T T T T T T
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3,3-di(prop-2-yn-1-yl)-1-propylindolin-2-one (1j)

Prepared according to method A. The substrate 1j was obtained as yellow solid
in 78% yield (0.391 g).

IH NMR (400 MHz, CDCl3) 6 7.55 (ddd, J = 7.4, 1.3, 0.5 Hz, 1H), 7.32 (td, J = 7.7,
1.3 Hz, 1H), 7.10 (td, J = 7.6, 1.0 Hz, 1H), 6.89 (dt, J = 7.8, 0.8 Hz, 1H), 3.70 (t, J =
7.2 Hz, 2H), 2.88 (dd, J = 16.8, 2.6 Hz, 2H), 2.62 (dd, J = 16.8, 2.6 Hz, 2H), 1.90 (t, J = 2.7 Hz, 2H),
1.72 (h, J = 7.4 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCls) § 177.3, 143.4, 130.4, 128.8, 123.9, 122.5, 108.5, 79.1, 71.1, 49.4, 41.9,
26.1, 20.9, 11.6.

HRMS (ESI): m/z Calcd. for C17H1sNO [M+H]*: 252.1388, found: 252.1388.

COVLTTISITTAN—ON—~ONRRODD ®XR NOX - VOCTITSI—ODAE VM —O R A0 g
M N e i I D e v R B B B Dt B B I S S ) =
nnnnnnnnnnnnnnnnnnnn R R RCRR R ISR IR IPX IPNIPNIPN P Sk g Sk S S S g
——\ N TR TN =
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o
!
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1
|
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| |
il
LYY 2z 23 ey g
S333 S S & o o S
g g gt a a = = a -
T T T T T T
0 8.5 8.0 7 7.0 6.5 6.0 5.5 5.0 ! 10 3 3.0 2.5 2.0 L5 Lo 0.5 0.0 0. )
1 (ppm)
© - T oo N 0
I o« S %ol % —nae - s ! - 2 et
= <+ aada S NN s = S o -
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1-phenyl-3,3-di(prop-2-yn-1-yl)indolin-2-one (1k)

Prepared according to method A. The substrate 1k was obtained as yellow solid in
72% yield (0.411 g).

IH NMR (400 MHz, CDCl3) 8 7.62 (d, J = 7.4 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.46 —
7.39 (m, 3H), 7.27 (t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 6.84 (d, J = 7.5 Hz, 1H),
2.97 (dd, J = 16.8, 2.6 Hz, 2H), 2.76 (dd, J = 16.8, 2.6 Hz, 2H), 1.97 (t, J = 2.6 Hz, 2H).

13C NMR (101 MHz, CDCls) § 176.9, 144.1, 134.5, 130.1, 129.8, 128.8, 128.4, 126.8, 124.0, 123.2,
109.4, 78.9, 71.3, 49.6, 26.4.

HRMS (ESI): m/z Calcd. for CooH1sNO [M+H]*: 286.1232, found: 286.1230.

=T TN AN NN =0 TN MmO = —==00 O WM N~ mn QT 0O T T OO 2
CBeRRnilin 3339393333333 894-2283 QAERIERRER &5 X S
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1-allyl-3,3-di(prop-2-yn-1-yl)indolin-2-one (1m)

Prepared according to method A. The substrate 1m was obtained as white plate
crystal in 45% yield (0.225 g).

'H NMR (400 MHz, CDCl3) & 7.55 (ddd, J = 7.4, 1.3, 0.6 Hz, 1H), 7.30 (td, J = 7.8,
1.3 Hz, 1H), 7.11 (td, J = 7.6, 1.0 Hz, 1H), 6.86 (dt, J = 7.8, 0.8 Hz, 1H), 5.83 (ddt,
J=17.2,10.3, 5.1 Hz, 1H), 5.29 (dtd, J = 17.2, 1.8, 1.1 Hz, 1H), 5.20 (dq, J = 10.3, 1.5 Hz, 1H), 4.37
(dt, J=5.1, 1.8 Hz, 2H), 2.90 (dd, J = 16.8, 2.6 Hz, 2H), 2.65 (dd, J = 16.8, 2.6 Hz, 2H), 1.91 (t, J = 2.6
Hz, 2H).

13C NMR (101 MHz, CDCl3) § 177.1, 143.0, 131.3, 130.3, 128.8, 123.9, 122.7, 117.6, 109.1, 79.0, 71.2,
49.5,42.6, 26.1.
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1-(but-2-yn-1-yl)-3,3-di(prop-2-yn-1-yl)indolin-2-one (1n)

Prepared according to method A. The substrate 1n was obtained as colorless
crystal in 51% yield (0.266 g).

IH NMR (400 MHz, CDCls) & 7.57 (dd, J = 7.4, 1.2 Hz, 1H), 7.35 (td, J = 7.7,
1.2 Hz, 1H), 7.12 (td, J = 7.6, 1.1 Hz, 1H), 7.08 (dt, J = 7.9, 0.7 Hz, 1H), 4.46 (q,
J=2.4Hz, 2H), 2.88 (dd, J = 16.6, 2.7 Hz, 2H), 2.63 (dd, J = 16.6, 2.7 Hz, 2H), 1.93 (t, J = 2.7 Hz, 2H),
1.75 (t, J = 2.5 Hz, 3H).

13C NMR (101 MHz, CDCls) § 176.5, 142.3, 130.2, 128.8, 123.8, 122.9, 109.3, 80.0, 78.8, 72.2, 71.3,
49.2,29.9, 25.9, 3.6.

HRMS (ESI): m/z Calcd. for C1gH1sNO [M+H]*: 262.1232, found: 262.1234.
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1,1-di(prop-2-yn-1-yl)-3,4-dihydronaphthalen-2(1H)-one (1s)

Prepared according to method D. The substrate 1s was obtained as yellow solid in 32%
yield (0.354 g).

'H NMR (400 MHz, CDCl3) 6 7.41 (dd, J = 7.7, 1.4 Hz, 1H), 7.32 (td, J = 7.7, 1.7 Hz,
1H), 7.27 (td, J = 7.3, 1.5 Hz, 1H), 7.22 (d, J = 6.6 Hz, 1H), 3.14 (dd, J = 7.9, 5.9 Hz, 2H),
2.86 (dd, J = 16.8, 2.6 Hz, 2H), 2.72 (dd, J = 16.8, 2.6 Hz, 2H), 2.78 (dd, J = 7.9, 5.9 Hz, 2H), 1.86 (t, J

= 2.6 Hz, 2H).

13C NMR (101 MHz, CDCls) § 211.5, 137.8, 137.2, 128.3, 127.4, 127.1, 127.0, 80.0, 71.4, 54.1, 39.6,
29.1, 28.1.

HRMS (ESI): m/z Calcd. for C16H1s0 [M+H]*: 223.1123, found: 223.1123.
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2-benzyl-4,4-di(prop-2-yn-1-yl)-1,4-dihydroisoquinolin-3(2 H)-one (1w)

Prepared according to method C. The substrate 1w was obtained as colorless crystal
in 88% vyield (1.376 g).

IH NMR (400 MHz, CDCl3) 8 7.43 (dd, J = 7.9, 1.3 Hz, 1H), 7.40 — 7.22 (m, 7H), 7.10
—7.03 (m, 1H), 4.86 (s, 2H), 4.46 (s, 2H), 3.11 (dd, J = 16.4, 2.7 Hz, 2H), 2.77 (dd, J =
16.4, 2.7 Hz, 2H), 1.82 (t, J = 2.6 Hz, 2H).

13C NMR (101 MHz, CDCls) § 170.3, 136.6, 135.2, 131.1, 128.7, 128.3, 127.7, 127.7, 127.3, 126.4,
125.3, 80.2, 71.1, 50.9, 49.8, 49.3, 29.4.

HRMS (ESI): m/z Calcd. for C22HaoNO [M+H]*: 314.1545, found: 314.1541.
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3,3-di(prop-2-yn-1-yl)benzofuran-2(3 H)-one (1ak)

Prepared according to method B. The substrate 1ak was obtained as white solid in
68% yield (0.715 g).

'H NMR (400 MHz, CDCl3) § 7.53 (ddd, J=7.5, 1.4, 0.5 Hz, 1H), 7.38 (td, J = 7.8, 1.4
Hz, 1H), 7.21 (td, J = 7.6, 1.0 Hz, 1H), 7.16 (ddd, J = 8.0, 1.1, 0.6 Hz, 1H), 2.94 (dd, J
=16.8, 2.6 Hz, 2H), 2.76 (dd, J = 16.8, 2.6 Hz, 2H), 2.02 (t, J = 2.7 Hz, 2H).

13C NMR (101 MHz, CDCl3) § 177.1, 153.3, 129.8, 128.4, 124.6, 124.2, 110.9, 77.7, 72.3, 49.4, 26.8.
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4,4-di(prop-2-yn-1-yl)isochroman-3-one (1al)

Prepared according to method B. The substrate 1al was obtained as white solid in 20%
yield (0.224 g).

'H NMR (400 MHz, CDCl3) § 7.52 (dd, J = 8.1, 1.1 Hz, 1H), 7.43 (tdd, J= 7.8, 1.4, 0.7
Hz, 1H), 7.37 (td, J = 7.4, 1.4 Hz, 1H), 7.19 (ddg, J = 7.5, 1.6, 0.8 Hz, 1H), 5.49 (s, 2H),

3.02 (dd, J = 16.8, 2.6 Hz, 2H), 2.90 (dd, J = 16.8, 2.6 Hz, 2H), 1.97 (t, J = 2.7 Hz, 2H).
13C NMR (101 MHz, CDCl3) §171.6, 133.7, 130.8, 128.7, 128.0, 126.5, 124.4, 79.0, 72.3, 69.7, 49.2,

27.5.
HRMS (ESI): m/z Calcd. for C15H1302 [M+H]*: 225.0916, found: 225.0913.
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(2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (3a)

Prepared according to method E. The product 3a was obtained as yellow oil
%C(S‘Mef“ in 77% vield (67.1 mg).
Bn~

b IH NMR (400 MHz, CDCls) 3 7.65 — 7.58 (m, 2H), 7.41 — 7.30 (m, 3H), 7.30 —
7.13 (m, 6H), 7.11 (td, J = 7.7, 1.3 Hz, 1H), 6.94 (td, J = 7.6, 1.0 Hz, 1H), 6.70 (d, J = 7.7 Hz, 1H), 5.81
(dd, J = 2.6, 1.5 Hz, 1H), 5.33 (dd, J = 3.0, 1.4 Hz, 1H), 5.01 (dd, J = 2.7, 1.4 Hz, 1H), 4.91 (s, 2H), 3.35
(dd, J = 15.8, 2.7 Hz, 1H), 3.19 (dt, J = 15.3, 2.8 Hz, 1H), 2.64 (dt, J = 15.8, 1.9 Hz, 1H), 2.53 (dd, J =
15.1, 1.9 Hz, 1H), 0.47 (s, 6H).
13C NMR (101 MHz, CDCls) & 179.5, 156.4, 145.9, 141.7, 139.2, 136.0, 135.2, 133.9, 129.1, 128.9,
128.0, 127.8, 127.7, 127.3, 122.7, 122.7, 122.2, 112.6, 109.1, 50.8, 49.3, 45.5, 44.0, -1.3, -1.5.
HRMS (ESI): m/z Calcd. for CsHsoNOSi [M+H]*: 436.2097, found: 436.2097.
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(2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-5'-methyl-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (3b)

Me
in 71% yield (63.9 mg).
7 SiMe,Ph

Bn/N N

1.9 Hz, 1H), 2.53 (dd, J = 15.2, 1.9 Hz, 1H), 2.28 (s, 3H), 0.47 (s, 3H), 0.46 (s, 3H).

3C NMR (101 MHz, CDCl3) § 179.3, 156.5, 145.8, 139.2, 139.2, 136.1, 135.2, 133.8, 132.1, 129.1,
128.8, 128.0, 128.0, 127.6, 127.2, 123.6, 122.0, 112.7, 108.8, 50.8, 49.5, 45.4, 44.0, 21.3, -1.2, -1.7.

HRMS (ESI): m/z Calcd. for C3oH32NOSi [M+H]*: 450.2253, found: 450.2252.
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Prepared according to method E. The product 3b was obtained as colorless oil

IH NMR (400 MHz, CDCls) § 7.65 — 7.59 (m, 2H), 7.41 — 7.36 (m, 3H), 7.32 —

o 7.23 (m, 5H), 7.01 (d, J = 1.7 Hz, 1H), 6.93 (ddd, J = 7.9, 1.8, 0.8 Hz, 1H), 6.60
(d, J = 7.9 Hz, 1H), 5.81 (dd, J = 2.7, 1.5 Hz, 1H), 5.32 (dd, J = 3.1, 1.5 Hz, 1H), 5.03 (dd, J = 2.7, 1.4
Hz, 1H), 4.91 (s, 2H), 3.34 (dd, J = 15.7, 2.7 Hz, 1H), 3.19 (dt, J = 15.3, 2.8 Hz, 1H), 2.62 (dt, J = 15.6,

o
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(2)-1'-benzyl-3-((dimethyl(phenysilyl)methylene)-5°,7'-dimethyl-4-
methylenespiro[cyclopentane-1,3'-indolin]-2*-one (3c)

Me Prepared according to method E. The product 3c was obtained as yellow oil
in 71% vyield (65.8 mg).
'H NMR (400 MHz, CDCl3) § 7.65 — 7.60 (m, 2H), 7.41 — 7.35 (m, 3H), 7.31 —

o 7.25(m, 2H), 7.25 - 7.16 (m, 1H), 7.11 - 7.05 (m, 2H), 6.91 (d, J = 1.8 Hz, 1H),

6.72 (dd, J=1.9, 0.9 Hz, 1H), 5.82 (dd, J = 2.6, 1.5 Hz, 1H), 5.32 (dd, J = 3.1, 1.6 Hz, 1H), 5.19 (s, 2H),
5.03 (dd, J = 2.8, 1.4 Hz, 1H), 3.36 (dd, J = 15.7, 2.7 Hz, 1H), 3.21 (dt, J = 15.4, 2.8 Hz, 1H), 2.66 (dt,
J=15.6, 1.8 Hz, 1H), 2.56 (dd, J = 15.4, 1.8 Hz, 1H), 2.25 (s, 3H), 2.21 (s, 3H), 0.48 (s, 3H), 0.47 (s,
3H).
13C NMR (101 MHz, CDCl3) § 180.4, 156.7, 145.9, 139.2, 137.9, 137.2, 136.1, 133.8, 132.2, 132.1,
129.0, 128.9, 128.0, 127.2, 125.6, 121.9, 121.4, 119.5, 112.6, 50.1, 49.9, 45.8, 45.1, 21.0, 18.8, -1.2, -
1.7.
HRMS (ESI): m/z Calcd. for Cs1HasNOSi [M+H]*: 464.2410, found: 464.2414.
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(2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-5'-fluoro-4-methylenespiro[cyclopentane-
1,3'-indolin]-2'-one (3d)
F Prepared according to method E. The product 3d was obtained as colorless oil
in 59% yield (53.5 mg).
0 _ M1 NMIR (400 MHz, CDCls) 8 7.65 — 7.57 (m, 2H), 7.42 — 7.20 (m, 8H), 6.92 (dd,
o J=8.2,2.6 Hz, 1H), 6.82 (td, J = 8.9, 2.6 Hz, 1H), 6.60 (dd, J = 8.5, 4.2 Hz, 1H),
5.84 (dd, J = 2.6, 1.4 Hz, 1H), 5.33 (dd, J = 3.1, 1.4 Hz, 1H), 5.03 (dd, J = 2.8, 1.4 Hz, 1H), 4.92 (s, 2H),
3.36 (dd, J = 15.7, 2.7 Hz, 1H), 3.20 (dt, J = 15.3, 2.9 Hz, 1H), 2.62 (dt, J = 15.6, 1.9 Hz, 1H), 2.51 (dd,
J=15.1, 1.9 Hz, 1H), 0.47 (s, 3H), 0.46 (s, 3H).
13C NMR (101 MHz, CDCls) 8 179.1, 159.3 (d, J = 240.6 Hz), 155.7, 145.3, 139.0, 137.5 (d, J = 2.0 Hz),
136.6 (d, J = 8.3 Hz), 135.7, 133.8, 129.2, 129.0, 128.1, 127.8, 127.2, 122.9, 113.9 (d, J = 23.5 Hz),
113.0, 111.0 (d, J = 25.1 Hz), 109.5 (d, J = 8.1 Hz),51.2 (d, J = 1.9 Hz), 49.2,45.3, 44.1, -1.3, -1.6.
F NMR (376 MHz, CDCls) § -120.48.
HRMS (ESI): m/z Calcd. for C29H2oNOFSi [M+H]*: 454.2002, found: 454.2000.
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(2)-1'-benzyl-5'-chloro-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2-one (3e)
o Prepared according to method E. The product 3e was obtained as yellow oil in
80% yield (75.4 mg).
) i SMePh 1 NMR (400 MHz, CDCls) 8 7.61 (dd, J = 7.7, 1.8 Hz, 2H), 7.42 — 7.35 (m, 3H),
o 7.33-7.20 (m, 5H), 7.16 (d, J = 2.1 Hz, 1H), 7.09 (dd, J = 8.3, 2.1 Hz, 1H), 6.61
(d, J=8.3 Hz, 1H), 5.84 (dd, J = 2.6, 1.4 Hz, 1H), 5.32 (dd, J = 3.1, 1.5 Hz, 1H), 5.03 (dd, J = 2.8, 1.4
Hz, 1H), 4.91 (s, 2H), 3.35 (dd, J = 15.7, 2.7 Hz, 1H), 3.19 (dt, J = 15.4, 2.9 Hz, 1H), 2.60 (dt, J = 15.7,
1.8 Hz, 1H), 2.51 (dd, J = 15.2, 2.0 Hz, 1H), 0.48 (s, 3H), 0.46 (s, 3H).
3C NMR (101 MHz, CDCl3) & 178.8, 155.6, 145.1, 140.1, 138.9, 136.7, 135.6, 133.8, 129.1, 129.0,
128.1, 128.1, 127.8, 127.6, 127.2, 123.3, 123.0, 113.1, 110.0, 50.9, 49.3, 45.2, 44.0, -1.2, -1.8.

HRMS (ESI): m/z Calcd. for C29H2sNOCISi [M+H]*: 470.1707, found: 470.1729.
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(2)-1'-benzyl-5'-bromo-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (3f)

Br Prepared according to method E. The product 3f was obtained as white solid

in 64% yield (65.7 mg).
T ™ tH NMR (400 MHz, CDCly) 5 7.65 — 7.58 (m, 2H), 7.45 — 7.34 (m, 3H), 7.33 -
o 7.18 (m, 7H), 6.57 (d, J = 8.3 Hz, 1H), 5.84 (t, J = 1.9 Hz, 1H), 5.32 (dd, J = 3.0,

1.4 Hz, 1H), 5.03 (d, J = 1.4 Hz, 1H), 4.90 (s, 2H), 3.35 (dd, J = 15.5, 2.6 Hz, 1H), 3.20 (dt, J = 15.4, 2.9
Hz, 1H), 2.60 (dt, J = 15.5, 1.8 Hz, 1H), 2.52 (d, J = 15.4 Hz, 1H), 0.48 (s, 3H), 0.46 (s, 3H).
13C NMR (101 MHz, CDCl3) § 178.7, 155.6, 145.0, 140.6, 138.9, 137.0, 135.5, 133.8, 130.6, 129.1,
129.0,128.1, 127.8, 127.2, 126.0, 123.0, 115.5, 113.2, 110.5, 50.9, 49.3, 45.1, 44.0, -1.2, -1.8.
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(2)-1'-benzyl-7'-bromo-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (3g)

Prepared according to method E. The product 3g was obtained as colorless
"y S il in 61% yield (62.7 mg).
Bn”

o IH NMR (400 MHz, CDCl3) & 7.64 — 7.57 (m, 2H), 7.42 — 7.34 (m, 3H), 7.34 —
7.20 (m, 4H), 7.14 (dd, J = 11.2, 7.7 Hz, 3H), 6.84 (ddd, J = 8.1, 7.2, 0.7 Hz, 1H), 5.82 (dd, J = 2.6, 1.4
Hz, 1H), 5.43 (s, 2H), 5.33 (dt, J = 2.8, 1.3 Hz, 1H), 5.03 (dd, J = 2.7, 1.4 Hz, 1H), 3.35 (dd, J = 15.9,
2.6 Hz, 1H), 3.20 (dt, J = 15.4, 2.9 Hz, 1H), 2.65 (dt, J = 16.0, 1.7 Hz, 1H), 2.55 (dd, J = 15.5, 1.9 Hz,
1H), 0.47 (s, 6H).
13C NMR (101 MHz, CDCls) § 180.3, 155.9, 145.5, 139.2, 139.1, 138.5, 137.7, 133.8, 133.7, 129.1,
128.7,128.0, 127.2, 126.3, 124.1, 122.7, 121.7, 112.9, 102.5, 50.3, 49.6, 45.8, 44.7, -1.3, -1.5.
HRMS (ESI): m/z Calcd. for CsHoNOBISi [M+H]*: 514.1202, found: 514.1201.

N - =929 RRE 0~ — 0 TAOTmovoIFIIANOANA DT T @m0 TN o 0% Tomasonan o
o8 mnmmemmmememmaA & ol ol a6l = = — 3% 0000 % 0% B w0 R TOMmMmMSS IS MM A== 08Ce 88N nnn TS
L N R N A e e e I e e e L S e e B R I R S e I R e R R T v e R N X RN PN RN R S R S
.
——

Bf/%sm(zzlm
N
B XN

o

QLM_LMJJM#JLQJJ‘
EEE e ES T YA

180.3

o




(2)-1'-benzyl-3-((dimethyl(phenysilyl)methylene)-5'-methoxy-4-
methylenespiro[cyclopentane-1,3'-indolin]-2*-one (3h)

OMe Prepared according to method E. The product 3h was obtained as yellow oil

in 70% yield (65.1 mg).
) i SMePh 1 NMR (400 MHz, CDCl3) § 7.65 — 7.57 (m, 2H), 7.40 — 7.33 (m, 3H), 7.33 —
o 7.21 (m, 5H), 6.83 (d, J = 2.5 Hz, 1H), 6.65 (dd, J = 8.5, 2.6 Hz, 1H), 6.59 (d, J =

8.5 Hz, 1H), 5.82 (t, J = 2.0 Hz, 1H), 5.32 (dd, J = 3.1, 1.4 Hz, 1H), 5.03 (dd, J = 2.7, 1.4 Hz, 1H), 4.91
(s, 2H), 3.71 (s, 3H), 3.35 (dd, J = 15.8, 2.7 Hz, 1H), 3.20 (dt, J = 15.3, 2.9 Hz, 1H), 2.63 (dt, J = 15.8,
1.8 Hz, 1H), 2.53 (dd, J = 15.2, 1.9 Hz, 1H), 0.46 (s, 6H).
3C NMR (101 MHz, CDCl3) & 179.1, 156.3, 156.1, 145.8, 139.2, 136.5, 136.1, 135.1, 133.8, 129.1,
128.9, 128.0, 127.7,127.3,122.3, 112.8, 112.1, 110.1, 109.4, 55.8, 51.2, 49.3, 45.5, 44.1, -1.3, -1.5.
HRMS (ESI): m/z Calcd. for CsH3;NO,Si [M+H]*: 466.2202, found: 466.2198.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-1'-methyl-4-methylenespiro[cyclopentane-1,3'-
indolin]-2'-one (3i)

Prepared according to method E. The product 3i was obtained as yellow oil in
" SiMe,Ph
Me/N A

53% yield (38.2 mg).

o 1H NMR (400 MHz, CDCl3) & 7.64 — 7.58 (m, 2H), 7.40 — 7.35 (m, 3H), 7.27 (td,
J=7.7,1.1Hz, 1H), 7.16 (d, J = 7.3 Hz, 1H), 7.00 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H), 5.79 (s,
1H), 5.31 (d, J = 1.5 Hz, 1H), 5.01 (s, 1H), 3.27 (dd, J = 15.9, 2.6 Hz, 1H), 3.23 (s, 3H), 3.12 (dt, J =
15.3, 2.8 Hz, 1H), 2.57 (d, J = 15.8 Hz, 1H), 2.47 (d, J = 15.2 Hz, 1H), 0.46 (s, 6H).
13C NMR (101 MHz, CDCls) § 179.4, 156.5, 146.0, 142.6, 139.3, 135.3, 133.9, 129.1, 128.0, 127.9,
122.7,122.6,122.1, 112.6, 108.0, 50.8, 49.2, 45.3, 26.6, -1.3, -1.5.

HRMS (ESI): m/z Calcd. for C23H2sNOSi [M+H]*: 360.1784, found: 360.1781.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1'-propylspiro[cyclopentane-1,3'-
indolin]-2'-one (3j)

Prepared according to method E. The product 3j was obtained as yellow oil
ZSiMe,Ph
n Pr/N A

in 76% yield (58.3 mg).

5 'H NMR (400 MHz, CDCl3)  7.64 — 7.58 (m, 2H), 7.40 — 7.34 (m, 3H), 7.27 —
7.21 (m, 1H), 7.16 (dd, J = 7.4, 1.2 Hz, 1H), 6.98 (td, J = 7.5, 1.0 Hz, 1H), 6.85 (dt, J = 7.8, 0.7 Hz, 1H),
5.79 (dd, J = 2.7, 1.5 Hz, 1H), 5.31 (dd, J = 3.1, 1.4 Hz, 1H), 5.00 (dd, J = 2.8, 1.4 Hz, 1H), 3.69 (t, J =
7.3 Hz, 2H), 3.28 (dd, J = 15.8, 2.7 Hz, 1H), 3.12 (dt, J = 15.3, 2.8 Hz, 1H), 2.57 (dt, J = 15.8, 1.8 Hz,
1H), 2.46 (dt, J = 15.2, 1.7 Hz, 1H), 1.71 (h, J = 7.4 Hz, 2H), 0.95 (t, J = 7.4 Hz, 3H), 0.46 (s, 6H).
13C NMR (101 MHz, CDCls) § 179.2, 156.5, 146.0, 142.0, 139.2, 135.4, 133.8, 129.0, 128.0, 127.7,
122.7,122.4,121.9, 1125, 108.3, 50.6, 49.2, 45.3, 41.7, 20.9, 11.4, -1.4, -1.5.
HRMS (ESI): m/z Calcd. for C2sH3NOSi [M+H]*: 388.2097, found: 388.2093.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1'-phenylspiro[cyclopentane-1,3'-
indolin]-2'-one (3k)

Prepared according to method E. The product 3k was obtained as white solid
ZSiMe,Ph| - .
Ph/N

- in 69% yield (58.0 mg).

o 'H NMR (400 MHz, CDCl3) 6 7.66 — 7.58 (m, 2H), 7.55 — 7.48 (m, 2H), 7.45 —
7.36 (M, 6H), 7.26 — 7.16 (m, 2H), 7.04 (td, J = 7.5, 1.1 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 5.83 (dd, J =
2.6, 1.5Hz, 1H),5.34 (dd, J =3.1, 1.4 Hz, 1H), 5.05 (dd, J = 2.7, 1.4 Hz, 1H), 3.38 (dd, J = 15.8, 2.7 Hz,
1H), 3.23 (dt, J = 15.3, 2.8 Hz, 1H), 2.72 (dt, J = 15.8, 1.9 Hz, 1H), 2.62 (dd, J = 15.2, 1.7 Hz, 1H), 0.48
(s, 3H), 0.47 (s, 3H).
13C NMR (101 MHz, CDCls) § 178.8, 156.3, 145.8, 142.4, 139.2, 135.0, 134.7, 133.9, 129.7, 129.1,
128.1, 128.0, 127.8, 126.6, 123.2, 122.9, 122.2, 112.7, 109.3, 50.9, 49.6, 45.8, -1.3, -1.5.
HRMS (ESI): m/z Calcd. for C2sH2sNOSi [M+H]*: 422.1940, found: 422.1939.
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(Z)-1'-acetyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,3'-
indolin]-2'-one (31)

Prepared according to method E. The product 31 was obtained as white solid
T 7 SMePN - in 49% yield (37.8 mg).
Ac”

S IH NMR (400 MHz, CDCls) 5 8.24 (dt, J = 8.1, 0.8 Hz, 1H), 7.63 — 7.58 (m, 2H),
7.42 - 7.37 (m, 3H), 7.31 (ddd, J = 8.3, 7.2, 1.9 Hz, 1H), 7.21 — 7.13 (m, 2H), 5.82 (t, J = 2.1 Hz, 1H),
5.34 (dd, J = 3.0, 1.6 Hz, 1H), 5.03 (t, J = 2.1 Hz, 1H), 3.29 (dd, J = 15.9, 2.6 Hz, 1H), 3.14 (dt, J = 15.4,
2.8 Hz, 1H), 2.70 (s, 3H), 2.69 (dt, J = 15.7, 1.9 Hz, 1H), 2.60 (dd, J = 15.4, 1.8 Hz, 1H), 0.47 (s, 6H).
13C NMR (101 MHz, CDCls) § 180.6, 171.1, 155.4, 145.2, 139.0, 138.7, 134.1, 133.9, 129.2, 128.3,
128.1, 125.5, 122.9, 122.3, 116.5, 113.0, 51.2, 50.4, 46.6, 26.9, -1.4, -1.5.
HRMS (ESI): m/z Calcd. for CosHasNO,Si [M+H]*: 388.1733, found: 388.1724.
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(2)-1'-allyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,3'-
indolin]-2'-one (3m)

Prepared according to method E. The product 3m was obtained as colorless
I i Ml crystal in 65% yield (50.1 mg).
/\/

o IH NMR (400 MHz, CDCl3) 8 7.63 — 7.57 (m, 2H), 7.40 — 7.34 (m, 3H), 7.24
~7.13(m, 2H), 6.98 (it, J = 7.5, 1.0 Hz, 1H), 6.83 (dt, J = 7.7, 0.8 Hz, 1H), 5.89 — 5.80 (m, 1H), 5.80 —
5.78 (m, 1H), 5.31 (dt, J = 2.9, 1.4 Hz, 1H), 5.24 — 5.14 (m, 2H), 5.00 (dt, J = 2.5, 1.2 Hz, 1H), 4.36 (ddd,
J=5.3,22,1.2 Hz, 2H), 3.29 (d, J = 15.9 Hz, 1H), 3.13 (d, J = 15.3 Hz, 1H), 2.60 (d, J = 17.0 Hz, 1H),
2.49 (d, J = 15.4 Hz, 1H), 0.46 (s, 6H).
13C NMR (101 MHz, CDCls) § 179.0, 156.4, 145.9, 141.7, 139.2, 135.1, 133.8, 131.6, 129.1, 128.0,
127.8, 122.6, 122.6, 122.1, 117.5, 112.6, 108.9, 50.6, 49.2, 45.4, 42.6, -1.4, -1.5.

HRMS (ESI): iz Calcd. for CzsHzsNOSi [M+H]+ 386.1940, found: 386.1942.
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(2)-1'-(but-2-yn-1-yl)-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-
1,3'-indolin]-2'-one (3n)
Prepared according to method E. The product 3n was obtained as yellow

<A i SMePh ol in 78% yield (62.1 mg).

o 'H NMR (400 MHz, CDCl3) § 7.63 — 7.57 (m, 2H), 7.39 — 7.34 (m, 3H), 7.28
(td, J =7.7, 1.3 Hz, 1H), 7.18 — 7.15 (m, 1H), 7.06 (dt, J = 7.7, 0.8 Hz, 1H), 7.02 (td, J = 7.5, 1.0 Hz,
1H), 5.78 (dd, J = 2.6, 1.5 Hz, 1H), 5.30 (dd, J = 3.0, 1.5 Hz, 1H), 5.00 (dd, J = 2.8, 1.4 Hz, 1H), 4.46
(9, J = 2.4 Hz, 2H), 3.27 (dd, J = 15.8, 2.7 Hz, 1H), 3.11 (dt, J = 15.3, 2.8 Hz, 1H), 2.60 (dt, J = 15.8,
1.9 Hz, 1H), 2.49 (dq, J = 15.3, 1.7 Hz, 1H), 1.77 (t, J = 2.4 Hz, 3H), 0.46 (s, 6H).
3C NMR (101 MHz, CDCls) 5 178.4, 156.3, 145.8, 141.1, 139.2, 135.1, 133.9, 129.1, 128.0, 127.8,
122.8,122.6, 122.1, 112.6, 109.2, 80.1, 72.4, 50.7, 49.2, 45.3, 30.0, 3.7, -1.4, -1.5.
HRMS (ESI): m/z Calcd. for C6H2sNOSi [M+H]*: 398.1940, found: 398.1940.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,2'-inden]-1'(3'H)-

one (30)

. Prepared according to method E. The product 30 was isolated in 79% yield
WSiMezPh (54.4 mg).

N !H NMR (400 MHz, CDCl3) § 7.78 (d, J = 7.7 Hz, 1H), 7.62 — 7.54 (m, 3H), 7.45

—7.32(m, 5H), 5.71 (s, 1H), 5.19 (d, J = 1.8 Hz, 1H), 4.94 (s, 1H), 3.13 (dd, J = 15.6, 2.5 Hz, 1H), 3.06
(d, J=3.0 Hz, 2H), 2.97 (dt, J = 14.9, 2.7 Hz, 1H), 2.39 (d, J = 15.5 Hz, 1H), 2.27 (d, J = 15.2 Hz, 1H),
0.42 (s, 6H).
13C NMR (101 MHz, CDCls) § 208.9, 157.2, 152.7, 146.6, 139.4, 136.5, 135.1, 133.9, 129.0, 127.9,
127.6,126.7,124.3,121.1, 111.9, 53.9, 50.1, 46.4, 41.6, -1.2, -1.4.
HRMS (ESI): m/z Calcd. for Ca3H250Si [M+H]*: 345.1675, found: 345.1674.

= cox cod—cuncowmennocon o 8
& 823 2noc8883¥XEEIMAL T 2
D e e o e e R IR IR IR IN A z S
Vo T ———— T SN
0
#~SiMe;Ph
N
]
i i
H i M
i
J 2 g sae 23 Py
3 3 3 S&a3 S 3 X
2 z 2 2z =22 -
[ 8, 8.0 7‘U 6. 6.0 5‘.0 4 1‘.0 3. 3.0 Z‘U 1 1.0 0"1 0.0 0. 1
£1 (ppm)
o e
= Hadddnagaiedz 2 0 e a=wv o
£ Fogegsdasnsds = 2R g aSS 2 ax
s  nfnianandasdan = NN bt ;
SyScieteininieteg /3 S 90 FTIN
o
#~SiMe;Ph
N
| i
|
-
|
{1‘\} \ }Aijj“l |

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

S34



(2)-3-((dimethyl(phenyl)silyl)methylene)-6'-fluoro-4-methylenespiro[cyclopentane-1,2'-
inden|-1'(3'H)-one (3p)
< Prepared according to method E, and the product 3p was obtained as yellow
FWSiMeZPh oil in 72% yield (51.9 mg).

S 'H NMR (400 MHz, CDCls) § 7.59 — 7.54 (m, 2H), 7.43 — 7.37 (m, 2H), 7.37
—7.30 (m, 4H), 5.72 (s, 1H), 5.20 (d, J = 1.9 Hz, 1H), 4.95 (d, J = 1.1 Hz, 1H), 3.12 (dd, J = 15.6, 2.6
Hz, 1H), 3.02 (d, J = 3.2 Hz, 2H), 2.96 (dt, J = 14.9, 2.8 Hz, 1H), 2.40 (d, J = 15.5 Hz, 1H), 2.28 (d, J =
15.0 Hz, 1H), 0.42 (s, 3H), 0.41 (s, 3H).
13C NMR (101 MHz, CDCls) § 208.0 (d, J = 2.7 Hz), 162.6 (d, J = 248.2 Hz), 156.9, 148.0 (d, J = 2.0
Hz), 146.4, 139.3, 138.2 (d, J = 7.1 Hz), 133.9, 129.0, 128.1 (d, J = 7.9 Hz), 128.0, 122.8 (d, J = 23.7
Hz), 121.4,112.0, 110.1 (d, J=21.7 Hz), 54.9, 50.1, 46.4, 41.0, -1.2, -1.4.
F NMR (376 MHz, CDCls) § -114.28.
HRMS (ESI): m/z Calcd. for Ca3H24FOSi [M+H]*: 363.1580, found: 363.1583.
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(Z£)-5'-bromo-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,2'-
inden|-1'(3'H)-one (3q)

S Prepared according to method E, and the product 3q was obtained as
M&Mez% yellow oil in 65% yield (55.0 mg).

Br s 1H NMR (400 MHz, CDCl3) § 7.65 — 7.60 (m, 2H), 7.59 — 7.48 (m, 3H), 7.38

—7.33(m, 3H), 5.71 (s, 1H), 5.19 (s, 1H), 4.95 (s, 1H), 3.12 (d, J = 15.5 Hz, 1H), 3.04 (d, J = 1.8 Hz,

2H), 2.96 (d, J = 15.1 Hz, 1H), 2.38 (d, J = 15.8 Hz, 1H), 2.26 (d, J = 15.0 Hz, 1H), 0.42 (s, 6H),.

13C NMR (101 MHz, CDCls) § 207.7, 156.8, 154.3, 146.3, 139.3, 135.3, 133.9, 131.3, 130.5, 130.0,

129.0, 128.0, 125.5, 121.5, 112.1, 54.1, 50.1, 46.4, 41.3, -1.2, -1.4.

HRMS (ESI): m/z Calcd. for C23H240BrSi [M+H]*: 423.0780, found: 423.0780.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-6'-methoxy-4-
methylenespiro[cyclopentane-1,2°-inden]-1"(3"H)-one (3r)

. Prepared according to method E, and the product 3r was obtained as
MeOWSiMezph yellow oil in 75% yield (55.8 mg).

A 'H NMR (400 MHz, CDCl3) § 7.60 — 7.54 (m, 2H), 7.38 — 7.30 (m, 4H), 7.23

—7.18 (m, 2H), 5.70 (s, 1H), 5.18 (d, J = 1.9 Hz, 1H), 4.94 (s, 1H), 3.84 (s, 3H), 3.13 (dd, J = 15.7, 2.4
Hz, 1H), 3.01 - 2.92 (m, 3H), 2.39 (d, J = 15.5 Hz, 1H), 2.27 (d, J = 14.9 Hz, 1H), 0.42 (s, 3H), 0.41 (s,
3H).
13C NMR (101 MHz, CDCl3) § 209.0, 159.7, 157.3, 146.7, 145.5, 139.4, 137.6, 133.9, 129.0, 128.0,
127.5,124.5,121.0,111.9, 105.4, 55.8, 54.8, 50.2, 46.5, 41.0, -1.2, -1.4.
HRMS (ESI): m/z Calcd. for C24H270,Si [M+H]*: 375.1780, found: 375.1782.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-3',4'-dihydro-2'H-spiro[cyclopentane-
1,1'-naphthalen]-2'-one (3s)
Prepared according to method E, and the product 3s was obtained as yellow solid

8<:<\S“ef“ in 81% yield (58.2 mg).

o 'H NMR (400 MHz, CDCl3) § 7.57 — 7.50 (m, 2H), 7.37 — 7.31 (m, 3H), 7.30 — 7.26
(m, 1H), 7.24 —7.17 (m, 3H), 5.67 (d, J = 2.1 Hz, 1H), 5.18 (s, 1H), 4.91 (d, J = 2.2 Hz, 1H), 3.35 (dd, J
=16.0, 2.6 Hz, 1H), 3.26 (dt, J = 15.9, 2.8 Hz, 1H), 3.12 — 3.04 (m, 2H), 2.75 (d, J = 16.0 Hz, 1H), 2.70
—2.62 (m, 3H), 0.40 (s, 3H), 0.38 (s, 3H).
13C NMR (101 MHz, CDCl3) § 212.8, 157.1, 146.2, 141.6, 139.2, 136.1, 133.9, 128.9, 128.1, 127.9,
127.0, 126.8, 126.6, 121.1, 111.8, 55.9, 49.7, 45.2, 37.4,28.2, -1.1, -1.5.
HRMS (ESI): m/z Calcd. for C24H270Si [M+H]*: 359.1831, found: 359.1830.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-3',4'-dihydro-1'H-spiro[cyclopentane-
1,2'-naphthalen]-1'-one (3t)
= Prepared according to E, and the product 3t was obtained as yellow oil in 94%
WSiMeQPh
N

yield (67.0 mg).

'H NMR (400 MHz, CDCls) & 8.05 (dd, J = 7.8, 1.0 Hz, 1H), 7.58 — 7.53 (m,
2H), 7.46 (td, J = 7.5, 1.4 Hz, 1H), 7.36 — 7.27 (m, 4H), 7.22 (d, J = 7.7 Hz, 1H), 5.68 (s, 1H), 5.17 (t, J
= 2.0 Hz, 1H), 4.92 (s, 1H), 3.12 (dd, J = 16.1, 2.2 Hz, 1H), 3.02 — 2.95 (m, 3H), 2.53 (d, J = 16.1 Hz,
1H), 2.41 (dd, J = 15.5, 1.4 Hz, 1H), 2.08 — 2.02 (m, 2H), 0.41 (s, 3H), 0.40 (s, 3H).
13C NMR (101 MHz, CDCls) § 200.7, 157.2, 146.4, 143.6, 139.5, 133.9, 133.4, 132.0, 128.9, 128.8,
128.1, 127.9, 126.8, 121.1, 112.0, 49.8, 46.9, 43.1, 32.6, 26.0,-1.2, -1.4.
HRMS (ESI): m/z Calcd. for C24H270Si [M+H]*: 359.1831, found: 359.1831.
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(Z£)-7'-chloro-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-3',4'-dihydro-1'H-
spiro[cyclopentane-1,2'-naphthalen]-1'-one (3u)
T Prepared according to method E, and the product 3u was obtained as yellow

%smm oil in 92% yield (71.9 mg).

N !H NMR (400 MHz, CDCls) 5 8.00 (d, J = 2.3 Hz, 1H), 7.58 — 7.52 (m, 2H),

7.41 (dd, J=8.2,2.3 Hz, 1H), 7.36 — 7.32 (m, 3H), 7.18 (d, J = 8.2 Hz, 1H), 5.68 (s, 1H), 5.17 (t, J = 2.0
Hz, 1H), 4.92 (s, 1H), 3.08 (dd, J = 16.1, 2.2 Hz, 1H), 2.99 — 2.91 (m, 3H), 2.52 (d, J = 16.2 Hz, 1H),
2.40 (dd, J = 15.5, 1.4 Hz, 1H), 2.06 — 2.01 (m, 2H), 0.41 (s, 3H), 0.39 (s, 3H).
13C NMR (101 MHz, CDCl3) § 199.5, 156.8, 146.1, 141.8, 139.5, 133.9, 133.3, 133.2, 133.0, 130.4,
128.9,127.9,127.8, 121.3, 112.2, 49.6, 46.7, 43.0, 32.4, 255, -1.2, -1.4.
HRMS (ESI): m/z Calcd. for C24H260CISi [M+H]*: 393.1441, found: 393.1432.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-6'-methoxy-4-methylene-3',4'-dihydro-1'H-
spiro[cyclopentane-1,2'-naphthalen]-1'-one (3v)

5 Prepared according to method E, and the product 3v was obtained as
MSOWSNGZP“ yellow oil in 89% yield (69.0 mg).

!H NMR (400 MHz, CDCls) 5 8.02 (d, J = 8.8 Hz, 1H), 7.59 — 7.53 (m, 2H),
7.37-7.29 (m, 3H), 6.82 (dd, J = 8.8, 2.6 Hz, 1H), 6.67 (d, J = 2.5 Hz, 1H), 5.67 (d, J = 1.9 Hz, 1H),
5.16 (t, J = 2.1 Hz, 1H), 4.91 (s, 1H), 3.84 (s, 3H), 3.12 (dd, J = 16.1, 2.4 Hz, 1H), 3.02 — 2.91 (m, 3H),
2.50 (d, J=16.1 Hz, 1H), 2.39 (dd, J = 15.5, 1.5 Hz, 1H), 2.04 — 1.98 (m, 2H), 0.41 (s, 3H), 0.39 (s, 3H).
3C NMR (101 MHz, CDCl3) § 199.5, 163.6, 157.5, 146.5, 146.1, 139.6, 133.9, 130.6, 128.9, 127.9,
125.7,120.9, 113.4, 112.5, 112.0, 55.5, 49.5, 47.0, 43.2, 32.7, 26.4, -1.1, -1.4.

HRMS (ESI): m/z Calcd. for CasH290,Si [M+H]*: 389.1937, found: 389.1937.
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(Z£)-2'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1',2'-dihydro-3'H-
spiro[cyclopentane-1,4'-isoquinolin]-3'-one (3w)

Prepared according to method E. The product 3w was obtained as colorless oil
ZSiMe,Ph| - .
N N

in 67% vyield (60.2 mg).

B O H NMR (400 MHz, CDCl3)  7.57 — 7.51 (m, 2H), 7.36 — 7.16 (m, 11H), 7.08 —
7.03 (m, 1H), 5.74 — 5.66 (m, 1H), 5.20 (dd, J = 3.2, 1.5 Hz, 1H), 4.93 (dd, J = 2.8, 1.4 Hz, 1H), 4.77 (s,
2H), 4.38 (d, J = 15.7 Hz, 1H), 4.33 (d, J = 15.8 Hz, 1H), 3.58 (dd, J = 15.9, 2.7 Hz, 1H), 3.51 (dt, J =
15.8, 2.9 Hz, 1H), 2.76 (dt, J = 15.9, 1.8 Hz, 1H), 2.69 (dq, J = 15.8, 1.7 Hz, 1H), 0.41 (s, 3H), 0.39 (s,
3H).
13C NMR (101 MHz, CDCls) § 173.1, 157.2, 146.3, 140.4, 139.3, 137.0, 133.9, 131.4, 129.0, 128.9,
128.0, 127.9, 127.7, 127.6, 126.7, 125.8, 125.5, 121.1, 111.9, 51.1, 50.1, 49.7, 48.7, 44.4, -1.1, -1.5.
HRMS (ESI): m/z Calcd. for C3oH32NOSi [M+H]*: 450.2253, found: 450.2256.
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(Z)-dimethyl((3-methylenespiro[cyclopentane-1,9'-fluoren]-4-ylidene)methyl)(phenyl)silane
(3x)

99% vyield (74.8 mg).

(s, 1H), 5.04 (s, 1H), 3.01 (s, 2H), 2.89 (s, 2H), 0.50 (s, 6H).

Prepared according to method E. The product 3x was obtained as yellow oil in

IH NMR (400 MHz, CDCls) § 7.70 (d, J = 7.4 Hz, 2H), 7.67 — 7.62 (m, 2H), 7.45
~7.37(m, 5H), 7.33 (t, J = 7.4 Hz, 2H), 7.27 (t, J = 7.3 Hz, 2H), 5.82 (s, 1H), 5.38

3C NMR (101 MHz, CDCl3) § 158.4, 151.5, 147.5, 139.8, 139.4, 133.9, 129.1, 128.0, 127.5, 127.3,

123.0, 121.6, 119.9, 112.3, 53.6, 51.3, 47.1, -1.4.
HRMS (ESI): m/z Calcd. for Ca7H27Si [M+H]*: 379.1882, found: 379.1890.
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(Z2)-2-((dimethyl(phenyl)silyl)methylene)-8,8-dimethyl-3-methylenespiro[4.5]decane-6,10-
dione (3y)

o Prepared according to method E, and the product 3y was obtained as white
m:QC(\ M Solid in 96% yield (67.6 mg).
o IH NMR (400 MHz, CDCls) & 7.55 — 7.49 (m, 2H), 7.35 — 7.31 (m, 3H), 5.64 (t,

J=1.9 Hz, 1H), 5.09 (t, J = 2.2 Hz, 1H), 4.89 (t, J = 1.9 Hz, 1H), 3.00 (d, J = 1.9 Hz, 2H), 2.89 (t, J =
2.0 Hz, 2H), 2.64 — 2.60 (m, 4H), 1.01 (s, 3H), 0.99 (s, 3H), 0.37 (s, 6H).

13C NMR (101 MHz, CDCls) § 207.1, 155.2, 144.9, 139.3, 133.9, 129.0, 127.9, 121.4, 112.0, 68.0, 51.8,
44.1,40.1,30.9, 28.7, 28.5, -1.3.

HRMS (ESI): m/z Calcd. for C22H290,Si [M+H]*: 353.1937, found: 353.1940.
L A e N R S S S S S S S S N m\v{;’w‘&;\w r?&:\cr/ww — —\j c‘> c‘
0
Me. ZSiMe;Ph
Me Ny
0

rr iy s I 7 e d
S o =) S 3 S 3o 3o S
o e - = = oo e <
0 BE 8.0 75 7.0 6.5 6.0 5 50 15 o 3.5 B 5 2.0 L5 o 0.5 ) 35 1
£1 (ppm)
- I amo oo o
I w s~ o nax 9 * - % n “
S ) Iaodaa = NN - Y95 Sxx% =
5 L 2gkoacsds = [N N "I F ada v
< 0NSNE S ~ | | [ SNV
o
Me. 2 SiMe;Ph
Me S
o}
|
| } ! ! | ) Lo o
T -
bl )

T T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -1



(2)-((8,8-dimethyl-3-methylene-7,9-dioxaspiro[4.5]decan-2-
ylidene)methyl)dimethyl(phenyl)silane (3z)

o O “~sme,pn)  Prepared according to method E. The product 3z was obtained as yellow oil
Me><o N in 82% yield (53.7 mg).

IH NMR (400 MHz, CDCl3) & 7.54 — 7.49 (m, 2H), 7.36 — 7.29 (m, 3H), 5.67 (t, J = 2.0 Hz, 1H), 5.12
(t, J = 2.3 Hz, 1H), 4.89 (t, J = 2.0 Hz, 1H), 3.62 (s, 4H), 2.50 (d, J = 2.0 Hz, 2H), 2.38 (d, J = 2.3 Hz,
2H), 1.43 (d, J = 3.3 Hz, 6H), 0.37 (s, 6H).

13C NMR (101 MHz, CDCl3) § 157.2, 146.2, 139.5, 133.8, 128.9, 127.9, 121.6, 112.4, 98.0, 68.3, 45.6,
41.6, 384, 24.0, 23.9, -1.3.

HRMS (ESI): m/z Calcd. for C20H290,Si [M+H]*: 329.1937, found: 329.1922.
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dimethyl (Z)-3-((dimethyl(phenyl)silyl)methylene)-4-methylenecyclopentane-1,1-dicarboxyla

te (3aa)

Me02C><:(\SiMe2Ph
MeO,C N

Prepared according to method E and the product 3aa was obtained as colorless
0il in 90% yield (61.8 mg).

IH NMR (400 MHz, CDCls) § 7.53 — 7.49 (m, 2H), 7.36 — 7.31 (m, 3H), 5.69 (s, 1H), 5.11 (s, 1H), 4.92
(s, 1H), 3.74 (s, 6H), 3.15 (s, 2H), 3.02 (s, 2H), 0.37 (s, 6H).
13C NMR (101 MHz, CDCls) § 171.9, 155.0, 144.6, 139.2, 133.9, 129.0, 127.9, 121.6, 112.2, 57.1, 53.0,

45.6,42.2, -1.4.

HRMS (ESI): m/z Calcd. for C19H2504Si [M+H]*: 345.1522, found: 345.1523.
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(Z)-1-acetyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-/N-phenylcyclopentane-1-
carboxamide (3ab)

Prepared according to method E. The product 3ab was obtained as white solid
Me;’xji\swefh in 92% vield (71.4 mg).

° > 'H NMR (400 MHz, CDCls) § 7.60 (s, 1H), 7.53 — 7.49 (m, 2H), 7.46 (d, J = 8.1
Hz, 2H), 7.36 — 7.29 (m, 5H), 7.12 (t, J = 7.3 Hz, 1H), 5.80 (s, 1H), 5.17 (s, 1H),
5.00 (s, 1H), 3.24 (d, J = 18.3 Hz, 1H), 3.19 (d, J = 17.4 Hz, 1H), 3.12 (d, J = 16.1 Hz, 1H), 3.05 (d, J =
15.8 Hz, 1H), 2.29 (s, 3H), 0.39 (s, 6H).
13C NMR (101 MHz, CDCls) § 207.8, 168.3, 154.7, 144.6, 138.9, 137.6, 133.8, 129.2, 129.1, 128.0,
124.8,122.8, 120.0, 112.9, 65.0, 45.0, 41.3, 27 .4, -1.4, -1.5.

HRMS (ESI): m/z Calcd. for C24H2sNO2Si [M+H]*: 390.1889, found: 390.1891.
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methyl (Z)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1-(phenylsulfonyl)

cyclopentane-1-carboxylate (3ac)
Prepared according to method E. The product 3ac was obtained as colorless oil

MeO,C, Z " SiMe,Ph
o:s><:(\ in 92% yield (78.4 mg).

7\

P IH NMR (400 MHz, CDCls) & 7.83 (d, J = 8.0 Hz, 2H), 7.68 (t, J = 7.3 Hz, 1H),
7.55 (t, J = 7.6 Hz, 2H), 7.51 — 7.46 (m, 2H), 7.35 - 7.30 (m, 3H), 5.71 (s, 1H), 5.09 (s, 1H), 4.91 (s, 1H),
3.67 (s, 3H), 3.43 (d, J = 16.6 Hz, 1H), 3.28 (d, J = 15.9 Hz, 1H), 3.22 (d, J = 16.7 Hz, 1H), 3.09 (d, J =
16.1 Hz, 1H), 0.36 (s, 3H), 0.35 (s, 3H).

13C NMR (101 MHz, CDCls) § 168.3, 152.9, 143.0, 138.7, 136.6, 134.4, 133.8, 129.9, 129.1, 129.0,

128.0, 122.9, 113.0, 75.4, 53.5, 43.0, 39.8, -1.4, -1.6.
HRMS (ESI): m/z Calcd. for Ca3H27S04Si [M+H]*: 427.1399, found: 427.1395.
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ethyl (£)-1-(diethoxyphosphoryl)-3-((dimethyl(phenyl)silyl)methylene)-4-methylenecyclo-
pentane-1-carboxylate (3ad)

T Prepared according to method E. The product 3ad was obtained as colorless oil
Etot,R><I\ in 88% yield (76.9 mg).

O Ot 'H NMR (400 MHz, CDCls) § 7.55 — 7.47 (m, 2H), 7.35 — 7.29 (m, 3H), 5.69 (s,
1H), 5.09 (s, 1H), 4.92 (s, 1H), 4.25 — 4.09 (m, 6H), 3.30 — 2.94 (m, 4H), 1.32 (t, J = 7.0 Hz, 6H), 1.26
(t, J =7.0 Hz, 3H), 0.37 (s, 3H), 0.36 (s, 3H).
13C NMR (101 MHz, CDCl3) 5 171.0, 155.2 (d, J = 9.7 Hz), 144.7 (d, J = 9.6 Hz), 139.2, 133.8, 128.9,
127.9,121.1, 111.9, 63.0 (d, J = 2.5 Hz), 63.0 (d, J = 2.5 Hz), 61.9, 51.6 (d, J = 141.2 Hz), 43.9 (d, J =
2.4 Hz),40.4 (d,J= 2.4 Hz), 16.6, 16.5, 14.2, -1.4, -1.5.

HRMS (ESI): m/z Calcd. for C22H340sPSi [M+H]*: 437.1913, found: 437.1912.
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ethyl (£)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1-phenylcyclopentane-1-carbo-
xylate (3ae)
Prepared according to method E. The product 3ae was obtained as colorless oil

MeO,C, ZSiMe,Ph
dC( in 97% yield (73.3 mg).
'H NMR (400 MHz, CDCls) § 7.50 (d, J = 4.1 Hz, 2H), 7.37 — 7.28 (m, 7H), 7.27

~7.22/(m, 1H), 5.75 (s, 1H), 5.12 (s, 1H), 4.96 (s, 1H), 4.08 (g, J = 7.0 Hz, 2H), 3.51 (d, J = 15.7 Hz,
1H), 3.40 (d, J = 15.4 Hz, 1H), 2.97 (d, J = 15.6 Hz, 1H), 2.83 (d, J = 15.2 Hz, 1H), 1.14 (t, J = 7.1 Hz,
3H), 0.37 (s, 6H).

13C NMR (101 MHz, CDCls) & 174.9, 156.4, 145.6, 142.3, 139.2, 133.9, 128.9, 128.5, 127.9, 127.1,
126.7,121.0, 112.0, 61.2, 55.0, 48.8, 44.8, 14.2, -1.3, -1.4.

HRMS (ESI): m/z Calcd. for CosHa00,Si [M+H]*: 377.1937, found: 377.1942.
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methyl (£2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1-(p-tolyl)cyclopentane-1-car-
boxylate (3af)

MeO:C, ,~sime:Ph| - Prepared according to method E. The product 3af was obtained as yellow oil

A in 95% yield (71.7 mg).

Me 'H NMR (400 MHz, CDClg) § 7.52 — 7.47 (m, 2H), 7.34 — 7.28 (m, 3H), 7.25 —
7.18 (m, 2H), 7.12 (d, J = 7.9 Hz, 2H), 5.73 (s, 1H), 5.11 (s, 1H), 4.95 (s, 1H), 3.61 (s, 3H), 3.48 (d, J =
15.8 Hz, 1H), 3.36 (d, J = 15.4 Hz, 1H), 2.96 (d, J = 15.9 Hz, 1H), 2.82 (d, J = 15.3 Hz, 1H), 2.32 (s,
3H), 0.37 (s, 6H).
3C NMR (101 MHz, CDCl3) § 175.7, 156.3, 145.6, 139.3, 139.2, 136.8, 133.9, 129.3, 128.9, 127.9,
126.6, 121.0, 112.0, 54.7, 52.6, 48.8, 44.8, 21.1, -1.3, -1.3.
HRMS (ESI): m/z Calcd. for C24H290,Si [M+H]*: 377.1937, found: 377.1945.
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methyl (£)-3-((dimethyl(phenyl)silyl)methylene)-1-(4-methoxyphenyl)-4-methylenecyclopen-
tane-1-carboxylate (3ag)
ng\smzph Prepared according to method E. The product 3ag was obtained as yellow oil
N

in 80% yield (62.4 mg).
Med IH NMR (400 MHz, CDCl3) § 7.52 — 7.46 (m, 2H), 7.34 —7.29 (m, 3H), 7.25 (d,
J = 8.1 Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H), 5.73 (s, 1H), 5.11 (s, 1H), 4.95 (s, 1H), 3.79 (s, 3H), 3.62 (s,
3H), 3.48 (d, J = 15.7 Hz, 1H), 3.35 (d, J = 15.4 Hz, 1H), 2.94 (d, J = 15.7 Hz, 1H), 2.81 (d, J = 15.1 Hz,
1H), 0.37 (s, 6H).
13C NMR (101 MHz, CDCls) § 175.7, 158.7, 156.3, 145.6, 139.2, 134.3, 133.9, 128.9, 127.9, 127.8,
121.1, 113.9, 112.0, 55.4, 54.3, 52.6, 48.9, 44.9, -1.3, -1.3.
HRMS (ESI): m/z Calcd. for C24H2903Si [M+H]*: 393.1886, found: 393.1884.
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(2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1-phenylcyclopentane-1-carbonitrile
(3ah)

N~ smen Prepared according to method E. The product 3ah was obtained as yellow oil in
dC( 85% yield (55.9 mg).

IH NMR (400 MHz, CDCl3) 8 7.57 — 7.52 (m, 2H), 7.45 (d, J = 7.6 Hz, 2H), 7.42 —

7.32 (m, 6H), 5.84 (s, 1H), 5.26 (s, 1H), 5.04 (s, 1H), 3.33 (d, J = 15.9 Hz, 1H), 3.22 (d, J = 15.7 Hz,
1H), 3.12 (d, J = 15.8 Hz, 1H), 3.00 (d, J = 15.5 Hz, 1H), 0.42 (s, 3H), 0.41 (s, 3H).
13C NMR (101 MHz, CDCls) § 153.5, 143.5, 139.0, 138.6, 133.9, 129.2, 129.1, 128.3, 128.1, 126.1,
123.7,113.7,51.6,47.8,44.2,-1.4,-15.
HRMS (ESI): m/z Calcd. for Co,H24NSi [M+H]*: 330.1678, found: 330.1679.

MYmOT = 0nnean <+ © % w-—toToaw a= 9
hhnIITAmmaaad % 2 4asd&I= S & S5 8
BN N N NN " \ o R R e ss 3
TSl [ =\ N

S &S
= o
T T T T T T T T T T
o s so o 6 60 o 1 10 35 30 BE 20 15 1o o5 oo 0.5 1
f1 (ppm; )
nmeeaN Mo g
R R AR 0oy % 20 o <
fearndadqssq o N8 o =
LIccogdaaadd = NN PR i
NC 7 SiMezPh
xN
|
| ol I
| | ‘ { \ \ |
‘ { H 1
,
T T T T T T T T T T T T T T T T T T T T T T
200 190 | 1s0 170 160 150 110 130 120 110 100 do S0 70 G0 30 1o 30 o To 0 i



(E)-1-benzyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylenepyrrolidine (3ai)
“~sme,pn)  Prepared according to method E. The product 3ai was obtained as colorless oil

B""C( in 93% yield (59.2 mg).

IH NMR (400 MHz, CDCl3) § 7.57 — 7.50 (m, 2H), 7.38 — 7.26 (m, 8H), 5.66 (s, 1H), 5.11 (s, 1H), 4.90

(s, 1H), 3.63 (s, 2H), 3.41 (s, 2H), 3.31 (s, 2H), 0.38 (s, 6H).

13C NMR (101 MHz, CDCl3) § 154.7, 144.5, 138.9, 138.5, 133.9, 129.1, 129.0, 128.5, 128.0, 127.3,

119.1, 110.2, 64.5, 61.3, 60.8, -1.6.

HRMS (ESI): m/z Calcd. for C21H2sNSi [M+H]*: 320.1835, found: 320.1836.
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(E)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1-tosylpyrrolidine (3aj)

“~sme,pn)  Prepared according to method E. The product 3aj was obtained as colorless oil
TS"C(\\ in 72% yield (55.2 mg).
IH NMR (400 MHz, CDCl3) 5 7.71 (d, J = 8.0 Hz, 2H), 7.50 — 7.42 (m, 2H), 7.37 — 7.28 (m, 5H), 5.69
(s, 1H), 5.11 (s, 1H), 4.91 (s, 1H), 4.01 (s, 2H), 3.94 (s, 2H), 2.43 (s, 3H), 0.34 (s, 6H).
13C NMR (101 MHz, CDCl3) § 150.5, 143.9, 141.1, 138.1, 133.7, 132.7, 129.8, 129.3, 128.1, 128.1,
122.1,112.1,56.7,54.1, 21.7, -1.8.
HRMS (ESI): m/z Calcd. for C21H26NO2SSi [M+H]*: 384.1454, found: 384.1458.
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(S,2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4a)

Prepared according to method F. The product 4a was isolated in 74% yield

%{fwef“ (64.5 mg) with 92% ee.

S The characterization data and spectrums of 4a are same to 3a
[a]’y +7.9° (¢ 1.35, CHCL)
The enantiomeric excess of 4a was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 95:5, flow rate = 0.5 mL/min, T = 25 °C, UV-Vis detection at A =
254 nm, fr1 = 28.3 min (minor), fr2 = 32.2 min (major).

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2018-10-26 17-20-30027-0101.D)

mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.221 BB 9.5405 1.75231e4  505.45673 50.2562
2 32.189 BB 0.6272 1.73445e4  431.28418 45.7438

Totals : 3.48676e4  936.74091

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2018-10-26 18-11-041025-0101.D)
mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.279 BB 0©.5288 523.55487 15.54896  4.2113
2 32.243 BB 0.6213 1.19086e4  298.59094 95.7887

Totals : 1.24322e4  314.1399@
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(8,2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-5'-methyl-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4b)

Me Prepared according to method F. The product 4b was isolated in 80% yield
(71.9 mg) and 94% ee.

The characterization data and spectrums of 4b are same to 3b.

e [a], +12.6° (c 1.14, CHCl:)

The enantiomeric excess of 4b was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 90:10, flow rate = 0.4 mL/min, T = 25 °C, UV-Vis detection at A
=260 nm, fr; = 28.1 min (minor), fr> = 32.4 min (major).

DAD1 E, Sig=260,4 Ref=360,100 (SCC 2018-12-30 11-39-06\025-0101.D)
mAU ] @
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.209 BB 0.5252 4672.03516 138.63710 49.6211
2 32.578 BB 0.6475 4743.39258 113.52082 50.3789

Totals : 9415.42773 252.15792

DAD1 E, Sig=260,4 Ref=360,100 (SCC 2018-12-30 11-39-06\026-0201.D)
mAU
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 28.137 BB 0.5125 471.56274 14.16234  3.0847
2 32.419 BB ©.6445 1.48155e4  356.72794 96.9153

Totals : 1.52871e4  370.88027
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(S,2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-5°,7'-dimethyl-4-
methylenespiro[cyclopentane-1,3'-indolin]-2*-one (4c)

Me Prepared according to method F. The product 4¢ was isolated in 72% yield
(66.4 mg) and 96% ee.
" N i M The characterization data and spectrums of 4¢ are same to 3c.
o [a]> +8.7° (¢ 2.30, CHCls)

The enantiomeric excess of 4c was determined by chiral HPLC analysis on Chiralpak IC-3 column.
Conditions: hexane/isopropanol = 92:8, flow rate = 0.5 mL/min, T = 25 °C, UV-Vis detection at A =

254 nm, fr1 = 34.0 min (minor), fr> = 36.1 min (major).

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2019-01-10 11-05-411022-0101.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] EEREEEE e e |---emme [--mn e |
1 34.130 BB ©.7170 4220.340633  91.34421 50.5122
2 36.327 BB ©.8073 4134.75879 80.22382 49.4878

Totals : 8355.09912 171.56802

DAD1 A, Sig=254,4 Ref=360,100 (SCC 2019-01-10 11-05-411024-0201.D)
mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 33.983 BB 0.6166 176.31381 3.95137 1.8932
2 36.132 BB 0.8031 9136.66113 176.75449 98.1068

Totals : 9312.97495 180.70585
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(S,2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-5'-fluoro-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4d)

F Prepared according to method F. The product 4d was isolated in 67% yield
(60.4 mg) with 91% ee.
N i Me™ The characterization data and spectrums of 4d are same to 3d.
o [a]2 +27.3° (¢ 3.20, CHCL3)

The enantiomeric excess of 4d was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 95:5, flow rate = 0.4 mL/min, T = 25 °C, UV-Vis detection at A =
260 nm, #r1 = 30.1 min (minor), fr> = 34.0 min (major).

DAD1 E, Sig=260,4 Ref=360,100 (SCC 2018-11-09 21-45-36\031-0101.D)
mAU 2 %
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100
Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s ] [mAU] %
ESRIERELER R R |<meemee e |<mmemee e R |
1 29.600 BB ©.5357 2044.32739 59.07508 50.0249
2 33.462 BBA ©.6223 2042.29297 51.31702 49.9751
Totals : 4086.62036 118.39211
DAD1 E, Sig=260,4 Ref=360,100 (SCC 2018-11-09 22-24-48\032-0101.D)
mAU o
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

S PR PR [ <mmmme e | +mmmm s [ <emmnees |
1 30.119 BB 0.6049 767.74963 19.10295 4.48760

2 34.912 BBA ©0.6372 1.63429%e4  397.92712 95.5130
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(S,2)-1'-benzyl-5'-chloro-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4e)

] Prepared according to method F. The product 4e was isolated in 56% yield
(52.4 mg) and 92% ee.
A < i SMePM The characterization data and spectrums of 4e are same to 3e.
S [a]’, +28.9° (¢ 1.01, CHCl:)

The enantiomeric excess of 4e was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 94:6, flow rate = 0.5 mL/min, T = 25 °C, UV-Vis detection at A =
254 nm, fr; = 18.6 min (minor), fr2 = 21.7 min (major).

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2018-06-25 15-06-11.024-0101.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 18.636 BB 0.3449 1661.94470  74.88974 50.5844
2 21.712 BB 0.4072 1623.54663  62.05556 49.4156

Totals : 3285.49133 136.94530
DADT A, Sig=254,4 Ref=360,100 (SCC 2019-06-24 21-39-501022-0101 D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 18.635 BB 0.3444 430.87222 19.60421 4.1824
2 21.697 BB 0.4131 9871.22949 370.15411 95.8176

Totals : 1.63821e4 389.75833
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(8,2)-1'-benzyl-5'-bromo-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4f)

Br Prepared according to method F. The product 4f was isolated in 72% yield
(73.7 mg) and 91% ee.
The characterization data and spectrums of 4f are same to 3f.
e [a]’y, +32.9° (¢ 2.03, CHCl:)
The enantiomeric excess of 4f was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 94:6, flow rate = 0.5 mL/min, T = 25 °C, UV-Vis detection at A =
254 nm, fr1 = 19.6 min (minor), fr> = 23.4 min (major).
DAD1 A, Sig=254,4 Ref=360,100 (SCC 2018-11-10 00-05-221035-0101.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 20.096 BB 0.3906 6106.10498 243.43355 49.2254
2 24.017 BB 0.4984 6298.26660 195.21004 50.7746

Totals : 1.24044e4 438.64359

DAD1 A, Sig=254,4 Ref=360,100 (SCC 2018-12-06 09-17-13\051-0101.D)
mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 19.608 BB 0.3947 779.69208 30.86169  4.3450
2 23.382 BBA 0.4830 1.71647e4 554.77472 95.6550

Totals : 1.79444e4 585.63641
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(8,2)-1'-benzyl-7'-bromo-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4g)

Prepared according to method F. The product 4g was isolated in 62% yield
g X i SMeP (63,7 mg) and 94% ee.
Bn”

o The characterization data and spectrums of 4g are same to 3g.
[a]’, +26.4° (¢ 3.10, CHCls)

The enantiomeric excess of 4g was determined by chiral HPLC analysis on IC-3 column.

Conditions: hexane/isopropanol = 98.8:1.2, flow rate = 0.5 mL/min, T =25 °C, UV-Vis detection at

A =254 nm, fr1 = 32.3 min (minor), tr> = 35.0 min (major).

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2018-12-06 16-48-28\057-0101.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 31.817 BB 0.6536 6388.2583@ 152.85295 50.0958
2 34.673 BBA 0.7240 6363.81348 136.46954 49.9042

Totals : 1.27521e4 289.32249
DAD1 A, Sig=254 4 Ref=360,100 (SCC 2018-12-06 17-28-48\058-0101.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 32.274 BB 0.6384 464.55576 11.47335 3.0475
2 34.954 BB 0.7314 1.47791e4 312.70972 96.9525

Totals : 1.52436e4 324.183867

S63



(S,2)-1'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-5'-methoxy-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4h)

OMe Prepared according to method F. The product 4h was isolated in 68% yield
(63.2 mg) and 92% ee.
« The characterization data and spectrums of 4h are same to 3h.
o [a]’y, +16.3° (¢ 2.06, CHCl5)
The enantiomeric excess of 4h was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 90:10, flow rate = 0.4 mL/min, T = 25 °C, UV-Vis detection at A
=254 nm, fr1 = 35.5 min (minor), fr> = 40.4 min (major).

> SiMe,Ph

DAD1 A, Sig=254 4 Ref=360,100 (D\DATA\SCC\SCC 2019-01-02 23-36-41\LZL.0000001.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 35.500 BB 0.70828 2456.62573 53.99958 56.10208
2 40.487 BB 0.8185 2446.62012 46.00107 49.8980

Totals : 4903.24585 100.00065

DAD1 A, Sig=254 4 Ref=260,100 (DADATASGCC\SCC 2019-01-02 23-36-4 1\LZLO00000Z.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 35.500 BB 0.6890 343.56180 7.69335 3.8135
2 40.409 BB 0.8171 8665.59375 163.82230 96.1865

Totals : 9009.15555 171.51564
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(S,2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1'-
phenylspiro[cyclopentane-1,3'-indolin]-2*-one (4i)

Prepared according to method F. The product 4i was isolated in 70% yield
S~ 7 SiMe,Ph
o N

(58.9 mg) and 92% ee. (ee value improved to 95% after recrystallization in

o Et,O at room temperature)

The characterization data and spectrums of 4i are same to 3k.

[a]’, +10.8° (¢ 1.28, CHCl:)

The enantiomeric excess of 4i was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 95:5, flow rate = 0.5 mL/min, T = 25 °C, UV-Vis detection at A =

260 nm, fr1 = 36.7 min (minor), x> = 41.9 min (major).

DAD1 E, Sig=260,4 Ref=360,100 (SCC 2018-11-26 00-41-42\041-0101.D)
mAU 3 i
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 36.404 BB ©.6891 6897.40137 155.608748 56.1393
2 41.475 BBA  ©.4809 6859.08838 210.09293 49.8607
Totals : 1.37565e4 365.70041
DAD1 E, Sig=260,4 Ref=360,100 (SCC 2018-11-26 04-00-07\042-0101.D)
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 36.675 BB 8.6939 779.98395 17.23628 3.9409
2 41.878 BBA 9.4350 1.90122e4 654.36096 96.0591

Totals : 1.97921e4 671.59725
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(8,2)-1'-acetyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,3'-
indolin]-2'-one (4j)

Prepared according to method F. The product 4j was isolated in 42% yield

gii&:]i\&M”w‘ (32.5 mg) and 69% ee.

Sl The characterization data and spectrums of 4j are same to 3.
[a]’, +8.0° (¢ 1.04, CHCL)
The enantiomeric excess of 4j was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 99:1, flow rate = 0.5 mL/min, T = 25 °C, UV-Vis detection at A =
260 nm, fr1 = 16.7 min (minor), fr> = 18.2 min (major).

DAD1 E, Sig=260,4 Ref=360,100 (SCC 2018-11-10 02-19-42\037-0101.D)
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 16.377 BB 0.3506 1050.74756 46.32187 49.9254
2 18.011 BB 0.4160 1053.88916 38.66420 50.0746

Totals : 2164.63672 84.98687

DADT E, Sig=260 4 Ref=360,100 (SCC 2018-11-10 02-45-31\038-0101.D)
mAU 2
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Signal 5: DAD1 E, Sig=260,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 16.656 BB ©.3307 1069.39160  49.75622 15.4793
2 18.188 BBA  ©.3992 5839.15283 223.22215 84.5207

Totals : 6908.54443 272.97837
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(8,2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1'-propylspiro[cyclopentane-1,3'-
indolin]-2'-one (4k)

Prepared according to method F. The product 4k was isolated in 79% yield
S~ 7 SiMe,Ph
n Pr/N A

(60.9 mg) and 85% ee.
o The characterization data and spectrums of 4k are same to 3j.
[a]’, +13.8° (c 1.85, CHCl:)
The enantiomeric excess of 4k was determined by chiral HPLC analysis on IC-3 column.

Conditions: hexane/isopropanol = 90:10, flow rate = 0.4 mL/min, T =25 °C, UV-Vis detection at A
=273 nm, fr1 = 19.5 min (minor), fr> = 23.6 min (major).

DAD1 F, Sig=273,4 Ref=360,100 (SCC 2019-01-10 09-08-56\021-0101.D)

mAU 3 ] -
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Signal 6: DAD1 F, Sig=273,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
L R P R [<mmmmnnes [nmmmnees |=mmmeee |
1 19.612 BB ©.3281 3778.66455 179.12192 50.8861
2 23.731 BB ©.4197 3647.086738 135.62816 49.1139
Totals : 7425.73193 314.75008
DAD1 F, Sig=273,4 Ref=360,100 (SCC 2019-01-10 09-38-52023-0101.D)
mAU ﬁ
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Signal 6: DAD1 F, Sig=273,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU] %

1 19.491 BB 0.3393 665.52673 30.41373 7.5255
2 23.574 BB 0.4229 8178.14795 301.06714 92.4745

Totals : 8843.67468 331.48887
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(8,2)-1'-allyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,3'-
indolin]-2'-one (41)

Prepared according to method F. The product 41 was isolated in 80% yield
(61.5 mg) and 88% ee.

The characterization data and spectrums of 41 are same to 3m.

[a]’, +14.2° (c 1.80, CHCl:)

The enantiomeric excess of 41 was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 90:10, flow rate = 0.4 mL/min, T =25 °C, UV-Vis detection at A

S~7siMe,Ph

/\/N X
o

=273 nm, fr1 = 21.2 min (minor), fr> = 24.2 min (major).

DAD1 F, Sig=273 4 Ref=360, 100 (D\DATASCC\SCC 2019-01-02 16-05-36\LZL0000001 D)
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Signal 6: DAD1 F, Sig=273,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 20.503 BB ©0.3402 2597.11255 119.20599 49,8888
2 23.959 BB 0.4123 2608.69263  98.72852 50.1112

Totals : 5265.80518 217.93458

DADT F, Sig=273 4 Ref=360,100 (D\DATASCC\SCC 2019-01-02 1647-22\LZL0000001 D)
mAU 3
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Signal 6: DAD1 F, Sig=273,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 21.162 BB 0.3427 378.80591 17.21802 5.9214
2 24.236 BB 0.4154 6018.40771 225.45686 94.8786

Totals : 6397.21362 242.67488
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(8,2)-1'-(but-2-yn-1-yl)-3-((dimethyl(phenyl)silyl)methylene)-4-
methylenespiro[cyclopentane-1,3'-indolin]-2'-one (4m)

Prepared according to method F. The product 4m was isolated in 67%
~oi i SN vield (53.2 mg) and 91% ee.
o The characterization data and spectrums of 4m are same to 3n.
[a], +10.1° (¢ 1.51, CHCls)
The enantiomeric excess of 4m was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 90:10, flow rate = 0.4 mL/min, T =25 °C, UV-Vis detection at A
=254 nm, fr1 = 24.0 min (minor), fr> = 25.8 min (major).

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2019-06-04 20-19-18\021-0101.D)
mAU ] — 55
E i
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
NI ERREER P |<meemeene |<mmmeee | <memee |
1 23.521 VB ©.3850 1.33895e4  540.59735 49.1962
2 25.557 BBA  ©.4135 1.38270e4  517.91357 50.8038
Totals : 2.72165e4 1058.51693
DAD1 A, Sig=254 4 Ref=360,100 (SCC 2019-06-04 23-37-48\023-0101.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 24.023 BB 8.7418 1140.69580 21.61153  4.5832
2 25.785 BB 9.3912 2.37478e4  944.82587 95.4168

Totals : 2.48885e4 966.43740
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(S,2)-3'-((dimethyl(phenyl)silyl)methylene)-4'-methylene-2H-spiro[benzofuran-
3,1'-cyclopentan]-2-one (4n)

Prepared according to method F. The product 4n was isolated in 51% vyield
%iji\smezp“ (35.2 mg) and 81% ee.

o 'H NMR (400 MHz, CDClg) 8 7.62 — 7.57 (m, 2H), 7.40 — 7.36 (m, 3H), 7.31 —
7.26 (m, 1H), 7.16 — 7.06 (m, 3H), 5.83 (s, 1H), 5.33 (dd, J = 2.8, 1.5 Hz, 1H), 5.03 (s, 1H), 3.32 (dd, J
=15.8, 2.5 Hz, 1H), 3.17 (dt, J = 15.4, 2.7 Hz, 1H), 2.78 — 2.71 (m, 1H), 2.69 — 2.61 (m, 1H), 0.46 (s,
6H).
13C NMR (101 MHz, CDCl3) § 179.6, 154.7, 152.3, 144.5, 138.9, 133.9, 132.9, 129.2, 128.8, 128.1,
124.5,123.3,123.0,113.2,110.8, 50.1, 49.1, 46.4, -1.4, -1.5.

HRMS (ESI): m/z Calcd. for szHngle [M+H]*: 347.1467, found: 347.1468.
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[a]’, +10.5° (c 1.45, CHCl:)

The enantiomeric excess of 4n was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 95:5, flow rate = 0.5 mL/min, T = 25 °C, UV-Vis detection at A =
254 nm, fr1 = 12.9 min (minor), fr2 = 13.7 min (major).

DAD1 A, Sig=254,4 Ref=360,100 (SCC 2018-11-26 03-22-28\045-0101.D)
o o
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Signal 1: DAD1 A, Sig=254,4 Ref=360,160
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.911 BB ©.1886 1366.95349 108.46664 49.9653
2 13.731 BB 0.2025 1308.77039 101.44193 50.0347

Totals : 2615.72388 289.98857

DAD1 A, Sig=254,4 Ref=360,100 (SCC 2018-11-26 03-39-44\046-0101.D)
mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 12.914 BB ©.1888 ©505.69666 41.91538 9.5325
2 13.731 BB 9.2010 4799.30029 370.70599 90.4675

Totals : 53084.99695 412.62138
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(8,2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,2'-inden]-

1'(3'H)-one (40)

o
Wsn\nezph (39.2 mg) and 56% ee.

N The characterization data and spectrums of 40 are same to 3o.

[a]’y -7.1° (c 1.43, CHCL)
The enantiomeric excess of 40 was determined by chiral HPLC analysis on Chiralpak IC-3 column.
Conditions: hexane/isopropanol = 99.6:0.4, flow rate = 0.5 mL/min, T =25 °C, UV-Vis detection at
A =254 nm, fr; = 38.1 min (major), fr2 = 41.3 min (minor).

Prepared according to method F. The product 40 was isolated in 57% yield

DAD1 A, Sig=254, 4 Ref=360,100 (SCC 2018-11-16 19-35-25021-0101.D)
mAL = 5
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
S LRt B ] RECEEEEES <= meee |
1 37.687 BB 8.7744 1498.62195 29.35661 49.9529
2 48.597 BBA  ©.8569 14593.43420 26.68885 50.8471
Totals 2984.,85615 56.0844606
DAD1 A, Sig=254 4 Ref=360,100 (SCC 2018-11-16 20-24-04\022-0101.D)
mAU %
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S ERETER e e R |- ememee |
1 38.147 BB 0©.8139 4588.49170 86.35617 77.8924
2 41.318 BB ©.8952 1302.31616 21.85568 22.1@76
Totals 5890.80786 108.21185
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(8,2)-2'-benzyl-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-1',2'-dihydro-3'H-
spiro[cyclopentane-1,4'-isoquinolin]-3'-one (4p)

Prepared according to method F. The product 4p was isolated in 65% yield
&~ SiMe,Ph
N N

(58.4 mg) and 95% ee.
Bi 0 The characterization data and spectrums of 4p are same to 3w.
[a]’, +15.4° (c 1.46, CHCls)
The enantiomeric excess of 4p was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 80:20, flow rate = 0.4 mL/min, T =25 °C, UV-Vis detection at A

=254 nm, fr1 = 30.8 min (minor), fr> = 33.8 min (major).

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2019-05-10 23-44-35\022-0201.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 31.761 BB 0.6146 4199.35352 106.82281 49.9310
2 34.296 BB 0.6767 4210.95752 97.72299 50.0690

Totals : 8410.31104 204.54580
DADT A, Sig=254 4 Ref=360,100 (SCC 2019-05-31 20-43-10\021-0101.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 3©.768 BB 8.5708 212.23781 5.19277  2.4351
2 33.789 BB 0.6846 8503.35938 192.77992 97.5649

Totals : 8715.59718 197.9727@
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(S,2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylenespiro[cyclopentane-1,4'-
isochroman]-3'-one (4q)

Prepared according to method F. The product 4q was isolated in 65% yield
?%ji\s”"'ezph (46.8 mg) and 87% ee.

% 'H NMR (400 MHz, CDCls) § 7.55 — 7.50 (m, 2H), 7.37 — 7.29 (m, 6H), 7.23 - 7.19
(m, 1H), 5.73 (d, J = 2.4 Hz, 1H), 5.39 (d, J = 14.2 Hz, 1H), 5.34 (d, J = 14.5 Hz, 1H), 5.21 (dd, J = 3.2,
1.5Hz, 1H), 4.98 (t, J = 2.1 Hz, 1H), 3.51 (dd, J = 15.9, 2.6 Hz, 1H), 3.44 (dt, J = 15.9, 2.9 Hz, 1H), 2.90
—2.78 (m, 2H), 0.41 (s, 3H), 0.38 (s, 3H).
13C NMR (101 MHz, CDCls) § 174.5, 155.4, 144.9, 138.9, 138.3, 133.9, 131.2, 129.1, 128.8, 128.0,
127.4,125.5,125.0,122.3, 112.6, 69.2, 49.3, 48.0, 43.7, -1.2, -1.6.

HRMS (ESI): m/z Calcd. for C2sH250,Si [M+H]*: 361.1624, found: 361.1623.
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[a]’y -2.3° (c 2.33, CHCL)
The enantiomeric excess of 4q was determined by chiral HPLC analysis on OJ-3 column.
Conditions: hexane/isopropanol = 80:20, flow rate = 0.35 mL/min, T = 25 °C, UV-Vis detection at

A =254 nm, fr1 = 32.2 min (major), fr2 = 42.4 min (minor).

mAU ]
80
60 ]

40

DAD1 A, Sig=254 4 Ref=360,100 (SCC 2019-03-05 02-14-111021-0101.D)

ol ] N ]
Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
I REREEEE == m ] mmeeee D ] RRCEEEERE [ -mmmmee |
1 32.494 BB 1.1816 7726.62402 97.60458 50.4137
2 41.843 BBA 1.5223 7599.79834 73.99151 49.5863
Totals 1.53264e4 171.59608
DAD1 A, Sig=254,4 Ref=360,100 (SCC 2019-03-05 03-04-06\022-0101.D)
150
125 | I"
i A
50 | \ o
25 / \ §
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
I REEEE P D ] RECEEERE [=mmmmee |
1 32.153 BB 1.1682 1.43874e4  184.01392 93.7338
2 42.360 BB 1.2960 961.81494 8.82151 6.2662
Totals 1.53492e4 192.83542
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(8,2)-3-((dimethyl(phenyl)silyl)methylene)-4-methylene-3',4'-dihydro-2'H-
spiro[cyclopentane-1,1'-naphthalen]-2'-one (4r)

Prepared according to method F. The product 4r was isolated in 78% yield (55.8
S~7SiMe,Ph
L mg) and 85% ee.

) The characterization data and spectrums of 4r are same to 3s.
[a]’, +19.9° (¢ 1.72, CHCls)
The enantiomeric excess of 4r was determined by chiral HPLC analysis on IC-3 column.
Conditions: hexane/isopropanol = 90:10, flow rate = 0.4 mL/min, T =25 °C, UV-Vis detection at A
=230 nm, fr1 = 12.9 min (minor), fr> = 14.0 min (major).

DAD' D, Sig=230,4 Ref=360,100 (SCC 2019-05-23 09-56-09\021-0101 D)
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.834 BB 0.1726 7299.65820 662.39099 49.8869
2 13.985 BB 9.1941 7332.76074 593.86212 50.1131

Totals : 1.46324e4 1256.25311
DAD1 D, Sig=230,4 Rel=360,100 (SCC 2019-05-23 10-58-531022-0101 D)
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 12.881 BB ©0.1827 1472.31384 125.61085 7.4383
2 14.039 BB 0.2043 1.83213e4 1403.66333 92.5617

Totals : 1.97936e4 1529.27418
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(S)-Diethyl 1'-benzyl-4-(dimethyl(phenyl)silyl)-2'-ox0-1,3,4,7-tetrahydrospiro[i-
ndene-2,3'-indo-line]-5,6-dicarboxylate (5a)

O SiMe,Ph Prepared according to method G The product 5a was obtained as white solid
COOEt| O st — a1
A ‘ in 76% yield (91.9 mg, dr = 61:39).

o %% (5a major) *H NMR (400 MHz, CDCls) § 7.63 — 7.57 (m, 2H), 7.38 — 7.22 (m,
8H), 7.20 (ddd, J = 7.4, 1.4, 0.5 Hz, 1H), 7.09 (td, J = 7.7, 1.3 Hz, 1H), 6.96 (td, J = 7.5, 1.0 Hz, 1H),
6.66 (dt, J = 7.7, 0.8 Hz, 1H), 4.92 (d, J = 15.7 Hz, 1H), 4.88 (d, J = 15.7 Hz, 1H), 4.30 — 4.15 (m, 2H),
4.01(q, J = 7.1 Hz, 2H), 3.27 — 3.19 (m, 1H), 2.98 (d, J = 15.9 Hz, 1H), 2.87 (d, J = 16.2 Hz, 1H), 2.85
—2.74 (m, 1H), 2.69 — 2.56 (m, 1H), 2.50 — 2.38 (m, 2H), 1.31 (t, J = 7.1 Hz, 3H), 1.25 (t, J = 7.2 Hz,
3H), 0.46 (s, 3H), 0.42 (s, 3H).
13C NMR (101 MHz, CDCls) & 181.3, 169.1, 167.7, 141.9, 136.6, 136.6, 136.2, 135.6, 134.4, 132.9,
132.8, 129.5, 128.9, 127.8, 127.7, 127.6, 127.5, 127.3, 123.1, 122.2, 108.8, 61.3, 61.1, 52.0, 47.5, 47.0,
43.8,34.5,29.9,14.2, 14.0, -3.0, -3.6.

HRMS (ESI) miz Calcd. for C37H40N058| [M+H]+ 606.2676, found: 606.2673.

SiMe;Ph
. COOEt
N ‘ |
B COOEt }

o]

SiMe;Ph
- COOEt
Ny
B COOEt

o]

T
yyyyy
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5a (major): (91% ee) [a]ii’ -12.5° (¢ 1.83, CHCIy)
The enantiomeric excess of 5a (major) was determined by chiral HPLC analysis on IC-3 column.

Conditions: hexane/isopropanol = 90:10, flow rate = 0.4 mL/min, T =25 °C, UV-Vis detection at A

=210 nm, fr1 = 36.6 min (minor), fr> = 45.1 min (major).

DAD1 B, Sig=210,4 Ref=360,100 (SCC 2018-03-01 21-51-321021-0101.D)
g g 2
eoo—; Iﬂ. {?\I
600 [ [\
400—; | I",\ ‘.J \1\
200 o [
0,:7 - -— -— — \Jj k I\ ) \,
A A A A A AT Y A
Signal 2: DAD1 B, Sig=216,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 36.488 BB 1.1844 8.41248e4 1090.01758 50.1956
2 44.979 BBA 1.5403 8.34692e4 811.30933 49.8044

Totals : 1.67594e5 1901.32690
DAD1 B, Sig=2104 Ref=260,100 (SCC 2019-02-02 12-23-341023-0101.0)

mAU 2
300 Iﬁ-g:\
250 {1
200 [
150 " I\

100 g .‘} \\

50 ) 8 /

03— — __J \\-_ — . A - L . S 7\-—-

E T T "5 20 % 30 "'35""4'0””4‘5";@

Signal 2: DAD1 B, Sig=218,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 36.642 BB 1.8839 1749.68176 22.33530 4.5781
2 45.095 BBA 1.5377 3.64691e4 354.07010 95.4219

Totals 3.82188e4 376.48548
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(5a (minor)) '"H NMR (400 MHz, CDCls) 8 7.54 (dd, J = 7.4, 2.0 Hz, 2H), 7.37 — 7.21 (m, 8H), 7.12
(ddd, J=7.8,5.5,3.5 Hz, 1H), 7.00 (dd, J= 4.1, 1.4 Hz, 2H), 6.67 (dt, /= 7.8, 0.9 Hz, 1H), 4.87 (s, 2H),
429 - 4.13 (m, 2H), 4.01 — 3.87 (m, 2H), 3.25 (dt, J= 5.2, 2.7 Hz, 1H), 2.93 — 2.83 (m, 4H), 2.63 — 2.53
(m, 1H), 2.48 —2.39 (m, 1H), 1.30 (t, /= 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H), 0.42 (s, 3H), 0.38 (s, 3H).
13C NMR (101 MHz, CDCls) & 181.5, 168.9, 167.6, 141.9, 137.1, 136.8, 136.1, 135.9, 134.1, 132.8,
132.5,129.6, 128.9, 127.9, 127.7, 127.7, 127.5, 127.4, 122.9, 122.1, 109.0, 61.2, 61.1, 51.6, 47.9, 47.3,
43.9,34.3,30.0,14.2, 14.0, 2.7, -3.1.

HRMS (ESI): m/z Calcd. for Ca7HaoNOsSi [M+H]*: 606.2676, found: 606.2672.

NI T NI TN 0 R ONNTTITONMAN—O 000 RALRE OO TA OO OLTTAANNINOSOORO NN DM — OB S
R R R R R R R R R R R i R R R A R R D R e R R R R R K R R R
B A A A A B B B R R R R R RS RSP R G L Bk SS9
. AN SRR I SN NN S

ANy g T 2 s
S S S S o q S 9 33
ISR - +c o e P
8. X‘ 0 o 6 6.0 o 4. 'I‘ o '{‘5 3.0 2‘5 A_" o 1‘5 V‘(l ()‘5 ()‘ o 0.5
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5a (minor): (90% ee) [a]ii’ -9.9° (¢ 1.02, CHCl)

The enantiomeric excess of 5a (minor) was determined by chiral HPLC analysis on Chiralpak IC-

3 column.

Conditions: hexane/isopropanol = 65:35, flow rate = 0.3 mL/min, T =25 °C, UV-Vis detection at A

=214 nm, fr; = 48.3 min (major), fr2 = 61.2 min (minor).

DAD1 C, Sig=214,4 Ref=360,100 (D\DATA\SCC\SCC 2018-03-09 02-45-20\LZL0000001.D)

mAU ~
1000

8003
600
400
200 —

4+ o~ __,—-—'—\-‘u‘f_ ,\:-_, f',l S

Signal 3: DAD1 C, Sig=214,4 Ref=360,1600

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R |- -] - mee el BESCRe s |- - |
1 48.785 BB 1.6246 1.21734e5 1133.78870 56.1471
2 61.344 BBA  1.9520 1.21828e5 927.66992 49.8529
Totals : 2.42754e5 2061.45862
] DAD1 C, Sig=214,4 Ref=360,100 (SCC 2019-06-25 12-08-12\023-0101.D)
300:5 ‘
250 [
] |
10(]é ./ H.‘ 2
SE :_ N A JI \ 2
Signal 3: DAD1 C, Sig=214,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il EREEEE e EEEEEE R R | <-me e |
1 48.312 BB 1.4332 3.47244e4  365.22043 95.0099
2 61.189 BB 1.4242 1823.80042 15.217686 4.9961
Totals : 3.65482e4  380.438603
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(S)-1'-benzyl-5-(dimethyl(phenyl)silyl)-2-phenyl-6,9-dihydro-1H,5H,8 H-
spiro[cyclopenta[d][1,2,4]triazolo[1,2-a]pyridazine-7,3'-indoline]-1,2',3(2H)-trione (6a
(major))

PhMeSi ¢ Prepared according to the above general method G. The product 6a (major)
u T L‘ n—ph|  Was obtained as white solid.

o o (6a (major)) *H NMR (400 MHz, CDCl3) § 7.56 (dd, J = 8.0, 1.5 Hz, 2H),
7.47 (d, J = 4.1 Hz, 4H), 7.46 — 7.21 (m, 9H), 7.13 (td, J = 7.7, 1.2 Hz, 1H), 6.96 (td, J = 7.6, 1.0 Hz,
1H), 6.69 (dt, J = 7.8, 0.8 Hz, 1H), 6.69 — 6.62 (m, 1H), 4.89 (d, J = 15.6 Hz, 1H), 4.84 (d, J = 15.7 Hz,
1H), 4.60 (s, 1H), 4.31 (d, J = 15.8 Hz, 1H), 4.09 (d, J = 14.5 Hz, 1H), 3.00 (d, J = 16.0 Hz, 1H), 2.91
(d, J = 16.4 Hz, 1H), 2.60 (d, J = 16.0 Hz, 1H), 2.47 (d, J = 17.3 Hz, 1H), 0.52 (s, 3H), 0.50 (s, 3H).
13C NMR (101 MHz, CDCls) § 180.9, 154.2, 149.7, 142.1, 135.9, 135.7, 135.0, 134.3, 131.6, 131.5,
130.2,129.2,129.0, 128.4,128.2,128.2, 127.8, 127.4, 125.5, 124.6, 123.2, 122.3, 109.2, 50.9, 48.7, 46 .4,
46.3,45.3, 44.0, -2.6, -3.1.

HRMS (ESI): m/z Calcd. for Cs7H3sN4O3Si [M+H]+ 611.2478, found: 611.2480.
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6a (major): (88% ee), [a]zl? -141.4° (¢ 1.16, CHCIl3)
The enantiomeric excess of 6a (major) was determined by chiral HPLC analysis on IB column.
Conditions: hexane/isopropanol = 70:30, flow rate = 0.6 mL/min, T =25 °C, UV-Vis detection at A

=210 nm, fr; = 38.8 min (minor), fr> = 45.6 min (major).

DAD1 B, Sig=210.4 Ref=360,100 (SCC 2019-0428 16-15-531021-0201 D)
mAU 2
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Signal 2: DAD1 B, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 37.279 BB 1.5180 5.64965e4  518.98224 49.6820
2 45.318 BB 1.6198 5.72198e4  486.63623 50.3180

Totals : 1.13716e5 1005.61847

DAD1 B, Sig=2104 Ref=260,100 (SCC 2019-04-28 16-15-53\022-0301.0)
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Signal 2: DAD1 B, Sig=210,4 Ref=360,160

Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 38.834 BB 1.3157 2668.97363 23.88519 5.8790
2 45.641 BB 1.6314 4.27298e4 362.96719 94.1210

Totals : 4,53988e4 386.85238
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(6a (minor)) 'TH NMR (400 MHz, CDCl3)§ 7.63 (dd, J = 7.5, 2.0 Hz, 2H), 7.48 — 7.42 (m, 4H), 7.40 —
7.23 (m, 9H), 7.19 (ddd, J= 7.4, 1.4, 0.6 Hz, 1H), 7.13 (td, J= 7.7, 1.3 Hz, 1H), 6.98 (td, J= 7.5, 1.0 Hz,
1H), 6.70 (dt, J= 7.8, 0.8 Hz, 1H), 4.92 (s, 2H), 4.61 (s, 1H), 4.20 (d, J= 16.0 Hz, 1H), 4.06 (d, J= 14.4
Hz, 1H), 3.07 (dq, J = 15.7, 2.0 Hz, 1H), 2.93 (d, J= 16.2 Hz, 1H), 2.65 (d, J = 15.8 Hz, 1H), 2.52 (d, J
= 16.1 Hz, 1H), 0.60 (s, 3H), 0.50 (s, 3H).

13C NMR (101 MHz, CDCls) & 180.4, 153.6, 149.7, 141.9, 135.9, 135.7, 134.7, 134.3, 131.9, 131.5,
130.2,129.1, 128.9, 128.2, 128.2, 128.1, 127.8, 127.3, 125.4, 124.5, 123.3, 122.0, 109.2, 51.7, 49.0, 46.1,
46.0, 45.0, 43.9, -2.9, -4.0.

HRMS (ESI): m/z Calcd. for Ca7HssN4OsSi [M+H]*: 611.2478, found: 611.2488.
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6a (minor): (92% ee), [a]z[;) +58.1° (¢ 2.56, CHCls)
The enantiomeric excess of 6a (minor) was determined by chiral HPLC analysis on IB column.
Conditions: hexane/isopropanol = 75:25, flow rate = 0.6 mL/min, T =25 °C, UV-Vis detection at A

=230 nm, fr; = 21.8 min (major), fr2 = 26.9 min (minor).

DAD1 D, Sig=230,4 Ref=360,100 (D\DATA\LZL\SCC 2019-04-28 11-47-55\LZL0000001.D)
150 E, %
125 \ &
100 I N
75 I | \
50 | ‘I“. ; \\
£ A W N ) N
R R T T "
Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R LR P SRR [=mmmmee [=nmmmeee [<mmeeee |
1 22.217 BB 0.6568 8219.46484 186.26212 50.2408

2 26.609 BBA 0.9756 8140.66406 122.44772 49.7592

1.63601e4  308.70983

Totals

DAD1 D, Sig=2304 Ref=360,100 (D:\DATA\LZL\SCC 2019-04-28 12-28-30\LZL0000001.D)
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type

# [min]
----| _______
1 21.838
2 26.939
Totals

Area

S84

[mAU*s ]

0.6780 1.03869e5 2260.74707 95.9719
©.9997 4359.59229
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[mAU]

64.57137
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V. Crystal Data for Co
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( Ny S
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(T c15) C17) 1)
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Empirical formula C28H27NOSI
Formula weight 421.59
Temperature/K 293(2)
Crystal system orthorhombic
Space group P212121

alA 9.08856(12)
b/A 12.68486(17)
c/A 21.2932(3)
a/° 90

B/° 90

v/° 90
Volume/A3 2454.84(6)

Z 4

pcalcg/cm3 1.141

w/mm-t 0.975

F(000) 896.0

Crystal size/mm3

0.12 x<0.09 =<0.08

Radiation

CuKa (A= 1.54184)

20 range for data collection/®

8.114 to 147.77

Index ranges

(1l s h<s7,-15<k=<15-26<1< 26

Reflections collected

13241

Independent reflections

4734 [Rint = 0.0213, Rsigma = 0.0177]

Data/restraints/parameters

4734/13/294

Goodness-of-fit on F2

1.040

Final R indexes [1>=2¢ (I)]

R1=0.0409, wR2 = 0.1168

Final R indexes [all data]

R1=0.0434, wR2 = 0.1205

Largest diff. peak/hole / e A3

0.32/-0.28

Flack parameter

0.017(12)
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