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1. General methods and materials

Unless otherwise mentioned, all reactions were carried out under an atmosphere
of argon in dry glassware and were monitored by analytical thin-layer
chromatography (TLC), which was visualized by ultraviolet light (254 nm). All
solvents were obtained from commercial sources and were purified according to
standard procedures. Purification of the products was accomplished by flash
chromatography using silica gel (200-300 mesh). IR spectra were taken on a FT-IR
spectrometer in KBr pellets and reported in cm™. *H NMR spectra were measured on
a 400 MHz spectrometer in CDCl; (100 MHz, *C NMR) with chemical shift (d)
given in ppm relative to TMS as internal standard. Data were reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m =
multiple), coupling constants (Hz), integration. High-resolution mass spectra (HRMS)
were measured with ESI in a positive mode.

The N-aryl bicyclobutyl amides 1 were synthesized according to the reported
procedure (prepared from 3-oxocyclobutanecarboxylic acid (CAS: 23761-23-1, 5

g/CNY 36) in four steps)®. The radical precursors 2 were commercially available.
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2. General Procedures

2.1 General procedure for the synthesis of product 3
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<1®
“ N

s/ @
Clo,
NHC1 (20 mol%) R
] Cs,CO3 (2.0 equiv.)
R + Br—R R!
N (6] 1,4-dioxane (2.0 mL) N o)
R2 100 °C, 24 h R2
1 2 3

An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged
with  bicyclobutyl N-aryl amides 1 (0.3 mmol, 1.0 equiv.), alkyl bromides 2 (0.45
mmol, 1.5 equiv.), NHC1 (24.8 mg, 0.06 mmol, 0.2 equiv.), Cs,CO3 (195.5 mg, 0.6
mmol, 2.0 equiv.) and 2 mL of anhydrous 1,4-dioxane under argon. The reaction
mixture was stirred at 100 <T in heating mantle for 24 h monitored by TLC analysis.
After the reaction was complete, water was added and extracted with ethyl acetate.
The organic phase was then evaporated under vacuum and the residue was purified by
flash column chromatography on silica gel (PE/EA=10/1) to give product 3. All the

products were prepared according to the above procedure.

2.2 General procedure for gram-scale reaction

—\®

N
© s
ClO, ~

NHC1 (20 mol%)

Cs,CO3 (2.0 equiv.) OEt
})\OEt

1,4-dioxane (27 mL)
100 °C, 24 h N" 0
Bn
1a 2a 3aa

4 mmol 6 mmol 64% vyield

An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged
with bicyclobutyl N-aryl amides la (4 mmol, 1.0 equiv.), alkyl bromides 2a (6
mmol, 1.5 equiv.), NHC1 (331.1 mg, 0.8 mmol, 0.2 equiv.), Cs,CO3 (2.6 g, 8 mmol,
2.0 equiv.) and 27 mL of anhydrous 1,4-dioxane under argon. The reaction mixture
was stirred at 100 <T in heating mantle for 24 h monitored by TLC analysis. After the

reaction was complete, water was added and extracted with ethyl acetate. The organic
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phase was then evaporated under vacuum and the residue was purified by flash
column chromatography on silica gel (PE/EA=10/1) to give product 3aa (0.97 g, 64%
yield).

2.3 Procedures for the transformations?

o]
OEt LiAIH, OH
toluene, 110 °C, 48 h
"o b
Bn Bn
3aa 4

In a flame-dried schlenk tube, 3aa (0.15 mmol, 56.6 mg) was dissolved in
anhydrous toluene (1.5 mL), LiAIH4 (1.5 mmol, 56.9 mg) was then added slowly at
0 T under Ar. The reaction mixture was stirred at 110 <C for 48 h. After cooling to
room temperature, the reaction was quenched with a saturated solution of NH,CI. The
reaction was then extracted with ether three times. The combined organic extracts
were washed with brine, dried with MgSQy, filtrated and concentrated in vacuo. The
product was purified by flash column chromatography (petroleum ether/EtOAc, 20:1)
to yield 4aa (41 mg, 85% yield) as a colorless oil.

2.4 Procedures for the radical trapping experiments.

(0]
(0] Standard OEt
conditions
+ OEt ,
N” o Br TEMPO (1.5 equiv.) NIYe)
| )
Bn Bn
1a 2a 3aa

trace
An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged
with bicyclobutyl N-aryl amides 1a (0.3 mmol, 1.0 equiv.), alkyl bromides 2a (0.45
mmol, 1.5 equiv.), NHC1 (24.8 mg, 0.06 mmol, 0.2 equiv.), Cs,CO3 (195.5 mg, 0.6
mmol, 2.0 equiv.), TEMPO (70.3 mg, 0.45 mmol, 1.5 equiv.) and 2 mL of anhydrous
1,4-dioxane under argon. The reaction mixture was stirred at 100 <C in heating mantle
for 24 h monitored by TLC analysis, and only trace amount of product 3aa was

detected.
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o) Standard
©\ N ))J\ conditions
N0 OBt BHT (1.5 equiv.) Me

| Br
Bn COzEt

1a 2a 3aa
50% yield 26% yleld

An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged
with bicyclobutyl N-aryl amides 1a (0.3 mmol, 1.0 equiv.), alkyl bromides 2a (0.45
mmol, 1.5 equiv.), NHC1 (24.8 mg, 0.06 mmol, 0.2 equiv.), Cs,CO3 (195.5 mg, 0.6
mmol, 2.0 equiv.), BHT (99.1 mg, 0.45 mmol, 1.5 equiv.) and 2 mL of anhydrous
1,4-dioxane under argon. The reaction mixture was stirred at 100 <C in heating mantle
for 24 h monitored by TLC analysis. After the reaction was complete, water was
added and extracted with ethyl acetate. The organic phase was then evaporated under
vacuum and the residue was purified by flash column chromatography on silica gel

(PE/EA=10/1) to give product 3aa (57 mg, 50% vyield).

2.5 Procedures for the radical clock reaction®

EtO,C—/
Standard
©\ Y COZEt conditions
'il o)
3jm

1i 2m 40% yield, 1.5:1 d.r.

An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged
with  bicyclobutyl N-aryl amides 1j (0.3 mmol, 1.0 equiv.), alkyl bromides 2m (0.45
mmol, 1.5 equiv.), NHC1 (24.8 mg, 0.06 mmol, 0.2 equiv.), Cs,CO3 (195.5 mg, 0.6
mmol, 2.0 equiv.) and 2 mL of anhydrous 1,4-dioxane under argon. The reaction
mixture was stirred at 100 <C in heating mantle for 24 h monitored by TLC analysis.
After the reaction was complete, water was added and extracted with ethyl acetate.
The organic phase was then evaporated under vacuum and the residue was purified by
flash column chromatography on silica gel (PE/EA=10/1) to give product 3jm (38 mg,
40% yield).
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3. Characterization Data of the Products

Ethyl-2-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methylpropanoat

e (3aa)
5 Yellow oil; 79% yield; 2:1 d.r.; *H NMR (400 MHz, CDCls) §
OEt (ppm) 7.50 (d, J = 7.2 Hz, 0.66H, major), 7.27 — 7.15 (m, 5.66H,
N0 major+minor), 7.10 — 7.03 (m, 1H, major+minor), 7.00 — 6.95
Bn (m, 1H, major+minor), 6.63 (d, J = 8.0 Hz, 0.65H, major), 6.59

(d, J = 8.0 Hz, 0.33H, minor), 4.82 (s, 0.64H, minor), 4.80 (s, 1.35H, major), 4.14 —
4.07 (m, 2H, major+minor), 3.18 — 3.09 (m, 0.35H, minor), 3.05 — 2.95 (m, 0.70H,
major), 2.66 (t, J = 10.4 Hz, 1.35H, major+minor), 2.44 — 2.35 (m, 1.32H,
major+minor), 2.12 (t, J = 9.2 Hz, 1.4H, major+minor), 1.23 — 1.16 (m, 9H,
major+minor); *C NMR (100 MHz, CDCls) § (ppm, major+minor) 181.3, 179.0,
176.9, 176.7, 142.2, 142.1, 136.0, 135.9, 134.6, 133.2, 128.6, 127.8, 127.5, 127.4,
127.2,122.7,122.5, 121.9, 108.7, 108.5, 60.4, 60.3, 43.7, 43.5(1), 43.4(8), 43.4, 43.2,
43.1, 37.9, 36.9, 33.4, 33.0, 21.7, 21.3, 14.2(1), 14.1(7); IR (KBr) (v, cm™): 3427,
3063, 1715, 1613, 1488, 1467, 1455, 1274, 1216, 1154, 732; HRMS (ESI-TOF) m/z:
C24H28NOs3 [M + H]" calcd for 378.2064, found 378.2063.

Ethyl-2-(1'-benzyl-5'-methoxy-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-meth

ylpropanoate (3ba)
Yellow oil; 65% vyield; 1.8:1 d.r.; '"H NMR (400 MHz,
0
Moo Ly CDCl3) ¢ (ppm) 7.31 — 7.19 (m, 5.65H, major+minor),
N 6.96 (s, 0.35H, minor), 6.67 — 6.63 (m, 1H, major+minor),
Bn 6.60 — 6.53 (m, 1H, major+minor), 4.86 (s, 0.70H, minor),

4.85 (s, 1.32H, major), 4.21 — 4.14 (m, 2H, major+minor), 3.79 (s, 2H, major), 3.76 (s,
1H, minor), 3.26 — 3.16 (m, 0.36H, minor), 3.10 — 3.00 (m, 0.66H, major), 2.74 (t, J =
10.4 Hz, 1.3H, major+minor), 2.52 — 2.40 (m, 1.46H, major+minor), 2.18 (t, J = 9.2
Hz, 1.28H, major+minor), 1.31 — 1.22 (m, 9H, major+minor); **C NMR (100 MHz,
CDCl3) 6 (ppm, major+minor) 181.0, 178.8, 177.0, 176.7, 156.0(9), 156.0(6), 136.1,
136.0(2), 136.0(0), 135.7, 135.6, 134.7, 128.6, 127.4, 127.2, 111.6, 111.3, 110.6,
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109.9, 108.9, 108.8, 60.4, 60.3, 55.8, 55.7, 43.8, 43.6, 43.5(2), 43.5(0), 43.4(5), 37.9,
36.9, 33.5, 33.0, 21.8, 21.3, 14.3, 14.2; IR (KBr) (v, cm™): 3423, 1709, 1601, 1494,
1471, 1298. 1272, 1198, 1175, 1152, 864, 802, 735; HRMS (ESI-TOF) m/z:
CasH30NO4 [M + H]" caled for 408.2169, found 408.2167.
Ethyl-2-(1'-benzyl-5'-methyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methyl
propanoate (3ca)
Yellow oil; 72% yield: 1.8:1 d.r.; *"H NMR (400 MHz, CDCls)
ogt O (ppm) 7.40 (s, 0.64H, major), 7.30 - 7.20 (m, S5H,
major+minor), 7.13 (s, 0.35H, minor), 6.93 (t, J = 8 Hz, 1H,

Bn major+minor), 6.60 — 6.54 (m, 1H, major+minor), 4.87 (s,

0.68H, minor), 4.85 (s, 1.26H, major), 4.22 — 4.14 (m, 2H, major+minor), 3.26 — 3.17
(m, 0.35H, minor), 3.12 — 3.03 (m, 0.64H, major), 2.73 (t, J = 10.4 Hz, 1.28H,
major+minor), 2.51 — 2.40 (m, 1.38H, major+minor), 2.35 (s, 2H, major), 2.32 (s, 1H,
minor), 2.18 (t, J = 9.6 Hz, 1.36H, major+minor), 1.31 — 1.23 (m, 9H, major+minor);
3C NMR (100 MHz, CDCls): 6 (ppm, major+minor) 181.2, 179.0, 177.1, 176.7,
139.8, 139.7, 136.1, 136.0, 134.6, 133.3, 132.1, 132.0, 128.6, 128.0, 127.7, 127.4,
127.2, 123.5, 122.8, 108.4, 108.2, 60.4, 60.3, 43.7, 43.5(1), 43.5(0), 43.4, 43.2(3),
43.1(5), 37.9, 36.9, 33.4, 33.0, 21.8, 21.3, 21.0, 14.2(2) 14.1(9); IR (KBr) (v, cm™):
3428, 1712, 1622, 1600, 1495, 1455, 1273, 1223, 1190, 1152, 1109, 859, 806, 734,
HRMS (ESI-TOF) m/z: C2sH3oNO3 [M + H]" calcd for 392.2220, found 392.2218.
Ethyl-2-(1'-benzyl-5'-bromo-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methyl
propanoate (3da)
Yellow oil; 78% yield; 1.6:1 d.r.; '"H NMR (400 MHz,
Br oet CDCls) ¢ (ppm) 7.67 (s, 0.58H, major), 7.42 (s, 0.38H,
N0 minor), 7.32 — 7.21 (m, 6H, major+minor), 6.57 — 6.51 (m,

Bn 1H, major+minor), 4.86 (s, 0.74H, minor), 4.85 (s, 1.19H,

major), 4.22 — 4.15 (m, 2H, major+minor), 3.24 — 3.15 (m, 0.37H, minor), 3.08 — 2.99
(m, 0.61H, major), 2.74 (t, J = 10 Hz, 1.24H, major+minor), 2.52 — 2.41 (m, 1.5H,
major+minor), 2.20 (t, J = 10 Hz, 1.25H, major+minor), 1.32 — 1.22 (m, 9H,
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major+minor); *C NMR (100 MHz, CDCls) § (ppm, major+minor) 180.6, 178.4,
176.8, 176.5, 141.2, 141.1, 136.6, 135.5, 135.4, 135.2, 130.6, 130.3, 128.7, 127.6,
127.1, 126.1, 125.2, 115.2, 110.2, 110.0, 60.5, 60.4, 43.8, 43.6, 43.4(4), 43.3(9),
43.3(5), 43.2, 37.8, 36.9, 33.4, 32.9, 21.8, 21.1, 14.2(4), 14.2(0); IR (KBr) (v, cm™):
3422, 1720, 1607, 1482, 1455, 1426, 1271, 1213, 1152, 1108, 871, 807, 733; HRMS
(ESI-TOF) m/z: C4H27BrNO3 [M + H]" calcd for 456.1169 found 456.1169.
Ethyl-2-(1'-benzyl-5'-fluoro-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methyl
propanoate (3ea)

o Yellow oil; 64% yield; 1.8:1 d.r.; 'H NMR (400 MHz, CDCly)

F oet O (ppm, major+minor) 7.32 — 7.20 (m, 5.64H, major+minor),

N0 7.09 (d, J = 7.6 Hz, 0.36H, minor), 6.85 — 6.78 (m, 1H,
|
Bn major+minor), 6.61 — 6.54 (m, 1H, major+minor), 4.87 (s,

0.70H, minor), 4.86 (s, 1.25H, major), 4.22 — 4.15 (m, 2H, major+minor), 3.24 — 3.15
(m, 0.36H, minor), 3.08 — 2.98 (m, 0.64H, major), 2.75 (t, J = 10.4 Hz, 1.28H,
major+minor), 2.53 — 2.41 (m, 1.47H, major+minor), 2.19 (t, J = 9.6 Hz, 1.26H,
major+minor), 1.32 — 1.22 (m, 9H, major+minor); *C NMR (100 MHz, CDCls) ¢
(ppm, major+minor) 181.0, 178.7, 176.8, 176.6, 159.4 (d, Jcr = 240 Hz), 159.3 (d, Jcr
= 240 Hz), 138.0(3) (d, Jcr = 3 Hz), 137.9(8) (d, Jcr = 2 Hz), 136.2 (d, Jcr = 10 Hz),
135.7(3), 135.6(5), 134.9 (d, Jcr = 10 Hz), 128.7, 127.6, 127.2, 113.9 (d, Jcr = 20 Hz),
113.6 (d, Jcr = 30 Hz), 110.9 (d, Jcr = 20 Hz), 110.2 (d, Jcr = 30 Hz), 109.2 (d, Jor =
20 Hz), 109.0 (d, Jcr = 20 Hz), 60.5, 60.4, 43.9, 43.7(0), 43.6(8), 43.4(9), 43.4(7),
43.4(5), 43.4(1), 37.8, 36.9, 33.4, 32.9, 21.8, 21.3, 14.2(4), 14.2(0); *°F NMR (376
MHz, CDCls) 6 (ppm) -120.44, -120.63; IR (KBr) (v, cm™): 3424, 1716, 1609, 1490,
1455, 1278, 1229, 1170, 862, 808, 744; HRMS (ESI-TOF) m/z: Cy4H;7FNO3 [M +

H]" calcd for 396.1969, found 396.1969.

Ethyl-2-(1'-benzyl-2'-0xo0-5"-(trifluoromethyl)spiro[cyclobutane-1,3'-indolin]-3-yl
)-2-methylpropanoate (3fa)

o Yellow oil; 48% vyield; 1.6:1 d.r.; *"H NMR (400 MHz, CDCl5)
FsC OBt 5 (ppm, major+minor) 7.77 (s, 0.62H, major), 7.54 (s, 0.38H,
N0 minor), 7.47 — 7.38 (m, 1H, major+minor), 7.35 — 7.19 (m,
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5H, major+minor), 6.77 (d, J = 8.2 Hz, 0.60H, major), 6.73 (d, J = 8.0 Hz, 0.38H,
minor), 4.92 (s, 0.73H, minor), 4.90 (s, 1.25H, major), 4.26 - 4.16 (m, 2H,
major+minor), 3.30 — 3.15 (m, 0.40H, minor), 3.15 — 3.02 (m, 0.64H, major), 2.82 -
2.72 (m, 1.28H, major+minor), 2.58 — 2.45 (m, 1.59H, major+minor), 2.30 — 2.15 (m,
1.26H, major+minor), 1.38 — 1.20 (m, 9H, major+minor); *C NMR (100 MHz,
CDCls3) ¢ (ppm, major+minor) 181.2, 179.0, 176.8, 176.6, 145.2, 145.1, 135.4, 135.3,
135.1, 133.8, 128.9, 127.8, 127.2, 125.7, 125.6(9), 125.6 (q, Jcr = 4.2 Hz), 125.4 (q,
Jor = 4.1 Hz), 124.8(5) (q, Jor = 32.2 Hz), 124.8(2) (q, Jcr = 32.5 Hz), 123.7 (q, Jcr =
130.2 Hz), 123.6 (q, Jcr = 117.2 Hz), 119.8 (q, Jcr = 3.5 Hz), 119.0 (g, Jor = 3.6 Hz),
108.5, 108.3, 60.6, 60.5, 44.0, 43.7, 43.6, 43.5, 43.2, 43.0, 37.8, 37.0, 33.5, 33.0, 21.9,
21.3, 14.3, 14.2; ®F NMR (376 MHz, CDCls)  (ppm) -61.24, -61.45; IR (KBr) (v,
cm™): 3432, 2978, 1723, 1362, 1330, 1272, 1218, 1159, 1118, 891, 821, 698, 733;
HRMS (ESI-TOF) m/z: CxsHsFsKNO; [M + K]* calcd for 484.1496, found

484.1495.

Ethyl-2-(1'-benzyl-7"-methyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methy!I
propanoat (3ga)

o Yellow oil; 51% yield; 1.5:1 d.r.; *"H NMR (400 MHz, CDCls) 6
Ot (ppm) 7.49 (d, J = 7.6 Hz, 0.6H, major), 7.29 — 7.20 (m, 3.4H,

N major+minor), 7.13 — 7.08 (m, 2H, major+minor), 7.02 — 6.96
Bn

(m, 1H, major+minor), 6.93 — 6.89 (m, 1H, major+minor), 5.18
(s, 0.78H, minor), 5.16 (s, 1.20H, major), 4.21 — 4.14 (m, 2H, major+minor), 3.26 —
3.16 (m, 0.4H, minor), 3.14 — 3.05 (m, 0.6H, major), 2.75 (t, J = 10.4 Hz, 1.24H,
major+minor), 2.53 - 2.42 (m, 1.6H, major+minor), 2.26 - 2.19 (m, 4H,
major+minor), 1.34 — 1.23 (m, 9H, major+minor); *C NMR (100 MHz, CDCls) ¢
(ppm, major+minor) 182.4, 180.3, 177.1, 176.8, 140.3, 140.2, 137.9, 137.8, 135.4,
134.0, 131.7, 131.5, 128.7, 127.0, 125.6(1), 125.5(6), 122.7(0), 122.6(6), 120.8, 119.9,
119.5, 119.3, 60.4, 60.3, 45.0, 44.7, 43.5(3), 43.4(8), 42.6, 42.5, 37.7, 36.8, 34.0, 33.3,
21.8, 21.3, 18.7, 18.6, 14.3, 14.2; IR (KBr) (v, cm™): 3427, 1713, 1651, 1603, 1496,
1470, 1444, 1416, 1271, 1153, 772, 743; HRMS (ESI-TOF) m/z: CzsH3NO3 [M +
H]" calcd for 392.2220, found 392.2220.
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Ethyl-2-(1'-benzyl-7'-bromo-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methyl
propanoate(3ha)

o Yellow oil; 51% yield; 1.1:1 d.r; 'H NMR (400 MHz, CDCls3)

oet o (ppm) 7.55 (d, J = 6.8 Hz, 0.51H, major), 7.32 — 7.14 (m,

N o 6.5H, major+minor), 6.96 — 6.91 (m, 1H, major+minor), 5.38
|

Br Bn (s, 0.9H, minor), 5.37 (s, 0.98H, major), 4.21 — 4.14 (m, 2H,
major+minor), 3.23 — 3.13 (m, 0.49H, minor), 3.10 — 3.02 (m, 0.53H, major), 2.75 (t,
J = 10.4 Hz,1H, major+minor), 2.52 — 2.42 (m, 2H, major+minor), 2.21 (t, J = 9.6
Hz,1H, major+minor), 1.31 — 1.21 (m, 9H, major+minor); *C NMR (100 MHz,
CDCl3) o (ppm, major+minor) 182.0, 179.9, 176.9, 176.7, 139.7, 139.6, 138.0,
137.6(4), 137.5(6), 136.6, 133.7, 133.5, 128.5, 127.0, 126.3(2), 126.2(6), 123.9, 123.9,
122.0, 121.1, 102.3, 102.0, 60.5, 60.4, 44.5, 44.2, 43.5, 43.4, 42.8(8), 42.8(5), 37.6,
36.9, 34.1, 33.4, 21.9, 21.2, 14.3, 14.2; IR (KBr) (v, cm™): 3424, 1721, 1608, 1574,
1496, 1450, 1272, 1221, 1146, 1108, 771, 743; HRMS (ESI-TOF) m/z: C,4H27BrNO;
[M + H]" calcd for 456.1169 found 456.1169.
Ethyl-2-(1-benzyl-2-oxo-1,2-dihydrospiro[benzo[g]indole-3,1'-cyclobutan]-3'-yl)-2-methylpro
panoate (3ia)

Yellow oil; 31% vyield; 1.3:1 d.r.; *H NMR (400 MHz, CDCls) ¢

[®)

°E " (ppm) 7.82 (d, J = 7.6 Hz, 0.57H, major), 7.75 — 7.66 (m, 1.43H,

major+minor), 7.62 — 7.56 (m, 1H, major+minor), 7.47 — 7.44

(m, 1.43H, major+minor), 7.34 — 7.16 (m, 6H, major+minor),
6.86 — 6.81 (m, 1H, major+minor), 5.39 (s, 0.89H, minor), 5.35 (s, 1.15H, major),
4.21 — 4.12 (m, 2H, major+minor), 3.27 — 3.04 (m, 2H, major+minor), 2.95-2.90 (m,
1H, major+minor), 2.53-2.48 (m, 1H, major+minor), 2.31-2.27 (m, 1H, major+minor),
1.28 — 1.22 (m, 9H, major+minor); *C NMR (100 MHz, CDCls) & (ppm,
major+minor) 177.3, 177.0, 173.6, 172.5, 138.3, 137.8, 136.8, 136.7, 136.5, 136.3,
133.5, 133.2, 128.8, 128.7(3), 128.6(6), 127.2, 127.1(0), 127.0(5), 127.0, 126.4(4),
126.3(9), 126.3, 126.2(0), 126.1(6), 126.1, 122.8, 122.2, 122.2, 121.3, 119.3, 119.1,
109.6, 109.5, 60.4(2), 60.3(9), 46.2, 46.1, 43.7, 43.4, 43.1, 43.0, 39.8, 37.0, 36.2, 36.0,
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22.1, 21.5, 14.2(4), 14.2(1); IR (KBr) (v, cm™): 3447, 1723, 1667, 1623, 1586, 1471,
1455, 1440, 1202, 1145, 817, 768, 730; HRMS (ESI-TOF) m/z: C2sH3oNO3 [M + H]"
calcd for 428.2220, found 428.2220.

Ethyl-2-methyl-2-(1'-methyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)propanoa

te (3ja)’
o Yellow oil; 82% yield; 1.5:1 d.r; 'H NMR (400 MHz, CDCls):
oet o (ppm) 7.57 (d, J = 7.2 Hz, 0.6H, major), 7.33 (d, J = 8.8 Hz,
N X0 0.4H, minor), 7.29 — 7.23 (m, 1H, major+minor), 7.12 — 7.06 (m,

1H, major+minor), 6.82 — 6.76 (m, 1H, major+minor), 4.21 —

4.14 (m, 2H, major+minor), 3.35 — 3.00 (m, 4H, major+minor), 2.69 (t, J = 10.8Hz,

1.29H, major+minor), 2.41 (d, J = 9.6 Hz, 1.23H, major+minor), 2.14 (t, J = 10 Hz,

1.29H, major+minor), 1.30 — 1.22 (m, 9H, major+minor); *C NMR (100 MHz,

CDCls) 6 (ppm, major+minor) 181.1, 178.9, 176.9, 176.7, 143.1, 143.0, 134.6, 133.3,

127.8,127.6, 122.6, 122.5, 121.8, 107.7, 107.5, 60.4, 60.3, 43.5, 43.4, 43.2, 43.1, 38.0,

36.8, 33.2, 32.9, 26.1, 26.0, 21.7, 21.3, 14.2(1), 14.1(7); IR (KBr) (v, cm™): 3423,

1716, 1614, 1494, 1471, 1422, 1275, 1249, 1146, 1091, 750; HRMS (ESI-TOF) m/z:
C18H24NO3 [M + H]" caled for 302.1751, found 302.1750.

Ethyl-2-methyl-2-(2'-0x0-5",6'-dihydro-2'H,4'H-spiro[cyclobutane-1,1'-pyrrolo][3,

2,1-ij]quinolin]-3-yl)propanoate (3ka)

O Yellow oil; 73% vyield; 2:1 d.r.; *H NMR (400 MHz, CDCls): ¢

OEt (ppm) 7.38 (d, J = 7.6 Hz, 0.66H, major), 7.15 (d, J = 7.2 Hz,

N° 0 0.34H, minor), 7.03 — 6.94 (m, 2H, major+minor), 4.20 — 4.14

(m, 2H, major+minor), 3.71 — 3.66 (m, 2H, major+minor), 3.20 —

3.10 (m, 0.33H, minor), 3.07 — 2.98 (m, 0.66H, major), 2.78 — 2.73 (m, 2H,

major+minor), 2.64 (t, J = 10.4 Hz, 1.35H, major+minor), 2.41 (d, J = 9.6 Hz, 1.28H,

major+minor), 2.12 (t, J = 9.6 Hz, 1.33H, major+minor), 2.02 — 1.95 (m, 2H,

major+minor), 1.30 — 1.21 (m, 9H, major+minor); *C NMR (100 MHz, CDCls) ¢

(ppm, major+minor) 180.0, 177.6, 177.0, 176.7, 138.9, 138.8, 133.0, 131.7, 126.6,

126.4, 121.8(8), 121.8(6), 120.3, 119.8, 119.6, 119.5, 60.4, 60.2, 44.4, 44.2, 43.5, 43.4,
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38.7, 38.6, 38.2, 36.9, 32.8, 32.6, 24.5, 24.3, 21.7, 21.3, 21.0(2), 20.9(9), 14.2(1),

14.1(7); IR (KBr) (v, cm™): 3424, 1709, 1626, 1602, 1482, 1241, 1145, 746; HRMS
(ESI-TOF) m/z: CH26NO3 [M + H]" calcd for 328.1907, found 328.1906.

Ethyl-2-(1'-benzyl-3-methyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methyl

propanoate (3la)

o Yellow oil; 32% vyield; 1.5:1 d.r.; *H NMR (400 MHz, CDCls)

OEt o (ppm) 7.62 (d, J = 8.4 Hz, 0.4H, minor), 7.51 (d, J = 8.4 Hz,

N o 0.6H, major), 7.31 — 7.26 (m, 5H, major+minor), 7.17 — 7.02

|
Bn (m, 2H, major+minor), 6.71 — 6.66 (m, 1H, major+minor), 4.88

(s, 2H, major+minor), 4.18 — 4.11 (m, 2H, major+minor), 3.17 (d, J = 12 Hz, 0.8H,
minor), 2.83 (d, J = 12.4 Hz, 1.2H, major), 2.31 (d, J = 12 Hz, 1.2H, major), 2.01 (d, J
= 12 Hz, 0.8H, minor), 1.65 (s, 1.8H, major), 1.58 (s, 1.16H, minor), 1.50 (s, 1.2H,
minor), 1.39 (s, 1.91H, major), 1.34 (s, 3H, major+minor), 1.26 — 1.21 (m, 3H,
major+minor); *C NMR (100 MHz, CDCls) § (ppm, major+minor) 181.4, 181.2,
1775, 177.1, 142.5, 142.2, 136.1, 136.0, 135.1, 134.7, 128.7, 127.7, 127.5, 127.3,
123.4,122.8, 122.6, 122.5, 108.7, 108.5, 60.3, 60.2, 47.7, 47.5, 43.8, 43.7, 41.2, 41.0,
39.8, 39.3, 37.2, 36.8, 25.5, 22.8, 21.1, 20.9, 14.2; IR (KBr) (v, cm™): 3433, 1710,
1633, 1466, 1261, 798; HRMS (ESI-TOF) m/z: CxsHzNOs [M + H]" calcd for

392.2220, found 392.2220.

Methyl-2-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methylpropano
ate (3ab)

o Yellow oil; 73% yield; 2:1 d.r.; *H NMR (400 MHz, CDCls) ¢
O— (ppm) 7.57 (d, J = 6.8 Hz, 0.65H, major), 7.36 — 7.22 (m, 6H,

N0 major+minor), 7.18 — 7.10 (m, 1H, major+minor), 7.07 — 7.02
Bn

(m, 1H, major+minor), 6.71 (d, J = 7.6 Hz, 0.65H, major), 6.67
(d, J = 7.6 Hz, 0.35H, minor), 4.89 (s, 0.68H, minor), 4.87 (s, 1.31H, major), 3.72 (s,
3H, major+minor), 3.23 — 3.16 (m, 0.36H, minor), 3.12 — 3.02 (m, 0.73H, major),
2.72 (t, J = 10.4 Hz, 1.36H, major+minor), 3.52 — 3.41 (m, 1.55H, major+minor), 2.19
(t, J = 9.6 Hz, 1.31H, major+minor), 1.27 — 1.24 (m, 6H, major+minor); *C NMR
(100 MHz, CDCl3) ¢ (ppm, major+minor) 181.3, 179.0, 177.4, 177..2, 142.2, 142.1,

S12



136.0(4), 135.9(6), 134.6, 133.2, 129.4, 128.7, 128.6, 128.3, 127.8, 127.6, 127.5,
127.2, 122.7, 122.5, 121.9, 108.7, 108.5, 51.7, 51.6, 43.8, 43.7, 43.6, 43.5, 43.1(1),
43.0(7), 37.9, 37.0, 33.4, 33.0, 21.9, 21.4; IR (KBr) (v, cm-1); 3431, 1712, 1650,
1613, 1487, 1466, 1455, 1434, 1274, 1216, 1146, 748; HRMS (ESI-TOF) m/z:
C23H26NO3 [M + H]" caled for 364.1907, found 364.1907.

Tert-butyl-2-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methylprop

anoate (3ac)

o Yellow oil; 90% yield; 2:1 d.r.; *H NMR (400 MHz, CDCls)
O\é o (ppm) 7.58 (d, J = 8 Hz, 0.7H, major), 7.36 (d, J = 4 Hz,
N0 0.35H, minor), 7.33 — 7.02 (m, 7H, major+minor), 6.71 —
|
Bn

6.66 (m, 1H, major+minor), 4.89 (s, 0.67H, minor), 4.87 (s,
1.36H, minor), 3.26 — 3.17 (m, 0.35H, minor), 3.10 — 3.00 (m, 0.71H, major), 2.76 —
2.71 (m, 1.43H, major+minor), 2.51 — 2.42 (m, 1.21H, major+minor), 2.21 — 2.16 (m,
1.5H, major+minor), 1.47 (s, 9H, major+minor), 1.22 (s, 4H, major), 1.19 (s, 2H,
minor); **C NMR (100 MHz, CDCls) § (ppm, major+minor) 181.4, 179.1, 176.3,
176.1, 142.3, 142.2, 136.1, 136.0, 134.7, 133.4, 129.5, 128.7, 127.8, 127.6, 127.5,
127.3,122.8, 122.6, 122.5, 121.9, 108.8, 108.5, 80.2, 80.1, 44.0, 43.8, 43.6, 43.4, 43.3,
38.2, 36.8, 33.5, 33.2, 28.1, 28.0, 21.7, 21.3; IR (KBr) (v, cm™): 3432, 1716, 1613,
1487, 1467, 1282, 1254, 1214, 1143, 748; HRMS (ESI-TOF) m/z: C3H3,NO3; [M +
H]" calcd for 406.2377, found 406.2377.
Ethyl-1-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)cyclobutane-1-carb
oxylate (3ad)

Yellow oil; 72% yield; 2.3:1 d.r.; *H NMR (400 MHz, CDCls) §
(ppm) 7.57 (d, J = 4 Hz, 0.67H, major), 7.37 (d, J = 8 Hz, 0.35H,

OEt
minor ), 7.28 — 7.02 (m, 7H, major+minor), 6.73 — 6.67 (m, 1H,
Bn major+minor), 4.89 (s, 0.60H, minor), 4.88 (s, 1.40H, major),
4.22 — 4.15 (m, 2H, major+minor), 3.50 — 3.41 (m, 0.31H, minor), 3.23 — 3.14 (m,
0.71H, major), 2.84 — 2.79 (m, 1.40H, major+minor), 2.58 — 1.84 (m, 9H,

major+minor), 1.30 — 1.24 (m, 3H, major+minor); *C NMR (100 MHz, CDCls) ¢
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(ppm, major+minor) 181.2, 179.1, 176.8, 176.5, 142.3, 142.1, 136.0, 135.9, 134.6,
133.1, 128.7, 127.9, 127.6, 127.5, 127.2, 122.6(5), 122.5(9), 122.5, 121.9, 108.7,
108.5, 60.4, 60.3, 49.3, 43.8, 43.5(4), 43.5(0), 43.4, 34.8, 33.9, 33.4, 33.0, 26.7, 25.8,
15.5(4), 15.4(6), 14.3, 14.2; IR (KBr) (v, cm™): 3422, 1716, 1613, 1487, 1466, 1455,
1284, 1213, 1168, 1135, 1113, 748; HRMS (ESI-TOF) m/z: CsHsNO3z [M + H]*
calcd for 390.2064, found 390.2062.
Methyl-1-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)cyclohexane-1-car
boxylate (3ae)

Yellow oil; 70% vyield; 2:1 d.r.; *H NMR (400 MHz, CDCls) ¢

(ppm) 7.52 (d, J = 8 Hz, 0.65H, major), 7.27 — 7.24 (m, 5.38H,

~

major+minor), 7.15 — 7.02 (m, 2H, major+minor), 6.70 — 6.65

Bn (m, 1H, major+minor), 4.87 (s, 0.65H, minor), 4.85 (s, 1.37H,

major), 3.79 (s, 3H, major+minor), 3.17 — 3.07 (m, 0.37H, minor), 2.91 — 2.82 (m,

0.73H, major), 2.79 — 2.74 (m, 1.29H, major), 2.47 — 2.38 (m, 1.39H, major), 2.20 —

2.11 (m, 3.39H, major+minor), 1.73 — 1.61 (m, 2H, major+minor), 1.36 — 1.16 (m, 6H,

major+minor); *C NMR (100 MHz, CDCls) § (ppm, major+minor) 181.2, 178.9,

175.7, 142.2, 142.1, 136.0, 135.9, 134.5, 133.1, 128.6, 127.8, 127.6, 127.4, 127.2,

122.6, 122.5(2), 122.4(9), 121.8, 108.7, 108.5, 51.6, 51.3, 49.3, 49.2, 43.7, 43.5, 43.2,

43.1,39.1, 37.3, 33.1, 32.7, 30.9, 30.5, 25.7(4), 25.6(9), 23.3(3), 23.3(0); IR (KBr) (v,

cm'l): 3431, 1717, 1613, 1487, 1466, 1453, 1432, 1221, 1202, 1166, 1136, 1100, 749;
HRMS (ESI-TOF) m/z: C6H3oNOs [M + H]" calcd for 404.2220, found 404.2219.

Diethyl-2-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)-2-methylmalonat

e (3af)’

w Yellow oil; 73% yield; 2.3:1 d.r.; *"H NMR (400 MHz, CDCls): ¢

OO (ppm) 7.61 (d, J = 7.6 Hz, 0.7H, major), 7.46 (d, J = 7.6 Hz,

o) 0.3H, minor), 7.31 — 7.20 (m, 5H, major+minor), 7.18 — 7.12 (m,

N0 A 1H, major+minor), 7.09 — 7.04 (m, 1H, major+minor), 6.71 —

6.66 (m, 1H, major+minor), 4.89 (s, 0.59H, minor), 4.87 (s,

1.41H, major), 4.28 — 4.21 (m, 4H, major+minor), 3.52 — 3.42 (m, 1H, major+minor),
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2.79 (t, J = 10.4 Hz, 1.4H, major), 2.69 (t, J = 10 Hz, 0.6H, minor), 2.58 (t, J = 10 Hz,
0.6H, minor), 2.31 (t, J = 10 Hz, 1.4H, major), 1.57 (s, 2.1H, major), 1.48 (s, 0.9H,
minor), 1.31 — 1.26 (m, 6H, major+minor); **C NMR (100 MHz, CDCls) 6 (ppm,
major+minor) 181.2, 178.7, 171.7, 171.4, 171.3, 143.6, 142.2, 142.1, 137.6, 136.0,
135.9, 134.3, 133.0, 128.9, 128.6, 128.3, 127.8, 127.7(1), 127.6(7), 127.4, 127.2(3),
127.1(9), 127.1, 126.6, 123.1, 122.6(3), 122.5(8), 108.8, 108.4, 61.3, 61.1, 55.6, 55.2,
53.5, 43.7(3), 43.6(9), 43.6(7), 43.5, 37.1, 34.7, 34.1(2), 34.0(7), 33.4, 18.1, 17.2, 17.0,
14.0, 10.1; IR (KBr) (v, cm™): 3443, 1727, 1637, 1496, 1488, 1466, 1455, 1267, 1170,
1125, 748; HRMS (ESI-TOF) m/z: CH3NOs [M + H]" calcd for 436.2118, found
436.2119.
1'-Benzyl-3-(2-methyl-1-morpholino-1-oxopropan-2-yl)spiro[cyclobutane-1,3'-in
dolin]-2'-one (3ag)
Yellow oil; 44% vyield; 2:1 d.r.; *"H NMR (400 MHz, CDCls) &
N (ppm) 7.62 (d, J = 7.6 Hz, 0.69H, major), 7.39 (d, J = 7.6 Hz,

o o  0.34H, minor), 7.32 — 7.02 (m, 7H, major+minor), 7.32 — 7.02
|
Bn (m, 1H, major+minor), 4.89 (s, 0.65H, minor), 4.87 (s, 1.34H,

minor), 3.69 (d, J = 10.4 Hz, 8H, major+minor), 3.52 — 3.47 (m, 0.35H, minor), 3.44
—3.34 (m, 0.66H, major), 2.68 (t, J = 10.8 Hz, 1.37H, major+minor), 2.47 (d, J = 9.2
Hz, 1.35H, major+minor), 2.29 (t, J = 9.6 Hz, 1.38H, major+minor), 1.36 (d, J = 11.6
Hz, 6H, major+minor); *C NMR (100 MHz, CDCls) 6 (ppm, major+minor) 181.2,
179.5, 175.9, 174.8, 142.2, 142.0, 136.0, 134.8, 133.0, 128.6, 127.8, 127.5, 127.2(2),
127.1(7), 122.8, 122.6, 122.0, 115.7, 108.6, 108.5, 66.8(5), 66.7(8), 45.7, 45.5, 43.7,
43.5,43.4, 43.3(4), 43.2(9), 42.9, 38.7, 36.6, 33.6, 33.5, 22.6, 21.0; IR (KBr) (v, cm™):
1628, 1487, 1466, 1455, 1417, 1269, 1244, 1219, 1172, 1117, 1067, 1034, 750;
HRMS (ESI-TOF) m/z: Co6H31N203 [M + H]" caled for 419.2329, found 419.2329.
1'-Benzyl-3-(2-methyl-1-oxo-1-phenylpropan-2-yl)spiro[cyclobutane-1,3'-indolin]
-2'-one (3ah)

Yellow oil; 68% yield; 2:1 d.r.; *H NMR (400 MHz, CDCls) §
(ppm) 7.65 — 7.61 (m, 2H, major+minor), 7.56 (d, J = 7.2 Hz,
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0.7H, minor), 7.48 — 7.39 (m, 3.41H, major+minor), 7.31 — 7.22 (m, 5H,
major+minor), 7.17 — 7.11 (m, 1H, major+minor), 7.08 — 7.03 (m, 1H, major+minor),
6.71 (d, J = 7.6 Hz, 0.67H, major), 6.67 (d, J = 7.6 Hz, 0.35H, minor), 4.87 (s, 2H,
major+minor), 3.62 — 3.52 (m, 0.35H, minor), 3.42 — 3.33 (m, 0.7H, major), 2.71 (t, J
= 10.4 Hz, 1.38H, major+minor), 2.46 (d, J = 9.6 Hz, 1.37H, major+minor), 2.19 (t, J
= 9.6 Hz, 1.35H, major+minor), 1.45 (s, 4H, major), 1.40 (s, 2H, minor); **C NMR
(100 MHz, CDCls) 6 (ppm, major+minor) 209.2, 208.9, 181.1, 179.2, 142.2, 142.1,
139.5, 139.3, 136.0, 135.9, 134.5, 133.1, 130.7, 128.7, 128.1(5), 128.1(1), 127.9,
127.6, 127.5, 127.3(0), 127.2(6), 127.2, 122.8, 122.6, 122.0, 108.8, 108.6, 49.0, 43.8,
43.6, 43.5, 43.4, 37.5, 36.4, 33.3, 33.1, 22.1, 21.7; IR (KBr) (v, cm™): 3449, 1709,
1671, 1613, 1487, 1466, 1455, 1267, 1215, 1171, 1110, 1079, 1029, 750; HRMS
(ESI-TOF) m/z: CgH2sNO; [M + H]" calcd for 410.2115, found 410.2115.
1'-Benzyl-3-(2-oxotetrahydrofuran-3-yl)spiro[cyclobutane-1,3'-indolin]-2'-one
(3ai)
Ox-O_  Yellow oil; 25% yield; 2:1 d.r.; *"H NMR (400 MHz, CDCls) ¢
(ppm) 7.52 (d, J = 7.6 Hz, 0.67H, major), 7.48 (d, J = 7.6 Hz,
0.33H, minor), 7.32 — 7.23 (m, 5H, major+minor), 7.18 — 7.12 (m,
Bn 1H, major+minor), 7.10 — 7.04 (m, 1H, major+minor), 6.72 — 6.67
(m, 1H, major+minor), 4.88 (s, 2H, major+minor), 4.43 — 4.22 (m, 2H, major+minor),
3.32 - 3.21 (m, 0.34H, minor), 3.14 — 2.99 (m, 1.38H, major+minor), 2.81 — 2.70 (m,
1.64H, major+minor), 2.65 — 2.37 (m, 3.74H, major+minor), 2.28 — 2.18 (m, 0.72H,
major), 2.07 — 1.97 (m, 0.33H, minor); *C NMR (100 MHz, CDCls) & (ppm,
major+minor) 181.0, 179.4, 178.2, 177.8, 142.2, 142.1, 136.0, 135.8, 134.0, 132.6,
128.7, 128.0, 127.9, 127.6, 127.5, 127.2, 123.3, 122.8(1), 122.7(7), 122.2, 108.9,
108.5, 66.5, 66.4, 44.9, 44.6, 43.8, 43.6, 43.0, 35.9, 35.5, 34.9, 34.2, 30.2, 29.5, 26.9,
26.0; IR (KBr) (v, cm™): 3446, 1768, 1706, 1613, 1488, 1466, 1455, 1212, 1164, 1110,
751, 732; HRMS (ESI-TOF) m/z: C2H22NO3 [M + H]" calcd for 348.1594, found
348.1591.
1'-Benzyl-3-(2-oxocycloheptyl)spiro[cyclobutane-1,3'-indolin]-2'-one (3aj)

S16



Yellow oil; 40% yield; 1.6:1 d.r.; *H NMR (400 MHz, CDCls) ¢
(ppm) 7.56 (d, J = 7.5 Hz, 0.62H, major), 7.36 (d, J = 7.5 Hz,
0.38H, minor), 7.33 — 7.18 (m, 5H, major+minor), 7.17 — 6.97 (m,
Bn 2H, major+minor), 6.75 — 6.61 (m, 1H, major+minor), 4.88 (s, 2H,
major+minor), 3.23 — 2.81 (m, 1.78H, major+minor), 2.75 — 2.13 (m, 6.52H,
major+minor), 2.02 — 1.72 (m, 3.84H, major+minor), 1.66 — 1.13 (m, 3.97H,
major+minor); *C NMR (100 MHz, CDCls) § (ppm, major+minor) 215.1, 214.7,
181.1, 179.6, 142.2, 142.0, 136.0, 135.9, 134.7, 132.9, 128.7, 127.8, 127.6, 127.5,
127.2(5), 127.1(9), 122.7(3), 122.6(9), 122.5, 122.2, 108.7, 108.5, 59.6, 58.1, 44.7,
44.5, 43.7(9), 43.7(6), 43.6, 42.5, 37.0, 36.9, 36.5, 35.3, 31.3, 30.9, 29.9, 29.2, 29.1,
28.5, 28.1, 27.9, 25.0, 23.6.; IR (KBr) (v, cm™): 3447, 1704, 1612, 1487, 1466, 1454,
1209, 1166, 1078, 1029, 749; HRMS (ESI-TOF) m/z: CsH2sNO, [M + H]" calcd for
374.2115, found 374.2115.
2-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)propanenitrile (3ak)
Yellow oil; 71% vyield; 1.5:1 d.r.; *H NMR (400 MHz, CDCls) ¢
o (ppm) 7.53 (d, J = 7.6 Hz, 0.4H, minor), 7.47 (d, J = 7.2 Hz, 0.6H,
N0 major), 7.32 — 7.02 (m, 7H, major+minor), 6.73 — 6.67 (m, 1H,
major+minor), 4.89 (s, 0.79H, minor), 4.87 (s, 1.22H, minor),
3.16 — 3.08 (m, 1H, major+minor), 2.88 — 2.75 (m, 1H, major+minor), 2.71 — 2.56 (m,
2H, major+minor), 2.52 — 2.42 (m, 2H, major+minor), 1.33 — 1.28 (m, 3H,
major+minor); *C NMR (100 MHz, CDCl3) ¢ (ppm, major+minor) 180.7, 179.0,
142.1(5), 142.1(2), 135.8, 135.7, 133.5, 132.2, 128.7, 128.1, 128.0, 127.6, 127.5,
127.2, 123.3, 122.9, 122.8, 122.1, 121.6, 121.2, 108.9, 108.6, 43.9, 43.8(3), 43.7(9),
43.6, 35.7, 35.4, 34.9, 34.4, 33.2, 31.3, 31.1, 30.7, 15.3, 15.0; IR (KBr) (v, cm™):
2239, 1613, 1488, 1466, 1455, 1435, 751; HRMS (ESI-TOF) m/z: C21H21N,0 [M +
H]" calcd for 317.1648, found 317.1646.

2-(1'-benzyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)acetonitrile (3al)
cn Yellow oil; 20% yield; 1.5:1 d.r.; *H NMR (400 MHz, CDCls): 6
w (ppm) 7.52 (d, J = 7.2 Hz, 0.4H, minor), 7.47 (d, J = 7.2 Hz,
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0.6H, major), 7.33 — 7.26 (m, 5H, major+minor), 7.20 — 7.14 (m, 1H, major+minor),
7.10 — 7.06 (m, 1H, major+minor), 6.72 — 6.88 (m, 1H, major+minor), 4.88 (s, 2H,
major+minor), 3.38 — 3.31 (m, 0.43H, minor), 3.07 — 2.99 (m, 0.65H, major), 2.88 (d,
J =9.6 Hz, 1.22H, major), 2.74 — 2.61 (m, 2.75H, major+minor), 2.53 — 2.44 (m, 2H,
major+minor); *C NMR (100 MHz, CDCls) 6 (ppm, major+minor) 180.6, 179.3,
142.3, 142.2, 135.9, 135.7, 133.4, 132.2, 128.8, 128.3, 128.2, 127.7, 127.6, 127.3,
123.2, 122.9(4), 122.9(1), 122.2, 118.5, 117.9, 109.0, 108.7, 44.5, 44.2, 43.9, 43.7,
36.2, 26.6, 24.8, 23.5, 23.1; IR (KBr) (v, cm™): 2247, 1613, 1488, 1467, 1455,748;
HRMS (ESI-TOF) m/z: CxH19N,0 [M + H]" calcd for 303.1492, found 303.1490.
Ethyl-(E)-5-(1"-methyl-2'-oxospiro[cyclobutane-1,3'-indolin]-3-yl)pent-2-enoate
(3im)*
E10,C—/ Yellow oil; 40% yield; 1.5:1 d.r.; *"H NMR (400 MHz, CDCl3) § (ppm)
7.51 (d, J = 7.2 Hz, 0.6H, major), 7.35 (d, J = 6.4 Hz, 0.4H, minor),
7.28 — 7.25 (m, 2H, major+minor), 7.12 — 7.08 (m, 1H, major+minor),
T 0 7.02 — 6.95 (m, 1H, major+minor), 6.81 — 6.77 (m, 1H, major+minor),
5.84 (d, J = 15.6 Hz, 1H, major+minor), 4.22 — 4.17 (m, 2H, major+minor), 3.21 —
3.18 (m, 3H, major+minor), 2.91 — 2.84 (m, 0.4H, minor), 2.75 — 2.69 (m, 0.6H,
major), 2.67 — 2.59 (m, 1H, major+minor), 2.39 — 2.30 (m, 2.36H, major+minor), 2.24
— 2.18 (m, 1.82H, major+minor), 2.07 — 2.01 (m, 0.71H, major), 1.84 — 1.78 (m,
1.23H, major+minor), 1.75 — 1.69 (m, 1H, major+minor), 1.31 — 1.28 (m, 3H,
major+minor); *C NMR (100 MHz, CDCls) § (ppm, major+minor) 181.2, 179.2,
166.7, 148.7, 148.6, 143.1, 143.0, 134.8, 133.3, 127.9, 127.7, 122.6(1), 122.5(8),
122.5, 121.9, 121.6, 121.5, 107.8, 107.6, 60.2, 44.8, 37.6, 37.0, 35.7, 34.6, 29.8, 29.7,
29.6, 28.8, 26.3, 26.1, 14.3.
2-(1'-benzylspiro[cyclobutane-1,3'-indolin]-3-yl)-2-methylpropan-1-ol (4)
Yellow oil; 85% yield; 2:1 d.r.; *H NMR (400 MHz, CDCls) §
oh (ppm) 7.39 (d, J = 7.2 Hz, 0.7H, major), 7.35 — 7.26 (m, 5H,
N major+minor), 7.16 (d, J = 7.2 Hz, 0.35H, minor), 7.10 — 7.05 (m,
1H, major+minor), 6.77 — 6.72 (m, 1H, major+minor), 6.51 (d, J =
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8 Hz, 2H, major+minor), 4.25 (s, 0.64H, minor), 4.21 (s, 1.36H, major), 3.41 (s,
0.65H, minor), 3.29 (s, 2H, major+minor), 3.21 (s, 1.35H, major), 2.64 — 2.55 (m,
0.7H, major), 2.31 — 2.26 (m, 0.35H, minor), 2.22 — 2.15 (m, 2H, major+minor), 2.09
—1.97 (m, 2H, major+minor), 1.35 (s, 1H, major+minor), 0.87 (s, 2H, minor), 0.83 (s,
4H, major); *C NMR (100 MHz, CDCl3) § (ppm, major+minor) 151.8, 151.4, 138.4,
138.3, 138.2, 136.8, 128.4(8), 128.4(6), 127.9(1), 127.8(8), 127.7, 127.6, 127.1(0),
127.0(8), 122.5, 121.6, 118.1, 118.0, 107.0, 106.9, 70.9, 70.8, 67.7, 66.8, 53.2(5),
53.2(1), 41.9, 41.1, 36.6, 36.2(4), 36.1(9), 36.0, 35.9, 35.6, 20.4, 20.2; IR (KBr) (v,
cm1):2955, 1604, 1485, 1453, 1384, 1043, 737; HRMS (ESI-TOF) m/z: C,H2sNO
[M + H]" calcd for 322.2165, found 322.2163.
Ethyl-2-(3,5-di-tert-butyl-1-methyl-4-oxocyclohexa-2,5-dien-1-yl)-2-methylpropa
noate (5)°

0 Yellow oil; 26% yield; *H NMR (400 MHz, CDCls) & (ppm) 6.56 (s,
o YoMy, 417 - 411 (m, 2H), 1.30 — 1.21 (m, 24H), 1.07 (s, 6H): °C

Me  NMR (100 MHz, CDCl3) § (ppm) 186.2, 175.4, 147.0, 143.7, 60.7,

Me COzEt
e

48.9, 42.9, 34.9, 29.4, 21.9, 21.6, 14.2; IR (KBr) (v, cm™): 3447,
1725, 1660, 1639, 1365, 1254, 1139, 913.
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ba)
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'H NMR (400 MHz, CDCls) Spectrum of Compound (3ca)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3da)
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'H NMR (400 MHz, CDCls) Spectrum of Compound (3ea)
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F NMR (400 MHz, CDCls) Spectrum of Compound (3ea)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ga)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ha)

o

€Te

f
o)
{

6Lt

186~
8eG”

169
€6'9
G6'9
96'9

vLL
oﬁ/
A\

2T L
vz,
9z,
8T'L
0€'L
zeL
vs'L{ o
952

2025.11.27.3.fid

I / P /

Br

coe—
soe—
L0€e—
oLe—
ere~
sLe~
8L'e—
oce—
€ze—

1 (ppm)

(SRR

Eriiee

6°0
6°0

Fos0
Tm.m

160

£1 (ppm)

3¢ NMR (100 MHz, CDCls5) Spectrum of Compound (3ha)

vl
m.Ev
[ATAN
61z

v'ee
L've
m.mm/
9'.g
m.Nv/
m.ww%
ey
m.m.wN
44
Svy

¥°09 v.

G'09

L'9L
ONNW
€LL

0201~
ezoL
Lzl
ozzl
&€zl
&€zl
€9zl
m.mﬁ/
0221~
gzl —
geel
Leel >
99l
9°L€L
981
o'gel
9'6EL
L'6EL

A2 )

6°9/1 -
661"
ozsl-

OEt

160

1 (ppm)

S28



'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ia)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ja)
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(400 MHz, CDCI3) Spectrum of Compound (3la)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ab)
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'H NMR (400 MHz, CDCls) Spectrum of Compound (3ac)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ad)
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'H NMR (400 MHz, CDCls) Spectrum of Compound (3ae)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ag)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (3ah)
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(400 MHz, CDCI3) Spectrum of Compound (3aj)

S RAE
0'6C
Q.NNQ
1'8Z 1
G'8¢1
_‘.mN)w
2'6C 1

6°0€
]

(s}

-

™
——r

G801l
1’801}

£1 (ppm)

zzel
G2zl
1221
L2eLf
zizL]
VXA
gzl
9221
WA
2’821 1
6'2El |
IR
6'GEL ]
0'9cl
0'zyl
eyl o

@.mt\

L'L8lL

=

—

|
mms& - »9. = |
1€

RN
B.nvj 290 o |

™
7
8.5

£1 (ppm)
T
9.0

5

L'vie
l'GLe

7
9.

3¢ NMR (100 MHz, CDCls) Spectrum of Compound (3aj)

7.7
r
2.0

40

70

90 80

110 100
1 (ppm)
S41

120

i ‘
200 190 180 170 160 150 140 130

210




0001
AR
1L
€€
zre |
vr'z
naa
612
252
9521
6521
1921
2921
v9°Z Y
992 Y
892
122
IIRA
mm.wkw
z8'¢
¥8'2 ]
98z
80°¢ |
oL'e]
zZie
vL'e
aLe’
18T
mw.w\
19'97
6991
1297
€97
Y02
90°L
80° L
R
IR\
GlL'2-]

_——

T

|

—

L

(400 MHz, CDCI3) Spectrum of Compound (3ak)

R
N
[s0]
~

NM

NOONODNLWM®ON
EARNMNNBMRRERRNN
NNNNNNNNNNN

'H
<
Ie]
N~

s /1)

f

oL
8v'L

[
vS L

1

£1 (ppm)

L

rzoe

cc L
L0

k60

me

~ov'o

1 (ppm)

3C NMR (100 MHz, CDCls5) Spectrum of Compound (3ak)

0L~
gL

L°0¢€
_\._.MW
€le

c'ee ¢
v've
6'vE

1'S€
9'ey
8ty
8'ey
6'cy

192
ONNW
€LL

9801~
68017
zizL

91zl

LvzzL g
A4
6zzL ]
ezl
zizL
gz
9/2L 1
0'8Z1 1
(-TA
1821
zzel]
geet]
1°SEL ]
8gelL
Lzyl
Lzvl
06LL
2081

.

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

10

£1 (ppm)

S42



al
i)l

899

pectrum of C
NRg 3
© © <
© < ‘

) 90°L

[eo}
<
~

Hz, CDCl;
- O NOOWOSTOo
MNNNA ===
MNMNMNMMMNMNNMNDM
NN

YA /// /

{82
132]
~

NN~
e

'H NMR (400
20268.@?.@_ 3
sl

o2/
8y’
15—
€5, —

I

©

g g

22T

4.

5.

5.

0 4.5 0

5

1 (ppm)

3¢ NMR (100 MHz, CDCls) Spectrum of Compound (3al)

192
0t
€L

N
~
N
-
.
—

30 20

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60

200

1 (ppm)

543



'H NMR (400 MHz, CDCls) Spectrum of Compound (3jm)
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'H NMR (400 MHz, CDCl3) Spectrum of Compound (5)
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