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1. General Information:

All reagents and solvents were used as received from commercial sources unless and
otherwise noted. THF and dimethoxy ethane (DME) was distilled over benzophenone-
ketyl under an atmosphere of argon. All experiments were carried out under Argon
atmosphere. 0-Silyl aryl triflatess 1 were synthesized by known procedure’.
Carbamoylpropiolates 2 were easily prepared usning reported procedure?. Pre-coated
plates (silica gel 60 PF254, 0.25 mm or 0.5 mm) were utilized for Thin Layer
Chromatography (TLC). Column chromatographic purifications were carried out on flash
silica-gel (240-400 mesh) using petroleum ether and ethyl acetate as eluents. The *H, **C,
distortionless enhancement by polarization transfer (DEPT)-NMR spectra were recorded
on 200/400/500 and 50/100/125 MHz NMR spectrometer respectively. Chemical shifts
were reported as o values from standard peaks. The multiplicities of signals are
designated by the following abbreviations: s (singlet), d (doublet), t (triplet), q (quartet),
m (multiplet). Coupling constants (J) are reported in hertz. All yields refer to isolated
yields of compounds estimated to be > 95% pure as determined by *H-NMR. The dr
ratios of the products 4a-d were determined by *H NMR spectrum. High-resolution mass

spectrometry (HRMS) was performed on a TOF/Q-TOF mass spectrometer.

Note: Few compounds contain grease peak, which could not be eliminated completely.

The yields for those compounds are reduced accordingly.



2. Experimental Procedure:

General procedure for the preparation of carbamoylpropiolates:?

H COOEt
) n-BulLi _N FZ
EtOOC—== + R?>~NCO —————» R2
THF, -78°C
O
R2 = Ar, cyclohexyl, Bn 2a-g

Ethyl propiolate (1.0 equiv) was dissolved in THF and the solution was cooled to —78 °C,
followed by the slow addition of n-BuLi (1.2 equiv, 1.5 M in hexane). The mixture was
stirred for 30 min and a solution of the corresponding isocyanate (300 mg, 1.0 equiv) in THF
was added drop-wise. The reaction mixture was then stirred for 2 h at —78 °C and acetic acid
was added to quench the reaction. The reaction mixture was allowed to warm to room
temperature, water was added and the aqueous layer was extracted three times with ethyl
acetate. The combined organic extract was dried over anhydrous Na,SO,4 and removal of
solvent gave a residue that was subjected to flash column chromatography on silica-gel using

ethyl acetate:petroleum ether (1:5) as eluent to afford the corresponding compounds.

Characterization data of carbamoylpropiolates:

Ethyl 4-oxo-4-(phenylamino)but-2-ynoate (2a)

H
o
2a

Reaction time: 2.0 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); yellow oil; 294 mg, 54% yield.

COOEt

IH NMR (400 MHz, CDCls) § 7.86 (bs, 1H), 7.45 (d, J = 8.0 Hz, 2H), 7.28 (t, J = 7.3 Hz,
2H), 7.10 (t, J = 7.3 Hz, 1H), 4.24 (g, J = 7.2 Hz, 2H), 1.27 (t, J = 7 Hz, 3H). Known

compound?



Ethyl 4-oxo-4-(p-tolylamino)but-2-ynoate (2b)

o

2b

COOEt

Reaction time: 2.0 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); yellow solid; mp 101-102 °C; 260 mg,
50% yield.
'H NMR (200 MHz, CDCls) 6 7.60 (bs, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.3 Hz,

2H), 4.24 (q, J = 7.2 Hz, 2H), 2.26 (s, 3H), 1.27 (t, J = 7 Hz, 3H). Known compound?

Ethyl 4-((4-chlorophenyl) amino)-4-oxobut-2-ynoate (2c)

H
UN/
Cl o

2c

COOEt

Reaction time: 2.0 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); yellow solid; mp 106-108 °C; 226 mg,
46% yield.

'H NMR (400 MHz, CDCls) 6 7.96 (bs, 1H), 7.41 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.5 Hz,
2H), 4.24 (q, J = 7.3 Hz, 2H), 1.27 (t, J = 7 Hz, 3H).

3C NMR (100 MHz, CDCls) § 152.2, 148.2, 135.1, 130.7, 129.3, 121.3, 76.9, 74.8, 63.2,
13.9.

ESI HRMS: calcd for C1,H1oNO3Cl [M+H]": 252.0422, found: 252.0429.

Ethyl 4-oxo-4-((2-(trifluoromethyl)phenyl)amino)but-2-ynoate (2d)
H COOEt
N/

CL !

CF;
2d

Reaction time: 2.0 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); yellow solid; mp 116-118 °C; 243 mg,



53% yield.

'H NMR (400 MHz, CDCl3) 6 8.06 (d, J = 7.9 Hz, 1H), 7.69 (bs, 1H), 7.59 (d, J = 7.9 Hz,
1H), 7.52 (t, J = 7.9 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 4.26 (q, J = 7.3 Hz, 2H), 1.29 (t, J = 7
Hz, 3H).

3C NMR (100 MHz, CDCls): § 151.9, 148.6, 133.3, 133.1, 126.3 (q, J * = 5.39 Hz), 125.9,
124.9,123.1(q, J ' = 272.81 Hz), 122.3, 76.3, 75.3, 63.2, 13.9.

ESI HRMS: calcd for Cy13H1oNO3sF3 [M+H]": 286.0686 , found: 286.0680.

Ethyl 4-((3-nitrophenyl)amino)-4-oxobut-2-ynoate (2e)
COOEt
O,N H/
|OR:
2e

Reaction time: 2.0 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); yellow solid; mp 99-101 °C; 168 mg,
35% yield.

'H NMR (400 MHz, CDCls) ¢ 8.57 (s, 1H), 8.35 (bs, 1H), 7.94 (t, J = 9.5 Hz, 2H), 7.47 (t, J
=8.2 Hz, 1H), 4.26 (9, J = 6.9 Hz, 2H), 1.28 (t, J = 7.0 Hz, 3H).

3C NMR (100 MHz, CDCls) 6 152.3, 148.6, 148.5, 137.8, 130.2, 125.7, 120, 114.9, 76.5,
75.2,63.5, 13.8.

ESI HRMS: calcd for C1,H1gN,Os [M+Na]™: 285.0482 , found: 285.0480.

Ethyl 4-((4-methylcyclohexyl)amino)-4-oxobut-2-ynoate (2f)

COOEt

Reaction time: 2.0 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); white solid; mp 96-98 °C; 245 mg,

48% yield.



'H NMR (400 MHz, CDCls) §5.93 (d, J = 5.4 Hz, 1H), 4.19 (g, J = 7.3 Hz, 2 H), 3.71-3.64
(m, 1H), 1.91-1.87 (m, 2H), 1.66-1.61 (m, 2H), 1.29-1.21 (m, 4H), 1.15-1.02 (m, 2H), 1.01—

0.88 (m, 2H), 0.80 (d, J = 6.1 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 152.3, 149.9, 77.4, 73.5, 62.8, 49.5, 33.5, 32.5, 31.7, 22,
13.9.

ESI HRMS: calcd for C13H1gNO3 [M+H]": 238.1438 , found: 238.1440.

Ethyl 4-((4-benzylphenyl) amino)-4-oxobut-2-ynoate (29)

i

Zgo

COOEt

Reaction time: 2.0 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); thick oil; 224 mg, 43% vyield.

'H NMR (400 MHz, CDCls): 6 7.29-7.23 (m, 3H), 7.20 (d, J = 7.3 Hz, 2H), 6.47 (bs, 1H),
4.41 (d, J = 6.1 Hz, 2H), 4.18 (g, J = 7.3 Hz, 2H), 1.23 (t, J = 7 Hz, 3H).

BC NMR (100 MHz, CDCl3): ¢ 152.2, 150.6, 136.4, 128.8, 127.9, 127.2, 76.9, 74.2, 62.9,
44, 13.8.

ESI HRMS: calcd for C13H13NO3z [M+H]": 232.0968, found: 232.0970.



General experimental procedure for the preparation of compounds 3a-i and 3j-o:

All the reactions were performed on 25 mg of carbamoylpropiolates.

Ox_OEt OEt
(e}
| | KF (4.0 equiv) /
N TMS 18-crown-6 (4.0 equiv) X
1 > a2
R + R (e}
= HN X0 DME, 0 °C, 0.5-1 h SN
OTf ) \
R R
1a-i 2a-g 3a-o

To a flame dried two-neck round-bottom flask containing KF (4.0 equiv) and 18-crown-6
ether (4.0 equiv), o-silyl aryl triflate 1 (3.0 equiv) in DME was added at room temperature.
The solution was cooled to 0 °C and carbamoylpropiolate 2 (25 mg, 1.0 equiv) in DME was
added drop-wise under argon atmosphere. The reaction mixture was stirred at 0 °C and the
progress was monitored by TLC. After completion of the reaction, water was added. The
aqueous layer was extracted with ethyl acetate. The combined organic extract was dried over
anhydrous Na,SO,4and removal of solvent gave a residue that was subjected to flash column
chromatography on silica-gel using ethyl acetate:petroleum ether to afford corresponding

compounds.

Characterization data for oxindolylidene acetates:
All reactions were performed on 25 mg scale of carbamoylpropiolates.
Ethyl (E)-2-(2-ox0-1-phenylindolin-3-ylidene) acetate (3a)*

EtOOC
/
o

N
3a Ph

Reaction time: 0.5 h; Rf: 0.5 (1:10, EtOAc:Pet. Ether); orange solid; mp 106108 °C; 24.6

mg, 73% vyield.



'H NMR (400 MHz, CDCls) § 8.58 (d, J = 7.7 Hz, 1H), 7.51-7.43 (m, 2H), 7.38-7.32 (m,
3H), 7.27-7.24 (m, 1H), 7.07-7.00 (m, 1H), 6.94 (s, 1H), 6.72 (d, J = 7.96 Hz, 1H), 4.29 (q, J
=7 Hz, 2H), 1.32 (t, J = 7.1 Hz, 3H).

3C NMR (100 MHz, CDCls) 6 167, 165.6, 145.9, 137.6, 133.9, 132.3, 129.7, 128.9, 128.3,
126.6, 123.3, 123.1, 119.9, 109.5, 61.2, 14.2.

LC-MS (M+H): 294. Known compound?

Ethyl (E)-2-(5,6-dimethyl-2-oxo-1-phenylindolin-3-ylidene)acetate (3b).

OEt

O
N

3p PN
Reaction time: 0.5 h; Rf: 0.4 (1:10, EtOAc:Pet. Ether); yellow solid; mp 118-119 °C; 22.5
mg, 61% vyield.
'H NMR (400 MHz, CDClg) & 8.35 (s, 1H), 7.48-7.44 (m, 2H), 7.36-7.32 (m, 3H), 6.84 (s,
1H), 6.51 (s, 1H), 4.28 (q, J = 7.32 Hz, 2H), 2.21 (s, 3H), 2.16 (s, 3H), 1.32 (t, J = 7 Hz, 3 H).
BC NMR (100 MHz, CDCls) 6 167.3, 165.9, 144.3, 142, 138, 134.2, 131.3, 129.8, 129.6,
128.1, 126.6, 121.3, 117.6, 110.8, 61.1, 20.8, 19.5, 14.2.

ESI HRMS: calcd for CooH1gNO3 [M+H]": 322.1438, found: 322.1440.

Ethyl (E)-2-(4,7-dimethyl-2-0x0-1-phenylindolin-3-ylidene)acetate (3c)

OEt

3c
Reaction time: 1 h; Rf: 0.5 (1:10, EtOAc:Pet. Ether); yellow solid; mp 130-131 °C; 21.4 mg,

58% vyield.



'H NMR (400 MHz, CDCls) 6 7.41-7.34 (m, 3H), 7.24 (d, J = 7.3 Hz, 2H), 6.85 (d, J = 7.9
Hz, 1H), 6.76 (s, 1H), 6.71 (d, J = 7.9 Hz, 1H), 4.29 (q, J = 7.3 Hz, 2H), 2.40 (s, 3H), 1.57 (s,
3H), 1.28 (t, J = 7 Hz, 3H).

3C NMR (100 MHz, CDCls) 6 167, 166.2, 141.9, 136.4, 134.3, 133.3, 132.3, 129.2, 128.7,
128.6, 125.8, 125.3, 119.2, 118.5, 61.8, 20.5, 18.6, 14.

ESI HRMS: calcd for CxoH1gNO3z [M+H]": 322.1438, found: 322.1441.

Ethyl (E)-2-(2-oxo-1-phenyl-1,5,6,7-tetrahydrocyclopenta[f]lindol-3(2H)-ylidene)
acetate (3d)

EtOOC
J

O
N

\

Ph
3d

Reaction time: 1 h; Rf: 0.5 (1:10, EtOAc:Pet. Ether); yellow solid; mp 188-190 °C; 17.6 mg,
46% yield.

'H NMR (400 MHz, CDCls) § 8.44 (s, 1H), 7.48-7.44 (m, 2H), 7.36-7.32 (m, 3H), 6.85 (s,
1H), 6.58 (s, 1H), 4.27 (q, J = 6.9 Hz, 2H), 2.86-2.75 (m, 4H), 2.01 (quint, J = 7.3 Hz, 2H),
1.31 (t, J = 7 Hz, 3H).

3C NMR (100 MHz, CDCl3) ¢ 167.5, 166, 149.7, 145.1, 139, 138.2, 134.2, 129.7, 128.1,
126.7,124.8, 121.2, 118.3, 106, 61, 33.7, 32.3, 25.4, 14.2.

ESI HRMS: calcd for C1H1gNO3 [M+H]": 334.1438, found: 334.1441.

Ethyl (E)-2-(4-methoxy-2-oxo-1-phenylindolin-3-ylidene) acetate (3f)

~ COOEt

T

2

Reaction time: 1 h; Rf: 0.4 (1:10, EtOAc:Pet. Ether); thick oil; 16.7 mg, 45% yield.



'H NMR (400 MHz, CDCls) § 7.46-7.42 (m, 2H), 7.35-7.31 (m, 3H), 7.15 (t, J = 8.2 Hz,
1H), 6.99 (s, 1H), 6.53 (d, J = 8.5 Hz, 1H), 6.35 (d, J = 7.9 Hz, 1H), 4.30 (g, J = 7.3 Hz, 2H),
3.82 (s, 3H), 1.31 (t, J = 7.3 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 167.3, 167.1, 156.6, 145.9, 134.2, 132.5, 129.6, 128.9, 128.2,
126.7, 123.9, 107.9, 106.1, 102.8, 61, 55.6, 14.2.

ESI HRMS: calcd for C19H17NO4 [M+H]": 324.1230, found: 324.1231.

Ethyl (E)-2-(5,6-dimethoxy-2-0xo-1-phenylindolin-3-ylidene)acetate (39)

OEt
(0]
MeO /
(0]
MeO N

Reaction time: 1 h; Rf: 0.4 (1: 9, EtOAc:Pet.Ether); yellow solid; mp 118-119 °C; 20.7 mg,
51% vyield.

'H NMR (400 MHz, CDCls) 6 8.36 (s, 1H), 7.49-7.45 (m, 2H), 7.37-7.33 (m, 3H), 6.76 (s,
1H), 6.28 (s, 1H), 4.26 (q, J = 6.7 Hz, 2H), 3.88 (s, 3H), 3.75 (s, 3H), 1.31 (t, J = 7.3 Hz, 3H).
3C NMR (100 MHz, CDCls) d 167.6, 166.2, 153, 144.9, 141.8, 138, 134.1, 129.8, 128.2,
126.5,119.6, 112.6, 111.4, 94.2, 61, 56.5, 56.2, 14.2.

ESI HRMS: calcd for CxoH1gNOs [M+H]": 354.1336, found: 354.1338.

Ethyl(E)-2-(6-0x0-5-phenyl-5,6-dihydro-7H-[1,3]dioxolo[4,5-f]indol-7-ylidene)acetate
(3h)
OEt

o
o /
{ o
0 N
ah Ph

Reaction time: 0.5 h; Rf: 0.2 (1:9, EtOAc:Pet. Ether); Red solid; mp 166-168 °C; 27.2 mg,

70% yield.
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'H NMR (400 MHz, CDCls) § 8.20 (s, 1H), 7.47-7.43 (m, 2H), 7.36 —7.29 (m, 3H), 6.76 (s,
1H), 6.27 (s, 1H), 5.90 (s, 2H), 4.25 (q, J = 7.3 Hz, 2H), 1.30 (t, J = 7 Hz, 3H).

3C NMR (100 MHz, CDCl5) 6 167.5, 166, 151.1, 143.6, 143.1, 137.7, 133.9, 129.7, 128.3,
126.6, 120, 112.4, 109.3, 101.7, 92.8, 61.1, 14.2.

ESI HRMS: calcd for C19H1sNOs [M+H]™: 338.1023, found: 338.1026.

Ethyl (E)-2-(2-0xo-1-(p-tolyl)indolin-3-ylidene)acetate (3j)

EtOOC
J

o}
N

'Q

Reaction time: 0.5 h; Rf: 0.5 (1:9, EtOAc:Pet. Ether); yellow solid; mp 100-102 °C; 20.1 mg,
57% yield.

'H NMR (400 MHz, CDCls) 6 8.56 (d, J = 7.9 Hz, 1H), 7.26-7.23 (m, 2H), 7.21-7.18 (m,
3H), 7.01 (t, J = 7.6 Hz, 1H), 6.92 (s, 1H), 6.68 (d, J = 7.9 Hz, 1H), 4.28 (g, J = 6.9 Hz, 2H),
2.35 (s, 3H), 1.31 (t, J = 7.3 Hz, 3H).

3C NMR (125 MHz, CDCls) 6 167, 165.7, 146.2, 138.3, 137.7, 132.3, 131.2, 130.3, 128.9,
126.4,123.1,122.9, 119.8, 109.4, 61.2, 21.2, 14.2.

ESI HRMS: Calcd for C19H;:7NO3 [M+H]" : 308.1281, found: 308.1275.

Ethyl (E)-2-(1-(4-chlorophenyl)-2-oxoindolin-3-ylidene) acetate (3k)

EtOOC

"3

Cl

Reaction time: 0.5 h; Rf: 0.4 (1:9, EtOAc:Pet. Ether); yellow solid; mp 139-140 °C; 20.3 mg,
54% vyield.

11



'H NMR (400 MHz, CDCl5) 6 8.58 (d, J = 7.9 Hz, 1H), 7.44 (d, J = 8.5 Hz, 2H), 7.30 (d, J =
8.5 Hz, 2H), 7.24 (t, J = 7.6 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.93 (s, 1H), 6.71 (d, J=7.9
Hz, 1H), 4.29 (q, J = 6.8 Hz, 2H), 1.32 (t, J = 6.9 Hz, 3H).

¥C NMR (100 MHz, CDCl3) ¢ 166.9, 165.5, 145.4, 137.3, 134, 132.5, 132.4, 129.9, 129.1,
127.9,123.5, 123.4, 119.9, 109.3, 61.3, 14.2.

ESI HRMS: calcd for C1gH14NCIO3[M+ Na]™: 350.0554, found: 350.0554.

Ethyl (E)-2-(2-0xo-1-(2-(trifluoromethyl)phenyl)indolin-3-ylidene)acetate (31)

OEt
o

/

O
N

CF,

Reaction time: 0.5 h; Rf: 0.5 (1:9, EtOAc:Pet. Ether); yellow solid; mp 116-118 °C; 24.9 mg,
60% yield.

'H NMR (400 MHz, CDCls) 6 8.57 (d, J = 7.3 Hz, 1H), 7.81 (d, J = 7.9 Hz, 1H), 7.70- 7.66
(m, 1H), 7.60-7.56 (m, 1H), 7.32 (d, J = 7.3 Hz, 1H), 7.22-7.19 (m, 1H), 7.03 (t, J = 7.6 Hz,
1H), 6.92 (s, 1H) ), 6.27 (d, J = 7.9 Hz, 1H), 4.29 (q, J = 7 Hz, 2H), 1.32 (t, J = 7 Hz, 3H).
3C NMR (400 MHz, CDCls) 6 167.5, 165.6, 146.7, 137.2, 133.8, 132.4, 131.3,130 (g, J * =
31.4 Hz), 129.9, 129.4, 128.8, 128 (q, J ® = 4.7 Hz), 123.4, 123.3, 122.8 (q, J ! = 273.4 Hz),
119.8, 109.6, 61.3, 14.2.

ESI HRMS m/z: calcd for C19H14NO3sF3 [M+H]": 362.0999, found: 362.0991

Ethyl (E)-2-(1-benzyl-2-oxoindolin-3-ylidene) acetate (30).3
Et0OC

/

o 1)

Reaction time: 1 h; Rf: 0.4 (1:9, EtOAc: Pet. Ether); thick oil; 16.2 mg, 46% yield.

12



'H NMR (400 MHz, CDCl3) 6 8.49 (d, J = 7.9 Hz, 1H), 7.26-7.17 (m, 6H), 6.96 (t, J = 7.6
Hz, 1H), 6.91 (s, 1H), 6.62 (d, J = 7.9 Hz, 1H), 4.87 (s, 2H), 4.27 (q, J = 7.5 Hz, 2H), 1.31 (t,
J=75Hz, 3H).

13C NMR (100 MHz, CDCl3) § 167.7, 165.7, 145.1, 137.7, 135.4, 132.3, 128.8, 127.7, 127.2,
122.9,122.8, 122.2, 120, 109.1, 61.2, 43.9, 14.2.

ESI HRMS: calcd for C19H;7NO3 [M+ H]™: 308.1281, found: 308.1275.

13



General experimental procedure for the synthesis of spirooxindolopyrrolidones 4a-f:

O OFEt
KF (1.5 equiv)

T ™S N | | 18-crown-6 (1.5 equiv)
R+ >
G DME, 0 °C-rt

OTf HN~ ~O ’
| 12h
R‘l
1 2

To a flame dried two-neck round-bottom flask containing KF (1.5 equiv) and 18-crown-6
ether (1.5 equiv), o-silyl aryl triflate 1 (1.0 equiv) in DME (0.5 mL) was added at room
temperature. The solution was cooled to 0 °C and carbamoylpropiolate 2 (25 mg, 3.0 equiv)
in DME (0.5 mL) was added drop-wise under argon atmosphere. The reaction mixture was
allowed to attain room temperature and stirred until 12 h. The progress of the reaction was
monitored by TLC. After completion of the reaction, solvent was removed on rotary
evaporator and the crude product was purified by flash silica gel column using a gradient of

ethyl acetate:petroleum to afford corresponding products 4a-f in good yields.

Representative experimental procedure at 1 mmol scale for the synthesis of the

compound 4c:

KF (1.5 equiv)
18-crown-6 (1.5 equnv)
DME, 0 °C-rt
12h

To a flame dried two-neck round-bottom flask containing KF (87 mg, 1.5 mmol, 1.5 equiv)

Y

and 18-crown-6 ether (396 mg, 1.5 mmol, 1.5 equiv), o-silyl aryl triflate 1c (326 mg, 1 mmol,
1.0 equiv) in DME (10 mL) was added at room temperature. The solution was cooled to 0 °C
and carbamoylpropiolate 2a (651 mg, 3.0 mmol, 3.0 equiv) in DME (10 mL) was added

drop-wise under argon atmosphere. The reaction mixture was allowed to attain room

14



temperature and stirred until 12 h. The progress of the reaction was monitored by TLC. After
completion of the reaction, solvent was removed on rotary evaporator and the crude product
was purified by flash silica gel column using a gradient of ethyl acetate:petroleum (1:10) to

afford the corresponding product 4c in 37% (200 mg) yield.

Characterization data of spirooxindolopyrrolidones:
Ethyl (E)-4'-(2-ethoxy-2-oxoethylidene)-2,5'-dioxo-1,1'-diphenylspiro[indoline-3,3'-

pyrrolidine]-2'-carboxylate (4a).

Reaction time: 12 h; Rf: 0.5 (1:4, EtOAc: Pet. Ether); yellow thick oil; 10.2 mg, 52%; dr
20:1.

'H NMR (500 MHz, CDCl3) § 7.53-7.48 (m, 6H), 7.41-7.40 (m, 1H), 7.36 (t, J = 8 Hz,
2H), 7.22-7.19 (m, 1H), 7.15 (t, J = 7.7 Hz, 1H), 7.02 (d, J = 7.4 Hz, 1H), 6.95 (s, 1H), 6.92
(t,J=7.7 Hz, 1H), 6.71 (d, J = 8 Hz, 1H), 5.30 (s, 1H), 4.0-3.89 (m, 2H), 3.68-3.61 (m, 1H),
3.52-3.47 (m, 1H), 1.07 (t, J = 7. 1 Hz, 3H), 0.74 (t, J = 7.1 Hz, 3H).

¥C NMR (125 MHz, CDCls) ¢ 174.1, 166.5, 164.8, 163.8, 145.9, 145.8, 137.5, 134.5,
129.7, 129.4, 129.1, 128.5, 127.1, 126.7, 126.4, 124.5, 124.3, 122.9, 122.5, 109, 68, 61.7,
61.1, 53.9, 13.9, 13.5.

ESI HRMS: calcd for C3gH2sN>Og [M+ H]™: 511.1864, found: 511.1857.
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Ethyl (E)-4'-(2-ethoxy-2-oxoethylidene)-2,5'-dioxo-1,1'-di-p-tolylspiro[indoline-3,3'-

pyrrolidine]-2'-carboxylate (4b).

Tol
4b °

Reaction time: 12 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); thick oil; 8.1 mg, 42%; dr 17:1.

'H NMR (400 MHz, CDCl3) 6 7.41-7.35 (m, 4H), 7.30 (d, J = 8 Hz, 2H), 7.16-7.11 (m,
4H), 7.0 (d, J = 7.6 Hz, 1H), 6.93 (s, 1H), 6.68 (d, J = 8 Hz, 1H) 5.26 (s, 1H), 4.0-3.86 (m,
2H), 3.67-3.60 (m, 1H), 3.52-3.44 (m, 1H), 2.38 (s, 3H), 2.28 (s, 3H), 1.06 (t, J = 7 Hz, 3H),
0.74 (t, J = 7 Hz, 3H).

3C NMR (100 MHz, CDCl3) 6 174.2, 166.6, 164.8, 163.8, 146.1, 145.9, 138.5, 136.7, 134.9,
131.8, 130.3, 129.7, 129.5, 129.3, 127.6, 126.9, 126.4, 124.3, 122.7, 122.6, 113, 109, 68,
61.6, 61, 53.9, 21.3, 21, 13.8, 13.5.

ESI HRMS: calcd for C3,H3oN20g [M+ H]™: 539.2177, found: 539.2179.

Ethyl  (E)-4'-(2-ethoxy-2-oxoethylidene)-4,7-dimethyl-2,5'-dioxo ~ 1,1'diphenylspiro

[indoline-3,3'-pyrrolidine]-2'-carboxylate (4c).

Reaction time: 12 h; Rf: 0.5 (1:4, EtOAc: Pet. Ether); mp 91-93 °C; 7.2 mg, 35%; dr 7:1.
'H NMR (400 MHz, CDCl3) § 7.62 (d, J = 8.7 Hz, 1H), 7.54 (d, J =7.6 Hz, 1H), 7.43-7.39

(m, 3H), 7.38-7.33 (m, 2H), 7.32 -7.28 (m, 1H), 7.21-7.18 (m, 2H), 7.01 (s, 1H), 6.84 (d, J =
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8 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H), 4.94 (s, 1H), 4.07-3.93 (m, 4H), 2.06 (s, 3H), 1.62 (s,
3H), 1.12 (t, J = 7 Hz, 3H), 1.0 (t, = 7 Hz, 3H).

3C NMR (100 MHz, CDCl3) 6 172.8, 168.1, 165.1, 163.9, 145.7, 142.2, 137.4, 137.1,
132.7, 130.3, 129.5, 129.2, 129.1, 128.9, 128.8, 126.5, 125.5, 125.2, 121.5, 118.2, 68.6, 62.5,
61,54.7,18.7,18.4, 13.9, 13.7.

ESI HRMS: calcd for C3H3oN,Og [M+ H]™: 539.2177, found: 539.2177.

Ethyl (E)-4'-(2-ethoxy-2-oxoethylidene)-4,7-dimethyl-2,5'-dioxo-1,1'-di-p-tolylspiro

[indoline-3,3'-pyrrolidine]-2'-carboxylate (4d).

Reaction time: 12 h; Rf: 0.5 (1:4 EtOAc: Pet. Ether); thick oil; 6.6 mg, 32%; dr 7:1.

'"H NMR (400 MHz, CDCls) 6 7.50-7.48 (m, 1H), 7.42 (d, J = 8.5 Hz, 2H), 7.26-7.20 (m,
1H), 7.18-7.13 (m, 4H), 6.99 (s, 1H), 6.83 (d, J = 7.9 Hz, 1H), 6.66 (d, J = 7.9 Hz, 1H), 4.89
(s, 1H), 4.06-3.94 (m, 4H), 2.35 (s, 3H), 2.28 (s, 3H), 2.05 (s, 3H), 1.64 (s, 3H), 1.11 (t, J = 7
Hz, 3H), 1.02 (t, J = 7.3 Hz, 3H).

3C NMR (100 MHz, CDCls) 6§ 172.8, 168.2, 165.1, 163.9, 145.9, 142.3, 138.7, 136.4,
134.8, 134.4, 132.6, 130.3, 130.3, 129.9, 129.8, 129.7, 129.5, 129.2, 128.8, 125.3, 124.9,
121.5, 118.1, 68.7, 62.4, 60.9, 54.7, 21.3, 21, 18.7, 18.3, 13.9, 13.8.

ESI HRMS: calcd for CssH34N,0g [M+ H]*: 567.2490, found: 567.2491.
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Ethyl (1R,E)-4'-(2-ethoxy-2-oxoethylidene)-2,5'-dioxo-1",3-diphenyl-2,3-dihydrospiro

[benzo[e]indole-1,3"-pyrrolidine]-2'-carboxylate (4f).

4f P

Reaction time: 12 h; Rf: 0.5 (1:4, EtOAc:Pet. Ether); thick oil; 7.9 mg, 37%.

'H NMR (400 MHz, CDClg) § 7.83-7.75 (m, 2 H), 7.72-7.67 (m, 1H), 7.58-7.49 (m, 10H),
7.40-7.33 (m, 7H), 7.31-7.26 (m, 2H), 7.23 (d, J = 7.3 Hz, 1H), 7.08 (s, 1H), 7.07-7.04 (m,
1H), 7.01 (d, J = 6.1 Hz, 1H), 5.14 (s, 1H), 4.04-3.91 (m, 4H), 3.87-3.76 (m, 1H), 3.55-3.47
(m, 1H), 3.23-3.17 (m, 1H), 1.04-0.94 (m, 6H), 0.50 (t, J = 7.0 Hz, 1H), 0.39 (t, J = 7.0 Hz,
1H)

BC NMR (100 MHz, CDCl3) 6 172.9, 167.8, 165.2, 163.7, 146.2, 143.3, 137.4, 134.5, 131.1,
130.7, 130.4, 130.1, 129.8, 129.7, 129.2, 129.1. 128.6, 128.4, 127.5, 127.2, 126.9, 127.3,
127.2,126.9, 125.7,123.9, 122.9, 122.5, 121.1, 110.8, 68.7, 68.4, 62.4, 60.9, 55.3, 13.8, 13.7.

ESI HRMS: calcd for CasH2sN»Og [M+ H]*: 561.2020, found: 561.2014.

Dimerization product 5 from carbamoylpropiolate 2a:

(0] OEt 0
KF (1.5 equiv) Ph
| | 18-crown-6 (1.5 equiv) N Z “COOEt
DME, rt EtOOCfYN\
Ph
HN™ 0 o
Ph 24 5

To a flame dried two-neck round-bottom flask containing KF (10.0 mg, 1.5 equiv) and 18-
crown-6 ether (45 mg, 1.5 equiv), carbamoylpropiolate 2a (25 mg, 1.0 equiv) in DME was
added drop-wise under argon atmosphere at room temperature. The reaction mixture was
allowed to stir at room temperature for 30 minutes. After complete consumption of 2a, the
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solvent was removed on rotary evaporator and the crude product was purified by flash silica

gel column using a gradient of ethyl acetate:petroleum to afford compound 5 in 25% vyield.

Characterization of dimer 5:

Diethyl 2,2'-(3,6-dioxo0-1,4-diphenylpiperazine-2,5-diylidene)(2Z,2'Z)-diacetate

0]

Ph<
N = “COOEt

EtO0C N.
Z Ph

@]

5
Rf: 0.2 (1:4, EtOAc:Pet. Ether); thick oil; 12.5 mg, 25%.
'H NMR (400 MHz, CDCl3) § 7.54 —7.49 (m, 2H), 7.46-7.42 (m, 1H), 7.40-7.35 (m, 2H),
7.32-7.26 (m, 3H), 7.25-7.22 (m, 2H), 6.52 (s, 1H), 5.30 (s, 1H), 4.14 (q, J = 7 Hz, 2H), 3.48
(9, J = 7.2 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H), 0.97 (t, J = 7.2 Hz, 3H).
3C NMR (100 MHz, CDCIs) 6 165.6, 164, 157.1, 155.3, 136.7, 136, 135.7, 135, 130.5,
129.7,128.9, 128.7, 128.2, 128, 114.6, 112.4, 61.6, 61.1, 13.8, 13.7.

ESI HRMS: calcd for C,4H22N206 [M+ Na]*: 457.1370, found: 457.1367.
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4. Copies of *H, *C and HRMS:
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'H NMR 200 MHz
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'H NMR 400 MHz
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13C NMR 100MHz
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HRMS (ESI-TOF)
COOEt
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13 H COOEt
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HRMS (ESI-TOF)
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'H NMR 400 MHz
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13C NMR 100MHz
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HRMS (ESI-TOF)
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'H NMR 400 MHz
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13C NMR 100MHz
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HRMS (ESI-TOF)

COOEt

A\

2f

VP-5#113 RT: 0.50 AV:1 NL: 2.01E9
T: FTMS + p ESI Full ms [100.00-1500.00]
260.1260
R=70507
C13H19 O3 NNa=260.1257

100 1.0068 ppm

95
90
85
80

75

65 238.1440
R=73307
60 C13Hyo O3 N=238.1438
1.0181 ppm

40
35
30
25
20
15
10 208.1311 277.1524

R=75706 R=67507 4541226
53 C10H19 02 N Na = 208.1308 287.1466 3071711 322.0962 339 1997 S>T 372.1525 396.1007 4221100
; - - R=50107 o . .
1.3113 ppm L | Re=g5207  R=58902 R 6}507| R=56502 | | [R=52200  R=56007 R-E1506
[ T T T T T T T T T M T T T T

T T T 1 T T LAARAN RARAE AARAY RARRE AR RARM T T T T
200 220 240 260 280

0 T T

T T T T T T
300 320 340 360 380 400 420
m/z

34



1
H NMR 400 MHz COOE
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13 C NMR 100MHz
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HRMS (ESI-TOF)
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'H NMR 400 MHz

CHLOROFORM-d

<
2
©

2.10 3.36 0.78 1.03 0.92 1.04
IS S| _  S—

I e e e e e B e L A e e B e e e e L m e e s e e e e
7.5 7.0 6.5

Chemical Shift (ppm)

EtO0C

N
™
-
CHLOROFORM-d
85 8l
<+ ¥ i
S )
© NS
8w © ,9_ <[22
@ F I 9 S
<
M I\ |
1.03 2.103.360.78 1.030.921.04 2.18 3.00
] e A = Ll Ll
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

38



—129.71
126.59

—128.94
—128.31

I

130 129 128 127 126 125 124 123

Chemical Shift (ppm)

EtOOC

13C NMR 100 MHz

3a

CHLOROFORM-d

123.28
—123.07

77.32
77.00
76.69

~ ©
o
5 5 o
N S N 3
- H | 7 i
~ © S
ST :
85 .
HT b
1l
b l., g " " ,M ——— ul . N i
||III|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIlIIIIIIIIIlIIIIIIIIIlIIIIIIIII|IIII|IIII||III|IIII|IIII|III
180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

39

u-Z

h



DEPT NMR 100 MHz EtOOC
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'H NMR 400 MHz
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OEt

13C NMR 100 MHz
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VP-6 #167 RT: 0.74 AV:1 NL: 4.09E8
T: FTMS + p ESI Full ms [100.00-1500.00]
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OEt

13C NMR 100 MHz
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HRMS (ESI-TOF)

VP-3#126 RT: 0.56 AV:1 NL: 1.84E9
T: FTMS + p ESI Full ms [100.00-1500.00]

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15

10

C18H14 O2 N=276.1019

322.1441
R=63207

C20H20 03 N=322.1438

276.1021
R=67307

0.5272 ppm

1.0368 ppm

344.1257
R=60607

368.1857 409.2488 4389127 466.9441 500.8829 540.2214

594.1616

OEt

665.2628
R=43607

643.2808

683.2732

I ||, ReB7007  R=54807 Rig5600 R=34100 R=34900  R=35500
T

350 400 450 500 550
m/z

46

R=32800
f [
600

R=43407 |
T ™ T T

650

R=42007
(laaaa sanss
700



'H NMR 400 MHz
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13C NMR 100 MHz

CHLOROFORM-d

EtO0C

T1¢vT—

|

S¥'Gg— —————

0€'26— ———
gLees/

80'T9— —————

)\

66 G0T———

8¢ 8TT——
wm.._”N._”||Jm
8, v¢T— ——4

69 9T~ —grgzi—

99°6¢T—

oo.mmT/“_‘

CTSYT——
99'6VT———

00°99T——
LY 19T 3

64 56 48 40 32 24 16

72

176 168 160 152 144 136 128 120 112 104

184

Chemical Shift (ppm)

48



HRMS (ESI-TOF)

VP-3_170215143725 #202 RT: 0.90 AV:1 NL: 1.58E8
T: FTMS + p ESIFull ms [100.00-1500.00]
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13C NMR 100 MHz
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HRMS (ESI-TOF)
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VP-8#108 RT: 048 AV:1 NL: 7.25E8 /
T: FTMS + p ESI Full ms [100.00-1500.00]
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'H NMR 400 MHz
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13C NMR 100 MHz
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MeO /
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'H NMR 400 MHz
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HRMS (ESI-TOF)

VP-2#142 RT: 063 AV:1 NL: 8.67E6 OEt
T: FTMS + p ESI Full ms [100.00-1500.00]
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VP-9 #158 RT:0.70 AV:1 NL: 1.20E8

T: FTMS + p ESI Full ms [100.00-1500.00]
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'H NMR 400 MHz
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13 C NMR 125 MHz
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VPP-2#139 RT:0.62 AV:1 NL:4.71E8
T: FTMS + p ESIFull ms [100.00-1500.00]
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'H NMR 400 MHz
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13 EtOOC
C NMR 100 MHz )
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HRMS (ESI-TOF) 100G

VPP-4_170712162636 #157 RT: 0.70 AV: 1 NL: 2.71E8 /
T: FTMS + p ESI Full ms [100.00-1500.00]
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13 C NMR 125 MHz
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VPP-5#116 RT: 0.52 AV:1 NL: 2.51E7
T: FTMS + p ESI Full ms [100.00-1500.00]
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'H NMR 400 MHz
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13 C NMR 100 MHz
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HRMS (ESI-TOF)

VPP-2#139 RT: 0.62 AV:1 NL: 4.71E8 EtOOC
T: FTMS + p ESI Full ms [100.00-1500.00]
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13C NMR 125 MHz
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ESI HRMS

VP1-PYR#115 RT: 0.51 AV:1 NL:5.67E8
T: FTMS + p ESI Full ms [100.00-1500.00]
533.1676
R=49207
C30H26 Og N2 Na=533.1683

100 -1.3226 ppm
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R=50307

s C30H7 06 N2 =511.1864

50 -1.2384 ppm
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35
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'H NMR 400 MHz
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HRMS (ESI-TOF)

VP-4-B #135 RT. 0.60 AV:1 NL: 1.26E9
T: FTMS + p ESIFull ms [100.00-1500.00]

539.2179

R=48407 561.1995
C32H31 O N2 =539.2177 R=48007

100 0.4310 ppm
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'H NMR 400 MHz
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HRMS (ESI-TOF)

VP-4-C #136 RT: 0.60 AV:1 NL: 1.54E9
T: FTMS + p ESI Full ms [100.00-1500.00]
539.2177
R=48203
C32 H31 O N2 =539.2177

100 -0.0218 ppm
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'H NMR 400 MHz
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HRMS (ESI-TOF)

VP-4-D #158 RT: 0.70 AV:1 NL: 2.11E9
T: FTMS + p ESI Full ms [100.00-1500.00]
567.2491
R=47003
C34H35 Og N2 =567.2490
0.2137 ppm
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30
25
20

15

10 552.2247
R=40800

R=45807
53 C3sH32 06 N2 =552.2255 561.2227 574.2057 578.2346 582.2687
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HRMS (ESI-TOF)

VP-E #280 RT: 1.25 AV:1 NL: 6.62E4
T: FTMS + p ESI Full ms [100.0000-1500.0000]

539.2175
R=44902
C32H31 O N2=539.2177

100 -0.2482 ppm
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153 536.7986 539.7996  540.2200
R=31800 R=31100  R=36500
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13 C NMR 100 MHz

CHLOROFORM-d

So
N
NP
~ N~
~ |
i
o 0 ~
© N ©
(o2} o< N~ N
coNNII NN oFN_«
1) ) N 1o M= s O ‘QC’HOF!
“! N RN ‘-Q‘-!y(lloo'\-\aﬁ/ ggmgzﬁ—c
© o S~ =MD — - S [ NN
< < ~ o mmg‘—cﬂ LDHH N
TS a7 TR /
Rvrmnedk N ! \ Il
W
I I L e
145 140 135 130 125
Chemical Shift (ppm)
—
©OANW,L I~
O N ©
oONN~S N
N—=N N
H‘H -
~ Hv‘ o el
w0
g’)a o 3 o ~ o2 ™ o
s ° ang o9l | & o S © g T
(32
o~ O™ Q=Iug of < S p 8. ol 3 ~
o =<9 SNNE o TN HH =R )
a Yuw3 Somogd — ; ‘ < v
5 T8 R3REE g || %
—
R "N B !
b b I A o AN it o S o h

T P e [ T e T
184 176 168 160 152 144 136 128 120 112 104 8 0
Chemical Shift (ppm)



HRMS (ESI-TOF)

4F-V #267 RT: 1.19 AV:1 NL: 3.77E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
561.2014
R=48007
C34H29 Og N2 =561.2020
-1.1726 ppm
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'H NMR 400 MHz
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13 C NMR 100 MHz
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HRMS (ESI-TOF) 5
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VPD #263 RT: 1.17 AV: 1 NL: 4.94E5 5
T: FTMS + p ESIFull ms [100.0000-1500.0000]
457.1367
R=51807
C24H22 06 N2 Na=457.1370
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95
90

85

75
70
65
60
55

449.3597
50 R=50807

45
40
35
30

25

442.0844
20 R=47402

N éa,_é.g?gg 4472924
R=46200 455.1492 460.9252

R=36300 Re35900 472.8268

R=38600

ol el T ] ]
445

m/z

o

0 T xl
435 440




