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General information

[Ru(p-cymene)Cl;]. was purchased from Alfa Aesar company. Benzoic acids,
MeONH>.HCl, trifluoroethanol (TFE), naphthoquinone, and KOAc were purchased from Avra
chemicals and Spectrochem. All the compounds were utilized without further purification.

Commercial grade solvent was directly used for the reaction without drying.

All reactions were monitored by thin layer chromatography (TLC) on Merck 60 F 254
precoated silica plates and visualized using a UV lamp (366 or 254 nm) or by use of potassium
permanganate, 5 g K2COs, / 100 mL water. Products were isolated by column chromatography
(Merck silica gel 100-200 pm).

13C and *H NMR spectra were recorded on a Bruker 400 or Bruker 500 MHz spectrometers.
Chemical shift values (8) are reported in ppm and calibrated to the residual solvent peak CDCl3
& = 7.2600 ppm for *H, § = 77.16 for 3C; or calibrated to tetramethylsilane (5 = 0.00). All
NMR spectra were recorded at ambient temperature (290 K) unless otherwise noted. *H NMR
spectra are reported as follows: chemical shift (multiplicity, coupling constant, integration).
The following abbreviations are used to indicate multiplicities: s, singlet; d, doublet; t, triplet;
g, quartet; m, multiplet; dd, doublet of doublet; dt, doublet of triplet; dg, doublet of quartet; td,
triplet of doublet; tt, triplet of triplet; dg, doublet of quartet; br, broad.

Mass spectra were recorded by electron spray ionization (ESI) method on a Q-TOF Micro

with lock spray source.

References (from manuscript):

(9) (a) P. J. Seaton and S. J. Gould, J. Am. Chem. Soc., 1988, 110, 5912; (b) M. P. Gore, S. J.
Gould and D. D. Weller, J. Org. Chem., 1991, 56, 2289; (c) M. C. Cong, C. R. Melville, M. P.
Gore and S. J. Gould, J. Org. Chem., 1993, 58, 1058; (d) W. Martin Owton, J. Chem. Soc. -
Perkin Trans. 1, 1999, 14, 2409; (e) M. A. Colucci, G. D. Couch and C. J. Moody, Org. Biomol.
Chem., 2008, 6, 637; (f) J. Iribarra, D. Vasquez, C. Theoduloz, J. Benites, D. Rios and J. A.
Valderrama, Molecules, 2012, 17, 11616; (g) X. L. Xu and Z. Li, Angew. Chem. Int. Ed., 2017,
56, 8196.

(10) (a) E. A. Couladouros and A. T. Strongilos, Tetrahedron Lett., 2000, 41, 535; (b) J. G.
Handique and J. B. Baruah, J. Mol. Catal. A Chem., 2002, 184, 85; (c) C. D. S. Lisboa, V. G.
Santos, B. G. Vaz, N. C. De Lucas, M. N. Eberlin and S. J. Garden, J. Org. Chem., 2011, 76,
5264; (d) E. Yagodkin, K. A. McGarry and C. J. Douglas, Org. Prep. Proced. Int., 2011, 43,
360.
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Optimization of reaction conditions:

o}
O NHOMe 0 [Ru(p-cymene)Cl,], o
(5 mol %) O
R .’//\| KOAc (0.5 equiv), air
\\"ﬁ CF3CH,0H, 60 °C, 30 min > 77\
0 ' ' S
Ta 2a 3a

entry deviation from standard conditions 3a (%)
1 none 84
2 DMF instead of TFE NP
3 DCE instead of TFE NP
4 THF instead of TFE NP
5 MeOH instead of TFE <10
6 HFIP, or TCE instead of TFE 66
7 TCE instead of TFE 29
8 H,O instead of TFE NR
9 Acetic acid instead of TFE NR
10 NaOAc instead of KOAc 73
11 K>COs; instead of KOAc <5
12 K3POsinstead of KOAc <5
13 Atroom temperature 38°
14  at80°C 35
15  without [Ru(p-cymene)Cl], trace
16  Without KOAc trace
17 [Ru(p-cymene)(OAc),] instead of [Ru(p-cymene)Cl], 52¢
18  Pd(OAc), instead of [Ru(p-cymene)Cls], trace
19 [Cp*IrCl,], instead of [Ru(p-cymene)Cl]. trace
10 reaction in 1.5 mmol scale 76°

@Reaction conditions: 1a (0.15 mmol, 1.0 equiv), 2a (1.2 equiv), [Ru(p-cymene)Cl,]. (5 mol %), KOAc (0.5 equiv), TFE= 0.3 mL, air at 60 °C for 30
min. PReaction was performed for 24 h. ©10 mol % catalyst was used. Reaction time was 1 h. TFE: trifluoroethanol; DCE: 1,2-dichloroethane; HFIP:
hexafluoroisopropanol; TCE: 2,2,2-trichloroethanol; NP: complex reaction mixture with no product formation; NR: no reaction with recovery of starting
materials.

S4



Typical ruthenium(Il)-catalyzed spiroannulation between hydroxamic acid esters (1) and

quinone (2):

0 [Ru(p-cymene)Cl,],
~ (5 mol %)
@ + | KOAc (0.5 equiv), air

CF3CH,OH, 60 °C, 30 min

Procedure: To an oven dried screw cap reaction tube (10 X 1.5 cm), corresponding
benzamide 1 (0.15 mmol, 1.0 equiv), quinone (2, 1.2 equiv), [Ru(p-cymene)Cl,], (5.0 mol
%), and KOAc (0.5 equiv) were taken. Then trifluoroethanol (0.3 mL) was added in it and
the mixture was stirred at 60 °C for 30 min under air. Then the solvent was evaporated
under reduced pressure. In order to get pure spiroisoindolinone 3, the resulting residue
was purified by column chromatography on silica gel with a gradient eluent of hexane and

ethyl acetate.

Typical scaled up ruthenium(Il)-catalyzed spiroannulation between hydroxamic acid

esters (1a) and quinone (2a):

0 NHOMe [Ru(p-cymene)Cl,],

o
(5 mol %)
. O‘ KOAc (0.5 equiv), air
CF5CH,O0H, 60 °C, 1h
Me O
1a 2a

Procedure: To an oven dried screw cap reaction tube (10 X 1.5 cm), corresponding

benzamide 1a (1.5 mmol, 1.0 equiv), quinone (2a, 1.2 equiv), [Ru(p-cymene)Cl,], (5.0 mol
%), and KOAc (0.5 equiv) were taken. Then trifluoroethanol (3.0 mL) was added in it and
the mixture was stirred at 60 °C for 1 h under air. Then the solvent was evaporated under
reduced pressure. In order to get pure spiroisoindolinone 3a, the resulting residue was
purified by column chromatography on silica gel with a gradient eluent of hexane and

ethyl acetate. Product obtained 76% (365 mg).
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Typical synthesis of benzo[b]phenanthridine-5,7,12(6H)-triones (4) through

transannulation of spiroisoindolinones (3):

OMe
’
N o
@ KOH (2.5 equw) @ O
.Q ethanol rt, 12 h O

Procedure: To an oven dried screw cap reaction tube (10 X 1.5 cm), corresponding
spiroisoindolinone (3) (0.1 mmol, 1.0 equiv) and KOH (2.5 equiv) were taken. Then
ethanol (1.0 mL) was added in it and the mixture was stirred at room temperature for 12
h under air. After completion (monitored by TLC), the reaction was quenched with 0.1
mL acetic acid and then the solvent was evaporated under reduced pressure. In order to
get pure quinone 4, the resulting residue was purified by column chromatography on silica

gel with a gradient eluent of dichloromethane (DCM) and ethyl acetate.

Solubility of these products are very less in common organic solvents. NMR spectroscopic data of these

compounds are recorded in dilute CDCls solution.

Mechanistic studies:

(a) H/D-Scrambling study:

o)
NHOMe (29%)D/H

[Ru(p-cymene)Cl,], WO 0

(5 mol %)
KOAc (0.5 equiv)
> M /’
CF3CH,0H, 60 °C, 30 min _ .

D-incroporation o
D,0 (20 equiv)

e

o,

3a/3a’

Procedure: To an oven dried screw cap reaction tube (10 X 1.5 cm), corresponding
benzamide 1a (0.15 mmol, 1.0 equiv), quinone (2a, 1.2 equiv), [Ru(p-cymene)Cl,], (5.0
mol %), KOAc (0.5 equiv), and D,0 (20.0 equiv) were taken. Then trifluoroethanol
(0.3 mL) was added in it and the mixture was stirred at 60 °C for 30 min under air.
Then the solvent was evaporated under reduced pressure. In order to get pure product
3a/3a’, the resulting residue was purified by column chromatography on silica gel with
a gradient eluent of hexane and ethyl acetate. The H/D-scrambling was observed

through '"H NMR spectroscopy.
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(b) Kinetic Isotope Effect (KIE) Study:

Competition Experiment-

0}

[Ru(p-cymene)Cl,],

(5 mol %)
KOAc (0.5 equiv)

»

o] Pu/Pp= 151

2a

CF3CH,OH, 60 °C, 5 min

>

Hy-3b + D4-3b

Procedure: To an oven dried screw cap reaction tube (10 X 1.5 cm), corresponding
benzamides Hs-1b (20.0 mg, 0.5 equiv), Ds-1b (20.0 mg, 0.5 equiv), quinone (2a, 1.2
equiv), [Ru(p-cymene)Cl,], (5.0 mol %), and KOAc (0.5 equiv) were taken. Then

trifluoroethanol (0.5 mL) was added in it and the mixture was stirred at 60 °C for 5

min under air. Then the solvent was evaporated under reduced pressure. In order to

get pure spiroisoindolinone,

the resulting residue was purified by column

chromatography on silica gel with a gradient eluent of hexane and ethyl acetate. The

value of py/pp was calculated using NMR.

N~ &% ®XRRRNDN

413
~3.98
N 3.04

J

318
N34

1.01-1

T
7.5 7.0 6.5 6.0 55 5.0 45 4.0
f1 (ppm)
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Parallel Experiment-

standard conditions

Hs-1b or Dg1b + 2a 3 min > H,3b or D,-3b

kulkp=1.19 31% 26%

Procedure: In two separate oven dried screw cap reaction tubes (10 x 1.5 cm),
corresponding benzamides Hs-1b (20.0 mg, 0.5 equiv) and Ds-1b (20.0 mg, 0.5 equiv)
were taken. Then quinone (2a, 1.2 equiv), [Ru(p-cymene)Cl,], (5.0 mol %), and KOAc
(0.5 equiv) were added in each of them followed by the addition of trifluoroethanol
(0.25 mL). The reaction tubes were stirred at 60 °C for 3 min under air. Then the
solvent was evaporated under reduced pressure. In order to get pure
spiroisoindolinone, the resulting residue was purified by column chromatography on
silica gel with a gradient eluent of hexane and ethyl acetate. The value of ky/kp was

calculated using the ratio of isolated yields.
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(¢) Radical scavenger study:

O [Ru(p-cymene)Cl,],

(5 mol %)
O‘ KOAc (0.5 equiv)
+ >
CF3CH,0H, 60 °C, 30 min

radical scavengers (3.0 equiv)
Ta 2a with BHT= 3a, 79%
with 1,1-diphenylethylene = 3a, 71%

Procedure: To an oven dried screw cap reaction tube (10 X 1.5 cm), corresponding
benzamide 1a (0.15 mmol, 1.0 equiv), quinone (2a, 1.2 equiv), [Ru(p-cymene)Cl,], (5.0
mol %), KOAc (0.5 equiv), and radical scavenger (3.0 equiv) were taken. Then
trifluoroethanol (0.3 mL) was added in it and the mixture was stirred at 60 °C for 30 min
under air. Then the solvent was evaporated under reduced pressure. In order to get pure
spiroisoindolinone 3a, the resulting residue was purified by column chromatography on

silica gel with a gradient eluent of hexane and ethyl acetate.

(d) Studying the role of aerial oxygen:

o)
Oy NHOMe [Ru(p-cymene)Cl,], OV
0

o}
(5 mol %) O
O‘ KOAc (0.5 equiv)
+ »  Me
CF3CH,OH, 60 °C, 30 min
Me (e}
1a 2a

0]
N, atmosphere 3a
58% for 1.2 equiv of 2a
81% for 2.2 equiv of 2a

Procedure: To an oven dried test tube (10 X 1.5 cm), corresponding benzamide 1a (0.15
mmol, 1.0 equiv), quinone (2a, 1.2 equiv), [Ru(p-cymene)Cl,], (5.0 mol %), KOAc (0.5
equiv), and radical scavenger (3.0 equiv) were taken. The test tube was closed with a
rubber septum and it was backfilled with N, gas. Then trifluoroethanol (0.3 mL) was added
in it and the reaction mixture was degassed with N, for 2 minutes. Then the reaction was
stirred at 60 °C for 30 min. Next the solvent was evaporated under reduced pressure. In
order to get pure spiroisoindolinone 3a, the resulting residue was purified by column

chromatography on silica gel with a gradient eluent of hexane and ethyl acetate.

The same experiment was repeated with 2.2 equiv of quinone 2a. The increase in yield
with increasing quinone amount hints of the crucial role of aerial oxygen in the

transformation.
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(e) Reaction with phenyl vinyl sulfone (5a):

O NHOMe

[Ru(p-cymene)Cl,], O NH,
(5 mol %)
KOAc (0.5 equiv) X 50:Ph
+ A s0,ph >
CF3CH,0H, 60 °C, 24 h
Me air atmosphere Me
1a 5a 6a, 91%

Procedure: To an oven dried test tube (10 X 1.5 cm), corresponding benzamide 1a (0.25
mmol, 1.0 equiv), phenyl vinyl sulfone (5a, 1.5 equiv), [Ru(p-cymene)Cl,], (5.0 mol %),
and KOAc (0.5 equiv) were taken. Then trifluoroethanol (0.3 mL) was added in it and
the reaction was stirred at 60 °C for 24 h under air. Next the solvent was evaporated under
reduced pressure. In order to get pure product 6a, the resulting residue was purified by

column chromatography on silica gel with a gradient eluent of hexane and ethyl acetate.

The cleavage of N—O bond hints of the formation of Ru(0)-species during the reaction.
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NMR spectroscopic data of synthesized compounds:

2-Methoxy-6-methyl-1"H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'"H)-trione
(3a): yield 84% (41 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) &
8.35-8.10 (m, 2H), 8.01 — 7.69 (m, 3H), 7.36 — 7.22 (m, 1H), 6.64 (s, 1H), 4.08 (s,
3H), 3.92 (d, J = 16.2 Hz, 1H), 3.17 (d, J = 16.2 Hz, 1H), 2.27 (s, 3H) ppm; *C NMR
(101 MHz, CDCls) 6 193.0, 189.9, 165.7, 144.0, 140.9, 135.8, 135.5, 135.2, 134.3,
131.0, 128.7, 127.1, 126.3, 124.9, 122.0, 73.3, 65.3, 46.3, 22.2 ppm; HRMS (ESI) m/z:
[M+Na]+ Calcd. for C1oH1sNOsNa 344.0899; Found 344.0894.
2-Methoxy-1'H-spirol[isoindoline-1,2'-naphthalene]-1',3,4'(3'"H)-trione (3b): yield
72% (33 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) § 8.26 (d, J =
7.7 Hz, 1H), 8.16 (d, J = 7.6 Hz, 1H), 7.95 - 7.89 (m, 2H), 7.88 — 7.81 (m, 1H), 7.53 —
7.46 (m, 1H), 7.43 — 7.36 (m, 1H), 6.85 (d, J = 7.7 Hz, 1H), 4.12 (s, 3H), 3.95 (d, J =
16.1 Hz, 1H), 3.16 (d, J = 16.1 Hz, 1H) ppm; *C NMR (101 MHz, CDCls) § 192.9,
189.8,165.4, 140.5, 135.9, 135.6, 135.2, 134.3, 133.0, 130.1, 129.1, 128.7, 127.1, 125.1,
121.6, 73.6, 65.3, 46.3 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C1gH1sNOsNa
330.0742; Found 330.0741.
6-(tert-Butyl)-2-methoxy-1"H-spiro[isoindoline-1,2'-naphthalene]-1°,3,4*(3'H)-
trione (3c): yield 80% (44 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-
d) 8 8.28 (d, J=7.6 Hz, 1H), 8.17 (d, J = 7.6 Hz, 1H), 7.98 — 7.78 (m, 3H), 7.57 — 7.49
(m, 1H), 6.82 (s, 1H), 4.10 (s, 3H), 3.92 (d, J = 16.2 Hz, 1H), 3.19 (d, J = 16.1 Hz, 1H),
1.12 (s, 9H) ppm; C NMR (101 MHz, CDCls) § 192.9, 190.1, 165.7, 157.2, 140.6,
135.9, 135.5, 135.1, 134.4, 128.6, 127.5, 126.8, 126.2, 124.7, 118.3, 73.6, 65.3, 46.4,
35.4, 31.1 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C2,H21:NOsNa 386.1368; Found
386.1365.
2-Methoxy-4-methyl-1"H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-trione
(3d): yield 55% (26 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) &
8.24 (d, J = 7.7 Hz, 1H), 8.16 (d, J = 7.6 Hz, 1H), 7.93 — 7.87 (m, 1H), 7.87 — 7.78 (m,
1H), 7.25 — 7.18 (m, 2H), 6.66 (d, J = 7.0 Hz, 1H), 4.09 (s, 3H), 3.91 (d, J = 16.1 Hz,
1H), 3.15 (d, J = 16.1 Hz, 1H), 2.71 (s, 3H) ppm; *C NMR (101 MHz, CDCl3) 5 193.1,
190.1, 166.7, 141.0, 139.6, 135.9, 135.4, 135.1, 134.4, 132.3, 132.1, 128.7, 127.1, 126.0,
119.1,72.9,65.2, 46.4, 17.5 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C1gH1sNOsNa
344.0899; Found 344.0894.
2-Methoxy-5-methyl-1"H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-trione
(3e): yield 86% (41 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) §
8.22 (d, J = 7.7 Hz, 1H), 8.12 (d, J = 7.7 Hz, 1H), 7.95 — 7.75 (m, 2H), 7.67 (s, 1H),
7.17 (d, J = 7.9 Hz, 1H), 6.70 (d, J = 7.9 Hz, 1H), 4.08 (s, 3H), 3.90 (d, J = 16.1 Hz,
1H), 3.11 (d, J = 16.1 Hz, 1H), 2.36 (s, 3H) ppm; *C NMR (101 MHz, CDCl3) 5 192.9,
189.9, 165.5, 140.5, 137.7,135.8, 135.4, 135.1, 134.3, 133.7, 129.0, 128.6, 127.0, 125.3,
121.4,73.4,65.2, 46.3, 21.4 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C1oH1sNOsNa
344.0899; Found 344.0897.

2,6-Dimethoxy-1'"H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-trione  (3f):
yield 74% (37 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) & 8.26 —
8.19 (m, 1H), 8.19 — 8.11 (m, 1H), 7.96 — 7.73 (m, 3H), 7.03 — 6.90 (m, 1H), 6.33 (s,
1H), 4.04 (s, 3H), 3.87 (d, J = 16.1 Hz, 1H), 3.68 (s, 3H), 3.16 (d, J = 16.1 Hz, 1H) ppm;
13C NMR (101 MHz, CDCl3) & 192.8, 189.8, 165.9, 163.5, 142.7, 135.8, 135.5, 135.1,
134.3,128.7,127.0,126.7,121.1, 115.1,108.2, 73.3, 65.3, 55.8, 46.4 ppm; HRMS (ESI)
m/z: [M+Na]+ Calcd. for C19H1sNOsNa 360.0848; Found 360.0846.

5-Chloro-2-methoxy-1'H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-trione

(30): yield 70% (36 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) &
8.23(d, J=7.7 Hz, 1H), 8.14 (d, J = 7.7 Hz, 1H), 7.95 — 7.81 (m, 3H), 7.39 — 7.30 (m,
1H), 6.79 (d, J = 8.2 Hz, 1H), 4.08 (s, 3H), 3.91 (d, J = 16.1 Hz, 1H), 3.14 (d, J = 16.1
Hz, 1H) ppm; *C NMR (101 MHz, CDCls) § 192.4, 189.3, 163.9, 138.5, 136.6, 135.7
(2C), 135.3, 134.0, 133.0, 131.0, 128.7, 127.2, 125.2, 123.0, 73.3, 65.3, 46.1 ppm;
HRMS (ESI) m/z: [M+Na]+ Calcd. for C1gH12CINO4Na 364.0353; Found 364.0352.
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5-Bromo-2-methoxy-1"H-spiro[isoindoline-1,2'-naphthalene]-1,3,4"(3'H)-trione
(3h): yield 64% (37 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) &
8.28 — 8.20 (m, 1H), 8.18 — 8.12 (m, 1H), 8.02 (d, J = 1.8 Hz, 1H), 7.97 — 7.82 (m, 2H),
7.56 — 7.45 (m, 1H), 6.73 (d, J = 8.2 Hz, 1H), 4.09 (s, 3H), 3.92 (d, J = 16.1 Hz, 1H),
3.15 (d, J = 16.1 Hz, 1H) ppm; 3C NMR (101 MHz, CDCls) § 192.4, 189.2, 163.8,
139.0, 135.8 (2C), 135.7, 135.3, 134.1, 131.1, 128.8, 128.2, 127.2, 124.4, 123.2, 73.4,
65.3, 46.0 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for CigH12BrNO4sNa 407.9847;
Found 407.9839.

2-Methoxy-4,6-dimethyl-1"H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-
trione (3i): yield 50% (25 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-
d) 5 8.23 (d, J =7.6 Hz, 1H), 8.19 — 8.12 (m, 1H), 7.94 — 7.78 (m, 2H), 7.02 (s, 1H),
6.44 (s, 1H), 4.04 (s, 3H), 3.87 (d, J = 16.1 Hz, 1H), 3.15 (d, J = 16.1 Hz, 1H), 2.65 (s,
3H), 2.19 (s, 3H) ppm; *C NMR (101 MHz, CDCls) § 193.3, 190.2, 167.1, 143.3,
1415, 139.3, 135.8, 135.4, 135.1, 134.3, 133.0, 128.7, 127.0, 123.3, 119.6, 72.8, 65.2,
46.4, 22.0, 17.4 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for Co0H17NOsNa 358.1055;
Found 358.1053.

2-Methoxy-5,6-dimethyl-1'H-spiro[isoindoline-1,2'-naphthalene]-1',3,4*(3'H)-
trione (3j): yield 77% (39 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-
d) §8.23 (d, J=7.7 Hz, 1H), 8.14 (d, J = 7.6 Hz, 1H), 7.98 — 7.76 (m, 2H), 7.63 (s, 1H),
6.57 (s, 1H), 4.05 (s, 3H), 3.88 (d, J = 16.1 Hz, 1H), 3.12 (d, J = 16.1 Hz, 1H), 2.26 (s,
3H), 2.13 (s, 3H) ppm; *C NMR (101 MHz, CDCl3) § 193.1, 190.0, 166.0, 142.7, 139.3,
138.5, 135.8, 135.4, 135.1, 134.3, 128.6, 127.0, 126.6, 125.7, 122.4, 73.2, 65.2, 46.4,
20.7, 20.0 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C2H17NOsNa 358.1055; Found
358.1054.

2,5,6-Trimethoxy-1"H-spiro[isoindoline-1,2'-naphthalene]-1*,3,4*(3'"H)-trione (3K):
yield 82% (45 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) & 8.22 (d,
J=7.6 Hz, 1H),8.15(d, J = 7.6 Hz, 1H), 7.93 — 7.80 (m, 2H), 7.33 (s, 1H), 6.28 (s, 1H),
3.98 (s, 3H), 3.89 (s, 3H), 3.82 (d, J = 16.2 Hz, 1H), 3.62 (s, 3H), 3.20 (d, J = 16.2 Hz,
1H) ppm; ¥*C NMR (101 MHz, CDCls) § 193.0, 190.0, 166.8, 153.5, 151.1, 135.8,
135.4, 135.1, 134.4 (2C), 128.6, 126.8, 121.3, 106.5, 104.2, 73.1, 65.4, 56.5, 56.2, 46.5
ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for CH17NOgNa 390.0954; Found 390.0948.
2-Methoxy-1'H-spiro[benzo[f]isoindole-1,2'-naphthalene]-1',3,4'(2H,3'H)-trione
(31): yield 83% (44 mg) as grey sticky liquid; *H NMR (400 MHz, ) & 8.42 (s, 1H), 8.31
(d, J=7.7 Hz, 1H), 8.18 (d, J = 7.7 Hz, 1H), 8.01 — 7.91 (m, 2H), 7.90 — 7.83 (m, 1H),
7.64 (d, J = 7.7 Hz, 1H), 7.58 — 7.49 (m, 2H), 7.24 (s, 1H), 4.18 (s, 3H), 4.03 (d, J =
16.1 Hz, 1H), 3.24 (d, J = 16.1 Hz, 1H) ppm; *C NMR (101 MHz, CDCl3) & 193.1,
189.8, 165.0, 135.9, 135.6, 135.5, 135.3, 135.1, 134.3, 133.4, 129.6, 128.9, 128.6 (2C),
127.7, 127.2, 126.0, 125.9, 121.2, 73.3, 65.4, 46.6 ppm; HRMS (ESI) m/z: [M+Na]+
Calcd. for C2,H15NO4Na 380.0899; Found 380.0898.
2,5,6,7-Tetramethoxy-1'H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-trione
(3m): yield 65% (39 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) &
8.20 (d, J =7.8 Hz, 1H), 8.15 (d, J = 7.7 Hz, 1H), 7.89 — 7.80 (m, 1H), 7.81 — 7.73 (m,
1H), 7.16 (s, 1H), 3.89 (s, 3H), 3.87 (s, 3H), 3.78 (s, 3H), 3.63 (d, J = 16.6 Hz, 1H), 3.50
—3.40 (m, 4H) ppm; ¥C NMR (101 MHz, CDCl3) 6 192.1, 190.1, 166.6, 156.3, 148.0,
1455, 136.3, 135.2, 134.2, 133.7, 128.4, 126.4, 126.2, 124.6, 102.5, 71.8, 65.4, 61.1,
60.0, 56.6, 44.6 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C21H1sNO7Na 420.1059;
Found 420.1053.

6-Hydroxy-2-methoxy-1"H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-trione
(3n): yield 71% (34 mg) as grey sticky solid; 'H NMR (400 MHz, DMSO-ds) § 10.52
(s, 1H), 8.25 - 7.89 (m, 4H), 7.64 (d, J = 8.3 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.44 (s,
1H), 3.95 (d, J = 16.1 Hz, 1H), 3.77 (s, 3H), 3.5 (d, J= 16.1 Hz, 1H, merged with water
peak) ppm; *C NMR (101 MHz, DMSO) & 193.3, 190.1, 165.5, 162.0, 143.2, 135.8,
135.5, 135.2, 133.7, 127.8, 126.5, 126.0, 118.8, 117.5, 108.8, 72.5, 64.8, 45.7 ppm;
HRMS (ESI) m/z: [M+Na]+ Calcd. for C1sH13NOsNa 346.0691; Found 346.0683.
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6-(Benzyloxy)-2-methoxy-1'H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'"H)-
trione (30): yield 62% (38 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-
d) 6 8.23 (d, J=7.7 Hz, 1H), 8.14 (d, J = 7.2 Hz, 1H), 7.93 — 7.87 (m, 1H), 7.87 - 7.79
(m, 2H), 7.36 — 7.21 (m, 5H), 7.05 (dd, J = 8.5, 2.0 Hz, 1H), 6.38 (s, 1H), 4.92 (s, 2H),
4.06 (s, 3H), 3.89 (d, J = 16.1 Hz, 1H), 3.14 (d, J = 16.1 Hz, 1H) ppm; **C NMR (101
MHz, CDCls) 6 192.8, 189.7, 165.8, 162.6, 142.6, 135.7, 135.5 (2C), 135.1, 134.3,
128.9,128.7,128.5,127.6,127.1,126.8, 121.3, 116.2, 108.8, 73.3, 70.7, 65.3, 46.4 ppm;
HRMS (ESI) m/z: [M+Na]+ Calcd. for C2sH19NOsNa 436.1161; Found 436.1158.
2-Methoxy-6-phenyl-1'H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'H)-trione
(3q): yield 64% (37 mg) as grey sticky liquid; 'H NMR (400 MHz, Chloroform-d) &
8.25(d, J=7.6 Hz, 1H), 8.17 (d, J = 7.6 Hz, 1H), 7.98 — 7.81 (m, 3H), 7.68 (d, J = 8.0
Hz, 1H), 7.40 — 7.28 (m, 5H), 7.00 (s, 1H), 4.11 (s, 3H), 3.96 (d, J = 16.1 Hz, 1H), 3.25
(d, 3 = 16.1 Hz, 1H) ppm; *C NMR (101 MHz, CDCl3) 5 192.9, 189.7, 165.4, 146.4,
141.2, 139.7, 135.8, 135.7, 135.2, 134.2, 129.3, 129.1, 128.7, 128.6, 127.8, 127.45,
127.07, 125.41, 120.3, 73.5, 65.4, 46.3 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for
C24H17NOsNa 406.1055; Found 406.1055.
2-Methoxy-6-(p-tolyl)-1'"H-spiro[isoindoline-1,2'-naphthalene]-1',3,4'(3'"H)-trione
(30): yield 65% (39 mg) as grey sticky liquid; *H NMR (400 MHz, Chloroform-d) §
8.26 (d, J = 7.7 Hz, 1H), 8.17 (d, J = 7.7 Hz, 1H), 7.98 — 7.81 (m, 3H), 7.67 (d, J = 8.0
Hz, 1H), 7.28 — 7.14 (m, 4H), 6.99 (s, 1H), 4.12 (s, 3H), 3.96 (d, J = 16.1 Hz, 1H), 3.25
(d, 3 =16.1 Hz, 1H), 2.35 (s, 3H) ppm; *C NMR (101 MHz, CDCl3) § 192.9, 189.8,
165.5, 146.4, 141.3, 138.7, 136.8, 135.9, 135.6, 135.2, 134.3, 129.9, 129.1, 128.8, 127.5,
127.3,127.1,125.4, 120.1, 73.6, 65.4, 46.4, 21.2 ppm.
6-(4-Ethylphenyl)-2-methoxy-1'H-spiro[isoindoline-1,2'-naphthalene]-
1',3,4'(3'H)-trione (3r): yield 57% (35 mg) as grey sticky liquid; *"H NMR (400 MHz,
Chloroform-d) & 8.26 (d, J = 7.6 Hz, 1H), 8.17 (d, J = 7.6 Hz, 1H), 7.97 — 7.82 (m, 3H),
7.68 (d, J = 8.0 Hz, 1H), 7.29 — 7.18 (m, 4H), 7.00 (s, 1H), 4.12 (s, 3H), 3.96 (d, J =
16.1 Hz, 1H), 3.25 (d, J = 16.1 Hz, 1H), 2.65 (q, J = 7.6 Hz, 2H), 1.23 (t, J = 7.6 Hz,
3H) ppm; 3C NMR (101 MHz, CDCls) & 192.9, 189.8, 165.5, 146.4, 145.0, 141.2,
137.0, 135.9, 135.6, 135.2, 134.3,129.1, 128.7, 128.7, 127.5, 127.4, 127.1, 125.4, 120.1,
73.6, 65.4, 46.3, 28.6, 15.6 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C2sH21NO4Na
434.1368; Found 434.1366.
2-Methoxy-6-(4-methoxyphenyl)-1"H-spiro[isoindoline-1,2'-naphthalene]-
1',3,4'(3'H)-trione (3s): yield 61% (38 mg) as grey sticky liquid; 'H NMR (400 MHz,
Chloroform-d) 8 8.26 (d, J = 7.7 Hz, 1H), 8.17 (d, J = 7.6 Hz, 1H), 7.94 — 7.82 (m, 3H),
7.68 —7.61 (m, 1H), 7.30 — 7.24 (m, 2H), 6.97 (s, 1H), 6.90 (d, J = 8.7 Hz, 2H), 4.11 (s,
3H), 3.95 (d, J = 16.1 Hz, 1H), 3.81 (s, 3H), 3.25 (d, J = 16.1 Hz, 1H) ppm; **C NMR
(101 MHz, CDCls) 6 193.0, 189.8, 165.6, 160.1, 146.0, 141.3, 135.8, 135.6, 135.2,
134.2, 132.0, 128.7, 128.5 (2C), 127.0, 125.3, 119.7, 114.5 (2C), 73.5, 65.3, 55.5, 46.3
ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for CasH19NOsNa 436.1161; Found 436.1156.
2-Methoxy-6-(4-methoxyphenoxy)-1"H-spiro[isoindoline-1,2'-naphthalene]-
1',3,4'(3'H)-trione (3t): yield 68% (44 mg) as grey sticky liquid; 'H NMR (400 MHz,
Chloroform-d) & 8.19 — 8.11 (m, 2H), 7.89 — 7.80 (m, 2H), 7.77 (d, J = 8.5 Hz, 1H),
6.91 (d, J = 8.4 Hz, 1H), 6.87 — 6.79 (m, 4H), 6.33 (s, 1H), 4.07 (s, 3H), 3.88 (d, J =
16.3 Hz, 1H), 3.80 (s, 3H), 3.14 (d, J = 16.3 Hz, 1H) ppm; 3C NMR (101 MHz, CDCls)
3 192.6, 189.9, 165.6, 163.2, 157.0, 147.9, 142.7, 135.7, 135.5, 135.1, 134.4, 128.6,
127.0,126.8,122.2,121.8,117.7,115.3,110.3, 73.4, 65.4, 55.8, 46.4 ppm; HRMS (ESI)
m/z: [M+Na]+ Calcd. for C2sH19NOgNa 452.1110; Found 452.1106.
2-Methoxy-6-(phenylselanyl)-1'H-spiro[isoindoline-1,2'-naphthalene]-
1',3,4'(3'H)-trione (3u): yield 72% (50 mg) as grey sticky liquid; *'H NMR (400 MHz,
Chloroform-d) & 8.13 — 8.01 (m, 2H), 7.88 — 7.78 (m, 2H), 7.71 (d, J = 8.0 Hz, 1H),
7.46 —7.31 (m, 4H), 7.27 — 7.21 (m, 2H), 6.54 (s, 1H), 4.09 (s, 3H), 3.86 (d, J = 16.1
Hz, 1H), 3.06 (d, J = 16.2 Hz, 1H) ppm; *C NMR (101 MHz, CDCls) § 192.3, 189.6,
165.1,141.4,141.3,135.7,135.5,135.4,135.0, 134.1, 130.9, 130.0, 129.2, 128.6, 127.2,
127.1, 126.6, 125.2, 122.0, 73.3, 65.3, 46.1 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd.
for C24H17NO4SeNa 486.0220; Found 486.0216.
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6-(9H-Carbazol-9-yl)-2-methoxy-1'H-spiro[isoindoline-1,2'-naphthalene]-
1',3,4'(3'H)-trione (3v): yield 66% (47 mg) as grey sticky liquid; *H NMR (400 MHz,
Chloroform-d) & 8.20 (dd, J =6.9, 2.4 Hz, 1H), 8.17 - 8.11 (m, 2H), 8.06 (d, J = 7.6 Hz,
2H), 7.86 — 7.79 (m, 2H), 7.75 (d, J = 8.1 Hz, 1H), 7.37 — 7.24 (m, 4H; CDCl; peak is
merged), 7.19 (d, J = 8.2 Hz, 2H), 7.11 (s, 1H), 4.16 (s, 3H), 4.00 (d, J = 16.1 Hz, 1H),
3.30 (d, J = 16.1 Hz, 1H) ppm; 3C NMR (101 MHz, CDCls) § 192.5, 189.6, 164.7,
142.1 (2C), 139.8, 135.8 (2C), 135.2, 134.2, 128.6, 128.0, 127.3, 127.2, 126.8, 126.5,
124.0, 121.1, 120.6, 119.6, 109.4, 73.6, 65.5, 46.4 ppm; HRMS (ESI) m/z: [M+Na]+
Calcd. for C3oH20N204Na 495.1321; Found 495.1311.

2'-Methoxy-6'-methyl-1H-spiro[anthracene-2,1'-isoindoline]-1,3",4(3H)-trione
(3w): yield 62% (35 mg) as yellowish sticky liquid; *H NMR (400 MHz, Chloroform-
d) 5 8.81 (s, 1H), 8.75 (s, 1H), 8.20 — 8.14 (m, 1H), 8.14 — 8.08 (m, 1H), 7.83 — 7.74 (m,
3H), 7.30 - 7.26 (m, 1H), 6.63 (s, 1H), 4.12 (s, 3H), 4.00 (d, J = 16.1 Hz, 1H), 3.21 (d,
J=16.1Hz, 1H), 2.21 (s, 3H) ppm; *C NMR (101 MHz, CDCls) § 193.2, 190.0, 165.8,
144.0, 141.2, 135.6, 135.5, 131.4 (2C), 131.0, 130.5, 130.4 (2C), 130.3, 129.8, 129.2,
126.4,124.9,122.1, 73.4, 65.4, 46.6, 22.2 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for
Ca3H17NO4Na 394.1055; Found 394.1052.

2-Methylbenzo[b]phenanthridine-5,7,12(6H)-trione (4a): yield 96% (28 mg) as
yellow solid; *H NMR (400 MHz, Chloroform-d) § 9.53 (brs, 1H), 9.29 (s, 1H), 8.40
(d, 3 =8.2 Hz, 1H), 8.26 (d, J = 7.7 Hz, 1H), 8.18 (d, J = 7.6 Hz, 1H), 7.76 (1, J = 7.6
Hz, 1H), 7.51 (d, J = 8.2 Hz, 1H), 2.59 (s, 3H) ppm; *C NMR (101 MHz, CDCls) §
183.0,178.8,161.0, 145.6, 136.9, 135.7, 133.8, 133.6, 133.5, 131.6, 129.9, 128.8, 128.2,
1275, 126.6, 126.3, 113.8, 22.5 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for
C1sH1:NO3Na 312.0637; Found 312.0632.

2,3-Dimethylbenzo[b]phenanthridine-5,7,12(6H)-trione (4b): yield 89% (27 mg) as
red solid; *H NMR (400 MHz, Chloroform-d) § 9.49 (brs, 1H), 9.23 (s, 1H), 8.32 - 8.21
(m, 2H), 8.23 — 8.14 (m, 1H), 7.85 — 7.74 (m, 2H), 2.49 (s, 3H), 2.44 (s, 3H) ppm; *C
NMR (101 MHz, CDCls) 6 183.2, 178.8, 161.0, 144.8, 140.3, 136.3, 135.6, 133.8,
133.6, 131.3, 130.0, 129.3, 128.5, 127.5, 126.7, 126.5, 114.1, 20.9, 20.2 ppm; HRMS
(ESI) m/z: [M+Na]+ Calcd. for C1sH13NO3Na 326.0793; Found 326.0788.

2-(tert-Butyl)benzo[b]phenanthridine-5,7,12(6H)-trione (4c): yield 94% (31 mg) as
yellow solid; *H NMR (400 MHz, Chloroform-d) & 9.59 (s, 1H), 9.52 (brs, 1H), 8.49 —
8.39 (m, 1H), 8.35-8.25 (m, 1H), 8.23 - 8.14 (m, 1H), 7.93 — 7.84 (m, 1H), 7.83 - 7.69
(m, 2H), 1.48 (s, 9H) ppm; *C NMR (101 MHz, CDCls) § 183.1, 178.8, 160.9, 158.4,
136.9,135.7,133.8, 133.6, 133.5,129.9, 128.1, 128.0, 127.5, 126.6, 126.2, 125.4, 114.1,
35.9, 31.3 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C2:H17NO3sNa 354.1106; Found
354.1102.

2-Methoxybenzo[b]phenanthridine-5,7,12(6H)-trione (4d): yield 85% (26 mg) as
yellow solid; *H NMR (400 MHz, Chloroform-d) § 9.49 (brs, 1H), 9.03 (s, 1H), 8.53 —
8.37 (m, 1H), 8.33 — 8.24 (m, 1H), 8.22 - 8.13 (m, 1H), 7.99 — 7.85 (m, 1H), 7.82 - 7.70
(m, 1H), 7.25 — 7.23 (m, 1H), 4.04 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) & 183.1,
178.8, 164.6, 160.6, 137.5, 135.7 (2C), 133.8, 133.7, 130.0 (2C), 127.5, 126.6, 122.2,
119.4, 113.3, 110.2, 55.9 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C1sH11NO4Na
328.0586; Found 328.0583.

3-Chloro-6-(prop-2-yn-1-yl)benzo[b]phenanthridine-5,7,12(6H)-trione (4e): yield
76% (26 mg) as yellow solid; *H NMR (400 MHz, Chloroform-d) § 9.36 (d, J = 9.0 Hz,
1H), 8.50 (s, 1H), 8.18 (d, J = 7.4 Hz, 1H), 8.11 (d, J = 7.3 Hz, 1H), 7.89 — 7.67 (m,
3H), 5.53 (s, 2H), 2.27 (s, 1H) ppm; *C NMR (101 MHz, CDCls) 5 183.4, 181.2, 161.0,
140.8, 137.1, 134.8, 134.6, 134.0, 132.6, 132.1, 130.6, 130.3, 128.6, 128.2, 126.8, 126.7,
117.7, 79.5, 72.6, 36.1 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for C2H1oCINO3;Na
370.0247; Found 370.0246.

Dibenzo[b,j]phenanthridine-5,7,14(6H)-trione (4f): yield 79% (26 mg) as red solid;
H NMR (400 MHz, Chloroform-d) & 10.07 (s, 1H), 9.43 (brs, 1H), 9.11 (s, 1H), 8.37
—8.25 (m, 1H), 8.24 — 8.13 (m, 2H), 8.12 — 8.04 (m, 1H), 7.93 — 7.83 (m, 1H), 7.84 —
7.75 (m, 1H), 7.74 — 7.63 (m, 2H) ppm; *C NMR (101 MHz, CDCls) § 183.3, 179.0,
161.7,136.4, 136.3, 135.6, 133.8, 133.7, 132.8, 130.1, 130.0, 129.7, 129.6, 129.4, 129.2,
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128.4, 128.3, 127.5, 126.6, 125.2, 114.4 ppm; HRMS (ESI) m/z: [M+Na]+ Calcd. for
CarH1:NO3Na 348.0637; Found 348.0626.

(E)-4-Methyl-2-(2-(phenylsulfonyl)vinyl)benzamide (6a): yield 91% (41 mg) as
white solid; *H NMR (400 MHz, DMSO-ds) & 8.07 (d, J = 15.4 Hz, 1H), 7.95 — 7.90
(m, 2H), 7.77 — 7.64 (m, 4H), 7.56 — 7.43 (m, 2H), 7.31 (d, J = 8.0 Hz, 1H), 2.32 (s, 3H)
ppm; 3C NMR (101 MHz, DMSO) § 169.7, 140.7, 140.2, 140.0, 135.0, 133.7, 131.2,
130.2, 129.7, 128.6, 128.0 (2C), 127.2, 20.7 ppm.
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NMR Spectra of Synthesized Compounds

S17



LTT—

06°€ ~_
LR
80y~

99 —

STL~.
oL
LLL
6L'L
v8'L—F
98°L
88'L
6L
6L
ve'L
91’8
818
sT8
LT

3a, 84%
CDCl3, 400 MHz

A
T
0

Freo

Fot

Fosz

)
W0 35 A0 3s

1 (ppm)

Fort

Tm.m -
e
T_.N

81°7C —

0€9y —

LTS9 —

EEEL
¥8°9L ”
9I°LL W
8Y°LL

10°2T1

68°FT1 /
€€°971 /
so0°LT1 %
IL8T1 ~
00 1€ —

9TPEL ¢
SI'SEL
1S°SETL \‘

08°SEL
€6°071
wW0rl

PL'SIT —

98°681 —
20°€61 —

3a, 84%
CDCls, 400 MHz

ol A

-10

200 190 180 170 160 150

210

1 (ppm)

S18



PIE~
81e"

£6'€ ~_
L6'€~
ay

[ZXEN
989~
9TL
8E°L
am.hW
WLy
Is'L
£8'LF
8L
L8L
06°L
16'L
€6°L
sI'8
LI'8
sT8
LT

Hor

3b, 72%
CDCl3, 400 MHz

Hor

90T
Bsrr
L11
0
o1
Brrp

f1 (ppm)

6T —

1€°69 —
8S°€L
vw.cr”

9I'LL
8Y'LL /

Yo' 1z1

szl
Lzt
bL8T1 /
1621 /
11081 ~=
S6'TE1 —
oevel f
wsel

8S°SEL
S8'SEL
PAaliig!

8€°S9T —

6L°681 —
98761 —

3b, 72%
CDCl3, 400 MHz

-10

210

f1 (ppm)

S19



(48 S

L€~
e

06°€ ~
v6'e
ory "

(S
sy

£5°L
bs'L
182
18°L —
€8°L 7
€8°L
98°L |
8L
88°L ]
16°L ]
16°L
€6°L
€6'L 4
o1°8
81°8 |
L8]
678

3¢, 80%
CDCl3, 400 MHz

Fss8

oot
Fo66'C

60
W\\Mm.e

1 (ppm)

90° 1€ —
€P'SE —

LEIY —

LTS9 —

6S°€EL
Y8°9L ”
IT°LL W
8Y°LL

£E°811 —
99°vT1
29T\
18921 —
op'LTL \
09°821
srver -f
LO°SET

LY'SET
06°SET
8S°0F1

61°LST —

IL°S9T1 —

o6l —
16°761 —

3¢, 80%
CDCl3, 400 MHz

1 (ppm)

S20



e —

EIE~
Lre"

68°€ ~.
€6'€
60y~

§9'9~.
199
0T'L
wL V
vTL N
9T'L
WL
p8L~\
98°L -
88°L
06°L
6L
SI'8
L1'8
€78
sT8

3d, 55%
CDCl3, 400 MHz

il

J

Eso1
FS6'T

FLe'0

01
0’1
»56'0
001

f1 (ppm)

wL—

€9y —

YS9 —
€6°TL

¥89L N
9I'LL —>
8¥°LL /

90611 —
96°ST1
SOLTE N
IL8TI —
(1) 4 B
PETEL \
6EPEL
1°SEL
PrSEL
88°SEL
79°6€1
[{Ni4]

L7991 —

60061 —
60°€61 —

Y

3d, 55%
CDCl3, 400 MHz

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

1 (ppm)

S21



9€°T —

60°€ ~
e

88°€~
6
80y~

699~
19

9L~
sIL—
oL
LY°L
08'L
AN
8L
98'L
88'L
06'L
s
€1'8
178
€28

Feox

e, 86%
CDCl3, 400 MHz

E80°¢

Bu60

Tc.u

1670
W—c._

1 (ppm)

€I —

£E9F —

61°'S9 —
LEEL
¥8°9L ”
9I°LL W
8Y°LL

Le1za

STSTL
66971
65°8T1 W

£0°671
LYEET
LTPEL V

60°s€l

Nw.mm—\
LL'SET
OLLET

8Y°0v1L

0S°S91 —

88°681 —
06'T61 —

3e, 86%
CDCl3, 400 MHz

-10

1 (ppm)

S22



PreE~
81"

89°€ ~_
S8E~.
68'€~
voy -

CDCl3, 400 MHz

)|

Fsoe
Fevt
FL0E

Ese0

Fror

T..m
ot

€01

1 (ppm)

9€°9% —

SL'SS —

9TEL
¥8°9L ”
9I'LL W
8V°LL

0T'801 —

90°STI~_
so'1z1

YL9TI
—o.hu—/
L9°8T1
wN.vm—W
€I°SEL
1S°S€1 V
9L'SET 7

L9THT —

6V°€91 —
°6'S91 —

18681 —
6L°T61 —

3f, 74%
CDCl3, 400 MHz

ORI

1 (ppm)

S23



Fe
"
r
B
r
v
r<
S
_J L2
"
Fe
A <
F=
I Lo 80°9p —
<
Fe
L 1€'59 —
€L
L2 qm‘ﬁﬁ
e~ - orLL—
. s e—— = R |
e s’/
w
[Ten
MM.MV — Foor | =
., - =
80y~ Fooe E
] &
Lw =
<+ =
L=
A 10°€71
8ISzl
L m_.Z_/
N ﬁ.ﬁ_/
3..5%
= .
L2 86°TE1 \-
PO'PEL —
8L9 0€°SEL
8L'9 Le €L'SEL
089 65'9€1
08'9 Fsgo [ _ 0S'8€1
pEL Fe
S€L
WWHN 060 |
o e
e 06°€9T —
S8 ru
8L \w Fsoe | o
L8'L ] 60 [2
L8] 2 o'l
%,L R = Lo
68'L R 8
16°L | o
] L <
ol a re 67681 —
€1 w_ o 17°Z61 —
€18 “
s1°8 | Fe
sts |
Nui <
€28 | =
vz |
. "
sT8 L2
E

-10

1 (ppm)

S24

39, 70%
CDCly, 400 MHz

T
190 180 170 160 150

200

210




EIE~
Lre”

06°€ ~_
¥6'€
60y~

CDCl3, 400 MHz

ISa8!
Fo0'e

pEET
880
Ee6'0
e

f1 (ppm)

€0°9Y —

PES9 —
8E€€EL
Y8°9L ”
IT°LL W
8Y°LL

YT ETl
WL
LrLzr /
81°871
9L'8T1 V
PIIEl —
SOPET —

TEsEL
pL'SEL
v8SEl

10°6€1

8L'€9T —

YT681 —
0v'zel —

CDCl3, 400 MHz

1

-10

210

1 (ppm)

S25



61'c —
§9°T —

1€~
Lre”"

S8'€~
68~
$0y

vr9 —

wL—

WL
£8°L
£8°L
S8°L
S8'L \W
L8°L
8L
68°L
8L |
16°L
16°L
P18 ]
S1'8 ]
or'g
Lrg

—

Y8 :

3i, 50%
CDCl;, 400 MHz

u

IR

A

i

o1
F68'C

Fiez
JE0T

EP0°L

f1 (ppm)

6€°LT —
L6'IT —

vroy —

€T°S9 —
SLTL

Y8°9L N
IU'LL~>
8Y°LL 7/

SS°611
8T'ETI
10°LT1
0L'8T1
66°TET
PEPET
90°S€T
6€°SET T
P8'SEL
9T°6€1
£S°IP1
TEEPL

P

S8

80°L9T —

ST°061 —
9T°€61 —

CDCl3, 400 MHz

™
T

v

|

hav il

b

v

e h'”lmwml“‘

-10

200 190 180 170 160 150

210

1 (ppm)

S26



€1'T

97T

0rE~
vre"

98°€ ~_
06'€ "

S0y

LS9 —

9T'L—
£9°L
18°L
£8°L
sg'L-f
L8'L
68'L
16°L
€18
s1'8
(44
vT8

3j, 77%
CDCl3, 400 MHz

L

|

Feooe
Fore

Feor
Feoe

FL60

1 (ppm)

7007~
pLO0T

Wy —

YS9 —

1T€L
Y8°9L ”
IT'LL W
8Y°LL

wn
m@.mN—/
09921
00°LT1
Y9'8TI ~=
EPel
60°SET ~=
1¥°sEl
I8°SET

Nm.am—\
9T6¢1

LTyt

€0°991 —

20061 —
reer —

3j, 77%
CDCls, 400 MHz

i

-10

200 190 180 170 160 150

210

1 (ppm)

S27



8I'€~
we
79

08°€ N
e~
68°€

86'¢ s

879 —

3k, 82%
CDCl3, 400 MHz

Ferz
001

FLO'L

f1 (ppm)

80T —
£€5°901 —

TETZE
£8'971
79'871 %

9EFEL
orser /
PPSEl ~:

SLSEL 4

LO'IST —
LYE€ST —

9L'991 —

20061 —
$6°T61 —

CDCl3, 400 MHz

110

1 (ppm)

S28



10~
soy
81y~

YTL
9TL
6L
IS'L
£S°L
pSL
9s°L
€9°L
sy'L A
S8'L_
98'L %
88'L
€6°L
S6'L
LéL
L18
618
0c's
€8
[{&]

31, 83%
CDCl3, 400 MHz

Foor

= Post

60
0°C
Lot
01
WMN.N
16°0
16'0
w\,&d

f1 (ppm)

959 —

LE'S9 —
TEEL
vw.eh”
9I'LL W
8VLL

€Tzt
68'ST1
09z1
1Lzl
89°LT1
ss'8T1
88'8T1
p9°6T1 ~E
IPEEl~_
LTPEL
SO°SET
9T's€1
essel
9g'sel
68°s€l

00°S91 —

LL 68T —
LO'E6T —

31,83%
CDCl3, 400 MHz

i

T
110

210

f1 (ppm)

S29



£v'€
Ly'E /
E‘mM
$9'€ —
8L'E

rw‘m\
68°€

9L ~
9L

SLL
LrL /
6LL~=

€8°L
S8°L
L8'L

v
9II'8
61’8
18

——

3m, 65%
CDCl3, 400 MHz

(P

6°€
%c.—
P\ac.m
16T
re

FL6°0

F90°1
Bporr
101
L0°T

f1 (ppm)

W9y —

L1595 —
20709 ~
6019 "
6559 —
(VRVEN
8oL

o1°LL~\
syLL

9701 —

a.m..&_
S.ﬁ_ /
€791 V
6€'8T1 —
SLEET
9I'PET
TTSEl \
1€°9€1

Strsyl —
00'8PT —

0€°9ST —

19°991 —

L0061 ~
e —

3m, 65%
CDCls, 400 MHz

R 11—

120

130

180

160 150 140

170

190

200

1 (ppm)

S30



4

J

B}

=
()
Q X
o 8B
T oo
Pu
= I d
L E
S 4
o (&)
1S Q=
o
LLE~.
£6°€ ~_
L6'€
pr'9 —
69~
v6'9 7

€9°L
S9°L
S6°L
L6°L
66°L
€0°8 2
Y08
L0'8
60°8
LI'8
61’8

wor —

DMSO-dg, 400 MHz

ez
580

Feeo

Tor

o

18°0

1.5 1.0

2.0

25

w
w

w

w

1 (ppm)

88'8¢
60°6€
0€°6€

1S76€
wee

€6°6€
vroy
S9°S¥

€8'v9 —

UL —

I8°80T —

LYLIT~
8811
10921

LY'9T1 A
egLzr
89°€ET ~

€TSEL
€S°SEL

8°SEL
LIEPL /

66°191 —
9P°S91 —

€061 —
6T°€61 —

3n, 71%
DMSO-dg, 400 MHz

-10

1 (ppm)

S31


msdpc
Arrow

msdpc
Arrow

msdpc
Typewriter
water peak

msdpc
Typewriter
one C-H peak
has merged


aen oTE = ® —
® N ® TS - «® - w
v me8 % < 2
o S — = - wi
— — - — — - -
NNV |

3n, 71%
DMSO-dg, 400 MHz
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10 -2
1 (ppm)

S32



[4XEN
91'e "

L8E~
16°€
90+~

w0y —

8€9 —
oL

30, 62%
CDCl3, 400 MHz

i

o1
6T

1ot

Fees

161
S0°L
F00°L

660

1 (ppm)

9€°9y —

PESI
99°0L
L
PrOL\
9L
sriL’

08801 —
07911
LTz
LL9TT /
orLzI /
€9°LTI L
S8
69°871 \‘
S8°871
LTPEL
€I°SEL
0S°SEL
€S°SEL
E€L'SEL
Y9 ThL

19°791 —
08°S91 —

PL'68T —
LLTOT —

CDCl3, 400 MHz

B 1 11|

-10

920

210

1 (ppm)

S33



€TE~L
Lre

P6°E
86°¢
wy

00°L
9T'L
€L
€L
€L
€L
£€°L
€€°L
SE'L |
SE'L |
LEL
L9°L
69°L |
78°L |
T8°L |
£8°L |
v8L
P8L
S8°L |
98°L
98°L ~
L8'L
88°L -
88°L ] m
68°L ]
06°L
06°L ]
16°L
6L ]
6L ]
6L ]
S6'L
L6'L
91’8
81'8
vT'8
97’8

T T

3p, 64%
CDCly, 400 MHz

001
=80°€

Fees
560

F00°1L

f1 (ppm)

0€9y —

SE€S9 —
€S°€EL
¥8°9L ”

9I'LL
8Y°LL /

sTozl
ISzl
LoLzr
SYLTI
9LLTl
SS°8TI
€L'8T1
[A¥14¢ \“
€621
SI'PEL \
YTUSEL
S9°SE1
I8°S€E1
S9°6€1
€TV
wrl

€S9 —

TL681 —
6°T61 —

CDCl3, 400 MHz

L

-10

110

210

f1 (ppm)

S34



SE€T—

£TE~
Lre”

P6E
86'€
wy

66'9
hﬂhy
61L
LA
L
yTLA|
ree
9T'L~¥
e’
9L~
89°L

aqhuw
€8°L
8L
e@hpw
88°L |
06°L ]
16°L ]
76'L
ve'L
6L |
96'L |
96°L |
918
818
sT8
LT8

PR,

3q, 65%
CDCl3, 400 MHz

J

Esor
0

101
Fevy

Bpor
Fere
oot

Zvo1

1 (ppm)

€TIT—

9€°9F —

9€°'59 —

9S°€EL
Y8°9L ”

IU'LL—F
8Y°LL /

S0°0z1
6€°sT1
Lo°LT1
WL
ov'LTl
SL'8T1
s06z1 L
98621~
STPEL 7
wwsel
19°5€1
L8's€l
8°9¢1
L9'8€1
LTIpl
(34141

€5°S9T —

6L 681 —
v6'T61 —

39, 65%
CDCly, 400 MHz

-10

1 (ppm)

S35



—N.—/

€T 7
mN.—\

9T
9T W
99T
89T

ETE~
Lre”

v«%m/

86°€ ~
LOY 7
N—.v\

00°L
0TL /
NN.F/
sTL~
e’
PO'L~
LYL-T
&E\w
€8°L )

8L
L8'L] m
68°L ]
16 ]
€6°L ]
v6'L
96'L |
918 |
81°8
sz'8
g’

3r,57%
CDCly, 400 MHz

Et

feo

Foot
Fre

oot

f1 (ppm)

09°87 —

€€9Y —

SE€S9 —

9S°€EL
¥8°9L ”

IULL—F
8Y°LL /

90°021
8€°STI
LoLzr
Iv°LT1
Ly'LTl
L9871
YL'8TI
ezt s
STYEL ¢
wsel
19°S€1
S8'SEL
PO'LEL
YTIvL
86°t¥1
€9V 1

SS9 —

LL'68T —
v6'T61 —

3r,57%
CDCly, 400 MHz

SR T T

Et

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

f1 (ppm)

S36



€TE~
87

18°€ ~
v6'E —
86°¢ /
wy—

689
Teo
1697
9TL~
5L
99°L -\
S8'L~
S8°L ]
8L
68°L ]
06°L
16
16°L |
76°L
6L
£6°L |
oL |
oL ]
Lrg
8I'8
sty
LT

T

3s,61%
CDCl3, 400 MHz

FIre
Eior

Fsee

Broz
R

FolT

f1 (ppm)

8T —
Sh'ss —

89 —
6V €L
Y8°9L ”

II'LL—F
8Y°LL /

€S°PIL
S9°611 /

peSTI /
—o.hN—/
vm.wu—/
1L°8T1

S6'TET~_
0TPET ~

0T'SEL
6S°SET
08°SET \\‘
9TIPL
0091 \\‘
607091 —

65°S91 —

YL'68T —
96°T61 —

CDCl3, 400 MHz

-10

200 190 180 170 160 150

210

1 (ppm)

S37



€€°9 —

€89\
06’9 —
069 7/

9TL—

9LL
ah.h/
I8°L~k

€8°L
8L
98°L
88°L
€1'8
SI'8
L1'8

JL“L ﬂ

3t, 68%
CDCl3, 400 MHz

o1

I'E
01
F887

H8E
Bsrn

0°1
0T
E€6'1

f1 (ppm)

LESY —
LEEL
¥8°9L N

8Y°LL

OI'SET L
LY'SET \
£L°SET

S9°Thl —

6Lyl —

10°Lst
LI'€9T ~_
SS'S91 ~

06681 —
8S°T61 —

3t,68%
CDCly, 400 MHz

-10

210

f1 (ppm)

S38



P0'E~
80~

b8'E ~
88e
60'r —

bs9 —
wL

vTL

9T'L

9T'L

£€°L—2
SEL \W
9g°L

8€°L

orL]
0L'L ]
we
8LL]
08°L
T8°L ]
8L
98°L
08 ]
90°8 |
80'8 -
608

% Fsr1

3u, 72%
CDCl3, 400 MHz

987

'J E26°0

E8HT
ey
01
B0z
Te61

1 (ppm)

€9y —

679 —

1€°€L L

Y8°9L

8Y°LL

00°zZI
vTsTl
9971
PI'LTI
wL
LS'8TI
81671 /
00°0€T —
6°0€1 “
LOPET
0°sEl
E€P°SEL
6v°SEl
PL'SEL
LTIVL
o Ivl

s —

957681 —
PETOL —

3u, 72%
CDCls, 400 MHz

el L

-10

1 (ppm)

S39



8TE~
e

86°€ ~_
wy
o1y

CDCl3, 400 MHz

20T [T
e

H/e@v w

0L

v |
ST 3
81T
Ay

f1 (ppm)

SE9 —

SP's9 —

19°€L
Y8°9L ”

II'LL—F
8Y°LL /

17°601 —

£9°611
85071 /
80°171 ~
86°€71 —
99971 -]
8L°971 7
or'Lz1
szt
s6'LT1
29821 7
9T'pET
pTSEr
8L'SET |
78's€1
$8°6€1
60°TP1

(444t H;\
0L P91

=

19°681 —
9°'T6l —

CDCl3, 400 MHz

@WWJMW.LWLLMW

-10

200 190 180 170 160 150

210

1 (ppm)

S40



-10

w
Fre
7
S
U e
w
=
=]
F=
8177 —
"
Fe
<
el
17— Fooe L9op —
v
e
<
[Ten
61°€ ~. — Tz s£'59 —
[xaad
0 €L
e HATAS
86'€ \_ Ll SYLL
w0y~ wc T3
wy 0°€
w
Le
£
2
&
LS =
£9°9 w =
€994
9T'L | w preen
8TL [ 16°b21
oLL €921
LLLy - LT'6TT
8LL Fe LL'6TT
8L'L 9701
8LL " wost
6LL Fé 8p°0€1
081 — Heo 86°0€1
08°L 8 IET
60°8 L2 PSSEL
or's ﬁ 19°s€1
or's =860 it
sy L 00°pI
T8 iﬂ
91'8 4 Egoe
LIS 01 2 LL'S9T —
818 o1
81'8 7
618 N "

B o R
L8 = ® S
SL'8 8 786°0 ©

o >
188 b Bror | o H
18 2 e 00°061 —
v 07°€61 — v
wn =
Fe
=]
Ls
2
"
o

92

CDCl3, 400 MHz
190 180 170 160 150 140 130 120 110 100
1 (ppm)

200

210

MWWJMWWWWM



65T —

9L
0S°L
wL
SL'L
9LL
8L'L
€8°L
mw.hw
L8L
LI'8 ~
61'8 i
ST'8
LT'8
6£'8
'8
676 —
€576 —

4a, 96%
CDCl3, 400 MHz

e

L

Feee

Ber
e
By

0°1
10T

7901

001

ot

f1 (ppm)

€8°TT —

¥8°9L

8Y°LL

8L'EIL —

97971
95°971 /
ySLTL /

ST'8TI~E
18°871 -7
€6°621 \
95" I€1
6F €€l
P9'E€l

LLEET
89°SE1
6" 9€1
98°SP1

96091 —

LL'8LY —
66781 —

(@)

4a, 96%
CDCly, 400 MHz

110

f1 (ppm)

S42



T~
Nasd

9TL—
SLL

hh.h/
v8'L—~
98°L s
SI'8-7
h—.w\

ST'8

€76 —
6¥°6 —

CDCl3, 400 MHz

S1'T

F00°L
Fvoz

T—._

w
Fe

1.0

w

2.0

w

w

w

f1 (ppm)

0707~
607

¥8°9L

8Y°LL

60°F11 —

59Tl
99971 /
8V°LTI /

9’871 &
LT6T1 -7
£0°0€1

PEIEL \
19°€€1

8LEEL

95°SE1
9T9€1
(i1l

v8Prl

667091 —

8L'8LT —
91°€81 —

CDCl3, 400 MHz

T
=110

f1 (ppm)

S43



8P'1 —

9TL—

SL'L
LLL /
6L°L
6L’L N.
8L
98°L
88°L
8I'8
07’8
87’8
0€'8
rr'8
Ly'8
%6 \

65°6

)

2.0

|

CDCl3, 400 MHz

216

61

01
Z00°L
ES6°0
o0t

0.5 0.0 -0.5

1.0

3.0 2.5

3.5

¥8°9L

80 75 70 65 60 55 50 45 4.0
1 (ppm)

8.5

8Y°LL

60°P1T —
op'szTI
61°921
LS'9T1
€S°LTIE
S6'LT1
60'8Z1 N.
$6°671
LY'EET
£9°€€1
08°€€1
99°SET
76'9€1

W8S —
v6°091 —

8°8L1 —
€IE8T —

MWWWWWMWWWWM
S44

f1 (ppm)

o
4c, 94%

CDCls, 400 MHz

&

k]




Yo'y —

YL
9L
LTL
SL'L
9LL
LLL
6L°L
8L
98°L
88°L
8I'8
:N.w/
97’8~
8T'8 7

w8
tr'8
tr'8
€06 —

6¥°6 —

.

L

4d, 85%
CDCls, 400 MHz

TQ.N

160

0°1
60
pt6o
060
€60

Tc.—

f1 (ppm)

v6°SS —

Y8°9L

8Y°LL

61011 —
0E°ETT —
9€°611
srzzl
$9°971 N\
pSLTL /
S6'6T1 W
T0°0€1
69°€€T
8L'EET
pLSET N

0S°LET

657091 —
8591 —

8L'8LI —
90°€81 —

CDCl3, 400 MHz

U I S ——

110

f1 (ppm)

S45



LT —

€86 —

9TL—

9L’L
8L°L /
08°L

CDCl3, 400 MHz

Foee

%a.c
10°L

Fror

f1 (ppm)

anr9E —

19°7L
¥8°9L N
Q1

T

8Y°LL
IS°6L /S

L9°LIT —

9Tt
mh.ﬁ_/
61'871 "
09871
8TOEL N
19°0€T
LOTET
19°Z€T
T0°pET
19'pET
6LPET
SOLET
SL'ovL

Y0 191 —

YTI8I ~
€V €8T —

4e, 76%
CDCl3, 400 MHz

120

190 180 170 160 150 140 130

200

f1 (ppm)

S46



9L
9TL
99°L
69°L
L
€L°L
9L'L
8L°L
08°L

98'L
88'L
68'L
80'8
org %
sI8 7
L
618
178
(]

RE

€6 —

LO0T —

§ o
L
4f, 79%

CDCls, 400 MHz

(0]

w

w

1.5 1.0

2.0

w

wi

w

w

w

f1 (ppm)

Y8°9L

8Y°LL

SEPIT—
LY'STI

95°971 /
£5°LT1

1€°821 u
5871
17621 7
ov6z1
$9°671
pLo621
20°0€T
€°0€T
T8°TE1
89°€€T
9L°EET ]
p9'SET
7€°9€1 4

Procl

S9°191

) (e

L6'8LT —
TEE8T —

P50

0]

4, 79%
CDCl3, 400 MHz

-10

f1 (ppm)

S47



wr—
17—

L

0L
wL
SP'L
Ly'L
6v'L
€S°L

So°L
L9L W
LYL
69'L T
wL
wiL
vLL
16°L
16°L
€6°L
S0'8
60°8

Me
6a, 91%
DMSO-dg, 400 MHz

B
Tmum
e

1 (ppm)

6907 —

88°8¢
60°6¢
0€°6¢

IS°6€
wee
£6'6€
rroy

81LT1
seLTl
10821
29871
L9671 —
€2081 \
0z IEl \
Losel \
£0°s€l
Se6El
8I0F1
So'0p1

99°691 —

NH,

X SO,Ph

Me
6a, 91%
DMSO-dg, 400 MHz

T
110

1 (ppm)

S48





