Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2021

Construction of Indeno[l,2-b]pyrroles via Chemoselective N-
Acylation/Cyclization/Wittig Reaction Sequence

Athukuri Edukondalu,®* Sandip Sambhaji Vagh,®* Ting-Han Lin® and Wenwei Lin®*

a Department of Chemistry, National Taiwan Normal University, 88, Sec. 4, Tingchow Road,
Taipei 11677, Taiwan, R.O.C.
I These authors contributed equally.

Table of Contents

I. General information S2-S2
I1. Reaction optimization S3-S6
I11. Control experiments S7-S9

IV. Experimental procedures

a. Typical procedure (TP-1) for the preparation of indenone-benzohydrazide

derivatives 1 S9-S9
b. Typical procedure (TP-2) for the preparation of phosphorus zwitterion
derivatives 3 S9-S10
c. Typical procedure (TP-3) for the preparation of indeno[1,2-b]pyrrole
derivatives 6/7 S10-S10
d. Typical procedure (TP-4) for the preparation of spiro-indene-1,2'-[1,3,4]oxadiazol
derivatives 8 S10-S11
V. Analytical data for all new compounds S11-S45
VI. References S45-545
VII. X-ray crystallographic data for selected compounds S46-S54
VIII. *H NMR, C NMR, *P NMR and *°F NMR spectra of all new compounds $55-5149
IX. Scanned copies of EI Mass Spectra for selected compounds 6/7 S150-S160

S1



1. General information

All reactions were carried out under argon atmosphere in oven-dried glassware with magnetic
stirring. Unless otherwise stated, all reagents were used as purchased from commercial
suppliers without further purification. THF was continuously refluxed and freshly distilled
from sodium benzophenone ketyl under argon atmosphere. Yields refer to isolated yields of
compounds estimated to be >95% pure as determined by 'H NMR. Analytical thin layer
chromatography (TLC) was performed on pre coated alumina-backed silica gel plates (Merck
60 F254, 0.2 mm thickness) which were developed using UV irradiation at 254 nm. Flash
column chromatography was performed using silica gel (SiliCycle SiliaFlash P60, 230-400
mesh). Melting points were measured on a hostage melting point apparatus and are uncorrected.
IR spectra were recorded on a Perkin Elmer 500 spectrometer and only selected peaks are
mentioned. "H NMR spectra were recorded on either an Oxford JEOL 400 MHz spectrometer
or a Bruker Ascend 400 MHz spectrometer. °C NMR spectra at 100 MHz, *'P NMR at 162
MHz and '°F NMR at 376 MHz. Chemical shifts are reported in § ppm referenced to an internal
TMS standard (§ = 0.0 ppm) for '"H NMR, CDCI3 (& = 77.0 ppm) for 1*C NMR, DMSO-ds (5
2.50 ppm for 'H NMR and 39.52 ppm for *C NMR), H3PO4 (8 = 0.0 ppm) for *'P NMR, and
CeHsF (8 =-113.15 ppm) for ’F NMR. The following abbreviations (or combinations thereof)
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, dd = doublet of doublet, dt = doublet of triplet, td = triplet of doublet, tt = triplet of
triplet, qd = quartet of doublet, br = broad, p = pseudo. High resolution mass spectra were
recorded on Waters XeVo G2-S QTof using ESI (TOF analyzer). The X-ray diffraction
measurements were carried out at 200 K on either a Bruker D8 Venture or a Bruker KAPPA
APEX II CCD area detector system equipped with a graphite monochromator and a Mo-Ka
fine-focus sealed tube (k =0.71073 A).
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II. Reaction optimization for 6aa:

a) Optimization of reaction conditions for the synthesis of zwitterion 3/4*

Q N—rh
N

NH

p . . PR, PhCO,H/pyrrolidine . §R3
@Q THF, 30 °C, time O‘
ol Br o) O
Br
1a 2a 3a
entry phosphine t (h) 3/4°
1 PBus 5 90
2 PPhs 16 nr
3 PPh2Et 12 trace
4 PEt2Ph 12 trace
5 PPh2Me 6 75

“ The reactions were carried out with compound 1a (0.3 mmol), 4-BrPhCHO (2a) (1.1 equiv),
PhCO,H (0.1 equiv), PR3 (1.2 equiv) and pyrrolidine (0.1 equiv) in anhydrous THF (3 mL) under
argon at 30 °C. ® Yield of the zwitterion 3a/4a was determined by NMR analysis of the crude

reaction mixture using 1,3,5-trimethoxybenzene as an internal standard. nr = no reaction.

It is noteworthy that the phosphorus zwitterions 3 are very stable and easily isolable and
confirmed by the NMR, HRMS and X-ray analysis, further utilized for the desired indeno[1,2-
b]pyrrole derivatives 6/7. Unfortunately, the phosphorus zwitterions 4 were not able to isolate in
pure form but crude reaction mixture was used for the one step reaction of spiro-indene-1,2'-
[1,3,4]oxadiazol derivatives 8. The phosphorus zwitterion 4a from the crude reaction mixture was
confirmed by the 3'PNMR and HRMS analysis.
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ESI-HRMS Spectrum of 4a from the crude reaction mixture
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b) Optimization of reaction conditions for the synthesis of compound 6*

Ph

\FO Br
(Sl NH Q

PhCOCI (5a), base

.,

o

solvent, 30 °C, time

Ph

OA\I}IH

\N/ Ph

entry base solvent t (h) 6aaP
1 EtsN THF 12 85
2 DIPEA THF 18 60
3 DBU THF 10 75
4 TMG THF 10 51
5 TBD THF 12 84
6 MTBD THF 12 85
7 EtsN CH2ClI2 24 25
8 EtsN CHsCN 24 50
9 EtsN toluene 48 47
10 EtsN Et2O 24 65
11° EtsN THF 4 85
12d EtsN THF 4 90
13de EtsN THF 4 76

@ The reactions were carried out with compound 3a (0.1 mmol), PhCOCI (5a) (1.1 equiv) and
base (1.5 equiv) in dry solvent (1 mL.) under argon at 30 °C. ® Yield of the product 6aa was
determined by NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as an

internal standard. ¢ at 40 °C. ¢ at 50 °C. ¢ Addition sequence: compound 3a (0.1 mmol), EtsN (1.5

equiv) and PhCOCI (5a) (1.1 equiv) in dry solvent (1 mL.) under argon at 50 °C.
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II1. Control experiments:

Scheme S1.

PBus (1.1 equiv)
Et3N (1.5 equiv)

THF, 50°C, 4 h
Chemoselective Wittig

PBujs (1.1 equiv)
Et3N (1.5 equiv)

THF, 50°C,5h
Chemoselective Wittig

PBus (1.1 equiv)
Et3N (1.5 equiv)

THF,50°C, 7 h
Chemoselective Wittig

PBuj (1.1 equiv)
Et3N (1.5 equiv)

THF, 50°C, 10 h

Intramolecular acyl
groups exange/ o
chemoselective Wittig 7ak (50%) g,

To investigate the mechanism, we have performed control experiments by using different
spiro-indene-1,2'-[1,3,4]oxadiazol derivatives, PBus and EtsN at 50 °C. First, we examined the
reaction between 8aa, PBus (1.1 equiv) in the presence of EtsN (1.5 equiv) in THF at 50 °C.
Interestingly, we have observed the 6aa in 75% yield within 4 h (Scheme Sla). It could be
understood that the spiro-indene-1,2'-[1,3,4]oxadiazol derivative is the key intermediate for the
formation of indeno[1,2-b]pyrrole in our protocol. Similarly, we have carried out the reactions of
para- and ortho-chloro substituted spiro-indene-1,2'-[1,3,4]oxadiazol derivatives such as 8ac and
8ai and PBus (1.1 equiv) in the presence of EtsN (1.5 equiv) in THF at 50 °C to afford the desired
indeno[ 1,2-b]pyrrole derivatives 6ac and 6ai in 69% and 63% yields, respectively (Scheme 1b,
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and 1c). We have further confirmed the products 6ac and 6ai by using EI mass analysis.

Accordingly, pivaloyl group substituted compound 8ak was also reacted with PBus (1.1
equiv) in the presence of EtsN (1.5 equiv) in THF at 50 °C, and the rearranged indeno[ 1,2-b]pyrrole
7ak was obtained in 50 % yield instead of 6ak in 10 h (Scheme 1d). Further, X-ray and EI mass

analysis unambiguously confirmed that the product is rearranged indeno[ 1,2-b]pyrrole 7ak.

Scheme S2. Plausible Mechanism.

R? R2 o Q

O,
R2 O R2
A )\ Rk ,\?H’ rok Y
07 NH R3 N N-NH
1 1
\N/ RO Wity O Os eR@ Et;N O‘ R@
P —
PBu3O ‘ PBUs PBu;, ® o PBU3CIe
R! Chemoselective o) EtzNHCI o)
O 6 Intramolecular Cyclization lla
Wittig product v m
®
Et;N EtsNHCIe
R3=Ar ||PRs=PBus
Path a
0. O, (@)
yRZ yRZ YRZ H
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/N N R3 b N a(o
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1 3/4 8
Spiro compound
(If PR3 = PPh,Me spiro compound 8
will not participate in further reaction)
R®=Bu || Path b
Intramolecular Acyl | | PR; = PBu;
Group Exchange
@) @) § 2
{ Y=e JE N 'B“\ICN‘ Bus NN Bu)f‘ o[
Rk NH RE\=NH 2 T \>)— 2 A)
N- N ® (9 R o R O )
R! R! o o R! w0 R -PBU R
O~ o Et;N O‘ Et;NHCI PBuy 3 ®
@ €] P ——— @ ——>
F@Bu3 ® o PBuCI Et;N PBus -PBuj ‘\ PBus PBu;
Y EtsNHCI Y o) o) PBuj3 o)
v b IX Vil Vil

Chemoselective
Intramolecular Cyclization

Bu

‘Bu
OJ\I}IHRze OA’\I:IH
O N ®o Wittig \N/ R2
‘ PBu; -PBU3O
R! R!
o o
Vi 7
Wittig product
(rearranged)

Based on the results and control experiments, a plausible mechanism is depicted in Scheme

S2. Initially, a chemoselective tandem three-component reaction of indane-1,3-dione hydrazone 1,
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aldehyde 2, and phosphine furnished the phosphorus zwitterion 3/4 which could be
interchangeable with another possible zwitterion I. The chemoselective N—acylation of the
zwitterion I with acyl chloride 5 would generate phosphonium salt I1 that can easily cyclize to
give the spiro compound 8 via the allylic substitution with elimination of PR3. When eliminated
PR3 has less nucleophilic nature such as PPhoMe, only the spiro compound 8 would be provided.
Instead, a more nucleophilic PR3, such as PBus, would further react with 8 to generate the
phosphonium salt Ila (Path a). The deprotonation of Ila by Et;N generates ylide III, and
subsequent chemoselective intramolecular Wittig reaction upon III would lead to the indeno[1,2-
b]pyrrole 6 via the formation of a crucial betaine IV. On the other hand, the less reactive and
hindered pivaloyl group present on the spiro compound 8 would facilitate the intramolecular acyl
group exchange to generate the phosphonium salt IIb via the sequence of allylic
substitution/elimination of PBus and rearrangement reaction with the formation of the
intermediates VII-IX (Path b). Further, deprotonation of IIb would provide ylide V in the presence
of EtsN, and subsequent chemoselective intramolecular Wittig reaction upon ylide V would result

in the rearranged indeno[ 1,2-b]pyrrole 7.

IV. Experimental Procedures:

a) Typical procedure (TP-1) for the preparation of indenone-benzohydrazide derivatives 1

R2
0 N-NH
(e} /
/“\ Conc. HCI
* HN< /R >
H MeOH, 30 °C, 12 h
(0] (e}

A 100 mL round bottom flask equipped with a magnetic stir bar and a septum was
sequentially charged with 1,3-indandione (5 mmol), benzhydrazide derivative (1.05 equiv) in
MeOH (50 mL) and Conc. HCI (2-3 drops) at 30 °C and the reaction mixture was stirred for 12
hours. After completion of reaction, filtered the solid by using Bukner funnel. Then washed with
cold MeOH (10 mL), and purified by flash chromatography (MeOH/DCM: 1/100) to furnish the

desired products 1 as solid in almost quantitative yields.

b) Typical procedure (TP-2) for the preparation of phosphorus zwitterion derivatives 3!
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o) o)
yRZ \F
N-NH @N‘NH
/ PhCO,H/pyrrolidi R’
+ RICHO + PBu ,H/pyrrolidine > O‘ ®
THF, 30 °C, time PBus
o o)
1 2 3

up to 92% vyields

A flame dried and nitrogen-flushed 25-mL round bottom flask equipped with a magnetic
stir bar and a septum was sequentially charged with 1 (0.5 mmol), 2 (1.1 equiv), PhCO2H (0.1
equiv) and anhydrous THF (5.0 mL). To this stirred reaction mixture, PBus (1.2 equiv) and
pyrrolidine (0.1 equiv) were added in sequence. The reaction mixture was stirred for 12 hours at
30 °C. Thereafter, solvent was removed by evaporation in vacuo. Purification by flash
chromatography (EtOAc/hexanes: 1/3 then MeOH/DCM: 1/100) furnished the desired products 3

in almost quantitative yields.

Note: 'H, 13C spectra of compounds 1a, 1i, 1j and 'H, '3C, 3'"P NMR spectra of compounds 3a-3j

showed intense broadening and considerable complexity due to their tautomeric and rotameric

equilibria.’

¢) Typical procedure (TP-3) for the preparation of indeno[1,2-b]pyrrole derivatives 6/7:

O 2 3
yRZ R R
ON, OJ\,}IH A

07 "NH
AC N l{l 2
3
PBus R3COCI 5, Et;N R @ R
‘ > \ (or)
R THF, 50 °C, time R R
(0] (o) 9
3 6 7

A dry and argon-flushed 10 mL Schlenk flask equipped with a magnetic stir bar and septum
was sequentially charged with 3 (0.3 mmol), anhydrous THF (3 mL), acyl chloride 5 (1.1 equiv)
and EtsN (1.5 equiv). The reaction mixture was stirred for 1-8 h at 50 °C. After completion of the
reaction, solvent was removed in vacuo and the crude residue was subjected to flash column

chromatography on silica gel to obtain the product 6/7.

d) Typical procedure (TP-4) for the preparation of spiro-indene-1,2'-[1,3,4]oxadiazol

derivatives 8:
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o)
prh yph

Q Ph
N
-NH \ Na
N R'CHO 2/PPh,Me M ® RSXLN \O( 1
PhCO,H/pyrrolidine O‘ PPh,Me R3COCI 5, EtsN _ \\\_ R
THF,30°C, 12h - THF, 50 °C, time
o
1 O 4 g O

A flame dried and nitrogen-flushed 25-mL round bottom flask equipped with a magnetic
stir bar and a septum was sequentially charged with 1 (0.5 mmol), 2 (1.1 equiv), PhCO2H (0.1
equiv) and anhydrous THF (5.0 mL). To this stirred reaction mixture, PPhoMe (1.2 equiv) and
pyrrolidine (0.1 equiv) were added in sequence. The reaction mixture was stirred for 12 hours at
30 °C. Thereafter, solvent with excess volatile substrates were removed by evaporation in vacuo
and dissolved in anhydrous THF (5 mL), acyl chloride 5 (1.5 equiv) and EtsN (2.0 equiv). The
reaction mixture was stirred for 1-4 h at 50 °C. After completion of the reaction, solvent was
removed in vacuo and the crude residue was subjected to flash column chromatography on silica

gel to obtain the product 8.

V. Analvtical data for all new compounds:

(£)-N'-(3-Ox0-2,3-dihydro-1H-inden-1-ylidene)benzohydrazide (1a)

o
HN_

N
/Z;
O

Prepared according to TP-1 from 1,3-Indandione (730.8 mg, 5.0 mmol), benzhydrazide (714.8 mg,
1.05 equiv), in MeOH (50 mL) followed by addition of Conc. HCI (3 drops) at 30 °C for 12 h.
Thereafter, filtration of the reaction mixture and washed with cold MeOH (10 mL). Futher,
purification by flash chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100)
furnished the desired product 1a as green solid (1.21 g, 92%)).

Rr=10.51 (MeOH/DCM: 5/95), mp.: 213.8-214.7 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 10.91 (s, 1H), 8.13 — 7.98 (m, 1H), 7.99 (d, J= 8.1
Hz, 2H), 7.83 (t, /= 8.1 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.60 (t, J =
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7.3 Hz, 1H), 7.53 (pt, J = 7.5 Hz, 2H), 3.69 (s, 2H).
13C NMR (100 MHz, DMSO-ds, 25 °C) &/ppm: 198.4, 164.1, 152.0, 146.4, 138.4, 135.5, 133.7,
131.7, 131.3, 128.6, 128.3, 128.1, 127.5, 122.9, 121.9, 38.7.
IR (KBr) ¥ (cm™!): 3075, 1725, 1698, 1526, 1375, 790.
HRMS (ESI) m/z: [M+H]" Calcd for C16H13N202 265.0977; found: 265.0975.
(£)-4-Chloro-N'-(3-0x0-2,3-dihydro-1H-inden-1-ylidene)benzohydrazide (1i)

Cl

Prepared according to TP-1 from 1,3-Indandione (292.3 mg, 2.0 mmol), 4-chloro benzhydrazide
(358.2 mg, 1.05 equiv), in MeOH (20 mL) followed by addition of Conc. HCI (1 drop) at 30 °C
for 12 h. Thereafter, filtration of the reaction mixture and washed with cold MeOH (5 mL). Futher,
purification by flash chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100)
furnished the desired product 1i as white solid (507.8 mg, 85%).

Rr=0.48 (MeOH/DCM: 5/95), mp.: 254.6-255.7 °C.

'TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 10.96 (s, 1H), 8.07 — 7.97 (m, 1H), 7.92 (d, /= 8.4
Hz, 2H), 7.83 (t, /= 7.5 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.66 (t, J= 7.1 Hz, 1H), 7.60 (d, J =
8.2 Hz, 2H), 3.68 (s, 2H).

13C NMR (100 MHz, DMSO-ds, 25 °C) &/ppm: 198.3, 163.1, 152.5, 146.3, 138.5, 136.5, 135.5,
132.4,131.4, 130.0, 128.4, 122.9, 121.9, 38.8.

IR (KBr) ¥ (cm™!): 3070, 1724, 1672, 1510, 1370, 750.

HRMS (ESI) m/z: [M-H]" Caled for C1sH10N202*°C1 297.0431; found: 297.0434; [M-H]" Calcd
for C16H10N202*7C1 299.0401; found: 299.0408.

(£)-4-Methyl-N'-(3-0x0-2,3-dihydro-1H-inden-1-ylidene)benzohydrazide (1j)

S12



H3C

)
HN_

N
/:E
O

Prepared according to TP-1 from 1,3-Indandione (292.3 mg, 2.0 mmol), 4-methyl benzhydrazide
(300.4 mg, 1.05 equiv), in MeOH (20 mL) followed by addition of Conc. HCI (1 drop) at 30 °C
for 12 h. Thereafter, filtration of the reaction mixture and washed with cold MeOH (10 mL). Futher,
purification by flash chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100)
furnished the desired product 1j as white solid (489.8 mg, 88%).

Rr=0.45 (MeOH/DCM: 5/95), mp.: 218.3-219.3 °C.

'"H NMR (400 MHz, DMSO-ds, 25 °C) &/ppm: 10.81 (s, 1H), 8.01 (brs, 1H), 7.86 — 7.80 (m, 3H),
7.78 (d, J= 7.8 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 3.68 (s, 2H), 2.38 (s,
3H).

I3C NMR (100 MHz, DMSO-ds, 25 °C) 8/ppm: 198.4, 163.9, 151.7, 146.5, 141.7, 138.4, 135.5,
131.3, 130.8, 129.1, 128.8, 128.1, 127.5, 122.9, 121.8, 38.7, 21.0.

IR (KBr) ¥ (cm™!): 3080, 1735, 1680, 1530, 1372, 760.

HRMS (ESI) m/z: [M+H]" Calcd for C17H1sN202 279.1134; found: 279.1133.
1-Benzoyl-2-(2-((4-bromophenyl)(tributylphosphonio)methyl)-1-oxo-1H-inden-3-
yDhydrazin-1-ide (3a)

Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol), 4-bromo benzaldehyde 2a (203.5 mg,
1.1 equiv), PhCO2H (12.2 mg, 0.1 equiv), PBus (318.8 pL (94% purity) 1.2 equiv), 1.2 equiv) and
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pyrrolidine (8.2 pL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 5 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3a as an orange solid (570.2 mg, 90%).

Rr=0.33 (MeOH/DCM: 20/100), mp.: 136.6-140.0 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 11.18 (brs, 1H), 8.12 (dd, J = 6.9, 3.1 Hz, 2H), 7.58
(dd, J= 8.6, 1.8 Hz, 2H), 7.47 (pt, J= 7.7 Hz, 4H), 7.44 — 7.39 (m, 4H), 7.36 (dd, J= 7.3, 1.3 Hz,
1H), 7.33 (td, J= 7.4, 1.9 Hz, 1H), 2.41 —2.10 (m, 6H), 1.54 — 1.30 (m, 12H), 0.82 (t, J = 7.1 Hz,
9H).

3BC NMR (100 MHz, CDCl3, 25 °C) &/ppm: 188.5, 168.1, 151.1, 137.9, 136.4, 135.7, 135.1, 132.3,
131.52, 131.48, 129.8, 129.5, 129.3, 127.6, 127.1, 122.35, 122.32, 119.6, 117.2, 94.7, 35.9, 35.5,
24.1,23.91, 23.85,20.4, 19.9, 13.1.

3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 34.8.

IR (KBr) ¥ (cm™!): 3450, 2962, 1730, 1644, 1579, 1526, 1379.

HRMS (ESI) m/z: [M+H]" Caled for C3sHa3””BrN202P 633.2246; found: 633.2245; . [M+H]"
Calcd for C3sH433'BrN202P 635.2225; found: 635.2234.
1-Benzoyl-2-(2-((4-chlorophenyl)(tributylphosphonio)methyl)-1-oxo-1H-inden-3-
yDhydrazin-1-ide (3b)

Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol),4-chloro benzaldehyde 2b (154.6 mg,
1.1 equiv), PhCO2H (12.2 mg, 0.1 equiv), PBu3 (318.8 puL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 pL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 4 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3b as an orange solid (538.6 mg, 85%).

Rr=0.3 (MeOH/DCM: 20/100), mp.: 123.4-123.8 °C.

TH NMR (400 MHz, CDCI3, 25 °C) &/ppm: 11.24 (brs, 1H), 8.13 (dd, J = 6.8, 2.4 Hz, 2H), 7.64
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(dd, J=8.7, 2.2 Hz, 2H), 7.46 (t, J = 7.8 Hz, 2H), 7.44 — 7.39 (m, 3H), 7.37 (t, J = 7.3 Hz, 2H),
7.34 —7.30 (m, 3H), 2.45 - 2.10 (m, 6H), 1.55—-1.30 (m, 12H), 0.82 (t, /= 7.1 Hz, 9H).

I3C NMR (100 MHz, CDCl3, 25 °C) 8/ppm: 188.4, 168.1, 150.9, 138.0, 136.4, 135.7, 134.6,
134.18, 134.15, 131.20, 131.16, 129.8, 129.4, 129.3, 129.2, 127.6, 127.1, 119.6, 117.0, 94.7, 35.9,
35.4,24.0,23.89, 23.83,20.4, 19.9, 13.1.

3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 34.4.

IR (KBr) ¥ (cm™1): 3441, 3230, 2958, 1666, 1576, 1379, 1294.

HRMS (ESI) m/z: [M+H]" Calcd for C35H43*CIN202P 589.2751; found: 589.2750; [M+H]* Calcd
for C3sH43*"CIN202P 591.2721; found: 591.2740.
1-Benzoyl-2-(2-((4-nitrophenyl)(tributylphosphonio)methyl)-1-oxo-1H-inden-3-yl)hydrazin-
1-ide (3¢)

NO,

Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol), 4-nitro benzaldehyde 2¢ (166.2 mg, 1.1
equiv), PhCO2H (12.2 mg, 0.1 equiv), PBus (318.8 puL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 uL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 6 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3¢ as an orange solid (533.7 mg, 89%).

Rr=0.23 (MeOH/DCM: =20/100), mp.: 124.6-125 °C.

TH NMR (400 MHz, CDCls, 25 °C) &/ppm: 11.22 (brs, 1H), 8.16 (d, J= 8.7 Hz, 2H), 8.08 (d, J =
7.4 Hz, 2H), 7.89 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 7.3 Hz, 2H), 7.45 (d, /= 7.4 Hz, 1H), 7.43 —
7.36 (m, 4H), 7.31 (pt, J = 7.3 Hz, 1H), 2.46 — 2.30 (m, 3H), 2.30 — 2.14 (m, 3H), 1.52 — 1.32 (m,
12H), 0.81 (t, J= 6.8 Hz, 9H).

3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 188.4, 168.0, 151.1, 147.2, 143.6, 137.5, 136.0, 135.3,
130.72, 130.68, 129.9, 129.5, 129.4, 127.6, 126.9, 124.1, 119.7, 117.2,93.8, 36.3, 35.9, 23.9, 23.76,
23.71,20.3, 19.9, 13.0.
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3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 35.6.

IR (KBr) v (cm™'): 3441, 2092, 1638, 1549, 1524, 1346.

HRMS (ESI) m/z: [M+H]" Calcd for C35sHa3N304P 600.2991; found: 600.2994.
1-Benzoyl-2-(2-((4-methoxyphenyl)(tributylphosphonio)methyl)-1-0xo-1H-inden-3-
yD)hydrazin-1-ide (3d)

0]

ON,
NH ®

O ‘ PBus
o
OMe

Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol), 4-methoxy benzaldehyde 2d (133.8 uL,
1.1 equiv), PhCO2H (12.2 mg, 0.1 equiv), PBu3 (318.8 puL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 uL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 4.5 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3d as orange solid (538.0 mg, 92%).
Rr=0.18 (MeOH/DCM: 20/100), mp.: 145.5-145.9 °C.
TH NMR (400 MHz, CDCls, 25 °C) &/ppm: 11.15 (brs, 1H), 8.15 (d, J= 3.6 Hz, 2H), 7.55 (d, J =
7.6 Hz, 2H), 7.46 (pt, J = 6.9 Hz, 2H), 7.42 — 7.37 (m, 3H), 7.35 (t, J= 7.5 Hz, 1H), 7.33 — 7.26
(m, 2H), 7.14 (d, J= 7.8 Hz, 2H), 2.30 (s, 3H), 2.29 — 2.13 (m, 6H), 1.48 — 1.30 (m, 12H), 0.80 (t,
J=6.9 Hz, 9H).
I3C NMR (100 MHz, CDCl3, 25 °C) 8/ppm: 188.6, 167.9, 151.2, 138.0, 136.6, 135.9, 132.8,
129.84, 129.82, 129.69, 129.65, 129.3, 129.1, 127.6, 127.2, 119.4, 117.0, 95.5, 35.9, 35.5, 24.1,
23.9,23.8,21.0,20.4,19.9, 13.1.
3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 34.6.
IR (KBr) ¥ (cm™1): 3217, 2962, 1650, 1579, 1526, 1381, 1292.
HRMS (ESI) m/z: [M+H]" Calcd for C36HasN203P 585.3246; found: 585.3245.
1-Benzoyl-2-(1-0xo-2-(phenyl(tributylphosphonio)methyl)-1H-inden-3-yl)hydrazin-1-ide (3e)
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0]

ON,
NH ®

O ' PBU3
o ()

Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol), benzaldehyde 2e (111.8 pL, 1.1 equiv),
PhCO2H (12.2 mg, 0.1 equiv), PBus (318.8 uL (94% purity), 1.2 equiv) and pyrrolidine (8.2 pL,
0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 5 h. Purification by flash chromatography (SiOz2,
EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired product 3e as an orange
solid (471.5 mg, 85%).

Rr=0.28 (MeOH/DCM: 20/100), mp.: 113.6-114 °C.

TH NMR (400 MHz, CDCls, 25 °C) 8/ppm: 11.24 (brs, 1H), 8.15 (d, J= 7.3 Hz, 2H), 7.67 (d, J =
7.2 Hz, 2H), 7.47 (d, J=7.1 Hz, 1H), 7.44 (d, J = 7.2 Hz, 1H), 7.42 — 7.38 (m, 3H), 7.33 (t, J =
7.2 Hz, 4H), 7.30 — 7.24 (m, 2H), 2.42 — 2.05 (m, 6H), 1.48 — 1.22 (m, 12H), 0.78 (t, /= 6.8 Hz,
9H).

13C NMR (100 MHz, CDCls, 25 °C) &/ppm: 188.7, 167.9, 151.4, 137.8, 136.4, 135.9, 129.72,
129.67, 129.3, 129.13, 129.11, 128.1, 127.5, 127.1, 119.5, 117.0, 95.3, 36.3, 35.8, 23.96, 23.81,
23.77,23.72,20.3, 19.8, 13.0.

3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 34.9.

IR (KBr) v (cm™): 3441, 2962, 1642, 1572, 1524, 1381.

HRMS (ESI) m/z: [M+H]" Calcd for C35sH44N202P 555.3140; found: 555.3141.
1-Benzoyl-2-(2-((3-chlorophenyl)(tributylphosphonio)methyl)-1-0xo-1H-inden-3-
yD)hydrazin-1-ide (3f)



Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol), 3-chloro benzaldehyde 2f (124.6 uL,
1.1 equiv), PhCO2H (12.2 mg, 0.1 equiv), PBu3 (318.8 uL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 uL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 5 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3f as an orange solid (494.9 mg, 84%).

Rr=0.23 (MeOH/DCM: 20/100), mp.: 110.4-110.8 °C.

TH NMR (400 MHz, CDCls, 25 °C) 8/ppm: 11.16 (brs, 1H), 8.11 (d, J= 6.7 Hz, 2H), 7.69 (s, 1H),
7.58 (s, 1H), 7.47 (d, J= 7.2 Hz, 1H), 7.44 (d, /= 7.0 Hz, 1H), 7.42 — 7.30 (m, 6H), 7.28 — 7.26
(m, 2H), 2.35 - 2.10 (m, 6H), 1.47 — 1.26 (m, 12H), 0.78 (t, J = 6.8 Hz, 9H).

13C NMR (100 MHz, CDCls, 25 °C) &/ppm: 188.7, 168.1, 151.3, 138.0, 137.8, 136.2, 135.7,
134.86, 134.84, 130.40, 130.38, 129.8, 129.5, 129.2, 128.3, 128.02, 127.98, 127.6, 127.1, 119.6,
117.1,94.5, 36.0, 35.6, 23.9, 23.79, 23.74, 20.3, 19.8, 13.0.

3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 35.3.

IR (KBr) ¥ (cm™): 3432, 2087, 1640, 1520, 1471, 1384.

HRMS (ESI) m/z: [M+H]" Calcd for C3sHa3CIN202P 589.2751; found: 589.2748; [M+H]" Calcd
for C35sHa3*’CIN202P 591.2721; found: 591.2740.
1-Benzoyl-2-(2-((2-chlorophenyl)(tributylphosphonio)methyl)-1-oxo-1H-inden-3-
ylDhydrazin-1-ide (3g)

Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol), 2-chloro benzaldehyde 2g (123.70 pL,
1.1 equiv), PhACO2H (12.2 mg, 0.1 equiv), PBus (318.8 uL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 puL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 5.5 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3g as an orange solid (471.3 mg, 80%).

Rr=0.18 (MeOH/DCM: 20/100), mp.: 136.8-137.2 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 11.50 (brs, 1H), 8.42 (d, /= 8.3 Hz, 1H), 8.21 (d,J=
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7.7 Hz, 2H), 7.74 (d, J= 18.1 Hz, 1H), 7.48 (t, J= 7.3 Hz, 2H), 7.42 — 7.30 (m, 6H), 7.26 (pt, J =
7.8 Hz, 1H), 7.19 (t, J="7.8 Hz, 1H), 2.45 —2.25 (m, 6H), 1.50 — 1.30 (m, 12H), 0.79 (t, /= 6.7
Hz, 9H).

3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 188.7, 168.7, 150.4, 137.8, 136.3, 135.8, 134.2, 133.5,
132.78,132.72,129.9,129.7, 129.3, 129.1, 127.6, 127.3, 119.5, 116.9, 94.2, 33.2, 32.8, 24.0, 23.9,
23.77,23.73, 20.6, 20.2, 13.1.

3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 37.9.

IR (KBr) ¥ (cm™!): 3446, 2070, 1633, 1576, 1465, 1377.

HRMS (ESI) m/z: [M+H]" Calcd for C35sH43CIN202P 589.2751; found: 589.2748; [M+H]" Calcd
for C3sH43*’CIN202P 591.2721; found: 591.2733
1-Benzoyl-2-(2-((2-methoxyphenyl)(tributylphosphonio)methyl)-1-oxo-1H-inden-3-
yDhydrazin-1-ide (3h)

Prepared according to TP-2 from 1 (264.3 mg, 1.0 mmol), 2-methoxy benzaldehyde 2h (132.9 uL,
1.1 equiv), PhCO2H (12.2 mg, 0.1 equiv), PBu3 (318.8 puL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 uL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 6 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3h as an orange solid (479.5 mg, 82%).

Rr=0.18 (MeOH/DCM: 20/100), mp.: 145.5-145.9 °C.

TH NMR (400 MHz, CDCls, 25 °C) &/ppm: 11.26 (brs, 1H), 8.25 (d, J= 7.5 Hz, 2H), 8.03 (d, J =
8.3 Hz, 1H), 7.77 (d, J = 19.2 Hz, 1H), 7.48 (t, J = 7.3 Hz, 2H), 7.40 — 7.34 (m, 4H), 7.32 (d, J =
7.5 Hz, 1H), 7.22 (t, J= 7.6 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H), 6.85 (d, J = 8.3 Hz, 1H), 3.81 (s,
3H), 2.38 = 2.10 (m, 6H), 1.45 — 1.25 (m, 12H), 0.76 (t, J = 7.0 Hz, 9H).

13C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 189.3, 167.8, 155.72, 155.67, 150.8, 137.9, 136.4,
136.0, 132.72, 132.69, 129.5, 129.19, 129.14, 129.11, 128.98, 127.38, 127.30, 124.0, 121.63,
121.60, 119.3, 116.8, 110.5, 95.5, 55.3, 28.9, 28.4, 34.06, 23.92, 23.73, 23.68, 20.7, 20.3, 13.1.
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3P NMR (161 MHz, CDCls, 25 °C) 8/ppm: 36.5.
IR (KBr) ¥ (cm™!): 3428, 2307, 1640, 1580, 1555, 1388.
HRMS (ESI) m/z: [M+H]" Calcd for C36Ha6N203P 585.3246; found: 585.3245.
2-(2-((4-Bromophenyl)(tributylphosphonio)methyl)-1-oxo-1H-inden-3-yl)-1-(4-
chlorobenzoyl)hydrazin-1-ide (3i)

Cl

Prepared according to TP-2 from 1b (298.7 mg, 1.0 mmol), 4-bromo benzaldehyde 2i (203.5 mg,
1.1 equiv), PhCO2H (12.2 mg, 0.1 equiv), PBu3 (318.8 pL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 pL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 5 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3i as an orange solid (574.5 mg, 86%).

Rr=0.28 (MeOH/DCM: 20/100), mp.: 116.8-117.2 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 10.99 (brs, 1H), 8.04 (d, J= 7.6 Hz, 2H), 7.53 (d, J =
8.6 Hz, 2H), 7.51 — 7.44 (m, 4H), 7.37 (d, J = 8.1 Hz, 4H), 7.23 (d, /= 17.9 Hz, 1H), 2.38 — 2.13
(m, 6H), 1.50 — 1.35 (m, 12H), 0.83 (t, J = 6.8 Hz, 9H).

13C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 188.8, 167.2, 151.3, 136.6, 136.3, 135.7, 135.0, 132.4,
131.45, 131.41, 130.0, 129.7, 128.5, 127.8, 122.49, 122.46, 119.7, 117.2, 94.7, 36.0, 35.6, 24.12,
23.97,23.92,20.4,20.0, 13.2.

3P NMR (161 MHz, CDCls, 25 °C) &/ppm: 34.8.

IR (KBr) v (cm™1): 3432, 2962, 2360, 1649, 1574, 1458, 1320.

HRMS (ESI) m/z: [M+H]" Calcd for C3sH42"’Br*>CIN202P 667.1856; found: 667.1857; [M+H]*
Caled for C3sHa2”Br’CIN202P  669.1835; found: 668.1842; [M+H]" Caled for
C3sHa2¥'Br>CIN202P  669.1835; found: 688.1842 [M+H]" Calcd for CssH42®'Br’’CIN.O2P
671.1806; found: 671.1829.
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2-(2-((4-Bromophenyl)(tributylphosphonio)methyl)-1-oxo-1H-inden-3-yl)-1-(4-
methylbenzoyl)hydrazin-1-ide (3j)
H3C

Prepared according to TP-2 from 1¢ (278.3 mg, 1.0 mmol), 4-bromo benzaldehyde 2j (203.5 mg,
1.1 equiv), PhCO2H (12.2 mg, 0.1 equiv), PBu3 (318.8 pL (94% purity), 1.2 equiv) and pyrrolidine
(8.2 pL, 0.1 equiv) in anhydrous THF (10 mL) at 30 °C for 5 h. Purification by flash
chromatography (SiO2, EtOAc/hexanes: 1/2 and then MeOH/DCM: 1/100) furnished the desired
product 3j as an orange solid (582.6 mg, 90%).

Rr=0.15 (MeOH/DCM: 20/100), mp.: 139.4-139.8 °C.

TH NMR (400 MHz, CDCl;, 25 °C) &/ppm: 8.01 (d, J= 7.9 Hz, 2H), 7.57 (d, /= 8.1 Hz, 2H), 7.46
(d, J= 8.1 Hz, 4H), 7.39 — 7.30 (m, 3H), 7.20 (d, J = 7.9 Hz, 2H), 2.40 (s, 3H), 2.36 —2.13 (m,
6H), 1.50 — 1.30 (m, 12H), 0.82 (t, /= 6.8 Hz, 9H).

I3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 188.4, 168.2, 150.9, 139.3, 136.5, 135.7, 135.2, 132.3,
131.58,131.54,129.8, 129.5,128.4,127.1,122.4,119.6, 117.9,94.7, 36.1, 35.6, 24.1, 23.95, 23.90,
21.4,20.4,19.9,13.2.

3P NMR (161 MHz, CDCls, 25 °C) &/ppm: 34.7.

IR (KBr) v (cm™1): 3424, 2958, 2325, 1614, 1574 1465.

HRMS (ESI) m/z: [M+H]" Caled for CssHas”’BrN202P 647.2402; found: 647.2404; [M+H]"
Calcd for C36Has®'BrN202P 649.2382; found: 649.2393.
N-(3-(4-Bromophenyl)-4-oxo-2-phenylindeno|[1,2-b|pyrrol-1(4H)-yl)benzamide (6aa)
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Following the TP-3, 6aa was obtained from 3a (190.2 mg, 0.3 mmol), benzoyl chloride Sa (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 85:15) to give as an orange solid (137.1 mg, 88% yield).
Ry=0.53 (EtOAc:Hexanes =1:2); mp = 220.3-221.0 °C.
TH NMR (400 MHz, CDCls, 25 °C) &/ppm: 9.23 (s, 1H), 7.64 (d, J=7.9 Hz, 2H), 7.55 (t, J=7.3
Hz, 1H), 7.38 (t, /= 7.8 Hz, 2H), 7.31 (td, /= 7.1, 2.3 Hz, 1H), 7.28 — 7.26 (m, 1H), 7.25 — 7.24
(m,1H), 7.23 (d,J=2.5 Hz, 4H), 7.22 — 7.19 (m, 3H), 6.99 (t,J= 7.4 Hz, 1H), 6.94 (t, /= 7.2 Hz,
1H), 6.65 (d, J=7.0 Hz, 1H).
I3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 186.3, 166.6, 151.4, 139.0, 136.3, 134.0, 133.2, 132.8,
131.2,131.1, 130.7, 130.5, 130.3, 129.1, 128.9, 128.4, 127.3, 123.4, 120.8, 119.4, 119.2, 117.1.
IR (KBr) ¥ (cm™1): 3239, 2923, 1721, 1699, 1675, 1493, 1278, 1072, 893, 755.
HRMS (ESI) m/z: [M+H]" Calcd for C30H20’BrN202 519.0708; found: 519.0706; [M+H]" Calcd
for C30H208'BrN202 521.0688; found: 521.0690.
General procedure for the gram-scale preparation of indenopyrrole derivative 6aa:
0
@'\?,Ph

‘NH ® PhCOCI 5a, Et3N

O‘ PBus THF, 50°C, 4 h

3a 6aa

A dry and argon-flushed 100 mL Schlenk flask equipped with a magnetic stir bar and septum was
sequentially charged with 3a (1.267 g, 2 mmol), anhydrous THF (20 mL), benzoyl chloride 5a
(256 uL, 1.1 equiv) and EtsN (400 pL, 1.5 equiv). The reaction mixture was stirred for 4 h at 50
°C. After completion of the reaction, solvent was removed in vacuo and the crude residue was
subjected to flash column chromatography (SiO2, Hexanes/EtOAc= 85:15) to give the product 6aa
in 87% yield (0.903 g).
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General procedure for the preparation of indenopyrrole derivative 6aa from spiro-indene-

1,2'-[1,3,4]oxadiazol 8aa:

Ph

PBus (1.1 equiv) O™ 'NH
EtsN (1.5 equiv) N =T
[
THF, 50°C, 4 h
o)
6aa (75%)

Br

A dry and argon-flushed 10 mL Schlenk flask equipped with a magnetic stir bar and septum was
sequentially charged with 8aa (107.1 mg, 0.2 mmol), anhydrous THF (2 mL), PBus (54.3 pL, 1.1
equiv) and Et3N (40.0 pL, 1.5 equiv). The reaction mixture was stirred for 4 h at 50 °C. After
completion of the reaction, solvent was removed in vacuo and the crude residue was subjected to
flash column chromatography (Si02, Hexanes/EtOAc= 85:15) to give the product 6aa in 75% yield
(78.0 mg).

N-(3-(4-Chlorophenyl)-4-oxo-2-phenylindeno|[1,2-b]pyrrol-1(4H)-yl)benzamide (6ba)

Following the TP-3, 6ba was obtained from 3b (176.7 mg, 0.3 mmol), benzoyl chloride 5a (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 85:15) to give as an orange solid (133.9 mg, 94% yield).
Ry=0.55 (EtOAc:Hexanes =1:2); mp = 145.9-146.5 °C.

TH NMR (400 MHz, CDCls, 25 °C) &/ppm: 9.79 (s, 1H), 7.60 (d, J= 7.9 Hz, 2H), 7.49 (t, J=7.4
Hz, 1H), 7.31 (d, /= 7.6 Hz, 2H), 7.30-7.14 (m, 7H), 7.09 (d, /= 7.0 Hz, 1H), 7.0 (d, J = 8.6 Hz,
2H), 6.97-6.82 (m, 2H), 6.55 (d, /= 6.80 Hz, 1H).

I3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 186.4, 166.8, 151.3,138.9, 136.4, 133.9, 133.1, 132.7,
132.5, 130.7, 130.6, 130.4, 130.0, 129.1, 129.0, 128.8, 128.3, 128.1, 127.3, 123.3, 119.3, 119.1,
117.0.

IR (KBr) ¥ (cm™1): 3243, 2914, 1730, 1701, 1670, 1607, 1493, 1092, 850, 740.
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HRMS (ESI) m/z: [M+H]" Calcd for C30H20°>CIN202 475.1213; found: 475.1213; [M+H]" Calcd
for C30H20°"CIN202 477.1184; found: 477.1197.
N-(3-(4-Nitrophenyl)-4-oxo-2-phenylindeno[1,2-b]pyrrol-1(4H)-yl)benzamide (6ca)

NO,
Following the TP-3, 6¢ca was obtained from 3¢ (179.9 mg, 0.3 mmol), benzoyl chloride Sa (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 82:18) to give as an orange solid (126.7 mg, 87% yield).
Ry=0.43 (EtOAc:Hexanes =1:2); mp = 161.4-161.9 °C.
TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 12.24 (s, 1H), 8.13 (d, J = 8.8 Hz, 2H), 7.80 (d, J
=17.5 Hz, 2H), 7.65 (d, /= 8.8 Hz, 3H), 7.55 (t,J = 7.5 Hz, 2H), 7.48-7.40 (m, 4H), 7.40-7.32 (m,
3H), 7.24 (t,J=7.6 Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H).
13C NMR (100 MHz, DMSO-ds, 25 °C) &/ppm: 184.9, 166.1, 151.3, 145.8, 139.3, 138.4, 138.1,
133.7, 133.5, 133.0, 130.8, 130.2, 129.4, 129.1, 128.9, 128.4, 127.5, 123.5, 118.0, 117.6, 117.1.
IR (KBr) ¥ (cm™!): 2914, 2848, 1735, 1682, 1596, 1342, 1285, 1008, 890, 750.
HRMS (ESI) m/z: [M+H]" Calcd for C30H20N304 486.1454; found: 486.1454
N-(3-(4-Methoxyphenyl)-4-oxo-2-phenylindeno[1,2-b]pyrrol-1(4H)-yl)benzamide (6da)

Following the TP-3, 6da was obtained from 3d (175.5 mg, 0.3 mmol), benzoyl chloride Sa (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 88:12) to give as an orange solid (90.3 mg, 64% yield).
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Ry=0.60 (EtOAc:Hexanes =1:2); mp = 157.6-160.0 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 12.11 (brs. 1H), 7.79 (d, J = 8.3 Hz, 2H), 7.64 (t,
J="17.2Hz, 1H), 7.54 (pt, J= 7.6 Hz, 2H), 7.42 — 7.34 (m, 4H), 7.34 — 7.26 (m, 5H), 7.19 (t, J =
7.3 Hz, 1H), 7.06 (d, /= 7.9 Hz, 2H), 6.90 (d, J = 7.3 Hz, 1H), 2.26 (s, 3H).

13C NMR (100 MHz, DMSO-ds, 25 °C) 8/ppm: 185.0, 166.1, 150.3, 138.5, 136.18, 136.11, 133.8,
133.3, 132.7, 130.3, 129.4, 128.8, 128.7, 128.5, 128.3, 127.5, 123.1, 119.2, 118.0, 117.2, 20.7.
IR (KBr) ¥ (cm™!): 3314, 2914, 2848, 1734, 1665, 1471, 1178, 880, 750.

HRMS (ESI) m/z: [M+H]" Calcd for C31H23N203 471.1709; found: 471.1707.
N-(4-Oxo0-2,3-diphenylindeno|[1,2-b]pyrrol-1(4H)-yl)benzamide (6ea)

Following the TP-3, 6ea was obtained from 3e (166.2 mg, 0.3 mmol), benzoyl chloride Sa (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 85:15) to give as an orange solid (71.4 mg, 54% yield).
Rr=0.53 (EtOAc:Hexanes =1:2); mp = 268.2-268.6 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) &/ppm: 12.12 (s, 1H), 7.79 (d, J = 7.6 Hz, 2H), 7.65 (t, J
=7.5Hz, 1H), 7.55 (t, J=7.4 Hz, 2H), 7.42 (t, J = 1.7 Hz, 1H), 7.41-7.36 (m, 5H), 7.36-7.30 (m,
3H), 7.26 (tt, J=7.5, 1.6 Hz, 2H), 7.20 (t, J= 7.7 Hz, 2H), 6.92 (d, /= 7.2 Hz, 1H).

I3C NMR (100 MHz, DMSO-ds, 25 °C) &/ppm: 185.0, 166.0, 150.5, 138.4, 136.5, 133.8, 133.4,
132.8,132.2,130.9, 130.3, 129.2, 128.9, 128.8, 128.64, 128.57, 128.3, 128.1, 127.5, 126.9, 123.2,
119.2, 118.0, 117.2.

IR (KBr) v (cm™1): 3340, 2914, 1734, 1699, 1660, 1469, 1053, 890, 740.

HRMS (ESI) m/z: [M+H]" Caled for C30H21N202 441.1603; found: 441.1600.
N-(3-(3-Chlorophenyl)-4-oxo-2-phenylindeno|[1,2-b]pyrrol-1(4H)-yl)benzamide (6fa)
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Following the TP-3, 6fa was obtained from 3f (176.7 mg, 0.3 mmol), benzoyl chloride 5a (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 90:10) to give as an orange solid (67.0 mg, 47% yield).
Ry=0.56 (EtOAc:Hexanes =2:8); mp = 125.9-126.5 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) &/ppm: 12.16 (s, 1H), 7.79 (dd, J = 8.1, 1.6 Hz, 2H), 7.65
(tt,J=7.6,1.5Hz, 1H), 7.56 (d,J= 7.9 Hz, 1H), 7.52 (t, J= 1.4 Hz, 2H), 7.42 (td, /= 6.8, 2.0 Hz,
4H), 7.38 — 7.32 (m, 3H), 7.31 — 7.25 (m, 3H), 7.23 (t, /= 7.8 Hz, 1H), 6.94 (d, J = 7.3 Hz, 1H).
13C NMR (100 MHz, DMSO-ds, 25 °C) &/ppm: 185.0, 166.0, 150.7, 138.2, 137.2, 134.4, 133.6,
133.5,132.9,130.8, 130.3, 129.9, 129.2, 128.9, 128.84, 128.77, 127.9, 127.5, 126.7, 126.6, 123 .4,
117.8,117.6, 117.4.

IR (KBr) ¥ (cm™): 3230, 2914, 2848, 1720, 1701, 1665, 1598, 1465, 1280, 1050, 850, 760.
HRMS (ESI) m/z: [M+H]" Calcd for C30H20°>CIN202 475.1213; found: 475.1210; [M+H]" Calcd
for C30H20*"CIN202 477.1184; found: 477.1197.
N-(3-(4-Bromophenyl)-4-oxo-2-phenylindeno[1,2-b]pyrrol-1(4H)-yl)-4-chlorobenzamide
(6ia)

Cl

Following the TP-3, 6ia was obtained from 3i (200.4 mg, 0.3 mmol), benzoyl chloride 5a (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 85:15) to give as an orange solid (137.9 mg, 83% yield).
Ryr=0.55 (EtOAc:Hexanes =1:2); mp = 173.2-173.8 °C.
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TH NMR (400 MHz, CDCls, 25 °C) 8/ppm: 9.83 (brs, 1H), 7.54 (d, J = 8.2 Hz, 2H), 7.28 (d, J =
8.5 Hz, 3H), 7.21 (t,J=7.6 Hz, 2H), 7.17 — 7.11 (m, 6H), 7.07 (d, J= 7.0 Hz, 1H), 6.92 (t, /= 7.6
Hz, 1H), 6.85 (t, J= 7.4 Hz, 1H), 6.54 (d, /= 7.1 Hz, 1H).

13C NMR (100 MHz, CDCl3, 25 °C) 8/ppm: 186.6, 165.8, 151.4, 139.6, 138.8, 136.4, 133.8, 132.8,
131.0,130.4, 130.2, 129.3,129.1, 128.96, 128.85, 128.79, 128.4, 123.4, 120.8, 119.4, 119.0, 117.0,
IR (KBr) v (cm™): 3239, 2918, 1735, 1704, 1612, 1493, 1298, 1080, 860, 755.

HRMS (ESI) m/z: [M+H]" Calcd for C30H19”’Br*>CIN202 553.0318; found: 553.0316; [M+H]"
Calcd for C30H198'Br*>CIN202 555.0298; found: 555.0297; [M+H]" Calcd for C30H19”°Br’’CIN202
555.0298; found: 555.0297; [M+H]* Calcd for C30H19*'Br*’CIN202 557.02680; found: 557.0282.
N-(3-(4-Bromophenyl)-4-oxo-2-phenylindeno[1,2-b]pyrrol-1(4H)-yl)-4-methylbenzamide
(6ja)

CHj

Following the TP-3, 6ja was obtained from 3j (194.1 mg, 0.3 mmol), benzoyl chloride Sa (38.3
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 85:15) to give as an orange solid (126.4 mg, 79% yield).
Ry=0.55 (EtOAc:Hexanes =1:2); mp = 161.2-161.5 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 9.3 (brs, 1H), 7.53 (d, J = 7.9 Hz, 2H), 7.28 (d, J
=7.2 Hz, 1H), 7.25 - 7.22 (m, 5H), 7.20 (pt, J = 7.4 Hz, 4H), 7.14 (d, J = 7.8 Hz, 2H), 6.96 (pt, J
=7.4 Hz, 1H), 6.92 (t,J = 7.3 Hz, 1H), 6.62 (d, J= 6.8 Hz, 1H), 2.35 (s, 3H).

3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 186.3, 166.7, 151.4, 144.0, 139.0, 136.4, 134.0, 132.7,
131.3, 131.0, 130.5, 130.3, 129.6, 129.1, 128.9, 128.8, 128.3, 127.7, 127.4, 123.3, 120.7, 119.3,
119.0, 117.0, 21.5.

IR (KBr) ¥ (cm™'): 3248, 2918, 2848, 1735, 1699, 1635, 1498, 1274, 865, 750.

HRMS (ESI) m/z: [M+H]" Calcd for C31H2:’BrN20: 533.0865; found: 533.0861; [M+H]" Calcd
for C31H22*'BrN202 535.0844; found: 535.0839.
N-(2,3-Bis(4-bromophenyl)-4-oxoindeno[1,2-b]pyrrol-1(4H)-yl)benzamide (6ab)
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Following the TP-3, 6ab was obtained from 3a (190.2 mg, 0.3 mmol), 4-bromo benzoyl chloride
5b (72.4 mg, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 88:12) to give as an orange solid (149.0 mg, 83% yield).
Ry=0.60 (EtOAc:Hexanes =1:2); mp = 251.0-251.4 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 12.20 (s, 1H), 7.85 (d, J = 7.6 Hz, 2H), 7.67 (t, J
=7.2 Hz, 1H), 7.61 (d, J= 8.4 Hz, 2H), 7.57 (t, J=7.8 Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 7.40 (d,
J=7.2Hz, 1H), 7.38-7.31 (m, 3H), 7.28 (d, J = 8.4 Hz, 2H), 7.21 (t,J= 7.5 Hz, 1H), 6.96 (d, J =
7.3 Hz, 1H).

13C NMR (100 MHz, DMSO-ds, 25 °C) 8/ppm: 184.9, 166.1, 150.8, 138.3, 135.4, 133.6, 133.5,
133.0, 132.2, 131.8, 131.2, 130.7, 130.4, 129.0, 128.9, 128.0, 127.5, 123.3, 122.5, 120.3, 118.3,
118.0, 117.4.

IR (KBr) v (cm™1): 3235, 2923, 1725, 1697, 1660, 1493, 1278, 1075, 865, 755.

HRMS (ESI) m/z: [M+H]" Calcd for C30H19”"Br2N202 596.9813; found: 596.9812; [M+H]* Calcd
for C30H19”°Br®'BrN202 598.9793; found: 598.9794; [M+H]" Calcd for C30H19%'BraN202 600.9772;
found: 600.9780.
N-(3-(4-Bromophenyl)-2-(4-chlorophenyl)-4-oxoindeno[1,2-b]pyrrol-1(4H)-yl)benzamide
(6ac)

Following the TP-3, 6ac was obtained from 3a (190.2 mg, 0.3 mmol), 4-chloro benzoyl chloride
5c (42.3 uL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
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chromatography (SiO2, Hexanes/EtOAc= 85:15) to give as an orange solid (137.9 mg, 83% yield).
Rr=0.55 (EtOAc:Hexanes =1:2); mp = 151.4-151.8 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 12.21 (s, 1H), 7.82 (d, J = 7.6 Hz, 2H), 7.67 (t, J
=17.2 Hz, 1H), 7.57 (t, J= 7.8 Hz, 2H), 7.51 (t, J= 1.8 Hz, 1H), 7.49 (t, J= 2.2 Hz, 2H), 7.47 (t, J
=2.2 Hz, 1H), 7.40 (d, J= 7.1 Hz, 1H), 7.37-7.30 (m, 5H), 7.22 (t, /= 7.5 Hz, 1H), 6.94 (d, J =
7.1 Hz, 1H).

13C NMR (100 MHz, DMSO-ds, 25 °C) 8/ppm: 184.9, 166.1, 150.8, 138.3, 135.4, 133.8, 133.6,
133.0, 132.0, 131.3, 130.4, 129.01, 128.95, 127.68, 127.56, 123.4, 120.3, 118.4, 118.0, 117.5.

IR (KBr) v (cm™1): 3428, 2923, 1760, 1699, 1640, 1493, 1276, 1092, 888, 756.

HRMS (ESI) m/z: [M+H]" Calcd for C30H19”’Br**CIN202 553.0318; found: 553.0320; [M+H]"
Calcd for C30H19”°Br’’CIN202 555.0298; found: 555.0301; [M+H]" Calcd for C30H19*' Br**CIN202
555.0298; found: 555.0301; [M+H]" Calcd for C30H19*'Br*’CIN202 557.0268; found: 557.0283.
General procedure for the preparation of indenopyrrole derivative 6ac from spiro-indene-

1,2'-[1,3,4]oxadiazol 8ac:

PBuj; (1.1 equiv)
Et3N (1.5 equiv)

THF,50°C,5h

6ac (69%) Br

A dry and argon-flushed 10 mL Schlenk flask equipped with a magnetic stir bar and septum was
sequentially charged with 8ac (114.0 mg, 0.2 mmol), anhydrous THF (2 mL), PBus3 (54.3 uL, 1.1
equiv) and Et3N (40.0 pL, 1.5 equiv). The reaction mixture was stirred for 5 h at 50 °C. After
completion of the reaction, solvent was removed in vacuo and the crude residue was subjected to
flash column chromatography (SiO2, Hexanes/EtOAc= 85:15) to give the product 6ac in 69% yield
(76.5 mg).

N-(3-(4-Bromophenyl)-2-(4-fluorophenyl)-4-oxoindeno[1,2-b|pyrrol-1(4H)-yl)benzamide
(6ad)
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Following the TP-3, 6ad was obtained from 3a (190.2 mg, 0.3 mmol), 4-fluoro benzoyl chloride
5d (39 pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 85:15) to give as an orange solid (130.6 mg, 81% yield).
Ry=0.52 (EtOAc:Hexanes =1:2); mp = 138.8-139.2 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 9.22 (brs, 1H), 7.69 (d, J= 7.7 Hz, 2H), 7.59 (t, J =
7.6 Hz, 1H), 7.44 (t,J = 7.6 Hz, 2H), 7.29-7.14 (m, 7H), 7.02 (t,J = 7.68 Hz, 1H), 6.96 (q, /= 8.6
Hz, 3H), 6.67 (d,J=7.0 Hz, 1H).

13C NMR (100 MHz, CDCl3, 25 °C) 8/ppm: 186.2, 166.5, 163.0 (d, 'Jc-r =250.3 Hz), 151.4, 139.0,
135.2, 134.0, 133.3, 132.8, 132.54 (d, *Jcr = 8.5 Hz), 131.2, 131.0, 130.6, 130.3, 129.2, 128.5,
127.3,125.20 (d, *Jc-r = 3.0 Hz), 123.5, 121.0, 119.7, 119.2, 117.1, 116.15 (d, 2Jc-r = 21.6 Hz).
YF NMR (376 MHz, CDCl3, 25 °C) &/ppm: -115.31.

IR (KBr) ¥ (cm™!): 3243, 2923, 1735, 1689, 1511, 1267, 1158, 852, 760.

HRMS (ESI) m/z: [M+H]" Calcd for C30H19”’BrFN202 537.0614; found: 537.0615; [M+H]" Calcd
for C3oH 19" BrFN202 539.0593; found: 539.0598.
N-(3-(4-Bromophenyl)-4-oxo-2-(p-tolyl)indeno|[1,2-b]pyrrol-1(4H)-yl)benzamide (6ae)

Following the TP-3, 6ae was obtained from 3a (190.2 mg, 0.3 mmol), 4-methyl benzoyl chloride
Se (43.6 uL, 1.1 equiv) and triethylamine (63 uL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 85:15) to give as an orange solid (136.0 mg, 85% yield).
Rr=0.54 (EtOAc:Hexanes =1:2); mp = 255.6-255.9 °C.
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TH NMR (400 MHz, CDCls, 25 °C) 8/ppm: 9.54 (s, 1H), 7.65 (d, J=7.80 Hz, 2H), 7.52 (t, J=17.2
Hz, 1H), 7.35 (t, J=7.7 Hz, 2H), 7.25-7.16 (m, 4H), 7.13 (d, /= 7.1 Hz, 1H), 7.06 (d, J= 8.0 Hz,
2H), 7.00 (d, J = 8.0 Hz, 2H), 6.94 (t,J = 7.7 Hz, 1H), 6.88 (t,J= 7.4 Hz, 1H), 6.60 (d, /= 7.0 Hz,
1H), 2.28 (s, 3H).

3BC NMR (100 MHz, CDCl3, 25 °C) &/ppm: 186.4, 166.7, 151.3, 139.0, 136.5, 134.0, 133.1, 132.7,
131.4, 131.0, 130.7, 130.3, 129.6, 129.0, 128.2, 127.4, 126.0, 123.3, 120.6, 119.2, 119.1, 117.0,
21.3.

IR (KBr) ¥ (cm™1): 3235, 2918, 2360, 1739, 1699, 1665, 1493, 1278, 865, 750.

HRMS (ESI) m/z: [M+H]" Calcd for C31H22""BrN202 533.0865; found: 533.0870; [M+H]*
Calcd for C31H22®'BrN202 535.0844; found: 535.0856.
N-(3-(4-Bromophenyl)-2-(3-chlorophenyl)-4-oxoindeno[1,2-b]pyrrol-1(4 H)-yl)benzamide
(6af)

Following the TP-3, 6af was obtained from 3a (190.2 mg, 0.3 mmol), 3-chloro benzoyl chloride
5f(42.2 uL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 85:15) to give as an orange solid (141.2 mg, 85% yield).
Ry=0.55 (EtOAc:Hexanes =1:2); mp = 234.2-234.6 °C.

TH NMR (400 MHz, CDCI3, 25 °C) 8/ppm: 8.77 (brs, 1H), 7.73 (d, J= 7.6 Hz, 2H), 7.62 (t, J =
7.8 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.36 (d, /= 6.9 Hz, 1H), 7.35 — 7.29 (m, 6H), 7.23 (d, J =
8.6 Hz, 1H), 7.15 (d, J= 7.8 Hz, 1H), 7.11 (d, J= 7.1 Hz, 1H), 7.07 (pt, J= 7.3 Hz, 1H), 6.79 (d,
J=7.1 Hz, 1H).

13C NMR (100 MHz, DMSO-ds, 25 °C) 8/ppm: 184.9, 166.2, 150.9, 138.3, 134.9, 133.55, 133.50,
133.2, 133.0, 131.2, 131.1, 130.80, 130.76, 130.6, 130.4, 129.7, 129.0, 128.94, 128.88, 127.5,
123.4,120.4, 118.5, 117.9, 117.5.

IR (KBr) ¥ (cm™!): 3428, 2918, 2848, 1735, 1638, 1490, 1273, 865, 745.

HRMS (ESI) m/z: [M+H]" Calcd for C30H19”’Br*>CIN202 553.0318; found: 553.0316; [M+H]"
Calcd for C30H19”°Br’’CIN202 555.0298; found: 555.0298; [M+H]" Calcd for C30H19®*' Br**CIN202
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555.0298; found: 555.0301; [M+H]" Calcd for C30H19*' Br*’CIN202 557.0268; found: 557.0282.
N-(3-(4-Bromophenyl)-4-oxo0-2-(m-tolyl)indeno[1,2-b|pyrrol-1(4H)-yl)benzamide (6ag)

Following the TP-3, 6ag was obtained from 3a (190.2 mg, 0.3 mmol), 3-methyl benzoyl chloride
5g (43.6 uL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 85:15) to give as an orange solid (128.0 mg, 80% yield).
Rr=0.53 (EtOAc:Hexanes =1:2); mp = 151.1-151.5 °C.

'TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 12.11 (brs, 1H), 7.79 (dd, J = 7.9, 1.7 Hz, 2H),
7.65 (tt, J=17.2, 1.7 Hz, 1H), 7.55 (t, J= 7.9 Hz, 2H), 7.47 (dt, J = 8.7, 2.2 Hz, 2H), 7.39 (d, J =
7.6 Hz, 1H), 7.36 (dt, J= 8.5, 2.0 Hz, 2H), 7.31 (d, /= 7.5 Hz, 1H), 7.28 (t, J= 7.7 Hz, 1H), 7.21
(pt, J= 7.3 Hz, 2H), 7.19 — 7.16 (m, 1H), 7.09 (d, /= 7.7 Hz, 1H), 6.93 (d, /= 7.3 Hz, 1H), 2.23
(s, 3H).

13C NMR (100 MHz, DMSO-ds, 25 °C) 8/ppm: 185.0, 166.2, 150.7, 138.3, 137.9, 136.8, 133.7,
133.5,132.8,131.6,131.1,130.5,130.3, 129.6, 128.89, 128.75, 128.63, 127.5, 127.4, 123.3, 120.0,
117.8,117.3, 20.9.

IR (KBr) v (cm™'): 3428, 2918, 1721, 1642, 1490, 1372, 1076, 896, 754.

HRMS (ESI) m/z: [M+H]" Calcd for C31H227°BrN20> 533.0865; found: 533.0861; [M+H]"
Calcd for C31H22®'BrN202 535.0844; found: 535.0844.
N-(3-(4-Bromophenyl)-2-(3-methoxyphenyl)-4-oxoindeno[1,2-b]pyrrol-1(4H)-yl)benzamide
(6ah)

Following the TP-3, 6ah was obtained from 6a (190.2 mg, 0.3 mmol), 3-methoxy benzoyl chloride
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5h (46.4 pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 85:15) to give as a yellow solid (110.4 mg, 67% yield).
Ry=0.48 (EtOAc:Hexanes =1:2); mp = 248.3-248.7 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 8.93 (brs, 1H), 7.70 (d, J = 7.6 Hz, 2H), 7.59 (t, J
=7.6 Hz, 1H), 7.44 (t, /= 7.8 Hz, 2H), 7.36 — 7.30 (m, 3H), 7.30 — 7.27 (m, 2H), 7.21 (t,J=28.5
Hz, 1H), 7.08 (t, J=7.5 Hz, 1H), 7.02 (t, J = 7.4 Hz, 1H), 6.87 (dd, J = 8.8, 2.1 Hz, 1H), 6.84 (d,
J=17.3 Hz, 2H), 6.74 (d, /= 7.0 Hz, 1H), 3.63 (s, 3H).

13C NMR (100 MHz, DMSO-ds, 25 °C) &/ppm: 186.1, 166.5, 159.9, 151.4, 139.1, 135.9, 134.1,
133.2, 132.8, 131.3, 131.2, 130.8, 130.4, 130.1, 129.2, 128.5, 127.3, 123.6, 122.8, 120.9, 119.6,
119.3,117.1, 115.5, 115.3, 55.2.

IR (KBr) ¥ (cm™!): 3428, 2918, 2852, 2334, 1750, 1644, 1215, 1008, 867, 753.

HRMS (ESI) m/z: [M+H]" Calcd for C31H22°BrN203 549.0814; found: 549.0811; [M+H]" Calcd
for C31H22*'BrN203 551.0793; found: 551.0796.
N-(3-(4-Bromophenyl)-2-(2-chlorophenyl)-4-oxoindeno[1,2-b]pyrrol-1(4H)-yl)benzamide
(6ai)

Following the TP-3, 6ai was obtained from 3a (190.2 mg, 0.3 mmol), 2-chloro benzoyl chloride
5i (41.8 uL, 1.1 equiv) and triethylamine (63 uL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 86:14) to give as an orange solid (124.6 mg, 75% yield).
Rr=0.55 (EtOAc:Hexanes =1:2); mp = 170.3-170.7 °C.

TH NMR (400 MHz, DMSO-ds, 25 °C) 8/ppm: 9.15 (s, 1H), 7.61 (d, J= 7.7 Hz, 2H), 7.53 (t, J =
7.5 Hz, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.38 (t, J= 7.5 Hz, 2H), 7.35-7.26 (m, 7H), 7.18 (t, J=7.6
Hz, 1H), 7.13 - 6.97 (m, 2H), 6.80 (d, J = 6.2 Hz, 1H).

I3C NMR (100 MHz, DMSO-ds, 25 °C) 8/ppm: 186.0, 166.2, 151.6, 139.0, 134.0, 133.1, 132.7,
131.3, 131.1, 130.1, 130.5, 129.9, 129.0, 128.8, 128.6, 127.8, 127.2, 123.6, 121.0, 120.8, 119.2,
117.3.
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IR (KBr) ¥ (cm™1): 3239, 2918, 1754, 1699, 1665, 1491, 1276, 1213, 852, 743.

HRMS (ESI) m/z: [M+H]" Calcd for C30H19”’Br*>CIN202 553.0318; found: 553.0319; [M+H]"
Caled for C30H19"Br’’CIN202 555.0298; found: 555.0301; [M+H]" Caled for C3oH19*'Br**CIN202
555.0298; found: 555.0301; [M+H]" Calcd for C30H19*'Br*’CIN202 557.0268; found: 557.0285.
General procedure for the preparation of indenopyrrole derivative 6ai from spiro-indene-

1,2'-[1,3,4]oxadiazol 8ai:

PBuj3 (1.1 equiv)
Et3N (1.5 equiv)

THF,50°C, 7 h

A dry and argon-flushed 10 mL Schlenk flask equipped with a magnetic stir bar and septum was
sequentially charged with 8ai (114.0 mg, 0.2 mmol), anhydrous THF (2 mL), PBus (54.3 puL, 1.1
equiv) and Et3N (40.0 pL, 1.5 equiv). The reaction mixture was stirred for 7 h at 50 °C. After
completion of the reaction, solvent was removed in vacuo and the crude residue was subjected to
flash column chromatography (SiO2, Hexanes/EtOAc= 86:14) to give the product 6ai in 63% yield
(69.8 mg).

N-(3-(4-Bromophenyl)-2-(furan-2-yl)-4-oxoindeno[1,2-b]pyrrol-1(4H)-yl)benzamide (6aj)

Following the TP-3, 6aj was obtained from 3a (190.2 mg, 0.3 mmol), 2-furoyl chloride 5j (32.6
pL, 1.5 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (Si02, Hexanes/EtOAc= 85:15) to give as an orange solid (110.0 mg, 72% yield).
Ry=0.50 (EtOAc:Hexanes =1:2); mp = 230.1-230.5 °C.

TH NMR (400 MHz, CDCls, 25 °C) &/ppm: 9.26 (s, 1H), 7.69 (d, J= 7.2 Hz, 2H), 7.58 (t, J = 7.6
Hz, 1H), 7.40 (t, J = 7.6 Hz, 2H), 7.37-7.29 (m, 4H), 7.22 (d, J= 7.1 Hz, 1H), 7.04 (t,J = 7.4 Hz,
1H), 6.98 (t, /= 7.4 Hz, 1H), 6.73 (d, /= 7.2 Hz, 1H), 6.32 (d, /= 1.3 Hz, 2H).
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I3C NMR (100 MHz, CDCls, 25 °C) 8/ppm: 185.7, 166.5, 151.8, 143.3, 142.6, 139.0, 133.6, 133.2,
132.8, 131.3, 130.8, 130.5, 130.2, 129.1, 128.8, 127.4, 125.6, 123.5, 122.1, 121.5, 119.0, 117.6,
112.4, 111.5.

IR (KBr) ¥ (cm™!): 3441, 3243, 2914, 1735, 1699, 1650, 1609, 1491, 1278, 1057, 852, 750.
HRMS (ESI) m/z: [M+H]" Caled for C2sHi7°BrN203 509.0501; found: 509.0497; [M+H]* Calcd
for C2sH178'BrN203 511.0480; found: 511.0478.
N-(3-(4-Bromophenyl)-4-oxo-2-phenylindeno[1,2-b]|pyrrol-1(4 H)-yl)pivalamide (7ak)

Following the TP-3, 7ak was obtained from 3a (190.2 mg, 0.3 mmol), pivaloyl chloride Sk (40.4
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 90:10) to give as an orange solid (89.9 mg, 60% yield)
along with zwitterion 3a (48.1 mg, 25% yield).

Ry=0.58 (EtOAc:Hexanes =1:2); mp = 300.0 °C.

'TH NMR (400 MHz, CDCl3, 25 °C) &/ppm: 8.27 (s, 1H), 7.40 — 7.30 (m, 4H), 7.28 (d, J = 2.1 Hz,
4H), 7.20 (dd, J = 8.3, 1.7 Hz, 2H), 7.12 (td, J = 7.4, 1.4 Hz, 1H), 7.04 (td, J = 7.3, 1.2 Hz, 1H),
6.7.(d,J=7.3 Hz, 1H), 1.08 (s, 9H).

I3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 186.2,176.7,151.3,139.1, 136.3, 134.3, 132.7, 131.3,
131.1, 130.8, 130.2, 129.4, 129.2, 128.8, 128.3, 123.4, 120.8, 119.4, 119.1, 116.9, 38.5, 27.0.

IR (KBr) ¥ (cm™1): 3437, 2923, 2360, 1740, 1701, 1493, 1151, 865, 749.

HRMS (ESI) m/z: [M+H]" Calcd for C2sH24°BrN202 499.1021; found: 499.1021; [M+H]" Calcd
for C2sH243'BrN202 501.1001; found: 501.1004.

General procedure for the preparation of indenopyrrole derivative 7ak from spiro-indene-

1,2'-[1,3,4]oxadiazol 8ak:

S35



PBus3 (1.1 equiv) |
EtzN (1.5 equiv)

THF, 50°C, 10 h

7ak (50%) g,

A dry and argon-flushed 10 mL Schlenk flask equipped with a magnetic stir bar and septum was
sequentially charged with 8ak (103.1 mg, 0.2 mmol), anhydrous THF (2 mL), PBus (54.3 pL, 1.1
equiv) and EtsN (40.0 uL, 1.5 equiv). The reaction mixture was stirred for 10 h at 50 °C. After
completion of the reaction, solvent was removed in vacuo and the crude residue was subjected to
flash column chromatography (SiO2, Hexanes/EtOAc= 90:10) to give the product 7ak in 50%
yield (50.0 mg).

N-(3-(4-Bromophenyl)-2-(4-chlorophenyl)-4-oxoindeno[1,2-b]pyrrol-1(4H)-yl)pivalamide
(7ik)

Following the TP-3, 7ik was obtained from 3i (200.4 mg, 0.3 mmol), pivaloyl chloride Sk (40.4
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 90:10) to give as an orange solid (64.0 mg, 40% yield)
along with zwitterion 3i (72.0 mg, 36% yield).

Rr=0.58 (EtOAc:Hexanes =1:2); mp = 265.3-265.7 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.23 (s, 1H), 7.33 (d, /= 7.0 Hz, 1H), 7.33 — 7.30 (m,
2H), 7.29 (d, J=2.5 Hz, 2H), 7.25 (pt, J=2.2 Hz, 1H), 7.23 (t, /=2.2 Hz, 1H), 7.14 (dd, J = 7.6,
1.5 Hz, 1H), 7.12 (dt, J = 8.4, 1.4 Hz, 2H), 7.06 (td, /= 7.5, 1.0 Hz, 1H), 6.72 (d, /= 7.4 Hz, 1H),
1.15 (s, 9H).

I3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 186.1, 176.6, 151.4, 139.1, 135.3, 135.0, 134.1, 132.8,
132.1, 131.3, 130.9, 130.2, 129.1, 128.5, 127.7, 123.6, 121.1, 119.8, 119.2, 117.0, 38.5, 27.1.

IR (KBr) ¥ (cm™1): 3430, 2921, 2350, 1735, 1699, 1660, 1495, 1287, 1021, 890, 750.
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HRMS (ESI) m/z: [M+H]" Calcd for C2sH23Br**>CIN202 533.0631; found: 533.0630; [M+H]*
Calcd for C2sH237"Br’’CIN202 535.0611; found: 535.0612; [M+H]" Calcd for C2sH23®' Br’*CIN202
535.0611; found: 535.0612; [M+H]" Calcd for C2sH23*'Br*’CIN202 537.0581; found: 537.0596.
N-(3-(4-Bromophenyl)-4-oxo0-2-(p-tolyl)indeno[1,2-b]|pyrrol-1(4 H)-yl)pivalamide (7jk)

Following the TP-3, 7jk was obtained from 3j (194.3 mg, 0.3 mmol), pivaloyl chloride 5k (40.4
pL, 1.1 equiv) and triethylamine (63 pL, 1.5 equiv). The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 90:10) to give as an orange solid (69.2 mg, 45% yield)
along with zwitterion 3j (60.1 mg, 31% yield).

Ry=0.58 (EtOAc:Hexanes =1:2); mp = 281.3-281.7 °C.

TH NMR (400 MHz, CDCls, 25 °C) 8/ppm: 8.64 (s, 1H), 7.24 —7.19 (m, 5H), 7.05 (pt, J= 3.6 Hz,
1H), 7.02 (d, J= 7.0 Hz, 3H), 7.00 (d, J = 6.9 Hz, 1H), 6.95 (t, /= 7.2 Hz, 1H), 6.62 (d, J=7.2
Hz, 1H), 2.31 (s, 3H), 1.03 (s, 9H).

13C NMR (100 MHz, CDCl3, 25 °C) 8/ppm: 186.3, 177.0, 151.1, 139.08, 139.04, 136.5, 134.3,
132.6,131.4,131.0,130.5, 130.1, 129.4, 128.1, 126.1, 123.2, 120.6, 119.1, 118.9, 116.8, 38.4, 26.9,
21.3.

IR (KBr) ¥ (cm™1): 3428, 2952, 2354, 1735, 1698, 1650, 1492, 1273, 1080, 869, 752.

HRMS (ESI) m/z: [M+H]" Caled for C20H26""BrN202 513.1178; found: 513.1179; [M+H]" Calcd
for C29Ha6*' BrN202 515.1157; found: 515.1161.
(E)-3'-Benzoyl-2-(4-bromobenzylidene)-5'-phenyl-3' H-spiro[indene-1,2'-[1,3,4]oxadiazol]-
3(2H)-one (8aa)

Ph

0
Ph/Z<N/N:(

e

Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 4-bromo benzaldehyde 2a (101.76
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mg, 1.1 equiv), PhCO:2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
mixture, PPhoMe (112.8 pL, 1.2 equiv) and pyrrolidine (4.0 uL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), benzoyl chloride 5a (87.1 uL, 1.5
equiv) and EtsN (133.1 pL, 2.0 equiv.) The residue was purified by column chromatography (SiO2,
Hexanes/EtOAc= 90:10) to give 8aa as a yellow solid (120.5 mg, 45% yield).

Ry=0.51 (EtOAc:Hexanes =2:8); mp = 186.9-187.8 °C.

TH NMR (400 MHz, CDCl3, 25 °C) &/ppm: 8.01 (d, J = 7.3 Hz, 1H), 7.93 (s, 1H), 7.80 (dd, J =
8.1, 1.5 Hz, 2H), 7.70 (td, J= 7.4, 1.3 Hz, 1H), 7.65 (dd, J= 7.5, 1.4 Hz, 1H), 7.61 (dt,J=7.7, 1.3
Hz, 3H), 7.55 (tt, J=17.6, 2.2 Hz, 1H), 7.47 (dt, J= 7.9, 1.6 Hz, 2H), 7.46 — 7.43 (m, 1H), 7.36 (4,
J=17.8 Hz, 2H), 7.29 (dt, /= 8.3, 1.4 Hz, 2H), 7.21 (dt, /= 8.5, 2.2 Hz, 2H).

I3C NMR (100 MHz, CDCls, 25 °C) 8/ppm: 189.2, 163.0, 154.8, 147.1, 138.3, 137.0, 136.0, 135.0,
133.0,132.4,132.0, 131.65, 131.60, 131.56, 130.8, 129.6, 128.9, 127.7, 126.9, 124.1, 123.9, 123.7,
123.2, 98.9.

IR (KBr) ¥ (cm™): 3450, 2910, 1680, 1640, 1490, 1372, 1190, 1076, 754.

HRMS (ESI) m/z: [M+H]" Calcd for C30H20"’BrN203 535.0657; found: 535.0653; [M+H]" Calcd
for C30H20*'BrN203 537.0637; found: 537.0640.

General procedure for the gram-scale preparation of spiro-indene-1,2'-[1,3,4]oxadiazol

derivatives 8aa:

o) o)

Ph
y yph (o) Br
HN_ N 4 Nh(Ph
N 4-BrPhCHO 2a/PPh,Me NH o TNC S O
PhCO,H/pyrrolidine O‘ PPh,Me | phcoci 5a, Et;N
THF,30°C, 12 h THF, 50 °C, 3 h O’
Br
1a 4a 8aa

A flame dried and nitrogen-flushed 100-mL round bottom flask equipped with a magnetic stir bar
and a septum was sequentially charged with 1 (1.057 g, 4 mmol), 2 (814.1 mg, 1.1 equiv), PhCO2H
(48.8 mg, 0.1 equiv) and anhydrous THF (40 mL). To this stirred reaction mixture, PPhaMe (902.0
uL, 1.2 equiv) and pyrrolidine (32.8 uL, 0.1 equiv) were added in sequence. The reaction mixture

was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by evaporation in vacuo and
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dissolved in anhydrous THF (5 mL), benzoyl chloride 5 (697.0 uL, 1.5 equiv) and Et3N (1.06 mL,
2.0 equiv). The reaction mixture was stirred for 3 h at 50 °C. After completion of the reaction,
solvent was removed in vacuo and the crude residue was subjected to flash column

chromatography (SiO2, Hexanes/EtOAc= 90:10) to give the product 8aa in 43% yield (0.920 g).

(E)-3'-Benzoyl-2-(4-chlorobenzylidene)-5'-phenyl-3'H-spiro[indene-1,2'-[1,3,4]oxadiazol|-
3(2H)-one (8ba)

Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 4-chloro benzaldehyde 2b (64.4 uL,
1.1 equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
mixture, PPhoMe (112.8 puL, 1.2 equiv) and pyrrolidine (4.0 uL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), benzoyl chloride 5a (87.1 pL, 1.5
equiv) and Et3N (133.1 pL, 2.0 equiv.) The residue was purified by column chromatography (SiO2,
Hexanes/EtOAc= 90:10) to give 8ba as a yellow solid (98.2 mg, 40% yield).

Ry=0.45 (EtOAc:Hexanes =2:8); mp = 175.3-174.5 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.02 (d, J = 7.6 Hz, 1H), 7.96 (s, 1H), 7.81 (dd, J =
8.1,1.7 Hz, 2H), 7.70 (tt, J= 7.7, 1.3 Hz, 1H), 7.66 (dd, J= 7.4, 1.4 Hz, 1H), 7.64 — 7.60 (m, 3H),
7.55 (tt, J=1.7,2.2 Hz, 1H), 7.50 — 7.43 (m, 3H), 7.35 (t, /= 7.7 Hz, 2H), 7.29 (d, J = 8.5 Hz,
2H), 7.14 (dt, J = 8.6, 1.8 Hz, 2H).

3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 189.2, 163.1, 154.9, 147.1, 138.3, 137.1, 136.0, 135.6,
134.9, 132.51, 132.48, 132.1, 131.62, 131.57, 130.7, 129.7, 128.9, 128.7, 127.7, 127.0, 124.1,
123.7, 123.2, 99.0.

IR (KBr) ¥ (cm™1): 3435, 2900, 1682, 1638, 1495, 1372, 1190, 1060, 750.

HRMS (ESI) m/z: [M+H]" Caled for C30H20*CIN203 491.1162; found: 491.1163; [M+H]" Calcd
for C30H20*’CIN203 493.1133; found: 493.1147.
(E)-3'-Benzoyl-2-benzylidene-5'-phenyl-3'H-spiro[indene-1,2'-[1,3,4]oxadiazol]-3(2H)-one
(8ea)
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Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), benzaldehyde 2e (55.90 pL, 1.1
equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction mixture,
PPhoMe (112.8 pL, 1.2 equiv) and pyrrolidine (4.0 pL, 0.1 equiv) were added in sequence. The
reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by evaporation
in vacuo and dissolved in anhydrous THF (5 mL), benzoyl chloride 5a (87.1 uL, 1.5 equiv) and
EtsN (133.1 pL, 2.0 equiv.) The residue was purified by column chromatography (SiO2,
Hexanes/EtOAc= 90:10) to give 8ea as a yellow solid (79.9 mg, 35% yield).

Ry=0.65 (EtOAc:Hexanes =2:8); mp = 163.5-164.2 °C.

'TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.05 (s, 1H), 8.02 (d, J = 7.4 Hz, 1H), 7.80 (dd, J =
7.8, 1.7 Hz, 2H), 7.69 (td, J = 7.5, 1.6 Hz, 1H), 7.65 (dd, J=17.5, 1.4 Hz, 1H), 7.60 (d, J = 8.2 Hz,
1H), 7.57 (d, J=7.9 Hz, 2H), 7.52 (dt, J= 7.6, 2.2 Hz, 1H), 7.45 (dd, J = 8.0, 1.7 Hz, 2H), 7.42
(dd, /=17.0, 1.4 Hz, 1H), 7.37 (d, J = 7.4 Hz, 2H), 7.31 (t,J = 7.8 Hz, 2H), 7.23 (dt, /= 7.5, 2.3
Hz, 1H), 7.17 (t, J= 7.7 Hz, 2H).

I3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 189.4, 163.1, 154.8, 147.2, 140.0, 137.1, 135.8, 134.3,
134.1, 132.7, 131.8, 131.5, 131.4, 129.7, 129.4, 129.3, 128.7, 128.4, 127.6, 127.0, 124.3, 123.7,
123.2, 99.0.

IR (KBr) ¥ (cm™1): 3448, 2912, 1679, 1638, 1492, 1371, 1198, 1075, 751.

HRMS (ESI) m/z: [M+H]" Caled for C30H21N203 457.1552; found: 457.1550.
(E)-3'-Benzoyl-2-(2-methoxybenzylidene)-5'-phenyl-3'H-spiro[indene-1,2'-
[1,3,4]oxadiazol]-3(2H)-one (8ha)

Ph

0
pn N=(
N_ .0

Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 2-methoxy benzaldehyde 2h (66.4
pL, 1.1 equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
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mixture, PPhoMe (112.8 pL, 1.2 equiv) and pyrrolidine (4.0 uL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), benzoyl chloride 5a (87.1 uL, 1.5
equiv) and EtsN (133.1 pL, 2.0 equiv.) The residue was purified by column chromatography (SiO2,
Hexanes/EtOAc= 87:13) to give 8ha as a yellow solid (99.9 mg, 41% yield).

Ry=0.28 (EtOAc:Hexanes =2:8); mp = 198.1-199.0 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.20 (s, 1H), 8.01 (d, J = 7.4 Hz, 1H), 7.74 (dd, J =
7.9, 1.5 Hz, 2H), 7.67 (dd, J=7.2, 1.2 Hz, 3H), 7.62 (pt, J= 7.5, 1.3 Hz, 1H), 7.59 (d, /= 7.5 Hz,
1H), 7.50 (tt, J= 7.5, 2.2 Hz, 1H), 7.47 — 7.39 (m, 3H), 7.33 (t,J= 7.7 Hz, 2H), 7.22 (d, J=7.6
Hz, 1H), 7.17 (td, J= 8.1, 1.7 Hz, 1H), 6.67 (d, J = 8.3 Hz, 1H), 6.59 (t, J= 7.5 Hz, 1H), 3.59 (s,
3H).

I3C NMR (100 MHz, CDCls, 25 °C) 8/ppm: 189.4, 162.8, 157.9, 154.6, 147.2,137.4, 136.9, 135.6,
135.0,132.8,131.6, 131.35,131.29, 130.8, 129.8, 129.7, 128.6, 127.6, 126.9, 124.5, 123.6, 123.3,
120.0, 110.5, 99.1, 55.4.

IR (KBr) ¥ (cm™!): 3442, 2918, 1683, 1639, 1498, 1376, 1195, 1072, 759.

HRMS (ESI) m/z: [M+H]" Calcd for C31H23N204 487.1658; found: 487.1657.
(E)-2-Benzylidene-3'-(4-chlorobenzoyl)-5'-phenyl-3'H-spiro[indene-1,2'-[1,3,4]oxadiazol]-
3(2H)-one (8ac)

Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 4-bromo benzaldehyde 2a (101.76
mg, 1.1 equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
mixture, PPhoMe (112.8 pL, 1.2 equiv) and pyrrolidine (4.0 uL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), 4-chloro benzoyl chloride 5¢ (96.2
pL, 1.5 equiv) and EtsN (133.1 pL, 2.0 equiv.) The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 90:10) to give 8ac as a yellow solid (108.3 mg, 38%
yield).
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Rr=0.54 (EtOAc:Hexanes =2:8); mp = 179.0-180.1 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.01 (d, J = 7.4 Hz, 1H), 7.93 (s, 1H), 7.79 (dd, J =
8.2, 1.6 Hz, 2H), 7.70 (td, J="7.5, 1.4 Hz, 1H), 7.65 (td, J="7.5, 1.4 Hz, 1H), 7.62 — 7.54 (m, 4H),
7.48 (t,J=7.4 Hz, 2H), 7.33 (td, J = 8.6, 1.8 Hz, 2H), 7.28 (dt, J = 8.4, 1.8 Hz, 2H), 7.18 (d, J =
8.4 Hz, 2H).

3BC NMR (100 MHz, CDCl3, 25 °C) &/ppm: 189.0, 161.9, 155.0, 146.9, 138.4, 137.8, 137.0, 136.0,
134.9,132.9,132.2, 131.69, 131.64, 131.1, 130.8, 130.6, 128.9, 128.0, 126.9, 123.9, 123.7, 123.2,
98.9.

IR (KBr) v (cm™1): 3452, 2912, 1682, 1644, 1492, 1374, 1191, 1070, 748.

HRMS (ESI) m/z: [M+H]" Calcd for C30H19”’Br**CIN203 569.0268; found: 569.0266; [M+H]"
Calcd for C30H19”°Br’’CIN203 571.0238; found: 571.0247; [M+H]" Calcd for C30H19*' Br*CIN2053
572.0247; found: 572.0278; [M+H]" Calcd for C30H19*'Br*’CIN203 573.0218; found: 573.0235.
(E)-2-Benzylidene-3'-(4-methoxybenzoyl)-5'-phenyl-3'H-spiro[indene-1,2'-
[1,3.4]oxadiazol]-3(2H)-one (8al)

Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 4-bromo benzaldehyde 2a (101.76
mg, 1.1 equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
mixture, PPhoMe (112.8 pL, 1.2 equiv) and pyrrolidine (4.0 puL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), 4-methoxy benzoyl chloride 51
(101.5 pL, 1.5 equiv) and EtsN (133.1 pL, 2.0 equiv.) The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 85:15) to give 8al as a yellow solid (113.1 mg, 40%
yield).

Ry=0.26 (EtOAc:Hexanes =2:8); mp = 187.1-188.0 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.00 (d, J = 7.3 Hz, 1H), 7.91 (s, 1H), 7.80 (dd, J =
8.3, 1.5 Hz, 2H), 7.72 (dt, J = 8.8, 1.8 Hz, 2H), 7.68 (dd, J = 7.4, 1.4 Hz, 1H), 7.64 (dd, J = 7.5,
1.4 Hz, 1H), 7.60 (d, J = 8.2 Hz, 1H), 7.55 (tt, J= 7.5, 2.1 Hz, 1H), 7.47 (tt, J= 7.4, 1.7 Hz, 2H),
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7.27 (d,J=8.4 Hz, 2H), 7.19 (dt, J = 8.6, 2.2 Hz, 2H), 6.86 (dt, J = 8.1, 2.1 Hz, 2H), 3.85 (s, 3H).
I3C NMR (100 MHz, CDCls, 25 °C) 8/ppm: 189.3, 162.4, 162.3, 154.7,147.3, 138.1, 136.9, 135.9,
135.3,133.0, 131.9, 131.59, 131.52, 130.8, 128.9, 126.9, 124.5, 124.1, 123.8, 123.7, 123.3, 113.0,
99.0, 55.4.

IR (KBr) ¥ (cm™!): 3448, 2908, 1672, 1630, 1495, 1365, 1185, 1076, 742.

HRMS (ESI) m/z: [M+H]" Calcd for C31H22”’BrN204 565.0763; found: 565.0764; [M+H]" Calcd
for C31H22*' BrN204 567.0742; found: 567.0749.
(E)-2-Benzylidene-3'-(2-chlorobenzoyl)-5'-phenyl-3'H-spiro[indene-1,2'-[1,3,4]oxadiazol]-
3(2H)-one (8ai)

Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 4-bromo benzaldehyde 2a (101.76
mg, 1.1 equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
mixture, PPhoMe (112.8 pL, 1.2 equiv) and pyrrolidine (4.0 uL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), 4-chloro benzoyl chloride 5i (95.0
pL, 1.5 equiv) and EtsN (133.1 pL, 2.0 equiv.) The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 85:15) to give 8ai as a yellow solid (105.4 mg, 37%
yield).

Rr=0.40 (EtOAc:Hexanes =2:8); mp = 199.0-200.1 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.01 (d, J= 7.7 Hz, 1H), 7.98 (s, 1H), 7.78 — 7.70 (m,
4H), 7.67 (tt, J = 7.3, 2.0 Hz, 1H), 7.52 (tt, J= 7.5, 1.9 Hz, 1H), 7.41 (t, J= 7.5 Hz, 2H), 7.35 (d,
J=28.7Hz, 3H), 7.31 (d, J= 8.6 Hz, 3H), 7.21 (tt, J= 7.5, 1.9 Hz, 1H), 6.72 (dd, J= 7.8, 1.7 Hz,
1H).

3BC NMR (100 MHz, CDCl3, 25 °C) &/ppm: 189.1, 162.2, 155.0, 146.5, 138.9, 137.2, 136.0, 134.3,
133.9, 132.7, 132.1, 131.8, 131.7, 131.4, 131.1, 130.7, 129.5, 128.8, 128.5, 127.1, 126.4, 124 .4,
123.9, 123.68, 123.64, 98.4.

IR (KBr) ¥ (cm™): 3442, 2902, 1678, 1635, 1490, 1350, 1185, 1050, 737.
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HRMS (ESI) m/z: [M+H]" Calcd for C30H19”Br**>CIN203 569.0268; found: 569.0269; [M+H]*
Calcd for C30H19”°Br’’CIN203 571.0238; found: 571.0250; [M+H]" Calcd for C30H19*' Br’*CIN203
572.0247; found: 572.0279; [M+H]" Calcd for C30H19*'Br*’CIN203 573.0218; found: 573.0230.
(E)-2-Benzylidene-5'-phenyl-3'-(thiophene-2-carbonyl)-3' H-spiro[indene-1,2'-
[1,3.,4]oxadiazol]-3(2H)-one (8am)

Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 4-bromo benzaldehyde 2a (101.76
mg, 1.1 equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
mixture, PPhoMe (112.8 pL, 1.2 equiv) and pyrrolidine (4.0 uL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), 2-thiophenecarbonyl chloride Sm
(80.3 uL, 1.5 equiv) and EtsN (133.1 pL, 2.0 equiv.) The residue was purified by column
chromatography (SiO2, Hexanes/EtOAc= 85:15) to give 8am as a yellow solid (105.6 mg, 39%
yield).

Ry=0.43 (EtOAc:Hexanes =2:8); mp = 196.5-197.3 °C.

TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 8.0 (d, J = 7.4 Hz, 1H), 7.97 (d, J = 6.5 Hz, 1H), 7.92
(s, 1H), 7.82 (d, J=17.7 Hz, 2H), 7.69 (t, J = 7.4 Hz, 1H), 7.64 (d, /= 7.3 Hz, 1H), 7.60 (t, J=7.2
Hz, 2H), 7.56 (d, J= 7.4 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.18 (d, J = 8.6 Hz, 2H), 7.10 (d, J =
8.6 Hz, 2H), 7.08 (d, /= 7.0 Hz, 1H).

I3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 188.9. 156.5, 155.2, 146.6, 138.5,137.2, 135.9, 135.3,
134.7, 133.9, 133.4, 132.6, 132.1, 131.7, 131.6, 130.5, 128.9, 126.9, 123.9, 123.7, 123.6, 123.5,
98.9.

IR (KBr) ¥ (cm™1): 3445, 2900, 1659, 1548, 1472, 1372, 1398, 1308, 1283, 1190, 1075, 750.
HRMS (ESI) m/z: [M+H]" Calcd for C2sHis”’BrN203S 541.0222; found: 541.0223; [M+H]" Calcd
for C2sHis®' BrN203S 543.0201; found: 543.0204.

(E)-2-Benzylidene-5'-phenyl-3'-pivaloyl-3' H-spiro[indene-1,2'-[1,3,4]oxadiazol]-3(2H)-one
(8ak)
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Prepared according to TP-4 from 1a (132.13 mg, 0.5 mmol), 4-bromo benzaldehyde 2a (101.76
mg, 1.1 equiv), PhCO2H (6.1 mg, 0.1 equiv) and anhydrous THF (5.0 mL). To this stirred reaction
mixture, PPhoMe (112.8 puL, 1.2 equiv) and pyrrolidine (4.0 uL, 0.1 equiv) were added in sequence.
The reaction mixture was stirred for 12 hours at 30 °C. Thereafter, solvent was removed by
evaporation in vacuo and dissolved in anhydrous THF (5 mL), Pivaloyl chloride Sk (91.8 uL, 1.5
equiv) and Et3N (133.1 pL, 2.0 equiv.) The residue was purified by column chromatography (SiO2,
Hexanes/EtOAc= 85:15) to give 8ak as a yellow solid (77.3 mg, 30% yield).

Ry=0.60 (EtOAc:Hexanes =2:8); mp = 201.1-202.0 °C.

'TH NMR (400 MHz, CDCl3, 25 °C) 8/ppm: 7.95 (d, J = 7.6 Hz, 1H), 7.84 (s, 1H), 7.81 (dd, J =
7.7, 1.6 Hz, 2H), 7.67 (td, J = 7.4, 1.3 Hz, 1H), 7.60 (td, J = 7.5, 1.3 Hz, 1H), 7.55 (tt,J=7.5,2.3
Hz, 1H), 7.51 (d, J= 7.7 Hz, 1H), 7.47 (t,J = 7.8 Hz, 2H), 7.31 (dt, /= 8.4, 1.8 Hz, 2H), 7.23 (dt,
J=28.6,2.3 Hz, 2H), 1.16 (s, 9H).

3C NMR (100 MHz, CDCl3, 25 °C) &/ppm: 189.3,172.9, 153.5, 147.4,137.6, 137.0, 135.8, 134.8,
132.8, 131.8, 131.5, 131.4, 131.2, 128.9, 126.7, 124.3, 124.0, 123.6, 122.6, 98.9, 39.5, 26.1.

IR (KBr) v (cm™1): 3196, 2905, 1692, 1595, 1475, 1442, 1406, 1371, 1306, 1223, 1050, 750.
HRMS (ESI) m/z: [M+H]" Calcd for C2sH24’BrN203 515.0970; found: 515.0969; [M+H]" Calcd
for CasH243'BrN203 517.0950; found: 517.0953.

VI. References:
1 C.-J. Lee, Y.-J. Jang, Z.-Z. Wu and W. Lin, Org. Lett. 2012, 14, 1906.
2 R. Saijjo, H. Uno, S. Mori and M. Kawase, Chem. Commun. 2016, 52, 8006.
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VII. X-Ray crystallographic data for selected compounds:

a) 3a (CCDC no. 2009731): The thermal ellipsoid drawn at 50% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.06°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 3a is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.
After few days, colorless crystals were obtained.

Css Ha2 BrN2 O, P
633.59
200(2) K
0.71073 A
Monoclinic
P 21/n
a=10.0157(3) A o = 90°.
b = 12.5956(4) A B = 91.1220(10)°.
¢ =26.5786(8) A y=90°,
3352.35(18) A3
4
1.255 Mg/m3
1.306 mm-?
1328
0.22 x 0.17 x 0.07 mm3
2.19 to 25.06°.
-11<=h<=11, -15<=k<=14, -31<=I<=31
44500
5913 [R(int) = 0.0691]
99.9 %
multi-scan
0.9142 and 0.7621
Full-matrix least-squares on F2
5913/0/ 367
1.108
R1=10.0461, wR2 =0.1198
R1 =0.0657, wR2 = 0.1292
0.700 and -0.582 e. A3
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b) 6aa (CCDC no. 2016707): The thermal ellipsoid drawn at 65% probability level

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.09°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 6aa is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.

After few days, colorless crystals were obtained.

C30 H21 Br N2 03

537.40

200(2) K

0.71073 A

Monoclinic

P21/c

a=7.0854(2) A a =90°.
b =18.2878(6) A 3 =98.9890(10)°.
¢ =19.8064(7) A y =90°.
2534.92(14) A3

4

1.408 Mg/m?

1.656 mm-!

1096

0.74 x 0.04 x 0.01 mm3

2.36 to 25.09°.

-8<=h<=7, -21<=k<=21, -23<=1<=23
33421

4498 [R(int) = 0.0654]

99.6 %

multi-scan

0.9836 and 0.3737

Full-matrix least-squares on F2

4498 /0/325

1.017

R1=0.0333, wR2 =0.0703
R1=0.0510, wR2 = 0.0786

0.247 and -0.448 e A3
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c) 6ae (CCDC no. 2009642): The thermal ellipsoid drawn at 55% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.13°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 6ae is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.

After few days, colorless crystals were obtained.

Cée2 Haa Bra N4 Os

1084.83

200(2) K

0.71073 A

Triclinic

P-1

a=11.994(4) A a = 96.769(8)°.
b=12.841(5) A B =100.451(8)°.
¢ =16.952(6) A vy = 97.043(8)°.
2521.9(15) A3

2

1.429 Mg/m3

1.664 mm-!

1108

0.11 x 0.06 x 0.02 mm3

2.17 to 25.13°.

-14<=h<=14, -15<=k<=15, -20<=I<=20
81656

8981 [R(int) = 0.2092]

99.5 %

multi-scan

0.9675 and 0.8381

Full-matrix least-squares on F2

8981/0/660

1.029

R1=10.0877, wR2 = 0.1633

R1 =0.2037, wR2 = 0.2056

0.645 and -0.662 e. A3
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d) 6ai (CCDC no. 2009644): The thermal ellipsoid drawn at 60% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.04°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 6ai is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.

After few days. colorless crystals were obtained.

CaoHz20Br CI N2 O3

571.84

200(2) K

0.71073 A

Monoclinic

C2lc

a=30.7223(10) A o = 90°.
b =6.9755(2) A B = 115.5280(10)°.
c=27.9045(9) A ¥ =90°.
5396.2(3) A3

8

1.408 Mg/m3

1.656 mm-!

2320

0.16 x 0.09 x 0.02 mm3

2.61 to 25.04°,

-35<=h<=36, -8<=k<=8, -32<=1<=32
36745

4758 [R(int) = 0.0582]

99.5 %

multi-scan

0.9676 and 0.7775

Full-matrix least-squares on F2
4758/01/335

0.994

R1=0.0702, wR2 = 0.1844
R1=0.0909, wR2 = 0.1973

2.155 and -1.374 e A3
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e) 6aj (CCDC no. 2009643): The thermal ellipsoid drawn at 60% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.03°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 6aj is dissolved in a mixed
solvent of Ethyl acetate and hexanes to slowly evaporate.

After few days, colorless crystals were obtained.

Cas Hi7 Br N2 O3
509.35
200(2) K
0.71073 A
Monoclinic
P 21/n
a=9.9178(2) A o =90°.
b = 25.0870(5) A B =99.6680(10)°.
c =18.0566(4) A v =90°.
4428.82(16) A3
8
1.528 Mg/m3
1.891 mm-!
2064
0.32 x 0.30 x 0.04 mm3
2.20 to 25.03°.
-11<=h<=11, -29<=k<=29, -21<=|<=19
77253
7805 [R(int) = 0.0549]
99.7 %
multi-scan
0.9282 and 0.5829
Full-matrix least-squares on F2
7805/0/613
0.994
R1=0.0326, wR2 = 0.0822
R1 = 0.0465, wR2 = 0.0900
0.312 and -0.461 e.A-3
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f) 7ak (CCDC no. 2009645): The thermal ellipsoid drawn at 60% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.07°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

The purified compound 7ak is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.

After few days, colorless crystals were obtained.

Ca2s Ha23 Br N2 O

499.39

200(2) K

0.71073 A

Monoclinic

Cc

a=17.2881(7) A o = 90°.
b =16.3136(7) A B =113.2390(10)°.
¢ =9.3609(4) A v = 90°.
2425.87(18) A3

4

1.367 Mg/m3

1.722 mmt

1024

0.23 x 0.04 x 0.02 mm3

2.50 to 25.07°.

-19<=h<=20, -19<=k<=19, -11<=I<=11
16214

4042 [R(int) = 0.0537]

99.8 %

multi-scan

0.9664 and 0.6929

Full-matrix least-squares on F2

4042 /21299

0.996

R1 =0.0405, wR2 = 0.0834

R1 =10.0674, wR2 = 0.0949

0.001(10)

0.370 and -0.322 e.A3
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g) 7ik (CCDC no. 2009646): The thermal ellipsoid drawn at 60% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.43°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

The purified compound 7ik is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.

After few days, colorless crystals were obtained.

C2s H2 Br CIN; O,
533.84
200(2) K
0.71073 A
Monoclinic
Cc
a=17.544(5) A a = 90°.
b =16.528(4) A B =113.870(7)°.
c=9.324(3) A v =90°.
2472.5(11) A3
4
1.434 Mg/m3
1.799 mm-1
1088
0.15 x 0.06 x 0.03 mm3
2.46 10 25.43°.
-21<=h<=21, -19<=k<=19, -11<=I<=11
19037
4472 [R(int) = 0.0796]
99.6 %
multi-scan
0.9480 and 0.7742
Full-matrix least-squares on F2
4472 /21310
0.994
R1 =0.0434, wR2 = 0.0899
R1=10.0751, wR2 = 0.1008
0.015(9)
0.435 and -0.378 e. A3
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h) 8aa (CCDC no. 2009650): The thermal ellipsoid drawn at 60% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.09°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 8aa is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.

After few days, colorless crystals were obtained.

Cso H19 Br N2 O3
535.38
200(2) K
0.71073 A
Triclinic
P-1
a=28.3291(7) A o = 79.558(2)°.
b=9.2178(7) A B =87.777(3)°.
c = 16.6899(15) A y = 74.713(2)°.
1215.52(18) A3
2
1.463 Mg/m3
1.727 mm-t
544
0.77 x 0.58 x 0.17 mm3
2.44 to 25.09°.
-9<=h<=9, -10<=k<=10, -19<=I<=19
35541
4276 [R(int) = 0.0797]
99.2 %
multi-scan
0.7579 and 0.3499
Full-matrix least-squares on F2
4276 /0/325
1.001
R1=10.0378, wR2 = 0.0978
R1 =0.0450, wR2 = 0.1037
0.489 and -0.638 e. A3
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1) 8ak (CCDC no. 2019535): The thermal ellipsoid drawn at 60% probability level.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.20°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

The purified compound 8ak is dissolved in a mixed
solvent of CH2Cl2 and hexanes to slowly evaporate.

After few days, colorless crystals were obtained.

C28 H23 Br N2 03
515.39

200(2) K

0.71073 A

Triclinic

P-1

a=9.7575(13) A a = 70.686(3)°.
b =10.9781(14) A B = 73.323(3)°.
¢ =12.4931(14) A y = 72.669(3)°.
1178.9(3) A3

2

1.452 Mg/m3

1.777 mm-1

528

0.44 x 0.38 x 0.19 mm3

2.24 0 25.20°.

-11<=h<=11, -13<=k<=13, -14<=I<=14

33847

4196 [R(int) = 0.0471]

98.9 %

multi-scan

0.7289 and 0.5086

Full-matrix least-squares on F2

4196/0/310

1.004

R1 =0.0305, wR2 = 0.0797

R1 = 0.0375, wR2 = 0.0841

0.340 and -0.535 e.A3
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VIIL 'H NMR, 3C NMR, 3P NMR and °F NMR spectra of all new compounds:

'"H NMR Spectrum of 1a (DMSO-ds, 400 MHz)

: C W oOWmMMO oMW ONSO 0o N [To T It B oo NTo R e I N o B )
(2 N OSSN MmN O s o O OO 5D
- [ERNCNCI Rl SRR A L2 RN O 0N 0 0 S Current Data Parameters
2 R T MO NN NN NAME SW 909-1
e NS 1
PROCNO 1
F2 - Acguisition Parameters
Date_ 20200616
Time 10.24
INSTRUM spect
PROBHD 5 mm FABBO BB/
@) PULPROG zg30
TD 32768
HN\ SOLVENT DMSO
N NS 64
/ DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQD 2.2719147 sec
RG 63.58
o DW £9.333 usec
DE 10.06 usec
1a TE 298.5 K
D1 2.,00000000 sec
TDO 1
======== (CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.399993%62 W
F2 - Processing parameters
ST 16384
SE 400.1300032 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
H PC 1.00
T T T T T T T T T T T T T
12 11 10 9 8 7 [ 5 4 3 2 1 o ppm
— o] | | S| ] ™ fawl
[e) [e] Red] Newl V] HaN] RaN] NS )
- Al A A Sl Al N
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3C NMR Spectrum of 1a (DMSO-ds, 100 MHz)

— = s N WO O Wy
= — O S O M WO N WD W N N O
. . —_ O~ ) o O~
o] N0 WM 000 W N
o WM Mmoo NN OO O ®©© Current Data Parameters
— e e M R M M B e B B B R AR I N O B I o B WY WAME SW 909
EXPNC 3
RNy RV FROCKO 3
F'2 - Acquisition Parameters
Date_ 20200615
Time z2z.10
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT DM3O
NS 3252
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
(@) 20 0.6815744 sec
RG 5792.6
HN DW 20.800 usec
N DE 6.50 usec
/ TE 297.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
@) NUCL 13¢
Pl 10.00 usec
PL1 3.80 dB
1a SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzlé
wNocz 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F'2 - Processing parameters
ST 32768
SF 100.6128214 MH=zZ
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
i e " m
I I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm
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10.957

'"H NMR Spectrum of 1i (DMSO-ds, 400 MHz)

N 0N O AN NN [f9) OO OO A
NN O N NGO D w o000
OO OO~ WWwWwWwmn O LIS BT BT B L Curfent Data Parameters
B I I T el st MmN N NAME SW 916-1
N\%ﬂ% | \\}/ EXPNO 1
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200721
Time 11.33
Cl INSTRUM spect
PROBHD 5 mm PABBC BB/
PULFPRCG zg30
D 32768
(@) SOLVENT DMSO
NS 32

DS

N SWH

0
7211.539 Hz

/ FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 78.51
DW 69.333 usec
DE 10.06 u=ec
. O TE 295.9 K
1i D1 2.00000000 sec
TDO 1
======== (CHANNEL f1 ========
SFOL1 400,1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.39999%62 W
F2 — Processing parameters
ST 16384
SE 400,1300028 MHz
WDW EM
SS5B 0
LB 0 Hz
GB 0
\Al PC 1.00
x 1

T
10 E 3

T
7 5] 5 PEm

I
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13C NMR Spectrum of 1i (DMSO-ds, 100 MHz)

[T} < W Hw OGN W GO
(e8] — e I LT BT B o B Ui v B o p R o o ] W= N OO
. e e e e e e e . S L T R e
W o NG 0NN N O WA e e e e s T
& O oMM Mmoo e NN N cCoO oo e Mo ® Current Data Parameters
— — i B B B B B B B B MM mm MM NAME SW 9le
EXPNC 3
AN\ T 1
F'2 - Acquisition Parameters
Date_ 20200720
Time 23.18
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
CI TD 32768
SOLVENT DM3O
NS 12000
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
(0] 20 0.6815744 sec
RG 4096
HN oW 20,800 usec
\N DE 6,50 usec
/ TE 297.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
. O NUC1 13C
1i Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzlé
wNocz 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F'2 - Processing parameters
ST 32768
SF 100.6128195 MH=Z
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
ol
I I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm
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"H NMR Spectrum of 1j (DMSO-ds, 400 MHz)

:‘ Oy s N M) s D 00 s s [f9) QO st O W 00
o] o N O OV O W ) s Jos} oo oo O®©
S e AL A o NN s st e Current Data Parameters
— o~~~ 0~ -~ o™ o N NN Y NAME 485
Nj%/‘/ | ‘W EXPNO 3
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200614
Time 17.13
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
Me TD 32768
SOLVENT DMSO
NS 16
DS 0
o) SWH 7246.377 Hz
FIDRES 0.221142 Hz
HN AQ 2.2609921 sec
\N RG 114
/ DW 69.000 usec
DE 6.50 usec
TE 297.6 K
Dl 2.00000000 sec
TDO 1
(0]
11 ======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400.1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300062 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
A A 4

5] 5 4 3 2 1 o} PEm

0.84
0.78
2.93 ©
1.06
1.06[:
2.11/
4
81
3.00
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13C NMR Spectrum of 1j (DMSO-ds, 100 MHz)

; AL AL LT LT SRR R
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Current Data Parameters

NAME 485
EXPNC 4
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200614

Time 17.17
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT DMSO

NS 3990

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 8192

DW 20,800 usec
DE .50 usec
TE 297.7 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
nNuc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768

SF 100.6128205 MH=z
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00



H NMR Spectrum of 3a (CDCls, 400 MHz)

g ONMEMW A NONAFADONCANONO N D@0 WEoor OO 0N
— FTONN AN NA OO0 OSSN M OW NN 0N o000 O
A Current Data Parameters
00 W e e NN NN NN N NN N NN NN NN o NAME, SW 747-1
| EXPNO 2
FROCNO 1
F2 - Acguisiticon Parameters
Date_ 20200526
Time 19.59
INSTRUM spect
FROBHD 5 mm PABBC BB/
PULPROG zg30
D 32768
SOLVENT CDC13
NS 32
\N DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
‘ AQ 2.2719147 sec
RG 57.42
DW 69.333 usec
O Q DE 10.06 usec
TE 297.9 K
D1 2.00000000 sec
Br TDO 1
3a ======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
ST 16384
SF 400.,1300000 MHz
WDW EM
S5B 0
LB 0 Hz
GB 0
EC 1.00
N
T T T T T T T T T T T T
12 11 10 S 8 7 3] 5 4 3 2 1 0 ppm
[aN) O O O N = = — -
I8 O Y | @] ] N ™~ & ™~
o ) ey o 2 o
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3C NMR Spectrum of 3a (CDCls, 100 MHz)

A L SR88IHREERSESSEDS L ~ oo S0 0
o e P P R o S P N LN e anegEener
5 i A BN DIV T RN NS AN
| s\l W NV WY/
\);O
ON,
NH @
‘ PBuj
io! &
Br
3a
Jostronm vl 0 N — | ) "
2(|)0 1 slso 1 (ISO 1 ZlIO 1 éo 1 (I)O 8|0 6|0 4I0 2|0 ppm
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Current Data Parameters

NAME SWo747-1
EXPNC 4
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200527

Time 23.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 1660

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 298.5 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127760 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



3IP NMR Spectrum of 3a (CDCls, 162 MHz)
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Current Data Parameters

NAME SW o 747-1
EXPNO 5
PROCNC 1

F2z - Acquisition Parameters
Date_ 20200615

Time 11.46
INSTRUM specht
PROBHD 5 mm PABBO BB/
PULPRCG zZgpg30

TD 65536
SOLVENT CchC13

NS 16

DS 4

SWH 49019.609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 198,09

DW 10,200 usec
DE 6.50 usec
TE 296.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== (CHANNEL fl ========
SFO1 161.9836917 MHz
NOUC1 31p

P1 15.00 usec
PLW1 13.19999981 W
======== CHANNEL f2 ========
SFOz2 400.1316005 MHzZ
NUc2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W

PLW13 0.28125000 W
F2 - Processing parameters
51 32768

SF 161.9755119 MHz
WDW EM

SSB 0

LB 2,00 Hz
GB 0

PC 1.40



'"H NMR Spectrum of 3b (CDCls, 400 MHz)

g N 00 NN A DWDSN O A AN A A O -0 OO A d O A0
o™l TN A O N0 AN OO N A0 N AN S HOD O 00O o
S OO RRYeE ST aonannn0a0nona88aagddEnaanee  Current Data Parameters
— oo~~~ NN NN NNNNNN A AA A A OO NAME SW 892-1
‘ EXPNO 2
PROCNO 1
FZ - Acguisition Parameters
Date_ 20200531
Time 22.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
) PULPROG Zg30
D 32768
©N SOLVENT CDhC13
NH @ I 32
PBuj DS 0
SWH 7211.539 Hz
O‘ FIDRES 0.220079% Hz
AQ 2.2719147 =sec
(@) Q RG 45,15
DW 69.333 usec
DE 10.06 usec
Cl TE 298.1 K
3b D1 2.00000000 sec
DO 1
======== CHANNEL f1 ========
SEO1 400,1324008 MHz
NUCT 1H
Pl 15.00 usec
PLW1 11.39939262 W
F2 - Processing parameters
ST 16384
SF 400.,1300017 MH=z
WDW M
SSB 0
LB 0 Hz
=B 8]
J PC 1.00
T T T T T T T T T T T T T T
13 12 11 10 9 38 7 6 5 4 3 2 1 0 ppm
[o0] O[] H| Y| O] D o™ ua o
[l [=]Re)] Ken] 0] Re)] Hool o [ o
o o | ] en| | e NS ﬁ o
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)

C NMR Spectrum of 3b (CDCls, 100 MHz)
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Current Data Parameters

NAME SW 893-1
EXPNC 3
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200531

Time 22.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 3327

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 298.2 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127774 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



3IP NMR Spectrum of 3b (CDCls, 162 MHz)
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Current Data Parameters

NAME SW o 893-1
EXPNO 4
PROCNO 1

F2z — Acqulsition Parameters
Date_ 20200601
Time 11.44
TINSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D c5536
SOLVENT CDCLl3

NS 16

DS 4

SWH 49019%.609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 198,09

DWW 10.200 usec
DE 6.50 usec
TE 293.4 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 161.9836%917 MHz
NUC1 31P

Pl 15.00 usec
PLW1 13.19999981 W
======== CHANNEL 2 ========
SFO2 400.1316005 MHz
Nucz 18
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1z 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768

SE 161.9755930 MHz
WDW EM

SSB 0

LB 2,00 Hz
GB 0

PC 1.40



'"H NMR Spectrum of 3¢ (CDCls, 400 MHz)
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Current Data Parameters

NAME SW ZW 4-NOZ
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200613

Time 23,42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 8]

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 24.54

DW 69.333 usec
DE 10,06 usec
TE 298.0 K

D1 2,00000000 sec
TDO 1
======== (CHANNEL fl ========
SEOL 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.399929%62 W

F2 — Progesszsing parameters
ST 16384

SE 400,12%%895 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00



3C NMR Spectrum of 3¢ (CDCls, 100 MHz)
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Current Data Parameters

NAME SW ZW 4-N02
EXPNC 4
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200613

Time 23.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 9950

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 297.9 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127887 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



3IP NMR Spectrum of 3¢ (CDCls, 162 MHz)
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Current Data Parameters

NAME SW OZW 4-NO2
EXPNO 5
PROCNO 1

F2 — Acqulsition Parameters
Date_ 20200614

Time 11.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D 65536
SOLVENT CDCL3

NS 32

D3 4

SWH 49019%.609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 128,09

DWW 10.200 usec
DE 6.50 usec
TE 294.5 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 161.9836%17 MHz
NUC1 31P

Pl 15.00 usec
PLW1 13.19999981 W
======== CHANNEL 2 ========
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1z Q.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768

SE 161.9755107 MHz
WDW EM

S5B 0

LB 2,00 Hz
GB 0

PC 1.40



'"H NMR Spectrum of 3d (CDCls, 400 MHz)

?é M O O M s M D D Oy ] s N0 oY s 0D HOU\OOC)L(‘)O\\DOL(‘)G\(\]W%
— [FoRNTSRRNORES I s o B e s Bl e IR ) B o) IO RN Te B o s T o BN M BN nuli SUEN OV O W s NN OWo N M A O 0O
4 iR R R R e lele NN RRL S Current Data Parameters
— 0 O [~ [~ [~ [~ [~ [~ [~ 0~ [~ [~ [~ [~ [~ [~ 0~ [~ NN N NN A A A A A DO O | NAME SW 894
s SN A 4
PROCNO 1
F2 - Acguisition Parameters
Date_ 20200530
Time 23.54
INSTRUM spect
PROBHD 5 mm BBO BB-1H
o) PULPROG zg30
TD 32768
ON, SOLVENT CDC13
NH o NS 32
PBU3 DS 0
SWH 7246.377 Hz
O‘ FIDRES 0.221142 Hz
AQ 2.2609%21 sec
o RG 57
DW 69.000 usec
OMe DE 6.50 usec
TE 299.6 K
3d D1 2.00000000 sec
TDO 1
======== (CHANNEL fl ========
NUC1L 1H
rl 15,00 usec
PL1 11.10 dB
SFOL 400,1324008 MHz
F2 - Progesszing parameters
ST 16384
SFE 400.,1300062 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
L‘J PC 1.00
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
™~ Ol N O | S| Co| = —| \O ['s) uy
~ Ol N D N A A N ™ o)
| = | en| S ] ” 2 o
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3C NMR Spectrum of 3d (CDCls, 100 MHz)

™) = s O N ML O WA
Ne) < NN D -0 dn NSO o0 o O IR IRTo B B R el e
. . O M OO OO o GNm o MmO o
[oe] [ A~ OO NSO~ [~ O . . .
w0 o NDMOMMOANNNNNNNN A A D oA NWwsTmomo oM Current Data Parameters
— — A A A A A A A A A A A A O oo Mo NN NN A WAME SW 894
EXPNC 5
| | SsSss\== W NN :
F'2 - Acquisition Parameters
Date_ 20200530
Time 23.57
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
[e) TD 32768
SOLVENT CDC13
ON NS 10000
Y Ds 0
NH o SWH 24038.461 Hz
PBuj FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096
DW 20,800 usec
O O DE .50 usec
TE 299.6 K
D1 2.00000000 sec
OMe D11 0.03000000 sec
TDO 1
3d
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzlé
wNocz 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F'2 - Processing parameters
ST 32768
SF 100.6127763 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
l. ] " " Mm L l | ) L 4
I I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm
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3IP NMR Spectrum of 3d (CDCls, 162 MHz)

e}
o o
- © Current Data Parameters
oy =] NAME SW o894
EXPNO &
‘ PROCNO 1
F2z — Acqulsition Parameters
Date_ 20200601
Time 11.5%
INSTRUM spect
PROBHD 5 mm BBC BB-1H
O PULPROG zgpg30
D 65536
ON, SOLVENT CDCL3
N o - :
PBug SWH 54724.918 Hz
‘ FIDRES 0.%87624 H=z
AQ 0.5062656 sec
RG 11585.2
O DW 7.725 usec
DE .50 usec
TE 2%96.8 K
OMe D1 2,00000000 sec
3d D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUCL 31F
Pl 15.40 usec
PL1 10.90 dB
SFO1 161.9674942 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzle
NUcz2 1H
PCPDZ 90,00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29.00 dB
SEO2 400.1316005 MHz
F2 — Processling parameters
s1 32768
SE 161.9755116 MHz
WDW EM
SS5B 0
LB 1.00 Hz
GB 8]
PC 1.00
) A

90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm
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'"H NMR Spectrum of 3e (CDCls, 400 MHz)

g D MW AN O NSO N MW S O Wy wy o M~ 000 W - 0N ST o s
o™ [ERRES L O o O T B I S B T A T s B O i COL W N -0 0N O D
= e e A B R I I B e B e L Current Data Parameters
— LS e e e L ol e e o i o NN N NN AAA A A A A OO NAME SW ZW ns
\\;\\M% N,\ W EXPNO 1
PROCNO 1
FZ2 - Acguisition Farameters
Date_ 20200611
Time 22.00
INSTRUM spect
FROBHD 5 mm BBO BB-1H
o PULFPROG zg30
D 32768
OGN SOLVENT CDC13
N NS 32
NH ® D& 0
PBug SWH 7246.377 Hz
‘ FIDRES 0.221142 Hz
AQ 2.2609921 =ec
RG 35.9
o DW 69.000 usec
DE 6.50 usec
3e TE 297.9 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Fl 15.00 usec
FL1 11.10 dB
SECl 400.1324008 MHz
FZ2 - Processing parameters
ST 16384
SF 400.130001% MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
EC 1.00
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
uy [ an] Ras] BiS] NES] Nes] Aoy (o) o <t
oo} | | H| | @ N O — (=)
) ol eaf S| 2| ef < \o S o
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Current Data Parameters

NAME SW ZW ns
EXPNC 2
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200611
Time 22.03
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 15000

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096

DW 20,800 usec
DE .50 usec
TE 297.8 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
nNuc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768

SF 100.6127817 MH=z
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00



3IP NMR Spectrum of 3e (CDCls, 162 MHz)
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Current Data Parameters

NAME SW ZW ns
EXPNO 3
PROCHNC 1

F2 - Acguisition Parameters
Date_ 20200612

Time 10.03
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPRCG zgpg30

D 65536
SOLVENT CDC1l3

NS 32

DS 0

SWH 64724.,918 Hz
FIDRES 0.987624 Hz
AQ 0.5062656 sec
RG 3649.1

Ly 7.725 usec
DE 6.50 usec
TE 297.7 K

Dl 2,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 31P

Pl 15.40 usec
PL1 10.90 dB
SFO1 161.9674%942 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltz1l6
Nucz 1H
PCPD2 90.00 usec
PLZ2 10.20 dB
PL1Z2 26,00 dB
PL13 2%.00 dB
SFO2 400.1316005 MH=z
F2 - Processing parameters
s1 32768

SE 161.975513% MH=z
WDW EM

S5B 8]

LB 1.00 Hz
GB Q

PC 1.00
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'H NMR Spectrum of 3f (CDCls, 400 MHz)
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12.16

Current Data Parameters

NAME SW ZW 3-C1
EXPNO 1
PROCNO 1

FZ2 - Acguisition Farameters
Date_ 20200610

Time 22.04
INSTRUM spect
FROBHD 5 mm BBO BB-1H
PULFPROG zg30

D 32768
SOLVENT CDC13

NS 32

D& 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 =ec
RG 35.9

DW 69.000 usec
DE 6.50 usec
TE 297.7 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Fl 15.00 usec
FL1 11.10 dB
SECl 400.1324008 MHz
FZ2 - Processing parameters
ST 16384

SF 400.1300011 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

EC 1.00
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3C NMR Spectrum of 3f (CDCls, 100 MHz)

129.24
128.27

i

128.03

127.98

127.60

127,12
118.63

117.12
94,53

™ o W oo Wn e N
™M O o oW oW N® O
-~ =0 GO o M Current Data Parameters
[l M NN NN A A NAME SW ZW 3-Cl1
EXPNC 2
\ N W/ :
F'2 - Acquisition Parameters
Date_ 20200610
Time 22.07
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 13449
D3 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096
DW 20,800 usec
DE .50 usec
TE 297.7 K
D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
wNoc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768
SF 100.6127806 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
J Il .

200

180

160

|
140

|
120

100

80 60 40 20 ppm

S77



3IP NMR Spectrum of 3f (CDCl3, 162 MHz)

I
o =)
o e Current Data Parameters
™ (o] NAME SW ZW 3-C1
EXPNO 3
‘ PROCNO 1
F2z — Acqulsition Parameters
Date_ 20200611
Time 10.38
TINSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 32
DS o]
SWH 64724.918 Hz
(0] FIDRES 0.987624 Hz
AQ 0.5062656 sec
ON, RG 4096
NH ® DW 7.725 usec
DE 6.50 usec
PBus TR 297.4 K
‘ D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
b Do
======== CHANNEL fl ========
NOUC1 31P
3f P1 15.40 usec
PL1 10.90 dB
SFO1 161.9674942 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltz16
NOUc2 11
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
SF 161.9755150 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
o -
HERAAN BN AL MMM IR RS IR BN AR N IS AN AR NN R |
20 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm
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'"H NMR Spectrum of 3g (CDCls, 400 MHz)

g O O =) O o s O 00 00 s O O )W NO N W O A N W N O
I} N AN OW N OWW Mmoo st O OO S M A O W A OO
4 SO a0 NN R LA Current Data Parameters
— I c R S e e e e Y e e e el e S N e NN NNNN AA A A OO OO NAME SWo895-1
S Y ) N/ e 3
PROCNO 1
FZ2 - Acguisition Farameters
Date_ 20200601
Time 0.42
INSTRUM spect
FROBHD 5 mm PABBO BB/
FULPROG zg30
o TD 32768
ON SOLVENT CDC13
\NH NS 32
® DS 0
PBuj SWH 7211.539 Hz
‘ Cl FIDRES 1.220079% Hz
rQ 2.2719147 sec
RG 38.89
o DW 69.333 usec
DE 10,06 usec
TE 295.2 K
39 D1 2.00000000 sec
D0 1
======== CHANNEL fl ========
SEOL 400,1324008 MHz
NUC1 1H
= 15.00 usec
PLW1 11.3992999462 W
FZ2 - Processing parameters
ST 16384
SE 400.,1300000 MHZz
WDW EM
SSB 0
LB 0 Hz
GB 0
U EC 1.00
T T T T T T T T T T T T T T
13 12 11 10 9 8 7 5 5 4 3 2 1 0 ppm
O W w) O M| o = =t oy o~
O OO S| N 2| | ™~ N —
Al | S| | so| S| © S‘. o
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3C NMR Spectrum of 3g (CDCls, 100 MHz)
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Current Data Parameters

NAME SW 895-1
EXPNC 4
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200601

Time 0.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 8000

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 295.0 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127795 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



3IP NMR Spectrum of 3g (CDCls, 162 MHz)
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Current Data Parameters

NAME SW 895-1
EXPNO 5
PROCNO 1

F2z — Acqulsition Parameters
Date_ 20200601

Time 11.2%
TINSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D c5536
SOLVENT CDCLl3

NS 16

DS 4

SWH 49019%.609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 198,09

DWW 10.200 usec
DE 6.50 usec
TE 293.5 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 161.9836%917 MHz
NUC1 31P

Pl 15.00 usec
PLW1 13.19999981 W
======== CHANNEL 2 ========
SFO2 400.1316005 MHz
Nucz 18
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1z 0.34722000 W

PLW13 0.28125000 W
F2 - Processing parameters
ST 32768

SF 161.9755116 MHz
WDW EM

SSB 0

LB 2,00 Hz
GB 0

PC 1.40
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'"H NMR Spectrum of 3h (CDCls, 400 MHz)
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Current Data Parameters

NAME SW ZW 2 OMe
EXPNO 1
PROCNO 1

FZ2 - Acguisition Farameters
Date_ 20200613

Time 23.26
INSTRUM spect
FROBHD 5 mm BBO BB-1H
PULFPROG zg30

D 32768
SOLVENT CDC13

NS 32

D& 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 =ec
RG 35.9

DW 69.000 usec
DE 6.50 usec
TE 297.7 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Fl 15.00 usec
FL1 11.10 dB
SECl 400.1324008 MHz
FZ2 - Processing parameters
ST 16384

SF 400.1300000 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

EC 1.00



13C NMR Spectrum of 3h (CDCls, 100 MHz)

faw} TN AN N s O Ao A A AN NN
32} WE-WOoOoFO-0DNAASNTNNONNOMDm M O W@ O [~ =H [~ N ) 00 N 0 [
[ T T e v ~ WO MO~ O
[a)] [~y O WO NN OV~ O . . . . . D L
Ies] DO On®OmO®OmOHONNNNNNNNNNAA A O n W@ Mmoo M Current Data Parameters
— i B B M M B B B B B B B B R T B B B B B B A A A o I} NN NN N NN WAME SW ZW 2 OMe
EXPNC 2
| ST D NN 1
F'2 - Acquisition Parameters
Date_ 20200613
Time 23.29
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 14590
O Ds 0
SWH 24038.461 Hz
@N\ FIDRES 0.733596 Hz
NH @ %) 0.6815744 sec
RG 4096
PBuj3 DW 20.800 usec
‘ OMe DE 6,50 usec
TE 297.7 K
D1 2.00000000 sec
(0] D11 0.03000000 sec
TDO 1
3h ======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzlé
wNocz 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F'2 - Processing parameters
ST 32768
SF 100.6127815 MH=Z
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
l 1 | ) .|4 A o ]UU L
I I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm
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3IP NMR Spectrum of 3h (CDCls, 162 MHz)

<t (=]
1 =
o o Current Data Parameters
3] | NAME SW ZW 2 OMe
EXPNO 3
| PROCNO 1
F2 — Acqulsition Parameters
Date_ 20200614
Time 10.51
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 32
0 DS o]
SWH 64724.918 Hz
ON FIDRES 0.987624 Hz
N AQ 0.5062656 sec
NH o RG 2096
PBuj DW 7.725 usec
‘ OMe DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
O O D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
3h NUC1 31P
Pl 15.40 usec
PL1 10.90 dB
SFO1 161.9674942 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
SF 161.9755140 MHz
WDW BN
SSB 0
LB 1.00 Hz
GB 0]
PC 1.00
AR R DO DA D AR R R RN AR RN AN DA RN R
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 ppm
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'"H NMR Spectrum of 3i (CDCls, 400 MHz)
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Current Data Parameters

NAME SW ZW hy C1
EXPNO 1
PROCNO 1

FZ2 - Acguisition Farameters
Date_ 20200531

Time 1.32
INSTRUM spect
FROBHD 5 mm PABBO BB/
PULFPROG zg30

D 32768
SOLVENT CDC13

NS 64

D& 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42

DW 69.333 usec
DE 10,06 usec
TE 293.9 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOol 400.,1324008 MHz
NUC1 1H

= 15.00 usec
PLW1 11.39999%262 W

FZ2 - Processing parameters
ST 16384

SF 400.1300045 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

EC 1.00



13C NMR Spectrum of 3i (CDCls, 100 MHz)
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Current Data Parameters

NAME SW ZW hy C1
EXPNC 2
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200531

Time 1.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 15000

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 293.8 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127723 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



3P NMR Spectrum of 3i (CDCls, 162 MHz)
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Current Data Parameters

NAME SW ZW hy C1
EXPNO 3
PROCNO 1

F2z — Acqulsition Parameters
Date_ 20200601
Time 15.23
TINSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D c5536
SOLVENT CDCLl3

NS 32

DS 4

SWH 49019%.609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 198,09

DWW 10.200 usec
DE 6.50 usec
TE 292.7 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 161.9836%917 MHz
NUC1 31P

Pl 15.00 usec
PLW1 13.19999981 W
======== CHANNEL 2 ========
SFO2 400.1316005 MHz
Nucz 18
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1z 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768

SE 161.9755132 MHz
WDW EM

SSB 0

LB 2,00 Hz
GB 0

PC 1.40



'H NMR Spectrum of 3j (CDCls, 400 MHz)

AN OO MO OO Do o oD o NI~ -0 O WO (=)
DN O 00N s O D O O M O N O (e}
COmW S MmMMMmOo oo o FONNNATOOEE®B O Current Data Parameters
B S NNNNNNdHdo oo o NAME SW ZW hy CH3
TTeS— ~N W R 1
PROCNO 1
F2 — Acguisition Parameters
Date_ 20200530
H3C Time 21.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG zg30
o D 32768
ON SOLVENT cDCls
N NS 32
NH @ DS 0
PBus SWH 7211.53% Hz
‘ FIDRES 0.220079 Hz
AQ 2.2719147 sec
e} O RG 71.42
DW 69.333 usec
DE 10.06 usec
Br TE 298.0 K
3j D1 2.,00000000 sec
TDO 1
======== (CHANNEL fl ========
SFO1 400.1324008 MHz
NUCL 1H
P1 15.00 usec
PLW1 11.39999%9e2 W
F2 - Processing parameters
ST 16384
SF 400.1300061 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
L UL_I__
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
O | O O] 48] Kool — —
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3C NMR Spectrum of 3j (CDCls, 100 MHz)
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Current Data Parameters

NAME SW ZW hy CH3
EXPNC 2
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200530

Time 21.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 5199

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 298.1 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127727 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



3IP NMR Spectrum of 3j (CDCls, 162 MHz)
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Current Data Parameters

NAME SW ZW hy CH3
EXPNO 5
PROCNO 1

F2z — Acqulsition Parameters
Date_ 20200601
Time 16.59
TINSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

D c5536
SOLVENT CDCLl3

NS 32

DS 4

SWH 49019%.609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 198,09

DWW 10.200 usec
DE 6.50 usec
TE 296.2 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 161.9836%917 MHz
NUC1 31P

Pl 15.00 usec
PLW1 13.19999981 W
======== CHANNEL 2 ========
SFO2 400.1316005 MHz
Nucz 18
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1z 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768

SE 161.9755126 MHz
WDW EM

SSB 0

LB 2,00 Hz
GB 0

PC 1.40



'"H NMR Spectrum of 6aa (CDCls, 400 MHz)

A0 A AN OO NN T OO oM N0 SO N A <t 8
OO WLFENORONANNAATONNOEWNNONNO AW N0 = o
NWOWMOMMOMWO T oo Moo N NN NN NN OSSO0 ftel . CurrentDataPafameterS
e e e sl e Sy o VSV VP VRV g - 7 NAME SW-bc Ph Zi 4Br
- ‘ ‘ EXENO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200523
Time 18.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zqg30
TD 32768
SOLVENT CDC13
NS 32
D& 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16
DW 69.333 usec
DE 10.06 usec
6aa TE 298.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SEO1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 11.393993%62 W
F2 - Processing parameters
ST 16384
SE 400.1300105 MHz
WDV EM
SSB 0
LB 0 Hz
GB 0
J- -L BPC 1.00
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
I
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13C NMR Spectrum of 6aa (CDCls, 100 MHz)
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Current Data Parameters

NAME SW-bo Ph Z1i 4Br
EXPNC 3
PROCNO 1

Fz2 — Acqguisition Parameters
Date_ 20200523
Time 18.23
INSTRUM spect
PRCOBHD 5 mm PABBO BB/
PULPROG zZgpg30

TD 32768
SOLVENT cDC1l3

NS 4171

DS 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== (CHANNEL fl ========
SFO1 100.622829%98 MHz
NoCc1 13C

Pl 10.00 usec
PLW1 49,50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzle
PCPD2 90.00 usec
PLW2 l2.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768

SE 100.6127708 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR Spectrum of 6ba (CDCls, 400 MHz)

S93

WLWW W O OO NNt MM A0 A0 o Nm O 8
A AN AN H0OW S HONNOXDMY OO0 OO O WMo o
O Dm0 NN NN N A A A A A O OO 000 0w . CurfentDataParameterS
e S S R T S Sl SUI IR C VRV v 7 NAME SW Zi 4-Cl
e — - EXPNO 2
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200325
Time 21.55
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFPRCG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 114
DW 69.000 usec
DE 6.50 usec
TE 295.6 K
6ba D1 2.00000000 sec
TDO 1
======== (CHANNEL fl ========
NUCL1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400,1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300106 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 9 8 7 3 5 4 3 2 1 0 ppm
[e)] (=] Re]Rer] Ba] Re)] Nan] Ne)] Nan)
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3C NMR Spectrum of 6ba (CDCls, 100 MHz)

N N o> NOFOCoNmOoOn OO e
HA NSO AN ANOCTDAANHN O oo o O
TO M OMAN OSSN NON-NDODO M OO O @
L(S&O.,—.qoouvm.m.mmc;coO\.@.O(;oc;cx;oér-:mowmr\chz~ Current Data Paramsters
WL MMM MMMM®O® AN A D0 NAME SW 721 4-Cl
E B e B e B T e T T e T e IO T e e O B B e e B B s T e B e R e A I A B EXENC 2
N U 1
F2 - Acquisition Parameters
Date_ 20200325
Time 21.508
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
Ne 3483
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.6
DW 20.800 usec
DE 6.50 usec
TE 295.5 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
Nucl 13C
Pl 10.00 usec
PL1 3.80 4B
SFOL 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé
NuUcCz2 1H
PCPD2 90.00 usec
PLZ 10.20 4B
PL12Z 26,00 dB
PL13 29.00 dB
h N SEOZ 400.1316005 MHz
F2 - Processing parameters
S UL 100. 6127755 iz
200 180 160 140 120 100 80 60 40 20 PPM 11y o
SEB 0
LB 1.00 Hz
GB a
PC 1.00
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'"H NMR Spectrum of 6¢ca (DMSO-ds, 400 MHz)

g;¢>q'o NOW AT PN ONOCTNDNDO AT O O N o

o : ﬁ g g S S g g g g B B Q §3§3§3§3$ g g % Q g § g g g x 8 8 8 @ 3 Current Data Parameters

o~ . - - . - - . . . . . . . . . . . . . . . - - . - . . . . . . NAME zi 4-NOZ2

oo e e e e e e R S Sl et o e e e e e A A O S S ¢ B e B4 ST IS I A VA o EXPENO 1

\ - PROCNO 1
F2 — Acgulsition Parameters
Date_ 20200222
Time 16.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zg30
TD 32768
SOLVENT DMSO
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.22007% Hz
AQ 2.2719147 sec
RG 89.08
DWW 69.333 usec
DE 10.06 usec
TE 296.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SEOL 400,1324008 MHz
NUCL 1H
P1 15.00 usec
PLW1 11.392999%62 W
F2 — Processing parameters
SI 16384
SF 400.1300031 MHz
WDW EM
SS5B 0
LB 0 He
GB 0

i ) | PC 1.00

13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
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o NN NI D =]

S95



3C NMR Spectrum of 6¢a (DMSO-ds, 100 MHz)
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iy & O O O Oy O 00 M~ v [~ [~ [ ﬂ q 5 @ ﬁ ﬁ @ Current Data Parémeters
OO TN MO NN NN A A A O oYY O Y O O NAME zi 4-NO2
i e B B R B R B B B R B e B | LM MMM EXEND 2
SN S\ l
F2 - Acquisition Parameters
Date_ 20200222
Time 16.12
INSTRUM spect
PROBHD S mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT DMSO
Ne 1174
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 188.08
DW 20,800 usec
DE 6.50 usec
TE 296.6 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SEOL 100.6228298 MHz
NUCL 13C
Pl 10.00 usec
PLW1 49,50000000 W
======== CHANNEL f2 ========
SFO2 400.,1316005 MHz
NuUcCz2 1H
CPDPRG[2 waltzlé
PCED?2 20.00 usec
PLWZ2 12.50000000 W
PLW1Z 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
1 T T T 1 T 1 T 1006126172 btz
200 180 160 140 120 100 80 60 40 20 ppPM... i
SEB 0
LB Z2.00 Hz
GB a
PC 1.00
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"H NMR Spectrum of 6da (DMSO-ds, 400 MHz)

S{ PO N SN M OO NN WD )N~ O YO
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M%ﬂ% \W EXPNO 2
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200502
Time 22.09
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 32768
SOLVENT DMSO
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 362
DW 69.000 usec
DE 6.50 usec
TE 296.8 K
Dl 2.00000000 sec
6da TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400.1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300067 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
JAA AJJ J JL“*NAJU PC 1.00

T T T
13 1z 11 10 9 7 3 5 4 3 2 1 prm
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3C NMR Spectrum of 6da (DMSO-ds, 100 MHz)

o] A Ao ON SO A DN O MW

o AN Ao = NMO WD N NS A Dm0 O

: SO 00 M M DO G 0 0 o S TaneaTR "

o LM MM @M OO NN NN N NN A A oMM O m O Current Data Parameters

— i R B B B B B R R R I R A R A B B R Mmoo momm o MAME SW 721 4-CMe
EXPNC 3

NS N 1
F'2 - Acquisition Parameters
Date_ 20200502
Time 22.12
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT DMSO
NS 23910
D3 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 91585.2
DW 20,800 usec
DE .50 usec
TE 296.7 K
D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========

6da NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
wNoc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768
SF 100.6128205 Mz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00

I I I I I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm
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'"H NMR Spectrum of 6ea (DMSO-ds, 400 MHz)

2 MO NDODMNOOHNO AN NNOCODLUFONOTOWNHOMETOMOUNN=WNm WO N o
R O COmI NS T T Mo mmem®mm ol oo a NN A A AN N oo 8B i B« = Current Data Parameters
Ol » o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 4+« = « .« NAME 7i Non sub iso
o el el e el e el e e el e e e e i S el el A el A e e A e A e S R S SRSV I o I G S-S NN 2
. — . PROCNO 1
F2 — Acgulsition Parameters
Date_ 20200221
Time 21.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG zg30
TD 32768
SOLVENT DMSO
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.22007% Hz
AQ 2.2719147 sec
RG 198.09
DWW 69.333 usec
DE 10.06 usec
TE 297.5 K
D1 2.00000000 sec
TDO 1
Gea ======== CHANNEL fl ========
SEOL 400,1324008 MHz
NUCL 1H
P1 15.00 usec
PLW1 11.392999%62 W
F2 — Processing parameters
SI 16384
SF 400.1300031 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
| | ‘ | N PC 1.00
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
Fﬂ F=[O[® Jﬂc BO[S
«Q o el b b R
(=] NN N NN -
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3C NMR Spectrum of 6ea (DMSO-ds, 100 MHz)

DN A~ M 4NN O TN OO~ O
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Q:kO.C)OCSQ(V;mN(\]'DDO‘:(X;CX;&;(X;CX;CX;F‘:kO.mO\'CDF* ,—‘|6\[\mm|—<cxz CurrentDataPérameters
WO WM MMMMMMNNNCNNNNNNN A A A OO O O Y DY O NAME SW Zi non sbhu
A A A~ A A A A A A A A A A A A A LM MM My EXEND 2
\"\N&%// W PROCNO 1
F2 - Acquisition Parameters
Date_ 20200302
Time 23.22
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT DMSO
NS 12000
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 8192
DW 20,800 usec
DE 6.50 usec
TE 299.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
Nucl 13C
Pl 10.00 usec
PL1 3.80 4B
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé
NuUcCz2 1H
PCED?Z2 90.00 usec
PL2 10.20 dB
PL12 26.00 4B
PL13 29.00 dB
I l | SFO2 400.1316005 MHz
F2 - Processing parameters
O L 1006126208 Mz
200 180 160 140 120 100 80 60 40 20 PPM 11y o
SEB 0
LB 1.00 Hz
GB a
pC 1.00
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'"H NMR Spectrum of 6fa (DMSO-ds, 400 MHz)
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e Y S I e NAME SW Zi 3-C1
e e EXPNO 1
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200608
Time 23.13
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 32768
SOLVENT DMSO
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 362
DW 69.000 usec
DE 6.50 usec
6fa TE 296.3 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400.1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300058 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
S
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3C NMR Spectrum of 6fa (DMSO-ds, 100 MHz)

N TS0 O TN A N A SN O 00 0
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o COHOHM MO OO NN NSNS NN N A A Coo oo o Current Data Parameters

— e B B B B B B B B B B B B B B B B I B B B ] T Mmoo Mo M WAME SW Zi 3-C1
EXPNC 2

| TS\ S\ PROCN ;
F'2 - Acquisition Parameters
Date_ 20200608
Time 23.16
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT DM3O
NS 22301
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 8192
DW 20,800 usec
DE .50 usec
TE 296.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

6fa ======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzlé
wNoc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F'2 - Processing parameters
ST 32768
SF 100.61281%26 MOz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00

I I I I I I I I I I I
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'H NMR Spectrum of 6ia (CDCl3, 400 MHz)

™ O ML OO MO OO NM D0 D 8

™ DN WNOSRN™MEOYOnNQS oS m <

oo MmN NN NN A A A OO @0 oW W Curfent Data Parameters

e S S S S v R P Ve R VPV T NAME SW-hy C1

| \w%ﬂ%/" EXPNO 3
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200424
Time 22.18

cl INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 89.08
DW 69.333 usec
DE 10.06 u=ec
TE 298.2 K
Dl 2.00000000 sec
6ia TDO 1

======== CHANNEL fl ========
SFOL 400.1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.39999%62 W
F2 — Processing parameters
ST 16384
SE 400,1300110 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00

T T T
11 10 9 8 7 3 3 4 3 2 1 0 prm
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3C NMR Spectrum of 6ia (CDCls, 100 MHz)
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Current Data Parameters

NAME SW-hy CL1
EXPNO 4
PROCHNO 1

F2 - Acquisition Parameters
Date 20200424

Time 22.22
INSTRUM spect
PRCOBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 2759

DS Q

SWH 24038.,461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198,09

DW 20.800 usec
DE 6,50 usec
TE 299.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228298 MH=z
NUC1 13C

Pl 10,00 usec
PLW1 49,50000000 W
======== (CHANNEL f2 ========
SFO2 400.,1316005 MHz
Nucz2 1H
CPDPRG [2 waltzle
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
PLW13 0.28125000 W
F2 - Processing parameters
ST 32768

SF 100.6127727 MHz
WDW EM

SSB Q

LB 2.00 Hz
GB 0

PC 1.00



'"H NMR Spectrum of 6ja (CDCls, 400 MHz)

W ® A0 oo OO0 AN [e] g
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D DAL NS A A A A 3 5 O O A D o : Current Data Farameters
F S S S R R R R R R ) o Cﬁ NAME SW-hy Me-1
\— e :
PROCNO 1
F2 — Acguisition Parameters
Date_ 20200520
Time 15.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
CHs PULPROG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.22007% Hz
AQ 2.2719147 sec
RG 113.31
DW 69.333 usec
DE 10.06 usec
TE 296.3 K
D1 2.00000000 sec
TDO 1
6ja
======== CHANNEL {1 ========
SFOL 400,1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
ST 16384
SE 400,1300106 MHzZ
WDW EM
SEB 0
LB 0 Hz
GB 0
BC 1.00
B
T T T T T T T T T
10 9 8 7 6 5 3 2 1 0 ppm
(2} DN OO OO oD [oe]
o Al A ] < ] S Al S I
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3C NMR Spectrum of 6ja (CDCls, 100 MHz)
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O T ONONNOCHND HOWN MO O WM s O
TFTO OO ANCONONT T O 0O Ao O N o
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. e e e ¥ Current Data Parameters
WO TN MmO A A A O — NAME SW-hyCH3
e e e B B B B B B B B B B B e B R M M M B e A ol EXPNO 2
'\m\\l\w‘%%‘% PROCNO 1
F2 - Acquisiticn Parameters
Date_ 20200321
Time 2.05
INSTRUM spect
CHg PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDhC13
Ne 2660
DS 8]
SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
AQ 0.6815744 sec
RG 8192
DW 20,800 usec
DE 6.50 usec
TE 296.5 K
D1 2,00000000 sec
D11 0,03000000 sec
6ja TDO 1
======== CHANNEL fl ========
NUCl 13C
Pl 10.00 usec
PL1 3.80 dB
SFOL 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzlé
NUC2 1H
PCED?2 890.00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29.00 dB
F2 - Processing parameters
I U L 100.6127151 wiz
200 180 160 140 120 100 80 60 40 20 ppM o
SEB 0
LB 1.00 Hz
GB a
PC 1.00



'"H NMR Spectrum of 6ab (DMSO-ds, 400 MHz)

g NOWLON=WOOON AT O 40N TONDNONTDNNO T O o
o £ § S @ $ S 8 % ﬁ a S 2 ;12 2 x 2 H g g g g a § § ﬁ S S 8 3 @ Current Data Parameters
o~ . . . . - - . . . . . . . . . . . . . . . . - - - . . . . . NAME SW beo 4-Br
P T S et o s e e a e e e i e e o S B O S S el anBECe RN eI SR oN I BN QN IO AN QN EXPENO 3
B / \[% PROCHNO 1
F2 — Acgulsition Parameters
Date_ 20200304
Time 23.25
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULEROG zg30
TD 32768
SOLVENT DMSO
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 zec
RG 114
6ab DW 69.000 usec
DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUCL 1H
P1 15.00 usec
PL1 11.10 dB
SEOL 400,1324008 MHz
F2 — Processing parameters
SI 16384
SF 400.1300028 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
i gL . :

12 11 10 9 8 7 6 5 4 3 2 1 0 ppm
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3C NMR Spectrum of 6ab (DMSO-ds, 100 MHz)
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WO MMM MMM NN A A A O DO YO DY © NAME SW bco 4-Br
A A A~ A A A A A A A A A A A A A A LM M MMy EXEND 4
F2 - Acquisition Parameters
Date_ 20200304
Time 23.28
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT DMSO
NS 1963
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096
DW 20,800 usec
6ab DE 6.50 usec
TE 298.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
Nucl 13C
Pl 10.00 usec
PL1 3.80 4B
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé
NuUcCz2 1H
PCED?Z2 90.00 usec
PL2 10.20 dB
PL12 26.00 4B
PL13 29.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
r— T T 1 — T 11— 1 T 1T 100.6128210 Mz
200 180 160 140 120 100 80 60 40 20 PPM 11y -
SEB 0
LB 1.00 Hz
GB a
pC 1.00
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'H NMR Spectrum of 6ac (DMSO-ds, 400 MHz)

gﬂ“[‘MNG\\O‘—(KON\O\OCOF’)\QNODO\OOF’)F\NWO\LOCOO\N\O(‘Dml‘\mt—iom\f)f\m\f)o\o‘—(
N A A OO0 N oW NA A0 AN SN AN O DN M D OO SO
NERELeYwwYnnnnnnE S S aoOoOoonooaeaee e oo nnn s Current Data Parameters
— EXPNO 1
PROCNO 1
F2 - Acguisiticn Parameters
Date_ 20200321
Time 22.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zg30
TD 32768
SOLVENT DMSO
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.22007% Hz
AD 2.,271%9147 sec
RG 89,08
DW 69.333 usec
DE 10.06 usec
6ac TE 227.9 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOL1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLWL1 11.39999%62 W
F2 - Processing parameters
ST 16384
SF 400.1300031 MHz
WDW EM
SSB 8]
LB 0 Hz
GB 0
PC 1.00
k ) A Jl_____,J ) A
T T T T T T T T T T T T T T T T T 1
14 13 12 11 10 5 4 3 2 1 0 -1 -2 ppm
<
[e2]
o
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3C NMR Spectrum of 6ac (DMSO-ds, 100 MHz)

™ N W oo T 400NN SN oo
LSS R s RN TR N I e T e R TS B e e BENC IR sl i ¢ s B O OO o ST
N HO NSO OO NN S0 O s Y NN H OO
- kﬁ;Doom.mmm.NHC;@.O(;r‘:r‘:mc;wr\r‘: oy e o Current Data Parameters
[eo N IO I Lt A T A S T LS TS T LS A B o Ao\ B oV I GV o o\ e I I OO Y O O NAME bo 4-C1
— A A A A A A A A A A A A A A A A TN MMM EXEND 2
| \\‘\'\\\V/X//’ W PROCNO 1
F2 - Acquisition Parameters
Date_ 20200321
Time 22.25
INSTRUM spect
PROBHD S mm PABBO BB/
PULPROG zgpg30
TD 32768
SOLVENT DMSO
Ne 13451
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 188.08
DW 20,800 usec
DE 6.50 usec
TE 298.7 K
Dl 2.00000000 sec
6ac D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SEOL 100.6228298 MHz
NUCL 13C
Pl 10.00 usec
PLW1 49,50000000 W
======== CHANNEL f2 ========
SFO2 400.,1316005 MHz
NuUcCz2 1H
CPDPRG[2 waltzlé
PCED?2 20.00 usec
PLWZ2 12.50000000 W
PLW1Z 0.34722000 W
b o Pnr . . . _.JLL ) ”PLWIE 0.28125000 W
F2 - Processing parameters
200 180 160 140 120 100 80 60 40 20 PPM iy EM
SEB 0
LB Z2.00 Hz
GB a
PC 1.00
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'H NMR Spectrum of 6ad (CDCls, 400 MHz)

H A NOSO SO0 WD S S ™ O] WD 8
NOD AW AL TN M0 o
N0 o] g OO OO O OO . Current Data Parameters
. - - . . . - . . . . . . . . . . ()] NAME SW Be 4-F
L e e R S T A e o e O S AT BN eI e | EXPNO 1
N N7 PROCNO 1
F2 — Acgulsition Parameters
Date_ 20200329
Time 0.42
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 zec
RG 256
DWW 69.000 usec
DE 6.50 usec
bad TE 296.9 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUCL 1H
P1 15.00 usec
PL1 11.10 dB
SEOL 400,1324008 MHz
F2 — Processing parameters
SI 16384
SF 400.1300092 MHz
WDW EM
SS5B 0
LB 0 He
J l GB 0
U e ) —_ e 1.00
""""" IR DA R R A AR R RS RS R R AR
5 4 3 2 1 0 ppm

10 9 8

o it
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3C NMR Spectrum of 6ad (CDCls, 100 MHz)

WM~ O A NON WO ST A A0 OSSO OLW
T OWWSRNOANMOOM N0 AN ANO NS T O
NN OWWDANODNADM Ao CO S
T e e current Data Parameters
WO T 1 OWMM NN OO N0MW M AN~ 00+
0WWWnHMMMMOMHMO MMM NN A A A A0 NAME SW Be 4-F
A A A A A A A A A A A A A A A A A A A A A A A EXEND 2
F2 - Acquisition Parameters
Date_ 20200329
Time 0.45
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 15000
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 9195.2
DW 20,800 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
6ad TDO 1
======== CHANNEL fl ========
Nucl 13C
Pl 10.00 usec
PL1 3.80 4B
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé
NuUcCz2 1H
PCED?Z2 90.00 usec
PL2 10.20 dB
PL12 26.00 4B
PL13 29.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
T T T T 1 1 T T T T 1006127697 wsiz
200 180 160 140 120 100 80 60 40 20 ppPM... o
SEB 0
LB 1.00 Hz
GB a
pC 1.00
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F NMR Spectrum of 6ad (CDCls, 376 MHz)

I3} —f

— o

[} T}

: : Current Data Parameters

1 | NAME SW Be 4F - 1
EXPNC 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200612
Time 20.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgiyg
TD 131072
SOLVENT CDC13
NS 32
DS 0
SWH 89285.711 H=z
FIDRES 0.681196 Hz
AD 0.7340032 =sec
RG 198.09
DW 5.600 usec
DE 6.50 uzec
TE 298.3 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 376.4607168 MH=z

6ad NUCl 19F
Pl 15.00 usec
PLW1 18.00000000 W
======== (CHANNEL f2 ========
SFoz 400.1316005 MHz
nucz 11
CPDPRG[2 waltzl6
PCPD2 90,00 usec
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 65536
SE 376.4992047 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
ok

T | | | T | | T |
-106 -108 -110 -112 -114 -116 -118 -120 -122 ppm
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'"H NMR Spectrum of 6ae (CDCls, 400 MHz)

OO OO0 MO AT MO SN M 0o Nel g

3 @ $ E S % ﬁ 2 ﬂ g g g 2 : ﬁ g 8 8 ? g § Q 2 £ £ 8 2 ; 9 Current Data Parameters

. . . . - - . . . . . . . . . . . . . . . . . . - - . O NAME SW Bo 4-Me

L e R S e e e A O S S e e T e A A X< BN RN N R e Ve N o N ¢ ™~ | EXPNG 1
PROCNO 1
F2 — Acgulsition Parameters
Date_ 20200326
Time 0.43
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULEROG zg30
TD 32768
SOLVENT CDhCl3
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 zec
RG 161.3
DW 69.000 usec
DE 6.50 usec
TE 296.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUCL 1H
P1 15.00 usec
PL1 11.10 dB
SEOL 400,1324008 MHz
F2 — Processing parameters
SI 16384
SF 400.1300102 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0

A | PC 1.00

7 6 5 4 3 2 1 0 ppm

9 8
§ e :
a e e b R N A <
o Ni=lNIF = N[O o
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13C NMR Spectrum of 6ae (CDCls, 100 MHz)

AW AN OO MO ST AN s Y O o
AN O T OO OO0 DA =r
W\O(\]G\U}OD[“MQ\QNM@(\](Y)C)NKOHC)O'\\—{C)S =1
u).&é,—.qoo@%mmy—.qﬂocsogoé&;r:u;rf;C;mo%@(vzcz- o Current Data Parameters
O MmMMO MMM NNNNNNNAAA D — NAME SW Bc 4-Me
H oA A A A A A A A A A A A A A A A A A A A A ™ EXENC 2
R l
F2 - Acquisition Parameters
Date_ 20200326
Time 0.48
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
Ne 11452
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 81892
DW 20.800 usec
DE 6.50 usec
TE 296.0 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
Nucl 13C
Pl 10.00 usec
PL1 3.80 4B
SFOL 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé
NuUcCz2 1H
PCPD2 90.00 usec
PLZ 10.20 4B
PL12Z 26,00 dB
PL13 29.00 dB
§ ’ " SEOZ 400.1316005 MHz
F2 - Processing parameters
] T T T T 1T e 1006127727 btz
180 160 140 120 100 80 60 40 20 ppm .. o
SEB 0
LB 1.00 Hz
GB a
PC 1.00
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'"H NMR Spectrum of 6af (CDCls, 400 MHz)

D A MO SHE OO AN O AN O NS0 MDA s s W03 [l g
O NN AN Dn S NNOOWONn N HNOR DO o] (]
OO DTN N NN A A A A O O O @ [Is] . Current Data Parameters
B S e e S STy S 7 NAME 454
= EXPNO 4
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200425
Time 11.52
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFPRCG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 362
DW 69.000 usec
DE 6.50 usec
TE 296.4 K
D1 2.00000000 sec
TDO 1
6af
======== (CHANNEL fl ========
NUCL1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400,1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300101 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
B N caiind o,
T T T T T T T T T T T
10 9 8 7 [ 5 4 3 2 1 0 ppm
()}
O
o
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)

C NMR Spectrum of 6af (DMSO-ds, 100 MHz)

O M) s Y00 O WO W0 ;™Moo
DM~ OW N O o] QM W S0 w0 st S e Rel e N e R
WA NN W OO0 0ONmT ™MW NN T NN A OO
W@C;oowmMM(\]'HHC;C;DDG\@OOOOFMOOOF\P: ‘_.‘O\r\mn?ﬂoo Current Data Parameters
WO MMM Mo e ool ool N A OO Y O O NAME SW Bc 3-C1
e M B B B B B B I I i B R I B R e B B B TN MMM EXEND 2
A S Ve S\ PROCNO 1
F2 - Acquisition Parameters
Date_ 20200305
Time 1.08
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT DMSO
NS 5000
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 4096
DW 20,800 usec
DE 6.50 usec
TE 299.1 K
D1 2.00000000 sec
D11 0.03000000 sec
6af DU 1
======== CHANNEL fl ========
Nucl 13C
Pl 10.00 usec
PL1 3.80 4B
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé
NuUcCz2 1H
PCED?Z2 90.00 usec
PL2 10.20 dB
PL12 26.00 4B
PL13 29.00 dB
n SFO2 400.1316005 MHz
F2 - Processing parameters
- - T 1 11— 1 T T 1 T 1006126200 Mz
200 180 160 140 120 100 80 60 40 20 PPM 11y o
SEB 0
LB 1.00 Hz
GB a
pC 1.00
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'"H NMR Spectrum of 6ag (DMSO-ds, 400 MHz)
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A R R R N N R R R A A R A A R R e e e e A R e Current Data Parameters
L A e e o L e e o e e e L S i Sl e e e el e o o e S S el e S X T+ B0 I S IR S VIS I S IR S I S NAME 18
- e EXENO 1
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200426
Time 22.21
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
D 32768
SOLVENT DMSO
NS 16
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.06 u=ec
TE 297.7 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOL 400.1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.39999%62 W
F2 — Processing parameters
ST 16384
SE 400,1300031 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
l PC 1.00
) A M
T T T T T T T T T T T T T T
13 12 11 10 9 E 7 3 5 4 3 2 1 ] pem
rmw :
o |
- PN
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13C NMR Spectrum of 6ag (DMSO-ds, 100 MHz)
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Current Data Parameters

NAME 18
EXPNC 2
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200426

Time 22.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT DMSO

NS 15233

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 298.0 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 47.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 15.00000000 W
PLW12 0.323750001 W
PLW13 0.27338001 W
F'2 - Processing parameters
ST 32768

SF 100.6128180 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR Spectrum of 6ah (CDCls, 400 MHz)

S120

N O A A NN AWM N WD W s D00 MDD s NN Y M D N o™ [
MO DO RN NSNS A RN M G0 D N WM o™ o~ [
AC-COD DS MO NNNNNAOOOOO MMM W0 o o Current Data Parameters
e e e e e R Ve R S o NAME 16
o=t ‘ ‘ | EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200421
Time 1.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AD 2.2719147 sec
RG 198.09
DW 69,333 usec
DE 10.06 usec
TE 294.9 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400,1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.39999262 W
F2 - Frocessing parameters
ST 16384
SF 400.,1300088 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
A LA ]
T T T T T T T T T T
10 5 8 7 6 5 4 3 2 1 0 ppm
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3C NMR Spectrum of 6ah (CDCls, 100 MHz)
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Current Data Parameters

NAME 16
EXPNC 4
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200421

Time 1.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 12512

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 295.8 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127698 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR Spectrum of 6ai (CDCls, 400 MHz)
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Current Data Parameters

NAME bo 2-C1
EXPNO 1
PROCNO 1

FZ2 — Acquisiticon Parameters
Date_ 20200317
Time 11.56
INSTRUM spect
PRCBHD 5 mm BBO BB-1H
PULPROG zg30

TD 32768
SOLVENT chCcl3

NS 16

DS 0

SWH 1246.377 Hz
FIDRES 0.221142 Hz
AD 2.2609821 sec
RG 161.3

DW 69.000 usec
DE 6.50 usec
TE 296.2 K
D1 2.00000000 sec
TDO 1

NUC1 1H

Pl 15.00 usec
PL1 11.10 dB
SEOCL 400.1324008 MHz
F2 - Processing parameters
ST 16384

SF 400.1300112 MHz
WDW EM
S8B 0

LB 0 Hz

GB 0

PC 1.00
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C NMR Spectrum of 6ai (CDCls, 100 MHz)
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Current Data Parameters

NAME be 2-C1
EXFNO z
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200317

Time 11.5¢9
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT CDC13

Ne 2085

Ds 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.6

DW 20.800 usec
DE 6.50 usec
TE 296.1 K

Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
Nucl 13C

Pl 10.00 usec
PL1 3.80 4B
SFOL 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé

NuUcCz2 1H
PCPD2 90.00 usec
PLZ 10.20 4B
PL12Z 26,00 dB
PL13 29.00 dB
SEOZ 400.1316005 MHz
F2 - Processing parameters
ST 3z768

SE 100.6127724 MH=z
WDW EM

SEB 0

LB 1.00 Hz
GB a

PC 1.00



'"H NMR Spectrum of 6aj (CDCls, 400 MHz)
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NC-WOHWmW o0 NNNOO OO0 0000 m * CurrentDataParameters
e S S S S GG v v T NAME Bc Furyl
= EXPNO 1
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200303
Time 21.54
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFPRCG zg30
D 32768
SOLVENT CDC13
NS 16
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 181
DW 69.000 usec
DE 6.50 usec
TE 296.4 K
D1 2.00000000 sec
TDO 1
======== (CHANNEL fl ========
NUCL1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400,1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300105 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
J L
T T T T T T T T T T T
10 9 8 7 [ 5 4 3 2 1 0 ppm
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3C NMR Spectrum of 6aj (CDCls, 100 MHz)
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Current Data Parameters

NAME Bco Furyl
EXFNO z
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200303

Time 21.506
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT CDC13

Ne 15000

Ds 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 81892

DW 20.800 usec
DE 6.50 usec
TE 296.4 K

Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
Nucl 13C

Pl 10.00 usec
PL1 3.80 4B
SFOL 100.6233325 MHz
======== CHANNEL f2 ========
CPDERG [ 2 waltzlé

NuUcCz2 1H
PCPD2 90.00 usec
PLZ 10.20 4B
PL12Z 26,00 dB
PL13 29.00 dB
SEOZ 400.1316005 MHz
F2 - Processing parameters
ST 3z768

SE 100.6127710 MH=z
WDW EM

SEB 0

LB 1.00 Hz
GB a

PC 1.00
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'H NMR Spectrum of 7ak (CDCls, 400 MHz)

7.119
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7.089
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e - Current Data Parameters

— | NAME 452

‘ | EXPNO 1
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200422
Time 22.15
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFPRCG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 256
DW 69.000 usec
DE 6.50 usec
TE 296.6 K
D1 2.00000000 sec
TDO 1
======== (CHANNEL fl ========
NUCL1 1H
Pl 15.00 usec
PL1 11.10 dB
SFOL 400,1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300101 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
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Ll

—186.21

—176.72

7ak

151.27
139,14

136.34
134.29

132.68

131.32
131.13

130.82

130.20

129.35

3C NMR Spectrum of 7ak (CDCls, 100 MHz)

129.19
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123.44
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==\

Br

77.32
77.00
76.68

N

[te) o

<p &)

o ~ Current Data Parameters

o] ™~ NAME 452
EXPNC 2

‘ ‘ PROCHNO 1
F'2 - Acquisition Parameters
Date_ 20200422
Time 22.18
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 14849
D3 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 91585.2
DW 20,800 usec
DE .50 usec
TE 296.6 K
D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
nNuc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768
SF 100.6127696 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
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'"H NMR Spectrum of 7ik (CDCls, 400 MHz)

AU OO OO SO NN AN A O NS00 MW SO, (g} - 8
M NN A O OO OO N N T NN A A O W s OD o} =t (]
N NN N NN NN N A A A A A A A A A A OO OO OO [fs] — . CurfentDataParameterS
B S Tl S S A vy S T NAME SW 876-1
= hedorioad ‘ ‘ EXPNO 2
PROCNO 1
F2 — Acqgulisition Parameters
Date 20200520
Time 10,09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 32768
SOLVENT CDC13
NS 64
DS 0
SWH 7211.539 Hz
FIDRES 0.22007% Hz
AQ 2.2719147 sec
RG 128.09
DW 69.333 usec
DE 10.06 u=ec
TE 298.1 K
D1 2.00000000 sec
DO 1
======== (CHANNEL f1 ========
SFOL 400.1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.3999%%262 W
F2 — Processing parameters
ST 16384
SE 400,1300092 MHZ
WDW EM
SSB 0
LB 0 Hz
GB 0
{ PC 1.00
T T T T T T T T T T T
10 9 Sl 7 3 5 4 3 2 1 0 ppm
I~
™~
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13C NMR Spectrum of 7ik (CDCls, 100 MHz)

< < NW N> HoN-Om Ao NS SO0
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o \e] O NN A O D K0 RO . .

o ~ NN MO OO E MMM NN NN o -0 © ~ Current Data Parameters

— — e B R B B B B R R R B A B B [ ™ ™ MAME SW 876
EXPNC 2

S % . 1
F'2 - Acquisition Parameters
Date_ 20200519
Time 23.47
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 13144
D3 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 91585.2
DW 20,800 usec
DE .50 usec
TE 296.6 K
D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
nNuc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768
SF 100.6127700 MH=z
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00

I I I I I I I I I I I
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'H NMR Spectrum of 7jk (CDCls, 400 MHz)

6.636
6.618
— 2,310
—1.035

—0.000

Current Data Parameters

NAME SW 875-1
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200520

Time 10.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFPROG zg30

TD 32768
SOLVENT CDC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.22007%9 Hz
AQ 2.2719147 sec
RG 71.42

DW 69,333 usec
DE 10.06 usec
TE 299.1 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SEC1 400.,1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999%62 W

F2 - Frocessing parameters
ST 16384

SE 400,1300102 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00

10

.90

5.04
1.18
3.08%
0.84/
1.14
1.00/
3.06
0
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3C NMR Spectrum of 7jk (CDCls, 100 MHz)

—l (=] Ao PO M A AW O s N A S

[ap] [a=] OO O N ST M AN, O o O uy o] M

. . . e e e v e e e e e e e e . Mo O o & m

- = ARG I A U o el . 3 3 Current Data Parameters

-~ 0 @ O

— — B B B B B B B e B B B B N B B B | [ ™ [ NAME SW 875
EXPNO 3

RS . :
F'2 — Acquisition Parameters
Date 20200519
Time 22.17
INSTRUM spect
PROBHD 5 mm BBCO BB-1H
PULPROG Zgpg30
TD 32768
SOLVENT CDC13
NS 1749
D3 a
SWH 24038.461 Hz
FIDRES 0.7335%96 Hz
AQ 0.6815744 sec
RG 4096
DW 20,800 usec
DE 6,50 usec
TE 296.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NOC1 13C
Pl 10,00 usec
PL1 3.80 dB
SEFO1 100.6233325 MH=z
======== CHANNEL f2 ========
CPDPRG[2 waltzlé
NuUcz 1H
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29.00 dB
SFO2 400.1316005 MHz
F'2 - Processing parameters
ST 32768
SE 100.6127730 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00

l I I l I I l I I l l
200 180 160 140 120 100 80 60 40 20 ppm
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'"H NMR Spectrum of 8aa (CDCls, 400 MHz)

S132

WMo N M AN OO0 H A0 A0 OW N OO W st g
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W WA WWWWWWmmmWWWmWWmm s seost st osfosft s sHo)o0moNNNNNN NNXY Current Data Parameters
S S T 2 S e N L 7 NAME SW g52-1
s S EXPNO 1
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200520
Time 21.56
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULFPRCG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.27192147 sec
RG 99.72
DW 69.333 usec
DE 10.06 u=ec
TE 298.3 K
D1 2.00000000 sec
8aa TDO 1
======== (CHANNEL fl ========
SFOL 400,1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.239999%62 W
F2 — Processing parameters
ST 16384
SE 400,1300115 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
A
T T T T T T T T T
10 9 [ 5 4 3 2 1 0 ppm



—189.15

13C NMR Spectrum of 8aa (CDCls, 100 MHz)
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Current Data Parameters

NAME SW 852-1
EXPNC 2
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200520

Time 21.5%
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 2377

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 298.3 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127717 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR Spectrum of 8ba (CDCls, 400 MHz)
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Current Data Parameters

NAME SW 819
EXPNO 4
PROCNO 1

F2 - Acguisition Parameters
Date_ 20200523

Time 21.07
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULEROG zg30

TD 32768
SOLVENT CDhC13

NS 32

DS 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.26099221 sec
RG 362

D 69.000 usec
DE 6.50 usec
TE 295.8 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 15.00 u=ec
PL1 11.10 dB
SFC1 400.1324008 MHz
F'2 - Frocessing parameters
ST 16384

SE 400.1300106 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00



—189.21
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3C NMR Spectrum of 8ba (CDClz, 100 MHz)

130.66
129.66
128.88
1z2g8.71
127.74
126.97
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Current Data Parameters

NAME SW 819
EXPNC 5
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200523

Time 21.11
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 18238

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 91585.2

DW 20,800 usec
DE .50 usec
TE 295.8 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
nNuc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768

SF 100.6127694 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00



'"H NMR Spectrum of 8ea (CDCls, 400 MHz)

HM NGO M0 O NSO MO Ao st O 0O s 0O O 0O [¢e] 8
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WWWWwWWOmmmWwmm)wmmmwmwmst st s s s s sHst <)o) NN NN [I9)] v CurrentDataParameters
R R Sl S S S N S S S U ST A S T NAME SW og61-1
s S EXPNO 2
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200510
Time 21.50
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULFPRCG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.27192147 sec
RG 198.09
DW 69.333 usec
DE 10.06 u=ec
TE 298.6 K
D1 2.00000000 sec
TDO 1
8ea
======== (CHANNEL fl ========
SFOL 400,1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.239999%62 W
F2 — Processing parameters
ST 16384
SE 400,1300104 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
JL J'l_,,( i ;
T T T T T T T T T T T
10 9 8 7 3 5 4 3 2 1 0 ppm
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13C NMR Spectrum of 8ea (CDCls, 100 MHz)
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Current Data Parameters

NAME SW osel-1
EXPNC 3
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200510
Time 21.53
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 10000

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 298.6 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127708 MH=z
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00



'H NMR Spectrum of 8ha (CDCls, 400 MHz)

S138

N O~ AW o 0N AN AONONNY A AN SO O SO 0D N W0 O — 8
PO NN ®ONNNA DO NN D N0 S0 W on e oo~ 3 [ <
Loy SIS an o e addgganay “ S Current Data Parameters
Lo e e Lt el el e e el e e e e e O L St Sl il ol ol el ol e e RN e B e B o' — | NAME SW 853
bbb L L e ~ | EXPNO 3
PROCNO 1
F2 - Acguisiticn Parameters
Date_ 20200509
Time 0.236
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
D 32768
SOLVENT coCl13
NS 32
oS 0
SWH 7246.,377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 322.5
DW 69.000 usec
8ha DE 6.50 usec
TE 296.9 K
Dl 2.00000000 sec
DO 1
======== CHANNEL fl ========
NUC1 1H
P1 15.00 usec
PL1 11.10 dB
SEOL 400.,1324008 MHz
F2 - Processing parameters
ST 16384
SF 400.1300110 MHz
WDW EM
SSB 8]
LB 0 Hz
GB 0
PC 1.00
M,JL-.‘_ JL A, L
T T T T T T T T T T T
10 9 8 7 é 5 4 3 2 1 0 ppm
o™
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3C NMR Spectrum of 8ha (CDCls, 100 MHz)

— Nt OO AN N N0 NS AN DY
= -8 N HOon oY MmONDEEmn O NOSE s N O W e}
T = T <) &
o NSO NA A OO DO MmO O . . . .
© OO MOOMOOMOCNNNNNNNNN A O 0 i Current Data Parameters
— i e B B e B B B B B B B B T B B B e B B e S S A fIs] WAME SW 853
EXPNC 4
TS e=———— V| :
F'2 - Acquisition Parameters
Date_ 20200509
Time 0.39
c) INSTRUM spect
PROBHD 5 mm BBO BB-1H
’,Ai N PULPROG zgpg30
Ph / TD 32768
N SOLVENT CheLs
NS 9945
Ds 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 8192
DW 20.800 usec
DE .50 usec
8ha TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzlé
wNocz 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26.00 dB
PL13 29,00 dB
SFO2 400.1316005 MHz
F'2 - Processing parameters
ST 32768
SF 100.6127701 MH=zZ
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00

200 180 160 140 120 100 80 60 40 20 ppm
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—

H NMR Spectrum of 8ac (CDCls, 400 MHz)

S140
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- O YWWOWOWOWOmWmWm|m W sttt Mmoo NN A o o Current Data Parameters
e e e T S e e e e - o NAME SW 856-1
s ‘ ‘ EXPNO 2
PROCNO 1
F2 - Acguisition Parameters
Date_ 20200509
Time 18.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AD 2.2719147 sec
RG 83.08
D 69.333 usec
DE 10.06 usec
TE 297.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOo1 400.1324008 MHz
NUC1 1H
P1 15.00 usec
PLW1 11.399932262 W
F'2 - Frocessing parameters
ST 16384
SF 400.,1300111 MH=z
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
v e
T T T T T T T T T T T
10 5 8 7 [ 5 4 3 2 1 0 ppm
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13C NMR Spectrum of 8ac (CDCls, 100 MHz)
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Current Data Parameters

NAME SW 856-1
EXPNC 3
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200509

Time 18.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 4222

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 297.9 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127727 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR Spectrum of 8al (CDCls, 400 MHz)
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Current Data Parameters

NAME SW 831
EXPNO S
PROCNO 1

F2 - Acguisition Parameters
Date_ 20200524

Time 19.48
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULEROG zg30

TD 32768
SOLVENT CDhC13

NS 32

DS 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.26099221 sec
RG 322.5

D 69.000 usec
DE 6.50 usec
TE 297.3 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 15.00 u=ec
PL1 11.10 dB
SFC1 400.1324008 MHz
F'2 - Frocessing parameters
ST 16384

SE 400,1300113 MH=z
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00



3C NMR Spectrum of 8al (CDCls, 100 MHz)
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Current Data Parameters

NAME SW o831-1
EXPNC 2
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200425

Time 0.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 5000

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 294,2 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127720 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR Spectrum of 8ai (CDCls, 400 MHz)
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Current Data Parameters

NAME SW 832-1
EXPNO 3
PROCNO 1

F2 - Acguisition Parameters
Date_ 20200520

Time 23.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG zg30

TD 32768
SOLVENT CDhC13

NS 32

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

D 69.333 usec
DE 10.06 usec
TE 297.1 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SEC1 400.1324008 MHz
NUC1 1H

P1 15.00 usec
PLW1 11.39999%62 W

F'2 - Frocessing parameters
ST 16384

SE 400,1300100 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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3C NMR Spectrum of 8ai (CDCls, 100 MHz)
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Current Data Parameters

NAME SW o832-1
EXPNC 4
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200520

Time 23.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 13073

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20,800 usec
DE .50 usec
TE 296.8 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.62282%8 MHz
NUCcl 13¢C

Pl 10.00 usec
PLW1 49.50000000 W
======== CHANNEL {2 ========
SFO2 400.1316005 MHz
nNuc2 1H
CPDPRG [2 waltzlée
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW12 0.24722000 W
PLW13 0.28125000 W
F'2 - Processing parameters
ST 32768

SF 100.6127707 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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'"H NMR Spectrum of 8am (CDCls, 400 MHz)
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(e}
- Current Data Parameters
| NAME SW 862
EXPNO 1
PROCNO 1
F2 — Acqgulisition Parameters
Date_ 20200517
Time 22,38
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFPRCG zg30
D 32768
SOLVENT CDC13
NS 32
DS 0
SWH 7246.377 Hz
FIDRES 0.221142 Hz
(@) AQ 2.2609921 sec
RG 114
8am DWW 69.000 usec
DE 6.50 usec
TE 296.4 K
D1 2.00000000 sec
TDO 1
======== (CHANNEL fl ========
NUCL1 1H
Pl 15.00 uszsec
PL1 11.10 dB
SFOL 400,1324008 MHz
F2 — Processing parameters
ST 16384
SE 400,1300134 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
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3C NMR Spectrum of 8am (CDCls, 100 MHz)
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Current Data Parameters

NAME SW o862
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20200517

Time 22.43
INSTRUM spect
PROBHD 5 mm BBC BB-1H
PULPROG zgpg30

D 32768
SOLVENT CDC13

NS 12000

Ds o]

SWH 24038.461 Hz
FIDRES 0.7335%¢6 Hz
AQ 0.6815744 sec
RG 8192

DW 20,800 usec
DE 6.50 usec
TE 296.4 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10,00 usec
PL1 3.80 dB
SEO1 100.6233325 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzle
NUC2 1H
PCPD2 90.00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29.00 dB
SEO2 400.1316005 MH=z
F2 - Processing parameters
51 32768

SE 100.6127735 MHz
WDW EM

35B 0

LB 1.00 Hz
GB o]

PC 1.00



H NMR Spectrum of 8ak (CDCls, 400 MHz)
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Current Data Parameters

NAME SW 836
EXPNO 5
PROCNO 1

F2 - Acguisition Parameters
Date_ 20200524

Time 20.02
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULEROG zg30

TD 32768
SOLVENT CDhC13

NS 1

DS 0

SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.26099221 sec
RG 114

D 69.000 usec
DE 6.50 usec
TE 296.7 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

Pl 15.00 u=ec
PL1 11.10 dB
SFC1 400.1324008 MHz
F'2 - Frocessing parameters
ST 16384

SE 400,.1300116 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00



3C NMR Spectrum of 8ak (CDCls, 100 MHz)
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Current Data Parameters

NAME SW 836
EXPNC 6
PROCHNO 1

F'2 - Acquisition Parameters
Date_ 20200524

Time 20.03
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgpg30

TD 32768
SOLVENT CDC13

NS 10000

D3 0

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 5792.86

DW 20,800 usec
DE .50 usec
TE 296.6 K

D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 3.80 dB
SFO1 100.6233325 MHz
======== CHANNEL {2 ========
CPDPRG [2 waltzlé
nNuc2 1H
PCPD2 90,00 usec
PL2 10.20 dB
PL12 26,00 dB
PL13 29,00 dB
SFO2 400,1316005 MH=z
F'2 - Processing parameters
ST 32768

SF 100.6127730 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00



IX. Scanned copies of EI Mass Spectra for selected compounds 6/7

[ Miass Spectrum |
Data : 2020080861003 bo 4-Br Dute - 06-Sep-2020 11:31
Instrument : MStation

male 1
Mot :
beiet - Dirsct  bon Mode - £l
Spectrum Typa : Hormal lon [MF-Linsar]
RT : 5.08 min Soard : (35.35) Temp : 32767 deg.C
BP:m/z1050032 It : 244 (250158)
Output m/z range :50to 800 Cut Lavel: 00 %

[x]

‘!u.{lh:ii 105.0
O\ ®
11y |
Exact Mass: 105.0335 Exact Mass: 595.9735
6ab
-
1k |
o
7.0
2(H
o ™
[ Mass Spoctrum ]
Date : 2020000851 002 be &-Ct Dete - 08-Seg-2020 1608
Iratrumant | NStation ?
O7"NH O
O\ ®
Exact Mass: 552.0240
6ac
Exact Mass: 105.0335
554
60
Exact Mass: 4479978
20 Ll
119,
353.1 ,1::‘1-’3 1
| T U 1Y VIO DA N § % . :
100 200 300 400 500 600 T00 800

S150



[ Mass Spocirum ]
Dats : 2020002 35| 004 be 4-F
Fovirussmnt - WEStation

Dete : Z3-Sepr-I020 1535

Carph -

Hate | -

st 1 Dissct  lon Mods - E3

Spectrum Type  Nomal kon MF-Lnes]

RT:486min  Scand (3135 Teme 327967 dew

BFom/r WOS031Z b c 31849 (2330579)
Ouiput 'z rarge 5010 800 Cut Level - 000 &

3339579 105.0
100
Oxo®
30 Exact Mass: 105.0335
Exact Mass: 536.0536
6ad

0

538.0

53§.0
i

Exact Mass: 432.0274
20
7.0
1310
7.1
123.0
7.0 908.1 416.0
' a1l S Lo, I - ] : :
100 200 300 400 500 500 00

{ Mass Spectrum ]

Data : 2020000861 002 be 4-Me
Instrument : MStation

Sample :

Dot : 08-Sep-2020 1627

Note :

Iniet : Direct. fon Mode : El
Spectrum Type : Normal len [MF-Linoar]
RT:3.12 min Scon® : (2224) Temp : 32767 deg C
8P : m/z 524.0476 ot - 1789 (1876445)
Output m/2 range : 50 to 800 Cut Lovel : 0.00 %
]
1876445 54.0
1004
O\ @
Exact Mass: 532.0786
6ae
80+
Exact Mass: 105.0335
105.0
60
404 429.0
201
3331
7.0 119.1 ¥
1 194.1 3481 ALZ0
" Ly I “'_. 1 |Jl ‘ulh.l. 1 ke _'k A "y _-— '
T T
100 200 300 400 S00 600 700 800
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[ Mais Spoctrum ]
Dats - 202008275 006 be 3-C1
Ireitrusant | MStation

Dwie : 22~Sag-2020 1937

B - m/z 540237

Chtput o e 50t 300 Cut Level - 000N

Ox®

=

Exact Mass: 105.0335

los.a

187.1

L ,l-lu

Z69.0

Exact Mass: 447.9978
3.0

554.0

i
B

Exact Mass: 552.0240
6af

mE

o T T
100 200

[ Mass Spectrum ]

Diaka : 20200023E| 003 be 3-Ma
Fastrussant | MStation

Sasgh - -

Data : 23-5e-2020 1519

It © Diraect le Mods - EX-
Spactrum Typs : Nomal lon [MF—Linesr]
Temg : 12767 dagC

Fxact Mass: 105.0335

105.0

119.1

89,1

300

aMl;ﬂd;liAiiil, .

Exact Mass: 428.0524

T
00 700

Exact Mass: 532.0786
6ag

00
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[ Mass Spectrum ]

Data - 20200806E]_004_be 3-OMe Date - 08-Sap-2020 1511
Instrument : MStation

Samgle : OMe
Mate :

bt : Direct  bon Mode : Eb

Spectrum Type : Normal len  [MF-Linear]

BT : 223 min Scard : (18,15} Tomg : 32767 deg C
BE:m/z 1050732 bot - 180040 (1891678}

Output m./z rangs : 50 to 800 Cut Lovel - 000 %

(8]
1891676 105.1
100+
Ox®
Exact Mass: 548.0736
6ah
80+ £50.2
Exact Mass: 105.0335
OMe
Ly
]
Exact Mass: 444.0473
4431
i1
20
135.1 06,2
2101 .
o — ’ l P ll ' L " LMI lL “ll " . i . . s
100 200 300 400 S00 00 0 800

[ Mass Spectrum ]
Data : 2020000061 005 bo 261 Data : 06 Sep-2020 15:25
Instrument : WStation
Sample :
Note :
beigt:Dirsct  bon Mods - Ele
Spectrum Typa : Mormal lon [MF-Linsar]
RT: 257 min  Scond :(2527)  Temo : 2767 degC
BP:m/z 1050086 loe : 6406 (874050
Output m/'z rangs - 50 to 800 Cut Level - 000 %
[x

674803 1050
1004
O0x@
BH
Exact Mass: 105.0335
Exact Mass: 552.0240
ssq Bl
il
]
w0
Exact Mass: 447.9978
1300 187.1 251 S50 449.0
" | L1 Llr... lll].ln..lLL dllLﬂ {kl . i '
100 200 300 400 S00 600 100 B0
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[ Miss Spectrum ]

Data : 2020080561 004 b furan Dute : 09-Sep-2020 1543

Instrument : MStation

Samgle :

Mots :

bnlst - Dirsct  lon Mode - EB
Spactrum Type : Mormal lon [MF-Lingar]

RT: 287 min  Scand : (2124} Temp : TITET degC

BF : iz 5100217 It ;25508 (26744520
range : 50 to B0 Cut Lavel: 000 %

Ox®
Exact Mass: 508.0423
6aj
“1  Exact Mass: 105.0335
105.0
6l
1
Exact Mass: 404.0160
21H
i} WSO
309.1 9880
23 2801
NV l
L i ;.Lllfi .l_i LI 1 u A . WA - " . L ,
100 200 o 400 L B0 0o

[ Miasa Spectrum |

Data : 20200890861 008 hy 4-C1  Date ; 09-Sep-2000 16:4%

Instrument : WStation
Samgle :

Hate :

bbst :Diret  lon Mode : El

Spectrum Type : Mormal lon [MF-Linear]
RT: 287 min  Soan# : (2123} Temp : JET6.7 deg G

BF:miz 1008061 bt

5.40 (371225

Output m/'z range : 50to 800 Cut Laval: (.00 %

Cl

139.0
@

o= )

Bl
Cl
Exact Mass: 138.9945 | Exact Mass: 552.0240
ssfo il
il
Exact Mass: 414.0368
"
4134.0
20 11.0 R
399.0
187.1 290.1
Ll JLLL..JlIthl_u_lLllllﬂulu L id . . J el : .
100 200 300 400 00 700
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[ Mass Spectrum ]

Diata : 2020080861 007_hy CHY Date : 09-Sep—2020 18:20
Instrument : MStation

Sampls :

Nate :

kiot: Direct  bon Mode : El+

Spectrum Type : Mormal lon [MF-Linear]

RT - 253 min Soand : (1020} Temp : 32767 deg
BP:mz 1160834 ot : 9651 (1012205)

Output m/z range : 50 to 800 Cut Level: 000 &%

119.1
O/
s Exact Mass: 532.0786
6ja
Me
Exact Mass: 119.0491 e

&+
at
2 a

105.1

L.l |J | Ll:. | : |
100 200 300 400 500 B00 100 B0

[ Muss Spectrum ]

Dats : 2020082751008 SW-876  Date : 22-5ap—2020 1857
Fstrusant © Mtation

Sample -~

Nsta 1 —

ki

DWF—Livaar]

RT: n 4260 Temp: 32767 deg
ER e 534104 I : 206,54 (2050421)

Dutgiit e | 5005 300 Cut Level - 000%

80 Exact Mass: 532.0553
. 7ik
5341
A
| Exact Mass: 57.0699
5.1
20 Exact Mass: 447.9978
149.00
353
1141
187.1 267.0 2001 N a0
o ¥ LL“J U i..liuhl.u. Ll. J . . . e
100 200 300 400 500 600 T00 8OO
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[ Mass Specirum ]

Dists - 202008225 DOT_SW-875 Daits - 22-Gap—2020 1512
Irstrussant © MStation

Safijhe - -

: - o EY
BF e B141528 I 12240 (1292001)
Output /s range : 50 1o 300 Cut Level : 000'%

Exact Mass: 512.1099
Tjk

Exact Mass: 428.0524

29.1
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Exact Mass: 57.0699

20571 3332
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PBuj; (1.1 equiv) O™ 'NH
EtzN (1.5 equiv)

THF, 50°C, 4 h

6aa (75%) Br

We have examined the reaction between phenyl substituted 8aa, PBus (1.1 equiv) and EtsN

(1.5 equiv) in the presence of THF at 50 °C. The desired indeno[1,2-b]pyrrole 6aa was observed

in 75% yield after 4 h, and further confirmed by using 'H NMR as well as EIMS analysis.

[ Wi Spectrum ]
Dats : 202006225 002 SW-900 Diate : 32-Sap— 2020 1523
Fitrusant | MSLation

Sarple

lers Mode - EX

e 2 Marmal G [MF—Linear]

Seend - (12)14) Temg : 32767 deg T
. 52.83 (BE4000]

Cut Lewel - 000 %

P -z BE04I1
Output s/ ¢ raryge : 50t 300

O\E ® 16.0
Exact Mass: 105.0335 Exact Mass: 518.0630

105.0 6aa

Exact Mass: 414.0368
4130
319.1
7.0
290.1
:7&.11 et
: l Lll P uA“L “.h 1 .Hll i . : : e
100 200 300 400 500 600 o B0
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PBus (1.1 equiv)
EtsN (1.5 equiv)

Y

THF,50°C,5h

8ac 6ac (69%)

We have examined the reaction between para-chloro substituted 8ac, PBus (1.1 equiv) and
EtsN (1.5 equiv) in the presence of THF at 50 °C. The desired indeno[1,2-b]pyrrole 6ac was
observed in 69% yield after 5 h, and further confirmed by using 'H NMR as well as EIMS analysis.

[ Mass Spactrum ]
Diatn : 20200005EL (08 _5W-554 Dhate - 08-Sep-2020 1706
Instrument : M Station
Sampls
Hote :
kst : Direct  bon Modse : EB
Spectrum Typa : Hormal len  [MF-Linear]
RT : 1.84 min Soant : (1215} Temp : Z2T6.7 degC
BE: mz S54.0061  Int o 19564 (2051420)
Output m/z range : 50 to 800 Cut Lovel : 00 %
[5]

_-:.-,1I-L'_LE O\ o 554,
Exact Mass: 552.0240
6ac

s Exact Mass: 105.0335

105.0 .
BlH
40

Exact Mass: 447.9978
440.0
20+
o
531 414.0435.0)

J . ALJ__.‘HH,MH.LU*LI R I , ,

100 200 =0 400 iy B00 [{Li] 800
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PBus (1.1 equiv)
EtsN (1.5 equiv)

Y

THF, 50°C, 7 h

8ai 6ai (63%)

We have also carried out the reaction between ortho-chloro substituted 8ai, PBus (1.1 equiv)
and EtsN (1.5 equiv) in presence of THF at 50 °C. The desired indeno[1,2-b]pyrrole 6ai was
observed in 63% yield after 7 h, and further confirmed by using 'H NMR as well as EIMS analysis.

[ Misss Spactrum |
Data : FO200805EL 010_5W-555 Date : O8-Sep-2020 1723
Instrumant : MStation
Sampls :
Mate :
bt :Direct  kon Mode s El
Spectrum Type : Mormal lon [MF-Linser]
AT: 183 min  Scod: (14170 Temp: X767 degC
BF - m/z 554.0654 I - 15204 (1604T16)
Output mz rangs : 50 t0 800 Cut Lavel - 000 %
%

1604716

Lo 105.0 1
O\?@
R Exact Mass: 105.0335 ssd1
Exact Mass: 552.0240
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BlH
1
5 Exact Mass: 447.9978
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PBus (1.1 equiv)
Et3N (1.5 equiv)

THF, 50°C, 10 h

7ak (50%) g

Similarly, we performed the reaction between pivaloyl substituted 8ak, PBus (1.1 equiv)
and EtsN (1.5 equiv) in presence of THF at 50 °C. The desired indeno[1,2-b]pyrrole 7ak was
observed in 50% yield after longer reaction time (10 h), and further confirmed by using '"H NMR
as well as EIMS analysis.

[ Misss Spmeirum ]
Déta : 2020002251 005 SW-928 Dats : 22-5ap—2020 12:40
Feitrussant © MSLakn

I 0 256,47 (J008234)
@ 50 1o 200 Cut Lawed - 000 %

4381
Exact Mass: 498.0943
7ak
7@
v Exact Mass: 414.0368
Exact Mass: 57.0699
115.0
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319.1
280.1

105.0 2761
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