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Experimental Sections

General Remarks:All reactions involving air or moistursensitive reagents were carried out
in flame dried glassware undargonatmosphere. Ethycetate waebtained from SRL India.
Acetonitrile (CHCN) anddichloromethane (C¥Clz) were distilled over calcium hydride
Dimethyl sulfoxide (DMSO)and N, N-dimethylformamide (DMF) were distilled over
potassium carbonatdll the dry solvents were stored oveAdnolecular sieves under argon
atmosphere. Tetrahydrofuran was distilled over sodstal in the presence of
benzophenone. Aldehydes, ketones and all other reagents were used without further
purification as received from commercial sources. All photoredoctiozs were performed
with Kessif PR1601-390 nm Purple LED and when performing the photochemical reactions,
test tube (made of borosilicate) was pladezin away from light sourcéo filters were used
between light sources and the reaction vessel foexkeution of reactions. Reactions were
monitored by thidayer chromatography (TLC) using Merck silica gel 60 F254cmated
plates (0.25 mm), and visualized under UV light or by dipping appropriate staining
solutions KMnOas, DNP, anisaldehydeor ninhydrin solutions Purification of compounds
were carried out by flash column chromatography on Silica gel (particle siz20D0O@esh,
purchased from SRL India) or activated neutral aluminium oxide using mixturearid¢eand
ethyl acetate as eluenfBheH NMR spectroscopic data were recorded with a Bruker 400 or
500 MHz instruments. Proton decoupfé@ NMR spectra’éC{'H}) was recorded at 104r

126 MHz NMR instruments by using a broadband decoupfede.!!B, °F, and3!P NMR
spectrawererecorded at @0 MHz, 471 MHz and 202 MHzrespectively Proton and carbon

NMR chemical shifts (U) are reported in part

orcarbonsignalsinCDg{ i = 7. 26, -B{.U16) 2065 0D MS @stabt ) .
(J) are reported in Hertz (Hz) and refer to apparent multiplicities. The following abbreviations
are used for the multiplicities: s: singlet, d: doublet, t: triplet, g: quartet, dd: doublet of doublets,
dt: doublet of triplet, m: multiplet, br: baal. Infrared (IR) spectra were recorded by Perkin
Elmer FTIR spectrometer, and reported in terms of wave numbé).(efigh resolution mass
spectra (HRMS) were recorded in ESI (+ Ve) method using adfrfleght (TOF) mass

analyser.
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General setup for photochemical reaction

(@)

KESSIL PR160L
380 nm

light

photo reactor box mirror

Figure S1:(a) Diagram of the photoreactor bdk) Photor@ctorbox with several mirrorgc)
Box closer (d) Sample holder racke) 12 mL borosil reaction test tuladrubber septum

Figure S2: (a) Photoreactor saip with Kessil light (b) Cmplete reaction setp with one
cooling fan (c) Set up of the gram scale reactiander irradiation Kessil purple LED (390
nm).

Experimental Sectionfor Photo-Physical Studies:

Steady State Absorption and Fluorescence Measurement&lV-Vis and fluorescence
measurements have beendon8imi madzu UV1I Vi s spectrophot omet
Hitachi 7000 fluorimeterrespectivelyAll samples were taken in microolar concentrations

using dichloromethane as solvent. Molar extinction coefficidihysdre calculated from Beer

Lambert law (A=(tl) where optical path lengtH)(was kept as 1 cm and micro molar

concentration (c) of theamples were maintained.

Fluorescence Quantum Yield:For calculating quantum yield, all the measurements were
performed by maintaining the concentration of the samples and reference at a low &lue of

eM t o mini mi z eaggeegatiom or seffjuerchirgr Thesabsbrban@®) values of

all the solutions were kept bastIBOWNMPin@5M Ref er
H2SOQs (&= 0.546 at 298 K)was used for measuring fluorescence quantwy i ed).ds ( @

The quantum yield was calculated sing the following equatiof:
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Here 0O denotes the qgquantum yandRdenotefthdaseq de nc
under the fluorescence emission curve and o
subscript S and Represent the corresponding parameters for the samples and reference

respectively.

Time Resolved Decay MeasurementShe excited state lifetime decay trace was monitored
using Deltaflex TCSPC module in the reverse mode having repetition rate 20 MHz & time
scale 50 ns. The signal was detected at a magic angle (54.7°) using Photon Counting Detector
(PPD 800). The excitation source was a picosecond diode laser unit with excitation wavelength
376 nm. The instrument response function (IRF) for 376 nm excitasen in this TCSPC set
up was ~230 ps. The decay was collected in reverse mode and fitted using EzTime decay
analysis software and using single exponential decay function.

o6 @ A @D$
Here, fibo is a baseline &00r aeaxmieptial@aftdiand 0 of f

excitedstate fluorescence lifetime, respectively.

In all experiments, dichloromethane (DCM, spectroscopic grade, purchased from
Spectrochem) was used as solvent. For photophysical studies, 2 mM solution of the
photocatlyst (NC) was prepared in a sample vial by dissolving02 mmol of NC in 1.16

mL of DCM. The freshly prepared solution was used for the spectroscopic measurements. The
required amount in micromolar concentration was taken using micro pipette from the mother
solution as an aliquot and it was diluted further by dissolviigynnL of DCM in the cuvette

such that the final micromolar concentration of catalyst will be optimum to obtain expected
spectra for absorption and fluorescence measurements. For obtaining all the emission spectrum,

350 nm excitation light was used.



Cyclic Voltammetry :3

Electrochemical potentials were obtained with a standard set of conditions to maintain internal
consistency. Cyclic voltammetry (CV) and square wave voltammetry (SWV) measurements
were performed (maintaining [IUPAC convention) by us@ig Indruments Electrochemical
Analyzer/Workstation Model 660E SerieShe polishing material was used for the cyclic
voltammetry experiments is named as Micropolish Powder 0.05 micron. To polish, small
amount of alumina powder was put on the polishing pad atdmth distilled water. The
electrode was hold vertically and firmly (did not apply too much pressure on this) while
polishing. When the polishing pad get dry, distilled water was added and polished again. A
standard threelectrode cell was employed wighassy carbon (3 mm diameter) as working
electrode, platinum wire as auxiliary electrode and A@IEKCI, 3M) as reference electrode;

along with that tetra-butylammonium hexafluorophosphat8:NPFs) was employed as
supporting electrolyte. Scan rate was set to 100 mV/s. Samples were prepared with 0.0025
mmol of substrate in 6 mL of 0.1 MBuNPFs in anhydrous acetonitrile anil, N-
dimethylformamide solvent mixture (MeCN/DMF = 5:1 vfer enhancing alubility of the
catalyst). Solutions were degassed with argon prior to measurements and experiments were
performed under a protective atmosphere of argon. All potentials were measured relative to
Ag/AgCl at 25 °C. The applied solvents are specified indéeriptions of the corresponding
experiments. CV studies were also performed looking at variable scan rates (25 to 700 mV/s)

to ultimately determine the reversibility of the catalysts.

The zerezero vibrational state excitation energyoBvas estimatedy the corresponding

energy of the wavelength at which emission and absorption overlap. This wavelength was
determined setting nktoehe absotbannesat exgtatian fivavelemgths s i o |
(350 nm).% A1 $% arethe ground state oxidatioma reduction potentials which were
determined from cyclic voltammetry experiments. Excited state oxidation potexgtialand

excited state reduction potentiédo( ) were calculated by the following approximating

formulas:
(Excited state oxidation potenti@§ (NC®*/ NC*) =% (NC°*/ NC) %}

(Excited state reduction potenti& (NC*/NC®)=% (NC/NC?®) + %;,



Conversion of the potential from Ag/Ag+ to SCE

The conversion of the redox potential from
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Ferrocene Fe
—_— SWYV

Ag/AgCl to SCE was done according to the
literature procedufeby measuring the redox
potential for ferrocene as reference in similar
solvent mixture (MeCN/DMF5:1 v/v). From
cyclic voltammetry,(Fig S3 we observed the
redox potential oferrocene (Fc): 0.07 Vsv
Ag/AgCI. With the reference CV, the redox
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Figure S3: CV and SWV of Ferrocene vs Ag/Ag*
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potential vs SCE in MeCN/DMF 5:1 v/v was

calculated using the following equations.

. # 7. 4O & A& A =(Ground statexidationpatential of NC vs Ag/A€Il) i 0.07
. # 1. # (O GCE) =(Ground state oxidation potential of NC&d% A) + 0.38

# )= 0.753 V vs Ag/AgCl = 1.063 V vs SCE

#)=0.724V vs Ag/AgCl =1.03%4 V vs SCE

#)o= 0696 V vs Ag/AgCl = 1006 V vs SCE

#Yr=0.776V vs Ag/AgCl =1.086V vs SCE

# )= 0.904V vs Ag/AgCl =1.214V vs SCE

# )g= 0.844V vs Ag/AgCl =1.154V vs SCE

Table S1: Photoredox Properties of theSynthesized Photocatalysts

WO Tem | tm | @0 |99 & | @ | 6
nc1 | 92370 743073 425 | 309 | 3.10 | 5.90| 1.063| -2.037| 0.374
NC2 | 922370, 1638578 425 | 401 | 3.00 | 5.78| 1.034 | -2.08% | 0371
ncg | 02370, 1800 0 429 | 402 | 3.08 | 5.97| 1.006 | -2.074| 0.438
NC4 3035%70’ 5.18.’8(:)%751 426 | 400 | 3.10 | 5.59 | 1.086 | -2.014| 0.385
NC5 30;1{,93(’)69, 6'63’_60153’ 427 | 398 | 3.11 | 7.12| 1.214 | -1.896| 0.313
NCe | 03307 3700 423 | 304 | 315 | 6.11| 1.154| -1.996| 0.618

alin units of 16 Mcm™. PAll the ground state potentials were calculated in SCE&. lnlendtes

absorbance

and

6.emb

denotes emi ssi on
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Photoredox Characteristicsof Each Photocatalyst:

13-Methy}7,8-diphenyt13H-naphtho[2,Xa]carbazole (NCI)
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Figure S4A: (a) UV/Vis absorptionlight cyanline), excitation blackline) and emissiornréd
line) spectra of photocatalysiC1( 1 2 & M, i Nornmalzét)absorgtibn)and emission
spectra ofNCL1. Excitati omaxinEM e B5 mm,interseaion wavelength
Sintersection=399 NM; k0= 1 2inderfdcfona3.10 eV; Stokes shift =53im.
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Figure S4B: (a, b)Cyclic voltammogram (CV) dNC1 (blue line),blank (dash black lineggnd
square wave voltammetry (SWV) dfiC1 (light blue line) in MeCN/DMF 5:1 vlv;
concentration of analyteN[C1] = 7.6 x 10* M and electrolyte"'BusNPFs] = 0.1 M; working
electrode: glassy carbon, reference electrode: Ag/AgOINBin KCI), counter electrode:
platinum wire; for SWV frequency = 15 Hz, amplitude = 0.025 V; temperature = 25 °C.



NC1
-4 _| .
(1=t ——25mV/s (0) IRF
) — 50mVis — - 1000 * NC1 (t=5.90ns)
8x10° 4 150 mV/s ——Fitted data
———200 mV/s
. 6x10° -250 mV/s
< 300 mV/s £ 1004
£ 4x10° 350 mV/s 5
E 400 mV/s Q
S s0mvis|
210" —— 600 mvis| /4
= 109 &
0 = .
P — [ —
T T T T T 1 1 T T T
05 06 07 0.8 0.9 1.0 0 10 20 30 40
Potential (V vs Ag/Ag+) Time (ns)

Figure S4C: (a) CV experiments at variable scan rateblGfL; (b) Fluorescence decay curve
of NC1in DCM (12 pM). LifetimeUin DCM: 5.90 + 0.01 ns in DCM;? = 1.3509.

8-(3-Methoxypheny13-methyt7-phenyt13H-naphtho[2,ta]carbazole NC2):
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Figure SBA: (a) UV/Vis absorptionlight cyanline), excitation blackline) and emissiornréd
line) spectra of photocatalysiC2( 1 2 ¢ M, i Nornmalzét)absorgtibn)and emission

spectra ofNC2. Excitati onxindEM e B mm,intersection wavelertly
Amtersection= 401 nM; Bo= 1 2idrfcdona3.09 eV; Stokes shift = 35 nm.
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Figure S3B: (a, b)Cyclic voltammogram (CV) odNC2 (blue line),blank (dash black lineggnd
square wave voltammetry (SWV) dfIC2 (light blue line) in MeCN/DMF 5:1 vlv;
concentration of analyteN[C2] = 7.2x 10* M and electrolyte BusNPFs] = 0.1 M; working
electrode: glassy carbon, reference electrode: Ag/AgOINBin KCI), counter electrode:
platinum wire; for SWV frequency £5 Hz, amplitude = 0.025 V; temperature = 25 °C.
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Figure S5C: (a) CV experiments at variable scan rateslGR; (b) Fluorescence decay curve
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8-(4-Methoxyphenyh13-methyt7-phenyt13H-naphtho[2,ta]carbazole NC3):
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Figure SGA: (a) UV/Vis absorptionlight cyanline), excitation plac line) and emissionréd
line) spectra of photocatalysiC3( 12 e M, i n DCM), (b) Normalize

spectra ofNC3. Excitati omaxin&M e B5 mm,interseaion wavelength
dmntersection= 42 NM; Bpo= 1 2inkkrfdcdona3.08 eV. Stokes shift 39 nm.
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Figure S@B: (a, b)Cyclic voltammogram (CV) odNC3 (blue line),blank (dash black lineggnd
square wave voltammetry (SWV) dfIC3 (light blue ling in MeCN/DMF 5:1 vlv;
concentration of analytN[C3] = 7.2x 10* M and electrolyte'BusNPFs] = 0.1 M; working
electrode: glassy carbon, reference electrode: Ag/AgOINBin KCI), counter electrode:
platinum wire; for SWV frequency = 15 Hz, amplitude = 0.025 V; temperature = 25 °C.
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Figure 6C: (a) CV experiments at variable scan ratedlGf; (b) Fluorescence decay curve
of NC3in DCM (12 uM). LifetimeUin DCM: 5.97 + 0.01 ns in DCM;2 = 1.245.
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8-(4-Chlorophenyl}13-methyt7-phenyt13H-naphtho[2,ta]carbazole (NC4)
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Figure S7A: (a) UV/Vis absorptionlight cyanline), excitation plackline) and emissionréd

line) spectra of photocatalysiC4( 15 ¢ M, i Nornmalzét)absorgtibn)and emission

spectra ofNC4. Excitati omaxin&M e B5 mm,interseaion wavelength

Amntersection= 400 NmM; Bo= 1 2inkrfdcdona3.10 eV; Stokes shift = 35 nm.
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Figure S7B: (a, b) Cyclic voltammogram (CV) ™C4 (blue line),blank (dash blackne) and
square wave voltammetry (SWV) dfiC4 (light blue line) in MeCN/DMF 5:1 vlv;
concentration of analytdN[C4] = 7.1 x 10* M and electrolyte"BusNPFs] = 0.1 M; working
electrode: glassy carbon, reference electrode: Ag/AgOINBin KCI), counter electrode:
platinum wire; for SWV frequency = 15 Hz, amplitude = 0.025 V; temperature = 25 °C.
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Figure S7C: (a) CV experiments at variable scan rateBlG#; (b) Fluorescence decay curve
of NC4in DCM (15 pM). LifetimeUin DCM: 5.59 + 0.01 ns in DCM;2 = 1.173.

13-Methyl-7,8-diphenyt13H-naphtho[2,%a]carbazolel0-carbonitrile (NC5):.
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Figure S8A: (a) UV/Vis absorptionlight cyanline), excitation blackline) and emissiornréd
line) spectra of photocatalyiC5( 1 5 ¢ M, i Nornmalzétl)absortibn)and emission
spectra ofNC5. Excitati omxinEM e B5 mm,interseaion wavelength
Amntersection= 398 NM; Bo=1 2 4 iferkecion= 3.11 eV; Stokes shift =63m.
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Figure S8: (a, b)Cyclic voltammogram (CV) oNC5 (blue line),blank (dash black linegnd
square wave voltammetry (SWV) dfiC5 (light blue line) in MeCN/DMF 5:1 vlv;
concentration of analyteN[C5] = 7.3x 10* M and electrolyte"'BusNPFs] = 0.1 M; working
electrode: glassy carbon, reference electrode: Ag/AgOINBin KCI), counter electrode:
platinum wire; for SWV frequency = 15 Hz, amplitud®£625 V; temperature = 25 °C.
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Figure S8C: (a) CV experiments at variable scan rateblGb; (b) Fluorescence decay curve
of NC5in DCM (15 pM). LifetimeUin DCM: 7.12 + 0.01 ns in DCM;? = 1.467.

7,8,13Triphenyl-13H-naphtho[2,Xa]carbazole NC6):
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Figure S9A: (a) UV/Vis absorptionlight cyanline), excitation blackline) and emissiornréd
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Figure SB: (a, b)Cyclic voltammogram (CV) dNC6 (blue line),blank (dash black lineggnd
square wave voltammetry (SWV) of NCaight blue line) in MeCN/DMF 5:1 vlv;
concentration of analyteN[C6] = 6.7 x 10* M and electrolyte'BusNPFs] = 0.1 M; working
electrode: glassgarbon, reference electrode: Ag/AgCLQ3 in KCI), counter electrode:
platinum wire; for SWV frequency = 15 Hz, amplitude = 0.025 V; temperature = 25 °C
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Figure SOC: (a) CV experiments at variable scan rateblGB; (b) Fluorescence decay curve
of NC6in DCM (40 uM). LifetimeUin DCM: 6.11 + 0.01 ns in DCM;2 = 1.745.
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Luminescence Quenching Experiments

Preparation of the stock solution: A 2 mM solution of the photocatalyst was prepared in a
sample vial by dissolvind.005 mmol of the respective NCcatalyst in 1.16 mL of dry
dichloromethane (DCM) (spectroscopic grade, purchased from Spectrochem). Siilg fre
prepared solution was used for the spectroscopic measurement. The required azjaunt (

was taken using micro pipette from the mother solution as an aliquot and it was diluted further
by dissolving in 2 mL of DCM in the cuvette such that the fim@loentration of photocatalyst

was 3¢ M. Similarly, 0 . 2 4-brom&4-méthylbdnzenedl@),uN-(2- 0 n of
bromophenyBN-methylbenzamide 4@), acetophenone 66), 1-((4-(tert-
butyl)phenyl)sulfonyB1H-indole (@0f) and 0.35 mL 1 M solution of N,N-
diisopropylethylamine (DIPEA) were prepared by dissolving the requisite amount of each
guenchein dry, degassed DCM. Freshly prepartuse solutions were used for the quenching

experiments.

Experimental procedures Fluorescence emission spectra of the photocatalyst in absence and
presence of different reactions components were recorded and analysed in detail to estimate
the light emission properties of the pure catalyst system and their distractions by external
interference from the substrates. Emission intensitigghofocatalystvere recorded with a

AHI t a’chG0 FFL Spectrophot omet erThe samplersgutioh0. 0 m
of NC with a proper concentration of IMCM (degassed under inert atmosphdrargon for 5

minutes before recording the spectra) was excited at the wavelergfi@iroh andto observe
guenchingthe fluorescence intensity was monitored at; (425 nm for NC1 and 429 nm

for NC3). The individual substrate and DIPEA did sbiow any emission in that region. To

study the quenching behaviourmiiotocatalystsmall aliquots ofubstratavas progressively

added to the catalyst solution and the emission speotr@ measured following the
aforementioned procedure. Few sets @dtsans with different concentration glienchewere

used; the experimesnvererepeated and finally the Stexolmer plot was obtained according

to the following equation.

— 1++ [Q]

Where, b and F are fluorescence intensities atp,  of respective catalysh absence and
presence of quencher, [Q] is corresponding molar concentration of quenchegvaisdhé
SternVolmer constant. DIPEA was found to be comparatively less effective to facilitate
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guenching of the emission of the catalyi$te corresponding Stevolmer plot was illustrated
for all the cases (Fi§10- Fig S13.
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Figure S10: (a, b)Fluorescence quenching study of NC1 catalyst tvlifomo4-methylbenzene
laand DIPEA for borylation reaction. (c) Stevfolmer Plot of NC1 catalyst in presencelef
broma4-methylbenzenéaand amine DIPEA separately
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Figure S11: (a, b)Fluorescence quenching study of Bi€atalyst withN-(2-bromophenyBN-
methylbenzamide4@) and DIPEA respectively (c) SteraVolmer Plot of NG catalyst in
presence oN-(2-bromophenyhN-methylbenzamided@) and amine DIPEA separately
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Figure S12 (a, b)Fluorescence quenching study of NC1 catalyst with acetopheGgnand
DIPEA, respectively (c) SteraVolmer Plot of NC1 catalyst in presence of acetophenége (
and amine DIPEA separately
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Figure S13: (a, b)Fluorescence quenching study of NC1 catalyst w{dh (tert-butyl)phenyl)
sulfonyl}1H-indole @0f) and DIPEA respectively. (c) Sterolmer Plot of NC1 catalyst in
presence of((4-(tert-butyl)phenyl)sulfonyh1H-indole (LOf) and amine DIPEA separately

General Procedure for the Synthesis of PhotocatalystiC1-NC4) (GP-I):

o=\ OH Step | /._R Step Il
X N KOH (1.2 equiv)
R— P PTSA-H,0 (20 mol%) O Mel (1.2 equiv)
S2 toluene ,120 °C, 48 h Q O DMSO, 90 °C, 24 h
N + O 70-83% vyields N 85-92% yields
H
O N O benzannulation OO N-methylation

H $1 S3 NC1-NC4

2-NaphthylindoleS1 and diaryl U-hydroxyl aldehyds S2were synthesized according to the
literature procedure®8®®

The photocatalystSIC1-NC4 were synthesized according to the modified reported literature

procedure®

Step I: In a 100 mL round bottom flask-(naphthalef2-yl)-1H-indole S1(2.43 g,10.0 mmol,
1.0 equiv) angb-toluenesulfonic acid monohydrate80 mg, PTSA-HO, 20 mmol, 20 molo)
weredissolved in 30 mL of toluene by stirring at room temperature for 5 min. Ghanyl U-
hydroxyl aldehyds S2(11.0 mmol, 1.1 equivwereaddedto it and the reaction mixture was
heated to reflwat 120 °Cfor 48 hwith constant stirringupon completon of the reactior(as
monitoredby TLC, the products are KMn{and DNP active), the crude reaction mixtwas
diluted with ethyl acetatend the solvent was evaporated undesluced pressureThe
substituted benza]carbazole$S3wereisolated(70-83% yields)as yellow solicafter silica gel

column chromatography usimghyl acetate ihexane as elueand were used for the next step.

Step II: In a 50 mL round bottom flaskubstitutedenzop]carbazoles3(5.0mmol, 1.0 equiv)
wasdissolved inl5 mL dimethyl sulfoxide (DMSOby stirring at room temperature for 5 min.
Then potassium hydroxide (KOB36.63 mg, ® mmol, 1.2 equiv) was added the reaction
mixture andstirringwas continued for anoth80 min at room temperateL After that,methyl
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iodide (047mL, 75 mmol, 1.5 equiv) was addéalit atthe saméemperatur@nd the reaction
mixture was heated to reflux at 90 °C for overnight with constant stitdpgn completion of
the reactior(asindicated by TLC)sufficient amount otold water was added to the reaction
mixture and extracted with ethyl acetate (20xmL). The organic layers were dried over
anhydroufNaSOQ: andevaporated undeeduced pressur@he crude residue wamirified by
silica gel column chromatography using ydthcetatein hexane as eluent to afford desired
photocatalystdCsin 8592% vyields.

Procedure for the Synthesis of Photocatalyst3-Methyl-7,8-diphenyl-13H-naphtho[2,1-
ajcarbazole-10-carbonitrile (NC5):

O O Step | Br, O O Step Il NG O O
Q O NBS (1.15 equiv), CH3CN O O CuCN (5 equiv) Q O
N N N

0 °C-rt, overnight dry DMF, 150 °C, 48 h
70% yield 75% vyield

The photocatalystNC4 was synthesized according to the modified reported literature

Me Me Me
NC1 s4 NC5

procedureg®™

Step I: In a 50 nk. round bottom flask13-methy}7,8-diphenyt13H-naphtho([2,1a]carbazole
NC1 (433 mg, 1.0 mmol, 1.0 equiv) was dissolvadl5 mL acetonitrile(CHsCN) at room
temperaturdoy stirringfor 10 min After that, reaction mixture was cool dowmO °C and\-
bromosuccinimideNBS, 204 mg, 1.15 mmol, 1.15 equikissolved in 15 1 acetonitrile)was
added dropwiséo it at the same temperagyjrand stiing was continued for anoth80 min.
Then thereaction mixturevas allowed taeach room temperatuend stirred for overnight.
Upon completion(as monitoredby TLC), reaction mixture was quenched with wagerd
extracted with ethyl acetate (32 mL). The organic layesweredried overanhydrousNaeSQy
andevaporated undeeduced pressurd@he crude product was purified by silica gel column
chromatography using 2% ethyl acetaitdnexane as eluent to aftbthe desired product 10
bromo13-methyt7,8-diphenyt13H-naphtho[2,1a]carbazoleS4in 70% yieldandused for the

next step.

Step II: The N-methylated bromocarbazo&4 (512 mg, 1.0 mmol, 1.0 equiv) was taken in a
30 mL screw capped sealed t@mel10 mL anhydrousl,N-dimethylformamide (DMF}¥olvent
was addedTheresulting suspensionas then stirred for 10 min until complete dissolution of
starting materialS4. After that, copper(l) cyanide (QICN, 448 mg, 50 mmol, 50 equiv,

dissolved in 5 h anhydrous DMF)wvas added to the reaction mixtutee sealed tube was
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closed with a screw cap and stirring was continue® fmin at room temperatur&inally, the
temperature of theil bathwas gradually increased to 150 @ér15 min) before stirrig the
reaction mixtureat the same temperature #8 h.After completion(asmonitoredby TLC),

the reactionwas cool dowrto room temperature and poured idaold solution of ferric

chloride (7.5 g of FeGldissolved in 23 mL of concentrated hydrocidacid) and the crude

reaction mixturavas stirredor another 2 h at room temperature. A brown solid precipitate was
generated, collected by filtration and washed with water. Then the residue was diss8ed in

mL dichloromethane (DCMand the accumulad filtrate was concentrated under vacuum.

Then the crude product was directly purified by silica gel column chogregthy using 30%
ethyl acetate ifnexane as eluemd obtain the desired produt8methyt7,8-diphenyt13H-
naphtho[2,1a]carbazolel0-carbonitrileNC5 as light yellow solid(344 mg 75% vyield. H
NMR (500 MHz, CDC%) : U ( p pJdm9.28z, 6H, 7.88d(dd] = 8.3, 4.6 Hz, 2H),
7.70 (d,J = 8.8 Hz, 1H), 7.62 (dd] = 8.5, 1.0 Hz, 1H), 7.51 (d,= 8.6 Hz, 1H), 7.43 (U =
7.3 Hz, 1H),7.35i 7.30(m, 3H), 721i 7.18(m, 3H), 7.21 7.09 (m, 4H), 7.06 (t) = 7.8 Hz,

1H), 6.80 (s, 1H), 4.41 (s, 3HJC{'H} NMR (126 MHz,CDC}) : U (ppm) 144 .
1374, 136.7, 133.0, 132.8, 131.6, 130.08, 129.7, 1228.4, 128.34, 128.29, 128.2, 127.44,

127.35, 127.0, 126.5, 126.1, 125.0, 123.3, 120.6, 120.3, 119.1, 109.8, 102.4T3R.5.
(neat)/ cmt = 3055, 2952, 2854, 2220, 1954, 1883,1744, 1610, 1524, 1478, 144112684
1128.HRMS (ESI) m/z [M+H]* calcd for GaH2sN2, 459.1856; found 459.1864.

Procedure for the Synthesis of Photocatalyst7,8,13triphenyl-13H-naphtho([2,1-
aJcarbazole (NC6):

Step| Phl (1.0 equiv) |O

Cul (0.23 equiv) HO% Step Il D
O 1,10-phenanthroline \ PH Ph Q
\ OO (2 mol%) N O S2a (1.1 equiv) O

N
H K2COs (1.3 equiv) @ PTSA-H,0 (20 mol%)
s1 dry DMF, 160 °C, S5 toluene, 120 °C
18 h, 60% yield 24 h, 65% yield NCé

The photocatalystNC6 was synthesized according to the modified reported literature

procedure$s®

Step I: In a50 nL two necked round bottom flasR-naphthylindoleS1(1.2g, 5.0 mmol, 1.0

equiv), KCOs (898 mg, 6.5 mmol, 1.3 equiv), copper iodide (Cul, 219 mg, 1.15 mmol, 0.23

equiv), and 1,14Phenanthroline (2thg, 0.1 mmol, 2 mol%) were takefhen the system was

evacuated and badhled with argon(repeated twice To the reaction flask, 13 mL anhydrous

DMF was added undgositiveargonatmosphere and the solution was stirred for 20 min under

S18
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constantpurgingwith argongas applied through an Aitled balloon (to degas the resulting
solution) After that iodobengne (Phl, 0.6 mL, 5 mmol, 1.0 equiv) was added to the reaction
mixture at room temperaturand the stirring was continued for another 10 riinen, the
reaction mixture wabeated to reflwat 160 °Cmaintaining inert atmosphere whitenstant
stirring for18 h. Upon completion of the reacti@as(monitoredby TLC), cold water was added
to quench the reaction mixture and extracted with ethyl ag@&at@0 mL) The organic layer
was then washed with saturatacthmonium chloride (agNH4Cl) followed by brine The
organic layemwasdried over anhydrous N8OQ: andevaporated under reduced pressure. Then
the cruderesiduewas directly purified by silica gel column chrotography using 1% ethyl
acetate irhexane as eluent to afford the desired pro8a@ndused for the next stg.96 g,
60% yield)

Step II: In a 15 mL culture tubes5 (319 mg, 10 mmol, 1.0 equiv) ang-toluenesulfonic acid
monohydrate (38 mg, PTSAz28, 0.2 mmol, 20 mol%) were dissolved in 30 mL of toluene by
stirring at room temperatufer 5 min. Then, dphenylU-hydroxyl aldehydeés2a(299 mg, 1.1

mmol, 1.1 equiv) was added and tlesultingreaction mixture was heated to reflux at 120 °C

for 48 h with constant stirring. Upon completion of the reaction (as monitored by TLC, the
productsare KMnO4 and DNP active), the crude reaction mixture was diluted with ethyl
acetate, transferred to a 25 mL rotbmitomed flask and the solvent was evaporated under
reduced pressur@he crude residue was purified by usiagjca gel column chromatograp

using hexane as eluentafford7,8,13triphenyt13H-naphtho[2,1a]carbazoleNC6 asyellow

solid (322 mg 65% yield. 'H NMR (500 MHz, CDC}) a (ppdw78Hz IH, (d,
7.707 7.68 (m, 3H),7.661 7.64 (m, 2H), 7.61 (d) = 7.4 Hz, 2H), 7.50 (d) = 9.1 Hz, 1H),

7.377 7.34 (m, 4H), 7.32 7.30(m, 3H), 7.21i 7.20(m, 6H), 7.03 7.00 (m, 1H), 6.98 ({] =

7.5Hz, 1H), 6.64 (d]=7.9 Hz, 1H)*)C {"H} NMR (126 MHz,CDC%) : U (pp 89, 14 3.
141.0, 140.9, 136.9, 136.333.0, 132.1, 131.9, 131.7, 130.6, 130.4, 129.0, 128.74, 128.66,
128.3, 128.2, 128, 126.8, 126.23, 126.21, 125.6, 125124.7, 123.5, 122.2, 121.4, 120.4,
120.3, 120.1, 110.FTIR: (neat)/ cmt = 3746, 3645, 3049, 2325, 2163, 2080, 1966, 1907,
1826,1744, 1591, 1496, 1452,1389, 1316, 1204, 1HRMS (ESI) m/z [M+H]" calcd for
CssH26N, 496.2060; found 49806Q

Synthesis ofBromoarene Precursors: Bromoarenes were used as received from commercial
sources without further purification. Bromoarehe 1s and1t were synthesised according to

the literature procedurds®
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General Procedure for the Synthesis of ortho-Bromo Substituted N-Aryl Benzamide
Derivatives 4a-4m (GP-1l): 10100

NH, Step | NHy 0 Step Il 0
i Br ! i SN
N NBS (1.05 equiv) rl X | il A oH (COCI), (2.0 equiv) R1—: Cl
R— | . ! =
.~  DMF, 0°C-t, 18 h = ; Z DMF (cat.)
A1 85-91% yields A2 ! A3 DCM, 0 °C-rt, 3 h Ad
0o _ o)
A2 (1 equiv) NaH (1.5 equiv) Me
EtsN (1.5 equiv) 1 ST ONH Mel (2 equiv) RN
A4 > | ! B
% Br =z = r
(2 equiv) DCM, 0 °C-rt, overnight = | dry THF, 0 °C-rt, 4 h |
70-80% vyields S6 4 84-95% vyields 4a-4m R\/\
Step Il R Step IV

Step I: According to literaturg@roceduresin a 50 mL round bottom flask, anilirmkerivatives

Al (5.0mmol, 10 equiv)weredissolvedn 10 mLN, N-dimethylformamide (DMF) by stirring

at room temperature for 10 min. After that, tlesultingsolution was cool down to 0 °C and
N-bromosuccinimide (NBS0Q.%4 g, dissolved in 5 mL DMF)was addedortion wise and
stirring was continued faainother30 min at the same temperature. The reaction mixture was
allowed to reach room temperatgeduallyand stirring was continued for 18 hthe same
temperatureUponcompletionof the reactiorfas monitored by TLC), the reaction mixture was
guenched with cold water and extracted with ethyl acetael@ mL). The organic layer
weredried over anhydrous N8Os and evaporated under reducedsgree. The crude residue

was purified by silica gel chromatography by using ethyl acetate in hexane as eluent to afford

theortho-bromoaniline derivativeA2 in 85-91%yields

Step II: In a 25 nh round bottom flaskaryl carboxylic acidderivative A3 (3.0 mmol, 1.0
equiv) wasdissolvedin dichloromethane (DCM) (9.9 Im 0.3M) and catalytic amount d¥i,
N-dimethylformamide (DMF3 drops)was added dropwise astirring was continuedor 10
min. Then the solution was cool down@®C and to this mixtureoxalyl chloride 0.53 mL,
6.0 mmol, 2.0 equiv) was added dropwisd the same temperaturifter that, the reaction
mixture was allowed to reach room temperature and stirring was confmuadother3 h.
Upon completionof the reactiorn(as monitoredby TLC), the resultingeaction mixturevas
concentrated under reduced pressuraftord the acyl chloridederivativesA4 as a yellow

slurry which wasusedfor the next stegvithout further purification.

Step lI1: In a 25 nh round bottom flaskortho-bromaaniline derivativeA2 (1.5 mmol, 10
equiv)wasdissolved in5 mL of DCM at room temperaturgy stirring for 10 min. After that

reaction mixture was cool down to 0,%ethylamine (0.3 mL, 2.25 mmol, 1.5 equiwps
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added dropwisand stirring was contired for amther 30 min at same temperatufdéen,
previously prepareacyl chloride derivativeA4 (3 mmol, 20 equiv, dissolvedn 5 mL of
DCM) was added dropwisat 0 °Cto thereaction mixture whilestirring, the mixture was
allowed to reaclmoom temperaturand stirring was continuefdr overnight. After complete
consumptiorof theortho-bromoaniline derivativéd2 (asmonitoredby TLC), reaction mixture
was quenchelly addition ofsaturated aq. NI solution and organic lay@rasextracted wh
DCM (2 x 10 mL). The accumulated orgarayersweredried over anhydrous N&80O; and
evaporatedunder reduced pressure. The crudesidue was purified by silica gel
chromatography by using ethyl acetate in hexane as eluent to afford the desireds@®uhuct
70-80% yields

Step IV: In a 50 mL two necked round bottom flabk(2-bromophenyl)benzamid®erivatives
S6 (1.5 mmol, 10 equiv) weretaken and the flask was evacuated and backfilled artjon
(repeated twice). After that 10 ndf anhydrougetrahydrofuran THF) was addedo it under
positive argon pressui@nd the reaction mixture was cool dovnO °C.Then,NaH (60%
dispersion in mineral 0ilLl20 mg, 50 mmol, 20 equiv) was added portiomiseto the reaction
mixture under positiveargonpressurewhile stirringat the same temperatuiter complete
addition of NaH, the resulting mixture was stirred at room temperature for 30'ha@n,the
reaction mixture was cool down to 0 °C andomethane (0.2 mL3.3 mmol, 2.2 equiv) was
added The reactionmixture wasthen allowed to reach room temperatuaad stirring was
continued for anotheé® h. Uponcompletionof the reactiorfas monitored by TLC}the reaction
mixture was quenched with saturated ag4@®lHsolutionandextracted with ethyl acate (3x
10 mL). Theorganic layes weredried over anhydrous N80 andevaporatedinder reduced
pressure. The crudesiduewas purified by silica gel chromatography by using ethyl acetate
in hexane as eluent to affoodtho-bromo substitutedl-aryl benzamide derivativeda-4m in
84-95% vyields.

The benzamide derivativip was synthesized according to GBYlusing benzylbromide (0.27
mL, 2.25 mmol, 1.5 equivf*

Synthesis of Imine Precursors: Aldehydes andketones were used as received from
commercial sources without further purificatidil the imines were synthesised according to

the literature procedurés.
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Synthesis ofSulfonylated Heteroaromatic and Peptide Derivatives: All the sulfonylated
heteroaromatic derivativesnd sulfone protected tryptophan containing peptidese

synthesised according to the literature procedtfres.

General Procedure forBorylation of Aryl Halides (GP-III ):

NC1 (1 mol %) 9J§<

- X K3PO, (2 equiv), DIPEA (1.5 equiv) - B~o
() + Baping ©

DMSO (1 M), Py (10 mol %), rt (35-38 °C) ~
1a-1t X =ClI, Br, | purple LED, 12 h 2a-2r

Aryl halidel (if solid, 0.5 mmol, 1.0 equivphotaatalystNC1 (1.1 mg, 0.005 mmol, 1 mol%),
bis(pinacolato)diboron (inz, 254 mg, 1.0 mmol, 2.0 equivand tripotassium phosphate
(K3sPOy, 212mg, 1.0 mmol, 2.0 equiv) wetakenin an ovendried12 mL glass reactiotube
andit was capped with rubber septuithen, the reaction vesselas evacuated and backfilled
with argon(repeated twice). After thaaryl halide 1 (if liquid, 0.5 mmol, 1.0 equiv)N,N-
disopropylethylamine (DIPEA).13 mL,0.75 mmol, 1.5 equivandpyridine (5uL, 10 mol%)
were added successively bgingHamilton syringeunder positive argon pressufanhydrous
degasse@.5 mLDMSO was added to the reaction vessel usyringe Finally, the tube was
placed4 cm away fronKessilpurple light 890 nm) andthe reaction mixturavas stirrecunder
the irradiation of 390 nmat room temperature (maintaining ~38 °C temperature by
employing one cooling fanfor 12 h. Upon complete consumption of starting materéad (
monitored byTLC), the reaction mixture was quenched with saturatp®H4Cl solutionand
the organic layer was extracted with ethyl acetate. Timenorganicsolventwas evaporated
underreduced pressurd@he crude residue was purified by column chromatographylioa s
gel by using ethyl acetate in hexane as eluents to afford boryaiddcs 2a-2r in 30-90%
yields.
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Table S2:Optimization of Borylation Reaction Conditions®

Br o catalyst (x mol %) OJ§<
/©/ . \ reductant, base g
Me jio’ :@ solvent, additive (y mol %) /©/ o
1a purple LED, rt Me 2a
iy catalyst solvent | reductant additive base | time | yield og
(x mol%) (y mol%) (h) | 2a[%]

1 NC1(3) DCM | NaC:0s | 4-CN-Py (10) | KsPOx | 48 nd
2 NC1(3) | DMSO | NaCz0s | 4-CN-Py (10) | KsPOs | 48 63
3 NC1(3) DMF | NaCx0s | 4-CN-Py (10) | KsPQu | 48 61
4 | NCc1(3) | Dmso HaErtheS;Ch A-CN-Py (10) | KsPOy | 48 | nd
5 NC1(3) | DMSO | DIPEA | 4-CN-Py(10) | KsPO: | 48 78
6 NC1(3) | DMSO NEt 4-CN-Py (10) | KsPOy | 48 69
7 NC1(3) | DMSO | DIPEA | 4-CN-Py (10) |KzHPO:| 48 47
8 NC1(3) | DMSO | DIPEA | 4-CN-Py (10) KF | 48 63
9 NC1(3) | DMSO | DIPEA | 4-CN-Py (10) | CCOs| 48 74
10 | NC1(1) | DMSO | DIPEA Py (10) NaOMe| 48 76
11 NC1(3) | DMSO | DIPEA Py (10) KsPQu | 48 83
12 NC1(3) | DMSO | DIPEA i KsPQy | 48 59
13 | NC1(3) | DMSO | DIPEA Py (100) KsPQs | 48 | 60
14 NC1(3) | DMSO | DIPEA | 4-CN-Py (100) | KsPQy | 48 nd
15 NC1(3) | DMSO | DIPEA Py (10) KsPQ: | 12 93
16 NC1(3) | DMSO | DIPEA Py (10) KsPQu | 24 86
17 NC1(3) | DMSO | DIPEA Py (10) KsPQy | 36 82
18 NC3(3) | DMSO | DIPEA Py (10) KsPQy | 12 74
19 NC4 (3) | DMSO | DIPEA Py (10) KsPQs | 12 75
20 | NC2(3) | DMSO | DIPEA Py (10) KsPQ: | 12 76
21 | NC1(0.5)| DMSO | DIPEA Py (10) KsPQy | 12 73

22 NC1 (1) | DMSO | DIPEA Py (10) KsPOs | 12 | 88[72]
23¢ | NC1(1) | DMSO | DIPEA Py(10) KsPQs | 12 74
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24¢ | NC1(1) | DMSO | DIPEA Py(10) KsPO: | 12 | 69
25 | NC2(2) | DMSO | DIPEA Py (10) KsPO: | 12 | 85
26 | NC1(l1) | DMSO | DIPEA Py (25) KsPOu | 12 | 72
27 | NC1(1) | DMSO | DIPEA Py (50) KsPOs | 12 | 56
28 | NC1(1) | DMSO | DIPEA Py (10) KsPO: | 12 | 50
29 i DMSO | DIPEA Py (10) KsPQu | 12 4
30 | NC1(1) | DMSO i Py (10) KsPOs | 12 | 57
31 | NC1(1) | DMSO | DIPEA Py (10) i 12 | 29
3% | NC1(1) | DMSO | DIPEA Py (10) KsPOs | 12 | 51
33" | NC1(1) | DMSO | DIPEA Py (10) KsPO: | 12 | nd

aReaction conditios 1a (0.3 mmol), B2Pirz (0.6 mmol),reductant (1.5 equiv), base.@2
equiv),solvent 0.3mL, 1 M), nd = nat detected®’NMR yields by taking mesitylene as internal
standard®lsolated yields?Using 1 equiv of DIPEA €Using 2 equiv ofDIPEA. 1 Equiv of

B2Pircand 1 equiv of KPOs has been use8lunder air."Without degassing the solvent

General Procedure for thePhosphorylation of Aryl Halides (GP-IV):

P(OMe); (3 equiv)

0
I

- Br NC1 (2 mol %), DIPEA (1.2 equiv) > R-OMe

(a0 - &) o

( —~

CH3CN (0.2 M), argon
1 rt (~35-38 °C), 2 h 3
purple LED (390 nm)

Aryl bromidel (if solid, 0.2 mmol, 1.0 equivandphotacatalystNC1 (1.7 mg, 0.004 mmol, 2
mol%) weretakenin an oven dried2 mLglass reaction tubend it was capped with a rubber
septum. Then the reaction vessel was evacuated and backfilled with argon (repeated twice).
After that, aryl bromidd (if liquid, 02 mmol, 1.0 equiv) and trimethylphosphite (70 uL, 0.6
mmol, 3 equiv) were successively added using Hamilton syunder positive argon pressure
Then1l mL anhydrousiegassed acetonitrifellowed by N, N-diisopropylethylamine (42 uL
0.24 mmol,1.2 equv) &e successivehadded by Hamilton syringe. Finally, the tube was
placed4 cm away from Kessil purple LED lighB90 nn), and stirred vigorously under the
irradiation of 390 nm purple LED light at room temperature (maintaining-3835C
temperature byemploying one cooling fan). Upon complete consumption of brormade (
monitoredby TLC), the reaction mixture was diluted with ethyl acetate, the aremletion

mixture was transferred to a round bottom flask and organic solvenéwag®ratedunder
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reducedpressure. The crude residue was purified by silica gel column chromatography by
using ethyl

acetate in hexane as eluent to afford the desired phosphonate pBaeldfan 49-90% yields.

General Procedure for the Reductive GC Coupling of ortho-Bromo Substituted N-Phenyl
Benzamide (GRV):

N~ NC3 (3 mol %), DIPEA (5 equiv)
@ « -
CH3CN (0.2 M), argon, rt (~35-38 °C)
2 h, purple LED (390 nm)

4a-4p X =Br, Cl, | S5a-5i

The halogen substituted-methylbenzamidd (0.5 mmol, 1.0 equiv) andhotacatalystNC3

(0.015 mmol, 3 mol%yvere taken in an oven dri@@ mLglass reactiotubeand it was capped

with a rubber septum. Then the reaction vessel was evacuated and backfilled with argon
(repeated twice). After that2.5 mL of anhydrousdegassed acetonitrile and, N-
diisopropylethylamineQ.43 mL,2.5 mmol, 5.0 equiv) were successively added using syringe.
Finally, the tube was plac&dtm away from purple LED ligh890 nn), and stirred vigorously

under the irradigon of 390 nm purple LED lighat room temperature (maintaining ~38 °C
temperatue by employing one cooling fan). Upon complete consumption of starting material
(as monitoredby TLC), the reaction mixture was diluted with ethyl acetate, the craizion
mixture was transferred to a round bottom flask and organic solvenéwapsratd under
reduced pressure. The crude residue was purified by silica gel column chromatography by
using ethylacetate in hexane as eluent to afford the depinedianthridingproductsba-5i in

55-8%% yields

5



Table S3 Optimization of the C-C coupling Reaction Conditions?

o)

Me catalyst (x mol %)
N base (y equiv)
©/Br

solvent, time, rt

4a purple LED (390 nm)
entry catalyst(x mol%) base(y equiv) solvent time yield (%) ©
1 NC1 (2) NBus (5) CHsCN 24 20
2 NC1 (2) DIPEA (1) CHsCN 2 53
3 NC1 (2) DIPEA (1) CHsCN 10 30
4 NC1 (2) i CHsCN 10 0
5 i DIPEA (1) CHsCN 10 0
6 NC1 (2) DIPEA (0.5) | CHsCN 12 <5
7 NC1 (2) DIPEA (0.25) | CHsCN 12 <5
8 NC1 (2) DIPEA (9) CHsCN 2 55
9 NC1 (2) DIPEA (2) CHsCN 2 66
10 NC1 (2) DIPEA (5) CHsCN 2 69
11 NC1 (2) NEts (5) CH:CN 2 0
12 NC3 (2) DIPEA (5) CHsCN 2 74
13 NC2 (2) DIPEA (5) CHsCN 2 56
14 NC4 (2) DIPEA (5) CHsCN 2 71
15 NC5 (2) DIPEA (5) CHsCN 2 45
16 NC6(2) DIPEA (5) CHsCN 2 73
17 NC3 (2) NEts (5) CHsCN 2 0
18 NC3 (2) DIPEA (5) DMF 2 70
19 NC3 (2) DIPEA (2) DMF 2 49
20 NC3 (2) DIPEA (2) CHsCN 2 71
21 NC3 (3) DIPEA (5) CH3CN 2 91
22 NC3 (1) DIPEA (5) CHsCN 2 77

aReaction conditiosl 4a (0.2 mmol),anhydrous degasssdlvent (. mL, 0.2M). °NMR vyield
by taking mesitylene as internal standard.
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General Procedure for the Reductive Dimerization of Aldehydes andetones (GRVI):

NC1 (0.5 mol %), DIPEA (1 equiv)

R
CH3CN (0.25 M), argon

rt (~35-38 °C), 1.5-15 h
6a-6f purple LED (390 nm) Ta-7f

Aldehyde or ketoné (if solid, 0.5 mmol, 1.0 equiv) and photocatal}¥t1 (1.1 mg, 0.0025

mmol, 0.5 mol%) weréakenin a 12 mL oven dried glass reaction tube and it was capped with

a rubber septum. Then the reaction vessel was evacuated and backfilled with argon (repeated
twice). After that, aldehyde or ketone (if liquid, 0.5 mmol, 1.0 equiv) &hdN-
diisopropylethylanine (87uL, 0.5 mmol, 1.0 equiv) were successively added using Hamilton
syringe under positive argon pressure. Then 2 mL degassed anhydrous acetonitrile was added
via syringe. Finally, the tube was placed 4 cm away from Kessil purple LED light (390 nm),
arnd stirred vigorously under the irradiation of 390 nm purple LED light at room temperature
(maintaining ~3538 °C temperature by employing one cooling fan). Upon complete
consumption of aldehyde or ketone (as monitored by TLC), the reaction mixture wed dilu

with ethyl acetate, the crude reaction mixture was transferred to a round bottom flask and
organic solvent was evaporated under reduced pressure. The crude residue was purified by
silica gel columm chromatography by using ethgtetate in hexane as eht to afford the

desired pinacol producta-7i in 63-99% yields. Thaneso:dldiastereoisomeric ratio of the
various products were evaluated'byNMR analysis of the hydroxyl and benzylic proton (for
aldehydes)/ methyl proton (for ketones) and compattieg chemical shift values with the

reported data.

General Procedure for the Reductive Dimerization of IminesGP-VII):

NR HNR

| NC3 (0.5 mol %), DIPEA (2 equiv)

CH3CN (0.25 M), argon

8a-8f rt (~35-38 °C), 1.5-2 h 9a-of
purple LED (390 nm)

Imine 8 (0.5 mmol, 1.0 equivandphotacatalystNC3 (1.2 mg,0.0025 mmol, 0.5 mol%lere
taken in an oven drietR mLglass reaction tubend it was capped with a rubber septum.rirthe
the reaction vessel was evacuated and backfilled with argon (repeated twice). Afiemtha

degassednhydrousacetonitrileand N, N-diisopropylethylamine@.180ni, 1.0 mmol, 2.0
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equiv) were successively addad syringeunder positive argon pressufenally, the tube was
placed4 cm away from Kessil purple LED light (40 W), and stirred vigorously under the
irradiation of 390 nm purple LED light at roomniperature (maintaining ~388 °C
temperature by employing one cooling fan). Upon complete consumption of i@sne (
monitoredby TLC), thecrudereaction mixture was diluted with ethyl acetate, the crude
mixture was transferred to a round bottom flask arghamic solvent wagvaporatedunder
reduced pressure. The crude residue was purified by column chromatography on neutral
activated alumia to afford the desired iminpinacol product®a-9f in 52-96% vyield. The
meso:dldiastereoisomeric ratsmof the various products were evaluatedtHyNMR analysis

of the benzylic proton and comparing their chemical shift values with the reported data.

Table S4 Optimization of the Piancol Coupling Reaction Conditions?

o) NC1 (x mol %) HO Me O
Me base (y equiv)
solvent, 2 h, rt Me OH

purple LED (390 nm)

6g 79
entry catalyst(x mol%) base(y equiv) solvent yield (%)
1 NC1 (1) DIPEA (1) CHsCN 77
2 NC1 (0.5) DIPEA (1) CH3CN 76
3 NC1 (0.5) NEts (1) CHsCN 30
4 NC1 (0.5) Hantzsch ester (1 CHsCN 30
5 NC1 (0.5) DIPA (1) CHsCN 0
6 NC1 (0.5) DABCO (1) CHsCN 0
7 NC1(0.5) DIPEA (1) DCM 30
8 NC1 (0.5) DIPEA (1) DMF 41
9 NC1 (0.5) DIPEA (1) DMSO 38
10 - DIPEA (1) CHsCN 0
11 NC1 (0.5 - CHsCN 0
120 NC1 (0.5 DIPEA (1) CHsCN 0
13 NC1 (0.5 DIPEA (1) CHsCN 0

aReaction conditiosi ketone6g (0.5 mmol), anhydroudegassedolvent 2.0 mL, 025 M).
bUnder air ‘Without degassing the solvefitsolated yields.
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Table S5: Catalyst Screening for Pinacol and IminaPinacol Reaction

o NC (0.5 mol %)
SR e
Me or or
CH3CN, argon O M OH
6g 8a rt (~35-38 °C), 2 h 7g
purple LED (390 nm)

catalyst NC1 NC2 NC3 NC4 NC5 NC6
meso:dt 1:111 1:1.17 1:1.18 1:1.15 1:1.11 1:1.35
yield? 76% 61% 71% 62% 67% 65
meso:d! 1:1.76 1:2.08 1:182 1:3.03 1:1.91 1:1.70
yield® 68% 73% 89% 66% 82 63%

Reaction conditions?inacol reactior? Ketone6g (0.5 mmol), NC catalyst (0.0025 mmol, 0.5
mol%), DIPEA (0.5mmol, 10 equiv), anhydrous degassed £CH (20 mL, 0.25 M).Imino-
pinacol reaction PImine 8a (0.5 mmol), NC catalyst (0.0025 mmol, 0.5 mol%), DIPEA (1.0
mmol, 20 equiv), anhydrous degassed T (20 mL, 0.25 M).

General Procedure for the Reductive Bsulfonylation of N-Sulfonyl Heteroaromatic
Compounds(GP-VIII ):

N S0 NC1(0.5mol %) DIPEA (3 equiv) AN
\ _/ \ _/

S
CH3CN (0.25 M), argon =
rt (~35-38 °C), 1-12 h

purple LED (40 W)

The N-sulfonyl heteroaromatic compourdd® (0.5 mmol, 1.0 equiv) anghotacatalystNC1

(1.1 mg, 0.0025 mmol, 0.5 mol%) were taken in an oven dried 10 mL gésdion tube and

it was capped with a rubber septum. Then the reaction vessel was evacuated and backfilled
with argon (repeated twice). After th& mL of degasse@nhydrousacetonitrileandN, N-
diisopropylethylamine@.26 mL, 1.5 mmol, 3.0 equiv) were successively addad syringe

under positive argon pressufanally, the tube was placddcm away from Kessil purple LED

light and stirred vigorously under the irraiiftem of 390 nm purple LED lightatt room
temperature (maintaining ~38 °C temperature by employing one cooling fan). Upon
complete consumption of starting material (as monitored by TLC), the crude reaction mixture
was diluted with ethyl acetate, the crude mixture was transferred to a round bottom flask and

organic solvent wa evaporated under reduced pressure. The crude residue was purified by
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column chromatography on silica gsl using ethyl acetate in hexateeafforddesulfonylated
heteroaromatigl12a-12min 75-97%yields.

Table SG Optimization of the Desulfonylation Reaction Conditions?
NC1 0.5 mol %)
\ base (x equiv) \
N

N
| |
Ts solvent, 2 h, rt H

10a purple LED (390 nm) 425

entry base (x equiv) solvent yield (%)°
1 DIPEA (1) CHsCN 72
2 DIPEA (3) CH3CN 90
3 NEts (3) CH:CN 30
4 Hantzsch ester (3) CHsCN 32
5 DIPA (3) CHsCN 0
6 DABCO (3) CHsCN 0
7 DIPEA (3) DCM 25
8 DIPEA (3) DMF 40
9 DIPEA (3) DMSO 45
10 - CHsCN 0
116 DIPEA (3) CHsCN 0
1 DIPEA (3) CHsCN 0
13 DIPEA (3) CHsCN 0

aReaction conditiost 10a (0.5 mmol), NC1 (0.0025 mmolandanhydrous degassed solvent
(2.0 mL, 0.1 M).PIsolated yieldsSUnder air “Without degassing the solvefitn the absence
of NC1.
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General Procedure for the Reductive Desulfonylation oN-Sulfonylated Peptides (GP-
1 X):

NC1 (0.5 mol %), DIPEA (3 equiv)

BocHN— , —COzMe > BocHN— d —CO,Me
H o) CH3CN (0.25 M), argon 2
= N,gfo rt (~35-38 °C), 2 h ~N-H
Ar purple LED (390 nm)
11a-11e 13a-13e

The sulfonyl protectedryptophan containingpeptide 11 (0.1 mmol, 1.0 equiv) and
photacatalystNC1 (0.2mg,0.0@5 mmol, 0.5 mol%jvere taken in an oven drid@ mLglass

reaction tube and it was capped with a rubber septum. Then the reaction vessel was evacuated
and backfilled with argon (repeated twice). After that, degaaségdrousacetonitrile {.5

mL) andN, N-diisopropylethylamine52 pL, 0.3 mmol, 3.0 equiv)were successively added

via syringeunder positive argon pressufanally, the tube was placddcm away from Kessil

purple LED light, and stirred vigorously under the irradiation of 390 nm purple LED light at
room temperature (maintaining ~38 °C temperature by employing one cooling fan). Upon
complete consumption of starting material (as monitdmg TLC), the crude reaction mixture

was diluted with ethyl acetate, the crude mixture was transferred to a round bottom flask and
organic solvent was evaporated under reduced pressure. The crude residue was purified by
column chromatography on silica gby using methanol in dichloromethane to afford
desulfonylategeptideproductsl3a-13ein 89-91%yields.

Gram-Scale Synthesis and Catalyst Recovery Experiment for Borylation Reaction:

Oo. O
Me NC1 (43.3 mg, 1 mol %)
+ Bypin, K3POy4 (2 equiv), DIPEA (1.5 equiv) N + NC1 (10 mg)
DMSO (1 M), Py (10 mol %) 23% recovery
Br argon, rt (35-38 °C) Me
1a (10 mmol) purple LED (390 nm), 12h 2a (1.5 g, 69% yield)

PhotocatalysNC1 (43.3 mg, 0.1 mmol, 1 mol%), bis(pinacolato)diboroap(Bz, 5.3 g, 20.0
mmol, 2.0 equiv), and tripotassium phosphaté®:, 4.2 g, 20.0 mmol, 2.0 equiv) were taken

in an oven dried 25 mL round bottom flask, and it was capped with rubber septum. €hen, th
reaction vessel was evacuated and backfilled with argon (repeated twice). Aftebtbhaty
4-methylbenzenda (1.23 mL, 10.0 mmol, 1.0 equiv) amNJ N-disopropylethylamine (DIPEA,

2.61 mL, 15.0 mmol, 1.5 equiv) and pyridine (0.1 mL, 10 mol%) weredagdecessively by
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Hamilton syringe under positive argon pressAmhydrous degassed 10 mL DMSO was added

to the reaction vessel usisgringe.Finally, the tube was placed 4 cm away from Kessil purple

light (390 nm) and the reaction mixture was stirredarrthe irradiation of 390 nm at room
temperature (maintaining ~38 °C temperature by employing one cooling fan) for 12 h. Upon
complete consumption of starting material (as monitored by TLC), the reaction mixture was
guenched with saturated aq. MH sdution and the organic layer was extracted with ethyl
acetate. Then, the organic solvent was evaporated under reduced pressure. The crude residue
was isolated after column chromatography on silica gel using 1% ethyl acetate/hexane as eluent
to afford the brylated producRa (white solid, 1.5 g, 69% yield). In a second fractions, the
catalyst NC1 was recovered by further eluting the column by using 2% ethyl acetate in hexane

as eluent (light yellow solid, 10 mg, 23% recovered).

Gram-Scale Synthesis and Catgst Recovery Experiment for GC Coupling Reaction:
o)

Me NC3 (97 mg, 3 mol %)
©)J\N' DIPEA (5 equiv) O

Br CH3CN (0.2 M), argon
rt (~35-38 °C), 2 h
4a (7 mmol) purple LED (390 nm) 5a (1.18 g, 81% yield)

NC3 (45 mg)
46% recovery

N-(2-BromophenyhN-methylbenzamidda (2 g, 7.0 mmol, 1.0 equiv) and photocataly&t3

(97.3 mg, 0.21 mmol, 3 mol%) were taken in an oven dried 50 mL round bottom flask and it
was capped with a rubber septum. Then the reaction vessel was evacuated and backfilled with
argon (repeated twice). After that, degassed anhydrous acetonitrile (BSamdLN, N-
diisopropylethylamine (& mL, 35 mmol, 5.0 equiv) were successively added using syringe
under positive argon pressure. Finally, the tube was placed 4 cm away from purple LED light
(390 nm), and stirred vigorously under the irréidia of 390 nmpurple LED lightat room
temperature (maintaining ~3B °C temperature by employing one cooling fan). Upon
complete consumption of starting material (as monitored by TLC), the reaction mixture was
diluted with ethyl acetate, organic solvent was evapdnateler reduced pressure. The catalyst
NC3 was recovered after column chromatography on silica gel using 2% ethyl acetate in
hexane as eluent (light yellow solid, 45 mg, 46%overejl In another fractions the desired
productbawas also isolated by furth eluting the column using 10% ethyl acetate in hexane
as eluent (white solid, 1.18 g, 81% yield).
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Gram-Scale Synthesis and Catalyst Recovery Experiment for PinacGbupling Reaction:

0 NC1 (21.7 mg, 0.5 mol %)

HO Me
DIPEA (1 equiv) NC1 (7 mg)
Me 329 recovery
CH3CN (0.25 M), argon Me OH

rt (~35-38 °C), 5 h .
6g (10mmol 79 (0.847 g, 70% yield
g (10mmol) purple LED (390 nm) 9(0.847.g, 70% yield)

PhotocatalysNC1 (21.65 mg, 0.05 mmol, 0.5 mol%%astakenin a 50 mL round bottom flask

and it was capped with a rubber septum. Then the reaction vessel was evacuated and backfilled
with argon (repeated twice). After that, ketone (1.16 mL, 10 mmol, 1.0 equivNahd
diisopropylethylamine (1.74 mL, 10 mmol, 1.0 equiv) were successively added using syringe
under positive argon pressure. Then 25 mL degassed anhydrous acetonitrile was added by
syringe. Finally, the tube was placed 4 cm away from Kessil purple LED lightVj4@nd

stirred vigorously under the irradiation of 390 nm purple LED light at room temperature
(maintaining ~3838 °C temperature by employing one cooling fan). Upon complete
consumption of aldehyde or ketone (as monitored by TLC), the reaction mixtsreilwd

with ethyl acetate and organic solvent was evaporated under reduced pressure. The catalyst
NC1 was recovered after column chromatography on silica gel using 2% ethyl a@cetate
hexane as eluent (light yellow solid, 7 mg, 3&86¢overedl In a secnd fractionsthe desired
product7g wasisolated as white solid by further eluting the colunsing 10% ethyl acetate

in hexane as eluent (0.847 g, 70% vyield).

Gram-Scale Synthesis and Catalyst Recovery Experiment for Iminpinacol Coupling
Reaction:

/©\ OMe
/©\ NC3 (11.6 mg, 0.5 mol %) Cl NH O
|N cl DIPEA (2 equiv) + NC3 (2 mg)
- 0,
CH3CN (0.25 M), argon O HN cl 17% recovery
MeO \©/

rt (~35-38 °C), 1.5-2 h

purple LED (390 nm) >
8f (5 mmol) 9f (1.05 g, 85% yield)

Imine 8f (1.23 g, 5.0 mmol, 1.0 equiv) and photocataN&3 (11.6 ng, 0.025 mmol, 0.5
mol%) weretakenin a 12 mL oven dried glass reaction tube and it was capped with a rubber
septum. Then the reaction vessel was evaduate backfilled with argon (repeated twice).
Then 13 mL degassed anhydrous acetonitrileNyrid-diisopropylethylamine (1.74 mL, 10.0
mmol, 2.0 equiv) were added by syringe under positive argon pressure. Finally, the tube was

placed 4 cm away from Kesgilrple LED light, and stirred vigorously under the irradiation
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of 390 nm purple LED light at room temperature (maintaining-385C temperature by
employing one cooling fan). Upon complete consumption of aldehyde or ketone (as monitored
by TLC), the readbn mixture was diluted with ethyl acetate and organic solvent was
evaporated under reduced pressure. The catalyst NC3 was recovered after column
chromatography on silica gel using 2% ethyl acdatateexane as eluent (light yellow solid, 3

mg, 17%recoveed). In a second fractionshe desired produd@f was isolateds white solid

by further eluting the columuasing 10% ethyl acetate in hexane as eluent (1.05 g, 85%.yield)

Gram-Scale Synthesis and Catalyst Recovery Experiment f@esulfonylation Reaction:

NC1 (17.3 mg, 0.5 mol %)

DIPEA (3 equiv) . NC1 (7 mg)
N Y 40% recovery

N CH5CN (0.25 M), argon .
Te rt (~35-38 °C), 15 h H
10k (8 mmol) purple LED (390 nm) 12f (0.95 g, 71% vyield)

10k (2.6 g,8.0 mmol, 1.0 equiv) and photocatalf€1 (17.3mg, 0.6t mmol, 0.5 mol%) were

taken in an oven dried 50 mL round bottom flask and it was capped with a rubber septum. Then
the reaction vessel was evacuated and backfilled with argon (repeated twice). Afgtiiat,
degassed anhydrous acetonitrile &hd\-diisopropylethylamine 4.18 mL, 24.0 mmol, 3.0

equiv) were successively added using syringe under positive argon pressure. Finally, the tube
was placed 4 cm away from Kessil purple LED light and stirred vigorously under thetioiadia

of 390 nm purple LED ligt at room temperature (maintaining ~38 °C temperature by
employing one cooling fan). Upon complete consumption of starting material (as monitored by
TLC), the crude reaction mixture was diluted with ethyl acetate and organic solvent was
evaporated undereduced pressure. The catalyst NC1 was recovered after column
chromatography onlga gel using 2% ethyl acetatehiexane as eluent (light yellow solid, 7

mg, 40% recoveredl In a second fractionthe desired produdt2f was isolateags white solid

by further eluting thecolumn using 10% ethyl acetate in hexane as eluer 021% yield).

13-Methyk7,8-diphenyt13H-naphtho[2, ka]carbazole(NC1):® The titled compoundNC1
O was synthesized according to B&-1. The producNC1 was isolated

Q & (light yellow solid 1.95 g, 90% yield)'H NMR (400 MHz, CDC}) :
.o
Me

(ppm) 8.72 (dJ = 9.1 Hz, 1H), 7.88 () = 7.5 Hz, 2H), 7.73 (d] = 8.7
OO Hz, 1H), 7.53 (dJ = 8.2 Hz 1H), 7.47i 7.41 (m, 2H), 7.35 7.32 (m,

after column chromatography using 2% ethyl acetate in hexane as eluent
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3H), 7.24i 7.15 (m, 7H), 7.07 (1 = 7.8 Hz, 1H), 6.98 () = 7.5 Hz, 1H), 6.63 (d = 7.9 Hz,
1H), 4.42 (s, 3H).

8-(3-Methoxyphenyh13-methyt7-phenyt13H-naphtho[2,ta]carbazole (NC2): The titled
compoundNC2 was synthesized according to t6€-I. The product
NC2 was isolated after column chromatography using 2% ethyl acetate
in hexane as eluent (light yellow solid, 2.1 g, 92% yield, mixture of two
isomes). 'H NMR (500 MHz, CDC%) : a 8(/p(d,dm 9.1 Hz,

2H), 7.88 (d,J = 8.4 Hz, 5H), 7.80 (d] = 8.4 Hz, H), 7.71 (dJ=8.8

Hz, 1H), 7.54 (dJ = 8.2 Hz, 2H), 7.47 7.39 (m, 5H), 7.37 7.31 (m,

5H), 7.23i 7.13 (m, 7H), 7.11 7.03 (m, 3H), 7.01 6.94 (m, 2H), 6.88 6.85 (m, 2H), 6.74
(d,J=7.8 Hz, 6H), 6.61 (d] = 7.6 Hz, 1H), 4.45 (s, 7H), 3.68 @&Hl), 3.63 (s, 4H}3C {*H}

NMR (126 MHz, CDC}) : U 169bpl159.3, 148, 1433, 1428, 1421, 140.8, 13@,
136.7, 1365, 132.84, 132.76, 131.8, 131.73, 131.69, 131.20, 131.0, 130.5, 1303,1229,

1287, 128.6, 128, 128.18, 1282, 1281, 128.0, 127.9, 126.8, 12%.1262, 125.63, 125.57,
1254, 125.3, 124.8, 124.7, 124.6, 123.2, 123.1, 123.0, 122.5, 122.3, 121.3, 121.2, 120.22,
120.18, 119.69, 119.66, 119.6, 117.0, 115.6, 113.0, 112.5, 109.1, 55.£13R.4(neat)/ cm
1=3052, 2935, 28, 1597, 1575, 1464, 1425, 1385, 1322, 1244, 1167, HRBIS (ESI)

m/z [M+H]* calcd for GaH26NO, 464.2009; found 464.2021.

8-(4-Methoxyphenyh13-methyt7-phenyt13H-naphtho[2, +a]carbazolg(NC3):5° The titled
OMe compoundNC3 was synthesized according to t6&-1. The product
O NC3was isolated after column chromatography using 2% ethyl acetate

O two isomes). 'H NMR (400 MHz,CDC%) : U ( p pJmdP.1He, 72 ( d
OO 2H), 7.87i 7.85 (m, 4H), 7.75 (d] = 8.8 Hz, 1H), 7.67 (d] = 8.8 Hz,
1H), 7.53 (dJ = 8.2 Hz, 2H), 7.4% 7.38 (m, 4H), 7.3% 7.31 (m, 3H),
7.23i 7.17 (m, 5H), 7.14 7.07 (m 5H), 7.06i 7.00 (m, 3H), 7.00 6.96 (m, 1H), 6.93 (d]
= 7.2 Hz, 1H), 6.87 6.84 (m, 2H), 6.75 6.73 (m2H), 6.70 (d,J = 8.0 Hz, 1H), 6.57 (d] =
8.0 Hz, 1H), 4.44 (s, 6H), 3.85 (s, 3H), 3.79 (s, 3H).

O O in hexane as eluent (light yellow solid, 1.97 g, 85% yield, mixture of
N
Me
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7-(4-Chlorophenyl)}13-methyl8-phenyt13H-naphtho[2,a]carbazole (NC4): The titled
compoundNC4 was synthesized according to tk&P-1. The
O cl productNC4 was isolated after column chromatography using 2%

ethyl acetate in hexane as eluent (light yellow solid, 2.1 g, 90 %

! O yield, mixture of two isomgr*H NMR (500 MHz, CDC$):ti 8. 7 2
N

Ve OO (d,J=9.1 Hz, 3H), 7.90 7.87 (m, 5H), 7.69 7.66 (m, 3H), 7.56

i 7.53 (m, 3H), 7.47 7.39 (m, 6H), 7.35 7.32 (m, 5H), 7.30
7.28 (m, 2H), 7.22 7.13 (m, 12H), 7.12 7.03 (m, 8H), 7.02 6.98 (m, 1H), 6.95 () = 7.5
Hz, 2H), 6.67 (d,J = 8.0 Hz, 1H), 6.57 (dJ = 8.0 Hz, 2H), 4.451 (s, 3H), 4.447 (s, 5HC
{'H}NMR (126 MHz,CDC#) : & (ppm) 143.1, 142.9, 142.8,
135.4, 133.2, 132.9, 132.7, 132.1, 132.0, 131.8, 131.7, 131.51, 131.48, 130.4, 129,8, 129.
128.7, 128.6, 128.4, 128.24, 128.20, 128.18, 128.1, 127.1, 126.43, 126.36, 126.3, 125.68,
125.66, 125.5, 125.4, 124.8, 123.1312122.3, 12215, 121.22, 121.19, 120.4, 120.3, 119.81,
119.76, 119.7, 119.5, 109.2, 109.1, 35.3, 35R: (neat)/ cri = 3046, 2936, 2832, 2248,
1597, 1466, 1385, 1323, 1257, 1125,108RMS (ESI) m/z [M+H]"* calcd for GsH23CIN,
468.1514; found 468.1523.

N-(2-Bromophenyl}N,3-dimethylbenzamidg4d): The titled compoundd was synthesised

0 according toGP-1l. The product4d was isolated after column

Me\©)1\N’Me chromatography usin$5% ethyl acetate in hexane as elu@mhite
©/Br solid, 433mg, 95% yield)."H NMR (400 MHz,CDC}) : UG (ppm) 7
(d,J=7.8 Hz, 1H), 7.22 (s, 1H), 7.167.12 (m, 1H), 7.07 6.98 (m,
5H), 3.37 (s, 3H), 2.20 (s, 3H¥C {*H} NMR (101 MHz, CDC}) : d (ppm) 170. 8
137.1, 135.3, 133.3, 130.4, 130.3, 128.8, 128.6, 128.2, 127.1, 124.7, 122.3, 36 BTIRL.0.
(neat)/cn =3750, 3671, 2966, 2922, 2865, 1645, 1581, 1474, 1361, 1304, 1158, 1107, 1033.
HRMS (ESI) m/z [M+H]" calcd for GsH1sBrNO, 304.0332; found 304.0322.

N-(2-Bromophenyl}N,4-dimethylbenzamid€4e): The titled compoundle was synthesised
0 according taGP-I1. The desired produeke waspurified bysilica gel
/©)J\ N’NIe column chromatography by using% ethyl acetate in hexane as
Me ©/Br eluent gellow solid 424 mg, 93% yield, rotameric mixture as 28:1).
The characterisation data of the major rotaimgiven ‘*H NMR (500
MHz, CDCk): 0 ( p/pI(®,J=7.7 Hz, 1H), 7.23 (d] = 7.5 Hz, 2H), 7.14 (d] = 7.4 Hz,
1H), 7.06 (ddJ = 12.2, 8.2 Hz, 2H), 6.92 (d,= 7.1 Hz, 2H), 3.35 (s, 3H), 2.20 (s, 3MC
{*H} NMR (126 MHz,CDC#):td (ppm) 171.1, 144.0, 140.0, 13
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1284, 128.3, 122.8, 37.3, 21.ETIR: (neat)/ cmt = 3058, 2923, 1645, 1477, 141355,
1306, 1254, 1178, 1110, 1048RMS (ESI) m/z [M+H]* calcd for GsH1sBrNO, 304.0332;
found 304.0321.

N-(2-Bromophenyl}4-methoxyN-methylbenzamide(4f): The titled compound4f was
o synthesised according ®P-Il . The produc#f was isolated after
/@)J\N,Me column chromatography usi®@% ethyl acetate in hexane as eluent

Br (gummy liquid 418 mg, 87% yield, rotameric mixture as 15:1). The
characterisation data of the major rotarisegiven.*H NMR (400

MeO

MHz,CDCk) : U ( p pJw)7.6 Az, B 7.30dd] = 7.5 Hz, 2H), 7.8 (t, J = 6.9 Hz,

1H), 7.08 (d,J = 7.5 Hz, 2H), 6.65 (dJ = 7.6 Hz, 2H), 3.71 (s, 3H), 3.36 (s, 3HC {*H}
NMR (126 MHz, CDCH): U (ppm) 170.8, 160.9, 133.9, 132.3, 130.7, 130.4, 129.0, 128.6,
128.0, 122.9, 113.1, 55.3, 37BTIR: (neat)/ crt = 3060, 2933, 2838, 1647, 1608, 1513,
1478, 1419, 1361, 1305, 1253, 1171, 1028MS (ESI) m/z [M+H]* calcd for GsHisBrNO,
320.0281; found 320.0291.

N-(2-Bromophenyl}3,4-dimethoxyN-methylbenzamidg4g): The titled compoundlg was
o synthesised according ®P-11. The producdg was isolated after
MEOD)‘\NM‘? column chromatography usit6§% ethyl acetate in hexane as eluent
©/Br (white solid 446 mg, 85% yield, rotameric mixture as16:13H
NMR (400 MHz, CDC4, major rotamer : ad (ppdm767. 55 (
Hz, 1H), 7.17 7.14 (m, 1H), 7.05 () = 6.9 Hz, 2H), 6.96 (d] = 7.3 Hz, 1H), 6.88 (s, 1H),
6.62 (d,J = 7.6 Hz, 1H), 3.77 (s, 3H), 3.66 (s, 3H), 3.34 (s, 3fQ.{*H} NMR (101 MHz,
CDCls, rotameric mixture)i  ( plg) 150.3, 147.8, 144.4, 133.8, 130.6, 129.3, 129.0,
128.7, 127.8, 126.8, 126.4, 122.8, 122.7, 122.1, 111.6, 110.0, 55.8, 55. F13R5(neat)/
cmt = 3058, 2920, 2280, 2168, 2052, 1984, 1635, 1609, 1420, 1255, 113%IRMS.(ESI)
m/z [M+H]* calcd for GeH17BrNOgz, 350.0386; found 350.0392.

MeO

N-(2-Bromophenyl}4-fluoro-N-methylbenzamide (4h): The titled compound4h was
o synthesised according t@P-Il. The product4h was isolated after
/@)‘\N,Me column chromatography usintp% ethyl acetate in hexane as eluent
Br (whitesolid, 439mg, 95% yield).*H NMR (400 MHz,CDC$) : 4 ( pp m)
©/ 7.53 (d,J = 7.9 Hz, 1H), 7.35 7.32 (m, 2H), 7.18 (1) = 7.5 Hz, 1H),
7.1271 7.05 (m, 2H), 6.82 () = 8.5 Hz, 2H), 3.36 (s, 3H}°C {*H} NMR (101 MHz, CDC4,
rotameric mixture): U JE p5d.tnhz) 16F.40(d) £ 250.4 18z8 . 5, 1

F
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143.6, 133.9, 132.7 (d,= 9.4 Hz), 131.8 (d) = 3.3 Hz), 130.5 (d) = 9.2 Hz), 129.3, 128.7,
122.7, 115.6 (dJ = 22.0 Hz), 114.9 (d) = 21.8 Hz), 37.4°F NMR (470 MHz, CDC4,
rotameric mixturg : U -1055p1097. FTIR : (neat)/ cmt =3068, 2927, 1652, 1611, 1513,
1479, 1419, 1365, 1307, 1228, 1157, 1112, 104BMS (ESI) m/z [M+H]" calcd for
C14H12BrFNO, 308.0081; found 308.0081.

N-(2-Bromophenyl}N-methyt3-(trifluoromethyl)benzamide(4i): The titled compoundii

was synthesised according @P-Il . The productdi was isolated after
0

Me column chromatography using 20% ethyl acetate in hexane as eluent

(yellow liquid, 489 mg, 91% vyield, rotameric mixture as 3:13H4 NMR

(500 MHz, CDC4, maj or r ot amsedh),:7540(tJEPH m) 7.
Hz, 2H), 7.47 (dJ= 7.7 Hz,1H), 7.28 (tJ=7.9 Hz, 1H), 7.20 = 7.5

Hz, 1H), 7.13 (dJ = 7.5 Hz, 1H), 7.08 () = 7.5 Hz, 1H), 3.41 (s, 3H3C {*H} NMR (126

MHz, CDCk, rotameric mixture): d (ppm) 169. 6,
131.2, 130.8, 130.6, 130.4, 130.1, 130.0)(9,3.6 Hz), 129.7, 129.3, 128.8, 128.4, 127.2 (q,
J=3.8 Hz), 126.61, 126.58, 125.40, 15.38, 123.8 &272.3 Hz), 123.7 (q] = 272.4 Hz),

122.9, 37.31°F NMR (471 MHz, CDC%, rotameric mixture as 3:48i ( p-J0&9,-103.0.

FTIR: (neat)/ cmt = 3069, 2933, 1725, 1654, 1584, 1479, 1371, 1327, 1304, 1167, 1126, 1073.
HRMS (ESI) m/z [M+H]" calcd for GsH12FsNO, 358.0049; foun858.0056.

Br

CF3

N-(2-Bromo-4-methylphenyl)N-methylbenzamide (4j): The titled compound4j was
synthesised according @P-II . The productj was isolated after column
N’Me chromatography usintp% ethyl acetate in hexane as eludmbvnliquid,
g 419 mg, 92% yield, rotameric mixture ag:1). 'H NMR (400 MHz,

CDCk) : U ( p pJw)7.6 Az, 34} 7.30 ¢d] = 7.1 Hz, 2H), 7.24
7.18 (m, 2H), 7.18 7.14 (m4H), 7.01 (d,J = 8.1 Hz, 2H), 6.97 6.90 (m,
4H), 3.47 (s, 3H), 3.36 (s, 3H), 2.26 (s, 3H), 2.24 (s, 3i@){*H} NMR
(101 MHz, CDC}4, rotameric mixtured (ppm) 171.3, 170.9, 167. 9,
135.8, 135.7, 134.4, 134.0, 133.0, 132.1, 130.1, 130.0, 129.8, 129.64, 129.55, 129.2, 128.7,
128.10, 128.05, 127.70, 127.66, 126.7, 122.2, 38.6, 37.3, 21.0FZ(R7.(neat)/ crmt = 3029,
2924, 121, 1647, 1576, 1512, 1494, 1362, 1302, 1111, 19R8IS (ESI) m/z [M+H] " calcd
for C1sH1sBrNO, 304.0332; found 304.0323.

CH;
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N-(2-Bromo-4-methoxyphenybN-methylbenzamide(4k): The titled compounddk was
0 synthesised according @P-11 . The productk was isolated after column
©)J\N"V'e chromatography using0% ethyl acetate in hexane as elueginimy
Br |iquid, 402mg, 84% yield).!H NMR (500 MHz,CDC$) : U (ppm) 7. ¢
J=7.2 Hz, 2H), 7.19 (t) = 7.3 Hz, 1H), 7.13 () = 7.4 Hz, 2H), 7.01 (d,
OMe  J=2.7 Hz, 1H), 6.97 (d) = 8.7 Hz, 1H), 6.65 (dd] = 8.7, 2.7 Hz, 1H),
3.68 (s, 3H), 3.33 (s, 3HYC {'H} NMR (126 MHz,CDC%) : U (ppm) 171. 2, ]
136.0, 130.9, 126, 128.0, 127.7, 123.2, 118.4, 114.3, 55.7, TR : (neat)/ cmt = 2938,
1645, 1600, 1494, 1364, 1312, 1286, 1228, 1113, HRMS (ESI) m/z [M+H]" calcd for
C1sH1sBrNO2, 320.0281; found 320.0274.

N-(2-Bromo-4-(trifluoromethyl)phenyl}N-methylbenzamidg(4l): The titled compoundil
o was synthesised according &P-1l. The produc#l was isolated after
@N»Me column chromatography using0% ethyl acetate in hexane as eluent
Br (yellow gummyliquid, 495mg, 92% yield).*H NMR (400 MHz, CDC3):
d (ppm) 7. 7807.30 én, 3H)L HIZ,7.16/(m,4H), 3.36 (s,
CF, 3H). 3C {{H} NMR (101 MHz, CDC$) : U (ppm) 170. 8, 1
131.1, 131.0 (gJ = 3.7 Hz), 130.3, 128.1, 128.0, 125.5, 123.1, 122.3 {R72.3 Hz). 37.02.
19F NMR (471 MHz, CDC$) : U -62.8.pTR: (neat)/ cmt = 3066, 2940, 1655, 1605,
1498, 1356, 1320, 1255, 1172, 10HRMS (ESI) m/z [M+H]" calcd for GsH12F3NO,
358.0049; found 358.0043.

N-(2-Bromophenyl}N-ethylbenzamide @@): The titled compound4n was synthesised
o according taGP-1l by using bromoethane (0.2 mL, 3.0 mmol, 2.0 equiv)
(D)‘\N’Et The productin was isolated after column chromatography using 15% ethyl
©/Br acetate in hexane as eluémhite solid, 410 mg, 90% yield}d NMR (500
MHz, CDCk) : U ( p pdw)7.8 Az, BHY 7.33dd) = 7.4 Hz, 2H),
7.217 7.11 (m, 4H), 7.05 () = 6.9 Hz, 2H), 4.27dq,J = 14.1, 7.1 Hz, 1H), 3.57 (dq,=
14.1, 7.1 Hz, 1H), 1.22 (,= 7.1 Hz, 3H)*C {{H} NMR (126 MHz,CDC}) : U4 (ppm) 17
141.9, 136.3, 133.9, 132.1, 129.7, 129.1, 128.1, 127.7, 123.5, 44. FTR6.(neat)/ crm =
3057, 2981, 2931, 2870638, 1577, 1472, 1435, 1391, 1304, 1115, 1BEMS (ESI) m/z
[M+H]* calcd for GsHisBrNO, 304.0332 found304.0330
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N-(2-Bromophenyl}N-hexylbenzamide(40): The titled compound4o was synthesised
0 according toGP-Il by using tbromohexane (0.3 mL, 2.25 mmol, 1.5
©)‘\N/Hex equiv). The productdo was isolated after column chromatography using
©/Br 5% ethyl acetate in hexane as eluent (liquid, 281 mg, 50% ytell)MR
(400 MHz, CDC$): U (ppm) 7.51 (d,J = 7.7 Hz, 1H), 7.31 (d] = 7.5 Hz,
2H), 7217 7.10(m, 4H), 7.06i 7.02 (m, 2H), 4.26 4.19 (m, 1H), 3.47 3.40 (m, 1H), 1.71
i 1.65 (m, 1H), 1.58 1.49 (m, 1H), 1.40 1.25 (m, 6H), 0.87 0.85 (m, 3H)3C {*H} NMR
(126 MHz, CDC%) : (ppin) 170.6, 142.2, 136.3, 133.9, 132.0, 129.6, 129.0, 128.1, 128.0,
127.7, 123%, 49.4, 31.7, 27.4, 26.8, 22.7, 14ETIR : (neat)/ cmt = 3060, 2955, 2928, 2857,
1651, 1580, 1446, 1388, 1310, 1130, 102RMS (ESI) m/z [M+H]* calcd for GoH23BrNO,
360.0958; found 360.0956.

N-(2-Bromo-4-methylphenyl)N-tosylbenzamide (10¢*? The titled compound.Og was
0 synthesised accordingp modified literature procedurdy using the
@N/TS corresponding6 (578 mg, 2 mmol, D equiv), triethylamine (3 mmol, 1.5
Br equiv) and tosythloride (3 mmol, 1.5 equivlhe desired produdigwas
isolated after silica gel column chromatography by using 5% ethyl acetate
Me in hexane as eluent (white solid, 799 mg, 90% yiélNMR (400 MHz,
CDCl) : U 8=8RWM™z, 2H],,7.43 (dJ=7.6 Hz, 2H), 7.40 (d] = 8.2 Hz, 1H), 7.34 (d,
J=8.1Hz, 1H), 7.30 7.26 (m, 1H), 7.18 7.11 (m, 3H), 2.45 (s, 3H), 2.28 (s, 3HLC {'H}
NMR (126 MHz, CDC}) : d (ppm) 16936.0 134.4,4%1.2,2133.9,113313, 7 ,
131.5, 130.2, 129.3, 129.04, 128.96, 127.8, 124.6, 21.9,PIIR: (neat)/ cm = 1692, 1598,
1448, 1364, 1278, 1259, 1242, 1085, 102HRMS (ESI) m/z [M+H]" calcd for
C21H19BrNOsS, 444.0264; found44.0272

4,4,5,5Tetramethyt2-(p-tolyl)-1,3,2dioxaborolane (2a):1%* The titled compound2a was
synthesised according to ti&P-111 by using tbromo4-methylbenzenda (62

w pL, 0.5 mmo) 1.0 equiy asprototype Theborylatedproduct2awas isolated after
B column chromatography using 2% ethyl acetathexane as eluelfivhite solid,
79mg, 72% yield)*H NMR (400 MHz, CDC}): Ui (ppm)7.73 (d,J = 7.8 Hz, 2H),
7.21 (d,J = 7.9 Hz, 2H), 2.38 (s, 3H), 1.36 (s, 12H¢ {*H} NMR (101 MHz,

CDCl):0 ( pl#lrg)N34.9,128.6,83.7, 25.0, 21(Bhe carbon directly attached
to the boron atom was not detected due to quadrupolar broaderBgyMR (160 MHz,

CDCh): i ( p3p.Gn)

Me
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2-(4-(tert-Butyl)phenyl}4,4,5,5tetramethyt1,3,2dioxaborolane  (2b):'*  The titled
#—k compound2b was synthesised according to tBe-11l by using tbromo4-(tert-
butyl)benzendb (87 pL, 0.5 mmol, 1.0 equiv) gwototype The produckb was

O. O
isolated after column chromatography using 2% ethyl acetate in hexane as eluent
(white solid, 110 mg, 85% yield}Hd NMR (400 MHz,CDC$) : 4 (ppdm) 7. 7
5 =7.7 Hz, 2H), 7.43 (d] = 7.6 Hz,2H), 1.36 (s, 12H), 1.35 (s, 9HJC {*H} NMR
u

(101 MHz,CDC}) : U (ppm) 154.6, 134 . (Thecarhor4 . 8, |
directly attached to the boron atom was not detected due to quadrupolar broad#hNyR
(160 MHz,CDC$) : U0 (ppm) 31.0.

2-(4-Methoxyphenyl4,4,5,5tetramethyt1,3,2dioxaborolane(2c): ** The titled compound
#_k 2cwas synthesised according to tBB-I1l by usingl-bromc4-methoxylbenzene
O\B/O 1c (63 pL, 0.5 mmol, 1.0 equ)vTheborylatedproduct2cwas isolated after column
chromatography using?2 ethyl acetate ihexane as eluent (white sol@4.8mg,
81% vyield).'H NMR (400 MHz, CDC}): U ( p p m) J=78.4H83, 2H),®.91
oMe (d,J=8.5Hz, 2H), 3.83 (s, 3H), 1.34 (s, 12HC {*H} NMR (126 MHz, CDC}):
a ( plp2m)136.7,113.5, 83.7, 55.2, 28 The carbon directly attached to the boron atom

was not detected due to quadrupolar broadentfgNMR (160 MHz, CDC$): i ( B30.78)

2-([1,1'-Biphenyl]-4-yl)-4,4,5,5tetramethyt1,3,2dioxaborolane  (2d):*® The titled
compound2d was synthesised according to G&-I11 by using 4bromo1,1*-
biphenyl1d (117 mg, 0.5 mmol, 1.0 equiv). The prod@c was isolated after
B’ column chromatography using 2% ethyl acetate in hexane as eluent (white solid,
126 mg, 90% vyield)!H NMR (400 MHz, CDC}) : a (ppdw78Hz,94 (d,
2H), 7.66 (dJ = 7.2 Hz, 4H), 7.48 () = 7.3 Hz, 2H), 7.39 (1) = 7.0 Hz, 1H),
1.40 (s, 12H)233C {H} NMR (126 MHz, CDC}) : U (ppm) 144. 0, 1
128.9, 127.7, 127.4, 126.6, 83.9, 2%IKhe carbon directly attached to the boron atom was not

detected due to quadrupolar broadenif NMR (160 MHz,CDC}) : U4 (ppm) 31. 2

Ph

Methyl 4(4,4,5,5tetramethyt1,3,2dioxaborolan2-yl)benzoatg2e): *** The titled compound
M 2ewas synthesised according to BE-I 1l by using methyl oromobenzoatée
NP (108 mg, 0.5 mmol, 1.0 equiv)The product2e was isolated after column
chromatography usingf ethyl acetaten hexane as eluent (white soli)6mg,
81% yield).!H NMR (500 MHz, CDCt): 4 ( p p m) J=8.9 B2 2H}, d.87
co,Me (d,J=7.9Hz, 2H), 3.92 (s, 3H), 1.35 (s, 12HL {*H} NMR (126 MHz, CLCCls):

Al



a ( plp7r8)134.8, 132.5, 128.7, 8452.3, 25.0(The carbon directly attached to the boron
atom was not detected due to quadrupolar broadefBdYMR (160 MHz, CDCS): 0 ( p p m)
30.8

4-(4,4,5,5Tetramethyt1,3,2dioxaborolan2-yl)benzonitrile (2f):1* The titled compoun@f
#_P was synthesised according to BE-IIl by using4-bromobenzonitrileth (91 mg
O\B,O 0.5 mmol, 1.0 equiv)The product2f was isolated after column chromatography
using3% ethylacetate irhexane as eluent (white solif.7mg, 67% yield).H
NMR (500 MHz, CDC#): i ( p p m) J=78.184Z,2HY, 9.63 (d,J = 8.2 Hz,
CN  2H),1.34 (s, 2H). 13C {*H} NMR (126 MHz, CDC}): i  ( pl®5m@)31.2, 119.1,
114.9, 84.6, 25.0(The carbon directly attached to the boron atom was not detected due to

quadrupolar broadenindfB NMR (160 MHz, CDC#$): U (ppm) 306.

Methyl 2(2-(4,4,5,5tetramethy}1,3,2dioxaborolan2-yl)phenyl)acetate(2g): **° The titled
w compound2g was synthesised according to Be-Ill by usingmethyl
Oo. O 2-(2-bromophenyl)acetatd (115 mg 0.5 mmol, 1.0 equiv)l'he product
f ~Co,Me 2g was isolated after column chromatography ui#igethyl acetate in
hexane as eluentdglourless liquid 81.4mg, 59% vyield)'H NMR (400
MHz,CDCk) : U ( p pJm)/.2 Hz, 1814 7.30 (] = 7.5, 3.8 Hz, 1H), 297 7.26 (m,
1H), 7.20 (dJ = 7.4 Hz, 1H), 3.99 (s, 2H), 3.67 (s, 3H), 1.33 (s, 1280.{*H} NMR (126
MHz, CDCk): i ( pl{F3:@)140.5, 136.2, 131.1, 130.2, 12683.8, 51.8, 41.1, 24.8The
carbon directly attached to the boron atom was not detected due to quadrupolar broadening).

1B NMR (160 MHz, CDC#): i ( p pIm) 3 1.

4,4,5,5Tetramethyt2-(naphthalen1-yl)-1,3,2dioxaborolane (2h):* The titled compound
2h was synthesised according to Be-Ill by usingl-bromonaphthalengj

w (104 mg 0.5 mmol, 1.0 equiv)The productzh was isolated after column
chromatography using?2 ethyl acetate ihexane as eluent (white sol&B.4
mg, 46% yield).!H NMR (400 MHz, CDCH): & (ppm) 8.81 (d,J = 8.3 Hz,
1H), 8.13 (dJ = 6.4 Hz, 1H), 7.97 (dJ = 8.1 Hz, 1H), 7.87 (dJ = 8.0 Hz,
1H), 7.57 (tJ= 7.2 Hz, 1H), 7.51 (] = 7.4 Hz, 2H), 1.46 (s, 12HYC {*H} NMR (101 MHz,
CDCl): U ( plp7rh)1358, 133.3,131.7,128.6, 1288265, 125.6, 125.1, 83.8, 25(The

carbon directly attached to the boron atom was not detected due to quadrupolar broadening).
1B NMR (160 MHz, CDC#$): U (ppm) 31.8
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4,4,5 5Tetramethyt2-(pyren-1-yl)-1,3,2dioxaborolane(2i):* The titled compoun@i was
synthesised according to t&-111 by using tbromopyrendk (104 mg,
OJ§< 0.5 mmol, 1.0 equiv). The produ@ was isolated after column
O é\o chromatography using 5% ethyl acetate in hexane as eluent (white solid,

“ 131 mg, 80% vyield). 'H NMR (500 MHz, CDC%) : U 9(14 9.49
(m, 1H),8.59 (ddd,]) = 7.5, 3.1, 1.9 Hz, 1Hg.24 (d,J = 7.6 Hz, 1H)8.21
O i 8.17 (m,3H), 8.13 (d,J = 8.9 Hz, 1H), 8.08 (d] = 8.9 Hz, 1H), 8.02 (t,

J=7.6 Hz, 1H), 1.53 (s, 12HFC {*H} NMR (126 MHz,CDC#) : U (ppm) 136. 6,
131.3, 130.9, 128.7, 128.2, 127.9, 127.6, 125.8, 125.5, 1P543,124.5, 124.2, 84.0, 25.2.

(The carbon directly attached to the boron atom was not detected due to quadrupolar
broadening)'B NMR (160 MHz,CDC}) : U (ppm) 31. 9.

5-(4,4,5,5Tetramethyt1,3,2dioxaborolan2-yl)-1H-indole (2j):** The titled compouna®j
% was synthesised according to t8e-111 by using 5broma 1H-indole 1l

% (98 mg, 0.5 mmol, 1.0 equiv). The prod@ftwas isolated after column

0-B
Q_} chromatography using 3% ethyl acetate in hexane as eluent (white solid,
\
N
H

36.5 mg, 30% yield)!H NMR (400 MHz, CDC$) : U 82 (prm,)
1H), 8.20 (s, 1H), 7.65 (d,= 8.2 Hz, 1H), 7.38 (d] = 8.2 Hz, 1H), 7.18
(t, J= 2.7 Hz,1H), 6.57 (s, 1H), 1.38 (s, 12HC {*H} NMR (101 MHz,CDC%) : U ( p p m)
138.0, 128.8, 128.2, 127.7, 124.3, 110.6, 103.3, 83.6, (@%é.carbon directly attached to the
boron atom was not detected due to quadrupolar broadeHBAMR (160 MHz, CDC}): U
(ppm) 31.6.

Methyl 5-(4,4,5,5tetramethyt1,3,2dioxaborolan2-yl)-1H-indole-1-carboxylate (2k): The
% titted compound®k was synthesised according to tBB-11l by using

% methyl 5bromo 1H-indole-1-carboxylatelm (127 mg, 0.5 mmol, 1.0

0-B
®_> equiv). The produck was isolated after column chromatography
\

\ using 5% ethyl acetate in hexane as eluent (white solid, 93.4 mg, 62%
Co,Me Yield).'H NMR (400 MHz,CDC}) : U ( p pmY.8Hz, 1H)7 ( d,

8.07 (s, 1H), 7.78 (d] = 8.3 Hz, 1H), 7.59 (d] = 3.3 Hz, 1H), 6.60 (d] = 3.6 Hz, 1H), 4.04

(s, 3H), 1.37 (s, 12H}C {*H} NMR (126 MHz,CDC}) : & (ppm) 151.6, 137

128.4, 125.7, 114.6, 108.5, 8353.9, 25.0(The carbon directly attached to the boron atom

was not detected due to quadrupolar broadentfgNMR (160 MHz,CDC$) : G ( pp m) 3

FTIR: (neat)/ cmt = 3672,2978, 1745, 1612, 1540, 1444, 1243, 1214, 1145, .19BS

(ESI) m/z [M+H]" calcd for GeH21BNOa4, 302.1558; foun®802.1555
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2-(4-(4,4,5,5Tetramethyi1,3,2dioxaborolan2-yl)phenyl}1H-indole  (2I): The titled
B/o:@ compound| was synthesised according to @Ge-Ill by using

N 0 methyl 2(4-bromophenyB1H-indole 1n (135 mg, 0.5 mmol,

" 1.0 equiv). The product2l was isolated after column
chromatography using 3% ethyl acetate in hexane as eluent (white solid, 104 mg, 65% vyield).
IH NMR (400 MHz,CDC}) : U (ppm) 8. 3280(Hsg 2H),rH3(1=91 88 ( d
Hz, 2H), 7.63 (dJ = 7.8 Hz, 1H), 7.40 (d] = 8.1 Hz, 1H), 7.20 (§ = 7.6 Hz, 1H), 7.12 (1)
=7.4 Hz, 1H), 6.91 (s, 1H), 1.37 (s, 124C {"H} NMR (101 MHz,CDC$) : U (ppm) 13
137.0, 135.6, 134.9, 129.3, 124.3, 122.8).92120.5, 111.1100.8 84.1, 25.0(The carbon
directly attached to the boron atom was not detected due to quadrupolar broati&nigR
(160 MHz, CDC#) : U ( pAIIR) (nedtYd cmb=.3344, 2977, 2924, 2853, 1609, 1453,

1360, 1283, 1121HRMS (ESI) m/z [M+H]" calcd for GoH23BNO2, 320.1816; found
320.1820.

3-(4,4,5,5Tetramethyt1,3,2dioxaborolan2-yl)-9H-carbazole(2m):** The titled compound
% 2m was synthesised according to B&-11l by using 3bromo-9H-
0
/

carbazolelo (123 mg, 0.5 mmol, 1.0 equiv). The prod@&eh was
o0-B

isolated after column chromatography using 2% ethyl acetate in
hexane as eluent (white solid, 88 mg, 60% yiéldNMR (400 MHz,
H CDClk) : U0 (ppm) 8br§IH),B8.8,dJ=17BHz, 1H},. 16 (
7.90 (d,J = 8.0 Hz, 1H), 7.44 7.39 (m, 3H), 725 (d,J = 7.5 Hz, 1H), 1.42 (s, 12H}¥C {H}
NMR (126 MHz, CDC}) : i ( P,pl89)6, 132451127.9, 126.0, 123.6, 123.2, 120.7
120.0, 110.7, 110.2, 83.8, 25(’he carbon directly attached to the boron atom was not
detected due to quadrupolar bdeaing).}'B NMR (160 MHz,CDC$) : U (ppm) 31. 6.

3,6-Bis(4,4,5,5tetramethyt1,3,2dioxaborolan2-yl)-9H-carbazole (2n):** The titled

X

0 \
0B B-0 equiv). The product2n was isolated after column
chromatography using 2% ethyl acetate in hexane as eluent
N
H

(white solid, 46 mg, 22% yield)in another fractions, the

compound2n was synthesised according to tG&-111 by
o>§< using 3,6dibromo-9H-carbazolelp (163 mg, 0.5 mmol, 1.0

debrominatednonaborylaion product2m was isolated as majproduct 79 mg, 54% yield)
IHNMR (400 MHz,CDC%) : U ( ppm) 8 br6,8H),(786 (dJZB.) Hz, 28l), 25 (
7.39 (d,J = 8.1 Hz, 2H), 1.39 (s, 24HYC {*H} NMR (101 MHz, CDC}) : u (ppm) 14
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132.5, 128.3, 123.4, 11%) 83.8, 25.2(The carbordirectly attached to the boron atom was not
detected due to quadrupolar broadenit®.NMR (160 MHz,CDC%) : U (ppm) 31.

1,3-Bis(4,4,5,5tetramethyt1,3,2dioxaborolan2-yl)benzeng20):1* The titled compoun@&o

was synthesised according to th@P-Ill by using 1,3
QL B\J§< dibromobenzenéq (60 puL, 0.5 mmol, 1.0 equiv). The produd

was isolated after column chromatography using 2% ethyl acetate

in hexane as eluent (white sol@d, mg, 55% yield).*H NMR (400
MHz,CDCk) : U (ppm) 8. 2=8.1H5 2H), I.38)(t]=7.4 HDO 1H), .34 (s,

24H).13C {H} NMR (101 MHz, CDC}): 141.4, 137.8, 127.2, 83.9, 251B NMR (160 MHz,
CDChL) : U (ppm) 31. 2.

1,4-Bis(4,4,5,5tetramethyt1,3,2dioxaborolan2-yl)benzend2p):1* The titled compoundp

o o was synthesised according to th@P-lll by using 1,4

ji :B@Bi :@ dibromobenzenér (65 pL, 0.5 mmol, 1.0equiv). The product
° 2p was isolated after column chromatography usifg hyl

acetate irhexane as eluent (white solitl9mg, 72% yield)’H NMR (400 MHz, CDC}): U

(ppm) 7.80 (s, 4H), 1.35 (s, 24HY3C {*H} NMR (101 MHz, CDC$) : U (13#.p,r83.0,

25.0 (The carbon directly attached to the boron atom was not detected due to quadrupolar

broadening)!!B NMR (160 MHz, CDC$):4 (pprm) 31.0

3,3-Bis(4,4,5,5tetramethyt1,3,2dioxaborolan2-yl)-1,1-biphenyl  (2q):**" The titled
compound2q was synthesised according to tBE-111 by
Q(S/QBB/O using 3,3-dibroma1,1-biphenyl 1s (156 mg 0.5 mmol,
O (\)75 1.0 equiv). The product2q was isolated after column
chromatography using? ethyl acetate ihexane as eluent
(white solid,144mg, 71% yield)'H NMR (400 MHz, CDC$) : U) 8.0%(p 2H), 7.80 (d,
J=7.3 Hz, 2H), 7.73 (d) = 7.8 Hz, 2H), 7.44 (t) = 7.5 Hz, 2H), 1.37 (s, 24H}C {'H}
NMR (101 MHz, CDC}4) : U 1407,/p38.8 133.7, 130.4, 128.2, 84.25.0 (The carbon

directly attached to the boron atom was not detected due to quadrupolar broad@&hhig)R
(160 MHz, CDC}) : (pptn) 31.2

1,1-(2,7-bis(4,4,5,5tetramethyt1,3,2dioxaborolan2-yl)-9H-fluorene-9,9-diyl)bis(hexan
o O O o 1-one) (2r):*¥ The titled compoundr was synthesised
j(;,BB\;)i according to theGP-1Il by using1,1-(2,7-dibromo
9H-fluorene9,9-diyl)bis(hexanl-one)1t (260 mg 0.5

nCGH13 nC6H13

A5



mmol, 1.0 equiv). The produét was isolated aftecolumn chromatography using®ethyl

acetate in hexane as eluent (white solid, 175 mg, 57% yteldlJMR (400 MHz, CDC$) : U

(ppm) 7.80 (dJ = 7.5 Hz, 2H), 7.74 (s, 2H), 7.72 @5 7.6 Hz, 2H), 2.02 1.97 (m, 4H), 1.39

(s, 24H), 1.10 1.00 (m, 12H)0.761 0.72 (m, 6H)0.571 0.50 (m, 4H)13C {*H} NMR (101

MHz, CDCk) : U (ppm) 150. 6, 144558,4021338,288,251129. 1,
23.7, 22.7, 14.2(The carbon directly attached to the boron atom was not detected due to

guadrupolar broadening).

Dimethyl [1,1-biphenyl}-4-ylphosphonate(3a):1* The titled compoun®a was synthesized

0 according toGP-IV by using 4-broma1,1-biphenyl 1d (47 mg, 0.2
M&SBP\©\ mmol). The desired produ@a was isolated after silica gel column

ph Cchromatography by using 60% ethyl acetate in hexane as eluent (yellow

solid, 48.2 mg, 92% yield}H NMR (400 MHz, CDC}) : ad ( p@.64(m,2H),87%B9
(dd,J=7.9, 3.8 Hz, 2H), 7.60 (d,= 7.6 Hz, 2H), 7.46 (t} = 7.5 Hz, 2H), 7.39 (1) = 7.0 Hz,
1H), 3.8 (d,J=11.1 Hz, 6H)}3C {{H} NMR (101 MHz,CDC}) : U (pp@d¥3.2245. 6
Hz) 139.9, 132.5 (d] = 10.3 Hz), 129.1, 128.3, 127.37, 127.36)d,15.4 Hz), 125.4 (d] =
190.7 Hz), 52.7 (d)= 5.5 Hz) 3P NMR (202 MHz,CDC}) : u (ppm) 22. 5.

Dimethyl benzo[d][1,3]dioxab-ylphosphonatg3b): The titled compoun8b was synthesized
o according toGP-IV by using5-bromobenzaf][1,3]dioxole 1u (24 ni
Ma(zgp\@:o mg, 0.2 mmol) The desired producdb was isolated after silica gel
O column chromatography by using 80% ethyl acetate inrfeaa eluent
(yellow oil, 22mg, 49% yield)H NMR (400 MHz, CDC$) (pjpm)7.37 (dddJ = 14.0, 7.9,
0.9 Hz, 1H),7.18 (d,J = 14.1 Hz, 1H), 6.90 (ddl = 7.9, 3.7 Hz, 1H), 6.03 (s, 2H3,74(d, J
=11.1 Hz, 6H)C {{H} NMR (101 MHz, CDC$) : U 1%16 pdph3y 3.5 Hz) 148.1 (dJ
=22.7 Hz),127.8 (dJ=11.1 Hz) 119.8 (d, J = 194.4 Hz)111.4 (dJ = 12.3 Hz), 108.8 (]
= 18.8 Hz),101.8,52.8 (d,J = 5.4 Hz) 3> NMR (202 MHz, CDC}) : U ( pfIIR) 22. 5.
(neat)/ cmt = 3458, 2923, 2853, 1722, 1604, 1485, 1428, 1344, 1246, 1184, HBRSS

(ESI) m/z [M+H]* calcd for GH120sP, 231.0417; found 231.0414.

Dimethyl naphthalenl-ylphosphonate(3c):* The titled compound3c was synthesized
OMe  according taGP-IV by usingl-bromonaphthaleng (28ni, 0.2 mmol) The

“P~0oMe
desired producBc was isolated after silica gel column chromatography by

OO using 50% ethyl acetate in hexane as eluent (delssoil, 405 mg, 86%
yield). '"H NMR (400 MHz, CDC%) : U ( p pJw)8.3 Biz, Hp 8.23d ,
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(dd,J = 16.2, 6.6 Hz, 1H), 8.05 (d,= 7.9 Hz, 1H), 7.90 (d] = 7.5 Hz, 1H), 7.63 7.60 (m,
1H), 7.57i 7.51 (m, 2H),3.7 (d, J = 11.3 Hz, 6H)13C {IH} NMR (101 MHz, CDC}) :

(ppm) 135.1(d, J = 9.2 Hz) 1340 (d, J = 3.4 Hz),133.7(d, J = 12.8 Hz) 132.8(d, J = 11.0
Hz), 128.9(d, J = 1.9 Hz),127.8,126.59 126.55 (d,) = 4.4 Hz),124.7(d, J = 16.7 Hz) 123.3
(d,J=183.6 Hz)52.8(d, J = 5.4 Hz) 3P NMR (202 MHz, CDC#): Ui (ppm)23.0

Dimethyl phenanthrer9-ylphosphonate(3d): The titled compound3dd was synthesized

o according toGP-IV by using 9-bromophenanthrengv (52 mg, 0.2 mmol)

MeO
by using 50% ethyl acetate in hexane as elugitofv solid 36.6 mg, 64%

yield).'H NMR (400 MHz, CDC#): Ui (ppm)8.73 (d,J = 7.3 Hz, 1H), 8.69 (d,
J=8.4 Hz, 1H), 8.64 (d] = 18.1 Hz, 1H), 8.48 (d] = 7.6 Hz, 1H), 8.01 (d] = 7.9 Hz, 1H),
7.77 (t,J= 7.6 Hz, 1H), 7.73 7.64 (m, 3H), 3.8 (d, J = 11.3 Hz, 6H)3C {*H} NMR (126
MHz, CDCB) : U 188 igdmd » 8.7 Hz), 135 (d, J = 2.8 Hz),130.7 (d,J = 12.1 Hz)
130.2,130.0(d,J=10.2 Hz),129.9, 129.5, 127.4,27.47 (dJ = 3.6 Hz),12735, 127.3,1232
(d,J = 1.6 Hz),122.9,1222 (d, J = 183.3 Hz), 52 (d, J = 5.3 Hz) 3P NMR (202 MHz,
CDClk) : U ( pFPIR:)(ne&)Bcmt3 3476, 2952, 2850, 1450, 1256, 10BMRMS (ESI)
m/z [M+H]" calcd for GeH1603P, 287.0832; found 287.0832.

Dimethyl (4(1H-indol-2-yl)phenyl)phosphonate (3e): The titled compound3e was
synthesized according ®P-1V by usingmethyl 2(4-bromophenyh

(0]
Meo P O 1H-indole1n (57.2mg, 0.2 mmol)The desired produ@ewas isolated

~

u

MeO~-P O The desired produ@d was isolated after silica gel column chromatography

after silica gel column chromatography by using 80% ethyl acetate in

" Q hexane as eluent (yellow solid, 40.4 mg, 67% yiéld)NMR (400
MHz, CDCk) : U 9.6%fpsn)H), 7.80 (dJ = 8.4 Hz, 4H), 7.65 (d] = 7.9 Hz, 1H), 7.47
(d,J=8.2 Hz, 1H), 7.22 () = 7.5 Hz, 1H), 7.13 () = 7.4 Hz, 1H), 6.92 (s, 1H), B7d,J =
11.1 Hz, 6H)3C {1H} NMR (101 MHz, CDC}): U (ppm) 137.7136.96 (dJ = 3.3 Hz),136.6
132.66 (dJ = 10.3 Hz),129.1,125.3 (d,J = 15.4 Hz) 124.9 (d,J = 191.9 Hz) 123.1 121.0,
120.4, 111.5, 101.63.0 (d,J = 5.6 Hz).3P NMR (202 MHz, CDC#) : U ( pAIIR)
(neat)/ cmt = 3215, 2952, 1604, 1434, 1341306,1238, 1183, 1052, 102BRMS (ESI) m/z
[M+H] " calcd for GeH17NOsP, 302.0941 found302.0941
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Dimethyl (1-benzyl1H-indol-5-yl)phosphonate (3f)The titled compoun@f was synthesized
O according taGP-IV by using 1-benzyt5-bromo1H-indole 1w (55mg,

|1
MeO—P
|\6/Ied m 0.2 mmol). The desired produgt was isolated after silica gel column
N

. chromatography by usirg% ethyl acetate in hexane as eluent (yellow

oil, 33 mg, 52% yield)!H NMR (400 MHz, CDC#): U (ppm)8.18 (d,
J=14.4 Hz, 1H), 7.56 (ddl = 11.9, 8.5 Hz, 1H), 7.37 (dd,= 8.4, 3.1 Hz, 1H), 7.3B 7.27
(m, 3H), 7.22 (dJ = 3.0 Hz, 1H), 7.11 (d] = 7.3 Hz, 2H), 6.64 (d] = 3.0 Hz, 1H), 5.35 (s,
2H), 3.5 (d, J= 11.1 Hz, 6H)!3C {*H} NMR (126 MHz, CDC%) : U 138pdh¥ 2.8
Hz), 136.8, 129.7, 128.928.4 (dJ=17.9 Hz) 127.9, 126.8126.7 (dJ=11.3 Hz) 124.5 (d,
J=12.1 Hz) 116.6 (dJ = 192.3 Hz),110.0 (d,J = 16.7 Hz) 102.9 § = 1.3 Hz),52.6 (d,J =
5.3 Hz) 50.283P NMR (202 MHz, CDC$) : U ( pHTIR)(neat)bcmie=.3458, 3029,
2951,2851, 1717, 1608, 1454, 1336, 1243,1183, 16#MS (ESI) m/z [M+H]" calcd for

C17H19NO3P, 316.1097; found 316.1098

5-Methylphenanthridin-6(5H)-one (5a):* The titled compound5a was synthesized
according taGP-V by usingN-(2-bromophenyBN-methylbenzamidda (145

mg, 0.5 mmol) The desired produda was isolated after silica gel column
chromatography by using 4% ethyl acetate in hexane as el 6olid,93

mg, 89% yield).'H NMR (400 MHz, CDC%) : u (pprAdF8®B16G1 (dd
Hz, 1H), 8.19 (dJ = 8.1 Hz, 2H), 7.70 (1) = 8.3 Hz, 1H), 7.54 (1) = 8.0 Hz, 1H), 7.49 (1) =

8.5 Hz, 1H),7.34 (d,J = 8.1 Hz, 1H),7.26 (t,J = 8.0 Hz, 1H), 3.75 (s, 3H}3C {H} NMR

(101 MHz, CDC}) : i (ppm) 161. 6, 138. 0, 133. 5, 132.
122.5, 121.6, 119.3,15.0, 30.0.

5,8-Dimethylphenanthridin6(5H)-one (5b):**® The titled compoundb was synthesized

according to GP-V by using N-(2-bromophenyBN,3-
dimethylbenzamidéd (152 mg, 0.5 mmol)The desired produétb was

isolated after silica gel column chromatography by usitig ethyl

acetate in hexane as eluemhite solid,61.5 mg, %% yield).'H NMR

(400 MHz, CDCH: i ( ppm) 8. 35 J€86HzI11H))8,18 (8).=3.8 Hz( 1dH),

7.5971 7.51 (m, 2H), 7.42 (d) = 8.3 Hz, 1H), 7.32 () = 7.6 Hz, 1H), 3.82 (s, 3H), 2.53 (s,

3H). 13C {*H} NMR (101 MHz,CDC§) : & (ppm) 161.9, 138.3, 13
128.8, 125.6, 123.1, 122.6, 121.8, 119.6, 115.2, 30.2, 21.
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5,9-Dimethylphenanthridin6(5H)-one (5¢):** The titled compoundsc was synthesized
according to GP-V by using N-(2-bromophenyhN,4-
dimethylbenzamidde (153 mg, 0.5 mmol)The desired produétc was
isolated after silica gel column chromatography by using 6% ethyl
acetate in hexane as eluewhite solid,73 mg, &% yield).'H NMR

(400 MHz, CDC}): i ( p p m) J=88.1H3 1H), .28 (d] = 7.7 Hz, 1H), 8.06 (s, 1H),
7.54 (t,J=7.8 Hz, 1H), 7.41 (d] = 8.6 Hz, 2H), 7.31 (1= 7.6 Hz, 1H), 3.81 (s, 3H), 2.56 (s,
3H). °C {H} NMR (126 MHz, CDC}): 4 (ppm) 161. 9, 143. 0, 138.
129.1, 123.5, 123.3, 122.5, 121.8, 119.5, 115.2, 30.0, 22.3.

9-Methoxy-5-methylphenanthridin6(5H)-one (5d): The titled compound5d was

o synthesized according t&P-V by using N-(2-bromophenyb4-
methoxyN-methylbenzamidedf (160 mg, 0.5 mmol)The desired
product5d was isolatedafter silica gel column chromatography by

using20% ethyl acetate in hexane as eluevhite solid,84 mg, 70%
yield).'H NMR (400 MHz, CDC}) : U ( p pJmB.8 Hz, 14)88.2( (dil= 8.0 Hz, 1H),
7.64 (s, 1H), 7.55 (t) = 7.7 Hz, 1H), 7.40 (d) = 8.5 Hz, 1H), 7.31 (t) = 7.5 Hz, 1H), 7.15
(d, J= 8.9 Hz, 1H), 3.99 (s, 3H), 3.79 (s, 3HIC {*H} NMR (126 MHz, CDC}): U (ppm)
163.1, 161.6, 138.7, 135.7, 131.3, 129.9, 123.4, 12296, 119.3, 116.0, 115.3, 104.7, 55.7,
29.9

8,9-Dimethoxy-5-methylphenanthridin6(5H)-one (5€):** The titled compoundse was
o synthesized according t&P-V by using N-(2-bromophenyh3,4-

N*'V'e dimethoxyN-methylbenzamideélg (175 mg, 0.5 mmol) The desired
product5e was isolated after silica gel column chromatography by
using25% ethyl acetate in hexane as eluaviti{e solid, 78mg, 58%
yield).!H NMR (400 MHz, CDC}4) : u ( ppJd¥8.08&z 1H, 7.94d(s, 1H), 7.60 (s,

1H), 7.52 (tJ = 7.7 Hz, 1H), 7.42 (d) = 8.4 Hz, 1H), 7.32 () = 7.6 Hz, 1H), 4.09 (s, 3H),

4.04 (s, 3H), 3.82 (s, 3H¥C {*H} NMR (126 MHz, CDC$) : U4 (ppm) 161. 4,
137.8, 128.8, 128.5, 119.9, 119.4, 109.82.8, 56.4, 56.3, 30.1.

9-Fluoro-5-methylphenanthridin6(5H)-one (5f): 1> The titled compounéf was synthesized
according to GP-V Dby using N-(2-bromophenybh4-fluoro-N-
methylbenzamideth (154 mg, 0.5 mmol)The desired produdif was

isolated after silica gel column chromatography by using 5% ethyl acetate
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in hexane as eluenivhite solid,82 mg, 72% yield)!H NMR (400 MHz, CDC}) : ad (ppm)
8.56 (dd,J = 8.6, 6.3 Hz, 1H), 8.16 (d,= 8.0 Hz, 1H), 7.89 7.86 (m, 1H), 7.59 ()= 7.8

Hz, 1H), 7.42 (dJ = 8.4 Hz, 1H), 7.34 (t) = 7.6 Hz, 1H), 7.30 7.26 (m, 1H), 3.80 (s, 3H).

13C {1H} NMR (101 MHz, CDC}) : U ( p p t3 252.16H%), 181.1( 188.6, 136.3 (d,

= 9.5 Hz), 132.3 (d) = 9.8 Hz), 130.5, 123.6, 122.7, 122.3817 (d,J = 3.1 Hz), 116.4 (d]

=22.9 Hz), 115.4, 107.7 (d= 23.3 Hz), 30.13% {1H} (471 MHz, CDC}) : U -14%9% m)

2,5-Dimethylphenanthridin6(5H)-one (5g):'>* The titled compoundg was synthesized

according to GP-V by using N-(2-bromc4-methylphenyhN-
methylbenzamidedj (153 mg, 0.5 mmol)The desired producsg was

isolated as white solid after silica gel column chromatography by @%ing

ethyl acetate in hexane as eluent (fg, 66% yield)*H NMR (400 MHz,

CDChk):t  ( pp m) J=8.0B8% 1H}, 8.28 (d] = 8.1 Hz, 1H), 8.09 (s,

1H), 7.75 (tJ = 7.6 Hz, 1H), 7.58 (1) = 7.6 Hz, 1H), 7.37 (d] = 8.6 Hz, 1H), 7.32 (d]= 8.5

Hz, 1H), 3.81 (s, 3H), 2.50 (s, 3HYC {*H} NMR (101 MHz,CDC}) : U (ppm) 161. 6
133.6, 132.4, 132.1, 130.7, 129.1, 128.0, 125.8, 123.5, 121.7, 119.3, 115.213D.1

2-Methoxy-5-methylphenanthridin6(5H)-one (5h):** The titled compound5h was
synthesized according ®P-V by using N(2-broma4-methoxyphenybhN-
methylbenzamidetk (160 mg, 0.5 mmol)The desired producsh was
isolated as white solid after silica gel column chromatography by using 30%
ethyl acetate in hexane as eluent (74.2 mg, 62% yi¢ld}MR (400 MHz,
CDCl) : 0 8(6(@,h¥)8.0 Hz, 1H), 8.22 (d) = 8.1 Hz, 1H), 7.771

7.74 (m, 2H), 7.59 (1) = 7.5 Hz, 1H), 7.36 (d] = 9.1 Hz, 1H), 7.15 (dd1 = 9.1, 2.8 Hz, 1H),
3.94 (s, 3H), 3.80 (s, 3H¥®C {*H} NMR (126 MHz, CDC}) : ) 161ptpl66.3, 133.4,
132.6, 132.4, 129.2, 128.3, 126.1, 121.8, 12014.7, 116.4, 107.3, 55.9, 30.2

OMe

5-Methyl-2-(trifluoromethyl)phenanthridin-6(5H)-one (5i): > The titled compoundi was
synthesized according to GP-V by using N-(2-bromo4-
(trifluoromethyl)phenyhN-methylbenzamidell (180 mg, 0.5 mmol)The

desired produchbi was isolated after silica gel column chromatography by
using9% etlyl acetate in hexane as eluent (white s@i@mg, 65% yield).

IH NMR (400 MHz, CDCH):ti  ( p p m) J=&.9 Bz51HY), 8150 (s, 1H),

8.28 (d,J=8.1 Hz, 1H), 7.81 (§ = 7.7 Hz, 1H), 7.77 (d] = 8.8 Hz, 1H), 7.65 (1) = 7.6 Hz,

1H), 7.50 (dJ = 8.8 Hz, 1H), 3.83 (s, 3H}*C {*H} NMR (101 MHz,CDC$):4 (ppm) 161.
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140.4, 133.0, 137, 129.2, 129.0126.2 (q,J = 3.5 Hz), 125.9, 124.7 (d,= 33.2 Hz)124.4
(g, J = 271.7 Hz), 121.9,20.8 (q,J = 3.9 Hz), 119.4, 115.6, 304F {!H} NMR (471 MHz,

CDChk):u ( pglL.md.

1'-Methyl3-(trifluoromethyl)spiro[cyclohexanel,3-indoline]-2,5-dien-2'-one 6 Nja The
o N,Me titted compound5 Njmas synthesized according @P-V by using N-(2-
bromophenybN-methyt3-(trifluoromethyl)benzamide 4i (179 mg, 0.5
‘ mmol). The desired product Njaas isolated after silica gel column
CF4 chromatography by using 5% ethyl acetate in hexane as eluent (brown solid,
81 mg, 58% yield)}H NMR (500 MHz, CDC#$) : 4 ( p p.3d)m, TH), 3.@ 7.08 (m,
2H), 6.88 (dJ= 7.8 Hz, 1H), 6.21 6.17 (m, 1H), 5.98 (s, 1H), 5.44 (dbk 9.9, 2.0 Hz, 1H),
3.25 (s, 3H), 3.11 (dl = 22.6 Hz, 1H), 3.00 (dl = 22.4 Hz, 1H)3C {*H} NMR (126 MHz,
CDCl): U (ppm) 176.1, 1432, 1324, 1306, 1294, 129.0 (q,J = 31.1 Hz),126.7 (9,0 = 5.8
Hz),125.9,125.1,123.5 (qJ = 272.4 Hz)123.4, 123.3108.5, 2.0, 26.9, 234.1%F NMR (471
MHz, CDCb) : U -0 pFANIR: (neat)/ cmt = 2924, 2854, 1711, 1610, 1490, 1470,
1211369, 1343, 1258, 1182, 12MRMS (ESI) m/z [M+H]" calcd for GsHi3F3NO,
280.0944; foun@80.0946

1-Methyl-4'H-spiro[indoline-3,1'-naphthalen}2-one (5 NjB® The titled compound Nyas
M synthesized according t6P-V by using N-(2-bromophenyBN-methy}1-

O N naphthamidetm (170 mg, 0.5 mmol)The desired produd& Nyas isolated

O‘ O after silica gel column chromatography by ust8g ethyl acetate in hexane
as eluentwhite solid,81 mg, 62% yield)!H NMR (500 MHz, CDC}) : ¥

(ppm) 7.32 (tJ = 7.9 Hz, 1H), 7.26 7.24 @, J= 9.5Hz, H), 7.19 (t,J= 7.4 Hz, 1H), 7.06
7.01 (m, 3H), 6.94 (d] = 8.5 Hz, 1H), 6.55 (d] = 7.8 Hz, 1H), 6.35 6.31 (m, 1H), 5.57 (d,
J=19.8 Hz, 1H), 3.80 (d] = 21.8 Hz, 1H), 3.59 (dd} = 21.8, 3.8 Hz, 1H), 3.27 (s, 3H}C
{*H}NMR (126 MHz,CDC$) : 4 (ppm) 178.4, 143.9, 136.0,
127.5, 127.0, 126.8, 125.6, 124.9, 123.4, 108.2, 54.9, 30.2, 26.8.

1,2-Diphenylethanel,2-diol (7a):! The titled compoun@awas synthesized according to the
OH O GP-VI by using benzaldehydéa (51 pL, 0.5 mmol, 1.0 equiv)The
reaction was continued for 2 fihe desired produdtawas isolated after
O OH column chromatography on silica gel using 20% ethyl acetate in hexane
as eluent (white solid, 45 mg, 84% vyield)eso:dl1:1.05.'H NMR (400 MHz, CDC%) : a
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(ppm) 7.33 7.30 (m, 6H), 7.28 7.22 (m, 10H), 7.11 7.09 (m, 4H), 4.80 (2H, meso, 4.66
(s,1.05 x2H,dl), 3.12 (s,1.05 x 2Hjl), 2.46 (br s, 2HMes).

1,2-Bis(2-methoxyphenyl)ethand.,2-diol (7b):}! The titled compoundb was synthesized

OMe OH according to th&P-VI by using 2methoxybenzaldehydgb (60 uL, 0.5
O mmol, 1.0 equiv). The reaction was continued I h. The desired

O OH OMe product7bwas isolated after column chromatography on silica gel using

30% ethyl acetate in hexane elaent (colorless oil, 55.5 mg, 81% yield)eso:dl1:1.1.1H

NMR (400 MHz, CDC%) : U0 ( A @.88)Xm 8H),629871 6.8 (m, 4H), 6.80 (dJ = 8.2

Hz, 2H), 6.75 (dJ = 8.6 Hz, 2H), 5.26 (s, 2Hines9, 5.04 (s, 1.1 x 2H]l), 3.67 (s, 6HmMes,

3.64 (s, 1.1 x 6Hdl), 3.52 (br s, 1.1 x 2H]I), 3.21 (br s, 2Hmes?).

1,2-Bis(4-methoxyphenyl)ethand,2-diol (7¢):!! The titled compound’c was synthesized
OMe according to th&P-VI by using 4methoxybenzaldehydsx
oH O (60 pL, 0.5 mmol, 1.0 equiv). The reaction was continued for
O OH 2 h. The desired producic was isolated after column
MeO chromatography on silica gel using 30% ethyl acetate in
hexane as eluent (white solid, 48 mg, 70%dyieneso:dl1:2.52.*H NMR (400 MHz, CDC}):
ad (ppm) J%8.4, 9.6 HzHH), 7.02 (dd,= 8.6, 1.6 Hz, 10H), 6.85 (dd,= 8.6, 1.6
Hz, 4H), 6.75 (ddJ = 8.6, 1.7 Hz, 10H), 4.72 (s, 2lres), 4.61 (s, 2.52 x 2H]l), 3.80 (s,
6H, mesQ, 3.76 (s, 2.52 x 6Hl), 2.95 prs, 2.52 x 2HdI), 2.22 prs, 2H,mesJ).

1,2-Bis(2-fluorophenyl)ethanel,2-diol (7d): The titted compound7d was synthesized

E oH according to th&sP-VI by using 2fluorobenzaldehydéd (53 pL, 0.5

O mmol, 1.0 equiv). The reaction was continued for 2 h. The desired product

O OH F 7dwas isolated after column chromatography on silica gel using 30%
ethyl acetatén hexane as eluent (white solid, 40 mg, 64% yialhso:dl1:1.26.'H NMR
(400 MHz,CDC%) : U ( p Pm9.8 Hz,.2K)A47.26¢ %.25 (m, 1H), 7.28 7.18 (m, 6H),
7.10 (t,J=7.5Hz, 3H), 7.03 ( = 7.5 Hz, 2H), 6.93 6.88 (m, 4H), 5.35 (s, 2Hnes), 5.14
(s, 1.26 x 2Hdl), 2.98 (br s, 4.5H, 2Hnesoand 1.26x2 Hil). 3C {*H} NMR (126 MHz,
CDCl) : U 161@ple).1, 159.3, 159.1, 129.7, 129.6, 12912935, 128.60, 128.57,
128.44, 128.41, 127.2, 127.1, 126.6, 126.5, 124.2, 4283X8.2, 115.4, 115.2, 115.0, 114.8,
72.01, 70.64 (all signdbr both the diastereomers are reporfé8)NMR (471 MHz, CDC})
U ( p-p1&)6,-118.60.FTIR: (neat)/ cmt = 3372, 2925, 1618, 1588, 1489, 1456, 1398,
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1271, 1227,1102, 103¥WRMS (ESI) m/z [M+Na]* calcd for GaH12F2NaO2, 273.069&ound
273.0703

1,2-Bis(4-fluorophenyl)ethanel,2-diol (7€):'' The titled compound7e was synthesized

OH F according to th&P-VI by using4-fluorobenzaldehydée (54 L,
O 0.5 mmol, 1.0 equiv). The reaction was continued for 2 h. The
. O OH desired producte was isolated after column chromatography on

silica gel using30% ethyl acetate in hexane as eluent (white solid, 62 mg, 99% yreddp:dl
1.3:1 H NMR (500 MHz, CDC$) : U 747% @.104)(m, 1.3 x 4Hmes9, 7.07i 7.04 (m,
4H,dl), 6.997 6.96 (m, 1.3 x 4Hdl), 6.93i 6.90 (m, 4HmMes9), 4.82 (s,1.3 x 2H mes9), 4.63
(s,dl), 290 (s,2H, dl), 2.31 (s,1.3 x 2HmMes).

4,4'-(1,2-Dihydroxyethane1,2-diyl)dibenzonitrile (7f):'* The titled compound7f was
cn Synthesized according to theGP-VI by using 4
oH O formylbenzonitrile6f (66 mg, 0.5 mmol, 1.0 equiv). The reaction
was continued fot5h. The desired producf was isolated after
NC column chromatography on silica gel using 50% ethyl acetate in
hexane as eluent (orange solid, 47 mg, 71% yisid$o:d1:1.5.*H NMR (400 MHz, DMSQ
d) : U ( p pIm)7.9 MKz, 17584H(d), 7.68 (dJ=7.9 Hz, 4AHmes9, 7.43 (dJ=7.8

Hz, 1.5x4HdI), 7.34 (dJ= 7.9 Hz, 4Hmes, 5.75 (s, 2H, meso), 5.69 (s, 1.5 x 21, 4.83
(s, 2H,mesQ, 4.69 (s, 1.5 x 2H]l).

2,3-Diphenylbutane2,3-diol (7g):!* The titled compound@gwas synthesized according to the
Me OH O GP-VI by using acetophenorgg (58 uL, 0.5 mmol, 1.0 equiv). The
reaction was continued for 2 h. The desired prodgetasisolated after
O HO Me column chromatography on silica gel using 50% ethyl acetate in hexane
as eluent (white solid 64ng, %% yield).meso:dl1:1.11.*H NMR (400 MHz,CDC$) U ( pp m)
7.29-7.21(m, 10H mesoand 1.11 x10Hl), 2.82 (s, 1.11 x 2H]I), 2.51 (s, 2HmMes9, 1.61 (s,
6H, mes9, 1.52 (s, 1.11x 6H]I).

2,3-Bis(4-methoxyphenyl)butane,3-diol (7h):'* The titled compoundh was synthesized
according to the GP-VI by using (4

OMe
HO Me O methoxyphenyl)ethaf-one 6h (75 mg, 0.5 mmol, 1.0
O Me OH equiv). The reaction was continued for 2 h. The desired
MeO product7h was isolated after column chromatography on

silica gel using 30% ethyl acetate in hexane as eluent (white solid, 48 mgje88y4aneso:dl
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1:12'H NMR (400 MHz, CDC#) 741 (ddJ=12.8, 8.8 Hz, 8H), 6.76 (dd= 8.8, 6.2 Hz,
8H), 3.80 (s, 1.18 x 6Hil), 3.78 (s, 6HmMes9, 2.64 (s, 12 x 2H,dl), 2.35 (s, 2Hmes9, 1.55
(s, 6H,mes9, 1.46 (s, 12 x 6H,dI).

1,12,2-Tetraphenylethanel,2-diol (7i):1* The titled compoundi was synthesized according
Ho Ph O to theGP-VI by using benzophenor@ (91 mg 0.5mmol, 1.0 equiv).
The reaction was continued for 2 The desired produdti was isolated
O Ph OH after column chromatography on silica gel using 50% ethyl acetate in
hexane as eluent (white solid, 87 mg, 95% yiéld)NMR (500 MHz,CDC$) 4 ( p p m)
7.32 (m, 8H), 7.22 7.13(m, 12H), 3.06 (br s, 2H).

N N2-Dibenzyt1,2-diphenylethanel,>-diamine (9a):'* The titled compound9a was
synthesized according to th&P-VII by using (E)-N-benzytl-
phenylmethanimin@&a (98 mg, 0.5 mmol, 1.0 equiv)lhe reaction was

continued for 2 hThe desired produc®a was isolated after column

chromatography on neutral activated aluminium oxide ug¥tgethyl
acetate in hexane as eluent (white sdidmg, 89% vyield). The ratiomeso:dl1:1.82 was
determined byH NMR analysis of the crude reaction mixtdk¢ NMR (400 MHz, CDC$) U
(ppm)d  71.728&(m, 10H), 7.24 7.15 (m, 6H), 6.98 (d1 = 6.6 Hz, 4H), 3.76 (s, 2H), 3.55
(d,J=13.8 Hz, 2H), 3.31 (dl = 13.7 Hz, 2H), 1.68 (s, 2H).

N%,N2-Dibenzyt1,2-bis(2methoxyphenyl)ethand ,2-diamine (9b):!* The titled compound

5 9b was synthesized according to Be-VII by using E)-N-benzyt1-
n\

MeO NH

(2-methoxyphenyl)methanimin8b (113 mg, 0.5 mmol, 1.0 equiv)
The reation was continued fof..5 h. The desired produc@b was

HN._  OMe

Bn isolated after column chromatography on neutral activated aluminium

oxide using 5% ethyl acetate in hexane as elugeefish yellow liquid59 mg, 52% vyield
major diastereom@rThe ratiomeso:dl1:1.23 was determined byH NMR analysis of the
crude reaction mixturéH NMR (400 MHz, CDC%) : U Uu( i p 78 (m, 14H), 6.88 (t,
J=7.0 Hz, 2H), 6.79 (d] = 7.9 Hz, 2H), 4.53 (s, 2H), 3.65 (@= 13.3 Hz, 2H), 3.56 (s, 6H),
3.48 (d,J = 13.4 Hz, 2H), 2.04 (s, 2H).

N N2-dibenzytl,2-bis(4-methoxyphenyl)ethanel , 2-diamine (9¢):1* The titled compoun@c
oMe Was synthesized according to t&#-VII by using(E)-N-
benzytl-(4-methoxyphenyl)methanimin8c (113 mg, 0.5
mmol, 1.0 equiv).The reaction was continued for 2The

H4



desired produc®c was isolated after column chromatography on neutral activated aluminium
oxide usingl(% ethyl acetate in hexane as eluent (white s@lfdng, 6846 yield). meso:dl
1:2.38.3H NMR (500 MHz, CDC$): ti (ppm)7.25i 7.08 (m, 34H), 6.91 6.88(m, 13H), 6.80
(d,J=7.3 Hz, 10H), 6.64 (d = 8.2 Hz, 3H), 3.75 (s, 14H), 3.72 (s, 1H), 3.67 (s, 5H), 3.58 (d,
J=10.0 Hz, 8H), 3.46 (dl = 13.8 Hz, 5H), 3.41 (d] = 13.4 Hz, 2Hmes9, 3.21 (dJ = 13.8

Hz, 2 x 2.38H, dl), 1.76(br s 8H).

Dimethyl 4,4(1,2-bis(benzylamino)ethand,2-diyl)dibenzoate(9d):** The titled compound
Bn\NH co,Me 9d was synthesized according to tG4-VII by using
O methyl E)-4-((benzylimino)methyl)benzoat&d (134
M0, O HN\Bn mg, 0.5 mmol, 1.0 equiv)The reaction was continued
for 2 h.The desired produ@d was isolated after column
chromatography on neutral activated aluminium oxide u$big ethyl acetate in hexarses
eluent (white solid96.5mg, 764 yield).meso:dI1:1.36. *H NMR (400 MHz, CDC}$): Ui (ppm)
7.99 (d,J = 8.4 Hz, 5H), 7.85 (d] = 8.4 Hz, 4H), 7.35 7.20 (m, 26H), 7.11 (d] = 8.3 Hz,
4H), 7.04 (dJ= 7.9 Hz, 5H), 3.94 (s, 8H), 3.90 (s, 3H), 3.88 (s, 4H), 3.78 (s, 2H), 3.65(d,
13.2 Hz, 2H), 3.58 (d] = 13.6 Hz, 3H), 3.49 (dl = 13.3 Hz, 2KHimes9, 3.35 (dJ = 13.6 Hz,
1.36x2H, dI), 2.08 pr s, 5H).

N1,N2-Dibenzytl,2-di(pyridin-3-yl)ethane1,2-diamine (9e)!! The titled compoun®e was
synthesized according to th&P-VII by using methyl E)-4-
((benzylimino)methyl)benzoated (98 mg, 0.5 mmol, 1.0 equiv)lhe

reaction was continued for 2 hhe desired produ@ewas isolated after

column chromatography on neutral activated aluminium oxide u#iBf ethyl acetate in
hexane as eluent (white sqlill4 mg, 58% yield) meso:dl 1:2.86.'H NMR (400 MHz,
CDCl): 0 ( p p3)8.518m, 6H), 8.071 8.37 (m, 7H), 8.21 (s, 1H), 461 7.39 (m, 8H),
72971 7.19 (m, 34H), 7.D7 7.08 (m, 14H), 3.88 (s2.86x 2HdI), 3.75 (s, 2Kimesy, 3.68 (d,
J=13.4 Hz, 2H mes9, 3.61 (d,J = 13.4 Hz 2.86x 2Hdl), 3.51 (d,J = 13.2 Hz, 2Hmes),
3.39 (d,J=13.5 Hz,2.86x2H, dl), 2.34 prs, 7H).
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N N2-Bis(3-chlorophenyl}1,2-bis(4methoxyphenyl)ethane. , 2-diamine (9f):* The titled

compound9f was synthesized according to tG&-VII by
Q\ using (E)-N-(3-chloropheny1-(4-methoxyphenyl)

OMe
“ " O methaniminesf (123mg, 0.5 mmol, 1.0 equiv).he reaction
O HN ci  was continued for 2 RThe desired produd@f was isolated
MeO \©/ after column chromatography on neutral adgdealuminium
oxide using2% ethyl acetate in hexane as elusgunimy
liquid, 118mg, 964 yield).meso:dl1.01:1.*H NMR (400 MHz,CDC#$) : U ( p p.96)
(m, 8H), 6.86 (d,J = 8.3 Hz, 4H), 6.80 6.77 (m, 8H), 6.64 (d,) = 7.8 Hz, 4H), 6.51 (s, 4H),
6.38 (d,J = 8.2 Hz, 4H), 4.83 (d] = 7.4 Hz, 1.01 2H, meso), 4.54 (dl= 7.8 Hz, 1.01 x 2H,
mesacand 2HdI), 4.48 (br s, 2H), 3.79 (s, 1.01 x GiHes9, 3.77 (s, 6HdI).

1H-Indole (12a):12 The titled compound2awas synthesized according@®P-VIll by using
Q_> 1-tosyt1H-indole 10a 10f-10h (0.5 mmo] 1.0 equivy). The reactios were

continued forl.54.5 h. The desired product2a was isolated after silica gel

Irz

column chromatography by usir§o ethyl acetate in hexane as eluemhife
solid, 85-97% yields)."H NMR (400 MHz, CDC}) : U0 ( phosn)lH), 8.741d) = 1.8
Hz, 1H), 7.44 (dJ = 8.1 Hz, 1H), 7.28 (t) = 7.5 Hz, 1H), 7.24 (s, 1H), 7.21 (t= 7.7 Hz,
1H), 6.63 (s, 1H).

5-Methoxy1H-indole (12b):!? The titled compound2b was synthesized according &P-

MeO VIII by using5-methoxy1-tosyt1H-indole 10b (150 mg, 0.5 mmal 1.0
Z iz \)

equiv). The reaction was continued for 3 The desired product2b was

ﬁ isolated after silica gel column chromatography by uSgethyl acetate in

hexane as eluentvhite solid,67.6mg, 92% yield).'H NMR (500 MHz,CDC}) : G ( p p m)

(brs, 1H), 7.24 (dJ = 7.9 Hz, 1H), 7.15 (] = 2.8 Hz, 1H), 7.08 (d] = 2.3 Hz, 1H), 6.84 (dd,
J=8.8, 2.4 Hz, 1H), 6.45 (s, 1H), 3.83 (s, 3H).

1H-Indole-5-carbonitrile (12c):1? The titled compound2cwas synthesized according®@d-

NC VIII by using 1tosyl1H-indole-5-carbonitrile10c (148 mg, 0.5 mmal 1.0
Z iz \)

equiv). The reaction was continued for 3 The desired product2c was

ﬁ isolated after silica gel column chromatography by usid¥g ethyl acetate in

hexane as elueny€llow solid, 64 mg, 90% yield).!H NMR (400 MHz,CDC%) : 4 ( p p m)

(brs, 1H), 8.00 (s, 1H), 7.48 (A= 8.5 Hz, 1H), 7.42 (d] = 8.5 Hz, 1H), 7.36 7.35 (m, 1H),
6.641 6.63(m, 1H).

6

. 02

8

8



4-Bromo-1H-indole (12d):1? The titled compound2d was synthesized according®@®-VIII
Br by using 4-bromc1-tosyk1H-indole 10d (175 mg, 0.5 mmal 1.0 equiy) as
@ prototype. The reaction was continued for 4.5The desired product2d was
N~ isolated after silica gel column chromatography by ud%g ethyl acetate in
; hexane as eluenliquid, 83.3mg, 85% vyield)!H NMR (400 MHz, CDC%) : U
(ppm) 8.23 (br s, 1H), 753 7.32(m, 2H), 7.23 (s, 1H), 7.09 @,= 7.8 Hz, 1H), 6.65 (s, 1H).

1-(1H-Indol-3-yl)ethan-1-one (126:1? The titled compound2ewas synthesized according to

0O GP-VIIlI by using 1(1-(phenylsulfonyl)1H-indol-3-yl)ethan1-onel0e (149
CH
{ ’ mg, 0.5 mmol, D equiv). The reaction was continued for 2 h. The desired
N productl2ewas isolated after silica gel column chromatography by using

60% ethyl acetate in hexane as elugati¢w solid,595 mg, 75% yield)H NMR (400 MHz,
CDCl) : (ppth) 8.91 (br s, 1H), 8.428.38 (m, 1H), 7.88 7.87 (m, 1H), 7.41 7.40(m, 1H),
7.321 7.27 (m,2H), 2.56 (s, 3H).

9H-Carbazole(12f):1? The titled compound.2f was synthesized according &P-VIII by
using 9tosyt9H-carbazolelOk (160 mg, 0.5 mmol,.D equiv). The reaction
was continued for 10.fThe desired produdi2f was isolated after silica gel
H column chromatography by using 5% ethyl acetate in hexane as &ést (
solid,62.7 mg, 75% yieldfH NMR (400 MHz,DMSQds) : U (ppm) 11.24 (br
J=7.5Hz, 2H), 7.48 (d] = 8.0 Hz, 2H), 7.38 () = 7.2Hz, 2H), 7.15 (tJ = 7.1 Hz, 2H).

1H-Imidazole(12g):1? The titled compound 2g was synthesized according &P-VIII by
213 using *tosyklH-imidazole 10 (111 mg, 0.5 mmal 1.0 equiV). The reaction was
continued for2.5 h. The desired product2g was isolated after silica gel column
chromatography by usingCM as eluentwhite solid,27 mg, 80% yield). 'H NMR
(400 MHz,CDC$) U ( p pin$, 1HD), Z.721(s7 1H§, 7.137.10 (m, 2H).

1H-1,2,4Triazole (12h)*? The titled compound2h was synthesized according GP-VIII

ET\N by using ttosyl1H-imidazole10m (112 mg, 0.5 mmol, 1.0 equiv). The reaction was
”/ continued for 2.5 h. The desired prodd@h was isolated after silica gel column

chromatography by using DCM as eluent (white solid, 29.3 mg, 85% yield)IMR (400

MHz,CDCk) U 8. 23 frs,1H.2H), 5.89 (
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1H-Benzo[d][1,2,3]triazole(12i):12 The titled compound 2i was synthesized according to
O:N\\N GP-VIIl by using ttosy+1H-benzofi][1,2,3]triazole 10n (136 mg, 0.5 mmal

” 1.0 equiv). The reaction was continued for 1 The desired product2i was
isolated after silica gel column chromatography by ugitg ethyl acetate in hexane as eluent
(white solid,45.2mg, 76% yield).*H NMR (500 MHz, CDC$): Ui (ppm)13.33 prs, 1H), 7.94
(dd,J=6.3, 3.0 Hz, 2H), 7.42 (d,= 6.1 Hz, 2H).

N-Benzylbenzamid¢12j):*? The titled compound?2j was synthesized according@P-VIll

9 by using N-benzytN-tosylbenzamidelOo (182 mg, 0.5 mmal 1.0

N equiv). The reaction was continued for 3.5 h The desired prd®jct
was isolated after silica gel column chromatography by u%blg
ethyl acetate in hexane as eluewhie solid,91.7 mg, 87% vyield).'H NMR (400 MHz,
CDChk) : U B1p7p7&(in, 2H), 7.8 7.48(m, 1H), 7.61 7.40(m, 2H), 7.36i 7.35 (m,
4H), 7.33i 7.28 (m, 1H), 6.47 s, 1H), 4.65 (dJ = 5.7 Hz, 2H).

N-Benzyt4-methylbenzenesulfonamid€l2k):1? The titled compound 2k was synthesized
0\\8/,0 according to GP-VIIl by using N-benzyt4-methytN-
@H/ \©\ tosylbenzenesulfonamid®p (207mg, 0.5 mmal1.0equiv). The
Me  reaction was continued for 1.5 Fihe desired product2k was
isolated after silica gel column chromatography by u®g ethyl acetate in hexane as eluent
(white solid,116 mg, 89% yield).*H NMR (400 MHz, CDC}) : a ( p@.me)(m,2H),7 9
7.341 7.27 (m, 5H), 22 (s, 2H), 4.8 (brs, 1H),4.151 4.12 (m, 2H), 2.45 (s, 3H).

N-(2-Bromo-4-methylphenyl)benzamidé12):1° The titled compound 2l was synthesized
Br Hp according to GP-VIII by using N-(2-bromo4-methylphenyBN-

N tosylbenzamidd.0qg (221 mg, 0.5 mmal 1.0 equiv). The reaction was

Me/©/ o continued for 2 h. The desired prod@t was isolated after silica gel
column chromatography by usi®go ethyl acetate in hexane as eluamiife solid,123mg,
85% vyield).'H NMR (400 MHz, CDC%) : U ( p p.Jh¥)8.5 8z, #H))8.30 br,s 1H),

7.93 (d,J = 7.4 Hz, 2H), 7.58 () = 7.2 Hz, 1H), 7.52 (t) = 7.3 Hz, 2H), 7.41 (s, 1H), 7.18

(d,J=8.4 Hz, 1H), 2.33 (s, 3H).

Naphthalen2-ol (12m):*? The titled compound.2m was synthesized according &P-VIII

OH by usingnaphthaler2-yl 4-methylbenzenesulfonaid®r (149mg, 0.5 mmal
1.0 equiv). The reaction was continued for 12 h. The desired pradirat
was isolated after silica gel column chromatography by ukigg ethyl acetate in hexane as
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eluent vhite solid,50.4mg, 70% yield).'"H NMR (400 MHz,CDC$) : U ( p @m8.3 7.

Hz, 2H), 7.69 (dJ) = 8.2 Hz, 1H), 7.45 () = 7.5 Hz, 1H), 7.35 () = 7.5 Hz, 1H), 7.16 (]
= 1.4 Hz, 1H), 7.12 (ddl = 8.8, 2.4 Hz, 1H), 5.23 (br s, 1H).

Methyl N2, N®-bis(tertbutoxycarbonyljL-lysykL-tryptophanatg(13a):1? The titled compound
NHBoG 13awas synthesized according @P-IX by usingmethyl N*
(N? Né-bis(tertbutoxycarbonybL-lysyl)-1-tosykL-tryptophanate
12a(70mg, 0.1 mmal 1.0 equiV). The reaction was continued for
BocHN N_COMe 2 h The desired produtia was isolated as after silica gel column
o = chromatography by using? MeOH in DCM as eluentyéllow
NH - semiliquid, 49 mg, 9% yield). *H NMR (500 MHz, DMSGde):
G (ppm) 10. 86J=(7AHz, IH| V.47 (= 1R
Hz, 1H), 7.33 (dJ = 8.1 Hz, 1H), 7.1% 7.11 (m, 1H), 7.6(t, J= 7.9 Hz,1H), 6.B (t, J= 7.7
Hz, 1H), 6.77i 6.69 (m, 2H), 4.51 (ddJ = 13.7, 7.1 Hz, 1H), 3.91 (dd= 13.1, 8.4 Hz, 1H),
3.54 (s, 3H), 3.14 (dd} = 14.6, 5.8 Hz, 1H), 3.07 (dd,= 14.7, 7.6 Hz, 1H), 2.802.84 (m,
2H), 1.56( 1.41 (m, 2H), 1.37 (s, 18H), 1.23..16 (m, 4H. HRMS (ESI) m/z [M+H]"* calcd

for CogHa3N4O7, 547.3126; found 547.3127.

Methyl (tertbutoxycarbonyljL-phenylalanytL-tryptophykL-leucykL-tyrosinate (13b):1?

The titled compoundl3b was synthesized

/g((j according taGP-I1X by usingmethyl N*-((tert-
H butoxycarbonybBL-phenylalanyl1-tosy}L-
BocHN % COzMe tryptophykL-leucykL-tyrosinate11b (90 mg,
0.1 mmo] 10 equiy). The reaction was
OH continued for 2 hThe desired produdt3bwas
isolated after silica  gel column
chromatography by usirgpo MeOHin DCM as eluentyhite solid,67.4mg, 91% vyield).H
NMR (400 MHz, DMSQds) : U (ppm) 10.80 (s J=70Hg, 1H)9.
8.08 (d,J= 8.3 Hz, 1H), 7.95 (d] = 7.7 Hz, 1H), 7.59 (d] = 7.8 Hz, 1H), 7.31 (d] = 8.1 Hz,
1H), 7.20i 7.11 (m, 6H), 7.05 (t) = 7.5 Hz, 1H), 6.98 (tJ = 7.5 Hz, 2H), 6.96 6.90 (m,
2H), 6.66 (dJ= 7.6 Hz, 2H), 4.60 (ddl = 12.9, 7.6 Hz, 1H), 4.40.4.37 (m, 2H), 4.13 4.07
(m, 1H), 3.54 (s, 3H), 3.11 (dd,= 14.6, 4.2 Hz, 1H), 2.97 (dd,= 14.7, 8.4 Hz, 1H), 2.91
2.81 (m, 3H), 2.68 2.62 (m, H), 1.58i 1.51 (m, 1H), 1.42 1.38 (m, 2H), 1.27 (s, 9H), 0.86
(d,J=6.2 Hz, 3H), 0.82 (dl= 6.1 Hz, 3H)HRMS (ESI) m/z [M+H]* calcd for GiHs2NsOs,
742.3810; found 742.3813.

9
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Methyl N?,Né-bis(tertbutoxycarbonylL -lysykL-tyrosykL -methionykD-alloisoleucykL -
tryptophykL -phenylalaninate {30):12

HBoc The titled compound 13c was
synthesized according tGP-IX by
\)J\ /g( _COsMe using methyl  N&N2N°®-bis(tert

BocHN
butoxycarbonybL-lysyl-L-tyrosylL-

methionytD-alloisoleucyt1-tosykL-
OH tryptophytL-phenylalaninatd. 1c (125
mg, 0.5 mmal 1.0 equiv). The reaction was continued f2h. The desired produdt3c was
isolated after silica gel column chromatography by u8#gveOHin DCM as eluent§9mg,
yellow foamy solid 90% yield).'H NMR (400 MHz, DMSQde): U (ppm)10.79 (s, 1H), 9.13
(s, 1H), 8.41 8.36 (m, 1H), 8.20 8.10 (m, 1H), 8.00 (d] = 8.2 Hz, 1H), 7.78 (d] = 8.5 Hz,
1H), 7.68i 7.61 (m 1H), 7.54 (dJ = 7.8 Hz, 1H), 7.31 (d] = 8.1 Hz, 1H), 7.23 (d] = 6.9
Hz, 2H), 7.19 (dJ = 7.1 Hz, 1H), 7.15 (d] = 7.5 Hz, 2H), 7.07 7.03 (m, 2H), 6.97 6.92
(m, 3H), 6.86 () = 8.3 Hz,1H), 6.74i 6.73 (M, 1H), 6.59 (d] = 7.4 Hz, 2H), 4.63 4.56 (m,
1H), 4.471 4.35 (m, 3H), 3.79 3.77 (m, 1H), 3.87 3.5Qm, 3H), 3.07i 2.78 (m, 8H), 2.71
i 2.58 (m, 1H), 2.40 2.32 (m, 1H), 1.971 1.96 (m 2H), 1.91i 1.65 (m, 3H), 1.36 (s, 18H),
1.271 1.17 (m, 8H), 1.04 0.98 (m,2H), 0.75 (t,J = 6.9 Hz, 3H), 0.71 (dJ = 6.6 Hz, 3H).
HRMS (ESI) m/z [M+H]" calcd for G7HsiNsO12S, 1101.5689; found 1101.5696.
Methyl N2 NC-bis(tertbutoxycarbonyL-lysykFL -tyrosytL-methionytL-alloisoleucytL -
tryptophytL-alloisoleucinate

NHBoc .
(13d):'2 The titled compound.3d
“ was synthesized according GP-
H 2 NG
oo QJ\ H _CO,Me IX by using methyl NN N°-
bis(tertbutoxycarbonyBL-lysyl-

\©\ /ﬁ /ﬁ L-tyrosytL-methionytL-

alloisoleucyt1-tosytL-tryptophyt
L-alloisoleucinatd 1d (122mg, 0.1 mmal 1.0 equiV). The reaction was continued for 3Tthe
desired product3dwas isolated after silica gel column chromatography by sdeOH
in DCM as eluentyellow foamy solid 95 mg, 89% yield)!H NMR (400 MHz, DMSQds) :
(ppm) 10.81 (br s, 1H), 9.11 (s, 1H), 8138.07 (m, 3H), 7.62 (d] = 7.9 Hz, 1H), 7.54 (d}
=77 Hz, 1H), 7.30 (dJ = 8.1 Hz, 1H), 7.10 (s, 1H), 7.04 &= 7.5 Hz, 1H), 6.97 6.92 (m,
4H), 6.86 (dJ = 7.5 Hz, 1H), 6.7% 6.72 (m, 1H), 6.59 6.55 (m, 2H), 4.68 4.62 (m, 1H),
4.461 4.40 (m, 1H), 4.25 4.19 (m, 1H), 3.80 3.74 (m, 1H), 32i 3.57(m, 4H), 3.51i 3.50

0
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(m, 1H), 3.08 (ddJ = 14.9, 5.9 Hz, 1H), 2.94 (dd= 14.3, 7.6 Hz, 1H), 2.87 2.80 (m, 4H),
2.671 2.62 (m, 1H), 1811 1.65m, 2H), 1.36i 1.16 (m, 34H), 0.85 0.75 (m, 12H)HRMS
(ESI) m/z [M+H]" calcd for GaHs3NsO12S, 1067.5816; found 1067.5874.

(3S,6S)3-((1H-Indol-3-yl)methyl)}6-benzylpiperazine,5-dione  (13€:'2 The titled

0 compoundl3ewas synthesized according &P-1X by using
WNH (3S,6S)3-benzyt6-((1-tosyk1H-indol-3-yl)methyl)piperazine
NH
HN ~ 2,5dionelle (49 mg, 01 mmol, 1.0 equiv). The reaction was
o)

continued for4 h. The desired product3ewas isolated after

silica gel column chromatography by usifgg MeOH in DCM as eluentyhite solid, 30mg,

89% yield).!H NMR (400 MHz, DMSQde): 1 10. 91 (s, 1H), 7.94 (s,
(d,J=7.9 Hz, 1H), 7.32 (d] = 8.1 Hz, 1H), 7.20 7.14 (m, 3H), 7.07 (] = 7.5 Hz, 1H), 7.00
(d,J=7.5Hz, 1H)6.96 (s, 1H)6.70 (d,J = 7.3 Hz, 2H)3.97 (s, 1H), 3.85 (s, 1H), 2.80 (dd,
J=14.4, 4.3 Hz, 1H), 2.54 (d,= 5.8 Hz, 1H), 2.46 (dd] = 13.5, 4.6 Hz, 1H), 1.84 (dd,=

13.4, 7.1 Hz, 1H)HRMS (ESI) m/z [M+H]" calcd for GoH20N302, 334.1550; found
334.1555.

Computational Studies:

All the calculations were performed with ti@aussian 16, Revision B.01 program
package® We selected the hybrid density functional B3'YP oget her wi th Po
311+G** triple- v a | e n c % with diffuse suncoa on,heavy atoms and polarization
function on all atoms;onsidering th&rimme 6 s  Bdampi{n@dispersion effeciThe SMD
solvent modéf was used to simulate the implicit solvent effect. Here, acetonitrile was utilized
as the solvent. In all cases, ultrafine integral grid was employed. Harmonic vibrational
frequencies were computed at the same level of theory to verify the optimized iges et
minima with all real modes in the Hessian matrix.-DBT calculations were conducted with
the optimized geometries, at the same level of theory, with n states =5 and root =1 (Figure
S14).
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LUMO

HOMO

Figure S14.DFT (B3LYP-D3(BJ)/63 11+ G* * /| SMD( U=Me CN) )

opti mi z

calculated frontier MOs for NC1 inpSS1 and Ti states. HOMO (Highest Occupied Molecular
Orbital); LUMO (Lowest Unoccupied Molecular Orbital); Color coding: N(blue), C(grey).

LUMO

HOMO

Figure S15.DFT (B3LYP-D3(BJ)/)63 11+ G* * /| SMD( U=Me CN) )

opti mi z

calculated frontier MOs for NC2 inoS51 and Ti states. HOMO (Highest Occupied Molecular
Orbital); LUMO (Lowest Unoccupied Molecular Orbital); Color coding: N(blue), C(grey),

O(red).
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LUMO

HOMO

Figure S16.DFT (B3LYP-D3(BJ)/63 11+ G* * / SMD( U=MeCN) ) opti mi z
calculated frontier MOs for NC3 inoS51 and T states. HOMO (Highest Occupied Molecular
Orbital); LUMO (Lowest Unoccupied Molecular Orbital); Color coding: N(blue), C(grey),

O(red).

LUMO

HOMO

Figure S17.DFT (B3LYP-D3(BJ)/63 11+ G* * /| SMD( U=Me CN) ) opti mi z
calculated frontier MOs for NC4 inoS5: and Ti states. HOMO (Highest Occupied Molecular
Orbital); LUMO (Lowest Unoccupied Molecular Orbital); Color coding: N(blue), C(grey),

Cl(green).
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Figure S18.DFT (B3LYP-D3(BJ)/63 11+ G* * / SMD( U=Me CN) ) opti mi z
calculated frontier MOs for NC5 inoSS1 and Ti states. HOMO (Highest Occupied Molecular
Orbital); LUMO (Lowest Unoccupied Molecular Orbital); Color coding: N(blue), C(grey).

LUMO

HOMO

S S T1

% E.
Figure S19.DFT (B3LYP-D3(BJ)/63 11+ G* */ SMD( U=MeCN) ) opti mi z

calculatedrontier MOs for NC6 in § S1 and T states. HOMO (Highest Occupied Molecular
Orbital); LUMO (Lowest Unoccupied Molecular Orbital); Color coding: N(blue), C(grey).

LUMO

HOMO
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Table S7. Enthalpy and Gibbs free energies (in Hartree) of all the catalysts at the B3LYP

D3(BJ)/ 6311+G* *l¢ve odh¢oly= Me CN)

Structures E G Structures E G

NC1(So) |-1326.177785 -1326.259784 NC4(S) |-1785.814685 -1785.900146
NC1(S) |-1326.070065 -1326.152005 NC4(S;) |-1785.706897 -1785.792242
NC1(Ty) |-1326.10088§ -1326.183653 NC4(Ty) |-1785.737848 -1785.824097
NC2 (So) |-1440.708793 -1440.797054 NC5(So) |-1418.457123 -1418.543515
NC2(S1) |-1440.601364 -1440.689304 NC5(S;) |-1418.347961 -1418.434414
NC2(Ty) |-1440.632087 -1440.721195 NC5(Ty) |-1418.380004 -1418.467238
NC3(So) |-1440.707928 -1440.796246 NC6(So) |-1517.933781 -1518.024882
NC3(Sy) |-1440.600504 -1440.688342 NC6(S1) |-1517.824193 -1517.914589
NC3(T1) |-1440.631177 -1440.719932 NC6(T1) |-1517.856101 -1517.947133

G = Sum of electronic and thermal free energies.

Table S8: Computational data from TDDFT calculations at B3LYP

D3(BJ)/6311+G**/ SMD( U=MeCN)

spectral

Catalyst Transition mE ( e V) /| f(Oscillator | Transition Character
Strength)

NC1 | SoY S:(absorption)| 3.30/375.4 0.15 HOMO Y LU
(67%)

NC2 | SoY S:(absorption)| 3.30/375.9 0.15 HOMO Y LU
(67%)

NC3 | SY S:(absorption)| 3.30/376.0 0.15 HOMO Y LU
(67%)

NC4 | SY Si(absorption)| 3.30/375.3 0.14 HOMO Y LU
(67%)

NC5 | SY S:(absorption)| 3.33/372.3 0.08 HOMO Y LU
(66%)

NC6 | SoY S:(absorption)| 3.37/368.2 0.13 HOMO Y LU
(66%)

Table . Cartesian coordinates (A) of the optimized structures of allatadyst{NC1-NCB6)
atB3LYRD3 ( BJ )/ 6311+G* *léva ddih¢oty= Me CN)
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NC1 (S)

N
c
c
H
c
H
c
H
c
H
c
c
c
c
c
H
c
H
c
c
H
c
H
c
H
c
c
c
c
c
c
c
H
c
H
c
H
c
H
c
c
c
H

8.781202000
8.411006000
8.828352000
9.534746000
8.290534000
8.593821000
7.357148000
6.950605000
6.945987000
6.225894000
7.475944000
7.292681000
8.087292000
8.062329000
8.651934000
9.097931000
8.608615000
9.020513000
8.073389000
8.179343000
8.610718000
7.776672000
7.869496000
7.278244000
7.008696000
7.136594000
7.483497000
7.333748000
6.485692000
6.470500000
5.562839000
6.053446000
7.095799000
5.214312000
5.606523000
3.873869000
3.219870000
3.378951000
2.338334000
4.219635000
5.5345220D
4.548735000
4.618362000

1.181631000
1.660403000
1.234709000
0.423527000
1.876191000
1.559614000
2.917443000

15.438257000
14.188575000
12.924158000
12.802885000
11.813431000
10.821820000
11.953373000

3.392943000.1.068177000

3.342182000
4.142931000
2.717834000
2.874722000
1.895458000
1.725021000
0.588781000

-0.189624000

0.435004000

-0.453273000

1.462061000
1.355483000
0.451147000

13.211724000
13.305608000
14.350308000
15.777909000

16.411810000

17.820974000
18.467399000

17.869881000

19.815164000

20.281141000

20.648346000
22.054528000
22.470341000

2.38358600@2.878311000

2.295914000
3.564681000
4.403964000
3.675830000
2.618547000
2.683547000
3.635336000
3.724107000
4.673166000
5.886211000
6.140912000
6.764432000
7.704071000

23.954811000
22.301786000
22.933006000
20.932318000

20.054458000

18.598972000
17.934725000
16.543562000
15.833828000
15.341986000
15.496499000
14.659586000
14.286769000

6.4356930004.456434000

7.118146000
5.224826000
4.961989000
4.348651000
5.845146000
6.583554000
7.665338000

13.925362000
14.940490000
14.786075000
15.625230000

18.711666000

19.362986000
19.391856000

I T T T T T OO O IO IO

3.476568000
2.708417000
3.396999000
2.563593000
4.384768000
5.467954000
9.869449000
10.509416000
9.498226000
10.472594000
4.320225000
6.77502600
6.368726000
3.833463000

NC1(Sy)

c
c
H
c
H
c
H
c
H
c
c
c
c
c
H
c
H
c
c
H
c
H
c
H
c
c
c
c

8.876976000
8.531117000
9.012937000
9.775006000
8.459483000
8.811222000
7.450995000
7.025409000
6.977225000
6.197191000
7.524634000
7.281688000
8.104222000
8.029293000
8.498084000
8.937994000
8.365520000
8.699053000
7.926363000
7.981987000
8.282559000
7.698908000
7.751250000
7.382380000
7.207718000
7.284928000
7.476504000
7.289797000
6.414887000

5.934958000
6.508877000
4.542783000
4.029942000
3.807190000
4.448572000

19.975833000
20.481822000
19.929401000
20.396743000
19.278973000
18.667842000

0.23180400 15.627311000

0.554305000
-0.776535000
0.207872000

2.725553000
4.608981000

6.353055000

3.408916000

1.286110000

16.447610000

15.825810000

14.721745000
19.244422000

20.535946000

18.243568000
16.002839000

15.442320000

1.7341500004.160010000

1.300789000
0.535754000
1.873596000
1.554925000
2.838177000
3.258898000
3.273561000
4.019105000
2.728825000
2.885540000
1.925610000
1.686967000
0.536032000

0.369787000

1.430012000
1.342465000
0.400905000
2.441230000
2.358798000
3.667041000
4.544842000
3.766258000
2.655677000
2.676542000
3.563381000

12.934103000
12.858740000
11.781629000
10.807753000

11.880195000

10.976244000
13.120865000
13.165413000
14.289960000
15.712239000
16.370757000
17.785705000
18.420117000

-0.266135000 17.847919000

19.804693000

-0.551973000 20.268365000

20.625698000
22.044743000

22.492001000

22.839354000
23.919662000
22.242300000
22.853941000
20.849592000
20.015289000
18.556089000
17.889942000
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6.401912000
5.519526000
6.073172000
7.150550000
5.260756000
5.711405000
3.871486000
3.237651000
3.307206000
2.229878000
4.119910000
5.379347000
4.435566000
4.431154000
3.494514000
2.752865000
3.510034000
2.776938000
4.467911000
5.415465000
9.968922000
10.483032000
9.598459000
10.673089000
4.484751000
7.043923000
6.106993000
3.671996000

NC1 (T1)

N
Cc
C
H
Cc
H
c
H
C
H
C
C
C
Cc
Cc

8.910498000
8.561239000
9.064475000
9.843468000
8.513239000
8.878078000
7.482261000
7.062011000
6.989954000
6.194797000
7.534029000
7.283787000
8.122413000
8.032344000

8.451109000

3.694968000.6.457084000

4.668637000
5.704416000
5.775501000
6.648911000
7.447706000
6.575965000
7.311818000
5.547588000
5.477041000
4.607646000
5.746286000
6.456091000
7.539689000
5.777267000
6.330819000
4.382330000
3.847554000
3.673411000
4.345963000
0.351077000

0.614911000
-0.674697000

15.783946000
15.011807000
14.916995000
14.393615000
13.814811000
14.523894000
14.042201000
15.281273000
383321000
15.907226000
18.608383000
19.343334000
19.307941000

20.119017000

20.683704000
20.160378000
20.753748000
19.443053000
18.659442000
15.679439000

16.600799000
15.743798000

0.423551000 4.863322000

2.590706000
4.725568000
6.277087000
3.813424000

1.287347000
1.741069000
1.348530000
0.601249000
1.934042000
1.643284000
2.883982000
3.314206000
3.279641000

4.009193000
2.718197000
2.857229000
1.929686000
1.674779000

0.515522000

19.480684000
20.417462000
18.007691000
16.491382000

15.422314000
14.157860000
12.916407000
12.832052000

781158000
10.802725000
11.884883000
10.982905000
13.124172000

13.180813000

14.289051000
15.711901000
16.357391000
17.778176000
18.394197000
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8.892251000
8.279332000
8.581450000
7.867991000
7.915238000
8.163586000
7.684471000
7.728486000
7.428076000
7.287459000
7.333955000
7.478858000
7.292614000
6.423120000
6.385801000
5.467311000
5.975096000
7.048120000
5.119211000
5.531414000
3.736840000
3.069322000
3.219265000
2.146435000
4.076366000
5.516516000
4.593689000
4.659972000
3.586227000
2.864507000
3.510275000
2.726427000
4.439365000
5.455666000
10.019311000
10.510248000
9.680143000
10.742823000
4.380087000
7.127397000
6.296946000
3.668372000

NC2 (S)

N

8.856831000

-0.287830000

0.325073000

-0.612368000

17.824016000

19.811449000

20.263181000

1.390637000 0.633174000

1.291709000
0.333465000
2.401596000
2.309988000
3.638334000
4.521955000
3.744954000
2.637116000
2.679755000
3.551690000
3.653308000
4.603312000
5.697610000

22.050231000
22.493696000
22.852836000
23.932337000

22.260457000

22.871842000
20.859338000
20.030176000
18.557143000
17.908889000
16.462936000
15.794035000
15.080045000

5.8382370005.018085000

6.609878000
7.455407000
6.439955000
7.149669000
5.351461000
5.208979000
4.444296000
5.791579000
6.561577000
7.643391000
5.944619000
6.543908000

0.478328000

2.702024000
4.714401000
6.275457000
3.604909000

1.191168000

14.468139000
13.928545000
14.552922000
14.077372000

15.256224000

15.324913000
15.874057000
18.630291000
19.333196000
19.300132000
20.075955000
20.619517000

4.552128000 20.110301000
4.06386200@20.678678000
3.783953000 19.412923000
4.393993000 18.670068000
0.375221000 15.667521000
0.635490000 16.603010000
-0.662877000 15.709383000

14.860360000
19.441746000
20.431322000
18.055733000
16.424210000

15.423135000

7
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8.501459000
8.940116000
9.655481000
8.410770000
8.730316000
7.464932000
7.065113000
7.033197000
6.304465000
7.554829000
7.348284000
8.140605000
8.090578000
8.682223000
9.151743000
8.612563000
9.027174000
8.044732000
8.120421000
8.554891000
7.684887000
7.754506000
7.182885000
6.887484000
7.070473000
7.452086000
7.333439000
6.488300000
6.503588000
5.601747000
6.095724000
7.137734000
5.240947000
5.620590000
3.904142000
3.231904000
3.408138000
4.257935000
5.477572000
4.457188000
4.503830000
3.379553000
2.584235000
3.330098000

1.665472000
1.241052000
486132000
1.874501000
1.558456000
2.906459000
3.375329000
3.330440000
4.124533000
2.714692000
2.871291000
1.898552000
1.724771000
0.594936000

-0.175315000

0.436245000

-0.447591000

1.452603000
1.342360000
0.442605000
2.361771000
2.271457000
3.537920000
4.370966000
3.652020000

14.167415000
12.909736000

12.799582000

11.790331000
10.803661000
11.915116000
11.023333000
13.166784000
13.250061000
14.313793000
15.738249000

.386272000

17.793416000
18.449177000

17.859221000

19.795320000

20.267315000

20.620022000
22.027871000
22.450344000
22.845724000
23.923751000
22.262117000
22.890027000
20.890201000

2.60285400@20.017079000

2.671125000
3.615010000
3.710749000
4.656354000
.859385000
6.117508000
6.724922000
7.663360000
6.398784000
7.065211000
5.188780000
4.316814000
5.805394000

18.559027000
17.880664000
16.489866000
15.767360000

15.265335000

15.410471000
14.580674000
14.192199000
14.391907000
13.864135000
14.894090000
15.578200000
18.638507000

6.5235950009.258491000

7.606587000
5.853509000
6.411820000
4.459906000

2.493037000 3.930328000

19.288779000
19.837644000
20.318496000
19.790528000

20.231974000

I T T O O T T T T T T T O OO

4.352198000
5.439798000
9.949842000
10.573359000
9.584085000
10.568249000
4.309888000
6.704445000
6.314411000
3.891987000
2.086318000
1.530338000
2.011458000
1.62191500
0.477343000

NC2 (S)

OO0 O IT OIOIOO0IOIO0OO0O0OOITOnNOTITOonOTITOonOTITOono

9.056414000
8.738963000
9.279298000
10.072678000
8.743987000
9.140717000
7.695853000
7.285429000
7.164245000
6.356782000
7.691709000
7.392757000
8.226691000
8.106321000
8.598579000
9.098042000
8.413845000
8.767970000
7.890278000
7.885353000
8.207124000
7.518425000
7.525533000
7.175526000
6.935589000
7.136547000
7.414058000
7.291528000

3.744696000
4.408038000
0.250411000

0.577338000
-0.761353000
0.232726000

2.662046000
4.581151000

19.171465000

18.592326000

15.629398000
16.460473000

15.820506000

14.734037000
19.133796000
20.488369000

6.330025000.8.194287000

3.381350000
4.943742000
3.730689000
2.854858000
3.687214000
3.746809000

1.306333000
1.731402000
1.306733000

0.571513000

1.847442000
1.534413000
2.772717000
3.168544000

3.200918000
3.918035000
2.687896000
2.845129000
1.921739000
1.684420000
0.555778000

-0.226031000

15.976490000
14.671848000
15.187507000
14.742035000

16.276735000

14.910984000

15.425909000
14.129031000

922319000

12.882963000
11.748411000
10.790115000
11.803313000

10.881282000

13.022749000
13.034637000
14.215146000
15.627021000
16.321524000
17.733454000
18.390158000

17.839384000

0.3832140009.767661000

-0.522870000

1.421411000
1.334477000
0.406628000
2.418554000
2.337269000
3.629944000
4.498686000
3.726286000
2.626133000
2.640525000

20.246719000

20.567054000
21.987114000
22.448068000

22.767214000

23.848845000
22.155350000
22.757756000
20.759673000
19.935960000
18.469564000

8
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6.408642000
6.452538000
5.568206000
6.118831000
7.194776000
5.285789000
5.718790000
3.901551000
3.245918000
3.343287000
4.168122000
5.237460000
4.217790000
4.159748000
3.267999000
2.466398000
3.352427000
2.613471000
4.385456000
5.340329000
10.175241000

3.488802000
3.621277000

17.766228000
16.332715000

4.5655680005.622945000

5.608570000
5.708762000
6.529354000
7.341720000

6.430246000

7.146533000
5.387478000
4.459179000
5.619073000
6.277607000
7.359634000
5.549493000
6.062862000

14.863575000
14.791396000
14.232789000
13.659521000

14.340228000

13.859270000
15.092626000
15.724295000
18.440725000
19.119695000
19.083493000
19.837963000
20.356749000

4.157189000.9.880358000

3.583828000

3.500212000

4.222188000
0.416535000

10.643857000 0.704475000
9.843613000 -0.622960000

10.905899000
4.453546000
6.873896000

5.968969000
3.745545000
1.980553000
1.366286000
1.591604000
1.687286000
0.294312000

NC2(T1)

N
Cc
Cc
H
Cc
H
C
H
C
H

9.071436000
8.752459000
9.309833000
10.115060000
8.778139000
9.184770000
7.713061000
7.308331000
7.167643000
6.348007000

0.514237000
2.419454000
4.674505000

6.187737000
3.651546000
5.357085000
4.349235000

20.428714000

19.219908000

18.491415000
15.707942000

16.646060000
15.764297000

14.907787000
19.255821000
20.315992000

17.880585000
16.302356000
15.154491000
15.961960000

3.3472210005.584377000

4.429703000
4.528968000

1.306665000
1.741454000
1.354911000
0.632824000
1.911851000
1.624973000

17.004763000
15.895225000

15.405411000
14.126690000
12.906688000
12.856446000
11.748084000
10.785104000

2.827371000 808574000

3.234654000
3.218169000
3.921890000

10.889011000
13.026956000
13.050741000

I T T T T T OO OIOIOIONOOOOOTIOTIONOTIOoOOoOOOoOOoOoOoaono:-sTaono=TaonoaT= nono=aono:TOonozTonoonoaooon

7.691672000
7.388415000
8.231047000
8.095360000
8.529322000
9.019117000
8.308393000
8.626181000
7.825369000
7.818714000
8.084071000
7.515584000
7.519602000
7.238182000
7.041320000
7.196677000
7.415532000
7.288791000
6.414801000
6.437382000
5.534624000
6.058706000
7.131328000
5.200501000
5.610376000
3.822079000
3.146791000
3.290907000
4.142463000
5.365787000
4.367312000
4.375656000
3.357115000
2.575587000
3.356551000
2.571736000
4.360720000
5.377901000
10.202248000
10.644269000
9.900348000
10.953807000
4.357429000
6.972702000
6.145402000

2.686833000
2.827811000
1.929084000
1.672899000
0.528457000

-0.259509000

0.331376000

-0.594607000

1.380893000
1.283333000

14.215050000

15.627790000

16.307843000
17.724548000
18.358251000

17.806712000

19.766709000

20.231167000

20.570383000
21.988166000

0.334783000 2.442511000

2.383765000
2.293740000
3.610783000
4.488509000
3.714144000
2.612180000
2.649519000
3.489898000
3.597466000
4.536332000
5.618033000
5.758710000
6.522278000

22.779179000
23.859704000
22.175335000
22.779668000

20.772062000

19.950821000
18.471588000
17.789059000
16.341332000
15.638267000
14.922355000
14.870732000
14.297072000

7.364752000.3.751029000

6.363505000
7.064981000
5.281280000
4.370369000
5.680413000
6.397075000
7.480975000
5.724515000
6.282326000
4.329941000
3.798268000
3.615482000
4.281587000

14.374165000
13.898379000
15.088457000
15.712769000

18.477624000

19.131669000
19.100947000
19.820464000
20.323965000
19.852898000
20.379437000
19.204405000
18.512429000

0.4351540005.694551000

0.710358000
-0.614917000
0.567277000

2.531805000
4.675261000
6.207495000

16.649770000

15.720854000

14.917655000
19.228103000

20.334008000

17.941257000

9



I T T O O T

3.744533000
1.930196000
1.340958000
1.609567000
1.642203000
0.264305000

NC3 (S)

OO I OII OO O0OO0OO0OO0OO0OITOIOIOOoOOIOoOOIOoOOoOOo0OOnNOOoNO™ITOonOOIITOonTITTOonoTITaono

8.852660000
8.503623000
8.948028000
9.661973000
8.426827000
8.751106000
7.483774000
7.091026000
7.045816000
6.318792000
7.558170000
7.345800000
8.134689000
8.081607000
8.665466000
9.128689000
8.595525000
9.003594000
8.036657000
8.114713000
8.543168000
7.689316000
7.760840000
7.195518000
6.908535000
7.080505000
7.451279000
7.329772000
6.488548000
6.500045000
5.600266000
6.088532000
7.128867000
5.261341000
5.640939000
3.915404000
3.414151000

3.535481000
5.197053000
4.155230000
3.167868000
4.233364000
4.296189000

1.156091000
1.618469000
1.181979000
0.374357000
1.807353000
1.481960000
2.843423000
3.306348000
3.279095000
4.075885000

16.270256000
15.124009000
15.907094000
15.519601000
16.955891000
15.824963000

15.453783000

14.191881000

12.940399000
12.841012000
11.812559000
10.830479000
11.923116000
11.025094000
13.168699000
13.240847000

2.6708870004.323929000

2.842244000
1.875646000
1.719300000
0.594142000

-0.187486000

0.454282000

-0.426113000

1.486714000
1.396386000
0.499466000
2.431014000
2.355878000
3.602551000

15.745800000
16.405683000
17.815586000
18.486191000

17.906156000

19.834415000

20.318416000

20.645265000
22.054407000
22.488889000
22.858397000
23.937469000
22.258793000

4.44715700@2.875067000

3.697387000
2.632551000
2.680430000
3.618431000
3.693515000
4.628273000
5.837322000
6.100779000
6.705986000
7.643655000
6.378399000
5.172277000

20.885607000
20.026833000
18.567970000
17.876273000

16.483577000

15.747290000
15.237026000
15.390581000
14.540171000
14.150997000
14.331552000
14.828274000

I T T OO0 IT T T T T T T OOOIOITOIOOOTI

2.379844000
4.260944000
5.505397000
4.501981000
4.562028000
3.424161000
2.6423210D

3.356986000
2.519577000
4.362533000
5.451258000
9.942452000

10.561409000

4.894191000

14.679927000

4.312281000.5.530034000

5.829897000
6.569010000
7.651683000
5.920028000
6.494488000
4.526792000
4.013424000
3.790564000
4.432288000
0.215017000

0.547886000

9.573518000 -0.794325000

10.566476000

4.307250000
6.721182000
6.343202000
3.862193000
3.176630000
1.79482G00

1.674004000
1.249805000
1.404304000

NC3 (S)

O I OIT OO OO O I OIOIOIOonO0on

9.001226000
8.675038000
9.197976000
9.982608000
8.657252000
9.040372000
7.619001000
7.203492000
7.104795000
6.303566000
7.639012000
7.358158000
8.188989000
8.079893000
8.559510000
9.040140000
8.385291000

0.188271000

18.606082000
19.228831000
19.243331000
19.831605000

20.315550000

19.803385000
20.262981000
19.181231000
18.580603000
15.674725000
16.506845000

15.872643000

14.783472000

2.70803600 19.160575000

4.623606000
6.338297000
3.381040000
7.290272000
7.002754000
6.090529000
6.904122000
7.852170000

1.251786000
1.656408000
1.205457000
0.460574000
1.731790000

1.397992000

2.669929000
3.053824000
3.124409000
3.848712000
2.626911000
2.814159000
1.897504000
1.688219000

20.471228000
18.144923000
15.915659000
13.638728000

13.408842000

12.816938000
14.352395000
12.850557000

488195000

14.168807000
12.964754000
12.927863000
11.786071000

10.829192000

11.835236000
10.910395000
13.051622000
13.057378000
14.248249000
15.659559000
16.361443000
17.779273000

0.564600000.8.452539000

-0.236250000

0.423101000

17.912246000

19.836398000

8.727775000 -0.480045000 20.329550000

7.893114000

1.486853000

20.621413000

S70
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7.902308000 1.429337000

8.206670000
7.570108000
7.587783000
7.248294000
7.034673000
7.194008000
7.435364000
7.291299000
6.411540000
6.432652000
5.550464000
6.099612000
7.176456000
5.295218000
5.728930000
3.898816000
3.328540000
2.255621000
4.152488000
5.305265000
4.324025000
4.293767000
3.378546000
2.607703000
3.427530000
2.691558000
4.422470000
5.3743170D
10.111784000
10.594594000

0.503709000
2.538631000
2.478930000
3.744636000
4.630806000
3.812368000
2.689254000
2.673420000

22.043519000

22.520581000
22.805040000
23.888065000
22.172983000
22.759727000
20.774554000
19.971622000
18.506774000

3.51964700@7.796500000

3.614766000
4.554594000
5.578300000
5.660619000

6.501452000

7.297774000
6.423983000
5.408368000
5.319234000
4.495694000
5.695217000
6.400544000
7.482312000

16.360450000
15.645992000
14.849849000
14.760533000

14.205180000

13.611347000
14.322966000
15.097575000
15.198364000
15.750984000
18.430025000
19.118820000
19.052975000

5.719147000.9.886685000

6.268502000
4.326525000
3.789542000
3.623131000
4.297779000
0.353642000
0.654549000

9.769269000 -0.680691000

10.835374000
4.464680000
6.946070000
6.036462000
3.696026000
3.188611000
1.761914000
1.352773000
1.442585000
1.406467000

NC3 (T1)

N

9.022981000

0.425946000
2.542597000
4.756602000
6.227843000
3.715950000

20.415231000
19.967182000
20.555001000
19.296470000

18.519630000

15.756695000
16.683571000

15.837747000

14.947335000
19.364331000
20.313929000
17.835346000
16.347554000

7.37179900 13.654174000

7.347916000
6.413975000
7.479903000
8.184172000

1.245612000

13.760509000
13.364326000
14.798517000
13.160734000

15.450680000

C
C
H
C
H
C
H
C
H
C
C
C
C
C
H
C
H
C
C
H
C
H
Cc
H
C
Cc
C
C
Cc
C
C
H
C
H
C
C
H
C
Cc
C
H
C
H
C
H

8.702949000
9.247056000
10.040342000
8.718551000
9.115412000
7.669350000
7.267300000
7.136524000
6.327978000
7.657261000
7.364652000
8.198599000
8.069020000

8.488405000
8.961572000
8.274581000
8.577847000
7.819865000
7.822861000
8.071137000
7.550122000
7.561017000
7.294285000
7.121212000
7.242745000
7.430334000
7.288790000

6.424960000
6.429729000
5.527116000
6.045857000
7.119462000
5.212308000
5.621155000
3.821283000
3.283052000
2.213889000
4.136699000
5.457377000
4.500246000
4.546850000

3.483138000
2.734480000
3.432873000
2.642312000

1.666061000
1.254477000

0.518938000

14.167686000
12.949746000
12.904530000

1.805064000 .7865616000

1.498826000
2.739299000
3.141648000
3.154553000
3.871299000
2.629265000
2.795868000

4.602314000
3.786693000
2.665175000
2.675242000
3.519200000
3.593066000
4.522886000
5.602011000

10.825510000
11.840045000
10.917142000
13.055916000

13.073768000

14.248207000
15.659768000

1.896626000 16.348941000
1.668192000 17.770755000
0.528665000 18.422779000
-0.277374000 17.882952000
0.363103000 19.837139000
-0.559875000 20.317133000
1.43718400@20.624329000
1.366563000 22.043900000
0.421111000 22.514113000
2.488198000 22.816388000
2.418275000 23.898383000
3.709164000 22.191669000

22.780496000
20.786498000
19.984605000
18.505942000
17.813814000
16.365196000
15.652112000
14.917756000

5.7406850004.863052000

6.507311000
7.345126000
6.353459000
5.280206000
5.133090000
4.384999000
5.756736000
6.523335000
7.605302000
5.902759000
6.499280000
4.510161000
4.018778000

14.279770000
13.726755000
14.350909000
15.067231000

15.133382000

15.710597000
18.462220000
19.121354000
19.066273000
19.848029000
20.357130000
19.910824000
20.467120000

Sr1
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4.396197000
5.421750000
10.140172000
10.597223000
9.819364000

10.8862590®
4.356311000
7.034933000
6.244441000
3.706056000
3.079911000
1.654756000
1.299139000
1.306594000
1.271194000

NC4 (S)

OoO0OoO0OIT OIOIOO0I OoOIO0OO0OO0O0OITOonOTITOoOTITOoOTITITOonOo

8.784534000
8.414626000
8.832010000
9.538341000
8.294297000
8.597568000
7.361034000
6.954581000
6.950029000
6.230056000
7.479905000
7.296724000
8.090984000
8.065441000
8.653676000
9.100972000
8.607077000
9.017410000
8.070837000
8.172590000
8.601036000
7.769596000
7.858957000
7.276112000
7.007648000
7.139020000
7.484641000
7.337009000

3.745629000.9.256997000

4.359189000

0.359147000
0.645783000
-0.684401000

0.460965000
2.663601000
4.744000000
6.243477000
3.563650000
7.291128000
7.194204000
6.258965000
7.268121000

18.530025000

15.746958000
16.691807000
15.798264000
14.960272000

19.307522000
20.332476000
17.899313000
16.270469000
13.697870000
13.770011000
13.327627000
14.804662000

8.03634100 13.196139000

1.180796000
1.658856000
1.232208000
0.420906000
1.873063000
1.555809000
2.914541000
3.389444000
3.340332000
4.141246000
2.716551000
2.874520000
1.895034000
1.724472000
0.588263000

-0.190232000

0.434479000

-0.454095000

1.461708000
1.354953000
0.449842000
2.383923000

15.438222000
14.187996000
12.923953000
12.803232000
11.812838000
10.821446000
11.952012000
11.066467000

.218008000

13.303478000
14.348890000
15.776269000
16.411077000

17.820408000

18.468100000

17.871707000

19.815850000

20.282603000

20.648193000
22.054648000
22.471752000
22.877234000

2.29597600@23.953987000

3.566522000
4.406726000
3.678059000
2.619316000
2.683233000

22.299515000
22.929964000
20.929670000
20.053114000

18.597726000
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6.490205000
6.474392000
5.565062000
6.056467000
7.102155000
5.213228000
5.605830000
3.868049000
3.372553000
2.328245000
4.217222000
5.528146000
4.542271000
4.597704000
3.487267000
3.396060000
2.563298000
4.392572000
5.471442000
9.871347000
10.511638000
9.498299000
10.474490000
4.328825000
6.783183000
6.356663000
3.830342000
3.21070700
2.227083000

NC4 (Sy)
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8.881845000
8.538794000
9.025102000
9.789148000
8.473700000
8.828855000
7.462830000
7.038954000
6.984661000
6.202903000
7.529911000
7.282764000
8.105574000
8.027936000

3.634423000
3.724000000
4.674036000
5.883881000
6.132692000
6.767240000
7.704668000
6.446845000

17.932206000
16.541018000
15.834900000
15.336093000
15.477188000
14.665449000
14.287572000
14.481398000

5.238695000.4.971684000

4.982403000
4.357375000
5.842535000
6.587773000
7.668664000
5.918283000
4.531256000
4.025943000
3.804869000
4.446046000
0.229330000

0.551439000
-0.778208000

14.831986000
15.644600000
18.696807000
19.337808000

19.361581000

19.946256000
19.925790000
20.398191000
19.280730000
18.663736000
15.628005000
16.448175000

15.827008000

0.203998004.722503000

2.723452000
4.613192000
6.357137000
3.420491000
7.133725000
6.853471000

1.287594000
1.735897000
1.304653000
0.541441000
1.877182000
1.560161000
2.839555000
.850146000
3.272898000
4.016755000
2.728452000
2.883780000
1.925279000
1.685164000

19.257885000
20.532836000
18.227259000
16.028491000

13.960276000

20.760667000

15.442262000
14.159664000
32581000

12.860778000
11.781287000
10.808122000
11.877755000

10.972964000

13.117469000
13.160339000
14.287442000
15.709291000
16.369100000
17.783952000
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8.493221000
8.934544000
8.354683000
8.684722000
7.914426000
7.963302000
8.257528000
7.681571000
7.728217000
7.374422000
7.202282000
7.283904000
7.471837000
7.287380000
6.414149000
6.399695000
5.513667000
6.062203000
7.138922000
5.245609000
5.692369000
3.857205000
3.297852000
2.221266000
4.114670000
5.381098000
4.446109000
4.434390000
3.523701000
3.520146000
2.788555000
4.476240000
5.419336000
9.974040000
10.484472000
9.6042080D
10.681048000
4.487584000
7.051738000
6.102344000
3.670310000
3.220287000
2.323227000

NC4 (T1)

0.533586000

-0.268588000

18.419292000

17.848161000

0.3662290009.803592000

-0.556612000

1.426267000
1.337829000
0.394763000

437422000

2.354153000
3.665510000
4.544022000
3.765701000
2.654128000
2.674746000
3.560362000
3.691142000

20.267567000

20.623753000
22.043179000
22.491446000

22.836724000

23.917213000
22.239089000
22.850388000
20.845972000
20.012767000
18.553034000
17.885651000
16.452411000

4.662532000.5.781401000

5.699371000
5.771127000
6.644539000
7.444147000

.571908000

5.542573000
5.472157000
4.601495000
5.746529000
6.469664000
7.551252000
5.778230000
4.388855000

15.006797000
14.905513000
14.395326000
13.814653000

14.535358000

15.294983000
15.405548000
15.913748000
18.594122000
19.325045000
19.285874000
20.103378000
20.169985000

3.86695900@0.773390000

3.683064000
4.347587000
0.353526000

0.616998000
-0.672619000
0.427595000

2.601259000
4.727037000
6.278081000
3.806399000
7.308812000
6.687410000

19.449328000
18.655339000
15.682266000

16.605768000
15.744332000
14.858737000

19.498614000
20.413404000
17.987297000
16.499517000
14.059397000
21.024093000
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8.913112000
8.565249000
9.069752000
9.848571000
8.519980000
8.885789000
7.489295000
7.070329000
6.995691000
6.200740000
7.538236000
7.286460000
8.124473000
8.033334000
8.450201000
8.891870000
8.274821000
8.574713000
7.862560000
7.905153000
8.149962000
7.673903000
7.713861000
7.422849000
7.282844000
7.334023000
7.477662000
7.293349000
6.424516000
6.387100000
5.466547000
5.971695000
7.044500000
5.113303000
5.523374000
3.731205000
3.216217000
2.143614000
4.075759000
5.509038000
4.589250000
4.642218000
3.600663000
3.512993000
2.731689000

1.286541000

.7140309000

1.347736000
0.600197000
1.933659000
1.642932000
2.884044000
3.314602000
3.279692000
4.009543000
2.717697000
2.856702000
1.929017000
1.674067000
0.515111000

-0.289095000

0.325690000

-0.611967000

1.391849000
1.293856000
0.335469000
2.404942000
2.313867000
3.641993000

15.422173000

14.157292000

12.916372000
12.832778000
11.780663000
10.802589000
11.883335000
10.980930000
13.122082000
13.177963000

.284368000

15.709847000
16.356380000
17.777100000
18.394938000

17.826372000

19.812068000

20.264788000

20.632540000
22.049731000
22.494802000
22.850771000
23.930458000
22.256997000

4.52646000@22.867282000

3.747907000
2.638726000
2.679343000
3.550173000

.652300000

4.601726000
5.696404000
5.835773000
6.611222000
7.457170000
6.443837000
5.354801000
5.214327000

20.855359000
20.027933000
18.554974000
17.904916000

16.459537000

15.792795000
15.077453000
15.009426000
14.472939000
13.932408000
14.566975000
15.271291000
15.347150000

4.4447540005.881294000

5.788422000
6.564990000
7.645601000
5.927292000

.541330000

4.060949000

18.618253000
19.315688000
19.280651000
20.056801000

20.114539000

20.689510000
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4.447061000
5.457394000
10.020719000
10.510831000
9.680287000
10.745241000
4.387862000
7.133559000
6.282358000
3.669790000
3.061866000
2.422024000

NC5 (S)
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8.775831000
8.406885000
8.821783000
9.525438000
8.291173000
8.586096000
7.355518000
6.942285000
6.226429000
7.472286000
7.290583000
8.082290000
8.062022000
8.655570000

9.103192000
8.614169000
9.028956000
8.078355000
8.187059000
8.620191000
7.784807000
7.879626000
7.284226000
7.015142000
7.139752000
7.486420000
7.334814000
6.484190000

6.467975000
5.561525000
6.052528000

3.782363000

4.391557000
0.373268000
0.633126000

-0.664417000

2.

19.415931000

18.665950000
15.668715000
16.604750000

15.710237000

0.475595000 14.862376000
2.701304000 19.454589000
4.71820700@0.426299000
6.278552000 18.040434000
3.605047000 16.432538000
7.156025000 14.097745000
6.903516000 20.941381000
1.186941000 15.426902000

1.664759000
1.240294000
0.428557000
1.877653000
1.568949000
2.927957000
3.356740000
4.160415000
726992000

2.881538000
1.900401000
1.726995000
0.592064000

-0.185405000

0.439359000

-0.447718000

1.465233000

14.187695000
12.919259000
12.792975000

812346000

10.817470000
11.963613000
13.231134000
13.319847000

14.354517000

15.781706000
16.409345000
17.817534000
18.462524000

17.865518000

19.810171000

20.275738000

20.644194000

1.358228000 2.050035000

0.454373000
2.385987000
2.298475000
3.566682000

4.405541000

3.678105000
2.621070000
2.685868000
3.638030000
3.731311000
4.678213000
5.891381000

22.464869000
22.874270000
23.950574000
22.298876000

22.930772000

20.929861000
20.051831000
18.596732000
17.935350000
16.545588000
15.832038000
15.340840000

H
C
H
C
H
C
H
C
C
C
H
C
H
C
H
C
C
C
H
H
H
H
H
H
H
Cc
N

7.092227000
5.216862000
5.608963000
3.880457000
3.229647000
3.385303000
2.347738000
4.222156000
5.529984000
4.543198000
4.610457000
3.472927000
2.703941000
3.395932000
2.563847000
4.384839000
5.465816000
9.851358000
10.502468000
9.461270000
10.445148000
4.322910000
6.776609000
6.362750000
3.836685000
6.821589000
6.388578000

NC5 (Sy)
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8.878267000
8.528827000
9.009838000
9.772580000
8.460213000
8.805581000
7.440784000
6.960840000
6.176191000
7.517357000
7.278397000
8.103836000
8.028326000
8.497050000
8.936764000
8.366027000

6.150949000

15.504646000

6.7622430004.644838000

7.701521000
6.426014000
7.102323000
5.215614000
4.947338000
4.346207000
5.845221000
6.581083000
7.662963000
5.929765000
6.501857000
4.537498000
4.022867000

14.271189000
14.428407000
13.885772000
14.913281000

14.748409000

15.611099000
18.713449000
19.366021000
19.395297000
19.979221000
20.485968000
19.932311000
20.399940000

3.8040240009.281301000

4.448685000
0.220033000

0.542870000
-0.777459000

0.176739000
2.722274000
4.610965000
6.354854000
3.405865000

3.560865000
4.075449000

1.302332000
1.745750000
313447000
0.550277000
1.878649000
1.567945000
2.844812000
3.283532000
4.023242000
2.741189000
2.898414000

18.670100000
15.615043000
16.425938000

15.828023000
14.704587000

19.246574000
20.534421000
18.244733000
15.987833000
10.806021000
9.863427000

15.433862000
14.156904000

12.930830000

12.852140000
11.778034000
10.801044000
11.887348000
13.132647000
13.170378000
14.292462000
15.711209000

1.938598000.6.366222000

1.698562000
0.544681000

-0.255199000

0.371208000

17.778031000
18.408796000

17.833100000

19.789573000
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8.700272000 -0.552616000

7.924651000
7.988079000
8.296976000
7.701081000
7.758583000
7.375152000
7.198508000
7.272304000
7.468127000
7.281665000
6.406960000
6.397652000
5.521761000
6.082638000
7.160203000
5.276649000
5.732258000
3.887309000
3.258469000
3.316109000
2.238595000
4.121661000
5.370493000
4.428970000
4.424309000
3.490254000
2.750091000
3.5054030D
2.773297000
4.461371000
5.406908000
9.973385000
10.486798000

1.427605000
1.330730000
0.388235000
2.422501000
2.335446000
3.648662000
4.522270000
3.757367000

20.248150000

20.617154000
22.033051000
22.472249000
22.835794000
23.915192000
22.244810000
22.861870000
20.854576000

2.65268200@20.012820000

2.681452000
3.567305000
3.704612000
4.682292000

5.705190000

5.765328000
6.650678000
7.439037000
6.591644000
7.327622000
5.577135000
5.517662000
4.636769000

18.554551000
17.892846000
16.458117000
15.786163000

15.000734000

14.901000000
14.376510000
13.787540000
14.512892000
14.025002000
15.283857000
15.391021000
15.917386000

5.747749000.8.614248000

6.455241000
7.538878000
5.773918000
6.325889000
4.378703000
3.842641000
3.671711000
4.347052000
0.369465000

0.637714000

9.605018000 -0.656605000

10.677241000
4.478501000
7.025720000
6.096932000
3.668414000
6.874734000
6.416394000

NC5 (T1)

N

8.904030000

0.443387000

2.588944000

19.353996000
19.321801000
20.130284000
20.698402000

20.167912000

20.761244000
19.446803000
18.662677000
15.671131000

16.591730000
15.737223000
14.844959000

19.481088000

4.71852700 20.430067000

6.279956000
3.852305000
3.396895000
3.844200000

1.295689000

18.013406000

16.510238000

10.701463000
9.737434000

15.410150000

C
C
H
C
H
C
C
H
C
C
C
C
C
H
C
H
C
C
H
C
H
C
H
C
C
Cc
C
C
Cc
C
H
C
H
C
H
C
H
C
Cc
C
H
C
H
C
H

8.557321000
9.061618000
9.840076000
8.519519000
8.879554000
7.482026000
6.982246000
6.187133000
7.527477000
7.276517000
8.113619000
8.026696000
8.442841000
8.882141000
8.273106000
8.574568000
7.867590000
7.920643000
8.167577000
7.697126000
7.745558000
7.442126000
7.306962000
7.341835000
7.480113000
7.288806000
6.418126000
6.379456000
5.461513000
5.970453000
7.043422000
5.114699000
5.526796000
3.732667000
3.065346000
3.214615000
2.141916000
4.071035000
5.510535000
4.588602000
4.652912000
3.584642000
2.863650000
3.510984000
2.729736000

1.750360000
1.362902000
0.616682000
1.946634000
1.666512000
2.902561000
3.296925000
4.025582000
2.730208000
2.864499000
1.934404000
1.677355000
0.516338000

-0.286729000

0.322772000

-0.616211000

1.388744000

14.155319000
12.910570000
12.820927000

778898000

10.797337000
11.893149000
13.140678000
13.192065000

14.291480000

15.713138000
16.351814000
17.772287000
18.385072000

17.813109000

19.802964000

20.251550000

20.626714000

1.28866400@2.043321000

0.329374000
2.398999000
2.306885000
3.636751000
4.520462000
3.744610000
2.636664000
2.682066000
3.555809000
3.660831000
4.609824000
5.703165000
5.846369000

22.485143000
22.847238000
23.926429000
22.256477000

22.868870000

20.855943000
20.026384000
18.554092000
17.911036000
16.465322000
15.794930000
15.080450000
15.022691000

6.6105180004.461087000

7.455020000
6.436187000
7.141663000
5.349175000
5.204013000
4.446667000
5.794095000
6.562369000
7.644273000
5.943509000
6.541521000
4.550897000
4.061338000

13.919979000
14.539899000
14.057900000
15.245061000

15.309002000

15.870433000
18.635008000
19.340976000
19.307868000
20.086800000
20.632701000
20.121309000
20.692097000
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c
c
C
H
H
H
H
H
H
H
c

4.439017000
5.451847000
10.007416000
10.504238000
9.656255000
10.7270700®
4.381654000
7.136065000
6.288435000
3.663268000
6.930800000
6.484782000

NC6 (S)
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8.607260000
8.264322000
8.684563000
9.371297000
8.180726000
8.483805000
7.285166000
6.903484000
6.885185000
6.201712000
7.384497000
7.221037000
7.972934000
7.959652000
8.530149000
8.955918000
8.499749000
8.896547000
7.999623000
8.118605000
8.530682000
7.752331000
7.854826000
7.278324000
7.036631000
7.125233000
7.435090000
7.274604000
6.460895000
6.439569000
5.569172000

3.7842850009.420902000

4.396488000

0.374623000
0.640397000
-0.658370000

0.464930000
2.702267000
4.714790000
6.279349000
3.607934000
3.476928000
3.943050000

0.992443000
1.475576000
.a22322000
0.190818000
1.671710000
1.337958000
2.747799000
3.228465000
3.207481000
4.041328000
2.577964000
2.775279000
1.779009000
1.635613000
0.494983000

-0.297130000

0.366481000

-0.522352000

1.421341000
1.332269000
0.422787000
2.382165000
2.307283000
3.567281000
4.421875000

18.675119000

15.656422000
16.587083000
15.709062000
14.844839000

19.449745000
20.429138000
18.058197000
16.421693000
10.712798000
9.751314000

15.492843000
14.230075000

12.979295000

12.884820000
11.857018000
10.871084000
11.979778000
11.086365000
13.229797000
13.308584000
14.379490000

.80%163000

16.458314000
17.867955000
18.522196000

17.926314000

19.872258000

20.350181000

20.693665000
22.099829000
22.523804000
22.913147000
23.989710000
22.325024000
22.946896000

3.66330600@20.955547000

2.585468000
2.633250000
3.606080000
3.672058000
4.647191000

20.089034000
18.633794000
17.955599000
16.563084000

15.842262000
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C
Cc
H
C
H
C
H
C
H

6.111583000
7.166797000
5.307271000
5.739666000
3.950097000
3.323157000
3.403557000
2.349697000
4.209422000
5.621486000
4.676336000
4.798723000
3.577275000
2.840735000
3.429720000
2.574933000
4.376895000
5.486433000
4.259924000
6.783666000
6.476788000
3.783035000
9.679499000

5.824361000
6.031574000
6.727729000
7.639177000
6.460180000
7.162332000
5.284927000
5.069491000

15.318637000
15.455956000
14.627186000
14.229667000
14.446816000
13.908835000
14.962111000
14.825115000

4.3835770005.655942000

5.870121000
6.665048000
7.742421000
6.078341000

6.696364000

4.691180000
4.226394000
3.898850000
4.478091000
2.821226000
4.600054000
6.329855000
3.471956000

18.702116000
19.347133000
19.359712000
19.974531000

20.475553000

19.949245000
20.428054000
19.305134000
18.679717000
19.287111000
20.550347000
18.222351000
16.058290000

0.0668800005.687579000

9.492779000 -1.278537000

10.907835000

0.524523000

10.543455000 -2.176555000
11.949960000 -0.379402000

11.769607@D

-1.729975000

8.529506000 -1.613738000

11.033732000

1.575962000

10.400376000 -3.224618000
12.903303000 -0.028443000
12.582821000 -2.431457000

NC6 (S1)

8.685813000
8.339588000
8.798400000
9.534972000
8.260799000
8.590015000
7.300018000
6.885566000
6.867298000
6.135019000

1.072848000
1.513014000
1.049293000

.269630000

1.634241000
1.291632000
2.646599000
3.076685000
3.124198000
3.916642000

15.378437000

16.163133000

15.558574000
16.352437000
16.050654000
15.013435000

16.392251000
15.322408000
16.730143000
16.197031000

15.452758000
14.162628000
12.939342000

12.873197000

11.787486000
10.813863000
11.884224000
10.979652000
13.124052000
13.168016000
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7.400410000
7.204562000
7.988627000
7.926844000
8.357842000
8.780512000
8.219622000
8.517840000
7.832630000
7.893002000
8.145406000
7.678338000
7.735436000
7.425732000
7.307903000
7.318856000
7.441199000
7.240943000
6.405735000
6.374925000
5.524257000
6.106690000
7.183276000
5.324961000
5.798187000
3.937969000
3.328114000
3.344767000
2.268588000
4.126952000
5.513925000
4.625490000
4.686159000
3.656195000
2.957456000
3.587108000
2.830735000
4.489973000
5.466398000
4.440980000
7.124664000
6.263474000
3.656530000
9.747715000

2.567464000
2.779462000
1.799437000
1.582218000
0.421213000

-0.391970000

0.270182000

-0.660116000

1.355136000
1.280166000
0.328524000
2.400283000
2.326296000
3.637292000
4.530075000
3.724971000

14.293044000
15.720424000

.386243000

17.806026000
18.445784000

17.875635000

19.833820000

20.304409000

20.645483000
22.066782000
22.522466000
22.849942000
23.930696000
22.242687000
22.845938000
20.850007000

2.59785200@20.028034000

2.613779000
3.532439000
3.640815000
4.639705000

.628027000

5.643989000
6.596161000
7.357087000
6.595560000
7.349791000
5.616275000
5.602349000
4.653466000

18.567239000
17.900377000
16.460739000
15.786564000

14.973522000

14.849462000
14.352564000
13.741666000
14.520879000
14.036708000
15.320354000
15.453670000
15.949698000

5.7859610008.590165000

6.565524000
7.646505000
5.959719000
6.567736000

.567270000

4.089320000
3.788116000
4.387084000
2.707289000
4.690887000
6.260307000
3.897669000
0.152331000

19.323443000
19.266872000
20.124279000
20.687641000

20.191834000

20.804147000
19.476354000
18.668711000
19.533836000
20.408787000
17.969361000
16.566083000
15.699915000

9.649150000 -1.157908000 15.235383000
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10.871146000
10.688252000
11.901901000
11.811872000
8.7616180D
10.927297000
10.614640000
12.776927000
12.616437000

NC6 (T1)
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8.686105000
8.343563000
8.815219000
9.557951000
8.284664000
8.623880000
7.311701000
6.904918000
6.865257000
6.122500000
7.393028000
7.191681000
7.983019000
7.907626000
8.291560000
8.703333000
8.131397000
8.402067000
7.777879000
7.842868000
8.054741000
7.677467000
7.735840000
7.468605000
7.380943000
7.354958000
7.435318000
7.230397000
6.404445000
6.353567000
5.480963000
6.040988000
7.119283000
5.230246000

0.584642000

-2.049640000
-0.315227000
-1.631766000

-1.474379000
1.610205000

-3.071845000

0.013144000

-2.329665000

1.043859000
1.499105000
1.067618000
0.284178000
.870791000
1.351528000
2.679230000
3.121937000
3.123633000
3.906205000
2.546615000
2.741886000
1.783054000

16.405667000
15.490371000
16.658412000
16.204191000

14.701980000

16.748207000
15.138554000

17.206853000
16.404440000

15.435669000
14.161235000
12.922675000
12.845616000

11.786626000

10.807916000
11.890774000
10.988742000
13.130951000
13.188940000
14.295625000
15.722503000
16.375380000

1.558075000@.7.801207000

0.392633000

-0.428588000

0.228844000

-0.713178000

1.323014000
1.242860000
0.280731000
2.373235000
2.295480000

3.612394000
4.510620000
3.702663000
2.577751000

18.426962000

17.859443000

19.849353000

20.311223000
20.659044000

22.077138000
22.530961000
22.865989000
23.945889000
22.258894000
22.858693000
20.858518000
20.043463000

2.60971000a8.572162000

3.520484000
3.601375000
4.590281000
5.638406000
5.713603000
6.587324000

17.920689000
16.471297000
15.798152000
15.054679000

14.973497000

14.437059000
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5.682499000
3.841952000
3.209618000
3.272626000

2.194541000
4.084714000
5.636999000
4.768986000
4.896864000
3.737547000
3.058638000
3.582241000
2.77919200

4.456533000
5.496619000
4.335756000
7.186485000
6.436356000
3.637104000
9.766520000

7.396289000
6.500609000
7.238964000
5.458182000
5.380582000
4.514695000
5.820252000

13.874091000
14.546011000
14.065993000
15.278598000
15.365937000
15.902559000
18.613396000

6.6534830009.314058000

7.728977000
6.107688000
6.756395000
4.722589000
4.289660000
3.890860000
4.429325000
2.814757000
4.674545000
6.248934000
3.711651000
0.146334000

9.690730000 -1.170374000
0.59793P00 16.384506000

10.887438000

10.746850000 -2.043281000
11.933099000 -0.283620000
11.865590000 -1.604058000
8.807020000 -1.505966000
10.92904300 1.626302000
10.689255000 -3.068453000
12.802711000  0.062756000
12.682155000 -2.287381000

19.261778000
20.079204000
20.621171000
20.138238000

20.724362000

19.443027000
18.678063000
19.490943000
20.419650000
18.021265000
16.475544000
15.687939000

15.237275000

15.490566000
16.644718000
16.198455000
14.708702000
16.721822000
15.143786000

17.191062000

16.400882000
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H, 3C, 11B, 3P and °F NMR Spectra:

'"H NMR (400 MHz) ofNC1in CDCh
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'H (500 MHz) and>C (126 MHz) NMR ofNC2in CDCk
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'H (400 MHz) NMR ofNC3in CDCk
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msm.ds09 -1h - 400 MHz
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msm.ds13C1 1H NMR

msm.ds13C1

'H (500 MHz) and>C (126 MHz) NMR ofNC4 in CDCl
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