Angewandte
A @ T-1 (I

Supporting Information

Synthesis of Arylamines via Aminium Radicals

Thomas D. Svejstrup, Alessandro Ruffoni, Fabio Julid, Valentin M. Aubert, and
Daniele Leonori*

anie_201708693_sm_miscellaneous_information.pdf


http://orcid.org/0000-0002-7692-4504

Table of Contents

1 General Experimental DetailS...........oouuuuiiiiiiiiiiiiii e 3
2 Starting Materials SYNtheSIS ..........oiiiiiiii e 4
3 AryIation REACHIONS......cciiiiiiiiii et 15
3.1 Reaction OptimiZation ..........coooeiiiiiiii e 15
3.2 Alternative Aminium RadiCal PreCUISOrS .........cccvvieiiiiiieeiiiiee e 18
3.3 SUDSIAE SCOPE ....vvviiiiiieeei ittt e e e e e et e e e e e e e s st eeaeeesananenrreeeeeeas 19
4 Mechanistic CONSIAEIALIONS .......ccooieiiieeeee e 46
4.1 Mechanism Based on the Closed PhotoredoX CYCIe ...........ouvvevvveeeieeieieiieiieieninnnns 47
4.2 Mechanism Based on the Ru(ll)-Catalysed Electron Relay............cccccvvvevinnnnnes 49
4.2.1 Detection Of [RU(DPYI .vovieieeee ettt 50
4.2.2 Further Studies to Support the Electron Relay Mode ..........ccooovviiiiiiiiiiiiiniennnn, 51
4.3 Mechanism Based on the Radical Chain Propagation............ccccccccovvviviiineennnnnn. 54
4.4  Stability of Ru(bpy)zCl; in the presence of HCIQ............cooiii, 57
4.5 Arylation of AMINiUM RAICAIS .......covveeiiiiiiiiiiiie e 58
4.5.1 Electrophilicity of Aminium RadiCals .........cccevviiieieeiiiiiiee e 58
4.5.2 Reaction Selectivity — FUKUI'S INAICES .......uuuuumiiiiir e 58
4.6 Protonation STUAIES .........ueiiiiiiiiiiiiiiiiie ettt e et e e e e e s sbb e e e e e e e s s nneeees 60
4.7 ElectrochemicCal StUdIES..........ccoiiiiiiiiiii e 62
4.7.1 General Experimental DetailS .........cc..uuuiiiiiee i 62
4.7.2 Electrochemical POIENTIAIS .........c.eviiiiiiiiie e 63
4.8 Emission Quenching EXPerimentS.........cooviviiiiiiii e 64
5 ComputatioNal DAA ..........oieeiiiiiiiiii e e 67
5.1 ComputationNal STUAIES .......oviiiiiiiiiiiiiiie e er e e e s e s eearaeeeeeaeeeeane 67
5.1.1 Computational MEtNOAS ........ccoeeiiiiiiiiiiiiiee e 67
LI ©fo 4o 0] ¢= 11 To g F= | - | - P 68
5.2.1 Optimized structures for Fukui indices calculations. .............ccccvveiveeeerniiiinnnen. 68
5.2.2 Electrophilicity of Aminyl and Aminium Radicals................ccccccceniiiiinnnnnnnn. 74
5.2.3 Optimized Energies (in Hartrees) and GEOMELHES .......cccceveieiriiiiniiiiiinieeieieeeenn 75

SI-1



B NMR SPECIA . . e e 90

7 References

SI-2



1 General Experimental Details

All required fine chemicals were used directly it purification unless stated
otherwise. All air and moisture sensitive reactiovesxe carried out under nitrogen
atmosphere using standard Schlenk manifold teckniiHF was distilled from
sodium/benzophenone, @El; and was distilled from Caid{ CH;CN was distilled
from activated 4A molecular sieves,sBtwas distilled over KOH!H and *C
Nuclear Magnetic Resonance (NMR) spectra were aedj@t various field strengths
as indicated and were referenced to CH@I27 and 77.0 ppm fotH and **C
respectively)'H NMR coupling constants are reported in Hertz eefdr to apparent
multiplicities and not true coupling constants. &ate reported as follows: chemical
shift, integration, multiplicity (s = singlet, br=sbroad singlet, d = doublet, t = triplet,
g = quartet, gi = quintet, sx = sextet, sp = septet= multiplet, dd = doublet of
doublets, etc.), proton assignment (determined DByNMR experiments: COSY,
HSQC and HMBC) where possible. High-resolution nsgs=ctra were obtained using
a JEOL JMS-700 spectrometer or a Fissions VG Ti0®02 quadrupole mass
spectrometer. Spectra were obtained using elecimgract ionization (El) and
chemical ionization (CI) techniques, or positiveattospray (ES). Infra-red spectra
were recorded using a JASCO FT/IR 410 spectromatausing an ATl Mattson
Genesis Seris FTIR spectrometer as evaporated ditrfiguid films. Analytical TLC:
aluminum backed plates pre-coated (0.25 mm) withrckieSilica Gel 60 F254.
Compounds were visualized by exposure to UV-lightbg dipping the plates in
permanganate (KMng) stain followed by heating. Flash column chromeapdy
was performed using Merck Silica Gel 60 (4068). All mixed solvent eluents are
reported as v/v solutions. UV/Vis spectra were olgtd using an Agilent 6453
spectrometer and 1 mm High Precision Cell madeauaftg from Hellma Analytics.
The LEDs were bought from LEDLightZone.

All the reactions were conducted in CEM 10 mL glassrowave tubes.
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2 Starting Materials Synthesis

Commercially Available N-hydroxylamines

O
O) fﬁ )
! ! QMB N
OH OH OH OH
S1 S2 S3 S4
CAS 4801-58-5 CAS 113684-50-7 CAS 151489-27-9 CAS 5765-63-9
® C ) CJ

Ny Ny Ny

OH OH OH

S5 S6 S7

CAS 6763-87-7 CAS 3710-84-7 CAS 621-07-8

Sl-4



General Procedure for the Synthesis of 2,4-(N£»-CeHs-Hydroxylamines la—| —
GP1

NO,
, EtaN
Bz,0,, K,HPO4, DMF, 18h NO
1 220 N2 4 1 2
R\N,R > R~N—R >
H then K,COs, MeOH, 3h SH CH,Cl,, 0 °C
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GP1.1: Benzoyl peroxide (1.2 equiv.) was added to a swtubf the amine (or the
amine hydrochloride) and JKPO, (2.0 equiv.) in DMF (0.2 M). The mixture was
stirred for 18 hours, diluted withJ® and extracted with EtOAc (2 x). The combined
organic layers were washed with Brine (x 3) andeagss NHCI, dried (MgSQ),
fillered and evaporated to give the cru@eébenzoyl hydroxylamine that was used

o

without further purification. Th€-benzoyl hydroxylamine (1.0 equiv.) was dissolved
in MeOH (0.5 M), treated with ¥CO; (2.0 equiv.) and stirred for 3 hours. The MeOH
was removed under vacuum and the mixture was dilwtth H,O and EtOAc and the
layers were separated. The aqueous layer was wdradth EtOAc (x 3) and the
combined organic layers were dried (MggCiltered and evaporated to give the
crude hydroxylamine that was used without furthanifiration.

GP1.2: The crude hydroxylamine (1.0 equiv.) was dissolvedCH,Cl, (0.2 M),
cooled to 0 °C and treated with 1-fluoro-2,4-dioltenzene (1.2 equiv.) and;Et(2.0
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equiv.). The mixture was allowed to warm to roomnmperature overnight. The
reaction was diluted with # and CHCI, and the layers were separated. The
aqueous layer was extracted with EtOAc (x 3) amddbmbined organic layers were
dried (MgSQ), filtered and evaporated. Purification by colustimomatography on
silica gel eluting with petrol:EtOAc (9:1) gave theduct.

1-(2,4-Dinitrophenoxy)piperidine (1a)

Following GP1.2 S1(2.0 g, 23.5 mmol) gavéa (4.4 g, 70%) as yellow crystals. mp:
74-75 °C; R0.29 [petrol-EtOAc (9:1)]; FT-IRimax (film)/cm™ 2948, 2856, 1603,
1525, 1472, 1342, 1277, 1141, 1084;NMR (400 MHz, CDC}) & 8.78 (1H, dJ =

2.7 Hz), 8.38 (1H, dd) = 9.4, 2.7 Hz), 7.88 (1H, d,= 9.4 Hz), 3.45-3.26 (2H, m),
2.89 (2H, tdJ = 10.8, 2.9 Hz), 1.96-1.85 (2H, m), 1.80-1.61 (BH, 1.42—1.23 (1H,
m); **C NMR (101 MHz, CDGJ) § 158.0, 140.2, 136.6, 129.4, 122.2, 117.0, 57.2 (x
2), 25.3 (x 2), 23.1; HRMS (ASAP POS): Found MP68.0919 GH14N3Osrequires
268.0928.

1-(2,4-Dinitrophenoxy)-4,4-difluoropiperidine (1b)
R F

®

N

L
O,N NO

Following GP1, 4,4-difluoropiperidine hydrochloride (500 mg, 8.tnmol) gavelb

(395 mg, 41%) as yellow crystals. mp: 88-89 °€PR3 [petrol-EtOAc (9:1)]; FT-
IR Vmax (film)/cm™3115, 2950, 1603, 1529, 1342, 1248, 11I2B8NMR (500 MHz,

CDCl;) § 8.82 (1H, dJ = 2.6 Hz), 8.42 (1H, dd] = 9.4, 2.6 Hz), 7.90 (1H, d,= 9.3

Hz), 3.51-3.16 (4H, m), 2.59-2.24 (2H, m), 2.2351(2H, m);**C NMR (126 MHz,

CDCl) 6 157.3, 140.8, 136.7, 129.7, 122.3, 120.5 {,242.5 Hz), 116.9, 52.4 (,=

4.6 Hz), 30.8 () = 24.3 Hz):"*F NMR (376 MHz, CDCJ) § -94.2 (dJ = 235.5 Hz),
—-102.2 (dJ = 238.1 Hz); HRMS (ASAP POS): Found M304.0732 @H1,N3OsF,

requires 304.0740.

2
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1-(2,4-Dinitrophenoxy)piperidin-4-one (1c)

Following GP1.2 S2(250 mg, 2.18 mmol) gavke (360 mg, 59%) as orange crystals.
mp: 101-102 °C; R0.29 [petrol-EtOAc (9:1)]; FT-IR/max (film)/cm™ 3113, 2921,
1717, 1601, 1522, 1471, 1340, 1260, 1141, 188AMR (500 MHz, CDC}) & 8.85
(1H, d,J = 2.7 Hz), 8.45 (1H, dd} = 9.3, 2.7 Hz), 7.97 (1H, d,= 9.3 Hz), 3.74-3.61
(2H, m), 3.58-3.38 (2H, m), 3.03-2.84 (2H, m), 2534 (2H, m)*C NMR (126
MHz, CDCk) 6 205.5, 157.3, 140.9, 136.7, 129.8, 122.4, 1162 & 2), 38.1 (x 2);
HRMS (ASAP POS): Found MH282.0733 GH1:N306 requires 282.0726.

1-(2,4-Dinitrophenoxy)-2-methylpyrrolidine (1d)

{Pve

N

L
O,N NO

Following GP1.2 S3 (1.0 g, 11.76 mmol) gavéd (2.0 g, 64%) as yellow crystals.
mp: 72-73 °C; R0.29 [petrol-EtOAc (9:1)]; FT-IRumax (film)/cm™ 2936, 2853,
1609, 1542, 1455, 1334, 1277, 1054;NMR (400 MHz, CDCJ) & 8.79 (1H, dJ =
2.7 Hz), 8.38 (1H, dd] = 9.4, 2.7 Hz), 7.98 (1H, d,= 9.4 Hz), 3.46-3.35 (2H, m),
3.23-3.08 (1H, m), 2.26-1.78 (3H, m), 1.50 (1H,1s33-1.04 (3H, m)*C NMR
(101 MHz, CDC}) 6 159.2, 140.1, 136.3, 129.3, 122.1, 117.5, 64.(8,559.8, 28.9,
20.3, 18.9; HRMS (ESI): Found MI268.0935 GH14N30sNarequires 268.0933.

2

Benzyl 4-(2,4-Dinitrophenoxy)piperazine-1-carboxylée (1e)

(Isz
(Nj

N

1

OD\
O,N NO

Following GP1, benzyl piperazine-1-carboxylate (1.0 g, 4.54 mjngavele (1.46 g,
81%) as red crystals. mp: 91-92 °C; ®29 [petrol-EtOAc (9:1)]; FT-IRVmax
(film)/cm™2961, 2864, 1700, 1604, 1529, 1470, 1428, 13424, 1P#25, 1126, 1027;

2
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'H NMR (400 MHz, CDCJ) § 8.81 (1H, dJ = 2.7 Hz), 8.41 (1H, ddl = 9.3, 2.7 Hz),
7.87 (1H, d,J = 9.3 Hz), 5.16 (2H, s), 4.28-3.97 (2H, m), 3.5283(4H, m), 3.08
(2H, br t,J = 9.1 Hz);*C NMR (101 MHz, CDGJ) § 157.2, 155.1, 140.8, 136.8,
136.4, 129.5, 128.8 (x 2), 128.4, 128.2 (x 2), 32216.8, 67.8, 55.4 (x 2), 42.0 (X 2);
HRMS (ASAP POS): Found MH403.1239 GsH1oN4O; requires 403.1248.

4-(2,4-Dinitrophenoxy)morpholine (1f)
@
A
o
O,N NO

Following GP1.2 S4 (1.0 g, 11.49 mmol) gavéf (2.1 g, 67%) as orange crystals.
mp: 101-102 °C; R0.29 [petrol-EtOAc (9:1)]; FT-IRmax (film)/cm™ 2964, 2862,
1670, 1603, 1525, 1472, 1343, 1261, 10650NMR (400 MHz, CDCJ) & 8.80 (1H,
d,J = 2.7 Hz), 8.40 (1H, ddl = 9.4, 2.7 Hz), 7.89 (1H, d,= 9.4 Hz), 4.06 (2H, br d,
J=12.2 Hz), 3.75 (2H, ddd,= 12.2, 10.3, 2.3 Hz), 3.48-3.29 (2H, m), 3.15,(&H

J = 10.6, 3.3 Hz)**C NMR (101 MHz, CDGJ) § 157.2, 140.6, 137.6, 129.3, 122.1,
116.7, 65.7 (x 2), 56.5 (x 2); HRMS (ASAP POS): RoMH" 270.0711 GoH1N306
requires 270.0721.

2

4-(2,4-Dinitrophenoxy)thiomorpholine (19)
O
N
B8
O,N NO

Following GP1, thiomorpholine (1.0 g, 9.71 mmol) gatg (1.5 g, 55%) as yellow
crystals. mp: 99-101 °C;;R.29 [petrol-EtOAc (9:1)]; FT-IRmax (film)/cm™3090,
2930, 2852, 1602, 1525, 1471, 1341, 1265, 11423;'866NMR (400 MHz, CDCY)
8 8.80 (1H, dJ = 2.7 Hz), 8.39 (1H, dd] = 9.4, 2.7 Hz), 7.82 (1H, d, = 9.4 Hz),
3.65-3.54 (2H, m), 3.40-3.23 (2H, m), 3.03-2.77,(#H**C NMR (CDCE) & 157.2,
140.7, 136.7, 129.5, 122.3, 116.81, 57.2 (x 2)5238&. 2); HRMS (ASAP POS):
Found MH 286.0482 GH1,N30sSrequires 286.0492.

2
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1-(2,4-Dinitrophenoxy)azepane (1h)

Following GP1.2 S5 (500 mg, 5.1 mmol) gavéh (1.0 g, 71%) as a yellow oil.tR
0.29 [petrol-EtOAc (9:1)]; FT-IRvmax (film)/cm™ 2931, 2857, 1601, 1522, 1470,
1339, 1264, 1064H NMR (400 MHz, CDCJ) & 8.78 (1H, dJ = 2.7 Hz), 8.39 (1H,
dd,J = 9.4, 2.7 Hz), 7.88 (1H, d,= 9.4 Hz), 3.29 (4H, br s), 1.80 (4H, br s), 1.73—
1.65 (4H, m)**C NMR (101 MHz, CDGJ) 6 158.1, 140.2, 136.5, 129.5, 122.1, 117.1,
59.4 (x 2), 26.2 (x 2), 24.4 (x 2); HRMS (ASAP PO$pund MH 282.1077
C12H16N30g requires 282.1084.

O-(2,4-Dinitrophenyl)-N,N-diethylhydroxylamine (1i)
Me Me

Following GP1.2 S7 (500 mg, 5.6 mmol) gavél (791 mg, 55%) as yellow crystals.
mp: 73-74 °C; R0.29 [petrol-EtOAc (9:1)]; FT-IRumax (film)/lcm™ 3116, 2981,
2877, 1603, 1526, 1472, 1341, 1316, 126BNMR (400 MHz, CDGJ) 6 8.76 (1H,
d,J = 2.7 Hz), 8.37 (1H, ddl = 9.4, 2.8 Hz), 7.96 (1H, d,= 9.4 Hz), 3.14-3.02 (4H,
m), 1.13 (6H, tJ = 7.1 Hz);**C NMR (101 MHz, CDG) & 159.7, 140.2, 136.0,
129.2, 122.0, 117.7, 53.7 (x 2), 12.1 (x 2); HRM&SAP POS): Found MH
256.0923 GH14N30s requires 256.0928.

N,N-Dibenzyl-O-(2,4-dinitrophenyl)hydroxylamine (1))
Ph Ph

N
1
Oj@\
O.N NO

Following GP1.2 S8 (500 mg, 2.3 mmol) gavl (357 mg, 41%) as yellow crystals.
mp: 103-104 °C; R0.29 [petrol-EtOAc (9:1)]; FT-IR/max (film)/cm™ 3031, 1602,
1342, 1276, 1236H NMR (400 MHz, CDCJ) & 8.55 (1H, dJ = 2.7 Hz), 7.99 (1H,
dd,J=9.4, 2.8 Hz), 7.45 (1H, d,= 9.4 Hz), 7.37-7.31 (4H, m), 7.28-7.16 (6H, m),

2
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4.22 (4H, s)*C NMR (101 MHz, CDGQ, 1C missing) 158.6, 140.0, 135.0, 130.0
(x 4), 128.7 (x 4), 128.4, 128.35 (x 2), 121.5, B1B3.7 (x 2); HRMS (ASAP POS):
Found MH 380.1239 GoH1gN30s requires 380.1241.

O-(2,4-Dinitrophenyl)-N-methyl-N-phenethylhydroxylamine (1K)
Ph\/\N_Me

L
O,N NO

Following GP1, N-methyl-2-phenylethan-1-amine (500 mg, 3.7 mmoNegbk (389
mg, 33%) as orange crystals. mp: 67-68 °0).R1 [petrol-EtOAc (9:1)]; FT-IRmax
(film)/cm™ 3081, 2927, 1602, 1495,1340, 1315, 1266, 16BUNMR (500 MHz,
CDCl) 6 8.78 (1H, br s), 8.31 (1H, dd,= 9.4, 2.8 Hz), 7.69 (1H, d,= 9.3 Hz), 7.26
(2H, td,J =7.2, 1.4 Hz), 7.23-7.18 (1H, m), 7.13 (2HJd&; 6.9 Hz), 3.53-3.11 (2H,
m), 2.93-2.82 (5H, m**C NMR (126 MHz, CDGJ) & 158.3, 140.4, 138.8, 136.3,
129.3, 128.8 (x 2), 128.6 (x 2), 126.6, 122.1, 2182.5, 46.5, 33.5; HRMS (ASAP
POS): Found MF 318.1079 @H1¢N3Osrequires 318.1084.

2

O-(2,4-Dinitrophenyl)-N-methyl-N-(3-phenyl-3-(4-(trifluoromethyl)phenoxy)
propyl)hydroxylamine (1)

Following GP1, fluoxetine hydrochloride (500 mg, 1.45 mmol) gaMe(380 mg,
53%) as an oil. R0.28 [petrol-EtOAc (9:1)]; FT-IR/max (film)/cm™ 2929, 1604,
1527, 1342, 1327, 1248, 1111, 106M;NMR (500 MHz, CDC)) 6 8.79 (1H, br s),
8.35 (1H, br s), 7.81 (1H, br d,= 9.3 Hz), 7.44 (2H, d] = 8.4 Hz), 7.33 (2H, 1] =

7.3 Hz), 7.30-7.21 (3H, m), 6.87 (2H,X= 8.4 Hz), 5.26 (1H, dd] = 8.9, 4.2 Hz),
3.25 (2H, br s), 2.90 (3H, s), 2.27 (1H, dgs 13.9, 7.4 Hz), 2.12 (1H, dd,= 13.9
6.8 Hz);**C NMR (126 MHz, CDGJ) & 160.2, 158.0, 140.4, 140.2, 136.3, 129.3,
129.0 (x 2), 128.2, 126.8 (d,= 3.6, X 2), 125.6 (x 2), 123.5-122.8 (m), 124.16.7,
116.1, 115.7 (x 2), 78.1, 57.6, 46.5, 38°B;NMR (376 MHz, CDG)) 6 —-61.7 (X 3);
HRMS (ASAP POS): Found MH492.1368 G3H21N3O6Fsrequires 492.1377.
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2-((1-(2,4-Dinitrophenoxy)piperidin-4-yl)methyl)-5,6-dimethoxy-2,3-dihydro-1H-
inden-1-one (1m)
O

N.
Meo—m o
MeO ©/N02

NO,
Following GP1, desbenzyl donezepil hydrochloride (250 mg, 0.#dAaml gavelm
(170 mg, 46%) as an oil.;R.11 [petrol-EtOAc (8:2)]; FT-IRmax (film)/cm™ 2928
2845, 1694, 1603, 1525, 1500, 1469, 1341, 1313412625, 1037'H NMR (400
MHz, CDCk) & 8.75 (1H, dJ = 2.8 Hz), 8.37 (1H, dd} = 9.3, 2.7 Hz), 7.88 (1H, d,

= 9.4 Hz), 7.15 (1H, s), 6.86 (1H, s), 3.95 (3H,389 (3H, s), 3.42 (2H, bri,= 8.1,
Hz), 3.26 (1H, ddJ = 16.9, 7.6 Hz), 3.16-2.82 (2H, m), 2.75-2.62 (&Y, 2.07—
1.80 (4H, m), 1.75-1.31 (4H, n{fC NMR (101 MHz, CDGJ) § 207.2, 157.9, 155.7,
149.6, 148.7, 140.3, 136.5, 129.4, 129.2, 122.7,(,1107.5, 104.5, 56.7, 56.6, 56.3,
56.2, 45.5, 38.0, 33.2, 33.2, 32.5, 31.4; HRMS (RSRPOS): Found MH472.1714
Ca3H26N3Ogrequires 472.1714.

Piperidin-1-yl benzoate (S8)

os

(0]

o-z

Following GP1.1, piperidine (9.9 mL, 100 mmol) ga&8 (18 g, 88%) as a solidH
NMR (400 MHz, CDC}) 5 8.01-7.99 (2H, m), 7.56-7.52 (1H, m), 7.44-7.48,(2
m), 3.51-3.49 (2H, m), 2.78 — 2.76 (2H, m), 1.8891(4H, m), 1.69-1.66 (1H, m),
1.31-1.25 (1H, m)*C NMR (100 MHz, CDGJ) 164.9, 133.0, 129.8, 129.5 (x 2),
128.5 (x 2), 57.6 (x 2), 25.1 (x 2), 23.5. Dataaacordance with the literatute.
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4-(Piperidin-1-yloxy)benzonitrile (S9)

L
CN

Following GP1.2but using 4-F-benzonitrile&51 (303 mg, 3 mmol) gav89 (116 mg,
19%) as a white solid. mp: 103-104 °G; R34 [petrol-EtOAc (95:5)]; FT-IRmax
(film)/lcm™2921, 2870, 2231, 1602, 1506, 1237, 1160NMR (500 MHz, CDC}) &
7.54 (2H, dJ = 8.3 Hz), 7.14 (2H, dJ = 8.3 Hz), 3.31 (2H, br dl = 9.8 Hz), 2.66
(2H, br t,J = 11.1 Hz), 1.83 (2H, br d,= 14.6 Hz), 1.74-1.62 (3H, m), 1.24 (1H, br
s); *C NMR (126 MHz, CDGQJ) 6 162.8, 134.0 (x 2), 119.6, 114.6 (x 2), 103.9956.
(x 2), 25.5 (x 2), 23.3; HRMS (APCI): Found MF03.1170 GH1sN,O requires
203.1179.

SI-12



General Procedure for the Preparation of S10,11 — &2

H,SOy, (1 drop)
R-CO,H »— R-CO,Me
MeOH, reflux, 1h

CO,Me
i iy G
O cl Me Me  Me

S11

The carboxylic acid (1.0 equiv.) was dissolved irr®H (0.05M) and a drop of
H2SOuconc Was added. The mixture was refluxed for 1 hourpled to room
temperature and evaporated,@t(10 mL) was added and the organic layer was
washed with NaHC&,(10 mL). The organic layer was dried (MggCfiltered and
evapoarted to give the methyl ester. No furtheifigation was required.

Methyl 2-(1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-H-indol-3-yl)acetate (S10)

COZME
MeO
N Me
N
O)\Q\CI

Following GP2, indomethacin (200 mg, 0.55 mmol) ga8&0 (127 mg, 62%) as a
solid. *H NMR (400 MHz, CDC}) & 7.66 (2H, dJ = 8.5 Hz), 7.47 (2H, d) = 8.5
Hz), 6.96 (1H, dJ = 2.5 Hz), 6.86 (1H, d] = 9.0 Hz), 6.67 (1H, dd] = 9.0, 2.5 Hz),
3.83 (3H, s), 3.70 (3H, s), 3.67 (2H, s), 2.38 (8H°C NMR (101 MHz, CDGCJ) &
171.3, 168.2, 156.0, 139.2, 135.9, 133.8, 1312),(430.7, 130.6, 129.1 (x 2), 114.9,
112.5,111.5, 101.2, 55.7, 52.1, 30.1, 13.3. Datccordance with the literature.

Methyl 5-(2,5-Dimethylphenoxy)-2,2-dimethylpentanote (S11)

Me

O/\/YCOZMe

Me Me” Me

Following GP2, gemfibrozil (200 mg, 0.80 mmol) ga$41(182 mg, 86%) as an oil.
'H NMR (500 MHz, CDCJ) 5 7.00 (1H, dJ = 7.4 Hz), 6.66 (1H, d] = 7.4 Hz), 6.61

(1H, s), 3.97-3.88 (2H, m), 3.67 (2H, app s), A3H, s), 2.18 (3H, s), 1.85-1.69
(4H, m), 1.24 (6H, s)**C NMR (125 MHz, CDGJ) & 178.4, 156.9, 136.5, 130.3,
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123.6, 120.7, 111.9, 67.9, 51.8, 42.1, 37.1, 3%HR, 21.5, 15.8. Data in accordance
with the literaturée’
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3 Arylation Reactions
3.1 Reaction Optimization

General Procedure for the Reaction Optimization — &3

photocatalyst (2 mol%)
O Bronsted acid (2.0 equiv.) N
+
N
OAr t-Bu
la

>
solvent, rt
t-Bu

visible-light
3a

To a dry tube was addedh (27 mg, 0.1 mmol, 1.0 equiv.) and the photocatal§s
mol%). A stirrer bar was added and the tube wap@a@pith a Supelco aluminium
crimp seal with septum (PTFE/butyl). The tube weasceated and refilled with NXx

3) andt-Bu-benzene (34L, 0.2 mmol, 2.0 equiv.), the solvent (dry and desgal by
bubbling through with Bifor 20 min) and the Bronsted acid. The mixture st@sed

in front of blue LEDs for 15 min. KOH (1 M, 1.0 mLyater (10 mL) and EtOAc (10
mL) were added and the mixture was stirred for a.rhj3,5-trimethoxybenzene (16.8
mg, 0.1 mmol, 1.0 equiv.) was added and the layene separated. The aqueous
layer was extracted with EOAc (x 3), the combineganic layers were dried
(MgSQy), filtered and evaporated. CDQJ0.4 mL) was added and the mixture was
analysed byH NMR spectroscopy to determine the NMR yield.

The optimum reaction conditions identified by tbgimisation study were:

Ru(bpy)3Cl, (2 mol%)
O @ HCIO4 (2.0 equiv.) N
+
N
OAr t-Bu
la

>
CH3CN, rt, 15 min
t-Bu

blue LEDs
61% 3a

Table S1 reports all the experiments performed.
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Table S1.

Entry | Photocatalyst Bronsted Acid Time | Solvent | Yield (%)
(equiv.)
1 Ru(bpy}Cl» - 24h | CHCN —
2 Ru(bpy)Cl, AcOH (2.0) 24h | CHCN -
3 Ru(bpy)Cl, TFA (2.0) 24h | CHCN -
4 Ru(bpy)Cl, TFA (10.0) 24h | CHCN -
5 Ru(bpy}Cl; p-TsOH (2.0) 24 h CECN 19
6 Ru(bpy)Cl, HCIO, (2.0) 15 min| CHCN 61
7 Ru(bpy)Cl, HCIO, (2.0) 15 min| CHCN 51
Ru(bpy}Cl» HCIO, (1.5) 15 min| CHCN 39
9 Ru(bpy)Cl, HCIO, (1.0) 15 min| CHCN 18
10 Ru(bpy}Cl» HCIO, (0.2) 15 min| CHCN 9
11 Ru(bpy}Cl, HCIO,4 (2.0) 15 min| MeOH —
12 Ru(bpy}Cl, HCIO, (2.0) 15 min| CHCL, 9
13 Ru(bpy}Cl, HCIO, (2.0) 15 min| acetonsg -
14 Ir(ppy)s HCIO, (2.0) 24h | CHCN -
15 Fukuzumi’s HCIO, (2.0) 24h | CHCN -
acridinium
16 Rhodamine G HCI®(0.5) 24 h CHCN -

@ The reaction was run in the dark
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Running the reaction under the conditions of efirgave the following crudéH

NMR spectrum (400 MHz, CDg)t

62'T
€T
€51
VST
9G'T
LS°T
89T
09'T—

89T
69T
LT
LT
e€LT
9T

oT’e
NH.@/
ETE—F¢
Vﬁ.mw\w
ST'E

59
5.9
9.9
129
8L'9
8L'9
88'9-"
069~

00'L
T0'L
T0'L
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8¢'L

t-Bu

3

e

OMe
MeO~ i OMe

s
Aot
52T
gz

EE€T

BLY

ST

420
60
=20
20

60

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5

9.5
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3.2 Alternative Aminium Radical Precursors

We have evaluated the possibility of using altemeaaminium radical precursors and
subjecteds8 and S9to our reaction conditions. As reported in Tab® ®ne of them
provided 3a and as a result cannot be considered as viablengpin our reaction
manifold.

Table S2.

photocatalyst (2 mol%)
O ©\ Bronsted acid (2.0 equiv.) Cl\‘
N + >
S t-Bu CH4CN, tt, 16h \©\
‘R blue LEDs t-Bu

S8,9 3a

Entry Photocatalyst Bronsted acid | Yield (%)

(e}

S8
1 RU(bpy);Clz HCIO, -
2 Ru(bpy}Cl, TFA -
3 Ir(ppy)s HCIO,4 traces
4 Ir(dF-CRs-ppy,)(dtbpy)(PFk) HCIO, traces
5 Ir(dF-ppy) HCIO, traces

()
O\©\
CN

S9

8 Ru(bpy}Cl, HCIO, 17

Ru(bpy}Cl, TFA -
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3.3 Substrate Scope

General Procedure for the Amination Reaction — GP4

Ru(bpy)3Cl, (2 mol%) R];N‘R
R. .R? HCIO, (2 equiv.)
’}l + > s
OAr CH3CN, r.t., 90 min
blue LEDs

To a dry tube was added with the O-aryl hydroxyla(iL.0 equiv.) and Ru(bpyCl,

(2 mol%) and the aromatic (2.0 equiv.) if solids#rer bar was added and the tube
was capped with a Supelco aluminium crimp seal se&ghtum (PTFE/butyl). The tube
was evacuated and refilled with, Nx 3) and the aromatic (2.0 equiv.) if liquid,
CHsCN (0.1 M). The blue LEDs were turned on, and HOI®0 equiv., 70% in kD)
was added and the mixture was stirred under irtiagidor 15 min. KOH (1 M, 1.0
mL), water (10 mL) and EtOAc (10 mL) were added thixture was stirred for 5
min and the layers were separated. The aqueousvageextracted with EOAc (x 3),
the combined organic layers were dried (MgpBOfiltered and evaporated.

Purification by column chromatography on silica gale the product.

The structures of the unknown products have be&rmdaed by 2D analysis using
COSY, HSQC, HMBC and NOESY spectroscopy.
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1-(4-tert-Butyl)phenyl)piperidine (3a) and 1-(3-(ert-Butyl)phenyl)piperidine
(3a)

S
5 &

Following GP4, 1a (27 mg, 0.1 mmol) gav@a (10 mg, 46%) as an oil argh’ (4 mg,
15%) as an oil3a:3a’ = 3:1.

Data for3a: *H NMR (500 MHz, CDCJ) 6 7.30 (2H, dJ = 8.5 Hz), 6.92 (2H, d] =
8.5 Hz), 3.14 (4H, t) = 5.5 Hz), 1.75-1.71 (4H, m), 1.60-1.55 (2H, m311(s, 9 H);
%C NMR (126 MHz, CDG) § 149.9, 141.9, 125.7 (x 2), 116.2 (x 2), 50.9 (x33.9,
31.4 (x 3), 26.0 (x 2), 24.3. Data in accordancth wie literaturé.

Data for3a’: *H NMR (500 MHz, CDCJ) 7.19 (1H, tJ = 8.0 Hz), 7.01 (1H, ) = 2.1
Hz), 6.89 (1H, dJ = 8.8 Hz), 6.77 (1H, ddl = 8.0, 2.1 Hz), 3.16-3.12 (4H, m), 1.76—
1.65 (4H, m), 1.60-1.53 (2H, m), 1.31 (9H, s).

1-(p-Tolyl)piperidine (3b) and 1-(m-tolyl)piperidine (3b’)

SENS

Q Q.

Me

Following GP4, 1a (27 mg, 0.1 mmol) gav@b (7 mg, 42%) as an oil ar8b’ (3 mg,
11%) as an 0il3b:3b’ = 4:1.
Data for3b: *H NMR (400 MHz, CD.J) 6 7.06 (2H, dJ = 8.0 Hz), 6.86 (2H, d] =
7.9 Hz), 3.08 (4H, t) = 5.5 Hz), 2.26 (3H,s), 1.71 (4H,Jt= 5.8 Hz), 1.60-1.52 (2H,
m); **C NMR (101 MHz, CDGJ) § 150.2, 129.5 (x 2), 128.6 (x 2), 116.9, 51.2 (x 2)
25.9 (x 2), 24.3, 20.3. Data in accordance withliteeature®
Data for3b’: *H NMR (400 MHz, CDGJ) & 7.12 (1H, tJ = 7.5 Hz), 6.75-6.73 (2H,
m), 6.64 (1H, dJ = 7.5 Hz), 3.12 (4H, 1) = 5.5 Hz), 2.30 (3H, s), 1.71-1.66 (4H, m),

1.57-1.53 (2H, m)**C NMR (126 MHz, CDG)) 5 152.3, 138.5, 128.8, 120.1, 117.4,
113.6, 50.7 (x 2), 25.9 (x 2), 24.3, 21.7. Datadoordance with the literatute
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1-([1,1'-Biphenyl]-4-yl)piperidine (3c) and 1-([1,1-Biphenyl]-3-yl)piperidine (3c)
(3c’) and 1-([1,1'-Biphenyl]-2-yl)piperidine (3c”)

5 &, &

Following GP4, 1a (27 mg, 0.1 mmol) gav8c (18 mg, 75%) as an oil as well as
and3c” which were not purified3c:3c:3c” = 8:1:1.

Data for3c: 'H NMR (500 MHz, CDC{) § 7.56 (2H, dJ = 7.9 Hz), 7.51 (2H, d] =
8.7 Hz), 7.40 (2H, t) = 7.7 Hz), 7.28 (1H, d] = 7.5 Hz), 7.01 (2H, d] = 8.4 Hz),
3.25-3.16 (4H, t) = 5.5 Hz), 1.73 (4H, p] = 5.7 Hz), 1.60 (4H, p] = 6.0 Hz);*C
NMR (126 MHz, CDCY) & 151.6, 141.2, 131.8, 128.8 (x 2), 127.8 (x 2),.63& 2),
126.4, 116.6 (x 2), 50.6 (x 2), 25.9 (x 2), 24.5tdin accordance with the literat(re.

1-(4-(Trimethylsilyl)phenyl)piperidine (3d) and 1-(3-(Trimethylsilyl)phenyl)

SiM63
SiMe3

Following GP4, 1a (27 mg, 0.1 mmol) gav&d and 3d’ (10 mg, 43%) as an
inseparable mixture, as an dfld:3d’ = 1:1. R 0.26 [petrol-EtOAc (98:2)]; FT-IR
Vmax (fiIm)/cm_l 2934, 2853, 1568, 1237, 1113, 102@ NMR (500 MHz, CDC4,
isomers)o 7.42—7.36 (1H, m), 7.25 (0.5H, dd= 8.2, 7.1 Hz), 7.11 (0.5H, dd,=
2.6, 1.0 Hz), 6.99 (0.5H, di,= 7.1, 1.1 Hz), 6.96-6.88 (1.5H, m), 3.22—3.15,(&H),
3.18-3.12 (2H, m), 1.78-1.65 (4H, m), 1.62—1.56,(@h} 0.25 (4.5H, s), 0.23 (4.5H,
S); 13C NMR (126 MHz, CD{, isomers) 152.6, 151.9, 141.1, 134.4 (x 2), 128.8,
128.6, 124.5, 122.0, 117.3, 115.6 (x 2), 51.1 (D)1 (X 2), 26.2 (x 2), 25.9 (X 2),
24.5, 24.5, —0.8 (x 3), —0.9 (x 3); HRMS (APCI):ufol MH" 234.1679 G4H2/NSi
requires 234.1678.

piperidine (3d’)
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1-(4-(Methylthio)phenyl)piperidine (3e)

S

N

.

SMe
Following GP4, 1a (27 mg, 0.1 mmol) gav8e (18 mg, 69%) as an oil.{R.55
[petrol-EtOAC (98:2)]; FT-IRvmax (film)/cm™2961, 2929, 2851, 1597, 1496, 1259,
1230, 1026'H NMR (500 MHz, CDCJ) § 7.24 (2H, d,J = 8.8 Hz), 6.87 (2H, d] =
8.8 Hz), 4.57-2.99 (4H, m), 2.43 (3H, s), 1.74-1(#M, m), 1.60-1.55 (2H, m§*C
NMR (126 MHz, CDC}) & 150.9, 130.3 (x 2), 126.7, 117.2 (x 2), 50.7 (x25.9 (X
2), 24.4, 18.4; HRMS (APCI): Found MF208.1155 GH;gNSrequires 208.1154.

1-(4-Methoxyphenyl)piperidine (3f) and 1-(2-Methoxyhenyl)piperidine (3f")

SRS

© ©/0Me

OMe

Following GP4, 1a (27 mg, 0.1 mmol) gavaf (7 mg, 35%) as an oil argf’ (8 mg,
42%) as an 0il3f:3f = 1:1.2.
Data for3f: *H NMR (400 MHz, CDCY) 6.93 (2H, dJ = 9.0 Hz), 6.84 (2H, d] = 9.0
Hz), 3.78 (3H, s), 3.04 (4H,1,= 5.4 Hz), 1.76-1.71 (4H, m), 1.57-1.54 (2H, M
NMR (101 MHz, CDC}) 153.6, 146.9, 118.7 (x 2), 114.3 (x 2), 55.635& 2), 26.1
(x 2), 24.2. Data in accordance with the literafure
Data for3f: 'H NMR (400 MHz, CDCJ) 6 7.00-6.94 (m, 2 H), 6.93-6.88 (m, 1 H),
6.86-6.83 (m, 1 H), 3.86 (s, 3 H), 2.98 (t, J =8 4 H), 1.80-1.72 (m, 4 H), 1.62—

1.55 (m, 2 H)**C NMR (101 MHz, CDGJ) 152.5, 142.9, 122.6, 121.0, 118.5, 111.2,
55.5, 52.5, 26.5, 24.6. Data in accordance witHiteeature®
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1-(4-phenoxyphenyl)piperidine (3g) and 1-(3-phenoxhenyl)piperidine (3g’)
SS
L,

Following GP4, 1a (27 mg, 0.1 mmol) gav8g (17 mg, 68%) as an odg’ (6 mg,
22%) as an 0il3g:3g’ = 3:1.

Data for3g: Rr 0.27 [petrol-EtOAc (95:5)]; FT-IRmax (film)/cm™2933, 2852, 1505,
1488, 1227'H NMR (500 MHz, CDCY) 7.29 (2H, tJ = 7.5 Hz), 7.02 (1H, t) = 7.4
Hz), 6.97-6.91 (6H, m), 3.10 (4H,X= 5.4 Hz), 1.75-1.71 (4H, m), 1.59-1.55 (2H,
m); *C NMR (126 MHz, CDGCJ) § 158.6, 149.4, 149.0, 129.5 (x 2), 122.2, 120.4 (x
2), 118.1 (x 2), 117.5 (x 2), 51.5 (x 2), 26.0 {x 24.2; HRMS (APCI): Found MH
254.1532 @H2oNO requires 254.1539.

Data for3g: R 0.32 [petrol-EtOAc (95:5)]; FT-IRimax (film)/cm™ 2933, 1590,
1488, 1243, 1222H NMR (500 MHz, CROD) § 7.27 (2H, ddJ = 8.5, 7.5 Hz), 7.10
(1H, td,J=7.7, 7.2, 1.5 Hz), 7.06 (1H, dd~= 8.0, 1.7 Hz), 7.01 (1H, § = 7.4 Hz),
6.96 (1H, tdJ=7.5, 1.8 Hz), 6.90 (1H, dd,= 7.9, 1.4 Hz), 6.86 (2H, d,= 7.8 Hz),
3.01-2.95 (4H, m), 1.56-1.43 (6 H, MIC NMR (126 MHz, CROD) § 159.1, 150.0,
146.6, 130.4 (x 2), 125.9, 123.7, 123.2, 122.3,.8,2018.0 (x 2), 53.2, 27.2, 25.3;
HRMS (APCI): Found MH 254.1530 GH2oNO requires 254.1539.

OPh

1-(3-(benzyloxy)phenyl)piperidine (3h) and (3h’)

SRS

© ©/08n

OBn

Following GP4, 1a (27 mg, 0.1 mmol) gavdh (11 mg, 39%) as an oil argh’ (11
mg, 39%) as an oiBh:3h’ = 1:1.
Data for3h: Ri 0.35 [petrol-EtOAc (95:5)]; FT-IRmax (film)/cm™2932, 2855, 1511,
1452, 1250H NMR (500 MHz, CDCYJ) § 7.43 (2H, dJ = 7.5 Hz), 7.37 (2H, tJ =

7.4 Hz), 7.31 (1H, t) = 7.1 Hz), 6.91 (4H, s), 5.01 (2H, s), 3.03 (4H] £ 5.3 Hz),
1.77-1.67 (4H, m), 1.58-1.50 (2H, MjC NMR (126 MHz, CDGJ) § 152.8, 147.2,
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137.6, 128.7, 128.0 (x 2), 127.6 (x 2), 118.8 (x1A5.5 (x 2), 70.6, 52.3, 26.3, 24.3.
HRMS (APCI): Found MH268.1689 GgH,:NO requires 268.1696.

Data for3h: Ry 0.38 [petrol-EtOAc (95:5)]; FT-IRmax (film)/cm™ 2931, 2852,
1501, 1449, 1222H NMR (500 MHz, CROD) & 7.51 (2H, d,J = 7.1 Hz), 7.38 (2H,
t,J=7.4 Hz), 7.31 (1H, t) = 7.3 Hz), 7.00 (2H, dd] = 7.4, 1.3 Hz), 6.96 (1H, td,=
7.4,1.9 Hz), 6.91 (1H, td,= 7.4, 1.7 Hz), 5.13 (2H, s), 3.05-2.96 (4H, my7+1.67
(3H, m), 1.62-1.52 (2H, m)*C NMR (126 MHz, CROD) & 153.1, 144.1, 139.0,
129.4 (x 2), 128.7, 128.3 (x 2), 124.2, 122.6, 81914.7, 71.4, 53.7, 27.3, 25.4;
HRMS (APCI): Found MH268.1685 GgH2:NO requires 268.1696.

1-(2,4-Dimethoxyphenyl)piperidine (3i)

S

N

©/0Me

OMe
Following GP4, 1a (27 mg, 0.1 mmol) gav&i (16 mg, 70%) as an oilH NMR (500
MHz, CDCk) & 6.87 (1H, dJ = 8.6 Hz), 6.47 (1H, d) = 2.7 Hz), 6.41 (1H, dd] =
8.6, 2.7 Hz), 3.84 (3H, s), 3.77 (3H, s), 2.90 (4H, = 5.2 Hz), 1.78-1.71 (4H, m),
1.56-1.51 (2H, m)**C NMR (126 MHz, CDGJ) & 155.8, 153.5, 136.7, 118.5, 103.1,
99.7, 55.5, 55.4, 52.9 (x 2), 26.4 (x 2), 24.4.&>ataccordance with the literatute.

1-(2,4,6-Trimethoxyphenyl)piperidine (3j)

()

N

Meo\©/OMe

OMe
Following GP4, 1a (27 mg, 0.1 mmol) gavgj (17 mg, 79%) as an ofiH NMR (500
MHz, CDCk) § 6.13 (2H, s), 3.80 (6H, s), 3.77 (3H, s), 3.01,(&H = 5.1 Hz), 1.74—
1.58 (4H, m), 1.52 (2H, p, 6.1 HZ*C NMR (126 MHz, CDCJ) & 151.7, 144.2,
124.9, 121.8, 113.3, 112.6, 55.8, 52.2 (x 2), 28.3), 24.4. Data in accordance with
the literature’.
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1-(3-Fluoro-2-methoxyphenyl)piperidine (3k)

®

N
OMe
QX
Following GP4, 1a (27 mg, 0.1 mmol) gav8k (14 mg, 68%) as an oil.;R.19
[petrol—EtOAc (98:2)]; FT-IRVmax (film)/cm™2932, 2853, 1578, 1516, 1452, 1274,
1229, 1123, 1024H NMR (500 MHz, CDCY) § 6.87 (1H, tJ = 8.9 Hz), 6.72 (1H,
app br ddJ = 14.3, 2.8 Hz), 6.62 (1H, br d= 8.9 Hz), 3.83 (3H, s), 3.04 (4HJt=
5.5 Hz), 1.70 (4H, pJ = 5.8 Hz), 1.55 (2H, pJ = 5.6 Hz);**C NMR (126 MHz,
CDCly) § 153.1 (dJ = 243.6 Hz), 147.5, 141.0 (@= 11.3 Hz), 114.9 (d] = 3.2 Hz),
112.2, 106.1 (d) = 21.1 Hz), 57.2, 51.7 (x 2), 26.0 (x 2), 24% NMR (375 MHz,
CDCl) -177.8; HRMS (ASAP POS): Found MH10.1283 @H1/NOF requires
210.1289.

1-(5-Bromo-2-methoxyphenyl)piperidine (3I)

()

N

Me0\©\
Br

Following GP4, 1la (27 mg, 0.1 mmol) gav8l (14 mg, 55%) as an oil. (.25
[petrol-EtOAC (95:5)]; FT-IRVmax (film)/cm™ 2934, 2852, 2804, 1584, 1559, 1440,
1241, 1224, 1129H NMR (500 MHz, CDC}) § 7.05 (1H, dd,) = 8.6, 2.4 Hz), 7.01
(1H, d,J = 2.4 Hz), 6.69 (1H, d] = 8.5 Hz), 3.84 (3H, s), 2.95 (4H,X= 5.3 Hz),
1.81-1.69 (4H, m), 1.60-1.53 (2H, MIC NMR (126 MHz, CDG) § 151.7, 144.2,
124.9, 121.8, 113.3, 112.6, 55.8, 52.2 (x 2), 48.3), 24.4; HRMS (APCI): Found
MH™ 270.0485 GH;,NOBrrequires 270.0488.

1-(Benzo[d][1,3]dioxol-5-yl)piperidine (3m)

()

N

A

(6]
o—/
Following GP4, 1a (27 mg, 0.1 mmol) gav8m (12 mg, 56%) as an oitH NMR
(500 MHz, CDC}) § 6.70 (1H, dJ = 8.4 Hz), 6.57 (1H, d] = 2.4 Hz), 6.38 (1H, dd,
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J=8.4, 2.4 Hz), 5.88 (2H, s), 3.23-2.84 (4H, my0L(4H, p,J = 5.7 Hz), 1.55 (2H,
dt, J = 9.9, 6.3 Hz)>*C NMR (126 MHz, CDGJ) 5 148.8, 148.2, 141.4, 109.7, 108.2,
100.9, 100.6, 52.6 (x 2), 26.3 (x 2), 24.3. Datadnordance with the literatute.

6-(Piperidin-1-yl)chroman-4-one (3n)

e
O

Following GP4, 1a (27 mg, 0.1 mmol) gav8n (8 mg, 34%) as an oil. {R0.09
[petrol-EtOAC (98:2)]; FT-IRVmax (film)/cm™2932, 2852, 1688, 1579, 1483, 1443,
1291, 1153, 1029H NMR (400 MHz, CDC}) & 7.56 (1H, ddJ = 7.9, 1.6 Hz), 7.11
(1H, dd,J = 7.8, 1.7 Hz), 6.94 (1H, §,= 7.8 Hz), 4.61 (2H, t] = 6.4 Hz), 2.98 (4H,
brt,J=5.3 Hz), 2.81 (2H, t) = 6.4 Hz), 1.76 (4H, br g} = 5.7 Hz), 1.63-1.54 (2H,
m); *C NMR (101 MHz, CDG)) § 192.5, 155.4, 143.2, 124.4, 122.0, 121.2, 120.2,
67.3, 52.5 (x 2), 37.7, 26.3 (x 2), 24.4; HRMS (ASROS): Found MH232.1324
C14H18NO; requires 232.1332.

1-(Naphthalen-1-yl)piperidine (30)

®

N

Following GP4, 1a (27 mg, 0.1 mmol) gav@o (19 mg, 90%) as an offH NMR (500
MHz, CDCL) § 8.32—8.08 (1H, m, 1H), 7.82 (1H, dHi= 6.8, 2.4 Hz), 7.53 (1H, d,
= 8.2 Hz), 7.47 (2H, ddd, = 6.9, 4.3, 1.9 Hz), 7.40 (1H,x= 7.8 Hz), 7.07 (1 H, d
= 7.3 Hz), 3.32-2.84 (4H, br s), 1.86 (4HJgs 5.6 Hz), 1.68 (2 H, br s)°C NMR
(126 MHz, CDC}) 6 150.3, 134.9, 128.9, 128.5, 125.9, 125.9, 12523.9 (x 2),
114.8, 55.0 (x 2), 26.5 (x 2), 24.5. Data in aceok with the literaturé.
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1-(2-Methoxynaphthalen-1-yl)piperidine (3p)

S

N

MeO

Following GP4, 1a (27 mg, 0.1 mmol) gav8p (18 mg, 75%) as an oil.;R.39
[petrol-EtOAC (98:2)]; FT-IRvmax (film)/cm™2932, 2850, 1683, 1633, 1603, 1455,
1280, 1262, 1087H NMR (500 MHz, CDCJ) & 8.43 (1H, dJ = 8.5 Hz), 7.74 (1H,
d,J=8.1Hz), 7.63 (1H, d] = 8.9 Hz), 7.46 (1H, ) = 7.6 Hz), 7.33 (1H, ) = 7.5
Hz), 7.24 (1H, dJ = 8.9 Hz), 3.93 (3H, s), 3.39-3.31 (2H, m), 2.9H,(br d,J =
11.4 Hz), 1.96-1.75 (3H, m), 1.84-1.78 (1H, m),74X.68 (2H, m), 1.67-1.59 (2H,
m), 1.38-1.30 (1H, m)}’C NMR (126 MHz, CDGJ) § 154.7, 135.7, 133.4, 130.0,
127.7, 126.1, 126.0, 124.0, 123.9, 115.7, 56. %®.2), 27.5 (x 2), 24.8; HRMS
(APCI): Found MH 242.1537 GH,oNO requires 242.1539.

1-(2-Bromonaphthalen-1-yl)piperidine (3g) and (3Qq’)

®

N

o8

Following GP4, 1a (27 mg, 0.1 mmol) gaveéq (19 mg, 65%) as an oBq:3q’ = 3:1.
Data for3q: Ry 0.45 [petrol-EtOAc (98:2)]; FT-IR/max (film)/cm™2933, 2806, 1595,
1387, 1253, 1229, 102'H NMR (400 MHz, CDCY) 5 8.27 (1H, dJ = 2.0 Hz), 7.60
(1H, d,J = 8.7 Hz), 7.44 (1H, dd] = 8.7, 2.0 Hz), 7.40 (1H, d,= 8.2 Hz), 7.32 (1H,
t,J = 7.8 Hz), 7.02 (1H, ddl = 7.3, 1.1 Hz), 2.95 (4H, br s), 1.78 (4HJp; 5.7 Hz),
1.59 (2H, br s)}*C NMR (101 MHz, CDGJ) § 150.6, 133.2, 130.63, 130.1, 129.2,
126.5, 126.4, 122.9, 119.7, 115.9, 54.8 (x 2), 28.2), 24.7; HRMS (ASAP POS):
Found MH 290.0531 @H;/NBrrequires 290.0539.

Data for3q’: R 0.34 [petrol-EtOAc (98:2)]; FT-IRVmax (film)/cm™ 2940, 2821,
1591, 1382, 1249, 1235, 10284 NMR (400 MHz, CDC}) 5 8.06 (1H, d,J = 9.0
Hz), 7.95 (1H, dJ = 2.0 Hz), 7.52 (1H, ddl = 9.0, 2.0 Hz), 7.42—7.37 (2H, m), 7.06
(1H, dd,J = 5.2, 3.3 Hz), 3.02 (4H, s), 1.83 (4H,Jo= 5.7 Hz), 1.66 (2H, br s}*C
NMR (126 MHz, CDC4) 6 151.5, 136.1, 130.3, 128.5, 127.8, 127.3, 1262211,
120.0, 115.1, 54.8 (x 2), 26.7 (X 2), 24.7; HRMS&® POS): Found MH290.0540
CisH17NBrrequires 290.0539
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1-(8-(piperidin-1-yl)naphthalen-2-yl)ethanone (3r), 1-(5-(piperidin-1-
yl)naphthalen-2-yl)ethanone (3r’)

Ac

Following GP4, 1a (27 mg, 0.1 mmol) gav@r (13 mg, 50%) as an oil argt’ (5 mg,
20%) as an oil3r:3r’ = 2.3:1.

Data for3r: R 0.32 [petrol-EtOAc (95:2)]; FT-IRmax (film)/cm™2932, 2851, 1677,
1442, 1271, 1257H NMR (500 MHz, CDCJ) § 8.86 (1H, dJ = 1.8 Hz), 8.01 (1H,
dd,J = 8.6, 1.8 Hz), 7.84 (1H, dl = 8.6 Hz), 7.58-7.44 (2H, m), 7.11 (1H, dds
6.5, 2.1 Hz), 3.09 (4H, br s), 2.75 (3H, s), 1.9841(4H, m), 1.70 (2H, br s}*C
NMR (126 MHz, CDC}) & 198.5, 152.7, 137.2, 133.8, 128.9 (x 2), 128.%.8.2
123.7, 122.6, 115.5, 55.0 (x 2), 26.8, 26.7 24RMS (APCI): Found MFi 254.1532
C,7H20NOrequires 254.1539.

Data for3r': Ry 0.28 [petrol-EtOAC (95:2)]; FT-IRmax (film)/cm™2930, 2851, 1678,
1371, 1270, 1219H NMR (500 MHz, CDC}) & 8.43 (1H, dJ = 1.8 Hz), 8.24 (1H,
d,J=8.9 Hz), 8.01 (1H, dd = 8.9, 1.8 Hz), 7.62 (1H, d,= 8.4 Hz), 7.46 (1H, ) =
7.8 Hz), 7.17 (1H, ddJ = 7.5, 1.1 Hz), 3.05 (4H, br s), 2.72 (3H, s), :B82 (4H,
m), 1.67 (2H, br s)**C NMR (126 MHz, CDCJ) § 198.3, 151.1, 134.3, 133.9, 131.4,
130.6, 126.9, 124.5, 124.2, 123.1, 117.0, 54.67,286.6, 24.5; HRMS (APCI):
Found MH 254.1529 GH,oNOrequires 254.1539.

Ac

1-(1-Bromonaphthalen-2-yl)piperidine (3s)

Br
Following GP4, 1a (27 mg, 0.1 mmol) gav@s (16 mg, 57%) as an ofiH NMR (400
MHz, CDCk) 6 8.21 (2H, ddJ = 9.2, 7.3 Hz), 7.67 (1H, dd,= 8.0, 1.3 Hz), 7.62—
7.47 (2H, m), 6.92 (1H, d] = 8.0 Hz), 3.02 (4H, s), 1.84 (4H,,= 5.7 Hz), 1.66
(2H, s);**C NMR (101 MHz, CDGJ) 6 132.9, 129.9, 127.7, 127.2, 126.0, 125.5,
124.42, 115.4, 54.8 (x 2), 26.7 (x 2), 24.7. Datadcordance with the literatuf®.
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1-(4-Chloronaphthalen-1-yl)piperidine (3t)

®

N

cl
Following GP4, 1la (27 mg, 0.1 mmol) gav8t (18 mg, 75%) as an oil. .45
[petrol-EtOAC (98:2)]; FT-IRvmax (film)/cm™2933, 2803, 1585, 1381, 1255, 1225,
1009;'H NMR (400 MHz, CDCJ) & 8.26-8.24 (1H, m), 8.23-8.21 (1H, m), 7.62—
7.48 (2H, m), 7.47 (1H, dl = 8.0 Hz), 6.97 (1H, d] = 8.1 Hz), 3.02 (4H, br s), 1.84
(4H, p,J = 5.6 Hz), 1.66 (2H, br s}?C NMR (101 MHz, CDGJ) & 150.6, 131.8,
130.4, 126.9, 126.2, 126.1, 126.0, 125.0, 124.4,8,154.9 (x 2), 26.7 (x 2), 24.7;
HRMS (APCI): Found MH 246.1038 GsH17/NCI requires 246.1044.

5-(Piperidin-1-yl)-1-naphthonitrile (3u)

®

N

CN

Following GP4 but using 3.0 equiv. of 1-naphthonitrilea (27 mg, 0.1 mmol) gave
3u (14 mg, 57%) as an oil.{R.25 [petrol]; FT-IRvmax (film)/cm™2923, 2850, 2222,
1579, 1411, 1222H NMR (500 MHz, CDCJ) & 8.45 (1H, dd,) = 8.6, 1.2 Hz), 7.91
(1H, dd,J = 8.4, 1.0 Hz), 7.89 (1H, dd,= 7.1, 1.2 Hz), 7.59 (1H, dd,= 8.4, 7.5
Hz), 7.50 (1H, ddJ = 8.6, 7.1 Hz), 7.17 (1H, dd,= 7.5, 1.0 Hz), 3.03 (4H, br s),
1.90-1.79 (4H, m), 1.67 (2H, br $)C NMR (126 MHz, CDGJ) & 152.1, 134.0,
132.7, 129.6, 129.0, 128.9, 124.2, 119.9, 118.6,3,1110.5, 54.9 (x 2), 26.7 (X 2),
24.6; HRMS (APCI): Found MH237.1377 GsHi7N2 requires 237.1386.
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1-(9H-Fluoren-2-yl)piperidine (3v)

)

J
0

Following GP4, 1a (27 mg, 0.1 mmol) gav8v (20 mg, 80%) as an oil.{R®.35
[petrol-EtOAC (98:2)]; FT-IRVmax (film)/cm™ 2933, 2853, 1612, 1572, 1455, 1276,
1222, 1119*H NMR (500 MHz, CDCY) 5 7.66 (2H, app tJ = 8.4 Hz), 7.49 (1H, d]

= 7.4 Hz), 7.33 (1H, t) = 7.5 Hz), 7.21 (1H, td] = 7.4, 1.1 Hz), 7.16 (1H, d,= 2.2
Hz), 6.99 (1H, dd)) = 8.4, 2.3 Hz), 3.85 (2H, s), 3.37-2.97 (4H, my,61(4H, p,J =
6.0 Hz), 1.61 (2H, dtd) = 8.8, 5.3, 4.6, 2.2 Hz)°C NMR (126 MHz, CDGCJ) &
152.0, 144.8, 142.8, 142.2, 133.6, 126.7, 125.3.9.2120.4, 119.0, 115.8, 113.5,
51.4 (x 2), 37.2, 26.1 (x 2), 24.5; HRMS (APCI):uRdl MH" 250.1587 GgHooN
requires 250.1590.

2-(Piperidin-1-yl)-9H-fluoren-9-one (3w) and 4-(pigeridin-1-yl)-9H-fluoren-9-one
(3w)

)

A ()

° s

L ;

Following GP4, 1a (27 mg, 0.1 mmol) gavéw (17 mg, 65%) as an oil. dr = 3:1.
Data for3w: R; 0.24 [petrol-EtOAc (98:2)]; FT-IRmax (film)/cm™ 2926, 2854,
1598, 1497, 1440, 1378, 123% NMR (500 MHz, CDC}) & 7.56 (1H, dJ = 7.3
Hz), 7.39 (1H, tJ = 7.4 Hz), 7.37-7.32 (2H, m), 7.24 (1H, s), 7.1#(t,J=7.4
Hz), 6.94 (1H, ddJ = 8.3, 2.2 Hz), 3.23 (4H, §,= 5.5 Hz), 1.70 (4H, p] = 5.6 Hz),
1.61 (2H, g,J = 6.0 Hz)*C NMR (126 MHz, CDGJ) 5 194.9, 153.1, 145.6, 135.7,

134.9, 134.5, 134.4, 127.4, 124.3, 121.2, 120.9,4,1112.2, 50.3 (X 2), 25.7 (X 2),
24.4; HRMS (ASAP POS): Found Mi64.1378 GgH1gNO requires 264.1383.
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1-(Dibenzo[b,d]thiophen-3-yl)piperidine (3y) and 1fdibenzolb,d]thiophen-2-

ylpiperidine (3y’)
Y0
v O

Following GP4, 1a(28.1 mg, 0.1 mmol) gav@y (18 mg, 68%) as an oil. dr = 4:1.
Data for3y: Ry 0.24 [petrol-EtOAC (98:2)]; FT-IRmay (film)/cm™ 2960, 1716, 1669,
1453, 1258, 1074, 101&1 NMR (400 MHz, CDC}) & 8.07—7.92 (2H, m), 7.79-7.73
(1H, m), 7.46-7.29 (3H, m), 7.12 (1H, db= 8.7, 2.3 Hz), 3.27 (4H, d,= 5.5 Hz),
1.76 (4H, p,J = 5.8 Hz), 1.62 (2H, pJ = 6.2 HzC NMR (126 MHz, CDGC)) §
151.7, 141.2, 138.6, 136.0, 127.8, 125.2, 124.2,712122.0, 120.6, 115.4, 108.8,
51.11 (X 2), 26.0 (x 2), 24.5; HRMS (APCI): FoundHWM 268.1159 GH1gNS
requires 268.1159.

1-(Azulen-1-yl)piperidine (3y)

O

Following GP4, 1a (27 mg, 0.1 mmol) gav8x (13 mg, 71%) as an oil.tR®.27
[petrol-EtOAC (95:5)]; FT-IRVmax (film)/cm™2933, 2852, 2788, 1571, 1504, 1451,
1392, 1378H NMR (400 MHz, CDC}) & 8.27 (1H, dJ = 9.5 Hz), 8.11 (1H, d] =
9.4 Hz), 7.64 (1H, dJ = 4.0 Hz), 7.43 (1H, tJ = 9.8 Hz), 7.24 (1H, d] = 4.0 Hz,
1H), 6.92 (1H, dJ = 9.9 Hz), 6.87 (1H, d] = 9.9 Hz), 3.10 (4H, t) = 5.4 Hz), 1.84
(4H, p,d = 5.7 Hz), 1.64 (2H, td] = 7.1, 6.3, 4.5 Hz)**C NMR (101 MHz, CDG)) §
144.2, 138.3, 137.3, 137.1, 133.7, 129.0, 126.1,112120.1, 115.1, 55.9 (x 2), 26.8
(x 2), 24.7; HRMS (APCI): Found MH212.1431 GH1gN requires 212.1434.

SI-31



8-Methoxy-5-(piperidin-1-yl)quinolone (3z)

®

N
A

~

N
OMe

Following GP4 but using 4.0 equiv. of HCID1a (27 mg, 0.1 mmol) gav@z (12 mg,
50%) as an oil. R0.50 [EO-petrol-acetone (55:40:5)]; FT-MRnax (film)/cm 2930,
2851, 1464, 1253, 110%4 NMR (500 MHz, CDCJ) § 8.91 (1H, dd,J = 4.2, 1.8 Hz),
8.53 (1H, ddJ = 8.5, 1.8 Hz), 7.43 (1H, dd,= 8.5, 4.2 Hz), 7.05 (1H, d,= 8.3 Hz),
6.96 (1H, dJ = 8.3 Hz), 4.05 (3H, s), 2.96 (4H, br s), 1.86-1(4H, m), 1.64 (2H, br
s); °C NMR (126 MHz, CDGJ) § 151.7, 149.2, 144.0, 141.1, 132.5, 125.6, 121.0,
115.2, 107.2, 56.1, 55.1 (x 2), 26.8 (x 2), 24.&\5 (APCI): Found MH243.1483
CisH19N,Orequires 243.1492.

1-(1-(4-Methoxyphenyl)-1H-pyrrol-2-yl)piperidine (3aa)

Q/O/OMe

)

Following GP4, 1a (27 mg, 0.1 mmol) gav8aa (13.1 mg, 51%) as an oil.;R.15
[petrol-EtOAc (98:2)]; FT-IRvmax (film)/lcm™ 2937, 2855, 1713, 1609, 1513, 1443,
1248, 1169, 1035H NMR (500 MHz, CDC}) § 7.47 (2H, dJ = 8.9 Hz), 7.04-6.73
(2H, m), 6.63-6.53 (1H, m), 6.12 (1H,Jt= 3.4 Hz), 5.68 (1H, dd] = 3.5, 2.0 Hz),
3.84 (3H, s), 2.71 (4H, br 3,= 5.1 Hz), 1.49 (4H, p] = 5.6 Hz), 1.47-1.42 (2H, m);
¥C NMR (126 MHz, CDGJ) § 157.7, 144.8, 133.5, 125.6 (x 2), 117.2, 114.@)(x
106.8, 94.5, 55.6, 53.4 (x 2), 26.1 (x 2), 24.3;NHR(APCI): Found MH 257.1645
Ci16H21N2Orequires 257.1648.
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1-Methyl-2-(piperidin-1-yl)-1H-indole (3ab)

()

N
7 N_Me

Following GP4 but using 4.0 equiv. N-methylindolg&a (27 mg, 0.1 mmol) gav@ab
(9.6 mg, 45%) as an oilH NMR (500 MHz, CDC}) 5 7.46 (1H, dJ = 7.8 Hz), 7.20
(1H, d,J = 8.0 Hz), 7.14-7.07 (1H, m), 7.08-7.01 (1H, m®75(1H, s), 3.60 (3H, s),
2.96 (4H, tJ = 5.5 Hz), 1.75 (4H, p] = 5.7 Hz), 1.65 — 1.58 (2H, nC NMR (126
MHz, CDCk) & 151.8, 135.4, 127.9, 112.0, 119.5, 119.2, 108674,853.90, 29.2,

26.2, 24.4. Data in accordance with the literattre.

4,4-Difluoro-1-(naphthalen-1-yl)piperidine (3ac)

Following GP4, 1b (30 mg, 0.1 mmol) gav8ac (14 mg, 57%) as an oil.;R®.24
[petrol-EtOAC (98:2)]; FT-IRvmax (film)/cm™2923, 2850, 1644, 1585, 1569, 1396,
1299, 1087} NMR (500 MHz, CDCJ) & 8.22-8.06 (1H, m), 7.92—-7.77 (1H, m),
7.65-7.56 (1H, m), 7.55-7.46 (2H, m), 7.45-7.37,(&t), 7.19-7.06 (1H, m), 3.23
(4H, s), 2.28 (4H, ddd] = 16.7, 11.1, 5.5 Hz)}*C NMR (126 MHz, CDGJ) § 149.1,
134.9, 129.0, 128.6, 126.1, 125.9, 125.8, 124.3,312122.2 (t] = 242.4 Hz), 115.4,
50.2 (t,J = 5.5 Hz), 35.0 (tJ = 22.8 Hz);*F NMR (376 MHz, CDGJ) § 102.7, 92.1;
HRMS (ASAP POS): Found MH48.1235 GsH1sNF, requires 248.1245.

1-(Naphthalen-1-yl)piperidin-4-one (3ad)
O

)

N

Following GP4, 1c (28 mg, 0.1 mmol) gavBad (20 mg, 70%) as an oil.;R®.11
[petrol-EtOACc (98:2)]; FT-IRVmax (fiIm)/cm‘l 2962, 1716, 1635, 1540, 1396, 1258,

SI-33



1017; 1H NMR (500 MHz, CD@G) ¢ 8.26 (1H, ddJ = 8.3, 1.4 Hz), 7.86 (1H, dd,=
7.7, 1.6 Hz), 7.61 (1H, dl = 8.2 Hz), 7.56-7.49 (2H, m), 7.41 (1HJt= 7.8 Hz),
7.12 (1H, ddJ = 7.4, 1.0 Hz), 3.42 (4H, br s), 2.74 (4H) £ 6.1 Hz)°*C NMR (126
MHz, CDCk) 6 208.7, 148.9, 134.9, 129.0, 128.7, 126.2, 1239,9, 124.3, 123.2,
115.4, 53.2 (x 2), 42.3 (x 2); HRMS (ASAP POS): ROMH' 226.1217 GH1NO
requires 226.1226.

2-Methyl-1-(naphthalen-1-yl)pyrrolidine (3ae)

(e

N

Following GP4, 1d (27 mg, 0.1 mmol) gavBae (15 mg, 70%) as an oiftH NMR
(400 MHz, CDC}) 5 8.29-8.19 (1H, m), 7.85-7.74 (1H, m), 7.55-7.33, (&), 7.04
(1H, dd,J = 7.5, 2.3 Hz), 3.95-3.70 (2H, m), 3.03-2.78 (1h), 2.24 (1H, dt] =
11.3, 7.7 Hz), 2.01 (1H, df, = 12.1, 4.1 Hz), 1.93-1.80 (1H, m), 1.77-1.63 (i),
1.08 (3H, d,J = 5.5 Hz)*C NMR (101 MHz, CDGJ) § 147.0, 135.0, 128.2, 125.9,
125.7, 125.7 124.9, 124.7, 122.1, 114.2, 55.8, ,58%88, 23.7, 18.8. Data in

accordance with the literatute.

1-Methyl-4-(naphthalen-1-yl)piperazine (3af)
I\I/Ie

®

“
Following GP4 but using 4.0 equiv. HCIQ1e (28 mg, 0.1 mmol) gaveaf (20 mg,
90%) as an oil'H NMR (400 MHz, CDCY) & 8.20-8.17 (1H, m), 7.81-7.75 (1H, m),
7.53 (1H, dJ = 8.0 Hz), 7.48-7.40 (2H, m), 7.36 (1HJtz 7.9 Hz), 7.07 (1H, t] =
7.6 Hz), 3.12 (4H, br s), 2.72 (2H, br s), 2.38 (3}*°C NMR (101 MHz, CDGQ) &

149.7, 134.8, 129.0, 128.4, 125.9, 125.8, 125.3,612123.5, 114.7, 66.7, 52.9, 46.2.

Data in accordance with the literatdtd.
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Benzyl 4-(Naphthalen-1-yl)piperazine-1-carboxylat¢3ag)
Cbz

@

Following GP4, 1e (40 mg, 0.1 mmol) gav8ag (21 mg, 61%) as an oil.;R®.34
[petrol-EtOAC (98:2)]; FT-IRvmax (film)/cm™2945, 2872, 1602, 1495, 1460, 1398,
1244;'H NMR (500 MHz, CDCJ) & 8.34-8.12 (1H, m), 7.98-7.74 (1H, m), 7.58
(1H, d,J = 8.2 Hz), 7.53-7.46 (2H, m), 7.45-7.30 (6H, m\77(1H, ddJ = 7.4, 0.9
Hz), 5.20 (2H, s), 4.36-2.38 (8H, MJC NMR (126 MHz, CDGJ) & 155.5, 149.3,
136.8, 134.9, 128.9, 128.7 (x 2), 128.6, 128.2,1282), 126.1, 125.9, 125.7, 124.1,
123.3, 115.1, 67.4, 53.0 (x 2), 44.6 (x 2); HRMSP@\): Found MH 347.1766
CooH23N0O; requires 347.1760.

4-(Naphthalen-1-yl)morpholine (3ah)
(0)
)
Following GP4, 1f (27 mg, 0.1 mmol) gav8ah (12 mg, 57%) as an oitH NMR
(500 MHz, CDC}) 5 8.26- 8.22 (1H, m), 7.87—7.84 (1H, m), 7.59 (1HJd 8.14
Hz), 7.52—-7.48 (2H, m), 7.43 (1H,,= 7.77 Hz), 7.12 (1H, d] = 7.40 Hz), 4.03-
3.98 (4H, m), 3.16-3.12 (4H, m)iC NMR (126 MHz, CDGJ)) § 149.4, 134.8, 128.8,

128.4, 125.9, 125.8, 125.4, 123.8, 114.7, 67.5)(X62.5 (x 2). Data in accordance
with the literature?

4-(Naphthalen-1-yl)thiomorpholine (3ai)
)
<e

Following GP4, 1g (29 mg, 0.1 mmol) gav8ai (9 mg, 38%) as an oil. {F0.44
[petrol-EtOAc (98:2)]; FT-IRVmax (film)/cm™ 3046, 2921, 2818, 1734, 1575, 1506,
1397, 1280, 1099H NMR (400 MHz, CDC})  8.28-8.10 (1H, m), 7.87—7.77 (1H,
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m), 7.57 (1H, ddJ = 8.2, 1.0 Hz), 7.53-7.44 (2H, m), 7.41 (1H, d¢; 8.2, 7.4 Hz),
7.10 (1H, dd,J = 7.4, 1.1 Hz), 3.36 (4H, br s), 2.94 (4H, br'éf NMR (126 MHz,
CDCly) § 150.8, 134.9, 129.24, 128.6, 126.0, 126.0, 12B28,0, 123.4, 115.9, 55.7
(x 2), 28.8 (x 2); HRMS (ASAP POS): Found M30.0992 G4HiNS requires
230.0998.

1-(Naphthalen-1-yl)azepane (3aj)

Following GP4, 1h (28 mg, 0.1 mmol) gav&aj (20 mg, 89%) as an oil.;R.24
[petrol-EtOAC (98:2)]; FT-IRVmax (film)/cm™ 2926, 2854, 1598, 1497, 1440, 1378,
1230;'H NMR (500 MHz, CDCY) & 8.36-8.26 (1H, m), 7.86—7.78 (1H, m), 7.55-
7.42 (3H, m), 7.38 (1H, t] = 7.8 Hz), 7.15 (1H, d] = 7.4 Hz), 3.28 (4H, t) = 5.6
Hz), 2.19-1.86 (4H, m), 1.85-1.81 (4H, M} NMR (126 MHz, CDGJ) 5 153.1,
135.0, 130.0, 128.3, 126.0, 125.8, 125.2, 124.2,8,2116.3, 57.2 (x 2), 29.6 (X 2),
27.3 (x 2); HRMS (ASAP POS): Found MI226.1582 GH,oN requires 226.1590.

N,N-Diethylnaphthalen-1-amine (3ak)

Me Me

CJ

Following GP4, 1i (26 mg, 0.1 mmol) gav8ak (18 mg, 91%) as an oitH NMR
(500 MHz, CDC¥) 6 8.35-8.29 (1H, m), 7.83-7.79 (1H, m), 7.58—-7.3, (&), 7.15
(1H, d,J = 7.5 Hz), 3.21 (4H, q] = 7.2 Hz), 1.06 (6H, tJ = 7.2 Hz);**C NMR (126
MHz, CDCk) 6 148.1, 135.0, 131.4, 128.2, 125.7, 125.6, 12322,4, 123.4, 118.0,
47.9 (x 2), 12.4 (x 2). Data in accordance withlttezature*
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N,N-Dibenzylnaphthalen-1-amine (3al)
Ph Ph
N

Following GP4, 1j (38 mg, 0.1 mmol) gav@al (21 mg, 65%) as an oflH NMR (400
MHz, CDCk) & 8.62 (1H, dJ = 8.2 Hz), 7.91 (1H, d] = 8.0 Hz), 7.51-7.64 (3H, m),
7.25-7.39 (11H, m), 7.00 (1H, d,= 7.4 Hz), 4.38 (4H, s)**C NMR (101 MHz,
CDCly) § 147.4, 138.2 (x 2), 134.9, 129.7, 128.5, 128.4)(x128.2 (x 4), 126.9 (x 2),
125.7, 125.5, 125.4, 123.7, 123.5, 118.4, 57.1)(xData in accordance with the

literature®®

N-Methyl-N-phenethylnaphthalen-1-amine (3am)
Ph\/\N,Me

Following GP4, 1k (32 mg, 0.1 mmol) gav@am (16 mg, 61%) as an oitH NMR
(400 MHz, CDC}) § 8.18-8.11 (1H, m), 7.88—7.79 (1H, m), 7.55 (1H) €,8.2 Hz),
7.49-7.38 (3H, m), 7.30=7.24 (2H, m), 7.23-7.14, (41, 3.40-3.29 (2H, m), 3.02—
2.89 (2H, m), 2.95 (3H, s}*C NMR (126 MHz, CDGJ) 5 150.2, 140.3, 135.0, 129.8,
129.0 (x 2), 128.5 (x 2), 128.5, 128.4, 126.2, 928.25.8, 125.3, 124.1, 123.4,
115.89, 59.0, 42.7, 34.2. Data in accordance \nigHiterature:2

1,1'-(2,2'-dimethoxy-[1,1'-binaphthalene]-4,4'-diy)dipiperidine (3an)

Following GP4, 1a (27 mg, 0.1 mmol) gav8an (27 mg, 56%) as an oil.{R.21
[petrol-EtOAC (95:2)]; FT-IRVmax (film)/cm‘1 2931, 2848, 1538, 1441, 1370, 1207;
'H NMR (500 MHz, CDCY) § 8.19 (2H, dJ = 8.4 Hz), 7.29 (2H, t) = 7.4 Hz), 7.17
(2H, t,J=7.5 Hz), 7.11 (2H, d] = 8.5 Hz), 7.03 (2H, s), 3.72 (6H, s), 3.19 (8Hs)r
1.91 (8H, br s), 1.71 (4H, br $YC NMR (126 MHz, CDGJ) § 155.4 (x 2), 152.4 (x
2), 135.4 (x 2), 126.3 (x 2), 126.1 (x 2), 125.12Jx123.9 (x 2), 122.9 (x 2), 115.0 (X
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2), 104.5 (x 2), 57.3 (x 2), 55.0 (x 4), 26.8 (x 24.8 (x 2); HRMS (APCI): Found
MH™ 281.2836 GH3;0.N, requires 281.2850

(2R,3R,4S,5R, 69)-2-(acetoxymethyl)-6-((4-(piperidin-1-yl)phenyl)tho)
tetrahydro-2H-pyran-3,4,5-triyl triacetate (3a0)

OAc

A%?,oéo&s
OAc Q

O
Following GP4, 1a (27 mg, 0.1 mmol) gav8ao (25 mg, 48%) as an oil.1R.22
[Et,0-CHCl, (5:95)]; FT-IRVmax (film)/cm™ 2921, 2849, 1754, 1497, 1374, 1222;
'H NMR (500 MHz, CDC}) § 7.36 (2H, d,J = 8.8 Hz), 6.83 (2H, d] = 8.9 Hz), 5.19
(1H, t,J = 9.4 Hz), 5.00 (1H, ) = 9.8 Hz), 4.90 (1H, ddl = 10.0, 9.3 Hz), 4.53 (1H,
d, J = 10.0 Hz), 4.20 (1HJ = 12.5, 2.8 Hz) 4.17 (1H] = 12.5, 4.6 Hz), 3.66 (1H,
ddd,J = 10.1, 4.6, 2.8 Hz), 3.24-3.18 (4H, m), 2.10 (8H.2.08 (3H, s), 2.01 (3H, s),
1.98 (3H, s), 1.73-1.65 (4H, m), 1.63-1.58 (2H, FQ; NMR (126 MHz, CDGJ) &
170.8, 170.4, 169.6, 169.4, 152.5, 136.4 (x 2),1,1715.9 (x 2), 86.2, 75.8, 74.3,
70.1, 68.4, 62.3, 49.8 (x 2), 25.8 (x 2), 24.40221.0, 20.8, 20.8; HRMS (APCI):
Found MH 524.1930 GH3409NS requires 524.1949

O-(1-(Piperidin-1-yl)naphthalen-2-yl) methyl(m-tolyl)carbamothioate (3ap)

S
O\Ig,N\@/Me

Following GP4 but using 1.0 equiv. of the aromatig (27 mg, 0.1 mmol) gavdap
(24 mg, 62%) as an oil.;R0.49 [petrol-EO (80:20)]; FT-IRVma (film)/cm™2930,
1590, 1463, 1375, 1289, 1203, 1156, 115NMR (500 MHz, CDCJ) 6 7.80-7.71
(2H, m), 7.48 (1H, dJ = 8.3 Hz), 7.34 (2H, t) = 7.7 Hz), 7.21-7.13 (4H, m), 7.05
(1H, d,J = 7.4 Hz), 3.76 (3H, s), 3.02 (4H, s), 2.41 (3H,1s88-1.78 (4H, m), 1.76—
1.58 (2H, m); 13C NMR (126 MHz, Chloroford)-6 188.4, 151.5, 151.2, 143.8,
139.6, 132.9, 129.4, 129.3, 128.6, 126.4, 125.2.9.2122.8, 122.0, 116.0, 115.2,
54.7, 45.0, 26.8, 24.7, 21.5; HRMS (ASAP POS): FbMtH" 391.1847 G4H,7N,OS
requires 391.1844
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4-(6-Methoxy-5-(piperidin-1-yl)naphthalen-2-yl)butan-2-one (3aq) and 4-(6-
methoxy-7-(piperidin-1-yl)naphthalen-2-yl)butan-2-ane (3aq’)

®

Following GP4 but using 1.0 equiv. of the aromatia (28.1 mg, 0.1 mmol) gave
3ag and3aq’ (26 mg, 82%) as an inseparable mixture, as arBai.3aq’ = 4:1. R
0.24 [petrol-EtOAc (98:2)]; FT-IR/max (film)/cm™ 2944, 2855, 1641, 1493, 1456,
1345, 1276 H NMR (400 MHz, CDC, isomer)s 8.36 (0.8H, dJ = 8.7 Hz), 7.70—
7.62 (0.4H, m), 7.56 (0.8H, d,= 9.0 Hz), 7.53 (0.8H, s), 7.42—7.36 (0.2H, m)17.3
(0.8H, d,J = 8.7 Hz), 7.22 (0.8H, dl = 9.0 Hz), 7.16-7.11 (0.4H, m), 3.95 (0.6H, s),
3.92 (2.4H, s), 3.33 (1.6H, 4,= 10.9 Hz), 3.12-2.93 (4H, m), 2.88-2.79 (2.4H, m)
2.16 (3H, s), 1.94-1.63 (5.2, m), 1.53—-1.36 (0.8, °C NMR (101 MHz, CDGJ,
isomers)s 208.3", 208.2, 157.2", 154.3" 136.4", 136.2", 135. %, 132.¢, 130.3",
130.1", 129.8", 129.0", 127.6", 127.%, 127.T", 126.4", 126.%, 125.8" 124.8,
124.4" 121.4, 118.9" 118.4" 118.%", 116.4", 115.9", 106.4" 105.7, 102.4",
56.9", 55.4", 55.9", 54.8", 52.2" 454", 453" 33.8", 32.1", 30.9", 30.2", 30.1%,
29.8", 29.7%" 29.8" 27.4" 26.8" 24.8"; HRMS (ESI): Found MHM 312.1955
CooH26NO; requires 312.1958.

Gram-scale Reaction:Following GP4 but using 1.0 equiv. of the aromati@ (1.17

g, 4.38 mmol) gav@ag and3aq’ (0.93 g, 68%) as an inseparable mixture, as an oil
3aqg3aq’ = 4:1.

Methyl 2-(1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-4piperidin-1-yl)-1H-indol-
3-yl)acetate (3ar)

Following GP4 but using 1.0 equiv. of the aromati@ (27 mg, 0.1 mmol) gavaar
(28 mg, 61%) as an oil.;R.24 [petrol-EtOAc (98:2)]; FT-IRma (film)/cm™2931,
2849, 1734, 1683, 1591, 1484, 1432, 1349, 12484,11215;'"H NMR (400 MHz,
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CDCl) 6 7.66 (2H, dJ = 8.5 Hz), 7.46 (2H, d] = 8.4 Hz), 6.86 (1H, d] = 8.9 Hz),
6.66 (1H, dJ = 9.0 Hz), 4.19 (2H, s), 3.80 (3H, s), 3.70 (31,341-3.23 (2H, m),
2.83 (2H, br dJ = 11.2 Hz), 2.24 (3H, s), 1.78 (1H, brdz= 13.1 Hz), 1.65-1.59
(4H, m), 1.38-1.27 (1H, m)*C NMR (101 MHz, CDGJ) § 172.5, 168.5, 155.4,
139.2, 135.7, 134.4, 134.0, 132.3, 131.3 (x 2),4292), 128.5, 113.7, 112.0, 109.6,
56.3, 51.8, 51.7 (x 2), 30.9 (x 2), 26.3 (x 2),R244RMS (ASAP POS): Found MH
455.1719 GH2eN20,Clrequires 455.1732.

Methyl 5-(2,5-Dimethyl-4-(piperidin-1-yl)phenoxy)-2 2-dimethylpentanoate (3as)

Me
N
CO,Me
O/\/>( 2l
Me

Me Me

Following GP4 but using 1.0 equiv. of the aromati@ (27 mg, 0.1 mmol) gav@as
(15 mg, 43%) as an oil.{R.24 [petrol-EtOAc (98:2)]; FT-IRmax (film)/cm™2949,
1731, 1683, 1507, 1457, 1200, 1146;NMR (400 MHz, CDC}) § 6.81 (1H, s), 6.62
(1H, s), 3.90-3.85 (2H, m), 3.66 (3H, s), 2.76 (BH{,J = 5.2 Hz), 2.25 (3H, s), 2.17
(3H, s), 1.74-1.60 (8H, m), 1.59-1.50 (2H, m), 1(BH, s);**C NMR (126 MHz,
CDCl3) 6 178.5, 152.8, 145.9, 131.1, 124.3, 121.9, 118%K,64.1 (x 2), 51.9, 42.3,
37.3,31.1 (x 2), 26.9 (x 2), 25.3, 24.6, 17.7,116IRMS (ASAP POS): Found MH
348.2521 GH34NOsrequires 348.2533.

(4bS,8aS,99)-3-Methoxy-11-methyl-2-(piperidin-1-yl)-6,7,8,8a,9.0-hexahydro-
5H-9,4b-(epiminoethano)phenanthrene (3at)

Following GP4 but using 1.0 equiv. of dextromethorphan and 4uie of HCIQ,, 1a

(27 mg, 0.1 mmol) gaveat (16 mg, 44%) as an oil. {R0.57 [CHClI—-MeOH
(90:10)]; FT-IR Vmax (film)/cm™ 2928, 2854, 1506, 1463, 1275, 1238, 1226, 1117,
1034;'H NMR (500 MHz, CDCJ) & 6.67 (1H, s), 6.63 (1H, s), 3.82 (3H, s), 3.42
(1H, br s), 3.16-3.04 (2H, m), 3.03-2.88 (5H, mYy92(3H, s), 2.35 (1H, dl = 14.5
Hz), 2.22 (1H, tJ = 7.6 Hz), 2.00 (1H, q] = 6.5 Hz), 1.75 (5H, p] = 5.6 Hz), 1.69—
1.61 (1H, m), 1.61-1.53 (4H, m), 1.52—1.38 (6H, MBC NMR (151 MHz, CDG) &
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152.28, 141.7, 131.2, 125.0, 117.5, 108.0, 60.47,552.4 (x 2), 48.3, 41.8, 41.2,
39.1, 35.7, 35.3, 27.4, 27.3, 26.4 (x 2), 25.97224.5, 22.8; HRMS (ASAP POS):
Found MH 355.2751 GgH3sN>O requires 355.2749.

(4aR,4a'R,58S,8aR,8a'S,15a5)-10-(piperidin-1-yl)-2,4a,4d,5,5a,7,8,85 15, 15a-
decahydro-14H-4,6-methanoindolo[3,2,1ljJoxepino[2,3,4de]pyrrolo[2,3-

h]quinolin-14-one (3au)

Following GP4 but using 0.5 equiv. of strychnine and 3.0 eqoivHCIO,, 1a (33
mg, 0.1 mmol) gav8au (18 mg, 42%) as an 0il.;R.24 [CHCI,—~MeOH (90:10)];
FT-IR Vimax (film)lcm™ 2924, 2852, 1661, 1490, 1379, 1254, 1222;NMR (500
MHz, CDCE) § 7.95 (1H, dJ = 8.7 Hz), 6.83 (1H, dd} = 8.7, 2.4 Hz), 6.78 (1H, 4,
= 2.4 Hz), 5.92 (1H, t) = 7.1 Hz), 4.27 (1H, di = 8.5, 3.3 Hz), 4.14 (1H, dd,=
13.8, 7.0 Hz), 4.05 (1H, dd,= 13.8, 6.0 Hz), 3.95 (1H, br s), 3.83 (1H,Jds 10.5
Hz), 3.73 (1H, dJ = 14.7 Hz), 3.27-3.20 (1H, m), 3.14 (1H, br s)53:3.02 (5H, m),
2.87 (1H, ddd)] = 12.1, 10.2, 6.9 Hz), 2.75 (1H, 3= 14.8 Hz), 2.64 (1H, dd] =
17.3, 3.3 Hz), 2.34 (1H, di,= 14.5, 4.4 Hz), 1.93-1.87 (2H, m), 1.76-1.67 (A1),
1.60-1.51 (2H, m), 1.48 (1H, d,= 14.5 Hz), 1.28-1.26 (1H, d,= 7.0 Hz);*C
NMR (126 MHz, CDC4) 6 168.7, 150.2, 140.1, 135.4, 133.5, 127.9, 11716,8,
111.5, 78.0, 64.7, 60.4, 60.3, 52.8, 52.3, 51.9)(x60.5, 48.3, 42.8, 42.5, 31.7, 26.9,
26.2 (x 2), 24.3; HRMS (APCI): Found MH418.2471 GgH3.0:N3 requires
418.2489.
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(E)-1-(2-(phenyldiazenyl)phenyl)piperidine (3av), E)-1-(4(Phenyldiazenyl)

@ ¢

N,

30 &

O

Following GP4, 1a (27 mg, 0.1 mmol) gavB8av (8 mg, 32%) as an oil argav’ (6

phenyl)piperidine (3av’)

mg, 26%) as wax3av.3av’ = 1.3:1.

Data for3av. Ry 0.48 [petrol-EtOAc (98:2)]; FT-IR/max (film)/cm™ 2972, 1555,
1223, 1110, 1022H NMR (500 MHz, CDC}) § 7.98 — 7.92 (2H, m), 7.62 (1H, d,
= 8.0, 1.6 Hz), 7.52 (2H, § = 7.6 Hz), 7.45 (1H, t) = 7.3 Hz), 7.37 (1H, ddd] =
8.5, 7.1, 1.6 Hz), 7.10 (1H, dd= 8.2, 0.9 Hz), 6.99 (1H, ddd,= 8.1, 7.1, 1.2 Hz),
3.22 — 3.17 (4H, m), 1.85 — 1.78 (4H, m), 1.67 601(2H, m);"*C NMR (126 MHz,
CDCl;) & 153.2, 151.6, 144.7, 132.0, 130.7, 129.2 (x 28.14x 2), 121.4, 118.9,
117.1, 54.8 (x 2), 26.6 (x 2), 24.5. HRMS (APCIpuRd MH" 266.1663 G/HxoN3
requires 266.1652

Data for3av’. R 0.40 [petrol-EtOAc (98:2)]; FT-IRimax (film)/cm™ 2962, 1554,
1258, 1084, 1015H NMR (500 MHz, CDC}) 5 7.85 (4H, app t) = 9.2 Hz), 7.48
(2H, t,J = 7.6 Hz), 7.42-7.36 (1H, m), 6.97 (2H,Jk 8.5 Hz), 3.37 (4H, t) = 5.3
Hz), 1.71 (4H, dJ = 5.5 Hz, 1H), 1.67-1.63 (2H, MfC NMR (126 MHz, CDGJ) &
153.7, 153.3, 144.88, 129.8, 129.1 (x 2), 124.9)(x122.4 (x 2), 114.7 (x 2), 49.3 (X
2), 25.7 (x 2), 24.5. HRMS (APCI): Found MH266.1651 GH,oN3 requires
266.1652.

N-methyl-N-(3-phenyl-3-(4-(trifluoromethyl)phenoxy)propyl)naphthalen-1-

B

Following GP4, 11 (49.1 mg, 0.1 mmol) gav@aw (25 mg, 58%) as an 0il.;R0.44
[petrol-EtOAC (98:2)]; FT-IRVmax (film)/cm™ 2966, 2858, 1599, 1465, 1442, 1387,

amine (3aw)
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1255;'H NMR (500 MHz, CDCY) 5 8.19 (1H, dJ = 8.4 Hz), 7.81 (1H, dJ = 8.1
Hz), 7.55 (1H, dJ = 8.1 Hz), 7.45 (1H, ) = 7.5 Hz), 7.41-7.34 (4H, m), 7.31-7.22
(5H, m), 7.12 (1H, dJ = 7.4 Hz), 6.79 (2H, d] = 8.4 Hz), 5.30 (1H, dd] = 8.5, 4.6
Hz), 3.37 (1H, dtJ = 13.9, 7.2 Hz), 3.24 (1H, ddd,= 13.0, 7.4, 5.6 Hz), 2.87 (3H,
s), 2.38-2.22 (1H, m), 2.19-2.07 (1H, Mjc NMR (126 MHz, CDG, one C
missing)s 160.7, 149.7, 141.2, 135.0, 129.9, 128.9 (x 2§.42, 127.9, 126.8 (d, =
3.8 Hz, x 2), 125.9, 125.9 (x 2), 125.8, 125.5,.92323.7, 123.6-122.2 (m), 116.3,
115.8 (x 2), 78.3, 52.5, 43.6, 36.F NMR (376 MHz, CD({) 6-62.3; HRMS
(APCI): Found MH 436.1889 G/HsNOFsrequires 436.1888.

5,6-Dimethoxy-2-((1-(naphthalen-1-yl)piperidin-4-y)methyl)-2,3-dihydro-1H-
inden-1-one (3ax)
(0]

MeO
Following GP4, 1m (49 mg, 0.1 mmol) gav8ax (25 mg, 61%) as an oil.{R0.54

[petrol-EtOAC (50:50)]; FT-1RVmax (film)/cm™2922, 2847, 1693, 1591, 1499, 1461,
1311, 1263, 1124, 103?H NMR (400 MHz, CDCY) & 8.18 (1H, d,J = 7.3 Hz),
7.87-7.77 (1H, m), 7.52 (1H, d= 8.2 Hz), 7.47 (2H, tt] = 6.9, 5.1 Hz), 7.39 (1H, t,
J=7.8Hz), 7.21 (1H, s), 7.12-7.04 (1H, m), 6.8BI,(s), 3.98 (3H, s), 3.92 (3H, s),
3.53-3.39 (2H, m), 3.37 — 3.25 (1H, m), 2.88-249,(m), 2.13-2.01 (1H, m), 1.95
(1H, d,J = 12.0 Hz), 1.92-1.84 (1H, m), 1.77-1.57 (4H, l53-1.41 (1H, m)**C
NMR (101 MHz, CDC)) & 207.9, 155.6, 150.7, 149.6, 148.9, 134.9, 12928,2]
128.4, 126.0, 125.9, 125.4, 123.9, 123.2, 114.8,5.0004.6, 56.4, 56.3, 54.0 (x 2),
45.6, 39.0, 34.8, 33.9, 33.5, 32.7; HRMS (ASAP PO=jund MH 416.2220
Co7H3oNO3zrequires 416.2220.
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4-(6-Methoxy-5-(methyl(3-phenyl-3-(4-(trifluoromethyl)phenoxy)propyl)amino)
naphthalen-2-yl)butan-2-one (3ay)

FsC
s \©\ Ph
O)\/\N'Me

Meome

O
Following GP4 but using 1.0 equiv. of the aromatid,(49 mg, 0.1 mmol) gav@ay
(21 mg, 39%) as an 0il.1R0.44 [petrol-EtOAc (98:2)]; FT-IRmax (film)/cm 2922,
2859, 1716, 1653, 1594, 1516, 1456, 1324, 1243011611, 1067'H NMR (500
MHz, CDC}) & 8.27 (1H, br dJ = 10.5 Hz), 7.71-7.30 (7H, m), 7.23-6.49 (6H, m),
5.34 (1H, d,J = 8.7 Hz), 3.88 (3H, s), 3.56-3.17 (2H, m), 3.0932(2H, m), 2.85
(3H, s), 2.79 (2H, br s), 2.15 (3H, s), 2.11-1.261,(m); °C NMR (151 MHz,
CDCl) 6 208.3, 160.9, 154.8, 141.8, 136.3, 133.9-1322 (r), 129.9, 129.5, 128.8
(x 2), 128.1-127.2 (x 2, m), 126.6 (x 2), 126.46.82 126.2-125.6 (x 2, m), 124.2 (d,
J=231.6 Hz), 116.1, 115.8 (x 2), 114.9, 78.3, 5625, 45.3, 42.30 (d,= 105.0 Hz),
38.1 (d,J = 63.4 Hz), 30.3, 29.7°F NMR (376 MHz, CDGJ) 5 —61.7 (m); HRMS
(ASAP POS): Found MH536.2409 G,H33NOsF;requires 536.2413.

Methyl 2-(1-(4-Chlorobenzoyl)-4-(4-((5,6-dimethoxyt-oxo-2,3-dihydro-1H-
inden-2-yl)methyl)piperidin-1-yl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate

(3az)
(e}

OMe
MeO N

MeO
MeO,C~  \ cl
Me

e}

Following GP4 but using 1.0 equiv. of the aromation (47 mg, 0.1 mmol) gav@az
(37 mg, 56%) as an 0il.{R0.35 [petrol-EtOAc (9:1)]; FT-IRmax (film)/cm™2922,
2848, 1739, 1690, 1591, 1500, 1433, 1350, 1311312666, 1087'H NMR (500
MHz, CDCk) & 7.67 (2H, dJ = 8.4 Hz), 7.46 (2H, d] = 8.5 Hz), 7.20 (1H, s), 6.91—
6.86 (2H, m), 6.67 (1H, dl = 9.0 Hz), 4.18 (1H, dJ = 17.4 Hz), 4.12 (1H, d] =
17.4 Hz), 3.98 (3H, s), 3.92 (3H, s), 3.82 (3H,3)2 (3H, s), 3.46-3.35 (2H, m),
3.33-3.23 (m, 1H), 2.90 (2H, 1,= 13.0 Hz), 2.81-2.72 (2H, m), 2.24 (3H, s), 2.01-
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1.92 (1H, m), 1.77 (1H, d] = 13.0 Hz), 1.73-1.59 (1H, m), 1.45-1.33 (3H, M
NMR (126 MHz, CDC{) & 208.2, 172.5, 168.5, 155.6, 155.4, 149.6, 14939,2]
135.9, 134.4, 133.4, 132.3, 131.3 (x 2), 129.5,4202), 128.6, 113.6, 112.1, 109.5,
107.5, 104.6, 56.4, 56.3 (x 2), 51.9, 51.2, 51516439.5, 34.6, 33.6, 33.5, 32.2, 30.8,
13.4; HRMS (ASAP POS): Found MH59.2519 GH.oN20;Cl requires 659.2519.

SI-45



4 Mechanistic Considerations
Several productive mechanisms can be operatingrungereaction conditions. All
possible mechanism, usingBu-benzene as the coupling partner, are illusirate

Scheme S1
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Scheme S1.
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4.1 Mechanism Based on the Closed Photoredox Cycle

@ (s)

O
Ru(ll) \/ t-Bu
5

*Ru(l) Ru(III) Q
\ SET ©\
2

Scheme S2.

STEP 1: This step is supported by the NMR studies on tletop@ation ofla (see
Section 4.6). According to these experimefsjs a very weak base and requires a
strong Bronsted acid in order to undergo protomatio

STEP 2: This step is supported by the electrochemical #rel luminescence
quenching studies (see Sections 4.7 and 4a)as a reduction potential®t= —0.90
(vs SCE in CHCN) and quenches *Ru(bp§j with kg =2.1 x 1§ M s,

Upon protonationlais expected to undergo very favourable SET from(tRy)>".

The addition of strong Bronsted acids, like HgGl®as been known to increase
dramatically the reduction potential of organic emlles and to accelerate the SET
reduction from *Ru(bpyy*.*® In some cases, the reduction potential can evachre
positive values (Scheme S3).

® K

-,

o) 0
HCIO,
Me ~——> Me AE;,d=119V
MeO MeO

Scheme S3.
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We have tried to determine the £ of 1a but upon addition of HCI(70% in HO)

a very complex cyclic voltammogram was obtained civhdid not provide any
conclusive data. As a result, we have evaluatedvtréation of 1a’s reduction
potential by DFT methodsAccording to our calculation€, AE®® = 2.5 V which
would make the SET reduction dfa-H" extremely exergonic (Scheme S4).
According to this value, we believéa-H" to be an extremely strong oxidant,
especially if compared with other SET oxidants tbatain a weak N—X bond like
selectfluor (E*°= +0.25 V vs SCE}®

HCIO O
O it Ny ® AETed = 2 5V

,}l ~ :N\
OAr H OAr
l1a la-H*
Erd = _0.9 V (exp) Ered = +1.7 V (calc)

Ered = —0.8 V (calc)

Scheme S4.

STEP 3:This step is supported by the quantitative isofatdthe 2,4-(NQ@),-phenol
at the end of our reactions.

STEP 4: We have studied the radical amination step by BRT a discussion of our
result is in Section 4.5.

STEP 5: We believe this SET to be exergonic but we dohaet direct evidences.

"We have benchmarked our DFT studies by calcuIaailt(gownAEl,z’ed for the protonation

of p-OMe-acetophenone with HCj(see also Scheme S3).

O H
o o

e HCIO, Me AE™d =1.19 V (exp)
~—— AE™d = 1,60 V (calc)
MeO MeO
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4.2 Mechanism Based on the Ru(ll)-Catalysed Electron Ray

Ru(ll) B (5
N (o)
Ru(ll) Q
/ t-Bu 4 ©\
ET\ D t-Bu

() () O T’O

+

N 1 N N
OAr H OAr H OAr-
1a B ArOH
3
Scheme S5.

STEP 6: The possibility of Ru(ll) to act as an electrorasetatalyst is supported by
the evidence that the reaction betwéarandt-Bu-benzene leads to the formation of
3ain the absence of light (se also Table S1). Asvshim Scheme S6, in the absence
of Ru(bpy}Cl, with or without blue LEDs irradiation, no produetas formed
(reactions 2 and 4). However, when the reaction muaswith both Ru(bpyCl, and
HCIO, in the dark3a was formed in 58% vyield (reaction 3).
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Ru(bpy)3Cl, (2 mol%)

1 Hclo, (2.0 equiv)

CH3CN, rt, 15 min
blue LEDs
61%

2 HCIO, (2.0 equiv.)

>
CH3CN, rt, 15 min
O blue LEDs
N + — 0% N
: Ru(bpy)3Cl, (2 mol%) \©\
OAr tBu s HCIO4 (2.0 equiv.) t-Bu
>

la

CH4CN, rt, 15 min sa

dark
51%

HCIO4 (2.0 equiv.)

CH3CN, rt, 15 min
dark
0%

Scheme S6.

The B> for Ru(ll)=Ru(lll) = 1.29 V (vs SCE in CECN)™ makes it a weak
reductant but given the strong activation k& upon protonation (see discussion
regarding Scheme S4), we believe that this stepbeafeasible as our calculateti®e
for 1la-H" = +1.7 V. Furthermore, we have been able to deteztformation of
[Ru(bpy)]®" under dark reaction conditions (see Section 4.2.1)

STEPs 3, 4 and 5Sare identical to the ones in tiRhotoredox Cycle(see Section
S4.1).

4.2.1 Detection of [Ru(bpy)]**

In order to get insights into the reactivity obszhin the darkness, we studied the
changes on the absorption profile of [Ru(bj®), (5 x 10° M in MeCN) by UV/Vis
spectroscopy upon sequential additiorief(final concentration = 2.5 x ITOM, 50
equiv.) and HCIQ (final concentration = 0.025 M). The ratio betweka catalyst and
the amine was chosen to mimic the reaction conditiavhile the concentration of
HCIO, employed was enough to ensure the full protonaifdhe amine.

As described in Scheme S7 when a solution of [R)& was treated with the
amine 1la, no changes were observed and a superimposedrspecesulted.
However, upon addition of HCIull consumption of the characteristic MLCT band
(452 nm) of [Ru(bpy)®" was observed. Moreover, the resultant spectrum show

bands at[#410 and 670 nm, matching with those previously regb for

SI-50



[Ru(bpy)]®*.2° No changes were observed in the absorption profil&®u(bpy}|Cl,
upon addition of HCIQ in the absence dfa These results highlight the strongly
oxidant character afa upon protonation, which is capable to oxidize Réi(bpy}]**
(E12™ =1.29 V vs SCEJ?

-
I

= [Ru(bpy)s]Cl,

0.9 = Ru(bpy)3]Cl, + 1a
0.8 = Ru(bpy)s]Cl> + 1a + HCIO4
0.7

e
o

Absorbance
o
(3]

0.4 - [Ru(bpy) 3]*
0.3
0.2
0.1
0 . . . . - - : |
350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

Scheme S7.

4.2.2 Further Studies to Support the Electron Relay Mode

As this reactivity was not envisaged we have perémt further studies in order to
evaluate its feasibility. As shown in Table S3 wavén evaluated several other
electron relay catalysts in the reaction betwgamandt-Bu-benzene in the presence
of HCIO, in the dark. In generaBa was obtained in low conversion, which supports
the feasibility of reactivity (entries 2-9). In tiease of Fe(bpyLl,, which has been
reported in the literature to be a competent edectelay catalyst: 3a was obtained

in 40% yield but no improvement was observed uridiee LEDs irradiation (entries
10 and 11). Furthermore, in the absence of HGQI® product was observed which

supports protonatethto act as a strong oxidant (entry 12).
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Table S3.

O e-relay catalyst (2 mol%)

N N @ HCIO, (2.0 equnf.) - OK@\
OAr LBU CHgCl\ij, ar:,k15 min .
la 3a

Entry e-relay catalyst Yield (%)
1 Ru(bpy}Cl, 51
2 AgBF,4 traces
3 Co(BFR)*6H,0 traces
4 [Cu(CHsCN)4](PFs) 3%
5 CuCl traces
6 FeCb 4%
7 MnCl, 10%
8 ferrocene 6%
9 Fe(CO} traces
10 [Fe(bpy}l(PFe)2 40%
1r [Fe(bpy}l(PFe)2 41%
12 [Fe(bpy}l(PFo)2 -
& The reaction was run under blue LEDs irradiation.
® The reaction was run without HCJO

This reactivity is however not general as, for eganreaction with 1-CN-naphtalene

di not provide the desired produgd with or without blue LEDs irradiation (Scheme

S8).
CN [Fe(bpy)sl(PFe)2 (2 mol%) G ‘
O HCIO4 (2.0 equiv.) N
N * - N
OAr CH4CN, 1t, 15 min
3u

dark

CN [Fe(bpy)3](PFe)2 (2 mol%)
HCIO,4 (2.0 equiv.) N

e et O

OAr CH4CN, rt, 15 min

blue LEDs

Scheme S8.
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We have then evaluated this dark electron relagtirgty with Ru(bpy}Cl, in the

presence of other aromatics and found that thelyielere consistently lower when
compared to the ones obtained upon blue LEDs atifi (Table S4). In the case of
cyano-naphtalene and strychnine (entries 3 antelydactions were also run for 1h

and overnight with no changes in the reaction yield

Table S4.

A Ru(bpy)3Cl, (2 mol%)
HCIO4 (2.0 equiv.)

O CH4CN, 1t, 15 min \ G
dark
N
N "

OAr Ru(bpy)3Cl; (2 mol%)
HCIO, (2.0 equiv.) /

la 3a,c,u, 3as
CH3CN, rt, 15 min
B blue LEDs
Entry Yield (%) A | Yield (%) B

1 | 51 61

t-Bu
2 47 75

CN

3 “ 9 57

(7
W

0) E'e)

I

These study showed a significant difference inrdaction efficiency depending on
blue LEDs irradiationAs a result, we believe that the electron-relay mechanism
might be involved as part of a chain-propagation process but it does not account
alone for the full formation of the reaction products.
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4.3 Mechanism Based on the Radical Chain Propagation

photoredox
initiation
*Ru(ll) Ru(ll)
® \ z /
H
()~ (o) e’ (o] G
N 1 N /TN N N
OAr H OAr Ru(ll 6 Ru(lll H OAr- H
1a B u(ll) u(ln F ArOH c
electron relay 3

initiation

radical chain
® propagation
N

Scheme S9.

Steps 2, 3, 4 and @re identical to the ones in tRéotoredox catalysisandRu(ll)-
Catalysed Electron Relay(see above).

STEP 7.We have studied by DFT the feasibility of the chpropagation and found
that a SET betweeB and D/D’ is thermodynamically feasible (Scheme S10). We
believe that the strong ability 8fto act as an oxidant is responsible for the siscogs
this steg’

" We have calculated the quantum yield for the psste beb = 44.
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AGP = —15.2 kcal molt

Q.0

©
©

N
H OAr H H OHAr- H
g : WV,
t-Bu G t-Bu
D
Ered = +1.03 V (calc)
€ IRV €5 I ) R €5 IR
,N\ N 'N‘ N AG 24.9 kcal mol
H OAr H H OHAr- H
g : W,
OMe OMe
G

Ered = +0.61 V (calc)

Scheme S10.

SI-55



Conclusions

Overall, these mechanistic studies, revealed a Eommterplay of three main
mechanistic pathways all contributing to the susaafsthe reaction. It is difficult at
this stage to rule out any of these possible masthrenas they all have supporting
evidences. From these studies we also believe thetnging the nature of the
aromatic coupling partner, can change the extentliigh each mechanistic pathway
contributes to the productive formation of the Ffinaroduct. This is visually
represented in Scheme S11 with a generic benzeneatic partner. The exact role of
the blue LEDs irradiation in the improvement of tieaction performance depending

on the aromatic partners remains unclear.

&

hn ,
*Ru(ll) == Ru(ll) H @
(o) ‘ ()
lN\ > N
H OAr t 4
(o)
Ru(lll) —e—— H.NE
®
Ru(lln) N
H OAr '
(o) 0
N - N
'O O
Ru(ll) l}l
H
part of a photoredox cycle ’ part of a chain-propagation

. part of an electron relay cycle O aromatic-dependent SET

Scheme S11.

SI-56



4.4 Stability of Ru(bpy)sCl; in the presence of HCIQ

The ability of *Ru(bpy)Cl, to perform reductive SET in the presence of large
amounts of HCI@Qhas been already demonstrated in the literatueretdy the rate of
SET increases linearly with the HCJOconcentration® %2 This means that
decomposition pathways are not likely to happenvexbeless, we have evaluated
Ru(bpy}Cl, stability by monitoring its luminescence profilpan addition of HCIQ

This study revealed no change in the emissionlprofithe catalyst (see Section 4.8).
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4.5 Arylation of Aminium Radicals
In all the possible productive mechanisms, the &irom of the reaction product relies
on the ability of the aminium radical to undergdagpised radical reaction with the

aromatic partner. We have performed DFT studiamtierstand better this step.

4.5.1 Electrophilicity of Aminium Radicals

Aminium radicals are isoelectronic to alkyl radgdbut carry a formal positive
charge, which makes them powerful electrophilic ceg® According to our
calculations, upon protonation of the aminyl ratlibere is a remarkable increase in
electrophilicity (Scheme S12).This is in agreement with the radical reaction of

aminium radicals with aromatics to be a highly polarized process.

=

N N

wt=12 W =13.0

Scheme S12.

4.5.2 Reaction Selectivity — Fukui's Indices

In general our reactions lead to the formationhef gara-aminated products as the
major product. To rationalise this selectivity wavh calculated the Fukui indices on
several aromatics (Scheme S13). Our calculatiormsv sthat thepara-carbon is
generally the most reactive and this is in accazdanith our experimental results.
This is in agreement with the radical reaction of aminium radicals with aromatics to

be a highly polarized process.
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0.051 0.041 0.093 0.046
0.045 0.055 0.094 0.047

0.085 0.104 0.090

OPh OMe

0.048 0.045 0.019
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OMe

0.061 0.085

0.067

0.040
0.033
O
0.036 0.045
0.041 0.047
0.070

1t

SiMe; SMe
0.040 0.036 0.045
0.045 0.055 0.045
0.080 0.081

1 1

' OMe
0.05 0.048 O
0.041 0.048 0071

N
Br 0.086

1

‘ OMe

0.057 0.049
0.047 0.054

0.084

Z-3
=

0.032 0.034
0.036 0.037

0.061

O calculated site of reactivity

t experimental site of preferential reactivity

Scheme S13.

SI-59



4.6 Protonation Studies

In order to evaluate the ability of our nitrogendical precursors to undergo

protonation, we have performeti NMR spectroscopy studies on the following

aminyl radical precursors and Brénsted acids.

Aminyl radical precursors:

QO-ZQ

la S9
Bronsted acids:
Bronsted acid AcOH TFA pTsOH HCIQ
pKa (H20) 4.8 -0.25 -2.8 -10.0

General Procedure for the Protonation Studies — GP5

o = )
N + HA N

! CD4CN, rt N
Oq S H O-R

A dry NMR was charge with a solution ®&-S8,9(0.06 mmol, 1.0 equiv.) in GiITN
(0.6 mL). The Bronsted acid (2.0 equiv.) was added,NMR tube was shaken and

the'H NMR spectrum was recorded.

The results of this study are collected in Table S6
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Table S6.

Substrate

Protonation (%)

Bronsted acid

ACOH TFA pTSOH HCIO,
()
(@)
j@\ - - 20 100
ON NO,
la
p - 10 100 100
T
S9
g Y© - 100 100 100
(]
S8
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4.7 Electrochemical Studies

4.7.1 General Experimental Details

Cyclic voltammetry was conducted on an EmStat (Ba&ins) potentiostat using a 3-
electrode cell configuration. A glassy carbon wogkielectrode was employed
alongside a platinum flag counter electrode andvarspseudo-reference electrode.
All the solutions were degassed by bubbling ptior to measurements. 5 mM
solutions of the desired compounds were freshlypamed in dry acetonitrile along
with 0.1 M of tetrabutylammonium hexafluorophosghas supporting electrolyte and
were examined at a scan rate of 0.1V Berrocene (g = +0.42 V vs SCEJ' ®was
added at the end of the measurements as an instamalard to determine the precise
potential scale. Potential values are given velthas saturated calomel electrode
(SCE). Irreversible reduction waves were obtainadall cases; therefore, the
reduction potentials were estimated at half the imam current, as previously

described by NicewicZ.
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4.7.2 Electrochemical Potentials

Table S7.

Substrate

E1» (V vs SCE)

Cyclic Voltammogram

-1.88

E(V)

-0.90

1 (mA)
—

0
E(V)

S9

-2.20

1(mA)

0
E(V)

0

t-Bu
3a

+0.77

06 08
E(V)
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4.8 Emission Quenching Experiments

Stern-Volmer experiments for all the componentthefreaction mixture were carried

out monitoring the emission intensity of argon-desgal solutions of Ru(bpgl. (1

x 10° M) containing variable amounts of the quenchedriy acetonitrile (Table S8
and Scheme S15). The reported excited-state ligetion Ru(bpyjCl, in MeCN
(0.855us)y* was used foky calculations (Table S9).

Table S8.

Substrate

Stern-Volmer Plot

I/l

25

y = 180.86x + 1.0325
R?=0.99274

0.5

0 0.001 0.002 0.003 0.004 0.005 0.006
[m]

0.007

: “t-Bu

I/l

1M

0.8
0.6
0.4

0.2

0 0.01 0.02 0.03 0.04 0.05
[m]

0.06
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Substrate

Stern-Volmer Plot

HCIO4

I/l

0.8 1

0.6

0.4

0.2

0 0.01 0.02 0.03 0.04 0.05

[m]

0.06

0

t-Bu
3a

o/l

0.8

0.6

0.4

0.2

y =284.7x + 1.0091
R?=0.99164

0 0.0005 0.001 0.0015 0.002

M]

0.0025
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2.5 1

®1a
®t-BuPh
®HCIO4
27 ®3a
1.5 1
N - —8— —8 —8— ¢
0.5 1
0 T T \
0 0.005 0.01 0.02
[M]
Scheme S15.
Table S9.
Substrate kg (M~'s™) Substrate kg M~'s™)
g 2.1 x 16 HCIO, -
OZND\NOZ
la
_ 3.3x 106

()
t-Bu
3a
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5 Computational Data

5.1 Computational Studies

5.1.1 Computational methods

DFT calculations were carried out with the Gausdl@rnpackage at the B3LYP/6-
311+g(d,p) levef® All geometry optimizations were followed by vikiGtal
frequency calculations to verify that the obtaigedmetries were true minima on the
potential energy surface. The solvent effects (whpplicable) were computed by
application of the SCRF model of solvation. Thectleic properties such as
adiabatic electron affinities and ionization potalst electrophilicity index and
reaction energies were calculated from the Gibbs &nergies of relaxed molecules
at the same level of theory including solvent dfg@cetonitrile). Redox potentials
(vs SCE) in acetonitrile were calculated accordingthle method described by
Nicewicz!’” Fukui indice&® were calculated in the following way: The neuaéne
(with N electrons) was subjected to a geometrynoigaition in the gas phase, and
Hirshfeld populations were determined with Multiwg8.92” Hirshfeld populations
of the corresponding cationic (N-1 electrons) amdoric (N+1) arenes were
calculated without further optimization. Fukui inds for radical attack were
calculated for each atom abi’ = [gk(N-1) - qu(N+1)]/2.
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5.2 Computational Data

5.2.1 Optimized structures for Fukui indices calculations

B3LYP/6-311+g(d,p) in the gas phase

t-Bu

Atom | No. | x y Neutral pop Cation pop | Anion pop Fukui radical
C 1 2.215596 1.201819 -0.000013 -0.042817 0.037558 .073B25 0.055592
C 2 2.908006 -0.004197 -0.00001§ -0.045983 0.093704 0.076888 0.085296
C 3 2.187713 -1.198346 -0.000055 -0.042269 0.015719 0.074627 | 0.045173
C 4 0.796433 -1.177990 -0.000089 -0.041938 0.040131 0.060977 | 0.050554
C 5 0.078173 0.028522 -0.000091 0.008291 0.119345 03626 0.057860
C 6 0.819204 1.215669 -0.000061 -0.045946 0.017128 .065606 0.041367
H 7 2.758524 2.140882 0.000055

H 8 3.992103 -0.016603 0.000026

H 9 2.710412 -2.148801 -0.000067

H 10 0.264654 -2.122831 -0.000144

H 11 0.313998 2.172604 0.000059

C 12 -1.461372 0.005511 -0.000005

C 13 -1.965602 -0.733195 -1.261760

H 14 -3.059759 -0.759501 -1.274941

H 15 -1.626669 -0.228301 -2.170590

H 16 -1.607229 -1.764379 -1.299603

C 17 -2.069557 1.420170 -0.000123

H 18 -3.160556 1.348003 0.000297

H 19 -1.776743 1.990286 0.885840

H 20 -1.777469 1.989754 -0.886683

C 21 -1.965150 -0.732945 1.262103

H 22 -1.607009 -1.764217 1.299865

H 23 -1.625609 -0.228024 2.170694

H 24 -3.059305 -0.758981 1.275866

Me

Atom | No. | x y Neutral pop Cation pop | Anion pop | Fukui radical
C 1 -0.004273 0.913135 0.000000 0.007710 0.131904 035617 0.083711
C 2 -0.007555 0.194230 1.200484 -0.046352 0.032601 .153311 0.092956
C 3 -0.007555 -1.199548 1.203415 -0.041410 0.033086 0.155552 0.094319
C 4 -0.006636 -1.902681 0.000000 -0.046134 0.104356 0.104221 0.104289
C 5 -0.007555 -1.199548 -1.203415 -0.041410 0.033086 -0.155552 0.094319
C 6 -0.007555 0.194230 -1.200484 -0.046352 0.032601 0.153311 0.092956
H 7 -0.012602 0.732057 2.143638

H 8 -0.012150 -1.736113 2.146085

H 9 -0.009469 -2.986956 0.000000

H 10 -0.012150 -1.736113 -2.146085

H 11 -0.012602 0.732057 -2.143638

C 12 0.029022 2.423022 0.000000

H 13 -0.464553 2.832953 0.884499

H 14 1.060711 2.792130 0.000000

H 15 -0.464553 2.832953 -0.884499
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Ph

Atom | No. | x y Neutral pop Cation pop | Anion pop Fukui radical
C 1 0.000000 0.000000 -3.558930 -0.041397 0.052530Q .126330 | 0.089530
C 2 -0.422636 1.127252 -2.856084 -0.039525 0.007747 0.087211 | 0.047479
C 3 -0.422504 1.126861 -1.463621 -0.039758 0.0083271 0.084663 0.046495
C 4 0.000000 0.000000 -0.742734 0.002549 0.055149 044860 0.050005
C 5 0.422504 -1.126861 -1.463621 -0.039758 0.0083271 0.084663 0.046495
C 6 0.422636 -1.127252 -2.856084 -0.039525 0.0077471 0.087211 0.047479
H 7 0.000000 0.000000 -4.643067

H 8 -0.762195 2.006341 -3.392736

H 9 -0.776173 2.000742 -0.928032

H 10 0.776173 -2.000742 -0.928032

H 11 0.762195 -2.006341 -3.392736

C 12 0.000000 0.000000 0.742734

C 13 -0.422504 -1.126861 1.463621

C 14 0.422504 1.126861 1.463621

C 15 -0.422636 -1.127252 2.856084

H 16 -0.776173 -2.000742 0.928032

C 17 0.422636 1.127252 2.856084

H 18 0.776173 2.000742 0.928032

C 19 0.000000 0.000000 3.558930

H 20 -0.762195 -2.006341 3.392736

H 21 0.762195 2.006341 3.392736

H 22 0.000000 0.000000 4.643067

SiME3

Atom | No. | x y Neutral pop Cation pop | Anion pop Fukui radical
C 1 0.030540 0.429292 0.000000 -0.093126 0.010727 101054 0.055941
C 2 0.031973 1.160673 -1.19977Q -0.038116 0.024201 .055026 | 0.039964
C 3 0.031973 2.554979 -1.204164 -0.041460 0.021626 .068006 0.044816
C 4 0.031593 3.256561 0.000000 -0.038791 0.088928 076848 0.079888
C 5 0.031973 2.554979 1.204164 -0.041460 0.021626 068006 0.044816
C 6 0.031973 1.160673 1.199770 -0.038116 0.024201 055026 0.039964
H 7 0.037492 0.639474 -2.152094

H 8 0.034903 3.092937 -2.146211

H 9 0.033367 4.341053 0.000000

H 10 0.034903 3.092937 2.146211

H 11 0.037492 0.639474 2.152094

Si 12 -0.017874 -1.467737 0.000000

C 13 0.851507 -2.127053 -1.542679

H 14 1.890338 -1.788096 -1.593414

H 15 0.857884 -3.221724 -1.537126

H 16 0.351545 -1.810330 -2.462734

C 17 0.851507 -2.127053 1.542679

H 18 0.351545 -1.810330 2.462734

H 19 0.857884 -3.221724 1.537126

H 20 1.890338 -1.788096 1.593414

C 21 -1.817359 -2.048325 0.000000

H 22 -2.350479 -1.682135 -0.882477

H 23 -1.880584 -3.141336 0.000000

H 24 -2.350479 -1.682135 0.882477
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SMe

Atom | No. | x y Neutral pop Cation pop | Anion pop Fukui radical
Cc 1 0.123122 -0.042112 -0.267626 -0.014527 0.008036 0.068402 | 0.038219
Cc 2 -0.542600 1.186866 -0.213619 -0.039117 0.000637 0.089571 | 0.045104
C 3 -1.911925 1.230959 0.041971 -0.037349 0.003586 .086354 | 0.044970
C 4 -2.627078 0.049560 0.235031 -0.035861 0.033744 .128386 | 0.081165
C 5 -1.969159 -1.177464 0.170769 -0.037256 0.019831 0.091207 | 0.055519
C 6 -0.598262 -1.225061 -0.079480 -0.039255 -0.013059-0.085231 | 0.036086
H 7 0.012952 2.102429 -0.379975

H 8 -2.420778 2.187675 0.082432

H 9 -3.693175 0.085251 0.428957

H 10 -2.521594 -2.099528 0.313745

H 11 -0.083422 -2.176983 -0.134393

S 12 1.885024 -0.107748 -0.628299

C 13 2.580453 0.149083 1.050533

H 14 2.270257 -0.649032 1.725215

H 15 3.665527 0.125295 0.939252

H 16 2.282536 1.117873 1.452077

OMe

Atom | No. | x y Neutral pop Cation pop | Anion pop | Fukui radical
Cc 1 -0.452231 -0.271665 -0.000037 0.071638 0.155008 .059814 0.047597
Cc 2 -0.031524 1.060850 -0.000047 -0.068425 0.002788 0.094752 | 0.048770
C 3 1.335900 1.349926 -0.000020 -0.040064 0.032557 .076065 | 0.054361
C 4 2.281945 0.331394 0.000014 -0.056129 0.076013 093085 | 0.084549
Cc 5 1.851001 -0.998337 0.000047 -0.037820 0.019489 .075089 | 0.047289
Cc 6 0.496771 -1.301942 0.000035 -0.056346 0.031377 .083510 | 0.057444
H 7 -0.746871 1.872292 -0.000055

H 8 1.654152 2.386683 -0.000024

H 9 3.339939 0.565004 0.000041

H 10 2.576570 -1.804251 0.000111

H 11 0.147482 -2.327534 0.000084

o 12 -1.758926 -0.669722 -0.000199

Cc 13 -2.773238 0.324797 0.000136

H 14 -2.716569 0.955236 -0.894072

H 15 -3.718917 -0.214890 0.000320

H 16 -2.716124 0.955097 0.894416
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OPh

Atom | No. | x y z Neutral pop Cation pop | Anion pop Fukui radical
Cc 1 -0.242257 1.177455 0.500783 0.074527 0.11467Q 56690 0.028990
Cc 2 -1.037505 1.230347 -0.644410Q -0.053986 -0.011029-0.101759 | 0.045365
C 3 -1.299950 2.465036 -1.234591 -0.036446 0.00318Q 0.091359 | 0.047270
C 4 -0.784729 3.639149 -0.686719 -0.049235 0.03472Q 0.088003 | 0.061362
C 5 0.000000 3.572527 0.463944 -0.036130 0.010365 106081 | 0.055223
C 6 0.276017 2.344262 1.059734 -0.051691 -0.005254 .101@55 | 0.048001
H 7 -1.446837 0.319633 -1.063671
H 8 -1.919273 2.506728 -2.123647
H 9 -0.995262 4.595806 -1.150054
H 10 0.403928 4.479180 0.900226
H 11 0.883496 2.272694 1.953751
o 12 0.000000 0.000000 1.182737
C 13 0.242257 -1.177455 0.500783
Cc 14 -0.276017 -2.344262 1.059734
C 15 1.037505 -1.230347 -0.644410
C 16 0.000000 -3.572527 0.463944
H 17 -0.883496 -2.272694 1.953751
C 18 1.299950 -2.465036 -1.234591
H 19 1.446837 -0.319633 -1.063671
C 20 0.784729 -3.639149 -0.686719
H 21 -0.403928 -4.479180 0.900226
H 22 1.919273 -2.506728 -2.123647
H 23 0.995262 -4.595806 -1.150054

Ph

o
Atom | No. | x y z Neutral pop Cation pop Anion pop Fukui radical
C1 1 -1.774097| 0.000349| -0.230948  0.068207 0.130140| 043812 0.043314
c2 2 -2.465172| 1.210201| -0.16872L  -0.050847 -0.005187| -0.077585 0.036199
C3 3 -3.853467| 1.205776| -0.042866  -0.037908 0.009414 | 0.071734 0.040574
C4 4 -4.550375| -0.000366  0.020571 -0.046103 0.047388 | 0.092120 0.069754
C5 5 -3.853244| -1.20614Q  -0.047268  -0.037905 0.009352 | -0.072398 0.040875
C6 6 -2.464949| -1.209849 -0.173137  -0.050841 -0.005106| -0.076938 0.035916
H 7 -1.910875| 2.139478| -0.2349711
H 8 -4.391341| 2.146679| -0.00112p
H 9 -5.630266| -0.000639  0.115426
H 10 | -4.390945| -2.147288 -0.00895
H 11 | -1.910481| -2.138777 -0.24277
o 12 | -0.404320| 0.000796| -0.40658
C13 | 13 | 0.354621 | -0.001343 0.803821
H 14 | 0.143045| -0.89555Q  1.401808
H 15 | 0.142880| 0.890638| 1.40506¢
C16 16 | 1.837623| -0.000449 0.38873] -0.002025 0.047582| 0.033134 0.040358
C17 17 | 2.510436| -1.20832Q 0.20207¢ -0.037812 -0.005408 -0.070162 0.032377
C18 18 | 2.508175| 1.207860| 0.19926] -0.037768 -0.004912| 0.070575 0.032832
C19 19 | 3.853682| -1.207784 -0.173308 -0.038881 0.002607 | -0.076892 0.039750
H 20 | 1.981713| -2.160756 0.35227¢
C21 |21 | 3.851562| 1.208565| -0.177198 -0.038876 0.002201] 0.076537 [ 0.039369
H 22 | 1.977997| 2.159943| 0.34615¢
C23 23 | 4.524408 | 0.001023| -0.363365 -0.039246 0.039138] 0.095923 [ 0.067531
H 24 | 4.384238 | -2.159804 -0.319840
H 25 | 4.379893| 2.161416| -0.326915
H 26 | 5.583492| 0.001193| -0.659399
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OMe

OMe
Atom | No. | x y Neutral pop Cation pop | Anion pop Fukui radical
Cc 1 -0.000319 1.207498 0.242213 0.071720 0.136247 64630 0.035956
Cc 2 0.000000 0.000000 -0.467481 -0.093988 -0.062637 0.100164 | 0.018764
Cc 3 0.000319 -1.207498 0.242213 0.071720 0.136247 64630 0.035956
Cc 4 0.000385 -1.212535 1.638358 -0.073554 0.049209 .095022 | 0.072116
Cc 5 0.000000 0.000000 2.319521 -0.036500 0.012242 062307 | 0.037275
Cc 6 -0.000385 1.212535 1.638358 -0.073554 0.049209 .09s022 | 0.072116
H 7 0.000000 0.000000 -1.546363
H 8 0.000583 -2.160699 2.160592
H 9 0.000000 0.000000 3.403809
H 10 -0.000583 2.160699 2.160592
o 11 -0.000866 2.435633 -0.357405
o 12 0.000866 -2.435633 -0.357405
Cc 13 0.000000 2.510937 -1.774797
H 14 -0.000221 3.572853 -2.015907
H 15 0.895058 2.044807 -2.201781
H 16 -0.894312 2.044426 -2.203144
Cc 17 0.000000 -2.510937 -1.774797
H 18 0.894312 -2.044426 -2.203144
H 19 0.000221 -3.572853 -2.015907
H 20 -0.895058 -2.044807 -2.201781
OMe
Br
Atom | No. | X y Neutral pop Cation pop | Anion pop Fukui radical
Cc 1 0.727837 0.044683 0.000007 -0.008733 0.069382 037098 | 0.053690
Cc 2 0.141670 1.310483 0.000033 -0.039054 0.007874 075311 | 0.041593
Cc 3 -1.241042 1.423210 0.000011 -0.047973 0.020957 .085985 | 0.053471
Cc 4 -2.047114 0.277767 -0.000064 0.073571 0.147878 056076 0.045851
Cc 5 -1.450302 -0.985336 -0.000062 -0.060822 0.000881 -0.094506 | 0.047694
Cc 6 -0.057677 -1.098239 -0.000031, -0.041690 0.016883 -0.080185 | 0.048534
H 7 0.759077 2.199586 0.000068
H 8 -1.718103 2.395720 0.000010
H 9 -2.046623 -1.887590 -0.000032
H 10 0.401272 -2.078506 -0.000024
Br 11 2.640701 -0.114857 0.000008
0o 12 -3.392272 0.498336 -0.00010Q
Cc 13 -4.266232 -0.623246 0.000108
H 14 -5.274736 -0.213523 -0.000024
H 15 -4.124998 -1.239356 -0.894429
H 16 -4.125078 -1.238941 0.894946
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Atom | No. | x y Neutral pop Cation pop | Anion pop | Fukui radical
Cc 1 0.000000 2.430636 0.707533 -0.041548 0.029009 112820 | 0.070715
C 2 0.000000 1.243878 1.400696 -0.039022 0.051638 119466 | 0.085552
Cc 3 0.000000 0.000000 0.715961 0.000506 0.01583( 17030 | 0.016430
Cc 4 0.000000 0.000000 -0.715961 0.000506 0.01583Q 017030 | 0.016430
Cc 5 0.000000 1.243878 -1.400696 -0.039022 0.051638 .119a466 | 0.085552
C 6 0.000000 2.430636 -0.707533 -0.041548 0.029009 .112a20 | 0.070715
H 7 0.000000 -1.243077 2.485974

H 8 0.000000 3.373015 1.243930

H 9 0.000000 1.243077 2.485974

Cc 10 0.000000 -1.243878 1.400696

Cc 11 0.000000 -1.243878 -1.400696

H 12 0.000000 1.243077 -2.485974

H 13 0.000000 3.373015 -1.243930

C 14 0.000000 -2.430636 -0.707533

Cc 15 0.000000 -2.430636 0.707533

H 16 0.000000 -1.243077 -2.485974

H 17 0.000000 -3.373015 -1.243930

H 18 0.000000 -3.373015 1.243930

NN

Atom | No. | x y Neutral pop Cation pop | Anion pop Fukui radical
C 1 -0.002856 1.779960 -0.000001 0.021954 0.042534 003933 0.019301
C 2 1.003050 2.752140 0.000002 -0.033787 -0.004889 .073495 | 0.034303
Cc 3 0.669677 4.103968 0.000003 -0.037666 -0.002891L .077024 | 0.037067
Cc 4 -0.669677 4.488544 0.000002 -0.031231 0.021957 .099870 | 0.060914
Cc 5 -1.676123 3.516962 -0.000001, -0.035045 0.002278 0.069534 | 0.035906
Cc 6 -1.351753 2.167444 -0.000002 -0.036635 -0.014829-0.078878 | 0.032025
H 7 2.036241 2.425532 0.000003

H 8 1.451923 4.854323 0.000005

H 9 -0.933060 5.540248 0.000002

H 10 -2.717430 3.819696 -0.000007

H 11 -2.118627 1.404177 -0.000004

N 12 0.450376 0.434912 -0.000007

N 13 -0.450376 -0.434912 -0.000007

Cc 14 0.002856 -1.779960 -0.000001

Cc 15 -1.003050 -2.752140 0.000002

Cc 16 1.351753 -2.167444 -0.000007

Cc 17 -0.669677 -4.103968 0.000003

H 18 -2.036241 -2.425532 0.000003

Cc 19 1.676123 -3.516962 -0.000001

H 20 2.118627 -1.404177 -0.000004

Cc 21 0.669677 -4.488544 0.000002

H 22 -1.451923 -4.854323 0.000005

H 23 2.717430 -3.819696 -0.000007

H 24 0.933060 -5.540248 0.000002
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5.2.2 Electrophilicity of Aminyl and Aminium Radicals

Electronic . Fukui
lonization | Electron ) Chemical Global "
Chemical Nucleoph. L Electrophilicity
NCR Potential Affinity . Hardness Electrophilicity
Potential attack in N (W', €V)
(I, ev)’ (A evy (n. ev) . (@, eV)
(1, eVv) (]
@ 6.016621 5.649503 -5.833062 0.36711} 0.281500 [412%¢ 2 13.044779
|
H
@ 6.733577 2.976937  -4.855257 3.756640 0.380200 3817 1.192908
N

@ Calculated\G. All the involved species were fully optimized.
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5.2.3 Optimized Energies (in Hartrees) and Geometries
B3LYP/6-311+g(d,p) in acetonitrile

Total electronic

Sum of electronic

Molecule + Gibbs Free Energy
energy
ZPE
@ -251.981446 -251.823227 -251.851925
&
@ -251.772642 -251.614791 -251.644299
4
ﬁ& -251.544701 -251.391204 -251.423181
H
O -251.432300 -251.290615 -251.319093
N
O -251.324342 -251.180275 -251.209687
N
K,’\]) -251.196369 -251.048974 -251.078189
I
()
H” Yo
: NO, -967.826691 -967.565655 -967.612042
NO,
()
H™ Yo
' NO, -968.039982 -967.786199 -967.836813
NO,
('3 fz -967.410766 -967.164787 -967.211792
NO;
o ' -967.539955 -967.296814 -967.344743
E NO,
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Total electronic

Sum of electronic

Molecule + Gibbs Free Energy
energy
ZPE
)
"N_ H
H -641.373183 -640.998485 -641.042552
By
()
"N H
H -641.175713 -640.799040 -640.842082
Bu
)
"N_ H
H -598.637063 -598.341595 -598.382485
OMe
()
"N_ H
H -598.455586 -598.157566 -598.197375
OMe
(o}
/(j)k -499.570026 -499.400703 -499.437183
MeO
0O
-499.648857 -499.483925 -499.522918
MeO
T
OH
/©)k -499.987702 -499.804971 -499.841538
MeO
¥
OH
-500.130206 -499.951421 -499.989409

=
@
Q
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IZIIIIIIIIIITIOOOOONO

X
0.008407!
0.0084070
-0.6415390
0.008407
0.008407
-0.5147470
-1.0253910
0.5402201
-1.711791
-0.5710830
-0.5147470
1.044010
-1.025391
0.5402200
1.0440100
0.605556!
1.603259

Y
-0.789738
0.7464120
1.3280350
0.746412
-0.789738!
1.0929610
-1.1533960
-1.199999
1.082678
2.4203440
1.0929610
1.102199
-1.153396!
-1.1999990
1.1021990
-1.354133
-1.155921

z

1.221532
1.2641290
0.0000000
-1.264129
-1.221532
2.1623230
1.2813850
2.084661
0.000000!
0.0000000
-2.1623230
-1.341050
-1.281385!
-2.0846610
1.3410500
0.000000!
0.000000!

IZIIIIIIIIIITOOOOO

0.0095700
0.0095700
-0.640919
0.0095701
0.0095700
-0.5302650
-1.027869
0.568906!
-1.7121930
-0.5438160
-0.530265
1.042382
-1.0278690
0.5689060
1.042382
0.600532
1.5618110

Y
-0.8154740
0.7564420
1.310428
0.756442
-0.8154740
1.0490150
-1.161569
-1.233073
1.0857620
2.4010730
1.049015
1.099330
-1.1615690
-1.2330730
1.0993301
-1.226527!
-1.5627320

z
1.2378010
1.2668080
0.000000
-1.266808!
-1.2378010
2.1692570
1.260527
2.071050
0.0000000
0.0000000
-2.169257!
-1.362591!
-1.2605270
-2.0710500
1.362591
0.000000!
0.0000000

SI-77



TI-Z+ +)

D
=z

IZIIIIIIIIIITIOOOOONO

X
2.410005!
-2.6928910
-1.4415640
-0.628694
0.846576!
-2.4003470
2.4511540
2.996435!
-1.094513
-3.4116480
-1.1442570
-0.817779
0.983583
1.2406980
-3.0999710
1.667255
1.665266!

Y
0.921334
0.6114100
0.2001970
-0.878279
-0.952885!
1.5839370
0.9832210
1.591927
0.729292
0.9182820
-1.7378950
-1.065257!
-0.806920
-1.9316440
-0.0330540
0.049897
0.008167!

z
0.127926
-0.1680330
0.3898820
-0.130747
0.272533
-0.6363740
1.2091090
-0.487832
1.278441
0.5972510
0.3636160
-1.192010
1.342078
-0.0009370
-0.9435000
-0.432383!
-1.4525211

C)

ZIITIIIIIIIIITOOOOO

X

0.0350280
0.035028
-0.585434
0.0350280
0.0350280
-0.513917
-1.050377
0.5011450
-1.6633580
-0.493415
-0.513917
1.0724510
-1.0503770
0.501145
1.072451
0.6871580

Y

-0.8319340
0.714373
1.323412
0.7143730
-0.8319340
1.052464
-1.133664
-1.2416280
1.1056250
2.416456!
1.052464
1.0586890
-1.1336640
-1.241628
1.058689
-1.3605050

z

1.1705720
1.266647
0.000000!
-1.2666470
-1.1705720
2.158526!
1.227414
2.0794160
0.0000000
0.000000!
-2.158526!
-1.3732660
-1.2274140
-2.079416!
1.373266
0.0000000
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ZIITIIIIIIIIITIOOOOO

X
0.0325820
0.0325820
-0.607201
0.032582
0.0325820
-0.4971670
-1.014623
0.528583
-1.6821270
-0.5035300
-0.497167
1.066869
-1.0146230
0.5285830
1.066869
0.697079

Y
-0.8348430
0.7126270
1.306002
0.712627
-0.8348430
1.0285930
-1.181321
-1.252347
1.0883720
2.3955960
1.028593
1.061344
-1.1813210
-1.2523470
1.061344
-1.309418

z
1.1950740
1.2594620
0.000000!
-1.259462
-1.1950740
2.1627770
1.200307
2.074851
0.0000000
0.0000000
-2.162777
-1.353278!
-1.2003070
-2.0748510
1.353278
0.000000!

0

ZIITIIIIIIIIITIOOOOO

X
2.108816!
-0.016361
-1.4144760
-1.4144790
-0.016363
0.384074
2.6478840
2.6478750
-1.559160
-2.185835
-2.1858350
-1.5591770
0.039890!
0.384058
0.0398820
0.8376460

Y
0.0000011
1.224314
0.7297070
-0.7297010
-1.224319
2.006616!
-0.9364160
0.9364230
0.775296!
1.334904
-1.3348980
-0.7752860
-1.542852
-2.006618!
1.5428350
-0.0000020

z
0.000003
-0.126512
0.2422870
-0.2422780
0.126502
0.514604
0.0823470
-0.0823270
1.324103
-0.232196!
0.2322110
-1.3240930
1.168994
-0.514628!
-1.1690100
-0.0000010
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)

N

7

H

~o

NO,

NO,

IZIITIIIIIOITOIITOOOOOO0O0ZO00ZITITOITIOOOO

X
-1.0723270
-0.5745510
-2.387570
-1.891386
0.1048610
-2.7771260
-3.085706
-2.227544
-0.6843160
-1.1755980
0.077845
-4.179831
-4.4952940
-4.9434860
-0.153151
1.136034
3.4476890
2.3007650
4.640841
3.541467
3.2548320
3.4939750
2.417485
1.358848
4.7940460
5.5227660
4.533765!
3.553751
3.2992120
5.6102950
5.058619
2.196477
2.0077890

Y
0.9985610
-1.2675800
0.653567!
-1.625461!
-2.0231870
-0.6588360
1.393293
-2.638715
2.4039280
2.9734530
2.914470
-1.033822
-2.2043190
-0.1531240
0.042789
0.468599
0.1178220
-0.3660060
-0.729158
1.160317
0.0609140
-1.2141450
0.684812
-0.743068!
-0.7523370
-0.2999580
-1.745999
-1.127922
-2.2684850
-1.4208010
0.246843
-0.388072
-1.3402100

z
-0.1332340
-0.8018270
0.132448
-0.544972
-1.1748260
-0.0844900
0.496690
-0.712228;
0.0799510
1.0450270
-0.726596!
0.182391
0.0157330
0.5551330
-0.594629
-0.868845!
-1.0802810
1.1091920
-0.642389
-0.777646
-2.1495170
1.5488610
1.373879
1.503813
0.8823670
-1.1224940
-1.033706!
2.635964
1.3285410
1.1621010
1.243434
-0.398447
-0.7311660
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IZIITIIIIIOITOIITOOOOOO0O0ZO00ZITITOITIOOOO

-1.1566670
-1.8160250
-2.500007
-3.131457
-1.5304530
-3.4795870
-2.770661
-3.913533
-0.2034500
-0.5942170
0.972475
-4.865128
-5.7244020
-5.1495890
-0.729412
0.4622901
3.5786200
3.8513010
4.469813
4.216250
2.7860450
4.7444630
4.501725
3.239260!
5.4605730
4.9817000
3.816758
5.451451
4.1109630
6.0120550
6.198162
2.993447
1.9440600

Y
0.3682150
-1.9736590
0.729522
-1.612921
-3.0166440
-0.2435330
1.772097
-2.357494
1.4488080
2.5587080
1.240108
0.147665!
-0.7387720
1.3484730
-1.020693
-1.432166!
0.0783050
-1.4997880
1.133007
-0.523559
0.5434360
-0.4765810
-2.165938!
-2.093396!
0.4525320
1.7092580
1.815827
-1.047206!
0.0980600
1.2151630
-0.114984
-0.797041
-0.8478660

z
-0.0572940
0.0973540
-0.082552
0.087470
0.1608010
-0.0030200
-0.153822
0.146781
-0.1417400
-0.5229990
0.175227
-0.007131
0.0685130
-0.0871570
0.028600
0.016935!
1.3851940
-0.5030770
0.665356!
2.045474
1.9661080
-1.2642470
0.078291
-1.179317
-0.2815480
1.4387040
0.116370
-1.869774
-1.9453610
-0.8392710
0.296467
0.409696!
0.2752050
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"

NO,

NO,

ZITIIIIITIOIIOIIOOOO0OONO0OO0OZO0O0OZITITOITOOOO

X
-1.2085570
-0.348898
-2.507934
-1.6425060
0.4950810
-2.715495
-3.338299
-1.8287990
-1.0457050
-1.883706
-0.107652
-4.0838570
-4.2455970
-5.006301
-0.095389
1.1327690
3.0522600
2.943983
4.267034
3.3765800
2.4395980
4.155191
3.266860!
2.2554350
5.0705400
4.8842511
3.924736!
4.6923670
3.8050650
5.882770
5.534337
2.2256390

Y
1.0353860
-1.223785
0.555296!
-1.7070030
-1.8952400
-0.814170
1.243827
-2.7715870
2.4937780
3.149108
2.982692
-1.3244410
-2.5421450
-0.513856!
0.159092
0.6928860
-0.0169210
0.007391i
-0.950895!
1.0338890
-0.1973100
-0.925815!
1.058571
-0.1561690
-0.7781850
-0.736249
-1.987125
-0.6930550
-1.9602480
-1.508931!
0.215344
-0.2889860

z
-0.0287290
-0.092751!
0.014759
-0.0731940
-0.1178320
-0.0191971
0.064380
-0.0962530
-0.0164680
0.597979
-0.632101
0.0028290
-0.0261480
0.050345
-0.077098!
-0.0722780
-1.1993600
1.238739
-1.174829
-1.2093020
-2.0843390
1.340857
1.256098
2.0696090
0.1195970
-2.051297
-1.266730!
2.2641860
1.4227280
0.163103
0.130252
-0.0120380

SI-82



"

O

NO,

NO,

ZITIIIIITIOIIOIIOOOO0OONO0OO0OZO0O0OZITITOITOOOO

X
-1.2043690
-0.356111
-2.509503
-1.6472760
0.4835220
-2.751584
-3.332142
-1.8285710
-1.0394060
-1.868216
-0.101631
-4.0546270
-4.2502930
-5.044897
-0.092858
1.1613630
3.0918180
2.924332
4.287049
3.4392900
2.4977920
4.114135
3.268512
2.2116120
5.0622250
4.931511
3.926425
4.6348450
3.7419300
5.858372
5.546351
2.2287170

Y
1.0371060
-1.207859
0.558468
-1.6968120
-1.8842450
-0.821083
1.250875!
-2.7619640
2.4879870
3.154545
2.988164
-1.3155100
-2.5965060
-0.485149
0.170687
0.7020930
-0.1662040
0.152058
-1.110300
0.8701880
-0.4398610
-0.780916!
1.193362
0.1021300
-0.7985560
-1.014465
-2.144354
-0.4485610
-1.7922580
-1.532803
0.180846!
-0.2729910

z
-0.0695630
-0.181025!
0.026526'
-0.1058720
-0.2389950
-0.003071.
0.108009
-0.1257370
-0.0497380
0.573941
-0.666412
0.0632060
0.0178500
0.164477
-0.175027
-0.2407890
-1.2210230
1.188278
-1.054688!
-1.3524440
-2.0951110
1.436700
1.092613
2.0137940
0.2313520
-1.932905!
-1.030421.
2.3390780
1.6327670
0.383666!
0.135417
-0.0360090
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X
-3.4762110
-3.7469690
-3.6351640
-2.262932
-1.9848330
-4.7542800
-4.2565070
-3.4480280
-4.4252650
-3.786930!
-2.2029260
-1.4793140
-2.6808640
-0.9713170
-3.0691990
-2.170670
-0.8811230
0.1406020
-0.3570770
1.3896110
-0.132525!
0.9030280
-0.9874190
1.8234590
2.0700160
1.2192550
-2.275481
4.0477360
5.0198590
4.2308500
3.5665890
-1.3019640
3.211443
3.0618830
2.5125950
4.0504770
2.5357970
3.9734740
4.101228
4.9657440
3.4527310

Y
-0.8508860
0.5621490
1.5943680
1.496921
0.0912380
0.5569890
-1.1517190
-1.5823020
1.4199590
2.600197
2.1706640
1.8034750
-0.1592280
-0.0165350
0.8194180
-0.994310
-1.3157950
-1.9438730
-0.1409230
-1.4163970
-2.861178
0.3340120
0.3063150
-0.2481680
-1.9304240
1.1851270
-1.861582
-0.3829420
0.1053360
-1.4222170
-0.3745630
-2.0580930
0.365593
1.8388640
2.4385790
2.2898210
1.9006500
0.3228350
-0.707249
0.7669120
0.8798430

4
0.4070030
0.9112340
-0.2150500
-0.888382
-1.4108870
1.3356560
-0.2951110
1.2142690
-0.9544930
0.182670!
-1.7472310
-0.1924520
-2.2138420
-1.7947990
1.7283160
-0.361847
0.5283170
-0.3581410
1.2791510
-0.5236550
-0.869725!
1.0807590
2.0362410
0.1573210
-1.1899110
1.6725910
-0.890450
-1.0819030
-1.1857550
-0.7962160
-2.0637550
1.2175540
-0.028036!
-0.4826230
0.2466410
-0.6080990
-1.4392490
1.3205780
1.664262
1.1989710
2.1027430

SI-84



ITITOIIITOOIIIIOIIIOIOIOOOOZIIIIIIIIIIOOOON

X
-3.3336060
-3.7005620
-3.9130700
-2.702372
-2.4300020
-4.6194360
-4.1826080
-3.0246560
-4.8093290
-4.083713
-2.8779580
-1.8170060
-3.2896920
-1.5544610
-2.9570570
-2.212460
-0.7925520
0.1629330
-0.3110530
1.4573010
-0.172668:
0.9895620
-0.9792150
1.9205330
2.1392620
1.3212630
-2.341181
4.2333870
5.2528630
4.2725870
3.8923940
-0.7888450
3.357278
3.3963280
2.8569920
4.4409660
2.9836240
3.9272250
3.8946200
4.9699880
3.3925020

Y
-0.6064120
0.8686390
1.2998830
0.923209
-0.5711160
0.9979450
-1.2315530
-0.8790490
0.8168290
2.376917
1.1666570
1.4932810
-1.1343770
-0.8680510
1.5063030
-1.074835!
-0.9155330
-1.7769450
0.4591150
-1.4083340
-2.753175!
0.7888130
1.1635850
-0.1221480
-2.0975220
1.7744010
-2.088434
-0.7751720
-0.3945100
-1.6959620
-1.0131060
-1.3802720
0.298094
1.5936210
2.4227640
1.8920860
1.4138200
0.6080280
-0.2763470
0.9099600
1.4192090

4
1.0455600
0.9171500
-0.5378490
-1.396623
-1.3377010
1.4945390
0.7679120
2.0536420
-0.9418690
-0.580484
-2.4473150
-1.0982760
-1.7024920
-1.9130780
1.3991070
0.096830!
0.6005240
-0.1401980
0.8799660
-0.3090730
-0.475384
0.6871220
1.3531780
0.0994180
-0.7837040
0.9810230
0.052116!
-0.7385310
-0.8180830
-0.1519360
-1.7489110
1.6115280
-0.071526
-0.9351870
-0.4764120
-1.0442960
-1.9298720
1.3473760
1.9867120
1.2293170
1.8426540

SI-85
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N
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Q

H

OMe

IITIITOOIIITIOIOIOOOOZIIIIIIIIIIOOOON

X
2.829826!
3.298463
3.2389730
1.8238910
1.341042
4.322339
3.5195140
2.7709690
3.952581
3.536436!
1.7907160
1.1320040
1.942498
0.297479
2.7057830
1.4679530
0.199724
-0.935577
-0.1361640
-2.1125490
-0.812365
-1.321759
0.5746020
-2.3231050
-2.891702
-1.542951
1.4197680
-3.4428080
-4.515668
-5.281449
-4.9162960
-4.1818160
0.606092

Y
1.050096!
-0.267814
-1.4083020
-1.5328000
-0.222041
-0.110639
1.3657680
1.8499710
-1.215333
-2.348305!
-2.2852940
-1.8634190
0.0286911
-0.268160
-0.5195200
0.9672500
1.225093
1.681207
0.0572980
0.9895620
2.604431
-0.596516!
-0.2467570
-0.1777460
1.368368
-1.442823
1.7918370
-0.9298100
-0.566279
-1.324166!
0.4161360
-0.5736130
2.0500031

z
0.195883
0.801875!
-0.2193110
-0.7924240
-1.406696!
1.150840
-0.5900810
0.9340260
-1.028742
0.250808
-1.5848300
-0.0151720
-2.2832411
-1.715594
1.6845230
-0.4717910
0.509710
-0.339460!
1.3688490
-0.4322610
-0.895005!
1.257797
2.1256280
0.3375410
-1.080578!
1.898168
-1.0720330
0.3119200
-0.570058!
-0.424595!
-0.3096520
-1.6101520
1.104204

SI-86
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N

7

©

H

OMe

IITIITOOIIIOIOIOOOOZIIIIIIIIIIOOOOO

X
2.741655
3.245532
3.3904980
2.0823830
1.635564
4.213533
3.4937490
2.4997640
4.195193
3.674359
2.2070380
1.2968940
2.379217
0.680098
2.6073600
1.4965180
0.1501511
-0.935354
-0.1623450
-2.1631870
-0.733184
-1.394769
0.5935780
-2.4233360
-2.941133
-1.647502
1.5115690
-3.5575640
-4.717156
-5.493885
-4.9987230
-4.4749820
0.224120

Y
0.857546!
-0.581563
-1.1671650
-1.0240570
0.428122
-0.553744
1.5120260
1.2362870
-0.650767!
-2.218989
-1.3665080
-1.6493580
1.032440
0.548631
-1.2196030
1.0871460
0.869325!
1.558491
-0.5314480
1.0274970
2.553368
-1.046842
-1.0960750
-0.2943020
1.581910
-2.034609
2.0931400
-0.8915190
-0.288688!
-1.040345
0.6217940
-0.0995280
1.430568

z
0.838277
0.856465!
-0.5522790
-1.3360290
-1.415584
1.363024
0.3965990
1.8302110
-1.086781!
-0.486636!
-2.3663450
-0.9019670
-1.936280!
-1.924379
1.4708420
-0.0365130
0.643922
-0.118519
1.0544590
-0.2658800
-0.501770
0.904355!
1.5801920
0.2378180
-0.770563
1.266541
-0.2180180
0.1327920
-0.529381!
-0.442417
-0.0041120
-1.5731700
1.592545

SI-87



OITITOOIIIOOIIIIOOOOOO

-1.6820620
-0.826386
0.546258
1.1087640
0.2394320
-1.139907
-1.260163
1.1816120
0.6612440
-1.778988
-3.008985
-3.9433440
-3.8272130
-4.928324
-3.827207
25778710
3.5097860
3.341552
3.341559
4.5403140
3.0356270

-0.2996820
-1.412153
-1.233382
0.0563920
1.1559610
0.994026!
-2.404808:
-2.1100380
2.1534840
1.866154
-0.573272
0.5131910
1.1296900
0.051958
1.129696!
0.2896680
-0.9041540
-1.529839
-1.529826!
-0.5526780
1.4278960

z
-0.0000010
0.000002
0.000003
0.0000000
-0.0000020
-0.000002
0.000005!
0.0000040
-0.0000040
-0.000002
0.000000!
0.0000000
-0.8950090
0.000005!
0.895003
0.0000010
-0.0000040
0.880863
-0.880883!
0.0000030
0.0000050

éqf

OITITOOIIIOOIIIIOOOOOO

X
-1.7047660
-0.959514
0.420134
1.1411480
0.3440960
-1.033341
-1.4782670
0.9596670
0.8515730
-1.610717
-3.0886350
-3.8421250
-3.6511740
-4.896689
-3.5979250
2.5629030
3.3736600
3.064754
3.2850250
4.4267610
3.1928610

Y
-0.0088450
-1.198256!
-1.164184
0.0752730
1.2698280
1.222981
-2.1499480
-2.1039510
2.2257010
2.141866!
-0.0503660
-0.0792820
0.8160980
-0.109238!
-0.9681160
0.1510450
-1.1376550
-1.792771
-1.7321480
-0.8876340
1.2722050

z
-0.3040460
-0.251936!
-0.124142
-0.0365120
-0.1010020
-0.229049
-0.3218860
-0.0955680
-0.0506590
-0.281381!
-0.4839620
0.7327260
1.3348250
0.454457
1.3252900
0.0984740
0.1582040
0.983165
-0.7612400
0.2989190
0.1661840

SI-88
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1.7178770
0.8789130
-0.482753
-1.070001
-0.2115000
1.1556620
1.336495
-1.105510
-0.6403670
1.7859550
3.023439
3.972092
3.8564540
4.9487880
3.850254
-2.473985
-3.4574530
-3.5232680
-3.153366
-4.449102
-2.9220030
-3.8909290

Y
0.2953920
1.4334930
1.283287
-0.012593
-1.1442470
-1.0008020
2.414159
2.167427
-2.1372780
-1.8782020
0.544114
-0.543427
-1.1488900
-0.0679770
-1.155650
-0.176455
0.9401660
1.3401760
1.751735
0.596152
-1.4044210
-1.4480800

z
0.0009900
0.0011120
-0.009736!
-0.015630
-0.0136450
-0.0069710
0.007764
-0.006946!
-0.0182430
-0.0075230
0.007600
0.006599
-0.8934910
0.0117790
0.901265!
-0.010410:
0.0029640
1.0209380
-0.655909
-0.292798!
0.0163670
0.0097910

%Q:

IOIITIITOOIITIITIOOIIIITOOOOOON

X
1.746091
0.911264
-0.4619090
-1.0884730
-0.217935
1.164950
1.3676340
-1.0652180
-0.644411
1.779490
3.0929780
3.9866920
3.850404
4.989474
3.8535810
-2.4929390
-3.525972
-4.307538
-3.1064610
-4.0217520
-2.956540
-3.917332

Y
0.2963611
1.428183
1.2954070
0.0117030
-1.116117
-0.977461
2.4116560
2.1942930
-2.110427
-1.868193
0.5426330
-0.5705640
-1.192516!
-0.147567
-1.1819260
-0.1461000
0.928837
0.721467
1.9057140
1.0033640
-1.441465
-1.446699

z
-0.000419
-0.007165!
-0.0047240
0.0090550
0.010776
0.007800!
-0.0176710
-0.0169120
0.018322
0.011599
-0.0045880
0.0003920
-0.889538!
-0.003895!
0.8981060
0.0168690
0.007516
0.749378
0.2416270
-0.9705520
-0.033575!
0.044236
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la—'H NMR (400 MHz, CDC})

6 NMR Spectra
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1b —'H NMR (500 MHz, CDC})
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1b —°F NMR (376 MHz, CDGJ)
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1¢—'H NMR (500 MHz, CDC)
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1e—'H NMR (400 MHz, CDC))
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1f —*H NMR (400 MHz, CDC})
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1g—"H NMR (400 MHz, CDC})
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1h —'H NMR (400 MHz, CDC})
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1i —*H NMR (400 MHz, CDCJ)
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1j —*H NMR (400 MHz, CDC})
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1k —'H NMR (500 MHz, CDC})
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11 —*H NMR (500 MHz, CDCJ)
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11 =*F NMR (376 MHz, CDG))
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1m —*H NMR (500 MHz, CDCY)
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S8—'H NMR (500 MHz, CDC})
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3d and 3d’—*H NMR (500 MHz, CDC})
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3e—'H NMR (500 MHz, CDC})
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3g—"H NMR (500 MHz, CDCJ)
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3g’ —*H NMR (500 MHz, CROD)
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3h—'H NMR (500 MHz, CDCY)

8T
9’1
ST
SS'T
LST~=

69'T-F
LT
LT
€LT
SLT

T0°€
mo.mW
Y0'€

T06—

6¢'L
€L
ee’L
9E" L~

LE°L
6€°L
oL
L

OBn

ETC
Fov

=0¢

6t

0T
MO.N
0¢

6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5

7.0

3h—"3C NMR (126 MHz, CDGJ)

e e~
9¢'9¢—

£e¢5—

09°0L—

YS'STT—
8L8TT—
v9'LeT
omNNHW
S9'8¢T

95'LET—

€T LYT—
G8°¢ST—

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

0

SI-11C



3h' —'H NMR (500 MHz, CROD)
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3k —*H NMR (500 MHz, CDCY)
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31 —'H NMR (400 MHz, CDC)
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3n—'H NMR (400 MHz, CDCY)
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3p - HMBC (CDC})
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3q—"'H NMR (400 MHz, CDC})
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3q- COSY (CDQ)
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3q- HMBC (CDC})
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3q’ —'H NMR (400 MHz, CDC))
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3r —*H NMR (500 MHz, CDC})
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'H NMR (400 MHz, CDC}))
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3v—"H NMR (500 MHz, CDCJ)
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3w —"H NMR (500 MHz, CDCJ)
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3w— COSY (CDCJ)
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3w — HMBC (CDC})
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3x —'H NMR (400 MHz, CDCJ)
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3x— COSY (CDCJ)
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3x—HMBC (CDCE)

|
i

T
8.0

T
75

T
7.0

T
6.5

T
6.0

T
55

T
5.0

T
45

T
40

T
35

T
3.0

T
25

T T
20 15

SI-13¢€



3y —'H NMR (400 MHz, CDCJ)
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3z—'H NMR (500 MHz, CDC})
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3aa—"H NMR (500 MHz, CDG)
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3ac—'H NMR (500 MHz, CDC})
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3ac—"F NMR (375 MHz, CDGJ)

-92.13
-102.74

T T
10 ) -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

SI-14&



3ad—*H NMR (500 MHz, CDCJ)
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3ag—"H NMR (500 MHz, CDG)
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3ai —'H NMR (400 MHz, CDC)
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3aj —*H NMR (400 MHz, CDCJ)
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cele—
loec —

817L5 —

yeoLL —
9/22L

15921 V
Gl'szL ~—
oLszl \
86'5C) \
zee8gL \‘
G6'6Ct

86'¥El \

80°€SL —

T
100

110

SI-147



3an—'H NMR (500 MHz, CDCJ)
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3a0—"H NMR (500 MHz, CDG)
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3ap—‘H NMR (400 MHz, CDCJ)
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3aqg and 3ag’—*H NMR (400 MHz, CDC}))
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3ag and 3aq’ — COSY (CDQ))
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3aqg and 3aq’ — HMBC (CDC})
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3ar —*H NMR (400 MHz, CDCY)
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3as—'H NMR (400 MHz, CDC))
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3at—H NMR (500 MHz, CDCJ)
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3au—‘H NMR (500 MHz, CDCJ)
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3av—"H NMR (500 MHz, CDC)
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3aw—"H NMR (500 MHz, CDC})
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3aw—"F NMR (375 MHz, CDG))
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3ax—"H NMR (400 MHz, CDC)
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3ay—'H NMR (500 MHz, CDG)
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3ay—"C NMR (150 MHz, CDG))
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3ay—'%F NMR (376 MHz, CDGJ)
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3az—'H NMR (500 MHz, CDC})
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