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1. General Information and Materials

All reactions were carried out under argon inert gas atmosphere with Schlenk technique. N-Aryl tetrahydroisoquinolines 1 were
synthesized according to literature known procedures.["? The TEMPO salt, T'BF4, was prepared according to a previous
publication.®! The following technical grade solvents were distilled prior to use: Ethylacetate (EtOAc), pentane (PE) and
dichloromethane (DCM). Acetonitrile (MeCN) was purified and dried by a solvent-purification system (SPS) and stored under
argon over molecular sieves. All other chemicals, whose syntheses are not described in the experimental part, were commercial
acquired and used without further purification.

NMR spectra were measured at 300 K on a Bruker Avance 11 300 ('H: 300 MHz, '3C: 75 MHz), Bruker Avance 11400 ('H: 400 MHz,
3C: 100 MHz, "°F: 375 MHz, 3'P: 243 MHz) or an Agilent DD2 600 ('H: 600 MHz, *C: 150 MHz). Chemical shifts & in "H- and
3C-NMR spectra are noted in ppm and calibrated based on residual solvent signals. The NMR data was analyzed using the
MestReNova software from Mestrelab Research S.L. The following NMR assignment abbreviations were used: singlet (s), doublet
(d), triplet (t) and multiplet (m).

High resolution mass spectra were recorded on a Bruker MicrOTof, or a Thermo Fischer Scientific Orbitrap LTQ XL using
electrospray ionization (ESI) in positive mode (ESI*).

Silica type 60 F2s4 coated aluminum plates (500 cm x 200 cm) from the company Merck were used for analytical thin layer
chromatography (TLC). Visualization of the compounds was achieved by UV light (254 nm) or an appropriate staining solution
(potassium permanganate or phosphomolybdic acid) followed by heating.

Flash column chromatography was performed with Merck Geduran Si 60 (0.063 nm — 0.0200 mm).
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2. Electrochemical Oxidation Screening

Typical Procedure (entry 5): TEMPO (4.69 mg, 0.03 mmol, 20 mol%), THIQ 1a (30.3 mg, 0.15 mmol, 1.0 equiv.), NaNs (10.7 mg,
0.165 mmol, 1.1 equiv.) and CyNC (18.2 g, 20.7 L, 0.165 mmol, 1.1 equiv.) were dissolved in dry, degassed MeCN (£0.7% H-:0O,
3mL)ina5 mL cell. The cell was equipped with a graphite plate as anode and a nickel plate as cathode. The reaction was performed
with the IKA ElectraSyn 2.0 at a constant current of 16.8 mA (~ 5 mA/cm?) for 40 min (2.7 F) at r.t.. After the indicated reaction time,
the mixture was transferred to a round bottom flask, the solvent removed under reduced pressure, CH2Br2 (10.07 uL, 0.15 mmol,
1.0 equiv.) added as an internal standard to the crude product and the yield determined by 'H-NMR spectroscopy.

+ |-

TEMPO (x mol%) N N~ "H
NaNj3; (1.1 equiv.)

EI/\ CyNC (1.1 equiv.) Ph Hy
— . SN >
N‘Ph Graphite || Ni N7 ON-CY ®

N
o
5mA/cm?, 2.7 F N=N ; H
MeCN (3 mL, 0.7 mol% H,0), rt
1a ( o H:0) 3aa (&) N
Anode 8 ! Cathode
Table S1. Screening conditions for the electrochemical oxidation for the model reaction with 1a.?
ont TEMPO Electrolyte Concentration Comment / t(min)  Conversion (%)° 3aa Yield
4 (mol%) (equiv.) (M) differing conditions ° (%)°

1 5 - 0.05 Ireal = 3-6 MA 60 31 8
2 5 - 0.1 Ireal = 3-6 MA 75 57 23
3 10 - 0.05 Ireal = 3-6 MA 40 65 20
4 10 - 0.1 Ireal = 3-6 MA 80 50 27
5 20 - 0.05 Ireal = 3-6 MA 40 77 34
6 20 - 0.1 Ireal = 3-6 MA 80 45 13
7 BusN*BF4 (1) 0.05 - 45 70 2
8 BuaN*N3 (1.1) 0.05 - 40 90 2
9 EtaN*BF4* (1) 0.05 0.3-0.8 mA, 1.5V 24h 99 32
10 0.1 EtaN*BF4* (1) 0.05 Vrea = 2.7V 6.5h 72 19

Pt || Pt, 0.21 mA/cm? (1.5 mA)
1 20 - 0.1 12h 80 12

+3.5 eq. HCI (Etz0, 1M)
Pt || Pt, 0.27 mA/cm?

12 20 ELN*BF4* (1) 0.1 IIPt, 0.27 mA/em 12h 72 18

+3.5eq. TFE

[a] Conditions: 1a (1.0 equiv.), CyNC (1.1 equiv.), NaNs (1.1 equiv.), TEMPO and electrolyte were dissolved in MeCN (3 mL) in a 5 mL cell. The
cell was equipped with a graphite anode and Ni-cathode and the reaction performed at r.t. under constant current or voltage conditions (2.7 F). [b]
Conversion of the substrate 1a determined by "H-NMR. [c] Yield of the product 3aa determined by "H-NMR with CH2Br2 as internal standard.

Cyclic Voltammetry: The cyclic voltammograms were taken on a Metrohm Autolab PGSTAT204 potentiostat using a silver wire
counter electrode and a glassy carbon working electrode. The pH was not adjusted and the voltammogram was taken atr.t. in a
0.1 M MeCN solution of BusNPFs containing the designated substrate in a 5 mM concentration. The scan rate was 50 mV/s.

0,0002
e TEMPO
0,00015
TEMPO +THIQ-N-Ph
0,0001 e THIQ-N-Ph
e Ugi-Azide Reaction
0,00005

Current /A

-0,00005

-0,0001

-0,00015

Potential / V

Figure $1. CV measurements of TEMPO (light blue), THIQ 1a (light grey), the mixture of both (blue) and the full reaction (grey) using a
substrate concentration of 5 mM and 0.1 M of electrolyte (BusN*PF¢’) in dry, degassed acetonitrile at r.t.
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3. Computational Studies

Geometries and energies were both obtained using density functional theory at B3LYP¥-GD3BJ®-SMDE(MeCN)/6-
311++G(d,p) level of theory. Calculations were performed with Gaussian16 program.l® The connections between minima and
transition states on the Gibbs energy surfaces were assured by intrinsic reaction coordinate calculations and verified by the
analysis of the eigenvalues of the Hessian. Therefore, for energy profiles constructions we considered three molecules: singly
charged model substrate N-methyl tetrahydroisoquinolinium (THIQ®, 1) formed from the corresponding THIQ 1 upon a first
oxidation with T*BF4", methyl isocynide (CHsNC) and azide ion (N3*). Notice that in the calculations we neglected the oxidation

step and the effect of the counter ions (BFs and Na*).
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Figure S2. Complete free reaction profiles ((a) step-wise isocyanide-azide additions in red (left), and (b) concerted pathway in blue (right)
followed by cyclization in green) computed using DFT-B3LYP/6-311++G(d,p)-GD3BJ-SMD(MeCN) level of theory.

Figure S2 shows the free energy surfaces were built (at r.t.) starting from three above-mentioned molecules: THIQ* (1), CHsNC
and N3 (A). Initially, we explored a possible concerted mechanism, in which the three molecules directly interact (via A”’) to form
the intermediate IV (via transition state TS4). The transition state of this one-step reaction is rather high, comprising a 28.3 kcal
mol" energetic barrier. Therefore, the reactivity of THIQ* (I) towards the nucleophilic attack of either the azide ion (Ns"— A’) or the
methyl isocynide (CH3NC — A”) in a step-wise manner was next investigated.

The step-wise mechanism starts with the attack of the isocyanide nucleophile and formation of a weakly bounded complex A”
that is only 0.7 kcal mol less stable than A’. However, the formation of the nitrilium intermediate lll (via TS2) involves a significant
amount of energy (24 kcal mol™") and this species is quite unstable (23.8 kcal mol™). The relative stabilities are most probably
overestimated due to the way of building of the free energy surfaces (neglecting the counter ions). The next step is the N3~ attack,
building a weakly bonded III’ that evolves with a loose transition state (see the scan of the corresponding C-N bond in Figure S3)
to the stable intermediate IV. The final cyclization of IV involves a relatively small energy barrier (TS3) and leads to the stable
product 3 (-17.1 kcal mol™).

In summary, the step-wise mechanism is more probable, with the TS2 barrier 2.1 kcal mol”' lower than the reaction-determining

step for the concerted reaction (TS4)
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Figure S3. Rigid (green) and relaxed (purple) scans along the newly formed C-N bond of compound III’ (see dashed line in Figure S2),
computed at DFT-B3LYP/6-311++G(d,p)-GD3BJ-SMD(MeCN) level of theory.

Alternatively, the azide nucleophilic attack reaction is a non-productive pathway towards
the desired product 3, leading to the organic azide Il (Figure S4). Although the azidation
of THIQ under similar oxidative conditions (TEMPO*BF4, TMSN3, MeCN, r.t.) is known,®!
the product Il was not observed in the reaction mixture with any of the employed azide

sources. However, this step is kinetically the most probable, i.e. the relative height of the

barrier of TS1 vs. TS2 or TS4 is the lowest. Indeed, azide Il is thermodynamically less

0.0 ]‘/

stable than the initial mixture A and the barrier for the reversible reaction Il to A is very (1) THIQTCHNGHN; 7~
A

small (TS1 - 0.1 kcal mol'). Thus, this equilibrium is strongly shifted towards THIQ* (l).

Figure S4. Azide attack pathway.
XYZ coordinates of the key saddle points in A:
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