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1. General Methods

Yields are given for isolated products showing one spot on a TLC plate and no impurities detectable in
the NMR spectrum. The identity of the products prepared by different methods was checked by
comparison of their NMR spectra.

'H and '*C NMR spectra were recorded at 400 MHz for 'H and 100 MHz for '3*C NMR at room
temperature; the chemical shifts (§) were measured in ppm relative to the solvent (CDCls: 'H: § = 7.26
ppm, 13C: 8 =77.16 ppm, CsDe: '"H & = 7.16 ppm, *C: § = 128.06 ppm). Coupling constants (J) are given
in Hertz. Splitting patterns of apparent multiplets associated with an averaged coupling constants were
designated as s (singlet), d (doublet), t (triplet), q (quartet), sept (septet), m (multiplet), dd (doublet of
doublets) and br (broadened). Various 2D techniques and DEPT experiments were used to establish the
structures and to assign the signals. The mass spectra were measured on a Thermo Exactive (Orbi), where
the spectra were recorded in a positive or negative ion mode using electrospray ionization (ESI) from
methanol or acetonitrile. UV-Vis kinetic measurements were recorded on LEKI SS2109UV
spectrophotometer with standard 10x10x45 mm quartz cuvettes. Enantiomeric excess (ee) was
determined by GC or HPLC on columns with chiral sorbents. All chromatographic manipulations used
silica gel (40-63 um) as the adsorbent.

Reaction progress was monitored by GC/MS, LC/MS, GC-FID analysis and thin layer chromatography
(TLC) on aluminum-backed plates with Merck Kiesel 60 F254 silica gel. TLCs were either visualized by
UV radiation at a wavelength of 254 nm, or stained by exposure to an ethanolic solution of
phosphomolybdic acid. All solvents and reagents for the reactions were of reagent grade and were dried
and distilled under nitrogen before use. Indoles 2a, 2¢, 2d, and 2e, were acquired from commercial
sources and were used as received. Other substituted indoles are known compounds (2b,%! 2f,5% 2g 5° 2h$%)
were synthesized following the literature method.5? All a-aryl-a-diazoactates are known compounds: (1a,
1b, 1f, 1h, 1i, 1j;% 1c, 1d;% 1e;%7 1g;%® 1k5°) and were synthesized from commercially available aryl
acetates according to standard protocol.>> Bipyridine-dioxide ligands were obtained from the previous

work.%?



2. NMR and Mass Spectrometry studies

NMR studies. General considerations.

'"H NMR spectra were registered on a spectrometer Bruker Avance III 400 NMR at operating
frequencies 400.1 MHz for nuclei 'H. As an internal reference for the 'H NMR spectrum, residual solvent
signals (0 5.32 ppm for DCM-d>) were used. All spectra were processed with Bruker Topspin 3.2 software
package. The DOSY spectra were recorded using 16 steps with linear increasing of gradient pulse strength
(from 5 to 95% of maximum gradient coil current). The Little Delta (J) was set to 2 ms and the Big Delta
(A) was set to 50 msec. 2D DOSY spectra were generated using Bruker Topspin 3.2 software and the
diffusion coefficients were calculated using Topspin T1/T2 relaxation module.

Mass spectrometry studies. General considerations.

Mass spectra were measured using Bruker maXis instrument equipped with an electrospray ionization
source and spectra were recorded in positive ion mode with m/z 100 — 1500 range. Capillary Voltage was
4.5 kV, applied Spray Shield Offset was set to — 0.5 kV. For calibration of the mass spectra, a low-
concentration tuning mix solution by Agilent Technologies was utilized. Nitrogen was applied as a
nebulizer gas (1 bar) and dry gas (4.0 L x min!, 200 °C). Bruker Data Analysis 5.0 software package
was used. Online reaction monitoring was performed for the reaction mixture in dichloromethane (argon
double balloon pressurized injection). Ultrahigh-resolution mass spectra were acquired on a Bruker
SolariX XR ion cyclotron resonance Fourier transform MS (Bremen, Germany) equipped with a 15 Tesla
superconducting magnet and an Apollo II source in positive electrospray ionization mode. The sample
was injected with a constant flow rate of 120 pl h—1, a nebulizer gas pressure of 1 bar and drying gas
(200 °C, 4.0 L min!). The accumulation time was 0.1 s, the number of scans was 32 with 2 M data points,
and the m/z range was 150-3000. The applied ESI voltage was 3.6 kV capillary voltage and —0.5 kV end
plate offset. Transfer optic parameters were therefore ToF 0.6 ms, frequency 6 MHz and RF amplitude
350 Vpp. The spectra were processed using Bruker Data Analysis 5.1 software.



ESI-MS online monitoring of reaction mixture

A solution of ligand 7g (5.3 mg, 0.01 mmol), PA(PhCN),Cl (3.8 mg, 0.01 mmol) and NaBArr (21.3
mg, 0.024 mmol) in DCM (3 mL) was stirred at room temperature for 1 hour under Ar. The color of the
suspension turned black. Mass spectra and 'H NMR spectra were recorded from this mixture. After that,
indole 2a (34.8 mg, 0.24 mmol) and diazo compound 1a (51.0 mg, 0. mmol) in DCM (3 mL) were added
into a Schleck tube equipped with a magnetic stir bar under argon backflush. One neck was closed with
a silicon septum and the side tap was connected with a double-walled argon balloon. PEEK capillary was
pushed into the flask through the septum and immersed into the reaction mixture. After stirring for ca. 2
min (500 RPM) at room temperature, the solution of ([Pd]/7g/NaBArF) prepared earlier was injected into
this Schleck tube through the septum by a syringe, and the reaction was monitored for 15 min. After that,

the yield was measured by '"H NMR. The same protocol was used for the reaction with ligand 7a.
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Figure S1. 'H NMR DOSY spectrum of commercial PA(PhCN)>Cl,
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Figure S2.'H NMR DOSY spectrum of freshly synthesized Pd(PhCN),Cl,
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Figure S3. 'H NMR DOSY spectrum of fieshly synthesized PA(PhCN),Clo/ligand 7g
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ESI-MS online monitoring
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Figure S5. The real-time abundance of product and main palladium-containing complexes in Pd-
catalyzed C-H functionalization of indoles. The ions of Pd complexes appeared in the spectrum only after

injection of a DCM solution containing [Pd]+L(7g)+NaBArr.
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Figure S6. The real-time abundance of product and main palladium-containing complexes of palladium-
catalyzed C-H functionalization of indoles. The ions of Pd-complexes appeared in a spectrum only after

injection of freshly synthesized [Pd]+L(7a)+NaBArs+DCM solution.



Table S1. Pd-containing ions observed during ESI-HRMS monitoring of the reaction mixture with ligand

7a.lal
entry caled m/z [M]+ structure intermediate composition
1 174.9736 Pd(CsHo) Pd;CsHo
2 249.9847 Pd(2) E PdiCioHioN
3 474.0690 Pd(3) B’or C Pd(C2sH22NO2)
4 544.1474 Pd(3)(CsHo) Pd(C25H23NO2)(CsHo)
5 581.2300 [Pd(7a).]* Pdi(C36H36N202)2
6 703.2525 Pd(7a)(CsHo) Pdi(C36H36N202)(CsHo)
7 843.2426 Pd(3)—-H' Pdi(C2sH23NO2), — HY

[a] The reaction was performed in a Schlenk tube with freshly synthesized Pd(PhCN),Cl> (5 mol%),
ligand (5 mol%), NaBArr (12 mol%), 1a (0.2 mmol, 1 equiv) and 2a (0.24 mmol, 1.2 equiv) in 6 mL of
CH2Cl; at rt. The reaction was monitored for 15 min.



3. SEM and EDX data
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Figure S7. FE-SEM images for the precipitates formed in the solutions of commercial Pd(PhCN)>Clo/

7g/ NaBArr (left) and freshly synthesized Pd(PhCN),Cly/ 7g/ NaBArF (right).

Figure S8. EDX spectrum for the precipitate formed in the solution of the mixture of commercial

Pd(PhCN)>Clo/ligand 7g/NaBArr.
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Figure S9. EDX spectrum for the precipitate formed in the solution of the mixture of freshly synthesized

Pd(PhCN)>Clo/ 7g/ NaBArk.
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Figure S10. Scanning electron microscopy (SEM) images of precipitates of PdCl> formed upon

dissolution and Pd(PhCN)>Clz in CH2Cl,: left - freshly made sample, right — aged sample.
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Figure S12. EDX spectrum for the precipitate formed from freshly synthesized Pd(PhCN)Cl..
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Figure S13 FE-SEM images for the precipitate formed in the solution of freshly synthesized

Pd(PhCN)>Clo/ 7g/ NaBArF/reagents.
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Figure S14. EDX spectrum for the precipitate formed in the solution of the mixture of commercial

Pd(PhCN).Clo/ 7g/ NaBArF/reagents.




4. UV kinetic studies

General considerations

All reactions were carried out in DCM at 25 °C in standard 10x10x45 quartz cuvettes with a Teflon cap
in a spectrophotometer unit. The data were recorded in a kinetic mode at 251 nm with a 2 seconds scan
step using the Leki ScanPro software. Kinetic curves were obtained by plotting the decrease in absorption
of the diazo compound over time using Sigma Plot software. Stock solutions of reactants were prepared
prior to use by dissolving an appropriate amount of each reagent in dry freshly distilled DCM in a
concentration range from 2.5%10 M to 5*10-M for indole 2a and diazoester 1a and 4*10™*M to 6*10™*M
for NaBArr, ligand 7g (8g) and Pd-precatalyst. Each experiment was performed in triplicate (5 times for
the experiments with the excess of H>O and D,0). The procedure for the preparation of precipitated PdCl>
is described further (see section S5).

Experiment procedure

Measured aliquots of stock solutions of NaBArr, ligand (if required), Pd-precatalyst and indole 2a were
pippeted in sequence to a 10x10x45 quartz cuvette containing the exact volume of DCM so that further
addition of stock solution of 1a would yield the concentrations of 1.2*10°M for NaBArr, 5*10° M for
Pd-source and ligand 7g or 8g, 1.2*10"*M for indole 2a and 1*10*M for diazoester 1a. The solution was
thoroughly mixed using lab shaker and used as blank for baseline correction. After recording the initial
absorption of the mixture, an aliquot of diazoester 1a was added to the cuvette, quickly mixed and the
decrease in absorption monitored until it reaches the plateau (for 20 minutes typically). The resulting

absorption data were processed with Sigma Plot.

Typical experiment

NaBArr (43 ul, 4.18%10*M solution in DCM, 12 mol%), 7g (14 ul, 5.4*10“*M solution in DCM,
5mol%), PA(PhCN),Cls (14 pl, 5.4%10*M solution in DCM, 5mol%) and 2a (34 pl, 4.9%10°M solution
in DCM, 1.2 equiv) were added to a 10x10x45 quartz cuvette containing 1.34 mL DCM. The cuvette was
transferred to the spectrophotometer after carefully shacking and the absorbance spectrum of the resulting
mixture was recorded as blank. Next, diazoester 1a (56 pl, 2.66*10*M solution in DCM, 1 equiv) was
added to the cuvette, which was quickly shacked and transferred back to the spectrophotometer unit to

begin measurements.

14
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Figure S 15. A plot of [1a] versus time. Curve a: precipitated PdCl> (5 mol%), 7g (5 mol%); curve b:
fresh PA(PhCN)2Cl» (5 mol%) without ligand; curve c¢: fresh PA(PhCN)>Cla (5 mol%), 7g (5 mol%); curve
d: fresh Pd(PhCN):CL (5 mol%), 7g (5 mol%), H2O (20 equiv with respect to 1a); curve e: fresh
Pd(PhCN)>Clz (5 mol%), 7g (5 mol%), D20 (20 equiv with respect to 1a), curve f: fresh PA(PhCN),Cl»
(5 mol%), 8g (5 mol%).
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Figure S 16. A plot of In[1a] versus time (dotted line - linear regression). Curve b: fresh PA(PhCN),Cl,
(5 mol%) without ligand, linear regression -In[1a] = 9.2103 + 0.00121*t (R?>=0.9802); curve ¢: fresh
Pd(PhCN),Cl (5 mol%), 7g (5 mol%), linear regression -In[1a] = 9.2103 + 0.00145*t (R?>=0.9861); curve
d: fresh PdA(PhCN),Cl> (5 mol%), 7g (5 mol%), H>O (20 equiv with respect to 1a), linear regression -

In[1a] = 9.2103 + 0.00147*¢ (R>=0.9996); curve e: fresh Pd(PhCN)>Cl, (5 mol%), 7g (5 mol%), D,O (20
equiv with respect to 1a) linear regression -In[1a] = 9.2103 + 0.00192*¢ (R?>=0.9998).
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Figure S 17. A plot of [1a]™! versus time (dotted line - linear regression). Curve b: fresh Pd(PhCN),Cl»
(5 mol%) without ligand, linear regression [1a]! = 10000 + 13.825%¢ (R*=0.9989); curve ¢: fresh
Pd(PhCN),CL (5 mol%), 7g (5 mol%) linear regression [1a]™! = 10000 + 17.143*¢ (R?=0.9989); curve d:
fresh PA(PhCN)2Cl (5 mol%), 7g (5 mol%), H,O (20 equiv with respect to 1a), linear regression [1a]!
= 10000 + 18.237*¢ (R?>=0.9695); curve e: fresh PA(PhCN),Cl> (5 mol%), 7g (5 mol%), D>O (20 equiv
with respect to 1a), linear regression [1a]™ = 10000 + 24.132*¢ (R>=0.9714).
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5. Extended optimization experiments and mechanistic studies

Table S2. Solvent screening in Pd catalyzed enantioselective alkylation of 1,2-dimethylindole with
benzyl 2-diazo-2-phenylacetate.®

NaBArg (12 mol%), “_COOBn

A N2 Pd(PhCN),Cl, (5mol%)

N< ph™ ~cooen i N

\ 7a (5mol%) N

1a 2a Solvent 0.1M, rt \ 3aa

Entry Solvent Yield (%) ee (%)
1 DCM 96 82
2 THF 9 2
3 MeCN 7 0
4 Toluene 90 61
5 1,2-Dichloroethane 95 75
6 CHCI3 92 40
7 PhCl 83 61
8 DMF 40 0

[a] The reaction was carried out using 0.20 mmol of diazoester 2a, 0.24 mmol of indole 1a, 5 mol% of
Pd source, 5 mol% of 7a, and 12 mol% of NaBArr in 2 mL of the given solvent at room temperature.

18



Table S3. Effect of NaBArr loading on the enantioselectivity of the reaction.

Pd(PhCN),Cl, (5mol%)

COOBn
N NaBArg or NaBPh,

>— . M N

N Ph”” ~COOBnN

\ 7a (5mol%) N

1a 2a DCM 0.1M, rt \ 3aa

Entry Loading of salt (mol %) Yield (%) ee (%)
1 6 85 61
2 12 96 82
3 18 95 81

4 121 -

[a] The reaction was carried out using 0.20 mmol of diazoester 2a, 0.24 mmol of indole 1a, 5 mol% of
Pd source, 5 mol% of ligand 7a, and the given amount of NaBArF in 2 mL of DCM at room temperature.
[b] 10 mol% of NaBPh4 was used instead of NaBArr, with no reaction.

Table S4. Optimization of catalyst loading.

Pd(PhCN),Cl, (5mol%)

COOBn
N2 NaBArg (12mol%)

»>— . N

N Ph™ ~COOBn

\ 7gor7a N

1a 22 DCM 0.1M, rt \ 3aa

Entry Pd(PhCN)2Cl,, (mol%) Ligand*, (mol%) Yield, (%) ee, (%)
1 5 5 96 90
2 1 1 92 89
3 0.5 0.5 90 87
4 0.25 0.25 71 60
5tb] 0.5 0.5 - -

[a] The reaction was carried out using 0.20 mmol of diazoester 2a, 0.24 mmol of indole 1a, the given
amount of Pd(PhCN)Cla, the given amount of 7g, and 12 mol% of NaBArr in 2 mL of DCM at room
temperature. [b] Ligand 7a was used instead of 7g, with no reaction.
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Table SS. Effect of reaction temperature on enantioselectivity

NaBArg (12 mol%),

N, Pd(PhCN),Cl, (5mol%) ;
m * b “COOBN ] N
N 79 (5mol%)

COOBn
1a \ 24 Solvent 0.1M, temperature \ 3aa
Entry T, (°C) Yield, (%) ee, (%)
1 0 88 83
2 20 96 90
3 40 94 88
410 60 92 85

[a] The reaction was carried out using 0.20 mmol of diazoester 2a, 0.24 mmol of indole 1a, 5 mol% of
Pd source, 5 mol% of 7g, and 12 mol% of NaBArr in 3 mL of DCM at the given temperature. [b] DCE
was used as a solvent instead of DCM.

Insertion of diazoesters into Borylated 1,2-dimethylindole
Trifluoro(2-(piperidin-1-ium-1-yl)phenyl)borate and a BPin-1,2-dimethylindole were synthesized

according to the literature protocol.5!°

1. BuLi 1.1 equiv
Br(CH,)sBr (2.4 equiv), (2.5M in hexane), -78°C, O
NH, DIPEA (1.8 equiv) N THF 0.6M, R N
@ Toluene 0.8M, @ 2. B(OMe); 3 equiv B(OH)

Br reflux 48h Br -78°C to rt, 2 86%

75%
KHF, 6 equiv
HCI (37%), @I}JH
EtOH-H,0 éFs

1,2-dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1 H-indole (10a)

then H,O quench

65%

HBPin (450 pL, 2 equiv) was added dropwise via syringe to the stirred under argon

O\B,o mixture of trifluoro(2-(piperidin-1-ium-1-yl)phenyl)borate (36 mg, 10 mol%) and 1,2-

dimethylindole (225 mg, 1 equiv) in an oven-dried 50 mL test tube. The reaction mixture

/Z; /i

was first stirred at room temperature for 10 min and then at 80 °C for 5-10 minutes which

led the reaction mixture to liquefy initially and solidify later within 5-10 min. Therefore, | mL of THF
20



was added to bring the reaction mixture to a solution phase. Next, the reaction flask was heated at 80 °C
for 16 hours. The resulting crude reaction mixture was subsequently kept under a high vacuum for 30 min
at 50 °C to remove volatiles, followed by filtration of the residue through a short column of Al>O;3 using
diethyl ether as an eluent (40 mL). After evaporation of the solvent under reduced pressure, the desired
BPin-indole was obtained as a white solid (364 mg, 87%)."H NMR (400 MHz, C¢Ds): 8 1.23 (s, 12H),
2.46 (s, 3H), 2.81 (s, 3H), 7.03 (m, 1H), 7.27 (m, 1H), 7.35 (m, 1H), 8.63 (m, 1H) (Figure S19). "B NMR
(128 MHz, C¢Ds): 68 31.0 (Figure S21). 13C NMR (101 MHz, C¢Ds): d¢c 11.7, 24.2, 27.7, 81.4, 107.8,
119.7,120.3, 121.9, 132.7, 137.6, 146.5(Figure S20). In agreement with literature.5!!

Procedure for the reaction of diazoester 1c with boronic ester 10a.

s Q) o

‘5-0 NaBArg (12 mol%),
N, Pd source (5mol%)
@f\¥ oA °
N Ph COOEt 79 (5mol%)
\ DCM 0.1M, rt
10a 1c \ 3ca

A solution of 7g (0.01 mmol, 5 mol%), PA(PhCN)2Cl (0.01 mmol, 5 mol%), and NaBArr (0.024 mmol,
12 mol%) in DCM (2.0 mL) was stirred at room temperature for 1 hour. Then the indole derivative (0.24
mmol, 1.2 eq) and the diazoester (0.2 mmol, 1.0 eq) were dissolved in 0.3 mL of dry toluene and added
slowly to that mixture over 1h at room temperate. The reaction mixture was left stirring at rt for 30
minutes. The solution was concentrated in vacuo and the crude product was purified by flash column
chromatography using a mixture of petroleum ester/ethyl acetate (9:1) to give the desired product (3ca)
as a light-yellow oil (25 mg, 41%), 76% ee. Enantiomeric excess was determined by chiral HPLC (Lux
(5pum) Cellulose-1 column, water/MeCN = 50:50; flow rate 0.3 mL/min at 35 °C, UV detection at 225

nm; tmajor = 105.9 min, tminor = 1090 I’Illn

Attempt on proving the “cocktail of catalysts”

NaBArg (12 mol%), @ P

sedimented Pd source (5mol%)

Ny
) ’ Ph)J\COOEt 7
N\ 79 (5mol%)
DCM 0.1 M, rt
2a 1c 3ca

Preparation of Pd-source: 200 mg of PA(PhCN)>Cl, was introduced to an oven-dried, nitrogen-flushed
test tube, and stirred overnight in dry DCM. Therefore, the precipitate was centrifuged off, decanted and
washed with 5 mL of DCM 5 times. Obtained brown solid was dried under vacuum at 60°C for 2 hours

and used for further reaction. A solution of 7g (5.4 mg, 0.01 mmol,), Pd-source (1.77 mg, corresponds to

21



0.01 mmol of PdCI»), and NaBArr (21 mg 0.024 mmol) in DCM 3.00 mL was stirred at room temperature
for 1 hour. Then 1,2-dimethylindole (34.8 mg, 0.24 mmol) and diazo compound (38 mg, 0.2 mmol) were
added in one portion at room temperate and the reaction mixture was left for 30 mins. The solution was
concentrated in vacuo. The crude product was purified by flash column chromatography using a mixture
of petroleum ester/ethyl acetate (9:1) to give the desired product (3ca) as a light-yellow oil (59 mg, 80%),
53% ee. Enantiomeric excess was determined by chiral HPLC (IC-3 column, n-hexane/i-PrOH = 95:5,
flow rate 1.0mL/min, UV detection at 254nm), tmajor = 12.8, tminor = 20.2.
Experiment with the order of addition
o) A solution of 7g (0.01 mmol and MS 4A°, 100 mg), Pd(PhCN),Cl> (0.01 mmol, 5
QW/MO/\ mol%), NaBArr (0.024 mmol, 12 mol%) in DCM 2.00 mL was stirred at room
0 N temperature for 1 hour. Then diazo compound (0.4 mmol) was added in one portion
0 [ j and the reaction mixture was stirred for 30 minutes. After that, the solution of 1,2-
dimethylindole (58 mg, 0.4 mmol) in 0.2 mL of DCM was added, and the mixture was stirred additionally
for 15 minutes. The solution was concentrated in vacuo. The crude product was purified by flash column
chromatography using a mixture of petroleum ester/ethyl acetate (9:1) to give (9a) as a yellow solid (51
mg, 74%). 'TH NMR (400 MHz, CDCls): &u 1.43 (t, J= 7.1 Hz, 6H), 4.51 (q, J = 7.1 Hz, 4H), 7.46 (m,
1H), 7.80 (m, 1H) (Figure S22). 13C NMR (101 MHz, CDCl3): 8¢ 14.6, 61.8, 128.1, 128.9, 131.5, 132.1,
162.3, 165.4(Figure S23). In agreement with literature 5!

(7R,7'R,9R,9'R)-8,8,8'", 8 -tetramethyl-3,3"-di(thiophen-2-yl)-7,7"8,8"9,9' 11,11 "-octahydro-6H,6'H-1, 1 -
bi(6,8-methanoisoquinoline) (8g)

[ \} Bipyridine 8g was obtained by our previously published method 9. Bipyridine N,N’-

oxide 7g (0.1 g, 0.185 mmol) was dissolved in THF (3.00 mL) and saturated aqueous
solution of NH4C1 (3.00 mL). An excess of zinc dust (243 mg, 3.71 mmol) was added
to the solution and the mixture was heated under reflux for 24 hours. The reaction
mixture was cooled to room temperature, the solids were removed by filtration. The
filtrate was diluted with DCM (10.0 mL) and the aqueous layer was extracted with DCM (2x30 mL). The
organic layers were combined, dried over Na>SO4 and concentrated in vacuo, to give pure 8g as white
solid (0.079g, 84 %), m.p. 238-240 °C (decomp.). '"H NMR (400 MHz, CDCl3): 6y 0.94 (s, 3H), 1.23 (d,
J=9.6 Hz, 1H), 1.41 (s, 3H), 2.30 (m, 1H), 2.56 (dt, J=9.9, 5.8 Hz, 1H), 3.08 (m, 2H), 3.18 (t, /= 5.5
Hz, 1H), 7.07 (dd, J = 5.0, 3.7 Hz, 1H), 7.30 (dd, J = 5.0, 1.0 Hz, 1H), 7.55 (dd, J = 3.6, 1.0 Hz, 1H)
(Figure S24. 1H NMR, 8g. *C NMR (101 MHz, CDCl3): 8¢ 21.6, 26.3, 31.7, 33.9, 39.4, 40.2, 43.3,
117.5,123.4,126.7, 127.7, 141.1, 146.4, 146.4, 148.6, 153.3 (Figure S25. 1°C NMR, 8g.
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Reactions with bipyridine ligand 8g

NaBArg (12 mol%), @ o

N, fresh PA(PhCN),Cl, MS 4A
Iy ok — °
N Ph~ “COOEt 89 (5mol%)
\ DCM 0.1 M, rt
2a 1c 3ca

The mixture of Pd(PhCN),Cl: (3.8 mg, 0.01 mmol, 5 mol%), NaBArr (21 mg, 0.024 mmol, 12 mol%),
bipyridine 8¢ (5.1 mg, 0.01 mmol, 5 mol%), 200 mg MS 4A and 2mL of DCM was stirred in 10ml
Shlenk tube at room temperature for 1 hour. Then the solution of 1,2-dimethylindole 2a (35 mg, 0.24
mmol, 1.2 eq) and diazoester 1¢ (38 mg, 0.2 mmol, 1.0 eq) in 0.5 mL of DCM was added in one portion
at room temperate. The reaction mixture was left stirring for 15 minutes, filtered through Celite and the
solution was concentrated in vacuo. The crude product was purified by flash column chromatography
using a mixture of petroleum ester/ethyl acetate (9:1) to give the desired product (3ca) as a light-yellow
oil (54 mg, 88%), 5% ee. Enantiomeric excess was determined by chiral HPLC (IA-U column, 1.6 um,
n-hexane/ i-PrOH = 98:2, flow rate 0.4 mL/min, at 35 °C, UV detection at 254nm), tminor = 3.6, tmajor =
4.0.

NaBArg (12 mol%), @ /
fresh Pd(PhCN),Cly, /O
N, 8g (5mol%) HO
Cry ot - o
N Ph™ "COOEt  H,0 (1 or 10 equiv.) * Etom

\ DCM 0.1 M, rt
2a 1c

1 equiv. of water 57% 14%

10 equiv. of water 39% 22%

The mixture of PA(PhCN).Cl; (3.8 mg, 0.01 mmol, 5 mol%), NaBArr (21 mg, 0.024 mmol, 12 mol%),
bipyridine 8¢ (5.1 mg, 0.01 mmol, 5 mol%) and 2mL of DCM was stirred in 10ml Shlenk tube at room
temperature for 1 hour. Then water (3.6uL, 0.2 mmol, 1 equiv.) was added using a microsyringe and the
mixture was stirred for another 10 minutes. After the solution of 1,2-dimethylindole 2a (35 mg, 0.24
mmol, 1.2 eq) and diazoester 1¢ (38 mg, 0.2 mmol, 1.0 eq) in 0.5 mL of DCM was added in one portion
at room temperate. The reaction mixture was left stirring for 15 minutes. The solution was concentrated
in vacuo. The crude product was purified by flash column chromatography using a mixture of petroleum
ester/ethyl acetate (gradient elution 20:1 to 4:1) to give in the order of elution the desired product (3ca)
(35 mg, 57%, racemate) and ethyl mandelate (5 mg, 14%), 10% ee. Enantiomeric excess was determined
by chiral HPLC (IB-U column, 1.6 pm, n-hexane/ i-PrOH = 90:10, flow rate 0.2 mL/min, at 35 °C, UV
detection at 254nm), tmajor = 4.7 tminor = 5.8.
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The mixture of Pd(PhCN),Cl: (3.8 mg, 0.01 mmol, 5 mol%), NaBArr (21 mg, 0.024 mmol, 12 mol%),
bipyridine 8¢ (5.1 mg, 0.01 mmol, 5 mol%) and 2mL of DCM was stirred in 10ml Shlenk tube at room
temperature for 1 hour. Then water (36uL, 2 mmol, 10 equiv.) was added using microsyringe and the
mixture was stirred for another 10 minutes. After the solution of 1,2-dimethylindole 2a (35 mg, 0.24
mmol, 1.2 eq) and diazoester 1¢ (38 mg, 0.2 mmol, 1.0 eq) in 0.5 mL of DCM was added in one portion
at room temperate. The reaction mixture was left stirring for 15 minutes. The solution was concentrated
in vacuo. The crude product was purified by flash column chromatography using a mixture of petroleum
ester/ethyl acetate (gradient elution 20:1 to 4:1) to give in the order of elution the desired product (3ca)
(24 mg, 39%, racemate) and ethyl mandelate (8 mg, 22%), 10% ee.
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6. Preparation of palladium source and general procedure for the alkylation of

indoles

Pd(PhCN),Cl> was prepared using a slightly modified protocol 53, Benzonitrile 20 mL was added to
0.5 g (2.82 mmol) of palladium chloride. The reaction mixture was heated to 100 °C, stirred for 2 hours
and filtered. 100 mL n-hexane was added to the filtrate followed by the formation of a yellow precipitate.
The precipitate was separated by filtration, washed twice with 50 mL of hexane and dried in vacuo.

General method for the catalytic enantioselective alkylation of indoles with diazoacetates.

A solution of 7g (0.01 mmol, 5 mol%), Pd(PhCN),Cl> (0.01 mmol, 5 mol%), and NaBAr (0.024 mmol,
12 mol%) in DCM 2.00 mL was stirred at room temperature for 1 hour. Then indole derivative (0.240
mmol, 1.2 eq) and diazo compound (0.200 mmol, 1.0 eq) were added in one portion at room temperate
and the reaction mixture was left for 10 minutes. The solution was concentrated in vacuo. The crude
product was purified by flash column chromatography using a mixture of hexane/ethyl acetate (gradient

elution 15:1 to 8:1) to give the desired product.

7. Characterization of functionalized indoles.

(S)-Benzyl 2-(1,2-dimethyl-1H-indol-3-yl)-2-phenylacetate (3aa)

Obtained from 1,2-dimethylindole (34.8 mg, 0.240 mmol), benzyl 2-

@ { diazo-2-phenylacetate 50.4 mg, 0.200 mmol). Yellow oil (71.0 mg, 96%),
@E\CO/@ 90% ee. Enantiomeric excess was determined by chiral HPLC (IC-3
N\ column, n-hexane/ i-PrOH = 95:5, flow rate 1.0mL/min, UV detection at

254nm), tmajor= 13.5 tminor=18.5(Figure S60, Figure S61). [a]25= 74.25 (c = 0.37, CHCL3). 'H
NMR (400 MHz, CDCl3): 811 2.37 (s, 3H), 3.69 (s, 3H), 5.13 (d, J = 12.4 Hz, 1H), 5.22 (d, J =
12.4 Hz, 1H), 5.45 (s, 1H), 7.08 (m, 1H), 7.22 (m, 1H), 7.34 (m, 11H), 7.54 (m, 1H) (Figure
S26). BC NMR (101 MHz, CDCl3): 8. 10.9,29.8, 48.5, 66.8, 107.9, 108.8, 119.4, 119.6, 120.9,
126.8,127.0,128.2, 128.3, 128.4, 128.4, 128.5, 135.0, 136.1, 136.8, 138.9, 173.2 (Figure S27).
In agreement with literature.5’

(S)-Benzyl 2-(2-ethyl-1-methyl-1H-indol-3-yl)-2-phenylacetate (3ab)

Obtained from 2-Ethyl-1-metylmethylindole (38.2 mg, 0.240 mmol)

@ { and benzyl 2-diazo-2-phenylacetate (50.4 mg, 0.200 mmol). Yellow oil
@E\C\j/\@ (72.9 mg, 94%), 90% ee. Enantiomeric excess was determined by chiral
\ HPLC (IC-3 column, n-hexane/ i-PrOH = 95:5, flow rate 1.0mL/min, UV

detection at 254nm), tmajor= 12.4 tmino=18.1 (Figure S62, Figure S63). [a]4°= 68.39 (¢ = 0.30,
CHCls).'H NMR (400 MHz, CDCl3): 81 1.09 (t, J=7.2 Hz, 3H), 2.80 (q, J=7.2 Hz, 2H), 3.70
(s, 3H), 5.12 (d, J = 12.4 Hz, 1H), 5.24 (d, J = 12.4 Hz, 1H), 5.35 (s, 1H), 6.99 (m, 1H), 7.16
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(m, 1H), 7.25 (m, 11H), 7.46 (m, 1H)(Figure S28). 3C NMR (101 MHz, CDCls): 6¢c 14.3,
18.1, 29.7, 48.5, 66.8, 107.2, 108.8, 119.4, 120.3, 121.0, 126.8, 126.9, 128.2, 128.3, 128.3,
128.4, 128.5, 136.1, 137.0, 139.1, 140.7, 173.1(Figure S29). HRMS (ESI) 384.1964
(C26H26NO2 [M+H]" requires 384.1964).

(S)-Benzyl 2-(2-phenyl-1-methyl-1H-indol-3-yl)-2-phenylacetate (3ac)

Obtained from 1-Methyl-2-phenyl-indole (49.7 mg,) and Benzyl 2-
diazo-2-phenylacetate (50.4 mg, 0.200 mmol). Yellow oil (81.9 mg,
95%), 77% ee. Enantiomeric excess was determined by chiral HPLC (IC-

3 column, n-hexane/i-PrOH = 95:5, flow rate 1.0mL/min, UV detection
at 254nm), tmajor = 12.5 tminor = 21.3(Figure S64, Figure S65). [a]3= 51.44 ( c= 0.20, CHCI3).
TH NMR (500 MHz, CDCl3): 8u 3,62 (s, 3H), 5.14 (d, J= 12.5 Hz, 1H), 5.18 (d, J= 12.5 Hz,
1H), 5.23(s, 1H), 7.07(m, 1H), 7.25(m, 8H), 7.30(m, 3H), 7.46(m, 3H), 7.59 (m, 1H)(Figure
S30). 3C NMR (126 MHz, CDCls): 8. 32.9. 49.0, 66.9, 109.4, 112.1, 119.2, 119.3, 121.9,
127.2,127.3, 128.0, 128.3, 128.3, 128.6, 128.6, 128.6, 136.0, 137.1, 138.8, 173.0(Figure S31).
In agreement with literature.S’
(S)-Benzyl 2-(1-methyl-1H-indol-3-yl)-2-phenylacetate (3ad)
@ Obtained from 1-Methyl-indole (31.4 mg, 0.240 mmol) and benzyl 2-
OO diazo-2-phenylacetate (50.4 mg, 0.200 mmol). Colorless oil (67.5 mg,
@E\}C‘( /\® 95%), 34 % ee. Enantiomeric excess was determined by chiral HPLC (IC-
3 column, n-hexane/i-PrOH = 95:5, flow rate 1.0mL/min, UV .detection
at 254nm), tmajor= 9.7 tminor = 14.3(Figure S66, Figure S67). [a]3°= 14.88 (c=0.35, CHCl;). 'H
NMR (400 MHz, CDCl3): 61 3.73 (s, 3H), 5.19 (d, J=12.4 Hz, 1H), 5.24 (d, /= 12.4 Hz, 1H),
5.33 (s, 1H), 7.03 (s, 1H), 7.05 (m, 1H), 7.29 (m, 10H), 7.44 (m, 3H)(Figure S32). 3C NMR
(101 MHz, CDCl3): ¢ 32.9, 49.0, 66.9, 109.4, 112.1, 119.2, 119.3, 121.9, 127.2, 127.3, 127.3,
128.0, 128.3, 128.3, 128.6, 128.6, 128.6, 136.0, 137.1, 138.8, 173.0(Figure S33). In agreement

with literature S

(S)-Benzyl 2-(1-ethyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3ae)

@ Obtained from 1-Ethyl-2-methyl-indole (38.2 mg, 0.240 mmol) and
"";/(OO benzyl 2-diazo-2-phenylacetate (50.4 mg, 0.200 mmol). Pale-yellow oil
N /\Q (71.2 mg, 93%), 89% ee. Enantiomeric excess was determined by chiral
N\— HPLC (IC-3 column, n-hexane/i-PrOH = 95:5, flow rate 1.0mL/min,

UV .detection at 254nm), tmajor= 11.3, tminor = 13.8(Figure S68, Figure S69). [a]3® = 64.38 (c
= (.25, CHCI;3). '"H NMR (500 MHz, CDCls): 8n 1.37 (t, J= 7.0 Hz, 3H), 2.35 (s, 3H), 4.16 (q,
J=17.0Hz 2H), 5.19 (d, J=12.4 Hz, 1H), 5.26 (d, J=12.4 Hz, 1H), 5.42(s, 1H), 7.05 (m, 1H),
7.19 (m, 1H), 7.28 (m, 11H), 7.52 (m, 1H)(Figure S34). 3C NMR (126 MHz, CDCl5): &, 10.6,
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15.4, 38.0, 48.4, 66.70, 107.9, 108.8, 119.3, 119.7, 120.8, 126.8, 127.2, 128.1, 128.2, 128.3,
128.4, 128.5, 134.1, 135.7, 136.1, 138.9, 173.1(Figure S35). In agreement with literature 5!
(S)-Benzyl 2-(1-benzyl-2-methyl-1H-indol-3-yl)-2-phenylacetate (3af)
Obtained from 1-Benzyl-2-methyl-indole (53.0 mg, 0.240 mmol) and
@ [ benzyl 2-diazo-2-phenylacetate (50.4 mg, 0.200 mmol). Colorless oil
@E\CO/\Q (81.9 mg, 92 %), 86% ee. Enantiomeric excess was determined by chiral
N\—© HPLC (IC-3 column, n-hexane/i-PrOH = 95:5, flow rate 1.0mL/min,
UV .detection at 254nm), tmajor = 12.2, tminor = 18.9(Figure S70, Figure S71). [a]3° = 48.57 (c
= 0.20, CHCI3) "TH NMR (400 MHz, CDCl3): 8n 2.25 (s, 3H), 5.17 (d, J = 12.5 Hz, 1H), 5.21
(d, J=12.5 Hz, 1H), 5.32(s, 2H), 5.40(s, 1H), 6.95 (m, 2H), 7.01 (m, 1H), 7.11 (m, 1H), 7.25
(m, 14H), 7.49 (m, 1H)(Figure S36). 13C NMR (101 MHz, CDCls): 8¢ 10.9, 46.7, 48.4, 66.8,
108.6,109.2,119.7,121.3,126.0, 126.9, 127.3, 127.4, 128.2, 128.2, 128.4, 128.4, 128.5, 129.0,
134.9, 136.1, 136.7, 137.8, 138.7, 173.1(Figure S37). In agreement with literature.’’
(S)-Benzyl 2-(5-chloro-1,2-dimethyl-1 H-indol-3-yl)-2-phenylacetate (3ag)
Obtained from 5-Chloro-1,2-dimethyl-indole (43.0 mg, 0.240 mmol)

@ 2 and benzyl 2-diazo-2-phenylacetate (50.4 mg, 0.200 mmol). Colorless
CI\@ECO/\Q oil (72.5 mg, 90%), 84% ee. Enantiomeric excess was determined by
N chiral HPLC (IC-3 column, n-hexane/i-PrOH = 95:5, flow rate

1.0mL/min, UV .detection at 254nm), tmajor= 15.3, tminor = 17.1(Figure S72, Figure S73). [a]3°=
57.95 (¢=0.25, CHCI3). 'TH NMR (400 MHz, CDCl3): 8y 2.29 (s, 3H), 3.63 (s, 3H), 5.15 (d, J
=12.4 Hz, 2H), 5.21 (d, J = 12.4 Hz, 2H), 5.30 (s, 1H), 7.08 (m, 1H), 7.15 (m 1H, Ar), 7.25
(m, 10H), 7.41 (m, 1H)(Figure S38). 3C NMR (101 MHz, CDCI3) ¢ 11.0, 29.9, 48.4, 67.0,
107.7,109.8, 119.0, 121.2, 125.2,127.0, 128.0, 128.3, 128.3, 128.4, 128.5, 128.6, 135.3, 135.9,
136.8, 138.5, 172.9(Figure S39). HRMS (ESI) 404.1412 (C25H2;>>CINO, [M+H]" requires
404.1417).
(S)-Benzyl 2-(1,2-Dimethyl-1H-indol-5-methoxy-3-yl)-2-phenylacetate (3ah)

Obtained from 1,2-Dimethyl-5-methoxy-indole (42.0 mg, 0.240

@ 7 mmol) and benzyl 2-diazo-2-phenylacetate (50.4 mg, 0.200 mmol).
Meo\@(\dob Pale-yellow oil (75.8 mg, 95%), 92% ee. Enantiomeric excess was
"\ determined by chiral HPLC (IC-3 column, n-hexane/i-PrOH = 95:5,

flow rate 1.0mL/min, UV .detection at 254nm), tmajor = 23.0, tminor = 28.2 (Figure S74, Figure
S75). [a]3°= 63.76 (c=0.24, CHCIl;). '"H NMR (400 MHz, CDCl5): 84 2.28 (s, 3H), 3.62 (s,
3H), 3.63 (s, 3H), 5.14 (d, J =12.6 Hz, 1H), 5.20 (d, J =12.6 Hz, 1H), 5.32 (s, 1H), 6.78 (m,
1H), 6.87 (m, 1H), 7.14 (m, 1H), 7.24 (m, 10H)(Figure S40). 3C NMR (101 MHz, CDCl3): 8.
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11.0, 29.9, 48.5, 55.9, 66.8, 101.8, 107.4, 109.4, 110.8, 126.9, 127.3, 128.2, 128.3, 128.4,
128.5, 132.1, 135.6, 136.1, 138.8, 154.0, 173.2(Figure S41) In agreement with literature.%’
(S)-Methyl 2-(1,2-Dimethyl-1H-indol-3-yl)-2-phenylacetate (3ba)

Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and methyl 2-

@ ¢ diazo-2-phenylacetate (35.2 mg, 0.200 mmol). Colorless oil (55.1 mg, 94%),
@E\CO/ 89% ee. Enantiomeric excess was determined by chiral HPLC (IC-3 column,
N\ n-hexane/i-PrOH = 95:5, flow rate 1.0mL/min, UV .detection at 254nm), tmajor

= 13.2, tminor = 19.9(Figure S76, Figure S77). [a]3’= 60.51 (c=0.20, CHCl3). "H NMR (400
MHz, CDCI3): o1 2.35 (s, 3H), 3.67 (s, 3H), 3.72 (s, 3H), 5.31 (s, 1H), 7.03 (m, 1H), 7.15 (m,
1H), 7.26 (m, 6H), 7.47 (m, 1H)(Figure S42). 3C NMR (101 MHz, CDCl;3): 8. 10.9, 29.8,
48.3, 52.3, 108.0, 108.9, 119.4, 119.5, 120.9, 126.9, 127.0, 128.4, 128.4, 134.9, 136.8, 139.0,
173.9(Figure S43). In agreement with literature.5!

(S)-Ethyl 2-(1,2-Dimethyl-1H-indol-3-yl)-2-phenylacetate (3ca)

Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and ethyl 2-

@ { diazo-2-phenylacetate (38.0 mg, 0.200 mmol). Pale-yellow oil (59.6 mg,
@EC o 97%), 93% ee. Enantiomeric excess was determined by chiral HPLC (IC-3
N\ column, n-hexane/i-PrOH = 95:5, flow rate 1.0mL/min, UV .detection at

254nm), tmajor = 12.8, tminor = 20.2(Figure S78, Figure S79). [a]%® = 62.48 (¢ = 0.25, CHCls).
'TH NMR (500 MHz, CDCl3): &u 2.38 (s, 3H), 3.69 (s, 3H), 4.22 (m, 2H), 5.32 (s, 1H), 7.05
(m, 1H), 7.17 (m, 1H), 7.24 (m, 1H), 7.29 (m, 5H), 7.52 (m, 1H)(Figure S44). 3C NMR (126
MHz, CDCl3): 8. 10.9, 14.4, 29.7, 48.5, 61.2, 108.0, 108.8, 119.3, 119.6, 120.8, 126.8, 127.0,
128.4,134.9, 136.8, 139.2, 173.4(Figure S45). In agreement with literature 5!’
(S)-Isopropyl 2-(1,2-Dimethyl-1H-indol-5-3-yl)-2-phenylacetate (3da)
@ Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and isopropyl
oo /4 2-diazo-2-phenylacetate (40.8 mg, 0.200 mmol). Yellow oil (59.7 mg, 93 %),
: \;Q 90 %ee. Enantiomeric excess was determined by chiral HPLC (IC-3 column,
N\ n-hexane/i-PrOH = 95:5, flow rate 1.0mL/min, UV .detection at 254nm),
tmajor = 7.3, tminor = 9.5(Figure S80, Figure S81). [a]4’= 64.88 (c=0.20, CHCI3). "H NMR (400
MHz, CDCl3): éu 1.17 (d, J = 6.3 Hz, 3H), 1.25 (d, J = 6.3 Hz, 3H), ), 2.36 (s, 3H), 3.67 (s,
3H), 5.09 (hept, J = 6.3 Hz, 1H), 5.27 (s, 1H), 7.02 (m, 1H), 7.15 (m, 1H), 7.21 (m, 1H), 7.27
(m, 5H), 7.51 (m, 1H)(Figure S46). *C NMR (101 MHz, CDCls): &. 10.9, 21.9, 22.0, 29.7,
48.8, 68.6, 108.2, 108.7, 119.2, 119.8, 120.8, 126.7, 127.1, 128.3, 134.9, 136.8, 1394,
172.9(Figure S47). HRMS (ESI) 322.1804 (C21H24NO;, [M+H]" requires 322.1807).
(S)-Benzyl 2-(1,2-Dimethyl-1H-indol-5-methoxy-3-yl)-2-(4-chloro phenyl) acetate (3ea)
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cl Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and benzyl
2 2-diazo-2-(4-chlorophenyl) acetate (57.2 mg, 0.200 mmol). Colorless oil
@E\CO/\Q (77.4 mg, 96%), 93% ee. Enantiomeric excess was determined by chiral
N\ HPLC (IA-3 column, n-hexane/i-PrOH = 99.5:0.5, flow rate 0.6 mL/min,
UV .detection at 254nm), tmajor = 57.8, tminor = 67.6(Figure S82, Figure S83). [a]3’= 71.33
(¢=0.25, CHCI3). 'TH NMR (400 MHz, CDCl3): 81 2.32 (s, 3H), 3.67 (s, 3H), 5.14 (d, J=12.4
Hz, 1H), 5.23 (d, J = 12.4 Hz, 1H), 5.32 (s, 1H), 7.02 (m, 1H), 7.25 (m, 10H), 7.43 (m,
1H)(Figure S48). 3C NMR (101 MHz, CDCls): . 10.8, 29.7, 47.8, 67.0, 107.4, 108.9, 119.4,
119.5, 121.0, 126.8, 128.3, 128.4, 128.5, 128.5, 129.8, 132.7, 135.0, 135.9, 136.8, 137.4,
172.8(Figure S49). In agreement with literature.S’
(S)-Benzyl 2-(1,2-Dimethyl-1H-indol-5-methoxy-3-yl)-2-(4-methoxy phenyl) acetate (3fa)
MeO Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and
@ 0 benzyl 2-diazo-2-(4-methoxyphenyl) acetate (56.4 mg, 0.200 mmol).
: 4; O/\Q Colorless oil (73.4 mg, 92%), 84% ee. Enantiomeric excess was
N determined by chiral HPLC (IA-3 column, n-hexane/i-PrOH = 98:2,
flow rate 1.0 mL/min, UV .detection at 254nm), tmajor = 19.5, tminor = 22.0(Figure S84, Figure
S85). [a]3°= 67.50 (c=0.20, CHCIl;). '"H NMR (400 MHz, CDCl5): 8y 2.33 (s, 3H), 3.66 (s,
3H), 3.77 (s, 3H), 5.15 (d, J = 12.4 Hz, 1H), 5.24 (d, J = 12.4 Hz, 1H), 5.33 (s, 1H), 6.82 (m,
2H), 7.03 (m, 1H), 7.25 (m, 9H), 7.49 (m, 1H)(Figure S54). 3C NMR (101 MHz, CDCl3) 8.
10.8, 29.7, 47.6, 55.3, 66.8, 108.1, 108.7, 113.7, 119.3, 119.5, 120.8, 127.0, 128.1, 128.3,
128.5, 129.4, 131.0, 134.8, 136.1, 136.8, 158.4, 173.4(Figure S55) In agreement with
literature.S’
(S)-Benzyl 2-(1,2-Dimethyl-1H-indol-5-methoxy-3-yl)-2-(2-naphtalene-2-yl) acetate (3ga)
Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and
,, 0 benzyl 2-diazo-2-naphthylacetate (60.4 mg, 0.200 mmol). Colorless
\. 0/\® foam (77.1 mg, 92%), 87% ee. Enantiomeric excess was determined by
N chiral HPLC (IC-3 column, n-hexane/i-PrOH = 90:10, flow rate 1.0
mL/min, UV .detection at 254nm), tmajor= 11.9, tminor = 13.3(Figure S86, Figure S87). [a]3°=
59.67 (¢=0.15, CHCl3). '"H NMR (400 MHz, CDCls): 8n 2.33 (s, 3H), 3.67 (s, 3H), 5.19 (d, J
=12.4 Hz, 1H), 5.28 (d, J = 12.4 Hz, 1H), 5.54 (s, 1H), 7.01 (m, 1H), 7.17 (m, 1H), 7.29(m,
6H), 7.41 (m, 3H), 7.50 (m, 1H), 7.74 (m, 4H)(Figure S52). 13C NMR (101 MHz, CDCl3): .
10.9, 29.7, 48.6, 66.9, 107.8, 108.8, 119.5, 120.9, 125.8, 126.0, 126.6, 127.0, 127.1, 127.6,
128.0,128.1, 128.2, 128.5, 128.6, 132.5, 133.4, 135.1, 136.1, 136.5, 136.8, 173.1(Figure S53).
In agreement with literature 7.

(S)-Methyl 2-(1,2-Dimethyl-1H-indol-5-methoxy-3-yl)-2-(2-naphtalene-2-yl) acetate (3ha)
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O Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and methyl 2-
o diazo-2-naphthylacetate (45.2 mg, 0.200 mmol). Colorless foam (64.5 mg,

A\ o 94%), 87% ee. Enantiomeric excess was determined by chiral HPLC (IC-3
N\ column, n-hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, UV .detection at
254nm), tmajor= 12.4, tminor = 16.2. [a]3°= 62.31(Figure S88, Figure S89) (c=0.20, CHCl3). '"H
NMR (400 MHz, CDCI3): 61 2.39 (s, 3H), 3.70 (s, 3H), 3.78 (s, 3H), 5.50 (s, 1H), 7.07(m, 1H),
7.19 (m, 1H), 7.31 (m, 1H), 7.44 (m, 3H), 7.55 (m, 1H), 7.78 (m, 4H)(Figure S54). 3°C NMR
(101 MHz, CDCls) 8. 10.9, 29.8, 48.5, 52.4, 107.8, 108.9, 119.3, 119.6, 121.0, 125.8, 126.1,
126.6,127.0,127.1,127.7, 128.1, 128.1, 132.5, 133.4, 135.1, 136.5, 136.8, 173.9(Figure S55).
HRMS (ESI) 344.1650 (C23H22NO, [M+H]" requires 344.1651.
(S)-Methyl 2-(4-chlorophenyl)-2(1,2-dimethyl-1H-indol-3-yl)-acetate (3ia)
C'© Obtained from 1,2-Dimethyl-indole (34.8 mg, 0.240 mmol) and methyl 2-

7 (4-chlorophenyl)-2-diazoacetate (42.1 mg, 0.200 mmol). White solid (60 mg,
@E\d o 91%), m.p. 128-130°C. 86% ee. Enantiomeric excess was determined by chiral
N\ HPLC (IA-3 column, n-hexane/i-PrOH = 98:2, flow rate 0.4 mL/min,
UV .detection at 254nm), tmajor = 39.1, tminor = 33.6. [@]3° = 63.71(Figure S90, Figure S91)
(¢=0.45, CHCl3). "TH NMR (400 MHz, CDCls): 81 ), 2.35 (s, 3H), 3.68 (s, 3H), 3.72 (s, 3H),
5.26 (s, 1H), 7.04 (m, 1H), 7.21 (m, 5H), 7.28 (m, 1H), ) 7.45 (m, 1H)(Figure S56). 3C NMR
(101 MHz, CDCls) 3. 10.74, 29.8, 47.60, 52.4, 107.5, 108.9, 119.1, 119.6, 121.1, 126.7, 128.5,
129.8,132.7, 134.9, 136.8, 137.5, 173.5(Figure S57). In agreement with literature 5'®

(S)-Methyl 2-(1,2-dimethyl-1H-indol-3-yl)-2-(4-iodophenyl)acetate (3ka)

' Obtained from 1,2-Dimethyl-indole (100 mg, 0.689 mmol) and methyl 2-
@ 7 (4-1odophenyl)-2-diazoacetate (173 mg, 0.574 mmol). White solid (225 mg,
N\ - 94%), m.p. 139 °C. 84% ee. Enantiomeric excess was determined by chiral
" HPLC (i-Amylose-1, MeCN/H,O= 40:60, flow rate 0.6 mL/min,

UV .detection at 254 nm), tmajor=181.1.1, tminor = 187.3(Figure S92, Figure S93). [a]3® = 59.67
(c=1.365, CHCl3). '"H NMR (400 MHz, CDCl5): 811 2.35 (s, 3H), 3.68 (s, 3H), 3.73 (s, 3H),
5.24 (s, 1H), 7.04 (m, 3H), 7.17 (m, 1H), 7.28 (m, 1H), 7.45 (m, 1H), 7.59 (m, 2H)(Figure
S$58).13C NMR (101 MHz, CDCl3) 8. 10.8, 29.8, 47.9, 52.3, 92.4, 107.5, 109.0, 119.2, 121.1,
126.9, 130.6, 134.9, 136.9, 137.5, 138.8, 173.3(Figure S59).
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8. X-Ray characterization data 3ka

Crystals for XRD measurements were grown from ethyl acetate-petroleum ether. In the
experiment, a fraction of colorless prismatic crystals was studied on an automatic four-circle
diffractometer Xcalibur R with y-geometry, monochromated MoKa radiation, and m-scanning.
In the study, the software CrysAlisPro was used.5!® The extinction was accounted for
empirically using the algorithm SCALE3 ABSPACK 5" The structure was solved and refined
by applying the program package SHELX2016.5%° All nonhydrogen atoms were solved and
refined independently in the anisotropic approximation, the hydrogen atoms were placed in the
geometrically calculated positions and included in the refinement in the rider model with
dependent thermal parameters. The structure of molecule 3ka is shown in Figure S15. All bond
lengths and bond angles are within the common value range for the corresponding atoms. The
data on the crystal are deposited in the Cambridge Crystallographic Data Center under the
number CCDC 2168620.

)

Figure S18. The molecular structure of compound 3ka presented using thermal ellipsoids of

the 50% probability
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Table S6. Crystal data and structure refinement for 3ka

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A
b/A
c/A

o/°
p/°
v/°

Volume/A3

V4

Pealcg/cm’

CioH13INO»
419.265
290

orthorhombic

P212:121

8.6720(15)
11.5386(14)
17.909(2)

90
90

90

1792.0(4)

1.554

w/mm!

F(000)

Crystal size/mm?
Radiation

20 range for data
collection/®

Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c

(D]
Final R indexes [all data]

Largest diff. peak/hole / e
A3

Flack parameter

1.796
830.9
0.6 x0.4x0.2

MoKa (L =0.71073)
5.88 to 58.48

-7<h<11,-10<k<
15,-24<1<20

8315

4208 [Rin= 0.0225,
Rsigma = 0.0355]

4208/0/213
1.017

Ri= 0.0312, wRx=
0.0648

Ri= 0.0386, wR>=
0.0688

0.41/-0.82

0.020(12)
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9. Computational Details

Molecular geometries were optimized using density functional theory with the TPSS density
functional and the def2-SV(P) basis set along with the associated effective core potential for
Pd 52!2* and the D3(Becke-Johnson) dispersion.’** These structure optimizations and
subsequent vibrational analyses were performed in gas phase. At the optimized geometries
additional D3-TPSS/def2-TZVP single point computations using the SMD model for
dichloromethane (DCM) were performed.? The reported values (AGpcwm) are a combination of
electronic and solvation free energies obtained from the D3-TPSS(SMD)/def2-TZVP single-
point computations along with enthalpy and entropy corrections derived from the D3-
TPSS/def2-SV(P) gas-phase vibrational analyses (using the standard free-particle/rigid-
rotor/harmonic-oscillator model). Some additional single-point computations employed the
M11-L functional.5?® Computations were carried out using Q-Chem 5.4.5%7 The underlying
research data (molecular structures and input/output files of Q-Chem) are available via a

separate repository, DOI:10.17028/rd.Iboro.19722937.
Computational Results

Table S7. Detailed analysis of computed reaction energies for the S and R reaction paths,
presenting gas-phase electronic energies (AEgs; D3-TPSS/def2-SV(P)), electronic energies
including DCM solvation (AEpcm; D3-TPSS/def2-TZVP), enthalpies (AHpcm; D3-TPSS/def2-
TZVP), and Gibbs free energies (AGpcewm; D3-TPSS/def2-TZVP).

S reaction path R reaction path

AEgas AEpcm  AHpcm  AGpem AEgas AEpcm  AHpem  AGpem
E 0.00 0.00 0.00 0.00
[E+1] -38.28 -27.99 -26.90 -11.37 -36.62 -27.94 -28.32 -10.68
TS-1 -36.03 -27.15 -27.00 -12.23 -36.30 -27.86 -27.51 -10.50
F -54.61 -49.32 -49.34 -44.77 -56.43 -49.10 -50.66 -43.36
TS-2 -52.82 -46.45 -47.59 -39.57 -51.20 -46.24 -46.84 -40.84
C -85.99 -80.64 -80.09 -76.23 -85.89 -79.00 -78.22 -72.72
B’+H20 -86.20 -64.26 -63.22 -46.09 -78.33 -62.74 -62.32 -44 .47
TS-3 -79.12 -60.04 -60.72 -42.88 -79.42 -58.93 -59.52 -41.59
3aa (bound) -97.07 -75.58 -72.22 -55.33 -92.66 -74.25 -73.11 -53.39

E + 3aa (free) -45.23 -44.61 -43.58
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Table S8. Molecular structures, optimized at the D3-TPSS/def2-SV(P) level, for intermediates
and transition states leading to product 3aa. The reaction paths leading to the S and R products

are shown to the left and right, respectively.

S path R path

[E+1b]

TS-1

TS-2
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S path

R path

B’ + H,O

TS-3

3ba (bound)

3ba




Table S9. Depiction of the molecular dipole moment for the two diastereomers of TS-3

computed at the D3-TPSS(SMD)/def2-TZVP level using D3-TPSS/def2-SV(P) geometries.

S path R path

TS-3
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11.HPLC traces
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[min.]
Reten. Time Area Height Area Height W05
[min] [mV.g] [mv] [%] [%] [min]
1 12.208 5266.154 213.229 50.3 54.4 0.37
2 16.124 5197 .255 178.713 49.7 4586 0.44
Total 10463 408 391.943 100.0 100.0
Figure S60. HPLC, racemic 3aa
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[min] [mV.s] [mV] [%] [%] [min]
1 12.744 9410.501 371.523 93.2 949 0.38
2 16.956 691.628 20.158 6.8 5.1 0.58
Total 10102.130 391.682 100.0 100.0

Figure S61. HPLC, enantioenriched 3aa
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Reten. Time Area Height Area Height W05 [min.]
[min] [mV.s] [mv] [%] [%] [min]
7 12.424 7371.724 295013 501 56.4 0.38
3 187444 7344960 237,720 FEX: 436 050
Total 14716.684 522733 100.0 700.0
Figure S62. HPLC, racemic 3ab
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[min] [mV.s] [mv] [%] [%] [min]
1 12.600 10205403 3953189 95.0 952 038
3 16.496 542587 20,046 50 K 0.46
Fotal 16747 688 4157388 76676 1660

Figure S63. HPLC, enantioenriched 3ab
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[min] [mV.s] [mv] [%] [%] [min]
11.740 6461.487 255.500 50.0 58.4 0.38
18476 6455090 182.078 50.0 418 055
Total 12916577 437578 160.0 1600
Figure S64. HPLC, racemic 3ac
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21332 542.924 17.565 116 101 052
Total 4661.627 1747801 100.0 100.0

Figure S65. HPLC, enantioenriched 3ac



&

— C:\Clarity\WORK2\Projects\YF-132-2
O
6}
2 O N
\
o
&
S 14
s
0 J
-1 T T
0 5 10 15
Reten. Time Area Height Area Height W05 [min.]
[min] [mV.s] [mv] %] [%)] [min]
1 8.920 19950469 891.758 50.1 58.1 0.36
2 12.308 19838.565 641.825 499 41.9 0.50
Total 39789.034 1533.582 100.0 100.0
Figure S66. HPLC, racemic 3ad
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Reten. Time Area Height Area Height W05 [win.]
[min] [mV.g] [mv] [%)] [%] [min]
1 8.968 6213.998 282.825 67.7 74.3 0.36
2 12.384 2963.558 87.750 323 257 0.50
Total 9177.558 380.575 100.0 100.0

Figure S67. HPLC, enantioenriched 3ad
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1 10.782 5146.733 239.168 49.5 53.0 0.32
3 12496 £357868 3137013 50,5 470 0.37
Total 10398.631 451.182 100.0 100.0
Figure S68. HPLC, racemic 3ae
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Reten. Time Area Height Area Height W05 [min.]
[min] [mV.s] [mv] %] [%] [min]
1 11.336 8337.329 385.242 94.8 94.6 0.32
2 13.804 467583 31784 %] 54 034
Total 8798912 407025 100.0 100.0

Figure S69. HPLC, enantioenriched 3ae
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Reten. Time Area Height Area Height W05 [rrin.]
[min] [mV.5] [mV] [%] [%] [min]
1 12.240 6928.381 241.982 50.1 §8.2 042
2 18.608 6900.569 173.807 499 418 0.81
Total 13828.950 415.890 100.0 100.0

Figure S70. HPLC, racemic 3af
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[min] [mV.s] [m\V] (%] %] [min]
1 12.256 9235.943 324.953 925 93.6 0.42
H 18876 745834 23374 75 64 0.58
Tetal 98681.477 347 167 100.0 100.0

Figure S71. HPLC, enantioenriched 3af



—_ C:\Clnrlty\WORKZ\onjocll\VF-sJu

0.6

Voltage

0.4

Qe
cl
(L
N
\

=
>
]

JANIAN

e pesteeneeenn e e

0.2
14 16 18 20
Time [min.]
Result Table (Uncal - C:\Clarity\WORK2\Projects\YF-671a)
Reten. Time Area Height Area Height W05
[min) mv.g (mv] (%) 1%) {min)
1 15.312 5955.928 183.099 50.1 51.5 0.50
2 17.118 5923.113 172.230 49.9 48.5 0.53
Total 11879.041 355.329 100.0 100.0
. .
Figure S72. HPLC, racemic 3ag
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Result Table (Uncel - C:\Clarnty\WORK2\Projects\YF-671¢c)
Reten. Time Area Height Area Height W05
[min] [mV.s] [mV] [%] [%] [min]
1 14 828 691.734 22.823 8.0 10.7 0.48
2 16.756 7962.948 190.161 92.0 893 0.62
Totai 8654683 213884 100.9 106.0

Figure S73. HPLC, enantioenriched 3ag
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Result Table (Uncal - C:\Clanty\WORK2\Projects\YF673a)
Reten. Time Area Height Area Height Wos
[min] [mV.g] mv] [%] %] [min]
1 22.996 6397.337 146.691 48.5 82.3 0.67
2 28.208 6793.017 133.818 51.6 47.7 0.81
Total 13180.354 380,308 100.0 100.0
Figure S74. HPLC, racemic 3ah
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Result Table (Uncal - C:\Clarty\WORK2 \Projects\YF673c)
Reten. Time Area Height Area Height Wo5s
[min] [mV.s] [mV] [%] [%] [min]
1 23.144 385.534 11.769 4.0 6.3 0.54
2 28.384 9193 .656 175642 96.0 93.7 [X:3]
Total 8578160 1874717 1060 166°6

Figure S75. HPLC, enantioenriched 3ag
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[min] [mV.s] [mV] [%] [%] [min]
1 13.164 23181.808 1006.364 50.1 57.9 0.35
2 19.932 23107.837 730.965 49.9 42.1 0.50
Total 46289.746 1737.328 100.0 100.0
Figure S76. HPLC, racemic 3ba
' — C:\Clarity\WORK2\Projects\YF-668d
1.0+
v
o
£
2 @
a
0.5
o
o
—
o~
— g
0.0
T T T T T T
12 14 16 18 20 22
Time [in. ]
Result Table (Uncal - C:\Clarity\WORK2\P rojects\YF-668d)
Reten. Time Area Height Area Height W05
[min] [mV.s] [mv] 1%] %] [min]
1 13.812 4644.624 196.287 94.4 95.1 0.35
2 21.232 274 657 10.158 56 4.9 0.44
Total 4919.281 206.444 100.0 100.0

Figure S77. HPLC, enantioenriched 3ba
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3 87530 643357 35753 iy i3 0435
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Figure S78. HPLC, racemic 3ca
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1 12.820 8097.186 345.656 96.0 96.6 0.36
2 20.200 337.751 12.024 4.0 34 0.486
Total 8434.937 357.680 100.0 100.0

Figure S79. HPLC, enantioenriched 3ca
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Reten. Time Area Height Area Height W05 [rvin.]
[min] [mV.s] [mv] [%] [%] [min]
1 7.312 6919.802 484.913 49.8 70.0 0.20
3 9.512 6963.587 207.570 50.2 30.0 0.51
Total 13883.389 692.483 100.0 100.0

Figure S80. HPLC, racemic 3da
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Reten. Time Area Height Area Height W05 [min.]
[min] [mV.s] [mV] [%] [%] [min]
1 7.460 6124.602 373.638 91.5 93.4 0.24
2 9.804 568.415 26.305 8.5 6.6 0.33
Total 6693.017 399.842 100.0 100.0

Figure S81. HPLC, enantioenriched 3da
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Result Table {Uncal - C\Qlaritv\\V1adimirvw_19_rac_ 99 Shex_ipad6flow_ia3_retake)
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12.ESI-MS spectra
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Figure S94. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium
complex Pd (CsHo) from the reaction mixture with ligand 7g under online monitoring;

experimental peak [M]"=174.9733 Da, calculated for PdCsHo= 174.9736 Da, A = 1.7 ppm.
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Figure S95. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium
complex Pd(2) from reaction mixture with ligand 7g under online monitoring; experimental

peak [M]"=249.9846 Da, calculated for PdCioHioN = 249.9847 Da, A = 0.4 ppm
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Figure S96. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium

complex Pd(2)CsHo+H from the reaction mixture with ligand 7g under online monitoring;

experimental peak [M]'=320.0627 Da, calculated for PdC5H20N = 320.0631 Da, A = 1.3 ppm.
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Figure S97. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium
complex Pd(1)+H from reaction mixture with ligand 7g under online monitoring; experimental

peak [M]"=330.9951 Da, calculated for PdC;sH;302=330.9951 Da, A =0 ppm
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Figure S98. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium
complex Pd(3) from the reaction mixture with ligand 7g under online monitoring; experimental

peak [M]"=474.0693 Da, calculated for PdC25sH22NO, = 474.0690 Da, A = 0 ppm.
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Figure S99. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium

complex Pd(3)(CsHo) from the reaction mixture under online monitoring; experimental peak

[M]"=544.14811 Da, calculated for PdC3H3202N= 544.14740 Da, A = 1.3 ppm. The main

experimental peak corresponds to ligand C32H3302N2S;
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Figure S100. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium
complex Pd(7g). from the reaction mixture with ligand 7g under online monitoring;
experimental peak [M]**=593.1417 Da, calculated for PdCesHesN4O4Ss = 593.1427 Da, A =

1.6 ppm.
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Figure S101. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium
complex Pd(7g)(CsHo) from the reaction mixture with ligand 7g under online monitoring;

experimental peak [M]" =715.1677 Da, calculated for PdC37H41N202S>= 715.1677 Da, A= 3.6
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Figure S102. Experimentally detected and theoretical ESI-MS (+) spectrum of palladium
complex Pd(3)-H from the reaction mixture with ligand 7g under online monitoring;

experimental peak [M]" =843.2417 Da, calculated for PdCsoHssN>O4= 843.2426 Da, A = 1.0
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