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General Information

Unless stated otherwise, all reactions were carried out under argon in flame-dried glassware. The solvents used for the
reactions were purified using MBraun Solvent Purification System and were stored under argon. Other solvents — benzene,
chlorobenzene (PhCl), 1,2-difluorobenzene (o-DFB), 1,2-dichlorobenzene (0-DCB), chloroform, 1,1,1-trifluorotoluene (PhCFs3)
and hexafluoroisopropanol (HFIP) were purchased from the local suppliers and used as received. All reagents were obtained
from commercial sources and used without further purification. Starting materials (borane adducts 1, sulfonamides 5 and
sulfonates 6) were prepared following modified literature procedures (see below for details). Macherey-Nagel silica gel 60
(230—-400 mesh) was used for column chromatography, for thin layer chromatography (TLC) analysis either Macherey-Nagel
POLYGRAM SIL G/UV2s4 pre-coated polyester TLC plates (0.2 mm) or Sorbfil TLC-A-UV plates (0.09-0.12 mm) were used.
NMR spectra were measured on Bruker Avance 300/400/600/800 and Varian Inova 400 spectrometers. Chemical shifts (9)
are given in ppm relative to TMS (*H and 3C), BFs-Et20 (}B) or CFCls (*°F), coupling constants (J) are given in Hz. High-
resolution mass spectra were recorded on SCIEX TripleTOF 5600+ instrument using electrospray ionization (ESI). Interface
capillary voltage was set to 5500 V in a positive ion mode and to 4500 V in a negative mode with mass range from m/z 100 to
3000 Da; external or internal calibration was done with the Electrospray Calibrant Solution (Fluka). Molecular ions in the
spectra were analyzed and matched with the appropriately calculated m/z and isotopic profiles in the LabSolutions v.5.114
program. IR spectra (KBr pellets) were measured on a Shimadzu IR Prestige 21 FT-IR Spectrophotometer. Enantiomeric
excess values of the insertion products were measured using Shimadzu HPLC equipped with Daicel Chiralpak IB-3 or 1J-3
(both are 4.6 x 150 mm) columns and diode array detector; flow rate 1 mL/min was adjusted in all experiments.
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Synthesis of Substrates
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Fig. S1. List of boranes used in this study. All aryl-pyridine boranes were synthesized following to the general
literature procedure.! Compounds 1i, 1af, 1ag are new, other substrates were reported elsewhere.23 Carbene-

borane 1ah was synthesized according to the literature procedure.*5

Synthesis of 2-(2-boraneyl-3,5-diphenylphenyl)pyridine (1i)

Ph BBr; (4 equiv.) N Ph

— DIPEA (1 equiv.) T\  LiAIH4 (2.5 equiv.) =
S I \ Y > \ Y,
N DCM, 0 °C to RT g\ Et,0, RT, 1 hour g\
Ph overnight Ph Br/ \Br Ph H' \H
1i-Br, 1i

CAUTION! BBrs is highly moisture sensitive and readily decomposes in air with an evolution of HBr
vapors. It should be handled in a well-ventilated hood. An exceptional care must be taken during the

guenching step.

An oven-dried 25 ml Schlenk flask was charged with 2-(3,5-diphenylphenyl)pyridine (227 mg, 0.74 mmol), DIPEA
(95.5 mg, 129 pL, 0.74 mmol, 1 equiv.) and DCM (2 ml). The reaction mixture was cooled with an ice-bath and
solution of BBrz in DCM (3 ml, 1.0M in DCM) was added dropwise in argon flow. After being stirred overnight at
room temperature, the mixture was poured to a saturated aqueous K2COs solution dropwise to quench an excess
of BBrs. After stirring for 10 minutes the mixture was diluted with an additional DCM (10 ml) and transferred to a
separatory funnel. The organic phase was decanted and the aqueous one was extracted with an additional DCM
(2 x 10 ml). The combined organic washings were dried over NazSOQa, filtered and concentrated in vacuo. The
resulting yellow solid (345 mg, 98% crude yield) was dried in vacuum and used for the next step without further

purification.

An oven-dried 50 ml Schlenk flask was charged with dibromide 1i-Br, (345 mg, 0.74 mmol) and Et2O (20 ml) to
give a suspension. Then freshly purified LiAlH4 (70.3 mg, 1.85 mmol, 2.5 equiv.) was added in argon flow in one

portion (cooling is not necessary on small scales). With other phenylpyridines, the suspension usually dissolves
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since the products are soluble in ether unlike the starting dibromides. However, this particular substrate poorly
dissolves in ether, so a yellow precipitate gradually forms. After being stirred for 1 hour, water (4 ml) was carefully
added dropwise. The resulting mixture was filtered through Celite and the filter cake was thoroughly washed with
DCM. The solution was dried over Na2SOg, filtered and concentrated in vacuum. The crude product was purified
by flash column chromatography (hexane/DCM 1:1) to give li as a white solid in 78% overall yield (186 mg).

Rr (Hexane/DCM 2:1): 0.25 *H NMR (500 MHz, (CD3)2CO): & 8.80 (d, J = 5.6 Hz, 1H), 8.51 (d, J = 8.2 Hz, 1H),
8.36 (d, J = 1.5 Hz, 1H), 8.27 (t, J = 7.8 Hz, 1H), 8.03 — 7.96 (m, 2H), 7.93 (d, J = 1.5 Hz, 1H), 7.87 — 7.82 (m,
2H), 7.61 (ddd, J = 7.3, 5.8, 1.1 Hz, 1H), 7.55 — 7.43 (m, 4H), 7.43 — 7.30 (m, 2H), 3.69 (br, 2H). 'B NMR (128.4
MHz, (CD3)2CO): & -8.0. 13C NMR (126 MHz, (CD3)2CO): 5 158.7, 144.7, 144.2, 143.9, 142.1, 141.1, 140.4, 139.6,
129.7,129.1, 129.98, 128.96, 128.1, 127.9, 127.7, 123.0, 120.2, 119.7. HRMS (ESI-TOF, m/z) calcd for CasH17BN
[M - H]*: 318.1454; Found: 318.1458.

Synthesis of 2-(2-boraneyl-3-bromophenyl)pyridine (1j) and 2-(2-boraneyl-5-bromophenyl)pyridine (1ae)

Br.
1

B,
BBrj (4 equiv.)
=\ _DIPEA (1 equiv) B/ Br LiAIH, (2.5 equiv.) HH tae
N\ / + N
N DCM, 0°C to RT - Et,0, RT, 1 hour =SS
Br overnight Q_Q Q_Q
Br Br Br
1j-Br, + 1ae-Br, 1j

Synthesis of both 1j and 1ae was reported previously.2 However, no details were given on the separation of these
isomers. An oven-dried 25 ml Schlenk flask was charged with 2-(3-bromophenyl)pyridine (362 mg, 1.547 mmol),
DIPEA (200 mg, 269 pL, 1.547 mmol, 1 equiv.) and DCM (2 ml). The reaction mixture was cooled with an ice bath
and solution of BBrs in DCM (8 ml, 1.0M in DCM) was added dropwise in argon flow. After being stirred overnight
at room temperature, the mixture was poured to a saturated aqueous K2COs solution dropwise to quench an
excess of BBrs. After stirring for 10 minutes the mixture was diluted with additional DCM (10 ml) and transferred
to a separatory funnel. The organic phase was decanted and the aqueous one was extracted with DCM (2 x 50
ml). The combined organic washings were dried over Na>SOys, filtered and concentrated in vacuo. The resulting
yellow solid (450 mg, 72% crude yield) was dried in vacuo and used for the next step without further purification

as a mixture of two isomers.

An oven-dried 50 ml Schlenk flask was charged with the mixture of 1j-Br, and 1ae-Br, (450 mg, 1.12 mmol) and
Et20 (20 ml) to give a suspension. Then freshly purified LiAlH4 (106 mg, 2.8 mmol, 2.5 equiv.) was added in argon
flow in one portion. After being stirred for 1 hour almost all solids dissolved and water (10 ml) was carefully added
dropwise. The resulting mixture was filtered through Celite and the filter cake was thoroughly washed with DCM.
The solution was dried over Na2SOu, filtered and concentrated in vacuo. The mixture was purified by column
chromatography (gradient elution with hexane/DCM 5:1 to 2:1) to give the p-substituted isomer 1ae as a first band
in 22% vyield (62 mg) and then the o-substituted product 1j as a second band in 59% yield (162 mg). Analytical

data are consistent with previously reported.

sS4



2-(2-boraneyl-5-bromophenyl)pyridine (1ae): Rt (Hexane/DCM 2:1): 0.40. *H NMR (400 MHz, CDCIs): & 8.65 (d,
J =5.7 Hz, 1H), 8.05 — 7.91 (m, 3H), 7.66 (d, J = 7.8 Hz, 1H), 7.54 (d, J = 7.9 Hz, 1H), 7.37 (t, J = 6.6 Hz, 1H),
3.35 (br, 2H).

2-(2-boraneyl-3-bromophenyl)pyridine (1j): Rt (Hexane/DCM 2:1): 0.26. *H NMR (400 MHz, CDCls): 5 8.66 (d, J
=5.7 Hz, 1H), 8.05-7.91 (m, 2H), 7.80 (d, J = 7.5 Hz, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.39 (t, J = 6.5 Hz, 1H), 7.20
(t, J=7.7 Hz, 1H), 3.39 (br, 2H).

Synthesis of 2-(2-boraneylphenyl)-6-bromo-4-phenylquinoline (1af)

1. BBr3 (4 equiv.)
DIPEA (1 equiv.)
Ph DCM, 0 °C to RT

— overnight
'aY,

2. LiAIH, (2.5 equiv.)
Et,0, RT, 1 hour

7f 1af, 61%

Starting quinoline 7f was prepared from p-bromoaniline, benzaldehyde and phenylacetylene using Cu(OTf)2 as
catalyst according to the literature procedure.® It was then converted into borane laf following the general
procedure! as described above for 1i. Yield: 61% yield (170 mg from 0.74 mmol pf 7f).

Rr (Hexane/DCM 1:1): 0.5. *H NMR (400 MHz, CDCls): & 8.50 (d, J = 9.1 Hz, 1H), 8.04 (s, 1H), 7.97 (s, 1H), 7.97
—7.85(m, 3H), 7.72 — 7.53 (M, 5H), 7.50 (t, J = 7.2 Hz, 1H), 7.33 (t, J = 7.4 Hz, 1H), 3.69 (br, 1H). !B NMR (128
MHz, CDCls): 5 -9.6. 13C NMR (101 MHz, CDCls): & 158.8, 152.0, 141.2, 137.6, 136.8, 136.2, 135.3, 131.2, 130.4,
129.8, 129.5, 129.2, 126.9, 125.5, 125.4, 122.7, 121.1, 117.0. HRMS (ESI-TOF, m/z) calcd for C22H16B7BrNO*
[M+MeOH -Hz]*: 400.0503, found: 400.0495; calcd for C2sH20B7°BrNO2* [M+2MeOH+H-2H;]*: 432.0765, found:
432.0759.

Synthesis of 3-(2-boraneylphenyl)-4-methyl-1-(trifluoromethyl)-1,4-dihydroisoquinoline (1ag)

1. BBr3 (4 equiv.)

DIPEA (1 equiv.)
DCM, 0 °C to RT O
OH Me overnight
= F3C

N [Cp*RACl,], (2.5%) N 2. LIAIH, (2.5 equiv.)

CF, Cu(OAc); (5%)
MeOH, 70 °C, 24h

Fa Et,0, RT, 1 hour

79, 64% 1ag, 24%

79 was prepared following the modified literature procedure.” An oven-dried 10 ml Schlenk flask was filled with
argon and charged with 2,2,2-trifluoro-1-phenylethanone oxime (255 mg, 1.35 mmol), prop-1-yn-1-ylbenzene (3.4
mmol, 430 yL, 2.5 equiv.), [Cp*RhClI2]2 (20.8 mg, 0.034 mmol, 2.5 mol%), Cu(OAc)2xH20 (14 mg, 0.068 mmol, 5
mol%) and dry MeOH (3 ml). To the resulting solution 3A MS were added and it was heated to 75 °C (oil bath
temp.) with vigorous stirring for 24 h. The reaction mixture was filtered through Celite and the filter cake was
thoroughly washed with DCM. Then 20 ml of water was added to the filtrate, mixture was thoroughly shaken in a
separatory funnel and the organic layer was separated. The aqueous phase was extracted with an additional
DCM (3 x 15 ml). Combined organic layers were dried over anhydrous NaSOu, filtered and concentrated in vacuo.
The crude mixture was purified by column chromatography (gradient elution with Hexane/DCM 10:1 to 2:1) to

give 7g as a white solid in 64% yield (247 mg).
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Rr (Hexane/DCM 2:1): 0.33. *H NMR (400 MHz, CDCl3): & 8.36 (d, J = 8.5 Hz, 1H), 8.17 (d, J = 8.5 Hz, 1H), 7.84
(t, J= 7.7 Hz, 1H), 7.72 (t, J = 7.7 Hz, 1H), 7.67 — 7.59 (m, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.48 — 7.40 (m, 1H), 2.75
(s, 3H). 1F NMR (376 MHz, CDCls): & -62.44. 13C NMR (101 MHz, CDCls): & 150.1, 144.0 (q, J = 33.1 Hz), 140.2,
137.7,130.8, 130.2, 128.5, 128.4, 128.2, 128.0, 125.1 (q, J = 2.7 Hz), 124.6, 123.2, 122.5 (q, J = 276.2 Hz), 16.2.
HRMS (ESI-TOF, m/z) calcd for Ci7H1sFsN* [M + H]*: 288.0995; Found: 288.0989.

lag was prepared following the general procedure from 0.87 mmol of isoquinoline 7g in 24% vyield (61 mg). Final
reduction by LiAlH4 was apparently accompanied by reduction of the nitrogen heterocycle. This was clearly
indicated by appearance of two quartet signals due to CH groups at 4.7 and 5.7 ppm. It was additionally confirmed
by 1H-13C HSQC and HMBC spectra of the insertion product 2ag (vide infra). Compound lag was isolated as a
single isomer, most probably with trans-position of CHs and CFs groups. However, cis-arrangement cannot be
excluded. So far, the attempts to establish configuration by NOESY NMR did not give unambiguous results.
Rt (Hexane/DCM 2:1): 0.37. *H NMR (400 MHz, CDCls): 3 7.9 (dd, J = 14.2, 7.6 Hz, 2H), 7.5 (t, J = 7.4 Hz, 1H),
7.5(d,J=7.4Hz, 1H), 7.5 - 7.3 (m, 4H), 5.7 (q, J = 7.1 Hz, 1H), 4.7 (9, J = 7.5 Hz, 1H), 3.24 (br, 2H), 1.8 (d, J =
7.5 Hz, 3H). 1B NMR (128 MHz, CDCls): & -7.28. °F NMR (376 MHz, CDCls): 8 =70.47 (t, J = 5.9 Hz).23C NMR
(101 MHz, CDCls): & 180.6, 137.4, 135.7, 131.8, 130.2, 130.0, 128.9, 127.8, 127.6, 125.3, 125.2, 124.4, 123.14
(q, J =283.5 Hz), 61.8 (q, J = 31.6 Hz), 35.0, 22.4 (q, J = 2.8 Hz). HRMS (ESI-TOF, m/z) calcd for C17H14BF3N~
[M = H]: 300.1177; Found: 300.1180.
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Fig. S2. List of sulfonamides 5 and sulfonates 6 used in this study. Compounds 6j and 6k are the new ones,
other substrates were reported elsewhere. Sulfonamides 5 were prepared starting from corresponding sulfonyl
chlorides, sulfonates 6 were synthesized starting from corresponding alcohols (see below for examples).

Compounds 6g, 6h and 6i were prepared using hexafluoroisopropyl sulfamate.®

CISO,NCO (1.5 equiv.)

,_\(I/OH HCOOH (1.5 equiv.) /—\(|/OSOZNH2
Y2 MeCN/DMA, 0 °C to RT V.

overnight 6

In an oven-dried 10 ml Schlenk flask in argon flow chlorosulfonyl isocyanate (212 mg, 131 pL, 1.5 mmol) was
added. The flask was cooled in an ice-bath and then formic acid (69 mg, 57 pl, 1.5 mmol) was carefully added.
The mixture solidified within 5 minutes. The solid was redissolved in MeCN (1 ml) and was left to stir for 3 hours
at ambient temperature. Then the mixture was cooled again and 9-hydroxy-o-carborane® (161 mg, 1 mmol) in
DMA (1 ml) was added dropwise. The resulting solution was gradually warmed up and stirred overnight, diluted
with water (10 ml), extracted with EtOAc (3 x 10 ml), washed with saturated NaHCO3 (10 ml) and brine (10 ml),
dried over NazSOs, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography (DCM/EA 10:1) to give 6j as viscous colorless oil, which quickly solidified upon trituration with n-

pentane (63% yield, 152 mg).
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R: (DCM/EA 10:1): 0.63 (K2PtCls + HCI methanolic stain). 'H NMR (500 MHz, (CDz3)2CO): & 6.36 (s, 2H, -NH>),
4.48 (s, 2H), 2.91 — 1.35 (m, 9H). *B{*H} NMR (128 MHz, (CD3)2CO): & 9.9 (1B), -4.6 (1B), -10.9 (2B), -15.0 (2B),
-16.8 (4B). 1*C NMR (126 MHz, (CD3)2CO): & 52.6, 44.7. HRMS (ESI-TOF, m/z) calcd for C2H14B10NO3S [M + H]*:
242.1624; Found: 242.1628.

P phcoci (1 equiv) OH " CIsO,NCO (15 equiv. OSO,NH,

pyridine (1 equiv.) HCOOH (1.5 equiv.)

DCM, 0 °C to RT %./ MeCN/DMA, 0 °C to RT ﬁ\.//

OH overnight OBz overnight

6k OBz

Without exclusion of air an oven-dried 100 ml RBF was charged with 1,2-bis(hydroxymethyl)-o-carborane (1030
mg, 5 mmol). Then DCM (50 ml) and pyridine (402 pL, 5 mmol) were added to give a pale-yellow solution. The
mixture was cooled in an ice-bath and then benzoyl chloride (585 pL, 5 mmol) was added dropwise. The reaction
mixture was stirred at ambient temperature overnight, washed with water (2 x 20 ml) and brine (10 ml), dried over
Na>S0O4 and concentrated on a rotavap to give a viscous pale-yellow oil. The crude product was purified by column
chromatography (hexane/DCM 1:1 to DCM, Rt (DCM) = 0.5) to give a mono-benzylation product as white crystals

in 47% yield (731 mg), which was used for the next step without characterization.

In an oven-dried 10 ml Schlenk flask in argon flow chlorosulfonyl isocyanate (623 mg, 383 uL, 4.4 mmol) was
added. The flask was cooled in an ice-bath and then formic acid (206 mg, 169 pl, 4.48 mmol) was carefully added.
The mixture solidified within 5 minutes. The solid was redissolved in MeCN (3 ml) and was left to stir for 4 hours
at ambient temperature. Then the mixture was cooled again and mono-benzylated carborane (616 mg, 2 mmol)
in DMA (2 ml) was added dropwise. The resulting solution was gradually warmed up and stirred overnight, diluted
with water (10 ml), extracted with EtOAc (3 x 10 ml), washed with saturated NaHCO3 (10 ml) and brine (10 ml),
dried over Na2SOy, filtered and concentrated in vacuo. The crude product was purified by column chromatography
(gradient elution with DCM to DCM/EtOAc 10:1) to give 6k as viscous white oil, which quickly solidified upon
trituration with n-pentane (63% vyield, 195 mg).

Rt (DCM/EA 10:1): 0.69 (K2PtCls + HCI methanolic stain). *H NMR (800 MHz, (CDz)2CO): 8 8.09 (d, J = 7.1 Hz,
2H), 7.71 (t, 3 = 7.4 Hz, 1H), 7.57 (t, J = 7.8 Hz, 2H), 7.17 (s, 2H, -NH>), 5.09 (s, 2H), 4.90 (s, 2H), 2.87 — 2.07
(m, 10H). 1B{*H} NMR (192 MHz, (CD3)2CO): & -3.3 (2B), -11.0 (8B). 3C NMR (201 MHz, (CD3).CO):  165.3,
134.8, 130.6, 129.7, 129.6, 77.6, 76.5, 68.1, 63.5. HRMS (ESI-TOF, m/z) calcd for C11H22B10NOsS [M + H]*:
390.2149; Found: 390.2166.
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Synthesis of Catalysts

—- - K3PO, (24 equiv.) —- .

tBu O—-TRh d ) tBu O—TRh
; ppf)PdCI, (40 mol% ;
o < |1+ QB(OH)Z Pl O meE o =< ||

N O—TRh THF/H50 (3:1), reflux N O-TRh
o 16 equiv.

- —y — —Ia
Rh,[(S)-4-Ph-NTTL],

All Rh2[(S)-4-Ar-NTTL]4 complexes were prepared following the literature cross-coupling protocol.*® An oven-dried
10 ml Schlenk flask was charged with Rh2[(S)-4-Br-NTTL]4!? (61.7 mg, 0.035 mmol, 1 equiv.), phenylboronic acid
(68 mg, 0.56 mmol, 16 equiv.) and KsPO4 (178 mg, 0.84 mmol, 24 equiv.). Then THF/H20 (6 + 2 ml) were added
in an argon flow followed by (dppf)PdCl2 (10 mg, 0.0014 mmol, 40 mol%). The flask was capped and the resulting
biphasic system was stirred for 16 hours at 80 °C. After the indicated time the solution was cooled to room
temperature and THF was removed under reduced pressure. The residue was diluted with water (20 ml) and
extracted with DCM (3 x 10 ml). The organic phases were combined, washed with water (10 ml) and brine (10
ml), dried over Na:SOs, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography (hexane/DCM 1:1, then pure DCM, then DCM/EA 50:1) to give a green solid in 61% vyield (38
mg). The same reaction on a 3-fold scale (0.105 mmol) afforded the product in 64% yield (118 mg).

Rhy[(S)-4-Ph-NTTL]s: Rf (DCM): 0.52. *H NMR (500 MHz, CDCls): 8.92 — 8.82 (m, 4H), 8.58 — 8.49 (m, 4H), 8.20
—8.09 (M, 4H), 7.91 — 7.80 (m, 4H), 7.61 — 7.34 (m, 24H), 5.87 (s, 4H), 1.33 (s, 36H). 3C NMR (126 MHz, CDCl3,
mixture of conformers): & 187.4, 165.0, 164.8, 163.3, 163.0, 146.3, 146.0, 139.4, 139.2, 132.5, 132.1, 132.0,
131.9, 131.0, 130.6, 130.1, 129.93, 129.88, 128.7, 128.64, 128.62, 128.57, 128.33, 128.28, 127.6, 127.4, 126.4,
123.3, 123.2, 122.4, 122.1, 62.1, 60.6, 36.3, 31.7, 29.0, 22.8, 21.2, 14.31, 14.27. HRMS (ESI-TOF, m/z) calcd
for C100HasNsO16Rh2 [M + 2MeCN]*: 1833.4243; Found: 1833.3326.

r . K3POy4 (24 equiv.) — .

tBu O-1Rh d o, tBu O-1Rh
% ppf)PdCl, (40 mol% %
S A I O ety o < ||
(e}

THF/H,0 (3:1), reflux -Rh

o 16 equiv.

Rh,[(S)-4-PhPh-NTTL],

An oven-dried 10 ml Schlenk flask was charged with Rhz[(S)-4-Br-NTTL]4 (61.7 mg, 0.035 mmol, 1 equiv.), 4-
biphenylboronic acid (111 mg, 0.56 mmol, 16 equiv.) and KsPO4 (178 mg, 0.84 mmol, 24 equiv.). Then THF/H20
(6 + 2 ml) were added in an argon flow followed by (dppf)PdClz (10 mg, 0.0014 mmol, 40 mol%). The flask was
capped and the resulting biphasic system was stirred for 16 hours at 80 °C. After the indicated time the solution
was cooled to room temperature and THF was removed under reduced pressure. The residue was diluted with
water (20 ml) and extracted with DCM (3 x 10 ml). The organic phases were combined, washed with water (10
ml) and brine (10 ml), dried over Na2SO, filtered and concentrated in vacuo. The crude product was purified by
flash column chromatography (hexane/DCM 1:1, then pure DCM, then DCM/EA 50:1) to give a green solid in 53%
yield (38.2 mg).
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Rh2[(S)-4-PhPh-NTTL]a: Rr (Hexane/DCM 1:2): 0.47. *H NMR (500 MHz, CDCls): & 8.91 — 8.86 (m, 4H), 8.59 —
8.52 (m, 4H), 8.29 — 8.20 (m, 4H), 7.94 — 7.86 (m, 4H), 7.79 — 7.64 (m, 16H), 7.64 — 7.55 (m, 8H), 7.55 — 7.45 (m,
12H), 7.44 — 7.37 (m, 4H), 5.88 (t, J = 4.8 Hz, 4H), 1.34 (s, 36H). 3C NMR (126 MHz, CDCls, mixture of
conformers): & 187.3, 165.0, 164.8, 163.4, 163.1, 146.0, 145.6, 141.3, 141.2, 140.5, 138.3, 138.2, 132.5, 132.2,
132.0, 131.9, 131.1, 130.6, 130.4, 130.0, 129.9, 129.08, 129.07, 128.8, 128.6, 127.8, 127.7, 127.5, 127.4, 127.3,
126.5, 123.4, 123.3, 122.4, 122.3, 66.1, 62.1, 36.3, 31.1, 29.0, 26.1, 15.4. HRMS (ESI-TOF, m/z) calcd for
Ci22H100N5016Rh2 [M + MeCN + H]*: 2097.5309; Found: 2097.5324.

~ - K3PO, (24 equiv.) —

tBu_ O-FRh (d 5 tBu_  O-Rh
( ppf)PACI, (40 mol%) (

o X |+ O B(OH), 2 : o < ||

N  O—Rh THF/H,0 (3:1), reflux N  O-Rh

CO 16 equiv. CO
Br

Rhy[(S)-4-Np-NTTL],

An oven-dried 10 ml Schlenk flask was charged with Rhz[(S)-4-Br-NTTL]4 (61.7 mg, 0.035 mmol, 1 equiv.), 1-
naphthylboronic acid (96.3 mg, 0.56 mmol, 16 equiv.) and KsPO4 (178 mg, 0.84 mmol, 24 equiv.). Then THF/H20
(6 + 2 ml) were added in an argon flow followed by (dppf)PdClz (10 mg, 0.0014 mmol, 40 mol%). The flask was
capped and the resulting biphasic system was stirred for 16 hours at 80 °C. After the indicated time the solution
was cooled to room temperature and THF was removed under reduced pressure. The residue was diluted with
water (20 ml) and extracted with DCM (3 x 10 ml). The organic phases were combined, washed with water (10
ml) and brine (10 ml), dried over Na=SOa, filtered and concentrated in vacuo. The crude product was purified by
flash column chromatography (hexane/DCM 1:1, then pure DCM, then DCM/EA 50:1) to give a green solid in 53%
yield (43.5 mg).

Rh2[(S)-4-Np-NTTL]4: Rf (Hexane/DCM 1:2): 0.40. *H NMR (500 MHz, CDClz): 5 8.98 — 8.87 (m, 4H), 8.62 — 8.50
(m, 4H), 8.23 — 8.08 (m, 4H), 8.00 — 7.67 (m, 20H), 7.65 — 7.36 (m, 16H), 5.89 (s, 4H), 1.35 (s, 36H). 1*C NMR
(126 MHz, CDCls, mixture of conformers): 6 187.2, 165.1, 164.9, 163.3, 163.0, 146.3, 145.9, 136.7, 136.6, 133.3,
133.2, 132.1, 132.0, 131.1, 130.6, 130.0, 129.2, 129.0, 128.9, 128.8, 128.28, 128.26, 128.16, 127.9, 127.74,
127.70, 127.6, 126.8, 126.5, 126.4, 123.4, 123.3, 122.5, 122.3, 70.8, 62.2, 36.3, 29.1, 26.1, 22.8, 14.3. HRMS
(ESI-TOF, m/z) calcd for Ci114H91NsO16Rh2 [M + MeCN]*: 1992.4604; Found: 1992.4677.
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THF/H,0 (3:1), reflux —Rh

t8 O-FRh KaPO4 (24 equiv,) B tB 0--rn

u - u -
¢ (dppf)PACl, (40 mol%) ¢

3l ot OB@”% P o <]

CO 16 equiv.
Br

CF3

Rh,[(S)-4-ArF-NTTL],

An oven-dried 10 ml Schlenk flask was charged with Rh2[(S)-4-Br-NTTL]4 (61.7 mg, 0.035 mmol, 1 equiv.), 3,5-
bis(trifluoromethyl)phenylboronic acid (143.4 mg, 0.56 mmol, 16 equiv.) and K3zPO4 (178 mg, 0.84 mmol, 24
equiv.). Then THF/H20 (6 + 2 ml) were added in an argon flow followed by (dppf)PdCl2 (10 mg, 0.0014 mmol, 40
mol%). The flask was capped and the resulting biphasic system was stirred for 16 hours at 80 °C. After the
indicated time the solution was cooled to room temperature and THF was removed under reduced pressure. The
residue was diluted with water (20 ml) and extracted with DCM (3 x 10 ml). The organic phases were combined,
washed with water (10 ml) and brine (10 ml), dried over Na=SOu, filtered and concentrated in vacuo. The crude
product was purified by flash column chromatography (hexane, then hexane/Et.O 5:1) to give a green solid in
55% yield (44.5 mg).

Rh2[(S)-4-ArF-NTTL]4: Rf (Hexane/DCM 1:2): 0.78. *H NMR (500 MHz, CDCls): & 8.90 (dd, J = 7.3, 3.7 Hz, 4H),
8.61 — 7.87 (m, 4H), 8.05 — 7.87 (m, 20H), 7.70 — 7.58 (m, 4H), 5.84 (s, 1H), 1.33 (s, 9H). ¥*C NMR (126 MHz,
CDCls, mixture of conformers): 6 187.3, 164.9 — 164.2 (m), 163.0, 162.8, 142.8 — 142.5 (m), 142.4 — 142.1 (m),
134.8, 132.7, 132.3 (q, J = 33.4 Hz), 131.9, 131.4, 130.9 — 130.6 (m), 130.7 — 130.3 (m), 130.1, 130.0, 129.6 —
129.4 (m), 129.1, 129.0, 128.7, 128.6, 127.9, 127.5, 126.6, 126.5, 124.4, 124.3, 123.6, 123.5, 122.4,122.2, 122.1,
120.1, 120.0, 66.2, 62.3, 36.3, 31.7, 29.0, 22.8, 21.1, 15.3, 14.3. *°F NMR (376 MHz, CDClz): & -62.79, -62.82.
HRMS (ESI-TOF, m/z) calcd for C10sH75F24NsO16Rh2 [M + MeCN]*: 2336.2969; Found: 2336.2983.

¢ : : .5
O—TRu Q tBu tBu O-TRu
ve—C [Il N =l
O 4Ru O CO,H PhCI, reflux, 24 h O—TRu

)

N
o]

4 equiv. CO
— —4

Ru,[(S)-NTTL],CI

Without exclusion of air an oven-dried 10 ml RBF was charged with Ruz2(OAc)4Cl (94.7 mg, 0.2 mmol) and N-1,8-
naphthaloyl-(S)-tert-leucine (250 mg, 0.8 mmol, 4 equiv.). Then 4 ml of chlorobenzene was added. A small
Hickman distill head was charged with K2COs (500 mg) and connected to a reflux condenser. The resulting setup
was placed on top of the reaction flask and the reaction mixture was brought to reflux (oil bath temp = 165 °C).
After being stirred for 24 hours at this temperature flakelike brown precipitate formed. The mixture was
concentrated on a rotavap and redissolved in a large amount of DCM/MeOH (10:1) mixture (aprox. 100 ml) and
evaporated with a portion of silica gel (NOTE: the product poorly dissolves in both chlorobenzene and eluent, dry
loading is highly recommended, otherwise a large amount of solvent is required to elute the complex). The residue
was dry loaded on a pre-packed silica column and eluted with DCM and then DCM/MeOH (10:1). Orange fractions
were collected, concentrated on a rotavap and dried in vacuo to give beige/dusty rose solid in 73% yield (216

mg). Analytical data are consistent with the previously reported.!?
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= | r m FsC CF
Bu  O-Ru Bu O Ru ’ ’
& | | + NaBArf - o) — | | F3C CF3
N O—1Ru DCM, RT, 16 h N O—+Ru
= &= 1
W, W, i Q crs
— —4 — —4 F3C CF3

Ru,[(S)-NTTL],BAr"

An oven-dried 10 ml Schlenk flask was charged with Ruz[(S)-NTTL]4Cl (73.9 mg, 0.05 mmol) and DCM (2 ml). To
the resulting suspension NaBAr~3H>0 (47 mg, 0.05 mmol) was added in a flow of argon. All solids dissolved
within a minute and the resulting orange solution was stirred overnight at ambient temperature. The solution was
directly transferred to a pre-packed silica column and the product was eluted with DCM/EtOAc 40:1 as orange
band. The solution was concentrated on a rotavap and dried in vacuo to afford mustard-colored solid in 97% yield
(112 mg). Analytical data are consistent with the previously reported.!2

¢ 0 . .f
O-—TRu Br Q tBu tBu O-—TRu
e v ———— | o <l
(0] 4Ru O CO,H PRCI, reflux, 24 h N O—TRu

o 0}
4 equiv. CO

— —4
RuU,[(S)-4-Br-NTTLI,Cl

Without exclusion of air an oven-dried 10 ml RBF was charged with Ru2(OAc)4Cl (94.7 mg, 0.2 mmol) and N-4-
bromo-1,8-naphthaloyl-(S)-tert-leucine (312 mg, 0.8 mmol, 4 equiv.). Then 4 ml of chlorobenzene was added. A
small Hickman distill head was charged with K2COz (500 mg) and connected to a reflux condenser. The resulting
setup was placed on top of the reaction flask and the reaction mixture was brought to reflux (oil bath temp = 165
°C). After being stirred for 24 hours at this temperature orange solution formed. The solution was directly
transferred to a pre-packed silica column and the product was eluted with DCM/MeOH 60:1. Orange fractions

were collected, concentrated on a rotavap and dried in vacuo to give brown solid in 98% yield (350 mg).

Ru2[(S)-4-Br-NTTLJCl: R (DCM/EA 10:1): 0.82. HRMS (ESI-TOF, m/z) calcd for C7aHs3BraNsO1sRuz [M - Cl +
MeCN]*: 1796.9094; Found: 1796.9081. IR (KBr, cm-l): 2958, 1708, 1670, 1589, 1571, 1507, 1482, 1461, 1399,
1367, 1343, 1325, 1299, 1238, 1203, 1180, 1126, 1046, 1020, 997, 948, 909, 850, 786, 750, 732, 721, 708.
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Fig. S3. HRMS of Ruz[(S)-4-Br-NTTL]4Cl (top: observed, bottom: simulated [M - Cl + MeCNJ*).
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= = [
W W Q
_Br 4, _Br 4, F4C CFs

Ru,[(S)-4-Br-NTTL],BArF

An oven-dried 10 ml Schlenk flask was charged with Ruz[(S)-4-BrNTTL]4Cl (269 mg, 0.15 mmol) and DCM (5 ml).
To the resulting suspension NaBArF«3H20 (141 mg, 0.15 mmol) was added in a flow of argon. The solution
became slightly lighter in color and was allowed to stir at ambient temperature overnight. The mixture was directly
transferred to a pre-packed silica column and the product was eluted with DCM/MeOH 100:1 as orange band.
The solution was concentrated on a rotavap and dried in vacuo to afford mustard-colored solid in 98% yield (338
mgq).

Ruz[(S)-4-Br-NTTL]4BArF: R; (DCM/hexane 10:3): 0.83. HRMS (ESI-TOF, m/z) calcd for C7aHeaBraNsO1sRuUz [M -
BArF + MeCN]*: 1796.9094; Found: 1796.9055. HRMS (-p ESI, m/z) calcd for Ca2H12BF24 [BAIF]: 862.0691; Found
862.0660. IR (KBr, cml): 2971, 1707, 1670, 1590, 1572, 1507, 1480, 1462, 1414, 1401, 1368, 1354, 1280, 1238,
1180, 1163, 1128, 1046, 1022, 997, 948, 887, 852, 839, 786, 751, 711.
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N O-TRu MeOH, RT, 16 h O—TRu

N
) =

- —a
Ru,[(S)-NTTL]N;

Without exclusion of air a 10 ml vial was charged with Ruz[(S)-NTTL]4CI (22.1 mg, 0.015 mmol), sodium azide
(9.8 mg, 0.15 mmol, 10 equiv.) and MeOH (2 ml). The mixture was stirred at ambient temperature overnight. The
resulting violet solid was filtered and washed with H20 (2 x 1 ml), MeOH (2 x 1 ml) and cold DCM (1 ml). The
precipitate was dried, redissolved in DCM (aprox. 20 ml), transferred to a preweighted storage vial, concentrated

on a rotavap and dried in vacuo to afford violet solid in 65% yield (13.7 mg).

Ru[(S)-NTTL]4«Ns: Rf (DCM/EA 10:1): 0.28. HRMS (ESI-TOF, m/z) calcd for C72HeaN4O16Ru2 [M — NaJ*:
1442.2434; Found: 1442.2413. IR (KBr, cm): 2958, 2053, 2024 (N3), 1705, 1667, 1589, 1481, 1414, 1399, 1377,
1357, 1341, 1300, 1279, 1239, 1180, 1149, 1126, 1112, 1075, 1029, 996, 906, 847, 786, 710.

S16



Intensity

Intensity

1600

1500+

1400

1300

1200+

1100

1000

900+

800+

700+

600+

500+

4004

300+

200+

100+

o

-100q

—
1436.0

100

90+

80+

70+

60+

50+

40q

304

20+

-10-

—
1436.0

Ru2[(S)-4-Br-NTTL]4N3 experimental

1439.2435

1438.2378

1437.2432

1440.2443

1444.2344

1443.2430

1445.2422
1442.2413

1446.2450
1441.2399

1447.2374

1448.2408

1449.2339

1436.2435
dl\..m RFRTRRN PPSRTPRRRAET  FERSTROO W T “.Am TR PO S stk e Lim‘.‘ it “.LMM.‘.‘.MLW. e btithad e i NUPIRRTRINY') WP P et ki

—— —— ——
1437.0 1438.0 1439.0

Ru2[(S)-4-Br-NTTL]4N3 simulated

1439.2448

1438.2445

1437.2456

1436.2454

——
1440.0

1440.2440

e B e e s e e e L A B e e e e S B M B e e s S
1443.0 1444.0 1445.0 1446.0 1447.0 1448.0 1449.0 14!

m/z (Da)

—— ——
1441.0 1442.0

1444.2433

1443.2435

1442.2434 1445.2446
1446.2440

1441.2435

1447.2459

1448.2459

1449.2474

—— —— ——
1437.0 1438.0 1439.0

——
1440.0

e B e e s e e e L A B e e e e S B M B e e s S
1443.0 1444.0 1445.0 1446.0 1447.0 1448.0 1449.0 14!

m/z (Da)

—— ——
1441.0 1442.0

Fig. S5. HRMS of Ruz[(S)-NTTL]4Ns (top: observed, bottom: simulated [M — Na3]*).
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Ru,[(S)-NTTL];NO5

O—TRu

Without exclusion of air a 10 ml vial was charged with Ruz[(S)-NTTL]4CI (22.1 mg, 0.015 mmol), silver nitrate (2.6
mg, 0.015 mmol, 1 equiv.) and MeOH (2 ml). The resulting mixture was stirred at ambient temperature for 3 hours
in dark. Then DCM (2 ml) was added and the solution was passed through Celite. The solvents were removed in
vacuo to afford the desired product as orange solid in quantitative yield (22 mg).

Ru2[(S)-NTTL]4sNOs: Ri (DCM/EA 1:1): 0.13. HRMS (ESI-TOF, m/z) calcd for C72HeaN4O1sRuz [M — NOs*:
1442.2434; Found: 1442.2451. IR (KBr, cm?): 2958, 1705, 1667, 1589, 1481, 1457 (NOs), 1416, 1399, 1377,
1358, 1340, 1299, 1279, 1240, 1180, 1150, 1112, 1079, 1029, 997, 931, 906, 866, 846, 786, 710.
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Fig. S6. HRMS of Ruz[(S)-NTTL]4NOs (top: observed, bottom: simulated [M — NOs]*).
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r {Bu O_ R K3POy4 (24 equiv.) r By O_ R
2 Ru (dppf)PACl, (40 mol%) P Ru
o |l + @B(OH)Z o < |l
N OT1Ru THF/H50 (3:1), reflux N OT1Ru
o= o=
eV, eV,
— —Ia — —4

Rus[(S)-4-Ph-NTTL],BArF

An oven-dried 10 ml Schlenk flask was charged with Ruz[(S)-4-Br-NTTL]4BArF (91.7 mg, 0.035 mmol, 1 equiv.),
phenylboronic acid (68 mg, 0.56 mmol, 16 equiv.) and K3sPO4 (178 mg, 0.84 mmol, 24 equiv.). Then THF/H20 (6
+ 2 ml) were added in an argon flow followed by (dppf)PdCl2 (10 mg, 0.0014 mmol, 40 mol%). The flask was
capped and the resulting red biphasic system was stirred for 16 hours at 80 °C. After the indicated time the solution
was cooled to room temperature and filtered through Celite. The residue was washed with water (20 ml) and brine
(10 ml), dried over Na=SOu, filtered and concentrated in vacuo. The residue was redissolved in DCM (4 ml) in air
and stirred with NaBArF«3H20 (49.4 mg, 0.0525 mmol, 1.5 equiv.) for 3 hours. The solution was directly transferred
to SiO2 column. The first orange band was collected using gradient elution (DCM, then DCM/MeOH 80:1) to give
an orange solid in 45% yield (41.5 mg).

Ruz[(S)-4-Ph-NTTL]4BArF: R; (DCM/hexane 10:3): 0.65. HRMS (ESI-TOF, m/z) calcd for CesHsoNsO16RU2 [M -
BArF]*: 1746.3676; Found: 1746.3632. HRMS (-p ESI, m/z) calcd for Cs2H1:BF24 [BArf]: 862.0691; Found
862.0659. IR (KBr, cml): 2968, 1705, 1667, 1589, 1481, 1457, 1416, 1400, 1369, 1355, 1278, 1238, 1180, 1164,
1126, 999, 911, 866, 864, 839, 787, 768, 710, 702.
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Fig. S7. HRMS of Ruz[(S)-4-Ph-NTTL]4BArF (top: observed, bottom: simulated [M - BArfJ*).

Screening of Boranes

0 Rh,esp, (2 mol%)
L—BH; + PhI=N—S*®* >  L—B-NHTs
0 DCM, RT, 30 min Hy

1.2 equiv.

An oven-dried 10 ml Schlenk flask was charged with corresponding borane adduct 1a-f (0.1 mmol), Rhzesp2 (2
mol%, 1.5 mg, 0.02 mmol) and CDClIs (0.6 ml). To the resulting solution PhINTs (44.8 mg, 0.12 mmol, 1.2 equiv.)
was added in one portion and the reaction mixture was stirred until all solids dissolved (up to 30 minutes). Then
1,3,5-tribromobenzene was added as an internal standard, the content of the flask was transferred to an NMR

tube under argon and immediately thereafter 'H and 1B NMR spectra were recorded.

/ o . / /
N\ i Rhyesp, (2 mol%) N\ N\

[,>—>5H3 + Ph|=N—§@— [ D—=BH,NHTs + [,>—>BH(NHT5)2
N N N

o) CDCl3, RT, 1 min

\ \ \
1a 1.2 equiv. 2a 3a
24% 30%

11 mg (0.1 mmol) of 1a and 17 mg (0.054 mmol) of 1,3,5-tribromobenzene were used. According to *H NMR,
products 2a (dnHe = 6.70 ppm, 0.024 mmol, 24% yield) and 3a (dnHe = 6.77 ppm, 0.03 mmol, 30% yield) were

formed, and starting borane 1a (dnve = 6.80 ppm, 0.012 mmol, 12%) remained. The residual borane (ca. 34%)
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was apparently converted into unidentified, insoluble materials) Both products 2a and 3a are stable on silica and

in solution for at least one week (see detailed isolation procedure below).

o
°
o
o
&
@ 558
(o)} oN O [Nl O
@ 8RR N &R
~ O O O m M m o N
| NS ~ N g
&' o™ SR
o e¥ Qo N
o - N MmN o
T T T T T T T T T T T T T T
45 4.0 35 3.0 2.5 2.0 1

7.5 7.0 6.5 6.0 5.5

5.0
f1 (ma)

Fig. S8. 'H NMR spectrum of the reaction mixture of 1a and PhINTs. Only characteristic signals of NHC

fragment and 1,3,5-tribromobenzene are integrated. See Figures S65-S70 for pure and fully assigned spectra.

12.9 3a
-22.6 2a
37.51a

Ah .

T
90

T T T T T T T T T T T T T T T T T
80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90
ppm

Fig. S9. 1B NMR spectrum of the reaction mixture of 1a and PhINTSs.
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dipp dipp dipp

N 0 Rhyesp, (2 mol%) N N
[N>—>BH3 + PhI=N—(|834©7 > [,\I>—>BH2NHTS + ['\]>—>E;H(NHT3)2

CDCl3, RT, 1 min
\ \ v
dipp 1b 1.2 equiv. dipp 2b dipp 3b

traces traces

40.2 mg of 1b and 22 mg of 1,3,5-tribromobenzene were used. According to 'H and 1B NMR, there are only trace

amount of the insertion products 2b and 3b with 4% conversion of starting borane.

7.60 standard

7.01 1b

9.5 9.0 8.5 8.0 7.5

N {2.00 =

0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
ppm

Fig. S10. *H NMR spectrum of the reaction mixture of 1b and PhINTs. Only characteristic signals of NHC

fragment and 1,3,5-tribromobenzene are integrated.

-10.63 double insertion(?}
-18.60 mono insertion(?)

-36.34 SM

Fig. S11. 1B NMR spectrum of the reaction mixture of 1b and PhINTs. The major signal corresponds to the

starting borane 1b.
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o Rhyesp, (2 mol%)
EtN—BH; + Ph|=N—s©— » Et;N—BH,NHTs + Et;N—=BH(NHTs),
. CDClg, RT, 30 min

1c 1.2 equiv. 2c 3c
traces traces

11.5 mg of 1c and 10.4 mg of 1,3,5-tribromobenzene were used. According to 'H and 1B NMR, there are only

trace amount of the insertion products 2c and 3¢ with 14% conversion of starting borane.

7.58 standard
277 1c
2.76 1
2.74 1
272 1
117 1c
15 1

YA
<
Nl
v
113 1

N

; 5 :

T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)

Fig. S12. 'H NMR spectrum of the reaction mixture of 1c and PhINTs. Only characteristic signals of EtsN

fragment and 1,3,5-tribromobenzene are integrated.

-4.79 2¢(2)
13.58 1

T T T T T T T T
0 [ -10 -20 -30 -40 -50 -60 70 -80 -90
1 (ppm)

Fig. S13. 11B NMR spectrum of the reaction mixture of 1c and PhINTs. The major signal corresponds to the

starting borane 1c.
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(PI Rhoesp, (2 mol%)
BusP—=BH3 + Ph|=N—s@— > BusP—=BH,NHTs + BusP—=BH(NHTs),
o CDCly, RT, 30 min

1d 1.2 equiv. 2d 3d

traces traces

15.4 mg of 1d and 11.4 mg of 1,3,5-tribromobenzene were used. According to *H, B and 3P NMR, there are

only trace amount of the insertion products 2d and 3d with 9% conversion of starting borane.

—1.53

—1.39
0.92
0.90 1d
0.88

/
\

— 7.57 standard

©79.00 1

1.19 3
n 717.8!

T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (mp)

Fig. S14. 'H NMR spectrum of the reaction mixture of 1d and PhINTs. Only characteristic signals of BuzP

fragment and 1,3,5-tribromobenzene are integrated.

-19.03 2d(?)

_--40.73 1d
X -41231d

T T T T T T T T T
90 80 70 60 50 40 30 20 10 0 -10
f1 (Ma)

Fig. S15. 11B NMR spectrum of the reaction mixture of 1d and PhINTs. The major signal corresponds to the

starting borane 1d.
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VA 9 Rhyesp, (2 mol%) 7N /N
N—BH; + PhI=N—S > N—BH,NHTs + N—=BH(NHTs),
— o CDCl, RT, 10 min — —

(0]
1e 1.2 equiv. 2e 3e
50% traces

9.3 mg of 1e and 13 mg of 1,3,5-tribromobenzene were used. According to *H and 1B NMR, there was mainly 2e
(50% yield), conversion of starting borane was 52%. The product quickly degrades upon standing in solution and

completely decomposes when passed through a short silica pad.

— 7.58 standard

—7.08
_5.45
—4.44

2.36
231

S N R

4.5 4.0 3.5 3.0 25 2.0 1.5 1.0

2.001
1.947
1.031
2.47=

5 8.0 7.5 7.0 6.5 6.0 5.5

®

9.0

Fig. S16. 'H NMR spectrum of the reaction mixture of 1e and PhINTs.

—-0.57 decomposition producl

—-4.95 2e
-12.19 1le

Fig. S17. 1B NMR spectrum of the reaction mixture of 1e and PhINTs.
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/ PhlI=N S@— + B/

EN . CDCls, RT, Tmin PN

H , NHTs TsHN”  'NHTs
1f 1.2 equiv. 2f 3f

69% traces
16.7 mg of 1f and 11.7 mg of 1,3,5-tribromobenzene were used. According to H and 1B NMR, the main product
was 2f (69% yield), the conversion of the starting borane was 77%. The product decomposes by 5% upon standing
for 3 days in (CD3).CO solution in air at ambient temperature. It can be purified by standard column

chromatography on silica without significant decomposition.

— 7.58 standard

,9.14 2f
R 0.13 2f
870 1f
X8.69 1f
—5.09
2.41
~2.35

,4.40
N 4.39

N | N

T T T T T T T T T T T T T T T T
)5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
f1 (ma)

Fig. S18. 'H NMR spectrum of the reaction mixture of 1f and PhINTs. Only characteristic signals of PhPy

1.007
0.331
1.523

fragment and 1,3,5-tribromobenzene are integrated. See Figures S71-S73 for pure and fully assigned spectra.

—-2.00 2f
—-8.02 1f

N

ERrEE)

a0
ISEN N

T T T T T T T T T T T T T T T T
80 70 60 50 40 30 20 10 -10 -20 -30 -40 -50 -60 -70 -80
P

Fig. S19. 1B NMR spectrum of the reaction mixture of 1f and PhINTSs.

m
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Control experiments

NMR tube was charged with borane 1f (9 mg, 0.05 mmol) and other solid reagents (0.05 mmol) as well as catalyst
Rh2(NTTL)4 (2 mg, 2 mol%), then CDCls (0.6 ml) was added and the sample was thoroughly shaken. *H and 'B
NMR spectra were recorded after 10 min and after 20 h at 20 °C. In case the reaction was observed 1,3,5-
tribromobenzene was subsequently added as the internal standard.

CAUTION! TsNz and BnN3 are potentially explosive upon heating. Although we did not have any incidents,
it is recommended to follow safety precautions when working with organic azides.

entry Reagents results

1 1f + TsNHz2 + Rh2(NTTL)4 no reaction

2 1f + TcesNHz + Rh2(NTTL)4 no reaction

3 1f + PhlO, with or without catalyst very slow oxidation of borane (ca. 5% in 20 h)

no reaction after 10 min, non-selective reaction after 20 h:
4 1f + TsN=IPh, no catalyst ca. 30% of the product 2f was formed, ca. 60% of the unreacted
borane 1f remained. No further changes observed after 72 h.
fast non-selective reaction after 10 min:
5 1f + TcesNHz + PhIO, no catalyst ~ ca. 20% of the product 2p was formed, ca. 60% of the unreacted

1f + BnNs, no catalyst
1f +TsNs, no catalyst

borane 1f remained. No further changes observed after 20 h.
no reaction after 72 h at 60 °C
mixture 1f and 2f in 1:1 ratio + byproducts after 120 h at 60 °C

dspt

—8.61
93
83
71

3.09
/

-

“

2]
N

\3.58

<3
™
©
—

,,,,,,,,,,

9.5 9.0 85 8.0 75 7.0

. . . . . . . . .
6.0 55 5.0 45 4.0 35 3.0 25
1 (ma)

Fig. S20. *H NMR spectra of the borane 1f (green) and the reaction mixture of 1f + PhlO (purple) after 20 hours
at RT in CDCls. Asterisks marks new signals that appear as the result of oxidation. PhlO remains largely insoluble.
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dsp1_11Bdec

9.50
8.15

Fig. S21. 1B NMR spectra of the borane 1f (green) and the reaction mixture of 1f + PhIO (purple) after 20
hours at RT in CDCls.

BB LY 38 [IRBBRR 3 8 RB53 I8H
Gooio BB NNNNNN N o 4 o5 5 5 NN N
N = PVANEN Nl

CghsBry

(standard)

6.951% ¢,

75 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5

1 (5I»IISA)
Fig. S22. 'H NMR spectra of the borane 1f + TsN=IPh after 10 min (green, essentially no reaction) and after 20
hours (purple) at RT in CDCls. 1,3,5-tribromobenzene standard (0.05 mmol, 1 equiv.) was added for the second
spectrum. Only characteristic signals of PhPy fragment of 1f, 2f, and CsHsBrs are integrated. According to the
integration ca. 40% conversion of 1f and 40% yield of 2f was observed. These numbers should be treated only
as estimates because of the signal overlap.
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dsp10_11B

—2.17
—-2.26
—-8.05

1f

Fig. S23. 11B NMR spectra of the borane 1f + TsN=IPh after 10 min (green, essentially no reaction) and after 20
hours (purple) at RT in CDCls. According to the integration ca. 30% conversion of 1f and 20% yield of 2f was
observed.
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Fig. S24. 'H NMR spectra of the borane 1f + TcesNH: (green, no reaction) and 1f + TcesNHz + PhlO after 10 min
(purple) at RT in CDCls. 1,3,5-tribromobenzene standard (0.04 mmol) was added for the second spectrum. Only
characteristic signals of PhPy fragment of 1f, 2f, and CesHsBrs are integrated. According to the integration ca. 30%
conversion of 1f and 25% yield of 2p was observed. These numbers should be treated only as estimates because
of the signal overlap.
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Fig. S25. 11B NMR spectra of the borane 1f + TcesNH2 (green, no reaction) and 1f + TcesNH2 + PhIO after 10
min (purple) at RT in CDCls. According to the integration ca. 40% conversion of 1f and 20% yield of 2p was

observed.
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Fig. S26. 'H NMR spectra 1f + BnNs at RT (green) and after 72 h at 60 °C (violet) in CDCls.
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Fig. S27. 'H NMR spectra 1f + TsNs at RT (green) and after 120 h at 60 °C (violet) in CDCls.
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Fig. S28. 1B NMR spectra 1f + TsNz at RT (green) and after 120 h at 60 °C (violet) in CDCls.
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Nitrene insertion into NHC-BH3

/ PhIO (1 equiv.) / /
[N Rhyesp, (1 mol%) N N
| >—=BH; + TsNH, > [ »>—=BH,NHTs + [ »—=BH(NHTs),
N DCM, -10 °C, 48 h N N
\ 1a 1 equiv. \ 2a \ 3a
15% 17%

An oven-dried 25 ml Schlenk flask was charged with Rhzespz (8 mg, 0.01 mmol, 1 mol%), 1a (110 mg, 1 mmol),
TsNHz (171 mg, 1 mmol) and DCM (8 ml). The resulting solution was cooled to -20 °C and then PhlO (220 mg, 1
mmol) was added at once. The suspension was placed in a freezer and stirred at -10 °C for 48 hours and then at
room temperature overnight. The mixture was filtered through Celite, concentrated in vacuo and then purified by
column chromatography. Elution with pure DCM gave 41.3 mg of starting borane 1a (38% recovery), then mono-
insertion product 2a was eluted using DCM/EtOAc 1:1 in 15% yield (42 mg). Finally, elution with pure EtOAc
afforded double-insertion product 3a in 17% yield (75.5 mg). X-ray quality crystals of both products were grown
by slow diffusion of hexane into DCM solutions.

/

N
[ D>—=BH,NHTs

N\

2a

2a: Ry (DCM/EA 10:1): 0.16 (visualized with ceric ammonium molybdate). *H NMR (500 MHz, (CD3).CO): & 7.63
(d, J=8.1Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 7.18 (s, 2H, NHC), 4.62 (s, NH), 3.78 (s, 6H), 2.36 (s, 3H). 1B NMR
(128 MHz, (CD3)2CO): & -22.74 (t, J = 94.1 Hz). 3C NMR (126 MHz, (CD3)2CO): & 142.5, 140.2, 128.5, 126.3,
121.0, 35.2, 20.4. A carbon directly attached to the boron atom was not detected, possibly due to quadrupole
relaxation.*®* HRMS (ESI-TOF, m/z) calcd for C12H17BN302S [M—H]*: 278.1134; Found: 278.1133.

/

N
[ >—=BH(NHTs),

N

\

3a

3a: Rt (DCM/EA 1:1): 0.13 (visualized with ceric ammonium molybdate). *H NMR (400 MHz, DMSO-ds): & 7.40
(d, J = 7.9 Hz, 4H), 7.19 (s, 2H), 7.15 (d, J = 7.9 Hz, 4H), 5.52 (s, NH), 3.58 (s, 6H), 2.91 (br, 1H), 2.33 (s, 6H).
1B NMR (128 MHz, DMSO-dg): 8 -13.15. 3C NMR (101 MHz, DMSO-ds): d 141.2, 140.6, 128.7, 125.7, 121.7,
35.4, 20.9. A carbon directly attached to the boron atom was not detected, possibly due to quadrupole relaxation.13
HRMS (ESI-TOF, m/z) calcd for C19H2sBN4O4S2Na [M+Na]*: 471.1308; Found: 471.1304.
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Racemic insertion reactions

Table S1. Catalyst scope for the racemic B—H nitrene insertion.

\ V/ 9 catalyst \ V/
N + Ph|=N—s©— Y . N
B 1l
IR (o}
H H

DCM (0.1 M), RT H/B\NHTs
1f 1.2 equiv. 2f

entry catalyst (loading, %) time, min conversion, %2 yield, %2
1 Rhzesp2 (2 mol%) 1 77 69
2 Rh2(OAC)4 (2 mol%) 1 79 25
3 Rh2(OPiv)s (2 mol%) 1 78 28
4 Co(TPP) (5 mol%) 10 53 23
5 PPhsAuCI (5 mol%) + NaBArF (10 mol%) 1 49 14
6 Cu(MeCN)4PFs (10 mol%) 1 85 35
7 Cu(MeCN)4PFs (10 mol%) + bpy (12 mol%) 5 76 29
8 Cu(MeCN)4PFs (10 mol%) + phen (12 mol%) 10 73 20
9 Cu(MeCN)4PFs (10 mol%) + dppe (12 mol%) 30 55 14
10 Cu(MeCN)4PFs (10 mol%) + BOX (12 mol%) 1 40 16
11 Rhzespz (1 mol%) 1 75 65
12° Rh2esp2 (1 mol%) 60 69 54
13bc Rhzespz (1 mol%) 4320 82 43

2 Both yield and conversion were determined by *H using 1,1,2,2-tetrachloroethane as internal standard. ® PhINTs was generated in situ using TsNHz (1.2 equiv.)

and PhlO (1.2 equiv.). ¢ Benzene used as a solvent.

= PhIO (1.2 equiv.) S
0,
I}l Y . o, 0 Rhyesp, (1 mol%) N lil Y
s /S\ '

/B\ HoN R DCM (0.1 M), RT, 0.5-24 h /B\ /2
H H 1.2 equiv. H ”—S\—O
1 50r6 2

General procedure: An oven-dried 10 ml Schlenk flask was charged with Rhz2esp:2 (1.5 mg, 0.002 mmol, 1 mol%),
arylpyridineborane 1 (0.2 mmol, 1 equiv.), corresponding sulfonamide 5 or sulfamate 6 (0.24 mmol, 1.2 equiv.)
and DCM (2 ml). To this solution iodosobenzene (52.8 mg, 0.24 mmol, 1.2 equiv.) was added in one portion and

the resulting suspension was stirred until all solids dissolved or for 24 hours.

For electron-poor sulfamates, the reaction in usually complete within an hour, in case of electron-rich sulfonamides
up to 24 hours were required. For sulfonamides, the suspension is commonly observed after 24 hours, suggesting

incomplete conversion. However, prolonged reaction times do not result in increased yields.

The reaction mixture was directly transferred to a prepacked SiO2 column and the desired product was eluted
using either pure DCM (for most sulfamate derivatives) or a mixture of DCM/EtOAc (20:1) (for most sulfonamide
derivatives) as eluent. All products were additionally purified by liquid diffusion crystallization: amidoborane was
dissolved in minimum amount of DCM and on top of that 10-fold volume excess of PE was added. Resulting

colorless crystals were additionally washed with PE and dried in vacuo.
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B-(4-tolylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2f) was prepared following the general procedure in 54% yield
(36.3 mg). The same protocol on a 6 mmol scale afforded 2f in 57% yield (1155 mg). Rt (DCM/EA 10:1): 0.63. *H
NMR (400 MHz, (CD3)2CO): 6 9.06 (d, J = 5.6 Hz, 1H), 8.33 — 8.27 (m, 1H), 8.26 — 8.22 (m, 1H), 7.99 — 7.93 (m,
1H), 7.84 (d, J = 8.2 Hz, 2H), 7.68 (ddd, J = 7.2, 5.7, 1.3 Hz, 1H), 7.38 — 7.24 (m, 5H), 5.67 (d, J = 7.3 Hz, 1H),
3.76 (br, 1H), 2.42 (s, 3H). 1B NMR (128 MHz, (CDs)2CO): 5 -2.29. 13C NMR (100.4 MHz, CDCls): & 156.6, 144.9,
141.8, 141.5, 141.3, 136.7, 131.0, 130.2, 129.2, 127.3, 126.8, 122.6, 121.6, 117.7, 21.5. HRMS (ESI-TOF, m/z)
calcd for C1sH16BN202S [M - H]*: 335.1025; Found: 335.1024. X-ray quality crystals were grown by slow diffusion
of hexane into DCM solution.

B-(4-fluorophenylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2g) was prepared following the general procedure in
67% yield (45.5 mg). Ry (DCM/EA 10:1): 0.71. *H NMR (600 MHz, (CD3).CO): § 9.05 (d, J = 5.5 Hz, 1H), 8.32 -
8.28 (m, 1H), 8.23 (d, J = 8.0 Hz, 1H), 8.03 - 7.91 (m, 3H), 7.72 — 7.63 (m, 1H), 7.36 — 7.20 (m, 5H), 5.76 (d, J =
6.9 Hz, 1H), 3.76 (br, 1H). 1B NMR (128.4 MHz, (CD3).CO): & -2.26 (d, J = 98.0 Hz). 3C NMR (201 MHz,
(CD3)2CO): & 164.9 (d, J = 249.3 Hz), 157.5, 145.2, 143.2, 142.8 (d, J = 3.1 Hz), 137.8, 131.4, 131.1, 130.2 (d, J
=9.0 Hz), 127.9, 124.0, 122.7,119.2, 116.1 (d, J = 22.6 Hz). °F NMR (376.5 MHz, (CD3)2CO): 8 -111.06. HRMS
(ESI-TOF, m/z) calcd for C17H14BFN202S [M - H]*: 339.0774; Found: 339.0775.

B-(4-chlorophenylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2h) was prepared following the general procedure in
67% yield (47.8 mg). Rf (DCM/EA 10:1): 0.77. *H NMR (800 MHz, (CD3)2.CO): & 9.05 (d, J = 5.2 Hz, 1H), 8.32 -
8.29 (m, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.99 — 7.88 (m, 3H), 7.72 — 7.65 (m, 1H), 7.60 — 7.52 (m, 2H), 7.36 — 7.28
(m, 2H), 7.25 (d, J = 6.2 Hz, 1H), 5.84 (d, J = 5.4 Hz, 1H), 3.76 (br, 1H). 1B NMR (192 MHz, (CD3)2CO):  -2.32
(d, J =103.6 Hz). 13C NMR (201 MHz, (CD3).CO): & 157.6, 145.2, 143.2, 137.9, 137.3, 131.4, 131.1, 129.9 (2C,
overlapped), 129.4, 129.3, 127.9, 124.0, 122.7, 119.2. HRMS (ESI-TOF, m/z) calcd for C17H13B3°CIN202S [M -
H]*: 355.0479; Found: 355.0472.
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B-(4-bromophenylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2i) was prepared following the general procedure in
69% yield (55.4 mg). Rf (DCM/EA 10:1): 0.74. *H NMR (800 MHz, (CDs)2CO): & 9.05 (d, J = 5.2 Hz, 1H), 8.33 -
8.28 (m, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.96 (dd, J = 6.0, 1.8 Hz, 1H), 7.86 (d, J = 8.5 Hz, 2H), 7.75 - 7.71 (m, 2H),
7.71-7.68 (m, 1H), 7.38 — 7.28 (m, 2H), 7.26 (d, J = 6.2 Hz, 1H), 5.84 (d, J = 6.2 Hz, 1H), 3.75 (br, 1H). B NMR
(192 MHz, (CD3)2C0O): & -2.27 (d, J = 102.5 Hz). 3C NMR (201 MHz, (CD3).CO): & 157.6, 145.7, 145.3, 143.3,
137.9, 132.5, 131.4, 131.1, 129.5, 127.9, 125.7, 124.0, 122.7, 119.2. HRMS (ESI-TOF, m/z) calcd for
C17H13B™BrN202S [M - H]*: 398.9974; Found: 398.9968.

B-(4-nitrophenylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2j) was prepared following the general procedure in
56% vyield (41.0 mg). Ry (DCM/EA 10:1): 0.83. 'H NMR (500 MHz, (CD3)2CO): & 9.05 (d, J = 5.6 Hz, 1H), 8.43 —
8.38 (m, 2H), 8.33 (td, J = 7.9, 1.4 Hz, 1H), 8.27 (d, J = 8.1 Hz, 1H), 8.19 — 8.15 (m, 2H), 7.97 (d, J = 7.4 Hz, 1H),
7.72 (ddd, J=7.2,5.7,1.2 Hz, 1H), 7.33 (td, J = 7.3, 1.3 Hz, 1H), 7.29 (td, J = 7.2, 1.1 Hz, 1H), 7.23 (d,J = 7.0
Hz, 1H), 6.15 (d, J = 6.6 Hz, 1H), 3.77 (br, 1H). 1B NMR (128.4 MHz, (CD3)>CO): & -2.33 (d, J = 90.8 Hz) 13C
NMR (126 MHz, (CDz3)2CO): 6 157.6, 151.9, 150.2, 145.2, 143.4, 137.9, 131.4, 131.1, 128.8, 128.0, 124.7, 124.1,
122.7,119.3. HRMS (ESI-TOF, m/z) calcd for C17H13BN3O4S [M - H]*: 366.0719; Found: 366.0717.
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B-(3-nitrophenylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2k) was prepared following the general procedure in
65% yield (47.8 mg). Rf (DCM/EA 10:1): 0.74. *H NMR (800 MHz, (CD3)2.CO): & 9.04 (d, J = 5.4 Hz, 1H), 8.66 —
8.62 (m, 1H), 8.42 (m, 1H), 8.33 — 8.29 (m, 2H), 8.25 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.86 (t, J = 7.9
Hz, 1H), 7.72 — 7.68 (m, 1H), 7.33 — 7.29 (m, 1H), 7.28 — 7.25 (m, 1H), 7.20 (d, J = 7.1 Hz, 1H), 6.17 (d, J = 5.9
Hz, 1H), 3.76 (br, 1H). 1B NMR (192 MHz, (CDs)2CO): & -2.41 (d, J = 99.4 Hz). 3C NMR (201 MHz, (CD3)2CO:
0 157.7, 149.0, 148.1, 145.2, 143.4, 137.9, 133.3, 131.3, 131.2, 131.1, 128.0, 126.4, 124.1, 122.8, 122.3, 119.3.
HRMS (ESI-TOF, m/z) calcd for C17H13BN3O4S [M - H]*: 366.0719; Found: 366.0714.
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B-(2-naphthylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2I) was prepared following the general procedure in 66%
yield (49.3 mg). Rt (DCM/EA 10:1): 0.69. *H NMR (800 MHz, (CDz)2C0O): § 9.09 (d, J = 5.1 Hz, 1H), 8.42 (s, 1H),
8.24 (t, J = 7.4 Hz, 1H), 8.18 (d, J = 8.0 Hz, 1H), 8.10 — 8.06 (m, 2H), 8.03 (d, J = 7.9 Hz, 1H), 8.01 (d, J = 7.9 Hz,
1H), 7.92 (d, J = 7.5 Hz, 1H), 7.69 — 7.60 (m, 3H), 7.28 (dt, J = 7.8, 4.2 Hz, 1H), 7.25 - 7.21 (m, 2H), 5.83 (d, J =
6.4 Hz, 1H), 3.82 (br, 1H). 1B NMR (192 MHz, (CD3)2C0O): 5-2.21 (d, J = 84.2 Hz). 3C NMR (201 MHz, (CD3)2CO):
0 157.5, 145.2, 143.3, 143.1, 137.8, 135.1, 133.2, 131.3, 131.1, 129.9, 129.4, 128.7, 128.7, 127.9, 127.8, 127.6,
124.1,123.9, 122.6, 119.1. HRMS (ESI-TOF, m/z) calcd for C21H16BN202S [M - H]*: 371.1025; Found: 371.1018.
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B-(cyclopropylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2m) was prepared following the general procedure in
65% yield (37.2 mg). Ry (DCM/EA 10:1): 0.51. *H NMR (500 MHz, (CD3).CO): & 9.06 (d, J = 5.5 Hz, 1H), 8.33 -
8.28 (m, 1H), 8.25 (d, J = 8.0 Hz, 1H), 7.99 (d, J = 7.7 Hz, 1H), 7.70 — 7.66 (m, 2H), 7.47 — 7.42 (m, 1H), 7.40 —
7.34 (m, 1H), 5.16 (d, J = 6.0 Hz, 1H), 3.93 (br, 1H), 2.68 — 2.60 (m, 1H), 1.12 — 0.91 (m, 4H). 1B NMR (128 MHz,
(CD3)2C0): 8 -2.04 (d, J = 96.7 Hz). 13C NMR (126 MHz, (CD3)2CO): 8 157.3, 145.3, 143.1, 137.9, 131.5, 131.2,
127.8, 123.9, 122.7, 119.1, 32.4, 5.9, 5.2. HRMS (ESI-TOF, m/z) calcd for C1aH14BN202S [M - H]*: 285.0869;

Found: 285.0870.
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B-(ethylsulfonamido)-(2-(2-pyridyl)phenyl)borane (2n) was prepared following the general procedure in 56% yield
(30.5 mg). Rf (DCM/EA 10:1): 0.31. *H NMR (600 MHz, (CDz)2CO): 8 9.15 (d, J = 5.7 Hz, 1H), 8.32 — 8.27 (m,
1H), 8.25 (d, J = 8.0 Hz, 1H), 7.99 (d, J = 7.7 Hz, 1H), 7.72 — 7.64 (m, 2H), 7.47 — 7.43 (m, 1H), 7.38 (t, J = 7.5
Hz, 1H), 5.07 (d, J = 5.4 Hz, 1H), 3.85 (br, 1H), 3.21 — 3.12 (m, 1H), 3.08 — 3.00 (m, 1H), 1.42 (t, J = 7.4 Hz, 3H).
1B NMR (192 MHz, (CD3)2CO): & -2.15 (d, J = 106.0 Hz). *C NMR (201 MHz, (CDz)2CO): & 157.4, 145.5, 143.1,
138.0, 131.5, 131.1, 127.9, 123.9, 122.8, 119.1, 47.8, 9.3. HRMS (ESI-TOF, m/z) calcd for C13H14BN202S [M—-H]*:
273.0869; Found: 273.0869.
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B-(butylsulfonamido)-(2-(2-pyridyl)phenyl)borane (20) was prepared following the general procedure in 80% yield
(46.0 mg). R; (DCM/EA 10:1): 0.46. *H NMR (400 MHz, (CD3)2CO): d 9.14 (d, J = 5.7 Hz, 1H), 8.33 — 8.23 (m,
2H), 8.25 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.72 — 7.61 (m, 2H), 7.45 (td, J = 7.3, 1.0 Hz, 1H), 7.38 (td,
J=17.5,1.2Hz, 1H), 5.15 (d, J = 5.9 Hz, 1H), 3.84 (br, 1H), 3.19 - 3.09 (m, 1H), 3.08 — 2.98 (m, 1H), 2.00 — 1.88
(m, 2H), 1.10 (t, J = 7.5 Hz, 3H). !B NMR (128 MHz, (CDz3)2CO): & -2.23 (d, J = 103.5 Hz). *C NMR (126 MHz,
(CD3)2C0O): 6 157.3, 145.5, 143.1, 137.9, 131.5, 131.0, 127.9, 123.9, 122.7, 119.1, 55.5, 18.8, 13.5. HRMS (ESI-
TOF, m/z) calcd for C14H16BN202S [M-H]*: 287.1025; Found: 287.1025.
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B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)phenyl)borane (2p) was prepared following the general
procedure in 65% yield (48.4 mg). R (Hexane/DCM 1:2): 0.20. *H NMR (800 MHz, (CD3).CO): 5 9.02 (d, J =5.4
Hz, 1H), 8.36 — 8.31 (m, 1H), 8.28 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.75 — 7.69 (m, 2H), 7.49 — 7.44
(m, 1H), 7.39 (t, J = 7.2 Hz, 1H), 6.23 (d, J = 6.1 Hz, 1H), 4.75 (d, J = 11.1 Hz, 1H), 4.71 (d, J = 11.1 Hz, 1H), 3.95
(br, 1H). B NMR (192 MHz, (CDz3)2CO): 8 -2.24 (d, J = 95.3 Hz). *C NMR (201 MHz, (CD3)2CO): 5 157.7, 145.2,
143.6,138.0, 131.7, 131.4,128.1, 124.2,122.8, 119.3, 95.6, 78.6 (t, J = 4.0 Hz). HRMS (ESI-TOF, m/z) calcd for
C13H12B35CI3sN203S [M-H]*: 390.9649; Found: 390.9657.
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B-(2,2,2-trifluoroethoxysulfonamido)-(2-(2-pyridyl)phenyl)borane (2q) was prepared following the general
procedure in 65% yield (44.3 mg). Rf (Hexane/DCM 3:1): 0.34. 'H NMR (500 MHz, (CD3).CO): 5 8.98 (d, J = 5.6
Hz, 1H), 8.33 (td, J = 8.0, 1.3 Hz, 1H), 8.28 (d, J = 8.1 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H), 7.75 — 7.65 (m, 2H), 7.46
(td, 3 =7.3,0.9 Hz, 1H), 7.39 (td, J = 7.5, 0.9 Hz, 1H), 6.25 (d, J = 6.0 Hz, 1H), 4.66 — 4.58 (m, 2H), 3.90 (br, 1H).
1B NMR (128.4 MHz, (CD3)2C0O): 8 -2.35 (d, J = 92.2 Hz). 3C NMR (126 MHz, (CDz3).CO): 8 157.7, 145.1, 143.6,
137.9, 131.7, 131.3, 128.1, 124.2 (q, J = 276.8 Hz), 124.2, 122.8, 119.3, 64.9 (g, J = 36.3 Hz). °F NMR (376.5
MHz, (CDz3)2CO): 6 -74.41 (t, J = 8.6 Hz). HRMS (ESI-TOF, m/z) calcd for C13H11BF3N203S [M-H]*: 343.0535;
Found: 343.0533.

B-(1,1,1,3,3,3-hexafluoro-isopropoxy-sulfonamido)-(2-(2-pyridyl)phenyl)borane (2r) was prepared following the
general procedure in 63% yield (44.3 mg). R (Hexane/DCM 3:1): 0.54. *H NMR (800 MHz, (CDs)2CO): & 8.95 (d,
J = 5.4 Hz, 1H), 8.36 — 8.32 (m, 1H), 8.29 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.76 — 7.70 (m, 1H), 7.66
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(d, J = 7.2 Hz, 1H), 7.50 — 7.44 (m, 1H), 7.40 (t, J = 7.1 Hz, 1H), 6.59 (d, J = 5.7 Hz, 1H), 5.74 (hept, J = 5.9 Hz,
1H). 3.95 (br, 1H). B NMR (192 MHz, (CD3)2CO): & -2.24 (d, J = 99.8 Hz). 3C NMR (201 MHz, (CD3):CO): &
157.0, 144.2, 142.9, 137.1, 130.9, 130.4, 127.4, 123.3, 123.14 — 118.93 (m), 121.9, 118.5, 71.8 (dt, J = 68.0, 34.2
Hz). F NMR (376.5 MHz, (CD3).CO): & -73.64 (d, J = 5.1 Hz). HRMS (ESI-TOF, m/z) calcd for
C14H11BF6N203SNa [M + NaJ*: 435.0385; Found: 435.0378.

B-(phenoxysulfonamido)-(2-(2-pyridyl)phenyl)borane (2s) was prepared following the general procedure in 56%
yield (37.9 mg). Rs (Hexane/DCM 3:1): 0.31 *H NMR (800 MHz, (CDs)2CO): & 9.00 (d, J = 5.0 Hz, 1H), 8.29 (t, J
=7.7 Hz, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 7.5 Hz, 1H), 7.67 (t, J = 6.1 Hz, 1H), 7.51 — 7.25 (m, 9H), 6.16
(d, J = 6.6 Hz, 1H), 3.98 (br, 1H). *B NMR (192 MHz, (CD3)2CO): d -2.22 (d, J = 98.9 Hz). *C NMR (201 MHz,
(CD3)2CO): d 157.6, 152.5, 145.2, 143.4, 137.9, 131.5, 131.4, 130.3, 128.0, 126.6, 124.1, 123.0, 122.7, 119.2.
HRMS (ESI-TOF, m/z) calcd for C17H14BN203sS [M - H]*: 337.0818; Found: 337.0817.

Ph

B-(4-phenyl-phenoxysulfonamido)-(2-(2-pyridyl)phenyl)borane (2t) was prepared following the general procedure
in 53% vyield (43.9 mg). R¢ (Hexane/DCM 3:1): 0.28. *H NMR (600 MHz, (CD3)2CO): 8 9.01 (d, J = 5.4 Hz, 1H),
8.28 (t,J = 7.7 Hz, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 7.4 Hz, 1H), 7.72 (d, J = 8.6 Hz, 2H), 7.69 — 7.64 (m,
3H), 7.54 — 7.44 (m, 5H), 7.40 — 7.33 (m, 3H), 6.15 (d, J = 6.8 Hz, 1H), 4.01 (br, 1H). 'B NMR (192 MHz,
(CD3)2C0): & -2.41. 3C NMR (201 MHz, (CD3)2CO): & 157.7, 152.0, 145.2, 143.4, 141.1, 139.6, 138.0, 131.6,
131.5, 129.8, 128.8, 128.3, 128.0, 127.8, 124.1, 123.5, 122.7, 119.2. HRMS (ESI-TOF, m/z) calcd for
C23H18BN203S [M - H]*: 413.1131; Found: 413.1117.

B-(2-naphthyloxysulfonamido)-(2-(2-pyridyl)phenyl)borane (2u) was prepared following the general procedure in
43% yield (33.1 mg). Rs (Hexane/DCM 3:1): 0.34. *H NMR (800 MHz, (CD3)2C0O): 8 9.00 (d, J = 5.2 Hz, 1H), 8.26
(t, J = 7.3 Hz, 1H), 8.22 (d, J = 7.9 Hz, 1H), 8.03 — 7.84 (m, 5H), 7.62 — 7.48 (m, 4H), 7.45 (d, J = 6.1 Hz, 1H),
7.33 (m, 2H), 6.19 (d, J = 6.3 Hz, 1H), 4.02 (br, 1H). 1B NMR (192 MHz, (CDs)2CO): 5 -2.17 (d, J = 84.1 Hz). 13C
NMR (201 MHz, (CD3).CO): & 157.7, 150.1, 145.2, 143.4, 138.0, 134.8, 132.5, 131.50, 131.45, 130.2, 128.6,
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128.5, 128.0, 127.5, 126.6, 124.0, 122.9, 122.7, 119.9, 119.2. HRMS (ESI-TOF, m/z) calcd for C21H16BN203S [M
- H]*: 387.0974; Found: 387.0970.

=

\
N—?

s

e}

/B\ /
H N—S=
H
2v

O sz
o—<<|>§>

2v was prepared following the general procedure on 0.1 mmol scale in 63% yield (25.6 mg). Rs (DCM/EA 10:1):
0.57. 'H NMR (400 MHz, (CD3)2CO): 6 9.02 (d, J = 5.7 Hz, 1H), 8.31 — 8.21 (m, 2H), 7.96 (d, J = 7.6 Hz, 1H), 7.72
(d,J=7.2 Hz, 1H), 7.68 — 7.62 (m, 1H), 7.43 (t, J = 7.3 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H), 5.37 (d, J = 6.6 Hz, 1H),
4.45 (s, 2H), 4.30 — 3.48 (br, 1H) 3.13 — 1.48 (m, 9H). !B NMR (128.4 MHz, (CD3)2CO): d 10.34 (1B), -2.27 (1B),
-4.47 (1B), -10.77 (2B), -15.79 (6B). 'B{*H} NMR (128.4 MHz, (CD3).CO): 5 10.35 (1B), -2.09 (1B), -4.48 (1B), -
10.77 (2B), -14.96 (2B), -16.65 (4B). 13C NMR (101 MHz, (CD3)>CO): d 157.5, 145.3, 143.0, 137.9, 131.5, 131.4,
127.7, 123.7, 122.5, 119.0, 52.3, 44.1. HRMS (ESI-TOF, m/z) calcd for C13H2111B11N203SK [M + K]*: 445.1933;
Found: 445.1950.
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2w was prepared following the general procedure in 61% vyield (67.4 mg). R (Hexane/DCM 3:1): 0.20. *H NMR
(600 MHz, (CD3)2CO): & 8.97 (d, J = 5.6 Hz, 1H), 8.34 — 8.30 (m, 1H), 8.26 (d, J = 8.1 Hz, 1H), 8.11 — 8.07 (m,
2H), 7.98 (d, J = 7.6 Hz, 1H), 7.73 — 7.65 (m, 3H), 7.53 (t, J = 7.8 Hz, 2H), 7.44 — 7.40 (m, 1H), 7.39 — 7.35 (m,
1H), 6.18 (d, J = 6.4 Hz, 1H), 5.15 — 5.06 (m, 2H), 4.87 (s, 1H), 3.92 (br, 1H), 2.79 — 1.65 (m, 10H). 'B{*H} NMR
(192 MHz, (CD3)2CO): & -2.33 (1B), -3.32 (2B), -10.57 (8B). 13C NMR (201 MHz, (CD3).CO): 5 165.3, 157.7, 145.1,
143.6,138. 0, 134.8,131.7, 131.3, 130.7, 129.7, 129.6, 128.2, 124.2,122.8, 119.4, 77.5, 77.2, 67.7, 63.6. HRMS
(ESI-TOF, m/z) calcd for C22H2911B1:N20sSNa [M + Na]*: 577.2718; Found: 577.2735. X-ray quality crystals were
grown by slow diffusion of hexane into DCM solution.

2x (dr = 1:1)

2x was prepared following the general procedure on 0.1 mmol scale in 55% yield (27.6 mg). Rs (DCM/EA 10:1):
0.57. 'H NMR (500 MHz, (CD3)2CO, 1:1 mixture of diastereomers):  9.10 (d, J = 5.7 Hz, 1H), 9.03 (d, J = 5.7 Hz,
1H), 8.35 — 8.30 (m, 2H), 8.27 (d, J = 8.1 Hz, 1H), 7.99 (d, J = 7.6 Hz, 2H), 7.83 (d, J = 7.2 Hz, 1H), 7.78 (d, J =
7.2 Hz, 1H), 7.72 — 7.68 (m, 2H), 7.48 — 7.43 (m, 2H), 7.40 — 7.36 (m, 2H) 5.91 (d, J = 6.9 Hz, 1H), 5.88 (d, J =
6.9 Hz, 1H), 4.71 — 4.65 (m, 2H), 4.48 (d, J = 2.7 Hz, 1H), 4.44 (d, J = 2.6 Hz, 1H), 4.31 — 4.26 (m, 2H), 4.24 —
4.22 (m, 2H), 4.19 — 4.15 (m, 2H), 3.95 (d, J = 1.9 Hz, 1H), 3.92 (d, J = 1.9 Hz, 1H), 3.67 (d, J = 2.3 Hz, 1H), 3.64
(d, J = 2.3 Hz, 1H), 1.53 (s, 3H), 1.51 (s, 3H), 1.46 (s, 3H), 1.45 (s, 3H), 1.43 (s, 3H), 1.41 (s, 3H), 1.37 (s, 3H),
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1.34 (s, 3H). “B NMR (128 MHz, (CD3):CO): & -2.22. 3C NMR (126 MHz, (CD3):CO, 1:1 mixture of
diastereomers): & 157.57, 157.55, 145.45, 145.26, 143.36, 143.32, 137.90, 137.87, 131.63, 131.58, 131.53,
131.46, 128.01, 127.98, 124.10, 122.66, 122.64, 119.20, 109.62, 109.54, 109.50, 102.40, 102.34, 71.74, 71.72,
71.08, 71.05, 71.03, 70.85, 69.06, 62.07, 61.98, 26.81, 26.79, 26.46, 26.35, 25.84, 25.79, 24.54, 24.43. HRMS
(ESI-TOF, m/z) calcd for C2sHz0BN20sS [M + H]*: 505.1815; Found: 505.1820.

2y (dr=1:1)

2y was prepared following the general procedure on 0.1 mmol scale in 45% yield (28.4 mg). R (Hexane/DCM
3:1): 0.17. *H NMR (400 MHz, CDClIs, 1:1 mixture of diastereomers): 8 9.12 (d, J = 5.7 Hz, 2H), 8.04 (t, J = 7.8
Hz, 2H), 7.90 (d, J = 8.1 Hz, 2H), 7.78 (d, J = 7.7 Hz, 2H), 7.68 (d, J = 7.2 Hz, 1H), 7.63 (d, J = 7.3 Hz, 1H), 7.49
—7.43 (m, 6H), 5.46 (d, J = 4.9 Hz, 1H), 5.41 (d, J = 5.0 Hz, 1H), 4.50 — 4.40 (m, 2H), 4.28 (t, J = 6.3 Hz, 2H),
3.94 (br, 2H), 2.70 — 2.61 (m, 2H), 2.60 — 2.49 (m, 2H), 2.24 — 2.13 (m, 2H), 2.07 - 1.73 (m, 10H), 1.70 - 0.77 (m,
64H), 0.68 (s, 6H). 1B NMR (128.4 MHz, CDCl3): & -1.35. *3C NMR (126 MHz, (CDs)>CO, 1:1 mixture of
diastereomers): & 157.49, 145.43, 145.41, 143.28, 141.04, 140.92, 137.97, 131.57, 131.52, 131.32, 131.25,
127.96, 124.02, 123.29, 122.76, 119.17, 80.08, 57.59, 57.04, 51.09, 51.07, 43.10, 40.62, 40.24, 39.88, 38.04,
37.97, 37.35, 37.33, 36.95, 36.60, 32.71, 32.67, 32.63, 28.92, 28.68, 24.92, 24.51, 23.07, 22.83, 21.77, 19.67,
19.13, 12.23. HRMS (ESI-TOF, m/z) calcd for CssHssBN2OsSNa [M + Na]*: 653.3924; Found: 653.3900.
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2z was prepared following the general procedure on 0.1 mmol scale in 76% vyield (41.0 mg). R; (DCM/EA 10:1):
0.63. 'H NMR (500 MHz, (CD3)2CO, 1.5:1 mixture of diastereomers): d 8.99 (t, J = 5.4 Hz, 2H), 8.29 (t, J = 7.7
Hz, 2H), 8.26 — 8.22 (m, 2H), 7.99 — 7.94 (m, 2H), 7.71 — 7.64 (m, 2H), 7.47 — 7.39 (m, 4H), 7.38 — 7.28 (m, 10H),
6.23 (t, J = 7.5 Hz, 2H), 6.10 (d, J = 6.2 Hz, 2H), 4.45 (td, J = 8.5, 5.7 Hz, 2H), 3.69 (s, 3H), 3.19 (d, J = 4.8 Hz,
1H, minor), 3.16 (d, J = 4.7 Hz, 1H, major), 3.09 — 2.99 (m, 2H), 1.37 (s, 9H, minor), 1.36 (s, 9H, major). 1'B NMR
(128.4 MHz, (CD3)2CO): & -2.22. 3C NMR (126 MHz, (CD3)2CO, 1.5:1 mixture of diastereomers): & 173.16,
157.58, 156.26, 151.24, 145.15, 143.36, 137.86, 135.88, 135.86, 131.60, 131.45, 131, 43, 131.07, 127.95,
124.04,122.81,122.64,119.18,79.47,56.01, 52.29, 37.54, 28.49. HRMS (ESI-TOF, m/z) calcd for C26H3:BN3O7S

[M + HJ]*: 540.1975; Found: 540.1974.
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B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-5-chloro-phenyl)borane (2aa) was prepared following the
general procedure in 70% yield (60.0 mg). Rs (Hexane/DCM 3:1): 0.40. *H NMR (800 MHz, (CD3).CO): & 8.99 (d,
J =5.3 Hz, 1H), 8.40 — 8.33 (m, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 8.1 Hz, 1H), 7.76 (m, 1H), 7.69 (d, J =
1.7 Hz, 1H), 7.40 (dd, J = 8.1, 2.0 Hz, 1H), 6.38 (d, J = 6.4 Hz, 1H), 4.73 (d, J = 11.1 Hz, 1H), 4.71 (d, J = 11.1
Hz, 1H), 3.90 (br, 1H). B NMR (192 MHz, (CDs)2CO): d -2.56 (d, J = 97.7 Hz). 1*C NMR (201 MHz, (CD3).CO):
0 156.7, 145.2, 143.8, 137.7, 136.6, 131.3, 128.3, 124.5, 124.4, 119.6, 95.5, 78.55 (t, J = 3.9 Hz). HRMS (ESI-
TOF, m/z) calcd for C13H10B35ClaN203S [M - H]*: 424.9259; Found: 424.9253.
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B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-5-fluoro-phenyl)borane (2ab) was prepared following the
general procedure in 66% yield (54.1 mg). Rs (Hexane/DCM 3:1): 0.37. *H NMR (800 MHz, (CD3)2CO): & 8.99 (d,
J =5.4 Hz, 1H), 8.33 (t, J = 7.4 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 8.06 (dd, J = 8.3, 4.7 Hz, 1H), 7.71 (t, J = 6.2
Hz, 1H), 7.40 (dd, J = 8.5, 2.0 Hz, 1H), 7.13 (td, J = 9.0, 2.4 Hz, 1H), 6.34 (d, J = 6.0 Hz, 1H), 4.74 (d, J = 11.1
Hz, 1H), 4.71 (d, J = 11.1 Hz, 1H), 3.91 (br, 1H). *B NMR (192 MHz, (CD3)2.CO): & -2.61 (d, J = 104.9 Hz). **C
NMR (201 MHz, (CDs)2.CO): 6 165.9 (d, J = 250.1 Hz), 156.8, 145.2, 143.7, 134.1, 125.1 (d, J = 8.9 Hz), 123.9,
119.3, 117.7 (d, J = 20.5 Hz), 115.3 (d, J = 24.1 Hz), 95.6, 78.6 (t, J = 3.8 Hz). 1°F NMR (376.5 MHz, (CD3).CO):
0 -111.38. HRMS (ESI-TOF, m/z) calcd for C13H10B3*CIsFN203S [M - H]*: 408.9554; Found: 408.9546.
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B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-5-methyl-phenyl)borane (2ac) was prepared following the
general procedure in 65% yield (53.0 mg). Rs (Hexane/DCM 3:1): 0.37. *H NMR (800 MHz, (CD3)>CO): & 8.96 (d,
J=5.4Hz, 1H), 8.28 (t, J = 7.7 Hz, 1H), 8.19 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 7.4 Hz, 1H), 7.66 (t, J = 6.5 Hz, 1H),
7.53 (s, 1H), 7.20 (d, J = 7.7 Hz, 1H), 6.19 (d, J = 7.6 Hz, 1H), 4.74 (d, J = 11.1 Hz, 1H), 4.71 (d, J = 11.1 Hz, 1H),
3.92 (br, 1H), 2.39 (s, 3H). B NMR (192 MHz, (CDs)2CO): & -2.39 (d, J = 95.8 Hz). C NMR (201 MHz,
(CD3)2CO): d 157.9, 145.0, 143.4, 141.8, 135.6, 132.1, 129.0, 123.6, 122.7, 119.0, 95.6, 78.62 (i, J = 3.8 Hz),
21.94. HRMS (ESI-TOF, m/z) calcd for C14H13B3>ClzN203S [M—-H]*: 404.9805; Found: 404.9799.
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B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-5-phenyl-phenyl)borane (2ad) was prepared following the
general procedure in 65% yield (61.1 mg). R¢ (Hexane/DCM 3:1): 0.34. *H NMR (500 MHz, (CD3)>CO): 8 9.02 (d,
J =5.7 Hz, 1H), 8.37 — 8.27 (m, 2H), 8.08 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 1.1 Hz, 1H), 7.72 (m, 3H), 7.67 (dd, J
= 8.0, 1.8 Hz, 1H), 7.52 — 7.46 (m, 2H), 7.44 — 7.35 (m, 1H), 6.33 (d, J = 6.5 Hz, 1H), 4.80 (d, J = 11.1 Hz, 1H),
4.75(d, J=11.1 Hz, 1H), 4.03 (br, 1H). B NMR (128.4 MHz, (CD3)2CO): 5 -1.94. 33C NMR (126 MHz, (CDs)2CO):
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0 157.4, 145.2, 1441, 143.6, 141.9, 137.2, 129.9, 129.7, 128.5, 127.9, 127.1, 1241, 123.3, 119.4, 95.6, 78.6.
HRMS (ESI-TOF, m/z) calcd for C19H16B3°CIlsN20sSNa [M + Na]*: 490.9937; Found: 490.9915.
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B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-4-bromo-phenyl)borane (2ae) was prepared following the
general procedure in 55% yield (52.1 mg). Rs (Hexane/DCM 3:1): 0.40. *H NMR (800 MHz, (CD3)>CO): & 9.03 (d,
J=5.5Hz, 1H), 8.43 - 8.34 (m, 2H), 8.20 (d, J = 1.3 Hz, 1H), 7.81 - 7.77 (m, 1H), 7.65 (d, J = 7.7 Hz, 1H), 7.61
(dd, 3 =7.7, 1.6 Hz, 1H), 6.32 (d, J = 6.4 Hz, 1H), 4.73 (d, J = 11.1 Hz, 1H), 4.69 (d, J = 11.1 Hz, 1H), 3.91 (br,
1H). B NMR (192 MHz, (CD3)2.CO): & -2.32 (d, J = 80.1 Hz). *C NMR (201 MHz, (CD3)2CO): & 156.2, 145.4,
143.8, 140.3, 134.2, 133.3, 125.7, 125.0, 121.7, 119.9, 95.5, 78.6 (t, J = 3.9 Hz). HRMS (ESI-TOF, m/z) calcd for
C13H10B7®Br3CIsN20sS [M-H]*: 468.8754; Found: 468.8740.
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2af was prepared following the general procedure from 0.13 mmol of 1af in 52% yield (38.0 mg). Rs (DCM/Hexane
3:1): 0.23. 'H NMR (400 MHz, CDCls): 8 8.77 (d, J = 9.1 Hz, 1H), 8.09 (s, 1H), 8.02 — 7.91 (m, 3H), 7.89 (d, J =
7.5 Hz, 1H), 7.68 — 7.50 (m, 6H), 7.40 (t, J = 7.2 Hz, 1H), 4.57 (q, J = 12.2, 11.5 Hz, 2H), 4.50 (s, 1H), 4.30 (br,
1H). B NMR (128 MHz, (CDs)2CO): 8 -1.93. *C NMR (101 MHz, CDCls): 5 158.7, 155.1, 140.8, 137.0, 136.4,
136.2, 132.6, 131.2, 130.2, 129.5, 129.4, 127.9, 127.8, 125.3, 122.7, 121.8, 116.7, 99.1, 94.4, 77.8. HRMS (ESI-
TOF, m/z) calcd for C23H17B™Br3ClsN2NaOsS* [M+Na]* 620.9175, found: 620.9175; calcd for
C23H17B7°Br3°CIsKN203S* [M+K]* 636.8914, found: 636.8913.

Me
s
RN cCly
FsC 0N\ (
H HN_ 0

S
20\
2ag o’ \O

2ag was prepared following the general procedure from 0.2 mmol of 1ag in 53% yield (56.5 mg). Only one isomer
was formed, presumably with trans-arrangement of CFsz and NHTces groups to avoid steric hindrance.
Rf (DCM/Hexane 2:1): 0.3. *H NMR (400 MHz, CDClz): & 7.86 (t, J = 6.8 Hz, 2H), 7.61 (t, J = 7.3 Hz, 1H), 7.51 (t,
J = 6.7 Hz, 2H), 7.47 — 7.38 (m, 3H), 5.93 (q, J = 6.5 Hz, 1H), 4.65 (q, J = 7.2 Hz, 1H), 4.55 — 4.39 (m, 3H), 3.72
(br, 1H), 1.82 (d, J = 7.6 Hz, 3H). 2B NMR (128 MHz, CDCls): & -2.21. °F NMR (376 MHz, CDCls): 5 -70.08. 13C
NMR (101 MHz, CDCls): & 184.5 (C=N), 158.9 (C-B, broad due to quadrupolar splitting), 136.6, 134.7, 133.7,
130.7, 130.4, 129.3, 127.9, 127.7, 127.4, 124.8, 124.5, 123.0 (q, J = 283.9 Hz, CF3), 94.2 (CCls), 78.0 (CH2), 58.7
(g, J = 31.5 Hz, CH-CFs3), 35.2 (CH-CH3), 22.5 (CH3). HRMS (ESI-TOF, m/z) calcd for C19H16B3°Cl3F3N203S*
[M=-H]*: 524.9987; Found: 524.9984.
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2ah

2ah was prepared following the general procedure from 0.1 mmol of 1ah in 43% vyield (15.0 mg). Rt (DCM/EA
5:3): 0.17 (visualized with ceric ammonium molybdate).*H NMR (400 MHz, CDCls): & 7.67 (d, J = 8.1 Hz, 2H),
7.21 (d, J = 8.1 Hz, 2H), 6.81 (s, 2H), 4.02 (s, 1H), 3.82 (s, 6H), 3.43 (s, 3H), 2.67 (br, 1H) 2.38 (s, 3H), 1.53 (s,
2H). 1B NMR (128 MHz, CDCls): & -16.01 (d, J = 93.8 Hz). 3C NMR (101 MHz, CDCls):  178.4, 141.3, 140.3,
129.0, 126.6, 121.5, 51.0, 36.5, 21.5. HRMS (ESI-TOF, m/z) calcd for CisH22BN3NaO4S* [M+Na]*: 374.1316;
Found: 374.1320.
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2ai was prepared following the general procedure from 0.07 mmol of lai in 58% yield (19.4 mg). Rt (DCM/EA
1:1): 0.34 (visualized with ceric ammonium molybdate). *H NMR (400 MHz, CDCIs): & 6.85 (s, 2H), 4.58 (d, J =
10.7 Hz, 1H), 4.51 (d, J = 10.7 Hz, 1H), 4.38 (s, 1H), 3.84 (s, 6H), 3.58 (s, 3H), 2.98 (br, 1H), 1.66 (d, J = 5.8 Hz,
2H). 1B NMR (128 MHz, CDCls): & -15.67 (d, J = 93.8 Hz). 3C NMR (101 MHz, CDCls):  178.5, 121.8, 94.7,
77.8,51.3, 36.5. HRMS (ESI-TOF, m/z) calcd for C10H17B3°Cl3sNsNaOsS* [M+Na]* 429.9940; Found: 429.9944.

Fig. S29. List of unsuccessful substrates.

In case of thiophenesulfonamide catalyst degradation was observed, the yield of the target B—H insertion product
was < 10%. In case of ferrocenesulfonamide the intramolecular C—H insertion product was the only Fe-containing
compound aside from starting material, albeit it is formed in low yields (15-20%). In case of inactivated carbamates
(R = Ph, tBu) the reaction does not take place even at elevated temperatures. In case of sulfamides usually a

complex mixture of B-containing products forms (at least 5 different compounds according to crude 1B NMR).
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Mechanistic Studies

KIE experiment

\
N 4
H/B\H —
PhINTs (0.5 equiv.) \ p
1f Rhyesp, (1 mol%) ,N
+ > B
7\
= DCM (0.05 M), X NHTs
[}1 Y RT, 30 min 70% yield
5" 2fj2f-d=1.5
/7 \
D D
1f-d,

An oven-dried 10 ml Schlenk flask was charged with Rhzesp2 (1.5 mg, 0.002 mmol, 1 mol%), 1f (0.1 mmol), 1f-d
(0.1 mmol) and DCM (1 ml). To this solution PhINTs (37.3 mg, 0.1 mmol, 0.5 equiv.) was added portionwise during
the course of 15 minutes. The resulting solution was stirred for additional 15 minutes, then in was directly
transferred to a SiO2 column and the products were eluted with DCM to DCM/EA (40:1) to afford 25.3 mg of 2f
and 2f-d mixture (70% yield). The product ratio was determined based on *H NMR by comparing broad B—H signal
intensities of thus obtained 2f + 2f-d mixture and pure 2f. With standard 'H NMR parameters (relaxation delay =
1s) the intensity of B—H peak in 2f is equal to 1+0.02 with respect to aromatic C-H protons (based on 3
independent measurements). The intensity of B—H peak of 2f + 2f-d mixture was 0.6, which corresponds to their

ratio 1.5:1. The same results were obtained at lower conversions using 0.1 equiv. of PhINTSs.

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Fig. S30. 'H NMR spectra of pure 2f (top) and a mixture of 2f and 2f-d in 1.6:1 ratio (bottom).

Competitive Reactions

= PhINTs (0.1 mmol) = NHTs
Rhyesp, (1 mol%)

neat, RT, 16 h PN
H  NHTs
1f 1 ml (73 equiv.) 2f 30%
0.1 mmol 30%

An oven-dried 10 ml Schlenk flask was charged with Rhzespz (1.5 mg, 0.002 mmol, 1 mol%), 1f (0.1 mmol, 1
equiv.), and tetralin (1 ml, 73 equiv.). The resulting solution was purged with argon for 15 minutes. To the resulting
solution PhINTs (37.3 mg, 0.1 mmol, 1 equiv.) was added in one portion and the resulting suspension was stirred
overnight. The reaction mixture was directly transferred to a prepacked SiO2 column and first eluted with PE to
remove an excess of tetralin and then with DCM/EA (20:1) to collect a mixture of 2f and C—H insertion products.
The product ratio and yields were determined to be 1:1 based on *H NMR (CDCls) using 1,1,2,2-tetrachloroethane

as internal standard. Conversion of starting borane 1f was 65%.
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Fig. S31. 'H NMR spectrum of the mixture of 2f and tetralin C—H insertion product.

CZ_@ PhINTs (0.1 mmol) ( =
Rhyesp, (1 mol%)
B,N 7 . Et,SiH > B,N 7 . Et,SiNHTs

PN DCM (0.1M) PN
H H RT, 16 h H NHTs

1f 0.5 mmol 2f <5%
0.1 mmol 53%

An oven-dried 10 ml Schlenk flask was charged with Rhzespz (1.5 mg, 0.002 mmol, 1 mol%), 1f (0.1 mmol, 1
equiv.) and DCM (1 ml). To the resulting solution EtsSiH was added (58 mg, 0.5 mmol, 5 equiv.) followed by
PhINTs (37.3 mg, 0.1 mmol, 1 equiv.). The resulting suspension was stirred overnight, filtered through Celite and
concentrated in vacuo. The yield of 2f (53%) and conversion of 1f (76%) were determined based on 'H NMR

(CDCls) using 1,1,2,2-tetrachloroethane as internal standard. There were only trace amounts of Si—H insertion

product.
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Fig. S32. 'H NMR spectrum of 2f and trace amounts of EtzSiNHTSs.

— PhINTs (0.095 mmol)
IEI Y O/\ Rhaesp, (1 mol%) O/Q
Vs +
/B\
H

neat, RT, 18 h
NHTs

1f 1 ml (91 equiv.) 2f 81%
0.095 mmol 10%
An oven-dried 10 ml Schlenk flask was filled with argon and charged with Rh2espz (0.8 mg, 9.5x10* mmol, 1
mol%), 1f (16 mg, 0.095 mmol, 1 equiv.), and styrene (1 ml, 91 equiv.), that was flushed with argon for 15 minutes
prior to use. To the resulting solution PhINTs (35.5 mg, 0.095 mmol, 1 equiv.) was added in one portion and the
resulting suspension was stirred overnight. The reaction mixture was directly transferred to a prepacked SiO2
column and first eluted with hexane to remove an excess of styrene and then with DCM/EA (10:1) to collect a
mixture of 1f, 2f and aziridine product. The yield of 2f (10%) and conversion of 1f (14%) were determined based

on *H NMR (CDCls) using 1,1,2,2-tetrachloroethane as the internal standard. The yield of aziridine product was

81%.
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Fig. S33. 'H NMR spectrum of the products of competitive reaction of 1f with PhI=NTs in neat styrene.

( = PhINTs (0.1 mmol) ( =
Rhyesp, (1 mol%) NTs
N 7 . ACO N 7/, A<

B neat, RT, 18 h B
H H H  NHTs
1f 1 ml (92 equiv.) 2f 7%
0.1 mmol 64%

An oven-dried 10 ml Schlenk flask was filled with argon and charged with Rhzesp2 (0.8 mg, 1x10-3 mmol, 1 mol%),
1f (16.7 mg, 0.1 mmol, 1 equiv.), and freshly distilled allyl acetate (1 ml, 92 equiv.), that was flushed with argon
for 15 minutes prior to use. To the resulting solution PhINTs (37.3 mg, 0.1 mmol, 1 equiv.) was added in one
portion and the resulting suspension was stirred overnight. The reaction mixture was concentrated by rotary
evaporation and then dried in vacuo (oil pump) for 1h at rt. The yield of 2f (64%) and conversion of 1f (75%) were
determined based on 'H NMR (CDCIs) using 1,1,2,2-tetrachloroethane as the internal standard. The yield of

aziridine product was 7%.
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Fig. S34. 'H NMR spectrum of the products of the competitive reaction of 1f with PhI=NTs in neat allyl acetate.
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Optimization of Enantioselective B—H nitrene insertion

Table S2. Catalysts screening for enantioselective B—H nitrene insertion.

Me Me
= PhIO (1.2 equiv.)
l}l Y, . o, 0 catalyst N
” Cl,c” 0" S NH :
md  BQ 3 2 DCM (0.05M), RT, time
H H 1.2 equiv.
B Bu,  O4Rh B ]
=di :
O \Y
N O—Rh 0. O—Rh C0OzMe
N\N_ /1
0 R
| seak it
K
R R (o] rRh
_ R 4 - 4 s
R = H, Rhy[(S)-PTTL], Rh,[(R)-BNP], Rh,[(5S)-MEPY],
R = Ph, Rh,[(S)-TPPTTL],

3 N
K< §=0
N—7Rh he)
o~ 1]
0——Rnh Ci2Hzs
4, L

R = iPr, Rh,[(4R)-IPOX],
R = Bn, Rh,[(4R)-BNOX],

Rh,[(S)-DOSP],

O-1Rh

\_/
B,
7
H NHTces

N—T-Rh

4
TsHN O—-Rh

4

Rh;[(S)-NAP]4

O-1"Rh

O-Rh

Cu(MeCN)4PFg I u
iPr iPr
BOX
mixed in situin 1:1 ratio R = tBu, [(R,R-tBu,-TFB)RhCI],
R = Ph, [(R,R-Ph,-TFB)RhCI],
entry catalyst (loading, %) time, min yield, % er.

1 Rh2[(S)-PTTL]4 (1 mol%) 30 36 53:47
2 Rh2[(S)-TPPTTL]4 (1 mol%) 45 90 54:46
3 Rhz[(R)-BNP]a (1 mol%) 240 44 52:48
4 Rh2[(5S)-MEPY]4 (1 mol%) 20 37 51:49
5 Rh2[(S)-NAP]4 (1 mol%) 20 48 52:48
6 Rh2[(4R)-IPOX]4 (1 mol%) 45 56 52:48
7 Rh2[(4R)-BNOX]4 (1 mol%) 60 48 52:48
8 Rh2[(S)-DOSP]4 (1 mol%) 30 42 51:49
9 Rh2[(S)-NTTL]4 (1 mol%) 30 85 62:38
10 [(BOX)Cu(MeCN)2z]PFs (5 mol%) 60 24 51:49
11 [(R,R-tBuz-TFB)RICI]2 (2.5 mol%) 30 29 52:48
12 [(R,R-Ph2-TFB)RNCI]2 (2.5 mol%) 30 86 52:48
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Table S3. NTTL-based catalysts screening for enantioselective B—H nitrene insertion.

Me Me
— Rh(||,||F;rg?él'(?|,?|?)u(i\1/')mol%) »
B”}l 7 cl c/\cc::\ /:CI)\IH N B’N 4
Me H/ \H 3 1.2 equiv. 2 PEM (GO5 R, R, s min Me H/ "/NHTces
entry catalyst (loading, %) yield, % e.r.
1 Rh2[(S)-NTTL]a (1 mol%) 85 62:38
2 Rh2[(S)-4-Br-NTTL]4 (1 mol%) 78 59:41
3 Rh2[(S)-4-Ph-NTTL]4 (1 mol%) 77 67:33
4 Rh2[(S)-4-PhPh-NTTL]4 (1 mol%) 69 66:34
5 Rh2[(S)-4-Np-NTTL]4 (1 mol%) 64 65:35
6 Rh2[(S)-4-ArF-NTTL]s (1 mol%) 71 55:45
7 Ru2[(S)-NTTL]4BAr" (1 mol%) 71 70:30
8 Ru2[(S)-4-Br-NTTLJ4BArF (1 mol%) 60 68:32
9 Ru2[(S)-4-Ph-NTTL]4BArF (1 mol%) 44 60:40
10 Ru2[(S)-NTTL]4Cl (1 mol%) 63 72:28
11 Ru2[(S)-NTTL]sN3 (1 mol%) 69 71:29
12 Ruz[(S)-NTTL]sNOs (1 mol%) 63 72:28
Table S4. Solvent screening for enantioselective B—H nitrene insertion.
Me Me
= PhIO (1.2 equiv.) =
/kj 7 . N ;3:\ /:?\, ) Ru[(S)-NTTL]BAr" (1 rrjol%)‘ /kj Y,
Me H/B\H 3 1.2 equiv. 2 solvent (0,09 W) R, fime Me H(B"’NHTces
entry solvent time, min yield, % e.r.
1 CHzCl2 30 71 70:30
2 CHCIs 30 75 60:40
3 o-DFB 60 62 75:25
4 o-DCB 60 73 75:25
5 PhCFs 60 65 75:25
6 PhCI 15 62 74:26
7 EtOAc 720 59 76:24
8 iPrOH 30 <5 -
9 CHsNOz2 30 17 -
10 acetone 60 22 -
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Table S5. Hypervalent iodine reagent screening for enantioselective B—H nitrene insertion.

Me Me
= oxidant (X equiv.) ==
kj 7 . o, O RU,[(S)-NTTLL,BA" (1 mol%) - kj Y,
B” Cl,e” YN0" 7 NH i B”
Me B 3 2 0-DCB (0.05 M), RT, time Me s
H H 1.2 equiv. H NHTces
entry oxidant (equiv.) additive (equiv.) time, min yield, % e.r.
1 PhIO (1.2) - 30 73 75:25
2 PhI(OAc)2 (1.2) MgO (2.5) 60 26 77:23
3 PhI(OPiv)2 (1.2) MgO (2.5) 60 38 75:25
4 PhI(OOCCFs3):2 (1.2) MgO (2.5) 720 <5 -
5 PhIO (1.5) - 30 72 75:25
6 PhIO (3) - 30 28 63:27

Table S6. Temperature screening for Ru(ll,lll) catalyzed enantioselective B—H nitrene insertion.

Me Me
= PhIO (1.2 equiv.) =
,}l a o, 0 Ru,[(S)-NTTLI,BArF (1 mol%) '}l y
B” Cl,e” 0”7 NH, - B”
mé N o-DCB (0.05 M), temperature, time Me P
H H 1.2 equiv. H NHTces
entry temp. °C time, min yield, % e.r.
1 + 22 30 73 70:30
2 +4 180 57 81:19
3 -10 1440 (24h) 41 81:19
42 -30 7200 (120h) 37 80:20

2PhCl used as solvent.

Table S7. Temperature screening for Rh(ll,Il) catalyzed enantioselective B—H nitrene insertion.

~ PhIO (1.2 equiv.) =
Rh,[(S)-4-Ph-NTTL], (1 1%
'}l VR R o\\s,/o 20(S) 14 (1 mol%) Q_@
Ve O - Vs
B ClsC” "O" 'NH, 0-DCB (0.05 M), temperature, time B

TR 12 equiv. B NHToes
entry temp. °C time, min yield, % e.r.
1 +22 30 79 71:29
2 +4 360 84 80:20
3 -10 2160 (36h) 97 79:21
42 -30 2880 (48h) 89 89:11

aPhCl used as solvent.
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Enantioselective B—H Nitrene Insertion (Borane Scope)

— PhlO (1.2 equiv.)
/ ) O“s’o Rugl(S]NTTLLCI (1 mol%) /[Q—O
ClsC” 0" NH;  o.pcB (0.05 M), +4 °C, 3 hours
. /
H H 1.2 equiv. NHTces

An oven-dried 10 ml Schlenk flask was charged with Ruz[(S)-NTTLJ4Cl (1.5 mg, 0.001 mmol, 1 mol%),
phenylpyridineborane 1f or 1g-j (0.1 mmol, 1 equiv.), 2,2,2-Trichloroethyl sulfamate 6a (27.4 mg, 0.12 mmol, 1.2
equiv.) and 0-DCB (2 ml). The resulting solution was cooled in an ice-bath and then iodosobenzene (26.4 mg,
0.12 mmol, 1.2 equiv.) was added in one portion. The resulting suspension was stirred for 3 hours. The mixture
was then diluted with hexane (2 ml) and directly transferred to a short prepacked silica column. The product was

eluted using either pure DCM.

Me
SN
N_/
Va
Me /B",
H NHTces
2ga

B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-4,6-dimethyl-phenyl)borane (2ga) was prepared following the
general procedure in 81% vyield (34.1 mg) with 83:17 e.r. Ry (Hexane/DCM 3:1): 0.27. *H NMR (800 MHz,
(CD3)2CO: 8 9.01 (d, J = 5.3 Hz, 1H), 8.29 (t, J = 7.7 Hz, 1H), 8.20 (d, J = 8.0 Hz, 1H), 7.72 — 7.64 (m, 1H), 7.62
(s, 1H), 7.07 (s, 1H), 6.15 (d, J = 6.0 Hz, 1H), 4.65 (s, 2H), 3.96 (br, 1H), 2.48 (s, 3H), 2.36 (s, 3H). 1B NMR (192
MHz, (CD3)2.CO): & -2.37 (d, J = 83.3 Hz). 3C NMR (201 MHz, (CD3)2CO): & 158.2, 145.2, 143.4, 141.6, 138.1,
138.1, 133.7,123.8, 120.5, 119.2, 95.7, 78.5, 21.3, 21.2. HRMS (ESI-TOF, m/z) calcd for C15sH16B3*ClsN203SNa
[M + Na]*: 442.9937; Found: 442.9928. Chiral HPLC: Chiralpak IB-3, heptane/IPA = 80:20, tr = 6.06 min for R-

enantiomer; tr = 6.62 min for S-enantiomer

tBu
=
\_/
V4
tBu (B",
H NHTces
2ha

B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-4,6-di-tert-butyl-phenyl)borane (2ha) was prepared following
the general procedure in 37% yield (18.6 mg) with 78:22 e.r. R; (Hexane/DCM 3:1): 0.43. 'H NMR (500 MHz,
(CD3)2C0): 8 9.05 (d, J = 5.7 Hz, 1H), 8.35 (d, J = 8.1 Hz, 1H), 8.27 (td, J = 7.9, 1.4 Hz, 1H), 7.94 (d, J = 1.7 Hz,
1H), 7.68 — 7.61 (m, 2H), 6.06 (d, J = 6.8 Hz, 1H), 4.60 (d, J = 11.2 Hz, 1H), 4.56 (d, J = 11.2 Hz, 1H), 4.10 (br,
1H), 1.53 (s, 9H), 1.39 (s, 9H). B NMR (128 MHz, (CD3)2C0O): d -1.61. *C NMR (126 MHz, (CD3)2CO): d 158.2,
155.4,151.3, 144.7,143.2,139.2, 127.3, 123.7, 118.9, 117.5, 95.7, 78.3, 38.0, 35.4, 32.5, 31.7. HRMS (ESI-TOF,
m/z) calcd for C21H2sB3°ClsN20OsSNa [M + Na]*: 527.0876; Found: 527.0853. Chiral HPLC: Chiralpak 13-3,

heptane/IPA = 95:5, tr = 9.80 min for R-enantiomer; tr = 11.99 min for S-enantiomer.
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Ph

\_/
P
H®  NHTces
2ia

Ph

B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-4,6-diphenyl-phenyl)borane (2ia) was prepared following the
general procedure in 48% yield (26.7 mg) with 91:9 e.r. R (Hexane/DCM 3:1): 0.23. *H NMR (400 MHz, DMSO-
ds): 6 8.92 (s, 1H), 8.60 (d, J = 7.9 Hz, 1H), 8.49 — 8.33 (m, 2H), 7.92 — 7.81 (m, 4H), 7.77 (s, 2H), 7.60 — 7.32 (m,
6H), 7.15 (s, 1H), 4.17 (s, 1H), 3.68 (s, 2H). 1B NMR (128 MHz, DMSO-ds): & -1.29. 1*C NMR (101 MHz, DMSO-
ds): 0 155.8, 144.4, 143.6, 142.9, 141.9, 140.4, 139.8, 138.9, 129.5, 128.9, 128.4, 127.6, 127.2, 126.9, 123.9,
119.5, 119.1, 94.7, 76.0. HRMS (ESI-TOF, m/z) calcd for C2sH20B3°CIsN20OsSNa [M + Na]*: 567.0250; Found:
567.0243. Chiral HPLC: Chiralpak 1B-3, heptane/IPA = 60:40, tr = 5.48 min for R-enantiomer; tr = 7.19 min for

S-enantiomer.

B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2ja) was prepared following the
general procedure in 60% vyield (28.4 mg) with 91:9 e.r. Rs (Hexane/DCM 3:1): 0.35. *H NMR (500 MHz,
(CD3)2C0): 8 9.08 (d, J = 5.7 Hz, 1H), 8.41 — 8.35 (m, 1H), 8.31 (d, J = 8.1 Hz, 1H), 8.02 (d, J = 7.6 Hz, 1H), 7.79
(ddd, J = 7.1, 5.8, 1.2 Hz, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.33 (t, J = 7.7 Hz, 1H), 6.33 (d, J = 6.3 Hz, 1H), 4.85 (d,
J =11.0 Hz, 1H), 4.80 (d, J = 11.0 Hz, 1H), 3.93 (br, 1H). 1B NMR (128 MHz, (CDz).CO): & -1.87 (d, J = 78.9
Hz). 13C NMR (126 MHz, (CDs)2CO): & 156.4, 145.3, 143.9, 140.0, 135.1, 130.4, 127.1, 125.0, 122.0, 119.9, 95.5,
78.6. HRMS (ESI-TOF, m/z) calcd for CisH11B7Br3°ClsN203SK [M + K]*: 508.8469; Found: 508.8456. Chiral
HPLC: Chiralpak I1B-3, heptane/IPA = 60:40, tr = 5.60 min for R-enantiomer; tr = 6.29 min for S-enantiomer.

\_/
B.
7
H NHTces

R-2p

B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-phenyl)borane (R-2p) was prepared following the general
procedure in 51% vyield (20.1 mg) with 83:17 e.r. Chiral HPLC: Chiralpak IB-3, heptane/IPA = 60:40, tr = 4.83
min for R-enantiomer; tr = 6.16 min for S-enantiomer. Other analytical data are identical to those of the racemic
sample reported above.
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Enantioselective B—H Nitrene Insertion (Nitrene Scope)

0. .0 PhIO (1.2 equiv.)
g 2 (,L /> s > N_/
B” R™ "NHy  conditions A or B B”

Br 7\ . Br ¢
H H 1.2 equiv. H NH

Conditions A: Ru,[(S)-NTTL)]4Cl (1 mol%), 0-DCB (0.05 M), +4 °C
Conditions B: Rh[(S)-4-Ph-NTTL], (1 mol%), PhCI (0.05 M), -30 °C

Conditions A: An oven-dried 10 ml Schlenk flask was charged with Ruz[(S)-NTTL]4CI (1.5 mg, 0.001 mmol, 1
mol%), 3-bromophenylpyridineborane (24.6 mg, 0.1 mmol, 1 equiv.), corresponding sulfonamide or sulfamate
(0.24 mmol, 1.2 equiv.) and 0-DCB (2 ml). The resulting solution was cooled in an ice-bath and then
iodosobenzene (26.4 mg, 0.12 mmol, 1.2 equiv.) was added in one portion. The resulting suspension was placed
in a fridge (internal temperature +4 °C) and stirred until all solids dissolved and high conversion of starting borane
was observed. The mixture was diluted with hexane (2 ml) and directly transferred to a short prepacked silica
column. The product was eluted using either pure DCM (for most sulfamate derivatives) or a mixture of

DCM/EtOAc (20:1) (for most sulfonamide derivatives) as eluent.

Conditions B: An oven-dried 10 ml Schlenk flask was charged with Rh2[(S)-4-Ph-NTTL]4 (1.8 mg, 0.001 mmol,
1 mol%), 3-bromophenylpyridineborane (24.6 mg, 0.1 mmol, 1 equiv.), corresponding sulfamate (0.24 mmol, 1.2
equiv.) and PhCI (2 ml). The resulting solution was cooled in a dry ice/isopropanol bath (internal temperature -30
°C) and then iodosobenzene (26.4 mg, 0.12 mmol, 1.2 equiv.) was added in one portion. The resulting suspension
was placed in a freezer (internal temperature -30 °C) and stirred until high conversion of starting borane was
observed (up to 2 weeks). The mixture was diluted with hexane (2 ml) and directly transferred to a short prepacked

silica column. The product was eluted using pure DCM.

\_/
B/
Br “,
HY NH
O=
2ja o
0" o\
CCly

B-(2,2,2-trichloroethoxysulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2ja). Conditions A: 6 h, 60% yield,
91:9 e.r. (as above). Conditions B: 48 h, 89% yield, 89:11 e.r.

Analytical data are identical to those reported in the previous section.

S

\
/N /
Br /B‘»
H N
O=
2jb o”S‘O/\
CFs

B-(2,2,2-trifluoroethoxysulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2jb). Conditions A: 48 h, 66% yield,
91:9 e.r. Conditions B: 7 days, 88% yield, 71:29 e.r.
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Rr (Hexane/DCM 3:1): 0.33. 'H NMR (500 MHz, (CD3)2CO): & 9.04 (d, J = 5.6 Hz, 1H), 8.42 — 8.35 (m, 1H), 8.31
(d, J = 8.1 Hz, 1H), 8.04 — 8.01 (m, 1H), 7.79 (ddd, J = 7.2, 5.8, 1.2 Hz, 1H), 7.61 (d, J = 7.9 Hz, 1H), 7.34 (t, J =
7.7 Hz, 1H), 6.34 (d, J = 6.3 Hz, 1H), 4.73 — 4.60 (m, 2H), 3.89 (br, 1H). 1B NMR (128 MHz, (CD3).CO): 5 -1.88
(d, J=91.5 Hz). 3C NMR (126 MHz, (CD3)2CO): & 156.4, 145.3, 143.9, 140.0, 135.1, 130.5, 127.0, 125.0, 124.1
(g, J = 276.8 Hz), 122.0, 119.9, 65.1 (q, J = 36.3 Hz). °F NMR (376 MHz, (CD3)2CO): & -74.32 (t, J = 8.5 Hz).
HRMS (ESI-TOF, m/z) calcd for CisH10B"°BrFsN203S [M - H]*: 420.9640; Found: 420.9629. Chiral HPLC:
Chiralpak 1B-3, heptane/IPA = 60:40, tr = 4.85 min for R-enantiomer; tr = 5.47 min for S-enantiomer.

B-(2,2,3,3,4,4,4-heptafluorobutoxy-sulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2jc). Conditions A: 48 h,
68% yield, 90:10 e.r. Conditions B: 5 days, 78% yield, 77:23 e.r.

R¢ (Hexane/DCM 3:1): 0.44. '"H NMR (800 MHz, (CD3)2CO): & 9.05 (d, J = 5.5 Hz, 1H), 8.44 — 8.37 (m, 1H), 8.34
(d, J = 8.0 Hz, 1H), 8.05 (d, J = 7.3 Hz, 1H), 7.80 (ddd, J = 7.1, 5.7, 1.1 Hz, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.35 (t,
J =7.7 Hz, 1H), 6.35 (d, J = 6.0 Hz, 1H), 4.83 — 4.69 (m, 2H), 3.90 (br, 1H). 1B NMR (192 MHz, (CD3)CO): & -
1.92 (d, J = 99.6 Hz). *C NMR (201 MHz, (CD3).CO): d 156.5, 145.3, 144.0, 140.1, 135.2, 130.6, 127.0, 125.1,
122.1, 120. 0, 64.4 (t, J = 26.1 Hz). 3 C-F coupled carbon atoms are not visible due to their low intensity. °F NMR
(376 MHz, (CDs3).CO): & -81.75 (3F), -121.03 (2F), -128.10 (2F). HRMS (ESI-TOF, m/z) calcd for
C1sH11B™BrF7N20sSNa [M + Na]*: 544.9552; Found: 544.9540. Chiral HPLC: Chiralpak 1B-3, heptane/IPA =

60:40, tr = 4.06 min for R-enantiomer; tr = 4.57 min for S-enantiomer.

\_/
vV
B
Br g 7,
H “NH
2ia O35, F

B-(pentafluorophenoxy-sulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2jd). Conditions A: 72 h, 74% vyield,
89:11 e.r. Conditions B: 14 days, 68% vyield, 80:20 e.r.

R¢ (Hexane/DCM 3:1): 0.25. *H NMR (500 MHz, (CD3)2CO): 5 9.05 (d, J = 5.6 Hz, 1H), 8.40 — 8.34 (m, 1H), 8.31
(d,J=8.1Hz, 1H), 8.02 (d, J = 7.4 Hz, 1H), 7.76 (ddd, J = 7.1, 5.8, 1.2 Hz, 1H), 7.58 (d, J = 7.9 Hz, 1H), 7.32 (t,
J =7.7 Hz, 1H), 6.17 (d, J = 6.4 Hz, 1H), 5.37 — 5.34 (m, 2H), 3.89 (br, 1H). !B NMR (128 MHz, (CD3)CO): d -
1.86 (d, 78.5 Hz). *C NMR (126 MHz, (CD3)2CO): d 156.42, 147.88 — 145.46 (m), 145.34, 143.77,142.52 (d, J =
252.7 Hz), 139.98, 138.29 (d, J = 249.5 Hz), 135.00, 130.30, 127.12, 124.86, 121.88,119.81, 111.02 (td, J = 17.9,
3.9 Hz), 58.06. °F NMR (376 MHz, (CD3)2CO): d -142.94 (dd, J = 21.6, 7.5 Hz, 2F), -155.45 (t, J = 20.4 Hz, 1F),
-164.53 (td, J = 21.5, 8.0 Hz, 2F). HRMS (ESI-TOF, m/z) calcd for C1sH11B7°BrFsN203SNa [M + Na]*: 542.9584;
Found: 542.9548. Chiral HPLC: Chiralpak IB-3, heptane/IPA = 80:20, tr = 18.59 min for R-enantiomer; tr = 22.07

min for S-enantiomer. X-ray quality crystals were grown by slow diffusion of hexane into DCM solution.
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Br g7
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B-(phenoxysulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2je). Conditions A: 24 h, 24% vyield, 62:38 e.r.
Conditions B: 10 days, 84% yield, 62:38 e.r.

Rf (Hexane/DCM 3:1): 0.30. *H NMR (800 MHz, (CDs)2CO): d 8.85 (d, J = 5.5 Hz, 1H), 8.33 (t, J = 7.3 Hz, 1H),
8.28 (d, J=8.0 Hz, 1H), 8.01 (d, J = 7.5 Hz, 1H), 7.68 (t, J = 6.5 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.32 (1, J=7.8
Hz, 3H), 7.21 — 7.16 (m, 3H), 6.36 (d, J = 5.7 Hz, 1H), 3.92 (br, 1H). !B NMR (192 MHz, (CD3).CO): d -1.81 (d,
J = 106.3 Hz). 3C NMR (201 MHz, (CDs)2CO): d 156.6, 152.6, 145.2, 143.7, 139.9, 135.0, 130.2, 130.1, 127.3,
126.2, 124.7, 122.4, 121.8, 119.8. HRMS (ESI-TOF, m/z) calcd for C17H15sBBrN20O3S [M + H]*: 417.0079; Found:
417.0064. Chiral HPLC: Chiralpak IB-3, heptane/IPA = 60:40, tr = 17.67 min for R-enantiomer; tr = 18.81 min for

S-enantiomer.

\_/
v
B
Br ¢,
N Gr
.. O= 3
2jf o”S‘o

B-(1,1,1,3,3,3-hexafluoro-isopropoxy-sulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2jf). Conditions A: 24
h, 41% yield, 54:46 e.r.

Rt (Hexane/DCM 3:1): 0.50. 'H NMR (500 MHz, (CD3)2CO): & 8.92 (d, J = 5.7 Hz, 1H), 8.45 — 8.39 (m, 1H), 8.37
—8.33 (m, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.81 (ddd, J = 7.1, 5.8, 1.2 Hz, 1H), 7.61 (d, J=7.9 Hz, 1H), 7.34 (t, J =
7.7 Hz, 1H), 6.76 (s, 1H), 5.66 (dg, J = 12.1, 6.0 Hz, 1H), 3.89 (br, 1H). B NMR (128 MHz, (CD3).CO): & -2.00
(d, J = 101.3 Hz). *3C NMR (126 MHz, (CD3)2CO): d 156.7, 145.0, 144.1, 139.8, 135.2, 130.4, 127.1, 125.21 -
118.37 (m), 125.0, 121.9, 120.1, 72.2 (septet, J = 34.0 Hz). *°F NMR (376 MHz, (CD3).CO): & -73.55 — -73.84
(m). HRMS (ESI-TOF, m/z) calcd for C14H10B™BrFsN203SK [M + K]*: 528.9229; Found: 528.9221. Chiral HPLC:
Chiralpak I1B-3, heptane/IPA = 60:40, tr = 4.02 min for R-enantiomer; tr = 4.36 min for S-enantiomer.

B-(4-methylphenyl-sulfonamido)-(2-(2-pyridyl)-6-bromo-phenyl)borane (2jg). Conditions A: 48 h, 48% yield, 53:47
e.r.

R: (DCM/EA 10:1): 0.69. 'H NMR (400 MHz, (CD3)2CO): 5 9.18 (d, J = 5.5 Hz, 1H), 8.40 — 8.31 (m, 1H), 8.28 (d,
J=8.0Hz, 1H), 7.98 (d, J =8.1 Hz, 1H), 7.78 — 7.73 (m, 3H), 7.43 (d, J = 7.9 Hz, 1H), 7.29 — 7.23 (m, 3H), 5.58

(d, J = 6.5 Hz, 1H), 3.77 (br, 1H), 2.38 (s, 3H). ‘B NMR (128 MHz, (CD3)2CO): & -1.89 (d, J = 90.0 Hz). **C NMR
(101 MHz, (CD3)2CO): & 145.5, 143.4, 142.0, 139.8, 134.8, 130.1, 129.4, 128.05, 127.1, 124.7, 121.7, 119.7, 21.3.
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Two quaternary carbons were not detected due to their low intensity. HRMS (ESI-TOF, m/z) calcd for
Ci1sH17B™BrN202S [M + H]*: 415.0287; Found: 415.0285. Chiral HPLC: Chiralpak IB-3, heptane/IPA = 60:40, tr

= 7.44 min for R-enantiomer; tr = 9.16 min for S-enantiomer.

Reactions of Amidoborane Products

\ Y Selectfluor (1 equiv.) Q@
N N

A\ MeCN (0.1 M), RT, 24h A
H™ NHTs FOF

4a
2 68%

An oven-dried 10 ml Schlenk flask was charged with 2f (67.2 mg, 0.2 mmol), Selectfluor (70.8 mg, 0.2 mmol, 1
equiv.) and MeCN (2 ml). The resulting suspension was stirred for 24 hours, at which point full conversion of 2f
was achieved. The reaction mixture was concentrated in vacuo and purified via SiO2 column chromatography
(using DCM/EA 20:1), affording 4a as colorless crystals (27.5 mg, 68% yield).

R: (DCM/EA 10:1): 0.86. 'H NMR (400 MHz, (CD3)2CO): & 8.64 (d, J = 5.6 Hz, 1H), 8.44 — 8.36 (m, 1H), 8.26 (d,
J =8.0 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 7.80 — 7.70 (m, 1H), 7.62 (d, J = 6.8 Hz, 1H), 7.44 (dt, J = 22.7, 7.3 Hz,
2H). 1B NMR (128.4 MHz, (CDz3)2CO): 5 8.00 (t, J = 50.9 Hz). *C NMR (100.4 MHz, (CDs)2CO): & 156.1, 145.4,
142.6, 137.8, 132.4, 130.5, 129.4, 125.2, 122.9, 119.4. °F NMR (376 MHz, (CD3).CO): & -160.15, -160.26, -
160.40, -160.53. Additional peak at & = -151.55 corresponds to BF4~ likely due to side hydrolysis of 4a. Analytical
data are consistent with the previously reported.4

= =

\ [Cp*RhCly], (5 mol%) \
/N Y > /N Y
B HFIP (0.1 M), RT, 1 h F3C, CF
77N\ S MR 3 /N 3
H™ NHTs 0" o<

66%

An oven-dried 10 ml Schlenk flask was charged with 2f (67.2 mg, 0.2 mmol), [Cp"'RhCI:]2 (6.2 mg, 0.01 mmol, 5
mol%) and argon purged HFIP (2 ml, 7.44 mmol, excess). The resulting solution was stirred for 1 hour, at which
point full conversion of 2f was achieved. The reaction mixture was concentrated in vacuo and purified via SiO2
column chromatography (using hexane/DCM 1:1), affording 4b as colorless crystals (66.0 mg, 66% vyield).

R (Hexane/DCM 2:1): 0.39. 'H NMR (400 MHz, (CD3)2CO): & 8.61 (d, J = 5.5 Hz, 1H), 8.44 (t, J = 7.8 Hz, 1H),
8.32 (d, J = 8.0 Hz, 1H), 8.07 (d, J = 7.3 Hz, 1H), 7.81 (t, J = 6.6 Hz, 1H), 7.64 (d, J = 6.8 Hz, 1H), 7.60 — 7.48 (m,
2H), 4.71 (septet, J = 6.2 Hz, 2H). !B NMR (128.4 MHz, (CD3)>CO): & 9.33. 13C NMR (101 MHz, (CD3)CO): &
156.1, 145.7, 143.3, 139.2, 132.6, 132.1, 130.4, 125.3, 123.6, 124.9 — 121.6 (m), 119.45, 71.34 (septet, J = 32.7
Hz). *°F NMR (376 MHz, (CD3)2CO): 8 -75.53 (d, J = 5.6 Hz). HRMS (ESI-TOF, m/z) calcd for C17H11BF12NO2 [M
+ H]*: 500.0691; Found: 500.0703.
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Crystallographic Details

Single crystals of 2a, 2f, 2w, 2jd and 3a were investigated using Bruker D8 QUEST single-crystal X-ray
diffractometer equipped with PHOTONII detector, charge-integrating pixel array detector (CPAD), laterally graded
multilayer (Goebel) mirror and microfocus Mo-target X-ray tube (A = 0.73071 A). The frame width of 0.4° were
employed for data collection. Data reduction and integration were performed with the Bruker software package
SAINT (Version 8.40B).15 The data were corrected for Lorentz and polarization effects. The absorption correction
was performed using multi-scan routine as implemented in SADABS (Version 2016/2).16 Crystal structure solution
and refinement were performed using SHELX-2018 package.l” Atomic positions were located using dual t
methods and refined using a combination of Fourier synthesis and least-square refinement in isotropic and
anisotropic approximations. All non-hydrogen atoms were refined with anisotropic displacement parameters. All
C-H hydrogen atoms were placed in ideal calculated positions and refined as riding atoms with relative isotropic
displacement parameters taken as Uiso(H)=1.5Ueq(C) for methyl H atoms and Uiso(H)=1.2Ueq(C) otherwise. The
hydrogen atoms of NH and BH groups were located from the Fourier density synthesis. The only exception was
crystal stricture of 2jd in which in one of independent molecules there is a superposition of two enantiomers and
as the result N-H and B-H atoms were placed in ideal calculated positions (Fig. S35). Upon the refinement of
disordered 2jd the EADP and SADI constraints were employed. The absolute configuration of ordered and main
contribution of disordered molecule in 2jd was established in accordance with Flack parameter which was equal
to 0.08(2). Despite the presence of a possible translation in the crystal structure of 2f, a twofold reduction of the
cell volume is impossible. The translation is observed only for 2f molecules, whereas for solvate methylene
chloride molecules with a population of about 0.9, the indicated symmetry is not fulfilled. The analysis of the
reflection intensities shows that the hkl reflections with odd sum h+k are three times weaker than the average
reflection intensity, but among them (30 thousand reflections) there are 8579 observed reflections. On this basis

the description of this structure in the P-1 group with Z' =4 is quite reasonable.

Crystallographic parameters and final residuals for the single-crystal XRD experiments are given in Table S8.

0(2A")

Fig. S35. The superposition of two enantiomers (0.88 and 0.12) in one of the independent molecules in 2jd.
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Table S8. Crystal data, data collection and structure refinement for 2a, 2f, 2w, 2jd and 3a.

2a 2f 2w 2jd 3a
CCDC 2347444 2347448 2347446 2347445 2347447
CisgeH18.72B
Formula C12H188N3OZS szHngllNzoss Cj_sHj_lBBrFsNzOgS C19H258N404Sz
C|1.72N2028
FwW 279.16 409.09 552.44 521.07 448.36
T,K 100 110 100 100 110
Crystal system Monoclinic Triclinic Triclinic Triclinic Monoclinic
Space group P21/n P-1 P-1 P1 P21/n
Z(Z) 4(1) 8(4) 2(2) 2(2) 4(1)
a, A 10.0323(4) 15.0095(9) 7.0532(8) 7.948(2) 15.6010(13)
b, A 14.0039(5) 15.3676(9) 13.9162(15) 8.047(2) 8.9989(11)
c, A 10.9141(4) 17.4816(10) 14.4394(16) 16.160(4) 15.8836(16)
a, ’ 90 78.015(2) 80.019(4) 92.793(9) 90
B,° 116.185(2) 77.183(2) 81.480(4) 100.437(8) 107.422(3)
Y, ° 90 81.734(2) 81.506(4) 107.826(9) 90
Vv, A3 1375.98(9) 3825.9(4) 1369.6(3) 961.6(5) 2127.6(4)
dcalc, g cm™3 1.348 1.420 1.340 1.800 1.400
M, cm?t 2.36 4.66 1.57 23.18 2.84
F(000) 592 1696 572 516 944
20max, ° 58 56 55 52 52
Reflections
12514 49308 24177 10427 20668
collected
Reflections
) 3648 18369 6170 6810 4176
unique
Reflections with
3108 10144 4785 3870 2835
I > 20(l)
Variables 187 1058 415 575 286
R1 0.0435 0.0643 0.0762 0.0872 0.0519
wR2 0.1204 0.2074 0.1995 0.2037 0.1251
GOF 1.071 0.992 0.999 1.011 1.041
Largest difference
0.397/-0.541 0.707/-0.428 0.385/-0.529 0.887/-0.824 0.360/-0.329

in peak/hole (e/A3)




Fig. S37. Crystal structure of 2f. All atoms (except hydrogens) are shown as 50% thermal ellipsoids. Only one
independent molecule is shown. Disordered solvent molecules are omitted for clarity.

S62



Fig. S39. Crystal structure of 2jd. All atoms (except hydrogens) are shown as 50% thermal ellipsoids. Second
disordered molecule is shown in Fig. S24A.
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Fig. S40. Crystal structure of 3a. All atoms (except hydrogens) are shown as 50% thermal ellipsoids.
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HPLC Traces

8 Chromatogram Yiew Peak «/»|  Channel «]» Extract
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i \
7 N7
50—. me B\
] H NHTces
] 2ga
25
0 £ L
—— — ——— —— —p—— —
55 6.0 6.5 7.0 75 8.0 min
< >
B <> Results View - Peak Table
Peak Table Compound Group Calibration Curve
Peakit Ret. Time AreaZ Area Height Mark
1 E.265 49,668 609788 54834| M
2 £.851 50.332 617936 50833| M
Total 100.000 1227724 105667

Fig. S41. HPLC chromatogram for racemic 2ga.
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200 o
100
0 =
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< >
B <> Results View - Peak Table
Peak Table Compound Group Calibration Curve
Peakit Ret. Time AreaZ Area Height Mark
1 5.855 82.584 3864278 388874| M
2 6.394 17.416 814330 71380| V' M
Total 100.000 4679208 460254

Fig. S42. HPLC chromatogram for R-enriched 2ga.
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M Chromatogram View

Peak [«]»]
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Peak Table Compound Group Calibration Curve
Peak#t Ret. Time Area% Area Height Mark
1 10.286 47146 2522506 32137 M
2 12.539 52.854 2827884 18190| V M
Total 100.000 5350389 50326

Fig. S43. HPLC chromatogram for racemic 2ha.
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< >
B <> Results View - Peak Table
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Peakit Ret. Time Area% Area Height Mark
1 9.320 77.472 5523550 124651 M
2 11.454 22.528 1693429 20818| V M
Total 100.000 7516979 145469

Fig. S44. HPLC chromatogram for R-enriched 2ha.
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B Chromatogram View Peak («]»|  Channel [«]» | Extract
mAU Max Intensity : 82 481
J252nm.4nm Time Inten.
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\
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50 ; 7\—5’ :
4 Ph VRN
H NHTces
: 2ia
25+
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45 5.0 5.5 6.0 6.5 7.0 7.5 8.0 min
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[ <> Results View - Peak Table
Peak Table Compound Group Calibration Curve
Peakit Ret. Time Area% Area Height Mark
1 5.440 51.031 1123871 82439
2 7.063 43969 1078445 65054
Total 100.000 2202316 147492

Fig. S45. HPLC chromatogram for racemic 2ia.

8 Chromatogram View Peak [«[»|  Channel [«|»| Extract
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[ <> Results View - Peak Table
Peak Table Compound Group Calibration Curve
Peakit Ret. Time AreaZ Area Height Mark
1 5.514 91.120 2084942 148926| M
2 7.327 8.880 203176 11683 M
Total 100.000 2288118 160610

Fig. S46. HPLC chromatogram for R-enriched 2ia.
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B Chromatogram View Peak «[» Channel |« [» | Extract
mAU Max Intensity : 218 016
4208nm.4nm Time 4.712 Inten. -2.488 A
200
1 \
150 N
] B B
i H NHTces
100- ]
] 2ja
50
4 v
; ¥
0 T T i %
— T Y ST ] Y — — — — — — T
475 5.00 5.25 5.50 5.75 6.00 6.25 6.50 6.75 7.00 7.25min
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Peak Table Compound Group Calibration Curve
Peak#t Ret. Time Area% Area Height Mark
1 5.588 43679 2432535 218501 M
2 6.262 50.321 2524725 198633 M
Total 100.000 5017261 417134
Fig. S47. HPLC chromatogram for racemic 2ja.
B Chromatogram View Peak [«[» Channel | «[» | Extract B Chromatogram Yiew Peak [«]» Channel [«]» | Extract
mAU Max Intensity : 269 514 mAU Max Intensity : 178 810
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200 \ \
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B <> Results View - Peak Table B <> Results View - Peak Table
Peak Table Compound Group Calibration Curve Peak Table Compound Group Calibration Curve
Peakit Ret. Time AreaZ Area ] Height Mark Peaki#t Ret. Time Area% ‘ Area Height Mark
i 5603 91.076 3@' 270518] M i 5602 88,707 | 2057968 176253 M
2 6319 8.924 315219 21291 | VM 2 6.224 11293 267016 18827| VM
Total 100.000 3532363 291809 Total 100.000] 2365044 157080

Fig. S48. HPLC chromatograms for R-enriched 2ja (left: Ru(ll,lll) catalyzed, conditions A; right: Rh(ll,1)

catalyzed, conditions B).
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Fig. S49. HPLC chromatogram for racemic 2p.
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Fig. S50. HPLC chromatogram for R-2p.
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Fig. S51. HPLC chromatograms for racemic 2jb.
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Fig. S52. HPLC chromatograms for R-enriched 2jb (left: Ru(ll, ) catalyzed, conditions A; right: Rh(ll,1I)
catalyzed, conditions B).
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Fig. S53. HPLC chromatograms racemic 2jc.
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Fig. S54. HPLC chromatograms for R-enriched 2jc (left: Ru(ll,lll) catalyzed, conditions A; right: Rh(ll,1)
catalyzed, conditions B).
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Fig. S55. HPLC chromatograms for racemic 2jd.
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Fig. S56. HPLC chromatograms for R-enriched 2jd (left: Ru(ll, ) catalyzed, conditions A; right: Rh(ll,II)

catalyzed, conditions B).
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Fig. S57. HPLC chromatograms for racemic 2je.
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Fig. S58. HPLC chromatograms for R-enriched 2je (left: Ru(ll,lll) catalyzed, conditions A; right: Rh(ll,1)

catalyzed, conditions B).
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Fig. S59. HPLC chromatograms for racemic 2jf.
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Fig. S60. HPLC chromatograms for R-enriched 2jf (Ru(ll,lll) catalyzed, conditions A).
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Fig. S61. HPLC chromatograms for racemic 2jg.
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Fig. S62. HPLC chromatograms for R-enriched 2jg (Ru(ll,lll) catalyzed, conditions A).
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NMR Spectra
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Fig. S63. 'H NMR spectrum of 1i in acetone-de.
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Fig. S64. 1B NMR spectrum of 1i in acetone-de.
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Fig. S65. 13C NMR spectrum of 1i in acetone-de.
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Fig. S66. 'H NMR spectrum of 1af in CDCls.
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Fig. S68. 13C NMR spectrum of 1af in CDCls.
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Fig. S214. ®F NMR spectrum of 2jc in acetone-ds.
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Fig. S221. 13C NMR spectrum of 2je in acetone-ds.
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Fig. S224. 13C NMR spectrum of 2jf in acetone-ds.
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Fig. S232. °F NMR spectrum of 4a in acetone-ds.
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