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General information

Unless stated otherwise, all reactions were carried out under argon in oven-dried glassware. The
solvents used for the reactions were purified by distillation over the drying agents indicated and
were stored under argon: hexane, THF, toluene, 1,4-dioxane — Na; CH,Cl, (DCM), C,H,Cl, (DCE)
— CaH;; MeCN — P,0:s. Other solvents were purchased from the local suppliers and were used as
received.

Racemic and enantiopure complexes rac-Rh, R,R-Rh, S,S-Rh,! S-Salox ligand sodium salt (L1)',
S-N-(tert-butylsulfinyl)benzamide (L4H),> N-methylpyrrolidine-borane adduct 3,? benzyl vinyl
ether* and diazo compounds 1a-e3-° were synthesized according to the literature procedures. All
other reagents were obtained from commercial sources and used without further purification.
Macherey-Nagel silica gel 60 (230—400 mesh) was used for column chromatography. Reactions
were monitored by thin-layer chromatography on Macherey-Nagel POLYGRAM SIL G/UV;s4
pre-coated polyester TLC plates (0.2 mm) which were rendered visible by ultraviolet and spraying
with solution of phosphomolybdic acid (10%) in ethanol followed by heating. The 3A molecular
sieves were pre-dried for 15 min in MW (750W), then dried in vacuo and stored under argon
atmosphere. NMR spectra were measured on Bruker Avance 400 and Varian Inova 400
spectrometers. Chemical shifts (8) are given in ppm relative to the internal solvent signal (H and
13C), CFCl; (*°F) or BF3-Et,0 (!'B). High-resolution mass spectra were recorded on Bruker
microTOF II instrument using electrospray ionization (ESI). Enantiomeric excess values of the
products were measured using Shimadzu HPLC equipped with Chiralpak IA-3 (4.6 x 150 mm),
Chiralpak IB-3 (4.6 x 150 mm), or Chiralpak 1J-3 (4.6 x 150 mm) column and diode array detector.
Unless stated otherwise, flow rate 1 mL/min was adjusted in all experiments.
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Optimization of cyclopropanation reaction conditions

. 4@ racemic Rh ob
)J\ . 0Ny L1 or L4 > N
Ph”” “CO,tBu > DCE (0.1 M), RT, 16 h Y
PhY  "CO,tBu
1a 6a

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar the racemic catalyst Rh
was placed. The flask was subjected to a vacuum and refilled with argon five times. After that 1.0
ml of DCE and L1 (sodium salt, 0.1085M stock solution in THF) or L4 (freshly generated sodium
salt, 0.0500M stock solution in THF, see details below) were added to the reaction vessel. The
resulting mixture was stirred at ambient temperature for 1 hour. After that, the diazo compound 1a
(21.8 mg, 0.10 mmol, 1.0 eq.) and 1-vinyl-2-pyrrolidone (13.3 mg, 0.12 mmol, 1.2 eq.) were added
to the reaction mixture. The resulting mixture was stirred at ambient temperature. After full
consumption of the starting diazo compound 1a (monitored by TLC) the minimum amount of SiO,
was added to this mixture and the solvent was removed in vacuo. Subsequent purification on silica
gel column afforded the desired cyclopropane product 6a. Quantities of the racemic catalyst Rh
(molar %, referring to a rhodium content) and the corresponding chiral additive are indicated in
the Table S1.

Table S1
entry temperature catalyst loading  additive additive loading yield, % ee, %
1 r.t. 5 mol % Rh L1 4 mol % 58 95
2 r.t. 4 mol % Rh L1 3.2 mol % 68 95
3 r.t. 3 mol % Rh L1 2 mol % 73 92
43 r.t. 2.5 mol % Rh L1 2 mol % 69 96
5b 50°C 3 mol % Rh L1 2 mol % 77 85
6 r.t. 5 mol % Rh L4 4 mol % 61 93
7 rt. 4 mol % Rh L4 3.2 mol % 66 94
8 r.t. 3 mol % Rh L4 2 mol % 62 95
9° rt. 2.5 mol % Rh L4 2 mol % 66 85

All reactions were performed with 1.2 eq of N-vinyl pyrrolidone for 16 hours; © reaction time of 113
hours was required for full consumption of 1a; b2.0 eq of N-vinylpyrrolidone were used

L4 sodium salt generation: in a 10 ml Schlenk flask equipped with PTFE coated magnetic stir
bar NaH (60% dispersion in mineral oil, 2.4 mg, 0.06 mmol, 1.5 eq.) was placed. The flask was
subjected to a vacuum and refilled with argon three times. Then 0.800 ml of THF was added via
syringe. Under intensive stirring S-N-(tert-butylsulfinyl)benzamide (L4H) (9.0 mg, 0.04 mmol,
1.0 eq) was added to the reaction mixture. The resulting suspension was stirred for 30 minutes
until the gas evolution was over, then the magnetic stirrer was turned off to allow the solids to
settle for additional 30 minutes. The obtained solution was used immediately on the next step
without any purification.
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General procedure for Rh-catalyzed asymmetric alkene cyclopropanation

racemic Rh (3 mol% Rh)

N,
=z L1 (2 mol%)
A CO,tB " ( - > tBquC-sAw,
r 2tBu EDG  pCE (0.1 M), RT, 16 h Ar  EDG
1a-e (2 equiv.)

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar racemic catalyst Rh (2.0
mg, 2.25 mmol, 1.5 mol %) was placed. The flask was subjected to a vacuum and refilled with
argon five times. After that 1.5 ml of DCE and stock solution of L1 in THF (0.028 ml of 0.1085M
solution, 0.003 mmol, 2.0 mol %) were added to the reaction vessel. The resulting mixture was
stirred at ambient temperature for 1 hour. After that, diazo compound 1a-e (0.15 mmol, 1.0 eq.)
and corresponding alkene (0.3 mmol, 2.0 eq.) were added to the reaction mixture. The resulting
mixture was stirred overnight at ambient temperature, unless stated otherwise. After full
consumption of the starting diazo compound (monitored by TLC) the minimum amount of SiO,
was added to this mixture and the solvent was removed in vacuo. Subsequent purification on silica
gel column afforded the desired cyclopropane product 4b-7d.
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t- BuOOC>A

4b. Yield 28.0 mg, 53%, 77% ee (98% ee with enantiomerically
pure S,S5-Rh as a catalyst); white solid. '"H NMR (400 MHz,
Chloroform-d) 6 7.12 — 7.09 (m, 3H, CHP"), 7.06 (d, J = 8.0 Hz,
2H, CHAY), 7.03 — 7.01 (m, 2H, CH™), 6.67 (d, J = 8.0 Hz, 2H,
CHAY), 2.96 (dd, appears as t, J = 8.3, 8.3 Hz, 1H, CH), 2.05 (dd, J
=9.4,4.7Hz, 1H, CH), 1.75 (dd, /= 7.2, 4.9 Hz, 1H, CH), 1.39 (s, 9H, CH?), 1.21 (s, 9H, CH3).
13C NMR (101 MHz, Chloroform-d) & 172.97, 149.08, 135.64, 133.94, 132.07, 127.76, 127.50,
126.69, 124.63, 80.86, 38.56, 34.39, 32.13, 31.40, 28.11, 20.05. HRMS (ESI-TOF, m/z) calcd for

Cy4H300, [M+H]*: 351.2319; Found: 351.2316.

HPLC conditions: 1J-3 (4.6 x 150 mm), Heptane/i-PrOH = 90/10, tg = 2.27 min for /R,2S5-4b, tg =

2.97 min for 1S,2R-4b.
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t- EBu()()()"“éf>5

: OAc

4c¢. Reaction was performed on a 0.1 mmol scale. Yield 21.5 mg,
61%, 70% ee (96% ee with enantiomerically pure S,S-Rh as a
catalyst); white solid. "TH NMR (400 MHz, Chloroform-d) & 7.13 —
7.10 (m, 3H, CHA"), 7.04 — 6.98 (m, 2H, CHA), 6.80 — 6.72 (m, 4H,
CHAY), 3.00 (dd, J = 9.3, 7.2 Hz, 1H, CH), 2.22 (s, 3H, CHj3), 2.06

(dd, J=9.3, 4.9 Hz, 1H, CH), 1.76 (dd, J = 7.0, 5.0 Hz, 1H, CH), 1.39 (s, 9H, CH3). 3C NMR
(101 MHz, Chloroform-d) 6 149.08, 139.01, 135.24, 134.66, 131.96, 129.00, 127.68, 126.90,
120.80, 81.07, 38.67, 31.78, 28.10, 21.24, 20.01. HRMS (ESI-TOF, m/z) calcd for Cy,H»404
[M+H]*: 353.1753; found: 353.1748.

HPLC conditions: Chiralpak IB-3 (4.6 x 150 mm), Heptane/i-PrOH = 99/1, flow rate 0.5 mL/min,
tg = 10.55 min for 1S,2R-4c¢, tg = 11.62 min for /R,2S-4c.
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t-BuOOC—A

(G®

Found: 377.1721.

HPLC conditions: Chiralpak IB-3 (4.6 x 150 mm), Heptane/i-PrOH = 99/1, tg = 7.17 min for
1S,2R-4d, tg = 8.97 min for /R, 25-4d.

4d. Yield 32.8 mg, 62%, 84% ee; white solid. 'TH NMR (400 MHz,
Chloroform-d) 8 7.16 — 7.08 (m, 3H, CHP"), 7.07 — 7.01 (m, 2H,
CHP), 6.60 (d, J=8.3 Hz, 1H, CHAY), 6.49 (dd, J=8.3, 1.9 Hz, 1H,
CHAY), 5.99 (d, J = 1.9 Hz, 1H, CHAY), 3.77 (s, 3H, OCH3), 3.50 (s,
3H, OCH3), 2.94 (dd, J= 9.3, 7.2 Hz, 1H, CH), 2.06 (dd, J = 9.4, 4.9 Hz, 1H, CH), 1.70 (dd, J =
7.0, 5.0 Hz, 1H, CH), 1.39 (s, 9H, CH;). 3C NMR (101 MHz, Chloroform-d) 5 172.83, 148.10,
147.42, 135.66, 131.97, 129.56, 127.69, 126.76, 120.78, 110.71, 110.38, 80.94, 55.80, 55.58,
38.40, 32.12, 28.09, 20.39. HRMS (ESI-TOF, m/z) calcd for CyHy04 [M+Nal*: 377.1723;
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Sa. Yield 33.6 mg, 76%, 81% ee (96% ee of the opposite enantiomer with
t—BuOOCﬁA',, A~ the enantiomerically pure R,R-Rh as a catalyst); colorless oil. NMR
Ph © spectra and the specific rotation angle match to the data reported
previously for (1R,2S) product 5a.”
Control experiment with enantiomerically pure (ee > 99%) catalyst: 10 ml Schlenk flask
equipped with PTFE coated magnetic stir bar R,R-Rh (0.9 mg, 0.01 mmol, 2 mol % Rh) was
placed. The flask was subjected to a vacuum and refilled with argon five times. After that 1.0 ml
of DCE, diazo compound 1a (21.8 mg, 0.1 mmol, 1.0 eq.) and vinyl ethyl ether (0.019 ml, 0.2
mmol, 2.0 eq.) were added to the reaction mixture. The resulting mixture was stirred overnight at
ambient temperature. After full consumption of the starting diazo compound (monitored by TLC)
the minimum amount of SiO, was added to this mixture and the solvent was removed in vacuo.
Subsequent purification on silica gel column afforded the desired cyclopropane product Sa with
ee = 96%.
'H NMR (400 MHz, Chloroform-d) & 7.36 — 7.28 (m, 4H, CH"), 7.26 — 7.21 (m, 1H, CH""), 3.86
(dd, J=17.0, 4.5 Hz, 1H, CH), 3.55 (q,J = 7.0 Hz, 2H, CH,), 1.70 (dd, J = 7.0, 5.7 Hz, 1H, CH),
1.56 (dd, J = 5.7, 4.5 Hz, 1H, CH), 1.38 (s, 9H, CHj3), 0.98 (t, J = 7.0 Hz, 3H, CH;). 13C NMR
(101 MHz, Chloroform-d) 6 172.19, 134.96, 131.47, 127.75, 126.93, 80.89, 66.56, 64.29, 36.20,
28.13, 20.17, 15.00. [a]**p =—49.2 (¢ 0.37, CHCL;).

HPLC conditions: Chiralpak 1J-3, Heptane/i-PrOH = 99/1, tg = 4.15 min for /S,2R-5a, tg = 6.42
min for /R,25-5a.
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VAN 5b. Yield 25.0 mg, 59%, 69% ee (88% ee with enantiomerically pure S,5-
t'BUOO(;hs“ “oBu Rh as a catalyst); yellow oil. '"H NMR (400 MHz, Chloroform-d) & 7.35 —
7.21 (m, 5H, Ph), 3.85 (dd, J = 6.9, 4.4 Hz, 1H, CH), 3.52 — 3.40 (m, 2H,
OCH,), 1.69 (dd, J=6.9, 5.7 Hz, 1H, CH), 1.58 (dd, /= 5.7, 4.5 Hz, 1H, CH), 1.38 (s, 9H), 1.35
—1.25 (m, 2H, CH,), 1.12-1.03 (m, 2H, CH,), 0.75 (t,J= 7.3 Hz, 3H, CH;).13C NMR (101 MHz,
Chloroform-d) 6 172.22, 134.85, 131.49, 127.68, 126.88, 80.88, 70.86, 64.49, 36.25,31.61, 28.13,
20.12, 19.10, 13.91. HRMS (ESI-TOF, m/z) calcd for C;sH,s0O3 [M+H]*: 291.1955; found:
291.1968.

HPLC conditions: Chiralpak 1J-3 (4.6 x 150 mm), Heptane/i-PrOH = 99/1, tg = 2.97 min for /S, 2R-
5b, tg = 4.53 min for /R,2S-5b.
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__A Sc. Reaction was carried out at 50 °C. Yield 19.0 mg, 39%, 66% ee; yellow

t+BuOOC=—" oil. '"H NMR (400 MHz, Chloroform-d) 5 7.42 — 7.38 (m, 2H, Ph), 7.34 (t,

@ J=7.4Hz, 2H, Ph), 7.30 — 7.27 (m, 1H, Ph), 7.25 — 7.21 (m, 3H, Ph), 6.98

(dd, J = 6.6, 3.0 Hz, 2H, Ph), 4.53 (d, J= 11.3 Hz, 1H, OCH,), 4.48 (d, J =

11.3 Hz, 1H, OCH,), 3.98 (dd, J= 6.9, 4.4 Hz, 1H, CH), 1.72 (t, J= 6.4 Hz, 1H, CH), 1.68 — 1.65

(m, 1H, CH), 1.39 (s, 9H, CH;). 13C NMR (101 MHz, Chloroform-d) & 172.04, 137.42, 134.69,

131.54, 128.40, 127.96, 127.85, 127.06, 81.05, 72.89, 64.02, 36.46, 28.14, 20.11. HRMS (ESI-
TOF, m/z) caled for C,;H405 [M+Na]": 347.1618; found: 347.1616.

HPLC conditions: Chiralpak IB-3, Heptane/i-PrOH = 99/1, tg = 3.18 min for /§,2R-5c¢, tg = 3.68
min for /R,2S-5c¢.
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t-Buooc,@

Ph 'O

5d. Yield 24.1 mg, 62%, 83% ee, white solid. NMR spectra and the specific
rotation angle match data reported previously for the (1S,6R) product.” 'H

NMR (400 MHz, Chloroform-d) & 7.38 — 7.26 (m, 5H, Ph), 4.46 (d, J = 5.7
Hz, 1H, CH), 3.76 (ddd, J = 10.1, 8.5, 3.5 Hz, 1H, CH,), 2.56 (dd, appears as t, J= 5.9, 5.9 Hz,
1H, CH,), 2.40 (ddd appears as q, J = 8.7, 8.7, 8.7 Hz, 1H, CH), 2.29 — 2.15 (m, 1H, CH,), 1.84
(ddd, J = 12.6, 8.7, 3.5 Hz, 1H, CH.,), 1.32 (s, 9H, CH3). 13C NMR (101 MHz, Chloroform-d) &
170.60, 133.02, 131.43, 128.35, 127.20, 80.83, 70.09, 69.37, 39.18, 31.49, 28.08, 26.39. [a]*’p =

+33.3 (¢ 0.33, CHCly).

HPLC conditions: Chiralpak 1A-3 (4.6 x 150 mm), Heptane/i-PrOH = 99/1, tg = 3.35 min for

IR,6S5-5d, tg = 3.87 min for 1S,6R-5d.
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6a. Yield 33.0 mg, 73%; 92% ee, white solid. 'TH NMR (400 MHz,
Chloroform-d) 8 7.31 — 7.26 (m, 5H, Ph), 3.79 (dd, J = 8.9, 6.0 Hz, 1H,
CH), 2.99 (td, J = 8.7, 5.4 Hz, 1H, CH,), 2.32 — 2.08 (m, 3H, CH,), 1.9

t-Buooc—A i/>
(dd,J=8.8, 6.1 Hz, 1H, CH), 1.78 (t, /= 6.0 Hz, 1H, CH), 1.75 — 1.62 (m,
1H, CHy), 1.50 — 1.42 (m, 1H, CH,), 1.38 (s, 9H, CHs). 3C NMR (101

MHz, Chloroform-d) 8 176.65,171.48,134.78,131.33, 128.11, 127.46, 81.33,46.77, 39.59, 34.33

31.74, 28.08, 18.30, 17.80. Anal. Caled for C;sH,;NO;: C, 71.73; H, 7.69; N, 4.65. Found: C,
71.61; H, 7.54; N, 4.74.

HPLC conditions: Chiralpak IA-3 (4.6 x 150 mm), Heptane/i-PrOH = 90/10, tg = 4.65 min for
IR,25-6a, tg = 5.35 min for /S,2R-6a.
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0 6b. Yield 39.4 mg, 80%, 94% ee; white solid. '"H NMR (400 MHz,

Chloroform-d) & 7.37 — 7.18 (m, 5H, CH), 3.74 (dd, J = 8.7, 6.3 Hz,
1H, CH), 3.15 (dd, J=15.4, 10.2 Hz, 1H, CH,), 2.92 (dd, J=15.2, 6.8
Hz, 1H, CH,), 2.45 —2.31 (m, 2H, CH,), 1.93 (dd, /= 38.7, 6.1 Hz, 1H,
CH), 1.71 (dd, appears as t, J= 6.2, 6.2 Hz, 1H, CH), 1.53 — 1.45 (m,
2H, CH,), 1.40 (s, 9H, CH3), 1.32 — 1.21 (m, 2H, CH,), 1.04 — 0.91 (m, 1H, CH5;), 0.37 — 0.20 (m,
1H, CH,). 3C NMR (101 MHz, Chloroform-d) 6 177.83, 171.78, 135.05, 131.82, 127.76, 127.30,
81.11,48.87,46.39,37.97,37.11, 29.70, 28.07,27.39, 22.52, 18.26. HRMS (ESI-TOF, m/z) calcd
for C20H27NO3 [M+Na]+: 3521883, Found: 352.1875.

HPLC conditions: Chiralpak 1J-3 (4.6 x 150 mm), Heptane/i-PrOH = 90/10, tg = 3.20 min for
1S,2R-6b, ty = 4.88 min for /R,2S5-6b.

t-BuOOCTAv,N
Ph
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,A 6¢. Yield 45.8 mg, 80%, 92% ee; white viscous oil. "TH NMR (400
+BuOOC—=—",, O MHz, Chloroform-d) & 7.92 (d, J=7.7 Hz, 2H, CHA?), 7.57 (d, J= 8.2
Hz, 2H, CHA"), 7.40 (t,J= 7.7 Hz, 2H, CHA"), 7.17 (t, J= 7.5 Hz, 2H,

O CHA"), 7.11 (d,J="7.5 Hz, 2H, CHP"), 6.91 — 6.82 ( m, 3H, CH™"), 4.36

—4.23 (m, 1H, CH), 2.82 (dd appears as t, /= 5.9 Hz, 1H, CH), 2.52 —

2.41 (m, 1H, CH), 1.56 (s, 9H, CH3). 3C NMR (101 MHz, Chloroform-d) & 171.60, 141.37,
132.99, 130.00, 127.34, 127.09, 125.60, 123.41, 120.18, 119.59, 110.27, 81.90, 40.61, 36.66,
28.23, 19.62. HRMS (ESI-TOF, m/z) calcd for CysH,sNO, [M+H]*: 384.1964; found: 384.1958.

HPLC conditions: Chiralpak 1A-3 (4.6 x 150 mm), Heptane/i-PrOH = 99/1, tg = 4.22 min for
IR,25-6¢, tg = 4.69 min for 1S,2R-6c¢.
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6d. Reaction was performed on a 0.1 mmol scale. Yield 18.2 mg,
50%; 48% ee (95% ee with the enantiomerically pure S,5-Rh as a
catalyst); white solid. NMR spectra match data reported previously.’
TH NMR (400 MHz, Chloroform-d) 6 7.67 — 7.54 (m, 2H, CHA"), 7.63
O —7.56 (m, 2H, CHA"), 7.26 — 7.25 (m, 2H, CH""), 7.15 - 7.11 (m, 2H,
CHP"), 7.08 — 7.04 (m, 1H, CH""), 3.84 — 3.67 (m, 1H, CH), 3.08 (dd, appears as t,J= 5.8, 5.8 Hz,
1H, CH), 2.17 — 2.03 (m, 1H, CH), 1.43 (s, 9H, CH;). 3C NMR (101 MHz, Chloroform-d) &
171.60, 168.49, 134.10, 133.55, 131.34, 131.22, 127.90, 127.49, 123.13, 81.68, 36.58, 35.38,
28.11, 16.21.
HPLC conditions: Chiralpak [A-3 (4.6 x 150 mm), Heptane/i-PrOH = 99/1, tg = 12.83 min for
IR,25-6b, tg = 14.64 min for /S,2R-6b.

0
t-BuOOCTA',,N
Ph

SI19

mAL Makc. uHTexc. : 122 615
1254214nm.4nm Bpenma HTEH:
100
75
50
25
: i SRR R e A
" T e P e e Tt o P e T o st e | - T L T I
0.0 25 5.0 75 10.0 125 15.0 MUH
M <> [lpocroTp pesYNETATOE - TafnuLa NUEOE
TaBnmua ko Coepwrerma  [pynna  KanwBposounan kpusan
Muek B¢ | Bp. ynepx. Maowans Maowans Bricora MeTka
1 12,663 49 507 2333191 122720
2 14,644 A0.4593 2435742 112827
DM 100,000 4323933 235545
AL Makc. uHTeHc. @ 112 760
4214nm.4nm Bpem=a IHTEH.
100
75
50
25
] et s A A
e T i
T T T T T T
0.0 25 5.0 s 10.0 12.5 15.0 TES MHH
B <» [NpocrmoTp pesyneTaros - Tadnuua ndkos
Tabmuua mkoE  Coegwmerma [pynna  KanwBposoudas kpusas
Mue Bt | Bp. ynepx. Mnowagb Maomans Bricora MeTka
1 12,856 73,998 2254871 112908
2 14 BES 26.002 732314 6720
D w9 100.000 3047185 149626



MAL Makc. wireHc. : 200 778

2p0J214nm. 4nm Bpema  3.680 lAuTeH. 0.554
150
100
5
1 e e
I]""l""|""| ] 'JT\l"JT\l e et e
0.0 25 50 T5 10.0 125 15.0 175 MHH
M <> [pockoTp pE3YNETATOE - Ta0nuua N4EoE
TaGnmua koS CoemmHenwA  Tpynna  KanwBposouHan kpusan
Mue Bt | Bp. ynepx. Mnowagb® Mnowank Bricora MeTka
1 12832 97.593 2997477 200307
2 14,4595 2.407 93611 4064 | W
&L 100.000 4036038 204371

SI20



7a. Yield 38.8 mg, 81%, 90% ee; white solid. 'TH NMR (400 MHz,

O Chloroform-d) & 7.38 — 7.20 (m, 2H, CHAr), 7.10 — 6.91 (m, 2H, CHAr),

N& 3.77 (dd, J=8.9, 5.9 Hz, 1H, CH), 3.07 — 3.02 (m, 1H, CH,), 2.30 (ddd, J

=15.6,9.4, 6.3 Hz, 2H, CH,), 2.16 (ddd, J = 16.8, 9.4, 7.0 Hz, 1H, CH,),

2.01 (dd,J=8.9, 6.1 Hz, 1H, CH), 1.82 — 1.69 (m, 2H, CH, and CH), 1.58

F —1.48 (m, 1H, CH,), 1.39 (s, 9H, CH3). '’F NMR (376 MHz, Chloroform-

d) & -114.79. 3C NMR (101 MHz, Chloroform-d) & 176.70, 171.25,

162.15 (d, J=246.9 Hz), 133.01 (d, J= 8.2 Hz), 130.67 (d, J= 2.6 Hz), 115.06 (d, J = 21.2 Hz),

81.51, 46.87, 39.64, 33.72, 31.69, 28.05, 18.31, 18.06. Anal. Caled for C;3H,3NOs: C, 67.69; H,
6.94; N, 4.39; found: C, 67.69; H, 7.01; N, 4.51.

HPLC conditions: Chiralpak IA-3 (4.6 x 150 mm), Heptane/i-PrOH = 95/5, tg = 7.95 min for

IR,25-Ta, tg = 8.66 min for /S,2R-7a.
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0
t-BuOOCTA',,N i/>
cl

NMR (101 MHz, Chloroform-d) & 176.76, 170.99, 133.46, 133.40, 132.75, 128.36, 81.66, 46.92,
39.74,33.90, 31.68, 28.07, 18.33, 17.97. HRMS (ESI-TOF, m/z) calcd for C,sH»,CINO; [M+H]*:
336.1366; found: 336.1363.

HPLC conditions: Chiralpak 1A-3 (4.6 x 150 mm), Heptane/i-PrOH = 98/2, tg = 17.54 min for
IR, 28-7b, tg = 20.30 min for /S,2R-7b.

7b. Yield 43.9 mg, 87%, 96% ee; white solid; 'TH NMR (400 MHz,
Chloroform-d) 8 7.26 (d, J= 8.3 Hz, 2H, CHA"), 7.21 (d, J= 8.6 Hz, 2H,
CHAY), 3.74 (dd, J= 8.9, 6.0 Hz, 1H, CH), 3.03 (td, J= 8.7, 5.3 Hz, 1H,
CH,), 2.33 — 2.23 (m, 2H, CH,), 2.15 (ddd, J = 16.8, 9.4, 7.0 Hz, 1H,
CH,), 1.99 (dd, J = 8.9, 6.2 Hz, 1H, CH), 1.80 — 1.70 (m, 2H, CH and
CH,), 1.52 (ddt, J=21.6, 13.9, 7.3 Hz, 1H, CH,), 1.36 (s, 9H, CH;). 13C
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7c. Yield 34.7 mg, 73%, 95% ee, white solid. 'H NMR (400 MHz,
t-BuOOC-—A' Q Chloroform-d) & 7.14 (d, J = 7.8 Hz, 2H, CH""), 7.07 (d, J = 7.7 Hz, 2H,
$ "Né CH™), 3.75 (dd, J=9.0, 5.9 Hz, 1H, CH), 3.01 —2.95 (m, 1H CH,), 2.31
(s, 3H, CH;'"), 2.27 — 2.22 (m, 2H, CH,), 2.18 — 2.10 (m, 1H, CH,), 1.95
(dd, J=9.0, 6.0 Hz, 1H, CH), 1.75 — 1.71 (m, 1H, CH), 1.69 — 1.63 (m,
1H, CHyp), 1.54 — 1.43 (m, 1H, CH,), 1.37 (s, 9H, CH;). 3C NMR (101
MHz, Chloroform-d) 6 176.64,171.64,137.02,131.60, 131.11, 128.83, 81.17,46.77,39.51, 33.92,
31.75, 28.06, 21.31, 18.30, 17.76. HRMS (ESI-TOF, m/z) calcd for C;9H»sNO; [M+H]™:
316.1907; found: 316.1906.
HPLC conditions: Chiralpak [A-3 (4.6 x 150 mm), Heptane/i-PrOH = 90/10, tg = 4.40 min for
IR, 28-7¢, tg = 5.31 min for /§,2R-7c.
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o 7d.Yield 22.4 mg, 68%, 97% ee, white solid; reaction was performed on

t-BuOOC*A',, a 0.1 mmol scale. '"H NMR (400 MHz, Chloroform-d) & 7.18 (d, J = 8.3

N Né Hz, 2H, CHA"), 6.81 (d, J = 8.4 Hz, 2H, CHAY), 3.78 (s, 3H, OCH3), 3.74

@ (dd, /=18.7, 6.0 Hz, 1H, CH), 3.02 — 2.97 (m, 1H, CH,;), 2.31 —2.21 (m,

2H, CH,), 2.14 (ddd, /= 16.8,9.4, 7.1 Hz, 1H, CH,), 1.95 (dd, /= 8.9, 6.0

MeO Hz, 1H, CH), 1.74 — 1.68 (m, 1H, CH and 1H, CH,), 1.54 — 1.44 (m, 1H,

CH,), 1.37 (s, 9H, CH3). 3C NMR (101 MHz, Chloroform-d) & 176.68, 171.75, 158.83, 132.39,

126.82, 113.52, 81.21, 55.30, 46.85, 39.59, 33.60, 31.77, 28.09, 18.35, 17.94. HRMS (ESI-TOF,
m/z) calcd for C,9H,5sNO4 [M+Na]*: 354.1676; Found: 354.1672.

HPLC conditions: Chiralpak [A-3 (4.6 x 150 mm), Heptane/i-PrOH = 90/10, tg = 6.22 min for
IR, 28-7d, tg = 7.31 min for 1S,2R-7d.
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BH-insertion reactions

Me\N
racemic Rh (x mol% Rh) H ¥

)Nli Me ij L1-L4 (y mol%) 28
+ N > R
P
Ph CO,tBu H3B/ DCM (0.1 M), RT, 16 h Ph CO,tBu
1a 2 3

BH-insertion reaction in the presence of L1

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar racemic catalyst Rh and a
portion of dried 3A molecular sieves were placed. The flask was subjected to a vacuum and refilled
with argon five times. After that Iml of DCM and indicated quantity of 0.1085M stock solution of
L1 in THF were added to the reaction vessel. The resulting mixture was stirred at ambient
temperature for 0.5 hour, covered by aluminum foil. After that, diazo compound 1a (21.8 mg, 0.10
mmol, 1.0 eq.) and amine-borane adduct 2 (14.9 mg, 0.15 mmol, 1.5 eq) were added to the reaction
mixture. The resulting mixture was stirred at ambient temperature. After full consumption of the
starting diazo compound (monitored by TLC) the reaction mixture was opened to air, molecular
sieves were removed by filtration through a short celite layer in DCM. Subsequent purification on
silica gel column (hexane/EA 10:1 — hexane/EA 1:1) afforded the desired B-H insertion product
3. See Table S2 for details on the corresponding catalyst and chiral additive loadings.

Table S2
entry temperature catalyst loading L1 loading yield, % ee, %
12 r.t. 5 mol % Rh 4 mol % 90 94
28 r.t. 5 mol % Rh 3 mol % 87 90
3 r.t. 5 mol % Rh 3 mol % 93 87
4 r.t. 2.5 mol % Rh 2 mol % 79 88
5 rt. 5 mol % Rh 4 mol % 97 96
6° rt. 5 mol % Rh 3 mol % 94 96
7° r.t. 5 mol % Rh 3 mol % 88 87
gbe r.t. 5 mol % Rh 3 mol % 98 87

8 Racemic catalyst was stirred overnight with the additive L1 before adding the
substrates; ® 0.010 ml of dry NEt; was added to the reaction mixture simultaneously with
the solvent; © DCE was used instead of DCM

Me 3. NMR spectra are consistent with the previously reported data.3
\Nij 'TH NMR (400 MHz, Chloroform-d) 8 7.41 (d, J= 7.6 Hz, 2H, CH®"), 7.22 (t,
J=17.6 Hz, 2H, CH™), 7.08 (t, /= 7.3 Hz, 1H, CH™"), 3.22 (dt, J=11.7, 8.0
H Hz, 1H, CH,), 3.11 (t, appears as br.s, I|H, CH), 2.96 (dt, /= 12.0, 7.9 Hz, 1H,
Ph” >CO,tBu
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CH,), 2.82 (dt, J=11.9, 6.5 Hz, 1H, CH,), 2.60 — 2.52 (m, 1H, CH,), 2.52 (s, 3H, CH3), 2.35 -
1.70 (m, 6H, CH, and BH,), 1.42 (s, 9H, CH3); 3C NMR (101 MHz, Chloroform-d) & 177.98,
144.82, 129.33, 127.72, 124.57, 78.63, 61.73, 61.69, 47.95, 28.43, 22.51, 22.36. "B{'H} NMR
(128 MHz, Chloroform-d) & -1.74.

BH-insertion reaction in the presence of L2

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar racemic catalyst Rh and a
portion of dried 3A molecular sieves were placed. The flask was subjected to a vacuum and refilled
with argon five times. After that 1.0 ml of DCM and L2 (freshly generated sodium salt, 0.0500M
stock solution in THF) were added to the reaction vessel. The resulting mixture was stirred at
ambient temperature for 30 minutes. After that, diazo compound 1a (21.8 mg, 0.10 mmol, 1.0 eq.)
and amine-borane adduct 2 (14.9 mg, 0.15 mmol, 1.5 eq) were added to the reaction mixture. The
resulting mixture was stirred at ambient temperature. After full consumption of the starting diazo
compound (monitored by TLC) the minimum amount of SiO, was added to this mixture and the
solvent was removed in vacuo. Subsequent purification on silica gel column afforded the desired
B-H insertion product 3. See Table S3 for details on the corresponding catalyst and chiral additive
loadings.

Generation of the sodium salt of L2: in a 10 ml Schlenk flask equipped with PTFE coated
magnetic stir bar NaH (60% dispersion in mineral oil, 2.4 mg, 0.06 mmol, 1.5 eq.) was placed.
The flask was subjected to a vacuum and refilled with argon three times. Then 0.800 ml of THF
was added via syringe. Upon strong stirring (R)-2-(phenyl((1-phenylethyl)imino)methyl)phenol
(L2H)? (12.2 mg, 0.04 mmol, 1.0 eq) was added to the reaction mixture. The resulting suspension
was stirred for 30 minutes until the gas evolution was over, then the magnetic stirrer was turned
off to allow the solids to settle for additional 30 minutes. The obtained solution was used
immediately on the next step without any purification.

Table S3
entry temperature catalyst loading L2 loading yield, % ee, %
1 r.t. 5 mol % Rh 4 mol % 93 12
2 r.t. 5 mol % Rh 3 mol % 96 8

BH-insertion reaction in the presence of L3.

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar racemic catalyst Rh and a
portion of dried 3A molecular sieves were placed. The flask was subjected to a vacuum and refilled
with argon five times. After that 1.0 ml of DCM and L3 (freshly generated sodium salt, 0.0500M
stock solution in THF) were added to the reaction vessel. The resulting mixture was stirred at
ambient temperature for 30 minutes. After that, diazo compound 1a (21.8 mg, 0.10 mmol, 1.0 eq.)
and amine-borane adduct 2 (14.9 mg, 0.15 mmol, 1.5 eq) were added to the reaction mixture. The
resulting mixture was stirred at ambient temperature. After full consumption of the starting diazo
compound (monitored by TLC) the minimum amount of SiO, was added to this mixture and the
solvent was removed in vacuo. Subsequent purification on silica gel column afforded the desired
B-H insertion product 3. See Table S4 for details on the corresponding catalyst and chiral additive
loadings.
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Generation of the sodium salt of L3% in a 10 ml Schlenk flask equipped with PTFE coated
magnetic stir bar NaH (60% dispersion in mineral oil, 2.4 mg, 0.06 mmol, 1.5 eq.) was placed.
The flask was subjected to a vacuum and refilled with argon three times. Then 0.800 ml of THF
was added via syringe. Upon strong stirring (S)-N-(2-hydroxybenzylidene)-2-methylpropane-2-
sulfinamide (L3H) (9.0 mg, 0.04 mmol, 1.0 eq) was added to the reaction mixture. The resulting
suspension was stirred for 30 minutes until the gas evolution was over, then the magnetic stirrer
was turned off to allow the solids to settle for additional 30 minutes. The obtained solution was
used immediately on the next step without any purification.

Table S4
entry temperature catalyst loading L3 loading yield, % ee, %
18 r.t. 5 mol % Rh 4 mol % 80 -8
2 r.t. 5 mol % Rh 4 mol % 78 - 60
3 r.t. 5 mol % Rh 3 mol % 86 - 62

8 (S)-N-(2-hydroxybenzylidene)-2-methylpropane-2-sulfinamide (L3H) (0.9 mg,
0.004 mmol) was used as a chiral additive in the presence of KsPO,4 (0.8 mg,
0.004 mmol); L3H and K3;PO,4 were stirred together in the reaction vessel for 15
min prior to addition of the racemic catalyst.

BH-insertion reaction in the presence of L4.

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar racemic catalyst Rh and a
portion of dried 3A molecular sieves were placed. The flask was subjected to a vacuum and refilled
with argon five times. After that 1.0 ml of DCM and L4 (freshly generated sodium salt, 0.0500M
stock solution in THF, see details below) were added to the reaction vessel. The resulting mixture
was stirred at ambient temperature for 30 minutes. After that, diazo compound 1a (21.8 mg, 0.10
mmol, 1.0 eq.) and amine-borane adduct 2 (14.9 mg, 0.15 mmol, 1.5 eq) were added to the reaction
mixture. The resulting mixture was stirred at ambient temperature. After full consumption of the
starting diazo compound (monitored by TLC) the minimum amount of SiO, was added to this
mixture and the solvent was removed in vacuo. Subsequent purification on silica gel column
afforded the desired B-H insertion product 3. See Table S5 for details on the corresponding catalyst
and chiral additive loadings.

Generation of the sodium salt of L4: in a 10 ml Schlenk flask equipped with PTFE coated
magnetic stir bar NaH (60% dispersion in mineral oil, 2.4 mg, 0.06 mmol, 1.5 eq.) was placed.
The flask was subjected to a vacuum and refilled with argon three times. Then 0.800 ml of THF
was added via syringe. Upon strong stirring S-N-(tert-butylsulfinyl)benzamide (L4H) (9.0 mg,
0.04 mmol, 1.0 eq) was added to the reaction mixture. The resulting suspension was stirred for 30
minutes until the gas evolution was over, then the magnetic stirrer was turned off to allow the
solids to settle for additional 30 minutes. The obtained solution was used immediately on the next
step without any purification.

Table S5
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entry temperature catalyst loading L4 loading yield, % ee, %

1 r.t. 5 mol % Rh 4 mol % 88 -95

2 r.t. 5 mol % Rh 3 mol % 98 -90

Nonlinear effect in B-H insertion reaction studies

Me\N
¥

N, Me. rac-Rh andfor S,S-Rh (2 mol% Rh) 2B
e ] L
Ph™ "COtBu  H,B DCM (0.1 M), RT, 16 h Ph™ "COatBu
1a 2 3

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar the racemic catalyst Rh and
the enantiomerically pure catalyst S,S-Rh (ee > 99%) were placed (total amount equals to 2 mol%
Rh) and a portion of dried 3A molecular sieves was added. The flask was subjected to a vacuum
and refilled with argon five times. After that dry DCM was added to the reaction vessel, amount
of the solvent adjusted to 0.1M concentration of the starting diazo compound 1a. Then diazo
compound 1a (1.0 eq.) and amine-borane adduct 2 (1.5 eq) were added to the reaction mixture.
The resulting mixture was stirred at ambient temperature. After full consumption of the starting
diazo compound (monitored by TLC) the reaction mixture was opened to air, molecular sieves
were removed by filtration through a short celite layer in DCM. Subsequent purification on silica
gel column (hexane/EA 10:1 — hexane/EA 1:1) afforded the desired insertion product 3.

Enantiomeric excesses data of the obtained products are provided in the table S6.

Table S6
catalyst ee, % product ee, % nonlinear effect
0 0
100
33 . -
5 60
50 35 2 e
o o .
67 , , o
P R
75 50 0 10 20 30 40 50 60 70 80 90 100
cata]ySt e
99 .
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Synthesis of the complex S,5-Rh-L3
F
F

-N—

2y tBuOK \ / iPr
+ OH [\ll 3 tBu /Rh\ l
. THF
|Pr O N/S‘"//tBu
| O
L3H
racemate S,S-Rh-L3

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar racemic complex Rh (44.9
mg, 0.05 mmol, 0.05 eq), tBuOK (16.8 mg, 0.15 mmol, 1.5 eq), L3H (24.8 mg, 0.11 mmol, 1.1
eq) were placed. The flask was subjected to a vacuum and refilled with argon three times. Then
THF (1.0 ml) was added via syringe and the reaction mixture was strirred overnight at r.t. After
that the solvent was removed in vacuo. Subsequent purification on silica gel column (gradient
elution with n-Hexane/EtOAc mixture with 1% NEt;, from 20:1 to 10:1) afforded the desired
complex S,S-Rh-L3 as an orange solid. The product was additionally purified by recrystallization
(slow gas diffusion of pentane into concentrated DCM solution of the product).

Yield 18.6 mg, 0.03 mmol, 30% (from max. 50% for 1 diastereomer). 'H NMR (400 MHz,
Chloroform-d) & 8.56 (s, 1H, CH=N), 7.45 — 7.31 (m, 2H, CHA"), 6.84 (d, J = 8.6 Hz, 1H, CHA"),
6.62 (t,J=17.4 Hz, 1H, CHA"), 5.22 (t,J= 6.0 Hz, 2H, CH), 3.63 (d, /= 6.0 Hz, 1H, CH), 3.34 (d,
J=5.4 Hz, 1H, CH), 2.18 (hept, J = 6.8 Hz, 1H, CH), 1.81 (hept, J = 6.7 Hz, 1H, CH), 1.44 (s,
9H, CH3), 1.41 (d, J= 6.8 Hz, 3H, CH3), 1.35 (d, J = 6.8 Hz, 3H, CHj3), 0.91 (d, J= 6.9 Hz, 3H,
CHa3), 0.69 (d, J = 6.8 Hz, 3H, CH;). 3C NMR (101 MHz, Chloroform-d) & 159.59, 136.87,
136.37,122.70, 118.31, 115.41, 61.34, 54.31 (d, /=9.2 Hz), 41.97 (d, /= 10.3 Hz), 41.36, 38.60,
38.56,32.32, 31.50, 23.30, 20.94, 20.71, 20.58. ’F NMR (376 MHz, Chloroform-d) 6 -147.09 (t,
J = 18.5 Hz, 1F), -147.77 (t, J = 20.5 Hz, 1F), -159.55 — -159.74 (m, 2F). Anal. Calcd. for
CyH3,F4NO,RKS: C, 54.63; H, 5.06; N, 2.20; found C, 54,52; H, 5.21; N, 2.19.
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Evaluation of diastereomeric products ratio in reaction of racemic complex Rh with L4

n

N\

Q‘ m
m

) Ph
iPr

\g/
J ~

/%

racemate
1eq

THF

oy
iPr . )\\N/Sg,,tBu

L4
0.5eq

l

7

F

b iPr iPr
/
h

F

(- ~—

iPr \ \ / iPr
Rh
/ N\ / \.
Cl\/2 )O\\ /.S'\'”tBu
Ph N O
R,R-Rh S,S-Rh-L4

The racemic complex Rh (5.0 mg, 0.0056 mmol, 1 eq.
of Rh) was placed in a 10 ml Schlenk flask equipped
with PTFE coated magnetic stir bar. The flask was
subjected to a vacuum and refilled with argon three
times. Then 1 ml of THF was added and the obtained
solution was stirred for 10 minutes. After that, L4
(freshly generated sodium salt solution, 0.028M, 0.200
ml, 0.0056 mmol, 0.5 eq.) was added to the reaction
mixture upon strong stirring. The flask was capped
with a stopper, and the obtained solution was allowed
to stir overnight. Then it was exposed to air and the
solvent evaporated on a rotavap. After that the residue
was redissolved in CDCl; (0.6 ml), transferred to an
NMR tube and analyzed via 'H, °’F NMR. Only one
diastereomer of the product was detected in the 'H, '°F
NMR spectra of the reaction mixture, the ratio S,S-Rh-
L4 : R,R-Rh =1.00 : 1.07 (see '"H NMR spectrum for
characteristic signals of S,S-product at 5.61 (d, /=5.9
Hz, 1H, CH), 5.53 (d, /= 5.6 Hz, 1H, CH), 4.77 (d, J
= 5.9 Hz, 1H, CH); according to '°F NMR spectrum,
the ratio S,S-Rh-L4 : R,R-Rh =1.00 : 0.99

v N2 JUP Y

J‘U'Lh HF i p‘n i )\u/ U\

v

Figure S1. Representative 'H NMR spectrum of the reaction mixture after treatment with L4

overnight.
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Figure S2. Representative °F NMR spectrum of the reaction mixture after treatment with L4
overnight.
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B-H insertion reaction in the presence of an excess of L1

Me\ ij
N
N Me rac-Rh (5 mol% Rh) H,B
)1\2 .\ \Nij L1 (10 mol%) B
Ph” COMBU  h,B” DCM. RT Ph” > COtBu
1a 2 3

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar racemic catalyst Rh (2.2
mg, 0.0025 mmol, 0.025 eq) was placed. The flask was subjected to a vacuum and refilled with
argon five times. After that 1ml of DCM and L1 (0.092 ml of 1085M sodium salt stock solution
in THF, 0.010 mmol, 0.10 eq) were added to the reaction vessel. The resulting mixture was stirred
at ambient temperature for 0.5 hour. After that, diazo compound 1a (21.8 mg, 0.10 mmol, 1.0 eq.)
and amine-borane adduct 2 (14.9 mg, 0.15 mmol, 1.5 eq) were added to the reaction mixture. The
resulting mixture was stirred at ambient temperature, covered with aluminum foil. After 5 days the
reaction mixture was opened to air, the solvent was evaporated and the residue was analyzed by
'"H NMR (400 MHz, Chloroform-d, T = 15 s) in the presence of 1,3,5-tribromobenzene (10.5 mg,
0.033 mmol) as internal standard. Product 3 signals were not present in the resulting spectrum.
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Figure S3. Representative '"H NMR spectrum of the reaction mixture. The product and starting
compounds concentrations are determined relative to 1,3,5-tribromobenzene 'H protons (7.59

ppm).

SI32



B-H insertion reaction in the presence of complex S,5-Rh-L3

S,S-Rh-L3 (5 mol% Rh) =

DCM, RT

In a 10 ml Schlenk flask equipped with PTFE coated magnetic stir bar complex §,S-Rh-L3 (3.2
mg, 0.005 mmol, 0.05 eq) was placed. The flask was subjected to a vacuum and refilled with argon
five times. After that Iml of DCM, diazo compound 1a (21.8 mg, 0.10 mmol, 1.0 eq.) and amine-
borane adduct 2 (14.9 mg, 0.15 mmol, 1.5 eq) were added to the reaction mixture. The resulting
mixture was stirred at ambient temperature, covered with aluminum foil. After 24 hour the reaction
mixture was opened to air, the solvent was evaporated and the residue was analyzed by '"H NMR
(400 MHz, Chloroform-d, T{ = 15 s) in the presence of 1,3,5-tribromobenzene (10.5 mg, 0.033
mmol) as internal standard. Conversion of the starting diazo compound 1a to the product 3 was

~65%.
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| | i |
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Figure S4. Representative 'TH NMR spectrum of the reaction mixture. The product and starting
compounds concentrations are determined relative to 1,3,5-tribromobenzene 'H protons (7.60

ppm).
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Crystallographic details

X-ray diffraction data for S,S5-Rh-L3 were collected at 100 K with a Bruker Quest D§ CMOS
diffractometer, using graphite monochromated Mo-Ka. radiation (1L = 0.71073 A, w-scans). X-ray
diffraction data for 6a were collected at 120 K at the protein station of urchatov Centre for
Synchrotron radiation (A = 0.745 A). Structures were solved using Intrinsic Phasing with the
ShelXT!0 structure solution program in Olex2!! and then refined with the XL!? refinement package
using Least-Squares minimization against F? in the anisotropic approximation for non-hydrogen
atoms. Positions of hydrogen atoms were calculated, and they were refined in the isotropic
approximation within the riding model. Crystal data and structure refinement parameters are given
in Table S1. CCDC 2159993 and 2159992 contain the supplementary crystallographic data for S,S-
Rh-L3 and 6a, respectively.

Table S7. Crystal data and structure refinement parameters for S,5-Rh-L3 and 6a.

S,S-Rh-L3 6a
Empirical formula CyoH3,F4sNO,RhS  CgH3NO;
Formula weight 637.52 301.37
T,K 100 120
Crystal system Orthorhombic Monoclinic
Space group P2,2,24 P2,
V4 4 2
a, A 10.8702(10) 9.1340(18)
b, A 14.0428(12) 6.2150(12)
c, A 18.3564(16) 14.976(3)
a, ° 90 90
B, ° 90 106.66(3)
Y, ° 90 90
V, A3 2802.1(4) 814.5(3)
Deac (g cm™) 1.511 1.229
Linear absorption, z (cm™) 7.37 0.92
F(000) 1304 324
20max, © 56 62
Reflections measured 34930 8466
Independent reflections 6771 4400
Observed reflections [/ > 2c(/)] 6433 4250
Parameters 350 206
R1 0.0250 0.0590
wR2 0.0631 0.1530
GOF 1.039 1.035
APimax! APrmin (€ A7) 0.312/-0.374 0.474/-0.249
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Figure SS. Crystal structure of §,5-Rh-L3 with thermal ellipsoids at 50% probability level
(CCDC 2159993).
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Figure S6. Crystal structure of 6a with thermal ellipsoids at 50% probability level (CCDC
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Computational details

Initial geometry optimizations were performed using Priroda 16 software!3 (2016.10.30) at PBE/3z
level, which gave appropriate coordinates for further calculations. Additional geometry
optimizations and subsequent single-point and frequency calculations were carried out using
Gaussian 09 package.'* For all Rh-containing structures and transition states MO6L!> functional
was employed with QZVP!¢ basis set for Rh and TZVP!7 basis set for other atoms with the
adjustment of corresponding ECP for Rh.!8 For catalytic species, solvation energy corrections were
calculated using the SMD solvation model with DCM as the solvent.!” Geometry optimizations
and single-point energy calculations of alkenes were performed with the use of MP22° method
with 6-311G+(d,p)?' basis set. The optimized geometries were verified to have no negative
frequencies for all intermediates and only one negative frequency for transition states. Cartesian
coordinates of the optimized structures are available through separate .xyz file in Supplementary
section.

o)

|
)\\ /S‘"”tBu
O

Ph N

L4

Table S8. Electronic and free energies for diastereomeric complexes R, R-Rh-L and S,S-Rh-L
(MO6L/TZVP//QZVP(ECP)).

Complex E + ZPE, a. u. G, a.u. AG, kcal mol!
R,R-Rh-L1 -1877.543026 -1877.609847
S,S-Rh-L1 -1877.537884 -1877.603616 >
R,R-Rh-L.2 -2147.609406 -2147.680831
S,S-Rh-L.2 -2147.608400 -2147.680120 045
R,R-Rh-L3 -2237.581562 -2237.649711
S,S-Rh-L.3 -2237.590079 -2237.657500 8
R,R-Rh-L4 -2237.588916 -2237.657886
S,S-Rh-L4 -2237.593578 -2237.662331 =7




Proton affinity energies (Epa) for the alkenes were calculated as follows:

7 H_ e
EDG

EDG

EPA = '(Eprotonated form — Ealkene)

Table S9. Electronic energies and calculated Epa values for the alkenes (MP2/6-311G+(d,p)).

Enerey of Energy of the
Name Structure &y protonated Epa, kcal mol!
alkene, a. u.
alkene, a. u.
styrene @\/ -307.654223349 | -308.001975828 | 218.214680573
t-Bu
4-tertutylstyrene \©\/ -463.825273601 | -464.185435886 | 226.001833838
AcO
4-acetoxystyrene \©\/ -534.344679522 | -534.709429399 | 228.880547818
3 4- MeO
) ’ -535.467587045 | -535.838727729 | 232.89077921
dimethoxystyrene MeO G
ethyl vinyl ether O FA -231.017516514 | -231.375660351 | 224.735257718
butyl vinyl ether S~o~O0 | -309.105199184 | -309.466077290 | 226.451011515
benzyl vinyl @ _421.562017492 | -421.926907902 | 228.968732275
ether o~
2,3-dihydrofuran O __ -229.848130342 | -230.203427987 | 222.949272238
N- O
) ) -361.853121647 | -362.216415990 | 227.967200232
vinylpyrrolidone N~
N- o
) -439.923575108 | -440.294887036 | 232.99823482
vinylcaprolactam N~
N-vinylcarbazole -591.129863303 | -591.504690122 | 235.203828923
(O™
@]
N-
vinylphthalimide N2 -587.091046917 | -587.437548744 | 217.429896442
0]
vinyl acetate AcO ~ -304.762551903 | -305.088836656 | 204.743682508
hexene CqHo ” -234.232284023 | -234.549902908 | 199.305850338
isoprene )\/ -194.006977282 | -194.339973199 | 208.954937918
N-vinylimidazole N/j\l -301.763834555 | -302.104000782 | 213.454307442
NN &
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We conducted a series of calculations in order to explain the observed stereoselectivity. Based on
our previous studies and assuming that rhodium carbenoid C1 contributes >98% of the total
products distribution, only transformations of this intermediate through four different transition
states TS1-TS4 were considered. As in our previous work,! all attempts to determine the exact
structure of the following intermediates led to the formation of weakly coordinated m?-arene
complexes [(S,S-1Pr,-TFB)RhCI(5a)] with the total free energy close to that of free S,S-Rh-
monomer and ethyl vinyl ether combined (these data are not included in Table S9).

S,S-Rh-monomer

_ . -
. F
) = F
iPr N
tBuO,C,
path 1 N7 Nipr e
3 Rh —_——
TS1 N\.COtBu
o e OEt
//;"\ R,S-5a
L OEt
B 3 mt:
. F
) = F
iPr N
tBuO,C,
path 2 N Nipr 2 A
TS2 /Rh~\\\002t‘3u
cl A OEt
\
/A R,R-5a
L=
L OEt _
~ 3 mt:
. F
) = F
iPr N
tBuO,C,
path 3 N/ ONiPr 2,
> Rh —_—
TS3 W\ COatBu
CI/ N EtO
/:“. S,R-5a
L EtO _
B 3 4t
F. Q F
) = F
iPr N
tBuO,C,
path 4 N Nipr 2 A
= —_—
TS4 /Rh\\\\COZtBu Eto™
c” N
/A S,S-5a
L=
L EtO _

Figure S7. The proposed mechanism for cyclopropanation of ethyl vinyl ether.

Table S10. Free energies for the transition states (MO6L/TZVP//QZVP(ECP)) in DCE.

Species G, a.u. AG, kcal mol"! | Imaginary frequency, cm™!
ethyl vinyl ether | -232.393351 - -
C1e -2283.077129 - -
TS1 -2515.446684 14.93 -390.4
TS2 -2515.442553 17.52 -414.6
TS3 -2515.442757 17.40 -411.6
TS4 -2515.439610 19.37 -244.9

a The structure of the opposite enantiomer was previously calculated,' the exact same free energy

of that species is provided here.
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