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|. General Information

All reactions were carried out in oven-dried glassware sealed with rubber septa under balloon-
pressure Ho. “Room temperature” refers to a range of 20 ~ 28 °C, and a thermostat-controlled water
bath was applied when the real room temperature was below 20 °C. Reactions were stirred using
Teflon-coated magnetic stirring bars, which had been washed with aqua regia to rule out the
influence of metallic residue. Organic solutions were concentrated using a Biichi rotary evaporator
with a desktop vacuum pump. Analytical TLC was performed with 0.25 mm silica gel G plates with
a 254 nm fluorescent indicator. The TLC plates were visualized by ultraviolet light and treatment
with I, or with phosphomolybdic acid stain followed by gentle heating.

NMR spectra were measured on Bruker ARX 400 ('H at 400 MHz, 3C at 101 MHz) and Bruker
AVANCE 1II ('H at 500 MHz, 3C at 126 MHz, '°F at 471 MHz) nuclear magnetic resonance
spectrometers. Data for 'H NMR spectra were reported as follows: chemical shift (ppm, referenced
to residual solvent peak (CDCl3; =6 7.26 ppm, CD,Cl, = 8 5.32 ppm, (CD3),SO = § 2.50 ppm; s =
singlet, d = doublet, t = triplet, q = quartet, p = pentet, dd = doublet of doublets, dt = doublet of
triplets, ddd = doublet of doublet of doublets, ddt = doublet of doublet of triplets, tt = triplet of
triplets, tq = triplet of quartets, m = multiplet, br = broad), coupling constant (Hz), and integration.
Data for 3C NMR were reported in terms of chemical shift (ppm) relative to residual solvent peak
(CDCl3 =0 77.16 ppm, CD,Cl, = § 53.84 ppm, (CD3)>SO = § 39.52 ppm).

Abbreviations:

Bpin = boronic acid pinacol ester
cod = 1,5-cyclooctadiene

DCM = dichloromethane

EA = ethyl acetate

nbd = norbornadiene

PE = petroleum ether

r.t. = room temperature

TBS = tert-butyldimethylsilyl
THF = tetrahydrofuran

TLC = thin layer chromatography
Ts = p-toluenesulfonyl
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Il. Materials

Solvents (A. R.) were used without purification. Rh catalysts were purchased from TCI, J&K,
and MREDA. Pd/C (dry, 10 %) was purchased from Alfa, Innochem and J&K. PtO, was purchased
from BidePharm. Catalysts from different suppliers showed negligible difference in reactivity.

All substrates in this work except 1b were commercially available. These compounds were
purchased from Adamas, BidePharm, D&B, and Heowns, and were used without purification.

Compound 1b was synthesized according to a reported procedure:!

Li N2 TBS
+TBSCl(1.1eq) —————————
THF/Et,0, rt., 12 h

1b

Under N protection, TBSCI1(0.81 g, 5.4 mmol) was dissolved in dry THF (11 mL). The resulting
colorless solution was cooled to 0 °C. Under stirring, a solution of PhLi in Et,O (1.0 mol/L, 5.0 mL,
5.0 mmol) was added dropwise. The reaction mixture was stirred at room temperature for 12 h,
quenched with water (10 mL), and extracted with Et,O (3x10 mL). The combined organic phase
was washed with brine, dried over Na,SOs, filtered, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, PE as eluent) to give 1b (0.62 g, 64% yield) as a
colorless oil. 'H NMR (400 MHz, CDCl3) § 7.54 — 7.49 (m, 2H), 7.38 — 7.32 (m, 3H), 0.88 (s, 9H),
0.27 (s, 6H). Consistent with previous report.
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Il. Serendipitous Discovery of Rh/Pd-Catalyzed Arene Hydrogenation
o
S$1

[Rh(cod)Cl], (5 mol%)
CO (1 atm)
PhMe, 30 °C, 18 h

H, (1 atm)
Pd/C (10 mol%)
EtOAc rt.

$4 (proposed)

Structures ruled out by DEPT-135°:

(0] (0]
(Pale yellow, with residual Rh catalyst) O/d< O/Eg\/
S5 S6

Preparative TLC

H, (1 atm)
Pd/C (10 mol%)
EtOAc rt.

(White, Rh-free)

The [4+1] cycloadduct S2, which was pale yellow after column chromatography, gave the normal
alkene reduction product S3 (characterized in J. Am. Chem. Soc. 2023, 145, 17087.) and some
unknown by-products when treated with 10% Pd/C and 1 atm H> in EtOAc. These by-products have
similar Ry values in TLC and cannot be separated. The most abundant by-product, as judged by '
NMR, contained only aliphatic carbons except for a carbonyl carbon, and no alkene/arene carbons
were detected. From the approximate integrals 11 aliphatic carbon peaks (marked in grey below)
could be assigned to this compound and we proposed its structure as S4. Note that the two ortho
carbon atoms in the cyclohexyl group were actually different due to proximity to the chiral center.
However, the two meta carbon atoms were too far from the chiral center to be distinguishable (see
the degenerate peak at 26.28 ppm). The potential ring-opening products S5 and S6 could be ruled
out as they both contained 4 CH/CH3 carbon atoms, which clearly contradicted with the DEPT-135°
spectrum of the reaction mixture. These results prompted us to speculate that residual Rh in S2
together with Pd/C could have the power to reduce aromatic rings. However, as it was difficult to
obtain pure S4, we did not further investigate this particular reaction. Instead, we concentrated on
establishing a protocol for arene hydrogenation under room temperature and 1 atm hydrogen gas,
which is presented in the main text of this paper.

The '3C NMR spectrum and DEPT-135° spectrum of the reaction mixture containing S3 and S4
are given below:
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3C NMR spectrum (CDCls, 101 MHz, only aliphatic region and carbonyl region shown):
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DEPT-135° spectrum (CDCls, 101 MHz, only aliphatic region shown):
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IV. General Procedure and Experimental Details of Rh/Pd- and Rh/Pt-Catalyzed Arene
Hydrogenation

Method A: Pd/C (2.4 mol%)
[Rh(nbd)Cl], (0.5 mol%)
Method B: PtO, (2.5 mol%)

| \/ o [Rh(cod)Cll, (0.5 mol%) _ GFG
X H, (1 atm)

'PrOH (10 mL/mmol 1)
r.t., time

N IX

1(X=CHorN)

General procedure:

Method A ([Rh(nbd)Cl]; + Pd/C): A reaction vessel was charged with substrate 1 (0.50 mmol, 1.0
eq.) and 10% dry Pd/C (12.6 mg, containing 11.8 pmol of Pd, 2.4 mol%). The reaction vessel was
then moved into a glove box. [Rh(nbd)Cl], (1.2 mg, 2.6 pmol, 0.5 mol%) was added, and the
reaction vessel was sealed with a rubber septum before being moved out of the glove box.
Isopropanol (5 mL) was added via syringe to dissolve the Rh catalyst. A H, balloon (~1 L) was
attached to the reaction vessel, which was then evacuated and refilled with H; for three times. The
H; balloon was kept, and the reaction mixture was stirred at room temperature for the time indicated
below. Upon completion, the reaction mixture was filtered through a thin pad of silica gel and eluted
with EA. The filtrate was concentrated in vacuo to afford product 2.

Method B ([Rh(cod)Cl]; + PtOy): A reaction vessel was charged with substrate 1 (0.50 mmol, 1.0
eq.), PtO2 (2.8 mg, 12.3 pmol, 2.5 mol%) and [Rh(cod)Cl]> (1.3 mg, 2.6 umol, 0.5 mol%).
Isopropanol (5 mL) was added to dissolve the Rh catalyst, and the vessel was sealed with a rubber
septum. A H; balloon (~1 L) was attached to the reaction vessel, which was then evacuated and
refilled with H, for three times. The H; balloon was kept, and the reaction mixture was stirred at
room temperature for the time indicated below. Upon completion, the reaction mixture was filtered
through a thin pad of silica gel and eluted with EA. The filtrate was concentrated in vacuo to afford
product 2.

Unless otherwise stated, the products obtained in these ways were pure enough for NMR

characterization.

An illustration of the reaction setup is given below (Figure S1). This photograph was taken for
Method B, substrate 1s. Note the reaction mixture was initially pale yellow due to existence of
[Rh(cod)Cl]; (Figure S2, left). However, the yellowish color soon (0.5~1 h after the beginning of
the reaction) faded and black particles were formed (Figure S2, right). For some substrates, the black
particles may aggregate after the reaction had completed, revealing a colorless supernatant.

For Method A, the yellowish color of [Rh(nbd)Cl], was obscured by the black color of Pd/C, and
it was difficult to observe the change in color. However, if the mixture was left to stand after the
reaction had completed, the catalyst would precipitate, and one would also observe a colorless

supernatant.

S6



Figure S2. Reaction mixture (Method B, substrate 1s) at 0 h (left) and 12 h (right)

Experimental details and characterization data:
Bpin Bpin
o — U
1a 2a

Method A: Run 1: 101.9 mg (0.499 mmol) of 1a gave 90.6 mg of 2a after 24 h, 86% yield.
Run 2: 101.7 mg (0.498 mmol) of 1a gave 93.4 mg of 2a after 24 h, 89% yield.
Average yield: 88%

Method B: Run 1: 102.0 mg (0.500 mmol) of 1a gave 86.3 mg of 2a after 18 h, 82% yield.
Run 2: 102.1 mg (0.500 mmol) of 1a gave 89.1 mg of 2a after 18 h, 85% yield.
Average yield: 84%

2a: Colorless oil, TLC R¢= 0.6 (PE/EA = 20:1), a known compound.?

H NMR (400 MHz, CDCls3)  1.70 — 1.53 (m, 5H), 1.39 — 1.24 (m, 5H), 1.23 (s, 12H), 1.02 -

0.92 (m, 1H).*C NMR (101 MHz, CDCls) & 82.9, 28.1, 27.3, 26.9, 24.9.
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©/TBS O/TBS
E——
1b 2b

Method A: Run 1: 96.2 mg (0.500 mmol) of 1b gave 89.2 mg of 2b after 18 h, 90% yield.

Run 2: 96.3 mg (0.501 mmol) of 1b gave 88.7 mg of 2b after 18 h, 89% yield.

Average yield: 90%
Method B: Run 1: 96.2 mg (0.500 mmol) of 1b gave 86.7 mg of 2b after 18 h, 8§7% yield.

Run 2: 96.2 mg (0.500 mmol) of 1b gave 86.9 mg of 2b after 18 h, 88% yield.

Average yield: 88%
2b: Colorless oil, TLC Ry = 0.9 (100% PE), a known compound.® This compound is potentially
volatile and prolonged evacuation may lead to reduced yields.
'H NMR (400 MHz, CDCls3) 6 1.76 — 1.67 (m, 5H), 1.28 — 1.08 (m, 5H), 0.89 (s, 9H), 0.78 — 0.68
(m, 1H), -0.12 (s, 6H). 3C NMR (101 MHz, CDCls) § 28.9, 28.5,27.5,27.1, 24.2, 17.5, -7.4.

CO,H CO,H
o — U
1c 2c

Method A: Run 1: 61.1 mg (0.500 mmol) of 1¢ gave 63.7 mg of 2¢ after 12 h, 99% yield.
Run 2: 61.0 mg (0.500 mmol) of 1¢ gave 63.8 mg of 2¢ after 12 h, 100% yield.
Average yield: 100%
Method B: Run 1: 61.2 mg (0.501 mmol) of 1¢ gave 64.1 mg of 2¢ after 18 h, 100% yield.
Run 2: 61.1 mg (0.500 mmol) of 1¢ gave 63.7 mg of 2¢ after 18 h, 99% yield.
Average yield: 100%
2¢: Colorless crystal, TLC R¢= 0.5 (6 mL PE + 2 mL EA + 3 drops of HOAc), a known compound.*
'H NMR (400 MHz, CDCls3)  10.34 (br s, 1H), 2.40 — 2.27 (m, 1H), 1.99 — 1.88 (m, 2H), 1.81 —
1.72 (m, 2H), 1.68 — 1.61 (m, 1H), 1.52 — 1.40 (m, 2H), 1.36 — 1.19 (m, 3H). 3C NMR (101 MHz,
CDCl3) 6 182.8, 43.1, 28.9, 25.8, 25.5.

CO,Et CO,Et
g — g
1d 2d

Method A: Run 1: 75.5 mg (0.503 mmol) of 1d gave 64.4 mg of 2d after 12 h, 82% yield.
Run 2: 75.2 mg (0.501 mmol) of 1d gave 67.2 mg of 2d after 12 h, 86% yield.
Average yield: 84%
Method B: Run 1: 75.2 mg (0.501 mmol) of 1d gave 63.8 mg of 2d after 12 h, 82% yield.
Run 2: 75.2 mg (0.501 mmol) of 1d gave 64.7 mg of 2d after 12 h, 83% yield.
Average yield: 82%
2d: Colorless oil, TLC R = 0.4 (PE/EA = 20:1), a known compound.* This compound is volatile
and prolonged evacuation will lead to reduced yields.
'H NMR (400 MHz, CDCl3) 6 4.10 (q, J = 7.1 Hz, 2H), 2.27 (tt, J = 11.3, 3.7 Hz, 1H), 1.93 - 1.84
(m, 2H), 1.78 — 1.70 (m, 2H), 1.66 — 1.59 (m, 1H), 1.49 — 1.37 (m, 2H), 1.33 - 1.18 (m, 6H). 3C
NMR (101 MHz, CDCls) 6 176.3, 60.2, 43.4,29.2,25.9, 25.6, 14.4.
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CONH, CONH,
g — O
1e 2e

Method A: Run 1: 60.8 mg (0.502 mmol) of 1e gave 63.8 mg of 2e after 24 h, 100% yield.
Run 2: 60.6 mg (0.500 mmol) of 1e gave 63.7 mg of 2e after 24 h, 100% yield.

Average yield: 100%

Method B: Run 1: 60.6 mg (0.500 mmol) of 1e gave 63.8 mg of 2e after 36 h, 100% yield.
Run 2: 60.8 mg (0.502 mmol) of 1e gave 63.6 mg of 2e after 36 h, 100% yield.

Average yield: 100%
2e: White solid, TLC Rs= 0.2 (PE/EA = 1:1), a known compound.®

IH NMR (400 MHz, CDCls) § 5.65 (br's, 1H), 5.51 (br's, 1H), 2.14 (tt, J = 11.7, 3.5 Hz, 1H), 1.95

—1.84 (m, 2H), 1.84 — 1.74 (m, 2H), 1.72 — 1.61 (m, 1H), 1.49 — 1.34 (m, 2H), 1.35 — 1.13 (m,

3H). 13C NMR (101 MHz, CDCl3) § 178.9, 44.9, 29.8, 25.9, 25.8.

@/(CHZ)GCHS O/(CHz)GCHs
—_—
f

1f 2

Method A: Run 1: 88.2 mg (0.500 mmol) of 1f gave 87.8 mg of 2f after 12 h, 96% yield.
Run 2: 88.1 mg (0.500 mmol) of 1f gave 88.3 mg of 2f after 12 h, 97% yield.
Average yield: 96%

Method B: Run 1: 88.3 mg (0.501 mmol) of 1f gave 88.6mg of 2f after 12 h, 97% yield.
Run 2: 88.2 mg (0.500 mmol) of 1f gave 86.7 mg of 2f after 12 h, 95% yield.
Average yield: 96%

2f: Colorless oil, TLC Rf= 0.9 (100% PE), a known compound.® This compound is potentially

volatile and prolonged evacuation may lead to reduced yields.

IH NMR (400 MHz, CDCls) § 1.75 — 1.55 (m, 5H), 1.35 — 1.09 (m, 16H), 0.93 — 0.78 (m, 5H). 13C

NMR (101 MHz, CDCls) 6 37.9, 37.7, 33.6, 32.1, 30.1, 29.6, 27.1, 27.0, 26.6, 22.9, 14.3.

O — OO

Method A: Run 1: 77.0 mg (0.499 mmol) of 1g gave 74.8 mg of 2g after 36 h, 90% yield.
Run 2: 77.2 mg (0.501 mmol) of 1g gave 75.7 mg of 2g after 36 h, 91% yield.
Average yield: 90%

Method B: Run 1: 77.6 mg (0.503 mmol) of 1g gave 70.9 mg of 2g after 48 h, 85% yield.
Run 2: 77.2 mg (0.501 mmol) of 1g gave 74.5 mg of 2g after 48 h, 89% yield.
Average yield: 87%

2g: Colorless oil, TLC Rs= 0.9 (100% PE), a known compound.” This compound is volatile and

prolonged evacuation will lead to reduced yields.

IH NMR (400 MHz, CDCls) § 1.75 — 1.59 (m, 10H), 1.26 — 0.89 (m, 12H). 13C NMR (101 MHz,

CDCl3) 6 43.6, 30.3, 27.07, 27.06.

o
1

1]
F{‘OM(—:* F{‘OMe
OMe E— OMe
2

1h h
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Method A: Run 1: 92.8 mg (0.498 mmol) of 1h gave 92.8 mg of 2h after 24 h, 97 % yield.
Run 2: 93.1 mg (0.500 mmol) of 1h gave 88.2 mg of 2h after 24 h, 92 % yield.
Average yield: 94%

Method B: Run 1: 92.9 mg (0.499 mmol) of 1h gave 96.5 mg of 2h after 18 h, 100% yield.
Run 2: 93.2 mg (0.501 mmol) of 1h gave 91.7 mg of 2h after 18 h, 95% yield.
Average yield: 98%

2h: Colorless oil, TLC Ry= 0.2 (PE/EA = 1:1), a known compound.®®

'H NMR (400 MHz, CDCls3) 6 3.72 (d, J = 10.4 Hz, 6H), 1.98 — 1.88 (m, 2H), 1.83 — 1.65 (m,

4H), 1.44 — 1.31 (m, 2H), 1.28 — 1.17 (m, 3H). *C NMR (101 MHz, CDCl3) § 52.5 (d, J = 6.7

Hz), 35.4 (d, J = 142.0 Hz), 26.2 (d, J = 16.2 Hz), 25.9, 25.8.

©/NHAC O/NHAC
—_—
1i 2i

Method A: Run 1: 67.8 mg (0.502 mmol) of 1i gave 71.1 mg of 2i after 12 h, 100% yield.
Run 2: 67.7 mg (0.501 mmol) of 1i gave 70.9 mg of 2i after 12 h, 100% yield.
Average yield: 100%
Method B: Run 1: 67.7 mg (0.501 mmol) of 1i gave 69.4 mg of 2i after 18 h, 98% yield.
Run 2: 67.6 mg (0.500 mmol) of 1i gave 68.1 mg of 2i after 18 h, 96% yield.
Average yield: 97%
2i: White solid, TLC R¢= 0.2 (PE/EA = 1:1), a known compound.’
'H NMR (400 MHz, CDCls3) & 5.65 (br s, 1H), 3.77 — 3.65 (m, 1H), 1.92 (s, 3H), 1.90 — 1.83 (m,
2H), 1.71 - 1.63 (m, 2H), 1.61 — 1.54 (m, 1H), 1.38 — 1.25 (m, 2H), 1.17 — 1.02 (m, 3H). *3C
NMR (101 MHz, CDCls) 6 169.2, 48.3, 33.3, 25.6, 25.0, 23.6.

©/NHBOC O/NHBOC
———
1j 2j

Method A: Run 1: 96.4 mg (0.499 mmol) of 1j gave 99.7 mg of 2j after 12 h, 100% yield.

Run 2: 96.8 mg (0.501 mmol) of 1j gave 99.6 mg of 2j after 12 h, 100% yield.

Average yield: 100%
Method B: This reaction condition resulted in partial defunctionalization and BocNH; was formed
as a by-product. To remove BocNH>, the reaction mixture was concentrated in vacuo and the residue
was purified by column chromatography (silica gel, PE/EA = 20:1).

Run 1: 96.7 mg (0.500 mmol) of 1j gave 79.4 mg of 2j after 18 h, 80% yield.

Run 2: 96.6 mg (0.500 mmol) of 1j gave 83.4 mg of 2j after 18 h, 84% yield.

Average yield: 82%
2j: Colorless crystal, TLC R¢= 0.6 (PE/EA = 5:1), a known compound.©
'H NMR (400 MHz, CDCls) 5 4.41 (br s, 1H), 3.41 (br s, 1H), 1.96 — 1.87 (m, 2H), 1.73 - 1.65
(m, 2H), 1.62 — 1.54 (m, 1H), 1.44 (s, 9H), 1.38 — 1.26 (m, 2H), 1.20 — 1.03 (m, 3H). 1*C NMR
(101 MHz, CDCl3) 6 155.3, 79.1, 49.6, 33.7, 28.6, 25.7, 25.0.
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Method A: Run 1: 85.2 mg (0.501 mmol) of 1k gave 79.6 mg of 2k after 48 h, 87% yield.
Run 2: 85.1 mg (0.500 mmol) of 1k gave 79.1 mg of 2k after 48 h, 87% yield.
Average yield: 87%
Method B: Run 1: 85.1 mg (0.500 mmol) of 1k gave 41.1 mg of 2k after 48 h, 45% yield.
Run 2: 85.2 mg (0.501 mmol) of 1k gave 39.1 mg of 2k after 48 h, 43% yield.
Average yield: 44%
Note: In both methods, cyclohexanol was formed as a by-product, but could be removed simply by
rotary evaporation.
2k: Colorless oil, TLC R¢= 0.2 (PE/EA = 50:1), a known compound.*
'H NMR (400 MHz, CDCls) & 3.31 (tt, J =9.2, 4.2 Hz, 2H), 1.93 - 1.81 (m, 4H), 1.78 — 1.67 (m,
4H), 1.58 — 1.49 (m, 2H), 1.30 — 1.10 (m, 10H). *C NMR (101 MHz, CDCls) 5 74.8, 33.5, 26.0,
24.7.

©:OH O:OH
—_—

OH OH
11 2l

Note: Standard procedure resulted in red impurities in the product, which could be observed by 'H
NMR. For purification, the crude product was placed in a flask and dissolved in boiling hexane (2
mL). The red impurities were insoluble and clung to the flask during this process. The colorless
supernatant was carefully transferred to a second flask using a glass pipette. This process was
repeated for 3 times, and the combined solution was concentrated in vacuo to give 21.
Method A: Run 1: 55.0 mg (0.500 mmol) of 11 gave 50.6 mg of 21 after 24 h, 87% yield.

Run 2: 55.1 mg (0.500 mmol) of 11 gave 48.9 mg of 21 after 24 h, 84% yield.

Average yield: 86%, cis/trans = 3.4:1
Method B: Run 1: 55.1 mg (0.500 mmol) of 11 gave 26.2 mg of 21 after 24 h, 45% yield.

Run 2: 55.1 mg (0.500 mmol) of 11 gave 25.9 mg of 21 after 24 h, 45% yield.

Average yield: 45%, cis/trans = 4.9:1
21: White solid, TLC R¢= 0.2 (PE/EA = 1:1). Both diastereomers are known compounds.!!
'H NMR (400 MHz, CDCls3) 6 3.80 — 3.74 (m, cis 2H), 3.38 — 3.31 (m, trans 2H), 2.53 (br s, cis
2H + trans 2H), 2.00 — 1.93 (m, trans 2H), 1.80 — 1.67 (m, cis 2H + trans 2H), 1.65 — 1.50 (m, cis
4H), 1.35 - 1.22 (m, cis 2H + trans 4H). 3C NMR (101 MHz, CDCls) & 76.0 (trans), 70.8 (cis),
33.0 (trans), 30.0 (cis), 24.5 (trans), 21.6 (cis).

HO OH HO OH
\[:j/ \E:j/
1m 2m

Method A: Run 1: 55.1 mg (0.500 mmol) of 1m gave 48.7 mg of 2m after 18 h, 84% yield.
Run 2: 55.0 mg (0.500 mmol) of 1m gave 47.4 mg of 2m after 18 h, 82% yield.
Average yield: 83%, cis/trans = 1.9:1

Method B: Run 1: 55.1 mg (0.500 mmol) of 1m gave 28.1 mg of 2m after 18 h, 48% yield.
Run 2: 55.0 mg (0.500 mmol) of 1m gave 27.2 mg of 2m after 18 h, 47% yield.
Average yield: 48%, cis/trans = 1.2:1

Note: In both methods, cyclohexanol was formed as a by-product, but could be removed simply by

rotary evaporation.
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2m: Colorless viscous oil, TLC Ry = 0.05 (PE/EA = 1:1). Both diastereomers are known
compounds.t?13

cis isomer: *H NMR (400 MHz, DMSO-ds) 6 4.53 (d, J = 4.7 Hz, 2H), 3.37 — 3.28 (m, 2H), 2.04 —
1.97 (m, 1H), 1.74 - 1.67 (m, 2H), 1.63 — 1.55 (m, 1H), 1.16 — 1.06 (m, 1H), 1.05 - 0.89 (m, 3H).
13C NMR (101 MHz, DMSO-dg) 4 67.5, 45.5, 34.9, 20.6.

trans isomer: *H NMR (400 MHz, DMSO-ds) 6 4.30 (d, J = 4.0 Hz, 2H), 3.87 — 3.77 (m, 2H),
1.53-1.44 (m, 6H), 1.32 — 1.23 (m, 2H). 3C NMR (101 MHz, DMSO-ds) 6 65.0, 42.4, 33.9,
18.9.

OH OH
a0 — T
HO HO
1n 2n

Method A: Run 1: 55.2 mg (0.501 mmol) of 1n gave 44.3 mg of 2n after 18 h, 76% yield.

Run 2: 55.2 mg (0.501 mmol) of 1n gave 44.9 mg of 2n after 18 h, 77% yield.

Average yield: 76%, cis/trans = 1.4:1
Method B: Run 1: 55.1 mg (0.500 mmol) of 1n gave 19.5 mg of 2n after 18 h, 34% yield.

Run 2: 54.9 mg (0.499 mmol) of 1n gave 19.7 mg of 2n after 18 h, 34% yield.

Average yield: 34%, cis/trans = 4.3:1
Note: In both methods, cyclohexanol was formed as a by-product, but could be removed simply by
rotary evaporation.
2n: White solid, TLC Ry= 0.1 (PE/EA = 1:1). Both diastereomers are known compounds.
cis isomer: *H NMR (400 MHz, DMSO-ds) 6 4.29 (d, J = 3.8 Hz, 2H), 3.55 — 3.47 (m, 2H), 1.60 —
1.49 (m, 4H), 1.46 — 1.36 (m, 4H). 1*C NMR (101 MHz, DMSO-ds) & 65.9, 30.4.
trans isomer: *H NMR (400 MHz, DMSO-ds) § 4.43 (d, J = 4.3 Hz, 2H), 3.40 — 3.33 (m, 2H),
1.80 - 1.68 (m, 4H), 1.19 — 1.08 (m, 4H). 1*C NMR (101 MHz, DMSO-ds) 5 68.2, 33.0.

CO,Me co,Me
©icone C[COZMe
10 20

Method A: Run 1: 97.0 mg (0.500 mmol) of 1o gave 98.6 mg of 20 after 18 h, 98% yield.
Run 2: 97.2 mg (0.501 mmol) of 10 gave 99.7 mg of 20 after 18 h, 99% yield.
Average yield: 98%, cis/trans > 20:1

Method B: Run 1: 97.2 mg (0.501 mmol) of 1o gave 98.5 mg of 20 after 18 h, 98% yield.
Run 2: 97.1 mg (0.500 mmol) of 10 gave 97.3 mg of 20 after 18 h, 97% yield.
Average yield: 98%, cis/trans > 20:1

20: Colorless oil, TLC R¢= 0.4 (PE/EA = 5:1), a known compound.*®

'H NMR (400 MHz, CDCls) & 3.67 (s, 6H), 2.89 — 2.77 (m, 2H), 2.05 — 1.94 (m, 2H), 1.82 - 1.71

(m, 2H), 1.57 — 1.46 (m, 2H), 1.45 — 1.34 (m, 2H). 3C NMR (101 MHz, CDCls) § 174.3, 51.8,
42.8,26.4,23.9.

MeO,C CO,Me MeO,C CO,Me
\@/
1p

2p

Method A: Run 1: 97.3 mg (0.501 mmol) of 1p gave 99.6 mg of 2p after 36 h, 99% yield.
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Run 2: 97.3 mg (0.501 mmol) of 1p gave 99.9 mg of 2p after 36 h, 100% yield.
Average yield: 100%, cis/trans = 3.8:1
Method B: Run 1: 97.3 mg (0.501 mmol) of 1p gave 98.5 mg of 2p after 28 h, 98% yield.
Run 2: 97.3 mg (0.501 mmol) of 1p gave 99.1 mg of 2p after 28 h, 99% yield.
Average yield: 98%, cis/trans = 4.2:1
2p: Colorless oil, TLC R¢= 0.4 (PE/EA = 5:1). Both diastereomers are known compounds.*6:17
'H NMR (400 MHz, CDCls) 6 3.68 (s, trans 6H), 3.67 (s, cis 6H), 2.68 (apparent p, J = 6.0 Hz,
trans 2H), 2.32 (apparent tt, J = 11.9, 3.5 Hz, cis 2H), 2.22 (dtt, J = 13.1, 3.6, 1.9 Hz, cis 1H), 2.01
—1.94 (m, cis 2H + trans 2H), 1.92 — 1.85 (m, cis 1H), 1.76 — 1.68 (m, trans 4H), 1.58 — 1.49 (m,
cis 1H + trans 2H), 1.42 — 1.24 (m, cis 3H). **C NMR (101 MHz, CDCls) § 175.8 (trans), 175.7
(cis), 51.82 (cis), 51.76 (trans), 42.7 (cis), 39.1 (trans), 31.2 (cis), 29.4 (trans), 28.4 (cis), 28.0
(trans), 24.9 (cis), 22.2 (trans).

CO,Me CO,Me
g — T
MeO,C MeO,C
1q 2q

Method A: Run 1: 97.1 mg (0.500 mmol) of 1q gave 99.3 mg of 2q after 24 h, 99% yield.
Run 2: 97.3 mg (0.501 mmol) of 1q gave 99.8 mg of 2q after 24 h, 99% yield.
Average yield: 99%, cis/trans = 4.1:1

Method B: Run 1: 97.1 mg (0.500 mmol) of 1q gave 96.4 mg of 2q after 24 h, 96% yield.
Run 2: 97.2 mg (0.501 mmol) of 1q gave 97.3 mg of 2q after 24 h, 97% yield.
Average yield: 96%, cis/trans = 4.1:1

2q: Colorless oil, TLC R¢= 0.4 (PE/EA = 5:1). Both diastereomers are known compounds.*®1°

cis isomer: 'H NMR (400 MHz, CDCls) § 3.67 (s, 6H), 2.51 — 2.43 (m, 2H), 1.94 — 1.84 (m, 4H),

1.72 - 1.63 (m, 4H). 3C NMR (101 MHz, CDCls)  175.6, 51.73, 40.8, 26.1.

trans isomer: *H NMR (400 MHz, CDCls) § 3.66 (s, 6H), 2.33 —2.23 (m, 2H), 2.10 — 1.99 (m,

4H), 1.50 — 1.39 (m, 4H). 3C NMR (101 MHz, CDCls) § 176.0, 51.75, 42.5, 28.1.

CO,Me CO,Me
I — T
F3C F3C
r 2r

Method A: Run 1: 102.2 mg (0.501 mmol) of 1r gave 96.6 mg of 2r after 18 h, 92% yield.
Run 2: 102.1 mg (0.500 mmol) of 1r gave 94.4 mg of 2r after 18 h, 90% yield.
Average yield: 91%, cis/trans = 7.8:1
Method B: Run 1: 102.1 mg (0.500 mmol) of 1r gave 93.4 mg of 2r after 36 h, 89% yield.
Run 2: 102.0 mg (0.500 mmol) of 1r gave 94.2 mg of 2r after 36 h, 90% yield.
Average yield: 90%, cis/trans = 12:1
2r: Colorless oil, TLC R¢= 0.4 (PE/EA = 10:1). Both diastereomers are known compounds.?%%
'H NMR (400 MHz, CDCls) & 3.71 (s, cis 3H), 3.68 (s, trans 3H), 2.68 — 2.63 (m, cis 1H), 2.26 —
2.19 (m, cis 2H + trans 1H), 2.13 — 1.98 (m, cis 1H + trans 4H), 1.86 — 1.72 (m, cis 2H + trans
1H), 1.58 — 1.45 (m, cis 4H + trans 4H).
13C NMR (101 MHz, CDCls) § 175.5 (trans), 174.8 (cis), 127.7 (q, J = 278.7 Hz, cis) 127.6 (q, J =
278.5 Hz, trans), 51.6 (cis + trans), 42.3 (trans), 41.3 (g, J = 26.7 Hz, trans), 41.1 (g, J = 26.6 Hz,
cis), 38.6 (cis), 27.4 (trans), 25.7 (cis), 24.2 (q, J = 2.7 Hz, trans), 21.7 (g, J = 2.7 Hz, cis).
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19F NMR (471 MHz, CDCls) § -73.26 (cis), -73.93 (trans).

= Method A
X cr

N or Method B

1s 2s 2s-HCI
Note: Piperidine (2s) is volatile and strongly adsorbed by silica gel. Therefore, the product was
isolated using a different procedure: After TLC had indicated complete conversion of pyridine (1s),
the reaction mixture was filtered through a nylon filter membrane. The filter residue was washed
with MeOH (4%2 mL). To the combined filtrate was added 1M HCI (1.0 mL, 1.0 mmol, 2 eq. to 2s),
and the resulting mixture was concentrated in vacuo. The residue was repeatedly dissolved in MeOH
and evaporated to remove H,O. Finally, the residue was dissolved in DCM and then evaporated to
give the product as its hydrochloride salt.
Method A: Run 1: 39.8 mg (0.503 mmol) of 1s gave 60.5 mg of 2s*HCI after 12 h, 99% yield.
Run 2: 39.6 mg (0.501 mmol) of 1s gave 59.6 mg of 2s*HCI after 12 h, 98% yield.
Average yield: 98%
Method B: Run 1: 39.9 mg (0.504 mmol) of 1s gave 60.4 mg of 2s*HCI after 12 h, 99% yield.
Run 2: 39.5 mg (0.499 mmol) of 1s gave 58.9 mg of 2s*HCI after 12 h, 97% yield.
Average yield: 98%
2s*HCI: White solid, a known compound.??
'H NMR (400 MHz, DMSO-ds) & 8.99 (br s, 2H), 3.00 — 2.91 (m, 4H), 1.71 — 1.62 (m, 4H), 1.58 —
1.50 (m, 2H). $3C NMR (101 MHz, DMSO-ds) 6 43.4, 22.0, 21.7.

Q/Bpm Method A /O/Bpm O/Bpm
F or Method B
1t
(N D ) (Detected by NMR)

Method A: The reaction was performed with 111.1 mg (0.500 mmol) of 1t. After 18 h, 'H and '3C
NMR indicated that a small fraction of 1t underwent hydrodefluorination to give 2a
(1t:2a = 15:1). The desired product 2t was not detected.

Method B: The reaction was performed with 110.4 mg (0.497 mmol) of 1t. After 24 h, 'H and '3C
NMR indicated that a large proportion of 1t underwent hydrodefluorination to give 2a
(1t:2a = 1:5.0). The desired product 2t was not detected.

Because this reaction gave the undesired product and was also very slow by using both methods,
we don't recommend to use this substrate for the present reaction. Therefore, we did not carry out

this reaction to full conversion and no reaction yields are reported here.

The '3C spectra for 2a and the reaction mixture (Method B, 24 h) are given below for comparison:
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26.89 2a

- 82.90 2a
28.09 2a
27.26 2a

\24.86 2a

[

Authentic example of 2a

Reaction mixture (Method B) at 24 h

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

[ONge)

4
[0}
N

Method B
18 h

1u

Following Method B, 78.2 mg (0.501 mmol) of 1u was used. After 18 h, '"H NMR indicated that the

starting material was left untouched.

< Method B
NH _ Method B N.R.
18h

Following Method B, 78.0 mg (0.496 mmol) of 1v was used. After 18 h, 'H NMR indicated that the

starting material was left untouched.

NHTs Method A, 19 h
———————— > N.R
or Method B, 18 h
1w

Following Method A, 123.7 mg (0.500 mmol) of 1w was used. After 19 h, "H NMR indicated that
the starting material was left untouched.
Following Method B, 123.7 mg (0.500 mmol) of 1w was used. After 18 h, '"H NMR indicated that

the starting material was left untouched.

CN Method B N NH
—_— H + 2
18 h
1x (major) (minor)

Following Method B, 51.5 mg (0.499 mmol) of 1x was used. After 18 h, 'H and '*C NMR indicated
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that the major product was dibenzylamine?3. A tiny amount of benzylamine?* could also be identified

in the 3C NMR spectrum:

— 140.38 dibenzylamine
128.53 dibenzylamine
128.30 dibenzylamine

J

\ 127.09 dibenzylamine
— 53.28 dibenzylamine

T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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V. Gram-Scale Reactions

To investigate whether the reaction can be performed with a lower catalyst loading, we carried
out the hydrogenation of 10 on gram scale with the catalyst loading reduced by a factor of 2.5. The
hydrogenation product 20 could still be obtained quantitatively, although prolonged stirring was

required for complete conversion.

Method A:
Pd/C (1.0 mol%)
@ECOZME [Rh(nbd)Cll (0.2 mol%) C[COZMe
CO,Me Hj (1 atm) CO,Me
PrOH, r.t., 36 h
10 ! 20
100% yield

A 100-mL round-bottomed flask was charged with 1o (1.17 g, 6.03 mmol, 1.0 eq.) and 10% Pd/C
(63.7 mg, containing 59.9 pmol of Pd, 1.0 mol%). The flask was moved into a glove box.
[Rh(nbd)Cl]> (5.5 mg, 12 pmol, 0.2 mol%) was added, and the flask was sealed with a rubber septum
before being moved out of the glove box. ‘PrOH (24 mL) was added via syringe to dissolve the Rh
catalyst. A H balloon (~2 L) was attached to the flask, which was then evacuated and refilled with
H, for three times. The H, balloon was kept, and the reaction mixture was stirred at room
temperature. After 36 h, TLC indicated full conversion of 1o. The reaction mixture was then filtered
through a thin pad of silica gel and eluted with EA. The filtrate was concentrated in vacuo to give
20 (1.21 g, 100% vyield) as a colorless oil. The completeness of the reaction and the relative
configuration of 20 (cis/trans > 20:1) were confirmed by '"H NMR.

An illustration of the reaction setup is given below (Figure S3).

Figure S3. Setup for gram-scale reaction
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Method B:

PO, (1.0 mol%)
@[COZMe [Rh(cod)Cll, (0.2 mol%) CECOZMG
CO,Me H, (1 atm) CO,Me
PrOH, r.t., 48 h

10 ! 20
100% yield

To a 100-mL round-bottomed flask was added 10 (1.16 g, 5.97 mmol, 1.0 eq.), PtO; (13.6 mg,
59.9 umol, 1.0 mol%), [Rh(cod)Cl]> (5.9 mg, 12 pmol, 0.2 mol%), and ‘PrOH (24 mL). The flask
was sealed with a rubber septum. A H, balloon (~2 L) was attached to the flask, which was then
evacuated and refilled with H; for three times. The H» balloon was kept, and the reaction mixture
was stirred at room temperature. After 18 h/36 h, TLC indicated partial conversion of 1o, but at 48
h TLC showed no 1o left. The reaction mixture was then filtered through a thin pad of silica gel and
eluted with EA. The filtrate was concentrated in vacuo to give 20 (1.20 g, 100% yield) as a colorless
oil. The completeness of the reaction and the relative configuration of 20 (cis/trans > 20:1) were
confirmed by 'H NMR.
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V1. Catalyst Recycling

The recyclability of “Rh-Pd/C” formed in Method A was examined using 1o as the substrate

(Scheme S1).
C[COzMe "Rh-Pd/C" (Pd 2.4 mol%; Rh 1 mol%) C[COzMe
CO,Me Hj (1 atm) CO,Me

i
1o PrOH, r.t., 18 h 2
10.0.50 mmol Run 1 Filtration
Pd/C 2.4 mol% » Recovered
[Rh(nbd)Cl], 0.5 mol% 1 atm H, catalyst Run 2 Filtration Recovered
i — >
PrOH (5 mL) rt., 18 h 1 atm Hy catalyst Run 3 Filtration
100.50 mmol | rt,18h 1 atm H P e
iPrOH (5 mL 2
(G mt) 10 0.50 mmol J rt. 18h

ProH (5 mL)

Scheme S1. Procedure for catalyst recycling

Run 1: A reaction vessel was charged with 10 (97.1 mg, 0.50 mmol, 1.0 eq.) and 10% dry Pd/C
(12.6 mg, containing 11.8 umol of Pd, 2.4 mol%). The reaction vessel was then moved into a glove
box. [Rh(nbd)Cl]> (1.2 mg, 2.6 pmol, 0.5 mol%) was added, and the reaction vessel was sealed with
a rubber septum before being moved out of the glove box. Isopropanol (5 mL) was added via syringe
to dissolve the Rh catalyst. A H, balloon (~1 L) was attached to the reaction vessel, which was then
evacuated and refilled with H; for three times. The H> balloon was kept, and the reaction mixture
was stirred at room temperature for 18 h. The reaction mixture was then filtered through a nylon
filter membrane. The filter residue was washed with MeOH (4x2 mL). The combined filtrate was
concentrated in vacuo to afford 20 as a colorless oil.

Runs 2~5: A reaction vessel was charged with 10 (0.50 mmol). The filter residue of the previous
step was washed with ‘PrOH (4 mL), and then flushed into the reaction vessel using 5 mL of
'PrOH. The reaction vessel was sealed with a rubber septum. A H» balloon (~1 L) was attached to
the reaction vessel, which was then evacuated and refilled with H; for three times. The H; balloon
was kept, and the reaction mixture was stirred at room temperature for 18 h. The reaction mixture
was then filtered through a nylon filter membrane. The filter residue was washed with MeOH (4x2
mL). The combined filtrate was concentrated in vacuo to afford 20 as a colorless oil. The
completeness of the reaction and the relative configuration of 20 (cis/trans > 20:1) were confirmed
by 'H NMR.

The detailed results for each round are shown in Table S1. It can be concluded that the in situ
generated “Rh-Pd/C” catalyst in Method A can be recycled and reused for several rounds without
significant loss of catalytic activity.

Table S1. Results for catalyst recycling

Run 1o (mg) Time (h) 20 (mg) Conversion Yield
1 97.1 18 99.3 100% 99%
2 97.1 18 100.1 100% 100%
3 97.2 18 99.2 100% 99%
4 97.3 18 99.8 100% 99%
5 97.2 18 98.1 100% 98%

S19



We did not test the recyclability of “Rh-Pt” in Method B because the amount of the catalyst was
too small, not only in terms of mass but also in terms of volume. As a result, it was practically
difficult to recycle the catalyst: A large proportion of the catalyst stayed clinging to the filter
membrane when we tried to recover it.
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VIII. NMR Spectra
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"H NMR spectrum (CDCls, 400 MHz):
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"H NMR spectrum (CDCls, 400 MHz):
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"H NMR spectrum (CDCls, 400 MHz):
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"H NMR spectrum (CDCls, 400 MHz):
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"H NMR spectrum (CDCls, 400 MHz):
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"H NMR spectrum (DMSO-dg, 400 MHz, cis/trans = 1.4:1):

HO

L —14 rY
LET]
6511

(=}
6€1 1 -2 re
or'1 |
0t = P )

117
T
€71 o
248 i 86'C
TSI i

trans, 4H
|
H
——
0
o
~
12 11
T
0.5

13
T
1

ATy
€571 I P
oy — I8ty S19 9€°0€ ~
ST g6z Suen $0 €€ —
961

14
1.5

15

cis, 4H cis, 4H

1.6
T
2.0

S37

20 10

30

LT
L5
651

1.7

2.5

1.8

trans, 4H

3.0

6t'¢
0S¢ .
15°¢ _ M H\Om.ﬁ L SID /8°G9 ~
[4n3 Fv0'z suen 6189 —
[43
€5°¢ L
mm&v. +00'C
o'y OSSN S

3.5

4.0

f1 (ppm)

5.0

2H

cis, 2H
trans,
\
36 35 34 33 32

cis, 2H

trans, 2H

o
8

o
<
—

45 44 43

9.0

13C NMR spectrum (DMSO-ds, 101 MHz):

160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

170




CO,Me
CO,Me

20

"H NMR spectrum (CDCls, 400 MHz):
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'"H NMR spectrum (CDCls, 400 MHz, cis/trans = 3.8:1):
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9F NMR spectrum (CDCls, 471 MHz, cis/trans = 12:1)
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