se Joxot adjust margins

Journal Name COMMUNICATION

Base-free reduction of ketones using a bpy-iridium catalyst. Focus on

the synthesis of y-valerolactone General Information

Liwei Guo, Zilong Li, Remi Marchal, Boris Le Guennicand C. Fischmeister *

All reactions were carried out with dried glassware using pressure resistant ACE tubes® flushed with argon
for transfer hydrogenation reactions using formic acid as dihydrogen donor. A polycarbonate protection
shield was systematically used due to pressure generation in the tubes. Hydrogenation reactions were
carried in 22 mL Parr® reactors. NMR spectra were recorded on Bruker spectrometers Avance | 300 MHz
or Avance Il 400 MHz. Coupling constants (j) and chemical shifts (&) are given in Hz and ppm respectively.
Chemical shifts are given vs TMS using the residual signal of deuterated solvents. The peak patterns are
indicated as follows (s- singlet, d- doublet, t- triplet, g- quadrat, quin-quintet, m- multiplet, and br- broad
peak). All reagent were obtained from commercial sources and used as received. Catalysts Ir1, Ir2 and Ir3
were prepared as reported in Organometallics, 2017, 36, 3152; ChemSusChem, 2019, 12, 179; ACS Catal,
2023, 13, 13626 and Ir4 as reported in Adv. Synth. Catal., 2003, 345, 497.

1 General procedure A for hydrogenation of ketones

O [Ir] 0.1 mol%, FA 0.1 mol% OH

H,O 1 ml, H, 10 bar, T/ °C, 16 h

2 mmol

A GC vial was loaded with the catalyst Ir4 (1.3 mg, 0.1 mol%, 2 mmol) and a magnetic stirring bar. The
catalyst was dissolved in water (1.0 mL) and the substrate (0.24 g, 2 mmol) was added. Finally, the GC vial
was installed into a high-pressure reactor which was charged with 10 bar of H,. The reaction was stirred
(600 rpm) and 90 °C (oil bath temperature) for 16 h.
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2 General procedure B for transfer hydrogenation of ketones

O OH

1r30 0.1 mol%

+ HCOOH
H,O 1 ml, 90 °C, 24 h

2 mmol 4 mmol

A dried Ace’ Pressure Tube was loaded with the catalyst Ir4 (0.1 mol%) and flushed with argon for 2
minutes. Degassed water (1.0 mL) and the substrate (0.24 g, 2 mmol) were added under a flow of argon.
Then, formic acid (0.15 ml, 4 mmol, 2 equivalents) was added. Finally, the tube was closed and placed in
an oil bath at 90 °C for 24 h, behind a polycarbonate safety shield.
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3 Product characterization

All the products are known compounds. They were characterized by their *H and *3C vs reported data or
vs commercial references. For reactions with very high conversion (>95%), the product was isolated by
simple filtration of the reaction media over Celite. Otherwise, the products were isolated by standard
column chromatography on silica gel.

OH

1-phenylethanol 1
The title compound was prepared according to the general procedure A and purification by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow oil, 94% vyield.

14 NMR (400 MHz, CDCls) & 7.40 — 7.35 (m, 4H), 7.34— 7.27 (m, 1H), 4.83 (q, J = 6.0 Hz, 1H), 3.26 (s, 1H),
1.48 (d, J = 6.0 Hz, 3H).

13C NMR (101 MHz, CDCls) § 145.9, 128.3, 127.2, 125.4, 70.0, 25.1.

OH

1-(o-tolyl)-ethanol 2

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow oil, 92% vyield.

'H NMR (400 MHz, CDCl3) § 7.51 (dd, J = 7.6, 1.5 Hz, 1H), 7.25 (td, J = 7.4, 1.7 Hz, 1H), 7.19 (td, /= 7.3, 1.5
Hz, 1H), 7.17 = 7.12 (m, 1H), 5.10 (q, J = 6.4 Hz, 1H), 2.35 (s, 3H), 1.46 (d, J = 6.4 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 143.9, 134.2, 130.4, 127.1, 126.4, 124.6, 66.8, 23.9, 18.9.
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OH

1-(naphthalen-2-yl)ethan-1-ol 4
The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow solid, 70% yield.

1H NMR (300 MHz, CDCls) 6 7.84 (dd, J = 8.9, 3.1 Hz, 4H), 7.55 — 7.45 (m, 3H), 5.08 (qd, J = 6.4, 3.4 Hz, 1H),
1.91 (d, J = 3.4 Hz, 1H), 1.59 (d, J = 6.4 Hz, 3H).

13C NMR (75 MHz, CDCls) 6 143.3, 133.5, 128.5, 128.1, 127.8, 126.3, 126.0, 124.0, 70.7, 25.3.

OH

2-methyl-1-phenylpropan-1-ol 5
The title compound was prepared according to the general procedure A with 0.2 mol% Ir4 and purified by
column chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow oil, 53% yield.

14 NMR (400 MHz, CDCl3) § 7.40 — 7.23 (m, 5H), 4.32 (dd, J = 7.0, 2.4 Hz, 1H), 2.04 — 1.87 (m, 1H), 1.01 (d,
J=6.7 Hz, 3H), 0.81 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHgz, CDCls) 6 143.7, 128.2, 127.4, 126.7, 80.0, 35.3, 19.0, 18.4.

OH

1-(p-tolyl)ethan-1-ol 6
The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow oil, 80% yield.

'H NMR (400 MHz, CDCl3) 6 7.12 (d, J = 7.4 Hz, 2H), 7.03 (d, J = 7.4 Hz, 2H), 4.68 (q, J = 6.5 Hz, 1H), 2.23 (s,
3H), 1.33 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 143.0, 137.0, 129.1, 125.4, 70.1, 25.1, 21.1.
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OH

Diphenylmethanol 7

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a white solid, 10% yield.

'H NMR (400 MHz, CDCl3) 6 7.85 —7.70 (m, 8H), 7.22 — 7.35 (m, 2H), 5.85 (s, 1H).
13C NMR (101 MHgz, CDCl5) 6 143.9, 128.6, 127.7, 126.7, 76.4.

OH

Cl
1-(4-chlorophenyl)-ethanol 8

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow oil, 77% vyield.

'H NMR (400 MHz, CDCl3) § 7.24 —7.12 (m, 4H), 4.71 (q, J = 6.5 Hz, 1H), 1.33 (dd, J = 6.5, 1.1 Hz, 3H).
13C NMR (101 MHz, CDCls) 6 144.4,133.1, 128.7, 126.9, 69.8, 25.3.

OH

Br
1-(4-bromophenyl)-ethanol 9

The title compound was prepared according to the general procedure A with 0.2 mol% Ir4 and purified by
column chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow oil, 47% yield.

'H NMR (400 MHz, CDCl3) 6 7.43 (d, 6.5 Hz, 2H), 7.39 (d, 6.5 Hz, 2H), 7.23 — 7.15 (m, 2H), 4.78 (9, /= 7.5
Hz, 1H), 1.41 (dd, J= 7.5, 1.2 Hz, 3H).

13C NMR (101 MHz, CDCls) § 144.8, 131.6, 127.2,121.1, 69.7, 25.2.
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OH

FsC
1-(4-Trifluorophenyl)-ethanol 10

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a colorless liquid, 79% yield.

H NMR (400 MHz, CDCls) & 7.58 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 4.91 (q, J = 6.6 Hz, 1H), 1.47
(dd, J = 6.5, 1.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 149.8, 129.6 (q, s = 32.4 Hz), 125.7, 125.4 (q, *Jcr = 3.8 Hz), 124.2 (q, Ycr =
273.0 Hz), 69.9, 25.4.

OMe OH

1-(2-methoxyphenyl)ethanol

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give the colorless oil, 91% yield.

'H NMR (400 MHz, CDCl3) 6 7.37 (dd, J = 7.6, 1.8 Hz, 1H), 7.25 (ddd, J = 8.1, 7.4, 1.8 Hz, 1H), 6.97 (td, J =
7.5, 1.1 Hz, 1H), 6.88 (dd, J= 8.2, 1.1 Hz, 1H), 5.16 — 5.06 (m, 1H), 3.84 (s, 3H), 1.50 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl5) § 156.4, 133.7, 128.2, 126.0, 120.8, 110.4, 66.2, 55.2, 23.0.
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OMe OMe

2,2'-(oxybis(ethane-1,1-diyl))bis(methoxybenzene) 11’

The title compound was obtained as a side-product of the synthesis of 11. It was by column
chromatography (Heptane: EtOAc v/v 20:1- 10:1) to give the colorless oil obtained in 3% yield as a pair of
diastereoisomers.

1H NMR (400 MHz, CDCls) & 7.63 (dd, J = 7.6, 1.8 Hz, 1H), 7.54 — 7.47 (m, 1H), 7.28 (ddd, J = 8.4, 7.5, 1.9
Hz, 1H), 7.21 (ddd, J = 8.2, 7.4, 1.8 Hz, 1H), 7.07 (td, J = 7.4, 1.1 Hz, 1H), 6.94 (td, J = 7.5, 1.1 Hz, 1H), 6.85
(ddd, J = 18.6, 8.2, 1.1 Hz, 2H), 4.98 (g, J = 6.3 Hz, 1H), 4.77 (q, J = 6.4 Hz, 1H), 3.77 (s, 3H), 3.74 (s, 3H),
1.47 (d, J = 6.3 Hz, 3H), 1.43 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl5) & 156.9, 156.1, 133.3, 133.3, 127.9, 127.6, 126.7, 126.1, 120.9, 120.7, 110.4,
110.1, 69.5, 68.9, 55.3, 55.2, 23.2, 22.4.

OH

MeO
1-(4-methoxyphenyl)ethanol 12

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a colorless oil, 59% yield.

'H NMR (400 MHz, CDCls) & 7.28 — 7.20 (m, 2H), 6.88 — 6.80 (m, 2H), 4.76 (q, J = 6.5 Hz, 1H), 3.76 (s, 3H),
1.42 (dd, J=6.5, 0.9 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 158.8, 138.2, 126.7, 113.7, 69.7, 69.7, 55.2, 25.0.
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MeO OMe
4,4'-(oxybis(ethane-1,1-diyl))bis(methoxybenzene) 12’

The title compound was obtained as a side poduct of the synthesis of 12 and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 10:1) to give a colorless oil, 16% yield. 12’ was obtained as a
mixture of diastereoisomers.

H NMR (400 MHz, CDCls) & 7.24 (dt, J = 8.7, 2.1 Hz, 4H), 6.93 (dd, J = 8.6, 1.5 Hz, 2H), 6.90 — 6.83 (m, 2H),
4.51 (qd, J = 6.4, 1.7 Hz, 1H), 4.23 (qd, J = 6.5, 1.9 Hz, 1H), 3.84 (s, 3H), 3.81 (s, 3H), 1.48 (dd, J = 6.4, 1.7
Hz, 3H), 1.40 (dd, J = 6.5, 1.8 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 159.0, 158.8, 136.5, 136.3, 127.6, 127.5, 113.9, 113.7, 73.9, 73.8, 55.3, 55.3,
24.8, 22.9.

OH

HO
)

4-(1-hydroxyethyl)benzoic acid 13

The title compound was prepared according to the general procedure B and without purification, light
yellow liquid, 96% vyield.

'H NMR (400 MHz, DMSO) 6 7.89 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 5.30 (s, 1H), 4.78 (q, / = 6.5 Hz,
1H), 1.32 (d, J = 6.4 Hz, 3H).

13C NMR (101 MHz, DMSO) & 167.4, 152.5,129.2, 129.1, 125.4, 67.8, 25.8.
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0]

(0]
3-methylisobenzofuran-1(3H)-one 14

The title compound was prepared according to the general procedure B and obtained without purification
as light-yellow oil, 99% vyield.

IH NMR (400 MHz, CDCl) 6 7.88 (d, J = 7.7, 1H), 7.67 (td, J = 7.5, 1.1 Hz, 1H), 7.55 — 7.48 (m, 1H), 7.43 (dt,
1=7.6,0.9 Hz, 1H), 5.55 (q, J = 6.7 Hz, 1H), 1.63 (d, J = 6.7 Hz, 3H).

13C NMR (101 MHgz, CDCl5) 6§ 170.6, 151.3, 134.2, 129.2, 125.9, 125.8, 121.7, 77.8, 20.5.

OH

2-ethylphenol 15’

The title compound was prepared according to the general procedure A and without purification, light
yellow liquid, 97% vyield.

'H NMR (400 MHz, CDCl3) § 7.21 (dd, J = 7.3, 1.7 Hz, 1H), 7.14 (td, J = 7.7, 1.7 Hz, 1H), 6.95 (td, /= 7.5, 1.2
Hz, 1H), 6.80 (dd, J = 8.0, 1.2 Hz, 1H), 5.03 (s, 1H), 2.70 (q, J = 7.5 Hz, 2H), 1.30 (t, J/ = 7.6 Hz, 3H).

13C NMR (101 MHgz, CDCl5) 6 153.4, 130.1, 129.4, 127.1, 121.1, 115.3, 23.0, 14.1.

OH

A
N

1-(pyridin-2-yl)ethan-1-ol 16
The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 10:1- 2:1) to give a light-yellow oil, 90% yield.

'H NMR (400 MHz, CDCls) & 8.49 (bs, 1H), 7.65 (td, J = 7.7, 1.7 Hz, 1H), 7.31 — 7.24 (m, 1H), 7.16 (dd, J =
7.5,4.9 Hz, 1H), 4.87 (q, J = 6.6 Hz, 1H), 1.48 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 163.3, 148.2, 136.9, 122.3, 119.9, 69.0, 24.3.
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OH

NC
4-(1-hydroxyethyl)benzonitrile 17
The title compound was prepared according to the general procedure A and purified by column

chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a light-yellow oil, 72% yield.

IH NMR (400 MHz, CDCl3) § 7.56 — 7.50 (m, 2H), 7.45 — 7.38 (m, 2H), 4.87 (bq, 1H), 1.41 (dd, J = 6.4, 1.9 Hz,
3H).

13C NMR (101 MHgz, CDCl5) § 151.5, 132.2, 126.1, 118.9, 110.5, 69.3, 25.2.

OH

Cyclohexanol 18
The title compound was prepared according to the general procedure A and purification by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a colorless liquid, 90% yield.

'H NMR (400 MHz, CDCl3) 6 3.57 (dq, J = 9.1, 4.5 Hz, 1H), 2.14 — 1.94 (m, 1H), 1.86 (dt, J = 9.9, 4.6 Hz, 2H),
1.71 (dt, J= 8.5, 4.3 Hz, 2H), 1.51 (dt, J = 12.6, 4.0 Hz, 1H), 1.37 —0.99 (m, 5H).

13C NMR (101 MHz, CDCls) § 70.4, 35.6, 35.6, 25.6, 24.2.

OH

CO

2,3-dihydro-1H-inden-1-ol 19

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a colorless liquid, 88% yield.

'H NMR (400 MHz, CDCl3) § 7.41 (dd, J = 6.4, 2.1 Hz, 1H), 7.33 = 7.21 (m, 3H), 5.20 (g, J = 5.7 Hz, 1H), 3.05
(ddd, J=16.1, 8.6, 4.7 Hz, 1H), 2.88 — 2.70 (m, 2H), 2.52 - 2.39 (m, 1H), 1.92 (dddd, / = 13.6, 8.6, 6.7, 5.3
Hz, 1H).

13C NMR (101 MHz, CDCl3) 6 145.1, 143.3, 128.2, 126.6, 124.8, 124.3, 76.2, 76.2, 35.8, 29.8.
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OH

1,2,3,4-tetrahydronaphthalen-1-ol 20

The title compound was prepared according to the general procedure A and purified by column
chromatography (Heptane: EtOAc v/v 20:1- 5:1) to give a colorless liquid, 82% yield.

IH NMR (400 MHz, CDCl3) § 7.43 (dt, J = 6.1, 3.6 Hz, 1H), 7.28 — 7.17 (m, 2H), 7.13 (dt, J = 5.2, 3.5 Hz, 1H),
4.75 (dd, J = 5.5, 3.9 Hz, 1H), 2.90 — 2.69 (m, 2H), 2.05 — 1.71 (m, 4H).

13C NMR (101 MHgz, CDCl5) 6 138.9, 137.1, 129.0, 128.7, 127.5, 126.1, 68.1, 32.3, 29.3, 18.9.

4 Determination of formate amounts

1 Based on dissociation coefficient o

. a?c,
For a weak acid K, = -

or Cool® +Ka0 -Ko = 0

Co neat (4 mmolin0.35mL) | 11.43 mol.L?
a 0.0039

[HCOO-] = aCo 0.045 mol.L?
nNHCOO" in 0.35 mL =0.016 mmol

- Basedon pH
pHexp=1.2

[H30*]= [HCOO] = 0.063 M

nNHCOO in 0.35 mL = 0.022 mmol
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6 DFT computations

6.1 General information

COMMUNICATION

All calculations were performed with the Gaussian 16 program package.! We carried out geometry
optimizations and vibrational frequency calculations for all species. Solvent effects were taken into
consideration using the SMD? solvation model. We carried out DFT calculations using the MO06L3 functional,
Stevens/Basch/Krauss relativistic effective core potential triple-split basis (CEP-121G)* for Ir, and the 6-
31G(d,p)° basis set for other atoms. Single point energy was performed with larger def2TZVP® basis set.
Frequency calculations were performed to determine free energy corrections, and to verify the nature of
all stationary points of encountered structures as intermediates (no imaginary frequency) or transition
states (one and only one imaginary frequency).” The intrinsic reaction coordinate (IRC) method was

performed to ensure that transition states led to expected intermediates.?
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