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Controlling Regioselectivity in Quinoline Hydrogenation

Many examples of quinoline partial reduction of the heterocycle...

[I(COD)CI]5/
L3 (N-Me-Zhanophos) (1 mol%)

HCI (0.2 equiv.)
/ AN 5 atm H, =
Rz |l - R
X N/ condition Aor B

Ar H Ar
A: toluene: 1, 4-dioxane (4:1), rt, 24h ~ — up to 99% yield, 98% ee (R)
B: EtOH, rt, 12h — up t0 99% vyield, 94% ee (S)

Z. Han, G. Liu, X. Yang, X. Q. Dong and X. Zhang, ACS Catal., 2021, 11, 7281-7291.

[I(COD)CI], / R.
Ri N (R)-MeO-Biphep
| -
= 700 psi H,, toluene, |, N
N "Ry 15h, rt H Ro

up to 95% yield, 96% ee
MeO

MeO

PPh,
PPh,

W. B. Wang, S. M. Lu, P.Y. Yang, X. W. Han, Y.G. Zhou, J. Am. Chem. Soc., 2003, 125,
10536-10537.

How can we overcome aromaticity barrier and control selectivity for carbocycle or heterocycle?

» Sterics .

Influence of ligand, solvent, conditions .

Electrochemically



Controlling Regioselectivity in Quinoline Hydrogenation

Bu ')
D,
/ N \ 'Bu
—N_ /) R R
—Ny— Mo, Z A 5 mol % (4-tBu-B“OIP)Mo(COD) S
|Pr L

| Het > | Het
NA G 80 atm H,, CyH R/ >
R 80 °C, 48 h

iPr
(4-'Bu-tBUOIP)Mo(COD)

S SRR o o RIC o)

19, 50% conv. 2g-A (22%) 2g-B (20%)

N Me N Me Me

B I B + B
Z =
N N N
H
M M M

1h, full conv. 2h-A 2h-B X e N e

75% (80%) 13% (15%) 87% ee B 3 B + B
N ~_N NH

Me
1j, 60% conv. 2j-A 2j-B
20% (46%) (13%) 15% ee

Me Me Me
. 1k, 54% conv. 2k-A(43%) 2k-B
B\ — B\ + B (11%) 55% ee
N/ N/ N
H Steric Crowding on the Heterocycle Leads to
1i, full conv. 2i-A 2i-B Exclusive Carbocycle Reduction
67% (92%) (8%) 99% ee

P. Viereck, G. Hierlmeier, Pabst, T. P., Tosatti, P., Puentener, K., Chirik, P. J.; J. Am Chem. Soc. 2022, 144, 11203-11214.



Controlling Regioselectivity in Quinoline Hydrogenation

Ru Examples of Exclusive Carbocycle Hydrogenation

PCys; PCys; FI’CY3 O
H”ll \\l‘Hz H'”I an He A s
PCys PCys ¥ \ PCys; Q
49 T 55
Precursor n* arene-coordination n'(N)-coordination
X N 49 (2.0 mol%) i Ny,
I~ "J - ZI~N "':
XY~ e? H, (3.0 bar) x2Y~
Cy-H (0.15 M)
1.5 mmol
80 °C, 24 h

S S S
. [ )
N N <
50, 99%2°] 51, 96% 52, 99%!2l 53, quant.

a) gc yields b) 1h rxn time

A. F. Borowski, S. Sabo-Etienne, B. Donnadieu, B. Chaudret, Organometallics. 2003, 22, 1630.



Controlling Regioselectivity in Quinoline Hydrogenation

Ru Examples of Exclusive Carbocycle Hydrogenation

PCY3 PCY3 PCY3 O
H'leum‘Hz H'lanuu\‘ H"anu_N — Me
H= ) ~H, i Me H=M \_/
PCys PCys ¥ \ PCys Q
49 T & 55
Precursor n* arene-coordination n'(N)-coordination
@\f"’q\ 49 (2.0 mol%) Ol\/\("zeﬁ
ZIN ")l o I~ "':
XY~ e? Ha (3.0 bar) x2Y~
Cy—H (0.15 M)
1.5 mmol
= 80 °C, 24 h

Substrates with no conversion:

50, 99%[@P] 51, 96%2 52, 99%!2l 53, quant.[@
q

a) gc yields b) 1h rxn time

Preferential Ru-n*-arene coordination determines regioselectivity — n'-(N)-displaced by dihydrogen

A. F. Borowski, S. Sabo-Etienne, B. Donnadieu, B. Chaudret, Organometallics. 2003, 22, 1630.



Controlling Regioselectivity in Quinoline Hydrogenation

Ru Examples of Exclusive Carbocycle Hydrogenation

A) +//\
DlppN NDlpp
(20 mol% I
57 (10 mol%) toluene E I
RO H, (55 bar)
Me N. ..Ph ) 2
~Z
N~ "Ph solvent
56a (0.075 M), 18 h
0.15 mmol \O: I
CVN Ny 59a, >99%
Bl
[Ru(COD)(2-Me-allyl) 5] (20 mol%)
57 n-hexane
H, (65 bar), 60 °C

S. Urban, N. Ortega, F. Glorius, Angew. Chem. Int. Ed. 2011, 50, 3803.



Controlling Regioselectivity in Quinoline Hydrogenation

Ru Examples of Exclusive Carbocycle Hydrogenation

A)
DlppN NDlpp
(20 mol%
57 (10 mol%) toluene
KOtBu
Me N\ Ph (30 mol%) H, (55 bar)
X
s
N™ "Ph solvent
56a (0.075 M), 18 h
0.15 mmol
CyN NCy
</
[Ru(COD)(2-Me-allyl) 5] (20 mol%)
57 n-hexane
H, (65 bar), 60 °C

S. Urban, N. Ortega, F. Glorius, Angew. Chem. Int. Ed. 2011, 50, 3803.

CEI

58a, >99%

- L,

59a, >99%

Key to carbocycle-selective hydrogenation:
steric crowding close to metal center

Carbocycle-reduced product selectively:

;: N‘,:\N ,-—’ < \'Jr:\N O ; /,
Q\ p— N — - — S TN S - -
l . X 5 Ay (
Cl / Cl
5al' 4] sbli4cd]

2
o~ =\ o P I\ =
> \\Vyqu\r@ %\;‘»\,va‘ru

) cl BF,
Scl14ac) 5d



Controlling Regioselectivity in Quinoline Hydrogenation
Ph Ru(methallyl)>(cod) (2.5 mol%)

Ru Examples of Exclusive N k('gg'(’)‘i 5 rrn"g,'//
. 2 )
Carbocycle Hydrogenation 2N Hy (5.0 MPa),

PrOH (0.2 M), 80 °C, 24 h

1a

PPh 2 PPh
PhoP” T por, T O O
Fe (o)
OO <—~ PPh2  pPh, PPh; PPh, Ph,P
DPPE (L2) rac-BINAP (L3) DPPF (L4) Xantphos (L5) (R,R,R)-SKP (L6)

Y. Jin, Y. Makida, T. Uchida, R. Kuwano, J. Org. Chem. 2018, 83, 3829.



Controlling Regioselectivity in Quinoline Hydrogenation
Ph Ru(methallyl)>(cod) (2.5 mol%)

Ru Examples of Exclusive N o (23 rrn“g,'//
. 2 3 °
Carbocycle Hydrogenation M Hy (5.0 MPa),

i-PrOH (0.2 M), 80 C 24 h

1a
SO
PPh 2 PPh
PhoP” T PPh; ©_ : ,\></, W,
OO @—Pth PPh, PPh; PPh, Ph,P
DPPE (L2) rac-BINAP (L3) DPPF (L4) Xantphos (L5) (R,R,R)-SKP (L6)
entry ligand yield of 2a (%)” yield of 3a (%)” 2a:3a” er of 2a“
1 PPh,? 0 21 0:100
2 L2 0 21 0:100
3 L3 2 92 2:98
4 L4 5 77 6:94
5 LS 9 49 16:84
6 L6 54 44 55:45 70:30
7° L1 >99” 0 100:0 79:21

“Reactions were conducted on a 0.1 mmol scale under 5.0 MPa of H, at 80 °C for 24 h unless otherwise noted. The ratio of 1a (0.2 M)/Ru/L1/
K,CO s was 40/1.0/1.1/8.0. "Determined by '"H NMR analysis. “Determined by chiral HPLC analysis. 5.5 mol % of PPh; was used. “On a 0.2 mmol
scale. /2a was isolated from the reaction mixture quantitatively.

A large bite angle of bisphosphine = key to achieving carbocycle regioselective hydrogenation
Y. Jin, Y. Makida, T. Uchida, R. Kuwano, J. Org. Chem. 2018, 83, 3829.



Controlling Chemoselectivity in Quinoline Hydrogenation

First-row Chemoselective Arene Hydrogenation

2.0 mol% Mn(CO)sBr

B 2.2 mol% SL1c
N R 10 mol% KO'Bu NT*R

1,4-dioxane, 80 °C, 16 h s H

60 bar

3
i 4a, R'=H, 97%, 97% ee? 4¢™' R'=6-Br, 98%, 97% ee
R ., 4b,R'=8-Cl, 94%, 91% ee  4f*" R'=6-l, 59%, 94% ee
H 4c®, R'=7-Cl, 98%, 92% ee  4g, R'=6-Me, 99%, 96% ee
4d, R'=6-F, 97%, 93% ee  4h® R'=6-OMe, 94%, 93% ee

Ph

paco N
N® “u

4i H 4 N
97%, 95% o6 (92%, 94% ee)® 94%,91%00

4k, R"=H, 98%, 90% oo @j
CO O B CO
N 4m,R"=p-OMe, 82%, 89% ee R

4n®, R"=p-'Bu, 82%, 97% ee 40¢

89%, 86% ee
4p° 4q 4r”
90%, 88% ee 99%, 88% ee 98%, 93% ee

@j, oTMsS CfNj NS
Ses Bt

H /"Pentyl H | /
4s® at° 4u®
96%, 91% ee 60%, 93% ee 87%, 93% ee

4v° 4)(b
95%, 90% ee 77% 91% ee 93%, 90% ee

Wide range of functional group tolerances

C. Liu, M. Wang, S. Liu, Y. Wang, Y. Peng, Y. Lan and Q. Liu, Angew. Chem., Int. Ed., 2021, 60, 5108-5113.



Controlling Chemoselectivity in Quinoline Hydrogenation

First-row Chemoselective Arene Hydrogenation
2.0 mol% Mn(CO)sBr
N o S

R-m & My 2.2 mol% SL1c R'm

N° R 10 mol% KO'Bu N7SR
3 60 bar 1,4-dioxane, 80 °C, 16 h 4 H
. 4a, R'=H, 97%, 97% ee® 4o, R'=6-Br, 98%, 97% ee
" ., ~ 4b,R'=8-Cl,94%, 91% ee  4f°" R'=6-l, 59%, 94% ee

H 4c®, R'=7-Cl, 98%, 92% ee  4g, R'=6-Me, 99%, 96% ee

4d, R'=6-F, 97%, 93% ee  4h®, R'=6-OMe, 94%, 93% ee

Ph

N “u
4 H 4 N
97%, 96% 00 (92%, 94% 00)° 94%,91%00
4k, R"=H, 98%, 90% o0 @j
NT 4m,R"=p-OMe, 82%, 89% oo H
H 4nd, R"=p-'Bu, 82%, 97% o0 40¢

89%, 86% ee

G~ T I

O

4p¢ .-b
90%, 88% ee 99%, aa% ee 98%, 93% ee
@j ,_~_OTMS CfNj NS
H "Pentyl H H | 2
4s® 4t° 4u®
96%, 91% ee 60%, 93% ee 87%, 93% ee
u "Octyl
4v° 4)(b
95%, 90% ee 77% 91% ee 93%, 90% ee

Wide range of functional group tolerances

2 mol% [Mn]
m . 10 mol% KO'Bu @(j
~ + 2 - -
N 1,4-dioxane, 80 °C,16 h u Z
3a i
Me -
Qi oF v Qi
)\, )\’ Me
Oc,:w| «N 2 oc,, +| N oc, +|
sy - oc”' [~ oc”| *p%

Cco Phz ge co th Fe co Phy ge
Mn-2¢c Mn-2b Mn-2g
98% yield, 97% ee (S) 32% yield, 60% ee (R) <5% vyield

The central NH group is crucial for reactivity via metal-ligand cooperation

C. Liu, M. Wang, S. Liu, Y. Wang, Y. Peng, Y. Lan and Q. Liu, Angew. Chem., Int. Ed., 2021, 60, 5108-5113.



Controlling Chemoselectivity in Quinoline Hydrogenation

2.0 mol% Mn(CO)sBr
B o S -
R.m + H, 2.2 mol% °L1c R'm - . »
N" R 10 mol% KO'Bu N7 R
3 60 bar 1,4-dioxane, 80 °C, 16 h 4 H ) .
H ~ D A) H N f 4 \‘
R"{:\rj 4a, R'=H, 97%, 97% ee®  4e", R'=6-Br, 98%, 97% ee N ~ N ‘_H
NP, 4B R=8CL94% 91% e  4f" R'=6-l, 59%, 94% ee VRN VAR
H 4c®, R'=7-Cl, 98%, 92% ee  4g, R'=6-Me, 99%, 96% ee ; i ! J T i
4d, R'=6-F, 97%, 93% ee  4h", R'=6-OMe, 94%, 93% ee Mn Mn
S ~ ~ R,
Ph C oc | c
0 b PhaP bnap
N™ % 'A\e
4 H 4b H .
97%, 96% ee (92%, 94% ee)® 94%,91%e0 B . Q e N 3 ‘Q |

n—n stacking

4k, R"=H, 98%, 90% oo @j -
m/ /@R.. 41, R"=m-F, 99%, 89% oo " r W - o *& 0.2
N 4m,R"=p-OMe, 82%, 89% o H ‘ e
H ¥ e

4n°, R"=p-'Bu, 82%, 97% 40°
S o 89%, 86% ee ! . . "
() o i ' 9. © 2
el el @O D &5 Ll &R
O /\©: ¢ ¢ * e ¢ * “e
4p¢ 9 ¢ h g ol
90%, 88% ee 99%, aa% e 98% 93% eo ° . ° .
) - ' - N
NP (:\’/Nj _~_OTMS sy NS *o° € o ¢ ¢ P I
N "Pentyl N H 3 @ 0.02
4sP at° 4u°
96%, 91% oo 60%, 93% ee 87%, 93% ee 12-ts (0.0) 15-ts (2.0)

ij @j /\)\ (:(j Figure 1. NCI analysis of 12-ts and 15-ts (blue: attraction; green: wea
interaction; red: repulsion). Relative Gibbs free energies (in kcal mol™

u "Octyl
b 4xb are reported in parentheses.
95%, 90% ee 77% 91% ee 93%, 90% ee
Wide range of functional group tolerances The central NH group is crucial for enantioselectivity via

metal-ligand cooperation

C. Liu, M. Wang, S. Liu, Y. Wang, Y. Peng, Y. Lan and Q. Liu, Angew. Chem., Int. Ed., 2021, 60, 5108-5113.



Controlling Diastereoselectivity in Arene Hydrogenation

All-cis-(muilti)fluorinated cycloalkanes- A Highly Polar Substrate Class

A

0.1-1.0 mol % 2
50 bar Hy
: R 150 mg 4 A MS
F_
2 0.07-0.5 M in hexane
3 25°C, 24 h

R DippN BC AN
F_g 2 ) .*.
@Rh—CI

Fluorinated building blocks

All-cis-(multi)fluorinated cyclohexanes

OTBS

Q

7a, 93%, 13:1 d.r.

BPin

Q

7e, 61%, >20:1 d.r.¥

C02Me

Q

7i, 80%, 9:1 d.r.

o
=
vy}
»

F
7m, 97%, >20:1 d.r.¥

(IOTBS /O’ BPin
F F

7b, 96%, 16:1 d.r.”

QNHBOC
F

71, 81%, 6:1 d.r.t

BPin
/OANHBOC F
F
F

7i, 90%,5 7:1 d.r. 7K, 71%, 9:1 d.r.

oTBS oTBS
F F F
F F

oTBS oTBS

7n, 38%, >20:1 d.r.

7c, 88%, 9:1 d.r.¥

C[NHBOC
F

79, 63%, >20:1 d.

70, 21%, >20:1 d.r.¥

QBPin
F

7d, 82%, 8:1 d.r.}

F

r¥  7h, 80%, 7:1d.r.
OTBS
F F
F

71, 68%, 7:1 d.r.t

OH
CO,Me

e

7p, 42%

oL oL

F
8a, 90%! 8b, 96%,517:1d.r.  8c, 81%, 6:1 d.r. 8d, 65% (97%),"
>20:1 d.r.¥
F
F: : :F F F F F F
F F F’(;[F FI;[F F F
F F F
8e, 60%, >20:1 d.r.¥  8f, 26%, >20:1 d.r.¥ 8g, 42%, >20:1 d.r.¥ 8h, 34%, >20:1 d.r.¥
F F F
F. F F F
F F F z I
F F F A

F
8Kk, 96%, 15:1 d.r.

o

8m, 91%, 20:1 d.r.

8i, 56%, >20:1 d.r.}
é@

8l, 74%, 6:1 d.r.

8j, 12%, >20:1 d.r.¥

conformers

M. P. Wiesenfeldt, Z. Nairouk7h, W. Li, F. Glorius, Science 2017, 357, 908.




Controlling Diastereoselectivity in Arene Hydrogenation

All-cis-(muilti)fluorinated cycloalkanes- A Highly Polar Substrate Class

F
il I
H

H*/ B
or LA, -HF

HF-
elimination

M. P. Wiesenfeldt, Z. Nairoukh, W. Li, F. Glorius, Science 2017, 357, 908.

B-fluorine-
elimination

"""""""""""""""""""""""""""""""""""""""

4
B-fluorine-
elimination

MI—H
wf ]

hydrode-
fluorination

H
[M]—H R
oxidative
addition or 5
SpNAr
Ho
[M]—H




Controlling Diastereoselectivity in Arene Hydrogenation

All-cis-(muilti)fluorinated cycloalkanes- A Highly Polar Substrate Class

B-fluorine-
elimination

"""""""""""""""""""""""""""""""""""""""

F A~LF [M]—H F MI—H :
R_(\/[H R{/\t[M]_H R oxidative R

M. P. Wiesenfeldt, Z. Nairoukh, W. Li, F.

7 4 3 addition or 5
SpNAr
B-fluorine- hydrqde-.
elimination fluorination
H*/ B Ho Hy
> R | > R—
HF-
elimination 6

How to prevent hydrodefluourination? Solvent Choice

Glorius, Science 2017, 357, 908.



Controlling Diastereoselectivity in Arene Hydrogenation

All-cis-(muilti)fluorinated cycloalkanes- A Highly Polar Substrate Class

Entry Solvent Conversio  Yield  Yield Yield 7a Ratio
n [%] S5a[%] 6a[%] [%](dr) (7a:5a+6a)
+ 1 MeCN 0 0 0 0 -
2 MeOH 92 1 75 8 (6:1) 1:9
3 CF;CH20H 100 0 52 24 (10:1) 1:2
4 DCE 100 0 19 80 (12:1) 4:1
%‘ 5 CHxCl, 100 0 16 77 (13:1) 5:1
:g; 6 THF 98 0 26 69 (25:1) 3:1
7 Et,0 100 0 9 91 (18:1) 10:1
8 Dioxane 54 0 12 39 (21:1) 3:1
9 Cyclohexane 100 0 3 92 (14:1) 30:1
10 Hexane 100 0 4 95 (15:1) 25:1

M. P. Wiesenfeldt, Z. Nairoukh, W. Li, F. Glorius, Science 2017, 357, 908.



Controlling Diastereoselectivity in Arene Hydrogenation

A Privileged System: Rh-CAAC

1) 33 (0.5-2.0 mol%)
HBpin (2.0—4.0 equiv.)

R_(\\_F R—/\—F
"\N/) 4 A MS (50 mg), H, (50 bar) kN)
THF (1.0 M), 25-40 °C, 24 h P'G
2) H* or TFAA or (Boc),0
73 74
Scope - over 40 examples — up to 10 mmol scale
eq eq eq
B
NHBoc Bpin W
F X (TFaX ax F\(TF ax ax g F ax
) h \ 0
Boc Boc TFA Boc
74a, 94% b, 73% 7a, 79% 74c, 34%
97:3d.r. 24:1d.r. >99:1 d.r. 9:1dr.

M. P. Wiesenfeldt, Z. Nairoukh

, T. Dalton and F. Glorius, Angew. Chem., Int. Ed., 2019, 58, 10460.

Dippzb%>

i
z—=Rh—ClI
Ny
Y/,
Rh-CAAC 33




Controlling Diastereoselectivity in Arene Hydrogenation

A Privileged System: Rh-CAAC

1) 33 (0.5-2.0 mol%)
HBpin (2.0-4.0 equiv.)

. - o i
KNa' 4 A MS (50 mg), H, (50 bar) kN)
THF (1.0 M), 2540 °C, 24 h P'G
2) H* or TFAA or (Boc),0
73 74
Scope - over 40 examples — up to 10 mmol scale
eq eq eq
B
NHBoc Bpin s
KTFax ﬁTFax ax F\(\/rf:ax ax g F ax
X '.“ ) \
Boc Boc TFA Boc
74a, 94% b, 73% 7a, 79% 74c, 34%
97:3d.r. 24:1d.r. >99:1 d.r. oM dr

M. P. Wiesenfeldt, Z. Nairoukh, T. Dalton and F. Glorius, Angew. Chem., Int. Ed., 2019, 58, 10460.

Dipphb&>

'
ZARh—Cl
N
Rh-CAAC 33
33 (1.0-2.0 mol%)
(Bl 4 AMS (50 mg) [B]
's - Y
Z H, (50 bar)
78 CH,Cl, or HFIP (0.5 M) 79
0.5 mmol 25°C,24h >40 examples
BPin BPin
B(OH),
0 mBMIDA
O N N
Boc Boc
79a,69%  80a, 97%, >99:1 d.r. b, 70% c, 94%, 19:1 d.r.



Controlling Diastereoselectivity in Arene Hydrogenation

Sterics vs. Electronics in Diastereoselective Hydrogenation

Rh/Al,O5 or Rh/C H H
H, (50 bar) : 1

- I + |

EtOH or n-hexane : |
H

H
99 cis-cis, 100 cis-trans, 101
Sterically-driven if @ =-Me, -COOR, -COOH, -CONHR, -OR, -OH

—> cis-cis as major diastereomer (d.r. up to 92:8)

if @ =-NH, Electronically-driven
—> cis-trans as major diastereomer (d.r. = 1.5:98.5)

If steric repulsive interactions dominate, If the substituent is haptophilic, hydrogen is
then hydrogen is transferred to the transferred to the same face of the substituent
opposite face of the substituent and the and the cis—trans product is favored

cis—cis product is obtained

V. S. Ranade, G. Consiglio and R. Prins, J. Org. Chem., 1999, 64, 8862.; V. S. Ranade, G. Consiglio and R. Prins, J. Org. Chem., 2000, 65, 1132.



Controlling Diastereoselectivity in Arene Hydrogenation

Metal Dictates Selectivity of Cyclohexanol

Rh: cis-selective

H, (5-10 bar)
Rh-CAAC (2 mol%) DipoN
OH 4AMS or SiO, PP é ~—
R
©/ n-heptane (0.4 M) -Ej

40°C,24h

h—Cl

@&

1, 0.4 mmol 3 Rh-CAAC

OH B OH OH
/O/ t u\O/OH /O/ MeOZC\/O/
R BocHN

3a,’ R= Me, 77%, 91:9d.r. 3¢, 80%,°91:9d.r. 3d,98%, 63:37 d.r.  3e,”90%, 73:27 d.r.
3b,” R= tBu, 90%, 93:7 d.r.  85%,” 66:34 d.r.

eO pinB ™S Me N

3f, 76%, 80:20 d.r. 39,°94%, 76:24 d.r. 3h,/92%, 78:22 d.r. 3i,998%, 94:6 d.r.

Note: Phenols with simple alkyl chains could be hydrogenated
using [Rh(COD)CI], as a precatalyst

M. Wollenburg, A. Heusler, K. Bergander and F. Glorius, ACS Catal., 2020, 10, 11365.



Controlling Diastereoselectivity in Arene Hydrogenation
Metal Dictates Selectivity of Cyclohexanol

Rh: cis-selective Pd: trans-selective

H, (5-10 bar)
OH 5 wt% Pd/Al,O3 (2-4 mol%) ~OH
GG (2 R@ n-heptane (0.4 M) or iPrOH (0.2 M) R-@
Rh-CAAC (2 mol%) Di N; 3 A ) e oun
OH 4A MS or SiO, L 80 °C, 24
R
@ n-heptane (0.4 M) -E:r

1, 0.4 mmol 2

Rh cl L OH OH OH
40°C,24 h O ,O /O
R iPr R
1,:0:4:memol 8 Rh-CAAC 2a, R = Me, 90%, 80:20 d.r. 2c, 88%, 87:13 d.r. 2d, R = tBu, 90%, 87:13 d.r.
2b, R = Et, 87%, 80:20 d.r. 99%, 88:12 d.r. (33.3 mmol)
2e, R = tAm, 99%, 91:9 d.r.
OH B OH OH ' , :
i 5 tBu : LOH ::/ MeO,C :: P WOH WOH WOH
R BocHN BocHN” i HN” : B°°HNV©
3a,’ R=Me, 77%, 91:9d.r. 3c, 80%,°91:9d.r. 3d,“98%, 63:37d.r.  3e,?90%, 73:27 d.r. 2, 84%, 80:20 d.r. 2,59 78%, 88:12 d.r. (from -NH;) 29,2 93%, 77:23 d.r.
3b,” R=tBu, 90%, 93:7 d.r.  85%,°66:34 d.r. 2f,%9 80%, 89:11 d.r. (from -NO,)
OH OH OH OH 87%, 90:10 d.r. (3.0 mmol; from -NO,)
ISANNCANNG
O e O™ " O
O pinB ™S Me™ N Me0,C Et0,C
3f, 76%, 80:20 d.r. 39,°94%, 76:24 d.r. 3h,92%, 78:22d.r.  3i,998%, 94:6 d.r. 2h, 99%, 56:44 d.r. 21589%; 7624 d.x 2, 91%; 78:22d..
IO IoN ol
pinB T™MS Ph
2k, 65%, 78:22 d.r. 21, 86%, 85:15 d.r. 2m 4 76%. 90:10 d.r.

Note: Phenols with simple alkyl chains could be hydrogenated
using [Rh(COD)CI], as a precatalyst /O ©OH Me_Me

BocN HO : : “'OH

M. Wollenburg, A. Heusler, K. Bergander and F. Glorius, ACS Catal., 2020, 10, 11365. 2n,°979%, 87:13d. 20,°87%, 67:31:2.d.r.° 2p,©72%, 90:10d.r.




Controlling Diastereoselectivity in Arene Hydrogenation

Metal Dictates Selectivity of Cyclohexanol : Exceptions to the Rule
H, (5 bar)
~OH [Pd] or [Rh] (2-4 mol%) _~O(H)
R_' > R—
O n-heptane (0.4 M) or DCE (0.4 M) O/

temperature, 24 h

1, 0.4 mmol
5 wt% Pd/Al,O3 [Rh(COD)CI], + 4A MS 5 wt% Pd/Al,O4
n-heptane, 80 °C n-heptane, 40 °C DCE, 60 °C
H H 0
s Me\M\OH HN\OH /g Follows the trend
H Me Me
trans cis
2a, 90% (99%), 80:20 d.r. 3a, 77% (93%), 91:9 d.r. 4a, 81%
H H
Me (0] .
1 QHﬁ\O“ MOH U Both give the
-3 Mé Mé thermodynamically more stable
cis cis cis-diastereomer
3ab,® 86% (98%), 83:17 d.r. 3ab, 74% (92%), 73:27 d.r. 4ab, 77%°
H H 0
12 %QH %\Hou (/V[ Follows .the trend, but only
H Me Me slightly for Pd
trans cis
2ac,” 82% (98%), 55:45 d.r. 3ac, 70% (94%), >95:5 d.r. 4ac, 90%°

The catalytic system based on rhodium provides cis-products consistently, whereas the catalytic system based on palladium gives
access to the thermodynamically more stable diastereomers

M. Wollenburg, A. Heusler, K. Bergander and F. Glorius, ACS Catal., 2020, 10, 11365.



Controlling Diastereoselectivity in Arene Hydrogenation

Disubstitution Pattern Determines Diastereoselectivity

Bu
/ \ X — Ar
NG /S
/ Mo . 1 R2 Mo —> R' R2
ip N | \_-SiMe; |RLR ’ M
r
l\ H2, CyH
SiMes 60 °C
iPr
(4-'Bu-"PrPDI)Mo(Ns),
5 mol% [Mo], 4 atm H,, 48h 10 mol% [Mo], 32 atm H,, 24h
81% NMR Yield 40% NMR Yield 24% NMR Yield
79:21d.r. 75:25d.r. 50:50 d.r.

Similarity amongst PDIMo and OIPMo: Diastereoselectivity decreases from 1,2-> 1,3-> 1,4

Joannou, M. V.; Bezdek, M. J.; Chirik, P. J. ACS Catal. 2018, 8, 5276.; Greenbaum, J.; Pecoraro, M.; Tosatti, P.; Plntener, K.; Chirik, P. J. Manuscript in Preparation.



Controlling Diastereoselectivity in Arene Hydrogenation

Disubstitution Pattern Determines Diastereoselectivity

Bu

Bu
! N Ny—Ar oY
i NG / /N\M/ 5 mol % [Mo]
Mo . 1 R2 Mo J—> R!' Rw X o, 1 R2
R" R o ) 1 R2 R" R
el e T

H2, CyH
SiMes 60 °C 80 atm H2, CyH
| | 80 °C, 24 h
'Pr 'Pr

(4-'Bu-"PrPDI)Mo(Ns), (4-'Bu-B“OIP)Mo(COD)

5 mol% [Mo], 4 atm H,, 48h 10 mol% [Mo], 32 atm H,, 24h
: _k //,' \\\k ‘\\k
@L RS O‘ O“
\\““
39% Yield o v o
81% NMR Yield 40% NMR Yield 24% NMR Yield >20:1 d.r. 8130/_°1\ger'd 9% /<1) \glfld
79:21 d.r. 75:25d.r. 50:50 d.r. 87% ee ar 1dr

Similarity amongst PDIMo and OIPMo: Diastereoselectivity decreases from 1,2-> 1,3-> 1,4

Joannou, M. V.; Bezdek, M. J.; Chirik, P. J. ACS Catal. 2018, 8, 5276.; Greenbaum, J.; Pecoraro, M.; Tosatti, P.; Plntener, K.; Chirik, P. J. Manuscript in Preparation.



