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Synthesis of Amides via Dehydrogenative Coupling

2007-Present: High Atom Economy of Amide Bond Formation

H H H O
/ catalyst R’
R)QOH R'—N > R)J\N’ + 2H,
H A H

Example of Catalysts Used (2007-Present)
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This work: Transition-metal catalysis of amide bonds using non-precious metals

Gnanaprakasam, B.; Milstein, D.J. Am. Chem. Soc., 2011, 133, 1682-1685.
Spasyuk, D.; Vicent, D.; Gusev, D. G. J. Am. Chem. Soc. 2015, 137, 3743.

Lane, E. M.; Uttley, K. B.; Hazari, N.; Bernskoetter, W. Organom%tallics, 2017, 36, 2020.
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Non-Precious metals used in Dehydrogenative Coupling
Beller Group (2015)

(\PiPrg
H H | \H-BH,

o) HN—Feé—CO
H |
OH 1 PiPr,
OH  base O +2H, 1
A

Bernskoetter Group (2017)

[—— PLP )

H H ’ o) N—Fe—CO
Moy R=N 2 L Re e,
R™ "OH - A N“" +2H, H
R' 2
Limitations:

Only works with methanol
Only works with secondary amines

Pena-Lopez, M.; Neumann, H.; Beller, M. ChemCatChem 2015, 7, 865.

Lane, E. M.; Uttley, K. B.; Hazari, N.; Bernskoetter, W. H. Organometallics 2017, 36, 2020.
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Milstein Previous Work with Mn Pincer Complex

Milstein (2016)- Imines \\/<
P
4
HH H 3 / N—\I'\/In<Co
/ N R' — / CcO
R)QOH R—N ——> R” °N" +H,+H,0 P
. A . <
H %
Previously reported with: Ru, Ir, Os, Co 3
Milstein (2017)- Formamides | 'TfF’(r:zo
‘N—MA—CO
HH H O Hy o1
o 4 N H PiPr,
" “oH R=N =~ —— HJ\N’R + 2H,
H |
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Previously reported with: Ru 4
Milstein (2017)- Amides o
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HOWXOH R'_N\ E i ( N + 4H2
n
H
H H o)
Mukherjee, A.; Nerush, A.; Leitus, L.; Shimon, J. W.; Ben-David, Y.; Espinosa-Jalapa, N. A.; Milstein, D. 5

J. Am. Chem. Soc. 2016, 138, 4298.
Chakraborty, S.; Gellrich, U.; Diskin-Posner, Y.; Leitus, G.; Avram, L.; Milstein, D. Angew. Chem. Int. Ed. 2017, 56, 4229.
Espinasadatapa i &oufumar, A.; Leitus, G.; Diskin-Posner,pégeMlitstein, D. J. Am. Chem. Soc. 2017, 139, 11722. 11/149/2017



Ligand Choice 1

Milstein (2017)- This Paper: base-metal-catalysis of amides H
Bri
H H H 5 \ ’}NtBU
X RN KH " 7 “N—Mn—CO
R OH X — s — /|
H 120°C P &0
B
40 h B2
5
Entry Alcohol Amine Solvent Time Conva Product(s) Yield®
(h) (%) (%)
1¢ " 0H NH, methyl 40 70 o 34
S8 cyclo /\/\)J\N/\O
hexane H
NN \{) 26
0]
/\/\)'\OW 18
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Next Ligand Choices

Choice 2:
NEt
/:/‘/ 2
\ N—Mn—CO
% /| inactive

P co
tBUQ

6
Analogous to Ru catalyst used for the amide coupling

Choice 3:
|
NtBu
J < Mn(CO)gBr _
— RT active
PPh, - CO
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Reaction Optimization

7
(5 mol%) 9
\/\,/\\/OH ! /©/\NH2 pese " /\/\)J\N + 2 H2
toluene H
24-48h
entry time solvent | temp base (mol%) | conversion amide yield *
(h)
1 24 toluene | 110°C No base 0 0
2 24 toluene | 110°C | KOtBu (5%) 70% 45%
3 24 toluene | 110°C KOtBu (10%) | 75% 55%
4 24 toluene | 110°C | KOtBu (20%) | 27% 17%
5 24 toluene | 110°C | KOtBu (100%) | 10% 10%
6 24 toluene | 110°C | KH (10%) trace trace
7 24 toluene | 135°C KOtBu (10%) | 65% 43%
8 24 dioxane | 110°C | KOtBu (10%) | 60% 40%
9 48 toluene | 110°C KOtBu (10%) | 99% 89 %
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7

(5 mol%)

O
KOtBu (10 mol%) PN
- R

RSoH  +  R7TUNH 2h2

tol, 110°C, 48h

hee Yoy, e, Al

A (72%) B (80%) C (76%) D (85%)

IS ° ° °
N/\©\ \/\)J\N/\©\ /\/\)J\N/\Q\ /\/\)-LN/\G
Cl
E (84%) F (71%) G (81%) H (86%)
0 0 0
M eH
Can)J\H B CeH13)L\H CeHri™ N oo Competing self-dehydrogenative
N7 OMe coupling of 1-butylamine
1 (80%) J (77%) (32%)

Poor yields with benzyl acohols due to imine side-products
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Mechanism

H 7 1) Deprotonation of the N-H site
Br| l K'OBu
I}NtBu
/_\N—/Mn—-CO H ’8
2
° <|:o -NBu R™OH
""" 6)dehydrogenation /
£ Snyerosenato N—Mn—CO 2) Reaction of 1 with alcohol
Ph,
H o
H | C |
| NtBu “Ni{Bu
7 “N-Mr-co 7 N-Mh—c
=/ =/
P co P o_R
Ph, . Phs
/?L 4
AN o
R H R o 3) Arm-opening of 4
c H 4) Hemiaminal BU leads to f-hydride
5) f-hvdrid " Nty formationand H-N CO elimination
) B-hydride < Y dehydrogenation ' H
elimination o N—/Nin—CO 7 N—MH=CO
H D
Phpz O\I,N\_,R' >_/< p/(|) R Coordination important:
i R H, R'/\NHZ Phs ﬁ/ prevents imine formation
Leila Terrab @ Wipf Group Page 9 of 11 | H in next step 11/199/2017



Amides from Esters

O 5 mol%) 0O
R)I\ ~r v 2 R, KOBU(OmOI%) R)LN/\R. v 2H,
tol, 110°C, 48-72 h H
T Entry Ester Amine Conv. [%] Yield [9%]
Br
I}NtBu b] /\j\ /@/\NHz
/_\N-—-Mn-—-CO 1 o . 99 83
P/ | o NH,
PhZCO 2lb] /\)J\OM ©/\/ 99 85
7
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30) oA Cl/@/\ © o4 86
Q NH
41 A~ /Q/\ i 91 85
2 " NH
5lb] PPN SN | ’ 99 94
O
NH
6! @J*O@ Q/\ ? 95 55
o
NH
71c] @/‘\/N\O/\\ /@'/\ 2 99 50/30
c 0 / N
gl oA g HN O 95 95
gld N\j\ow HN 84 75
0l P AN N—
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Conclusion

* Dehydrogenative coupling reaction between alcohols and 1°/2°
amines using Mn can now be done with Mn instead of Ru.

H H H Q
. Mn catalyst R'
R)QOH R'—N T R)J\N’ + 2H,
H H

* Optimized Ligand choice to avoid ester and imine byproducts. Lower
steric bulk of 7 provides better binding than 5. Binding crucial to
selectivity: avoids imine and ester formation.

H

Bri H

Br’

S }NtBU }}NtBu
_ N_/Ni”'co /_‘N—/lvin—co
P
CO P
tBUz PhZCO

5 7

 Used Mn ligand developed to couple esters and amides, but the
selectivity is limited.
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