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Cobalt bromide catalyzed Negishi-type cross-coupling of amides
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- Cheap CoBr, salt pre-catalyst
- Easy to handle procedure
- Functional group tolerance
- Use of eco-compatible solvent
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ABSTRACT: In this manuscript, a novel Negishi-type cross-coupling of amides was described employing only cobalt bromide salt
as catalyst. This original reaction is highly tolerant toward various glutarimide amides as well as organozinc coupling partners.
These conditions also allow to perform the cross-coupling reaction in an eco-compatible solvent such as ethyl acetate on a large

scale.

The robustness of the amide bond makes it one of the most
abundant bonds in the nature® and, probably, explains its pres-
ence in many biologically active molecules or in polymers
among others.>* This particular stability of the amide function
is due to its planarity, coming from the conjugation between
the nitrogen lone pair and the n-system of the carbonyl moi-
ety.* However, it is possible to destabilize this planar structure
through distortion of the C—N amidic bond thanks to steric
and/or electronic effects on the substituents of the nitrogen.>®
These activated “distorted” amides’ *° appear more reactive to
many reaction conditions' and, since 2015,"™ have even
shown to be efficient electrophilic coupling partners for transi-
tion metal-catalyzed transformations by direct insertion into
the C—N amidic bond to create carbon—heteroatom and car-
bon-carbon bonds.'®*" These latters include decarbonylative'®
as well as acyl cross-coupling reactions to form valuable ke-
tone products.’*? If many conditions have been disclosed to
achieve diarylketones,"® % the synthesis of aryl/alkyl ketones
from aliphatic organometallic species®** remains challenging,
in particular due to competing decomposition of the or-
ganometallic species via B-hydride elimina-
tion/protodemetalation processes.”® Whereas the groups of
Rueping (Ni)*" and Szostak (Pd)*® were able to develop alkyla-
tive redox-neutral Suzuki-Miyaura reaction with alkyl boron-
based coupling partners (Scheme 1a.),”® the group of Garg
disclosed an interesting alkylative Negishi cross-coupling
under nickel catalysis using low distorted N-,Me,Ts aryla-
mides (Scheme 1b.).*® Nonetheless, those protocols are using
either expensive palladium catalyst or highly air-sensitive
Ni(cod), precursor with the requirement of carbene as ligand
for all methodologies. Hence, the development of a cheaper
and/or easier to handle general methodology for the synthesis
of aryl/alkyl ketones from amides is still greatly desirable.

Although still quite underused compared to its metal counter-
parts palladium and nickel, cobalt has already proven to be
quite useful to catalyze cross-coupling reactions, with the
advantages of necessitating very simple ligands or no ligand at
all.*** Besides, our group already showed the efficient ability
of cobalt catalysts to activate the amidic bond of twisted am-
ides to perform the thermodynamically unfavored esterifica-

tion® of N-Boc amides® as well as the acylating Negishi cou-
pling of amides to achieve diarylketones.”® Therefore, in the
continuity of our work we report herein a very easy-to-handle
alkylation of amides with aliphatic organozinc catalyzed from
distorted arylglutarimides by the sole CoBr, salt with high
functional group tolerance which would complement Garg’s
methodology in terms of applicability (Scheme 1c.).

Scheme 1. Preparation of aryl/alkyl ketones from amides
with aliphatic organometallic reagents.
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Inspired by our previous work,”® we initiated our investigation
reacting N-benzoyl glutarimide (1a) and n-pentylzinc bromide
(2a) (2.0 equiv.) in presence of CoBr, (20 mol%) in MeCN
(0.5 M), and were delighted to observe the formation of 1-
phenylhexan-1-one (3aa) in 77% NMR yield after one night at
room temperature (Table 1, entry 1). No real influence was
observed if 2a was prepared by direct insertion of metallic
zinc or by transmetallation with Grignard reagent. However,
2a synthesized by direct insertion in DMF completely shut
down the reaction probably due to the solvent nature which
could deactivate the cobalt catalyst (see SI, 11-3). Interestingly,



replacing 2a by its more nucleophilic homolog dipentylzinc
led to a huge drop in the selectivity of the reaction and af-
forded 3aa in less than 5% yield (Table 1, entry 2). Addition
of 2a at 0 °C with further rising to room temperature resulted
in a decreased yield of 3aa (69%) (Table 1, entry 3), which
might be due to a lack of reactivity of the amide partner with
the active species at lower temperature and concurrent degra-
dation processes with the alkylzinc reagent. Of note, the reac-
tivity is compatible with many solvents especially 1,4-dioxane
which afforded quantitative yield of 3aa (Table 1, entry 4).
Remarkably, more eco-compatible solvents such as AcOEt
(Table 1, entry 5) or propylene carbonate (Table 1, entry 6) are
also suitable for the transformation leading to 3aa in interest-
ing yields of 72% and 61% respectively. (R&I) However, amide
polar aprotic solvents such as DMA or DMF completely shut
down the reactivity (Table 1, entry 7) which was in accor-
dance with the result observed with 2a in DMA. Using the
optimal solvent 1,4-dioxane (Table 1, entry 4), a smaller
amount of both 2a (Table 1, entry 8) and CoBr, (Table 1, entry
9) resulted in a decreased yield of 3aa. Surprisingly, the pres-
ence of ligands such as PPhs, dppe or bipyridine decreased the
efficiency of the cobalt catalyst, while the use of CoCl, led to
a slight increase of the efficiency but with reproductibility
problem due to its low solubility in dioxane (see SI, 1I-4).
Finally, control experiment showed no reaction in the absence
of CoBr, (Table 1, entry 10).

Table 1. Optimization study®

o o CoBr; (20 mol%)

1 CsHy1ZnBr (2a) in THF i
2.0 equiv.
Pre SN N ——20eav) ooy
1a MeCN (0.5 M) 3aa

o rt,12h
entry variation yield (%)°
1 none 7
2 Pent,Zn instead of PentZnBr <5
3 0 °C to r.t. instead of r.t. 69
4 1,4-dioxane instead of MeCN 99
5 AcOEt instead of MeCN 72
6 Propylene carbonate instead of MeCN 61
7 DMA instead of MeCN 0
entry 4 as new standard conditions
8 1.5 equiv. of PentZnBr 90
9 10 mol% CoBr, 84
10 No CoBr, 0

®Reactions performed on 0.25 mmol scale. See the SI for full
details. °NMR yield using 1,3,5-trimethoxybenzene as internal
standard.

With the optimal conditions in hand, we then evaluated the
efficiency of this catalytic system on different amides showing
high yield only with glutarimide derivatives while succinimide
and di-Boc ones led to moderate yields. However, it appeared
completely inefficient towards N-Boc, N-Ts as well as N-Ph
amides leading to untouched starting materials which highlight

well the complementarity of this reaction with the previous
methodologies described by Garg, Rueping and Szostak.

Scheme 2. Evaluation of active amide derivatives.?
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®Reactions performed on 0.25 mmol scale. See the Sl for full
details. NMR vyield using 1,3,5-trimethoxybenzene as internal
standard.

The scope of the reaction towards functionality tolerance was
then investigated. The reaction turned out to be very efficient
with a large variety of aryl amide derivatives possessing me-
thyl (3ja-3la), methoxy (3ma, 3na) or even ester groups (3pa)
leading to the corresponding coupling products with near
quantitative yields. Substituents in the para and meta positions
had no influence on the efficiency of the reactivity whereas in
the ortho position, a decreasing yield was observed in particu-
lar for hindered groups. This trend could be either due to steric
hindrance between the carbonyl moiety of the amide and the
catalyst or the result of a stabilization of a cobalt intermediate
through chelation between the ortho chelating functional
group and an acyl-cobalt intermediate explaining the low yield
obtained for 3na. The same phenomenon of stabiliza-
tion/poisoning of the catalytic organo-cobalt intermediates was
also observed when chelating functional groups, such as some
hetero-aromatic substituents, were present in the substrates
leading to a large decrease in the yields (3ga, 3ua, 3va and
3wa). However, high conversions could be restored, in the
case of 3ga by using stochiometric amount of cobalt salt
avoiding this stabilization / poisoning problem. The reaction
tolerates also chlorinated aryl moiety (3ra) but led to a mix-
ture of coupling products when its brominated counterpart
(3sa) was employed. Indeed, three different products could be
identified: the target one resulting of the coupling towards the
amide moiety (3sa), the product originated from the
protodehalogenation of the bromoaryl moiety (3aa) and a last
one where both amide and bromoarene were coupled with the
pentylzinc bromide. Finally, a remarkable functional group
tolerance has been noticed on the side of the alkylzinc partner.
Indeed, the methodology of direct insertion of metallic zinc
allows the formation of organozinc compounds bearing vari-
ous functional groups which was employed in the cross-
coupling and allowed the synthesis of the coupling products
bearing ester (3ah), acetate (3ag) and even nitrile (3af)
groups, even though the same chelating/stabilizing limitation
effect has been observed for this later.



Scheme 3. Scope of the reaction®.
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c. Large scale synthesis in AcOEt
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& Reactions conditions: 1 (0.5 mmol), 2 in THF (1 mmol) and CoBr, (20 mol%) in dioxane (1 mL). Isolated yields. See the Sl for full

details
®1 equiv. of CoBr2

In order to demonstrate the high usefulness of this methodolo-
gy, a large-scale synthesis has been performed in dioxane and
in an eco-compatible solvent such as ethyl acetate leading to
the isolation of coupling product in gram scale with 71% and
57% yields respectively. It is noted that a slight decrease of the
yield was observed when AcOEt was used instead of dioxane
which followed the same tendency observed during the screen-
ing of the reaction conditions.

Scheme 4. Proposed mechanism
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In term of mechanism, we performed some tests in order to
identify the cobalt active species involved in this reaction.
Dia- or paramagnetic NMR studies did not allow to identify
organocobalt intermediate probably due to the paramagnetic
nature of the active species. Some experiments of crystalliza-
tion and mass spectroscopy were performed in order to isolate
and identify the active cobalt species formed by reaction be-

3

tween the organozinc coupling partner and CoBr, but no con-
vincing results were obtained. However, the GC analysis of
the reaction between cyclohexylzinc iodide and cobalt bro-
mide in THF allowed to titrate the amount of bicyclohexyl
formed which was in direct correlation with the oxidation state
of organocobalt intermediate. Only traces of bicyclohexyl
compared to internal standard could be detected in GC even
with different stoichiometry which tends to demonstrate that
no low-valent organocobalt intermediate is involved in the
reaction. Therefore, we proposed a mechanism involving an
organocobalt (+I1) intermediate (1) as active species which
was formed by transmetallation between the cobalt bromide
and the alkylzinc coupling partner (2). This organocobalt (1)
could then activate the distorted amide through
carbometallation step into the carbonyl moiety of the amide
leading to the intermediate (11). After elimination of cobalt
glutarimide 111, the cross-coupling product was produced and
the active species | was regenerated by a ligand exchange step
on 111 with the alkylzinc coupling partner. However, we could
not exclude, at this stage, a classical mechanism involving an
oxidative addition step into the amidic bond, which would
require deeper mechanistic investigations in particular to de-
termine the real oxidation state of the active species.

In conclusion, this manuscript describes a really simple and
straightforward methodology to perform acylating Negishi-
type cross-coupling due to a cobalt catalyst involving only
cobalt bromide salt. These simple conditions allow the use of
eco-compatible solvents such as AcOEt and tolerate various
functional groups such as ester or chlorinated compounds.
However, the absence of ligand brought some limitations in
particular for chelating functional groups such as pyridine,
thiophene or even nitrile which probably poisoned the active



species. This main drawback could be overcome by increasing
the amount of catalyst until 100 mol% in the case of nitrile
compounds. The reaction is very robust and allows the synthe-
sis of functionalized molecules in gram scale.

ASSOCIATED CONTENT

Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website.

General experimental details, optimization of reaction, exper-
imental procedure, characterization data, and NMR spectral
data (PDF)

AUTHOR INFORMATION

Corresponding Author

* Grégory Danoun — LCM, CNRS, Ecole polytechnique, Institut
Polytechnique de Paris, 91120 Palaiseau, France;

E-mail: gregory.danoun@polytechnique.edu.

Notes

The authors declare no competing financial interest.

ACKNOWLEDGMENT

We thank the LSO for chemicals donating and NMR analysis and
Sophie Bourcier for HRMS analysis. GD and OS also thank the
"Agence Innovation Defense" for their financial support notably
for the postdoctoral grant of OS. Finally, all the authors are very
grateful to the CNRS and the Institut Polytechnique de Paris
which supports this work.

REFERENCES

1) The Amide Linkage: Structural Significance in Chemistry,
Biochemistry, and Materials Science; Greenberg, A., Breneman, C.
M., Liebman, J. F., Ed.; New-York: Wiley-Interscience, 2000.

) Pattabiraman, V. R.; Bode, J. W. Rethinking Amide Bond
Synthesis. Nature 2011, 480 (7378), 471-479.

3) Kaspar, A. A.; Reichert, J. M. Future Directions for Peptide
Therapeutics Development. Drug Discov. Today 2013, 18 (17), 807—
817.

4) Kemnitz, C. R.; Loewen, M. J. “Amide Resonance”
Correlates with a Breadth of C—N Rotation Barriers. J. Am. Chem.
Soc. 2007, 129 (9), 2521-2528.

(5) Liu, C.; Szostak, M. Twisted Amides: From Obscurity to
Broadly Useful Transition-Metal-Catalyzed Reactions by N—C Amide
Bond Activation. Chem. — A Eur. J. 2017, 23 (30), 7157-7173.

(6) Kaiser, D.; Bauer, A.; Lemmerer, M.; Maulide, N. Amide
Activation: An Emerging Tool for Chemoselective Synthesis. Chem.
Soc. Rev. 2018, 47 (21), 7899-7925.

(@) Meng, G.; Zhang, J.; Szostak, M. Acyclic Twisted Amides.
Chem. Rev. 2021, 121 (20), 12746-12783.

(8) Rahman, M. M.; Pyle, D. J,; Bisz, E.; Dziuk, B.; Ejsmont,
K.; Lalancette, R.; Wang, Q.; Chen, H.; Szostak, R.; Szostak, M.
Evaluation of Cyclic Amides as Activating Groups in N-C Bond
Cross-Coupling: Discovery of N-Acyl-6-Valerolactams as Effective
Twisted Amide Precursors for Cross-Coupling Reactions. J. Org.
Chem. 2021, 86 (15), 10455-10466.

9) Buchspies, J.; Rahman, M. M.; Szostak, R.; Szostak, M. N-
Acylcarbazoles and N-Acylindoles: Electronically Activated Amides
for N-C(O) Cross-Coupling by Nlp to Ar Conjugation Switch. Org.
Lett. 2020, 22 (12), 4703-4709.

(10) Rahman, M. M,; Liu, C.; Bisz, E.; Dziuk, B.; Lalancette,
R.; Wang, Q.; Chen, H.; Szostak, R.; Szostak, M. N-Acyl-
Glutarimides: Effect of Glutarimide Ring on the Structures of Fully
Perpendicular Twisted Amides and N-C Bond Cross-Coupling. J.
Org. Chem. 2020, 85 (8), 5475-5485.

(11)  Szostak, M.; Aubé, J. Chemistry of Bridged Lactams and
Related Heterocycles. Chem. Rev. 2013, 113 (8), 5701-5765.

(12) Hie, L.; Fine Nathel, N. F.; Shah, T. K.; Baker, E. L.;
Hong, X.; Yang, Y.-F.; Liu, P.; Houk, K. N.; Garg, N. K. Conversion
of Amides to Esters by the Nickel-Catalysed Activation of Amide C—
N Bonds. Nature 2015, 524 (7563), 79-83.

(13) Meng, G.; Szostak, M. General Olefin Synthesis by the
Palladium-Catalyzed Heck Reaction of Amides: Sterically Controlled
Chemoselective N-C Activation. Angew. Chemie Int. Ed. 2015, 54
(48), 14518-14522.

(14)  Meng, G.; Szostak, M. Sterically Controlled Pd-Catalyzed
Chemoselective Ketone Synthesis via N-C Cleavage in Twisted
Amides. Org. Lett. 2015, 17 (17), 4364-4367.

(15) Li, X.; Zou, G. Acylative Suzuki Coupling of Amides:
Acyl-Nitrogen Activation via Synergy of Independently Modifiable
Activating Groups. Chem. Commun. 2015, 51 (24), 5089-5092.

(16) Boit, T. B.; Bulger, A. S.; Dander, J. E.; Garg, N. K.
Activation of C-O and C-N Bonds Using Non-Precious-Metal
Catalysis. ACS Catal. 2020, 10 (20), 12109-12126.

(17) Li, G.; Ma, S.; Szostak, M. Amide Bond Activation: The
Power of Resonance. Trends Chem. 2020, 2 (10), 914-928.

(18)  Liu, C.; Szostak, M. Decarbonylative Cross-Coupling of
Amides. Org. Biomol. Chem. 2018, 16 (43), 7998-8010.

(19) Takise, R.; Muto, K.; Yamaguchi, J. Cross-Coupling of
Aromatic Esters and Amides. Chem. Soc. Rev. 2017, 46 (19), 5864—
5888.

(20)  Adachi, S.; Kumagai, N.; Shibasaki, M. Conquering Amide
Planarity:  Structural Distortion and Its Hidden Reactivity.
Tetrahedron Lett. 2018, 59 (13), 1147-1158.

(21) Meng, G.; Shi, S.; Szostak, M. Cross-Coupling of Amides
by N-C Bond Activation. Synlett 2016, 27 (18), 2530-2540.

(22) Dander, J. E.; Garg, N. K. Breaking Amides Using Nickel
Catalysis. ACS Catal. 2017, 7 (2), 1413-1423.

(23) Dorval, C.; Dubois, E.; Bourne-Branchu, Y.; Gosmini, C.;
Danoun, G. Sequential Organozinc Formation and Negishi Cross-
Coupling of Amides Catalysed by Cobalt Salt. Adv. Synth. Catal.
2019, 361 (8), 1777-1780.

(24)  Mehta, M. M.; Boit, T. B.; Dander, J. E.; Garg, N. K. Ni-
Catalyzed Suzuki—Miyaura Cross-Coupling of Aliphatic Amides on
the Benchtop. Org. Lett. 2020, 22 (1), 1-5.

(25) Boit, T. B.; Weires, N. A.; Kim, J.; Garg, N. K. Nickel-
Catalyzed Suzuki—Miyaura Coupling of Aliphatic Amides. ACS
Catal. 2018, 8 (2), 1003-1008.

(26) Jana, R.; Pathak, T. P.; Sigman, M. S. Advances in
Transition Metal (Pd,Ni,Fe)-Catalyzed Cross-Coupling Reactions
Using Alkyl-Organometallics as Reaction Partners. Chem. Rev. 2011,
111 (3), 1417-1492.

(27)  Liu, X.; Hsiao, C.-C.; Guo, L.; Rueping, M. Cross-
Coupling of Amides with Alkylboranes via Nickel-Catalyzed C-N
Bond Cleavage. Org. Lett. 2018, 20 (10), 2976-2979.

(28) Meng, G.; Szostak, M. Palladium/NHC (NHC = N-
Heterocyclic Carbene)-Catalyzed B-Alkyl Suzuki Cross-Coupling of
Amides by Selective N-C Bond Cleavage. Org. Lett. 2018, 20 (21),
6789-6793.

(29)  Amani, J.; Alam, R.; Badir, S.; Molander, G. A. Synergistic
Visible-Light Photoredox/Nickel-Catalyzed Synthesis of Aliphatic
Ketones via N-C Cleavage of Imides. Org. Lett. 2017, 19 (9), 2426—
2429.

(30)  Simmons, B. J.; Weires, N. A.; Dander, J. E.; Garg, N. K.
Nickel-Catalyzed Alkylation of Amide Derivatives. ACS Catal. 2016,
6 (5), 3176-3179.

(31) Gosmini, C.; Bégouin, J.-M.; Moncomble, A. Cobalt-
Catalyzed Cross-Coupling Reactions. Chem. Commun. 2008, 110
(28), 3221.

(32) Cahiez, G.; Moyeux, A. Cobalt-Catalyzed Cross-Coupling
Reactions. Chem. Rev. 2010, 110 (3), 1435-1462.

(33) Hammann, J. M.; Hofmayer, M. S.; Lutter, F. H.; Thomas,
L.; Knochel, P. Recent Advances in Cobalt-Catalyzed Csp2 and Csp3
Cross-Couplings. Synthesis (Stuttg). 2017, 49 (17), 3887-3894.



(34) Dorval, C.; Gosmini, C. Low-Valent Cobalt Complexes in (36) Bourne-Branchu, Y.; Gosmini, C.; Danoun, G. N-Boc-
C-X Coupling and Related Reactions. Cobalt Catalysis in Organic Amides in Cross-Coupling Reactions. Chem. — A Eur. J. 2019, 25
Synthesis. February 25, 2020, pp 163-205. (11), 2663-2674.

(35) Bourne-Branchu, Y.; Gosmini, C.; Danoun, G. Cobalt-

Catalyzed Esterification of Amides. Chem. — A Eur. J. 2017, 23 (42),
10043-10047.




