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The amide functional group is ubiquitous in organic chemistry Table 1. Optimization of the Oxidative Amidation of Aldehydes
. . . . a
and is an important motif in polymers, natural products, and With Amine Hydrochloride Salts

pharmaceuticals. The most prevalent strategy for amide bond o catalvst. base 0
formation relies heavily upon the interconverison of activated J .+ 7NHeHel m Ph)J\N/\
carboxylic acid derivatives with an amidddowever, due to the A 80°C, overnight H
lability of activated carboxylic acid derivatives, alternative strategies 1a 2a 3a
toward the synthesis of amides have been explored. Examples g, catalyst base solvent yield (%)?
include the utilization of azides as amine equivalents in the modified

. } : : . 1 Cul 35
Staudinger reactiohhydrative amide syntheses with alkyrfeand > cul EtN 42
thio acid/ester ligation methddTransition-metal-catalyzed car- 3 cul NaHCQ 72
bonylation of alkene$ alkynes] and haloarenésvith amines has 4 Cul, AglO; NaHCG; 78
also been employed for amide synthesis. Finally, the direct 5 Cul, AglOs NaHCQ MeCN 73
utilization of the acyl C-H of aldehydes under oxidative conditions g 83: ﬁg:% m:ng% H20 ggd
with amines can also serve as an attractive entry into anflides. 8 CuliAgIOs NaHCQ; 9%

Progress into this methodology has been hampered thus far due to

limitations, such as the need for expensive transition-metal catalystTB‘i‘_| l?je(nczaldsegyﬁe (EO eqUiV)l, ;:thylan;ine 'JCl (1|-5 e((JéJiE)I), bellf)/e)(_l-l equiV),
=5.5Min decane, 1.1 equiv), and catalyst (5.0 mol %) in solvent
and poor substrate scope. . .. (C=5.0M).PReported yields were based on benzaldehyde and determined
Recently, we reported a copper-catalyzed stereoselective oxida,y NMR Using an internal standarelAfter addition of sat. NaHC®

tive esterification of aldehydes wifhtdicarbonyl compounds using  solution.d Cul (2.5 mol %), AgIQ (2.5 mol %).¢ Cul (1.0 mol %), AgIQ
tert-butyl hydroperoxide (TBHP) as an oxiddfitin light of our (1.0 mol %).

recent success in that oxidative esterlflc_atlon rgacpon, we Furned Table 2. Optimization of the Copper-Catalyzed Oxidative

our attention to the much more challenging amidation reaction of Amidation of Aldehydes with Amine Hydrochloride Salts?

simple aldehydes and amines. Herein, we present an efficient

i o Cul, AglO; 0
copper-_catalyzed oxidative amidation protocol between aldehydes Ph)J\H + Et0OC” NH,*HCI base, oxidant, solvent on )J\N -
and amines (eq 1). 80°C, overnight H

1 2

i R—NH e j\ 1 i : ®
+ — _— '
R)]\H 2 oxidant R H’R ™ entry base solvent oxidant yield (%)°

1 NaHCQ TBHP 39
At the onset of the research, we made a conscious effort to 2 CaCQ TBHP 35
develop a catalytic system that would address the limitations of 2 g:g% Me(l)?h TT;:'}E f‘?
the _pr_eviously re_portepl oxidative amidation reactions. Dur_ing_the 5 caCcQ MfaCN TBHP 69
preliminary studies with the CuBr/TBHP system, the oxidative 6 CaCQ MeCN T-HYDRO 93

amidation of aldehydes with primary amines was met with little
success partly due to the competing oxidation reaction of the amine.(l iBeezf\f/i)'dgz)éiem((ll-oleequlj?e), %)lﬁi?leoemg: ;S)tegngil (I%isoer?wgilvo)/’ )base
We ratlonallz_ed that tht_a cqrrespondlng amine h)_/dr_ochlorlde s_alt in'soh?ent C —50 M.). bF?epo'rted yieids Werg based %n benzaldghyde
would be resistant to oxidation, and therefore, optimization studies and determined by NMR using an internal standard.

were performed with benzaldehyda and ethylamine hydrochlo-

ride 2a as substrates (Table 1). After screening a variety of copper proved to be a poor substrate, and a variety of side product
salts, Cul was determined to be the most effective catalyst to formation was observed. Thus, further optimization studies were
generate the desired ami@a. The addition of a base improved performed in order to develop a better catalytic system that was
the reaction significantly, with inorganic bases such as NaglCO more functional group compatible (Table 2).

providing the best yields (entries 2 and 3). The reaction conditions  From control studies, we quickly established that the base was
were improved slightly with the introduction of Agkadditive. the cause for the undesirable side reactions. Unfortunately, from
The introduction of a solvent did not improve the oxidative our previous optimization studies, the base was shown to be critical
amidation reaction (entries 5 and 6). Surprisingly, when the catalyst for the success of the amidation reaction. Thus, we attempted to
loading was reduced, amide formation increased significantly and utilize a very insoluble base, such as Cadéntry 2). Although

a quantitative yield of amid8a was obtained (entries 7 and 8). the yield of amide3gwas low using CaC®@as a base, the reaction
However, when the scope of the reaction was explored, we quickly was clean. Solvents were then introduced into the system in order
discovered that only simple aliphatic amines were viable under the to provide a medium for efficient stirring (entries-3). The most
optimized reaction conditions. For example, glycine ethyl ester dramatic improvement was observed when the solvent in the oxidant
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Table 3. Copper-Catalyzed Oxidative Amidation of Aldehydes with
Amine Hydrochloride Salts@

o Cul, AglO; o
+ R—NH.e .
RJ\H RTNH;=HCI CaCO,, THYDRO® R H’R
MeCN, 40°C, 6h
1a-f 2a-g 3a-l
entry aldehyde R amine HCI R’ product yield (%)?
1 la Ph 2a Et 3a 91
2 la Ph 2b Bn 3b 71
3 la Ph 2c CH2Bn 3c 89
4 la Ph 2d cyclohexyl 3d 73
5 la Ph 2e Bu 3e 39
6 la Ph 2f CH,CH.CI 3f 89
7 la Ph 29 CH,COOEt 3g 91
8 1b 4-Me—CgH4 29 CH,COOEt 3h 91
9 1c 4-MeO—CgH4 29 CH,COOEt  3i 78
10 1d 4-Cl—CgHg4 29 CH,COOEt 3j 81
11 le 4-NO,—CgHy 29 CH,COOEt 3k 49
12 1f cyclohexyl 29 CH,COOEt 3l 39

a Aldehyde (1.0 equiv), amine HCI (1.5 equiv), Ca€.1 equiv),
T-HYDRO (1.1 equiv), Cul (1.0 mol %), and AgkJ1.0 mol %) in MeCN
(C = 5.0 M). PIsolated yields were based on the aldehyde.
was switched from decane to water (entry6)The reaction
conditions were further optimized, and the reaction was shown to
be completen 6 h at 40°C.

With the further optimized conditions in hand, we explored the

Scheme 1. Tentative Mechanism for the Oxidative Amidation of
Aldehydes with Amine HCI Salts
X
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In conclusion, we have developed an efficient copper-catalyzed
protocol for the formation of amides from aldehydes and amine
HCI salts using TBHP as an oxidant. Further investigations into

the scope, mechanism, and synthetic application of this reaction

are now in progress.
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scope of the oxidative amidation reaction of aldehyti@sf with
amine hydrochloride saltda—g (Table 3).

Generally, the copper-catalyzed amidation reaction proceeds well
to provide the desired amid8s—I in high yields. Steric effects of
the amine HCI salts may play a role since a bulky group, such as
Bu, provided amideSe in low yield (entry 5)}2 Remarkably, the

amidation occurred even in the presence of other electrophiles, such

as alkyl chloride (entry 6) and ester (entriesI2). The oxidative
amidation was also compatible with a variety of electron-rich and
electron-poor aryl aldehydes (entries BL). When aliphatic alde-
hyde 1f was utilized as a coupling partner, the desired an3ide
was obtained with a low yield (entry 12). Interestingly, when the
oxidative amidation reaction was applied to optically active amine
ester2h, the reaction proceeded smoothly in high yield without
racemization (eq 2).

0 Cul, AglO; 0
+ CaCO;, T-HYDRO P
Ph)I\H MeOOC” “NH,*HCl  MeCN, 40°C. 6h PN N "coome (2)
1a 2h (91%) 3m
99% ee 99% ee

A tentative mechanism for the oxidative amidation of aldehydes
for amide formation is proposed in Scheme 1. The oxidative
amidation of the aldehyde may be envisioned by the initial
deprotonation of the amine HCI salt to the free amine. Nucleophilic
addition of the free amine to aldehyde would generate carbinolamine
intermediate4, which then may be oxidized by Cu(l)/TBHP to
generate the desired amide produéts'Mechanistically, it is also
plausible that amide formation may arise from a transamidation
reaction with a carboxylic acid derived from the direct oxidation
of the aldehyde. However, when benzaldehyde was replaced with
benzoic acid, the expected amide was not observed under the
optimized reaction conditions.
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