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Abstract A copper-catalyzed approach for the synthesis of 1-acyloxy-
2,2,6,6-tetramethylpiperidines through the C–C bond cleavage of cyclic
or acyclic ketones was developed. In this chemistry, a combination of
CuCl2·2H2O, 1,10-phenanthroline monohydrate, and aniline was crucial
for the formation of the desired products by the reaction of ketones
with TEMPO. This research provides a new strategy for the further trans-
formation of α-aryl cyclic or acyclic ketones.

Key words copper catalysis, acyloxypiperidines, C–C bond cleavage,
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The importance of investigations on the cleavage of C–C
bonds stems from the unique potential of this reaction for
efficient rearrangements or multifunctionalizations of the
carbon skeletons of organic compounds.1,2 Compared with
strained C–C bonds, the cleavage of unstrained C–C bonds is
challenging from the energy point of view, but more desir-
able in terms of its synthetic applications and the easy
availability of starting materials.3

In the past few decades, a great deal of attention has
been focused on the cleavage of C–C(CO) bonds, because
carbonyl compounds such as ketones and aldehydes exist
widely in nature4 and are also commercially available or
readily accessible through chemical synthesis. The develop-
ment of transformations based on C–C bond cleavage of ke-
tones will undoubtedly enrich the range of tools available
for the utilization of carbonyl compounds.5

In relation to green and sustainable chemistry, the cop-
per/air catalytic system has many merits and is considered
an ideal choice for organic transformations.6 In the past de-
cade, copper-catalyzed cleavage of nonstrained open-chain
ketones for the synthesis of amides,7 aldehydes,8 or other
compounds9 has been achieved. In addition, Jiao and co-

workers conducted pioneering research on the copper-cat-
alyzed esterification of 1,3-diones10a and simple ketones.10b

However, these methods could be successfully applied to
acyclic ketones only. We recently developed a copper-cata-
lyzed oxidative C−C bond cleavage reaction of unstrained
ketones with air and amines (Scheme 1, Path a),11 in which
both cyclic and acyclic ketones are well tolerated to give oxo
amides or aldehydes and amides as products. In mechanis-
tic studies, we found that in the presence of a stoichiomet-
ric amount of 2,2,6,6-tetramethylpiperidine-1-oxyl (TEM-
PO), β-tetralone [3,4-dihydronaphthalen-2(1H)-one] was
converted into a 1-acyloxy-2,2,6,6-tetramethylpiperidine
derivative rather than the corresponding oxo amide. In a
continuing effort to explore this reaction, we report here a
copper-catalyzed synthesis of 1-acyloxy-2,2,6,6-tetrameth-
ylpiperidines from cyclic or acyclic ketones (Scheme 1, Path b).

Scheme 1  Copper-catalyzed cleavage of unstrained C–C bonds

After a slight change from the standard conditions pre-
viously reported, namely, the use of acetonitrile as a sol-
vent, we obtained 2-{3-oxo-3-[(2,2,6,6-tetramethylpiperi-
din-1-yl)oxy]propyl}benzaldehyde (3aa) in 93% isolated
yield by the reaction of β-tetralone with TEMPO (Table 1, en-
try 4).12 The combination of a copper catalyst (CuCl2·2H2O), a
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bidentate ligand (1,10-phenanthroline monohydrate; 1,10-
phen·H2O), and aniline proved to be crucial for this trans-
formation (entries 5–7). Note that the reaction became
sluggish when the amount of 1,10-phenanthroline mono-
hydrate was decreased to 10 mol% (entry 8). Other combi-
nations of copper salts with nitrogen-containing ligands
also catalyzed this reaction, albeit with lower efficiencies
(entries 1–3 and 9–11). In addition, changing the solvent or
temperature had significant impacts on the yield (entries
12–16).

Having noted the perplexing role of aniline in this reac-
tion, we screened a variety of amines to probe the exact
function of the amine (Table 2). For primary amines, an ani-
line with an electron-donating substituent gave a better re-
sult than one with an electron-withdrawing substituent
(Table 2, entries 1 and 2). A slight decrease in yield was ob-
served when butylamine or tert-butylamine was used (Ta-
ble 2, entries 4 and 5). As for secondary amines, the reac-
tion proceeded in the presence of diaryl or dialkyl amines,
providing similar outcomes (entries 6–8). Moreover, tertia-

ry amines also mediated this transformation (entries 9 and
10). Taken in combination with the observed negative effect
of decreasing the loading of the ligand (Table 1, entry 8),
these results imply that the amine might serve as a base
rather than as a ligand. However, the mechanistic details of
this chemistry are still unclear.

With the optimum reaction conditions in hand, we
commenced an exploration of the substrate scope (Table 3).
β-Tetralones bearing various substituents on the aromatic
ring were successfully converted into the desired products
in moderate to good yields (Table 3, entries 1–5). As for
benzo ketones, although indan-2-one was tolerated (entry
6), 2-benzosuberone (5,7,8,9-tetrahydro-6H-benzocyclo-
hepten-6-one) was incompatible (not shown). When α-
phenyl cyclic ketones with six- to eight-membered rings
were employed, decreased yields of the corresponding
products were obtained (entries 7–9). The scope could be
extended to an open-chain ketone (entry 10); in  this reac-
tion, the over-quantitative yield of aldehyde 3ja′ originates

Table 1  Screening of Reaction Conditionsa

Entry Catalyst Ligand Solvent Yieldb (%)

 1 Cu(OTf)2 1,10-phen·H2O MeCN 81

 2 Cu(OAc)2·H2O 1,10-phen·H2O MeCN 55

 3 CuI 1,10-phen·H2O MeCN 88

 4 CuCl2·2H2O 1,10-phen·H2O MeCN 93

 5 none 1,10-phen·H2O MeCN  0

 6 CuCl2·2H2O none MeCN  0

 7c CuCl2·2H2O 1,10-phen·H2O MeCN  0

 8d CuCl2·2H2O 1,10-phen·H2O MeCN 10

 9 CuCl2·2H2O pyridine MeCN 69

10 CuCl2·2H2O 2,2′-bipyridyl MeCN 81

11 CuCl2·2H2O TMEDA MeCN 69

12 CuCl2·2H2O 1,10-phen·H2O DCE 53

13 CuCl2·2H2O 1,10-phen·H2O acetone 88

14 CuCl2·2H2O 1,10-phen·H2O DMSO 39

15e CuCl2·2H2O 1,10-phen·H2O MeCN 87

16f CuCl2·2H2O 1,10-phen·H2O MeCN 43
a Reaction conditions: 1a (0.5 mmol), 2a (0.25 mmol), catalyst (0.025 mmol), ligand (0.05 mmol), aniline (0.025 mmol), solvent (2 mL), stirring, 40 °C, 24 h, 
under air (1 atm).
b Isolated yield.
c Without aniline.
d 10 mol% of 1,10-phen·H2O was used.
e At r.t.
f At 50 °C.
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from the side reaction of excess ketone.13 However, α-te-
tralone could not be used successfully in this transforma-
tion (entry 11).

Moreover, this reaction provides ready access to 1-acyl-
oxy-2,2,6,6-tetramethylpiperidines with various substitu-
ents in the 4-position of the piperidine ring (Scheme 2).

Table 3  Substrate Scope of Ketonesa

Table 2  Screening of Aminesa

Entry amines Yieldb of 3aa (%)

 1 (4-methoxyphenyl)amine 90

 2 4-aminobenzonitrile 69

 3 1-naphthylamine 76

 4 BuNH2 83

 5 t-BuNH2 79

 6 Ph2NH 82

 7 PhNHMe 73

 8 morpholine 73

 9 Ph3N 71

10 Et3N 67
a Reaction conditions, 1a (0.5 mmol), 2a (0.25 mmol), CuCl2·2H2O (0.025 mmol), 1,10-phen·H2O (0.05 mmol), amine (0.025 mmol), MeCN (2 mL), stirring 
40 °C, 24 h, under air (1 atm).
b Isolated yield.
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Table 3 (continued)

Finally, a set of reactions was conducted to demonstrate
the synthetic value of this transformation (Scheme 3). Prod-
uct 3aa was converted into oxime 4 by condensation with
hydroxylamine. The terminal alkene 5 and alkyne 6 were
readily synthesized by reaction of 3aa with a Wittig reagent
and the Ohira–Bestmann reagent [MeCOC(=N2)P(O)(OMe)2],
respectively. Sodium borohydride selectively reduced 3aa to

give the benzyl alcohol derivative 7. Complete reduction of
the two carbonyl groups of 3aa to give diol 8 was achieved
by treatment with LiAlH4 in THF.

In conclusion, we have developed a copper/air catalytic
system for the cleavage of unstrained C–C bonds of cyclic or
acyclic ketones. The results of this research will enrich
range of tools available for the utilization of α-aryl cyclic or
acyclic ketones.

 5 72

 6c 53

 7d 50

 8e 22

 9e 36

10f 74 (3ja) 109 (3ja′)

11 (not detected)

a For reaction conditions, see Table 1, entry 4.
b Isolated yield.
c PhNHAc and MeCN–acetone (3:1) were used as the amine and solvent, respectively, at r.t.
d 60 °C, 48 h.
e 80 °C, 48 h.
f 60 °C, 36 h.
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