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Abstract: A fascinating oxidation of alkynes mediated by CAN di-
rected by the amide group to synthesize N-[2-(2-0x0-2-phenylace-
tyl)phenyl]benzamide derivatives under mild conditions is
reported. Excellent yields were obtained with various substituents
by this method.
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Synthetic drugs and natural products mainly consist of 0x-
ygen widely present in their compounds.' 1,2-Dicarbonyl
functionalities are mostly available in bioactive natural
products. Moreover, they are versatile building blocks for
the major pharmaceutical drugs.? Therefore, the develop-
ment of oxygen-containing molecules and their applica-
tions are playing an important role in medicinal
chemistry.

Various methods have been reported to synthesize 1,2-
diketones, such as oxidation of carbon-substituted al-
kynes,? heteroatom-substituted alkynes,* substitution of
oxalyl chloride,’ oxidation of a-hydroxy ketones,® oxida-
tion of a-keto acid chloride,’ and also with other meth-
ods.” Despite this, several drawbacks such as high
temperatures, using metal catalysts like palladium,'3 8
gold,’ ruthenium,'® KMnO,,"" and via other reagents,'?
low chemoselectivity, high toxicity, and low functional-
group tolerance have been reported; accordingly, there is
a need to develop a new pathway for the synthesis of dik-
etones. Cerium(IV) compounds mainly act as oxidants
from lanthanide reagents. They are expected to be very
strong one-electron oxidants, where the oxidation reac-
tions in organic synthesis with Ce(IV) are dominated by
radical and radical-cation chemistry.”® Oxidation of al-
kyne has been reported with cerium(IV) ammonium ni-
trate (CAN),'* but, unfortunately, the yields were very low
as well as the scope of the reaction was very narrow in
forming the other byproducts. Herein, we describe our
studies to a more general investigation of this phenome-
non, with the formation of 1,2-diketones from alkynes.
We observed the influence of the ortho-amide group
which supported the oxidation of internal aryl alkyne.
Based on our literature survey, CAN has not yet been ex-
ploited as a reagent for the synthesis of various 1,2-di-
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ketone compounds. 1,2-Diketone formation from alkynes
may be of interest to chemists working in the field of dy-
namic combinatorial chemistry.

Furthermore, we also explored the 1,2-diketone formation
with a variety of oxidative reagents,'> viz., CAN, Dess—
Martin  periodinane  (DMP), cerium(IV) sulfate
[Ce(S0,),], CeF,, AgSbF,, ZrCl,, InCl;, NiCl;, PCC,
AgNO;, Mn(OAc);, KMnO,, ZnCl,, PdCl,, and potassi-
um ferricyanide K;Fe(CN),. Herein, we describe our stud-
ies of general investigations of the 1,2-diketone formation
from alkynes.

To examine the feasibility of this idea, we investigated the
treatment of N-(2-phenylethynylphenyl)benzamide 1a
with 1.5 equivalents of various oxidizing reagents in the
presence of air and acetonitrile as solvent at 28—80 °C for
24 hours (Table 1, entries 1-10). Raise of temperature re-
sulted in the decomposition of the starting material. With
CAN and Ce(SO,), (Table 1, entries 1 and 2) the com-
pound 2a furnished yields 62% and 60%, respectively.
Very low yields were obtained for CeF, and AgSbF, (Ta-
ble 1, entries 3 and 4) as 32% and 41%, respectively. Re-
actions were not successful with ZrCl,, InCl;, NiCl;, PCC,
AgNO;, Mn(OAc);, and K;Fe(CN), (Table 1, entries 5—
10 and 16). Compound 1a was studied for the possibility
of reaction with the other oxidizing reagents in dichloro-
methane as solvent at 28—40 °C for 24 hours (Table 1, en-
tries 11-14 and 17). With Mn(OAc);, DMP, and ZnCl,
(Table 1, entries 11, 12, and 14), reactions were unsuc-
cessful. Low yields were observed with KMnO, and CAN
as 51% and 37% respectively (Table 1, entries 13 and 17).
Compound 1a with PdCl, in DMSO as solvent at 140 °C
for 24 hours was not tolerated (Table 1, entry 15). Under
screened conditions, CAN showed the most prominent re-
sults compared to the other oxidizing reagents, and further
optimization reactions were therefore carried out with
CAN (Table 1, entries 18-21). When the reaction was
conducted in the presence of CH,Cl, and MeCN in a 1:1
ratio, the yield afforded 65% (Table 1, entry 18). In a sim-
ilar way, the reactions were performed in different ratios
of CH,Cl, and MeCN such as 1:2 and 1:3 resulting in an
improved yield of 73% and 74%, respectively (Table 1,
entries 19 and 21). The reaction with 50 mol% CAN in the
presence of O, (1.0133 bar) and CH,Cl, and MeCN in a
1:3 ratio at 28 °C for 24 hours furnished a yield as high as
92% (Table 1, entry 20). The role of oxygen was also stud-
ied: The reaction was carried out in the presence of nitro-
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gen, and the desired compound obtained a yield of 20%
(Table 1, entry 22).

With the optimized reaction conditions in hand (Table 1,
entry 20), we explored the scope and limitations of this
method. As shown in Figure 1, a variety of functional
groups like NO,, F, CI, CF;, Me, and Et were tolerated un-
der optimized reaction conditions. The lack of the pres-
ence of substituents on the aromatic rings was tolerated
with an excellent yield of 92% (2a).!” Ring B with Me, Cl,
F, and NO, at the para position afforded excellent yields
of 80-94%, respectively (2b—e).!” Substituents (Et, Cl, F,
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and NO,) on ring B and ring C at the para positions pro-
duced high yields of 84-95%, respectively (2f, g, and 2i—
D).

Ring C with F at the para position also resulted in a yield
of 86% (2h). The reaction proceeded smoothly with CF;
on ring A and obtained a yield of 81% (2m). The reaction
examined with CF; on ring A and F on ring C was also
well tolerated to produce the desired product with an 88%
yield (2n). Ring A and ring B, having substituents like
NO,, F, and CF;, transformed into their desired products
20 and 2p with yields of 78% and 79%, respectively. The
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Figure 1 CAN-mediated oxidation for the formation of N-[2-(2-0x0-2-phenyl-acetyl)phenyl]benzamide derivatives
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three rings while containing substituents also afforded
high yields of 85% and 88% (2q'® and 2r). Finally, all the
reactions were successful with high yields irrespective of
their functional group. Even when the reaction was per-
formed with strong or weak electron-withdrawing or elec-
tron-donating group still resulted in good yields. The
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Figure 2 ORTEP diagram of 2q

structure of 2q was confirmed by single-crystal X-ray
crystallographic analysis (Figure 2).

Control experiments were performed with different func-
tional groups on both of the rings to prove that the reaction
was directed by the amide (Figure 3). Reactions with mol-
ecules A and B containing fluoro and ethyl groups at the
meta position were not successful under the optimized re-
action conditions. Hydroxy, amine, and nitro groups at or-
tho positions in reactions with molecules C, D, and I were
not tolerated. We have studied the influence of amine and
amide groups in the meta and para positions; in this case
also the reaction did not progress (reactions with com-
pounds E-H). These results have shown that mainly the
ortho-amide-group effect influenced the synthesis of the
desired diketones.

A plausible mechanism was proposed by Wille,'* with
CAN to produce the diketone compounds from alkynes.
In their report the reaction was not selective to give only
the diketones, and they also observed the formation of
monoketone with the CAN. In our reaction we have ob-
served the formation of diketone product selectively in the
presence of oxygen with high yields. The role of oxygen
was unknown in this reaction. In our mechanism (Scheme
1) the CAN coordinates with the amide oxygen and nitro-
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Figure 3 Control experiments to prove the amide is a directing group: no reaction in all cases (A-I)
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Scheme 1 Plausible mechanism for the formation of diketones
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gen atoms to direct the nitrate ion easily to attack the al-
kyne and further oxidization of alkyne to form diketone.

In summary, we have developed a facile and efficient
method for the synthesis of N-[2-(2-oxo0-2-phenylace-
tyl)phenyl]benzamides 2 from N-(2-phenylethynylphe-
nyl)benzamide 1 under mild reaction conditions. Further
studies on the reaction mechanism and extension of the

Table 1 Optimization of Reaction Conditions to Synthesize 1,2-Di-

ketones 2a
g Pq

| X
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e g WA 0
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N solvent, 24 h AN o)

H | ¢

=

1 2
Entry  Reagent® Solvent Temp Yield
0 ()
1 CAN MeCN r.t. 62
2 Ce(S0,), MeCN rt. 60
3 CeF, MeCN r.t. 32
4 AgSbF, MeCN rt. 41
5 ZrCly MeCN 80 0
6 InCl4 MeCN 80 0
7 NiCl, MeCN 80 0
8 PCC MeCN 80 0
9 AgNO; MeCN 80 0
10 Mn(OAc); MeCN 80 0
1 Mn(OAc), CH,CL, 40 0
12 DMP CH,Cl, It 0
13 KMnO, CH,CI, 40 51
14 ZnCl, CH,Cl, 40 0
15 PdCl, DMSO 140 0
16 K;Fe(CN)g MeCN r.t. 0
17 CAN CH,CI, rt. 37
18 CAN MeCN-CH,CL (1:1)  rt. 65
19 CAN MeCN-CH,ClL, 2:1)  rt. 73
20 CAN (0,) MeCN-CH,CL, 3:1)  rt.  92¢
21 CAN MeCN-CH,CL, 3:1)  rt. 74
2 CAN (N,) MeCN-CH,CL, (3:1)  rt. 20

2 All reactions were carried with 1.5 equiv.

b Reaction time was 24 h.

¢ Reaction was carried with 50 mol% of the reagent.
4 Under nitrogen.
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work are in progress. Further biological activities of these
compounds are also under investigation.
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General Procedure

A mixture of the substituted N-(2-phenylethynylphenyl)-
benzamide 1 with CAN (50 mol%) in MeCN and CH,Cl, as
1:3 ratio under oxygen 1.0133 bar pressure at 28 °C for 24 h,
monitored by TLC, extracted with CH,Cl, and H,O layer
was washed with CH,Cl,. Combined organic layers were
washed with H,O and brine, dried over anhyd Na,SO,,
filtered, concentrated, and purified by column
chromatography (CH,Cl,—hexane, 2:3) to give

the corresponding compounds 2.
N-[2-(2-Oxo-2-phenylacetyl)phenyl]benzamide (2a)
Yellow solid; 92% yield; mp 116-118 °C. 'H NMR (400
MHz, CDCly): 6 = 12.33 (NH), 9.10-9.07 (m, 1 H), 8.13—
8.10 (m, 2 H), 7.98-7.96 (m, 2 H), 7.71-7.51(m, 9 H), 7.14—
7.15 (m, 1 H). 3C NMR (100 MHz, CDCl,): § = 199.3,
193.0, 166.1, 142.8, 137.3, 135.2, 134.3, 134.2, 132.7,
132.3, 130.0, 129.2, 129.1, 129.0, 127.5, 127.1, 122.8,
120.9, 118.2. HRMS (EI): m/z caled for C,;H;sNO;Na:
352.0950; found: 352.0948.
4-Methyl-N-[2-(2-0x0-2-phenylacetyl)phenyl]benzamide
(2b)

Yellow solid; 85% yield; mp 128-130 °C. 'H NMR (400
MHz, CDCl,): 6 = 12.30 (NH), 9.09-9.07 (m, 1 H), 8.02—
7.96 (m, 4 H), 7.72-7.62 (m, 3 H), 7.56-7.52 (m, 2 H), 7.34—
7.32 (m, 2 H), 7.13-7.09 (m, 2 H), 7.33 (d, /= 8.4 Hz, 2 H),
7.11 (t,J=8.0 Hz, 1 H), 2.44 (s, 3 H). *C NMR (100 MHz,
CDCl,): 6=199.3,193.0, 166.2, 143.0, 137.3, 135.1, 134.2,
132.8, 131.5, 130.0, 129.6, 129.2, 127.6, 122.6, 120.9,
118.2,21.5. HRMS (EI): m/z calced for C,,H;;NO;Na:
366.1106; found: 366.1105.

CCDC number for compound 2q is CCDC 872227.
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