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Ammonium format and 10% Pd/C-induced ultrasound-mediated hydrogenation was performed on -lactams to produce -hy-
droxy amide derivatives. This reaction depends on the substitution on N1-C4 position of -lactam ring. A most probable mecha-
nism of this reaction is advanced.
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Introduction
The -lactam ring are integral structural motif present in

diverse antibiotics and are well known chemotherapeutic drugs
used for the treatment of variety of infectious disease1–5.
Albiet potential chemotherapeutic application they also serve
as an important synthetic building blocks in the synthesis of
medicinally privileged molecules6–9.

In continuation of our efforts towards the development of
newer synthetic strategy for the -lactam synthesis and their
medicinal application, we report here our unprecedented re-
sults based on hydrogenation reaction of -lactam com-
pounds.

Hydrogenation and hydrogenolysis with metal catalysts
are extremely fundamental reactions in chemistry10,11. In gen-
eral, this reaction is conducted with metal catalyst (for ex-
ample, palladium) and hydrogen gas under pressure12,13.
To avoid hydrogen gas, scientists have used different other
reagents to overcome their flammability and danger during
chemical reaction. Some of these methods have become
attractive. These procedures include formate salts14, Raney

nickel15, hydrazine16, cyclohexadiene17 and cyclohexene18

as the source of hydrogen gas.
Ultrasound-induced hydrogenolysis of -lactams with C-

4 aryl group to hydroxy amide derivatives is achieved by cata-
lytic transfer hydrogenation in excellent to good yield. This
method is rapid and produced products within a few minutes
under the condition stated. However, sterically congested -
lactams derived from polycyclic aromatic iminedo not undergo
N1-C4 bond cleavage under this condition. It is well docu-
mented in literature that cleavage of N1-CO bond in -lactam
is facile and could be easily achieved by the attack of nu-
cleophiles viz. H2O.

There are other possibilities of -lactam ring cleavage
reactions. The most probable is N1-C4 which could open the
new possibility for the synthesis valuable class of leading
compounds like -amino acid, -hydroxy acid, polyamides
and polyamino-alcohol (Fig. 1)19–22.

Results and discussion
The main limitation of the catalytic hydrogenation and

hydrogenolysis is the use of hydrogen gas in this process.
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Hydrogen gas is flammable in the presence of metals. It is
also necessary to remove excess hydrogen gas from the
reaction mixture by a vacuum pump to avoid explosion or
fire. In catalytic transfer hydrogenation procedure, a hydro-
gen gas donor is used at different temperature. In general,
alternative method is milder, less time consuming and easy
to handle in comparison to conventional catalytic reduction
method.

We have been engaged in the synthesis and biological
evaluation of -lactams for almost 30 years. On this basis,
we have prepared numerous diverse -lactams. It was found
that monocyclic -lactams with aromatic groups at nitrogen
and C-4 carbon undergo ring cleavage in the presence of
catalytic hydrogenation and transfer hydrogenation method.
This reaction produced open chain aromatic amides with di-
verse substitution. Ultrasound-mediated reaction proceed
smoothly at 40ºC temperature and the amides were obtained
within 10 min (Scheme 1).

To diversify the method and to correlate the anticancer
activity of amides derived from polyaromatic compounds, an
attempt was made to cleave the N1-C4 bond of trans N-
chrysenyl-3-acetoxy-4-phenyl-2-azetidinone 3c and trans N-
chrysenyl-3-phenoxy-4-phenyl-2-azetidinone 3b following
ultrasound-mediated method. Interestingly, no N1-C4 bond
cleavage was occurred in 3a or 3b. The starting materials
were recovered unchanged. Microwave irradiation method
was also performed with 3c and 3b using 10% Pd/C and
ammonium formate at 80 degree. But no open chain amides
were formed (Scheme 2).

Fig. 1. Possible bond cleavage in -lactam ring.

Table 1. Synthesis of (+/–) racemic -hydroxy/amino-N-arylamides
by palladium catalyzed catalytic hydrogenation under ultrasound

irradiationa

Entry Ar R1 Z Condition(s) Yieldb

(ºC, min) (%)
1 C6H5 C6H5 NH2 40, 5 70
2 C6H5 C6H5 OH 40, 10 80
3 C6H5 C6H5 OAc 40, 7 90
4 C6H5 4-MeO-C6H4 NH2 40, 5 85
5 C6H5 4-MeO-C6H4 OH 40, 10 80
6 C6H5 4-MeO-C6H4 OAc 40, 7 90
7 4-MeO-C6H4 C6H5 NH2 40, 8 85
8 4-MeO-C6H4 C6H5 OH 40, 10 75
9 4-MeO-C6H4 C6H5 OAc 40, 6 80

10 4-F-C6H4 C6H5 NH2 40, 8 85
11 4-F-C6H4 C6H5 OH 40, 10 80
12 4-F-C6H4 C6H5 OAc 40, 6 90
13 4-Me-C6H4 C6H5 NH2 40, 7 80
14 4-Me-C6H4 C6H5 OH 40, 10 85
15 4-Me-C6H4 C6H5 OAc 40, 6 90
aAll reaction was carried out with 1 mmol of beta-lactam, 3 equivalent
of ammonium formate and 20–50 mg of palladium charcoal in 2–3 mL
of ethanol under ultrasound-assisted reaction. bIsolated yield after pu-
rification.

Scheme 1. Synthesis of (+/–)--hydroxy/amino-N-arylamide by cata-
lytic hydrogenation under ultrasound condition.

Scheme 2. Attempt to cleavage of N1-C4 bond in polyaromatic -
lactams..
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The unusual behavior of polycyclic -lactams derived from
corresponding imine has greater bond energy associated with
N1-C4 bond of polyaromatic system. This is hypothesized
that the bulkier aromatic group cause heavy stearic hindrance
which impedes the approach of the hydrogen radical to cleave
the N1-C4 bond.

Mechanistically, these results can be explained through
the formation of radical produced by the attack of palladium
metal. Palladium assists a homolytic cleavage of benzylic
proton of beta-lactam ring (I). A second homolysis of C-N
bond produces a nitrogen radical (II). Intermediate III adopts
the route I to give amide (IV) in good yield when monocyclic
aromatic rings are present in N- of the ring. The driving force
is due to the stabilization of nitrogen radical through back
donation of the electron loan pair of carbonyl oxygen to the
empty p-orbital. This produces a stable radical. Polyaromatic
ring at N atom causes greater steric hindrance and as a re-
sult stabilization of radical intermediate is greatly hindered.
In addition, it appears polyconjugated system prefers pi-stak-
ing rather than stabilizing the nitrogen radical and thus, the
system reverts to the starting compound (Scheme 3).

Conclusions
Preparation of 2-hydroxy derivatives N-aryl amides is

achieved through ultrasound-mediated method. This reac-
tion is depended on the steric hindrance of the group present
at the nitrogen of the beta-lactams. It is important to note
that functionalization of the C-position of an aromatic amide
is difficult through a direct approach. Therefore, considering
the importance of the products described herein and the sim-
plicity of the method, we believe this method may find wide
application in chemical science.
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