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Abstract—We report here the design, synthesis, and antibacterial activities of novel classes of compounds containing chiral 1,3-oxaz-
inan-2-ones and oxazolidinones as the basic core structures. These compounds are tertiary amines containing the core structures and
two aryl substituents. Several of these molecules exhibit potent antibacterial activities against the tested Gram-positive bacteria,
including Staphylococcus aureus, Enterococcus faecalis, and Bacillus subtilis. These compounds represent new structure scaffolds
and can be further optimized to give new antibacterial agents with structures significantly different from those of existing classes

of antibiotics.
© 2006 Elsevier Ltd. All rights reserved.

Antibiotic resistance is a growing problem that threatens
human health globally. Infections caused by methicillin-
resistant Staphylococcus aureus (MRSA) and vancomy-
cin-resistant enterococci (VRE)!"? are very dangerous
and can be life threatening especially for patients whose
immune systems have been compromised due to HIV,
surgery or any other illness. During the recent decades,
the effort of discovering novel antibacterial agents has
slowed down; in fact, oxazolidinones are the only new
class of synthetic antibacterial agents over the past 30
years that possess totally new structures compared to
existing antibacterial agents.> ¢ The first compound of
this class, linezolid 1 (Fig. 1), was approved in 2000
for the treatment of multi-drug resistant bacterial infec-
tions including diseases caused by MRSA, VRE and
Streptococcus pneumoniae. Oxazolidinones bind to the
50S subunit of the bacterial ribosome and inhibit pro-
tein synthesis at a very early stage by preventing the ini-
tiation of mRNA translation. Because they target the
bacterial protein synthesis at an early stage, drug resis-
tance was expected to be rare; however, resistance to
zyvox (linezolid) has already been reported.”-®

Some structures of the existing small molecule antibacteri-
al agents are shown in Figure 1, which include linezolid 1,
ciprofloxacin 2, sulfonamide 3, and chloramphenicol 4.
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The very general features of these agents are that they
all contain aromatic and/or heterocyclic structures and
they have heteroatom substituents such as halo, amino,
and hydroxyl groups. Linezolid 1 has the oxazolidinone
as the core structure, which is important for its activity.
Ciprofloxacin 2 is one example of the fluoroquinolone
class of antibiotics.”"!3 They kill bacteria by inhibiting
DNA gyrase enzyme which is essential for DNA replica-
tion. The structure of 2 contains a fused aromatic ring
with a fluorine and a polar piperazine substituents.
Sulfonamide 3 contains phenyl sulfonyl phenyl amines.
The sulfonamides are inhibitors of the bacterial enzymes
required for the synthesis of tetrahydrofolate,'* an essen-
tial nutrient for bacterial growth. Chloramphenicol 4
contains substituted nitrophenol with dichloromethyl
acetamido functional groups. It also inhibits bacterial
protein synthesis and is a broad spectrum antibiotic for
both Gram-positive and Gram-negative bacteria but
with some serious side effects.'> The general features of
these compounds can be used to design new structures
that can be potentially useful antibacterial agents.

Many new antibacterial agents are designed based on
modification of the existing structural classes; since the
antibiotic assay is easy to carry out, the modes of action
of the agents often are discovered after finding them
active. There are many methods of discovering new
drugs. Identifying drug-like features in existing drug
classes and incorporating them into a de novo design
of a new compound could be an efficient method to dis-
cover new drugs with significantly different structure
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Figure 1. Structures of some common synthetic antibacterial agents.

motifs. With the advancement of synthetic organic
chemistry, it is possible to create new structures that
are potentially useful in medicine. This process is some-
what related to the concept of chemical structure evolu-
tion. As part of our effort to discover new classes of
antibacterial agents, we designed and synthesized a
small library of compounds containing very general
structural features of existing synthetic antibacterial
agents, using chiral cyclic carbamates as the core struc-
tures. The general structure (5) of the library com-
pounds is shown in Figure 2.

The basic platform is a tertiary amine composed of a
1,3-oxazinan-2-one and two aromatic groups. The core
structure is a homolog of the oxazolidinone in linezolid
but with the opposite stereochemistry. Three sites P1—P3
can be optimized to obtain better potencies. Site Py con-
tains the chiral core structure 1,3-oxazinan-2-one or
other chiral heterocycles, groups P, and P3 can be
substituted aromatic groups or heterocycles. There are
several considerations in this structure platform. The
first is that tertiary amines and heteroatom-substituted
aryl groups are found often in different classes of drugs
and the 1,3-oxazinan-2-one chiral core structure has
been found in many natural product and drug classes
as well. Therefore, it is foreseeable that this design could
give rise to good biological activities. The second reason
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Figure 2. The general structures of the preliminary compound library.
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Scheme 1. The synthetic route to the target compound library.
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is the easy access to the compounds synthetically. The
third consideration is that we can easily modify the
structures of the three sites by N-alkylation or N-aryla-
tion reactions. This will facilitate the process of finding
potent agents.

We carried out the synthesis of a small library with the
general structure 5 by straightforward reactions and
analyzed their antibacterial activities. The synthesis of
1,3-oxazin-2-one ring derivatives is shown in Scheme 1.
The intermediate compound 7 was synthesized accord-
ing to literature procedures using a carbohydrate deriv-
ative S-3-hydroxyl y-butyrolactone 6 as the starting
material.'®!7 Alkylation with alkyl halides using potas-
sium carbonate in THF or DMF at 70-90 °C gave the
desired product 8. These compounds were synthesized
by solution phase synthesis and purified by flash chro-
matography using silica gel.

For structure comparison purposes, we also synthesized
a few compounds containing the oxazolidinone core
structure. The synthesis of 5-membered ring oxazolidi-
none derivatives is shown in Scheme 2. Starting from
the optically pure trityl-protected oxazolidinone 9,'8
the nitrogen was alkylated by treating with a base and
alkyl halides to give intermediate 10. Deprotection of
trityl group followed by mesylation afforded 11. After
displacement of the mesylate 11 with an amine and sub-
sequent alkylation, we obtained compounds with the
general structure 12.

The library compounds synthesized containing general
structures A—C are shown in Figure 3. The detailed
structures of the R groups are listed in Table 1. The
structures A and B are close analogs with the substitu-
ents on ring nitrogen differing from ethyl to methyl
group. Structure C contains an oxazolidinone ring in-
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Scheme 2. Synthesis of oxazolidinone derivatives.
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Structure A

Figure 3. The structures of the small compound library synthesized.
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Table 1. The minimum inhibition concentration (MIC, pg/mL) of the compound library against four bacterial strains

Compound Structure of R’ S. aureus 29213 S. aureus 43300 E. faecalis 29212 B. subtilis PY79
Al 4-Nitrophenyl N N 45.0 N
A2 3-Nitrophenyl 90.0 22.0 47.0 108
A3 2-Nitrophenyl 72.0 100 43.0 100
A4 4-Cyanophenyl 180 59.5 12.0 10.0
AS 3-Cyanophenyl 238 N 45.0 238
A6 2-Cyanophenyl 130 180 33.0 160
A7 4-Fluorophenyl 64.0 47.0 35.0 42.5
A8 2.4-Difluorophenyl 45.0 50.5 59.5 38.0
A9 2,6-Difluorophenyl 47.0 70.0 59.5 77.0
Al10 3,5-Difluorophenyl 40.0 45.0 37.0 43.0
All 3,4-Dichlorophenyl 5.60 6.56 N 5.00
Al12 2-Naphthalenyl 15.0 N 13.0 29.0
Al3 1-Naphthalenyl 10.0 35.0 7.40 7.60
Al4 3-Pyridinyl N N 238 N
AlS5 2-Pyridinyl N N N N
Al6 3-Methoxyphenyl 90.0 90.0 80.5 95.0
Al17 2-Methylphenyl 22.0 22.5 8.10 26.0
B1 4-Nitrophenyl 81.0 N 119 98.0
B2 3-Nitrophenyl 138 N 119 238
B3 2-Nitrophenyl 179 N 238 238
B4 4-Cyanophenyl 200 N 238 238
B5 3-Cyanophenyl 180 238 7.40 180
B6 2-Cyanophenyl 166 180 59.5 180
B7 4-Fluorophenyl 87.1 119 120 95.0
B8 2,4-Difluorophenyl 50.0 72.0 59.5 55.0
B9 2-Naphthalenyl 11.5 13.0 14.9 12.0
Cl1 4-Fluorophenyl N N N N
C2 2,4-Difluorophenyl 85.0 119 N 90.0
C3 3,4-Difluorophenyl 119 N N 80.0
C4 4-Bromophenyl 20.0 59.5 N 22.0
C5 2-Bromophenyl 18.0 21.0 7.40 22.0

The MICs are reported as the concentrations at 50% inhibition of bacteria growth, N stands for no inhibition.

stead of a 1,3-oxazinan-2-one ring. The antibacterial
activities of these compounds were evaluated by stan-
dard methods. These include the assay against several
strains of Gram-positive bacteria from the American
Type Culture Collection (ATCC), S. aureus 29213, S.
aureus 43300, E. faecalis 29212, and Bacillus subtilis
PY79. The inhibition of bacterial growth was monitored
using a standard colorimeter at 600 nm using a serial
dilution at concentrations of 238, 119, 59.5, 29.8, 14.9,
7.44, 3.72, 1.86, 0.93, and 0.46 pg/mL. Their minimum
inhibition concentration (MIC) results at 50% growth
inhibition are shown in Table 1. We also tested chloram-
phenicol as a control, it inhibits bacterial growth
(MICyp) at 7.44, 7.44, 4.0, and 2.0 pg/mL, respectively,
to the four bacteria listed in Table 1.

The biological assay data have shown that several com-
pounds have moderate to potent activity against all four
strains of bacteria. Some active compounds also exhibit-
ed certain strain-specificity. It is common for some bac-
teria strains to be resistant and others susceptible to a

particular antibiotic.'®?° For instance, the tested strain
S. aureus 29213 is methicillin susceptible, while S. aureus
43300 is methicillin resistant. The E. faecalis 29212 is
vancomycin susceptible, another strain E. faecalis
51299 is vancomycin resistant. Compound A12 showed
promising activity against S. aureus 29213 but no activity
against S. aureus 43300. Meanwhile, A1l showed
excellent activity against both strains of S. aureus and
B. subtilis PY79 but no activity against E. faecalis
29212. These indicate that the potent compounds can be
developed into narrow spectrum antibiotics. This may
have some advantages in controlling the spread of
resistance.

In Table 1, the most potent compounds are All, A13,
A17, and B9. Their concentrations of inhibition of
S. aureus 29213 and B. Subtilis 79 at 90% are shown in
Figure 4. Compounds A17 and the oxazolidinone deriva-
tive C5 also inhibit over 90% growth of E. facecalis 29212
at concentrations of 14.9 and 29.8 pg/mL, respectively.
The most potent compound All has MICy, below
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A13 A17 B9
MIC go ug/mL  S. aureus 29213 9.85 14.9 29.8 14.9
B. subtilis PY79 7.44 30.0 59.5 30.0

Figure 4. The compound structures and their concentrations of 90% inhibition of bacterial growth.

10 ug/mL, it is in the same range as chloramphenicol.
These are reasonable good activities considering the sim-
plicity of the structure and the differences with linezolid or
other existing antibacterial agents.

The structure-activity relationship (SAR) of site P, can
be analyzed when P; contains an 1,3-oxazinan-2-one
ring. The nature of substituents and their positions on
the benzyl group affected the activity significantly. A
general trend is that non-polar groups are more favor-
able than polar groups on the benzyl ring. It seems that
ortho position substituents on the P, site favor the activ-
ity as well. ortho Methyl and halogen groups are gener-
ally good substituents. Fluoro substituents frequently
appear in many antibacterial drug structures, however,
for our tertiary amine systems, chloro and bromo substi-
tuted compounds seem to be more potent than fluoro-
containing compounds. The polar nitro substituent is
not very active. Naphthalenyl groups showed better
activity than benzene ring only. When replacing one of
the phenyl rings with a pyridinyl ring (A14 and A1lS5),
the activity is completely lost. This also indicates that
it is favorable to have a non-polar group at the site
P,. For site Py, substituents on the 3-nitrogen of the
1,3-oxazinan-2-one ring also influence the activity. The
similar structures with methyl instead of ethyl groups
showed somewhat diminished activity. This trend can
be proved by testing the propyl, butyl, and pentyl sub-
stituents in the future. For the oxazolidinone series, mol-
ecules with the same P, and P53 groups indicated that the
6-membered ring 1,3-oxazinan-2-one is slightly more
potent than the 5-membered ring oxazolidinones. But
with bromo substituents on the benzene ring (P,),
oxazolidinone compounds still showed good activity
especially when the bromine is at ortho position.

N A

Terbinafine

It is worth noting that compounds A13 and B9 have
some structure similarities with an antifungal drug, the
tertiary amine terbinafine. They all contain a naphthale-
nyl substituted tertiary amine as the general structure.
Terbinafine inhibits the synthesis of ergosterol, an essen-
tial component for the fungi cell wall. It has a different
mode of action compared to ‘azole’ antifungal agents.

The structure resemblance to terbinafine may indicate
that our tertiary amine systems also can have antifungal
activities in addition to the observed antibacterial activ-
ities. These are currently under evaluation.

From the above discussions, we can draw several preli-
minary conclusions of SAR. For site P, aromatic systems,
naphthalene is more active than benzene; bromo, methyl
are good candidates for the substituent on benzene ring.
The 6-membered ring 1,3-oxazinan-2-one seems to have
a slightly better activity than the oxazolidinone for the
compounds tested so far. It is necessary to have one or
two substituted aryl systems for antibacterial activities.
The minimum inhibition concentrations of several com-
pounds are around 10 pg/mL, which should be a good
starting point for us to optimize the structure and obtain
more potent antibacterial agents with this novel scaffold.

In conclusion, we have designed, synthesized, and eval-
uated the antibacterial activities of a small, focused com-
pound library of tertiary amines containing novel chiral
1,3-oxazinan-2-one core structures and aryl substituents.
Several compounds with the general scaffold have shown
promising antibacterial activities. They exhibit promis-
ing activity against several types of Gram-positive bacte-
ria including S. aureus, E. faecalis, and B. subtilis. The
structure—activity relationship of one aryl substitution
site P, was evaluated thoroughly. We found that bromo,
chloro, and methyl groups generally give rise to good
antibacterial activity. The structures of these com-
pounds and the structure—activity relationship observed
from this library can be used to further optimize the
structures to obtain potent novel antimicrobial drugs.
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