
Bioorganic & Medicinal Chemistry Letters 21 (2011) 2887–2889
Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
Synthesis and in vitro activity of novel 1,2,4-triazolo[4,3-a]pyrimidine
oxazolidinone antibacterial agents

Manoj K. Khera a,⇑, Ian A. Cliffe a, Tarun Mathur b, Om Prakash c

a Department of Medicinal Chemistry, New Drug Discovery Research, Ranbaxy Laboratories Limited, R&D III, Plot No. 20, Sector-18, Udyog Vihar Industrial Area,
Gurgaon 122 001, India
b Department of Microbiology, New Drug Discovery Research, Ranbaxy Laboratories Limited, R&D III, Plot No. 20, Sector-18, Udyog Vihar Industrial Area, Gurgaon 122 001, India
c Department of Chemistry, Kurukshetra University, Kurukshetra 136 119, India

a r t i c l e i n f o a b s t r a c t
Article history:
Received 21 January 2011
Revised 21 March 2011
Accepted 22 March 2011
Available online 29 March 2011

Keywords:
Oxazolidinones
Antibacterial
0960-894X/$ - see front matter � 2011 Elsevier Ltd. A
doi:10.1016/j.bmcl.2011.03.075

⇑ Corresponding author. Tel.: +91 124 2848718; fax
E-mail address: manoj.khera.c4@dsin.co.in (M.K. K
The synthesis and antibacterial activity of 3-(4-([1,2,4]triazolo[4,3-a]pyrimidin-3-yl)phenyl)oxazolidin-
2-ones is reported. Thiocarbonyl derivatives were found to be potent inhibitors of Gram-positive patho-
gens and compound 4l was two to fourfold more potent than Linezolid.

� 2011 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of Linezolid 1 and Eperezolid 2.
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The emergence of bacterial resistance to antibiotics has posed
an increasingly serious concern for medical professionals over
the last two decades1 and multi-drug-resistant Gram-positive bac-
teria,2 including methicillin-resistant Staphylococcus aureus
(MRSA),3 Staphylococcus epidermidis and vancomycin-resistant
Enterococci (VRE), have now become a major problem.4 Oxazolid-
inones are a new class of totally synthetic antibacterial agents
which are active against Gram-positive bacteria and anaerobic bac-
teria.5,6 Linezolid 1 and Eperezolid 2 (Fig. 1) were the initial lead
compounds from the oxazolidinone class and Linezolid 1, devel-
oped by Pharmacia and Upjohn, was the first compound to be ap-
proved in 2000.7 Oxazolidinones inhibit protein synthesis prior to
the chain initiation step by binding to the 23S rRNA of the 50S ribo-
somal subunit, and thereby interfere with the initiator fMet-tRNA
binding to the P-site of the ribosomal peptidyltransferase centre.8,9

This novel mechanism of action combined with potent antibac-
terial activity against resistant Gram-positive target pathogens
stimulated the pharmaceutical industry to further explore the
chemistry of the oxazolidinone class of compounds.

1,2,4-Triazolo[4,3-a]pyrimidines have been reported by our
group as potent antibacterial agents,10,11 and compound 3 was also
found to be active against Gram-negative strains (E. coli). This
encouraged us to evaluate the impact on antibacterial activity of
this heterocycle when coupled to the oxazolidinone heterocycle
of Linezolid (Fig. 2).
ll rights reserved.

: +91 124 2397546.
hera).
In the present investigation, we disclose a series of 5-amino-
methyl-3-(4-([1,2,4]triazolo[4,3-a]pyrimidin-3-yl)phenyl)oxazoli-
din-2-ones 4a–v as antibacterial agents in which the 5-aminomethyl
substituent is attached to a range of functional groups.

The synthesis of compounds 4a–v (Scheme 1) was initiated by
the nucleophilic displacement of 2-chloropyrimidine 5 with hydra-
zine.12 The 2-hydrazinopyrimidine 6 was treated with 4-nitro-
benzaldehyde to obtain the Schiff base 7, which was cyclized
using iodobenzene diacetate to obtain the triazolopyrimidine
derivative 8.13 At this stage, the nitro containing compound 8
was converted to the corresponding aniline 9 using stannous
chloride and further converted to the carbamate derivative 10.
NH
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Figure 2. Modifications in the series.
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Scheme 1. Reagents and conditions: (a) N2H4�H2O, pyridine/DCM (1:1), 0 �C–rt; (b) 4-nitrobenzaldehyde, ethanol, acetic acid (catalytic), reflux; (c) PhI(OAc)2, DCM, rt; (d)
SnCl2�H2O, EtOAc, reflux; (e) benzyl chloroformate, aqueous NaHCO3, acetone, 0 �C; (f) n-BuLi, (R)-glycidyl butyrate, THF, �78 �C–rt; (g) MsCl, Et3N, DCM/DMF (1:1), 0 �C–rt;
(h) NaN3, DMF, 70 �C; (i) Ph3P, THF, H2O, rt–50 �C; (j) R3COCl, Et3N, DCM; (k) R1OCOCl, Et3N, DCM; (l) R2NCO or R2NCS, Et3N, THF; (m) Lawesson’s reagent, dioxane, reflux.

Table 1
In vitro MIC values (lg/ml) of compounds with variation in the acetamide portion

N N

NN

N O

O

N
H

R
4a-v 

Compound R E. faecalis ATCC 29212 S. aureus MRSA 43300 S. aureus ATCC 25923 S. epidermedis ATCC 12228 E. coli ATCC 25922

4a –COCH3 16 16 16 8 >16
4b –COCH2CH3 16 16 16 16 >16
4c –CO(CH2)2CH3 >16 16 >16 16 >16
4d –CO(CH2)3CH3 >16 16 >16 16 >16
4e –COCH2CH(CH3)2 >16 16 >16 16 >16
4f –COCH(CH3)2 >16 16 >16 >16 >16
4g –COCH2Cl 16 4 4 4 >16
4h –COCHCl2 8 8 4 4 >16

4i
O

16 8 16 8 >16

4j

O

>16 16 >16 16 >16

4k –COPh >16 >16 >16 >16 >16
4l –CSCH3 1 0.5 1 0.5 >16
4m –CSCH2CH3 4 2 4 2 >16
4n –COOCH3 >16 16 16 16 >16
4o –COOCH2CH3 >16 16 16 >16 >16
4p –COOPh >16 >16 >16 >16 >16
4q –CONHCH(CH3)2 >16 >16 >16 >16 >16
4r –CONHC(CH3)3 >16 >16 >16 >16 >16
4s –CONH(CH2)3CH3 >16 >16 >16 >16 >16
4t –CSNHCH(CH3)2 >16 16 16 16 >16
4u –CSNH(CH2)3CH3 16 8 16 8 >16
4v –CSNH(CH2)2OCH3 >16 16 >16 8 >16
1 Linezolid 2 2 2 1 >16
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Figure 3. MIC values of 4l and Linezolid against Gram-positive strains.

Table 2
CYP profile and metabolic stability of 4l

Compound % CYP inhibition (at 10 lM) Metabolic stability
ml/min/g liver

1A2 2C9 2C19 2D6 3A4 HLM

4l 0 15 30 13 28 0.3
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Deprotonation followed by reaction with (R)-glycidyl butyrate
yielded the oxazolidinone alcohol 11. This was converted to the
corresponding azide 13 by a series of nucleophilic reactions. The
azide derivative was converted to the corresponding amine 14
with triphenyl phosphine in aqueous THF with heating.14 It should
be noted that hydride-containing reagents (e.g. LAH) or hydrogena-
tion methods were not suitable for this transformation owing to
the reactivity of the triazolopyrimidine ring. The amine derivative
14 was converted to the corresponding amides 4a–k, carbamates
4n–p, ureas 4q–s and thioureas 4t–v using standard procedures.
The amides 4a–b were also converted to the corresponding thio-
amides 4l–m using Lawesson’s reagent.15

Final compounds 4a–v were screened16 against target patho-
gens including both Gram-positive (E. faecalis ATCC 29212, S. aur-
eus MRSA 43300, S. aureus ATCC 25923 S. epidermidis ATCC
12228) and Gram-negative (E. Coli ATCC 25922) strains (Table 1).
Compounds showed varying degrees of activity against Gram-posi-
tive pathogens; however, all the compounds were found to be inac-
tive against E. coli. A weak enhancement of activity was observed
among the alkyl amide derivatives 4a–k when the alkyl group
was relatively small in size (compare acetamide 4a and cyclopro-
pyl amide 4i with the larger alkylamides 4b–f, 4j–k). The surpris-
ingly moderate to good activity of relatively large chloroacetamide
derivatives 4g–h may arise from electronic effects such as
enhancement of double bond character within the carbonyl group
of the amide. Such enhancement of electron density in this region
would be expected to occur when the carbonyl oxygen atom is re-
placed by sulphur and it was gratifying to see that the thioamide
derivatives 4l–m displayed excellent potency against all Gram-
positive target pathogens tested. Indeed, thioacetamide 4l was
found to be two- to four- fold more potent than Linezolid. As ex-
pected, the sterically demanding and less electron rich carbamate,
urea and thiourea systems 4n–v had moderate to low activity
against Gram-positive pathogens. In order to establish the spec-
trum of activity, the most potent compound 4l was tested against
other Gram-positive strains including Streptococcus pneumoniae
and Streptococcus pyogenes ( Fig. 3). Compound 4l, being active
against these strains, indicates that it could be useful in treating
upper respiratory tract bacterial infections. This compound was
also profiled for its CYP liability17 and metabolic stability18 and
found to be stable in human liver microsome and to have no
CYP-related liabilities up to a concentration of 10 lM (Table 2).
Interestingly, the predicted permeability19 of amide derivatives
(4a and 4b) was low; however, the corresponding thioamide
derivatives (4l and 4m) were found to have values closer to that
of Linezolid.

In summary, we have described initial results from a study of 3-
(4-([1,2,4]triazolo[4,3-a]pyrimidin-3-yl)phenyl)oxazolidin-2-ones.
The thioamide derivatives 4l and 4m were found to display a good
antibacterial activity profile against all the Gram-positive patho-
gens tested. Compound 4l was also found to be metabolically sta-
ble and devoid of any CYP liability up to a concentration of 10 lM.
Further modifications in this series of compounds including the
impact of additional fluorine atom substitution in the phenyl ring
and substitutions on the triazolopyrimidine ring will be the subject
of further communications.
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