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Synthesis and antibacterial activity of novel (un)substituted
benzotriazolyl oxazolidinone derivatives
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Abstract—A series of novel (un)substituted benzotriazolyl oxazolidinone derivatives has been synthesized and tested for in vitro
antibacterial activities by MIC determination against a panel of susceptible and resistant Gram-positive and Gram-negative micro-
organisms, some of which are resistant to methicillin and vancomycin. Compounds 20, 21, 24, 29 and 30 from this series were found
to be equipotent or more potent than linezolid in vitro.
� 2005 Elsevier Ltd. All rights reserved.
Oxazolidinones have been identified, within the last
20 years, as a new class of antibacterials, which are ac-
tive against numerous multi-drug-resistant Gram-posi-
tive organisms.1 Particularly, problematic pathogens
include methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant enterococci (VRE), peni-
cillin- and cephalosporin-resistant Streptococcus pneu-
moniae. This class inhibits bacterial protein synthesis
by binding to the 50S ribosomal subunit and prevents
the formation of a functional 70S initiation complex.2

Due to this novel mechanism of action, oxazolidinones
are not cross resistant with other types of antibiotics.
Linezolid (Fig. 1), developed by Pharmacia and Upjohn,
is the first compound commercialized world wide from
the oxazolidinone class of antibacterials.3 Linezolid
was approved for sale as Zyvox� in the USA in 2000.
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Figure 1.
However, some linezolid-resistant enterococcal isolates
have recently been isolated after intensive linezolid ther-
apy.4,5 Therefore, there is an urgent need for further
exploration of features of the oxazolidinone series and
synthesis of new compounds, which are more potent
and less prone to resistance development. In our work
reported earlier,6 we described the synthesis and anti-
bacterial activity of some substituted aryloxy/thioaryl-
oxy oxazolidinone derivatives. In the course of our
efforts to improve spectrum and activity, we have de-
signed and synthesized various oxazolidinone deriva-
tives containing (un)substituted-benzotriazoles, which
have shown enhanced antibacterial activities against
many antibiotic-resistant strains compared to linezolid.

In the present communication, we wish to report the
synthesis and antibacterial activity of hitherto unknown
oxazolidinones derivatives 20–30 (Fig. 2) having benzo-
triazolyl ring system.
Figure 2.
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The multi-step synthesis of derivatives 20–30 is outlined
in Scheme 1.

Benzotriazolyl oxazolidinones 20–30 were obtained
(Scheme 1) starting from (un)substituted-benzotriazoles
2 and 3 (commercially available or synthesized by us fol-
lowing a procedure described in literature7), which were
condensed with 1,2-difluoro-4-nitrobenzene (1) in the
presence of K2CO3 in DMF at 25–30 �C to the corre-
sponding nitro compounds 4 and 5. These nitro deriva-
tives were then reduced with Pd–C/H2 to obtain the
amino compounds 6 and 7 which, by reaction with ben-
zyl chloroformate in the presence of Na2CO3, were con-
verted to [4-(un)substituted-benzotriazolyl-3-fluoro-
phenyl]-carbamic acid benzyl esters 8 and 9. Conversion
of compounds 8 and 9 to (5R)-3-[4-(un)substituted-ben-
zotriazolyl-3-fluoro-phenyl]-5-hydroxymethyl-oxozolidin-
2-ones (10 and 11) were accomplished by use of n-butyl
lithium and (R)-glycidyl butyrate in THF at �78 �C.
Alcohols 10 and 11 were reacted with methanesulfonyl
chloride, followed by treatment with sodium azide to
yield (5S)-5-azidomethyl-3-[4-(un)substituted-benzotri-
azolyl-3-fluoro-phenyl]-oxazolidin-2-ones (14 and 15).
Reduction of azides 14 and 15 using PPh3 gave their
Scheme 1. Reagents and conditions: (i) K2CO3, DMF, 25–30 �C, 6–7 h; (i
Na2CO3, acetone–H2O (2:1), 0! 25 �C, 4 h; (iv) n-BuLi, (R)-glycidyl butyra
(vi) NaN3, DMF, 80 �C, 4–5 h; (vii) PPh3, THF, 25–30 �C, 1 h, H2O, 55–60

(ix) R1NH2, MeOH/CHCI3, 0 ! 25 �C, 8–12 h; (x) R1OH, Na/NaH, 0! 25
corresponding amines 16 and 17, which on reaction with
carbon disulfide solution and ethyl chloroformate gave
the key intermediate (5S)-3-[4-(un)substituted-benzo-
triazolyl-3-fluoro-phenyl]-5-isothiocyanato-methyl-ox-
azolidin-2-ones (18 and 19). Thiourea derivatives 20–23
and 29 were prepared by reacting isothiocyanates 18 and
19 with appropriate primary amines whereas thiocarba-
mates 24–28 and 30 were obtained from 18 and 19 by
treatment with appropriate alcohols in the presence of
Na or NaH (Scheme 1).

All new compounds reported here were fully character-
ized on the basis of complementary spectroscopic (1H
NMR and MS) and analytical data.8 In 1H NMR, pres-
ence of sets of peaks of the protons in the aromatic as
well as aliphatic region indicated that arylation occurred
at N-1 and N-2 positions of benzotriazole (2) and at N-
1, N-2 and N-3 positions of 5-methoxycarbonyl-benzo-
triazole (3). This typical pattern has been seen in 1H
NMRs of all the intermediates (4–19) and final com-
pounds (20–30) of this series. Additional evidence for
this regiochemical assignment is the appearance of the
methoxy protons of the –CO2Me group as three singlets
merged with each other at d 3.70–3.90. Detailed 1H
i) 10% Pd–C, HCO2NH4, THF–MeOH, 25–30 �C, 4 h; (iii) Cbz–Cl,

te, THF, �78 ! 25 �C, 12 h; (v) MsCl, TEA, DCM, 0! 25 �C, 3–4 h;
�C, 3–4 h; (viii) CS2 solution, ClCO2Et, TEA, THF, 0! 25 �C, 3–4 h;
�C, 10–12 h.
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NMR is given in Ref. 8. Such types of observation have
been reported earlier also.9,10 These regioisomers were
very difficult to separate by column chromatography
or crystallization. The selective synthesis for their prep-
aration is in process.

Compounds of this series (Table 1) were evaluated for
antibacterial activity by agar diffusion and agar dilution
method as per NCCLS recommendations.11 Among
them, eight compounds exhibited mild to good activity
in the preliminary screen (agar diffusion assay) at 50
and 25 lg concentrations. All these compoundswere then
tested for determination ofminimal inhibitory concentra-
tion (MIC) against a panel of Gram-positive and Gram-
negative organisms, some of which are resistant to methi-
cillin and vancomycin. Their MIC (lg/mL) are shown in
Table 1. Linezolid was used as a reference compound.

Most of these analogues exhibited good to excellent
antibacterial activity against sensitive and drug-resistant
Gram-positive bacteria. In some cases, the compounds
had superior in vitro activity to linezolid. As seen in Ta-
ble 1, compound 20 containing thiourea moiety exhib-
ited more potent antibacterial in vitro activity than
linezolid. When the amino group of thiourea side chain
of compound 20 was replaced by 2-amino-ethanol group
to give the compound 21, moderate decrease in the anti-
bacterial activity was observed. The analogue 21 was
equipotent to linezolid against all strains in the testing
panel but against MRSE strain it was 2-fold more po-
tent than linezolid. The compound 22 resulted by the
replacement of ethanol side chain by propanol in com-
pound 21 did not show antibacterial activity up to
50 lg/mL. Alteration in the hydroxyl group by N,N 0-
diethyl-amino group led to the formation of compound
23, which was almost devoid of activity.

Further, we also modified the thiourea group into thio-
carbamate (24–28) and found a decrease in antibacterial
activity (Table 1). However, analogue 24 showed an
improved antibacterial activity (in vitro) as compared
to linezolid, but it remains slightly inferior to its corre-
sponding thiourea analogue 20. In general, we observed
that bulky alkyl groups were not tolerated in either thio-
urea or thiocarbamate series. In thiocarbamate series
also, compounds 25–28 containing bulky alkyl group
were found to be inactive.

In order to improve antibacterial activity and lipophilic-
ity of compounds 20 and 24, we substituted fifth posi-
tion of benzotriazole with –CO2Me group, which
resulted in the formation of compounds 29 and 30,
respectively. Both these analogues (29 and 30) showed
excellent in vitro antibacterial activity against all the
Gram-positive strains in the testing panel. The results gi-
ven in Table 1 show that compounds 29 and 30 exhib-
ited much superior antibacterial activities than their
parent analogues 20 and 24 and were found to be 8-
to 16-fold more active than linezolid.

In summary, introduction of (un)substituted-benzotriaz-
ole group has afforded a potent series of oxazolidinones
with in vitro activity comparable or much superior to
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linezolid against resistant and susceptible Gram-positive
bacterial pathogens. Compounds 29 and 30 exhibited
excellent in vitro profile in our abbreviated testing panel
with MIC values of 0.125–0.25 lg/mL against all Gram-
positive strains. Since both of the analogues (29 and 30)
are showing promising results, studies to establish their
in vivo efficacy and safety are being planned for their
further development. The selective syntheses for the
preparation of their corresponding positional isomers
are under progress in our laboratory.
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8.05 (br s, 2H). MS: m/z 387 (M+1). Anal. Calcd for
C17H15FN6O2S (386.40): C, 52.84; H, 3.91; N, 21.75.
Found: C, 52.95; H, 3.83; N, 21.51.
Compound 21: white powder (90%). 1H NMR (CDCl3): d
3.40–3.60 (m, 2H), 3.65–3.85 (m, 2H), 3.90–4.40 (m, 5H),
4.80–5.00 (br s, 1H), 7.25–7.50 (m, 5H), 7.55–7.70 (m, 2H),
7.74 and 7.80 (m, 1H), 8.05 and 8.10 (br s, 1H). MS: m/z
431 (M+1). Anal. Calcd for C19H19FN6O3S (430.46): C,
53.01; H, 4.45; N, 19.52. Found: C, 53.17; H, 4.69; N,
19.63.
Compound 22: white solid (73%). 1H NMR (CDCl3): d
1.80–1.90 (m, 2H), 3.45–3.60 (m, 2H), 3.70–3.85 (m, 2H),
3.95–4.10 (m, 5H), 5.35–5.50 (br s, 1H), 7.20–7.50 (m, 5H),
7.60–7.70 (m, 2H), 7.75 and 7.82 (m, 1H), 8.02 and 8.10
(br s, 1H). MS: m/z 445 (M+1). Anal. Calcd for
C20H21FN6O3S (444.48): C, 54.04; H, 4.76; N, 18.91.
Found: C, 53.88; H, 4.52; N, 18.71.
Compound 23: white solid (70%). 1H NMR (CDCl3): d
0.95–1.10 (m, 6H), 2.40–2.50 (m, 4H), 3.75–3.80 (m, 4H),
3.90–4.20 (m, 5H), 7.22–7.45 (m, 5H), 7.55–7.65 (m, 2H),
7.70 and 7.75 (m, 1H), 8.00 and 8.05 (br s, 1H). MS: m/z
486 (M+1). Anal. Calcd for C23H28FN7O2S (485.58): C,
56.89; H, 5.81; N, 20.19. Found: C, 56.93; H, 6.07; N,
20.22.
Compound 24: white solid (76%). 1H NMR (DMSO-d6): d
3.40–3.55 (m, 2H), 3.80 and 3.86 (s, 3H), 4.05–4.30 (m,
2H), 4.85–4.95 (br s, 1H), 7.35–7.60 (m, 5H), 7.75–7.80 (m,
1H), 7.81 and 7.85 (s, 1H), 8.10 and 8.15 (s, 1H). MS: m/z
402 (M+1). Anal. Calcd for C18H16FN5O3S (401.42): C,
53.86; H, 4.02; N, 17.45. Found: C, 54.11; H, 4.10; N,
17.37.
Compound 25: white powder (63%). 1H NMR (CDCl3): d
3.95–4.40 (m, 5H), 4.94 (q, J = 8.2 Hz, 2H), 5.05–5.20 (m,
1H), 7.40–7.60 (m, 3H), 7.78 (t, J = 8.4 Hz, 2H), 7.90 and
7.96 (m, 1H), 8.21 and 8.25 (s, 1H). MS: m/z 470 (M+1).
Anal. Calcd for C19H15F4N5O3S (469.41): C, 48.61; H,
3.32; N, 14.92. Found: C, 48.44; H, 3.98; N, 14.81.
Compound 26: white solid (81%). 1H NMR (DMSO-d6): d
3.90–4.10 (m, 4H), 4.36 (t, J = 10.0 Hz, 1H), 5.05 (t, J =
14.0 Hz, 3H), 7.50–7.75 (m, 4H), 7.96 (t, J = 10.0 Hz, 2H),
8.28 (d, J = 8.0 Hz, 1H), 10.13 (br s, 1H). MS: m/z 502
(M+1). Anal. Calcd for C20H16F5N3O3S (501.43): C, 47.91;
H, 3.22; N, 13.97. Found: C, 48.05; H, 3.48; N, 13.90.
Compound 27: white solid (88%). 1H NMR (DMSO-d6): d
3.80–3.90 (m, 2H), 3.95–4.45 (m, 5H), 3.50–4.55 (m, 2H),
6.70–6.75 (m, 1H), 6.80–6.85 (br s, 2H), 7.05–7.65 (m, 5H),
8.10 and 8.15 (br s, 1H). MS: m/z 432 (M+1). Anal. Calcd
for C19H18FN5O4S (431.44): C, 52.89; H, 4.21; N, 16.23.
Found: C, 53.02; H, 4.39; N, 16.17.
Compound 28: white solid (95%). 1H NMR (DMSO-d6): d
2.25 and 2.27 (s, 6H), 2.50–2.60 (m, 2H), 2.85–3.00 (m,
2H), 3.20–4.20 (m, 5H), 7.20–7.40 (m, 5H), 7.55–7.65 (m,
2H), 8.00 and 8.05 (br s, 1H). MS: m/z 459 (M+1). Anal.
Calcd for C21H23FN6O3S (458.51): C, 55.01; H, 5.06; N,
18.33. Found: C, 54.80; H, 4.96; N, 18.29.
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R.; Villarroya, M. J. Heterocycl. Chem. 1995, 32, 1325.

10. Kang, S.-Ku.; Lee, S.-Ho.; Lee, D. Synlett 2000, 1022.
11. National Committee for Clinical Laboratory Standards

(NCCLS), 1997. Methods for dilution antimicrobial sus-
ceptibility tests for bacteria that grow aerobically, 4th ed.
Approved standard. NCCLS Document M7-A4. National
Committee for Clinical Laboratory Standards, Villanova,
PA.


	Synthesis and antibacterial activity of novel (un)substituted benzotriazolyl oxazolidinone derivatives
	Acknowledgments
	References and notes


