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Sununary - Synthesis of some novel N-(2-hydroxyl-S-substitutedphenyl)benzacetamides, phenoxyaceta-
mides and thiophenoxyacetamides (5a-k) were described in order to determine their in vitro antimicrobial
activity against 3 Gram-positive, 3 Gram-negative bacteria and the fungus Candida albicans comparing with
several control drugs. The derivative Se was [ound active at a MIC value ol 25pg/mil against the whole
tested Gram-positive bacteria strains and the Gram-negative microorganism Klebsiellu prerimoniae. More-
over, the synthesized compounds Sa-k exhibited signiticant antibacterial activity against the enterobacter
Pseudomonas aureginosae when compared to the control drugs. For the antilungal aviivity against C. albi-
cans, the compound 5k was found more active than the other synthesized derivatives. ,On the other hand,
the antimicrobial activity of some of these acttamide derivatives (3¢, 5d, 5e, 55 and 5k) which are the pos-
sible metabolites of benzoxazoles, were also compared with their cyclic analogues 6-10. However, most of
the MIC values ol the benzoxazole devivatives provided better activity than the compared acetamides, while
some others of the acctamide derivatives possessed cither one fold improved (3d, 5e and 5j) or the same

poteney (8¢, 3d, Se, 5§ and 5k) against the ested microorganisms.

INTRODUCTION

In our previous studies, we reported the synthe-
sis and the antimicrobial activity of various 2,5-
disubstituted benzoxazoles as given in general [or-
mula I, providing significant in vitro antibacterial
activity especially against some enteric Gram-
negative rods such as Klebsiella pnewmoniae, Pseu-
([om?);as aeruginosae and the yeast Candida albi-
cans’®.
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A review of the literature revealed that one of
the aspects of the Phase I metabolism pathways of
benzoxazoles and 2-methylbenzoxazoles in the
rabbit involved rupture of the oxazole ring occur-
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ring at the (C-0) linkage of the fused heterocyclic
system by mild hydrolysis and produced o-for-
mamidophenol and o-acetamidopheno!l as their
metabolites respectively’. This could be repre-
sented as shown in Scheme 1, omitting the inter-
mediate stages.
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On the other side, since the discovery of oxy-
clozanide (1) which is an antihelmentic agent
effective against Fasciola hepatica for the treat-
ment of liver fluke infection®, there were few
amounts of published data on the antibacterial
and antifungal activities of the corresponding
acetamides. Shioyama er al. reported the bacte-
ricide and fungicide activity of the N-(2-
hydroxylphenyl)phenoxyacetamide (2) on rice,
with no phytotoxicity’? and Hirakawa et al. noted
the protective effect of the N-(n-butyl)-N-(2-
hydroxylphenyl)-4’-isopropilbenzamide (3) on rice
plants against Pyricularia orvzae'®. White!! synthe-
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sized the N-(2-hydroxylphenyl)-2"-methylbenza-
mide (4) and found the inhibitory effect on Com-
plex IT activity in mitochondria from sporidia of
wildtype and carboxin-selected mutant strains of
Ustilago maydis.
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In the present paper, some novel N-(2-hydroxyl-
S-substitutedphenyl)benzacetamides, phenoxyacet-
amides and thiophenoxyacetamides (5a-k) were
synthesized and the in vitro antimicrobial activity
described with comparing to their cyclic ana-
logues, benzoxazoles (6-10), assuming that the
synthesized acetamides would be the possible
metabolites of these heterocyclic compounds.

CHEMISTRY

The synthesis of the compounds 5a-k was per-
formed by reacting 4-substituted-2-aminophenols
with appropriate carboxylic acid chlorides obtai-
ned by treating carboxylic acides with thionyl
chloride.

EXPERIMENTAL

A) CHEMISTRY

Kieselgel HF,s, chromatoplates (0.3 mm) were used lor TLC
and the solvent systems were chloroform: n-hexane (20:2.5) for
5b-5d, 5f-3i, 5k, chloroform: n-hexane (20:0.8) for Sa, 5j, chlo-
roform (20) lor 5e. All the melling points were taken on a
Buchi SMP 20 capillary apparatus and are uncorrected. IR
spectra were recorded by Perkin Elmer 1330 and Pye Unicam
SP-1025 with KBr discs. 'H NMR spectra were obtained with a
Bruker GMBH-DPX 400 MHz spectrometer in dg-dimethyl-
sulfoxide and TMS was used as an internal standard. Elemen-
tal analysis were carried out with a Hewlett Packard 1385 CHN
Analyzer. The results of the elemental analvsis (C, H, N) were
within z 0.4% of the caleulated amounts.

General procedure for the synthesis of N-(2-livdroxv-
S-substitutedphenyl)benzenacetantides, phenoxvacet-

amides and thiophenoxyacetaniides (Sa-k)
Appropriate acétic acid (5/10 mmol) and thionvl chloride
(1.5 ml) were refluxed in benzene (5 ml) at 80 °C for 3 I
Excess thionyl chloride was then removed in vacro. The resi-
due was dissolved in cther (10 ml) and the solution added dur-
ing 1l to a stirred, ice-cooled mixture of 4-substituted-2-ami-
nophenol (5/10 mmol), sodium bicarbonate (1020 mmol),
ether (10 mb) and water (10 ml). The mixture was kept stivred
overnight at room temperature and filtered. The precipitate
was washed with water, 2N HCI, again with water and linally
with cther to give Sa-k. The product was recrystallized from
accton-methanol mixture and needles was dried i vacuo.

B) MICROBIOLOGY

For both the antibacterial and the antimycotic assays, the
compounds 5a-k and 6-10 were dissolved in absolute cthanol
(0.8 mg/mh)’3. Further dilutions of the compounds and stan-
dard drugs in the test medium were prepaved at the required
quantitics of 400, 200, 100, 30, 25, 12.3, 6.25, 3.12, .56, 0.78
ng/mi concentrations. The minimum inhibitory concentrations
(MIC) were determined using the method of two-fold serial
dilution technigue’-*#77, In order to enste that the solvent per
se had no effect on bacterial growth, a control test was also
performed containing inoculated broth supplemented with only
cthanol at the same dilutions used in owr experiments and
found inactive in culture medivm.

All the compounds were tested for their in virro growth
inhibitory activity against dilferent bacteria and a fungus Can-

Sa-k

ScHEME IT
R1—QX—CHZCOOH + SOCly ——B_?o%e-“_. R1©—x—CH2cml
80
OH
OH NaHCO3 / ether / HyO
v Ry X ~CHACOC! d’c
? Nty - R NHCOCH, =X R,

X=-,0,8

R = H. Cl, CH,

R, = H, Cl

Compounds 5a-k were prepared as new prod-
ucts except 5i’2. The structures of all the deriva-
tives Sa-k were supported by spectral data. The IR
and 'H NMR spectra are in agreement with the
proposed structures. Physical and spectral data of
the compounds are reported in Table I.

dida athicans RSKK 628. Origin ol bacterial strains ave Srapliy-
lococcus aurens ATCC 6538, Streptococcus faccalis ATCC 10541
and Bacillus subtilis ATCC 6033 as Granmi-positive and Esclieri-
cliia coli ATCC 10536, Klchsiclla pnewmoniae NTCC 52211, and
Pseudomonas acruginosa RSKK 353 as Gram-ncgative bacteria.
RSKK strains of the microorganisms used in this study were
obtained (rom the culture collection of Relik Savdam Health
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TaBLE I - Physical properties, preparation and spectral data of the compounds 5a-k

oC
R Nncocn,—x@-x.

Comp. X R R, m.p.  Yield IR (cm™}) 'H NMR 5 ppm
0 (%) (J=Hz)
. C a u 168 529 3180,3060, 2830-2900, 1680, 1570- 10.20(s, 1 H), 9.30 (s, 1 H), 8.00 (s, H), 7.20-7.40 (m,5H), 6.90 (d, 1H,J=8.54), 6.80
7 1315,1325-1055, 1180, 935-710 (d,1H,]=8.76), 3.80 (s, 2H)
. u - |45.148  40.s >38C, 3040, 2840-2900, 1640, 1585 9.75(s,1H), 9.30 (s, 1H), 7.80 (d,1H), 7.20-7.40 (m,5H), 6.95 (s, 1H, 1=7.50), 6.85 (d, |
1400,1350-1035, 960-695 1H.J=7.94), 6.75 (1,1H,J=7.56), 3.75 (s, 2H) |
s . e, H 146 33.0 33003080, 2720-2900, 1630, 1570-  9.50(s,IH), 9.25 (5,1H), 7.58 (s,1H), 7.20-7.40 (m.5H), 6.70 (dd, 2H), 3.75 (s, 2H), |
1420,1360-1020, 965-695 2.25 (s,3H)
s o a a 183 416 3410,3120, 1660, 1600-1495,1370-1020, 10.30(s.11). 9.20 (s,1H), 8.20 (s, 1 H), 7.30-7.42 (dd,2H,J=8.77), 7.03-7.10 (dd,2H. |
"~ 1100-1080, 880-660 1=8.59), 7.00 (dd, [H), 6.89 (d, 1H), 4.90 (s, 2H) |
s o H a 164165 432 3360, 3220, 1660, 1590-1435,1350-1030, 9.90(s,1H), 9.20 (5,1 H), 7.90 (d,1H.J=7.87), 7.32-7.40 (dd,2H.J=8.81), 7.02-7.10(d,2H |
“ 1100, 930-685 1=8.75), 6.94(t, 1H, J=7.40), 6.90 (d,1H,J=7.37), 6.80(t, | H.J=7.51), 4.75 (s, 2H)
3385, 3090, 1660, 15 1430,1360-1030, 10.35(s,1H), 9.20 (s,1H), 8.10 (s, 1H), 7.00-7.40 (m,SH), 6.90 (d. IH, J=10.92), 6.89 (d
st o ct H 193-194  54.0 : L H), \1H), . 1H), WSH), \ \
1080, 920-685 1H,=8.36), 4.80 (s, 2H)
5e o cH 158160 343 3380,3120,2720-2920, 1660, 1600-1445 9.66(s, 1H), 9.10 (5,1 H), 7.80 (5,1H), 7.34-7.41 (d,2H,J=7.98),7.01-7.10 (d,2H,J=9.05),
1365-1010, 1120, 980-665 6.76 (dd, 2H,J=8.29), 4.75 (s, 2H), 2.20(s,3H)
3380, 3080, 2720-2920,1660, 1600-1495, 9.72(s,1H), 9.10 (s,1H), 7.85 (s,1H), 7.34 (1.2H,J=7.41),7.03(m,3H), 6.78 (dd, 2H
Sh O CH, H 158-159  46.6 »1600, . B B > = g = o5
» 1380-1055, 875-680 J=8.09), 4.70 (s, 2H), 2.20 (s, 3H)
. 3395, 3290, 1655, 1580-1430,1345-1035, 10.00(s,1H), 9.10 (s, 1H), 8.00 (d,1H,J=7.83), 7.34 (1,2H),7.04(m,3H), 6.95 (dd, 1H,
5i O H H 142-144  60.0
970-670 1=17.00), 6.89 (d, LH.J=7.54), 6.79(t,1H,J=7.59), 4.75 (s, 2H)
5 3300, 3080, 1640, 1580-1420,1370-1020, 10.25(s,1H), 9.40 (s,1H), 8.00 (s,1H), 7.42 (d,2H,=7.84),7.33(1,21], I=7.58), 7.21(t,
j s a H 166-168  23.8
1120, 915-645 1H,J=7.24), 6.96 (dd, 1H,J0=6.58,Jm=1.76), 6.88 (d, 1H,I=8.94), 4. (s. 2H)
& s cH H 133 219 3300, 3100, 2860-2900, 1640, 1595-1500 9.60(s,1H), 9.35 (s,1H), 7.80 (s, 1H), 7.42 (d,2H,J=7.82),7.33(1,2H, 1=7.62),
721(t,1H,J=7.25), 6.75 (dd, 2H,J0=8.22,Jm=2.05), 3.86 (s, 2H), 2.25 (s, 3H)

1305-1115, 970-685

Institution of Health Ministiy, Ankara and maintained at the
Microbiology Department of Faculty of Pharmacy of Ankara
University. :

Ampicillin, amoxycillin, tetracycline, gentamycin, streptomy-
cin, oxiconazole, and haloprogin were used as control drugs.
The observed data on the antimicrobial activity of the com-
pounds and the control drugs are given-in Table II.

Antibacterial assay

The cultures were obtained in Mueller-Hinton broth (Difco)
for all the bacteria after 24 h of incubation at 37 = 1 °C. Test-
ing was carried out in Mueller-Hinton broth at pH 7.4 and the
two-fold serial dilution technique was applied. A set of tubes
containing only inoculated broth was kept as controls. After
incubation for 24 h at 37 + 1 °C, the last tube with no growth
of microorganism was recorded to represent MIC expressed in
pg/ml.

Antimycotic assay

The yeast Candida albicans was maintained in Sabouraud
dextrose broth (Difco) after incubation for 24 h at 25 + 1 °C.
Testing was performed in Sabouraud dextrose broth at pH 7.4
and the two-fold serial dilution technique was applied. A set of
tubes containing only inoculated broth was kept as controls.
After incubation for 48 h at 25 = 1 °C, the last tube with no
growth of yeast was recorded to represent MIC expressed in
ng/ml.

RESULTS AND DISCUSSION

The synthesized compounds 5a-k were screened
against three Gram-positive, three Gram-negative
bacteria strains and the yeast C. albicans using
two fold serial dilution technique. The results
reported in Table II indicate that compounds 5a-k
exhibited some antibacterial activity against the
screened Gram-positive bacteria S. aureus, S. fae-
calis and B. subtilis, lower than the compared con-
trol drugs ampicillin, amoxycillin and tetracycline,
showing MIC values between 100-25png/ml. Among

P
£

TABLE II - The in vitro antimicrobial activity of
the compounds 5a-k and the standard drugs
(MIC in pg/ml)

Comp. Microorgunisms?®
Gram-positive Gram-ncgative Fungus
Sa Sf Bs Ee Kp Pa Ca
Sa 50 50 50 50 50 50 50
5b 50 50 50 50 50 50 50
S¢ {00 50 50 50 50 50 50
Sd 25 50 25 100 100 50 100
Se 28 25 25 50 25 50 50
5t 50 100 25 50 30 50 50
Sy 50 100 50 50 50 50 100
Sh 100 50 50 $0 25 50 50
51 50 50 50 50 50 50 50
5 25 100 50 50 50 50 50
Sk 50 50 350 50 50 50 25
Ampicillin 0.78 0.78 0.78 3.12 12.5 >200 -
Amoxycillin 0.78 0.78 0.78 3.12 12.5 >200 -
Tetracycline 0.78 0.78 0.78 3.12 312 50 -
Gentamycin 0.78 12.5 0.78 3.12 1.56 12.5 -
Streploniycin 3.12 100 50 .56 1.56 100 -
Oxiconazole - - - - - 6.25
Haloprogin - - - - - 6.25

(") Abbreviations; Sa, Staphvlococcus aureus; Sf, Streptococ-
cus faecalis; Bs, Bacillus subtilis; Ec, Escherichia coli; Kp, Kleb-
siella pnewmoniae; Pa, Pseudomonas aeruginosa; Ca, Candida
albicans.

the synthesized compounds, N-(2-hydroxylphenyl)-
4’-chlorophenoxyacetamide (5e) was the only
derivative that possessed an activity of 25ug/ml
MIC value against the tested Gram-positive bacte-
ria strains.

The activity of the compounds Sa-k were also
tested against E. coli, K. pnewmoniae and P. aeru-
ginosae as Gram-negative bacteria. The antibacte-
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TaBLE III - Comparison of the antimicrobial activity of the synthesized

acetamides Sc, 5d, Se, 5j and 5k with their cyclic analogues 6-10 (MIC
in pg/ml)
Comp. Comp. Microorganisms®
Ner Gram-positive Gram-negative Fungus
Su Sf Bs Ec Kp Pa Ca
(]
5¢c Hm/@NHCOCH:‘@ 100 50 50 50 50 50 50
e v
: 12.5 50 12.5 25 12.5
e o ) s so
oH N
> q/@N..com_@_q 25 50 25 100 100 50 100
7 —CliUr 1 » 50
c,@f) ~ = 50 5o 25 50 25 25
OH
Se Q:Nuczucu,l 25 25 25 50 25 50 50
S
8 o N : ,
e~ 50 50 50 50 50 50 25
OoH
5] m@[,mcocu,s_@ 25 100 5 o 50 50 50
2 C,,GEZ s so so 625 50 25 50 125
OH
3k u,c’@wcw'ﬁ-@ 50 50 50 50 50 50 25
0 T e 25 25 25 25
» Ve <y s 25 25

(“) Abbreviations; Sa, Staphylococcus aureus; Sf, Streptococcus faecalis; Bs, Bacillus sub-

tilis; Ec, Escherichia coli;
Candida albicans.

Kp, Klebsiella pneumoniae; Pa,

Pseudonmonas aeruginosa; Ca,

rial activity of these compounds against E. coli
and K. pneumoniae exhibited lower potency than
the compared control drugs tetracycline, gentamy-
cine and streptomycin. The compounds, N-(2-
hydroxylphenyl)-4’-chlorophenoxyacetamide  (Se)
and N-(2-hydroxyl-5-methylphenyl)phenoxyaceta-
mide (5h) were found more active than the other
synthesized derivatives, having MIC values of
25pg/ml against K. preumoniae.

For the antibacterial activity against the entero-
bacter P. aeruginosae, the synthesized compounds
S5a-k indicated significant activity with 50pg/ml
MIC values and possessed better potency than the
compared control drug streptomycin, but showing
one fold less activity than gentamycine.

Moreover, the antifungal activity of the synthe-
sized compounds were tested against the yeast C.

albicans and exhibited MIC values between 100-
25pg/ml. However, N-(2-hydroxyl-5-methylphenyl)
thiophenoxyacetamide (5k) was found more active
than the other synthesized compounds, showing
25pg/ml MIC value; however, the control diugs
oxiconazole and haloprogin possessed one dilution
better potency.

On the other side, we compared the antimicro-
bial activities of the synthesized acetamide deriva-
tives 5¢, 5d, Se, 5j and S5k to their heterocyclic
analogues 6-10, given in Table IIl, assuming that
they are the possible metabolites of benzoxazoles.

The compared benzoxazoles 6-10 have been recen-
tly synthesized in our laboratories’s.

Table ITT reveals that although most of the MIC
values of the benzoxazole derivatives (6-10) pro-
vided better antimicrobial activity than the com-
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pared acetamides, some of the acetamide deriva-
tives possessed either same or one [old improved
potency (5d, Se and 5j). For instance, the com-
pound S5e indicated one dilution better antibacte-
rial activity than the compared benzoxazole deriv-
ative 8 against the tested Gram-positive bacteria
" strains and . K. preumoniae. For the antifungal
activity, all the benzoxazoles were found more
active than their possible metabolite amide forms
except S5k, which is the only compound showing
the same potency of its cyclic analogue 10 against
C. albicans.

In conclusion, if the synthesized acetamide
derivatives are the possible opened hydrolyzed
metabolites of these cyclized compounds in the
organism, then, prolonged antimicrobial efficacy
could be expected for benzoxazoles against the
screened microorganisms.

We would like to thank The Turkish Scientific
and Technical Research Association (TUBITAK)
for the financial support (Grant No: SBAG-AYD-
120) in this research.

REFERENCES

(") L Yargin, E. Sener, T. OzpeN, S. OzpEN, A. AKIN, «Syn-
thesis and microbiological activity of 5-methyl-2-[p-substi-
tuted phenyllbenzoxazoles», Eur. J. Med. Chent., 25, 705-
708 (1990). '

(® E. SENER, I. YaLGIN, E. SUNGUR, «QSAR of some antifun-
gal benzoxazoles and oxazolo(4,5-b)pyridines against
C.albicans», Quant. Struc. Act. Relat., 10, 223-228 (1991).

(®) 1. YaLcin, I. OreEN, E. SENER, A. AxkiN, N. UCARTURK,
«The synthesis and the structure-activity relationships of
some substituted benzoxazoles, oxazolo(4,5-b)pyridines,
benzothiazoles and benzimidazoles as antimicrobial
agenst», Eur. J. Med. Chem., 27, 401-406 (1992).

(“y 1. YaLciN, E. SENER, «QSARs of some novel antibacterial
benzimidazoles, benzoxazoles and oxazolo(4,5-b)pyridines
against an enteric gram-negative rod, K. pnewmoniae», int.
J. of Pharm., 98, 1-8 (1993).

E. SeNER, H. Turcur, 1. YaLgin, [. OrEN, L. TORKER, N.

CELEBI, A. AKIN, «Structure-activity relationships of some

antimicrobial 3-substituted-2-(3-pyridyl)benzoxazoles using

quantum-chemical calculations», futer. J. of Phann., 110,

109-115 (1994).

E. Senkr, I Yarcin, O. Temiz, 1. Oren, A AxiN, N.

UGARTURK, «Synthesis and structure- activity relationships

of some 2,53-disubstituted benzoxazoles and benzimida-

zoles as antimicrobial agents», Farmaco, 52, 99-103 (1996).

() H.G. Bray, R.C. CLowgs, W.V. Trorrg, «The metabolism
ol aminophenols, o-formamido-phenol, benzoxazole, 2-
methyl- and 2-phenyl-benzoxazoles and benzoxazolone in
the Rabbit», Biochem. J., 51, 70-81 (1952).

(®) H. Mrozik, H. JONES, J. FRIEDMAN, G. SCHWARTZKOPF,
R.A. ScHARDT, A.A. PATCHETT, D.R. HoFF, J.J. YAKSTIS,
R.F. Riek, D.A OsTLiND, G.A. PLISHKER, R.W. BUTLER,
A.C. CuckLERr, W.C. CaMPBELL, «A new agent for the
treatment of liver (luke infection (Fascioliasis)», Experien-
tia, 25, 883-886 (1969).

(%) Japan, 73 37, 819; 1973. Chem. Abstracts, 81, 73387p (1974).

(') Braz. Pedido PI 80 04, 641; 1981. Chem. Abstracts, 95,
61812z (1981).

('Y G.A. WinTE, «Substituted 2-methylbenzanilides and strue-
turally related carboxamides: inhibition of complex I
activity in mitochondria from a wild-type strain and a car-
boxin-resistant mutant strain of Ustilago maydis», Pest.
Biochen. Physiol., 34, 255-276 (1989).

('*) L.E. TorToNn, C.L. RarForDp, «Mixed diacyl derivatives of
2-aminophendgl containing the phenoxyacetyl radical», J.
Ame. Chem. Soc., 76, 5127-5130 (1954).

('3) E.S. CuarLES, V.K. AGRAwAL, S. SHARMA, R.N. IYER,
«Synthesis of 2,5-disubstituted benzimidazoles as potential
antihookworm and antimicrobial agents», Eur. J. Med.
Chem., Chim. Ther., 14, 435-438 (1979).

('*) S. Sriapomy, A. EsSPINEL, In: Manual of Clinical Microbi-
ology. Am. Soc. Microbiol, Washington DC, 1980, p. 647.

(15 1. gREN, «The synthesis, structure elucidation and quanti-

tative structure-activity relationship analysis of some novel

antimicrobial active isosteric heterocyclic compounds»,

Ph.D. Thesis, University of Ankara (1995).

(5

~—

(6

~

Received April 7, 1997; accepted June 30, 1997



