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Abstract 

The enhancement of bacterial resistance of pathogens to currently available antibiotics constitutes 
a serious public health threat. Therefore, intensive efforts are underway worldwide to develop new 
antimicrobial agents. To identify compounds with a potent antimicrobial profile, we designed and 
synthesized some hydrazide derivatives 1a-e. The chemical structures of the compounds were 
elucidated by elemental analyses, IR, 1H-NMR, 13C-NMR and FAB+-MS spectral data. Their 
antimicrobial activities against to E. coli (NRRL B-3008), Staphylococcus aureus (ATCC 6538), 
Pseudomonas aeruginosa (ATCC 27853), Proteus vulgaris (NRRL B-123), Salmonella typhimurium 
(ATCC 13311), Methicillin-resistant Staphylococcus aureus (MRSA) (clinic isolate), Candida albicans 
(NRRL Y-12983) and Candida parapsilosis (NRRL Y-12696) were investigated. The results showed 
that all of the tested compounds were inactive against the test organism. 
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Yeni Hidrazid Türevlerinin Sentezi ve Bunların Antimikrobiyal Aktivitelerinin 
Değerlendirilmesi 

Mevcut antibiyotiklere patojenlerin bakteriyel direnç geliştirmesi ciddi bir halk sağlığı tehditi 
oluşturmaktadır. Dolayısıyla, yeni antibiyotiklerin geliştirilmesi için dünya çapında yoğun çabalar 
devam etmektedir. Güçlü antimikrobiyal profile sahip bileşikleri belirleyebilmek için bazı hidrazid 
türevleri 1a-e tasarlanmış ve sentezlenmiştir. Bileşiklerin kimyasal yapıları elemental analiz, IR, 1H-
NMR, 13C-NMR ve FAB+-MS spektral verileri ile aydınlatılmıştır. Bunların antimikrobiyal aktiviteleri 
Escherichia coli (NRRL B-3008), Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa 
(ATCC 27853), Proteus vulgaris (NRRL B-123), Salmonella typhimurium (ATCC 13311), Methicillin-
resistant Staphylococcus aureus (MRSA) (klinik izolat), Candida albicans (NRRL Y-12983) ve Candida 
parapsilosis (NRRL Y-12696) suşlarına karşı araştırılmıştır. Test edilen tüm bileşiklerin, test 
organizmalarına karşı inaktif olduğu sonuçlar gözlemlenmiştir. 

Anahtar kelimeler: Hidrazid, 5,6,7,8-tetrahidro-2-naftol, Aldehidler, Antimikrobiyal aktivite. 
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INTRODUCTION 

Infectious diseases are responsible for great number of deaths in the world. The reduction 
of sensibility to antimicrobial agents in actual use has been increasing for a great variety of 
pathogens and the resistance to multiple drugs is general for several microorganisms, 
particularly for Gram positive bacteria. Infections by methicillin-resistant Staphylococcus 
aureus (MRSA) and vancomycin-resistant Enterococci (VRE) present an important problem for 
medicine (1). Furthermore, the treatment of infectious diseases is more complicated in immuno-
suppressed patients, such as those infected with the HIV, undergoing cancer therapy or 
transplantations. Given the evidence for the fast world spread of resistant clinical isolates and 
the appearance of drug-resistant strains among community acquired infections, the need for 
discovery or optimization of antimicrobial agents active against these resistant strains is of 
paramount importance. 

Lately, hydrazone derivatives have gained significance owing to their application in 
pharmaceutical chemistry. The biological activity associated with these compounds was 
attributed to the presence of the (-CONHN=CH-) moiety. Consequently, several hydrazide-
hydrazone derivatives displayed broad spectrum of biological activities such as antimicrobial 
(2-7,12), antituberculosis (8-11), analgesic, and anti-inflammatory (12), anticonvulsant (13), 
antiproliferative (14) activities. 

In our previous work, we synthesized some hydrazide-hydrazone derivatives which were 
shown to exhibit high antifungal activity (15). Some of these compounds showed interesting 
in vitro activity against Candida spp.; especially 5,6,7,8-tetrahydroimidazo(1,2-a)pyridine-2-
carboxylic acid-(4-cyanobenzylidene)hydrazide, which showed the highest inhibitory (up to 
MIC 0.016 mg/mL) activity. The same compound showed no in vitro toxicity up to 25 mg/mL 
concentration suggesting that its antifungal activity (MICs 0.016-1 mg/mL) is selective. 

Prompted by these observations and in continuation of our researchs on bioactive 
molecules, we designed the synthesis with a series of hydrazide derivatives with the aim of 
attaining more potent antimicrobial compounds to improve actual antimicrobial treatments. 

EXPERIMENTAL 
Chemistry 

All chemicals were obtained from Aldrich Chemical Co. (Steinheim, Germany). All 
melting points (m.p.) were determined in open capillaries on a Gallenkamp apparatus (Weiss-
Gallenkamp, Loughborough-United Kingdom) and are uncorrected. The purity of the 
compounds was checked by thin layer chromatography (TLC) using silica gel 60G (Merck, 
Darmstadt-Germany). Elemental analyses were performed on a Perkin Elmer EAL 240 
elemental analyser. Spectroscopic data were recorded with the following instruments: IR; 
Shimadzu IR-435 spectrophotometer (Shimadzu, Tokyo, Japan); 1H-NMR: Bruker 400 MHz 
spectrometer and 13C-NMR Bruker 100 MHz spectrometer (Bruker, Billerica, Massachusetts, 
USA) in DMSO-d6 using TMS as internal standard; and MS-FAB: VG Quattro Mass 
spectrometer (Agilent, Minnesota, USA). 
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General procedure for synthesis of the compounds: 
Synthesis of (5,6,7,8-tetrahydronaphthalen-2-yl-oxy)acetylhydrazine 

These compounds were prepared by reacting ethyl (5,6,7,8-tetrahydronaphthalen-2-yl-
oxy)acetate with hydrazine hydrate according to the previously reported method (16,17). 

(5,6,7,8-Tetrahydronaphthalen-2-yloxy)acetic acid (2-phenoxyethylidene ) hydrazide derivatives 
(1a-e) 

Equimolar quantities of (5,6,7,8-tetrahydronaphthalen-2-yl-oxy)acetylhydrazines (30 
mmol) and appropriate aldehydes in 25 ml of absolute ethanol were refluxed for 10-12 h. The 
reaction mixture was then cooled and the solid precipitated was recrystallized from appropriate 
solvent. Some characteristics of the synthesized compounds are shown in Table 1. 

Table 1. Some characteristics of the compounds. 

Comp. 
Ri R2 R3 

Yield Empirical Mol. M.P. 
Ri R2 R3 (%) Formula Weight (°C) 

la H CH3 H 75 C21H24N2O3 352.44 148-149 
lb H C(CH3)3 H 76 C24H30N2O3 394.52 163-165 
lc H OCH3 H 72 C21H24N2O4 368.44 140-142 
Id CH3 CH3 H 69 C22H26N2O3 366.46 133-134 
le CH3 H CH3 78 C22H26N2O3 366.46 151-153 

(5,6,7,8-Tetrahydronaphthalen-2-yloxy)acetic acid (2-(4-methylphenoxy)ethylidene) hydrazide 
(1a): 
IR (v cm"1, KBr): 3210, 1686, 1600, 1585, 1498. *H NMR (400 MHz, DMSO-d6): 8 1.69-1.79 
(4H, m), 2.23 (3H, s), 2.57-2.72 (4H, m), 4.55 and 4.89 (2H, s), 4.63-4.71 (2H, m), 6.54-6.66 
(1H, d, J = 2.6 Hz), 6.60-6.71 (1H, dd, J = 8.4, 2.6 Hz), 6.85-6.99 (3H, m), 7.10 (2H, d, J = 8.2 
Hz), 7.48-7.83 (1H, t, J = 5.0 Hz), 11.45-11.47 (1H, two bs). 13C NMR (100 MHz, DMSO-d6): 
8 20.01 (CH3), 22.62 (CH2), 22.89 (CH2), 27.94 (CH2), 29.03 (CH2), 64.39 (CH2), 66.67 (CH2), 
112.15 (CH), 114.08 (CH), 114.55 (2CH), 128.81 (C), 129.57 (CH), 129.76 (C), 129.82 (2CH), 
137.45 (CH), 142.61 (CH), 155.48 (C), 155.77 (C), 164.57 (C). MS-FAB+: m/z: 353 (M + 1). 
For C21H24N2O3 calculated: 71.57 % C, 6.86 % H, 7.95 % N; found: 71.78 % C, 6.91 % H, 7.93 
% N. 

(5,6,7,8-Tetrahydronaphthalen-2-yloxy)acetic acid (2-(4-tert-butylphenoxy) ethylidene ) 
hydrazide (1b): 
IR (v cm"1, KBr): 3195, 1687, 1574, 1503, 1496. *H NMR (400 MHz, DMSO-d6): 8 1.26 (9H, 
s), 1.70-1.80 (4H, m), 2.59-2.71 (4H, m), 4.55 and 4.90 (2H, s), 4.66-4.72 (2H, m), 6.56-6.67 
(1H, d, J = 2.6 Hz), 6.61-6.72 (1H, dd, J = 8.4, 2.6 Hz), 6.88-6.99 (3H, m), 7.30 (2H, d, J = 8.2 
Hz), 7.51-7.84 (1H, t, J = 5.0 Hz), 11.41-11.44 (1H, two bs). 13C NMR (100 MHz, DMSO-d6) 8 
22.63 (CH2), 22.89 (CH2), 27.95 (CH2), 29.04 (CH2), 31.26 (3CH3), 33.72 (C), 64.43 (CH2), 
66.66 (CH2), 112.16 (CH), 114.10 (CH), 114.19 (2CH), 126.06 (2CH), 128.80 (C), 129.57 
(CH), 137.43 (CH), 142.68 (CH), 143.21 (C), 155.48 (C), 155.64 (C), 164.56 (C). MS-FAB+: 
m/z: 395 (M + 1). For C24H30N2O3 calculated: 73.07 % C, 7.66 % H, 7.10 % N; found: 73.03 % 
C, 7.65 % H, 7.13 % N. 
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Scheme 1. 

(5,6,7,8-Tetrahydronaphthalen-2-yloxy)acetic acid (2-(4-methoxyphenoxy)ethylidene) 
hydrazide (1c): 
IR (v cm"1, KBr): 3190, 1686, 1598, 1515, 1494. *H NMR (400 MHz, DMSO-J6): S 1.69-1.80 
(4H, m), 2.59-2.70 (4H, m), 3.70 (3H, s), 4.55 and 4.89 (2H, s), 4.65-4.72 (2H, m), 6.54-6.66 
(1H, d, J = 2.6 Hz), 6.60-6.71 (1H, dd, J = 8.4, 2.6 Hz), 6.84-6.99 (5H, m), 7.47-7.81 (1H, t, J = 
5.0 Hz), 11.44-11.45 (1H, two bs). 13C NMR (100 MHz, DMSO-J6) S 22.61 (CH2), 22.88 
(CH2), 27.93 (CH2), 29.02 (CH2), 55.32 (CH3), 64.38 (CH2), 67.20 (CH2), 112.15 (CH), 114.07 
(CH), 114.61 (2CH), 115.71 (2CH), 128.81 (C), 129.58 (CH), 137.46 (CH), 142.77 (CH), 
151.87 (C), 153.71 (C), 155.47 (C), 164.56 (C). MS-FAB+: m/z: 369 (M + 1). For C21H24N204 
calculated: 68.46 % C, 6.57 % H, 7.60 % N; found: 68.28 % C, 6.50 % H, 7.51 % N. 

(5,6,7,8-Tetrahydronaphthalen-2-yloxy)acetic acid (2-(2,4-dimethylphenoxy) ethylidene) 
hydrazide (Id): 
IR (v cm1, KBr): 3190, 1686, 1585, 1535, 1495. *H NMR (400 MHz, DMSO-d6): S 1.68-1.78 
(4H, m), 2.15 (3H, s), 2.20 (3H, s), 2.58-2.72 (4H, m), 4.55 and 4.88 (2H, s), 4.67-4.70 (2H, m), 
6.55-6.67 (1H, d, J = 2.6 Hz), 6.60-6.71 (1H, dd, J = 8.4, 2.6 Hz), 6.85-6.99 (4H, m), 7.50-7.85 
(1H, t, J = 5.0 Hz), 11.41-11.42 (1H, two bs). 13C NMR (100 MHz, DMSO-J6) S 15.90 (CH3), 
20.02 (CH3), 22.63 (CH2), 22.90 (CH2), 27.94 (CH2), 29.03 (CH2), 64.32 (CH2), 66.87 (CH2), 
111.71 (CH), 112.13 (CH), 113.98 (CH), 125.60 (C), 127.02 (CH), 128.77 (C), 129.31 (C), 
129.59 (CH), 131.24 (CH), 137.44 (CH), 142.76 (CH), 153.85 (C), 155.44 (C), 164.58 (C). 
MS-FAB+: m/z: 367 (M + 1). For C22H26N203 calculated: 72.11 % C, 7.15 % H, 7.64 % N; 
found: 72.03 % C, 7.17 % H, 7.59 % N. 
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(5,6,7,8-Tetrahydronaphthalen-2-yloxy)acetic acid (2-(2,6-dimethylphenoxy) ethylidene) 
hydrazide (le): 
IR (v cm"1, KBr): 3220, 1687, 1610, 1565, 1485. *H NMR (400 MHz, DMSO-J6): S 1.65-1.75 
(4H, m), 2.25 (6H, s), 2.59-2.72 (4H, m), 4.55 and 4.87 (2H, s), 4.65-4.69 (2H, m), 6.55-6.68 
(1H, d, J = 2.6 Hz), 6.60-6.72 (1H, dd, J = 8.4, 2.6 Hz), 6.89-7.00 (2H, m), 7.04 (2H, d, J = 8.2 
Hz), 7.60-7.94 (1H, t, J = 5.0 Hz), 11.43-11.44 (1H, two bs). 13C NMR (100 MHz, DMSO-J6) S 
16.11 (2CH3), 22.63 (CH2), 22.90 (CH2), 27.95 (CH2), 29.04 (CH2), 64.38 (CH2), 71.05 (CH2), 
112.15 (CH), 114.09 (CH), 123.99 (CH), 128.75 (2CH), 128.82 (C), 129.56 (CH), 130.29 (2C), 
137.44 (CH), 142.99 (CH), 155.30 (C), 155.49 (C), 164.64 (C). MS-FAB+: m/z: 367 (M + 1). 
For C22H26N2O3 calculated: 72.11 % C, 7.15 % H, 7.64 % N; found: 72.29 % C, 7.07 % H, 7.59 
% N. 

Microbiology 
Microdilution broth susceptibility assay was used for the antimicrobial evaluation of the 

compounds, whereas antifungal susceptibility of Candida albicans was examined according to 
NCCLS reference method for broth dilution antifungal susceptibility testing of yeasts (18,19). 
Chloramphenicol was used as standard antibacterial agent and ketoconazole was used as 
antifungal agent. Both are prepared as described in the related references. 

Antimicrobial activity 
Antimicrobial activities of compounds were tested using microbroth dilution method 

(18,19). Tested microorganism strains were; Escherichia coli (NRRL B-3008), Staphylococcus 
aureus (ATCC 6538), Pseudomonas aeruginosa (ATCC 27853), Proteus vulgaris (NRRL B-
123), Salmonella typhimurium (ATCC 13311), Methicillin-resistant Staphylococcus aureus 
(MRSA) (clinic isolate), Candida albicans (NRRL Y-12983), Candida parapsilosis (NRRL Y-
12696). The observed data on the antimicrobial activity of the compounds and control drugs are 
given in Table 2. 

Table 2. Antimicrobial Activities of the Compounds 1a-e (mg/mL) 

Comp. A B C D E F G H 
la >1.25 >1.25 >1.25 1.25 1.25 1.25 1.25 >1.25 
lb >1.25 >1.25 >1.25 >1.25 >1.25 1.25 1.25 >1.25 
lc >1.25 >1.25 >1.25 1.25 >1.25 1.25 1.25 >1.25 
Id >1.25 >1.25 1.25 0.625 >1.25 1.25 1.25 >1.25 
le >1.25 >1.25 >1.25 1.25 >1.25 1.25 1.25 >1.25 

Chloramphenicol 0.0312 0.0312 0.5 0.0312 0.0156 0.0312 - -
Ketoconazole - - - - - - 0.125 0.25 

A: Escherichia coli (NRRL B-3008), B: Staphylococcus aureus (ATCC 6538), C: Pseudomonas 
aeruginosa (ATCC 27853), D: Proteus vulgaris (NRRL B-123), E: Salmonella typhimurium (ATCC 
13311), F: Methicillin-resistant Staphylococcus aureus (MRSA) (clinic isolate) G: Candida albicans 
(NRRL Y-12983) H: Candida parapsilosis (NRRL Y-12696) 
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RESULTS AND DISCUSSION 
Among several clear synthetic routes to derivatives 1a-e, we decided to explore the 

acylhydrazine derivatives as a key intermediate in our synthetic approach. This compound could 
be transformed in 1a-e using classical functional group interconversion, i.e. CONHNH2 → 
CONHN=CH-CH2-O-Ar. Finally, the new target compounds 1a-e were obtained, in good yields 
(69-78%), by condensing the acylhydrazine derivatives with the corresponding appropriate 
aldehydes in absolute ethanol, as illustrated in Table 1 and Scheme 1. 

The purity of the synthesized compounds was checked by elemental analyses. The 
structures of the various synthesized compounds were determined on the basis of spectral data 
analysis; such as IR, 1H-NMR, 13C-NMR and FAB+-MS. 

IR data provided functional group evidence for the formation of the expected structures. In 
the IR spectra, some significant stretching bands due N-H, C=O, C=C and C=N were at 3220-
3190 cm-1, 1687-1686 cm-1, and 1610-1485 cm-1, respectively. 

According to the literature, the hydrazones may exist as E/Z geometrical isomers about 
C=N double bonds and cis/trans amide conformers. Besides hydrazones derived from aldehydes 
and substituted hydrazides are present in solution in the E form. It has been reported that when 
hydrazones are dissolved in dimethylsulfoxide-d6 solution, the E geometrical isomers of these 
compounds undergo a rapid cis/trans amide equilibrium, in which the cis conformer 
predominates (20,21). 

In the 1H-NMR spectra of the compounds, the C6 and C7 protons of 5,6,7,8-
tetrahydronaphthalene were observed at 1.65-1.80 ppm as multiplets. The C5 and C8 protons of 
5,6,7,8-tetrahydronaphthalene structure were observed at 2.57-2.72 ppm as multiplets. The -O-
CH2-CO protons were appeared as singlet at 4.55 and 4.90 ppm. The -O-CH2-CH= protons were 
appeared as multiplets at 4.63-4.72 ppm. The -N=CH- proton was observed as triplet at 7.47-
7.94 ppm. The -NH-N= proton was observed as two broad singlet at 11.41 and 11.47 ppm, 
respectively. All the other aliphatic and aromatic protons were observed at expected regions. 
The 1H-NMR data were also consistent with the assigned structures. In 1H-NMR spectrum of 
compounds; we observed paired peaks for each of the protons -O-CH2-CH=, -N=CH-, and -NH-
N= corresponding to (E)- and (Z)-forms of the compounds. For each compound, the intensities 
of these paired peaks differed from others, due to the variable amounts of (E) and (Z), which are 
usually unequal. 

Additional support for the structures of the synthesized compounds was provided by 13C-
NMR spectra. In the 13C-NMR chemical shift values of the carbon atoms at around 164.56-
164.64 ppm (hydrazide C=O), and about 142.61-142.99 ppm (imine N=CH) corroborate the 
hydrazide character deduced from the 1H-NMR data. The mass spectra of compounds showed 
(M+1) peaks, in agreement with their molecular formula. 

MIC’s were recorded as the minimum concentration of compound, which inhibits the 
growth of tested microorganisms. The results indicated that all of the tested compounds were 
inactive against the test organism. The reason for this aspect may be the low solubility of such 
compounds in polar solvents. 

CONCLUSION 
The present study describes the synthesis of five (5,6,7,8-tetrahydronaphthalen-2-

yloxy)acetic acid (2-phenoxyethylidene)hydrazide derivatives (Scheme 1;1a-e). Their 
antimicrobial activities have been evaluated. The results showed that all of the tested 
compounds were inactive against the test organism. Regarding the antimicrobial level of the 
tested substances when compared to previous studies (22-24) seem to be less active against the 
tested microorganism which does not mean they would be inactive against other pathogenic 
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microorganisms. So it is worthwhile to test these substances against other microorganism strains 
and isolates suggesting them rather for specific inhibitory activities rather than a wide 
antimicrobial spectrum in this case. 
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