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Abstract: Several routes for preparing oxazole nucleus fused to 1,4-naphthoquinone moiety were studied. Three new 
oxazole-l,4-naphthoquinone derivatives (4a-c) were prepared and evaluated against phatogenic bacteria. The use of ortho-ester 
methodology was found to be the best synthetic method for preparing these oxazoles, which showed very low antibacterial 
activity. The intermediate 2 showed a broad spectrum of activity comparable with oxacillin and vancomycin. 

Introduction 

Many natural 1.4-naphthoquinones have been the subject of interest since Wendel' showed in 1946 that certain 2-
hydroxy-3-alkyl-naphthoquinones inhibited the growth of Plasmodium. Afterwards several studies proved that the toxicity of 
naphthoquinones to Plasmodium sp. is due to interaction with the mitochondrial respiratory chain2. This observation led Fieser 
and collaborators to start an extensive search for new quinones3 aiming to discover new drugs for malaria chemotherapy. These 
resulted in the discovery of 3-(8-cyclohexyl-octyl-2-hydroxy-l,4-naphthoquinone (menoctone), a potent inhibitor of NADH and 
succinate-cytochrome reductases of Plasmodium lophurae4 The antibacterial and antiprotozoan activities of 2-hydroxy-3-aIkyl-
1,4-naphthoquinones have been summarized by several authors.5'6 Besides these biological activities, various other heterocyclic 
quinones posses activities against several types of cancer cells* (i.e. mitomycins, etc.), virus9'10 and fungi" More recently. ß-
lapachone, an «rf/w-pyran-naphthoquinone, was intensely investigated for clinical use in cancer chemotherapy l2. 

The occurrence of the oxazole nucleus in a wide variety of natural and unnatural biologically active compounds", as 
well as the utilization of oxazoles as useful reagents has provided a continuing stimulus for the development of new compounds 
of this class. Several cytotoxic and antifugal macrolides containing two or three oxazole rings have been isolated from marine 
living organisms such as nudibranch egg masses,14 sponges15, and stony corals.16 It noteworthy the following natural products, 
among many other, having the oxazole moiety: Halishigamides Α-D17, Calyculin C18 and Hennoxazole A. '9 Synthetic oxazole 
compounds also had showed interesting biological effects such as cytotoxic20, analgesic2 ', antibacterial.22 

As an ongoing program devoted to synthesize 1,4-naphthoquinone23 and oxazole derivatives, we have decided to 
synthesize new 1.4-naphthoquinone analogues having the oxazole ring attached at 2,3-positions and test then against several 
phatogenic bacteria. 

Experimental 
Melting points were observed on a Reichert micro hotstage and are uncorrected. Analytical grade solvents were used 

Column chromatography was performed on silica gel 60 (Merck 70-230 mesh). Infrared spectra were recorded on a Perkin-
Elmer 783 spectrophotometer. NMR speclra were recorded on a Varian Unity Plus VXR (300 MHz) in deuteriochloroform 
solutions and tetrainethvlsilane was used as the internal standard (fi=0 ppm). Low resolution electron-impact mass spectra (12 
eV) were measured in a Hewlett Packard 5985 instrument and high resolution fast atom bombardment mass spectra 
(HRFABMS) were rccordcd on a 3-NBA matrix in the positive ion mode on a VG ZAB-E mass spectrometer. Freshly purified 
samples were used for measuring physical constants and spectral data. 

Hydroxy-3-amino-1.4-iiiiphthoquiiioiic (3) 
A mixture of lawsonc 1 (5.75 mmol) in HCl 5% (v/v. 7.5 mL) under stirring was dissolved in dioxane (20 mL). The 

solution was coolcd externally with icc and solid sodium nitrite (1.16 g. 16.8 mmol) was slowly added keeping the temperature 
below 5 °C. The reaction was monitored by TLC until complete consumption of 1. The reaction was allowed to warm to room 
temperature and extracted with dichloromcthanc (3 χ 20 inL). The combined organic phase was extracted with cold water ( 3 x 1 5 
mL) and dried over anhydrous Na:SO.t. The solution was concentrated under reduced pressure yielding 2 (90%) as a yellow 
crystalline solid 
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A solution of 2 in ethanol (10 inL) was warmed to 50 °C then added slowly in three portions of 5 mL a freshly prepared 
solution of N a 2 S 2 0 4 10% (w/v. 15 inL). The mixture changed from yellow to deep purple and after 15 min a solid started to form 
The reaction was kept undisturbed at room temperature for 24 h. The solid material was collected by vacuum filtration and air-
dried giving 3 (50%) as a purple solid, in.p. 132 °C (EtOH) (lit. 130-140 °C). 

General procedure for preparing 4a-b and 6a-b by acid chloride method 
To a solution of 3 (5 mmol 0.945 mg) in xylene (100 mL) were added the appropriated acid chloride (5.5 mmol), 

triethylamine (5.5 mmol. 0.76 ntL) and PPTS (piridinium p-toluenesulfonate) (1.3 mmol, 325 mg). The reaction was refluxed 
during 16 h. (8 h for 6a and 6b). The products were isolated by extraction with AcOEt (3x25 mL) and separated by silica gel 
column chromatography eluted with hexano/AcOEt (15%). The yields are reported in Table 1. 

General procedure for preparing 4a-c by o r t h o - a m i method 
A mixture of 3 (3 mmol. 567 mg) in xylene (70 mL). and the appropriated ortho-ester (3 mmol) and PPTS (0.8 mmol. 

199 mg) was refluxed for 16 h The mixture was extracted with AcOEt and washed with N a H C 0 3 5 % (3 χ 10 mL) and then 
evaporated. The residue was chromatographcd on silica gel column eluted with hexane / AcOEt (10%). 

To a solution of 6a (1 mmol. 293 mg) in xylene (20 mL) was added PPTS (0.3 mmol, 75 mg) and refluxed for 10 h. 
The product 4a was isolated in 6 0 % (165 mg) bv extraction with AcOEt and purified by silica gel column chromatography and 
eluted with hexane/AcOEt (7:3). 

2-Benzoyl-3-nitroso-l ,4-naphlhoquinone (7a) 
A solution of 2 (3 mmol, 609 mg), benzoyl chloride (3.3 mmol, 0.38 mL) and triethylamine (3.3 mmol. 0.46 mL) in 

dichloromethane (50 mL) was stirred under nitrogen at room temperature overnight. The reaction mixture was poured into water 
(100 mL). The organic phase was separated, washed with NaHCOj 5% (3x15 mL) and dried over anhydrous Na : S0 4 . The 
solution was evaporated under reduced pressure and the residue recrystalvzed in CC14 producing 7a. 

2-Benzoyl-3-ainino-l .4-naphthoquinone (6a) from 7a 
To a solution of 7a (1 mmol. 307 nig) in methanol (50 mL) was added NaBH4 (4 mmol, 152 mg) in portion wise for 30 

min at room temperature. The mixture was poured into saturated solution of NH4C1 (50 mL) and extracted with AcOEt (3 χ 15 
mL). The organic phase was dried over anhydrous Na 2 S0 4 , evaporated under reduced pressure and the residue purified bv 
column chromatography over silica gel eluted with hexane/AcOEt (9:1) producing 6a in 69% (202 mg) yield. 
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Scheme 1. Synthetic sequence for preparing compounds 4a-c. Sa-b. 6a-l> and 7a. 
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Biological Essay 

Microbial cultures growth conditions. Tested microorganisms included the following Gram-posit ive bacteria: 
Staphylococcus aureus and Staphylococcus epidermidis, and for Gram-negative: Escherichia coli, Klebsiella pneumoniae and 
Shigellaßexneri. All bacteria used in this study were isolated from patients at the University Hospital Antonio Pedro/UFF-RJ and 
grown (at 37 °C) in medium with peptone, yeast extract, sodium chloride and, dibasic-sodium phosphate. Lorian disks (7 mm 
diameter) were soaked in 5 nig.mL"' of naphthoquinones as solutions in dimethylsulfoxide (DMSO). Disks were put on an 
exponentially growing plated culture with appropriate dilution to 1.0x10 colony forming unit (CFU mL"1). The plates were then 
incubated for 24 h at 37 °C. The results were recorded by measuring the zones surrounding the disk. Control disks containing 
DMSO. ATCC 29.213 of S. aureus and the antibiotics oxacillin and vancomycin were used as controls in the assay. Significant 
results: halo > 12 mm Table 3 reports the inhibition zones (mm) of 4a-c, 5b, 2 and 3. 

Results and Discussion 

Oxa/.ole chemistry have been experienced a renaissance since the beginning of combinatorial methodologies Research 
has included the synthesis of oxazole-containing peptido-mimetics24 and the preparation of oxazole-containing peptide 
macrocycles that could serve as scaffolds for combinatorial elaboration. Hence, many synthetic methodologies have appeared in 
the recent literature._> 

The synthesis of oxazolc- l .4-naphthoquinone derivatives 4a-c was studied by different process (Scheme I). The amino 
lawsone (3) is the ke\ compound of this sequence, which was synthesized from lawsone 1 (3-hydroxy-l ,4-naphthoquinone) in 
two steps. The first step is the conversion of 1 into nitroso-quinone 2 by nitrosation, which is then reduced with sodium 
dithionate in aqueous medium giving a moderate yield of 2-ainino-naphthoquinone 3.26 Having in hands the intermediates 2 and 
3, we subsequently studied several cyclization processes to produce oxazoles derivatives. 

The formation of oxazolc ring from 3 was initially performed by one-pot procedure reported by Goldtein and 
Dambeck2 , which use an acyl chloride, iriethvlamine. PPTS (piridiump-toluenesulfonate) as catalyst in refluxing toluene In this 
condition it was isolated the oxazoles 4a and 4h along with the amides 5a and 5b in low yield (entries 1 and 2). The formation of 
these amides suggest the ester-intermediates was formed initially but it cyclized faster than the amides. Since the scope of this 
reaction was not well established with amino-alcohol of 1,4-naphthquinones. and in particular, the lack of data related to stcric 
cffects as well as electronic effects, it prompted our investigation of the reaction in two separated steps. The ester-intermediates 
6a and 6b were prepared in 68 and 72% yield (entry 3 and 4) using the same reaction conditions described above but in 8 hours. 
Heating the later compounds in toluene with PPTS furnished the oxazoles 4a and 4b in moderate to good yields. 

In order to overcame the rcgioselectity problem (ester vs amide) in forming the amides 5a-b, it was studied a synthetic 
route through nilroso-lausona 2 Initially it was reactcd with benzoyl chloride forming 7a, which upon reduction with sodium 
dithionate furnished the oxazolc 4a in 6 0 % yield (entry 7). The overall yield of this route was similar to the amino-cstcr in two-
steps but operational!) more complicated. 

In a search for a direct procedure for obtaining the oxazoles we investigated the condensation of 3 with sonic available 
ortho-esters (entry 5 and 6). catalyzed by PPTS in refluxing toluene.2" The oxazoles 4a and 4c were obtained in good yields. 
Then, it was possible to prove that in this reaction the overall yield in two-step is three-fold higher than the one-pot procedure 

Each step of these sequences is operationally convenient and reproducible. The structures of 4a-e, 5a-b, 6a-b and 7a are 
supported b\ iv. ms and NMR data based on HMBC and HMQC experiments (see Table 3). 

Table 1 Summary of the yields and pathways used for preparing the compounds 4a-c, 5a-b, 6a-b and 7a. 

Entry Reagent Route Group Oxazolc Amino-ester Amide Nitroso-ester 

1 3 Direct Phenyl 4 a - 22% - 5a - 7% -

2 3 Direct Propyl 4b - .36% - 5b - 30% -

3 3 Amino-csier Phcm 1 4 a - 60% 6a - 68% - -

4 3 Amino-cster Propyl 41) - 70% 6b -72% - -

5 3 Onho-es tcr Phenyl 4a - 80% - - -

6 3 Ortho-ester Η 4c - 70% - - -

7 2 Nitoso-estcr Phenyl 4a - 60% - - 7a - 70% 
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Table 2. Antimicrobial activity* of 4a-c. 6a-l> and 7 as determined by diffusion techniques. 

Oxazole Kreisiellti Staphlococcus Shigella Staphlococus. Escherichia 
pneumoniae epidcrmidis flexneri aureus coli 

4a 12 1 5 8 1 
4c 11 12 zero 18 4 
4b 10 14 zero 10 zero 
5b 10 11 zero 14 3 
3 9 9 6 12 14 
2 24 29 24 35 20 

*S. aureus ATCC 29.213: oxacillin = 45 mm and vancomycin = 24 mm; 4c- 2-H-4,9-dioxo-4,9-dihydro-naphtho|2.3-i/ | 
oxazole. 4a- 2-phenvl-4.9-dio.xo-4.9-dihvdro-naphtho|2,3-i/| oxazole; 4b- 2-n-propyl-4,9-dioxo-4,9-dihydro-naphtho|2.3-f/| 
oxazole; 5b- 2-hydroxy-3-N-propylainide-I.4-naphthoquinone; 3 -2-hydroxy-3-amino-l,4-naphthoquinone; 2- 2-hydroxy-3-
nitroso-1,4-naphthoquinone. 

All the compounds shown in Table 2 are inhibitors of the bacteria used in this research, but only 2 (35 mm) had a broad 
spectrum of activity comparable with oxacillin = 45 mm and vancomycin = 24 mm (commercially available antibiotics). The 
oxazole derivatives 4a-c and the intermediates 5b showed very low antibacterial activities. All the other intermediates were 
inactive. 

Since the only activc compound has a nitroso group bonded to 1,4-naphthoquinone moiety. We can speculate that this 
broad spectrum of activity is due (o the formation of highly reactive nitrosyl species in vitro29, activated by bacterial NADH- and 
NADPH-dependent reductases. 

Conclusions 

In summary , we have studied several routes for preparing 1.4-naphthoquinones 4a-c having the oxazole ring fused to 
quinone moiety. The formation of oxazole ring from 3 by one-pot procedure already reported in the literature, showed lo be 
inadequate for producing these compounds in good yields due to regioselectivity problem. It was possible to show thai this 
procedure in two separated steps produces the oxa/.oles in higher yield. The use of ortho-ester was found to be the besi synthetic 
method for preparing 4a and 4c. All the compounds were tested against several types of Gran-positive and Gran-ncgative 
bacteria. The oxa/.oles derivative 4a-c and most of the intermediates showed very low antibacterial activity However, the 
nitroso-lawsone 2 showed a broad spectrum of activity comparable with oxacillin and vancomycin, which are commercially 
available antibiotics. Il was expected some activity for these oxazoles derivatives, since the oxazole nucleus is presenied in a 
wide variety of natural and unnatural biologically activc. These results may provide some important information for future 
design of antibacterial drugs having the oxazole nucleus. 
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