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Abstract: A series of  6-oxa isosteres of anacardic acids (6-higher alkyl/alkenyl-2-hydroxybenzoic acids) was 
synthesised and several members were discovered to be among the most potent inhibitors (IC50 values -< 5 ~tM) 
of the bacterial two-component regulatory systems, KinA/SPOOF and NRII/NRI, reported to date. The Gram- 
positive antibacterial activity in selected strains is also presented. © 1999 Elsevier Science Ltd. All rights reserved. 

In view of  the widespread occurrence of resistance among pathogenic bacteria against existing antibiotics, I new 

antibacterial agents with novel mechanisms of action are urgently needed to enhance the clinical management of 

infectious diseases. As part of  an ongoing program to discover novel antibacterial agents less liable to develop 

drug resistance, our laboratories have focused on inhibition of bacterial two-component regulatory systems 

(TCS). 2 These TCS, which consist of a histidine kinase sensory protein (HPK) and a response regulator protein 

(RR), 3 are involved in the regulation of  chemotaxis, porin expression, nitrogen metabolism and expression of 

virulence and resistance factors that are vital for survival inside the host organism. In response to an external 

stimulus, HPK utilizes ATP to autophosphorylate at a specific histidine residue; the phosphoryl group from the 

HPK-P, in turn, is transferred to an aspartyl residue within the conserved domain of  RR, culminating in gene 

transcription. Sequence alignment shows homology as high as 30% among several RR within the same cell, 

especially in those domains involved in the phosphotransfer function. 4 This suggests it may be possible to target 

multiple bacterial TCS within the same cell, making chromosomally determined drug resistance highly unlikely. 

Since TCS have not been detected in mammalian cells, 5 a bacterial TCS inhibitor could be an ideal therapeutic 

agent with good selectivity 6 against virulent bacterial strains or specifically against notoriously resistant, 

problem pathogens such as, methicillin resistant Staphylococcus aureus (MRSA), vancomycin-resistant 

Enterococcusfaecium (VRE), etc. 

Anacardic acids (A) are a group of naturally occurring 6-(C~5 alkyl or alkenyl)-salicylic acid derivatives, 

occurring widely in several plant species, but isolated principally from cashew nut (Anacardium occidentale) 

shell oil. 7 Several members of this group have been reported to exhibit antimicrobial activity of undetermined 
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mechanism, mainly against Gram-positive bacteria) Intrigued by this reported activity, we decided to synthesize 

a series of  novel 6-oxa isosteres (B) of  anacardic acids (A), to investigate their potential antibacterial activity 

and the mechanism thereof, especially since the anacardic acids were not easily accessible. Herein we describe 

the synthesis of  several 6-oxa isosteres of the anacardic acids and the discovery of  their potent bacterial TCS 

inhibitory activity in two biochemical assay systems, KinA/SpoOF 9 and NRI/NRt ~° and their Gram-positive 

antibacterial activity. 

OH OH 

I ~ C O O H  ~ / C O O H  

CH2-R ~ "O-R 

A R = higher alkyl or alkenyl B 

For the synthesis of 6-oxa isosteres B (Table 1, 1-11), we adopted the Mitsunobu conditions (Scheme 1) for the 

selective mono-O-alkylation of y-resorcylic ester" (D) with the various alcohols (R-OH) to afford methyl 6- 

alkoxy-2-hydroxybenzoates (E, 15-55%). Alkaline hydrolysis followed by acidification gave the free acids 1- 

11 (45-95%). 

Scheme I a 

OH OH OH OH i ~ ii ~ iii, iv ~ COOH COOMe COOMe COOH 
l= l =  =, 

"OH ~ "OH ~ "O-R ~ "O-R 

C D E B (1 -11 ) 

aReagents: (i) MeOH, H2SO4,A; (ii) Diethylazodicarboxylate (1.5 equiv), Ph3P (1.5 equiv), R-OH (1.5 equiv), THF, 
rt/overnight, chromatograph, SiO2/Hexane-DCM; (iii) 20%KOH/EtOH, A, overnight; (iv) 6N HCI. 

The inhibitory activity of selected 6-oxa-anacardic acids and related analogues B (1-11) in the primary model 

assays for HPK-TCS phosphorylation, KinA/SPOOF 9 and NR./NRI, ~° as well as their antibacterial activity 

(MICs), 12~ are summarized in Table 1. In order to further define the SAR of this series, we also tested several 

structurally related compounds (12-17) I~ in the primary screen as summarized in Table 2. 

The potency of the series 1-11 in the TCS-enzyme assays appears to follows a bell-shaped curve with respect to 

the length of the alkyl substituent R. The potency increases linearly, from a minimum for R = C8 (4), reaching a 

maximum for R = C,4 (7, 8, true 6-oxa isosteres of natural C~5-anacardic acids) and R = C~6 (9) and then rapidly 

tapering offwith the higher chain lengths o fR  = C~8 (10) and R = C 20 (11). The TCS-enzyme inhibitory potency 
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of 7 and 9 are among the highest found for all the compounds, including RWJ-49445 and salicylanilides, 

previously reported from our laboratories. 2 The Gram-positive MICs, although less potent than would be 

expected based on the enzyme inhibitory potency of the compounds, run roughly parallel to the activity in the 

biochemical assays, with the exception of 7 and 9 whose inactivity against the two S. aureus strains stands out 

as an anomaly, contrasting their good MICs against two Enterococcal strains. This divergence may be due to the 

differential interactions ~4 with or partitioning of these antibacterial substances in membrane lipids of 

staphylococcal versus enterococcal species or may be indicative of multiple mechanisms operating in concert 

with TCS inhibition, as noted for other TCS inhibitors from our laboratories. 15 

Table 2 
TCS Enzyme Activity of Related Miscellaneous Compounds 

# Structure ~3 

12 

13 

14 

15 

16 

17 

IC5o I-tM 
(TCS) 

KinA/SpoOF NRll/NR! 
OH ~]~ COOMe >500 >500 

0 ~ V ~ "  (C12) 
OH ~[ COOMe >500 >500 

O ~  (Cl4) 

~[ COOMe 

O ~  (Cj4) >500 >500 

c 
COOH 

O ~ ~ /  (Cl4) >500 89 

OH 

H O ~  (C15) 235 NT a 

OH 

~ (C15) >500 NT a 

a NT = not tested 

As for the structural features essential for enzyme inhibitory activity, the presence of  an acidic functionality 

such as a COOH appears to be required, since the esters E (e.g., 12 and 13, Table 2) of  the potent acids (6 and 7, 

respectively, Table 1) were inactive. In addition, the presence of a phenolic OH is an important contributor to 

the inhibitory activity as suggested by the marginal activity of the acid 15 which lacks such functionality. The 

phenolic OH alone (one OH in 17 or even two OHs in 16), without the simultaneous presence of a vicinal 

COOH, is not sufficient to impart meaningful activity. 

Since this general SAR profile of the 6-oxa isosteric anacardic acids is similar to the SAR for the antibacterial 

activity reported for anacardic acids and analogues, 8g it would not be unreasonable to surmise that the 

antibacterial activity of both series may be due to similar mechanisms, at least one of which is the inhibition of 
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the bacterial TCS. The most potent enzyme inhibitor 7 was inactive against a panel of Gram-negative bacteria l~b 

(MIC >128 ~tg/mL), a result not surprising in view of similar profile of  anacardic acids a8 and of several other 

TCS inhibitors reported from our laboratories 2 as well as by others. 6b 

In conclusion, we have synthesized several 6-oxa isosteres of anacardic acids and discovered the most potent 

inhibitors of bacterial HPK-TCS signal transduction described to date. Several of  these analogs also showed 

antibacterial activity in a selected panel of Gram-positive bacteria. 
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