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ehn̂gZolugb̂d\[sloZôfkẐ[\l]lheâ¬[\̀̂
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Introduction 
Beginning with the discovery of the sulfa drug Prontosil in the 19305 [1], humanity has been attacking microbes and, until recently [2] , winning the antibiotic war. The emergence of antimicrobial resistance has partly reversed the situation. Certain species of bacteria are now resistant to all known antibiotics. So serious is the situation that both the Centers for Disease Control and Prevention 

(CDC) [3] and the World Health Organization (WHO) [4] have issued advisories. The crisis has also engendered a White House initiative [5]. The severity can be understood from statistics reported for 2013. In that year in the US. alone, more than 2 million people were infected by hospital acquired 
bacterial infections, which proved mortal to 23,000 patients. 

Numerous antibacterial agents are known [6]. These function to kill bacteria by a range of mechanisms. Some interfere with protein synthesis by different interactions such as with DNA gyrase or ribosomes. Others disrupt bacterial boundary layer membranes. Still others affect the function of efflux pumps [7] that remove xenobiotics from the bacterial cytoplasm. In previous work, we developed a family of synthetic amphiphiles that form ion-conducting pores or channels within liposomal bilayers [8]. The compounds are referred to as hydraphiles and their properties have been described in a review [9]. Key features are that the hydraphiles (1) insert into bilayer membranes, (2) conduct cations in preference to anions, (3) selectively transport Na” over K+ by 4: 1, (5) are blocked by Ag‘, (6) show well-behaved open-close behavior when studied by using a planar bilayer voltage clamp apparatus [10], and (7) show length dependent [11] transport and toxicity to cellular organisms [12]. A family of hydraphiles was prepared and shown to transport ions through liposomal membranes in a fashion that depended on both the length of the amphiphile and the thickness of the membrane [13]. A general structure for hydraphiles is shown in Scheme 1. 
The hydraphiles contain macrocyclic “crown” polyethers within their structure. Crown ethers have been shown to exhibit toxicity to various microbes in studies reported as long as four decades ago [14]. Such studies continue to appear [15]. Many of these studies cannot be compared owing to differences in macrocycle structure, the organism studied, and the methodology used to assess the toxic effects. In some studies, Gram—positive bacteria were exposed to various macrocycles using 

.3” -.°....n.c°"‘°v.m.€°”°1, CU} LU) mun}- 
n =8. 10. 12, 14, 1G, 18, and 20 

R I alkyl. aralkyl. ml. m m  
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ehn̂gZolugb̂d\[sloZôfkẐ[\l]lheâ¬[\̀̂
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?��h[??�Ph}}h�h}}}@

??@AINFFJdAq\]AvRoCLAvs@AqJHERXA�NaAZCeCXZCXKCARXAKJFjRXAKTJEXALCXOHTA
EXAHFEG�YJKFRKdKLC�AKTJXXCLGAJGAJGGCGGCZAjdAZdXJYEKAfpmJAmIrAGHNZECGAEXA

eTRGeTRLEeEZAjELJdCFG@AqTCYAqRYYNX@A?��}[fthh�fth}@

?f@A\CCcdAsAI]AvJYYRXAUW]A\CcKTCXoRAW]AMJFJXKEJXOAMAM]AINFELLRÀ]A
WRFKTELEXAl]ACHAJL@AUHFNKHNFC�iKHEcEHdArCLJHERXGTEeG]A{EXCHEKG]AUCLCKHEcEHdA
JXZAICKTJXEGHEKAUHNZECGARVAUdXHTCHEKAQdZFJeTELCAqTJXXCLGAEXAxJKHCFEJLA
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?t@A\CRXOAx{]AWG�RAẀ ]AqTCXRSCHTAIx@AWCGHEKNLJFAJHFReTdAVFRYAEXTJLJHERXARVA
CHTdLCXCARaEZCAKdKLEKAHCHFJYCF@AWRaEKRLAieeLAkTJFYJKRL@A?�ht[fh�f�Pptf�
wt@

?w@A\CAWi]AWFNRXOAQQ]ABEAWkm]ABEAmM]AWRAQW]ABEJAQk@AUdXHTCGEGAJXZA

jERLROEKJLAJKHEcEHdARVA�OJYYJ�JFdLedFEZEXR��ZEjCXuRJuJ�?t�KFRSX�tA
CHTCFG@AICXZCLCCcAqRYYNX@Afg?w[fwPfft�ffw@
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qTCY@Afg?g[thP??fh�??pp@
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pf@AICEGCLÂAs]AkJHCLAIAx]AvJFFJZA_]AvRoCLAvs@AmRcCLAxEG�WFdeHReTJX�A

iXHEYEKFRjEJLGArCcCFGCAWCHFJKdKLEXCArCGEGHJXKCAEXA�������@ÂAiYAqTCYAURK@A
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