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Abstract: A variety of hygromycin A analogs are described which contain modifications of or 
replacements for the natural sugar. Antibacterial activities against SerpuZina (Treponema) 
hyodysenferiae, an important animal health pathogen, are mported and indicate that small lipophilic 
cq’ substituents serve as useful sugar surrogates in the hygromycin A class. 

Hygromycin A (1) is a fermentation-derived natural product first isolated from Strepromyces 

hygroscopicus in 1953.’ Although known to possess moderate antibacterial activity, it was only recently 

discovered to have excellent in vitro potency2 against Serpulina (Treponema) hyodysenteriae, the causative agent 

of swine dysentery, an economically significant muco-hemorrhagic disease of swine. More importantly, the 

antibiotic also demonstrated efficacy in the treatment of induced dysentery infection in pigs at levels of 5-20 glton 

feed.3 The renewed interest in hygromycin A has led to increased synthesis activities, including a recent total 

synthesis.4 Additional reports from our laboratories have detailed structure-activity relationships (SAR) about the 

aromatic ring,5 the enamide., and the aminocyclitol. 7 In addition, we described the remarkable functional 

equivalence of simple lipophilic alkyl ethers in place of the arabino-furanosyl aryl substituent of hygromycin A, 

represented by ally1 ether 2.* This paper further describes the range of accepted groups at the Q position, 

including modifications of the natural sugar, and oxygen, nitrogen, and carbon-linked substituents. 
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Initial semisynthetic studies on hygromycin A’s furanose moiety suggested that this region’s SAR may be 

very sensitive to minor alterations in structure. By acetylation of the natural product with concomitant elimination, 

enone 3 is produced (Scheme 1); acetate cleavage with wet NaHCOfleOH affords dihydrofuran 4 which retains 

only moderate in vitro antibacterial activity9 (S. hyodysenreriae MIC = 25 lq/mL). In order to reintroduce sp3 

hybridization at Cy and Q, phenyl and methyl thiolate anions were added in a conjugate fashion but failed to 

restore in vitro activityto (MICs of 5 and 6: ~-100 pg/mL). Subsequent desulfurization was accomplished with 

Raney nickel to provide an inactive mixture of the 3”deshydroxy hygromycin A epimers 71° (MIC of 7: >lOO 

l.@nL), indicating that inactivity of the sulfides is not due to simple s&c repulsion at Cy, and implicating an 

absolute requirement for the C3” hydroxyl group. 
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With this surprising stringency uncovered in the furanose region, we set about to determine if complete 

replacement of the u~u~j~-~~ose, patterned after successful efforts in the antiviral acyclic nueleoside field,t* 

would yield analogs less sensitive to variation. We sought an acyclic sugar surrogate which would alleviate 

potential Q epimerization problems (hygromycin A is isolated as a mixture of epimers) and provide the minimum 

structural requirements for antibacteriat activity. Methodology was developed to cleave the sugar of hygromycin 

A and to derivative selectively the resultant Cq phenolic hydroxyl group.* Through intermediate 8, a variety of 

ethers were prepared by halide displacement or Mitsunobu reaction with an alcohol, followed by deprotection 

(Scheme 2). In vitro activities of some of these analogs are listed in Table 1. 
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The in vitro results in Table 1 suggest that small lipophilic groups (less than five methyiene groups, in 

general) lead to the most active Q substituted analogs. (And this has been shown to translate to in viva activity in 

both mites and swine.13) Analogs bearing longer aliphatic chains at Q are generally less potent (9k, 91), 

although activity may be restored through the introduction of polar groups to the sidechain (compare pentyl ether 

91 with methyl sulfide 90 and ketone 9~). Hydroxyl groups, designed to overlay with those at CT and CT of 

the natural furanose, do not improve potencies (entries 9t, 9u, 9~). Steric hindrance influences antibacterial 

activity as branched chain substituents decrease potency (2 versus 9g and 9h) while cyclic structures bearing a 

greater number of carbon atoms retain activity (9m, 9q, 9r}. ~nt~s~gly, “typical” antiviral sid~hainst* (9s, 

9t, 9u, 9v) do not serve as effective sugar surrogates for hygromycin A and activity actually decreases as 

hydroxyl groups are added, a remarkable fiiig considering the parent structure’s hydrophilic furanose. 
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To study the importance of the linking ether oxygen at Q, several nitrogen and carbon-linked analogs 

were prepared. In general, these analogs were synthesized from the app~~ately substitu&ed ~n~dehyde by 

olelination using a three-step sequence initiated with a stabilized Wittig reaction or a one-step phosphona~ 

procedure (Scheme 3f.5 The surprising tolerance for simple lipophilic side chains is also observed when the 

oxygen at Q is replaced with nitrogen or carbon as seen in examples from Table 2. Although the MICs are not as 

good as in the oxygen-linked series, similar trends are observed with the various lipophilic substituents. 

Previously published work described the tolerance of the C3* position for proton, amino and fluoro 

substitution in addition to the natural hydroxy functiona1ity.s Indeed, the Q structureactivity relationships are 

maintained when the 3-position hydroxyl group is replaced with a hydrogen (13g, 13k. and 131) or fluorine 

atom (13h and Table 3) in the Q oxygen, nitrogen, and carbon-linked series. 
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In summary, despite dramatic differences from the natural furanose of hygromycin A, analogs possessing 

small lipophilic Cq substituents, whether linked through an oxygen (9b-v, 14a-c), nitrogen (13a-h), or carbon 

atom (13LI), maintain comparable ira vitro activity relative to the natural product as measured against S. 

hyodysenteriae. Several of these in vitro actives have been shown to possess in vivo activity similar to 

hygromycin A in mouse and swine S. hyodysenteriae infection models. *J3 In contrast, analogs incorporating 

hydroxyl groups on the C!e side chain designed to overlay with the natural furanose alcohols, and thus bind 

similarly to a molecular target,34 faii to retain in vitro antibacterial activity. In fact, minor m~i~cations that 

employ the furanose as a template for semisynthesis lead to a decrease in potency. 
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