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Abstract: Replacement of the disaccharide portion of A201A with an ally1 ether, with concomitant 3- 
hydroxylation, affords an analog with biological activity comparable to that of the natural product. The response 
of biological activitv to this modification closely uarallels that observed with hvnromvcin A. which imulies that 
these tw; natural products may share a common~bkling site. 
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The recently discovered efficacy of hygromycin At (1) in the treatment of swine dysentery2 has generated 

renewed interest in this fermentation-derived natural product, including a total synthesis.3 As part of our 

program to discover new antibacterial agents for use in animal health, we have prepared numerous analogs of 1, 

including vinyl methyl and simple amide analogs,4 aryl analogs,5 and aminocyclitol analogs by both total 

synthesis6 and semisynthesis. We were intrigued by the similarities in structure between 1 and A201A (2), a 

natural product fust reported8 in 1976 and whose unambiguous structure assignment was reported in 1985.9 

A201A, in addition, bears distinct structural similarities to puromycin 10 (3), a nucleoside antibiotic whose 

mechanism of action has been well characterized. Although antibiotics 1,2 and 3 are all inhibitors of protein 

synthesis, significant differences in the specific mechanisms of action of A201A and puromycin have been 

observed.11 Our interest in hygromycin A led us to explore the possibility that compounds 1 and 2 might bind 

similarly to the ribosome/peptide complex, and if so, that this information could be used in the design of new and 

more potent antibacterial agents. This report describes the preparation of a set of analogs which apply the 

knowledge we have learned about structure activity relationships in the hygromycin A series to the A2OlA series. 

HnH \on - 
Hygmmycin A (1) Puromycin (3) 

H6 -OH 

A2OlA (2) 

Our first approach was to prepare a hybrid structure (4) in which the aminonucleoside portion of A201A is 

coupled to the glycosyl cinnamate portion of hygromycin A. We have previously described the preparation4 

from hygromycin A of cinnamate 5, which was converted to a variety of simple amide analogs of 1. Coupling 

of compound 5 with the commercially available (Sigma) puromycin aminonucleoside 6, followed by 

deacetylation, atfords hybrid structure 4. 
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In addition to compound 4. we also prepared (by similar amide coupling with the appropriate carboxylic acid) a 

set of analogs exploring the effect of removal of the sugar moiety entirely. It had previously been established in 

these laboratories that the sugar of hygromycin A could be replaced by an ally1 ether (compound 10) without loss 

of activity.12 and that removal of the phenolic hydroxy group (compound 8) causes loss of some. though not all, 

activity.5 This same set of analogs was prepared in the A201A series in order to assess whether the activities of 

these two natural products respond similarly to structural modification. The two organisms for which we teport 

antibacterial activityI are Serpulina (Treponema) hyodysenteriae (the causative organism of swine dysentery) 

and Pusteu~~lZu mulrocidu (an important animal respiratory pathogen). Results for this set of A2OlA analogs, 

compared with the corresponding analogs in the hygromycin A series, are shown below. 
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~20111 (2) 
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Our first analog, compound 4, has rather disappointing activity, especially given how similar its structure is to 

that of A201A. This result did not bode well for making more significant changes in the A201A structure. 

However, replacement of the entire sugar moiety by an ally1 group (compound 9) affords slightly improved 

activity (at least against S. hyortysenreriue), and addition of the 3-hydroxyl group (compound 11) provides a 

compound whose activity is comparable to that of A201A itself! It is interesting to note that a minor metabolite in 

the fermentation of A201A. designated A201C, is also hydmxylated in the 3position of the aryl ring.9 

Although we were excited by these results, we entertained the possibility that the activity of compound 11 is due 

to its structural similarity to puromycin. To test this hypothesis, p-methoxy analog 13 was prepared, with the 

rationale that if compound 11 were a puromycin analog, then one would expect compound 13 to show 

reasonable activity as well, since compound 13 is mom like puromycin than compound 11. On the other hand, 

in the hygromycin series, p-methoxy substitution affords no activity (compound 12). As shown in the table, 

compound 13 is inactive, and therefore is probably not acting by a puromycin-like mechanism. 

Having established that the sugar portion of the A201A structure could be greatly simplified without loss of 

biological activity, we set out to determine if the aminonucleoside portion could also be simplified. In particular, 

we desired to know if aminoribose analogs lacking the nucleotide would retain biological activity. Toward this 

end, we prepamd analog 14, which replaces the nucleotide with a methoxy group. 

The early steps of the preparation of the requisite aminoribose derivative follow the route described by Axhayev 

et al.14 Thus, selective esterification of commercially available 1,2-0-isopropylidenexylose affords toluyl 

derivative 15. Formation of the triflate followed by sodium axide displacement provides protected axide 16. 

Methanolysis of the acetonide using methanol/Amberlite affords a 3: 1 (separable) mixture of anomers, favoring 

the desired 1,2-rrans methyl furanoside 17. The toluyl ester is removed with ammonium hydroxide in methanol, 

providing intermediate 18. Reduction of axide 18 with hydrogen over palladium on carbon affords amine 19, 

which upon coupling with carboxylic acid 20 affords the desired analog 14. Unfortunately, this compound 

showed no activity against the two organisms of interest. 

The lack of activity of compound 14 indicates that the A201A structure can not be further simplified beyond the 

modifications found in compound 11 without loss of activity. The fact that both hygromycin A and A2OlA 

respond similarly to certain major structural changes indicates that the binding sites of these two antibiotics may 

share a region of overlap (i.e., the portion which binds the aryl region). In any event, it is remarkable that the 

disaccharide portion of A2OlA can be replaced by a simple ally1 ether, as in the hygromycin A series. 
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