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SPECTINOMYCIN CHEMISTRY II1. 

THE SYNTHESIS OF 6'-SUBSTITUTED SPECTINOMYCIN ANALOGS 

C.J. Maring and U.R. White* 

Infectious Diseases Research, The Upjohn Company, Kalamazoo, Michigan 49001 

Summary_: 6'-Hydroxyspectinomycin is made from known materials in five steps. This chemistry 
gives access for modification at the C-4' and C-6' positions; the syntheses of 6'-bromospectino- 
mycin and 6'-chlorospectinomycin are also described. 

Spectinomycin (1) is an aminocyclitol antibiotic having broad spectrum activity. Previous 

reports from these laboratories describe the first chemical synthesis of spectinolnycin' as well 

as compounds having modified sugar rings.2 The crucial step of our approach to tnis complex and 

sensitive system is exemplified by the conversion of (2) to (3) and (4) to (5) by the intermediacy 

of non-isolable enol acetates (6) and (7) respectively. The approach greatly simplifies the 

synthetic task by avoiding the use of oxidative reagents to generate the C-3' carbonyl; protecting 

group manipulation is thus minimized. The method also takes advantage of the natural oxidation 
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pattern of available sugars. The fundamental, interesting question of the mode of hemiketal 

"folding" in these molecules has also been addressed previously.ly2 Either the C-4 hydroxyl or 

the C-6 hydroxyl can be involved in hemiketal formation and the ring fusion can be cis or t~ans. 

The equilibrium composition of the four possible "folding" modes can be understood in terms of 

anomeric effects at C-l' and C-2' in addition to conformational effects. For example, the parent 

antibiotic (1) and 5'-demethylspectinomycin, derived from (5), exist only in the natural "fold- 

ing" modes2 However, inversion of the C-5' center in (1) leads to profound reorganization of the 

folding structure to relieve the C-5' Imethyl from an axial position.2 

Enol derivatives such as (6) and (7), if isolable, would be of high interest for synthesis 

of analogs. This paper describes the use of a sugar which has been methylated on the C-3' 

oxygen so that acetate migration of the type (6)-b(3) or (7)+(5) is precluded. Consequent gener- 

ation and isolation of an enol ether allows activation of C-4' toward modification and imparts 

stability to the system relative to the rearrangement prone C-3' carbonyl. Furthermore, the 

activated sugar of interest, (9), is a known compound which has been found to give a favorable 

B/U. glycosylation ratio in a Lemieux glycosylation reaction." 

The Lemieux coupling of N,N'-dicarbobenzyloxyactinamine (8) with the known nr'troso dimer 

(9)3 gave a 405 yield of glycosides (10) at the C-5 oxygen. The ratio of ~/ii anomers is about 

9/l which differs from the result obtained3 in the glycosylation of a garamine derivative with 

(9) (G/B ratio of about 2/3). The d-anomer (10b)4 was deoximated using dilute acid to give a 

mixture of two hemiketals (ll)& and (12)4 in 15% and 61% yield, respectively. The less stable 

hemiketal , (11 ), in which the S-hydroxyl is involved in the hemiketal can be converted to the 

more stable, naturally folded, hemiketal (12) by equilibration (KHCO,/CHsCh, 25"C, 5 hr). The 

preference for hemiketal (12) over (11) is illustrated in perspective drawings. Both structures 

have (a) all chair rings (b) equivalent equatorial substituents and (c) equivalent anomeric 

effects at the C-2' center. Hemiketal (ll), however, has an additional (destabilizing) anomeric 

effect at the C-l' center. Prolonged treatment of (12), and/or (ll), with base (KHC03/CHsCN, 

25"C, 5 days; causes the desired fi-elimination of acetate from a transient C-2' carbonyl giving 

the enol ether (13)4 in 91i yield. Mild methanolic base serves to remove the 6'-0-acetyl group 
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while maintaining the enol ether; the product, (14)" is a highly versatile intermediate for 

modification at the C-4' and C-6' centers of spectinomycin. The enol ether (14) can be hy- 

drolyzed to N,N'-dicarbobenzyloxy-6Lhydroxyspectinom.ycin (15a)!+ in 7OZ yield by usinq dilute 

HCl in aqueous tetrahydrofuran. Alternatively, acidic hydrolysis converts (13) to (15a) di- 

rectly. Hydrogenolysis of (15a) with palladium black gives 6'-hydroxyspectinomycin in 70% 

crude yield; it can be crystallized as the dihdrochloride salt (16a)4 (mp 201-205" dec.). 
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Treatment of 6'-nydroxyspectinonycin derivative (15a) with P(C,tiS),/CCl, or P(C6Hs)a/CBr4 

yives 6'-chlorospectinomycin derivative (15i1)~ in 42% yield and 6'-bromospectinornycin derivative 

(15~)~ in 37% yield respectively. Hydrogenolysis using Pd/BaSO, in Z-propanol followed by 

acidification with HCl converts (15b) to 6'-chlorospectinomycin dihydrochloride (16b).!+ In 

similar fashion (15~) is deprotected to give 6'-bromospectinomycin dihydrochloride (16~).~ 

All of these analoys modified at the 6' position (R = OH, Cl, Br) have good in &tro anti- 

bacterial activity when tested against Gram positive and Gram negative bacteria. 
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