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Abstract: Treatment of N-benzyZoxycarbony2spectinomycin with weakZy acidic cata2ysts or 
with bisitri-n-butyltinloxide and bromine leads to the formation of a Zactone in high yieZd 
via a stereocontro2led tertiary a-ketol rearrangement. This product was ekemiea22y related 
to speetinoie acid which in turn 
of known abso2ute configuration. 

Spectinomycin +I, (Scheme 1) 

mycetes, 
1 

is a structurally* and 

challenged position in the large 

representative of its kind. The 

was transformeh into 5-deozyla-D-isosaeekarino-l,>-Zactone 
Tke stereochemiea2 identity of this acid is thus secured. 

a broad spectrum antibiotic produced by several actino- 

biologically unique substance'. As such it occupies an un- 

realm of aminocyclitol antibiotics in that it is the single 

unusual biological properties of spectinomycin 334 have 

stimulated a thrust of research activities in its chemical modification 135 . Although the 

final chapter in the chemistry of spectinomycin appears to have been written with two 

recently announced, independent and conceptually different syntheses 6,7 , there still remains 

a stereochemical assignment to be unravelled concerning spectinoic acid 
8 , which is produced 

upon basic treatment of the antibiotic. 

In this paper, we report on a unique stereocontrolled rearrangement undergone by N- 

benzyloxycarbonylspectinomycin 2, in mildly acidic media. The discovery of this process 

preemted by our appreciation of the stereoelectronically unique opportunities offered by 

structure in question for potential rearrangements, which made us all the more intrigued 

a recurring bench-top observation'. We also present results that establish the complete 

stereochemical identity of spectinoic acid by an 

Scheme 1 

1, t?=t+, spcc?lnomycln 

2, R=Cbz 

unambiguous chemical correlation. 

2, R=H, spectinoic acid 

4, R=Cbr 

6, R=Cbr 

was 

the 

bY 
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Treatment 

equiv.) in dry 

[a ID+ 6.7';11 
+. 

M. 600. The same product could also be obtained (76%) by refluxing a solution of 2 in ethyl 

acetate containing 10% acetic acid for 18h. When treated with methanol containing K2C03 

(25', 30 min), 5 gave the methyl ester of N-benzyloxycarbonylspectinoic acid, (- quant.) 

x mdX 1720 cm-';[ol]D- 48.1', MT 632. Alkaline hydrolysis of 6 (N NaOH,' THF l:lO, 25') gave 

N-benzyloxycarbonylspectinoic acid A (- quant.); Xmax 1730 cm 
-1 ; which upon hydrogenolysis 

of 2 with a mixture of bis(tri-n-butyltin)oxide (1.1 equiv.) and bromine (1.5 

dichloromethane (25', 4h) led to the lactone 6 
10 

in 84% yield, (amorph.solid); 

x max 1750 cm 
-1 ; n.m.r. data (p.p.m), 3.06 (NMe, broad s); 5.34 (anomeric H,s); 

(PdlC, H2, aq. MeOH, HCR) gave the known crystalline spectinoic acid (94%) identical with an 

authentic sample, mp 230-235' (dec.);[o]D- 89' (13 C n.m.r.). Compound A, and its methyl 

ester were also obtained individually by treatment of 2 with N NaOH-THF (l:lO, 25', 30 min., 

95%) and NaOMe-MeOH (25', 78%) respectively. Hydrogenolysis of jj (lo%, Pd/C, aq. MeOH, HCa) 

gave spectinoic acid lactone dihydrochloride 2 as an amorphous solid (83%);[o]D- 64.3' (H20); 

x 
-1 13 

max 1720 cm ; C n.m.r.. This product, which is isomeric with spectinomycin, was devoid 

of antibacterial activity in vitro. 

The formation of the lactone ,6 can be attributed to an cl-ketol rearrangement 
12 , well 

known in steroids 
13 14 15 , related natural products , and other cyclic systems in which the 

prequisite functionalities are present. Most of these rearrangements take place under base 

catalysis and are in principle reversible processes, but there are also several reactions 

catalyzed by Lewis acids16 and related reagents17. Spectinoic acid itself is a product of 

such a base-catalyzed rearrangement 
2 

and the present study has enabled us to isolate what 

could be construed as a transient intermediate, namely the corresponding lactone. The 

unique bonding arrangement and hetero-atom dispositions in spectinomycin 
7,18 

are ideally set 

up for stereolectronically controlled rearrangements and fragmentations. Thus for the for- 

mation of the lactone &, the favorable alignment of the migrating bond with the plane of the 

carbonyl group can be seen in two perspectives in Scheme 2. Unlike other cases however, 

this rearrangement was not reversible under the conditions studied 
19 

. The efficacy and mild 

conditions for the rearrangement in the presence of bis(tri-n-butyltin)oxide and bromine are 

worthy of note. The process may in fact be due to the formation of Bu3SnOBr 
20 

which could 

activate the tertiary ketol unit by acid-base catalysis (Scheme 2, K=Br). No rearrangement 

takes place with bromine or the tin oxide individually. The formation of the lactone & as 

the only such product, and its stereochemical purity leads one to conclude that the rearran- 

gement is highly stereoselective if 

Scheme 2 

not stereospecific, 15 
as demonstrated in other cases . 

Although spectinoic acid has been known for some years-, to the best of our knowledge 

the stereochemical course of the rearrangement has not been clarified. As a consequence, 

the sense of chirality at the tertiary center has so far remained unassigned. We present 

herein definitive evidence for thestereochemical identityof this substance, hence of the 

precursor lactone 6, by dire?; chemical correlation with a-D-isosaccharino-1,4-lactone of 

known absolute configuration . 
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Methanolysis 
22 

of 2 (3% MeOH, HCa) gave a 1:3 mixture of the lactone 8 (Scheme 3) and 

the mixture of glycosides 2 (- quant.) which could be separated by column chromatography of 

the corresponding p-nitrobenzoates (DMAF', pyr.). The crystalline p-nitrobenzoate derived 

from 8 showed mp 123.5 - 125'; [or], - 20'. Sequential reduction of 9_ (LAH, ether, 93%) and 

hvdrolysis of the resulting diol (aq. HCR, reflux, 90 min. 83%) gave the lactol ll, as a 

mixture of anomers, which upon oxidation with bromine in acetonitrile containing suspended 

barium carbonate gave the corresponding lactone 7 characterized as its crystalline mono-p- 

nitrobenzoate ester (58% overall), mp 123.5 - 125'; [aID- 10.9'. 

Scheme 3 
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Lactone 1 iJas in turn 

sequence of reactions shown 

vative &l_ 
24 

was chlorinated 

D-erythro ,7 
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prepared from the known a-D-isosaccharino-1,4-lactone 232$y the 

in Scheme 4. Thus, the readily available isopropylidene deri- 

with sulfuryl chloride in DMF with added imidazole 25 (25O, 6h), 

to give the chloride 2 (84%, syrup),[u]D+ 28.8'. Reduction with tri-n-butyltin hydride/ 

AIBN 
26 

in toluene (reflux, 4h), gave the deoxy derivative J_J as a syrup (95%); [aID+ 31.7'. 

Finally, acid hydrolysis (aq. 80% AcOH, 80°, 30 min) followed by selective p-nitrobenzoyla- 

tion (Et3N, CH2C12, 25O) gave the crystalline p-nitrobenzoate & identical with material 

obtained from spectinomycin. 

Scheme 4 
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