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As appreciation for the biological importance of carbohydrates Scheme 1. Synthesis of Triazolines from Tri-O-acetyl-p-glucal

has increased, so have efforts to develop methods for the synthesis OAc OAc R OAc R
of biologically relevant oligosaccharides, glycoconjugates, and \(TJ . K(‘:J-'N'.N b KC;[N‘N
analogues theredfAmong the more challenging synthetic targets AcO™ Ao NN AcO™ N
are aminoglycosides and their derivatives. Despite apparent similar- OAc OA OA

ity, hexoses and 2-deoxy-2-aminohexoses pose very different ! FI I SV e Sy,

2¢ R = 1-adamantyl, 92% 3¢ R = l1-adamantyl

a RNz CH(OEt), reflux, 24-36 h.? acid, base, or Lewis acid. DMBE:
3,5-dimethoxybenzyl.

synthetic challenges, the aminosugars proving more difficult to
prepare or transforrh Aminoglycosides are typically synthesized
by one of two approaches: maodification of glucose or glucosaine,

or introduction of a nitrogen substituent into a glycal derivafive. Scheme 2. Transformation of Triazolines to Aminoglycosides
The former method requires extensive protecting-group manipula- OAc R OAc OAc
tion, while the latter has fewer embodiments. We describe here an o »“N\N a 0 nr -t O pNu
approach to installing a nitrogen substituent at C2 of glycals that Ao NN AN ACO™ N “NHR
is both novel and operationally simple. OAc orc OAc

Among the existing methods for the direct introduction of a Fry i YR v

nitrogen substituent at C2 of a glycal, the most extensively studied 26 R=t-adamantyl 4o A= 1-adamantyl, = 30%
are: (1) iodosulfonamidation followed by aziridine generation (eq M (CH2CO, 10-12 h.”NuH (Chart 1), Sc(OTH
1):2a¢4(2) aziridine generation via a stoichiometric (nitrido)Mn(V)  acid led, at best, to poor yields of the corresponding aminoglycoside
oxidant (eq 1}*#and (3) oxazoline generation v@2-sulfonium derivatives accompanied by extensive elimination to triazole. In
intermediate$:® With the exception of dialkyl azodicarboxylate the case of2c, small amounts of the aziridine4€) could be
hetero-Diels-Alder reactions (eq 2),methods that rely on cyclo-  generated thermally, although this intermediate could not be
addition for introduction of the nitrogen functionality are largely intercepted. Attempts at photochemical generation of aziridme
absent despite the prevalence of nitrogen-containing dipoles. In thefrom triazoline2b led only to cycloreversion. Fortunately, triazoline
course of synthesizing aminoglycoside inhibitors of chitin synthase, 2a underwent clean, quantitative photochemical conversion to the
we began exploring dipolar cycloadditions that could lead to corresponding aziridine4a, provided the photolysis was carried
subsequent aziridine generation. out in acetone (Scheme ¥4 The intermediate aziridine was not
isolated or purified, although photolysis in acetahellowed the
o -._O ~._O_Nu acquisition of a clean'tH NMR spectrum consistent with the

]/\J — "]/\.)N_R - ‘_]/\/\[NHR M proposed aziridine intermediate.

: More importantly, solutions of the aziridine generated in acetone

R =-COR, SO-R could be transferred directly to solutions of nucleophile in THF
~._O «._O o\rcoza «._O_Nu containing an appropriate Lewis acid. Again, careful selection of
U H’,]/\IN,'N 4»/]/\';['\1,00251 @ reagent (Lewis acid) was critical. In the presence of 0.2 equiv of

: L oLt ' NHCOLE Sc(OTfy and 2-3 equiv of nucleophile, aziridinda underwent

clean reaction with a range of nucleophiles to afford the corre-

After extensive experimentation, we have found that glycals with sponding aminoglycoside derivatives<15, Scheme 2, Chart 1)
electron-withdrawing protecting groups undergo efficient cyclo- possessing exclusively thfconfiguration!>16
addition with electron-rich azides and that the cycloadducts can be  While all reactions were carried out in pure dry solvents, no
transformed to semi-stable aziridines which react with nucleophiles efforts were made to exclude oxygen or water; despite this, good
under mild conditions to afford diverse aminoglycoside prodtcts. to excellent yields of almost all aminoglycosides were realized.

Tri-O-acetylp-glucal @) readily engages in dipolar cycloaddi- Among the notable successes are the reactions with a secondary
tions with alkyl azides, such as benzyl azide, 3,5-dimethoxybenzyl alcohols ¢, 10), a nitrogen nucleophileld), and more complex
azide, and 1-adamantyl azide, at elevated temper&tdredicious alcohols (2—14). The preparation af4 bodes well for developing
choice of solvent is critical to the outcome of the reaction. If the iterative versions of this reaction.
cycloaddition is carried out at high temperature in trimethyl- or Two notable exceptions to the generally good yields are the
triethylorthoformate, the unstable triazoline intermedias—) reactions of4a with BnSH and glycine methyl ester. The former
can be isolated in good yield with little or no purification. In all  gives only moderate yields of the adduct, while reaction with the
other solvents the triazoline undergoes elimination to afford the latter provides none of the desired product. In each case, the re-
corresponding triazole (Scheme%). maining material is a mixture of the products of aziridine hydrolysis

Similarly, all efforts to convert isolated triazolin@a—c to a and condensation with the enol tautomer of acefdn&his
reactive aziridine in the presence of a nucleophile and acid or Lewis observation led us to expose the crude aziridine to ScTthe
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Chart 1. Adducts of 4a and Various Nucleophilesa—¢

of the corresponding aziridine. The approach is operationally simple,
with no purification required after the initial cyclization and mild

AcO AcO

Acw Acw 12 (77%) conditions for the formation of the aminoglycoside product. This
AcO— T N AcO— T ° methodology complements existing methods, and there is clear
5 Nu = OCHj (94%) BocHN™ ~CO,CHj potential for development of iterative reaction protocols, expansion
6 Nu = OFt (92%) AcO of substrate scope and extension to solid-phase synthesis.

7 Nu = O'Pr (96%) .

8 Nu = Oallyl (98%) ACO 5 13 (77%) Acknowledgment. We thank the N.S.F. for infrastructure
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