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The aminoglycoside antibiotic neomycin B has been converted into several novel building blocks that
can be used for the specific modification of three of the four ring systems. Under carefully controlled
conditions, the Mitsunobu reaction can be used to selectively dehydraidahing to give thetalo
epoxide. Subsequently however, under more forcing conditions, the 2-deoxy streptamine ring undergoes
Mitsunobu dehydration to give an aziridine. An unusual remote neighboring group effect was observed.
When the primary hydroxyl of the ribose ring was blocked, aziridine formation on the deoxystreptamine
ring did not occur. Both the epoxide and epoxide-aziridine neomycin building blocks can be ring-opened
with azide and subjected to “click” type chemistry with terminal alkynes to generate a series of new
neomycin analogues. These reactions can all be carried out without recourse to O-protecting groups. A
detailed conformational analysis by NMR revealed some unexpected conformer preferences in these
systems.

Introduction impedes mRNA translation, results in miscoding, and leads

Aminoglycoside antibiotics are widely used for the treatment
of a variety of infections including tuberculosis and pneumonia
in particular. They exert their antibacterial activities by binding
to RNA sequences in the bacterial ribosohamd this binding

ultimately to bacterial cell deathCompounds in this class can
interact with a variety of other biologically relevant RNA
sequences including group | introheammerhead ribozymés,
and the hepatitis delta virus (HDV) ribozyraeRecently, the
aminoglycoside antibiotic neomycin B, (Figure 1), has also
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been found to be the most potent inhibitor of the proteolytic
activity of anthrax lethal factor (LF.Despite the broad-

*Institute for Glycomics. spectrum efficacy of these natural amino sugars, the use of these
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(c) Noller, H. F.Annu. Re. Biochem.1991, 60, 191—-227. (5) Rogers, J.; Chang. A. H.; Von Ahsen, U.; Schroeder, R.; Devies, J.
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NH, NH, selec'give chemistry_ glse_where in the molecule, and this ha}S been
o o exploited for modification of theido and streptamine ring
|'||-|% r Fl['% systems. We have developed highly selective chemistry on this
H,N NH, 2 HaN NH; 211 natural product that allows for incorporation of an azide
HO ° o NH, HO o Ny, functional group in each of three rings of neomycin and further
0 b OH o OH transformation via copper-catalyzed coupling reactions with
T hydrophobic alkynes. This chemistry precludes the need for
"*c')zH O OH Nng O OH O-protecting groups and thus allows for higher synthetic
\40 3 o throughput.
! NH, V. NH, Our initial aim was the introduction of hydrophobic esters
OH OH that might serve as prodrugs to improve the parent drug’'s
1 effectiveness at crossing the waxy, mycolate-rich barrier that

envelops Mycobacterium tuberculosié Although the ami-
noglycoside streptomycin was the first effective drug in the
treatment of tuberculosis, drug resistance to this class of
compounds was observed quite early after its introduction and
drugs is restricted due to their toxicity, poor oral bioavailability, is a growing problem todadf It has recently been demonstrated
and poor cell permeability. Consequently, semisynthetic ana- that mycobacteria enter the macrophage by way of a cholesterol-
logues of this class of compounds are attractive targets for dependent mechanisth.Membrane cholesterol depletion re-
medicinal chemist$,as modified compounds of this type may duced macrophage uptakeMf tuberculosidy 85%. Normally,
demonstrate increased effectiveness in clinical applications. after phagocytosis mycobacteria actively recruit and retain
Although there are many examples of direct synthetic modifica- tryptophan aspartate-containing coat protein (TACO) and this
tion of aminoglycosides, these often require multiple protection/ prevents delivery to lysosomes, thus protecting the pathogen
deprotection strategies using a variety of O-protecting groups, from degradation. The TACO associates with the phagosome
as well as N-protecting groups, to both improve the organic in a cholesterol-dependent manner, and it is known that
solubility of these hydrophilic compounds and to allow the mycobacteria display a high binding capacity for cholesterol
selectve manipulation of the numerous amino and hydroxy itself. By modifying antitubercular drugs with mimics of this
substituents. Furthermore, even though naturally occurring steroid!# it may be possible to hijack this binding mechanism
neomycin B has several potential points of attachment for the as a route for targeted drug delivéfy.
addition of substituents to attenuate the properties of the drug,
Iittlg effort has been directe.d toward modification of all four raguits and Discussion
residues of the tetrasaccharide scaffold. Indeed, although many
structural analogues of this antibiotic have been synthesized over Modification of the ido Ring. It has been reported by Fourrey
the past decade, the majority of these cases involve modificationet al. in two separate publicatiofi$’that under the conditions
at the ribose moiety, by exploiting the differential reactivity of of the Mitsunobu reaction thielo ring of hexaN-Boc-protected
the single primary hydroxyl group. neomycin B forms a tricyclic aziridine-azetidine structure. We
“Near perfect” reactions are required to maximize the have show#? that this structure is incorrect, and that an epoxide
synthetic efficiency of selective modifications of complex is formed, as expected for thgo conformer withtrans-diaxial
molecules such as the amino-glycoside antibiotics. The develop-alcohols. Thus, wher2 was treated with 2 equiv of triph-
ment of the concept of “click chemistry” by Sharpless has enylphosphine (TPP) and diisopropyl azodicarboxylate (DIAD),
provided the organic chemist with a first generation toolbox of the epoxide derivative of neomycin B, was formed in 40%
such reaction&.Two identified by Sharple§snvolve azides:
nucleophilic opening of epoxides and coupling reactions with (10) (a) Bottle, S.; Jenkins, I. Chem. Commuri984 385. (b) Jenkins,
alkynes. Here, we describe the use of this chemistry, in I. D.; Goren, M. B.Chem. Phys. Lipid4986 41, 225-235.
conjunction with Mitsunobu dehydration reactions, for the rapid,  (11) For examples of lipophilic antitubercular compounds, see: (a)

; ; o ; ; it Ballell, L.; Field, R. A.; Duncan, K.; Young, R. JAntimicrob. Agents
highly selective modification of the aminoglycoside antibiotic Chemother2005 49, 2153-2163. (b) Jones, P. B. Parrish, N. M.: Houston,

neomycin B in three different ring systems. Having several T A Stapon, A.; Bansal, N. P.; Dick, J. D.: Townsend,CJAMed. Chem.
potential points of attachment would allow addition of substit- 2000 43 3304-3314. (c) Parrish, N. M.; Houston, T.; Jones, P. B,;

uents to improve the nonspecific physicochemical properties Townsend, C.; Dick, J. DAntimicrob. Agents Chemothe?001, 45, 1143~

of.t.he drug without destroyi.ng the specifi(':.biologi.cal a(':tivilty. (12) Smith, C. V.; Sharma, V.; Sacchettini, J. C.; Tubercul@g84
Initially we sought a more direct and specific functionalization 84, 45-55. ‘ _ ‘
of the singular primary alcohol found in many members of this __(13) Gatfield, J.; Pieters, Bcience (Washington, D. C200Q 288

. . e e . 647-1650.
family through Mitsunobu esterification, previously demon- = ,7c0" cholesterol-derived aminoglycoside designed for gene trans-

strated to be successful in this regard on disaccharides such asgection, see: Belmont, P.; Aissaoui, A.: Hauchecorne, M.; Oudrhiri, N.;
trehalosé?® However, the Mitsunobu reaction has resulted in E’zegt, L.; Vigneron, J.-P.; Lehn, J.-M.; Lehn, R.Gene Med2002 4, 517—

(i5) Alternatively we are interested in designing boronates to target the
mannose-rich exterior dfl. tuberculosissee: (a) Gray, C. W., Jr.; Walker,
B. T.; Foley, R.; Houston, T. ATetrahedron Lett2003 44, 3309-3312.
(b) Johnson, L. L., Jr.; Houston, T. Aetrahedron Lett2002 43, 8905~
8909.

(16) Hernandez Linares, A.; Fourmy, D.; Fourrey, J.-L.; LoukaciQAg.
Biomol. Chem2005 3, 2064-2066.

(17) Hernandez Linares, A.; Fourmy, D.; Fourrey, J.-L.; Loukaci, A.
Synth. Commur2006 36, 487—493.

FIGURE 1. Conventional numbering scheme for neomyciniBand
the numbering scheme adopted here for illustrative clarity (inset).

(7) For a review of methodologies in syntheses of aminoglycoside
antiobiotics, see: Haddad, J.; Liu, M.-Z.; Mobashery, SGlgcochemis-
try: Principles, Synthesis and Applicatigni&/ang, P. G., Bertozzi, C. R.,
Eds.; Marcel Dekker: New York, 2001; pp 35324.

(8) Kolb, H. C.; Finn, M. G.; Sharpless, K. BAngew. Chem., Int. Ed.
2001 40, 2004-2021.

(9) Kolb, H. C.; Sharpless, K. B>rug Discaery Today2003 8, 1128—
1137.
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aReagents and conditions: (a) TPPX22 equiv), DIAD (2 x 2 equiv), toluene, rt, i 18 h; (b) TPP (4 equiv), DIAD (4 equiv), toluene, rt;,NL8 h;
(c) 4-NG;CsCOOH (12 equiv), TPP (10 equiv), DIAD (10 equiv), toluene, rg, 48 h; (d) MeOH/28% NHaqy 8 h, rt; (€) NaN, rt, DMF, 2 d; (f)

R'COO-CHC"CH (2 equiv),t-BuOH/H,0O (1:1), Cu/CuSQ rt, 18 h.

yield 182Epoxide3 represents an attractive target for subsequent was added in two portions of 2 equiv each, with a 12 h interval

selective modification of the neomycin B framework at itie
moiety (Scheme 1). However, under our initial synthetic
conditions almost 50% of starting material, was recovered

between additions. However, optimal yields3&re obtained
if an alternate, two-step, procedure is employed. Treatment of
2 with 12 equiv of 4-nitrobenzoic acid, under Mitsunobu

from the reaction mixture unconverted. In an effort to increase conditions (10 equiv of TPP and DIAD), affords the 5
the conversion of the starting material and thus to increase thesypstituted 4-nitrobenzoate ester derivativén high yield

yield of the epoxide, the reaction was repeated using an excess (g5). Esterification of the primary hydroxyl of the ribose

of the two reagents. Accordingly, compou2dvas treated with
4 equiv of TPP and DIAD at room temperature for 12 h in

toluene. However, although the net conversion of the starting ethanolic a

material2 did improve, the yield of the epoxicdid not. After

column chromatographic separation, the monoanhydro com-

pound 3 was found to have formed in only in 33% yield.
Interestingly, a bis-anhydro neomycin derivativg,(HRMS

[M + H'] = 1179.60897) was obtained as the major product

residue suppresses the formation of the side products (vide infra).
Ester5 was then readily converted t8 on treatment with
queous ammonia solution (2:1, MeOH/ 28%N

by simply stirring the suspension at room temperature (8 h,
guantitative). Per-acetylation of the mono-anhydro product using
acetic anhydride and pyridine afforded pe@zcetyl mono-
anhydro neomycin B3-penta©-acetate.

(45%). The same bis-anhydro species was found to be present The structure oB-penta©-acetate was probed using high-

as a minor product in the initial reaction. The structural
characterization and chemistry 4fis discussed further in the

temperature’M NMR spectroscopy® The formation and
stereochemistry of the oxirane ring &can be inferred from

succeeding sections. An increased yield of the mono-anhydrothe structure of the product of the ring opening reactior8 of

species3 (62%) was obtained when 4 equiv of DIAD and TPP

(18) (a) Quader, S.; Boyd, S. E.; Jenkins, I. D.; Houston, TOAg.
Biomol. Chem200§ 4, 36—37. (b) The errors in the structures initially
reported by Fourrey et aln ref 16 are noted in footnote 11 of ref 18a
(which formally corrects the aziridine/azetidine structure presented in re

with azide ion. Treatment of the mono-anhydro prod8atith
NaN; in DMF at room temperature for 2 days furnished an azido
neomycin6 (Scheme 1) as a single product (85% yield after
purification by column chromatography). Alternativefycould

¢ be obtained directly from the est&ron treatment with Nap®

16). The subsequent errors in the similar structures reported in ref 17 are The regioselective ring opening of th&o epoxide in3 and5

acknowledged by Fourrey et &@h the unreferenced footnote, footnote [15-

at Ggyv by azide ion to give the trans-diaxial produdtd

(PDF version)/18(HTML version)], which renounces the aziridine/azetidine h .
structures presented in the main body of that article. Professor Fourrey hasconf'guratlon) follows from the Fist—Plattner rule and from
advised us in a personal communication that after a re-examination of their consideration of the relative energies of the two possible epoxide
NMR data, they were unable to observe the HMBC correlations between
the respective Boc-carbonyl carbons and'Mehd H-4" protons, forwarded
initially as diagnostic evidence for the aziridine/azetidine structure described
in ref 16.

(19) Gamez-Vidal, J. A.; Forrester, M. T.; Silverman, Brg. Lett.2001,
3, 2477-2479.

1964 J. Org. Chem.Vol. 72, No. 6, 2007



Multisite Modification of Neomycin B ]OCArticle

SCHEME 2 azido derivative,6, some 9.2 ppm to high field of the
BN (0o NHBoc BocHh corresponding resonance iqthe parent cqmpqﬁnw.q ppm).
v e NHBoc These shifts are in accord with those provided in previous reports
qué N Hznn of azidosaccharide speci&sThe stereochemistry of the azide
" HHSI\‘/)HMV Haiv N w Ha addition productg, was confirmed using selective 1D NOE
w o Na Hsv experiments conducted dihexaO-acetate. Figure 3a shows
3_A3 an expansion of théH NMR spectrum of6-hexaO-acetate,

focusing on the region containing thestd Hsy, and Hyy
i resonances. Selective saturation of the near co-incidgpnaHd
Hav resonances)(5.13 ppm) results in NOE enhancement of
the Hyy, Hsyy, and Hyy resonances, as expectdSelective
irradiation ¢ 6.43 ppm) of the overlapping jnHov) and
\ H)nHgy resonances results in significant enhancement of the
Hay | <\;{o Hsiv Hav and Hyy resonances, establishing the proximity of thg/H
AT and Hzynnayy nuclei® This places the kly proton on the top
NC;’ face of theido ring (IV), i.e. in the equatorial position,
confirming axial attachment of the azido moiety and thus, by
inference, thealo configuration of the monoanhydro precursor,
3.182The singlet resonance expected for the aryl proton of the
conformations (Scheme 2)The°H; conformation 8-A) would newly formed triazole unit is in evidence in tHél NMR
be expected to be lower in energy than th conformation  spectrum (Figure 2c) of the click produdhexaO-acetate,
(3-B), as there is a severe (pseudo) 1,3-diaxial interaction (8.40 ppm), as is the deshielded broad singlet observed for the
between the gNHBoc group and the ribose moiety at @ methylene protons adjacent to the ester linkage (5.67 ppm). The
3-B. Conformation3-A may also be stabilized by a hydrogen resonances attributable taki and Hyy both show distinctive
bonding interaction between the;,)IH and the ring oxygen.  downfield shifts (5.41 and 5.75 ppm) upon conversion of the
Similar energetic considerations are likely to be reflected in the azide substituent to the triazole ring (cf. Figure 2, b and c).
relative energies of the transition states leading f@# and The3C NMR chemical shifts of Gy and G,y are less sensitive
3-B. Additionally, attack on conformatioB-A is likely to be to the conversion of the azide substituent to the triazole unit,
further favored oveB-B as the transition state for attack by however. In8-hexaO-acetate, Gy and Gy are observed at
azide ion on conformatioB-B will be subject to an additional 1.6 and 69.9 ppm, respectively, both within 2 ppm of the
dipolar repulsion (field effect) between the attacking nucleophile corresponding resonant frequencies of these carbons in the per-
and the ring oxygen atom. acetylated azido precursdishexaO-acetate?’
The regiospecific opening of the epoxi@dy azide affords The success of the model alkyne-azide coupling reaction
a new functionality in thddo ring with potential for further encouraged us to adopt this click approach as our general
facile modification using a click chemistry approach; in this method of choice for lipophilic modification of thdo residue
case, the copper-catalyzed coupling of appropriately substitutedof the neomycin B core. The click synthons propargyl laugate,
acetylenes to the azide substituent. Such a utilitarian procedureand a propargy! ester of a cholesterol derivatil@, illustrate
offers wide scope for the attachment of lipophilic groups to the the utility of the procedure for increasing the hydrophobicity
neomycin B core. In order to examine the feasibility of the click and biological recognition and transport properties of the
approach, a model reaction was carried out using the propargylaminoglycoside. Mycobacterial interaction with membrane-
ester derivative of 4-nitrobenzoic acid, The Cu(l)-catalyzed  bound cholesterol must involve some sort of recognition of the
coupling? of the peracylated azido neomyci® with the A-ring, as this portion of the steroid will be oriented toward
propargyl ester (Scheme 1) Wa-s carried_ qut In the presence (22) Due to the complexity observed in spectra obtained at room
T B o s o 1 1 S\ S Codo o oo
5 : - . protected, per-acetylated neomycin B derivatives reported here have been
click product,8, was formed cleanly and isolated in good yield performed in GDsN solution at 363 K (or 373 K in the case @6). A
(79%)_ Expansions of the Carbohydrate region of #tHeNMR comparison of théH NMR spectra obtained_in Cl_)g:and QD5_N solution )
spectra obtained for the per-acetylated parent neomgcthe 190 414 slevated tamperature i provided n Supporing nfornaton
azido derivative 6, and the derived triazole-containing click 1985 143 21-41. Compare Vignon, M. R:; Vottero, P. J. Aetrahedron
product,8, are provided in Figure 2 The marked upfield shift Lett. 1976 17, 2445-8.

ORyy

BocHN Hnﬁ\/\oo f
[ ]

NHBoc

3-B RO = glycosidic linkage to ring IlI

of the Hyv resonance in the azido derivativg,in comparison (24) Cyclenoe; NOE difference experiment, VNMR 6.1C, Varian As-
T . sociates.

to 'the acetylatgd pa}rent PfOt(’;Cteq ne9my2l”_5 in evidence (25) Unambiguous enhancement of thg Hesonanced4.73 ppm) was

(Figure 2b). This shift to highfield is mirrored in tiéC NMR also observed in this experiment (not shown).

spectrum of the compound agcresonates at 60.8 ppm in the (26) Unambiguous enhancement of thg t¢sonanced(5.63 ppm) was
also observed in this experiment (not shown).

(27) The 1,4 regioselectivity of the Cu(l)-catalyzed alkyne-azide cou-
(20) Angyal, S. JChem. Ind. (London, UK1954 1230-1231. Note plings in this work is verified by th&3C and'H NMR chemical shifts of
that a similar Fust—Plattner analysis of the other possible diastereomer the triazole unit in the click-coupled products obtained. We find the
(altro epoxide) would result in azide attack at the 4-position. resonance attributable to the triazolgsgconsistently in the rang® 143—
(21) (a) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B. 145 ppm in thé-3C NMR spectra of the compounds. Similarly, the triazole
Angew. Chem., Int. ER002 41, 2596. (b) Tornge, C. W.; Christensen,  CH carbon resonates in the ranj@22—127 ppm in thé-*C NMR and the
C.; Meldal, M.J. Org. Chem2002 67, 3057. (c) For a recent review of triazole CH proton is observed betweér8—8.5 ppm in the'H NMR in
the mechanistic and synthetic aspects of Cu(l)-catalyzed alkyne-azide all cases. These values are consistent with those observed previously for
couplings, including the choice of catalysts and the regiochemical outcomes 1,4-subtituted triazoles (see, for example, ref 21b) and contrast with those
of the reactions, see: Bock, V. D.; Hiemstra, H.; van Maarseveen, J. H. reported previously for 1,5-subtituted triazoles (see, for example, Crandall,
Eur. J. Org. Chem2006 51—-68 and references therein. J. K.; Crawley, L. C.; Komin, J. BJ. Org. Chem1975 40, 2045-2047).
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FIGURE 2. Expansions of the carbohydrate regions of tHeNMR spectra (400 MHz, 363 K, 4DsN) of (a) 2-hepta©-acetate, (bB-hexaO-

acetate, and (c8-hexa©O-acetate are shown. The changes observed in the resonances attributable to the protons of ring IV are highlighted. An
expansion of the aromatic region of the spectrun8-tfexaO-acetate is also provided as the inset in (c).

the external surface of the macrophage. Thus, we have chosen (c)

to link a steroid core structure through the D-ring 1 to .—J\\"M
neomycin to present a mimic of the cholesterol tetracyclic

system with an unmodified 3-OH group. 51v
(b) 3iv
o 0 2iv
O/\ /\/\/\/\/\/[L
o N
o:n/©)‘\ /\\ 3iv
7 9 (a)
0 4
4 o 2
_\\
 REREE o RN L
HO 10 4.45 435 4.25 §ppm

FIGURE 3. Expansions of (a) thtH NMR spectrum (400 MHz, 363
K, CsDsN) of 6-hexa©O-acetate and the corresponding regions of the
1D NOE spectra obtained from presaturation at{®.13 ppm and
(c) 6 6.43 ppm, using the cyclenoe sequéheéth internal subtraction
(400 MHz, 363 K, GDsN).
was extended using a WittigHorner reaction with triethyl
phosphonoacetate and sodium ethoxide in ethanol. Hydrolysis
of the resultant ethyl ester with KOH in isopropanol gave the
acid12 (72% yield), which was then re-esterified with propargyl
alcohol, under Mitsunobu conditions, to furnisBin 75% yield.
The Cu(l)-mediated alkyne-azide coupling reactiori@fwith
the azido neomycirb afforded the cholesterol neomycin B
hybrid 14 (Scheme 1) in 75% yield after purification.

Full assignment of the entirftd NMR spectral range of the
click adducts with attached lipophilic groups is hampered by

Propargyl laurate9, was prepared using a standard DCC
coupling reaction between lauric acid and propargyl alcohol.
Copper(l)-catalyzed reaction of this ester with azidoneomycin
6 proceeded smoothly and afforded compodi3dScheme 1)
in 72% yield after purification using column chromatography.
Similarly, modified neomycins incorporating a steroidal lipo-
philic domain were achieved using a click coupling strategy
employing the cholesterol derivativé® as the terminal alkyne
synthon. The propargyl est&0 was prepared in two steps from
the corresponding ethyl ester derivativEl, reported previ-
ously28 The commercially available ketone dehydroandrosterone

(28) (a) Wicha, J.; Bal, K.; Piekut, Synth. Commurl977 7, 215. (b)
Quader, S.; Boyd, S. E.; Houston, T. A,; Jenkins, I. D.; Healy, PAca
Crystallogr. 2006 E62 0162-0164.

1966 J. Org. Chem.Vol. 72, No. 6, 2007
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FIGURE 4. Expansions of théH NMR spectra (400 MHz, 363 K, 4DsN) of (a) 14-hepta©-acetate and (b) the click synthal). Resonances
attributable to the protons of the steroid, the ester linker, and the triazole are highlighted.

both the complexity of the aliphatic/alicyclic region and the aminoglycoside resonances under the experimental conditions,
relative intensity of the protecting group resonances that also however. As expected, the resonances of the steroid ring protons
occur in this region. In particular, under our experimental are largely insensitive to the changes in the linker group in the
conditions, the elevated probe temperature dictates the use otlick-coupled product. There is, however, a general shift to lower
traditional phase cycled 2D pulse sequences, instead of theirfield in the high-temperature spectrum of the fully protected
cleaner gradient-filtered counterparts, and hence as would beproduct in the @DsN solvent.

expected, the spectral region surroundingtieesonances of Modification of the Ribose Ring. The formation of the

the protecting groups is adversely affected by extensjyeike. dehydration products observed in the reaction of neomycin B
This inhibits full assignment of the resonances of the hydro- with nucleophiles under Mitsunobu conditions renders this
carbon portions of the click adducts. However, sufficient method inappropriate for the synthesis of neomycin derivatives
sensitivity and dispersion is obtained in the range above 2.5 substituted at & unless the secondary alcohols are protegted.
ppm (in one- and two-dimensional experiments) to facilitate Selective lipophilic modification of the ribose residue of
explicit identification of the major diagnostic resonances neomycin B, without concomitant modification of tigo ring,
expected for the compounds. As in the case of the 4-nitrobenzoiccould be accomplished, however, via a procedure based in part
acid based click producB, key resonances for the triazole aryl on the previously reported selective tripsylation of thg, C
proton (8.25 ppm) and the methylene protons of the propargyl primary hydroxyl with 2,4,6-triisopropylbenzenesulfonyl chlo-
linker unit (5.43 ppm) are readily identified in the high- ride (TPSCI) (Scheme 3¥.N-Boc-protected neomycin B (1
temperaturéH NMR spectrum of the lauric acid addudt3- equiv) was treated with excess TPSCI (28 equiv) in pyridine to
hexaO-acetate. Similarly, downfield shifts are observed for the obtain the tripsylated derivativEs (61%). Treatment 015 with
resonances attributable tgiiand Hyy (0 5.38 and 5.71 ppm),  sodium azide in DMF at 100C (18 h) afforded theibo-

and these resonances correlate with resonances at 61.3 and 69ibstituted azido neomycin B6, in quantitative yield. Cu-
ppm, respectively, in thé3C NMR spectrum of the same catalyzed alkyne-azide coupling of the archetypal click synthons
material (HMQC). Figure 4 highlights the diagnostic resonances 7, 9, and10to 16 afforded the corresponding triazole derivatives
attributable to the cholesterol-derived portion of the per- 17 (75%),18 (71%), and19 (69%) in good yield.

acetylated click productl4-hepta©-acetate. The doublet of The diagnostic features of the high-temperattiie NMR
doublets assigned tozblof the steroid side-chain, the broad spectra of theibo-substituted azido neomycin B6-hexa©O-
singlet of the OCH steroid/neomycin linker group, the AB
systems observed for thestdnd Hg steroid methylene pairs, 59(gg)?)(a)bHLa_nessi'e;n,S SVJ remblsaykMi\;l SlzlvayZ_e,T Er\;EvrahedCr%?OOS
and the singlet resonance of the aromatic proton of the triazole cHem.,'l(nt.) E'g‘;‘gm '43,"648(&3560. -+ Nakatani, T.; Wong, gew.
unit are all clearly evidenced. The resonances attributable to ™ (30)'michael, K.; Wang, H.; Tor, YBioorg. Med. Cheml999 7, 1361—
Hs and H of the acetylated steroid are co-incident with 1371.
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FIGURE 5. Expansions of théH NMR spectra (400 MHz, 363 K, 4DsN) of (a) 16-hexaO-acetate and (b)7-hexa©-acetate. The changes
observed in the resonances attributable to the protons ofltingre highlighted. An expansion of the aromatic region of the spectrub7-bexa-

O-acetate is also provided as the inset in (b).
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aReagents and conditions: (a) TPSCI (28 equiv), pyridine, rt, 18 h; (b)sNEDD °C, DMF, 8 h; (c) RCOO-CHC" CH (2 equiv),t-BuOH/H,0 (1:1),

Cu/CusQ, rt, 18 h.

acetate, and the derived click prod@thexa©O-acetate (Scheme

supra). Thé3C NMR resonance attributable tg,Calso exhibits

3) are highlighted in Figure 5. It can be seen that the resonancesa dramatic upfield shift in the spectrum of the azido derivative

assignable to protonssi and Hsy in the azido derivative
16-hexa©O-acetate ¢ 3.97 and 3.76 ppm, Figure 5a) become
increasingly dispersed and resonate-L7ppm upfield of the
corresponding resonances in the per-acetylated p&-&epta-
O-acetate. These shifts are consistent with thé values
observed for the kly ring proton of azido compoun@-hexa-
O-acetate, when compared with the parent compound (vide

1968 J. Org. Chem.Vol. 72, No. 6, 2007

16-hexa©O-acetate§ 51.94 ppm, cfCs; 63.9 ppm in2-hepta-
O-acetate). This shift is again consistent with the chemical shift
of the azide bearing carbon in compouitiexaO-acetate and
with literature values.

On coupling with the click syntho#, the initially high field
resonances of &, and Hyy show a marked downfield shift in
17-hexa©O-acetated 5.15 and 4.94, Figure 5b), resonating-0.2
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FIGURE 6. Expansions of théH NMR spectra (400 MHz, 363 K, §DsN) of (a) 3-penta©-acetate and ()-tetraO-acetate. The changes observed
in the resonances attributable to the protons of tlngre highlighted.

0.5 ppm to lower field of the antecedent resonances of the per-
acetylated parent compound. The resonances in the lauric acid
derived analoguel8-hexa©O-acetate ¢ 5.13 and 4.93 ppm),
and the cholesterol addu@9-hepta©-acetated 5.11 and 4.98),
similarly show distinctive downfield shifts, indicative of triazole
formation adjacent to &;. However, as was observed in the
case of thedo substituted analogues, th& NMR shift of G,

is less sensitive to the conversion of the azide function to a
triazole derivative, @ resonating av51.9 and 52.4 ppm in
compoundsl 6-hexaO-acetate and %-hepta©-acetate, respec-
tively.

In addition to the notable changes in the¢ NMR chemical
shifts of the Ky, and Hsy protons, a consistent diagnostic
feature of adducts isolated from click coupling reactions
conducted on thebo substituted azido neomycin Bg, is the
appearance of the resonances attributable to the,@t@thylene
protons of the propargyl alcohol derived unit of the click
synthon. In the spectra of the per-acetylated derivatives such
as 17-hexa©O-acetate (Figure 5b), the resonances of these
diastereotopic protons diverge in chemical shift and appear asFIGURE 7. Expansions of the aziridine region of (a) the HMQC
distinct AB systems (400 MHz). This contrasts with the adducts spectrum and (b) the HMBC spectrum obtained 4etetraO-acetate
formed fromido substituted azido neomycin B,(Figure 2c), (400 MHz, GD:N, 363 K). The corresponding region & NMR
where in all cases the methylene protons of the per-acetylatedSPectrum is provided as an axis reference.

systems show co-incident resonant frequencies. 6. It is noteworthy that an NH resonance, present in the mono-
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Modification of the Steptamine Ring. As discussed above,
a second major dehydration produdt, was isolated from
reaction mixtures containing the protected parent spezjiesd

anhydro species (Figure 6a), is absent in the spectrum of the
bis-anhydro derivative4-tetraO-acetate (Figure 6b). In this
instance, the second dehydration step clearly proceeds with one

the Mitsunobu reagents TPP and DIAD (Scheme 1). Mass of the protected amine nitrogens serving as the intramolecular
spectral analysis of the per-acetylated derivative confirmed a nucleophile, rather than a second hydroxylic oxygen nucleophile.
tetraO-acetate, supporting the formation of a stable bis-anhydro The marked changes observed in theNMR and13C NMR
derivative of the parent aminoglycoside. Subseqtidrstnd*C resonances of the streptamine residue (ring ) locates the
NMR analysis of the isolated, per-acetylated aminoglycoside, resultant aziridine within this ring. Distinct shifts are observed
4-tetraO-acetate, revealed the formation of an aziridine ring in  for the resonances of thesjdand the Hy and H; protons in
ring Il, with a Boc-protected nitrogen bridgingsCand Gy, in particular. H; resonates 0.5 ppm downfield from its antecedent,
addition to the previously observed epoxide at,/@nd G,y of while Hy; and Hy; move 1.2 and 2.1 ppm upfield, respectively.
theido ring. Further evidence of aziridine ring formation agGnd G is
Expansions of théH NMR spectrum o#-tetraO-acetate and obtained from thé3C NMR chemical shifts of the & and G
its mono-anhydro precurs8r(Scheme 1) are provided in Figure carbons. Unambiguous cross-peaks are observed in the HMQC
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FIGURE 8. (a) NOE enhancements observed in cyclenoe experiments condudtegtaO-acetate and summarizing intraresidue enhancements
observed in experiments focused on ring IV. (b) Preferred conformation of riddull.couplings, obtained in the simulation, are provided in the
table inset. O and R, O represent glycosidic linkages to rings | and IIl.

spectrum of4-tetraO-acetate linking hy and H, with 13C phosphorane intermediate is formed. This ring may stabilize
resonances al 38.1 and 38.5 ppm, respectively (Figure 7a). the all-axial conformation of the deoxystreptamine required for
These shifts are in accord with those observed previously in aziridine ring formation and/or facilitate transfer of the tri-
Boc-protected aziridine®. Furthermore, the HMBC spectrum  phenylphosphinoxy leaving group from the primary hydroxyl
(Figure 7b) of 4-tetraO-acetate shows distinct cross-peaks of ribose to the secondary hydroxyl of the deoxystreptamine
correlating Hy and H; with a single carbamate=€0 function (Scheme 4). From a study of molecular models, the arrangement
resonating at 162 ppm. This=€ resonates some 5 ppm of the two oxygen atoms about the phosphorus could be either
downfield of all other carbamate (carbonyl) resonances observeddiaxial or axiat-equatorial, the latter being less crowded (these
both in this species and other compounds studied in this work two forms can equilibrate via Berry pseudorota#®nPhos-
and is consistent with literature values recorded for the car- phoranes of this type are well-known intermediates in the
bamate functions of Boc-protected aziridifé3he two HMBC Mitsunobu reactiorf®> The corresponding 14-membered ring
cross-peaks linking both 4 and H, with this carbamate phosphorane joining the 5-position of ribose to the 3-position
resonance confirms the formation of the three-membered of theglucoring is highly strained and much less likely to form.
aziridine ring at this position. Attempts to improve the yield o#, by increasing the
1D NOE experiments conducted dttetraO-acetate (Scheme  proportion of TPP and DIAD added t from 4 to 6 equiv,
1) support an averag®; conformation of ring IV, as observed  resulted in essentially no change in the isolated yield @8%,
in the mono-anhydro precurs@pentaO-acetate. Enhancement  6:6:1 TPP/DIADR; cf. 45%, 4:4:1 TPP/DIADR). Mass spectral
of the Hv resonance results from selective saturation of either analysis of the product mixture obtained in the reaction revealed
Hav or Hyy. Saturation of Hyy results in enhancement ok the presence of significant amounts (18%) of a compound with
as expected (Figure 8a). NOE experiments conducted on ringa molecular ion corresponding to a DIAD-derived hydrazine
I, however, yielded ambiguous results due to the near co- adduct (LRESMS [M+ Nat] = 1387) of the initially formed
incident overlap of the ki and Hy resonance® Simulation bis-anhydro derivativé. In order to suppress the formation of
of the*H NMR resonances of the ring Il spin system, 4etetra- DIAD derived hydrazine adducts and thus improve the yield of
O-acetate and related compounds (Scheme 5), yietdad 4, the bulkier ditert-butyl azodicarboxylate (DBAD) was
vicinal coupling constants similar to those observed by Crotti substituted for DIAD in the synthesis df Thus,2 was treated
and co-workers in their studi€son aziridine-containing pyrans.  with 6 equiv of TPP and DBAD in toluene at room temperature
In particular, we typically observe values 0.1 and 5.0 Hz (12 h). This procedure resulted in a 10% improvement in the
for the 3Ju2an and 33y 261 coupling constants of compounds  isolated yield of4 (55%) and only traces of putative DBAD-
synthesized that are isostructural in ring Il. These distinct values derived hydrazine adducts were observed in these reactions.

suggest that ring Il averages tdtds conformation (Figure 8b), The bis-anhydro neomycin B derivativé invites further

as the alternatéH, conformation would be expected to exhibit  gynthetic modification. The ring opening of the epoxide and/or
similar values for théJyzan andJu,zon couplings® Further-  aziridine functions permits modification of two sugar residues
more, the values fitted for the oth&r couplings of ring I, for in the neomycin B framework. Modification of ring II, a key

this compound and related aziridine-containing compounds pathogen/target binding residgfdn particular offers consider-
synthesized in this work, are also consistent with those expectedapje potential for significantly affecting the resultant aminogly-
for the *Hs conformation. _ coside’s antibiotic activity. Accordingly, we have undertaken

An interesting observation is that the formation of the preliminary studies exploring the ring opening of the epoxide
aziridine ring takes place on the deoxystreptamine ring but not 5nd/or the aziridine rings of compourd

O.B theglut():lo rikngd Also,hwr;en_ thE S-position of the (r%r_note_) HPLCMS (MeCN/HO 75:25) analysis of a per-acetylated
ribose IS blocke (as the -nitrobenzoate ester), aziri Iné ring product mixture obtained after treatment of the bis-anhydro
formation does not occur. This suggests that the 5-position of

ribose takes part in the mechanism of formation of the aziridine ” 5 RS0, Chem. Phys960 32 933. (b) Gallagher. M. J

: : H H H H a) berry, K. . em. " . allagnher, M. J.;
ring. A possible explanation is that a cyclic 10-membered ring Jer(]kirzs(’ I) D, %Topics in Stereoc}’]emistr}z"el' E (L.), A"ing‘f’er’ N L

Eds.; New York: Wiley-Interscience, 1968; Vol. 3, p 64.

(31) See, for example: Gardiner, J. M.; Loyns, CTRtrahedrornl995 (35) (a) von ltzstein, M.; Jenkins, |. DAust. J. Chem1983 36, 557—
51, 11515-11530. 563. (b) von ltzstein, M.; Jenkins, |. 0. Chem. Soc., Perkin Trans. 1
(32) Sample spectra obtained in the NOE experiments conducted on ring 1986 437—445. (c) von ltzstein, M.; Jenkins, I. 3. Chem. Soc., Perkin
1V are provided in Supporting Information. Trans. 11987 2057-2060. (d) Camp, D.; Jenkins, I. 0. Org. Chem.
(33) Crotti, P.; Di Bussolo, V.; Favero, L.; Pineschi, Nletrahedron 1989 54, 3045-3049; 3049-3054.
1997 53, 14171438. (36) Magnet, S.; Blanchard, J. Shem. Re. 2005 105,477—-497.
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aReagents and conditions: (a) (i) 1 equiv NaB0 °C, DMF, 2 d, (ii) AcO, GHsN, DMAP; (b) (i) excess Nap 50 °C, DMF, 1 d, (ii) AcO, GHsN,
DMAP; (c) O:NCgH4sCOO-CHC'"'CH (2 equiv),t-BuOH/H,0 (1:1), Cu/CuSQ@ rt, 18 h; (d) excess NaiN50 °C, DMF, 1 d.

neomycin derivativet with 1 equiv of sodium azide in DMF  second mono-azido addu2 coeluted with the residual starting

(Scheme 5) revealed a product mixture comprigirgtra-O- material in all solvent systems examined. Attempts to separate
acetate (32%), a diazido addu2@-penta©O-acetate (11%), and  the species after per-acetylation of the crude reaction mixture
two possible mono-azido adduc&l-pentaO-acetate an@2- met with only limited success. The diazido add@étpenta-

tetraO-acetate (40% and 15%, respectively). Subsequent at-O-acetate was again successfully isolated; however, analytical
tempts at product purification showed that although the diazido quantities of the mono-azido adducts were obtained only after
adduct20 and the mono-azido addu2t could be isolated, the  preparative HPLC. The mono-azido species resulting from ring
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FIGURE 9. Expansions of the carbohydrate regions of tReNMR spectrum (400 MHz, €DsN, 363 K) of (a) 20-penta©-acetate and (b)
24-tetraO-acetate. NOE enhancements resulting from selective saturation«gfire provided for each compound in (c) and (d). NOE enhancements
resulting from selective saturation ofid are provided for each compound in (e) and (f).

opening of the ring Il aziridine22-tetraO-acetate, has not been
obtained in sufficient quantity for full characterizatiditi(NMR

only). However, a separable mixture of the bis-anhydro derivate,

4-tetraO-acetate, and the click addu@3-penta©-acetate and
24-tetraO-acetate was obtained when a partially purified
mixture of 4-tetraO-acetate21-penta©-acetate, and the uniso-
lated 22-tetraO-acetate was treated with the click synthon

the shift of the H; resonance 1.35 ppm downfield with respect
to the aziridine precursor. Furthermore,,@esonates ai 57.3
ppm in the*C NMR (cf. 50.5 ppm ir2-hepta©-acetate). The
migration of the Boc protected amine tgds confirmed by
the cross-peak correlatingsidand the NH proton in the COSY
spectrun®® The attack by azide at(, rather than g, is not
surprising. G is the least hindered site for attack, and moreover,

under our standard conditions. The click coupling proceeds being adjacent to the methylene group, this site would be favored
quantitatively with respect to the initial concentration of azido on electronic grounds as the transition state for attack by azide
species present in the reaction mixture in both cases. Nowould result in the development of a small positive charge at

degradation of the aziridine-containing ring Il was observed in
the formation of23-penta©-acetate, and no degradation of the
epoxide-containing ring IV was observed in the formation of
24-tetraO-acetate under the conditions of the click coupling
reaction.

The ring opening of the epoxide function of ring IV by azide
ion in both the mono-azido addugt and the diazido adduct

the aziridine carbon. Attack would therefore be favored by an
adjacent CH rather than a CHOR group. It was surprising,
however, that the product of azide attack did not retairf@e
conformation expected from the opening of thi conformer.
The initial trans-diaxial arrangement of the,Gzido and G
NHBoc groups is unobserved in the product. Instead, ring Il of
20-pentaO-acetate averages to'&€, conformation, in which

20 (Scheme 5) proceeded in a manner directly analogous tothe G, azido and G NHBoc groups are diequatorial, while
that observed in the reaction of the mono-anhydro neomycin the substituents on 4, C4 and G are all axial. ThelCy

derivative 4, as expected. Th&alo epoxide of ring IV of4
undergoes regioselective ring opening by azide ion s @
both cases. ThéH and13C NMR resonances of the ring IV
fragments of the per-acetylated derivative26fand22 are in
close agreement with those observed @hexaO-acetate.
Similarly, chemical shift, coupling constant, and NOE experi-
ments focused on the aziridine containing ring Il of thke
and 23-penta©-acetates showed results in accord with those
observed for the bis-anhydro parent spedséstra-O-acetate.
The “H3 conformations are observed for ring Il in both cases.
Analysis of the!H and3C NMR spectra obtained for diazido
adduct20-pentaO-acetaté’ revealed an interesting outcome in
the ring opening of the aziridine function of ring Il by azide
ion. Azide substitution occurs atf; resulting in a net migration
of the amine function from ¢ in the parent neomycin todg
in these derivatives. Azide substitution af;Gs supported by

(37) The diazido adduc0, obtained in low yield in the reaction &f
with equimolar sodium azide, was obtained quantitatively on treatment of
4 with excess sodium azide.

1972 J. Org. Chem.Vol. 72, No. 6, 2007

conformation of ring Il of20-penta©-acetate is evidenced in
theH NMR spectrum. The kj resonance a20-penta©-acetate

is well-separated from surrounding resonances in tki@sko
solvent at 363 K and shows couplings of 4, 10, and 10 Hz to
neighboring protons, suggesting an axial disposition of the
proton. Furthermore, selective irradiation of theyfd (6 2.12
ppm) and Hieq (6 2.36 ppm) resonances Bd-pentaO-acetate
engenders NOE at 4 in both cases (Figure 9). Significant
enhancement of thesand NHgyy resonances is only observed
in the case of selective irradiation of theykl, resonance;
however, further supporting the mutually trans-diaxial disposi-
tions of Hiy, Haax, and the NkjyBoc group. It is also
noteworthy that the resonances ofyHand Hy; show marked
shifts in 20-penta©-acetate relative to their antecedents in the

(38) (a) Separate crosspeaks for the;HNHey and Hi—NHany
correlations are clearly evident in the 2D COSY experiment (400 MHz,
363 K, GDsN); see Supporting Information. (b) Migratory, aziridine
formation and ring opening has been observed in streptamine systems
before: Ikeda, D.; Horiuchi, Y.; Kondo, S.; Umezawa,HAntibiot.1980Q
33, 1281-1288.
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parent neomycin, although no direct chemical modification has of derivatives of neomycin B. Indeed, by employing a strategy
taken place in this ring. A similar picture emerges from NMR based on the bis-anhydro derivati#ehighly modified deriva-
spectroscopic studies conducted on derivatives thatisare tives of the neomycin B parent framework can be obtained. For
structural at ring I, i.e.22-tetraO-acetate an®5-penta©- example, treatment of the isolated click prod@&penta©-
acetate, as well as the triazole derivati¥é-tetraO-acetate acetate (Scheme 5) with excess sodium azide under the standard
(Figure 9). The body of data suggests a significant conforma- conditions yields an aminoglycoside derivati&s-penta©-
tional change accompanies the migration of the amine function acetate, bearing a hydrolyzable lipophilic function af,Gnd
in ring Il, with this ring averaging to &C4 conformation, in a transformable azido functionality located in ring 1l. Moreover,
contrast to théC, conformation of the neomycin parent, even ring Il has an orientation of functional groups (three axial and
though this conformation places three bulky substituents in axial two equatorial) different from that of the parent deoxy-
positions. We suggest that th€, conformation is stabilized  streptamine ring (all groups equatorial) of neomycin. Further-
by a H-bonding interaction between the axial NHBoc group on more, the anhydro neomycBican now be produced efficiently
Cs and the axial oxygen ond. Recent theoretical calcula- and in high yield and provides an excellent building block for
tions®® and a literature examie suggest that H-bonding the preparation of a library of neomycin analogues bearing a
interactions can affect conformational preferences in theserange of functionality at the 3-position of tligo moiety. The
systems. biological activity of the modified heomycins reported here is
currently being investigated.
RNH

HO

ho Experimental Section

RNH 1,3,2,6',2",6"-HexaN-(tert-butoxycarbonyl)-neomycin B (2).

Triethylamine (TEA) (7 mL) and methanol (10 mL) were added to
a stirred solution of neomycin B sulfale(2 g, 2.2 mmol) in water
(10 mL). Di-tert-buty! dicarbonate (5 g, 22 mmol) was then added,
and the resultant reaction mixture was stirred at elevated temperature
(55 °C, 16 h). Methanol was removed by evaporation and the
residue was partitioned between ethyl acetate (200 mL) and water
(100 mL). The agueous layer was extracted with fresh ethyl acetate
(2 x 50 mL) and the combined organic layers were dried,{Na
SQOy) and concentrated in vacuo. Purification by flash chromatog-
raphy on silica (DCM/acetone 3:2) afford@das an amorphous
white solid (2.42 g, 90%). LRMS (ESI): calculated for (MINa")
Cs3HaaNeO25 1237.61, found 1237.6.

General Procedure for the Per-acetylation. 2-Heptad-
acetate'®2Compound? (25 mg, 0.02 mmol) was treated with acetic

NHCH,CH,CH;
RHN

HO

OH
RNH O o

OWNHR

Attempts were made to improve the regioselectivity of the
initial azide addition tat. However, essentially no improvement

26

in yield or selectivity was observed when either catalytic
guantities of cerium chloride were added to the reaction mixture
or when the reactions were carried out using trimethylsilylazide
(TMSA)*! in place of NaN.“?2 Treatment of4 with neat
propylamine at room temperature for 16 h did, however, afford
a 47% yield of the product obtained from selective ring opening

anhydride and pyridine (1:1, v/v, 2 mL) in the presence of a catalytic
amount ofN,N-dimethylaminopyridine (DMAP) at room temper-
ature (4 h). The solvent was removed in vacuo and the residue
was purified by flash chromatography (DCM/MeOH 98:2). This
afforded 2-hepta©-acetate as a white amorphous solid (30 mg,
98%).'H NMR (400 MHz, pyridineds, 363 K): ¢ 6.97 (1H, d,

J =8 Hz, NH,), 6.79 (1H, d,J = 8 Hz, NH,), 6.70 (1H, br dd,

of the aziridine function of ring 1126. The starting materia¥, -
was recovered in _50% yield_ after pu_rification. Only traces of E\mvégfg%HHf rngv)’\I hgo%éz%l';r g,ljlﬂ_), %Oﬁjz(luHédg(f
the product resulting from ring opening of both the aziridine g5 10.8 Hz, H), 5.60 (1H, d,J = 2.5 Hz, H, ), 5.52 (1H, dd,
and epoxide functions were detected in the product mix. The j = 3, 3 Hz, Hyy), 5.41 (1H, ddJ = 9.5, 10 Hz, H,), 5.41 (1H,
alternate epoxide opened species was undetected in the mixturedd, J = 2.5, 5 Hz, B ), 5.24 (1H, dddJ = 3, 2, 1 Hz, Hy),
Investigations into alternate methods for improving the yield 5.23 (1H, ddJ=10.3, 9.3 Hz, H,), 5.19 (1H, dJ= 2 Hz, Hyy),
and regioselectivity of the ring opening reactions are ongoing 4.75 (2H, m, H y, Hs 1), 4.66 (1H, ddJ = 11.9, 5.3 Hz, W),
in our |ab0rat0ry' 4.61 (1H, ddd,J = 4, 4, 10 HZ, H|), 4.51-4.43 (3H, br m, H|,
H5|\/, H4|||), 4.30 (1H, br m, HIV); 4.14-3.9 (4H, br m, H||, H3||,
Hau, Hsy), 3.82 (1H, dddJ =7, 7, 14 Hz, Hy), 3.72 (2H, m, H,,
Her), 3.61 (1H, ddd) =5, 7, 14 Hz, Hy), 2.41 (3H, s, -OCOCH),
We have demonstrated the selective modification ofdie 240 (1H, m, Hy eq), 2.35 (3H, s, -OCOCH, 2.29 (3H, s,
(IV), ribo- (ll1), and streptamine (Il) rings of the neomycin B -OCOCH), 2.15 (3H, s, -OCOCH}, 2.14 (3H, s, -OCOCH), 2.10
framework utilizing two different yet complementary synthetic (3t S, -OCOCH), 2.04 (3H, s, -OCOCH), 2.0 (1H, m, Hy ax),

g : .68 (9H, s, -COC(CH)s), 1.63 (9H, s, -COC(CBh)3), 1.58 (9H, s,
approaches. Utilizing these strategies we have prepared a numbe}COC(CFb)g)’ 1.57 (18H, s, 2 -COC(CHy)s), 1.56 (9H, s, -COC-

(CHs)s). 13C {3H} NMR (100 MHz, pyridines, 363 K): 6 171.5-
169.33 (7 x OAc C=0), 157.5-156.73 (6 x Boc G=0), 108.0
(C1m), 99.2 (G), 98.3 (Gy), 83.5 (Gu/Can), 79.9 (Cu/Csy1), 79.9
(Can), 79.6-78.8% (6 x Boc Gy, 76.9 (Gu), 76.5 (Gu), 75.2
(Can), 73.7 (Gwv), 73.0 (Gy)), 70.9 (Gy), 70.0 (Gw), 69.8 (Gy),
67.5 (Cuv), 63.9 (G), 54.3 (Gy), 50.5 (Gav, Cuii, Can), 41.9 (Gy),
41.4 (Gy), 35.4 (Gy), 28.9-27.63 (6 x Boc (CHy)s), 21.8-20.73

Conclusion

(39) de Oliveira, P. R. and Rittner, Bpectrochim. Acta., Part 2005
62, 30—37.

(40) Sundaralingam, M.; Brennan, R.; Swaminathan, P.; Haromy, T. P.;
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J. Carbohydr. Chem1982 1, 85-103.

(41) Sabitha, G.; Babu, R. S.; Rajkumar, M.; Yadav, JOgg. Lett.
2002 4, 343-345.

(42) (@) Wu, J.; Hou, X.J. Org. Chem 1999 1344-1348. (b)
Chandrasekhar, M.; Sekar, G.; Singh, V. Retrahedron Lett200Q 41,
10079-10083.

(43) Recorded at room temperature.
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(7 x OAc CHg). LRMS (ESI): calculated for (M+ Na') 29.0% (6 x Boc (CHg)s), 22.0-21.3% (5 x OAc CHg). HRMS

Ce7H10eNeO32 1531.6, found 1531.6. (ESI): calculated for (M H) CgzH10N6O29 1407.67695, found
3",4"-Anhydro-1,3,2,6,2",6""-hexaN-(tert-butoxycarbonyl)- 1407-57615- N

neomycin B (3}82and 3",4""-Anhydro-3,2',6,2",6"-penta-N- Optimal Conditions for 3"",4"'-Anhydro-1,3,2,6,2",6"'-hexa-

(tert-butoxycarbonyl)-1,6-[N-(tert-butoxycarbonyl)epimino]-1- N-(tert-butoxycarbonyl)-neomycin B (3). DIAD (170 uL, 0.82

deamino-6-deoxyneomycin B (4)DIAD (330 uL, 1.6 mmol) was mmol) was added slowly to a stirred ice-cold solution20f500
added slowly to an ice-cold solution & (500 mg, 0.41 mmol) Mg, 0.41 mmol) and TPP (215 mg, 0.82 mmol) in dry toluene (3
and TPP (430 mg, 1.6 mmol) in dry toluene (5 mL) under a dsy N mL) and the resultant reaction mixture was stirred at room

atmosphere. The mixture was stirred at room temperature (18 h){emperature under a dry,Natmosphere (12 h). A second aliquot

and then evaporated to dryness. Column chromatography on silica®f @ toluene solution of TPP (215 mg, 0.82 mmol, 2 mL) was then

(DCM/MeOH 97:3— 95:5) afforded4 (220 mg, 45%) [HRMS added, followed by the additi_on of a se_cond portion of DIAD (170
(ESI) calculated for (M+ H*) CssHooNeOas 117'9.61356, found ul, 0.82 mmol) and the reaction was stirred for a further 12 h prior
1179.60897] an@ (160 mg, 33%) [HRMS (ESI) calculated for to removal of the solvent in vacuo. Column chromatography of

n . the residue on silica (DCM/MeOH 97:3 95:5) afforded3 as an
é“rqw(;pl)\lhzagssﬁigél\leom 1219.60607, found 1219.60032] as a white amorphous white solid (305 mg, 62%).

. ) Optimal Condition for 3'",4"'-Anhydro-3,2',6',2",6""-penta-
4-Tetra-O-acetate.Eer-acetylatlon of compourdlwas camed N-(tert-butoxycarbonyl)-1,6-[N-(tert-butoxycarbonyl)epimino]-
out exactly as described above faeptaO-acetate, affording 1-deamino-6-deoxyneomycin B (4DBAD (227 mg, 0.99 mmol)
4-tetraO-acetate as an amorphous white solid in quantitative yield. ywas added slowly, under a dry.lstmosphere, to a stirred ice-cold

'H NMR (400 MHz, pyridinees, 363 K): 6 6.79 (1H, br dd, Nhi), solution of2 (200 mg, 0.16 mmol) and TPP (258 mg, 0.99 mmol)
6.60 (1H, br dd, Nij, 6.55 (1H, d,J = 9 Hz, NH), 6.26 (1H, d, in dry toluene (3 mL). The reaction mixture was stirred overnight
J=8.5Hz, NHy), 6.18 (1H, dJ = 9.5 Hz, NHy), 6.01 (1H, br s, at room temperature and then concentrated in vacuo. Column
Hun), 5.69 (1H, d,J = 5.2 Hz, Hu), 5.64 (1H, d,J = 3.8 Hz, chromatography of the resultant residue on silica (DCM/MeOH 97:

Hy), 5.54 (1H, ddJ = 9.4, 10.8 Hz, H), 5.37 (1H, ddJ = 10, 3— 95:5) afforded compound as an amorphous white solid (107
9.5 Hz, Hy), 4.84 (1H, dJ = 3.3 Hz, Hyy), 4.80 (1H, dd,J = 5.3, mg, 55%).

7.1 Hz, Hy), 4.64 (2H, m, Hy;, Hsy), 4.54 (1H, dddJ = 4.6, 3", 4"-Anhydro-1,3,2,6,2",6"-hexaN-(tert-butoxycarbonyl)-

4.6, 7 Hz, Hy), 4.50 (1H, m, Hy), 4.48-4.37 (3H, m, Hi Ha,Hs)), 5'-deoxy-53'-(4-nitrobenzoyl)-neomycin B (5).DIAD (330 uL,
4.33 (1H, ddJ = 6.3,6.3 Hz, H\), 4.12 (2H, m, Hgy, Hay), 3.76- 1.65 mmol) was added slowly to a cold solution 2{200 mg,
3.67 (4H, m, Ky, Hen, Hei, Her), 3.50 (1H, ddJ = 5.3, 3.8 Hz, 0.165 mmol), TPP (430 mg, 1.65 mmol), and 4-nitrobenzoic acid
Hav), 3.34 (1H, d,J = 3.8 Hz, Hyy), 3.12 (1H, ddJ = 6.4, 4.7 (330 mg, 2.0 mmol) in dry solvent (2 mL toluerie 1 mL THF)
Hen), 2.80 (1H, ddJ = 5.1, 6.4 Hz, H;), 2.42 (3H, s, -OCOCHj, under a dry N atmosphere. The mixture was stirred at room
2.30 (1H, m, Hpp), 2.28 (3H, s, -OCOCH, 2.15 (3H, s, temperature (18 h) and then evaporated to dryness. Column
-OCOCH), 2.06 (3H, s, -OCOCH, 2.05 (1H, m, Hy), 1.65 (9H, chromatography on silica (DCM/MeOH 97:3 95:5) afforded5

s, -COC(CH)3), 1.61 (9H, s, -COC(Chj3), 1.60 (9H, s, -COC- (187 mg, 85%) as a white amorphous solids. HRMS (ESI):

(CHs)3), 1.58 (18H, s, 2x -COC(CHj)3), 1.53 (9H, s, -COC(Ch3). calculated for (M + Naf) CeoHosN7O,7; 1368.61736, found
13C {1H} NMR (100 MHz, pyridineds, 363 K): 6 171.4-170.0° 1368.61214.
(4 x OAc C=0), 162.4 (Boc €0), 159.5-154.4 (5x Boc C= 5-Tetra-O-acetate. Per-acetylation of compouns, according

0), 105.0 (Gy), 99.7 (Gy), 99.0 (G)), 81.6 (Cy), 80.6-78.0% to the general procedure, providedetraO-acetate’H NMR (400
(6 x Boc &), 77.0 (Gui), 76.6 (1), 76.4 (Gui), 74.1 (Gu), 73.0 MHz, pyridineds, 363 K): 6 8.57 (2H, m, ArHaa"), 8.49 (2H, m,
(Ca1,GCsiv), 71.4 (G), 70.8 (Gy), 65.0 (Gu), 54.9 (Gy), 52.8 (Guv), ArH xx'), 7.03 (1H, d,J = 8.4 Hz, NH)), 6.84 (2H, br dd, Niy),
52.5 (Gu), 49.4 (Gu), 46.6 (Gu), 43.7 (Gw), 42.6 (Gy), 38.5 6.72 (1H, d,J = 7.9 Hz, NH)), 6.52 (1H, d,J = 9.8 Hz, NH),
(Cen), 38.1 (Gy), 28.4 (Gy), 29.3-28.0 (6x Boc (CH)s), 20.8— 6.36 (2H, br dd, Nk, 6.16 (1H, d,J = 9.6 Hz, NHy), 6.04 (1H,
20.6 (4 x OAc CHs). HRMS (ESI): calculated for (M+ H™) brs, Hy), 5.61 (1H, d,J = 1.9 Hz, Hy), 5.59 (1H, ddJ = 9.5,
Ce1HogN6O27 1347.65581, found 1347.65496. 10.6 Hz, H)), 5.47 (1H, ddJ = 1.6, 5.1 Hz, Hy), 5.20 (2H, m,

3-PentaO-acetate.Per-acetylation of compourglaccording to Hen, Hay), 4.71 (1H, ddJ E‘O’ 12.0 Hz,kg), 4.80-4.78(2H, m,
Hsyr, Han), 4.74 (1H, d,J = 3.3 Hz, Hy), 4.62-4.48 (2H, m,
the general procedure afford@epenta©-acetateH NMR (400 ; —
L 3 Hs), Ham), 4.46-4.35 (2H, m, H, ,Hay), 4.25 (1H, ddJ =6, 6
MHz, pyridineds, 363 K): ¢ 6.96 (1H, d,J = 9 Hz, NH,), 6.77
(2H, br m, NH,, NHy), 6,57 (1H, br dd, NI), 6.46 (1H, dJ= 12 Hev), 4.12-3.91 (4H, br m, Hy, Ha, Han, Hen), 3.70-3.55

4H, Hew, Hen, Her, Her), 3.48 (1H, ddJ = 5.2, 4 Hz, Hy), 3.32
10 Hz, NH), 6.16 (1H, d,J = 9.3 Hz, NHy), 6.02 (1H, br s, H), ElH, 43 =14Hz H‘f& 2'48((3H' s,J-ococlga, Z.EVZSH, s,

5.63 (1H, dd,J = 95, 10.6 HZ, Hl)v 5.57 (1H, d,J =2.0 HZ, 'OCOC 230 1H. m eq), 209 3H, s, _OCO 205
Hllll)y 5.40 (1H, dd,J = 9.5, 10 HZ, Hl)y 5.35 (1H, dd,J = 2.4, (SH, s, -I(:_)héOCH),(19’6 (]:qu’jl:.n’qu)” ax), 1(67 (9H, S, -COCE!:)EC%),
5.3 Hz, Fu), 5.21 (1H, ddJ = 10.2,9.4 Hz, K), 471 (1H, m, 7 g5 (9H, s, -COC(CH)3), 1.58 (27H, m, 3x -COC(CH)3), 1.56
Hs ), 4.68 (1H, dJ = 3.4 Hz, Hy), 4.66-4.55 (3H, br m, Hy, (9H, s, -COC(CH)s. 13C {*H} NMR (100 MHz, pyridineds, 363
Hs;, Hsi), 4.46 (1H, dddJ = 10.4,10.4, 4.3 Hz, bi), 4.38 (2H, K): 0 131.9 (ArGa), 124.3 (ArGx:), 109.3 (Gu), 99.6 (Gv),
m, Haw, Han), 4.22 (1H, ddJ = 6, 6 Hz, Hy) 4.14-3.9 (4H, br 98.2 (G), 84.3 (G/Cun), 80.0 (Gui), 79.9 (Gu/Can), 77.0 (Gy),
m, Huy, Han, Hai, Hsi), 3.70 (4H, Hiv, Heiv, Hei, Her) 3.48 (1H, 75.8 (Gu), 75.3 (Gu), 73.2 (G), 72.7 (Gw), 71.1 (Gy), 69.9
dd,J = 5.4, 3.8 Hz, Hyy), 3.30 (1H, d,J = 3.8 Hz, Hyy), 2.45 (Cs), 65.6 (Gu), 54.5 (Gy), 52.5 (Gyv), 52.3 (Gwv), 50.8 (Gu,
(3H, s, -OCOCH), 2.40 (3H, s, -OCOCEH), 2.40 (1H, m, Hy eq), Cen), 46.1 (Gy), 43.0-42.0 (G, Cev), 35.4 (Gu), 30—27 (6 x
2.28 (3H, s, -OCOCH), 2.15 (3H, s, -OCOCH), 2.09 (3H, s, Boc (CHs)s), 22.0-19.0 (4x OAc CHs). LCMS (ESI): calculated
-OCOCH;), 2.0 (1H, m, by ax), 1.68 (9H, s, -COC(Chk), 1.64 for (M + Nat) CegH10N703; 1536.66, found 1536.7.

(9H, s, -COC(CH)3), 1.60 (9H, s, -COC(Chjs), 1.58 (18H, s, 3"-Azido-1,3,2,6,2"",6""-hexa-N-(tert-butoxycarbonyl)-3"'-

2 x -COC(CHy)s), 1.56 (9H, s, -COC(ChJ3). $3C {*H} NMR (100 deoxy-neomycin B (6)t82 NaN; (130 mg, 2 mmol) was added to
MHz, pyridineds, 363 K): 6 171.3-170.0° (5 x OAc C=0), a solution of3 (400 mg, 0.33 mmol) in DMF (10 mL) and the
157.2-156.3°% (6 x Boc C=0), 108.8 (Gu), 99.8 (Gw), 98.6 (G)), mixture was stirred at room temperature (2 d). The reaction mixture

83.3 (Gu/Ca), 80.2 (Gi/Cay), 80.4 (Cyy), 79.3-79.0% (6 x Boc was then diluted with ethyl acetate (200 mL) and washed with water
Cq), 77.5 (Gu), 75.8 (Gui, Canr), 73.4 (Gy), 73.0 (Gy), 71.4 (), (2 x 100 mL). The ethyl acetate layer was dried {S@),
70.2 (G)), 64.1 (Gy),), 54.8 (G)), 52.7 (Gw), 52.5 (Gw), 51.1 concentrated in vacuo, and purified by flash chromatography (DCM/
(Cuiy Can), 46.4 (Gy), 43.7 (Gi), 42.3 (Gy), 35.8 (Gy), 29.2— MeOH 97:3) yielding6 as a white amorphous solid (352 mg, 85%).

1974 J. Org. Chem.Vol. 72, No. 6, 2007
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IR (KBr disk) 2109.9 cm® (N3). HRMS (ESI): calculated for (M
+ Na') Cs3HggNgO24 1262.62311, found 1262.62303.

6-Hexa-O-acetate. Per-acetylation of6, using the general
procedure above, affordédhexaO-acetate as a white amorphous
solid in quantitative yield'H NMR (400 MHz, pyridinegls, 363
K): 0 6.95 (1H, dJ =8 Hz, NH,), 6.78 (2H, br dd, NH, NHy),
6.58 (1H, br dd, Nh), 6.43 (2H, m, NH, NH,), 5.97 (1H, br s,
Hy), 5.63 (1H, ddJ = 9.5, 10.7 Hz, H), 5.59 (1H, dJ = 2.8 Hz,
H1|||), 5.40 (2H, m, H,, H2|||), 5.22 (lH, dd,J =10, 9 Hz, H;||),
5.14 (1H, d,J = 2.3 Hz, Hy), 5.13 (1H, dddJ = 3, 2, 1 Hz,
H4|\/), 4.73 (ZH, m, Hy, H3|||), 4.63 (1H, dd,J = 11.8, 5.2 Hz,
Hsuir), 4.59 (1H, ddd) = 4, 4, 10 Hz, H)), 4.49-4.42 (3H, br m,
Hai, Haw, Han), 4.37 (1H, dddJ = 2.6, 5, 7 Hz, Hy), 4.24 (1H,
br m, Hyy), 4.10 (1H, ddJ = 8.5,10 Hz, H,)), 4.07-3.97 (2H, br
m, Hy, Hay), 3.97 (1H, ddJ =9, 9 Hz, Hy), 3.83 (1H, ddd,) =
7,7, 14 Hz, Hy), 3.71 (2H, m, H;, He), 3.60 (1H, dddJ = 5,
6.5, 14 Hz, H\), 2.39 (3H, s, -OCOCE), 2.39 (1H, m, H, eq),
2.34 (3H, s, -OCOCH), 2.28 (3H, s, -OCOCEH), 2.14 (3H, s,
-OCOCH), 2.13 (3H, s, -OCOCEJ, 2.09 (3H, s, -OCOC}, 2.01
(1H, m, Hy ax), 1.67 (9H, s, -COC(Chk), 1.61 (9H, s, -COC-
(CHa)3), 1.58 (18H, s, 2 -COC(CH)3), 1.57 (9H, s, -COC(CH}3),
1.56 (9H, s, -COC(CH)3). 13C {1H} NMR (100 MHz, pyridineés,
363 K): 6 171.3-170.28 (6 x OAc C=0), 157.4-156.43 (6 x
Boc C=0), 107.9 (Gu), 98.9 (Gw), 98.7 (G)), 83.6 (Gy), 80.4
(C4||), 80.3 (Q|||), 79.8-78.88 (6 x Boc C[Q, 77.2 (Q;“), 76.9 (Qm),
75.5 (Gu), 73.3 (G, Ca)), 71.3 (Gy), 70.0 (G;), 68.0 (Guv), 64.1
(Csii), 60.8 (Gu), 54.7 (Gi), 51.3 (Guv), 50.9 (Gu, Cap), 42.2
(Cq1), 41.6 (Gv), 35.4 (Gy)), 29.1-28.9% (6 x Boc (CHy)s), 21.9-
21.13 (6 x OAc CHg). HRMS (ESI): calculated for (M Na*)
C65H105N903o 1514.68650, found 1514.68447.

Prop-2-ynyl 4-Nitrobenzoate (7).Propargyl alcohol (5QuL,
0.86 mmol) was added to a stirred solution of 4-nitrobenzoyl
chloride (100 mg, 0.5 mmol) in pyridine (1 mL) and the solution

JOC Article

m, Hav, Hsy, Ham), 4.63 (1H, dd,J = 11.8, 5 Hz, Hy), 4.60
(1H, ddd,J = 4, 4, 10 Hz, H)), 4.54 (1H, dddJ = 3.8, 5.6, 5.6
Hz, Hy), 4.46 (1H, dddJ = 3.5, 10, 10 Hz, H), 4.13-3.91 (5H,
m, H1||y Hay H4||, Hs), ,H5|\/), 3.71 (ZH, m, HL H5|'), 3.67 (1H, m,
Hen), 2.39 (3H, s, -OCOCEH), 2.37 (1H, m, H, eq), 2.28 (3H, s,
-OCOCH), 2.27 (3H, s, -OCOCE}, 2.14 (6H, m, 2x -OCOCH),
2.10 (3H, s, -OCOCE#), 2.0 (1H, m, H; ax), 1.67 (9H, s, -COC-
(CHs)s), 1.62 (9H, s, -COC(CHJ3), 1.58 (9H, s, -COC(CH}3), 1.55
(18H, s, 2x -COC(CHp)3), 1.51 (9H, s, -COC(CHhj3). 13C {1H}
NMR (100 MHz, pyridineds, 363 K): ¢ 171.4-170.0° (6 x OAc
C=0), 165.0° (Aripso), 157.4-156.4° (6 x Boc C=0), 151.343
(Aripsg), 143.153 (triazolgysy), 131.3 (ArGia?), 126.27 (CH, triazole),
124.0 (ArGix), 108.1 (Gui), 99.0 (Giv), 98.7 (Gy), 83.5 (Gu),
80.4 (Cm’ C4|||), 79.9-78.88 (6 x Boc Q;‘), 77.0 (Q”), 76.5 (Qm),
75.4 (Gu), 73.8 (Guv), 73.3 (G), 71.5(G), 70.2 (G), 69.9 (),
64.4 (Gu), 61.7 (G), 59.6 (OCH, linker), 54.7 (G)), 52.5 (Gw),
50.9 (Gu, Can), 42.3 (G), 41.9 (Gw), 35.5 (Gy), 29.4-28.43
(6 x Boc (CH)s), 22.0-21.0° (6 x OAc CHs). HRMS (ESI):
calculated for (M+ Na®) C;sHi110N19Os4 1719.72401, found
1719.72346.

Prop-2-ynyl Dodecanate(9).4> Propargy! alcohol (6QuL, 1
mmol) was added to a stirred solution of lauric acid (100 mg, 0.5
mmol) and DCC (120 mg, 0.58 mmol) in dry DCM (3 mL), and
the resultant mixture was stirred at room temperature (4 h). The
reaction mixture was then diluted with acetone and filtered. The
filtrate was concentrated, diluted with ethyl acetate (50 mL), and
washed with saturated aqueous,8@; solution followed by water
(3 x 15 mL).The organic phase was dried (88)) and evaporated,
leaving prop-2-ynyl dodecanateas a light yellow oil (110 mg,
92%). The crude product was found to be of sufficient purity for
use in the next step without need for further purificatittt NMR
(400 MHz, CDC}, 298 K): 6 4.65 (2H, d,J = 2.5 Hz) 2.44 (1H,
t,J = 2.5 Hz), 2.36 (2H, tJ = 7.5 Hz), 1.62 (2H, m), 1.341.18

was stirred at room temperature (4 h). Aqueous HCI acid solution (16H, m), 0.86 (3H, m)*3C {*H} NMR (100 MHz, CDC}, 298
(1 N, 12 mL) was added to the reaction mixture and the resultant K): 6 173.2 (G=0), 78.0 (q C, -&CH), 74.9(CH), 52.0 (-OC}},
mixture was extracted with ethyl acetate (50 mL). The organic layer 34.2, 32.1, 29.829.3, 25.0, 22.9, 14.3.

was washed with N& Ossap Solution (15 mL) and water (& 15
mL) and then dried (N&O,). Concentration in vacuo afforded prop-
2-ynyl 4-nitrobenzoat& (105 mg, 94%) as a brown solid which,

in general, was used in succeeding steps without further purification.

Recrystallization of the crude product from hexane affordexs
fine white needles, mp 9092 °C {lit.** mp 89-90 °C}. 'H NMR
(400 MHz, CDC}, 298 K): ¢ 8.36 (4H, m), 4.95 (2H, dJ = 2.5
Hz) 2.49 (1H, t,J = 2.5 Hz).13C {*H} NMR (100 MHz, CDC},
298 K): 0 164.5 (G=0), 150.6 (ipso), 135.0 (ipso), 131.2 (Ar),
123.8 (Ar), 77.2(Cq), 75.9 (CH), 53.5 (-OGH
6,3,4,2'5",4"-Hexa-O-acetyl-1,3,26,2",6"'-hexaN-(tert-bu-
toxycarbonyl)-3"'-deoxy-3"-[4-(4-nitrobenzoyloxymethyl)-[1,2,3]-
triazol-1-yl)-neomycin B (8-hexa©O-acetate).A mixture of tert-
butanol and water (1:1, 2 mL) was added to the mixturé-béxa-
O-acetate (50 mg 0.04 mmol), prop-2-ynyl 4-nitrobenzo@t€l0
mg, 0.05 mmol), CuSgbH,O (1 mg), and copper powder (30 mg).
The resultant reaction mixture was stirred vigorously at room
temperature (18 h) and then diluted with ethyl acetate (20 mL).
Residual copper powder was removed by filtration and the filtrate
was dried (NaSOy) and concentrated in vacuBurification by flash
chromatography on silica (DCM/MeOH 98:2) afford@dhexaO-
acetate (46 mg, 79%) as an amorphous white s#HNMR (400
MHz, pyridine-ds, 363 K): 6 8.40 (1H, s, ArH, triazole), 8.28 (2H,
m, ArHxx '), 8.21 (2H, m, ArHa ), 6.94 (1H, dJ = 8.5 Hz, NHy),
6.79 (3H, m, 2x NH;;, NHyy), 6.61 (1H, br dd, NH, 6.40 (1H, d,
J =10 Hz, NH), 5.98 (1H, br s, H), 5.75 (1H, ddJ = 3, 3 Hz,
Hawv), 5.67 (2H, s,0Ch), 5.63 (1H, dd,J = 9.5, 10.5 Hz, H),
5.60 (1H, dJ = 2.5 Hz, Hy), 5.57 (1H, dJ = 3 Hz, Hyy), 5.44
(1H, dd,J = 2.5, 5 Hz, Hy), 5.41 (1H, ddJ = 3.5, 6 Hz, Hy),
5.40 (1H, ddJ = 9.5, 9.5 Hz, H)), 5.21 (1H, ddJ = 10, 10 Hz,
Hen), 4.90 (1H, dddJ = 2.5, 6.7, 6.7 Hz, k), 4.83-4.75 (3H,

1,3,2,6,2",6"-Hexa-N-(tert-butoxycarbonyl)-3"'-deoxy-3"'-
(4-dodecanoyloxymethyl-[1,2,3]-triazol-1-yl)-neomycin B (13).
A mixture of tert-butanol and water (1:1, 2 mL) was added to a
mixture of the 3'-azidoneomyciré (50 mg 0.04 mmol), prop-2-
ynyl dodecanat® (12 mg, 0.05 mmol), CuSg&H,0 (1 mg), and
copper powder (30 mg). The reaction mixture was stirred vigorously
at room temperature (18 h) and then diluted with ethyl acetate (20
mL). Copper powder was removed by filtration and the filtrate was
dried (NaSQy) and concentrated in vacu®urification by flash
chromatography on silica (DCM/MeOH 95:5) afford&8 (43 mg,
72%) as an amorphous white solid. HRMS (ESI): calculated for
(M + Na") CegH11NgO26 1500.81639, found 1500.81614.

13-HexaO-acetate.Per-acetylation of compount3 using the
general method above affordé@hexaO-acetate as an amorphous
white solid.*H NMR (400 MHz, pyridineds, 363 K): 6 8.25 (1H,
s, ArH, triazole), 6.94 (1H, d) = 8.5 Hz, NHy), 6.78 (3H, m, 2
x NHy, NHy), 6.62 (1H, br dd, Nk, 6.46 (1H, d,J = 9.6 Hz,
NH)), 5.98 (1H, br s, H), 5.71 (1H, ddJ = 3, 3 Hz, Hyy), 5.64
(1H, dd,J = 9.3, 10.5 Hz, H), 5.61 (1H, d,J = 2.4 Hz, Hy),
5.58 (1H, dJ = 2.7 Hz, Hyy), 5.45 (1H, ddJ = 2.6, 5 Hz, Hy),
5.43 (2H, s, OCHh), 5.40 (1H, ddJ = 9.6, 9.6 Hz, H)), 5.38 (1H,
dd,J = 3.5, 5.7 Hz, Hy), 5.21 (1H, dd,J = 9.5, 10.4 Hz, H),
4.88 (1H, ddd,) = 2.5, 6.5, 6.5 Hz, Elv), 4.82-4.77 (3H, m, Hyy,
H5|||, H3|||), 4.64 (1H, dd,J = 118, 5.3 Hz, Hm'), 4.59 (1H, ddd,
J=4, 4,10 Hz, H)), 4.54 (1H, dddJ = 3.8, 5.6, 5.6 Hz, W),
4.46 (1H, dddJ = 3.7, 10.3, 10.3 Hz, k), 4.12-3.88 (5H, m,
Hai, Hai, Han, Hsi, Hew), 3.71 (2H, m, H,, Her), 3.67 (1H, m,
Hen), 2.41 (2H, t,J = 7.4 Hz, -COCH, Hp*), 2.40 (3H, s,
-OCOCH), 2.38 (1H, m, H; eq), 2.32 (3H, s, -OCOCH) 2.28
(3H, s, -OCOCH), 2.15 (6H, m, 2x -OCOCH), 2.10 (3H, s,
-OCOCH), 2.0 (1H, m, H) ax), 1.74 (2H, m, %), 1.67 (9H, s,

(44) Reppe, WJustus Liebigs Ann. Cherh955 596, 38—79.

(45) Masaki, Y.; Tanaka, N.; Miura, TChem. Lett1997 55-56.
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-COC(CHy)3), 1.62 (9H, s, -COC(CH3), 1.58 (9H, s, -COC(CH}3),
1.56 (9H, s, -COC(CH)3), 1.55 (9H, s, -COC(Ch)3), 1.51 (9H, s,
-COC(CHy)3), 1.47-1.32 (16H, m, H*), 0.97 (3H, distorted t, t).
13C {IH} NMR (100 MHz, pyridineds, 363 K): ¢ 125.25 (CH,
triazole), 107.8 (@”), 98.8 (C;uv), 98.4 (C1|), 83.3 (Q‘,”), 80.3 (Q|||)
,80.0 (Cy), 76.7 (Gu), 76.4 (Gn), 75.22 (Gu), 75.5 (Gy), 73.1
(Ca), 71.1 (G), 69.9 (G)), 69.8 (Gy), 64.1 (Gu), 61.3 (Gw),
58.0 (OCH, linker), 54.5 (G)), 52.2 (Gw), 50.8 (Gu, Can), 42.0
(Ce1), 41.6 (Gv), 35.7 (Gu), 34.4 (G*, -CH,-CO-), 25.5 (&),
30.0-27.0 (6 x Boc (CH)s), 22.7-20.0 (6 x OAc CH), 14.0
(Cp*, -CHg). HRMS (ESI): calculated for (M- Na*) CgoH13:NgO32
1752.87978, found 1752.87986. = dodecanoyl
36-Hydroxypregna-5,17(20)-diene-21-oic Acid (12 Pow-
dered KOH (70 mg) was added to a stirred solution of etlfifl 3
hydroxypregna-5,17(20)-diene-21-04te(200 mg, 0.55 mmol) in
isopropanol (3 mL) and the reaction mixture was refluxed for 2 h.

Quader et al.

75%) HRMS (ES|) calculated for (M+ Na*) C77H126NgO57
1630.85826, found 1630.86152.
14-Hepta-O-acetate.Per-acetylation of compouridt according
to the general procedure above affordetlhexa©-acetate as an
amorphous white solid in quantitative yiekH NMR (400 MHz,
pyridine-ds, 363 K): ¢ 8.29 (1H, s, ArH, triazole), 6.95 (1H, d,
J=8.4Hz, NHy), 6.84-6.74 (3H, m, 2x NH,;, NHyy), 6.63 (1H,
br dd, NH), 6.46 (1H, dJ = 10.5 Hz, NH), 5.98 (1H, br s, H),
5.77(1H, t,J = 2.5 Hz ,H1<), 5.72 (1H, ddJ = 3, 3 Hz, Hy),
5.64 (1H, dd,J = 9.4, 10.7 Hz, H), 5.62 (1H, d,J = 2.4 Hz,
Hiw), 5.60 (1H, d,J = 2.7 Hz, Hyy), 5.50 (2H, s, OCH), 5.45-
(1H, m, K<), 5.43 (1H, m, Hyy), 5.41 (1H, ddJ = 9.7, 9.7 Hz,
Ha), 5.39 (1H, ddJ = 3.5, 5.5 Hz, Hy), 5.22 (1H, ddJ = 9.4,
10.2 Hz, Hy), 4.89 (1H, ddd,J = 2.6, 6.7, 6.7 Hz, k), 4.85-
4.76 (4H, m, Hy, Hsy, Ham, Hag), 4.65 (1H, ddJ = 11.7, 5.0
Hz, Hsy), 4.62 (1H, dddJ = 3.9, 3.9, 8.0 Hz, H), 4.55 (1H,

The mixture was then cooled to room temperature and evaporatedddd,J = 3.8, 5.3, 5.3 Hz, &), 4.47 (1H, ddd,) = 4.0, 10.5, 10.5
to dryness. The residue was partitioned between ethyl acetate andHz, Hy)), 4.14-3.88 (5H, m, Hy, Hzy Hai Hsi Hew), 3.71 (2H,
1 M aqueous HCI acid solution. The ethyl acetate layer was washedm, Hg, Her), 3.68 (1H, m, Hy),3.03 (2H, m, Heapg), 2.53 (2H,

with water, dried (NgSQy), and concentrated in vacuélash
column chromatography (DCM/MeOH 98:2) afforded prodygt 3
hydroxypregna-5,17(20)-diene-21-oic adil (130 mg, 72%) as a
white crystalline solid, mp 253255 °C {lit.*6 mp 252-254°C}.

1H NMR (400 MHz, pyridinees, 298 K): ¢ 6.00 (1H, ddJ = 2.5,

2.5 Hz, H20), 5.43 (1H, m, H6), 3.86 (1H, ddddl= 4.1, 6.1,
10.5, 10.5 Hz, H3), 3.183.12 (2H, m, H16a,b), 2.642.58 (2H,

m, H4a,b), 2.11 (1H, m, H2a), 2.01 (1H, m, H7a), 1-8878 (3H,

br m, H12a, Hla, H2b), 1.73 (1H, m, H15a), 16654 (2H, br

m, H11a, H7b), 1.541.40 (2H, br m, H8, H11b), 1.351.23 (2H,

br m, H15b, H12b), 1.12 (1H, ,H1b), 1.66.95 (2H, m, H14, H9),
1.06 (3H, s, CH, H19), 0.81 (3H, s, Ckj H18). 13C{1H} NMR
(100 MHz, pyridineds, 298 K): 6 175.5 (C17), 170.3 (€0, C21),
142.5 (C5), 121.5 (C6), 111.0 (C20), 71.7 (C3), 54.6 (C14), 51.1
(C9), 46.6 (C13), 44.0 (C4), 38.3 (C1), 37.5 (C10), 36.1 (C12),
33.1(C2), 32.5(C7), 32.4 (C8), 31.3 (C16), 25.2 (C15), 21.8(C11),
20.1 (C19), 18.9 (C18).

Prop-2-ynyl 35-Hydroxypregna-5,17 (20)-diene-21-oate (10).
DIAD (65 uL, 0.34 mmol) was added slowly to a stirred solution
of 33-hydroxypregna-5,17(20)-diene-21-oic adid (75 mg, 0.23
mmol), TPP (90 mg, 0.34 mmol), and anhydrous propargyl alcohol
(30 uL, 0.44 mmol) in dry THF (1 mL) under Natmosphere and

m, Hgapd, 2.40 (3H, s, -OCOCEH), 2.38 (1H, m, H, eq), 2.31
(3H, s, -OCOCH), 2.28 (3H, s, -OCOCE), 2.14 (6H, m, 2x
-OCOCHp), 2.10 (6H, s, 2x -OCOCHp), 2.0 (1H, m, Hy, ax), 1.67
(9H, s, -COC(CH)3), 1.62 (9H, s, -COC(CHJ3), 1.58 (9H, s, -COC-
(CHy)3), 1.57-1.53 (27H, m, 3x -COC(CH)3), 1.10 (3H, s, Hog',
CHz), 0.88 (3H, s,Hgg", CHg). 13C {1H} NMR (100 MHz, pyridine-
ds, 363 K): 0 177.6% (Cy7g), 171.4-170.13 (7 x OAc C=0),
167.2 (G=0, Gy ,157.5-156.33 (6 x Boc CG=0), 144.23 (ipso,
triazole), 140.%° (Csg¥), 125.3 (CH, triazole), 122.7 () 109.3
(Coog) 108.0 (Gyi), 99.0 (Gy), 98.6 (G)), 83.4 (Gy), 80.5 (Gui)
,80.3 (Q”), 80—78.73 (6 x Boc Q]), 77.0 (qu), 76.6 (Qm), 75.5
(Com), 74.4 (GsY), 73.3 (G)), 72.6 (Gy), 71.2 (G, 71.1 (G)),
70.0 (Cuv), 64.4 (Q,m), 61.5 (QN), 57.7 (OCH, ||nker), 54.8 (Q|),
52.6 (Gy) 52.0-48.0 (Gy, Cay), 41.9 (G)), 41.73 (Gy), 38.7
(Csg), 35.67 (Gy), 31.2 (Geg), 29.3-28.72 (6 x Boc (CH)a),
21.8-21.0% (7 x OAc CHy), 19.77(Gog), 18.58(Ggs?). HRMS
(ESI): calculated for (M- Na™) CoiH13d0N9O34 1924.93221, found
1924.93161¢* = steroid
1,3,2,6,2",6"-Hexa-N-(tert-butoxycarbonyl)-5"-O-(2,4,6-tri-
isopropylbenzenesulfonyl)-neomycin B (153° A solution of2 (1
g, 0.82 mmol) and excess 2,4,6-triisopropylbenzenesulfonyl chloride
(7 g, 23 mmol) in dry pyridine (20 mL) was stirred at room

the mixture was stirred at room temperature (12 h). The solvent temperature (18 h). Pyridine was removed in vacuo by coevapo-
was removed in vacuo and the residue was purified by column ration with toluene. The crude residue was then dissolved in ethyl

chromatography (DCM/MeCN 95:5) affording estEd (65 mg,
75%) as white solid, mp 158159°C . *H NMR (400 MHz, CDC},
298 K): 6 5.61 (1H, ddJ = 2.5, 2.5 Hz, H20), 5.37 (1H, m, H6),
4.71 (2H,dJ= 2.5, OCH, H1), 3.54 (1H, dddd) = 4, 5, 11, 11
Hz, H3), 2.96-2.83 (2H, m, H16a,b), 2.47 (1H, § = 2.5 Hz,
H3') 2.36-2.20 (2H, m, H4a,b), 2.03 (1H, m, H7a), 1:92.77
(4H, br m, H12a, H15a, H1la, H2a), 174.46 (5H, br m, H11a,b,
H8, H2b, H7b), 1.441.22 (2H, br m, H15b, H12b), 1.16).96
(3H, m, H1b, H14, H9), 1.0 (3H, s, GHH19), 0.85 (3H, s, CH
H18); 13C{H} NMR (100 MHz, CDC}, 298 K): ¢ 178.5 (C17),
166.5 (G=0, C21), 141.0 (C5), 121.5 (C6), 107.8 (C20), 78.5 (C
2, 74.6 (C3), 71.9 (C3), 54.0 (C14), 51.4 (Q150.4 (C9), 46.5
(C13), 42.4 (C4), 37.4 (C1), 36.8 (C10), 35.3 (C12), 3132.8
(C7,C2,C8), 30.8 (C16), 24.7 (C15), 21.2 (C11), 19.6 (C19), 18.4
(C18). HRMS (EI): calculated for (M) Cy4H3,03 368.23514, found
368.23541.
1,3,2,6,2",6"-Hexa-N-(tert-butoxycarbonyl)-3"'-deoxy-3''-
[4-(33-hydroxypregna-5,17(20)-diene-21-oyloxymethyl)- [1,2,3]-
triazol-1-yl]-neomycin B (14). The 3"-azidoneomyciré (50 mg
0.04 mmol) was treated with estEd (18 mg, 0.05 mmol), according
to the procedure described for the preparation of compdiBd
Purification by flash chromatography on silica (DCM/MeOH 97:
3) afforded the product4 as an amorphous white solid (48 mg,

(46) Sondheimer, F.; Mancera, O.; Urquiza, M.; RosenkranZ,. @m.
Chem. Soc1955 77, 4145-4149.
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acetate (200 mL) and washed with water x2100 mL). The
aqueous layers were combined and extracted with ethyl acetate
(2 x 100 mL). The combined organic layers were dried 3@y),
concentrated in vacuo, and subjected to flash chromatography.
Unreacted 2,4,6-triisopropylbenzenesulfonyl chloride (6 g, mp
identical with that of authentic sample) was recovered using DCM
as eluent. The residue (1.2 g) was eluted from the silica column
(DCM/MeOH 5:1) and then rechromatographed (DCM/MeQOH 98:2
— 95:5) affordingl5 as an amorphous white solid (0.75 g, 61%).
IH NMR (400 MHz, methanotl, 298 K): 6 7.33 (s, 2H), 5.52
(brs, 1H), 5.22 (br s, 1H), 4.99 (br s, 1H), 4.39 (m, 1H), 4.30 (m,
2H), 4.19 (m, 4H), 3.91 (m, 1H), 3.82 (m, 1H), 3.77 (m, 2H), 3.62
(m, 1H), 3.54 (m, 4H), 3.4%3.36 (m, 4H), 3.24 (m, 2H), 2.96 (m,
2H), 1.96 (m, 1H), 1.521.40 (m, 54H), 1.31 (m, 18H). LRMS
(ESI): calculated for (Mt Na") CegH116N6O27S 1504, found 1504.
5"-Azido-1,3,2,6',2"",6"'-hexaN-(tert-butoxycarbonyl)-5'-
deoxy-neomycin B (16).A solution of 15 (500 mg, 0.3 mmol)
and NaN (150 mg, 2.3 mmol) in DMF (5 mL) was stirred at
elevated temperature (100C, 8 h). After cooling to room
temperature the reaction mixture was diluted with ethyl acetate (100
mL) and washed with water (2 20 mL). The ethyl acetate layer
was dried (NaSQ,) and evaporated, yieldint6 (365 mg, 98%) as
a white amorphous solid. The crude product was of sufficient purity
to use in the next step without need for further purification. IR
(KBr disk) 2106.3 cm! (N3). HRMS (ESI): calculated for (M-
Na") CsaHgsNgO24 1262.62311, found 1262.62835.



Multisite Modification of Neomycin B

16-HexaO-acetate. Per-acetylation of the'5azido neomycin
B 16 according to the general method affordegihexaO-acetate
as an amorphous white solid, in quantitative yiéld.NMR (400
MHz, pyridine-ds, 363 K): 6 6.96 (1H, dJ = 8.7 Hz, NH,), 6.80
(1H, d,J=8.7 Hz, NH,), 6.70 (1H, br dd, NK), 6.60 (1H, br dd,
NH)), 6.49 (1H, dJ= 10 Hz, NH), 6.12 (1H, d,J = 10 Hz, NHy),
5.99 (1H, br s, H), 5.64 (1H, dd,J = 9.4, 10.7 Hz, H), 5.61
(1H, d,J = 2 Hz, Hyy), 5.51 (1H, dd,J = 3, 3 Hz, Hyy), 5.40
(1H, dd,J = 9.5, 10.1 Hz, H)), 5.39 (1H, ddJ = 2.5, 5 Hz, Hy),
5.25 (1H, m, Hy), 5.23 (1H, m, Hy), 5.18 (1H, d,J = 2.12 Hz,
Hiw), 4.76 (1H, ddJ = 6.6, 5.3 Hz, Hy), 4.60 (1H, ddd,) = 4,
4,10 Hz, H,), 4.51 (1H, dddJ = 3.8, 10.5, 10.5 Hz, k), 4.46
(1H, ddd,J = 1.8, 6.7, 6.7 Hz, k), 4.32 (1H, dddJ = 3.8, 4.6,
6.6 Hz, Hu), 4.30 (1H, br m, Hy), 4.13 (1H, ddJ = 8.6, 10 Hz,
Han), 4.10-4.01 (2H, m, Hy, Hu), 3.98 (1H, m, Hy), 3.97 (1H,
dd,J = 8.6, 8.6 Hz, Hy), 3.82 (1H, dddJ = 6.6, 6.6, 13.7 Hz,
Hev), 3.76 (1H, ddJ = 8.6, 8.6 Hz, Hu), 3.70 (2H, m, K, Ha),
3.62 (1H, ddd,) = 4.8, 6.8, 13.7 Hz, Kly), 2.40 (3H, s, -OCOCH),
2.40 (1H, m, Hyeq), 2.33 (3H, s, -OCOCH, 2.14 (3H, s,
-OCOCH;), 2.13 (3H, s, -OCOCH), 2.08 (3H, s, -OCOCH), 2.04
(3H, s, -OCOCH), 2.0 (1H, m, Hyax), 1.66 (9H, s, -COC(Ch),
1.62 (9H, s, -COC(CH)3), 1.57 (18H, s, 2x -COC(CHy)3), 1.57
(9H, s, -COC(CH)3), 1.55 (9H, s, -COC(ChJ3). 13C {*H} NMR
(100 MHz, pyridineds, 298 K): 6 171.5-169.2 (6x OAc C=0),
157.6-156.6 (6x Boc G=0), 108.4 (Gy), 99.0 (G), 98.4 (GQ)),
83.5 (Q,||/C4||), 80.2 (Q||/C5||), 79.5 (Q|||), 79.0-78.7 (6>< Boc
Cy), 77.3 (Gu), 76.1 (Gu), 74.9 (Gu), 73.8 (Gu), 73.3 (G),
70.5 (Cy), 69.9 (Gv), 69.8 (G), 66.8 (Gyv), 54.1 (G), 51.9 (G),
50.2 (G, Cun, Can), 41.3 (Gy), 40.8 (Gw), 35.9 (Gy), 29.5~
28.5 (6 x Boc (CHy)s), 22.2-21.0% (6 x OAc CHs). LRMS
(ESI): calculated for (M+ Na') CgsH10sNgO3z0 1514.7, found
1514.7.

1,3,2,6',2",6"-HexaN-(tert-butoxycarbonyl)-5"-deoxy-3'-[4-
(4-nitrobenzoyloxymethyl)-[1,2,3]triazol-1-yl]-neomycin B (17).
The synthetic procedure for compouhdwas repeated using the
5"-azido neomycinl6 (50 mg 0.04 mmol) and estér (10 mg,
0.05 mmol). Purification of the crude product by flash chromatog-
raphy on silica (DCM/MeOH 97:3) affordeti7 (45 mg, 75%) as
an amorphous white solid. HRMS (ESI): calculated for-(MNa")
Ce3H100N10028 1467.66062, found 1467.65659.

17-HexaO-acetate. Per-acetylation ofl7, according to the
general procedure, affordel/-hexa©-acetate, as an amorphous
white solid in quantitative yieldtH NMR (400 MHz, pyridines,
363 K): 0 8.46 (1H, s, ArH, triazole), 8.37 (2H, m, AiH'), 8.36
(2H, m, ArHaa'), 7.04 (1H, d, NH), 6.9 (1H, br dd, Nhk{,), 6.83
(1H, d,J = 8 Hz, NH,), 6.69 (2H, m, 2x NH),), 6.08 (1H, dJ =
9.8 Hz, NHy), 5.95 (1H, br s, H), 5.90 (2H, s, OCH), 5.68 (1H,
dd,J = 9.5, 10.5 Hz, H), 5.64 (1H, d,J = 2.0 Hz, Hy), 5.52
(1H, dd,J = 3, 3 Hz, Hyv), 5.49 (1H, ddJ = 9.5, 9.5 Hz, H)),
5.46 (1H, dd,J = 2.0, 5.5 Hz, Hy), 5.27-5.15 (4H, m, H,v,
H1|\/, H6||, H5|||), 4,94 (1H, dd,.] = 6.5, 14.5 HZ, HIII’)v 4.79 (1H,
dd, J = 6.6, 5.5 Hz, Hy), 4.68 (1H, dddJ = 3.8, 3.8, 10 Hz,
Hs), 4.63-4.53 (2H, m, Hy,, Hz), 4.51 (1H, dddJ = 2.0, 6.5,
6.5 Hz, Hyv), 4.31 (1H, m, Hy), 4.09-4.0 (4H, m Hy, Hai, Ha,
Hsi), 3.86 (1H, m, Hw), 3.75 (2H, m, K, Her), 3.73 (1H, m,
Hen), 2.45 (3H, s, -OCOCE), 2.4 (1H, m, Hy eq), 2.35 (3H, s,
-OCOCHy), 2.17 (3H, s, -OCOCE), 2.15 (3H, s, -OCOCEHj, 2.07
(3H, s, -OCOCH), 2.05 (3H, s, -OCOC}}, 2.0 (1H, m, H; ax),
1.69 (9H, s, -COC(CHj3), 1.57 (45H, m, 5x -COC(CH)s). 13C
{H} NMR (100 MHz, pyridineds, 363 K): ¢ 171.4-169.0°
(6 x OAc C=0), 165.4%(ipso, Ar) 157.5-156.4"° (6 x Boc C=
0), 151.4%(ipso, Ar) 143.3%(ipso, triazole) 131.5 (Arga), 126.3
(CH, triazole), 124.5 (Ar&x'), 108.1 (Gy), 99.6 (Gyv), 99.0 (G)),
82.9 (Gy), 80.6 (Gui), 80.3 (Cyi), 79.9-78.8" (6 x Boc ), 77.8
(Cam), 76.9 (Gu), 74.9 (Gu), 74.3 (Gw), 73.1 (G)), 71.2 (Cy),
70.5 (Gyw), 70.4 (G)), 67.8 (Gyv), 59.9 (OCH, linker), 54.7 (G)),
52.7 (Gu), 50.7 (G, Cun, Can), 42.2 (Gy), 41.5 (Gw), 35.8 (Gu),
29.2-28.73 (6 x Boc (CHk)3), 22.2-21.8% (6 x OAc CHy).

JOC Article

HRMS (ESI): calculated for (M- H*) C75H11N10034 1697.74207,
found 1697.74399.

1,3,2,6,2",6"-Hexa-N-(tert-butoxycarbonyl)-5"'-deoxy-5'(4-
dodecanoyloxymethyl-[1,2,3]triazol-1-yl)-neomycin B (18)5"-
Azido neomycinl6 (50 mg 0.04 mmol) was treated with esger
as per the method described for the synthesis of compda3nd
Chromatographic purification of the residue on silica (DCM/MeOH
96:4) afforded18 (42 mg, 71%) as an amorphous white solid.
HRMS (ESI): calculated for (M- Na™) CggH11dN9Oo6 1500.81639,
found 1500.81215.

18-HexaO-acetate. Per-acetylation ofl8, according to the
general procedure, affordelB-hexa©O-acetate as an amorphous
white solid in quantitative yieldtH NMR (400 MHz, pyridinesls,
363 K): 6 8.34 (1H, s, ArH, triazole), 7.01 (1H, d,= 8.5 Hz
NH;), 6.89 (1H, br dd, NK), 6.80 (1H, d,J = 7.7 Hz, NH,),
6.67 (2H, m, 2x NH,), 6.06 (1H, dJ = 9.8 Hz, NHy), 5.92 (1H,
d,J=3.5Hz H,), 5.67 (1H, ddJ = 9.3, 10.6 Hz, H)), 5.65 (2H,
s, OCh), 5.63 (1H, d,J = 2.0 Hz, Hu), 5.52 (1H, ddJ =3, 3
Hz, Hayv), 5.49 (1H, ddJ = 9.8, 9.8 Hz, H)), 5.45 (1H, ddJ =
2.2, 5.3 Hz, Hy), 5.25 (1H, br dd, k), 5.20 (1H, ddJ = 10, 10
Hz, Hg), 5.20 (1H, dJ = 2 Hz, Hyy), 5.13 (1H, ddJ = 3.8, 14.5
Hz, Hsy), 4.93 (1H, dd,J = 6.5, 14.5 Hz, H,;), 4.79 (1H, dd,
J=6.8, 5.0 Hz, H,)), 4.68 (1H, dddJ = 3.6, 3.6, 9.6 Hz, H),
4.58 (2H, m, Hy;, Ha), 4.51 (1H, dddJ = 1.5, 6.5, 6.5 Hz, HKly),
4.30 (lH, m, HIV): 4.14-3.9 (4H, m H_||’ Hay H4||, H5||), 3.86 (lH,
m, H6IV): 3.75 (3H, m, H, Hgr, H6IV’): 2.57 (2H, t,J = 7.5 Hz,
-COCH,, Hp),2.46 (3H, s, -OCOCH}, 2.4 (1H, m, Hy eq), 2.35
(3H, s, -OCOCH), 2.19 (3H, s, -OCOC}H, 2.17 (3H, s, -O-
COCH), 2.10 (3H, s, -OCOCE), 2.06 (3H, s, -OCOCH}, 2.0 (1H,
m, Hy ax), 1.83 (2H, m, i), 1.70 (9H, s, -COC(CH}3), 1.61 (18H,
s, 2x -COC(CH)3), 1.58 (27H, s, 3x -COC(CH)3), 1.46-1.36
(16H, m, Hy), 0.98 (3H, distorted t, k). 13C {H} NMR (100 MHz,
pyridine-ds, 363 K): 6 125.8 (CH, triazole), 108.0 (&), 99.5
(Cuv), 98.6 (Gu), 82.9 (Gy), 80.6 (Gui), 80.3 (Gu), 77.5 (Gu),
76.8 (G), 74.6 (Gu), 74.2 (Gyv), 73.1 (Gy), 70.8 (Gy), 70.3 (Gw),
70.3 (Gy), 67.2 (Gyv), 58.4 (OCH, linker), 54.5 (G)), 52.3 (Gu),
50.9 (G, Cai), 50.6 (Gw), 42.1 (Gy), 41.7 (Gw), 35.7 (Gu),
34.8 (G, -CH,-CO-), 25.5 () 31.0-28.0 (6x Boc (CHp)s), 23.0-
19.0 (6 x OAc CHg) ,14.0 (G, -CHs). HRMS (ESI): calculated
for (M + Na*) CgoH131NgO3, 1752.87978, found 1752.88177.

1,3,2,6,2",6"-HexaN-(tert-butoxycarbonyl)-5"-deoxy-3'-[4-
(36-hydroxypregna-5,17(20)-diene-21-oyl-oxymethyl)-[1,2, 3]tri-
azol-1-yl]l-neomycin B (19).The azido neomycii6 (50 mg 0.04
mmol) was treated with est&0 (18 mg, 0.05 mmol) in accordance
with the procedure described for the preparation of compound 13.
Purification by flash chromatography on silica (DCM/MeOH, 97:
3) afforded19 (45 mg, 69%) as an amorphous white solid. HRMS
(ESI): calculated for (Mt Na") C77H;25N9O,7 1630.85826, found
1630.86482.

19-Hepta-O-acetate. Per-acetylation ofl9, according to the
general procedure, providetB-hepta©-acetateH NMR (400
MHz, pyridineds, 363 K): ¢ 8.38 (1H, s, ArH, triazole), 7.01 (1H,
d,J=9.5Hz NH,), 6.88 (1H, br dd, Nk), 6.78 (1H, dJ = 8.5
Hz, NH;), 6.71 (1H, br dd, Nk, 6.63 (1H, d,J = 9 Hz, NH),
6.05 (1H, d,J = 9.4 Hz, NHy), 5.92 (1H, dJ = 3.5 Hz H,), 5.86
(1H, 1,3 = 2.4, Hng), 5.73 (2H, s, OCH), 5.68 (1H, ddJ = 9.4,
10.4 Hz, H), 5.64 (1H, dJ = 2.0 Hz, Hy), 5.52 (1H, ddJ = 3,
3 Hz, Hay), 5.49 (1H, ddJ = 10, 10 Hz, H,), 5.86 (1H, m, Hy),
5.45 (1H, m, Hy)), 5.25 (1H, br dd, Hy), 5.20 (1H, ddJ = 9.5,
9.5 Hz, Hy), 5.20 (1H, d,J = 2.3 Hz, Hy), 5.11 (1H, dd,J = 4,
14.2 Hz, Hy), 4.98 (1H, ddJ = 5.8, 14.2 Hz, H,,), 4.83 (1H,
m, Hsg), 4.79 (1H, ddJ = 6.5, 5.3 Hz, Hy), 4.67 (1H, dddJ =
4, 4,10 Hz, H)), 4.61-4.52 (2H, m, Hy;, Ha), 4.49 (1H, ddd,
J=1.6, 6.5, 6.5 Hz, Klv), 4.30 (1H, m, Hy), 4.17-3.97 (4H, m
Hui, Hau, H4||, H5||), 3.87 (lH, m, HIV); 3.77 (lH, m, I'd|), 3.72
(2H, m, Hsy Hev), 3.10 (2H, m, Heapd, 2.53 (2H, M, Hapd, 2.44
(3H, s, -OCOCH), 2.38 (1H, m, H, eq), 2.35 (3H, s, -OCOC}Hj,
2.19 (3H, s, -OCOCE), 2.16 (3H, s, -OCOCH, 2.09 (6H, s, 2x
-OCOCH), 2.06 (3H, s, -OCOCEH), 2.0 (1H, m, H; ax), 1.69
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(9H, s, -COC(CH)3), 1.61 (9H, s, -COC(CH3), 1.60 (9H, s, -COC-
(CHy)s), 1.58 (9H, s, -COC(CH)3), 1.57 (9H, s, -COC(CH}3), 1.56
(9H, s, -COC(CH)3), 1.10 (3H, s, -CH Hjg9, 0.91 (3H, s, -CH
Higg). °C {*H} NMR (100 MHz, pyridinees, 363 K): 6 177.73
(Ci79, 171.4-169.08 (7 x OAc C=0), 167.23 (C=0, GCuy),
157.5-156.4° (6 x Boc C=0), 144.0%ipso, triazole) 1405
(Cse), 122.7 (CH, triazole), 109.4 ¢gg) 108.2 (Gu), 99.8 (Gy),
98.7 (G)), 82.8 (Gy), 80.8 (Gy) ,80.6 (Cy), 79.9-78.82 (6 x
Boc Cq), 77.8 (Qm), 77.0 (Cs”), 74.9 (Qm), 74.4 (C5|\/, C3s), 73.3
(Ca), 70.8 (G, 70.4 (G, Cs1), 67.9 (Guv) ,57.9 (OCH, linker),
54.8 (Gy), 52.4 (Gy1), 50.7 (Gy), 50.0 (Gy, Cay), 42.4 (Gy), 41.9
(Ceiv), 38.9 (Gg), 35.9 (Gy), 31.3 (Gg9), 29.2-28.72 (6 x Boc
(CHg)3), 22.0-20.8% (7 x OAc CHg) 19.7 (Gg9, 18.8 (Gs9).
HRMS (ESI): calculated for (M- Na") Co1H13dNgO34 1924.93221,
found 1924.92960.
1,3"-Diazido-6+ert-butoxycarbonylamino-3,2,6',2"',6"'-penta-
N-(tert-butoxycarbonyl)-1-deamino-6,3'-di-deoxyneomycin B
(20), 3""-Azido-3,2,6',2""",6""-penta-N-(tert-butoxy-carbonyl)-1,6-
[N-(tert-butoxycarbonyl)epimino]-1-deamino-6,3'-di-deoxyneo-
mycin B (21), and 3,4,2",5"-Tetra-O-acetyl-1-azido-6tert-
butoxycarbonylamino-3",4'""-anhydro-3,6,2,6',.2"",6""-penta-N-
(tert-butoxycarbonyl)-1-deamino-6-deoxyneomycin B (22NaN;
(11 mg, 0.17 mmol) was added to a solution4of200 mg, 0.17
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(1H, br dd, NH), 6.54 (1H, dJ = 8.5 Hz, NH), 6.44 (1H, dJ =
9 Hz, NHy), 6.18 (1H, m, NH), 6.05 (1H, s, Hy), 5.76 (1H, d,
J=5.2 Hz, Hu), 5.66 (1H, dd,J = 9.4, 10.8 Hz, H,), 5.64 (1H,
d,J=4Hz Hy), 5.39 (1H, ddJ = 9.4, 10 Hz, H,), 5.34 (1H, d,
J=2.4Hz, Hy), 5.17 (1H, m, Hy) 4.95 (1H, ddJ =7, 5.3 Hz,
Ham), 4.71 (2H, m, Hu, Hsir), 4.0 (1H,, dddJ = 4.4, 4.4, 6.7
Hz, Han), 4.55-4.38 (5H, m, Wy, Hsi, Haw, Hai, Hs)), 4.30 (1H,
m, H2|\/), 4.14 (2H, m, H", H4||), 3.84 (1H, m, Mw), 3.76-3.60
(3H, m, Hs;, Her, Hene), 3.17 (1H, ddJ = 6, 4.6 Hz, Hy,), 2.80
(1H, dd,J = 6, 6 Hz, Hlll): 2.4 (1H, m, H”b), 2.32 (3H, S,
-OCOCH;), 2.31 (3H, s, -OCOCH), 2.16 (3H, s, -OCOCH), 2.15
(3H, s, -OCOCH), 2.09 (3H, s, -OCOC}}, 2.12 (1H, m, Hya),
1.66 (9H, s, -COC(CH)3), 1.61 (9H, s, -COC(CH)3), 1.60 (9H, s,
-COC(CH)3), 1.59 (9H, s, -COC(ChJs), 1.58 (9H, s, -COC(CHh)s),
1.53 (9H, s, -COC(CHJ3). 13C {1H} NMR (100 MHz, pyridineds,
363 K): 0 171.5-170.0% (5 x OAc C=0),162.4% (Boc C=0),
157.4-156.43 (5 x Boc C=0), 104.6 (Gy), 99.0 (G\v,Cy), 81.34
(C4|||), 79.7-79.08 (6 x Boc Q), 77.9 (C3|||), 76.9 (Q”), 76.5
(Cam), 74.0 (Gu), 73.2 (Gv), 72.9 (Gy), 71.1 (G)), 70.7 (Gy),
70.2 (Cyv), 64.9 (Gn), 60.8 (Gw), 54.9 (Gy), 51.4 (Gw), 49.4
(Can), 42.2 (Gy), 41.8 (Guv), 38.5 (Gu), 37.8 (Gu), 28.6 (Gu),
29.2-28.62 (6 x Boc (CHy)s), 21.7-21.0% (5 x OAc CHy).
NMR Spectroscopic Data for 22-TetraO-acetate H NMR

mmol) in DMF (5 mL) and the resultant mixture was stirred at 50 (400 MHz, pyridineds, 363 K): ¢ 6.87 (2H, br m, NH NH),
°C (24 h). The mixture was then diluted with ethyl acetate (50 mL) 6.79 (1H, b,J= 7.8 Hz NH,), 6.53 (1H,br dd, Nk, 6.40 (1H, m,
and washed with water (2 25 mL). The ethyl acetate layer was NH)), 6.21 (1H, dJ = 9.0 Hz, NHy), 5.70 (1H, ddJ = 9.4, 10.8
dried (N&SQy) and concentrated in vacuo. An aliquot of the crude Hz, Hg), 5.57 (1H, dJ = 3.4 Hz, H,), 5.53 (1H, d,J = 3.4 Hz,
reaction (40 mg) was per-acetylated via the general procedureHyy), 5.45 (1H, ddJ = 2.2, 5.5 Hz, H,), 5.35 (1H, ddJ = 9.6,
outlined above and subjected to semipreparative HPLC (MeCN/ 9.6 Hz, Hy), 4.71 (1H, d,J = 3.2 Hz, Hy), 4.69-4.57 (3H,m,

H,0 75:25) to isolatd-tetraO-acetate (12 mgR0-penta©-acetate
(5 mg) [LRMS (ESI) calculated for (M+ Na) CgzH10N1:028
1497.68, found 1497.9421-penta©-acetate (15 mg) [LRMS (ESI)
calculated for (M+ Na") CgsaH101NgO2g 1454.67, found 1454.92],
and 22-tetraO-acetate (3 mg) [LRMS (ESI) calculated for (M

Na®) CgsiHgoNgO,7 1412.65, found 1412.7]. Careful column chro-

matography of remaining crude reaction mixturel60 mg) on
silica column (DCM/MeOH 98:2— 95:5) afforded20 (16 mg,
~10%) [HRMS (ESI) calculated for (Mt Na*) CszgHgoN1:023
1287.62960, found 1287.62327] a2d (20 mg) [HRMS (ESI)
calculated for (M + Na') Cs3HgiNgOp3 1244.61255, found

Hai, Hsui, Hsii), 4.53-4.35 (8H, m, By, Hau, Hsyi, Hen, Hai, Hs,
Han, Haw), 4.23 (1H, ddJ = 6, 6 Hz, H;y), 4.14 (1H, dddJ =
4.3,9.3,9.4 Hz, 1)), 3.78 (1H, m, H)), 3.76-3.67 (3H, m, Ky,
Her ,Heiv), 3.50 (1H, ddJ =5, 4 Hz, Hyy), 3.33 (1H, dJ =4
Hz, Hay), 2.4 (1H, m, B, eq), 2.24 (3H, s, -OCOCH) 2.14 (6H,
s, 2x -OCOCH), 2.05 (3H, s, -OCOCE), 2.0 (1H, m, H ax),
1.65 (9H, s, -COC(Ch)3), 1.64 (9H, s, -COC(CHJ3), 1.63 (9H, s,
-COC(CHp)3), 1.62 (18H, s, 2x -COC(CHp)3), 1.60 (9H, s, -COC-
(CHa)3).

3.,4,2" 5" 4"-Penta-O-acetyl-3,2,6',2" ,6'""-penta-N-(tert-bu-
toxycarbonyl)-1,6-[N-(tert-butoxycarbonyl)epimino]-1-deamino-

1244.615243] as white amorphous solids along with some mixed 6,3"'-dideoxy3''-[4-(4-nitrobenzoyloxymethyl)-[1,2,3]triazol-1-

fraction containing compounds 21, and22. These fractions were

yl]-neomycin B (23) and 3,4,2"5'-Tetra-O-acetyl-3",4""'-

combined and concentrated and the resulting mixture (120 mg) wasanhydro-6-tert-butoxycarbonylamino-3,6,2,6',2""",6""-penta-N-

used for the subsequent reactions.

NMR Spectroscopic Data for 20-Penta®-acetate.'H NMR
(400 MHz, pyridineds, 363 K): ¢ 6.89 (1H, d,J= 7.8 Hz, NH,),
6.83 (1H, br dd, NK,), 6.77 (1H, dJ = 8 Hz, NH), 6.51 (1H, br
dd, NH), 6.44 (2H, m, NH, NHy), 5.70 (1H, ddJ = 9.4, 10.7
Hz, Hg), 5.55 (1H, d,J = 4 Hz, Hy), 5.51 (2H, m, Hy ,Ham),
5.42 (1H, dd,J = 9.4, 10 Hz, H)), 5.15 (2H, m, Hy, Hay), 4.78
(1H, dd,J = 6, 5 HZ, |‘b|||), 4.68 (2H, m, H|||, H5|||'), 4.56 (1H, m,
H4|||), 4,52 (2H, m, HII, H5||), 4.48 (1H, m, H|v), 4.46 (1H, m,
H2|), 4.44 (1H, m, I'd|), 4.38 (3H, m, Hy, Hei, H5|\/), 4.25 (1H, m,
Haw), 4.15 (1H, ddd,) = 3.9, 9.4,9.4 Hz, i), 3.78 (1H, m, Hy),
3.73 (2H, m, H,, Her), 3.62 (1H, m, H), 2.36 (1H, ddd, ddJ =
4.3,4.3,14 Hz, H)), 2.24 (3H, s, -OCOCk), 2.23 (3H, s,
-OCOCH), 2.14 (3H, s, -OCOCEj, 2.13 (3H, s, -OCOCH, 2.05
(3H, s, -OCOCH), 2.12 (1H, m, Hy), 1.63 (9H, s, -COC(CH}3),
1.61 (9H, s, -COC(CHh)3), 1.59 (18H, s, 2x -COC(CH)3), 1.56
(18H, s, 2x -COC(CHb)3). 13C {*H} NMR (100 MHz, pyridine-
ds, 363 K): 6 171.0-169.33 (5 x OAc C=0), 157.6-155.5° (6
x Boc C=O), 108.0 (Q|||), 99.1 (QN, C1|),81.2 (Q|||), 79.4-78.43
(6 x Boc ), 78.8 (Gy), 77.2 (Gui), 76.5 (Gy1), 75.8 (Gui), 73.2
(Cav), 72.5 (Gy), 70.9 (Gy), 70.5 (G), 68.2 (Gyv), 64.6 (Gun),
60.6 (Gv), 57.3 (Gu) 54.6 (Gy), 53.6 (G), 51.3 (Giv), 50.0 (G),
42.0 (Gy), 41.3 (Gu), 32.0 (Gy)), 28.7-28.3% (6 x Boc (CH)a),
21.0-20.3® (5 x OAc CHg).

NMR Spectroscopic Data for 21-Penta®-acetate.'H NMR
(400 MHz, pyridineds, 363 K): 6 6.79 (1H,br dd, Ni,), 6.60
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(tert-butoxycarbonyl)-1-deamino-6-deoxy-1-[4-(4-nitrobenzoyl-
oxymethyl)-[1,2,3]triazol-1-yl]-neomycin B (24). A partially
purified mixture of4, 21, and22 was subjected to per-acetylation

according to the general procedure. The mixture was then treated

with prop-2-ynyl 4-nitrobenzoat& according to the procedure
outlined in the preparation of compour@ Column chromato-

graphic separation afforde23-penta©-acetate (44 mg) [HRMS

(ESl) calculated for (NH‘ H+) C73H10eN10032 1637.72094, found

1637.72108] an@4-tetraO-acetate (20 mg) [HRMS (ESI) calcu-
lated for (M+ Na*) C71H10dN10031 1617.69232, found 161769440]
as amorphous white solids.

NMR Spectroscopic Data for 23-Penta®-acetate.'H NMR
(400 MHz, pyridineds, 363 K): 6 8.41 (1H, s, ArH, triazole), 8.28
(2H, m, ArHxx:), 8.22 (2H, m, ArHa'), 6.81 (1H, br dd, Nk),
6.74 (1H, d,J =7 Hz, NHy), 6.60 (1H, br dd, Nh), 6.55 (1H, d,
J = 8.6 Hz, NH), 6.61 (1H, d,J = 9 Hz, NH,), 6.02 (1H, br s,
Hun), 5.81 (1H, ddJ = 3, 3 Hz, Hyy), 5.75 (1H d,J = 6.2 Hz,
Han), 5.69 (2H, s, -OCH), 5.65 (1H, dd,J = 9.5, 10.6 Hz, H),
5.65 (2H, m, Hy, Hy), 5.42 (1H, m, Hy), 5.37 (1H, ddJ = 9.5,
10 Hz, Hy), 4.98 (1H, dd,J = 3.5, 6.2 Hz, Hy;), 4.96 (1H, m,
Hsiv), 4.86 (1H, dddJ) = 2.8, 6.5, 9 Hz, Hyy), 4.80-4.66 (3H, m,
Hsui, Hsi, Han), 4.52 (1H, ddJ = 4.4, 4.4 Hz, H,)), 4.48-4.38
(2H, m, Hy;, Hs)), 4.19-4.07 (2H, m, Hy;, Hay), 3.97 (2H, m, K,
Hew), 3.77-3.63 (2H, m, K, Hew), 3.14 (1H, ddJ = 6.3, 5 Hz,
Hen), 2.78 (1H, dd,J = 5, 5 Hz, Hy), 2.39 (1H, m, Hp), 2.31
(3H, s, -OCOCH), 2.27 (3H, s, -OCOC}), 2.15 (6H, m, 2x
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-OCOCH), 2.08 (3H, s, -OCOCH), 2.11 (1H, m, Hy5), 1.67 (9H,
s, -COC(CH)3), 1.62 (9H, s, -COC(ChJ3), 1.58 (9H, s, -COC-
(CHa)3), 1.55 (18H, s, 2« -COC(CH)3), 1.51 (9H, s, -COC(CH)3).
13C {1H} NMR (100 MHz, pyridineds, 363 K): 6 171.0-169.0°
(5 x OAc C=0), 165.0%Arips) 162.4° (Boc C=0), 157.5-
156.2% (5 x Boc C=0), 151.383 (Aripso) 143.133 (triazolepso)
131.3 (ArGw), 125.58 (CH, triazole), 124.0 (As&'), 104.7 (Gy),
99.1 (G, Cu), 81.9 (Cui), 79.9-78.92(6 x Boc Cy), 77.5 (Gui),-
76.6 (Cuy), 76.34 (Gu), 73.57 (Gu), 73.56 (Gw), 72.7 (G), 71.2
(C4), 70.8 (G)), 70.3 (Cuv), 65.0 (Gin), 61.5 (Gv), 59.57 (OCH,
Iinker), 54.6 (Q|), 52.7 (QN) 49.2 (C:z,”), 42.1 (C5|), 41.9 (Ce|v),
38.1 (Gu), 37.88 (Gy), 28.0 (Gyy), 29.3-28.72 (6 x Boc (CH)3),
22.0-21.0" (5 x OAc CHg).

NMR Spectroscopic Data for 24-TetraO-acetate.’H NMR
(400 MHz, pyridineds, 363 K): ¢ 8.31 (2H, m, ArH), 8.26 (2H,
m, ArHaa’), 8.06 (1H, s, ArH, triazole), 6.95 (1H, m, Nij{ 6.87
(3H, br m, NH), 6.80 (1H, m, NH), 6.63 (2H, m, NH. NHy),
6.21 (1H, d,J = 9.4 Hz, NHy), 5.63 (1H dd,J = 9.5, 10.8 Hz,
Hs), 5.66 (2H, s,0CH), 5.60 (1H, d,J = 3.8, Hz, H,), 5.55 (1H,
d,J= 2.3 Hz, Hy), 5.47 (1H, ddd,J = 3.9, 10.4, 10.4 Hz, H),
5.44 (1H, dd,J = 2.4, 5.3 Hz, Hy), 5.42 (1H, ddJ = 9.5, 9.5
Hz, Hy), 4.91 (1H, dddJ = 2.9, 9.2, 11.6 Hz, ), 4.68-4.60
(7H, m, Huv, Haw Hsi Hsw Hay Hay Hsy), 4.54-4.46 (3H, m,
H4|||, H2|, H5|), 4.39 (1H, ddd,,\] = 9, 49, 36, HZ, Ijv), 4,22
(1H, dd,,J = 6, 6 Hz, Hyy), 3.81 (1H, m, Hg), 3.75-3.71 (3H,
m, H6|\/’ Hgy H6IV’): 3.49 (1H, ddJ=5.2, 3.9 Hz, H|\/), 3.33 (1H,
d,J= 3.8 Hz, Hyv), 2.82 (1H, ddd) = 13.7, 10.4, 4.3 Hz, i),
2.65 (1H, ddd,J = 3.8, 3.8, 13.7 Hz, Ky, 2.32 (3H, s,
-OCOCH), 2.29 (3H, s, -OCOCEH, 2.12 (3H, m, -OCOCBH), 2.03
(3H, s, -OCOCH), 1.64 (9H, s, -COC(CH}3), 1.62 (18H, s, 2
-COC(CH)3), 1.69 (27H, m, 3x -COC(CH)3). 13C {*H} NMR
(100 MHz, pyridineds, 363 K): 6 171.0-170.0° (4 x OAc C=
0), 165.0% (Aripso) 157.4-156.42 (6 x Boc C=0), 151.43 (Aripso)
143.¥3 (triazolgyse) 131.6 (ArGiar), 123.9 (ArGu:), 123.3 (CH,
triazole), 108.7 (Q”), 99.7 (Q_N) 99.0 (Q|), 81.1 (Q|||), 80.1 (Q”),
79.9-78.9%(6 x Boc Gy), 76.5 (G ,Cani), 75.8 (Gui), 72.5 (Gw),
72.2 (Gy), 70.8 (Gy, Cg), 64.2 (Gu), 59.9 (OCH, linker), 56.9
(Cu), 54.9 (G), 53.2 (Gy), 52.6 (Cwv), 51.9 (Gu), 50.6 (Gy),
46.3 (Gy), 42.9 (Gw), 41.9 (G)), 34.3 (Gy), 29.14-28.6 (6 x
Boc (CH)s), 21.5-21.1*3 (4 x OAc CHg).

3.,4,2" 5" 4"-Penta-O-acetyl-1-azido-6tert-butoxycarbonyl-
amino-3,2,6',2"",6'"'-penta-N-(tert-butoxycarbonyl)-1-deamino-
6,3"'-dideoxy-3"'-[4-(4-nitrobenzoyloxymethyl)-[1,2,3]-triazol-

1-yl]l-neomycin B (25).NaN; (3 mg) was added to a solution of
23-penta©-acetate (20 mg, 0.17 mmol) in DMF (1 mL) and the

mixture was stirred at 50C (12 h). The reaction mixture was
diluted with ethyl acetate (10 mL) and washed with watex(20
mL). The ethyl acetate layer was dried ¢S&s) and concentrated
in vacuo. Flash column chromatography afford2spenta©-
acetate (20 mg, 98%) as an amorphous white s#HNMR (400
MHz, pyridineds, 363 K): 6 8.40 (1H, s, ArH, triazole), 8.28 (2H,
m, ArHxx'), 8.22 (2H, m, ArHa’), 6.84 (1H, d,J = 7 Hz, NHy),
6.74 (3H, m, NH, 2XNH,)), 6.61 (1H, br dd, NH, 6.46 (1H, d,
J = 8.0 Hz, NH), 5.76 (1H, ddJ = 3, 3 Hz, Hy), 5.71 (1H dd,
J=9.2,10.8 Hz, H), 5.69 (2H, s,0CH), 5.58 (1H, d,J = 2.8,
Hz, H]_|), 5.54 (1H, d,\J = 3.7 Hz, H|_|V), 5.51 (ZH, m, Hu, H2|||),
5.44 (1H, m, Hy), 5.41 (1H, ddJ = 9.4, 10 Hz, H)), 4.92 (1H,
ddd,J = 2.6, 6.6, 6.6 Hz, kly), 4.86 (1H, m, Hy), 4.84 (1H, m,
H3|||), 473 (1H, m, I'dlll): 4.63 (ZH, m, H'm, H4|||), 4.52-4.34 (GH,
m, Hy, Hazy, Hay, Hsyi, Henr, Hsy), 4.46 (1H, dddJ) = 4, 9.6, 9.6 Hz,
Hu), 3.93 (1H, m, Hy), 3.71 (3H, m, K, Her, Henr), 2.35 (1H,
m, Hy eq), 2.26 (3H, s, -OCOCH), 2.21 (3H, s, -OCOCE), 2.16
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(3H, m, -OCOCH), 2.14 (3H, s, -OCOCE},), 2.06 (3H, s,
-OCOCH), 2.0 (1H, m, Hy ax), 1.66 (9H, s, -COC(Ch)), 1.63
(9H, s, -COC(CH)3), 1.62 (9H, s, -COC(CH}3),1.61 (9H, s, -COC-
(CHg)3), 1.55 (9H, s, -COC(CHj3), 1.50 (9H, s, -COC(CHh}3); 13C
{H} NMR (100 MHz, pyridineds, 363 K): 6 129.6 (ArGa’),
123.8 (CH, triazole), 122.2 (Ark:), 108.2 (Gui), 99.2 (G)), 98.9
(Cuv), 81.3 (Gun), 79.2 (Cu), 76.8 (Gu), 76.5 (G), 76.0 (Gun),
73.3 (G), 72.5 (G), 70.8 (Gy), 70.8 (Gy), 70.2 (Gyv), 63.1 (G),
61.4 (Gw), 59.5 (OCH, linker), 57.2 (Gy), 54.5 (Gy), 53.6 (G),
52.5 (Gw), 50.2 (Gy), 42.0 (G, Caiv), 32.4 (Gy), 30-27 (6 x
Boc (CHg)s), 21.0-19.0 (5x OAc CHg). HRMS (ESI): calculated
for (M + H+) C73H10oN1303, 1680.73798, found 1680.74466.

3", 4"-Anhydro-6-tert-butoxycarbonylamino-3,2,6',2'"' ,6'"'-
penta-N-(tert-butoxycarbonyl)-6-deoxy-1N-(propyl)-neomy-
cin B (26). The dianhydro neomycid (50 mg 0.04 mmol) was
stirred at room temperature in neat propylamine (1 mL) for 16 h.
The mixture was then evaporated to dryness and column chro-
matographic separation (DCM/MeOH 975 95:8) afforded26
(25 mg, 47%) as a white amorphous solid. LRMS (ESI): calculated
for (M + H+) CseHooN7O03 1238.69, found 1239.0.

N-Acetyl-26-tetra-O-acetate.Per-acetylation of compounz6
according to the general method affordbHacetyl26-tetra-O-
acetate!H NMR (400 MHz, pyridineds, 373 K): ¢ 6.77 (1H, br
dd, NHy), 6.53 (1H, br dd, NK), 6.44 (2H,m, NH, NH,), 6.25
(1H, m, NH,), 6.10 (1H,J = 9.5 Hz, NHy), 5.72 (1H, dd,J =
9.4, 10.9 Hz, H), 5.58 (1H, ddJ = 2, 5 Hz, Hy), 5.53 (1H, d,
J =4 Hz, Hy), 5.48 (1H, br s, Hyy), 5.38 (1H, ddJ = 9.5, 910
Hz, Ha), 4.81 (1H, m, Hy), 4.79 (1H, dJ = 3.3 Hz, Hy), 4.71—
4.68 (4H,br m, H", H3||, H5|||, H5'|||), 4.61-4.49 (3H, br m, H|||,
H6||, H2|V), 4.49-4.39 (4H, br m, H”, H4||, H2|, H5|), 4.32 (1H,
dd,,J =6, 6 Hz, H5IV)1 3.77 (4H, m, Hi, Hev, Her, H5|\/'), 3.55
(1H, dd,J = 5, 4 Hz, H), 3.37 (1H, d,J = 4 Hz, Hyy), 3.34
(2H, m, NAc-CH-), 2.57 (1H, m, H, eq), 2.37 (3H, s, -OCOCH)j
2.36 (1H, m, H; ax), 2.33 (2H,br s, -CH), 2.18 (6H, s,2x
-OCOCH), 2.15 (3H, s, -OCOCH, 2.07 (3H, s, -OCOCEj, 1.67
(9H, s, -COC(CH)3), 1.64 (9H, s, -COC(CH}3), 1.64 (2H, s, (NAc-
CH,-CHz),1.63 (27H, s, 3x -COC(CH)3), 1.60 (9H, s, -COC-
(CHg)3), 1.0 (-CH); 2C {*H} NMR (100 MHz, pyridineds, 363
K): 0 173.66° (NAc, C=0),171.21-170.08 (4 x OAc C=0),
157.2-155.3%(6 x Boc G=0), 108.4 (Gy1), 99.9 (Gw), 98.9 (G)),
81.0 (Cyu), 79.6 (1), 76.1 (Gy), 79.7-78.0°% (6 x Boc ), 76.0
(Cam), 75.4 (Gui), 72.9 (Gy), 72.3 (G)), 71.1 (G)), 70.9 (Gy),
70.2 (G), 64.2 (Gu), 54.7 (G), 52.7 (Qw), 52.2 (Gy), 51.8
(Cen), 50.8 (Gyi, Can), 47.5 (NAC-CH-), 46.3 (Gw), 43.7 (Gw),
42.1 (Gy), 31.5 (Gy), 29.2-27.23 (6 x Boc (CHs)3), 22.0-20.5°
(5 x Ac, CHs), 24.2 (NAc-CH,-CHz-), 11.4 (-CH). HRMS
(ESI): calculated for (Mt Na*) CeeH10dN7O25 1470.72183, found
1470.72365.
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