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Highly stereoselective syntheses of functionalized precursors of the CDEF and CDE 2,6-dideoxy-tetra- and trisaccharide units of the anti-HIV
aureolic acids durhamycins A and B using 2-deoxy-2-iodo- and 2-deoxy-2-bromopyranosyl donors are described.

2-Deoxy and 2,6-dideoxy sugars are found in a plethora of stereoselective glycosyl donors and has reported applications
biologically important natural productsin general, the  of these technologies to the highly stereoselective synthesis
stereoselective construction of the glycosidic linkages in theseof both 2-deoxy-3-gluco- and galactopyranosides. After the
systems is hampered by the absence of a directing group aglycosidation reaction, the halogen directing groups are easily
C(2) of the parent 2-deoxy glycosyl dondrd.This synthetic removed by reduction with B®nH to give the desired
challenge has required the development of effective methods2-deoxyglycosides. The utility of this technology has been
to control the stereochemical outcome of the glycosidation demonstrated in our synthesis of the hexasaccharide unit of
event. The synthesis of the exceedingly challenging 2-deoxy-landomycin Al?

p-glycosidic linkage has been addressed by installation of a The aureolic acid antibiotics consist of a large family of
directing group at C(2) which can be reductively removed structurally similar antitumor agents, including olivomycin,
after the glycosidation evedt® A number of different mithramycin, and UCH93~18 A high degree of structural
directing groups have been utilized, including sulfur, sele- homogeneity exists with the aglycon units of these com-
nium, nitrogen, oxygen, and halogen substituéntsn this
context, our laboratory has used 2-deoxy-2-halo-glycosyl (7) Roush, W. R.; Bennett, C. B. Am. Chem. S0d999,121, 3541~
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pounds. The most significant structural differences betweenTat transactivation (1§ = 4.8 nMy¥° and contains both

members of this family occur in the 2,6-dideoxy oligosac-

disaccharide and tetrasaccharide components in which all of

charide units. Indeed, the biological properties of the aureolic the glycosidic linkages are of th&configuration. Durha-

acid antibiotics (originating from the binding of 2:1 com-
plexes of the aureolic acids and Rigto the minor groove

mycin B (2) is also active against HIV Tat (kg= 48 nM)2®
From a synthetic perspective, tlfep-galactosyl-(1—3)-3-

of DNA)®~22gppear to be dependent upon the nature of the p-glucoside (CD) unit is of considerable interest, as it is a

carbohydrate chair®§-25> Therefore, the ability to construct

common structural unit found in other aureolic acid anti-

a variety of different 2,6-dideoxy oligosaccharides and attach biotics, including UCHY and mithramycirt® Significantly,
these units to the aglycons in a highly stereocontrolled the efficient construction of 2-deoxy-f-galactopyranosides
manner is the key synthetic challenge impeding the develop-has proven to be a challenging problénilowever, we

ment of novel aureolic acid analogues.

In connection with our continuing efforts toward the
synthesis of aureolic acids and their analogiie® we
became interested in durhamycins A (1) and2B, (vhich
were recently isolated fromActinoplanes durhamensis
(Scheme 1%° Durhamycin A is a potent inhibitor of HIV
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envisioned that use of 2-halo-gluco- and galactopyranosyl
donors could allow efficient, stereocontrolled construction
of the CDEF and CDE 2,6-dideoxj+~etra- and trisaccharide
units of durhamycins A (1) and BJ. We report herein the
successful realization of this goal.

We envision that tetrasacchari@@nd trisaccharidé can
serve as activated precursors of the CDEF and CDE
oligosaccharide segments bfand2, respectively (Scheme
1). According to our analysis, the CD fragme®isand/or
6b would serve as substrates for glycosidation reactions with
glycosyl imidateaand5b en route ta3 and4. Finally, we
anticipated that CD disaccharidéa,b could be prepared
from donors7 and8, by exploiting their different anomeric
reactivities’™®

We focused our initial efforts on the synthesis of the
common CD fragmen6. Toward this end, tosylat® was
heated with NaBr in dry DME? and then the C(4)©H was
acylated with acetic anhydride to furnish the 6-bromo glycal
in 82% overall yield (Scheme 2). The C(6) bromide was then
reduced with BeSnH to provide 6-deoxy glucdl0. Glucal
10was then functionalized by treatment with NIS and AcOH

(29) Jayasuriya, H.; Lingham, R. B.; Graham, P.; Quamina, D.; Herranz,
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L.; Guan, Z; Singh, S. BJ. Nat. Prod.2002,65, 1091—1095.
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' o C, 93% Br treatment with hydrazir#éfollowed by exposure to DBU in

CI;CCN/CH,CI, **#°provided donobh. To access EF donor
5a, acetate83 was glycosylated with imidatéb to provide
B-disaccharidel 7 34 Disaccharidel 7 was then transformed

in refluxing toluene. The resulting 39:45:16 mixture of  to imidate5a by using a reaction sequence analogous to that
a-manno:S-gluco:a-gluco iodoacetates was inseparable by employed for conversion df6 to 5b.

flash chromatography or HPLC. Treatment of this mixture  We first targeted trisaccharidé in order to investigate
with EtN+(HF); provided free alcohold1 and 8, which the selectivity of glycosidation reactions using di6a
were easily separated by flash chromatography.mbano  (Scheme 4). Thus, treatment of a mixture of imidaiteand

acetatell was then recycled back to glucHD by silylation

with TESCI and treatment with Lil (THF, 23C).”

Glycosidation of acetat®® with galactopyranosyl trichlo-
roacetimidate7® was effected by treatment with catalytic
TBSOTf at—78 °C, which gaves-disaccharidel2 in 94%
yield (Scheme 2333 Disaccharidel2 was then converted

Scheme 4

5b (1 - 1.5 equiv.)
TBSOTf (0.05 equiv.) CH.Cl,

Rty

to a-glycosyl fluoride 13 by treatment with HFpyridine3®

To transform fluoridel3 into a suitable acceptor for
elaboration to3 and 4, it was necessary to unmask the
carbonate-protected diol. We hoped that dial could be
used as the acceptor in selective glycosidation reactions
leading to oligosaccharide8 and 4. Toward this end,
treatment of carbonat&3 with K,CO; in methanol at CC
provided diol6a in 93% yield (Scheme 2).

With diol 6ain hand, we focused on the preparation of E
and EF donorba and5b. Thus, 6-deoxy glucal4®® was
halo-acetoxylated to yield both manno and gluco acetates
15 and 16 (Scheme 3§’ Selective deprotection af6 by

-78°C, 30 min, ~2:1 mono:bis
48-67% of 18 after HPLC
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(32) We originally hoped to convert aceta8eto the corresponding
glycosyl fluoride for use in construction of the CD ulia. However, the

diol 6awith catalytic TBSOTf in CHCI, at—78°C provided
the desired disaccharid® along with the bis-glycosidation

o-fluoride produced by treatment 8fwith HF-pyridine was highly unstable

reaction was impractical.
(33) All reported ratios were determined By NMR analysis of the

(36) Tulshian, D. B.; Fraser-Reid, B. Am. Chem. S0d981, 103 474~
and decomposed so readily that its use as an acceptor in such a glycosidatiod75.
(37) While acetaté6is a potential donor for glycosidation 68, attempts

crude reaction mixtures. Stereochemical assignments of all isolated productsin decomposition.
(38) Excoffier, G.; Gagnaire, D.; Utille, J.-Earbohydr. Res1975,39,

were made usingH, 13C, and COSY NMR analyses.
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(35) Jinneman, J.; Lundt, I.; Thiem, Acta Chem. Scandl991, 45,
494—-498.

Org. Lett., Vol. 5, No. 11, 2003

368—373.

to effect the TBSOTF-promoted glycosidation reactio®atnd16 resulted
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product (not shown) in a2:1 ratio (Scheme 4% Acylation
of alcohol18then provided fully functionalized and activated
trisaccharidet in quantitative yield.

To circumvent the “over-glycosidation” encountered using
diol 6a, we opted to reverse the order of the final steps of

(40) Schmidt, R. R.; Jung, K.-H. I€arbohydrates in Chemistry and
Biology; Ernst, B., Hart, G. W., Sinay., Eds.; Wiley-VCH: Weinheim,
Germany, 2000; Vol. 1, pp-559.
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our sequence. Thus, treatment of d&a with trimethyl
orthoacetate and catalytic Ts&HpO in CH,CI, at 0 °C
followed by addition of water provided C(4) acetdik in
91% yield (Scheme 5% To our delight, exposure of acetate
6b and imidate5b to catalytic TBSOTf (CHCl,, —78 °C)
provided trisaccharidet in 86% yield with 93:7 f:a
selectivity. Satisfyingly, tetrasacchari@evas also prepared
in 74% yield by glycosidation of aceta&b with imidate
53.34'42

In summary, we have completed highly stereoselective
syntheses of fully functionalized and activated precursors of
the CDEF and CDE 2,6-dideox§~etra- and trisaccharide
units of the anti-HIV aureolic acids durhamycin A)(and
B (2). Key features of these syntheses include the exploitation
of the differential reactivity profiles of donofsb, 7, and8
and the exceptionally high stereoselectivity of all glycosi-
dation reactions £93:7). This work serves to further
demonstrate the potential of 2-deoxy-2-halo glycosyl donors
for the rapid and highly stereoselective construction of
precursors of 2-deoxg-oligosaccharides. Further efforts
toward the synthesis of the durhamycins and other natural
products containing 2-deoxy glycoside units will be reported
in due course.
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