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A series of 2-bromo- and 2-iodo-galactopyranosyl acetates and trichloroacetimidates were evaluated as glycosyl donors for the synthesis of
2-deoxygalactopyranosides. The best selectivity for the f-glycosidic linkage was achieved by using 6-deoxy-3,4-carbonate-protected galactosyl
donors.

2-Deoxy carbohydrates are structurally important componentshas been demonstrated in syntheses of the landomycin A
of numerous biologically active natural produtiBhe ability hexasaccharidéand olivomycin A%

to control the stereochemistry of 2-deoxy glycosidic linkages  Given our continued interest in 2-deoxy glycosides, we
represents an important and challenging synthetic probfem. wanted to extend our efforts to the synthesis of 2-defxy-
Recent reports from these laboratories and others havegalactosides. Prior to this study, we were aware of one
demonstrated the use of 2-deoxy-2-iodo- and 2-deoxy-2- published example of #-selective glycosidation reaction
bromo-glucopyranosyl acetatts, trichloroacetimidate;° of a 2-deoxy-2-bromo-galactopyranosyl acetate, which pro-

and fluoride$' as highly diastereoselective glycosidating
agents for the synthesis of 2-deogyglucosides (and also
of 2-deoxye-glucosides}.® The utility of these procedures

(1) Kirschning, A.; Bechthold, A. F.-W.; Rohr, Jop. Curr. Chem1997,
188 1-84.

(2) Veyrizres, A. In Carbohydrates in Chemistry and Biolagirnst,
B., Hart, G. W., SinayP., Eds.; Wiley-VCH: Weinheim, Germany, 2000;
Vol. 1, pp 368-405.

(3) Marzabadi, C. H.; Franck, R. Wetrahedror?200Q 56, 8385-8417.

(4) Roush, W. R.; Briner, K.; Sebesta, D. $ynlett1993 264-266.

(5) Roush, W. R.; Bennett, C. B. Am. Chem. S0d.999 121, 3541-
3542.

(6) Roush, W. R.; Narayan, ®rg. Lett. 1999 1, 899-902.

(7) Kirschning, A.; Plumeier, C.; Rose, Chem. Commurl998 33—
34.

(8) Hashem, M. A.; Jung, A.; Ries, M.; Kirschning, Synlett1998
195-197.

(9) Roush, W. R.; Gung, B. W.; Bennett, C.@rg. Lett.1999 1, 891—
893.

(10) Chong, P. Y.; Roush, W. FOrg. Lett.2002 4, 4523-4526.

(11) Blanchard, N.; Roush, W. ROrg. Lett.2003 5, 81—-84.

10.1021/0l034393t CCC: $25.00
Published on Web 04/29/2003

© 2003 American Chemical Society

ceeded with excellent selectivityOther work, however,
indicated that thg-selectivity of glycosidation reactions of
2-thioaryl-2-deoxygalacto-pyranosyl donors is lower than that
of corresponding donors in the glucopyranosyl seles.
Therefore, we decided to evaluate the utility of 2-deoxy-2-
halogalactopyranosyl acetates and trichloroacetimidates for
the synthesis of 2-deox§-galactosides.
2,6-Dideoxyg-galactoside units are found in many of the
aureolic acid antibiotics, including mithramyét and
UCH9/%17 as well as the recently isolated durhamycins.
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Durhamycin A @, Scheme 1) is a potent inhibitor of HIV-1
Tat transactivatiod® The unusual biological activity ot
and the presence of a challenging 2,6-dide@xyalactosidic
linkage make it an excellent synthetic target. In this context,
the 2-deoxy-2-iodogalactopyranosyl acetatéScheme 1)
initially appeared to be an appropriate precursor of the
2-deoxyp-galactoside unit (“D”) inl.

Donor 2 was prepared starting from protected galadtal
(Scheme 2}? Displacement of the tosylate with EBr
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followed by treatment with NIS and AcOH provided the
desired iodo acetaté as a 1:1 mixture of anomers along
with talo isomer 5. After selective deprotection of the
anomeric acetate unit & with hydrazine?® conversion of

(16) Ogawa, H.; Yamashita, Y.; Katahira, R.; Chiba, S.; Iwasaki, T.;
Ashizawa, T.; Nakano, HJ. Antibiotics1998§ 51, 261—266.

(17) Katahira, R.; Uosaki, Y.; Ogawa, H.; Yamashita, Y.; Nakano, H.;
Yoshida, M.J. Antibiotics1998 51, 267—274.

(18) Jayasuriya, H.; Lingham, R. B.; Graham, P.; Quamina, D.; Herranz,
L.; Genilloud, O.; Gagliardi, M.; Danzeisen, R.; Tomassini, J. E.; Zink, D.
L.; Guan, Z.; Singh, S. BJ. Nat. Prod.2002 65, 1091-1095.

(19) Roush, W. R.; Lin, X.-FJ. Am. Chem. Sod995 117, 2236~
2250.

1872

the resultant hemiacetal to imida@ was achieved by
treatment with GICCN and DBU?'%?

Imidate 2 was then subjected to TBSOTf-promoted gly-
cosidation with model accept@r(Scheme 2). Surprisingly,
this reaction was only modestfy-selective (60:4(5:a).2
Further, we observed that imida2és highly unstable. This
led us to change the C(2) directing group to a more
electronegative bromide substituent, which we hoped would
increase the stability of the donor. We also decided to change
the C(4)-protecting group to a benzyl ether, since it seemed
possible that the axial C(4) acetate uniRimight participate
in the glycosidation reaction by interacting with any C(1)-
cationic intermediates, thereby decreasing the reaction ste-
reoselectivity compared to previously studied examples in
the 2-deoxy-2-halo-glucopyranosyl series.

Accordingly, donor® and10 were examined in glycosi-
dation reactions wittv, as well as with the less hindered
acceptorl3 (Scheme 3). Unfortunately, neithé& or 10
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aConditions: donor (2 equiv), acceptor (1 equiv), TBSOTf {0.1
0.3 equiv), CHCI,, —78 °C.

displayed synthetically useffitselectivity in these reactions.
Differences in the directing ability of the C(2)-Br and C(2)-I
substituents were observed in the reactions wjtbut not
with 13.

Changes to the C(6)-substituent also had a relatively minor
effect on the selectivity of the glycosidation reactions, as
the results summarized in Scheme®afd 10 with C(6)-
tosyloxy substituents) and Scheme 4 (C(6)-benzyloxy sub-
stituted donord 6 and17) indicate. Interestingly, however,
our results for the glycosidation reaction of doriof and
galactoside accept@2 (Scheme 4) are not in agreement with
the literature report for this reactiényhich indicated that
p-galactoside23 was formed selectively. In our our hands,
this reaction was only moderatefiyselective, in agreement
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Scheme 4

cosidation reactions of 2-iodoglucosyl donétd” Several
groups have calculated the conformational preferences of
substituted pyranosyl oxocarbenium ions and have reported
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with the other reactions of donofi and 17 (Scheme 4). /_V\_{
Deoxygenation of C(6) altogether, as in the case of donor R" 32 X

24, resulted in glycosidation reactions that were modestly
a-selective (Scheme 5). While these results indicated that

Figure 1. Stereochemical considerations.

4,6-benzylidiene protecting groufshigh 5-selectivity was

Scheme 5 obtained even though ions such2¥are inaccessibl&. An
BnO, ph/v implication of the latter s_tuc_iy is that t_hfbselect_ivity n_"night_
Bno&&/OAC 7 &ﬁ be governed by substitution reactions of iodonium ion
I intermediates rather than oxocarbenium ions. In contrast, the
2 25, 80%, 28.72f3.a results summarized in Schemes2 suggest that halonium
BnO,, ion intermediates are not significantly involved in the
13 BnO O w0 glycosidation reactions of 2-deoxy-2-halo-galactopyranose
28— I B2OS R donors, since the large amounts wfglycosides produced
26, 79%, 22 : 78 B : &. BZO0Me in these reactions require that oxocarbenium ions play a

substantial rol&832

Assuming that cationic intermediates play a greater role
in the reactions of the 2-deoxy-2-halogalactopyranosyl donors
than in the glucopyranosyl series, selectivity is then deter-
mined either by the conformational preferences of i8fs
and 31 or by the relative reactivity of these two similar
species. In contemplating strategies to increase the preference
for reaction by way oB0, we were reminded of studies by
Danishefsky, who demonstrated that tBeselectivity of
glycosidation reactions of 2,3-epoxy sugars in the galactose
Cferies were considerably enhanced when the 3,4-hydroxyl

a Conditions: TMSOTTf (0.2 equiv) was added to a mixture of
donor (2 equiv) and acceptor (1 equiv) in @, at 0°C.

the C(6)-substituent on the galactopyranosyl donor can
influence the diastereoselectivity of the glycosidation reac-
tions, access to a highf§-selective 2-deoxy-2-halogalacto-
pyranosy! donor still eluded us.

In previous studies of the glycosidation reactions of
2-deoxy-2-iodoglucopyranosyl acetates and trichloroacetimi-
dates, we speculated that stereoselectivity might be governe
by the conformational preferences of intermediate pyranosyl
oxocarbenium ion&t2¢ Evidence was also presented indi-
cating that glycosyl triflates are not intermediates in gly-
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groups were protected as a 3,4-carbonate gféémcord-
ingly, we targeted32 as a key reactive intermediate. The
cis-fusion of the cyclic 3,4-protecting group encouragd2s

Scheme 7
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donors37 and39 displayed good to excellefitselectivities

with a variety of carbohydrate acceptois 13, and49). It

is noteworthy that these two donors complement each other

in their reactivity profiles such that, under identical condi-

tions, donor39 undergoes glycosidation at78 °C, while

donor37 requires a significantly higher temperature®(©)

for reaction to occur. However, it remains unclear at present

why donors37 and39 display such very different selectivity 39
patterns in reactions with similar acceptors.

In conclusion, we have developed two 3,4-carbonate-
protected 2,6-dideoxy-2-halo-galactosyl don@s ¢énd39)
that provide access to 2,6-dideogygalactosides with high
diastereoselectivity. Selectivity decreases, however, with r|g|d
donors34 and 40 containing C(6)-oxygenated substituents
or when the donor lacks a cyclic 3,4-protecting groRpX
10, 16, 17, and 24). Further studies into the origin of
selectivity with donor87 and39are in progress. Application
of this methodology to the synthesis of the CDEF tetrasac-
charide unit of Durhamycin Al| is reported in the following
paper in this issue.

aConditions: (a) TMSOTf (0.2 equiv) was added to donor (2
equiv) and acceptor (1 equiv) at°C, CH,Cly; (b) TBSOTf (0.3
equiv) was added to donor (2 equiv) and acceptor (1 equiv)/ét

C, CHCl,.
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