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Starting from tri-O-acetyl-p-glucal, a combination of the Overman rearrangement and subsequent dihydroxylation produces a range of
aminosugars. These can be activated by formation of the corresponding trichloro-oxazolines, which are excellent glycosyl donors as they
form disaccharides with good (trans) stereoselectivity under mild conditions. Propagation of these trichloro-oxazolines gave trisaccharides
that can then be dehalogenated under a variety of conditions.

2-Amino-2-deoxy sugars are widely distributed throughout

Nature occ_ur_rinlg as key constituents of many glycoproteins Scheme 1
and_ glycolipidst They are also essential conjp_on_ents of o ()BFsOE 0 .OR
various other natural products such as the antibiotics strep-AcC | Ron Pom
tothricin, streptomycin, and adriamycirs a consequence, AcO™ (i) deacetylate then  HO™ (F',LZZPSL,DEAD’
there is considerable interest in new strategies for the OAc  reprotectat C-6 (iiy MeOH, K,CO3
synthesis of such molecules, especially 2-amino-2-deoxy Tri-O-acetyl-D-glucal CIiCON, A (iif) CI3CCN, A
oligosaccharides.
. . 0._.OR 0._.OR
Recently, we disclosed a strategy for accessing a range of PO/U OR PO/\QJ\
2-amino-2-deoxy sugars that was based upon Ferrier gly- 2 NNHCOCCly 3 " NHcocCly
cosidation (tri©-acetylp-glucal— 1),2 Overman rearrange- [01\ ©]
ment (1— 2/3), and subsequent dihydroxylation, Scheme 0.1.0R
14 While the stereochemistry at C-4 in structdris initially activate at C-1 for sugar coupling? Fo
o PINgT ho NHCOCCl,
— 4 OH
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To ascertain whether compounds of general strucdure Initially, we chose the allosamine-derived su@aas an
might prove to be useful for oligosaccharide synthesis, we example on which to test our synthetic plans, Scheme 3. This
recently investigated ways of converting them into a range
of trichloro-oxazoline glycosyl donors so that we could study
subsequent coupling with glycosyl acceptors.

. . Scheme 3
It should be noted that the use of trichloroacetamide- o o
. — C C
protected aminosugars as glycosyl donors was originally
established by Jacquinehut that there are only two sugar- ~ A© o} ab A o
i i - i i i 84%
derived tnchlorq-oxazolmes reportec_l in the literature (derived A PHN o Acd N\, ©
from glucosamingand galactosamifie Furthermore, the 5 ‘allosaming’
formation of C-2 mannose-configured trichloro-oxazolines . ClsC X
was unknown. Coupling reactions of isolated trichloro- OAc 7 ° OAc
oxazoline donors are rare, and only the glucosamine deriva- AcO oBn AcO
tive, prepared from the anomef@acetate by Jacquinet, had 2 °| 8 Q
been subjected to a handful of glycosylatiéris. A PHN O 0 AcO PHN )(O o
Herein, we now report success in our endeavor, having 1083%  AcO PHN 5
successfully accomplished the synthesis of several rare ONAP OBn &
disaccharide derivatives containing allosamine and talosamine aco- RO o o
0
substructures. PNH= Cl,CCONH AcO 0 OAllyl 4&
Our general strategy for preparing the appropriate trichloro- © 12 87%

oxazoline donors froni exploited ap-naphthylmethyl as ACO PHN 1185%

the O(1) protecting group and used the Overman/dihydroxy-

X ) ) . OBn 0Bn o o
lation tactic to fashion the appropriate-hydroxylated HO BnO )(
amino sugar; for example, see talosamine, Scheme 2. Next, 7= Q g= BnO ] 9= © Q

AcO PHN Lo HO OAllyl N
Ako
Scheme 2

‘talosamine’ Stage 1 2 Reagents and conditions: (a) DDQ:® CH.Cly; (b) Ms;O,
MeCN, EgN; (c) SugOH (1—1.2 equiv), TMSOTf (20 mol %),

0. ~OH
. O.__ONAP ) P_e_;frf)_t_ect PO —30 to —10 °C, CHCls.
oo NHCOGCGI, ONAP PO NHCOCCl,

OP oP
-, form was prepared via the previously published route (see Scheme
stereachemistry? Stage 2 - oxazoline 1), which involves a directed dihydroxylation reaction using
o ﬂosllg Stage 3 o catalytic osmium tetroxid&Removal of the NAP group was
Pon _activate Pon%_o% straightforward using DD®,and we then chose methane-
PO NHcoccl;  SugOH PO N sulfonic anhydride (Mg) as a mild and effective reagent
o T OP for oxazoline formation6. The trichloro-oxazolines was
convert to NHAC stability? stable at room temperature for-2 days and for longer

Stage 4 periods in the freezer.

Next we investigated the glycosylation 6fusing three
sugar acceptors chosen to provide useful challenges. The
we detached the naphthylmethyl group from the protected 4cceptors were? (protected allosamingy, 8 (protected
product with DDQ (stage 1, Scheme 2). Oxazoline formation g1ycose)i! and9 (galactose diisopropylidene acetal). Pleas-
was then effected by activation of the anomeric hydroxyl jng1y donor6 glycosylated easily with the three acceptors
group (stage 2). Thereafter, the trichloro-oxazoline was (1-1.2 equiv) at temperatures betweeB0 and—10 °C
coupled with a glycosyl acceptor after activation with using catalytic TMSOTY as an activatH® In each case, a

TMSOTT (stage 3). Finally, we converted the trichloro- gjngle disaccharide produdn—12 was isolated from the
acetamide unit into aN-acetyl group (since this is the |oaction mixture in 83—87% yield.

naturally occurring derivative of most C-2 aminosugars).

Clearly, trichloro-oxazolines are promising derivatives for
. glycosyl coupling because the halo groups increase the
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Org. Chem.1998,63, 4172. (11) Bundle, D. R.; Purse, B. W.; Nitz, MOrg. Lett.2000,2, 2939.

4996 Org. Lett., Vol. 5, No. 26, 2003



activating group can be explained by analogy to the anomerictrichloro-oxazolines would yield thex-linked disaccha-

trichloroacetimidates introduced by Schmidit.
The configuration at the newly formed anomeric center
was proven to be by ey coupling constants that are

rides.
As predicted, the glycosylation df4 and 19 took place
readily at low temperature and again they each gave a single

disaccharide product in 891% yield. For each disaccharide
case, the larg&J coupling between C1—H and C2—H{— that was prepared, thgc4 coupling constant showed that
12,3) 7-7.6 Hz, trans diaxial) is also indicative of the the configuration at the new anomeric center was®
stereochemistry indicated. The outcome from coupling is Extensive NOE experiments also helped to confirm the
consistent with an @-like reaction between glycosyl donor  structures as shown, and in most cases NOESY cross-peaks
and (activated) glycosyl acceptor between the two sugar rings established the connectivity of
Next, we examined the effect of changing the configuration the disaccharides. Although compou2ticould be isolated
at C-2, by preparing and then glycosylating two donors from the glycosylation reaction, it was contaminated (%)
derived from talosamine and altrosamine, SchemE34(d with a byproduct of unknown composition.

particularly diagnostic of the stereochemistry at &-th this

Scheme 4

AC CC]3

‘talosamine’ ONAP
AcO _OAc
NHP
NHP AcO -0
-0
\ O
A]]y[ ) OBn o o
0
15 85% oBn

[¢]
o —°

AcO PHN 17 87%
ONAP

PNH= ClsCCONH 16 86%

OAc OAC ¢Cl,
AcO NHP AcO N—
-0 ab —o 19
84%
OAc
18 ONAP c
‘altrosamine’ 9 OAc
c
6 AcO NHP
OAc c|7 -0
AcO N_I-IOP OAc
O
O
OAc BnO A/
o o o
A]]y[O o OBn oBn
20 87% o}

o k0
approx, 80% ACO PHN Onap 2291%
aReagents and conditions: (a) DDQ;® CH,Cl,; (b) Ms,0,
MeCN, EgN; (c) SugOH (1—1.2 equiv), TMSOTf (20 mol %),
—30 to —10 °C, CHCls.

To further extend this methodology, we investigated the
propagation of trichloro-oxazolines to make trisaccharide-
derived aminosugars, Scheme 5. The disacchdrftieas

Scheme 8
OAc OAc
AcO 0 OBn AcO o OR
a
0] _— @]
AcO PHN Q 87% AcO PHN o]
10 AcO PHN AcO PHN
ONAP OR
23, R=0H ] b
24, R= OAc
OAc OAc l c
AcO o OAc AcO o OAc
d
(o] -—
AcO PHN Q ACO PHN O o
2689% AcO NG Y ACO PHN
foe 25 91% (two steps)
OAc
e 7
AcO o OAc
ACO PHN [e] 0 OBn
PNH= CI;CCONH
° ACO PHN O Q
27 84% AcO PHN
NAP

aReagents and conditions: (a) DDQ;® CH.Cly; (b) AcO,
py, DMAP; (c) NH,NH,-CH3;COH, DMF; (d) Ms,0, MeCN, EtN;
(e) 7 (1.1 equiv), TMSOTf (20 mol %);-10 °C, CHCl,.

chosen for deprotection, formation of a trichloro-oxazoline,
and subsequent glycosylation. It is important to note that
the f-configured dimer of allosamin&0 is the disaccharide
portion of the natural product allosamidin (a potent inhibitor
of chitin synthaséy and so this sequence will also define a
possible synthetic route to allosamidin whereby the aglycone

18 were both prepared by using the general chemistry in could be attached (vi26) to this sugar portion in subsequent

Scheme 9). In these cases, amyS displacement on the

(12) BRs-OEt, can also be used as an activator, although the couplings

are slower.

(13) See: Shrader, W. D.; Imperiali, Betrahedron Lett1996 37, 599.
Wittmann, V.; Lennartz, DEur. J. Org. Chem2002,8, 1363.

(14) Schmidt, R. RAngew. Chem., Int. Ed. Engl986,25, 212.

(15) Y (Hz) 10(C1, 176; C1', 167)11(C1, 157; C1', 162)12 (C1,
178; C1, 167) numbering from the reducing end first. Block, K.; Pedersen,
C.J. Chem. Soc., Perkin Trans.1®74, 293.
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synthetic studies.
This methodology worked as planned, and selective
deprotection ofL0 with DDQ gave the diol3, which was

(16) WJcn (Hz) 15(C1, 159; C1', 179)16 (C1, 177; C1', 176)17 (C1,
181; C1', 176);20 (C1, 157; C1, 172);21 (C1, 177; C1, 173);22 (C1,
182; C1', 170) numbering from the reducing end first.

(17) Sakuda, S.; Isogai, A.; Matsumoto, S.; Susuki, A.; Koeski, K.;
Tetrahedron Lett1986,27, 2475.

4997



subsequently peracetylated4) before the anomeric OAc

was cleaved by reaction with hydrazine acetate to g€ Scheme 8
Subsequent formation of trichloro-oxazolir& occurred OBn
smoothly, as did stereoselective formation of trisaccharide Ao BNO
. 9 a BnO 0
27 with acceptor7, Scheme 53 M — A
93% o 5 OAllyl

Finally, for this methodology to be useful, access to a

variety of conditions for conversion of the trichloroacetyl AcO NHAc 28
group into the naturally occurring-acetyl derivative is oAc
required.

Originally, Jacquinet reported radical-based chemistry 2 Acok
(BusSnH) to remove the three chlorines from a trichloro- a(93%) ACO AcHN P
acetamide, and we also found this method to be effective b (91%) /FO
with the saccharides that we had prepared, Schefm# 6. ¢ {79%) ° Q
one is to use this methodology in a synthetic sequence, then 29 o
ideally there should be plenty of alternative methods for AKO

accomplishing the interconversion of a TCA group into its
parent acetamide. To this end, we investigated a range of 2Reagents and conditions: (a) §8nH, AIBN, A; (b) H,, Pd-
different methods for reducint and found that, in addition ~ C. MeOH, 55 psi; (c) NaOH, EtOH, then 4@, py, DMAP.
to tin hydride, hydrogenolysi& (55 psi) and cleavage with
NaOH (followed by reacetylatioh)vere also viable condi-  compatible with this sequence and give high stereoselectivity
tions, Scheme 6. for the trans arrangement at €C2. Moreover, we have

To conclude, we have defined a new protecting group Shown _that the_substitute(_i oxazolines can be elabo_rated to
(ONAP) arrangement for oligosaccharide synthesis that is form trisaccharides and finally that there are a variety of
introduced via the Ferrier rearrangement and compatible with different methods for the reduction of the TCA group to an
subsequent Overman rearrangement and a dihydroxylatior@cétamide.
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