Synthesis of optically active amino sugar derivatives using catalytic
enantioselective hetero-Diels-Alder reactions
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A new synthetic method for the formation of optically active
amino sugars using catalytic enantioselective inverse-elec-
tron demand hetero-Diels—Alder reactions of y-amino-
protected B,y-unsaturated a-keto esters with vinyl ethers is
presented; the catalytic reactions proceed in good yield with
high diastereo- and enantioselectivity and fully control of the
stereochemistry at the amino-carbon center.

Sugars containing nitrogen atoms have a variety of different
biological activities; they are, e.g. among the largest group of
carbohydrate mimetics and belong to the strongest known
inhibitors of glycosidasesfound.! Furthermore amino sugarsare
also applied as pharmaceuticals such as for treatment of
diabetes? and promising drugs against influenza.3

The synthesis of optically active amino sugars normally takes
its starting point from naturally occurring carbohydrates.4 or
amino acids5 A simple and convenient procedure for the
formation of optically active amino sugars and their derivatives
(3) could be the catalytic enantioselective inverse-electron
demand hetero-Diels-Alder (HDA) reaction of y-amino-pro-
tected f3,y-unsaturated «-keto esters 1 with vinyl ethers 2 [egn.
(2)]. This approach has previously been used in diaster-
eoselective reactions.®
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Here, we present the first catalytic enantioselective synthesis
of amino sugars 3 by inverse-electron demand HDA reactions
using Co-bisoxazoline-Lewis acid complexes as cataysts.”8t
The reaction has been developed for two different protected -
amino f,y-unsaturated «-keto esters la, b which have the
protected y-amino substituent, trans or cis, respectively, as
these by reaction, e.g. ethyl vinyl ether 2a, will give the two
different diastereomers of the optically active amino sugars 3a
and 4a, respectively [egn. (2)]. The (9-But-BOX-Cu(OTf),

Table 1 Reaction of y-amino-protected 3,y-unsaturated o-keto esters 1a, b
with ethyl vinyl ether 2a in the presence of (S)-But-BOX-Cu(OTf), [(R)-5a]
and (R)-Ph-BOX-Zn(OTf), [(9-5b] at room temperature (r.t.)

Entry  Substrate Cat./mol%  Yielda (%) endo-deb (%) Eec (%)
1 la (9-5a/10e  3a/98 88 98

2 la (9-5a/5e 3a/67 95 >99

3 la (9-5a/10ef  3a/94 90 >99

4 la (9-5a/109  3a/82 29 99

5 1b (9-5a/109  4a/96 74 94d

6 1b (R)-5b/10=  4a/99 70 70d

a|solated yield.  Diastereomeric excess measured by *H NMR.c Enantio-
meric excess measured by chird HPLC using a Daicel Chiralpak OJ
column. d Enantiomeric excess measured by chiral GC using a Chrompack
ChiralsilDex CB column. € Et,O as solvent. f Reaction temperature 0 °C
9 THF as solvent.
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[(9-5a] and (R)-Ph-BOX-zZn(OTf), [(R)-5b] complexes are
found to be good catalysts for the reaction among different C,-
bisoxazoline-Lewis acid complexes tested.

Table 1 presents some results obtained for the reaction of 1a,
b with 2a. It appearsthat the y-amino-protected (3,y-unsaturated
«-keto esters 1a, b react with ethyl vinyl ether 2ain the presence
of the (9-5a catalyst giving the protected amino sugars 3a and
4a, respectively, in high yield, diastereo (de) and enantiomeric
excess (ee) at room temperature. The reaction of 1a with 2a can
proceed with 5 mol% of the catalyst with very high diaster-
eoselectivity giving only one detectable enantiomer by chiral
HPLC of 3a (entry 2). The reaction can take place in severa
solvents and high yield, de and ee are obtained in, e.g. Et,O and
THF (entries 1, 4). However, it is notable that the de is reduced
when THF is the solvent compared with Et,O, and that the
reaction performed in CH,Cl,, gives the exo-diastereomer asthe
major diastereomer (dew, 43% and with 90% ee.,). The
reaction of 1b leads to the other diastereomer of the protected
amino sugar (4a) and thisreaction proceedsa sowith highyield,
de and ee using (S)-5a as the catalyst and 4a is obtained in 96%
yield, 74% de and 94% ee (entry 5). Theyield of 4ais dlightly
improved in the presence of (R)-5b as the catalyst, while the de
is the same and the ee is reduced compared to (S)-5a as the
catalyst (entry 6). The absolute configuration of arelated series
of compounds has been determined previously.se

The application of this catalytic enantiosel ective approach for
the preparation of various types of different amino sugar
derivatives is shown in the following equations. In egn. (3) the
reaction of la with cis-1-acetoxy-2-ethoxyethene 2b in the
presence of (§-5a and (R)-5b asthe catalystsis presented. The
reaction proceeds in a highly regio-, diastereo- and enantio-
selective manner giving 3b in 82% yield, 85% de and 99% ee
when (9)-5a is the catalyst and an improvement in yield, and
reduction in eewhen (R)-5b isthe catalyst. Thereaction in egn.
() shows that it is possible to introduce two different
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protected hydroxy functionalities in the amino sugar fragment
by this reaction.

Theresults for the reaction of 1a with 2,3-dihydrofuran 2cis
presented in egn. (4). Both catalysts give good yield of the
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amino sugar 3c; the (§)-5a catalyst givesthe highest ee (96%) of
the major diastereomer, formed with a de of 57%, while (R)-5b
leads to the highest de (81%), and with only a slight reduction
to 88% ee. It is notable that the same enantiomer of 3b and 3c
in egns. (3) and (4) are obtained using the (§-5a and (R)-5b
catalysts.

The catalytic enantiosel ective reaction of the activated cyclic
alkene 2d with la gives 3d in moderate yield (51%) and de
(66%0), and with high ee (92%) [egn. (5)]. The higheﬂ yield of
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3d is obtained with the chiral zinc(i) catalyst (R)-5b, while
catalyst (S)-5a only gives 12% isolated yield of 3d, but formed
in a highly enantiosel ective manner as 97% ee is obtained.
The catalytic enantiosel ective HDA reaction can al so be used
for the preparation of optically active spiro-amino sugars. The
spiroacetal functionality is found in natural products such as
pheromones, steroidal compounds, anti-parasitic agents and
polyether antibiotics® and egn. (6) shows how the reaction of
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1a with the exo-cyclic vinyl ether 2e catalyzed by (S)-5a leads
to high yield, de and ee of the spiro-amino sugar 3e.

The present work has shown a new development in catalytic
enantioselective HDA reactions for the preparation of optically
active amino sugars. It isdemonstrated that the approach can be
used for the synthesis of a series of different types of protected
amino sugars in good yield with control of both the diastereo-
and enantioselectivity. The new synthetic procedure introduces
anew approach for the formation important amino sugars from
simple substrates. Furthermore, can the products obtained also
be considered as cyclic y-amino acid esters. Further work isin
progress in developing optically active highly functionalized
molecules using this approach.
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Notes and references

T Representative procedure for the catal ytic enantiosel ective HDA reaction:
to aflame dried Schlenk tube was added Cu(OTf), (18.1 mg, 0.05 mmol)
and bisoxazoline (S)-5a (16.2 mg, 0.055 mmol). The mixture was dried
under vacuum for 1-2 h and freshly distilled anhydrous solvent (2.0 mL)
was added and the solution was stirred for 0.5-1 h. Subsequently, 1a (137
mg, 0.5 mmol) and 2a (70 uL, 1.5 eq.) were added. After stirring overnight
at r.t., the reaction mixture was filtered through a pad of silicawith EtOAc
and pentane (1: 1), concentrated in vacuo, and the product purified by flash
chromatography (30% EtOAc in pentane) to afford compound 3a in 98%
yield, 88% de and 98% ee detected by HPLC using a Daicel Chiralpak OJ
column hexane—PriOH (95:5), [a]2%5 = +27.0° (c = 0.0074 g mL—1in
CDCl3); *H NMR (CDCly): 6 7.79-7.76 (m, 2H, Ar), 7.69-7.67 (m, 2H,
Ar), 594 (dd, 1H, J 3.0, 1.5 Hz, C=CH), 5.16-5.09 (m, 2H, OCHO and
CHN), 4.19 (dq, 2H, J 5.4, 7.2 Hz, CO,CH,CHj3), 4.01 (dg, 1H, J9.0, 7.2
Hz, OCHHCHj), 3.61 (dg, 1H, J 9.0, 7.2 Hz, OCHHCH3), 2.54 (ddd, 1H,
J12.8,9.9, 8.7 Hz, CHH), 2.08 (ddt, 1H, J 12.8, 6.3, 1.5 Hz, CHH), 1.25 (t,
3H, J 7.2 Hz, CO,CH,CH3), 1.18 (t, 3H, J 7.2 Hz, OCH,CH3)' 13C NMR
(CDCly): 6167.4,162.0,143.7,134.1, 131.7, 123.3, 109.4, 99.8, 64.9, 61.3,
42.9, 31.0, 15.0, 14.1.

Enone 1a made according to ref. 6(b). 1b was prepared as described in
ref. 6(f) except for the last isomerization step which was performed by a
simple destillation. Alkenes were obtained from commercial sources or
synthesized using literature procedures.10
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