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Abstract—A new and very concise strategy has been formulated for the synthesis of 3-amino-2,3,6-trideoxyhexoses, daunosamine,
acosamine, ristosamine and 3-epi-daunosamine, via cis- and trans-oxazoline intermediates assembled by a novel intramolecular con-
jugate addition of c-trichloroacetimidoyloxy-a,b-unsaturated esters in an acyclic system.
� 2006 Elsevier Ltd. All rights reserved.
Amino sugars, especially deoxyamino sugars, are found
in clinically important antibiotics such as antimicrobial
macrolides and anthracycline antitumour antibiotics.1

In most instances, the sugar parts of these antibiotics
are essential for biological activity; however, the func-
tions of the sugar moieties have not yet been evaluated.2

We envisaged that a modification of the sugar moieties
of these antibiotics may serve as a tool for investigating
the significance of amino sugars and the structure–activ-
ity relationship. For this purpose, a versatile synthetic
route for deoxyamino sugars is highly desirable. Fur-
thermore, we expected that such a route would also be
beneficial for elucidating the biosynthetic route of anti-
biotics.3,4 We were especially interested in developing a
new synthetic route for deoxyamino sugars from non-
sugar material. Recently, we reported the iodocyclisa-
tion of the carbamate based on the (E)-a,b-unsatu-
rated ester moiety indigenous to the starting material
(ethyl sorbate) for the synthesis of 4-amino-2,4,6-
trideoxysugar.5

Our next target deoxyamino sugars were 3-amino-2,3,6-
trideoxyhexoses6 such as daunosamine, an amino sugar
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component of daunomycin. In an attempt to synthesise
3-amino-2,3,6-trideoxyhexoses effectively, we planned to
develop a new nitrogen-introducing intramolecular
conjugate addition expectantly with 1,2-asymmetric
induction. The intramolecular conjugate additions are
a well-documented method for the heterofunctionalisa-
tion of alkene; especially, the intramolecular conjugate
addition of the carbamates has been used for the synthe-
sis of 3-amino-2,3,6-trideoxyhexoses.7 However, to our
knowledge, the intramolecular conjugate addition of
trichloroacetimidates involving a,b-unsaturated esters
in the acyclic systems was never reported.8 In this paper,
we describe a novel intramolecular conjugate addition of
c-trichloroacetimidoyloxy-a,b-unsaturated esters in an
acyclic system, especially for the synthesis of the precur-
sors of the 3-amino-2,3,6-trideoxyhexoses, DD-daunos-
amine, DD-acosamine, DD-ristosamine and 3-epi-DD-
daunosamine starting from the chiral diol available by
Sharpless asymmetric dihydroxylation (AD) (Scheme 1).

Starting known chiral allyl alcohol 1a5 was obtained
from commercially available ethyl sorbate by Sharpless
asymmetric dihydroxylation using dihydroquinidine
phthaladine [(DHQD)2PHAL] as a chiral ligand (AD-
mix b)9 and the subsequent selective protection of the
5-hydroxyl group as its 5-tert-butyldimethylsilyl (TBS)
ether. The enantiomeric purity of 1a was determined
to be 93% ee by the 1H NMR analysis of the corre-
sponding ester with (+)/(�)-MTPA (a-methoxy-a-tri-
fluoromethylphenylacetic acid).10
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Scheme 1. Reagents and conditions: (a) (1) lit.5; (2) DBU, Cl3CCN, CH3CN, �20 �C (99%); (b) condition A: cat. DBU, CH3CN (�20 �C: 67% for
3a, 19% for 3b; 0 �C: 92% for 3c, 3.4% for 3d); condition B: cat. tert-BuOK, THF (�78 �C: 23% for 3a, 58% for 3b; �62 �C: 37% for 3c, 42% for 3d);
(c) (1) PPh3, DEAD, HCO2H, benzene, rt; (2) dil NH3 aq, EtOH, rt; (61%, two steps); (3) DBU, Cl3CCN, CH3CN, �20 �C (94%); (d) 3 M HCl,
EtOH, reflux; evaporation; PhCOCl, sat. NaHCO3 aq, acetone, rt (51% for 4a, 64% for 4b, 19% for 4c, 79% for 4d).

8778 Y. Matsushima, J. Kino / Tetrahedron Letters 47 (2006) 8777–8780
Firstly, allyl alcohol 1a thus obtained was dissolved
in acetonitrile and treated with trichloroacetonitrile
(Cl3CCN) and 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) to produce trichloroacetimidate 2a11 in a quanti-
tative yield. Under the usual conditions (Cl3CCN: 1.2–
3.0 equiv, DBU: 0.12–1.2 equiv, 0 �C to rt), the substan-
tial migration of the TBS protecting group from the hy-
droxyl group at C-5 to that at C-4 was observed during
the course of the reaction. During the course of the close
analysis of by-products along with TBS migration, we
fortunately found a small amount of desirable conjugate
adducts, trans-oxazoline 3a12 and cis-oxazoline 3b,12 to
be formed. To prevent this migration the reaction was
needed to be performed in the presence of a large excess
of Cl3CCN (ca. 10 equiv) at �20 �C for several minutes.
Under these conditions almost no conjugate adducts
were obtained and prolonged time or increased temper-
ature did not afford the conjugate adducts in a good
yield. However, after the isolation, the trichloroacetimi-
date 2a underwent a facile cyclisation with a moderate
diastereoselectivity to produce these oxazolines by treat-
ment with potassium tertiary butoxide (tert-BuOK) or
DBU as the basic catalysts especially at low tempera-
ture.13 Stereoselectivity in the cyclisation can be antici-
pated using the transition state (TS) models shown in
Figure 1. The cyclisation is thought to proceed through
the trans-TS model to give the trans-oxazoline 3a, since
cis-TS model is unfavourable than the trans-TS model
due to its steric hindrance between the somewhat bulky
side chain R and the alkenyl group. However, interest-
ingly, diastereoselectivity during the attack of an imide
nitrogen was found to be moderately controlled by the
catalyst used in the reactions; trans-oxazoline was dom-
inantly produced (3a:3b = 78:22) in the presence of a
catalytic amount of DBU in acetonitrile (condition A),
whereas cis-oxazoline was the major product in the pres-
ence of a catalytic amount of tert-BuOK (3a:3b = 28:72)
in THF (condition B).

It was reported that in an oxazoline ring the small cou-
pling constant (6 Hz) corresponded to trans form and
the large one (9 Hz) to cis form.14,15 Therefore, its rela-
tively small coupling constant ðJ H-40 ;50 ¼ 6:0 HzÞ implied
the trans stereochemistry of compound 3a and relatively
large coupling constant ðJ H-40;50 ¼ 9:6 HzÞ implied cis
stereochemistry of the compound 3b. Additionally, the
stereochemistry of the both compounds was also con-
firmed by the nuclear Overhauser enhancement (NOE)
experiment.16

In an attempt to expand our strategy to the other kinds
of 3-amino-2,3,6-trideoxyhexoses, such as acosamine
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Figure 1. Proposed transition state models for cyclisation.
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and ristosamine, the stereochemistry of the hydroxy
group (C-4) of the starting allyl alcohol 1a was suitably
inverted by the Mitsunobu reaction, followed by the
hydrolysis of the formate to afford the allyl alcohol 1b
in a 61% yield.17 As described with 2a, the trichloroace-
timidate 2b was produced under the same condition
from 1b in a 94% yield. In the next intramolecular con-
jugate addition, the reversal of diastereofacial selectivity
was also observed, however, the ratios were different to
some extent; namely: trans-oxazoline 3c12 was predomi-
nantly produced (3c:3d = 96:4) under condition A,
whereas cis-oxazoline 3d12 was the slightly major prod-
uct (3c:3d = 47:53) under condition B.

With four diastereomers in hand, the final manipulation
of our work was the transformation to the known N-Bz-
c-lactones; the exact precursors18a of 3-amino-2,3,6-tri-
deoxyhexoses. To this end,19 the hydrolysis of the TBS
protecting group and oxazoline ring of the compounds
3a–d and their spontaneous lactone formation were rea-
lised by heating with 3 M hydrochloric acid in ethanol,
followed by evaporation to afford the corresponding c-
lactone hydrochlorides, respectively. The crude products
thus obtained were immediately suspended in acetone
and treated with saturated aq sodium bicarbonate and
benzoyl chloride to produce the desired N-Bz-c-lactones
4a–d, the precursors for the synthesis of N-Bz-protected
3-epi-DD-daunosamine, DD-daunosamine, DD-acosamine
and DD-ristosamine, respectively (51% for 4a; 64% for
4b; 19% (not optimised) for 4c; 79% for 4d) for the
two steps. The spectral data and optical rotation of
the resulting compounds 4a–d were, respectively, identi-
cal to those reported in the literature.7,18

In conclusion, we have succeeded in developing a very
concise route for N-Bz-protected DD-daunosamine, DD-
acosamine, DD-ristosamine and 3-epi-DD-daunosamine
using a novel intramolecular conjugate addition of c-
trichloroacetimidoyloxy-a,b-unsaturated esters, demon-
strating that our synthetic strategy is applicable to the
synthesis of 3-amino-2,4,6-trideoxysugars from non-
sugar starting chiral diol. Further studies on this type
of intramolecular conjugate additions are now in
progress and will be reported in due course.
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