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An enantioselective preparation of the four diastereomeric 3-amino-2,3,6-trideoxy-hexoses, key components of anthracycline antibiotics, has
been developed. Sharpless catalytic asymmetric epoxidation of the (2E)-2,5-hexadien-1-ol, regioselective ring opening with azide, followed by
convenient functional group transformations, afforded the key aldehydes cis- or trans-6 in any configuration. The diastereoselective addition
of methylmetal reagents to these aldehydes followed by ozonolysis gives access in a completely stereocontrolled manner to the four isomeric
trideoxyaminosugars.

Anthracycline antibiotics have received much attention stereoselective, and stereocontrolled syntheses of the not
because of their bioactivity against a wide range of human readily available four diastereomeric 3-amino-2,3,6-trideoxy-
tumors! A large number of these clinically important L-hexoses (1—4) (Figure 2). A wide variety of approaches
antibiotics, for example, daunomycil),(adriamycin (ll), that range from classical sugar chemistisynthesis from

or epirubicin (1), consist of a tetracyclic chromophore and  other chiral pool moleculesgatalytic asymmetric synthesis,
one amino sugar residue (Figure 1). Clinical studies revealeduse of chiral auxiliarie§ and enzymatic methotlkave been

that the relative stereochemistry of the functional groups in reported.

the glycosidic component strongly influences the bioactivity
of the drug. It has been reported that changhtiaunosamine
(1) to the 4-epimen,-acosamine4), as in adriamycin, nearly

suppresses the undesired toxic side effects while maintaining @ OH o
similar antitumor activity?. Therefore, the synthetic com- /,,OH R
munity has dedicated numerous efforts toward efficient, y
O O OH 6.0 _CH
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Figure 2. Structures of some natural 3-amino-2,3,6-trideoxysugars.

In a project devoted to the synthesis of different structural
types of amino acids and dipeptide isostérage have
explored the diastereoselective addition of methylmetal
reagents toN-Boc-2,2,4-trimethyloxazolidine-5-formalde-
hydes and we have succeeded in generating eithesytie
or theanti-3-amino-1,2-diols products in highly diastereo-
selective way by simple modification of the organometallic
reagenf. As an application of this general methodology for
the aminodiol fragment, we envisaged the preparation of the
four stereoisomeric 3-amino-2,3,6-trideoxyhexo%e.

Our retrosynthetic analysis involves ozonolysis of oxazo-
lidine alcohols5, stereoselectively prepared by addition of
a methylmetal reagent to oxazolidine aldehydé&s6 or
trans-6(Scheme 1). These oxazolidine aldehydes would be
in turn obtained from the common intermedidieBoc-
aminodiol 7 prepared by regioselective ring opening of the
enantiomerically enriched epoxy alcot®&lvith an ammonia
equivalent.

The synthesis started with the preparation of the known
allyl alcohol 9 from propargyl alcohol® The catalytic

(3) () Renneberg, B.; Li, Y.-M.; Laatsch, H.; Fiebig, H.-Earbohydr.
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Sharpless epoxidation was performed as desctihgsing
L-(+)-DET to afford epoxy alcohd in 84% yield and 93%

12

Enantiomerically enrichefl was subjected to nucleophilic
epoxide ring-opening by azide. Using trimethylsilyl azide
under Sharpless conditiofigroduced a completely regio-
selective reaction, although the ring-opening could be
performed somewhat more conveniently using titanium
diazidodiisopropoxidé? The corresponding azido alcohol

was then treated with a variety of reducing agents such as

SnCl, Lindlar catalyst, or LiAlH, but after protection with
Boc,O, very low yields ofN-Boc-3-amino-5-hexen-1,2-diol
(7) were obtained. Gratifyingly, conversion of the azide into
the N-Boc-aminé® could be performed efficiently by treat-
ment with PPhor PBw and reaction of the iminophospho-
rane with BogO, affording the protected aminodidin 50%
overall yield (three steps) (Sheme 2).

Res.2000,329, 861-872. (b) Herczegh, P.; Zsely, M.; Kovacs, |; Batta, || N
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Org. Chem.1990,55, 4506—4508. (c) Kita, Y.; Itoh, F.; Tamura, O.; Ke,
Y. Y.; Miki, T.; Tamura, Y.Chem. Pharm. Bull1989,37, 1446—1451.
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(9) While it was found that lithium dimethyl cuprate in ether solution
adds into these aldehydes with high syn diastereoselectivity, an excellent
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Aldehyde cis-6 was prepared fromN-Boc-3-amino-5-
hexen-1,2-diol through the following sequence: protection
of the primary hydroxyl group, formation of the oxazolidine
ring, deprotection, and oxidation. Thus, treatment @fith
tert-butyldiphenylsilyl chloride/imidazole in DMF afforded
chemoselectively thdert-butyldiphenylsilyl ether10 in
excellent yield. Subsequent treatment with excess 2,2-
dimethoxypropane (DMP) in the presence of a catalytic
amount of p-toluenesulfonic acid in benzene at reflux
provided the silyloxymethyloxazolidinkl also in high yield.
The primary hydroxyl group was then selectively deprotected
by treatment with tetrabutylammonium fluoride in THF and
oxidized under Swern conditiohsto afford the target
aldehydecis-6 almost quantitatively (Scheme 2).

The results of the diastereoselective addition of methyl-
metal reagents to aldehyaés-6 are shown in Table 1. As

ing the Sharpless epoxidation with(—)-DET. Ozonolysis

of cis-anti5 afforded the protected Ristosamine derivative
14as a 9:1 epimeric mixture that could be fully characterized
(Scheme 3).

Scheme 3
%O NHAC
1) O3 MesS
BocN cH, )OaMeS Ohe
2) HCI, MeOH
= OH 3) Acy0,pyr MeQO” ~O~ "Me
cis-syn-5 13, 56% (3 steps)
WLO O3, Me,S BOC\NA(
= OH HO* 0" “Me
cis-anti-5 14, 80%

Table 1. Methyl Addition to Aldehydecis-6

\/Lo choM \/Lo jLo
BocN o ==~ BocN CHs + BocN CHa
= H = OH = E)H

cis-6 cis-syn-5 cis-anti-5
reagent solvent, T, time yield syn/anti@
Me,CuLi Et,O, —20°C, 5 h 81% 93/7
MeLi/TiCly Et,0, —30°C, 3 h 73% 4/96

aDetermined by GC.

expected from our previous woPkaddition of lithium
dimethylcuprate in diethyl ether afforded the syn diastere-
omer in excellent diastereoselectivity, whereas MeLi in the
presence of TiGl provided almost exclusively the anti
isomer.

Reductive ozonolysi8 of cis-syn-5afforded a mixture of
hemiacetals corresponding to a protected forno-@aun-
osamine. To facilitate the characterization of the product, it
was deprotected with HCI/MeOH and treated with,@do
afford the known derivativé3'° as an (8:2) acetalic mixture.
Obviously, the corresponding enantiomer witkonfigura-
tion would be obtained with the same sequence but perform-
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M.; Masamune, H.; Ko, S. Y.; Sharpless, K. 8 Am. Chem. S0d.987,
109, 5765—5780.

(12) Determined byH NMR of the corresponding Mosher ester.

(13) Caron, M.; Sharpless, K. B. Org. Chem1985,50, 1557—1560.

(14) Caron, M.; Carlier, P. R.; Sharpless, K.B.Org. Chem1988,53,
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Aminosugars with a trans configuration between the
3-amino and the 4-hydroxyl would be available starting from
aldehydetrans-6. The simplest solution involves a base-
catalyzed epimerization of the corresponding cis isGh#r
(Scheme 4).

Scheme 4
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Treatment oftis-6 with potassium carbonate in methanol
overnight afforded a 5/1 mixture dfans-tis-6 that was
submitted to the addition of methylmetal reagents (Table 2).

Table 2. Methyl Addition to Aldehydetrans-6

Lo

BiN/\l)/,,,/o CHsM | BooN 2 _CHj + BooN < CHs
== “[*/ Jj" J\g”
trans-6 trans-syn-5 trans-anti-5
reagent solvent, T, time yield syn/anti
Me,CulL.i Et,0, —20°C,5h 72% 89/11
MeLi/TiCly Et,0, —30°C, 3 h 81% 6/94

As expected according to our previous stddlye reaction
with lithium dimethyl cuprate afforded thgans-syn-5in
good vyield and selectivity. On the other hand, the reaction
with MeLi/TiCl, afforded trans-anti-5as the major com-
pound. In both cases, the major isomer was purified by

(20) Thaisrivongs, S.; Pals, D. T.; Kroll, L. T.; Turner, S. R.; Han, F. S.
J. Med. Chem1987,30, 976—982.
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chromatography and submitted to reductive ozonolysis. Theused in the Sharpless epoxidation, the configuration at C-4
trans stereochemistry of the oxazolidine prevented the by the epimerization (or not) of the oxazolidinecarbaldehyde
cyclization of the hydroxy aldehydes, which were conse- intermediate, and the configuration at C-5 by the organo-
guently submitted to acid hydrolysis in methanol, leading metallic reagent used in the methyl addition (Figure 3).

to the corresponding aminosugars. To facilitate characteriza-

tion, the crude products were acylated with acetic anhydride.
Thus, the sequence of ozonolysis, hydrolysis, and acylation

of trans-syn5 afforded, in good overall yield,5, a know#! somerization of the carbaldehyde
. . . . . . cis: no epimerization
derivative of L-Epi-daunosamine?. Likewise, the same Sharpiass Epoxidation NH, /] {rns: spmerizaton
. . . . . . / Azide openirn
sequence starting witinans-anti5 led to diacetyl derivative Lrtatet S OH

D tartrate: R

Organometallic addition
cis: Syn addition (Me,CuLi}
trans: Anti addition (RLI/TiCl,)

of p-Acosaminelé?? (Scheme 5).

HO™ 0" "CH;

Figure 3. General approach to aminosugars with control of the

Scheme 5 configuration of the stereogenic centers.
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In summary, we have developed a new enantioselective (1) (a) byong, I.: Wiemann, RChem. Ber1980,113, 1592—602. (b)
entry to 3-amino-2,3,6-trideoxysugars with complete control \,\/AVade, Fs. /}%(.; %‘AmtﬁroslonS.oG.; Féa;]o, Jigé;?Sg;rrgg?,lSé:.?;?Cole, D.T;
. . . urral . K., Carroll, P. . Org. em y y -
of the stereochemistry of the three contiguous stereogenic (22¥Socha, D.: Jurczak, M_?Chmielewski‘ Nletrahedron1997, 53,

centers. The configuration at C-3 is controlled by the tartrate 739-746.
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