ORGANIC
LETTERS

Stereodivergent Syntheses of ey

Conduramines and Aminocyclitols 30693072

Carlos Alegret, T Jordi Benet-Buchholz, * and Antoni Riera* '

Unitat de Recerca en &tesi Asimg&ica (URSA-PCB), Institut de Recerca Biodiea
(IRB), and Departament de Quica Organica, Universitat de Barcelona,

Parc Cientfic de Barcelona, C/ Josep Samitier 1-5, 08028 Barcelona, and

Institute of Chemical Research of Catalonia (ICIQ), Avda dels Paisos Catalans, 16,
43007 Tarragona, Spain

ariera@pcb.ub.es

Received April 28, 2006

ABSTRACT

NH
NH 2
WLO 2 OH

BocN . OH
R gt e

OH
cis-4 or trans-4 1 2

The diastereomers of 6-amino-cyclohex-3-ene-1,2-diols 1 (4-deoxy-3-conduramines), key building blocks for the syntheses of a large range of
natural products, have been enantioselectively prepared. Diastereoselective dihydroxylation of the compounds provided a new family of
aminocyclitols 2 (deoxyinosamines). The key reactions of our syntheses are Sharpless catalytic asymmetric epoxidation, diastereoselective
addition of vinylmetal reagents to the aldehydes, and ring-closing metathesis (RCM).

Amino alcohols are ubiquitous in nature. Some cyclic of important metabolic processes such as glycol/slste-
polyhydroxylated amines are saccharide-like compounds with worthy examples of this family include validamfand
diverse biological activitiés(Figure 1). Diaminocyclitols  valienamineé®’which are specifie-p-glucosidase inhibitors.
such as 2-deoxystreptamfrare key structural fragments of Conduraminésare purely synthetic aminocyclohexenetriols
aminoglycoside antibiotick,a large class of clinically thatalso have significant glycosidase inhibitory activity, such
important antibiotics with a broad antibacterial spectrum and as that of theN-benzyl derivative of conduramine B21.
proven efficacy in the treatment of serious infections. Owing
to their sugar-mimetic structure, aminocyclitols such as
deoxyinosamines have garnered interest as key intermediates

in aminoglycoside biosynthediand as potential inhibitors o NH2 HO NiHBn
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Scheme 1. Deoxyconduramines as Key Building Blocks

Scheme 2. Retrosynthetic Analysis of Aminocyclitol®
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addition of vinylmetal reagents. Moreover, all of the stereo-
isomers of aldehydd had already been synthesized in our
research group from chiral unsaturated epoxide or its

Moreover, these compounds have proven most useful asenantiomer.

synthetic precursors of amino- and diaminocyclitols, having

Our synthesis started from epoxy alcotml prepared

been used as intermediates for azasugars, aminosugarsiccording to a literature proceditén 93% ee by Sharpless
sphingosines, and narcissus alkaloids. Oseltamivir phosphatepoxidatior® of 2,5-hexadien-1-ol, which is readily available

(Tamiflu), an orally administered drug for the treatment and
prevention of influenza infections, is an important example
of a clinically useful aminocyclitol® Much effort has been

in multigram quantities from propargyl alcohol and allyl
bromide. The product was then subjected to a high-yielding
procedure (epoxide ring opening, azide reduction, and

devoted to the development of synthetic routes to theseprotection) developed in our laboratory to yield amino

compounds and their derivativés't which are normally

alcohol 6a® with the anti configuration. Protection as the

accessed via functional group manipulation of carbohydratesacetal followed by deprotection afforded the cis isomer of

or other natural products.

alcohol8 (Scheme 3). Oxidation of the alcohol gave the cis

Building blocks for carbasugar synthesis can be obtainedisomer of aldehyde, which could be epimerizéflin the

through manipulation of the double bond of the synthetic

presence of catalytic base to afford an 84:16 trans/cis mixture

4-deoxy-3-conduramines (1). A few strategies have beenof 4. However, to avoid using a mixture of products in the
developed to convert this class of compound or synthetic following steps, the trans isomer &fwas prepared by a

equivalents into conduramingsand deoxystreptaminés.
With this in mind, we sought to develop a stereodivergent
and practical asymmetric synthesis of 4-deoxy-3-con-
duraminedl (Scheme 1). We envisaged that dihydroxylation
of deoxyconduramineg would be a convenient entry to
deoxyinosamineg, a new family of aminocyclitols.

As shown in Scheme 2, in our approach, all of the
stereoisomers of deoxyconduramiriesvould be obtained
from the ring-closing metathesis (RCM) of dieri@#hich,
in turn, would be obtained from the known aldehydelsy
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completely stereoselective alternative procedure based on
inversion of the secondary alcohol. Compoufid was
subjected to Mitsunobu conditioHigp-nitrobenzoic acid and
DIAD in toluene, as THF led to lower yields) to give the
p-nitrobenzoate ester with the syn configuration, which was
reduced with RedAl (attempts to use Dibal-H resulted in a
decreased yield) to yiel@b. Alcohol 6b was then submitted
to the same reaction sequencesago afford the diastereo-
merically pure trans isomer & (Scheme 3).

With both isomers of alcohd@ in hand, we proceeded to
study the diastereoselective addition of vinylmetal reagents
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Scheme 3. Synthesis of the Cis and Trans Isomers of
Oxazolidine Alcohol8
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Scheme 4. Syntheses of All Isomers of Deoxyconduramines
10 by RCM of the Corresponding Dien&s
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to the corresponding cis and trans aldehytlekhe aldehydes
were readily obtained via Swern oxidation and subsequently
reacted without purification with various vinylmetal reagents.
The crude reaction products were acetylated to facilitate
workup and chromatography. The most interesting results
are shown in Table 1. In close agreement with our previous
work,*? addition of lithium divinylcuprate in diethyl ether
afforded the syn diastereomers in good to excellent diaste-
reoselectivity, whereas vinyllithium provided the anti isomer

Table 1. Preparation of Diene8 from Alcohols8

l( i) Swern ox. BocN)( Boch(
BocN 5 ) o . o

y iZ M) A 37 y
o i) Ac0
AcO AcO
cis-8 cis-anti-9 cis-syn-9
reagent solvent, temp, time yield® anti/syn®
CH,=CH-MgBr THF, -78 = 0°C,4.5h 65% 1/2
CH,=CH -Li Et,0,-78 - -40°C,2.5h  66% 4/1
(CH=CH),CuLi  Et0,-78 —=-33°C,2.0h  55% 1/95
Boch( i) Swern ox. BocNA( BocNA(
O NN RO 0
/ N P 7 \
o i) Ac0 o
AcO AcO
trans-8 trans-anti-9 trans-syn-9
reagent solvent, temp, time yield® anti/syn®

46%
31%
41%

2/1
14/1
1/5

CH,=CH MgBr/Cul
CH,=CH-Li
(CH,=CH),CuLi

Et;0, 78 — -33°C, 2.5 h
EtO, -78 — -25°C, 2.0 h
Et,0, -78 — -40°C, 2.0 h

aQverall yield (three steps¥.Determined by GC.
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in moderate to good selectivity. As expected, vinylmagne-
sium bromide reagents afforded a mixture of acetates with
poor selectivity. Attempts to use Lewis acids to improve the
selectivity resulted in decomposition of the aldehydes. The
influence of the stereochemistry at tifeposition of the
aldehyde is especially noteworthy: if the oxazolidine is cis,
a syn addition is favored, whereas th@ans-oxazolidine
increases the proportion of the anti prodtfct.

cis-anti9 andcis-syn9 were easily separated by conven-
tional chromatography; however, the corresponding trans
dienes were impossible to separate at this stage. Fortunately,
the final aminocyclitol products derived from trans isomers
could be easily purified on column. All isomeric dien@s
were subjected to RCMusing the first generation Grubbs
catalyst to afford the protected 4-deoxy-3-conduramites
in good to excellent yields (Scheme 4).

At this point, changing the protecting groups ifa
allowed us to obtain a crystalline compouhila (Scheme
5). Single-crystal X-ray diffraction of this compound con-

Scheme 5. Derivatization of CompoundOa

BocN° O BocHN  OAc
i) HCI / Et,0O (R) (R)
OAC iy Ac,0, 4-DMAP OAc
NEts, DCM
10a 40% (two steps) 11a

(from cis-anti-9)

firmed the stereochemistry and facilitated the unambiguous
stereochemical assignment of all isomeric dieh@3°

Finally, deoxyconduramine$0 were subjected to dihy-
droxylation using catalytic osmium tetraoxide, and the crude
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Scheme 6. Syntheses of Aminocyclitol$2
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AcO 12bOAC Figure 2. General approach to aminocyclitols featuring full
>< control of the stereogenic centers.
>< BocN O ] ] ] ]
BocN O ) 0804 cat,, NMO S ments. In cis bicyclic acetals0a and 10b, the dihydroxy-
4 . . .y
Q OAc - "OAc lation takes place anti to the bulky oxazolidine group.
fi) AcoO (81%, ZSteps)ACo A Conversely, in trans isomefic and 10d, dihydroxylation
12¢ occurs anti to the contiguous acetoxy group. An alternative
>< procedure involved the protecting group cleavage by acidic
BocN Boch 9 hydrolysis after the dihydroxylation reaction o to afford
i) 0sO, cat., NMO O_OAC aminocyclitols2.
OAC i) Acy0 (75%, 2 steps) > In summary, we have developed a new enantioselective
AcO 12d0A° entry to 4-deoxy-3-conduraminéswith full stereochemical

control of the three contiguous stereogenic centers. In
addition, the compounds have been derivatized to obtain the
new family of aminocyclitol by simple diastereoselective

products were directly protected as acetates yielding the .~ . . .
protected aminocyclitol42 (Scheme 6). In all cases, the cis dihydroxylation of the double bond (Figure 2).
diastereoselectivity was very high, yielding a single isomer  Acknowledgment. We thank MEC (CTQ2005-00623) for
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