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ABSTRACT

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
polyhydroxylated amines are saccharide-like compounds with
diverse biological activities1 (Figure 1). Diaminocyclitols
such as 2-deoxystreptamine2 are key structural fragments of
aminoglycoside antibiotics,3 a large class of clinically
important antibiotics with a broad antibacterial spectrum and
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 biosynthesis4 and as potential inhibitors

of important metabolic processes such as glycolysis.5 Note-
worthy examples of this family include validamine6 and
valienamine,6b,7which are specificR-D-glucosidase inhibitors.
Conduramines8 are purely synthetic aminocyclohexenetriols
that also have significant glycosidase inhibitory activity, such
as that of theN-benzyl derivative of conduramine B-1.9
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Figure 1. Some conduramines, aminocyclitols, and related com-
pounds with biological interest.
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Moreover, these compounds have proven most useful as
synthetic precursors of amino- and diaminocyclitols, having
been used as intermediates for azasugars, aminosugars,
sphingosines, and narcissus alkaloids. Oseltamivir phosphate
(Tamiflu), an orally administered drug for the treatment and
prevention of influenza infections, is an important example
of a clinically useful aminocyclitol.10 Much effort has been
devoted to the development of synthetic routes to these
compounds and their derivatives,9-11 which are normally
accessed via functional group manipulation of carbohydrates
or other natural products.

Building blocks for carbasugar synthesis can be obtained
through manipulation of the double bond of the synthetic
4-deoxy-3-conduramines (1). A few strategies have been
developed to convert this class of compound or synthetic
equivalents into conduramines11a and deoxystreptamines.12

With this in mind, we sought to develop a stereodivergent
and practical asymmetric synthesis of 4-deoxy-3-con-
duramines1 (Scheme 1). We envisaged that dihydroxylation
of deoxyconduramines1 would be a convenient entry to
deoxyinosamines2, a new family of aminocyclitols.

As shown in Scheme 2, in our approach, all of the
stereoisomers of deoxyconduramines1 would be obtained
from the ring-closing metathesis (RCM) of dienes3 which,
in turn, would be obtained from the known aldehydes4 by

addition of vinylmetal reagents. Moreover, all of the stereo-
isomers of aldehyde4 had already been synthesized in our
research group13 from chiral unsaturated epoxide5 or its
enantiomer.

Our synthesis started from epoxy alcohol5, prepared
according to a literature procedure14 in 93% ee by Sharpless
epoxidation15 of 2,5-hexadien-1-ol, which is readily available
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
protection) developed in our laboratory to yield amino
alcohol 6a13 with the anti configuration. Protection as the
acetal followed by deprotection afforded the cis isomer of
alcohol8 (Scheme 3). Oxidation of the alcohol gave the cis
isomer of aldehyde4, which could be epimerized16 in the
presence of catalytic base to afford an 84:16 trans/cis mixture
of 4. However, to avoid using a mixture of products in the
following steps, the trans isomer of8 was prepared by a
completely stereoselective alternative procedure based on
inversion of the secondary alcohol. Compound6a was
subjected to Mitsunobu conditions17 (p-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 yield6b. Alcohol 6b was then submitted
to the same reaction sequence as6a to afford the diastereo-
merically pure trans isomer of8 (Scheme 3).

With both isomers of alcohol8 in hand, we proceeded to
study the diastereoselective addition of vinylmetal reagents
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Scheme 1. Deoxyconduramines as Key Building Blocks Scheme 2. Retrosynthetic Analysis of Aminocyclitols2
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to the corresponding cis and trans aldehydes4. The 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,13 addition of lithium divinylcuprate in diethyl ether
afforded the syn diastereomers in good to excellent diaste-
reoselectivity, whereas vinyllithium provided the anti isomer

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 theâ-position of the
aldehyde is especially noteworthy: if the oxazolidine is cis,
a syn addition is favored, whereas thetrans-oxazolidine
increases the proportion of the anti product.18

cis-anti-9 andcis-syn-9 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 dienes9
were subjected to RCM19 using the first generation Grubbs
catalyst to afford the protected 4-deoxy-3-conduramines10
in good to excellent yields (Scheme 4).

At this point, changing the protecting groups in10a
allowed us to obtain a crystalline compound11a (Scheme
5). Single-crystal X-ray diffraction of this compound con-

firmed the stereochemistry and facilitated the unambiguous
stereochemical assignment of all isomeric dienes10.20

Finally, deoxyconduramines10 were subjected to dihy-
droxylation using catalytic osmium tetraoxide, and the crude

Scheme 3. Synthesis of the Cis and Trans Isomers of
Oxazolidine Alcohol8

Table 1. Preparation of Dienes9 from Alcohols8

a Overall yield (three steps).b Determined by GC.

Scheme 4. Syntheses of All Isomers of Deoxyconduramines
10 by RCM of the Corresponding Dienes9

Scheme 5. Derivatization of Compound10a
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products were directly protected as acetates yielding the
protected aminocyclitols12 (Scheme 6). In all cases, the
diastereoselectivity was very high, yielding a single isomer
of 12 in high yields. The stereochemistry of aminocyclitols
12 was established by X-ray analysis of the crystalline
product12d20 combined with NOESY spectroscopic experi-

ments. In cis bicyclic acetals10a and10b, the dihydroxy-
lation takes place anti to the bulky oxazolidine group.
Conversely, in trans isomers10c and10d, dihydroxylation
occurs anti to the contiguous acetoxy group. An alternative
procedure involved the protecting group cleavage by acidic
hydrolysis after the dihydroxylation reaction of10 to afford
aminocyclitols2.

In summary, we have developed a new enantioselective
entry to 4-deoxy-3-conduramines1 with full stereochemical
control of the three contiguous stereogenic centers. In
addition, the compounds have been derivatized to obtain the
new family of aminocyclitols2 by simple diastereoselective
cis dihydroxylation of the double bond (Figure 2).
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Scheme 6. Syntheses of Aminocyclitols12

Figure 2. General approach to aminocyclitols2 featuring full
control of the stereogenic centers.
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