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A short step preparation of cyclitol derivative 8 which is a versatile synthon for the synthesis of valiolamine and its related compounds is
described. Key steps in this preparation are a novel enol ether formation from spiro sugar ortho esters with AlMe; and an intramolecular Aldol
condensation of alkyl enol ethers catalyzed by ZnCl, in THF-H,0. With these reactions, gluconolactone derivative 1 was efficiently converted

into 8 in short steps.

Carbasugars and carbaaminosugars have attracted muchaper, we report a novel and facile procedure for the effective

attention due to their activities as glycosidase inhibitors,

conversion of gluconolactone to the cyclitol derivati®g

whose potential use as therapeutic agents against HIVwhich is a versatile synthon for the synthesis of valiolarfirie,

infection and diabetes was recently recognizé¢arious

methods for the synthesis of these molecules have been
developed, and the use of carbohydrates as synthetic precur-

sors for cyclitol derivatives has been widespréadh this
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recently synthesized by Fukase and Horii on the basis of with a smaller amount of aluminum reagent, ketalas also

the intramolecular Aldol condensation of thea-bis-

(methylthio)- ora,o-dichlorocarbonyl compound; however,

detected as a product. TLC analysis revealed thatas
formed via4 under these conditions. Actually, isolatétvas

a desulfurization or dechlorination step was necessary tosmoothly converted int§, by treatment with AIMg These
accomplish the preparation of this molecule using their results indicated that the first step of this reaction was the
method. In the procedure presented here, the alkyl enol ethercleavage of a pyran ring of the sugar moiety caused by the
compound that was prepared directly from a spiro sugar orthoinsertion of a methyl anion from AlIMgand the second step
ester by a novel methyl anion insertion and a subsequentwas cleavage of a dioxane ring accompanied by proton
ring opening reaction was used as the key intermediate, elimination!? The first step ring opening which was caused

which shortened the steps for the preparation8o&nd
improved the vyield.
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8 valiclamine voglibose

by the two-faced character of AlMevas presumed to be
assisted by tha-electrons of two oxygen atoms of a dioxane
ring .3

As the resulting enol compound seemed to be a suitable
precursor for the preparation of cyclitols based on the
intramolecular Aldol condensation, we planned to develop
a new method for the synthesis of these molecules and
prepared a 5-keto species fréhaccording to the conditions
shown in Scheme 2. Treatment 6fwith TBDMSCI (2

Recently, we have thoroughly explored the reactivity of
sugar ortho esters for the purpose of developing the reductiv_
glycosylation methods by which the glycosyl linkages are Scheme 2

formed as the result of hydride anion attack to the spiro OBn TBDMSCI OBn
carbon atoms of the ortho ester molecillés an extension BHO%H EtsN, DIMAP B'é?&ﬁ"z OTBDMS
BnO

X , . - 0
of this study, we investigated the reactivity of the methyl " Bno o DMF
anion to sugar ortho esters and revealed that gluconolactone r.t., under Ar

ortho ester was smoothly converted into an enol ether sh 6 9%
compound by treatment with AIMeAs shown in Scheme OBn
1, ortho este which was prepared from lactorié® and Ac0/DMSO ngoj%%/ OTBDMS
rt., under Ar, 2 d BnO oJ/(
7 82%
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2,2-dimethylpropanedio? in 94% vyield according to the
method previously reportétwas treated with 5 equiv of
AlMes (1.0 M n-hexane solution) in CKLI, for 2 h atroom

temperature to afford enol eth&iin 93% yield. In the case
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equiv), EtN (5 equiv), and DIMAP (0.2 equiv) in DMF
provided the silyl-protected compour&lin 91% vyield!*
which was converted into the keto derivativdy exposure

to excess AgD/DMSO. The yield of7 was increased by
changing the ratio between /@ and DMSO to 1:4 from
the usual 1:1; however, the keto product was partially
decomposed during column chromatography to reduce the
yield to 82%.

While the aldol condensation with silyl enol eth€reas
been frequently used in products syntheses, there have been
few reports on the related reaction with alkyl enol ethers
recently?® Thus, the conditions for the cyclization @fwvere
next investigated. As shown in Table 1, hydrolysis product
9 was the main product instead of the desired compdind
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Table 1. Intramolecular Aldol Condensation @fwith Acid Catalysts

OBn OBn OBn
BnO = Acid Catalysts BnO
Bno/é\oK OTBDMS y Bnotﬁ + Bno’é&(
BnO \/g Bn i 0 BnO

0 THF or THF /HO (19:1) HO OBn o)
7 8 9
% yield®
entry reagent reagent/7 additive temp time 8 9 7 (recovery)
12 PPTS 1.0 rt 18 h 28 51 ndd
22 BF3-Et,0 1.0 rt 15 mim 69 1 nd
32 ZnCl; 1.0 rt 18 h 68 nd nd
4b ZnCl, 1.0 H,0 rt 18 h 28 nd 67
50 ZnCl, 2.0 H,0 rt 18h 43 nd 50
6P ZnCl, 2.0 H,0 reflux 4h 90 nd nd
7° HCI 2.0 H.0 rt 30 min 4 62 nd
gb La(OTf)3 1.0 H20 rt 18 h 9 nd 84
9P YbCl,-6H,0 1.0 H>0O rt 24 h trace® nd 91

aReactions were carried out in THEReactions were carried out in THR/@ (19:1).¢ Isolated yields based on ¢ Not detected® <0.5%.

when PPTS was used as an acid catalyst (entry 1). With || A

ZnCl, or BRs-Et,O in honaqueous solvent (entries 2 and 3),

the formation of9 was suppressed; however, the yieldBof OBn Scheme 3

was less than 70% because of the undesired side reactiong, ) Ac,O/DMSO OBn
and product decomposition. Remarkably, it was revealed that Beo OTBDMS : Bgﬁ&
the addition of water improved the product selectivity in the 2) ZnCh HO OBn 0
ZnCl-catalyzed cyclization of (entries 4 and 5). Although THF/H0 8 80%
the rate of the reaction was reduced by the additon of water 0Bn

(entry 4 vs 3), the reaction with 2 equiv of the catalyst under BnO OH 1) Ac,0/DMSO OBn
reflux conditions proceeded efficiently to affoBlin 90% BnO 5 OH ngm
yield (entry 6). Since the product distribution in the reaction Ok 2) ZnCl, HO OBn ©
with HCI was far different from that in the case with ZnCl 5 THF/ HO 8 73%

(entry 7 vs 5), it seemed rational to assume that the zinc

complex catalyzed the reaction instead of a proton in aqueous ZnCly OBn
solvent. Water might change the reactivity of Zp®ly Bnoé\o\% _ THF/HO | B'B‘g@
coordination to a metal center or might assist the reaction B0 J/( Hc') 0Bn ©
by providing an excess amount of hydroxy units. Recently, 8 83%
aldol condensation of silyl enol ethers with various metal
catalysts in aqueous THF was reportéds shown in entries
8 and 9, La(OTf) or YbCl-6H,0, which were efficient practically, oxidation of5 followed by cyclization of the
catalysts for the reaction with silyl enol ethers, were not as crude oxidation products according to the same procedure
effective as ZnGlfor this cyclization (entries 8 and 9 vs 4), used for the silyl-protected enol eth@érmafforded8 in 73%
which might be explained by considering the steric hindrance yield based on5 (Scheme 3). The main product of the
of large lanthanide complexes. oxidation of5 was the dioxo specie) which was generated
As described above, the 5-keto enol etheras not stable by the oxidation of both of & and 2-alcohols. The 5-keto
in a silica gel column; however, it was revealed that column species with a methylthiomethyl functionality on thé- 1
purification of 7 was not necessary for efficient cyclization alcohol whose type of byproduct was often detected isO#Ac
under the above conditions. After the usual workup (washing DMSO oxidation was also obtained. Fortunately, the enol
with H,0), crude7 was treated with ZnGlin THF/H,O and ether moiety of10 selectively reacted with ketone in sugar
converted intdB in 80% yield based o6 (Scheme 3). More  under the above conditions to affoddn 83% yield (Scheme
3); thus the desired product was obtained in good yield
(16) Reaction with acetals or ketals: (a) Effenbergeiigew. Chem.,  directly from 5. The process presented here with few steps
Int. Ed. Engl 1969 8, 295. (b) Isler, O.; Lindlar, H.; Montavon, M.; Riiegg, . . .
R.: Zeller, P Helv. Chim. Actal956,39, 249. (c) Fishman, D.; Klug, J. T.. ~ and a 64% total yield based dh provides a facile and
Shani, A.Synthesid981, 137. (d) von der Briiggen, U.; Lammers, R.; Mayr,  efficient method for the synthesis 8fand may be a new
H. J. Org. Chem1988,53, 2920. practical entry for the preparation of cyclitols. Extension of

(17) Kobayashi, S.; Nagayama, S.; Busujima).JTAm. Chem. So@998 . . ; . . ) .
120, 8287. this study is now under investigation in this laboratory.
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