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Abstract—Preparation of cyclitol derivatives from sugar lactones via spiro sugar ortho esters is described. The key steps are the novel enol
ether formation from sugar ortho esters with AlMnd the efficient intramolecular aldol cyclization of alkyl enol ethers with ZiCTHF/

H,0. Firstly, the spiro sugar ortho est@&s-c were prepared from the benzyl protected sugar lactbaesand 2,2-dimethylpropanedid?).

These ortho esters were efficiently converted into the enol effizersby the treatment of AlMgin CH,Cl,. The initial step of this reaction

was the pyran ring cleavage accompanied by the methyl anion insertion, and the second was the dioxane ring opening caused by the Lewis
acidity of AIMe;. The resulting alkyl enol ethers were treated with DMSQ@cand the formed keto compounds were converted into the
carbasugar9a—c by the ZnC}-catalyzed aldol cyclization in THFA®. The overall yields oPa, 9b, and9c based on the corresponding
lactonesla—c were 64, 64, and 54%, respective®.2000 Elsevier Science Ltd. All rights reserved.

Introduction Compared to the methods for the synthesis of valienarhine,
only limited methods for valiolamine synthesis have been
Cyclitol and aminocyclitol derivatives have attracted much reported;>°which are the one starting from a Diels—Alder
attention due to their activity as glycosidase inhibitors, cycloadducf? the one from Quinic Acid® the one from
whose potential use as therapeutic agents against HIV infec-p-glucose by Ferrier rearrangeméhtand the one from a
tion and metabolic disease such as diabetes was recentlyluconolactone derivativdla“*® The fourth method was
recognized. Various methods for the synthesis of these developed by Fukase and Horii, researchers in Takeda
molecules have been developed, and the use of carbo-Chemical Industries, Ltd. They prepared the inosat
hydrates as synthetic precursors for carbasugar derivativedased on the intramolecular aldol condensation of the
has been widespredd. a,a-bis (methylthio)- ora,a-dichlorocarbonyl compound
14ab (Scheme 1), and synthesized various valiolamine
One of the important target molecules in these studies is thederivative&® including voglibose (Scheme ¥ by the
natural product valiolamine (Scheme’lisolated from the ~ reductive amination from9a. Although their methods
fermentation broth ofStreptomyces hygroscopicssibsp. were efficient, final desulfurization or dechlorination step
limoneus because of its high bioactivity as an enzyme was necessary to accomplish the preparation of the
inhibitor> Many procedures for the preparation of the compoundda.
carbasugar molecules, which are structurally related to
valiolamine or its dehydro derivative valienamine, have Recently, we have also reported a novel procedure for the
been developed based on the variety of strategies.preparation of9a from la via a spiro sugar ortho ester
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intermediaté. In our procedure, the alkyl enol ether pyran ring occurs (route a), the ketal type product will be

compound, which was prepared from a sugar ortho esterobtained. After several experiments, we found that sugar

by the novel methyl anion insertion and succeeding ring ortho esters were converted into the ketal type compounds

opening reaction caused by AlMewas used as the pre- selectively by using AlMgas a methyl anion source.

cursor of the substrate for aldol cyclization. As this

compound had no extra substituent on double bond moiety, As shown in Scheme 4, the ortho es8arwas treated with

the desired inosose could be obtained without further steps.5 equiv. of AIMe (1.0 M n-hexane solution) in CyCl, for

In this paper, we report the details and the extension of this2 h at room temperature. The compoud was finally

study including the results with the mannose and galactoseconverted into the enol eth&a in 93% yield via an inter-

type sugar derivatives. mediate 4a), whose process was monitored by the TLC
analysis. By using less amount of aluminum reagent, this
intermediate was isolated to be determined as the ketal type

Results and Discussion compound4a, which was easily converted intoa by the
treatment of AlMe. It was reasonable that the first step of
Enol ether formation from sugar ortho esters with AlMe; this reaction was the cleavage of a pyran ring of sugar

moiety caused by the insertion of a methyl anion from
In these years, we have explored the reactivity of sugar AIMe; and the second was the cleavage of dioxane ring
ortho esters for the purpose of developing the reductive accompanied by the proton eliminati®hThe smooth first
glycosilation method&1° In this procedure, the glycosyl step ring opening which was caused by the two-faced char-
linkages are formed as the results of the dioxane ring open-acter of AIMeg was presumed to be assistedrbglectrons
ing caused by the hydride anion attack to the spiro carbon of two oxygen atoms of a dioxane rifg.
atoms of the ortho ester molecules (Scheme 2). As the
extension of this study, we next tried to investigate the The starting material ortho ester was prepared from the
reactivity of a methyl anion to the sugar ortho esters. In lactone 1a**P and 2,2-dimetylpropanediol2) according
Scheme 3, three possible products of the reaction of orthoto the method previously reportéd®'* The lactonela
esters and an anion are shown. If one of the carbon—oxygerwas treated witt2 in the presence of an excess amount of
bonds of the dioxane ring is cleaved (route b or c) as the TMSOMe and a catalytic amount of TMSOTf to be
result of the anion insertion, the glycoside type product will converted int@ain 94% yield (Scheme 4). It was necessary
be afforded. In the case that the C—O bond cleavage of theto remove the solvents under reduced pressure before
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guenching the reaction to obtain the ortho ester in a suitable precursor for the preparation of cyclitols based on
satisfactory yield. the intramolecular aldol condensation, we planed to

develop a new method for the synthesis of these molecules.
Interestingly, the dimethylated compoufid was detected  The conversion oba to an appropriate 5-oxo compound
as the minor product of the reaction of the propanediol ortho was firstly required, and the 5-keto enol eth@rwas
ester3d with AlMe; under above conditions, and orp prepared according to the conditions shown in Scheme 6.
was afforded in the case of the ethylene glycol ortho ester Treatment obawith TBDMSCI (2 equiv.), E4N (5 equiv.),
3€'%® (Scheme 5). It was revealed by the isolation of the and DIMAP (0.2 equiv.) in DMF provided the silyl
intermediates that the initial step in each of these reactionsprotected compound7a in 91% yield® which was
was also the ketakd or 4€) formation which was followed  converted into the keto derivati&by exposure to excess
by the dioxane or dioxolane ring cleavage. The difference in Ac,O/DMSO. The yield o8 was increased by changing the
the types of secondary ring cleavage among ortho estersratio between AgD and DMSO to 1:4 from usual 1:1,
might be explained by the difference in steric hindrance. however, the keto produd® was partially decomposed

during column chromatography, which reduced the yield
Intramolecular aldol condensation with ZnCl, in THF/ to 82%.
H,0

While the aldol condensation with silyl enol ethers has
As the resulting enol ether compounds seemed to be abeen well developetf, there have been few reports on the
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Scheme 6Reagents and conditionga) TBDMSCI, EtN, DIMAP, DMF, rt; (b) DMSO/AGO (4:1), rt.
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Table 1. Intramolecular aldol condensation 8fwith acid catalysts

Entry Reagent Reage8t/ Additive Conditions t (H) Yield (%)*
9a 10 &

1° PPTS 1.0 - rt 18 28 51 nd.
2° BFs-ELO 1.0 — rt 0.5 69 1 n.d.
3 ZnCl, 1.0 - rt 18 68 n.d. n.d.
4° ZnCl, 1.0 HO rt 18 28 n.d. 67
5° ZnCl, 2.0 HO rt 18 43 n.d. 50
6° ZnCl, 2.0 H0 Reflux 4 90 n.d. n.d.
7° HCI 2.0 HO rt 0.5 4 62 n.d.
g La(OTf), 1.0 H,0 rt 18 9 n.d. 84
9° YbCls-6H,0 1.0 HO rt 24 Tracé n.d. 91

|solated yields based dh

® Recovered yields.

° Reactions were carried out in THF.

4 Not detected.

° Reactions were carried out in THR@ (19:1).

f<0.5%.
reaction with alkyl enol ethers recenﬂf/.Thus, the con- case with ZnC (entry 7 vs. 5). It seemed rational that zinc

ditions for the cyclization of8 were next investigated complex catalyzed the reaction instead of proton also in
(Scheme 7). These results are summarized in Table 1. Asaqueous solvent. Water might change the reactivity of
shown in entry 1, the hydrolysis produtd was mainly ZnCl, by the coordination to metal center or might assist
afforded instead of the desired compouda when PPTS the reaction by providing excess amount of hydroxy units.
was used as an acid catalyst. In the case with Zn€l
BF3-ELO in non-aqueous solvent (entry 2 or 3), the forma- Recently, aldol condensation of silyl enol ethers with
tion of 10 was suppressed, however, the yiel®afdid not various metal catalysts including lanthanide salts or
rise up to 70% because of the undesired side reaction and otomplexes in aqueous THF was reportédHowever, La
the product decomposition. Remarkably, it was revealed (OTf); or YbCl;-6H,O which was an efficient catalyst for
that the addition of water to the reaction mixture improved the reaction with silyl enol ethers was not so effective as
the product selectivity in the Zngtatalyzed cyclization of ~ ZnCl, for this cyclization (entry 8, 9 vs. 4). These results
8 (entry 4, 5). Although the rate of the reaction was reduced might be explained by considering steric hindrance of large
by the addition of water (entry 4 vs. 3), the reaction with lanthanide complexes.
2 equiv. of the catalyst under the reflux conditions
proceeded selectively and efficiently to affd@d in 90% As describe above, the 5-keto enol etBavas not stable in
yield (entry 6). The structural and stereochemical confirma- silicagel column, however, it was revealed that the column
tion of 9a has been done by the comparison with that of the purification of8 was not necessary for the efficient cycliza-
literature?® tion under above conditions. After usual work up (washing
with H,0), crude8 was treated with ZnGlin THF/H,O to
As shown in entry 7, the hydrolysis produ® was mainly be converted int®ain 80% yield based ofia (Scheme 8).
produced in the presence of HCI. The products distribution More practically, oxidation oba and succeeding cycliza-
in the reaction with HCI was far different from that in the tion of crude oxidation products afford&h in 73% yield
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Scheme 8Reagents and conditionga) DMSO/AgO (4:1), rt; (b) ZnC}, THF/H,0O (19:1), reflux.
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Scheme 10Reagents and conditionga) TBDMSCI, EtN, DIMAP, DMF, rt; (b) DMSO/AgO (4:1), rt; (c) ZnC}, THF/H,O (19:1), reflux.

based orba (Scheme 8). The main product of the oxidation protected compound@b was use as the substrag was
of 5awas the dioxo compountil, which was generated by  obtained in 78% yield (based ath) also as a single isomer
the oxidation of both of & and 2-alcohols. In this oxida- (Scheme 10).
tion, the 5-keto compound containing sulfur, which was
derived from DMSO was also detected. Fortunately, the The configuration of the newly formed chiral centerdn
enol ether moiety ofl1 selectively reacted with ketone in  was determined by X-ray single crystallographic analysis.
the sugar part instead of terminal aldehyde under aboveThe compoun®b was a well crystalline compound, and the
conditions to affordda in 83% yield (Scheme 8), thus the analytical sample was obtained as colorless needles from
desired product could be obtained directly fr&min good ether—hexane. The X-ray single crystallographic structure
yield without the protection of %talcohol. In this caseQa of 9b was represented in Fig. 1 by ball and stick model.
was obtained in 64% total yield based bn From the spatial relationship of the substituents, the con-
figuration of the tertiary carbon atom 6b was determined
to beSlike in the case oba
Preparation of carbasugar from a galactonolactone
derivative

To prepare another stereocisomedaf we next applied this
procedure to the conversion of perbenzylgalactonolactone
(1b)**to the analogous inosose compound. Firstly, the spiro
sugar ortho este3b was prepared from the lactorid and

the diol 2 in 96% yield according to the same procedure
described above for the preparation of the glucose type
ortho ester (Scheme 9). The ortho eflewas subsequently
treated with excess amount of AlM@ CH,Cl, at room
temperature for 15 h to be converted into the enol ether
5bin 92% yield. This ring opening reaction required longer
time for completion than the reaction with the glucose
derivative, however, it was possible to shorten the time to
4 h without the decrease in product yield by a gentle heating
of the reaction mixture until at the boiling point of methyl-
ene chloride.

The resulting enol ethé&b was directly used as the substrate
for the next step oxidation with DMSO/A®, and the crude
oxidation products were treated with ZpGh THF/H,O
under reflux conditions. As shown in Scheme5®, was
efficiently converted into the inososgb in 72% vyield.
The cyclization was finished during 2 h, and the resulting
product9b was afforded as a structurally single isomer like Figyre 1. The X-ray single-crystal structure of the inos@e Hydrogen
in the case of the glucose type inos®&® When the silyl atoms were omitted.

9b
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Scheme 12Reagents and condition§a) TBDMSCI, EgN, DIMAP, DMF, rt; (b) DMSO/AGO (4:1), rt; (c) ZnC}, THF/H,O (19:1), reflux.

Preparation of carbasugar from a mannonolactone 9c was not afforded as a structurally single isomer, but a

derivative mixture of the major and the minor products. However, one
of the isomers was obtained highly selectively (major:

Presented method was also applied for the preparation of theminor=10:1), and the ratios between them were the same

mannose type analogous compohds shown in Scheme  both in the cases witbc and 7c. The yields of9c from 5¢

11, the ortho estel3c was prepared from perbenzyl- and7cwere 62 and 71%, respectively.

mannonolactonel€)**¢ and the diok, and then was treated

with excess amount of AlMgin CH,Cl, at room tempera-  The separated major isomer@fwas reduced by NaBHn

ture for 3 h. These reactions proceeded efficiently, and the THF/MeOH (1:4§2 to afford the diols12a,bin 97% yield

enol ether compounBic was obtained in 90% yield based on  (12a12b=45:55). Each of the diol$2a,bwas treated with

3c. phenylboronic acid in the presence of a catalytic amount of
p-toluenesulfonic acid under heated conditions (Scheme

Both of 5cand its silyl protected compourtt were used as  13). Although phenylboronate esttwas obtained in the

the substrate for next oxidation/cyclization step (Schemes case with12a the starting diol was remained intact in the

11 and 12). In these cases, intramolecular aldol cyclization case with12b. These results indicated that two hydroxy

proceeded slowly compared to the case with glucose orgroups ofl2a were in the same side of the cyclohexane

galactose type enol ether. Moreover, the cyclized product ring. Considering théH NMR spectrum splitting pattern,

BnO 1 97 % \B,O

BnO— OB
By n a / OH Ph
n 12a 13a
BnO—-1"x¢ 97 %

HO 12a:12b=45:55

9c(major) BnO— 0Bn b
B%%@A/OH No Reaction

HO
12b

BnO— OBn
BnO—_ OBn Bnoﬁ%
b BnO
HO

Scheme 13Reagents and conditionéa) NaBH,, MeOH/THF (4:1),—10°C; (b) PhB(OH), TsOH-HO, 110C.
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Ph tetraO-benzylp-mannono-1,5-lactone 1¢),**¢ 2,3,4,6-
H OBn /!'3\ tetra-O-benzylspiro[1,5-anhydro-glucitol-1,2-[1,3]dioxo-
/Bn\c; 2r\ 98n B0 lane] Be)'°* were prepared according to the established
J=98Hz BnO-\4 BnO methods.
(diaxial) 10, / Hyf75~£-0Bn
B-C Bno ! :
~_ 7 J< 4U Preparation of the ortho esters 3a—d from the sugar
Ph lactones 1a—c and propanediols
13a 13b

To a solution of lactonela (2.7 g, 5.0 mmol) and 2,2-
Figure 2. dimethylpropanediol2 (780 mg, 7.5 mmol) in toluene

(50 ml) was added TMSOMe (3.4 ml, 25 mmol) and
especially the coupling constani=9.8 Hz) between H-2  TMSOTf (45pul, 5 mol%) at room temperature under Ar.
and H-3 signals, the structure of resulting phenylboronate After 1 h of stirring, the solvent was removed under reduced

ester was assigned &8arather thanl3b shown in Fig. 2. pressure (5 mmHg, 1 h). The reaction vessel was leaked
Thus, the configuration of the tertiary carbon atom9ef with Ar, and the remainder was dissolved in &M,
(major) was determined to & containing 5% of EN. The resulting mixture was evapo-

rated, and the residue was applied to a silica gel column
chromatography (ether—hexane 1:3 then 1:2) to afftad
Conclusion as colorless needles (2.9 g, 94%). According to the same
procedure, other sugar ortho este3b-<d) were prepared.
Carbasugars were prepared from sugar lactones via spirdn the case of ortho est&c, 2 equiv. of2 was used, and in
sugar ortho esters. The key steps of this procedure werethe case of orthoest&d, propanediol was used insteadXf
the enol ether formation from sugar ortho esters with
AlMe; and the intramolecular aldol cyclization of alkyl 2 3,4,6-TetraO-benzyl-5,5-dimethylspiro[1,5-anhydro-
enol ethers with ZnGlin THF/H,O. With these reactions,  p-glucitol-1,2'-[1,3]dioxane] (3a). Colorless needle; mp
glucose, galactose, and mannose type carbasugar derivat03.0—104.0C; [«]3¥+47.7 (C=1.0, CHC}); IR (KBr,
tives 9a—c were prepared from the corresponding cm™) 3032, 2957, 2915, 2876, 1497, 1455, 1404, 1366,
perbenzylated sugar lactonés—c in high overall yields 1352; 'H NMR (400 MHz, CDC}) 6 0.76 (3H, s, Me),
(64, 64, and 56%, respectively). The presented process1.30 (3H, s, Me), 3.38 (1H, dd=10.2, 2.4 Hz, dioxaneH),
would be a facile and efficient method for the synthesis of 3.40 (1H, dd,J=10.2, 2.4 Hz, dioxaneH), 3.53-3.76 (6H,
valiolamine derivatives, and might be a new practical entry m, H-2, H-4, H-5, H-6, H-6, dioxaneH), 3.87 (1H, t,
for the preparation of cyclitols. Extension of this study is J=9.2 Hz, H-3), 4.06 (1H, dJ=10.7 Hz, dioxaneH), 4.51
now under investigation in this laboratory. (1H, d, J=11.0 Hz, PhCH), 4.55 (1H, d, J=12.2 Hz,
PhCH,), 4.63 (1H, d,J=12.2 Hz, PhCH), 4.74 (1H, d,
J=11.0 Hz, PhCH), 4.76 (1H, d,J=11.3 Hz, PhCH),
Experimental 4.83 (1H, d,J=11.0 Hz, PhCH), 4.95 (1H, d,J=11.0 Hz,
PhCH,), 5.02 (1H, dJ=11.3 Hz, PhCH), 7.14—-7.40 (20H,
General m, PhH);*C NMR (400 MHz, CDC}) § 21.9, 22.9, 29.4,
68.7, 68.9, 70.3, 72.3, 73.3, 74.9, 75.2, 75.9, 78.1, 82.4,
Melting points are uncorrected. Infrared (IR) spectra were 83,1, 109.8, 127.5, 127.5, 127.6, 127.7, 127.9, 128.2,
measured on a Jasco FT/IR-8000 Fourier-transform infrared128.2, 128.3, 128.3, 128.3, 128.6, 138.2, 138.3, 138.3,
spectrometer. Proton nuclear magnetic resonafvhtBIMR) 138.8; MS (El)m/z 624 (M), 533 (M-Bn); Anal. Calcd
spectra and carbon nuclear magnetic resonaiiCeNMR) for CagH4407: C, 74.98; H, 7.10. Found: C, 74.62; H, 7.11.
spectra were recorded with a JEOL JNM-GSX400
(400 MHz) pulse Fourier-transform NMR spectrometer in 2 3 4 6-TetraO-benzyl-5,5'-dimethylspiro[1,5-anhydro-
CDCl; solution with tetramethylsilane as an internal p-galactitol-1,2-[1,3]dioxane] (3b). Colorless syrup;
standard. Low resolution mass spectra (MS) and high [¢]3'+30.1° (C=1.1, CHCL); IR (KBr, cm %) 2955, 2920,
resolution (HR) mass spectra were obtained with a JEOL 2874, 1455, 1364‘H NMR (400 MHz, CDC}) 6 0.73 (3H,
JMS-SX102A mass spectrometer. Optical rotations were s, Me), 1.29 (3H, s, Me), 3.36 (1H, dd=10.7, 2.4 Hz,
determined using a Jasco DIP-370 digital polarimeter. dioxaneH), 3.36 (1H, dd)=11.0, 2.4 Hz, dioxaneH), 3.53
Thin-layer chromatography (TLC) was performed on (1H, dd,J=9.7, 6.2 Hz, H-6), 3.62 (1H, dd=9.7, 6.2 Hz,
precoated plates (Merck TLC aluminum sheets silica 60 H-6), 3.72 (1H, d,J=11.0 Hz, dioxaneH), 3.75 (1H, bt,
F2s4 with detection by UV light or with phosphomolybdic  J=6.2 Hz, H-5), 3.80 (1H, ddJ)=9.8, 2.6 Hz, H-3), 3.86
acid in ethanol/HO followed by heating. Column chroma-  (1H, bd, J=2.6 Hz, H-4), 3.97 (1H, dJ=9.8 Hz, H-2),
tography was performed using Si(Wakogel C-200, Wako).  4.04 (1H, d, J=10.7 Hz, dioxaneH), 4.44 (1H, d,
J=11.6 Hz, PhCH), 4.49 (1H, d,J=11.6 Hz, PhCH),
Materials 4.59 (1H, d,J=11.6 Hz, PhCH), 4.67 (1H, d,J=11.6 Hz,
PhCH,), 4.78 (1H, d,J=11.3 Hz, PhCH), 4.84 (1H, d,
Solvents were freshly distilled prior to use. All the reagents J=11.6 Hz, PhCH), 4.93 (1H, d,J=11.6 Hz, PhCH),
and the starting substrates were commercially available, and4.99 (1H, d,J=11.3 Hz, PhCH), 7.21-7.41 (20H, PhH);
were used as received or were purified, if necessary. 2,3,4,6-°C NMR (400 MHz, CDC}) & 21.9, 22.9, 29.4, 69.0,
TetraO-benzyln-glucono-1,5-lactone  16),*%*° 2,3,4,6- 69.4, 70.2, 71.7, 73.5, 73.9, 74.5, 74.7, 75.6, 79.8, 80.8,
tetraO-benzyln-galactono-1,5-lactone 1b),**¢  2,3,4,6- 110.3, 127.4, 127.5, 127.6, 127.7, 128.1, 128.1, 128.3,
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128.4, 128.5, 128.5, 128.6, 138.2, 138.6 (2C), 138.9; MS above procedure, enol ethefsh(c) were also prepared in
(El) m/z 624 (M), 533 (M—Bn); HRMS (EI) calcd for excellent yields. It should be noted that the reaction mixture
CsgH440; 624.3087, found 624.3102. was heated until at the boiling point of GEl, to shorten the
time in the case with enol ethéb.
2,3,4,6-TetraO-benzyl-5,5-dimethylspiro[1,5-anhydro-
p-mannitol-1,2’-[1,3]dioxane] (3c). Colorless syrup; 3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-hydroxy-2,2-
[@]3®~17.9 (C=1.1, CHCL); IR (KBr, cm ) 2957, 2917,  dimethylpropyl)- p-gluco-hept-1-enitol (5a). Colorless
2874, 1455, 1364*H NMR (400 MHz, CDC}) 6 0.74 (3H, syrup; [@]&¥+44.1° (C=1.1, CHCL); IR (neat, cm?)
s, Me), 1.19 (3H, s, Me), 3.19 (1H, dd=10.7, 2.4 Hz, 3445, 3031, 2921, 2870, 1628, 1497, 1455, 1397, 1360;
dioxaneH), 3.39 (1H, dd)=11.0, 2.4 Hz, dioxaneH), 3.64 H NMR (400 MHz, CDC}) 80.91 (3H, s, Me), 0.94 (3H,
(1H, ddd,J=9.4, 6.3, 1.8 Hz, H-5), 3.69 (1H, d=10.7 Hz, s, Me), 2.45 (1H, bs, OH), 2.76 (1H, bd=4.1 Hz, OH),
dioxaneH), 3.73 (1H, dd}=10.7, 6.3 Hz, H-6), 3.82 (1H, 3.27 (1H, bd,J=10.7 Hz, HO®,C (Me),~), 3.39 (1H, d,
dd,J=10.7, 1.8 Hz, H-6), 3.84 (1H, d=3.2 Hz, H-2),3.88  J=9.3 Hz, —-O®,C (Me)-), 3.49 (1H, bd,J=10.7 Hz,
(1H, t,J=9.4 Hz, H-4), 3.93 (1H, dd}=9.4, 3.2 Hz, H-3),  HOCH,C (Me)-), 3.53 (1H, dd,J=9.8, 6.1 Hz, H-7),
4.07 (1H, d,J=10.7 Hz, dioxaneH), 4.47 (2H, s, PhgH 3.54 (1H, d,J=9.3 Hz, —OC4,C (Me),-), 3.56 (1H, dd,
4.52 (1H, d,J=11.0 Hz, PhCH), 4.58 (1H, d,J=11.9 Hz, J=7.6, 2.4 Hz, H-5), 3.60 (1H, dd}=9.8, 3.4 Hz, H-7),
PhCH,), 4.65 (1H, d,J=11.9 Hz, PhCH), 4.80 (1H, d,  3.97 (1H, m, H-6), 4.10 (1H, dd)=7.6, 2.4 Hz, H-4),
J=12.2 Hz, PhCH), 4.90 (1H, d,J=11.0 Hz, PhCH), 4.13 (1H, d,J=2.0 Hz, H-1), 4.20 (1H, dJ=2.0 Hz, H-1),
4.97 (1H, d,J=12.2Hz, PhCH), 7.15-7.45 (20H, m, 4.23 (1H, d,J=7.6 Hz, H-3), 4.45 (1H, dJ=11.6 Hz,
PhH); *3C NMR (400 MHz, CDC}) & 22.0, 22.8, 29.5, PhCH,), 4.46 (1H, d,J=12.2 Hz, PhCH), 4.50 (1H, d,
68.7, 69.7, 70.2, 71.7, 73.3, 73.3, 74.4, 74.8, 75.0, 75.6,J=12.2 Hz, PhCH), 4.50 (1H, d,J=12.2 Hz, PhCH),
81.2, 109.6, 127.3, 127.3, 127.3, 127.4, 127.5, 128.0,4.53 (1H, d,J=12.2 Hz, PhCH), 4.66 (1H, d,J=11.6 Hz,
128.2, 128.2, 128.3, 128.3, 138.4, 138.6, 138.7, 138.7; MSPhCH,), 4.73 (1H, d,J=11.3 Hz, PhCH), 4.91 (1H, d,
(El) m'z 624 (M), 533 (M-Bn); HRMS (El) calcd for J=11.3 Hz, PhCH)), 7.18-7.36 (20H, m, PhH)*C NMR

Ca9H4407 624.3087, found 624.3091. (400 MHz, CDC}) 6 21.8, 22.0, 36.0, 68.9, 70.4, 70.8, 71.3,
73.3, 73.5, 73.6, 74.9, 78.4, 78.9, 82.4, 86.9, 127.4, 127 .4,
2,3,4,6-TetraO-benzylspiro[1,5-anhydron-glucitol-1,2'- 127.6, 127.7, 127.8, 127.9, 128.2, 128.3, 128.4, 128.6,

[1,32]dioxane] (3d). Colorless needle; mP 43.5-450@ 138.0, 138.4, 138.5, 138.6, 158.4; MS (HEhz 640 (M),
[«]3"+51.6 (C=1.0, CHCL); IR (KBr, cm ) 3063, 3031, 625 (M—Me), 549 (M-Bn); HRMS (EI) calcd for
2917, 2892, 1497, 1455, 136 NMR (400 MHz, CDC}) CaoH4807 640.3400, found 640.3401.
6 1.44 (1H, bdJ=12.8 Hz, —-CHCH,CH,-), 2.22 (1H, m,
—CH,CH,CH,-), 3.49 (1H, d,J=9.8 Hz, H-2), 3.56-3.76  3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-hydroxy-2,2-
(4H, m), 3.83-3.90 (3H, m), 4.03 (1H, bdt=12.5, 2.1 Hz, dimethylproPyI)- p-galacto-hept-1-enitol (5b). Colorless
—OCH,CH,-), 4.37 (1H, bdt)=12.8, 2.4 Hz, —O8,CH,-), syrup; [2]3'-14.# (C=1.0, CHCE); IR (neat, cm?
4.50 (1H, d,J=11.0 Hz, PhCH), 4.56 (1H, d,J=12.2 Hz, 3465, 3031, 2921, 2870, 1630, 1497, 1455, 1397, 1364;
PhCH), 4.63 (1H, d,J=12.2 Hz, PhCH), 4.73 (1H, d, 'H NMR (400 MHz, CDC}) & 0.92 (3H, s, Me), 0.95
J=11.0Hz, PhCH), 4.76 (1H, d,J=11.3 Hz, PhCH), (3H, s, Me), 2.15 (1H, tJ)=5.8 Hz, OH), 3.39-3.51 (7H,
4.82 (1H, d,J=11.0 Hz, PhCH), 4.93 (1H, d,J=11.0 Hz, m, —OH,C (Me),—, HOCH,C (Me),—, H-7, H-7, OH),
PhCH,), 4.98 (1H, dJ=11.3 Hz, PhCH), 7.14-7.40 (20H,  3.66 (1H, dd,J=4.4, 1.6 Hz, H-5), 4.00 (1H, dI=6.4 Hz,
m, PhH);*3C NMR (400 MHz, CDC}) & 24.4, 58.7, 60.2,  H-3), 4.08 (1H, ddJ=4.4, 6.4 Hz, H-4), 4.07-4.12 (1H, m,
68.9, 72.4, 73.4, 74.9 (2C), 75.8, 78.1, 82.7, 82.9, 110.4, H-6), 4.20 (1H, dJ=2.1 Hz, H-1), 4.31 (1H, dJ=2.1 Hz,
1275, 127.5, 127.5, 127.6, 127.6, 127.9, 127.9, 128.2, 128.3H-1), 4.33 (1H, d,J=11.6 Hz, PhCH), 4.38 (1H, d,
128.3,128.5,138.2, 138.3, 138.5, 138.8; MS (&) 596 (M), J=11.6 Hz, PhCH), 4.38 (1H, d,J=11.6 Hz, PhCH),
505 (M—Bn); HRMS (EI) calcd for G;H4g0, 596.2774, found 4.44 (1H, d,J=11.6 Hz, PhCH), 4.47 (1H, d,J=11.6 Hz,
596.2784; Anal. Calcd for §H40+: C, 74.47; H, 6.76. Found: =~ PhCH,), 4.68 (1H, d,J=11.6 Hz, PhCH), 4.71 (1H, d,
C, 74.34; H, 6.81. J=11.0Hz, PhCH), 4.81 (1H, d,J=11.0 Hz, PhCH),
7.20-7.35 (20H, m, PhH}?C NMR (400 MHz, CDC}) 6
Preparation of the enol ethers 5a—c from the sugar ortho ~ 21.7, 21.8, 36.0, 69.5, 70.2, 70.9, 71.0, 72.6, 73.1, 74.1,
esters 3a—c 75.5, 76.7, 81.0 (2C), 85.7, 127.5, 127.6, 127.7, 127.8,
127.9, 128.2, 128.2, 128.3, 138.0, 138.1, 138.1, 138.2,
To a solution of ortho esté&a (2.77 g, 4.4 mmol) in ChCl, 158.4; MS (El)nv/z 640 (M), 625 (M—Me), 549 (M—Bn);
(44 ml) was added a 1.0 M solution of AIMé n-hexane HRMS (EI) calcd for GoH4s07 640.3400, found 640.3397.
(22 ml, 22 mmol) at room temperature under Ar. After 2 h
of stirring, small amount of water was added to the solution 3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-hydroxy-2,2-
cautiously until the generation of foams was ceased. After dimethylpropyl)- p-manno-hept-1-enitol (5c). Colorless
pouring an additional amount of water (44 ml) and ether syrup; [2]3'—0.9 (C=1.2, CHCL); IR (neat, cm?) 3449,
(88 ml), the mixture was stirred for 10 min, and then 3031, 2926, 2870, 145%1 NMR (400 MHz, CDC}) 6 0.93
moved to a separatory funnel. The organic layer was sepa-(3H, s, Me), 1.01 (3H, s, Me), 2.02 (1H,1=5.8 Hz, OH),
rated, and the water layer was extracted twice with,ClH 2.49 (1H, bd,J=6.4 Hz, OH), 3.40 (1H, dJ=12.2 Hz,
The combined organic layer was dried over,8i@, and —OCH,C (Me)—-), 3.44 (1H, d,J=12.2Hz, —-OCi,C
then evaporated. The residue was applied to a silica gel(Me),—), 3.51 (1H, d,J=10.9 Hz, —-O®&,C (Me),—), 3.53
column chromatography (ether—hexane 1:1 then 2:1) to (1H, dd, J=9.7, 5.0 Hz, H-7), 3.54 (1H, dJ=9.9 Hz,
afford 5a as colorless syrup (2.64 g, 93%). According to —OCH,C (Me)—), 3.62 (1H, dd,J=9.7, 3.2 Hz, H-7),
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3.87 (1H, ddJ=8.1, 2.1 Hz, H-5), 3.98 (1H, m, H-6), 4.07 J=11.6, 5.8 Hz, —CHCH,CH,-), 2.21 (1H, bs, OH), 2.98
(1H, dd,J=8.5, 2.1 Hz, H-4), 4.10 (1H, dI=8.5 Hz, H-3), (1H, bs, OH), 3.38 (1H, dJ=6.7 Hz, H-3), 3.42-3.51 (2H,
4.23 (1H, d,J=11.6 Hz, PhCH), 4.32 (1H, d,J=1.8 Hz, m), 3.57-3.72 (5H, m), 4.03 (1H, dd=6.7, 2.1 Hz, H-4),
H-1), 4.41 (1H, d, J=1.8Hz, H-1), 4.43 (1H, d, 4.04-4.09 (1H, m, H-6), 4.43 (1H, d=11.6 Hz, PhCH),
J=11.6 Hz, PhCH), 4.43 (1H, d,J=11.6 Hz, PhCH), 4.46 (1H, dJ=11.0 Hz, PhCH), 4.54 (2H, s, PhC}), 4.55
4.47 (1H, d,J=11.6 Hz, PhCH), 4.50 (1H, d,J=11.6 Hz, (1H, d, J=11.6 Hz, PhCH), 4.74 (1H, d, J=11.6 Hz,
PhCH), 4.56 (1H, d,J=11.0 Hz, PhCH), 4.57 (1H, d, PhCH,), 4.78 (1H, d,J=11.0 Hz, PhCH), 4.92 (1H, d,
J=11.6 Hz, PhCH), 4.59 (1H, d,J=11.0 Hz, PhCH), J=11.6 Hz, PhCH), 7.22-7.36 (20H, m, PhH)*C NMR
7.15-7.35 (20H, m, PhH}?C NMR (400 MHz, CDC}) 6 (400 MHz, CDC}) 6 19.8, 23.6, 32.7,59.6, 61.3, 70.5, 71.7,
21.8, 21.9, 36.1, 70.0, 70.1, 70.1, 71.3, 73.2, 73.9, 74.3,73.5, 73.5, 74.4, 745, 77.4, 77.9, 79.4, 82.3, 127.1, 127.6,
74.4, 78.4, 78.5, 79.7, 87.8, 127.4, 127.5, 127.5, 127.7,127.7, 127.8, 127.8, 128.0, 128.1, 128.2, 128.3, 128.4,
127.8, 127.9, 127.9, 128.2, 128.2, 128.3, 128.4, 138.0,128.6, 128.8, 138.0, 138.2, 138.5, 139.3; MS (FABY
138.1, 138.6, 138.6, 158.4; MS (Ehjyz 640 (M), 625 667 (M+K)", 651 (M+Na)", 576 (M—Bn+K)*, 560
(M—Me), 549 (M—Bn); HRMS (EI) calcd for GoH4gO-; (M—Bn+Na)"; HRMS (FAB) calcd for GgH,O;Na
640.3400, found 640.3392. 651.3298, found 651.3306.

Reaction of the sugar ortho esters 3d, e with AlMg 3,4,5,7-TetraO-benzyl-1-deoxy-20-(2-hydroxyethyl)-2-
C-methyl-p-gluco-heptitol ~ (6b).  Colorless  syrup;
To a solution of ortho estédd (48 mg, 80p.mol) in CH,Cl, [«]3’—19.2 (C=1.0, CHCL); IR (neat, cm™) 3420, 3031,
(1.6 ml) was added a 1.0 M solution of AIM@& n-hexane 2928, 2869, 2361, 1456, 1385, 1362t NMR (400 MHz,
(0.56 ml, 0.56 mmol) at room temperature under Ar. After CDCl;) 6 1.11 (3H, s, Me), 1.23 (3H, s, Me), 1.61 (1H, bs,
3 h of stirring, small amount of water was added to the OH), 2.89 (1H, bs, OH), 3.31 (1H, d=7.0 Hz, H-3), 3.31—
solution cautiously until the generation of foams was 3.34 (1H, m, CHCH,OH), 3.42 (1H, ddd,J=9.5, 6.4,
ceased. The products were extracted with ether and3.3 Hz, CHCH,OH), 3.54-3.56 (2H, m, B,CH,OH),
CH,CI, according to the same procedure for the extraction 3.63 (2H, d,J=10.4 Hz, H-7), 3.66 (2H, dJ=10.4 Hz,
of enol ethesa—c, and were applied on a silica gel column H-7), 3.80 (1H, dd,J=7.0, 2.1 Hz, H-5), 4.03 (1H, dd,
chromatography (ether—hexane 1:1 then 2:1). The mixtureJ=7.0, 2.1 Hz, H-4), 4.05-4.09 (1H, m, H-6), 4.38 (1H, d,
of the dimethylated compour@h and the enol ethesd was J=11.6 Hz, PhCH), 4.42 (1H, dJ=11.0 Hz, PhCH), 4.52
obtained as a colorless syrup (35 mg, 73%), and the ratio(1H, d,J=11.6 Hz, PhCH), 4.53 (2H, s, PhC}}, 4.74 (1H,
betweerbaand5d was determined by comparing the inten- d, J=11.6 Hz, PhCH), 4.79 (1H, d,J=11.0 Hz, PhCH),
sity of 'H NMR spectrum $d:6a=66:7). The analytical 4.92 (1H, d,J=11.6 Hz, PhCH), 7.22-7.35 (20H, m,
samples of6a and 5d were isolated from the resulting PhH); 3C NMR (400 MHz, CDC}) & 19.1, 24.0, 62.2,
mixture of a lager scale reaction. The reaction3efwith 62.5, 70.1, 71.6, 73.5, 73.5, 74.4, 745, 77.2, 77.8, 79.5,
6 equiv. of AIMe; was also performed according to the 82.6, 127.2, 127.6, 127.7, 127.8, 128.0, 128.2, 128.3,
above procedure to afford the dimethylated compo6hd  128.4, 128.4, 128.6, 128.9, 137.8, 138.2, 138.4, 139.1; MS
as colorless syrup in 75% yield. (El) vz 614 (M), 552 (M-HOCH,CH,OH), 523 (M—Bn);
HRMS (EI) calcd for GgH4s0; 614.3244, found 614.3237.
3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-hydroxypropyl)-
p-gluco-hept-1-enitol (5d). Colorless syrup; ¢]3*+50.7 Isolation of the intermediate acetals 4a, d, e
(C=1.0, CHCH); IR (neat, cm?) 3434, 3031, 2928, 2870,
1630, 1455:*H NMR (400 MHz, CDC}) & 1.88 (2H, dt, To a solution of ortho este8e (58 mg, 0.1 mmol) in CKCl,
J=11.3, 5.8 Hz, —CHCH,CH,—), 2.21 (1H, bs, OH), 2.76 (1 ml) was added a 1.0 M solution of AlIMén n-hexane
(1H, bs, OH), 3.54-3.88 (7H, m, H-5, H-7, —G@EH,OH, (0.1 ml, 0.1 mmol) at room temperature under Ar. After 1 h
—OCH,CH,-), 3.99 (1H, m, H-6), 4.10 (1H, dd}=7.6, of stirring, the reaction mixture was dealt with according to
2.6 Hz, H-4), 4.16 (1H, dJ=2.1 Hz, H-1), 4.22 (1H, d, the procedure described above for the isolation of enol
J=2.1Hz, H-1), 4.23 (1H, dJ=7.6 Hz, H-3), 4.46 (1H, d,  ethersba—c. The acetae was obtained as colorless syrup
J=11.6 Hz, PhCH), 4.46 (1H, d,J=11.6 Hz, PhCH), 4.50 in 20% vyield by the purification with a silica gel column
(1H, d,J=11.6 Hz, PhCH), 4.51 (2H, s, PhC}}, 4.68 (1H, chromatography (ether—hexane 1:3 then 1:2). Two other
d, J=11.6 Hz, PhCH), 4.71 (1H, d,J=11.3 Hz, PhCH), intermediate acetalsla,d were also isolated by using
4,92 (1H, d,J=11.3Hz, PhCH), 7.17-7.36 (20H, m, appropriate amounts of AlMe
PhH); *C NMR (400 MHz, CDC}) 6 31.1, 59.6, 64.8,
70.4, 71.0, 71.3, 73.3, 73.5, 75.0, 78.3, 79.3, 82.2, 86.9, 3,4,5,7-TetraO-benzyl-1-deoxyp-gluco-2-heptulose 2,2-
127.4, 127.5, 127.5, 127.7, 127.8, 128.0, 128.2, 128.3, dimethylpropane-1,3-diyl acetal (4a). Colorless syrup;
128.3, 128.4, 128.5, 138.0, 138.1, 138.5, 138.6, 158.4; MS[a]3°~30.6 (C=1.0, CHCL); IR (neat, cm™) 3484, 3031,
(El) m/z 612 (M), 597 (M—Me), 536 (M—HOCHCH, 2953, 2869, 1455, 1397, 1364 NMR (400 MHz, CDC})
CH,OH), 521 (M—Bn); HRMS (EI) calcd for GgH440; 6 0.80 (3H, s, Me), 1.04 (3H, s, Me), 1.42 (3H, s, Me), 3.03

612.3087, found 612.3091. (1H, d, J=5.2 Hz, OH), 3.31 (1H, ddJ=11.2, 2.0 Hz,
dioxaneH), 3.43 (1H, dd}=11.2, 2.0 Hz, dioxaneH), 3.56
3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-hydroxypropyl)- (1H, dd,J=9.9, 5.5 Hz, H-7), 3.62 (1H, dd=9.9, 4.6 Hz,

2-C-methyl-p-gluco-heptitol  (6a). Colorless  syrup; H-7), 3.62 (2H, d,J=11.2 Hz, dioxaneH), 3.75 (1H, dd,
[a]3*-15.5 (C=0.9, CHC}); IR (neat, cm™) 3422, 3031, J=6.7, 3.4 Hz, H-5), 3.78 (1H, dJ=5.0 Hz, H-3), 4.05
2928, 2870, 1497, 1455, 1397, 1368t NMR (400 MHz, (1H, m, H-6), 4.30 (1H, ddJ=5.0, 3.4 Hz, H-4), 4.49
CDCly) 6 1.11 (3H, s, Me), 1.21 (3H, s, Me), 1.67 (2H, dt, (1H, d, J=11.9 Hz, PhCH), 4.53 (1H, d, J=11.9 Hz,
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PhCH,), 4.54 (1H, d,J=11.6 Hz, PhCH), 4.61 (1H, d,
J=11.3 Hz, PhCH), 4.63 (1H, d,J=11.3 Hz, PhCH),
4.68 (1H, d,J=11.6 Hz, PhCH), 4.77 (1H, d,J=11.3 Hz,
PhCH,), 4.80 (1H, d,J=11.3 Hz, PhCH)), 7.21-7.36 (20H,

m, PhH);"*C NMR (400 MHz, CDC}) & 15.9, 22.5, 23.4,
30.0, 69.8, 70.3, 71.1, 71.7, 73.3, 73.4, 73.8, 74.3, 76.6,
78.8, 80.2, 100.4, 127.4, 127.5, 127.6, 127.7, 128.1,
128.2, 128.3, 128.3, 128.3, 128.5, 128.8, 138.4 (2C),
138.4, 138.6; MS (El)m/z 640 (M), 625 (M—Me),
549 (M—Bn), 536 (M—HOCH,C (Me),CH,OH); HRMS
(El) calcd for GgH,g0; 640.3400, found 640.3399.

3,4,5,7-TetraO-benzyl-1-deoxyp-gluco-2-heptulose pro-
pane-1,3-diyl acetal (4d).Colorless syrup; ¢]3°—25.5
(C=1.2, CHC}); IR (neat, cm™) 3432, 2923, 2870, 1588,
1455, 1385:*H NMR (400 MHz, CDC}) & 1.40 (1H, m,
—CH,CH,CH,—), 1.46 (3H, s, Me), 1.85 (1H, m,
—CH,CH,CH,-), 3.10 (1H, d,J=5.2 Hz, OH), 3.54-3.61
(2H, m), 3.69-3.76 (3H, m), 3.84-3.98 (3H, m), 4.06 (1H,
m, H-6), 4.27 (1H, ddJ=5.2, 3.4 Hz, H-4), 4.49 (1H, d,
J=12.2 Hz, PhCH), 4.53 (1H, dJ=12.2 Hz, PhCH), 4.55
(1H, d, J=11.3Hz, PhCH), 4.59 (1H, d, J=11.3 Hz,
PhCH), 4.65 (1H, d,J=11.3 Hz, PhCH), 4.65 (1H, d,
J=11.6 Hz, PhCH), 4.78 (1H, d,J=11.3 Hz, PhCH),
4.80 (1H, d,J=11.6 Hz, PhCH), 7.20-7.35 (20H, m,
PhH); *C NMR (400 MHz, CDC}) & 16.3, 25.7, 59.2,
59.7, 71.0, 71.8, 73.3, 73.3, 73.8, 74.2, 76.6, 79.0, 80.7,
100.3, 127.3, 127.5, 127.7, 128.0, 128.2, 128.3, 128.5,
128.7, 138.3, 138.4 (2C), 138.6; MS (EWyz 612 (M),
597 (M—Me), 536 (M-HOCH,CH,CH,OH), 521
(M—Bn); HRMS (EI) calcd for GgH,40, 612.3087, found
612.3076.

3,4,5,7-TetraO-benzyl-1-deoxyp-gluco-2-heptulose
ethane-1,2-diyl acetal (4e).Colorless syrup; ¢]3'3.7
(C=1.1, CHC}); IR (neat, cm™) 3484, 3031, 2880, 1497,
1455, 1397, 1360'H NMR (400 MHz, CDC}) & 1.40 (3H,
s, Me), 3.01 (1H, dJ=4.3 Hz, OH), 3.60-3.64 (3H, m),
3.74-3.99 (7H, m), 4.50 (1H, d=11.9 Hz, PhCH), 4.55
(1H, d, J=11.0 Hz, PhCH), 4.55 (1H, d, J=11.0 Hz,
PhCH,), 4.59 (1H, d,J=11.9 Hz, PhCH), 4.62 (1H, d,
J=11.3 Hz, PhCH), 4.70 (1H, d,J=11.3 Hz, PhCH),
4.72 (1H, d,J=11.3 Hz, PhCH), 4.80 (1H, d,J=11.3 Hz,
PhCH,), 7.22—7.36 (20H, m, PhH):*C NMR (400 MHz,
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and 7c were also prepared with this procedure in 90 and
93% yields, respectively.

3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-tert-butyldimethyl-
silyloxy-2,2-dimethylpropyl)-p-gluco-hept-1-enitol (7a).
Colorless syrup; ¢]&8+30.4 (C=1.1, CHCL); IR (neat,
cm 1) 3486, 3032, 2955, 2930, 2859, 1624, 1497, 1455,
1397, 1362;"H NMR (400 MHz, CDC}) & 0.00 (3H, s,
MeSi), 0.01 (3H, s, MeSi), 0.87 (3H, s, Me), 0.88 (9H, s,
t-BuSi), 0.89 (3H, s, Me), 2.87 (1H, d=4.9 Hz, OH), 3.33
(1H, d, J=9.8 Hz, —O®,C (Me)—), 3.35 (1H, d,J=
9.8Hz, —OGi,C (Me)-), 3.39 (1H, d, J=9.2 Hz,
—OCH,C (Me),-), 3.46 (1H, d,J=9.2Hz, —OGi,C
(Me),-), 3.56 (1H, dd,J=10.0, 5.7 Hz, H-7), 3.60 (1H,
dd, J=10.0, 3.6 Hz, H-7), 3.65 (1H, dd}=6.7, 3.4 Hz,
H-5), 3.94-3.99 (1H, m, H-6), 4.03 (1H, dd=5.9,
3.4 Hz, H-4), 4.19 (1H, dJ=2.0 Hz, H-1), 4.19 (1H, d,
J=5.9 Hz, H-3), 4.22 (1H, dJ=2.0 Hz, H-1), 4.41 (1H, d,
J=11.3 Hz, PhCH), 4.47 (1H, dJ=11.9 Hz, PhCH), 4.50
(1H, d, J=11.6 Hz, PhCH), 4.51 (1H, d,J=11.9 Hz,
PhCHy), 4.53 (1H, d,J=11.6 Hz, PhCH), 4.66 (1H, d,
J=11.3Hz, PhCH), 4.66 (1H, d,J=11.3 Hz, PhCH),
4.83 (1H, d,J=11.3 Hz, PhCH), 7.18-7.36 (20H, m,
PhH); *C NMR (400 MHz, CDC}) 6 —5.5, —5.5, 18.3,
21.7 (2C), 25.8 (3C), 36.5, 68.7, 70.8, 71.0, 71.3, 72.8,
73.3, 73.4, 74.7, 78.2, 79.2, 81.0, 85.2, 127.4, 127.4,
127.5, 127.6, 127.7, 127.8, 128.0, 128.0, 128.1, 128.2,
128.2, 128.2, 128.3, 128.3, 128.5, 138.2, 138.3, 138.5,
138.5, 158.8; MS (E)m/z 754 (M), 663 (M-Bn), 536
(M—TBDMSOCH,C (Me),CH,0H); HRMS (EI) calcd for
CueHs20;Si 754.4265, found 754.42609.

3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-tert-butyldimethyl-
silyloxy-2,2-dimethylpropyl)-p-galactahept-1-enitol (7b).
Colorless syrup; ¢]&'—13.C (C=1.1, CHCL); IR (neat,
cm ) 3503, 3032, 2955, 2930, 2859, 14584 NMR
(400 MHz, CDC}) 6 0.01 (3H, s, MesSi), 0.01 (3H, s,
MeSi), 0.88 (9H, st-BusSi), 0.91 (3H, s, Me), 0.92 (3H, s,
Me), 3.17 (1H, d,J=4.9 Hz, OH), 3.35 (1H, dJ=9.5,
—OCH,C (Me)—), 3.38 (1H, dJ=9.5, —OCH,C (Me)-),
3.40 (1H, d J=9.2, —-OCH,C (Me),—), 3.46 (1H, ddJ=9.5,
6.1, H-7), 3.51 (1H, dJ=9.2, -O®,C (Me),—), 3.52 (1H,
dd, J=9.5, 5.9, H-7), 3.69 (1H, dd}=5.4, 1.5, H-5), 4.02
(1H, d, J=5.4, H-3), 4.06 (1H, tJ=5.4, H-4), 4.10-4.14

CDCl) 6 21.1,64.4,64.8,71.0,71.4,73.3,73.4,73.9, 74.0, (1H, m, H-6), 4.22 (1H, dJ=2.1, H-1), 4.32 (1H, dJ=
77.8, 77.8, 79.7, 110.9, 127.4, 127.6, 127.6, 127.8, 128.1,11.6, PhCH), 4.34 (1H, d,J=11.9, PhCH), 4.35 (1H,
128.2, 128.2, 128.3, 128.3, 128.4, 138.2, 138.3, 138.3,d, J=2.1, H-1), 4.37 (1H, dJ)=11.6, PhCH), 4.39 (1H,
138.5; MS (ElI) m/z 598 (M), 583 (M—Me), 537 d, J=11.9, PhCH), 4.49 (1H, d,J=11.9, PhCH), 4.66
(M—OCH,CH,0H), 507 (M-Bn); HRMS (EI) calcd for  (1H, d, J=11.0, PhCH), 4.72 (1H, d,J=11.9, PhCH),
Cs7H4207 598.2931, found 598.2949. 476 (1H, d, J=11.0, PhCH), 7.18-7.35 (20H, m,
PhH); ®C NMR (400 MHz, CDC}) & —5.5, —5.5,
18.3, 21.8 (2C), 25.9 (3C), 36.5, 68.7, 70.0, 70.9,
71.4, 72.8 (2C), 73.1, 75.5, 76.8, 80.2, 80.2, 84.7,
To a solution o5a (2.57 g, 4.0 mmol) in DMF (40 ml) was  127.5, 127.5, 127.6, 127.6, 127.7, 128.0, 128.2, 128.3,
added EiN (2.8 ml, 20 mmol), 4- (dimethylamino)pyridine  128.3, 128.3, 128.3, 138.2, 138.2, 138.3, 138.3, 158.6;
(48 mg, 0.40 mmol), and TBDMSCI (1.21g, 8.0 mmol) MS (El) m/z 754 (M), 663 (M-Bn), 536 (M-Bn—
successively. The mixture was stirred at room temperature TBDMSOCH,C (Me),CH,OH); HRMS (EI) calcd for
under Ar for 2 h, and then poured into a mixture of ether CyeHg0;Si 754.4265, found 754.4257.

(300 ml) and diluted water (300 ml). The organic layer was

washed twice with diluted water (300 ®r), dried over 3,4,5,7-TetraO-benzyl-1-deoxy-20-(3-tert-butyldimethyl-
Na,SQ,, and then evaporated. The residue was applied to silyloxy-2,2-dimethylpropyl)-p-manno-hept-1-enitol (7c).

a silica gel column chromatography (ether—hexane 1:4) to Colorless syrup; ¢]3*+3.9 (C=1.3, CHC}); IR (neat,
afford 7a as colorless syrup (2.74 g, 91%). Compoufls ~ cm ') 3459, 3032, 2955, 2930, 2859, 1624, 1497, 1455,

Protection of 1°-alcohols of the enol ethers 5a—c
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1391, 1362;*H NMR (400 MHz, CDC}) 6 0.00 (3H, s,
MeSi), 0.01 (3H, s, MeSi), 0.87 (9H, 5BuSi), 0.96 (3H,

s, Me), 0.98 (3H, s, Me), 2.49 (1H, =6.1 Hz, OH), 3.43
(2H, s, —O®,C (Me),—), 3.53 (2H, s, —08,C (Me),-),
3.55 (1H, dd,J=9.5, 5.5 Hz, H-7), 3.63 (1H, dd}=9.5,

3.1 Hz, H-7), 3.94 (1H, ddJ)=7.9, 1.8 Hz, H-5), 4.01—
4.04 (1H, m, H-6), 4.11 (1H, d]=8.7 Hz, H-3), 4.14 (1H,
dd, J=8.7, 1.8 Hz, H-4), 4.23 (1H, d}=11.6 Hz, PhCH),
4.33 (1H, dJ=1.5 Hz, H-1), 4.39 (1H, d)=1.5 Hz, H-1),
4.44 (1H, d,J=11.6 Hz, PhCH), 4.46 (1H, d,J=11.6 Hz,
PhCH,), 4.48 (1H, d,J=11.6 Hz, PhCH), 4.53 (1H, d,
J=11.6 Hz, PhCH), 4.56 (1H, d,J=11.0 Hz, PhCH),
4.58 (1H, d,J=11.0 Hz, PhCH), 4.59 (1H, d,J=11.6 Hz,
PhCH,), 7.17—7.35 (20H, m, PhH)?*C NMR (400 MHz,
CDCly) 8 —5.5 (2C), 18.2, 21.8, 21.8, 25.8 (3C), 36.6, 68.8,
69.7, 70.0, 71.4, 72.7, 73.2, 74.0, 74.4, 78.5, 78.6, 79.8,
87.7, 127.3, 127.4, 127.7, 127.8, 127.8, 127.9, 127.9,
128.1, 128.1, 128.2, 128.2, 128.4, 138.0, 138.3, 138.6,
138.7, 158.6; MS (El)ywz 754 (M), 663 (M-Bn), 536
(M—OCH,C (Me)LCH,OTBDMS); HRMS (EI) calcd for
CueHs207Si 754.4265, found 754.4271.

Oxidation of alcohols of the enol ethers 5a and 7a
The solution of7a (453 mg, 0.60 mmol) in DMSO/A©

(4:1) (6 ml) was stirred at room temperature for 18 h. The
resulting mixture was extracted with J&t and the organic

layer was washed several times with distilled water. The ethe-

real solution was dried over MaO, and then evaporated. The
residue was applied to a silica gel column chromatography
(ether—hexane 1:5 then 1:4) to affoBdas colorless syrup
(370 mg, 82%). In the case of the oxidation & with
DMSO/AcO (4:1), dioxo compoundll was mainly afforded.

1,3,4,5-TetraO-benzyl-7-deoxy-60-(3-tert-butyldimethyl-
silyloxy-2,2-dimethylpropyl)-L-xylo-hept-6-en-2-ulose (8).
Colorless syrup; ¢]8*+16.° (C=1.0, CHCL); IR (neat,
cm 1) 3032, 2955, 2930, 2859, 1732, 1626, 1497, 1456,
1397;'H NMR (400 MHz, CDC}) & 0.00 (3H, s, MeSi),
0.01 (3H, s, MeSi), 0.86 (9H, $;BuSi), 0.91 (3H, s, Me),
0.92 (3H, s, Me), 3.36 (1H, d]=9.5, —OGH,C (Me)-),
3.39 (1H, d,J=9.5, —OCH,C (Me)-), 3.39 (1H, dJ=9.2,
—OCH,C (Me)-), 3.45 (1H, dJ=9.2, —OGH,C (Me)—),
3.96 (1H,dJ=3.1, H-3), 4.11-4.20 (5H, m, H-4, H-1, H-1,
H-7, H-7), 4.27 (1H, dJ=6.4, H-5), 4.29 (1H, dJ=11.6,
PhCH), 4.34 (1H, dJ=11.6, PhCH), 4.37 (1H, d J=11.6,
PhCH,), 4.39 (1H, d J=11.6, PhCH), 4.40 (1H, d J=11.3,
PhCH), 4.43 (1H, dJ=11.0, PhCH), 4.56 (1H, d J=11.3,
PhCH), 4.79 (1H, dJ=11.0, PhCH), 7.17—7.32 (20H, m,
PhH); **C NMR (400 MHz, CDC}) 6 —5.5, —5.5, 18.3,
21.7, 21.8, 25.9 (3C), 36.6, 68.6, 71.1, 72.8, 73.2, 74.2,
745, 75.4, 81.1,, 81.4, 83.5, 85.9, 127.4, 127.6, 127.7,
127.9, 128.0, 128.0, 128.1, 128.2, 128.3, 128.4, 137.1,
137.6, 138.2, 138.3, 158.3, 207.6; MS (Efjz 752 (M),
734 (M—H)0), 661 (M-Bn); HRMS (EIl) calcd for
CaeHeoO,Si 752.4108, found 752.4110.

1,3,4,5-TetraO-benzyl-7-deoxy-60-(2,2-dimethyl-3-oxo-
propyl)-L-xylo-hept-6-en-2-ulose (11).Colorless syrup;
[@]#*+17.2 (C=1.1, CHCL); IR (neat, cm?) 3032, 2924,
2870, 1732, 1632, 1497, 1455, 1398t NMR (400 MHz,
CDCly) 6 1.14 (3H, s, Me), 1.15 (3H, s, Me), 3.62 (1H, d,
J=9.4Hz, -OCG,C (Me)-), 3.67 (1H, d,J=9.4 Hz,
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—OCH,C (Me),—), 3.99 (1H, dJ=3.4 Hz, H-3), 4.05 (1H,
dd,J=6.4, 3.4 Hz, H-4), 4.14 (1H, d=6.4 Hz, H-5), 4.19—
4.23 (4H, m, H-1, H-1, H-7, H-7), 4.32 (1H, d=11.3 Hz,
PhCHy), 4.36 (1H, d,J=11.9 Hz, PhCH), 4.38 (1H, d,
J=11.3Hz, PhCH), 4.40 (1H, d,J=11.9 Hz, PhCH),
4.47 (1H, d,J=11.6 Hz, PhCH), 4.50 (1H, d,J=11.6 Hz,
PhCHy), 4.54 (1H, d,J=11.3 Hz, PhCH), 4.75 (1H, d,
J=11.3 Hz, PhCH), 7.18-7.33 (20H, m, PhH), 9.51 (1H,
s, CHO);*C NMR (400 MHz, CDC}) 6 19.2 (2C), 46.4,
71.3, 71.7, 73.2, 74.0, 74.3, 75.1, 80.5, 80.8, 82.9, 86.6,
127.5, 127.6, 127.7, 127.9, 128.0, 128.0, 128.1, 128.2,
128.2, 128.3, 128.4, 137.1, 137.5, 138.0, 138.1, 158.0,
204.1, 207.3; MS (ElyWz 636 (M), 545 (M-Bn); HRMS

(El caled for GgH440; 636.3087, found 636.3087.

Survey of the catalysts for the intramolecular aldol
cyclization of the enol ether 8

To a solution of3 (0.5 M) in THF or THF/HO (19:1) was
added 1-2 equiv. of each acid catalyst. The solution was
stirred under Ar at room temperature or under reflux
conditions for appropriate time shown in Table 1. In the
cases of the reaction in dry THF, the reaction mixtures
were quenched with several drops ofGHand poured into
mixtures of E3O and HO, while the resulting mixtures of
the reaction in THF/EO were directly poured into mixtures

of Et,O and HO. After the organic layer of each mixture
was separated, aqueous layer was again extracted with Et
The combined organic layer was washed with saturated
NaHCG; (aq) solution and kD, dried over NgSQ,, and
then concentrated. Silica gel column chromatography
(ether—hexane 1:2 then 1:1) of the residue afforéi&d as
colorless needles and (in some casdkas colorless syrup.

3,4,5,7-TetraO-benzyl-1-deoxyp-xylo-hepto-2,6-diulose
(10).Colorless syrup;¢]3+2.4 (C=1.0, CHC}); IR (neat,
cm %) 3063, 3032, 2870, 1730, 1497, 1455, 1399, 1360;
NMR (400 MHz, CDC}) 6 2.12 (3H, s, H-7), 4.06 (1H, d,
J=4.2 Hz, H-3), 4.10 (1H, tJ=4.2 Hz, H-4), 4.22 (1H, d,
J=4.2 Hz, H-5), 4.22 (2H, s, H-1, H-1), 4.40 (2H, s, PhgH
4.47 (1H, d,J=11.3 Hz, PhCH), 4.47 (1H, d,J=11.3 Hz,
PhCH,), 4.49 (1H, d,J=11.0 Hz, PhCH), 4.52 (1H, d,
J=11.0 Hz, PhCH), 4.52 (1H, d,J=11.3 Hz, PhCH),
457 (1H, d,J=11.3Hz, PhCH), 7.14-7.37 (20H, m,
PhH); *C NMR (400 MHz, CDC}) 6 27.9, 73.2, 73.6,
73.8, 74.3, 74.3, 80.9, 81.1, 82.5, 127.8, 127.9, 128.1,
128.1, 128.4, 128.4, 128.4, 128.4, 1285, 136.8, 136.9,
137.0, 137.4, 206.7, 208.8; MS (Eijyz 552 (M), 509
(M—Ac), 461 (M—Bn); HRMS (El) calcd for GsHs¢Os
552.2512, found 552.2512.

Preparation of the carbasugar derivatives 9a—c from the
enol ethers 5a—c or 7a—c without purification of the
intermediate ketones

The solution oba(1.15 g, 1.8 mmol) in DMSO/A© (4:1)

(9 ml) was stirred at room temperature for 24 h. The result-
ing mixture was extracted with ED and the organic layer
was washed three times with distilled water. The ethereal
solution was dried over N&Q,, filtered, and then concen-
trated. The residue was dissolved in THEZH19:1, 36 ml),
and ZnC} (490 mg, 3.6 mmol) was added to this solution.
The mixture was stirred under reflux conditions for 4 h, and
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then was poured into a mixture of £t and HO. After the
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3470, 3031, 2923, 2869, 1734, 1497, 1455, 1364NMR

organic layer was separated, aqueous layer was again400 MHz, CDC}) é 2.47 (1H, dd,J=13.7, 1.7 Hz, H-6),

extracted with BEO. The combined organic layer was
washed with saturated NaHG{aqg) solution and kD,
dried over NaSQ, and then concentrated. The residue
was applied to a silica gel column chromatography
(ether—hexane 1:2 then 1:1) to affodd’® (720 mg, 73%)
as colorless needles. According to above proceda®ias
prepared also frofain 80% yield, and®b,cwere prepared
from the corresponding enol ethers in the yields shown in
the text. In the case withb or 7b, the refluxing time for
aldol cyclization was shorter than the case withor 7a,
while it was longer in the case witbc or 7c. The resulting
inosose frombc or 7c was afforded as the mixture of two
stereoisomers (major:minet0:1).

2p-(2,5/3,4)-2,3,4-TriO-benzyl-5-C-benzyloxymethyl-
2,3,4,5-tetrahydroxycyclohexanone  (9b). Colorless
needle; mp 109.5-1106; [«]3'+42.3 (C=1.0, CHCL);

IR (neat, cm™) 3438, 3031, 2911, 2845, 1719, 1497, 1455,
1410, 1360;"H NMR (400 MHz, CDC}) 6 2.32 (1H, dd,
J=14.0, 1.2 Hz, H-6), 2.67 (1H, bs, OH), 2.69 (1H, bd,
J=14.0, 1.8 Hz, H-6), 3.25 (1H, d}=8.9 Hz, BnO®,),
3.57 (1H, d,J=8.9 Hz, BnO®,), 3.99 (1H, bs, H-4), 4.18
(1H, dd, J=9.9, 2.6 Hz, H-3), 4.45 (1H, dJ=11.6 Hz,
PhCH), 4.50 (1H, d,J=11.6 Hz, PhCH), 4.52 (1H, bd,
J=9.9 Hz, H-2), 4.54 (1H, dJ=11.0 Hz, PhCH), 4.59
(1H, d, J=11.6 Hz, PhCH), 4.72 (1H, d,J=11.9 Hz,
PhCH), 4.93 (1H, d,J=11.9 Hz, PhCH), 4.94 (1H, d,
J=11.6 Hz, PhCH), 5.04 (1H, d,J=11.0 Hz, PhCH),
7.19-7.43 (20H, m, PhH}3C NMR (400 MHz, CDC}) &
448, 72.8, 73.5, 73.6, 74.1, 74.5, 75.1, 78.4, 81.6, 84.4,
127.5, 127.5, 127.7, 127.9, 127.9, 128.0, 128.1, 128.2,
128.3, 128.3, 128.3, 128.5, 137.3, 138.2, 138.3, 138.7,
204.8; MS (El) m/z 552 (M), 534 (M—H,0), 461
(M—Bn); HRMS (EI) calcd for GsH3506 552.2512, found
552.2527; Anal. Calcd for £H360s: C, 76.06; H, 6.57.
Found: C, 76.09; H, 6.65.

21-(2,3/4,5)-2,3,4-TriO-benzyl-5-C-benzyloxymethyl-
2,3,4,5-tetrahydroxycyclohexanone (9c¢ (major))Color-
less syrup; §]&—6.4 (C=1.0, CHC}); IR (neat, cm%)
3447, 3031, 2923, 2867, 1732, 1497, 1455, 1384;
NMR (400 MHz, CDC}) 8 2.37 (1H, dd,J=14.3, 0.9 Hz,
H-6), 2.61 (1H, d,J=1.8 Hz, OH), 3.16 (1H, ddJ=14.3,

1.8 Hz, H-6), 3.23 (1H, d]=8.9 Hz, BnOG,), 3.49 (1H, d,
J=8.9 Hz, BnO®,), 3.92 (1H, dd,J=7.6, 3.0 Hz, H-3),
4.11 (1H, dd J=3.0, 0.9 Hz, H-2), 4.30 (1H, d]=7.6 Hz,
H-4), 4.43 (1H, d,J=11.9 Hz, PhCH), 4.45 (1H, d,
J=12.2 Hz, PhCH), 4.50 (1H, d,J=11.9 Hz, PhCH),
4.53 (1H, d,J=11.6 Hz, PhCH), 4.53 (1H, d,J=11.6 Hz,
PhCH), 4.59 (1H, d,J=11.6 Hz, PhCH), 4.71 (1H, d,
J=12.2 Hz, PhCH), 4.86 (1H, d,J=11.6 Hz, PhCH),
7.16—7.37 (20H, m, PhH)*C NMR (400 MHz, CDC}) &
44.8, 72.1, 72.5, 73.3, 73.4, 74.1, 75.1, 77.4, 79.5, 81.1,
127.7, 127.7, 127.8, 127.9, 127.9, 128.0, 128.2, 128.3,
128.4, 137.2, 137.8, 137.9 (2C), 206.5; MS (Ei)z 552
(M), 534 (M—H,0), 461 (M—Bn); HRMS (EI) calcd for
C35H3606 552.2512, found 552.2515.

21-(2,3,5/4)-2,3,4-TriO-benzyl-5-C-benzyloxymethyl-
2,3,4,5-tetrahydroxycyclohexanone (9c (minor))Color-
less syrup; §]3'—67.1° (C=0.8, CHCL); IR (neat, cm?)

2.62 (1H, bd,J=13.7 Hz, H-6), 3.32 (1H, dJ=9.8 Hz,
BnOCH,), 3.62 (1H, dd,J=9.9, 1.8 Hz, BnO®El,), 3.96
(1H, dd,J=4.0, 1.7 Hz, H-4), 4.19 (1H, t}=4.0 Hz, H-3),
4.31 (1H, d,J=1.8 Hz, OH), 4.40 (1H, dJ=12.2 Hz,
PhCH,), 4.45 (1H, d,J=11.3 Hz, PhCH), 4.45 (1H, d,
J=4.0 Hz, H-2), 4.54 (1H, dJ=11.3 Hz, PhCH), 4.54
(1H, d, J=12.2 Hz, PhCH), 4.57 (1H, d, J=11.6 Hz,
PhCH,), 4.67 (1H, d,J=12.2 Hz, PhCH), 4.83 (1H, d,
J=12.2 Hz, PhCH), 4.87 (1H, d,J=12.2 Hz, PhCH),
7.05-7.08 (2H, m, PhH), 7.22—-7.37 (18H, m, PhiC
NMR (400 MHz, CDC}) 6 47.5, 72.5, 73.6 (2C), 73.8,
74.4, 76.1, 79.5, 81.2, 81.3, 127.6, 127.8, 127.8, 127.9,
128.0, 128.1, 128.3, 128.4, 128.5, 128.5, 136.8, 137.4,
137.8, 138.1, 204.8; MS (EHvz 552 (M), 534 (M—H,0),

461 (M—Bn); HRMS (El) calcd for GsH360g 552.2512,
found 552.2510.

Reduction of the inosose 9c (major) with NaBH

To a solution ofdc (major) (57 mg, 0.10 mmol) in MeOH/
THF (4:1) (2 ml) was added NaBH5.7 mg, 0.15 mmol) at
—10°C under Ar. The reaction mixture was stirred-at(°C

for 30 min. The resulting mixture was concentrated and then
extracted with BEXO. The organic layer was washed with 1N
HCI, saturated NaHCgXaq) solution, dried over N&Q;,
filtered, and then concentrated. The residue was applied to a
silica gel column chromatography. The less polar compound
12a was eluded with ether—hexane 1:1 to 2:1, and more
polar 12b was eluded with ether—hexane 3:1. Bothl@fa
and 12b were afforded as colorless syrup in 44 and 53%
yield, respectively.

11-(1,2,5/3,4)-2,3,4-TriO-benzyl-1-C-benzyloxymethyl-
1,2,3,4,5-cyclohexanepentol (12a).Colorless syrup;
[a]d/—11.6 (C=1.1, CHCY); IR (neat, cm™) 3395, 3063,
3031, 2923, 2861, 1497, 1455, 136# NMR (400 MHz,
CDCl) 6 1.86 (1H, bd,)=14.8, H-6), 2.26 (1H, bd]=14.8,
H-6), 2.87 (1H, dJ=2.1 Hz, OH), 3.24 (1H, dJ=8.9 Hz,
BnOCH,), 3.42 (1H, d J=8.9 Hz, BnOG,), 3.81 (1H, bd,
J=7.9 Hz, OH), 3.95-4.01 (2H, m, H-4, H-5), 4.08 (2H, s,
H-2, H-3), 4.45 (1H, d,J=12.0, PhCH), 4.53 (1H, d,
J=12.0, PhCH), 4.53 (1H, d,J=10.7, PhCH), 4.63 (1H,
d,J=12.0, PhCH), 4.64 (1H, d J=12.0, PhCH), 4.67 (1H,
d,J=12.0, PhCH), 4.80 (1H, d J=12.0, PhCH), 4.94 (1H,

d, J=10.7, PhCH), 7.18-7.37 (20H, m, PhH) (not chair
form); *3C NMR (400 MHz, CDC}) & 32.8, 68.7, 72.5,
72.8, 73.3, 73.9, 75.6, 77.0, 77.9, 78.1, 78.4, 127.5, 127.5,
127.6, 127.7, 127.7, 128.1, 128.3, 128.3, 128.4, 138.0,
138.4, 138.6, 138.8; MS (Elz 554 (M), 463 (M—Bn);
HRMS (El) calcd for GsH3506 554.2668, found 554.2666.

11-(1,2/3,4,5)-2,3,4-TriO-benzyl-1-C-benzyloxymethyl-
1,2,3,4,5-cyclohexanepentol (12b). Colorless  syrup;
[a]—4.0° (C=1.3, CHCL); IR (neat, cm™) 3447, 3063,
3031, 2928, 2863, 1497, 1455, 1362t NMR (400 MHz,
CDCl,) 6 1.85 (1H, ddd,J=13.5, 4.0, 0.9 Hz, H-6), 1.96
(1H, d, J=10.7 Hz, OH), 2.06 (1H, dddJ=13.5, 11.6,
2.1 Hz, H-6), 2.38 (1H, dJ=2.1 Hz, OH), 3.22 (1H, d,
J=8.7 Hz, BnO®4,), 3.41 (1H, d,J=8.7 Hz, BhO®,),
3.82 (1H, dd,J=9.8, 2.4 Hz, H-3), 3.88-3.96 (1H, m,
H-5), 4.05 (1H, bs, H-4), 4.06 (1H, d]=9.8 Hz, H-2),
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4.44 (1H, d,J=12.0 Hz, PhCH), 4.52 (1H, d,J=12.0 Hz, Matsumoto, K.; White, S. L.; Olden, Kroc. Natl. Acad. Sci. USA
PhCH), 4.54 (1H, d,J=11.0 Hz, PhCH), 4.65 (1H, d, 1986 83, 1752. (d) Fleet, G. W. J.; Karpas, A.; Dwek, R. A.;
J=11.6 Hz, PhCH), 4.71 (1H, d,J=11.6 Hz, PhCH), Fellows, L. E.; Tyms, A. S.; Petursson, S.; Namgoong, S. K.;
4.75 (1H, d,J=11.6 Hz, PhCH), 4.91 (1H, d,J=11.0 Hz, Ramsdem, N. G.; Smith, P. W.; Son, J. C.; Wilson, F.; Witty,
PhCH), 5.16 (1H, dJ=11.6 Hz, PhCH), 7.19-7.37 (20H, D. R.; Jacob, G. S.; Rademacher, T. MEBS Lett.1988 237,

m, PhH);13C NMR (400 MHz, CDC}) & 36.6, 66.8, 72.99, 128. (e) Montefiori, D. C.; Robinson, W. E.; Mitchell, W. M.
73.3,73.4, 74.3, 74.3, 75.6, 78.1, 79.1, 81.4, 127.5, 127.6,Proc. Natl. Acad. Sci. U.S.A.988 85, 9248.

127.6, 127.6, 127.7, 128.1, 128.3, 128.4, 128.4, 138.1,2. Recent reviews: (a) Nicotra, F. l@arbohydrate Chemistry
138.4, 138.5, 139.1; MS (FABjVz 593 (M+K)", 577 Boons, G.-J., Ed.; Blackie Academic & Professional: London,
(M+Na)*, 486 (M—91+Na)"; HRMS (FAB) calcd for 1998; p 384. (b) Ferrier, R. J.; Middleton, Shem. Rev1993

C3sH3g0sNa 577.2566, found 577.2537. 93, 2779. (c) Chida, N.; Ogawa, €hem. Commurl997, 807.

3. (a) limori, T.; Takahashi, H.; lkegami, Setrahedron Lett.
Preparation of the cyclic phenylboronate ester of the 1996 37, 649. (b) Takahashi, H.; Kittaka, H.; lkegami, S.
cyclohexanepentol 12a Tetrahedron Lett1998 39, 9703.

4. (a) Fukase, H.; Horii, SJ. Org. Chem.1992 57, 3642.
A mixture of 12a (20 mg, 0.04 mmol), phenylboric acid (b) Fukase, H.; Horii, SJ. Org. Chem1992 57, 3651. (c) Horii,
(10 mg, 0.08 mmol), andp-toluenesulfonic acid mono- S.; Fukase, H.; Matsuo, T.; Kameda, Y.; Asano, N.; Matsui, K.
hydrate (1 mg, 15 mol%) in toluene (1 ml) was stirred at J. Med. Chem1986 29, 1038.
110°C under Ar for 30 min. The resulting mixture was 5. (a) Kameda, Y.; Asano, M.; Yoshikawa, M.; Takeuchi, M.;
extracted with CHCl,, and the organic layer was washed Yamaguchi, T.; Matsui, K.; Horii, S; Fukase, H. Antibiot.
with saturated NaHCQ(aq) solution, dried over N&Q,, 1984 37, 1301. (b) Horii, S.; Fukase, H.; Kameda, @arbohydr.
filtered, and then concentrated. The residue was appliedRes.1985 140, 185.
to a silica gel column chromatography (ether—hexane 1:2, 1:1,6. Total syntheses of valiolamine: (a) Ogawa, S.; Shibata, Y.

then 2:1) to affordl3a (22 mg, 95%) as colorless syrup. Chem. Lett1985 1581. (b) Hayashida, M.; Sakairi, N.; Kuzuhara,
H. J. Carbohydr. Chen1988 7, 83. (c) Shing, T. K. M.; Wan, L. H.
11-(1,2,5/3,4)-2,3,4-TriO-benzyl-1-C-benzyloxymethyl- J. Org. Chem1996 61, 8468. (d) See Ref. 8a.

1,2,3,4,5-cyclohexanepentol 1,5-phenylboronate (13a). 7. Total syntheses of valienamine: (a) Sakairi, N.; Kuzuhara, H.
Colorless syrup; ¢]§—17.4 (C=1.2, CHC}); IR (neat, Tetrahedron Lett1982 23, 5327. (b) Ogawa, S.; Chida, N.; Suami,
cm’l) 3063, 3031, 2924, 2863, 1497, 1455, 1393, 1360, T. J. Org. Chem.1983 48, 1203. (c) Schmidt, R. R.; Km, A.
1323: 'H NMR (400 MHz, CDC}) 6 1.80 (1H, ddd, Angew. Chem., Int. Ed. Engl987, 26, 482. (d) Yoshikawa, M.;
J=14.0, 3.4, 1.2 Hz, H-6), 2.52 (1H, dd=14.0, 1.7 Hz, Cha, B. C.; Nakae, T.; Kitagawa, Chem. Pharm. Bull1988 36,
H-6), 3.39 (1H, d,J=8.9 Hz, BnO®,), 3.83 (1H, dd, 3714. (e) Nicotra, F.; Panza, L.; Ronchetti, F.; RussoGazz.
J=9.8, 3.4 Hz, H-3), 3.89 (1H, dJ=8.9 Hz, BnOGi,), Chim. ltal. 1989 119 577. (f) Park, T. K.; Danishefsky, S. J.
4.04 (1H, dt,J=3.4 Hz, 1.2 H-4), 4.07 (1H, d)=9.8 Hz, Tetrahedron Lett1994 35, 2667. (g) Paulsen, H.; Heiker, F. R.
H-2), 4.35-4.39 (1H, m, H-5), 4.49 (1H, d=12.2 Hz, Liebigs Ann. Chenil 981, 2180. (h) Ogawa, S.; Shibata, Y.; Nose,
PhCH), 4.52 (1H, d,J=12.2 Hz, PhCH), 4.56 (1H, d, T.; Suami, T.Bull. Chem. Soc. Jph985 58, 3387. (i) Ogawa, S.;
J=11.6 Hz, PhCH), 4.62 (1H, d,J=11.6 Hz, PhCH), lwasawa, Y.; Nose, T.; Suami, T.; Ito, M.; Saito, ¥.Chem. Soc.,
4.66 (1H, d,J=11.3 Hz, PhCH), 4.67 (1H, d,J=12.2 Hz, Perkin Trans. 11983 903. (j) Knapp, S.; Naughton, A. B. J.; Dhar,
PhCH), 4.85 (1H, d,J=12.2 Hz, PhCH), 4.94 (1H, d, T. G. M. Tetrahedron Lett.1992 33, 1025. (k) Trost, B. M.;
J=11.3 Hz, PhCH), 7.18-7.44 (23H, m, PhH), 7.78 (2H, Chupak, L. S;; Lbbers, T.J. Am. Chem. S0d.99§ 120, 1732.
dd,J=7.9, 1.5);"*C NMR (400 MHz, CDC}) & 31.3,68.7, 8. Ohtake, H.; Ikegami, SOrg. Lett.200Q 2, 457.

73.0, 73.31, 73.4 (2C), 75.3, 76.2, 76.4, 79.6, 79.7, 127.3,9. (a) Ohtake, H.; limori, T.; Ikegami, Setrahedron Lett1997,
127.5, 127.5, 127.6, 127.6, 127.7, 127.8, 128.2, 128.3,38 3413. (b) limori, T.; Ohtake, H.; Ikegami, $etrahedron Lett.
128.3, 128.4, 130.9, 134.1 (2C), 138.2, 138.4, 138.5, 1997 38, 3415. (c) Ohtake, H.; limori, T.; Shiro, M.; Ikegami, S.

139.1; MS (FAB) m/z 679 (M+K)+, 663 (M+Na)+; Heterocycled998 47, 685. (d) Ohtake, H.; limori, T.; lkegami, S.
HRMS (FAB) calcd for G;H,BOgNa 663.2894, found  Synlett1998 1420.
663.2897. 10. Previously, Yoshimura and his co-workers extensively studied

sugar ortho esters for the purpose of synthesizing orthosomycin
antibiotics. (a) Tamaru, M.; Horito, S.; YoshimuraBlll. Chem.
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