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The synthesis of biologically important natural products
which contain acyclic or heterocyclic structures, starting
from cyclitols, is described. Stereoselective functionalization
and subsequent regioselective ring cleavage of cyclitol
derivatives provides precursors for the synthesis of a wide
variety of natural products. The successful synthesis of
acyclic and heterocyclic natural products reveals the useful-
ness and importance of cyclitols as novel chiral building
blocks.

Introduction

The synthesis of natural products possessing biological activity
and interesting structures in an enantiomerically pure formisa
highly important area of modern organic and medicinal
chemistry. To construct the asymmetric centres in the target
molecule, compounds with established asymmetric centres,
such as naturally occurring amino acids,! terpenes? and
carbohydrates, are frequently employed as the starting material
(chiral building block).3 Among them, carbohydrates, espe-
cialy aldohexoses such as d-glucose, have been widely used
due to their ready availability and versatility.4 Cyclitols
(polyhydroxycycloalkanes), which are classified as a type of
carbohydrate, occur widely in nature.> myo-Inositol 1, known as
aconstituent of asecondary messenger in cellswhich stimulates
therelease of calcium from storage sites, is easily obtained from
corn-steep liquors and commercially available at relatively low
price.f While myo-inositol isameso compound, 1-quebrachitol
[201-(—)-2-O-methyl-chiro-inositol] 2, isolated in large quan-
tities from the serum of the rubber tree,68 is an optically active
cyclitol possessing a methyl ether function. In spite of their
abundance in nature and ready availability, cyclitols have not
been utilized widely as starting materials for the synthesis of
natural products other than cyclitol derivatives. Given that
regioselective cleavage of their cyclohexane ring is possible,
cyclitols are expected to be versatile starting materials for the
synthesis of acyclic or heterocyclic natural products. In this
article, the synthesis of several acyclic and heterocyclic natural
products starting from cyclitols (myo-inositol  and
I-quebrachitol), based on tactics involving stereoselective
functionalization followed by regioselective ring cleavage of
the cyclitol ring, are described.

Regioselective ring cleavage of the cyclohexaneringin
cyclitols

A magor advantage in using cyclitol as a starting material
compared with aldohexoses is that there are no synthetic
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limitations imposed by the presence of a hemiacetal function-
ality. The cyclic structure as well as the established protection-
deprotection methods of polyhydroxy groups® in cyclitols
allowed us to introduce many kinds of functional groups
stereoselectively on the cyclohexane ring. If one could cleave
the cyclohexane ring in functionalized cyclitol derivatives at
any chosen position, the array of chiral centresfrom the cyclitol
derivatives, which are sometimes difficult to obtain from
convensional sugars such as d-glucose, d-galactose, d-mannitol
and so on, could be transferred to the target molecule. To cleave
the cyclohexane ring in cyclitols, oxidative glycol cleavage
would be anticipated to be an effective and reliable method.
However, difficulty is sometimes encountered in distinguishing
between the two newly formed formyl carbons. On the other
hand, Baeyer—Villiger reaction of polyhydroxycyclohexanone
derivatives possessing oxygen and other functionalities at the
«-carbons is an attractive method to cleave the cyclohexane
ring, since the termina carbons of the product usualy have
different oxidative states. Early studies on the Baeyer—Villiger
reaction of polyhydroxycyclohexanones derived from myo-
inositol by Fukami et al.” reveded that the reaction proceeded
in a highly regioselective manner, and suggested that the
substituent on the «-carbon should be an important factor for
influencing the regioselectivity. To clarify the governing factor
controlling the regioselectivity, a series of unsymmetrical
polyhydroxycyclohexanone derivatives were synthesized from
myo-inositol and 1-quebrachitol, and subjected to Baeyer—
Villiger reaction.®8 Some results are shown in Scheme 1. This
study showed that the migratory ability of substituted carbons
adjacent to the carbonyl in the polyhydroxycyclohexanone
system are strongly affected by the nature of substituents on the
«-carbon; the migratory aptitudes are: a carbon possessing
benzyloxy > methoxy > cyclic ketaloxy > acyloxy = methyl
> hydrogen. These results suggested that n-electron density on
the oxygen atom attached to the adjacent carbon to the carbonyl
is of significance, implying that an n—o* # interaction (Cieplak
postulate®) might account for the observed regioselectivity.
Thusit should now be possible to design polyhydroxycyclohex-
anone derivatives which undergo regioselective Baeyer—Villi-
ger reaction.

Synthesis of natural products starting from myo-inositol

Iduronic acid derivative and nojirimycin

Since myo-inositol 1 is a meso compound, chemical trans-
formation usually provides meso or racemic products. Therefore
it is necessary to perform an asymmetric reactionl or optical
resolution! to prepare optically pure myo-inositol derivatives.
Cyclic ketal formation of 1 gave racemic 32 in high yield
(Scheme 2). After O-benzylation, diol 4 was obtained by acidic
hydrolysis. When diol 4 was reacted with an equimolar amount
of (9-(+)-«-(acetoxy)phenylacetic acid in the presence of
1,3-dicyclohexylcarbodiimide (DCC) and 4-dimethylamino-
pyridine (DMAP) at —15 °C, formation of a pair of diastereo-
isomers (5D and 5L ) was observed. These compoundsare easily
separated by silica gel chromatography or recrystallization to
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provide 5D and 5L in 36 and 35% isolated yields, respectively.
Removal of the (9-(+)-«-(acetoxy)phenylacetyl group from 5D
afforded 4D, and from 5L gave 4L, both in quantitative yield.
The absolute configurations of 4D and 4L were confirmed by
comparison of their [«]p values with literature ones,11a and the
optical purities of 4D and 4L were estimated to be >98% ee,
respectively, by HPLC analysesusing achiral column (chiralcel
oD

Oxidation of 5L afforded ketone 6, whose Baeyer—Villiger
reaction with MCPBA proceeded in a highly regioselective
manner and provided the 7-membered acetal lactone 7.
Treatment of 7 with MeOH and HC(OMe); in the presence of
toluene-p-sulfonic acid (TsOH) caused the lactone ring to open,
providing acyclic product 8 after methyl ester formation. This
compound was transformed into I-iduronic acid derivative
9L .13 Similar treatment of 5D provided the enantiomer 9D.13

The acyclic sugar derivative 8 is a versatile intermediate for
the synthesis of natural products possessing polyhydroxy
functionality. DIBAL-H reduction of 8 gave diol 10 (Scheme
3), whose primary hydroxy group was selectively protected to
afford 11. Introduction of an amino functionality by Mitsunobu
reaction provided 12. Compound 12 was effectively converted
into (+)-nojirimycin bisulfite adduct 13.14 (+)-Nojirimycin 1414
and (+)-1-deoxynojirimycin 1540 were easily obtained from the
adduct 13.

Sphingofungin D

Compound 8 was aso employed for the total synthesis of the
novel antifungal agent sphingofungin D (N-acetyl asperfungin)
(Scheme 4).15 Acidic hydrolysis of the dimethyl acetal groupin
8 afforded the corresponding acyclic aldehydo-sugar, whose
Wittig reaction with PhsP=CHCO.Et provided E-alkene 16.
This was transformed into alyl bromide 18 in three steps.
Reaction of 18 with sulfone 19, which was synthesized from the
coupling product of commercially available (R)-epoxyoctane
and 4-[(tetrahydropyran-2-yl)oxy]butylmagnesium chloride in
four steps, followed by desulfonization afforded the Cyo
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Scheme 1 Partial decomposition of the products during silica gel
chromatography was observed. The ratios of the major product and its

regioisomer were determined by 270 MHz tH NMR analysis of the products
before isolation.
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backbone 21 of sphingofungins. Removal of the acetonide
group provided diol 22. Although introduction of an amino
functionality at the C-2 position in 22 by intermolecular Sy2
reaction was difficult, it was found that intramolecular nitrogen
delivery worked well for this substrate. Thus, Mitsunobu
reaction of 22 afforded epoxide 23, which was transformed into
primary azide 24. Treatment of 24 with PhsP followed by
reaction with ZCl generated inverted aziridine 26, whose
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Scheme 2 Reagents and conditions: i, cyclohexanone, TsOH, CgHeg; ii,
NaH, BnCl, DMF; iii, (9-(+)-(AcO)CHPhCO,H, DCC, DMAP, CH,Cl,
—15 °C; iv, MeONa, MeOH; v, CrOs in dil. H,SO,4, Me,CO, 0 °C; vi,
MCPBA, KHCO;3, (CICH,),, 0 °C; vii, TsOH, HC(OMe)s, MeOH, 80 °C,
then CH,N,, CH,Cl»; viii, 3% methanolic HCI, reflux; ix, Hz, 20% Pd(OH),
on carbon, EtOH.



aziridine ring was cleaved with KOAc to provide 27 after

OBn OBn hydrolysis of the O-acetyl function. The primary hydroxy group
i MeO ; ; CH,OR was protected as a tetrahydropyran-2-yl (THP) ether to afford
8 — . . 28. Treatment of 28 with Li—-NH3 gave 29 after N,O-acetylation.
MeO  OBn OH Removal of the O-THP group and subsequent oxidation,
followed by de-O-acetylation afforded sphingofungin D 30.
i [ 10 R=H This total synthesis confirmed the proposed C-2-C-5 stereo-
11 R=CH,OMe chemistry, and assigned the undetermined absolute configura-

on j i tion at C-14 in sphigofungins to be R15

HO CHZ0H OBn OBn Polyoxin J

. NH,*  v-vi Meo CHz0CHzOMe The antifungal antibiotic polyoxin J 55 consists of two
HO e OBn N fragments, amino acid portion 43 and nucleic acid portion 53.
SO3~ © . These two key fragments were synthesized from a pair of
13 o optically resolved myo-inositol derivatives (32D and 32L),
) respectively.16 The known racemic diol 31,12 preparedfrom 1in
J v \ 1 one step was converted into another racemic diol 32 (Scheme5).
OH Optical resolution of 32 using (9-(+)-«-(acetoxy)phenylacetic
Ho. 1 CH,OH OH acid afforded 33D and 33L, which are easily separated by silica
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Scheme 3 Reagents and conditions: i, LiAlH,4, THF, 0 °C; ii, MeOCH,CI,
Pri,NEt, CH,Cl,, 0 °C; iii, phthalimide, PhsP, diethyl azodicarboxylate
(DEAD), THF, room temp.; iv, Ho2NNH»-H,O, MeOH, reflux, then Boc,0,
EtsN, CH,Cly; v, Hp, 20% Pd(OH), on carbon, EtOH; vi, SO,(gas), H,0,
40 °C; vii, Dowex 1 X2 resin (OH— form), H,0; viii, H,, Raney-Ni (W-4),
Ba(OH),, H,0.

gel chromatography. Basic methanolysis of 33D and 33L
provided opticaly active diols 32D and 32L, respectively.
Synthesis of the amino acid moiety in polyoxin J employed
32D, which was converted into 34D. After introduction of an
azide group in an Sy2 fashion, ketone 37 was subjected to
Baeyer—Villiger reaction to provide lactone 38 as the sole
product. Basic opening of the lactone ring followed by
reduction gave acyclic product 39. Further reduction of the ester
and azide functions and subsequent protection of the amino
group afforded diol 40. N,O-Acetalization and removal of the
para-methoxybenzyl (PMB) group gave 41, and subsequent
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Scheme 4 Reagents and conditions: i, AcOH-H,0 (4:1), 80 °C, then PhsP=CHCO,Et, CH,Cl,, room temp.; ii, DIBAL-H, CH,Cl,, 0 °C, then Me,CO,
camphorsulfonic acid (CSA), 0 °C; iii, PhzP, CBr,4, CH,Cl,, roomtemp.; iv, BuLi, 19, THF-HMPA (10: 1), — 78 °C; v, Na-Hg (6%), NaogHPO,, THFMeOH
(1:1), room temp.; vi, CSA, MeOH, room temp.; vii, PhzP, DEAD, PhMe, reflux; viii, NaN3, DMF-H,0 (9: 1), 100 °C; ix, PhsP, toluene, 50 °C, 30 min,
then reflux; x, ZCl, EtsN, CH,Cly; xi, AcONa, 15-crown-5, DMF, 100 °C, then K,COs, MeOH, room temp.; Xii, 3,4-dihydro-2H-pyran, pyridinium toluene-
p-sulfonate (PPTS), CH,Cl,, room temp.; xiii, Na, THF-ig. NH3 (1: 1), —78 °C, then Ac;O, pyridine, room temp.; xiv, PPTS, EtOH, 50 °C; xv, CrOz in

dil. H,SO,, acetone, 0 °C; xvi, LiOH, THF—H,0 (2: 1), room temp.
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Scheme 5 Reagents and conditions: i, 1,1-dimethoxycyclohexane, TSOH,
DMF; ii, NaH, BnBr, DMF; iii, TSOH, EtOH, room temp.; iv, NaH,
4-MeOCgH4CH,Cl, DMF; v, AcOH-H,O (4:1), 80 °C; vi, (9-(+)-
(AcO)CHPhCO,H, DCC, DMAP, CH,Cl,, —15 °C; vii, MeONa, MeOH,
0 °C; viii, BzCl, DMAP, pyridine, room temp.; ix, MeSO,Cl, pyridine,
50 °C, then NaN3, DMF, 80 °C; x, MeONa, MeOH; xi, dimethyl sulfoxide,
DCC, CF3CO.H, pyridine, CgHe, room temp.; xii, MCPBA, KHCOg,
(CICHy),, 0°C; xiii, NaBH4, MeONa, MeOH, 0 °C; xiv, LiAlH,4, Et,0, then
ZCl, NaHCO3, THFH,0; xv, 2,2-dimethoxypropane, TsOH, DMF, then
Ac,0, pyridine; xvi, 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ),
CH,CI>—H,0, then MeONa, MeOH; xvii, Pb(OAC),4, CeHs, room temp.,
then NaBH,4, MeOH; xviii, 4-nitrophenyl chloroformate, then NHz—MeOH,
CHCl5; ixx, TSOH, MeOH, room temp., then CrOz in dil. H,SO,, Me,CO,
0°C.

810 Chem. Commun., 1997

glycol cleavage followed by carbamoylation gave 42. Thiswas
transformed into amino acid moiety 43.

On the other hand, preparation of the nucleoside portion
started from the enantiomeric diol 32L (Scheme 6). Baeyer—
Villiger reaction of the ketone 44 derived from 32L in two steps
afforded the acetal lactone 45 as the sole product. Acidic
methanolysis of 45 followed by methyl ester formation
provided furanoside 46 as the mgjor product. Interestingly, the
PMB group at C-3 in 45 was removed under the acidic reaction
conditions. Inversion of the C-3 hydroxy group in 46 and
subsequent exchange of the protecting groups gave 49, into
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Scheme 6 Reagents and conditions: i, pyridinium dichromate, molecular
sieves 4A, CH,Cly; ii, MCPBA, KHCOs, (CICH,),, O °C; iii, TSOH,
HC(OMe)3;, MeOH, room temp., then Mel, NaHCOs;, DMF; iv, DDQ,
CH.CI>—H50; v, (CF3802)20, pyridine, CH.ClI,, 0 °C, then AcOK, DMF,
5 °C; vi, MeONa, MeOH then H,, Pd(OH),, EtOH; vii, 2,2-dimethoxy-
propane, TSOH, DMF, room temp.; viii, (CF3SO,),0, pyridine, CH,Cl,
then NaN3, DMF, room temp.; ix, Dowex 50W X8 (H* form), MeOH, room
temp., then Ac,0, pyridine; x, Ac,0, H,SO,, CH,Cl~AcOH; xi, 5-methyl-
2,4-bis(trimethylsilyloxy)pyrimidine, MesSIOSO,CF;, CH,Cl,, room
temp.; Xii, Hy, 5% Pd-BaS0O,, dioxane-H,0, then Ba(OH),, dioxane-H,0,
room temp.; xiii, Boc,O, K>COj3, dioxane-H,0, then BnBr, NaHCOs,
DMF, room temp.; xiv, CFsCO,H, EtOAc, 0 °C; xv, 43, (EtO),P(O)CN,
EtzN, DMF, room temp.; xvi, H,, 10% Pd-C, MeOH-H0.



which was introduced an azide function with inversion of
configuration to provide 50. Acetolysis of 50 gave 51, which
was condensed with 5-methyl-2,4-bis(trimethylsilyloxy)pyri-
midine under Vorbruggen conditions to afford 52. This was
transformed into the benzyl ester of the nucleoside portion 53 of
polyoxin J in four steps. Coupling of 43 with 53 using the
Shioiri procedure gave 54, deprotection of which provided
polyoxin J 55.16

Synthesis of natural products starting from
I-quebrachitol

Bengamide A, B and E

I-Quebrachitol 2 is optically active and has a convenient
configuration for the selective protection of hydroxy groups.
Compounds derived from 2 by cleavage of the cyclohexanering
are expected to be versatile and useful chiral building blocksfor
the synthesis of avariety of natural products. A short synthesis
of 1-mannitol from 2 reported by Angyal and Hoskinsonl? in
1963 reveded the effectiveness of this approach. We applied
this approach to the total synthesis of the bengamides,18.19
which are novel amino acid derivatives with anti-infectious
disease activity isolated from marine organisms.

Periodate oxidation of mono-O-isopropylidene derivative
5620 of I-quebrachitol gave dialdofuranose derivative 57
(Scheme 7). Spontaneous furanose ring formation allowed usto
distinguish the two formyl carbons generated by the oxidation.
Treatment of 57 with NaBH, followed by silyl ether formation
provided furanose 58, which was subjected to Wittig ol efination
to give E-akene 59 as the mgjor product. In this reaction, the
combination of base (BuLi) and solvent (benzene) was found to
be essential for the selective formation of the E-alkene. Mild
acid treatment of 59 caused the migration of acetonide group
and the partial removal of the SiMe,But group. After resilyla-
tion, the C-5 hydroxy group in 60 was inverted by an oxidation-
reduction procedure followed by O-acetylation to give 61.
Oxidation of the primary hydroxy group gave carboxylic acid
62, which was condensed with cyclo-1-lysine 63 under the
conditions of Shiairi to afford 64. Deprotection of 64 provided
bengamide E 65. This first total synthesis fully confirmed the
proposed structure of bengamide E.18

The novel hydroxylated caprolactams 68 and 69 found in
bengamide A and B, respectively, were initially synthesized
from I-glutamic acid!®@ in non-stereoselective manner, and
later from 1-quebrachitol stereoselectively using Pd-catalysed
regio- and stereo-selective azidation of conduritol derivative 66
as the key reaction19 (Scheme 8). Similar condensation of the
caprolactams 68 and 69 with 62 gave 70 and 71, respectively.
Selective acylation of 70 and 71 with myristic acid, (tetra-
decanoic acid), followed by deprotection, furnished the total
synthesis of bengamide A 721% agnd B 73.1%

Oudemansin X

If one can introduce carbon substituents into cyclitol rings
stereosel ectively, the usefulness of cyclitols as chiral building
blocks would be further extended. We pursued thisidea, which
culminated in the total synthesis of the novel antifungal
antibiotic oudemansin X 86 (Scheme 9).21 Peterson ol efination
of ketone 7420 derived from 2 in two steps, gave exo-akene 75.
Removal of the trans-O-isopropylidene group gave 76, whose
hydrogenation afforded 77 exclusively. Thebicyclic structurein
76 completely controlled the reaction face. Periodate oxidation
of 77, followed by reduction and benzoylation, provided 78,
which was converted into another diol 79. Glycol cleavage of 79
followed by NaBH, treatment gave four-carbon unit 80. After
one-carbon homologation by introduction of acyano group, the
benzoyl group was deprotected and the resulting alcohol was
oxidized to give al dehyde 83. Wittig ol efination and subseguent
isomerization of the double bond, or Takai reaction (formation

of E-vinyl iodide) followed by Pd-catalysed cross-coupling
reaction of 83, provided the (3-styryl compound 84. The nitrile
group in 84 was converted into a methoxycarbonyl group to
give 85, whose lithium ester enolate was trapped with methyl
formate; O-methylation with dimethyl sulfate completed the
first total synthesis of oudemansin X 85.21
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Scheme 7 Reagents and conditions: i, 2,2-dimethoxypropane, TSOH, DMF;
ii, NalOs, MeCO-H,0 (5:1), 0 °C; iii, NaBH,;, MeOH, 0 °C, then
ButMe,SiCl, EtsN, DMAP, CH,Cl,, room temp.; iv, Me;CHCH,P*PhsBr—,
BuLi, CgHg, room temp.; v, TSOH (5 mol%), MeCN, 0 °C then ButMe,SiCl,
EtsN, DMAP, CH,Cl; vi, MnO,, CH,Cl,, room temp., then Zn(BH),4,
Et,O—-PhMe, —78-0 °C; vii, Ac,O, pyridine, room temp.; viii, BusNF,
AcOH, THF, then CrOzindil. H,SO,4, Me>CO, 0 °C; ix, 63, (EtO),P(O)CN,
EtsN, DMF; x, MeONa, MeOH, then CF;CO.H-THFH,0.

Chem. Commun., 1997 811



Other related work

As discussed above, cyclitols, by their regioselective ring
cleavage, have now become useful chiral building blocksfor the
preparation of acyclic and heterocyclic natural products.
Successful implementation of this strategy by our group has
given: d- and 1-galactose derivatives,sb I-mannose, 1-talo and
I-guluronate derivatives,22 (—)-isoavenaciolide,23 (—)-ethis-
olide, 230 (+)-galactostatin,?4 (+)-1-deoxygal actostatin,2* re-
stricticin2s (from I-quebrachitol) and lincosamine26 (from myo-
inosital).

Since I-quebrachitol is an optically active polyhydroxy
cyclohexane derivative, transformation of 1-quebrachitol into
natural or unnatural products having polyfunctional cyclohex-
ane structures is also important work. Such approaches include
syntheses of: aminocyclitols by Ogawa and co-workers,2?
carbarsugar derivatives by Paulsen et al.28 (—)-ovalicine by
Bath et al.2® cyclophellitol by Akiyama and co-workers,30
inositol phosphate derivatives by Kozikowski and co-work-
ers,31 Akiyama and co-workers32 and Potter and co-workers,33
and ssimmondsin by Chida and co-workers.34 Utilization of
I-quebrachitol as a chiral auxiliary in asymmetric synthesisis
reported by Akiyama and co-workers.35 Other applications of
I-quebrachitol in the preparation of bioactive compounds are
found in the recent excellent review by Kiddle.36

Conclusions

We have shown that cyclitols are versatile chiral building
blocks in natural product synthesis. The cyclic structure of
cyclitols allowed us to introduce a variety of functionalities
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Scheme 8 Reagents and conditions: i, NaNs, Pd(PPhs)4 (3 mol%), THF—
H,O (5:1), room temp.; ii, 68 or 69, (EtO),P(O)CN, EtsN, DMF; iii,
MeONa, MeOH, then Cy3H,7,CO,H, 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride, DMAP, CH,CI~THF, —50 to —15 °C; iv,
MeONa, MeOH, then CF;CO,H-THF-H,0.
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regio- and stereo-selectively on the cyclohexane ring. By
subsequent cleavage of the cyclohexane ring at a chosen
position, cyclitols serve as useful precursors for acyclic and
heterocyclic natural products. The regioselective Baeyer—
Villiger reaction can be used for the successful implementation
of such approaches. As myo-inositol and I-quebrachitol are
readily available in large quantities from plants, they are
expected to be used widely as a chiral building block for the
synthesis of structurally complex natural or non-natural prod-
ucts, and are also expected to be employed as raw materials for
the preparation of non-carbohydrate products in the chemical
industry.

O” 1
Me 0o
Me

74 X=0
75 X = CH,

OMe
Me._ _.OH
A\
o) OH Yy
MGAV(') Megvé
Me Me
77 76
{vi, Vii
Me OR Me
_ X
Bzo/\l)\l/l\/OBZ ix Ro/\l)\/
MeO  OR MeO
78 R—R = acetonide 80 R=Bz, X=0H
vii [ 79 Re X L~ g1 R=Bz X=CN
X[~ g R=H,X=CN
lxii
MeO Me Me
Xiii or xiv
H N
_ R o C\l)\/c
MeO MeO
~ 83
XV, xvi E84 R=CN
85 R =CO,Me

MeO

\l/ii, i
Me OMe

= =

MeO CO,Me
oudemansin X 86

Scheme 9 Reagents and conditions: i, 2,2-dimethoxypropane, TSOH, DMF;
ii, RuO,, NalO4, CHClI3, room temp.; iii, MesSICH,MgCIl, THF, then KH,
THF, room temp.; iv, TSOH, MeOH, 0 °C; v, H,, Raney-Ni (W-4), EtOH,
room temp.; vi, Nal O4, NaHCO3, Me,CO-H,0, 0 °C, then NaBH,4, MeOH,
0 °C; vii, BzCl, pyridine, viii, AcCOH-H,O (4:1), 70 °C; ix, NalQy,
NaHCO3;, Me;CO-H,0, 0 °C then NaBH,4, MeOH, 0 °C; x, MeSO.Cl,
pyridine, then NaCN, DMF, 50 °C; xi, MeONa, MeOH, 0 °C; xii,
pyridinium chlorochromate, CH,Cly; xiii, PhgP*CH,CgH4(p-OMe)Cl—,
BuLi, THF, 0 °C then PhSH, AIBN, CgHg, reflux; xiv, CHI3, CrCl,, DMF—
THF, room temp., then (p-OMe)CsH4MgBr, Pd(PPh3), (5 mol%), CsHg,
room temp.; xv, DIBAL-H, CH,Cl,, acidic (ag. H,SO,) work up; xvi,
NaC|02, NstO3H, NaHzPO4, BUtOH—Hzo, room temp., then CH2N2,
Et,O—CH,Cly; xvii, (Me3Si),NLi, THF, —78 to —40 °C, then HCO,Me;
xviii, (Me0),S0,, K,CO3, Me,CO, room temp.
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Footnotes

T E-mail: chida@applc.keio.ac.jp

¥ myo-Inositol is produced in large quantities as a food ingredient and can
be purchased (ca. $100 per 1 kg) from most reagent suppliers.

§ I-Quebrachitol isnow commercially available from MY FEC SDN, BHD,
76100 Durian Tunggal, Melaka, Malaysia

References

1 A. Fischli, in Modern Synthetic Methods, ed. R. Scheffold, Verlag
Sauerlander, Frankfurt, 1980. p. 269; K. Drauz, A. Kleeman and
J. Martens, Angew. Chem,, Int. Ed. Engl., 1982, 21, 584.

2 K. Mori, in The Total Synthesis of Natural Products, ed. J. ApSimon,
Wiley, New York, 1981, p. 1; T.-L. Ho, Enantioselective Synthesis,
Wiley, New York, 1992.

3 J. W. Scott, in Asymmetric Synthesis, ed. J. D. Morrison and J. W. Scott,
Academic Press, Florida, 1984, val. 4, p. 1.

4 S. Hanessian, Total Synthesis of Natural Products: The ‘Chiron’
Approach, Pergamon Press, Oxford, 1983; B. Fraser-Reid and R. Tsang,
in Srategies and Tactics in Organic Synthesis, ed. T. Lindberg and D.
Barton, Academic Press, San Diego, 1989, val. 2, p. 123.

5 L. Anderson, in The Carbohydrates, Chemistry and Biochemistry, ed.
W. Pigman and D. Horton, Academic Press, New York, 1972, vol. 1a,
p. 519.

6 (a) J. van Alphen, Ind. Eng. Chem.,, 1951, 43, 141; (b) N. Chida,
M. Suzuki, M. Suwama and S. Ogawa, J. Carbohydr. Chem., 1989, 8,
319.

7 H. Fukami, H.-S. Koh, T. Sakata and M. Nakajima, Tetrahedron Lett.,
1967, 4771; 1968, 1701.

8 N. Chida, T. Tobe and S. Ogawa, Tetrahedron Lett., 1994, 35, 7249.
9 A. S. Cieplak, J. Am. Chem. Soc., 1981, 103, 4540; A. S. Cieplak,
B. D. Tait and C. R. Johnson, J. Am. Chem. Soc., 1989, 111, 8447.
10 Y. Watanabe, A. Oka, Y. Shimizu and S. Ozaki, Tetrahedron Lett.,

1990, 31, 2613; S. Ozaki, L. Ling, T. Ogasawara, Y. Watanabe and

11

12

13

14

15

16

17

18

20
21

22

23

24

25

26

27

28

29

30

31

32

33

35

36

M. Hirata, Carbohydr. Res., 1994, 259, 307; G. M. Salamonczyk and
M. Pietrusiewicz, Tetrahedron Lett., 1994, 35, 4233.

(&) V. I. Shvets, B. A. Klyashchitskii, A. E. Stepanov and R. P.
Evstigneeva, Tetrahedron, 1973, 29, 331; (b) P. J. Garegg, B. Lindberg,
I. Kvarnstrom and S. C. T. Svensson, Carbohydr. Res., 1985, 139, 209;
S. Ozaki, Y. Watanabe, T. Ogasawara, Y. Kondo, N. Shiotani, H. Nishii
and T. Matsuki, Tetrahedron Lett., 1986, 27, 3157.

S. J Angyal, M. E. Tate and S. D. Gero, J. Chem. Soc., 1961, 4116;
C. Jiang and D. C. Baker, J. Carbohydr. Chem., 1986, 5, 615.

N. Chida, E. Yamada and S. Ogawa, J. Carbohydr. Chem., 1988, 7,
555.

(a) N. Chida, Y. Furuno and S. Ogawa, J. Chem. Soc., Chem. Commun.,
1989, 1230; (b) N. Chida, Y. Furuno, H. Ikemoto and S. Ogawa,
Carbohydr. Res., 1992, 237, 185.

N. Chida, H. Ikemoto, A. Noguchi, S. Amano and S. Ogawa, Nat. Prod.
Lett., 1995, 6, 295.

N. Chida, K. Koizumi, Y. Kitada, C. Y okoyamaand S. Ogawa, J. Chem.
Soc., Chem. Commun., 1994, 111.

S. J. Angyal and R. M. Hoskinson, Methods Carbohydr. Chem., 1963,
2,87.

N. Chida, T. Tobe and S. Ogawa, Tetrahedron Lett., 1991, 32, 1063.
(a) N. Chida, T. Tobe, S. Okada and S. Ogawa, J. Chem. Soc., Chem.
Commun., 1992, 1064; (b) N. Chida, T. Tobe, K. Murai, K. Y amazaki
and S. Ogawa, Heterocycles, 1994, 38, 2383.

H. Paulsen and F. R. Heiker, Liebigs Ann. Chem., 1981, 2180.

N. Chida, K. Yamada and S. Ogawa, Chem. Lett., 1992, 687; J. Chem.
Soc., Perkin Trans. 1, 1993, 1957.

N. Chida, K. Yamada, M. Suzuki and S. Ogawa, J. Carbohydr. Chem.,
1992, 11, 137.

(a) N. Chida, T. Tobe, M. Suwama, M. Ohtsukaand S. Ogawa, J. Chem.
Soc., Chem. Commun., 1990, 994; (b) J. Chem. Soc. Perkin Trans. 1,
1992, 2667.

N. Chida, T. Tanikawa, T. Tobe and S. Ogawa, J. Chem. Soc., Chem.
Commun., 1994, 1247.

N. Chida, T. Tobe, M. Y oshinaga, K. Osakaand S. Ogawa, Carbohydr.
Lett., 1996, 2, 47.

N. Chida, K. Nakazawa, S. Ninomiya, S. Amano, K. Koizumi, J. Inaba
and S. Ogawa, Carbohydr. Lett., 1995, 1, 335.

S. Ogawa and A. Isaka, Carbohydr. Res., 1991, 210, 105; S. Ogawa,
A. Ohdate, K. Ohnishi, T. Tanikawa, H. Kimura and N. Chida,
Carbohydr. Lett., 1995, 1, 255.

H. Paulsen, W. van Deyn and W. Roben, Liebigs Ann. Chem., 1984,
433.

S. Bath, D. C. Billington, S. D. Gero, B. Quiclet-Sire and M. Samadi,
J. Chem. Soc., Chem. Commun., 1994, 1495.

T. Akiyama, H. Shima and S. Ozaki, Synlett, 1991, 831; T. Akiyama,
H. Shima, M. Ohnari, T. Okazaki and S. Ozaki, Bull. Chem. Soc. Jpn.,
1993, 66, 3760.

A. P. Kozikowski, J. J. Kiddle, T. Frew, M. Berggren and G. Powis,
J. Med. Chem,, 1995, 38, 1053; A. P. Kozikowski, V. |. Ognyanov,
A.H. Faug. S. R. Nahhorski and R. A. Wilcox, J. Am. Chem. Soc., 1993,
115, 4429 and references cited therein.

T. Akiyama, N. Takechi and S. Ozaki, Tetrahedron Lett., 1990, 31,
1433; T. Akiyama, N. Takechi, S. Ozaki and K. Shiota, Bull. Chem. Soc.
Jpn., 1992, 65, 366.

C. Liu, S. R. Nahorski and B. V. L. Potter, J. Chem. Soc., Chem.
Commun., 1991, 1014; Carbohydr. Res., 1992, 234, 107; D. Lampe,
C.LiuandB. V. L. Potter, J. Med. Chem., 1994, 37, 907; C. Liu, J. Al-
Hafidh, J. Westwick and B. V. L. Potter, Bioorg. Med. Chem., 1994, 2,
253.

N. Chida, K. Yamada and S. Ogawa, J. Chem. Soc., Chem. Commun.,
1991, 588; J. Chem. Soc., Perkin Trans. 1, 1992, 1131.

T. Akiyama, H. Nishimoto, T. Kuwata and S. Ozaki, Bull. Chem. Soc.
Jpn., 1994, 67, 180; T. Akiyama, K. Ishikawaand S. Ozaki, Chem. Lett.,
1994, 627; T. Aakiyama, K. Okada and S. Ozaki, Tetrahedron Lett.,
1992, 33, 5763; T. Akiyama, H. Horiguchi, T. Idaand S. Ozaki, Chem.
Lett., 1995, 975 and references cited therein.

J. J. Kiddle, Chem. Rev., 1995, 95, 2189.

6/03301F

Chem. Commun., 1997 813



