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Synthesis of (—)-Conduritol F, (+)-Conduritol B, Cyclophellitol from L-Quebrachitol
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The methyl ether of cyclitols with vicinal hydroxyl group was cleaved chemoselectively in preference to
both cis-and trans-cyclohexylidene moieties by AlCls—n-BusNI to afford parent alcohols in good yields. (—)-
Conduritol F was prepared from L-quebrachitol, an optically active cyclitol from the serum of rubber trees, in
five steps by use of the demethylation reaction. The first chiral synthesis of (+)-conduritol B and the total
synthesis of cyclophellitol, a novel 3-glucosidase inhibitor, are described.

L-Quebrachitol (1L-(—)-2- O-methyl- chiro-inositol) is
a naturally occurring optically active inositol, obtained
from the serum of rubber trees,’ and is of interest as
a chiral source for the synthesis of natural products.?
In particular, Paulsen and his co-workers reported
the syntheses of branched-chain cyclitols,® and Chida
and Ogawa extensively studied the synthesis of natu-
ral products such as (—)-isoavenaciolide, bengamide A,
and simmondsin.®

In our laboratory, as part of an exploration of the
utility of L-quebrachitol, we have reported diastereose-
lective reduction® and addition of organometallics to a-
keto esters® and 1,3-dipolar cycloaddition of nitrile ox-
ide to acrylic esters with chiral cyclitols from L-quebra-
chitol as chiral auxiliaries.” We found that the meth-
yl ether of cyclitol with a vicinal OH group is cleaved
chemoselectively in preference to the trans-cyclohexyl-
idene moiety by AlCI3—Nal in CH3CN,® affording par-
ent alcohols in good yields. Thus D-myo-inositol 1-phos-
phate was synthesized by the demethylation reaction.®

Here, we describe the chemoselective demethylation
of methyl ether mediated by AlClz—n-BuyNI and effi-
cient syntheses of (—)-condutriol F, (+)-conduritol B,
and cyclophellitol (Fig. 1).'9

Synthesis of (—)-Conduritol F and (+4)-Con-
duritol B. There is interest in the synthesis of
conduritols (5-cyclohexene-1,2,3,4-tetrols)'" because
these compounds are useful precursors for the prepa-
ration of cyclitols and pseudosugars, and because their
derivatives have interesting biological activities.'® Six
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stereoisomers of conduritol, designated A to F, are
possible; conduritols A and D are meso, and con-
duritols B, C, E, and F are pairs of enantiomers.
The synthesis of conduritols in optically active forms
has been the focus of much effort. Scalemic con-
duritols have been prepared from carbohydrates'® via
Ferrier rearrangement,'¥) form microbial oxidation of
benzene,'® and via the Diels-Alder reaction.*®

We present here a straightforward synthesis of (—)-
conduritol F starting from L-quebrachitol by AlCl3—
n-BuyNI-mediated demethylation.*>'” Chemoselective
demethylation of the methyl ether was necessary. The
results of the cleavage reactions are shown in Table 1.
Treatment of 1, prepared form L-quebrachitol in one
step, with AlCls (4 equiv) and Nal (4 equiv) in CH3CN
at room temperature for 30 min gave 1L-1,2:5,6-di- O-
cyclohexylidene- chiro-inositol (3) in 40% yield (Entry
1). Its structure was confirmed by comparison with a
sample prepared separately by another route.'® Prob-
ably the formation of 11-1,2: 3,4-di- O-cyclohexylidene-
chiro-inositol (2) was followed by migration of the trans-
cyclohexylidene moiety under acidic conditions to give
3 (Scheme 1). The cleavage reaction in the presence
of pyridine (10 equiv) in CH3CN at room temperature
suppressed the migration and afforded 2 in 57% yield
(Entry 3). Concurrent cleavage of the cyclohexylidene
moiety took place. Thus we examined the iodide source.
The counter-cation affected the chemoselective cleavage
of methyl ether. Tetrabutylammonium iodide instead
of Nal suppressed the cleavage of the cyclohexylidene
moiety'® to afford 2 in 78% yield (Entry 7).

Treatment of 2 with N, N-thiocarbonyldiimidazole in
acetone gave a cyclic thiocarbonate 4, which upon reac-
tion with trimethyl phosphite afforded 5 in a high yield.
Deprotection of the cyclohexylidene groups with tri-
fluoroacetic acid-methanol afforded (—)-conduritol F as
a crystalline solid, and its spectroscopic (*HNMR)!6®)
and physical data ([¢]p and mp) were identical to those
reported elsewhere.?%®) Thus, (—)-conduritol F was
synthesized in five steps from L-quebrachitol in a high
yield.

Next, we report the synthesis of (+)-conduritol B,
starting from D-3,4,5,6-tetra- O-benzoyl- myo-inositol
(6),” which is readily available from L-quebrachitol
(Scheme 2). Racemic and (—)-conduritol B have al-
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Table 1. Results of Demethylation of Methyl Ether of 1 in CH3CN

Synthesis of (—)-Conduritol F, (+)-Conduritol B, and Cyclophellitol

Entry AlCls Metal Base Time Yield/%

(equiv) Todide (equiv) (equiv) h 2 3 1
1 5 Nal(5) — 2 0 40 0
2 10 Nal(10) NEt5(10) 42 38 0 17
3 10 Nal(10) Pyridine(10) 20 57 0 13
4 10 NaI(10)® Pyridine(10) 17 49 0 0
5 10 KI(10) Pyridine(10) 34 41 0 37
6 10 LiI(10) Pyridine(10) 22 59 0 25
7 10 n-BusNI(10)  Pyridine(10) 26 78 0 12
8 10 LiBr(10) Pyridine(10) 35 19 0 76
9 10 n-BusNBr(10) Pyridine(10) 32 60 0 36
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a) 18-Crown-6 (1 equiv) was added.
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Scheme 1. a) See text, b) N,N-thiocarbonyldiim-
idazole, acetone reflux, 9 h, 90%, c) P(OCHs)s,

reflux, 6 h, d) 80% trifluoroacetic acid in meth-
anol, 90% from 2.

ready been synthesized,?® but (+)-isomer has not been
prepared so far. Treatment of 6 with N, N'-thiocarbon-
yldiimidazole followed by trimethyl phosphite gave 8
in a high yield. Methanolysis of the benzoyl groups
afforded (+)-conduritol B, and the spectroscopic and
physical properties were in good accord with those of
(—)-conduritol.3¢:162)

Synthesis of Cyclophellitol. Cyclophellitol is
a novel (-glucosidase inhibitor isolated from the cul-
ture filtrate of a mushroom.??) Tatsuta et al. reported
the first synthesis of cyclophellitol starting from rL-glu-
cose, involving the intramolecular cycloaddition of ni-
trile oxide with olefin.?%2¥ The addition of carbanion
derived from Meldrum’s acid to Pd-m-allyl complex
led to an intermediate.?*) We synthesized cyclophellitol
from L-quebrachitol taking advantage of the chemose-
lective cleavage of methyl ether catalyzed by AlClz—n-
BU4NI.

Total synthesis of cyclophellitol starts from olefina-
tion of 21-(2,3,5/4,6)2,3:4,5-di- O-cyclohexylidene-6- O-
methyl-2,3,4,5,6-pentahydroxycyclohexanone (9), read-
ily available in two steps from L-quebrachitol.”® Intro-
duction of a methylene moiety by the Witting reaction
gave unsatisfactory results probably because of steric

hindrance of the vicinal oxygen functionality; treat-
ment of 9 with methylenetriphenylphosphorane gave
10 in 20% yield (Scheme 3). Both Horner-Emmons
and Nozaki reagents?® (CHpl,—Zn—TiCly) gave unsat-
isfactory results. Of the various methods examined, Pe-
terson olefination®® gave the best results. Addition of
Me3SiCH,MgCl to 9 in THF followed by addition of
KH gave 10 in 58% yield.

Next we studied hydroboration of the methylene moi-
ety (Table 2). Treatment of 4 with BH3-THF fol-
lowed by HoO2 afforded an epimeric mixture of 11 and
12, which were readily separated as benzoates 13 and
14. Less sterically demanding borane reagents such as
BH3-THF and BH3-SMes had no selectivity (Entries 1
and 2). A combination of o-phenylenedioxyborane and
[RhC1(PPh3)3]?" afforded mostly an equatorial isomer
(Entry 3).

The stereochemistry of 13 and 14 was readily identi-
fied after cleavage of the trans-cyclohexylidene (Fig. 2).
The coupling constant of diaxial proton J; 6=10.4 Hz of
15 was larger than the J5 6=5.8 Hz of 16, so more polar
isomer 15 probably had the benzoyloxymethyl group in
the equatorial orientation. We confirmed the structure
further at the final stage of total synthesis by compari-
son with cyclophellitol.

Demethylation of both methyl ether and trans-cyclo-
hexylidene moieties of 13 by AlCl3—n-BuyNI in CH3CN
proceeded chemoselectively in preference to that of the
cis-cyclohexylidene moiety to afford a triol 17 in 63%
yield; the reaction with AICIl3—Nal, although it af-
forded 17 in 35—60% yield, gave less reproducible
yields (Scheme 4). Cleavage of the bonzoyl group fol-
lowed by perbenzylation in a one-pot reaction involved
treatment of 17 with NaH and benzyl bromide followed
by the addition of NaOCHj3 and NaH-benzyl bromide,
giving 18 in 83% yield. Acidic hydrolysis of the cis-cy-
clohexylidene moiety afforded a diol 19. Regioselective
triflation of the equatorially oriented 2-hydroxyl group
with trifluoromethanesulfonic anhydride (Tf;0)?® fol-
lowed by acetylation of the axial OH group gave 21.
Sn2 reaction of 21 with n-BuyNI?? in benzene with
reflux for 6 h led quantitatively to an axial iodide 22.
Sodium iodide did not react under these reaction condi-
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Table 2. Results of the Hydroboration of 10

Yield/%

Entry Reagent Conditions® 13 14
1 BH3-THF r.t.1h 31 30

2 BH3-SMe, r.t.22h 20 20

3 C[ 'BH rt 17h 33 6

[RhCI(PhsP)3)

4 9-BBN r. t.—50 °C, 23 h 4 12

a) Products were isolated as benzoates. b) Reaction

conditions for the hydroboration.

tions. The acetyl group was necessary for a smooth Sy2
reaction to take place; the reaction of 20 with Nal or n-
BuyNI followed by O-acetylation gave 22 in low yields.
The iodide 22 was treated with NaOMe at room tem-
perature for 1 h to afford an epoxide 23. Deprotection
of the benzyl protecting groups completed the synthesis,
giving cyclophellitol quantitatively. The spectroscopic
(*H and '3*C NMR) and physical properties ([a]p and
mp) were in good accord with the reported values.?V

Experimental

The melting points were recorded on a Yamato melting
point apparatus and are uncorrected. NMR spectra were ob-
served with a JEOL GSX-270 spectrometer with tetrameth-
ylsilane as the internal standard. IR spectra were recorded
on a Hitachi EPI G-3 spectrometer. Specific rotations were
recorded with a Union PM-101 digital polarimeter. AICl3

gel (Wako gel B-5F).

11-1,2:3,4-Di- O-cyclohexylidene-chiro-inositol (2).
To a solution of 1°%) (106 mg, 0.298 mmol) in CH3CN (2.5
ml) were added successively pyridine (242 ul, 2.98 mmol),
AlCl3 (398 mg, 2.98 mmol), and n-BuyNI (1.10 g, 2.98
mmol) at 0 °C, and the resulting mixture was stirred at
room temperature for 11 h. The reaction was quenched by
the addition of ice water and the product was extracted with
CH2Cl;. The combined organic layer was washed with 10%
Na2COs3 and dried over anhydrous NazSOs, to dryness. The
resulting residue was purified with SiO2 column chromatog-
raphy to afford 2 as an amorphous solid (79 mg, 78%). IR
(Nujol) 3450, 1270, 1160, 1090, 940, and 800 cm™*; *HNMR
(CDCls) §=1.25—1.73 (20H, m, (CHa)1o), 2.94 (1H, brd,
J=2.4 Hz, OH), 3.08 (1H, d, brd, J=2.8 Hz, OH), 3.63
(1H, dd, J3,4=10.4 Hz, J,3=6.7 Hz, H-3), 3.71 (1H, dd,
J3,4=10.4 HZ, J4 5—7 7 HZ, H- 4) 4 08—4.21 (QH, m, H-5,
6), 4.33—7.40 (2H, m, H-1,2); [a]& -27° (¢ 1.1, CHCls).
Found; C, 63.59; H, 8. 53% Calcd for C18Ha506: C, 63.51;
H, 8.29%.

1L-1,2:5,6-Di- O-cyclohexylidene-chiro-inositol (3).
To a solution of 1 (100 mg, 0.283 mmol) in CH3CN (1.0
ml) were added powdered AICl3 (189 mg, 1.41 mmol) and
Nal (212 mg, 1.41 mmol) at 0 °C. After stirring of the mix-
ture at room temperature for 2 h, the reaction was quenched
by the addition of ice water and the aqueous layer was ex-
tracted with ethyl acetate. The combined organic layer was
washed with 10% NayCOg solution and dried over anhydro-
us NazSOy to dryness. The resulting residue was purified by
SiO2 column chromatography (hexane:ethyl acetate=2:1)
to afford 3 as crystals (38.8 mg) in 40% yield. Mp 207—
209 °C (lit, 209—210 °C);'® IR (Nujol) 3470, 3300, and
1080 cm™!; '"HNMR (270 MHz, CDCl3-CD30D, v/v=10/1)
6=1.30—1.75 (10H, m, (CHa)10), 2.50 (2H, brs, OH), 3.43—
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a) AlCls—n-BusNI, CH3CN, 63%; b) PhCH,Br, NaH, NaOCH3z, DMF, 83%’ ¢) CF3COOH-CH3O0H,

90%; d) (CF3502)20-Pyridine, 98%; €) Ac20, 1. t. overnight; f) n-BusNI, benzene reflux, 11 h, 96% from 20; g)

NaOCHs;, CHsOH-THF, 100%; h) Pd/C, Hz, 100%.

3.53 (2H, m, H-3,4), 4.07—4.22 (2H, m, H-2,5), 4.31—4.38
(2H, m, H-1,6); [o)3! —24° (¢ 1.1, CHCl3) (lit, [o]p —16°
(c 1.4, CHCI3).'® Found: C, 63.33; H, 8.59%. Calcd for
C18H2306: C, 63.51; H, 8.29%.

1L-3,4:5,6-Di- O-cyclohexylidene-1,2- O-thiocarbon-
yl-chiro-inositol (4). A solution of 2 (71.0 mg, 0.209
mmol) and N,N'-thiocarbonyldiimidazole (42.8 mg, 0.240
mmol) in dry acetone (4.0 ml) was refluxed for 6 h. Af-
ter addition of N, N'-thiocarbonyldiimidazole (55.8 mg, 0.313
mmol), the mixture was refluxed for 3 h more. The mixture
was allowed to cool to room temperature and the reaction
was quenched by the addition of water (5 ml). The mix-
ture was extracted with CH2Clz. The combined organic
layer was washed successively with 1 moldm™ HCI, sat.
NaHCOs3 solution, and brine and concentrated to leave an
oil, which was purified by column chromatography (SiO2,
CH;Clz : hexane=2:3) to give 4 as an amorphous solid (73
mg) in 90% yield. [a]F —4.8° (¢ 1.1, CHCI3); IR (Nujol)
1340, 1280, 1240, 980, and 710 cm™!; 'HNMR (CDCls)
§=1.41—1.70 (20H, m, (CH2)10), 3.62 (1H, dd, J34=11.0
Hz, J3,4=7.5 Hz, H-4), 3.84 (1H, dd, J2,3=7.3 Hz, H-3),
4.48 (1H, t, Js,6=7.4 Hz, H-5), 4.54 (1H, dd, J1,6=4.6 Hz,
Js5,6=7.4 Hz, H-6), 5.01—5.30 (2H, m, H-1,2). Found: C,
59.72; H, 6.90%. Calcd for C16H2606S: C, 59.67; H, 6.85%.

1r-(1,2,4/3)-5-Cyclohexane-1,2,3,4-tetrol [(—)-con-
duritol-F]. A solution of 4 (189 mg, 0.493 mmol) in tri-
methyl phosphite (10 ml) was refluxed for 6 h. The solvent
was evacuated under reduced pressure to afford crude 5 as
an oil, which was treated with 80% trifluoroacetic acid in
methanol (10 ml) at room temperature overnight. The sol-
vent was removed under reduced pressure to leave an oil,
to which water was added. The aqueous layer was washed
with CH2Cly and the water was removed under reduced
pressure. The remaining oil was treated with an ion-ex-
change resin (Diaion SK1B, H* form) followed by Amberlite
(IRA-904, C1™ form) to give (—)-conduritol-F as crystals (57
mg) in 79% yield from 3. The crystals were further puri-
fied by recrystallization from a mixture of EtoO and MeOH
(v/v=2:1). Mp 131—132 °C (lit, 131—132 °C);'*»*HNMR
(CD30OD) §=3.41 (1H, dd, J34=4.3 Hz, J;3=10.4 Hz, H-
3), 3.61 (1H, dd, J,,2=7.6 Hz, H-2), 3.86—3.98 (1H, m, H-
1), 4.16 (1H, t, Js,5=4.3 Hz, H-4), 5.71 (1H, dd, J1,6=10.1

Hz, Js6=1.8 Hz, H-6), 5.79 (1H, ddd, J;,5=10.1 Hz, H-
5); [ ® —71° (¢ 0.75, CH;0H), (lit, [o]F —70.5° (c 0.75,
CH30H)).>
D-3,4,5,6-Tetra-0O-benzoyl-1,2-O-thiocarbonyl-myo-
inositol (7). A solution of 6°®) (43 mg, 0.071 mmol)
and N,N'-thiocarbonyldiimidazole (15 mg, 0.082 mmol) in
dry acetone (1.0 ml) was refluxed for 5 h. The reaction
mixture was allowed to cool to room temperature and the
reaction was quenched by addition of water (5 ml). The
mixture was extracted with CH2Cla. The combined organic
layer was washed successively with 1 moldm™% HCI, sat.
NaHCOg3 solution, and brine and concentrated to leave an
oil, which was purified by column chromatography (SiOa,
CH2Cl2 : hexane=9:1) to give 7 as crystals (42 mg) in 91%
yield. Mp 270—271 °C; "HNMR (CDCl3 : DMSO—dg=3:1,
v/v), §=5.72 (1H, dd, J=5.8 Hz, 7.9 Hz), 5.80 (1H, dd,
J=3.4 Hz, 7.9 Hz), 5.88—5.92 (2H, m), 6.00—6.10 (2H,
m), 7.32—7.67 (12H, m, aromatic), 7.87—8.08 (8H, m, aro-
matic); [a] % +62° (¢ 0.37, CH30H). Found: C, 65.75; H,
424% Calcd for CsstﬁO]oS! C, 6582, H, 4.10%‘
1p-(1,3/2,4)-1,2, 3, 4- Tetra- O- benzoyl- 5- cyclo-
hexene-1,2,3,4-tetrol (8). A solution of 7 (42 mg, 0.075
mmol) in trimethyl phosphite (2 ml) was refluxed for 5 h.
The solvent was evacuated under pressure to afford crude
8 as an oil, which was purified by thin-layer chromatogra-
phy (SiO2, CH2Cl; : hexane=4:1) to give 8 as crystalline
solids (40 mg) in 97% yield. Mp 186—187 °C; 'HNMR
(CDCl3) §=6.04—6.08 (6H, m), 7.26—7.57 (12H, m, aro-
matic), 7.75—8.02 (8H, m, aromatic). Found: C, 72.19; H,
4.83%. Calcd fOI‘ Cs4H2608: C, 72.59; H, 4.66%‘
1p-(1,3/2,4)-5-Cyclohexnene-1,2,3,4-tetrol [(4)-
Conduritol B]. To a solution of 8 (33.4 mg, 0.0594 mmol)
in a mixture of methanol (1.5 ml) and tetrahydrofuran (0.8
ml) was added NaH (60%, 10.7 mg, 0.268 mmol) at 0 °C.
After being stirred at room temperature overnight, the re-
action was quenched by the addition of 1 moldm™% HCL
The aqueous layer was washed with ether and concentrated
to dryness. The remaining residue was treated with an ion-
exchange resin (Diaion SK1B, H* form) followed by Am-
berlite IRA-904 (C1™ form)) to give (+)-conduritol B as a
crystalline solid (8.7 mg, quantitatively). Mp 177—178 °C
(MeOH), (lit, (—)-isomer mp 179 °C);*'H NMR (CD30D)



3764

§=3.32—3.43 (2H, m, H-2,3), 4.01—4.13 (2H, m, H-1,4),
5.57 (2H, d, H-5,6); [@]& +191° (¢ 1.26, CH;0H), (lit, (—)-
isomer [a]® —179° (¢ 1.2, CH30H)).*®® Found: C, 49.02;
H, 7.03%. Calcd for C¢H1004: C, 49.32; H, 6.90%.
1.-(1,2,4/3,5)-1,2:3,4-Di- O-cyclohexylidene- 5- O-
methylene-1,2,3,4,5-cyclohexanepentol(10). To a
solution of 9°%) (5.24 g, 14.9 mmol) in THF (120 ml) was
added a solution of (CH3)3SiCH2MgCl (17.8 ml, 4.6 mmol,
2.52 mmol/ml) in Et20 at 0 °C. Stirring was continued at
room temperature for 9 h, followed by heating to reflux for
2 h. The reaction was quenched by the addition of ice wa-
ter (40 ml) and the aqueous layer was extracted with ethyl
acetate (40 mlx3). The combined organic layer was suc-
cessively washed with 5% KHSO4 (10 ml), 2.5% NaHCOs3
solution (10 ml), and brine (10 ml), dried over anhydrous
Na2SQy4, and concentrated to leave an oil, which was purified
by column chromatography (SiO2, ethyl acetate : hexane=1
:20), to afford a diastereomeric mixture of alcohol (4.96 g,
76%). A solution of the mixture (4.96 g, 11.3 mmol) in THF
(50 ml) was added dropwise to a flask containing KH (30%,
4.55 g, 34.0 mmol) at 0 °C for 30 min. After the mixture
was stirred at room temperature for 3 h, the reaction was
quenched by the addition of ice water (40 ml). The aqueous
layer was extracted with ethyl acetate (40 mlx3). The com-
bined organic layer was successively washed with 5% KHSO4
solution, 2.5% NaHCOs solution, and brine (10 ml), dried
over anhydrous NasSOy4, and concentrated to afford an oil,
which was purified by column chromatography (SiOg2, eth-
yl acetate: hexane=1:20) to give 10 as an oil (3.0 g) in
76% yield. IR (CHCls) 3000, 2930, 2850, 1600, 1430, 1340,
1260, 1200, 1150, 910, 700, and 650 cm™'; "HNMR (CDCls)
6=1.25—1.78 (20H, m, (CH2)10), 3.44 (3H, s, OCHs), 3.50—
3.65 (2H, m, H-3,4), 3.99 (1H, d, Ji5=6.4 Hz, H-5), 4.32
(1H, t, J2,3=J1,2=7.1 Hz, H-2), 4.76 (1H, d, J1,2=7.1 Hz,
H-1), 5.36—5.41 (1H, m, CHa=), 5.54—5.60 (1H, m, CHy=);
[]3! +33.6° (¢ 1.92, CHCl3). Found: C, 68.09; H, 8.55%.
Calcd for CooH300s: C, 68.54; H, 8.63%.
L-(1,2,4,6/3,5)-1,2:3,4- Di- O-cyclohexylidene- 6-
hydroxymethyl-5- O-methyl-1,2,3,4,5-chclohexane-
pentol (11). A 1.0-moldm™3 solution of BH;-THF (7.02
ml, 7.02 mmol) in THF was added dropwise to a solution
of 10 (2.46 g, 7.02 mmol) in THF (12 ml) for 5 min. After
the mixture was stirred at room temperature for 4 h, an-
other portion of BH3-THF (2.8 ml, 2.8 mmol) in THF was
added dropwise at room temperature to the reaction mix-
ture. After being stirred at room temperature for 1 h more,
the reaction was quenched by the addition of water (2 ml),
3 moldm ™ NaOH solution (5 ml), and 30% H2O2 solution
(5 ml) and was stirred 1 h more at 50 °C. The reaction
was quenched by the addition of ice water (10 ml) and the
mixture was extracted with ether (100 mlx3). The com-
bined organic layer was washed with brine (10 ml), dried
over anhydrous Na2SOy4, and concentrated to leave an oil,
which was purified by column chromatography (SiOg, ethyl
acetate: hexane=1:6) to afford a mixture of 11 and 12 as
an amorphous solid (1.9 g) in 74% yield. IR (CHCls) 3550,
2930, 2850, 1430, 1390, 1350, 1320, 1260, 1200, 1150, 1130,
1080, 1020, 900, and 840 cm™'; 'H NMR (CDCl3) §=1.10—
1.90 (20H, m, (CHa)10), 1.82—1.94 (1H, m, H-6), 2.81 (1H,
t, OH), 3.36 (1H, t, Js.u=Js4=10.1 Hz, H-4), 3.51 (1H,
t, Jos=10.1 Hz, H-3), 3.61 (3H, s, OCHa), 3.74 (1H, t,
Js.6=10.1 Hz, H-5), 3.92—4.05 (2H, m, Ha, Hb), 4.20 (1H,
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dd, J1,2=4.9 Hz, H-2), 4.43 (1H, t, J16=J1,2=4.9 Hz, H-1).

11-(1,2,4,6/3,5)-6-Benzoyloxymethyl-1,2:3,4-di- O-
cyclohexylidene-5- O-methyl-1,2,3,4,5-cyclohexane-
pentol (13) and Its (1,2,4/3,5,6) Isomer (14). To
the solution of 11 and 12 (1.89 g, 5.12 mmol) obtained as
described above in pyridine (15 ml) were added a catalytic
amount of 4-dimethylaminopyridine and benzoic anhydride
(1.74 g, 7.68 mmol) at 0 °C. After the mixture was stirred at
room temperature overnight, the reaction was quenched by
the addition of ice water. The aqueous layer was extracted
with ethyl acetate (15 mlx3). The combined organic layer
was successively washed with 5% KHSO, solution (5 ml),
2.5% NaHCOs solution, and brine (5 ml), dried over an-
hydrous NapSQOy4, and concentrated to leave an oil, which
was purified by column chromatography (SiO2, ethyl ace-
tate: hexane=1:50—1:5) to afford 13 as an amorphous
solid (1.1 g) in 31% yield from 10. IR (Nujol) 1720, 1590,
1440, 1360, 1270, 1160, 1100, 970, 920, 900, 840, and 750
cm™!; 'THNMR (CDCl3) 6=1.25—1.70 (20H, m, (CH2)10),
2.25—2.36 (1H, m, H-6), 3.37 (1H, t, J5,6=J3,4=9.8 Hz, H-
4), 3.50 (1H, t, Js5,6=J4,5=9.8 Hz, H-5), 3.57 (3H, s, OCHzs),
3.58 (1H, t, J2,3=9.8 Hz, H-3), 4.20 (1H, dd, Ji1,2=5.2 Hz,
H-2), 4.50 (1H, t, J1,6=5.2 Hz, H-1), 4.59 (1H, dd, J7b,6=9.5
Hz, J7a,7b=10.7 Hz, H-7b), 4.78 (1H, dd, J7a,6=4.6 Hz, H-
Ta), 7.39—7.60 (3H, m, aromatic), 7.99—8.02 (2H, m, aro-
matic); [a]E +40.3° (c 1.44, CHCl3). Found: C, 68.53; H,
7.72%. Caled for Ca7H3607: C, 68.62; H, 7.68%.

Further elution gave 14 as an amorphous solid (1.1 g) in
30% yield from 10. IR (Nujol) 3400, 1720, 1360, 1270, 1160,
1100, 1070, 1040, 930, 900, and 840 cm™*; 'H NMR, (CDCl3)
6=1.22—1.78 (20H, m, (CH2)10), 2.46—2.58 (1H, m, H-6),
3.42 (3H, s, OCHs), 3.63 (1H, dd, J2,3=6.7 Hz, J3 4=10.7
Hz, H-3), 3.79 (1H, dd, J3,4=10.7 Hz, J4,5=6.7 Hz, H-4), 3.81
(1H, t, Js5,6=6.7 Hz, H-5), 4.29 (1H, t, J1,6=J1,2=6.7 Hz, H-
1), 4.34 (1H, t, J1,0=6.7 Hz, H-2), 4.53 (1H, d, J71,6=7.9 Hz,
H-7b), 4.54 (1H, d, J7a,6=6.1 Hz, H-Ta), 7.40—7.60 (3H, m,
aromatic), 8.02—8.07 (2H, m, aromatic); [@]& +39° (¢ 1.3,
CHCl3). Found: C, 68.57; H, 7.68%. Calcd for Ca7H3607:
C, 68.62; H, 7.68%.

1.-(1,2,4,6/3,5)-6-Benzoyloxymethyl-1,2- O-cyclo-
hexylidene-5- O-methyl-1,2,3,4,5-cyclohexanepentol
(15). To a solution of 13 (35 mg, 0.074 mmol) in a mix-
ture of CH2Clz (0.5 ml) and methanol (0.3 ml) was added
acetyl chloride (5 ul) at 0 °C. After the reaction mixture
was stirred at that temperature for 2 h, the reaction was
quenched by the addition of 2.5% NaHCOs. The aqueous
layer was extracted with CH2Clp, and the combined organic
layer was washed with brine, dried over anhydrous Na2SOy,
and concentrated to dryness to leave an oil. The crude ma-
terial was purified by column chromatography (SiO2, ethyl
acetate : hexane=2:1) to afford 15 as a syrup (16 mg) in
56% yield. IR (Nujol) 3370, 1710, 1260, 1100, 1060, 1020,
1000, and 920.cm™'; "HNMR (CDCl3) §=1.10—1.90 (10H,
m, (CHs2)10), 2.22—2.35 (1H, m, H-6), 3.06 (1H, s, OH),
3.36 (1H, t, Ja,5=J5,6=10.4 Hz, H-5), 3.44 (1H, t, J3,4=10.4
Hz, H-4), 3.62 (3H, s, OCHa), 3.64 (1H, t, Jo,3=10.4 Hz, H-
3), 3.97 (1H, dd, Ji,2=4.9 Hz, H-2), 4.40 (1H, t, J16=4.9
Hz, H-1), 4.54 (1H, dd, J7,6=8.5 Hz, J7a,7,=10.7 Hz, H-
7b), 4.80 (1H, dd, J7a,6=4.3 Hz, H-7a), 7.20—7.60 (3H, m,
aromatic), 8.02—8.05 (2H, m, aromatic); [o]f +36° (c 2.1,
CHCl3). Found: C, 64.03; H, 7.23%. Calcd for Cz1H2807:
C, 64.27; H, 7.19%.
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11-(1,2,4/3,5,6)-6-Benzoyloxymethyl-1,2- O-cyclo-
hexylidene-5- O-methyl-1,2,3,4,5-cyclohexanepentol
(16).  This compound was prepared from 14 resembling
to that of 15 as a syrup. IR (Nujol) 3400, 1710, 1260, 1090,
1060, 1010, and 920 cm™*; 'HNMR (CDCl3) §=1.20—1.78
(10H, m, (CHa)1o), 2.65—2.75 (1H, m, H-6), 2.88 (1H, brs,
OH), 3.09 (1H, brs, OH), 3.45 (3H, s, OCHs), 3.62 (1H, dd,
Jis=4.3 Hz, Js6=5.8 Hz, H-5), 3.73—3.86 (2H, m, H-3,
4), 4.18 (1H, dd, J».3=7.0 Hz, J;,,=6.0 Hz, H-2), 4.29 (1H,
t, J1.6=6.0 Hz, H-1), 4.46—4.58 (2H, m, H-7a,7b), 7.20—
7.60 (3H, m, aromatic), 8.02—8.05 (2H, m, aromatic); [a]3'
—15° (¢ 3.3, CHCIl3). Found: C, 64.06; H, 7.18%. Calcd for
021H2807: C, 64.27; H, 7.19%.

11.-(1,2,4,6/3,5)-6-Benzoyloxymethyl-1,2- O-cyclo-
hexylidene-1,2,3,4,5-cyclohexanepentol (17). To
a solution of 13 (41 mg, 0.087 mmol) in CH3CN (0.6 ml)
were added Nal (165 mg, 1.10 mmol) and AlCls (147 mg,
1.10 mmol) at 0 °C. After the reaction mixture was stirred
at room temperature for 3 h, the reaction was quenched by
the addition of ice water. The aqueous layer was extracted
with CH2Clz (5 mlx3). The combined organic layer was
successively washed with brine (2 ml), 10% Na;SO3 solu-
tion, and brine (3 ml), dried over anhydrous NaySO4, and
concentrated to leave an oil, which was purified by column
chromatography (SiO2, ethyl acetate:hexane=1:6) to af-
ford 17 as a syrup (20 mg) in 61% yield. IR (CHCl,)
3600—3300 (br), 2400, 1700, 1500, 1410, 1200, 1040, 920,
720 (br), and 650 cm™'; 'HNMR (CDCl3) §=1.25—1.70
(10H, m, (CHa)s), 2.20—2.35 (1H, m, H-6), 3.38 (1H, t,
Js.a=Js,4=10.1 Hz, H-4), 3.59 (1H, t, Jo3=10.1 Hz, H-3),
3.68 (1H, t, Js5,6=10.1 Hz, H-5), 3.99 (1H, dd, J1,,=4.6 Hz,
H-2), 4.08 (2H, brs, OH), 4.37 (1H, t, J1 6=4.6 Hz, H-1),
4.39 (1H, brs, OH), 4.56 (1H, dd, Jrb.6=9.2 Hz, Jra 15=11.0
Hz, H-7b), 4.84 (1H, dd, Jras=4.3 Hz, H-Ta), 7.37—7.57
(3H, m, aromatic), 7.99—8.02 (2H, m, aromatic).

1.-(1,2,4,6/3,5)-3,4,5-Tri- O-benzyl-6-benzyloxy-
methyl-1,2-O-cyclohexylidene-1,2,3,4,5-cyclohexane-
pentol (18). To a solution of 17 (226 mg, 0.597 mmol) in
DMF (8 ml) was added NaH (60%, 119 mg, 2.98 mmol) at 0
°C. After the reaction mixture was stirred at that temper-
ature for 10 min, benzyl bromide (355 ul, 2.98 mmol) was
added. The mixture was stirred at room temperature for 3
h more. After the addition of NaH (72 mg, 1.8 mmol) and
methanol (10 pl) to the reaction mixture at 0 °C, stirring
was continued at room temperature for 1 h more. To the
solution were added successively NaH (120 mg, 3.00 mmol)
and benzyl bromide (355 pl, 2.98 mmol) and the mixture
was stirred at room temperature for 1 h. The reaction was
quenched by the addition of ice water. The aqueous layer
was extracted with ethyl acetate (10 mlx3). The combined
organic layer was successively washed with brine (5 ml), sat.
NaHCOg solution (5 ml)), and brine (5 ml), dried over an-
hydrous NaySQ4, and concentrated to leave an oil, which
was purified by column chromatography (SiO2, ethyl ac-
etate: hexane=1:15) to afford 18 (322 mg) in 84.5% yield.
IR (CHCl3) 3000, 2920, 2850, 1480, 1430, 1340, 1180, 1010,
900, 680, and 640 cm™'; 'HNMR 6=1.30—1.75 (10H, m,
(CHQ)s), 2.15—2.30 (1H, m, H-6), 3.47 (1H, t, J514=J3,4=9.2
Hz, H-4), 3.58 (1H, dd, Js,s=11.0 Hz, H-5), 3.66 (1H, dd,
Jrb.6=8.2 Hz, Jra7p=8.4 Hz, H-b), 3.69 (1H, dd, Jo3=7.0
Hz, H-3), 3.85 (1H, dd, J7a,6=4.3 Hz, H-7a), 4.12 (1H, dd,
J12=5.2 Hz, H-2), 4.46 (1H, dd, J1,6=1.0 Hz, J;,=5.2
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Hz, H-1), 4.47 (1H, d, J=10.7 Hz, PhCH), 4.53 (2H, s,
PhCH,), 4.74 (1H, d, J=10.7 Hz, PhCH), 4.75 (1H, d,
J=10.7 Hz, PhCH), 4.86 (1H, d, J=10.7 Hz, PhCH), 4.89
(1H, d, J=10.7 Hz, PhCH), 4.93 (1H, d, J=10.7 Hz, PhCH),
7.15—7.20 (20H, m, aromatic). [a]F' +17° (c 2.0, CHCl3).
Found: C, 77.69; H, 7.50%. Calcd for C41H460s: C, 77.57;
H, 7.30%.

1.-(1,2,4,6/3,5)-Tri- O-benzyl-6-benzyloxymethyl-
1,2,3,4,5-cyclohexanepentol (19). A solution of 18
(16.9 mg, 0.027 mmol) in a mixture of trifluoroacetic acid
and methanol (2.5 ml, 8/1, v/v) was stirred at room temper-
ature for 2 h. The solvent was removed under reduced pres-
sure and the remaining oil was purified by thin-layer chro-
matography (SiO2, ethyl acetate : hexane=1:2) to afford 19
as a crystalline solid (13 mg) in 90% yield. Mp 118—119 °C
(ethyl acetate-hexane); IR (CHCl3) 3450 (br), 3000, 2870,
1480, 1440, 1340, 1200, 1060, 910, 740 (br), 660, and 560
ecm™}; 'THNMR (CDCl3) §=1.68—1.80 (1H, m, H-6), 2.38
(1H, brs, OH), 3.30 (1H, brs, OH), 3.85 (1H, dd, J7a,6=3.1
Hz, J7a,76=9.0 Hz, H-Ta), 3.55 (1H, t, J5,4=J3,4=9.0 Hz, H-
4), 3.72 (1H, dd, J7v,6=3.1 Hz, H-7b), 3.83 (1H, t, J56=9.3
Hz, H-5), 3.89 (1H, dd, J2,3=9.3 Hz, J; 2=3.7 Hz, H-2), 3.91
(1H, t, J2,3=9.3 Hz, H-3), 4.25 (1H, brs, H-1), 4.47 (2H,
s, PhCHz), 4.51 (1H, d, J=11.3 Hz, PhCH), 4.78 (1H, d,
J=11.3 Hz, PhCH), 4.86—4.96 (4H, m, PhCH,), 7.16—7.33
(20H, m, aromatic); [a]3 +7.7° (¢ 1.30, CHCl;). Found: C,
75.72; H, 7.13%. Calcd for C35H3306: C, 75.79; H, 6.91%.

1c-(1,2,4,6/3,5)-3,4,5-Tri- O-benzyl-6-benzyloxy-
methyl-2- O-trifluoromethylsulfonyl-1,2,3,4,5-cyclo-
hexanepentol (20). To a solution of 19 (52 mg, 0.093
mmol) in CH2Cly (0.3 ml) were added pyridine (15 pl, 0.18
mmol) and trifluoromethanesulfonic anhydride (24 ul, 0.141
mmol) at 0 °C. After the mixture was stirred at that tem-
perature for 2 h, ice water (3 ml) was added. The aqueous
layer was extracted with ethyl acetate (5 mlx3) and the
combined organic layer was successively washed with brine
(3 ml), sat. NaHCOj3 solution (3 ml), and brine (3 ml),
dried over anhydrous Na»SOy, and concentrated to dryness
to afford an oil, which was purified by column chromatog-
raphy (SiO2, ethyl acetate: hexane=1:4) to afford 20 as a
syrup (63.8 mg) in 98% yield. This compound was unstable,
and so was used in the next step without further purifica-
tion. 'HNMR (CDCl3) §=1.60—1.72 (1H, m, H-6), 3.58
(1H, t, Ja5=J3,4=9.5 Hz, H-4), 3.73 (1H, dd, Jrae=2.7
Hz, J7a.76=9.2 Hz, H-Ta), 3.78 (1H, brs, OH), 3.96 (1H, dd,
Jm,6=4.0 Hz, H-7b), 4.02 (1H, dd, J56=11.3 Hz, H5), 4.21
(1H, t, J2,3=9.5 Hz, H-3), 4.42 (1H, d, J=11.6 Hz, PhCH),
4.47 (1H, brs, H-6), 4.50 (1H, d, J=11.6 Hz, PhCH), 4.51
(1H,d, J=11.6 Hz, PhCH), 4.70 (1H, dd, J,,2=2.8 Hz, H-2),
4.78—4.93 (5H, m, PhCH), 7.13—7.43 (20H, m, aromatic).

1.-(1,2,4,6/3,5)-1- O- Acetyl-3,4,5-tri- O-benzyl-6-
benzyloxymethyl-2- O-trifluoromethylsulfonyl-1,2,3,
4,5-cyclohexanepentol (21). To a solution of 20 (63.5
mg, 0.0925 mmol) in pyridine (2.0 ml) were added a catalytic
amount of 4-dimethylaminopyridine and acetic anhydride
(175 ul, 0.185 mmol) and the reaction mixture was stirred at
room temperature overnight. The reaction was quenched by
the addition of ice water. The aqueous layer was extracted
with CH2Clz (5 mlx3). The combined organic layer was
successively washed with 5% KHSO4 solution (5 ml), brine
(5 ml), dried over anhydrous NazSQ4, and concentrated to
leave an oil, which was purified by column chromatography
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(SiO2, ethyl acetate:benzene=1:150) to afford 21 as an
amorphous solid (67.0 mg, quantitatively). This compound
was unstable, and so was used in the next step without fur-
ther purification. "HNMR, (CDCl;) §=1.82—1.95 (1H, m,
H-6), 1.93 (3H, s, COCHs), 3.46 (1H, dd, J7a,7b=9.2 Hz,
J7a,6="7.3 Hz, H-Ta), 3.64 (1H, t, Ja,5=J3,4=9.4 Hz, H-4),
3.65 (1H, dd, J7b,6=3.4 Hz, H-7b), 3.80 (1H, dd, J56=11.4
Hz, H-S), 4.00 (1H, t, Jo3=9.4 Hz, H-3), 4.34, 4.39 (2H,
ABq, J=11.6 Hz, PhCH,), 4.56(1H, d, J=11.6 Hz, PhCH),
4.78 (1H, dd, J;,2=3.1 Hz, H-2), 4.84—4.90 (5H, m, PhCH,),
5.82 (1H, t, Ji,6=3.1 Hz, H-1), 7.15—7.38 (20H, m, aro-
matic); [a]35 +36° (¢ 1.6, CHCls).

1c-(1,4,6/2,3,5)-1- O- Acetyl- 3,4, 5- tri- O-benzyl-
6-benzyloxymethyl-2-iodo-1,3,4,5-cyclohexanetetrol
(22). A solution of 21 (67 mg, 0.092 mmol) and n-
BuyNI (112 mg, 0.303 mmol) in benzene (5 ml) was re-
fluxed for 11 h. The reaction was quenched by the addition
of ice water. The aqueous layer was extracted with ethyl
acetate (5 mlx3). The combined organic layer was succes-
sively washed with 10% Na2SOs (2 ml), brine (2 ml), sat.
NaHCOj3 solution (2 ml), and brine (2 ml), dried over an-
hydrous Na2SQOy4, and concentrated to leave an oil, which
was purified by column chromatography (SiO2, ethyl ace-
tate : benzene=1:150) to afford 22 as an amorphous solid
(63 mg) in amorphous solid (63 mg) in 96% yield from 20.
'HNMR (CDCl3) 6=1.77 (3H, s, COCH3), 2.88—3.00 (1H,
m, H-6), 2.97 (1H, dd, J3.4=9.0 Hz, Jo3=4.0 Hz, H-3),
3.42 (1H, t, J4,5=9.0 Hz, H-4), 3.62—3.36 (2H, m, H-7a, H-
7b), 3.91 (1H, t, J56=9.0 Hz, H-5), 4.31 (1H, d, J=11.6
Hz, PhCH), 4.46 (1H, dd, J12=11.6 Hz, H-2), 4.47 (1H,
d, J=11.6 Hz, PhCH), 4.49 (1H, d, J=11.6 Hz, PhCH),
4.57 (1H, d, J=11.6 Hz, PhCH), 4.69 (1H, d, J=11.6
Hz, PhCH), 4.78 (1H, d, J=11.6 Hz, PhCH), 4.89 (1H, d,
J=11.6 Hz, PhCH), 4.96 (1H, d, J=11.6 Hz, PhCH), 5.46
(1H, t, J1,6=2.5 Hz, H-1), 7.18—7.40 (20H, m, aromatic);
[@]&! +40° (¢ 1.5, CHCl3).

(15,2R,3S5,4R,5R,6 R)-2,3,4-Tris(benzyloxy)-5-ben-
zyloxymethyl-7-oxabicyclo[4.1.0lheptane (23). To
a solution of 22 (20 mg, 0.028 mmol) in a mixture of meth-
anol (0.6 ml) and THF (0.6 ml) was added NaH (60%, 6.8
mg, 0.17 mmol) at 0 °C and the mixture was stirred at that
temperature for 20 min. The reaction was quenched by the
addition of ice water. The aqueous layer was extracted with
ethyl acetate (5 mlx3). The combined organic layer was
successively washed with 5% KHSO4 solution (2 ml), brine
(2 ml), sat. NaHCOs solution (2 ml), and brine (2 ml),
dried over anhydrous Na>SOy, and concentrated to leave an
oil, which was purified by column chromatography (SiO2,
ethyl acetate : benzene=1:100) to afford 23 as a crystalline
solid (17 mg, quantitatively). Mp 58.5—60.0 °C; 'H NMR
(CDCls) §=2.30 (1H, m, H-5), 3.20 (1H, d, J;6=3.7 Hz, H-
1), 3.26 (1H, t, Js.q=Ja5=10.1 Hz, H-4), 3.48 (1H, brdd,
Js,6<1 Hz, H-6), 3.55 (1H, dd, J2,3=8.2 Hz, H-3), 3.57 (1H, t,
Jsa,8b=Jsb,5=8.9 Hz, H-8b), 3.75 (1H, dd, Jsa,5=3.2 Hz, H-
8a), 3.86 (1H, d, H-2), 4.39 (1H, d, J=10.7 Hz, PhCH), 4.50,
4.55 (2H, ABq, J=12.2 Hz, PhCH,), 4.70—4.85 (5H, m,
PhCH), 7.10—7.40 (20H, m, aromatic); [a]& +76.1° (¢ 0.67,
CHCI3). Found: C, 78.28; H, 6.67%. Calcd for C3sH360s5:
C, 78.33; H, 6.76%.

(4+)-Cyclophellitol. A solution of 23 (23.1 mg, 0.043
mmol) in a mixture of methanol (5 ml) and ethy! acetate (2
ml) was treated with 5% Pd-C (25 mg) at room tempera-
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ture overnight. The catalyst was filtered off and the solvent
was removed under pressure to give (+)-cyclophellitol as
a crystalline solid quantitatively. "HNMR (D20, internal
standard of HOD as 4.80) §=2.03—2.13 (1H, m, H-5), 3.21
(1H, t, J3,4=Js4,5=9.5 Hz, H-4), 3.22 (1H, d, J1,2=0 Hgz,
J1,6=4.3 Hz, H-1), 3.33 (1H, dd, J.,3=8.4 Hz, H-3), 3.51
(1H, brd, H-6), 3.74 (1H, d, H-2), 3.78 (1H, dd, Jsa,,sb=11.3
Hz, Jsb,5=7.3 Hz, H-8b), and 3.96 (1H, dd, Jsa,5=3.8 Hz, H-
8a); *CNMR (DO, internal standard of dioxane as 67.40)
6=44.21 (C-5), 56.73 (C-1), 56.99 (C-6), 61.20 (C-8), 67.47
(C-4), 71.61 (C-2), and 77.03 (C-3); Mp 148.5—150.5 °C
(Et20:MeOH=1:1); [a]3' +103° (c 0.380, H20) (lit, Mp
149—151 °C; [a]F +103° (¢ 0.5, H,0).2Y
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