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Epimerisation of Carbohydrates and Cyclitols, 15!*1

Non-Classical Epimerisation of (15,25,35,4R,5R)-1-O-Methylcyclohexane-
1,2,3,4,5-pentol

Michael Frank,!#! Ralf Miethchen,*!# and Helmut Reinke!?!
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Methoxycyclitol 4 was acetalized in a non-classical one-pot
procedure with chloral/dicyclohexylcarbodiimide forming
the 4-epi derivative 6. The stepwise deprotection of
compound 6 is also described. Thus, decarbamoylation to the
acetal 7 was achieved by heating 6 with methanolic sodium
methoxide, and cleavage of the acid-stable trichloroethyl-

idene moiety was realised in two steps via the corresponding
ethylidene acetals 8 and 9; the ethylidene function was
removed with aqueous trifluoroacetic acid (compound 10
from 6 via 9). Finally, the carbamoyl derivative 10 was
converted into the tetra-O-acetyl product 12 via the tetrol 11.

Introduction

Inositols and related polyhydroxycyclohexanes are often
used as chiral auxiliaries in stereoselective syntheses. 2]
The biological relevance of such compounds is well
known.™ Partially phosphorylated derivatives of those
compounds have fundamental importance in biological sys-
tems, e.g. as second messengers. 1[°]

Because the succesful separation of inositol or polyhy-
droxycyclohexane derivatives from natural products is lim-
ited to only a few examples, various compounds of this type
were prepared by chemical methods. Of the sixteen possible
cyclohexanepentols only two have been found in nature. 18]
Frequently, carbohydrates (or the widely available inositols)
serve as convenient starting materials.

A facile one-pot method has been discovered for pyran-
ose epimerisations using a non-conventional acetalation
procedure with highly active carbonyl compounds in the
presence of the co-reagent dicyclohexylcarbodiimide
(DCC).I2~ 1] The most important requirement to satisfy is
that the corresponding starting material shows a cis/trans
sequence of three contiguous hydroxy groups. The mecha-
nism of the reaction has been elaborated (see Scheme 1). In
order to demonstrate the general character of this synthetic
principle, the cyclitol derivative 4 has been epimerised by
treatment with the reagent combination chloral/DCC.
Moreover, some possibilities for the selective defunctionali-
sation of the 4-epi derivative generated from the cyclitol 4
have been indicated.

Starting material 4 was prepared by rearrangement of the
5,6-unsaturated glucopyranose derivative 1 induced by tri-
isobutylaluminium'? followed by debenzylation of the
cyclohexane derivative formed, 2U3 (see Scheme 2). It
should be mentioned that the crude material of the tribenz-
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Scheme 1. Mechanism for the epimerisation

yloxy derivative 2 contained the diastereomeric by-product
3 (about 8—9%) which was separated and characterised (sece
Experimental Section). Moreover, compound 3 was debenz-
ylated by hydrogenation in the presence of Pd/C giving the
all-trans-tetrol 5 (see Scheme 2). The analytical data of the
two by-products 3 and 5 are given in the Experimental Sec-
tion.

Substrate 4 shows, in contrast to compound 5, the re-
quired cis/trans sequence of three contiguous hydroxy
groups at C-3, -4 and -5 and adopts a *C, conformation as
confirmed by X-ray analysis (see Figure 1). As reported in
previous papers,['->~ ] the inversion of the configuration al-
ways takes place at the middle chiral carbon atom of such
a triol unit. Thus, heating of the cyclitol 4 with chloral and
DCC in 1,2-dichloroethane for 6 h generates the 4-epi de-
rivative 6 in a yield of 70%. The cyclic acetal function
bridges C-3 and -4, the carbamoyl group, which is simul-
taneously introduced, is arranged next to the acetal moiety
in 5-position (see Scheme 2). Compound 6 may be used as
substrate for regioselective reactions at the free OH group.
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Figure 1. Molecular structure of compound 4 (probability 30%)

Scheme 3 shows how it is possible to selectively remove
the protecting groups of 6. Decarbamoylation was achieved
by refluxing compound 6 with methanolic sodium meth-
oxide (Zemplén reagent) to generate compound 7 with an
intact trichloroethylidene function. Radical hydrogenation
using Bu;SnH/AIBN allows conversion of the trichloroeth-
ylidene group of 7 into an ethylidene group (compound
8).014

In contrast to a trichloroethylidene function, an ethyl-
idene acetal can easily be cleaved by treatment with aqueous
trifluoroacetic acid. This possibility is demonstrated by the
example of the ethylidene acetal 9, generated from 6 by
hydrogenation with Bu;SnH/AIBN (Scheme 3). Crude
product 9, which is contaminated with trace amounts of a
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Scheme 3. i: NaOMe/MeOH, reflux; ii: Bu;SnH/AIBN (toluene,
argon), reflux; iii: CF;COOH (80%), r.t; iv: Ac,O/pyridine, r.t.

by-product (monochloroethylidene acetal), was treated with
80% trifluoroacetic acid at room temp. to cleave the ethyl-
idene acetal with formation of the trihydroxy derivative
10.1"51 Compound 10 was decarbamoylated to tetrahydroxy
derivative 11 by heating with methanolic sodium methox-
ide. Crude product 11 was subsequently peracetylated
giving the 2,3,4,5-tetra-O-acetyl-1-O-methylcyclohexane-
1,2,3,4,5-pentol (12).

The structures of compounds 6, 7, 8 and 10 are sup-
ported by their 'H- and '3C-NMR spectral data. The as-
signment of the signals has been unambiguously achieved
by correlation experiments (H,H-COSY and C,H-COSY).
The spectra of the product 6 show the characteristic signals
of a carbamoyl and a chloral acetal function. The assign-
ment of the 5-H signal of 6 (6 = 4.75) is additionally con-
firmed by the high-field shift of the signal of this proton
after the decarbamoylation of 6 to 7 (6 = 3.96). As has
been previously reported for numerous cyclic chloral acetals
of carbohydrates!®-!%1¢l as well as for 4-epi-quinic acid and
4-epi-shikimic acid derivatives,!!! the singlet of the endo-H
form of the acetal is characteristically shifted downfield in
comparison with the corresponding signal of the exo-H
form. The signals of the diastereomers of 6 are found at & =
5.40 (endo-H form) and 5.29 (exo-H form). The integrals of
these singlets were used to determine the ratio of the endo-
H/exo-H diastereomers after column-chromatographic sep-
aration of 6 (endo-H/exo-H = 23:1).

After reductive conversion of 7 into the ethylidene deriva-
tive 8, the corresponding acetal proton signal (7: 6 = 5.36)
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splits into a quadruplet (8: 8 = 5.34, Jycetal-t/methy1 =~ 4.9
Hz).

The coupling constants of the compounds 6, 7, 8, 10, and
12 indicate that they adopt a ' C, conformation in solution.
For compound 7 the 'C, conformation was also confirmed
by X-ray analysis (see Figure 2).

CI3

Figure 2. Molecular structure of compound 7 (probability 30%)

Experimental Section

General: CC: Silica gel 60 (63—200 um, Merck). — TLC: Silica gel
foils 60 F,s4 (Merck), a solution of 1.0 g of vanillin in MeOH (250
mL), glacial acetic acid (25 mL), and concd. H,SO,4 (10 mL) was
used as spray reagent for TLC.I'7 — NMR: Bruker AC 250 and
ARX 400 equipment, 'H and 3C{"H} NMR chemical shifts refer-
enced to TMS. — M.p.: Polarizing microscope Leitz (Laborlux 12
Pol) equipped with a hot stage (Mettler FP 90). — Chemicals: Di-
cyclohexylcarbodiimide, chloral, AIBN and palladium on activated
charcoal (Fluka). — Rotational photos of crystals were taken to
check the quality of the material (4 and 7). The data collection
was done in a routine w-scan. The structures were solved by direct
methods (Siemens SHELXTL, 1990, Siemens Analytical X-ray
Inst., Inc.) and refined by the full-matrix least-squares method of
Siemens SHELXTL, Ver. 5.03. All non-hydrogen atoms were re-
fined anisotropically, the hydrogen atoms put into theoretical posi-
tions and refined according to the riding model. Further data: 4:
STOE IPDS diffractometer with graphite-monochromated Mo-K,
radiation; temperature: 293(2) K; wavelength: 0.71073 A; crystal
system: orthorhombic; space group: C222;; unit cell dimensions:
a = 6.9526(14) A, b = 9.4526 (19) A, ¢ = 25.193 (5) A; V =
1655.7 (6) A3; Z = 8; density (calculated): 1.430 Mg/m?; absorption
coefficient: 0.122 mm~!; F(000) = 768; crystal size 0.42 X 0.4 X
0.07 mm; O range for data collection: 1.45—24.2°; index ranges:
-T=h=17 -9=k=9, —26 = [ = 26; reflections collected:
2513; independent reflections: 915 [R(int) = 0.0893]; data/re-
straints/parameters: 915/2/113; goodness-of-fit on F2: 1.065; final
R indices [/ > 20())]: R1 = 0.0623; wR2 = 0.1652; R indices (all
data): R1 = 0.0718, wR2 = 0.1606; absolute structure parameter:
—3(4); largest diff. peak and hole: 0.276 and —0.259 e/A3. 7: Sie-
mens P4 four-circle diffractometer with graphite monochromator;
temperature: 293(2) K; wavelength: 0.71073 A; crystal system:
monoclinic; space group: P2;; unit cell dimensions: a = 6.036(1)
A, b =10.020(1) A, ¢ = 10.872(2) A, B = 94.0°; ¥ = 655.9(2) A3;
Z = 2; density (calculated): 1.557 Mg/m?>; absorption coefficient:
0.704 mm™'; F(000): 316; crystal size: 0.84 X 0.56 X 0.4 mm; ©
range for data collection: 1.88 to 22.48°; index ranges: —6 = h =
1,-10=k =1, —11 = [ = 11; reflections collected: 1373; indepen-
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dent reflections: 1036 [R(int) = 0.0198]; data/restraints/parameters:
1036/1/156; goodness-of-fit on F2 1.038; final R indices [I > 2o
(D]: R1 = 0.0279, wR2 = 0.0725; R indices (all data): R1 = 0.0283,
wR2 = 0.0729; absolute structure parameter: 0.05(9); largest diff.
peak and hole: 0.178 and —0.215 e A~3. Crystallographic data
(excluding structure factors) for the structures reported in this
paper have been deposited with the Cambridge Crystallographic
Data Centre as supplementary publication no. CCDC-113632
(4) and -105279 (7). Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [Fax: (internat.) + 44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk).
(18,2S8,35,4R,5S5)-2,3,4-Tri-O-benzyl-1-O-methylcyclohexane-
1,2,3,4,5-pentol (3): The by-product 3, a diastereomer of derivative
2,111 could be chromatographically separated from the crude prod-
uct 2 in a yield of 8.7%; (R; = 0.23, heptane/ethyl acetate = 1:1);
m.p. 84—86°C; [a]p>® = +9.5 (¢ = 0.88, CHCl3). — 'H NMR (250
MHz, CDCl3): 6 = 7.41—7.26 (m, 15 H, phenyl-H), 5.06—4.63 (3
dd, 6 H; 3 benzyl-CH,), 3.92 (dd, 1 H, J54 = 9.2 Hz, 3-H), 3.83
(ddd, 1 H, Js¢, = 11.9 Hz, Js¢ = 4.7 Hz, 5-H), 3.64 (ddd, 1 H,
Ji» = 3.0 Hz, 1-H), 3.46 (dd, 1 H, J,; = 9.6 Hz, 2-H), 3.42 (s, 3
H, O—CH;), 3.26 (dd, 1 H, J45 = 9.2 Hz, 4-H), 2.28 (ddd, 1 H,
Joase = 14.0 Hz, J 6o = 3.5 Hz, 6e-H), 2.13 (br, 1 H, OH), 1.20
(ddd, 1 H, J; 6, = 1.3 Hz, 6a-H). — 13C NMR (100 MHz, CDCl;):
d = 138.8, 138.7, 138.4 (3 phenyl-C), 128.6, 128.4, 128.3, 128.0,
127.8, 127.8, 127.7, 127.5 (phenyl-C), 86.4, 83.1, 81.8, 75.1, 67.9
(C-1-C-5), 75.7, 75.3, 72.7 (3 benzyl-CH,), 57.4 (O—CHs;), 30.9
(C-6). — C53H3,05 (448.55): caled. C 74.98, H 7.19; found C 74.72,
H 7.23.

(18,28,3S,4R,55)-1-O-Methylcyclohexane-1,2,3,4,5-pentol (5): The
benzyl derivative 312%1 (260 mg, 0.58 mmol), dissolved in a mixture
of methanol (10 mL) and ethyl acetate (10 mL), was debenzylated
by hydrogenation under hydrogen in the presence of Pd/C. The re-
action was complete after 24 h. Subsequently, the suspension was
filtered through Celite. After washing the filter layer with methanol
(2 X 10 mL), the combined filtrates were concentrated under re-
duced pressure and the residue was purified by column chromatog-
raphy (R; = 0.21, chloroform/methanol = 5:1); yield: 96 mg (93%));
m.p. 76—78°C; [0]p>' = +23.8 (¢ = 1.07, methanol). — 'H NMR
(250 MHz, CD;0D): § = 3.61 (ddd, 1 H, J;, = 4.3 Hz, 1-H), 3.56
(ddd, 1 H, Jsg, = 12.0 Hz, Js4. = 3.7 Hz, 5-H), 3.50 (dd, 1 H,
Jss = 9.6 Hz, 4-H), 3.39 (s, 3 H, O—CH;), 3.37 (dd, l H, J,; =
9.3 Hz, 2-H), 3.14 (dd, 1 H, J54 = 8.8 Hz, 3-H), 2.24 (ddd, 1 H,
Joesa = 14.0 Hz, J, 6o = 4.7 Hz, 6e-H), 1.30 (ddd, 1 H, J, 4, = 2.1
Hz, 6a-H). 3C NMR (100 MHz, CD;0D): § = 79.7, 79.3, 75.6,
74.7, 69.6 (C-1-C-5), 57.7 (O—CHs;), 32.9 (CH,). — C;H 4,05
(178.18): caled. C 47.19, H 7.92; found C 47.22, H 8.10.
(1S,25,3S5,4R,5R)-1-O-Methylcyclohexane-1,2,3,4,5-pentol (4): The
benzyl derivative 21?1 (1.0 g, 2.22 mmol), dissolved in a mixture of
methanol (24 mL) and ethyl acetate (8 mL), was debenzylated by
hydrogenation in the presence of Pd/C. After 24 h, the reaction
mixture was worked up and purified as described for compound 5
(R; = 0.24, chloroform/methanol = 5:1); yield: 380 mg (95.7%);
m.p. 94—96°C (acetone); [0]p>> = +2.3 (¢ = 0.95, MeOH). — 'H
NMR (250 MHz, CD;0D): 6 = 3.95-3.83 (m, 2 H, 3-H/5-H),
3.69-3.47 (m, 3 H, 1-H/2-H/4-H), 3.41 (s, 3 H, O—CHy), 2.12
(ddd, 1 H, Jea6e = 13.9 Hz, J, 4, = 7.1 Hz, J54, = 6.8 Hz, 6a-H),
1.69 (ddd, 1 H, J; . = 3.4 Hz, Js5¢. =~ 3.8 Hz 6e-H). — 13C NMR
(63 MHz, CD;0OD): & = 80.2, 754, 73.7, 72.1, 70.3 (C-1-C-5),
57.8 (O—CHsy), 29.9 (CH,). — C;H 1405 (178.18): caled. C 47.19,
H 7.92; found C 47.05, H 7.98.

(1S5,25,3R 48,5 R)-5-O-(N-Cyclohexylcarbamoyl)-1-O-methyl-3,4- O-
(2,2,2-trichloroethylidene)cyclohexane-1,2,3,4,5-pentol (6): 2.6 g
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(17.7 mmol) of chloral and 2.6 g (12.6 mmol) of DCC were added
to a solution of 4 (0.90 g, 5.1 mmol) in dry 1,2-dichloroethane (15
mL), and the mixture refluxed for 6 h. After cooling to room temp.,
aqueous acetic acid (15 mL, 10%) was added and the mixture
shaken for 30 min. Then, the organic phase was separated and the
aqueous phase was extracted with 1,2-dichloroethane (2 X 20 mL).
The combined organic phases were neutralised with a satd. aque-
ous NaHCOj; solution (25 mL), washed with water (25 mL), dried
(MgS0O,), and concentrated under reduced pressure. The syrupy
residue was purified by column chromatography (R; = 0.16, tolu-
ene/ethyl acetate = 5:1). Compound 6 was isolated as a syrupy
mixture of endo-H/exo-H diastereomers (23:1) in a yield of 1.53 g
(70%). After re-chromatography, the pure endo-H form was ob-
tained as amorphous solid; [a]p>® = —55.6 (¢ = 1.20, CHCls). —
'H NMR (400 MHz, CDCl;): § = 5.40 (s, 1 H, acetal-H), 4.75
(ddd, 1 H, Jse, = 11.7 Hz, Js4. = 4.3 Hz, 5-H), 474 (d, 1 H,
Jnn.cn = 7.9 Hz, N-H), 4.68 (dd, | H, J534 = 5.4 Hz, 3-H), 4.54
(dd, 1 H, J, 5 = 8.0 Hz, 4-H), 4.28 (dd, 1 H, J,; = 3.4 Hz, 2-H),
3.57 (ddd, 1 H, J,, = 3.0 Hz, J, 4, = 10.4 Hz, J, 4. = 7.2 Hz, 1-
H), 3.50—3.41 (m, 1 H, C¢H,;,—CH), 3.38 (s, 3 H, O—CHs;), 2.83
(br., 1 H, OH), 2.11 (ddd, 1 H, Jg, ¢ = 12.5 Hz, 6e-H), 1.76 (ddd,
1 H, 6a-H), 1.73—1.53 (m, 4 H, C¢H,;—CH,), 1.39—1.05 (m, 6 H,
C¢H;;—CH,). — 3C NMR (100 MHz, CDCl3): § = 154.7 (C=0),
105.8 (acetal-C), 99.1 (CCl;), 79.3 (C-4), 78.9 (C-3), 75.7 (C-1), 70.0
(C-5), 68.9 (C-2), 56.8 (O—CHs;), 49.9 (C¢H,;—CH), 27.3 (C-6),
33.3,25.4,24.7 (5 C¢H,;—CH,). — C;sH4CI3NOq (432.73): caled.
C 4441, H 5.59, N 3.24; found C 44.37, H 5.49, N 3.20.

(18,28,3R,4S,5R)-1-0-Methyl-3,4-0-(2,2,2-trichloroethylidene)-
cyclohexane-1,2,3,4,5-pentol (7): 0.68 g (1.57 mmol) of 6, dissolved
in anhydrous methanol (15 mL)/sodium methoxide (0.5 g, 9.5
mmol), was decarbamoylated by heating the solution under reflux
for 8 h. Subsequently, the reaction mixture was cooled and neutral-
ised with an acidic ion exchanger (Amberlite IR-120). After evapor-
ation of the solvent under reduced pressure and column chromato-
graphic purification (R = 0.22, toluene/ethyl acetate = 2:1), 483
mg (85.3%) of the colourless crystalline compound 7 was obtained;
m.p. 114—115°C (heptane/diethyl ether = 25:1, v/v), [0]p>® =
+16.2 (¢ = 1.51, CHCl3). — 'H NMR (400 MHz, CDCl;): § =
5.36 (s, 1 H, acetal-H), 4.69 (dd, 1 H, J5, = 5.4 Hz, 3-H), 4.63
(dd, 1 H, J4 5 = 5.0 Hz, 4-H), 3.98 (dd, 1 H, J,; = 5.4 Hz, 2-H),
3.96 (dd, 1 H, Js6, = 6.7 Hz, 5-H), 3.64 (ddd, 1 H, J,, = 3.0 Hz,
Ji6a = 7.1 Hz, J, . = 4.0 Hz, 1-H), (s, 3 H, O—CH3), 1.99 (dd, 1
H, Jsase = 13.3 Hz, 6a-H), 1.96 (ddd, 1 H, 6e-H). — 3C NMR
(100 MHz, CDCl3): 6 = 106.2 (acetal-C), 99.4 (CCl;), 81.4 (C-4),
79.9 (C-3), 77.9 (C-1), 69.1 (C-2), 67.7 (C-5), 57.9 (OCH3), 29.1 (C-
6). — CoH3C1305 (307.56): caled. C 35.15, H 4.26; found C 35.28,
H 4.33.

(1S,28,3R 4S,5R)-3,4-O-Ethylidene-1-O-methylcyclohexane-1,2,3,4,5-
pentol (8): A solution of 7 (485 mg, 1.58 mmol), BusSnH (1.61 g,
5.53 mmol) and AIBN (35 mg) in dry toluene (20 mL) was refluxed
for 12 h under argon. After cooling, the solution was shaken with a
satd. aqueous KF solution (30 mL) for 30 min and the precipitated
Bu;SnF removed by filtration. Then the organic phase was sepa-
rated, washed with water (2 X 15 mL), dried (Na,SOj,), and con-
centrated under reduced pressure. The residue was purified by col-
umn chromatography (R; = 0.24, ethyl acetate/toluene = 2:1) giv-
ing 285 mg (89%) of 8 as colourless syrup; [0]p>® = +48.0 (¢ =
1.05, CHCl3). — '"H NMR (250 MHz, CDCls): 3 = 534 [q, 1 H,
J(acetal-H,acetal-CH;) = 4.9 Hz, acetal-H], 4.24 (dd, 1 H, J54 =
5.2 Hz, 3-H), 4.16 (dd, 1 H, J;5 = 5.2 Hz, 4-H), 3.92 (dd, 1 H,
Jr3 = 5.3 Hz, 2-H), 3.87 (dd, 1 H, Js4 = 7.3 Hz, 5-H), 3.60 (ddd,
1 H, Ji,=31Hz, J 6, = 72 Hz, J; 5. = 4.0 Hz, 1-H), 343 (5, 3
H, O—CHs;), 1.95 (dd, 1 H, Jsu6. = 14.0 Hz, 6a-H), 1.90 (ddd, 1
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H, 6e-H), 1.31 (d, 1 H, acetal-CH;). — '3C NMR (62.9 MHz,
CDCLy): 8 = 100.9 (acetal-C), 79.3 (C-4), 78.4 (C-3), 77.4 (C-1),
68.8 (C-2), 67.6 (C-5), 57.7 (O—CHs), 29.3 (C-6), 21.2 (acetal-
CHs). — CoH 405 (204.22): caled. C 52.93, H 7.90; found C 52.79,
H 7.76.

(18,28,3R,4S,5R)-5-O-(N-Cyclohexylcarbamoyl)-1-O-methylcyclo-
hexane-1,2,3,4,5-pentol (10): A solution of 6 (212 mg, 0.49 mmol),
Bu;3SnH (0.5 g, 1.72 mmol) and AIBN (20 mg) in dry toluene (20
mL) was hydrodehalogenated as described for compound 8. The
syrupy crude product 9 was deacetalized by treatment with 80%
aqueous trifluoroacetic acid (10 mL) under stirring (6 h at room
temp.). After evaporation of the solvents under reduced pressure,
the residue was purified by column chromatography (R; = 0.13,
toluene/ethyl acetate = 1:5). The overall yield (two steps) of crystal-
line colourless product 10 was 117 mg (79%); m.p. 129—130.5°C
(methanol); [a]p>® = —35.4 (¢ = 0.25, MeOH). — '"H NMR (250
MHz, CD;0OD): § = 4.69 (m, 5-H), 4.47 (br.,, 1 H, N—H), 3.98
(ddd, 1 H, J,; = 2.7 Hz, J, 4. = 1.2 Hz, 2-H), 3.88 (dd,  H, J54, =
4.6 Hz, 3-H), 3.72 (dd, 1 H, J4 5 = 9.5 Hz, 4-H), 3.55 (ddd, 1 H,
Jiea = 11.2 Hz, J; 4. = 4.5 Hz, 1-H), 3.30 (s, 3 H, O—CH;),
3.28—3.22 (m, 1 H, cyclohexyl-C—H), 2.01 (dddd, 1 H, Js4. = 4.6
Hz, Jeu 6. = 11.9 Hz, 6e-H), 1.89—176 (m, 2 H, cyclohexyl-CH,),
1.75—1.62 (m, 3 H, cyclohexyl-CH,), 1.56 (m, 1 H, 6a-H),
1.38—1.02 (m, 5 H, cyclohexyl-CH,). — '3C NMR (63 MHz,
CD;0D): 6 = 158.1 (C=0), 77.0 (C-1), 73.5 (C-3), 72.9 (C-5), 71.7
(C-4), 70.5 (C-2), 56.7 (O—CHs;), 51.2 (cyclohexyl-C—H), 34.1
(cyclohexyl-CH,), 30.3 (C-6), 26.6, 26.6, 26.1, 26.1 (4 cyclohexyl-
CH,). — C4H6NOg (303.35): caled. C 5543, H 8.31, N 4.62;
found C 55.21, H 8.21, N 4.56.

(18,25,3R,4S5,5R)-2,3,4,5-Tetra-O-acetyl-1-O-methylcyclohexane-
1,2,3,4,5-pentol (12): A solution of compound 10 (100 mg, 0.33
mmol) in 1% methanolic sodium methoxide (15 mL) was heated
for 15 h under reflux. When the reaction was finished (TLC con-
trol: CHCI;/MeOH = 5:1, Ry = 0.22), the mixture was cooled
down, neutralised with an acidic ion exchanger (Amberlite IR 120),
filtered, and the filtration residue was washed with methanol (2 X
10 mL). The combined methanolic solutions were concentrated un-
der reduced pressure and the crude product 11 obtained treated
with a mixture of acetic anhydride (5 mL) and pyridine (5 mL)
under stirring (room temp., 24 h). After evaporation of the solvents
under reduced pressure, the residue was co-distilled with toluene (2
X 10 mL) giving the syrupy tetra-O-acetyl derivative 12, which was
purified by column chromatography (Ry = 0.20, toluene/ethyl ace-
tate = 3:1). Yield: 94 mg (82%, related to 10), colourless crystals,
m.p. 109—110°C (toluene); [a]p>* = —5.90 (¢ = 1.15, CHCl;). —
'H NMR (250 MHz, CDCl;): § = 5.37 (dd, 1 H, J34 = 4.9 Hz, 3-
H), 5.28 (ddd, 1 H, J,3 = 3.2 Hz, J54. = 1.4 Hz, 2-H), 5.17 (dd,
1 H, J45 = 9.6 Hz, 4-H), 5.07 (ddd, 1 H, Js4. = 4.6 Hz, J5¢, =
10.6 Hz, 5-H), 3.62 (ddd, 1 H, J;, = 3.0 Hz, J16, = 11.2 Hz,
Jise = 4.3 Hz, 1-H), 3.30 (s, 3 H, O—CHj;), 2.20 (dddd, 1 H,
Joase = 12.5 Hz, 6e-H), 2.11, 2.07, 2.02, 1.96 (4 s, 4 X 3 H, 4
C(O)CH3), 1.85 (ddd, 1 H, 6a-H). — '3C NMR (63 MHz, CDCl5):
§ = 170.1, 169.8, 169.4, 169.0 (4 C(O)CH3;), 73.8, 70.2, 67.9, 67.8,
67.3 (C-1, C-2, C-3, C4, C-5), 57.2 (O—CHy), 29.8 (C-6), 20.9,
20.8, 20.7, 20.6 [4 C(O)CH;]. — C;5H»,04 (346.33): caled. C 52.02,
H 6.40; found C 52.25, H 6.46.
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