September, 1981] @© 7981 The Chemical Society of Japan

Bull. Chem. Soc. Jpn., 54, 2739—2746 (1981) 2739

Pseudo-sugars. VII. Synthesis of Pseudo-hexopyranose Derivatives
with a~ and p-Gluco Configurations®
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Several derivatives of pseudo-hexopyranose (5-hydroxymethyl-1,2,3,4-cyclohexanetetrol) with a-gluco,
(1,2,4/3,5), and B-gluco, (1,3,5/2,4), configurations were synthesized starting from the compounds obtained by
cisshydroxylation and oxyamination of pL-di-O-acetyl-(1,3/2)-3-bromomethyl-5-cyclohexene-1,2-diol. The 'H
NMR chemical shifts of the acetyl methyl protons of the several acetyl derivatives of N-(p-tolylsulfonyl)-pseudo-

glucosamines are discussed.

In connection with the preceding paper of this
series,) the synthesis of pseudo-hexopyranose (5-hy-
droxymethyl-1,2,3,4-cyclohexanetetrol) derivatives hav-
ing «- and pB-gluco configurations are described. It
has been hoped that pseudo-sugars, biologically in-
teresting analogs, e.g. of glucose, galactose, and man-
nose, will be accepted by some enzymes or biological
systems in place of corresponding true sugars, and
may have useful biological properties.) On the other
hand, pseudo-amino sugars related to 2-amino-2-de-
oxy-, 6-amino-6-deoxy-, and 2,6-diamino-2,6-dideoxy-
p-glucose, components of some clinically important
amino sugar antibiotics,Y are also expected to be
useful for study on a structure-activity relationship of
the antibiotics.

In the present study, cis-hydroxylation and oxy-
amination reactions of the unsaturated derivatives (3
and 4) of pseudo-hexopyranoses were carried out.

Debromination of bpr-di-O-acetyl-(1,3/2,4,6)-3,4-di-
bromo-6-bromomethyl-1,2-cyclohexanediol (1) with
an excess of zinc dust in acetic acid at 70 °C for 10
min gave bL-di-O-acetyl-(1,3/2)-3-bromomethyl-5-cy-
clohexene-1,2-diol (3) in 929, yield. The *HNMR
spectrum of 3 showed the signals for two acetoxyl
groups as singlets at 6 2.01 and 2.03, and those for
the H-2 and H-6 protons as a triplet of doublets (/=
3, 7.5, and 7.5 Hz) and a broad doublet (/=ca. 11
Hz) at 6 5.02 and 5.77, respectively. Treatment of
1 with 4 molar equivalent of sodium benzoate in 809,
aqueous ethanol under reflux for 2d gave the 7-O-
benzoate (2) in 669, yield. The structure was con-
firmed by the IH NMR spectrum that showed the
down-field shift of the signal for the C-7 methylene
group resulting from the replacement of the bromine
atom by a benzoyloxyl group. Compound 2 was
debrominated similarly with zinc dust to give bDL-
di- 0-acetyl-(1,3/2)-3-benzoyloxymethyl-5-cyclohexene-
1,2-diol (4) in 709, yield, which was also obtained
from 3 by treatment with sodium benzoate in reflux-
ing aqueous 2-methoxyethanol for 5h. The above
results confirmed the proposed structures of 3 and 4.
These olefins may be considered as the pseudo-glycal
derivatives, versatile intermediates, for the prepara-
tion of pseudo-sugar derivatives.

Oxidation of 3 with osmium tetraoxide and hydrogen
peroxide in f-butyl alcohol, followed by acetylation
with acetic anhydride in pyridine, gave mainly a
crystalline  pL-tetra-O-acetyl-(1,2,4/3,5)-5-bromometh-
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yl-1,2,3,4-cyclohexanetetrol (6) in 379, yield, together
with a small proportion of a sirupy bDL-lrans-2,4-
diacetoxy-5-bromomethyl-2-cyclohexanone (5), which
was isolated in 7.59%, yield by chromatography on
silica gel. The structure of 5 was tentatively as-
signed by the elemental analysis and *H NMR spec-
tral data, the latter of which showed the presence of
two acetoxyl groups (6 2.15 and 2.22) and an olefinic
proton (doublet, J=2.5 Hz, é 6.47), and the remark-
able down-field shift of the signal (broad doublet,
6 2.72) for the C-7 methylene protons. In the 'H
NMR spectrum of 6, the signals for H-1, H-2, H-3,
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and H-4 protons appeared as a quartet (/=3.5 Hz),
a doublet of doublets (/=3.5 and 10.5 Hz), a triplet
(J/=10.5Hz), and a triplet (J=10.5Hz) at 6 5.39,
4.87, 5.23, and 4.94, respectively, which indicated the
equatorial-axial-axial-axial conformations for H-1, H-2,
H-3, and H-4, being consistent with the assigned
structure. Treatment of 6 with an excess of sodium
acetate in refluxing aqueous 2-methoxyethanol,
followed by conventional acetylation, gave bDL-penta-
O-acetyl-(1,2,4/3,5)-5-hydroxymethyl-1,2,3,4-cyclohex-
anetetrol (pseudo-a-DL-glucopyranose) (7)® in 709,
yield. Similar treatment of 6 with sodium azide gave
the corresponding C-7 azido derivative (8) in 809,
yield, which was subsequently converted to the acet-
amide (9) in 319, yield” by hydrogenation in ethanol
containing acetic anhydride in the presence of Raney
nickel T-4.8) Hydrogenolysis of 6 in ethyl acetate
with Raney nickel and Amberlite IR-45 (OH-) gave
the 7-deoxy compound (10) in 70%, yield. The 'H
NMR spectra of 6—9 substantially resemble one an-
other in the region for ring protons, except for signals
for the exocyclic methylene groups carrying the dif-
ferent functions.

In order to synthesize the same series of compounds
with the f-gluco configurations, DL-tetra-O-acetyl-(1,
3,5/2,4)-5-bromometliyl-1,2,3,4-cyclohexanetetrol  (12)
was prepared, in 919, yield, by treatment of the cor-
responding C-7 acetate (11)» with 109, hydrogen
bromide in acetic acid-in a sealed tube at 80 °C over-
night. The -corresponding C-7 azido (13), acetamido
(14), and deoxy derivatives (15) were obtained an-
alogously stdrting from 12 in appropriate yields. The
structures were confirmed similarly by the 'H NMR
spectral data.

Next, several carbocyclic analogs of glucosamine
derivatives were synthesized from 3 and 4. Treat-
ment of 3 with osmium tetroxide and chloramine
T in chloroform-water (1:1) in the presence of tri-
ethylbenzylammonium chloride at 60 °C for 40 h, (es-
sentially the procedure of Sharpless and his cowork-
ers)!? gave a mixture of at least four products. The
major product was casily separated by crystallization
from ethanol-ether to give bL-3,4-di-O-acetyl-(1,2,4/
3,5) -5-bromomethyl-2-( p-toluenesulfonamido)-1,3,4 -
cyclohexanetriol (16) in 319, isolated yield, which
was further characterized as the triacetate (17).11)
In the TH NMR spectrum of 17, the signals for H-2,
H-3, and H-4 protons appeared as a triplet of dou-
blets (/=3, 11, and 11 Hz), a triplet (/=11 Hz),
and a triplet (/=11 Hz) at 6 3.49, 5.09, and 4.88,
respectively. Upon deuteration, a doublet (/=11
Hz, § 5.42) due to the amido proton disappeared and
the H-2 signal changed to a doublet of doublets (/=
3 and 11Hz). Therefore, the conformations of H-1,
H-2, and H-3 were shown to be equatorial-axial-
axial, supporting the structure assigned above. Sim-
ilar cis-oxyamination of 4 gave mainly the pseudo-
glucosamine derivative (18) in 309, yield, which was
converted to triacetate (19). The structure of 18
could be correlated to that of 16 by comparison of
the TH NMR spectral data.'?

Treatment of 16 with sodium acetate in refluxing
aqueous 2-methoxyethanol gave its triacetate (20) in
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579, yield, which was further acetylated to give the
tetraacetate (21). The H NMR spectrum of 20 re-
sembled that of 16 in the region for ring protons,
apart from that the signal for the C-7 methylene pro-
tons was shifted down field.

Azidolysis of 16 with sodium azide in N,N-dimethyl-
formamide (DMF) at 80 °C for 2h gave the azido
derivative (22) in 909, yield, which was converted
to the corresponding acetamide (23) in 579, yield.
Tetra-N,O-acetyl derivative (24) was prepared. Hy-
drogenolysis of 16 gave the C-7 debromo compound
(25) in 829, yield. The *H NMR spectra of 22—25
were all consistent with the assigned structures.

On the other hand, to obtain the derivatives having
the p-gluco configuration, an inversion of the C-1
configuration was attempted by a direct substitution
reaction of the 1-O-methanesulfonate (26) of 16. Thus,
26 was prepared in 699, yield by treatment of 16
with an excess of methanesulfonyl chloride in pyridine.
Azidolysis of 26 with 1.5 molar equivalent of sodium
azide in DMF at 80 °C for 2 h gave preferentially the
C-7 azido derivative (27) in 689, yicld. While, on
treatment with 5 molar equivalent of sodium azide at
85°C for a prolonged period (20h), the diazido
derivative (28) was obtained mainly in 719, vyield.
Hydrogenation of 27 and 28 followed by acetylation
gave the corresponding acetamide (29) and diacet-
amide (30) in 65 and 669, yields, respectively. As
the side product of the hydrogenation of 28, br-1,2-
di- 0-acetyl-(1,3/2,6)-3-acetamidomethyl-6-(p-toluene-
sulfonamido)-1,2-cyclohexanediol (31) was isolated in
189, yield, which might arise from the elimination
of the C-4 azido group under slightly basic condi-
tions.
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Reaction of 26 with an excess of sodium acetate
in DMF at 80 °C for 20 h gave a mixture of products
from which DL-tetra-O-acetyl-(1,3,5/2,4)-5-hydroxy-
methyl-2-(p-toluenesulfonamido)-1,3,4-cyclohexanetri-
ol (32), pr-1,2-di-O-acetyl-(1,3/2,6)-3-hydroxymethyl-
6-(p-toluenesulfonamido)-4-cyclohexene-1,2-diol ~ (33),
and  bL-1,2-di-O-acetyl-(1/2,6)-3-methylene-6-(p-tolu-
enesulfonamido)-4-cyclohexene-1,2-diol (35) were iso-
lated in 10, 28, and 79, yields, respectively, by chro-
matography on silica gel. The structures were deter-
mined by the elemental analysis and 'H NMR spec-
tral data. The H NMR spectrum of 32 in chloro-
form-d showed the signal for the H-2 proton as a quar-
tet (J=10 Hz) at 6 3.65, which changed to a triplet
upon deuteration, indicating the ¢rans-diaxial arrange-
ment of H-1 and H-2. The structure of 33 was as-
signed by the appearance of two-proton singlet at
6 5.50 attributable to two olefinic protons. In the
spectrum of 35, the signals for the exocyclic methyl-
ene protons appeared as a broad singlet at & 4.96
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TABLE 1. CHEMICAL SHIFTS OF ACETYL METHYL PROTONS®)
Compound 1-OAc 3-OAc 4-OAc 7-OAc
16 1.62 2.00
17 2.06 1.76 1.99
18 1.64 1.97
19 2.10 1.78 1.98
20 1.60 1.97 2.02
21 2.05 1.72 1.97 2.01
22 1.61 2.01
25 1.60 1.97
26 1.66 2.01
27 1.60 2.00
32 1.71» 1.799 1.97 2.03

a) Taken at 90 MHz in CDCI, with reference to TMS.
Chemical shifts are given in terms of J-values. b)
Assignments may be reversed.

and 5.06.13)

The elimination occurred predominantly in the reac-
tion of 29 with sodium acctate in DMF giving rise
to  pL-1,2-di-O-acetyl-(1,3/2,6)-3-acetamidomethyl-6-
(p-toluenesulfonamido)-4-cyclohexene-1,2-diol (34) in
599% yield. The 'H NMR spectrum showed the sig-
nals for two olefinic protons as two triplets of dou-
blets (/=2, 2, and 12 Hz) at § 5.34 (H-4) and 5.57
(H-5).

The olefins 33, 34, and 35 thus obtained may be
good precursors for preparation of branched-chain
amino- and diaminocyclitols. Removal of the N-(g-
tolylsulfonyl) group can usually be performed by the
influence of sodium in liquid ammonia. Alternative-
ly, on treatment with 209, hydrogen bromide in
acetic acid in a sealed tube at 70 °C overnight, 16
gave the corresponding tri-O-acetyl amine hydrobro-
mide, which was successively acetylated to the per-
acetyl derivative (36) in 699, yield. This procedure
may be used for a small scale deprotection of N-(p-
tolylsulfonyl) derivatives.

We are studying to prepare glycosides of 20 and
22, which would provide the pseudo analogs of an-
tibiotic trehalosamine and its related compounds.14)

Assignment of Acetyl Methyl Protons of N-(p-Tolylsulfon-
yl) Derivatives of Pseudo-glucosamine. Comparison
of the TH NMR spectra of 16, 17, 20, and 21 allowed
to assign all the signals due to the acetyl methyl pro-
tons (Table 1). The appreciable up-field shift of the
signal for the C-3 equatorial acetoxyl group is observ-
ed (at least 0.20 ppm), which may be attributed to
a shielding effect by the aromatic ring of the C-2
equatorial p-toluenesulfonamido group being in the
position perpendicular to the acetyl methyl pro-
tons.1516)  Whereas, the C-1 axial acetoxyl group
resonates slightly up-shifted by ca. 0.10 ppm in the
region of § 2.05—2.10.1% These results are consistent
with the structure of 32, in which the presence of two
equatorial acetoxyl groups at C-1 and C-3 may be
supported by appearance of two up-shifted acetyl sig-
nals.

The N-(p-tolylsulfonyl) derivative (37) of validamine
was prepared!”) in order to see the shielding effect
of the axially oriented p-toluenesulfonamido function.
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The H NMR spectrum of 37 revealed the acetyl
signals as two singlets at 4 1.79 and 2.00 in a ratio
of 1:3, while, those of the peracetyl derivative (38)%

CH20Ac

AcO 6 37 R=Ts

AcO -
38 R=Ac
AcO 'NHR

showed three singlets at ¢ 1.99, 2.01, and 2.03 in a
ratio of 1:2:2. Therefore, the C-1 acetoxymethyl-
signal seems to be shifted to higher field by at least
0.20 ppm due to the C-6 axail p-toluenesulfonamido

group.

Experimental

Melting points were determined on a Biichi 510 capillary
melting point apparatus and are uncorrccted. Solutions
were concentrated below 50 °C under reduced pressure.
Catalytic hydrogenations were carried out in a Parr shaker
type apparatus in the initial hydrogen pressure of 3.4 kg/cm?
at ambient temperature. Unless otherwise noted, H NMR
spectra were taken on a Varian EM-390 (90 MHz) spec-
trometer in chloroform-d (CDCl;) or dimethyl-d; sulfoxide
(DMSO-d;) with reference to tetramethylsilane as an internal
standard. The peak positions are given in terms of d-values
and values given for coupling constants are of first-order.
TLGC was performed on precoated silica gel 60 F-254 plaques
(Merck, Darmstadt; 0.25 mm thickness). The silica gel
used for a column chromatography was Wakogel C-300
(Wako Pure Chemical Industries, Ltd.).

DL-Di-O-acetyl-(1,3/2,4,6 )-3,4-dibromo-6- benzoyloxymethyl-1,2-
cyclohexanediol (2). A mixture of pL-di-O-acetyl-(1,3/
2,4,6)-3,4-dibromo-6-bromomethyl-1,2-cyclohexanediol (1, 2
g)," sodium benzoate (2.56 g, 4 molar equivalent), and 809,
aqueous ethanol (50 ml) was refluxed for 2d. The reaction
mixture was allowed to stand in a refrigerator overnight,
and the resulting crystals were collected by filtration. Re-
crystallization from ethanol gave 2 (1.44 g, 66%,) as colorless
plates: mp 154—155°C. HNMR (CDCl,, 60 MHz)1® &
1.96 (3H, s) and 2.03 (3H, s) (OAc), 3.80—4.30 (4H, m,
H-3, H-4, and CH,0Bz), 4.70—5.35 (2H, m, H-1 and H-2),
7.05—7.90 (5H, m, phenyl).

Found: C, 44.00; H, 4.15; Br, 32.529,.
CisHyoBrOq: C, 43.93; H, 4.10; Br, 32.479%,.

DL-Di-O-acetyl-(1,3/2)-3 - bromomethyl - 5 - cyclohexene - 1,2 - diol
(3). To a solution of 1 (10g) in acetic acid (70 ml)
was added zinc dust (5.76 g) in three portions at 70 °C.
The reaction mixture was stirred vigorously at 70 °C for
10 min and then cooled immediately, and the white pre-
cipitates and an excess of zinc dust were removed by filtra-
tion. The filtrate was concentrated to give a sirup which
crystallized from ethanol-water to give 3 (5.96g, 92%)
as plates: mp 83—84°C. 'HNMR (CDCl;) 6 2.01 (3H,
s) and 2.03 (3H, s) (OAc), 3.19—3.52 (2H, m, CH,Br),
5.02 (1H, td, J=3, 7.5, and 7.5 Hz, H-2), 5.29—5.53 (2H,
m, H-1 and H-5), 5.63—5.91 (I1H, broad d, J=ca. 11 Hz,
H-6).

Found: C, 45.16; H, 5.04; Br, 27.709%.
C,H;;BrO,: C, 45.37; H, 5.20; Br, 27.44%.

DL-Di-O-acetyl-(1,3/2 )-3 - benzoyloxymethyl - 5 - cyclohexene - 1,2-
diol (4). a) A stirred suspension of 2 (I g) and
zinc dust (0.53 g) in acetic acid (10 ml) was heated at 70 °C
for 0.5 h. After cooling, the reaction mixture was processed
as described for the preparation of 3. The crystalline prod-
uct was recrystallized from ethanol to give 4 (0.47 g, 70%)

Caled for

Calcd for
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as prisms: mp 75—76.5 °C. 'H NMR (CDCl;) 6 2.02 (6H,
s, two OAc), 4.22 (1H, dd, Jj=5.3 and 12 Hz, H-7), 4.40
(1H, dd, J=4.2 and 12 Hz, H-7’), 5.25 (1H, dd, J=7.7
and 10.5 Hz, H-2), 5.40—5.66 (2H, m, H-1 and H-5), 5.69—
5.99 (IH, broad d, J=ca. 11 Hz, H-6), 7.34—7.60 (2H,
m) and 7.93—8.12 (2H, m) (phenyl).

Found: C, 64.82; H, 6.09%. Calcd for C;gH,,O4: C,
65.05; H, 6.07%.

b) A mixture of 3 (1.5g) and sodium benzoate (1.5g,
2 molar equivalent) in 809, aqueous 2-methoxyethanol (30
ml) was refluxed for 5h. Then the mixture was concen-
trated to dryness and the residue was treated with acetic
anhydride (10 ml) and pyridine (10 ml) at amibient tem-
perature overnight. An insoluble material was removed by
filtration and the filtrate was concentrated. The residue
was dissolved in chloroform (20 ml) and passed through a
short column of alumina. The filtrate and washings were
combined and concentrated. Recrystallization of the residue
from ethanol-hexane gave 4 (1.15g, 67%) as prisms: mp
75—76 °C. This compound was identical with the com-
pound obtained from 2.

Oxidation of 3 with Osmium Tetroxide. a) To a
solution of 3 (4.37 g) in ¢-butyl alcohol (75 ml) and 35%
hydrogen peroxide (15 ml) was added a solution of osmium
tetroxide (0.16 g) in #butyl alcohol (15 ml), and the mixture
was kept at 30 °C for 24 h under dark. At that time, TLC
indicated the disappearance of 3 and the formation of three
components (R; 0.45, 0.38, and 0.34) in 1:1 2-butanone-
toluene. The reaction mixture was concentrated and the
residue was treated with acetic anhydride and pyridine in
usual way. Evaporation of the excess reagent gave a sirup,
which was crystallized from ethanol to give pL-tetra-O-acetyl-
(1,2,4/3,5)-5-bromomethyl-1,2,3,4-cyclohexanetetrol (6, 2.24
g, 36.5%). Recrystallization from ethanol gave an ana-
lytical sample: mp 137—138 °C. *H NMR (CDCl;) ¢ 1.98
(3H, s), 2.00 (3H, s), 2.06 (3H, s), and 2.12 (3H, s) (OAc),
3.34 (2H, d, j=4.5 Hz, CH,Br), 4.87 (1H, dd, /=3.5 and
10.5 Hz, H-2), 4.94 (1H, t, J=10.5 Hz, H-4), 5.23 (1H,
t, J=10.5Hz, H-3), 5.39 (IH, q, jJ=3.5Hz, H-1).

Found: C, 43.79; H, 5.18; Br, 19.74%. Calcd for
C,;sH,BrOg: G, 44.02; H, 5.17; Br, 19.539%,.

The mother liquor from 6 was concentrated and the sirupy
residue (2.3 g) was chromatographed on a silica~gel column
(40 g) with 1:6 2-butanone-toluene as an eluent. The
fractions containing the faster moving component were
collected and concentrated to give DL-trans-2,4-diacetoxy-5-
bromomethyl-2-cyclohexenone (5, 0.34 g, 7.5%) as a chro-
matographically homogeneous sirup. HNMR (CDCl,, 60
MHz)® § 2.15 (3H, s) and 2.22 (3H, s) (OAc), 2.72 (2H,
broad d, J=2.5 Hz, ring methylene), 3.50 (2H, broad d,
J=2.5Hz, CH,Br), 5.70 (1H, symmetric m, H-4), 6.47
(IH, d, J=2.5Hz, H-3).

Found: C, 43.14; H, 4.50; Br, 26.349%,.
C,;H;,BrO;: C, 43.30; H, 4.29; Br, 26.19%.

b) To a mixture of 3 (4g), 359% hydrogen peroxide
(15 ml), and #-butyl alcohol (75 ml) was added a solution
of osmium tetroxide (0.2 g) in #-butyl alcohol (40 ml) and
the reaction mixture was stirred at 25 °C overnight. The
mixture was processed similarly as described in @) and
the product directly crystallized from ethanol to give 6 (2.6
g, 469%) as prisms: mp 137—138 °C.

pr-Penta-O-acetyl-(1,2,4/3,5) - 5 - hydroxymethyl - 1,2,3 4 - cyclo-
hexanetetrol (7). A mixture of 6 (0.82 g), anhydrous
sodium acetate (0.49 g), and 909, aqueous 2-methoxyethanol
(20 ml) was refluxed for 20 h. The reaction mixture was
concentrated and the residue was treated with acetic anhy-
dride and pyridine in the usual way. The reaction mixture

Calcd for
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was filtered and the filtrate was concentrated. The residue
was triturated with chloroform and the suspension was
passed through a short column of alumina. The filtrate
was concentrated and the residue was crystallized from
ethanol-ether to give 7 (0.32 h, 42%) as needles mp 110—
111°G. 'HNMR (CDCl;) ¢ 1.99 (3H, s) 2.00 (3H, s),
2.03 (3H, s), 2.05 (3H, s), and 2.13 (3H, s) (OAc), 3.86
(1H, dd, j=3.5 and 11 Hz, H-7), 4.11 (1H, dd, j=4.5
and 11 Hz, H-7"), 4.89 (1H, dd, /=3 and 10.5 Hz, H-2),
4.99 (1H, dd, /=9 and 10.5 Hz, H-4), 5.39 (I1H, t, J=
10.5 Hz, H-3), 5.41 (IH, q, J=3 Hz, H-1).

Found G, 52.65; H, 6.189%. CQCaled for G;;H,,O4: C,
52.57; H, 6.23%,.

pL-Tetra- O - acetyl - (1,2,4/3,5) - 5 - azidomethyl - 1,2,3,4 - cyclo-
hexanetetrol (8). A mixture of 6 (0.82 g), sodium azide
(0.78 g), and 90% aqueous 2-methoxyethanol (20 ml) was
refluxed for 20 h. The reaction mixture was concentrated
and the residue was treated with acetic anhydride and pyri-
dine in usual way. The reaction mixture was processed
as described for the preparation of 7 to give crystals which
were recrystallized from ethanol-ether to give 8 (0.55g,
74%) as prisms: mp 85—86 °C. *HNMR (CDCl;, 60
MHz)® § 2.00 (6H, s), 2.07 (3H, s), and 2.13 (3H, s) (OAc),
3.27—3.35 (2H, m, CH,N;), 4.85 (1H, dd, J=3 and 9.5
Hz, H-2), 4.92 (1H, broad t, J=9.5 Hz, H-4), 5.38 (1H,
broad t, J=9.5Hz, H-3), 545 (1H, q, /=3 Hz, H-1).

Found: C, 48.77; H, 5.81; N, 11.53%. Caled for
C;H,N,;O4: G, 48.52; H, 5.70; N, 11.329%.

pL-Tetra-O-acetyl-(1,2,4/3,5)-5-acetamidomethyl - 1,2,3,4 - cyclo-
hexanetetrol (9). A solution of 8 (0.3g) in ethanol
(10 ml) containing acetic anhydride (0.4 ml) was hydro-
genated in the presence of Raney nickel T-4%) overnight.
The catalyst was removed by filtration and the filtrate was
concentrated. The product was purified by passage through
a short column of alumina with chloroform. The filtrate was
concentrated and the residue was crystallized from ethanol-
ether to give 9 (0.10g, 31%) as needles: mp 150—151 °C.
1H NMR (CDCl;, 60 MHz)® ¢ 1.99 (9H, s) and 2.08 (6H,
s) (NAc and OAc), 3.33—3.95 (2H, m, CH,NHAc), 4.78
(1H, broad t, J=9.5 Hz, H-4), 4.84 (IH, dd, /=3 and
9.5 Hz, H-2), 5.33 (1H, q, /=3 Hz, H-1), 5.40 (1H, broad
t, J=9.5Hz, H-3), 6.07 (1H, t, J=5.5Hz, NH).

Found: C, 52.87; H, 6.49; N, 3.65%. Calcd for
C;Hy;;NO,: G, 52.71; H, 6.51; N, 3.62%.

DL~ Tetra-O- acetyl - (1,2,4/3,5) - 5 - methyl - 1,2,3,4 - cyclohexane-
tetrol (10). A solution of 6 (0.8g) in ethyl acetate
(10 ml) was hydrogenated in the presence of Raney nickel
T-4 (one spoonful) and Amberlite IR-45 (OH-) (5 ml)
overnight. The catalyst and the resin were removed by fil-
tration and the filtrate was concentrated. The residue was
crystallized from ethanol to give 10 (0.45 g, 70%) as plates:
mp 137—138°C. HNMR (CDCL) é 0.93 (3H, d, J=
6 Hz, methyl), 1.98 (6H, s), 2.03 (3H, s), and 2.10 (3H,
s) (OAc), 4.71 (1H, t, J=10.5Hz, H-4), 4.87 (1H, dd,
J=3 and 10.5 Hz, H-2), 5.30 (IH, t, J=10.5Hz, H-3),
5.31 (1H, q, J=3Hz H-I).

Found: C 54.82; H, 6.69%.
54.54: H, 6.719%,.

pL-Tetra-O - acetyl - (1,3,5/2,4) - 5 - bromomethyl - 1,2,3,4 - cyclo-
hexanetetrol (12). A  mixture of bDL-penta-O-acetyl-
(1,3,5/2,4)-5-hydroxymethyl-1,2,3,4-cyclohexanetetrol (11,
1.0 g)» and 10% hydrogen bromide in acetic acid (4.5 ml)
was heated in a sealed tube at 80 °C for 16 h. The reaction
mixture was poured into ice—water (40 ml) and the pre-
cipitates were collected by filtration. Recrystallization from
ethanol gave 12 (0.88 g, 83%,) as plates: mp 128—129.5 °C.
HNMR (CDCl;, 60 MHz)® ¢ 1.98 (3H, s), 2.00 (3H,

Caled for C;;H,,04: C,
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s), 2.03 (3H, s), and 2.06 (3H, s) (OAc), 3.38 (1H, broad
d, /=4 Hz, CH,Br), 4.8—5.2 (4H, m, H-1, H-2, H-3, and
H-4).
Found: C, 44.20; H, 5.19; Br, 19.67%.
CysH,,BrOg: G, 44.03; H, 5.17; Br, 19.529%.
DL- Tetra-O-acetyl- (1,3,5/2,4) -5 - azidomethyl - 1,2,3,4 - cyclo-
hexanatetrol (13). A mixture of 12 (0.2 g), sodium azide
(0.06 g), and 90% aqueous N,N-dimethylformamide (DMF)
(5 ml) was stirred at 80 °C for 7h. The reaction mixture
was concentrated and the residue was processed as described
for the preparation of 8. The crude product was recrys-
tallized from ethanol to give 13 (0.16 g, 85%) as prisms:
mp 101—102 °C. H NMR (CDCl,) ¢ 1.97 (3H, s), 1.99
(3H, s), 2.02 (3H, s), and 2.03 (3H, s) (OAc), 3.22 (1H,
dd, /=6 and 13 Hz, H-7), 3.39 (1H, dd, /=5 and 13 Hz,
H-7"), 467—5.20 4H m, H-1, H-2, H-3, and H-4).
Found: C, 48.61; H, 5.71; N, 11.28%. Calcd for
Cy;H,N;Oq: G, 48.52; H, 5.70; N, 11.32%.
pL-Tetra-O-acetyl-(1,3,5/2,4 ) -5-acetamidomethyl - 1,2,3,4 - cyclo-
hexanetetrol (14). A solution of 13 (0.10g) in etha-
nol (20 ml) was hydrogenated in the presence of Raney
nickel T-4 (one spoonful) overnight. The catalyst was
removed by filtration and the filtrate was concentrated.
The residue was acetylated in the usual way. The product
was crystallized from ethanol to give 14 (60 mg, 589%,) as
needles: mp 210—211 °C. *HNMR (CDCl;) 6 1.97 (12H,
s) and 2.06 (3H, s) (NAc and OAc), 2.75 (1H, td, J=5,
5, and 14 Hz, H-7, changes to a doublet of doublets with
5 and 14 Hz splittings on deuteration), 3.69 (1H, ddd, J=
3, 8, and 14 Hz, H-7’, changes to a doublet of doublets with
3 and 14 Hz splittings on deuteration), 4.63—5.16 (4H,
m, H-1, H-2, H-3, and H-4), 5.99 (1H, broad dd, j=5
and 8 Hz, NH, disappears on deuteration).
Found: C, 52.80; H, 6.46; N, 3.50%.
C,;;Hy;;NO,: C, 52.71; H, 6.51; N, 3.62%.
pL- Tetra-O-acetyl-(1,3,5/2,4 ) -5-methyl-1,2,3,4 - cyclohexaneteirol
(15). A solution of 12 (0.2g) in ethyl acetate
(15 ml) was hydrogenated as described for the preparation
of 10. The product was recrystallized from ethanol to
give 15 (0.13 g, 829%) as prisms: mp 110—I111°C. H
NMR (CDCl;) 6 0.94 (3H, d, J=6 Hz, methyl), 1.12—
2.02 (3H, m, H-5, H-6, and H-6"), 1.97 (3H, s), 1.98 (3H,
s), 2.00 (3H, s), and 2.02 (3H, s) (OAc), 4.59—5.17 (4H,
m, H-1, H-2, H-3, and H-4).
Found: C, 54.41; H, 6.69%.
54.54; H, 6.71%.
pL-3,4-Di-O-acetyl - (1,2,4/3,5) - 2 - (p - toluenesulfonamido) - 5-
bromomethyl-1,3,4-cyclohexanetriol (16). To a solution of
3 (1.5g, 5.2mmol) in chloroform (25 ml) was added a
solution of osmium tetroxide in ¢-butyl alcohol (2.6 ml,
0.052 mmol), chloramine T (trihydrate) (1.82g), triethyl-
benzylammonium chloride (0.06 g), and water (25 ml). The
mixture was stirred at 60 °C for 40 h. At that time, TLC
indicated the formation of the major (R; 0.64) and three
minor components (R; 0.60, 0.49, and 0.45), together with
a trace of 3 (R; 0.85) in 1:8 ethanol-toluene. Sodium
hydrogensulfite (1.5g) was added to the mixture and it
was refluxed for 5h. Chloroform (50 ml) was added to
the cooled mixture, and the organic layer was separated,
washed successively with 19, aqueous sodium hydroxide
and brine, and dried over anhydrous sodium sulfate. Evap-
oration of the solvent gave a sirup from which the major
product was crystallized out on addition of ethanol. Re-
crystallization from ethanol gave 16 (0.76 g, 31%,) as prisms:
mp 196—197 °C. HNMR (CDCl;) 6 1.62 (3H, s) and
2.00 (3H, s) (OAc), 2.42 (3H, s, tosyl methyl), 3.01 (1H,
d, J=4Hz, OH, disappears on deuteration), 3.18—3.51

Calced for

Caled for

Calcd for C;H,,04: C,
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(1H, m, H-2), 3.32 (2H, d, /=4 Hz, CH,Br), 4.07—4.26
(1H, m, H-1), 4.86 (1H, J=10 Hz, H-4), 5.09 (1H, t, J=
10 Hz, H-3), 5.62 (1H, d, /=8 Hz, NH, disappears on
deuteration), 7.28 (2H, d) and 7.75 (2H, d) (/=9 Hz,
phenyl).

Found: G, 44.94; H, 5.04; N, 2.78%. Calcd for
CysH,,BrNO,S: G, 45.20; H, 5.06; N, 2.939%,.

Acetylation of 16 (0.1 g) in the usual way gave the triacetate
(17), which was recrystallized from ethanol to give an ana-
lytical sample (0.07 g, 66%) as prisms: mp 192—193 °C.
IHNMR (CDCI;) 6 1.76 (3H, s), 1.99 (3H, s), and 2.06
(3H, s) (OAc), 2.40 (3H, s, tosyl methyl), 3.29 (2H, d, J==
3 Hz, CH,Br), 3.49 (1H, ddd, j=3, 9, and 11 Hz, H-2,
changes to a doublet of doublets with 3 and 11 Hz splittings
on deuteration), 4.88 (1H, t, J=11Hz, H-4), 5.09 (lH,
t, J=11Hz, H-3), 742 (2H, d) and 7.69 (2H, d) (J=9
Hz, phenyl).

Found: C, 45.96; H, 5.07; N, 2.46%. Caled for
CyHpeBrNOgS: C, 46.16; H, 5.04; N, 2.699,.

pL-3,4-Di-O-acetyl-(1,2,4/3,5)-5-benzoyloxymethyl-2- (p-toluene-
sulfonamido)-1,3,4-cyclohexanetriol (18). To a solution
of 4 (2g, 6 mmol) in chloroform (30ml) was added
a solution of osmium tetroxide in f-butyl alcohol (4.5 ml,
0.09 mmol), chloramine T (trihydrate) (2.1g), benzyltri-
ethylammonium chloride (0.07 g), and water (30 ml), and
the mixture was heated at 60 °C under stirring for 2d. At
that time, TLC indicated the formation of one major (R,
0.45) and one minor products (R; 0.28), together with 4
(R 0.75) in 1:10 ethanol-toluene. The reaction mixture
was processed as described for the preparation of 16. The
crude product was purified by passage through a short column
of caoline and silica gel with chloroform. Recrystallization
from toluene gave 18 (0.93 g, 30%) as prisms: mp 150—
152 °C. *HNMR (CDCl;) 6 1.64 (3H, s), 1.97 (3H, s)
(OAc), 2.38 (3H, s, tosyl methyl), 3.41 (1H, dd, J=2J5
and 10 Hz, H-2), 4.99 (1H, t, J=9 Hz, H-4), 5.17 (1H,
t, /J=9Hz, H-3), 585 (IH d J=9Hz NH), 7.18—8.13
(9H, m, phenyl).

Found: G, 57.74; H, 5.70; N, 2.55; S, 6.15%,. Calcd
for CyHyyNO,S: C, 57.79; H, 5.63; N, 2.70; S, 6.17%,.

Compound 18 was converted into the triacetate (19) by
the conventional manner. An analytical sample was ob-
tained by recrystallization from ethanol: mp 200—201 °C.
1H NMR (CDCly) 6 1.78 (3H, s), 1.98 (3H, s), and 2.10
(3H, s) (OAc), 2.40 (3H, s, tosyl methyl), 3.55 (1H, td,
J=5, 9, and 9 Hz, H-2), 4.23 (2H, d, J=4 Hz, CH,0Bz),
4.91—5.20 (3H, m, H-1, H-3, and H-4), 5.28 (1H, d, J=
9 Hz, NH), 7.13—8.13 (9H, m, phenyl).

Found: C, 57.46; H, 5.57; N, 2.36; S, 5.509%,. Calcd
for C,;HyNOyS: C, 57.74; H, 5.56; N, 2.49; S, 5.719,.

pL-3,4,7- Tri-O-acetyl-(1,2,4/3,5 ) -5-hydroxymethyl-2- (p-toluene-
sulfonamido )-1,3,4-cyclohexaneiriol (20). A mixture of
16 (0.2 g), anhydrous sodium acetate (0.086 g), and DMF
(5 ml) was heated at 80 °C for 3d. The reaction mixture
was concentrated and the residue was extracted with hot ethyl
acctate (20 ml) and the extracts were washed with water.
The solution was dried and concentrated to give crystals
which were recrystallized from ethanol to give 20 (0.11 g,
57%) as prisms: mp 174—175°C. *HNMR (CDCL) 6
1.60 (3H, s), 1.97 (3H, s), and 2.02 (3H, s) (OAc), 2.39
(3H, s, tosyl methyl), 3.32 (1H, td, J=3, 9, and 9 Hz, H-2),
3.81 (1H, dd, /=3 and 11 Hz, H-7), 4.05 (1H, dd, J=5
and 11 Hz, H-7"), 4.81 (I1H, t, J=10 Hz, H-4), 5.03 (1H,
t, /=10 Hz, H-3), 5.64 (1H, d, /=8 Hz, NH), 7.23 (2H,
d) and 7.68 (2H, d) (/=9 Hz, phenyl).

Found: G, 52.23; H, 5.92; N, 3.01; S, 6.76%. Calcd
for GyH,,NO4S: C, 52.51; H, 5.95; N, 3.06; S, 7.01%.
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Compound 20 (75 mg) was converted into the tetraacetate
(21) by the conventional manner. The product was crys-
tallized from ethanol to give an analytical sample (73 mg,
90%) as prisms: mp 173.5—174.5 °C. *HNMR (CDCl)
6 1.72 (3H, s), 1.97 (3H, s), 2.01 (3H, s), and 2.05 (3H,
s) (OAc), 2.37 (3H, s, tosyl methyl), 3.47 (1H, dd, J=
3.2 and 10.5 Hz, H-2, on deuteration), 3.73 (1H, dd, J=
3.3 and 11.7 Hz, H-7), 4.02 (1H, dd, J=4.5 and 11.7 Hz,
H-7’), 4.65—5.25 (3H, m, H-1, H-3, and H-4), 5.29 (1H,
d, J=9Hz, NH, disappears on deuteration), 7.22 (2H,
d) and 7.67 (2H, d) (/=9 Hz, phenyl).

Found: G, 52.61; H, 5.76; N, 2.78; S, 6.53%. Calcd
for Gy HygNO,S: C, 52.90; H, 5.85; N, 2.80; S, 6.429%,.

pL-3,4-Di-O - acetyl - (1,2,4/3,5) - 5 - azidomethyl - 2 - (‘p-toluene-
sulfonamido )-1,3,4-cyclohexanetriol (22). A mixture of 16
(0.5 g), sodium azide (0.56 g, 4 molar equiv.), and DMF
(10 ml) was heated at 80 °C for 3h under stirring. The
reaction mixture was diluted with water (4 ml) and extracted
with ethyl acetate (35 ml), and the extracts were washed
with water and dried. Evaporation of the solvent gave
a crystalline residue which was recrystallized from ethanol
to give 22 (0.42 g, 909,) as prisms: mp 185—186 °C. H
NMR (CDCl,;) 6 1.61 (3H, s) and 2.01 (3H, s) (OAc), 2.41
(3H, s, tosyl methyl), 3.16—3.47 (3H, m, H-2 and CH,Nj;),
4.02—4.23 (1H, m, H-1), 4.80 (1H, dd, J=11 and 12 Hg,
H-4), 5.04 (IH, t, J=11 Hz, H-3), 5.62 (1H, d, J=8 Hz,
NH), 7.24 (2H, d) and 7.69 (2H, d) (J=9 Hz, phenyl).

Found: G, 49.10; H, 5.47; N, 12.46; S, 7.04%. Calcd
for C,sH,,N,0,5: G, 49.08; H, 5.49; N, 12.72; S, 7.28%,.

pL-3,4-Di-O-acetyl-(1,2,4]3,5 ) -5-acetamidomethyl-2-(p - toluene-
sulfonamido )-1,3,4-cyclohexanetriol (23). A solution of
22 (0.25g) in methanol (15 ml) containing acetic anhy-
dride (0.1 ml) was hydrogenated in the presence of Raney
nickel T-4 for 3d. The catalyst was removed by filtration
and the filtrate was concentrated to give crystals which
were recrystallized from methanol to give 23 (0.14 g, 57%)
as prisms: mp 233.5—234 °C. 'H NMR (DMSO-4,) 6 1.65
(3H, s), 1.76 (3H, s), and 1.90 (3H, s) (NAc and OAc),
2.32 (3H, s, tosyl methyl), 2.86—3.1 (2H, broad s, CH,NHAc,
changes to a broad doublet with 5 Hz splitting on deu-
teration), 4.67 (1H, t, J=11 Hz, H-4), 491 (IH, t, J=
11 Hz, H-3), 7.32 (2H, d) and 7.67 (2H, d) (/=9 Hz, phen-
yl).

Found: C, 52.61; H, 6.14; N, 5.87; S, 7.15%. Calcd
for C,)H,sN,OgS: G, 52.62; H, 6.18; N, 6.14; S, 7.029%.

Compound 23 was converted to triacetate (24) in the
conventional method. An analytical sample was prepared
by recrystallization from ethanol: mp 194—195°C. H
NMR (CDCI;) ¢ 1.83 (3H, s), 1.96 (3H, s), and 2.07 (6H,
s) (NAc and OAc), 2.41 (3H, s, tosyl methyl), 2.77 (1H,
td, J=5, 5, and 14 Hz, CH,NHACc, changes to a doublet
of doublets with 5 and 14 Hz splittings on deuteration), 3.45
(IH, dd, J=4 and 11 Hz, H-2, on deuteration), 3.62 (1H,
dd, J=4 and 14 Hz, H-7’, on deuteration), 4.72 (1H, t,
J=11Hz, H-4), 510 (1H, t, J=11Hz, H-3), 551 (1H,
d, /=9 Hz, NHTs), 6.02 (1H, dd, /=5 and 8 Hz, NHACc),
723 (2H, d) and 7.65 (2H, d) (J=9 Hz, phenyl).

Found: C, 53.16; H, 6.05; N, 5.43; S, 6.13%. Calcd
for CpH,N,0,S: C, 53.00; H, 6.07; N, 5.62; S, 6.43%.

pL-3,4-Di-O-acetyl - (1,2,4/3,5) - 2 - (p - toluenesulfonamido) - 5-
methyl-1,3,4-cyclohexanetriol (25). A solution of 16 (0.2
g) in ethyl acetate (15 ml) was hydrogenated in the presence
of Rancy nickel T-4 (one spoonful) and Amberlite TR-45
(OH-) (3 ml) overnight. The reaction mixture was pro-
cessed in the usual way. The product was crystallized from
ethanol to give 25 (0.14 g, 829%,) as plates: mp 179.5—180
°C. 'HNMR (CDCl,) ¢ 0.88 (3H, d, /=6 Hz, methyl),
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1.60 (3H, s) and 1.97 (3H, s) (OAc), 2.39 (3H, s, tosyl meth-
yl), 3.27 (1H, broad d, H-2, changes to a doublet of doublets
with 3 and 10Hz splittings on deuteration), 3.49—4.10
(IH, m, H-1), 4.56 (1H, dd, /=9 and 10 Hz, H-4), 4.99
(IH, t, J=10Hz, H-3), 5.34—5.80 (1H, m, NH), 7.24
(2H, d) and 7.69 (2H, d) (J=9Hz, phenyl).
Found: C, 53.89; H, 6.24; N, 3.38; S, 7.78%. QCalcd
for C;zH,;NO,S: C, 54.12; H, 6.31; N, 3.51; S, 8.03%,.
DL-3,4-Di-O-acetyl-7- O - methylsulfonyl - (1,2,4/3,5) - 5 - bromo-
methyl-2-(p~toluenesulfonamido ) ~1,3,4-cyclohexanetriol (26).
To a solution of 16 (1.0 g) in pyridine (10 ml) was added
methanesulfonyl chloride (0.36 g) under ice cooling, and
then the reaction mixture was stirred at ambient tempera-
ture overnight. The mixture was poured into ice-water
(50 ml) and the crystals were collected and dried. Re-
crystallization from ethanol gave 26 (0.81 g, 69%,) as needles:
mp 187—183 °C. HNMR (CDCl;) ¢ 1.66 (3H, s) and
2.0l (3H, s) (OAc), 2.40 (3H, s, tosyl methyl), 3.17 (3H
s mesyl methyl), 3.25—3.59 (3H, m, H-3 and CH,Br),
4.71—5.03 (3H, m, H-1, H-2, and H-3), 5.68 (1H, d, J=
8 Hz, NH), 7.26 (2H, d) and 7.68 (2H, d) (/=9 Hz, phenyl).
Found: C, 41.27; H, 4.79; N, 2.619%. Calcd for
CoHyeBrNOGS,: G, 41.01; H, 4.71; N, 2.52%.
p1L-3,4-Di-O-acetyl-1 - O - methylsulfonyl - (1,2,4/3,5) - 5 - azido-
methyl-2-(p-toluenesulfonamido )-1,3,4-cyclohexanetriol (27).
A mixture of 26 (0.39 g), sodium azide (0.05g, 1.5 molar
equiv.), and DMF (10 ml) was stirred at 80 °C for 2 h.
The reaction mixture was processed as described for the
preparation of 8. The product was crystallized from ethanol
to give 27 (0.22 g, 68%) as plates: mp 173.5—174.5 °C.
1HNMR (CDCl,;) 6 1.60 (3H, s) and 2.00 (3H, s) (OAc),
2.40 (3H, s, tosyl methyl), 3.15 (3H, s, mesyl methyl), 3.21—
3.60 (3H, m, H-3 and CH,N,), 4.66—5.12 (3H, m, H-1,
H-2, and H-4), 5.59 (1H, d, J=8 Hz, NH), 7.29 (2H, d)
and 7.66 (2H, d) (/=8 Hz, phenyl).
Found: C, 43.85; H, 4.99; N, 10.52; S, 12.48%. QCalcd
for C;oH,6N,0,S,: C, 44.01; H, 5.05; N, 10.80; S, 12.36%,.
pL-7,2-Di-O-acetyl-(1,3/2,4,6 )-4- azido - 6 - azidomethyl - 3 - (p-
toluenesulfonamido )-1,2-cyclohexanediol (28). A mixture of 26
(0.4 g), sodium azide (0.24 g, 5 molar equivalent), and DMF
(10 ml) was stirred at 85 °C for 20 h. The reaction mixture
was processed as described for the preparation of 8. The
product was crystallized from ethanol to give 28 (0.24 g,
719,) as prisms: mp 130—131 °C. *HNMR (CDCl,) ¢
1.90 (3H, s) and 2.03 (3H, s) (OAc), 2.39 (3H, s, tosyl meth-
yl), 3.00—3.65 (4H, m, H-3, H-4, and CH,N,), 4.85—
4.95 (2H, m, H-1 and H-2), 541 (1H, d, /=9 Hz, NH),
724 (2H, d) and 7.73 (2H, d) (J=8 Hz, phenyl).
Found: C, 46.39; H, 4.95; N, 20.76; S, 6.69%. Calcd
for G;sH,3N,065: C, 46.45; H, 4.98; N, 21.06; S, 6.899%,.
DpL-3,4-Di-O-acetyl-1-O-methylsulfonyl-(7,2,4/3,5)-5- acetamido-
methyl-2-(p-toluenesulfonamido )-1,3,4-cyclohexanetriol (29).
A solution of 27 (0.18 g) in methanol (15 ml) containing
acetic anhydride (0.11 ml) was hydrogenated in the presence
of Raney nickel T-4 overnight. The product was recrys-
tallized from ethanol to give 29 (0.12 g, 65%) as powder:
mp 215—215.5°C. *HNMR (DMSO-d;) ¢ 1.55 (3H, s),
1.76 (3H, s), and 1.89 (3H, s) (NAc and OAc), 2.38 (3H,
s, tosyl methyl), 2.85—3.10 (2H, m, CH,NHAc), 3.16 (3H,
s, mesyl ethyl), 3.59—3.88 (1H, m, H-3), 4.55—5.00 (3H,
m, H-1, H-2, and H-4), 7.33 (2H, d) and 7.68 (2H, d) (J=
8 Hz, phenyl), 8.20 (1H, broad s, NH).
Found: C, 46.98; H, 5.63; N, 4.97; S, 11.68%. Calcd
for C,;H3,N,040S,: C, 47.18; H, 5.66; N, 5.42; S, 11.999%,.
pL-7,2-Di-O-acetyl-(1,3/2,4,6 )-4- acetamido - 6 - acetamidomethyl-
3-(p-toluenesulfonamido)-1,2-cyclohexanediol (30). A solu-
tion of 28 (42 mg) in methanol (5 ml) containing acetic
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anhydride (0.05 ml) was hydrogenated in the presence of
Raney nickel T-4 overnight. At that time, TLC indicated
the disappearance of 28 and the formation of a major prod-
uct along with a minor product. The mixture was frac-
tionated on a silica-gel column with 1:3 ethanol-toluene.
The fractions containing the minor product were concen-
trated to give pL-1,2-di-O-acetyl-(1,3/2,6)-3-acetamidometh-
yl-6-(p-toluensulfonamido)-1,2-cyclohexanediol (31, 7 mg,
18%) as powder: mp 227.5—228.5°C. 'HNMR (CDCl,
and D,0) 6 1.76 (3H, s), 1.97 (3H, s), and 2.03 (3H, s)
(NAc and OAc), 2.40 (3H, s, tosyl methyl), 2.72 (1H, dd,
J=4% and 14 Hz, H-7), 3.23 (1H, broad dt, J=3, 3, and
ca. 9 Hz, H-6), 3.62 (1H, dd, J=3 and 14 Hz, H-7’), 4.52—
4.78 (2H, m, H-1 and H-2), 7.25 (2H, d) and 7.67 (2H,
d) (J=8 Hz, phenyl).

Found: C, 54.23; H, 6.16; N, 6.05%.
CyoHysN,O,S: C, 54.53; H, 6.41; N, 6.36%.

The fractions containing the major product gave 30 (29
mg, 669,) as a homogeneous sirup, which solidified on stand-
ing. Attempts to crystallize it from several solvents failed.
IHNMR (CDCl; and D,O) 6 1.49 (3H, s), 1.87 (3H, s),
1.96 (3H, s) (NAc and OAc), 2.38 (3H, s, tosyl methyl),
2.83 (1H, dd, J=6 and 14 Hz, H-7), 3.32 (1H, dd, J=
9 and 11 Hz, H-3), 3.50 (1H, dd, J=3 and 14 Hz, H-7’),
3.90 (1H, ddd, j=4, 11, and 12 Hz, H-4), 4.67 (1H, t, J=
9Hz, H-1), 4.92 (1H, t, J=9 Hz, H-2), 7.22 (2H, d) and
7.67 (2H, d) (/=8 Hz, phenyl).

Found: C, 52.77; H, 6.13; N, 8.139%.
CoHy,N,O¢S: C, 53.12; H, 6.28; N, 8.459%,.

Reaction of 26 with Sodium Acetate. A mixture of 26
(0.2 g) and anhydrous sodium acetate (0.12 g, 4 molar
equiv.) in DMF (5ml) was stirred at 80 °C for 20 h. At
that time, 26 still remained in the mixture. Then the mix-
ture was further heated at 80 °C overnight with addition
of sodium acetate (0.06 g, 2 molar equivalent). The reaction
mixture was processed as described for the preparation
of 27. The products were fractionated by a silica-gel column
with 1:4 2-butanone-toluene. The fractions containing the
faster-moving component (R; 0.48) were concentrated to
give pL-1,2-di-O-acetyl-(1/2,6)-3-methylene-6-( p-toluene-
sulfonamido)-4-cyclohexene-1,2-diol (35, 10 mg, 7%) as crys-
tals: mp 129—130 °C. 'H NMR (CDCl; and D,0) 6 1.77
(3H, s) and 2.05 (3H, s) (OAc), 2.40 (3H, s, tosyl methyl),
4.06 (1H broad d, /=8 Hz, H-1), 4.86 (1H, broad d, J=
8 Hz, H-1), 4.96 (1H, broad s, H-7), 5.06 (1H, broad s,
H-7’), 5.46 (1H, broad d, J=ca. 10 Hz, H-5), 5.56 (IH,
broad d, j=8 Hz, H-2), 7.23 (2H, d) and 7.68 (2H, d)
(/=9 Hz, phenyl).

Found: C, 56.65; H, 5.48; N, 3.489,.
CsH, NOGS: G, 56.98; H, 5.58; N, 3.69%.

The second fractions (R; 0.24) gave crystals of pr-1,2,7-
tri-O-acetyl- (1,3/2,6) - 3 - hydroxymethyl - 6 - (4 - toluenesulfon-
amido)-4~cyclohexene-1,2-diol (33, 44 mg, 28%): mp 156
—157°C. 'HNMR (CDCl; and D,O) 6 1.74 (3H, s),
1.99 (3H, s), and 2.02 (3H, s) (OAc), 2.41 (3H, s, tosyl
methyl), 3.88 (1H, dd, /=7 and 12 Hz, H-7), 4.06 (IH,
dd, Jj=5 and 12 Hz, H-7"), 4.78—5.28 (3H, m, H-1 and
H-2), 5.50 (2H, s, H-4 and H-5), 7.23 (2H, d) and 7.68
(2H, d) (/=8 Hz, phenyl).

Found: C, 54.60; H, 5.72; N, 3.21%.
CyHysNOGS: G, 54.66; H, 5.73; N, 3.19%.

The third fractions gave bpr-tetra-O-acetyl-(1,3,5/2,4)-5-
hydroxymethyl-2-(p- toluenesulfonamido) - 1,3,4 - cyclohexane-
triol (32, 15mg, 10%) as crystals: mp 137—138°C.
Recrystallization from cthanol gave an analytical sample.
'HNMR (CDCl; and D,O) ¢ 1.71 (3H, s), 1.79 (3H, s),
1.97 (3H, s), and 2.03 (3H, s) (OAc), 2.37 (3H, s, tosyl

Caled for

Caled for

Caled for
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methyl), 3.65 (1H, t, /=10 Hz, H-2), 3.85 (1H, dd, J=
2 and 11 Hz, H-7), 4.02 (IH, dd, /=4 and 11 Hz, H-7),
4.6—5.0 (3H, m, H-1, H-2, and H-4), 7.22 (2H, d) and
7.67 (2H, d) (/=9 Hz, phenyl).

Found: G, 52.70; H, 5.76; N, 2.759%.
CooHyeNO,S: G, 52.90; H, 5.85; N, 2.80%.

Reaction of 29 with Sodium Acetate. A mixture of 29 (0.12
g), anhydrous sodium acetate (0.055 g, 3 molar equivalent),
and DMF (5 ml) was stirred at 80 °C for 2d. The reaction
mixture was concentrated and the residue was taken up
in chloroform and filtered. The filtrate was concentrated
and the residual product was fractionated on a silica-gel
column with 1:4 ethanol-toluene as an eluent. The frac-
tions containing the major product gave crystals of prL-1,2-
di-O-acetyl-(1,3/2,6)-3 - acetamidomethyl - 6 - (p-toluenesulfon-
amido)-4-cyclohexene-1,2-diol (34). Recrystallization from
ethanol-ether gave an analytical sample (58 mg, 59%):
mp 193.5—194.5 °C. *HNMR (CDCl; and D,O) ¢ 1.78
(8H, s), 1.92 (3H, s), and 2.02 (3H, s) (NAc and OAc),
2.38 (3H, s, tosyl methyl), 2.90 (1H, dd, /=5 and 14 Hz,
H-7), 3.64 (1H, dd, /=4 and 14 Hz, H-7’), 3.99 (1H, broad
d, /=8 Hz, H-6), 4.65—5.10 (2H, m, H-1 and H-2), 5.34
(1H, td, J=2, 2, and 12 Hz, H-4), 5.57 (1H, td, J=2, 2,
and 12 Hz, H-5), 7.26 (2H, d) and 7.67 (2H, d) (/=8 Hz,
phenyl).

Found: G, 54.51; H, 5.96; N, 6.19; S, 7.06%. Calcd
for CyHyN,O,S: C, 54.78; H, 5.98; N, 6.39; S, 7.31%.

pL-7,3,4-Tri-O-acetyl-(1,2,4/3,5)-2- acetamido - 5 - bromomethyl-
7,3,4-cyclohexanetriol (36). Compound 16 (0.2 g) was
heated with 209, hydrogen bromide in acetic acid (3.5 ml)
in a sealed tube at 80 °C for 20 h. The mixture was poured
into ice-water (50 ml) and, after overnight, the solution
was extracted with chloroform (3x 10ml). The extracts
were dried and concentrated to give p-toluenesulfonic acid
(77 mg). The aqueous layer was concentrated to dryness
and the residue was treated with acetic anhydride and pyri-
dine in usual way. The product was purified by passage
through a short column of alumina with chloroform. Re-
crystallization from ethanol-ether gave 36 (124 mg, 69%)
as needles: mp 177—178°C. *HNMR (CDCl,) é 1.96
(3H, s), 1.98 (3H, s), 2.05 (3H, s), and 2.18 (3H, s) (NAc
and OAc), 3.37 (2H, d, J=4.5 Hz, CH,Br), 4.21 (1H, td,
J=3, 9, and 9 Hz, H-2), 4.82—5.30 (3H, m, H-1, H-3,
and H-4), 623 (IH, d, J=9Hz, NH).

Found: G, 43.94; H, 5.30; N, 3.37; Br, 19.699%,. Calcd
for CjsHy,BrNO;: G, 44.13; H, 5.43; N, 3.43; Br, 19.579%,.

Calcd for
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