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Pseudo-sugars. VIII. Synthesis of pr-1-Epivalidamine
and Related Compounds"?
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pr-1-Epivalidamine has been synthesized starting from the dianhydro compound derived from pr-1,2,3-

tri-O-acetyl-(1,3/2,4,6)-4-bromo-6-bromomethyl-1,2,3-cyclohexanetriol.

DL-7-Amino - 7 - deoxy - | - epivalidamine,

which is considered to be a homolog of 2-deoxystreptamine, has also been prepared.

In connection with the previous paper of this series,3
the l-epimer of validamine and its derivatives have
been synthesized regioselectively from the dianhydro
derivative of (hydroxymethyl)cyclohexanetetrol.

It was described that the nucleophilic substitution
reaction of pr-1,2 3-tri-O-acetyl-(1,3/2,4,6)-4-bromo-6-
bromomethyl-1,2,3-cyclohexanetriol (1)% with an azide
ion proceeded specifically through an Sy2 mechanism
to give the diazido compound with an inversion of
the configuration at C-4.» On the other hand, at-
tempted introduction of an azido function at C-4
with retention of the configuration have been made
via an intermediate cyclic 3,4-acetoxonium ion or a
3,4-epoxide,¥ but all failed probably due to a steric
hindrance of a bulky substituent at C-6 and/or a ready
anchimeric assistance of the C-2 acetoxyl group at
C-3. Therelore, in order to control the course of a
nucleophilic attack at the oxirane ring, the 2,7-anhydro
ring was introduced to protect the CG-2 hydroxyl group
and to restrict a conformational flexibility. Thus,
treatment of 1 with an excess of methanolic sodium
methoxide at reflux for 2 h gave selectively the dian-
hydro compound 2 in 659, yield. The structure of
2 was confirmed on the basis of analytical data and
1H NMR spectroscopy. In the 'H NMR spectrum,
the signal due to the C-7 endo proton appeared as
a doublet (/,,m=9 Hz) at 6 3.75, which would cor-
respond to the dihedral angle @; ;.40 (90°) (/5. 7end0=
ca. 0 Hz) derived from a Dreiding model.

A nucleophilic substitution reaction of 2 with a
methoxide ion or azide ion occurred regiospecifically
at C-1 to give, after successive acetylation, the methyl
ether 3 (879,) or the azide 4 (819,). An attack of
an anion at C-2 seemed to be hindered by the ring
oxygen atom. The structures were established by the
IH NMR spectra. In the spectrum of 3, the signal
for the C-7 endo proton was remarkably deshielded
(ca. 0.25 ppm) by a close proximity of the endo meth-
oxyl group. Compound 4 was hydrogenated in ethanol
in the presence of Raney nickel followed by acetylation
to give the amine acetate 5 in 409, yield, which was
alternatively prepared in 749, yield by ammonolysis
of 2 in methanol followed by acetylation. O-Deacet-
ylation of 5 with methanolic sodium methoxide fol-
lowed by the conventional tosylation gave the ditosylate
6 in 459, overall yield. Opening of the anhydro ring
of 3 was effected by heating in acetic acid—acetic anhy-
dride (1:1) in a sealed tube at 85 °C for 20 h to give
DL-2,3,4 - tri-O-acetyl-1-O-methyl-(1,3,5/2,4)-5-acetoxy-
methyl-1,2,3,4-cyclohexanetetrol  (7) in 399, vyield.
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The anhydro ring of 5 was cleaved readily by the
influence of 309, hydrobromic acid in acetic acid in
a sealed tube at 75 °C for 23 h to give pbr-1,2,3-tri-
O-acetyl-(1,3/2,4,6)-4-acetamido-6-bromomethyl-1,2,3-
cyclohexanetriol (8, 679%,). Similarly, the corresponding
bromo ditosylate 12 was obtained from 6 in 459,
yield. The H NMR spectrum of 12 was in fully
accord with the assigned structure, establishing the
ring structure of 4.

The C-7 bromine atom of 8 was easily displaced
by an acetate ion or an azide ion in the usual way
to produce a peracetyl l-epivalidamine (9, 619%,) or
the azido compound (10, 909,). Compound 10 was
reduced with Raney nickel and successively acetylated
to give the diamine diacetate 11 in 929 yield. Acid
hydrolysis of 9 and 11 with 6 M hydrochloric acid



1442

AcO—~_Br , \Br OAc
AcO@ AcORO s AW
Br

15 R
16 H
17 Ac
Br Br 50 6 0
AcO Sy
AcO d
X OAc
X
18 Br 2
19 0Ac
20 OH
Scheme 3.

2k N;
25 NHAc

Scheme 4.

(1 M=1 mol dm~3) at reflux for 2h gave the hydro-
chloride 13 and the dihydrochloride 14 in quantita-
tively yields, respectively.

Compound 13 was pseudo-f-pL-glucopyranosyl-
amine, and 14 was considered to be a homolog of 2-
deoxystreptamine, a common constituent of clinically
important aminocyclitol  containing  antibiotics.?
Therefore, biological activities of antibiotics being
replaced the 2-deoxystreptamine moiety with this
homolog may be of considerable interest.

Interest in a reactivity of the stereoisomer 21 of 2
stimulated us to prepare it from (bromomethyl)cyclo-
hexenediol diacetate 15.1) Treatment of 15 with bro-
mine in aqueous acetic acid at room temperature
afforded, after chromatography on silica gel, three
dibromides 16 (349%,), 19 (1.49%), and 20 (16%,),
and one tribromide 18 (0.7%,). The 'H NMR spec-
" trum of triacetate 17 derived from 16 was interpreted
by a first-order method, confirming the assigned struc-
ture. Mechanistically, an intermediate o-bromonium
ion was opened by the adjacent trans acetoxyl group
followed by acetyl group migration to give 16, whereas,
a B-bromonium ion was attacked from the rear side
by nucleophiles present.® A similar treatment of 16
with an excess of methanolic sodium methoxide gave
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21 in 849, yield. The HNMR spectrum of 21
showed the signal for the C-7 endo proton as a doublet
(Jgem=9.3Hz) at 6 3.87 somewhat higher-field as
compared with that of the exo-epoxide 2.

In contrast with the case of 2, a nucleophilic sub-
stitution reaction of 21 with an azide ion was shown
to be very slow and give a complex mixture of products
after a prolonged reaction time. The C-4 endo ace-
toxyl group seemed to interfere the attack of a nucle-
ophile at C-1 or C-2. Therefore, the epoxide 22 was
prepared by treatment of 15 with m-chloroperoxyben-
zoic acid in 1,2-dichloroethane in 239, yield.”? Reac-
tion of 22 with sodium azide and ammonium chloride in
aqueous N,N-dimethylformamide gave selectively the
diazide 24 in 659, yield. When the similar reaction
was carried out in the absence of ammonium chloride,
the monoazide 23 was obtained in 259%, yield, together
with 24 (489%,). The epoxide ring seemed to be first
opened by an azide ion and then the C-3 hydroxyl
group, formed by an acetyl group migration under
the basic conditions, competed with an azide ion to
attack the C-6 bromomethyl group. Compound 24
was similarly converted into the diamine diacetate
25 in 419, yield. The H NMR spectra of 24 and
25 supported their assigned structures.

Experimental®

pL-4-O-Acetyl-1,2:3,7-dianhydro-(7,2,4/3,5)-5 - hydroxymethyl-
1,2,3,4-cyclohexanetetrol (syn-9-Acetoxy-trans-3,8-dioxatricyclo[4.2.-
7.0%%]nonane) (2). A mixture of DL-tri-O-acetyl-(1,3/
2,4,6)-4-bromo-6-bromomethyl-1,2,3-cyclohexanetriol (1®»
(10 g) in methanol (140 ml) containing sodium (2.33 g) was
refluxed for 2 h. After having been cooled, the reaction
mixture was treated with 1 M hydrochloric acid for neu-
tralization and then evaporated to dryness. The residue
was treated with acetic anhydride (20 ml) and pyridine (30
ml) at room temperature overnight. The reaction mixture
was concentrated and the residue was dissolved in ethyl
acetate and the solution was passed through a short column
of alumina. The filtrate was evaporated and the residue
was recrystallized from ligroin to give 2.8g (65%) of 2
as needles: mp 64.5—65.5°C. 'HNMR (CDCl;) 6=2.03
(3H, s, OAc), 3.03—3.20 (2H, br s, H-1 and H-2), 3.75
(1H, d, Jgem=9 Hz, H-7endo), 4.10 (1H, ddd, Js,7ex0=
7.5 Hz, Jeoxo.70x0 =2 Hz, H-7exo0), 4.78—4.83 (2H, m, H-3
and H-4).

Found: C, 58.68; H, 6.57%,.
58.38; H, 6.579%.

pL-2,4-Di-O-acetyl-3,7 -anhydro-1-O-methyl - (1,3,5/2,4) - 5 - hy-
droxymethyl-1,2,3,4-cyclohexanetetrol (3 ). A mixture of 2
(0.20 g) and 5 M methanolic sodium methoxide (8 ml) was
refluxed for 1 h. The reaction mixture was processed sim-
ilarly as described for the preparation of 2 and the product
was acetylated in the usual way to give, after crystallization
from ethanol, 0.24g (87%) of 3 as plates: mp 75—76.5
°C. 'HNMR (CDCl,) 6==2.00 (3H, s) and 2.08 (3H, s)
(OAc), 3.35 (3H, s, OMe), 3.81 (IH, ddd, Js,7ex0=%.5
Hz, Jsexo,70x0=1.5 Hz, Jgom=7.5 Hz, H-7exo), 4.00 (1H, d,
H-7endo), 4.26 (1H, t, J, ;=/s,,=4.5 Hz, H-3), 4.85 (2H,
t, J1.o=Jus=4.5Hz, H-2 and H-4).

Found: C, 55.76; H, 6.92%. Calcd for C;;H;304: C,
55.80; H, 7.04%.

pL-7,3-Di-O-acetyl-2,7-anhydro-(1,3/2,4,6 ) -4-azido- 6 - hydroxy-
methyl-1,2,3-cyclohexanetriol (4). A mixture of 2 (0.30
g), sodium azide (0.37g), and 909, aqueous 2-methoxy-

Calcd for C4H,04: G,
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ethanol (6 ml) was heated at 110 °C for 1h. The reac-
tion mixture was evaporated to dryness and the residue
was treated with acetic anhydride and pyridine at 60 °C
for 2h. The product was crystallized from ethanol-ether
to give 0.36 g (81%,) of 4 as prisms: mp 62.5—63.5 °C. H
NMR (CDCl;) 6=2.00 (3H, s) and 2.08 (3H, s) (OAc),
3.67—4.07 (2H, m, H-7 and H-7"), 4.25 (1H, dd, J,,=3
Hz, [, ,=>5Hz, H-2), 4.76—5.03 (2H, m, H-1 and H-3).

Found: C, 49.14; H, 5.73; N, 15.59%,. Calcd for C,;-
H,;(N;O;: C, 48.88; H, 5.98; N, 15.559%,.

DL-7,3-Di-O-acelyl-2,7 -anhydro-(1,3/2,4,6)-4 - acetamido - 6 - hy-
droxymethyl-1,2,3-cyclohexanetetrol (5). a): A solution of
4 (0.20 g) in cthanol (10 ml) was hydrogenated in the pres-
ence of Raney nickel T-4" (one spatula) at room temper-
ature overnight. The catalyst was removed by filtration
and the filtrate was evaporated to dryness. The residue
was treated with acetic anhydride and pyridine in the usual
way. The product was crystallized from ethanol-ether to
give 85 mg (409%) of 5 as needles: mp 108.5—109.5 °C.
'H NMR (CDCl;) 6=1.95 (3H, s), 2.00 (3H, s), and 2.14
(3H, s) (NAc and OAc), 3.88 (2H, br s, H-7 and H-7'),
4.00—4.27 (1H, m, H-4), 4.14 (IH, dd, J,,,=6 Hz, J, ,=
3 Hz, H-2), 4.74 (1H, t, J;,,=3 Hz, H-3), 4.90 (1H, t, J, (=
6 Hz, H-1), 6.19 (1H, br d, J=9 Hz, NH).

Found: C, 54.98; H, 6.67; N, 5.16%. Calcd for Cy,-
H,,NO,: C, 54.72; H, 6.73; N, 4.919%,.

b): A mixture of 2 (2.8g) and methanolic ammonia
(150 ml, saturated at 5°C) was heated in a sealed tube
at 105 °C for 30 h. After having been cooled, the reac-
tion mixture was concentrated and the residue was treated
with acetic anhydride and pyridine in the usual way. The
product was recrystallized from ethanol-ether to give 3.2
g (74%) of 5, identical with the compound obtained from
4.

pL-2,7-Anhydro-1,3-di - O - p - tolylsulfonyl - (7,3/2,4,6) - 4 - acet-
amido - 6 - hydroxymethyl - 1,2,3 - cyclohexanetriol (6). Com-
pound 5 (0.26 g) was dissolved in 1 M methanolic sodium
methoxide (5 ml) and the mixture was allowed to stand
at room temperature overnight. The reaction mixture was
neutralized with Amberlite TR-120 (H*) and concentrated
to an oil, which was treated with p-toluenesulfonyl chloride
(1.1 g) in pyridine (7 ml) at room temperature for 2d. The
reaction mixture was poured into ice-water and extracted
with chloroform (10 mlx 3). The extracts were washed with
aqueous sodium hydrogencarbonate and water, and dried.
Evaporation of the solvent gave an oil (0.38 g), which was
crystallized from ethanol to give 0.21 g (45%,) of 6 as prisms:
mp 156—157 °C. *H NMR (CDCl,) 6=1.77 (3H, s, NAc),
2.40 (6H, s, tosyl methyl), 3.68—4.10 (4H, m, H-2 ,H-4,
H-7, and H-7'), 4.41 (1H, dd, J,,,=4.5 Hz, J; ,=3 Hz, H-
3), 472 (1H, t, J,,.=J,,¢=4.5 Hz, H-1), 5.83 (1H, brd,
J=17.5Hz, NH), 7.23 (2H, d) and 7.67 (2H, d) and 7.26
(2H, d), and 7.76 (2H, d) (J=9 Hz, phenyl).

Found: C, 53.93; H, 5.32; N, 2.62; S. 12.319%,. Calcd
for CyH,,NOGS,: C, 54.21; H, 5.35; N, 2.75; S, 12.589%,.

pL-2,3,4- Tri-O-acetyl-1-O-methyl-(7,3,5/2,4) - 5 - acetoxymethyl-
1,2,3,4-cyclohexanetetrol (7). A mixture of 3 (0.2 g), ace-
tic acid (2 ml), and acetic anhydride (2 ml) was heated
in a sealed tube at 85 °C for 20 h. After having been cooled ,
the mixture was poured into ice water (20 ml) and then
neutralized with sodium hydrogencarbonate and extracted
with ethyl acetate (20 ml). The extract was washed with
aqueous sodium hydrogencarbonate and water, dried, and
concentrated to dryness. The product was crystallized from
ethanol-ether to give 0.11 g (399%,) of 7 as needles: mp 74.5—
75.5°C. *HNMR (CDCl,;) 6=1.97 (3H, s), 2.00 (3H, s),
and 2.03 (6H, s) (OAc), 3.33 (3H, s, OCH,), 3.16—3.57
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(I1H, m, H-1), 3.90—4.17 (2H, m, H-7 and H-7), 4.73—
5.37 (3H, m, H-2, H-3, and H-4).

Found C, 53.56; H, 6.66%. Calcd for C;sH,,O4: G,
53.32; H, 6.73%.

pL-7,2,3-Tri-O-acetyl-(1,3/2,4,6 )-4 - acetamido - 6 - bromomethyl-
1,2,3-cyclohexanetriol (8). A mixture of 5 (2.0g) and
309, hydrogen bromide-acetic acid (4 ml) was heated in
a sealed tube at 75 °C for 23 h. After having been cooled,
the mixture was poured into ice-water and the solution
was processed similarly as described for preparation of 7.
The product was crystallized from ethanol to give 1.9g
(67%,) of 8 as prisms: mp 184—184.5 °C. 'H NMR (CDCl,)
0=1.92 (3H, s), 1.98 (3H, s), and 2.03 (6H, s) (NAc and
OAc), 3.3¢ (2H, br d, Js,.=Js,,+=3 Hz, H-7 and H-7’).
3.83—4.37 (1H, m, H-4), 4.83 (1H, t) and 5.11 (1H, t)
(J1,2=J2,35=9 Hz, H-2 and H-3), 491 (1H, t, J,,,=9 Hz,
H-1), 5.82 (1H, br d, J=7.5Hz, NH).

Found: C, 44.06; H, 5.29; N, 3.55; Br, 19.319,. Calcd
for C;;H,,0,BrN: C, 44.12; H, 5.44; N, 3.43; Br, 19.57%,

pL-2-O-Acetyl-1,3-di-O-p-tolylsulfonyl-(1,3/2,4,6)-4 - acetamido-
6-bromomethyl-1,2,3-cyclohexanetriol (12). A mixture of 6
(0.15g) and 159, hydrogen bromide in acetic acid (2 ml)
was heated in a sealed tube at 85 °C for 22 h. The reac-
tion mixture was poured into ice-water (30 ml) and, after,
neutralization with sodium hydrogencarbonate, extracted
with chloroform (45 ml). The extract was processed sim-
ilarly as described for preparation of 7. The product was
crystallized from acetone to give 0.17g (45%) of 12 as
prisms: mp 207—209 °C. 'HNMR (DMSO-d;) 6=1.49
(3H, s) and 1.73 (3H, s) (NAc and OAc), 2.88—3.62 (2H,
m, H-7 and H-7"), 3.80—4.30 (1H, m, H-4), 4.56 (1H,
dd) and 4.67 (1H, dd) (Jy,e=Js,5=10.5Hz, J; ¢=J3,.:=
7.5 Hz, H-1 and H-3), 5.19 (1H, t, H-2), 7.33 (2H, d) and
7.59 (2H, d), and 7.38 (2H, d) and 7.68 (2H, d) (/=9 Hz,
phenyl).

Found: C, 47.28; H, 4.77; N, 2.089,. Calcd for Cy;-
H,,0,BrNS,: C, 47.46; H, 4.79; N, 2.219.

pL-7,2,3- Tri-O-acetyl-(1,3/2,4,6 )-4-acetamido- 6 - acetoxymethyl-
1,2,3-cyclohexanetriol (9). A mixture of 8 (0.2 g), an-
hydrous sodium acetate (0.24 g), and 909, aqueous 2-meth-
oxyethanol (5 ml) was heated at 85 °C for 23 h. The re-
action mixture was evaporated and the residue was acetylated
in the usual way. The product was recrystallized from
ethanol-ether to give 0.12 g (619%,) of 9 as prisms: mp 109—
110 °C. 'HNMR 6=1.89 (3H, s), 1.96 (3H, s), 1.98 (3H,
s), and 2.00 (6H, s) (NAc and OAc), 3.82—4.27 (3H, m,
H-4, H-7, and H-7"), 4.78 (1H, t) and 5.08 (1H, t) (J;,,=
Jo.3=J3,0=9 Hz, H-2 and H-3), 4.96 (1H, t, J, =9 Hz,
H-1), 5.73 (1H, br d, J=7.5 Hz, NH).

Found: C, 52.61; H, 6.38; N, 3.599%.
H,.NO,: C, 52.70; H, 6.52; N, 3.62%.

pr-7,2,3-Tri-O-acetyl-(1,3/2,4,6 ) - 4 - acetamido - 6 - azidomethyl-
1,2,3-cyclohexanetriol (10). A mixture of 8 (0.20 g), so-
dium azide (0.1 g), and 909, aqueous 2-methoxyethanol (4
ml) was heated at 85 °C for 3h. The reaction mixture
was evaporated and the residue was acetylated in the usual
way. The product was recrystallized from ethanol to give
0.16 g (90%) of 10 as prisms: mp 152.5—154 °C. H NMR
(CDCl,) 6=1.91 (3H, s), 1.97 (3H, s), 2.02 (3H, s), and
2.03 (3H, s) (NAc and OAc), 3.18 (1H, dd, J;,,=4.5 Hz,
Jeem=12 Hz, H-7), 3.36 (1H, dd, J,,, =4.5Hz, H-7),
3.87—4.27 (1H, m, H-4), 4.79 (1H, t) and 5.08 (1H, ¢t)
(J1,2=J3,3=J3,4=9 Hz, H-2 and H-3), 4.84 (IH, t, J, (=
9 Hz, H-1), 5.85 (IH, br d, J=7.5 Hz, NH).

Found: C, 48.78; H, 5.97; N, 14.849%,. Calcd for C;-
H,,N,O,: C, 48.63; H, 6.00; N, 15.139%.

pL-7,2,3-Tri-O- acetyl - (1,3/2,4,6 ) - 4 - acetamido - 6 - acetamido-

Caled for C,-
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methyl-1,2,3-cyclohexanetriol (11). A mixture of 10 (0.10
g) in ethanol (10 ml) was hydrogenated in the presence
of Raney nickel T-4 (one spatula) in a Parr shaker apparatus
at room temperature overnight. The mixture was processed
as described for the preparation of 5. The product was
crystallized from ethanol to give 0.10g (92%) of 11: mp
56—57.5°C. 'HNMR (CDCl,;) 6=1.87 (3H, s), 1.97 (6H,
s), 2.00 (3H, s), and 2.05 (3H, s) (NAc and OAc), 2.83 (1H,
dd, Js,,=5Hz, Jeem=7.5Hz, H-7), 3.55 (1H, dd, Js,'=
3 Hz, H-7), 3.90—4.28 (1H, m, H-4), 4.71 (1H, dd) and
4.74 (1H, dd) (J,,.=J.;=9Hz, J,=10Hz, J;,=10.5
Hz, H-1 and H-3), 5.09 (1H, t, H-2), 5.75 (1H, br d, J=5
Hz, 4-NH), 6.01 (1H, m, 7-NH).

Found: C, 52.98; H, 6.73; N, 6.91%.
H,N,O4: C, 52.82; H, 6.79; N, 7.25%,.

pL-(7,3/2,4,6 ) -4-Amino-6 - hydroxymethyl - 1,2,3 - cyclohexanetriol
Hydrochloride (13). A mixture of 9 (0.20g) and 6 M
hydrochloric acid (10 ml) was refluxed for 90 min, and then
evaporated to dryness. The residue was crystallized from
ethanol-water to give 0.11 g (100%) of 13 as prisms: mp
195—196 °C. TLC (cellulose): R; 0.37, 1-butanol-ethanol-
water-179, aqueous ammonia (4:5:2:4).19

Found: C, 39.59; H, 7.63; N, 6.31; Cl, 16.80%. Calcd
for C,H,,NO,Cl: C, 39.34; H, 7.56; N, 6.56; Cl, 16.599%.

pL-(7,3/2,4,6 )-4-Amino-6-aminomethyl-1,2,3-cyclohexanetriol Di-
hydrochloride (14). A mixture of 11 (0.61g) and 6 M
hydrochloric acid (25 ml) was refluxed for 2 h, and then
evaporated to dryness. The residue was crystallized from
ethanol-water to give 0.39 g (1009%) of 14 as prisms: mp
194 °C, decomposed at 200—228 °C. TLC (cellulose): R;
0.22, 1-butanol-ethanol-water-179, aqueous ammonia (4:
5:2:4).19

Found: C, 33.54; H, 7.04; N, 11.00; Cl, 28.59%,. Calcd
for C;H;;N,0,;Cl,: C, 33.74; H, 7.30; N, 11.25; Cl, 28.45%,.

Bromination of DL-1,2-Di-O-acetyl-(1,3/2)-3-bromomethyl-5-cy-
clohexene-1,2-diol (15).2Y Compound 15V (2.0 g) was
dissolved in acetic acid (30 ml) and then water (15 ml) was
added. To the stirred solution was added bromine water
(40 ml) containing 0.67 ml of bromine dropwise during 20
min at room temperature. After the reaction mixture was
allowed to stand in a refrigerator overnight, the precipitates
were collected by filtration and washed thoroughly with
water to give a crystalline mixture (1.65g) of products,
which contained one major (R; 0.20) together with two
minor components [R; 0.33 and 0.75 in 2-butanone-toluene
(1:6)]. Recrystallization of the mixture from ethanol gave
pr-1,3-di-O-acetyl-(1,4/2,3,6)-4-bromo- 6 - bromomethyl-1,2,3-
cyclohexanetriol (16, 0.92 g, 349,) as needles: mp 176—
178 °C. 'H NMR (CDCl,) 6=2.11 (6H, s, OAc), 3.36 (2H,
d, j=4.5Hz, H-7 and H-7’), 4.12 (1H, br dd, /,,=9.5
Hz, J,,=3 Hz, H-2, on deuteration), 4.20—4.35 (1H, m,
H-4), 4.90 (1H, t, J, =9.5 Hz, H-1), 5.12 (1H, br t, J; ,=
3 Hz, H-3).

Found: C, 34.14; H, 4.17; Br, 40.969%,.
H,,O;Br,: C, 34.05; H, 4.16; Br, 41.18%.

Compound 16 (0.82 g) was acetylated with acetic an-
hydride in pyridine in the usual way and the product was
recrystallized from ethanol to give 0.41 g (45%) of the tri-
acetate 17 as prisms: mp 96.5—97 °C. 'H NMR (CDCI,,
60 MHz) 6=2.00 (3H, s), 2.09 (3H, s), and 2.17 (3H, s)
(OAc), 3.34 (2H, d, J=4.5Hz, H-7 and H-7"), 4.33 (1H,
@ Ja.a=Jasex=J1,5ea="3 Hz, H-4), 5.29 (1H, t, ], ,=J; 6=
9.5 Hz, H-1), 5.63 (1H, dd, J,,;=3 Hz, H-2).

Found: C, 36.40; H, 4.22; Br, 37.35%,. Calcd for C,;-
H,,0.Br,: C, 36.30; H, 4.42; Br, 37.16%,.

The mother liquor of the crystalline mixture was neu-
tralized with sodium hydrogencarbonate and extracted with

Caled for C,,-
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ethyl acetate (150 ml). The extracts were concentrated and
the residual oil was chromatographed on a silica gel column
(50 g) with 2-butanone-toluene (1:15) as an eluent. The
first fraction gave pr-1,2-di-O-acetyl-(1,4/2,3,6)-3,4-dibromo-
6-bromomethyl-1,2-cyclohexanediol (18, 22 mg, 0.7%) as
prisms: mp 94—95 °C. 'H NMR (CDCl;) 6=1.99 (6H, s,
OAc), 3.19—3.35 (2H, m, H-7 and H-7"), 5.12—5.34 (2H,
m, H-1 and H-2).

Found: C, 29.55; H, 3.51; Br, 52.959%,.
O,Br;: C, 29.30; H, 3.35; Br, 53.169%.

The second fraction gave (R; 0.54) gave bL-1,3,4-tri-O-
acetyl-(1,4/2,3,5)-2-bromo-5-bromomethyl-1,3,4-cyclohexane-
triol (19, 40 mg, 1.49%) as an oil. 'HNMR (CDCl;) 6=
2.00 (6H, s) and 2.04 (3H, s) (OAc), 3.10—3.42 (2H, m,
H-7 and H-7), 429 (1H, dd, J,,=3Hz, J,,=3.5 Hz,
H-2), 490 (1H, dd, J;,=9 Hz, H-3), 5.02—5.32 (2H, m,
H-1 and H-4).

Found: C, 36.64; H, 4.20; Br, 37.179%,.
H,;O¢Br,: C, 36.30; H, 4.23; Br, 37.15%.

The third fraction (R; 0.33) gave pr-3,4-di-O-acetyl-(1,4/
2,3,5)-2-bromo-5-bromomethyl-1,3,4-cyclohexanetriol (20,
0.44 g, 16%,) as prisms: mp 109—110 °C. 'H NMR (CDCl,)
0=2.00 (6H, s, OAc), 3.12—3.46 (2H, m, H-7 and H-7’),
4.06—4.25 (1H, m, H-1), 4.25—4.40 (1H, m, H-2), 4.95—
5.30 (2H, m, H-3 and H-4).

Found: C, 34.27; H, 4.29; Br, 40.979%.
H,,O;Br,: C, 34.05; H, 4.16; Br, 41.18%,.

The fourth fraction gave an additional amount of 16
(37 mg, total yield, 35.59).

pL-4-O-Acetyl-1,2:3,7-dianhydro - (1,2,3,5/4) - 5 - hydroxymethyl-
1,2,3,4-cyclohexanetetrol (21 ). A mixture of 16 (0.40 g)
and 1 M methanolic sodium methoxide (6.4 ml) was heated
at 60 °C for 3.5 h. TLC [2-butanone-toluene (1:2)] indicat-
ed that 16 (R; 0.44) disappeared immediately with a for-
mation of an intermediate compound (R; 0.08) which was
then converted into a single compound (R; 0.31). The
reaction mixture was neutralized with 1 M hydrochloric acid
and concentrated. The residue was treated with acetic an-
hydride and pyridine at room temperature overnight. The
product was purified by chromatography on silica gel with
2 butanone-toluene (1:5) as an eluent to give 0.16 g (849%,)
of 21 as an oil. TLGC: R; 0.38 [2-butanone-toluene (1:4)].
1H NMR (CDCl;) 6=2.14 (3H, s, OAc), 2.47—2.82 (1H,
m, H-5), 3.87 (1H, d, Jgem=9.3 Hz, H-7endo), 4.08 (1H,
dd, Js.7ex0o=4%.7 Hz, H-7exo0), 4.22—4.47 (1H, m, H-1 or
H-2), 4.47—4.69 (2H, m, H-3 and H-1 or H-2), 5.13 (1H,
t, J3.0=J1,5=4.8 Hz, H-4).

Found: C, 58.40; H, 6.50%.
58.69; H, 6.57%.

pL-3,4-Di-O-acetyl-1,2-anhydro-(1,2,3,5/4)-5 - bromomethyl-1,2,
3,4-cyclohexanetetrol (22). A mixture of 15 (1.5g), m-
chloroperoxybenzoic acid (1.52 g, ca. purity 70%), and dry
1,2-dichloroethane (40 ml) was refluxed for 3 h. The reac-
tion mixture was washed with successively with 10%, aqueous
sodium sulfite (40 mlx 3), saturated aqueous sodium hydro-
gencarbonate (40 mlx 3), and water (40 mlx 2), and dried
over anhydrous sodium sulfate. Evaporation of the solvent
gave an oil, which was crystallized from ethanol. Recrys-
tallization from ethanol-ether gave 0.44 g (23%) of 22: mp
112.5—114°C. 'H NMR (CDCl,) 6=2.02 (3H, s) and 2.05
(3H, s) (OAc), 3.08—3.45 (4H, H-1, H-2, H-7, and H-7’),
5.01 (1H, dd, J;,,=8.5Hz, J,;=9.5Hz, H-4), 5.19 (1H,
dd, /J,,=1.5Hz, H-3).

Found: C, 43.10; H, 4.85; Br, 25.769%,.
H,;0;Br: C, 43.01; H, 4.92; Br, 26.02%.

Reaction of 22 with Sodium Azide. a) In the Presence
of Ammonium Chloride: A mixture of 22 (63 mg), sodium

Calcd for CyH, -

Calcd for Ci,-

Caled for Cy;-

Caled for CyH;,0,: C,

Calcd for Cyy-
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azide (67 mg, 5 molar equiv.), ammonium chloride (110 mg,
10 molar equiv.), and 909, aqueous N,N-dimethylformamide
(DMF) (5 ml) was stirred at 80—85 °C for 3 h. The mix-
ture was concentrated and the residue was treated with
acetic anhydride (5 ml) and pyridine (5 ml) at room tem-
perature overnight. Evaporation of the excess reagent gave
a crude product which was purified by chromatography on
silica gel (3 g) with 2-butanone-toluene (1:10) as an eluent
to give 48 mg (67%) of br-1,2,3-tri-O-acetyl-(1,4/2,3,6)-4-
azido-6-azidomethyl-1,2,3-cyclohexanetriol (24) as an oil
TLC: R; 0.52 [2-butanone-toluene (1:5)]. H NMR
(CDCly) 6=1.98 (3H, s), 2.04 (3H, s), and 2.11 (3H, s)
(OAc), 3.24 (1H, dd, J,,,=6 Hz, Jzem=12 Hz, H-7), 3.41
(1H, dd, J,,..=4Hz, H-7"), 3.87 (1H, br q, J=ca. 4 Hz,
H-4), 5.01—5.32 (3H, m, H-1, H-2, and H-3).

Found: C, 44.34; H, 5.36; N, 23.489%,. Calcd for C,;-
H(N;O;: C, 44.07; H, 5.12; N, 23.729.

b) In the Absence of Ammonium Chloride: A mixture of
22 (0.10 g), sodium azide (0.11 g, 5 molar equiv.), and 90%,
aqueous DMF (5 ml) was stirred at 80—385 °C for 3 h. The
mixture was concentrated and the residue was treated with
acetic anhydride and pyridine in the usual way. TLC in-
dicated the formation of two major products [R; 0.52 and
0.45, 2-butanone-toluene (1:5)]. Evaporation of the excess
reagent and the products were fractionated by a silica-gel
column (5g) with 2-butanone-toluene (1:10) as an eluent.
The first fraction (R; 0.52) gave 55 mg (489%) of 24 as an
oil. The second fraction (R; 0.45) gave bpL-1,3-di-O-acetyl-
2,7-anhydro-(1,4/2,3,6)-4-azido-6-hydroxymethyl-1,2,3-cyclo-
hexanetriol (23, 22 mg, 25%) as an oil. 'H NMR (CDCl,)
0=2.12 (3H, s) and 2.15 (3H, s) (OAc), 2.65 (1H, quintet,
J=3.3 Hz, H-6), 3.65—4.12 (3H, m, H-4 and CH,0), 4.19
(IH, br d, J=ca. 6 Hz, H-2), 4.90—5.19 (2H, m, H-1 and
H-3).

Found: C, 48.89; H, 5.54; N, 15.929;.
H,,N,0;: C, 49.07; H, 5.62; N, 15.619.

pL-7,2,3-Tri-O- acetyl - (1,4/2,3,6 ) - 4 - acetamido - 6 - acetamido-
methyl-1,2,3-cyclohexanetriol (25). A solution of 24 (0.54
g) in ethanol (10 ml) containing acetic anhydride (0.9 ml)
was hydrogenated in the presence of Raney nickel T-4 for
28 h. The reaction mixture was filtered and the filtrate
was concentrated. The residue was taken up in chloroform
(50 ml) and passed through a short column of alumina.
The filtrate was concentrated and the residue was crystalliz-
ed from ethanol to give 0.24 g (41%) of 25 as prisms: mp
197—199 °C. *H NMR (CDCl;, 60 MHz) 6=2.00 (9H, s),
2.07 (3H, s), and 2.11 (3H, s) (NAc and OAc), 3.30—4.30
(2H, br m, H-7 and H-7"), 4.90—5.45 (4H, m, H-1, H-2,
H-3, and H-4), 6.30 (1H, br t, /=6 Hz, C,-NHAc), 6.70
(1H, br d, J=7Hz, C~NHAc).

Calcd for C,;-
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Found: C, 52.98; H, 6.78; N, 7.12%.
H,N,O,: C, 52.84; H, 6.78; N, 7.25%.

Caled for C,,-

The authors express their sincere thanks to Mr.
Saburo Nakada for the elementary analyses.
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