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pr-Validamine and its amino deoxy and deoxy analogs were synthesized as the acetyl derivatives {from
endp-7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylic acid, the Diels-Alder adduct of acrylic acid and furan.

In a previous paper® a report was given on the first
synthesis of penta-N,0-acetyl-pr-validamine starting
from the Diels-Alder adduct of furan with acrylic acid,
endo-7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylic acid
(1).  Acetolysis of tri-O-acetyl-2,3-dihydroxy-6-hy-
droxymethyl-7-oxabicyclo[2.2.1]heptane gave a poor
yield of the desired intermediate, penta-O-acetyl-(1,3,5/
2,4)-5-hydroxymethyl-1,2,3,4-cyclohexanetetrol (pseudo-
p-p-glucopyranose),? since anhydro ring formation
occurs simultaneously to give a dioxatricyclo com-
pound.”  Thus, bromination of the substituted 2-
hydroxymethyl-7-oxabicyclo[2.2.1]heptane with hydro-
gen bromide in acetic acid has been studied in order
not only to open the l,4-anhydro ring, but also to
introduce a bromine substituent into the cyclohexane
ring, which can be replaced by an amino function.
In the present paper, we report on the alternative
synthesis of acetyl derivatives of pr-validamine and
its several analogs starting from the substituted bromo-
hydroxymethylcyclohexanes derived from 1.

Hydrogenation of 1 with palladium black gave endo-
7-oxabicyclo[2.2.1]heptane-2-carboxylic acid (2)* in
high yield. This was reduced by lithium aluminum
hydride (LAH) in tetrahydrofuran (THF) followed by
acetylation with acetic anhydride in pyridine to give
endo-2-acetoxymethyl-7-oxabicyclo[2.2.1]heptane (3) as
a syrup in 809, yield.

Reaction of 2 with 159, hydrogen bromide in acetic
acid in a sealed tube overnight at 85—90 °C resulted
in cleavage of the 1,4-anhydro ring to give rise to a
mixture of acetoxybromocyclohexanecarboxylic acids,
from which crystalline (1,5/2)-2-acetoxy-5-bromocyclo-
hexanecarboxylic acid (4) was isolated in 599, yield.
In its TH NMR spectrum, a triplet of doublets at o
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5.00 having 4.5, 10, and 10 Hz-splittings could be
ascribed to H-2, in line with the 1,2-trans configuration
between the acetoxyl and carboxyl groups. Under
similar reaction conditions, 3 afforded crystalline di-
bromo compound (5) in an isolated yield of 359%,.
In this case, the primary acetoxyl group was replaced
by a bromide ion in addition to opening the anhydro
ring. The ™M NMR spectrum of 5 contained a pattern
of the signals due to methine protons very similar to
that of 4. The structure of 5 was tentatively assigned
to (1/2,4)-4-bromo-2-(bromomethyl)cyclohexyl acetate.

On the other hand, bromolactonization of 1 pro-
ceeded smoothly to give the bromolactone (6) in 919,
yield. Reduction of 6 with LAH in THF followed
by acetylation gave e¢ndo-2-acetoxy-endo-6-acetoxymeth-
yl-ex0-3-bromo-7-oxabicyclo[2.2.1]heptane (8) in 849,
yield. Hydrogenolysis of 8 with Raney nickel in the
presence of Amberlite IRA-45 (OH-) gave the cor-
responding debromo compound (9) in 949, vyield,
which was also obtained analogously from the lactone
(7) derived by hydrogenolysis of 6.

The same treatment of 8 with hydrogen bromide
in acetic acid gave selectively a single crystalline
tribromide (10) almost quantitatively. Similarly,
dibromide (11) was obtained from 9 in 759, yield.
The structures of 10 and 11 were deduced on the
basis of analytical data and H NMR spectroscopy.
Thus, the TH NMR spectrum of 10 revealed two one-
proton relatively wide triplets coupled with each other
at § 4.92 and 5.22, respectively, indicating the presence
of two acetoxyl groups in vicinal trans positions. These
were accounted for by opening of the anhydro ring
at C-4 by a bromide ion, the structure being tenta-
tively assigned to di-O-acetyl-(1,3/2,4,6)-3,4-dibromo-6-
bromomethyl-1,2-cyclohexanediol. In the H NMR
spectrum, 11 showed a triplet of doublets at & 4.76
having 3.5, 8.5, and 8.5 Hz-splittings and a doublet
of doublets at 6 4.96 having 8.5 and 10 Hz-splittings
attributed to H-1 and H-2, respectively. Thus, 11
was assigned to di-O-acetyl-(1,3,5/2)-5-bromo-3-bromo-
methyl-1,2-cyclohexanediol.

Accordingly, the 1,4-anhydro ring was cleaved by
a bromide ion regioselectively in 8 or 9 at the carbon
atom adjacent to the methylene group, while, in the
case of 2 and 3, the selectivity appears to decrease,
somewhat presumably, owing to the stereoelectric
effects.

Dideoxyvalidamine and Its Analog. Reduction of
4 with LAH in THF followed by acetylation gave
the corresponding di-O-acetyl-bromohydroxymethyl-
cyclohexanol (12) as a syrup in 469, yield, which,
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without purification, was treated with sodium azide
in boiling 909, aqueous 2-methoxyethanol for 2 days
to give the crude azido compound (13). Its 'H NMR
spectrum showed a relatively narrow multiplet due
to the proton attached to the carbon atom bearing
the azido group, suggesting that the bromine group
was replaced by an azide ion with inversion of the
configuration. Compound 13 was hydrogenated with
Raney nickel followed by acetylation to give crystalline
tri- N,0-acetyl- (1,4/2) -4-amino-2-hydroxymethyl-1-cy-
clohexanol (dideoxyvalidamine) (14) in 259%, yield.

The similar treatment of 5 with sodium azide gave
a syrupy diazido compound (15), which was hydro-
genated and successively acetylated to give tri-N,O-
acetyl-(1,4/2)-4-amino -2 -aminomethyl- 1 - cyclohexanol
(16) in 309, overall yield.

Deoxyvalidamine and Its Analog. Compound 11
was treated with 2 molar equiv. of sodium acetate in
909%, aqueous 2-methoxyethanol at 90 °C overnight
and then the product was acetylated to give tri-
O-acetyl-(1,3,5/2)-5-bromo-3-hydroxymethyl-1,2-cyclo-
hexanediol (17) in 789, yield. The *H NMR spectrum
was compatible with the proposed structure, in which
only C-7 bromine atom of 11 was replaced by an
acetoxyl group. Thus, in 17, C-7 methylene signal
shifted downfield as compared with that of 11. Reac-
tion of 17 with an azide ion gave a syrupy azido com-
pound (18) with inversion of the configuration at C-5,
which was directly hydrogenated followed by acetyla-
tion to give a crystalline tetra-N,O-acetyl-(1,3/2,5)-5-
amino-3-hydroxymethyl-1,2-cyclohexanediol (deoxy-
validamine) (19) in 409, yield. The structure was
fully supported by the *H NMR spectrum (see Experi-
mental).

Analogously, 11 was converted to the diazido com-
pound (20) which was hydrogenated and then acetylat-
ed to give tetra-N,O-acetyl-(1,3/2,5)-5-amino-3-amino-
methyl-1,2-cyclohexanediol (21) in 589, overall yield.
Its TH NMR spectrum showed a pattern of ring proton
signals very similar to that of 19.

Validamine and Its Analog. Treatment of 10 with
sodium acetate (2 molar equiv.) in 909, aqueous 2-
methoxyethanol at 90 °C for 2 days led to the selective
displacement at C-7 with an acetate ion affording
tri- O-acetyl-(1,3/2,4,6)-3,4-dibromo- 6 - hydroxymethyl-
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1,2-cyclohexanediol (22) as the major product in 50%,
vield.® Similarly, on treatment with sodium azide
(2 molar equiv.), 10 gave the corresponding 7-azido
compound (23) in 919, yield. Reaction of 22 with
excess methanolic sodium methoxide in chloroform
followed by acetylation gave di-O-acetyl-1,2-anhydro-
(1,2,4,6/3)-6-bromo-4-hydroxymethyl-1,2,3-cyclohex-
anetriol (24) in a quantitative yield. The H NMR
spectrum revealed a doublet due to H-3 having 9 Hz-
splitting at ¢ 4.88, which confirmed the assigned struc-
ture of 24, excluding the 2,3-anhydro structure resulting
from an oxirane ring migration under basic conditions.
Under the same conditions, 23 gave the corresponding
epoxide (25) in 789, yield.

The reaction of 24 with 1.5 molar equiv. sodium
azide in N,N-dimethylformamide at 90 °C was monitor-
ed by TLC.9 After 24 had been consumed in 2.5 h,
one major component was formed together with four
minor components. Separation of the mixture by
column chromatography gave the epoxy azide (26)
in 309, yield as a homogeneous syrup. In its H
NMR spectrum, the signal due to proton on a carbon
atom attached to the azido group appeared as a doublet
of doublets having 3 and 9.5 Hz-splittings at ¢ 4.19.
Lack of a coupling between H-1 and H-6 suggests
that the azido group is located in the trans position
to the adjacent anhydro ring. Hydrogenation of 26
with Raney nickel in methanol containing acetic an-
hydride gave the epoxy amide (28) which, without
purification, was successively treated with boiling 809,
aqueous acetic acid followed by acetylation to give a
crystalline penta-N,0-acetyl-(1,3,4/2,6)-4-amino-6-hy-
droxymethyl-1,2,3-cyclohexanetriol (validamine) (30)
in 309% vyield. The compound was identical with
an authentic sample®) except for an optical activity.
The anhydro ring in 28 seems to be cleaved at C-1
preferentially by an anchimeric assistance of the
neighboring acetamido group, giving rise to the triol
with the desired configuration.

By an analogous sequence of reactions (27-529—
31), the 7-amino-7-deoxy analog (31) of validaminc
was prepared in an overall yield of 219,. The struc-
ture was supported by comparison of its TH NMR
spectrum with that of 30.



120 Seiichiro Ocawa, Isamu KasaHARrA, and Tetsuo Suami

Experimental

Unless otherwise noted, melting points were determined
on a Mitamura Riken micro hot stage and are uncorrected.
Solutions were evaporated under reduced pressure at 40—
50°C. H NMR spectra were measured at 60 MHz on a
Varian A-60D spectrometer in deuteriochloroform (CDCly)
or dimethyl-d; sulfoxide (DMSO-dg) with reference to tetra-
methylsilane as an internal standard, the peak positions
being given in d-values. Values given for chemical shifts
and coupling constants are of first-order. TLC was per-
formed on silica gel (Wakogel B-10, Wako Pure Chemical
Industries, Ltd.) using a mixture of butanone and toluene
as an eluent. Column chromatography was carried out on
Wakogel C-200.

endo-2-Acetoxymethyl-7-oxabicyclo[2.2.11heplane (3). To
a solution of the acid (2)» (6.0g) prepared by catalytic
reduction of endo-7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylic
acid (1)?® in tetrahydrofuran (THF) (100 ml) was added
a slurry of lithium aluminum hydride (LAH) (2.1g) in
THF (20 ml), and the mixture was stirred at an ambient
temperature for 4 h. A mixture of THF (4.2 ml) and water
(4.2 ml) was added to the reaction mixture and it was left
to stand overnight. A white solid was removed by filtra-
tion and washed with hot THF (20 ml). The filtrate and
washings were combined and evaporated to give a colorless
syrup (5.4 g), whose TLC showed a single spot in butanone-
toluene (1:1, v/v). A 23g-portion of this syrup was
treated with acetic anhydride (10 ml) in pyridine (20 ml)
overnight at an ambient temperature. The reaction mixture
was evaporated to dryness and the residue was dissolved
in ethyl acetate and washed with 0.5 M hydrochloric acid,
aqueous saturated sodium hydrogencarbonate solution, and
water, successively. The solution was dried over anhydrous
sodium sulfate and then evaporated to give 3 (2.7 g, 89%)
as a homogeneous syrup.

Found: C, 63.60; H, 8.209%,
63.51; H, 8.299%,.

Treatment of the alcohol with p-nitrobenzoyl chloride in
pyridine at 70°C for 30 min gave a crystalline p-nitro-
benzoate. An analytical sample was obtained by recrystal-
lization of the crude product from ethanol, mp 104—105
°C.

Found: C, 60.79; H, 5.61; N, 5.129,.
NO;: G, 60.65; H, 5.45; N, 5.05%.

(7,5/2)-2-Acetoxy-5-bromocyclohexanecarboxylic Acid (4).

A mixture of 29 (0.2g) and 15% hydrogen bromide in
acetic acid (2ml) was heated at 80—85°C in a sealed
tube for 17 h, the reaction mixture being then poured into
ice-water (40 ml). The resulting gum was collected by
decantation and dissolved in chloroform. The solution was
washed with water, dried, and evaporated to give a partially
crystalline product. Recrystallization from ethanol-hexane
gave 4 (0.23 g, 59%): mp 156—158 °C; *H NMR (CDCl,)
6 1.23—2.90 (7H, m, H-1 and the six methylene protons),
2.02 (3H, s, OAc), 3.97 (IH, tt, Jyux,5=Js,6eq=11Hz,
J1ea,5=Js,6eq=4.5 Hz, H-5), 5.00 (1H, td, Ji2=Js,30x=
10 Hz, J,,50q=4.5 Hz, H-2), 9.35 (1H, s, COOH).

Found: G, 40.51; H, 4.77; Br, 30.459%,. Calcd for C,4-
H,,;0,Br: C, 40.78; H, 4.94; Br, 30.14%.

(1/2,4)-4-Bromo-2-(bromomethyl) cyclohexyl Acetate (5).

Compound 3 (1.6 g) was treated with hydrogen bromide
in acetic acid in the same way as for 4. The reaction
mixture was poured into ice-water and extracted with
chloroform, and the extracts were processed in the usual
manner. The crude product was crystallized from ethanol

Caled for CgH,,0;: G,

Calcd for C,,H;;-
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to give 5 (1.03g, 35%): mp 110.5—112°C; *H NMR
(CDCl,) 6 1.23—2.90 (7H, m, H-2 and the six ring
methylene protons), 2.05 (3H, s, OAc), 3.32—3.45 (2H,
m, CH,Br), 3.99 (IH, tt, Jsux,a=Js,50x=11 Hz, Jseq.4=
Ja,50q=4.5Hz, H-4), 477 (1H, td, J1,5=J1,6x=10Hz,
J1,6eq=4.5Hz, H-1).

Found: C, 34.37; H, 4.48; Br, 51.11%.
H,;,0,Br,: C, 34.42; H, 4.49; Br, 50.899%,.

€x0-9-Bromo-2,7-dioxabicyclo[4.2.7.0%8]nonan-3-one (6).
Compound 19 (10g) was dissolved in water (300 ml)
containing sodium hydrogencarbonate (7.2g). Bromine (4
ml) was added dropwise to this solution under vigorous
agitation. After completion of the addition, the mixture
was stirred for 1h, and precipitates were collected by filt-
ration and washed with water thoroughly. Recrystallization
of the crude product from ethyl acetate gave 6 (14.2g,
919%,) as prisms: mp 155—156 °C; 'H NMR (DMSO-dj)
§ 2.00—2.29 (2H, m, C-5 methylene), 2.69 (1H, m, H-4),
437 (1H, s, H-9), 475 (1H, m, H-6), 4.95 (1H, d,
J1.s=5Hz, H-1), 5.53 (1H, t, J,,s=5Hz, H-8).

Found: C, 38.11; H, 3.26; Br, 36.34%,. Calcd for C,-
H,0,Br: C, 38.39; H, 3.22; Br, 36.48%,.

2,7-Dioxabicyclo[4.2.7.0*®]nonan-3-one (7). A solution
of 6 (1.1 g) in ethyl acetate (20 ml) was hydrogenated in
the presence of Raney nickel T-49 and Amberlite TR-45
(OH-) (7.5 ml) in the initial hydrogen pressure of 3.4 kg-
cm™? at an ambient temperature overnight. The catalyst
and resin were removed by filtration and the filtrate was
evaporated. The residue was crystallized from ethyl acetate—
hexane to give 7 (0.46g, 65%) as needles: mp 85.5—87
°C; 'H NMR (CDCl;) 6 1.42—2.46 (4H, m, G-5 and
C-9 methylene), 2.71 (1H, broad five-line peak, Ji sendo=
4.5Hz, J,,5¢20=8.5 Hz, H-4), 4.65—4.92 (2H, m, H-1 and
H-6), 5.31 (1H, t, J,,s=J.:,s=5 Hz, H-8).

Found: C, 60.20; H, 5.829,. Calcd for C,HO,: C,
60.00; H, 5.75%.

endo -2 -Acetoxy-endo-6-acetoxymethyl-exo-3-bromo-7-oxabicyclo-
[2.2.7]heptane (8). To an ice-cooled solution of 6 (10
g) in THF (250 ml) was added dropwise a slurry of LAH
(2g) in THF (30 ml) with vigorous agitation. The reaction
mixture was stirred at an ambient temperature for 3h
and worked up in the usual manner to give a syrup,
which was directly acetylated by the conventional method.
The product was crystallized from ethyl acetate-hexane to
give 8 (11.7 g, 83.59,) as colorless needles: mp 61—62 °C;
1H NMR (CDCly) 6 1.35 (1H, dd, Jsgem=12.5 Hz, Jiengo,6=
5.5 Hz, H-5e¢ndo), 1.63—2.79 (2H, m, H-5e¢xo and H-6),
2.02 (3H, s) and 2.06 (3H, s) (OAc), 3.85 (1H, d, J,,,=
3 Hz, H-3), 4.19 (1H, dd) and 4.32 (1H, dd) (Js,,=Js,»’ =
3Hz, Jgem=7Hz, CH,OAc), 4.61 (1H, d, J4,5e20=6Hz,
H-4), 465 (1H, t, J,,,=5Hz, H-1), 5.36 (1H, broad dd,
H-2).

Found: C, 42.88; H, 4.82; Br, 26.149,.
H,;0:Br: C, 43.12; H, 4.92; Br, 26.029%.

endo -2 - Acetoxy-endo-6-acetoxymethyl-7-oxabicyclo[2.2.7]heptane
(9). a) A solution of 8 (10g) in ethyl acetate (20
ml) was hydrogenated with Raney nickel and Amberlite
IR-45 (OH-) in the same way as for 7. The product was
crystallized from ethyl acetate-hexane to give 9 (7 g, 949%)
as needles: mp 48—49 °C; *H NMR (CDCl,) 6 1.12—1.51
(2H, m, H-3endo and H-5endo), 2.02 (6H, s, two OAc),
1.67—2.66 (3H, m, H-3¢x0, H-5¢x0, and H-6), 4.21—4.67
(4H, m, H-1, H-4, and CH,OAc), 5.04 (1H, m, H-2).

Found: C, 57.67; H, 6.91%,. Caled for C,;H,;O,: C,
57.88; H, 7.069%.

b) Compound 9 was also prepared, in 529, yield, by
reduction of 7 with LAH in THF as in the preparation

Calcd for C,-

Calcd for Cy;-
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of 8.

The di-p-nitrobenzoate was prepared by the usual method.
An analytical sample crystallized from ethanol melted at
206 °C.

Found: C, 57.11; H, 4.27; N, 6.19%.
H;N;O,: G, 57.02; H, 4.10; N, 6.33%.

Di-O-acetyl-(1,3/2,4,6 ) - 3,4 -dibromo-6-bromomethyl-1,2-cyclo-
hexanediol (10). Compound 8 (1.6 g) was treated with
hydrogen bromide in acetic acid in the same way as for 4.
Recrystallization of a crude crystalline product (2.2 g) gave
10 (1.75g, 749%) as prisms: mp 153—154°C; *H NMR
(CDCL,) 6 1.79—2.85 (3H, m, G-5 methylene and H-6),
2.04 (3H, s) and 2.08 (3H,s) (OAc), 3.22 (1H, dd, Js.,=
3.5Hz, Jypem=10Hz, H-7), 3.45 (1H, dd, Js,=1.5Hz,
H-7"), 4.02 (1H, m, H-4), 4.10 (14, t, J,,3=/5.4=9Hz,
H-3), 492 (IH, t, J;,,=J1,6=9Hz, H-1), 5.22 (1H, t,
H-2).

Found: G, 29.22; H, 3.33; Br, 52.96%,.
H,;0,Br,: G, 29.30; H, 3.35; Br, 53.16%.

Di-O-acetyl-(1,3,5/2 ) -5-bromo-3-bromomethyl-1,2-cyclohexanediol
(11). Compound 9 (1 g) was treated with hydrogen
bromide in acetic acid in the same way as for 4. The
crude product was recrystallized from ethanol to give 11
(1.2g, 75%): mp 136—137°C; 'H NMR (CDCl,) ¢ 1.63
—2.86 (5H, m, H-3, and C-4 and C-6 methylene), 2.01
(3H, s) and 2.05 (3H, s) (OAc), 3.26—3.40 (2H, m,
CH,Br), 4.00 (lH, nine-line peak, H-5), 4.76 (1H, td,
Ju2=J1.6ax=85Hz, Ji,4q=3.5Hz, H-1), 496 (1H, dd,
J2,3=10 Hz, H-2).

Found: C, 35.50; H, 4.27; Br, 43.079%,.
H,,0,Br,: C, 35.51; H, 4.33; Br, 42.95%.

Tri-N,O -acetyl - (1,4/2 )-4-amino-2-hydroxymethyl-1-cyclohexanol
(14). To a solution of 4 (0.53g) in THF (10 ml)
was added a suspension of LAH (0.09g) in THF (6 ml)
at 0°C, and the reaction mixture was stirred at an ambient
temperature for 1.5h, and then worked up in the usual
manner. The syrupy product was acetylated and purified
by chromatography on silica gel with chloroform to give
di-O-acetyl-(1/2,4)-4-bromo-2-hydroxymethyl-1-cyclohexanol
(12) (0.27g, 46%) as a homogeneous syrup; *H NMR
(CDCly) & 1.19—2.57 (7H, m, H-2, and C-3, C-4, and
C-5 methylene), 2.03 (3H, s) and 2.06 (3H, s) (OAc),
4.00 (1H, tt, Jaax,a=Jasax=13Hz, J3eq,4=J1,5eq=%.9 Hz,
H-4), 4.01 (2H, d, CH,0Ac), 4.65 (1H, td, Ji,2=J1,6eq=
4 Hz, H-1).

A mixture of crude 12 (0.21g), sodium azide (0.2g),
and 90% aqueous 2-methoxyethanol (10 ml) was heated at
reflux for 45 h, and then evaporated to dryness. The res-
idue was directly acetylated in the usual manner and the
product was purified by chromatography on alumina with
chloroform to give di-O-acetyl-(1,4/2)-4-azido-2-hydroxy-
methyl-1-cyclohexanol (13) as a homogeneous syrup: H
NMR (CDCl,) 6 1.45—2.41 ("H, m, H-2, and C-3, G-5,
and C-6 methylene), 2.04 (6H, s, two OAc), 3.76—3.99
(1H, m, H-4), 3.96—4.11 (2H, m, CH,OAc), 4.65 (1H,
td, Ji.2=J1,6ax=10Hz, [ geq=4.5Hz, H-1).

A solution of crude 13 (0.16g) in ethanol (6 ml) was
hydrogenated with Raney nickel at an ambient temperature
overnight. The product was acetylated in the usual manner.
Recrystallization of the crude product from ethanol-ether
gave 14 (0.043 g, 25%,) as needles: mp 111—112.5°C; H
NMR (CDCly) 6 1.19—2.21 (7H, m, H-2, and C-3, C-5,
and C-6 methylene), 1.99 (3H, s, NAc), 2.05 (6H, s, two
OAc), 3.88—4.26 (3H, m, H-4 and CH,NHAc), 4.73 (1H,
td, Ji.e=J1,6ax=8.5Hz, J; geq=%.5 Hz, H-1), 5.73 (1H, d,
J=6Hz, NH).

Found: G, 57.23; H, 7.58; N, 5.29%.

Caled for Cyy-

Calcd for Cy;-

Calcd for Gy~

Caled for Gy;-
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H,,NO;: C, 57.55; H, 7.80; N, 5.16%,.

Tri-N,O-acetyl- (1,4]2) -4 - amino-2-aminomethyl-1-cyclohexanol
(16). A mixture of 5 (0.47 g), sodium azide (0.59 g),
and 909 aqueous 2-methoxyethanol (15 ml) was heated at
110 °C for 17 h, and then evaporated to dryness. The res-
idue was acetylated in the usual manner and the product
was purified by chromatography on alumina to give (1,4/
2)-4-azido-2-(azidomethyl)cyclohexyl acetate (15) as a homo-
geneous syrup: H NMR (CDCl,) 6 1.21—2.41 (7H, m,
H-2, and C-3, C-5, and C-6 methylene), 2.06 (3H, s, OAc),
3.32 (2H, d, J=4.5 Hz, CH,Ny), 3.78—3.96 (1H, m, H-4),
4.95 (IH, td, J1,5=J1,6x=9.5 Hz, J1,6e=5Hz, H-1).

Crude 15 was hydrogenated in ethanol with Raney nickel
as in the case of crude 13. The product was acetylated
in the usual manner. Recrystallization of the crude product
from ethanol gave 16 (0.12g, 309 based on 5 used) as
needles: mp 189—190 °C; *H NMR (CDCl;) 6 1.10—2.38
(7H, m, H-1, and C-3, C-5, and C-6 methylene), 1.97 (6H,
s, two NAc), 2.06 (3H, s, OAc), 2.83—3.72 (2H, m, CH,-
NHACc),

Found: G, 57.53; H, 8.12; N, 10.129%,.
H,,N,0,: C, 57.76; H, 8.20; N, 10.369%,.

Tetra-N,O-acetyl- (1,3/2,5) -5-amino-3-hydroxymethyl-1,2-cyclo-
hexanediol (19). A mixture of 11 (1.86 g), anhydrous
sodium acetate (1.23 g), and 90%, aqueous 2-methoxyethanol
(35 ml) was heated at 90 °C with stirring overnight. The
reaction mixture was evaporated and the residue was ex-
tracted with hot chloroform (50 ml). The extracts were
passed through a short alumina column and then evaporated
to give tri-O-acetyl-(1,3,5/2)-5-bromo-3-hydroxymethyl-1,2-
cyclohexanediol (17) (1.37 g, 78%,) as a homogeneous syrup:
'H NMR (CDCl;) ¢ 1.62—2.87 (5H, m, H-3, and C-6
methylene), 2.01 (3H, s), 2.03 (3H, s), and 2.06 (3H, s)
(OAc), 8.75—4.27 (3H, m, H-5 and CH,OAc), 4.76 (1H,
td, J1,5=J1.6ax=9.5 Hz, J1,60q=3 Hz, H-1), 496 (11, t,
J2,3=9.5Hz, H-2).

A mixture of crude 17 (1.05g), sodium azide (0.6g),
and 909, aqueous 2-methoxyethanol (30 ml) was refluxed
for 20h. The reaction mixture was evaporated and acetyl-
ated in the usual manner. The product was purified by
chromatography on alumina to give tri-O-acetyl-(1,3/2,5)-5-
azido-3-hydroxymethyl-1,2-cyclohexanediol (18) (1.05g) as
a homogeneous syrup: H NMR (CDCl,) ¢ 1.52—2.57
(5H, m, H-3, and C-4 and C-6 methylene), 1.99 (3H, s)
and 2.03 (6H, s) (OAc), 3.72—4.28 (3H, m, H-5 and
CH,0Ac), 4.72—5.25 (2H, m, H-1 and H-2).

Compound 18 (1.0 g) was hydrogenated in ethanol (20
ml) containing acetic anhydride (0.5 ml) with Raney nickel
in the same way as for 7. The product was crystallized
from ether to give 19 (0.37 g, 409, based on 17 used) as
needles: mp 193—194°C; *H NMR (CDCl,) § 1.49—2.48
(5H, m, H-3, and C-4 and C-6 methylene), 1.99 (6H, s),
2.02 (3H, s), and 2.03 (3H, s) (OAc), 3.88 (1H, dd,
Jwemn=115Hz, J;,=4.5Hz, H-7), 415 (1H, dd, J;, =4
Hz, H-7"), 4.28 (1H, m, H-5), 4.88 (1H, t, J;,,=/, ;=9
Hz, H-2), 4.97 (1H, td, Ji,6ax=9 Hz, J; geq=3 Hz, H-1),
6.38 (1H, d, J;,nu=7 Hz, NH).

Found: C, 55.00; H, 7.01; N, 4.279%,.
H,,NO,: C, 54.70; H, 7.04; N, 4.25Y%,.

Tetra-N,O-acetyl- (1,3/2,5) - 5 - amino -3- aminomethyl-1,2-¢yclo-
hexanediol (21). A mixture of 11 (0.74g), sodium
azide (0.78g), and 909, aqueous N,N-dimethylformamide
(20ml) was heated at 125°C for 20h. The reaction
mixture was processed by the usual method and the syrupy
product was purified by alumina column to give di-O-acetyl-
(1,3/2,5)-5-azido-3-azidomethyl-1,2-cyclohexanediol (20) (0.61

g, 97%) as a homogencous syrup. The compound was di-

Caled for Cy;-
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rectly hydrogenated as in the case of 18 and the product
was crystallized from ethanol to give 21 (0.39g, 59%) as
needles: mp 236—237 °C (capil); *H NMR (DMSO-d;) ¢
1.36—2.46 (5H, m, H-3, and C-4 and C-6 methylene), 1.88
(3H, s) and 1.92 (3H, s) (NAc), 2.02 (3H, s) and 2.08
(3H, s) (OAc), 3.2—3.56 (2H, m, CH,NHAc), 4.08—4.39
(1H, m, H-5), 4.85 (1H, t, Ji,s=J,,5=9.5 Hz, H-2), 5.22
(1H, td, Ji,6ax=9.5Hz, Ji6eq=>5Hz, H-1), 7.93 (1H, t,
Joxa=Jy,xn=>5.5Hz, CH,NHAc), 8.27 (1H, d, J;,xu=
6.5 Hz, CHNHAC).

Found: G, 54.63; H, 7.28; N, 8.549%,. QCalcd for Cy;-
H,N,O4: G, 54.87; H, 7.37; N, 8.53%.

Tri-O-acetyl-(1,3/2,4,6 )-3,4-dibromo-6-hydroxymethyl - 1,2 -¢yclo-
hexanediol (22). A mixture of 10 (9.0 g), anhydrous
sodium acetate (4.9g), and 90% aqueous 2-methoxyethanol
(100 ml) was heated at 90 °C for two days. The reaction
mixture was worked up by the usual method and the
product was directly acetylated. TLC indicated the forma-
tion of one major and three minor components. Crystal-
lization of the mixture from ethanol gave the main product,
22 (4.3g, 50%) as prisms: mp 128—129°C; *H NMR
(CDCL) ¢ 1.77—2.71 (3H, m, H-6 and C-5 methylene),
2.01 (3H, s) and 2.06 (6H, s) (OAc), 3.74—4.26 (4H, m,
H-3, H-4, and CH,OAc), 4.91 (1H, dd, J;,,=9Hz, J; =
10 Hz, H-1), 5.20 (1H, t, J, ;=10 Hz, H-2).

Found: C, 36.42; H, 4.17; Br, 37.65%,.
H,3O4Br,: G, 36.30; H, 4.22; Br, 37.16%,.

Di-O-acetyl-(1,3]12,4,6) -6 -azidomethyl - 3,4 -dibromo-1,2-cyclo-
hexanediol (23). A mixture of 10 (4.5 g), sodium azide
(1.95g), and 909, aqueous 2-methoxyethanol (60 ml) was
heated at 95°C for 90 min. The reaction mixture was
worked up by the usual method. The product was recry-
stallized from ethanol to give 23 (3.8 g, 91%) as needles:
mp 114—115°C; *H NMR (CDCl,) ¢ 1.71—2.73 (3H, m,
H-6 and C-5 methylene), 2.04 (3H, s) and 2.07 (3H, s)
(OAc), 3.18 (1H, dd, Jigem=11Hz, J;,,=3.5Hz, H-7),
3.44 (1H, dd, J¢.=2Hz, H-7"), 3.94—4.18 (2H, m, H-3
and H-4), 4.86 (1H, t, J;,,=J1,=10Hz, H-1), 5.19 (1H,
t, Ja,3=10 Hz, H-2).

Found: C, 32.08; H, 3.68; N, 10.26; Br, 38.78%,. Calcd
for C;;H;;N,O,Br,: C, 31.99; H, 3.66; N, 10.17; Br,
38.699%.

Di-O-acetyl-1,2 -anhydro-(1,2,4,6/3 ) -6-bromo-4-hydroxymethyl-
1,2,3-cyclohexanetriol (24). To a solution of 22 (2.15 g)
in methanol (20 ml) was added 1 M-methanolic sodium
methoxide (10ml, 2 molar equiv.) and the mixture was
stirred at an ambient temperature for 3h. The solution
was neutralized with 1 M-hydrochloric acid and then evap-
orated to dryness. The residue was treated with acetic
anhydride (5ml) and pyridine (10 ml) overnight. The
product was purified by alumina column to give a syrup
which crystallized spontaneously to give 24 (1.5g, 98%)
as prisms: mp 58—59.5 °C; H NMR (CDCl;) 6 1.54—2.19
(3H, m, H4 and C-5 methylene), 2.05 (3H, s) and 2.11
(3H, s) (OAc), 3.26 (1H, d, J,,,=3.5Hz, H-2), 3.52 (1H,
broad d, J;,6=2Hz, H-1), 3.90—4.02 (2H, m, CH,OAc),
4.37 (1H, eight-line peak, Jiaz,¢=Jseq,6=6 Hz, H-6), 4.88
(1, d, J;,,=9Hz, H-3).

Found: C, 42.92; H, 4.90; Br, 26.129,.
H,;O,Br: C, 43.02; H, 4.92; Br, 26.029%.

O-Acetyl-1,2-anhydro-(1,2,4,6/3)-4-azidomethyl-6-bromo-1,2,3-
cyclohexanetriol (25). To a solution of 23 (3.3g) in
methanol (30 ml) was added 1 M-methanolic sodium
methoxide (16 ml, 2 molar equiv.) and the mixture was
left to stand at an ambient temperature for 5h. The
reaction mixture was processed as in the preparation of 24.
The product was chromatographed on silica gel (85 g) with
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butanone-toluene (1:12, v/v) as an eluent to give 25
(1.82 g, 78%) as a homogeneous syrup: *H NMR (CDCl;)
0 1.56—2.19 (3H, m, H-4 and C-5 methylene), 2.13 (3H,
s, OAc), 3.20—3.35 (3H, m, H-2 and CH,N,), 3.51 (lH,
broad q, J,,=4Hz, J,=2Hz, H-1), 4.36 (1H, eight-
line peak, Jsx,6=11Hz, [J;0q,,=06Hz, H-6), 4.84 (lH,
broad d, J;,=9Hz, H-3).

Found: G, 37.19; H, 4.14; N, 14.41; Br, 27.279%,. Calcd
for GH;,N,O,Br: C, 37.26; H, 4.17; N, 14.48; Br, 27.549%,.

Di-O-acetyl-1,2-anhydro- (1,2,4/3,6 )-6-azido-4-hydroxymethyl-
1,2,3-¢cyclohexanetriol (26). A mixture of 24 (0.92g),
sodium azide (0.59g), and N,N-dimethylformamide (15 ml)
was heated at 90 °C for 2.5h. TLC indicated the forma-
tion of one major component, together with 24 and three
minor components. The reaction mixture was processed
by the usual method and the product was purified in the
same way as for 25 to give the main product, 26 (0.25g,
319%,) as a homogenecous syrup: 'H NMR (CDCl,;) ¢ 1.51
—2.55 (3H, m, H-4 and C-5 methylene), 2.05 (3H, s) and
2.12 (3H, s) (OAc), 3.10 (1H, d, J,,,=3 Hz, H-2), 3.23
(14, t, Ji,e=3Hz, H-1), 3.94—4.01 (2H, m, CH,OAc),
4.19 (1H, broad q, Jsux,6=Jseq,6=3 Hz, H-6), 4.87 (IH,
d, J5,4=9.5Hz, H-3).

Found: C, 48.83; H, 5.56; N, 15.37%.
H,;;N,;O0;: G, 49.07; H, 5.62; N, 15.61%,.

Penta-N,O-acetyl- (1,3,4/2,6 ) -4 - amino-6-hydroxymethyl-1,2,3-
cyclohexanetriol  (validamine) (30). A solution of 26
(0.47 g) in methanol (14 ml) containing acetic anhydride
(0.5 ml) was hydrogenated in the presence of Raney nickel
as in the preparation of 7 to give a crude syrup of tri-
N,O-acetyl-1,2-anhydro-(1,2,4/3,6)-6-amino-4-hydroxymethyl-
1,2,3-cyclohexanetriol (28). The compound was treated with
refluxing 809, aqueous acetic acid (10ml) for 13h and
the reaction mixture was ecvaporated to dryness. The res-
idue was acetylated in the usual manner and the product
was crystallized from ecthanol to give 30 (0.2g, 30%) as
prisms: mp 197—198°C. The compound was identified
with an authentic active sample® by comparison of H
NMR (CDCI;) and IR spectra.

Penta-N,O - acetyl- (1,3,4/2,6 ) -4-amino-6 -aminomethyl-1,2,3-
cyclohexanetriol (31). A mixture of (0.87g), sodium
azide (0.59g), and N,N-dimethylformamide (15ml) was
heated at 90 °C for 2h. TLC indicated the formation of
one major and five minor components. The products were
fractionated by silica gel column (50g) with butanone-
toluene (1 : 12, v/v) as an eluent. The major fraction gave
O-acetyl-1,2-anhydro-(1,2,4/3,6)-6-azido-4-azidomethyl-1,2,3-
cyclohexanetriol (27) (0.37 g, 509%,) as a homogeneous syrup:
IH NMR (CDCl,) ¢ 1.48—2.30 (3H, m, H-6 and C-5
methylene), 2.14 (3H, s, OAc), 3.09 (1H, d, J,,,=3.5 Hz,
H-2), 3.17—3.55 (3H, m, H-1 and CH,N;), 4.19 (1H, q,
Jre=Jsex,6=Jseq,6=2.5 Hz, H-6), 4.83 (1H, d, J;,=9.5
Hz, H-3). Compound 27 decomposed on being left to
stand at an ambient temperature, no satisfactory analytical
data being obtained. Thus, crude 27 was directly used in
the next step.

A solution of 27 (0.34¢g) in methanol containing acetic
anhydride (0.5ml) was hydrogenated with Raney nickel
in the same way as for 7, and the reduction product was
treated with aqueous acetic acid as in the preparation of
30. The acetylated product was crystallized from ethanol-
ether to give 31 (0.11g, 219%) as needles: mp 246—248
°C; 'TH NMR (CDCl,) ¢ 1.41—2.38 (3H, m, H-6 and
C-5 methylene), 2.01 (6H, s, two NAc), 2.03 (3H, s) 2.17
(3H, s), and 2.19 (3H, s) (OAc), 2.66—3.11 (1H, m) and
3.41—3.88 (1H, m) (CH,NHAc), 4.35—4.76 (1H, m, H-4),
4.78 (IH, t, Ji,s=J1,6=9.0 Hz, H-1), 491 (1H, dd, J,,,=
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95Hz, J,,=4Hz, H-3), 530 (IH, t, H-2), 6.00—6.28
(2H, broad d, two NH).

Found: C, 52.52; H, 6.65; N, 7.189%.
HyN,Oy: G, 52.84; H, 6.78; N, 7.25%.

Calcd for Cg;-
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