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Penta-N,O-acetyl-pL-validamine was prepared from readily available endo-2, exo-3-diacetoxy-endo-6-
acetoxymethyl-7-oxabicyclo[2.2.1Theptane in three steps in an overall yield of 369%,.

As a part of a synthetic study of antibiotic valida-
mycins,? we wish to report a facile synthesis of bpr-
validamine, starting from tri-O-acetyl-(1,3/2,4,6)-4-
bromo-6-bromomethyl-1,2,3-cyclohexanetriol (7), which
was readily obtained by the bromination of endo-2, exo-3-
diacetoxy - endo - 6 -acetoxymethyl - 7 - oxabicyclo [2.2.1] -
heptane (4).%

The exo-3-acetoxy (4), exo-3-methoxy (5), and exo-3-
tosyloxy derivatives (6) of endo-2-acetoxy-endo-6-acetoxy-
methyl-7-oxabicyclo[2.2.1Theptane were prepared in
high yields by lithium aluminium hydride (LAH)
reduction followed by acetylation of the corresponding
lactones (1,34 2, and 3). Treatment of 4 with 159,
hydrogen bromide in acetic acid in a sealed tube at
75 °C for 24 h led to a cleavage of the anhydro ring to
give single crystalline 7 in 709, yield. Under the similar
reaction conditions, 5 also gave 7 in 599, yield. The
structure of 7 was established on the basis of elemental
and 'H NMR analyses, and analogy of the bromination
of the corresponding exo-3-bromo derivative.®) Thus,
the 'H NMR spectrum contained three singlets (§ 1.99,
2.04, and 2.07) due to the acetoxyl methyl protons and
the relatively narrow three-proton multiplet (6 5.00) due
to the protons on the carbon atoms bearing the acetoxyl
groups. The one-proton symmetric broad multiplet
(0 3.90) could be attributable to H-4, indicating that
the ring bromine atom was in an equatorial position in
the favored conformation. The previous results?
suggested that the anhydro ring of this system would be
cleaved by a bromide ion at the carbon atom (C-4)
adjacent to the ring methylene group.

The similar bromination of 6 yielded in 62%, yield
the sole crystalline dibromo diacetate (8) which contain-
ed a tosyloxyl function. Reaction of 8 with methanolic
sodium methoxide followed by acetylation gave the
dibromo epoxy acetate (12), which was also derived by

the same treatment of 1,2-di-O-acetyl-(1,3/2,4,6)-3,4-
dibromo-6-bromomethyl-1,2-cyclohexanediol.”  These
results allowed to assign 8 as 1,2-di-O-acetyl-3-O-tosyl-
(1,3/2,4,6) -4 -bromo-6-bromomethyl-1,2,3 - cyclohexa-
netriol.

Preferential substitution of the primary bromo
substituent of 7 by an acetate or an azide ion was effected
by treatment with a slight excess of its sodium salt in
aqueous 2-methoxyethanol giving the corresponding 7-
acetoxy (9, 729,) or 7-azido compounds (11, 919%,).
On the other hand, reaction of 7 and 9 with an excess
of sodium azide in N, N-dimethylformamide resulted in
displacement of the C-4 bromine atom by an azido
group via Sy2 fashion to give selectively the diazido
(13, 769,) as crystals and the azido compounds (14,
969,) as a syrup, respectively. Catalytic hydrogenation
of 14 in the presence of Raney nickel® in methanol
containing acetic anhydride gave the known penta-N,0-
acetyl-(1,3,4/2,6) -4-amino-6-hydroxymethyl-1,2,3-
cyclohexanetriol (pr-validamine) (16)3% in 539,
yield. TIts 7-amino-7-deoxy derivative (17) was obtained
by the similar hydrogenation of 13 in 519, yield. These
data also confirmed the structure of 13 and 14.

Compound 8 was converted similarly to the corre-
sponding 7-acetoxy derivative (10) in 639, yield. On
treatment with a slight excess of sodium azide in N,N-
dimethylformamide 10 gave a syrupy azide tosylate (15),
which, without further purification, was hydrogenated
as described above to the crystalline amide tosylate (18)
in an over all yield of 35%,. In this case, replacement
of the C-4 bromine atom by an azide ion seemed to
occur faster than that of C-3 tosyloxyl group via an
anchimeric reaction.” Treatment of 18 with methanolic
sodium methoxide gave the epoxide, which was directly
acetylated by a mixture of acetic anhydride and pyridine
followed by the usual work-up giving 16 in 749, yield.
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Experimental

Melting points were measured in a capillary in a liquid
bath and are uncorrected. Solutions were evaporated under
diminished pressure at 40—50 °C. *H NMR spectra were
measured at 60 MHz on a Varian A-60D spectrometer in
CDCI, with rcference to tctramethylsilane as an internal
standard and the pcak positions are given in d-values. Values
given for coupling constants are of first-order. TLC was
performed on silica gel (Wakogel B-10, Wako Pure Chemical
Industries, Ltd.). Elemental analyses were performed by Mr.
Saburo Nakada, to whom our thanks are due.

ex0-9-Methoxy-2,7-dioxatricyclo[4.2.1.0%%]nonan-5-one (2).

A mixture of exo-9-hydroxy-2,7-dioxatricyclo[4.2.1.0%*]nonan-
3-one (1)®% (5g), methyl iodide (10 ml), and silver oxide
(10g) in N,N-dimethylformamide (20 ml) was vigorously
stirred at a room temperature under dark for 20 h. Acetone
was added to the reaction mixture, an insoluble material was
removed by filtration, and the filtrate was evaporated to give
a solid product. Cirystallization from ethanol gave 2 (4.2 g,
77%) as needles: mp 85—86 °C; "H NMR ¢ 1.86 (1H, dd,
Jisendo=3 Hz, J5zem=12.5Hz, H-5endo), 2.21 (1H, ddd,
Jisexo=10Hz, J...s=5Hz, H-5ex0), 2.69 (1H, ddd,
Jis=5Hz, H-4), 3.37 (3H, s, OMe), 3.43 (IH, s, H-9),
4.59 (2H, t, ], s=>5 Hz, H-1 and H-6), 5.29 (1H, t, H-8).

Found: C, 56.42; H, 5.92%,. Calcd for CgH,,0,: C, 56.46;
H, 5.92%,.

ex0-9-Tosyloxy-2,7-dioxatricyclo[4.2. 1.0 ®]nonan-3-one (3).
Compound 1 (1g) was treated with tosyl chloride (2.5 g,
2 mol equiv) in pyridine (5 ml) at a room temperature over-
night. The reaction mixture was poured into ice-water, and
the precipitates were collected and recrystallized from ethyl
acetate to give 3 (1.4 g, 71%,) as needles: mp 174—175 °C.
1H NMR § 2.48 (3H, s, tosyl Me), 4.51 (1H, s, H-9), 4.60
(1H, d, J, s=5Hz, H-1), 4.77 (1H, d, J5.x0,=5 Hz, H-6),
5.33 (IH, t, J, =5 Hz, H-8).

Found: C, 53.95; H, 4.56; S, 10.06%,.
0O,S: C, 54.18; H, 4.55: S, 10.33%,.

endo-2, exo- 3- Diacetoxy-endo- 6 - acetoxymethyl - 7 - oxabicyclo-
[2.2.1)heptane (4). To a stirred mixture of LAH (3 g,
2.5 mol equiv) in dry tetrahydrofuran (THF) (100 ml) was
added in several portions pulverized 1 (5 g) under external
ice-cooling. The reaction mixture was stirred at this tem-
perature for 15 min and then at a room temperature for 2 h.
An excess hydride was destroyed by addition of water (10 ml),
and the precipitates were filtered and washed thoroughly with
a mixture of acetone and water. The filtrate and washings
were combined and evaporated to dryness. The residue was
treated with a mixture of acetic anhydride (20 ml) and pyridine
(20 ml) at a room temperature overnight. An insoluble
material was removed by filtration, and the filtrate was evap-
orated and co-distilled with toluene to give a syrup, which was
dissolved in chloroform and passed through a short alumina
column. Evaporation of the solvent gave 4 (8.4 g, 939%) as
a practically homogeneous syrup, whose IR and *H NMR
spectra were identical to those of an authentic sample.®

endo - 2- Acetoxy-endo - 6 - acetoxymethyl-exo - 3- methoxy - 7 - oxa-
bicyclo[ 2.2.1heptane (5). Compound 2 (5 g) was reduced
with LAH (1.2 g) in THF (100 ml) similarly as described
above and the product was successively acetylated in the
usual manner. Crystallization of the crude product from
ethyl acetate-hexane gave 5 (5.9g, 789%) as needles: mp
58—59 °C; *H NMR 6 1.16 (1H, dd, Jsendo,6=5 H2Z, Jigem=
11 Hz, H-5endo), 2.01 (3H, s) and 2.03 (3H, s) (OAc), 3.31
(3H, s, OMe), 3.42 (1H, d, J, =2 Hz, H-3), 4.22 (2H, dd,
CH,0Ac), 4.48 (1H, d, J4 sexo=6 Hz, H-4), 4.60 (1H, t,

Calcd for C Hy,-
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J1,2=J1.s=4 Hz, H-1), 4.90 (1H, broad d, H-2).

Found: C, 55.89; H, 6.93%. Caled for C;,H,;;O4: C,
55.80; H, 7.03%.

endo- 2-Acetoxy-endo- 6 - acetoxymethyl-exo- 3 - tosyloxy- 7 - oxabi-
cyclo[ 2.2. 1 heptane (6). Compound 3 (5 g) was reduced
with LAH (0.67 g) in THF (130 ml) similarly as described in
the preparation of 4 and the product was acetylated as usual.
Crystallization of the crude product {rom ethyl acetate gave
6 (4.3 g, 67%) as needles: mp 117—118 °C; 'H NMR 6 1.23
(1H, dd, Jsendo.s=5 Hz, Jsgem=12 Hz, H-5endo), 1.94 (3H,
s) and 1.99 (3H, s) (OAc), 2.44 (3H, s, tosyl Me), 4.18 (2H,
dd, CH,OAc).

Tourd: C, 54.37; H, 5.39; S, 7.889%,.
S: G, 54.26; H, 5.57; S, 8.05%,.

Tri- O -acetyl-( 1, 3/2, 4, 6)-4 -bromo- 6 -bromomethyl-1, 2, 3-cyclo-
hexanetriol (7). a) A mixture of 4 (2.5 g) and 159 hy-
drogen bromide in acetic acid (20 ml) was heated in a sealed
tube at 75 °C for 24 h. The brown reaction mixture was
poured into ice-water (11), and the resulting crystals were
collected and washed thoroughly with water. The crude
crystals were recrystallized from ethanol to give 7 (2.6 g, 709%,)
as needles or prisms: mp 162—163 °C; *H NMR 6 1.99 (3H,
s), 2.04 (3H, s), and 2.07 (3H, s) (OAc), 3.30 (2H, m, CH,Br),
3.90 (1H, m, H-4), 5.00 (3H, m, H-1, H-2, and H-3).

Found: C, 36.37; H, 4.18; Br, 36.95%,. Calcd for Cj3-
H,3O4Br,: C, 36.30; H, 4.22; Br, 37.169%,.

b) Compound 5 (4.5 g) was treated similarly with 159,
hydrogen bromide in acetic acid (35 ml) at 80 °C for 50 h,
and the reaction mixture was processed as described above.
The crude product was crystallized from isopropyl alcohol to
give 7 (4.4 g, 59%,) as needles: mp 159—161 °C

1, 2-Di-O-acetyl-3-O - tosyl-( 1, 3/ 2, 4, 6) -4-bromo-6-bromomethyl-
1,2,3-cvclohexanetriol (8). Compound 6 (1 g) was treat-
ed with 159, hydrogen bromide in acetic acid (6 ml) as de-
scribed in the preparation of 7. The product was crystallized
from ethanol to give 8 (0.85 g, 629,) as needles: mp 161—163
°C; 'H NMR ¢ 2.03 (6H, s, OAc), 2.42 (3H, s, tosyl Me),
3.85 (1H, m, H-4).

Found: C, 40.05; H, 4.069%,.
39.87: H, 4.09%.

1-O-Acetyl- 2, 3-anhydro-(1/2, 3, 4, 6 )-4 - bromo-6 -bromomethyl-
1,2,3-cyclohexanetriol (12). a) Compound 8 (0.7 g) was
dissolved in a mixture of chloroform (3 ml) and methanol
(5 ml) and the solution was treated with 1.3 M methanolic
sodium methoxide (10 ml) at a room temperature for 3 h.
The reaction mixture was evaporated to dryness and the re-
sidual product was acetylated in the usual manner. Thecrude
acetyl derivative was crystallized from ethanol to give 12
(0.12 g, 509%,) as needles: mp 83—84.5 °C; 'H NMR ¢ 2.15
(3H, s, OAc), 3.3—3.6 (4H, m, CH,Br, H-2, and H-3), 4.43
(1H, m, H-4), 4.93 (1H, m, H-1).

Found: C, 32.85; H, 3.64; Br, 48.849%,.
O,Br,: C, 32.96; H, 3.69; Br, 48.729,.

b) Treatment of di-O-acetyl-(1,3/2,4,6)-3,4-dibromo-6-
bromomethyl-1,2-cyclohexanediol® (1.35 g) with methanolic
sodium methoxide as described above gave 12 (0.76 g, 78%,),
identical with the compound obtained above.

Tetra-O-acetyl-( 1,3/ 2,4,6)-4-bromo-6-hydroxymethyl-1, 2, 3-cyclo-
hexaneiriol (9). A mixture of 7 (2 g), anhydrous
sodium acetate (1.5 g, 3.5 mol equiv), and 909, aqueous 2-
methoxyethanol (50 ml) was heated at 80 °C with stirring
for 24 h, and evaporated todryness. The residue was acetylat-
ed as usual and the solid product was extracted with chloro-
form. TLC (1: 15 acetone—benzene, v/v) showed the product
to be consist of one major (R; 0.42) and two minor components
(R; 0.58 and 0.30). The extracts were filtered through a
short alumina column and evaporated to give a syrup, which

Calcd for C;gH,,04-

Calcd for C,gH,,0,Br,S: C,

Caled for C;H »-



1176

crystallized from isopropyl alcohol affording 9 (1.4 g, 729%,)
as needles: mp 119—120 °C; 'H NMR 6 1.97 (3H, s), 2.00
(3H, s), and 2.06 (6H, s) (OAc), 3.8—4.2 (3H, m, CH,0OAc
and H-4), 5.01 (1H, t, J, ;=] =11 Hz, H-1), 5.10 (1H, t,
Jes=Js=11Hz, H-3), 5.20 (IH, t, H-2).

Found: C, 43.72; H, 5.06; Br, 19.82%,. Calcd for C;H,,-
OgBr: C, 44.02; H, 5.17; Br, 19.53%,:

1,2, 7-Tri-O-acetyl-3-O-tosyl-( 1, 3/ 2, 4, 6)-4 -bromo- 6 -hydroxy-
methyl- 1,2, 3-cyclohexanetriol (10). Compound 8 (1 g) was
treated with anhydrous sodium acetate (1.2 g) in 90%, aque-
ous 2-methoxyethanol (50 ml) at 90 °C for 2 days. The re-
action mixture was processed similarly and the product was
acetylated. Crystallization of the acetate from ethanol gave
10 (0.61 g, 63%) as prisms: mp 179—180 °C; *H NMR 4§
2.04 (6H, s) and 2.08 (3H, s) (OAc), 2.45 (3H, s, tosyl Me),
4.00 (2H, broad s, CH,OAc).

Found: C, 45.85; H, 4.76%,.
46.07; H, 4.839,.

Tri-O -acetyl-( 1, 3/ 2, 4, 6)- 6 -azidomethyl- 4 -bromo- 1, 2, 3-¢yclo-
hexanetriol (11). A mixture of 7 (1g), sodium azide
(0.45 g), and 909 aqueous 2-methoxyethanol (15 ml) was
heated at 95 °C for 2 h, and evaporated to dryness. The
residual solid was acetylated as usual and the crude product
was purified by passage through a short alumina column with
chloroform. Crystallization from ligroin gave 11 (1.7 g, 91%,)
as needles: mp 136—138 °C; 'H NMR § 1.95 (3H, s), 2.01
(3H, s), and 2.03 (3H, s) (OAc), ca. 3.3 (2H, m, CH,N,),
3.95 (1H, m, H-4).

Found: C, 39.78; H, 4.67; N, 10.85; Br, 20.66%,. Calcd
for C;3H;¢N,O¢Br: C, 39.81; H, 4.64; N, 10.71; Br, 20.37%,.

Penta-N, O-acetyl-( 1, 3,4/2, 6)- 4-amino-6 -hydroxymethyl-1, 2, 3-
cyelohexanetriol (16). A mixture of 9 (3 g), sodium azide
(1.9 g), and N,N-dimethylformamide (100 ml) was heated at
90 °C for 24 h, and evaporated to dryness. The solid residue
was extracted with chloroform and the extracts were filtered
through a short alumina column. The filtrate was evaporated
to give 14 (2.6 g, 96%,) as a homogeneous syrup: IR (neat)
2100 (Ng), 1745 cm=! (ester); "H NMR 6 2.00 (6H, s) and
2.02 (6H, s) (OAc), 5.01 (1H, dd, J; ,=9.5 Hz, J, 4=5.5 Hz,
H-1), 5.39 (1H, t, J, 3=9.5 Hz, H.2).

A solution of the crude 14 (2.8 g) in methanol (50 ml)
containing acetic anhydride (2 ml) was hydrogenated in a
Parr shaker apparatus in the presence of Raney nickel T-4% at
hydrogen pressure of 3 kg-cm~2 at a room temperature over-
night. The catalyst was removed by filtration and the filtrate
was evaporated to give a crystalline residue. Recrystalliza-
tion from ethanol gave 16 (1.5 g, 539,) as plates: mp 197—
198 °C. This compound was identical with an authentic
sample® in all respects.

Tri- O -acetyl-( 1, 3,4/2, 6)- 4-azido- 6-azidomethyl- 1, 2, 3-cyclo-
hexanetriol (13). Compound 7 (1 g) was treated with
sodium azide (0.9 g, 6 mol equiv) in N, N-dimethylformamide
(40 ml) at 85 °C for 20 h. The reaction mixture was proces-
sed similarly as described above and the product was acetylat-
ed. Crystallization of the crude acetate from ligroin gave 13
(0.62 g, 76%,) as prisms: mp 120—121 °C; *H NMR 4 2.00
(3H, s), 2.05 (3H, s), and 2.07 (3H, s) (OAc), 3.30 (2H, d,
J=4Hz, CH,N,), 4.11 (1H, q, /=3 Hz, H-4), 4.82 (1H,
t, J1,2=J1,6=9.5 Hz, H-1), 4.93 (1H, dd, /, ,=9.5 Hz, H-3),
5.37 (1H, t, H-2).

Calcd for C,,H,y;04BrS: C,
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Found: C, 44.23; H, 5.18; N, 23.48%,.
NgOq: G, 44.06; H, 5.13: N, 23.72%.

Penta-N, O-acetyl-( 1, 3,4/ 2, 6)- 4 - amino- 6 - aminomethyl- 1, 2, 3-
cyclohexanetriol (17). Compound 13 (0.5 g) was hydro-
genated similarly as described in the preparation of 16. The
crude product was crystallized from ethyl acetate to give 17
(0.28 g, 519%,) as needles: mp 258—259 °C (lit, 246—248 °C).
This compound was identified with an authentic sample® by
comparison with IR and 'H NMR spectra.

1,2,7-Tri-O-acetyl-3-O-tosyl-( 1, 3,4/ 2,6 ) -4-acetamido-6-hydrox, -
methyl-1,2, 3-cvclohexanetriol (18). Compound 10 (1g)
was treated with sodium azide (0.6 g) in N,N-dimethylform
amide (20 ml) at 85 °C for 24 h. The product was acetylated
and purified by chromatography on alumina with chloroform
to give the azide (15, 0.9 g, 979%,) as a practically pure syrup:
'H NMR 6 1.93 (3H, s), 2.00 (3H, s), and 2.06 (3H. s) (OAc),
2.45 (3H, s, tosyl Me).

The crude 15 (0.78 g) was hydrogenated as described in
the preparation of 16. The product was crystallized from
ethanol to give 18 (0.28 g, 349, based on 10 used) as needles:
mp 157—158 °C; *H NMR 6§ 1.90 (3H, s, NAc), 1.96 (3H, s),
2.00 (3H, s), and 2.06 (3H, s) (OAc), 2.54 (3H, s, tosyl Me),
3.96 (2H, narrow m, CH,OAc), 6.38 (1H, d, /=7 Hz, NH).

Found: C, 53.05; H, 5.89; N, 2.62; S, 6.57%,. Calcd for
Cp,H,NO,,S: C, 52.90; H, 5.85; N, 2.80; S, 6.42%.

Compound 18 (0.13 g) was treated with methanolic sodium
methoxide as described in the preparation of 12. The pro-
duct was treated with acetic anhydride (7 ml) and pyridine
(7 ml) at 50 °C for 2 h, and the mixture was worked up in
the usual manner. The product was crystallized from ethanol
to give 16 (0.073 g, 74%,) as prisms: mp 194—196 °C, iden-
tical with the compound obtained before in all respects.

Calcd for C;H g
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