Carbolidrate Research, 58 (1977) 2-40-244
& Elsevier Scientific Publ shing Company. Amsterdam - Printed 1n Belgium

Note

Synthesis of penta-/N.0O-acetyl-DL-validamine
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Department of Applhed Chemnistry. Faculiv of Engineering. Keto University .
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(Recenved October 19th. 1976: accepted tor pubhication in revised form. December 27th, 1976)

Validamine 15 a component of the validamycins, unique antibiotics that are
produced by Sirepromiyces hyvgroscopicus var. limoneus'™*. Its structure bas been
established as 1L-(/,3.4/2.6)-3-amino-6-(hydroxymethyl)-1,2.3-cyclohexanetriol *.
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In the present note, we report a first synthesis of penia-V,0-acetyl-pL-
validamine (10). Treatment of acrylic acid with furan in an atmosphere of nitrogen
in the presence of hydroquinome as a polymerization inhibitor gave the koown
7endo-osabicyclo[2.2. [lhept-5-ene-2-carboxylic acid3-° (1). The ende configuration of
1 was confirmed by converung 1 into 7endo-oxabicyclo][2.2.1]heptane-2-carboxylic
acid® in 9295 yreld
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Oxidation of 1 with hydrogen peroxide in formic acid gave 9exo-hydrosy-2,7-
diosatricyclo[4.2.1.0"-8lnonan-3-one’ (2). Reduction of 2 with lithium aluminum
hydride in tetrabydrofuran gave crude Sexo. 6endo-dihydroxy-2endo-(hydroxy-
methyl)-7-oxabicyclo[2.2. 1]heptane (3). Conventional acetylation of 3 afforded the
tri-O-acetyl derivative (4) as a chromatographically homogeneous syrup. Compound 4
was beated in aqueous acetic acid coniaining conc. sulfuric acid. The product was
acetylated, and purified by column chromatography to give penta-O-acetyi-DL-
(1,3,5]2.4)-5-(hydroxymethyl)-1,2,3,4-cycioheranetetrol (5).

Opening of the |,4-epoxide ring. followed by acetylation, might convert 4 into
two diastereomers: compound 5 and penta-O-acetvl-DL-(7,2/3.4.5)-5-(hydrosy-
methyl)-1.2,3 4-cyclohexanetetrol’. The physical and spectral data observed for the
product were completely different from those of the latter compound as described by
McCasland and coworkers’. Therefore, the aforementioned onfiguration was
assigned tentatively to 5.

Deacetylation of 5§ gave pL-(/,3,5/2.4)-5-(hydroxymethyl)-1,2,3,4-cyclohevane-
tetrol (6) as a homogeneous syrup. Compouna 6 was treated with 2.2-dimethoxy-
propane in N,N-dimethylformamide in the presence of p-toluenesulfonic acid to give
a mixture of 2,3:4,7-di-O-isopropylidene-pDL-(7,3,5/2,4)-5-(hydroxymethy!)-1,2,3.4-
cyclohexanetetrol (7) and its positional isomer, the pr-1,2:4.7-di-O-isopropylidene
derivative, in the approximate ratio of 3:2. The mixture was tosylated in pyridine to
give a crystalline mixture of the corresponding I-sulfonate (8) and 3-sulfonate.

When the mixture of sutfonates was heated with sodium azide in NV,N-dimethyl-
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formamide, compound 8 was preferentially converted into 1.7:2.3-di-O-isopro-
pylidene-pL-(7,3,4/ 2,6)-4-azido-6-(hydrosymethyl)-1,2,3-cyclohexanetriol (9). The un-
changed 3-p-toluenesulfonate was recoveread.

Catalytic hydrogenation of 9 in a hydrogen atmosphere in the presence of Raney
nickel, followed by hydrolysis in 3m hydrochloric acid gave a crude hydrochloride
sait. After treating the latter with Amberhte IRA-400(OH 7) resin, the resultant base
was acetvlated to give penta-N.O-acatyl-pL-validamine (10) as crystals. The 'H-n.m.r.
and i.r. spectra of 10 were superposable on those of an authentic sample®.

EXPERIMENTAL

General methads. — Melting points were determined in capillary :ubes and are
uncorrecied. Solutions were evaporated under diminished pressure. 'H-n.m.r.
spectra were recorded on a Varian A-60D spectrometer at 60 MHz 1n chlocoform-d,
unless otherwise noted. with tetramethylsilane as the internal standard. and the peak
positions are given as ¢ values. L.r. spectra were recorded on a Hitachi-Perkin-Eimer
225 spectrometer Acetylation was performed conventionally with acetic anhydride
in pyndine. T.l.c. was performer on Wakogel B-10 (Wako Pure Chemical Co. Ltd.)
plates. Silica gel (Wahkogel C-300) was employed for celumn chromatography.
Elemental analyses were performed by Mr. Saburo Nakada.

7endo-Ovxaticiclo[? 2. Nhept-5-ene-2-carboxylic acid (i). — A minture of
acrylic acid (216 g, 3 mol) and furan (204 g. 3 mol) containing hvdroquinone (0.3 @)
was Kept for 75 days under nitrogen. The resulting crystais were filtered off and
recrystallized from ethyi acetate-hgrom to give 140 g {33%.) of 1. The filirate gave
another crop of crysials (50 g) afier being kept for one month: total yield 45
m.p. 97-100" (Li.” m.p. 98-99.5°). The 'H-n.m.r. spectrum was superposable on that
of an authentic sample reported by Nelson ¢f al.® (4nal. Found: C. 59 79: H, 5.71)

Compound 1 (10 g) was hydrogenated n ethyl acetate (25 mi) over palladium
black (0.1 g) for 30 rmin under hydrogen (3.4 keg/em?). The product was recrystalhized
from ethyl acetate-ligroin to give 9.3 g (92°,) of 7endo-oxabicyclo[2.2.1}heplane-2-
carbouylic acid, m.p. 75-76": h1.® m.p. 76-77". The 'H-n.m.r. spectrum was tdenucal
with that of an authentic sample reported by Nelson e al.® (4nal. Found: C. 59.00:
H. 7.03).

9exo-Hidroxy-2.7-dioxatricyelo(4.2.1.0°% Blnonan-2-onc (2). — Compound 1
120 2) was dissolved in 95%, formic acid (38 ml). and 30", hydrogen perovide (45 ml)
was added gradually to the solution with vigorous stirring at 43°. Afier 5 min. the
solution was steam-distilled to remove formic acid and then evaporated to gne a
crystalline residue. Recrystallization from aqueous ethanol gave 17 g (76%0) of 2.
m.p. 112-1137 (lit.> m.p. 115-116%): vRBr 3450 (OH) and 1790 cm ™! (lactone):
'"H-n.m.r. (D,0): §2.03 (dd, 1. ;. 5010 3 Jeem 13.5 Hz, H-Sendo), 2.31 (ddd, I,
I3 5050 9-3, S5 sexo 4.3 Hz. H-3¢x0). 2.89 (d1, 1. J, ¢ 4.5 Hz, H-4). 4.05 (5. |, H-9).
1.6-4.8 (m. 2. H-1 and 6), and 5.56 (dd, 1, J, g 6 Hz. H-8). (Anal. Found: C. 53.88:
H, 5.19).
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Sevo,6endo-Diccetory-2endo-(aceto vymethyl)-7-ovabicyelof 2.2 . Nheptane (1), —
To a stirred suspension of hithium aluminum hydride (0.31 ¢) in tetrahydrofuran
(10 m}) was added a solution of 2 (2.1 g) in tetrahydrofuran (40 ml) with cooling by
ice The mixture was stirred for 13 min at 3° and then water (3 ml) was added. The
resulting precipitate was filtered off and the filier cake was extracted in a Soxhlet
extractor with tetrakydrofuran. The filtrate and extract were combined and evaporated
to gne Seao,6endo-aihydrosy-2endo-{ hydrovy methyl)-7-osabicyclo[2.2. 1Theptane (3)
as a syrup.

Compound 3 (1.8 g) was acetylated and the product was passed through a short
column of alumina with chloroform. The eluate was evaporaied 1o 2ive 4 (2.6 ¢. 69" o)
as a syrup that showed only one spot at R 0.79 on t.lc. in 2.1 (v/v) butanone-
toluene: 'H-n.m.r. data: 4 1.99 (s, 2, OAc). 203 (5. 3. OAc). 2.07 (s. 3. OA0). and
4.2-4.7 (m, 4, H-1, 4, 5. and 6).

Anal. Cale. for C.H ,;,0-: C, 34.54; H, 6 34. Found. C, 54.58: H 6.18

Penta-O-acervl-pL-(1.3.5/2 3)-5-(hvdroy methvl)-1.2. 3 4-cyclohevanerctrol (R).
— Compound 4 (15 g) was heated in 80"0 aqueous acetic acid (375 ml} containing
conc. suffuric acid (4 ml) for 22 h under reflus. The solution was evaporated and the
residue acetylated with acetic anhydride (110 ml). The product was fracuonated on a
column of silica gel with 1:10 (v/v) butanone-toluene as eluant. Fracuons showine a
single spot at Ry 0.18 on t l.c. in the same solvent were combined and evaporated. The
residue was recrystallized from ethanol to gine 3 (4 2, 20" ), m.p. 111-112-; 'H-n.m.r.
data: 0 1.99 (s, 3, OAc). 2.0l (s, 3. OAC). 2.02 (s, 6. 20A0). 205 (5. 3, OAc), 3.92-
4 [0 (m. 2, H-6 and 6'). and 4.85-3.23 (mi, 4, H-1.2.3, and 4).

Anal Cale Tor C,:H.;0,,: C, 532,57, H. 6 23. Found: C, 52.71: H. 6 13.

Mivture of 2.3:4.7-di-O-1sopropy lidene-1-O-rosvl-bL-  (8) and  1.2:4.7-d1-0-
isopropyvlidene-3-O-tosvl-pL-(1,2.5/2. 1)-3-(y drovvmerin[1-1.2.3.4-cvcloh vanetetrol. —
Compound 5 (2 3 g) was dissolved in 0 3s methanolic sodium methovide (30 mi).
After 1 h at 70°, the soluuon was deiomized with Amberhite IR-120(H ™) resin. and
then evaporated to give DL-(/.3.3/2.4)-5-thydrovymethy)-1.2.3.4-cyelohevanetetrol
(6. 1.5 g, 97°0) as a syrup. The product showed a single sporat R, 0.75en tlc¢ In
4:5:2 {v/v) butanol-ethanol-water.

Compound 6 (1.5 g) was treated with 2,2-dimethoxy propane (30 ml) in V, V-
dimethylformamide (20 ml) in the presence of p-toluenesulfonic acid (5 mg) at 60 .
After 3 h, the mixture was neurralized with sohid sodium hydrogencarbonate ard
evaporated to give a crude syrup (2 g). T.l.c. indicated the formation of two new
procucts [Re0.57 and 0.43 in the approumate ratio of 3:2 in I*1 (v/v} butanone-
toluene] that were assumed to be 2.3:1.7-d1-O-1sopropyhdene-pi- (7) and -1.2-1.7-di-
O-isopropylidene-pL-(/,3.3/2.4)-5-(hydrovymethyD-1.2.3 4-cyclohexanetetrol.

The misture (2 g) was dissolved 1n pyridine (15 mD and p-toluenesulionyl
chloride (3 g) was added to the solution. After 2 days, the minture was poured into
ice-warer, and the resulting crystals were collected by fliration. Recrystallization
from 1sopropyl alcohol gave a crystalline minture (2.9 g. 90°+) of 8 and the 2-p-
toluenesulfonate. T.l.c. of the product showed two spots on t.l.c, at R 0.63 and 0.51,
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in the approximate ratio of 3:2 in 1:4 (v/v) butanone-toluene. The product melted
sharply at 146-147°.

Anal. Calc. for C,oH,0-S: C, 38.24; H, 6.84: S, 7.77. Found: C, 58.21;
H, 6.82: S. 7.48.

Penta-N. O-acetyl-pL-ralidamiine (10). — The preceding mixture of sulfonates
(i.10 g) was heated with sodium azide (0.7 g) in N.N-dimethylformamide (55 mi)
under reflun. After 2 h, the mixture was filtered and the filtrate was evaporated. T.l.c.
indicated that the faster-moying sulfonate had disappeared and a new single product
(R; 0.59) had formed, whereas the slower-moving sulfonate remained at the same
point in 1.4 (v/v) butanone-tolucne. The residue was crvstallized from isopropyl
alcohol to give the unchanged 3-p-tolucuesulfonate (0.12g, 11%), m.p. 168-169°.

4nal. Calc. for C.yH.g0,S: C, 58.24; H, 6.84; S.7.77. Fournd: C,57.98; H, 6.76;
S,7.71.

The mother lquor was evaporated to give 1,7:2,3-di-O-isopropylidene-DL-
(!1.3.412,6)-4-azido-6-(hydrosymethyl)-1.2.3-cyclohexanetriol (9, 0.51 g, 67%) as a
crude syrup, +hBr 2140 cm = ! (N;), which was shown by t.l.c. tocontaina trace of the
3-sulfonate.

Compound 9 (0.4g) in ethanol (50 ml) was hydrogenated (3.4 kg/em? of
hydrogen) over Raney nickel for 18 h. The product w.as heated in 3M hydrochloric
acid (10 ml) for I h at 80" and the solution evaporated. The product was treated with
Amberlite IRA-400(OH ™) resin and then acetylated for 2 days. The acetylation
product was recrystallized repeatedly from ethanol to give 10 (153 mg, 28%) as
crysials, m.p. 197-198°. The 'H-n.m.r. and i.r. spectra (in CHCI;) were superposable
on those of an authentic sample derived from (+)-validamine hydrochloride that
had kindly been supphied by Dr. Satoshi Horii.

Anal. Cale. for C,;H,NOy: C, 32.71; H, 6.51; N, 3.62. Found: C, 52.85:
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