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A stereospecific synthesis of evalose, a constituent of orthosomycin
antibiotics
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The branched-chain carbohydrate evalose (1), a constituent of the orthoso-
mycin antibiotics evermmnomicin B! and flambamycin?, has been synthesised® The
key step of the synthesis, namely, peroxy-acid oxidation of methyl 4,6-O-benzylidene-
3-deoxy-2-O-methyl-3-C-methylene-a-D-arabmo-hexopyranoside (2) afforded mainly
the spiro-epoxide 3 having the b-manno configuration* which was subsequently
transformed by known methods into 1
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Our first approach to the synthesis of evalose was based on that used for noga-
lose® (4), which 1s a related, branched-chain carbohydrate constituent of the anti-
biotic nogalamycin®

Treatment of allyl z-D-mannopyranoside (§) with 2 2 equiv of benzoyl chloride
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at —40° n pyndine gave, after chromatography, 509, of the 3,6-dibenzoate 6
Deallylation of 6. using 109, palladium-on-carbon 1n ethanol-acetic acid—water
(2 1 1) at 80° for 2 days. gave 76%, of syrupy 3,6-di-O-benzoyl-bD-mannose (7)
A 1.2-O-cyclohexvhidene protecting-group was then introduced on the g side of the
molecule, by heating a solution of 7 in N.N-dimethylformamide containing 1,1-
dimethoxycyclohexane and toluene-p-sulfonic acid. 68 9 of the 1,2-O-cyclohexylidene
derivative 8 was subsequentiy 1solated Saponification of 8 with methanolic sodium
methoxide afforded 8597 of syrupy 1,2-O-cyclohexylidene-$-D-mannopyranose (9)
Treatment of 9 with ,7-dimethoxytoluene 1 N N-dimethylformamide containing
toluene-p-sulfonic acid gave 65% of 4.6-O-benzyhdene-1,2-O-cyclohexylidene-f3-D-
mannopyranose (10) Oxidation of 10 with methyl sulfoxide-acetic anhydride fur-
nished 899, of syrupy 4 6-O-benzyhdene-1,2-O-cyclohexylhidene-f-p-arabino-hexo-
pyranos-3-ulose (11)

Unfortunately, the 1,2-O-cyclohexylidene group 1n 11 does not sterically hinder
attack by methylmagnesium todide, which gave a 1 1 mixture of the tertiary alcohols
12 and 13 The configuration of the asymmetric centres in 12 1s the same as that in
evalose (1) and the conversion 12— 1 1s straightforward The absence of stereo-
sel¢ ctivity 1n the crucial Grignard reaction led to the consideration of a better strategy
for the synthesis of evalose

In a synthesis” of the branched-chain amino sugar sibirosamine 14, the inter-
mediate 15 was reported to be easily accessible Cis-hydroxylation of the double
bond of 15 with osmium tetraoxide occurred exclusively from the f side of the mole-
cule, affording syrupy methyl 4-O-benzoyl-6-dcoxy-3-C-methyl-2-D-mannopyrano-
side (16), saponification of which afforded an excellent yield of methyl 6-deoxy-3-C-
methyl-z-D-mannopyranoside (17, methyl y-evaloside) The physical properties®
of methyl 6-deoxy-3-C-methyl-v-D-allopyranoside differ from those of 17 A crystal-
Iine methyl elycoside of natural evalose has been reporied®, without assignment of
the anomeric configuration On the basis of its '3C-n mr spectrum'® 1t 1s very
Iikely'! that this compound corresponds to methyl f-evaloside and 1s different from
our synthetic product Acid hydrolysis of 17 afforded 67°/ of a product which was
identical with evalose (1)

ENXPERIMENTAL

General — Solutions were concentrated under diminmished pressure and
catracts were dried over Na,SO, Optical rotations were measured on solutions in
CHCI; at room temperature N mr spectra were recorded for solutions in CDCl;
(internal Me,S1) with Varian T-60 (*H) and Bruker HX-90 F T spectrometers ('*C)
Chromatography was performed on Silica Gel G (Merck) Melung ponts are un-
corrected

Allyl 3,6-di-O-benzoy I-7-D-mannop) 1 anoside (6) — Benzoyl chlornde (28 7 ml)
was added slowly to a solution of allyl z-p-mannopyranoside (25 g) in pyrnidine
(1 Iitre) at —40° and the mixture was allowed to attain room temperature, stored for
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18 h, and then partitioned between water (3 hitres) and dichloromethane (3 x 500 ml)
The organic layer was dried and concentrated, and the syrupy residue was chromato-
graphed on silica gel The major product was crystallised from chloroform—hexane,
to yield 6 (23 g, 50%), m p 135-137°, [o]p +51° Mass spectrum mi/= 428 (M7¥)
'H-Nmr data §773and 716 (2 m, 10 H), 579,513,396 (3 m, 5 H, allyl group)
513 (m 1 H, H-3),473 (bs, 1 H H-1), 450 (bs OH), and 396 (m, 2 H, H-6,6")

Anal Calc for C,3H,,05 C, 6448, H, 565 Found C, 64 64, H, 558

3,6- Di-O-benzoy [-1,2-O-c) clohen) lidene-fi-D-mannopyranose (8) — To a
solution of 6 (1 g) in ethanol-acetic acid—water (2 1 1, 24 ml) was added 10%,
palladium-on-carbon (1 g) The mixture was heated at 80° for 2 days, cooled
filtered through Kieselguhr, and concentrated, to give syrupy 3,6-di-O-benzoyl-p-
mannose (7. 690 mg, 76%,) Mass spectrum m/= 388 (M* ) and 371

To a solution of 7 (750 mg) 1in N,N-dimethylformamide (10 ml) were added
1,1-dimethoxycyclohexane (3 ml) and toluene-p-sulfonic acid (50 mg) The nmuxture
was heated at 50-55° under dimimished pressure for 24 h and then partitioned between
water (100 ml) and dichloromethane (3 x 100 ml) The organic layer was dried and
concentrated, and the residue was crystallised from ethyl acetate—hexane. to yield 8
(620 mg, 689%), mp 168-169° [«]p —9° Mass spectrum m/z 468 (M* ) Nmr
data 'H. 5§812and 750 (2 m, 10 H), 538 (d. 1 H. J, , 2 Hz, H-1),533 (q 1 H
Jy33,J3,9Hz H-3),456 (q, | H, J, , 2, J5 3 3 Hz, H-2), 423 (m, 2 H, H-6,6")
366 (m 1 H, H-5), and 156 (m, 10 H) '3C § 972 (C-1), 74 1 (C-2), 76 3 (C-3)
651 (C-4), 73 6 (C-5), and 63 6 (C-6) + benzoate and cyclohexylidene carbons

Anal Calc for C,gH,304 C, 6665, H, 602 Found C, 6669, H, 6 20

4,6-O-Benzylidene-1,2-O-c) clohey lidene-f-D-mannopy 1 anose (10) — A solution
of 8 (370 mg) in methanolic 0 Ia sodium methoaide (20 ml) was stored at room
temperature for 3 h and then neutralised with Amberlite MB-3 (H") resin Concentra-
tion gave chromatographically homogeneous, syrupy 1 2-O-cyclohexylidene-f-p-
mannopyranose (9, 176 mg, 85%) 'H-Nmr data 511 (d, 1 H, J, , 2 Hz H-1)
435(q,1H,J,,2,J,34Hz H-2),388 (m, 3 H, H-3,4,5), and 1 60 (m, 10 H)

To a solution of 9 (950 mg) in N,N-dimethylformamide (16 ml) were added
7.2-dimethoxytoluene (3 ml) and toluene-p-sulfonic acid (100 mg) The nuature was
heated at 50-55° under dimimished pressure for 3 h and then partitioned between
water (100 ml) and dichloromethane (3 x 80 ml) Concentraticn of the organic layer
and crystallisation of the residue from ethyl acetate-hexane yielded 10 (800 mg
65%), mp 172-173°, [«]p —58° N mr data 'H, § 740 (m, 5 H) 557 (s, H-7),
531(d,J, ,25Hz, H-1),438(q,/, 25,J, 3 SHz, H2) 431(q J> 35 J; . 10 Hz
H-3), 406 (m, H-6e and OH) 390 (q Jg,6. = Je.s = 10 Hz, H-6a), 374 (1,
J34 = Jy 5 = 10 Hz, H-4), 3 36 (m, H-5), and 1 62 (m, 10 H) '*C, 4 974 (C-1),
78 0 (C-2), 69 6 (C-3), 78 7 (C-4), 652 (C-5), and 68 7 (C-6) -+ benzylidene and
cyclohexylidene carbons

Anal Cale for C;,H,,04 C, 6550, H, 694 Found C, 6579, H, 704

4,6-O-Benzylidene-1,2-O-cyclohex) idene-f-D-mannopy 1 anos-3-ulose (11) — A
solution of 10 (280 mg) in methyl sulfoxide (7 ml) and acetic anhydride (4 ml) was
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stored for 24 h at room temperature. and then partitioned between water (100 ml) and
dichloromethane (3 x 100 ml) The combined organic layers were concentrated, to
give 11 (250 mg. 89%) 'H-Nmr data 6 737 (m 5 H), 564 (s, H-7), 554 (bs,
H-1). 479 (d, J, 5 10 Hz, H-4), 448 (m H-6¢). 4 34 (bs, H-2), 391 (m, H-6a),
367 (m, H-5), and 1 64 (m, 10 H)

4,6-O-Benzy hidene-1,2-O-c) clohex) lidene-3-C-methy I-f-p-manno- (12) and -al-
tro-prianose (13) — To a solution of 11 (170 mg) n tetrahydrofuran (50 ml) was
added, under nitrogen at —20°, a solution m tetrahydrofuran (50 ml) of methyl-
magnestum 10dide prepared from magnesium (360 mg) and methyl 1odide (6 3 ml).
The mixture was allowed to attain room temperature slowly After 24 h, cold, satu-
rated. aqueous ammonium chloride was added, the solvent was evaporated, and the
residue was partitioned between water and dichloromethane Concentration of the
organic layer yielded a 1 -1 mixture of 12 and 13, as judged by the 'H-n mr spectrum
of the residue & 562 and 558 (s H-7 of 12 and 13). and 540 and 5 34 (d, J, » 2 Hz,
H-1 of 12 and 13)

Methy 1 4-O-benzo) I-6-deor y-3-C-methyl-u-D-mannopyranoside (16) — Methyl
4-0-benzoyl-2,3,6-trideoxy-3-C-methyl-«-D-er} th 0-hex-2-enopyranoside’ (15, 90 mg)
was added to pyridine (3 ml) containing osmum tetraoxide (75 mg), and the mixture
was stored at room temperature for 2 h A solution of sodium bisulfite (1 2 ml), water
(2.5 ml), and pyridine (1.7 ml) was then added with stirring and, after 1 h, the mixture
was partitioned between water and dichloromethane The organic layer was concen-
trated, to yield syrupy 16 (100 mg, 98%,), [2]p +81° 'H-N mr data 57 83and 7 26
(m, 5 H),500(, J,s 10 Hz, H-4),470 (d, J, - 2 Hz, H-1). 390 (m, H-5). 353
(bs H-2 and OH), 3 33 (s, OMe), 1 40 (s, Me-3), and 1 26 (d, J5 ¢ 6 Hz, Me-5)

Methyl 6-deox)-3-C-methyl-a-D-mannopyr anoside (17) — A solution of 16
(115 mg) in methanolic 0 1M sodium methoxide (10 ml) was stored at room tempera-
ture for 3 h, and then neutralised with Amberlite MB-3 (HO™) resin Concentration
of the solution gave methyl x-evaloside (17, 70 mg, 94%;), mp 122° (from ether—
hexane), [7]p +354° Mass spectrum mf= 192 (M* ) 'H-Nmr data J 463 (bs,
H-1). 3 33 (s, OMe), and 1 30 (s, Me-3)

Anal Cale for CgH,405 C, 49.99, H, 8 39. Found C, 4976, H, 8 29

6-Deoxy -3-C-methy I-D-mannose (evalose, 1) — To a solution of 17 (70 mg) in
tetrahydrofuran (I ml) was added 2M hydrochloric acid (2 ml), and the mixture was
boiled under reflux for 3 h, neutralised with barium carbonate, filtered through
Kieselguhr, and concentrated, to give 1 as a colorless o1l (43 mg, 67%), [%]p —7°
(ethanol), lit & [«]p, —4 9° (ethanol)
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