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Note

A short synthesis of racemic uronic acids and 2,3-anhydrouronic acids*

RicHARD R ScHMIDT AND ROLF ANGERBAUER
Fahultat fur Chenue, Unnersitat Konstanz, Postfach 5560, 7750 Konstanz (Germam )
{Recenved March 18th, 1980, accepted tor publication June 2nd, 1980)

The Diels—~Alder reaction of wmans-tians-1 3-butadienylene diacetate with
activated carbonyl compounds yields I-O-acetylpseudoglycals (hex-2-enopyranoses)
which are intermediates for the steicospecific synthesis of z-t/n eo-hex-2-enopyrano-
stdes? 3 and for the regiospecific synthesis of 2 3-unsaturated nuclcosides™ > We now
report on the application of this route for the synthesis of racemic mannuionic and
taluronic acid and their 2 3-anhydro derivatives

A good yield of a 1 1 mixture of the racemic 1-O-acetylpseudoglycal derivatives
1 and 2 was obtained by a Diels—-Alder reaction of trans-tians-1,3-butadienylene
diacetate with methyl glyoxylate The glycal 3 was formed as a by-product Compounds
2 and 3 are rearrangement products of the cus-cycloadduct having the /i eo configura-
tion® The components in the mixture 1-3 could be separated by chromatography,
but this was unnecessary for further reactions® The reaction of the muature 1-3 with
methanol, when catalysed by boron trifluoride, gave a quantitative yield of the «-
glycosides 4 and 5 therefore, 2 and 3 led exclusively to 5 Compounds 4 and 5 were
easily isolated by chromatography The structures of 1-5 were assigned on the basis
of 'H-n m r data and comparison with the corresponding butyl uronates?®
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(All the above products were racemic The b forms are depicted for convenience )
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TABLE 1

1H-N MR DATAY FOR 1-11

H-1 H-2 H-3 H-4 H-5 OAc OCH; CO_CH3 Jia J_a Ja Jas

1 641 588 607 3562 445 210 — 378 15 10 18 9
(6 H)

2 651 608 633 537 4181 206 — 38 3 10 5 275
210

3 67t 511 398 536 48 206 — 384 55 53 14 15
210 V212

4 502 585-605 546 439 208 348 378 6 b 18 9

5 506 59 613 326 474 201 345 378 25 10 475 3

6 182 523 52754 431 199 345 376 2 & 2 95
203
212

7 494 3501 3531 560 462 198 344 375 15 35 35 2
206
210

8 501 353 531 433 210 348 374 25 ¢ 1 95

{2 H)
9 501 310 325 520 418 210 350 375 (0] 35 0 95
10 13 347 550 457 210 348 375 2 v 1 15
2 H)
11 507 313 3 68 522 453 210 348 375 W] 35 5 35

280 MHe, CDCls (internal Me.Si) & scale ®Not determined

Treatment® of 4 with hydrogen peroxide in test-butyl alcohol with osmium
tetroaide as catalyst effected c1s-hydroaylation from the less-hindered side” and, after
acetylation, only the mannuronic acid denivative 6 was obtained Because of steric
hindrance. cis-hydroaylation of S proceeded much more slowly than that of 4 and,
after acetylation, the taluronic acid derivative 7 was the only product The structures
of 6 and 7 were assigned on the basis of '"H-n m r data (see Table I), which accorded
with those for the corresponding rerr-butyl uronates synthesised 1:a a different
route®

The reaction of 4 with 50°, hydrogen peroxide and benzonitrile gave 48 9 of
a 3 2 muxture of the epoxides 8 and 9 Likewise 5 afforded 599, of a 1 3 nuxture of
the epoxides 10 and 11 AcO-4 was lost during the epoxidation, and re-acetylation
was necessary for '"H-n m r assignments The relative configurations of the epoxides
8-11 were assigned on the basis of J values (See Table I) and a comparison of the
'H-n m r data with those of other 2,3-anhydrohexoses®''® The preferred formation
of 8 and 11 1s due to the influence of HO-4 1n the intermediates® !!

EXPERIMENTAL

General — Melung points are uncorrected "H-N m r spectra were recorded
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for solutions in CDCl; (internal Me,S1) with a Bruker CW-80 spectrometer # ans-
r1ans-1,3-Butadienylene diacetate was prepared from cyclo-octatetraene!? Methyl
clyoxylate (containing ~ 29 of acetic acid), obtained by oxidative cleavage of methyl
tartrate according to the procedure used for butyl glyowylate'?, had b p 35-38°/12

mmHg
Metlnyl 1,4-di-O-acety I-2,3-dideoy -u-DL-erythro- (1) and -threo-hex-2-enoph 1 a-
nuronare (2), and merlnyl 3,4-di-O-accnv I-pL-ylo-hev-I-enopriamuonate (3) — A

solution of tans-t1 ans-1.3-butadienylene diacetate (6 8 g, 40 mmol), methyl glyorylate
(53 g, 70 mmol), and hydroquinone (20 mg) in benzene (10 ml) was kept at 125°
for 60 h 1n an autoclave The mixture was then concentrated and the restdue was
cluted from silica gel with ethyl acetate-benzene-light petioleum (bp 40-60°)
(1 2 2)to gve, first, 3 (1 1 g, 11°)) as a shghtly yellow oi1l, R- 049

Anal Calc for C;;H,,0, C 5116, H, 547 Found C, 5099, H, 5 38

Eluted second was 1 (2 65 g, 25%,) as a colourless o1l, Ry 045

Anal Found C, 5125 H 549

Eluted third was 2 (242 g, 26%,) as a colourless o1l R 030

Anal Found C 5101 H, 549

See Table I for 'H-n m r data

Metinl (methyl 4-O-acetyl-2,3-dideony -v-DrL-erythro- and -threo-he-2-eno-
prianosid)uionate (4 and 5) — To a solution of the foregoing mintuie 1-3 (52 g
20 mmol) 1n methano! (15 ml) and anhydrous acetomitrile (500 ml) was added boron
trifluoride etherate (5 ml) at 0-5° After 3 h, the mixtuie was neutralised with saturated
aqueous sodium hydrogencarbonate (40 ml) and extracted with chloroform (3 x
500 ml), and the combined extracts were dried (Na,SO,) and concentrated The
restdue was eluted from silica gel with ethyl acetate—benzene-hght petroleum (b p
40-60°) (1 2 2) to gve, first, 4 (1 9 g, 41°7) as a colourless o1l R 047

Anal Cale for C,(H,,0, C,35217 H, 613 Found C, 35226 H.620

Eluted second was 5 (2 6 g, 569,) as a colourless oil, R- 0 33

Anal Found C, 5215 H, 599

See Table I for 'H-n m r data

Metlny ! (methyl 2,3,4-t1-O-acety [-z-DL~mannopy 1 anosid)uronate (6) — To a
solutton of 4 (230 mg, I mmol) in 6%, hydrogen peroxide in ter 2-butyl alcohol (7 2 ml)
was added 10%, osmium tetroxide in fert-butyl alcohol® (1 25 ml) After the dis-
appearance of 4, excess of hydrogen peroxide was decomposed with a catalytic amount
of manganese dioxide The reaction mixture was concentrated to dryness, and the
residue was acetylated with acet « anhydride-pyridine (Sml, | [)atroom temperature
The product was eluted from stilica gel with chloroform-ether (9 1), to give 6 (180 mg,
529) as a colourless o1l

Anal Calc for C, H,,0,, C, 4828, H, 579 Found C 4827 H, 567

See Table I for *H-n m r data

Metlnl (metlnl 2,3,4-t11-O-acety I-o-DL-talopy ranostd i onate (1) — Using
the method described above, 5 (230 mg, | mmol) was converted into 7 (170 mg,
499%), m p 129° (from cyclohexane)
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Anal Calc for C,,H,,0; C,4828. H 579 Found C, 48 25, H, 568

See Table I for '"H-n m r data

Metlpl (methy! 4-O-acet) I-2 3-anhydro-o-DL-allo- and -manno-p) ranosid)ui on-
ate (8 and 9) — To a solution of 4 (691 mg. 3 mmol) in methanol (10 ml) were
added sodium hydrogencarbonate (1 g). benzonitriie (2 5 ml), and 509 hydrogen
peroxide (25 ml) at room temperature After the disappearance of 4 (1-3 days),
excess of hydrogen peroxide was decomposed with a catalytic amount of manganese
dioxide The mixture was filtered and concentrated, and the residue was acetylated
with acetic anhydride-pynidine (10 ml. 1 1) at room temperature Elution of the
product from silica gel with benzene—acetone (19 1) gave. first, 9 (130 mg, 18%)
as a colourless o1l Ry 028

Anal Cale for C, H,,0,.C, 4878, H, 573 Found C, 4888, H, 585

Eluted second was 8 (220 mg, 30%/) as a colourless o1l Rg 0 20

Anal Found C. 4882 H, 572

See Table I for '"H-n m r data

Vieriy [ (methy ! 4-O-acety [-2,3-anlty dro-»-DL-gulo- and -talo-pyi1anosid)uronatc
(10 and 11) — Using the method described above 5 (691 mg, 3 mmol) was converted
mnto 10 (100 mg. 14 9;), 1solated, first by chromatography as a colourless oil, Rz 0 30

Anal Calc for C,(H,;,0; C, 4878 H, 573 Found C 4894 H, 585

Eluted second was 11 (330 mg, 45%) mp 125° (from cyclohexane), R 0 24

Anal Found C, 4914, H, 574

See Table I for 'H-n m r data
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