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Abstract

The well-known pg-elimination of protected aldonolactones is used for the synthesis of the
short-chain 2-keto-3-deoxyaldonic acids 1—4 containing four to six carbon atoms. The key step is
the facile B-elimination step which generates the desired 2-keto-3-deoxy acids as protected enol
1,4-lactones in excellent yields. Smooth deprotection then leads to the 2-keto-3-deoxyaldonic
acids. In the case of the protected D-galactono-1,4-lactone 6 an epimerisation is observed during
the elimination process. This enables the synthesis of both 2-keto-3-deoxy-D-hexonic acids with
either D-erythro (1) or D-threo (2) configuration in good to excellent yields in only three steps
starting with commercially available D-galactono-1,4-lactone (5).
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1. Introduction

The 2-keto-3-deoxyaldonic acids 1-3 are well-known metabolites in the oxidative
degradation pathway of aldoses leading to pyruvate and small hydroxy aldehydes [1].
There are also some reports about their occurrence in polysaccharides. 3-Deoxy-D-threo-
hex-2-ulosonic acid (2) was identified as part of an extracellular polysaccharide in
Azotobacter vinelandii [2). A corresponding 3-deoxy-L-glycero-pent-2-ulosonic acid
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occurs as a component of the repeating unit of the capsular polysaccharide of Klebsiella
K38 [3].

For the chemical synthesis of this family of compounds four major approaches have
previously been used: (i) condensation of oxalacetic acid with aldoses leading to
diastereomeric mixtures of the desired compounds [4]; (ii) selective oxidation of
3-deoxyaldonic acids by the action of sodium perchlorate in the presence of vanadium(V)
oxide in mediocre yields [5]; (iii) cyanohydrin synthesis and base-catalysed cyclisation
to imidolactones, elimination, and stepwise hydrolysis in an overall yield of ca. 6% [6];
(iv) chain extension of aldoses by a one- or two-carbon synthon including a compara-
tively complex synthesis of the starting materials [7).

To our knowledge only one approach dealing with the synthesis of 2 employing
B-elimination was reported by Anker and co-workers [8]. This synthetic sequence started
with D-glucono-1,5-lactone and allowed the synthesis of 2 in a six-step reaction in an
overall yield of 45%.

2. Results and discussion

The investigation presented in this paper focuses on a more general approach which
can be used for the 2-keto-3-deoxyaldonic acids 1-4. Starting with the aldono-1,4-lac-
tones (5, 9, 13) the selective protection of the hydroxy groups in the side chain was
followed by benzoylation of the remaining hydroxy groups at C-2 and C-3.

B-Elimination in protected aldonolactones was first observed as a side reaction during
base-catalysed acetylations and benzoylations of unprotected lactones [9]. De Lederkre-
mer et al. [10] isolated several elimination products by treatment of perbenzoylated
lactones with bases such as pyridine or tricthylamine and discussed an E,_, mechanism
for the elimination step [11]. Pedersen and his co-workers [12] used the synthetic
potential of this reaction for the synthesis of 3-deoxyaldonic acids and 3-deoxyaldoses
by combining the triethylamine-catalysed elimination of peracetylated aldonolactones
with the in situ reduction of the initially formed enol intermediate to give 3-deoxyal-
donolactones.

Our initial task was to develop a suitable protecting group pattern which would
prohibit further elimination and enable smooth deprotection to give the labile free acids.

In the case of D-galactono-1,4-lactone (5) a quantitative selective isopropylidenation
(TLC) of the side-chain hydroxy groups was achieved by treatment of § with Amberlite
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IR-120 (H*) ion-exchange resin in anhydrous acetone. The crude material could be
subjected, without further purification, to benzoylation of the remaining hydroxy groups
to yield the fully protected product 6 in 86% overall yield. B-Elimination was carried
out in dichloromethane with a catalytic to a molar amount of triethylamine and led to the
simultaneous formation (TLC) of the two products 7 and 8 in 56 and 33% yield,
respectively. Until now all attempts to change the product ratio by variation of
temperature, the reaction time, and the amount of catalyst have been unsuccessful.

After separation by column chromatography the two products were identified as C-4
epimers by comparison of NMR data values and optical rotation. The coupling constant
Jy s 4 Hz for 7 proved the D-threo configuration which is similar to that of the starting
material (6: J,5 4 Hz). On the other hand the coupling constant J,; 8 Hz for 8
indicated the D-erythro configuration. All other 'H and “C signals of both these
compounds were similar and clearly proved the 2-enolactone structure. The difference in
optical rotation of —55.4° for 8 and +19.8° for 7 further supported the idea that
epimerisation at C-4 occurred during the elimination and caused the formation of the
two diastereomeric compounds 7 and 8.

Deprotection was carried out for both products in a two-step reaction which could be
performed in situ. The cleavage of the isopropylidene group was achieved first by
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treatment with hydrochloric acid in anhydrous methanol; an addition of aqueous sodium
hydrogen carbonate to pH 8 then led to deprotection of the enol and simultaneous
lactone opening. Following evaporation the raw material was separated from inorganic
salts and sodium benzoate by chromatography on a Sephadex G10 column.

The sodium salts 1a and 2a of the 2-keto-3-deoxyhexonic acids 1 and 2 could be
obtained in 44 and 69% yield, respectively. The NMR spectra in D, O indicated for both
compounds a mixture of anomeric pyranose and furanose structures; 2a could be
identified as the product previously described by Anker and his co-workers [8] and 1a as
its D-erythro isomer based on evaluation of coupling constants.

In the case of the L-arabinono-1,4-lactone 9 the selective protection of the side-chain
hydroxy group at C-5 could be achieved by silylation with 1.2 equivalents of tert-
butylchlorodiphenylsilane in anhydrous pyridine in 80% yield after column chromatog-
raphy. In contrast to the previous results of Fleet and his co-workers [13], who used the
same reagent but added imidazole for protection of the primary hydroxy group in
D-glycero-p-gluco-heptono-1,4-lactone, no significant silylation at the corresponding 2
position could be observed in this case. The crude material formed by benzoylation of
the remaining hydroxy groups at C-2 and C-3 could be subjected to B-elimination
without further purification and gave 83% of the 3-deoxy-2-enolactone 11.

This product was desilylated with tetrabutylammonium fluoride at pH 6 to give
compound 12 in 92% yield. Its enantiomeric purity was proved by esterification with
Mosher’s reagent [14]. The NMR spectra of the ester showed only one set of signals
which indicated the formation of only one enantiomer during the course of S-elimina-
tion as determined by 'H NMR. The configuration was supposed to be L-glycero by
comparison of the optical rotation value of 11 with that of the diastereomeric com-
pounds 7 and 8.

Again the deprotection procedure as described for 7 and 8 seemed to be successful as
seen by TLC; however, the workup procedure caused decomposition probably because
of the instability of the sodium salt of 3. In order to avoid this problem the very mild
debenzoylation method with N-methylpyrrolidine in methanol and tetrahydrofuran was
used [15]. After two hours the reaction mixture was acidified by addition of Amberlite
IR-120 (H*) resin, and stirring was continued for 30 min in order to form the methyl
ester 3a of the acid 3. The crude material was purified by column chromatography
which enabled the isolation of compound 3a in 28% yield, in addition to 18% starting
material. The NMR spectra showed two anomeric 3-deoxy-L-glycero-pent-2-
ulofuranosonic acid methyl esters. An unequivocal assignment of the @ and 8 configu-
ration was not possible because of similar coupling constants.

D-Erythrono-1,4-lactone (13) could be directly subjected to the same benzoylation
and p-elimination sequence as described for 10 to obtain 14 in 97% yield. The
deprotected acid has already been described as unstable and impossible to isolate [10].
For that reason the deprotection was carried out in a two-phase system containing water,
methanol, and chloroform by slow addition of 0.5 M aqueous lithium hydroxide to pH 9.
After removal of the organic layer the aqueous layer was acidified by the addition of
Amberlite IR-120 (H*) resin in order to form the more stable lactone derivative 15
which could be extracted with diethyl ether and crystallised in 67% yield by partial
evaporation of the solvent. In contrast to an earlier report by Lane and Dekker [16], who
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proposed a ketone structure for 15, the NMR spectra in D,0 showed only evidence for
the presence of the enol form.

In summary it should be pointed out that the approach developed via B-elimination
was successful for the synthesis of all the desired 2-keto-3-deoxyaldonic acids, incorpo-
rating some modifications of the deprotecting procedures. Compounds 1a and 2a could
both be prepared from D-galactono-1,4-lactone (5) in 12.5 and 33% overall yield by a
three-step synthesis. For 3a the overall yield following the four-step reaction sequence
was only 17% mainly due to the instability of the keto acid 3. In the case of 15 the
synthesis was shortened to only two steps with an overall yield of 65%.

The application of this synthetic strategy to aldono-1,4-lactones with elongated side
chains such as the well-known 3-deoxy-D-arabino-hept-2-ulosonic acid or 3-deoxy-D-
manno-oct-2-ulosonic acid (Kdo) by a combination of the protective group techniques is
under investigation.

3. Experimental

2,3-Di-0-benzoyl-5,6-0-isopropylidene-D-galactono-1,4-lactone  (6).—p-Galactono-
1,4-lactone (5) (20 g; 55.8 mmol) was dissolved in anhyd DMF (50 mL). 2,2-Dimetho-
xypropane (50 mL) and Amberlite IR-120(H*) (1 g) were added and the mixture was
stirred for 38 h. After complete reaction (TLC 1:1 toluene—EtOAc) the ion-exchange
resin was removed by filtration and the solution was evaporated to 50 mL. Benzoyl
chloride (27.8 mL, 223.2 mmol) dissolved in anhyd pyridine (37.4 mL) was added
dropwise at 0°C. After 3 h at room temperature, the mixture was poured into ice—water
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and the product was extracted with CH,Cl,. The organic layer was washed several
times with saturated aq NaHCO,, dried over MgSO,, evaporated, and finally purified by
column chromatography (20:1 — 5:1 toluene—EtOAc) to yield 6 (20.5 g, 86%) as a
syrup; [a]® +59.0° (¢ 1.0, CHCI,). NMR data (CDC1,): 'H (400 MHz), & 8.20-8.00,
7.60-7.10 (m, m, 10 H, Bz), 6.10 (d, 1 H, J,, 5.5 Hz, H-2), 595 (dd ~t, 1 H, J5, 4.5
Hz, H-3), 4.65 (m, 2 H, H-4, H-5), 420 (dd, 1 H, J5, 6.5,J, g 8.0 Hz, H-6a), 4.10
(dd, 1 H, Js ¢, 6.0 Hz, H-6b), 1.55, 1.45 (2 s, each 3 H, CMe,); k C (100 MHz) 5 168.5
(C-1), 165.0, 164.6 (C-Bz), 133.9, 133.3 (C-Bz), 129.6-128.3 (C-Bz), 110.0 (CMe,),
74.3, 73.9, 73.8, 71.9 (C-2, C-3, C-4, C-5), 64.5 (C-6), 25.3, 24.8 (C Me,).

2-0-Benzoyl-3-deoxy-5,6-O-isopropylidene-D-threo-hex-2-enono-1,4-lactone (7) and
2-0-benzoyl-3-deoxy-5,6-O-isopropylidene-p-erythro-hex-2-enono-1,4-lactone  (8).—A
solution of 6 (14 g, 32.9 mmol) in CH,Cl, (200 mL) was treated with triethylamine
(3.83 mL, 32.8 mmol). After 3 h the solvents were evaporated and the crude residue was
subjected to several azeotropic distillations with toluene. The isomer separation was
achieved by column chromatography (10:1 — 5:1 toluene~EtOAc) to yield 7 (5.58 g,
56%) as a white solid; mp 79-82°C; [« ] +19.8° (¢ 1.0, CHCl,); and 8 (3.36 g, 33%)
as a white solid; mp 67-70°C; [ ]¥ —55.4° (¢ 1.0, CHCl,). NMR data for 7 (CDCl,):
"H (400 MHz), 8 8.15, 7.60, 7.45 (m, m, m, 2 H, 1 H, 2 H, Bz), 7.35 (d, 1 H, Jy, 2.0
Hz, H-3), 5.10 (dd, 1 H, J, 5 4.0 Hz, H-4), 4.40 (ddd, 1 H, J ¢, 6.5, Js 4 5.5 Hz, H-5),
4.10 (dd, 1 H, Jg, 4, 8.6 Hz, H-6a), 3.85 (dd, 1 H, H-6b), 1.40, 1.30 (2 s, each 3 H,
CMe,); *C (100 MH?z), § 165.8 (C-1), 162.2 (C-Bz), 138.4 (C-2), 133.8 (C-Bz), 129.9,
128.4 (C-Bz), 129.5 (C-3), 110.0 (CMe,), 77.6 (C-4), 74.0 (C-5), 64.0 (C-6), 25.4, 24.4
(CMe,). Anal. Calcd for 7 C,(H,sOq: C, 63.15; H, 5.30. Found: C, 63.60; H, 5.29.
NMR data for 8 (CDC1,): 'H (400 MHz), & 8.15, 7.60, 7.48 (m, m, m, 2 H, 1 H, 2 H,
Bz), 753 (d, 1 H, J;, 2.0 Hz, H-3), 490 (dd, 1 H, J,5 8.0 Hz, H-4), 4.15 (dd, 1 H,
Js 6, 6.0 Hz, H-6a), 4.08 (dd, 1 H, Js 4, 4.0, Jg, ¢, 9.0 Hz, H-6b), 4.00 (ddd, 1 H, H-5),
1.50, 1.40 (2 s, each 3 H, CMe,); °C (100 MHz), & 165.0 (C-1), 161.4 (C-Bz), 137.4
(C-2), 133.9 (C-Bz), 131.5 (C-3), 129.9, 128.2 (C-Bz), 109.3 (CMe,), 78.5 (C-4), 75.9
(C-5), 65.4 (C-6), 25.4, 23.6 (CMe,). Anal. Calcd for 8 C,;H,(Oq: C, 63.15; H, 5.30.
Found: C, 63.35; H, 5.33.

Sodium 3-deoxy-a, B-D-threo-hex-2-ulo-pyranosonate and -furanosonate (2a).—To a
solution of 7 (1.46 g, 5 mmol) in MeOH (50 mL) was added 1 M methanolic HCI (5
mL) and the solution was stirred until the starting material had disappeared (TLC, 1:1
toluene—EtOAc. Following addition of saturated aq NaHCO; to pH 8.5 the inorganic
salts were removed by filtration and the solution was concentrated by freeze-drying. The
crude product was finally purified by chromatography on a Sephadex G 10 column to
yield compound 2a (810 mg, 69%). NMR data (D,0/CD,CN): a-Pyranose (73.3%) 'H
(400 MHz), 8 3.90 (m, 1 H, H-4), 3.85 (m, 1 H, H-5), 3.63 (m, 2 H, H-6a, H-6b), 2.20
(dd, lH J3a3 13.0, J3, , 5.0 Hz, H-3a), 1.83 (dd, 1 H, J,, , 11.5 Hz, H-3b); B-Pyranose
(5.1%) 'H (400 MHz), 6 4.57 (ddd ~ dt, 1 H, J304 5.0, Ja4 4.0, J, 5 4.0 Hz, H-4),
4.20 (m, 1 H, H-5), 3.90 (m, 1 H, H-6a), 3.85 (m, 1 H, H 6b), 2.60 (dd, 1 H, J;, 5, 13.0
Hz, H-3a), 2.20 (m, 1 H, H-3b); a-Furanose (11.7%) "H (400 MHz), & 4.10 (dd, 1 H,
Jssa 4.0, Jg g 12 Hz, H-62), 3.85 (m, 1 H, H-4), 3.63 (m, 1 H, H-5), 3.52 (dd, 1 H,
Js.6 7.0 Hz, H-6b), 2.59 (dd, 1 H, J3a3b 13.0, Js,, 6.0 Hz, H-3a), 1.72 (dd, 1 H, J,,,
8.0 Hz, H-3b); B-Furanose (9.9%) "H (400 MHz), & 4.50 (ddd ~ q, 1 H, T304 4.0, Jop 4
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4.0, J, 5 4.0 Hz, H-4), 432 (ddd, 1 H,J5 ¢, 4.0, J5 ¢, 7.0 Hz, H-5), 3.90 (m, 1 H, H-6a),
3.85 (m, 1 H, H-6b), 2.40 (m, 2 H, H-3a, H-3b). Anal. Calcd for C;HyO¢Na - H,0: C,
33.04; H, 5.08. Found C, 33.16; H, 5.06.

Sodium 3-deoxy-a, B-D-erythro-hex-2-ulo-pyranosonate and -furanosonate (1a).—8
(1.07 g, 3.6 mmol) was subjected to the same procedure as described for 7 to yield 1a
(364 mg, 44%). NMR data (D,0,/CD,CN): a-Pyranose (11.1%) 'H (400 MHz), & 3.95
(m, 1 H, H-4), 3.80 (dd, 1 H, Js ¢, 7.0, Jg, 11.5 Hz, H-6a), 3.73 (m, 1 H, H-5), 3.55
(m, 1 H, H-6b), 208 (dd, 1 H, Jy,; 35, J3,5, 13.5 Hz, H32), 1.84 (dd, 1 H, J,, 75
Hz, H-3b); B-Pyranose (45%) 'H (400 MHz) 8 3.97 (ddd, 1 H, J,,, 13.0, J5,, 5.0,
Jus 3.0 Hz, H-4), 3.90 (dd, 1 H, J5 g, 4.0, Jg, 4 125 Hz, H-6a), 3.75 (m, 1 H, H-5),
3.69 (dd, 1 H, Jsep 2.5 Hz, H6b) 1.92 (dd ~t, 1 H, J3a3 13.0 Hz, H-3a), 1.77 (dd, 1
H, H-3b); a-Furanose (23.9%) 'H (400 MHz), 6 4.25 (m, 1 H, H-4), 4.10 (m, 1 H,
H-5),3.63 (dd, 1 H, Js 4, 4.0, Jg, ¢ 11.5 Hz, H-6a), 3.55 (m, 1 H, H-6b), 2.45 (dd, 1 H,
J34 7.0, J3,5, 14.0 Hz, H-3a), 1.95 (dd, 1 H, J5,, 3.0 Hz, H-3b); B-Furanose (20.0%)

H(400MHZ) 8 4.25 (m, 1 H, H-4), 3.92 (m, 1 H, H-5), 3.69 (m, 1 H, H-6a), 3.55 (m,
1 H, H-6b), 2.24 (dd, 1 H, J;,, 7.0, J;, 5, 13.5 Hz, H-3a), 2.19 (dd, 1 H, J5,, 6.5 Hz,
H-3b). Anal. Caled for CcHyO¢Na - H,0: C, 33.04; H, 5.08. Found C, 33.08; H, 5.05.

5-O-tert-Butyldiphenylsilyl-L-arabinono-1,4-lactone (10).—A solution of L-
arabinono-1,4-lactone (9) (1.0 g, 6.75 mmol) in anhyd pyridine (15 mL) was treated
with tert-butylchlorodiphenylsilane (2.2 mL, 8.5 mmol) and stirred for 16 h at room
temperature. After addition of MeOH (2 mL) the solution was stirred for an additional
30 min and concentrated in vacuo. Column chromatography (1:1 toluene—EtOAc)
afforded 10 (2.08 g, 80%); mp 110°C; [a]d’ —35.1° (¢ 1.0, CHCl;). NMR data
(CDC1,): "H (400 MHz), & 7.60-7.50, 7.40-7.28 (m, m, 6 H, 4 H, Ph), 4.39 (m, 2 H,
H-2, H-3), 412 (ddd, 1 H, J,, 7.0, J, 5, 3.0, J, 5 3.0 Hz, H-4), 3.87 (dd, 1 H, Js, 5,
11.5 Hz, H-5a), 3.77 (dd, 1 H, H-5b), 2.22 (s, 2 H, 2 OH), 0.95 (s, 9 H, +-Bu);">C (100
MHz), § 174.0 (C-1), 137.4 (C-Ph), 135.2, 129.6, 127.5 (C-Ph), 80.4 (C-4), 74.4, 73.2
(C-2, C-3), 61.2 (C-5), 26.3 (C-t-Bu), 18.8 (C-+-Bu). Anal. Calcd for C,,H,,0,Si: C,
65.26; H, 6.78. Found: C, 65.19; H, 6.88.

2-0-Benzoyl-5-O-tert-butyldiphenylsilyl-1.-glycero-pent-2-enono-1,4-lactone  (11).—
To a solution of 10 (4.17 g, 10.8 mmol) in anhyd pyridine (20 mL) was added benzoyl
chloride (4.6 mL, 40 mmol) at 0°C and the solution was stirred for an additional hour at
room temperature. The mixture was diluted with CH,Cl, and poured into ice—water.
The organic layer was washed several times with saturated aq NaHCO,, dried over
MgSQ0,, and concentrated to 30 mL. This solution was treated with triethylamine for
B-elimination. After 2 h at room temperature the solvents were evaporated and column
chromatography (8:1 toluene—EtOAc) afforded 11 (4.25 g, 83%) as a syrup; [a ]2
+11.6° (¢ 1.0, CHCl,). NMR data (CDCl,): 'H (400 MHz), & 8.10-7.90, 7.50-7.20
(m, m, 15 H, 5 H Bz, 10 H Ph), 7.18 (d, 1 H, J;, 2.0 Hz, H-3), 4.95 (ddd ~ dt, 1 H,
Jysa 4.5, J45p 4.5 Hz, H-4), 3.80 (dd, 1 H, Js, 5, 11.0 Hz, H-5a), 3.73 (dd, 1 H, H-5b),
0.95 (s, 9 H, +Bu); 13C (100 MHz), & 171.0 (C-1), 162.4 (C-Bz), 139.0 (C-Bz), 138.1
(C-2), 135-127 (C- BZ C-Ph), 130.7 (C-Ph), 79.0 (C-4), 63.3 (C-5), 26.4 (C-t-Bu), 18.8
(C-t-Bu). Anal. Calcd for C,H,,0,Si: C, 71.16; H, 5.98. Found: C, 70.78; H, 6.07.

2-O-Benzoyl-1-glycero-pent-2-enono-1,4-lactone (12).—A solution of 11 (1.69 g,
3.58 mmol) in anhyd THF (50 mL) was treated with conc. formic acid until pH 5-6, and
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a 1.1 M solution of tetrabutylammonium fluoride in THF (3.4 mL, 3.7 mmol) was added
at 0°C. After stirring for 4 h at room temperature the solution was diluted with CH,Cl,
(20 mL) and water (20 mL). The organic layer was separated, washed twice with water,
dried over MgSO,, and concentrated in vacuo. Column chromatography (1:1 toluene—
EtOAc) afforded 12 (790 mg, 92%) as a white solid; mp 109°C; [« ]2 +11.2° (¢ 1.0,
CHCI;). NMR data (CDCl,): 'H (400 MHz), & 8.10, 7.78, 7.43 (m, m, m, 5 H, Bz),
7.33(d, 1 H, J,, 2.0 Hz H-3), 5.11 (ddd, 1 H, J, 5 4.0, J, 5, 5.0 Hz, H-4), 3.98 (dd, 1
H, Js, 5, 12.0 Hz, H-5a), 3.88 (dd, 1 H, H-5b), 2.05 (s, 1 H, OH); B¢ (100 MH), 5
165.7 (C 1), 160.9 (C-Bz), 136.6 (C-2), 132.2 (C-3), 130.8-126.7 (C-Bz), 126.0 (C-Bz),
78.7 (C-4), 59.4 (C-5). Anal. Calcd for C, H,,05: C, 61.54; H, 4.30. Found: C, 61.44;
H, 4.35.

Methyl a, B-L-glycero-pent-2-ulopyranosonate (3a).—A solution of 12 (200 mg, 0.83
mmol) in anhyd THF (5 mL) and anhyd MeOH (5 mL) was treated with two drops of
N-methylpyrrolidine (NMP). After 2 h at room temperature Amberlite IR-120 (H*)
(~ 100 mg) was added and stirring was continued for an additional 30 min. The
ion-exchange resin was removed by filtration and the solvents were evaporated. Column
chromatography (5:1 — 1:1 toluene—acetone) afforded 3a (38 mg, 28%) as a syrup and
reisolated starting material 12 (34 mg, 18%). NMR data (D,0/CD,CN) anomer 1: 'H
(400 MHz), & 4.44 (dddd ~ ddt, 1 H, Jy, ; 6.0, J5,, 3.0, J,, 5.5, J, 5, 2.0 Hz, H-4),
3.95(dd, 1 H, Js, 5, 9.5 Hz, H-5a), 3.85 (m 1H, H-5b) 3.73 (s, 3 H, OMe), 232 (dd, 1
H, J5,, 140 Hz, H-3a), 2.12 (ddd, 1 H, J, 5, 1.0 Hz, H-3b); anomer 2: "H (400
MHz), & 4.39 (m, 1 H, H-4), 412 (dd, 1 H, J, 5, 5.5, Js, 5, 9.5 Hz, H-5a), 3.81 (dd, 1
H, J,5, 2.5 Hz, H-5b), 3.69 (s, 3 H, OMe), 2.29 (dd, 1 H, J,,;, 14.5, J,, 7.0 Hz,
H-3a), 2.06 (dd, 1 H, J5, , 2.0 Hz, H-3b). Anal. Calcd for C¢H,,05: C, 44.45; H, 6.22.
Found: C, 44.28; H, 6.23.

2-Benzoyloxy-2-buten-4-olide (14).—A solution of D-erythrono-1,4-lactone (13) (2 g,
17.0 mmol) in anhyd DMF (20 mL) and anhyd pyridine (5.5 mL) was treated at 0°C
with benzoyl chloride (7.9 mL, 68.0 mmol). After complete benzoylation (TLC: 3:1
toluene~EtOAc), the mixture was diluted with CH,Cl, (30 mL) and poured into ice
water. The organic layer was washed several times with saturated ag NaHCO,, dried
over MgSO,, and concentrated in vacuo. The crude syrup was dissolved in CH,Cl, (50
mL) and treated with triethylamine (5 mL, 36 mmol) for 2 h. The solvents were
removed in vacuo and, after several azeotropic distillations with toluene, 14 (3.43 g,
98%) could be obtained by crystallisation from MeCN; mp 108°C. NMR data (CDCl,):
'H (400 MHz), § 7.97, 7.45 (m, m, 2 H, 1 H, 3 H Bz), 7.30 (m, 3 H, H-3, 2 H Bz), 4.77
(d, 2 H, J;, 2.0 Hz, H-4a, H-4b); °C (100 MHz), § 166.7 (C-1), 162.3 (C-Bz), 137.2
(C-2), 133.8 (C-Bz), 129.9, 128.2 (C-Bz), 129.7 (C-3), 67.4 (C-4). Anal. Calcd for
C,,H;0,: C, 64.71; H, 3.95. Found: C, 64.52; H, 3.81.

2-Hydroxy-2-buten-4-olide (15).—To a solution of 14 (1.5 g, 4.9 mmol) in MeOH
(20 mL) and CHCl; (10 mL) was added a solution of LiOH (3.91 g, 9.31 mmol) in
water (20 mL) dropwise at 0°C, keeping the pH below 9. Water (50 mL) was added and
the layers were separated. The aqueous layer was acidified by the addition of Amberlite
IR-120 (H*) and concentrated by freeze-drying to a volume of ca. 10 mL. The product
was extracted several times with diethyl ether and crystallised by concentration of the
organic layer at 0°C to yield 15 (330 mg, 67%); mp 106°C (Lit. [16]: mp 106~107°C).
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NMR data (CDCI,): 'H (400 MHz), & 6.23 (t, 1 H, Js4 2.0 Hz, H-3), 4.62 (d, 2 H,
H-4a, H-4b); *C (100 MHz), § 171.1 (C-1), 141.4 (C-2), 114.0 (C-3), 67.2 (C-4).
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