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It was found that a lactone ring was esterified to a methyl ester group in the bufferized
methanol containing triethylamine-acetic acid or sodium acetate without simultaneous
cleavage of the acyl groups and the methyl ester groups and this methanolysis mainly
proceeded without acyl migration.

Using this method, 2,4-O-benzylidene-5-O-acyl-p-glucaro-6,3-lactone 1-methyl esters
(I, I1I, IV and V) were esterified in excellent yields to dimethyl 2,4-O-benzylidene-5-O-
acyl-p-glucarates (VII, VIII, IX and X respectively), and from the latters, dimethyl 2,4-
O-benzylidene-3-O-acetyl-5-O-acyl-p-glucarates (XI, XII, XIII and XIV respectively)
were synthesized by the usual acetylation.

Moreover, 1,2-O-isopropylidene-5-O-acetyl-p-glucofuranurono-6,3-lactone (XIX) could
be also esterified to methyl 1,2-O-isopropylidene-5-O-acetyl-p-glucofuranuronate (XX) by
the same method.

Although lactone rings in some carbohydrates have been esterified by refluxing with
methanol,? by refluxing with alcohol in the presence of sodium alcoholate,3~® or by reacting
with methanol in the presence of anion exchange resin,®? it has been difficult to esterify the
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lactone rings in acyl carbohydrates without simultaneous cleavage of the acyl groups in the
molecules. Recently, Kinoshita, ef al.® reported that methyl 1,2-O-isopropylidene-5-O-acetyl-
p-glucofuranuronate (XX) was obtained in 459, yield by the methanolysis of 1,2-O-isopropyl-
idene-b-O-acetyl-p-glucofuranurono-6,3-lactone (XIX) in the presence of Amberlite TR-45
in OH form.

We found that as shown in Chart 1, acetyl (II),%19 propionyl (III), isobutyryl (IV) and
benzoyl (V) derivatives of 2,4-O-benzylidene-p-glucaro-6,3-lactone 1-methyl ester (I),°-1V
which were synthesized from I and did not react with methanol in the presence of Amberlite
IR-45 in OH form, were converted in excellent yields to dimethyl ester derivatives (VII, VIII,
IX and X respectively) of 2,4-O-benzylidene-5-O-acyl-p-glucaric acids by the treatment with
methanol containing triethylamine-acetic acid or sodium acetate, and from the latters, 3-
O-acetyl derivatives (XI, XII, XIIT and XIV respectively) of dimethyl 2,4-O-benzylidene-
5-O-acyl-p-glucarates were easily obtained by the usual acetylation. On the contrary, by
the treatment with methanol containing sodium bicarbonate or sodium carbonate, T and its
acyl derivatives (II—V) were converted to dimethyl 2,4-O-benzylidene-b-glucarate (VI) as
shown in Fig. 1.
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Fig. 2. NMR Spectra of VI,
VII and XI in CDCl,; at
60 Mc

Moreover, XX® was obtained in 529, yield by the treatment of XIX with methanol con-
taining triethylamine and acetic acid for 1 hour.

Differently from the nuclear magnetic resonance (NMR) spectrum of VI, that of VII
showed a doublet (/=9 cps, one proton) at a lower magnetic field (v 4.86), and the signal was
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probably assigned to the proton attached to C; whose hydroxyl group was acetylated (Fig.
2A and 2B). This was confirmed from the fact that the NMR spectrum of XI, acetyl derivative
of VII, showed a triplet (J=1.5 cps, one proton) at 7 4.52 corresponding to C; proton (Fig.
2C). Moreover the compound (XVIII) synthesized by the tosylation of VII was obviously

different in melting points, specific optical rotations, infrared (IR) spectra and NMR spectra
(Fig. 8) from dimethyl 2,4-O-benzylidene-3-O-acetyl-5-O-p-tolylsulfonyl-p-glucarate (XVII)

synthesized by the methanolysis of 2,4-O-benzylidene-5-O-p-tolylsulfonyl-p-glucaro-6,3-lactone
1-methyl ester (XV),1? followed by the usual acetylation (Chart 2). Accordingly, VII was

confirmed to have a free hydroxyl group at C;, and the fact indicates that the methanoly51s
mainly proceeds without acyl migration.
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Fig. 3. NMR Spectra of XVII and XVIII
in CDCl; at 60 Mc

Methanolysis of lactone ring in II by triethylamine-acetic acid, sodium acetate, zinc ace-
tate, mercuric acetate, sodium bicarbonate or sodium methylate was examined by gas chro-

12) J. Ide, H. Takahashi, e al., unpublished observations.
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Fig. 5. Methanolysis of 2,4-O-Benzylidene-5-0- 4% ieltylumins (KB4 308 fnc be THA 208 oy AcOR 740
acetyl-p-glucaro-6,3-lactone 1-Methyl Ester (IT) AcOH 22.3 mu; e: TEA 29.8 my, AcOH 29.8 mu
by 29.8 mm Triethylamine-22.3 mm AcOH (A), B—a: AcONa 74.5 mu; b: AcONa 29.8 mxn; ¢: AcONa 14.9 mu;
d: (AcO),Zn 74.5 mu; e: (AcO),Hg 74.5 mu
14.9 mu AcONa (B) and 29.8 mu NaHCO, (C) C—a: CH,ONa 149 mx; b: CH;ONa 1.19 mu; CH,ONa 0.894 mu;
—NA—: I —e=X ===t VI d: CH3ONa 0.596 my; e: CHyONa 0.298 mum; f: CH;ONa
—Q—: VII ---@---: unknown substance 0.149 mx

matographic analysis (Fig. 4). The minor peak detected between the two peaks of VI and
VII may be an acetyl-migrated compound of VII (Fig. 5C). In the case of triethylamine
(29.8 mm)-acetic acid (22.3 mm) or sodium acetate (14.9 mm), IT was converted in a maximum
yield of 959, to VII, but with sodium bicarbonate, to VI by following deacetylation. The
use of zinc acetate or mercuric acetate in place of sodium acetate did not give a good result
because of a little dissociation of them. In the case of sodium methylate, the reactions pro-
ceeded rapidly at the initial stage though went into decay in 30 minutes as shown in Fig. 6C.
It is thought that the reactivity against base is in following order: lactone ring>acyl group>
methyl ester group, and the reaction mechanism could be elucidated as follows:

TEA-AcOH: TEA + AcOH = TEA-H* + AcO~ €))
AcONa : AcONa = AcO™ + Na* (2)
AcO~ -~ CHs0H = CH;0~ + AcOH 3
—0 —0-
< |+ CHiO- = )
—C=0 —COOCH:3
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Apparent pH in the reaction mixture
was measured from an absorbance ratio
of a pH indicator (phenol red)!® and the
results are summerized in Fig. 7. The
figure indicates that a CHZ;O— concent-
ration in methanol containing sodium
methylate decreasesrepidly with progress of
the reaction, because CH;O~ is consumped
by the side reactions such as deacetyla-
tion or de-esterification; and that the
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Thus the bufferized methanol was ©® : TEA 29.8 mu, AcOH 22.3 mu

d. h . bl df f l A :AcONa 14.9 mx
proved as the suitable medium for sele- B : CH,0H only

ctive methanolysis.

Experimental

All melting points are uncorrected. All evaporations were carried out under reduced pressure, keeping
the bath temperature below 40°.

2,4-0-Benzylidene-p-glucaro-6,3-lactone 1-Methyl Ester (I)~——This was prepared by Bird’s method?®
and Ide’s method.l® ‘ _

2,4-0-Benzylidene-5-0-acetyl-p-glucaro-6,3-lactone 1-Methyl Ester (II)~——This was prepared from I by
Ide’s procedurel® using pyridine and Ac,O.

2,4-0-Benzylidene-5-0-propionyl-n-glucaro-6,3-lactone 1-Methyl Ester (XII)—1I (500 mg) was dissolved
in pyridine (0.5 ml) and propionic anhydride (2.5 ml) under stirring without cooling, and after standing overnight
at room temperature the solution was poured into ice-H,O (20 ml) and the precipitate was collected. III:
Yield, 500 mg (84%). Recrystallization from EtOH. mp 151.5—152.5°. [«]¥ + 164 (¢=0.915, pyridine). Anal.
Calcd. for C;H, 4O4: C, 58.29; H, 5.18. Found: C, 58.33; H, 5.12. IR »E3 cm~!: 1805, 1765—1775 (C=0).

2,4-0-Benzylidene-5-0-isobutyryl-p-glucaro-6,3-lactone 1-Methyl Ester (IV) I (500 mg) was dissolved
in pyridine (0.5 ml) and isobutyric anhydride (2.5 ml) under stirring without cooling, and treated with the
similar procedure of IIL. IV: Yield. 500 mg (819%). Recrystallization from EtOH. mp 183—184°. [«]¥
+163 (¢=1.08, pyridine). Amnal. Calcd. for C;sH,,O4: C, 59.34; H, 5.53. Found: C, 59.41; H, 5.75. IR
vXEr cm—t: 1800, 1765 (C=0).

2,4-0-Benzylidene-5-0-benzoyl-p-glucaro-6,3-lactone 1-Methyl Ester (V) I (500 mg) was suspended
in pyridine (0.5 ml) and then benzoyl chloride (5 ml) was dropped under cooling. After 1 hr, the solution
was poured into ice-H,O (20 ml) and a few drops of CHCl; were added. The precipitate was collected.
V: Yield, 500 mg (74%). Recrystallization from MeOH. mp 134—135°. [«]¥ +180.4 (¢=0.965, pyridine).
Anal. Caled. for C, H,404: C, 63.32; H, 4.55. Found: C, 63.22; H, 4.63. IR »XE cm—1: 1803, 1775, 1753
(C=0).

When the above crystals were recystallized from CHCl,, needles of mp 109—110° and [«]¥ +144 (¢=1.02,
pyridine) were obtained. Awnal. Caled. for C, H,;4O4-CHCl3: C, 51.01; H, 3.70. Found: C, 50.85; H, 3.64.
IR »X82 cm—1: 1800, 1770, 1740 (C=0).

Dimethyl 2,4-0-Benzylidene-p-glucarate (VI) a) A suspension of I (500 mg) in dry MeOH (100 ml),
dry triethylamine (0.42 ml) and AcOH (0.13 ml) was stirred at room temperature. After 30 to 60 min, the

13) B. Tamura, Bunseki Kagaku, 16, 193 (1967).
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reaction mixture became clear and after 2 to 4 br, the solution was deionized with dry Amberlite TR-120
(H form) and dry Amberlite IR-45 (OH form), concentrated to a syrup and poured into ice~H,0. The
precipitate was collected. VI: Yield, 400 mg (729). Recrystallization from EtOH. mp 143—144°. [«]F
+72.6 (¢=0.95, pyridine). Anal. Caled. for C;;H,O4: C, 55.21; H, 5.56. Found: C, 55.40; H, 5.51. IR
Vmax CmT: 3400 (OH), 1760, 1740 (C=0). NMR (CDCl,): 7 6.16 (6H, COOCH,).

b) Using AcONa (122 mg) in place of triethylamine and AcOH, I (500 mg) was treated with the similar
procedure of a) and VI (400 mg) was obtained. mp 143—144°,

c¢) II (500 mg) and NaHCO; or Na,CO;, (500 mg) were suspended in dry MeOH (20 ml) and stirred for
3 hr at room temperature. The clear solution was neutralized by addition of dry Amberlite TR-120 (H form)
under stirring, concentrated to dryness, and extracted with CHCl,. The CHCI, layer was concentrated and
crystallized by addition of EtOH. Yield, 300 mg (629%). mp 143—144°.

I, 11, III, IV or V (50 mg) and NaHCO, (50 mg) were suspended in dry MeOH (2 ml) and stlrred for 3 hr
at room temperature. The clear solution gave a large spot of Rf 0.35 indicating VI and a small spot of Rf
0.32 on a thin-layer chromatogram developed with toluene—acetone—EtOH (6:1:1) and sprayed with hydro-
xylamine~FeCl,.

Dimethyl 2,4-O-Benzylidene-5-0-acetyl-p-glucarate (VII) 1T (500 mg) was treated with the similar
procedure of VI a) or b). VII: Yield, 400 mg (73%). Recrystallization from EtOH. mp 184.5—185.5°.
[¢]5 +34.3 (c=1.05, CHCl;). Aunal. Caled. for C;;H, O,: C, 55.43; H, 5.47. Found: C, 55.30; H, 5.56.
IR »33% cm~1: 3480 (OH), 1740—1750 (three peaks, C=0). NMR (CDCL,): = 7.86 (3H, COCH,), 6.24, 6.18
(6H, COOCH,), 4.86 (1H, doublet, [, ;=9 cps, C;~H). '

Dimethyl 2,4-0-Benzylidene-5-0-propionyl-p-glucarate (VIII) IIT (500 mg) was treated with the
similar procedure of VI a) or b). VIII: Yield, 400 mg (783%). Recrystallization from EtOH. mp 147.5—
148.5°. [a)% +25.4 (6=0.907, CHCL,). Anal. Caled. for C 18H32204: C, 56.54; H, 5.80. Found: C, 56.75;
H, 5.64. IR »q3; cm™: 3480 (OH), 1735—1760 (three peaks. C=0).

Dimethyl 2,4-0-Benzylidene-5-0-isobutyryl-p-glucarate (IX)——IV (500 mg) was treated with the simi-
lar procedure of VI a) or b).. IX: Yield, 400 mg (74%). Recrystallization from EtOH. mp 141.5—143°.
[«]5 +52.2 (¢=1.015, CHCly). Amnal. Calcd. for C,yH,,0,: C, 57.57; H, 6.10. Found: C, 57.21; H, 6.10.
IR »z3% cm~*: 3490 (OH), 1740—1760 (three peaks, C=0).

Dimethyl 2,4-0-Benzylidene-5-0-benzoyl-p-glucarate (X) V (500 mg) was treated with the similar
procedure of VI a) or b). X: Yield, 400 mg (74%). Recrystallization from EtOH. mp 180—181°. [a)¥
O (¢=0.975, CHCl;). 4nal. Caled. for Cyp,H,,0,: C, 61.39; H, 5.15. Found: C, 61.34; H, 5.07. IR »E%
cm™: 3470 (OH), 1750—1760 (two peaks, C=0), 1740 (C=0).

Dimethyl 2,4-0-Benzylidene-3,5-di-O-acetyl-p-glucarate (XI) VI or VII (200 mg) was dissolved in
pyridine (0.5 ml) and Ac,0 (2 ml) under stirring, and after standing overnight at room temperature, the
solution was poured into ice-H,O (20 ml) and the precipitate was collected. XI: Yield, 200 mg (90%).
Recrystallization from EtOH. mp 150—151°. [«]% +19.6 (c=1.02, CHCl,). A#nal. Calcd. for C;gH,,0;0"
C, 55.61; H, 5.40. Found: C, 55.47; H, 5.56. IR 5% cm!: 1755 (C=0). NMR (CDCl,): = 7.91, 7.87 (6H,
COCHy), 6.23 (6, COOCH;), 5.58 (1H, quartet, J,,,=1.5cps, J,,5=9 cps, C,~H), 5.27 (1H, doublet, J, ,=1.5
cps, Cy-H), 4.88 (1H, doublet, J,,;=9 cps, C;~H), 4.52 (1H, triplet, [, s=7Js4=1.5 cps, C~H).

Dimethyl 2,4-0-Benzylidene-3-0-acetyl-5-0-propionyl-p-glucarate (XII) VIII (200 mg) was treated.
with the similar procedure of XI. XII: Yield, 200 mg (90%). Recrystallization from EtOH. mp 101.5—
102.5°. [«]F +12.1 (¢=1.075, CHCl,). Anal. Calcd. for CyH,,0,,: C, 56.60; H, 5.70. Found: C, 56.82;
H, 5.61. IR »§3% cm™': 1750—1770 (three peaks, C=0).

Dimethyl 2,4-0-Benzylidene-3-0-acetyl-5-0-isobutyryl-p-glucarate (XIII) IX (200 mg) was treated
with the similar procedure of XI. XIII: Yield, 200 mg (90%). Recrystallization from EtOH. mp 102—
103°. [a]f +11.3 (¢=0.354, CHCL;). Awnal. Cacld. for Cy,H,0,0: C, 57.53; H, 5.98. Found: C, 57.60; H,
5.89. IR »ii; cm~1: 1760—1780 (three peaks, C=0).

Dimethyl 2,4-0-Benzylidene-3-0-acetyl-5-0-benzoyl-p-glucarate (XIV) X (200 mg) was treated with.
the similar procedure of XI. XIV: Yield, 200 mg (91%). Recrystallization from EtOH-H,0. mp 75—
78°. [o]f —27.7 (¢=1.01, CHCL). Anal. Calcd. for C,,H,,0,0: C, 61.02; H, 5.12. Found: C, 60.73; H,
5.13. IR #5% cm~1: 1740—1770 (C=0).

2,4-0-Benzylidene-5-0-p-tolylsuifonyl-p-glucaro-6,3-lactone 1 Methyl Ester (XV)2——1 (500 mg) was sus-
pended in pyridine (2 ml) and p-tolylsulfonyl chloride (500 mg) was added under stirring. After standing
overnight at room temperature, the solution was poured into ice-H,O and the precipitate was collected.
XV: Yield, 600 mg (79%). Recrystallization from MeOH. mp 190—191°. [«]¥ -+119.6 (c=1.02, pyrid-
ine). Anal. Caled. for CyH,(0,S: C, 56.25; H, 4.50. Found: C, 56 38; H, 4.65. IR »X3 cm—!: 1808, 1770
(C=0).

Dimethyl 2,4-0-Benzylidene-5-0-p-tolylsulfonyl-p-glucarate (XVI)—a)!® A suspension of XV (500 mg)
are dry Amberlite IR-45 (OH form, 1 g) in dry MeOH (10 ml) was refluxed for a few hours. After the resin was
removed, the solution was concentrated to a syrup and crystallized by addition of EtOH. XVI: Yield, 200 mg
(87%). Recrystallization from EtOH. mp 166—168°. [«]% -+15.0 (c=0.267, CHCl,). Awnal. Calcd. for
CooH3046S: C, 54.99; H, 5.03. Found: C, 55.27; H, 5.01. IR %2 cm-1: 3500 (OH), 1755, 1740 (C=0).
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b) - XV (500 mg) was treated with the similar procedure of VIa) or b). XVI: Yield, 500 mg (93%)-
mp 166—168°, '

Dimethyl 2,4-0-Benzylidene-3-0-acetyl-5-0-p-~tolylsulfonyl-p-glucarate (XVII) XVI (200 mg) was
dissolved in pyridine (1 ml) and Ac,O (3 ml) under stirring and treated with the similar procedure of XI.
XVII: Yield, 200 mg (92%). Recrystallization from MeOH. mp 171—172°. [«]¥ —5.15 (¢=0.97, CHCl,).
Anal. Calcd. for CyH,s0,,8: C, 55.17; H, 5.02. Found: C, 55.32; H, 5.00. IR »X8 cm~': 1765 (C=0).
NMR (CDCl,): = 7.98 (3H, COCHj,), 7.57 (3H, tolyl), 6.35, 6.27 (6H, COOCHy), 5.58 (1H, quartet, J5,,=1.5
cps, Ja.5=9 cps, C,~H), 5.37 (1H, doublet, [, ;=1.5 cps, C,-H), 5.02 (1H, doublet, J,,;=9 cps, C;~H), 4.63
(1H, triplet, J, 3= J5,,=1.5 cps, C;~H).

Dimethyl 2,4-0-Benzylidene-3-0-p-tolylsulfonyl-5-0-acetyl-D-glucarate (XVIII) VII (500 mg) was
treated with the similar procedure of XV. The crude product: 800 mg. Recrystallization from MeOH.
XVIII: Yield, 600 mg (85%). mp 163.5—164.5°. [«]F +17.0 (0—1.18, CHCl,). Awnal. Caled. for CyHoyg-
0,,S: C, 55.17; H, 5.02. - Found: C, 55.29; H, 4.96. IR v cm~: 1765—1775 (three peaks, C=0), NMR
(CDCL,): = 7.79 (3H, COCH,), 7.59 (3H, tolyl), 6.25 (6H, COOCHy), 5.58 (1H,quartet, [;,=1.5 cps, J4 ;=9
¢ps, C,—H), 5.26 (1H, doublet, [, ;=1.5 cps, C,-H), 5.05 (1H, doublet, J, ;=9 cps, C;~H), 4.61 (1H, triplet,
Je.3=J34=1.5 cps, Cg-H).

Methanolysis of 1,2-0-Isopropylidene-5-0-acetyl-p-glucofuranurono-6,3-lactone (XIX) XIX (b g) was
dissolved in dry MeOH (100 ml), dry triethylamine (0.42 ml) and AcOH (0.13 ml) under stirring. After
standing for 1 hr at room temperature, the solution was deionized by addition of dry Amberlite IR-120 (H
form) and dry Amberlite IR-45 (OH form) and concentrated to a syrup. The obtained syrup was dissolved
in benzene (10 ml), decolorized with Florizil and concentrated to a syrup. The crystals were obtained by
addition of a small amount of toluene. Yield, 3 g (529%). Recrystallization from ether. mp 105—106°.
IR #3 cm~1: 3500 (OH), 1760 (C=0). The mixed melting point and the IR spectrum of the crystals were
identical with those of XX, which was obtained by the treatment with methanol and Amberlite IR-45 (OH
form).®

Methanolysis of II with Anion Exchange Resin 11 (500 mg) and dry Amberlite IR-45 (OH form, 1 g)
were suspended in dry MeOH (20 ml) and stirred for 24 hr at room temperature. No product was obtained
and IT (400 mg) was recovered.

Gas Chromatography A suspension of IT (5 mg) and a basic catalyst (a suitable amount) in dry MeOH
(1 ml) was shaken at room temperature. XI (5 mg) as an internal standard, CHCl; and H,0 were added
to the reaction mixture, extracted with CHCl, (a few times), dried over Na,SO, and evaporated to dryness.
The residue was dissolved in dry pyridine (0.5 ml) and then hexamethyldisilazane (0.2 ml) and trimethyl-
chlorosilane (0.1 ml) were added to the solution. The mixed solution was warmed for 10 min at 60° and
1—2 pl of the solution was injected directly into the gas chromatograph. A Shimadzu GC-1C gas chroma-
tograph equipped with a hydrogen flame ionization detector was used.

Measurement of Apparent pH A 0.002% phenol red solution in methanol (1 ml) was diluted with
phosphate buffer solution (pH 5—10) and filled up to 10 ml. The absorbance of the solutions was measured
at 430 myu and 560 mu (4,4, and A;e, respectively). The absorbance ratio, #=4 ;40/(A 430+ As60)» Was cal-
culated and was pro‘rted against pH. Using this working curve, apparent pH in the reaction mixture was
measured.

Bromothymol blue (0.01%) was also used in place of phenol red, and the same results were obtained.
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